
APPENDIX A

The Literature of Organic Chemistry

All discoveries in the laboratory must be published somewhere if the information is

to be made generally available. A new experimental result that is not published

might as well not have been obtained, insofar as it benefits the entire chemical

world. The total body of chemical knowledge (called the literature) is located on

the combined shelves of all the chemical libraries in the world. Anyone who wishes

to learn whether the answer to any chemical question is known, and, if so, what the

answer is, has only to turn to the contents of these shelves. Indeed, the very expres-

sions ‘‘is known,’’ ‘‘has been done,’’ and so on, really mean ‘‘has been published.’’

To the uninitiated, the contents of the shelves may appear formidably large, but for-

tunately the process of extracting information from the literature of organic chem-

istry is usually not difficult. In this appendix, we will examine the literature of

organic chemistry.1 It is quite clear that The Literature can be divided into two

broad categories: primary sources and secondary sources. A primary source pub-

lishes the original results of laboratory investigations. Books, indexes, and other

publications that cover material that has previously been published in primary

sources are called secondary sources. It is because of the excellence of the second-

ary sources in organic chemistry (especially Chemical Abstracts
TM

, SciFinder1, and

Beilstein) that literature searching is comparatively not difficult. The two chief

kinds of primary source are journals and patents. There are several types of second-

ary source.

March’s Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, Sixth Edition, by
Michael B. Smith and Jerry March
Copyright # 2007 John Wiley & Sons, Inc.

1For books on the chemical literature, see Wolman, Y. Chemical Information, 2nd ed., Wiley, NY,

1988; Maizell, R.E. How to Find Chemical Information, 2nd ed., Wiley, NY, 1987; Mellon, M.G.

Chemical Publications, 5th ed., McGraw-Hill, NY, 1982; Skolnik, H. The Literature Matrix of

Chemistry, Wiley, NY, 1982; Antony, A. Guide to Basic Information Sources in Chemistry, Jeffrey

Norton Publishers, NY, 1979; Bottle, R.T. Use of the Chemical Literature, Butterworth, London,

1979; Woodburn, H.M. Using the Chemical Literature, Marcel Dekker, NY, 1974. For a three-part

article on the literature of organic chemistry, see Hancock, J.E.H. J. Chem. Educ. 1968, 45, 193–199,

260–266, 336–339.
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PRIMARY SOURCES

Journals

For well over 100 years, nearly all new work in organic chemistry (except for that

disclosed in patents) has been published in journals. There are thousands of journals

that publish chemical papers, in many countries and in many languages. Some print

papers covering all fields of science; some are restricted to chemistry; some to

organic chemistry; and some are still more specialized. Fortunately for the sanity

of organic chemists, the vast majority of important papers in ‘‘pure’’ organic chem-

istry (as opposed to ‘‘applied’’) are published in relatively few journals, perhaps 50

or fewer. The concept of ‘‘pure’’ organic chemistry is not as useful because organic

chemistry is now important in many areas. Literature that is important to an organic

chemist is found in journals and patents that focus on bioorganic, organometallic,

materials science, separation science, medicinal chemistry, pharmaceutical

sciences, and medicine to name a few. The reader is therefore cautioned that the

journals listed in this section have organic chemistry as their primary focus, but

are by no means the only sources of information concerning organic chemistry.

The literature is vast and many journals are published weekly, and some semi-

monthly.

In addition to ordinary papers, there are two other types of publications in which

original work is reported: notes and communications. A note is a brief paper, often

without a summary (nearly all papers are published with summaries or abstracts

prepared by the author). Otherwise, a note is similar to a paper.2 Communications

(also called letters) are also brief and usually without summaries (though some

journals now publish summaries along with their communications, a welcome

trend). However, communications differ from notes and papers in three respects:

1. They are brief, not because the work is of small scope, but because they are

condensed. Usually, they include only the most important experimental

details or none at all.

2. They are often of immediate significance. Journals that publish communica-

tions make every effort to have them appear as soon as possible after they are

received. Some papers and notes are of great importance, and some are of

lesser importance, but all communications are supposed to be of high

importance. With modern computer technology, communications can often

be published in a matter of weeks, and the on-line version (e.g., the American

Chemical Society ASAP papers) can be found before the print version

appears.

3. Communications are preliminary reports, and the material in them may be

republished as papers at a later date, in contrast to the material in papers and

notes, which cannot be republished.

2In some journals, notes are called ‘‘short communications,’’ an unfortunate practice, because they are not

communications as that term is defined in the text.
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Although papers (we use the term in its general sense, to cover notes and com-

munications also) are published in many languages, the English-speaking chemist is

in a fairly fortunate position. At present well over half of the important papers in

organic chemistry are published in English. Not only are American, British, and

British Commonwealth journals published almost entirely in English, but so are

many others around the world. There are predominantly English-language journals

published in Japan, Italy, Czechoslovakia, Sweden, The Netherlands, Israel, and

other countries. In a reorganization, six prominent European journals (Chemische

Berichte, Liebigs Annalen der Chemie, Bulletin de la Société Chimique de France,

Bulletin des Sociétés Chimique Belges, Recueil des Travaux Chimiques des Pays-

Bas, and Gazzetta Chimica Italiana) have been discontinued. In their place is the

European Journal of Organic Chemistry, published in English. Most of the articles

published in other languages have summaries printed in English also. For many

years, the second most important language (in terms of the number of organic che-

mical papers published) was Russian, and most of these papers are available in Eng-

lish translation, although in most cases, 6 months to 1 year later. With the political

changes in Russia, however, many of these Journals have been modified or discon-

tinued. Important papers have been published in German and French for >200

years, and these are generally not available in translation, so that the organic che-

mist should have at least a reading knowledge of these languages. In recent years,

however, fewer papers in French or German have appeared without an English

translation, such as in the journal Angewandte Chemie, which in 1962 became

available in English under the title Angewandte Chemie International Edition in

English. Of course, a reading knowledge of French and German (especially

German) is critical for the older literature. Before �1920, more than one-half of

the important chemical papers were in these languages. It must be realized that

the original literature is never obsolete. With the rise of China in the scientific com-

munity, journals are published in Chinese, and there are journals published in Japa-

nese. Work by Chinese and Japanese scientists regularly appears in English-

language journals, however. Secondary sources become superseded or outdated,

but nineteenth century journals are found in most chemical libraries and are still

consulted. Table A.1 presents a list of the more important current journals that pub-

lish original papers3 and communications in organic chemistry. Some of them also

publish review articles, book reviews, and other material. Changes in journal title

have not been infrequent; footnotes to the table indicate some of the more impor-

tant, but some of the other journals listed have also undergone title changes. In

1999, the Journal of Organic Chemistry stopped publishing communications, and

these are now published in a new journal, Organic Letters.

The primary literature has grown so much in recent years that attempts have

been made to reduce the volume. One such attempt is the Journal of Chemical

Research, begun in 1977. The main section of this journal, called the ‘‘Synopses,’’

publishes synopses, which are essentially long abstracts, with references. The full

texts of most of the papers are published only in microfiche and miniprint versions.

3In Table A.1, notes are counted as papers.
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TABLE A.1. A List of the More Important Current Journals That Currently Publish
Original Papers in Organic Chemistrya

Papers or Issues

No. Name Communications per Year

1 Angewandte Chemie (1887)4 C5 12

2 Angewandte Chemie International C7 48

Edition (1962)6

3 7Australian Journal of Chemistry (1948) P 12

4 Bioorganic Chemistry (1971) P5 4

5 Bioorganic & Medicinal Chemistry C 12

Letters (1991)

6 Bulletin of the Chemical Society P 12

of Japan (1926)

7 Canadian Journal of Chemistry (1929) P,C 12

8 Carbohydrate Research (1965) P,C 22

9 Chemistry, a European Journal (1995) P 24

10 Chemistry, an Asian Journal (2006) New New

11 Chemistry and Industry (London) (1923) C 24

12 Chemistry Letters (1972) C 12

13 Chimia (1947) C5 12

14 Collection of Czechoslovak Chemical P 12

Communications (1929)

15 Doklady Chemistry (1922)4 C 12

17 European Journal of Organic P 12

Chemistry (1998)

18 Helvetica Chimica Acta (1918) P 8

19 Heteroatom Chemistry (1990) P 6

20 Heterocycles (1973) C5 12

21 Indian Journal of Chemistry (Section B) P 12

22 International Journal of chemical P 12

Kinetics (1969)

23 Israel Journal of Chemistry (1963) P8 4

23 Journal of the American Chemical P,C 52

Society (1879)

25 Journal of Carbohydrate Chemistry (1981) P,C 6

26 Journal of Chemical Research, P 12

Synopses (1977)

27 Chemical Communications (1965) C 24

28 Journal of Combinatorial Chemistry (2000) P,C 6

29 Journal of Computational Chemistry (1979) P 16

30 Journal of Fluorine Chemistry (1971) P,C 12

4These journals are available in English translation.
5These journals also publish review articles regularly.
6These journals are available in English translation.
7These journals also publish review articles regularly.
8Each issue of this journal is devoted to a specific topic.
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TABLE A.1 (Continued )

Papers or Issues

No. Name Communications per Year

31 Journal of Heterocyclic Chemistry (1964) P,C 12

32 Journal of the Indian Chemical Society (1924) P 12

33 Journal of Lipid Research (1959) P 12

34 Journal of Medicinal Chemistry (1958) P,C 12

35 Journal of Molecular Structure (1967) P,C 16

36 Journal of Organometallic Chemistry (1963) P,C 48

37 Journal of Organic Chemistry (1936) P,C 26

38 Journal of Photochemistry and Photobiology, P 12

A: Chemistry (1972)

39 Journal of Physical Organic Chemistry (1988) P 12

40 Journal of Polymer Science Part A (1962) P 24

41 Journal für Praktische Chemie (1834) P 6

42 Macromolecules (1968) P,C 26

43 Liebigs Annalen der Chemie (1832) P 12

44 Mendeleev Communications (1991) C 8

45 Monatshefte für Chemie (1870) P 12

46 New Journal of Chemistry (1977)9 P 11

47 Organometallics (1982) P,C 12

48 Organic and Biomolecular Chemistry (2003) P 24

49 Organic Letters (1999) C 12

50 Organic Mass Spectrometry (1968) PC 12

51 Organic Preparations and Procedures P5 6

International (1969)

52 Organic Process Research & Development (1997) P 6

53 Photochemistry and Photobiology (1962) P5 12

54 Polish Journal of Chemistry (1921)9 PC 12

55 Pure and Applied Chemistry (1960) 10 12

56 Research on Chemical Intermediates (1973)11 P5 6

57 Russian Journal of Organic Chemistry (1984) P,C 12

58 Sulfur Letters (1982) C 6

59 Synlett (1989) C5 12

60 Synthetic Communications (1971) C 22

61 Synthesis (1969) P5 12

62 Tetrahedron (1958) P5 52

63 Tetrahedron: Asymmetry (1990) PC 12

64 Tetrahedron Letters (1959) C 52

aThese Journals are listed in alphabetical order of Chemical Abstracts
TM

abbreviations, Which Are

Indicated in Boldface. Also given are the year of founding, number of issues per year as of 1998, and

whether the journal primarily publishes papers (P), communications (C), or both.

9Before 1978 this journal was called Roczniki Chemii.
10Pure Appl. Chem. publishes IUPAC reports and lectures given at IUPAC meetings.
11Before 1989 this journal was called Reviews of Chemical Intermediates.
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For some years, the American Chemical Society journals, including J. Am.

Chem. Soc. and J. Org. Chem., have provided supplementary material for some

of their papers. This material is available on-line, and for older literature from

the Microforms and Back Issues Office at the ACS Washington, DC, office, either

on microfiche or as a photocopy. Many other journals now offer supplementary

material, generally experimental procedures, supporting spectral data and crystal-

lographic data. These practices have not yet succeeded in substantially reducing

the total volume of the world’s primary chemical literature.

Patents

In many countries, including the United States, it is possible to patent a new

compound or a new method for making a known compound (either laboratory

or industrial procedures), as long as the compounds are useful. It comes as a

surprise to many to learn that a substantial proportion of the patents granted

(perhaps 20–30%) have been chemical patents. Chemical patents are part

of the chemical literature, and both U.S. and foreign patents are regularly abs-

tracted by Chemical Abstracts
TM

. In addition to learning about the contents

of patents from this source, chemists may consult the Official Gazette of the

U.S. Patent Office, which, published weekly and available in many libraries,

lists titles of all patents issued that week. Bound volumes of all U.S. patents

are kept in a number of large libraries, including the New York Public Library,

which also has an extensive collection of foreign patents. Photocopies of any

U.S. patent and most foreign patents can be obtained at low cost from the

U.S. Patent and Trademark Office, Washington, DC, 20231. Many patents can

now be obtained on-line as well. In addition, Chemical Abstracts
TM

lists, in the

introduction to the first issue of each volume, instructions for obtaining patents

from 26 countries. Patents are also available via SciFinder1.

Although patents are often very useful to the laboratory chemist, and no litera-

ture search is complete that neglects relevant patents, as a rule they are not as reli-

able as papers. There are two reasons for this:

1. It is in the interest of the inventor to claim as much as possible. Therefore,

they may, for example, actually have carried out a reaction with ethanol

and with 1-propanol, but will claim all primary alcohols, and perhaps even

secondary and tertiary alcohols, glycols, and phenols. An investigator

repeating the reaction on an alcohol that the inventor did not use may find

that the reaction gives no yield at all. In general, it is safest to duplicate

the actual examples given, of which most chemical patents contain one

or more.

2. Although legally a patent gives an inventor a monopoly, any alleged

infringements must be protected in court, and this may cost a good deal of

money. Therefore some patents are written so that certain essential details are

concealed or entirely omitted. This practice is not exactly cricket, because a

patent is supposed to be a full disclosure, but patent attorneys are generally
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skilled in the art of writing patents, and procedures given are not always

sufficient to duplicate the results.

Fortunately, the above statements do not apply to all chemical patents: many

make full disclosures and claim only what was actually done. It must also be

pointed out that it is not always possible to duplicate the work reported in every

paper in a journal due to the use of proprietary catalysts, equipment, or procedures.

Note, however, that some work is not published or patented, but rather maintained

within the company as a trade secret. Such work is not, of course, available to the

public.

SECONDARY SOURCES

Journal articles and patents contain virtually all of the original work in organic

chemistry. However, if therewere no indexes, abstracts, review articles, and other

secondary sources, the literature would be unusable, because it is so vast that no

one could hope to find anything in particular. Fortunately, the secondary sources

are excellent. There are various kinds and the categories tend to merge. Our classi-

fication is somewhat arbitrary.

Listings of Titles

The profusion of original papers is so great that publications that merely list the

titles of current papers find much use. Such lists are primarily methods of alerting

the chemist to useful papers published in journals that they do not normally read.

This approach, using print versions containing lists or journals and articles, is not

used much nowadays. Most journals are available on-line, and many have the ori-

ginal papers, with supplemental material, as HTML and pdf12 documents. The pdf

document can be downloaded to the searcher’s desktop, usually for a fee, and is

most convenient. Chemical Abstracts
TM

was originally available on-line as CAS

ONLINE. CAS ONLINE was discontinued when STN1 (a service that CAS oper-

ates in cooperation with the German organization FIZ Karlsruhe, see below) was

introduced in 1984. All of the Chemical Abstracts
TM

literature can be accessed using

CAS databases online. Many libraries and companies pay the appropriate fees, so

accessing the journals is usually quite easy via those organizations. Search engines

allow one to quickly scan an enormous amount of literature from office or home. in

addition, most browsers have on-line searching capabilities via various search

engines, and simply typing in an author, a topic, a chemical, or a few key words

can lead to important articles or information. Some of the important on-line tech-

nology will be discussed below. However, some of the available resources13 include

Specialty Citation Indexes, Science Citation Index Expanded
TM

, Web of Science1,

12Adobe Acrobat� files.
13See http://scientific.thomson.com/products/categories/citation/
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Science Citation Index1, ISI ProceedingsSM, Reaction Citation Index
TM

, and the

Derwent Innovations IndexSM. Science Citation Index1 is available on STN1,

where it is called SciSearch. We will begin with the older print-versions for chemi-

cal searches.

A print-version ‘‘title’’ publication covering the whole of chemistry is Current

Contents Physical, Chemical & Earth Sciences,14 which began in 1967 and appears

weekly, contains the contents pages of all issues of �800 journals in chemistry,

physics, earth sciences, mathematics, and allied sciences. Each issue contains an

index of important words taken from the titles of the papers listed in that issue,

and an author index, which, however, lists only the first-named author of each

paper. The author’s address is also given, so that one may write for reprints. An

on-line service is available called Current Contents Connect1 is a multidisciplinary

Web resource providing access to complete bibliographic information from >8000

of the world’s leading scholarly journals and >2000 books.15

CAS databases on-line described below allows one to search a variety of data-

bases, including journal titles.

Abstracts

Listings of titles are valuable, as far as they go, but they do not tell what is in

the paper, beyond the implications carried by the titles. Most current journals con-

tain a graphic abstract as well as a title and a brief print description of the research.

The graphical abstract is extremely useful for scanning the literature presented in a

journal, and both the print and graphical abstracts are available on-line for most

journals.

From the earliest days of organic chemistry, abstracts of papers have been widely

available, often as sections of journals whose principal interests lay elsewhere.16 At

the present time there are only two publications entirely devoted to abstracts cover-

ing the whole field of chemistry. One of these, Referativnyi Zhurnal, Khimiya,

which began in 1953, is published in Russian and is chiefly of interest to Russian-

speaking chemists. The other is Chemical Abstracts
TM

(CA). This publication,

which appears weekly, prints abstracts in English of virtually every paper contain-

ing original work in pure or applied chemistry published anywhere in the world.17

More than 9500 currently published journals are covered, in many languages. In

addition, CA publishes abstracts of every patent of chemical interest from 50

national and international patent offices. Chemical Abstracts
TM

lists and indexes,

but does not abstract review articles and books. The abstracts currently appear in

80 sections, of which sections 21–34 are devoted to organic chemistry, under such

14Title pages of organic chemistry journals are also carried by Current Contents Life Sciences, which is a

similar publication covering biochemistry and medicine.
15http://scientific.thomson.com/products/ccc/
16For example, Chem. Ind. (London) publishes abstracts of papers that appear in other journals. In the past,

journals, such as J. Am. Chem. Soc., J. Chem Soc., and Berchti also did so.
17For a guide to the use of CA, see Schulz, H. From CA to CAS ONLINE; VCH: NY, 1988.
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headings as Alicyclic Compounds, Alkaloids, Physical Organic Chemistry, Hetero-

cyclic Compounds (One Heteroatom), and so on. Each abstract of a paper begins

with a heading that gives (1) the abstract number;18 (2) the title of the paper; (3) the

authors’ names as fully as given in the paper; (4) the authors’ address; (5) the abbre-

viated name of the journal (see Table A.1);19 (6) the year, volume, issue, and page

numbers; and (7) the language of the paper. In earlier years, CA gave the language

only if it differed from the language of the journal title. Abstracts of patents begin

with the abstract number, title, inventor and company (if any), patent number,

patent class number, date patent issued, country of priority, patent application num-

ber, date patent applied for, and number of pages in the patent. The body of the

abstract is a concise summary of the information in the paper. For many common

journals the author’s summary (if there is one) is used in CA as it appears in the

original paper, with perhaps some editing and additional information. Each issue

of CA contains an author index, a patent index, and an index of keywords taken

from the titles and the texts or contexts of the abstracts. The patent index lists all

patents in order of number. The same compound or method is often patented in sev-

eral countries. Chemical Abstracts will abstract only the first patent, but it does list

the patent numbers of the duplicated patents in the patent index along with all pre-

vious patent numbers that correspond to it. Before 1981, there were separate Patent

Number Indexes and Patent Concordances (the latter began in 1963).

At the end of each section of CA, there is a list of cross-references to related

papers in other sections.

Chemical Abstracts
TM

is, of course, highly used for ‘‘current awareness’’; it

allows one to read, in one place, abstracts of virtually all new work in chemistry,

though its large size puts a limit on the extent of this type of usefulness.20 Chemical

Abstracts
TM

is even more useful as a repository of chemical information, a place for

finding out what was done in the past. This value stems from the excellent indexes,

which enable the chemist in most cases to ascertain quickly where information is

located. From the time of its founding in 1907 until 1961, CA published annual

indexes. Since 1962 there are two volumes published each year, and a separate

index is issued for each volume. For each volume there is an index of subjects,

authors, formulas, and patent numbers. Beginning in 1972, the subject index has

been issued in two parts, a chemical substance index and a general subject index,

which includes all entries that are not the names of single chemical substances.

However, the indexes to each volume become essentially superseded as collective

indexes are issued. The first collective indexes are 10-year (decennial) indexes,

but the volume of information has made 5-year indexes necessary since 1956.

Collective indexes published to date are shown in Table A.2. Thus a user of the

indexes at the time of this writing would consult the collective indexes through

1995 and the semiannual indexes thereafter. The 14th collective index (covering

18Beginning in 1967. See p. 1880.
19These abbreviations are changed from time to time. Therefore the reader may notice inconsistencies.
20It is possible to subscribe to CA Selects, which provides copies of all abstracts within various narrow

fields, such as organofluorine chemistry, organic reaction mechanisms, and organic stereochemistry.
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1997–2001) appeared in 2002. The 15th Collective index will be issued only in CD

ROM, as well as any subsequent collective, presumably.

Beginning with the eighth collective index period, CA has published an Index

Guide. This publication gives structural formulas and/or alternate names for thou-

sands of compounds, as well as many other cross-references. It is designed to help

the user efficiently and rapidly to find CA references to subjects of interest in the

general subject, formula, and chemical substance indexes. Each collective index

contains its own Index Guide. A new Index Guide is issued every 18 months.

The Index Guide is necessary because the CA general subject index is a ‘‘controlled

index,’’ meaning it restricts its entries only to certain terms. For example, anyone

who looks for the term ‘‘refraction’’ in the general subject index will not find it.

The Index Guide includes this term, and directs the reader to ‘‘Electromagnetic

wave, refraction of,’’ ‘‘Sound and ultrasound, refraction of,’’ and other terms, all

of which will be found in the general subject index. Similarly, the chemical sub-

stance index usually lists a compound only under one name, the approved CA

name. Trivial and other names will be found in the Index Guide. For example,

the term ‘‘methyl carbonate’’ is not in the chemical substance index, but the Index

Guide does have this term, and tells us to look for it in the chemical substance

index under the headings ‘‘carbonic acid, esters, dimethyl ester’’ (for Me2CO3)

and ‘‘carbonic acid, esters, monomethyl ester’’ (for MeHCO3). Furthermore, the

Index Guide gives terms related to the chosen term, helping users to broaden a

search. For example, one who looks for ‘‘Atomic orbital’’ in the Index Guide

will find the terms ‘‘Energy Level,’’ ‘‘Molecular orbital,’’ ‘‘Atomic integral,’’ and

‘‘Exchange, quantum mechanical, integrals for,’’ all of which are controlled index

terms.

TABLE A.2. CA Collective Indexes Published

Collective Subject and Chemical

Index General Subject Substance Author Formula Patent

1 1907–1916 1907–1916

2 1917–1926 1917–1926 1907–1936

3 1927–1936 1927–1936 1920–1946

4 1937–1946 1937–1946 1937–1946

5 1947–1956 1947–1956 1947–1956 1947–1956

6 1957–1961 1957–1961 1957–1961 1957–1961

7 1962–1966 1962–1966 1962–1966 1962–1966

8 1967–1971 1967–1971 1967–1971 1967–1971

9 1972–1976 1972–1976 1972–1976 1972–1976 1972–1976

10 1977–1981 1977–1981 1977–1981 1977–1981 1977–1981

11 1982–1986 1982–1986 1982–1986 1982–1986 1982–1986

12 1987–1991 1987–1991 1987–1991 1987–1991 1987–1991

13 1992–1996 1992–1996 1992–1996 1992–1996 1992–1996

14 1997–2001 1997–2001 1997–2001 1997–2001 1997–2001

15 2002–2006 2002–2006 2002–2006 2002–2006 2002–2006
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Along with each index (annual, semiannual, or collective) appears an index of

ring systems. This valuable index enables the user to ascertain immediately if any

ring system appears in the corresponding subject or chemical substance index and

under what names. For example, someone wishing to determine whether any com-

pounds containing this ring system

N

Benz(h)isoquinoline

are reported in the 1982–1986 collective index (even if they did not know the name)

would locate, under the heading ‘‘3-ring systems,’’ the listing 6, 6, 6 (since the com-

pound has three rings of six members each), under which they would find the sub-

listing C5N��C6��C6 (since one ring contains five carbons and a nitrogen while the

others are all-carbon), under which is listed the name benz(h)isoquinoline, as well

as the names of 30 other systems C5N��C6��C6. A search of the chemical substance

index under these names will give all references to these ring systems that appeared

in CA from 1982 to 1986.

Before 1967, CA used a two-column page, with each column separately num-

bered. A row of letters from a to h appeared down the center of the page. These

letters are for the guidance of the user. Thus an entry 7337b refers to the b sec-

tion of column 7337. In early years, superscript numbers (e.g., 43275), were used

in a similar manner. In very early years, these numbers were not printed on the

page at all, though they are given in the decennial indexes, so that the user must

mentally divide the page into nine parts. Beginning with 1967, abstracts are

individually numbered and column numbers are discarded. Therefore, beginn-

ing with 1967, index entries give abstract number rather than column number.

The abstract numbers are followed by a letter that serves as a check character

to prevent miscopying errors in computer handling. To use the CA general sub-

ject, chemical substance, and formula indexes intelligently requires practice,

and the student should become familiar with representative volumes of these

indexes and with the introductory sections to them, as well as with the Index

Guides.

In the CA formula indexes, formulas are listed in order of (1) number of carbon

atoms; (2) number of hydrogen atoms; (3) other elements in alphabetic order. Thus,

all C3 compounds are listed before any C4 compound; all C5H7 compounds before

any C5H8 compound; C7H11Br before C7H11N; C9H6N4S before C9H6O, and so on.

Deuterium and tritium are represented by D and T and treated alphabetically, for

example, C2H5DO after C2H5Cl and before C2H5F or C2H6.

Since 1965, CA has assigned a Registry Number to each unique chemical

substance; CAS Registry Number1. This is a number of the form [766-51-8] that

remains invariant, no matter what names are used in the literature. More than
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10 million numbers have already been assigned and thousands are added each

week. At one time, all numbers published with the CA preferred names appeared

in a multivolume ‘‘Registry Handbook,’’ but this work was discontinued. The CAS

Registry contains >27 million organic and inorganic substances and >57 million

sequences.21 For a discussion of online searching see pp. 1901–1905.

There were a number of earlier abstracting publications now defunct. The

most important are Chemisches Zentralblatt and British Abstracts. These publi-

cations are still valuable because they began before CA and can therefore supply

abstracts for papers that appeared before 1907. Furthermore, even for papers

published after 1907, Zentralblatt and British Abstracts are often more detailed.

Zentralblatt was published, under various names, from 1830 to 1969.22 British

Abstracts was a separate publication from 1926 to 1953, but earlier abstracts

from this source are available in the Journal of the Chemical Society from

1871 to 1925.

Beilstein

This publication is so important to organic chemistry that it deserves a section by

itself. Beilstein’s Handbuch der Organischen Chemie, usually referred to as

Beilstein, lists all the known organic compounds reported in the literature during

its period of coverage. We will first describe the print version, particularly impor-

tant for older literature. This discussion will be followed by a description of the

on-line version of Beilstein – Crossfire Beilstein. For each compound are given:

all names; the molecular formula; the structural formula; all methods of prepara-

tion (briefly, e.g., ‘‘by refluxing 1-butanol with NaBr and sulfuric acid"); physical

constants, such as melting point and refractive index; other physical properties;

chemical properties including reactions; occurrence in nature (i.e., which species

it was isolated from); biological properties, if any; derivatives with melting

points; analytical data, and any other information that has been reported in the

literature.23 Equally important, for every piece of information, a reference is given

to the original literature. Furthermore, the data in Beilstein have been critically

evaluated. That is, all information is carefully researched and documented, and

duplicate and erroneous results are eliminated. Some compounds are discussed

in two or three lines and others require several pages. The value of such a

work should be obvious.

The first three editions of Beilstein are obsolete. The fourth edition (vierte

Auflage) covers the literature from its beginnings through 1909. This edition, called

das Hauptwerk, consists of 27 volumes. The compounds are arranged in order of a

21This total is updated daily. See http://www.cas.org/cgi-bin/regreport.pl.
22An ‘‘obituary’’ of Zentralblatt by Weiske, which gives its history and statistical data about its abstracts

and indexes, was published in the April 1973 issue of Chem. Ber. (pp. I–XVI).
23For a discussion of how data are processed for inclusion in Beilstein, see Luckenbach, R.; Ecker, R.;

Sunkel, J. Angew. Chem. Int. Ed. 1981, 20, 841.
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system too elaborate to discuss fully here.24 The compounds are divided into three

divisions that are further subdivided into ‘‘systems’’:

Division Volumes System Numbers

I. Acyclic Compounds 1–4 1–499

II. Carbocyclic Compounds 5–16 450–2359

III. Heterocyclic Compounds 17–27 2360–4720

Das Hauptwerk is still the basis of Beilstein and has not been superseded. The later

literature is covered by supplements that have been arranged to parallel das Hauptwerk.

The same system is used, so that the compounds are treated in the same order. The

first supplement (erstes Ergänzungswerk) covers 1910–1919; the second supplement

(zweites Ergänzungwerk) covers 1920–1929; the third supplement (drittes Ergän-

zungswerk) covers 1930–1949; the fourth supplement (viertes Ergänzungswerk) cov-

ers 1950–1959, and the fifth supplement covers 1960-1979. Like das Hauptwerk,

each supplement contains 27 volumes,25 except that supplements 3 and 4 are com-

bined for Vols. 17–27, so that for these volumes the combined third and fourth sup-

plement covers the years 1930–1959. Each supplement has been divided into

volumes in the same way as das Hauptwerk, and, for example, compounds found

in Vol. 3, system number 199 of das Hauptwerk will also be found in Vol. 3, system

number 199 of each supplement. To make cross-referencing even easier, each supple-

ment gives, for each compound, the page numbers at which the same compound can

be found in the earlier books. Thus, on page 554 of Vol. 6 of the fourth supplement,

under the listing phenetole are found the symbols (H 140; E I 80; E II 142; E III 545)

indicating that earlier information on phenetole is given on page 140 of Vol. 6 of das

Hauptwerk, on page 80 of the first, page 142 of the second, and page 545 of the third

supplement. Furthermore, each page of the supplements contains, at the top center,

the corresponding page numbers of das Hauptwerk. Since the same systematic order

is followed in all six series, location of a compound in any one series gives its loca-

tion in the other five. If a compound is found, for example, in Vol. 5 of das Hauptwerk,

one has but to note the page number and scan Vol. 5 of each supplement until that

number appears in the top center of the page (the same number often covers several

pages). Of course, many compounds are found in only one, two, three, four, or five of

the series, since no work may have been published on that compound during a

24For descriptions of the Beilstein system and directions for using it, see Sunkel, J.; Hoffmann, E.;

Luckenbach, R. J. Chem. Educ. 1981, 58, 982; Luckenbach, R. CHEMTECH 1979, 612. The Beilstein

Institute has also published two English-language guides to the system. One, available free, is How to Use

Beilstein; Beilstein Institute: Frankfurt/Main, 1979. The other is by Weissbach, O. A Manual for the Use of

Beilstein’s Handbuch der Organischen Chemie, Springer, NY, 1976. An older work, which many students

will find easier to follow, is by Huntress, E.H. A Brief Introduction to the Use of Beilstein’s Handbuch der

Organischen Chemie, 2nd ed., Wiley, NY, 1938.
25In some cases, to keep the system parallel and to avoid books that are too big or too small, volumes are

issued in two or more parts, and, in other cases, two volumes are bound as one.
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particular period covered. From das Hauptwerk to the fourth supplement, Beilstein is

in German, though it is not difficult to read since most of the words are the names

of compounds (a Beilstein German–English Dictionary, available free from the

publisher, is in many libraries). For the fifth supplement (covering 1960–1979), which

is in English, publication of Division III began before the earlier divisions. At the

time of this writing, Vols. 17–22 (totaling 70 separate parts exclusive of index

volumes) of this supplement have been published, as well as a combined index for

Volumes 17–19. This index covers only the fifth supplement. The subject portion of

this index, which lists compound names only, gives these names in English.

Volumes 28 and 29 of Beilstein are subject and formula indexes, respectively. The

most recent complete edition of these volumes is part of the second supplement and

covers only das Hauptwerk and the first two supplements (though complete indexes

covering das Hauptwerk and the first four supplements have been announced to

appear in the next few years). For Vol. 1, there is a cumulative subject and a cumu-

lative formula index, which combine das Hauptwerk and the first four supple-

ments.26 Similar index volumes, covering all four supplements, have been

issued for the other volumes, 2–27. Some of these are combined (e.g., 2–3,

12–14, and 23–25). For English-speaking chemists (and probably for many

German-speaking chemists) the formula indexes are more convenient. Of course

(except for the fifth supplement indexes), one must still know some German,

because most formula listings contain the names of many isomers. If a compound

is found only in das Hauptwerk, the index listing is merely the volume and page

numbers (e.g., 1, 501). Roman numbers are used to indicate the supplements, for

example, 26, 15, I 5, II 7. Thus the subject and formula indexes lead at once to

locations in das Hauptwerk and the first four supplements. The Beilstein formula

indexes are constructed the same way as the CA indexes (p. 1880).

There is also a fourth division of Beilstein (systems 4721–4877) that covers nat-

ural products of uncertain structure: rubbers, sugars, and so on. These are treated in

Vols. 30 and 31, which do not go beyond 1935, and which are covered in the col-

lective indexes. These volumes will not be updated. All such compounds are now

included in the regular Beilstein volumes.

Like CA, Beilstein is available on-line, with the useful search engine CrossFire

Beilstein. The Beilstein database is one of the best databases for organic chemistry,

particularly synthetic organic chemistry. It contains information on �9.4 million

organic substances that have been fully characterized, as well as 9.8 million reac-

tions. Information available includes:27

� Structure and reaction diagrams

� Identification information (name, formula, registry numbers, etc.)

26Most page number entries in the combined indexes contain a letter, for example, CHBr2Cl 67f, II 33a,

III 87d, IV, 81. These letters tell where on the page to find the compound and are useful because the

names given in the index are not necessarily those used in the earlier series. The letter ‘‘a’’ means the

compound is the first on its page, ‘‘b’’ is the second, and so on. No letters are given for the fourth

supplement.
27http://gethelp.library.upenn.edu/guides/tutorials/scitech/beilstein/BCWhat.html
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� Isolation and purification information

� Derivatives

� Physical properties, including

� Structure and energy parameters

� State of matter and change of state information

� Transport phenomena

� Optical properties

� Spectra (UV, VIS, MS, NMR, IR, ESR, X-ray, etc.)

� Electrical and magnetic properties

� Electrochemistry

� Behavior of liquid/solid, liquid/liquid, and liquid/vapor systems

� Solution behavior

� Energy data

� Optical data

� Boundary surface phenomena

� Adsorption

� Association

� Pharmacological and ecological data

Not all compounds contain all different types of data. Some data, often those quan-

tities that can be described by a number, word, or short phrase, are given explicitly in

the record for the compound. Others simply have a literature reference. The factual data,

of which there are 260 million, are only experimental data, scientifically measured.

Coverage of the Literature and Search Capabilities

Beilstein references the chemical literature published in �175 prestigious organic

chemistry journals28 from 1771 to date. It is updated quarterly. The database may

be searched using structures and/or text (property information, chemical name,

molecular formula).’’ Figure A. 1 shows the on-line page after a structure has

been drawn using the drawing tools provided with the program, used by Crossfire

to begin a session. Figure A. 2 shows an on-line page that displays data obtained

after a structure search. The variety of tools available for searching is much more

extensive than the ones shown in Figs. A.1 and A.2. One can use the structure

editor to draw a specific structure, and it is possible to draw two or more structures,

label them as reactant and/or product and search for a chemical reactions or trans-

formation. A variety of data can be accessed for a compound or a reaction, and the

output includes the chemical structures, references to the primary literature, physi-

cal, and spectral properties where available.

28See http://www.mdl.com/products/pdfs/BSJournals.pdf.
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Fig. A.1. Structure Search for CrossFire Beilstein29 Beilstein Data: Copyright (c) 1988–

2006, Beilstein Institut zur Foerderung der Chemischen Wissenschaften licensed to Beilstein

GmbH and MDL Information Systems GmbH. All rights reserved.

Tables of Information

In addition to Beilstein, there are many other reference works in organic chemistry

that are essentially compilations of data. These books are very useful and often save

the research worker a great deal of time. In this section we discuss some of the more

important of such works.

1. The sixth edition of Heilbron’s Dictionary of Organic Compounds, J.

Buckingham, Ed., 9 vols., Chapman and Hall, London, 1996, contains brief

listings of >150,000 organic compounds, giving names, structural formulas,

physical properties, and derivatives, with references. For many entries

additional data concerning occurrence, biological activity, and toxicity hazard

information are also given. The arrangement is alphabetical. The dictionary

contains indexes of names, formulas, heteroatoms, and CA Registry Numbers.

Annual supplements, with cumulative indexes, have appeared since 1983. A

similar work, devoted to organometallic compounds, is the 2nd edition of

the Dictionary of Organometallic Compounds, 6 vols. in its 5th supplement,

29See http://www.mdl.com/products/knowledge/crossfire_commander/.
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Fig. A.2. Preparation Data from CrossFire Beilstein.30 Beilstein Data: Copyright (c) 1988–

2006, Beilstein Institut zur Foerderung der Chemischen Wissenschaften licensed to Beilstein

GmbH and MDL Information Systems GmbH. All rights reserved.

published by Chapman and Hall in 1989. Another, Dictionary of Steroids, 2

vols., 1991, is also published by Chapman and Hall.

2. A multivolume compendium of physical data is Landolt-Börnstein’s

Zahlenwerte und Funktionen aus Physik, Chemie, Astronomie, Geophysik,

und Technik, 6th ed., Springer, Berlin, 1950–. There is also a ‘‘New Series,’’

for which the volumes are given the English title Numerical Data and

Functional Relationships in Science and Technology, as well as the German

title. This compendium, which is not yet complete, lists a great deal of data,

some of which are of interest to organic chemists (e.g., indexes of refraction,

heats of combustion, optical rotations, and spectral data). Literature refer-

ences are given for all data.

3. The Handbook of Chemistry and Physics, CRC Press, Boca Raton, FL

(called the ‘‘rubber handbook’’), which is revised annually (87th ed., 2006–
2007), is a valuable repository of data quickly found. For organic chemists

the most important table is ‘‘Physical Constants of Organic Compounds,’’

30See http://www.mdl.com/products/knowledge/crossfire_beilstein/index.jsp. Also see, http://chemistry.

library.wisc.edu/beilstein/quickguide6.htm
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which lists names, formulas, color, solubilities, and physical properties of

thousands of compounds. However, there are many other useful tables. A

similar work is Lange’s Handbook of Chemistry, 16th ed., McGraw-Hill,

New York, 2004. Another such handbook, but restricted to data of interest to

organic chemists, is Dean’s Handbook of Organic Chemistry, 2nd ed.,

McGraw-Hill, New York, 2003. This book also contains a long table of

‘‘Physical Constants of Organic Compounds,’’ and has much other informa-

tion including tables of thermodynamic properties, spectral peaks, pKa

values, bond distances, and dipole moments.

4. A list of most of the known natural compounds (e.g., terpenes, alkaloids,

carbohydrates), to which structures have been assigned, along with struc-

tural formulas, melting points, optical rotations, and references, is provided

in Devon and Scott, Handbook of Naturally Occurring Compounds, 3 vols.,

Academic Press, New York, 1972.

5. Dreisbach, Physical Properties of Chemical Compounds, Advances in Chem-

istry Series Nos. 15, 22, 29, American Chemical Society, Washington, DC,

1955–1961 lists many physical properties of >1000 organic compounds.

6. Physical properties of thousands of organometallic compounds, with refer-

ences, are collected in five large compendia: the Dictionary of Organometallic

Compounds, mentioned under item 1, above; Dub, Organometallic Com-

pounds, 2nd ed., 3 vols. with supplements and index, Springer, New York,

1966–1975; Hagihara, Kumada, and Okawara, Handbook of Organometallic

Compounds, W. A. Benjamin, New York, 1968; and Kaufman, Handbook of

Organometallic Compounds, Van Nostrand, Princeton, NJ, 1961; Compre-

hensive Organometallic Chemistry II, 14 Vols, Pergamon, 1995.

7. The Merck Index, 13th ed., Merck and Company, Rahway, NJ, 2001 is a

good source of information about chemicals of medicinal importance.

Many drugs are given three types of name: chemical name (which is the

name an organic chemist would give it; of course, there may well be more

than one); generic name, which must be placed on all containers of the

drug; and trade names, which are different for each company that markets

the drug. For example, the generic name for 1-(4-chlorobenzhydryl)-

4-methylpiperazine is chlorcyclazine. Among the trade names for this

drug, which is an antihistamine, are Trihistan, Perazyl, and Alergicide.

The Merck Index is especially valuable because it gives all known names

of all three types for each compound and the names are cross-indexed.

Also given, for each compound, are the structural formula, CA preferred

name and Registry Number, physical properties, medicinal and other uses,

toxicity indications, and references to methods of synthesis. There are

indexes of formulas and Registry Numbers, and miscellaneous tables. The

10th edition of the Merck Index (1983) also includes a lengthy list of

organic name reactions, with references. Although the 11th edition omitted

this list, it was restored in the 12th and subsequent editions.

Note that the Merck Index Online
TM

is also available.
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8. There are two publications that list properties of azeotropic mixtures.

Timmermans, The Physicochemical Constants of Binary Systems in Con-

centrated Solutions, 4 vols., Interscience, New York, 1959–1960, is by far

the more comprehensive. The other is Azeotropic Data, 2 vols., Advances in

Chemistry Series Nos. 6 and 35, American chemical Society, Washington,

DC, 1952, 1962.

9. Thousands of dipole moments, with references, are collected in McClellan,

Tables of Experimental Dipole Moments, Vol. 1, W.H. Freeman, San

Francisco, CA, 1963; Vol. 2, Rahara Enterprises, El Cerrita, CA, 1974.

10. Tables of Interatomic Distances and Configurations in Molecules and Ions,

London chemical Society Special publication No. 11, 1958, and its supple-

ment, Special publication No. 18, 1965, include bond distances and angles

for hundreds of compounds, along with references.

11. The Ring Systems Handbook, published in 1988 by the Chemical Abstracts

Service, provides the names and formulas of ring and cage systems that have

been published in CA. The ring systems are listed under a system essentially

the same as that used for the CA index of ring systems (p. $$$). Each entry

gives the CA index name and Registry Number for that ring system. In

many cases, a CA reference is also given. There is a separate Formula Index

(for the parent ring systems) and a Ring Name Index. Cumulative supple-

ments are issued twice a year. The Ring Systems Handbook supersedes earlier

publications called The Parent Compound Handbook and The Ring Index.

12. The Sadtler Research Laboratories publish large collections of IR, UV,

NMR and other spectra, in loose-leaf form. Indexes are available.

13. Infrared, UV, NMR, Raman, and mass spectral data, as well as melting-point,

boiling-point, solubility, density, and other data for >30,000 organic com-

pounds are collected in the CRC Handbook of Data on Organic Compounds,

2nd ed., 9 vols., CRC Press, Boca Raton, FL, 1988, edited by Weast and

Grasselli. It differs from the Sadtler collection in that the data are given in

tabular form (lists of peaks) rather than reproduction of the actual spectra, but

this book has the advantage that all the spectral and physical data for a given

compound appear at one place. References are given to the Sadtler and other

collections of spectra. Volumes 7–9 contain indexes of spectral peaks for IR,

UV, 1H NMR, 13C NMR, mass, and Raman spectra, as well as indexes of

other names, molecular formulas, molecular weights, and physical constants.

Annual updates began appearing in 1990 (the first one is called Vol. 10).

14. The Aldrich Library of Infrared Spectra, 3rd ed., Aldrich chemical Com-

pany, Milwaukee, WI, 1981, by Pouchert contains >12,000 IR spectra so

arranged that the user can readily see the change that takes place in a given

spectrum when a slight change is made in the structure of a molecule. The

same company also publishes the Aldrich Library of FT–IR Spectra and the

Aldrich Library of NMR Spectra, both also by Pouchert. A similar volume,

which has IR and Raman spectra of �1000 compounds, is Raman/Infrared

Atlas of Organic Compounds, 2nd ed., VCH, New York, 1989, by Schrader.
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15. An extensive list of visible and UV peaks is given in Organic Electronic

Spectral Data, Wiley, New York. Twenty-six volumes have appeared so far,

covering the literature through 1984.

16. A collection of 500 13C NMR spectra is found in Johnson and Jankowski,

Carbon-13 NMR Spectra, Wiley, New York, 1972.

Reviews

A review article is an intensive survey of a rather narrow field; for example, the

titles of some recent reviews are ‘‘Desulfonation Reactions: Recent Develop-

ments,’’31 ‘‘Pyrrolizidine and Indolizidine Syntheses Involving 1,3-Dipolar

Cycloaddition,’’32 and ‘‘From Corrin Chemistry to Asymmetry Catalysis—A Per-

sonal Account.’’33 A good review article is of enormous value, because it is a thor-

ough survey of all the work done in the field under discussion. Review articles are

printed in review journals and in certain books. The most important review journals

in organic chemistry (though most are not exclusively devoted to organic chem-

istry) are shown in Table A.3. Some of the journals listed in Table A.1, for

TABLE A.3. Review Journals, With Year of Founding and Issues per Year as of 1998

Journal Issues

Accounts of Chemical Research (1968) 12

Aldrichimica Acta (1968) 4

Angewandte Chemie (1888) and its English Translation: 12

Angewandte Chemie, International Edition (1962) 12

Chemical Reviews (1924) 8

Chemical Society Reviews (1947)34 4

Heterocycles (1973) 12

Natural Product Reports (1984) 6

Organic Preparations and Procedures International (1969) 6

Soviet Scientific Reviews, Section B, Chemistry Reviews (1979) Irreg.

Sulfur Reports (1980) 6

Synlett (1989) 12

Synthesis (1969) 12

Tetrahedron (1958) 52

Topics in Current Chemistry (1949)35 Irreg.

Uspekhi Khimii (1932) 12

and its English translation: Russian chemical Reviews (1960) 12

31Nájera, C.; Yus, M. Tetrahedron 1999, 55, 10547.
32Broggini, G.; Zecchi, G. Synthesis 1999, 905.
33Pfaltz, A. Synlett 1999, 835.
34Successor to Quarterly Reviews (abbreviated as Q. Rev., Chem. Soc.).
35Formerly called Fortschritte der Chemischen Forschung.
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example, Synlett, Tetrahedron, Synthesis, Organic Preparations and Proce-

dures International, and J. Organomet. Chem. also publish occasional review

articles.

There are several open-ended serial publications that are similar in content to the

review journals, but are published irregularly (seldom more often than once a year)

and are hardbound. Some of these publish reviews in all fields of chemistry; some

cover only organic chemistry; some specialize further. The coverage is indicated by

the titles. Table A.4 shows some of the more important such publications, with CA

abbreviations.

There are several publications that provide listings of review articles in organic

chemistry. The most important is the J. Org. Chem., which began to list review arti-

cles in 1978 (the first list is at J. Org. Chem., 43, 3085), suspended the listings in

1985, and resumed them in 1990 (at J. Org. Chem., 55, 398). These lists, which

appear about four times a year, give the titles and reference sources of virtually

TABLE A.4. Irregularly Published Serial Publications

Advances in Carbocation Chemistry

Advances in Carbohydrate Chemistry and Biochemistry

Advances in Catalysis

Advances in Cycloaddition

Advances in Free Radical Chemistry

Advances in Heterocyclic Chemistry

Advances in Metal-Organic Chemistry

Advances in Molecular Modeling

Advances in Organometallic Chemistry

Advances in Oxygenated Processes

Advances in Photochemistry

Advances in physical Organic Chemistry

Advances in Protein Chemistry

Advances in Theoretically Interesting Molecules

Fluorine Chemistry Reviews

Fortshritte der Chemie Organischer Naturstoffe

Isotopes in Organic Chemistry

Molecular Structure and Energetics

Organic Photochemistry

Organometallic Reactions

Organic Reactions

Organic Synthesis: Theory and Applications

Progress in Heterocyclic Chemistry

Progress in Macrocyclic Chemistry

Progress in physical Organic Chemistry

Reactive Intermediates (Plenum)

Reactive Intermediates (Wiley)

Survey of Progress in Chemistry

Topics in physical Organometallic Chemistry

Topics in Stereochemistry
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all review articles in the field of organic chemistry that have appeared in the pre-

ceding 3 months, including those in the review journals and serials mentioned

above, as well as those in monographs and treatises. There is also a listing of

new monographs on a single subject. Each list includes a subject index.

Another publication is the Index of Reviews in Organic Chemistry, complied by

Lewis, Chemical Society, London, a classified listing of review articles. The first

volume, published in 1971, lists reviews from �1960 (in some cases much earlier)

to � 1970 in alphabetical order of topic. Thus four reviews are listed under ‘‘Knoe-

venagel condensation,’’ five under ‘‘Inclusion compounds,’’ and one under ‘‘Vinyl

ketones.’’ There is no index. A second volume (1977) covers the literature to 1976.

Annual or biannual supplements appeared from 1979 until the publication was ter-

minated in 1985. Classified lists of review articles on organometallic chemistry are

found in articles by Smith and Walton36 and by Bruce.37 A similar list for hetero-

cyclic chemistry is found in articles by Katritzky and others.38 See also the discus-

sion of the Index of Scientific Reviews, p. 1908.

Annual Reviews

The review articles discussed in the previous section are each devoted to a narrow

topic covering the work done in that area over a period of years. An annual review

is a publication that covers a broad area, but limits the period covered, usually to

1 or 2 years.

1. The oldest annual review publication still publishing is Annual Reports on the

Progress of Chemistry, published by the Royal Society of Chemistry

(formerly the chemical Society), which began in 1905 and which covers

the whole field of chemistry. Since 1967 it has been divided into sections.

Organic chemistry is found in Section B.

2. Because the number of papers in chemistry has become so large, the Royal

Society of Chemistry publishes annual-review-type volumes of smaller scope,

called Specialist Periodical Reports. Among those of interest to organic

chemists are ‘‘Carbohydrate Chemistry’’ (Vol. 22 covers 1988); ‘‘Photo-

chemistry’’ (Vol. 21 covers 1988–1989); and ‘‘General and Synthetic

Methods,’’ (Vol. 12 covers 1987).

3. Organic Reaction Mechanisms, published by Wiley, New York, is an annual

survey that covers the latest developments in the field of mechanisms. The

first volume, covering 1965, appeared in 1966.

4. There are two annual reviews devoted to progress in organic synthesis.

Theilheimer, Synthetic Methods of Organic Chemistry, S. Karger Verlag,

36Smith, J.D.; Walton, D.R.M. Adv. Organomet. Chem. 1975, 13, 453.
37Bruce, M.IK. Adv. Organomet. Chem. 1972, 10, 273, 1973, 11, 447, 1974, 12, 380.
38Belen’kii, L.I. Adv. Heterocyclic Chem. 1988, 44, 269; Katritzky, A.R.; Jones, P.M. Adv. Heterocyclic

Chem. 1979, 25, 303; Katritzky, A.R.; Weeds, S.M. Adv. Heterocyclic Chem. 1966, 7, 225.
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Basel, is an annual compilation, beginning in 1946, of new methods for the

synthesis of organic compounds, arranged according to a system based on

bond closing and bond breaking reactions. Equations, brief procedures,

yields, and literature references are given. Volume 44 was issued in 1990.

Volumes 3 and 4 are available only in German, but all the rest are in English.

There is an index to each volume. Cumulative indexes appear in every fifth

volume. Beginning with Vol. 8, each volume includes a short summary of

trends in synthetic organic chemistry. A more recent series is Annual Reports

in Organic Synthesis, Academic Press, New York, which has covered the

literature of each year since 1970. Equations are listed with yields and

references according to a fairly simple system.

5. The Journal Of Organometallic Chemistry several times a year publishes

annual surveys arranged according to metallic element. For example, Vol.

404, published in February 1991, contains annual surveys for 1989 of organic

compounds containing Sb, Bi, and Fe, and the use of transition metals in

organic synthesis, and surveys for 1988 covering B, Ru, and Os.

Awareness Services

Besides the annual reviews and the title and abstract services previously mentioned,

there exist a number of publications designed to keep readers aware of new devel-

opments in organic chemistry or in specific areas of it.

1. Chemtracts: Organic Chemistry is a bimonthly periodical, begun in 1988, that

prints abstracts of certain recently published papers (those that the editors

consider most important), with commentaries on these papers by distin-

guished organic chemists. Important current research in bioorganic, organo-

metallic, synthesis, physical-organic and theoretical chemistry, and

pharmaceutical–medicinal chemistry is covered in each issue, giving readers

updates on the newest trends and developments in organic chemistry by

summarizing and commenting on current and past research..

2. The Institute for Scientific Information (ISI), besides publishing Current

Contents (p. 1877) and the Science Citation Index (p. 1877), also publishes

Index Chemicus (formerly called Current Abstracts of Chemistry and Index

Chemicus). This publication, begun in 1960 and appearing weekly, is devoted

to printing structural formulas of all new compounds appearing in >100

journals, along with equations to show how they were synthesized and an

author’s summary of the work. Each issue contains five indexes: author,

journal, biological activity, labeled compounds, and intermediates that were

not isolated. These indexes are cumulated annually.

3. Theilheimer and the Annual Reports on Organic Synthesis, mentioned in the

previous section, list new synthetic methods once a year. There are several

publications that do this monthly. Among these are Current Chemical

Reactions (begun in 1979 and published by ISI), Journal of Synthetic
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Methods (begun in 1975 and published by Derwent publications), and

Methods in Organic Synthesis, begun in 1984 and published by the Royal

Society of Chemistry. Methods in Organic Synthesis also lists books and

review articles pertaining to organic synthesis.

4. Natural Product Updates, a monthly publication begun in 1987 and published

by the Royal Society of Chemistry, lists recent results in the chemistry of natu-

ral products, along with structural formulas. It covers new compounds, struc

ture determinations, new properties and total syntheses, among other topics.

General Treatises

There are a number of large-scale multivolume treatises that cover the whole field

of organic chemistry or large areas of it.

1. Rodd’s Chemistry of Carbon Compounds, edited by Coffey, Elsevier, Amsterdam,

The Netherlands, is a treatise consisting of five main volumes, each of which

contains several parts. publication began in 1964 and is not yet complete. The

organization is not greatly different from most textbooks, but the coverage is

much broader and deeper. Supplements to many of the volumes have

appeared. An earlier edition, called Chemistry of Carbon Compounds, edited

by Rodd, was published in 10 parts from 1951 to 1962.

2. Houben–Weyl’s, Methoden der Organischen Chemie, Georg Thieme Verlag,

Stuttgart, is a major treatise in German devoted to laboratory methods. The

fourth edition, which was begun in 1952 and consists of 20 volumes, most of

them in several parts, is edited by E. Muller. The series includes supplemen-

tary volumes. The first four volumes contain general laboratory methods,

analytical methods, physical methods, and general chemical methods. The

later volumes are devoted to the synthesis of specific types of compounds, for

example, hydrocarbons, oxygen compounds, and nitrogen compounds. Begin-

ning in 1990 parts of the series have appeared in English.

3. Comprehensive Organic Chemistry, Pergamon, Elmsford, NY, 1979, is a six-

volume treatise on the synthesis and reactions of organic compounds. The

first three volumes cover the various functional groups, Vol. 4, heterocyclic

compounds, and Vol. 5, biological compounds, such as proteins, carbohy-

drates, and lipids. Probably the most useful volume is Vol. 6, which contains

formula, subject, and author indexes, as well as indexes of reactions and

reagents. The last two of these not only refer to pages within the treatise, but

directly give references to review articles and original papers. For example,

on p. 1129, under ‘‘Chromic acid-sulphuric acid (Jones reagent), oxidation,

alcohols,’’ are listed 13 references to original papers. Several similar treatises,

including the nine-volume Comprehensive Organometallic Chemistry (1982),

the eight volume Comprehensive Heterocyclic Chemistry (1984), and the six

volume Comprehensive Medicinal Chemistry (1989) are also published by

Pergamon. The indexes to these works also include references.
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4. A major treatise devoted to experimental methods of chemistry is Techniques

of Chemistry, edited first by Weissberger and then by Saunders, Wiley,

New York. This publication, which began in 1970, so far consists of 21

volumes, most of them in several parts, covering such topics as electro-

chemical and spectral methods, kinetic methods, photochromism, and organic

solvents. Techniques of Chemistry is a successor to an earlier series, called

Techniques of Organic Chemistry, which appeared in 14 volumes, some of

them in more than one edition, from 1945 to 1969.

5. Comprehensive Chemical Kinetics, edited by Bamford and Tipper, 1969–,

Elsevier, Amsterdam, The Netherlands, is a multivolume treatise covering

the area of reaction kinetics. Six of these volumes (not all published at the

time of writing) deal with the kinetics and mechanisms of organic reactions

in a thorough and comprehensive manner.

6. Three multivolume treatises that cover specific areas are Elderfield, Hetero-

cyclic Compounds, Wiley, New York, 1950-; Manske and Holmes, The

Alkaloids, Academic Press, New York, 1950-; and Simonson, Owen, Barton,

and Ross, The Terpenes, Cambridge University Press, London, 1947–1957.

7. Encyclopedia of Reagents for Organic Synthesis, edited by Paquette, Wiley,

New York, was published in 1995. It is an eight volume, alphabetic listing of

reagents used in organic chemistry with descriptions of the preparation, use

and chemistry, with references. Each reagent was researched by organic

chemists active in research, who contributed to the total publication.

This work is available on-line as eEROS. The Encyclopedia of Reagents

for Organic Synthesis, e-EROS, provides updated information on �3800

reagents with a database of close to 50,000 reactions. Each reagent entry

includes properties such as physical data, solubility, form supplied in, puri-

fication, and preparative methods; examples of use in reactions; and literature

references. Search options include: name, CAS number, structure and reaction.

8. Comprehensive Organic Synthesis, edited by Trost and Fleming, Pergamon,

was published in 1991. It is a nine volume compilation.

9. Comprehensive Organic Functional Group Transformations, edited by

Katritzky, Meth-Cohn, and Rees, Pergamon, was published in 1995. It is a

seven volume compilation.

Monographs and Treatises on Specific Areas

Organic chemistry is blessed with a large number of books devoted to a thorough

coverage of a specific area. Many of these are essentially very long review

articles, differing from ordinary review articles only in size and scope. Some

of the books are by a single author, and others have chapters by different authors

but all are carefully planned to cover a specific area. Many of these books have

been referred to in footnotes in appropriate places in this book. There have been

several series of monographs, one of which is worth special mention: The Chem-

istry of Functional Groups, under the general editorship of Patai, published by
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Wiley, New York. Each volume deals with the preparation, reactions, and

physical and chemical properties of compounds containing a given functional

group. Volumes covering >20 functional groups have appeared so far, including

books on alkenes, cyano compounds, amines, carboxylic acids and esters, and

quinones.

Textbooks

There are many excellent textbooks in the field of organic chemistry. We restrict

ourselves to listing only a few of those published, mostly since 1985. Some of these

are first-year texts and some are advanced (advanced texts generally give refer-

ences; first-year texts do not, though they may give general bibliographies, sugges-

tions for further reading, etc.); some cover the whole field, and others cover

reactions, structure, and/or mechanism only. All the books listed here are not

only good textbooks and the advanced books are valuable reference books for grad-

uate students and practicing chemists.

Bruckner, Advanced Organic Chemistry: Reaction Mechanisms, Academic

Press, NY 2001.

Bruice, Organic Chemistry, 4th ed., Prentice-Hall, NJ, 2004.

Carey, Organic Chemistry, 6th ed., McGraw-Hill, NY, 2006.

Carey and Sundberg, Advanced Organic Chemistry: Structure and Mechanisms

(Part A), 4th ed., Springer, 2004.

Carey and Sundberg, Advanced Organic Chemistry: Structure and Mechanisms

(Part B), 4th ed., Springer, 2001.

Carruthers and Coldham, Some Modern Methods of Organic Synthesis, 4th ed.,

Cambridge University Press, Cambridge, 2004.

Ege, Organic Chemistry: Structure and Reactivity, 5th ed., D.C. Houghton

Mifflin, Boston, 2003.

Fox and Whitesell, Organic Chemistry, 3rd ed, Jones and Bartlett, Sudbury, MA,

2004.

Grossman, The Art of Writing Reasonable Organic Reaction Mechanisms,

2nd ed, Springer, 2005.

House, Modern Synthetic Reactions, 2nd ed., W. A. Benjamin, New York, 1972.

Ingold, Structure and Mechanism in Organic Chemistry, 2nd ed., Cornell

University Press, Ithaca, NY, 1969.

Isaacs, Physical Organic Chemistry, Wiley, NY, 1987.

Jones, Organic Chemistry, 3rd ed. W.W. Norton, NY, 2004.

Loudon, Organic Chemistry, 4th ed., Oxford University Press, Cambridge, 2001.

Lowry and Richardson, Mechanism and Theory in Organic Chemistry, 3rd ed.,

Harper and Row, New York, 1987.

McMurry, Organic Chemistry, 6th ed., Brooks/Cole, Monterey CA, 2003.
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Maskill, The Physical Basis of Organic Chemistry, Oxford University Press,

Oxford, 1985.

Morrison, Boyd and Boyd, Organic Chemistry, 6th ed., Benjamin Cummings,

CA, 1992.

Mundy, Ellerd, and Favaloro, Jr., Name Reactions and Reagents in Organic

Synthesis, 2nd ed, Wiley, Hoboken, ND, 2005.

Ritchie, Physical Organic Chemistry, 2nd ed., Marcel Dekker, NY, 1989.

Solomons and Fryhle, Organic Chemistry, 8th ed., Wiley, NY, 2003.

Smith, Organic Synthesis, 2nd edition McGraw-Hill, NY, 2000.

Streitwieser, Heathcock, and Kosower, Introductory Organic Chemistry, 4th ed.,

Prentice-Hall, Saddle River, NJ, 1998.

Sykes, A Guidebook to Mechanism in Organic Chemistry, 6th ed., Longmans

Scientific and Technical, Essex, 1986.

Vollhardt and Schore, Organic Chemistry, 4th ed., W.H. Freeman, New York, 2002.

Wade, Organic Chemistry, 4th ed., Prentice-Hall, Upper Saddle River, NJ, 1999.

Other Books

In this section, we mention several books that do not fit conveniently into the pre-

vious categories. All but the last have to do with laboratory synthesis.

1. Organic Syntheses, published by Wiley, New York is a collection of

procedures for the preparation of specific compounds. The thin annual

volumes have appeared each year since 1921. For the first 59 volumes, the

procedures for each 10- (or 9-) year period are collected in cumulative

volumes. Beginning with Vol. 60, the cumulative volumes cover five-year

periods. The cumulative volumes published so far are

Annual Volumes Collective Volumes

1–9 I

10–19 II

20–29 III

30–39 IV

40–49 V

50–59 VI

60–64 VII

65–69 VIII

70–74 IX

75–80 X

The advantage of the procedures in Organic Syntheses, compared with those

found in original journals, is that these procedures are tested. Each preparation is
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carried out first by its author, and then by a member of the Organic Syntheses

editorial board, and only if the yield is essentially duplicated is the procedure

published. While it is possible to repeat most procedures given in journals, this

is not always the case. All Organic Syntheses preparations are noted in Beilstein

and in CA. In order to locate a given reaction in Organic Syntheses, the reader

may use the OS references given in the present volume (through OS 69); the

indexes in Organic Syntheses itself; Shriner and Shriner, Organic Syntheses

Collective Volumes I, II, III, IV, V Cumulative Indices, Wiley, New York, 1976,

or Sugasawa and Nakai; Reaction Index of Organic Syntheses, Wiley,

New York, 1967 (through OS 45). Another book classifies virtually all the

reactions in Organic Syntheses (collective vols. I–VII and annual vols. 65–68)

into 11 categories: annulation, rearrangement, oxidation, reduction, addition,

elimination, substitution, C��C bond formation, cleavage, protection–deprotec-

tion, and miscellaneous. This is Organic Syntheses: Reaction Guide, by Liotta

and Volmer, published by Wiley, New York, in 1991. Some of the categories are

subdivided further, and some reactions are listed in more than one category.

What is given under each entry are the equation and the volume and page

reference to Organic Syntheses.

2. Volume 1 of Reagents for Organic Synthesis, by Fieser and Fieser, Wiley,

New York, 1967, is a 1457–page volume that discusses, in separate sections,

some 1120 reagents and catalysts. It tells how each reagent is used in organic

synthesis (with references) and, for each, tells which companies sell it, or how

to prepare it, or both. The listing is alphabetical. Eighteen additional volumes

have so far been published, which continue the format of Vol. 1 and add more

recent material. A cumulative index for Vols. 1–12, by Smith and Fieser, was

published in 1990. A complete cumulative index for Vol. 1–22 was published

in 2005, by M.B. Smith. The series included Vol. 1–18 with Mary Fieser.

After the death of Mary Fieser, the series was resumed by T. -L. Ho, and now

includes Vol. 19–22.

3. Comprehensive Organic Transformations, 2nd ed. by Larock, Wiley-VCH,

New York, 1999, has been frequently referred to in footnotes in Part 2 of this

book. This compendium is devoted to listings of methods for the conversion

of one functional group into another, and covers the literature through 1987. It

is divided into nine sections covering the preparation of alkanes and arenes,

alkenes, alkynes, halides, amines, ethers, alcohols and phenols, aldehydes and

ketones, and nitriles, carboxylic acids and derivatives. Within each section are

given many methods for synthesizing the given type of compound, arranged

in a logical system. A schematic equation is given for each method, and then

a list of references (without author names, to save space) for locating

examples of the use of that method. When different reagents are used for

the same functional group transformation, the particular reagent is shown

for each reference. There is a 164-page index of group transformations. The

2nd edition has only recently been published and is not referenced in this

edition, and a CD ROM version is now available.
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4. Survey of Organic Synthesis, by Buehler and Pearson, Wiley, New York,

2 vols., 1970, 1977, discusses hundreds of reactions used to prepare the

principal types of organic compounds. The arrangement is by chapters, each

covering a functional group, (e.g., ketones, acyl halides, amines). Each

reaction is thoroughly discussed and brief synthetic procedures are given.

There are many references.

5. A similar publication is Sandler and Karo, Organic Functional Group

Preparations, 2nd ed., 3 vols., Academic Press, New York, 1983–1989. This

publication covers more functional groups than Buehler and Pearson.

6. Compendium of Organic Synthetic Methods, Wiley, New York, contains

equations describing the preparation of thousands of monofunctional and

difunctional compounds with references. Eleven volumes have been pub-

lished so far (vol. 1–2, edited by Harrison and Harrison; Vol. 3, edited by

Hegedus and Wade; Vol. 4–5, edited by Wade; Vol. 6–11 edited by Smith).

Volume 12 will appear in 2007.

7. The Vocabulary of Organic Chemistry, by Orchin, Kaplan, Macomber, Wilson,

and Zimmer, Wiley, New York, 1980, presents definitions of >1000 terms

used in many branches of organic chemistry, including stereochemistry,

thermodynamics, wave mechanics, natural products, and fossil fuels. There

are also lists of classes of organic compounds, types of mechanism, and name

reactions (with mechanisms). The arrangement is topical rather than alpha-

betical, but there is a good index. Compendium of Chemical Terminology, by

Gold, Loening, McNaught, and Sehmi (the ‘‘Gold book’’), published by

Blackwell Scientific publications, Oxford, in 1987, is an official IUPAC list of

definitions of terms in several areas of chemistry, including organic.

LITERATURE SEARCHING

Until recently searching the chemical literature meant looking only at printed mate-

rials (some of which might be on microfilm or microfiche). Now, however, much of

the literature can be searched online, including some of the most important.

Whether the search is online or uses only the printed material, there are two basic

types of search, (1) searches for information about one or more specific compounds

or classes of compounds, and (2) other types of searches. First, we will discuss

searches using only printed materials, and then on-line searching.39

Literature Searching Using Printed Materials

Searching for Specific Compounds. Organic chemists often need to know if a

compound has ever been prepared and if so, how, and/or they may be seeking a

melting point, an ir spectrum, or some other property. Someone who wants all

39For a monograph that covers both online searching and searching using printed materials, see Wiggins,

G. Chemical Information Sources, McGraw-Hill: NY, 1991.
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the information that has ever been published on any compound begins by consulting

the formula indexes in Beilstein (p. 1883). At this time there are two ways to do

this. (1) The formula index to the second supplement (Vol. 29, see p. $$$) will

quickly show whether the compound is mentioned in the literature through 1929.

If it is there, the searcher turns to the pages indicated, where all methods used to

prepare the compound are given, as well as all physical properties, with references.

Use of the page heading method described on p. 1882 will then show the locations,

if any, in the third and later supplements. (2) If one has an idea which volume of

Beilstein the compound is in (and the tables of contents at the front of the volumes

may help), one may search the cumulative index for that volume. If not sure, one

may consult several indexes. One of these two procedures will locate all com-

pounds mentioned in the literature through 1959. If the compound is heterocyclic,

it may be in the fifth supplement. If it is in Vols. 17–19 (or in a later volume whose

index has been published), the corresponding indexes may be consulted. If not, the

page heading method will find it, if it was reported before 1960.40 There is a way by

which all of the above can be avoided. A computer program, called SANDRA

(available from the Beilstein publisher), allows the user to find the Beilstein location

by using a mouse to draw the structural formula of the compound sought. At this

point, the investigator will know (1) all information published through 1959 or

1979,34 or (2) that the compound is not mentioned in the literature through 1959

or 1979.41 In some cases, scrutiny of Beilstein will be sufficient, perhaps if only

a boiling point or a refractive index is required. In other cases, especially where

specific laboratory directions are needed, the investigator will have to turn to the

original papers.

To carry the search past 1959 (or 1979), the chemist next turns to the collective

formula indexes of Chemical Abstracts
TM

: 1957–1961; 1962–1966; 1967–1971;

1972–1976; 1977–1981; 1982–1986; 1987–1991; 1992–1996; 1997–2002, and

such later collective indexes as have appeared; and the semiannual indexes there-

after. If a given formula index contains only a few references to the compound in

question, the pages or abstract numbers will be given directly in the formula index.

However, if there are many references, the reader will be directed to see the che-

mical substance index or (before 1972) the subject index for the same period; and

here the number of page or abstract numbers may be very large indeed. Fortunately,

numerous subheadings are given, and these often help the user to narrow the search

to the more promising entries. Nevertheless, one will undoubtedly turn to many

abstracts that do not prove to be helpful. In many cases, the information in the

abstracts will be sufficient. If not, the original references must be consulted. In

some cases (the index entry is marked by an asterisk or a double asterisk), the

40Compounds newly reported in the fifth supplement that are in a volume whose index has not yet been

published will not be found by this procedure. To find them in Beilstein it is necessary to know something

about the system (see Ref. 25), but they may also be found by consulting CA indexes beginning with the

sixth collective index, or by using Beilstein on-line.
41For those heterocyclic compounds that would naturally belong to a volume for which the fifth

supplement has been published.
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compound is not mentioned in the abstract, though it is in the original paper or

patent. Incidentally, all entries in the CA indexes that refer to patents are prefixed

by the letter P. Since 1967, the prefixes B and R have also been used, to signify

books and reviews, respectively.

By the procedure outlined above, all information regarding a specific com-

pound that has been published up to about 1 year before the search can be found

by a procedure that is always straightforward and that in many cases is rapid (if the

compound has been reported only a few times). Equally important, if the compound

has not been reported, the investigator will know that, too. It should be pointed out

that for common compounds, such as benzene, ether, acetone, trivial mentions in

the literature are not indexed (so they will not be found by this procedure), only

significant ones. Thus, if acetone is converted to another compound, an index entry

will be found, but not if it is used as a solvent or an eluant in a common procedure.

The best way to learn if a compound is mentioned in the literature after the

period covered by the latest semiannual formula index of CA is to use the online

services. However, if one lacks access to these, one may consult the keyword index

at the end of each issue of CA. In these cases, of course, it is necessary to know

what name might be used for the compound. The name is not necessary for Index

Chemicus; one consults the formula indexes. However, these methods are far from

complete. Index Chemicus lists primarily new compounds, those that would not

have been found in the earlier search. The keyword indexes in CA are more com-

plete, being based on internal subject matter, as well as title, but they are by no

means exhaustive. Furthermore, all three of these publications lag some distance

behind the original journals. To locate all references to a compound after the period

covered by the latest semiannual formula index of CA, it is necessary to use CAS

on-line.

The complete procedure described above may not be necessary in all cases.

Often all the information one needs about a compound will be found in one of

the handbooks (p. 1887), in the Dictionary of Organic Compounds (p. 1885), or

in one of the other compendia listed in this chapter, most of which give references

to the original literature.

Other Searches.42 There is no definite procedure for making other literature

searches using only printed materials. Any chemist who wishes to learn all that

is known about the mechanism of the reaction between aldehydes and HCN, or

which compounds of the general formula Ar3CR have been prepared, or which

are the best catalysts for Friedel–Crafts acylation of naphthalene derivatives with

anhydrides, or where the group ��C(NH2)����N�� absorbs in the IR, is dependent

on their ingenuity and knowledge of the literature. If a specific piece of information

is needed, it may be possible to find it in one of the compendia mentioned

previously. If the topic is more general, the best procedure is often to begin by

consulting one or more monographs, treatises, or textbooks that will give general

42This discussion is necessarily short. For much more extensive discussions, consult the books in Refs. 1

and 17.
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background information and often provide references to review articles and original

papers. In many cases, this is sufficient, but when a complete search is required, it is

necessary to consult the CA subject and/or chemical substance indexes, where the

ingenuity of the investigator is most required, for now it must be decided which

words to look under. If one is interested in the mechanism of the reaction between

aldehydes and HCN, one might look under ‘‘aldehydes,’’ or ‘‘hydrogen cyanide,’’ or

even under ‘‘acetaldehyde’’ or ‘‘benzaldehyde,’’ and so on, but then the search is

likely to prove long. A better choice in this case would be ‘‘cyanohydrin,’’ since

these are the normal products and references there would be fewer. It would be a

waste of time to look under ‘‘mechanism.’’ In any case, many of the abstracts would

not prove helpful. Literature searching of this kind is necessarily a wasteful process.

Of course, the searcher would not consult the CA annual indexes, but only the col-

lective indexes as far as they go and the semiannual indexes thereafter. If it is neces-

sary to search before 1907 (and even before 1920, since CA was not very complete

from 1907 to �1920), recourse may be made to Chemisches Zentralblatt and the

abstracts in the Journal of the Chemical Society.

Literature Searching Online39

Most of the Chemical Abstracts
TM

literature can be accessed using CAS databases

on-line. The CAS registry43 is the largest and most current database of chemical

substance information in the world containing >26 million organic and inorganic

substances and 56 million sequences. CAS is a team of scientists who provide

digital information environment for scientific research and discovery and provides

pathways to published research in the world’s journal and patent literature back to

the beginning of the twentieth century. Since 1907, CAS has indexed and summar-

ized chemistry-related articles from >40,000 scientific journals, in addition to

patents, conference proceedings and other documents pertinent to chemistry, life

sciences and many other fields. In total, abstracts for >24 million documents are

accessible online through CAS. Through the printed CA, CA on CD, STN, the

CAS files distributed through licensed vendors, the SciFinder1 and SciFinder

Scholar
TM

desktop research tools, and the STN1 Easy or STN1 on the Web ser-

vices, data produced by CAS is accessible to virtually any scientific researcher

worldwide in industry, governmental research institutions, and academia.

Substance identification is a special strength of CAS. It is widely known as the

CAS Registry, the largest substance identification system in existence. When a

chemical substance, newly encountered in the literature, is processed by CAS, its

molecular structure diagram, systematic chemical name, molecular formula, and

other identifying information are added to the Registry and it is assigned a unique

CAS Registry Number1. Registry now contains records for >26 million organic

and inorganic substances and >56 million sequences.

The CAS REGISTRY contains >27 million organic and inorganic substances

and >57 million sequences. A current count of substance records like this is

43http://www.cas.org/about.html
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updated daily on the CAS web site.44 An important piece of information that

assists in such a search is the CAS Registry Number1. Each substance in

REGISTRY is identified by a unique numeric identifier called a CAS Registry

Number1.45 ‘‘The CAS Registry Number1 is a unique number assigned to a

chemical by the Chemical Abstracts Service.46 A fairly large collection of CAS

numbers, with links to safety data for many chemicals, can be found at the listing

of chemicals by CAS number at the Safety Home Page of the Physical and

Theoretical Chemistry Laboratory at Oxford University.’’47 The CAS Registry

Number1 is a unique numeric identifier that designates only one substance, has

no chemical significance, and is a link to finding information about a specific

chemical substance. A CAS Registry Number1 includes up to nine digits that

are separated into three groups by hyphens. The first part of the number, starting

from the left, has up to six digits; the second part has two digits. The final part

consists of a single check digit.48

CAS is located in Columbus, Ohio and is a division of the American Chemical

Society. CAS can be contacted at Chemical Abstracts Service, 2540 Olentangy

River Road, P.O. Box 3012, Columbus, Ohio 43210 (E-mail: help@cas.org).

Online searching means using a computer terminal to search a database.

Although databases in chemistry are available from several organizations, STN1

International (The Scientific & Technical Information Network) is important

because it is comprehensive and available in many countries. STN1 has dozens

of databases, including many that cover chemistry and chemical engineering. To

access these databases a chemistry department, a library, or an individual subscribes

to STN1 (for a nominal fee), and receives code numbers that will permit access

to the system. Then all one needs is a computer and a modem. STN1 charges

for each use, depending on which databases are used, for how long, and what

kind of information is requested. One of the nice features of STN1 is that the

same command language is used for all databases, so when one has mastered the

language for one database, one can use it for all the others. In this section, we will

discuss literature searching using CAS databases online, which is one of the data-

bases available from STN. One thing that must be remembered is that CAS data-

bases online is complete only from 1967 to the present,49 so that searches for earlier

abstracts must use the printed volumes. However, for the period since 1967, not

only is online searching a great deal faster than searching the printed CA, but, as

we will see, one can do kinds of searches online that are simply not possible using

only the printed volumes. Furthermore, the on-line files are updated every two

weeks, so that one will find all the abstracts on-line well past the appearance of

the latest semiannual indexes, often even before the library has received the latest

44http://www.cas.org/cgi-bin/regreport.pl
45http://www.cas.org/EO/regsys.html
46http://www.cas.org/
47http://ptcl.chem.ox.ac.uk/MSDS/glossary/casnumber.html
48http://www.cas.org/EO/checkdig.html
49There is also a file called CAOLD that has some papers earlier than 1967.
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weekly printed issue of CA. The CAS databases online is extremely flexible;

one can search in a great many ways. It is beyond the scope of this book to dis-

cuss the system in detail (CA conducts workshops on its use), but even with the

few commands we will give here, a user can often find all that he or she is looking

for. The CAS databases online has two major files, the CA File and the Registry

File.50 T

SciFinder1: A Search Tool for Exploring CAS Databases51

Tutorials are available to help use SciFinder1,52 which is a searching tool and

not the CAS database. SciFinder1 can search a research topic53 or a compound

can be searched by structure.54 Another search engine is available, different from

SciFinder1, known as STN Express1 with Discover!,55 and this searching tool can

also be used to search CAS databases.56 The Analysis Edition of STN Express1

with Discover! allows one to search, analyze, visualize, and discover sci-tech infor-

mation by the ability to create a table for substance analysis that identifies the com-

mon substructure for an answer set of structurally related substances,; Group related

author–inventor names and company names for better analysis and visualization

results; Analyze and tabulate data from single- or multi-file search results, and cre-

ate a data table and 3D chart; Save an answer set from databases such as

CAplusSM, PCTFULL, and USPATFULL with the Save for STN1 AnaVist

Wizard, and then import and open it in STN1 AnaVistTM; Create an interactive

spreadsheet from all or only hit CAS Registry Number1s and their corresponding

CAS Roles through the CAS Registry Number1; Upload lengthy genetic sequences

automatically for searching in DGENE and PCTGEN via the Upload Query

Wizard. STN Express1 was developed in collaboration with Hampden Data Ser-

vices. Note that the CAplus database makes it possible to see not only what a paper

has cited, but also what papers it been cited by.

To illustrate how STN1 is used, an on-line tutorial is available.57 A few

on-line windows from a SciFinder1 search are provided to illustrate how searches

can be done. This presentation is by no means complete or intended as an alterna-

tive to the actual tutorial. Indeed, one could not use SciFinder1 properly after

simply reading this discussion. The intent is to illustrate some features that are

available and to present an overview of the use of this important tool.

50There is also a file, LCA, which is used for learning the system. It includes only a small fraction of the

papers in the CA File, and is not updated. There is no charge for using the LCA File, except for a small

hourly fee.
51http://www.cas.org/. For a tutorial, see http://www.cas.org/SCIFINDER/citation.html.
52http://www.cas.org/SCIFINDER/SCHOLAR/interact/
53http://www.cas.org/SCIFINDER/SCHOLAR/page2a.html
54http://www.cas.org/SCIFINDER/SCHOLAR/scholstruc.html
55http://www.cas.org/ONLINE/STN/discover.html
56http://www.cas.org/stn.html
57http://www.cas.org/ONLINE/STN/expressmac.pdf
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Using SciFinder1, a search can be done in one of several different ways.

In one example, a search is done by research topic:58 The example shown in

Fig. A.3 shows a search for intramolecular hydroamination of aminoalkenes. To

begin, click Explore by research topic and enter the appropriate information.

It is possible to use filters (see Fig. A.3) in order to refine the search by year,

document type (journal, patent, review, etc.), author, or company. A window is

returned containing references categorized by their relationship to the search

phrase, as shown in Fig. A.4. One then simply checks those reference lists that

appear closest to the area of interest.

After clicking on ‘‘get references,’’ a screen is returned (Fig. A.5) that has the

original references as shown in the window. One is given the option of refining this

list further, and for each reference, most browsers allow viewing of the abstract or

the full references as an HTML or a pdf file. Two icons appear beside each refer-

ence in the list: a microscope, which can be clicked on to see the abstract, and an

document icon that can be clicked on to see the full-text, original article on the pub-

lisher’s web-site. This feature is an alternative to document delivery in the tradi-

tional sense.

Other examples of typical searches allowed by SciFinder1 include search

by authors name, as with Professor K. Barry Sharpless shown in Fig. A.6. Search

by structure is also possible, such as the one shown in Fig. A.7, and the program

provides drawing tools. SciFinder1 then searches to finds matches based on struc-

ture or reaction.

It is also possible to using the drawing tools to search by reaction and reaction

type. SciFinder1 returns reaction information, such as that shown in Fig. A. 8. In

Fig. A.3. Explore by research topic.

58http://www.cas.org/SCIFINDER/topic.html
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all cases, journal articles and/or patents are returned that provide direct access to the

literature of interest.

Science Citation Index

As seen in the SciFinder1 search tutorials, it is possible to track papers that

have cited a particular article or author. A publication that can greatly facilitate

literature searching is Science Citation Index (SCI), begun in 1961. This publica-

tion, which is quite different from any other mentioned in this chapter, gives a list

of all papers in a given year that have cited a given paper, patent, or book. Its

utility lies in the fact that it enables the user to search forward from a given paper

or patent, rather than backward, as is usually the case. For example, suppose a

chemist is familiar with a paper by Jencks and Gilchrist (J. Am. Chem. Soc.,

1968, 90, 2622) entitled ‘‘Nonlinear Structure–Reactivity Correlations. The Reac-

tivity of Nucleophilic Reagents toward Esters.’’ The chemist is easily able to

begin a search for earlier papers by using references supplied in this paper, and

can then go further backward with the aid of references in those papers, and so on.

But for obvious reasons, the paper itself supplies no way to locate later papers.

Fig. A.4. Selection of candidates of interest for search by research topic.
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The SCI is designed to make up for this gap. The citation index of SCI lists all

papers, patents, or books cited in a given year or 2-month period (by first author

only) and then gives a list of papers that have done the citing. The index is pub-

lished bimonthly and cumulated annually. For example, column 43,901 of the

1989 citation index shows that the Jencks paper mentioned above was cited as

a footnote in 16 papers published in 1989. It is reasonable to assume that most

of the papers that cited the Jencks paper were on closely related subjects. For

each of the 16 papers are listed the first author, journal abbreviation, volume

and page numbers, and year. In a similar manner, if one consulted SCI for all

the years from 1968 on, one would have a complete list of papers that cited

that paper. One could obviously broaden the search by then consulting SCI

(from 1989 on) for papers that cited these 16 papers, and so on. Papers, patents,

or books listed, for example, in the 1989 SCI may go back many years (e.g.,

papers published by Einstein in 1905 and 1906 are included). The only

Fig. A.5. Original literature references returned for search by research topic.
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requirement is that a paper published in 1989 (or late 1988) has mentioned the

earlier paper in a footnote. The arrangement of cited papers or books is alphabe-

tical by cited first author and then by cited year. Cited patents are listed in a sepa-

rate table, in order of patent number, though the inventor and country are also

given.

The SCI covers �3200 journals in the physical and biological sciences, as well

as in medicine, agriculture, and technology. In addition to the citation index, each

bimonthly and annual SCI also includes three other indexes. One of these, called

Source Index, is similar to the CA author index. It lists the titles, journal abbrevia-

tions, volume, issue, page numbers, and year of all papers published by a given

author during that 2-month period or year. All authors are listed; not just first

authors. The second, called the Corporate Index, lists all publications that have

been published from a given institution during that period, by first author. Thus,

the corporate index for 1989 lists 63 papers by 45 different first authors emanating

from the Department of Chemistry of Rutgers University, New Brunswick, NJ. The

main section of the corporate index (the Geographic Section) lists institutions by

country or (for the U.S.) by state. There is also an Organization Section, which lists

the names of institutions alphabetically, and for each gives the location, so it can be

found in the geographic section. The third index included in SCI is the Permuterm59

Subject Index. This index alphabetically lists every significant word in the titles of

Fig. A.6. Screen shot for beginning a search by author.

59Registered trade name.
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all papers published in that year or bimonthly period, paired with all other signifi-

cant words in the same title. Thus, for example, a title with seven significant words

appears at 42 separate places in the index. Each of the seven words appears six

times as the main word, each time paired with a different word as the coword.

The user is then led to the Source Index, where the full reference is given. The

SCI is also available on-line (though not through STN) and on CD ROM disks.

A version of SCI that is restricted to chemistry, but also includes searchable

abstracts, is available only in the CD ROM format.

The publishers of SCI also produce another publication, called Index to Scientific

Reviews, that appears semiannually. This publication, which began in 1974, is very

similar to SCI, but confines itself to listing citations to review articles. The cita-

tions come from �2500 journals in the same general areas as are covered by

SCI. The review articles cited appeared in �215 review journals and books, as

well as in those journals that publish occasional review articles. Like SCI, the Index

to Scientific Reviews contains citation, source, corporate, and Permuterm indexes.

It also contains a ‘‘Research Front Specialty Index,’’ which classifies reviews by

subject.

Fig. A.7. Screen shot for beginning a search by structure, using the drawing tools.
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How to Locate Journal Articles

Having obtained a reference from various sources or searches, one often needs to

consult the original journal (the location of patents is discussed on p. $$$). The first

step is to ascertain the full name of the journal, since it is the abbreviation that is

generally given. Of course, everyone should be familiar with the abbreviations of

the very important journals, such as J. Org. Chem., Angew. Chem. Int. Ed., and so

on, but references are often found to journals whose titles are not at all familiar

(e.g., K. Skogs Lantbruksakad. Tidskr. or Nauchn. Tr. Mosk. Lesotekh. Inst.). In

such cases, one consults the Chemical Abstracts Service Source Index (CASSI),

with the most recent abbreviations in bold print. CASSI is available in a 1907–

2004 cumulative, containing information 80,000 serial and nonserial publications.

CASSI also lists journals covered by Chemisches Zentralblatt and its predecessors

Fig. A.8. Screen shot of results for a search by reaction, using the drawing tools.
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from 1830 to 1969, and journals cited in Beilstein before 1907. The journals are

listed in alphabetical order of the abbreviations, not of the titles. Journal title

changes have not been infrequent, and CASSI also contains all former names,

with cross-references to the current names. Quarterly supplements, cumulated

annually, to CASSI have appeared since 1990 listing new journals and recent

changes in journal titles. It should be pointed out that, while many publications

use the CA abbreviations, not all do. The student will find that usage will vary

from country to country, and even from journal to journal within a country. Further-

more, the CA abbreviations have changed from time to time. Articles can be

accessed directly from SciFinder1 using the CAS ChemPort feature.60

Once the complete title is known, the journal can easily be obtained if it is in the

library customarily used by the chemist. If not, one must use another library, and

the next step is to find out which libraries carry the journal. CASSI answers this

question too, since it carries a list of some 360 libraries in the United States and

other countries, and for each journal it tells which of these libraries carries it,

and furthermore, if the holdings are incomplete, which volumes of that journal

are carried by each library. It may be possible to visit the closest library personally.

If not, a copy of the article can usually be obtained through interlibrary loan. CASSI

also includes lists of journal publishers, sales agents, and document depositories.

Photocopies of most documents cited in CA can be obtained from Chemical

Abstracts
TM

Document Delivery Service, Customer Services, 2540 Olentangy River

Road, Columbus OH, 43210, U.S. Orders for documents can be placed by mail,

telephone, Telex, fax, or on-line through STN1 or other services.

These latter comments are largely out of date given the on-line status of most

journals. As mentioned above, pdf files of an article can be downloaded, or they

can be read directly via the HTML file using any current browser. The reader is

encouraged to contact the library person in your establishment that is responsible

for chemical literature and to learn which on-line services are available through

your local library.

60See http://www.cas.org/chemport/index.html
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APPENDIX B

Classification of Reactions
by Type of Compounds Synthesized

March’s Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, Sixth Edition, by
Michael B. Smith and Jerry March
Copyright # 2007 John Wiley & Sons, Inc.

ACETALS

acetals þ RM 10-64

aldehydes þ alcohols 16-05

by transetherification 10-13
from dihalides 10-8

from hydroxy-ethers 14-06

ortho esters þ RM 10-64

reductive cleavage of ortho 19-56

esters

ACYLALS (DIESTERS)

aldehydes þ anhydrides 16-06

ACYLOINS – see hydroxy ketones

ALCOHOLS

addition of other organometallics 16-25

to carbonyls

aldehydes þ allylic silanes 16-51

alkenes þ alcohols 15-33
alkenes þ aldehydes or ketones 16-54

alkenes-oxymercuration 15-03

amides þ organometallic 16-82

compounds

amines þ KOH 10-23

anhydrides þ organometallic 16-82

compounds

arylation of ketones 11-12

boranes þ CO–oxidation 18-23

boranes þ CO–reduction 18-24

by the Cannizzaro reaction 19-81

by Wittig rearrangement 18-21
cleavage of ethers 10-49

condensation of aldehydes 19-81

conjugate reduction 15-14

carboxylic esters þ 16-82

organometallics

epoxides þ organometallics 10-65

epoxides þ silanes 10-55

from boranes 10-01
from boronates 18-23

Grignard addition to 16-24

aldehydes or ketones

hydration of alkenes 15-03

hydrolysis of acetals and ketals 10-06

hydrolysis of alkyl halides 10-01

hydrolysis of inorganic esters 10-04

hydrolysis of sulfonate esters 10-04
hydrolysis of vinyl ethers 10-06

hydroxylation at aliphatic carbon 19-14

hydroxymethylation of arenes 11-12

organolithium addition to 16-24

aldehydes or ketones

oxidation of boranes 12-27

oxidation of boranes 15-16

oxidation of methylene 19-15
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oxidation of silanes 10-16

radical addition to carbonyl 16-56

compounds

rearrangement of ethers 18-22

rearrangement of peroxides 18-20

reduction of acyl halides 19-63

reduction of aldehydes 19-36

or ketones

reduction of carbonyls 16-24

with Grignard reagents

reduction of carboxylic acids 19-37
reduction of carboxylic esters 19-38

reduction of carboxylic esters 19-65

reduction of epoxides 19-35

reduction peroxides 19-60

ring expansion of amines 18-03

silanes þ aldehydes or ketones 16-26

ALCOHOLS, ALLYLIC
addition of allylic 16-25

organometallics to carbonyls

alkenes þ formaldehyde 16-54

allylic silanes þ aldehydes 16-26

or ketones

deprotonation of epoxides 17-03

rearrangement of 18-35

alkene-sulfoxides

ALDEHYDES

alkenes þ aldehydes 15-33

alkyl halides þ organoiron 10-76

compounds

alkylation of aldehydes 10-68

alkylation of imines 10-68

alkylation reactions 10-67
and keto-enol tautomerism 12-03

aromatic compounds þ 11-18

chloroform

aromatic compounds þ 11-18

formaldehyde

aromatic compounds þ 11-18

formamides

aromatic compounds þ 11-18
halo-ethers

arylation of aldehydes 13-14

boranes þ MeO(ArS)CH2Li 18-24

by decarboxylation 12-40

by Michael addition 15-24
by rearrangement of aldehydes 18-04

by the Wacker process 19-25

carbonylation of aromatic 11-18

compounds

carbonylation of hydrocarbons 12-33

formylation of aromatic 11-18

compounds

from aryl imines 11-18
from dihydrooxazines 10-72

from dithioaldehydes 16-11

hydroformylation 15-37

hydrolysis of acetals 10-06

hydrolysis of C����N compounds 16-02

hydrolysis of gem-dihalides 10-02

hydrolysis of nitro compounds 16-03

hydrolysis of vinyl ethers 10-06
oxidation of alcohols 19-03

oxidation of aryl methyl groups 19-18

oxidation of nitro compounds 19-21

oxidation of primary alkyl 19-20

halides

oxidative cleavage of diols 19-07

oxidative cleavage of epoxides 19-07

ozonolysis of alkenes 19-09
reduction anhydrides 19-40

reduction nitriles 19-44

reduction of acyl halides 19-39

reduction of acyl halides 19-40

reduction of amides 19-41

reduction of carboxylic acids 19-40

reduction of carboxylic esters 19-40

ALKANES

addition of alkanes to alkenes 15-18

alcohols þ RM 10-63

alkenes þ diimide 15-12

alkenes þ metals 15-12

alkenes þ organometallics 15-21

alkyl halides þ metals 10-56

alkyl halides þ metals 10-56
alkyl halides þ organocuprates 10-58

alkyl halides þ RM (Li, Na, K) 10-57
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alkyl halides þ RM 10-59

(other metals)

alkyl halides þ silanes 10-55
Barton–McCombie reaction 19-58

by decarboxylation 12-40

by [3þ2]-cycloaddition 15-59

cleavage of alkanes 12-47

cleavage of ketones 12-46

coupling of boranes 14-26

coupling of carboxylate salts 14-29

coupling of Grignard reagents 14-24
coupling of organocuprates 14-25

coupling of two alkanes 14-15

decarbonylation of aldehydes 14-32

decyanation 12-48

from alcohols 19-58

from alkylborates 10-59

from boranes 10-59

hydrogen exchange 12-01
hydrogenation of alkenes 15-11

hydrogenation of alkynes 15-11

hydrogenation of aromatic 15-13

compounds

inorganic esters þ RM 10-61

insertion by carbenes 12-21

pyrolysis of peroxides 17-37

radical addition to alkenes 15-29
radical coupling of alkanes 14-14

radical cyclization of alkenes 15-30

reduction dithioketals 10-71

reduction of acyl halides 19-59

reduction of alkyl halides 19-53

reduction of carbonyls 19-61

to methylene

reduction of nitro compounds 19-67
reduction of silanes 19-52

reduction of sulfonate esters 19-57

reduction of sulfur compounds 19-70

reduction of thioethers 14-27

reduction of thiols 14-27

reduction of thiols 19-70

reduction of xanthate esters 19-58

reductive cleavage 15-15
of cyclopropanes

reductive cleavage of ethers 19-56

replacement of metals in RM 12-24

by hydrogen

s-bond rearrangements 18-38
sulfonate esters þ metals 10-56

sulfonate esters þ 10-58

organocuprates

sulfonyl compounds þ 10-61

organometallics

via transmetallation 12-22

ALKENE-ALCOHOLS
rearrangement of alkene-ethers 18-35

ALKENE-ALDEHYDES

Claisen rearrangement 18-33

Cope rearrangement 18-32

rearrangement of allyl 18-33

vinyl ethers

ALKENE-ALKYNES

addition of alkynes to alkynes 15-20

ALKENE-AMINES

rearrangement of 18-35

alkene-ammonium salts

ALKENE-CARBOXYLIC ACIDS
Claisen rearrangement 18-33

rearrangement of alkene-esters 18-33

ALKENE-KETONES

Claisen rearrangement 18-33

rearrangement of allyl 18-33

vinyl ethers

ALKENE-THIOETHERS

rearrangement of alkene 18-35

sulfonium salts

ALKENES

1,3-elimination of diols 17-25

1,3-elimination of halo-amines 17-25

1,3-elimination of halohydrins 17-25
addition of alkanes to alkynes 15-18

addition of alkenes to alkenes 15-20
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aldehydes or ketones þ active 16-38

H compounds

alkene metathesis 18-37
alkenes þ arylboronic acids 13-10

alkenes þ aryldiazonium 13-10

compounds

alkenes þ carbenes 15-64

alkenes þ carbocations 12-20

alkynes þ aryl halides þ 15-22

RM (M ¼ metal)

alkynes þ metals or 15-12
metal hydrides

allylic halides þ metals 10-56

allylic silanes þ esters 10-60

base induced elimination 17-20

of halo-sulfones

base induced elimination 17-11

of sulfonyl hydrazones

base-induced elimination 17-08
of ammonium salts

base-induced elimination 17-13

of halides

base-induced elimination 17-06

of sulfonate esters

base-induced elimination 17-14

of sulfonyl halides

bis-decarboxylation 19-13
of dicarboxylic acids

by decarboxylation 12-40

by McMurry coupling 19-77

by Peterson alkenylation 16-41

by the Diels–Alder reaction 15-60

by the ene reaction 15-23

by the Heck reaction 13-10

by the heteroatom Diels–Alder 15-61
reaction

by the Horner–Wadsworth– 16-44

Emmons reaction

by the Knoevenagel reaction 16-38

by the Ramberg–Bäcklund 17-20

reaction

by the Sakurai reaction 15-26

by the Wittig reaction 16-44
by [2þ2]-cycloaddition 15-63

by [3þ2]-cycloaddition 15-59

cleavage of ethers 17-02

cleavage of vinyl ethers 17-02

conjugated addition 15-26
of allylsilanes

deacyloxylation 19-59

decarbonylation 17-17

of acyl halides

decarboxylation of 17-26

hydroxy-carboxylic acids

dehydration of alcohols 17-01

dehydrogenation 19-02
deoxygenation of 1,2-diols 17-18

diazoalkanes þ aldehydes 15-64

dimerization of alkyl halides 19-32

elimination of 1,2-dihalides 17-22

elimination of boranes 17-15

elimination of halo-ethers 17-24

enamines þ boranes 15-16

esters þ organometallics 10-60
extrusion from oxathiolanes 17-38

extrusion of CO from 17-35

cyclic ketones

fro episulfones 16-48

from bis(xanthates) 17-18

from boranes 10-59

from carbenes 12-21

from dienes 18-37
from epoxides or thiiranes 17-03

from imines 16-44

hydroboration of alkynes 18-25

hydrogenation of alkynes 15-11

hydrogenation of aromatic 15-13

compounds

isomerization of double bonds 15-01

ketones or aldehydes þ 16-24
bis-Grignards

migration of boranes 12-02

migration of double bonds 12-02

nitrosation of aziridines 17-21

organometallics þ ketones 16-25

organometallics þ 16-38

tosylhydrazones

other cycloaddition reactions 15-66
oxidative decarboxylation 19-12

of carboxylic acids
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Petasis alkenylation 16-45

protonolysis of vinyl boranes 18-25

protonolysis of vinyl boranes 18-26
pyrolysis of amine oxides (Cope) 17-09

pyrolysis of ammonium 17-07

salts (Hofmann)

pyrolysis of b-lactones 17-26

pyrolysis of esters 17-04

pyrolysis of hydroxy-alkenes 17-32

pyrolysis of sulfones 17-12

pyrolysis of sulfoxides 17-12
pyrolysis of thionocarbonates 17-19

pyrolysis of xanthates 17-05

(Chugaev)

reduction of alcohols 19-54

reduction of amines 19-67

reduction of carboxylic esters 19-65

reduction of enamines 19-67

reduction of nitriles 19-66
reduction of thiiranes 19-35

reduction of thiophene 19-70

derivatives

reduction of vinyl halides 19-53

reduction of vinyl imines 19-61

reductive coupling 19-77

of aldehydes or ketones

reductive coupling of epoxides 19-35
sigmatropic carbon migration 18-30

sigmatropic H migration 18-29

silyl-organometallics þ 16-41

aldehydes or ketones

Tebbe alkenylation 16-45

vinyl boranes þ halogen/base 18-25

vinyl halides þ arylboronic acids 13-10

vinyl-cyclopropane 18-31
rearrangement

vinyl-X þ alkyl(aryl)boronic 12-15

acids

Wagner–Meerwein 18-01

rearrangement of alcohols

Wagner–Meerwein 18-01

rearrangement of halides

ALKYNE-ALCOHOLS

addition of alkynes to carbonyls 16-25

ALKYNES

alkyl halides þ alkyne anions 10-74

alkyl halides þ propargylic RM 10-57
alkynes þ aryliodonium salts 13-13

alkynes þ boranes 18-26

aryl halides þ alkyne-M 13-13

(M ¼ a metal)

aryl halides þ alkynes 10-74

base-induced elimination 17-16

of dihalo compounds

base-induced elimination 17-13
of halides

by Sonogashira coupling 13-13

dimerization of dihalides 19-32

elimination of alkenes 17-16

hypervalent iodine þ 12-26

alkyne-M (M ¼ a metal)

metathesis of 18-37

pyrolysis of 17-07
bis(ammonium salts)

pyrolysis of thiirene dioxides 17-20

pyrolysis of ylids 17-10

ALLENES

base-induced rearrangement 18-03

of halocyclopropanes

by Claisen rearrangement 18-33
by the Wittig reaction 16-44

Cope rearrangement of di-yens 18-32

elimination of dihalides 17-22

propargylic esters þ 10-60

organocuprates

reduction of alkynes 19-53

ALLOPHANATES
carbamates þ isocyanates 16-08

AMIDE-ESTERS

aziridines þ amides 10-14

AMIDES

acyl halides þ ammonia 16-72

or amines

addition of organometallics 16-33

to isocyanates
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alcohols þ cyanogen halides 16-09

aldehydes þ ammonia þ oxidant 14-11

alkanes þ nitriles 14-12
alkenes þ amides 15-09

alkenes þ nitriles 16-91

alkyl halides þ amides 10-41

alkylation of amides 19-73

amides þ aldehydes 10-41

amides þ amines 16-76

amines þ CO þ alkenes 15-36

amines þ CO 12-53
amines þ haloformates 10-53

amines þ organoiron 10-77

compounds

amines þ vinyl esters 16-75

anhydrides þ ammonia 16-73

or amines

aromatic compounds þ amides 11-22

aromatic compounds þ 11-06
hydroxamic acids

aromatic compounds þ 11-21

isocyanates

aryl halides þ amides 10-41

aryl halides þ amides 13-05

aryl halides, DMF and POCl3 11-21

by Beckmann rearrangement 18-17

by Michael addition 15-24
by the Willgerodt reaction 19-84

carboxylic acids þ 16-74

amino-boranes

carboxylic acids and ammonia 16-74

or amines

carboxylic esters þ ammonia 16-75

or amines

cleavage of ketones 12-46
condensation of methyl ketones 19-84

from alcohols 10-41

hydrolysis of isonitriles 16-97

hydrolysis of nitriles 16-04

imines þ borane þ CO 12-33

insertion of acyl nitrenes 12-13

insertion of diazo amides 12-21

ketenes þ amines 15-08
ketones þ HN3 18-16

N-alkylation 10-41

N-arylation 10-41

nitriles þ alcohols 16-91

nitriles þ amines 16-21
oxidation of methylene 19-17

in amines

oxidation of methylene 19-17

in lactams

oximes þ halogenating 18-17

or oxidizing agents

pyrolysis of imino esters 18-42

rearrangement of oximes 18-17
reduction of imides 19-64

transamidation 16-70

AMIDINES

ketenimines þ amines 15-08

nitriles þ ammonia or amines 16-21

AMINE OXIDES
oxidation of amines 19-29

AMINES

addition of organometallics 16-31

to C����N compounds

addition of silanes to C����N 16-31

alkenes þ amines or ammonia 15-08

alkyl halides þ amines 10-31
alkylation of amines 10-31

alkylation of formamidines 10-71

alkylation of nitroso amines 10-71

amides þ organometallic 16-82

compounds

amination of active methylene 12-12

compounds

amination of alkanes 10-39
amination of alkanes 12-12

amination of methylene 19-16

amines þ aryl halides 13-05

amines þ diaryliodonium 11-06

compounds

amines þ diazo compounds 10-34

aminomethylation of aromatic 11-22

compound

aromatic compounds þ 13-18

amide bases
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aromatic compounds þ 11-06

aryl azides

aromatic compounds þ 11-06
halo-amines

aromatic compounds þ 11-06

hydrazoic acid

aryl halides þ alkyl 13-05

organometallics

aryl halides þ hydroxylamine- 18-15

O-sulfonic acid

azides þ haloboranes 12-32
aziridines þ RM 10-66

boranes þ ammonia þ NaOCl 12-32

boranes þ chloramine 12-32

by the Stevens rearrangement 18-21

by transamination 10-33

Curtius rearrangement 18-14

cyclization of halo-amines 18-40

dealkylation of amines 19-73
displacement of cyano 10-62

diynes þ amines 15-08

enamines þ boranes 15-16

from alcohols 10-31

from alcohols 10-32

from amides 18-13

from amines 10-33

from amino-nitriles 10-62
from boranes 10-31

from cyanohydrins 10-32

from ethers 10-32

from halo-amines 10-31

Hofmann rearrangement 18-13

hydrolysis of isocyanates 18-13

hydrolysis of isocyanates 18-15

hydrolysis of isocyanates 18-16
hydroxylamines þ alkyl 12-32

organometallics

insertion of nitrenes 12-13

Lossen rearrangement 18-15

Michael addition 15-31

with N nucleophiles

phenols þ amines 13-06

or ammonia

radical addition to 16-56

C����N compounds

rearrangement of 13-31

ammonium salts

rearrangement of ammonium salts 18-21
rearrangement of aryl 13-32

hydroxylamines

reduction nitroso compounds 19-47

reduction of amine oxides 19-68

reduction of amines 19-64

reduction of azides 19-50

reduction of azo compounds 19-74

reduction of azoxy compounds 19-74
reduction of C����N compounds 19-42

reduction of hydrazines 19-74

reduction of hydroxylamines 19-47

reduction of isocyanates 19-51

reduction of isothiocyanates 19-51

reduction of lactams 19-64

reduction of nitriles 19-43

reduction of nitro compounds 19-45
reduction of nitroso-amines 19-51

reduction oximes 19-48

reductive alkylation 16-17

of aldehydes or ketones

Schmidt reaction 18-16

AMINO-ACIDS

lactones þ ammonia or amines 16-75

AMINO-ALCOHOLS :

see hydroxy-amines

AMINO-ALDEHYDES

aldehydes þ C����N compounds 16-31

AMINO-ESTERS
diazoesters þ amines 15-64

AMINO-ETHERS

aziridines þ alcohols 10-14

AMINO-KETONES

base-induced rearrangement 18-12

of sulfonyl oximes

ketones þ HCHO þ amines 16-19

Mannich reaction 16-19
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AMINO-NITRILES

from cyanohydrins 10-32

HCN or cyanide þ 16-53
C����N compounds

AMINO-THIOETHERS

alkenes þ sulfonamides 15-55

alkenes þ sulfonium salts þ 15-55

amines

AMINO-THIOLS
episulfides þ amines 10-35

or ammonia

AMMONIUM SALTS

alkyl halides þ amines 10-31

ANHYDRIDES

acyl halides þ carboxylic acids 16-66
aldehydes þ acyl peroxides 14-09

carboxylic acids þ vinyl esters 16-67

dehydration of carboxylic acids 16-67

dehydration of 16-67

dicarboxylic acids

ANHYDRIDES,

ORGANIC–INORGANIC
anhydrides þ mineral acids 16-68

ARENES

a-halo ketones þ 10-58

organocuprates

alkyl halides þ ArM (Li, Na, K) 10-57

alkyl halides þ aryl-M 13-17

(M ¼ a metal)

alkyl halides þ arylboronic acids 13-09

alkyl halides þ organocuprates 10-58

alkyl halides þ aryl 10-57

organometallics

aromatic compounds þ active 13-17

H compounds

aromatic compounds þ 14-17

acylperoxides

aromatic compounds þ alcohols 11-11

aromatic compounds þ alkenes 11-11

aromatic compounds þ alkyl 11-11

halides

aromatic compounds þ 14-19
carboxylic acids

aromatic compounds þ ketones 11-12

aryl halides þ active methylene 13-14

compounds

aryl halides þ alkenes 13-10

aryl halides þ alkenes 15-21

aryl halides þ alkynes 15-21

aryl halides þ organocuprates 10-58
aryl halides þ RM (other metals) 10-59

aryl halides þ vinylboronic acids 13-09

aryl halides þ trifluoroborates 13-09

aryldiazonium salts þ alkenes 13-25

aryldiazonium salts þ alkenes 13-26

aryldiazonium salts þ alkyl 13-25

organometallics

by decarboxylation 12-40
by radical cyclization 15-30

coupling of aromatic compounds 11-15

cyclodehydration of carbonyl 11-13

compounds

Friedel–Crafts alkylation 11-11

from alkylborates 10-59

from boranes 10-59

hydrogen exchange 11-01
rearrangement of N-alkyl 11-32

aryl amines

replacement of aryl nitro 13-29

AROMATIC COMPOUNDS

aromatic compounds þ carbenes 15-64

aromatization of six-membered 19-01

rings

cleavage of arenes 11-33

cleavage of aryl alkyl ethers 11-37

cyclization of ene-diynes 18-27

cyclotrimerization of alkynes 15-65

deamination of aromatic 19-69

compounds

decarbonylation of aryl 11-34

aldehydes

decarboxylation of aryl 11-35

carboxylic acids
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dehalogenation of aryl halides 11-39

dehydrogenation of 19-01

cyclic alkanes

desulfonylation of aryl 11-38

sulfonic acids

from aromatic compounds 18-28

protonation of aryl 11-41

organometallics

pyrolysis of bicyclic dienones 17-28

reduction aryl diazonium salts 19-69

reduction of phenols 19-55
reduction of quinones 19-01

AZIDES

aldehydes þ metal azides 16-78

alkenes þ hydrazoic acid 15-10

alkenes þ metal azides 15-53

amides þ sulfonyl azides 12-11

from acyl halides 10-43
from alkyl halides 10-43

hydrazines þ HONO or 12-49

nitrosyl compounds

AZIDO-ALCOHOLS

from epoxides 10-43

AZIDO-AMINES
from aziridines 10-38

AZIRIDINES

alkenes þ alkyl azides 15-54

alkenes þ halogen þ 15-54

haloamines

C����N compounds þ sulfur ylids 16-47

extrusion of nitrogen 17-34
from triazolines

form halo-amines 10-31

from allene amides 15-09

from azido-alcohols 10-43

from epoxides 10-36

from halo-azides 15-45

from hydroxy-amines 10-32

from imines 16-32
from triazolines 15-58

imines þ diazo compounds 16-32

AZIRINES

alkynes þ amino-nitrenes 15-54

AZO COMPOUNDS

aryl amines þ nitroso 13-24

compounds

aryl diazonium salts þ 11-04

aromatic compounds

from aryldiazonium salts 13-28

oxidation of hydrazines 19-05

rearrangement of aryl triazenes 11-30
rearrangement of azoxy 18-43

compounds

reduction of azoxy compounds 19-68

reduction of nitro compounds 19-80

AZOXY COMPOUNDS

from alkyl halides 10-45

nitroso compounds þ 12-51
hydroxylamines

reduction of nitro compounds 19-79

BIARYLS

aromatic compounds þ 14-18

aryl halides (hn)

aromatic compounds þ 11-16

aryl organometallics

aromatic compounds þ 14-17

aryl organometallics

aromatic compounds þ 11-16

arylboronates

aryl halides þ alkyl or aryl 13-09

organometallics

aryl halides þ aryl 13-11

organometallics

aryl halides þ arylboronic acids 13-09

aryl halides þ arylboronic acids 13-12

aryl halides þ trifluoroborates 13-12

aryldiazonium salts þ aromatic 13-27

compounds

arylsulfonic acid þ arylboronic 13-05

acids

by benzidine rearrangement 18-36
by Suzuki–Miyaura coupling 13-12

coupling 2 aryldiazonium salts 13-28
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coupling aryl halides 13-11

coupling of aromatic 11-15

compounds

coupling of aryl sulfonates 13-12

Ullmann coupling 13-11

BISAMIDES

aldehydes þ amides 16-18

BISULFITES

metal bisulfite þ carbonyl 16-12
compounds

BORANES

alkenes þ borane or alkyl 15-16

boranes

boranes

thermal migration of boron 18-11

in boranes

BORATES (TRIFLUORO)

boranes þ KHF2 12-28

BORATES

alcohols þ boranes 12-28

borates

oxidation of boranes 12-27

BORONIC ACIDS

alkyl borates þ alkyl 12-28

organometallics

BUNTE SALTS

from alkyl halides 10-28

CARBAMATES

alkyl halides þ amines 10-17

amines þ alkyl halides þ CO2 12-53

amines þ CO2 12-53

from aziridines 12-53

haloformates þ amines 16-72

isocyanates þ alcohols 16-08

CARBONATES

alcohols þ phosphine 16-10

CARBOXYLIC ACIDS

acyl halides þ diazo compounds 18-08

acyl peroxides þ alkyl 12-26
organometallics

alkylation of carboxylic acids 10-70

aromatic compounds þ carbon 11-20

dioxide

aromatic compounds þ carbon 11-20

monoxide

aromatic compounds þ 11-19

phosgene

aryl nitro compounds þ cyanide 13-30

Barbier–Wieland procedure 19-10

boranes þ ether-acids 18-24

by decarboxylation 12-40

by Michael addition 15-24

carboxylation of alkenes 15-35

cleavage of diketones 12-43

cleavage of keto-esters 12-43
cleavage of ketones 12-45

cleavage of methyl ketones 12-44

deacyloxylation 19-59

esters þ metal halides 10-51

from lactones 10-51

from RM þ arenes 10-57

hydrolysis of acyl halides 16-57

hydrolysis of amides 16-60
hydrolysis of anhydrides 16-58

hydrolysis of carboxylic esters 16-59

hydrolysis of diazo ketones 18-08

hydrolysis of nitriles 16-04

hydrolysis of ortho esters 10-6

hydrolysis of trihalide 10-03

ketones þ peroxy acids 18-19

organometallics þ CO2 16-30
oxidation of aldehydes 19-23

oxidation of aromatic rings 19-10

oxidation of aromatic 19-11

side chains

oxidation of organoiron 10-77

compounds

oxidation of primary alcohols 19-22

oxidative cleavage of alkenes 19-10
oxidative cleavage of alkynes 19-10

ozonolysis of alkenes 19-09
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phosphoranes þ CO2 16-44

pyrolysis of esters 17-04

rearrangement of ketones 18-19
via the haloform reaction 12-44

CARBOXYLIC ESTERS

acyl halides þ alcohols 16-61

acyl halides þ ethers 16-61

alcohols þ CO þ alkenes 15-36

alcohols þ ketenes 15-05

alcohols þ organoiron 10-77
compounds

alcoholysis of acyl 16-65

oxazolidinones

alcoholysis of amides 16-65

alcoholysis of nitriles 16-09

alcoholysis of trihalides 10-03

aldehydes þ acyl halides 16-07

alkenes þ acyl peroxides 14-09
alkenes þ carboxylic acids 15-06

alkenes þ carboxylic esters 15-33

alkyl halides þ carboxylate 10-17

anions

alkylation of oxazolidines 10-72

allylic carbonates þ malonates 10-60

allylic esters þ malonates 10-60

anhydrides þ alcohols 16-62
aryl halides þ alcohols þ CO 13-15

aryl halides þ alcohols þ metal 13-15

carbonyls

Baeyer–Villiger rearrangement 18-19

by Favorskii rearrangement 18-07

by Michael addition 15-24

by the Tishchenko reaction 19-82

carbonylation of alkyl halides 10-77
and alcohols

carboxylic acids þ diazo 10-19

compounds

cleavage of keto-esters 12-43

condensation of aldehydes 19-82

condensation of ketones 19-84

esterification of carboxylic acids 16-63

esters þ ethers 10-18
ethers þ anhydrides 10-18

from acyl peroxides 14-09

from alkyl halo sulfites 10-17

from coupling of activated 10-61

esters

from onium salts 10-17

from tosyl amides 10-17

hydrolysis of ortho esters 10-06

insertion of diazo esters 12-21

ketones þ acyl halides 16-07

ketones þ peroxides 18-19

oxidation of methylene 19-17

in ethers

oxidation of primary alcohols 19-22

oxidation of vinyl ethers 19-25

oxidative decarboxylation 19-12

oxygenation of organometallics 12-29

rearrangement of halo ketones 18-07

ring contraction of diazo 18-08

ketones

transesterification 16-64
via Mitsunobu coupling 10-17

CONJUGATED ALDEHYDES

by aldol condensation 16-34

CONJUGATED AMIDES

isocyanates þ vinyl-M (metal) 15-22

CONJUGATED CARBOXYLIC

ACIDS

aldehydes þ anhydrides 16-39

by the Knoevenagel reaction 16-38

CO2 þ vinyl-M (metal) 15-22

CONJUGATED DIACIDS

by the Knoevenagel reaction 16-38

CONJUGATED DIKETONES

by the Knoevenagel reaction 16-38

CONJUGATED ESTERS

by the Knoevenagel reaction 16-38

Claisen condensation 16-36

CONJUGATED KETO-ESTERS

by the Knoevenagel reaction 16-38
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CONJUGATED KETONES

alkenes þ acyl halides 12-16

by aldol condensation 16-34
by the Pauson–Khand reaction 15-36

carbonylation of vinyl-M 12-33

(M ¼ metal)

coupling of dienones 15-20

oxidation of methylene 19-17

CONJUGATED NITRILES

by the Knoevenagel reaction 16-38

COUMARINS

from phenols 11-11

CUMULENES

elimination of propargylic 17-22

halides

CYANAMIDES

amines þ cyanogen halides 10-54

CYANATES, ARYL

phenols þ cyanogen halides 10-08

CYANIDES, ACYL

acyl halides þ metal cyanides 16-88

CYANO IMINES

nitroso compounds þ nitriles 16-42

CYANOAMINES

see amino-nitriles

CYANOHYDRINS
aldehydes or ketones þ HCN 16-52

aldehydes or ketones þ 16-52

R3SiCN

CYCLOBUTANES

by [2þ2]-cycloaddition 15-63

extrusion of SO2 17-36

CYCLOBUTENES

ring closure of dienes 18-27

CYCLOPROPANES

alkenes þ carbenes 15-64

alkenes þ diazo esters 15-58
by the Simmons–Smith reaction 15-64

conjugated carbonyls þ 16-49

sulfur ylids

extrusion of nitrogen 17-34

from pyrazolines

extrusion off CO from 17-35

cyclobutanones

from pyrazoles 17-34
from pyrazolines 15-58

rearrangement of dienes 18-39

DIACETATES

oxidation of dicarboxylic acids 19-13

DIALDEHYDES

alkylation reactions 10-67

DIAMINES

aziridines þ amines or ammonia 10-38

diamination of alkenes 15-53

from azido-amines 10-38

reductive coupling of imines 19-76

DIAZO COMPOUNDS
acyl halides þ diazomethane 16-89

base-induced elimination 17-33

of N-nitroso compounds

oxidation of hydrazones 19-06

DIAZONIUM COMPOUNDS

active methylene compounds þ 12-10

sulfonyl azides

aldehydes þ sulfonyl azides 12-10

aromatic compounds þ HONO 11-05

aryl amines þ HONO 13-19

DICARBOXYLIC ACIDS

by Michael addition 15-24

from aryl isothiocyanates 11-21

oxidative cleavage 19-10
of cyclic alkenes

oxidative cleavage of ketones 19-08
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DIENES

addition of alkenes to dienes 15-20

addition of alkynes to alkynes 15-20
allylic halides þ metals 10-56

by the Diels–Alder reaction 15-60

by the Wittig reaction 16-44

cleavage of cyclobutanes 15-63

Cope rearrangement 18-32

coupling of alkynes 15-20

and allenes

coupling vinyl boranes 14-26
cycloaddition of dienes 15-66

dehydration of alkyne-alcohols 17-01

dienes þ acyl metal 12-16

compounds

from aromatic compounds 18-27

hydrogenation of aromatic 15-13

compounds

hydrogenation of diynes 15-11
metathesis of alkenes 18-37

other cycloaddition reactions 15-66

pyrolysis of bicyclic 17-28

alkene-ketones

pyrolysis of sulfoxides 17-20

rearrangement of dienes 18-32

ring closure of trienes 18-27

ring opening of cyclic alkenes 18-27
sigmatropic carbon migration 18-30

sigmatropic H migration 18-29

Stille coupling 12-15

vinyl halides þ metals 10-56

vinyl halides þ RM 10-59

(other metals)

vinyl-X þ vinyl-M 12-15

DIESTERS

active methylene compounds þ 10-67

alkyl halides

alkenes þ acyloxy salts 15-56

alkylation reactions 10-67

dimerization of acetals 10-64

DIHALIDES (GEMINAL)
alkenes þ halogenating agents 16-23

ketones þ halogenating agents 16-23

DIHALIDES

alkynes þ HX 15-02

dihalogenation of alkenes 15-39
from alkyl halides þ trihalides 10-57

DIKETONES

acyl halides þ active H 16-84

compounds

acylation of enamines 10-69

alkylation reactions 10-67

by Michael addition 15-24
conjugate addition of 15-32

acyl halides

conjugate addition of RM 15-32

with metal carbonyls

conjugated ketones þ metals 10-56

coupling acyl halides 16-83

dimerization of silyl 19-33

enol ethers

esters þ ketones 16-86

from dithioketals 16-86

hydrolysis of furans 10-6

ketones þ diazo-ketones 12-21

oxidation of alkynes 19-26

oxidation of methylene 19-17

oxidative cleavage of 19-10

cyclic alkenes

DINITRILES

alkylation reactions 10-67

DIOLS

alkenes þ formaldehyde 16-53

alkenes þ halogens þ metal 15-48

carboxylates

by the Tollens reaction 16-43

dihydroxylation of alkenes 15-48

from halo-esters 15-48

hydride shifts of epoxides 18-41

hydrolysis of epoxides 10-7

hydrolysis of epoxides 15-48

ketones þ formaldehyde 16-43

oxidation of aromatic 15-49
compounds

pinacol coupling 19-76
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reduction of lactones 19-38

reductive coupling of 19-76

aldehydes or ketones

DISULFIDES

aryl halides þ sulfides 13-04

from alkyl halides 10-27

oxidation of thiols 19-34

reduction of sulfonyl 19-71

halides

DITHIOACETALS

aldehydes þ thiols 16-11

from dihalides 10-26

DITHIOCARBAMATES

amines þ carbon disulfide 16-22

DITHIOKETALS
alkylation of dithioketals 10-71

from dithioketals 10-13

from dithiols 10-13

ketones þ CS2 16-42

ketones þ thiols 16-11

vinyl sulfides þ thiols 15-07

DITHIOLS
alkenes þ sulfur reagents 15-51

DIYNES

metal coupling of alkynes 14-16

ENAMIDES

amines þ vinyl halides 12-32

ENAMINES

alkylation of enamines 10-71

alkynes þ amines 15-08

from hydroxy-amines 16-13

ENOL ETHERS :

see vinyl ethers

ENOLS

and keto–enol tautomerism 12-03

EPISULFIDES : see thiiranes

EPOXIDES

aldehydes or ketones þ 16-24
halo-organometallics

diazonium compounds þ 16-46

aldehydes or ketones

epoxidation of alkenes 15-50

from halohydrins 10-9

sulfur ylids þ aldehydes 16-46

or ketones

EPOXY-ALCOHOLS

allylic alcohols þ peroxides 15-50

EPOXY-AMIDES

epoxidation of conjugated 15-50

esters

EPOXY-CARBOXYLIC ACIDS
epoxidation of conjugated 15-50

acids

EPOXY-ESTERS

diazo esters þ aldehydes 15-64

epoxidation of conjugated esters 15-50

halo esters þ aldehydes 16-40

or ketones

EPOXY-KETONES

epoxidation of conjugated 15-50

ketones

EPOXY-NITRILES

epoxidation of conjugated 15-50

nitriles

ESTER-AMIDES

isonitriles þ carboxylic acids þ 16-98

aldehydes

isonitriles þ carboxylic acids þ 16-98

ketones

ESTER-SULFIDES
by the Pummerer rearrangement 19-83

rearrangement of sulfoxides 19-83
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ESTERS : see carboxylic esters

ESTERS, INORGANIC
from alcohols 10-22

from sulfonyl halides 10-22

phosphites þ alkyl halides 16-44

ETHER-AMINES

rearrangement of halo-amines 18-18

ETHER-ESTERS
conjugated esters þ alcohols 15-05

ETHER-KETONES

acetals þ vinyl ethers 10-64

oxidation of methylene 19-15

ETHERS

acyl peroxides þ alkyl 12-26
organometallics

alcohols þ diazo compounds 10-11

alcohols þ onium salts 10-15

alcohols þ sulfonate esters 10-10

aldehydes þ alcohols 16-07

alkenes þ alcohols 15-05

alkenes-alkoxymercuration 15-05

alkylation of ethers 10-71
aryl halides þ alkoxides 13-03

cleavage of oxonium salts 10-49

dehydration of alcohols 10-12

from alcohols (Williamson 10-08

ether synthesis)

from alcohols þ phenols 10-12

from alkyl halides 10-08

(Williamson ether synthesis)

from carboxylic esters 10-10

from dihalides 10-10

from halo-ethers 10-08

from halohydrins 10-09

from lactones and 16-30

organometallics

from trichloroimidates 10-10

ketones þ alcohols 16-07
Michael addition 15-31

with O nucleophiles

oxidative cyclization of alcohols 14-06

phenols þ diazo compounds 10-11

rearrangement of aryl sulfones 13-33
reduction of esters 19-62

reduction of lactones 19-62

reductive cleavage 19-56

of acetals or ketals

transetherification 10-13

ETHERS, SILYL

Brook rearrangement 18-44
cleavage of ethers 10-49

rearrangement 18-44

of hydroxy-silanes

FORMAMIDES

amines þ trihalides 10-40

GLYCIDIC ESTERS :
see epoxy-esters

HALIDES, ACYL

acyl halides þ HF 16-80

aldehydes þ halogens 14-04

anhydrides þ HF 16-80

carboxyl acids þ halogenating 16-79

agents

oxidation of primary alcohols 19-22

HALIDES, ALKYL

alcohols þ HX 10-48

alcohols þ inorganic 10-48

acid halides

aldehydes þ halo-boranes 16-23

alkenes þ alkyl halides 15-46
alkenes þ halogens 14-01

alkenes þ HX 15-02

carboxylate salts þ halogens 14-30

cleavage of amines 10-53

cleavage of ethers 10-49

cleavage of oxonium salts 10-49

from amines 10-53

from esters 10-51
from inorganic esters 10-47

from silyl ethers 10-48
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from sulfonate esters 10-47

halide exchange with 10-46

alkyl halides

halo-decarboxylation of acids 16-71

halogens þ alkyl 12-31

organometallics

halogens þ boranes 12-31

halomethylation of arenes 11-14

HALIDES, ALLYLIC

alkanes þ halo-succinimides 14-03
alkenes þ halogens 14-03

HALIDES, ARYL

aromatic compounds þ 11-10

halo-succinimides

aromatic compounds þ halogen 11-10

aryl ammonium salts þ 11-32

halide ion

aryl halides þ metal halides 13-07

aryldiazonium salts þ 14-20

metal halides

aryldiazonium salts þ 13-22

metal iodides

from aryl amines 14-20

from phenols 13-22

heating aryldiazonium 13-23
tetrafluoroborates

phenols þ phosphonium halides 13-07

rearrangement of N-halo 11-31

amides

sulfonyl halides þ 11-38

transition-metal halides

HALIDES, SULFONYL
alkanes þ SO2 þ halogens 14-10

aromatic compounds þ 11-08

sulfonyl halides

aryldiazonium salts þ SO2 14-22

sulfonic acids þ halogenating 16-103

HALIDES, VINYL

base-induced elimination 17-13
of halides

elimination of dihalides 17-22

from alkynes 12-31

halide exchange with 10-46

vinyl halides

halogens þ vinyl boranes 12-31

halogens þ vinyl-M 12-31

(M ¼ a metal)

HALO-ALCOHOLS

cleavage of cyclic ethers 10-49

from aldehydes or ketones 16-24

HALO-ALDEHYDES

aldehydes þ halogen 12-04

aldehydes þ halogenating 12-04

agent

alkenes þ formamides 15-47

HALO-ALKYNES

from alkynes 12-31

HALO-AMIDES

amides þ hypohalites 12-53

from aziridines 10-50

HALO-AMINES

alkenes þ N-halo-amines 15-43

amines þ hypohalites 12-52

HALO-AZIDES

alkenes þ X��N3 15-45

HALO-CARBOXYLIC ACIDS

carboxylic acid þ halogen 12-05

carboxylic acid þ halogenating 12-05

agents

from amino acids 10-52

HALO-ESTERS

from epoxides 10-50

HALO-ETHERS

from alkene-alcohols 15-51

HALO-KETONES

alkenes þ acyl halides 15-47
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from diazoketones 10-52

ketone þ halogen 12-04

ketone þ halogenating agents 12-04

HALO-LACTAMS

halolactamization 15-41

HALO-LACTONES

halolactonization 15-41

HALO-NITRO COMPOUNDS
alkenes þ NOX 15-44

HALO-NITROSO COMPOUNDS

alkenes þ NOX 15-44

HALO-SILANES

from silanes 10-16

silanes þ halogens 14-02

HALO-SULFONES

sulfones þ halogenation agents 12-06

HALO-SULFOXIDES

sulfoxides þ halogenating 12-06

agents

HALOHYDRINS

alkenes þ alcohols þ halogens 15-40

alkenes þ hypohalous acids 15-40

from epoxides 10-50

HETEROCYCLES

acylation of amines 16-77

aromatization of 19-01
six-membered rings

by the heteroatom 15-61

Diels–Alder reaction

by the Paterno–Büchi reaction 15-63

by [3þ2]-cycloaddition 15-58

condensation of aldehydes 16-92

cyclization of amino-ketones 16-13

or aldehydes

cyclization of halo-amines 18-40

dehydrogenation reactions 19-02

dinitriles þ ammonia or amines 16-21

rearrangement of 18-31

acyl aziridines

thermal rearrangement 18-14

of azides

furans–from diketones 16-05

indoles:Fischer indole 18-34

synthesis

oxetanes–alkenes þ aldehydes 16-95

or ketones

oxetanes–alkenes þ ketones 15-63
pyrans–from diketones 16-05

pyrazoles–hydrazines þ 16-14

di-ketones

pyrazolines–alkenes þ 15-58

diazoalkanes

pyrazolines–hydrazines þ 16-14

keto-esters

pyridine derivatives–by the 15-61
heteroatom Diels–Alder

reaction

pyrrazolidines–alkenes þ 15-58

azomethine imines

pyrrolidines–cleavage 15-58

of aziridines

pyrrolines–rearrangement 18-31

of cyclopropyl imines

quinolines (dihydro)– 11-13

cyclodehydration of imines

quinolines (dihydro)–from 11-13

amines

quinolines (tetrahydro)–

cyclodehydration of amides 11-13

quinolines (tetrahydro)–from 11-13

amines

HYDRATES

from ketones or aldehydes 16-01

HYDRAZIDES

carboxylic esters þ hydrazine 16-75

HYDRAZINES
reduction of azo compounds 19-51

reduction of diazo compounds 19-51
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HYDRAZONES

active methylene compounds þ 12-07

aryldiazonium

exchange of hydrazine þ 16-14

hydrazones

from azo compounds 12-07

from ketones 12-07

hydrazines þ aldehydes 16-14

or ketones

HYDROXAMIC ACIDS
carboxylic esters þ 16-75

hydroxylamine

HYDROXY-ALDEHYDES

by aldol condensation 16-34

dihydrooxazines þ epoxides 10-72

imines þ ketones 16-34

Mukaiyama aldol 16-35
oxidation of epoxides 19-20

silyl enol ethers þ aldehydes 16-35

HYDROXY-AMIDES

aldehydes þ amides 16-18

alkenes þ amides 15-52

alkenes þ sulfonyl amines 15-52

HYDROXY-AMINES

alkenes þ amines 15-52

epoxides þ amines 10-35

or ammonia

from isonitriles 10-40

from nitro-alcohols 10-35

oxetanes þ amines or ammonia 10-37

reductive coupling of C����N 19-76
with C����O

water induced rearrangement 18-10

of halo-amines

HYDROXY-AZIRIDINES

from amino-epoxides 10-36

HYDROXY-CARBOXYLIC ACIDS
by the Cannizzaro reaction 19-81

rearrangement of 1,2-diketones 18-06

HYDROXY-ESTERS

Baylis–Hillman reaction 16-27

Claisen condensation 16-36
epoxides þ carboxylate 10-14

anions

from epoxides and RCOOH 10-18

Reformatsky reaction 16-28

transesterification 16-64

of lactones

HYDROXY-ETHERS
epoxides þ alcohols 10-14

HYDROXY-KETONES

acyloin condensation 19-78

aldehydes þ cyanide 16-55

aldehydes and cyanide 15-32

Baylis–Hillman reaction 16-27

by aldol condensation 16-34
by rearrangement 18-04

of hydroxy ketones

by the Tollens reaction 16-43

coupling of carboxylic 19-78

esters

hydrolysis of diazo ketones 10-05

ketones þ formaldehyde 16-43

Mukaiyama aldol 16-35
oxidation epoxides 19-20

oxidation of methylene 19-15

photolysis of epoxy-ketones 10-07

rearrangement of silyloxy 18-02

epoxides

reduction of epoxy ketones 19-35

silyl enol ethers þ ketones 16-35

HYDROXY-NITRILES:

see cyanohydrins

HYDROXY-NITRO COMPOUNDS

from epoxides 10-35

the Henry reaction 16-37

HYDROXY-PHOSPHONATES
phosphonate esters þ carbonyl 16-44

compounds
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HYDROXY-PHOSPHORAMIDES

phosphoramides þ carbonyl 16-44

compounds

HYDROXY-THIOCYANATES

epoxides þ thiocyanate 10-14

HYDROXY-THIOETHERS

Claisen condensation 16-36

alkenes þ disulfides þ 15-51

carboxylic acids

from epoxides 10-26

HYDROXYLAMINES

addition of organometallics 16-31

to oximes

oxidation of amines 19-27

rearrangement of amine oxides 18-21

reduction of nitro compounds 19-46

IMIDES

acylation of amines 16-77

alkyl halides þ imides 10-41

anhydrides þ ammonia 16-73

or amines

from alcohols 10-41

from aryl isothiocyanates 11-21
isocyanates þ phosphine 16-93

oxides

IMIDINES

dinitriles þ ammonia 16-21

or amines

IMINES
active methylene compound þ 12-08

nitroso compound

addition of organometallics 16-33

to nitriles

aldehydes þ amines or 16-13

ammonia

alkynes þ amines 15-08

ketones þ amines or ammonia 16-13
oxidation of primary amines 19-21

rearrangement of cyclopropyl 18-31

reductive alkylation 16-17

of aldehydes or ketones

thermal rearrangement 18-14
of alkyl azides

IMINO ESTERS

halo-imines þ aroxides 18-42

ISOCYANATES

amides þ hypohalites 18-13

amines þ CO 12-53
base induced rearrangement 18-15

of hydroxamic acids

carboxylic acids þ HN3 18-16

Curtius rearrangement 18-14

from acyl halides 10-44

from alkyl halides 10-44

from nitrile oxides 18-44

Hofmann rearrangement 18-13
phosgene þ amines 16-72

the Schmidt reaction 18-16

thermal rearrangement 18-14

of acyl azides

ISONITRILES (ISOCYANIDES)

alkyl halides þ cyanide 10-75

amines þ trihalides 10-40
dehydration of formamides 17-31

from oxetanes 10-40

ISOTHIOCYANATES

from acyl halides 10-44

from alkyl halides 10-44

ISOTHIOURONIUM SALTS
from alkyl halides 10-25

KETALS

ketones þ alcohols 16-05

reductive cleavage 19-56

of ortho esters

KETENES
base-induced elimination 17-14

of acyl halides
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dehydration of carboxylic 17-01

acids

elimination of halo 17-23
acyl halides

KETENIMINES

by the Wittig reaction 16-44

dehydration of amides 17-01

KETO-ALDEHYDES

ketals þ formamides 12-16

KETO-ALKYNES

elimination of 17-27

epoxy-hydrazones

KETO-AMIDES

alkenes þ acyloxy salts þ 15-56

nitriles

amino acids þ anhydrides 12-42

KETO-CARBOXYLIC ACIDS

active H compounds þ CO2 16-42

or CS2

carboxylic acids þ esters 16-87

KETO-ESTERS
acyl halides þ active H 16-84

compounds

aldehydes þ diazoketones 12-18

alkylation reactions 10-67

Claisen condensation 16-85

halo-esters þ esters 16-28

halo-esters þ nitriles 16-28

KETO-NITRILES

acyl halides þ active H 16-84

compounds

by the Thorpe reaction 16-50

condensation of nitriles 16-50

esters þ nitriles 16-86

KETO-SULFONES
acyl halides þ active H 16-84

compounds

KETO-SULFONIC ACIDS

ketone þ sulfur trioxide 12-14

KETONES

1,3-elimination of diols 17-25

1,3-elimination of halo-amines 17-25

1,3-elimination of halohydrins 17-25

acyl halides þ organometallic 16-81

compounds

addition of organometallics 16-33

to nitriles

aldehydes þ boranes 12-18

aldehydes þ transition-metal 12-18

complexes

alkenes þ aldehydes 15-34

alkenes þ alkenes þ CO 15-36

alkenes þ ketones 15-33

alkyl halides þ organoiron 10-76

compounds

alkylation of enamines 10-69

alkylation of hydrazones 10-68

alkylation of ketones 10-68

alkylation reactions 10-67

amines þ HONO 12-50

and keto–enol tautomerism 12-03

aromatic compounds þ 11-17

acyl halides

aromatic compounds þ 14-19

aldehydes

aromatic compounds þ 11-17

anhydrides

aromatic compounds þ 11-17

carboxylic acids

aromatic compounds þ nitriles 11-24

arylation of ketones 13-14
by decarboxylation 12-40

by Michael addition 15-24

by Pinacol rearrangement 18-02

by rearrangement of ketones 18-04

by the Wacker process 19-25

carbonyl transposition 12-14

carbonylation of metal alkyls 13-15

carboxylic acids þ 16-29
organolithium reagents

cleavage of alkoxides 12-41
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cleavage of diketones 12-43

conjugate addition 15-25

of organometallics

conjugated addition of boranes 15-27

cyanoboranes þ anhydrides 18-23

decarboxylative alkylation 14-31

decarboxylative coupling 16-90

of 2 acids

diazo ketones þ boranes 10-73

Friedel–Crafts acylation 11-17

from cyanohydrins 10-68
from dihydrooxazines 10-72

from dithioketals 16-11

from keto-sulfoxides 10-67

halo ketones þ boranes 10-73

homologation of ketones 18-09

hydration of alkynes 15-04

hydration of allenes 15-04

hydrolysis 16-02
of C����N compounds

hydrolysis of dithioketals 10-71

hydrolysis of gem-dihalides 10-2

hydrolysis of imines 16-33

hydrolysis of ketals 10-6

hydrolysis of nitro 16-03

compounds

hydrolysis of vinyl ethers 10-6
hydrolysis of vinyl halides 10-1

imines þ RM 10-69

insertion of diazo ketones 12-21

ketenes þ alkenes 15-63

keto esters þ alkyl halides 10-67

ketones þ diazomethane 18-09

oxidation alkenes 19-25

oxidation of alcohols 19-03
oxidation of dicarboxylic 19-13

acids

oxidation of methylene 19-17

oxidation of nitro compounds 19-21

oxidation of primary amines 19-21

oxidation of vinyl boranes 18-26

oxidative cleavage of alkenes 19-10

oxidative cleavage of diols 19-07
oxidative cleavage 19-10

of enamines

ozonolysis of alkenes 19-09

pyrolysis of hydroxy-alkenes 17-32

radical addition to 15-28
conjugated ketones

rearrangement of diols 18-02

rearrangement of epoxides 18-02

rearrangement of peroxides 18-20

reductive coupling 19-77

of keto-esters

ring expansion 18-03

of amino-alcohols

ring expansion of halohydrins 18-03

silyl enol ethers þ 10-68

alkyl halides

transesterification 16-64

of vinyl esters

transition metal carbonyls þ 12-33

RM (M ¼ metal)

Weinreb amides þ 16-82
organometallic compounds

LACTAMS

alkyl halides from amides 10-41

and Michael addition 15-31

by Beckmann rearrangement 18-17

cyclic ketones þ HN3 18-16

cyclic ketones þ silyl azides 18-16
from amino carboxylic acids 16-74

from halo-amides 10-41

lactams þ amines 16-76

lactones þ ammonia 16-75

or amines

N-arylation 10-41

N-vinylation 10-41

oxidation of methylene 19-17
in amines

rearrangement of oximes 18-17

reduction of imides 19-64

Schmidt reaction 18-16

LACTAMS, b
diazoketones þ C����N 16-96

compounds

enamines þ ketenimines 16-96

ketones þ C����N compounds 16-96
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rearrangement of 18-18

hydroxy-halo-amines

LACTONES

alkenes þ carboxylic acids 15-57

and Michael addition 15-31

Bayer–Villiger rearrangement 18-19

condensation of dialdehydes 19-81

cyclization of allene 15-06

carboxylic acids

from halo-carboxylic acids 10-17
from hydroxy-carboxylic acids 16-63

oxidation of methylene 19-17

in ethers

photolysis of halo-amides 18-40

rearrangement of cyclic ketones 18-19

rearrangement of lactones 18-44

reduction of anhydrides 19-63

LACTONES, b
ketones þ aldehydes or ketones 16-95

NITRATES : see inorganic esters

NITRILES

aldehydes þ hydroxylamines 16-16

alkenes þ HCN 15-38
alkyl halides þ cyanide 10-75

aromatic compounds þ 11-25

trihalo nitriles

aryl halides þ metal cyanides 13-08

aryl triflates þ metal cyanides 11-25

base-induced elimination 17-29

of hydrazones

by decarboxylation 12-40
by Michael addition 15-24

carboxylic acids þ cyanogen 16-94

halides

cyanation a to active 12-19

hydrogen compounds

cyanation a to nitrogen 12-19

cyanoborates þ metal cyanide 12-34

dehydration of amides 17-30
dehydration of oximes 17-29

dehydrogenation of amines 19-05

metal cyanides þ aryl 13-08

organometallics

metal cyanides þ alkyl 12-34
organometallics

rearrangement of isonitriles 18-21

reduction of nitro compounds 19-49

NITRITES : see inorganic esters

NITRO COMPOUNDS

alkanes þ alkyl nitrates 12-09
alkanes þ nitronium salts 12-09

alkenes þ nitric acid 12-09

aryldiazonium salts þ 14-21

metal nitrites

by Michael addition 15-24

conjugated carboxylic 14-13

acids þ HNO3

from alcohols 10-42
from alkyl halides 10-42

nitration of aromatic rings 11-02

oxidation of amines 19-28

oxidation of isocyanates 19-28

oxidation of oximes 19-28

rearrangement of nitro-amines 11-28

NITRO-ALCOHOLS:
see hydroxy-nitro compounds

NITRONES

from oximes 10-24

oxidation of oximes 19-06

NITROSO COMPOUNDS

Barton rearrangement 18-40
nitrosation of aromatic rings 11-03

oxidation of amines 19-27

rearrangement 11-29

of nitroso-amines

NITROSO-AMINES

amines þ HONO 12-50

ORGANOMETALLICS

alkanes þ metals 12-23
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alkanes þ alkyl 12-22

organometallics

alkenes þ metal hydrides 15-17
alkyl halides þ metals 12-38

alkyl halides þ alkyl 12-39

organometallics

alkynes þ metal hydrides 15-17

aryl halides þ metals 11-40

aryl halides þ R-M 11-40

(M ¼ a metal)

formation of enolate anions 12-23
isonitriles þ organolithium 16-99

reagents

metal halides þ RM 12-36

(M ¼ metals)

metalation of aromatic 13-17

compounds

metals þ RM (M ¼ metals) 12-35

thioethers þ organometallics 14-28
transmetallation 12-37

of RM þ R0M0 (M ¼ metals)

ORTHO ESTERS

by transetherification 10-13

carboxylic acids þ alcohols 16-05

from trihalides 10-8

OSAZONES

hydrazines þ hydroxy 16-14

aldehydes or ketones

OXIMES

alcohols þ NOCl 18-40

aldehydes or ketones þ 16-15

hydroxylamine

alkenes þ NOX 15-44

aryldiazonium salts þ oximes 14-23

Barton rearrangement 18-40

carbonyl compounds þ 12-08

nitrous acid

O-alkylation of oximes 10-24

reduction of nitro compounds 19-49

OXONIUM SALTS

alkyl halides þ ethers 10-20

PEROXIDES

acid halides þ alkyl 10-21

hydroperoxides

alkenes þ oxygen 14-07

alkenes þ oxygen 15-62

alkenes þ peroxides 14-08

alkyl halides þ hydroperoxide 10-21

anion

alkyl halides þ hydroperoxide 10-21

anion

acid halides þ hydrogen 10-21
peroxide

anhydrides þ hydrogen peroxide 10-21

dienes þ oxygen 15-62

oxidation of carboxylic acids 19-24

oxygen þ alkyl organometallics 12-25

oxygen þ organoboranes 12-25

photooxidation of dienes 15-62

PHENOLS

aromatic compounds þ acyl 11-26

peroxides

aromatic compounds þ 14-05

peroxides

aryl halides þ hydroxide 13-01

aryl sulfonic acids þ hydroxide 13-02

aryldiazonium salts þ water 13-20
by Wallach rearrangement 18-43

Claisen rearrangement 18-33

Fries rearrangement 11-27

oxidation of aromatic 11-26

compounds

oxidation of aryl borates 13-01

oxidation of arylboronic acids 13-01

rearrangement of allyl aryl 18-33
ethers

rearrangement of aryl esters 11-27

rearrangement of aryl 13-32

hydroxylamines

rearrangement of dienones 18-05

PHOSPHINES

alkenes þ phosphines 15-08
phosphines þ aryl halides 13-05

reduction of phosphine oxides 19-68
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PHOSPHONATE ESTERS :

see inorganic esters

PHOSPHONIUM SALTS

alkyl halides þ amines 10-31

phosphines þ ammonium 10-31

salts

PHOSPHORANES

and the Wittig reaction 16-43

QUINONES

and dyotropic rearrangement 18-44

oxidation of aromatic 19-04

compounds

oxidation of aromatic 19-19

compounds

oxidation of phenols 19-04

SELENIDES

aryl halides þ selenide 13-04

from alkyl halides 10-26

SELENOCARBONATES

from isocyanates 16-08

SELENOETHER-ALDEHYDES
aldehyde þ diselenide 12-14

SELENOETHER-KETONES

ketone þ diselenide 12-14

SELENOXIDES

alkylation of selenoxides 10-71

SILANES

addition of silanes to alkene 15-19

and dyotropic 18-44

rearrangement

aryl halides þ silanes 13-16

from metalated aryls 10-55

SULFINIC ACIDS
RM (M ¼ a metal) þ 12-30

sulfonating agents

SULFONAMIDES

addition or arylboronates 16-31

to C����N

dealkylation of sulfonamides 19-73

reduction of acyl sulfonamides 19-64

reduction of sulfonyl azides 19-50

sulfonyl halides þ ammonia 16-102

or amines

SULFONATE ESTERS

alkenes þ sulfonic acids 15-06
sulfonamides þ alcohols 16-101

sulfonyl halides þ alcohols 16-101

SULFONES

alkenes þ sulfonyl halides 15-42

alkyl halides þ sulfinic 10-29

acid salts

alkyl halides þ sulfonyl 10-29
halides

alkylation of sulfones 10-67

alkylation of sulfones 10-71

and Michael addition 15-31

aromatic compounds þ 11-09

sulfonic acids

aromatic compounds þ 11-09

sulfonyl halides

aryl halides þ sulfonate 13-04

oxidation of sulfoxides 19-31

oxidation of thioethers 19-31

sulfones þ organometallics 10-61

sulfonyl halides þ arylboronic 16-105

acids

sulfonyl halides þ 16-105

organometallics

SULFONIC ACIDS

aryl halides þ sulfonates 13-04

hydrolysis of sulfonyl halides 16-100

oxidation of sulfur compounds 19-30

oxidation of thiols 19-30

rearrangement of aryl sulfones 13-33

reduction of sulfonyl halides 16-104
sulfonation of aromatic 11-07

compounds
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sulfonation of aromatic 11-36

compounds

sulfonation of methylene 19-16

SULFONIUM SALTS

alkyl halides þ thioethers 10-26

SULFONYL IMINES

sulfonamides þ aldehydes 16-18

SULFOXIDES
alkylation of sulfoxides 10-67

aromatic compounds þ 11-09

sulfonyl halides

oxidation of thioethers 19-31

TELLURIDES

from alkyl halides 10-26

THIIRANES (EPISULFIDES)

diazo compounds þ sulfur 16-48

alkenes þ sulfur reagents 15-50

from epoxides 10-26

from halo-ketones 10-9

thioketones þ sulfur ylids 16-48

THIOAMIDES
amides þ sulfur reagents 16-11

amides þ sulfur reagents 16-70

from nitriles 16-04

THIOCARBAMATES

from isocyanates 16-08

hydrolysis of thiocyanates 16-04

THIOCARBOXYLIC ACIDS

acyl halides þ sulfur 16-69

reagents

THIOCYANATES

aryl halides þ thiocyanate 13-04

aryldiazonium salts þ 13-21

thiocyanate

from alkyl halides 10-30

from amines 10-30

THIOESTERS

acyl halides þ thiols 16-69

esters þ sulfur reagents 16-11

THIOETHER-ALDEHYDES

aldehyde þ disulfides 12-14

THIOETHER-KETONES

enol ethers þ disulfides 12-14

ketone þ disulfides 12-14

THIOETHERS (SULFIDES)

alkenes þ thiols 15-07

aromatic compounds þ 11-23

sulfones

aryl halides þ alkyl sulfides 13-04

aryldiazonium salts þ sulfide 13-21

aryldiazonium salts þ thiols 13-21

from alcohols 10-26
from alkyl halides 10-26

from ammonium salts 10-26

from dihalides 10-26

Michael addition 15-31

with S nucleophiles

rearrangement of sulfonium 18-21

salts

reduction of sulfones 19-72
reduction of sulfoxides 19-72

sulfur þ alkyl 12-30

organometallics

thiols þ arylboronic acids 13-04

thiophenols þ aromatic 13-04

compounds

THIOKETONES
ketones þ sulfur reagents 16-11

THIOLACTAMS

lactam þ sulfur reagents 16-11

lactones þ sulfur reagents 16-11

THIOLS

alkyl halides þ hydrogen 10-25
sulfide or HS�

aryl halides þ sulfide 13-04
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aryldiazonium salts þ 13-21

hydrogen sulfide

from alcohols 10-25
hydrolysis of Bunte salts 10-28

reduction of disulfides 19-75

reduction of sulfonyl halides 19-71

sulfur þ alkyl organometallics 12-30

THIOUREAS

amines þ CS2 16-22

isothiocyanates þ amines 16-20

TRIAZOLES

alkenes þ alkyl halides 15-58

TRIAZOLINES

alkenes þ alkyl azides 15-58

TRIENES
aromatic compounds þ 15-64

carbenes

cycloaddition of dienes 15-66

ring opening of cyclic dienes 18-27

TRIHALIDES

acyl halides þ halogenating 16-23

agents

cleavage of methyl ketones 12-44

TRIOXANES

from aldehydes 16-92

UREAS

amines þ CO2 16-22

isocyanates þ amines 16-20

VINYL ETHERS

(including silyl enol ethers)

alcohol þ enol ester 10-13

alcohol þ enol ether 10-13

by the Wittig reaction 16-44

cleavage of acetals 17-02

or ketones

form esters 16-45

from aldehydes 12-17

from ketones 12-17
from phenols 10-8

peroxides þ vinyl-M 12-26

(M ¼ a metal)

Petasis alkenylation 16-45

Tebbe alkenylation 16-45

VINYL PHOSPHINES

alkynes þ phosphines 15-08

VINYL SILANES

addition of silanes 15-19

to alkynes

VINYL SULFIDES

alkynes þ thiols 15-07

ketones þ thiols 16-11

VINYL SULFONES

alkynes þ sulfonyl 15-42

halides

from sulfinic acid salts 10-29

XANTHATES

carbon disulfide þ alcohols 16-10
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Araújo, M.A., 16-0582
Arbuzov, B.A., 18-0096
Arbuzov, P.V., 14-0158
Arbuzov, Yu.A., 15-2151,

16-1480

Arcadi, A., 11-0654, 13-0480,
13-0504, 15-0245, 15-0848,
15-2423, 16-0163, 16-0279

Arcand, H.R., 18-0685
Arcari, A.R., 16-0154
Arcari, J.T., 16-1352
Arce de Sanabia, J., 11-0563
Arcelli, A., 10-0900, 10-0916
Archelas, A., 10-0582
Archer, C.M., 16-0510
Archer, D.A., 17-0244
Archer, S., 18-0874
Arcoria, A., 16-2143
Ardakani, A., 15-1782
Ardoin, N., 13-0077
Arduengo III, A.J., 05-0382,

12-0365
Arena, C.G., 10-1453, 15-1136
Arend, M., 16-0406
Arends, I.W.C.E., 15-1739,

15-1750, 15-1753, 18-0355,
19-0181, 19-0183, 19-0225,
18-0350

Arens, J.F., 10-1536, 15-0216,
15-0217

Arentsen, K., 13-0480
Arenz, T., 16-1195
Aretakis, A.J., 15-0101
Argabright, P.A., 10-1033,

13-0667, 17-0286
Argade, A.B., 19-0538
Argade, N.P., 15-0161
Argile, A., 05-0378, 09-0021,

15-0016
Argyropoulos, J.N., 10-1602,

16-0974, 19-0974
Arhart, R., 14-0158
Arias, L.A., 15-1776
Arifuddin, M., 16-0084,

16-0088, 16-0089, 16-0337,
19-1267

Ariga, M., 15-1939
Arigoni, D., 04-0021, 15-0781,

17-0504, 19-0470
Arii, T., 15-2374
Arikan, N., 16-0334
Arimatsu, S., 17-0175
Arime, T., 16-0823
Arimoto, K., 15-0587, 15-1019,

18-0357
Arimura, T., 15-0176
Arinich, A.K., 11-0582
Arisawa, M., 10-0831, 10-1777,

14-0175, 15-0780, 18-0331
Arison, B.H., 15-1945
Ariza, X., 16-1759
Arjona, O., 15-0302, 18-0781
Arkle, S.R., 16-2126
Arlt, R.E., 10-0223
Armani, E., 12-0118

Armantrout, J.R., 02-0290
Armesto, D., 18-0570, 18-0858
Armet, O., 05-0256
Armit, J.W., 02-0098
Armor, J.N., 16-0319
Armspach, D., 03-0179
Armstrong III, J.D., 13-0504,

15-0615, 18-0679
Armstrong, A., 10-0630,

15-1770, 15-1782
Armstrong, D., 15-0360
Armstrong, D.A., 01-0101
Armstrong, D.R., 13-0654
Armstrong, D.W., 10-0465
Armstrong, K.B., 04-0375
Armstrong, R., 14-0103
Arnason, I., 04-0371
Arnauld, T., 13-0584
Arnauld, T., 18-0793
Arnaut, L.G., 07-0044
Arndt, D., 19-0010
Arnestad, B., 11-0145
Arnett, E.M., 02-0371, 04-0500,

04-0502, 04-0504, 05-0002,
05-0072, 05-0072, 05-0075,
05-0075, 05-0130, 05-0200,
06-0087, 08-0018, 08-0020,
08-0029, 08-0031, 08-0033,
08-0111, 08-0118, 08-0192,
08-0219, 08-0220, 08-0223,
08-0231, 10-0051, 10-0177,
10-0178, 10-0184, 12-0661,
15-2365, 16-0998, 16-1295,
18-0493

Arnett, J.F., 05-0135
Arnold, A.P., 03-0209, 03-0210
Arnold, B.R., 02-0218, 15-1221
Arnold, C., 10-1786
Arnold, D.R., 05-0264,

14-0089, 15-2236, 16-2083,
16-2085, 17-0507, 17-0509

Arnold, J., 15-0352
Arnold, J.N., 16-0071, 16-0174
Arnold, J.R.P., 18-0370
Arnold, L.A., 10-1374, 15-1136,

16-0787
Arnold, R.T., 12-0177, 15-0969,

16-1480, 17-0117, 17-0491,
17-0493, 18-0553

Arnold, S., 15-0004, 15-0033
Arnold, Z., 11-0469
Arnoldi, A., 14-0344
Arnould, D., 10-1713
Arnould, J.C., 13-0709
Aroella, T., 08-0105
Aroney, M., 04-0280
Aronica, L.A., 16-1925,

17-0375
Aronoff, M.S., 12-0605,

15-0631

AUTHOR INDEX 1943



Aronovitch, H., 10-0078
Arora, A., 10-1568
Arora, S., 12-0445
Arora, S.K., 19-0484, 19-0885
Arotsky, J., 11-0307
Arouisse, A., 16-1926
Arques, A., 16-0329, 16-0434
Arrad, O., 10-0699
Arranz, J., 19-1706
Arrayás, R.G., 10-1454,

15-2148
Arrhenius, G.M.L., 16-0030
Arrieta, A., 15-1944, 15-2055,

16-0832, 16-1664
Arrowood, B.N., 15-0925
Arrowsmith, C.H., 08-0105
Arrowsmith, R.J., 04-0240
Arroyo, N., 16-0687
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Böhm, V.P.W., 10-1303,

13-0538
Bohme, D.K., 08-0051,

08-0077, 08-0223, 08-0237,
10-0336, 10-0345, 10-0346
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Chênevert, R., 19-0922
Cheng, A.K., 18-0642
Cheng, C., 16-0278
Cheng, C.-c., 08-0109
Cheng, C.-H., 13-0383,

13-0432, 13-0553, 15-0283,
15-0761, 15-0933, 15-1145,
15-2373, 15-2381, 15-2387,
16-0577, 16-0732

Cheng, C.H., 13-0259,
13-0465

Cheng, D., 15-0840, 15-0979
Cheng, D.-P., 16-0082
Cheng, G., 16-1371
Cheng, H.-S., 16-0610
Cheng, H.N., 15-0969

AUTHOR INDEX 1971



Cheng, J., 10-0219, 13-0179,
13-0558, 13-0571, 14-0372

Cheng, J.-P., 01-0102, 14-0060,
16-0767, 16-0774, 16-0777,
16-1036

Cheng, J.P., 05-0246
Cheng, K.-F., 16-1074
Cheng, K.-m., 10-0219
Cheng, K.-W., 19-0618
Cheng, L., 10-0285
Cheng, P., 08-0108
Cheng, T., 15-0654
Cheng, W., 13-0471
Cheng, W.-C., 19-0746
Cheng, X., 15-0339
Cheng, Y., 16-0323, 18-0120
Cheng, Y.-H., 01-0109
Cheng, Y.M., 12-0354, 12-0376
Chenier, J.H.B., 14-0045,

14-0218
Chenier, P.J., 10-0151, 18-0194
Chens, H., 15-1691
Cheong, P.H.-Y., 16-1029
Cheprakov, A.V., 11-0287,

11-0297
Cheramie, J., 16-1021
Cherednichenko, L.V., 12-0710
Cherepanov, I.A., 10-1087
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Chylińska, J.B., 19-0365
Ciabattoni, J., 02-0202,

02-0203, 15-1786
Ciaccio, J.A., 10-1150, 10-1792
Ciamician, G., 15-2243
Ciappenelli, D.J., 12-0392
Ciattini, P.G., 10-0226,

13-0608, 19-1374
Ciavarri, J.P., 16-0665
Cicchi, S., 17-0449, 19-0307,

19-0774, 19-1231
Cid, J.M., 10-0856
Cieplak, A.S., 15-0120, 15-0121
Cieplak, P., 04-0357
Ciganek, E., 15-1986, 15-2075,

15-2282, 15-2321, 15-2322,
16-0958, 17-0259, 18-0469,
18-0470, 18-0643

Cilento, G., 14-0229, 15-2157,
15-2159

Ciliberti, L., 16-1091
Ciminale, F., 15-1167, 15-1170
Cimiraglia, R., 11-0172
Cingolani, G.M., 11-0334
Cinquini, M., 04-0029, 04-0047,

05-0138, 10-0305, 12-0185,
15-1697, 16-1118

Cintas, P., 03-0210, 04-0004,
04-0300, 04-0303, 15-2004,
15-2097, 16-0586

Cintrat, J.-C., 12-0272
Cioffari, A., 12-0436
Cioffi, C.L., 13-0522
Cioffi, N., 13-0399
Ciorba, V., 02-0093
Ciorba, V., 02-0288
Ciro, S.M., 05-0028
Cisneros, A., 19-0317
Cistone, F., 15-0638, 19-1295,

19-1522
Ciszewski, J.T., 15-0352
Citterio, A., 11-0185, 11-0508,

13-0582, 14-0340, 14-0344,
14-0348, 14-0363, 15-1199

Ciuffarin, E., 08-0058, 16-2138,
16-2144, 16-2145

Ciuffreda, P., 16-1687
Ciufolini, M.A., 02-0355,

15-1065, 16-2082, 16-2088,
16-2132

Ciula, R.P., 04-0435
Cividino, P., 15-1009
Clabo Jr., D.A., 02-0062

Claesson, A., 10-1529, 19-1321
Claisen, L., 16-1131, 18-0664
Clapham, B., 12-0271
Clar, E., 02-0119, 02-0136
Claramunt, R.M., 02-0423
Clardy, J., 02-0353, 12-0678
Clardy, J.C., 15-1712
Clarembeau, M., 10-0826
Claremon, D.A., 17-0462
Clarendon, N.B., 09-0016
Claridge, R.P., 11-0123
Claridge, T.D.W., 13-0427
Clark J.H., 09-0084
Clark Jr., B.C., 02-0350,

10-0129, 10-0131
Clark, A.J., 14-0071, 15-1232,

15-1278, 16-2107
Clark, B.C., 18-0105
Clark, B.M., 16-1340
Clark, C.G., 13-0209, 13-0231
Clark, C.T., 14-0202, 15-1322,

16-1944
Clark, D.H., 12-0258
Clark, D.L., 15-0502
Clark, D.R., 10-1814, 16-0456
Clark, D.T., 02-0231, 10-0181
Clark, D.T., 10-0206
Clark, F.R.S., 13-0462
Clark, G.M., 16-0043, 18-0201
Clark, G.R., 02-0201
Clark, G.W., 04-0435
Clark, I.D., 12-0040
Clark, J.D., 18-0565, 18-0667
Clark, J.H., 10-0697, 10-0713,

10-1047, 13-0147, 13-0256,
13-0257, 13-0752, 18-0359

Clark, J.S., 12-0370
Clark, K.B., 01-0101
Clark, L.W., 12-0638
Clark, M., 04-0398
Clark, M.T., 11-0593
Clark, R.D., 17-0361
Clark, R.F., 16-0446
Clark, R.G., 01-0003
Clark, T., 01-0001, 02-0007,

02-0014, 02-0020, 05-0326,
14-0076

Clarke, C.T., 10-0992
Clarke, E.D., 08-0101
Clarke, E.M., 02-0390
Clarke, G.M., 18-0039
Clarke, H.L., 03-0083
Clarke, J.K.A., 15-0451
Clarke, M., 18-0370
Clarke, M.J., 12-0643
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de Echagüen, C.O., 15-2100
de Faria, A.R., 15-2177
de Fays, L., 08-0189, 15-2004
de Filippis, A., 13-0323,

13-0586
de França, K.W.R., 13-0304
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Dinçtürk, S., 14-0089
Diner, U.E., 19-1390
Dinér, P., 08-0208
Ding, J., 15-0134
Ding, K., 10-1453, 10-1460,

13-0237, 15-2129, 15-2148
Ding, Q.-P., 16-1036
Ding, R., 16-0875
Ding, S., 07-0118, 18-0767
Ding, Y., 05-0287, 19-1199
Ding, Z., 12-0454, 13-0108
Ding, Z.-d., 10-1387, 19-1035
Dingerdissen, U., 16-0344,

16-0373
Dingle, T.W., 02-0280
Dinizo, S.E., 15-0134, 19-0662
Dinjus, E., 16-0850
Dinner, A., 18-0195
Dinnocenzo, J.P., 01-0101,

18-0587
Dinoi, A., 15-1766, 19-0301
Dinoi, A., 19-0615
Diogo, H.P., 02-0331
DiPietro, J., 15-1358
DiProfio, P., 10-0407
Dirk, S.M., 19-0753
Dirkx, I.P., 13-0074
Dirlam, J., 10-0170
Discordia, R.P., 04-0193,

16-1833
Dishong, D.M., 03-0101,

03-0146
Distaso, M., 16-1842
Distler, H., 10-0836
Ditchfield, R., 02-0028
Diter, P., 19-0823
DiTommaso, D., 16-0750
Ditrich, K., 13-0094, 16-1019,

16-1022

Dittman Jr., W.R., 19-1450
Dittmer, B., 05-0138
Dittmer, D.C., 04-0193,

15-0021, 17-0365
Dittmer, D.L., 16-0656
Dittmer, H., 10-0212
DiValentin, C., 15-1944,

19-0114
Diver, S.T., 15-0805, 15-0815,

18-0788, 18-0789
Diversi, P., 04-0064, 18-0825
Diwakar, M.M., 19-1186
Dix, D.T., 05-0171
Dix, L.R., 11-0125
Dixneuf, P.H., 15-0279,

15-0281, 15-0372, 15-0813,
15-0835, 16-0436, 18-0814

Dixon, D.A., 04-0233, 08-0223
Dixon, J.A., 10-1318, 13-0650
Dixon, J.E., 10-0371
Dixon, J.M., 04-0367
Dixon, N.J., 10-1532
Dixon, T.A., 03-0072
Diyabalanage, H.V.K., 12-0367
Djakovitch, L., 13-0400,

13-0541
Djerassi, C., 04-0021, 04-0129,

15-0574, 17-0125, 17-0224,
19-0075, 19-0155, 19-0708,
19-1462

Dmitrenko, O., 04-0414,
04-0415

Dmitrienko, G.I., 02-0054
Dmitriev, D.E., 04-0360,

16-0153
Dmitriev, L.B., 15-0867
Dmitrieva, L.G., 12-0710
Dneprovskaia, E., 15-1000
Dneprovskii, A.N., 14-0065
Dneprovskii, A.S., 06-0029,

14-0097, 14-0128, 14-0158
do Amaral, A.T., 16-1566
do Amaral, L., 16-0308,

16-0315, 16-1445
Do, J.Y., 18-0063
Do, Y., 18-0789
Do, Y.-K., 15-1472
Doad, G.J.S., 16-1284
Doan, P.E., 10-0448
Dobaeva, N.M., 11-0101
Dobashi, S., 15-2152
Dobashi, Y., 04-0175
Dobbs, A.P., 15-1248, 16-1479
Dobi, P., 10-0430, 10-0444
Dobinson, F., 19-0358
Dobkowski, J., 12-0087
Dobler, M., 02-0268, 04-0041
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Frölich, R., 16-2083
Frolov, A.N., 14-0358
Froment, F., 05-0138, 15-1001
Frommeld, H.D., 16-1056,

19-1557
Fronczek, F.R., 19-0952
Frontera, A., 12-0389, 13-0021
Frontier, A.J., 15-0850
Frost II, K.A., 04-0475, 10-0262
Frost, C.G., 11-0200, 11-0217,

11-0423, 13-0194, 15-1024,
15-1132, 15-2131, 16-1982

Frost, H.N., 13-0177, 16-1581
Frost, L.N., 16-1570
Frost, R.M., 10-1296
Froudakis, G., 15-1219
Frøyen, P., 16-1338, 16-1339
Fruchart, J.-S., 12-0103
Fruchey, O.S., 10-0226
Fruit Jr., R.E., 05-0049, 19-0663
Fruit, C., 12-0239
Frullanti, B., 19-0532
Fry Jr., F.S., 02-0416

2000 AUTHOR INDEX



Fry, A., 06-0040, 10-0224,
15-0018, 15-0653, 17-0003,
17-0006, 17-0058, 17-0058,
17-0128, 18-0177, 18-0179,
18-0182, 18-0374, 19-1334

Fry, A.J., 07-0080, 10-0190,
11-0659, 14-0415, 16-2059,
17-0371, 18-0125, 19-0446,
19-1228, 19-1317, 19-1334,
19-1449, 19-1691

Fry, D.F., 16-0961, 19-1502
Fry, J.L., 10-0057, 10-0279,

10-0280, 10-0281, 18-0023,
18-0026, 18-0045, 18-0048,
19-0910, 19-1450, 19-1742

Fry, K., 11-0142
Fry, M.A., 19-0436
Frydrych-Houge, C.S.V.,

19-1717
Frye, L.L., 16-2172
Fryhle, C.B., 10-0798
Fryzuk, M.D., 04-0150,

04-0151
Fu, C.-G., 10-0553
Fu, C.C., 19-1128
Fu, D.-K., 16-1357
Fu, F., 10-1453
Fu, G.C., 10-1155, 10-1384,

10-1406, 10-1422, 12-0270,
12-0299, 12-0363, 13-0294,
13-0299, 13-0350, 13-0351,
13-0364, 13-0367, 13-0435,
13-0480, 13-0539, 13-0635,
15-0368, 15-0580, 15-0656,
15-0689, 15-0696, 15-1274,
15-1369, 16-0793, 16-1502,
16-1941, 16-2104, 18-0759,
18-0796, 19-0220, 19-1261,
19-1407, 19-1681

Fu, H., 16-0095, 16-0323
Fu, I.-P., 16-1438
Fu, J., 16-0585
Fu, P.-F., 15-1870
Fu, P.P., 19-0012
Fu, S.S., 15-0046
Fu, X., 05-0367, 12-0285
Fu, X.Y., 15-0463
Fu, Y., 10-1386, 15-0604,

15-1136, 16-1920, 19-1028
Fu, Z., 12-0275, 13-0424
Fu, G.C., 19-1682
Fuchibe, K., 11-0649,

15-2377
Fuchicello, A., 02-0359
Fuchigami, T., 11-0328,

14-0143, 10-1783, 10-1854,
19-1177, 19-1493

Fuchs, B., 04-0366, 04-0380
Fuchs, H., 04-0046
Fuchs, J.R., 19-1671

Fuchs, P.L., 10-1773, 13-0378,
15-0040, 16-0092, 16-0221,
16-0246, 16-0247, 16-1289,
16-1820, 17-0195

Fuchs, R., 10-0333, 10-0417,
10-1066, 19-0410

Fudesaka, M., 19-0161, 19-0176
Fueno, T., 04-0011, 10-0571,

15-0107, 15-1600, 15-2117
Fuentealba, P., 15-2104
Fuentes, A., 19-1762
Fuest, M., 10-1324
Fugami, K., 13-0439
Fuhlendorff, R., 10-0092
Fuhrman, G., 10-1285
Fuji, K., 03-0130, 10-0798,

10-0800, 10-1463, 15-1448
Fuji, Z., 02-0120
Fujibayashi, T., 16-0609
Fujieda, Y., 17-0241
Fujihara, H., 10-0464
Fujihara, H., 16-0866, 16-0894
Fujii, A., 16-0408, 16-1444,

16-1657, 19-1005
Fujii, J., 10-0886
Fujii, K., 16-1282, 16-1314
Fujii, N., 10-0234, 15-0394,

15-0922
Fujii, S., 15-2351
Fujii, T., 05-0206, 10-0905,

10-1214, 14-0191, 16-0751
Fujikura, R., 16-1708
Fujikura, Y., 19-0461
Fujimatsu, H., 16-0711
Fujimori, C., 19-1781, 19-1783
Fujimori, M., 10-1306, 12-0278
Fujimoto, E., 03-0051
Fujimoto, E.K., 10-0350,

10-0425
Fujimoto, H., 15-1206, 15-2049,

15-2103, 15-2107, 18-0478,
18-0622

Fujimoto, K., 11-0542, 16-0737,
16-2092, 18-0732

Fujimoto, S., 12-0547
Fujimoto, T., 03-0149, 15-2383,

19-1699
Fujimura, T., 10-1358, 13-0595
Fujimura, Y., 15-1387
Fujinami, T., 16-0434, 17-0487,

19-0922
Fujino, T., 15-0056
Fujio, M., 08-0223, 10-0063,

10-0154, 10-0169, 10-0170,
10-0273, 10-0274, 10-0311,
10-0403, 10-0440, 10-0441,
10-0442, 11-0172

Fujioka, H., 18-0139
Fujioka, S., 15-1001, 15-1004,

16-1036, 18-0363

Fujioka, T., 15-1267
Fujisaki, S., 10-0796, 11-0244,

12-0120, 12-0721, 12-0722
Fujisawa, T., 10-1154, 10-1511,

15-1607, 15-2298, 16-0923,
16-1929, 19-1021, 19-1072,
19-1108

Fujisawa, Y., 15-2304
Fujise, Y., 15-2116
Fujishima, A., 16-1245
Fujishima, H., 15-1191
Fujita, A., 15-0585, 15-0589
Fujita, E., 04-0136, 10-0798,

10-0800, 16-0232
Fujita, H., 10-0874, 15-0321
Fujita, K., 10-1625, 15-0558,

15-1265, 15-1420, 16-1116,
18-0011

Fujita, K.-i., 10-0882, 10-0905,
11-0357, 13-0663, 19-0690

Fujita, M., 03-0193, 03-0197,
05-0111, 07-0083, 07-0098,
10-0730, 12-0484, 12-0695,
14-0071, 15-0056, 15-0839

Fujita, N., 16-0086
Fujita, R., 10-1454
Fujita, S., 02-0303, 02-0304,

02-0306, 02-0328, 04-0257,
04-0258, 09-II-0001

Fujita, S., 19-1781
Fujita, T., 08-0169, 09-0078,

10-0827, 10-1453, 13-0482,
16-0687, 17-0373

Fujita, Y., 19-0653
Fujitsuka, H., 15-2197
Fujiwara, F.Y., 03-0052
Fujiwara, I., 10-0796
Fujiwara, K., 15-2069, 16-1167
Fujiwara, M., 10-0074,

10-1014, 11-0476, 12-0317,
15-0820, 15-1379

Fujiwara, N., 15-0938
Fujiwara, S.-i., 14-0013,

16-0437
Fujiwara, T., 10-1205, 10-1215,

15-0885, 15-0914, 16-0452,
16-1357, 16-1358

Fujiwara, Y., 03-0078, 10-0712,
10-1169, 11-0331, 11-0493,
11-0505, 12-0605, 13-0040,
13-0360, 13-0420, 13-0447,
15-1165, 15-1330, 18-0363,
19-1649, 19-16, 19-1707,
19-1718

Fujiwra, H., 15-0839
Fujiyama, R., 10-0207,

10-0311, 16-1435
Fukamachi, S., 10-0716
Fukata, G., 11-0595
Fukazawa, Y., 04-0270, 13-0781

AUTHOR INDEX 2001



Fukazawa, Y., 16-2025
Fuks, R., 10-1681, 15-1964,

15-1992, 15-2233, 15-2308,
15-2362, 16-0198

Fukuda, E.K., 16-1568
Fukuda, K., 10-0788, 19-0650
Fukuda, M., 11-0328
Fukuda, T., 10-1454, 13-0648,

15-2298, 16-2127
Fukuhara, H., 16-0892
Fukuhara, J., 10-1044
Fukuhara, T., 10-1084, 10-1148,

10-1836, 11-0358, 13-0705,
13-0718, 15-0168, 15-1520,
15-1548

Fukui, K., 12-0087, 15-2103,
15-2107, 18-0476, 18-0478,
18-0622

Fukui, S., 19-1781, 19-1783
Fukuma, T., 16-0664, 16-0765,

16-1426
Fukumoto, K., 15-0785,

19-0667
Fukumoto, T., 12-0718,

16-1667, 16-2142, 18-0884
Fukumoto, Y., 10-1862,

15-2443
Fukunaga, J.Y., 15-2209,

18-0537
Fukunaga, K., 17-0369
Fukunaga, R., 02-0052
Fukunaga, T., 02-0113
Fukuoka, K., 13-0441
Fukuoka, S., 12-0745
Fukushima, A., 16-1289
Fukushima, D., 19-0871
Fukushima, H., 04-0177,

10-1827
Fukuta, Y., 15-1474, 19-0881
Fukutani, Y., 15-2344
Fukuto, J.M., 12-0012, 12-0022
Fukuyama, T., 11-0463,

13-0202, 13-0557, 16-1990,
18-0678

Fukuyama, T., 19-1116
Fukuyo, E., 10-0691
Fukuzawa, S., 04-0459,

15-0912, 15-1716, 15-2065,
18-0245, 19-0471,
19-0922

Fukuzawa, S.-i., 15-2036,
16-0829, 19-0985, 19-0986

Fukuzumi, K., 18-0761
Fukuzumi, S., 12-0025,

15-0022, 16-1415
Fulford, S.Y., 16-0774
Fuller, C.E., 10-1361
Fuller, D.J., 05-0188, 08-0205,

14-0027, 14-0062
Fuller, G., 15-1518

Fuller, J.C., 19-0939, 19-0953,
19-1154

Fuller, S.E., 04-0512, 14-0153
Fullerton, T.J., 02-0045,

02-0046, 10-1448, 10-1450
Fulop, F., 02-0429, 02-0430
Fulton, J.R., 16-1371
Fulton, R.P., 19-1417
Funabashi, Y., 15-1092,

16-0522
Funabiki, K., 15-1545
Funabiki, T., 14-0201, 15-0417,

15-1504
Funabashi, K., 16-0687
Funaki, T., 02-0069
Funakoshi, K., 15-0985
Funakoshi, S., 16-1134,

16-2018
Funaro, J.M., 16-2172
Funato, M., 10-1206
Funatsu, M., 15-0778
Funderburk, L.H., 06-0062
Fünfschilling, P.C., 15-0135
Fung, A.P., 10-0649, 18-0325,

19-0691
Fung, N.Y.M., 19-1001
Fung, S., 11-0391
Fung, S.H.C., 19-0583
Funhoff, D.J.H., 02-0308
Funk, B., 05-0321
Funk, R.L., 10-1710, 10-1726,

15-0879, 17-0170
Furber, M., 15-0952
Furet, N., 12-0249, 15-0633
Furin, G.G., 11-0339, 18-0883
Furkawa, I., 10-1453
Furlani, T.R., 15-2029
Furmanova, N.G., 02-0410
Furness, K., 18-0296, 18-0297
Furrow, S.D., 15-1558
Furst, A., 19-1752
Furst, G.T., 16-0849
Fürstner, A., 10-1299, 10-1330,

11-0427, 13-0311, 13-0472,
15-0475, 15-0776, 15-0818,
15-0965, 16-0809, 16-0813,
18-0772, 18-0797, 18-0814,
18-0828, 19-1645, 19-1715,
19-1722, 19-1723, 19-1724

Furstoss, R., 10-0582,
18-0842

Furubayashi, T., 15-1184
Furuhashi, K., 10-1203
Furuhata, K., 04-0390
Furuhata, T., 10-0785
Furukawa, A., 18-0139
Furukawa, I., 10-0886, 19-1093
Furukawa, J., 04-0011, 10-0571,

15-2117, 15-2198, 15-2327,
15-2341, 16-0562

Furukawa, N., 10-0464,
10-1098, 13-0082, 13-0101,
15-1892, 17-0135, 18-0261,
19-0852, 19-1618

Furukawa, S., 15-0558
Furumai, S., 19-1604
Furuno, H., 15-1300, 16-0630
Furusaki, A., 13-0010
Furusawa,O., 13-0752
Furusho, Y., 03-0182
Furuta, H., 11-0172
Furuta, K., 10-1637, 14-0208,

14-0213, 15-2063, 16-0645,
16-1047, 16-1051, 16-1418

Furuta, T., 15-0608
Furutani, H., 19-1021
Furuya, T., 19-0541
Furuyama, S., 15-0059
Furxhi, E., 15-1222
Fusco, C., 19-0235, 19-0301,

19-0514, 19-0615
Fusco, R., 18-0714
Fuso, F., 10-0175
Fuson, R.C., 02-0398, 12-0094,

15-1166, 19-1095, 19-1122
Fustero, S., 16-1413
Futamata, M., 10-0881
Futamura, J., 18-0139
Fwu, S.-L., 15-0941
Fyfe, C.A., 11-0016, 13-0008,

13-0090, 16-0318
Fyfe, M.C.T., 03-0186

Gaasbeek, C.J., 05-0031,
10-0184

Gabbi, C., 19-0828
Gabe, E.J., 04-0502
Gabhe, S.Y., 13-0094
Gable, C.M., 03-0160
Gable, K.P., 15-1656, 15-1696,

15-2402
Gable, K.P., 17-0203
Gabriel, A.O., 16-1419
Gabriel, C., 07-0108
Gabriel, S., 07-0108
Gabriele, B., 12-0734, 15-0243,

15-0304, 15-0361
Gabrielsen, B., 10-0081
Gacem, B., 16-1636
Gacon, A., 19-1255
Gadallah, F.F., 13-0740,

13-0747
Gadamasetti, G., 10-1674
Gadamasetti, K.G., 15-2282
Gadberry, J.F., 15-0005
Gade, L.H., 19-1046
Gademann, K., 15-2149
Gadgil, V.R., 18-0642
Gadhwal, S., 10-0591, 16-0395,

19-1433

2002 AUTHOR INDEX



Gadras, A., 13-0578
Gadre, S.R., 15-0099
Gadru, K., 10-0101
Gadzikwa, T.L., 13-0543
Gaemi, E., 11-0134
Gaetano, K., 11-0298
Gaffney, A., 17-0074
Gaffney, A.H., 17-0031
Gaffney, P.R.J., 04-0348
Gage, J.R., 10-0888
Gaggero, N., 15-1758, 19-0799,

19-0824
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Glöckner, H., 02-0236
Gloe, K., 03-0139
Gloor, B.F., 13-0588
Glorius, F., 10-1471, 15-2435
Glover, B., 13-0305, 13-0649
Glover, C., 16-0138
Glover, I.T., 18-0040
Glover, S.A., 15-1259, 15-1575
Glowinski, R., 14-0384
Glukhovtsev, M.N., 02-0092,

02-0209, 02-0231, 02-0288,
05-0327

Glushkov, R.G., 10-0380
Glushkov, R.G.I., 10-0686
Glyde, E., 02-0371
Gmouth, S., 11-0431
Gnanadesikan, V., 15-1741
Gnanapragasam, N.S., 11-0305
Gnanasekaran, C., 19-0831
Gnedin, B.G., 16-2143
Gnonlonfoun, N., 15-0782
Goacolou, K., 15-1782
Goble, M.P., 16-1578
Goblyos, A., 02-0429
Goda, K., 10-1207, 15-0735

AUTHOR INDEX 2007



Godat, M., 10-0465
Goddard II, W.A., 15-2300
Goddard III, W.A., 02-0216,

05-0332, 15-2105
Goddard, J.-P., 15-0701
Goddard, J.D., 15-2089
Godefroi, E.F., 19-1397
Godel, T., 10-1641
Godet, T., 16-2132
Godfrey, A.G., 17-0282,

19-0170
Godfrey, C.R.A., 19-0058,

19-1410
Godfrey, I.M., 18-0371
Godfrey, M., 05-0378, 08-0171,

11-0083
Godfrey, P.D., 13-0047
Godjoian, G., 19-1126
Godleski, S., 04-0206
Godleski, S.A., 18-0115
Godovikova, T.I., 13-0687
Godschalx, J., 10-1260
Godschalx, J.P., 10-1824
Godt, A., 03-0198
Goedecke, E., 02-0181
Goedicke, C., 04-0068
Goedken, V., 05-0356, 18-0019
Goel, A.B., 10-0089, 10-0772,

15-0948, 15-0948, 17-0177
Goel, O.P., 16-2056
Goel, S.C., 18-0121
Goem G.L., 15-0253
Goering, H.L., 170, 05-0138,

10-0063, 10-0064, 10-0068,
10-0069, 10-0134, 10-0216,
10-0217, 10-1429, 10-1430,
10-1437, 10-1509, 10-1656,
14-0263, 15-0054, 15-0057,
15-0124, 18-0708

Goerlich, J.R., 12-0365
Goerner Jr., R.N., 18-0056
Goetschel, C.T., 18-0056
Goggiamani, A., 13-0149,

13-0230, 13-0609, 16-1983,
18-0356

Gogia, A., 19-0813
Gogoi, B.J., 16-0882
Gogoi, P., 19-0230
Gogoll, A., 13-0550,

13-0547
Gogonea, V., 02-0338
Goh, S.-H., 16-0590
Goh, S.H., 11-0648
Gohain, M., 09-0107
Goicoechea-Pappas, M.,

10-1725
Going, R., 12-0139
Goj, L.A., 15-0764
Gojo, T., 10-0811
Gokcek, D.Y., 16-1652

Gokel, G.W., 03-0088, 03-0101,
03-0104, 03-0117, 03-0146,
04-0164, 10-0453, 10-0610,
10-0696, 10-0784, 10-0967,
10-1047, 10-1619, 10-1787,
13-0691, 13-0737, 15-2274,
16-1255, 16-2128, 16-2133,
17-0479, 19-1564

Gokhale, A.S., 19-0538
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Gómez-Parra, V., 10-0729
Gommermann, N., 16-0889
Gompper, R., 02-0221, 02-0222,

02-0224, 02-0236, 10-0484,
15-2224, 18-0632

Gomtsyan, A., 16-1965,
16-1966

Goncharov, A.N., 16-0015
Gondai, T., 15-0626
Gong, H., 16-0094
Gong, L., 10-1453, 10-1454,

13-0482, 19-1265

2008 AUTHOR INDEX



Gong, L.-Z., 15-1128, 16-0865,
16-1037

Gong, W.H., 13-0378, 13-0389,
13-0421

Gong, Y., 07-0118, 07-0119,
13-0503

Gonikberg, E.M., 15-0970,
19-1019

Gonsalves, A.M. d’A.R.,
15-2133

Gonthier, E., 13-0548, 18-0777
Gonzalez, D., 15-1724, 15-2231
Gonzalez, J., 16-1786
Gonzalez, M.A., 10-1725
Gonzalez, T., 10-0462
González, E., 16-1192
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González, R., 15-1006
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Guibé, F., 18-0809
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Hoigné, J., 11-0560
Hoiness, C.M., 15-2327
Høj, B., 15-1338
Hojatti, M., 02-0386, 08-0098,

08-0105, 12-0097, 15-0218
Hojo, K., 02-0250, 10-1009
Hojo, M., 10-0070, 15-0876,

16-1657, 19-0934, 19-1005,
19-1392

Hoke, D., 19-1295, 19-1296,
19-1344, 19-1396

Holbrey, J.D., 09-0111, 13-0415
Holbrook, K.A., 18-0169
Holcomb, A.G., 02-0206,

10-0141
Holcomb, H., 19-0708
Holden, D.A., 14-0045
Holder, R.W., 15-2184,

15-2210, 18-0561
Holeman, D.S., 15-1041
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Hübner, T., 04-0467
Hückel, W., 15-0533, 17-0078,

19-0010
Huckin, S.N., 16-1168
Huddleston, R.R., 16-0701
Hudec, J., 04-0268, 15-1393,

15-2116, 17-0015, 18-0564
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Iyigün, Ç., 19-0495
Iyoda, M., 02-0301, 02-0304,

10-1227, 13-0462, 15-2322,
18-0469, 18-0470

Izatt, R.M., 03-0101, 03-0105,
03-0108, 03-0148, 04-0163,
04-0177

Izawa, H., 18-0338
Izawa, K., 15-0107, 15-1600
Izawa, M., 15-2084
Izawa, T., 10-1511, 19-1128
Izawa, Y., 05-0371, 05-0380,

18-0222, 18-0228
Izmailov, F.F., 01-0029
Izquierdo, M.A., 14-0069,

16-2081
Izsak, D., 04-0280
Izumi, J., 16-1656
Izumi, K., 19-1697
Izumi, M., 15-1115
Izumi, T., 10-1822, 13-0362
Izumi, Y., 04-0001, 04-0136,

11-0226, 15-0602, 16-1017,
16-1282

Izutsu, M., 18-0342

Jaber, J.J., 16-1478, 18-0607
Jaber, N., 15-2119
Jablonski, R.J., 10-0160
Jabri, N., 10-1339, 15-1062
Jachiet, D., 10-1543
Jachmann, M., 16-0687
Jackman, L.M., 02-0100
Jackman, L.M., 02-0272,

02-0291, 05-0127, 05-0189,
05-0190, 08-0213, 08-0214,
10-0171, 10-0341, 10-0484,
12-0420, 12-0420, 15-0417,
18-0642, 19-0023

Jackson, A.C., 16-1483,
16-1484

Jackson, A.E., 19-1200
Jackson, C.L., 13-0006
Jackson, F.L., 16-1881
Jackson, H.L., 10-1791
Jackson, J.E., 05-0386
Jackson, L.L., 10-0866
Jackson, L.L., 10-0866
Jackson, P.M., 11-0085
Jackson, R.A., 14-0044,

14-0049, 14-0053, 14-0089,
14-0453, 19-1414

Jackson, R.F.W., 10-0630,
15-1791

Jackson, R.W., 16-1539
Jackson, T.C., 19-0939
Jackson, T.J., 15-2410
Jackson, W.F., 05-0305
Jackson, W.M., 07-0043

Jackson, W.R., 15-1478,
15-1486, 15-1493, 15-1500,
15-1501, 15-1504, 15-1685,
16-1422

Jackstell, R., 15-0333, 15-0342,
15-1481, 16-0306

Jacob III, P., 15-1187, 16-0544
Jacob, J., 17-0226
Jacob, L., 10-0825
Jacob, M., 05-0309
Jacob, P., 01-0094
Jacob, R.G., 16-0583
Jacobi, P.A., 15-0386
Jacobs, H.K., 09-0098
Jacobs, P.A., 19-0120
Jacobs, T.L., 10-0291, 15-0106,

15-0109, 15-1553, 15-1802
Jacobs, T.L., 15-2219
Jacobsen, E.N., 07-0123,

10-0583, 10-0677, 10-0738,
10-1553, 10-1572, 10-1804,
11-0402, 15-0987, 15-1003,
15-1335, 15-1691, 15-1701,
15-1702, 15-1782, 15-1827,
15-1829, 15-2149, 16-0945,
19-0823

Jacobsen, H., 15-1832, 15-1833
Jacobsen, M.F., 16-0419
Jacobsen, W.N., 13-0581
Jacobson, A.E., 16-0148
Jacobson, B.M., 10-0103,

15-2117
Jacobson, G.B., 09-0097,

09-0108
Jacobson, M.A., 08-0211
Jacobson, N., 14-0352
Jacobson, R.A., 04-0127,

04-0146, 15-0597
Jacobson, R.R., 18-0708
Jacobus, J., 04-0202, 04-0212,

14-0029, 15-0491, 15-0651,
18-0737, 19-1344

Jacox, M.E., 05-0203, 05-0276,
05-0328

Jacquault, P., 07-0111, 16-0144,
18-0324

Jacques, J., 04-0009, 04-0096,
04-0156, 04-0156, 04-0182

Jacquesy, J., 11-0264, 11-0533,
11-0536, 11-0637

Jacquesy, J.-C., 15-0718
Jacquier, R., 11-0464, 16-1816
Jacquier, Y., 15-1901
Jacquot, L., 10-0976
Jacquot, R., 10-0884, 11-0391
Jaculi, D., 19-0271
Jadhav, P.K., 15-0674, 15-0675,

15-0676, 15-0679, 19-1053
Jadhav, V., 04-0181
Jadhav, V.K., 16-0058

Jaegar, D.A., 09-0112, 15-2041
Jaeger, C.D., 14-0416
Jaeger, D.A., 15-2031
Jaenicke, S., 19-0971
Jafarpour, M., 10-1090
Jaffe, A., 02-0235
Jaffe, M.H., 18-0027
Jaffe, R.L., 04-0293
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Krstulović, A.M., 04-0171
Krubiner, A., 19-1615
Kruck, P., 19-0326
Krueger, C.A., 16-1457
Krueger, S.M., 18-0480
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Luçon, M., 08-0094, 08-0095
Lwazaki, K., 15-0885
Lwowski, W., 05-0396,

05-0403, 05-0405, 05-0411,
10-1025, 12-0231, 12-0233,
12-0235, 15-1911, 18-0265,
18-0281, 18-0282

Ly, T.W., 16-1067
Lyerla, J.R., 11-0016
Lyford, L., 16-0487
Lyga, J.W., 13-0708
Lygo, B., 10-1567, 15-1807,

15-1809, 15-1811, 15-1815
Lyle, G.G., 04-0012
Lyle, R.E., 04-0012, 19-1212
Lynch, G.J., 15-0187
Lynch, J., 15-1972
Lynch, K.M., 04-0431
Lynch, P.P., 19-1526
Lynch, S.M., 15-2000
Lynch, T., 05-0245
Lynch, T.-Y., 05-0246
Lynch, T.J., 19-1765
Lynch, V., 15-0202
Lynd, R.A., 10-1377
Lynn, D.M., 18-0801
Lyons, A., 07-0040
Lyons, J.E., 15-0406, 19-1476
Lysenko, V.P., 16-1403
Lyster, M.A., 10-1133
Lythgoe, D.J., 19-1129
Lyushin, M.M., 11-0407

Ma’Mani, L., 16-1439
Ma, D., 10-0979, 13-0117,

13-0202, 13-0481, 16-1962,
19-0573

Ma, H.-r., 13-0500
Ma, J., 05-0287, 10-1225,

16-0594, 18-0475
Ma, J.C., 03-0075
Ma, J.-A., 12-0133, 15-1885
Ma, S., 10-1271, 12-0292,

15-0237, 15-0286, 15-0287,
15-1471, 18-0809, 19-1386

Ma, V., 16-1719
Ma, Y., 05-0393, 13-0581
Ma, Y.-R., 16-0233
Ma, Y.-x., 19-0919
Ma, Z., 15-1962
Ma, S., 15-0395
Maadhuri, Ch., 16-0763
Maag, H., 16-0402, 16-0404
Maahs, G., 02-0347
Maas, G., 04-0479, 05-0364,

10-0390, 12-0214, 13-0693,

2068 AUTHOR INDEX



15-0757, 15-2063, 15-2292,
17-0281, 17-0496, 18-0215,
18-0496, 18-0643, 19-0297

Maas, L.W., 19-0418
Maas, M., 13-0653, 14-0337
Maas, W., 16-0103
Maass, G., 03-0144
Mabille, C., 14-0233
Mabrouk, P.A., 09-0100
Mabry, T.J., 15-1723
Mabuchi, T., 10-1719
MacAlpine, G.A., 17-0417
Macaulay, J.B., 15-2058
Macaulay, S.R., 12-0067
Maccarone, E., 16-2143
Macchia, B., 10-0580
Macchia, F., 10-0580, 10-0663,

10-0814, 10-0953, 10-0954,
10-1150, 10-1564

Macchitella, D., 19-0187
Macciantelli, D., 04-0059,

04-0291, 10-1209
MacClellan, A.L., 01-0036
Maccoll, A., 05-0265, 17-0003,

17-0122, 17-0122, 17-0129,
17-0130

Maccoll, A.B., 17-0144
MacDonald, D.J., 02-0344
MacDonald, I.D., 02-0387
Macdonald, D., 18-0608,

18-0609
Macdonald, G., 15-1791
Macdonald, G.J., 12-0323
Macdonald, T.L., 10-1726,

12-0568, 15-2353
MacDougall, K.N., 19-1141
MacGarvey, U., 05-0212
MacGee, D.I., 17-0359
MacGibbon, A.K.H., 17-0065
MacGillavry, C.H., 05-0088
Mach, G.W., 08-0118
Mach, M.H., 11-0278, 11-0642
Machajewski, T.D., 10-1642
Macheleid, J., 10-0391, 10-0396
Macheño, O.G., 15-2148
Machida, H., 17-0369
Machida, Y., 10-0743
Machigashira, N., 15-1254
Machiguchi, T., 02-0214
Machii, D., 07-0094
Machleder, W.H., 15-1804,

15-1805, 18-0205
Machnitzki, P., 13-0237
Macho, V., 10-0183
Machrouhi, F., 12-0470,

13-0564
Machuqueiro, M., 16-1036
Maciejewski, G., 19-1552,

19-1553
Macielag, M., 18-0860

MacIntyre, D.W., 09-0052
Mack, A.G., 13-0460
Mack, H.-G., 04-0293
Mack, J.P.G., 12-0060
MacKay, D.B., 10-1423
Mackay, G.I., 08-0051,

08-0237, 10-0336
Mackenzie, D.R., 11-0313
Mackenzie, K., 10-0213,

12-0057, 17-0502, 18-0893,
18-0896

Mackenzie, P.B., 16-1032
Mackie, R.K., 10-1097, 17-0337
Mackiernan, J., 15-0134
Mackintosh, N., 12-0370
Macklen, E.D., 08-0078,

08-0238
Mackor, E.L., 05-0015,

11-0004
MacLachlan, M.J., 03-0190
Maclaren, J.A., 19-0790
MacLean, C., 02-0062,

04-0283, 05-0231, 11-0004
Macleod, L.C., 19-1458
Maclin, K.M., 16-0468,

16-0574
MacMillan, D.W.C., 11-0353,

12-0124, 13-0512, 15-1008,
15-2051, 16-1036

MacNeil, S.L., 10-1283
MacNicol, D.D., 03-0101,

03-0105, 03-0119, 03-0141,
03-0155, 03-0156, 03-0157,
03-0162, 03-0164, 03-0166,
03-0167, 03-0174, 03-0175,
03-0177, 03-0210

MacNulty, B.J., 17-0034,
17-0118, 17-0121

Macoas, E.M.S., 04-0297
Macomber, D.W., 02-0166
Macomber, R., 10-0137
Macomber, R.S., 19-0173
Macor, J.E., 11-0245
MacPeek, D.L., 15-1801
MacPhee, J.A., 09-0059,

09-0074, 09-0074, 16-1929,
16-1930

MacQuarrie, R.A., 08-0059
Macquarrie, D.J., 10-1047,

15-1012, 18-0359
MacWeeny, R.M., 01-0001
Madalengoitia, J.S., 16-1402
Madan, C., 11-0195
Madan, Ch., 16-0332
Madan, K., 04-0164
Madan, P., 04-0196
Madan, V., 12-0013
Madaule-Aubry, F., 10-0415
Maddaford, S.P., 13-0272,

15-1125

Maddaluno, J., 05-0178,
08-0198, 16-0470

Madder, R.D., 04-0454
Maddess, M.L., 10-1555,

18-0783
Maddocks, P.J., 18-0428
Maddox, M.L., 02-0261
Madec, J., 19-1028
Mader, M.M., 19-1289
Madesclaire, M., 19-0795,

19-1602
Madhavan, D., 19-0806
Madhavan, S., 19-1071
Madhi, S., 16-0383
Madhsudhan, P., 16-1638
Madhusaw, R.J., 15-2399
Madhusudhan, P., 15-0565,

16-0322, 17-0442
Madine, J.W., 15-0818
Madjdabadi, F.A., 11-0405
Madler, M.M., 19-0338
Madni, M., 05-0393
Mador, I.L., 15-0417
Madrakian, E., 11-0127,

11-0134
Madras, G., 09-0102
Madrász, J., 15-1491
Madrigal, D., 10-0877
Madrikian, E., 12-0698
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Maksić, Z., 04-0417
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Málek, J., 15-1355, 19-0010,

19-0880, 19-1066, 19-1182,
19-1507

Maleki, M., 10-0301
Malerich, J.P., 04-0311
Malfroot, T., 10-1187

Malherbe, R., 15-2096,
18-0589

Malhotra, N., 02-0117
Malhotra, R., 10-0649, 10-1134,

10-1176, 11-0119, 11-0125,
11-0154, 12-0203, 19-0253

Malhotra, S.V., 09-0113,
15-2041, 16-0687

Mali, R.S., 12-0388, 12-0405
Mali, S.I., 11-0273
Malik, K.M.A., 16-1436
Malik, S.S., 11-0120
Malinowski, M., 19-1714,

19-1718, 19-1727
Malkin, Yu.N., 07-0007
Malkov, A.V., 10-1471,

16-0756, 16-0757, 16-0760,
19-1141

Malkus, H., 10-0148
Malladi, R.R., 10-0736,

16-1911, 19-0334, 19-1000
Mallakpour, B., 16-0096
Mallakpour, S.E., 16-0057,

16-0060, 16-0063, 16-0096,
19-0072, 19-0083, 19-0086,
19-0144, 19-0152, 19-0803,
19-0916

Mallan, J.M., 12-0388, 15-0549
Mallart, S., 12-0508
Mallat, T., 19-0120
Mallet, J.J., 15-2091
Mallion, R.B., 02-0008,

02-0099
Mallison, P.R., 18-0432
Mallory, C.W., 02-0310,

18-0512
Mallory, F.B., 02-0310, 18-0512
Malmberg, H., 10-1353
Malmvik, A., 19-1064, 19-1065
Malnar, I., 10-0142
Malnick, L.M., 15-1204
Malone, G.R., 10-1733,

10-1735
Malone, Y.M., 13-0424
Maloney, J.R., 13-0669
Malpass, D.B., 16-0500
Malpass, J.R., 16-2114,

18-0344, 18-0636
Malpezzi, L., 04-0038
Malrieu, J., 15-2105
Malsch, K., 04-0437
Malsch, K.D., 02-0218
Malte, A., 16-1898
Maltese, F., 15-1365, 16-1842,

19-1726
Maltsev, A., 05-0407
Maltsev, A.K., 05-0227,

05-0328, 15-2315
Malvestiti, I., 16-0826
Malykhin, E.V., 14-0203

Mamaev, V.P., 02-0420,
09-0020

Mamai, A., 16-1402
Mamalis, P., 18-0686
Mamdani, H.T., 18-0602
Mamedova, Yu.G., 05-0255
Mamposo, T., 16-1192
Mampreian, D.M., 15-1138
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Mátrai, J., 18-0593
Matshshita, Y., 15-0204

Matsson, O., 10-0854, 12-0064,
17-0038

Matsu, J.-i., 11-0423
Matsuba, N., 05-0258, 05-0259
Matsubara, K., 19-1094
Matsubara, S., 13-0433,

15-0945, 15-1206, 15-1265,
15-1290, 16-0669, 16-0823,
16-1368, 17-0310, 19-0215,
19-1659

Matsubara, Y., 11-0542,
15-1921

Matsubra, S., 16-1365
Matsuda, A., 16-1277, 18-0488
Matsuda, H., 12-0317, 12-0755,

16-1727, 17-0310, 19-1001,
19-1139

Matsuda, I., 10-1468, 10-1469,
15-1055, 15-1459, 15-1474,
16-1017

Matsuda, K., 05-0290, 10-0170,
19-0066

Matsuda, M., 14-0120
Matsuda, S., 14-0373
Matsuda, T., 11-0507, 13-0362,

13-0366, 13-0724, 14-0364,
14-0368, 19-1022 19-1023

Matsuda, Y., 02-0317, 16-0694
Matsugi, M., 12-0252,

14-0008
Matsuhashi, H., 10-1198,

10-1207, 15-1773
Matsui, H., 16-0022
Matsui, R., 15-0608
Matsui, T., 09-0026, 15-0203,

15-0204, 16-0823
Matsukawa, M., 17-0202
Matsukawa, S., 16-0522,

16-1109, 16-1119, 19-1674
Matsukawa, Y., 15-0940
Matsuki, K., 19-1478
Matsukida, H., 15-1237
Matsumasa, K., 15-1360
Matsumoto, A., 05-0277
Matsumoto, H., 03-0126,

10-0513, 10-1227, 13-0465,
15-1183, 15-1641

Matsumoto, K., 06-0051,
09-0085, 09-0086, 10-0475,
12-0252, 15-1773, 15-1843,
15-2136, 16-1017, 16-1149,
16-1163, 16-1450, 16-1826,
16-1830, 18-0148, 19-1781

Matsumoto, M., 02-0304,
02-0306, 04-0212, 10-1196,
15-0417, 15-2152, 19-0431

Matsumoto, N., 16-1095,
16-1134

Matsumoto, S., 15-0354,
16-0711

Matsumoto, T., 04-0193,
10-0504, 10-1089, 13-0050,
16-1497

Matsumoto, Y., 10-0691,
12-0035, 15-0657, 15-0700,
16-0754

Matsumura, A., 15-0922
Matsumura, H., 15-0841
Matsumura, K., 15-0611
Matsumura, R., 10-0676
Matsumura, S., 19-0120,

19-0223, 19-1343
Matsumura, T., 15-2304
Matsumura, Y., 05-0250,

14-0284, 17-0435, 18-0276,
18-0340, 19-1009, 19-1144,
19-1563

Matsunaga, H., 19-1049
Matsunaga, N., 01-0091,

02-0039, 02-0039
Matsunaga, S., 10-0689,

15-0994, 15-1023, 15-1303,
16-0898, 16-1044, 16-1272,
19-0340, 19-1677

Matsunaka, K., 19-0552
Matsuno, T., 19-1670
Matsuo, G., 15-0749
Matsuo, H., 16-1051
Matsuo, J-i., 11-0423, 10-1618,

11-0290, 11-0324, 17-0295,
19-0243, 19-0244

Matsuo, K., 12-0720
Matsuo, T., 16-1119
Matsuo, Y., 16-1041, 19-0688
Matsuoka, H., 19-1659
Matsuoka, K., 16-0493, 19-

1006, 19-1058
Matsuoka, M., 19-0967
Matsuoka, T., 13-0314, 15-0968
Matsushima, Y., 10-1469
Matsushita, H., 10-1377,

15-1236, 19-1287
Matsushita, M., 05-0284,

16-0133
Matsushita, N., 10-1704
Matsushita, T., 10-0273
Matsushita, Y., 15-0203
Matsuura, H., 16-0633
Matsuura, T., 15-2155, 18-0880,

19-0281
Matsuura, Y., 04-0334, 15-0374
Matsuya, T., 14-0013
Matsuya, Y., 16-0782
Matsuya, Y., 19-1518
Matsuyama, H., 11-0260
Matsuyama, K., 05-0297,

10-1654
Matsuyama, T., 16-0535
Matsuyama, Y., 10-1466
Matsuza, S., 15-1066

AUTHOR INDEX 2075



Matsuzaki, S., 10-0734
Matsuzawa, H., 19-0985
Matsuzawa, S., 16-0581
Matsuzono, M., 13-0648
Matt, C., 10-1830, 15-1939,

16-0115
Matt, D., 03-0179
Matt, J.W., 18-0077
Matta, C.F., 04-0454
Mattay, J., 04-0091, 14-0073,

15-2063
Matte, D., 12-0725
Matter, Y.M., 15-0101
Mattern, D.L., 15-0969
Mattern, R.-H., 17-0151
Mattes, H., 10-1142
Mattes, K., 13-0047
Mattes, S.L., 07-0054, 15-2252
Matteson, D.S., 12-0471,

10-1415, 10-1417, 12-0002,
12-0442, 12-0458, 15-0636,
15-0661, 15-0674, 15-1660,
16-1393, 18-0420, 18-0434

Matteucci, M., 19-0797
Matthews, B.R., 16-1422
Matthews, C.N., 16-1302
Matthews, G.J., 15-1633
Matthews, I.R., 10-1538
Matthews, P.S.C., 01-0001
Matthews, R.T., 05-0212
Matthews, W.S., 05-0105,

17-0344
Matthey, G., 11-0489
Matts, T.C., 10-0079
Mattson, A.E., 15-1339,

15-1368, 16-0724
Mattson, R.J., 16-0361
Matturo, M.G., 04-0519
Matturro, M., 18-0623
Matty, L., 19-1148
Matui, C., 10-1126, 10-1443
Matula, T.J., 07-0075
Matusamy, S., 12-0355,

15-0807
Matusch, R., 02-0178, 04-0437,

17-0512
Matuszewski, B., 17-0515
Matveev, A.A., 10-0202,

10-0425
Matveeva, E.D., 10-1087
Matveeva, M.K., 13-0720
Matvienko, V.N., 10-0263
Matyusha, A.A., 11-0351
Matz, J.R., 14-0413, 14-0414
Matzger, A.J., 02-0289
Matzner, E., 15-2116
Mau, A.W.-H., 13-0413
Mauder, H., 16-2087
Mauduit, M., 18-0771
Mauger, E., 15-0087

Maughan, P.J., 11-0567
Maughan, W., 10-0992
Mauksch, M., 02-0338, 02-0339
Mauleón, P., 15-1129
Maulitz, A.H., 02-0081
Maumy, M., 11-0539, 19-0279,

19-0436
Maurel, R., 10-0778
Mauret, P., 15-2407
Mauriello, G., 11-0285
Maurin, J., 08-0174
Maus, S., 16-0564
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Miré, M.-A., 16-0878

Mirjalili, B.B.F., 10-0642,
11-0201

Mirkhani, V., 10-0670, 15-1829,
15-1846

Mirkind, L.A., 14-0418
Mironov, V.A., 18-0526,

18-0556
Mirowicz, M., 04-0101
Mirrington, R.N., 10-0799
Mirskova, A.N., 02-0420,

10-0261, 15-0297, 15-1608
Mirviss, S.B., 10-1294, 12-0447
Mirza, A.R., 13-0411, 13-0412
Mirza-Aghayan, M., 15-0472,

15-1039, 19-0102
Mirzaei, F., 15-0381
Misaki, T., 12-0318, 16-1639
Misawa, H., 06-0079, 19-0653
Misbach, P., 15-0793
Miscione, G.P., 15-2336
Miser, J.R., 13-0703
Mißfeldt, M., 08-0084
Mishima, H., 17-0161
Mishima, K., 19-1009, 19-1144
Mishima, M., 05-0314, 08-

0081, 10-0027, 10-0169,
10-0170, 10-0273, 10-0274

Mishra, A., 05-0403
Mishra, B.K., 19-0296, 19-0861
Mishra, R.K., 13-0439
Mishra, S., 03-0118
Mishriky, N., 17-0224
Misiti, D., 04-0059, 19-1510
Mislow, K., 04-0247, 02-0249,

03-0203, 04-0001, 04-0019,
04-0033, 04-0034, 04-0087,
04-0200, 04-0202, 04-0204,
04-0247, 04-0250, 04-0504,
04-0505, 05-0230, 15-0061,
18-0737

Misokowski, C., 13-0639
Mison, P., 10-0181, 12-0223,

19-1245
Misra, S.C., 19-1410
Missfeldt, M., 08-0186
Mistry, J., 14-0340
Misumi, A., 10-1637
Misumi, S., 02-0296
Misumi, Y., 16-1163
Mita, N., 10-1270
Mita, T., 15-2130
Mitamura, S., 11-0423,

11-0425, 16-1546
Mitani, M., 15-1642, 19-0605
Mitchel, A.R., 11-0180
Mitchell, A.L., 15-1069
Mitchell, C., 19-0894
Mitchell, D., 10-1801
Mitchell, D.J., 04-0365,

10-0020, 10-0364, 10-0367

2082 AUTHOR INDEX



Mitchell, D.K., 03-0200,
03-0201

Mitchell, D.L., 19-0351
Mitchell, H.L., 12-0605
Mitchell, J.A., 16-1782
Mitchell, J.C., 14-0243
Mitchell, L.H., 13-0784
Mitchell, M.B., 14-0340
Mitchell, M.J., 02-0208,

02-0223
Mitchell, M.L., 18-0228
Mitchell, R.D., 02-0234
Mitchell, R.H., 02-0276,

02-0280, 02-0282, 02-0298,
02-0333, 16-1957, 17-0358

Mitchell, T.N., 12-0276
Mitchell, T.R.B., 10-0900,

18-0618, 19-0708
Mitin, A.V., 13-0577
Mitnick, M.A., 19-1334
Mitoma, Y., 19-1447
Mitra, A., 18-0471
Mitra, A.K., 16-0097, 16-1174,

16-1192
Mitra, J., 03-0029
Mitsch, R.A., 05-0328, 15-2311
Mitsky, J., 08-0226
Mitsuboshi, T., 15-0929
Mitsuda, N., 19-1542
Mitsudera, H., 15-1324
Mitsudo, K., 10-1278, 15-0730,

15-1420
Mitsudo, T., 10-0880, 10-1845,

15-0280, 15-0281, 16-0268,
19-1119, 19-1772

Mitsudo, T.-a., 10-0788,
10-1469, 15-1467

Mitsuhashi, T., 10-0404,
18-0374, 18-0694, 19-0787

Mitsui, K., 10-0221, 10-1549,
16-0878, 16-1478

Mitsui, S., 15-0400, 19-1368,
19-1369

Mitsuie, T., 16-0687
Mitsunobu, O., 10-0652,

10-0702, 10-0993, 16-1655,
17-0490

Mitsuya, H., 15-0922
Mittelmeijer, M.C., 18-0827
Mitten, J.V., 15-0871
Mitton, C.G., 06-0088
Mitzel, T.M., 16-0598
Miura, K., 15-0225, 15-0392,

15-0587, 15-0737, 15-0778,
16-0183, 16-1078, 16-1079,
16-1657

Miura, M., 10-1852, 10-1854,
13-0338, 13-0362, 13-0452,
13-0453, 15-1360, 15-1791,
15-2372, 19-0985, 19-1371

Miura, T., 15-0903, 19-0155,
19-1559, 19-1774

Miura, Y., 05-0258, 05-0259,
10-0896

Miwa, M., 13-0604, 13-0605
Miwa, T., 19-1679
Miwa, Y., 15-0394, 15-1125
Miwata, H., 04-0193
Mixan, C.E., 10-0279
Miyabe, H., 16-0933, 16-0937,

16-0938, 19-1152
Miyabo, A., 05-0117, 05-0201
Miyachi, H., 15-0604, 15-0822
Miyadera, H., 18-0374
Miyafuji, A., 15-1831, 19-0522
Miyagawa, N., 14-0345
Miyagi, Y., 10-1539
Miyaguchi, N., 19-1624
Miyahara, I., 01-0068
Miyahara, T., 19-1659
Miyahara, Y., 08-0187,

10-1243, 19-0068
Miyai, T., 19-1359, 19-1452
Miyaji, Y., 19-1487
Miyake, A., 02-0047, 15-0442
Miyake, H., 10-0785, 15-0707,

15-2045
Miyake, N., 15-2084
Miyake, Y., 13-0513
Miyamoto, H., 04-0166,

16-0547, 16-0661, 16-1070
Miyamoto, I., 02-0295
Miyamoto, K., 13-0362
Miyamoto, M., 19-0592
Miyamoto, T., 15-0804
Miyamura, K., 15-0779
Miyano, M., 11-0381
Miyano, N., 16-0530, 16-0538
Miyano, S., 04-0175, 04-0193,

15-1158, 15-2341, 16-1282
Miyanohana, Y., 15-0831
Miyasaka, T., 02-0276
Miyashi, T., 15-0157, 15-2113,

18-0601
Miyashia, H., 15-0822
Miyashita, A., 15-2201,

18-0143
Miyashita, H., 15-0604
Miyashita, M., 10-1546,

10-1803, 12-0246, 15-0253,
15-1004, 15-1055, 16-1656,
16-1684, 17-0293, 19-0900,
16-0822

Miyata, A., 19-0221
Miyata, K., 19-1355
Miyata, M., 03-0168, 04-0179
Miyata, N., 16-1089
Miyata, O., 15-1260
Miyata, Y., 10-0312
Miyatake, R., 15-0849

Miyauchi, M., 03-0186
Miyaura, N., 10-1415, 10-1416,

10-1417, 12-0451, 12-0538,
13-0471, 13-0474, 13-0476,
13-0487, 13-0625, 15-0700,
15-1022, 15-1125, 15-1126,
15-1127, 15-1156, 15-1184,
16-0698, 16-0702, 16-0906,
18-0453, 18-0457

Miyazaki, F., 13-0399
Miyazaki, M., 16-0364
Miyazaki, S., 16-1727
Miyazaki, T., 02-0036, 18-0340,

19-1244
Miyazaki, Y., 03-0129
Miyazawa, E., 11-0194,

16-0353
Miyoshi, H., 15-1714
Miyoshi, K., 13-0617
Miyoshi, N., 12-0246, 16-0495,

16-0661, 16-0664, 16-0765,
16-1426

Miyoshi, S., 16-1656
Miyoshi, T., 11-0343
Mizhiritskii, M.D., 12-0312,

19-1548
Mizobe, Y., 19-1241
Mizoguchi, T., 13-0694
Mizokami, T., 13-0705
Mizsak, S.A., 15-0561, 16-2109
Mizugaki, T., 15-1791, 16-0149,

19-0120
Mizuguchi, Y., 12-0694
Mizumura, M., 16-1590
Mizuno, A., 10-1798
Mizuno, H., 17-0289
Mizuno, K., 03-0027, 03-0182,

05-0289, 15-0849, 15-2252
Mizuno, M., 10-1844, 16-1314
Mizuno, N., 16-0133, 19-0120,

19-0278, 19-0571
Mizuno, S., 16-0761
Mizuno, T., 11-0542, 13-0533,

16-0579, 16-1365
Mizuno, U., 19-1659
Mizushima, E., 10-1196,

15-0209, 15-0353
Mizushima, K., 10-1845
Mizuta, M., 16-1726
Mizuta, T., 16-0545
Mizutani, H., 12-0326
Mizutani, T., 16-0148
Mladenova, M., 10-1689
Mlochowski, J., 19-0129,

19-0707
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Möchel, T., 13-0401
Mochida, K., 16-1008, 19-1481
Mochizuki, H., 15-0502
Mochizuki, K., 15-1676
Mochizuki, M., 16-0670
Mock, W.L., 03-0210, 15-0486,

17-0351, 17-0352, 17-0354,
18-0239

Mock-Knoblauch, C., 15-1828
Modak, J., 09-0102
Modarelli, D.A., 05-0351
Modena, G., 05-0068, 10-0237,

10-0248, 10-0258, 13-0027,
15-0021, 15-0034, 15-0035,
15-0079, 15-0082, 15-0106,
15-1639, 15-1998, 17-0013,
19-0443, 19-0791, 19-0832,
19-0834, 19-0849, 19-1778

Modi, D.P., 18-0299, 19-0054
Modro, A., 15-0016, 15-0087
Modro, T.A., 08-0038
Moeini, L., 07-0091
Moeller, K.D., 15-0239
Moelwyn-Hughes, E.A.,

10-0599
Moerck, R.E., 15-1998
Moerikofer, A.W., 15-0650
Moersch, G.W., 12-0435
Moffatt, F., 15-2063
Moffatt, J.G., 11-0516, 16-1659,

19-0160, 19-0638, 19-0647,
19-0649

Moffett, K.K., 10-0886
Mogali, S., 10-0307, 19-0939
Moggi, L., 07-0011
Moghadam, M., 15-1829
Moghaddam, F.M., 11-0566,

12-0070, 15-1296, 16-0144,
18-0321, 19-1147

Mogilaiah, K., 16-1172
Mogren, T., 12-0370
Mohacsi, E., 16-1673

Mohadjerani, M., 13-0227
Mohajer, D., 19-0819
Mohajerani, B., 19-0154
Mohamed, M., 18-0683
Mohamed, N.M., 16-0448
Mohamed, S.K., 11-0176
Mohammadi, M., 15-1296
Mohammadpoor-Baltork, I.,

10-0642, 10-0670, 11-0288,
16-0063, 16-0173, 16-0313,
16-1671, 16-1739, 16-1740,
19-0035, 19-0038, 19-0039,
19-0040, 19-0335

Mohan, G.H., 10-1140, 16-
2154, 19-1382, 19-1384

Mohan, J.M., 15-1887
Mohan, K.V.V.K., 11-0289
Mohan, L., 19-0764
Mohan, R.S., 10-0544, 16-0071,

16-0075, 16-0160, 16-0172,
16-0174, 16-0764, 16-1671,
18-0140, 18-0146, 19-0140

Mohanazadeh, F., 10-1060,
16-0063, 16-1877

Mohanraj, S., 10-1359
Mohanty, P.K., 16-0744, 17-

0439, 19-0692
Mohaptra, S., 10-1380
Mohile, S.S., 11-0213, 11-0383
Mohler, D.L., 02-0081
Mohr, B., 11-0419
Mohr, P., 04-0196
Mohrig, J.R., 10-0392, 15-0046,

15-0409, 19-0241
Mohsenzadeh, F., 16-0129
Mohtahedi, M.M., 16-0129
Moilliet, J.S., 11-0314
Moineau, J., 13-0404
Moinet, C., 12-0716, 19-1220
Moir, R.Y., 18-0250
Moisak, I.E., 10-1053
Moisan, L., 15-0581
Moise, C., 19-1099, 15-1384,

19-1669
Moiseenkov, A.M., 10-0494,

15-2024, 19-0091
Moiseev, I.I., 19-0721
Moiseikina, N.F., 11-0496
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Moravcová, J., 16-1570
Moravsikiy, A., 12-0278
Morchat, R., 17-0507, 17-0509
Mordas, D.M., 15-1057
Mordini, A., 10-1449, 12-0395,

15-1068, 16-0217, 17-0209,
17-0209

More O’Ferrall, R.A., 05-0070,
06-0065, 06-0087, 06-0089,
08-0128, 08-0129, 10-0390,
12-0100, 17-0003, 17-0007,
17-0046, 17-0052

Moreau, C., 10-0537, 19-0247
Moreau, J., 16-2015
Moreau, J.J.E., 04-0026,

12-0270
Moreau, N., 15-0557
Moreau, P., 04-0164
Moreira, A.P.D., 16-0831
Morel, D., 12-0670
Morel, Y., 13-0077
Moreland Jr., W.T., 01-0040,

09-0050
Moreland, M., 16-1235
Morelli, C., 16-2102
Moreno, A., 07-0121
Moreno, A., 15-2022
Moreno-Dorado, F.J., 14-0177,

15-0284, 15-1710
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Özdemı̈rhan, D., 19-0493
Ozeki, N., 10-0882
Ozier, I., 01-0039
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Paré, J.R.J., 15-2022
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Pastó, M., 10-0921
Pastor, S.D., 16-1190
Pastori, N., 16-0141, 19-0991,

19-1657
Pastukhov, F.V., 16-1969,

16-1970
Pastukhova, I.V., 18-0422
Pastushok, V.N., 10-0470
Pasumansky, L., 13-0172
Patai, S., 01-0007, 01-0009,

01-0045, 01-0072, 01-0075,
02-0038, 02-0343, 03-0001,
03-0008, 03-0047, 03-0049,
03-0050, 03-0083, 03-0094,
03-0096, 03-0101, 04-0026,
04-0032, 04-0047, 04-0064,
04-0219, 04-0261,
04-0268, 04-0350, 04-0354,
04-0471, 05-0119, 05-0145,
05-0254, 05-0255, 05-0296,
05-0297, 05-0314, 05-0316,
05-0404, 07-0044, 07-0045,
07-0050, 07-0064, 08-0043,
08-0061, 08-0156, 08-0162,

2104 AUTHOR INDEX



08-0173, 08-0178, 08-0218,
08-0223, 09-0031, 09-0032,
10-0001, 10-0115, 10-0213,
10-0289, 10-0293, 10-0373,
10-0376, 10-0384, 10-0390,
10-0391, 10-0393, 10-0423,
10-0461, 10-0494, 10-0506,
10-0520, 10-0520, 10-0585,
10-0598, 10-0615, 10-0640,
10-0658, 10-0746, 10-0749,
10-0773, 10-0780, 10-0782,
10-0839, 10-0849, 10-0852,
10-0871, 10-1005, 10-1025,
10-1034, 10-1036, 10-1061,
10-1114, 10-1265, 10-1445,
10-1479, 10-1545, 10-1693,
10-1765 10-1785, 10-1841,
11-0037, 11-0165, 11-0227,
11-0271, 11-0444, 11-0570,
11-0581, 11-0609, 11-0623,
12-0001, 12-0002, 12-0057,
12-0059, 12-0065, 12-0066,
12-0074, 12-0083, 12-0086,
12-0222, 12-0302, 12-0306,
12-0311, 12-0388, 12-0393,
12-0424, 12-0431, 12-0432,
12-0442, 12-0474, 12-0482,
12-0504, 12-0551, 12-0564,
12-0574, 12-0582, 12-0594,
12-0638, 12-0699, 13-0037,
13-0049, 13-0052, 13-0090,
13-0129, 13-0263, 13-0660,
13-0684, 13-0687, 13-0687,
13-0688, 13-0689, 13-0690,
13-0691, 13-0693, 13-0695,
14-0125, 14-0195, 14-0217,
14-0228, 14-0246, 14-0301,
14-0302, 14-0349, 14-0397,
14-0415, 14-0443, 14-0447,
15-0001, 15-0037, 15-0037,
15-0038, 15-0039, 15-0050,
15-0075, 15-0077, 15-0079,
15-0106, 15-0294, 15-0300,
15-0314, 15-0397, 15-0435,
15-0513, 15-0572, 15-0687,
15-0705, 15-0711, 15-0760,
15-0857, 15-0947, 15-0961,
15-1215, 15-1375, 15-1477,
15-1499, 15-1517, 15-1525,
15-1624, 15-1731, 15-1790,
15-1932, 15-1932, 15-1943,
15-1980, 15-1991, 15-1992,
15-2153, 15-2156, 15-2161,
15-2166, 15-2168, 15-2234,
15-2238, 15-2261, 15-2362,
16-0002, 16-0003, 16-0014,
16-0098, 16-0098, 16-0140,
16-0196, 16-0233, 16-0266,
16-0286, 16-0287, 16-0315,
16-0425, 16-0460, 16-0464,

16-0842, 16-0851, 16-0969,
16-0972, 16-1031, 16-1169,
16-1233, 16-1255, 16-1293,
16-1421, 16-1510, 16-1549,
16-1648, 16-1658, 16-1693,
16-1715, 16-1744, 16-1755,
16-1763, 16-1844, 16-1874,
16-1891, 16-2049, 16-2094,
16-2124, 17-0003, 17-0007,
17-0047, 17-0103, 17-0122,
17-0129, 17-0145, 17-0148,
17-0172, 17-0174, 17-0243,
17-0290, 17-0300, 17-0311,
17-0344, 17-0367, 17-0387,
17-0403, 17-0424, 17-0450,
17-0458, 17-0491, 17-0502,
18-0001, 18-0099, 18-0124,
18-0124, 18-0177, 18-0194,
18-0211, 18-0215, 18-0279,
18-0290, 18-0306, 18-0395,
18-0599, 18-0617, 18-0654,
18-0695, 18-0704, 18-0739,
18-0756, 18-0874, 18-0877,
18-0881, 19-0006, 19-0021,
19-0021, 19-0048, 19-0069,
19-0252, 19-0258, 19-0280,
19-0294, 19-0387, 19-0428,
19-0633, 19-0710, 19-0738,
19-0748, 19-0786, 19-0791,
19-0795, 19-0795, 19-0812,
19-0849, 19-0913, 19-0920,
19-1095, 19-1122, 19-1136,
19-1278, 19-1348, 19-1380,
19-1482, 19-1545, 19-1561,
19-1575, 19-1595, 19-1632,
19-1636

Patat, F., 10-0373, 10-1114
Patchornik, A., 11-0552,

16-1817
Patel, B.A., 13-0389
Patel, B.K., 16-0149, 16-1767,

19-0702
Patel, B.P., 10-0110
Patel, J.J.B., 19-1238
Patel, K.M., 18-0196
Patel, M., 15-2102
Patel, P., 15-0293
Patel, P.K., 10-0719
Patel, R.C., 06-0043, 06-0049,

06-0052, 06-0053, 10-1184
Patel, S., 19-0296, 19-0861
Patel, S.T., 15-1830
Patel, S.V., 10-1306
Patel, U.C., 15-1444
Patel, V., 12-0640
Pater, R H., 15-1768, 15-1786
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Reis, Ö., 13-0349, 19-0494
Reisch, J., 15-0359
Reisdorf, D., 19-0836

Reisenauer, H.P., 02-0164
Reiser, O., 16-1158, 16-1308
Reiser, O.B., 16-1326
Reisse, J., 07-0075, 07-0076,

07-0080, 07-0082, 16-0578
Reisser, M., 15-0757
Reissig, H., 04-0410, 15-0128
Reissig, H.-U., 16-0671,

16-0735
Reißig, H.-U., 16-0736
Reist, E.J., 10-1119, 17-0220
Reister, S., 11-0240
Reiter, M., 15-0229
Reitman, M., 13-0548
Reitsma, B.H., 04-0127,

04-0146, 15-0597
Reitz, A.B., 16-1255, 16-1298,

16-1303, 16-1323, 16-1324,
16-1325

Reitz, D.B., 05-0124, 10-1720
Reitz, O., 06-0061
Reitz, R.R., 18-0844
Reitz, T.J., 10-0993
Rekasheva, A.F., 10-0520,

10-0573
Rekker, R.F., 11-0613
Rekowski, V., 05-0290
Rele, S., 19-1708, 19-1716
Rella, M.R., 19-0235
Reller, A., 15-0459
Remanick, A., 18-0100
Remar, J.F., 10-0803
Rembaum, A., 02-0026
Remenar, J.F., 12-0422
Remennikov, G., 10-0355
Remington, R.B., 02-0062
Remion, J., 16-1879
Remizova, T.B., 18-0182
Remorova, A.A., 11-0332
Rempala, P., 05-0392
Remuson, R., 10-1216
Ren, J., 16-0270
Ren, L., 15-1394
Ren, P., 12-0359, 12-0361,

15-2432
Ren, P.-D., 15-0508, 15-0566,

16-0655, 16-0663,
19-1325

Ren, P.D-D., 19-1226
Ren, R.X., 10-1088, 13-0126,

13-0270, 16-0312, 18-0317
Ren, S.-K., 19-0082
Ren, S.K., 18-0154
Ren, Z., 16-1172
Renaldo, A.F., 18-0618
Renard, G., 10-0179
Renard, M., 19-1796
Renard, P.-Y., 10-0848
Renaud, J.-L., 10-1463,

10-1534, 15-0428, 19-1684

Renaud, P., 10-0503, 15-0664,
15-1195, 15-1235, 15-1263,
15-1264, 15-1266, 17-0299

Renaud, R.N., 11-0116
Renaut,P., 15-1972
Rendenbach, B.E.M., 15-1042
Render, D., 16-0034
Rendleman, J., 14-0033,

14-0328
Renehan, M.F., 15-1773,

15-1835
Renes, G., 04-0283
Renga, J.M., 12-0245, 17-0293
Renger, B., 10-1721, 13-0166,

19-1281
Renk, E., 14-0102, 14-0130,

17-0452
Renko, Z.D., 15-1716
Renneboog, R., 08-0232
Renneke, R.F., 14-0282,

19-0061
Rennels, R.A., 11-0182,

13-0642, 13-0643
Renner, R., 14-0169
Rennick, L.E., 15-0406
Rennie, R.A.C., 15-0401,

19-0873
Reno, D.S., 04-0175, 04-0197
Renslo, A.R., 15-2036, 15-2125
Rentea, C.N., 19-0631
Renton, P., 13-0272
Rentzsch, M., 10-0133
Renugopalakrishnan, V.,

04-0302
Renz, M., 18-0350
Répási, J., 13-0537
Repic, O., 11-0254, 16-1825,

19-0680
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Repič, O., 10-0721, 13-0179,

15-2331
Reppe, C., 12-0142
Reppe, W., 15-2362
Requin, F., 04-0127, 04-0146,

15-0597
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Rombolà, O., 13-0228
Rombouts, G., 13-0187
Romea, P., 16-1015, 16-1794,

16-1940, 19-1272

Romeo, A., 19-0134
Romeo, R., 16-1618
Romera, J.L., 10-0856
Romero, J.A.C., 10-1433
Romero, J.R., 19-0579
Romero, R.H., 15-1428
Romers, C., 04-0354, 04-0365
Romesberg, F.E., 05-0188,

08-0202, 08-0203, 08-0205,
12-0422

Romine, J.L., 16-0493
Rømming, C., 13-0689, 16-0211
Romney-Alexander, T.M.,

13-0268
Romo, D., 15-2245, 16-2075
Romsted, L.S., 10-0529
Ron E., 15-0980
Ron, M., 06-0075
Rona, P., 10-1429, 15-2430
Rona, R.J., 10-1542
Ronald, B.P., 18-0148
Ronald, R.C., 16-0443
Ronan, B., 16-1189
Roncaglia, F., 12-0152
Roncin, J., 05-0273
Ronco, G., 10-0060
Rondan, N.G., 02-0352,

05-0124, 15-2433, 18-0482,
18-0669, 18-0852

Rondanin, R., 16-1260
Rondestvedt Jr., C.S., 10-0513,

13-0732, 19-1223
Rongsi, C., 02-0120
Ronman, P., 16-2135
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Rössler, K., 13-0713
Rossy, P.A., 19-1294
Rostami, A., 19-0860
Rostovshchikova, T.N.,

15-0023, 15-0169
Rotello, V.M., 13-0504
Rotem, M., 15-0280
Rotermund, G.W., 15-0685
Rotger, C., 13-0021
Roth, W.R., 18-0621
Roth, A.S., 15-0548
Roth, B.D., 16-0349, 19-1468
Roth, E.A., 01-0074
Roth, G.P., 10-1361, 12-0256,

12-0276
Roth, H.D., 02-0259, 02-0264,

05-0318, 05-0395, 07-0001,
12-0384, 12-0385, 15-2322,
18-0469, 18-0470

Roth, J.A., 11-0650
Roth, M., 15-0066

Roth, P., 15-1895, 15-2119
Roth, W., 04-0068, 12-0655
Roth, W.R., 05-0290, 10-0175,

15-2232, 18-0526, 18-0538,
18-0551, 18-0552, 18-0554,
18-0559, 18-0590, 18-0631,
18-0633, 18-0849

Rothbard, J., 19-0601
Rothenberg, G., 13-0481,

14-0085
Rothenberg, M.E., 10-0084
Rother, H., 15-2219
Rothgery, E.F., 15-2283
Rothman, E.S., 16-1694
Rothrock, T.S., 18-0179
Rothstein, S.D., 13-0195
Rothwell, I.P., 15-0973
Rotinov, A., 17-0131
Rotiroti, L., 11-0285
Rotstein, D., 19-1295
Röttele, H., 02-0274,

02-0314
Rotter, H.W., 08-0084
Rottländer, M., 10-1406
Rouden, J., 16-0436, 16-1765,

16-1925
Rouessac, A., 15-2086
Rouessac, F., 15-2086
Rouget, E., 16-0531
Rouillard, M., 19-1245
Roulleau, F., 16-1713
Roumestant, M., 10-1435
Roumian, C., 10-0833
Rounds, W.D., 16-0137,

16-1775
Roush, W.R., 04-0124, 15-1980,

16-0493, 16-0561, 16-0699,
16-0706, 16-0710

Rousseau, A.D., 07-0054
Rousseau, B., 15-0581, 19-0905
Rousseau, G., 15-0234,

15-1587, 15-1592, 15-1857,
16-1275, 19-0240

Roussel, A., 15-2213
Roussel, C., 03-0015, 04-0505,

09-0065, 09-0068
Roussel, M., 19-0725
Rousset, C.J., 12-0617,

15-0799, 15-0864
Rousset, L., 15-1065
Rousset, S., 12-0272
Routier, S., 19-1627
Routledge, A., 15-1243
Rouvray, D.H., 04-0260
Roux, M.C., 15-1111
Roux-Schmitt, M., 16-1213
Rovira, C., 05-0256
Rovis, T., 15-1368, 15-1368,

15-1370, 16-0723, 16-0724,
16-0726, 16-0733, 16-1985,

16-1986, 16-1990, 19-0704,
19-1386

Rowan, S.J., 03-0185
Rowe Jr., C.A., 12-0063
Rowe, D.J., 16-1278
Rowe, J.R., 14-0138
Rowe, K., 18-0432
Rowe, K., 18-0432
Rowland Jr., S.P., 12-0094
Rowland, B.I., 18-0876
Rowland, C., 05-0285
Rowland, F.S., 18-0070,

18-0224
Rowland, N.E., 02-0274
Rowland, S.P., 02-0398
Rowlands, D.A., 11-0445
Rowlands, M., 12-0332
Rowley, A.G., 16-1323,

19-1420, 19-1424, 19-1546,
19-1603

Rowley, D.H., 18-0852
Rowsell, E., 13-0440
Roy, A., 13-0441
Roy, A.H., 13-0318
Roy, C.D., 17-0390
Roy, D.A., 14-0353
Roy, F., 11-0041
Roy, G., 16-1241
Roy, J., 18-0744
Roy, P., 12-0198
Roy, R.R., 16-1707
Roy, S., 14-0285, 14-0425,

14-0426, 16-0715, 16-2121,
19-0447

Roy, S.C., 11-0246, 11-0247,
12-0635, 15-0255, 16-0177,
16-0646

Roy, U.V., 15-2218
Royer, A.C., 15-1588
Royo, A.J., 15-2038
Royo, J., 19-0799
Rozantsev, E.G., 05-0228,

05-0255
Rozantsev, G.G., 05-0327
Rozas, I., 08-0012
Rozen, S., 10-1003, 10-1041,

11-0266, 11-0291, 11-0312,
11-0537, 12-0111, 12-0137,
12-0138, 14-0129, 14-0133,
14-0134, 14-0136, 15-1519,
15-1545, 15-1582

Rozenberg, V.I., 16-0687
Rozental, E., 10-0023, 19-0158
Rozhkov, I.N., 14-0130,

15-1109, 15-1622
Rozhkov, V.V., 11-0180
Rozsondai, B., 05-0227
Rozwadowska, M.D., 16-1499
Ruane, M., 17-0070, 17-0072,

17-0077

2124 AUTHOR INDEX



Ruano, J.L.G., 10-1800,
15-1334, 15-2150

Ruano, M., 10-1472
Ruasse, M., 05-0378, 09-0021,

15-0012, 15-0014, 15-0016,
16-2140

Ruasse, M.-F., 19-0815
Ruban, S.G., 14-0116
Rubenstein, P.A., 08-0059
Rubin, A.E., 15-1696
Rubin, M., 10-1432, 10-1784,

15-0738, 15-0843, 15-2357,
15-2379, 19-1451

Rubin, M.B., 07-0044, 15-2320
Rubin, R.M., 18-0640
Rubina, M., 15-0803, 15-2379,

10-1069
Rubino, M.E., 15-1766
Rubinshtein, B.I., 14-0164
Rubinstein, H., 15-1866
Rubio, E., 15-0357
Rubio, V., 16-1413
Ruble, J.R., 18-0637
Rubottom, G.M., 12-0157,

14-0253, 16-0838, 19-0010,
19-0311, 19-0479

Rubow, M., 15-1636, 15-1637
Rucando, D., 10-1792, 15-2436
Ruch, R.R., 19-0976
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Savéant, J.-M., 13-0052,
13-0056

Savedoff, L.G., 10-0334
Savel’yanov, V.P., 10-1089
Savel’yanova, R.T., 10-1089
Savelli, G., 10-0407, 10-0701,

11-0470, 15-1681, 15-1819
Savelova, V.A., 16-2155,

16-2170
Savenko, T.V., 15-1735
Savenkov, N.F., 15-1652
Savige, W.E., 19-0790
Savignac, M., 15-0774,

15-0977, 19-1622, 19-1622
Saville, B., 10-0838, 12-0715
Savin, V.I., 04-0044, 16-0530
Savinykh, Yu.V., 10-0315
Savle, P.S., 15-1840
Savoia, D., 12-0693
Sawa, Y., 12-0535, 15-1343
Sawada, A., 19-1298, 19-1308
Sawada, D., 16-1439
Sawada, M., 05-0378, 10-0063,

10-0170, 10-0329
Sawada, S., 04-0459
Sawada, T., 10-0507, 15-2304
Sawada, Y., 18-0904
Sawaguchi, M., 10-1044,

10-1045, 15-1520, 15-1548
Sawaki, R., 16-0714
Sawaki, Y., 15-1786, 18-0375,

19-0322, 19-0383
Sawama, Y., 18-0139
Sawamoto, H., 15-1115
Sawamura, M., 16-1190
Sawaya, H.S., 16-1289
Sawistowska, M.H., 15-0484
Sawyer, D.T., 19-0609
Sawyer, J.S., 12-0568, 13-0167,

15-2353
Sawyer, R., 19-0645
Sawyer, T.K., 16-1823
Saxena, I., 16-0358
Saxena, M.P., 19-0352
Saxena, N., 19-0560
Saxton, R.G., 02-0239
Sayal, P.K., 19-0471
Sayama, S., 17-0293
Sayce, I.G., 19-0005
Sayed, S.H., 15-1720
Sayer, J.M., 16-0099, 16-0316,

16-0317
Sayigh, A., 10-0012
Sayigh, A.A.R., 16-2071
Sayles, D.C., 10-1227
Sayo, N., 15-0611, 19-1027
Sayrac, T., 02-0204, 14-0258

2130 AUTHOR INDEX



Sayre, L.M., 12-0041
Sbarbati, N.E., 12-0535
Scafato, P., 15-1136, 16-0687
Scaiano, J., 07-0001
Scaiano, J.C., 05-0113,

05-0285, 07-0001, 07-0047,
14-0097, 14-0118, 14-0216,
18-0073

Scaiano, J.J., 05-0310
Scalzi, F.V., 12-0168
Scamehorn, R.G., 13-0594,

18-0198
Scamuzzi, B., 10-0790
Scanio, M.J.C., 15-2435
Scanlan, T.S., 10-0802
Scannon, P.J., 08-0069,

08-0074
Scarborough Jr., R.M., 10-0801,

19-0590
Scardovi, N., 15-0225
Scarpati, R., 15-1941
Scarpello, J.T., 13-0402
Scarpi, D., 16-0687, 19-1022
Scartozzi, M., 15-0384
Scattergood, A., 12-0465,

12-0467
Scerer Jr., K.V., 18-0463
Scettri, A., 15-1558, 15-1818,

16-0756, 19-0080, 19-0732,
19-0735, 19-0823

Schaad, L.J., 02-0095, 02-0107,
02-0223, 03-0001, 12-0099

Schaaf, T.K., 15-1585
Schaafsma, S.E., 16-0043
Schaal, W., 07-0118
Schaap, A., 10-1536, 15-2159
Schaap, A.P., 15-2164
Schaap, L.A., 15-0722
Schaart, B.J., 12-0604
Schaasberg-Nienhuis, Z.R.H.,

11-0204
Schachtschneider, J.H.,

15-2199, 18-0500
Schade, C., 05-0072, 05-0131,

05-0146, 12-0396, 12-0550,
15-1636

Schade, G., 16-1287
Schade, O., 05-0207
Schade, P., 02-0320
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Seçen, H., 10-0939
Sfouggatakis, C., 18-0905
Sfulcini, A., 15-0961
Sha, C., 16-0542
Sha, C.-K., 15-0908, 15-1246,

15-1249
Shaabani, A., 19-0149, 19-0565,

19-0566, 19-0808
Shaafi, E., 19-0092
Shaapuni, D.Kh., 19-1360
Shabana, R., 16-0211, 19-1791
Shabangi, M., 19-1302, 19-1671
Shackleton, T.A., 15-0515
Shadakshari, U., 15-1139
Shaefer, C.G., 19-1098
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Solladié, N., 03-0181
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Šunjić, V., 04-0146, 10-0891,

15-0597
Sunkel, J., appendixA-0024,

appendixA-0023
Sunko, D.E., 06-0069, 06-0072,

06-0076, 10-0116, 10-0120,
10-0185, 10-0208

Sunner, J., 10-0416
Sunoj, R.B., 18-0220
Suorsa, T., 03-0170
Superchi, S., 04-0114,

16-0687
Superchi, S., 19-0823
Suppan, P., 07-0032, 19-1690
Surampudi, V., 11-0157
Surapaneni, R., 15-2068
Surendra, K., 10-0546, 10-0671,

19-0200
Suresh, C.H., 02-0029, 15-0099
Suresh, S., 19-0594
Suri, J.T., 16-0917
Suri, K.A., 16-1832
Suri, O.P., 16-1832
Suri, S.C., 12-0709
Suriaatmaja, M., 19-0394
Suriano, J.A., 15-1425
Surivet, J.-P., 15-0814
Surman, P.W.J., 02-0201
Surmina, L.S., 10-1598
Suroweic, M., 19-0817
Surprenant, S., 16-1240
Surridge, J.H., 11-0297,

13-0622, 15-1536
Surville, R. De, 19-0748
Surzur, J., 10-1227, 15-0052,

18-0076, 19-0255
Suschitzky, H., 13-0460,

13-0715, 13-0717, 16-0434,
19-0010, 19-0298

Sushko, T.P., 18-0218
Suslick, K.S., 07-0066,

07-0069, 07-0070, 07-0071,
07-0072, 07-0079, 07-0081,
07-0088, 19-0525

Suslova, E.N., 15-0308,
19-1789

Süss, H.U., 02-0179, 02-0180
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Teyssié, P., 10-0638
Tezuka, H., 04-0459
Tezuka, T., 14-0032, 14-0105,

18-0549
Tezuka, Y., 01-0069, 19-0787
Thacher, A.F., 18-0551
Thadani, A., 05-0348
Thadani, A.N., 10-1423,

16-0740, 16-0741, 16-0742

AUTHOR INDEX 2157



Thakkar, M., 15-2007
Thakur, A.J., 17-0384, 19-0306
Thakur, V.V., 15-1897
thakur, A.J., 18-0313
Thakuria, J.A., 19-1757
Thaler, W.A., 14-0039, 14-0125,

14-0176, 15-0171
Thalji, R.K., 15-0927
Thalmann, A., 16-1652
Tham, F.S., 09-0111
Thamatloor, D.A., 18-0220
Thames, S.F., 10-0895
Than, C., 11-0118
Thanh, B.T., 16-1022
Thanh, G.V., 18-0773
Thanos, J., 04-0151
Thathagar, M.B., 13-0481
Thavonekham, B., 10-1345,

10-0706
Thayumanavan, R., 15-0994,

15-1004, 16-0917
Thayumanavan, S., 05-0187
Thea, S., 16-1571, 16-2146
Theaker, G., 11-0174, 11-0617
Thebtaranonth, C., 15-0052,

16-0972
Thebtaranonth, Y., 15-0052,

16-0972, 18-0386, 18-0729
Thede, K., 13-0424
Theis, M., 12-0397
Thelan, P.J., 18-0867
Theobald, D.W., 04-0316,

04-0351
Theophanides, T., 11-0453
Therien, M.J., 12-0508
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Uskoković, M., 04-0203
Usorov, M.I., 19-0441
Usov, V.A., 16-0208
Ustynyuk, N.A., 15-1959
Ustynyuk, T.K., 18-0194
Ustynyuk, Yu.A., 09-0034,

15-0280, 15-0867
Usugi, S., 15-0305
Usugi, S.-i., 10-1398
Usui, H., 10-1512
Usui, S., 04-0270
Usui, Y., 15-1662
Usuki, J., 15-1439
Usyatinskii, A.Ya., 13-0263,

13-0660
Utaka, M., 19-1021, 19-1355
Uteniyazov, K., 18-0250
Uthe, J.F., 11-0379

Utimoto, K., 15-0737, 15-0945,
15-1184, 15-1290, 16-0500,
16-0683, 16-0823, 16-0996,
16-1365, 16-1365, 16-1368,
19-1415, 19-1659

Utley, J.H.P., 11-0043, 11-0045,
14-0415

Utsonomiya, M., 15-0333
Utsugi, M., 15-2304
Utsunomiya, D., 10-0965
Utsunomiya, M., 13-0179,

15-0329, 15-0333
Uyeda, R.T., 04-0242, 12-0063
Uyehara, T., 10-0676, 15-1085,

15-1170
Uyeo, S., 18-0295
Uzan, R., 11-0010, 19-0708
Uzick, W., 05-0236, 05-0236
Uziel, J., 19-0789
Uzio, D., 05-0383, 19-0042

V’yunov, K.A., 15-0001
Vaal, M.J., 16-1538
Vaccaro, L., 10-0672, 10-0944,

10-1152, 10-1167, 15-2006,
19-1258

Vaccaro, P.H., 04-0015
Vadivel, S.K., 19-1641
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Woźniak, M., 13-0677
Wray, V., 04-0285, 10-0495
Wright, A., 18-0900
Wright, B.B., 05-0328
Wright, D.B., 15-2219
Wright, D.G., 17-0116
Wright, D.L., 18-0792, 18-0808
Wright, D.R., 17-0128
Wright, G.F., 02-0134, 16-2059
Wright, G.J., 09-0053, 11-0057,

11-0083, 11-0083, 11-0107
Wright, J.A., 15-1430
Wright, J.M., 18-0487
Wright, M., 17-0343
Wright, M.E., 10-1824
Wright, P.T., 15-2071
Wright, S.C., 02-0006, 15-0515
Wright, S.W., 16-0224
Wrighton, M., 07-0054
Wrighton, M.S., 15-0707
Wristers, J., 15-2199, 18-0500
Wroble, R.R., 19-1422
Wrobleski, A., 18-0298
Wroblewski, A.E., 04-0127,

04-0146, 15-0597
Wu, A., 14-0169, 14-0367,

16-2004, 17-0168, 17-0169,
17-0170, 18-0117, 19-1731

Wu, B., 13-0503, 15-1471
Wu, C., 11-0409
Wu, C.Y., 08-0029, 08-0031
Wu, D.K., 16-1219
Wu, E.S.C., 17-0340
Wu, F., 16-0687
Wu, G., 10-0430, 10-0444,

19-1186
Wu, H., 16-1258, 16-1362,

16-1644, 19-1263
Wu, H.-C., 19-1560
Wu, H.-H., 16-0150
Wu, H.-P., 15-0603, 15-0604
Wu, J., 09-0105, 10-0674,

10-0924, 10-1571, 13-0385,
13-0443, 16-1258, 19-1028,
19-1148

Wu, J.X., 10-1088
Wu, J.-D., 16-1067
Wu, J.-S., 10-0879
Wu, J.H., 15-1050, 15-1096
Wu, J.X., 13-0126, 13-0270
Wu, L., 10-0584
Wu, L.-L., 19-1644
Wu, M.-J., 15-0481, 15-0918

Wu, M.-S., 15-2373, 15-2387
Wu, M.-Y., 15-0933
Wu, M.H., 10-0677
Wu, M.J., 16-1671
Wu, P., 12-0370, 18-0687
Wu, Q.-Q., 16-0253
Wu, R., 16-0500
Wu, S., 04-0180, 10-1273,

10-1279, 10-1309, 15-0286,
15-0603, 15-0821, 15-0966,
17-0060, 19-1028

Wu, S.-H., 15-0508, 15-0566,
16-0662

Wu, T., 12-0598
Wu, T.-F., 15-0519, 19-1042
Wu, T.R., 16-0699
Wu, T.Y.H., 07-0118
Wu, W., 15-0422, 15-0744,

16-1155, 19-1617
Wu, W.-X., 15-0065
Wu, X., 11-0245, 19-1042,

19-1631
Wu, X.-M., 15-0985
Wu, X.-Y., 15-1773
Wu, Y., 03-0133, 10-1391,

13-0237, 15-1230, 18-0735,
19-0952

Wu, Y.-C., 16-1671
Wu, Y.-D., 15-1696, 15-1939,

15-2118, 16-1037
Wu, Y.-g., 16-1538
Wu, Y.-H., 16-1360
Wu, Y.-J., 07-0120, 13-0138,

13-0213, 13-0345
Wu, Y.-W., 18-0061, 06-0077
Wu, Z., 10-0509, 13-0005,

13-0341, 13-0711, 15-1766,
15-1768, 15-1773, 16-0444,
16-0457, 16-0459, 16-0700,
19-1199

Wu, Z.-W., 10-0879
Wuchrer, M., 18-0822
Wudl, F., 02-0356
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Wüllner, R., 18-0646
Wunderli, A., 18-0658
Wunderlich, D., 15-0723
Wunderlich, K., 10-0739
Würthwein, E.-U., 04-0070,

16-0292
Wustrow, D.J., 19-1357
Wuts, P.G.M., 10-0613,

10-0895, 16-1578, 16-1761

Wuyts, H., 12-0465
Wuyts, S., 19-0120
Wuzik, A., 13-0237
Wyatt, J.K., 18-0487
Wyatt, J.L., 05-0284
Wyatt, P.A.H., 07-0016
Wyatt, R.J., 01-0087
Wyckoff, J.C., 12-0724,

14-0065, 14-0154
Wylie, W.A., 13-0018
Wyman, B.M., 15-1513
Wyman, D.P., 14-0148
Wyman, W.E., 18-0280
Wyn-Jones, E., 04-0277,

04-0282
Wynberg, H., 04-0024, 04-0010,

04-0136, 04-0149, 04-0186,
11-0480, 14-0404, 15-0008,
15-1806, 16-0103, 16-0695,
16-2077, 16-2079, 19-1587,
19-1738

Wynn, T., 16-0643, 16-1110
Wynne, J.H., 16-0188
Wynne-Jones, K.M.A., 16-0044
Wysocki, D.C., 02-0316
Wysong, R.D., 11-0259

Xi, C., 10-1779, 15-0799, 16-
2000

Xi, F., 19-1181
Xi, Z., 15-0799, 15-1455,

15-1456
Xia, A.X., 15-0272
Xia, C., 10-0737, 19-0573
Xia, C.-G., 10-0932, 10-1163,

13-0112, 15-1288, 15-1309,
15-1319, 15-1765, 16-0420,
16-0947

Xia, G., 16-0640, 19-1684
Xia, L., 02-0392
Xia, L.-J., 10-0924
Xia, M., 10-1425, 13-0356,

13-0437
Xia, W., 12-0292, 16-0835
Xia, W.-J., 19-0082
Xia, W.J., 19-1384
Xia, X., 10-0018
Xian, M., 18-0906
Xiang, B., 05-0182, 15-2296
Xiang, J., 10-1773, 15-1405
Xiao, C., 12-0437
Xiao, D., 15-0610, 19-1155
Xiao, J., 10-1457, 13-0496,

13-0498, 15-1488, 19-1042
Xiao, J.-P., 19-0292
Xiao, L., 10-0737
Xiao, W., 16-0354
Xiao, W.-J., 15-1398, 15-1401
Xiao, Y., 09-0113, 15-2041
Xiaoding, X., 18-0826

2180 AUTHOR INDEX



Xiaofeng, G., 02-0120
Xiaohui, Z., 10-0592
Xidos, J.D., 15-2062
Xie, C., 05-0293
Xie, D., 12-0275, 13-0424
Xie, H., 15-0287, 19-0241
Xie, J.-H., 15-0604, 15-1136,

19-1028
Xie, L., 12-0098, 12-0419,

16-0977
Xie, Q., 12-0581
Xie, R., 19-1035
Xie, R.-G., 13-0206, 16-0549
Xie, W., 16-1962
Xie, X., 13-0413, 15-0772
Xie, Y., 02-0251, 18-0503
Xie, Y.-X., 13-0542, 15-2372
Xie, Y.-Y., 19-0528
Xin, X.-Q., 19-0141
Xin, Y., 10-0467, 16-0834
Xing, L., 15-0604
Xiong, H., 12-0598
Xiong, W., 16-0552
Xiong, Y., 10-0046, 13-0645
Xiu, C.-G., 19-0617
Xodo, L.E., 04-0333
Xu, B., 18-0581
Xu, C., 10-1326
Xu, C.-Z., 19-0617
Xu, D., 15-1658, 15-1693,

15-1704, 16-1825
Xu, D.Q., 10-0594
Xu, F., 15-1038
Xu, G., 13-0156, 15-0425
Xu, H., 16-0767
Xu, J., 16-0462, 16-0549,

16-0552, 16-0628, 16-0774,
19-1054

Xu, J.-H., 13-0177, 13-0558
Xu, K.-C., 16-0590
Xu, L., 10-1453, 10-1457,

15-1125, 19-0107, 19-1630
Xu, L.-W., 10-0932, 10-1163,

13-0112, 15-1288, 15-1309,
15-1319

Xu, M.-H., 19-1697
Xu, Q., 15-1379, 15-1380,

16-0687
Xu, Q.-h., 19-0919
Xu, Q.-Y., 15-1509
Xu, R., 16-0645
Xu, W., 15-2016, 16-1910
Xu, X., 15-0354, 15-1614,

15-1896, 15-1944, 16-0661,
16-0798, 16-0980, 17-0385

Xu, X.-H., 19-1644
Xu, Y., 12-0171
Xu, Y.-J., 15-1128
Xu, Y.-M., 16-0791, 16-0796,

16-0802, 16-0897

Xu, Y.;Lu, M., 19-0174
Xu, Z., 03-0133, 15-0710,

16-0549, 16-0552
Xu, Z.-B., 13-0171
Xu, Z.-N., 19-0093, 19-0094
Xu, Z.Y., 10-0594
Xue, D., 15-0575
Xue, L., 04-0349
Xuong, N.D., 11-0655

Yabe, A., 10-1229
Yabe, M., 15-1341
Yablokov, V.A., 18-0376
Yabu, M., 16-0617
Yadani, N., 10-1796
Yadav, J.C., 18-0662
Yadav, J.S., 09-0115, 10-0556,

10-0682, 10-0822, 10-0823,
10-0862, 10-0865, 10-0930,
10-0942, 10-0958, 10-0963,
10-1195, 10-1549, 10-1550,
10-1570, 10-1574, 11-0195,
11-0219, 11-0394, 11-0435,
13-0147, 13-0159, 13-0655,
14-0308, 15-1004, 15-1035,
15-1327, 15-1340, 15-1606,
15-2134, 16-0065, 16-0080,
16-0090, 16-0149, 16-0167,
16-0169, 16-0233, 16-0252,
16-0279, 16-0324, 16-0332,
16-0383, 16-0604, 16-0749,
16-0763, 16-0871, 16-0930,
16-1174, 16-1175, 16-1374,
16-1476, 16-1531, 16-1608,
16-1611, 16-1748, 16-1906,
17-0366, 17-0399, 17-0439,
18-0301, 18-0608, 19-0031,
19-0032, 19-0302, 19-0864,
19-1022, 19-1031, 19-1214,
19-1253, 19-1541, 19-1551,
19-1594, 19-1599, 19-1613,
19-1758

Yadav, L.D.S., 10-0626
Yadav, V.K., 10-1177, 11-0332,

15-0829, 15-1791, 15-1800,
16-0008

Yadav-Bhatnagar, N., 13-0224
Yadov, J.S., 16-1341
Yaeger, D.B., 15-0004, 15-0033
Yager, W.A., 05-0328, 05-0342,

05-0345, 05-0399, 05-0400
Yaghmaie, F., 15-0458
Yagi, K., 15-0158, 15-2427
Yagi, M., 19-0915
Yagihashi, F., 18-0338
Yagodin, V.G., 18-0713
Yaguchi, Y., 15-1586
Yagupol’skii, L.M., 16-0448
Yahner, J.A., 16-2038
Yajima, H., 04-0212

Yakabe, S., 12-0113, 15-0496,
15-1528, 19-0688, 19-0919

Yakebayashi, M., 13-0380
Yakobson, G.G., 11-0339,

13-0076, 13-0085, 17-0308
Yakovleva, O.P., 04-0372
Yakura, T., 18-0360
Yakushina, L.M., 15-0295
Yalovskaya, A.I., 10-1087
Yamabe, S., 10-0375, 15-0828,

15-2004, 15-2197, 16-0464,
18-0071

Yamabe, T., 05-0111, 12-0087
Yamada, C., 05-0275
Yamada, H., 18-0488, 19-1254
Yamada, I., 15-1125
Yamada, J., 15-1170, 15-1843,

16-1905
Yamada, K., 10-1129, 10-1415,

15-0828, 16-1639
Yamada, K.-i., 15-1125,

15-1297, 16-0418
Yamada, M., 10-0702, 10-1805,

15-1427, 16-0816, 16-1839
Yamada, N., 10-1797
Yamada, S., 04-0145, 12-0588,

12-0691, 12-0695, 13-0694,
16-1686

Yamada, T., 12-0546, 15-0185,
15-0569, 15-1697, 15-1886,
15-2130, 16-0731, 16-1422,
19-0029, 19-0480, 19-0661,
19-0901, 19-0923

Yamada, Y., 04-0193, 10-122,
10-1823, 12-022, 14-0279,
16-2024

Yamada, Y.M.A., 16-1043,
19-0761

yamada, M., 10-1137
Yamaga, T., 15-0621
Yamagami, M., 12-0718,

18-0884
Yamagishi, F.G., 18-0391
Yamagiwa, N., 15-1303,

16-1041
Yamago, S., 15-1974
Yamaguchi, F., 04-0169,

13-0019
Yamaguchi, H., 03-0186,

17-0369, 18-0840, 18-0843
Yamaguchi, J., 19-0287,

19-0505, 19-0507
Yamaguchi, J.-i., 16-1708
Yamaguchi, K., 03-0185,

03-0189, 03-0197, 03-0210,
05-0160, 13-0399, 15-1731,
15-1741, 15-1745, 15-1951,
16-0133, 16-1041, 16-1914,
19-0120, 19-0278, 19-0571,
19-1677

AUTHOR INDEX 2181



Yamaguchi, M., 10-0831,
10-1777, 11-0330, 12-0069,
13-0538, 15-0612, 15-0780,
15-1011, 15-1037, 15-1427,
16-1488, 16-1489, 16-1655,
16-1968, 17-0202, 18-0331,
19-0900, 19-1302, 19-1358,
19-1418

Yamaguchi, R., 10-0882,
10-0905, 11-0357, 13-0663,
15-0558, 17-0175, 19-0690

Yamaguchi, S., 04-0107,
04-0202, 16-0823,
19-0934

Yamaguchi, T., 14-0008
Yamaguchi, Y., 05-0331,

15-1136, 16-1491
Yamaichi, A., 15-1114
Yamaji, M., 10-0712
Yamakawa, K., 16-0938,

16-1220, 18-0194
Yamakawa, T., 15-0750
Yamakawa, Y., 15-0280,

15-0281
Yamaki, T., 15-0804
Yamamiya, Y., 10-0704
Yamamoto H., 16-0645
Yamamoto, A., 10-1306,

10-1868, 10-1869, 10-1871,
11-0342, 12-0278, 12-0693,
14-0299, 16-0620, 16-0713,
16-1106, 16-1442, 18-0189,
19-1769

Yamamoto, C., 19-1679
Yamamoto, D., 04-0282
Yamamoto, G., 02-0322,

03-0045, 04-0507, 10-0404,
12-0344

Yamamoto, H., 10-0935,
10-1040, 10-1120, 10-1257,
10-1260, 10-1438, 10-1490,
10-1522, 10-1550, 10-1637,
10-1637, 10-1709, 11-0412,
11-0413, 12-0158, 12-0202,
12-0368, 12-0521, 14-0208,
14-0213, 15-0223, 15-0704,
15-0707, 15-0750, 15-0786,
15-0971, 15-1741, 15-2009,
15-2063, 15-2344, 16-0150,
16-0508, 16-0618, 16-0626,
16-0640, 16-0640, 16-0657,
16-0676, 16-0754, 16-0844,
16-0855, 16-1006, 16-1029,
16-1046, 16-1047, 16-1051,
16-1054, 16-1094, 16-1096,
16-1121, 16-1235, 16-1328,
16-1329, 16-1418, 16-1487,
16-1530, 16-1671, 16-1785,
16-1801, 17-0162, 17-0277,
17-0410, 18-0143, 18-0158,

18-0339, 18-0340, 18-0341,
18-0551, 19-0946, 19-0965,
19-1244, 19-1684

Yamamoto, I., 13-0314
Yamamoto, J., 16-0268,

18-0702, 18-0880
Yamamoto, K., 02-0070,

02-0303, 02-0328, 04-0079,
04-0177, 04-0468, 04-0470,
12-0537, 15-0598, 15-0742,
15-0828, 15-1665, 16-1195,
19-0690

Yamamoto, M., 15-1731,
18-0229, 18-0465, 19-0934

Yamamoto, N., 10-0672,
10-1453

Yamamoto, O., 18-0637
Yamamoto, S., 10-1375,

12-0319, 12-0473, 16-1759,
18-0440

Yamamoto, S.-y., 16-1892
Yamamoto, T., 03-0129,

04-0229, 10-1440, 10-1868,
10-1871, 12-0246, 12-0278,
13-0218, 16-0209

Yamamoto, Y., 10-0234,
10-0958, 10-1126, 10-1261,
10-1375, 10-1443, 10-1509,
10-1544, 13-0303, 13-0667,
14-0395, 15-0179, 15-0211,
15-0350, 15-0354, 15-0362,
15-0745, 15-0766, 15-0771,
15-0787, 15-0823, 15-0854,
15-0892, 15-0898, 15-0931,
15-0938, 15-0940, 15-1082,
15-1085, 15-1092, 15-1126,
15-1156, 15-1170, 15-1313,
15-1391, 15-1439, 15-2171,
15-2363, 15-2370, 15-2372,
15-2372, 15-2379, 15-2384,
15-2388, 15-2389, 15-2393,
15-2401, 16-0491, 16-0493,
16-0566, 16-0613, 16-0871,
16-0910, 16-0911, 16-1017,
16-1032, 16-1905, 18-0429,
18-0733, 19-0747, 19-0896,
19-1006, 19-1058, 19-1330,
19-1337, 19-1451, 19-1678,
19-1679

Yamamoto, Y., 15-2379
Yamamura, G.-h.,

16-1892
Yamamura, H., 15-0707,

16-0600
Yamamura, K., 03-0101,

10-1795
Yamamura, M., 10-1270
Yamamura, S., 10-1815,

19-1434
Yamanaka, H., 19-0244

Yamanaka, M., 04-0061,
14-0175, 15-0989, 15-1063,
16-0902

Yamanaka, R., 19-1022,
19-1023

Yamanashi, M., 15-0808
Yamane, M., 15-1362
Yamaoka, M., 19-1387
Yamaoka, Y., 15-0394,

10-1418
Yamasaki, A., 11-0328
Yamasaki, K., 05-0351,

13-0430, 15-1024
Yamasaki, M., 15-0983
Yamasaki, N., 15-0155
Yamasaki, R., 10-0652
Yamasaki, S., 10-1093,

15-1568, 15-1874
Yamase, Y., 11-0422, 11-0452
Yamashina, N., 12-0538
Yamashita, A., 12-0067,

19-1772
Yamashita, F., 15-0735
Yamashita, H., 15-0238,

15-0239
Yamashita, K., 10-0882,

12-0087, 15-1457
Yamashita, M., 10-1304
Yamashita, M., 10-1453,

10-1654, 10-1697, 10-1815,
10-1817, 10-1845, 12-0532,
12-0540, 13-0617, 16-0086,
18-0352, 19-1119, 19-1606,
19-1670

Yamashita, S., 16-0645
Yamashita, T., 10-0729,

10-0965, 16-1990
Yamashita, Y., 15-1935,

15-2128, 16-1121, 16-1124
Yamataka, H., 05-0314,

06-0067, 10-0027, 10-0170,
10-0202, 16-0530, 16-0535,
16-0538, 16-1294, 19-0974

Yamatake, T., 19-0475
Yamato, E., 17-0459
Yamato, M., 04-0275, 05-0351
Yamauchi, A., 12-0720
Yamauchi, H., 19-1254,

15-0923, 19-0650
Yamauchi, S., 16-0452, 19-0922
Yamaura, Y., 12-0386
Yamawaki, J., 10-0171,

10-0971, 16-2045, 19-0106
Yamazaki, A., 10-1779
Yamazaki, H., 10-1719,

13-0615, 15-1262, 15-2236,
15-2247, 15-2405, 15-2405,
19-0899, 19-1306

Yamazaki, J., 14-0096
Yamazaki, N., 16-0436

2182 AUTHOR INDEX



Yamazaki, O., 13-0321,
13-0327

Yamazaki, S., 15-0828,
15-2197, 16-0464, 19-0275,
19-0276, 19-0281, 19-0287,
19-0420, 19-0636, 19-0800

Yamazaki, T., 10-0678,
10-1558, 15-0849

Yamazaki, Y., 19-0276
Yambushev, F.D., 04-0044
Yamdagni, R., 08-0224,

08-0225, 08-0226, 08-0227
Yampolsky, I.V., 16-1969,

16-1970
Yamshita, Y., 16-0935
Yan, J., 04-0130, 10-0509,

19-0341, 19-1199
Yan, L., 04-00399
Yan, M., 13-0206, 15-1133,

15-1136, 15-1138, 15-1509
Yan, S., 05-0372, 12-0346,

16-0278
Yan, T.-H., 16-1029, 16-1030,

16-1360, 19-1314, 16-1359
Yan, W., 16-0552
Yan, W.-J., 16-0549
Yan, Y.-L., 12-0145, 15-0867,

15-0891
Yanada, K., 10-0827, 16-1525,

17-0373, 17-0377, 10-0827
Yanada, R., 15-0922, 15-0922,

15-0923, 15-1670, 16-1525,
17-0373, 17-0377

Yanagi, J., 04-0470
Yanagi, K., 10-0691
Yanagi, T., 13-0471, 16-1657
Yanagi, T., 19-1035
Yanagihara, H., 10-1869
Yanagihara, K., 02-0303,

02-0328
Yanagihara, R., 03-0149,

11-0507
Yanagisawa, A., 10-0935,

10-1260, 10-1490, 10-1550,
16-0618, 16-0640, 16-0657,
16-0754, 16-0844, 16-1006,
16-1121

Yanagisawa, K., 10-1270
Yanagisawa, M., 19-0243
Yanagisawa, Y., 19-0689
Yanai, H., 10-1822
Yanase, M., 19-0169
Yanchang, S., 02-0090
Yandovskii, V.N., 10-1035,

18-0136, 19-0786
Yanella, J., 11-0257
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Záhorszky, U.I., 19-1571,

19-1573, 19-1573
Zahouily, M., 15-1029, 15-1328
Zahra, J., 19-1658
Zahradnik, R., 02-0191,

07-0003, 10-0344
Zaidi, S., 16-1709
Zaidlewicz, M., 15-0644,

15-0677
Zaikov, G.E., 19-0345, 19-0357,

19-0359
Zajac Jr., W.W., 19-0321,

19-0751
Zajdel, W.J., 05-0124, 10-1720
Zakharkin, L.I., 12-0481,

12-0616, 15-1600, 19-1111,
19-1115, 19-1124, 19-1391,
19-1767

Zakharov, V.I., 15-1315
Zakharov, V.P., 11-0496
Zaklika, K.A., 15-2159
Zalar, F.V., 12-0679
Zalesov, V.S., 16-2047
Zalesskaya, T.E., 18-0182
Zalewski, R.I., 08-0119
Zali-Boinee, H., 18-0321
Zamashchikov, V.V., 10-0202,

10-0278, 10-0424, 10-0425
Zambianchi, F., 15-1758,

19-0759
Zamboni, R., 15-0296
Zambrano, J.L., 19-0432
Zamecka-Krakowiak, D.J.,

03-0101
Zamir, D., 11-0291, 11-0537
Zamojski, A., 04-0119
Zanardi, E., 16-0984

Zanardi, F., 16-0984
Zanardi, G., 18-0073
Zanardi, J., 16-1384
Zanda, M., 19-1036
Zander, M., 02-0136
Zandomeneghi, M., 04-0063,

04-0155
Zanette, D., 10-0529
Zang, G., 18-0463
Zang, H.-J., 16-1173, 19-1646
Zanger, M., 15-1513, 16-1304
Zanini, M.L., 13-0401
Zanirato, P., 12-0512
Zank, G.A., 16-0213
Zanka, A., 11-0252, 19-1089
Zanobini, F., 15-0279
Zanon, J., 13-0275
Zanoni, B., 18-0194
Zanotti-Gerosa, A., 19-1028
Zanotto, S.P., 16-1632
Zaparucha, A., 15-1039
Zapata, A., 17-0485
Zapf, A., 10-1297, 13-0274,

13-0288, 13-0399, 13-0483
Zapf, L., 19-1286
Zaporowski, L.F., 12-0069
Zappia, G., 13-0230
Zara, C.L., 12-0634
Zarakhani, N.G., 18-0320
Zard, S.Z., 14-0283, 14-0420,

14-0434, 15-0385, 15-1209,
16-1504, 16-1505, 17-0237,
19-0437, 19-1246, 19-1250

Zare, R.N., 05-0332
Zarei, A., 11-0201
Zaret, E.H., 14-0224
Zareyee, D., 19-1608
Zarkadis, A.K., 05-0236,

11-0433
Zarkowsky, D.S., 10-1086,

16-1883
Zaro, J., 18-0397
Zartler, E.R., 04-0130
Zass, E., 12-0035
Zaugg, H.E., 10-0341, 10-1582,

11-0515, 16-0385, 16-1851
Závada, J., 17-0007, 17-0015,

17-0018, 17-0021, 17-0022,
17-0024, 17-0025, 17-0026,
17-0029, 17-0030, 17-0031,
17-0096, 17-0260

Zaveri, N.T., 11-0428
Zavitsas, A.A., 02-0039,

01-0091, 14-0059, 14-0262
Zaw, K., 19-0721
Zawadzki, S., 10-0907,

10-0971, 19-1275
Zawalski, R.C., 12-0719
Zaworotko, M.J., 12-0372
Zaytsev, A., 15-1940

2186 AUTHOR INDEX



Zbinden, H., 15-0459
Zbiral, E., 16-1255
Zderic, S.A., 19-1053
Zdravkova, M., 05-0263
Zdravkovski, Z., 16-1782
Zdunek, L.Z., 08-0019
Zebarjadian, M.H., 19-0039
Zecchi, G., 15-1930,

appendixA-0032
Zechel, C., 16-1823
Zechman, A.L., 15-2266
Zecri, F.J., 16-1312
Zee, S., 15-0646
Zeegers-Huyskens, T., 03-0033
Zeeh, B., 10-1621, 15-2292,

18-0234
Zefirov, N.S., 01-0029, 04-0285,

04-0333, 04-0360, 04-0363,
04-0372, 04-0437, 04-0463,
10-0762, 10-0763, 10-1598,
15-0010, 15-0021, 15-0045,
15-0186, 15-0280, 15-1541,
15-1572, 15-1580, 15-1615,
15-1850

Zefirov, Yu.V., 04-0499
Zegrocka, O., 19-1137
Zehnder, M., 15-0066, 15-0752,

18-0480
Zeid, I., 17-0224
Zeifman, Yu.V., 16-0041
Zeiler, A.G., 17-0522, 17-0523,

17-0524
Zeilstra, J.J., 19-1252
Zeiss, G.D., 02-0052
Zeiss, H., 03-0090
Zeitz, H.-G., 14-0092
Zelenina, N.L., 17-0446
Zelle, R.E., 16-1583
Zeller, J., 10-0138
Zeller, K., 17-0502, 18-0211,

18-0224
Zeltz, H.-G., 05-0242
Zemskov, S., 11-0310, 12-0111,

14-0131
Zeng, F., 12-0296
Zeng, X., 10-0061
Zeni, G., 12-0290, 12-0291,

13-0368, 15-0944, 15-1325,
16-0687

Zens, A.P., 04-0212
Zepp, C.M., 19-1032
Zepp, R.G., 07-0048
Zerbetto, F., 03-0196, 10-0854
Zercher, C.K., 12-0387, 15-

2352, 16-1138, 18-0790
Zergenyi, J., 17-0456
Zerth, H.M., 16-0764, 16-1671
Zetina-Rocha, C., 15-1117
Zetterberg, K., 15-0328,

15-0329

Zewall, A.H., 06-0013
Zewge, D., 10-1128
Zeynizaded, B., 15-2420
Zeynizadeh, B., 10-0667,

17-0431, 19-0856
Zezza, C.A., 15-2061, 16-0962
Zha, Z., 16-0654, 16-0661
Zhadonva, M.P., 16-0281
Zhai, H., 11-0309
Zhan, B.-Z., 19-0120, 19-0121
Zhan, Z.-P., 15-1249, 19-0858
Zhang, A., 12-0292, 13-0272,

13-0276, 16-1881
Zhang, C., 11-0442, 15-0380,

15-1778
Zhang, C.-R., 19-1635
Zhang, D., 16-0939
Zhang, D.Y., 05-0286
Zhang, D.-W., 19-0402
Zhang, F., 12-0285
Zhang, F.-M., 13-0162,

16-0298, 19-1673
Zhang, F.-Y., 15-1807, 16-0680,

16-1123
Zhang, F.J., 02-0272
Zhang, F.M., 19-1384
Zhang, G., 16-1427, 16-1428,

16-1433, 16-1438
Zhang, G.-L., 13-0206
Zhang, G.-S., 16-0063, 16-0094,

16-1671
Zhang, H., 10-1454, 13-0202,

13-0401, 13-0481, 15-2064,
16-1369, 19-0784

Zhang, H.-C., 15-2390,
15-2425, 19-0950

Zhang, H.-L., 16-0865
Zhang, J., 02-0126, 10-0844,

10-1776, 13-0353, 13-0701,
15-0287, 15-0657, 15-1004,
16-0831, 19-1077

Zhang, L., 13-0498, 15-0826
Zhang, L.C., 16-0761
Zhang, L.H., 12-0171
Zhang, M., 16-1644, 16-2072
Zhang, M.-H., 15-2004
Zhang, N., 13-0503
Zhang, O.Z., 13-0701
Zhang, P., 16-1946
Zhang, P.-F., 16-1279
Zhang, Q., 10-1472, 13-0700,

15-1944, 19-1054
Zhang, R., 10-1453, 13-0408,

15-1741
Zhang, S., 12-0285, 13-0700,

13-0701, 15-1690, 19-0241,
19-1630

Zhang, S.-W., 15-1407,
15-1468, 15-1469, 15-1470

Zhang, S.-Y., 15-1690, 15-1706

Zhang, S.B., 15-0272
Zhang, T.Y., 13-0401, 13-0481
Zhang, W., 04-0035, 13-0475,

15-1137, 15-1244, 15-1251,
15-1827, 15-1885, 16-0682,
18-0246, 18-0800

Zhang, W.-C., 16-0481,
16-0482, 19-1664

Zhang, W.-X., 10-1173
Zhang, X., 15-0412, 13-0415,

13-0477, 13-0571, 15-0228,
15-0425, 15-0603, 15-0606,
15-0610, 15-0611, 15-0775,
15-0820, 15-0821, 15-0845,
15-1298, 15-1767, 15-2017,
16-0344, 18-0689, 19-0050,
19-0584, 19-1028, 19-1155,
19-1265

Zhang, X.-D., 13-0542
Zhang, X.-L., 15-1693
Zhang, X.-M., 01-0102,

01-0105, 01-0106, 05-0266,
08-0056, 16-0865

Zhang, X.-X., 03-0115
Zhang, X.P., 15-1898, 16-1371
Zhang, X.-L., 15-1704
Zhang, Y., 04-0403, 07-0118,

10-0735, 10-0844, 10-0997,
11-0371, 11-0372, 12-0158,
12-0373, 12-0652, 13-0378,
13-0539, 13-0548, 14-0188,
14-0403, 15-0356, 15-0579,
15-0721, 15-0734, 15-2414,
16-0653, 16-0851, 16-0872,
16-0884, 16-0957, 16-0981,
16-1008, 16-1362, 16-1612,
16-1613, 16-1910, 16-1969,
16-1990, 16-1996, 16-2175,
17-0385, 18-0361, 19-1190,
19-1263, 19-1269, 19-1385,
19-1584, 19-1585, 19-1648

Zhang, Y.-K., 05-0214, 10-0768
Zhang, Y.-L., 16-1012
Zhang, Y.J., 15-0604
Zhang, Y.-X., 19-1032
Zhang, Y.Z., 15-0786
Zhang, Z., 10-1669, 11-0436,

13-0558, 13-0700, 15-0610,
15-0845, 15-0846, 15-1034,
15-1101, 16-1644, 16-1712,
16-1985, 17-0216

Zhang, Z., 19-1028
Zhang, Z.-H., 10-0553
Zhang, Z.-Y., 19-0291
Zhang, Z.H., 16-0170
Zhang, Z.J., 18-0759
Zhao, C., 04-0112, 15-2245,

15-2340, 19-1054
Zhao, C.-G., 15-1773, 19-0237
Zhao, C.-Q., 15-0376

AUTHOR INDEX 2187



Zhao, C.-Y., 04-0403
Zhao, C.H., 16-0875
Zhao, D., 18-0720
Zhao, F., 13-0408
Zhao, G., 10-1387, 13-0700,

15-0422, 16-0687, 16-0777,
16-1155, 19-1035, 19-1040

Zhao, H., 10-1547, 19-1206
Zhao, J., 11-0309, 16-0834,

19-1660, 19-1675
Zhao, K., 10-0564, 16-1282
Zhao, L., 10-0582
Zhao, M., 19-0673, 19-0678
Zhao, M.W., 10-1086, 16-1883
Zhao, P., 12-0090, 16-0977,

16-0977, 17-0309
Zhao, P.-Q., 10-0932, 10-1163
Zhao, S., 15-1471
Zhao, S.-W., 01-0111
Zhao, X., 01-0109, 04-0191
Zhao, Y., 07-0082, 13-0401,

13-0481
Zhao, Y.J., 08-0133
Zhao, Z., 19-0174
Zhdamarova, V.N., 13-0107
Zhdankin, V.V., 10-0762,

10-0763, 15-0010, 15-1572
Zhdanov, Y.A., 02-0378
Zhdanov, Yu.A., 18-0893
Zheng, B., 12-0070, 19-1353
Zheng, C.Y., 15-1523
Zheng, F., 18-0093
Zheng, J., 16-0810, 19-1039
Zheng, K., 18-0475
Zheng, M., 15-2004
Zheng, O., 19-0055
Zheng, P., 19-0174
Zheng, Q.-C., 19-0209
Zheng, Q.-G., 10-0701,

10-0869, 11-0241, 16-1773
Zheng, Q.G., 10-1475, 16-1170
Zheng, T.-C., 10-0728
Zheng, X., 16-0981, 16-1852
Zheng, X.-Q., 19-0816
Zheng, Y., 16-0653
Zheng, Y.-S., 15-1779
Zheng, Z., 10-1453, 15-0428,

15-0604, 15-1137, 15-1885,
15-2301, 16-1433

Zhigareva, G.G., 15-1600
Zhil’tsov, S.F., 12-0620
Zhmurova, I.N., 16-1811,

19-1273
Zhong, G., 16-0415, 16-1037
Zhong, H.M., 10-1026
Zhong, P., 15-0303, 15-0441,

19-0802
Zhong, Q., 15-2004
Zhong, Y.-L., 17-0297, 19-0624
Zhong, Y.-W., 19-1697

Zhong, Z.-L., 03-0123
Zhou, B., 07-0052
Zhou, C., 15-0960, 16-0654,

16-0964
Zhou, D.-Y., 15-1399, 15-1461
Zhou, H., 10-1546, 15-1136,

19-0970, 19-0972, 19-1035
Zhou, J., 10-1384, 10-1406,

13-0351, 16-0558
Zhou, J.-F., 16-0054
Zhou, J.-R., 16-0658
Zhou, J.-Y., 16-0662
Zhou, L., 15-0921, 16-1644,

19-1190, 19-1601
Zhou, M., 16-1945
Zhou, Q.-L., 10-1386, 15-0604,

15-1136, 15-1885, 15-2298,
19-1028

Zhou, Q.J., 11-0462
Zhou, R., 19-0894
Zhou, S.-L., 15-1288, 15-1309,

15-1319
Zhou, S.-m., 12-0281
Zhou, T., 11-0188, 11-0499
Zhou, W., 15-1822, 15-1885,

19-0894
Zhou, X., 10-0801, 13-0359
Zhou, X.-G., 19-0549
Zhou, Y., 13-0401, 13-0481,

16-0738
Zhou, Y.-F., 16-0549
Zhou, Y.-G., 10-1173, 15-0527,

16-0344, 16-0911
Zhou, Y.-M., 19-0141
Zhou, Z., 02-0095, 02-0110,

11-0086, 15-0911, 16-0777
Zhou, Z.-Y., 15-2295, 19-1028
Zhou, Z.Y., 15-1844
Zhu, C., 16-2078, 19-0823
Zhu, C.Y., 04-0177
Zhu, D., 10-1170
Zhu, F., 16-0147
Zhu, G., 15-0606, 15-0846
Zhu, J., 11-0436, 15-0415,

15-0519, 15-0575, 15-1810,
18-0362

Zhu, J.-L., 10-1494
Zhu, L., 12-0599, 16-1521
Zhu, M., 15-2436
Zhu, N.-Y., 13-0401, 15-0867
Zhu, Q., 13-0443
Zhu, Q.-C., 19-1154
Zhu, S., 15-0979
Zhu, S.-F., 10-1386, 15-0604,

19-1028
Zhu, X.-Z., 10-1468
Zhu, Y., 12-0100, 19-0971
Zhu, Y.-F., 13-0430
Zhu, Z., 05-0351, 05-0402,

10-0582, 10-0645, 19-0744

Zhuang, W., 16-0384
Zhulin, V.M., 14-0164
Zhun’, I.V., 16-1970
Zia-Ullah, 10-1081
Zibuck, R., 19-0742
Zief, M., 04-0150, 04-0171
Ziegenbein, W., 10-1680,

10-1765, 12-0416, 16-1183,
17-0252, 17-0311

Zieger, H.E., 10-1797
Ziegler, E., 11-0406
Ziegler, F.E., 16-1459, 18-0654,

18-0663, 18-0673
Ziegler, T., 15-1494, 17-0392
Ziehn, K., 17-0459, 17-0484
Zielinski, T.J., 12-0087
Ziemnicka-Merchant, B.T.,

15-2282
Zierke, T., 16-0709
Ziessel, R., 05-0291
Zil’berman, E.N., 11-0526,

16-0120, 16-0139, 19-1180
Zilkha, A., 03-0194
Ziller, J.W., 18-0766, 18-0829
Zim, D., 13-0177, 13-0475,

13-0484
Zimmer, H., 19-0266
Zimmer-Gasser, B., 04-0513
Zimmerman, H.E., 01-0001,

02-0336, 15-0538, 15-0539,
15-2108, 16-1216, 17-0408,
18-0120, 18-0477, 18-0574,
18-0590, 18-0641, 18-0848,
18-0849, 18-0850, 18-0852,
18-0853, 18-0853, 18-0854,
18-0855, 18-0860, 18-0861,
18-0862

Zimmerman, J., 14-0030
Zimmerman, W.T., 17-0271
Zimmermann, A., 15-2382
Zimmermann, C., 12-0610
Zimmermann, G., 02-0360,

04-0271, 14-0064
Zimmermann, H., 04-0382,

15-1183, 16-1551, 18-0619,
18-0637

Zimmermann, K., 10-0855
Zimmermann, M., 16-1282
Zimmt, M.B., 05-0369
Zink, J.I., 07-0012
Zinn, F.K., 15-1077
Zinovyev, S., 13-0406
Zippel, M., 16-1000, 17-0416
Zirnstein, M.A., 08-0089,

08-0186
Ziurys, L.M., 08-0197
Zlokazov, M.V., 15-1480
Zmuda, H., 18-0746, 18-0750
Zoebisch, E.G., 02-0018
Zoghaib, W.M., 19-0943

2188 AUTHOR INDEX



Zohar, E., 15-0500
Zohdi, H.F., 18-0026
Zolfigol, M.A., 10-0642,

11-0127, 11-0134,
11-0134, 12-0698, 12-0705,
16-0096, 16-1684, 16-2054,
19-0034, 19-0035, 19-0038,
19-0039, 19-0087, 19-0860

Zollinger, H., 05-0068, 07-0003,
09-0064, 11-0006, 11-0008,
11-0009, 11-0028, 11-0105,
11-0165, 11-0166, 11-0167,
11-0168, 11-0170, 13-0013,
13-0027, 13-0028, 13-0032,
13-0034, 13-0035, 13-0036,
13-0685, 13-0704, 13-0748,
14-0350, 19-1561

Zolopa, A.R., 10-1759
Zoltewicz, J.A., 10-0656,

10-0854, 13-0001, 13-0003,
13-0677

Zon, G., 18-0844
Zondervan, C., 19-0536
Zook, H.D., 05-0128, 10-0343,

10-0490, 10-1622, 12-0420,
12-0660, 16-0514, 18-0180

Zora, M., 18-0479, 18-0624
Zorc, B., 19-0217
Zordan, M., 16-0645
Zoretic, P.A., 12-0241
Zorkii, P.M., 04-0499
Zorzan, D., 11-0654, 13-0480
Zou, B., 16-1962
Zou, G., 10-1420, 13-0346
Zou, Y., 13-0138, 13-0228

Zountsas, J., 04-0471
Zradni, F.-Z., 16-1832
Zrinski, I., 02-0082
Zschunke, A., 18-0540
Zubairi, Md.O., 19-1103
Zubarev, V.E., 05-0211
Zuberbühler, A.D., 14-0200
Zuberi, S.S., 11-0314
Zubiani, G., 12-0585, 16-0499,

16-0500
Zubieta, J., 12-0402, 14-0200
Zucchi, C., 12-0322
Zucco, C., 02-0402, 11-0495,

12-0097, 12-0672, 13-0019,
16-1863

Zuckerman, J.J., 01-0015,
01-0089, 04-0264, 04-0268,
05-0208, 05-0219, 12-0001,
12-0388, 12-0549, 12-0559,
12-0594, 12-0615, 13-0656,
15-0873

Zuercher, W.J., 18-0832
Zuev, P.S., 05-0328, 05-0355,

15-2315
Zueva, L.D., 18-0317
Zugravescu, I., 12-0414
Zuidema, L.J., 14-0209
Zuika, I.V., 03-0049
Zukerman-Schpector, J.,

19-0581
Zuman, P., 06-0043, 06-0049,

06-0052, 06-0053
Zumpe, F.L., 10-1467, 18-0701
Zundel, G., 03-0001
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_Zurawiński, R., 10-0841
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SUBJECT INDEX

The vast use of transition metal catalysts led to limited citations of individual metals. In many cases, the
term metal catalysis, or catalysts, metal is used as a general heading for several different metals. The term
organometallics is used in many cases to include Grignard reagents or organolithium reagents.

a-effects, and nucleophilicity,
0495

a-methoxy-a-
trifluoromethylphenyl
acetic acid (MTPA),
see Mosher’s acid

A-SE2 mechanism, 0528
A-SE2 reactions, 0525
A1 mechanism, acetal

hydrolysis, 0525
ab initio calculations, 0035

1,2-alkyl shifts in alkyne
anions, 1579

and acidity, 0358
and nonclassical

carbocations, 0451
and protonated of

cyclopropanes, 1027
and SN2 reactions, 0430
arenium ions, 0662
carbocation stability, 1003
E2 mechanism, 1478
norbornyl carbocation, 0463
rate of cyclopropylcarbinyl

radical rearrangement,
0945

transition state for radical
hydrogen abstraction,
0943

abnormal Beckmann
rearrangement, 1615

absolute configuration, see
enantiomers, chirality,
stereogenic, chiral

absolute configuration, and
biochemical methods,
0159, 0162

and Mosher’s acid, 0159,
0160

and NMR, 0160–0162
Cahn-Ingold-Prelog system,

0155–0158
absolute hardness, 0377, 0379
absolute hardness, table, 0379
absorption, and conjugation,

0332, 0333
differential, 0175

abstraction, and vinylic
hydrogenation, 0947

benzylic hydrogens, by
radicals, 0947

by radicals, 0807
divalent atoms, 0943

abstraction, of hydrogen,
photochemical, 0347

by halogen radicals, 0955
by nitrenes, 0295
by radicals, ab initio study,

0943
by radicals, and

rearrangements, 1574
radical, and stereoelectronic

effects, 0949
selectivity by radicals, 0945
selectivity of bromine versus

chlorine radicals, 0955
stereoselective, 0949

abstraction, of atoms by
radicals, 0938

of atoms from radicals, 0280
of radicals, 1011
radical, and alkenes, 0945
radical, transition state,

0939

acceleration, of the Diels-Alder
reaction, 1198

acceptors, in the benzoin
condensation, 1397

acenaphthylene, addition of
DBr, 1006

acenes, 0087, 0088
acenes, zigzag, 0088
acepentalenes, radical ions,

0282
acetal formation, mechanism,

1271
acetaldehyde, and paraldehyde,

1460
rational barrier, 0201

acetals, acid catalyzed
hydrolysis, 0524

and Lewis acids, 0526, 0527
and transacetalization, 1272
as protecting groups, 1271
based induced elimination to

enol ethers, 1516
dimerization, 0618
formation of thioacetals,

0551
from alcohols and aldehydes,

1270
from amides, 0797
from Grignard reagents, 0616
from ortho esters, 0616
from oxidation of hydroxy

ethers, 0966
hydrolysis, 0523
hydrolysis and Brønsted

coefficient, 0525
hydrolysis and SN1

mechanisms, 0524–0527

March’s Advanced Organic Chemistry: Reactions, Mechanisms, and Structure, Sixth Edition, by
Michael B. Smith and Jerry March
Copyright # 2007 John Wiley & Sons, Inc.

2190



reduction, 1832
transetherification, 0536
with allylic silanes, 0617
with silyl enol ethers, 0617

acetanilides, see anilines, acyl
acetate, allylic, also see

carboxylic esters, allylic
acetate, as a base, 0357
acetates, enol, see enol
acetates, metal, and

acyloxylation, 0972
acetic acid, cis conformation,

0201
acetic acid, dimeric, 0107
acetic anhydride, and acyl

fluoroborate, 1186
and dehydration of oximes to

nitriles, 1546
and nitration of aromatic

compounds, 0686
conjugate addition, 1132

acetoacetic acid synthesis, 0632
acetoacetic ester, and enol

content, 0100
enol content and solvent,

0102
acetoacetic ester synthesis, 0624
acetolysis, see solvolysis
acetone, tautomerism, and

bromination, 0323
acetoxy sulfides, to aldehydes,

by Pummerer
rearrangement, 1866

acetoxy-ketones, from enols,
0972

from ketones, 0972
acetyl carbocation, 0242
acetyl hypofluorite, 0705
acetylene, see ethyne
acetylide ion, with substrates,

0646
acetylphenols, and Fries

rearrangement, 0735
aci form, of nitro compounds,

and tautomerism, 0104
and the Nef reaction,

1268
acid catalyzed, addition of

alkenes to alkenes, 1089
addition of carboxylic acids

to alkenes, 1041
addition of water to

carbonyls, 1261
aldol reaction, 1349
esterification of carboxylic

acids, with ethers, 1418
for the Schmidt reaction,

1611
Friedel-Crafts alkylation,

0707

hydration of allenes, 1037
hydrocarboxylation of

alkenes, 1137
hydrolysis of amides, 1410
Knoevenagel reaction, 1359
Mannich reaction, 1294
rearrangement of

hydrazobenzenes, 1678,
1679

acid catalysts, for addition of
water to alkenes, 1032

acid derivatives, acylation, 1438
with amides, 1438
with organocerium reagents,

1447
with various organometallics

reagents, 1449
acid solutions, and the

tetrahedral mechanism,
1255

acid strength, 0250, 0357,
0359–0364

and solvent, 0364
crystallographic scale, 0358
field effects, 0380
Lewis acids, 0377
resonance effects, 0382

acid-base catalysis, 0372
acid-base equilibrium, 0356
acid-base reactions,

carbanions þ proton, 0265
deprotonation by

organometallics, 0810
formation of homoenolates,

0256
acidity of proton, and solvent

acidity, 0370
acidity scale, 0370, 0372
acidity, also see acid strength

amides versus amines, 0383
and conformation, 0387,

0388
and electronegativity, 0384
and five-membered rings,

0063
and hybridization, 0388
and hydrogen bonding, 0385
and indicators, 0369
and organolithium reagents,

0262
and Periodic table, 0384
and proton transfer, 0368
and resonance, 0383
and s character, 0388
and solvent effects, 0364,

0390, 0392–0394
and steric effects, 0385
esters versus ethers, 0383
Hammett acidity function,

0369

hydrocarbon, 0251
in ionic liquids, 0369
inductive and field effects,

0020
kinetic, 0251
of active methylene

compounds, 0622
of b-hydrogens, in

elimination reactions,
1499

of carborane acids, 0368
of carboxylic acids, 0020
of cyclopentadiene, 0063
of Meldrum’s acid, 0388
of PCC, 1716
of phenalene, 0060
of solvents, 0369
pKa of acid types, 0359–0364
protons in conjugated

compounds, 0633
solvent, see solvent acidity
spectrophotometric

measurement, 0369
statistical effects, 0384
substituent effects, 0380
thermodynamic, 0251

acids, also see Brønsted-Lowry
acids

acids, also see Lewis acids
acids, also see solvent acidity
acids, also see superacids
acids, acid strength, 0359–0364

activity of proton, 0370
and diazotization, 0918
and hydrogen exchange,

electrophilic aromatic
substitution, 0684

and keto-enol tautomerism,
0772

and Michael addition, 1110
and organometallics, 0809
and pKa, 0357
as proton donor, 0356
Brønsted, addition of thiols

to alkenes, 1043
carbon, 0358
carbon, and acidity scales,

0370
carboxylic, see carboxylic

acids
catalysis, alcohol

dehydration, 0534
conjugate, 0356
glycidic, see glycidic
hard, definition, 0377
hardness, 0377, 0378
inorganic, with anhydrides,

1424
inorganic, esters, hydrolysis,

0522
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acids, acid
strength, (Continued)

IUPAC terminology, 0356
Lewis, see Lewis acids
normal, definition, 0367
proton-transfer reaction,

0367
protonation of carbanions,

0250
soft, definition, 0377
strength, 0357
strength and structure, 0380
strong, stability of

carbocations, 0236
sulfonic, see sulfonic acids
sulfonyl, reduction with

metals, 1475
sulfuric, see sulfuric acid
super and carbocations,

0236
super, and carbocation

formation, 0239
superacid-SO2, 0236
superacids, 0236, 0358
type, table of pKa,

0359–0364
very weak acids, 0358
weak, deprotonation by

metals, 0811
with organometallics, 0812

acoustic cavitation, see
cavitation

acoustic cavitation, and
sonochemistry, 0349

actinometer, and photochemical
mechanism, 0349

activated complex, 0302
activating groups, aromatic

substitution, 0668, 0673
activating groups, in aromatic

compounds, 0665
activating groups, in SNAr

reactions, 0865–0866
activation hardness, and

electrophilic aromatic
substitution, 0679

activation volume, and high
pressure, 0413

and reactivity, 0413
activation, enthalpy, 0302
activation, entropy, 0303
activation, free energy, 0301
active methylene compounds,

acidity, 0622
and diazo compounds, 0787
and the Hurtley reaction,

0907
and the Knoevenagel

reaction, 1358
arylation, 0906–0908

coupling with allylic
carbonates, 0611

coupling with malonates,
0907

coupling with
organometallics, 0907

dianions, 0625
metal catalyzed coupling,

0614
with acyl halides, 1451
with alkyl halides, 0622,

0623
with allylic esters, 0610
with aryl halides, benzyne

mechanism, 0906
with aryldiazonium salts,

0783
with dihalides, 0625
with tosylazides, 0787

acyclic compounds,
conformations, 0197

acyl addition, see addition
acyl anion equivalent, 0634
acyl anion equivalents, and the

Knoevenagel reaction,
1362

acyl carbocations, 0242
acyl carbon, substitution

reactions, 0482
acyl compounds, addition to

alkenes, 1135
addition to alkynes, 1135

acyl imidazoles, 1418
acyl radicals, 0936
acylals, and silanes, 1274

and the Etard reaction, 1763
from aldehydes with

anhydrides, and reagents,
1273

hydrolysis to aldehydes, 1763
acylamidation, of alkenes, 1186
acylation, Friedel-Crafts, 0697

Friedel-Crafts, also see
Friedel-Crafts

of acid derivatives, 1438
of alkenes, 0796
of amides, 1437
of amines, 1429, 1433
of amines, reagents for, 1432
of amines, with esters, 1434
of carboxylic dianions, 1456
of conjugated compounds,

1132
of dienes, 0797
of diketone dianions, 1456
of dithianes, 1456
of enamines, 0635
of enolate anions, 0800
of heterocycles, 0983
with acyl halides, 1451

acylazides, see azides,
acylium ions, with alkenes,

0796
acyloin condensation,

1860–1862
and catenanes, 1862
and chlorotrimethylsilane,

1861
and surface area of metal,

1862
and the Dieckmann

condensation, 1861
acyloins, see hydroxy-ketones
acyloxylation, of alkenes, 1186

of enols and ketones, 0971,
0972

acylperoxides, see peroxides
acylthiazolidinethiones, chiral,

1356
AD-mix-a and AD-mix-b,

asymmetric
dihydroxylation, 1167

adamantanes, and chirality,
0145

and strain, 0223
adamantyl carbocations, 0245
addition compounds, 0115
addition reactions, alkenes and

ionization potential, 1018
alkenes versus alkynes, 1017
and allenes, 1019
and electrostatic potentials,

1020
and inversion of

configuration, 1020
and Markovnikov’s rule,

1019
electronic effects, 1016
HX to alkenes, 1006
HX to alkynes, 1030
IUPAC nomenclature, 0419
of alkynes, and UV, 1017
orientation, 1019, 1022
radicals, 1018, 1020
reactivity, 1015, 1017
simultaneous, 0298
to alkenes, 0298, 0400, 1013,

1023, 1024
to alkenes, by nitrenes,

0294
to alkynes, 1017, 1018
to cyclopropanes, 1025
to dienes, 1013
to isocyanides, 1466

addition, 1,3-dipolar, alkyl
azides, 1183

addition, 1,4-, to dienes, 1031
addition, acyl, 1251, 0400
addition, acyl, metals,

1315–1322
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addition, anti, see anti
addition, conjugate, see Michael

addition
addition, conjugate, definition,

1008
addition, dipolar, [1,3]-,

118–1192
addition, dipolar, [1,3]-, see

[3 þ 2]-cycloaddition
addition, electrophilic, 0298,

1000–1002
and dienes, 1013
and the SN1 mechanism,

1000
cyclic intermediates, 1000,

1001, 1002
mechanism, 0999
simultaneous addition, 1002

addition, exo, and bicyclic
alkenes, 1023

addition, intermolecular,
mechanism, 1002

addition, intramolecular,
radical, see radical
cyclization

addition, nucleophilic, 0298
to carbonyls, and the

tetrahedral mechanism,
1253

mechanism, 1007
addition, pericyclic, 0298
addition, radical, 0298

aldehydes to alkenes,
mechanism, 1136

and the Felkin-Ahn rule,
1015

mechanism, 1010
polyhalo compounds to

alkenes, 1160
to alkenes, 0280, 0947,

1011
to alkenes, intramolecular,

see radical cyclization
addition, syn, see syn
addition-elimination

mechanism, see
mechanism

additives, chiral, and conjugate
addition (Michael
addition), 1108

aggregation state, tert-
butyllithium, solvent
effects, 0260

aggregation, ab intio, enolate
anions, 0264

and dialkylamide bases, 0389
and enolate anions, 0390
and HMPA, 0389
of organolithium reagents,

0260, 0262, 0263

AIBN [azobis(isobutyronitrile)],
0935

and addition of silanes to
alkenes, 1087

and addition reactions to
imines, 1336

and carbonylation of aryl
halides, 0910

and coupling with allylic
silanes, 0589

and radical conjugate
addition, 1123

and radical cyclization, 1125
and radical cyclization with

silanes, 1127
and radical halogenation,

0961
and reduction of alkyl

halides, 1825, 1826
and reduction of

thiocarbonates, 1833
and seleno esters, 1129
and the Schmidt reaction,

1612
carboxylic acids and nitric

acid, 0975
coupling alkanes and

alkynes, 0647
decomposition, mechanism,

0935
formation of radicals, 0935
metal catalyzed

carbonylation, 1140
NBS, amines and aldehydes,

0974
alanes, alkynyl, conjugate

addition, 1118
and reductive cleavage of

enamines, 1844
trialkyl, conjugate addition,

1118
vinyl, dimerization, 0988
vinyl, from alkynes, 1083

alcohol-alkynes, and hydrogen
bonding, 0113

alcohols, acid catalyzed
addition to nitriles, 1275,
1458

acid catalyzed dehydration,
E1, mechanism, 1515

acylation, 1412
addition to aldehydes or

ketones, 1270
addition to alkenes, 1134
addition to isocyanates,

1274
addition to ketenes, 1040
alkyl azides, and Mitsunobu

reaction, 1612
alkylation of amines, 0558

alcohols, allylic with aziridines,
0621

allylic silanes with
aldehydes, 1322

and Sharpless asymmetric
epoxidation, 1177

and the Baylis-Hillman
reaction, 1323

base induced elimination of
epoxides,
enantioselectivity, 1519

by allylic oxidation with
selenium dioxide, 1751,
1752

by oxidation of alkenes,
1751, 1752

by the Prins reaction, 1393
coupling and rearrangement,

0615
halogenation, 0579
oxidation to carboxylic

esters, 1769
oxidation with chromium

reagents, 1716
reduction, and

rearrangement, 1829
with sulfur ylids, 1387

alcohols, and acidity scales,
0370

and alkoxymercuration, 1040
and boron-to-carbon

rearrangement, 1627
and catalytic

dehydrogenation, 1724
and formation of

carbocations, 0236
and Friedel-Crafts alkylation,

0707
and Koch-Haaf reaction,

0653
and phase transfer, 0576
and Schotten-Baumann

procedure, 1411
and Swern oxidation, 1721
and the Koch-Haaf reaction,

1137
and the Pinner synthesis,

1275
and the Ritter reaction, 1459
and the SNi mechanism, 0469
and transesterification, 1419
and transetherification, 0535
and triethylborane, 0520

alcohols, base-catalyzed
addition to alkynes, 1039

alcohols, benzylic, and
atropisomers, 0147

halogenating agents, 0579
oxidation, and microwaves,

1726
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alcohols, by anti-Markovnikov
addition to alkenes, 1033

by Cannizzaro reaction, 1863
by catalytic hydrogenation,

1829
by enantioselective

hydroboration, 1079
by hydrolysis of borates,

1798
by hydrolysis of esters, 0642
by hydroxyalkylation of

aromatic compounds,
0713

by Meerwein-Ponndorf-
Verley reduction, 1796

by oxidation of boranes,
1079, 1626

by oxidation of
hydrocarbons, reagents
for, 1750, 1751

by oxymercuration, 1033
by reduction of acyl halides,

1840
by reduction of aldehydes or

ketones, 1792–1805
by reduction of amides, 1421
by reduction of boranes,

1628
by reduction of carboxylic

acids, 1805, 1806
by reduction of carboxylic

esters, reagents, 1795,
1806, 1807

by reduction of epoxides,
reagents, 1790, 1791

by reduction of
hydroperoxides, 1834

by the Barbier reaction, 1302
by the Bouveault-Blanc

procedure, 1795
alcohols, carbonylation, 0652,

0653, 0851, 0909, 1139
chromium(VI) oxidation,

mechanism, 1726, 1727
conjugate addition, 1131
conversion to sulfonate

esters, and reduction, 1830
coupling, 0615
coupling with arylboronic

acids, 0889
coupling with

organometallics, 0614,
0615

cycloalkyl, from cycloalkyl
amines and nitrous acid,
1588

cyclobutyl, from
cyclopropylcarbinyl
amines, 1588

cyclodehydration, 0715

cyclopropylcarbinyl,
from cyclobutyl
amines, 1588

cyclopropylcarbinyl,
halogenation, 0579

alcohols, dehydration, 0534
acid catalyzed, 1513
and carbocations, 0535
and Hofmann’s rule, 1514
and Mitsunobu reaction,

0535
and Zaitsev’s rule, 1513
dehydrating agents, 1513
formation of alkenes, 0771
in supercritical carbon

dioxide, 0415
alcohols, dehydroxylation,

reagents, 1829
enzymatic oxidation, 1725
formation of amines, 0559
formation of aniline

derivatives, 0560
formation of azides, 0561
formation of enol ethers,

0536
alcohols, from addition of

organometallics to
aldehydes or ketones,
1309

from aldehydes or ketones,
0713

from alkenes, 1032
from alkylboranes, 0814
from amides, and

organometallics, 1445
from amines, 0547
from anhydrides, and

organometallics, 1445
from boranes and carbon

monoxide, 1628
from carboxylic esters, and

organometallics, 1445
from carboxylic esters,

Bouveault-Blanc
procedure, 1807

from diazoketones, 0523
from epoxides, 0618
from ethers, 0580, 0581,

0582, 1624
from Grignard reagents,

0618, 0813, 1300–1309
from hydrocarbons and

ozone, 1750
from inorganic esters, 0522
from organolithium reagents,

0618
alcohols, halogenating agents,

0578, 0579
alcohols, homoallylic, chiral,

from epoxides, 0620

from alkenes and choral,
1395

from allylic silanes and
aldehydes, 1388

pyrolysis, 1551
with allylic organometallics,

1313
alcohols, a-hydroxylation of

allylic compounds, 1756
a-hydroxylation of benzylic

compounds, 1755, 1756
in esterification reactions,

1414
indirect reduction to

hydrocarbons, 1830
insertion by carbenes, 0804
intramolecular addition of

alkenes, 1037
intramolecular carbonylation

with aryl halides, 0909
metal catalyzed coupling

with allyl silanes, 0616
metal catalyzed dehydration,

1514
metal catalyzed oxidation,

1719, 1722
metal mediated oxidation,

1717, 1721
Moffatt oxidation, 1721
Oppenauer oxidation, 1721

alcohols, oxidation of alkanes
with dioxiranes, 1755

oxidation to aldehydes but
not acids, reagents for,
1718, 1719

oxidation to aldehydes or
ketones, 1715–1728

oxidation to carboxylic acids,
reagents for, 1768

oxidation to form cyclic
ethers, 0965

oxidation, in ionic liquids,
0416

alcohols, oxidizing reagents
for making cyclic ethers,
0965

oxymercuration, see
alkoxymercuration

permanganate oxidation, and
ultrasound, 1718

photochemical addition to
alkenes, 1040

photochemistry, 0332
propargyl, Friedel-Crafts

alkylation, 0707
propargylic, formation of

allenes, 0769
propargylic, with boronic

acids, 1540
protection as ethers, 0531
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protonolysis, and carbocation
formation, 0247

radical dimerization, 0977
reagents utilized with

DMSO, for oxidation,
1721, 1722

reduction to hydrocarbons,
reagents, 1829

reductive alkylation of
aldehydes, 1273

structural variation of
chromates for oxidation,
1716, 1717

supercritical, reduction of
ketones, 1837

Tamao-Fleming oxidation,
0539

TEMPO oxidation, in ionic
liquids, 1723

vinylcyclopropyl,
sigmatropic shifts, 1653

alcohols, with acyl halides,
1411

with acyl hydrazides, 1422
with aldehydes or ketones,

compatible functional
groups, 1270

with alkenes, 1037
with alkenes and hydrazoic

acid, 1612
with alkynes, 1038
with allenes, formation of

tetrahydrofurans, 1038
with amides, 0570
with anhydrides, 1412, 1413
with aziridines, 0537
with boron trichloride or

boron trioxide, 0817
with brominating agents,

0577
with carbon disulfide, 1276
with carboxylic acids, acid

catalyzed, 1414
with chlorinating agents,

0576, 0577
with cyanogen chloride, 1276
with diazomethane, 0533
with enol ethers, 1039
with epoxides, 0536
with fluorinating agents,

0577
with halogens, 1154
with halogens and alkenes,

1152
with hydrazoic acid, 0559
with hydrogen sulfide, 0549
with imides, 0570
with inorganic acids, 0545
with iodinating agents,

0577

with Lawesson’s reagent,
0549

with lead tetraacetate, 0965
with metal halides, 0578
with Michael type alkenes,

1039
with mineral acids, 0576
with onium salts, 0538
with oxidizing agents and

ylids, 1371
with phosgene, 1276
with sulfinyl halides, 0554
with sulfonamides, 1473
with sulfonyl halides, 1473
with thiols, 0550
with thionyl chloride, 0469,

0576
with trifluoroborates, 0533

alcoholysis, metal catalyzed,
1039

of alkenes, 1038, 1039
of anhydrides, 1413
of nitriles, 1275

aldehydes, a-halogenation,
0964

acid catalyzed addition of
aldehydes, 1460

acid catalyzed
rearrangement, 1592

aldehydes, addition of alcohols,
1270

addition of allylic boranes,
1319

addition of amides, 1292
addition of dialkylzinc

reagents, 1310, 1211
addition of diazomethane,

1601, 1602
addition of Grignard

reagents, mechanism,
1307

addition of organolithium
reagents, mechanism,
1308

addition of organometallics,
1309–1311

addition of thiols, 1278
addition of water, 1262
addition to alkenes, 1134
addition to alkenes, in ionic

liquids, 1136
aldehydes, aldol condensation

with ketones, 1344
aliphatic, in the Vilsmeier

reaction, 0797
alkylation, 0626
amphiprotic properties, 0772

aldehydes, and autoxidation,
0967

and Collman’s reagent, 0650

and formation of aminals,
1283

and hemiaminals, 1281
and Peterson alkenylation,

1365
and tautomerism, 0098
and the aldol reaction,

1339–1351
and the Baylis-Hillman

reaction, 1323
and the benzoin

condensation, 1396
and the Claisen reaction,

1355
and the Claisen-Schmidt

reaction, 1343, 1344
and the Henry reaction,

1357
and the Knoevenagel

reaction, 1358
and the Mannich reaction,

1292
and the McMurry reaction,

1859
and the Mukaiyama aldol,

1351–1354
and the Paterno-Büchi

reaction, 1463
and the Perkin reaction, 1363
and the Reformatsky

reaction, 1326
and the Stetter reaction, 1136
and the Tischenko reaction,

1865
and the Tollens’ reaction,

1368
aldehydes, aryl, and the

Gatterman reaction, 0725
and the reverse Gatterman-

Koch reaction, 0745
benzylic oxidation, reagents

for, 1763
by a-oxidation of methyl

aromatic compounds,
1763

by benzylic oxidation, 1763
decarbonylation, 0745
formation of hydrazones,

1284
from aromatic compounds,

0724
with iminium salts, 0725

aldehydes, as dienophiles,
1216

aldehydes, bisulfite addition
products, 1280

aldehydes, by acid treatment of
Reissert compounds, 1811

by base cleavage of acyl
sulfonylhydrazides, 1811
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aldehydes, by acid treatment of
Reissert
compounds, (Continued)

by Dibal reduction of esters,
1809

by DMSO-type oxidation of
alcohols, 1721

by Etard reaction, 1763
by hydrolysis of acetoxy

sulfides, 1866
by hydrolysis of acylals,

1763
by hydrolysis of alkoxides,

1804
by hydrolysis of C����N

compounds, reagents for,
1263–1265

by hydrolysis of enol ethers,
1035, 1372

by hydrolysis of imines, 1767
by hydrolysis of Schiff bases,

1263
by Krönke reaction with

benzylic halides, 1766
by McFadden-Sevens

reduction, 1811
by Oppenauer oxidation,

1721
by oxidation of alcohols,

1715–1728
by oxidation of alkenes,

1773–1775
by oxidation of alkyl halides,

1765
by oxidation of amines, 1767
by oxidation of benzyl silyl

ethers, 1720
by oxidative cleavage of

diols, 1732
by ozonolysis of alkenes,

1737
by pyrolysis of allylic ethers,

1552
by pyrolysis of enol ethers,

1517
by pyrolysis of homoallylic

alcohols, 1551
by reduction of acyl halides,

reagents, 1808
by reduction of anhydrides,

1810
by reduction of boranes,

1628
by reduction of carboxylic

acids or esters, reagents,
1809

by reduction of imidazoles,
1811

by reduction of nitriles,
reagents, 1815

by reduction of ortho esters,
1832

by Rosenmund reduction,
1808

by Stephen reduction, 1815
by the Barton reaction, 1696
by the Kornblum reaction,

1765
by the Meyers aldehyde

synthesis, 0642
by the Nef reaction, 1267
by the Reimer-Tiemann

reaction, 0726
by the Sommelet reaction,

1766
by the Sonn-Müller method,

1811
by the Wacker process, 1774
by Vilsmeier-Haack reaction,

0724
aldehydes, catalytic

hydrogenation, 1795, 1805
chemoselective reducing

agents, 1793
condensation, see aldol
condensation with esters,

1355
aldehydes, conjugate addition,

and microwaves, 1132
conjugate, and

organocuprates, 1114
aldehydes, conjugated, see

conjugated compounds
aldehydes, conjugated, and

metathesis, 1685
and organolithium reagents,

1115, 1302
by aldol reaction, 1339–1351
E/Z-isomerization with

thiourea, 1029
reagents for conjugate

reduction, 1071
reagents for reduction of

alkenyl, 1074
reduction, and microwaves,

1074
with ammonia and metal

peroxides, 0974
with Grignard reagents, 1302

aldehydes, coupling to
carboxylic esters,
reagents, 1865, 1866

cycloaddition to alkenes,
1463

decarbonylation, 0344, 0997
dehydrogenation, 1713
enol content, 0099
formation of cyanoamines,

0561
formation of ketones, 0801

formation of nitriles, reagents
for, 1287, 1288

formation of silyl enol ethers,
0800

Friedel-Crafts cyclization,
0715

aldehydes, from acyl halides,
0650

from alkynes and
hydroboration, 1081

from boronic acids and
organolithium reagents,
1629

from chloroform, 0726
from chloroiminium salts,

1815
from cycloaddition of singlet

oxygen to alkenes, 1220
from dihalides, 0520
from enol borinates, 1121
from enols, 0837
from formic acid, 0823
from glycidic acids, 0837
from Grignard reagents, 0910
from hydrocarbons, 0824
from metallated imines, 1469
from organolithium reagents,

0910
from organometallics, 0823
from oxazines, 0642
from sulfonic anhydrides,

0725
from thiazoles or thiazolines,

0643
from vinylic compounds,

0522
aldehydes, halogenation of,

0964
halogenation,

enantioselectivity, 0776
homologation, 1601, 1602
hydration, 1262
Lewis acid acylated addition

of allylic silanes, 1322
LiAlH4 reduction,

mechanism, 1804
Meerwein-Ponndorf-Verly

reduction, 1796
metal catalyzed addition to

alkenes, 1135
metal catalyzed

cycloaddition with
ketenes, 1462

metal catalyzed
decarbonylation, 0997,
0998

metal mediated addition of
haloesters, 1326

more reactive than ketones,
1254
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oxidation to carboxylic acids,
1718, 1769–1773

Paterno-Büchi reaction, 1231
photochemical addition to

alkenes, 1136
photochemical [2 þ 2]-

cycloaddition with
alkenes, 1231

photochemistry, 0332
Pictet-Spengler reaction,

0716
protection of, 0527
radical addition to alkenes,

mechanism, 1136
aldehydes, reduction, by the

Cannizzaro reaction, 1798,
1863

to alcohols, 1792–1805
to methyl, reagents for, 1836,

1837
versus ketones, 1793, 1794
in ionic liquids, 1800

aldehydes, reductive alkylation
with alcohols, 1273

reductive amination,
1288–1291

reductive coupling to
alkenes, reagents, 1858,
1859

reductive coupling to diols,
reagents, 1854, 1855

structural requirements for
the Wittig reaction, 1371

tautomerism, 0772
tautomerism, in sugars, 0104
trimerization, 1460
vinylation, 0629

aldehydes, with acylperoxides,
0972

with alcohols, compatible
functional groups, 1270

with alleneboranes, 1079
with allylic silanes, 1388
with amides, 0570
with amines, 0716, 1281
with amines and hydrogen,

1288–1291
with anhydrides, 1273,

1363
with aromatic compounds,

0713
with bis(Grignard) reagents,

1304
with boron stabilized

carbons, 0801
with carbanions, 0265
with conjugated esters, and

the Stetter reaction, 1321
with cyanide, and conjugate

addition, 1133

with diazoalkanes, 1384
with diazoesters, 0800
with diazomethane, 0807,

1384
with dienes, 1322
with dihalocarbenes, 1384
with enolate anions, 0263,

1339–1351
with enolate anions, see aldol
with Grignard reagents,

1300–1309
with halo esters, 1364
with HCN, 1389
with hydrazines, 1284
with hydroxylamines, 0974,

1286, 1287
with iodine, and ammonia,

0974
with isocyanides and

carboxylic acids, 1467
with lithio-silanes, 1365
with NBS, radical

halogenation, 0964
with nitro compounds, 1357
with organocuprates, 1312
with organolithium reagents,

1301
with phenylhydrazine, 1675
with phosphorus ylids, 1369
with potassium cyanide,

1396, 1397
with silyl enol ethers, and

chiral boranes, 1348
with sodium azide, 1440
with sodium bisulfite, 1281
with sulfur ylids, 1382
with transition metals, and

acyl radicals, 0936
with trifluoroborates, 1322

aldehydes, Wolff-Kishner
reduction, 1835

aldehydes-alkene, and radical
cyclization, 1129

aldimines, see imines
aldol condensaton, see aldol

reaction
aldol reaction, 1339–1351
aldol reaction, acid catalyzed,

1349
aldol reaction, and a SET

mechanism, 1341
and asymmetric synthesis,

0172
and dihalides, 0520
and enolate anions, 0263,

0627
and enolization, 1346
and hydroformylation, 1146
and the Cannizzaro reaction,

1863

and the Robinson annulation,
1350

aldol reaction, aqueous media,
1348

chiral, 1347
definition, 1341
diastereoselectivity and and

syn/anti isomers, 1345,
1346

enantioselectivity, 1347,
1348

equilibrium, 1342
in ionic liquids, 1342
intramolecular, 1349, 1350
mechanism, 1341
mechanism of acid catalyzed

reaction, 1349
mixed, 1343
mixed, and the Tollens’

reaction, 1368
aldol reaction, Mukaiyama,

1351–1354
catalysts for, 1352, 1353
enantioselectivity, 1353,

1354
in water, 1353
intramolecular, 1353
metal salts as catalysts, 1352
substrates for, 1352

aldol reaction, retro-, 118, 1342
aldol reaction, self

condensation, 1343
solvent effects, 1342
solventless, 0416
stereoselectivity, 1345, 1346
transition state geometry,

1346
vinylogous, chiral, 1348
vinylogy, 1342

aldol-type reactions, 1340
aldols, also see hydroxy-ketones
Aldrich Library of Spectra,

1888
algorithm, dielectric screening

effects, 0503
alkaloids, Cinchonidine, see

Cinchonidine
alkanes, addition to alkenes,

1086
addition to alkenes, and

Friedel-Crafts reactions,
1084

and bond angle, 0026
and conformations, 0200
and guest-host interactions,

0127
and photochemistry, 0332
and superacids, 0802, 0803
by addition of alkanes to

alkenes, 1084
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alkanes, addition to
alkenes, (Continued)

by coupling alcohols with
organometallics, 0614

by coupling of alkenes, 0976
by hydrogenation of

thioethers or thiols, 0990
by radical addition to

alkenes, 1123
by reductive cleavage of

cyclopropanes, 1074
dehydrogenation to alkynes,

1714
deuterium exchange, 1058
from alkyl halides, 0600
from metal sulfonates, 0612
from organocuprates, 0600
halogenation, 0954–0960
insertion by nitrenes, 0789
metal catalyzed addition to

alkenes, 1086
nitration, 0786
organometallics with alkyl

halides, 0604, 0605, 0606,
0607

oxidation to carboxylic esters
with dioxiranes, 1755

radical coupling, 0976
trialkyl, metal catalyzed

addition to alkynes, 1102
via coupling reactions, 0802

alkene metathesis, 1681–1689
alkene-acids, by Claisen

rearrangement, 1670
alkene-aldehydes, by Claisen

rearrangement, 1669,
1670

by [2,3]-Wittig
rearrangement, 1678

via oxy-Cope rearrangement,
1660

alkene-amines, formation of
cyclic amines, 0557

alkene-bromine complex, 1150
alkene-carboxylic acids, and

halolactamization, 1154,
1155

and halolactonization, 1154,
1155

and iodolactonization, 1155
halogenation, 1154, 1155

alkene-diketones, by Claisen
rearrangement, 1669

alkene-triflamides, cyclization,
1052

alkenes, also see Diels-Alder
alkenes, a-oxidation to

conjugated ketones, 1759
acid catalyzed addition of

alkenes, 1088

acid catalyzed addition of
formaldehyde, 1393

acid catalyzed dehydration of
alcohols, 1513

acylamidation or
acyloxylation, 0972, 1186

acylation, 0796
alkenes, addition, of acyl

compounds, 1135
of alcohols, 1134
of aldehydes, 1134, 1136
of alkanes, in ionic liquids,

1085
of alkyl halides, Friedel-

Crafts catalysts, 1160
of amides, 1047
of amines, 1134, 1182
of aminonitrenes, 1184
of anions, 0265, 1007
of azido groups, 1182
of bromine, stereoselectivity,

1003
of carbamates, 1051
of carbenes, 0284, 0289,

1233
of carbenes, and steric

hindrance, 1235
of carboxylic acids, 1041
of carboxylic esters, 1134
of DBr, 1006
of fluorine, 1149
of Grignard reagents, 1083
of halo-amines, 1157
of haloamines, in ionic

liquids, 1157
of haloazide, 1158
of halocarbamates, 1052
of HBr, 1006
of HBr, with peroxides,

1124
of HCl, 1005
of HCN, 1147
of HX, 1006
of hydrazines or

hydroxylamines, 1047
of hydrogen sulfide, 1043
of iodine azide, 1159
of iodo azide, mechanism,

1159
of isothiocyanates, 1157
of nitrenes, 0294
of nitrosyl halides or nitryl

chloride, 1158
of organolithium reagents,

1097
of organometallic

compounds, 1096, 1097,
1099

of polyhalo compounds, 1160
of protons, 1005

of radicals, 0280, 1010, 1123,
1134

of selenols (RSeH), 1045
of sulfonic acids, 1043
of sulfonyl halides, 1156
of thiols, 1043, 1044
of water, 1006
reactions, 0298
reactions, and the Cieplack

effect, 1024
to alkanes, 1084
to carbocations, 0249
to heterocycles, 1088
cyclic mechanism, 1012
four-center mechanism, 1013

alkenes, alcohols and alkoxy-
amination, 1182

alkoxy carbonylation, 1139
allylic oxidation with

selenium dioxide,
mechanism, 1752

amidation, 1051
amide bases with ammonium

salts, 1524
amination, 0567, 0788, 0789,

1045, 1047, 1050
amino-carbonylation, 1139
aminomercuration, 1181
aminosulfenylation, 1185

alkenes, and alkoxymercuration,
1040

and allylic carbocations,
0239

and aminomercuration, 1050
and anisotropy, 0056
and Bredt’s rule, 1497
and carbene rearrangements,

1579
and carbene transfer, 1234
and carbonylation, 1139
and complex formation,

0119
and E/Z nomenclature, 0183
and formation of

bis(selenenyl) compounds,
1180

and Friedel-Crafts acylation,
0796

and Friedel-Crafts alkylation,
0706

and Hofmann’s rule, 1498,
1499

and homoconjugation, 0045
and hydroboration, 1075–

1082
and hydrozirconation, 1083
and Julia-Colonna

epoxidation,
enantioselectivity, 1176

and kinetic resolution, 0178
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and Markovnikov’s rule,
1019

and Meerwein arylation,
0923

and metal catalyzed
diazoalkane reactions,
1234

and neighboring groups,
0451

and nitric acid, 0785
and NMR, 0056
and PES, 0014
and photosensitization, 0977
and prototropic

rearrangement, 0768
and radicals, Baldwin’s rules,

1011
and ring current, 0056
and Sharpless asymmetric

dihydroxylation, 1166
and the Baeyer test, 1164
and the Heck reaction,

0891–0897, 0923
and the Koch reaction, 1137
and the Koch-Haaf reaction,

1137
and the Paterno-Büchi

reaction, 1463
and the Prins reaction, 1393
and the Stetter reaction, 1136
and Waits-Scheffer

epoxidation, 1174
and Woodward modification

of the Prevost reaction,
1164

and X-ray crystallography,
0233

and Zaitsev’s rule, 0767,
1498

alkenes, animation, and
temperature effects,
1046

anti addition, 1006
anti-Bredt, by the Wittig

reaction, 1373
anti-dihydroxylation, 1164

alkenes, anti-Markovnikov
addition of boranes,
1078

of radicals, 1124
of water, 1033

alkenes, aryl, and electrocyclic
ring closure, 1645

from alkenes, 0890
alkenes, arylation, 0890–0897,

0923
alkenes, arylation, also see Heck

reaction
alkenes, as radical precursors,

1127

asymmetric epoxidation, and
manganese salen
complexes, 1177

azidomercuration, 1053
aziridination, in ionic liquids,

1185
baker’s yeast reduction,

enantioselectivity, 1066
base induced elimination of

alkyl halides, 1530
base induced elimination of

tosylhydrazones, 1526
bicyclic, exo addition, 1023
bicyclic, strain, 0229
bromination, reagents for,

1150
alkenes, by addition of alkenes

to alkynes, 1088
by addition of

organometallics to
alkynes, 1101, 1102

by base induced elimination
of halo sulfones, 1536

by bis(decarboxylation) of
dicarboxylic acids, 1749

by Chugaev reaction, 1520
by cleavage of cyclic

thionocarbonates, 1535
by Cope elimination, 1524
by decomposition of

inorganic esters, 1521
by decyanation of nitriles,

0845
by dehydrogenation,

1712–1714
by deoxygenation of diols,

1534
by desulfurization of

thiophenes, 0991
by Ei reactions, 1508
by elimination of boranes,

1533
by elimination of dihalides,

reagents for, 1539
by elimination of epoxides,

1517, 1518
by elimination of hydroxy

acids, 1543
by elimination of thiiranes,

1519
by Hofmann degradation,

1522
by Hofmann elimination, 1500
by hydroboration of alkynes,

1064
by hydrogenation of alkynes,

1057
by metal catalyzed

dehydration of alcohols,
1514

by metal catalyzed
elimination of carboxylic
acids, 1520

by organolithium reagents
with ammonium salts,
1523

by oxidation coupling of
alkyl halides, 1783

by Peterson alkenylation,
1365

by protonation of
vinylboranes, 1630, 1631

by pyrolysis of allylic ethers,
1552

by pyrolysis of amine oxides,
1524

by pyrolysis of ammonium
salts, 1521

by pyrolysis of b-lactones,
1544

by pyrolysis of enol ethers,
1517

by pyrolysis of esters, 1519,
1520

by pyrolysis of homoallylic
alcohols, 1551

by pyrolysis of sulfoxides,
1528

by pyrolysis of xanthates,
1520

by radical elimination of
bis(xanthates), 1535

by rearrangement of
carbenes, 1234

by reduction of thiiranes,
1791

by reduction of vinyl halides,
1827

by reductive coupling of
ketones and aldehydes,
1858, 1859

by silyl-Wittig reaction,
1366

by the Bamford-Stevens
reaction, 1527

by the Boord reaction, 1541
by the Corey-Winter

reaction, 1535
by the ene reaction,

1103–1105
by the McMurry reaction,

1859
by the Ramberg-Bäcklund

reaction, 1536
by the Shapiro reaction,

1526
by twofold extrusion, 1557
by Wittig reaction, 1369
by Wittig-Horner reaction,

1375
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alkenes, captodative, 0185
alkenes, carbene addition,

enantioselectivity, 1237
carbene addition, rate

constant, 1234
carbonylation, 0655, 1139
catalytic hydrogenation,

1053–1062
chlorination, reagents for,

1150
cis, from LDA and aziridino

hydrazones, 1527
cleavage by hydrogenation,

0845
cleavage with superacids,

0844
alkenes, conjugated, and Birch

reduction, 1068
reduction with metal

hydrides, 1070
reduction with metals in

ammonia, 1065
reduction, reagents for, 1070

alkenes, conversion to alkynes,
1533

alkenes, coupling with alkenes,
1091

with alkyl groups, 0795
with alkynes, 0647
with carbocations, 0802
with heteroaryl halides, 0891

alkenes, crowded, and strain,
0233

alkenes, cyanation, 0801
alkenes, cyclic, addition of

deuterated carboxylic
acids, 1023

and Bredt’s rule, 0229
by McMurry coupling,

1859
by the Story synthesis, 1557
epoxidation, and

stereochemistry, 1023
from enynes, 1092
oxidative cleavage, 1743

alkenes, cyclization with
organolithium reagents,
1098

alkenes, [2 þ 2]-cycloaddition,
1221

with alkynes, 1229
with cyclopropanes, 1224
with ketenes, MO

calculations, 1226
alkenes, cycloaddition with

aldehydes or ketones,
1463

with alkenes, 1220–1233
with dienes, 1194–1215
with norbornadienes, 1204

alkenes, dehydration of
alcohols, 0771

dehydrohalogenation,
suitable bases, 1530

diamination, 1182
dihalo, base induced

elimination to alkynes,
1534

alkenes, dihydroxylation,
1162–1168

and lead tetraacetate or
thallium acetate, 1168

catalysts for, 1162
enantioselectivity, 1165
in ionic liquids, 0416, 1163

alkenes, E-selectivity, Wittig
reaction, 1376, 1377

alkenes, electronic effects,
Diels-Alder reaction, 1196

alkenes, enantioselective
epoxidation, catalysts,
1176

alkenes, epoxidation,
1169–1179

stereochemistry, 1023
alkenes, erythro/threo addition,

1001
alkenes, fluorination, reagents

for and solvent effects,
1149

alkenes, formation of lactones,
1186

formation of ozonides, 1737
formation of thiiranes, 1179
formation, and Hofmann’s

rule, 1510
formylation, 0797
fragmentation of amines,

1542
fragmentation of halo ethers,

1542
Friedel-Crafts alkylation,

Markovnikov’s rule, 0711
alkenes, from aldehydes, 0639

from aldehydes or ketones,
1079, 1369, 1382

from alkenes, 1053–1062,
1648, 1681

from alkyl halides, 0594
from allenes, 1065
from allylic acetates, 0608
from allylic silanes, 0588
from aziridines and nitrous

acid, 1538
from base elimination of

ethers, 1516
from carbenes, 0290, 0291
from diazoalkanes, 0290
from dienes, 1013
from dithianes, 0639

from hydroxy-silanes, 1365
from lithio-silanes, 1365
from organometallics, 0812
from phosphorus ylids, 1369
from radicals, 0280
from selenoxides, 0640,

1529
from sulfonate esters, 1521
from tosylates, 1521
from vinylboranes, 0607,

1629
alkenes, halo, see halides, vinyl
alkenes, haloacylation, 1161

and the Vilsmeir reaction,
1162

mechanism, 1161
alkenes, halogenation, 1029

and bridged ions, 1149
and isotopic labeling, 1004
and p-complexes, 1004
and radical initiators, 1149
and UV, 1149
in ionic liquids, 1150
mechanism, 1149
regioselectivity, 0955
the Prins reaction, 1161

alkenes, homoallylic, 0451
hydration, 1032
hydroamination,

enantioselectivity, 1181
hydroboration and hydration,

1034
hydroboration in the presence

of alkynes, 1082
hydroboration,

stereochemistry,
1024

hydrocarboxylation, 1136,
1138

hydrogen abstraction by
radicals, 0945

hydrogen peroxide with
formic acid, 1164

hydroxylation, 1032
hydroxysulfenylation, 1179
hydrozirconation, 1083
intramolecular addition of

alcohols, 1037
intramolecular addition of

radicals, 1011
intramolecular Heck

reaction, 0892
iodination, 0956
iodoacetyl addition, 1154
ionization potential and

addition reactions, 1018
isomerization, E/Z and

positional isomers, 1028
isomerization, via boranes,

0771
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Jacobsen-Katsuki
epoxidation, 1178

lactonization, 1186, 1187
less stable, and the Wittig

reaction, 1372
Lewis acid catalyzed addition

of acyl halides, 1161
Lewis acid catalyzed addition

of alkyl halides, 1159
Lewis acid catalyzed addition

of silanes, 1086
alkenes, metal catalyzed

addition of alkanes, 1086
of alkenes, 1088
of alkynes, 1089
of aromatic compounds,

1100
of carbonyl compounds, 1098
of diazoacetates, 1183
of Grignard reagents, 1096,

1097
of imides, 1052
of ketones, 1098
of phosphines, 1050
of silanes, 1086
to aldehydes, 1135
to arenes, 1100
to vinyl halides, 1100

alkenes, metal catalyzed
amination, 1046, 1047

carbonylation, 1138, 1140
carboxylation, 1144
cyclization to allenes, 1094
decarbonylation of acyl

halides, 1534
hydration, 1034
hydroamination, 1181
hydroformylation, 1145
with aryldiazonium salts,

0923
alkenes, metal induced

elimination of halo ethers,
1541

alkenes, metal mediated
elimination of dihalides,
1539

alkenes, metal-mediated
addition to nitriles, 1459

alkenes, metalation, 0811
alkenes, Michael type, addition

of alcohols, 1039
addition of amines, 1046
addition of hydrazoic acid,

1052
addition of thiols, 1044
with diaryl sulfimides, 1183

alkenes, mixed halogenation,
1151

nitration, and nitronium salts,
0786

nitroso-halogenation, 1158
orbital overlap in [2 þ 2]-

cycloaddition, 1225
orientation of addition, 1022

alkenes, oxidation in the Wacker
process, 1774

to aldehydes or ketones,
reagents for, 1773–1775

to allylic alcohols, 1751,
1752

alkenes, oxidative cleavage,
1742–1745

with Lemieux-von Rudloff
reagent, 1743

Barbier-Wieland procedure,
1743

alkenes, oxidative
decarboxylation of
carboxylic acids, 1747

alkenes, oxyamination, 1180
alkenes, oxymercuration, 1033
alkenes, ozonolysis, 1736–1742

and rearrangement, 1737
Criegee mechanism,

1738–1740
regiochemistry of ozonide

formation, 1740, 1741
alkenes, Paterno-Büchi reaction,

1231
peroxide epoxidation, and

microwaves, 1171
peroxyacid epoxidation,

mechanism, 1170
photochemical addition of

alcohols, 1040
photochemical addition of

aldehydes, 1136
photochemical addition of

thiols, 1044
photochemical isomerization,

0346
photochemical isomerization,

E/Z, 1028
photochemical [2 þ 2]-

cycloaddition, aldehydes
or ketones, 1231

photochemistry, 0332, 0346
photoisomerization, 0346,

1029
photooxygenation with

singlet oxygen, 1178
polyhalo, 1031
protonolysis to from

carbocations, 0247
push-pull, 0185

alkenes, radical addition,
generation of radicals,
1124

of aldehydes, mechanism,
1136

of silanes, 1087
rate of reaction, 1124
stereoselectivity, 1012

alkenes, radical halogenation,
0958, 0961

radical-induced addition of
polyhalo compounds,
1160

reaction with peroxides, 1171
reactivity in alkene

metathesis, 1684
reactivity in diazo transfer

reactions, 1237
reactivity to metal catalyzed

hydroformylation, 1145
reactivity with bromine, 1016
reactivity with HCN, 1147
reactivity with mixed

halogens, 1151
reagents for oxidative

cleavage, 1742, 1743
rearrangement, 0769, 0770,

0767
reducing agents, 1062

alkenes, reduction by
hydroboration, 1063

of alkynes, 1065
of propargyl halides, 1826
to alkanes, 1062
with diimide, 1063
with metal hydrides-metal

salts, 1071
with samarium iodide and

triamines, 1063
with silanes, 1071

alkenes, reductive coupling,
1095

resolution, 0174
reversible addition of

radicals, 1012
selectivity in catalytic

hydrogenation, 1055
Sharpless asymmetric

epoxidation, 1177
sigmatropic migration of

hydrogen, 1648
Simmons-Smith procedure,

1241
stability, 1497, 1498
stereochemistry of

elimination reactions,
1501

stereoselective addition of
boranes, 1077

structure and ozonolysis,
1737

substituted, and the heck
reaction, 0892

syn addition of bromine,
1004
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alkenes, reductive
coupling, (Continued)

thermodynamic stability,
0769, 10771, 372

thermodynamic stability, and
metathesis, 1683

twisted, 0233
unsymmetrical, by McMurry

coupling, 1860
versus alkynes, in addition

reactions, 1017
versus alkynes, in ozonolysis,

1738
via Petasis reagent or Tebbe’s

reagent, 1381
alkenes, with acids, HX, 1029

with acyl halides, 0796
with acylium ions, 0796
with alcohols, 1037
with alcohols and hydrazoic

acid, 1612
with alkenes, temperature

and pressure, 1084
with alkyl azides, 1183
with amides, 1051
with aromatic compounds,

0706
with aryl disulfides, and

metal salts, 1179
with aryldiazonium salts,

0923
with azodicarboxylates,

metal catalyzed, 1047
with boranes, 0644, 0815,

1075–1082
with bromine, solvent effects,

1016
with carbenes,

stereochemistry, 1024
with carbocations, 1000
with catecholborane, 0817,

1123
with CCl4, to from trihalides,

0521
with chloramine-T, 1180
with chloronium ions, 1004
with chlorosulfonyl

isocyanate, 1466
with HBr and peroxides,

1030
with hypervalent iodine

compounds, 1153
with hypohalous acids, 1152
with imido selenium

compounds, 0788
with manganese acetate,

1186
with mCPBA, 1169
with mercuric acetate, 1033
with metal hydrides, 1082

with osmium tetroxide, 1162
with oxygen, reactivity and

structure, 0970
with peroxyacids, 1169
with peroxyacids,

stereochemistry, 1023
with phenols, 1037
with phosphine oxides or

phosphites, 1051
with photosensitized oxygen,

0968
with polyhydrogen

fluoride-pyridine, 1030
with potassium

permanganate, 1162
with radicals, 0936, 0941,

0947
with silyl halides, and

DMSO, 1156
with silylphosphines, 1051
with silylthiols, 1044
with singlet oxygen, 0969,

0970
with sulfonamides, 1051
with thiourea, metal

catalyzed formation of
thiiranes, 1179

with trialkylsilyl halides,
1031

with trichloroamine, 0567
with trichloroisocyanuric

acid, 1031
with triplet oxygen, 0969
with water, 1032

alkenes, Wurtz reaction, 0589
alkenes, Z-selectivity, Wittig

reaction, 1376, 1377
alkeneylboranes, see boranes,

vinyl
alkoxides, and LIDAKOR, 1518

cleavage, 0758, 0835
hydrolysis, 1804
metal catalyzed reaction with

aryl halides, 0873
metal, syn elimination by Ei,

1515
metal, thermolysis of

alkenes, 1515
thermal cleavage, 0840
with alkyl halides, 0529
with alkyl sulfates, 0532
with dihalides, 0530
with inorganic esters, 0532

alkoxy radicals, 0935
alkoxy-amination, of alkenes,

1182
alkoxy-carbonylation, of

alkenes, 1139
alkoxymercuration, of alkenes,

1040

alkyl azides, see azides
alkyl chlorides, see halides
alkyl sulfates, see sulfates
alkyl trifluoroborates, see

trifluoroborates
alkylation, a to carboxylic

acids, 0643
a to N in amines, 0640, 0641
a to terminal triple bond,

0647
acetoacetic acid synthesis,

0624
and Montmorillonite clay,

0512
and radicals, 0512
and substitution, 0425
carbon versus oxygen,

enolate anions, 0514
cyanoacetic esters synthesis,

0624
exhaustive, and amines, 0556
malonic esters synthesis,

0623
metal catalyzed, enol

carbonates, 0629
alkylation, of aldehydes, 0626

of alkynes, 0646
of allylic carbanions, amine

or eher, 0641
of amides, 0570
of amines, 0555, 0558, 0562
of aromatic compounds,

0912
of aromatic nitro compounds,

0914
of carboxylic acid salts, 0637
of carboxylic esters, 0626
of conjugated compounds,

1111
of cyanide ion, 0648
of cyclic carbamates, 0569
of dianions, 0515
of dimethylhydrazones, 0632
of dithioacetals or

dithioketals, 0637–0639
of enamine salts, 0636
of enol carbonates, 0629
of enolate anions, 0515,

0626–0630
of enols, and Lewis acids,

0628
of formamidines, 0641
of heterocycles, 0914
of hydrazones, 0633
of hydroperoxide anions,

0544
of hydroxynitriles, 0633
of imides, 0570
of imines, 0632, 1291
of inorganic esters, 0532
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of keto-sulfones or keto-
sulfoxides, 0624, 0632

of ketones, 0626
of ketones, Stork enamine

reaction, 0635
of lactams, 0568
of lactones, 0627
of nitriles, 0626
of oxazines, 0642
of oxazolidin-2-ones, 0569
of oximes, 0547
of phosphines, 0558
of pyridine, with

organometallics, 0913
of pyrrole, 0557, 0913
of silyl enol ethers, 0628
of sulfinic esters, 0640
of sulfonamides, 0570
of sulfones, 0640
of sulfonic acid salts, 0554
of thioethers, 0639

alkylation, photochemical, of
heterocycles, 0983

radical, of aromatic
compounds, 0980, 0981

radical, of heterocycles, 0982
replacement of amino, 0915
Tsuji, 0629
with dianions, 0625
with diazo compounds, 0533
with enolate anions, 0263
with trialkylboranes, 0644
Ziegler alkylation, 0913

alkylboranes, see boranes
alkylboronic acids, see boronic

acids
alkylchloroaluminum amides,

formation of amidines,
1296

alkylcopper-magnesium
bromide (Normant
reagent), 1101, 1102

alkylidene lactams, from
ynamides, 1052

alkyne allene from alkynes,
1094

alkyne anions, also see
acetylides

alkyne anions, ab into study of
1,2-alkyl shifts, 1579

and the Nef reaction, 1359
Knoevenagel reaction, 1359
metal, and Stephens-Castro

coupling (aryl halides),
0903–0906

metal, with aryl halides, see
Stephens-Castro

metal, with boranes, 1631
alkyne dimerization, metal

catalyzed, 1091

alkyne-alcohols, dehydration,
1515

from alleneboranes and
aldehydes, 1079

hydration, 1039
alkyne-carboxylic acids,

formation of lactones,
1042

alkyne-esters, from
carbonylation of alkynes,
0655

alkyne-esters, from metallated
alkynes, 0814

alkyne-ketones, by
carbonylation of alkynes
and aryl halides, 0910

by Eschenmoser-Tanabe ring
cleavage, 1544

conjugate addition of
boranes, and boron
trifluoride, 1122

from amides and
alkynylboranes, 1448

from epoxy hydrazones, 1544
alkynes, a-alkylation, 0647
alkynes, addition, of acids HX,

1007, 1030
of acyl compounds, 1135
of aziridines, 1192
of HCN, 1147
of hypohalous acids, 1153
of nitryl chloride, 1158
of Normant reagents, 1101,

1102
of organocuprates, 1102
of organolithium reagents,

1097
of organometallic

compounds, 1099
of silanes, intramolecular,

1087
of sulfonic acids, 1043
of sulfonyl halides, 1156
reactions and Markovnikov’s

rule, 1030
reactions, and p-orbitals, and

UV, 1017
reactions, formation of

halonium ions, 1018
to alkynes, 1044

alkynes, alkylation, 0646
alkynes, and anti-Markovnikov

hydration, 1035
and formation of enol esters,

1042
and Friedel-Crafts alkylation,

0707
and hydrogen bonding,

0111
and proton transfer, 0368

and Sonogashira coupling,
0904

and Suzuki-Miyaura
coupling, 0899

and the Cadiot-Chodkeiwicz
reaction, 0979

and the Eglinton reaction,
0978

and the Fritsch-Buttenberg-
Wiechell rearrangement,
1534

and the Glaser reaction, 0978
and the Hay reaction, 0979
and the Heck reaction, 0892
baker’s yeast reduction,

enantioselectivity, 1066
base-catalyzed addition of

alcohols, 1039
bis addition of

organometallics, 1101
by anti-elimination, 1482
by base induced elimination

of dihalides, 1531
by dehydrogenation of

alkenes, 1714
by dehydrohalogenation,

1531
by E2 reactions, 1482
by hydroboration,

enantioselectivity, 1631
by oxidative coupling of

dihalotoluenes, 1783
by pyrolysis of acyl

phosphorus ylids, 1525
by pyrolysis of bis-

(ammonium) salts, 1523
by Stephens-Castro coupling,

0903–0906
carbonylation reactions,

0655, 0910, 1139
catalytic hydrogenation,

1057, 1058, 1065
copper mediated coupling,

0978
coupling with alkanes, 0647

alkynes, [2 þ 2]-cycloaddition,
1221, 1229

with alkenes, 1229
with cyclopropanes, 1224

alkynes, cycloaddition with
dienes, 1195

cyclotrimerization, 1243,
1244

diaryl, 0904
dihydroxylation and

ozonolysis, 1168
formation of bridged ions,

1018
formation of vinylic

carbocations, 1007
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alkynes, from alkenes, 1533
from alkenes, by metathesis,

1688
from alkyl halides, 0646
from alkyne alkylation, 0646
from aryl halides, 0903–0906
from aryl halides, see

Stephens-Castro
from boranes, and metal

alkyne anions, 1631
from metal alkyne anions,

0903–0906
from metal alkyne anions,

see Stephens-Castro
from nitrenes and alkenes,

1184
from nitriles, 0904
from the Wittig-Horner

reaction, 1376
from vinyl halides, 0473

alkynes, halo, see haloalkynes
halogenation, 1151
hydration, 1035
hydroboration, 1081
hydroboration, and reduction

to alkenes, 1064
hydroboration, in the

presence of alkenes, 1082
hydrocarboxylation, 1137,

1138
hydrogenation with the

Lindlar catalyst, 1057
hydrometallation, 1083
Lewis acid catalyzed addition

of silanes, 1086
Lewis-acid catalyzed

addition of alkyl halides,
1160

lithiation, 0809
lithio, see lithioalkynes
mercuric catalyzed

hydration, mechanism,
1036

alkynes, metal catalyzed
addition of amides,
1052

addition of arylboronic acids,
1100, 1103

addition of Grignard
reagents, 1096, 1097

addition of imides, 1052
addition of phosphines,

1050
addition of trialkylboranes,

1102
addition to alkenes, 1089
amination, 1048
carbonylation, 1140
carboxylation with carbon

dioxide, 1042

conjugate addition, 1117,
1118

coupling, 0978
coupling to alkynes, 1091
coupling with triarylstibines,

0906
coupling with vinyl halides,

1094
cyclotrimerization, 1243
hydration, 1035
hydroformylation, 1146

alkynes, metal mediated
addition of HCN, 1147

metal mediated coupling
with alkyl halides, 0647

metalation, 0809
metathesis, 1688
methylthio, metal catalyzed

coupling with arylboronic
acids, 0905

Michael type, and addition of
thiols, 1044

orientation of addition, 1022
oxidation to carboxylic acids,

1775
oxidation to diketones,

reagents, 1776
oxidative cleavage, 1744
radical addition, 1124
reaction with

dialkylaluminum reagents,
1083

reaction with haloboranes,
0990

reaction with
organometallics, 1083

rearrangement to allenes,
0768

reduction, 1064, 1065
reductive coupling, 1092
seleno, hydration, 1036
silyl, alkylation, 0647
silyl, as a protecting group,

0979
silyl, metal catalyzed

coupling with aryl halides,
0905

tetramerization, 1243
trimerization, 1243
versus alkenes in addition

reactions, 1017
versus alkenes in ozonolysis,

1738
alkynes, with alcohols, 1038

with alkylboronic acids,
0794

with amines, metal catalyzed,
1048

with aryl halides, 0899,
0904

with aryl halides, see
Sonogashira

with bromine or bromonium
ions, 1004

with carbenes, 1238
with catecholborane, 0820
with iodo azide, 1159
with iodonium salts, 0905
with metals, 0811
with phosphine oxides, 1051
with silanes, metal catalyzed,

0647
with sulfur monochloride,

1179
alkynyl compounds, and

nucleophilic substitution,
0481

allene-alcohols,
tautomerization, 0472

allene-carboxylic acids,
cyclization to butenolides,
1042

allene-esters, cyclization to
butenolides, 1042

allenes, addition of
chloroformates, 1162

allenes, and addition reactions,
1019

allenes, and atropisomers, 0148,
0149

and chirality, 0148
and cumulative double

bonds, 0148
and formation of conjugated

ketones, 0472
and Markovnikov’s rule,

1022
and Meyer-Schuster

rearrangement, 0473
and mirror plane, 0148
and rearrangement of

alkynes, 0768
and the Cahn-Ingold-Prelog

system, 0158
and the Heck reaction, 0892
and the Simmons-Smith

procedure, 1241
allenes, by rearrangement of

cyclopropenes, 1238
allenes, catalytic hydrogenation,

1058, 1065
cyclic, 0228
enantioselectivity, 0770
epoxidation, with

oxaziridinium salts, 1173
formation of allylic

carbocations, 1021
allenes, from carbon dioxide

and phosphorus ylids,
1380
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from Grignard reagents,
0596, 0609

from organocuprates, 0602,
0608

from propargyl esters, 0608
from propargyl halides, 0596
from propargylic alcohols,

0769, 1540
from propargylic ethers, 0617

allenes, halogenation, 1152
hybridization, 0148
hydration, 1037
metal catalyzed addition of

amides, 1052
metal catalyzed amination,

1049
metal catalyzed cyclization

with alkenes, 1094
rearrangement, 0768
rearrangement of en-ynes,

0770
reduction, reagents for,

1065
resolution of, 0149
via allylic rearrangement,

0472
allenes, with alcohols,

formation of
tetrahydrofurans, 1038

with chlorosulfonyl
isocyanate, 1466

with electrophiles, 1022
with halo azide, 1159

allenes, [2 þ 2]-cycloaddition
with alkenes or alkynes,
1221, 1222

allophanates, from carbamates,
1274

allowed reactions, in Hückel or
Möbius systems, 1211

alloxans, dialkyl, with Oxone,
1173

allyl anions or allyl cations, and
resonance, 0042

allyl halides, see halides
allylation, decarboxylative,

metal catalyzed, 0996
allylic a-hydroxylation, 1756
allylic acetate, also see esters,

allylic
allylic carbanions, 0252, 0641,

0768, 1014
allylic carbocations, 0240
allylic carbonates, see

carbonates
allylic compounds, a-

hydroxylation, 1756
ambident substrates, 0518
and autoxidation, 0967
with oxygen, 0970

allylic halogenation, radical,
0960

allylic oxidation of alkenes,
with SeO2, mechanism,
1752

of alkenes, 1751, 1752
allylic phosphonates, see

phosphonates
allylic radicals, see radicals
allylic rearrangement, see

rearrangement
allylic substrates, and

substitution reactions,
0482, 0483

allyllithium, 0117
allyllithium reagents, sulfur

stabilized, 0263
allyltin compounds, acyl

addition, in ionic liquids,
1314

Alpine-Borane [B-(3-pinanyl)-
9-borabicyclo[3.3.1]
nonane], 1803

alternant hydrocarbons, 0069
electrophilic aromatic

substitution, 0676
energy levels, 0070
odd and even, 0069
topological polarization, 0071

alumina, and acyl halides with
alcohols, 1411

and chlorination of lactams,
0851

and conversion of aldehydes
to nitriles, 1287

and dehydration of alcohols,
1513

and dehydration of oximes to
nitriles, 1547

and Diels Alder reactions,
1199

and elimination of alcohols
or ethers to alkenes, 1516

and Meerwein-Ponndorf-
Verly reduction, 1796

and reduction of nitro
compounds, 1817

and sodium borohydride,
1792

and Suzuki-Miyaura
coupling, 0900

aluminum alkoxides, and
Oppenauer oxidation,
1721

aluminum chloride-
butylpyridinium, ionic
liquid, 1675

aluminum compounds, and
Meerwein-Ponndorf-Verly
reduction, 1796

aluminum hydride, lithium, see
lithium

aluminum isopropoxides,
reduction of carbonyls,
1796

aluminum, dialkyl, with
alkynes, 1083

aluminum-free Meerwein-
Ponndorf-Verly reduction,
1796

Amberlyst-15, and acetal
cleavage, 0526

ambident nucleophiles, see
nucleophiles

ambident substrates, see
substrates

amidation of alkenes, 1051
amidation, of aromatic

compounds, 0694, 0729
amide bases, and enolate anion

formation, 0799
and stereoselectivity in the

aldol reaction, 1346
and the Chichibabin reaction,

0915
and the Haller-Bauer

reaction, 0844
and the Stevens

rearrangement, 1621
and transamination, 0561
chiral, 0775
cleavage of ketones, 0844
halogenation of carboxylic

acids, 0782
with alkyl halides, 0568
with ammonium salts, 1524
with aryl halides, 0568,

0876
with epoxides, 0564
with benzylic ammonium

salts, 0929
amide esters, by the Passerini

reaction, 1468
amide, sodium, see sodium

amide
amide-esters, from isocyanides,

1467
amides, also see formamides
amides bases, with heterocycles,

0915
amides, acidity, 0383

acylation by amides, 1437
acyloxy, see amide-esters
addition to aldehydes, 1292
addition to alkenes, 1047,

1187
alcoholysis, 1421
alkylation, 0570
allylic, isomerization to

enamides, 1028
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amides, and acidity scales, 0370
and catenanes, 0131
and conformation, 0202
and enantiomeric excess,

0180
and Friedel-Crafts

cyclization, 0715
and Hofmann rearrangement,

1607
and hydrogen bonding, 0108,

0113
and isomers, 0184
and N-ylids, 0255
and proton transfer, 0368
and pyramidal inversion,

0142, 0143
and resonance, 0202
and the Claisen reaction,

1355
and the Haller-Bauer

reaction, 0844
and the Sonn-Müller method

to prepare aldehydes, 1815
and the von Braun reaction,

1550
and the zip reaction, 1438
and transamidation, 1425
and Wittig reaction, 0224

amides, aryl, from aromatic
compounds, 0729

arylation, 0880
azidination, 0788
aziridinyl, vinylcyclopropane

rearrangement, 1657
amides, by a-oxidation of cyclic

amines, 1759
by amidation of alkenes,

1051
by amination of ketenes,

1050
by carbonylation, 0654,

0655, 0730, 0824, 1138
by hydration of alkynes, 1036
by hydrolysis of isocyanates,

1609
by hydrolysis of nitriles,

1268, 1269
by metal catalyzed addition,

0730
by metal catalyzed addition

of amines to nitriles, 1297
by metal catalyzed addition

to alkynes or allenes,
1052

by oxidation of imines, 1732
by radical coupling, 0977
by rearrangement of O-tosyl

oximes, 1548
by rearrangement of oximes,

1613

by solid-phase synthesis,
1433

by the Chapman
rearrangement, 1697

by the Ritter reaction, 1459
by the Willgerodt reaction,

1867
amides, chiral, and

azodicarboxylates, 0789
amides, conjugate addition,

1130, 1132
amides, conjugated, for allylic

amines, 0851
radicals coupling, 0976

amides, dealkylation, reagents,
1852

dehydration, 1515, 1549,
1550

dialkyl, as bases, 0388–0390
dialkyl, halogenation of

carboxylic acids, 0782
enol content, 0100
enol form, 1458
enol form, and dehydration to

nitriles, 1549
exchange with carboxylic

acids, 1423
formation with microwaves,

0730
amides, from acyl halides and

ammonia or amines, 1427
from aldehydes, 0570, 0974
from alkenes and nitriles,

1459
from alkyl halides, 0568
from amide bases, 0568
from amides, 0880, 0974,

1425
from ammonium salts with

amides, 1437
from anhydrides and

ammonia or amines,
1429

from aryl halides, 0568
from carboxylic acids, by

dehydrating agents, 1431
from DMF, 0730
from esters and ammonia or

amines, 1434
from esters, electrochemistry,

1435
from Grignard reagents and

isocyanates, 1337, 1338
from hydrocarbons, 0975
from imino esters, 1697
from isocyanates, 0729
from ketones, 0844, 1867
from nitrenes, 0789
from nitriles, 0975, 1458
from organoboranes, 0824

from oxazolidinone, with
alcohols, 1422

from pyrolysis of ammonium
carboxylates, 1430

from sulfonate esters, 0568
amides, Gatterman amide

synthesis, 0728
hydrolysis, 1407–1410
hydrolysis, nucleophilic

catalysis, 1408
keto-enol tautomerism, 0100
lithiation, 0810
Mitsunobu reaction, 0570
N-halo, rearrangement, 0740
nucleophilic strength, 0568
rearrangement during

hydrolysis, 1408
reduction to aldehydes,

reagents, 1810
reduction to amines,

reagents, 1841
reduction with silanes, 1841
spirocyclic, 0695
torsional barrier, 0202
twisted, 0224

amides, with alcohols, 0570,
1421

with aldehydes, 0570
with alkenes, 1051
with alkynylboranes, 1448
with diazo compounds, 0570
with Grignard reagents, 1447
with halogens, 1608
with hydroxide, 0397
with hypohalites, 1607
with phosphorus

pentachloride, 1698
with sulfonyl azides,

0788
with trimethyloxonium salts,

1422
amidines, by amination of

ketenimines, 1050
by reduction of nitro

compounds, reagents,
1815, 1816, 1817

from addition of ammonia or
amines to nitriles, 1296

from imidates, 1436
amidomethylation, aromatic

compounds, 0731
amidyl radicals, 1129
aminals, formation, 1283
amination, and sulfamate esters,

0789
electrochemical, 0975
of alkenes, 0788, 0789, 1046,

1047, 1050
of alkynes, metal catalyzed,

1048
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of allenes, metal catalyzed,
1049

of aromatic compounds,
0693, 0694

of Grignard reagents, 0880
of heterocycles, 0915, 0916
of heterocycles, vicarious

substitution, 0916
of hydrocarbons, 1757
of ketenimines, 1050
of organolithium reagents,

0880
of organometallics, 0821

amine oxides, and Cope
elimination, 1524

and Meisenheimer
rearrangement to oximes,
1623

and resonance, 0053
and the Boekelheide reaction,

1624
and ylids, 0053
by oxidation of amines,

reagents, 1779
pyrolysis to alkenes, 1524
reduction to amines,

reagents, 1846
amine-Claisen rearrangement,

1672
amines, a-alkylation, 0640,

0641
amines, a-oxidation to amides,

1759
amines, acidity, 0383
amines, acylation, 1429

and aminoboranes, 1433
and the Merrifield synthesis,

1433
and the Schotten-Baumann

procedure, 1427
in ionic liquids, 1429
of amines with esters,

catalysts for, 1435
polymer-bound, 1429
with esters, 1434, 1435
with microwaves, 1429

amines, addition, of
organometallics to imines,
1331, 1332

to alkenes, 1134, 1182
to isocyanates, 1295, 1296
to isothiocyanates, 1296
to ketenes, 1050

amines, addition to nitriles,
1296

amines, alkyl halides and
hexamethylenetetramine,
0558

amines, alkylation, 0555, 0558,
0562

Delépine reaction, 0558
amines, allylic, carbanions,

alkylation, 0641
formation of conjugated

amides, 0851
amines, amination of alkenes,

1045, 1047
amines, and carbamate

formation, 0542
and carbonylation, 1139
and cleavage of methyl ether,

0561
and cyanamide, 0559
and differential hydration,

0391
and formaldehyde, 0730
and Gabriel synthesis, 0556
and guanidine, 0570
and hydrazine, 0569
and Katritzky pyrylium-

pyridinium method, 0554
and leaving groups, 0498
and lithium, reductive

cleavage of carboxylic
esters, 1834

and Mentshutkin reaction,
0555

and metal catalyzed
amination of alkynes,
1048

and nitrous acid, 0499
and organolithium reagents,

0799
and phase transfer, 0559
and proton transfer, 0368
and pyramidal inversion,

0142, 0144
and racemization, 0144
and resonance, 0383
and the Bruylants reaction,

0614
and the Hinsberg test, 1474
and the Mannich reaction,

1292–1295
and the Mitsunobu reaction,

0559
and the Staudinger reaction,

1822
and the von Braun reaction,

0586
and transamidation, 1425

amines, aromatic or aryl, see
aniline

amines, arylation with
arylboronic acids, 0879

and microwaves, 0877
and the Gabriel synthesis,

0879
bicyclic, by amination of

alkenes, 1048

bridgehead, and chirality,
0144

amines, by base induced
rearrangement of
ammonium salts, 1621

by catalytic hydrogenation of
nitriles, 1814

by Hofmann rearrangement,
1607

by hydrogenation of
enamines, 1049

by hydrolysis of cyanamides,
1269

by hydrolysis of isocyanates,
1607

by metal reduction of
hydroxylamines, 1819

by metal reduction of nitro
compounds, mechanism,
1818

by oxidation of hydrocarbons
or methylene, 1757

by reduction of amides,
reagents, 1810, 1841

by reduction of amine oxides,
reagents, 1846

by reduction of azides, 0561,
1822

by reduction of azo or azoxy
compounds, 1823, 1853

by reduction of C����N
compounds, 1811, 1812

by reduction of diazonium
salts, 1823

by reduction of enamines,
1813

by reduction of hydrazo
compounds, 1853

by reduction of hydrazones,
1811, 1820

by reduction of imides, 1842
by reduction of imines,

1811–1813
by reduction of isocyanates,

1823
by reduction of

isothiocyanates, 1823
by reduction of nitriles,

reagents, 1813, 1814
by reduction of nitrilium

ions, 1814
by reduction of nitro

compounds, with metals in
acid, 1816

by reduction of nitroso
compounds, 1823

by reduction of oximes,
reagents, 1812, 1819, 1820

by reduction of quaternary
ammonium salts, 1844
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amines, (Continued)
by reduction of Schiff bases,

1811
by reduction of

semicarbazones, 1820
by reduction of

sulfonamides, 1844
by reduction to

hydrocarbons, reagents,
1843, 1844

by reduction, of iminium
salts, 1812

by reductive alkylation,
1288–1291

by reductive amination with
aldehydes or ketones,
1288–1291

by silane reduction of
amides, 1841

by Stevens rearrangement,
1621

amines, carbene insertion,
0804

carbonylation, 0654, 0655,
0850, 0851

catalytic of enolate anion
formation, 0779

chiral, and Mannich
reactions, 1295

chiral, from formamidines,
0641

chloro, from amines, 0849
conjugate addition,

enantioselectivity, 1132
conjugate addition, to

thio-lactams, 1130
cyanation of, 0802

amines, cyclic, a-oxidation to
lactams, 1759

aminyl-radical cyclization,
0559

by conjugate addition of
amines, 1130

by reduction of lactams,
1842

by SN20 reaction, 0557
cleavage with cyanogen

bromide, 0587
from alkene-amines, 0557
from diols, 0560
from haloamines, 0557,

1695
ring expansion, and

carbonylation, 0851
von Braun reaction, 0587’

amines, cycloalkyl, with nitrous
acid, 1588

cyclobutyl, from [2 þ 2]-
cycloaddition, 1223

dealkylation, reagents, 1852

deamination, indirect
methods, 1844

deamination, reagents, 1843,
1844

dehydrogenation to nitriles,
reagents for, 1729, 1730

demethylation, 0550
diazotization, and

rearrangements, 1566
diazotization, with alkyl

nitrites, 0921
dicarbonyl, as nucleophiles,

0514
ditosyl, with halide ions,

0586
energy barrier to pyramidal

inversion, 0142, 0144
exhaustive alkylation, 0556
formation of alcohols, 0547
formation of onium salts,

0376
formation of Schiff bases, 1282

amines, from addition of amines
to alkenes, 1045

from addition of ammonia to
alkenes, 1045

from alcohols, 0559
from alkenes, 0567
from alkyl halides, 0559
from amides and Grignard

rearrangements, 1447
from amino ethers, 0617
from azides, 0822
from aziridines, 0621
from cyanohydrins, 0561
from diazo compounds, 0562
from enamine alkylation,

0641
from ethers, 0559
from Grignard reagents,

0614, 0617
from hydrolysis of

isocyanates, 1610
from organometallics, 0621,

0821
from phosphonium salts,

0560
from trichloroamine, 0567

amines, Gabriel synthesis,
0569

halo, from amines, 0849
Hofmann-Löffler reaction,

1695
hydrolysis of isocyanates,

1611
Ing-Manske procedure, 0569
intramolecular arylation,

0878, 0879
amines, metal catalyzed,

addition to nitriles, 1297

amination of allenes, 1049
animation of alkenes, 1046,

1047
arylation, 0877–0880
carbonylation, 0850
conjugate addition, 1130
coupling to diamines, 1857
reaction with aryl halides,

0693
amines, metal mediated,

arylation, 0879
amines, metal reduction of nitro

compounds, 1819
amines, migration, 1603
amines, N-arylation, 0876
amines, N-Boc, metal catalyzed

lithiation, 0640
amines, naphthyl, from

naphthols, 0882
amines, nitration, 0847, 0848
amines, nitrosation, 0846, 0847
amines, organometallic

compounds with imines,
1330–1334

amines, oxidation, to amine
oxides, reagents, 1779

to hydroxyamines, reagents
for, 1777

to imines, 1767
to ketones or aldehydes, 1767
to nitriles, 1729, 1730
to nitro compounds, reagents,

1778
to nitrones, 1732
with manganese dioxide,

1731
with Oxone, 1768
with TPAP, 1768
reagents for, 1767

amines, photochemistry, 0332
Pictet-Spengler reaction,

0716
reactivity differences with

halides, 0556
reagents for acylation, 1432
replacement by an alkyl

group, 0915, 0923
silyl, with aryl halides, 0878
silylalkyl, 0559
substitution of aryl halides,

base catalysis, 0856
substitution of aryl halides,

0855
transamination, 0561

amines, with acyl halides,
1427

with acyl halides to give
ketenes, 1532

with aldehydes or ketones,
0716, 0974, 1281
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with alkyl halides, 0555
with alkynes, metal

catalyzed, 1048
with anhydrides, 1429
with aromatic compounds,

0730
with aryl halides, and the

Goldberg reaction, 0876
with aryl halides,

replacement of alkyl
groups, 0875

with aryl triflates, 0876
with aziridines, 0566
with benzyl chloroformate,

1428
with boron trifluoride, 1438
with calcium, reduction of

aromatic compounds,
1069

with carbon dioxide, 0851
with carbon disulfide, 1297
with carbonates, 1435
with carboxylic esters, 1434,

1436
with chloroform, 0567
with chloroformates, 1428
with cyanogen bromide, 0586
with cyclic anhydrides, 1429
with cyclopropane, 0567
with diazo compounds, 0562,

1242
with diketones, 1283
with dimethyl(methylthio)

sulfonium salts, 1185
with epoxides, 0562, 0563
with hypohalites, 0849
with KOH, 0547
with lactams, high pressure,

1438
with b-lactones, and angle

strain, 1437
with lithium, reduction of

aromatic compounds,
1069

with Mannich bases, 0562
with nitro-ketones, 0844
with nitronium salts, 0848
with nitrous acid, 0247,

0846, 0847
with onium salts, 0852
with organocuprates, 0822
with oxetanes, 0565
with phosgene, 1427
with pyrylium ions, 1283
with sulfonyl halides, 1471,

1474, 1475, 1532
with tert-butoxy anhydride,

1428
with thiiranes, 0565
with thiophosgene, 1428

with tricarbonates, 0851
amino acid surrogates, 0632
amino acids, and semipinacol

rearrangement, 1586, 1587
by the Sorenson method,

0624
conversion to lactams, 1431
diazotization, 0585
from acyl halides, 0789
from azido acids, 0788
with nitrous acid,

rearrangement, 1586, 1587
amino acids-boric acid, and

resolution, 0173
amino leaving groups, in

Mannich bases, 0498
amino-alcohols, also see

hydroxyamines
and cyclodextrin, 0563
and microwaves, 0563
coupling ketones with

O-methyl oximes, 1858
enantioselective formation,

0563
formation of aziridines, 0560
from amines, 0565
from azido-alcohols, 0564
from enamines, 1079
from epoxides, 0562, 0564
from isocyanides, 0568
from oxetanes, 0565
with lithium perchlorate in

ethers, 0563
with nitrous acid, 1589

amino-carbonylation, of
alkenes, 1139

amino-Cope rearrangement,
1660

amino-esters, diazoesters with
amines, 1242

amino-ethers, alkoxy-amination
of alkenes, 1182

from alcohols, 0537
from aziridines, 0537

amino-ketones, by oxidation of
enamines, 1775

by rearrangement of O-tosyl
imines, 1605

by the Mannich reaction,
1292–12195

by the Neber rearrangement,
1605

elimination, 1293
from the Mannich reaction,

1294
amino-nitriles, and

cyanohydrins, 1391
and the Strecker synthesis,

1391
the Bruylants reaction, 0614

with Grignard reagents,
0614

amino-organocuprates, 1112
amino-thiols, from epoxides,

0565
aminoalkylation, of aromatic

compounds, 0730
aminoboranes, with carboxylic

acids, 1433
aminocarbenes, 0286
aminohydroxylation, of alkenes,

1180
aminoketones, from

Eschenmoser’s salt, 1294
aminomercuration, of alkenes,

1050, 1181
aminomethyl aromatic

compounds, 0929
aminonitrenes, addition to

alkenes, 1184
aminophenols, from oximes,

0930
from the Bamberger

rearrangement, 0930
aminopyridine, halogenation,

0701
aminosulfenylation, of alkenes,

1185
aminyl-radicals, 1129
aminyl-radical cyclization, 0559
ammonia, addition to

cyanamide, 1296
addition to nitriles, 1296
amination of alkenes, 1045
and enolate alkylation, 0627
and formation of enolate

anions, 0631
and pyramidal inversion,

0142, 0144
and sodium, reduction of

alkynes, 1064
and the Bucherer reaction,

0882
impurities, and the Birch

reduction, 1067
supercritical, 0415
supercritical, enzymatic

carboxylation, 0729
ammonia, with acyl halides,

1427
with alkyl halides, 0555
with anhydrides, 1429
with carboxylic acids,

1430
with carboxylic esters, 1434
with conjugated ketones,

0631
with epoxides, 0562
with metals, and decyanation,

0845
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ammonia, with acyl
halides, (Continued)

with metals, and formation of
enolate anions, 0907

with metals, cleavage of
cyclopropanes, 1075

with metals, reduction of
alkynes, 1064

with sulfonyl halides, 1474,
1475

ammonium formate, see
formate

ammonium salts, alkyl
rearrangement, 0741

and amination of alkenes,
1048

and formation of aldehydes,
1034

and Hofmann degradation,
1522

and Hofmann’s rule, 1498
and Hofmann-Martius

reaction, 0741
and phase transfer catalysis,

0509
and Stevens rearrangement,

0929, 1621
and syn-elimination, 1483
base induced rearrangement,

1621
benzylic, and Sommelet-

Hauser rearrangement,
0929

chiral, with HCN, 1392
cleavage, 0542
dealkylation, 0562
demethylation, 0550
from amines and alkyl

halides, 0556, 0846
heating, formation of alkyl

halides, 0586
pyrolysis, to alkenes,

1521
quaternary, and out-in

isomers, 0189
quaternary, and the Emde

reduction, 1845
quaternary, thermal stability,

0510
tetraalkyl, reduction to

amines, 1844
with amide bases, 1524
with amides, 1437
with organolithium reagents,

0810, 1523
ammonium-ketones, and

Robinson annulation, 1350
amphiprotic properties, 0772
anchimeric assistance, and

cyclopropyl, 0455

and SN2 reactions, 0446
in migrating group in

rearrangements, 1565
angle strain, b-lactones with

amines, 1437
angles, bond, see bond angles
angles, dihedral, see dihedral

angle
angles, torsion, see torsion angle
angular polyacenes, 0061
anhydrides, alcoholysis, 1412

alcoholysis,
enantioselectivity, 1413

and dehydration of alcohols,
1515

and nitration of anilines,
0688

and the Perkin reaction, 1363
tert-butoxy, with amines,

1428
by dehydration of carboxylic

acids, 1423
cyclic, alcoholysis, 1413
cyclic, and Friedel-Crafts

acylation, 0722
cyclic, from dicarboxylic

acids, 1423
cyclic, with amines, 1429
formation of acyl azides,

0573
Friedel-Crafts acylation,

0719
from acyl halides and

carboxylate salts, 1422
from acyl peroxides, 0972
from addition of carboxylic

acids to ketene, 1042
from aldehydes, 0972
from carboxylic acids and

enol esters, 1424
hydrolysis, 1399
mixed organic-inorganic,

from anhydrides, 1424
mixed, Friedel-Crafts

acylation, 0721
mixed, from acyl halides and

carboxylate salts, 1422
mixed, with amines, 1430
organic-inorganic,

hydrolysis, 1413
reaction with aldehydes,

1273
reaction with sulfoxides,

1866
reduction to aldehydes,

1810
reduction to lactones,

reagents, 1840
sulfonic, and Friedel-Crafts

acylation, 0720

sulfonic, Vilsmeier-Haack
reaction, 0725

triflic, with amides and
alcohols, 1421

trifluoroacetic, and DMSO,
for oxidation of alcohols,
1721

with alcohols, 1412, 1413
with aldehydes, 1363
with ammonia or amines,

1429
with carboxylic acids, 0840
with ethers, 0542
with hydrogen peroxide,

0545
with inorganic acids, 1424
with organometallics,

enantioselectivity, 1446
with phosphorus ylids, 1379

aniline, and resonance, 0048
anilines, acyl, halogenation,

0740
acyl, Orton rearrangement,

0740
ammonium salts, and

rearrangement, 0741
ammonium salts, Hofmann-

Martius reaction, 0741
ammonium salts, photolysis,

0742
and formation of aryl halides,

0985
and hydroxylation reactions,

0734
and Reilly-Hickenbottom

rearrangement, 0741
and the Bucherer reaction,

0882
and the Mannich reaction,

1293
and the Mills reaction, 0922
azo compounds, 0740
Boyland-Sims oxidation,

0734
conjugate addition, 1130
deamination, by reduction of

diazonium salts, 1847
diazotization, 0917, 0918
Fischer-Hepp rearrangement,

0739
formation of aryl azides,

0572
Friedel-Crafts alkylation,

0709
from alcohols, 0560
from amines, 0699, 0875,

0876
from aromatic compounds,

0693
from aryl halides, 0875

2210 SUBJECT INDEX



from aryl phosphates, 0883
from Grignard reagents, 0880
from hydrazoic acid, 0693
from N-nitroamines, 0738
from organolithium reagents,

0880
from oximes, 0930
halogenation, and Lewis

acids, 0699
Hofmann-Martius reaction,

0741
N-nitro, rearrangement,

0738, 0739
N-nitroso, rearrangement,

0739
nitration of, 0688
oxidation to azo compounds,

1731
oxidation to nitroso

compounds, 1776, 1777
oxidation with Caro’s acid,

mechanism, 1777
rearrangement, with

organolithium reagents,
1624

replacement of amino with
alkyl, 0915, 0923

ring closure with aldehydes
or ketones, 1282

with alkyl nitrites, 0985
with aryl nitroso compounds,

0922
with Caro’s acid, 1777
with epoxides, 0563
with hyponitrites and allyl

halides, 0923
with thionitrites, 0985

anionic cleavage, 0835
1,3-anionic cycloadditions,

1193
anions, addition to alkenes,

1007
addition to conjugated

carbonyls, 1008
N-nitro, rearrangement,

isotopic labeling, 0738
anisotropy, and alkenes,

0056
and aromatic compounds,

0056
and cyclophanes, 0056

annellation, 0061
and cyclopentadiene, 0063
and strain, 0052

Annual Reports on Organic
Synthesis, 1892

[6 þ 2]-annulation, and Brook
rearrangement, 1701

annulation, Robinson, see
Robinson

annulenes, and alkyne coupling,
0978

and antiaromaticity, 0075,
0088, 0089

and aromaticity, 0071, 0078,
0079, 0082, 0085–0087

and Hartree-Fock
calculations, 0080

and HPLC, 0092
and Hückel’s rule, 0079
and Möbius aromaticity,

0091, 0092
and NMR, 0079, 0080, 0083,

0084, 0087, 0088, 0089,
0090

and planarity, 0080
and the Eglinton reaction,

0978
and X-ray crystallography,

0084, 0085, 0089
aromatic substitution, 0081,

0084
aromaticity, 0083, 0084
atropic, 0090
bond alternation, 0089
bond angles, 0079
bond distance, 0085, 0089
bridged, 0089
definition of, 0071
diatropic, 0081
heat of combustion, 0091
planarity of, 0091
twist conformations, 0080

anomeric effect, 0210, 0211
antarafacial migration, in

sigmatropic
rearrangement, 1648, 1649

antarafacial overlap, 1213
anthracene compounds, as host,

0128
anthracene derivatives, Bradsher

reaction, 0715
anthracene, alkylation of, with

organometallics, 0914
and resonance, 0049
catalytic hydrogenation,

1067
resonance energy, 0060

anti addition, 1001
and alkenes, 1006

anti nomenclature, 0166
anti-aromaticity, and azirines,

1184
anti-Bredt alkenes, by the Wittig

reaction, 1373
anti-Markovnikov addition,

alkene amination, 1050
and aminomercuration, 1050
HBr, peroxides, and alkenes,

1030

hydration of alkynes, 1035
Lewis acid catalyzed, silanes

to alkenes or alkynes,
1087

of boranes to alkenes, 1078
of cyanide, 1148
phosphines and alkynes,

metal catalysts, 1050
radicals to alkenes, 1124
silanes to alkenes, 1087
thiols to alkenes, 1043
water to alkenes, 1033

antiaromatic compounds, and
bond distance, 0057

antiaromatic systems, and ring
current, 0057

antiaromatic, and
cyclobutadienes, 0073

antiaromatic, oxirenes, 1174
antiaromaticity, 0073

and annulenes, 0075, 0088,
0089

and cyclazines, 0089
and cycloheptatrienyl anions,

0079
and indacene, 0089
and NMR, 0075, 0090
and paratropic compounds,

0090
and stability, 0074
dipleiadiene, 0090
for cyclobutadiene, 0038

antibodies, catalytic, and
epoxidation, 1172

antibody-catalyzed oxy-Cope
rearrangement, 1660

antibody-catalyzed
[3 þ 2]cycloadditions,
1191

antibonding orbitals, 0005, 0006
and SNAr reactions, 0866

antimony pentafluoride and
FSO3H, 0358

antimony pentafluoride, and
cation stability, 0236

antimony, and optical activity,
0144

antioxidants, and autoxidation,
0967

aprotic solvents, 0502
aqueous media, and the Heck

reaction, 0893
Arbuzov reaction, 1375
arenes, see aromatic compounds
arenium ion mechanism, 0657,

0658, 0913
arenium ion mechanism,

evidence for, 0659–0662
arenium ions, 0240, 0658

þI and �I effects, 0667
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arenium ions, (Continued)
ab initio study, 0662
activating groups, 0665
and carbocations, 0658
and deuterium ions, 0661
and encounter complex, 0664
and Lewis acids, 0663
and nitration, 0691
and resonance, 0658
and s-complexes, 0658
and the E1 mechanism, 0657
and the Hammond postulate,

0666
deactivating groups, 0665
destabilization, 0667, 0669
field effects, 0667
ipso position, 0672
isolation, 0661
isotope effects, 0659
kinetics versus

thermodynamic control,
0666

partition factor and
partitioning effects, 0659,
0660

polyfluorinated, 0661
stability, 0663
stabilization, 0667, 0668
stable solutions, 0662
substituted, and resonance,

0666
argon, as a guest, 0127
Arndt-Eistert synthesis, 1457,

1599
Arndt-Eistert synthesis, and

Wolff rearrangement,
1599

aromatic carboxylic acids, see
carboxylic acids

aromatic character, 0055
aromatic compounds, activation

groups, 0665
aromatic compounds, addition

of carbenes, 1239
addition of Grignard

reagents, 1119
alkyl substituents, also see

benzylic
amidation, 0694
amidomethylation, 0731
amination, 0693, 0694
aminoalkylation, 0730
aminomethyl, 0929

aromatic compounds, and
anisotropy, 0056

and annellation, 0061
and aromaticity, 0054,

0057
and Benkeser reduction,

1069

and benzylic hydrogens, with
radicals, 0947

and Birch reduction, 1067
and cyclodehydration, 0715
and deactivating groups,

0665
and DEAD, 0695
and electron donor-acceptor

complexes, 0115
and field effects, 0021
and Gatterman-Koch

reaction, 0725
and geared molecules, 0231
and hydrogen exchange,

0684
and MO calculations, 0033
and p-p-interactions, 0114
and resonance, 0033, 0049
and restricted rotation, 0232
and retro-Diels -Alder

reactions, 1545
and strain, 0230, 0231
and the Baker-Nathan effect,

0096, 0097
and the Dakin reaction, 1746
and the Duff reaction, 0727
and the Gomberg-Bachmann

reaction, 0924
and the Haworth reaction,

0722
and the Schiemann reaction,

0921
and the Wurtz-Fittig reaction,

0589
and thermal extrusion of

carbon monoxide,
1545

aromatic compounds, aromatic
character, 0055

arylation, 0924–0926, 0981
arylation, mechanism, 0925,

0926
bond alternation, 0051
bromination, 0664
by aromatization of six-

membered rings, 1709
by Bergmann cyclization,

1641
by decarboxylation, 0745
by dehydroxylation of

phenols, 1830
by electrocyclic ring closure,

1645
by reduction of diazonium

salts, reagents, 1847
by reduction of phenols,

1830
by reversal of Friedel-Crafts

alkylation, 0742
canonical forms, 0060

catalytic hydrogenation,
1066

chlorination, 0664, 0670
cyclotrimerization of

alkynes, 1243
deactivated, amination, 0693
decarbonylation, 0745
dihydroxylation, 1168
directed ortho metalation,

0912
electrolysis, formation of

phenols, 0734
electronic effects, and Birch

reduction, 1067
fluorination, 0704, 0921
formation of aldehydes, 0724
formation of anilines, 0693
formation of biaryls, 0718
formation of nitriles, 0733
formation of thioethers, 0731
formylation, 0724
Friedel Crafts acylation,

0697, 0710
aromatic compounds, from

alcohols, 0707
from alkenes, 0706
from alkyl halides, 0706
from aromatic compounds,

0980
from aryl ethers, 0748
from aryl halides, 0749
from aryl ketones, 0745
from aryl organometallics,

0751
from arylsulfonic acid, 0748
from en-diynes, 1641

aromatic compounds, fused
ring, 0052, 0060, 0253

Gatterman amide synthesis,
0728

halogenation, 0698–0702
halogenation, with NBS,

0699
hydroxyalkylation, 0713
hydroxylation, 0733, 0964,

0965, 0734
iodination, 0703
lithiation, 0911–0915
mercuration, 0913
metal catalyzed addition to

alkenes, 1100
metal catalyzed hydrogen

exchange, 0685
metalation, 0734, 0911–0915
methyl, see methyl aromatic
Mills-Nixon effect, 0052
nitration, 0664, 0665, 0685,

0686, 0688
nitration, and arylboronic

acids, 0690
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nitro, from N-nitroanilines,
0738

nitroso, 0739
organometallics with aryl

halides, 0604, 0605, 0606,
0607

ortho-meta-para substitution,
0665

oxidation of side chains,
1745

oxidation of side chains,
alkyl group reactivity,
1746

oxidative cleavage, reagents,
1744

phenylenes, 0051
photochemical coupling with

aryl halides, 0981
radical alkylation, 0980,

0982
reactivity, 0665, 0679
reactivity with radicals, 0950
reduction with metals and

ammonia, 1067
replacement of nitro with

alkyl, 0927
Schiemann reaction, 0705
six-membered rings, 0058
strained, 0052
strained, and rotation barrier,

0231
sulfonation, 0695, 0696
thioalkylation, 0731
tormented or twisted, 0051
trichloroacetonitrile, 0733
UV and IR, and strain, 0230,

0231
aromatic compounds, with acyl

halides, 0719
with acyl peroxides, 0980
with aldehydes, 0713
with alkenes, 0706
with alkyl halides, 0705
with amines, 0730
with aryl organometallics,

0718
with aryldiazonium salts,

0924
with calcium and amines,

1069
with DMSO, 0731
with Fenton’s reagent, 0964
with formaldehyde, 0717
with hydrazoic acid, 0693
with ketones, 0713
with mercury fulminate,

0733
with metals and amines, 1069
with nitrenes, 1185
with nitriles, 0732

with nitronium salts, 0689
with organolithium reagents,

0911–0915
with peroxyacids, 0733
with phenonium ions, 0456
with phosgene, 0728
with polyphosphoric acid,

0698
with Pseudomonas putida,

1168
with radicals, mechanism,

0940
with sulfonyl halides, 0697
with sulfoxides, 0731
with sulfur trioxide, 0696
with sulfuric acid, 0695

aromatic diazonium salts, see
diazonium salts

aromatic groups, b, and
neighboring groups, 0459

aromatic hydrocarbons,
alternant, electrocyclic
rearrangement, 1646

aromatic hydrocarbons,
oxidation to quinones,
1764

aromatic index, see aromaticity
index

aromatic rings, as neighboring
groups, 0455–0457

aromatic sextet, 0055, 0058
aromatic side chains, oxidation,

reagents, 1745
aromaticity, 0054
aromaticity index, 0062–0064
aromaticity index, and

fulvalenes, 0069
aromaticity, and absolute

hardness, 0063
and annellation, 0061
and Bader’s electron

delocalization index, 0064
and Baird’s theory, 0069
and bond alternation, 0065
and bond distances, 0072
and bond order, 0063
and chemical shift, 0055
and cyclobutadiene or

cyclodecapentaene, 0071
and cycloheptatrienyl anion,

0078
and cyclooctatetraene, 0071,

0078
and cyclopentadienyl cation,

0076
and cyclopropenyl anion,

0076
and diamagnetic ring current,

0055, 0072
and diatropic, 0055

and fullerenes, 0094
and Hückel’s rule, 0071,

0078
and Hund’s rule, 0072
and hybridization, 0050
and isotope labeling, 0065
and methanoannulenes, 0081,

0082
and molecular refraction,

0063
and NMR, 0055, 0083, 0084
and partial bond fixation,

0059
and planarity, 0072, 0086
and resonance energy, 0062
and ring current, 0055
and sybdones, 0092
and symmetry, 0072
and the Hess-Schaad model,

0057
and the conjugated-circuit

model, 0057
and the hardness model, 0057
and the Herndon model, 0057
and the pyrylium ion, 0058
and the SCF method, 0058
and the tropylium ion, 0067

aromaticity, aromatic character,
0055

aromatic sextet, 0058
bishomoaromatic, 0093
homoaromatic compounds,

0093, 0094
Hückel, 0091
mesoionic compounds, 0092
Möbius, 0091, 0092
nonaromatic systems, 0071

aromaticity, of annulenes, 0071,
0078, 0079, 0082–0087

of aromatic compounds,
0054, 0057

of arynes, 0861
of azaannulenes, 0081
of azulene, 0067
of benzene, 0038
of benzenoid hydrocarbons,

0057
of benzoannulenes, 0084
of calicene, 0069
of cyclopentadienide ion,

0062
of fulvalenes, 0068
of fused ring aromatic

compounds, 0064
of heptalene, 0067
of heteroaromatic

compounds, 0057, 0058,
0062

of naphthalene, 0061
of pentalene, 0067
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aromaticity, of
annulenes, (Continued)

of phenacenes, 0087
of phenalene, 0060
of phenanthrene, 0059
of polyacenes, 0061
of pyrenes, 0083
of the cyclopropenyl cation,

0072
of the squaric acid dianion,

0092
of triphenylene, 0061
of tropone, 0065

aromaticity, spherical
homoaromaticity, 0094

aromaticity, superaromatic, 0087
aromaticity, trihomoaromatic,

0093
aromatization, by Bergmann

cyclization, 1641
by DDQ, 1710
metal catalysts for, 1709
of six-membered ring

compounds, 1709
reagents for, 1710, 1711
to form heterocycles, 1711
with chloranil, 1710
with quinones, 1710
with selenium, 1710
with sulfur, 1710

arsenic, and optical activity,
0144

arsine ylids, 1370
arsines, and ylid formation, 1370
aryl carbenes, 0286
aryl carbocations, see

carbocations
aryl groups, migration in

carbocations, 1577
aryl radicals, see radicals
arylation reactions, and

sonochemistry, 0352
arylation, and the Heck reaction,

0891–0897
and the malonic ester

synthesis, 0714
Meerwein, 0923
of active methylene

compounds, 0906–0908
of alkenes, 0890, 0923
of amides, 0880
of amines, 0876–0878
of aromatic compounds,

0924, 0925
of enolate anions, 0906–0908
of haloalkynes, metal catalyzed

or mediated, 0647
of lactams, 0880
of oximes, metal catalyzed,

0986

of silanes, metal catalyzed,
0911

of sulfonamides, 0569
radical, 0718, 0982

arylazides, see azides
aryllithium, see organolithium,

aryl
arylthallium compounds,

reactions, 0913
arynes, and aromaticity, 0861,

0862
and nonaromatic rings, 0862
hetarynes, 0862
in the Diels-Alder reaction,

0861
substrate structure and

regioselectivity in
formation, 0867

ascorbic acid, and Udenfriend’s
reagent, 0965

aspartic acid, specific rotation,
0139

asymmetric atom, see chiral or
stereogenic

asymmetric catalysts,
hydrogenation, 1073

asymmetric dihydroxylation,
1165, 1166

asymmetric epoxidation, see
epoxidation

asymmetric hydrogen bonds,
0109

asymmetric induction, see
enantioselectivity

asymmetric reduction, of
prochiral ketones,
1799–1803

asymmetric synthesis, see
synthesis

asymmetric [3, 3]-sigmatropic
rearrangement, 1663

ate complexes, 0376
onium salts, 0376
with organolithium reagents,

and reduction of alkyl
halides, 1827

atom transfer, see hydrogen
transfer

atom transfer, of radicals, 1011
atomic orbitals, overlap of, 0004
atomization, heat of, see heat of

atomization
atoms stereogenic, see

stereogenic, chiral
atoms, chiral, see chiral,

stereogenic
atropic, annulenes, 0090
atropisomers, and a chiral axis,

0158
and BINAP, 0147

and Friedel-Crafts coupling,
0714

and restricted rotation, 0148
of alkaloids, 0148
of allenes, 0148, 0149
of benzylic alcohols, 0147
of biaryls, 0146, 0902
of calixarenes, 0149
of conformations, 0203
of pyrroles, 0147
of sulfoxides, 0147
of thioamides, 0184
resolution of, 0149

attacking reagent, definition,
0296

Austin Model, 0035
autoxidation, allylic and

benzylic hydrogens,
0967–0969

auxiliaries, Evans, and enolate
alkylation, 0629

auxochrome, 0334
axial, in chair conformations,

0204
axis, chiral, and R/S

nomenclature, 0158
of symmetry, and chirality,

0140
aza-Brook rearrangement, 1701
aza-Claisen rearrangement,

metal catalysts, 1671
aza-Cope rearrangement, 1660,

1672
aza-Diels-Alder reactions, 1217
aza-Wittig, 1380
aza-Wittig rearrangement, 1625
azaadamantanone, and the

Wittig reaction, 0224
azaannulenes, 0080, 0081
azabullvalenes, 1665
azacrown ethers, see ethers,

azacrown
azadienes, chiral, 1218

Diels-Alder reaction, 1217
azadodecahedranes, 0222
azapagodanes, synthesis, 0222
azeotropes, and formation of

borate esters, 0817
azeotropic distillation, and

acetal or ketal formation,
1270

and enamine formation, 1283
and formation of imines,

1282
azetidines, from amines and

ditosylates, 0557
azide ion, and inversion, 0443

and rate of ionization, 0442
with epoxides, 0564
with alkynes, 1159
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azides, metal catalyzed reaction
with epoxides, 0564

azides, sodium with
iodosobenzene, 1182

azides, sodium, with aldehydes,
1440

azide-alcohols, cyclization to
aziridines, 0572

azides, 1,3-dipolar addition,
1183

azides, acid catalyzed ring
expansion, 1610

azides, acyl, 1561
and the Curtius

rearrangement, 1609
from acid derivatives, 0571,

0573
from aldehydes, 1440
from nitrous acid and

hydrazines, 1609
in the Curtius reaction, 0572
thermolysis to isocyanates,

1608
azides, addition to alkenes,

1182, 1183
and formation of nitrenes,

0294
and phase transfer, 0572
and the Staudinger reaction,

1822
and triazenes, 0822
and ultrasound, 0572
aryl, from aniline derivatives,

0572
aryl, ring expansion, 1610
aryl, with haloalkylboranes,

0822
by addition of hydrazoic acid

to Michael-type alkenes,
1052

by Mitsunobu reaction, with
alcohols, 1612

carbonylation, 0851
conjugate addition, 1131
from alcohols, alkenes, and

hydrazoic acid, 1612
from alkyl halides and azide

ion, 0571, 0572
from benzylic alcohols, 0561
from hydrazines, 0846
halo, by addition of haloazide

to alkenes, 1158
halo, with alkenes or allenes,

1159
metal catalyzed Schmidt

reaction, 1612
polymer supported, diazo

transfer reagents, 1237
pyrolysis to imines, 1609
reduction, 0561, 0822, 1822

reduction, and amidation of
alkenes, 1052

silyl, with epoxides, 0564
sulfonyl, and diazo-transfer

reactions, 0787
sulfonyl, reduction to

sulfonamides, 1822, 1823
sulfonyl, with active

methylene compounds,
0787

sulfonyl, with amides, 0788
tosyl, with active methylene

compounds, 0787
tosyl, with organolithium

reagents, 0822
with haloalkylboranes, 0822
with organometallics, 0821,

0880
azidination, 0788
azido-amides, 0788
azido-amines, from silylazides,

0566
azido-ketones, from ketones,

0573
azidomercuration, of alkenes,

1053
azirenes, intermediates in the

Neber rearrangement,
0312, 1606

aziridination, of alkenes, in
ionic liquids, 1185

aziridines, addition to alkynes,
1192

ambident substrates, 0518
and leaving groups, 0497
and the tetrahedral

mechanism, 0475
asymmetric, from alkenes,

1184
by extrusion of nitrogen from

triazolines, 1553
by extrusion of sulfur dioxide

from sultams, 1556
by reduction of oximes, 1820
by thermolysis of triazolines,

1183
carbonylation, 1466
chiral, from reduction of

azirines, 1184
conformational stability,

0142, 0144
enantioselective preparation,

0572
from alkenes, 1183, 1184
from allene-amides, 1052
from amino-alcohols, 0560
from azide-alcohols, 0572
from diazoacetates and

imines, 1183
from epoxides, 0565

from haloamines, 0557
from imines, 1337
from imines and sulfur ylids,

1385
from iodo azides, 1159
from nitrenes and alkenes,

1184
from photolysis of

triazolines, 1183
from sulfimides and Michael

type alkenes, 1183
halogenation of, 0584
metal catalyzed ring opening,

0566
opening by nucleophiles,

0621
via nucleophilic substitution,

0475
with alcohols, 0537
with allylic alcohols, 0621
with amines, 0566
with nitrous acid, 1538
with organometalllics, 0621

aziridinium salts, and migration
of amino groups, 1604

azirines, from alkynes, 1184
metal catalyzed [4 þ 2]-

cycloaddition, 1216
stability, 1184

azo compounds, also see AIBN
azo compounds, and aryl

triazenes, 0692
and E/Z nomenclature, 0183
and radicals, 0279
and the Mills reaction, 0922
aryl, from aryl triazenes,

0740
by oxidation of anilines,

1731
by oxidation of hydrazines,

reagents, 1730
by reduction of azoxy

compounds, reagents,
1846

by reduction of nitro
compounds, reagents,
1863

by Wallach rearrangement,
1698

decomposition to radicals,
0935

Diels-Alder reaction, 1216
E/Z isomerization, 0692
electrophilic aromatic

substitution, 0691
from anilines, 0922
from aryl nitroso compounds,

0922
from aryldiazonium salts,

0926
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from azoxy compounds, 1698
oxidation to azoxy

compounds, 1779
photoisomerization, 0346
reduction to amines, 1823,

1853
reductive alkylation, 1291
water soluble, 0935
with aromatic compounds,

0925
azo dyes, 0691
azo-Claisen rearrangement,

1672
azobenzenes, by reduction of

nitro compounds, 1817
azobenzenes, metal catalyzed

coupling, 0692
azobis compounds, radical

initiators, 1124
azobisisobutyronitrile, see

AIBN
azodicarboxylates, and chiral

amides, 0789
azodicarboxylates, with alkenes,

metal catalyzed, 1047
azoles, metal catalyzed coupling

with aryl halides, 0887
azoxy compounds, and ESR,

0849
and radicals, 0849
and the Wallach

rearrangement, 1698
by oxidation of amines, 1731
by oxidation of azo

compounds, 1779
by reduction of nitro

compounds, reagents, 1862
from alkyl diazotates, 0573,

0574
from alkyl halides, 0573,

0574
from nitroso compounds,

0848
from oximes, 0848
rearrangement to azo

compounds, acid
catalyzed, 1698

reduction to amines, 1853
reduction to azo compounds,

reagents, 1846
azoxybenzenes, by reduction of

nitro compounds, 1817
azulene dianion, 0068
azulene, and aromaticity, 0067,

0068
nonalternant hydrocarbon,

0069
azulenes, and carbocations,

0241
radical cations, 0282

azulenyl nitrones, and radicals,
0268

B strain, see strain
Bacilllus megaterium, and

carboxylation, 0729
Bacillus megaterium,

a-hydroxylation, 1756
BAcIm, ionic liquid, 1264
backside attack, and SN2,

0426
bacterial monooxygenase,

oxidation of thioethers,
1782

Bader’s electron delocalization
index, 0064

Baeyer-Villiger rearrangement,
1617–1619

migratory aptitude, 1619
Baird’s theory, 0069
Bakelite polymers, 0714
baker’s yeast, reduction of

alkenes and alkynes, 1066
reduction of aldehydes or

ketones, 1800
reduction of azides, 1822
reduction of conjugated nitro

compounds, 1074
reduction of nitro

compounds, 1817
reduction of oximes, 1819

Baker-Nathan effect, and
differential solvation,
0097

and hyperconjugation, 0096,
0097

Baker-Nathan order, and
aromatic substitution,
0670

and substitution reactions,
0486

BAL2 mechanism, 0532
Baldwin’s rules for ring closure,

0305–0307
for enolate anions, 0306,

0307
and radical cyclization to

alkenes, 1011, 1021, 1125,
1126

Balz-Schiemann reaction, see
Schiemann reaction

Bamberger rearrangement,
0930, 0931

Bamford-Stevens reaction, 1527
banana bonds, 0009
barbaralane, and Cope

rearrangements, 1666
Barbier reaction, and

compatible metals, 1302
and samarium, 1313

Barbier-Wieland procedure,
oxidative cleavage, 1743

barbituric acid, 1439
barralene, 1692
barrelene, and chirality, 0152
barrier, energy, to rotation,

0185
barrier, intrinsic, 0309
barrier, rotation, biphenyls,

0146
in acetaldehyde, 0201

Barton reaction, 1696
Barton-McCombie reaction,

1833
base strength, 0357

and E2 reactions, 1500
and E2C reactions, 1495
and ester enolate anions,

1356
and field effects, 0380
and hydrogen bonding,

0364
and pK, 0364
and pK, table, 0366
and proton sponges, 0386
and solvent effects, 0365
and structure, 0380
and the Claisen

condensation, 1454
and the Claisen reaction,

1356
elimination versus

substitution, 1505
in elimination reactions,

1504
superbases, 0365
table, 0385

base-catalyzed, acylation of
alcohols, 1411

amination of alkenes, 1048
amine substitution of aryl

halides, 0856
coupling, aryl halides with

active methylene
compounds, 0906

hydrolysis of amides, 1409
Mannich reaction, 1294
reactions, and the Marcus

equation, 0373
rearrangement, O-tosyl

imines to amino ketones,
1605

base-induced, addition of
amides to aldehydes, 1292

dehydrogenation, 1714
elimination, 1478–1486,

1530
elimination, of ethers, 1516
halogenation, of alkanes,

0957
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bases, and active methylene
compounds, 0622

and formation of phosphorus
ylids, 1369, 1370

and hydrogen exchange,
0685, 0767

and keto-enol tautomerism,
0772

and pK, 0364, 0365
and rearrangement of alkenes

or alkynes, 0767, 0768
and the Stetter reaction, 1136
as proton acceptors, 0356
base strength, 0364, 0365
base strength, table, 0385
catalysis of the halogen

dance, 0749
chiral, and enolate alkylation,

0629
chiral, and the aldol reaction,

1347
cleavage of keto esters or

ketones, 0841, 0843
conjugate, 0356
conjugate, and leaving

groups, 1489
dialkylamides, 0389–0390
enolate anions, 0390
for coupling of aromatic

compounds and
aryldiazonium salts, 0924

for the haloform reaction,
0842

for the Henry reaction, 1357
hard, definition, 0377
hardness, 0377, 0378
in proton-transfer reactions,

0367
in the Perkin reaction, 1364
IUPAC terminology, 0356
LDA, 0389
Lewis, see Lewis bases
pK, table, 0366
proton sponges, 0365, 0386
reaction with phosphonium

salts, 1369
required for generation of

enolate anions, 0627
soft, definition, 0377
suitable for E2 reactions,

1504
suitable for the Sevens

rearrangement, 1621
superbases, 0365
with DMSO, 0914
with silyl enol ethers, 0628

basicity, and ambident
nucleophiles, 0516

and differential hydration,
0391

and electronegativity, 0384
and hydrogen bonding, 0108,

0364
and leaving groups, 0496
and nucleophilicity, 0491
and solvent effects,

0392–0394
and steric effects, 0385
and the medium, 0390
aromatic compounds, 0663
pyrrole versus pyridine, 0063
solution versus gas phase,

0391–0392
table, 0366
versus nucleophilicity, and

elimination, 1505
basis sets, for Möbius-Hückel

method, 1210
basketane, 1691
bathochromic shift, 0333
Bayer test, and dihydroxylation

of alkenes, 1164
Baylis-Hillman reaction,

1323–1826
functional group

compatibility, 1325
bbim, ionic liquid, 0894
9-BBN, with alkenes, 1077
Beckmann rearrangement,

1613–1616
abnormal, 1615
and oxidation of oximes,

1732
and the Ritter reaction, 1616
and the Vilsmeier-Haack

reaction, 0725
migratory aptitude, 1615
migratory aptitudes of

groups, 1568
Beilstein, 1880–1885
Beilstein CrossFire, 1883
Beilstein, Handbuch der

Organischen Chemie,
1881

belts, molecular, 0132
Benkeser reduction, 1069
bent benzene rings, and strain,

0232
bent bonds, 0009

and cyclopropane, 0219
benzene oxide, from oxepin,

1666
benzene, addition of carbenes,

1239
benzene, addition of methylene,

1239
and carbocations, 0658
and delocalization, 0038
and electrophilic aromatic

substitution, 0680

and HMO theory, 0037
and metal complexes, 0117
and NMR, 0056
and planarity, 0050, 0051
and resonance, 0033, 0034
and the aromatic sextet, 0055
and the diene-cyclobutene

interconversion, 1641
aromaticity, 0038
bent, 0232
boat conformation, 0052
bond energy and heat of

atomization, 0036
heat of hydrogenation, 0037
orientation in substitution,

0665
protonation of, 0670
reactivity, 0665
resonance energy, 0036,

0037, 0060
benzenechromium tricarbonyl,

0117
benzenediazonium, also see

diazonium
benzenediazonium chloride,

bond distances, 0917
benzenoid hydrocarbons, and

aromaticity, 0057
benzenonium ion, 0661, 0662
benzhydrol, reduction to

benzpinacol, 0348
benzidine rearrangement,

1678–1680
and [5,5]-sigmatropic

rearrangement, 1680
benzil-benzylic acid

rearrangement, 1594, 1595
benzoannulenes, and

aromaticity, 0083
benzocyclobutane derivatives,

and bond distance, 0024
benzocyclobutene, 0052
benzocyclopropene, 0052, 0226
benzofurans, Friedel-Crafts

cyclization, 0715
from alkynes, 1038
metal catalyzed cleavage,

0617
benzoic acids, substituents and

pKa, 0381
benzoin condensation, 1396,

1397
and acyloins, 1397
and addition of HCN to

carbonyls, 1389
benzoins, see hydroxy ketones
benzophenone, and cross

conjugation, 0044
as a radical inhibitor,

0938
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benzotriazoles, acyl, acylating
reagent, 1450

benzoylation, arenes, rate and
product distribution, 0680

benzoylnorephedrine, and
rearrangement, 0400

benzo[a]pentalene, by
rearrangement of
biphenylene, 1646

benzpinacol, from benzhydrol,
0348

benzyl chloroformate, see
chloroformate

benzylic a-hydroxylation, 1755,
1756

benzylic carbanion, 0070, 0252,
0641

benzylic carbocations, 0070,
0240

benzylic compounds, a-
hydroxylation, 1755, 156

and autoxidation, 0967
and the Etard reaction, 1763

benzylic halogenation, radical,
0960

benzylic hydrogenation, with
radicals, 0947

benzylic oxidation, to
aldehydes, 1763

benzylic radicals, 0070, 0270,
0947

benzylic substrates, and
substitution reactions,
0482, 0483

benzyne mechanism, 0859–
0862

and cine substitution, 0860
coupling aryl halides with

active methylene
compounds, 0906

Grignard reagents with aryl
halides, 0887

reactivity order of halides,
0860

benzyne, definition, 0860
benzynes, also see arynes
benzynes, and arynes, 0861

and E1cB reactions, 1492
and mechanism, 0313
as intermediates, 0313
in the Diels-Alder reaction,

0313, 1196
in [2 þ 2]-cycloaddition,

1221
Bergmann cyclization, 1641

and Cope rearrangement,
1664

betaine-lithium halides, 1374
betaines, and the Wittig

reaction, 1373, 1374

from phosphines and
epoxides, 1374

X-ray structure, 1374
betweenanenes, and strain, 0227
biadamantylidene, 0224
biaryls, and atropisomers, 0146,

0902
and chirality, 0146
and hydroxylation of

aromatic compounds,
0964

and the Cahn-Ingold-Prelog
system, 0158

coupling, reagents, for, 0887
diamino, by benzidine

rearrangement, 1678, 1679
diamino, from

hydrazobenzene, 1678,
1679

dimerization of
organometallics, 0989

Friedel-Crafts acylation,
0723

from aromatic compounds,
0717, 0718, 0924, 0981

from aryl halides, 0886,
0897, 0981

from aryl halides under
radical conditions, 0940,
0989

from aryl organometallics,
0718

from arylborinates, 0718
from arylboronic acids, 0881,

0899
from aryldiazonium salts,

0924, 0926
from aryldiazonium salts and

aryltrifluoroborates, 0923
from arylsulfonic acids, 0881
from borates, 0887
from metal catalyzed

coupling of Grignard
reagents, 0888, 0987

from metal catalyzed or
metal mediated reactions,
0888, 0889

from nickel complexes and
aryl halides, 0898

from the Friedel-Crafts
reaction, 0717

from the Gomberg-
Bachmann reaction, 0924

from the Heck reaction, 0897
from the Scholl reaction,

0717
from the Suzuki reaction,

0889
from the Suzuki-Miyaura

coupling, 0901

from the Ullmann biaryl
synthesis, 0873

from the Ullmann reaction,
0897

from trifluoroborates and aryl
halides, 0903

heteroaryl, 0888
in ionic liquids, 0887
in the Birch reduction, 1068
photochemical methods,

0889
with Lewis acids, 0717

bicyclic alkenes, and Bredt’s
rule, 0229

bicyclic bridged compounds,
0188

bicyclic compounds, and
Bredt’s rule, 0838

and SN1 reactions, 0435
and [2 þ 2]-cycloaddition,

1224
by the Wurtz reaction, 0591
decarboxylation, 0838

bicyclobutanes, radical addition,
1027

rearrangement to dienes,
1691

bicyclobutonium ion, 0466
bicycloheptadienes,

photochemistry, 0347
bicyclo[5.1.0]octadiene, Cope

rearrangement, 1664
bifluorenylidene,

rearrangement, 1646
Bijvoet, and X-ray analysis,

0155, 0158, 0159
bimolecular substitution, see

substitution, SN2
BINAP, and atropisomers, 0147

and enantioselectivity, 1122
and reduction of ketones,

1800, 1801
BINOL, and formation of

amino-alcohols, 0563
and Mukaiyama aldol, 1354

biocatalysts, reduction of
aldehydes or ketones,
1800

biological activity, and
enantiomers, 0138

biosynthesis, cholesterol, and
squalene to lanostereol,
1090

steroids, 1089
biphenylene, rearrangement,

1646
biphenylenes, [2 þ 2]-

cycloaddition, 1221
biphenylenediol, and hydrogen

bonds, 0109
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biphenyls, and atropisomers,
0146

and complex formation, 0125
and isomerization, 0748
barrier to rotation, 0146,

0198
biradicals, and Bergmann

cyclization, 1641
and CIDNP, 0270
and Diels-Alder reaction,

1207
and Norrish Type II cleavage,

0344
lifetime, 0278

Birch reduction, and electron
transfer, 1705

and impurities in ammonia,
1067

of aromatic compounds,
1067, 1068

of conjugated alkenes, 1068
bis(aldol) condensation, 1345
bis(alkoxides), metal mediated

formation of alkenes, 1534
bis(amides), from addition of

amides to aldehydes, 1292
rom the Ugi reaction, 1468

bis(amino)fluorenes, as proton
sponges, 0386

bis(amino)naphthalenes, as
proton sponges, 0386

bis(amino)phenanthrenes, as
proton sponges, 0386

bis(ammonium salts) and
Hofmann degradation,
1523

bis(decarboxylation), of
dicarboxylic acids,
1749

bis(dimethylamino)naphthalene,
0365

2,20-bis(diphenylphosphino)-
1,10-binaphthyl, see
BINAP

bis(Grignard) reagents, 1304
with esters, 1446

2, 4-bis(4-methoxyphenyl)-1, 3,
2, 4-dithiadiphosphetane-
2, 4-disulfide, see
Lawesson’s reagent

bis(oxazolines), and chiral
catalysts, 1114

bis(phosphines), and chiral
ligands in catalytic
hydrogenation, 1056

as chiral catalysts, 1073
bis(phosphoranes), and out-in

isomers, 0191
bis(quaternary)ammonium salts,

0509

bis(selenenyl) compounds, from
alkenes, 1180

bis(xanthates) radical
elimination, 1535

Bischler-Napieralski reaction,
0715, 0716

bisecting bonds, and
conformations, 0201

bishomoaromatic, 0093
bishomocubane, 1691
bismuth compounds, and acetal

cleavage, 0526
bisulfite, sodium, see sodium
bisulfites addition products,

1280
Blaise reaction, 1328
blocking groups, for enolate

anions with ketones, 0630
bmiI, ionic liquid, 0873, 0885
bmim (1-butyl-3-

methylimidazolium), ionic
liquid, 1132, 0416, 0529,
0580, 0697, 0699, 0700,
0713, 0716, 0720, 0872,
0876, 0887, 0894, 0900,
0905, 0979, 1066, 1074,
1074, 1085, 1107, 1136,
1150, 1157, 1163, 1172,
1185, 1199, 1284, 1286,
1291, 1295, 1310, 1314,
1332, 1342, 1359, 1387,
1389, 1390, 1429, 1618,
1684, 1723, 1724, 1747,
1762, 1800

boat conformation, 0203
and benzene, 0052
cycloheptatrienyl cations,

0065
Bobbitt’s reagent, and oxidation

of alcohols, 1723
Boekelheide reaction, 1624
boiling point elevation, and

Grignard reagents, 0261
boiling point, and hydrogen

bonding, 0111
and transesterification, 1419

bond alternation, and
phenylenes, 0051

annulenes, 0089
pentalene derivatives, 0068
tropone and tropolone, 0065

bond angle, 0025
and alkanes, 0026
and alkyl halides, 0026
and annulenes, 0079
and carbenes, 0285
and carbocations, 0398
and carbon tetrachloride,

0026
and conformation, 0212

and cyclopropane, 0218
and cyclopropene, 0226
and cyclopropenyl cations,

0072
and E2 reactions, 1482
and hybridization, 0026
and ionization of alkyl

halides, 0398
and lone pairs, 0027
and orbitals, 0026
and p character, 0026, 0027
and prismane, 0220
and radical hydrogen

abstraction, 0949
and resonance, 0047
and s character, 0026
and steric strain, 0216
and strained molecules, 0026
and twisted alkenes, 0233
cyclooctatetraene, 0078
in ethylene, 0009
in organic compounds, table,

0026
MO calculations, 0035
of BF3, 0008
of nitrogen or oxygen, 0006
solvent effects, 0007

bond cleavage, heterolytic, and
mechanism, 0296

bond dissociation energy, see
energy

bond distance, 0022
and antiaromaticity, 0057
and bond energy, 0030
and bond type, table, 0024,

0025
and electron diffraction, 0022
and electrophilic aromatic

substitution, 0677
and hybridization, 0024,

0025, 0039
and microwave spectroscopy,

0022
and molecular mechanics,

0214
and orbitals, 0023
and resonance, 0047
and s character, 0025
and spectroscopy, 0022
and X-ray, 0024
and X-ray diffraction, 0022
C��D, 0025
C��Si, 0023
in annulenes, 0085, 0089
in benzenediazonium

chloride, 0917
in benzocyclobutane

derivatives, 0024
in bridged compounds, 0233
in butadiene, 0039
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bond distance, (Continued)
in fused aromatic

compounds, 0060
in sp3 carbon compounds,

table, 0023
MO calculations, 0035

bond energy, see energy
bond fixation, and PES, 0075
bond length, see bond distance
bond moments, 0018
bond order, and aromaticity

index, 0063
and cross conjugation, 0044
and NMR, 0060
and resonance, 0033
cyclopentadienide ion, 0063
MO, of butadiene, 0039
of naphthalene, 0059

bond rotation, and carbenes,
0284

in catalytic hydrogenation,
1061

in radicals, 0277
restricted, 0184

bond switching, and the Stone-
Wales rearrangement, 1646

bond type, and bond distance,
0024, 0025

and bond energy, 0031
and bond energy, table, 0029

bonding orbitals, 0005, 0006
bonding, and tautomerism, 0098

charge transfer and dipole
induced, 0119

in metallocenes, 0066
localized chemical, 0003

bonds, and electronic structure,
0015

and formal charge, 0016
annelated, 0052
banana or bent, 0009, 0219
double bonds, 0009, 0011
energy and wavelength, 0335
in fused ring aromatic

compounds, 0052
in ylids, 0052
ionic, and electronegativity,

0018
long bonds, 0024
multiple, 0009, 0011
multiple, and PES, 0013
organometallic, 0259
PES and methane, 0013
polar-covalent, and

organometallics, 0259
triple bonds, 0009, 0010

Boord reaction, metals used,
1541, 1542

9-borabicyclo[3.3.1]nonane, see
9-BBN

borane, and ether solvents, 1075
dimers, 1076
monochloro, with alkenes,

1078
reduction of carboxylic acids,

1806
reduction of nitriles, 1813
reduction of oximes, 1812
with alkenes, 0644, 0815,

1075–1082
borane-dimethyl sulfide, 0816
borane-THF, reaction with

alkenes, 1076
boranes, acyloxy, from

carboxylic acids, and
catecholborane, 1438

addition to alkenes, steric
effects, 1077

alkylation, 0644
alkynyl, with amides, 1448
allylic, addition to aldehydes

or ketones, 1319, 1320
allylic, metal catalyzed

epoxide opening, 0620
and alkene isomerization,

0771
and functional groups, 1079
and H.C. Brown, 0645
and radical cyclization, 1123
and reduction of enamines,

1844
anti-Markovnikov addition to

alkenes, 1078
carbonylation with imines,

0824
chiral boranes, 1080
conjugate addition, and

co-reagents, 1121, 1122
conversion to alcohols, 0814
cyano, see cyanoboranes
cyclic, from dienes, 1081
dibromo, with aryl

aldehydes, 1300
elimination to alkenes, 1533
for reduction of aldehydes or

ketones, 1798
for reduction of azo

compounds, 1853
formation of aldehydes, 1628
from alkenes, 0644, 0815
from Grignard reagents, 0827
halo, addition to aldehydes or

ketones, 1319
halo, amination,

enantioselectivity, 0822
halo, with alkynes, 0990
haloalkyl, with azides, 0822
halogenation, and radicals,

0820
migration of boron, 1604

oxidation of, mechanism,
0815

oxidation to alcohols, 1079
oxidation, and boron-carbon

rearrangement, 1627
photochemical isomerization,

0771
protonolysis with carboxylic

acids, 1063
radical coupling, mechanism,

0989
reduction with hydride

reagents, 1628
reduction with lithium

borohydride, 1628
silver mediated coupling,

0989
sulfurated, with Grignard

reagents, 0827
synthetic transformations,

1079
thermal isomerization, 1533
thermal stability, 0771
thermolysis, 1604
vinyl, conjugate addition,

1122
vinyl, dimerization, 0989
vinyl, from alkynes, 1081
vinyl, halogenation, 0820
vinyl, metal catalyzed

coupling, 0607
vinyl, oxidation with

peroxide to give ketones,
1631

vinyl, with aryl halides, 0607
vinyl, with iodide and

hydroxide, 1629
boranes, with alkynes, reduction

to alkenes, 1064
with ammonia and

hypochlorite, 0822
with basic hydrogen

peroxide, 0814
with carbon monoxide, 1626
with chiral additives, and

reduction, 1801, 1802
with chloramine, 0822
with dianions of carboxylic

acids, 1629
with diazo compounds,

0646
with halogens, 0819
with haloketones, 0632,

0644, 0645
with hydroxylamine-

O-sulfonic acid, 0822
with metal alkyne anions,

1631
borate esters, conjugate

addition, 1116
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borates, and reduction of nitro
compounds, 1821

borates, aryl, and Suzuki-
Miyaura coupling, 0902

by reduction of aldehydes or
ketones with boranes,
1798

enol, and the aldol reaction,
1346

from alcohols and boron
compounds, 0817

from organometallics, 0815
hydrolysis to alcohols, 1798
with Grignard reagents, 0816

borates, trifluoro, see
trifluoroborates

borderline mechanism, and
substitution, 0442

boric acid, from alkylborane
oxidation, 0814

boric acid-amino acids, and
resolution, 0173

boric anhydride, with keto
esters, 0839

borinates, aryl, with aromatic
compounds, 0718

borinates, enol, see enol
borinates

Borodin, Alexander, 0994
borohydride exchange resin, and

reduction of alkynes, 1064
and reduction of nitro

compounds, 1817
reduction of alkyl halides,

1825
borohydride, dimethylamino,

lithium, reduction of
nitriles, 1814

borohydride, sodium, and
microwaves, 1792

for reduction of acyl halides,
1840

for reduction of aldehydes or
ketones, 1792

for reduction of carbonyls,
and disproportionation,
1805

for reduction of carboxylic
esters to alcohols, 1807

for reduction of conjugated
carbonyls, 1793

for reduction of epoxides,
1790

for reduction of imines, 1811
for reduction of nitrlium ions,

1814
functional group reactivity,

1794
in acid, reduction of alcohols,

1829

on alumina, 1792
with boronic acids, reduction

of carboxylic acids, 1806
with chiral additives, 1802
with Lewis acids, reduction

of ethers, 1839
borohydride,

tetraalkylammonium,
reduction of carboxylic
acids, 1806

borohydride, tri-sec-butyl,
lithium, see L-Selectride

borohydride, tri-sec-butyl,
potassium, see
K-Selectride

boron compounds, conjugate
addition, 1116

boron trichloride, with alcohols,
0817

boron triflate, and asymmetric
aldol reactions, 1348

boron trifluoride, and borane
addition to alkyne-
ketones, 1122

and orbitals, 0008
with amines, and amides,

1438
boron trioxide, with alcohols,

0817
boron, migration in

organoboranes, 1604
boron-to-carbon rearrangement,

1627, 1628
boronates, addition to imines,

1334
allylic addition to aldehydes,

1319
boronic acids, alkynyl, and

Sonogashira coupling,
0905

and arylation of amines, 0879
and carbonylation of aryl

halides, 0910
and halide exchange, 0884
and nitration of aromatic

compounds, 0690
and Stille coupling, 0794
and Suzuki-Miyaura

coupling, 0815, 0899–
0903

and the Heck reaction,
0896

boronic acids, carbonylation
with conjugated ketones,
1143

catalysts for conversion of
carboxylic acids to
amides, 1430

conjugate addition, 1116
from borates, 0816

from organometallics, 0815,
0816

hydrolysis to from phenols,
0870

boronic acids, metal catalyzed,
addition to aldehydes,
1319

addition to alkynes, 1100,
1103

coupling, 0607, 0815
coupling to allene and allylic

halides, 1095
coupling with

methylthioalkynes, 0905
cyclization of dienes, 1100
formation, 0816
reaction with arylsulfonic

acids, 0881
boronic acids, metal mediated

coupling, 0604
metal mediated reaction with

thiols, 0874
oxidation, 0870
vinyl, halogenation, 0820
vinyl, with aryl halides, 0890

boronic acids, with acyl halides,
0903

with acyl halides, 1443, 1444
with alcohols, 0889
with alkyl halides, 0889
with alkynes, 0794
with aryl halides, 0899–0903
with carboxylic acids, metal

catalyzed, 1329
with imines, 1334
with propargylic alcohols,

1540
with sulfonyl halides, 1476
with vinyl halides, 0794

boronic esters, alkynyl,
cyclotrimerization, 1245

from catecholborane and
alkenes, 0817

preparation, nonaqueous
workup, 0817

vinyl, from vinyl Grignard
reagents, 0816

with organolithium reagents,
1629

boroxines, and Suzuki-Miyaura
coupling, 0902

Bouveault-Blanc procedure,
1795

reduction of esters to
alcohols, 1807

bowl-to-bowl inversion, 0095
Boyland-Sims oxidation, 0734
BPy (i.e., butylpyridinium),

ionic liquid, 1614
Bradsher reaction, 0715
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BrCl, with alkenes, 1151
Bredt’s rule, and cyclic and

bicyclic alkenes, 0229
and decarboxylation, 0838
and elimination reactions,

1497
and enol formation, 0838
definition, 0229

Bredt, anti-, see anti-Bredt
bridged annulenes, see

annulenes
bridged bromine radicals, and

ESR, 1012
bridged carbocations, 0450
bridged intermediates, radicals,

and bromine, 1012
bridged ions, and halogenation

of alkenes, 1149
bridged ions, from alkynes,

1018
bridged radicals, see radicals
bridgehead atoms, and chirality,

0144
bridgehead carbocations, 0245,

0246
bridgehead carbons, and

electrophilic substitution,
0755

and SN1 reactions, 0435
and SN2, 0429, 0487

bridgehead hydrogens,
reactivity with radicals,
0949

bromamine-T, and oxidation of
amines to amine oxides,
1779

bromides, acyl, also see halides,
acyl

bromides, acyl, from aldehydes,
0964

bromides, alkyl, also see
halides, alkyl

bromides, alkyl, and Grignard
reagents, 0262

rates of solvolysis, 0480
bromination, and

Markovnikov’s rule, 1020
of alkenes, 1002, 1003, 1150
of alkynes, 1004
of aromatic compounds,

0664, 0698, 0699
of benzene and toluene, rate and

product distribution, 0680
with NBS, 0961
Wohl Ziegler, 0961

bromine radicals, 0939
bromine, addition to alkenes,

stereoselectivity, 1003
addition to dienes, cyclic

intermediates, 1014

and acetone, and mechanism,
0323

and cyclobutane, 0219
and cyclopropane, 0217
and Hell-Volhard-Zelenskii

reaction, 0781
and heptalene, 0067
and phenanthrene, 0060
and UV, 1149
from NBS, 0962
halogenation of aromatic

compounds, 0701
syn addition to alkenes, 1004
with alkenes, 1016, 1149
with alkynes, 1004
with sodium hydroxide, and

Hofmann rearrangement,
1607

bromine-alkene complex, 1150
bromite, sodium, see sodium
bromoform, flash photolysis,

0287
bromonium ion, 1000, 1002,

1004
and neighboring group

mechanism, 0447, 0448
Brønsted a, 0374
Brønsted acidity, and Lewis

acidity, 0384
Brønsted acids, and pinacol

rearrangements, 1586
diamine, and asymmetric

aldol reactions, 1348
Brønsted catalysis equation,

0373
Brønsted coefficient, and acetal

hydrolysis, 0525
Brønsted equation, 0373, 0374

and mechanism, 1496
and the Marcus equation, 0374

Brønsted plot, and
nucleophilicity, 0495

and SN2, 0431
Brønsted theory, 0356
Brønsted-Lowry acids, and

decarbonylation of aryl
aldehydes, 0745

and Friedel-Crafts acylation,
0720

and Friedel-Crafts alkylation,
0707

and rearrangement of
alkenes, 0769

halogenation of aromatic
compounds, 0703

rearrangement of N-
nitroaniline, 0738

Brook rearrangement,
aza-Brook and
homo-Brook, 1700, 1701

brosylates, and solvolysis, 0438
as leaving groups, 0497

Brown s* values, electrophilic
aromatic substitution,
0679

Brown, H.C., and
hydroboration, 0645

brucine, and resolution, 0173
Bruylants reaction, 0614
Bucherer reaction, 0870, 0882
buckminsterfullerene, 0094
buckybowls, 0094
bullvalene, and Cope

rearrangement, 1665
Bunnett-Olsen equation, and

solvent acidity, 0371, 0372
Bunte salts, 0553
Burgess reagent, and

dehydration of amide to
nitriles, 1549

and dehydration of oximes to
nitriles, 1546

butadiene, 0038–0040
and cross conjugation, 0044
with HCl, 1014

butadiyne, 0040
butane, conformations,

0198–0200
butenolides, and Claisen

rearrangement-Conia
reaction, 1670

from allene-carboxylic acid
derivatives, 1042

butyllithium with
dimethylhydrazones,
0632

with dithianes, 0638
with thioanisole, 0639

1-butyl-3-methylimidazolium,
see bmim

C-alkylation, enolate anions,
0514

of enols, 0628
phenoxide ions, 0515

C-nitroso compounds, 0690
Cadiot-Chodkeiwicz reaction,

0979
cage compounds, 0126
Cahn-Ingold-Prelog rules, and

absolute configuration,
0155–0158

and alkenes, 0183
and diastereomers, 0166
and diastereotopic, 0194
and E/Z isomers, 0183
and enantiotopic, 0194
and halohydrins, 1152
R/S nomenclature,

0155–0158
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calcium ions, and crown ethers,
0123

calcium, in amines, reduction of
aromatic compounds,
1069

calculations, ab initio, acidity,
0358

and Lewis base strength,
0376

and nitrenes, 0293
and nonclassical

carbocations, 0451
norbornyl carbocation, 0463

calculations, and conformations,
0196

and isotope effects, 0324
and prismane, 0220
azaannulenes, 0081
carbocation stability, 0243
Möbius aromaticity, 0091

calicene, and aromaticity, 0069
calixarenes, 0122, 0123

and atropisomers, 0149
and chirality, 0152
and suppression of

dediazoniation, 1848
enantiopure, 0123

calorimetric measurements, and
acidity scales, 0372

calorimetric methods, and
kinetics, 0319

Cambridge structural database,
and hydrogen bonding,
0108

camphor, 0188
Cannizzaro reaction, 1863, 1864

and dihalides, 0520
and hydride transfer, 1706
and the aldol reaction, 1863
crossed, 1864
crossed, and the Tollens’

reaction, 1368, 1864
reduction of aldehydes, 1798

canonical forms, also see
resonance

canonical forms, 0032, 0046
þM and �M effects, 0396
and hyperconjugation, 0096,

0097
of 1,3-dipoles, 1188
of aromatic compounds,

0059, 0060, 0678
of aryldiazonium salts, 0917
of cyclopentadienide ion,

0063
of heteroatom stabilized

carbocations, 0243
of molecules, 0006
of N-ylids, 0255
of pyrrole, 0062

of vinyl chloride, 0041
capped cyclodextrins, 0131
caprolactams, conformation,

0212
captodative effect, 0075

and radicals, 0272, 0273
caranylboranes, 1080
carbalkoxylation, of

heterocycles, 0983
carbamates, addition to alkenes,

1051
and the Knoevenagel

reaction, 1362
by carbonylation of amines,

0851
by insertion of nitrenes, 0790
cyclic, alkylation, 0569
cyclic, from isocyanates and

oxetanes, 1275
from alcohols, 0851, 1274
from amides, 0542
from carbonates and amines,

1435
from chloroformates and

amines, 1428
from cyanogen chloride and

alcohols, 1276
hydrolysis, mechanisms,

1406, 1407
lithiation, 0640
metal catalyzed conjugate

addition, 1130
reaction with isocyanates,

1274
tert-butoxy, and stability of,

1428
torsional barrier, 0202
with NBS and DBU, 1608

carbamic acids, by hydrolysis of
isocyanates, 1266

carbamoyl chloride, 0728
carbanion ion pairs, and E1cB

reactions, 1493
carbanion mechanism, and

E1cB reactions, 1489
carbanions, 0234

addition to carbocations,
1007

allylic, 0252, 0762, 0768,
1014

allylic, and [3 þ 2]-
cycloaddition, 1193, 1194

carbanions, and conjugation,
0252

and cyclopropyl stabilization,
0253

and field effects, 0255
and fused aromatic

compounds, 0253
and homoenolates, 0256

and hybridization, 0257
and isoinversion or

isoracemization, 0760
and organometallic

compounds, 0249, 0251
and pyramidal inversion,

0257
and racemization, 0256
and rearrangement, 0265
and resonance stabilization,

0258, 0759
and retention of

configuration, 0257
and spectroscopic analysis,

0252
and substitution at vinyl

carbon, 0475
and UV, 0768
and vicarious nucleophilic

substitution of hydrogen,
0915

and X-ray crystallography,
0253

aromatic, 0255, 1069
benzylic, 0252
boron stabilized, with

aldehydes, 0801
chiral, 0258
conducted tour mechanism,

0761
conjugated to heteroatoms,

0253
definition, 0250
diphenylmethyl, 0252
dithianes, acylation of, 1456
fate of, 0264
formation of a stable salt,

0253
from alkenes, 0265
from cleavage of alkoxides,

0835
from DMSO, 0914
from radicals, 0281
generation of, 0264
hydrogen exchange, 0759
Knoevenagel, with allylic

esters, 0610
methyl, 0257
methylsulfinyl, 0914
methylsulfonyl, with esters,

1455
nitrile, 0253
overlap with d orbitals, 0254,

0255
oxidation to radicals, 0265
protonation of, 0250
pyramidal, and racemization,

0758
pyramidal, and the SE1

mechanism, 0758

SUBJECT INDEX 2223



carbanions, and
conjugation, (Continued)

rate of isotope exchange,
0760

reaction with a proton, 0265
resonance stabilized, 0252,

0762
solvation by leaving groups,

0759
stability, 0250–0255, 0258
stability, and the counterion,

0257
stability, and

transmetallation, 0828
stabilizing groups, 0256
stereochemistry, solvent

effects, 0759
strain and stability, 0254
triphenylmethyl, 0252
via decarboxylation, 0265
via deprotonation, 0264
vinyl, 0257
vinyl and configurational

stability, 0258
with aldehydes, 0265
with alkyl halides, 0265
with allylic halides, 0594
with aryl nitro compounds,

0914
with ketones, 0265

carbazoles, arylation of amines,
0878

in the Diels-Alder reaction,
1198

carbene, 1234
carbene addition, mechanism,

1238, 11239
carbene complexes, by diazo

transfer reactions, 1237
carbene insertion, 0804, 0805

and ring expansion, 0805
carbene rearrangements, see

rearrangements
carbene-to-carbene

rearrangement, 1600
carbene transfer, 1234
carbenes, 0234, 0283–0292
carbenes, acyl, rearrangement to

ketenes, 0291
carbenes, addition reactions,

0284, 0289, 1233–1240
carbenes, alkyl or allylic,

rearrangement, 0803, 0804
amino, 0286

carbenes, and bond angles, 0285
carbenes and bond rotation,

0284
and CIDNP, 0807
and cleavage of diazoalkenes,

0534

and diradicals, 1239
and elimination, 0292
and EPR, 0285
and formylation, 0726
and Hund’s rule, 0284
and IR, 0285
and IUPAC mechanisms, 0500
and leaving groups, 0500
and nitrogen extrusion

reactions, 1554
and nonbonded electrons,

0284
and radicals, 0278
and Reimer-Tiemann

reaction, 0726
and sonochemistry, 0351
and spin trapping, 0285
and stereochemistry, 0285
and substitution, 0292
and syn addition, 1238
and synthesis, 0289
and the Simmons-Smith

procedure, 1234
and the Wolff rearrangement,

0291
and transient grating

spectroscopy, 0288
and X-ray crystallography,

0290
and [1 þ 2]-cycloaddition,

1234
carbenes, aryl, 0286
carbenes, chiral, 0286
carbenes, coupling, 0290

cyclopropane
rearrangements, 0291

decay, singlet to triplet, 0284
definition, 0283
diaryl, 0285
dichlorocarbenes, 0283
dichloromethylene, 0283, 0286
dihalo, with aldehydes or

ketones, 1384
dimerization, 0290
direct insertion, 0807
electrochemical generation,

0287
electronic effects of

substituents, 1238
electrophilic, 1238
fate of, 0287
formyl, lifetime, 0288
fragmentation to radicals,

0292
carbenes, generation of,

0287–0288
geometry, 0286
insertion reactions, 0289,

0290, 0803–0806, 1234
isolation of, 0283

isomerization, 0285
metal complexes, 1236
metal, see metal carbenes
methylene, 0283, 0286
octylidenes, 0286
oxychloro, 0292
reaction with diazoalkanes,

0290
reactivity, 0290, 0804
rearrangement, 0291, 0292,

1234, 1600
silyl, 0286
singlet, 0284, 1238
singlet, and insertion,

0807
solvent effects, 0288,

0289
stability, 0283, 0290
structural types, 0283, 1234
substituent effects, 1238
triplet, 0284, 0285, 0292,

1239
triplet, and insertion, 0807
vinyl, 0286
with alkynes, 1238
with thioketones, 1385

carbenoid homologation, 0803
carbenoids, 1234

and diazoalkanes, 0534
and insertion, 0807
definition, 0288
elimination reactions, 0288
formation of, 1234, 1235
mechanism of formation,

1235
carbocation formation, and

substituent effects, 0480
and zeolites, 0248

carbocations, 0234
acetyl, 0242
acyl, 0242, 0243, 0722
adamantyl, 0245
addition of alkenes, 0249
alkynyl, isotopic labeling,

0477
alkynyl, stability, 0477

carbocations, allylic, 0239,
0240

allylic from allenes, 1021
allylic, and cyclopropyl

carbocations, 1590
allylic, and ion pairs, 0470
allylic, and rearrangement,

0483
allylic, and resonance, 0483,

1013
allylic, from addition to

dienes, 1013
allylic, from cyclopropyl

halides, 0487
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carbocations, and acetal
hydrolysis, 0527

and acid catalyzed
dehydration of alcohols,
1515

and addition of alkyl halides
to alkenes, 1160

and addition to
cyclopropanes, 1026

and alcohol addition to
alkenes, 1037

and alcohol dehydration,
0535

and alkyl halides, 0237, 0434
and allylic rearrangement,

0469
and arenium ions, 0658
and azulenes, 0241
and benzene, 0658
and bond angles, 0398
and carbonylation of alkyl

halides with alcohols,
0652

and chair conformations,
0245

and chemical shifts, 0246
and conjugated dienes, 0240
and conjugation, 0239
and cyclopropyl groups, 0241
and cyclopropylmethyl

groups, 0464, 0465
and diazonium salts, 0499,

0803
and double

hyperconjugation, 0239
and E1 mechanism, 1487
and electrophilic substitution,

0764
and electrophilicity, 0432
and ESCA, 0467
and formation of double

bonds, 0248
and Friedel-Crafts alkylation,

0710
and Friedel-Crafts reactions,

1084
and homoconjugation, 0239
and hydration of alkenes,

1032
and hydride extraction, 1706
and hyperconjugation,

0237–0239, 0325,
0326, 0483

and insertion, 0803
and ion pairs, 0236
and IR, 0236, 0245
and Lederer-Manasse

reaction, 0714
and Markovnikov’s rule,

1019

and NMR, 0236, 0241, 0245,
0246, 0454, 0459

and nonclassical
carbocations, 0464

and norbornyl compounds,
0436

and PES, 0244
and phenonium ions, 0456
and planarity, 0435
and polyene cyclization,

1090
and Raman, 0245
and rearrangement, 0802,

1032, 1561
and rearrangement of

alkenes, 0769
and resonance, 0247, 0483,

1019
and reverse Friedel-Crafts

alkylation, 0744
and SN1 reactions, 0432,

0435
and solvolysis of alkyl

halides, 0325, 0326
and spectroscopic analysis,

0245
and Stieglitz rearrangement,

1617
and strain, 0398
and superacids, 0236, 0466,

0844, 1645
and the Hammond postulate,

0480, 1019
and the Prins reaction, 1393
and UV, 0435
and Wagner-Meerwein

rearrangement,
1580–1585

and Zaitsev’s rule, 1581
carbocations, arenium ions,

0240
carbocations, aryl, 0858

aryl, and arylation of
aromatic compounds,
0925

aryl, and the Gomberg-
Bachmann reaction, 0926

aryl, and tritium decay, 0477
carbocations, benzylic, 0240

bicyclic compounds,
rearrangements, 1571

bicyclobutonium, 0466
bridged, 0450
bridged, and migration of

aryl groups, 1577
bridgehead, 0245, 0246
calculations of stability, 0243
canonical forms, 0243
carbonyl, exo attack, 1582
charge distribution, 0239

chiral, in [4 þ 3]-
cycloadditions, 1249

conjugation with
cyclobutanes or
cyclopropanes, 0242

conjugation with
heteroatoms, 0242

counterion, 0236
coupling with alkenes, 0802
cyclobutyl, 1588
cyclopropyl, and ring

opening, 1644
cyclopropylcarbinyl, 0450,

1588
cyclopropylmethyl, 0241,

0465
degenerate, 1563
destabilizing groups, 0484
detection of, 0435
deuterium labeling, and

rearrangements, 1565
diarylmethyl, 1005
dications, 0241
direction of rearrangement,

1562
dissociation energy, table,

0244
dodecahedral, 0245
equilibration of, 0467
fate of, 0247
formation by ionization of

alkyl halides, 0247
carbocations, from alcohols,

0236, 0247
from alkenes, 0247, 0844
from alkyl diazonium

compounds, 0247
from amines, 0247
from radicals, 0281

carbocations, gegenion, 0236
generation of, 0247
geometrical structure and

migratory aptitudes, 1571
heteroatom stabilized, 0242,

0248
homoallylic, 0451
in superacids, 0766
in-out isomerism, 0113
loss of a proton, 0248
methyl, X-ray, 0236
migration of aryl groups,

1577
nomenclature, 0235

carbocations, nonclassical,
0247, 0450, 1582

ab initio calculations, 0451
and cyclobutyl groups, 0464
and cyclopropylmethyl,

0464, 0465
and delocalization, 0450
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carbocations,
nonclassical, (Continued)

and laser Raman, 0462
and NMR, 0451, 0454, 0462,

1583
and norbornyl systems, 0450
and nortricyclane, 0463
and rearrangement, 0464
and solvolysis, 0452, 0453
and stability, 0462
and Wagner-Meerwein

rearrangement, 1582
and X-ray electron

spectroscopy, 0462
arguments against, 0451,

0452, 0461, 0462
arguments for, 0461, 0462
controversy, 1582
cyclopropylcarbinyl, 0450
in superacids, 1583
s route, 0451

carbocations, norbornadienyl,
and NMR, 0451

norbornyl, 0461–0463
phenyl, 0243
photochemical generation,

0435
pK, 0244
planar, 0436
primary, and the SN1

mechanism, 0480
propargyl, 0240
propeller shaped, 0246
rate of reaction with

nucleophiles, 0490
reaction with carbanions,

1007
reaction with nitriles, 1458
reaction with nucleophiles,

0248
rearrangement, 0236, 0248,

0249
silyl, 0248

carbocations, stability, 0243,
1019

stability, ab initio molecular
orbital calculation, 1003

stability, and cleavage of
alkenes, 0844

stability, and direction of
rearrangement, 1562

stability, and NMR, 1562
stability, and selectivity, 0680
stability, and X-ray

crystallography, 0235
stability, in strong acids, 0236
stability, open versus bridged,

1003
stabilization by cyclopropyl

groups, 0451

stabilizing groups, and
migratory aptitudes, 1569

stable, 0241, 0802
stable solutions of, 0236

carbocations, stereochemistry,
0245

stereochemistry of
elimination, 1502

structure and delocalization,
0239

structure and NMR, 1645
tert-butyl, X-ray, 0236
tert-pentyl, rearrangement of,

1562
triarylmethyl, 0246
trications, 0241
trihomobarrelyl, 0245
triphenylmethyl (trityl),

0240
vinyl, 0243, 0476, 1007
vinyl, and p orbitals, 0476
vinyl, and tritium-decay,

0477
vinyl, from alkynes, 1007
vinyl, stabilizing groups,

0476
with alkenes, 1000
X-ray crystallography, 0236

carbodiimides, by dehydration
of ureas, 1550

from isocyanates and
phosphine oxides, 1460

carbohydrates, and
cyclodextrins, 0129

and osazones, 1285
and sonochemistry, 0352

carbon 14, and
cyclopentadienide ion,
0063

carbon acids, 0358
carbon dioxide, addition of

amines, 1297
as a guest, 0127
critical temperature, 0414
extrusion from lactones, 1555
formation of carboxylate

salts, 0728, 0729
from decarboxylation, 0745
metal catalyzed

carboxylation of alkynes,
1042

organolithium reagents and
dienes, 1144

carbon dioxide, supercritical,
and reactivity, 0414, 0415

and alkene metathesis, 1684
and Diels Alder reactions,

1199
and nucleophilicity, 0508
and Stille coupling, 0793

and substitution reactions,
0508

and Suzuki-Miyaura
coupling, 0901

and the Glaser reaction,
0979

and the Heck reaction, 0894,
0895

and the Kolbe-Schmidt
reaction, 0729

formation of carbamates,
0852

metal catalyzed
carbonylation, 1140

nitrile oxide cycloaddition,
1190

carbon dioxide, thermal
extrusion from lactones,
1546

with amides, 0851, 0852
with aromatic compounds,

0728, 0729
with Grignard reagents, 1330
with organolithium reagents,

1330
with organometallic reagents,

0824, 1329
with phosphorus ylids, 1379

carbon disulfide, and Friedel-
Crafts acylation, 0720

base catalyzed addition to
ketones, 1368

with alcohols, 1276
with amine, 1297
with dihalides, 0551
with Grignard reagents, 1330
with organolithium reagents,

1330
carbon monoxide, and alcohols,

0653
and hydrocarboxylation,

1138
and metal catalyzed

carbonylation, 1140
and metal catalyzed

hydroformylation of
alkenes, 1145

and the Koch reaction, 1137
carbonylation of amines,

0850
carbonylation reactions,

1139
extrusion from

cyclobutanone, 1555
thermal extrusion from

ketones, 1545
water and alkenes, 1136
with boranes, 1626, 1628

carbon NMR, see NMR
carbon nucleophiles, 0587
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carbon tetrachloride, and bond
angle, 0026

and dipole moment, 0019
with organolithium reagents,

0834
carbon tetrahalides, see halides
Carbon-13 NMR Spectra, 1889
carbon-H hydrogen bonding,

0111
carbon-metal bonds, 0249
carbonate, and resonance, 0042
carbonates, allylic, coupling,

asymmetric induction,
0611

coupling with active methylene
compounds, 0611

coupling with enolate anions,
0611

metal catalyzed coupling,
0611

carbonates, and amines, 1435
cyclic, carbonylation of

allene alcohols, 1042
dialkyl, from alkyl halides,

0541
enol, alkylation, 0629
enol, and Tsuji alkylation,

0629
from alcohols, 0542
from alkyl halides, 0542
from haloformic acids, 1276
from phosgene and alcohols,

1276
metal, with ketones, 1367
methylmagnesium, with

ketones, 1367
carbonium ion, see carbocations
carbons, MS of, 0236
carbonyl carbon, and HSAB,

0494
carbonyl carbon, nucleophilicity

order, 0494
carbonyl compounds

conjugated, addition of
organometallics,
1111–1120

carbonyl compounds pKa,
a-proton, 0627

a-hydroxylation, reagents,
1753

acyl addition, 1251
conjugated, addition of

vinylsilanes, 1088
cyanation, 0801
Diels-Alder reaction, 1216
metal catalyzed addition of

organotin compounds,
1314–1322

metal catalyzed addition to
alkenes, 1098

reactivity in the tetrahedral
mechanism, 1260

structural compatibility with
organometallics, 1313

carbonylation, and Friedel-
Crafts acylation, 0723

and Grignard reagents, 1305
and the Pauson-Khand

reaction, 1141
double, 0655
formation of amides, 0730,

0850, 0851
formation of aryl carboxylic

acids, 0728
formation of ureas, 0850,

0851
in supercritical carbon

dioxide, 0415
intramolecular, with aryl

halides, 0909
metal catalysts, with alkenes,

1138
metal catalyzed, 1137, 1140,

1141
of alcohols, 0653, 1139
of alkenes, 0655, 1139
of alkyl halides, metal

catalyzed, 0654
of alkyl halides, metal

mediated, 0652
of alkynes, 1139, 1042
of allene alcohols, 1042
of amines, 0654, 0655, 1139
of aryl halides with alcohols,

0909
of aryl halides, with

organometallics, 0910
of azides, 0851
of aziridines, 1466
of conjugated ketones, 1143
of diazonium salts, metal

catalyzed, 0986
of organometallics, 0651,

0824
reactions, and metal

complexes, 0655
Reppe, 1137

carbonyldiimidazole, and
acylation of amines, 1432

carbonylnitrenes, insertion, 0790
carbonyls, and bonding, 0011

a stereogenic center, 0774
addition of alcohols, 1270
addition of water, 1261, 1263
and Cram’s rule, 1252
approach of nucleophiles,

1258
catalysis of nucleophilic

attack, by nucleophiles,
1259

conjugated and reactivity,
1254

conjugated, addition of
anions, 1008

facial selectivity, 1252
formation of stereoisomers,

1252
fragmentation of halo ethers,

1542
metal mediated, 0824
nucleophilic addition, 1253
oxygen reacts as a base,

1253
pKa of a-proton, 0626
trajectory of nucleophilic

approach, 1258
with hydrogen sulfide, 1277
with Lawesson’s reagent,

1278
carborane acids, 0368
carboxylate ions, aryl,

rearrangements, 0747
formation of carbenes, 0287
rearrangement, and Henkel

reactions, 0747
carboxylate salts, and lactone

formation, 0540
and the Kolbe reaction, 0993
from aromatic compounds,

0728, 0729
radical coupling, 0992
with acyl halides, 1422
with cyanogen bromide,

1461, 1462
carboxylates, ammonium, from

carboxylic acids and
ammonia, 1430

ammonium, pyrolysis, 1430
ions, decarboxylation, 0837

carboxylation, by enzymes,
0729

carboxylation, indirect, 1367
of alkenes, metal catalyzed,

1144
vinyllithium compounds,

0761
with Bacillus megaterium,

0729
carboxylic acid derivatives,

aldol-like reactions,
1354

carboxylic acid salts, alkylation,
0637

carboxylic acids, acidity, 0020
acylation with aminoboranes,

1433
addition to alkenes, 1041
a-alkylation, 0643
alkylation with diazo

compounds, 0543
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carboxylic acids, and ethers,
1418

and field effects, 0020
and free energy, 0394
and hydrogen bonding,

0107
and inductive effects, 0020
and ionization, 0394
and resonance effects, and

pKa, 0382
and tautomerism, 0105
and Dakin-West reaction,

0841
and the Koch reaction or the

Koch-Haaf reaction, 1137
and the Schmidt reaction,

1611
and the Wolff rearrangement,

1599
carboxylic acids, anhydrides

and decarboxylation, 0840
aryl, and the Hammett

equation, 0402
aryl, and the von Richter

rearrangement, 0927
aryl, by oxidation of aromatic

side chains, 1745
aryl, from aryl nitro

compounds, 0927
aryl, ortho alkylation, 0637

carboxylic acids, by
carbonylation of alkenes,
1138

by cleavage of keto-esters,
0841

by cleavage of methyl
ketones, 0842

by hydroboration and
reduction, of alkenes,
1063

by hydrocarboxylation of
alkenes, 1136

by hydrolysis of acyl halides,
1398

by hydrolysis of amides,
1407

by hydrolysis of anhydrides,
1399

by hydrolysis of carboxylic
esters, 1400

by hydrolysis of ketenes,
1600

by hydrolysis of nitriles,
1268

by hydrolysis of oxazolines,
0598

by oxidation of alcohols,
1718, 1768

by oxidation of alcohols,
reagents for, 1768

by oxidation of aldehydes,
1718, 1769–1773

by oxidation of aldehydes,
mechanism, 1771

by oxidation of aldehydes,
reagents for, 1770, 1771

by oxidation of alkynes, 1775
by oxidation of boranes,

1082
by oxidation of enol ethers,

1775
by oxidation with

peroxyacids, 1773
by oxidative cleavage of

alkenes, 1742
by pyrolysis of esters, 1519,

1520
by reductive cleavage of

esters, 1833
by the Arndt-Eistert

synthesis, 1599
by the Barbier-Wieland

procedure, 1743
by the Japp-Klingemann

reaction, 0783
by the Kolbe-Schmidt

reaction, 0728, 0729
by the Willgerodt reaction,

1867, 1868
by-products of epoxidation,

1169
carboxylic acids, conjugated, by

the Perkin reaction, 1363
by the Doebner modification,

1360
decarboxylation, 0838
formation of vinyl nitro

compounds, 0975
from alkynes, 1138
hydrogenation in ionic

liquids, 1074
with NBS and lithium

acetate, 0996
with nitric acids and AIBN,

0975
carboxylic acids, conversion to

dithiocarboxylic esters,
1278

decarboxylation, 0835, 1457
dehydrating agents, 1514
dehydration, 1423, 1514
deuterated, addition to cyclic

alkenes, 1023
dianions, with boranes, 1629
dianions, with esters, 1456
esterification, 1414, 1415
esterification and steric

hindrance, 0398
exchange with acid

derivatives, 1441, 1423

field effects and pKa, 0381
formation of hydrazones,

0784
Friedel-Crafts acylation,

0719
carboxylic acids, from acyl

halides, and ethers, 1412
from acyl peroxides, 0814
from anhydrides and

alcohols, 1412
from aromatic compounds,

0728
from boranes, and acid

dianions, 1629
from carbon dioxide, and

phosphorus ylids, 1380
from cleavage of diketones,

0841
from diazoketones, 1599
from diazonium salts, 0986
from Grignard reagents, 0814
from ketones, 0783, 0841,

0843, 1867, 1868
from malonic esters

synthesis, 0623
from nitriles, 0648
from organometallics, and

carbon dioxide, 1329
from oxazolines, 0643
from peroxyacids, and

alkenes, 1169
from primary alcohols with

Jones reagent, 1716
from the haloform reaction,

0842
carboxylic acids, gas phase

pyrolysis, 1520
halo, 0585
halo, lactone formation,

0304
halo, with aldehydes or

ketones, 1364
halogenation, 0781, 0782
Hell-Volhard-Zelenskii

reaction, 0781
metal catalyzed elimination,

1520
oxidation with hydrogen

peroxide, 1773
oxidative cleavage of

alkynes, 1744
oxidative cleavage of ethers,

1769
oxidative decarboxylation to

alkenes, 1747
oxidative decarboxylation,

mechanism, 1748
photochemistry esterification,

1414
pKa, table, 0382
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propargyl, from alkynes,
1330

radical alkylation of
heterocycles, 0982

radical coupling, 0977
reagents for conversion to

alkyl halides, 0995
reduction to alcohols, 1805,

1806
reduction to aldehydes,

reagents, 1809
reduction to hydrocarbons,

1843
reduction with borane, 1806
structural limitations of

decarboxylation, 0836
carboxylic acids, with alcohols,

acid catalyzed, 1414
with ammonia, 1430
with anhydrides, 0840
with boronic acids, metal

catalyzed, 1329
with cyanuric fluoride, 1440
with enol esters, 1424
with halogenating reagents,

1440
with hydrazoic acid, 1611
with imines, 1465
with isocyanides and

carbonyls, 1467
with metal halides, 1426
with Mukaiyama’s reagent,

1514
with organolithium reagents,

1329, 1447
with thiols, 1418
with triphenylphosphine

and carbon tetrachloride,
1440

carboxylic acids-alcohols, see
hydroxy acids

carboxylic acids-alkenes, by
pyrolysis of lactones, 1520

carboxylic esters, acetoacetic,
and alkylation, 0624

acidity, 0383
addition to alkenes, 1134
alkylation, 0626

carboxylic esters, allylic, and
p-allyl palladium, 0609

allylic, coupling reactions,
0619–0611

allylic, Knoevenagel
carbanions, 0610

allylic, with active methylene
compounds, 0610

allylic, with aryl halides,
0609

allylic, with keto acids, metal
catalyzed, 0996

carboxylic esters, and acylation
of amines, microwaves,
1435

and DBU, 0541
and dimethyl carbonate, 0541
and DMF acetals, 0542
and formation of acyl azides,

0573
and isotopic labeling, 1404
and microwaves, 1400, 1401
and phase transfer, 1401
and retention of

configuration, 1404
and SN2 reactions, 0501
and steric hindrance, 1401
and the Baylis-Hillman

reaction, 1323
and the Claisen

condensation, 1452
and the Claisen reaction,

1355
and the Katritzky pyrylium-

pyridinium method, 0542
and the Pinner synthesis,

1275
and the Reformatsky

reaction, 1328
and the Schotten-Baumann

procedure, 1411
and the Stobbe condensation,

1356
and transesterification, 1419
and ultrasound, 1401

carboxylic esters, aryl, by
carbonylation, 0909

aryl, from aryl halides, 0872
aryl, from arylthallium

compounds, 0913
aryl, with Lewis acids, 0735

carboxylic esters, base
catalyzed condensation,
1452

basic hydrolysis, 1256, 1257
by carbonylation of alkenes,

1140
by carbonylation of aryl

halides, 0909
by cleavage of keto esters,

0841
by Favorskii rearrangement,

1595
by hydration of alkynes, 1036
by hydrolysis of imino esters,

1275
by oxidation of aldehydes,

1769, 1771
by oxidation of alkenes with

dioxiranes, 1755
by oxidation of allylic

alcohols, 1769

by the Mitsunobu reaction,
0540

by the Tischenko reaction,
1865

carbonylation of alkyl halides
and alcohols, 0652

cleavage, 0550
cleavage with NaCN-HMPA,

0649
condensation, with aldehydes

or ketones, 1355, 1455
condensation, with nitriles,

1455
carboxylic esters, conjugated,

1, 4-addition of alcohols,
1039

conjugated, proton acidity,
0633

epoxidation, formation of
glycidic esters, 1175

formation of glycidic esters,
1175

hydrostannation, 1074
photolysis and b-lactone

formation, 1041
reduction with tributyltin

hydride, 1072
with aldehydes, Stetter

reaction, 1321
carboxylic esters,

demethylation, 0550
carboxylic esters, enol, see

enol esters
carboxylic esters, exchange with

carboxylic acids, 1423
carboxylic esters, from acyl

halides and alcohols, 1411
from acyl halides with

ketones, 1274
from acyl peroxides, 0971
from acyl tosylates, 0543
from aldehydes, reagents,

1865, 1866
from alkenes and carboxylic

acids, 1041
from alkyl halides, 0539,

0654
from amides and alcohols,

1421
from anhydrides, 0542
from anhydrides and

alcohols, 1412
from carboxylate salts, 0539
from carboxylic acids and

alcohols, 1414
from carboxylic esters and

alcohols, 1419
from diazo compounds and

acids, 0543
from ethers, 0542
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carboxylic esters, (Continued)
from Grignard reagents and

chloroformates, 1445
from halo ketones, 1595
from hydrocarbons, 0971
from ketones and peroxy

acids, 1617
from methyl ketones,

0843
from organometallics, 0818
from oxazolidinone amides,

1422
from oxonium salts, 0542
from trihalides, 0521
from vinylorganometallics,

0824
carboxylic esters, glycidic, from

conjugated esters, 1175
heteroaryl, by carbonylation,

0909
homologation, 1450

carboxylic esters, hydrolysis,
0642, 1400

enantioselective reactions,
1401

enzymatic, 1400
mechanism, 0406, 0407,

1402–1406
rates, 0399
tetrahedral mechanism,

1402–1406
a-hydroxylation, 1752

carboxylic esters, malonic, see
malonate

carboxylic esters, a-oxidation of
ethers, 1759

pyrolysis, 1519, 1520
radical coupling, 0977
rearrangement, 0735
reduction to alcohols,

Bouveault-Blanc
procedure, 1807

reduction to alcohols,
reagents, 1806, 1807

reduction to aldehydes,
reagents, 1809

reduction to ethers, reagents,
1839

reduction to methyl
compounds, 1842

reduction with Dibal,
1809

reduction with silanes,
1807

reduction with sodium in
ethanol, 1795

reduction, Bouveault-Blanc
procedure, 1795

reductive acylation of
ketones, 1274

reductive cleavage to
hydrocarbons, 1833

reductive cleavage with
lithium in amines, 1834

reductive coupling to
acyloins, 1860

solvent effects in alkylation
reactions, 0539

solvolysis of, and NMR,
0434

steric hindrance to formation
of, 0398

sulfenylation, 0791
vinyl, hydrolysis, 1401
vinyl, hydrolysis by

esterases, 1401
with amines or ammonia,

1434, 1436
with carboxylic acid

dianions, 1456
with dimethyl sulfate,

0541
with metal carbenes, 1381
with Petasis reagent or

Tebbe’s reagent, 1380
with trimethylphosphate,

0541
carboxylic esters-thioethers,

1179
carboxylic salts, from

carboxylic esters, 0584,
0585

carbynes, 0287
carcerands, 0128
carcerands, and

cyclopentadiene, 0074
carciplex, 0128
Caro’s acid, conversion of

thioamides to amides,
1280

oxidation of amines to amine
oxides, 1779

oxidation of amines, 1777
b-carotene, and the Wittig

reaction, 1378
Carroll rearrangement, 1670
carvone, photochemical [2 þ 2]-

cycloaddition, 1230
carvonecamphor, by

photochemical [2 þ 2]-
cycloaddition, 1230

CAS ONLINE, 1876, 1877
CAS Registry, 1881, 1901
CASSI, 1910
catalysis, acid, epoxide

alcoholysis, 0537
of acetals, 0524
of epoxides, 0528

catalysis, acid-base, 0372
and free energy, 0313

and the Brønsted catalysis
equation, 0373

catalysis, base, 0373
and the Marcus equation,

0373
coupling aryl halides and

active methylene
compounds, 0906

catalysis, general, 0372
catalysis, general acid, 0373,

0525
in supercritical carbon

dioxide, 0415
Lewis acid, of sulfonyl

halides with halo esters,
0605

mechanisms, 0313
catalysis, metal, of amine

alkylation, 0558
of arylation of sulfonamides,

0569
of aziridine ring opening,

0566
of cleavage of ethers, 0581
of coupling with Grignard

reagents, 0600
of halogenation of epoxides,

0584
of organometallics coupling,

0604, 0605, 0606, 0607
of vinyl ester formation, 0541

catalysis, micellar, of the
Williamson reaction, 0531

of alcohols and diazo
compounds, 0533

of enolate anion formation,
by amines, 0779

of the Diels-Alder reaction,
1197

phase transfer, see phase
transfer

specific, 0372
specific acid, 0373

catalysts, and hydrogenation of
alkynes, 1057

catalysts, asymmetric, and
synthesis, 0171

catalysts, chiral, see chiral
catalysts

catalysts, dendritic, and transfer
hydrogenation, 1066

for acylation of amines,
1429, 1435

for alcoholysis of anhydrides,
1413

for alkene metathesis, 1683,
1686

for cyanohydrin formation
from trimethylsilyl
cyanide, 1390
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for dihydroxylation of
alkenes, 1162

for enantioselective
epoxidation of alkenes,
1176

for Friedel-Crafts acylation,
0719

for Friedel-Crafts addition
alkyl halides to alkenes,
1160

for heteroatom Diels-Alder
reactions, 1217

for hydrogenation, 1054
for hydrolysis of carboxylic

esters, 1400, 1401
for photochemical [2 þ 2]-

cycloaddition, 1223
for the Dieckmann

condensation, 1454
for the Mukaiyama aldol,

1352, 1353
for transesterification, 1419
heterogeneous, and

hydrogenation, 1054
heterogeneous, particle sites

and surface sites, 1060
homogenous, and

hydrogenation, 1054, 1055
hydrogen ion, and the

tetrahedral mechanism,
1255

Lindlar, and hydrogenation
of alkynes, 1057

metal, and epoxide
alcoholysis, 0537

metal, and the Heck reaction,
0891–0897

metal, coupling with silanes,
0588

metal, epoxides and amines,
0563

metal, for cyclotrimerization
of alkynes, 1244

metal, for dehydrogenation
of alcohols, 1724

metal, formation of cyclic
amines, 0560

optically active, 0138
palladium, 0043, 0044
recyclable, for alkene

metathesis, 1684
triphase, 0511
Wilkinson’s, 0043

catalytic Claisen rearrangement,
1669

catalytic hydrogenation, see
hydrogenation

catalytic Wagner-Meerwein
rearrangements, 1584

catecholborane, 0816

and conjugate addition, 1123
with alkenes, 1123
with alkynes, 0820, 1081
with chiral additives, in

reductions, 1801
catenanes, 0131

and acyloin condensation,
1862

and chirality, 0152
enantiomer separation by

HPLC, 0134
structural variations,

0131–0133
synthesis of, 0132

cation-p-interactions, 0114
cationic Diels-Alder reaction,

1197
cationotropic rearrangements,

1559
cations, alternant hydrocarbons,

0069
cavitands, 0122
cavitation noise, and acoustic

cavitation, 0350
cavitation, acoustic, and

cavitation noise, 0350
and sonochemistry, 0349
and ultrasound, 0512

CD (circular dichroism), chiral
molecular in achiral
solvents, 0163

cedranediolborane, 0816
cell length, and specific rotation,

0139
center of symmetry, and

chirality, 0140
centrohexacyclines, and strain,

0220
ceric ammonium nitrate, and

nitration of aromatic
compounds, 0686

cerium compounds, and acetal
cleavage, 0526

(CH)n compounds, and Cope
rearrangement, 1667

chain reactions, and radicals,
0936

and SET mechanism, 0444
chair confirmation, 0203
chair transition state, Claisen

rearrangement, 1669
chair-to-chair interconversion,

0204
channel-type complexes, 0131
Chapman rearrangement, 1697
charge dispersal, elimination

versus substitution, 1506
charge distribution, in

conjugated carbocations,
0239

charge separation, and
resonance, 0047

charge transfer, bonding, 0119
complexes, 0115
complexes, UV, and solvents,

0507
spectra, 0115

Charton’s n values, 0411
chelation, and dialkylamide

bases, 0389
cheletropic reactions, cyclic

sulfones, 1537
Chemical Abstracts, 1876–1881
Chemical Abstracts, Collective

Indexes, 1879
Chemical Abstracts, Registry

number, 1880
Chemical Induced Dynamic

Electron Polarization, see
CIDEP

chemical shift, and
conformations, 0196

and electronegativity, 0017
and hydrogen bonding, 0110,

0111
and ring current, 0055–0057
of alkenes, 0056
of annulenes, 0087–0090
of antiaromaticity, 0075
of benzenonium ion, 0662
of carbocations, 0246
of cyclobutadiene, 0075
of homoaromatic

compounds, 0093
Chemically Induced Dynamic

Nuclear Polarization, see
CIDNP

chemoselective reducing agents,
for aldehydes rather than
ketones, 1793

for ketones rather than
aldehydes, 1794

chemoselectivity, definition,
1793

in reduction of alkyl halides,
1827

Chemtracts, 1892
Chichibabin reaction, 0915
chiral additives, and conjugate

addition, 1108
and dihydroxylation of

alkenes, 1165
and enolate alkylation, 0630
and Michael addition,

1108
and resolution, 0176
and the Claisen reaction,

1356
and the Mukaiyama aldol,

1353
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chiral additives, (Continued)
metal catalyzed

cyclopropanation, 1238
with LiAlH4 or NaBH4,

1802
chiral allylic boranes, acyl

addition, 1320
chiral amines, with ketones,

0633
chiral atoms, also see

stereogenic
chiral atoms, 0140, 0141
chiral auxiliaries, and

asymmetric synthesis,
0169

and Mannich reactions, 1295
and the aldol reaction, 1347
and the Baylis-Hillman

reaction, 1325
and the Diels-Alder reaction,

1202
and the Mukaiyama aldol,

1353
definition, 0169

chiral azadienes, 1218
chiral bases, and enolate

allylation, 0629
and the aldol reaction, 1347

chiral boranes, 1080
chiral carbanions, 0258
chiral catalysts, 0387

and bis(oxazolines), 1114
and bis(phosphines), 1073
for conjugate addition of

carbamates, 1131
for dihydroxylation of

alkenes, 1165
for Friedel-Crafts alkylation,

0709
for heteroatom Diels-Alder

reactions, 1218
for hydrogenation, 0171
for the Baylis-Hillman

reaction, 1325
for the Diels-Alder reaction,

1202
for the Mukaiyama aldol,

1354
for the Prins reaction, 1396
for the the aldol reaction,

1347
thioureas, for the Pictet-

Spengler reaction, 0716
trimethylsilyl cyanide,

cyanohydrin formation,
1390

chiral compounds, also see
chirality

chiral compounds, also see
diastereomers

chiral compounds, also see
enantiomers

chiral compounds,
adamantanes, 0145

allenes, 0148
and axis of symmetry, 0140
and biological activity, 0138
and chemical reactions, 0158
and Cram’s rule, 0168
and D/L nomenclature, 0155
and diastereomers, 0164
and diastereotopic atoms,

0193
and diastereotopic faces,

0194
and enantiomeric excess,

0180
and enantiotopic faces, 0194
and epimers, 0165
and erythro/threo

nomenclature, 0166
and Fischer projections, 0153
and GC, 0181
and HPLC, 0182
and kinetic resolution, 0176
and molar rotation, 0160
and NMR, 0180, 0181
and optical purity, 0179,

0180
and polarizability, 0141
and prochiral atoms, 0193
and pseudoasymmetric

carbons, 0165
and racemates, 0138
and rate of reaction, 0138
and resolution, 0145
and restricted rotation, 0150
and specific rotation, 0160
and stereoselective synthesis,

0167
and symmetry, 0138, 0140
and syn/anti nomenclature,

0166
and synthesis, 0167–0172
and the 2n rule, 0165
and the Cahn-Ingold-Prelog

system, 0155–0158
and the Cornforth model or

Felkin-Ahn model, 0169
and torsional diastereomers,

0148
chiral compounds,

atropisomers, 0146
biaryls, 0146
chiral pool, 0167
cyclooctatetraene, 0151
cyclooctene, 0150
cyclophanes, 0150
from achiral compounds,

0169

fulgide, 0150
glyceraldehyde, 0154
helical, 0149, 0150
helicene or heptalene, 0149,

0150
Lewis acids, 0387
meso form, 0165
metallocenes, 0150
nitroxide radicals, 0276
paracyclophanes, 0150
with multiple stereogenic

atoms, 0164
chiral dienophiles, 1202
chiral hydrazines, with ketones,

0633
chiral ionic liquids, 1324
chiral lanthanide shift reagents,

0181
chiral Lewis acids, 0387, 1202

and Diels-Alder reaction,
1203

chiral ligands, and Sharpless
asymmetric
dihydroxylation, 1166

and the aldol reaction, 1347
in catalytic hydrogenation,

1056
chiral Lossen rearrangement,

1610
chiral molecules, 0137

and stereogenic atoms, 0140
chiral oxaziridines,

a-hydroxylation, 1754
chiral poisoning, in asymmetric

catalysis, 1056
chiral pool, and synthesis, 0167
chiral reagents, for reduction of

ketones, 1800–1803
chiral recognition, and

resolution, 0175
chiral selenium ylids, 1384
chiral solvents, and NMR, 0181
chiral sulfur ylids, 1383
chiral templates, conjugate

addition of Grignard
reagents, 1114

chiral compounds, spiranes,
0150

chirality transfer, and [2,3]-
Wittig rearrangement,
1677

chirality, also see chiral
compounds

chirality, also see enantiomers
chirality, and a Möbius strip

compound, 0152
and absolute configuration,

0154
and asymmetric induction,

0171
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and asymmetric reduction,
0170

and axis of symmetry, 0140
and bridgehead atoms, 0144
and CD in achiral solvents,

0163
and center of symmetry, 0140
and circularly polarized light,

0163
and cyclophanes, 0150
and diastereomers, 0164
and enantiomers, 0137
and enantioselective

reactions, 0171
and epimers, 0165
and helical shapes, 0149,

0150
and meso compounds, 0165
and mirror planes, 0140
and molar rotation, 0160
and molecular knots, 0152
and NMR, 0151
and optical activity, 0136
and perpendicular

disymmetric planes, 0145
and plane of symmetry, 0140
and plane polarized light,

0163
and polarizability, 0141
and pyramidal inversions,

0142, 0143, 0144
and quadrivalent stereogenic

atoms, 0141
and resolution, 0138
and restricted rotation, 0150
and specific rotation, 0160
and superimposability, 0137,

0141
and the 2n rule, 0165
and the Cahn-Ingold-Prelog

system, 0155–0158
and the D/L nomenclature,

0155
chirality, definition of, 0137

helical, 0149, 0150
induced chirality in achiral

solvents, 0163
of adamantanes, 0145
of allenes, 0148
of barrelene, 0152
of calixarenes, 0152
of carbanions, 0258
of catenanes, 0152
of crown ethers, 0152
of cumulenes, 0149
of heptahelicene, 0149
of hydrocarbons, 0152
of metallocenes, 0150
of methylenecyclohexanes,

0149

of paracyclophanes, 0150
of pentahelicene, 0149
of phosphates, 0142
of phosphorus, 0191
of rotaxanes, 0152
of spiranes, 0149
of substituted cyclohexanes,

0207
of sulfones, 0142
of tervalent stereogenic

atoms, 0142
of truxilic acid, 0140
torsional diastereomers, 0148

chloraluminates, ionic liquids,
1199

chloramine, with
organoboranes, 0822

chloramine-M, epoxidation of
alkenes, 1173

chloramine-T, and formation of
aziridines, 1184

and NBS, 1184
and sodium iodide, 0921
formation of aziridines from

alkenes, 1159
formation of chlorohydrins,

1153
with alkenes, 1180

chloramines, and halogenation
of aromatic compounds,
0701

from amines, 0849
chloride, vinyl, also see vinyl

chloride
chlorides, acyl, also see halides,

acyl
chlorides, acyl, from aldehydes,

0964
chlorides, alkyl, also see halides
chlorides, alkyl, and Grignard

reagents, 0262
chlorination, allylic, 0963
chlorination, of alcohols, 0469

of alkenes, reagents for, 1150
of aromatic compounds,

0664, 0670, 0671, 0698
of benzene, rate and product

distribution, 0680
of malic acid, 0427
of toluene, rate and product

distribution, 0680
radical, and dichlorine

monoxide, 0963
chlorine radicals, 0935
chlorine trifluoride, and fluorine

radicals, 0955
chlorine, halogenation of

aromatic compounds, 0701
with alkenes, 1149
with UV light, 1149

chlormalic acid, and
asymmetric synthesis,
0172

chloroamines, formation of
formamides, 0568

chlorochromate, pyridinium, see
PCC

chloroform, and proton transfer,
0368

hydrolysis of, 0521
Reimer-Tiemann reaction,

0726
with amines, 0567

chloroformates, addition to
allenes, 1162

benzyl, with amines, 1428
with Grignard reagents, 1445

chloroiminium salts, with
Grignard reagents, 1336

chloroketones, and formation of
thiiranes, 0532

chloromethylation, and Friedel-
Crafts reaction, 0717

chloronium ions, with alkenes,
1004

m-chloroperoxybenzoic acid,
see mCPBA

chlorosulfates, from alkenes
with chlorine and sulfur
trioxide, 1154

chlorosulfenantion, 0974
chlorosulfonyl isocyanates, see

isocyanate
chlorosulfuric acid, formation

of aryl sulfonyl halides,
0697

chlorothioformates, with
amines, 1474

chlorotrimethylsilane with
enolate anions, 0798

and the acyloin condensation,
1861

chlorotriphenylmethane,
ionization, 0240

chlorotris(triphenylphosphine)
rhodium (Wilkinson’s
catalyst), 1054

cholest-6-en-3-one, 0401
cholesterol, biosynthesis,

1090
cholic acid, and resolution,

0176
as host, 0128

choral hydrate, 1262
choranil (2,3,5,6-tetrachloro-

1,4-benzoquinone), 1710
and aromatization, 1710

chromates, structural variation
for oxidation of alcohols,
1716, 1717
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chromatographic absorbents,
and Diels Alder reactions,
1198

chromic acid, and oxidation of
alcohols, 1716

chromium complexes, Fischer
carbene complexes, 1247

chromium hexacarbonyl, 0043
chromium reagents, and

oxidation of aromatic
hydrocarbons, 1764

and oxidative cleavage of
alkenes, 1742, 1743

and oxidative cleavage of
cyclic ketones, 1735

oxidation of alcohols to
carboxylic acids, 1768

chromophore absorption, 0333
chromophore, definition, 0331
chromotropic spin traps, 0268
Chugaev reaction, 1520, 1521
CIDEP (Chemically Induced

Dynamic Electron
Polarization), 0269

CIDNP (Chemically Induced
Dynamic Nuclear
Polarization)

and aryl radicals, 0941
and carbenes, 0807
and Grignard reagents, 0832
and hydroformylation of

styrene, 1147
and hydrogen-metal

exchange, 0834
and intermediates, 0312
and metal/ammonia

reductions, 1065
and organolithium

compounds with alkyl
halides, 0599

and radical alkylation of
aromatic compounds,
0981

and radical rearrangements,
1577

and radicals, 0269, 0270,
0445

and SET mechanism, 0445
and the photo-Fries

rearrangement, 0737
Cieplack effect, and addition to

alkenes, 1024
Cinchona alkaloids, and phase

transfer, 1175
and Sharpless

aminohydroxylation,
1180

with osmium catalysts, 1163
Cinchonidine alkaloids, and

enantioselectivity, 1041

cine substitution, and aromatic
nucleophilic substitution,
0860

and Stille coupling, 0793
circuambulatory rearrangement,

0249
circular dichroism, 0160, 0161

and conformations, 0196
vibrational, 0161

circular polarization of
luminescence, 0182

circularly polarized light, 0138,
0163

and asymmetric synthesis,
0172

circulenes, 0094
circumambulatory

rearrangement, 1652
cis-trans isomers, see isomers
citric acid, 0192
Claisen condensation, 1355,

1452
and base strength, 1454
and enolate anions, 0263,

0627, 1453
and Evans auxiliaries, 1356
and high pressure, 0513
and the Robinson annulation,

1357
crossed, 1452
enantioselectivity, 1356
intramolecular, 1453
mechanisms, 1453, 1454
metal mediated, 1355
structural variations, 1355
with amides, 1355

Claisen rearrangement,
1668–1674

abnormal, 1673
acceleration by water, 1670
and isotope labeling, 1668,

1669
and microwaves, 1669
and the Carroll

rearrangement, 1670
and the Diels-Alder reaction,

1669
and the Kimel-Cope

rearrangement, 1670
azo-, see azo-Claisen
catalytic, 1669
enantioselectivity, 1672
Ireland-Claisen, 1671
mechanism, 1668
of allyl allene ethers, 1670
of allyl enol ethers, 1669
of ester enolate anions, 1670
on silica gel, 1670
para-, 1668
polymer-bond, 1669

retro-, 1669
thio-, see thio-Claisen
with chiral Lewis acids, 1672

Claisen rearrangement-Conia
reaction, 1670

Claisen-Schmidt reaction, 1343,
1344

clathrates, 0126
and hydroquinone as host,

0127
Clayan, and oxidation of thiols,

1785
cleavage, and formation of

radicals, 0938
anionic, 0835
by hydration of vinylidene

nitriles, 1034
Eschenmoser-Tanabe, 1544
Norrish Type I, 0343
Norrish Type II, 0344
of acetals, with Lewis acids,

0526, 0527
of alkoxides, 0758, 0835,

0840
of ammonium salts, 0542
of carboxylic esters, 0550
of cyanohydrins, 0835
of cyclic ethers, 0581
of cyclopropane, and

vinylcyclopropane
rearrangement, 1658

of diketones with base, 0841
of dioxetanes, 1219
of epoxides, see epoxides
of ethers, 0523, 0547, 0580,

0581, 0582
of ketones, 0841
of ketones, haloform

reaction, 0842
of lactones, 0550
of methyl esters, with

NaCN-HMPA, 0649
of methyl ethers, 0561
of oxonium salts, 0582
of radicals, 0280, 0937
of selenides, 0551
of thioethers, 0992
oxidative, see oxidative
photochemical, and radicals,

0279
photolytic, 0335
photolytic, also see

photolytic
reductive, of cyclopropanes,

1074
thermal, and radicals, 0279

Clemmenson reduction, 1836
clocks, radical clocks, 0946
CO2, see carbon dioxide
coefficient, extinction, 0330
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collidine, LiI with carboxylic
esters, 0585

Collins reagent,
Collman’s reagent, and

carbonylation, 0650, 0651
colloids, and sonochemistry,

0350
combinatorial chemistry, 1434
combustion, heat of, 0029
common-ion effects, and rate of

reaction, 0434
Compendium of Organic

Synthetic Methods, 1898
Complete Neglect of

Differential Overlap, 0035
complex formation, metal, and

mechanism of
homogenous catalytic
hydrogenation, 1061

with metals, in catalytic
hydrogenation, 1059

complex-induced proximity
effect, and directed ortho
metalation, 0912

complexes, activated, 0302
complexes, alkyne-metal

carbonyl, and Pauson-
Khand reaction, 1141

and alkenes, 0119
p-allylnickel, coupling, 0593
and carbon tetrahalides, 0119
and cyclodextrins, 0129
and Kolbe-Schmidt reaction,

0729
and metal catalyzed

decarbonylation of
aldehydes, 0998

bromine-alkene, 1150
cage, 0129
channel-type, 0131
charge transfer, 0115, 0507
chiral Lewis acids-

dienophiles, 1203
cyclobutadiene-metal, and

cyclotrimerization, 1247
cyclodextrins and

iodoaniline, 0130
Dibal-amine, 1437
EDA, and photochemical

[2 þ 2]-cycloaddition,
1232

electron donor-acceptor,
0115, 0757

encounter, 0664
Grignard reagents, 0260,

0261
guest-host, 0120
ion-dipole, and SN2, 0430
iron, of cyclobutadienes,

0076

iron-norbornadienone, 0118
Lewis acid, and cleavage of

ethers, 0581
Lewis acid-acyl halides, 0722
Lewis acid-base, 0375, 0376
metal, and benzene, 0117
metal, and cyclooctatetraene,

0117
metal, and

cyclotrimerization, 1246
metal, and ferrocene, 0117
metal, and hapto complexes,

0116, 0117
metal, in carbonylation

reactions, 0655
metal, optical resolution,

0151
metal, with carbenes, 1236
metal-carbene, and

metathesis, 1688
metal-salen, and epoxidation,

1178
metals and p-donors, 0116
monohapto, 0117

Z-complexes, 0042, 0043, 0044
complexes, p- and Z-, 0042
complexes, p-allyl, acylation of

dienes, 0797
complexes, p-allyl, and

rearrangement of alkenes,
0770

complexes, p-complex and
arenium ions, 0662

Pauson-Khand, 1143
platinum, and resolution of

alkenes, 0174
radicals in aromatic solvents,

0953
rate of formation, 0376
ring-in-ring, 0132
titanium-methylene, and

Tebbe’s reagent, 1382
transition metal, and [2 þ 2]-

cycloaddition, 1220
with biphenyl, 0125
with crown ethers or

cryptates, 0119
with fluoranthene, 0124
with picric acid, 0118
with pyrene, 0124
with trinitrobenzenes, 0118

Comprehensive Chemical
Kinetics, 1894

Comprehensive Organic
Chemistry, 1893

Comprehensive Organic
Functional Group
Transformations, 1894

Comprehensive Organic
Synthesis, 1894

Comprehensive Organic
Transformations, 1897

concentration, and specific
rotation, 0139

of radicals, 0267
concerted reactions, and SN20,

0471
concertedness, and

cycloaddition reactions,
1212

condensation, aldol, see aldol
condensation, Claisen, see

Claisen
condensation, Dieckmann, see

Dieckmann
condensation, acyloin ester,

1860
benzoin, 1396
bis(aldol), 1345
Pechmann, 0712
self condensation, and

Claisen condensation,
1453

self condensdation, and the
aldol reaction, 1343

conducted tour mechanism,
0761, 0768

conducting polymers, 0415
conductivity, and arenium ions,

0663
configuration, absolute, see

absolute configuration
configuration, and Grignard

reagents, 0262
definition, 0195
electron, see electron

configuration
racemization of migrating

group during
rearrangement, 1564

retention of migrating group
during rearrangement,
1563

retention, and carbanions,
0257

conformational analysis,
0195–0213

conformational energy, and
cyclohexane, 0203

conformational isomer, and
conformer, 0196

conformational radical clock,
1098

conformational transmission,
0401

conformations, % axial in
substituted cyclohexanes,
0208

aa/ee/ae nomenclature,
0205
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conformations, and acidity,
0387, 0388

and atropisomers, 0203
and bisecting bonds, 0201
and dipole moment, 0199
and eclipsing bonds, 0201
and homoanomeric

interactions, 0209
and molecular mechanics,

0196
and Newman projections,

0197
and NMR, of macrocycles,

0213
and optical activity, 0196
and Pitzer strain, 0223, 0224
and pK, 0387, 0388
and polar groups, 0209
and polarizability, 0199
and pseudorotation, 0212
and reactivity, 0400
and solvent effects, 0201
and spectroscopic analysis,

0196
and steric hindrance, 0202
and strain, 0400
and syn or anti elimination,

1484
and tetrahedral mechanisms,

1258
and the 3n rule, 0197
and the anomeric effect, 0210
and the E2 reaction, 1479
and transannular strain, 0223,

0224
and X-ray crystallography,

0201
conformations, anomeric effect,

0210, 0211
anti, 0199
anti-periplanar, and E2

reagents, 1479
axial preference for polar

groups, 0209
boat and chair, 0203
chair cyclohexanes, and E2

reactions, 1481
chair, and bulky substituents,

0207
chair, and carbocations, 0245
chair, and gauche

conformations, 0205
chair, axial and equatorial,

0204
chair, chair-to-chair energy

barrier, 0208
chair, half-life, 0204
chair, observation of, 0204
chair-to-chair

interconversion, 0204

cisoid, and Diels-Alder
reaction, 1201

definition, 0195
envelope, 0212
estimation of numbers, 0197
gauche, 0199–0201
isolation of conformers, 0201
medium-size rings, 0223

conformations, of acyclic
compounds, 0197

of amides, 0202
of butane, 0199, 0200
of caprolactams, 0212
of cyclic alkanes, 0211–0213
of cyclic ketones, 0208, 0212
of dienes, and Diels Alder

reaction, 1201
of dioxanes, 0209
of dithianes, 0209
of glycosides, and the

anomeric effect, 0210
of heteroatom substituted

rings, 0209
of lactones, 0213
of macrocyclic ketones, 0213
of Meldrum’s acid, 0388
of oxacyclooctane, 0213
of oxetane, 0212
of six-membered rings, 0203
of substituted cyclohexanes,

0204, 0205
of sulfoxides, 0212
of tetrahydrofurans, 0212

conformations, s-E/s-Z
diazoketones, 1601

stability of, 0201
stability of aziridines, 0142,

0144
stability, and optical activity,

0142, 0144
staggered, 0199
syn-periplanar, and E2

reactions, 1479
synclinal, 0199
tub, cyclooctatetraene, 0151
twist, 0080, 0081, 0203, 0204

conformers, 0195
isolation of, 0201

Conia reaction-Claisen
rearrangement, 1670

conjugate acid, definition, 0356
conjugate addition, 1105–1110

1,2- versus 1,4-,
organocuprates, 1113

aldehydes with cyanide, 1133
amines to conjugated

thiolactams, 1130
and anhydrides, 1132
and enamines, 0636
and ionic liquids, 1107

and Mannich bases, 1109
and phosphonate esters, 1132
and SET mechanism, 1120
and the Sakurai reaction,

1120
and thioesters, 1132
azides, 1131
chiral imines, 1109
conjugated substrates, 1106
definition, 1008
enantioselectivity, 1106,

1109
formation of enolate anions,

1113
Grignard reagents, 1112
heteroatom nucleophiles,

1130
intramolecular, 1109
metal catalyzed, 1107, 1108,

1130
metal catalyzed addition of

silyl enol ethers, 1110
conjugate addition, of alcohols,

1131
of aldehydes, and

microwaves, 1132
of alkynyl alanes, 1118
of allylic silanes, 1120
of amides, 1132
of amines, 1130, 1132
of boranes, 1121
of borate esters or boronic

acids, 1116
of carbamates, metal

catalyzed, 1130
of enolate anions, 1108
of Grignard reagents, 1114
of HCN, 1147
of hydroxylamines, 1131
of imides, 1131
of imines, 1130
of lactams, 1131
of organometallics, and

radicals, 1119
of radicals, 1122
of silanes, 1131
of silyl ketene acetals, 1121

conjugate addition,
organocuprates, 1111

organolithium reagents,
1112, 1133

organometallics, 1111–1120
organometallics, mechanism,

1119
organozinc reagents, 1116
selenols and organolithium

reagents, 1131
thiophenols and

organolithium reagents,
1131
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trialkylalanes, 1118
vinylboranes, 1122
vinylogous, 1107
with boron compounds, 1116

conjugate base, definition, 0356
conjugate bases, see bases
conjugate elimination, 1512
conjugate reduction, reagents

for, 1071
conjugate systems, and

delocalization, 0040
conjugated carbonyls, and

hydride reduction,
reagents, 1793

conjugated carboxylic acids, see
carboxylic acids

conjugated compounds with
sulfur ylids, 1386

acylation, 1132
addition of hydroperoxide

anions, 1707
and Grignard reagents or

organolithium reagents,
1302

and photochemical [2 þ 2]-
cycloaddition, 1229

and Stork enamine reaction,
0635

and the Baylis-Hillman
reaction, 1323

by dehydrogenation, 1712
by the Knoevenagel reaction,

1358
halogenation, 1151
radical addition, 1015
with acyl halides, 1132
with aldehydes, 1323

conjugated diketones, by a-
oxidation of alkenes, 1759

conjugated ketones, see ketones
conjugated systems, alternant

and nonalternant
hydrocarbons, 0069

conjugated-circuit model, and
aromaticity, 0057

conjugation, and absorption,
0332, 0333

and bathochromic shift, 0333
and carbanions, 0252
and carbocations, 0239
and delocalization, 0038
and enol content, 0100
and homoconjugation, 0045
and keto-enol tautomerism,

0100
and rearrangement of double

bonds, 0767
and SN1 reactions, 0436
and wavelength of light,

0332, 0333

cross, 0044
cross, also see cross

conjugation
cyclobutanes and

carbocations, 0242
cyclopropanes and

carbocations, 0242
energy, 0040
heteroatoms with

carbocations, 0242
p orbitals with double or

triple bonds, 0040
conrotatory process, a Möbius

system, 1638
conrotatory, and 4n versus

4n þ 2, 1643
and electrocyclic

rearrangements, 1633,
1634

constant, equilibrium, see
equilibrium

constant, Planck’s, 0003
constant, rate, see rate
contact ion pair, 0437
cooperative hydrogen bonding,

0110
coordinate, reaction, 0302
Cope elimination, 1524, 1525
Cope reaction, 1524
Cope rearrangement,

1659–1667
(CH)n compounds, 1667
amino, see amino-Cope
and Bergmann cyclization,

1664
and diradical intermediates,

1663
and high pressure, 0513
and valence tautomerism,

1665
aza-, see aza-Cope
degenerate, 1664
diradical mechanism, 1664
mechanism, 1662
metal catalyzed, 1662
nonconcerted, 1664
oxonia, see oxonia-Cope
six-center mechanism, 1663
stereochemistry, 1663
transition state, 1663

Cope, oxy-, see oxy-Cope
copper compounds, and

Stryker’s reagent, 1351
with organolithium reagents,

0601
copper cyanide, and

Rosenmund-von Braun
reaction, 0885

with aryl diazonium salts,
0985

copper halides, and the Hurtley
reaction, 0907

coupling active methylene
compounds with aryl
halides, 0907

copper salts, and alkyne
coupling, 0978

and the Glaser reaction, 0978
halosulfonation of

aryldiazonium salts, 0986
nitration of aryldiazonium

salts, 0985
copper, alkyl-magnesium

bromide Normant
reagent), 1101, 1102

copper, and coupling of aryl
halides, 0897

and coupling of
aryldiazonium salts, 0926

and hydroxylation of
aryldiazonium salts, 0919

and the Gatterman reaction,
0984

and the Ullmann reaction,
0897

copper-free Sonogashira
coupling, 0905

corannulene, 0094, 0095
Corey-Seebach procedure,

hydrolysis of dithioketals,
1280

Corey-Winter reaction, 1535
corner-protonated

cyclopropane, 1026
Cornforth model, and and

diastereoselectivity, 0169
Corporate Index, 1907
coulombic interactions, and

molecular mechanics,
0213, 0214

coumarins, Friedel-Crafts
alkylation, 0712

Pechmann condensation, 0712
counterattack reagent, 0587
counterions, and ambident

nucleophiles, 0517
and nucleophiles, 0516
of carbocations, 0236

coupling reactions, 0976
coupling reactions, cross-

coupling, 0587
coupling, and SET mechanisms,

0613
cross, radical coupling of

alkanes, 0976
metal catalyzed, alkylboronic

acids, 0607
with arylboronic acids, 0607
with silanes, 0588
with vinylboranes, 0607
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coupling, metal mediated, alkyl
halides, 0597

conjugated ketones, 0592
vinyl halides, 0591
with allylic esters, 0609

coupling, of alcohols, 0615
of alkanes, 0802
of alkyl halides, 0589
of aryl halides and boronic

acids, see Suzuki-Miyaura
of aryl halides, and the

Ullmann reaction, 0897
of aryldiazonium salts with

active methylene
compounds, 0783

of carbenes, 0290
of diazonium salts, 0692
of Grignard reagents, 0987
of organolithium reagents

with sulfones, 0613
of organometallics (Group I

and II) with alkyl halides,
0594, 0595

of organometallics with
alcohols, 0614, 0615

of organometallics with alkyl
halides, 0604, 0605, 0606,
0607

of p-allylnickel complexes,
0593

of photosensitized alkenes,
0977

of radicals, 0280, 0938
of silanes, 0977
of silanes with alkyl halides,

0588
coupling, organometallic, in

ionic liquids, 0606
organometallic, metal

catalyzed, 0606
oxidative, see oxidative

coupling
palladium catalyzed, with

organometallics, 0606
radical, and the Kolbe

reaction, 0993
radical, of amides, 0976
reductive, of alkenes, 1095
reductive, of alkynes, 1092
Sonogashira, 0904
Stephens-Castro, 0903–0906
Stille reaction, 0606, 0792
Suzuki-Miyaura, 0815,

0899–0903
unsymmetrical, metal

mediated, 0593
with alkylboronic acids, 0604
with allylic esters, 0608
with polymer-supported

phosphine ligands, 0612

with trifluoroborates, 0607,
0608

Wurtz reaction, 0589
covalent bonds, and soft acids

and bases, 0378
covalent compounds, and

electronic structure, 0015
Cram’s rule, and

diastereoselectivity, 0168
and reactions at carbonyls,

1252
and reduction of ketones,

1804
CRC Handbook of Data on

Organic Compounds,
1888

cresol, dipole moment, 0019
Criegee mechanism, and ion

pairs, 1738, 1739
ozonolysis, 1738–1740

critical temperature, and carbon
dioxide, 0414

cross conjugation, 0044
and trienes, 0045

cross-coupling reactions, 0587
cross-coupling, see coupling
cross-dimerization, of alkenes,

0977
cross-metathesis, 1684
crossed-pinacol coupling, 1856
crossed-Cannizzaro reaction,

1864
CrossFire, Beilstein, 1883
crossover experiments, and

Fries rearrangement, 0736
and rearrangement, 1560
and SN2, 0430
and the benzidine

rearrangement, 1679
crowding, intramolecular, 0232
crown ethers, also see ethers
crown ethers, and acylation of

amines, 1430
and aryldiazonium salts,

0917
and decyanation, 0845
and elimination reactions,

1486
and ion pairing in elimination

reactions, 1486
and kinetic resolution,

0176
and metal catalyzed coupling

of alkynes with aryl
halides, 0906

Gabriel synthesis, 0569
with metals, 0845
with permanganate, oxidative

cleavage of alkenes,
1743

cryptands, 0122, 0123
and organolithium reagents,

with aldehydes and
ketones, 1308

and phase transfer catalysis,
0510

and resolution, 0176
and solvation, 0493

cryptaphanes, 0123
cryptates, 0122

and complex formation,
0119

and out-in isomers, 0190
crystallization, fractional, and

resolution, 0172, 0174
crystallographic scale, acidity,

0358
crystals, and mechanical

resolution, 0176
cubane, and strain, 0220
cubene, 0233
cubyl compounds, and SN1

reactions, 0436
cucubituril gyroscane, 0135
cucurbiturils, 0135
cumene, and radical reactions,

0599
cumulenes, and optical activity,

0149
cyclic, 0228

cuprates, see organocuprates
cuprous cyanide, with

organometallics, 0825
Current Contents, 1877, 1892
Curtius reaction, 0572
Curtius rearrangement, 1563,

1609
cyanamides, addition of

ammonia, 1296
and the Ritter reaction, 1459
decarboxylation, 0559
formation of amines, 0559
from tertiary amines, 0586
hydrolysis, 1269

cyanates, aryl, from phenols and
cyanogen halides, 0531

from alkyl halides and
isocyanate, 0514

phenyl, with organolithium
reagents, 0886

cyanation, aryl halides, 0885
metal catalyzed, 0801
metal sulfonate esters, 0886
nitro compounds, 0802
of alkanes, 0801
of carbonyl compounds,

0801
cyanide ion, ambident

nucleophile, 0648
and isonitriles, 0648
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and the Strecker synthesis,
1391

as an ambident nucleophile,
0515

copper, and acyl halides,
1457

metal, with alkyl halides,
0648

potassium, and the benzoin
condensation, 1396

with aldehydes, and
conjugate addition,
1133

with alkyl halides, 0515,
0648

with aryl nitro compounds,
0927

with vinyl triflates, 0649
zinc, see zinc

cyanides, also see nitriles
cyanides, acyl formation of,

mechanism, 1457
acyl, from acyl halides and

copper cyanide, 1457
by dehydration of ureas,

1550
metal, also see metal

cyanides
metal, and Rosenmund-von

Braun reaction, 0885
metal, with aryl halides,

0885
tosyl, 0648
tosyl, with enolate anions,

0801
trimethylsilyl, see

trimethylsilyl cyanide
trimethylsilyl, and formation

of cyanohydrins, 1389,
1390

trimethylsilyl, with alkenes
and silver salts,
1148

trimethylsilyl, with alkyl
halides, 0649

vinyl, from vinyl halides,
0648

vinyl, from vinyl triflates,
0649

cyano group, reduction to
methyl, with terpenes,
1824

cyano imines, by Ehrlich-Sachs
reaction, 1368

cyano-ketones., displacement of
cyano, 0614

cyanoacetic ester synthesis,
0624

cyanoamines, formation,
enantioselectivity, 1392

from addition of HCN to
C����N compounds, 1392

from aldehydes or ketones,
0561

from amines, 0802
from hydroxy-ketones,

0561
cyanoboranes, with anhydrides,

1628
cyanoborohydride, sodium, see

sodium
cyanoethylation, 1008
cyanogen bromide, and isotopic

labeling, 0314
with amines, 0586
with carboxylate salts, 1461,

1462
cyanogen chloride, with

alcohols, 1276
cyanohydrin formation,

enantioselectivity, 1390
cyanohydrin-O-carbonates,

1391
cyanohydrins, and the benzoin

condensation, 1389
and the Kiliani-Fischer

method, 1391
and Umpolung, 0634
cleavage, 0835
formation in ionic liquids,

1389, 1390
formation of amines, 0561
from bisulfite addition

products, 1391
from HCN with carbonyls,

1389
from lyases, 1389
from metal cyanohydrins,

1389
from trimethylsilyl cyanide,

1389, 1390
hydrolysis, 1268
with alkyl halides, 0649

cyanomethylamines, 0801
cyanuric acid, with amides and

alcohols, 1421
cyanuric fluoride, with

carboxylic acids, 1440
cyclazines, and antiaromaticity,

0089
cyclic amines, from halo-

amines, 0557
cyclic compounds, and cis/trans

isomers, 0186, 0187
and I strain, 0399

cyclic cumulenes, 0228
cyclic mechanism, addition to

alkenes, 1012
reduction of hydrazones,

1838

cyclization, addition of alkenes
to alkenes, 1089

aldehydes or ketones with
amines, 1282

alkynes to alkenes, 1089
allenes and allylic halides,

1095
amidation of alkenes, 1051
amines with aryl halides,

0876
aminyl-radical, 0559
an metal catalyzed coupling

of Grignard reagents, 0987
and active methylene

compounds, 0625
and amination of alkenes,

1048
and Dieckmann

condensation, 1453
and neighboring group

effects, 0449
and Stork enamine reaction,

0636
and the Pauson-Khand

reaction, 1141
and the Thorpe reaction,

1387
and the Wittig reaction, 1378
and the Wurtz reaction, 0590
arylation of amines, 0876
Bergmann, 1641
Bradsher reaction, 0715
by acyloin condensation,

1860
Friedel-Crafts acylation,

0721
Friedel-Crafts alkylation,

0710
Grignard reactions, 1304
halogenation of homoallylic

alcohols, 1154
intramolecular aldol reaction,

1349
Johnson polyene, 1090
metal catalyzed coupling

allenes to alkenes, 1094
Nazarov, 1095
nitrene insertion, 0790
of dialdehydes, 1856
of diols, 1856
of diynes, metal catalyzed,

1093
of radicals, 0445
of triflamide alkenes, 1052
organolithium reagents with

alkenes, 1098
Pschorr ring closure, 0925
Ruzicka, 1458

cyclization, radicals, see radical
cyclization
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[1 þ 2]-cycloaddition, and
carbenes, 1234

[1,2]-cycloaddition, and the
Diels-Alder reaction, 1204

[2 þ 2 þ 1]-cycloaddition, 1250
[2 þ 2 þ 2]-cycloaddition, 1250
[2 þ 2]-cycloaddition,

1220–1233
alkenes and ketenes, MO

calculations, 1226
alkenes with aldehydes or

ketones, 1463
allenes with alkenes or

alkynes, 1222
and Dewar benzene, 1233
and Diels-Alder reactions,

1222
and diradicals, 1224
and frontier orbital method,

1208, 1209
and photosensitizers, 1231
and transition states, 1211,

1212
and UV, 1229
and valence isomers, 1233
cycloreversion, 1228
diion mechanism, 1228
diradical mechanism, 1227
electronic effects, 1228
endo/exo selectivity, 1226
formation of b-lactams, 1221
imines and ketenes, 1464
ketenes with aldehydes or

ketones, 1462
ketenes, with alkenes or

alkynes, 1222
masochistic steric effects,

1227
mechanism, 1224
metal catalyzed, 1220
orbital overlap, 1225
Paterno-Büchi reaction, 1231
photochemical, 1223,

1229–12321463
solventless, 1223
stereochemistry, 1226
steric effects, 1226
substrates for, 1221
thermal, 1224
with alkenes, 1221
with alkynes, 1221, 1229
with allenes, 1221, 1222
with benzynes, 1221
with bicyclic

compounds[2 þ 2]-
cycloaddition, 1224

with biphenylenes, 1221
with cyclopropanes, 1224
with enamines, 1222
with imines, 1221

with ketenes, 1221
with strained compounds,

1224
ylids with carbonyls

compounds, 1376
[2 þ 6]-cycloaddition, 1212
[2 þ 8]-cycloaddition, 1212
[3 þ 2]-cycloaddition,

1188–1192
all carbon, 1193
and allylic carbanions, 1193
and Diels-Alder reactions,

1190
and FMO, 1190
antibody catalyzed, 1191
enantioselectivity, 1192
intramolecular, 1191
metal catalyzed, 1191
with dienes, 1192
with nitrile oxides, 1190

[3 þ 4]-cycloaddition, 1248
with dienes, 1192

[4 þ 2 þ 2]-cycloaddition, 1250
[4 þ 2]-cycloaddition, 1194–

1215
[4 þ 2]-cycloaddition, see

Diels-Alder
[4 þ 2]-cycloaddition, and

frontier orbital method,
1208, 1209

Hückel-Möbius allowed,
1211

photochemical, 1214
transition states, 1211, 1212

[4 þ 3]-cycloaddition, 1248
with chiral carbocations,

1249
[4 þ 4 þ 4]-cycloaddition,

1248, 1249
[4 þ 4]-cycloaddition, 1212,

1249
[4 þ 6]-cycloaddition, 1212
[6 þ 4]-cycloaddition, 1250
cycloaddition reactions, and

microwaves, 0355
cycloaddition reactions, of

enamines, 1222
cycloaddition, 1,3-anionic, 1193

and Hückel’s rule, 1210
and Möbius strip, 1211
and the Thorpe-Ziegler

reaction, 1388
Diels-Alder, 1194–1215
metal catalyzed, 1248
Möbius-Hückel METHOD,

1210
of alkenes to alkenes,

1220–1233
other, 1248
photochemical, 1218

cycloaddition, [2 þ 2], see
[2 þ 2]-cycloaddition

cycloaddition, [4 þ 2], see
[4 þ 2]-cycloaddition

cycloalkanes, and strain, 0224
heat of combustion, table,

0225
cycloalkenes, and strain, 0227

by the Wittig reaction, 1378
cycloalkynes, and platinum

complexes, 0228
and strain, 0227

cycloamyloses, see
cyclodextrins

cyclobutadiene derivatives, and
the captodative effect,
0075

cyclobutadiene, and aromaticity,
0071, 0073

and carcerands, 0074
and low-temperature matrix,

0074
and NMR, 0075
antiaromaticity, 0038
Diels-Alder reaction, 0074
iron complex, 0076
MO calculations, 0074
PES, 0074
stable derivatives, 0075
synthesis of, 0074

cyclobutadiene-metal complex,
and cyclotrimerization,
1247

cyclobutadienes, and
antiaromaticity, 0073

and strain, 0076
and X-ray, 0075

cyclobutane, and bromine, 0219
and pyrolysis, 0219
and strain, 0219
conformations, 0211
conjugation with

carbocations, 0242
cyclobutanes, and strain, 0218

thermal cycloreversion, 1228
cyclobutanones, by [2 þ 2]-

cycloaddition, 1221,
1223

extrusion of carbon
monoxide, 1555

from organometallics, 0911
photolysis, 1555

cyclobutene, conrotatory ring
opening, and HOMO
symmetry, 1636

from cyclopropylcarbenes,
0291

cyclobutene-diene
interconversion, orbital
requirements, 1637, 1639
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cyclobutenes, by extrusion of
sulfur dioxide, 1556

by [2 þ 2]-cycloaddition of
alkenes and alkynes,
1229

orbitals, and thermal ring
opening, 1636

thermal ring opening to
dienes, 1632

cyclobutyl compounds, and
solvolysis, 0464

cyclobutyl groups, and
nonclassical carbocations,
0464

as neighboring groups, 0455
cyclobutyl, and rate

enhancement, 0465
from cyclopropylmethyl,

0465
cyclobutylamines, [2 þ 2]-

cycloaddition, 1223
cyclobutylcarbinyl radical, see

radicals
cyclodecane, conformations,

0213
cyclodecapentaene, and

aromaticity, 0071
cyclodehydration, 0715
cyclodextrins, 0129

and cage complexes, 0129
and channel-type complexes,

0131
and complex formation, 0129
and epoxide hydrolysis, 0528
and formation of amino-

alcohols, 0563
and resolution, 0176
and water solubility, 0129
capped, 0131
catalysis of Diels-Alder

reaction, 1198
chlorination of aromatic

compounds, 0671
complex with iodoaniline,

0130
shape and dimensions,

0130
cyclodiastereomerism, 0134
cycloenantiomerism, 0134
cycloheptadiene, 0228
cycloheptadienes, by

rearrangement of
divinylcyclopropanes,
1661

cycloheptane, conformations,
0213

cycloheptatriene, and
aromaticity, 0064

from carbene addition to
benzene, 1239

cycloheptatrienes-norcaradiene,
valence tautomerism,
1667

cycloheptatrienyl (substituted)
cations, 0065

cycloheptatrienyl anion, and
aromaticity, 0078

antiaromaticity, 0079
cycloheptatrienyl cation, see

tropylium ion
cycloheptatrienyl derivatives,

and NMR, 0078
cyclohexadiene, from benzene,

1067
cyclohexadiene-triene

interconversion, orbital
requirements, 1638, 1639

cyclohexadienes, by Diels-
Alder reaction, 1195

from Grignard addition to
aromatic compounds,
1119

cyclohexadienone, and
tautomerism, 0102

cyclohexadienones,
rearrangement, 1594

cyclohexane, conformations,
0203

methylene, and chirality,
0149

substituted, conformations,
0204, 0205

cyclohexanones, hydrogenation
of phenols, 1066

cyclohexenes, by rearrangement
of vinylcyclobutanes,
1658

trans, 1640
cyclononyne, and strain, 0227
cyclooctadiene, 0228

preparation of 9-BBN, 1077
cyclooctatetraene dications,

0067
cyclooctatetraene, and

aromaticity, 0071
and aromaticity, 0078
and chirality, 0151
and metal complexes, 0117
conformation and bond

angles, 0078
cyclotrimerization of

alkynes, 1243
dehydrohalogenation, 0078

cyclooctatrienes, by cyclization
of octatetraenes, 1642

cyclooctene, and chirality,
0150

and cis/trans isomers, 0184
photoisomerization, 0346
trans double bond, 0226

trans, resolution of, 0174
trans, strain energy, 0229

cyclooctyne, and strain, 0227
cyclopentadiene, and

annellation, 0063
cyclopentadiene, and

metallocenes, 0066, 0067
pKa, 0063
with ketene, orbital overlap

in [2 þ 2]-cycloaddition,
1227

cyclopentadienes, and
circumambulatory
rearrangement, 1652

cyclopentadienide ion,
0062–0064

cyclopentadienone, 0065
cyclopentadienyl cation, and

aromaticity, 0076, 0077
cyclopentane, conformations,

0212
energy barrier to planarity,

0212
cyclopentanes, by [3 þ 2]-

cycloadditions, 1193
cyclopentanone, conformation,

0212
cyclopentenes, by

rearrangement of
vinylcyclopropanes, 1656

cyclopentenone,
photodimerization, 0348

by Nazarov cyclization, 1095
cyclopentyne, and strain, 0228
cyclophanes, also see

paracyclophanes
cyclophanes, 0050

and anisotropy, 0056
and chirality, 0150
and pseudorotation, 0050
and ring current, 0056

cyclopropabenzene, 0052
cyclopropanation, alternative

methods, 1242
and chiral rhodium catalysts,

1238
by metal catalyzed

diazoalkane reactions,
1234

metal catalyzed, chiral
additives, 1238

cyclopropane, and bent bonds,
0219

and bond angles, 0218
and bromine, 0217
and electron density, 0218
and MO calculations, 0218
and stabilization of

carbocations, 0451
and UV, 0219

SUBJECT INDEX 2241



cyclopropane, and bent
bonds, (Continued)

conjugation with
carbocations, 0242

corner-protonated, 1026
isomerization and carbenes,

0291
orbitals, 0219
pyrolysis, 0217
radicals, 0277
ring opening, mechanism,

1591
strain, 0217
to propene, and entropy, 0304
with amines, 0567

cyclopropanes, 0077
addition of halogens, and UV,

1027
addition of metal carbenes to

alkenes, 1236
addition reactions, 1025,

1026, 1027
and diiodomethane, 1241
and sigmatropic shifts, 1653
and the SE2 mechanism,

1027
by carbene transfer, 1234
by extrusion of nitrogen from

pyrazoles or pyrazolines,
1553

by the Simmons-Smith
procedure, 1241

by thermolysis of
pyrazolines, 1191

by [1 þ 2]-cycloaddition,
1234

by [2 þ 2]-cycloaddition,
1224

carbene addition to alkenes,
1233

cleavage, with metals in
ammonia, 1075

divinyl, rearrangement, 1661
from carbenoids, 1241
from diols, 0615
from organozinc compounds,

1241
from sulfur ylids, 1383,

1386
hydrogenation, formation of

gem-dimethyl groups,
1075

photolysis, and carbenes,
0287

protonated, 1026
protonated, and

rearrangements, 1565
protonation, ab initio studies,

1027
reductive cleavage, 1074

stabilization of carbanions,
0253

vinyl, see vinylcyclopropanes
vinyl, from dienes, 1692
with HBr, 1025
with lead tetraacetate,

1025
cyclopropanones, by photolysis

of cyclobutanones, 1555
cycloproparenes, 0052
cyclopropene, and strain, 0226

and the ene reaction, 1104
cyclopropenes, 0077

and hydrogen exchange,
0077

by carbene addition to
alkynes, 1238

catalytic hydrogenation,
1075

rearrangement to allenes,
1238

with chlorosulfonyl
isocyanate, 1466

cyclopropenium diazonium
salts, 0500

cyclopropenone, 0073
cyclopropenones, 1238
cyclopropenyl anion, and

aromaticity, 0076
cyclopropenyl cation, and

aromaticity, 0072
cyclopropyl anion, conrotatory

ring opening, 1644
cyclopropyl carbocations, and

ring opening, 1644
cyclopropyl cation, disrotatory

ring opening, 1644
cyclopropyl groups, and

carbocations, 0241
and solvolysis, 0486

cyclopropyl, and anchimeric
assistance, 0455

as a neighboring group, 0454
cyclopropylcarbinyl alcohols,

see alcohols
cyclopropylcarbinyl

carbocations, 0450
cyclopropylcarbinyl radicals,

also see radicals
cyclopropylcarbinyl radicals, as

radical clocks, 0281
cyclopropylmethyl

carbocations, 0241
cyclopropylmethyl groups, and

carbocations, 0464, 0465
and nonclassical

carbocations, 0464, 0465
cyclopropylmethyl, and rate

enhancement, 0465
and rearrangement, 0465

and s-bond participation,
0464, 0465

and solvolysis, 0464, 0465
formation of cyclobutyl,

0465
cycloreversion, thermal, of

cyclobutanes, 1228
cyclotrimerization of triynes,

1245
and cyclobutadiene-metal

complexes, 1247
and Diels-Alder reactions,

1246
and diynes, 1247
and Dötz benzannulation,

1247
and Fischer carbene

complexes, 1247
and metal complexes, 1246
and metal extrusion, 1246
intramolecular, 1244
metal catalyzed, mechanism,

1246
of alkynes, 1243
of diynes, 1244
of trienes, 1244
reactive functional groups,

1245
regioselectivity, 1245
structural variations, 1245
with metal carbenes,

formation of heterocycles,
1247

cysteine-cystine
interconversion, 1785

cystine-cysteine
interconversion, 1785

d orbitals, see orbitals
DABCO, and Michael addition,

1107
and solventless acylation of

amines, 1427
and the Baylis-Hillman

reaction, 1324
daisy chains, 0131
Dakin reaction, 1746, 1747
Dakin-West reaction, 0841
dammaradienol, 1090
Danishefsky’s diene, 1216,

1217
Darzens condensation, 1364,

1365
and Knoevenagel reaction,

1364
Darzens, glycidic ester

synthesis, see Darzens
condensation

DAST (diethylaminosulfur
trifluoride), 1299
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fluorination of sulfoxides,
0782

with acyl halides, 1441
databases, CAS, 1902
DBN (1, 5-diazabicyclo[3.4.0]

nonene-5), 1530, 1531
and elimination of alkyl

halides, alkenes,
dehydrohalogenation,
1530

DBr, addition to alkenes, 1006
DBU (1, 8-diazabicyclo[5.4.0]

undec-7-ene), 1132,
1530, 1531

and amide formation, 0730
and elimination of alkyl

halides, alkenes,
dehydrohalogenation,
1530

and hydrocarboxylation,
1138

and malonic esters synthesis,
0623

and NBS, with carbamates,
1608

and thioethers, 0550
urea-hydrogen peroxide,

1176
DCC (dicyclohexylcarbodi

imide), and DMSO, 0731,
1721

and esterification, 1417
and Moffatt oxidation, 1721
with carboxylic acids and

amines, 1431
DCl, with pentadiene, 1014
DDQ (2,3-dichloro-5,6-

dicyano-1,4-
benzoquinone), 1710

and acetal cleavage, 0526,
0527

and addition of carboxylic
acids to alkenes, 1041

and alkyl azide formation of,
0572

and aromatization, 1710
and cleavage of ethers, 0581
and nitriles, 0649
dehydrogenation, 1713

deactivating groups, aromatic
substitution, 0669, 0673

in aromatic compounds, 0665
nitro, 0688

deactivation, in photochemistry,
0341

DEAD (diethyl
azodicarboxylate),
Mitsunobu, 0535

and aromatic compounds,
0695

and carboxylate salt
alkylation, 0540

dealkylation, of amides,
reagents, 1852

reduction of ethers, reagents,
1831

sulfonamides, 1852
with ethanolamine, 0562

Debyes, and dipole moment,
0019

decalin, cis/trans isomers, 0188
decarbonylation, and metal

mediated coupling, 0592
metal catalyzed, of acyl

halides to alkenes, 1534
of acyl halides, 0997
of aldehydes, 0344, 0997,

0998
of aromatic acyl halides,

0749
of aryl aldehydes, 0745

decarboxylation, allylic acetates
with keto-acids, 0996

and Bredt’s rule, 0838
and carbanion formation,

0265
and the arenium ion

mechanism, 0746
and the Hunsdiecker

reaction, 0994
and the SE1 mechanism,

0746
Dakin-west reaction, 0841
metal mediated, 0745

decarboxylation, of anhydrides,
0840

of aryl carboxylic acids, 0745
of b-lactones, 1556
of carboxylate ions, 0837
of carboxylate salts, with

cyanogen bromide, 1461
of carboxylic acids, 0835
of carboxylic acids,

photolytic, 0983
of conjugated carboxylic

acids, 0838
of cyanamides, 0559
of glycidic acids, 0837
of keto esters, 0839
of keto-acids, 0837, 0838
of radicals, 0975, 0982
of silver carboxylates,

0994
oxidative, metal mediated,

1747
oxidative, of carboxylic acids

to alkenes, 1747, 1748
six-center mechanism, 0837
special reagents, 0839
structural limitations, 0836

decomposition, of peroxides,
0935

of radicals, 0280
decyanation, and crown ethers,

0845
of nitriles, 0845
with sodium borohydride,

0846
dediazoniation, of

aryldiazonium salts,
reagents, 1847

suppression by calixarenes,
1848

degenerate carbocations, 1563
degenerate Cope rearrangement,

1664
degenerate rearrangements,

1563
dehalogenation, 0749, 0750

of acyl halides to ketenes,
metal induced, 1540

dehydrating agents, and
Amberlyst-15, 1418

and carbonyldiimidazole,
1418

and chlorosilanes, 1418
and phosphorous pentoxide,

1423
DCC, 1417, 1418, 1431
for dehydration of alcohols,

1513
from amides to isonitriles,

1550
from amides to nitriles, 1549
from carboxylic acids, 1514
to amides from carboxylic

acids, 1431
dehydration, formation of

alkenes from alcohols,
0771

of alcohols, 0534, 1513–1515
of alkyne-alcohols, 1515
of amides, 1515
of carboxylic acids, 1514
of oximes, of nitriles and

microwaves, 1547
dehydrobenzenes, see benzynes
dehydrogenation, base-induced,

1714
catalytic, and oxidation of

alcohols, 1724
metal catalysts, 1712
of aldehydes or ketones,

1713
of amines, 1711, 1729, 1730
of lactones, 1713
remote, 1713, 1714
with DDQ, 1713

dehydrohalogenation, of alkyl
halides, mechanism, 1531
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dehydroxylation, of phenols,
1830

Delépine reaction, 0558
delocalization, and butadiene,

0040
and carbocation structure,

0239
and conjugated systems,

0040
and hyperconjugation, 0044,

0095
and nonclassical

carbocations, 0450
and vinyl chloride, 0041

delocalized bonds, 0038
Demyanov rearrangement, 1589
dendritic catalysts, and the

Pauson-Khand reaction,
1142

and transfer hydrogenation,
1066

density functional theory, and
Simmons-Smith
procedure, 1241

deoxycholic acid, as host, 0128
deoxygenation, of aldehydes or

ketones, 1835
of aryl ethers, 0748

Deoxyribonucleic acids, see
DNA

deprotonation, by metals, 0811
to from carbanions, 0264
with organometallics, 0809

deracemization, and resolution,
0179

and Sphingomonas
pauchimobilis, 0179

Dess-Martin periodinane, and
oxidation of alcohols,
1723, 1724

halogenation of conjugated
ketones, 0780

stability and sensitivity,
1723

destabilizing groups, and
carbocations, 0484

desulfonation of arylsulfonic
acids, 0748

desulfurization, catalytic
hydrogenation, 0990, 0991

of dithioacetals, 1849
of dithioketals, 1280
of sulfur compounds, 1848,

1849
of thiophenes, 0991, 1849
Raney nickel, 1849, 1850
with samarium in acid, 0991
with Raney nickel, 0990,

0991
detection of intermediates, 0312

deuterium exchange with
alkanes, 1058

deuterium ion, and isotope
effects, 0661

deuterium isotope effects, 0322,
0323, 0324

and dissociation energy, 0323
and E1cB reactions, 1491
and E2 reactions, 1484

deuterium labeling, and E2
reactions, 1482

and Hofmann degradation,
1523

and the Shapiro reaction,
1526

and the Wacker process, 1774
in cationic rearrangements,

1565
deuterium quadrupole echo

spectroscopy, 0127
deuterium, and bond distance,

0025
and hydrogen exchange,

0684
and proton, 0356
and secondary isotope

effects, 0488
deuterium-hydrogen exchange,

0766
Dewar benzene structures, 0059
Dewar benzenes, and

cyclotrimerization of
alkynes, 1243

and electrocyclic
rearrangements, 1642

and photochemical [2 þ 2]-
cycloaddition, 1232,
1233

by photolysis of benzenes,
1642

stability, 1642
Dewar structures, 0032

and naphthalene, 0059
and resonance, 0049

dextro isomer, 0138
(DHQ)2PHAL, and

aminohydroxylation,
1180

(DHQ)2PHAL, and asymmetric
dihydroxylation, 1167

(DHQD)2PHAL, and
asymmetric
dihydroxylation, 1167

di-p-methane rearrangements,
1692

diacetates, gem-, with allylic
silanes, 1323

diadamantyl compounds, barrier
to rotation, 0198

diagonal hybridization, 0008

dialdehydes, by oxidative
cleavage of epoxides,
1733

photochemical coupling,
1856

dialkylamide bases, see amides,
dialkyl

dialkylmagnesium compounds,
and Grignard reagents,
0260, 0261

dialkylzinc reagents, addition to
aldehydes or ketones,
1310, 1311

and the Reformatsky
reaction, 1327

with carbonyls,
enantioselectivity, 1318

diallenes, conversion to
dimethyelenecy
clobutenes, 1661, 1662

diamagnetic ring current, 0055
diamantane, 1584
diamides, by radical coupling of

amides, 0976
diamination, of alkenes, 1182
diamines, from addition of

amines to alkenes, 1182
from azido-tosylamines,

0566
from aziridines, 0566
from bis(azides), 1182
metal catalyzed coupling of

imines, 1857
oxidative cleavage to

diketones, 1733
with LDA and DBU,

elimination of epoxides,
1519

diamino aromatic compounds,
oxidative cleavage to
dinitriles, 1745

diaminocyanocuprates, 0619
dianions, active methylene

compounds, 0625
alkylation, 0515, 0625
carbolic acid, acylation,

1456
carboxylic acid salts, 0637
diketone, acylation, 1456

diarylimidazolium salts, as ionic
liquids, 0878

diastereomer, definition, 0164
diastereomers, alkyl halides,

and stereochemistry of
elimination, 1502

and Cahn-Ingold-Prelog
rules, 0166

and catenanes, 0133
and chiral recognition, 0175
and cis-trans isomers, 0182
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and diastereoselectivity, 0168
and diastereotopic atoms/

groups, 0191, 0193
and differential absorption,

0175
and fractional distillation,

0174
and fractional

recrystallization, 0174
and GC, 0174, 0175
and NMR, 0193
and nomenclature, 0166
and preparative LC, 0175
and resolution, 0173
and the 2n rule, 0165
and the E2 reaction, 1480
and the epi and peri prefixes,

0165
and the erythro/threo

nomenclature, 0166
and the syn/anti

nomenclature, 0166
and X-ray crystallography,

0165
epimers, 0165
meso compounds, 0165,

0187
physical properties, 0164
pseudoasymmetric carbon,

0165
tartaric acid, 0164
torsional, 0148

diastereoselectivity, in
conjugate addition of
organocuprates, 1113

in Mannich reactions, 1295
in radical cyclization, 1127
in reactions of sulfur ylids,

1383
in reduction of ketones, 1803
in reduction with Selectride,

1794
in synthesis, 0168
in the aldol reaction, 1345,

1346
in the Paterno-Büchi

reaction, 1464
with Grignard reagents,

1303
diastereotopic atoms/groups,

0191, 0193
diastereotopic faces, 0194
diastereotopic, and the

Cahn-Ingold-Prelog
system, 0194

diastereotopic, definition, 0193
diatomic molecules, and bond

energy, 0027
energy curve, 0330

diatropic, 0055, 0081

cyclooctatetraene dications,
0067

cyclopentadienide ion, 0063
1, 8-diazabicyclo[5.4.0]undec-

7-ene, see DBU
diazaborane derivatives, chiral,

1356
diazirines, and carbenes, 0288
diazo alkenes, base induced

elimination of nitroso
compounds, 1552

diazo compounds, alkylation,
0533

alkylation of carboxylic
acids, 0543

by the Bamford Stevens
reaction, 1527

from active methylene
compounds, 0787

from anilines or heterocyclic
amines, 0918

from nitroso compounds,
1552

protonation of, 0499
verses a diazonium salt, 0918
with amides, 0570, 0562
with boranes, 0646
with sulfur, 1385
with thioketones, 1385

diazo hydroxide, 0692
diazo-transfer reactions, 0787

reactions, formation of
carbene complexes, 1237

reagents, 1237
formation of diazoketones,

0787
versus azidination, 0788

diazoacetates, metal catalyzed
addition to alkenes, 1183

with imines, 1183
diazoalkanes, reaction with

carbenes, 0290
rhodium catalyzed

decomposition, 0289
with aldehydes or ketones,

1384
with mineral acids, 0585
with oximes, 0533
with rhodium compounds,

1234
diazoalkenes, cleavage to

ethers, 0534
with aldehydes or ketones,

mechanism, 1384
with enols, 0533

diazocarbonyl compounds,
insertion, 0804

diazoesters, insertion, 0805
metal catalyzed addition to

imines, 1337

with aldehydes, 0800
with amines, 1242
with ketones, 1603

diazoketones, and the Wolff
rearrangement, 1465, 1599

by Arndt-Eistert synthesis,
1457, 1599

by diazo-transfer reactions,
0787

conformations, s-E/s-Z, 1601
from acyl halides, 1457, 1599
hydrolysis, 0522
photolysis, and ring

contraction, 1599
rearrangement to carboxylic

acids, 1599
with imines, and microwaves,

1466
with mineral acids, 0585

diazomethane, alkylation of
amines, 0562

alkylation of carboxylic
acids, 0543

and Arndt-Eistert synthesis,
1457

and formation of methylene,
1240

and homologation of
aldehydes to methyl
ketones, 1602

and methylene, 0804
conversion of aldehydes to

ketones, 0807
formation of carbenes, 0288
photochemical

decomposition, 0285,
1240

photolysis, 0804
with acyl halides, 1457
with alcohols, 0533
with aldehydes or ketones,

1384, 1601, 1602
with sulfonyl halides, 1386

diazonium compounds, 0499
diazonium group, and a leaving

group, 0916
diazonium ions, and

electrophilicity, 0916
aromatic, 0691
as a leaving group, 0984

diazonium salts, also see
benzenediazonium

diazonium salts, and azo
compounds, 0692

and carbocations, 0499, 0803
and IUPAC mechanisms,

0500
and metal catalysis, 0916
and SN1 reactions, 0499
aromatic, isolation of, 0499
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diazonium salts, aryl
fluorination and
iodination, 0985

and crown ethers, 0917
and resonance, 0917
and the Gatterman reaction,

0984
and the Gomberg-Bachmann

reaction, 0924
and the Heck reaction, 0923
and the Sandmeyer reaction,

0984
and the Schiemann reaction,

0921
fluorination, radical

mechanism, 0922
hydroxylation, 0919
iodination, 0920
methylation, 0922
radical addition to alkenes,

1123
reduction, reagents, 1847
the Gatterman method, 0926
with active methylene

compounds, 0783
with alkenes, 0923
with hydrosulfide anion, 0920
with metal halides, 0984
with organometallics, 0922,

0923
with silyl enol ethers, 0986
with sulfide anions or thiol

anions, 0920
with sulfur dioxide, 0986
with thiocyanate, 0920
with trifluoroborates, 0923

diazonium salts, coupling, 0692,
0783

cyclopropenium, 0500
fluorination of aromatic

compounds, 0705
from anilines, 0917
from aromatic compounds,

0692
from diazoketones, 0523
from nitrous acid, 0692, 0917
from ureas, 0919
in Meerwein arylation, 0923
in superacids, 0499
in the Heck reaction, 0916
metal catalyzed

carbonylation, 0986
metal catalyzed coupling

with alkenes, 0923
metal catalyzed methylation,

0922
metal catalyzed nitration,

0985
metal mediated coupling,

0926

nitration with nitric acid,
0986

nucleophilic aromatic
substitution, and SN1,
0857

reduction to amines, 1823
stability of, 0499, 0917
versus a diazo compound,

0918
with aromatic compounds,

0924
with oximes, 0986
with sodium nitrite, 0985
with triiodide, 0921

diazotates, alkyl, with alkyl
halides, 0573, 0574

diazotization, and nitrosonium
ion, 0918

of amino acids, 0585
of anilines, 0917
of ureas, 0919
with metal halides, 0586

Dibal (diisobutylaluminum
hydride),
chemoselectivity, 1794

and reduction of allenes,
1065

and reduction of ethers, 1832
and reduction of nitriles,

1815
and reduction of sulfones,

1851
metal mediated reduction of

alkenes, 1064
reduction of alkynes, 1065
reduction of amides to

aldehydes, 1810
reduction of esters to

aldehydes, 1809
reduction of oximes, 1820
reduction of tosylates, 1832

Dibal-amine complex, 1437
dibenzosemibullvalenes,

thermal isomerization,
0347

dibenzo[g,p]chrysene, from
bifluorenylidene, 1646

dibromides, gem-, from
aldehydes and bromine-
triphenyl phosphite,
1298

dibromoborane, with alkynes,
1081

dibromoethane, conformations,
0199

dibromoisocyanuric acid,
halogenation of aromatic
compounds, 0700

DiBuIm, ionic liquid, 0416,
1199

dicarboxylic acids, and
hydrogen bonding, 0108

bis(decarboxylation) to
alkenes, 1749

by cleavage of cyclic
ketones, 1735

cleavage to ketones, 1750
decarboxylation versus

anhydride formation, 1423
electrochemical

carboxylation of alkenes,
1138

from cyclic ketones, reagents
for, 1735, 1736

oxidative cleavage of cyclic
alkenes, 1743

pyrolysis, 1458
dicarboxylic esters, and the

Stobbe condensation,
1356

oxidative cleavage of
1,3-diketones, 1736

dications, 0241
dichlorine monoxide, and allylic

radical chlorination, 0963
dichlorocarbene, 0283
2,3-dichloro-5,6-dicyano-1,4-

benzoquinone, see DDQ
dichloromethylene, 0283
dichloromethylene, carbene,

0286
dichromate, pyridinium, see

PDC
dichromates, and oxidation of

alcohols, 1715–1718
dicobalt octacarbonyl, and

carbonylation of aryl
halides, 0909

and cyclotrimerization of
alkynes, 1244

and hydroformylation, 1146
and the Pauson-Khand

reaction, 1141
with organometallics, 0823

Dictionary of Organic
Compounds, 1900

Dictionary of Organometallic
Compounds, 1885, 1887

dicyclohexano-18-crown-6,
0510

dicyclohexylcarbodiimide, see
DCC

dicyclohexylurea, and Moffatt
oxidation, 1721

from DCC and esterification,
1417

from DMSO-DCC oxidation,
1721

Dieckmann condensation, 1453,
1454
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and the acyloin condensation,
1861

dielectric constant, and solvent
acidity, 0370

dielectric heating, and
microwaves, 0353

dielectric screening effects,
0503

Diels-Alder reactions,
1194–1215

Diels-Alder reactions,
acceleration, 1198

and benzyne intermediates,
0313

and biradicals, 1207
and chiral auxiliaries or

catalysts, 1202, 1203
and chromatographic

absorbents, 1198
and cisoid conformations,

1201
and Claisen rearrangement,

1669
and cyclotrimerization, 1246
and diene conformation,

1201
and encapsulation, 1198
and frontier orbital method,

1208
and high pressure, 0513,

1198
and hydrophobic

acceleration, 0414
and hydrophobic effects, 1198
and isotope effects, 1206
and micellar effects, 1199
and microwaves, 0352, 1198
and orbital symmetry, 1207
and polymerization, 1204
and principle of conservation

of orbital symmetry, 1207
and radical cations, 1197
and rearrangements, 1199
and retro-Diels Alder, 1545
and six-membered transition

state, 1013
and sonochemistry

(ultrasound), 0352, 1198
and the Woodward-

Hoffmann rules, 1207
and transoid dienes, 1197
and [1,2]-cycloaddition, 1204
and [2 þ 2]-cycloaddition,

1222
and [3 þ 2]-cycloaddition,

1190
Diels-Alder reactions,

antarafacial overlap of
orbitals, 1213

aza-, see aza-Diels-Alder

cationic, 1197
compatible functional

groups, 1195
diradical stepwise versus

concerted mechanism,
1205, 1206

enantioselective, 1199, 1202
endo addition, 1201, 1214,

1215
exo addition, 1201
heteroatom, 1216–1218
homo-, 1204
in alternative solvents, 0414,

1198, 1199
in an ultracentrifuge, 1198
intramolecular, 1204
inverse electron demand,

1207
Lewis acid catalyzed, 1197
mechanism, 1205, 1206
metal catalyzed, 1198
Möbius-Hückel method,

1210
of cyclobutadiene, 0074
on alumina, 1199
on zeolites, 1199
photochemical, 1198
rate of reaction, 1206
regioselectivity, 1199, 1200
retro-, 1199
reversibility, 1205
selectivity, and solvent

effects, 1202
solid-state (solventless),

1198
stereochemistry, 1200, 1206
substituent effects and

mechanism, 1207
suprafacial overlap of

orbitals, 1213
synthetic applications, 1203
tethered, 1204
twisted, 1214

Diels-Alder reactions, with
aldehydes, 1216

with arynes or benzynes,
0861, 1196

with azadienes, 1217
with chiral catalysts, 1202
with cyclic dienes, 1201
with furans, 1217
with heterocycles, 1217
with lithium perchlorate in

ether, 1199
with nitroso compounds,

1217
with singlet oxygen, 1219
with sulfolene, 1204, 1205

1, 5-dienes, from 1, 5-dienes,
1659

diene-carboxylic acids,
cyclization to lactones,
1042

dienes, also see Diels-Alder
dienes, acylation, 0797

acylation, and p-allyl
complexes, 0797

addition of alkanes, 1086
addition of bromine, cyclic

intermediates, 1014
addition of carbenes, 1236
addition reactions, 1013

dienes, and 1,4-addition,
1031

and conrotatory ring closing,
orbital overlap, 1637,
1639

and homoconjugation, 0045
and photochemistry, 0332
and radicals, 1011
and symmetry of orbitals,

1636
and the cis/trans and the E/Z

nomenclature, 0184
and the Heck reaction, 0892
and the Simmons-Smith

reaction, 1241
and [3 þ 4]-cycloaddition,

1192
dienes, bicyclic, and strain,

0229
dienes, by alkyne dimerization,

1092
by based induced elimination

of halo sulfones, 1537
by cheletropic reactions,

1537
by coupling alkynes to allylic

silyl ethers, 1092
by coupling of

organocuprates, 0988
by dehydration of

alkyne-alcohols, 1515
by dimerization of

vinylalanes, 0988
by dimerization of

vinylboranes, 0989
by elimination of cyclic

epoxides, 1518
by pyrolysis of propargylic

ethers, 1516
by ring opening of cyclic

alkenes, by metathesis,
1687

by Stille coupling, 0792
by thermal extrusion of

carbon dioxide from
lactones, 1546

by thermolysis of sulfolene,
1204, 1205
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dienes, catalytic hydrogenation,
1058

conjugated, and carbocations,
0240

cyclic, and the Diels-Alder
reaction, 1201

cyclic, photochemical ring
opening to trienes, 1632

cyclic, thermal extrusion of
carbon monoxide, 1545

cycloaddition of singlet
oxygen, 1218

cycloaddition with alkenes or
alkynes, 1194–1215

Diels-Alder reaction with
aldehydes, 1216, 1217

dimerization in the Kolbe
reaction, 0993

electronic effects, Diels-
Alder reaction, 1196

electrophilic addition, 1013
epoxidation, 1174

dienes, from allylic halides,
0592

from bicyclobutanes, 1691
from boronic acids, 0794
from dienes and alkenes,

1091
from metal catalyzed

coupling, 0591
from organocuprates, 0602
from organometallics and

allylic or vinyl halides,
0604, 0605, 0606, 0607

from thiophene-1,1-dioxides,
1537

from vinyl halides, 0591
from vinylboranes, NaOH,

and iodine, 1630
from vinylorganometallics,

0792
from vinylsulfonate esters,

0792
dienes, hybridization, 0040

hydroboration, 1081
metal catalyzed

carbonylation, 1138,1141
metal catalyzed coupling of

Grignard reagents, 0987
metal catalyzed cyclization

with arylboronic acids,
1100

metal mediated coupling,
0594

metathesis, 1685
organolithium reagents, and

carbon dioxide, 1144
photochemical ring closure to

cyclobutenes, 1632
radical addition, 1021

reaction with cations, 1013
sigmatropic migration of

hydrogen, 1648
thermal opening of

cyclobutenes, 1632
transoid, and Diels-Alder,

1197
with aldehydes, 1322
with chlorosulfonyl

isocyanate, 1466
[3 þ 2]-cycloaddition, 1192

dienes-cyclobutene,
interconversion, orbital
requirements, 1637, 1639

with aromatic rings, 1641
dienone-phenol rearrangement,

1593
dienophiles, alkynes, 1195

allenes, 1195
and endo addition, 1214,

1215
complex with chiral Lewis

acids, 1203
definition, 1194

diesters, from dihalides, 0541
diethyl azodicarboxylate, see

DEAD
diethyl succinate, see succinates
diethylaminosulfur trifluoride,

see DAST
diethylene glycol, and the

Huang-Minlon
modification, 1836

and Wolff-Kishner reduction,
1836

diethylmagnesium, 0261
diethylzinc, and Simmons-

Smith procedure, 1241
differential absorption,

diastereomers and
resolution, 0175

differential hydration, amines
and basicity, 0391

differential solvation, 0097
diffusion control, proton-

transfer reactions, 0367
diffusion rate, and reactivity,

0414
diffusion-controlled reactions,

0302
difluorides, gem-, 1299
dihalides, and Cannizzaro

reaction, 0520
and the aldol reaction, 0520
base induced elimination,

1531
conversion to aldehydes,

0520
conversion to ketones, 0520
coupling alkyl halides, 0598

dialkylation and boranes,
0644

formation of diesters, 0541
formation of dithioacetals,

0551
formation of Grignard

reagents, 0830
from alkynes, 1031
from halogenation of

alkenes, 1148
gem-, from aldehydes or

ketones, 1298
hydrolysis of, 0520
with active methylene

compounds, 0625
with alkoxides, 0530
with enolate anions, 0625
with ketones, 0629
with metals, 1304
with organocuprates, 0601

dihaloalkenes, see alkenes
dihalogenation, of ketones,

0778
dihalosulfones,reactions,

1381
dihedral angles, and anti-

elimination, 1483
and conformation, 0201
and E2 reactions, 1483

dihydropyran, acid catalyzed
alcoholysis, 1039

dihydropyrans, see pyrans
dihydroquinidines, and

asymmetric
dihydroxylation, 1165

dihydroquinines, and
asymmetric
dihydroxylation, 1165

dihydrothiepin-1–1-dioxides,
thermal elimination to
trienes, 1537

dihydrothiophene-1–1-dioxides,
thermal elimination to
dienes, 1537

dihydroxylation, and
microwaves, 0355

and Pseudomonas putida,
1168

anti, and neighboring group
mechanisms, 1164

asymmetric, 1165, 1167
in ionic liquids, 0416
of alkenes, 1162–1168
of aromatic compounds,

1168
of aromatic compounds,

enzymatic, 1168
Prevost reaction, 1164
Sharpless asymmetric, 1166
syn, 1162–1164
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Woodward modification of
the Prevost reaction, 1164

diimide, 1063, 1823
vic-diiodides, stability, 1149
diiodomethane, and Simmons-

Smith procedure, 1241
diion mechanism, and [2 þ 2]-

cycloaddition, 1228
ketones with imines, 1465

diisobutylaluminum hydride,
see Dibal

diisopinocampheylborane,
1079

diisopropylamide, lithium, see
LDA

diisopropylcarbodiimide, and
halogenation of alcohols,
0579

diketones, acid catalyzed
formation of furans, 1272

acid catalyzed formation of
pyrans, 1272

by oxidation of alkynes,
reagents, 1776

by oxidation of cyclic
alkenes, 1775

by oxidation of hydroxy
ketones, 1720

a-oxidation of ketones,
reagents, for, 1758

by oxidative cleavage of
diamines, 1733

by oxidative coupling, 1784
by rearrangement of epoxy

ketones, 1588
cleavage by base, 0841
coupling acyl halides, 1450
coupling of acyl nitriles,

1856
from acyl halide conjugate

addition, 1132
from acyl halides and

acylation, 1451
from dithianes, 1456
from furans, 0528
from ketones and esters,

1455
oxidative cleavage of cyclic

alkenes, 1743
rearrangement to hydroxy

acids, 1594
with amines, 1283
with hydrazines, 1285

dilithium compounds, 0808
dilongifolylborane, 1080
dimer mechanism, and SNAr

reactions, 0857
dimeric borane, 1076
dimerization, alkyne, metal

catalyzed, 1091

ketenes, 1228
of acetals, 0618
of aryldiazonium salt, 0926
of carbenes, 0290
of ketals, 0618
of ketenes, 1463
of nitrenes, 0295
of radicals, 0271, 0981
reductive, alkenes, 1095

dimesitylborane, hydroboration
of alkynes versus alkenes,
1082

dimetallic compounds, 1103
dimethyl sulfide, see sulfides
dimethyl sulfoxide, see DMSO
dimethyl(methylthio)sulfonium

salts, and amines, 1185
dimethylaluminum amide, and

conversion of esters to
nitriles, 1288

dimethylbenzylamine, and
absolute configuration,
0161, 0162

dimethylformamide dimethyl
acetal, and elimination of
hydroxy acids, 1543

dimethylhydrazones, see
hydrazones

dimethyloxosulfonium
methylid, 1382, 1383

dimethylsufoxonium methylid,
see ylids

dimethylsulfonium methylid,
1382, 1383

dimethyltitanocene, see Petasis
reagent

dimolybdenum tetraacetate, and
circular dichroism, 0161

dinitrates, from epoxides or
oxetanes, 0547

dinitriles, and the Thorpe
reaction, 1387

by oxidative cleavage of
ortho-diamino aromatic
compounds, 1745

by the Thorpe-Ziegler
reaction, 1388

formation of imidines, 1296
from cyanoamines and HCN,

1393
diols, acid catalyzed

rearrangement to ketones,
1585

and formation of cyclic
sulfates, 0518

by dihydroxylation of
alkenes, 1162–1168

by photochemical
dimerization of ketones,
1856

by pinacol coupling, 1854–
1856

by the Gomberg-Bachmann
pinacol synthesis, 1854

by the Prins reaction, 1393
by the Tollens’ reaction,

1368
carbocations, and

rearrangements, 1568
cleavage by lead tetraacetate,

1734, 1735
cyclic, by pinacol coupling,

1856
deoxygenation, to give

alkenes, 1534
from epoxides, 0528, 1697
from Grignard reactions,

1308
in situ generation, and

oxidative cleavage, 1732
oxidative cleavage, and

reagents for, 1732–1735
reductive coupling of

aldehydes or ketones,
reagents, 1854, 1855

with thiophosgene, 1536
dioxanes and oxonium ions,

0443
and conformations, 0209
and solvolysis, 0443

dioxetanes, cleavage, 1219
cycloaddition of singlet

oxygen to alkenes, 1219
dioxirane, dimethyl, and

epoxidation of alkenes,
1172

oxidation of isocyanates to
nitro compounds, 1778

oxidation of thiols, 1780
oxidative cleavage of

diamines, 1733
dioxiranes, and epoxidation of

alkenes, 1172
a-hydroxylation, and

enantioselectivity, 1754,
1755

and insertion reactions, 1172
and Oxone, 1172
and ozonolysis, of ethylene,

1741
and peroxyimidic acid, 1173
and strain, 0218
esters from alkanes, 1755
oxidation of alkanes to

alcohols, 1755
dipamp, and catalytic

hydrogenation, 1056
diphenyl nitroxide, 0981
diphenylmethyl carbanions,

0252
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diphosphines, see
bis(phosphines)

diphydrophenathrenes,
oxidative cleavage,
1746

dipleiadiene, paratropic, 0090
dipolar addition, see addition
[1,3]-dipolar addition,

1187–1192
[1,3]-dipolar addition, see

[3 þ 2]-cycloaddition
[1,3]-dipolar addition, and

ozonolysis of alkenes,
1741

dipole induced bonding, 0119
dipole moment, 0018

and C-H, 0019
and conformation, 0199
and Debyes, 0019
and hyperconjugation, 0096
and symmetry, 0019
azulene, 0068
hydrocarbons, 0096
MO calculations, 0035
of substituted aromatics,

0018, 0019
1,3-dipoles, structural types and

canonical forms, 1188,
1189

dipoles, parallel, and anomeric
effect, 0210

dipyrrinones, and hydrogen
bonding, 0113

diradical mechanism, and
carbenes, 1239

and Cope rearrangement,
1664

and [2 þ 2]-cycloaddition,
1227

photochemical [2 þ 2]-
cycloaddition, 1231

diradical intermediates, and
Cope rearrangement, 1663

diradicals, see biradicals
diradicals, 0277

and carbenes, 1239
and Criegee mechanism of

ozonolysis, 1738
and cyclopropane ring

opening, 1591
and di-p-methane

rearrangements, 1693
and rearrangements, 1576
and singlet oxygen, 0970
and tritium labeling,

rearrangements, 1576
and [2 þ 2]-cycloaddition,

1224
in the Paterno-Büchi

reaction, 1463

directed ortho metalation, 0596,
0912

directed ortho metalation, also
see aryllithium
compounds

diselenides, catalytic
hydrogenation, 0990

reduction to selenols, 1854
disiamylborane, 1076
displacement mechanism,

and oxidation-reduction,
1706

disproportionation, and aryl
radicals, 0940

and dehydration of
carboxylic acids, 1423

and NaBH4 reduction of
aldehydes or ketones,
1805

and radicals, 0280, 0806,
0936

and the benzidine
rearrangement, 1679

and the Cannizzaro reaction,
1863

aryl carboxylate ions, 0747
of aldehydes, 1863
of radicals, 0981

disrotatory motion, and 4n
versus 4n þ 2, 1643

and cyclohexadiene-triene
interconversion, 1638,
1639

and electrocyclic
rearrangements, 1633,
1634

stereochemistry, Diels-Alder,
1201

dissociation energy, see energy
dissociation, radicals, and

photo-Fries
rearrangement, 0737

dissociative state, and photolytic
cleavage, 0336

dissolving metal cleavage of
ethers, 0581

dissolving metal reductions,
1067

distance, bond, see bond
distance

distillation, fractional, and
diastereomers, 0174

disulfide ions, with alkyl
halides, 0553

disulfides, and Smiles
rearrangement, 0932

aryl, with alkenes, and metal
salts, 1179

by oxidation of thiols, 1780,
1785, 1786

by reduction of sulfonyl
halides, 1850

from alkyl halides, 0553
from aryl halides, 0875
from Bunte salts, 0553
reduction to thiols, reagents,

1853
with enolate anions, 0791
with organometallics, 0818

dithianes, acylation, 1456
alkylation, 0637–0639
and butyllithium, 0638
and conformations, 0209
and epoxides, 0638
and the Brook

rearrangement, 1701
and Umpolung, 0638
from carbon disulfide and

dihalides, 0551
hydrolysis, 0638
with Raney nickel, 0639

dithioacetals, alkylation,
0637–0639

as protecting groups, 1279
catalytic hydrogenation,

0991
from acetals, 0551
from aldehydes, 1278
from dihalides, 0551
hydrolysis, 0526, 1279
ketene, see ketene
Lewis acids for preparation

of, 1279
reaction with base, 1279
reagents for hydrolysis, 1280
reduction, 1849
with Raney nickel, 0639

dithiocarbamic acid salts, from
carbon disulfide and
amines, 1297

dithiocarboxylic acids, from
ketones and carbon
disulfide, 1368

dithiocarboxylic esters, and
potassium thioacetate,
0542

as protecting groups, 1279
by alkylation, 0637–0639
desulfurization with Raney

nickel, 1280
hydrolysis, 1279
hydrolysis, Corey-Seebach

procedure, 1280
Lewis acids for preparation

of, 1279
reaction with base, 1279
reagents for hydrolysis,

1280
with Raney nickel, 0639

dithioketals, hydrolysis, 0526
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dithiols, from carbonyls, 1277
ditosylates, formation of

azetidines, 0557
leaving groups, 0498

divalent atoms, abstraction,
0943

divinyl ether, and cross
conjugation, 0044

divinylcyclopropanes,
rearrangement, 1661

diynes, amination, metal
catalyzed, 1049

and cyclotrimerization, 1247
and formation of

dimethylenecyclobutenes,
1661, 1662

and hyperconjugation, 0040
and metathesis, 1686
and the Cadiot-Chodkeiwicz

reaction, 0979
and the Eglinton reaction or

Glaser reaction, 0978
and the Hay reaction, 0979
by Suzuki-Miyaura coupling,

0899–0903
conjugated, 0040
cyclization, metal catalyzed,

1093
cyclotrimerization, 1244
metal catalyzed amination,

1049
metal catalyzed coupling of

alkynes, 0978
thermal conversion to

diallenes, 1661, 1662
DMF, and phosphorus

oxychloride, 0725
and the Gabriel synthesis,

0569
DMSO, and carbanions

stereochemistry, 0759
and DCC, 0731, 1721
and HBr, 0700
and Moffatt oxidation, 1721
and oxidation of alkyl halides

to aldehydes, 1765
and pKa, 0358
and sulfur trioxide, for

oxidation of alcohols,
1721

and Swern oxidation, 1721
and the Gomberg–Bachmann

reaction, 0924
and trifluoroacetic anhydride,

for oxidation of alcohols,
1721

oxidation of alkyl halides,
mechanism, 1766

reagents for oxidation of
alcohols, 1721, 1722

with aromatic compounds,
0731

with base, 0914
with silyl halides and

alkenes, 1156
DNA, and molecular knots,

0134
DNP (dynamic nuclear

polarization), and NMR,
0270

dodecahedral carbocations,
0245

dodecahedrane, and
dehydrogenation, 1714

dodecyltrihexylphosphonium
chloride, ionic liquid,
0900

Doebner modification, and
microwaves, 1360

of the Knoevenagel reaction,
1360

domino metathesis, 1685
donor-acceptor complexes,

electron, 0115
donors, in the benzoin

condensation, 1397
DOSP ligand, in rhodium

catalysts, 1238
Dötz benzannulation, 1247
double asymmetric synthesis,

0171, 1348
double Baylis-Hillman reaction,

1325
double bonds, and bond energy,

0031
and delocalization, 0038
conjugated with p orbitals,

0040
cumulative, 0148, 0149
from carbocations, 0248
in conjugation with

carbocations, 0239
double carbonylations, 0655
double hyperconjugation, 0239
double metathesis, 1685
double Michael addition, 1109
double-asymmetric synthesis,

1080
dry media reactions, 0416
dry-reaction microwave

chemistry, 0353
drying agents, and acetal or

ketal formation, 1270
dual substituent parameter

equation, 0409
Duff reaction, 0727
dynamic nuclear polarization,

see DNP
dyotropic rearrangements, and

s-bond migration, 1700

E/Z nomenclature, definition,
0183

E1 reactions, see elimination,
E1

E1anion reactions, mechanism,
1493

E1cB reactions, see elimination
E2 reactions, see elimination,

E2
E2C reactions, see elimination,

E2C
eclipsing bonds, and

conformation, 0201
eEROS, 1894
Eglinton reaction, 0978, 0979
Ehrlich-Sachs reaction, 1368
Ei reactions, see elimination
Elbs reaction, 0734
elections, unpaired, and ESR,

0268
electric field, and microwaves,

0353
electrical effects, and reactivity,

0396
electrochemical coupling, alkyl

halides, 0598
electrochemistry, amination,

0975
and acetal cleavage, 0527
and Michael addition, 1110
and radical cyclization, 1126
and the haloform reaction,

0843
and the Pschorr ring closure,

0925
aryl halides with sulfur

nucleophiles, 0874
carbonylation of aryl halides,

0909
conversion of esters to

amides, 1435
coupling of silanes, 0977
dehydration of oximes to

nitriles, 1547
dicarboxylation of alkenes,

1138
formation of carbenes,

0287
oxidation of thiols to

disulfides, 1785
oxidative cleavage of diols,

1733
reduction of alkyl halides,

1826
reduction of nitro compounds

to hydroxylamines,
1819

reduction of vinyl halides,
1827

sacrificial anode, 0598
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electrocyclic reactions, and
formation of aromatic
compounds, 1645

and Möbius-Hückel method,
1636

of en-diynes, 1641
electrocyclic rearrangements,

1633
4n versus 4n þ 2, and

allowed versus forbidden,
1643

and carbenes, 1240
and Dewar benzenes, 1642
and overlap of HOMO

orbitals, 1636
conrotatory versus

disrotatory, 1633, 1634,
1643

forbidden, and metal
catalysts, 1643

frontier orbital method, 1635
of alternant aromatic

compounds, 1646
pyrocalciferols, 1640
stereochemistry, 1633, 1634

electrofuge, definition, 0297
electrolysis, and carbonylation

of amines, 0851
and Collman’s reagent, 0651
and coupling with silanes,

0588
and Friedel-Crafts alkylation,

0707
and halogenation of

carboxylic acids, 0781
and phenol formation, 0734
formation of haloalkynes,

0820
of carboxylate salts, 0992

electromagnetic spectrum, 0329
electromagnetic waves, and

microwaves, 0353
18-electron systems, and

metallocenes, 0067
electron affinity, and

organolithium reagents,
0262

electron cloud distortion, and
electronegativity, 0016

electron configuration, of boron
and carbon, 0008

electron delocalization, and enol
stabilization, 0772

electron density, and
cyclopropane, 0218

and electronegativity,
0017

and neighboring groups,
0454

and resonance, 0048

electron diffraction, allyl
radical, 0270

and bond distance, 0022
and conformations, 0196

electron donating groups,
0020

and s-values, 0403, 0404
and the tetrahedral

mechanism, 0486
substituent effects, 0485

electron donor-acceptor
complexes, 0115

electron paramagnetic
resonance, see EPR

electron spin resonance, see
ESR

electron transfer, and Grignard
reactions, 1308

and photosensitization, 0341
electron withdrawing groups,

0020
and bond energy, 0030
and s values, 0403, 0404
and the tetrahedral

mechanism, 0486
and vinylic substitution, 0475
substituent effects, 0485

electronegativity, 0016–0019
and acidity or basicity, 0384
and bond energy, 0016, 0028
and resonance, 0047
scales, 0017
table, 0017, 0018

electronic effects, and the Diels-
Alder reaction, 1196

and [2 þ 2]-cycloaddition,
1228

electronic excitation, 0332
electronic spectrum, 0330
electronic structure, 0007,

0013–0015
electronic transfer, oxidation-

reduction, 1705
electronic transitions, and

photochemistry, 0329
electrons, and electronic

structures, 0014
and hyperconjugation, 0095
and resonance, 0046
as waves, 0003
lone pair, and carbanions

stability, 0254
nonbonded, and carbenes,

0284
unpaired, and radicals, 0267
unshared, and arenium ions,

0668
valence, 0014
valence shell, and

electronegativity, 0017

electrophile, definition, 0297
electrophiles, and Lewis acids,

0657
proton, 1005
sulfur, 0695
sulfur trioxide, 0697
with allenes, 1022

electrophilic addition, see
addition

electrophilic aromatic
substitution, see
substitution

electrophilic carbenes, 1238
electrophilic mechanism,

halogenation of alkenes,
1149

electrophilic radicals, 0939,
1018

electrophilic rearrangements,
0299, 1559, 1579

electrophilic substitution, see
substitution

electrophilicity, and
carbocations, 0432

and diazonium ions, 0916
and SN1 reactions, 0432
and the Diels-Alder reaction,

1196
electrospray ionization mass

spectrometry, see mass
spectrometry

electrostatic potentials, and
addition reactions, 1020

element effect, and leaving
groups, 0475

1,3-elimination, 1543
1,4-elimination, 1512, 1529
a0,b-elimination, 1524
a-elimination, 1477
b-elimination, 0298, 1477
elimination reagents, and alkene

stability, 1497
elimination, 1,3-, 1543
elimination, 1,4-, 1512
elimination, a0,b, 1524
elimination, acidity of

b-hydrogens, 1499
elimination, and Bredt’s rule,

1497
and carbenes, 0292
and carbenoids, 0288
and cis/trans isomers, 1501
and decarbonylation of

aldehydes, 0997
and entropy of activation,

0303
and extrusion reactions,

1477
and formation of nitrenes,

0293
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and Hofmann’s rule, 1498
and hyperconjugation,

1498
and organocuprates, 0601
and the Brønsted equation,

1496
and the Heck reaction,

0895
and the Mannich reaction,

1293
and Wagner-Meerwein

rearrangement, 1582
elimination, anti, 1480

anti, phosphines with
epoxides, 1517

anti- and ion pairing, 1486
b, 0298
base induced of ethers, 1516
base induced, of sulfones,

1528
conjugate, 1512
Cope, see Cope
determination of mechanism,

1495
E1 versus E2, 1487, 1505,

1506
elimination, E1, and alkene

stability, 1497
and carbocations, 1487
and dehydrohalogenation,

1531
and ion pair mechanism,

1488
and substitution, 1487
and Zaitsev’s rule, 1487,

1497
mechanism, 1487
stereochemistry of

elimination, 1502
elimination, E1anion,

mechanism, 1493
elimination, E1cB versus E2,

1489, 1492
elimination, E1cB, 1488–1493
elimination, E2, and

antiperiplanar
conformations, 1479

and base strength, 1500
and bases, 1504
and bond angles, 1482
and conformations, 1479
and dehydrohalogenation,

1531
and deuterium isotope

effects, 1484
and deuterium labeling, 1482
and diastereomers, 1480
and dihedral angle, 1483
and enantiopure alkyl

halides, 1480

and gauche orientations,
1485

and Hofmann degradation,
1522

and Hofmann’s rule, 1498
and isotope effects, 1479
and leaving groups, 1479
and meso alkyl halides, 1480
and strain, 0400
and syn-anti dichotomy, 1484
and syn-periplanar

conformations, 1479
and Zaitsev’s rule, 1482,

1498
anti elimination, 1480
axial versus equatorial

leaving groups, 1481
controlling factors, 1486
cyclohexyl halides, 1481
formation of alkynes, from

vinyl halides, 1482
mechanism, 1478–1486
rate of reaction, 1481, 1489
regioselectivity, 1498
stereochemistry, 1479, 1485
substituent effects in alkyl

halides, 1504
transition states, 1479
with alkyl halides,

1478–1486
Zaitsev’s rule versus

Hofmann’s rule, 1498
elimination, E2C, 1501, 1495
elimination, effect of base

strength, 1504
effect of leaving groups,

1505
elimination, Ei, and cis

b-hydrogen, 1511
and Cope elimination, 1525
and Hofmann degradation,

1522
and pyrolysis of sulfoxides,

1529
and radical mechanisms,

1510
and substrate structure, 1509
and the Chugaev reaction,

1520
and the Woodward-Hofmann

rules, 1509
benzotriazole leaving groups,

1524
halide reactivity, 1509
mechanism, 1507
organolithium reagents with

ammonium salts, 1524
rate of reaction, 1508, 1509
stereochemistry, and syn

elimination, 1508

transition states, 1509, 1510
elimination, haloethers with

magnesium, 0830, 0831
in the Stork enamine

synthesis, 0635
influence of temperature,

1506
intramolecular, 1507
IUPAC nomenclature, 0419
kinetics, 1490
mechanistic ambiguity,

1494
metal induced, of dihalides to

alkenes, 1539
Norrish type II cleavage,

1478
of dihalides to alkenes,

reagents for, 1539
of epoxides, with LIDAKOR,

1518
of selenoxides, 0640
Peterson alkenylation, 1366
photochemical, 1478

elimination, pyrolytic, and cis
b-hydrogen, 1511

and Hofmann’s rule, 1510
and steric interactions, 1511
and Zaitsev’s rule, 1511
mechanism, 1507–1510
regioselectivity, 1510
transition state, 1507

elimination, radical of
bis(xanthates), 1535

radical, and sulfoxides, 1530
regiochemistry, 1497
silyl-Wittig reaction, 1366
solvent effects on the base,

1504
stereochemistry, and

diastereomeric halides,
1502

stereochemistry of the
alkene, 1501

substrate reactivity, 1502,
1503

suitable leaving groups, 1505
elimination, syn, 1483

and Ei reactions, 1508
and ion-pairing, 1486
and the syn-anti dichotomy,

1484
of thiiranes, 1519
transition states, 1486

elimination, transition states,
1496

elimination, types, 1477
elimination, versus substitution,

1503, 1505, 1506
elimination-addition

mechanism, 0613
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elimination-addition
mechanism, see
mechanism

elimination-addition reactions,
0478, 0498

Emde reduction, 1845
emim (1-ethyl-3-

methylimidazolium), ionic
liquid, 0688, 0706, 1163

emimcl, ionic liquid, 0721
emission of light, and

sonochemistry, 0350
emission, and NMR, 0270
en-diynes, Bergmann

cyclization; electrocyclic
rearrangement, 1641

en-ynes, rearrangement, 0770
enamides, from allylic amides,

1028
from vinyl halides, 0823
torsional barrier, 0202

enamine formation, 1283, 1284
enamine salts, and alkylation,

0636
enamines, addition of siloxanes,

1088
alkylation, 0634–0636
and allylic amine carbanions,

0641
and aminals, 1283
and Michael addition, 0636
and N-alkylation, 0636
and radical cyclization, 1128
and Stork enamine reaction,

0634, 0635
and tautomerism, 0104
and the Thorpe reaction,

1387
and the Thorpe-Ziegler

reaction, 1388
by metal catalyzed amination

of alkynes, 1048
by reduction of nitro

compounds, 1047
chiral, 0777
condensation with aldehydes

or ketones, 1344
cycloaddition reactions,

1222
from amines, by

dehydrogenation, 1712
from amines,with ketones,

1281
hydrogenation to amines,

1049
oxidation to amino-ketones,

1775
reduction to amines, 1813,

1844
reductive cleavage, 1844

Stork enamine reaction,
0632, 0634, 0635

tautomerism with imines,
1048

with 9-BBN, 1079
with acyl halides, 0635
with organolithium reagents,

0641
with proline, 0636
[2 þ 2]-cycloaddition, 1222

enantiomeric excess (% ee), and
determination of, 0179,
0180, 0181

enantiomeric purity,
determination of, 0181,
0182

enantiomers, also see chiral
compounds

enantiomers, also see chirality
enantiomers, definition and

characteristics, 0138–0140
and absolute configuration,

0154
and enantiotopic atoms/

groups, 0191
and Fischer projections, 0153
and kinetic resolution, 0176
and prochiral, 0193
and pyramidal inversion,

0142, 0143, 0144
and quadrivalent stereogenic

atoms, 0141
and racemates, 0138
and specific rotation, 0139
and tervalent stereogenic

atoms, 0142
and Tröger’s base, 0144
called enantiomorphs, 0137
levo and dextro, 0138
of adamantanes, 0145
of allenes, 0148
of atropisomers and

biphenyls, 0146
of catenanes, 0133
of glyceraldehyde, 0154
of helical molecules, 0149,

0150
of molecular knots, 0133
of monocyclic compounds,

0187
of tartaric acid, 0138

enantiomorphs, see enantiomers
enantioselective reactions,

0171
enantioselective reduction,

1802
enantioselectivity, 0171

and amino acid surrogates,
0632

and BINAP, 1122

and Cinchonidine alkaloids,
1041

and enolate anion formation,
0780

and formation of allenes,
0770

and formation of aziridines,
0572

and formation of b-lactams,
1465

and formation of
cyanoamines, 1392

and formation of homoallylic
alcohols, 0620

and organolithium reagents,
0595, 1303, 1330

and organometallic addition
to imines, 1331, 1332,
1335

and protonation of enolate
anions, 0775

and radical coupling of
conjugated amides, 0976

and radical cyclization, 1127
and radicals, 0939
and sulfones, and palladium

catalysts, 0554
and transfer hydrogenation,

1066
enantioselectivity, coupling with

allylic carbonates, 0611
enantioselectivity, in a-

hydroxylation with
dioxiranes, 1754, 1755

in acyl addition of chiral
allylic boranes, 1320

in acyl addition of organotin
compounds, 1315, 1317,
1318

in addition of alcohols to
ketenes, 1040

in addition of metal carbene
complexes to alkenes,
1237

in addition of
organometallics to
carbonyls, 1312

in aldol reactions, 1347, 1348
in alkylation with enoate

anions, 0628
in allylic alcohols, base

induced elimination of
epoxides, 1519

in azidination reactions, 0788
in aziridine formation, 1184
in baker’s yeast reduction of

alkenes and alkynes, 1066
in biaryl formation by

Suzuki-Miyaura coupling,
0902
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in carbene additions to
alkenes, 1237

in carbene insertion, 0804
in catalytic hydrogenation,

1054, 1056, 1057, 1074
in conjugate additions, 1106,

1109
in cyanohydrin formation,

1390
in cyclopropanation, 1237
in dialkylzinc reagents with

carbonyls, 1318
in dihydroxylation of

alkenes, 1165
in ene reactions, 1105
in enolate alkylation, chiral

bases, 0629
in epoxidation of alkenes,

1175, 1177
in epoxide hydrolysis, 0529
in epoxide reactions with

organometallics, 0618
in formamidine alkylation,

0641
in Friedel-Crafts alkylation,

0709
in Grignard reactions, 1303
in heteroatom Diels-Alder

reactions, 1218
in hydroamination of

alkenes, 1181
in hydroboration of alkenes,

1079
in hydrogenation of

conjugated compounds,
1072, 1073

in hydrogenation of indoles,
1067

in hydrolysis of esters, 1401
in hydroxylation of

hydrocarbons, 1751
in a-hydroxylation with

oxaziridines, 1754
in imine alkylation, 0632
in ketene cycloaddition to

carbonyls, 1462
in Mannich reactions, 1295
in metal catalyzed

cyclopropanations, 1238
in metal catalyzed

halogenation of ketones,
0778

in nitrene formation, 1183
in nitrene insertion reactions,

0790
in oxidation of thioethers to

sulfoxides, 1782
in oxidative cleavage of

diols, 1733
in pinacol coupling, 1856

in reactions of enolate anions
with aryl halides, 0907

in reactions of haloboranes
with azides, 0822

in reductive alkylation, 1291
in Sharpless

aminohydroxylation, 1180
in Sharpless asymmetric

epoxidation, 1177
in the alcoholysis of

anhydrides, 1413
in the Baeyer-Villiger

reaction, 1618
in the Baylis-Hillman

reaction, 1325, 1826
in the Claisen reaction, 1356
in the Claisen rearrangement,

1672
in the conjugate addition of

amines, 1130, 1132
in the conjugate addition of

organocuprates, 1113
in the conjugate addition of

organozinc reagents, 1117
in the Darzens condensation,

1365
in the Diels-Alder reaction,

1199, 1202
in the halogenation of

aldehydes or ketones,
0776, 0777

in the halogenation of
epoxides, 0583

in the Heck reaction, 0894,
0895

in the Henry reaction, 1358
in the Ireland-Claisen

rearrangement, 1671
in the Jacobsen-Katsuki

epoxidation, 1178
in the Julia-Colonna

epoxidation, 1176
in the Lossen rearrangement,

1610
in the Michael addition,

1106, 1109
in the Mukaiyama aldol,

1353, 1354
in the Pauson-Khand

reaction, 1142
in the Pictet-Spengler

reaction, 0716
in the preparation of alcohols

from amines, 0547
in the preparation of alkynes

by hydroboration,
1631

in the Prins reaction, 1396
in the Pummerer

rearrangement, 1867

in the reaction of amines with
epoxides, 0563

in the reaction of anhydrides
with organometallics, 1446

in the reduction of azirines,
1184

in the reduction of chiral
phosphine oxides, 1847

in the reduction of imines,
1813

in the reduction of ketones,
1800–1803

in the Robinson annulation,
1350

in the Simmons-Smith
procedure, 1241

in the Stevens rearrangement,
1623

in the Stork enamine
synthesis, 0636

in the Strecker synthesis,
1391

in the Ullmann reaction,
0898

in the Weitz-Scheffer
epoxidation, 1175

in Wagner-Meerwein
rearrangements, 1584

in [2,3]-Wittig
rearrangements, 1677

in [3 þ 2]-cycloadditions,
1191

in [3, 3]-sigmatropic
rearrangements, 1663

enantioselectivity, with chiral
boranes, 1079

with chiral hydrazones,
alkylation, 0633

with chiral oxazolines, 0643
enantiotopic atoms, 0191, 0192
enantiotopic faces, 0194
enantiotopic, and Cahn-Ingold-

Prelog system, 0194
definition, 0192

encapsulated osmium tetroxide,
and dihydroxylation of
alkenes, 1163

encapsulation, and Diels Alder
reactions, 1198

encounter complex, 0664
and electrophilic aromatic

substitution, 0682
Encyclopedia of Reagents for

Organic Synthesis, 1894
endo addition, and orbital

symmetry, 1214, 1215
in the Diels-Alder reaction,

1201
endohedral metals, and

fullerenes, 0095
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ENDOR, and radicals, 0267
ene reactions, 1103–1105

and Lewis acids, 1104
and microwave chemistry,

0352
and oxygen, 0970
and steric acceleration,

1104
and [1,5]-sigmatropic

rearrangement of
hydrogen, 1648

retro-, 1104
energy barriers, to planarity,

cyclopentane, 0212
to pyramidal inversion, 0142
to rotation, 0197, 0198

energy cascade, and photolytic
cleavage, 0336

energy curve, diatomic
molecule, 0330

energy diagram, ethane, 0198
energy levels, alternant

hydrocarbons, 0070
benzyl cation/radical/

carbanion, 0070
energy of light, and

photochemistry, 0329
energy, activation, chair-to-chair

interconversions, 0204
activation, rotational barrier,

0146
energy, axial and equatorial

substituents, 0206
energy, bond dissociation, see

dissociation
energy, bond dissociation, 0027,

0027
and deuterium isotope

effects, 0323
and organolithium reagents,

0262
and radical halogenation,

0960
and small rings, 0218
carbocations, table, 0244
of radicals, 0275
radicals and reactivity, 0952

energy, bond, 0027–0030
and atom abstraction by

radicals, 0943
and electronegativity, 0016,

0028
and hybridization, 0030,

0031
and keto-enol tautomerism,

0098
and s character, 0029, 0030
benzene, 0036
hydrocarbons, 0028, 0029
hydrogen bonds, 0107

in diatomic molecules, 0027
of double bonds, 0031
of organic compounds, 0030

energy, cyclohexane
conformations, 0203

energy, free, see free energy
energy, of butadiene, 0038,

0039
of conjugation, 0040
of singlet carbenes, 0284
of the chair conformation,

0203
of triplet carbenes, 0284
p, 0042
potential, see potential

energy
resonance, see resonance

energy
energy, strain, and molecular

mechanics, 0215
and trans cyclooctene, 0229
calculations, 0217

energy, transition energies, 0508
enol acetates, and Mukaiyama

aldol, 1354
formation of enolate anions,

0631
from enolate anions, 0800
from ketenes with aldehydes

or ketones, 1040
metal mediated halogenation,

0780
with methyllithium, 0631

enol borates, and the aldol
reaction, 1346

enol borinates, and enolate
anions, 0631

and Ireland-Claisen
rearrangement, 1671

and the aldol reaction, 1346
from conjugate addition of

boranes, 1121
halogenation, 0780
hydrolysis, 1121

enol carbonates, see carbonates
enol content, 0099, 0100, 0102
enol esters, and

transesterification, 1421
enol esters, from alkynes,

1042
with carboxylic acids, 1424
with ketones, 0629

enol ethers, see ethers
enol ethers, silyl,

a-hydroxylation, 1755
addition of hydrazoic acid,

1053
alkylation, 0628
and enolate anions, 1346
and hydride shifts, 0799

and Mukaiyama aldol,
1351–1354

formation of enolate anion,
0628

formation of thioalkyl and
thioaryl ketones, 0792

from aldehydes, 0800
from enolate anions, 0798
from ketones, 0798
from vinyllithium and

silylperoxides, 0814
metal catalyzed conjugate

addition, 1110
oxidative coupling to

diketones, 1784
sulfenylation, 0792
with acetals, 0617
with aldehydes and chiral

boranes, 1348
with aryldiazonium salts,

0986
with methyllithium, 0631

enolate alkylation, and chiral
additives, 0630

and chiral oxazolidinones,
0629

and Evan’s auxiliaries,
0629

enolate anions, acylation, 0800
aggregates, 0390
aggregation of, ab initio,

0264
alkylation, 0263, 0515,

0626–0628
amine catalyzed formation,

0779
enolate anions, and Baldwin’s

rules, 0306, 0307
and conjugated ketones, 0631
and enols, 0102
and formation of enol

acetates, 0800
and formation of enol

borinates, 0631
and formation of silyl enol

ethers, 0798
and HSAB, 0380
and metals, 1344
and pKa, 0622
and radicals, in arylation

reactions, 0908
and regioselectivity, 0630
and resonance, 0253
and the aldol condensation,

0263, 0627
enolate anions, arylation,

0906–0908
arylation, and SET

mechanism, 0908
as bases, 0390
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as nucleophiles, 0514
bases required for formation,

0627
by Wittig rearrangement of

vinyl ethers, 1625
conjugate addition, 1108
coupling with allylic

substrates, 0609–0611
cyclization, with dihalides,

0629
dianions, 0514
enantioselective formation,

0780
enantioselective protonation,

0775
formation, and UV, 0908
formation, substituent

effects, 0774
enolate anions, from carboxylic

esters, 1355
from conjugate addition,

1113
from conjugated ketones,

0907
from dialkylamides, 0799
from enol acetates, 0631
from enols, 0774
from ketones, 0774, 0790
from silyl enol ethers, 0628
from unsymmetrical ketones,

0630
enolate anions, halogenation,

0820
hydrolysis, 0812
a-hydroxylation with

sulfonyl oxaziridines,
1754

enolate anions, in the Claisen
condensation, 0263

in the Claisen condensation,
0627, 1453

in the Claisen reaction, 1355
in the Claisen Schmidt

reaction, 1343, 1344
in the Perkin reaction, 1363
in the Robinson annulation,

1350
enolate anions, kinetic, 0799

metal catalyzed coupling
with aryl halides, 0907

metals used for formation of,
0811

Michael addition, 1108
O-alkylation, 0623
of carboxylic acid

derivatives, 1354, 1355
of esters, Claisen

rearrangement, 1670
of lactams, with aryl halides,

0907

of nitro compounds,
reduction to
hydroxylamines, 1819

oxidative coupling to
diketones, 1784

photochemical arylation,
0908

preformed, and Michael
addition, 1107

protonation, 0812
reactions, 1340
thermodynamic, 0799
torsional barrier, 0202

enolate anions, with acyl
hypofluorites, 0777

with aldehydes or ketones,
0263, 1339–1351

with aldehydes or ketones,
also see aldol

with alkyl halides, 0515,
0622

with aryl halides,
enantioselectivity, 0907

with chlorotrimethylsilane,
0798

with dihalides, 0625
with disulfides, 0791
with halosilanes, 0798
with nitro compounds, 0613
with selenyl halides, 0791
with tosylcyanide, 0801
X-ray crystallography, 0264

enolates, see enolate anions
enolates, boron, chiral, 1348
enolene rearrangement, 1673
enolizable protons, and isotopic

labeling, 0775
enolization, and Grignard

reactions, 1305, 1306
and Grignard reactions,

mechanism, 1309
and the aldol condensation,

1346
enols, acyloxylation, 0972

alkylation, and Lewis acids,
0628

amphiprotic properties, 0772
and Bredt’s rule, 0838
and enolate anions, 0102
and formation of furans from

diketones, 1272
and isotope effects, 0774
and nitrosation, 0785
and Stille coupling, 0794
and the aldol reaction, 1345
electron delocalization,

0772
fluorinated compounds, 0101
Fuson-type, 0100
halogenation, 0778

hydrogen bonding and
intramolecular
stabilization, 0772

isolation of, 0101, 0770
mechanism of acid catalyzed

aldol reaction, 1349
metal catalyzed preparation,

0770
of amides, and dehydration to

nitriles, 1549
stable, 0231
steric stabilization, 0773
tautomerism, 0098, 0770,

0772, 0837
with base, 0774
with diazoalkanes, 0533
with metal acetates, 0972

entgegen, and alkene
nomenclature, 0183

enthalpy, 0300–0302
and nitrenes, 0293
formal steric, 0232

entropy, 0300
and kinetics, 0322
and ring size, 0303
cyclopropane to propane,

0304
of activation, 0303
of activation, and Smiles

rearrangement, 0932
of activation, and substitution

reactions, 0446
envelope conformation, and

cyclopentane, 0212
environmentally friendly

chemistry, 0413
enynes, and the Pauson-Khand

reaction, 1141
cyclic, from diynes, 1092
halogenation, 1151
metal catalyzed coupling of

alkynes to alkynes, 1091
enzymes, and carboxylic ester

hydrolysis, 1400
and molecular recognition,

0125
for carboxylation, 0729
for dihyroxylation of

aromatic compounds,
1168

for epoxidation, 1172
for hydrolysis of nitriles,

1269
for a-hydroxylation, 1756,

1757
for lactamization, 1431
for oxidation of alcohols,

1725
for oxidation of thioethers to

sulfoxides, 1782
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enzymes, and carboxylic ester
hydrolysis, (Continued)

for reduction of aldehydes or
ketones, 1722, 1800

for reduction of conjugated
ketones, 1074

for transesterification, 1420
eosin, as a photosensitizer,

1218
ephedrine, and resolution, 0173
epimerization, of chiral ketones,

0775
epimers, definition, 0165
episulfides, see thiiranes
episulfones, and the Ramberg-

Bäcklund reaction, 1536,
1537

from sulfonyl halides and
diazomethane, 1386

epoxidation, and catalytic
antibodies, 1172

and Cinchona alkaloid phase
transfer catalysts, 1175

and isomerization (cis/trans)
of alkenes, 1174

and polyleucine, 1176
asymmetric, 1174, 1177
cyclic alkenes,

stereochemistry, 1023
enzymatic, 1172
Jacobsen-Katsuki, 1178
Julia-Colonna,

enantioselectivity, 1176
of alkenes, and kinetic

resolution, 0178
of alkenes, and reagents for,

1169–1179
of alkenes, enantioselectivity,

catalysts, 1176
of alkenes, stereochemistry,

1023
of dienes, 1174
other methods, 1172
Sharpless, and mechanism,

1177
Waits-Scheffer, 1174, 1175

epoxide hydrolase, 0528
epoxides and Friedel-Crafts

alkylation, 0707
acid catalyzed

rearrangement, 1587
ambident substrates, 0518
and elimination with

phosphines, 1517
and formation of aziridines,

0565
and formation of dinitrates,

0547
and formation of isocyanides,

0568

and formation of lactones,
0619

and formation of thiiranes,
0552

and Friedel-Crafts alkylation,
0619

and leaving groups, 0497
and strain, 0218
and the neighboring group

mechanism, 0448
by modified Peterson

alkenylation, 1367
cyclic, elimination, to dienes,

1518
diastereoselectivity, from

sulfur ylids, 1383
elimination with diamines,

LDA, and DBU, 1519
elimination with

organolithium reagents,
and alkoxides, 1518

enantioselectivity of
halogenation, 0583

enantioselectivity, with sulfur
ylids, 1384

from diazoalkanes with
aldehydes or ketones,
1384

from dihalides and carbonyl
compounds, 1304

from halo-sulfones and
ketones, 1384

from halohydrins, 0532
from selenium ylids,

1384
from sulfur ylids and

carbonyls, 1382
halogenation, 1791
hydrolysis, 0528
hydrolysis, enantioselective,

0529
in the Stork enamine

reaction, 0635
in the Wittig reaction,

0565
in Williamson reaction, 0532
intramolecular alcoholysis

of, 0537
lithio, rearrangement,

0564
metal catalyzed azide ring

opening, 0564
metal catalyzed

halogenation, 0584
metal catalyzed reaction with

allylic boranes, 0620
metal catalyzed ring opening,

0563
reagents for elimination,

1518

reagents for halogenation,
0582, 0583

reduction to alcohols,
reagents, 1790, 1791

regioselectivity of
halogenation, 0583

sterically hindered, hydride
reduction, 1791

vinyl, and SN20 reactions,
0620

vinyl, with Grignard
reagents, 0620

epoxides, with acyl halides,
0584

with alcohols, 0536
with allylic silanes, 0589
with amide bases, 0564
with amines or ammonia,

0562, 0563
with ammonium thiocyanates

and ceric ammonium
nitrate, 1385

with azide ion, 0564
with base, and hydride shifts,

1697
with cyanide, 0649
with dithianes, 0638
with Grignard reagents,

0620
with LiAlH4, 1706
with metal halides, 0582
with mineral acids, 0582
with nucleophiles, 0538
with organocuprates and

Lewis acids, 0619
with organometallics, 0618,

0619
with oxazine carbanions,

0642
with phosphine sulfide, 0552
with phosphines, 1374
with silylazides, 0564
with sodium nitrate, 0565
with sulfur ylids, 1383
with tosylamines, 0565
with vinyl sulfides, 0639

epoxy-alcohols, rearrangement
of, 0537, 0538

epoxy-carboxylic acids,
0584

epoxy-esters, from diazoesters
and aldehydes, 1242

from halo esters, and
aldehydes or ketones,
1364

epoxy-hydrazones, and
Eschenmoser-Tanabe ring
cleavage, 1544

base induced fragmentation,
1544
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epoxy-ketones, by Julia-
Colonna epoxidation,
1176

photolysis, 0529
rearrangement to diketones,

1588
reduction with silanes, 1798,

1799
EPR, and carbenes, 0285

and electrophilic aromatic
substitution, 0677

and radical rearrangements,
1577

and radicals, 0267
equation, Brønsted catalysis,

0373
duel substituent parameter,

0409
Grunwald-Winstein, and

solvent effects, 0482, 0505
Hammett, see Hammett
Schrödinger, 0003, 0004
Swain-Lupton, 0409
Swain-Scott, 0493
Taft, 0410, 0411
wave, 0006

equatorial, in chair
conformations, 0204

equilibrium constant, 0302
and solvent acidity, 0372
and the Brønsted equation,

0373
and the Hammett equation,

0402
equilibrium, acid-base, 0356

and carbocations, 0467
and HSAB, 0379
and leaving groups, in the

tetrahedral mechanism,
1260

and rate-determining state,
0317

and SN1 reactions, 0437
and solvent acidity, 0371
and tautomerism, 0098
and the aldol condensation,

1342
and the Claisen

condensation, 1454
carboxylic acids, water, and

alcohols, 1400
cyclopropylcarbinyl versus

cyclobutyl cations, 1589
organolithium-alkyl halides,

0250
pyrolysis of alkyl boranes,

1533
Schlenk, 0260, 0261, 0262

ergost-7-en-3-one, 0401
EROS, 1894

erythro nomenclature, 0166
erythro/threo diastereomers, and

electrophilic addition,
1001

ESCA (X-ray photoelectron
spectroscopy), and
carbocations, 0467

Eschenmoser’s salt, and
Mannich reaction,
1294

Eschenmoser-Tanabe ring
cleavage, 1544

Eschweiler-Clarke procedure,
1290

ESR, and azoxy compounds,
0849

and Birch reduction, 1068
and bridged bromine

radicals, 1012
and bridged radicals, 0943
and carbenes, 0285
and Grignard reactions, 1308
and kinetics, 0319
and methyl radical, 0276
and radicals, 0267, 0268,

0273, 0445, 0849
and unpaired electrons, 0268
organolithium compounds

with alkyl halides, 0599
ester intermediates, and

oxidation -reduction, 1706
ester oximes, with acids, 1615
esterases, and resolution, 0176

Marchantia polymorpha,
hydrolysis of vinyl
acetates, 1401

pig liver, and hydrolysis of
esters, 1400

esterification, and Mukaiyama’s
reagent, 1416

and steric hindrance,
1416

and zeolites, 1415
in ionic liquids, 1415
Mitsunobu reaction, 0540
of carboxylic acids, 1414,

1415, 1417
esters of carboxylic acids, see

carboxylic esters
esters, allylic, also see

carbonates, allylic
esters, imino, see imino esters
esters, inorganic, decomposition

to alkenes, 1521
from alcohols, 0545

esters, manganate, 1163
esters, nitrate, from alkyl

halides, 0546
esters, nitrite, from alcohols,

0545

esters, of inorganic acids,
hydrolysis, 0522

esters, ortho, see ortho esters
esters, osmate, 1163
esters, osmic, 1181
esters, phosphonate, from

alcohols, 0545
esters, phosphonic, with

Grignard reagents, 0613
esters, sulfamate, see sulfamate

esters
esters, sulfinate, see sulfinate

esters
esters, sulfinic, see sulfinic

esters
esters, sulfonate, see sulfonate

esters
Etard reaction, 1763
ethane, energy barrier to

rotation, 0197
energy diagram, 0198
supercritical, hydrogenation

of aromatic compounds,
1066

ethanolamines, and
dealkylation, 0562

as solvents, 0563
ethanolysis, also see solvolysis

of alkyl tosylates, rate of
reaction, 0482

ethanonium ion, IR, 0766
ethene, see ethylene
ether solvents, see solvents,

ether
ethers, acidity, 0383
ethers, alkynyl, hydration of,

1036
ethers, allyl allene, and Claisen

rearrangement, 1670
ethers, allyl vinyl, and [3.3]-

sigmatropic
rearrangement, 1655

ethers, allylic, and Wittig
rearrangement, 0641

carbanions, and alkylation,
0641

cleavage with Grignard
reagents, 0617

pyrolysis, 1552
with organolithium reagents,

0641
ethers, and ionic liquids, 0529

and the Mitsunobu reaction,
0530, 0535

and the Wittig
rearrangement, 1624

and ultrasound, 0530
ethers, aryl allyl, Claisen

rearrangement of 2-allyl
phenols, 1668
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ethers, aryl, deoxygenation,
0748

from alkoxides and aryl
halides, 0871

with Grignard reagents,
0598

ethers, azacrown, 0121
azacrown,

photoisomerization,
0346

base-induced elimination,
1516

benzyl silyl, oxidation to
aldehydes, 1720

benzylic, hydrogenation,
0580

by insertion of carbenes,
0804

by reduction of thiono esters,
1839

by the Williamson reactions,
0529

ethers, cleavage, 0542, 0547,
0561, 0580, 0581, 0582,
0617

ethers, crown, 0119–0125
and ambident nucleophiles,

0517
and chirality, 0152
and complex formation,

0119
and hydrogen bonding, 0122
and molecular recognition,

0124
and phase transfer catalysis,

0510
and spherands, 0122
as cavitands, 0122
as hosts, 0120
bicyclic, 0122
binding Kþ or Liþ, 0120
cryptands, cryptaphanes, and

hemispherands, 0123
in guest-host interactions,

0122
in synthesis, 0121
ion binding, 0120
ion-dipole interactions, 0124
lariat ethers, 0123
macrocyclic, 0121
NMR and guest-host

interactions, 0124
podands, 0123
starands, 0124

ethers, cyclic, cleavage, 0581
from alcohol, with lead

tetraacetate, mechanism,
0966

from alcohols, 0964
from epoxides, 0537

from oxidation of alcohols,
reagents, 0965

from thionolactones and
organolithium reagents,
1330

a-oxidation to lactones, 1760
transetherification, 0536

ethers, demethylation, 0550
enol ethers, allyl, and Fischer

indole synthesis, 1675
and transetherification, 0536
base induced elimination of

acetals, 1516
by Wittig reaction, 1372
Claisen rearrangement, 1669
from alcohols, 0536
oxidation to carboxylic acids,

1775
pyrolysis to alkenes and

aldehydes, 1517
ethers, enol, addition of

hydrazoic acid, 1053
and Mukaiyama aldol, 1354
and Wittig rearrangement,

1625
cleavage by Grignard

reagents, 0617
elimination of ketals, 1517
from acetals or ketals, 1271
from alkynes and alcohols,

1038
from enols, 0534
from esters, 1380
hydrolysis, 0523, 1035, 1372
hydrolysis mechanism, 0527
Mannich reaction with

imines, 1295
with alcohols, 1039
with alcohols and halogens,

1154
with protons, 1006

ethers, formation of amines,
0559

ethers, from acetals, 0616
from alcohols, 0533, 0534
from alkenes and alcohols or

phenols, 1037
from alkoxides, 0529, 0532
from alkyl halides, 0529
from alkyl sulfates, 0532
from diazo compounds,

0533, 0534
from Grignard reagents,

0616, 0814
from inorganic esters, 0532
from onium salts, 0538
from oxonium salts, 0582
from phenols, 0533, 0535

ethers, halo, and elimination
with magnesium, 1542

and the Boord reaction,
1541

by radial halogenation, 0956
from alcohols and halogens,

1154
metal induced elimination to

alkenes, 1541
ethers, homoallylic, by coupling

of silanes, 0977
hydrolysis of, 0533
lariat, 0123
metal catalyzed cleavage,

0581
nitrate, from alcohols, 0545
a-oxidation to carboxylic

esters, 1759
oxidative cleavage of

carboxylic acids, 1769
photochemistry, 0332
radical dimerization, 0977
reduction of esters, reagents,

1839
reduction to hydrocarbons,

reagents, 1831
reductive alkylation of

aldehydes, 1273
reductive dealkylation,

reagents, 1831
selenoalkyl, 1038

ethers, silyl enol, see enol ethers
ethers, silyl, conversion to alkyl

iodides, 0580
tetrahydropyranyl, oxidation,

and zeolites, 1720
thiacrown, 0121
transetherification, 0535
Ullmann ethers synthesis,

0873
ethers, vinyl, see ethers, enol

with alkyl halides,
0543

with anhydrides, 0542
with mineral acids, 0580,

0581, 0582
with organolithium reagents,

Wittig rearrangement,
1624

with sulfonic acids, 0546
with sulfuric acid, 0523

ethyl nitrate, and nitration of
aromatic compounds,
0688

ethylene oxide, strain, 0217
ethylene, and electronic

structure, 0015
and hybrid orbitals or

p orbitals, 0009
and p-bonds, 0042
complex with silver, 0116,

0117
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ozonolysis, formation of
dioxirane, 1741

ethylenediaminetetraacetic acid,
and Udenfriend’s reagent,
0965

ethylmagnesium bromide, and
X-ray, 0260

ethyne, addition of HCN, 1147
excited state, 0334
orbitals, s electrons, and

triple bonds, 0010
europium compounds, chiral

shift reagents, 0181
Evans auxiliaries, and the Claisen

condensation, 1356
exchange reaction, carboxylic

acids, and acyl halides,
1441

exchange, carboxylic acids and
amides, 1423, 1432

carboxylic acids and esters,
1423

halogen-metal, and
organocuprates, 0603

hydrogen, 0684
Li-H, and organolithium

compounds, 0595
metal-halogen, and

organolithium compounds,
0594, 0595

R2Mg and R2Hg compounds,
0251

exciplex formation, in
photochemistry, 0342

exciplex, and photochemical
[2 þ 2]-cycloaddition,
1232

exciplex, and rotaxanes, 0132
excitation, electronic, 0332
excited states, 0334–0339

Jablonski diagram, 0337
photosensitization, 0340, 0341
physical processes, 0336

exhaustive alkylation, and
amines, 0556

exo addition, and bicyclic
alkenes, 1023

Diels-Alder reaction, 1201
extinction coefficient, 0330
extrusion of metals, and

cyclotrimerization, 1246
extrusion of nitrogen,

mechanism, 1554
extrusion of sulfur dioxide, from

sulfones, 1556
extrusion reactions, and

elimination, 1477
definition, 1553
the Ramberg Bäcklund

reaction, 1538

F values, and s values, 0410
faces, diastereotopic and

enantiotopic, 0194
facial selectivity, see selectivity
far-UV, and photochemistry,

0329
Favorskii reaction, in

connection with the Nef
reaction, 1360

Favorskii reaction, mechanism,
1360

Favorskii rearrangement, 1595,
1597

Favorskii, quasi-,
rearrangement, 1598

Felkin-Ahn model, 0169
Felkin-Ahn rule, and addition of

radicals, 1015
Fenton’s reagent, 0964

and heterocycles, 0983
ferrocene, bonding, 0066

electrophilic aromatic
substitution, 0674

structure, 0117
ferrous sulfate, and peroxides,

0964
field effect constants, 0406
field effects, 0019, 0020

þI and �I, 0021, 0396
þM and �M, 0396
and acid strength, 0380
and arenium ions, 0667
and aromatic compounds,

0021
and base strength, 0380
and carbanions, 0255
and carboxylic acids, 0020
and hybridization, 0022
and pKa, 0381
and reactivity, 0396
and s values, 0407–0409
and s* values, 0407
and substituent effects,

0483
and the Hammett equation,

0402
and ylids, 0255

Fieser’s Reagents for Organic
Synthesis, 1897

Finkelstein reaction, 0574, 0575
first-order reactions, 0315,

0316, 0433
and racemization, 0437

first-order rate constant, 0320
first-order rate law, 0319

and neighboring groups,
0446

Fischer carbene complexes, and
Dötz benzannulation,
1247

Fischer indole synthesis, scope
and mechanism, 1674,
1675

Fischer projection, definition of,
0153

Fischer, Emil, 0153
Fischer-Hepp rearrangement,

and urea, 0739
flash photolysis, 0348

and the photo-Fries
rearrangement, 0737

of bromoform, 0287
flash vacuum pyrolysis, and

alternant aromatics, 1646
and vinylcyclopropane

rearrangement, 1657
of halocyclopropanes, 1591
of phosphorus ylids, 1525

fluoranthene, and complex
formation, 0124

fluorene, pKa, 0063
fluorides, acyl, 1440, 1441

alkyl, base induced
elimination, and
Hofmann’s rule, 1531

and Tamao-Fleming
oxidation, 0539

aryl, and the Schiemann
reaction, 0921

aryl, from aryl diazonium
salts, 0985

aryl, from HF, 0921
Finkelstein reaction, 0574,

0575
fluorinating agents, 0574
from alcohols, 0577
from arylthallium

compounds, 0913
from tetrafluoroborate salts,

0819
sulfonyl, 0698

fluorinated compounds, enol
content, 0101

fluorinated solvents, and the
Heck reaction, 0893

fluorinating agents, 0574
fluorination, of amides, 0782

of aromatic compounds,
0704

of carboxylic acids or
carboxylic esters, 0782

fluorine, addition to alkenes,
1149

and halogenation of aromatic
compounds, 0704

and keto-enol tautomerism,
0101

electronic versus radical
pathways, 0956

handling fluorine, 0955
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fluoroborates, acyl and acetic
anhydride, 1186

fluorosulfonic acid-SbF5,
superacid, 0358

fluorosulfuric acid, and cation
stability, 0236

fluorous osmium tetroxide, 1163
fluoroxytrifuoromethane, and

fluorine radicals, 0955
fluxional isomerization, 0186
FMO (frontier molecular

orbital) and
cycloadditions, 1190,
1191

forbidden transition, in
photochemistry, 0331

formal charge, and bonding,
0016

formal steric enthalpy, 0232
formaldehyde, acid catalyzed

addition to alkenes, 1393
and amines, 0730
and chloromethylation, 0717
and the Eschweiler-Clarke

procedure, 1290
and the Mannich reaction,

1292
and the Prins reaction, 1393
and the Tollens’ reaction,

1368
and trioxane, 1460
excited state, 0334
with aromatic compounds,

0717
with glycoluril, 0135

formamides, and phosphorus
oxychloride, 0797

and the Leuckart reaction,
1291

and the Wallach reaction,
1291

and Vilsmeier-Haack
reaction, 0724

by hydrogenation of
isocyanates, 1813

by hydrolysis of isocyanides,
1467

carbonylation of amines,
0850

from chloroamines, 0568
with acetals, 0797
with aromatic compounds, 0724
with Grignard reagents, 1447
with organolithium reagents,

1446
formamidines, alkylation, 0641
formate, ammonium, with

amines, 0850
and enantioselective

reduction, 1802

and reduction of aldehydes or
ketones, 1799

with Pd/C, and reduction of
conjugated aldehydes, 1074

formates, chloro, see
chloroformates

formation, of vinyliodonium
salts, 0818

formic acid, and the Koch-Haaf
reaction, 1137

and the Wallach reaction,
1290

formation of formates, 1799
from chloroform, 0521
with Grignard reagents, 0823
with hydroxylamine and

aldehydes, 1287
with reductive alkylation,

1290
formic anhydride, 0723, 1430
formula Periodic table, for

benzenoid polyaromatics,
0058, 0059

formyl chloride, 0723
formylation, alternative

methods, 0727
and carbenes, 0726
and formamides, 0797
and Friedel-Crafts acylation,

0721
and organolithium reagents,

0727
and paraformaldehyde, 0727
and the Duff reaction, 0727
and the Gatterman or

Gatterman-Koch reaction,
0725

and the Reimer-Tiemann
reaction, 0726

of alkenes, 0797
of aromatic compounds,

0724
of ketones, 0798

formylcarbene, lifetime, 0288
four-center mechanism, addition

to alkenes, 1013
and hydroboration, 1078

fractional distillation, and
diastereomers or
resolution, 0174

fractional recrystallization, and
diastereomers, 0174

fragmentation mechanism, 1542
fragmentation, definition, 1542

of carbenes to radicals, 0292
of epoxy hydrazones, base

induced, 1544
free energy, amide hydrolysis,

0397
and carboxylic acids, 0394

and catalysis, 0313
and enthalpy or entropy,

0300
and kinetic control, 0308
and reaction intermediates,

0305
and SN2 reactions, 0431
and SNAr reactions, 0867
and solvent acidity, 0371
and solvent effects, 0505
and the Brønsted equation,

0373
and the Grunwald-Winstein

relationship, 0406
and thermodynamic control,

0308
equation, 0300
intrinsic, 0309
linear, 0405, 0406
of activation, 0301
spontaneous reactions, 0299

free radicals, see radicals
free-radical addition, 0298
free-radical mechanism, 0297
free-radical rearrangement,

0299
free-radical substitution, see

substitution
freezing point depression, and

Grignard reagents, 0261
and organometallics, 0259

Fremy’s salt, and oxidation of
phenols, 1729

oxidation of alcohols, 1720
frequency factor, and rate law,

0322
Friedel-Crafts acylation, 0697,

0719–0723
alternative formylation

methods, 0727
and formylation, 0721
and the Gatterman amide

synthesis, 0728
and the Gatterman reaction,

0725
and the Haworth reaction,

0722
and the Vilsmeier-Haack

reaction, 0724
biaryls, 0723
carbonylation, 0723
catalysts, 0719
formation of aldehydes,

0724
formation of aryl ketones,

0732
formation of carboxylic

acids, 0728
Fries rearrangement, 0720,

0735
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no rearrangement, 0719
with acyl carbocations, 0722
with carboxylic acid

derivativess, 0719
with cyclic anhydrides, 0722
with formamides, 0724
with heterocyclic

compounds, 0720, 0721
with ketenes, 0719
with keto-acids, 0722
with mixed anhydrides, 0721
with phosgene, 0728
with sulfonic anhydrides,

0720
Friedel-Crafts alkylation,

0705–0712
activating groups in the

product, 0708
alkyl migration, 0741
and cyclodehydration,

0715
and rearrangement of

carbocations, 0710
and the Pechmann

condensation, 0712
and the SN2 mechanism,

0712
chiral catalysts, 0709
coordination of Lewis acids,

0709
cyclization, 0710
deactivated compounds, 0709
fused ring aromatics, 0709
of coumarins, 0712
of naphthalene, 0709
polyalkylation, 0708
reactivity order of Lewis

acids, 0708
reverse, 0742–0744
with alcohols, 0707
with alkenes or alkynes,

0706, 0707
with alkyl halides, 0706
with epoxides, 0619, 0707
with heterocyclic

compounds, 0709
Friedel-Crafts arylation, and the

Hoesch reaction, 0732
Friedel-Crafts catalysts,

addition of alkyl halides to
alkenes, 1160

dehalogenation of aryl
halides, 0749

Friedel-Crafts coupling, and
atropisomerism, 0714

Friedel-Crafts coupling,
cyclization, 0721

formylation, 0724
with aldehydes and ketones,

0714

Friedel-Crafts cyclization, 0715
and the Pictet-Spengler

reaction, 0716
Bischler-Napieralski

reaction, 0715, 0716
high dilution methods,

0721
Friedel-Crafts reaction, and the

Bradsher reaction, 0715
and the Duff reaction, 0727
chloromethylation and

haloalkylation, 0717
with alkenes, 0796
with heterocycles, 0983

friedelin, and Wagner-
Meerwein rearrangement,
1583

Friedländer quinoline synthesis,
1282

Fries rearrangement, 0735, 0736
and Friedel-Crafts acylation,

0720
Fries, photo, see photo-Fries
Fritsch-Buttenberg-Wiechell

rearrangement, 1534
frontier molecular orbitals, see

FMO
frontier orbital method,

1208–1210
electrocyclic rearrangements,

1635
Fukuyama coupling, 1450
fulgide, and helical chirality,

0150
fullerenes, and aromaticity,

0094
and MO calculations, 0094
and rotaxanes, 0131, 0134
and the ene reaction, 1104
bowl-to-bowl inversion and

homofullerenes, 0095
synthesis, 0095

fulminene, 0087
fulvalenes, 0068

and aromaticity indices, 0069
by Nazarov cyclization, 1096
from alkynes, 1096

fumaric acid, 0185
fuming sulfuric acid, with

aromatic compounds,
0695

functional group compatibility,
Darzens condensation,
1365

functional group, reactivity with
sodium borohydride, 1794

functional groups, and catalytic
hydrogenation, 1054

and hydroboration, 1079
ease of reduction, 1787–1790

for the Knoevenagel reaction,
1358

furan, and aromaticity, 0062
catalytic hydrogenation,

1066
electrophilic aromatic

substitution, 0675
resonance energy, 0062

furanose compounds, and
tautomerism, 0104

furans, Birch reduction, 1067
by metal catalyzed reaction

with alkynyl ketones,
1272

by Suzuki-Miyaura coupling,
0901

Diels-Alder reaction, 1217
formation of 1,4-diketones,

0528
Friedel-Crafts acylation,

0720
Friedel-Crafts alkylation,

0709
from alkynes, 1038
from diketones, 1272
halogenation, 0703

fused aromatic compounds, and
bond distance, 0060

and resonance energy, 0060
fused ring aromatic compounds,

0052
fused rings, electrophilic

aromatic substitution,
0674

fused-ring aromatics, Friedel-
Crafts alkylation, 0709

Fuson-type enols, 0100

g-substituents, and substitution
reactions, 0485

Gabriel synthesis, 0556, 0569
and arylation of amines, 0879
and hydrazine, 0569
hydrolysis reagents, 0570
Ing-Manske procedure, 0569

galvinoxyl, radical inhibitor,
1122

gas chromatography, see GC
gas phase, pyrolysis of

carboxylic acids, 1520
gas vacuoles, and

sonochemistry, 0349,
0350

Gatterman amide synthesis,
0728

Gatterman method, 0926
Gatterman reaction, 0725, 0984
Gatterman-Koch reaction, 0725
Gatterman-Koch reaction,

reverse, 0745
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gauche conformations, see
conformations

gauche orientations, and E2
reactions, 1485

GC, and diastereomers and
resolution, 0174, 0175

and determining absolute
configuration, 0159

and enantiomeric purity,
0181

and enolizable protons,
0775

geared molecules, 0231
gegenion, of carbocations, 0236
gem-dihalides, see dihalides
gem-dimethyls, by

hydrogenation of
cyclopropanes, 1075

general acid catalysis, 0373,
0525

geometric structure,
carbocations, and
migratory aptitudes,
1571

geometry, alkenes, and
photochemistry, 0346

of carbenes, 0286
of electrophilic allylic

rearrangement, 0763
of hydrogen bonds, 0108
of propellanes, 0223
of radicals, 0276, 0277

gerade orbital, 0005
Gilman reagents, 0600
Gilman reagents, also see

organocuprates
Girard’s reagents P and T, and

hydrazones, 1285
Glaser reaction, 0978, 0979
glyceraldehyde, and absolute

configuration, 0154
glyceric acid, chiral, from

glyceraldehyde, 0154
glycidic acids, decarboxylation,

0837
glycidic esters, 1364
glycidic esters, also see epoxy

esters
glycols, see diols
glycoluril, with formaldehyde,

0135
glycosides, and the anomeric

effect, 0210
glyoxals, and the benzoin

condensation, 1396
Goldberg reaction, 0876
Gomberg-Bachmann pinacol

synthesis, 1854
Gomberg-Bachmann reaction,

0924–0926

Gossypium hirsutum,
a-hydroxylation, 1756

graphite ribbons, see
phenacenes

green chemistry, 0413
Grignard reactions, 1300–1309
Grignard reagents, also see

organomagnesium
Grignard reagents, addition to

aldehydes or ketones,
mechanism, 1307

addition to alkenes,
1083

addition to aromatic
compounds, 1119

amination, 0880
Grignard reagents, and

alkylation of aromatic
compounds, 0912

and alkylation or aryl nitro
compounds, 0914

and boiling point elevation,
0261

and CIDNP, 0832
and cleavage of allylic or

vinylic ethers, 0617
and conformational stability,

0262
and dehalogenation of aryl

halides, 0750
and ESR, 1308
and freezing point

depression, 0261
and hydrogen-metal

exchange, 0834
and hydroxymethylation,

1305
and metal additives, 1306
and metal salts, radicals

cyclization, 1126
and NMR, 0262
and Schlenk equilibrium,

0260, 0261, 0262
and SET mechanism, 0832
and the benzyne mechanism,

0887
and the Bruylants reaction,

0614
and the Wurtz reaction,

0987
Grignard reagents, aryl, 0262

and coupling, 0599
formation of, 1301
hydrolysis, 0751

Grignard reagents, bonding,
0260

complex formation, 0260,
0261

conjugate addition, 1112,
1114

coupling with alkyl halides,
0590, 0599

deprotonation by, 0809
diastereoselective reactions,

1303
from alkyl halides, 0829
from dihalides, 0830
hydrolysis, 0812
hydrolysis, and reduction of

alkyl halides, 1828
in dioxane, with magnesium

halide, 0260
in ether solvents, 0260–0262
in HMPA or triethylamine,

0262
initiators, 0830
interfering groups, 0830
mechanism of formation,

0832
metal catalyzed addition to

alkenes or alkynes, 1096,
1097

metal catalyzed coupling,
0600, 0987

metal catalyzed cyclization,
0987

metal mediated coupling,
0596

nitrogen-containing, 0830
optical activity, 0756
protonation of, 0812
reduction with, mechanism,

1308
stability, 0831
structure, 0260
vinyl, formation of vinyl

boronic esters, 0816
Grignard reagents, with acetals,

0616
with acyl halides, 1444
with acyl peroxides, 0814
with aldehydes, 1300–1309
with alkyl borates, 0816
with allyl halides, 0634
with amides, 1445, 1447
with amino-ethers, 0617
with anhydrides, 1445
with aryl halides, 0598
with azides, 0880
with aziridines, 0621
with boron trifluoride, 0827
with carbon dioxide or

carbon disulfide, 1330
with chloroformates, 1445
with chloroiminium salts,

1336
with conjugated compounds,

1302
with epoxides, 0618, 0620
with esters, 1445

2264 SUBJECT INDEX



with formamides, 1447
with formic acid, 0823
with imines, 1331
with iminium salts, 1336
with iron pentacarbonyl,

0823, 0910
with isocyanates, 1337, 1338
with isocyanides, 1469
with ketones, 1300–1309
with metal halides, 0826
with metal halides,

mechanism, 0826
with nitriles, 1337
with nitriles, mechanism,

1338
with nitrones, 1336
with ortho esters, 0616
with oxygen, 0831
with phosphonic esters, 0613
with propargyl esters, 0609
with propargyl halides, 0596
with selenium, 0818
with sulfonate esters, 0590
with sulfones, 0888
with sulfonyl halides, 1475
with sulfur, 0818
with sulfuryl chloride, 0818
with tellurium, 0818
with vinyl epoxides, 0620
with vinyl halides, 0600
with water, 0831
with Weinreb amides, 1448

Grignard reagents, X-ray
diffraction, 0260

ground state, and excited state
in photochemistry,
0329

Grovenstein-Zimmerman
rearrangement, 1585

Grubbs catalysts I and II, for
metathesis, 1683

and ring opening metathesis
polymerization, 1685

Grunwald-Winstein equation,
and solvent effects, 0505

and solvolysis, 0482
Grunwald-Winstein,

relationship, 0406
guanidine-nitric acid, 0686
guanidines, addition of

ammonia to cyanamide,
1296

and alkyl halides, 0570
and formation of aziridines,

0565
and supercritical ammonia,

0415
from amines, 1296

guest ions in guest-host
complexes, 0120

guest-host complexes, see
complexes

guest-host interactions,
0125–0128

guests, in guest-host
interactions, 0127

gyroscane, 0135

half-chair conformation, and
cyclopentane, 0212

half-life, definition, 0320
enol tautomerization, 0770
of equatorial chair

conformation, 0204
halide exchange, 0883, 0884
halide ions, and phase transfer,

0575
Finkelstein reaction, 0574
with ditosylamines, 0586

halide reactivity, in Ei reactions,
1509

halides, acyl, and acyl
carbocations, 0722

and amino acids, 0789
and enamines, 0635
and Friedel-Crafts acylation,

0721
and nitration of anilines,

0688
and O-acylation, 1451
and Rosenmund reduction,

1808
and Suzuki-Miyaura

coupling, 0903
and the Arndt-Eistert

synthesis, 1457
and the Schotten-Baumann

procedure, 1411, 1427
and the tetrahedral

mechanism, 0482
and the Wurtz reaction, 1451

halides, acyl, base induced
elimination to ketenes,
1532

coupling to diketones, 1450
decarbonylation, 0749
exchange with carboxylic

acids, 1441
for acylation, 1451
formation of acyl azides,

0573
Friedel-Crafts acylation, with

alkenes, 0796
from aldehydes, 0964
from carboxylic acids,

1440
from halogens, 0964
from ketenes and HX, 1031
from oxalyl halides and

carboxylic acids, 1441

from trihalides and sulfur
trioxide, 0521

hydrogenolysis, 1808
hydrolysis, reactivity order of

halides, 1398
intramolecular Friedel-Crafts

acylation, 0721
Lewis acid catalyzed addition

to alkenes, 1161
metal catalyzed

decarbonylation to
alkenes, 1534

metal induced
dehalogenation to ketenes,
1540

peroxides induced
decarbonylation, 0997

reactivity order, in acyl
halide hydrolysis, 1398

reduction to alcohol, 1840
reduction to aldehydes,

reagents, 1808
halides, acyl, with active

methylene compounds,
1451

with alcohols, 1411
with alkenes, 0796
with amides, 1439
with ammonia or amines,

1427
with aromatic compounds,

0719
with arylboronic acids, 0903
with azide ion, 0571
with boronic acids, 1443,

1444
with carboxylates, 1422
with copper cyanides, 1457
with diazomethane, 1457,

1599
with epoxides, 0584
with ethers, 1412
with Grignard reagents, 1444
with hydrogen peroxide,

0545
with hydrogen sulfide, 1425
with ketones, 1274
with organocadmium

reagents, 1443
with organocuprates,

1442
with organometallic reagents,

1443, 1444
with thiols, 1412, 1425
with urea, 1439

halides, alkyl, addition to
alkenes, Friedel-Crafts
catalysts, 1160

halides, alkyl, alkylation and
ultrasound, 0512
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halides, alkyl, and anti
elimination, 1480

and B strain, 0398
and bond angle, 0026
and carbamate formation,

0542
and carbanions, 0265
and carbocations, 0237, 0434
and E2 reactions, 1478–1486
and formation of amines,

0559
and formation of aryl halides,

0705
and formation of carbenes,

0287
and formation of isocyanates

or isothiocyanates, 0573
and formation of onium salts,

0376
and formation of sulfonate

esters, 0546
and halide ions, 0574
and I strain, 0399
and microwaves, 0577
and phase transfer, 0576
and SN1 reactions, 0434
and strain in carbocation

formation, 0398
and the SN1 mechanism,

0398
and Wurtz coupling, 0589

halides, alkyl, base induced
elimination, suitable
bases, 1530

base induced elimination,
and Hofmann’s rule, 1531

base induced elimination,
and Zaitsev’s rule, 1531

by Lewis acid catalyzed
addition to alkenes, 1159

by Lewis acid catalyzed
addition to alkynes, 1160

by Lewis acids and
organocopper compounds,
0604

by the Katritzky pyrylium-
pyridinium method, 0586

carbonylation with alcohols,
0654

carbonylation with sodium
tetracarbonylferrate, 0653

catalytic hydrogenation,
1826

chemoselective reduction,
1827

coupling with dihalides, 0598
coupling with Grignard

reagents, 0590, 0599
coupling with lithioalkynes,

0595

coupling with metals,
0589

coupling with
organocuprates, 0599

coupling with p-allylnickel
complexes, 0593

cyclohexyl, and E2 reactions,
1481

dehalogenation, reagents,
1824–1827

diastereomers and
stereochemistry of
elimination, 1502

electrochemical coupling,
0598

electrochemical reduction,
1826

enantiopure, and E2
reactions, 1480

exchange with organolithium
reagents, 0250

halides, alkyl, from alcohols,
0520, 0559, 0576

from alkanes, 0954–0960
from alkyl halides, 0574,

0833
from alkyl sulfates, 0576
from alkylsulfonic acids,

0996
from amines or ammonium

salts, 0586
from carboxylic acids, and

reagents for, 0995, 1426
from carboxylic esters, 0584,

0585
from cyanogen bromide,

0586
from ethers, 0580, 0581,

0582
from Grignard reagents,

0819
from halogens, 0954–0960
from mineral acids, 0576
from organometallics, 0819
from oxonium salts, 0582
from silyl ethers, 0580
from sliver carboxylates,

0994
from sulfonate esters, 0575,

0576
from thioethers, 0639
from thiols, 0579
from thionyl chloride, 0576
from trialkylsilyl halides and

alkenes, 1031
from trichloroisocyanuric

acid and alkenes, 1031
halides, alkyl, halogen

replacement, 0833
hydrolysis of, 0519

in the Finkelstein reaction,
0574

in the Gabriel synthesis,
0556, 0569

in the Hunsdiecker reaction,
0994

in the Kornblum reaction,
1765

in the Mentshutkin reaction,
0555

in the von Braun reaction,
0586

in water, 0519
ionization to carbocations,

0247
Lewis acid catalyzed addition

to alkenes, 1159
mechanism of hydrolysis,

0519
meso, and E2 reactions, 1480
metal catalyzed

carbonylation, 0654
metal induced elimination to

alkenes, 1539
metal mediated, 0590
metal mediated

carbonylation, 0652
metal mediated coupling

with alkynes, 0647
metal mediated coupling

with allylic halides, 0597
metal mediated coupling,

unsymmetrical, 0593
oxidation to aldehydes, 1765
oxidation to aldehydes, the

Sommelet reaction, 1766
oxidation with DMSO,

mechanism, 1766
oxidative coupling with base,

1783
primary, and SN1 reactions,

0505
radical conjugate addition,

1122
rate of E2 reactions, 1481
rates of solvolysis, 0480
reaction with aromatic

compounds, 0705
reactivity as a function of the

halide, 0556
reactivity in carbonylation

reactions, 0653
reactivity in elimination

reactions, 1502, 1503
reactivity with ethanol,

0398
reduction by hydrolysis of

Grignard reagents, 1828
reduction to hydrocarbons,

reagents, 1824–1827
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reduction with LiAlH4, and
SET mechanism, 1828

reduction with Raney nickel,
1826

reduction with trialkyltin
hydrides, 1825, 1826

SN1 in sulfur dioxide, 0434
solvolysis and carbocations,

0325
solvolysis and I strain, 0399
solvolysis and mechanism,

0325
steric hindrance and

reactivity, 0398
substituent effects n E2

reactions, 1504
terrtiary, elimination in the

Stork enamine reaction,
0635

trialkylsilyl, with alkenes,
1031

trihalides, see trihalides
halides, alkyl, with acetylide

ion, 0646
with active methylene

compounds, 0622, 0623
with alkoxides, 0529
with alkyl diazotates, 0573,

0574
with amide bases, 0568
with amines or ammonia,

0555, 0558, 0876
with arylboronic acids, 0889
with azide ion, 0571, 0572
with carboxylate salts, 0539
with Collman’s reagent, 0650
with cyanide ion, 0515, 0648
with cyanohydrins, 0649
with dianions, 0515
with disulfide ions, 0553
with enolate anions, 0515,

0622, 0623
with ethers, 0543
with Grignard reagents, 0262
with Group I and II

organometallics, 0594, 0595
with guanidine, 0570
with hydroperoxide ions,

0544
with hydroxide, 0519
with isonitriles, 0648
with lactams, 0512, 0569
with lithio propargyl

compounds, 0596
with metal cyanides, 0648
with metals, 0829, 0831
with nitrite ions, 0515
with nitro compounds, 0515
with organocuprates, 0600,

0603

with organolithium
compounds, ESR and
CIDNP, 0599

with organolithium
compounds, 0594, 0595

with organolithium reagents,
radical intermediates,
0269, 0270

with organometallic
compounds, and radicals,
0599

with organometallic
compounds, mechanism,
0598

with organometallics, 0604,
0605, 0606, 0607, 0833

with organopotassium or
organosodium, 0594, 0595

with organozinc compounds,
0605

with oxazine carbanions,
0642

with oximes, 0547
with phenoxide ions, 0515
with phosphines, 1369
with phosphites, 1375
with selenide ions, 0552
with silver compounds, 0505
with sodium nitrite, 0571
with sodium sulfide, 0551
with sulfonamides, 0570
with sulfonic acid salts, 0554
with telluride ions, 0552
with thiocyanate ion, 0554
with thiols, 0549
with thiosulfate ion, 0553
with thiourea, 0548
with triethylborane, 0520
with trimethylsilyl cyanide,

0649
halides, allylic, and Pd

complexes, 0043
coupling, 0592
formation with no

rearrangement, 0576
from allylic esters, 0585
in the Delépine reaction,

0558
metal mediated coupling

with alkyl halides, 0597
with anilines and

hyponitrites, 0923
with carbanions, 0594
with Grignard reagents,

0634
with organometallics, 0604,

0605, 0606, 0607
halides, aryl, also see fluorides,

chlorides, bromides,
iodides

halides, aryl, and carbonylation
with alcohols, 0909

and halide exchange, 0883
and Orton rearrangement,

0740
and Sonogashira coupling,

0904
and SRN1 mechanism, 0862
and Stephens-Castro

coupling, 0903–0906
and Suzuki-Miyaura

coupling, 0899–0903
and the halogen dance, 0749

halides, aryl, arylation of
alkenes, metal catalyzed,
0891–0897

carbonylation, 0909, 0910
coupling with active

methylene compounds,
0906–0908

coupling with alkenes,
0891–0897

coupling with enolate anions,
0906–0908

coupling with heterocycles,
0887

cyanation, 0885
dehalogenation, 0749, 0750
electrochemical

carbonylation, 0909
formation of aryl selenides,

0552
formation of ketones, 0910
Friedel-Crafts alkylation,

0705
from alkyl halides, 0705
from amines, replacement of

alkyl groups, 0875
from anilines, 0985
from aryl halides, 0883
from aryldiazonium salt,

0984
from arylsulfonyl halides,

0749
halide exchange, and

microwaves, 0884
heteroaryl, coupling with

alkenes, 0891
homocoupling, in ionic

liquids, 0887
hydroxylation, 0870
in the Gatterman reaction,

0984
in the Goldberg reaction,

0876
in the Heck reaction,

0891–0897
in the Hurtley reaction, 0907
in the Sandmeyer reaction,

0984
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halides, aryl, arylation of
alkenes, metal
catalyzed, (Continued)

in the Stork enamine
reaction, 0635

in the Ullmann reaction,
0897

intramolecular carbonylation,
0909

intramolecular Heck
reaction, 0892

metal catalyzed alkylation,
0629

metal catalyzed
carbonylation,
0909

metal catalyzed coupling
with enolate anions, 0907

metal catalyzed coupling
with silylalkynes, 0905

metal catalyzed reaction with
alkoxides, 0873

metal catalyzed reaction with
phosphines, 0881

metal mediated coupling,
0897

phenoxides in ionic solvents,
0872

photochemical coupling with
aromatic compounds,
0981

reaction with amines, 0875
reactivity order in benzyne

mechanism, 0860
reactivity, in metal mediated

coupling, 0592
reagents for homocoupling,

0887
rearrangement, 0749
substitution by amines, base

catalysis, 0856
synthesis of, 0884

halides, aryl, with active
methylene compounds,
benzyne mechanism, 0906

with acyl aniline derivatives,
0740

with alkenes, also see Heck
reaction

with alkoxides, 0871
with alkynes, 0899, 0904
with alkynes, see

Sonogashira
with allylic esters, 0609
with amide bases, 0568, 0876
with amides, 0880, 0855
with amines, metal catalyzed,

0693
with aryl halides, benzyne

mechanism, 0887

with arylborates, 0902
with arylboronic acids,

0899–0903
with carboxylate salts, 0872
with enolate anions, 0890
with enolate anions,

enantioselectivity, 0907
with heterocycles, 0881
with hydrosulfide anion,

0874
with hydroxide, 0870
with lactam enolate anions,

0907
with lactams, 0880, 0881
with Lewis acids, 0749
with metal halides, 0883
with metals, 0750
with organolithium

compounds, 0595
with organolithium reagents,

0884, 0886
with organometallics, 0604,

0605, 0606, 0607, 0750,
0886

with oxazolidinones, 0881
with phenols, in ionic liquids,

0873
with phenoxides, and

microwaves, 0872
with selenide anions, 0875
with silylamines, 0878
with sulfonate anions or

sulfonic acid salts, 0875
with sulfoxides, 0890
with sulfur nucleophiles,

electrochemistry, 0874
with sulfur nucleophiles, in

ionic liquids, 0874
with thiolate ions, 0874
with thiophenes, 0881
with triaryl phosphate, 0873
with trifluoroborates, 0890,

0903
with vinylboranes, 0607
with vinylboronic acids, 0890
with vinyltrifluoroborates, 0897

halides, benzylic, from alcohols
with microwaves, 0512

in the Delépine reaction,
0558

oxidation by the Krönke
reaction, 1766

oxidative coupling to alkynes
and tolanes, 1783

solvolysis, 0486
with pyridine, 0096

halides, carbamoyl with
organocuprates, 1428

halides, carbon tetrahalides and
complex formation, 0119

halides, carbonylation, 0910
halides, cyanogen, with phenols,

0531
halides, cyclopropyl, and allylic

carbocations, 0487
halides, cyclopropylcarbinyl,

and organocuprates, 0473
halides, diarylmethyl, 0434
halides, dihalides, see dihalides
halides, from alkenes, 1144
halides, inorganic, with

carboxylic acid
derivatives, 1441

halides, lithium-betaines, 1374
halides, magnesium, Grignard

reagents, 0260
halides, metal, also see metal

halides
halides, metal, and

transmetallation, 0826
with alcohols, 0578
with aryl halides, 0883
with aryldiazonium salts,

0984
with carboxylic acids, 1426
with epoxides, 0582
with organometallics, 0826

halides, organozinc, with
thioesters, 1450

halides, phosphorus, and
Hell-Volhard-Zelenskii
reaction, 0781

halides, propargyl, and Glaser
reaction, 0979

reduction to allenes, 1826
with Grignard reagents, 0596

halides, selenyl, with enolate
anions, 0791

halides, silyl, cleavage of ethers,
0582

with alkenes and DMSO,
1156

with allylsilanes, 0588
with carboxylic esters, 0585
with lactones, 0585

halides, sulfinyl, with alcohols,
0554

halides, sulfonyl, addition to
alkenes, 1156

addition to alkynes, 1156
and chlorosulfuric acid,

0697
and formation of aryl

sulfones, 0697
and the Reed reaction, 0974
base induced elimination to

sulfenes, 1532
formation of sulfenes, 1471
from aromatic compounds,

0697
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from aryldiazonium salts, 0986
from hydrocarbons, 0973
halogenation of sulfonic

acids, 1474
hydrolysis, 1472
reduction to disulfides or

thiols, 1850
with alcohols, 0546, 1473
with alkyl halides, 0554
with ammonia or amines,

1474, 1475
with arylboronic acids, 1476
with diazomethane, 1386
with Grignard reagents, 1475
with halo esters, Lewis acids

catalysis, 0605
with organometallics, 1475

halides, vinyl, and addition-
elimination, 0474

and E2 reactions, 1482
and elimination-addition

reactions, 0477
and SRN1 reactions, 0478
and substitution, 0474
and the element effect, 0475
and the tetrahedral

mechanism, 0474
by addition of alkyl halides to

alkynes, 1160
coupling with alkyl groups,

0795
formation of vinyl esters,

0541
formation of vinyl sulfides,

0550
from aldehydes or ketones

with phosphorous
pentachloride, 1298

from alkynes, 0820, 1031
from conjugated carboxylic

acids, 0996
from vinylboranes, 0820
from vinyliodonium salts,

0819
in the Stille coupling,

0793
metal catalyzed addition to

alkenes, 1100
metal catalyzed alkylation,

0629
metal catalyzed coupling,

0591
metal catalyzed coupling

with alkynes, 1094
reduction to alkenes, 1827
reduction, with metal in

alcohol, 1827
with acetamide, 0823
with alkylboronic acids,

0607, 0608, 0794

with Grignard reagents,
0600

with organometallics,
0604–0607

with thiol anions, 0474
Haller-Bauer reaction, 0844
halo amides, and the Hofmann

rearrangement, 1608
halo ammonium salts,

cyclization, 1695
halo-acetals, from vinyl ethers,

1154
halo-acids, Hell-Volhard-

Zelenskii reaction, 0781
lactone formation, 0304

halo-alkenes, radical
cyclization, 1125–1129

halo-amides, cyclization, 0571
halo-amines, by addition of

haloamines to alkenes,
1157

formation of aziridines and
cyclic amines, 0557

halo-azides, see azides
halo-carboxylic acids, 0585
halo-esters, addition to alkenes,

1161
halo-esters, metal mediated

reaction with imines,
1465

halo-ethers, see ethers
halo-ketones, addition of acyl

halides to alkenes, 1161
and the Favorskii

rearrangement, 1595
by oxidation of alkenes, 1775
from ketones, 0776
from vinyl halides and

NaOCl, 1154
halo-lactams, 1155
halo-nitro compounds, from

alkenes and nitryl
chloride, 1158

halo-nitroso compounds, from
alkenes, 1158

halo-sulfides, see thioethers
halo-sulfides, Pummerer

rearrangement of
sulfoxides, 1866

halo-sulfones with ketones,
1384

and Ramberg-Bäcklund
reaction, 1536

base induced elimination to
alkenes, 1536

halo-thioethers, from alkenes
and silyl halides, 1156

haloacylation of alkenes, and
the Vilsmeier reaction,
1162

haloacylation, of alkenes, 1161
haloalkenes, see halides, vinyl
haloalkylation, and Friedel-

Crafts reaction, 0717
haloalkynes, by electrolysis,

0820
from alkynes, 0819
from organometallics, 0819
metal catalyzed or metal

mediated arylation, 0647
haloamides, and

amidomethylation, 0731
haloamines, addition to alkenes,

1157
amination of aromatic

compounds, 0694
and amination of alkenes,

1046
and halogenation of aromatic

compounds, 0699
and Stieglitz rearrangement,

1616
from amines, 0849
reaction with acids, 1695
rearrangement with silver

nitrate, 1616
haloboranes, see boranes
halocarbamates, addition to

alkenes, 1052
halocyclopropanes, flash

vacuum pyrolysis, 1591
haloesters, and the Reformatsky

reaction, 1326
metal mediated addition to

aldehydes or ketones,
1326

haloethers, from alkenes, 1152
with magnesium, 0830,

0831
haloform reaction, 0842

electrochemical, 0843
rate determining step, 0843

haloformic acids, from
phosgene and alcohols,
1276

halogen dance, 0749
halogen radicals, see radicals
halogen-free Heck reactions,

0893
halogen-metal exchange, and

organocuprates, 0603
halogenating agents, for

alcohols, 0578, 0579
for carboxylic acids, 1440

halogenation, allylic hydrogen,
with NCS, 0963

halogenation, base-induced, of
alkanes, 0957

halogenation, mixed, of alkenes,
1151

SUBJECT INDEX 2269



halogenation, of acyl anilines,
0740

of aldehydes, and
a-halogenation, 0964

of aldehydes,
enantioselectivity,
0776

of alkanes, 0954–0960
of alkanes, fluorine radicals,

0955
of alkenes, 1029, 1148–1150
of alkenes, and isotopic

labeling, 1004
of alkenes, and p-complexes,

1004
of alkenes, and radical

initiators, 1149
of alkenes, radical,

mechanism, 0958
of alkenes, the Prins reaction,

1161
of alkynes, 1148, 1151, 1152
of allylic alcohols, 0579
of aminopyridines, 0701
of aromatic compounds,

0676, 0698–0703
of aromatic compounds, and

Lewis acids, 0702
of aziridines, 0584
of boranes, and radicals,

0820
of carboxylic acids, with

NBS, 0781
of conjugated compounds,

1151
of conjugated ketones,

0780
of cyclopropylcarbinyl

alcohols, 0579
of enol borinates, 0780
of enolate anions, 0820
of enols, 0778
of enynes, 1151
of epoxides, 0582, 0583,

1791
of furans, 0703
of ketones, 0776–0780
of lactams, 0851
of organometallics,

mechanism, 0821
of pyrroles, 0703
of silanes, 0960
of steroids, 0958
of sulfoxides, reagents for,

0782
of thiiranes, 0584
of thiophenes, 0703
of vinylboronic acids, 0820

halogenation, radical, allylic
hydrogen, 0960

allylic, mechanism, 0961,
0962

and AIBN, 0961
and polyhalogenation, 0957
and the Hofmann-Löffler

reaction, 0958
benzylic hydrogen, 0960
bond dissociation energy,

0960
metal catalyzed, 0961
of aldehydes, with NBS,

0964
of alkenes, 0961
of methane, rate determining

state, 0959
with NBS, 0956
with sulfuryl chloride, 0956

halogens, addition to alkenes,
1148

addition to alkenes, in ionic
liquids, 1157

addition to alkynes, 1148
addition to cyclopropanes,

and UV, 1027
and bridged ions, 1149
and halonium ions, 1000
and the haloform reaction,

0842
and the Reed reaction, 0974
cleavage of ketones, 0842
influence of, on radical

cyclization, 1126
mixed, reactivity with

alkenes, 1151
of anilines, and Lewis acids,

0699
of ketones, enantioselectivity,

0777
order of reactivity in the

Ramberg-Bäcklund
reaction, 1536

photochemical cleavage, 0279
halogens, with alcohols, 1154

with alcohols, and alkenes,
1152

with aldehydes, 0964
with alkanes, 0954–0960
with alkenes and sulfur

dioxide, 0973
with alkenes, mechanism,

1149
with amides, 1608
with organometallics, 0819
with silver carboxylates,

0994
with trialkylboranes, 0819

halohydrins, and chloramine-T,
1153

by halogenation of epoxides,
1791

epoxide formation, 0532
from alkenes, 1152
from epoxides, 0582
from Grignard reagents and

epoxides, 0620
Williamson reaction, 0532

haloketones with boranes, 0644
and formation of conjugated

ketones, 0796
from diazo ketones, 0585
rearrangement to carboxylic

esters, 1595
with boranes, mechanism,

0645
with organocuprates, 0632
with trialkylboranes, 0632

halolactamization, and reagents
for, 1154, 1155

halolactones, addition to
alkenes, 1161

by radical halogenation, 0956
halolactonization, and reagents

for, 1154, 1155
halonium ions, from addition to

alkynes, 1018
from alkenes, 1000
stability, and neighboring

group effects, 0449
halosilanes, see silanes
halosulfones, see sulfones, halo
halosulfonyl esters, 1156
Hammett acidity function, and

solvents, 0369
Hammett equation, and

aromatic carboxylic acids,
0402

and aromatic substitution,
0679

and equilibrium constants,
0402

and linear free energy
relationship, 0405

and radicals, 0949
rate constants and reactivity,

0401, 0402
reactions that do not fit, 0403

Hammett relationships, and
SNAr reactions, 0867

Hammett s values, electrophilic
aromatic substitution,
0679

Hammett sr relationship, and
substituent effects, 0486

Hammond postulate, and
arenium ions, 0666

and carbocations, 0480, 1019
and Markovnikov’s rule,

1019
and transition states, 0480
definition, 0308
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Handbook of Chemistry and
Physics, 1886

Handbook of Naturally
Occurring Compounds,
1887

handedness, and enantiomers,
0137

Hantzsch dihydropyridines, and
reductive alkylation, 1290

hapto prefix, and metal
complexes, 0116

hard acids, and ionic bonds,
0378

definition, 0377
hard bases, and ionic bonds,

0378
definition, 0377

Hard-soft acid-bases, also see
HSAB

Hard-soft acids-bases, 0377,
0378

hardness model, and
aromaticity, 0057

hardness, 0377–0379
and aromaticity, 0063

Hartree-Fock calculations, and
annulenes, 0080

Hartree-Fock method, 0034
Hauptwerk (das Hauptwerk), of

Beilstein, 1881, 1882
Haworth reaction, 0722
Hay reaction, 0979, 0980
HBr, and DMSO, 0700

and hydrogen bonding, 0112
and peroxides, with alkenes,

1030
and radicals, addition to

alkenes, 1124
cleavage of ethers, 0523, 0580
with alcohols, 0576
with alkenes, 1029
with cyclopropanes, 1025

HBuIm, ionic liquids, 0416,
1199

HCl, addition to alkenes, 1005
and hydrogen bonding, 0112
as an acid, 0357
cleavage of ethers, 0523
with alcohols, 0576
with alkenes, 1029
with butadiene, 1014

HCN, addition to alkenes, 1147
addition to C����N compounds,

1392
addition to iminonitriles,

1393
addition to nitriles, 1393
and proton transfer, 0368
and the Sandmeyer reaction,

0985

conjugate addition, 1147
with aldehydes or ketones,

1389
heat of atomization, 0028

of benzene, 0036
of butadiene, 0039

heat of combustion, 0029
and alkene stability, 1497
and cycloalkanes, table, 0225
annulenes, 0091
cis/trans isomers, 0186

heat of hydrogenation, for
benzene, 0037

Heck reaction, 0793,
0891–0897

and aryl silanes, 0897
and aryliodonium salts, 0896
and diazonium salts, 0916,

0923
and Meerwein arylation, 0924
and microwaves, 0354, 0894
and palladium, 0891–0897
and vinyl organometallics,

0896
and vinyl silanes, 0896
and vinyltrifluoroborates,

0897
enantioselective, 0894, 0895
halogen-free, 0893
homogeneous catalysts, 0893
in aqueous media, 0893
in ionic liquids, 0894
in supercritical carbon

dioxide, 0894, 0895
in perfluorinated solvents,

0893
intramolecular, 0892, 0895
mechanism, 0894
metal catalysts other than

palladium, 0895, 0896
on solid support, 0894
phosphine-free and polymer-

supported catalysts, 0893
rearrangement, 0895
regiochemistry, 0892
stereospecific nature, 0895
substituted alkenes, 0892
with alkynes or allenes or

dienes, 0892
with arylboronic acids, 0896

Heilbron’s Dictionary of Organic
Compounds, 1885

helical chirality, 0149, 0150
helical chirality, also see

chirality
helicene, and chirality, 0149,

0150
helix, and chirality, 0149, 0150
Hell-Volhard-Zelenskii reaction,

0781

hemiacetals, and acetal
hydrolysis, 0524

and formation of acetals,
1271

conversion to ketones,
1620

stability, 1272
hemiaminals, 1281–1283
hemicarcerands, and

cyclobutadiene, 0074
hemimercaptals, 1278
hemispherands, 0123
Henkel reaction, 0747
Henry reaction, 1357, 1358
heptahelicene, and chirality,

0149
and mechanical resolution,

0176
heptalene derivatives, stability

of, 0068
heptalene, aromaticity and

reactions, 0067, 0068
and chirality, 0149, 0150

Herndon model, 0057
Hess-Schaad model, 0057
hetarynes, 0862
hetarynium ions, 0675
heteroaromatic compounds, and

aromaticity, 0057, 0058,
0062

heteroatom Diels-Alder, see
Diels-Alder, heteroatom

heteroatom functional groups,
and Diels-Alder reaction,
1216

heteroatom nucleophiles,
conjugate addition, 1130

heteroatom stabilized
carbocations, 0248

heteroatom vinylcyclopropane
rearrangement, 1657

heteroatoms, and allylic
carbanions, 0641

and benzylic carbanions,
0641

and catenanes, 0132
and crown ethers, 0121
and hydrogen bonding,

0106
and organometallics, 0809
and the Pauson-Khand

reaction, 1142
conjugated to carbanions,

0253
conjugation with

carbocations, 0242
in six-membered rings,

0209
in the 2nd row, and the

anomeric effect, 0211
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heterocycles, acylation, 0983
addition of alkenes, 1088
alkylation of, with

organometallics, 0914
alkylation, and Ziegler

alkylation, 0913
amination, 0915
and Birch reduction, 1067
and Chichibabin reaction,

0915
and directed ortho

metalation, 0912
and Friedel-Crafts reactions,

0983
and radical cyclization, 1129
and Sonogashira coupling,

0904
and Suzuki-Miyaura

coupling, 0901
and the Gomberg-Bachmann

reaction, 0924
and the Heck reaction,

0891
arylation, 0881
by alcoholysis of alkynes,

1038
by aromatization, 1711
by cyclotrimerization with

metal carbenes, 1247
carbalkoxylation, 0983
carbonylation, 0909, 0910
catalytic hydrogenation,

1066
coupling with aryl halides,

0887
Diels-Alder reactions, 1217
electrophilic aromatic

substitution, 0675
from alkynes and alcohols,

1038
lithiation, 0809
nitration, 0687
radical alkylation, 0982
radical reaction with

carboxylic acids, 0982
reduction with metals in

aqueous alcohols, 1069
vicarious substitution, 0916
with amide bases, 0915
with Fenton’s reagent, 0983
with hydrazide anions, 0916

heterocyclic amines, and diazo
compounds, 0918

Heterocyclic Compounds, 1894
heterocyclic compounds, and

Friedel-Crafts acylation,
0720, 0721

and tautomerism, 0105
Friedel-Crafts alkylation,

0709

Gatterman reaction, 0725
halogenation of, 0701
Reimer-Tiemann reaction,

0726
heterogeneous catalysts, and

hydrogenation, 1054
heterogeneous Pauson-Khand

reaction, 1142
heterolytic bond cleavage, 0296
heteropolytungstic acid, 0975
hexahelicene, and strain, 0232
hexahydroazepin-2-one, see

caprolactam
hexamethyldisilazane, with silyl

halides, 0799
hexamethyldisilazide, lithium,

and the aldol reaction,
1343

hexamethylenetetramine, amine
alkylation, 0558

and the Delépine reaction,
0558

and the Duff reaction, 0727
hexamethylphosphoramide, see

HMPA
hexamethylprismane, and

photochemical [2 þ 2]-
cycloaddition, 1232

HF, and hydrogen bonding,
0107

in pyridine, formation of aryl
fluorides, 0921

with acyl halides or
anhydrides, 1441

HF-pyridine, and acetals or
ketals, 0526

HI, and hydrogen bonding, 0112
cleavage of ethers, 0580
with alkenes, 1029

High Performance Liquid
Chromatography, see
HPLC

high pressure mass
spectrometry, see mass
spectrometry

high pressure, and activation
volume, 0413

and amines with lactams,
1438

and Diels-Alder reactions,
0513, 1198

and dipolar transition states,
0513

and metal catalyzed
conjugate addition of
amines, 1130

and partial molal volume,
0513

and rate of diffusion, 0414
and reactivity, 0413, 0512

and steric hindrance, 0513
and substitution reactions,

0442
and the Claisen

condensation, 0513
and the Knoevenagel

condensation, 0513, 1359
and the Strecker synthesis,

1391
and transition states, 0413,

0513
and volume of activation,

0513
high-dilution, and Friedel-Crafts

cyclization, 0721
higher order mixed

organocuprate, 0602, 0603
Highest Occupied Molecular

Orbital, see HOMO
hindrance, steric, see steric

hindrance
Hinsberg test, and sulfonamides,

1474
hmim, ionic liquid, 0700
HMO theory, benzene, 0037
HMO, and cyclopropenyl anion,

0076
HMPA, and aryl halides with

alkoxides, 0871
and dialkylamide bases, 0389
and Grignard reagents, 0262
and hydrogen bonds, 0109
and Normant reagents, 1102
and sodium cyanide, 0649

HOBr, with alkenes, 1152
HOCl, with alkenes, 1152
Hoesch reaction, 0732
HOF, and explosions, 1153
Hoffmann-Löffler-Freytag

reaction, 1695
Hofmann degradation, 1522,

1523
Hofmann elimination, 1500

and the Sommelet-Hauser
rearrangement, 0929

and the Stevens
rearrangement, 1623

Hofmann exhaustive
methylation, 1522

Hofmann rearrangement, 1563,
1607

mechanism, 0311, 1608
Hofmann’s rule, and acidity of

b-hydrogens in
elimination, 1499

and dehydration of alcohols,
1514

and elimination, 1498
and Hofmann degradation,

1522
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and pyrolytic elimination,
1510

Hofmann-Löffler reaction, 1695
and radical halogenation,

0958
mechanism, 1695

Hofmann-Martius reaction,
0741

HOI, with alkenes, 1152
HOMO, and Diels-Alder

reaction, 1195
and endo addition, 1214,

1215
and frontier orbital method,

1208
and tetraenes, 0045
overlap of orbitals in

electrocyclic reactions,
1636

homo-Brook rearrangement,
1701

homo-Diels-Alder reaction,
1204

homo-metathesis, 1684
homoaldol reaction, and the

Knoevenagel reaction,
1362

homoallylic alkenes, 0451
homoallylic carbocations, 0451
homoanomeric interactions,

0209
homoaromatic compounds,

0093, 0094
homoaromatic, spherical, 0094
homoazulenes, and aromaticity,

0082
homoazulenes, X-ray, 0082
homoconjugation, 0045

and carbocations, 0239
homocoupling, of aryl halides,

reagents for, 0887
homocubene, 0233
homodesmotic reactions, 0038
homodienyl [1,5]-sigmatropic

hydrogen shift, 1673
homodienyl [1,5]shifts, 1653

and vinylcyclopropane
rearrangement, 1658

homodimerization, of alkenes,
0977

homoenolate ion, 0256
homofullerenes, 0095
homogeneous reactions, and

kinetics, 0315
homogenous catalysts, and

hydrogenation, 1054,
1055

homogenous catalytic
hydrogenation,
mechanism, 1061

homologation, addition to
aldehydes or ketones,
1601, 1602

homologation, by carbene
insertion or carbenoids,
0803

of carboxylic esters, 1450
homolytic mechanism, 0297
[1,5]-homosigmatropic

rearrangement, 1673
Hooke’s law, and molecular

mechanics, 0214
Horner-Emmons or Horner-

Wadsworth-Emmons, see
Wittig Horner

horseradish peroxidase,
oxidation of thioethers,
1782

hosts, crown ethers in guest-host
complexes, 0120

hot spot, sonochemistry, 0350
Houben-Hoesch reaction, see

Hoesch reaction
Houben-Weyl’s Methoden der

Organischen Chemie,
1893

HPLC, and annulenes, 0092
and enantiomeric catenanes,

0134
and enantiomeric purity,

0182
HSAB principle, 0378
HSAB, and carbonyl carbon,

0494
and enolate anions, 0380
and equilibrium, 0379
and nucleophiles, 0492
and polarizability, 0516
and substitution reactions,

0516
table of acids and bases, 0378

Huang-Minlon modification, of
Wolff-Kishner reduction,
1836

Hückel aromaticity, 0091
Hückel molecular orbital

calculations, 0034, 0035
Hückel’s rule, 0073

and annulenes, 0079
and aromaticity, 0071, 0078
and cycloadditions, 1210

Hückel-systems, allowed
reactions, 1211

Hund’s rule, and aromaticity,
0072

and carbenes, 0284
and photochemistry, 0331

Hünigs base, and addition of
allylic halosilanes to
aldehydes, 1323

and the aldol reaction,
1346

and the Claisen
condensation, 1453

Hunsdiecker reaction,
0994–0996

and radicals, 0943
and the Simonini reaction,

0995
Hurtley reaction, 0907
hybrid orbitals, sp, sp2, and sp3,

0008, 0009
hybridization, 0007

and acidity, 0388
and allenes, 0148
and aromaticity, 0050
and bond angle, 0026
and bond distance, 0024,

0025
and bond energy, 0030, 0031
and bond rotation, 0196
and boron, 0008
and carbanion stability,

0254
and carbanions, 0257
and conformations, 0196
and cyclophanes, 0050
and inductive and field

effects, 0022
and mercuric chloride, 0008
and PES spectra, 0014
and prismane, 0220
and radicals, 0276
and resonance energy, 0040
and SN2, 0426
butadiene, 0039
diagonal, 0008
in ethyne, 0010
of carbon, 0008
of dienes, 0040
sp, 0009, 0010
trigonal, 0008

hydrates, from aldehydes or
ketones, and I strain,
1262

hydration, differential, see
differential hydration

hydration, mercuric catalyzed
hydration of alkynes,
mechanism, 1036

of aldehydes and ketones,
1262

of alkenes, 1032–1034
of alkynes, 1034, 1035
of allenes, 1037
of vinylidene nitriles, and

cleavage, 1034
hydrazide anions, and

substitution of
heterocycles, 0916
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hydrazides, acyl, with alcohols,
1422

from alkenes, 1048
from azodicarboxylates,

1048
from hydrazines with esters,

1436
hydrazine carboxylate, methyl

ester, 0109
hydrazine, and Wolff-Kishner

reduction, 1835
reaction with aldehydes or

ketones, 1284
with carboxylic esters, 1436
with phthalimides, 0569

hydrazine, phenyl, see
phenylhydrazine

hydrazine, tosyl, formation of
allenes, 0769

hydrazines, addition to alkenes,
1047

arylation, 0881
by Hofmann rearrangement

with ureas, 1607
by reductive alkylation of azo

compounds, 1291
oxidation to azo compounds,

reagents, 1730
reaction with oximes, 1285
with aldehydes or ketones,

1284
with nitrous acid, 0846,

1609
hydrazo compounds, by

reduction of nitro
compounds, 1863

reduction to amines, 1853
hydrazobenzene, acid catalyzed

rearrangement, 1678, 1679
hydrazobenzenes, by reduction

of nitro compounds, 1817
hydrazoic acid, addition to enol

ethers, 1053
addition to Michael-type

alkenes, 1052
and aromatic compounds,

0693
and the Schmidt reaction,

1611
with alcohols, 0559
with alcohols and alkenes,

1612
hydrazones, addition of HCN,

1392
addition of organometallics,

1335
alkylation, 0633
and the Fischer indole

synthesis, 1674
as derivatives, 1284

aziridino, LDA induced
elimination to cis alkenes,
1527

dimethyl, alkylation, 0632
dimethyl, with butyllithium,

0632
from active methylene

compounds, 0783
from aryldiazonium salts,

0783
from carboxylic acids, 0784
from hydrazines and

aldehydes or ketones,
1284

from oximes, 1285
halogenation of hydrazines,

1299
hydrolysis, 1264
Japp-Klingemann reaction,

0783
oxidation to nitriles, 1731
reagents for hydrolysis, 1265
reduction to amines, 1811,

1820
reduction to hydrocarbons,

1838
reduction, mechanism, 1838
tosyl, and Knoevenagel

reaction, 1363
tosyl, and the Bamford-

Stevens reaction, 1527
tosyl, and the Shapiro

reaction, 1526
tosyl, base induced

elimination, 1526
tosyl, suitable bases for

elimination, 1527
tosyl, with organolithium

reagents, 1526
unsubstituted, 1285
with ketenes, 1465
with Lewis acids, 1674

hydrazonium salts, and anilines,
0693

elimination to nitriles, 1547
hydrazyl radicals, 0273
hydride ions, and reduction,

1706
hydride shifts, 1697

1,3- and greater, 1572,
1573

and silyl enol ethers
formation, 0799

transannular, 1697
Wagner-Meerwein

rearrangements, 1581
hydride transfer, and oxidation-

reduction, 1706
and the Cannizzaro reaction,

1865

hydride, lithium aluminum, and
desulfurization, 1849

and sterically hindered
ketones, 1792

reduction of acetals or ketals,
1832

reduction of acyl halides,
1840

reduction of aldehydes or
ketones, 1792

reduction of aldehydes or
ketones, mechanism,
1804

reduction of alkyl halides,
1824

reduction of amides, 1841
reduction of amides to

aldehydes, 1810
reduction of amine oxides,

1846
reduction of azides, 1822
reduction of carboxylic acids,

1806
reduction of conjugated

alkenes, 1070
reduction of conjugated

carbonyls, 1793
reduction of epoxides,

1790
reduction of esters to

alcohols, 1807
reduction of hydroperoxides,

1834
reduction of imidazoles to

aldehydes, 1811
reduction of imines, 1811
reduction of nitriles, 1813
reduction of nitro

compounds, 1817, 1863
reduction of oximes, 1819
reduction of propargyl

halides, 1826
reduction of sulfones, 1851
reduction of tosylates, 1832
with aluminum chloride,

reduction of alcohols,
1829

with aluminum chloride,
reduction of ethers,
1832

with chiral additives, 1802
with epoxides, 1706
with Lewis acids, reduction

of ethers, 1839
with quaternary ammonium

salts, 1844
with sulfonyl halides, 1850

hydride, trialkyltin, and
reduction of alkyl halides,
1825, 1826
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hydride, tributyltin, and AIBN,
reduction of
thiocarbonates, 1833

and phenylboronic acid,
reduction of aldehydes,
1798

and radical cyclization, 1125,
1126

and reduction of conjugated
esters, 1072

reduction of aldehydes,
1798

with radicals, 0937
hydrides, alkoxy, and reduction

of nitriles, 1815
hydrides, metal, see metal

hydrides
metal, reduction of boranes,

1628
reduction of aldehydes or

ketones, 1792–1805
reduction of ketones, and

Cram’s rule, 1804
tin, reduction of aldehydes or

ketones, 1798
tri-tert-butoxy, lithium,

reduction of acyl halides,
1808

hydroamination of alkenes,
enantioselectivity, 1181

hydroamination, of alkenes,
metal catalyzed, 1181

hydroboration, 1075–1082
and amination of alkenes,

1050
and enantioselective

synthesis, 1080
and ether solvents, 1075
and functional groups,

1079
and hydration of alkenes,

1034
and oxidation of boranes,

1079
and reduction of alkenes,

1063
and reduction of alkynes to

alkenes, 1064
and steric effects, 1018
and synthetic

transformations, 1079
and Wilkinson’s catalyst,

1082
cyclic, with dienes, 1081
enantioselective, 1079, 1082
mechanism, 1078
of alkynes or dienes, 1081
of norbornene, 1023

hydrobromic acid, see HBr
hydrocarbons, acidity, 0251

alternant and nonalternant,
0069

amination, 1757
and chirality, 0152
and guest-host interactions,

0127
and the Kolbe reaction, 0993
bond energy, 0028
by deamination, reagents,

1843, 1844
by decarboxylation, 0835
by dehalogenation of alkyl

halides, reagents, 1824
by dehydroxylation of

alcohols, reagents, 1829
by desilylation of silanes,

1824
by hydrogenation of

thiophenes, 0991
by metal catalyzed

decarbonylation of
aldehydes, 0997

by reduction of alcohols,
reagents, 1829

by reduction of alkyl halides,
reagents, 1824

by reduction of amines,
reagents, 1843, 1844

by reduction of carboxylic
acids, 1843

by reduction of ethers,
reagents, 1831

by reduction of nitriles, 1843
by reduction of silanes, 1824
by reduction of sulfones,

sulfoxides, thiols,
thioethers, 1848, 1849

coupling of boranes, 0989
coupling of organocuprates,

0988
deamination of amines,

indirect methods, 1844
dipole moments, 0096
halosulfonation, 0973
hydroxylation, 1750, 1751
metal catalyzed coupling of

Grignard reagents, 0987
metal mediated

carbonylation, 0824
oxidation to alcohols, 1750
oxidation to amines, 1757
oxidation to hydroperoxides,

0967
oxidation to peroxides, 0971
oxidation to sulfonic acids,

1757
photochemical reaction with

nitriles, 0975
radical coupling of

carboxylate salts, 0992

reagents, for oxidation to
alcohols, 1751

reduction of aldehydes or
ketones, 1835

reduction of thiocarbonates,
1833

reductive cleavage of esters,
1833

remote oxidation, 1761,
1762

with acylperoxides, 0971
with halogen and sulfur

dioxide, 0973
with hydroperoxides, 0971
with oxygen, 0967
with sulfur dichloride, 0974

hydrocarboxylation, and nickel
carbonyl, 1139

and the Koch reaction, 1137
metal catalyzed, mechanism,

1138
of alkenes, 1136, 1138
of alkynes, 1137, 1138

hydrochloric acid, see HCl
hydrocyanic acid, see HCN
hydroformylation, and dicobalt

octacarbonyl, 1146, 1147
and the Tischenko reaction,

1146
hydrogen abstraction, see

abstraction
hydrogen atom abstraction,

0347
hydrogen atom transfer, and

oxidation-reduction,
1706

hydrogen atoms, and the
Schrödinger equation,
0004

and wave functions, 0004
transannular shifts, 1578

hydrogen bonding, 0106–0114
and acidity, 0385
and molecular recognition,

0124
and pK, 0385
and proton transfer, 0367

hydrogen bonds, funtional
groups and characteristics,
0106–0109, 0112, 0113

and enol stabilization, 0772
and guest-host interactions,

0124
and X-ray crystallography,

0109
hydrogen cyanide, see HCN
hydrogen exchange, and

cyclopropenyl derivatives,
0077

coupling of alkenes, 0802

SUBJECT INDEX 2275



hydrogen
exchange, (Continued)

electrophilic aromatic
substitution, 0684

in base, 0767
in catalytic hydrogenation,

1058
in superacids, 0766
mechanism, reactivity and

structure, 0766
with carbanions, 0759
with carbocations, 0802

hydrogen fluoride, see HF
hydrogen peroxide, see peroxide
hydrogen peroxide, and alkenes,

1171
and hydroxide, with boranes,

1626
and metal catalyst, Baeyer-

Villiger rearrangement,
1618

and oxidation of thiols, 1780,
1785

oxidation of amines to amine
oxides, 1779

oxidation of carboxylic acids,
1773

[1,7]-hydrogen shifts,
photochemical,
antarafacial migrations,
1652

hydrogen shifts, and carbene
rearrangements, 1579

hydrogen sulfide, addition to
alkenes, 1043

with acyl halides, 1425
with carbonyl compounds,

1277
hydrogen transfer, and radical

cyclization, 1125, 1126
and radicals, 0936

[1,4]-hydrogen transfer, in
radical cyclization, 1652

hydrogen transfer, radical,
0937

hydrogen, as a neighboring
group, 0467

migrating group in
rearrangements, 1567

participation, solvolysis,
0467

sigmatropic migration in
alkenes or dienes, 1648

with amines and aldehydes or
ketones, 1288–1291

hydrogen-bond basicity, 0364
hydrogen-bonding, acceleration

of Diels-Alder, 1198
hydrogen-deuterium exchange,

0766

hydrogen-lithium exchange,
with aromatic compounds,
0912

hydrogen-metal exchange, and
radicals, 0834

hydrogen-transfer agent, and
radicals, 1123

hydrogen-tritium exchange,
0766

hydrogenation, catalytic, alkene
selectivity, 1055

and aromatization, 1709
and bond rotation, 1061
and chiral catalysts, 0171
and cleavage of alkanes,

0845
and hydrogen exchange,

1058
and isomerization of alkenes,

1058
and metal complex

formation, 1059
and nanoparticles, 1055
and poisoning, 1055
and reduction of imines,

1811
and Rosenmund reduction,

1808
and steric effects, 1056
and Wilkinson’s catalyst,

1054
asymmetric catalysts, 1073
catalyst types, 1054
chiral catalysts, with imines

or enamines, 1813
chiral ligands, 1056
conjugated compounds,

enantioselectivity, 1072,
1073

enantioselectivity, 1054,
1056, 1057, 1074

functional group
compatibility, 1054

heterogeneous, mechanism,
1059

homogenous, mechanism,
1061

in ionic liquids, 1066
ligands for enantioselectivity,

1056
of acyl halides, 1808
of alcohols, 1829
of aldehydes or ketones,

1795
of alkenes, 0043, 1053–1062,

1057
of alkyl halides, 1826
of alkynes, 1065
of alkynes, Rosenmund

catalyst, 1057

of allenes, 1058
of aromatic compounds,

1066
of benzylic ethers, 0580
of cyclopropanes, 1075
of dienes, 1058
of disulfides, 0990
of enamines, 1049
of heptalene, 0067
of heterocycles, 1066
of isocyanates, 1813
of nitriles, 1814
of nitro compounds, 1823
of oximes, 1812
of phenols, 1830
of thioethers, 0990
of thiols, 0990
of thiophenes, 0991, 1849
or aldehydes of ketones,

mechanism, 1805
poisoned catalyst, 1057
poisons, 1055
polymer-bound catalysts,

1055
reduction of amides, 1841
reduction of hydroperoxides,

1834
selectivity with

homogeneous catalysts,
1055

solvent effects, 1055
sulfur compounds, 0990,

0991
surface and particle sites on

the catalyst, 1060
syn stereochemistry, 1058
types of homogeneous

catalysts, 1055
with allenes, 1065

hydrogenation, heat of, for
benzene, 0037

in situ, and sodium
borohydride, 1057

transfer, 1066
hydrogenolysis, cleavage of

ethers, 0580
hydrogenation of aromatic

compounds, 1066
of acyl halides, 1808
of cyclopropanes, 1075

hydrolysis, and the Gabriel
synthesis, 0569

hydrolysis, and the Grignard
reaction, 1301

hydrolysis, of acetals, 0523–
0527

of acetals, and hemiacetals,
0524

of alkoxides, 1804
of alkyl halides, 0519

2276 SUBJECT INDEX



of alkyl halides, rates, 0399
of amides, 1407–1410
of anhydrides, 1399
of aryl Grignard reagents,

0751
of aryl organolithium

reagents, 0751
of aryl organometallics, 0751
of aryl oximes, 0930
of C����N compounds,

1263–1265
of carbamates, mechanism,

1406
of carboxylic acid esters, and

mechanism, 0406, 0407
of carboxylic esters,

1400–1406
of carboxylic esters, and

malonic ester synthesis,
0623

of chloroform, 0521
of compounds, and

microwaves, 1265
of compounds, mechanism,

1265
of cyanohydrins, 1268
of diazoketones, 0522
of dihalides, 0520
of dithianes, 0638
of dithioketal, and

dithioacetals, and reagents
for, 1279–1280

of dithioketals, Corey-
Seebach procedure,
1280

of enol ethers, 0523, 1035
of enolate anions, 0812
of epoxides, 0528, 0529
of esters, rates, 0399
of ethers, 0533
of Grignard reagents, and

reduction of alkyl halides,
1828

of hydrazones, and reagents
for, 1264–1265

of imines, 1263
of iminium salts, 0732,

1266
of inorganic esters, 0522
of isocyanates, 1266
of isocyanides, 1467
of isothiocyanates, 1266
of ketene dithioacetals,

0528
of ketones, 1600
of lactones, 1401
of nitriles, 0648, 1268, 1269
of nitro compounds, 1267
of nitro compounds, and the

Nef reaction, 1267

of nitro compounds, reagents
for, 1267, 1268

of organolithium reagents,
0812

of organometallic reagents,
0812

of ortho esters, 0525
of oxazolidines, 0643
of oximes, 1264
of phthalamic acid, 1259
of phthalimides, 0569
of Schiff bases, 1263
of semicarbazones, 1264
of sulfonic acid derivatives,

0522, 1472
of thioacetals, 0526
of thiocyanates, 1269
of thioketals, 0526
of trihalides, 0521
of vinyl esters, 1401
of vinyl ethers, labeling,

0528
of vinyl ethers, mechanism,

0527
hydrometallation, of alkynes,

1083
hydroperoxide ions, with alkyl

halides, 0544
hydroperoxide radicals, bond

dissociation energy, 0275
hydroperoxide, alkyl, co-

reagents, and epoxidation,
1175

and alkenes, 1171
from alkyl halides, 0544
tert-butyl, and

dihydroxylation of
alkenes, 1162

hydroperoxides, acid catalyzed
rearrangement to ketones,
1620

acyl, from anhydrides, 0545
and ozonolysis of alkenes,

1739
and singlet oxygen, 0969
by autoxidation, 0967
from organometallics, 0813
oxidation of sulfoxides,

mechanism, 1783
oxidation of thioethers,

mechanism, 1782
reduction to alcohols, 1834

hydrophobic acceleration, in
water, 0414

hydrophobic effects, and Diels
Alder reactions, 1198

hydroquinone, host for
clathrates, 0127

hydroquinones, by reduction of
quinones, 1794

hydrostannation, and
sonochemistry, 0352

of conjugated esters, 1074
hydrosulfide anion, with aryl

halides, 0874
hydroxamic acids, from

hydroxylamines and
esters, 1436

hydroxamic acids, O-acyl, and
Lossen rearrangement,
1610

hydroxamic acids, O-acyl, base
catalyzed rearrangement,
1610

hydroxide ion, and alkyl
halides, 0519

and Reimer-Tiemann
reaction, 0726

reaction with amides, 0397
reaction with silanes, 0251
with aryl halides, 0870
with epoxides, and hydride

shifts, 1697
hydroxy-acids, by

rearrangement of
diketones, 1594

elimination to alkenes, 1543
esterification to from

lactones, 1415
from keto aldehydes, 1864

hydroxy-aldehydes, by aldol
reaction, 1339–1351

by Mukaiyama aldol,
1351–1354

with hydrazines, 1285
hydroxy-alkyl halides, see

halohydrins
hydroxy-amides, from addition

of amides to aldehydes,
1292

hydroxy-amines, see
amino-alcohols

hydroxy-esters, by
a-hydroxylation, 1753

hydroxy-ethers, from epoxides,
0536

oxidation to acetals, 0966
hydroxy-halides, see

halohydrins
hydroxy-ketones, and the

benzoin condensation,
1397

by a-hydroxylation, 1753
by a-hydroxylation of silyl

enol ethers, 1755
by a-ketol rearrangement,

1593
by Mukaiyama aldol,

1351–1354
by oxidation of alkenes, 1775
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hydroxy-ketones, (Continued)
by the acyloin ester

condensation, 1860
and atropisomers, 0148
by the aldol reaction,

1339–1351
by the benzoin condensation,

1396
formation of cyanoamines,

0561
from aldehydes and

potassium cyanide, 1396
from epoxy-ketones, 0529
from imines and ketones,

1349
from metallated imines,

1469
from organolithium reagents

with ketones, 1305
reductive coupling of esters,

1860
with hydrazines, 1285

hydroxy-nitriles, from epoxides,
0649

hydroxy-selenides, from
epoxides, 0552

hydroxy-sulfides, see
hydroxy-thioethers

hydroxy-thiols, from carbonyls,
1277

hydroxyalkylation, and
Lederer-Manasse
reaction, 0714

aromatic compounds, 0713
polymerization, 0714

hydroxyamines, from alkenes,
1180

hydroxybenzyl silanes, Brook
rearrangement, 1701

hydroxyl(tosyloxy)iodo]
benzene, 0695

hydroxylamine O-sulfonic acid,
formic acid and
Beckmann rearrangement,
1614

hydroxylamine O-sulfonic acid,
with organoboranes, 0822

hydroxylamines, addition to
alkenes, 1047

and Stieglitz rearrangement,
1617

by Cope elimination, 1524
by Meisenheimer

rearrangement, 1623
by oxidation of amines,

reagents for, 1777
by reduction of nitro

compounds, and reagents,
1817, 1818

conjugate addition, 1131

metal reduction to amines,
1819

oxidation to nitroso
compounds, 1731

reaction with aldehydes and
formic acid, 1287

with aldehydes or ketones,
1286

with carboxylic esters, 1436
with hindered ketones, 1286
with metal-salen complex,

1547
with organometallics, 0821

a-hydroxylation, of allylic
compounds, 1756

of benzylic compounds,
1755, 1756

of carbonyl compounds,
reagents, 1753

of carboxylic esters,
1752–1757

of enolate anions, with
sulfonyloxaziridines, 1754

of ketones, 1752–1757
of silyl enol ethers, 1755
with dioxiranes, and

enantioselectivity, 1754,
1755

with enzymes, 1756, 1757
with oxaziridines,

enantioselectivity, 1754
hydroxylation, Boyland-Sims

oxidation, 0734
Elbs reaction, 0734
of alkenes, 1032
of aniline derivatives, 0734
of aromatic compounds,

0733, 0734
of aryldiazonium salts, 0919
of hydrocarbons, 1750, 1751
of silanes, 0539

hydroxymethylation, and
Grignard reagents, 1305

hydroxynitriles, alkylation,
0633

hydroxypyridine, and
tautomerism, 0103

hydroxy-silanes, for lithio-
silanes and aldehydes or
ketones, 1365

hydroxysulfenylation, of
alkenes, 1179

hydroxysulfinamides, by
Knoevenagel reaction,
1360

hydrozirconation, of alkenes,
1083

hyperconjugation, 0044,
0095–0097

and alkene stability, 1498

and aromatic substitution,
0670

and carbanions stability,
0255

and carbocations, 0237–
0239, 0325, 0326, 0483

and dipole moment, 0096
and diynes, 0040
and elimination reactions,

1498
and isotopic effects, 0325,

0326
and no-bond resonance, 0097
and radicals, 0270
and resonance, 0238
and solvolysis, 0325, 0326
and temperature, 0326
and the anomeric effect, 0210
and the Baker-Nathan effect,

0096, 0097
and the tetrahedral

mechanism, 0476
canonical forms, 0096, 0097
evidence against, 0097
evidence for, 0097
isovalent, 0098
negative, 0210
sacrificial, 0097

hypervalent iodine, see iodine
hypervalent iodine, with

alkenes, 1153
hypochlorite, sodium, and

oxidative cleavage of
cyclic ketones, 1736

sodium, with organoboranes,
0822

hypochlorites, alkyl,
decomposition to radicals,
0935

and radical halogenation of
silanes, 0960

sodium, with amines, 0849
hypofluorite, acyl, with enolate

anions, 0777
hypofluorites, acetyl, 0705
hypohalites, acyl, as an

intermediate, 0996
halogenation of aromatic

compounds, 0702
hypohalous acids, addition to

alkynes, 1153
with alkenes, 1152

hypoiodite, tert-butyl, and
iodination of alkenes,
0956

hyponitrites, and addition to
alkenes, 1134

hydroperoxide, tert-butyl, and
Sharpless asymmetric
epoxidation, 1177
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hypophosphorus acid, and
reduction of
aryldiazonium salts, 1847

and resonance, 0053
and ylids, 0053

hypostrophene, and Cope
rearrangements, 1666

hypsochromic shift, 0333

þI effect, 0020
þI effects, arenium ions, 0667
�I effect, 0020
�I effects, arenium ions,

0667
I strain, see strain
IBr, or ICl with alkenes, 1151
ideal gas, and hydrogen

bonding, 0111
imidates, with ammonia or

amines, 1436
imidazoles, acyl, 1418
imidazoles, reduction to

aldehydes, 1811
imidazolidinones, and Michael

addition, 1107
imidazolium salts, ionic liquids,

0415
imides, alkylation, 0570

by carboxylation of alkenes,
1144

conjugate addition, 1131
cyclic, amines and cyclic

anhydrides, 1429
from acyl halides and

amides, 1439
from isothiocyanates, 0730
metal catalyzed addition to

alkenes or alkynes, 1052
reaction with dihalosulfones,

1381
reduction to amines, 1842
with alcohols, 0570

imidines, from dinitriles, 1296
imido selenium compounds,

with alkenes, 0788
imine-enamine tautomerism,

see tautomerism
imines, addition of boronates or

boronic acids, 1334
addition of carbenes, 0289
addition of diazoacetates,

1183
addition of HCN, 1392
addition of organometallics,

enantioselectivity, 1331,
1332, 1335

addition of radicals, 1336
alkylation, 0632, 1291
and enamine salts, 0636
and hemiaminals, 1281

and tautomerism, 0104
as amino acid surrogates,

0632
by dehydrogenation of

amines, 1730
by oxidation of amines, 1767
by reduction of oximes,

reagents, 1821
a-carbanions, with ketones,

1349
carbonylation, 0824
chiral, conjugate addition

(Michael addition), 1109
condensation with ketones,

1349
conjugate addition, 1130
cyclic, from cycloalkyl

azides, 1610
cyclic, from halo-nitriles and

organometallics, 1338
cycloaddition with ketenes or

thioketenes, 1464, 1465
Diels-Alder reaction, 1216
E/Z isomers, 0230
formation in ionic liquids,

1282
from alkyl azides, 1609
from amines and aldehydes

or ketones, 1281
from amines by

dehydrogenation, 1711
from Grignard reagents and

nitriles, 1338
from nitroso compounds,

0785
hydrolysis, 1263, 1767
a-lithio, with ketones,

1349
Mannich reactions with enol

ethers, 1295
metal catalyzed addition of

allyl silanes, 1388
metal catalyzed addition of

diazoesters, 1337
metal mediated reaction with

halo esters, 1465
metallated, 1469
O-tosyl, base catalyzed

rearrangement to amino
ketones, 1605

oxidation to amides, 1732
phosphinyl, reduction, 1813
reduction by silanes, 1812
reduction to amines, 1812,

1813
strained bicyclic, 0230
tautomerism with enamines,

1048
tosyl, with ketones and

proton sponge, 1465

imines, with carboxylic acids,
1465

with chlorosulfonyl
isocyanate, 1466

with Danishefsky’s diene,
1217

with diazo ketones, and
microwaves, 1466

with ketene acetals, 1353
with organometallic

compounds, 1330–1334
with phosphorus ylids, 1379
with sulfur ylids, 1385
[2 þ 2]-cycloaddition, 1221

iminium ions, and
Eschenmoser’s salts, 1294

hydrolysis, and mechanism,
1266

hydrolysis, and Stork
enamine reaction, 1266

protonolysis, 0247
iminium salts, addition of

cyanide, 1392
amines with aldehydes or

ketones, 1284
and Hoesch reaction, 0732
and Pictet-Spengler reaction,

0716
Diels-Alder reaction, 1216
formation of aldehydes, 0725
formation of nitriles, 0733
fragmentation of amines,

1542
from aldehydes, 0716
from oxazines, 0643
from Stork enamine reaction,

0634, 0635
Gatterman-Koch reaction,

0725
hydrolysis, 0732
reduction to amines, 1812
with Grignard reagents, 1336
with Oxone, 1173

imino esters, and Hoesch
reaction, 0732

and ketone formation, 0732
and the Chapman

rearrangement, 1697
and the Pinner synthesis,

1275
from amides and phosphorus

pentachloride, 1698
from nitriles and alcohols,

1275
hydrolysis, 1275
rearrangement to amides,

1697
iminonitriles, from addition of

HCN to nitriles, 1393
in-out isomerism, 0112, 0189
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inclusion compounds, 0126
and rotaxanes, 0134
thiourea, 0127

indacene, and antiaromaticity,
0089

indene, and the Heck reaction,
0892

indene, pKa, 0063
Index Chemicus, 1900
Index to Scientific Reviews,

1908
indicators, and acidity scales,

0369, 0370
indoles, addition of carbenes,

1240
and addition of alkenes, 1088
and Friedel-Crafts acylation,

0721
and Suzuki-Miyaura

coupling, 0901
by Fischer indole synthesis,

1674
by radical cyclization, 1128
catalytic hydrogenation,

1067
from alkynes and hydrazines,

1049
from hydrazones, 1674
in the Reimer-Tiemann

reaction, 0726
indolizines, metal catalyzed

coupling with aryl halides,
0887

indolones, and radical
cyclization, 1127

and Birch reduction, 1067
inductive destabilization of

groups, 0484
inductive effects, 0019, 0020,

0022
infrared, see IR
Ing-Manske procedure, 0569
inhibitors, and radicals, 0938
initiators, Grignard reagents,

0830
radical, azobis compounds,

1124
inorganic esters, with alkoxides,

0532
insertion reactions, and nitrenes,

0294
insertion reactions, carbenes,

0289
insertion, and carbenoids, 0807

and carbocations, 0803
and carbonylnitrenes, 0790
and organozinc compounds,

0807
C-H, with dimethyldioxirane,

1172

carbene, 0290, 0803–0806,
1234

carbene, and ring expansion,
0805

diazocarbonyl compounds,
0804, 0805

direct, and carbenes, 0807
intramolecular, 0804
methylene, 0803
nitrene, 0789–0790
nitrene, formation of

carbamates, 0790
inter-halogen compounds, with

alkenes, 1149
interfacial mechanism, 0510
interlocked catenanes, 0133
intermediates, and free energy,

0305
and IR, NMR or Raman,

0312
and mechanism, 0311
bridges, and aryl migration in

carbocations, 1577
cyclic, addition of bromine to

dienes, 1014
detection of, 0312
Friedel-Crafts alkylation,

0710
isolation of, 0312
radical, 0312
radicals, and CIDNP, 0269,

0312, 0270
reaction, 0304
trapping, 0313

internal nucleophilic
substitution, see
substitution, SNi

internal return, 0439
internal strain, see strain, I
International Union of Pure and

Applied Chemistry, see
IUPAC

intersystem crossing, 0339
intimate ion pairs, 0437, 0470
intramolecular, addition,

alcohols to alkenes, 1037
aldol reaction, 1349
aldol reaction, acid

catalyzed, 1350
Baylis-Hillman reaction,

1325
carbene insertion, 0805
cyclotrimerization, 1244
Diels-Alder reactions, 1204
elimination, 1507
Friedel-Crafts alkylation,

0706
Gomberg-Bachmann

reaction, 0925
Grignard reactions, 1303

insertion, 0804
McMurry coupling, 1859
Michael addition, 1109
Mukaiyama aldol, 1353
Paterno-Büchi reaction,

1464
photochemical [2 þ 2]-

cycloaddition, 1230
pinacol coupling, 1856
proton-transfer, 0367
reactions, Scholl reaction,

0718
rearrangement,

photochemical, 0345
Schmidt reaction, 1612
silicon-tethered Heck

reaction, 0895
Thorpe reaction, 1387
Wittig reaction, 1378
Wittig-Horner, 1376
[3 þ 2]-cycloaddition, 1191

intrinsic barrier, 0310
intrinsic free energy, 0309
inverse electron demand,

Diels-Alder reactions,
1207

inverse isotope effects, 0324
inversion barrier, buckybowls,

0095
inversion of configuration, and

addition reactions, 1020
and radicals, 0939
of phosphorus, 0191

inversion, and azide ion, 0443
and chlorination of alcohols,

0469
and SN2, 0428
and solvolysis, 0443
bowl-to-bowl, 0095
pyramidal, 0142–0144
pyramidal, and carbanions,

0257
iodide, radioactive, and SN2,

0429
iodide, sodium, and chloramine-

T, 0921
iodides, aryl, from aryl

diazonium salts, 0985
aryl, from aryldiazonium

salts, 0920
Finkelstein reaction, 0574,

0575
iodination reagents, 0703,

0704
iodination, of aromatic

compounds, 0703
iodine azide, addition to

alkenes, 1159
iodine, and alkenes, 1149

and PhI(OAc)2, 0956
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and Dess-Martin periodinane,
1723

and iodoxybenzoic acid,
1723

and lactone formation,
0541

and oxidation of alcohols,
1723, 1724

light and radical formation,
0956

iodo-aldehydes, and radical
cyclization, 1129

iodo-ketones, and radical
cyclization, 1129

iodoacetyl addition, to alkenes,
1154

iodoaniline, complex with
cyclodextrins, 0130

iodocyclopentane, reaction with
silver perchlorate, 0077

iodolactamization, 1156
iodolactonization, 1128,

1155
iodonium ions, addition of iodo

azide to alkenes, 1159
iodonium salts, and Sonogashira

coupling, 0905
aryl, and SN1 reactions, 0857
aryl, and the Heck reaction,

0896
aryl, with trifluoroborates,

0890
with alkynes, 0905

iodosobenzene, with sodium
azide, 1182

iodoxybenzoic acid, and
oxidation of alcohols,
1723

ion exchange resins, and sodium
tetroxide, 1163

ion pair mechanism, 0441
and E1 reactions, 1488

ion pairing, and anti- or syn-
elimination, 1486

ion pairs, allylic carbocations,
0470

and E1 reactions, 1488
and Friedel-Crafts acylation,

0722
and internal return, 0437
and isotope labeling, 0438
and MO calculations, 0440
and ozonlysis, 1738, 1739
and phase transfer catalysis,

0511
and SN1 reactions, 0438
and SN10 reactions, 0470
and SNi’ reactions, 0472
and solvent effects, 0236
and stereochemistry, 0439

and the Criegee mechanism,
1738, 1739

and the SN1 mechanism,
0436

carbanion, and E1cB
reactions, 1493

contact, 0437
intimate, 0437, 0470
Sneen’s ion pair mechanism,

0764
solvent separated, 0440, 0759
tight, 0437

ions, bridged, see bridged
ion-dipole interactions, 0124
ion-radical pairs, and SNAr

reactions, 0857
ionic bonds, and hard acids and

bases, 0378
ionic configuration, and bond

energy, 0031
ionic liquids, 0415

acyl addition of allyltin
compounds, 1314

addition of haloamines to
alkenes, 1157

addition of organometallics
to imines, 1332

aluminum chloride-
butylpyridinium, 1675

and acidity, 0369
BAcIm, 1264

ionic liquids, and acylation of
amines, 1429

and addition of aldehydes to
alkenes, 1136

and addition of
organometallics to
carbonyls, 1310

and alkene metathesis, 1684
and amines with aryl halides,

0876
and aryl halides with

phenols, 0873
and aziridination of alkenes,

1185
and carboxylate salt

alkylation, 0540
and catalytic hydrogenation,

1066
and cleavage of ethers, 0580
and conjugate addition, 1107
and conjugate addition of

amides, 1132
and cyclization of alkenes to

alkanes, 1085
and Diels Alder reactions,

1199
and dihydroxylation, 0416,

1163
and epoxidation, 1172

and epoxide halogenation,
0584

and esterification, 1415
and ether formation, 0529
and formation of aryl

sulfones, 0697
and formation of biaryls,

0887
and formation of

cyanohydrins, 1389,
1390

and formation of enamines,
1284

and formation of imines,
1282

and formation of oximes,
1286

and Friedel-Crafts acylation,
0720, 0721

and Friedel-Crafts alkylation,
0706

and halogenation of alkenes,
1150

and halogenation of aromatic
compounds, 0700

and homocoupling or aryl
halides, 0887

and hydrogenation of
conjugated acids, 1074

and hydrolysis of C����N
compounds, 1264

and Mannich reactions, 1295
and metal catalyzed arylation

of amines, 0878
and metal catalyzed coupling

of allylic esters, 0611
and metal sulfonates with

organometallics, 0612
and Michael reactions, 1107
and microwave reactions,

0416
and nitration of aromatic

compounds, 0687, 0688
and organometallic coupling,

0606
and oxidation of alcohols,

0416, 1724
and phosphonium tosylates,

1199
and pyrrole alkylation, 0557
and reactions of sulfur ylids,

1387
and reduction of aldehydes or

ketones, 1800
and reductive alkylation,

1291
and Robinson annulation,

1350
and Sonogashira coupling,

0905
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ionic liquids, (Continued)
and Suzuki-Miyaura

coupling, 0900
and TEMPO oxidation of

alcohols, 1723
and the aldol reaction, 1342
and the Baeyer-Villiger

rearrangement, 1618
and the Baylis-Hillman

reaction, 1324
and the Beckmann

rearrangement, 1614
and the Bischler-Napieralski

reaction, 0716
and the Dakin reaction,

1747
and the ene reaction, 1105
and the Fischer indole

synthesis, 1675
and the Fries rearrangement,

0736
and the Glaser reaction,

0979
and the Heck reaction, 0894
and the Henry reaction,

1357
and the Knoevenagel

reaction, 1359
and the Pechmann

condensation, 0713
and the Rosenmund-von

Braun reaction, 0885
and the Williamson reaction,

0529
and thiirane formation, 0552
and transesterification, 1421
aza-Diels-Alder reactions,

1217
ionic liquids, bbim, 0894

bmiI, 0873, 0885
ionic liquids, bmim, 0416, 0697,

0699, 0700, 0713, 0716,
0720, 0872, 0876, 0887,
0894, 0900, 0900, 0905,
0979, 1066, 1074, 1074,
1085, 1107, 1132, 1136,
1150, 1157, 1163, 1172,
1185, 1199, 1284, 1286,
1291, 1295, 1310, 1314,
1332, 1342, 1359, 1387,
1389, 1390, 1429, 1618,
1684, 1723, 1724, 1747,
1762, 1800

ionic liquids, BPy (i.e.,
butylpyridinium), 1614

chiral, 1324
chloraluminates, 1199
diarylimidazolium salts,

0878
DiBuIm, 0416, 1199

dodecyltrihexylphosphonium
chloride, 0900

emim, 0706, 1163
emimcl, 0720
HBuIm, 0416, 1199
hmim, 0700
imidazolium salts, 0415
a-oxidation of ketones, 1762
pyridinium salts, 0415, 1199
TMG Lac

(tetramethylguanidinium
lactate), 1357

ionic solvents, see ionic liquids
ionic solvents, also see solvents
ionic strength, SN1 and rate of

reaction, 0434
ionization potential, 0012

alkenes and addition
reactions, 1018

and hardness, 0377
ionization, and carbocation

formation, 0247
and carboxylic acids, 0394
and SN1 reactions, 0432
and superacids, 0436
and the SE1 mechanism,

0758
chlorotriphenylmethane,

0240
of diazonium compounds to

carbocations, 0247
of protonated alcohols to

carbocations, 0247
rate, and azide ions, 0442
rate, of sulfonate esters, 0504

ionizing power of solvents,
0506

ions, and rearrangement,
leakage, 1572

and rearrangements, 1572
as guests in crown ethers,

0123
binding by crown ethers,

0120
bridged, see bridged ions
nitrenium, singlet and triplet,

0295
radical, see radical ions

ipso attack, 0671
aryl radicals, 0951
electrophilic aromatic

substitution, 0679
ipso carbon and SNAr

mechanism, 0854
ipso position, definition, 0672
ipso substitution, and the

Wallach rearrangement,
1699

IR (infrared), and arynes, 0861
and carbenes, 0285

and carbocations, 0236, 0245
and conformations, 0196
and Friedel-Craft acylation,

0723
and hydrogen bonding, 0110,

0113
and intermediates, 0312
and strained aromatic

compounds, 0230, 0231
ethanonium ion, 0766
methyl radical, 0276
of methane, 0012
step-scan time-resolved,

0266
Ireland-Claisen rearrangement,

1671
iron carbenes, 1236
iron compounds, and acetal

cleavage, 0526, 0527
iron pentacarbonyl, with

Grignard reagents, 0823,
0910

with organolithium reagents,
0910

iron, and metallocenes, 0067
isobutane, and superacids, 0237

bond energy, 0028
isocyanate ion, formation of

isocyanates, 0573
with alkyl halides, 0514
with aromatic compounds,

0729
isocyanate, chlorosulfonyl,

reactions, 1466
isocyanates, addition of

alcohols, 1274
addition of amines, 1295,

1296
and formation of amides,

0729
by carbonylation of azides,

0851
by Hofmann rearrangement,

1607
by Lossen rearrangement,

1610
by rearrangement of acyl

nitrenes, 1561
by the Curtius

rearrangement, 1609
by the Schmidt reaction,

1611
by thermolysis of acyl azide,

1608
carbonylation of amines,

0851
catalytic hydrogenation of

formamides, 1813
dioxirane oxidation to nitro

compounds, 1778
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from alkyl halides, 0573
from alkyl halides and

isocyanate, 0514
from amides and hypohalites,

1607
from amines and phosgene,

1427
from carboxylic acids and

hydrazoic acids, 1611
from isocyanate ion,

0573
from nitrile oxide, 1700
from O-acyl hydroxamic

acids, 1610
hydrolysis, 1266, 1607,

1609–1611
reaction with carbamates,

1274
reduction to amines,

1823
with Grignard reagents,

1337, 1338
with oxetanes, 1275
with phosphine oxides,

1461
with phosphorus ylids,

1379
isocyanides, also see

isonitriles
isocyanides, acid catalyzed

hydrolysis, mechanism,
1467

addition of water, 1467
addition reactions, 1466
and the Knoevenagel

reaction, 1361
from alkenes, trimethylsilyl

cyanide and silver salts,
1148

from epoxides or oxetanes,
0568

hydrolysis, 1467
with Grignard reagents or

organolithium reagents,
1469

with Schwartz’s reagent,
1148

isodesmic reactions, 0038
isoinversion, 0760
isolation, of intermediates, 0312
isomer distributions,

electrophilic aromatic
substitution, 0678

isomer, conformational, and
conformer, 0196

dextro, 0138
valence bond, 0186

isomerism, see isomers
isomerism, in-out, 0112

and carbocations, 0113

isomerization, alkenes,
allylic-propenyl, 1028

and biphenyls, 0748
cis-trans, and isotope effects,

0326
cis-trans, mechanism, 0312
cis/trans, of alkenes, and

epoxidation, 1174
cis/trans, photochemical,

0346
E/Z, azo compounds, 0692
of alkenes, in catalytic

hydrogenation, 1058
of alkenes, via boranes, 0771
of alkyl boranes, 1533
of aryl triazenes, 0692
of carbenes, 0285
photochemical, cyclooctene,

0346
thermal,

dibenzosemibullvalenes,
0347

isomers, and configuration,
0195

and the 2n rule, 0183, 0187
cis/tans, and silicon, 0011
cis/tans, and steric hindrance,

0186
cis/trans, 0148, 0182
cis/trans, and conformations,

0201
cis/trans, and cyclohexene,

1640
cis/trans, and cyclooctene,

0184
cis/trans, and diastereomers,

0182
cis/trans, and elimination

reactions, 1501
cis/trans, and monocyclic

compounds, 0186, 0187
cis/trans, and restricted

rotation, 0232
cis/trans, and stability,

0227
cis/trans, fused ring systems,

0188
cis/trans, heat of combustion,

0186
cis/trans, isomerization of

triazenes, 1029
E/Z, and carbon-heterocycle

double bonds, 0183
E/Z, and radicals, 0272
E/Z, and strained bicyclic

imines, 0230
E/Z, Cahn-Ingold-Prelog

system, 0183
E/Z, isomerization of

alkenes, 1028

E/Z, photochemical
isomerization of alkenes,
1028, 1029

E/Z, radical induced
isomerization, 1029

E/Z, selectivity in the Wittig
reaction, 1376, 1377

exo/endo, and radical
cyclization, 1127

fluxional, 0186
in-out, and proton transfer,

0368
levo, 0138
of amides, 0184
of rotaxanes, 0132
out-in, 0189–0191
positional, isomerization of

alkenes, 1028
r symbol, 0187
syn/anti, and the aldol

reaction, 1345, 1346
syn/anti, from reaction at

carbonyls, 1252
t symbol, 0187
valence, and [2 þ 2]-

cycloaddition, 1233
isonitriles, also see isocyanides
isonitriles, and cyanide ion,

0648
dehydration of amides,

reagents for, 1550
from amines, 0567
from chloroform, 0567

isopentane, bond energy,
0029

isopropylation, benzene, rate
and product distribution,
0680

toluene, rate and product
distribution, 0680

isopropyllithium, and X-ray,
0262

isoquinolines, Bischler-
Napieralski reaction,
0715, 0716

by cyclotrimerization of
diynes, 1245

Friedel-Crafts cyclization,
0715, 0716

from imines, 1049
from nitrilium ions, 0716
Pictet-Spengler reaction,

0716
isoracemization, 0760
isoselenoureas, 1297
isothiocyanate ion, formation

of isothiocyanate ions,
0573

from isothiocyanate ion,
0573
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isothiocyanates, addition to
alkenes, 1157

cyclization, 0730
formation of thioamides,

0730
from addition of amines to

carbon disulfide, 1297
from alkyl halides, 0573
from amines and

thiophosgene, 1428
from dithiocarbamic acid

salts, 1297
hydrolysis, 1266
reduction to amines, 1823
reduction to thioformamides,

1813
isothiouronium salt, from

thiourea, 0548
isotope effects, and

carbocations, 0238
and cis-trans isomerization,

0326
and Grignard reactions, 1308
and hyperconjugation, 0325,

0326
and mechanism, 0322, 0323
and NMR, 0324
and phenonium ions, 0459
and temperature, 0326
and the Chugaev reaction,

1521
and the SN2 reaction, 0326
arenium ions, 0659
Baeyer-Villiger

rearrangement, 1619
calculations, 0324
deuterium, 0322, 0323, 0324
deuterium ion, 0661
deuterium, and dissociation

energy, 0323
deuterium, and E1cB

reactions, 1491
deuterium, and E2 reactions,

1484
E2 reactions, 1479
Ei reactions, 1509
enol formation, 0774
in the Diels-Alder reaction,

1206
inverse, 0324
partitioning effect, 0659,

0660
SE1 mechanism, 0758
secondary, 0325, 0326,

0327
solvent, 0327

isotope exchange, rate, with
carbanions, 0760

isotopes, and acetal hydrolysis,
0524, 0525

and alkynyl carbocations,
0477

and ion pairs, 0438
and SN2 reactions, 0429
and solvolysis, 0438
secondary isotope effect in

substitution reactions,
0488

isotopic dilution, and
enantiomeric purity, 0182

isotopic effect, and bridged
radicals, 0943

isotopic labeling, alkynes, 0477
amide hydrolysis, 1410
and aromatic SN1 reactions,

0859
and aromaticity, 0065
and carbene insertion, 0806
and chirality, 0152
and Claisen rearrangement,

1668, 1669
and cyanogen bromide, 0314
and enolizable protons, 0775
and Fischer indoles synthesis,

1675
and Friedel-Crafts acylation,

0722
and hydration of aldehydes

and ketones, 1262
and hydrolysis of esters, 1404
and mechanism, 0314
and NMR, 0314
and ozonolysis of alkenes,

1741
and radical rearrangements,

1575
and reduction of sulfoxides,

1851
and reverse Friedel-Crafts

alkylation, 0744
and the benzyne mechanism,

0859
and the Stevens

rearrangement, 1621
and the tetrahedral

mechanism, 1256
benzidine rearrangement,

1680
Favorskii rearrangement,

1596
Friedel-Crafts alkylation,

0712
halogenation of alkenes,

1004
Kolbe-Schmidt reaction,

0729
phosphine oxides with

isocyanates, 1461
rearrangement of N-

nitroanilines, 0738

Wolff rearrangement,
1600

isovalent hyperconjugation,
0098

IUPAC and nomenclature of
carbocations, 0235

and spectroscopy, 0012
mechanisms, and carbenes,

0500
mechanisms, and diazonium

salts, 0500
mechanisms, substitution

reactions, 0496
nomenclature, addition-

elimination mechanism,
0474

nomenclature, for
transformations, 0418

nomenclature, mechanisms,
0420

nomenclature, SN10, 0469
nomenclature, SNi, 0468
terminology for acids and

bases, 0356

Jablonski diagram, 0337
Jacobsen reaction, 0747

and rearrangement, 0748
Jacobsen-Katsuki epoxidation,

1178
Japp-Klingemann reaction,

0783
Johnson polyene cyclization,

1090
Jones reagent, and oxidation of

alcohols, 1716
Journal of Synthetic Methods,

1893
journals, how to locate articles,

1909
irregular publications, 1890
literature, 1871–1875
reviews, 1889

Julia-Colonna epoxidation,
1176

Kamlet reaction, 1357
Kamlet reaction, see Henry

reaction
Katritzky pyrylium-pyridinium

method, 0542
alkylation of nitro

compounds, 0626
and alkyl halides, 0586
and thiocyanates, 0554

KBr, and zeolites, halogenation
of aromatic compounds,
0700

Kekulé structures, and
polyacenes, 0061
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kekulene, and NMR, 0087
ketal formation, mechanism,

1271
ketals, and transacetalization,

1272
as protecting groups, 1271
dimerization, 0618
elimination, to vinyl ethers,

1517
from alcohols and ketones,

1270
reduction, 1832

ketene acetals, silyl, and
conjugated ketones, 1353

silyl, conjugate addition,
1121

ketene acetals, with mines, 1353
ketene dithioacetals, hydrolysis,

0528
ketenes, addition of acids HX,

1031
addition of alcohols and

phenols, 1040
addition of carboxylic acids,

1042
addition reactions, 1031
amination, 1050
and enamine acylation,

0636
and formation of carbenes,

0288
and Friedel-Crafts acylation,

0719
and hydrolysis of

carbamates, 1406
and the Diels-Alder reaction,

1196
by base induced elimination

of acyl halides, 1532
by dehydration of carboxylic

acids, 1514
cycloaddition to carbonyls,

enantioselectivity, 1462
cycloaddition with imines,

1464, 1465
dimerization, 1228, 1463
from acyl carbenes, 0291
from carbenes, 0291
from the Wolff

rearrangement, 1600
hydrolysis, 1600
metal catalyzed

cycloaddition with
carbonyls, 1462

metal induced
dehalogenation of acyl
halides, 1540

orbital overlap in [2 þ 2]-
cycloaddition, 1225

photolysis, 0345, 0806

silyl, and Claisen
rearrangement, 1671

via Wolff rearrangement,
0291

with aldehydes or ketones,
1040

with cyclopentadiene, orbital
overlap in [2 þ 2]-
cycloadditions, 1227

with hydrazones, 1465
with phosphorus ylids, 1379
[2 þ 2]-cycloaddition, 1221,

1222, 1226
ketenimines, amination, 1050

by dehydration of amides,
1515

ketimines, also see imines
a-ketol rearrangement, 1593
keto-acids, allyl esters, and

Kimel-Cope
rearrangement, 1670

allylic esters, Carroll
rearrangement, 1670

allylic esters, Claisen
rearrangement, 1670

and decarboxylation, 0838
and Friedel-Crafts acylation,

0722
by indirect carboxylation,

1367
decarboxylation, 0837
from ketones with metal

carbonates, 1367
from metalated imines, 1469
metal catalyzed

decarboxylative allylation,
0996

oxidative cleavage of cyclic
alkenes, 1743

keto-aldehydes, and aliphatic
Vilsmeier reaction, 0797

Cannizzaro reaction to
hydroxy acids, 1864

keto-amides, and Friedel-Crafts
acylation, 0719

from amide-acids and
organolithium reagents,
1447

keto-enol tautomerism, see
tautomerism

keto-esters, and acetoacetic acid
synthesis, 0624

base catalyzed condensation
of esters, 1452

by the Reformatsky reaction,
1328

cleavage with base, 0841
cyclic, Dieckmann

condensation, 1453
decarboxylation, 0839

from aldehydes, 0800
from carboxylic acid

dianions and esters, 1456
from diazoesters, 0800
from ketones and diazoesters,

1603
McMurry reaction to give

cyclic ketones, 1859
with boric anhydride, 0839
with hydrazines, 1285

keto-nitriles, by the Thorpe
reaction, 1387

from esters and nitriles, 1455
keto-sulfones, alkylation, 0624,

0632
keto-sulfoxides, alkylation,

0632
keto-ylids, and resonance, 1371
ketones, acid catalyzed

rearrangement, 1592
a-acyloxylation, 0972

ketones, addition of alcohols,
1270

addition of allylic boranes,
1319

addition of dialkylzinc
reagents, 1310, 1311

addition of diazomethane,
1601, 1602

addition of Grignard reagents,
mechanism, 1307

addition of organolithium
reagents, mechanism,
1308

addition of organometallics,
1309–1311

addition of thiols, 1277,
1278

addition of water, 1262
ketones, aldol condensation

with aldehydes, 1344
alkylation, 0626
alkylation, Stork enamine

synthesis, 0635
alkynyl, see alkyne-ketones
amphiprotic properties, 0772

ketones, and Baeyer-Villiger
rearrangement, 1617

and bisulfite addition
products, 1280

and carbanions, 0265
and Claisen reaction, 1355
and Collman’s reagent, 0650
and cyclodehydration, 0715
and Dakin-West reaction,

0841
and formation of aminals,

1283
and Haworth reaction, 0722
and hemiaminals, 1281

SUBJECT INDEX 2285



ketones, and Baeyer-Villiger
rearrangement,
(Continued)

and Japp-Klingemann
reaction, 0783

and McMurry reaction, 1859
and Peterson alkenylation,

1365
and reagents for hydrolysis of

C����N compounds, 1264,
1265

and tautomerism, 0098
and the aldol reaction,

1339–1351
and the Claisen-Schmidt

reaction, 1343, 1344
and the Haller-Bauer

reaction, 0844
and the Knoevenagel

reaction, 1358
and the Mannich reaction,

1292
and the Mukaiyama aldol,

1351–1354
and the Paterno-Büchi

reaction, 1463
and the Reformatsky

reaction, 1326
and the Strecker synthesis,

1391
and the Willgerodt reaction,

1867
and Tollens’ reagent,

1368
ketones, aryl, and imino esters,

0732
aryl, Friedel-Crafts acylation,

0719
aryl, from carboxylic acids,

0719
aryl, from nitriles, 0732
aryl, Hoesch reaction,

0732
aryls, from acyl halides,

0719
aryls, from aromatic

compounds, 0719
base catalyzed addition to

carbon disulfide, 1368
base cleavage, strain and

steric effects, 0843
bicyclic conjugated, and

Robinson annulation,
1350

bicyclic, and thermal
extrusion of carbon
monoxide, 1545

bicyclic, by metal catalyzed
carbonylation of alkynes,
1140

ketones, by acetoacetic acid
synthesis, 0624

by acid catalyzed
rearrangement of
epoxides, 1587

by addition of aldehydes to
alkenes, 1135

by carbonylation of aryl
halides, 0910

by DMSO-type oxidation of
alcohols, 1721

by Fries rearrangement, 0735
by Fukuyama coupling, 1450
by hydration of alkynes, 1035
by hydration of allenes, 1037
by hydrolysis of alkoxides,

1804
by hydrolysis of C����N

compounds, 1263
by hydrolysis of enol ethers,

1035
by hydrolysis of imines, 1767
by hydrolysis of oximes,

0986
by Oppenauer oxidation,

1721
by oxidation of alcohols,

1715–1728
by oxidation of alkenes,

1773–1775
by oxidation of amines, 1767
by oxidation of vinylboranes,

1631
by oxidative cleavage of

alkenes, 1742
by oxidative cleavage of

diols, 1732–1735
by ozonolysis of alkenes,

1737
by pyrolysis of allylic ethers,

1552
by rearrangements of

hydroperoxide, 1620
by the Nef reaction, 1267
by the Wacker process,

1774
ketones, catalytic

hydrogenation, 1795
catalytic hydrogenation,

mechanism, 1805
chemoselective reducing

agents, 1794
chiral, 0775
chloro, see chloroketones
cleavage, haloform reaction,

0842
cleavage, with base,

0841–0844
cleavage, with halogen, 0842
condensation, see aldol

condensation with esters,
1355, 1455

condensation with imines,
1349

ketones, conjugated, also see
conjugated compounds

ketones, conjugated, a-
acyloxylation, 0972

and enolate anions, 0631
and Nazarov cyclization,

1095
and organolithium reagents,

1302
and the aldol reaction,

1339–1351
and the Meyer-Schuster

rearrangement, 0473
by a-oxidation of alkenes,

1759
by carbonylation of alkynes,

1141
by hydrogenation of phenols,

1067
by Pauson-Khand reaction,

1141
carbonylation, 1143
from acyl halides, 0796
from alkenes, 0796
from allenes, 0472
from haloketones, 0796
from selenoalkyl ketones,

0792
from Weinreb amides, 1448
halogenation, 0780
halogenation, and the Dess-

Martin periodinane, 0780
proton acidity, 0633
reagents for conjugate

reduction, 1071
reduction with enzymes and

reductases, 1074
with Grignard reagents,

1302
with LDA, 0907
Wurtz coupling, 0592

ketones, conversion to amides,
1867

ketones, cyclic, and I strain,
0400

and reactivity, 0400
and the Schmidt reaction,

1611
aromatization to phenols,

1709
Baeyer-Villiger

rearrangement, 1618
by expansion of bicyclic

ketones, 1603
dihalides and Collman’s

reagent, 0650
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from acid catalyzed
rearrangement of amino
alcohols, 1589

McMurry reaction with keto
esters, 1859

oxidative cleavage to
dicarboxylic acids, 1735

oxidative cleavage with
sodium hypochlorite, 1736

oxidative, cleavage, reagents
for, 1735, 1736

pyrolysis of dicarboxylic
acids, 1458

Ruzicka cyclization, 1458
with hydrazoic acid, 1611

ketones, cyclization with
dihalides, 0629

cycloaddition to alkenes,
1463

cyclopropyl, from conjugated
ketones, 1387

decarboxylation of
carboxylic acids, 1457

dehydrogenation, 1713
diastereoselectivity of

reduction with Selectride,
1794

dihalogenation, 0778
diketones, see diketones
dimerization, with UV, 1856
divinyl, from vinyl

organometallics, 0651
enol content, 0099
enolate anion blocking

groups, 0630
formation of cyanoamines,

0561
formation of enolate anions,

0790
formation of halo-ketones,

0776
formation of nitroso

compounds, 0784
formation of oximes, 0784
formation of thioketones, with

hydrogen sulfide, 1277
formylation, 0798
Friedel-Crafts cyclization,

0715
ketones, from acyl halides, 0721

from acyl halides and boronic
acids, 1443, 1444

from acyl halides and
organocadmium reagents,
1443

from acyl halides and
organocuprates, 1442

from acyl halides and
organometallics, 1443,
1444

from aldehydes, 0638, 0801
from aldehydes, and

diazomethane, 0807
from alkoxides, 0758, 0840
from alkyl halides, 1122
from aryl halides, 0910
from arylboronic acids, 0910
from boranes, 0644
from carboxylic acids, 0840,

1329
from carboxylic esters, 0735,

1446
from cleavage of diketones,

0841
from cyanoboranes, 1628
from cycloaddition of singlet

oxygen to alkenes, 1220
from diazoketones and Wolff

rearrangement, 1465
from dicarboxylic acids,

1750
from dicobalt octacarbonyl,

0823
from dihalides, 0520
from diols, 1585
from dithianes, 0638
from enol borinates, 1121
from formamides and

organolithium reagents,
1446

from Grignard reagents,
0824, 1337, 1444, 1448

from haloketones, 0644
from hydrazones, 0633
from hydroxynitriles, 0633
from iminium salts, 0732
from metallated imines, 1469
from organocerium reagents,

1447
from organolithium reagents,

0824, 1447, 1448
from organometallics, 0651,

0823
from organosulfur carbanions

and esters, 1455
from oxazolidines, 0643
from silyl enol ethers, 0617,

0798
from silyl-epoxides, 1367
from Stork enamine reaction,

0634, 0635
from thioesters and

organozinc halides, 1450
from vinylic compounds,

0522
ketones, halo, from diazo

ketones, 0585
ketones, halogenation, and

microwaves, 0776
enantioselectivity, 0777, 0778

mechanism, 0778, 0779
rate, 0779
reagents for, 0776, 0780
regioselectivity, 0780

ketones, Henry reaction, 1357
heteroaryl, by carbonylation,

0910
hindered, with

hydroxylamine, 1286
homoallylic, from keto acids,

0996
homologation, 1601, 1602
hydration of, 1262
a-hydroxylation, 1752
indirect carboxylation, 1367
less reactive than aldehydes,

1254
LiAlH4 reduction,

mechanism, 1804
macrocyclic, conformation,

0213
Meerwein-Ponndorf-Verley

reduction, 1796
metal catalyzed addition to

alkenes, 1098
metal catalyzed coupling to

oximes, 1858
metal catalyzed

cycloaddition with
ketenes, 1462

metal catalyzed reaction with
dihalosulfones, 1381

metal mediated addition of
haloesters, 1326

metal mediated halogenation,
0776

a-methylation, and the
Simmons-Smith
procedure, 1242

methyl, and the haloform
reaction, 0842

methyl, by homologation of
aldehydes with
diazomethane, 1602

nitro, with amines, 0844
nitrosation, mechanism, 0784
a-oxidation, reagents for,

1758
a-oxidation, to diketones,

1758
a-oxidation, with selenium

dioxide, mechanism, 1760
Paterno-Büchi reaction, 1231
photochemical cleavage,

0279
photochemical dimerization,

1856, 1857
photochemical [2 þ 2]-

cycloaddition, with
alkenes, 1231
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ketones, Henry
reaction, (Continued)

photochemistry, 0332
photoreduction, 0348
prochiral, reduction of, 1799
protection, 0527
radical coupling, 0977
reaction with alcohols,

compatible functional
groups, 1270

reaction with amines, 1281
ketones, reduction, and Cram’s

rule, 1804
diastereoselectivity, 1803
enantioselectivity,

1800–1803
in ionic liquids, 1800
in supercritical alcohols,

1837
to alcohols, 1792–1805
to methylene, reagents for,

1836, 1837
versus aldehydes, 1793,

1794
with aluminum isopropoxide,

1796
with ammonium formates,

1799
with boranes, 1798
with enzymes, 1800
with hydrides, 1792
with metals, 1797
with sodium in ethanol, 1795,

1796
with tin hydrides, 1798

ketones, reductive amination,
1288–1291

ketones, reductive cleavage of
nitriles, 1835

reductive coupling to
alkenes, reagents, 1858,
1859

reductive coupling to diols,
reagents, 1854, 1855

selenoalkyl, formation of
conjugated ketones,
0792

singlet, 1857
sterically hindered, and

LiAlH4, 1792
sterically hindered, and

Wolff-Kishner reduction,
1836

structural requirements, and
the Wittig reaction, 1371

sulfenylation, 0791
sulfonation, 0791
tautomerism, 0772
thermal extrusion of carbon

monoxide, 1545

thioalkyl, from enolate
anions, 0790

thioalkyl or thioaryl, from
silyl enol ethers, 0792

triplet, 1857
unsymmetrical, acidity of a-

protons, 0630
unsymmetrical, and enoate

anions, 0630
unsymmetrical, formation of

silyl enol ethers, 0799
unsymmetrical,

regioselectivity, 0630
via decarboxylation, 0840

ketones, with acyl halides, 1274
with amines and hydrogen,

1288–1291
with aromatic compounds,

0713
with base, 0774
with bis(Grignard) reagents,

1304
with diazo esters, 1603
with diazoalkanes, 1384
with dihalocarbenes, 1384
with enol esters, 0629
with enolate anions, 0263,

1339–1351
with enolate anions, see aldol
with Grignard reagents,

1300–1309
with halo esters, 1364
with halo-sulfones, 1384
with halogens, 0776
with HCN, 1389
with hydrazines, 1284
with hydrogen sulfide, 1277
with hydroxylamine, 1286
with isocyanides and

carboxylic acids, 1467
with LDA, 0798
with lithio-silanes, 1365
with nitro compounds, 1357
with nitrous acid, 0784
with organocuprates, 1312
with organolithium reagents,

1301
with Oxone1, epoxidation of

alkenes, 1172
with phenylhydrazine, 1675
with phosphorus ylids, 1369
with silanes, metal catalyzed,

0799
with sodium bisulfite, 1281
with sulfur ylids, 1382
with Tebbe’s reagent, 1380
with the Petasis reagent,

1380
with tosylimines and proton

sponge, 1465

ketones, Wolff-Kishner
reduction, 1835

ketyls, and Gomberg-Bachmann
pinacol synthesis, 1854

and reduction of carbonyls
with sodium in ethanol,
1796

and the acyloin condensation,
1861

radical ions, 0282
Kiliani-Fischer method, 1391
Kimel-Cope rearrangement,

1670
Kindler modification,

Willgerodt reaction, 1868
kinetic acidity, see acidity
kinetic and thermodynamic

control, arenium ions,
0666

kinetic resolution, also see
resolution

kinetic resolution, 0176
and enantiomeric purity,

0182
ketones, 0775

kinetically controlled reactions,
0307, 0308

kinetic control, and sulfur ylids,
1384

kinetics, and aliquots, 0319
and calorimetric methods,

0319
and enthalpy, 0301
and entropy, 0322
and ESR, 0319
and frequency factor, 0322
and half-life, 0320
and homogenous reactions,

0315
and inverse isotope effects,

0324
and ion pairs in the SN1

reactions, 0436
and Marcus theory, 0315,

0316
and mechanisms, 0315, 0321
and molecularity, 0316, 0317
and NMR, 0321, 0434
and quenching, 0319
and rate constant, 0315
and rate law, 0315, 0317,

0318
and rate-determining state,

0316, 0317
and reactions, 0301
and salt effect, 0434
and secondary isotope

effects, 0325, 0326, 0327
and solvent isotope effects,

0327
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and spectroscopic methods,
0319

and steady state, 0317
kinetics, first order, 0433

first order, and the SE1
mechanism, 0758

first-order rate law, 0319
first-order reactions, 0315,

0316
methods for determining,

0319
of amide hydrolysis, 1409
of Ei reactions, 1508
of elimination reactions,

1490
of fast reactions, 0319
of gas phase reactions, 0319
of lead tetraacetate cleavage

of diols, 1734
of radical chain reactions,

0937
of radical cyclization, 1125
of rearrangement of

cyclopropylcarbinyl
radicals, 0945

of SN1 reactions, and leaving
groups, 0433

of SN2 reactions, 0427
of the Heck reaction, 0895
of the Mannich reaction,

1294
pseudo first-order, 0318
second order, HBr with

alkenes, 1030
second-order reactions, 0315,

0316
Kishi’s NMR method, and

absolute configuration,
0161, 0162

Knoevenagel carbanions, with
allylic esters, 0610

Knoevenagel reaction, 1358
and acyl anion equivalents,

1362
and carbamates, 1362
and Darzens condensation,

1364
and high pressure, 0513,

1359
and microwaves, 1359
and the Nef reaction, 1359
and the Wittig reaction, 1363
and tosylhydrazones, 1363
and ultrasound, 1359
Doebner modification, 1360
in ionic liquids, 1359
metal catalyzed, 1359
on silica gel, 1359
on zeolites, 1359
products, 1360

solventless, 1359
special variations,

1360–1363
structural variation, 1358
suitable functional groups,

1358
knots, molecular, 0133, 0134,

0152
Knovenagel reaction, and the

homoaldol reaction, 1362
Koch reaction, 1137
Koch-Haaf reaction, 0653, 1137
KOH, with amines, 0547
Kolbe electrosynthesis, see

Kolbe reaction
Kolbe reaction, 0993

and electron transfer, 1705
mechanism, 0993

Kolbe-Schmidt reaction, 0728,
0729

Kornblum reaction, 1765
Kornblum’s rule, and ambident

nucleophiles, 0516
Krebs cycle, and enantiotopic,

0192
Krönke reacation, 1766

labeling, and acetal hydrolysis,
0524, 0525

and enantiotopic atoms,
0192

and ion pairs, 0438
and phenonium ions, 0459
and solvolysis, 0438
cyclopentadienide ion, 0063
in alkynyl carbocations, 0477
isotopic, and mechanism,

0314
vinyl ether hydrolysis, 0528

lactamization, 1431
a-lactams, from halo-amides,

0571
b-lactams, arylation, 0881

by carbonylation of
aziridines, 1466

by cycloaddition of imines
and ketenes, 1464

by radical cyclization, 1128
by [2 þ 2]-cycloaddition,

1221
formation of,

enantioselectivity, 1465
from alkenes and

chlorosulfonyl isocyanate,
1466

from b-amino esters, 1435
from carboxylic acids and

imines, 1465
from imines and diazo

ketones, 1466

from imines and halo esters,
1465

from ketenes and
hydrazones, 1465

lactams, a-alkylation, 0627
lactams, alkylation, 0512, 0568

alkylidene, from
dihalosulfone and imides,
1381

alkylidene, from ynamides,
1052

and determining absolute
configuration, 0160

and Friedel-Crafts acylation,
0719

and proton transfer, 0368
and strain, 0224
arylation, 0880
bicyclic, from carbamates,

1051
by a-oxidation of amines,

1759
by amidation of alkenes,

1051
by Beckmann rearrangement,

1614
by carbene insertion,

0804–0805
by carboxylation of alkenes,

1144
by halolactamization, 1154,

1155
by radical cyclization, 1128
by rearrangement of

oxaziridines, 1588
by Schmidt reaction with

cyclic ketones, 1611
conjugate addition, 1131
conversion to thiolactams,

1278
enolate anion, with aryl

halides, 0907
from alcohols, and amines or

ammonia, 1436
from amino acids, 1431
from halo amides, 1695
in Diels-Alder reactions,

1217
N-halogenation, 0851
a-oxidation to imides, 1759
reduction to cyclic amines,

1842
ring expansion, 1438
ring expansion from cyclic

amines, 0851
with alkyl halides, 0569
with amines at high pressure,

1438
with sodium hydride, 0569
Wittig reaction, 1371
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lactic acid, and absolute
configuration, 0154

lactim ethers, vinyl, Diels-Alder
reactions, 1217

lactone formation, and ring size,
0304

b-lactones, angle strain and
reaction with amines,
1437

decarboxylation, 1556
decarboxylation to alkenes,

1544
from hydroxy acids, 1415
from ketenes and carbonyls,

1462
photolysis of conjugated

esters, 1041
pyrolysis to alkenes, 1544

lactones, a-alkylation, 0627
and conformations, 0213
and DCC, 1417
and neighboring group

mechanisms, 0448
and the Mukaiyama

rearrangement, 1416
b-, see b-lactones
by addition halo-esters to

alkenes, 1161
by Baeyer-Villiger

rearrangement of cyclic
ketones, 1618

by carbonylation, 0653,
0909

by carboxylation of alkenes,
1144

by halolactonization, 1154,
1155

by metathesis reactions,
1686

by radical cyclization, 1128
by reduction of anhydrides,

reagents, 1840
by the Story synthesis, 1557
cleavage, 0550
conjugated, reagents for

reduction, 1072
conversion to thiolactones,

1278
coupling with allylic esters,

0609
dehydrogenation, 1713
extrusion of carbon dioxide,

1555
lactones, from alkenes, 1186

from alkyne-carboxylic
acids, 1042

from cyclic peroxides, 1557
from dicarboxylic esters and

the Tischenko reaction,
1865

from diene-carboxylic acids,
1042

from diketones and the
Cannizzaro reaction, 1864

from epoxides, 0619
from halo-acids, 0304
from hydroxy acids, 1415
from hydroxy carboxylate

salts, 0540
from hydroxy-trimethylsilyl

alkenes, 1036
from iodo-alcohols, 0653

lactones, hydrolysis, 1401
macrocyclic, from cyclic

ketones, 0842
macrocyclic, from hydroxy

acids, 1415
a-oxidation of cyclic ethers,

1760
photolysis, 1555
pyrolysis to alkene acids,

1520
sulfenylation, 0791
thermal extrusion of carbon

dioxide, 1546
transesterification, 1420
with hypervalent iodine,

0541
with lithium iodide, 0585
with Petasis reagent, 1381
with phosphorus ylids, 1379
with Tebbe’s reagent, 1381
Wittig reaction, 1371

lactonization, from amides, 1187
of alkenes, 1186, 1187
reagents for, 1416

Lange’s Handbook of
Chemistry, 1887

lanthanide shift reagents, 0181
large angle strain, see strain
lariat ethers, 0123
Lawesson’s reagent, 1278

with alcohols, 0549
with ketones, 1278

LC, preparative, and
diastereomers, 0175

and resolution, 0175
LCAO, 0006
LDA (lithium

diisopropylamide)
aggregates of, 0389
and carboxylic acids, 0637
and elimination of ethers,

1516
and enol borinates, 0631
and formation of enolate

anions, 0811
and the aldol reaction, 1343
and the Claisen-Schmidt

reaction, 1343, 1344

and X-ray crystallography,
0389

with conjugated ketones,
0907

with ketones, 0798
lead tetraacetate, and

acyloxylation, 0972
and bis(decarboxylation),

1749
and dihydroxylation of

alkenes, 1168
and oxidative cleavage of

diols, 1732
and oxidative

decarboxylation, 1747
cleavage of diols, 1734, 1735
conversion of alcohols to

cyclic ethers, 0965
with cyclopropanes, 1025

lead tetracetate, reactions of,
0972

lead, pyrophoric, coupling of
acyl halides, 1450

leakage, rearrangement of ions,
1572

leaving group ability, table,
0501

leaving groups, amino, in
Mannich bases, 0498

leaving groups, and amines,
0498

and aziridines, 0497
and basicity, 0496
and carbene formation,

0500
and conjugate bases, 1489
and electrophilic aromatic

substitution, 0683
and epoxides, 0497
and neighboring groups,

0446
and nucleophilic aromatic

substitution, 0868
and nucleophilic substitution,

0482
and reactions, 1496
and rearrangement of

nitrenes, 1562
and SE1 reactions, 0764
and SN1 reactions, 0432
and SN20 reactions, 0471
and strain, 0496
and substitution reactions,

0496
and the element effect, 0475
and the tetrahedral

mechanism, 1259
and thiiranes, 0497

leaving groups, at saturated
carbon, 0496
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axial versus equatorial, in E2
reactions, 1481

b-substituents, 0446
benzotriazoles, with Ei

reacts, 1524
definition, 0297
diazonium salts, 0499, 0916
ditosylates, 0498
E1 versus E2 reactions and

elimination versus
substitution, 1505

halides in halide exchange,
aryl halides, 0883

in the E2 reaction, 1479
kinetics and SN1, 0433
nitrogen, 0499, 0984
nitronium ion, 0683
other, in aromatic

substitution, 0742
proton, 0683
pyridinium compounds,

0498
pyrylium salts, 0498
reactivity in elimination

reactions, 1505
solvation by, 0759
suitable for elimination, 1505
sulfonate esters, 0497, 0498
sulfonyl groups, 1472

Lederer-Manasse reaction, 0714
Lemieux-von Rudloff reagent,

oxidative cleavage of
alkenes, 1743

length, bond, see bond distance
length, cell, and specific

rotation, 0139
Leuckart reaction, and the

Wallach reaction, 1291
levo isomer, 0138
Lewis acid catalysis, sulfonyl

halides with halo esters,
0605

Lewis acid catalyzed Diels
Alder reaction, 1197

Lewis acid complexes, and X-
ray crystallography, 0720

Lewis acid-base complex, 0375,
0376

Lewis acid-base, rate of
complex formation, 0376

Lewis acidity, and Brønsted
acidity, 0384

Lewis acids, addition of acyl
halides to alkenes, 1161

addition of alkyl halides to
alkenes, 1159

addition of thiols to alkenes,
1043

aldehydes with diazoesters,
0800

alkenes and Friedel-Crafts
alkylation, 0711

allylic silanes with epoxides,
0589

Lewis acids, and acetals, 0526,
0527

and acyl carbocations, 0722
and arenium ions, 0663
and aryl halides, 0749
and cleavage of cyclic ethers,

0581
and cleavage of ethers, 0581
and condensation of

enamines with aldehydes
or ketones, 1344

and coupling alkenes with
acyl halides, 0796

and Danishefsky’s diene,
1216, 1217

and electrophiles, 0657
and enol alkylation, 0628
and epoxide alcoholysis, 0537
and esterification of

carboxylic acids, 1418
and formation of biaryls,

0717
and Friedel-Crafts alkylation,

0708
and halogenation of aromatic

compounds, 0699
and hardness, 0377
and imino esters, 0732
and nitration of aromatic

compounds, 0687
and oxonium ion formation,

0544
and reaction of allylic silanes

with aldehydes, 1388
and rearrangement of

alkenes, 0769
and softness, 0377
and solvent effects, 0392–0394
and steric effects, 0385
and the Diels-Alder reaction,

1197
and the ene reaction, 1104
and the Gatterman-Koch

reaction, 0725
and the Johnson polyene

cyclization, 1090
and the Periodic table, 0375,

0384
and the Prins reaction,

1394
and thioalkylation of

aromatic compounds,
0731

Lewis acids, as catalysts for the
Curtius rearrangement,
1609

as catalysts for
transesterification, 1419

catalysts for the Prins
reaction, 1395

chiral, 0387
chiral, and the Claisen

rearrangement, 1672
coordination with functional

groups, 0709
definition, 0375

Lewis acids, for addition of
alcohols to carbonyls, 1270

for addition of allylic silanes
to aldehydes, 1322

for carboxylic esters, from
ethers, 0542

for catalysis of
hydroperoxide
rearrangement, 1620

for catalysis of ketene
cycloaddition to
carbonyls, 1462

for catalysis, addition of
carboxylic acids to
alkenes, 1041

for catalysts for formation of
aryl sulfones, 0698

for ethers with anhydrides,
0542

for Friedel-Crafts acylation,
0719

for halogenation of anilines,
0699

for halogenation of aromatic
compounds, 0702, 0703

for organocopper compounds
with alkyl halides, 0604

for reaction of thiols with
aldehydes or ketones,
1279

for rearrangement of
epoxides to ketones, 1587

for reversal of Friedel-Crafts
alkylation, 0742

for the Beckmann
rearrangement, 1613

Lewis acids, formation of aryl
ketones, 0719

formation of keto-esters,
0800

lithium perchlorate, 0376
reaction types, 0376
reactivity order in Friedel-

Crafts alkylation, 0708
strength of, 0377
used for the Ritter reaction,

1459
used in Diels-Alder reaction,

1197
with acyl halides, 0719
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Lewis acids, (Continued)
with aryl esters, 0735
with aryl halides, 0749
with epoxides and

organocuprates, 0619
with nitriles, 0732
with potassium cyanide or

sodium cyanide, 0649
Lewis bases, ab initio

calculations, and base
strength, 0376

and nucleophiles, 0425, 0490
and steric effects, 0385
definition, 0375

Lewis structures, 0006, 0014,
0032

and resonance, 0046
benzene, 0036

Ley reagent, see TPAP
LHMDS (lithium

hexamethyldisilazide),
0627, 0628, 0389

LICA (lithium isopropylcyl
cohexylamide), 0627

and ester enolate anion
Claisen rearrangement,
1670

lifetimes, of radicals, 0946,
1577

ligands, and Z-complexes, 0043
in enantioselective catalytic

hydrogenation, 1056
phosphine, 0043

light, and autoxidation, 0967
and optical activity, 0163
circularly polarized, 0138,

0172
plane polarized, 0136, 0137

limonylborane, 1080
Lindlar catalyst, and

hydrogenation of alkynes,
1057

linear free energy
relationship(LFER), 0405,
0406

linear polyacenes, 0061
lipases, formation of lactams,

1431
transesterification, 1420

liquid chromatography, see LC
liquids, and ultrasound, 0350
liquids, ionic, see ionic liquids
liquids, NBS, and halogenation

of aromatic compounds,
0699

literature searching, 1898
literature searching, online,

1901
literature, and Beilstein,

1884

annual reviews and irregular
publications, 1890

journals, 1871–1875
primary sources, 1870
secondary sources, 1870,

1876–1881
lithiation, also see metalation
lithiation, aromatic compounds,

mechanism, 0808
of alkynes, 0809
of amides, 0810
of aromatic compounds,

0911–0915
of carbamates, 0640
of heterocycles, 0809
of pyridine, 0913

lithio-epoxide, rearrangement,
0564

lithioalkynes, coupling with
alkyl halides, 0595

lithium aluminum hydride, see
hydride

lithium borohydride, borane and
carbon monoxide, 1628

lithium diethylamide, 0627
lithium diisopropylamide, see

LDA
lithium hexamethyldisilazide,

see LHMDS
lithium iodide, and collidine,

with esters or lactones,
0584, 0585

lithium ions, and ambident
nucleophiles, 0517

binding by crown ethers,
0120

lithium naphthalenide, with
thioethers, 0992

lithium perchlorate, and SN1
reactions, 0504

as a Lewis acid, 0376
in ether, and Diels Alder

reactions, 1199
in ether, and formation of

amino-alcohols, 0563
special salt effects, 0504

lithium tetramethylpiperidide,
and enolate anions, 0628

lithium triethylborohydride, see
borohydride

lithium, and formation of
enolate anions, 0811

and ultrasound, 1451
in amines, reduction of

aromatic compounds,
1069

in amines, reductive cleavage
of esters, 1834

in ammonia, and Birch
reduction, 1067

in ammonia, reduction of
alkenes, 1065

in ammonia, reduction of
aromatic compounds,
1067

in ammonia, with
cyclopropanes, 1075

with alkyl halides, 0831
lithium-hydrogen exchange,

with aromatic compounds,
0912

lone pairs, and bond angle, 0027
long bonds, 0024
Lossen rearrangement, 1563,

1610
low-temperature matrix, 0074
Lowest unoccupied molecular

orbital, see LUMO
LTMP, 0628
LUMO, alkenes and Pauson-

Khand reaction, 1143
and Diels-Alder reaction,

1195
and endo addition, 1214,

1215
and tetraenes, 0045
and the frontier orbital

method, 1208
lyase and cyanohydrin

formation, 1389
lyonium ions, and solvent

acidity, 0371

macrocycles, and gyroscanes,
0135

by the Story synthesis,
1557

crown ethers, 0121
macrocyclic compounds, and

catenanes, 0134
by acyloin condensation, 1861

macrocyclic lactones, by
metathesis reactions, 1686

magnesium halides, Grignard
reagents, 0260

magnesium
monoperoxyphthalate, see
MMPP

magnesium, and elimination of
halo ethers, 1542

and the Barbier reaction,
1302

and the Boord reaction, 1542
and the Grignard reaction,

1300–1309
elimination with haloethers,

0830, 0831
with dihalides, 1304

magnetic field, and microwaves,
0353
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magnetic susceptibility, and the
Etard reaction, 1763

maleic acid, 0185
malic acid, chlorination of, 0427
malonates, alkylation, 0623

and enantiotopic atoms, 0191
with sulfones, 0907

malonic acid esters, see
malonates

malonic acids, decarboxylation
versus anhydride
formation, 1423

malonic ester synthesis, 0623
arylation, 0714

mandelic acid, and asymmetric
synthesis, 0170

manganate esters, 1163
manganese acetate, with

alkenes, 1186
manganese dioxide, and

oxidation of alcohols,
1717

and oxidation of amines,
1731

manganese salen complex, and
asymmetric epoxidation,
1177

Mannich bases, and amino
leaving groups, 0498

and conjugate addition
(Michael addition), 1109

and elimination-addition
reactions, 0478, 0498,
0562

coupling with
organometallics, 0613

with amines, 0562
Mannich reactions, 1292–1295

and Eschenmoser’s salt, 1294
and Robinson annulation,

1351
and the Strecker synthesis,

1391
selectivity, 1294, 1295
with more than equivalent of

an amine, 1293
Marcus equation, and base

catalysis, 0373
and Brønsted equation,

0374
Marcus theory, 0309, 0310

and mechanism, 0310
and proton transfer, 0373
and rate constants, 0315,

0316
and SN2 reaction, 0310
and the Swain-Scott

equation, 0493
Markovnikov’s rule, acylation

of alkenes, 0796

addition of alkyl halides to
alkenes, 1160

addition of thiols to alkenes,
1043

alkenes, and Friedel-Crafts
alkylation, 0711

and addition of carboxylic
acids to alkenes, 1041

and addition of hypohalous
acids to alkenes, 1153

and addition of silanes to
alkynes, 1087

and addition to alkynes, 1030
and addition to

cyclopropanes, 1025
and alcohol addition to

alkenes, 1037
and alkenes, 1022
and amination of alkenes,

1047
and bromination, 1020
and hydration of alkenes,

1032
and oxymercuration, 1033
and the Hammond postulate,

1019
and the Prins reaction, 1394
definition, 1019
nitrosyl chloride with

alkenes, 1158
phosphines and alkynes,

metal catalysts, 1050
photochemical, alcohols to

alkenes, 1040
Markovnikov, anti, see anti-

Markovnikov
masochistic steric effects,

[2 þ 2]-cycloaddition,
1227

mass spectrometry, see MS
mass-law effect, and rate of

reaction, 0434
matrix trapping, oxirenes, 1174
McFadden-Stevens reduction,

1811
McMurry reaction, 1859

formation of unsymmetrical
alkenes, 1860

intramolecular, 1859
mCPBA (m-

chloroperoxybenzoic
acid), 1169

oxidation of boranes, 1082
mechanical separation, and

resolution, 0176
mechanics, molecular, see

molecular mechanics
mechanics, wave, 0003
mechanism, a-hydroxylation of

enolate anions, 1754

mechanism, a-oxidation of
ketones, 1760

mechanism, A-SE2, 0528, 1005
acetal and ketal formation,

1271
acetal hydrolysis, 0525
acid catalyzed aldol reaction,

1349
acid catalyzed hydrolysis of

isocyanides, 1467
acid catalyzed rearrangement

of hydroperoxides to
ketones, 1620

acyloin condensation, 1861
addition of alkanes to

alkenes, 1084
addition of amines to

ketenes, 1050
addition of Grignard reagents

to aldehydes or ketones,
1307

addition of organolithium
reagents to aldehydes or
ketones, 1308

addition of thiols to alkenes,
1043, 1044

addition of water to
carbonyls, 1263

addition to cyclopropanes,
1025, 1026, 1027

addition-elimination, 0474
addition-elimination, and

alkylation of aromatic
compounds, 0912

addition-elimination, and
oxidation-reduction, 1707

addition-elimination, and
rearrangement, 0475

addition-elimination, and the
Heck reaction, 0894

addition-elimination, and
vinyl halides, 0474

addition-elimination,
Bucherer reaction, 0882

addition-elimination,
electrochemical
substitution, 0763

addition-elimination,
hydrolysis of carbamates,
1407

addition-elimination, IUPAC
nomenclature, 0474

addition-elimination, metal
hydride, 0770

addition-elimination,
quinones, 0474

AE þ DE, 0658
alcohol addition to alkenes,

1037
aldol condensation, 1341
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mechanism, A-
SE2, (Continued)

alkene metathesis, 1688,
1689

alkenes with singlet oxygen,
0970

allylic radical halogenation,
0961, 0962

ambiguity in elimination
reactions, 1494

anchimeric assistance, 0446
mechanism, and benzynes, 0313

and bond cleavage, 0296
and Brønsted equation, 1496
and catalysis, 0313
and deuterium isotope

effects, 0322, 0323, 0324
and flash photolysis, 0348
and frequency factor, 0322
and half-life, 0320
and Hofmann rearrangement,

0311
and intermediates, 0311
and isotope effects, 0322,

0323
and isotopic labeling, 0314
and kinetics, 0315, 0321
and Marcus theory, 0310,

0315, 0316
and NMR, 0321
and rate constants, 0315,

0321
and rate law, 0315
and reduced mass, 0323
and secondary isotope

effects, 0325, 0326, 0327
and solvent isotope effects,

0327
and solvolysis, 0437
and stereochemistry, 0314
and temperature, 0322
and von Richter, 0311
and Walden inversion, 0314

mechanism, arenium ion, 0657,
0658

and decarboxylation, 0746
and mercuration of aromatic

compounds, 0913
and reverse Gatterman-Koch

reaction, 0745
encounter complex, 0664
evidence for, 0659–0662
rate, 0659, 0660

mechanism, aromatization by
quinones, 1710

arylation of aromatic
compounds, 0925, 0926

arylidazonium salt coupling,
0783

aryne, see benzyne

autoxidation, 0968
Baeyer-Villiger

rearrangement, 1619
Bamberger rearrangement,

0931
Bamford-Stevens reaction,

1527
Barton reaction, 1696
base induced elimination of

ethers, 1516
base induced elimination of

sulfones, 1528
Beckmann rearrangement,

1615, 1616
benzidine rearrangement,

1679, 1680
benzil-benzylic acid

rearrangement, 1595
benzoin condensation, 1397
benzyne, 0859–0862, 0906
Birch reduction of aromatic

compounds, 1068
bis(decarboxylation) of

dicarboxylic acids, 1749
boranes, with metal alkyne

anions, 1631
borderline, 0442
born-to-carbon

rearrangement, 1627
bromination of acetone, 0323
Bucherer reaction, 0882
Cannizzaro reaction, 1864
carbanion, and elimination,

1489
carbene addition, 1238,

1239
carbene insertion, 0805,

0806
carbenoid formation, 1235
carbocation, addition of

alkanes to alkenes, 1085
carboxylic esters with

amines, 1436
catalytic hydrogenation of

aldehydes or ketones,
1805

cheletropic reactions, 1537
Chichibabin reaction, 0915
chromium (VI) oxidation of

alcohols, 1726, 1727
Chugaev reaction, 1521
cis-trans isomerization, 0312
Claisen condensation and

Dieckmann condensation,
1453, 1454

Claisen rearrangement, 1668
cleavage of alkenes with

superacids, 0845
combination, 0299
conducted tour, 0761, 0768

conjugate addition of
organometallics, 1119

Cope elimination, 1525
Cope rearrangement, 1662
Criegee, ozonolysis,

1738–1740
Curtius rearrangement, 1609
cyanogen bromide with

carboxylate salts, 1462
mechanism, cyclic, and addition

to alkenes, 1012
and electrophilic substitution,

0763
diimide reduction of alkenes,

1063
reduction of hydrazones,

1838
mechanism, cyclopropane ring

opening, 1591
cyclopropyl cation ring

opening, 1644
Darzens condensation,

1364
DCC esterification, 1417
DCC reaction of carboxlic

acids and amines, 1431
decomposition of AIBN,

0935
definition, 0296
dehydrohalogenation of alkyl

halides, 1531
deprotonation by

organometallics, 0810
determination of, 0311–0327,

1495
determining kinetic data,

0319
diazoalkanes with aldehydes

or ketones, 1384
diazotization of anilines,

0918
Diels-Alder reaction, 1205,

1206
diion, and [2 þ 2]-

cycloaddition, 1228
diion, ketones with imines,

1465
dimer, and SNAr reactions,

0857
diradical stepwise versus

concerted, Diels-Alder,
1205, 1206

diradical, and carbenes, 1239
diradical, and

photochemical[2 þ 2]-
cycloaddition, 1231

diradical, and [2 þ 2]-
cycloaddition, 1227

diradical, Cope
rearrangement, 1664
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displacement, and oxidation-
reduction, 1706

DMSO oxidation of alkyl
halides, 1766

Duff reaction, 0727
E1, acid catalyzed

dehydration of alcohols,
1515

E1, and arenium ions, 0657
E1anion reactions, 1493
E1cB, 1488–1493
E2, 1478–1486
E2C, 1495
Eglinton reaction, 0979
Ei, 1507
Ei, and Cope elimination,

1525
electrophilic addition, 0999
electrophilic, halogenation of

alkenes, 1149
mechanism, elimination-

addition, 0477, 0562, 0613
and Mannich abases, 0498
at saturated carbon, 0478
at vinylic carbon, 0477

mechanism, ene reaction, 1104
enolization in Grignard

reactions, 1309
Etard reaction, 1763
Favorskii addition reaction,

1360
Favorskii rearrangement,

1596, 1597
first-order reactions, 0315,

0316
Fischer indoles synthesis,

1675
formation of acyl cyanides,

1457
formation of azoxy

compounds from oximes,
0849

formation of gem-dihalides
from aldehydes or
ketones, 1298

formation of Grignard
reagents, 0832

four-center, addition to
alkenes, 1013

four-center, and
hydroboration, 1078

fragmentation, 1542
free-radical, 0297
Friedel-Crafts acylation, 0722
Friedel-Crafts alkylation,

0711
Fries rearrangement, 0736
Gatterman reaction with aryl

halides, 0984
Glaser reaction, 0979

Grignard reaction, 1307
Grignard reagents with

nitriles, 1338
Grignard reagents, with

metal halides, 0826
haloacylation of alkenes,

1161
halogenation of alkenes,

1149
halogenation of ketones,

0778, 0779
halogenation of

organometallics, 0821
haloketones with boranes,

0645
Hay reaction, 0980
heterogeneous organic

catalysis, 1058
Hoesch reaction, 0732
Hofmann degradation, 1522
Hofmann rearrangement,

1608
Hofmann-Löffler reaction,

1695
homogeneous catalytic

hydrogenation, 1059, 1061
homologation of aldehydes

or ketones, with
diazomethane, 1602

homolytic, 0297
Hunsdiecker reaction, 0995
hydroboration, 1078
hydrogen exchange, 0766

mechanism, hydrolysis of acyl
halides, 1398

hydrolysis of alkyl halides,
0519

hydrolysis of amides,
1408–1410

hydrolysis of anhydrides,
1399

hydrolysis of carbamates,
1406

hydrolysis of carboxylic
esters, 0406, 0407,
1402–1406

hydrolysis of compounds,
1265

hydrolysis of iminium ions,
1266

mechanism, hydroperoxides
oxidation of sulfoxides,
1783

hydroperoxides oxidation of
thioethers, 1782

identification of products,
0311

interfacial, 0510
inverse isotope effects, 0324
iodo azide to alkenes, 1159

ion pair, and E1 reactions,
1488

ion-pair, 0441
isocyanates with alcohols,

1275
isocyanates with phosphine

oxides, 1461
IUPAC nomenclature, 0420
IUPAC, and carbenes, 0500
IUPAC, and diazonium salts,

0500
ketenes cycloaddition to

imines, 1465
keto-enol tautomerism, 0773
Kolbe-Schmidt reaction,

0729
lead tetraacetate cleavage of

diols, 1734
lead tetraacetate oxidation of

alcohols to cyclic ethers,
0966

LiAlH4 reduction of
aldehydes or ketones,
1804

lithiation of aromatic
compounds, 0808

Lossen rearrangement, 1610
Mannich reaction, 1294
Meerwein arylation, 0923
mercuric catalyzed hydration

of alkynes, 1036
mechanism, metal catalyzed,

acyloxylation, 0973
cycloadditions, 1249
cyclotrimerization, 1246
decarbonylation of

aldehydes, 0998
hydrocarboxylation, 1138

mechanism, metal hydride
addition-elimination, 0770

metal reduction of nitro
compounds, 1818

metal-hydrogen exchange,
0834

methyl transfer, 0310
Michael addition, 1008, 1009
mixed SN1-SN2, 0440, 0441
Neber rearrangement, 1606
Nef reaction, 1267

mechanism, neighboring group,
also see neighboring
groups

mechanism, neighboring group,
0446

and anti-dihydroxylation,
1164

and bromonium ions, 0447,
0448

and epoxides, 0448
and halonium ions, 0449
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mechanism, neighboring
group, (Continued)

and lactones, 0448
and rearrangement, 0448
and solvolysis, 0448, 0449
stereochemistry, 0447

mechanism, nitration of alkanes,
0786

nitration of aromatic
compounds, 0691

nitrogen extrusion reactions,
1554

nitrosation, 0691
nitrosation of amines, 0847,

0848
nitrosation of ketones,

0784
nucleophilic addition, 1007
nucleophilic aromatic

substitution, 0853
nucleophilic rearrangements,

1560–1574
nucleophilic substitution at

sulfonyl sulfur, 1470, 1471
nucleophilic, and

displacement of
diazonium, 0916

of ozonolysis of alkenes,
1738–1740

of substitution reactions,
0426

of thallation, 0914
of the Kolbe reaction,

0993
of the Wacker process, 1774
oxa-di-p-methane

rearrangement, 1694
mechanism, oxidation of

aldehydes to carboxylic
acids, 1771

of aldehydes with chromic
acid, 1771, 1772

of aldehydes with
permanganate, 1772, 1773

of alkylboranes, 0815
of amines to amine oxides,

1779
of anilines with Caro’s acid,

1777
of phenols with sodium

periodate, 1729
of thiols to disulfides,

1786
mechanism, oxidation-

reduction, 1704
oxidative cleavage of

alkenes, 1744
oxidative decarboxylation of

carboxylic acids, 1748
oxime formation, 1286, 1287

palladium catalyzed arylation
of amines, 0877

Passerini reaction, 1468
Pauson-Khand reaction,

1143
pericyclic, 0297
peroxyacid epoxidation of

alkenes, 1170
Petasis alkenylation, 1380
Peterson alkenylation, 1366

mechanism, photochemical,
0348

actinometer, 0349
and emission, 0348
and fluorescence and

phosphorescence, 0348
and quantum yield, 0349
dimerization of ketones,

1857
mechanism, pinacol

rearrangement, 1586
polar transition state, and

benzidine rearrangement,
1680

Prins reaction, 1393
proton-transfer reactions,

0367
Pschorr reaction, 0926
Pummerer rearrangement,

1867
pyrolysis of esters to alkenes,

1520
pyrolysis of homoallylic

alcohols, 1551
pyrolytic elimination,

1507–1510
mechanism, radical, 0934

addition, 1010
addition of aldehydes to

alkenes, 1136
addition of alkanes to

alkenes, 1084
alkylation of aromatic

compounds, 0981
and coupling of boranes,

0989
and Ei reactions, 1510
and fluorination of

aryldiazonium salts, 0922
and SRN1 reactions, 0862
arylation of aromatic

compounds, 0982
chain, and SRN1 reactions,

0863
cyclization, 1126
cyclopropane addition, 1027
halogenation of alkenes,

0958
halogenation of allylic

hydrogen, 0961, 0962

neighboring group effects,
0942

organometallic compounds
with alkyl halides, 0599

substitution, 0938, 0939
with aromatic compounds,

0940
mechanism, Ramberg-Bäcklund

reaction, 1536
mechanism, Raney nickel

desulfurization, 0991
reduction of carbonyls with

sodium in ethanol, 1795,
1796

reduction of diazonium salts
with sodium sulfite, 1823

reduction of hydrazones, 1838
reduction with Grignard

reagents, 1308
Reed reaction, 0974
reverse Friedel-Crafts

alkylation, 0744
s-substitution, 0694
SAL2, 0532
Schmidt reaction, 1612, 1613
SE1, 0658, 0665, 0758
SE1, and resonance, 0759
SE2, 0658, 0753
SE2 and cyclopropanes, 1027
second-order reactions, 0315,

0316
SEi, 0753, 0754
selenium dioxide allylic

oxidation of alkenes, 1752
mechanism, SET, 0443

and active methylene
compounds, 0626

and arylation of enolate
anions, 0908

and chain reactions, 0444
and CIDNP, 0445
and coupling, 0613
and electrophilic aromatic

substitution, 0682
and ESR, 0445
and Grignard reactions, 1307
and Grignard reagents, 0832
and LiAlH4 reduction of

alkyl halides, 1828
and oxidation-reduction, 1706
and radical cyclization, 0445
and radical probes, 0445
and substitution reactions,

0481
and Williamson reaction,

0531
organocalcium, 0264
organometallic compounds

with alkyl halides, 0598
versus SN2, 0445
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mechanism, Shapiro reaction,
1526

Sharpless asymmetric
dihydroxylation, 1166

Sharpless asymmetric
epoxidation, 1177

Simmons-Smith procedure,
1241

Simonini reaction, 0996
six-center, and

decarboxylation, 0837
six-center, Cope

rearrangement, 1663
SN1, 0432
SN1, and deuterium, 0488
SN1, and ion pairs, 0436
SN1, and primary

carbocations, 0480
SN1, and secondary isotope

effects, 0488
SN1, hydrolysis of acetals,

0524
SN1cB, 0521, 0567
SN1cB, and carbenoid

formation, 1235
SN2, 0426, 0470
SN20, and addition to dienes,

1013
SN2, and deuterium, 0488
SN2, and secondary isotope

effects, 0488
SNAr, 0854–0857
Sneen’s ion pair, 0764
SNi, 0468
SNi’, 0472
solvolysis of alkyl halides,

0325
Sommelet-Hauser

rearrangement, 0929
SON2, 0872
special variations of the

Knoevenagel reaction,
1361–1363

SRN1, 0550, 0862
SRN1, and arylation of

enolate anions, 0908
Stevens rearrangement, 1622
Stille coupling, 0794
Stobbe condensation, 1356
substituent effects and the

Diels-Alder reaction, 1207
substitution, IUPAC, 0496
sulfonation of aromatic

compounds, 0696
Suzuki-Miyaura coupling, 0902
termolecular addition, 1002

mechanism, tetrahedral,
0473.1254

and base cleavage of ketones,
0841

and conformation, 1258
and formation of aziridines,

0475
and hyperconjugation, 0476
and isotope labeling, 1256
and leaving groups, 1259
and MO calculations, 0476
and substituent effects, 0486
and vinyl halides, 0474
ester hydrolysis, 1402–1406
evidence for, 1255–1259
hydrogen ion catalyst, 1255
hydrolysis of carboxylic

esters, 1402–1406
in acid solution, 1255
isolation of intermediates,

1257
reactivity of carbonyl

substrates, 1260
special detection of

intermediates, 1257
stereoelectronic control,

1258
synthetic transformations,

1260
mechanism, the Gatterman

method, 0926
thermal cleavage of

alkoxides, 0840
thermal elimination of

sulfoxides, 1529
transesterification, 1420
trapping intermediates, 0313
types, 0296
Ullmann reaction, 0898
vicarious nucleophilic

substitution of hydrogen,
0915

Vilsmeier-Haack reaction,
0724

vinyl ether hydrolysis, 0527
vinylboranes, with NaOH

and iodide to give alkenes,
1630

vinylcyclopropane
rearrangement, 1658

von Braun reaction, 0587
von Richter reaction, 0313
von Richter rearrangement,

0927, 0928
waits-Scheffer epoxidation,

1174
Walden inversion, 0427
Wallach rearrangement, 1699
Wittig reaction, 1373
Wittig rearrangement, 1625
Wolff rearrangement, 1600
Wolff-Kishner reduction,

1838
Wurtz reaction, 0592

[2 þ 2]-cycloaddition, 1224
[2 þ 2]-cycloaddition of

enamines with ketenes,
1228

[3 þ 2]-cycloaddition of
allylic carbanions, 1194

mediated coupling conjugated
ketones, 0592

medium effects, on acids and
bases, 0390

medium size rings, and I strain,
0400

medium, and rate of reaction,
0412

and reactivity, 0412
supercritical carbon dioxide,

0414
water, 0414

Meerwein arylation, 0923
and the Heck reaction, 0924
mechanism, 0923

Meerwein-Ponndorf-Verley
reduction, aluminum free,
1796

and alumina, 1796
and microwaves, 1796
cyclic transition state, 17967
of carbonyls, 1796

Meinwald rearrangement, 1587
Meisenheimer rearrangement,

1623
Meisenheimer salts, 0854

and NMR and X-ray
crystallography, 0855

Meisenheimer-Jackson salts,
0854

Meldrum’s acid, and acidity,
0388

and conformation, 0388
melting potion, and hydrogen

bonding, 0111
memory effects, of migrating

groups, rearrangements,
1570, 1571

Mentshutkin reaction, 0555
and SN2, 0430

Merck Index, 1887
mercuration, benzene, rate

and product distribution,
0680

of aromatic compounds,
0913

of toluene, rate and product
distribution, 0680

mercuric acetate, and
acyloxylation, 0972

and oxymercuration, 1033
with alkenes, 1033

mercuric chloride, and orbitals,
0008
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mercuric compounds, the
Corey-Seebach procedure,
1280

mercuric salts, and hydration of
alkynes, 1035

mercury compounds, and acetal
cleavage, 0527

mercury fulminate, with
aromatic compounds,
0733

mercury, sp orbitals, 0007
Merrifield resin, and

Sonogashira coupling,
0905

Merrifield synthesis, 1433
Merrifield, R.B., 1433
mesitylene, aromatic

substitution, 0661
meso compounds, and

diastereomers, 0165
and monocyclic compounds,

0187
definition, 0165

mesoionic compounds, and
aromaticity, 0092

mesomeric effect, 0048
mesomeric effect, also see

resonance
mesylates, leaving groups,

0497
meta directing groups, 0669

and Friedel-Crafts alkylation,
0709

meta selectivity, and aryl
radicals, 0950

meta-carbene complex, and
metathesis, 1688

metal additives, and Grignard
reagents, 1306

metal carbene complexes,
addition to alkenes,
enantioselectivity, 1237

metal carbenes, 1236
cyclotrimerization, formation

of heterocycles, 1247
Fischer carbene complexes,

1247
with carboxylic esters, 1381

metal carbonyls and
sonochemistry, 0352

metal catalysts, also see
catalysts

metal catalysts, addition of
alkynes to alkenes, 1089

and conjugate reduction,
1071

and cyanohydrin formation,
1390

and diazonium salts, 0916
and enolate anions, 1344

and forbidden electrocyclic
reactions, 1643

and formation of thiophenols,
0920

and Friedel-Crafts acylation,
0720

and Oppenauer oxidation,
1721

and Suzuki-Miyaura
coupling, 0899–0903

and vinyl sulfide formation,
0550

aziridine ring opening,
0566

carbonylation of alkenes and
alkynes, 1140

conjugate addition of amides,
1130

coupling alkenes to alkenes,
1091

epoxide and amines, 0563
Finkelstein reaction, 0574
for addition of silanes to

alkenes, 1086
for carbonylation, 1138
for carboxylation of alkenes,

1144
for conjugate addition of

alkynes, 1118
for cyclotrimerization of

alkynes, 1244
for dehydrogenation, 1712
for hydroformylation, 1145
for peroxide epoxidation of

alkenes, 1171
for the Pauson-Khand

reaction, 1142
formation of cyclic amines,

0560
Grignard reagents with acyl

halides, 1444
metal catalyzed, acyloxylation

of hydrocarbons, 0971
acyloxylation, mechanism,

0973
addition of alcohols to

alkenes, 1037
addition of aldehydes to

alkenes, 1135
addition of alkynes to

alkenes, 1089
addition of boronic acids, to

aldehydes, 1319
addition, alkanes to alkenes,

1086
addition, alkenes to alkenes,

1088
addition, propargyl

organometallics to
carbonyls, 1310

alcoholysis of enol ethers,
1039

alkylation, aryl halides,
0629

alkylation, vinyl halides,
0629

amide formation, 0730
amination of alkenes, 0789,

1046, 1047
metal catalyzed, arylation of

alkenes, 0890
arylation of alkenes, the

Heck reaction, 0891–0897
arylation of alkynes, 0647
arylation of amines,

0877–0880
arylation of silanes, 0911
arylation, of sulfonamides,

0569
metal catalyzed, aza-Claisen

rearrangement, 1671
metal catalyzed, aza-Cope

rearrangement, 1672
Baeyer-Villiger

rearrangement, 1618
carbene insertion, 0804
carbonylation, 1137
carbonylation of alkenes,

1140
carbonylation of alkyl

halides, 0654
carbonylation of alkynes,

1140
carbonylation of amines,

0850
carbonylation of aryl halides,

0909
carboxylation of alkenes,

1144
Carroll rearrangement, 1670
cleavage, of benzofurans,

0617
cleavage, of ethers, 0581
conjugate addition of

alkynes, 1118
conjugate addition of

carbamates, 1130
conjugate addition to

alkynes, 1117
conjugate addition,

organolithium reagents,
1133

conjugate additions, 1107,
1108

conversion of alkynyl
ketones to furans, 1272

Cope rearrangement, 1662
metal catalyzed, coupling aryl

halides and boronic acids,
0899–0903

2298 SUBJECT INDEX



coupling, alcohols with
active methylene
compounds, 0614

coupling, alkylboronic acids,
0607

coupling, alkynes with aryl
halides, 0904

coupling, alkynes with aryl
halides, see Sonogashira

coupling, and Grignard
reagents, 0600

coupling, arylboronic acids,
0607

coupling, azobenzenes, 0692
coupling, boronic acids, 0815
coupling, organometallics,

0604, 0605, 0606, 0607
coupling, with allylic

carbonates, 0611
coupling, with vinylboranes,

0607
metal catalyzed, cyanation,

0801
cycloadditions, 1248
cyclotrimerization of

alkynes, 1243
decarbonylation, of acyl

halides to alkenes, 1534
dehydration of alcohols,

1514
diazo transfer reactions, 1237
diazoalkenes, and

cyclopropanation, 1234
Diels-Alder reaction, 1198
directed ortho metallation,

0912
elimination of carboxylic

acids, 1520
enamine formation, 1284
ene reactions, 1104
enol carbonate alkylation,

0629
enolate alkylation, 0628
epoxidation of alkenes, with

peroxides, 1171
formation of aryl nitriles,

0733
formation of biaryls, 0888,

0889
formation of boronic acids,

0816
Friedel-Crafts alkylation,

0707
Fries rearrangement, 0735
halogenation of aromatic

compounds, 0699
halogenation of epoxides,

0584
halogenation of ketones,

enantioselectivity, 0778

hydration of alkenes, 1034
hydration of alkynes, 1035
hydroamination, of alkenes,

1181
hydrocarboxylation,

mechanisms, 1138
hydroformylation, 1145
hydrogen exchange, aromatic

compounds, 0685
Knoevenagel reaction, 1359
Kolbe-Schmidt reaction,

0729
lithiation of Boc-amines,

0640
Mannich reactions, imines

and enol ethers, 1295
methylation of aryldiazonium

salts, 0922
Michael reactions, 1107,

1108
mines and aryl halides, 0693
Nazarov cyclization, 1095
nitration of aryldiazonium

salts, 0985
organolithium reagents with

nitrogen, 0880
organometallic coupling,

0606
oxidation of hydrocarbons

with hydroperoxides, 0971
Pauson-Khand reaction, 1141
preparation of enols, 0770
Prins reaction, 1394
radical halogenation, 0961
reaction, with ketones and

silanes, 0799
rearrangement of alkenes,

0769
Rosenmund-von Braun

reaction, 0885
s-bond rearrangement, 1690
Stille coupling, 0793
sulfohalogenation of

aryldiazonium salts, 0986
[2 þ 2]-cycloaddition, 1220,

1223
[3 þ 2]-cycloaddition, 1191

metal complexes, see complexes
metal complexes, and

cyclotrimerization, 1246
and enantioselective

hydroboration, 1082
and mechanism of catalytic

hydrogenation, 1061
with carbenes, 1236

metal compounds, and oxidation
of alkynes to diketones,
1776

for catalysis of Michael
reactions, 1107, 1108

metal cyanides, see cyanide
metal cyanides, and formation

of cyanohydrins, 1389
metal extrusion, and

cyclotrimerization, 1246
metal halides, see halides
metal halides, diazotization,

0586
metal hydrides, addition to

alkenes, 1082
addition-elimination

mechanism, 0770
and reduction of alkynes,

1064
and reduction of conjugated

alkenes, 1070
metal induced dehalogenation

of acyl halides to ketenes,
1540

metal induced elimination of
halo ethers to alkenes,
1541

metal ions, and SN1 reactions,
0505

metal mediated, acylation of
amines, 1427

addition, HCN to alkynes,
1147

and the Baylis-Hillman
reaction, 1324

arylation of alkynes, 0647
arylation of amines, 0879
carbonylation, 0824
carbonylation of alkyl

halides, 0652
Claisen reaction, 1355
coupling, alkyl halides, 0590,

0597
coupling, allylic esters,

0609
coupling, and Grignard

reagents, 0596
coupling, aryl halides, 0897
coupling, of vinyl halides,

0591
coupling, silylamines with

alkynes, 0647
deoxygenation of

bis(alkoxides), 1534
enamine alkylation, 0636
formation of biaryls, 0888,

0889
halogenation of allylsilanes,

0963
halogenation of aryl

diazonium salts, 0984
halogenation of enol acetates,

0780
halogenation of ketones,

0776
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metal mediated, (Continued)
hydroxylation of

aryldiazonium salts, 0919
oxidative decarboxylation,

1747
radical couplings, 0941
reaction, thiols with

arylboronic acids, 0874
rearrangement, aniline

ammonium salts, 0741
Simmons Smith procedure,

1242
transesterification, 1421
unsymmetrical coupling,

0593
metal oxides, and

hydrogenation, 1054
metal particles, as catalysts,

surface and particle types,
1060

metal salts, addition of
organotin compounds to
carbonyls, 1314–1318

and Grignard reagents,
radical cyclization, 1126

for Mukaiyama aldol, 1352
reagents, for formation of

acylals, 1273
metal-cyclobutadiene complex,

and cyclotrimerization,
1247

metal-hydrogen exchange, 0811
and radicals, 0834

metal-salen complexes, and
epoxidation, 1178

and hydroxylamines, 1547
and Michael addition, 1108

metalation, and organolithium
reagents, 0808

directed ortho, 0596, 0912
of alkynes, 0809
of aromatic compounds,

0734, 0911–0915
of C-H, 0808
with metals, 0811
with organometallics, 0808

metallated imines, and synthetic
applications, 1469

metallocenes, 0066, 0117, 0118
and 18 electron systems,

0067
and aromatic substitution,

0066
and chirality, 0150
and cyclopentadiene, 0066,

0067
and transmetallation, 0827
bonding, 0066

metallocyclobutanes, and
metathesis, 1689

metals, activated, 0832
alkali, and radical ions, 0282
and acyl addition, 1315–1322
and aromatization, 1709
and catalysis of alkyne

amination, 1048
and conjugate reduction,

1071
and decarboxylation, 0745
and elimination of dihalides

to alkenes, 1539
and enolate anions, 1344
and formation of enolate

anions, 0811, 0907, 0908
and hydrogenation, 1054
and organometallics, 0809
and oxidation of alkenes to

aldehydes or ketones,
1774

and reduction with silanes,
1798, 1799

and reductive coupling to
diols, 1854, 1855

and the Barbier reaction,
1302

and the Boord reaction,
1541

as catalysts in catalytic
hydrogenation, 1056

deprotonation, 0811
dissolving metal reductions,

1067
for alkene metathesis, 1682
for alkyne dimerization, 1092
for catalytic dehydrogenation

of alcohols, 1724
for oxidation of alcohols with

TEMPO, 1722
for oxygen oxidation of

alcohols, 1719
for pinacol coupling,

1854–1856
for the Reformatsky reaction,

1327
hydrogen-metal exchange,

0834
in acid, deoxygenation of

aldehydes or ketones,
1835

in acid, reduction of
anhydrides, 1840

in acid, reduction of nitro
compounds, 1816, 1817

in alcohol, reduction of vinyl
halides, 1827

in amines, reduction of
aromatic compounds,
1069

in ammonia, and Birch
reduction, 1067

in ammonia, decyanation of
nitriles, 0845

in ammonia, reduction of
alkynes, 1064

in ammonia, reduction of
aromatic compounds,
1067

in ammonia, reductions, and
CIDNP, 1065

in aqueous alcohols,
reduction of heterocycles,
1069

metalation, 0811
reactivity with alkyl halides,

0831
reduction of aldehydes or

ketones, 1797
reduction of azides, 1822
reduction of nitro

compounds, mechanism,
1818

reduction of sulfonyl halides,
1475

surface area, and the acyloin
condensation, 1862

transmetallation, 0825
with acyl halides and

alcohols, 1412
with aldehydes, formation of

acyl radicals, 0936
with alkyl halides, 0829,

0831, 0832
with crown ethers, 0845

metathesis, alkene (olefin
metathesis), 1681–1689

alkynes, 1688
and formation of lactones,

1686
and Grubbs catalysts, 1683
and metal carbene complex,

1688
and metallocyclobutanes,

1689
and molybdenum catalysts,

1683
and PEG, 1684
and ruthenium catalysts,

1683
and stability of alkenes, 1683
and the Shrock catalyst, 1683
cross, 1684
domino, 1685
double, 1685
functional group

compatibility, 1686, 1687
homo-, 1684
in ionic liquids, 1684
in supercritical carbon

dioxide, 1684
mechanism, 1688, 1689
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polymerization, 1685
reactivity of alkenes, 1684
structural changes in the

reaction, 1682
synthetic variations, 1686,

1687
tandem, 1685
triple, 1685
with dienes, 1685
with diynes, 1686

methane, and PES, 0012, 0013,
0014

bond energy, 0028
rate determining state in

radical halogenation, 0959
spectroscopy, 0012

methanoannulenes, 0081, 0082
and antiaromaticity, 0089

methanol, as a guest, 0127,
0129

methanonium ion, 0235, 0766
mass spectrum, 0766

Methods in Organic Synthesis,
1893

methoxide, potassium, and
phenalene, 0060

methoxyamine, from
organolithium reagents,
0821

methyl aromatic compounds,
and Etard reaction, 1763

a-oxidation to aldehydes,
1763

methyl carbanions, 0257
methyl carbocation, X-ray of,

0236
methyl compounds, reduction of

carboxylic esters, 1842
reduction of tosylates,

reagents for, 1832
methyl groups, neighboring

group participation, 0466
methyl ketones, see ketones
methyl transfer, 0310
methylation, of aryldiazonium

salts, 0922
methylene compounds,

oxidation to amines, 1757
oxidation to sulfonic acids,

1757
reductive of ketones, 1835

methylene groups, oxidation,
1753

methylene, active, see active
methylene

methylene, addition to benzene,
1239

and decomposition of
diazomethane, 1240

from diazomethane, 0804

insertion, 0803
methylene, carbene, 0283, 0286

singlet, 0289
methylenecyclohexanes, and

chirality, 0149
methylids, sulfur, 1382
methyllithium, with enol

acetates, 0631
with silyl enol ethers, 0631
X-ray crystallography, 0260

methylsulfinyl carbanion, with
aryl nitro compounds,
0914

methylsulfonyl carbanion, with
esters, 1455

methylthioalkynes, see alkynes
Meyer’s V values, 0411
Meyers aldehydes synthesis,

0642
micellar catalysis, see catalysis
micellar effects, and Diels Alder

reactions, 1199
Michael addition, acidic

conditions, 1110
amines to conjugated

carbonyl compounds,
1046

and DABCO, 1107
and electrochemistry, 1110
and enamines, 0636
and Mannich bases, 1109
and preformed enolates, 1107
and radical initiators, 1107
and radicals, 1110
chiral imines, 1109
double, 1109
enantioselectivity, 1109
intramolecular, 1109
mechanism, 1008, 1009
of enolate anions, 1108
solvents, 1107
with conjugated nitriles,

1008
Michael reaction, and addition

reactions, 1031
and Robinson annulation,

1350
and tautomerism, 0105
metal catalyzed, 1107, 1108
reversibility, 1009
stereoselectivity, 1108
sulfur ylids, 1386
thermal, 1109
to conjugated alkenes,

1105–1110
vinylogous, 1107

Michael-type alkenes, addition
of HCN, 1147

microbeads, and Sonogashira
coupling, 0905

microscopic reversibility, 0309
microsolvation, SN2 transition

state, 0503
microwave chemistry,

0352–0355
microwave irradiation, and

acetal cleavage, 0527
and a-oxidation of ketones to

diketones, 1758
and acetal hydrolysis, 0526
and acylation of amines,

1429
and acylation of amines with

esters, 1435
and alkene metathesis, 1684
and alkyl iodides, 0577
and amide formation, 0730
and amines, 0555
and arylation of amines,

0877
and chromate oxidation of

alcohols, 1716, 1717
and Claisen rearrangement,

1669
and conjugate addition, of

aldehydes, 1132
and conversion of aldehydes

to nitriles, 1287, 1288
and dehydration of amides to

nitriles, 1549
and dehydration of oximes to

nitriles, 1547
and dielectric heating, 0353
and Diels-Alder reactions,

0352, 1198
and Doebner modification,

1360
and enamine formation, 1284
and ester hydrolysis, 1400,

1401
and esterification of

carboxylic acids, 1415
and Etard reaction, 1763
and ether formation, 0529
and formation of amino-

alcohols, 0563
and formation of phenols,

0870
and Friedel-Crafts acylation,

0720
and Fries rearrangement,

0736
and halide exchange in aryl

halides, 0884
and Huang-Minlon

modification, 1836
and hydrolysis of C����N

compounds, 1265
and hydrolysis of carboxylic

esters, 1401
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microwave irradiation, and
acetal
cleavage, (Continued)

and hydrolysis of
dithioketals, 1279

and hydrolysis of nitriles,
1269

and hypervalent iodine
oxidation of alcohols,
1724

and ionic liquids, 0416
and ketal hydrolysis, 0526
and Meerwein-Ponndorf-

Verly reduction, 1796
and metal catalyzed

conjugate addition of
amines, 1130

and microwave ovens, 0353,
0354

and Montmorillonite clay,
0512

and oxidation of benzyl silyl
ethers, 1720

and oxidation of benzylic
alcohols, 1726

and oxidation of phenols,
1728

and Pechmann condensation,
0713

and peroxide epoxidation of
alkenes, 1171

and phase transfer catalysis,
0511

and phosphine reactions with
alkyl halides, 1369

and polarization, 0353
and rate enhancement, 0352
and rate of reaction, 0512
and reactivity, 0512
and reduction of conjugated

aldehydes, 1074
and reduction of imines,

1812
and reductive amination,

1291
and ruction of nitro

compounds, 1817
and sodium borohydride

reduction, 1792
and Sonogashira coupling,

0904
and Stille coupling, 0793,

0794
and Suzuki-Miyaura

coupling, 0900, 0901
and synthesis, 0354
and the Baylis-Hillman

reaction, 1324
and the Beckmann

rearrangement, 1614

and the Cannizzaro reaction,
1864

and the Fischer indole
synthesis, 1675

and the Heck reaction, 0354,
0894

and the Hunsdiecker
reaction, 0996

and the Knoevenagel
reaction, 1359

and the Krönke reaction,
1766

and the Mannich reaction,
1293

and the Mitsunobu reaction,
0355

and the Pauson-Khand
reaction, 1142

and the Rosenmund-von
Braun reaction, 0885

and the Sonogashira reaction,
0354

and the Suzuki reaction, 0354
and the Ullmann reaction,

0354
and the Williamson reactions,

0529
and thiirane formation, 0532
and Vilsmeier-Haack

reaction, 0725
and warming, 0353

microwave irradiation, aryl
halides with phenoxides,
0872

benzylic halides from
alcohols, 0512

chlorosulfonyl isocyanate
with alkenes, 1466

conversion of carboxylic acid
to amines, 1431

cycloaddition reaction, 0355
dihydroxylation reaction,

0355
dry-reaction, 0353
electric field component,

0353
electromagnetic waves, 0353
ene reactions, 0352
formation of acylals, 1273
formation of enamines, 1282
formation of imines, 1282
halogenation of ketones,

0776
in reactions of amines with

diketones, 1283
magnetic field component,

0353
metal catalyzed arylation of

amines, 0878
origins, 0352

oxidation of thiols, 1785
reactors, 0354
wavelength, 0353
with imines and diazo

ketones, 1466
microwave ovens, and

microwave chemistry,
0353, 0354

microwave reactors, 0354
microwave spectroscopy, and

bond distance, 0022
and conformations, 0196

migrating groups, hydrogen, in
rearrangements, 1567

in radicals rearrangements,
1577

rearrangements, memory
effects, 1570, 1571

stereochemistry, in
rearrangements,
1566–1568

migration group, in
rearrangement, 1559

migration origin and terminus,
and rearrangement, 1559

migration, see rearrangement
migration, para, and Fries

rearrangement, 0735
migrations, see rearrangements
migratory aptitude, in

rearrangements, 1568
in the Baeyer-Villiger

rearrangement, 1619
in the Beckmann

rearrangement, 1615
in the Schmidt reaction, 1612
in the Wittig rearrangement,

1624, 1625
rearrangements, H versus

alkyl versus aryl, 1570
Mills reaction, 0922
Mills-Nixon effect, 0052
Mills-Nixon effect, and

electrophilic aromatic
substitution, 0677

mirror plane, and allenes, 0148
Mislow-Evans rearrangement,

1678
Mitsunobu reaction, alkylation

of amides, 0570
and alcohols dehydration,

0535
and ether formation, 0530,

0535
and microwaves, 0355
and sulfonate esters, 0546
and Williamson reactions,

0530
azide and epoxides, 0564
esterification, 0540

2302 SUBJECT INDEX



formation of alkyl azides
from alcohols, 1612

formation of amines, 0559
mixed aldol reaction, 1343
mixed organocuprates, 0602
mixed SN1-SN2 reactions, 0440,

0441
MM3, MM4, MMFF, and

molecular mechanics,
0215

MMPP (magnesium
monoperoxyphthalate, 1169

and oxidation of hydrazones,
1731

MO (molecular orbital),
calculations, ab initio,
0004, 0035

AM1, 0035
and aromatic compounds,

0033
and azulene, 0067
and Birch reduction, 1068
and bond angles and bond

distances, 0035
and bond energy, 0030
and cross conjugation, 0044
and cyclopropane, 0218
and Diels-Alder

regioselectivity, 1200
and free energy for SN2, 0431
and fullerenes, 0094
and Hückel’s rule, 0071
and ion pair formation, 0440
and naphthalene, 0059
and SN1 reactions, 0487
and strain, 0218
and the tetrahedral

mechanism, 0476
CNDO, 0035
cyclobutadiene, 0074
dipole moments, 0035
energy barrier to rotation,

0198
MINDO, 0035
semiempirical, 0035
[2 þ 2]-cycloaddition of

alkenes and ketenes, 1226
MO theory, activation hardness,

0679
and cyclopropyl cation ring

opening, 1644
and electrophilic aromatic

substitution, 0679
and resonance, 0033

Möbius aromaticity, 0091, 0092
Möbius strip compounds, and

chirality, 0152
and cycloadditions, 1211
ligand exchange, and

rotaxanes, 0132

Möbius systems, allowed
reactions, 1211

conrotatory processes, 1638
[1,3]-sigmatropic

rearrangement, 1650
Möbius-Hückel method,

1210–1213
and electrocyclic reactions,

1636
and the Diels-Alder reaction,

1210
Modified neglect of diatomic

overlap, 0035
Moffatt oxidation, of alcohols,

1721
molar rotation, definition, 0139
molecular belts, 0132
molecular knots, 0133, 0134,

0152
molecular mechanics, 0196,

0213–0216
molecular necklaces, 0131
molecular orbitals, 0005, 0006
molecular orbitals, also see MO
molecular recognition, 0124,

0125
molecular refraction, and

aromaticity, and hardness,
0063

molecular ribbons, 0132
molecular shuttle, 0134
molecular sieves, and formation

of imines, 1282
and Jones reagent, 1716

molecular switches, 0132
molecular threads, 0132
molecular-orbital method,

see MO
molecularity, and rate law, 0316
molecules, strained, see strained

molecules
molybdenum catalysts, and

metathesis, 1683
monochloroborane, see boranes
monohapto compounds, 0117
monooxygenases, bacterial,

oxidation of thioethers,
1782

Montmorillonite, and acetal
cleavage, 0526

and acylation of amines,
1430

and addition of thiols to
alkenes, 1043

and aziridines with allylic
alcohols, 0621

and Beckmann
rearrangement, 1614

and chromate oxidation of
alcohols, 1717

and formation of aryl
sulfones, 0697

and formation of phenols,
0870

and Meerwein arylation,
0924

and microwaves, 0512
and NaBr, with alcohols,

0577
and nitration of aromatic

compounds, 0687
and a-oxidation of ketones to

diketones, 1758
and oxidation of phosphines,

1780
and reductive amination,

1291
and the Heck reaction, 0894
and the Pechmann

condensation, 0713
and the Prins reaction, 1394
and the Willgerodt reaction,

1868
and transesterification, 1419

morphine, and resolution, 0173
Mosher’s acid, and absolute

configuration, 0159, 0160
MS (mass spectrometry), and the

methanonium ion, 0766
electrospray ionization, and

Suzuki-Miyaura coupling,
0903

high pressure, and SN2
reactions, 0429

of carbocations, 0236
of radicals, 0266

MTPA, see Mosher’s acid
Mukaiyama aldol, see aldol
Mukaiyama’s reagent, and

dehydration of carboxylic
acids, 1514

and lactonization, 1416
multiple bonds, see bonds
multiple bonds, þM and �M

effects, field effects, 0396
(�)-murtenal, and chiral Lewis

acids, 0387
myrtanylborane, 1080

N-acylation, and Friedel-Crafts
acylation, 0720

with enamines, 0636
N-bromodimethylsulfonium

bromide, 0701
N-chlorodimethylsulfonium

chloride, 0701
N-haloamides, see amides
N-hydroxysuccinimide (NHS),

nitration of alkanes, 0786
N-iodosuccinimide, see NIS
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N-methylmorpholine-N-oxide,
see NMO

N-nitroaniline, and see anilines
rearrangement, 0738

N-nitroso compounds, 0690
N-nitroso groups,

rearrangement, 0739
N-oxides, and spin traps,

0268
Nafion-H, 0698

and hydration of alkynes,
1035

named reactions, 0418
Nametkin rearrangement, and

Wagner-Meerwein
rearrangement, 1583

nanoparticles, and catalytic
hydrogenation, 1055

and epoxide ring opening,
0619

and metal catalyzed coupling
of allylic esters, 0611

and reduction of nitro
compounds, 1816

and Sonogashira coupling,
0905

and the Pauson-Khand
reaction, 1142

naphthalene, alternant
hydrocarbon, 0069

and aromaticity, 0061
and complex formation, 0125
and MO calculations, 0059
and resonance, 0033
bond order, canonical forms,

and Dewar structures,
0059

electrophilic aromatic
substitution, 0676

Friedel-Crafts alkylation,
0709

oxidation to
naphthoquinones, 1764

oxidation to phthalic acid,
1744

partial bond fixation, 0059
resonance energy, 0060

naphthols, with ammonia, 0882
naphthoquinones, by oxidation

of naphthalenes, 1764
naphthylamines, and the

Bucherer reaction, 0882
naphthyllithium reagents, and

X-ray, 0263
Nazarov cyclization, 0823, 1095

retro-, 1096
NBS (N-bromosuccinimide),

and acetal cleavage, 0527
and alkyl bromides, 0579
and chloramine-T, 1184

and formation of alkyl
halides from carboxylic
acids, 1426

and formation of
halohydrins, 1153

and halogenation of
carboxylic acids, 0781

and oxidation of alcohols,
1725

and radical halogenation,
0956

and the Pummerer
rearrangement, 1867

and Wohl-Ziegler
bromination, 0961

as a source of bromine, 0962
bromination of aromatic

compounds, 0699
formation of haloamines,

0849
halogenation of aromatic

compounds, 0699
in ionic liquids, 0699
radical halogenation, 0961
with AIBN, ammonia, and

aldehydes, 0974
with DBU, and carbamates,

1608
with sodium methoxide, and

the Hofmann
rearrangement, 1607

with sulfoxides, 0782
with vinylboranes, 0820

NCS (N-chlorosuccinimide),
and allylic chlorination,
0963

and aromatization, 1711
and the Pummerer

rearrangement, 1867
formation of haloamines, 0849
radical chlorination, catalysts

for, 0963
with sulfoxides, 0782
with vinylboranes, 0820

Neber rearrangement, 1605
and azirene, 0312, 1606
and intermediate isolation,

0312
mechanism, 1606

necklaces, molecular, 0131
Nef reaction, 1267

and the aci form of nitro
compounds, 1268

and the Knoevenagel
reaction, 1359

in connection with the
Favorskii reaction, 1360

mechanism, 1267
negative enhancement, and

NMR, 0270

negative hyperconjugation,
0210

neighboring group mechanism,
also see mechanisms

neighboring group mechanism,
0446

and anti-dihydroxylation,
1164

neighboring groups, alkenes,
0451

and cyclization, 0449
and electron density, 0454
and first order rates, 0446
and halonium ions, 0449
and NMR, 0454
and nucleophiles, 0453
and phenonium ions, 0456
and radicals, 0942
and rate enhancement, 0457
and retention, 0451
and SN2 reactions, 0446
and solvolysis, 0449, 0454,

0456, 0457
aromatic rings, 0455–0457
b- to leaving group, 0446
b-aryl, 0459
cyclobutyl, 0455
cyclopropyl, 0454
C��C single bonds, 0459
hydrogen, 0467
methyl, and NMR or Raman,

0466
participation by p bonds or

by s bonds, 0450
principle of increasing

electron demand, 0449
propargyl groups, 0483
s-bonds, 0459
silyalkyl, 0467
structural features, 0449

neopentyl systems, and SN2
reactions, 0479, 0755

neutron diffraction, and
hydrogen bonds, 0109

Newman projections, and
conformations, 0197

definition, 0197
syn and anti elimination,

1485
nickel boride, and

hydrogenation, 1054
nickel carbonyl, and

hydrocarboxylation,
1139

nickel complexes, and coupling
aryl halides, 0898

nickel, Raney, and
desulfurization of
dithioketals, 1280

and dithianes, 0639
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and hydrogenation, 1054
and the Zinin reduction,

1816
and transamination, 0562
desulfurization, 0990, 0991,

1849, 1850
hydrogenation of thioethers

or thiols, 0990
reduction of alkyl halides,

1826
reduction of sulfo groups,

0749
reduction of sulfur

compounds, 1816
with dithioacetals and

dithioketals, 0639
Nicotiana tabacum, reductase,

1074
NIS, and formation of

halohydrins, 1153
nitrate esters, from alcohols,

0545
nitrate, ethyl, see ethyl nitrate
nitrate, silver, see silver nitrate
nitrates, see esters, nitrate
nitrates, metal, and

transmetallation, 0827
nitration of aromatic

compounds, and
arylboronic acids, 0690

and ethyl nitrate, 0688
and Lewis acids, 0687
and organolithium reagents,

0690
and Raman, 0689
in ionic liquids, 0687

nitration, and nitronium ion,
0691

and steric inhibition of
resonance, 0691

electrophilic aromatic
substitution, 0690

of alkanes, 0786
of amines, 0846–0848
of anilines, 0688
of arenium ions, 0691
of aromatic compounds,

0664, 0665, 0685, 0686,
0690, 0691

of benzene, and
intermediates, 0312

of benzene, rate and product
distribution, 0680

of heterocycles, 0687
of toluene, rate and product

distribution, 0680
nitrene insertion, 0790
nitrenes, 0293–0295, 1183

ab initio calculations, 0293
acyl, 1561

addition to alkenes, 0294
amino, see aminonitrenes
and rearrangements, 1561
aryl, 0293
by elimination of

O-sulfonylamines, 0293
carbonyl, see

carbonylnitrenes
definition, 0293
dimerization, 0295
enantioselective formation,

1183
enthalpy, 0293
formation of amides, 0789
from amines and nitrous acid,

0500
from azides, 0294
hydrogen abstraction,

0295
insertion, 0294, 0789, 0790
rearrangements, 0294
singlet, 0293
singlet, see singlet
triplet, 0293
triplet, see triplet
with alkanes, 0789
with aromatic compounds,

1185
nitrenium ions, singlet and

triplet, 0295
nitric acid, AIBN, and

conjugated acids, 0975
and nitration of aromatic

compounds, 0686,
0688

nitration of amines, 0848
nitration of aryldiazonium

salts, 0986
with alkenes, 0785

nitric oxide, radical inhibitor,
0938

nitrile carbanions, 0253
nitrile oxides, dyotropic

rearrangement to
isocyanates, 1700

nitriles dehydration of amides,
and the Burgess reagent,
1549

nitriles, acid catalyzed addition
of alcohols, 1458

acid catalyzed reaction with
alcohols, 1275

addition of amines or
ammonia, 1296

addition of HCN, 1393
alcoholysis, 1275
alkylation, 0626
and halogenation of aromatic

compounds, 0701
and Stephen reduction, 1815

and the Blaise reaction, 1328
and the Ehrlich-Sachs

reaction, 1368
and the Hoesch reaction,

0732
and the Pinner synthesis,

1275
and the Ritter reaction, 1459
and the Thorpe reaction,

1387
aryl, and the Rosenmund-von

Braun reaction, 0885
aryl, by the Sandmeyer

reaction, 0985
aryl, from aryl diazonium

salts, 0985
aryl, from aryl halides,

0885
aryl, from arylthallium

compounds, 0913
aryl, metal catalyzed

reactions, 0733
nitriles, by addition of HCN to

alkenes, 1147
by dehydration of amides,

1549, 1550
by dehydration of oximes,

1546, 1547
by dehydrogenation of

amines, and reagents for,
1729, 1730

by elimination of
hydrazonium salts, 1547

by fragmentation of oximes,
1548

by oxidation of amines, 1729,
1730

by oxidation of hydrazones,
1731

by rearrangement of O-tosyl
oximes, 1548

nitriles, catalytic hydrogenation,
1814

condensation with esters,
1455

condensation with nitriles,
1387

conjugated, cyanoethylation,
1008

conjugated, proton acidity,
0633

conjugated, reagent for
conjugate reduction, 1071

conversion to thioamides,
1269

decyanation, 0845, 1843
enzymatic hydrolysis,

1269
formation of aryl ketones,

0732
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nitriles, from aldehydes,
reagents for, 1287, 1288

from alkyl halides, 0648
from amides, by the von

Braun reaction, 1550
from aromatic compounds,

0733
from aryl triflates, 0733
from carboxylate anion and

cyanogen bromide, 1461
from cyanide ion, 0648
from imines, and

dehydrogenation, 1730
from iminium salts, 0733
from isocyanides, and

Schwartz’s reagent, 1148
from organometallics, 0825
from oximes and acids, 1547
from oximes, and the Burgess

reagent, 1546
nitriles, hydrolysis, 0648

hydrolysis, 1268, 1269
in the Diels-Alder reaction,

1216
metal catalyzed addition of

amines, 1297
metal mediated addition of

alkenes, 1459
photochemical radiation with

hydrocarbons, 0975
pKa of the a-proton, 0383,

0627
reagents for hydrolysis,

1269
reduction to aldehydes,

reagents, 1815
reduction to amines,

reagents, 1813, 1814
reduction to hydrocarbons,

1843
reduction to methyl with

terpenes, 1824
reductive cleavage to

aldehydes, 1835
substitution of H, 0801
trimerization, 1460
vinyl, from vinyl triflates,

0825
vinyl, from

vinylorganometallics,
0825

vinylidene, hydration and
cleavage, 1034

with active methylene
compounds, 1388

with carbocations, 1458
with Grignard reagents,

1337, 1338
with metal alkyne anions,

0904

with metals in ammonia,
0845

with sodium borohydride,
0846

nitrilium ions, and Friedel-
Crafts cyclization,
0716

and isoquinolines, 0716
and the Schmidt reaction,

1613
by reaction of nitriles with

oxonium salts, 1814
reduction to amines, 1814

nitrite esters, from alcohols,
0545

from alkyl halides, 0571
nitrite ion, as an ambident

nucleophile, 0515, 0546
nitrite, sodium, see sodium

nitrite
nitrites, alkyl, and conversion of

anilines to aryl halides,
0985

and diazotization of amines,
0921

from amines, 0847
with aromatic compounds,

0925, 0926
nitro compounds, aci form,

0104
aci form, and the Nef

reaction, 1268
alkylation, Katritzky

pyrylium-pyridinium
method, 0626

and nitric acid, 0785
and tautomerism, 0104
and the Nef reaction, 1267
and ultrasound, 1816
anion formation, 0515
aryl, alkylation, 0914
aryl, and the von Richter

rearrangement, 0927
aryl, from aryldiazonium

salts, 0985
aryl, replacement of nitro

with alkyl, 0927
aryl, vicarious nucleophilic

substitution of hydrogen,
0915

aryl, with carbanions,
0914

aryl, with cyanide, 0927
aryl, with

dimethyoxosulfoxonium
methylid, 0914

aryl, with methylsulfinyl
carbonation, 0914

base induced elimination,
1552

by dioxirane oxidation of
isocyanates, 1778

by oxidation of nitrogen
compounds, reagents,
1778

conjugated, with baker’s
yeast, 1074

cyanation, 0802
electrolytic reduction to

hydroxylamines, 1819
enolate anions, reduction to

hydroxylamines, 1819
Friedel-Crafts alkylation,

0710
from alkyl halides, 0571
from arylthallium

compounds, 0913
from silver nitrate or sodium

nitrite, 0571
Henry reaction, 1357
hydrolysis, 1267
photochemical

rearrangement, 0345
reagents, for hydrolysis,

1267, 1268
reduction of amines, reagents,

1815, 1816, 1817
reduction to azo compounds,

reagents, 1863
reduction to azoxy

compounds, reagents,
1862

reduction to enamines, 1047
reduction to hydrazo

compounds, 1863
reduction to hydrocarbons,

reagents, 1845
reduction to hydroxylamines,

reagents, 1818
reduction to oximes,

reagents, 1821
reduction with bakers yeast,

1817
reduction with LiAlH4, 1817
reduction with metals, in

acid, 1816, 1817
reduction with metals,

mechanism, 1818
reduction, and amination of

alkenes, 1047
reduction, and microwaves,

1817
reduction, on alumina, 1817
reductive alkylation, 1291,

1818
removal of nitro, reagents,

1845
vinyl, 0787, 0975
with aldehydes or ketones,

1357
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with alkyl halides, 0515
with enolate anions, 0613
with phosphorus ylids, 1379

nitro groups, deactivating
groups, 0688

rearrangement, 0738
nitro-alcohols, by the Henry

reaction, 1357
from epoxides, 0565

nitro-Hunsdiecker reaction, 0975
nitrobenzene, dipole moment,

0018
from organolithium reagents,

0690
nitrogen nucleophiles, 0555
nitrogen ylids, 0054
nitrogen ylids, see ylids
nitrogen, electron structure,

0013
extrusion from pyrazoles,

pyrazolines, ortriazolines,
1553

leaving group, 0499
metal catalyzed reaction with

organolithium reagents,
0880

PES spectrum, 0012
nitromethanes, pKa, 0253
nitrones, addition of

organometallics, 1335
by oxidation of amines or

hydroxylamines, 1732
from hydroxylamines and

metal-salen complexes,
1547

from oximes, 0547
Michael addition, 1107
with Grignard reagents, 1336

nitronic esters, O-alkylation,
0515

nitronium ion, and nitration of
aromatic compounds,
0664, 0688, 0691

as a leaving group, 0683
electrophilic aromatic

substitution, 0672
migration from nitrogen,

0738
nitronium salts, and nitration of

alkanes, 0786
and nitration of aromatic

compounds, 0689
nitration of amines, 0848

nitrosation, and enols, 0785
and UV, 0785
mechanism, 0691
of ketones, mechanism,

0784
nitrosation, photochemistry,

0785

nitroso compounds, and
Ehrlich-Sachs reaction,
1368

and formation of imines,
0785

and tautomerism, 0103
and the Barton reaction, 1696
aromatic, 0690
aryl and the Mills reaction,

0922
aryl, Fischer-Hepp

rearrangement, 0739
aryl, N-nitroaniline

rearrangements, 0739
aryl, with anilines, 0922
by oxidation of anilines,

1776, 1777
by oxidation of

hydroxylamines, 1731
Diels-Alder reaction, 1216,

1217
from nitro compounds, 0345
from nitrous acids, 0784
metal reduction to amines,

1819
N- versus C- alkylation, 0690
oxidation to nitro

compounds, 1778
reduction to amines, 1823
reductive alkylation, 1291
with nitriles, 1368
with oximes, 0848

nitroso ureas, base induced
elimination, 1552

nitroso-amides, base induced
elimination, 1552

nitroso-carbamates, base
induced elimination, 1552

nitroso-halogenation, of
alkenes, 1158

nitroso-oxime tautomerism, see
tautomerism

nitrosoamides. with aromatic
compounds, 0925

from amines, 0846, 0847
nitrosomethane, and

tautomerism, 0103
nitrosonium ion, and

diazotization, 0918
nitrosyl halides, with alkenes,

1158
nitrotoluene, dipole moment,

0018
nitrous acid, and amines, 0499

and carbocation formation
from amines, 0247

and diazonium salts, 0692
and formation of aryl

diazonium salts, 0917
selectivity, 0918

with amines, 0247, 0846,
0847, 0917

with aziridines, 1538
with hydrazines, 0846

nitroxide, radicals, 0273, 0278
asymmetric, 0276
and TEMPO, 0274

nitroxyl radicals, 0273
and Bobbitt’s reagent, 1723
and oxidation of alcohols,

1723
TEMPO, 0274
X-ray, 0274

nitryl chloride, addition to
alkenes or alkynes, 1158

NMO (N-morpholine-N-oxide),
and dihydroxylation of
alkenes, 1162

NMR (nuclear magnetic
resonance), and absolute
configuration, 0161, 0162

and alkenes, 0056
and amination of quinoline,

0916
and annulenes, 0079, 0080,

0083, 0084, 0088, 0089
and antiaromaticity, 0075,

0090
and aromaticity, 0057
and aryl carbanions, 1069
and benzene, 0056
and benzenonium ion, 0662
and bond order, 0060
and bullvalene, 1665
and carbocation stability,

1562
and carbocations, 0236, 0241,

0245, 0246, 0454, 0459
and chiral compounds, 0180,

0181
and chiral lactams, 0160
and chiral shift reagents or

chiral solvents, 0181
and chirality, 0151
and conformation of

macrocycles, 0213
and conformations, 0196
and Cope rearrangement, 1665
and crown ethers, guest-host

interactions, 0124
and cycloheptatrienyl anion

derivatives, 0078
and cyclopropylmethyl

carbocations, 0465
and detection of

hemiaminals, 1281
and determining absolute

configuration, 0160
and diamagnetic ring current,

0055
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NMR and absolute
configuration, (Continued)

and diastereotopic
compounds, 0193

and diatropic, 0055
and dynamic nuclear

polarization, 0270
and electronegativity, 0017
and emission, 0270
and enantiomeric excess or

enantiomeric purity, 0180,
0181, 0182

and enol content, 0101
and Fischer indole synthesis,

1675
and Grignard reagents,

0262
and homoaromatic

compounds, 0093
and hydrogen bonding, 0110,

0111, 0112
and intermediates, 0312
and isotope effects, 0324
and isotopic labeling, 0314
and kekulene, 0087
and keto-enol tautomerism,

0101
and kinetics, 0321, 0434
and mechanism, 0321
and mechanism, conjugate

addition of
organometallics, 1120

and Meisenheimer salts,
0855

and methane, 0012
and methyl neighboring

groups, 0466
and nonclassical

carbocations, 0451, 0454,
0462, 1583

and norbornadienyl
carbocations, 0451

and norbornyl carbocations,
0463

and organometallics, 0259
and oxaphosphetanes, 1374
and paramagnetic ring

current, 0057
and paratropic compounds,

0057, 0090
and phenonium ions, 0458,

0459
and radicals, 0268, 0271
and ring current, 0055, 0056,

0057
and rotaxanes, 0134
and s values, 0408
and solvolysis of esters, 0434
and spin traps, 0268
and steric strain, 0216

and structure of carbocations,
1645

and the Wittig reaction, 1374
and valence tautomerism,

1667
anisotropy, and

conformations, 0196
annulenes, 0087, 0090
bicyclo[5.1.0]octadiene,

1665
cyclobutadiene derivatives,

0075
EtI þ EtLi, 0269
heptalene, 0067
negative enhancement, 0270
paracyclophanes, 0050
tri-tert-butylcyclobutene,

1667
tropone and tropolone, 0065

no-bond resonance, 0097
NOESY, and p-p-interactions,

0115
nomenclature, aa/ee/ae, and

conformations, 0205
acid and base, IUPAC, 0356
and diastereomers, 0166
and IUPAC, 0235
and the Cahn-Ingold-Prelog

system, 0183
carbocations, 0235
cis/trans, and dienes, 0184
D/L, and stereogenic atoms,

0155
dig, 0306
E/Z, 0183, 0184
epi, 0165
erythro/threo, 0166
g transitions, 0331, 0332
[i,i], and sigmatropic

rearrangement, 1647
IUPAC, mechanisms, 0420
IUPAC, transformations, 0419
peri-, 0165
R/S, and stereogenic atoms,

0155–0158
re/si, 0194
syn/anti, 0166
tet or trig, 0306
u transitions, 0331, 0332

nonadjacent p-bonds,
stabilization of
carbanions, 0255

nonaflates, leaving groups, 0497
nonalternant hydrocarbons,

0069
cyclopropenyl cation, 0073
topological polarization,

0071
nonaromatic rings, and arynes,

0862

nonaromatic systems, and
Hückel’s rule, 0071

nonbonded interactions, 0216
nonbonding orbital, 0041
nonclassical carbocations, 0247,

0450
nonclassical carbocations, see

carbocations
nonconcerted Cope

rearrangement, 1664
nonplanar radical cations, 0283
nonpolar solvents, see solvents
norbornadienes, and

photochemical [2 þ 2]-
cycloaddition, 1232

cycloaddition with alkenes,
1204

norbornadienone,
irontricarbonyl complex,
0118

norbornane, and twist
conformation, 0204

norbornene, addition of DCl,
1023

and strain, 0228
stereochemistry of addition,

1023
norborneol, 0189
norbornyl carbocations,

ab initio calculations, 0463
classical arguments, 0461
in stable solutions, 0462
stability, 0463

norbornyl compounds, and SN1
reactions, 0436

norbornyl systems, and
nonclassical carbocations,
0450

and solvolysis, 0460
norcamphor, 0189
norcaradiene, from methylene

and benzene, 1239
photochemical ring opening,

1633
norephedrine, benzoyl, and

rearrangement, 0400
normal acid, definition, 0367
Normant reagents, addition to

alkynes, 1101, 1102
Norrish Type I cleavage,

definition, 0343
photolysis of cyclobutanones,

1555
Norrish Type II cleavage,

0344
and elimination, 1478

nortricyclane, and nonclassical
carbocations, 0463

nortricyclyl chloride, 0292
nosylates, leaving groups, 0497
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Nuclear Overhauser effect
spectroscopy, see NOESY

nuclear magnetic resonance, see
NMR

nucleophile, ambident, cyanide,
0648

nitrite ion, 0515, 0546
nitro compounds, 0515

nucleophile, approach to
carbonyl, 1258

nucleophile, definition, 0297
nucleophiles, ambident, 0513

and basicity, 0516
and counterions, 0517
and crown ethers, 0517
and Kornblum’s rule, 0516
and phenoxide ions, 0515
and regioselectivity, 0513
and steric effects, 0517
and thermodynamic control,

0516
cyanide, 0515
dianions, 0514
enolate anions, 0514
solvent effects, 0517
types, 0514

nucleophiles, 0490
and catalysis of attack at

carbonyls, 1259
and displacement of

diazonium, 0916
and HSAB, 0492
and Lewis bases, 0490
and neighboring groups, 0453
and nucleophilic aromatic

substitution, 0869
and nucleophilicity table,

0494
and rate of reaction, 0492
and SN1 reactions, 0490
and substitutions, 0425
and Umpolung, 0634
attack at ipso carbon, 0854
carbon, 0587
catalysis of amide hydrolysis,

1408
charged, and solvent effects,

0503
counterions, 0516
dicarbonyl anions, 0514
enolate anions, 0514
heteroatom, conjugate

addition, 1130
in SN2 reactions, 0490
nitrogen, 0555
opening aziridines, 0621
rate of reaction with

carbocations, 0490
reaction with carbocations,

0248

reaction with epoxides, 0538
strength of, 0490, 0491
sulfur, 0548
trajectory of approach to

carbonyls, 1258
uncharged, 0492

nucleophilic addition, see
addition

nucleophilic assistance, and
solvents, 0506

nucleophilic catalysis,
hydrolysis of anhydrides,
1399

nucleophilic radicals, 0948,
1018

nucleophilic rearrangement,
0299

nucleophilic rearrangement,
mechanism, 1560–1574

nucleophilic strength, 0490,
0491

nucleophilic strength, see
nucleophilicity

nucleophilic substitution, see
substitution

nucleophilicity order, for SN2
reactions, 0493

toward sulfonyl sulfur, 1472
nucleophilicity, ambident

nucleophiles, 0516
amides, 0568
and basicity, 0491
and Bronsted-plots, 0495
and polarizability, 0516
and rate of reaction, 0492
and solvation, 0491, 0492
and solvents, 0491, 0504
and steric hindrance, 0493
and supercritical carbon

dioxide, 0508
and Swain-Scott equation,

0493
and the a-effect, 0495
and the Periodic table,

0491
and unshared electrons,

0495
at carbonyl carbon, 0494
in nucleophilic aromatic

substitution, 0869
in SRN1 reaction, 0869
of nucleophiles, table,

0494
p-, 0999
reaction at carbonyls, 0494
solvent, scale, 0506
versus basicity, and

elimination, 1505
Nucleus Independent Chemical

Shift (NICS), 0057

O-acylation, and Friedel-Crafts
acylation, 0720

with acyl halides, 1451
O-acylhydroxamic acids, see

hydroxamic acids
O-alkylation, and amide

formation, 0568
enolate anions, 0514, 0623
nitronic esters, 0515
phenoxide ions, 0515

O-sulfonylamines, elimination
to nitrenes, 0293

O-tosyl imines, and the Neber
rearrangement, 1605

observed rotation, also see
enantiomers, chiral
compounds

observed rotation, a, definition,
0139

octatetraenes, cyclization to
cyclooctatrienes, 1642

octylidenes, 0286
oleanene, and Wagner-

Meerwein rearrangements,
1583

olefin metathesis, see
metathesis, alkene

olefination, Peterson, see
Peterson

oligocatenanes, 0131
onium salts, from amines, 0376

with alcohols, 0538
online literature searching, 1901
Oppenauer oxidation, of

alcohols, 1721
and the Meerwein-Ponndorf-

Verley reaction, 1721
optical activity, 0136

and allenes, 0148, 0149
and biaryls, 0146
and chiral atoms, 0140, 0141
and chirality, 0136
and circularly polarized light,

0163
and paracyclophanes, 0150
and polarizability, 0141
and refractive index, 0163
and restricted rotation,

0150
and solvolysis, 0460
and symmetry, 0163
and Tröger’s base,

0144
cause of, 0162
determining absolute

configuration, 0159
Grignard reagents, 0756
N,P,As,Sb, 0144
perpendicular disymmetric

planes, 0145
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optical inactivity, 0136
optical purity, 0179, 0180
optical resolution, see resolution
optical rotatory dispersion

(ORD), 0160, 0161
and conformations, 0196

orbital overlap, and conrotatory
ring closing of dienes,
1637, 1639

[2 þ 2]-cycloaddition, 1225
[2 þ 2]-cycloaddition, ketene

with cyclopentadiene,
1227

orbital symmetry, and endo
addition, 1214, 1215

and photochemical [2 þ 2]-
cycloaddition, 1232

and the Diels-Alder reaction,
1207

and the Woodward-
Hoffmann rules, 1207

and [2 þ 2]-cycloaddition,
1225

rules, and stability of Dewar
benzenes, 1642

orbitals, 1s and 2p, 0004
d, and carbanion stability,

0254, 0255
p, 0009
p, and vinyl carbocations,

0476
p, conjugated with double or

triple bonds, 0040
s, 0005
sp, 0007
sp2 hybrid and sp3 hybrid,

0008, 0009
orbitals, alternant and

nonalternant
hydrocarbons, 0069, 0070

and allenes, 0148
and benzene, 0033, 0034,

0037
and bond angle, 0026
and bond distance, 0023
and conjugation, 0040, 0041
and cyclopropane, 0219
and ethyne, 0010
and hybridization, 0007
and metallocenes, 0066
and mutual repulsion, 0008
and PES, 0013, 0014
and rearrangement, 1560
and resonance, 0033
and thermal ring opening of

cyclobutenes, 1636
and trienes, 0045
and ylids, 0053
antarafacial overlap, 1213
antibonding, 0005, 0009

antibonding, and SNAr
reactions, 0866

antibonding, of butadiene,
0038, 0039

bonding, 0005, 0009
cyclohexadiene-trine

interconversion, 1638,
1639

diagrams, 0004
dienes-cyclobutene

interconversion, 1637,
1639

five-membered ring
heterocycles, 0062

gerade, 0005
hybrid, 0009
hybrid, 2p, 0008
linear combination of, 0006
molecular, 0005, 0006
nonbonding, 0041
of alkenes and dienes, 1208,

1209
of mercury, 0007
of oxygen atom, 0006
overlap, [2 þ 2]-

cycloaddition, 1225
suprafacial overlap, 1213
ungerade, 0005

ORD, see optical rotatory
dispersion

Organic Functional Group
Preparations, 1898

Organic Syntheses, 1896
organic compounds, and bond

energy, 0030
organocadmium reagents, with

acyl halides, 1443
organocalcium, and SET

mechanism, 0264
organocerium reagents, with

acid derivatives, 1447
organocopper compounds, and

the Ullmann reaction,
0898

Lewis acids and alkyl
halides, 0604

organocopperzinc reagents, with
allyl halides, 0603

organocuprates, addition to
alkynes, 1102

amino, 1112
and cyclopropylcarbinyl

halides, 0473
and elimination, 0601
and SN20 reactions, 0473,

0620
conjugate addition,

1111–1115
coupling, with alkyl halides,

0599

diaminocyano, 0619
from organolithium reagents,

0827
halogen-metal exchange,

0603
higher order mixed, 0602,

0603, 1112
higher order, and

transmetallation, 0828
mixed, 0602, 1112
oxygen mediated coupling,

0988
with acyl halides, 1442
with aldehydes, 1312
with alkyl halides, 0600,

0601
with allylic phosphonates,

0612
with amines, 0822
with aziridines, 0621
with carbamoyl halides, 1428
with conjugated sulfoxides,

1113
with dihalides, 0601
with epoxides, and Lewis

acids, 0619
with haloketones, 0632
with ketones, 1312
with propargyl esters, 0608
with sulfonate esters, 0601

organolithium reagents, addition
to aldehydes or ketones,
mechanism, 1308

addition to alkenes or
alkynes, 1097

addition to conjugated
aldehydes, 1115

amination, 0880
and acidity, 0262
and aggregation state, 0262,

0263
and alkylation of aromatic

compounds, 0912
and alkylation of arylnitro

compounds, 0914
and amines, 0799
and arylation of amines, 0876
and based induced

elimination of dihalo
alkenes, 1534

and bond dissociation energy,
0262

and carboxylic acids, 1329
and cleavage of ethers, 0617
and cryptands, 1308
and directed ortho

metalation, 0912
and electron affinity, 0262
and formation of

nitrobenzene, 0690

2310 SUBJECT INDEX



and formation of
organocuprates, 0827

and formylation, 0727
and LIDAKOR, 1518
and metal catalyzed

conjugate addition, 1133
and metal catalyzed reaction

with nitrogen, 0880
and metalation, 0808
and nitration of aromatic

compounds, 0690
and sparteine,

enantioselectivity, 0595
and the Shapiro reaction,

1526
and TMEDA, 0262, 0263
and transmetallation, 0828
and X-ray, 0262, 0263
and Ziegler alkylation, 0913
aryl, directed ortho

metalation, 0596
aryl, hydrolysis, 0751
aryl, metal halogen

exchange, 0595
aryl, unsolvated, 0263
as aggregates, 0260
conjugate addition, 1112
coupling alkenes to allylic

thioethers, 1094
coupling with sulfones, 0613
deprotonation, 0809
enantioselectivity, 1303
exchange with alkyl halides,

0250
exchange with organolithium

compounds, 0595
from alkyl halides, 0831,

1301
from thioethers, 0992
hydrolysis, 0812
Li-H exchange, 0595
metal halogen exchange,

0594
modified, 1116
reaction with phosphonium

salts, 1370
sonochemical preparation,

0351
structure, 0262
structure, and rate of

deprotonation, 0810
sulfurization, 0818

organolithium reagents, with
aldehydes or ketones,
1301

with alkoxides, and
elimination of epoxides,
1518

with alkyl halides, 0594,
0595

with alkyl halides, ESR and
CIDNP, 0599

with alkyl iodides, radical
intermediates, 0269, 0270

with allylic ethers, 0641
with amines, and amination

of alkenes, 1046
with aromatic compounds,

0911–0915
with aryl amines,

rearrangement, 1624
with aryl halides, 0595, 0884,

0886
with boronic esters, 1629
with carbon dioxide or

carbon disulfide, 1330
with carbon tetrachloride,

0834
with carboxylic acids, 1447
with conjugated compounds,

1302
with copper compounds,

0601
with dienes and carbon

dioxide, 1144
with epoxides, 0618
with esters, 1446
with ethers, Wittig

rearrangement, 1624
with imines, 1331
with iodoethane, and NMR,

0269
with iron pentacarbonyl,

0910
with isocyanides, 1469
with metal halides, 0826
with methoxyamine, 0821
with oxazines, 0642
with oxazolines, 0643
with phenyl cyanate, 0886
with Weinreb amides, 1448

organomagnesium compounds,
also see Grignard reagents

organomagnesium compounds,
and carbanions, 0251

exchange with R2Hg, 0251
rearrangement, 0826

organomercury compounds,
exchange with R2Mg,
0251

ate of reaction with halogens,
0764

organometallic compounds,
addition to aldehydes or
ketones, 1309–1311

addition to aldehydes or
ketones, metals used,
1310, 1311

addition to alkenes, 1096,
1097, 1099

addition to alkynes, 1099
addition to C����N compounds,

1335
addition to carbonyls,

enantioselectivity, 1312
addition to carbonyls, in

ionic liquids, 1310
addition to carbonyls,

structural compatibility,
1313

addition to imines,
enantioselectivity, 1331,
1332, 1335

organometallic compounds,
alkynyl, acyl addition,
1320

amination of, 0821
and alkylation of aromatic

compounds, 0912
and alkylation of pyridine or

pyrrole, 0913
and carbanions, 0249
and carbonylation of aryl

halides, 0910
and formation of biaryls,

0888
and halogen replacement in

alkyl halides, 0833
and metalation, 0808
and metals, 0809
and NMR, 0259
and proton transfer, 0808
and SE1 reactions, 0765
and the Heck reaction,

0891–0897
and the Stetter reaction,

1321
and transmetallation, 0828
various, with acid

derivatives, 1449
organometallic compounds,

aryl, 0750
aryl, formation of biaryls,

0718
aryl, hydrolysis, 0751
arylation of alkenes, 0891
bis addition to alkynes, 1101
carbonylation, 0651, 0823
cleavage of ethers, 0617
conjugate addition,

1111–1120
containing heteroatoms, 0809
coupling with active

methylene compounds,
0907

coupling with alcohols, 0614
coupling with allylic esters,

0608
coupling with malonate

esters, 0907
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organometallic compounds,
aryl, (Continued)

coupling with Mannich
bases, 0613

coupling with sulfonate
esters, metal catalyzed,
0606

coupling, and Stille reaction,
0606

deprotonation, 0809, 0810
dimerization, 0989
dimetallic compounds, 1103
directed ortho metalation,

0912
electrophilic substitution,

0756
formation of cyclobutanones,

0911
organometallic compounds,

from alkenes, 1082
from alkyl halides, 0829,

0831, 0832
from dihalides, 1304
from metals, 0811, 0829,

0831, 0832
from organometallics, 0808
Group I and Group II,

coupling with alkyl
halides, 0594, 0595

halogenation, mechanism,
0821

hydrolysis, 0812
oxygenation, 0818
poor reactivity with water,

0812
preparation of ketones, 0651
propargyl, metal catalyzed

addition to carbonyls,
1310

protonation of, 0812
reduction with sodium

borohydride, 0812
structure, 0259
sulfuration, 0818
transmetallation, 0825, 0826
vinyl formation of dienes,

0792
vinyl, acyl addition, 1320
vinyl, and the Heck reaction,

0896
vinyl, formation of divinyl

ketones, 0651
organometallic compounds,

with acids, 0812
with acyl halides, 1443, 1444
with alkyl halides, 0598,

0599, 0604–0607, 0651,
0833

with amides, 1445
with anhydrides, 1445, 1446

with aryl halides, 0886
with aryldiazonium salts,

0922, 0923
with aziridines, 0621
with carbon dioxide, 1329
with conjugated carbonyl

compounds, 1111–1120
with cuprous cyanide, 0825
with disulfides, 0818
with epoxides, 0618, 0619
with esters, 1445
with imines, 1330–1334
with metal sulfonates, 0612
with oxygen, 0813
with peroxides, 0814
with sulfonic acid esters,

0818
with sulfonyl halides,

1475
with sulfur dioxide, 0819

organopotassium, with alkyl
halides, 0594, 0595

organosilanes, see silanes
organosodium, with alkyl

halides, 0594, 0595
organotin compounds, acyl

addition,
enantioselectivity, 1315,
1317, 1318

metal catalyzed addition to
carbonyls, 1314–1318

organozinc compounds, and
carbenoids, 1241

and insertion reactions, 0807
and Simmons-Smith

procedure, 1241
and the Reformatsky

reaction, 0605, 0606, 1327
with alkyl halides, 0605
X-ray crystallography, 1241

organozinc halides, with
thioesters, 1450

organozinc reagents, conjugate
addition, 1116

enantioselectivity of
conjugate addition, 1117

orientation, and addition
reactions, 1019

orientation, of addition
reactions, 1022

ortho effect, 0674
and rate of reaction, 0412

ortho esters, hydrolysis, 0525
reduction to aldehydes, 1832
transetherification, 0536

ortho-para directing groups,
0669, 0673

ortho-para ratio, and
electrophilic aromatic
substitution, 0670, 0673

ortho-para selectivity, and aryl
radicals, 0950

orthoborates, see borates
orthoesters, and

transacetalization, 1272
orthoformates, with sulfonic

acids, 1473
Orton rearrangement, 0740,

0741
osazones, and carbohydrates,

1285
from hydroxy aldehydes or

hydroxy ketones, 1285
osmate states, 1163
osmium tetroxide, and chiral

additives, 1166
and diamination, X-ray

structure, 1182
and dihydroxylation of

alkenes, 1162
and Sharpless

aminohydroxylation,
1180

catalysts, with Cinchona
alkaloids, 1163

encapsulated, fluorous, or
polymer-bound, 1163

out-in isomers, 0189
out-in isomers, also see isomers
over oxidation, of alcohols,

1718
overlap of orbitals, in HOMO,

1636
overlap, s overlap and

hyperconjugation, 0096
oxa-di-p-methane

rearrangement, 1693, 1694
oxacyclooctane, conformation,

0213
oxalacetic acid, 0192
oxalyl bromide, with carboxlic

acids, 1441
oxalyl chloride, and DMSO,

oxidation of alcohols,
1721

and Friedel-Crafts acylation,
0719

with carboxylic acids, 1441
oxaphosphetanes, and NMR,

1374
and the Wittig reaction, 1373

oxathiazinanes, 0789
oxathiolanones, extrusion to

give alkenes, 1557
oxazaborolidines, chiral in

reductions, 1801
1,3-oxazine-2-ones, from

isocyanates and oxetanes,
1275

oxazines, reactions, 0642, 0643
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oxaziridines, and
a-hydroxylation, 1754

a-hydroxylation,
enantioselectivity, 1754

rearrangement to lactams,
1588

sulfonyl and a-hydroxylation
of enolate anions, 1754

sulfonyl, and oxidation to
thioethers, 1782

oxaziridinium salts, and
epoxidation of alkenes,
1173

from Oxone1 and iminium
salts, 1173

oxazolidin-2-ones, alkylation,
0569

oxazolidines, hydrolysis, 0643
oxazolidinone amides, with

alcohols, 1422
oxazolidinones, arylation, 0881

chiral, and enolate alkylation,
0629

oxazolines, alkylation, 0643
and carboxylic acids, 0643
hydrolysis, 0598
with organolithium reagents,

0643
oxepin, and Cope

rearrangement, 1666
oxetanes, and formation of

isocyanides, 0568
and photochemical [2 þ 2]-

cycloaddition, 1231
by the Paterno-Büchi

reaction, 1231, 1463
carbene insertion, 0805
cleavage with organolithium

reagents, 0617
conformation, 0212
formation of dinitrates, 0547
from alkenes and halides or

ketones, 1463
in the Prins reaction, 1394
with amines, 0565
with isocyanates, 1275

a-oxidation, alkenes to
conjugated ketones,
1759

and ozonolysis, 1760, 1761
and the Etard reaction,

1763
of amines to amides or cyclic

amines to lactams, 1759
of cyclic ethers to lactones,

1760
of ethers to carboxylic esters,

1759
of ketones, in ionic liquids,

1762

of ketones, reagents for, 1758
of ketones, to diketones,

1758
of ketones, with selenium

dioxide, mechanism, 1760
of lactams to imides, 1759
of methyl aromatic

compounds, 1763
oxidation, 0299, 1708
oxidation allyl, see allylic

oxidation
oxidation number, 1703
oxidation state, of functional

groups, 1704
oxidation, allylic, with selenium

dioxide, 1751, 1752
oxidation, Boyland-Sims,

0734
definition, 1703
of alcohols, 1715–1728
of alcohols to aldehydes, but

not acids, reagents, 1718,
1719

of alcohols to ketones,
reagents for, 1719, 1720

of alcohols, and NBS, 1725
of alcohols, by catalytic

dehydrogenation, 1724
of alcohols, metal catalyzed

with oxygen, metals for,
1719

of alcohols, miscellaneous
reagents, 1725, 1726

of alcohols, reagents, utilized
with DMSO, 1721, 1722

of alcohols, with alternative
hypervalent iodine
reagents, 1724

of alcohols, with Bobbitt’s
reagent, 1723

of alcohols, with
chromium(VI),
mechanism, 1726, 1727

of alcohols, with Dess-Martin
Periodinane, 1723, 1724

of alcohols, with
dichromates, 1715–1718

of alcohols, with DMSO
reagents, 1721

of alcohols, with enzymes,
1725

of alcohols, with Fremy’s
salt, 1720

of alcohols, with hypervalent
iodine, 1723

of alcohols, with TEMPO,
1722, 1723

of alcohols, with TPAP, 1719
of aldehydes to carboxylic

acids, 1769–1773

of aldehydes to carboxylic
acids, reagents for, 1770,
1771

of alkanes to alcohols, with
dioxiranes, 1755

of alkenes, to allylic
alcohols, 1751, 1752

of alkyl halides, and the
Kornblum reaction, 1765

of alkyl halides, to aldehydes,
1765, 1766

of amines to nitriles, 1739,
1730

of amines, reagents for, 1767
of amines, with manganese

dioxide, 1731
of anilines to azo

compounds, 1731
of aromatic hydrocarbons, to

quinones, 1764
of aromatic side chains, and

reagents for, 1745
of benzyl silyl ethers, 1720
of benzylic alcohols, and

microwaves, 1726
of benzylic halides, and the

Krönke reaction, 1766
of boranes, to alcohols, 1079,

1627
of hydrazines to azo

compounds, 1730
of hydrazones, to nitriles,

1731
of hydrocarbons to amines,

1757
of hydrocarbons to sulfonic

acids, 1757
of hydroxylamines, 1731
of methyl groups, Barton

reaction, 1696
of methylene groups,

1753–1757
of phenols, 1706
of sulfoxides with

hydroperoxides,
mechanism, 1783

of thioethers with
hydroperoxides,
mechanism, 1782

of thioethers, reagents for,
1781

oxidation, Oppenauer, of
alcohols, 1721

remote, of hydrocarbons,
1761, 1762

Tamao-Fleming, 0539
oxidative cleavage, of alkenes,

1742–1745
of alkenes, Barbier-Wieland

procedure, 1743
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oxidative
cleavage, (Continued)

of alkenes, reagents for,
1742, 1743

of alkenes, with the
Lemieux-von Rudloff
reagent, 1743

of aromatic compounds, and
the Dakin reaction, 1746

of aromatic compounds,
reagents, 1744

of cyclic ketones to
dicarboxylic acids, 1735

of cyclic ketones, reagents
for, 1735, 1736

of diamines, 1733
of dihydrophenanthrenes,

1746
of diols, 1732–1735
with dimethyl dioxirane,

1733
with ozone, see ozonolysis

oxidative coupling, and the
Suzuki-Miyaura coupling,
0903

of alkyl halides, with base,
1783

of silyl enol ethers, 1784
oxides, amine, see amine oxides
oxides, metal catalyzed

arylation, 0986
oxides, phosphine, see

phosphine oxides
oxidizing agents, 1708

and iodination of aromatic
compounds, 0703

and Jacobsen-Katsuki
epoxidation, 1178

for alcohols, 1715–1728
for ozonides, 1737
with alcohols and ylids,

1371
oxime ethers, from alkyl

halides, 0547
from oximes, 0547

oxime formation, rate
determining step, 1287

oximes, acid catalyzed
formation of nitriles, 1547

addition of HCN, 1392
addition of organometallics,

1335
alkylation, 0547
and tautomerism, 0103
aryl, Bamberger

rearrangement, 0930
by reduction of nitro

compounds, reagents, 1821
catalytic hydrogenation,

1812

cyclic, and Beckman
rearrangement, 1614

dehydration to nitriles, 1546,
1547

dehydration with the Burgess
reagent, 1546

ester, with acids, 1615
formation of, rate of reaction,

1286, 1287
fragmentation to nitriles,

1548
from aldehydes or ketones,

1286
from ketones, 0784
from nitronic esters, 0515
from nitrous acid, 0784
hydrolysis, 0930, 0986, 1264
metal catalyzed coupling to

ketones, 1858
O-alkyl, from oximes, 0534
O-tosyl, rearrangement to

amides or nitriles, 1548
oxidation, and the Beckmann

rearrangement, 1732
oxidation, to nitro compounds,

reagents, 1778
photoisomerization, 0346
reaction with hydrazines,

1285
reagents, for Beckmann

rearrangement, 1613
reduction to amines,

reagents, 1812
reduction to aziridines, 1820
reduction to imines, reagents,

1821
reduction with bakers yeast,

1820
reduction with borane, 1812
reduction with Dibal, 1820
with alkyl halides, 0547
with aryldiazonium salts,

0986
with diazoalkane, 0533
with nitroso compounds,

0848
with phosphorus

pentachloride, 1613
oximes-alkenes, radical

cyclization, 1129
oxirenes, stability, 1174
oxo process, 1145
oxoglutaric acid, 0192
Oxone1 (potassium

peroxomonosulfate), 1172
and acetal cleavage, 0527
and carbonylation of alkenes,

1141
and carboxylic acids with

metal halides, 1426

and dialkylalloxans, 1173
and formation of dioxiranes,

1172
and haloamines, 0849
and halogenation of aromatic

compounds, 0703
and KBr, halogenation of

aromatic compounds,
0700

and oxidation of amines,
1768

and oxidation of boranes to
phenols, 0871

and oxidation of hydrazones,
1731

and oxidative cleavage of
alkenes, 1743

and oxidative cleavage of
alkynes, 1744

oxidation of amines to
hydroxylamine, 1777

oxidation of boranes, 1079
oxidation of oximes to nitro

compounds, 1778
with iminium salts, 1173
with ketones, and

epoxidation of alkenes,
1172

with osmium tetroxide, 1163
oxonia-Cope rearrangement,

1660
oxonin, 0080
oxonium ions, and dioxane,

0443
and hydration of alkenes,

1032
and solvolysis, 0443

oxonium salts, cleavage, 0582
from alkyl halides, 0543
from ethers, 0543
with amides, 1422
with amines, 0852
with nitriles, 1814

oxy-Cope rearrangement, 1660
antibody catalyzed, 1660
silyloxy, 1660

oxyamination, of alkenes, 1180
oxychlorocarbenes, 0292
oxygen atom, and orbitals, 0006
oxygen, and autoxidation, 0967

and conjugate addition of
boranes, 1121

and coupling of
organocuprates, 0988

and electronic structure, 0015
and ene reactions, 0970
and heptalene, 0067
and lactone formation, 1036
and the Glaser reaction, 0978
and the Hay reaction, 0979
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cycloaddition to dienes, 1218
Diels-Alder reaction, 1216
formation of cyanoamines,

0801
metal catalyzed oxidation of

alcohols, catalysts for,
1719

radical inhibitor, 0938
reactivity in autoxidation,

0968
singlet, see singlet oxygen
triplet, see triplet oxygen
with Grignard reagents,

0813, 0831
with hydrocarbons, 0967
with organolithium reagents,

0871
with organometallics, 0813

[2,3]-oxygen-to-sulfur
migrations, 1678

oxygenation, of
organometallics, 0818

oxymercuration, and
Markovnikov’s rule, 1033

and steric effects, 1018
of alkenes, 1033
of norbornene, 1023
with alcohols, see

alkoxymercuration
ozone, and oxidation of aromatic

compounds, 1744
and oxidation of

hydrocarbons to alcohols,
1750

and oxidative cleavage, see
ozonolysis

and phenanthrene, 0060
formation of ozonides, 1737

ozonides, formation and
reactivity, 1739, 1740

from ozone and alkenes,
1737

oxidation and reduction of,
1737

regiochemistry of formation,
1740, 1741

trioxolanes, 1739
ozonolysis, 1736–1742

after dihydroxylation of
alkynes, 1168

alkenes versus alkynes, 1738
and a-oxidation, 1760, 1761
and alkene structure, 1737
and ion pairs, 1738, 1739
and trioxolanes, 1738
Criegee mechanism,

1738–1740
formation and reactivity of

ozonides, 1739, 1740
of alkenes, 1736–1742

of alkenes, 1,3-dipolar
addition, 1741

of alkenes, and
rearrangement, 1737

of alkenes, isotope labeling,
1741

of alkenes, mechanism,
1738–1740

of ethylene, formation of
dioxirane, 1741

regiochemistry of ozonide
formation, 1740, 1741

stereochemistry and the
Criegee mechanism, 1741

p character, and bond angle,
0026, 0027

p-allyl complexes, and acylation
of dienes, 0797

and hydroformylation, 1146
and rearrangement of

alkenes, 0770
p-allyl palladium, and allylic

esters, 0609
p-allylic complexes, with

metals, 0117
p-allylnickel complexes,

coupling reactions, 0593
p-bonds, and resonance, 0046

neighboring group
participation, 0450

nonadjacent, stabilization of
carbanions, 0255

p-complexes, 0042
and arenium ions, 0662
and encounter complexes,

0665
and SNAr reactions, 0857
halogenation of alkenes,

1004
stability, 0663, 0664

p-energy, 0042
p-interactions, with cations,

0114
with CH, 0114

p-nucleophilicity, 0999
p-orbitals, 0009

and addition reactions of
alkynes, 1017

p-p-interactions, 0114
p-p-interactions, and catenanes,

0132
palladium acetate, acyloxylation

of alkenes, 0972
palladium, and coupling aryl

halides with boronic acids,
0899–0903

palladium, and coupling enolate
anions with aryl halides,
0907

and hydrogenation, 1054
and oxidation of alkenes to

aldehydes or ketones,
1774

and Rosenmund reduction,
1808

and Sonogashira coupling,
0903–0906

and Suzuki-Miyaura
coupling, 0899–0903

and the Heck reaction,
0891–0897

and the Wacker process, 1774
catalysts, and vinyl triflates,

0531
catalysts, formation of

thioethers, 0551
catalysts, organometallic

coupling, 0606
pancreatic porcine lipase,

formation of lactams,
1431

para migration, and Fries
rearrangement, 0735

para rearrangement, and the
Wallach rearrangement,
1699

para-Claisen rearrangement,
1668

paracyclophanes, 0050
and chirality, 0150
and resonance, 0049, 0050
and restricted rotation, 0150
and X-ray, 0049
heterocyclic, 0050

paradoxical selectivity, in
Friedel-Crafts alkylation,
0708

paraformaldehyde, and
formylation, 0727

and the Eschweiler-Clarke
procedure, 1290

from formaldehyde, 1460
paraldehyde, and acetaldehyde,

1460
paramagnetic ring current,

0057
and paratropic compounds,

0057
paratropic compounds, 0057,

0090
antiaromaticity, 0090
NMR, 0090

paratropic, bridged annulenes,
0089

dipleiadiene, 0090
pyracyclene, 0090

partial bond fixation, 0059
partial molar volume, and high

pressure, 0513
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partial rate factor, aryl radicals,
0951

definition, 0677
particle sites, heterogeneous

catalysts, 1060
partition factor, arenium ions,

0659, 0660
partitioning effect, and SNAr

reactions, 0856
with arenium ions, 0659,

0660
Passerini reaction, 1467, 1468

mechanism, 1468
Pasteur, Louis, and resolution,

0176
patents, 1875
Paterno-Büchi reaction, 1231,

1463
and diradical intermediates,

1463
diastereoselectivity, 1464
intramolecular, 1464

Pauli principle, and radicals,
0266

Pauling resonance energies, and
arynes, 0861

Pauson-Khand reaction,
1141–1143

Payne rearrangement, 0537
PCC (pyridinium

chlorochromate),
oxidation of alcohols,
1716

acidity of, 1716
PDC (pyridinium dichromate),

oxidation of alcohols,
1716

Pechmann condensation, 0712,
0713

PEG 400, 0648
PEG, and alkene metathesis,

1684
catalytic hydrogenation,

1054
recyclable hydrogenation

catalysts, 1057
and the Baylis-Hillman

reaction, 1324
pentadiene, with DCl, 1014
pentadienyl radical, 0272
pentaerythritol, by Tollens

reaction, 1368
pentahelicene, 0149
pentalene derivatives, 0068
pentalene, and aromaticity, 0067
peptide synthesis, 1433, 1434

and the Ugi reaction, 1468
perborate, sodium, see sodium
pericyclic addition, 0298
pericyclic mechanism, 0297

Periodic table, and acidity,
0384

and bond energy, 0030
and electronic structure, 0014
and Lewis acids, 0375, 0384
and nucleophilicity, 0491

periodic acid, and Lemieux-von
Rudloff reagent, 1743

and oxidative cleavage of
diols, 1732

periodinane, Dess-Martin, see
Dess-Martin

periodinane, sodium, oxidation
of phenols, 1728, 1729

Perkin reaction, 1363
permanganate, potassium, and

Lemieux-von Rudloff
reagent, 1743

and oxidation of sulfoxides,
1780

oxidation of alcohols, 1716
Permuterm Subject Index,

1907
peroxide, diacyl, and peroxide,

0279
peroxide, hydrogen, alkenes and

formic acid, 1164
with NaOH, and boranes,

1079
peroxides, also see

hydroperoxides
peroxides, 0970

acyl, from acyl halides, 0545
acyl, with aldehydes, 0972
acyl, with aromatic

compounds, 0980
acyl, with Grignard reagents,

0814
acyl, with hydrocarbons,

0971
and addition of polyhalo

compounds to alkenes,
1160

and anti-Markovnikov
addition, 1030

and conjugate addition of
boranes, 1121

and epoxidation of alkenes,
1171

and Fenton’s reagent, 0964
and ferrous sulfate, 0964
and formation of lactones

from alkyne-acids, 1042
and hydroxylation of

aromatic compounds,
0964

and Orton rearrangement,
0741

and oxidation of thioethers,
1780

and radical coupling of
alkanes, 0976

and radical rearrangements,
1574

and radicals, 0934, 0938
and the Glaser reaction, 0978
and the Story synthesis, 1557
co-reagents for epoxidation

of alkenes, 1171
cyclic, preparation of, 1557
decomposition, 0935
diacyl, 0279
diacyl, from acyl halides,

0545
diffusion rate of radicals,

0935
formation of radicals, 0935
from alkyl halides, 0544
from cycloaddition of singlet

oxygen to dienes, 1218,
1219

from Grignard reagents,
0813

from hydrocarbons, 0967,
0971

from organometallics, 0813
oxidation of thiols, 1785
silyl, see silylperoxides
with alkylboranes, 0814
with HBr and alkenes, 1030
with organometallics, 0814

peroxyacids, and Baeyer-
Villiger rearrangement,
1617

and dihydroxylation of
alkenes, 1162

and epoxidation of alkenes,
1169

and hydroxylation of
aromatic compounds,
0733

and metal mediated oxidation
of alcohols, 1717

by oxidation of carboxylic
acids, 1773

of alkenes, mechanism,
1170

oxidation of amines to amine
oxides, 1779

with alkenes,
stereochemistry, 1023

with aromatic compounds,
0733

with ketones, 1617
peroxyesters, see peroxides,

acyl
peroxyimidic acid, and

dioxiranes, 1173
peroxynitrous acid, 0965
persistent radicals, 0268
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persulfate, potassium, see
potassium

PES (photoelectron
spectroscopy), and
alkenes, 0014

and bond fixation, 0075
and carbocation stability,

0244
and conformations, 0196
and hybridization, 0014
and methane, 0012, 0013,

0014
and multiple bonds, 0013
and nitrogen, 0012
and orbitals, 0013, 0014
and strain, 0224
and the captodative effect,

0075
cyclobutadiene, 0074
pentalene derivatives, 0068

Petasis alkenylation, 1380
Petasis reagent, 1380, 1381
Peterson alkenylation,

1365–1367
Peterson alkenylation, and silyl-

Wittig reaction, 1366
Peterson alkenylation, modified,

epoxide formation,
1367

Peterson olefination, see
Peterson alkenylation

pH, and solvent acidity, 0369
phase transfer, 0508, 0509

ammonium salts, 0509
and amine formation, 0559
and anhydride formation,

1423
and base induced elimination

of alkyl halides, 1530
and carboxylate salt

alkylation, 0540
and catalytic hydrogenation

of aromatic compounds,
1066

and Cinchona alkaloids, 1175
and cleavage of ethers, 0580
and crown ethers or

cryptands, 0510
and dehydration of amides to

nitriles, 1550
and enolate alkylation, 0627
and formation of alkyl

azides, 0572
and formation of alkyl

halides, 0575
and halide exchange with

aryl halides, 0883
and halide ions, 0575
and hydrolysis of carboxylic

esters, 1401

and hydroxylation of
aromatic compounds,
0964

and interfacial mechanism,
0510

and ion pairs, 0511
and Julia-Colonna

epoxidation, 1176
and microwave reactions,

0511
and nucleophilic substitution,

0511
and oxidation of amines,

1768
and permanganate oxidation

of alcohols, 1717, 1718
and polar solvents, 0509
and the Finkelstein reaction,

0575
and the Gomberg-Bachmann

reaction, 0924
and the Michael reaction,

1107
and the Mills reaction, 0922
and the Rosenmund-von

Braun reaction, 0885
and the Williamson reaction,

0531
and thioether formation,

0549
and water, 0509
phosphonium salts, 0509
quaternary ammonium salts,

0509
triphase catalysts, 0511
with acyl halides and

alcohols, 1412
with alcohols, 0577
with alcohols, with HCl,

0576
phenacenes, and aromaticity,

0087, 0088
phenalene cation, resonance

energy, 0060
phenalene radical, resonance

energy, 0060
phenalene, acidity of and

aromaticity, 0060
phenanthrene, alkylation of,

with organometallics,
0914

and aromaticity, 0059, 0060
and bromine, 0060
and Dewar benzene

structures, 0059
and ozone, 0060
and partial bond fixation,

0059
cyclization with singlet

oxygen, 1218

phenanthrenes, from stilbenes,
1645

phenol-dienone rearrangement,
1594

phenol-keto tautomerism, see
tautomerism

phenols, 2-allyl, by Claisen
rearrangement, 1668

acid catalyzed rearrangement
of dienone, 1593

acyl, Fries-rearrangement,
0735

addition to ketenes, 1040
alkali fusion of arylsulfonic

acids, 0871
and Bucherer reaction, 0870
and ether formation, 0533,

0535
and Fenton’s reagent, 0964
and microwaves, 0870
and tautomerism, and the

enol form, 0102
aromatization of cyclic

ketones, 1709
by electrolysis, 0734
by Fries rearrangement, 0735
catalytic hydrogenation,

1830
conversion to sulfonate

esters, and reduction, 1831
dehydroxylation, 1830
from aromatic compounds,

0733, 0964
from aryl halides, 0870
from aryldiazonium salts,

0919
from arylthallium

compounds, 0913
from boranes and Oxone1,

0871
from esters, 0735
from ethers, 0559
from organolithium reagents,

0871
from peroxyacids, 0733
hydrogenation to

cyclohexanones, 1066
oxidation, 1706, 1728, 1729
quenching in photochemistry,

0342
reduction to aromatic

compounds, 1830
Reimer-Tiemann reaction,

0726
with alkenes, 1037
with cyanogen halides, 0531
with phosphorus oxychloride,

0883
phenonium ions, 0456, 0458,

0459
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phenoxide ion, with alkyl
halides, 0515

phenoxides, with aryl halides,
0872

phenyl carbocations, 0243
phenyl cyanate, see cyanate
phenyl radicals, see radicals
phenylenes, as twisted

compounds, 0051
phenylhydrazine, with

aldehydes or ketones,
1675

phenyllithium, 0117
aggregation state, 0263

phenylmagnesium bromide, and
X-ray, 0260

phosgene, and aromatic
compounds, 0728

and dehydration of amides to
isonitriles, 1550

and Vilsmeier-Haack
reaction, 0724

formation of carboxylic
acids, 0728

reaction with alcohols, 1276
with amines, 1427

phosphates, and chirality, 0142
aryl, amination, 0883
from phenols, 0883
triaryl, with aryl halides,

0873
phosphazides, and reduction of

azides, 1822
phosphazine bases, formation of

thioethers, 0874
phosphine oxides, and

resonance, 0053
and ylids, 0053
by oxidation of phosphines,

1779
chiral reduction,

enantioselectivity, 1847
from phosphorus ylids, 1370
from the Wittig reaction,

1370
reduction to phosphines,

1846
with alkenes or alkynes, 1051
with isocyanates, 1460, 1461

phosphine sulfide, with
epoxides, 0552

phosphine, polymer-bound, and
Mitsunobu reaction, 0540

metal catalyzed arylation of
amines, 0878

phosphine-free Heck reactions,
0893

phosphines, alkylation, 0558
and elimination of epoxides,

1517

and Mitsunobu reaction,
0540

aryl, 0881
as chiral ligands in catalytic

hydrogenation, 1056
as ligands, 0043
by reduction of phosphine

oxides, 1846
from metal catalyzed

addition of phosphines to
alkenes, 1050

a-hydrogens and ylid
formation, 1370

metal catalyzed addition to
alkenes, 1050

metal catalyzed arylation,
0881

metal, and elimination of
epoxides, 1518

oxidation to phosphine
oxides, 1779

polymer-supported, as
ligands, 0612

silyl, see silylphosphines
silyl, addition to ynones,

1088
with alkyl halides, 1369
with epoxides, 1374

phosphinyl imines, reduction,
1813

phosphites, and the Corey-
Winter reaction, 1535

trialkyl, with sulfonic acids,
1473

with alkenes, 1051
with alkyl halides, 1375
with cyclic thionocarbonates,

1535
phospholene-1-oxides, with

isocyanates, 1460
phospholes, and

circumambulatory
rearrangement, 1652

phosphonate esters, by the
Arbuzov reaction, 1375

from alcohols, 0545
vinyl, and the Heck reaction,

0892
vinyl, conjugate addition,

1132
phosphonates, allylic, coupling

reactions, 0612
phosphonates, ylid formation,

1375
phosphonium salts, conversion

to ylids, 1369
from alcohols, 0560
phase transfer catalysis, 0509
suitable bases for ylid

formation, 1369, 1370

with organolithium reagents,
1370

with bases, 1370
phosphonium tosylates, ionic

liquids, 1199
phosphonothionates, and

formation of ylids, 1376
phosphoramide bases, and the

aldol reaction, 1342
phosphoramides, and

determining absolute
configuration, 0160

phosphoranes, se ylids,
phosphorus

phosphoranes, cleavage of
ethers, 0582

phosphorescence, 0339
phosphorus oxychloride, 0576

and DMF, 0725
and from amides, 0797
Friedel-Crafts cyclization,

0716
with aryl halides, 0883

phosphorus pentabromide, 0577
phosphorus pentachloride, 0576

and electronic structure, 0015
with aldehydes or ketones,

1298
with amides, 1698
with amides, Sonn-Müller

method, 1815
with aryl halides, 0883

phosphorus tribromide, 0577
phosphorus trichloride, 0576
phosphorus ylids, see ylid
phosphorus, and carbanions

stabilization, 0258
and optical activity, 0144
and stereogenic atoms, 0191
chirality, 0191
stabilization of carbanions,

0254
inversion of configuration,

0191
photo-Fries rearrangement,

0736
and CIDNP, 0737
and flash photolysis, 0737

photochemical Beckmann
rearrangement, 1616

photochemical Diels-Alder
reaction, 1198

photochemical dimerization of
ketones, mechanism, 1857

photochemical mechanism,
0348

photochemical nitrosation, 0785
photochemical reactions, 0328
photochemical Wallach

rearrangement, 1699
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photochemical Wolff
rearrangement, 1600

photochemical [2 þ 2]-
cycloaddition, 1223

photochemical [4 þ 2]-
cycloaddition, 1214

photochemistry, also see excited
states

photochemistry, also see
photolytic cleavage

photochemistry, also see
photosensitization

photochemistry, acetylene
excited state, 0334

addition of alcohols to
alkenes, 1040

addition of aldehydes to
alkenes, 1136

addition of thiols to alkenes,
1044

photochemistry, and an
actinometer, 0349

and arylation of enolate
anion, 0908

and auxochromes, 0334
and chlorosulfenantion, 0974
and chromophores, 0331,

0333
and conjugated bonds, 0332
and electromagnetic

spectrum, and wavelength
of light, 0329

and electron spectrum, 0330
and electronic transitions,

0329
and exciplex formation, 0342
and excited states, 0334
and extinction coefficient,

0330
and frontier orbital method,

1208
and Hund’s rule, 0331
and hypsochromic shift, 0333
and Jablonski diagrams, 0337
and nucleophilic aromatic

substitution, 0863
and photolytic cleavage,

0335
and photosensitization, 0340,

0341
and quenching by phenols,

0342
and radical cyclization, 1126
and radicals, 0934
and remote dehydrogenation,

1714
and singlets, 0331
and spectrophotometer, 0329
and the Frank-Condon

principle, 0335

and the Orton rearrangement,
0741

and the Pauson-Khand
reaction, 1142

and the Reed reaction, 0974
and the vinylcyclopropane

rearrangement, 1657
and the Wigner spin-

conservation rule, 0340
and triplets, 0331
and UV light, 0329, 0333
and visible light, 0329, 0333
and [1,7]-hydrogen shifts,

1652
photochemistry, bathochromic

shift, 0333
choice of photosensitizer,

0341
cleavage, to radicals, 0279,

0343
coupling hydrocarbons and

nitriles, 0975
coupling of dialdehydes,

1856
cycloaddition of alkenes to

carbonyls, 1463
cycloaddition of oxygen to

dienes, 1218
deactivation, 0341
decarbonylation, 0344
decarboxylation of

carboxylic acids, 0983
decomposition of

diazomethane, 0285, 1240
dimerization, 0348
dimerization of ketones, 1856
electronic excitation, 0332
elimination, 1478
energy of light, 0329
esterification of carboxylic

acids, 1414
excited state, 0329
excited state of

formaldehyde, 0334
extrusion of nitrogen, 1553
fluorescence, 0339
forbidden transitions, 0331
formation of biaryls, 0889
formation of carbocations,

0435
g and u transitions, 0331,

0332
ground state, 0329
hydrogen atom abstraction,

0347
intersystem crossing, 0339
intramolecular

rearrangement, 0345
intramolecular [2 þ 2]-

cycloaddition, 1230

isomerization of aza and azo
compounds, 0346

isomerization of boranes,
0771

isomerization of oximes,
0346

mechanism, see mechanism
n ! p* transitions, 0332
n ! s* transitions, 0332
Norrish Type I cleavage,

0343
Norrish Type II cleavage,

0344
photochemistry, of alkenes, and

geometry, 0346
of amines, with

cyclopropane, 0567
of aromatic ketones, 0342
of aryl alkenes, 1645
of bicycloheptadienes, 0347
of dienes, 0332, 1632
of functional groups, 0332
of halogens and halogenation

of alkanes, 0954
photochemistry, p! p*

transitions, 0332
phosphorescence, 0339
photolysis of ketene, 0345
photoreduction, 0348
photosensitizer definition,

0340
promotion, 0339
promotion to a dissociative

state, 0336
properties of excited states,

0334
quantum yield, 0349
quenching, 0341
reactions, 0343
rearrangement of alkenes,

0769
reduction of cyclopropanes,

1075
reduction with silanes, 1799
s! s* transitions, 0332
singlet and triplet excited

states, 0334
spin forbidden transitions,

0331
symmetry-forbidden

transitions, 0331
[2 þ 2]-cycloaddition, 1229
[2 þ 2]-cycloaddition, and

Wigner spin conservation
rule, 1231

[2 þ 2]-cycloaddition, and
Woodward-Hoffmann
rules, 1232

[2 þ 2]-cycloaddition,
catalysts for, 1223

SUBJECT INDEX 2319



photodimerization,
cyclopentenone, 0348

photoelectron spectroscopy, see
PES

photoisomerization, 0346
photoisomerization, azacrown

ethers, 0346
azo compounds, 0346
of alkenes, 1029
of cyclooctene, 0346
oximes, 0346

photolysis, see photolytic
cleavage

photolysis, flash, 0348
of bromoform, 0287

photolytic cleavage, 0335
and amines with aryl halides,

0876
and the Franck-Condon

principle, 0335
aniline ammonium salts, 0742
benzenes and Dewar

benzenes, 1641
energy cascade, 0336
epoxy-ketones, 0529
formation of radicals, 0336,

0342
ketone and diazomethane,

0806
NBS and tosylamines, 0586
Norrish Type I, 0343
Norrish Type II, 0344
of aldehydes, 0344
of cyclic sulfones, 1556
of cyclobutanones, 1555
of diazomethane, 0804
of ketones, 0345
of lactones, 1555
of pyrazoles or pyrazolines,

1554
of triazolines, 1554
oxa-di-p-methane

rearrangement, 1694
promotion to a dissociative

state, 0336
ring contraction of

diazoketones, 1599
photonic devices, 0132
photooxygenation, of alkenes,

with singlet oxygen, 1178
photoreduction, of ketones,

0348
photosensitization, 0340, 0341

and electron transfer, 0341
and the Paterno-Büchi

reaction, 1464
of alkenes, 0977
of oxygen, with alkenes, 0968

photosensitizers, and singlet
oxygen, 0969

and [2 þ 2]-cycloaddition,
1231

choice of, 0341
cycloaddition of singlet

oxygen to dienes, 1218
definition, 0340
eosin, 1218
mercury, and reductive

coupling of alkenes, 1095
phthalamic acid, hydrolysis, 1259
phthalate ion, rearrangement,

0747
phthalazines, and asymmetric

dihydroxylation, 1167
phthalic acid, by oxidation of

naphthalene, 1744
phthalides, Ing-Manske

procedure, 0569
phthalimides, conjugate

addition, 1131
formation of amines and the

Gabriel synthesis, 0569
hydrolysis, 0569, 0570
with hydrazine, 0569

Physical Properties of Chemical
Compounds, 1887

physical data, tables,
1885–1889

physical properties, and
diastereomers, 0164

pi-stacking, 0114
picene, 0087
picosecond absorption

spectroscopy, and
solvolysis, 0439

picrates, 0118
picric acid, and complex

formation, 0118
picryl iodide, and resonance,

0048
Pictet-Spengler reaction, 0716
pig liver esterase, and

hydrolysis of esters, 1400
and resolution, 0176

pinacol coupling, 1854–1856
pinacol rearrangement, 1585

mechanism, 1586
migratory aptitudes, 1568, 1586

pinacols, 1585
pinacols, see diols
B-(3-pinanyl)-9-

borabicyclo[3.3.1]nonane,
see Alpine-Borane

a-pinene, with borane, 1079
Pinner synthesis, 1275
piperidine, and

cyclopropylcarbinyl
halides, 0473

Pisum sativum,
a-hydroxylation, 1757

Pitzer strain, see strain
pK, and bases, 0364

and carbocation formation,
0244

and conformation, 0387,
0388

and hydrogen bonding, 0385
and indicators, 0369
and proton transfer, 0367
and resonance, 0383
and superbases, 0365
and UV, 0386
bases, table, 0366

pKa, and acids, 0357
and field effects, 0381
and formation of enolate

anions, 0622
carboxylic acids, table, 0382
cyclopentadiene, 0063
fluorene, 0063
in DMSO, 0358
indene, 0063
naphthol, ground vs. excited

state, 0335
nitriles, 0383
nitromethanes, 0253
of conjugate base in enolate

anion reactions, 0627
a-proton of carbonyl

compounds, 0626
a-proton of nitrile

compounds, 0627
resonance effects in

carboxylic acids, 0382
squaric acid, 0092
substituted benzoic acids,

0381
table, type of acid,

0359–0364
planar conformation,

cyclopropane, 0211
planarity, and annulenes, 0080

and aromaticity, 0072, 0086
and benzene, 0050, 0051
and C����C bonds, 0232
and carbocations, 0435, 0436
and cyclobutadiene

complexes, 0076
and heptalene, 0068
and methanoannulenes,

0081
and resonance, 0048, 0049
annulenes, 0091
distortion from, 0082

Planck’s constant, 0003
plane of symmetry, and

chirality, 0140
plane polarized light, 0163
plane polarized light, also see

light
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plane, mirror plane, and
chirality, 0140

and enantiomers, 0140
platinum complex, and

cycloalkynes, 0228
resolution alkenes, 0174

platinum compounds, and
atropisomers, 0147

platinum, and hydrogenation,
1054

podands, 0123
poisoning, and catalytic

hydrogenation, 1055
chiral, in asymmetric

catalysis, 1056
poisons, of catalytic

hydrogenation, 1055
polar solvents and reactivity,

0412
polar solvents, see solvents
polar transition state

mechanism, and benzidine
rearrangement, 1680

polarity, and cyclooctatetraene,
0078

inductive and field effects,
0019, 0020

solvent, see solvent polarity
polarizability, and

conformation, 0199
and HSAB, 0516
and nucleophilicity, 0516
and optical activity, 0141

polarization, and microwaves,
0353

inductive and field effects,
0019, 0020

topological, 0071
polarized light, circularly,

0163
and asymmetric synthesis,

0172
polarized light, plane, 0163
poly-yne-diene, metathesis,

1688
polyacenes, 0061
polyaromatic compounds, see

aromatic compounds
polyene cyclization, 1090, 1091
polyhalo compounds, addition

to alkenes, 1160
polyhalogenation, and radical

halogenation, 0957
polyhydrogen fluoride-pyridine,

and nitration of alkenes,
1158

with alkenes, 1030
polyleucine, and epoxidation,

1176
polylithium compounds, 0808

polymer-bound, amide bases,
and the aldol reaction,
1342

and acylation of amines,
1429

Beckmann rearrangement,
1614

carbodiimides, 1417
catalysts, for hydrogenation,

1055
Claisen rearrangement, 1669
conversion of carboxylic

acids to amides, 1431
hypervalent iodine, and

oxidant of phenols, 1728
hypervalent iodine, oxidation

of aldehydes to acids,
1771

ion catalyst, and radical
cyclization, 1126

osmium tetroxide, and
dihydroxylation of
alkenes, 1163

oxazaborolidine, and
reduction, 1801

phosphine ligands, 0878
phosphonate esters, and

Wittig-Horner reaction,
1375

phosphoramide bases, and
the aldol reaction, 1342

pyridinium salts, and
b-lactams formation, 1465

substrates, reduction, 1816
TPAP, oxidation of alcohols,

1719
trialkyltin hydride, reduction

of alkyl halides, 1826
polymer-supported, acid

catalyst, conjugate
addition of carbamates,
1131

azides, diazo transfer
reagents, 1237

carbodiimides, and formation
of amides from acids, 1431

catalysts, and malonate
anions, 0623

catalysts, Heck reaction,
0893

dienes, Diels-Alder reaction,
1217

formate, reduction of
conjugated aldehydes,
1074

peroxy acids, and Baeyer-
Villiger rearrangement,
1618

phosphine ligands, and
coupling, 0612

sulfur ylids, 1383
synthesis, 1433, 1434
ylids, Wittig reaction, 1370

polymer-tethered reactants, and
Sonogashira coupling,
0905

polymerization, and metathesis,
1685

and photochemical [2 þ 2]-
cycloaddition, 1230

and radicals, 0280, 0938
and the Diels-Alder reaction,

1204
and the Kolbe reaction, 0993
halo-haloacylation of

alkenes, 1161
of heptalene, 0067
ring opening metathesis,

1685
polymers, and aldehydes

addition to alkenes, 1136
and hydroxyalkylation, 0714
and supercritical carbon

dioxide, 0415
and the Pauson-Khand

reaction, 1142
and the Suzuki-Miyaura

coupling, 0900
from ammonia with alkynyl

halides, 1049
metathesis with dienes, 1687
paraformaldehyde, 1460

polyphosphoric acid, 0715
and Friedel-Crafts acylation,

0722
with arylsulfonic acids,

0698
porphyrins, and rotaxanes,

0131
postulate, Hammond, 0308
potassium cyanide, with Lewis

acids, 0649
potassium ferricyanate, 0802
potassium ferricyanide, and

dihydroxylation of
alkenes, 1163

potassium fluoride, in acetic
acid, formation of acyl
fluorides, 1441

potassium
hexamethyldisilazide, and
the aldol condensation,
1348

potassium hydride, with
silyl-thiols, 0549

potassium ions, and ambident
nucleophiles, 0517

and crown ethers, 0123
binding by crown ethers,

0120

SUBJECT INDEX 2321



potassium permanganate, and
oxidation of diols, 1163

and oxidative cleavage of
alkenes, 1743

dihydroxylation of alkenes,
1162, 1163

potassium permanganate, see
permanganate

potassium peroxomonosulfate,
see Oxone

potassium persulfate, and
Boyland-Sims oxidation,
0734

and hydroxylation of
aromatic compounds,
0734

potassium superoxide, see
superoxide

potassium trifluoroborates, see
trifluoroborates

potassium, and formation of
enolate anions, 0811,
0907, 0908

and SRN1 reactions, 0863
in ammonia, and Birch

reduction, 1067
potential energy, and reactions,

0300
potential, ionization, see

ionization potential
potssium hydroxide, see KOH
preparative LC, diastereomers

and resolution, 0175
pressure, high, see high

pressure
Prevost reaction, and the

Woodward modification,
1164

primary sources, literature, 1870
principle of conservation of

orbital symmetry, and
Diels-Alder reaction, 1207

principle of imperfect
synchronization, 0368

principle of increasing electron
demand, 0449

principle of least motion, 1069
principle of microscopic

reversibility, 0309
Prins reaction, 1393–1396

halogenation of alkenes, 1161
Lewis acids used as catalysts,

1394, 1395
with oxetanes, and with

peroxides, 1394
priority rules, Cahn-Prelog-

Ingold system, 0156
prismane, and strain, 0220
prochiral ketones, reduction of,

1799

prochiral, definition, 0193
product identification, and

mechanism, 0311
product quantum yield, 0349
product spread, 0470
proline derivatives, and Michael

addition, 1108
proline, and addition of

organometallics to imines,
1335

and enantioselective
Mannich reactions, 1295

and the aldol reaction, 1347
with enamines, 0636

propane bond energy, 0028
propargyl carbocations, 0240
propargyl groups, as

neighboring groups, 0483
propargyl rearrangement, 0473
propargyl systems, and allylic

rearrangement, 0472
propargyl, lithio, with alkyl

halides, 0596
propellanes, and geometry, 0223

and SN2 reactions, 0487
and strain, 0220
radical addition, 1027
X-ray crystallography, 0223

propeller shaped carbocations,
0246

propene, from cyclopropane,
and entropy, 0304

protecting groups, acetals and
ketals, 1271

dithioacetals and
dithioketals, 1279

silyl, and lithiopropargyl
compounds, 0596

protection, aldehydes and
ketones, 0527

of alcohols, 0531
protic solvents, 0502
protodesilylation, 0539
proton acceptor, bases,

0356
proton affinity, and basicity of

proton sponges, 0386
proton donors, acids, 0356
proton exchange, and E1cB

mechanism, 1489
proton NMR, see NMR
proton sponges, 0365, 0386

and base strength, 0386
and Friedel-Crafts alkylation,

0709
and helicene, 0149
and proton affinity, 0386
basicity of, 0386
with tosylimines and ketenes,

1465

proton transfer, and acidity,
0368

and functional groups, 0368
and keto-enol tautomerism,

0773
and Marcus theory, 0373
and organometallics, 0808
and pK, 0367
and principle of imperfect

synchronization, 0368
and resonance, 0368
and solvents, 0368
transition state, 0375

proton, as a leaving group,
0683

proton, as an electrophile, 1005
proton-transfer, 0367, 0368
protonated cyclopropanes, 1026
protonation, enantioselective,

enolate anions, 0775
of benzene, 0670
of carbonyls, 1253
of diazo compounds, 0499
of enolate anions, 0812
of organometallics, 0812
vinylboranes, 1630, 1631

protonolysis, of alcohols, 0247
of alkenes, 0247
of boranes, with carboxylic

acids, 1063
of iminium ions, 0247

protons, addition to alkenes,
1005

enolizable, and isotopic
labeling, 0775

prototropic rearrangement,
0768, 1559

prototropy, keto-enol
tautomerism, 0772

proves, SET, 0268
proximity effect, complex-

induced, and directed
ortho metalation, 0912

Pschorr reaction, mechanism,
0926

Pschorr ring closure, 0925
and the Gomberg-Bachmann

reaction, 0925
pseudo first order, kinetics, SN2,

0427
rate constant, and solvent

acidity, 0371
reactions, 0318

pseudoasymmetric carbon, 0165
Pseudomonas oleovorans,

a-hydroxylation, 1757
Pseudomonas putida, and

dihydroxylation of
aromatic compounds,
1168
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pseudorotation, and
conformations, 0212

and cyclophanes, 0050
Pummerer rearrangement, 1866,

1867
Pummerer-sila, 1867
purity, optical, 0179, 0180
push-pull effect, 0075

and radicals, 0272
pyracyclene, and the Stones-

Wales rearrangement,
1646

paratropic, 0090
pyramidal inversion, 0142,

0143, 0144
pyramidal inversion, also see

inversion
pyran, and aromaticity, 0058
pyranose compounds, and

tautomerism, 0104
pyrans, dihydro, metathesis,

1685
Friedel-Crafts acylation,

0720
from alkynes, 1038
from diketones, 1272

pyrazoles, extrusion of nitrogen,
1553

from diketones, 1285
pyrazolidines, from [3 þ 2]-

cycloaddition, 1191
pyrazolines, extrusion of

nitrogen, 1553
from [3 þ 2]-cycloaddition,

1191
pyrazolines, thermolysis, 1191

from keto esters, 1285
pyrene, and complex formation,

0124
pyrenesbenzoannulenes, and

aromaticity, 0084
pyrenophanes, 0050
pyrenyl radicals, 0274
pyridine N-oxide, from

pyridine, 1779
pyridine-2-thione, and

tautomerism, 0103
pyridine-HF, and acetals or

ketals, 0526
pyridines, alkylation, and

organometallics, 0913
amination, 0915
and acyl halides with

alcohols, 1411
and aromaticity, 0058
and chlorination of alcohols,

0469
and resonance, 0033
and Suzuki-Miyaura

coupling, 0901

and the Collins reagent, 1716
and the Doebner

modification, 1360
basicity, 0063
Birch reduction, 1067
catalyst for hydrolysis of

anhydrides, 1399
electrophilic aromatic

substitution, 0675
Friedel-Crafts acylation,

0721
hydroxymethyl, by

Boekelheide reaction,
1624

in rotaxanes, 0134
ortho lithiation, 0913
reaction with benzyl halides,

0096
Suzuki-Miyaura coupling,

0901
pyridinethiol, and tautomerism,

0103
pyridinium bromochromate,

halogenation of aromatic
compounds, 0701

pyridinium chlorochromate, see
PCC

pyridinium compounds, as
leaving groups, 0498

pyridinium dichlorochromate,
0702

pyridinium dichromate, see
PDC

pyridinium ions, electrophilic
substitution, 0675

from pyrylium ions and
amines, 1283

pyridinium salts, and radical
cyclization, 1127

pyridinium salts, as ionic
liquids, 0415, 1199

pyridinophanes, 0050
pyridones, and tautomerism,

0103
by cyclotrimerization, 1245

pyrimidines, Suzuki-Miyaura
coupling, 0901

pyrocalciferols, electrocyclic
reagents, 1640

pyrolysis, also see flash vacuum
pyrolysis

pyrolysis, of ammonium
carboxylates, 1430

of ammonium salts, 1522
of carboxylic acids, 1458
of cyclic peroxides, 1557
of cyclobutane, 0219
of cyclopropane, 0217
of lactones, 1520
of xanthates, 1520

pyrolytic eliminations, see
elimination

pyrophosphate, synthesis of,
0125

pyrrole, alkylation, 0557
alkylation, and

organometallics, 0913
and aromaticity, 0062
and circumambulatory

rearrangement, 1652
and conjugate addition, 1118
basicity, 0063
canonical forms, 0062
electrophilic aromatic

substitution, 0675
resonance energy, 0062

pyrroles, and atropisomers, 0147
Birch reduction, 1067
by amination of alkenes,

1046
Friedel-Crafts acylation,

0720
Friedel-Crafts alkylation,

0709
from alkynyl imines or

allene-amines, 1049
from diketones and amines,

1283
from metal catalyzed

amination of diynes, 1049
halogenation, 0703
metal catalyzed coupling

with aryl halides, 0887
Reimer-Tiemann reaction,

0726
pyrrolidines, and [3 þ 2]-

cycloadditions, 1192
from alkene-amines, 0557
from haloamines, 1695
Hofmann-Löffler reaction,

1695
vinyl, from alkene-amides,

1052
2-pyrrolidindone, alkylation,

0569
pyrrolines, by amination of

alkenes, 1046
pyrylium ions, 0058

with amines, 1283
pyrylium salts, leaving groups,

0498

quadricyclane, by
photochemical [2 þ 2]-
cycloaddition, 1230, 1232

quadrivalent stereogenic atoms,
0141

quantum mechanics, and
molecular mechanics,
0215
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quantum yield, definition, 0349
product, 0349
with radicals, 0938

quasi-Favorskii rearrangement,
1598

quaternary ammonium salts, see
ammonium salts

phase transfer catalysis, 0509
thermal stability, 0510

quenching, in photochemistry,
0341

quinazolines, and tautomerism,
0105

quinolines, alkylation of, with
organometallics, 0914

amination, 0916
as a poison in the Rosenmund

catalyst, 1057
by reaction of aldehydes or

ketones with amines, 1282
catalytic hydrogenation,

1067
Friedel-Crafts acylation,

0721
Friedländer quinoline

synthesis, 1282
from carbene addition to

indoles, 1240
metal catalyzed coupling

with aryl halides, 0887
photochemical alkylation,

0983
Suzuki-Miyaura coupling,

0901
quinoloquinolines, 0365
quinones, and addition-

elimination mechanism,
0474

and aromatization, 1710
and hydroxylation of aromatic

compounds, 0733
aromatization, mechanism,

1710
by oxidation of aromatic

hydrocarbons, 1764
by oxidation of phenols,

reagents, 1728
reduction to hydroquinones,

1794
stability of ortho and para,

0671
quinoquinolines, as proton

sponges, 0386
quinoxalines, acylation, 0983
quinuclidines, chiral catalysts,

1325

R values, and s values, 0410
r values, and reactivity, 0402

E1 versus E2, 1505

R-camp, chiral ligand, 1056
racemates, 0138

and resolution, 0138
and substituted cyclohexanes,

0207
racemic mixtures, see racemates
racemization, and amines, 0144

and carbanions, 0256
and first order reactions, 0437
and pyramidal carbanions,

0758
and radicals, 0939
and SN1 reactions, 0437
and SN2 reactions, 0429
and solvolysis, 0439
and the SE1 mechanism,

0758
of configuration, of migrating

group during
rearrangement, 1564

out-in isomers, 0190
radicals, acyl, and radical

cyclization, 1128
radical addition, see addition
radical anions, and SRN1

reactions, 0863
radical cations, see radical ions
radical clocks, 0281, 0946

conformational, 1098
radical coupling, and the Kolbe

reaction, 0993
radical cyclization, 1011,

1125–1129
allenyl radicals, 1127
and acyl radicals, 1128
and aldehyde-alkenes, 1129
and aryl radicals, 1127
and Baldwin’s rules, 1021,

1125, 1126
and boranes, 1123
and electrochemistry, 1126
and exo/endo isomers, 1127
and heterocycles, 1129
and hydrogen transfer, 1125,

1126
and iodolactonization, 1128
and photochemistry, 1126
and ring size, 1125
and seleno esters, 1129
and silanes, 1127
and TEMPO, 1129
and tributyltin dimer, 1126
and tributyltin hydride, 1125,

1126
and [1,4]-hydrogen transfer,

1652
diastereoselectivity and

enantioselectivity, 1127
formation of lactams and

lactones, 1128

functional group
compatibility, 1127

Grignard reagents and metal
salts, 1126

influence of the halogen, 1126
kinetics, 1125
mechanism, 1126
oxime-alkenes, 1129
polyenes, 1091
ring expansion, 1127
vinyl radicals, 1127
with haloaldehydes or

ketones, 1129
with sulfur or selenium

groups, 1127
radical halogenation, see

halogenation
radical halogenation, methane,

rate determining state,
0959

radical induced isomerization,
E/Z, 1029

radical inhibitors, 0938
radical initiators, addition of

sulfonyl halides to
alkenes, 1156

addition to Michael
substrates, 1031

and halogenation of alkenes,
1149

and Michael addition, 1107
radical ions, 0282, 0283, 0444

and Birch reduction, 1068
and semiquinones, 0282

radical mechanism, addition of
alkanes to alkenes, 1084

coupling of boranes, 0989
halogenation of allylic

hydrogen, 0961, 0962
organometallic compounds

with alkyl halides, 0599
radical probes, 0445
radical reactions stereocontrol,

1127
and cumene, 0599
and sr relationship,

0412
radical rearrangement, 0299,

1574, 1576
radical substitution, see

substitution
radical-cations, and Diels-Alder

reaction, 1197
radicals, abstraction, 0807

abstraction of atoms, 0280
abstraction, transition state,

0939
acyl, 0936
acyl from aldehydes with

transition metals, 0936

2324 SUBJECT INDEX



radicals, addition of carbonyls,
1398

addition reactions,
1018–1020

addition to alkenes, 0280,
1010, 1123

addition to alkenes, rate of
reaction, 1124

addition to alkenes,
stereoselectivity, 1012

addition to alkynes, 1124
addition to bicyclobutanes,

1027
addition to C����N compounds,

1398
addition to conjugated

compounds, 1015
addition to dienes, 1021
addition to imines, 1336
addition to propellanes, 1027
addition to thiocarbonyls,

1398
radicals, alkoxy, 0935

alkyl nitrites with aromatic
compounds, 0926

alkylation of heterocycles,
0982

allenyl, and radical
cyclization, 1127

allylic, 0270, 0272, 0960
allylic, and resonance, 0042,

0947
allylic, rearrangement, 0947
alternant hydrocarbons, 0069
amidyl, and radical

cyclization, 1129
aminyl, and radical

cyclization, 1129
radicals, and a-heteroatoms,

0949
and abstraction, 1011
and addition of aldehydes to

alkenes, 1136
and addition of silanes to

alkenes, 1087
and addition of thiols to

alkenes, 1043
and addition to alkenes,

1134
and AIBN, 0935
and alkylation, 0512
and arylation, 0718
and arylation of aromatic

compounds, 0925, 0926
and arylation of enolate

anions, 0908
and atom transfer, 1011
and autoxidation, 0968
and azoxy compounds, 0849
and azulenyl nitrones, 0268

and Baldwin’s rules, 1011,
1021

and Barton reaction, 1696
and bis(decarboxylation) of

dicarboxylic acids, 1749
and bond energy for atom

abstraction, 0943
and bond rotation, 0277
and bridged intermediates,

1012
and carbene insertion, 0806
and carbenes, 0278
and carbonylation of aryl

halides, 0910
and chromotropic spin traps,

0268
and CIDNP, 0269, 0270,

0445
and conjugate addition, 1122
and conjugate addition of

organometallics, 1115,
1119

and coupling, 0938, 1856
and decarboxylation, 0982
and decarboxylative

halogenation, 0995
and decomposition of

peroxides, 0935
and dehydrohalogenation of

alkyl halides, 1531
and dienes, 1011
and disproportionation, 0936
and Ei reactions, 1510
and electron withdrawing

substituents, 0948
and electrophilic aromatic

substitution, 0682
and enantioselectivity, 0939
and ENDOR, 0267
and ESR, 0273, 0445, 0849
and ESR/EPR, 0267, 0268
and extrusion of carbon

monoxide from ketones,
1555

and fluorination of
aryldiazonium salts,
0922

and Grignard formation,
0832

and halo-alkenes, cyclization,
1125–1129

and halogenation of alkenes,
1149

and halogenation of boranes,
0820

and Hofmann-Löffler
reaction, 1695

and hybridization, 0276
and hydrogen-metal

exchange, 0834

and hydroxylation of
aryldiazonium salts, 0919

and hyperconjugation, 0270
and inhibitors, 0938
and inorganic molecules,

0266
and Jacobsen-Katsuki

epoxidation, 1178
and mass spectrometry, 0266
and Meerwein arylation,

0923
and metal catalyzed

acyloxylation, 0973
and Michael addition, 1110
and NCS, 0963
and nitration of alkanes, 0786
and nitration of aromatic

compounds, 0690
and NMR, 0268, 0270, 0271
and organometallic

compounds, coupling,
0598, 0599

and oxidation of thiols to
disulfides, 1786

and oxidation-reduction,
1706

and oxidative
decarboxylation of
carboxylic acids, 1748

and oxygen autoxidation,
0968

and peroxide formation, 0971
and peroxides, 0934, 0938
and photochemistry, 0934
and photolytic cleavage,

0336
and photoreduction, 0348
and polyene cyclization,

1091
and polymerization, 0938
and quantum yield, 0938
and racemization, 0939
and radical clocks, 0946
and rearrangement of

N-nitroaniline, 0739
and remote dehydrogenation,

1714
and resonance, 0271, 0272
and SET mechanisms, 0444
and SET processes, 0268
and silanes, 0960
and sodium borohydride

reduction, 0812
and solvation, 0937
and solvent cage, 0444
and spin trapping, 0267
and SRN1 mechanism, 0862
and stability, 0273
and step-scan time-resolved

infrared, 0266
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radicals, and
a-heteroatoms, (Continued)

and strain, 0943
and symproportionation,

1084
and telomers, 1011
and the Gatterman method,

0926
and the Gatterman reaction,

0984
and the Hammett equation,

0949
and the Hunsdiecker

reaction, 0943, 0995
and the Kolbe reaction, 0993
and the Pauli principle, 0266
and the Prins reaction, 1394
and the Schmidt reaction,

1612
and the Stone-Wales

rearrangement, 1646
and unpaired electrons, 0267
and UV light, 0271

radicals, anti-Markovnikov
addition to alkenes, 1124

aryl, 0950, 0984
aryl, and CIDNP, 0941
aryl, and disproportionation,

0940
aryl, and radical cyclization,

1127
aryl, canonical forms, 0940
aryl, coupling, 0940
aryl, ipso attack, 0951
aryl, meta selectivity or ortho/

para selectivity, 0950
aryl, partial rate factors, 0951
aryl, resonance, 0940
arylation of aromatic

compounds, 0982
as intermediates, 0312
atom abstraction, 0938
azo compounds, 0279
b-substituents, and

rearrangements, 1575
benzylic, 0270, 0947, 0960
bond dissociation energy and

reactivity, 0952
bridged, 0942, 0943
bridged bromine, and ESR,

1012
bridgehead reactivity, 0949
bromine, 0939
butenyl, 0945
by hydrogen atom

abstraction, 0347
by photo-decarboxylation of

carboxylic acids, 0983
by photochemical cleavage,

0342, 0343

captodative, 0272, 0273
chain mechanism, and SRN1

reactions, 0863
chain reaction, 0936
characterization, 0266
chiral, 0276
chlorine, 0935
cleavage of, 0280, 0937
concentration of, 0267
coupling, 0280, 0589
cyclization, see radical

cyclization
cyclization, 0445
cyclobutylcarbinyl,

rearrangement, 0945
cyclopropyl, 0277
cyclopropylcarbinyl, 0281,

0945
decarboxylation, 0975
decomposition, 0280
detection of intermediates,

0312
diffusion rate, 0935
dimerization, 0271, 0981
disproportionation, 0280,

0981
dissociation energy, 0275
dissociation, and photo-Fires

rearrangement, 0737
E/Z isomers, 0272
electrophilic, 0939, 1018
elimination, 0280
fast radical reaction, 0946
fate of, 0279
fluorine, 0955
formation by cleavage, 0938
fragmentation of carbenes,

0292
free, 0234
free, from carbanions, 0265

radicals, from aldehydes, 0279
from alkyl hypochlorites,

0935
from azo compounds, 0935
from carbenes, 0292
from ketones, 0279
from radicals, 0280
general reactivity, 0939
generation of, 0279
generation of radicals for

addition to alkenes, 1124
geometry, 0276, 0277
halogen, 0279
halogen replacement, alkyl

halides, 0833
halogen, and bridged

radicals, 0942
halogen, with allylic and

benzylic hydrogens, 0960
heteroatom, 1129

hydrazyl, 0273
hydrogen abstraction and

rearrangements, 1574
hydrogen abstraction from

alkenes, 0945
hydrogen transfer, 0936
inhibitors, galvinoxyl, 1122
initiation, 0934, 0938
intramolecular addition to

alkenes, 1011
iodine, and light, 0956
ion, to cyclopropanes, 1027
ion-radical pair, and SNAr

reaction, 0857
kinetics of radicals chain

reactions, 0937
lifetimes, 0266, 0946, 1577
mechanism, 0934
metal mediated, 0941
methyl, and ESR or IR, 0276
migrating groups in

rearrangements, 1577
neighboring group assistance,

0942
nitroxide, 0273, 0276, 0278
nitroxyl, 0273
nucleophilic, 0948, 1018
oxidation to carbocations,

0281
pentadienyl, 0272
pentenyl, 0945
persistent, 0268
phenyl, 0943
photochemical cleavage,

0279
planar versus pyramidal,

0277
polar transition states, 0948
polymerization, 0280
propagation steps, 0936
pulsed radiolysis, 0953
push-pull, 0272
pyrenyl, 0274
radical clock reactions, 0281
rate of rearrangement, 0281
reactivity, 0951, 0952
reactivity and substrates, 0943
reactivity in aromatic

solvents, complex
formation, 0953

reactivity with aromatic
compounds, 0950

radicals, rearrangement, 0280,
0281

and ESR, and CIDNP, 1577
and isotopic labeling, 1575
and stability, 1578

radicals, reduction, 0937
reduction of alkyl halides,

1825, 1826
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reduction of thiocarbonates,
1833

reduction, to carbanions, 0281
reversible addition to

alkenes, 1012
rotation barrier, 0277
selectivity, 0951, 0952
selectivity of hydrogen

abstraction, 0945
silyl, 1015
singlet, 0278
solvents and reactivity, 0952
spectroscopic analysis, 0266
stability of, 0266, 0270, 0272
stereoelectronic effects, 0949
structure, 0266
substitution, see substitution
succinimidyl, 0963
TEMPO, 0274
termination state, 0936
thermal cleavage, 0279
trimethylenemethane, 0278
triphenylmethyl, 0271, 0952
triplet, 0278
vinyl, and radical cyclization,

1127
with alkenes, 0936, 0941,

0947
with alkylsilanes, 0937
with aromatic compounds,

mechanisms, 0940
with benzylic hydrogens of

aromatic compounds, 0947
with tributyltin hydride, 0937

radioactive iodide, and SN2
reactions, 0429

radiolysis, pulsed of radicals
solutions, 0953

Raman, and carbocations, 0245
and conformations, 0196
and hydrogen bonding, 0110
and intermediates, 0312
and methyl neighboring

groups, 0466
laser, and nonclassical

carbocations, 0462
nitration of aromatic

compounds, 0689
Ramberg-Bäcklund reaction,

1536, 1537
Raney nickel, see nickel
rate acceleration, electrophilic

addition to alkenes, 1005
rate constants, 0302

addition carbenes, to alkenes,
1234

and cyclopropylcarbinyl
radicals, 0281

and Marcus theory, 0315,
0316

and mechanism, 0315, 0321
and phenonium ions, 0456
and ring-closing reactions,

table, 0304
and the Hammett equation,

0402
first order, 0320
pseudo first order, and

solvent acidity, 0371
Sandmeyer reaction, 0984
second-order, 0320

rate determining step, 0316,
0317

acetal hydrolysis, 0525
amide hydrolysis, 1410
and arenium ions, 0663
and E1 mechanism, 1487
benzidine rearrangement,

1680
carboxylic esters with

amines, 1437
haloform reaction, 0843
oxime formation, 1287
protonation of alkynes, 1036
radical halogenation of

methane, 0959
Stille coupling, 0794
sulfonation of aromatic

compounds, 0696
rate enchantment, and

neighboring groups, 0457
and cyclopropylmethyl

groups, 0464, 0465
of the oxy-Cope

rearrangement, 1660
solvolysis, 0464, 0465

rate law, 0317, 0318
and frequency factor, 0322
and half-life, 0320
and kinetics and mechanism,

0315
and molecularity, 0316
and solvent isotope effects,

0327
and steady state, 0317
E1cB and E2, 1489
first-order, 0319
methods for determining

kinetics, 0319
pseudo first-order, 0318
rate-determining state, 0316,

0317
rate of diffusion, and high

pressure, 0414
and reactivity, 0414

rate of ionization, sulfonate
esters, 0504

rate of reaction, alkyl halides
with ethanol, 0398

and chiral compounds, 0138

and E2 reactions, 1481
and Ei reactions, 1509
and ionic strength, 0434
and mass-law effect, 0434
and medium, 0412
and microwave irradiation,

0352, 0512
and nucleophiles and

nucleophilicity, 0492
and radical clock reactions,

0281
and resolution, 0178
and resonance, 0483
and salt effect, 0434
and SN1 reactions, 0433,

0480
and SN1 with aryldiazonium

salts, 0858
and SN1, and alkyl tosylates,

0482
and SN1, and B strain, 0481
and SN2 reactions, 0427,

0478, 0479, 0483
and SN2, and allylic

substrates, 0483
and SN2, and solvent effects,

0503
and SNAr reactions, 0865
and solvation, 0493
and solvents, 0504
and solvolysis, 0458
and steroids, 0400
and structure, 0479
and the ortho effect, 0412
and the Smiles

rearrangement, 0932
Claisen rearrangement, 1674
common-ion effects, 0434
Diels-Alder reaction, 1206
formation of oximes, 1286,

1287
hydrolysis of alkyl halides,

0399
hydrolysis of esters, 0399
ionization and B strain, 0398
radical addition to alkenes,

1124
radicals, and inhibitors,

0938
solvolysis of alkyl bromides,

0480
rate retarding substituents, 0484
rate, and SN2 reaction, 0429

and temperature, 0322
arenium ion mechanism,

0659, 0660
electrophilic aromatic

substitution, 0671, 0677
halogenation of ketones,

0779
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rate, and SN2
reaction, (Continued)

isotope exchange with
carbanions, 0760

organomercury compounds
with halogens, 0764

ortho/para/meta substitution,
aryl radicals, 0951

partition factor, 0659, 0660
ratios, electrophilic aromatic

substitution, 0682
salt effects, and electrophilic

substitution, 0757
rate-controlling state, 0316
re/si nomenclature, 0194
Reaction Citation Index, 1877
reaction coordinate, 0302
reaction intermediates, 0304
reactions, and Hammond

postulate, 0308
and molecularity, 0316
and steady state, 0317
diffusion-controlled, 0302
enantioselective, 0171
first-order, 0315, 0316
gas-phase, and kinetics,

0319
homodesmotic or isodesmic,

0038
kinetic requirements, 0301
kinetically controlled, 0307,

0308
kinetics of fast reactions,

0319
photochemical, 0328, 0343
proton-transfer, 0367
pseudo first-order, 0318
second-order, 0315, 0316
thermodynamically

controlled, 0307, 0308
reactivity, alkyl halides with

ethanol, 0398
and cavitation, 0512
and conformation, 0400
and conformational

transmission, 0401
and electrical effects,

0396
and field effects, 0396
and high pressure, 0413,

0512
and ionic solvents, 0415
and medium, 0412
and microwaves, 0512
and r values, 0402
and rate of diffusion, 0414
and resonance, 0396
and s values, 0403, 0404
and steric effects, 0397
and substrate structure, 0478

and tetrahedral intermediate,
0397

and the Hammett equation,
0401, 0402

and ultrasound, 0512
aromatic compounds, 0665,

0679
in supercritical carbon

dioxide, 0414
in water, 0414
of groups, in SN1 or SN2

reactions, 0488
of radicals, 0951, 0952
of radicals, substrate

variation, 0943
quantitative treatments, 0401
solvent polarity, 0412

reactors, microwave, 0354
Reagents for Organic Synthesis,

1897
reagents, bromination of

alkenes, 1150
chlorination of alkenes, 1150
elimination of dihalides to

alkenes, 1539
fluorination of alkenes, 1149
for a-hydroxylation of

carbonyl compounds,
1753

for a-oxidation of ketones,
1758

for acylation of amines, 1432
for aromatization,

1709–1711
for Beckman rearrangement,

1613
for benzylic oxidation to

aldehydes, 1763
for dehydration of amides to

isonitriles, 1550
for dehydration of amides to

nitriles, 1549
for dehydration of oximes to

nitriles, 1546
for dehydrogenation of

amines to nitriles, 1729,
1730

for elimination of epoxides,
1518

for epoxidation of alkenes,
1169

for formation of acylals,
1273

for halogenation of ketones,
0776, 0780

for hydrolysis of C����N
compounds, 1264, 1265

for hydrolysis of
dithioacetals and
dithioketals, 1280

for hydroxylation of
hydrocarbons, 1751

for oxidation of alcohols to
carboxylic acids, 1768

for oxidation of alcohols
without over oxidation,
1718, 1719

for oxidation of aldehydes to
carboxylic acids, 1770,
1771

for oxidation of amines,
1767

for oxidation of aromatic side
chains, 1745

for oxidation of thioethers,
1781

for oxidative cleavage of
alkenes, 1742, 1743

for oxidative cleavage of
aromatic compounds,
1744

for oxidative cleavage of
diols, 1733

for pinacol coupling,
1854–1856

for preparation of
thiocarbonyls, 1278

for reduction of aldehydes or
ketones to alcohols,
1792–1805

for reduction of alkenes,
1062

for reduction of conjugated
alkenes, 1070

for reduction of conjugated
carbonyls, 1793

for reduction of esters to
alcohols, 1807

for reductive alkylation of
aldehydes or ketones,
1290

for remote oxidation of
hydrocarbons, 1761, 1762

self-immolative, 0171
rearrangement, 1,2-alkyl, of

alkyne anions, ab initio
study, 1579

1,3- and greater, 1572, 1573
a-ketol, 1593
acid catalyzed of epoxides,

1587
acyl phosphorus ylids, 1525
alkenes and photosensitized

oxygen, 0968
alkenes, and p-allyl

complexes, 0770
alkenes, metal catalyzed,

0769
alkyl groups, Hofmann-

Martius reaction, 0741
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alkyl, and Friedel-Crafts
reactions, 0741

alkyl, from ammonium salts,
0741, 0742

rearrangement, allylic, 0469
and acyl addition of allylic

boranes, 1319
and allylic oxidation, 1751
and allylic radicals, 0947
and propargyl systems,

0472
and reduction of allylic

alcohol, 1829
and SN20 reactions, 0470,

0471
and SNi0 reactions, 0472
and Stille coupling, 0793
carbenes, 0804
formation of allenes, 0472
with allylic alcohols, 0615
with vinyl epoxides, 0620
Wurtz reaction, 0590

rearrangement, amino acids, and
nitrous acid, 1586, 1587

amino-Cope, 1660
anchimeric assistance in

migrating group, 1565
rearrangement, and addition of

alkyl halides to alkenes,
1160

and addition-elimination
mechanism, 0475

and allylic carbocations,
0483

and benzoylnorephedrine,
0400

and carbene addition to
aromatic compounds,
1239

and carbenes, 0292
and carbocations, 0802
and conducted tour

mechanism, 0768
and cyclopropylmethyl

groups, 0465
and diazotization of amines,

1566
and diradicals, 1576
and formation of

carbocations, 1561
and formation of nitrenes,

1561
and ions, 1572
and methyl group

participation, 0466
and neighboring group

mechanism, 0448
and ozonlysis of alkenes,

1737
and phenonium ions, 0456

and SN1-type processes, 1564
and solvolysis, 0466
and the Diels-Alder reaction,

1199
and the Heck reaction, 0895
and the Jacobsen reaction,

0748
and Whitmore 1,2-shifts,

1561
rearrangement, aryl carboxylate

ions, 0747
aryl halides, 0749
aryl triazenes, 0740
aza-Cope, 1660
aza-Wittig, 1625
Baeyer-Villiger, 1617
Bamberger, 0930
Beckmann, 1613
Beckmann, migratory

aptitudes of groups, 1568
benzidine, 1678, 1679
benzil-benzylic acid, 1594
benzyl ammonium salts,

0929
boron-to-carbon, 1627
Brook, 1700
carbene, 1579
carbene to carbene, 1600
carbene, hydrogen shifts,

1579
carbocations, 0248, 0249,

1565
carbocations, and Friedel-

Crafts alkylation, 0710
Carroll, 1670
cationotropic, 1559
Chapman, 1697
circuambulatory, 0249, 1652
Claisen, 1668–1674
Cope, 1659–1667
Cope, also see Cope
Curtius, 1609
degenerate, 1563
Demyanov, 1589
di-p-methane, 1692
dienone-phenol, 1593
divinylcyclopropanes, 1661
dyotropic, 1700
electrocyclic, 1633
electrocyclic, and carbenes,

1240
electrophilic, 0299, 1559,

1579
electrophilic allylic,

geometry of, 0763
enolene, 1673
epoxy-alcohols, 0538
Favorskii, 1595
Fischer-Hepp, 0739
Fries, 0735

Grovenstein-Zimmerman,
1585

halogen from N-haloamides,
0740

Hofmann, 1607
Hofmann, mechanism, 0311
hydride, 1,3- and greater,

1572, 1573
hydrogen as a migrating

group, 1567
in oxidation with PCC, 1716
intermolecular and

intramolecular,
definitions, 1560

intramolecular,
photochemical, 0345

lithio-epoxide, 0564
Lossen, 1610
Meinwald, 1587
Meisenheimer, 1623
memory effects of migrating

groups, 1570
Meyer-Schuster, 0473
migrating group, migration

origin, migration terminus,
1559

migratory aptitude, H versus
alkyl versus aryl, 1570

migratory aptitudes, 1568
Mislow-Evans, 1678
N-nitroso groups, 0739
N-nitrosoanilines, 0739
nature of the migration, 1563
Neber, 1605
Neber, and intermediate

isolation, 0312
nitro groups, 0738
non-carbocation mechanism,

0712
nucleophilic, 0299
nucleophilic, mechanism,

1560–1574
O-tosyl nitriles and O-tosyl

oximes, 1548
rearrangement, of aldehydes,

acid catalyzed, 1592
of alkenes, photochemical,

0769
of alkylcarbenes, 0803
of alkynes, 0768
of ammonium salts, base

induced, 1621
of aryl oximes, 0930
of biphenylene, 1646
of boranes, 0771
of carbanions, 0265
of carbenes, 0291, 1234
of carbocations, 0236, 1032
of carbocations, direction of

rearrangement, 1562
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rearrangement, of aldehydes,
acid catalyzed, (Continued)

of diazo alkoxides, 1602
of diols, migratory aptitudes,

1568
of double bonds, 0767
of esters, 0735
of haloamines, 1616
of hydroperoxides to ketones,

1620
of ketones, acid catalyzed,

1592
of nitrenes, 0294
of protonated cyclopropanes,

1565
of radicals, 0280, 0281
of radicals, and

b-substituents, 1575
rearrangement,

organomagnesium
compounds, 0826

Orton, 0740, 0741
oxa-di-p-methane, 1693
oxonia-Cope, 1660
oxy-Cope, 1660
para-Claisen, 1668
Payne, 0537
phenol-dienone, 1594
pinacol, 1585
pinacol, also see pinacol
pinacol, migratory aptitudes

of groups, 1568
propargyl, 0473
prototropic, 0768, 1559
Pummerer, 1866
quasi-Favorskii, 1598
radical, 0299, 1574–1578
Reilly-Hickenbottom, 0741
resonance in migrating

groups, 1565
retro-Claisen, 1668
s-bond, metal catalyzed,

1690
Schleyer adamantization,

1584
semipinacol, 1586, 1587
sigmatropic, see sigmatropic
sigmatropic, definition,

1647
sila-Pummerer, 1867
Smiles, 0931
Sommelet-Hauser, 0929,

1623
Stephens, 0929
stereochemistry of migrating

groups, 1563, 1564, 1567
Stevens, 1621
Stieglitz, 1616
Stone-Wales, 1646
sulfur ylids, 0930

tert-pentyl carbocation,
1562

truce-Smiles, 0933
vinylcyclopropane, 1656
von Richter, 0927
Wagner-Meerwein, see

Wagner-Meerwein
Wallach, 1698
with Dibal reduction of

oximes, 1820
Wittig, 0641, 1624
Wolff, 1599
[2,3]-sigmatropic, 0930,

1676
[2,3]-Wittig, 1676

recognition, molecular, 0124,
0125

recrystallization, fractional, and
diastereomers, 0174

and resolution, 0174
recyclable catalyst, for alkene

metathesis, 1684
reduced mass, and mechanism,

0323
reducing agents, for ozonides,

1737
reductase, of Nicotiana

tabacum, 1074
reduction of conjugated

ketones, 1074
reduction, 0299

and Grignard reactions, 1305,
1306

and selectivity, 1787–1790
and the Barton-McCombie

reaction, 1833
and the Cannizzaro reaction,

1798
asymmetric, 1800–1803
asymmetric,

benzoylformates, 0170
conjugate, enantioselective

hydrogenation, 1072,
1073

conjugate, reagents for, 1071,
1793

conjugate, with silanes, 1071
definition, 1703
dissolving metal, 1067
ease of reduction of

functional groups,
1787–1790

enantioselective, 1802
of aldehydes or ketones,

1791–1805
of alkyl halides, reagents,

1824–1827
of carbonyls with sodium in

ethanol, mechanism, 1795,
1796

of conjugated alkenes,
reagents for, 1070

of dithianes, 0639
of ketones,

diastereoselectivity, 1803
of nitriles to methyl, with

terpenes, 1824
of oxazines, 0642
of prochiral ketones, 1799
of radicals, 0937
of sulfonate esters of

phenols, 1831
of sulfonate esters, from

alcohols, 1830
of sulfones, 0624
type of, 1786
with ammonium formates,

1799
with LiAlH4, of aldehydes or

ketones, mechanism, 1804
with metals, 1797
with silanes, 1798, 1799
Wolff-Kishner, 1835

reductive alkylation, and formic
acid, 1290

and the Wallach reaction, 1290
enantioselectivity, 1291
Hantzsch dihydropyridines,

1290
in ionic liquids, 1291
of azo compounds, 1291
of nitro compounds, 1291,

1818
of nitroso compounds, 1291

reductive amination, and
microwaves, 1291

and the Eschweiler-Clarke
procedure, 1290

of aldehydes or ketones,
reagents for, 1290

reductive cleavage, of
cyclopropanes, 1074

reductive coupling, see coupling
reductive coupling, of aldehydes

or ketones, reagents, 1858,
1859

reductive Nazarov cyclization,
1095

Reed reaction, 0974
Reformatsky conditions, and

b-lactam formation, 1465
Reformatsky reaction, 0605,

0606, 1326
and activated zinc or

dialkylzinc reagents,
metals, 1327

and sonochemistry, 0352
intermediates, 1328
with carboxylic esters, 1328
X-ray of intermediates, 1328
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refractive index, and optical
activity, 0163

regiochemistry, and ozonide
formation, 1740, 1741

E2 reactions, 1498
in the Heck reaction, 0892
of elimination, 1497

regioisomers, and the Diels-
Alder reaction, 1199, 1200

regioselective, definition, 0514
regioselectivity, and ambident

nucleophiles, 0513
and enolate anions, 0630
and halogen radicals, 0955
and Hofmann’s rule, 1498
and Stille coupling, 0793
and unsymmetrical ketones,

0630
and Zaitsev’s rule, 1498
condensation of esters and

ketones, 1455
cyclotrimerization, 1245
Dieckmann condensation,

1453
epoxide halogenation,

0583
formation of arynes, 0867
halogenation of alkanes,

0955, 0957
halogenation of ketones,

0780
in pyrolytic elimination, 1510
in the Diels-Alder reaction,

1199, 1200
Mannich reaction, 1294
organometallics with

heteroatoms, 0809
[3 þ 2]-cycloaddition, and

FMO, 1191
Registry Number, Chemical

ABSTRACTS, 1880
Reilly-Hickenbottom

rearrangement, 0741
Reimer-Tiemann reaction, 0726
Reissert compounds, with

sulfuric acid to give
aldehydes, 1811

remote dehydrogenation, 1713,
1714

remote oxidation of
hydrocarbons, 1761, 1762

Reppe carbonylation, 1137
resolution, 0173–0176

and pig liver esterase, 0176
and rate of reaction, 0178
and Sphingomonas

pauchimobilis, 0179
and synthesis, 0167
conversion to diastereomers,

0173

deracemization, 0179
kinetic, 0176, 0178, 0179
kinetic, see kinetic
mechanical, 0176
mechanical, and

heptahelicene, 0176
metal complexes, 0150
methods of, 0172–0179
of alkenes, 0174
of allenes, 0149
of amino acids-boric acid,

0173
of crystals, 0176
of enantiomers, 0138
of organomercury

compounds, 0756
of sulfoxides, 1781, 1782
of sulfur compounds, 0145
of trans-cyclooctene, 0174

resonance, 0032
resonance effects, 0048

and acidity, 0382
and s values, 0409
and substituent effects, 0483

resonance energy, also see
energy

resonance energy, 0216
ab initio calculations, 0037
acenes, 0087
and aromatic compounds,

0060
and aromaticity, 0062
and cross conjugation, 0044
and fused aromatic

compounds, 0060
and hybridization, 0040
benzene, 0036, 0037
butadiene, 0038, 0039
cyclopentadienide ion, 0063
of heterocycles, 0062
phenalene radical and cation,

0060
resonance integral, 0037
resonance stabilization, and the

captodative effect, 0075
resonance structures, fulvalenes,

0068
resonance, allyl anion/cation/

radical, 0042
and 1,3-dipoles, 1189
and allylic carbanions, 0762
and allylic carbocations,

0483, 1013
and allylic radicals, 0947
and amines, 0383
and aniline, 0048
and anthracene, 0049
and arenium ions, 0658
and aromatic compounds,

0033, 0049

and benzene, 0033, 0034
and bond angles, 0047
and bond distance, 0047
and bond order, 0033
and calculations, 0034
and canonical forms, 0032
and carbanions, 0252, 0258,

0759
and carbocations, 0247,

0483, 1019
and charge separation, 0047
and Dewar structures, 0032
and dimethyloxosulfonium

methylid, 1383
and dimethylsulfonium

methylid, 1383
and electron density, 0048
and electronegativity, 0047
and electrons, 0046
and enolate anions, 0253
and halogen substituents,

0046
and hyperconjugation,

0238
and hypophosphorus acid,

0053
and MO theory, 0033
and nonequivalent canonical

forms, 0047
and orbitals, 0033
and p-bonds, 0046
and paracyclophanes, 0049
and phosphine oxides,

0053
and phosphorus ylids, 1369
and pK, 0383
and planarity, 0047–0049
and proton transfer, 0368
and radicals, 0271, 0272
and rate of reaction, 0483
and reactivity, 0396
and steric effects, 0048
and strain, 0048
and sulfones or sulfoxides,

0053
and the Hammett equation,

0402
and the mesomeric effect,

0048
and unpaired elections, 0047
and vinyl chloride, 0041
and ylids, 0053
Dewar structures, 0049
energy and canonical forms,

0047
in migrating groups, in

rearrangements, 1565
keto-ylids, 1371
naphthalene, 0033
no-bond, 0097
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resonance, allyl anion/cation/
radical, (Continued)

of carbonate, 0042
pyridine, 0033
rules of, 0046
rules of stability, 0047
s bonds, 0033
steric inhibition, 0691
substituted arenium ions,

0666
retention of configuration, and

hydrolysis of esters, 1404
and radicals, 0939
retention of migrating group

during rearrangement,
1563

retention, and chlorination of
alcohols, 0469

and elimination-addition
reactions, 0477

and neighboring group
participation, 0451

and phenonium ions, 0457
and SN1 reactions, 0440
and SN2 reactions, 0428
and SNi reactions, 0468

retro ene reaction, and pyrolysis
of homoallylic alcohols,
1551

retro-aldol reaction, 0835, 1342
retro-Claisen rearrangement,

1668
retro-Diels-Alder reaction, 1199

and thermal extrusion of
carbon monoxide from
ketones, 1545

retro-ene reaction, 1104
retro-Nazarov, 1096
retropinacol rearrangement, and

Wagner-Meerwein
rearrangement, 1583

reverse Friedel-Crafts
alkylation, see Friedel-
Crafts

reverse Gatterman-Koch
reaction, 0745

reversibility, Diels-Alder
reaction, 1205

microscopic, 0309
reversible reactions, Michael

reactions, 1009
radicals to alkenes, 1012

reviews, annual, literature, 1891
of the literature, 1889

rhodium catalysts, chiral, 1238
rhodium compounds, and

diazoalkenes, 1234
rhodium, and decomposition of

diazoalkanes, 0289
and hydrogenation, 1054

Rhodococcus sp AJ270, and
hydrolysis of nitriles, 1269

ribbons, molecular, 0132
Ring Systems Handbook, 1888
ring closing reactions, and rate

constants, table, 0304
[2 þ 2]-ring closures, 1690,

1691
ring closure, and entropy of

activation, 0303
Baldwin’s rules, 0305–0307
dig, tet, and trig

nomenclature, 0306
disfavored and favored, 0306,

0307
hydroboration of trines, 1081

ring contraction, acid catalyzed,
1588

ring contractions, photolysis of
diazoketones, 1599

ring current, 0055–0057
and annulenes, 0085, 0086

ring expansion, acid catalyzed,
1588

and metathesis, 1686
and the Stevens

rearrangement, 1621
aryl azides, 1610
carbene addition, and strain,

1240
carbene insertion, 0805
carbenes with aromatic

compounds, 1239
lactones, 1700
of alkyl azides, 1610
Tiffeneau-Demyanov,

1590
ring opening metathesis

polymerization, 1685
ring opening, cyclopropyl

cations, 1644
ring size, and entropy, 0303

and lactone formation, 0304
ring-chain tautomerism, see

tautomerism
ring-closing metathesis, see

metathesis
ring-in-ring complexes, 0132
Ritter reaction, 1459

and the Beckmann
rearrangement, 1616

steric hindrance in nitriles,
1459

with cyanamides, 1459
Robinson annulation, 1350

and ammonium ketones,
1350

and Stryker’s reagent, 1351
and the Claisen reaction,

1357

and the Mannich reaction,
1351

Rodd’s Chemistry of Carbon
Compounds, 1893

ROESY, and p-p-interactions,
0115

Rosenmund catalyst, and
hydrogenation of alkynes,
1057

Rosenmund reduction, of acyl
halides, 1808

Rosenmund-von Braun reaction,
0869, 0885

rotamer, and conformer,
0196

rotating-frame nOe
spectroscopy, see ROESY

rotation barrier, also see barrier
of radicals, 0277
strained aromatic

compounds, 0231
rotation, and a, 0139

and catenanes, 0132
in ethane, energy barrier,

0197
molar, see molar rotation
observed, see observed

rotation
restricted, and atropisomers,

0148
restricted, and chirality, 0150
restricted, and cis/trans

isomers, 0232
specific, see specific rotation

rotaxanes, 0131–0134
and chirality, 0152

2n rule, and diastereomers, 0165
3n rule, and conformations,

0197
rules, of resonance, 0046
rules, stability of resonance

forms, 0047
ruthenium catalysts, and

metathesis, 1683
ruthenium, and hydrogenation,

1054
Ruzicka cyclization, 1458

s bonds, neighboring group
participation, 0450

s character, and acidity, 0388
and bond angle, 0026
and bond distance, 0025
and bond energy, 0029,

0030
and carbanion stability, 0251,

0254
and strain, 0218

s route, to nonclassical
carbocations, 0451
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s values, and field effects, 0407,
0408

and NMR, 0408
and reactivity, 0403, 0404
and resonance and field

effects, 0409
F and R values, 0410

s* values, and field effects,
0407

S-alkylation, with thiocyanate
ion, 0573

s-bond migration, and
dyotropic rearrangement,
1700

and sigmatropic
rearrangement, 1647

s-bond participation, and
cyclopropylmethyl groups,
0464, 0465

s-bond rearrangements, metal
catalyzed, 1690

s-bonds, and resonance, 0033
as neighboring groups, 0459

s-complexes, and arenium ions,
0658

s-substitution mechanism, 0694
s-values, Swain-Lupton, 0409
sacrificial anode, 0598
sacrificial hyperconjugation,

0097
Sadtler Research Laboratories,

spectra, 1888
Sakurai reaction, 1120
salen catalyst, epoxide

halogenation, 0583
salen, and catalytic

hydrogenation, 1057
salen-metal complexes, and

epoxidation, 1178
salt effects, and kinetics, 0434

and SN1 reactions, 0504
of lithium perchlorate, 0504
rate of electrophilic

substitution, 0757
salt free phosphonium ylids,

1370
salts, and SN1 reactions, 0504

enamine, and alkylation,
0636

Meisenheimer, 0854
samarium in acetic acid, and

desulfurization, 0991
samarium iodide, with

triamines, reduction of
alkenes, 1063

samarium, and the Barbier
reaction, 1313

Sandmeyer reaction, 0984, 0985
sandwich compounds, see

metallocenes

saponification, 1400
scale, solvent nucleophilicity,

0506
scales, of electronegativity, 0017
scandium, and fullerenes, 0095
SCF method, and aromaticity,

0058
Schiemann reaction, 0705, 0921
Schiff bases, addition of HCN,

1392
chiral, epoxides with

organometallics, 0618
formation of, 1282
hydrolysis, 1263
reduction to amines, 1811

Schlenk equilibrium, 0260,
0261

Schleyer adamantization, 1584
Schmidt reaction, 1611–1613

migratory aptitudes, 1612
Schmidt rearrangement, 1563
Scholl reaction, 0717, 0718
Schotten-Baumann procedure,

1411
acylation of amines, 1427

Schrödinger equation, 0003,
0004

Schwartz’s reagent, 1083, 1148
Schwesinger proton sponges, see

bases and proton sponge
Science Citation Index, 1877,

1892, 1905
SciFinder, 1903
scoopy reaction, 1378
SE1 mechanism, 0658, 0665

and decarboxylation, 0746
and the halogen dance, 0749

SE2, see substitution
SE2 mechanism, 0658
searching the literature, 1898
second order rate constants,

0320
second-order reactions, 0315,

0316
secondary isotope effects, 0325,

0326, 0327
in substitution reactions,

0488
secondary sources, literature,

1870, 1876–1881
SEi, see substitution
selectivity relationship, 0680
selectivity, and reduction,

1787–1790
bromine versus chlorine

radicals, 0955
catalytic hydrogenation of

alkenes, 1055
endo/exo, [2 þ 2]-

cycloaddition, 1226

facial, for reactions at
carbonyls, 1252

facial, peroxyacid
epoxidation of alkenes,
1170

homogeneous catalysts in
hydrogenation, 1055

of nitrous acid, 0918
of radicals, 0951, 0952
paradoxical, in Friedel-Crafts

alkylation, 0708
Selectride, and reduction of

epoxides, 1791
diastereoselectivity of

reduction, 1794
reduction of aldehydes or

ketones, 1794
reduction of amides, 1842
reduction of tosylates, 1832
stereoselectivity of reduction,

1794
selenenyl chlorides, catalysts

from radical chlorination,
0963

selenides, aryl, from aryl
halides, 0552

aryl, from aryl halides,
0875

aryl, reduction with triaryltin
hydride, 0991

catalysts from radical
chlorination, 0963

cleavage, 0551
from alkyl halides, 0552
from selenol addition to

alkenes, 1045
oxidation to selenones or

selenoxides, 1782
selenium dioxide, allylic

oxidation of alkenes,
mechanism, 1752

and allylic oxidation, 1751,
1752

and dehydrogenation, 1712
a-oxidation of ketones,

mechanism, 1760
and Sharpless method for

allylic oxidation, 1752
selenium groups, and radical

cyclization, 1127
selenium tetrafluoride, with

aldehydes or ketones,
1299

selenium ylids, 0054
chiral, 1384

selenium, and aromatization,
1710

and carbonylation of amines,
0850

with Grignard reagents, 0818
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seleno esters, and radical
cyclization, 1129

from diselenides and acyl
halides, 1412

selenoalkynes, hydration, 1036
selenoamides, 1297

and transamidation, 1426
selenocarbonates, 1275
selenoethers, see selenides
selenoketones, 0791
selenols (RSeH), addition to

alkenes, 1045
and organolithium reagents,

conjugate addition, 1131
by reaction of diselenides,

1854
selenones, by oxidation of

selenides, 1782
selenoxides, alkylation, 0640

by oxidation of selenides,
1782

thermal elimination to
alkenes, 1529

self-condensation, and Claisen
condensation, 1453

self-consistent field theory
(SCF), 0034, 0035

self-immolative reagents, 0171
semibullvalene, 1692

and Cope rearrangements,
1666

semicarbazide, with aldehydes
or ketones, 1285

semicarbazones, and Wolf-
Kishner reduction, 1836

from aldehydes or ketones,
1285

hydrolysis, 1264
reduction to amines, 1820

semidines, and [1,5]-
sigmatropic
rearrangements, 1681

semiempirical calculations,
0035

semipinacol rearrangement,
1586, 1587

semiquinones, radical ions,
0282

semirubin, and hydrogen
bonding, 0113

sensitizers, triplet, 1136
SET mechanism, see

mechanism
SET (single electron transfer)

mechanism, 0443
mechanism, and active

methylene compounds,
0626

mechanism, and arylation of
enolate anions, 0908

mechanism, and chain
reactions, 0444

mechanism, and conjugate
addition of
organometallics, 1120

mechanism, and electrophilic
aromatic substitution,
0682

mechanism, and Grignard
reagents, 1307

mechanism, and LiAlH4

reduction of alkyl halides,
1828

mechanism, and oxidation-
reduction, 1706

mechanism, and radicals,
0444

mechanism, and the aldol
reaction, 1341

mechanism, organometallic
compounds with alkyl
halides, 0598

probes, 0268
process, and radicals,

0268
shape, an guest-host

interactions, 0125
of cyclodextrins, 0130

Shapiro reaction, 1526
Sharpless asymmetric

aminohydroxylation, 1180
Sharpless asymmetric

dihydroxylation, 1166
Sharpless asymmetric

epoxidation, 1177
Sharpless method, allylic

oxidation with selenium
dioxide, 1752

[1,5]-shifts, homodienyl, 1653
3, 2-shifts, and Wagner-

Meerwein rearrangements,
1582

Shrock catalyst, for metathesis,
1683

shuttle, molecular, 0134
side chains, on aromatic

compounds, oxidation, 1745
sigma orbitals, 0005
[1,3]-sigmatropic alkyl

migration, 1653, 1654
[1,3]-sigmatropic rearrangement

of carbon,
vinylcyclopropanes, 1656

HOMO, 1650, 1651
imaginary transition state,

1649, 1650, 1651
migration of hydrogen, 1650,

1651
Möbius-Hückel method,

1650

photochemical, suprafacial,
1650, 1651

thermal, antarafacial, 1650,
1651

[1,5]-sigmatropic alkyl
migration, 1653, 1654

and semidines, 1681
Möbius-Hückel method,

1650
of alkyl, 1656
of hydrogen, 1648
of hydrogen, and ene

reactions, 1648
photochemical, antarafacial,

1650, 1651
thermal, suprafacial, 1650,

1651
[2,3]-sigmatropic

rearrangement, 1676
Sommelet-Hauser

rearrangement, 1678
[3, 3]-sigmatropic

rearrangement, and amino
cope rearrangement, 1660

and Fischer indole synthesis,
1675

Claisen rearrangement,
1668–1674

Cope, 1659–1667
enantioselectivity, 1663
of allyl vinyl ethers, 1655
oxy-Cope, 1660

[5,5]-sigmatropic
rearrangement, and
benzidine rearrangement,
1680

sigmatropic rearrangement,
and s-bond migration,
1647

and the [i,j] nomenclature,
1647

antarafacial rearrangement,
1648, 1649

definition, 1647
suprafacial migration, 1648,

1649
vinylcyclopropanes, 1656
[2,3]-, 0930
[2,3]-, and the Sommelet-

Hauser rearrangement,
0930

sigmatropic shifts, and
cyclopropanes, 1653

sila-Pummerer rearrangement,
1867

silanes, alkyl, radicals and
hydrogen transfer, 0937

with radicals, 0937
silanes, allylic, and the Sakurai

reaction, 1120
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conjugate addition, 1120
coupling, 0977
coupling, with AIBN, 0589
electrolytic coupling, 0588
Lewis acid catalyzed addition

to aldehydes, 1322
metal catalyzed addition to

imines, 1388
metal catalyzed coupling

with alcohols, 0616
metal mediated halogenation,

0963
radical coupling, 0589
with acetals, 0617
with aldehydes, 1388
with alkyl halides, 0588
with epoxides, 0589

silanes, and cleavage of ethers,
0581

and conjugate reduction,
1071

and enantioselective
reduction, 1802

and formation of acylals,
1274

and radical cyclization, 1127
and the acyloin condensation,

1861
and the Brook

rearrangement, 1701
aryl, and the Heck reaction,

0897
arylation, and Suzuki-

Miyaura coupling, 0911
conjugate addition, 1131
cyclic, by addition of silanes

to alkynes, 1087
desilylation, 1824
from metal catalyzed

addition of silanes to
alkenes, 1086

halo, with enolate anions,
0798

halogenation of, 0960
hydroxylation, 0539
intramolecular addition to

alkynes, 1087
Lewis acid catalyzed addition

to alkenes or alkynes,
1086

lithio, with aldehydes or
ketones, 1365

magnesio, and Peterson
alkenylation, 1366

metal catalyzed addition to
alkenes, 1086

metal catalyzed arylation,
0911

metal catalyzed coupling,
0588

radical halogenation,
0960

reaction with hydroxide,
0251

reduction of aldehydes or
ketones, 1798

reduction of amides to
amines, 1841

reduction of carboxylic
esters, 1807

reduction of imines, 1812
reduction to hydrocarbons,

1824
trihaloallyl, acyl addition,

1323
vinyl, addition to conjugated

carbonyl compounds,
1088

vinyl, and Stille coupling,
0795

vinyl, and the Heck reaction,
0896

vinyl, by addition of silanes
to alkynes, 1086

with alkynes, metal
catalyzed, 0647

with aryl halides, metal
catalyzed, 0911

with ketones, metal
catalyzed, 0799

silica gel, addition of HCl to
alkenes, 1029

and acetal cleavage, 0526
and aromatization, 1711
and ceric ammonium nitrate,

0686
and dehydration of oximes to

nitriles, 1547
and formation of oximes,

1286
and iodination, 0704
and ring opening of

aziridines, 0566
and sulfuric acid, 0695
and the Knoevenagel

reaction, 1359
and thionyl chloride, 0576
and Vilsmeier-Haack

reaction, 0725
and Wittig reaction, 1370
Claisen rearrangement, 1670
nitrosation of amines, 0847
with thionyl chloride, 1440
and double bonds, 0011
bond distance with carbon,

0023
silicon, and cis/trans isomers,

0011
silicon-tethered Heck reaction,

0895

silicon-tethers, and
cyclotrimerization of
alkynes, 1245

siloxanes, addition to enamines,
1088

silver carboxylates, and
dihydroxylation of
alkenes, 1165

silver compounds, and alkyl
halides, 0505

and coupling of boranes,
0989

with peroxides, 0544
silver nitrate, and alkyl halides,

0505
with alkyl halides, 0571
and alkyl halides, 0505

silver perchlorate, reaction with
iodocyclopentane, 0077

silver salts, with trimethylsilyl
cyanide, and alkenes,
1148

silver, complex with ethylene,
0116, 0117

silyl alkenes, as a protecting
group, 0979

silyl enol ethers, see enol ethers
silyl ethers, see ethers
silyl radicals, 1015
silyl-Wittig reaction, 1366
silylalkyl groups, as

neighboring groups, 0467
silylalkylamines, 0559
silylamines, aryl, from aryl

halides, metal catalyzed,
0911

with alkynes, metal
mediated, 0647

silylated carbocations, 0248
silylazides, formation of

azidoamines, 0566
silylcarbenes, 0286
silylenes, radical ions, 0282
silyloxy-Cope rearrangement,

1660
silylperoxides, with

vinyllithium reagents,
0814

silylphosphines, with alkenes,
1051

silylthiols, addition to alkenes,
1044

Simmons-Smith procedure,
1241, 1242

and a-methylation of
ketones, 1242

and carbenes, 1234
with diethylzinc, 1241
X-ray of intermediates,

1241
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Simonini reaction, 0995, 0996
and the Hunsdiecker

reaction, 0995
simultaneous addition, 0298
single electron transfer, see SET
singlet carbenes, 0284, 1238
singlet carbenes, see carbenes
singlet carbonyls, 1463
singlet methylene, 0289
singlet nitrenes, 0293, 1183
singlet nitrenium ions, 0295
singlet oxygen, and

autoxidation, 0969
and diradicals, 0970
and hydroperoxides, 0969
and photosensitizers, 0969
and the ene reaction, 1104
cycloaddition reactions,

1218, 1219
Diels-Alder reaction, 1219
formation of dioxetanes,

1219
photooxygenation of alkenes,

1178
reagents for preparation,

0969
with alkenes, 0969, 0970

singlet radicals, 0278
singlets, in photochemistry,

0331
six-center mechanism, Cope

rearrangement, 1663
small ring compounds, table,

0221, 0222
Smiles rearrangement, 0931,

0932
and Truce-Smiles

rearrangement, 0933
SNi reactions, see substitution,

SNi
SN

0 reactions, see substitution,
SN

0

SN1 reactions, see substitution,
SN1

SN10 reactions, see substitution,
SN10

SN12cA mechanism, 0580
SN1cB mechanism, 0521
SN1cB mechanisms, 0567
SN2 reactions, see substitution,

SN2
SN20 reactions, see substitution,

SN20

SN2(intermediate) reactions,
see substitution

SN2cA mechanism, 0580
SNAr mechanism, 0854–0857
Sneen formulation, 0441
Sneen’s ion-pair mechanism,

0764

snoutane, 1691
sodium amide, also see amides
sodium amide, and the Haller

Bauer reaction, 0844
rearrangement of alkynes,

0769
sodium azide, and potassium

iodide, 1159
formation of azido-ketones,

0573
sodium bisulfite, reaction with

aldehydes or ketones,
1281

sodium borohydride, also see
borohydride

and decyanation, 0846
and in situ hydrogenation,

1057
and isoquinolines, 0716
and nickel, hydrogenation,

1054
and oxymercuration,

1033
and radicals, 0812
and reduction of alkynes,

1064
and the Pictet-Spengler

reaction, 0716
reduction of conjugated

alkenes, 1070
reduction of imine nitrates,

1459
reduction of organometallics,

0812
with metal compounds,

reduction of alkenes, 1065
with nitriles, 0846

sodium borohydride-metal salts,
reduction of conjugated
alkenes, 1070

sodium bromite, with amines,
0849

sodium cyanide, and
Rosenmund-von Braun
reaction, 0885

in HMPA, 0649
with Lewis acids, 0649

sodium cyanoborohydride, and
reduction of alkyl halides,
1827

and reduction of conjugated
alkenes, 1070

sodium hydride, and hydrogen
peroxides, with boranes,
1079

with lactams, 0569
sodium hydroxide, and the

Cannizzaro reaction, 1863
sodium hypochlorite, see

hypochlorites

sodium hypochlorite, and
epoxidation of alkenes,
1177

and Jacobsen-Katsuki
epoxidation, 1178

sodium iodide, see iodide
sodium ions, and crown ethers,

0123
sodium nitrate, and epoxides,

0565
sodium nitriles, with alkenes,

formation of alkynes,
1533

sodium nitrite with acid, 0846,
0847

with alkyl halides, 0571
with aryl diazonium salts,

0985
sodium nitrocyanamide, 0573
sodium perborate, and

hydroxylation of aromatic
compounds, 0734

sodium peroxide, and
hydroperoxide formation,
0544

sodium persulfate, and
dimerization of
carboxylate salts, 0994

sodium sulfhydride, see
sulfhydride

sodium tetracarbonylferrate
(Collman’s reagent),
0650

carbonylation of alkyl
halides, 0653

with alkyl halides, 0650
sodium, and decyanation, 0845

and formation of acyloins,
1860

and formation of enolate
anions, 0811, 0907, 0908

and reductive coupling of
esters, 1860

and the Wurtz-Fittig reaction
or Wurtz coupling, 0589

coupling of alkyl halides,
0589

in ammonia, and Birch
reduction, 1067

in ammonia, reduction of
alkynes, 1064

in ammonia, reduction of
allenes, 1065

in ammonia, reduction of
aromatic compounds,
1067

in ammonia, reduction of
quaternary salts, 1844

in ammonia, with
cyclopropanes, 1075
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in ethanol, and reduction of
aldehydes or ketones,
1795

in ethanol, and reduction of
imines, 1811

in ethanol, reduction of
carbonyls, mechanism,
1795, 1796

sodium-amalgam, Gomberg-
Bachmann pinacol
synthesis, 1854

reduction of quaternary
ammonium salts, 1844,
1845

soft acids, and covalent bonds,
0378

definition, 0377
soft bases, and covalent bonds,

0378
definition, 0377

softness, and Lewis acids,
0377

solid-phase, anhydride
formation, 1422

Fischer indole synthesis,
1675

synthesis, 1433, 1434
and Grignard reactions,

1300
solid-state amide bases, and the

aldol reaction, 1342
and Diels Alder reactions,

1198
solubility, and cyclodextrins,

0129
and hydrogen bonding, 0111

solvation rule, SN2 reactions,
0503

and cryptands, 0493
and nucleophilicity, 0491,

0492
and rate of reaction, 0493
by leaving groups, 0759
differential, 0097
of radicals, 0937

solvent acidity, and activity of
proton, 0370–0372

solvent acidity, and pH, 0369
solvent cages, and radicals,

0444
and rearrangement of

N-nitroaniline, 0739
and the Wittig

rearrangement, 1624
in the Stevens rearrangement,

1622
solvent effects, and acidity,

0392–0394
and addition of bromine with

alkenes, 1016

and ambident nucleophiles,
0517

and basicity, 0392–0394
and carbenes, 0288, 0289
and carboxylic ester

formation, 0539
and catalytic hydrogenation,

1055
and charged nucleophiles,

0503
and E1 versus E2 reactions,

1506
and electrophilic substitution,

0765
and elimination versus

substitution, 1506
and fluorination of alkenes,

1149
and gauche conformations,

0201
and Grunwald-Winstein

equation, 0505
and Lewis acids, 0392–0394
and limiting SN1, 0433
and rate of reactions, 0503
and reactions, 1496
and SN2 reactions, 0430,

0503
and SNAr reactions, 0856
and SRN1 reactions, 0863
and substitution reactions,

0504
and the aldol reaction, 1342
and the Gabriel synthesis,

0569
and unsymmetrical metal

mediated coupling, 0593
aryl halides with sulfur

nucleophiles, 0874
on the base, in elimination

reactions, 1504
selectivity in the Diels-Alder

reaction, 1202
solvent acidity, and free energy,

0371
solvent effects, and free energy,

0505
radicals, and reactivity,

0952
Wittig reaction, 1377

solvent free, see solventless
solvent isotope effects, 0327
solvent nucleophilicity, scale,

0506
solvent polarity, and

electrophilic substitution,
0757

and SN1 reactions, 0501
and transition states, 0501,

0502

solvent separated ion pairs,
0440

solventless, 0416
addition of organometallics

to aldehydes or ketones,
1309

and Diels Alder reactions,
1198

Baeyer-Villiger
rearrangement, 1618

Beckmann rearrangement,
1614

dehydration of oximes to
nitriles, 1547

formation of cyanohydrins
from trimethylsilyl
cyanide, 1390

Heck reaction, 0894
Henry reaction, 1357
hydrolysis of C����N

compounds, 1264
iodination, 0704
Knoevenagel reaction, 1359
oxidation of thiols to

disulfides, 1785
Robinson annulation, 1350
Sonogashira coupling, 0904,

0905
sulfur ylid reaction, 1383
Suzuki-Miyaura, 0900, 0901
[2 þ 2]-cycloaddition, 1223

solvents, acidity, 0369
solvents, sulfur dioxide, 0434
solvent effects, radicals, and

reactivity, 0952
Wittig reaction, 1377

solvents, achiral, CD of chiral
molecules, 0163

solvents, acidic, 0369, 0370
and acid strength, 0364
and base strength, 0365
and Hammett acidity

function, 0369
and keto-enol tautomerism,

0773
and nucleophilic assistance,

0506
and nucleophilicity, 0491,

0504
and proton transfer, 0368
and rate of reaction, 0504
and sonochemistry, 0351
aprotic, 0502
aromatic, complex formation

and radicals, reactivity,
0953

asymmetric, and synthesis,
0171

basic, 0370
chiral, and NMR, 0181
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solvents, acidic, (Continued)
dielectric screening effects,

0503
effect on ion pairs, 0236
ethanolamines, 0563
ether, and Grignard reagents,

0260, 0261, 1301
ether, and hydroboration,

1075
for enolate alkylation, 0627,

0628
for Michael addition, 1107
in cyanide-alkyl halide

reactions, 0648
induced chirality, 0163
ionic, 0415, 0416
ionic, aryl halides with

phenoxides, 0872
ionizing power, 0506
nonpolar, and reactivity,

0412
polar and nonpolar, 0412
polar, and phase transfer

catalysis, 0509
polar, and reactivity, 0412
protic, 0502
protic verses aprotic, and SN2

reactions, 0503
supercritical ammonia, 0415
supercritical carbon dioxide,

0414, 0508
UV of charge transfer

complex, 0507
water, 0414

solvolysis, alkyl halides, and
carbocations, 0325

alkyl tosylates, rate of
reaction, 0482

and alkene neighboring
groups, 0451

and aromatic ring
participation, 0455,
0456

and B strain, 0398
and borderline mechanisms,

0442
and brosylates, 0438
and cyclobutyl compounds,

0464
and cyclopropyl groups,

0486, 0487
and cyclopropylmethyl

groups, 0464, 0465
and destabilizing groups,

0484
and dioxane, 0443
and Grunwald-Winstein

equation, 0482
and I strain, 0399, 0487
and inversion, 0443

and ionizing power of
solvents, 0506

and mechanism, 0437
and methyl group

participation, 0466
and neighboring group

mechanisms, 0448
and neighboring groups,

0449, 0454, 0456, 0457
and nonclassical

carbocations, 0452, 0453
and norbornyl systems, 0460
and oxonium ions, 0443
and phenonium ions, 0458
and picosecond absorption

spectroscopy, 0439
and racemization, 0439
and rate enhancement, 0464,

0465
and rate of reaction, 0458
and rearrangement, 0466
and s-bond participation,

0460
and silylalkyl group

participation, 0467
and special salt effects, 0439
and stereochemistry, 0460
and structural effects, 0481
and substitution, 0425
and sulfonate esters, 0443
benzylic halides, 0486
of esters, and NMR, 0434
of iodocyclopentane, 0077
of sulfonate esters, 0467
optically active compounds,

0460
participation of hydrogen,

0467
rate, and azide ions, 0442
rates for alkyl bromides,

0480
Sommelet reaction, oxidation of

alkyl halides to aldehydes,
1766

Sommelet-Hauser
rearrangement, 0929, 1623

and Hofmann elimination,
0929

and Stevens rearrangement,
0929, 1623

mechanism, 0929
[2,3]-sigmatropic

rearrangement, 1678
SON2 mechanism, 0872
Sonn-Müller method, from

amides, 1815
sonochemical, SRN1 reactions,

0352
sonochemistry, also see

cavitation

sonochemistry, 0349
and arylation reactions,

0352
and carbene formation, 0351
and carbohydrates, 0352
and cavitation, 0349
and colloids, 0350
and emission of light, 0350
and gas vacuoles, 0249, 0350
and hot spots, 0350
and hydrostannation, 0352
and nucleophilic aromatic

substitution, 0352
and organic solvents, 0351
and organolithium formation,

0351
and sonoluminescence, 0350
and the Diels-Alder reaction,

0352
and the Reformatsky

reaction, 0352
and the Weissler reaction,

0351
commercial instruments,

0351
origin of, 0349
reproducibility, 0351
with metal carbonyls, 0352

Sonogashira coupling,
03540904, 0905

sonoluminescence, 0350
Sorenson method, amino acid

synthesis, 0624
Source Index, 1907
Soxhlet extractor, and the aldol

reaction, 1343
sp hybridization, 0009, 0010
sp orbitals, 0007
sp2 or sp3 hybrid orbitals, 0008,

0009
sparteine, and addition of

organolithium reagents to
alkenes, 1097

and Michael addition, 1108
enantioselectivity with

organolithium compounds,
0595

with organolithium reagents,
1330

special salt effects, and
solvolysis, 0439

specific acid catalysis, 0373
specific rotation, also see

enantiomers, chiral
compounds

specific rotation, and
concentration, 0139

and enantiomeric excess,
0180

and enantiomers, 0139
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and molar rotation, 0139,
0160

and temperature, 0139
and wavelength of light,

0140, 0160
aspartic acid, 0139
definition, 0139

spectra, Aldrich Library, 1888
spectra, Sadtler Research

Laboratories, 1888
spectrophotometer, definition,

0329
spectrophotometric

measurements, and
solvent acidity, 0369

spectroscopic analysis, radicals,
0266

spectroscopy, and bond
distance, 0022

and cyclic allenes, 0228
and kinetics, 0319
deuterium quadrupole echo,

0127
diradicals in the Paterno-

Büchi reaction, 1463
IUPAC classification,

0012
of carbanions, 0252
photoelectron, 0012

spectrum, electromagnetic,
0329

spectrum, electronic, 0330
spherands, 0122
spherical homoaromaticity,

0094
Sphingomonas pauchimobilis,

and resolution, 0179
Sphingomonas sp HXN-200,

a-hydroxylation, 1757
spin forbidden transitions,

0331
spin trapping, and carbenes,

0285
and radicals, 0267

spin traps, 0268
spin-conservation, Wigner rule,

0340
spiranes, and chirality, 0149,

0150
spirocycles, cyclization of

enynes, 1093
spirocyclic amides, 0695
spirooxathianes, and

tautomerism, 0104
spiropentanes, by carbene

addition, 1236
sponge, proton, see proton

sponge
spontaneous reactions, and free

energy, 0299

squalene 2,3-oxide, and
steroids, 1090

squaric acid, 0057
squaric acid, dianion and

aromaticity, 0092
squaric acid, pKa, 0092
sr relationships, and radical

reactions, 0412
SRN1 mechanism, 0550, 0862
SRN1 reactions, see substitution
stability, alkynyl carbocations,

0477
and antiaromaticity, 0074
carbanion, 0251
conformational, see

conformation
diazonium salt, 0917
keto-enol tautomerism, 0099
norbornyl carbocations, 0463
of arenium ions, 0663
of carbanions, 0250, 0252
of carbocations, 0243
of phenonium ions, 0458
of radicals, 0270, 0272, 0273
of radicals, substituents

effects, 0948
open versus bridged

carbocations, 1003
p-complexes, 0663, 0664

stabilization, of carbanions,
0256

stabilomers, 1584
starands, 0124
state, transition, see transition

state
statistical effects, and acidity,

0384
Staudinger reaction, 1822
steady state, and kinetics,

0317
Stephen reduction, 1815
Stephens-Castro coupling,

0903–0906
stereochemistry, and addition to

cyclopropanes, 1026
and bridged radicals, 0942
and Criegee mechanism of

ozonolysis, 1741
and electrophilic addition,

1001
and electrophilic substitution,

0755, 0756
and epoxidation of cyclic

alkenes, 1023
and epoxide halogenation,

0583
and lactone alkylation,

0627
and mechanism,

0314

and neighboring group
mechanisms, 0447

and solvolysis, 0460
and substitution at vinyl

carbon, 0475
and the SE2 mechanism,

0754
and the SEi mechanism,

0754
at vinylic carbons in SE1

reactions, 0761
in halogenation of alkenes,

1149
in the Cope rearrangement,

1663
in the Diels-Alder reaction,

1200, 1201
in the Stevens rearrangement,

1623
ion pairs and internal return,

0439
of addition to alkenes, 1023,

1024
of alkyl migrating groups in

sigmatropic migrations,
1655

of carbanions, solvent
effects, 0759

of carbocations, 0245
of cyclopropyl ring opening

in solvolysis, 0487
of E1 reactions, 1502
of E2 reactions, 1485, 1501,

1502
of Ei reactions, 1508
of electrocyclic

rearrangements, 1633
of migrating group, in

rearrangement, 1563,
1564, 1567

of migrating group, in the
Stevens rearrangement,
1623

of SE2 reactions, 0757
of SEi reactions, 0757
of SN1 reactions at vinylic

carbon, 0476
of SN20 reactions, 0471
organocuprates with alkyl

halides, 0601
in [2 þ 2]-cycloaddition, 1226

stereocontrol, in radical
reactions, 1127

stereoelectronic control,
tetrahedral mechanism,
1258

stereoelectronic effects, and
radicals, 0949

stereogenic atoms, also see
chiral
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stereogenic atoms, absolute
configuration, 0154

and diastereomers, 0164
and Fischer projections, 0153
and molar rotation, 0160
and monocyclic compounds,

0186
and optical activity, 0140
and pyramidal inversion,

0142, 0143, 0144
and specific rotation, 0160
and symmetry, 0141
and the SN2 reaction, 0159
Cahn-Ingold-Prelog system,

0155–0158
chemical reactions, 0158
creation of, 0153
D/L nomenclature, 0155
multiple centers, 0164
NMR and absolute

configuration, 0160
phosphorus, 0191
quadrivalent, 0141
R/S nomenclature,

0155–0158
tervalent, 0142

stereogenic center, also see
stereogenic atom

stereogenic centers, a to a
carbonyl, 0774

and glyceraldehyde, 0154
by reduction of prochiral

ketones, 1799
formed by Michael reaction,

1108
stereoisomerism, 0136
stereoisomers, meso

compounds, 0187
out-in, 0189
radicals, 0272
topological, and catenanes,

0133
stereoselective synthesis, 0167,

0194, 0195
stereoselective synthesis, see

synthesis
stereoselectivity, and 9-BBN,

1077
in addition of bromine to

alkenes, 1003
in hydrogenation of alkynes,

1058
in Michael reactions,

1108
in nucleophilic substitution at

sulfonyl sulfur, 1470
in radical addition to alkenes,

1012
in radical hydrogen

abstraction, 0949

in reduction with Selectride,
1794

in the aldol reaction, 1345,
1346

in the Stille coupling, 0793
in the Wittig-Horner reaction,

1376
in [2 þ 2]-cycloaddition,

1227
stereospecific synthesis, 0194,

0195
stereospecificity, in the

Diels-Alder reaction, 1206
in the E2 reaction, 1479
in the Heck reaction, 0895
in the Wittig rearrangement,

1625
steric acceleration, and the ene

reaction, 1104
steric crowding, and

pentahelicene, 0149
steric effects, and acidity, 0385

and ambident nucleophiles,
0517

and basicity, 0385
and bond energy, 0029
and borane addition to

alkenes, 1077
and catalytic hydrogenation,

1056
and Lewis acids/bases, 0385
and reactivity, 0397
and resonance, 0048
and the Taft equation, 0410,

0411
base cleavage of ketones,

0843
electrophilic aromatic

substitution, 0679
in radical addition reactions,

1020
in [2 þ 2]-cycloaddition,

1226
steric hindrance, and carbene

addition to alkenes, 1235
steric hindrance, and

conformations, 0202
and enol content, 0100
and esterification, 1416
and high pressure, 0513
and hydrolysis of esters,

1401
and nucleophiles, 0493
and propeller carbocations,

0246
and reactivity of alkyl

halides, 0398
cis/trans isomers, 0186
esterification of carboxylic

acids, 0398

in nitriles, and the Ritter
reaction, 1459

steric inhibition, of resonance,
0691

steric interactions, and pyrolytic
elimination, 1511

steric strain, see strain
steric strain, and

stereoselectivity n
hydrogenation of alkynes,
1058

steroids, and catalytic
hydrogenation, 1056

and conformational
transmission, 0401

and dammaradienol, 1090
and Johnson polyene

cyclization, 1090
and rate of reaction, 0400
and remote dehydrogenation,

1713, 1714
and Robinson annulation,

1350
and the Barton reaction,

1696
and the Stork-Eschenmoser

hypothesis, 1090
biosynthesis, 1089
radical halogenation, 0958

Stetter reaction, 1136, 1321
Stevens rearrangement, 0929,

1621–1623
and Hofmann elimination,

1623
and Sommelet-Hauser

rearrangement, 0929, 1623
and sulfur ylids, 1623
radical versus ion pairs, 1622
stereochemistry of the

migration group, 1623
suitable bases, 1621

stibines, triaryl, metal catalyzed
coupling with alkynes,
0906

Stieglitz rearrangement, 1616
with hydroxylamines, 1617

stilbenes, photochemical
conversion to
phenanthrenes, 1645

Stille coupling, 0606, 0792–
0795

and alkylboronic acids, 0794
and allylic rearrangement,

0793
and cine substitution, 0793
and metal catalyzed

carbonylation, 1141
with enols, 0794

Stlile coupling, and
microwaves, 0793
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STN, 1877, 1902
Stobbe condensation, 1356
Stone-Wales rearrangement,

1646
stoppers, in rotaxanes, 0134
Stork enamine reaction, 0632,

0634–0636
and hydrolysis of iminium

ions, 1266
Stork-Eschenmoser hypothesis,

1090
Story synthesis, 1557
strain energy, see energy
strain energy, and fused ring

aromatic compounds, 0052
strain,

and addition to alkenes, 0400
and annelation, 0052
and base cleavage of ketones,

0843
and carbanion stability, 0254
and carbocation formation,

0398
and conformation, 0400
and crowded alkenes, 0233
and cubene, 0233
and cyclobutadienes, 0076
and dioxiranes, 0218
and E2 reactions, 0400
and electrophilic aromatic

substitution, 0677
and epoxides, 0218
and formal steric enthalpy,

0232
and fused ring aromatic

compounds, 0052
and geared molecules, 0231
and hexahelicene, 0232
and homocubene, 0233
and leaving groups, 0496
and MO calculations, 0218
and molecular mechanics,

0214
and nonbonded atoms, 0216
and nonbonded interactions,

0216
and PES, 0224
and radicals, 0943
and resonance, 0048
and ring size, 0225
and s character, 0218
and SN1 reactions, 0488
and SN1 reactions of alkyl

halides, 0398
and substituted aromatic

compounds, 0230, 0231
and tricyclododecadiene,

0233
and unsaturated rings, 0226
and X-ray diffraction, 0224

B strain, and rate of
ionization, 0398

B strain, and SN1 rate of
reaction, 0481

B strain, and solvolysis of
alkyl halides, 0398

carbene addition and ring
expansion, 1240

cyclopropane, 0217
due to unavoidable crowding,

0230, 0231
I strain, and acyl addition,

0400
I strain, and cyclic ketones,

0400
I strain, and hydrate

formation, 1262
I strain, and reactivity, 0399
I strain, and solvolysis, 0399,

0487
in ethylene oxide, 0217
in hydrocarbons and other

compounds, 0218–0229
in small rings, 0217
intramolecular crowding,

0232
large angle, 0224
Pitzer, 0223, 0224
small ring compounds, table,

0221, 0222
small-angle, 0216
steric, 0216–0225
transannular, 0223, 0224
unavoidable, 0206

strained compounds, [2 þ 2]-
cycloaddition, 1224

strained molecules, and bond
angle, 0026

Strecker synthesis, 1391
structural effects, and

solvolysis, 0481
structure, acid-base strength,

0380
and reactivity, 0395
Grignard reagents, 0260,

0261
Lewis, see Lewis structures
organometallic compounds,

0259
substrate and SNAr reactions,

0864
strychnine, and resolution, 0173
Stryker’s reagent, and Robinson

annulation, 1351
sublimation, and resolution,

0176
b-substituents, and substitution

reactions, 0485
substituent effects, and acidity,

0380

and field effects, 0483
and Hammett sr

relationships, 0486
and mechanism of the

Diels-Alder reaction, 1207
and radicals, 0948
and resonance effects, 0483
and SN1 reactions, 0480,

0483
and the tetrahedral

mechanism, 0486
b- and g-substituents, 0485
electron donating and

electron withdrawing
groups, 0485

enolate anion formation,
0774

of alkyl halides, in E2
reactions, 1504

SN1 on vinylic carbon, 0482
SN2 reactions, 0478

substitution reactions, and
entropy of activation, 0446

and pressure, 0442
and solvent effects, 0504
b-substituent and g-

substituent effects, 0485
in supercritical carbon

dioxide, 0508
IUPAC mechanism, 0496
IUPAC nomenclature, 0419
leaving group ability, table,

0501
leaving group effects, 0496
secondary isotope effects,

0488
substitution, aliphatic, 0425
substitution, and alkylation,

0425
and allylic substrates, 0482
and benzylic substrates, 0482
and borderline mechanisms,

0442
and carbenes, 0292
and E1 reactions, 1487
and solvolysis, 0425
and the SET mechanism,

0481
and the Sneen formulation,

0441
substitution, aromatic, and

aromaticity, 0072
and hyperconjugation, 0670
and metallocenes, 0066
and tropolones, 0065
annulenes, 0081
Baker-Nathan order, 0670
destabilizing groups, 0669,

0673
halogenation, 0698
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substitution, aromatic, and
aromaticity, (Continued)

meta directing, 0669, 0673
of annulenes, 0084
of azulene, 0068
ortho-para directing, 0669,

0673
stabilizing groups, 0668,

0673
substitution, at acyl carbon,

0482
at vinylic carbon, 0475
bimolecular, see SN2
cine, and Stille coupling,

0793
substitution, electrophilic, 0297,

0298
substitution, electrophilic

aromatic, activation
hardness, 0679

alternant hydrocarbons, 0676
amination, see amination
and arenium ions, 0658, 0659
and bond length, 0677
and diazonium ions, 0691
and EPR, 0677
and ferrocene, 0674
and hydrogen exchange,

0684
and ionic liquids, 0688
and neighboring groups,

0457
and nitronium ion leaving

groups, 0683
and p-complexes, 0662
and phenonium ions, 0459
and radicals, 0682
and SET mechanism, 0682
and strain, 0677
and sulfones, 0697
and sulfoxides, 0697
and the Hammett equation,

0679
and the Mills -Nixon effect,

0677
and the Schiemann reaction,

0705
benzoylation, 0680
bromination, 0680
Brown s* values, 0679
chlorination, 0680
encounter complex, 0682
Friedel-Crafts alkylation,

0705
halogenation, metal

catalyzed, 0699
Hammett s values, 0679
in fused rings, 0674
ipso attack, 0671, 0679
ipso position, 0672

isomer distributions, 0678
isopropylation, 0680
leaving groups and leaving

group ability, 0683
mercuration, 0680
nitration, 0680, 0690
nitration, also see nitration
of azo compounds, 0691
of heterocycles, 0675
of naphthalenes, 0676
orientation, 0665
ortho effect, 0674
ortho-para ratio, 0670, 0673
partial rate factor, 0677
rate, 0671, 0677
reactivity of substrates, 0679
relative rate ratios, 0682
selectivity relationship, 0680
steric effects, 0679
sulfonation, see sulfonation
with nitronium ions, 0672
with sulfur electrophiles,

0695
substitution, electrophilic,

unimolecular, see
substitution, SE1

substitution, electrophilic,
addition-elimination
mechanism, 0763

and allylic carbanions, 0762
and bridgehead carbons,

0755
and double bond shifts, 0761
and organometallics, 0756
and solvent polarity, 0757
and stereochemistry, 0755,

0756
cyclic mechanisms, 0763
electron donor-acceptor

complexes, 0757
rate, and salt effects, 0757
solvent effects, 0765
substrate effects, 0763

substitution, first order
reactions, 0433

substitution, free radical, 0298
substitution, nucleophilic, 0297
substitution, nucleophilic

aromatic, and leaving
groups, 0868

and Meisenheimer salts, 0854
and SN1 reactions, 0857
and SNAr reactions,

0854–0857
and SON2 reactions, 0872
and sonochemistry, 0352
and the Chapman

rearrangement, 1698
benzyne mechanism,

0859–062

cine substitution, 0860
mechanism, 0853
nucleophiles, 0869
one-stage versus two-stage,

0863
other mechanisms, 0863
photochemical, 0863
substrate structure, 0864
with arynes, and substrate

structure, 0867
substitution, nucleophilic

internal, see substitution,
SNi

substitution, nucleophilic, and
alkynyl carbon, 0481

and aryl substrates, 0481
and leaving groups, 0482
and phase transfer catalysis,

0511
and vinylic carbon, 0473,

0481
at sulfonyl sulfur, 1470
at vinyl carbon, and the

element effect, 0475
with allylic substitution,

0469
substitution, radical,

mechanism, 0938, 0939
substitution, reactions, and

HSAB, 0516
substitution, SE1, 0665

and organometallics, 0765
and pyramidal carbanions,

0758
and resonance, 0759
and vinylic carbons, 0761
first order kinetics, 0758
leaving group effects, 0764
mechanism, 0758
solvent effects, 0765
substrate effects, 0763

substitution, SE20, 0754, 0762
substitution, SE2, and

stereochemistry, 0754,
0757

mechanism, 0753
solvent effects, 0765
substrate effects, 0763

substitution, SEi0, 0762
and stereochemistry, 0754,

0757
mechanism, 0753, 0754
solvent effects, 0765

substitution, SN
0, 0471

substitution, SNi, and retention
of configuration, 0468

halogenation of alcohols,
0580

IUPAC nomenclature, 0468
mechanism, 0468
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substitution, SNi0, 0472
and ion pairs, 0472

substitution, SN1, and alcohol
dehydration, 0534

and alkyl halides in sulfur
dioxide, 0434

and allylic substrates, 0483
and ambident substrates,

0518
and aryldiazonium salts,

0857
and aryliodonium salts, 0857
and bicyclic compounds, 0435
and bridgehead carbons,

0435
and carbocations, 0432, 0435
and conjugating substituents,

0436
and contact ion pairs, 0437
and cubyl compounds, 0436
and diazonium salts, 0499
and electrophilic addition,

1000
and electrophilicity, 0432
and equilibria, 0437
and I strain, 0399
and internal return, 0437
and intimate ion pairs, 0437
and ion pairs, 0438
and ionic strength, 0434
and ionization, 0432
and leaving groups, 0432
and limiting SN1, 0433
and lithium perchlorate, 0504
and mixed SN2, 0440, 0441
and MO calculations, 0487
and norbornyl compounds,

0436
and nucleophiles, 0490
and partial retention, 0440,

0441
and pseudo first-order, 0434
and racemization, 0437
and rate of reaction, 0433,

0480
and rearrangement, 1564
and salt effects, 0504
and SN2 reactions, 0434
and solvent polarity, 0501
and solvents, 0433
and special salt effects,

0439
and stereochemistry, 0439
and strain, 0488
and substituent effects, 0480,

0483, 0485
and the Baker-Nathan order,

0486
and the ion pair mechanism,

0441

and tight ion pairs, 0437
aromatic compounds, and

isotope labeling, 0859
at vinylic carbon, 0482
at vinylic carbon, groups,

0476
at vinylic carbon, substituent

effects, 0482
carboxylate salt alkylation,

0540
formation of nitrite esters,

0571
halogenation of alcohols,

0580
kinetics and leaving groups,

0433
mechanism, 0432
mechanism with alkyl

halides, 0398
mechanism, and ion pairs,

0436
nucleophilic aromatic, 0857
primary halides and metal

ions, 0505
rate of reaction, and B strain,

0481
reactivity of groups, 0488
stereochemistry at vinylic

carbon, 0476
transition states, 0502
trichloroamine with alkenes,

0567
with allylic rearrangement,

0469
substitution, SN10, 0469

and ion pairs, 0470
IUPAC nomenclature, 0469

substitution, SN2 (intermediate),
0442

substitution, SN2, ab initio
study, 0430

and alcohol dehydration,
0534

and alkylation of carboxylate
salts, 0539

and anchimeric assistance,
0446

and aziridine formation,
0560

and backside attack, 0426
and Brønsted plots, 0431
and chlorination of malic

acid, 0427
and crossover experiments,

0430
and formation of alkyl

halides, 0574
and free energy, 0431
and Friedel-Crafts alkylation,

0712

and high pressure mass
spectrometry, 0429

and hybridization, 0426
and inversion, 0428
and ion-dipole complexes,

0430
and isotope effects, 0326
and Marcus theory, 0310
and mixed SN1, 0440, 0441
and neighboring groups,

0446
and nucleophiles, 0490
and propellanes, 0487
and racemization, 0429
and rate of reaction, 0427,

0478, 0479, 0483
and retention, 0428
and solvent effects, 0430
and substituent effects, 0478
and the Baker-Nathan order,

0486
and the Darzens reaction,

1364
and the Finkelstein reaction,

0574
and the Hammond postulate,

0308
and the ion pair mechanism,

0441
and the Mentshutkin

reaction, 0430
and transition state geometry,

0483
and Walden inversion, 0427
at bridgehead carbons, 0429,

0487
at stereogenic atoms, 0159
gas phase, 0429
halogenation of alcohols,

0580
intramolecular, 0430
mechanism, 0426
microsolvation of transition

state, 0503
nucleophilicity order, 0493
protic versus aprotic solvents,

0503
pseudo first-order kinetics,

0427
rate of reaction, 0479
reactivity of groups, 0488
SN2 versus SN20, 0471
solvation rule, 0503
solvent effects, 0503
solvolysis of benzylic

halides, 0486
synthetic reactions, 0489
tight transition state, 0485
transition state, 0430, 0479,

0502
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substitution, SN2, ab initio
study, (Continued)

transition state, and
neopentyls systems, 0755

Williamson reaction, 0529
with active methylene

compounds, 0626
with ambident substrates, 0518
with bicyclic compounds,

0487
with carboxylic esters, 0501
with epoxides with

organometallics, 0618
with neopentyl systems,

0479, 0755
with sulfonyl halides, 0546

substitution, SN20, 0470
and concerted reactions, 0471
and cyclopropylcarbinyl

halides, 0473
and organocuprates, 0473
formation of cyclic amines,

0557
SN2 versus SN20, 0471
stereochemistry, 0471
with organocuprates, 0620
with vinyl epoxides, 0620

substitution, SNAr, activating
ability of attached groups,
0865–0866

and ion-radical pairs, 0857
and Meisnhemier salts, 0855
and p-complexes, 0857
and solvent effects, 0856
dimer mechanism, 0857
effect of substrate structure,

0864
Hammett relationships, 0867
mechanism, 0854–0857
partitioning effects, 0856
rate of reactions, 0865

substitution, SRN1, and aryl
halides, 0862

and arylation of enolate
anions, 0908

and nucleophilicity, 0869
and potassium metal, 0863
and radical anions, 0863
and sonochemistry, 0352
and ultrasound, 0863
and vinylic halides, 0478
mechanism, 0862
mechanism, and radicals,

0862, 0863
solvent effects, 0863

substitution, versus elimination,
1503–1506

substitution, vicarious, and
amination of heterocycles,
0916

nucleophilic substitution of
hydrogen, 0915

substrate, and electrophilic
substitution, 0763

substrates, ambident, allylic
compounds, 0518

and cyclic sulfates, 0518
and SN1 reactions, 0518
aziridines, 0518
definition, 0517
epoxides, 0518
SN2 reactions, 0518
thiiranes, 0518

substrates, definition, 0296
substrates, for Mukaiyama

aldol, 1352
succinates, and the Stobbe

condensation, 1356
succinimide, from NBS, 0962
succinimidyl radical, 0963
sugars, aldehyde form, 0104

and tautomerism, 0104
sulfamate esters, and amination,

0789
sulfates, alkyl, and formation of

aldehydes, 1034
formation of ethers, 0532
with alkoxides, 0532
with halides ions, 0576

sulfates, cyclic, and ambident
sulfates, 0518

from diols, 0518
sulfenates, formation of, 0791
sulfene intermediates, 1471
sulfenes, by base induced

elimination of sulfonyl
halides, 1532

from sulfonyl halides and
amines, 1471

sulfenic acids, and Smiles
rearrangement, 0932

sulfenylation, 0791, 0792
sulfhydride, sodium, with alkyl

halides, 0548
sulfide, dimethyl, and alkyl

halides, 0520
and borane, 0816

sulfides, see thioethers
sulfilimines, vinyl in Diels-

Alder reactions, 1218
sulfimides, diaryl, and

formation of aziridines,
1183

sulfinate esters, also see esters
sulfinate esters, and

deoxygenation of diols,
1535

from alcohols, 0554
from sulfinyl chlorides, 0554

sulfinic esters, alkylation, 0640

sulfinyl halides, see halides
sulfite, sodium, reduction of

diazonium salts,
mechanism, 1823

sulfolene, heating, and the
Diels-Alder reaction,
1204, 1205

sulfonamides, alkylation of, 0570
and the Hinsberg test, 1474
arylation of, 0569
by reduction of sulfonyl

azides, 1822, 1823
dealkylation, 1852
from sulfonyl halides and

ammonia or amines, 1474,
1475

hydrolysis, 1472
metal catalyzed arylation,

0569
reduction to amines, 1844
with alcohols, 1473
with alkenes, 1051
with alkyl halides, 0570

sulfonate esters, and Mitsunobu
reaction, 0546

and solvolysis, 0443
and Sonogashira coupling,

0905
aryl, metal catalyzed

coupling to aryl triflates,
0902

aryl, with trifluoroborates,
0890

as leaving groups, 0497,
0498

coupling with Grignard
reagents, 0590

cyanation, 0886
decomposition to alkenes,

1521
from alcohol, and reduction,

1830
from alcohols, 0545
from alkyl halides, 0546
from ethers, 0546
from sulfonamides and

alcohols, 1473
from sulfonic acids, 0546
from sulfonyl halides, 0546,

1473
mechanism of formation,

0546
migration, 1604
of phenols, and reduction,

1831
organometallic coupling,

metal catalyzed, 0606
rate of ionization, 0504
reagents for preparation,

0546
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reduction to methyl
compounds, reagents for,
1832

solvolysis, 0467
vinyl, and Stille coupling,

0792
vinyl, formation of dienes,

0792
with amide bases, 0568
with halide ions, 0575, 0576
with organocuprates, 0601
with organometallics, 0818

sulfonates, cyclic, from allylic
sulfonate salts, 1043

sulfonates, from aryl sulfones,
0931

from Smiles rearrangement,
0931

metal with organometallics,
0612

vinyl with organometallics,
0825

vinyl, by sulfonic acid
addition to alkynes,
1043

sulfonation, and sulfur trioxide,
0696

and sulfuric acid, 0695
aromatic compounds,

0695
of aromatic compounds,

mechanism, 0696
of ketones, 0791

sulfones, alkylation, 0640
allylic vinyl, thio-Claisen

rearrangement, 1672
and lack of chirality, 0142
and resonance, 0053
and ylids, 0053
antarafacial elimination of

sulfur dioxide, 1537
aryl, and ionic liquids, 0697
aryl, and the Smiles

rearrangement, 0931
aryl, by Friedel-Crafts

acylation, 0697
aryl, from aromatic

compounds, 0697
aryl, from sulfonyl halides,

0697
by oxidation of sulfoxides or

thioethers, 1780
coupling with organolithium

reagents, 0613
cyclic, cheletropic reactions,

1537
desulfurization, reagents,

1848, 1849
extrusion of sulfur dioxide,

1556

from alkyl halides, 0554
from aryl halides, 0875
from Grignard reagents and

sulfonyl halides, 1475
from organometallics and

sulfonyl halides, 1475
from sulfonic acid salts, 0554
from sulfonyl chlorides and

alkynes, 1156
from sulfonyl halides, 0554
from sulfonyl halides, and

boronic acids, 1476
halo, base induced

elimination to dienes,
1537

pyrolysis to alkenes, 1528
reduction, 0624
reduction to thioethers, 1851
substitution via elimination-

addition, 0478
suprafacial elimination of

sulfur dioxide, 1537
vinyl, 1008
with Grignard reagents, 0888
with malonate esters, 0907

sulfonic acid esters, see
sulfonate esters

sulfonic acid salts, alkylation,
0554

with aryl halides, 0875
sulfonic acids, addition to

alkenes, 1043
addition to alkynes, 1043
alkyl, with thionyl chloride to

give an acyl chloride,
0996

aryl, alkali fusion, 0871
aryl, and sulfuric acid, 0747
aryl, and the Jacobsen

reaction, 0747
aryl, metal catalyzed reaction

with arylboronic acids,
0881

aryl, thermolysis, 0748
aryl, with polyphosphoric

acid, 0698
aryl, with Raney nickel, 0749
by hydrolysis of sulfonic acid

derivatives, 0522, 1472
by oxidation of

hydrocarbons, 1757
by oxidation of methylene

compounds, 1757
by oxidation of thiols, 1780
by reduction of sulfonyl

halides, 1475
desulfonation, 0748
with ethers, 0546
with halogenating agents,

1474

sulfonium salts, and Hofmann’s
rule, 1498

sulfonium salts, from thioethers,
0552

sulfonyl azides, with active
methylene compounds,
0787

sulfonyl esters, hydrolysis, 1472
sulfonyl fluoride, 0698
sulfonyl groups, as leaving

groups, 1472
stabilization of carbanions,

0254
sulfonyl oxaziridines, a-

hydroxylation of enolate
anions, 1754

sulfonyl sulfur, nucleophilic
substitution, 1470

order of nucleophilicity, 1472
sulfonyl-amino-alkenes, with

NBS, 1155
sulfonylhydrazides, acyl, and

McFadden-Stevens
reduction, 1811

base cleavage to aldehydes,
1811

sulfonyloxaziridines, and
oxidation of thioethers,
1782

sulfoxides, allylic, and
1,4-elimination, 1529

allylic, and [2,3]-Wittig
rearrangement, 1678

and atropisomers, 0147
and conformation, 0212
and NCS, 0782
and radical elimination, 1530
and resonance, 0053
and ylids, 0053
aryl, from aromatic

compounds, 0697
by oxidation of thioethers,

1780, 1782
catalytic hydrogenation,

0991
conjugated with

organocuprates, 1113
desulfurization, reagents,

1848, 1849
from organometallics, 0818
from sulfonic acid esters,

0818
halogenation, and reagents

for, 0782
oxidation with

hydroperoxide,
mechanism, 1783

pyrolysis to alkenes, 1528
rearrangement to acetoxy

sulfides, 1866

SUBJECT INDEX 2345



sulfoxides, allylic, (Continued)
reduction to thioethers,

reagents, 1851
reduction, and isotope

labeling, 1851
resolution of, 1781, 1782
thermal elimination,

mechanism, 1529
treatment with anhydrides,

1866
with aromatic compounds,

0731
with aryl halides, 0890
with DAST, 0782
with NBS, 0782

sulfoxonium compounds,
pyrolysis to alkenes,
1528

sulfur compounds, and optical
activity, 0144, 0145

sulfur dichloride, and
chlorosulfenantion, 0974

sulfur dioxide, and superacids,
0236

and the Reed reaction, 0974
as a guest, 0127
as solvent, 0434
with alkenes and halogen,

0973
with organometallics, 0819

sulfur electrophiles, 0695
sulfur groups, and radical

cyclization, 1127
sulfur hexafluoride, and

electronic structure, 0015
sulfur monochloride, with

alkynes, 1179
sulfur nucleophiles, 0548
sulfur tetrafluoride, with

aldehydes or ketones,
1299

sulfur trioxide, and DMSO, for
oxidation of alcohols,
1721

and sulfonation, 0696
as an electrophile, 0697
sulfonation of carbonyl

compounds, 0792
sulfonation of ketones, 0791
with aromatic compounds,

0696
with trihalides to give acyl

halides, 0521
sulfur ylids, see ylids
sulfur, and aromatization, 1710

and carbanions stabilization,
0258

and carbonylation of amines,
0851

and hydrogen bonds, 0112

poison in catalytic
hydrogenation, 1055

stabilization of carbanions,
0254

stabilization of organolithium
reagents, 0263

sulfonyl, see sulfonyl sulfur
with diazo compounds, 1385
with organometallics, 0818

sulfuric acid, and arylsulfonic
acids, 0747

and nitration of aromatic
compounds, 0688

and sulfonation, 0695
and the Jacobsen reaction,

0747
and ylids, 0053
aromatic compounds, 0695
catalyst for the Schmidt

reaction, 1611
cleavage of ethers, 0523
fuming, with aromatic

compounds, 0695
sulfurization, organolithium

reagents, 0818
sulfuryl chloride, halogenation

of aromatic compounds,
0700

radical halogenation, 0956
with Grignard reagents, 0818

sultams, extrusion of sulfur
dioxide, 1556

sultones, from alkenes and
sulfonate halides, 1043

superacids, also see acids
superacids, 0358

and alkenes, 0802, 0803
and benzenonium ions, 0661
and carbocation structure,

1645
and carbocations, 0466
and diazonium salts, 0499
and halogenation of aromatic

compounds, 0701
and hydration of alkynes,

1035
and hydrogen exchange,

0766
and ionization, 0436
and isomerization of

biphenyls, 0748
and nonclassical

carbocations, 1583
and the Gatterman reaction,

0725
cleavage of alkenes, 0844
coupling of alkenes, 0802,

0803
formation of carbocations,

0766

superaromatic, 0087
superbases, 0365

and transesterification, 1420
supercritical alcohol, reduction

of ketones, 1837
supercritical ammonia, see

ammonia
supercritical carbon dioxide, see

carbon dioxide
supercritical ethane, see ethane
supercritical water, see water
superelectrophilicity, 0432
superimposability, and chirality,

0137, 0141
and optical activity, 0136

superoxide, potassium, with
alkyl halides, 0544

supersonic molecular jet
spectroscopy, and
conformations, 0196

supplements, of Beilstein, 1882
suprafacial migration, in

sigmatropic
rearrangement, 1648, 1649

suprafacial overlap, 1213
supramolecular forms, 0135
surface sites, heterogeneous

catalysts, 1060
surfactants, cleavage of ethers,

0580
surrogates, amino acid, 0632
Survey of Organic Synthesis,

1898
Suzuki coupling, see

Suzuki-Miyaura
Suzuki-Miyaura coupling, 0354,

0815, 0889, 0899–0903
and arylation of silanes, 0911
and diazonium salts, 0916
with aryldiazonium salts,

0923
Swain-Lupton s values, 0409
Swain-Scott equation, 0493

and Marcus theory, 0493
Swern oxidation, and

dehydration of amides to
nitriles, 1549

and sulfur substituents, 1722
of alcohols, 1721
temperature dependence,

1721
switches, molecular, 0132
sybdones, and aromaticity, 0092
symmetry, and aromaticity,

0072
and atropisomers, 0146
and chiral compounds, and

enantiomers, 0138
and circularly polarized light,

0163
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and dipole moment, 0019
and electronegativity, 0016
and monocyclic compounds,

0187
and orbitals, 0005
and stereogenic atoms, 0141
axis, and chirality, 0140
of orbitals in dienes, 1636
orbital, see orbital symmetry
perpendicular disymmetric

planes, 0145
plane, and chirality, 0140

symmetry-forbidden transitions,
0331

symproportionation, addition of
alkanes to alkenes, 1084

syn addition, 1001
bromine to alkenes, 1004
of carbenes, 1238

syn elimination, also see
elimination, Ei

syn nomenclature, 0166
syn stereochemistry, in catalytic

hydrogenation, 1058
syn-anti dichotomy, and E2

reactions, 1484
syn-elimination, see elimination
synclinal conformation, 0199
synthesis, and alkene

metathesis, 1686
and carbene insertion, 0804
and carbenes, 0289
and crown ethers, 0121
and dediazoniation, 1848
and diastereoselectivity, 0168
and microwave chemistry,

0354
and reduction of

aryldiazonium salts, 1848
and resolution, 0167
and Robinson annulation,

1350
and sulfonate ester leaving

groups, 0498
and the Diels-Alder reaction,

1203
and the tetrahedral

mechanism, 1260
and the Wittig reaction, 1378
azapagodanes, 0222
Brook rearrangement, 1701
catenanes, 0132
double-asymmetric, 1080,

1348
enantioselective, with

hydroboration, 1080
in supercritical carbon

dioxide, 0415
Merrifield, 1433
of pyrophosphate, 0125

rotaxanes, 0132
synthesis, asymmetric, 0160,

0161, 0167–0172
and active catalysts, 0171
and active reagents, 0170
and active solvents, 0171
and active substrates, 0168
and aldol condensation, 0172
and chiral auxiliaries, 0169
and Cram’s rule, 0168
and Felkin-Ahn model, 0169
and self-immolative reagents,

0171
and the chiral pool, 0167
and the Cornforth model,

0169
and UV analysis, 0169
asymmetric induction, 0171
chiral from achiral

compounds, 0169
double asymmetric synthesis,

0171
enantioselective reactions,

0171
reduction of carbonyls, 0170
stereoisomeric catenanes,

0134
with circularly polarized

light, 0172
synthesis, stereoselective, 0167,

0194, 0195
and active catalysts, 0171
and active reagents, 0170
and active solvents, 0171
and active substrates, 0168
and aldol condensation, 0172
and chiral auxiliaries, 0169
and chiral circularly

polarized light, 0172
and Cornforth model, 0169
and Cram’s rule, 0168
and Felkin-Ahn model, 0169
and self-immolative reagents,

0171
and UV analysis, 0169
asymmetric induction, 0171
double asymmetric synthesis,

0171
enantioselective reactions,

0171
reduction of carbonyls, 0170

synthesis, stereospecific, 0194,
0195

synthetic targets, and the
Diels-Alder reaction, 1203

synthon, definition, 0638
4n systems, and electrocyclic

rearrangements, 1643
4n systems, conrotatory versus

disrotatory, 1643

4n þ 2 systems, and
electrocyclic
rearrangements, 1643

4n þ 2 systems, conrotatory
versus disrotatory, 1643

tables, electronegativity, 0017,
0018

tables, of physical data,
1885–1889

Taft equation, 0410, 0411
Tamao-Fleming oxidation, 0539
tandem metathesis, 1685
tandem vicinal

difunctionalization, and
organocuprates, 1113

tartaric acid, and enantiomers,
0138

diastereomers, 0164
mechanism resolution, 0176

tartrate, diethyl, and Sharpless
asymmetric epoxidation,
1177

tautomerism, 0098
aci form of nitro compounds,

0104
and bromination of acetone,

0323
and carboxylic acids, 0105
and enamines, 0104
and hydroxypyridine, 0103
and imines, 0104
and nitrosomethane, 0103
and oximes, 0103
and pyridones, 0103
and quinazolines, 0105
and spirooxathianes, 0104
and sugars, 0104
and the Bucherer reaction,

0882
and the Michael reaction,

0105
enamine-imine, 1048
enol-keto, 1008
imine-enamine, 0104

tautomerism, keto-enol, 0098,
0772, 1008

amides, 0100
and bond energy, 0100
and conjugation, 0100
and enol content, 0100
and fluorine, 0101
and NMR, 0101
and solvent effects, 0102
and steric hindrance, 0100
fusion type enols, 0100
mechanism, 0098, 0773
proton transfer, 0773
solvent effects, 0773
steric stabilization, 0773
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tautomerism, nitro compounds,
0104

nitroso-oxime, 0103
of enols, 0770
phenol-keto, 0102
proton-shift, 0102, 0105
ring-chain, 0104
valence, 0105
valence, and Cope

rearrangement, 1665
valence, cycloheptatrienes-

norcaradiene, 1667
valence, oxepin-benzene

oxide, 1666
valence, tri-tert-

butylcyclobutene, 1667
tautomerization,

allene-alcohols, 0472
amide-enol, 1458
and rate determining state,

0323
tautomers, and Cope

rearrangements, 1666
Tebbe’s reagent, 1380–1382
Techniques of Chemistry, 1894
Teflon, and microwave

chemistry, 0353
tellurides, from alkyl halides,

0552
tellurium ylids, 1370
tellurium, with Grignard

reagents, 0818
telomers, 1011
temperature dependence,

reversal of Friedel-Crafts
alkylation, 0743

temperature effects, and
amination of alkenes, 1046

temperature, and enantiomers,
0139

and enthalpy or entropy,
0300, 0301

and hyperconjugation, 0326
and isotope effects, 0326
and mechanism, and rate,

0322
and specific rotation, 0139
influence of elimination,

1506
TEMPO (2, 2, 6, 6-

tetramethylpiperidine-1-
oxyl free radical)

and co-reagents used for
oxidation of alcohols,
1722

and conversion of aldehydes
to nitriles, 1288

and metal catalyzed
oxidation of alcohols,
1722

and radical cyclization, 1129
metals utilized for oxidation

of alcohols, 1722
oxidation of alcohols in ionic

liquids, 1723
stable radical, 0274

termolecular addition,
mechanism, 1002

terpenes, and Robinson
annulation, 1350

terpenes, reduction of nitriles to
methyl, 1824

tert-butyllithium solvents
and aggregation state,
0260

tervalent stereogenic atoms,
0142

tethered cyclotrimerization of
triynes, 1245

tethered Diels-Alder reactions,
1204

tethered reagents, to polymers,
0900

tethers, in the Diels-Alder
reaction, 1204

tetracarbonylferrate, sodium,
see sodium

2,3,5,6-tetrachloro-1,4-
benzoquinone, see
choranil

tetraenes, and homoconjugation,
0045

tetrafluoroborate salts,
thermolysis, 0819

tetrahedral intermediate, and
base cleavage of ketones,
0841

and I strain, 0399
and reactivity, 0397

tetrahedral mechanism, also see
mechanism

tetrahedral mechanism, 1254
and conformation, 1258
and isotope labeling, 1256
and leaving groups, 1259
evidence for, 1255–1259
hydrogen in catalysts, 1255
hydrolysis of carboxylic

esters, 1402–1406
in acid solution, 1255
isolation of intermediates,

1257
reactivity of carbonyl

substrates, 1260
spectral detection of

intermediates, 1257
stereoelectronic control,

1258
synthesis transformations,

1260

tetrahedranes, and strain, 0220,
0221

tetrahydrofuran, see THF
tetrahydrofurans, from allenes

and alcohols, 1038
from halogenation of

homoallylic alcohols,
1154

from oxetanes, 0805
tetrahydroisoquinolines,

preparation, 0716
tetramerization, of alkynes,

1243
tetramethylethylenediamine,

and the Glaser reaction,
0979

tetramethylpiperidine-1-oxy
free radial, see TEMPO

tetrapropyl perruthenate, see
TPAP

textbooks, of Organic
Chemistry, 1895, 1896

thallation, mechanism,
0914

thallium acetate, and
dihydroxylation of
alkenes, 1168

thallium carboxylates, and
dihydroxylation of
alkenes, 1165

thallium, aryl, see arylthallium
theory, Marcus, 0309, 0310
thermal cycloreversion,

cyclobutenes, 1228
thermal extrusion of nitrogen,

1553
thermal Michael reaction,

1109
thermal reactions, of alkenes,

1220
thermal stability, quaternary

ammonium salts, 0510
thermal [2 þ 2]-cycloaddition,

1224
thermochemistry, and frontier

orbitals method, 1208
cyclotrimerization of

alkynes, 1243
thermodynamic acidity, see

acidity
thermodynamic and kinetic

control, arenium ions,
0666

thermodynamic control, and
ambident nucleophiles,
0516

and sulfur ylids, 1384
thermodynamic stability, and

rearrangement of alkenes,
0767
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and rearrangement of
alkenes, 0769

of alkenes, 0771
thermodynamically controlled

reactions, 0307, 0308
thermolysis of organoboranes,

1604
of alkenes and nitric acid,

0785
of alkoxides, 0840
of cyclobutenes, 1632
of esters to give alkenes,

1519
of metal alkoxides, 1515
of tetrafluoroborate salts,

0819
of trienes, 1632

thexylborane, 1076
THF, and Grignard reagents, 0262

by catalytic hydrogenation of
furan, 1066

complex with borane, with
alkenes, 1076

conformation, 0212
thiacrown ethers, see ethers,

thiacrown
thiazoles, aldehydes synthesis,

0643
thiazolines, aldehyde synthesis,

0643
thiiranes, ambident substrates,

0518
and leaving groups, 0497
and microwaves, 0532
elimination to alkenes, 1519
from alkenes or alkynes,

1179
from chloroketones, 0532
from diazo compounds and

sulfur, 1385
from epoxides, 0552, 1385
from halo-thioethers, 1157
from thioketones, 1385
halogenation of, 0584
in ionic liquids, 0552
reduction to alkenes, 1791
trans-thiiration, 1179
with amines, 0565

thiiranium ions, 1004
thio-Claisen rearrangement, 1672
thio-Wittig, see Wittig
thioacetals, see dithioacetals
thioaldehydes, stability, 1277
thioalkyl ketones, from enolate

anions, 0790
thioalkylation, of aromatic

compounds, 0731
thioamides, and conformation,

0202
atropisomerism, 0184

by hydrolysis of nitriles,
1269

catalytic hydrogenation,
0991

conversion to amides, 1280
from chlorothioformates and

amines, 1474
from isothiocyanates, 0730
from thioaldehydes and

amines, 0974, 0975
torsional barrier, 0202
transamidation, 1426

thioanisole, with butyllithium,
0639

thiocarbamates, by hydrolysis of
thiocyanates, 1269

thiocarbonates, Barton-
McCombie reaction,
1833

thiocarbonates, reduction to
hydrocarbons, 1833

thiocarbonyl compounds, and
bonding, 0011

from Lawesson’s reagent,
1278

reagents for preparation,
1278

thiocarboxylic acids, from thiols
and triflic acids, 1419

thiocyanate ion, and
S-alkylation, 0573

with alkyl halides, 0554
thiocyanates, alkenes with

isothiocyanates, 1157
thiocyanates, and Hoesch

reaction, 0732
and ultrasound, 0555
aryl, from aryl diazonium

salts, 0920
by Katritzky pyrylium-

pyridinium method, 0554
from alkyl halides, 0554
from amines, 0554
from thiocyanate ion,

0554
hydrolysis, 1269

thioesters, by hydration of
alkynes, 1036

conjugate addition, 1132
from acyl halides and thiols,

1412
from alkyl halides, 0655
from carboxylic acids, and

thiols, 1418
from thiocyanates, 0732
reductive desulfurization,

1849
transesterification, 1420

thioether-esters, 1179
thioethers, alkylation, 0639

allyl by [2,3]-Wittig
rearrangement, 1676

allyl, from allylic sulfur
ylids, 1676

allylic vinyl, and thio-Claisen
rearrangement, 1672

and DBU, 0550
and phase transfer, 0549
and the Zinin reduction, 1816
and Williamson reaction,

0549
as poisons in catalytic

hydrogenation, 1055
by reduction of sulfones,

1851
by Stevens rearrangement of

sulfur ylids, 1623
cleavage, 0992
cyclic, from alkyl halides,

0551
desulfurization, reagents,

1848, 1849
from addition of thiols to

alkenes, 1043
from alcohols, 0550
from alkyl halides, 0548,

0549
from aromatic compounds,

0731
from aryldiazonium salts,

0920
from carbonates, 0551
from disulfides, 0818
from organometallics, 0818
from thiols, 0548, 0549
from thiophenols, 0874
from thioureas, 0550
halo, and the Ramberg-

Bäcklund reaction,
1538

hydration of, 1036
lithio, and Peterson

alkenylation, 1365
oxidation to sulfones or

sulfoxides, 1780–1782
oxidation to sulfoxides,

enantioselectivity, 1782
reagents for oxidation, 1781
reduction of sulfoxides,

reagents, 1851
sodium sulfide and alkyl

halides, 0551
vinyl, alkylation, 0639
vinyl, from thiols addition to

alkynes, 1044
vinyl, from vinyl halides, 0550
vinyl, with epoxides, 0639
with alkyl halides, 0552
with lithium naphthalenide,

0992
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thioformamides, by reduction of
isothiocyanates, 1813

thioimidazolium salt, and
conjugate addition, 1132

thioketals, see dithioketals
thioketenes, cycloaddition with

imines, 1465
Diels-Alder reactions, 1217
from ketones, and hydrogen

sulfide, 1277
from Lawesson’s reagent, 1278
stability, and trimerization,

1277
with carbenes, 1385
with diazo compounds, 1385

thiol-acids, for acyl halides and
hydrogen sulfide, 1425

thiol-esters, from acyl halides
and thiols, 1425

thiolactams, conjugated,
addition of amines, 1130

b-thiolactams, from thioketenes
and imines, 1465

thiolate anions, with aryl
halides, 0874

thiolate ions, demethylation,
0550

thiols, addition to aldehydes,
1278

addition to alkenes or
alkynes, 1043, 1044

addition to ketones, 1277,
1278

anions, reaction with vinyl
halides, 0474

aryl, see thiophenols
by addition of hydrogen

sulfide to alkenes, 1043
by reduction of sulfonyl

halides, 1850
catalytic hydrogenation,

0990
desulfurization, reagents,

1848, 1849
from alcohols, 0549
from alkyl halides, 0548
from hydrogen sulfide, 0548
from isothiouronium salts,

0548
from Lawesson’s reagent,

0549
from organocopper reagents,

and dithiocarboxylic
acids, 1330

from organometallics, 0818
from silyl-thiols, 0549
from silylthiols and alkenes,

1044
from sodium sulfhydride,

0548

from thiourea, 0548
halogenating agents, 0579
internal cyclization, 0551
metal mediated reaction with

arylboronic acids, 0874
oxidation of disulfides, and

microwaves, 1785
oxidation to disulfides, 1780,

1785, 1786
oxidation to sulfonic acids,

1780
photochemical addition to

alkenes, 1044
poisons in catalytic

hydrogenation, 1055
reaction with alcohols, 0550
reduction of disulfides,

reagents, 1853
solventless oxidation to

disulfides, 1785
with acyl halides, 1412,1425
with alkyl halides, 0549
with carboxylic acids, 1418
with triflic acid, 1419

thionitrites, and conversion of
anilines to aryl halides,
0985

thiono esters, catalytic
hydrogenation, 0991

reduction to ethers, 1839
thionocarbonates, and the

Corey-Winter reaction,
1535

yclic, cleavage to alkenes, 1535
from diols and thiophosgene,

1536
thionolactones, formation of

cyclic ethers, and
organolithium reagents,
1330

thionyl bromide, 0577
thionyl chloride, 0576

and dehydration of amides to
nitriles, 1549

and the SNi mechanism, 0469
formation of aryl sulfoxides,

0697
with alcohols, 0469
with carboxylic acids, 1440

thiophene, and aromaticity,
0062

desulfurization, 1849
electrophilic aromatic

substitution, 0675
reduction, 1849
resonance energy, 0062

thiophenes, arylation, 0881
thiophenes, by metal catalyzed

addition of thiols to
alkenes, 1044

desulfurization, 0991
Friedel-Crafts acylation,

0720
Friedel-Crafts alkylation,

0709
halogenation, 0703
metal catalyzed coupling

with aryl halides, 0887
thiophenols, and organolithium

reagents, conjugate
addition, 1131

formation of thioethers, 0874
from aryl halides, 0874
from aryldiazonium salts,

0920
thiophosgene, with amines,

1428
with diols, 1536

thiosulfate ion, with alkyl
halides, 0553

thioureas, and alkenes, metal
catalyzed formation of
thiiranes, 1179

and E/Z isomerization of
conjugated aldehydes,
1029

and inclusion compounds,
0127

formation of thioethers, 0550
from isothiocyanates and

amines, 1296
with alkyl halides, 0548

thorium oxide, and dehydration
of alcohols, 1514

Thorpe reaction, 1387
Thorpe-Ziegler reaction, 1388
threads, molecular, 0132
threo nomenclature, 0166
Tiffeneau-Demyanov ring

expansion, 1590
tight ion pair, 0437
tin hydrides, see hydrides
tin, acyl, see acylation
Tischenko reaction, 1865

and hydroformylation,
1146

Tischenko-aldol transfer
reaction, 1866

titanium cyclopentadienide-
dimethylaluminum
complex, see Tebbe’s
reagent

titanium mediated coupling of
aldehydes or ketones,
1858

titanium tetraisopropoxide, and
Sharpless asymmetric
epoxidation, 1177

titanium-coupling of
dialdehydes, 1856
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titanocene dichloride, and
reduction of esters, 1842

TMEDA, and organolithium
reagents, 0262, 0263

TMG Lac
(tetramethylguanidinium
lactate), ionic liquid,
1357

tolanes, also see alkynes
tolanes, by oxidative coupling

of dihalotoluenes, 1783
Tollen’s condensation, and the

crossed Cannizzaro
reaction, 1864

Tollens’ reaction, 1368
and crossed Cannizzaro

reaction, 1368
and mixed aldol reaction,

1368
toluene, dipole moment, 0018

electrophilic aromatic
substitution, 0680

tolylnapthalenes, and strain,
0232

topological polarization, 0071
topological stereoisomers, and

catenanes, 0133
tormented aromatic compounds,

0051
torsion angles, and

conformations, 0197
and molecular mechanics,

0214
and specific rotation, 0139
dihaloethanes, 0199

torsional barrier, of amides,
0202

of carbamates, 0202
torsional diastereomers, 0148
tosylamines, conversion to alkyl

halides, 0586
with epoxides, 0565

tosylates, also see sulfonate
esters

tosylates, acetyl, formation of
carboxylic esters, 0543

alkyl, rate of SN1, 0482
decomposition to alkenes,

1521
leaving groups, 0497
reduction to methyl

compounds, reagents for,
1832

tosylazides, see azides
tosylaziridines, from epoxides,

0565
tosylcyanide, see cyanides
tosylhydrazones, see

hydrazones
tosylimines, see imines

TPAP (tetrapropyl
perruthenate), oxidation of
alcohols, 1719

and oxidation of amines,
1768

and oxidation of thioethers,
1781

catalytic oxidations and
polymer-bound, 1719

the Ley reagent, 1719
trans-thiiration, 1179
transacetalization, 1272
transamidation, 1425

and the zip reaction, 1438
and thioamides, 1426

transamination, 0561
transannular hydride shift, 1697
transannular shifts, of hydrogen

atoms, 1578
transannular strain, see strain
transesterification, 1419–1421
transetherification, 0535, 0536
transfer hydrogenation, 1066
transformation, IUPAC

nomenclature, 0418
transient grating spectroscopy,

and carbenes, 0288
transition energies, 0508
transition states, 0302

ab inito study, radical
hydrogen abstraction,
0943

amide hydrolysis, 0397
and activation volume, 0413
and calculations, 0036
and high pressure, 0413, 0513
and intermediates, 0305
and proton transfer, 0375
and solvent polarity, 0501,

0502
and the Hammond postulate,

0480
Claisen rearrangement, 1669
Cope rearrangement, 1663
cyclic, and Meerwein-

Ponndorf-Verley
reduction, 1797

cyclic, lead tetraacetate
cleavage of diols, 1735

dipolar, and high pressure,
0513

E2 reaction, 1479
E2C reactions, 1495
Ei reactions, 1509, 1510
elimination of epoxides with

phosphines, 1517
geometry, aldol reaction,

1346
geometry, and rate of SN2,

0483

imaginary, for [1,3]-
sigmatropic
rearrangement, 1649, 1650

nucleophilic substitution at
sulfonyl sulfur, 1470

peroxyacid epoxidation of
alkenes, 1170

pyrolytic elimination, 1507
radical abstraction, 0939
radicals, 0948
six-center, and Diels-Alder

reactions, 1013
SN2, 0430, 0479
SN2, and neopentyl systems,

0755
SN2, microsolvation, 0503
substitution reactions,

0502
syn elimination, 1486
tight, and SN2 reactions,

0485
[2 þ 2]-cycloadditions, 1211,

1212
[4 þ 2]-cycloadditions, 1211,

1212
transition-state theory, 0302
transitions, in photochemistry,

0331
transitions, in photochemistry,

see photochemistry
transmetallation, 0825–0828
transoid dienes, and Diels-Alder

reaction, 1197
trapping intermediates, 0313
tresylates, leaving groups, 0497
tri-sec-butylborohydride, see

Selectride
tri-tert-butylcyclobutadiene, and

valence tautomerism,
1667

triacylamines, 1428
triarylmethyl carbocations, 0246
triazenes, and azides, 0822

aryl, isomerization, 0692
aryl, rearrangement, 0740
by trimerization of nitriles,

1460
cis-trans isomerization, 1029
with aromatic compounds,

0925
triazolines, by 1,3-dipolar

addition of alkyl azides,
1183

extrusion of nitrogen, 1553
from alkyl azides and

alkenes, 1183
photolysis or thermolysis,

1183
tributyltin dimer, and radical

cyclization, 1126
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tributyltin hydride, see hydride
tricarbonates, with amines,

0851
tricarboxylates, aryllead,

arylation of aromatic
compounds, 0981

trications, 0241
trichloroacetonitrile, with

aromatic compounds,
0733

trichloroamine, and amination
of aromatic compounds,
0694

with alkanes, 0567
trichloroisocyanuric acid, and

conversion of aldehydes to
nitriles, 1288

with alkenes, 1031
tricyclododecadiene, 0233
trienes, and cross conjugation,

0044, 0045
and orbitals, 0045
and the valence bond method,

0045
by cheletropic reactions,

1537
cyclohexadiene

interconversion, orbital
requirements, 1638, 1639

cyclotrimerization, 1244
from thiepin-1,1-dioxides,

1537
hydroboration, 1081
thermal ring closure to cyclic

dienes, 1632
triethylamine, and Grignard

reagents, 0262
triethylborane, and conversion

of alcohols to halides,
0520

triethylborohydride, lithium,
1069

triflates, aryl, and Suzuki-
Miyaura coupling, 0902

aryl, formation of aryl
nitriles, 0733

aryl, with amines, 0876
aryl, with trifluoroborates,

0890
from aryldiazonium salts,

0919
leaving groups, 0497
vinyl, and palladium catalyst,

0531
vinyl, and Stille coupling,

0792
vinyl, with LiCN, 0649

triflic acid, with aryldiazonium
salts, 0919

with thiols, 1419

trifluorides, from carboxylic
esters, 1299

trifluoroborates, alkenyl,
coupling, 0607, 0608

alkyl, coupling, 0607, 0608
alkynyl, 0905
alkynyl, with aldehydes,

1310
and Sonogashira coupling,

0905
aryl, and Suzuki-Miyaura

coupling, 0903
aryl, with aryldiazonium

salts, 0923
potassium, from KHF2, 0817
potassium, stability of, 0817
vinyl, and the Heck reaction,

0897
vinyl, with aryl halides, 0897
with alcohols, 0533
with aldehydes, 1322
with aryl halides, 0890, 0903
with aryl sulfonate esters,

0890
with aryliodonium salts,

0890
trifluoromethanesulfonic acid,

see triflic acid
trifluoromethanesulfonic

anhydride, Vilsmeier-
Haack reaction, 0725

2-[(trimethylsilyl)methyl]-2-
propen-1-yl acetate, 1193

trifluoroperoxyacetic acid, 0965
trigonal hybridization, 0008
trihalides, reactions of, 0521
trihomoaromatic, 0093
trihomobarrelyl carbocations,

0245
triiodide, and iodination of

aryldiazonium salts, 0921
triketones, from diketone

dianions, 1456
trimerization, of aldehydes,

1460
of alkynes, 1243

trimethylamine N-oxide, 0015,
0016

trimethylenemethane radicals,
0278

trimethylsilyl cyanide, see
cyanide

trinitrobenzenes, and complex
formation, 0118

trioxane, and cross coupling of
alkenes, 0977

from formaldehyde, 1460
trioxolanes, and ozonolysis,

1738
from aldehydes, 1460

ozonides, 1739
triphase catalysts, 0511
triphenylene, 0061
triphenylenes, 0095
triphenylmethyl carbanion,

0252
triphenylmethyl carbocation,

0240
triphenylmethyl radical, 0271
triphenylmethyl radical,

stability, 0952
triphenylphosphine oxide, by

oxidation of
triphenylphosphine, 1779

triphenylphosphine, and
dehydration of alkyne-
alcohols, 1515

and phosphorus ylids,
1369–1380

elimination with epoxides,
1517

oxidation to
triphenylphosphine oxide,
1779

reduction of amine oxides,
1846

reduction of azoxy
compounds, 1846

with carbon tetrachloride,
and carboxylic acids, 1440

triphenylphosphonio
palladium(0), 0043

triple bonds, and delocalization,
0038

conjugated with p orbitals,
0040

triple metathesis, 1685
triple-decker sandwiches, 0066
triplet carbenes, also see

carbenes
triplet carbenes, 0284, 0292,

1239
persistent, 0285

triplet carbonyls, 1463
triplet nitrenes, 0293, 1183
triplet nitrenium ions, 0295
triplet oxygen, with alkenes,

0968, 0969
triplet radicals, 0278
triplet sensitizers, 1136
triplets, in photochemistry,

0331
tris(trimethylsilyl)silane, 1123,

1128
and radical cyclization, 1127

tritium labeling, 0477
and diradicals,

rearrangements, 1576
tritium-decay, for generation

carbocations, 0477
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tritium-hydrogen exchange,
0766

trityl carbocations, 0240
triynes, cyclotrimerization,

1245
tethered cyclotrimerization,

1245
Tröger’s base, and chirality,

0144
tropolone, tropolones, and

tropones, aromatic
character, 0065

tropones, stability, 0073
tropylium bromide, 0064
tropylium ion, and aromaticity,

0067
formation and stability, 0064
Friedel-Crafts alkylation,

0711
Truce-Smiles rearrangement,

0933
truxilic acid, and chirality, 0140
Tsuji alkylation, 0629
tub conformation,

cyclooctatetraene, 0151
twist conformation, see

conformation
twistane, and twist

conformation, 0204
twisted amides, 0224
twisted aromatic compounds,

0051
twisted compounds, 0224
twisted Diels-Alder reaction,

1214
twisted double bonds, 0233

Udenfriend’s reagent,
hydroxylation of aromatic
compounds, 0965

Ugi four-component reaction,
1468

Ugi reaction, 1467, 1468
Ullmann biaryl synthesis, 0873
Ullmann ether synthesis, 0873
Ullmann reaction, 0591, 0897,

0898
and microwaves, 0354
and the Wurtz reaction, 0898

ultracentrifuge, and Diels Alder
reactions, 1198

ultrasonic waves, and acoustic
cavitation, 0349

and sonochemistry, 0349
ultrasound, also see cavitation
ultrasound, also see

sonochemistry
ultrasound, 0349

alkylation and alkyl halides,
0512

and a-oxidation of ketones to
diketones, 1758

and carbene insertion, 0804
and cavitation, 0512
and Diels Alder reactions,

1198
and ether formation, 0530
and heteroatom Diels-Alder

reactions, 1217
and hydrolysis of carboxylic

esters, 1401
and liquids, 0350
and lithium, 1451
and permanganate oxidation

of alcohols, 1718
and reactivity, 0512
and reduction of nitro

compounds, 1816
and SRN1 reactions, 0863
and the acyloin condensation,

1862
and the Baylis-Hillman

reaction, 1324
and the Pauson-Khand

reaction, 1142
and the Williamson reaction,

0530
and thiocyanates, 0555
formation of alkyl azides,

0572
halogenation of aromatic

compounds, 0699
Knoevenagel reaction, 1359
lactonization of alkenes,

1187
with potassium

permanganate,
dihydroxylation,
1163

ultraviolet light, see UV
Umpolung, acyl anion

equivalent, 0634
and dithianes, 0638
definition, 0634

ungerade orbitals, 0005
unimolecular substitution, see

substitution, SN1
universal NMR database, and

absolute configuration,
0161, 0162

unshared electrons, and
nucleophilicity, 0495

unsolvated aryllithium reagents,
0263

unsymmetrical coupling, see
coupling

urea-hydrogen peroxide,
1176

ureas, and Fischer-Hepp
rearrangement, 0739

and guest-host interactions,
0126

and Hoffmann
rearrangement, 1607

as an inclusion compounds,
0126

by carbonylation of amines,
0850

by the Ritter reaction with
cyanamides, 1459

carbonylation of amines,
0850

dehydration to
carbodiimides, 1550

dehydration to cyanides,
1550

diazotization, 0919
from addition of amines to

carbon dioxide,
1297

from amines and carbon
dioxide, 0852

from dicarboxylic esters,
with urea, 1439

from isocyanates and amines,
1295, 1296

with acyl halides, 1439
urethanes, substituted, see

carbamates
UV (ultraviolet), and methane,

0012
absorption peak, 0331
addition of halogens to

cyclopropanes, 1027
and addition of sulfonyl

halides to alkenes,
1156

and addition reactions of
alkynes, 1017

and addition to aldehydes to
alkenes, 1136

and annellation, 0061
and asymmetric synthesis,

0169
and auxochromes, 0334
and bromine or chlorine,

1149
and carbanions, 0768
and conformations, 0196
and cyclopropane, 0219
and detection of

carbocations, 0435
and dimerization of ketones,

1856
and electrocyclic reactions of

stilbenes, 1645
and enolate anion formation,

0908
and Fries rearrangement,

0736
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UV (ultraviolet), and
methane, (Continued)

and halogenation of alkanes,
0954

and halogenation of alkenes,
1149

and nitrosation, 0785
and nitrosyl halide, 0785
and photochemistry, 0329,

0333
and pK, 0386
and polyhalo addition to

alkenes, 1160
and quinone substitution,

0475
and radicals, 0271
and strained aromatic

compounds, 0230, 0231
and substitution at vinyl

carbon, 0475
and [2 þ 2]-cycloaddition,

1229
far UV, and photochemistry,

0329
paracyclophanes, 0050

valence bond isomers, 0186
valence bond method, 0004,

0045
valence electrons, 0014
valence isomers, see isomers
valence tautomerism, also see

tautomerism
valence tautomerism, and Cope

rearrangement, 1665
cycloheptatrienes-

norcaradiene, 1667
oxepin-benzene oxide, 1666
tri-tert-butylcyclobutene,

1667
valence, and electronic

structure, 0015
multiple, 0006
of boron, 0008

valence-bond bond order, and
principle of least motion,
1069

van der Waals forces, 0106
and guest-host interactions,

0127
and inclusion compounds,

0126
and molecular mechanics,

0213, 0214
van der Waals radii, and

Charton’s n values,
0411

very weak acids, 0358
vibrational circular dichroism,

0161

vicarious nucleophilic
substitution of hydrogen,
0915

Vilsmeier reaction, aliphatic,
0797

and haloacylation of alkenes,
1162

formation of keto-aldehydes,
0797

Vilsmeier-Haack reaction, 0724,
0725

with sulfonic anhydrides,
0725

vinamidine proton sponges,
0365

vinamidine proton sponges, see
proton sponge

vinyl alcohol, 0101
vinyl boranes, see boranes
vinyl carbanions, and

configurational stability,
0258

vinyl carbenes, 0286
vinyl carbocations, 0243
vinyl carbocations, see

carbocations
vinyl carbons, retention of

configuration, 0257
vinyl chloride, orbitals, 0041
vinyl compounds, and

nucleophilic substitution,
0481

and SE1 reactions, 0761
hydrolysis, 0522

vinyl cyanides, see cyanides
vinyl esters, from vinyl halides,

0541
from vinyliodonium salts,

0818
vinyl ethers, deprotonation of,

0809
vinyl halides, see halides, vinyl
vinyl iodonium salts, with

sodium sulfonate, 0554
vinyl sulfides, see thioethers
vinyl sulfones, from vinyl

iodonium salts, 0554
vinyl triflates, see triflates
vinylation, of ketones, 0629
vinylboranes, from

alkynylboranes and
alkylating agents,
1631

vinylcyclobutanes,
rearrangement to
cyclohexenes, 1658

vinylcyclopropane
rearrangement, 1656

and cleavage of
cyclopropane, 1658

and homodienyl [1,5]-shift,
1658

heteroatom, 1657
mechanism, 1658

vinylcyclopropanes, by
carbene addition to dienes,
1236

from dienes, 1692
sigmatropic rearrangement,

1656
with acids HX, 1031

vinylic carbocations, 1007
vinylic carbon, addition-

elimination mechanism,
0474

and SN1 reactions, 0476
nucleophilic substitution,

0473
vinylic compounds, and SN1

reactions, 0482
elimination-addition

mechanism, 0477
vinyllithium reagents, by

deprotonation, 0809
with silyl peroxides, 0814

vinylogous conjugate addition,
1107

vinylogous Michael reactions,
1107

vinylogous, chiral aldol
reactions, 1348

vinylogy, and enolate anions,
0633

vinylogy, and the aldol reaction,
1342

vinylorganometallics, and Stille
coupling, 0792

vinylorganometallics, formation
of dienes, 0792

visible absorption peak, 0331
Vocabulary of Organic

Chemistry, 1898
volume of activation, and high

pressure, 0513
volume, activation, see

activation volume
von Braun reaction, 0586, 0587,

1550
von Braun reaction,

counterattack reagent,
0587

von Richter reaction, 0311,
0869

von Richter rearrangement,
and mechanism, 0927,
0928

Wacker process, 1774
Wadsworth-Emmons, see

Wittig-Horner
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Wagner-Meerwein
rearrangement,
1580–1585

migratory aptitudes, 1568
Waits-Scheffer epoxidation,

1174
Walden inversion, and

mechanism, 0314
SN2, 0427

Wallach reaction, 1290, 1291
and the Leuckart reaction,

1291
Wallach rearrangement, 1698,

1699
warming, and microwaves, 0353
water, acyl addition to

carbonyls, 1261
addition to carbonyls,

mechanism, 1263
and acceleration of the

Claisen rearrangement,
1670

and alkyl, halides, 0519
and carbon monoxide, with

alkenes, 1136
and Diels Alder reactions,

1198
and phase transfer catalysis,

0509
and reactivity, 0414
and the Diels-Alder reaction,

0414
and the Mukaiyama aldol,

1353
heteroatom Diels-Alder

reactions, 1217
supercritical, and the

Beckmann rearrangement,
1614

supercritical, and the Diels
Alder reaction, 1199

with alkynes, 1035
with Grignard reagents, 0831

wave equations, 0006
wave function, 0003
wave mechanics, 0003
wavelength of light, and bond

energy, 0335
and conjugation, 0332, 0333
and microwaves, 0353
and photochemical [2 þ 2]-

cycloaddition, 1230
and photochemistry, 0329
and photolysis of dienes,

1632
and specific rotation, 0140,

0160
weighting factor, and wave

equations, 0006
Weinreb amides, 1346

from carboxylic acids, 1431
intramolecular displacement,

1448
with Grignard reagents or

organolithium reagents,
1448

Weissler reaction, and
sonochemistry, 0351

Wheland intermediates, 0658
Whitmore 1,2-shifts, 1561
Wigner spin-conservation rule,

0340
and photochemical [2 þ 2]-

cycloaddition, 1231
Wilkinson’s catalyst, 0043

and decarbonylation of
aldehydes, 0997

and enantioselectivity in
catalytic hydrogenation,
1056

and hydroboration, 1082
and hydrogenation, 1054
mechanism of homogenous

hydrogenation, 1061
Willgerodt reaction, 1867

and Montmorillonite,
1868

Kindler modification, 1868
Williamson reaction,

0529–0531
and epoxides, 0532
and Mitsunobu reaction,

0530
and thioether formation,

0549
Wittig reaction, 1369–1380

and amides, 0224
and arsine ylids, 1370
and azaadamantanone, 0224
and betaines, 1373, 1374
and epoxides, 0565
and NMR, 1374
and oxaphosphetanes, 1373
and scoopy reactions, 1378
and the Knoevenagel

reaction, 1363
compatible functional

groups, 1371
E/Z. selectivity, 1376, 1377
formation of anti-Bredt

alkenes, 1373
intramolecular, 1378
lactams, 1371
mechanism, 1373
on silica gel, 1370
solvent effects, 1377
structural requirements of the

carbonyl, 1371
with lactones, 1371
Z-selectivity, 1376, 1377

Wittig reagents, see ylids,
phosphorus

Wittig rearrangement, 0641,
1624

mechanism, 1625
migratory aptitudes, 1624,

1625
stereospecificity, 1625
with vinyl ethers, 1625

[2,3]-Wittig rearrangement,
1676, 1677

Wittig, aza-, see aza-Wittig
Wittig, thio-, 1374
Wittig-Horner reaction, 1375,

1376
Wittig-Horner, intramolecular,

1376
Wohl-Ziegler bromination, 0961
Wolff rearrangement, 0291,

1599, 1600
and diazoketones, 1465
and the Arndt-Eistert

synthesis, 1599
formation of ketones,

1600
Wolff-Kishner reduction,

1835
and semicarbazones, 1836
Huang-Minlon modification,

1836
mechanism, 1838

Woodward modification, of
Prevost reaction, 1164

Woodward-Hoffmann rules,
1207

and Ei reactions, 1509
and electrocyclic reactions,

1643, 1644
and metal catalyzed

cycloadditions, 1248
and photochemical [2 þ 2]-

cycloaddition, 1232
Wurtz coupling, of conjugated

ketones, 0592
Wurtz reaction, 0589

and allylic rearrangement,
0590

and coupling of acyl halides,
1451

and Grignard reagents,
0987

and the Ullmann reaction,
0898

cyclization, 0590
formation of bicyclic

compounds, 0591
intramolecular, 0592
mechanism, 0592

Wurtz-Fittig reaction,
0589
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X-ray crystallography, and
annulenes, 0084, 0085,
0089

and carbanions, 0253
and carbenes, 0290
and carbocation stability,

0235
and conformation, 0201
and D/L nomenclature, 0155
and diastereomers, 0165
and enolate anions, 0264
and hydrogen bonds, 0109
and Lewis acid complexes,

0720
and osmium tetroxide-

diamination, 1182
and Simmons-Smith

intermediates, 1241
and twisted alkenes, 0233
chiral boranes, 1080
cyclobutadienes, 0075
intermediate of the

Reformatsky reaction,
1328

methyllithium, 0260
of the methyl carbocation,

0236
propellanes, 0223

X-ray diffraction, and bond
distance, 0022

and Grignard reagents, 0260
and paracyclophanes, 0049
and strain in medium rings,

0224
pentalene derivatives, 0068
tropone and tropolone, 0065

X-ray electron spectroscopy,
and nonclassical
carbocations, 0462

X-ray photoelectron
spectroscopy, see ESCA

X-ray structure, of betaines,
1374

X-ray, and Bijvoet, 0155, 0158,
0159

and bond distance, 0024
and conformations, 0196
and homoazulenes, 0082
and isopropyllithium, 0262
and LDA, 0389
and naphthyllithium

reagents, 0263
and organolithium reagents,

0262, 0263
nitroxyl radicals, 0274
osmium catalyst, 1237
tert-butyl carbocation, 0236

X-ray-crystallography, and
Meisenheimer salts,
0855

xanthates, and the Chugaev
reaction, 1520

from alcohols and carbon
disulfide, 1276

pyrolysis to alkenes, 1520

ylides, see ylids
ylids, and bonding, 0052

and carbene insertion, 0806
and field effects, 0255
orbitals and resonance, 0053
and sulfuric acid, 0053
arsine, 1370

ylids, dimethyloxosulfonium
methylid, 1382

with aromatic nitro
compounds, 0914

ylids, dimethylsulfonium
methylid, 1382

ylids, nitrogen, 0054
and field effects, 0255
and organolithium reagents,

0810
from ammonium salts, 0810

ylids, phosphonate, 1375
and Wittig-Horner reaction,

1375
electronic effects, 1375

ylids, phosphorus, acyl,
pyrolysis to alkynes, 1525

alkoxy, 1377
alkoxy, and scoopy reactions,

1378
and resonance, 1369
and the Wittig reaction, 1369
and triphenylphosphine,

1369–1380
and [2 þ 2]-cycloaddition,

1376
from phosphonium salts and

base, 1369
functional group capability,

1371
reactions with functional

groups, 1379
salt free, 1370
stability and reactivity, 1372
structural requirements, 1371
suitable bases for formation

of ylids, 1369, 1370
with aldehydes or ketones,

1369
with carbon dioxide, 1379

ylids, reaction with alcohols and
an oxidizing agent, 1371

ylids, selenium, 0053
and formation of epoxides,

1384
chiral, 1384

ylids, sulfur, 0054

and formation of
cyclopropanes, 1383

and sigmatropic
rearrangements, 0930

and Stevens rearrangement,
1623

and the Sommelet-Hauser
rearrangement, 0930

and [2,3]-Wittig
rearrangements, 1676

chiral, 1383
diastereoselectivity, 1383
epoxide formation,

enantioselectivity, 1384
in ionic liquids, 1387
kinetic versus

thermodynamic control,
1384

polymer-supported, 1383
reaction with epoxides,

1383
rearrangement, 0930
solventless, 1383
with aldehydes or ketones,

1382
with allylic alcohols, 1387
with conjugated compounds,

1386
with imines, 1385
[2,3]-sigmatropic

rearrangements, 1676
ylids,

tellurium, 1370
ylids-polymer supported, Wittig

reaction, 1370
yn-dienes, and the Pauson-

Khand reaction, 1141
ynamines, hydration of, 1036
ynones, addition of silyl

phosphines, 1088

Z/E nomenclature, definition,
0183

Zaitsev’s rule, and alkene
stability, 1497

and dehydration of alcohols,
1513

and E1 reactions, 1487
and E2 reactions, 1482
and E2C reactions, 1501
and Hofmann degradation,

1522
and pyrolytic elimination,

1511
and rearrangement of

alkenes, 0767
elimination reactions, failure

of, 1498
Wagner-Meerwein

rearrangement, 1581
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zeolites, and addition of thiols
to alkenes, 1043

and carbocation formation,
0248

and catalytic hydrogenation,
1057

and conjugate addition, 1108
and conversion of aldehydes

to nitriles, 1288
and Diels Alder reactions,

1199
and ene reactions, 1105
and esterification, 1415
and esterification of

carboxylic acids, 1418
and Friedel-Crafts acylation,

0720
and halogenation of aromatic

compounds, 0702
and Meerwein-Ponndorf-

Verly reduction, 1796
and Michael addition, 1108
and oxidation of alcohols,

1717

and oxidation of
tetrahydropyranyl ethers,
1720

Knoevenagel reaction,
1359

Ziegler alkylation, 0913
Ziegler catalysts, coupling

alkenes to alkenes, 1091
zigzag acenes, 0088
zinc and reduction of phenols

the aromatic compounds,
1830

zinc chloride, and the Fischer
indole synthesis, 1674

zinc cyanide, and Gatterman
reaction, 0725

zinc, activated, and the
Reformatsky reaction,
1327

and dehalogenation of acyl
halides to ketenes,
1540

and elimination of dihalides
to alkenes, 1539

and elimination of halo
ethers to alkenes, 1541

and reduction of disulfides,
1853

and reduction of nitro
compounds, 1821

and reduction of nitro
compounds to
hydroxylamines, 1818

in acid, and reduction of nitro
compounds, 1815

zinc-amalgam and Wolff-
Kishner reduction, 1835

Zinin reduction, 1816
zip reaction, 1438
zirconium, and Schwartz’s

reagent, 1083
zusammen, and alkene

nomenclature, 0183
zwitterion intermediates, and

elimination of hydroxy
acids, 1544

zwitterions, and oxime
formation, 1287
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