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Abietic acid, 975
Acetal, 633
Acetaldehyde, 618, 1 620
preparation, 255~261, 620621, 624-625
reactions, 704, 709, 712, 714, 735, 879, 882,
1020
Acetaldehyde diethyl acetal, 633
Acctaldol, 704
Acetaldoxime, 633
Acetals, 633, 641-643, 1097, 1100-1101
Acetamide, 659, ¢ 660, 758
preparation, 682
p-Acetamidob Ifc ide, 762
p-Acetamidobenzenesulfonyl chloride, 762
Acetanilide, ¢ 730, 756
preparation, 746, 747
reactions, 340, 342, 365, 760, 762, 820
Acetate rayon, 1127
Acetic acid, 579, £ 580
acidity constant, —¢ 600
industrial preparation, 584
synthesis of substituted, 848
Acetic anhydride, 659, ¢ 660
preparation, 667
reactions, 668, 669, 714, 757, 794
uses, 668
Acetoacetic acid, 854
Acetoacetic ester (See also Ethyl acetoacetate)
preparation, 717-718
reactions, 850853, 862
Acetoacetic ester synthesis, of acids, 862
of ketones, 850853, 854855
Acetoacetyl-S—-ACP, 1176
Acetolysis, 909-914, 916-919, 923
1-Acetonaphthalene 972, 979
2-Acetonaphthalene 972, 979
Acetone, 619, ¢ 620
preparation, 182, 255, 532
reactions, 704, 709, 721, 735

synthesis of substituted, 851, 856
Acetone cyanohydrin, 632
Acetonitrile, 589
Acetonylacetone, 1007, 1023
Acetophenone (Methyl phenyl ketone), 619,
t 620

infrared spectrum, 646

preparation, 623

reactions, 704, 711, 741, 858, 875
Acetophenone oxime, 744
Aceto-m-toluidide, ¢ 730, ¢ 781
Aceto-o-toluidide, ¢ 730

preparation, 757
Aceto-p-toluidide, # 730, 756

reactions, 343, 760, 771
Acetoxonium ions, 910, 911
o-Acetoxybenzoic acid (Aspirin), 804
2-q-Acetoxycholestane-3-one, nmr spectrum,

437

2-Acetoxycyclohexyl tosylate, 910-911

Acetylacetone, 1020
acidity, 702
nmr spectrum, 72§
preparation, 719

Acetyl chloride, 659, 1 660
Friedel-Crafts acylation, 979
preparation, 590

Acetyl CoA, 1173, 1176, 1181

Acetylcholine, 781

Acetylene, t 251
acidity, 257-259
hydrogenation, heat of, 280
industrial source, 43, 251-252
industrial uses, 252, 1007

reactions, 255, 256, 261-262, 454, 1007, 1107

structure, 248-250
2-Acetylfuran, 1008
Acetylides, 253, 256, 257-259
a-Acetyl-q-Methylvaleric acid, 852
v-Acetyl-y-Methylvaleric acid, 851
Acetyl-S-ACP, 1176



Acetylsalicylic acid (Aspirin), 804

Acetylurea, 687

Acid anhydrides, 658, 667-670
addition to aldchydes, 714

Acylation, 625
of amines, 755-757
by benzyl chlorocarbonatd, 1148
Friedel-Crafts (see Friedel-Crafts acylation)

cyclic anhydrides, 669-670
physical properties, 659, ¢ 660
preparation, 667668
reactions, 668-670, 673, 714
structures, 658
Acid chlorides, 658, 663, 668
conversion, into acids and derivatives, 665,
666

into amides, 665, 746-747, 755-756
esterification, 665
ketone formation, 622623, 665-666
Friedel-Crafts acylation, 622-623,
625-626, 665
with organocadmium compounds, 623,
627-628, 666
nucleophilic substitution, 664
physical properties, 659660, ¢ 660
preparation from carboxylic acids, 590,
601, 663
reactions, 664-666, 1087
reduction, 622, 686
spectroscopic analysis, 688, ¢ 689
structure, 658, 659
(See also Sulfonyl chlorides)
Acidity, 32-35
alcohols, 526
alkynes, 257-259
amides, 672, 758
carboxylic acids, 583, 597-601
dicarboxylic acids, # 606, 607
hydrocarbons, 258-259, 402, 1016-1017
«-hydogen, 701-702, 717-718, 846, 847,
853, 857
imides, 672, 758
B-keto esters, 717, 853
malonic ester, 847
phenols, 774, 790, 797-799
phosphates, 1064
and rate of reaction, 640641, 773-774, 1167
relative series, of, 34, 258, 594
sulfonamides, 758
sulfonic acids, 458, 758
Acidity constants, 593
amides, 672, 758
amino acids, 1136-1137
carboxylic acids, 593-594, ¢ 606
dicarboxylic acids, ¢ 606
imides, 672, 758
phenols, ¢ 788, 790
sulfonamides, 758
Acids (See also Acidity, Amino acids,
Carboxylic acids, Fatty acids, Sulfonic
acids)
Lewis definition, 33-34
Lowry-Bronsted definition, 32-33
and molecular structure, 34
Aconitic acid, 882
ACP, 1176
Acrolein, 643, ¢ 866
reactions, 643, 868, 870, 876, 1013, 1018
preparation, 867
Acrylan, 1046
Acrylic acid, 613, r 866
hydration, 868
‘cryloid, 867
ACTH, 1142, 1150
Actin, 1178
Activating groups, 340, 341-342, 360
. {\ctivation energy, 2
and reaction rates, 55-59

Acrylonitrile, ¢ 866
industrial preparation, 867
polymerization, 867, 1030, 1033
reactions, 872, 875, 879, 880

Acyl azides, 889

Acyl carrier protein (ACP), 1176

Acyl compounds, nomenclature, 659
nucleophilic substitution, 660-664
structure, 658

Acyl group, 592, 625, 658
compared with alky! group, 663-664

compared with phosphate group, 1064—-1065

compared with sulfonyl group, 757-758
nuclcophlllc substitution, 626, 660 -663
Acylium ions, 626, 801
Adamantane, 285
Addition polymerization, 207, 1029
Addition reactions (See also Electrophilic
addition, Free radical addition,
Nucleophilic addition)
of aldehydes and ketones, 628-645
of alkenes, 177-224
of alkenylbenzenes, 397-399
of alkynes, 254-257
of conjugated dienes, 268
of cycloalkenes, 288
of cyclopropane, 289
definition, 178
syn- and anti-, 239-242
«, B-unsaturated carbonyl compounds,
868875
Adenine, 11781180
Adenosine, 1179
Adenosine diphosphate (ADP), 1171,
1172, 1174
Adenosine triphosphate (ATP), 864, 1063,
1171-1172
Adenylic acid, 1108-1109
Adipaldehyde, 313
Adipamide, 7 614
Adipanilide, 1 614
Adipic acid, 605, 1 606 (Hexanedioic acid
derivatives, 1 614
esterification, 603
polymerization, 1042
preparation, 313, 859, 1011
Adiponitrile, 736
ADP (adenosine diphosphate) 1171, 1172,
1174
Adrenal cortical hormones, 515
Adrenaline, 127
(—)-Adrenaline, 809
Agar, 1130
AlBN (azoisobutyronitrile), 1031
Alanine, 1149
preparation, 739, 743, 1139, 1140
(4 )-Alanine, ¢ 1134
Albumin, 1150
Alcohols, 492-517, 518-551
addition to aldehydes and ketones, 633,
641-643
as acids, 520, 526527
alkyl halides from, 455, 456
alykl sulfonates from, 527-528
analysis, 536-540, 545
iodoform test, 537-538
Lucas test, 536537
periodic acid oxidation, 538
aromatic, synthesis, 531-533
classification 166, 493



dehydration, to alkenes (see Dehydration)
to ethers, 553-554
derivatives, 536, ¢ 545
esterification, 520, 591, 602-603, 673
ethyl (see Ethyl alcohol)
hydrogen bonding, 495-497
industrial source, 43, 497499, 1041
95%, 499
nomenclature, 493-494
oxidation, 528-530, 536, 537, 538
physical properties, 494-497, 1 495
preparation, 500-503
aldol condensation, 712

Grignard synthesis, 501, 509-513, 530-533,

676, 683

hydroboration-oxidation, 500-501, 505-509

hydrolysis of halides, 502, 503
oxymercuration-demercuration, 500,
503-505
reduction, of aldehydes and ketones, 630,
636-637
of carboxylic acids, 591, 592
of esters, 676-677, 683684
of fats, 1061
reactions, 518-535
as acids, 520, 526-527
with epoxides, 564-568, 1061
with hydrogen halides, 455, 518-519,
§23-525
with phosphorus trihalides, 455, 456, 519
summary, 518, 521
reactivity, in dehydration, 519, 522
with hydrogen halides, 519, 523-524,
536-537
resolution of, 237, 670
spectroscopic analysis, 1 412, ¢ 421, 539540
structure, 492
use in detergents, 1061
use in syntheses, 533-535
Alcoholysis
of acid chlorides, 665
of acid anhydrides, 669
of esters, 676, 682-683
Aldaric acids, 1075, 1076
Aldehydes, 516, 615, 658, 852874
addition, of alcohols, 633, 641, 643
of aldehydes and ketones, 709-714
of ammonia derivatives, 632-633,
639-641, 645
of bisulfite, 632, 638-639
of cyanide, 637-638
of Grignard reagent, 501, 510-511, 637
of organozinc compounds, 720-722
aldol condensation, 704, 709, 712, 713
related reactions, 714
aliphatic, preparation, 621, 622, 624-625
analysis, 630, 632-633, 634-635, 639,
645-646
aromatic, preparation, 621-622, 624, 625
Cannizzaro reaction, 633, 643-645
crossed, 644
Clemmensen reduction, 631, 636
vs. ketones, 617, 645
Knoevenagel reaction, 714
nomenclature, 618-619
nucleophilic addition, 628-629, 637-645
oxidation of, 630, 634--635, 645
Perkin condensation, 714
physical properties, 619-621, ¢ 620
preparation, 621-622
oxidation, of alcohols, 528-529, 621,
624-625
of methylbenzenes, 621-622, 625
ozonolysis, 218-219

reduction of acid chlorides, 622

Reimer-Tiemann reaction, 797, 804805
reactions, summary, 630-634, 703~705
reduction, to alcohols, 630, 636, 637

to hydrocarbons, 631, 636
reductive amination, 735, 736, 740-741

spectroscopic analysis, 1 412, ¢ 421, 646647

structure, 617618
unsaturated, oxidation of, 635
preparation, 711-712
reduction, 636, 712
(See also a, B-Unsaturated carbonyl
compounds)
Wittig reaction, 705, 714-716
Wolff-Kishner reduction, 631, 636
Alditols, 1075
Aldohexoses (See also Aldoses; p-(--)-
Glucose)
anomers, 1095, 1098
configurations, 1080-1085, 1098-1099
conformations, 1104-1106
conversion to epimers, 1080-1081
definition of, 1071
derivatives, nomenclature, 1075
(- )-glucose as, 1071-1073
Kiliani-Fischer synthesis, 1078-1080
ring size, 1102
Ruff degradation, 1080
Aldol
preparation, 709
reactions, 711, 712
Aldolase, 1182
Aldol condensation, 704, 709-711
crossed, 712-713
related reactions, 714
use in synthesis, 712, 867
Aldols, 704
Aldonic acids, 1075, 1076
Aldopentoses, configurations, 1082, 1084,
1086-1087
in Kiliani-Fischer synthesis, 1079
from Ruff degradation, 1080
Aldoses (See also Aldohexoses; p-( +)-
Glucose)
carbon chain, lengthening, 1078-1080
shortening, 1080
configurations, 1078
contormations, 1085-1087
definition of, 1071
derivatives, nomenclature. 10731075
effect of alkali, 1076
epimers, conversion into, 1077-1078,
1080-1081
families, 1092-1094
Kiliani-Fischer synthesis, 1078-1080
osazone formation, 1077-1078
oxidation, 1075-1077
Ruff degradation, 1080
Algin, 1107
Alginic acid, 1130
Alicyclic hydrocarbons, 283-318 (See also
Cycloalkanes, Cycloalkenes)
analysis, 312-313
angle strain, 289-293
Baeyer strain theory, 289-290, 291-292
conformational analysis, 294 -301, 303-308
defimition, 1002
dehydrogenation, 286
1,3-diaxial interaction, 299-300
heats of combustion, 290291, ¢ 290
industrial source, 286
nomenclature, 283-285
physical properties, ¢ 284
preparation, 286287



cycloaddition, 310-312, 984-954
ring closure, 287, 939-948
methylene addition, 310-312
reactions, 287-289
relative stabilities, 290, 293, 294, 297-298,
304-306
ring opening, 288-289
small ring, 288-289
stereoisomerism, 301-308
Aliphatic cyclic hydrocarbons (see Alicyclic
hydrocarbons)
Aliphatic compounds (see Alkanes, Alkenes,
Alkynes)
definition, 318
Aliphatic hydrocarbons (see Alicyclic
hydrocarbons, Alkanes, Alkenes,
Alkynes, Dienes)
Alizarin, 993, 1128
Alkaloids, 236, 543, 571, 1004
piperidine ring in, 1018
pyridine ring in, 1018
pyrrolidine ring in, 1011
in resolution of racemic acids, 236
Alkanes, 40, 73-113
addition to alkenes, 181, 201-202
analysis, 112
bond dissociation energies, ¢ 21, 102-103
classification by structure, 73
combustion, 95, 109-110
halogenation, 94, 95-109
mechanism, 97-98, 107-108
orientation, 98-100
relative reactivities, 100~101
homologous series, 79-80
industrial source, 87-88, 110
vs. laboratory preparation, 88-89
isomeric structures, 77-78, 79-80
methylene insertion into, 311
nomenclature, 80-84
physical properties, 85-87, 1 86
preparation, 89-93
by coupling of alkyl halides with
organometallic compounds, 90, 92-93
by hydrogenation of alkenes, 89-90
by hydrolysis of Grignard reagent, 90,
91-92
by reduction of alkyl halides, 90, 91-92
by Waurtz reaction, 93
pyrolysis, 88, 95, 110-111
reactions, summary, 94-95
reactivity, 94
spectroscopic analysis, t 412, 1 421, 444-445
structure, determination of, 111-112
uses, 87-88
Alkenes, 143-224 (See’also Alkenylbenzenes,
Cycloalkenes, Dienes)
additiont reactions, 179-182
of alkanes, 181, 201-203
anti-Markovnikov, 179, 189-190
of bromine azide, 247, 570
of carbenes, 310-312
dimerization, 180, 200-201
electrophilic, 178, 191-197
free-radical, 181, 203, 207, 1030-1036
of halogens, 179, 186-187, 197-199,
242-246
halol(l,ydrin formation, 180, 199-200, 247,
53

hydration, 180, 191, 497-498

hydroboration-oxidation, 500-501,
505-509

hydrogenation, 179, 182-186

of hydrogen bromide, 179, 189-190,
203-205

of hydrogen chloride, }87, 189
of hydrogen halides, 179, 187-189
of hydrogen iodide, 179, 187-189
of iodine azide, 247, 570
Markovnikov, 179, 187-189, 195, 203-204
mechanism, electrophilic, 191-194,
197-199, 242-246
free radical, 203-207, 1030-1036
hydroxylation, 565566
of methylene, 310-311
orientation in, 187-190, 194-195, 197
oxymercuration-demercuration, 500,
503-505
peroxide effect, 189-190, 203-205
polymerization, 206-207, 1030-1041
stereochemistry, halogens, 239-246
halogen azides, 247
halohydrin formation, 247
hydroboration, 501, 506-507, 509
hydroxylation, 242, 565-566
oxymercuration, 504
of sulfuric acid, 180, 190-191
of water, 180, 191, 497498
alkylation of, 181, 201-203
alkyl halides from, 454, 455
analysis, 219-221
cleavage reactions, 182, 218-219
dimerization of, 180, 200-201
ease of formation of, 159 ‘
epoxides from, 562, 563
geometric isomerism in, 147-151
halogenation of, 182, 208-211, 456
hydration of, 180, 191, 497-498
hydrogenation, 179, 182186
heats of, ¢ 183
hydroxylation of, 181182, 207-208,
565-~566
stereochemistry, 565-566
hyperconjugation in, 266-267
industrial source, 110, 154, 1041
nomenclature, 151-153
ozonolysis of, 182, 218-219
physical properties, 152-154, ¢ 152
polymerization (see Polymerization)
preparation, 154-160, 166-175
from alkyl sulfonates, 480, 481-482
coupling of allyl bromide with Grignard
reagents, 281
dehalogenation of vicinal dihalides,
155, 156, 489 .
dehydration of alcohols, 155, 156,
166-175, 521-523
dehydrohalogenation of alkyl halides,
154-155, 156-160, 475-485
Hofmann elimination, 480, 752-755
reduction of alkynes, 155, 254-255, 256-257
Wittig reaction, 714-716
reactions, 177-224
relative reactivity toward acids, 195
resonance in, 266-267
spectroscopic analysis, 1 412, 1 421, 444445
stability of, 159, 184186, 266—268
substitution reactions, 182, 208-211
Alkenylbenzenes (See also Arenes)
analysis, 400
conjugation, 395~-396
preparation, 394-396
reactions, 396-399
Alkoxides, 527, 556
Alkoxy groups, analysis for, 570~571
Alkoxymercuration-demercuration, $53,
558-559
Alkyd resins, 1042
Alkylacetoacetic ester, 850



Alkylation
of alkanes, 110
of alkenes, 181, 201-202
of amines, 742, 746, 752-755
of carbonyl and acyl compounds, 846-864
9-Alkylanthracenes, 993
B-Alkyl-9-BBN, 857
Alkylbenzenes, 372-389
analysis, 384-385, 399-400
electrophilic substitution, 383, 385, 386
halogenation, 383-384, 386-389
hydrogenation, 382
industrial source, 375-376
nomenclature, 373-374
oxidation, 382, 384-385
physical properties, 374~375, ¢ 375
preparation, 376-377
Clemimensen reduction of ketones, 377,
636
Friedel-Crafts alkylation, 376, 377-382,
388
Wolfi-Kishner reduction of ketones, 377,
636
reactions of, 372, 373, 382-389
summary, 382-383
spectroscopic analysis, ¢ 421, 444-445
substitution; ring, 383, 385-389
side-chain, 383-384, 386-389
B-Alkyl-9-borabicyclo {3.3.1] nonane, 857
Alkylboranes, 856-858
2-Alkyl-4 4-dimethyl-2-oxazoline, 855
Alky! free radicals, 47—49, 97-100
hyperconjugation, 216-218
relative stabilities, 102-103
stereochemistry, 237-239
structure, 62-63
Alkyl groups
electronic effects, 164
nomenclature, 81-83
Alkyl halides, 452-491
vs. alkyl sulfonates, 527-528
analysis, 486, 823-824
vs. aryl halides, 823 824, 825-826
bond dissociation energies. 121,61
bond lengths, ¢ 825
coupling with organometallic compounds,

dehydrohalogenation of, 154155, 156-160,

475-48S
mechanisms, 157-158, 475-480
dipole moments, ¢ 825
elimination (See also dehydrohalogenation
above)
E1l, 475-476
E2, 475-480
stereochemistry, 480-484
vs. substitution, 457, 484-48S
Grignard reagent from, 91-92
hydrolysis, 459-473
alcohol synthesis, 502, 503
glycol synthesis, 502
nomenclature, 452~453
physical properties, 453-454, ¢, 453
preparation, 454-456
from alcohols, 455, 518-519, 523-524
from alkanes, 455
from alkenes, 179, 187-190, 209-210,
455, 456
from alkynes, 455
by halide exchange, 456
reactions, 456-458

with acetylides, 253, 260-261, 484-48S

with alkoxides, 457, 470, 555, 556558
with amines, 457, 746, 752

with ammonia, 457, 738-740
with cyanide ion, 457, 587, 588-589
with halide ion, 456, 457
with hydroxide ion (see hydrolysis
above)
with nucleophiles, 456, 457
with phenoxides, 555, 556-558
with sodioacetoacetic ester, 457, 850-852
with sodiomalonic ester, 457, 847-850
with water (see hydrolysis above)
reduction, 90, 91, 92, 458
solvolysis, 473-474
spectroscopic analysis, 486
structure, 452
substitution, nucleophilic, 456, 457,
459-474, 484-485
kinetics, 459-460, 461, 466-467
rearrangement, in S_1, 470471
relative reactivities, S\ 1, 469-470, 471
S.2, 464-465, 471
Sx1, 466-471
compared with S..2, 471-473
S{2, 461-465
compared with S 1, 471-473
(See also Acetoacetic ester synthesis,
Friedel-Crafts alkylation, Malonic
ester synthesis)
Alkyl hydrogen sulfates, 190
Alkylmalonic esters, 847-848
Alkyl shift, 172, 857
Alkyl sulfonates
preparation, 459, 527-528
reactions, 458
and stereochemistry, 527-528
Alkynes, 248-262
acetylides from, 256, 257-259
acidity, 256, 257-259
alkyl halides from, 455
analysis, 259, 278-279
hydration, 255, 261-262
industrial source, 251-252
nomenclature, 250-251
ozonolysis of, 278
physical properties, ¢ 251
preparation, 252-254, 260-261
from acetylides, mechanism, 484485
reactions, 254-259
as acids, 256, 257-259
addition, 254-255, 256
reduction, stereospecific, 155, 254-25S
spectroscopic analysis, ¢ 412, ¢ 421, 444- 445
structure, 248-250
Alkynylbenzenes, 373, 374, 399 (See also
Arenes)
analysis, 400
Allene, ¢ 263 (See also 1,2-Propadiene)
Allenes, 262
optically active, 280
Allinger, N. L., 305, 315
Allitol, 1087
B-p-Allopyranose, 1106
(4 )-Allose, 1087
Allyl alcohol, 492, 1 495
Allyl anion
electronic configuration, 932-933
molecular orbitals, 933
Allylbenzene, 374
Allyl bromide
coupling with Grignard reagents, 281
preparation, 209
Allyl cation, 268-271
from cyclopropyl cation, 946
electronic configuration, 932-933
ionization potential of free radical, 269
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molecular orbitals, 933
relative stability, 269
resonance, 269-270
Allyl chloride, ¢ 453
preparation, 182, 209, 210
reactions, 716
Allyl cyanide, 875
2-Allylcyclohexanone, 860
Allyl ether, 1 553
Allyl free radical, 209, 210
electronic configuration, 932-933
HOMO, 955
molecular orbitals, 933
rclative stability, 211
as resonance hybrid, 212-215
Allylic hydrogen, 210
Allylic substitution, 288
Allylidenetriphenylphosphorane, 716
Allyl iodide, 1 453
Allyl phenyl ether, 5§72
Allyltriphenylphosphonium chloride, 716
Alpha helix, 1154, 1157-115"
Alternating copolymers, 1034
( + )-Altraric acid, 1087
( + )-Altrose, 1087
Aluminum isopropoxide, 520
Amide group, in peptidé Tinkage, 1141-1142
Amides
carboxylic acid, 591, 592, 603, 658, 670-672
acidity, 672, 758
analysis, 687-688
Hofmann degradation, 741-742, 888 893
hydrolysis, 671-672
nomenclature, 658-659
nucleophilic acyl substitution, 660-661
physical properties, t 614, 659, ¢ 660
preparation. 591, 665, 558, 670, 675, 682
reactions, 671-672
spectroscopic analysis, 688—690
vs. sulfonamides, 757-758
structure, 658
substituted, 746-747, 755-758
analysis, 776
hydrolysis, 757-758
nomenclature, 756
preparation, 746747, 755-757
spectroscopic analysis, 776-778
Amidol, 807
Amination, of q-halo acids, 1138-1139
pyridine, 1015
reductive, 735, 736, 740-741, 742
Amines, 727-786
acidity, 758
acylation, 746-747, 755-157
alkylation, 742, 746, 752-753, 754
analysis, 754--755, 775-776
aromatic
acetylation, 746, 757, 759
basicity, 749-752
conversion into diazonium salts, 763, 765
couphng with diazonium salts, 772-774
nitrosation, 748, 763-765
ring substitution, 747, 758-760
sulfonation, 760
basicity, r 729-730, 731, 745, 748-752, t 749
effect of substituents, 751~752
classification, 727-728
conversion into amides, 746-747, 755-757,
1148
derivatives, 776, ¢ 781
exhaustive methylation, 754-755
Hinsberg test, 775-776
from Hofmann degradation of amides,
736 737 747-748, 888-893

Hofmann elimination, 479, 753-755
industrial source, 733
nitrosation, 748, 763-765
nomenclature, 728-729
physical properties, ¢ 729-730, 729-731
preparation, 733-742
Curtius reaction, 889
Gabiiel synthesis, 744
from halides, 734-735, 736-737,
738-740, 742
Hofmann degradation of amides, 736,
737, 747-748, 888-893
Lossen reaction, 919
reduction, of nitriles, 735-736, 737
of nitro compounds, 734, 736, 737-738
reductive amination, 735, 736-737,
740-741, 742
protection of amino group,758-760
quaternary ammonium salts, 752-755
reactions, 745-786
with carbonyl compounds, 858—859
with nitrous aeid, 748, 736-765
with sulfonyl chlorides, 746-747, 755-75"
775-716
summary, 745-748
salts, 729, 731, 745
spectioscopic analysis, £ 412, £ 421, 776-7177
stereochemistry, 731-733
stiucture, 727
o-Aminoacetanilide, 737
Aminoacetic acid, 747 (See also Glycine)
p-Aminoacetophenone, 513
Amino acid residue, 1142
C-terminal residue, 1142, 1144, 1146
N-terminal residue, 1142, 1144-1146
terminal residue analysis, 1143-1146
Amino acids, 605, 1132-1149
acidic, 1133
basic, 1133
configuration, 1138
as dipolar ions, 1133, 11361137
essential, 1133, ¢ 1134-1135
isoelectric point, 1137 -1138
natural, ¢/ 1134-1135, 1138
physical properties, 1133, 1136-1138
preparation, 1138-1140
reactions, 1141
structure, 1133
1-Aminoalkanes, synthesis, 733
1-Amino-1-anisyl-1-phenyl-1-propanol,
deamination. 901--903
1-Aminoazulene, 999
p-Aminobenzene sulfonamide (see
Sulfanilamide)
p-Aminobenzenesulfonanilide, 779
p-Aminobenzenesulfonic acid (Sulfanilic
acid). 760
m-Aminobenvoic acid, ¢ 580, 1 600
formation, 844
0-Aminobenzoic acid, 997 (See also
Anthranilic acid)
p-Aminobenzoic acid, ¢ 580, ¢ 600, ¢ 730
as essential metabolite, 762
y-Aminobutyric acid, 728
3-Amino-2,3-dimethyl-2-butanol, 898
2-Amino-1,1-diphenyl-1-propanol, 899-900
2-Aminoethanol, 565, 728 (See also
Ethanolamine)
1-Aminoheptane, 740
a-Aminoisocaproic and (Leucine), 849
1-Aminoisoquinoline, 1021
2-Amino-4-methylbiphenyl, 823
1-Amino-2-(p-methoxyphenyl)-1-phenyl-2-
propanol. 904



1-(Aminomethyl) naphthalene, 977
1-Amino-2-methyl-1-phenylpropane, 133
2-Amino-2-methyl-1-propanol, 855
«-Amino-g-methylvaleric acid, 849 (See also
Isoleucine)
2-Aminonaphthalenc, 1020 (See also
2-Naphthylamine)
4-Amino-1-naphthalenesulfonic acid, 984
8-Amino-1-naphthalenesulfonic acid, 984
5-Amino-2-naphthalenesulfonic acid, 984
6-Amino-2-naphthalenesulfonic acid, 968
8-Amino-2-naphthalenesulfonic acid, 984
4-Amino-1-naphthol, 997
1-Amino-2-naphthol, 997
1-Amino-1-(2-naphthyl) ethane, 980
2-Anmunopentane, 741
m-Aminophenol, 1 788
o-Aminophenol
physical constants, 1 788
reactions, 1020
p-Aminophenol, 1 788
1-Amino-1-phenyl-2-p-tolyl-2-propanol, 904
a-Aminopropionic acid, 739 (See also
Alanine)
B-Aminopropiomitrile, 872
2-Aminopyndine
preparation, 015
1cactions, 1011
sodium salt, 1015
3-Aminopyridine, 1014
4-Aminopyridine, 843, 101§
2-Aminogunoline, 1018
5-Aminoquinoline, 1023
Aminosuccinic acid, 870
Aminotoluene, (see Toluidine)
Ammonia, 17-19
acidity, 257 258
constant, 672
basicity, 17, 32-33
compared with amines, 749 -750
constant, 748
bonding 1n, 17-19, 25
dipole moment, 1 23, 24 25
inversion, 18
unshated par of electrons, 18, 25
Ammonium carbamate, 686
Ammonium formate. formate, 582
Ammontum glycinate, 734
Ammonium phthalamate, 672
Ammonum succinamate, 668
Ammonolysis, 665
of anhydnides, 668
of esters, 675, 682
of halides, 734, 736, 738 740
Amphipathic molecules, 1060
Amphitude, of wave, 926
Amyl alcohol, ¢ 4985, 498
Amylopectin, 1120
structure, 1124-1126
Amvylose, 1120--1124
reactions, 1121-1122
structure, 1120-1124
Amytal, 862
Anaerobic processes, 1172
Analysis (See aiso individual funulies and
mndividual elements)
alkoxyl, 570 571, 800
Carius method, 69, 334
chromatographic, 1143
combustion, 67--69
dansyl method, 1146
by derivatives, 139
determination of structure, 111112,
405- 406

Dumas method, 333
electron spin resonance (esr), 443444
elemental, qualitative, 67 -68
elemental, quaniutative, 68-69
infrared, 111, 112, 410-411, 444-445
Kjeldahl method, 333 334
mass spectrometric, 112, 406 409
mcethoxyl, §70-571
neutrahzation equivalent, 608
nuclear magnetic resonance (nmr), 111,
112, 414-443, 445
by periodic acid, 538
saponification equivalent, 687-688
Schomger oxidation, 6%
sodium fusion, 68
spectroscopic, 111-112, 405-451
(See also individual types and individual
famibhes)
structure, determination of, 111-112,
405-406
ulttaviolet, 412 414
Van Slyke method, amino nitrogen, 1141
x-ray, 112
Zewel method. S70 571, 800
Anchimeric assistance, 886, 889, 907-911
Androst-9(11)-ene, 516
Anet. AL, 438
Anethole, 791
Angle stiam, 289293 (See also Baeyer strain
theory, Bond angles)
Angular methyl groups, 514, 975
Anhydrides (see Acid anhydrides)
Aniline, 33+, 727, £ 730
industrial preparation, 733
preparation, 827,836
protection of amino group, 760
reactions, 365, 735, 742, 746-747, 156, 760,
762, 766, 878, 1018, 1020
resonance, 364
Aniline hydrochloride (see Anifinium
chloride)
Anlintum chloride, 729, 745
Anmilimium hydrogen sulfate, 760
Anionic polymerization, 1037- 1039
Anisaldehyde, 1 620, 644
Ansic acid, ¢ 580, 1 600, 800
m-Anisidine, t 730, 1 749, 839
o-Anssidine, ¢ 739, t 749
p-Anisidine, ¢ 730, t 749
Anisole, 552, ¢ 553, 556, 773
Annulenes, 336, 447, 935
Anomeric effect, 1106
Anomers, 1096
Antarafacial reaction, 951
Anthocyanins, 1024
Anthracene. { 967, 988-996
derivatives, preparation by ring closure,
992 994
nomenclature, 988
reactions, 989-992, 998
resonance cnergy, 989
structure, 989
test for, 399
-Anthracenesulfonic acid, 992
Anthianilic acid
formation, 844
physical constants, r S80 1 600 614
Anthraquinoid dyes, 993
9,10-Anthraquinone
physical constants, ¢ 967
preparation, 990, 992, 997
Anthrone, 993
anti-Addition, 240
Antiaromatic, 938



Antibiotics, 761, 1181
Antibonding orbitals, 929
anti Conformation
n-butane, 78, 300
in F2 elimination, 480- 482, 483
Antimony fluoride, 160161
Aprotic solvents, 31--32, 849
Arabans, 1130
a-D-Arabinopyranose, 1106
( 4+ )-Arabinose, 1081
(-)-Arabinose, 1082-1084
Arachidamide, 1 614
Arachidanilide, r 614
Arachidic acid, 1 614
Arccaidine, 1025
Arenes, 372-404 (See also Alkenylbenzenes,
Alkylbenzencs, Alkynylbenzenes)
analysis, 384-385, 399-400
industrial source, 375-376
physical properties, 374-375
preparation, 376-382, 394-396
reactions, 382-389, 396-399
addition reactions, 397-399
hydrogenation, 382, 396
oxidation, 382, 384-385, 396
ring substitution, 383, 385-387
side chain substitution. 383, 387-389
structure and nomenclature, 373-374
(+ )-Arginine. ¢ 1134
Aromatic ¢compounds, definition, 318
heterocyclic (se¢ Heterocyclic compounds)
polynuclear (see Polynuclear 'aromatic
compounds)
sources, 286, 375-376
Aromatic hydrocarbons (see Arenes;
Polynuclear aromatic compounds)
Aromaticity
of annulenes, 336, 447, 935
electronic configuration and, 936-937
experimental criteria of, 318, 327--328,
934--935
geometry and, 328, 330, 935
Huickel rule and, 328-331, 934-938
nmr and, 328, 419, 935
requirements for, 328-331, 934-937
Aromatic propertics, 318, 327-331 (See also
Aromaticity)
Aromatic proton, nmr chemical shift, ¢ 421
Aromatic sextet, 328-330, 936-937, 969,
1005, 1012
Aromatization, anthracenc derivatives, 992
hydroaromauc compounds, 286, 974-976
isoquinoline derivatives, 1021
naphthalene derivatives, 974—976, 985-988
phenanthrene derivatives, 994-996
quinolinc derivatives, 1020
o-Aroylbenzoic acids, 993
Aryl alkyl ethers, 552, 55§
cleavage, 559 560, 800
oxidation, 800
Wilhamson synthesis, 556-558, 793-794,
799-800
Aryl bromides (see Aryl halides)
Aryl carbamates (sce Urethanes)
Aryl chlorides (see Aryl halides)
Aryl fluorides, in nucleophilic aromatic
substitution, 835 (See also Aryl halides)
Aryl halides, 452, 817-845
vs. alky! halides, 817, 818, 821
ammonolysis, 735, 736, 823, 827
analysis, 841
bond lengths, ¢ 825
dipole moments, ¢ 825, 826
clectrophilic substitution, 342, 365~368

orientation, ¢ 340, 366-367
reactivity, 365-367
Grignard reagent, 513, 822
hydrolysis, 793, 823, 826-827
low reactivity, 822, 823-824
structure and, 824-826
nomenclature, 331-332
nucleophilic substitution, 822-823, 826-841
bimolecular displacement, 822-823,
826841
celimination-addition, 823, 835-841
physical properties, 818-819, ¢ 819, 7 825
preparation from diazonium salts, 765-766,
767-768, 820-821
by halogenation, 349, 386, 820, 821
nitration, ¢ 340
reactions, 821-823
structure, 817-818, 824-826
vinyl halides, similarity to, 323-826
Aryl iodides (See also Aryl halides)
preparation from aryl thallium compounds.
820-821
Arylmagnesium chlorides, 509, 822, 1010-1011
Aryloxyacetic acids, 805
Arylthallium compounds, 350351
iodides from, 820-821
phenols from, 792-793
Arylthallium ditrifluoracetates, 351
Asparagine, 127, 1141
(—)-Asparagine, {1 1134
Aspartic acid, 870, 1140
( 4+ )-Aspartic acid, ¢ 1134, 1181
Aspergillus niger, 1129
Asphalt, t 87
Aspirin, 804
Associated liquids, 30, 496
Atactic polypropylene, 10401041
Atomic orbitals (see Orbitals)
Atomic structure, 5
Atomic weights (see back inside cover)
ATP (adenosine triphosphate), 864,
1171-1172, 1174
Atropa belladona, 614, 1025
Atropic acid, 614
Atropine, 1025
Atropisomers, 140
Aureomycin, 761
Axial bonds in cyclohexane, 298-299
t-Azaphenanthrene, 1020
Azeotropes, 499, 602, 641
Arides, 889 .
Azobenzene, 744
Azo compounds, 767, 772-175
Azo dyes, 738
Azoisobutyronitrile AIBN, 1024
Azulene, 998-999

Back-biting, in polymerization, 1033 *
Bacterial enzymes, 584
von Baeyer, Adolph, 289
Bacyer strain theory, 289-290, 292 (See also
. Angle strain)

Baeyer test, 208, 220
Bakelite, 1043
Barbital, 862
Barbiturates, 687
Barbituric acid, 687 .-
Bardhan-Sengupta synthesis, 99
Bartlett, P.D., 884 '
Base-catalyzed halogen dance, 818, 845
Bases :

. Lewis definition, 33-34



Lowry-Bronsted definition, 3233, 236~237
and molecular structure, 34
Basicity, 32-35
alkenes, 178
alkoxide ions, 526
amines, 727, ¢ 729, 731, 748-752, t 734
benzene ring, 337
carbanions, 257--259, 1017
carboxylate ions, 594
piperidine, 1018
pyridine, 1012, 10161018
pyrrole, 1005-1010
relative, 33, 257-259, 526, 10161017
Basicity constants, 748
amines, ¢ 729, 748, ¢ 749
amino acids, 1136-1137
ammonia, 748
isoquinoline, 1021
pyridine, 1018
pyrrole, 1005
quinoline, 1018
Basketane, 285
9-BBN, 857
Beckmann rearrangement, 920, 1051
Beef tallow, 1 1057
Bender, Myron, 679
Benedict’s reagent, 1071, 1075
Benzalacetone, ¢ 866
preparation, 704, 713
reactions, 879
Benzalacetophenone (Chalcone), ¢ 866
preparation, 704, 713
reactions, 870, 873, 875, 879
Benzal bromide, ¢ 453
Benzal-p-bromoacetophenone, 875
Benzal chloride, 361, t 453
preparation, 383, 386
Benzaldehyde, 618, ¢ 620
reactions, 7 340, 631, 704, 713, 714, 715,
730, 740, 1020
Benzaldehyde, acetal with glycerol, 651
Benzaldehyde diethyl acetal, 641
Benzaldehyde phenylhydrazone, 633, 1077
Benzaldoxime, 744
Benzamide, 659, ¢ 660, 672
infrared spectrum, 689
Hofmann rearrangement, 889
preparation, 665
Benzanilide, ¢ 730
preparation, 756, 1051
1,2-Benzanthracene, t 967
synthesis, 998
1,2-Benz-9,10-anthraquinone, 993
Benzedrine, 743
Benzene, 286, 318336
aromatic properties, 318, 321-322, 324,
326, 327--328
bromination, 321, 344
carbon-carbon bonds in, 323-324
chlorination, 321, 349
derivatives, nomenclature, 331-333
“Dewat™ tormula, 317, 965
disubstitution products, 320-321
¢lectronic configuration, 934
electrophilic substitution, 322, 328
(Sc¢e also Electrophilic substitution)
Friedel-Crafts acylation, 322, 348-349,
986 987
Friedel-Crafts alkylation, 322, 348-349
halogenation, 322, 349
heat of combustion, 322-323
hydiogenation, 286 ,
heat of, 322-323
industrial source, 376

isomer number and structure, 317-321, 324
Kekulé stiucture, 317-321
Korner method of absolute orientation,
332-333
Ladenburg prism formula, 335
mass spectrum of, 408
nitration, 322, 341--342, 344, 345-347
orbitals, 325--326, 933-934
physical properties, 1 375
reactions, 321-322
vs. cyclohexene, ¢ 321
resonance, 324-327
stability and, 324-325
as source of aromatic compounds, 375-376
stability of, 321-323, 324--325, 328, 330,
936--937
structure, 317-321, 324-327
sulfonation, 322, 339, 347-348
thallation, 820
thiophene in, 1006
Benzenediazonium chloride, 747, 766
Benzenediazonium fluoroborate, 766
Benzenediazonium hydrogen sulfate, 766
1,4-Benzenedicarboxylic acid, 384
(Terephthalic acid)
Benzenesulfonamide, 758
Benzenesulfonanilide, 746
Benzenesulfonic acid, 331, 760
nitration, ¢ 340
preparation, 322
Benzenesulfono-m-toluide, ¢ 781
Benzenesulfonyl chloride, 757
in Hinsberg test, 775
Benzenonium ions, 346, 913, 914
Benzhydrol, 650, t 495 (Diphenylcarbinol)
Benzidine, 1 730
Benzil, 645
Benzilic acid, 645
rearrangement, 645
Benzoic acid, 331, 579, ¢ 580
industrial source, 584-585
preparation, 382, 384, 396, 665
reactions, ¢ 340, 821
relative acidity, 595-596
Benzoic anhydride, 659
Benzoin, 1077
Benzonitrile, 589
nitration, ¢ 340
Benzophenone, 619, t 620
preparation, 623
in Wittig reaction, 715
Benzophenone oxime
geometric isomers, 744
reactions, 920, 1051
5,6-Benzoquinoline, 1020
p-Benzoquinone, 877, 878
reactions, 877-880
m-Benzotoluidide, ¢ 781
Benzotrichloride, 383,386, ¢ 453
physical constants, ¢ 453
preparation, 383, 386
Benzoylacetone, nmr spectrum, 726
o-Benzoylbenzoic acid
preparation, 669, 992
reactions, 992, 993
p-Benzoylbenzoic acid, 513
Benzoyl chloride, 659, t 660
preparation, 590, 601
reactions, 756, 794
Benzoylglycine, 1147
Benzoylglycylalanine acid, 1147
B-Benzoylpropionic acid, 987
2-Benzoyithiophene, 1008
3,4-Benzpyrene, 997



Benzyl acetate, ¢t 674
preparation, 591, 673
Benzyl alcohol, 492, ¢ 495
esterification, 591, 673
infrared spectrum, 539
preparation, 502, 503
Benzylamine, ¢ 729
physical constants 1 729
preparation, 739, 740
reactions, 734
o-Benzylbenzoic acid, 993
Benezyl bromide, £ 453
pieparation, 388, 455
reactions, 556
Benzylbromomalonic acid, 1139
Benzyl cations, stability of, 397-398
Benesyl chlonde, 452, 1 453
preparation, 383, 386
reactions, 378, 746, 808
reactivity, 361
Benzyl chlotocarbonate
in peptide synthesis, 1148
synthesis, 686
Benzyl cyanide (Phenylacetonitrile), 587, 735
Benzyldi (n-butyl) amine, 746
Benszyldimethylamine, 734
Benzyl ethyl ether, 572
Benzyl free radical
resonance stabilization, 389--390
stability and ease of formation, 388
Benzylic hydrogen, 387
Benzyl iodide, ¢ 453
1-Benzylisoquinoline, 1023
Benzylmagnesium chloride, 533
Benzylmalonic acid, 1139
Benzyl methyl ketone, 619, 897
formation, 897
nomenclature, 619
Benzyl phenyl ether, 556
Benzyne (See also
in nucleophilic aromatic substitition,
835 841
structure, 836
Bergmann, Max, 1148
Berson, Jcrome, 959
Beryllium. 11
Beryllium chloride, 11-13
Betaine, 1161
Betaines, 705, 71§
Bicyclic compounds, 288
trans-Bicyclo [4.4.0] deca-2,4-diene, 947
cis-Bicyclo [6.2.0] deca-2,9-diene; 947
cis-Bicyclo {6 2.0] deca-2,4,6,9-tetraene, 961
Bicyclo [2.2.1] heptane, 285
1.1"-Bicyclohexenyl. 879880
cis-Bicyclo [4.3.0] nona-2,4-diene, 947
trans-Bicyclo [4.3.0] nona-2,4-diene, 947
Bicvclo [2.2.2] octa-2-ene, 285
cis-Bicyclo [4.2.0] octa-7-ene, 961
Bijvoet, J.M., 130, 229, 230, 1090
Bilayers, 1066
Bile acids, 515
Bimolecular displacement mechanism (See
Nucleophilic aromatic substitvtion)
Bimolecular elimination (E2 mechanism),
475 (See also Elimination reactions)
Biochemical processes, 1164--1183
biological energy, 1170-1172
biosynthesis of fatty acids, 1175-1177
chymotrypsin action, 1165-1170
heredity, 1180-1181
nucleoproteins and nucleic acids, 1177-1180
oxidation of carbohydrates, 1172-1175
Biochemistry, definition, 1055
Biodegradable detergents, 1062

Biogenesis, 278 *

Bio-inonose, 1108
Biological energy, 1170-1172
Biological oxidation of carbohydrates,
1172-1175, 1182
mechanism, 1173-1175
Biosynthesis
of fats, 1056
of fatty acids, 1175-1177
Biot, Jean-Baptiste, 120
Biphenyl, ¢ 375, 823
Bischler-Napieralski synthesis, 1021
2,2-Bis(p-hydroxyphenyl) propane, 1052
1,1-Bis(p-methoxyphenyl) -2,2-diphenyl-1,2-
ethanediol, 898
Bisphenol A, 1052
Bisulfite addition products, 632, 638-639
Block copolymers, 1036, 1039 *
Boat conformation, 295
Bogert-Cook synthesis, 994
Boiling point, 29-30
associated liquids, 30, 495-496, 582, 789
chain branching and, 86
chain length and, 85
hydrogen bonding, intermolecular, 30, 495-
496, 582, 789
mtramolecular, 789
ionic vs. non-tonic compounds, 29-30
molecular shape and, 86
molecular size and, 30, 85
polarity, 496
Bond angle, 13
Bond dissociation energy, inside front cover,
20-21, 1 21
Bond energy, 20-21
Bond length, 10
Bond orbitals (see Orbital (s))
Bonds
bending, infrared absorption and, 410,
444-445
bent, 293
benzene, 324
covalent, 4~5, 9—-11 (See also Covalent bonds)
dipole-dipole, 27-28
double (see Carbon—carbon double bond)
hybrid, 212
ion-dipole, 30, 158
ionic (see lonic bonds)
one-and-a-half, 212, 324
orbitals (se¢ Orbital(s))
from overlap of orbitals, 9-11
= (see 7 bonds)
polarity, 22
o (see ¢ bonds)
single (see Carbon carbon single bond)
stretching, infrared absorption and, 416,
444-445
triple (see Carbon—carbon triple bond)
Bond strength (see Bond dissociation
energy)
9.Borabicyclo [3.3.1] nonane, 857
Borane, 505
tetrahydrofuran complex, 505
Borane-tetrahydrofuran complex, 505
Borazole, 327
Boric acid, 505
Borneol, 1107
Boron, 14
Boron trifluoride, 13-15
Boyd, T.A., 109
Bromination (See also Halogenation)
of alkanes, 95-109
of alkenes, 186—187
of alkylbenzenes, 387-388
of methane, 45



stereochemistry, 904-907
Bromine, 1 408
p-Bromoacdetanilide
preparation, 820
reactions, 747, 757 -
Bromoacetic acid, ¢ 600, 604
Bromoacetone
preparation, 706
reactions, 856—858
2’-Bromo-p-acetotoluidide
preparation, 343
1eactions, 760, 771
Bromoalkanes, 95
3-Bromo-4-aminotoluene
preparation, 760
reactions, 775
m-Bromoaniline, ¢ 730
physical constants, ¢ 730
preparation, 736
reactions, 771
o-Bromoaniline, ¢ 730
p-Bromoaniline, ¢ 730, 747
p-Bromoanilinium chloride, 757
m-Bromoanisole, 839
o-Bromoanisole, 839
9-Bromoanthracene, 991
p-Bromobenzaldehyde, 621
m-Bromobenzamide
physical constants, ¢ 614
reactions, 736
m-Bromobenzanilide, ¢ 614
Bromobenzene, 331, ¢ 819, 7 825
nitration, ¢ 340
preparation, 322
m-Bromobenzenediazonium chloride, 771
p-Bromobenzenesulfonyl group, 458
m-Bromobenzoic acid, ¢ 580, ¢ 614
o-Bromobenzoic acid, ¢ 580, 586
p-Bromobenzoic acid, ¢ 580, 581
1-Bromobicyclo [2.2.1] heptane, 162
1-Bromobicyclo [2.2.1] octane, 162
1-Bromobutane (see n-Butyl bromide)
2-Bromobutane (see sec-Butyl bromide)
3-Bromo-2-butanol, 904-907, 909
3.Bromo-1-butene, 271
1-Bromo-2-butene, 271
R-Bromobutyric acid, 868
m-Bromochlorobenzene, 344, 843
2-Bromo-1-chlorethane, 199
3-Bromo-5-chloronitrobenzene, 332
Bromocyclohexane (See also Cyclohexyl
bromide), 741
nmr and conformational analysis of, 442~
443, 447
2-Bromocyclohexanol, 921
cis-4-Bromocyclohexanol, 463
3-Bromocyclohexene, 182
3-Bromo-2-cyclohexenol, 947
2-Bromocyclohexyl brosylate, 911
Bromocyclopentane, 288
1-Bromo-1,2-diphenylpropane, 480
Bromoethane (see Ethyl bromide)
2-Bromoethanol (See also Ethylene
bromohydrin)
preparation, 199
7-Bromo-1-ethylnaphthalene, 988
2-Bromoethyl nitrate, 199
o-Bromofluorobenzene, 841
Bromoform, 45, ¢t 453
a-Bromoglutaric acid, 606
3-Bromo-1-hexene, 399
a-Bromohydrocinnamic acid, 1139
2-Bromo-5-hydroxybenzaldehyde, 343
D-(—)-3-Bromo-2-hvdroxvoropanoic acid,
1088. 1089

p-Bromoiodobenzene, 332
2-Bromo-1-iodoethane, 199
a-Bromoisovaleric acid, 592
1-Bromo-2-methoxynaphthalene, 997
1-Bromo-3-methylbutane, 534
2-Bromo-2-methylbutane, 158
3-Bromo-3-methyl-2-butanone, 854
1-Bromo-2-methylnaphthalene, 983
1-Bromo-2-methylpropane, 96
2-Bromo-2-methylpropane (See tert-Butyl
bromide)
1-Bromonaphthalene (q-Bromonaphthalene),
t 967, 977, 1000
pieparation, 972
2-Bromonaphthalene, ¢ 969
preparation, 982
m-Bromonitrobenzene, 771
Bromonitrobenzenes, 344
Bromonium ions, 246, 906-907
(—)-2-Bromooctane, 236, 462, 467, 469
2-Bromopentane, 158
2-Bromopentanedioic acid, 606
9-Bromophenanthrene, 990-991
m-Bromophenol, t 788
preparation, 771
o-Bromophenol, ¢ 88, 794, 802
p-Bromophenol, 332, ¢ 788
preparation, 795, 802
1-Bromo-1-phenylethane (See also
a-Phenylethyl bromide)
preparation, 372, 387, 519
2-Bromo-1-phenylethane, 387
a-Bromo-g-phenylpropionic acid, 1139
o-Bromophenyl p-toluenesulfonate, 794
1-Bromopropane (see n-Propyl bromide)
2-Bromopropane (see Isopropyl bromide)
2-Bromopropanoic acid, 579
1 3iomo-I1-propene, 252
2-Bromopropene, nmr signals, 416, 432
3-Bromo-1-propene, 452 (See also Allyl
bromide)
«-Bromopropionic acid, 579
preparation, 739
teactions, 1139
3-Bromopropyne, t 453
2-Bromopyridine, 1015
3-Bromopyridine, 1013
4-Bromopyridine, 1018
4-Bromopyridine N-oxide, 1017
6-Bromogquinoline, 1021
o-Bromostyrene, boiling point, 844
N-Bromosuccinimide (NBS), 209
mm-Bromotoluene, ¢ 819, 844
synthesis, 771
o-Biomotoluenc, 7 319, 844
synthesis, 765, 770
p-Biomotoluenc, ¢ 819, 844
synthesis, 770
2-Bromo-p-toluenediazonium chloride, 771
Bromotrichloromethane, 274, 1050
3.Bromo-1,1,1-trichlorononane, 181
3-Bromo-5,5,5-trichloro-1-pentene, 274
1-Bromo-5,5,5-trichloro-2-pentene, 274
Brosyl (see p-Bromobenzenesulfonyl)
Brown, C. A., 257
Brown, H. C., 209, 238, 257, 505, 507, 856,
913-914, 918
Brucine, 237
Bs (see p-Bromobenzenesulfonyl)
Bunnett, Joseph, 478, 479, 480, 818, 822, 834
1.3-Butadiene, 262
copolymerization of, 1033, 1036, 1039, 1048
cycloaddition, 876-877, 949-950
Diels-Alder reaction, 876-877 ©47 364
electronic confignration ©21



electrophilic addition, 268, 271-273
free-radical addition, 274-275
heat of hydrogenation, ¢ 263, 264
molecular orbitals, 932
polymerization, 275-276, 1031
preparation, 263
stabilization, 264-265
(See also Dienes)
Butanal, 618
(See also n-Butyraldehyde)
Butanes, 77-78
n-Butane, t 77, t 86
bromination, 96
chlorination, 95, 100
conformations, 78-79, 294, 300
dehydrogenation, 263
halogenation, 95-96, 100
isobutane, 77-78
preparation, 90, 287
thiophene from, 1006
Butanedioic acid (see Succinic acid)
Butane-gauche interactions, 299-301, 305
( + )-2-Butanol, 1089
Butanone (methyl ethyl ketone), 619, 632
2-Butenal (Crotonaldehyde), 704, 867
1-Butene, 146-147, ¢ 147, 151, ¢ 152
addition of hydrogen hahdes 188
dehydrogenation, 263
dipole moment, 153
heat of combustion, 186
hydrogenation, 147
heat of, r 183, 185
ozonolysis, 182
preparation, 155
reactivity, 195-196
2-Butene, 146147, t 147, 151, ¢ 152
addition of hydrogen halides, 188
cyclopropane from, 310, 311
dehydrogenation, 263
geometric isomerism, 147-149
hydrogenation, 147
preparation, 155, 156, 158, 166
reactivity, 195, 196
cis- and trans-2-Butenes, 147-149
addition of bromine, stereochemistry,
239-245
addition of carbenes, stereochemistry, 311
addition of methylene, stereochemistry, 310

chiorohydrin formation, stereochemistry, 247

dipole moments, 153
glycol formation, stereochemistry, 242
heats of combustion, 186
heats of hydrogenation, t 183
stability and, 184-185
hydroxylation, stereochemistry, 242
physical properties. ¢ 147, 1 152, 153
cis-Butenedioic acid (Maleic acid), 867
trans-Butenedioic acid (Fumaric acid), 867
cis-Butenedioic anhydride, 867
2-Butenoic acid, 581
3-Buten-2-0l, 494
Butter, ¢ 1057
Butvar, 1045
n-Butyl acetate, ¢ 674
tert-Butyl acetate, 681
n-Butylacetylene, 253 (See also 1-Hexyene)
n-Butyl! alcohol, ¢ 495, t 496
dehydration, 155, 156
denvatives, ¢ 545
ndustrial preparation, 712
oxidation, 621
prepatation, 506, 636
sec-butyl alcohol, 1 495
dehydration, 155, 166

infraied spectrum, $39
optical activity, 236
preparation, 498, 530
ter1-Butyl alcohol, ¢ 495
dehydiation, 166
Friedel-Crafts alkylation with, 380
hydrogen halides reaction, 519, 523
1odoform test, 537
preparation, 191, 498
n-Butylamine, ¢ 729, 742, 763, 919
sec-Butylamine, ¢ 729
rert-Butylamine, ¢ 729
n-Butylammonium bromide, 739
n-Butylbenzene, t 375
infrared spectrum, 411
preparation, 380, 631
sec-Butylbenzenc, ¢ 375, 380
ter1-Butylbenzene, t 375, 380
sec-Butyl benzoate, 625
p-sec-Butylbenzoic acid, 586
n-Butyl bromide, 1 453
sec-Butyl bromide (See also 2-Bromobutane)
dchydrohalogenation, 158
physical constants, 1 453
tert-Butyl bromide, 103, 190, ¢ 453
carbonium ion from, by electron impact, 162
case of elimination, 589
hydiolysis, 460, 470
SN1 reaction, relative rate, 470
SN2 reaction, relative rate, 465
reaction, with cyanide ion, 589
with 10dide ion, 465
trans-4-tert-Butyl-1-bromocyclohexane, 447
sec-Butylcarbinol, 494 (See also 2-methyl-1-
butanol)
preparation, 511
n-Buty! cation
mass to charge ratio, 406
rearrangement, 171-173
tert-Butyl cation, 160
Ly electron mmpact, 162
nmr spectium, 161
in SN1 reactions, 466
n-Butyl chloride, ¢ 453
from n-butane, 95, 100
dehydiohalogenation, 155, 156
Friedel-Crafts alkylation with, 380
sec-Butyl chloride, t 453
from n-butane, 95, 100, 226-227
dehydrohalogenation, 155, 156
enantiomers of, 125, 129, 132
lithiumdialkylcopper from, 93
stereochemistry, 228-229, 232 -23§
tert-Butyl chloride, 452, r 453
dehydrohalogenation, 486
Friedel-Crafts alkylation with, 795
from isobutane, 96, 99
lllhulmdmlkylcoppcr from, 90
picparation, 519, 523
trimethylacetic acid from, 588
4-ter t-Butylcyclohexene, 488
cis-4-tert-Butylcyclonexyl tosylate, 488
n-Butyldimethylcarbinol, 511 (See also
2-Methyl-2-hexanol)
Butylenes, 146—-151
physical properties, 147
(See also Butene; lsobutylene)
n-Butyl ether, ¢ 553, 554
tert-Butyl fluoride
nmr spectrum, 161
tert-Butyl free radical, 217
Butyl groups, 82
sec-Butyl hydrogen phthalate, 669
tert-Butyl hydrogen sulfate, 191



n-Butyl iodide, 1 453
sec-Butyl iodide, 188, ¢ 453
tert-Butyl iodide, 187, ¢ 453
u-Butyl isopropyl ketone (2-Methyl-3-
heptanone), 623
n-Butyllithium, 855, 1037
n-Butylmagnesium bromide, 531
2-(sec-Butyl) naphthalene, 980
p-tert-Butylphenol, 795
Butyl rubber, 1037, 1048
m-(n-Butyl) toluene, 627
p-tert-Butyltoluene
nmr spectium, 424
sec-Butyl tosylate, 528
1-Butyne (Ethylacetylene), 250, ¢ 251
preparation, 260
2-Butyne (Dimethylacetylene), 250, 1 251, 254
1,4-Butynediol, 1007
1-Butyn-3-ol, 714
3-Butyn-2-ol, 714
n-Butyraldehyde, t 496, 618, ¢ 620
in aldol condensation, 712
infrared spectrum, 646
preparation, 621, 712
n-Butyramide, ¢ 660
Butyric acid, ¢ 580, 1 600
n-Butyrophenone (Phenyl n-propyl ketone),
619, 1 620, 631
n-Butyryl chloride, ¢ 660
n-Butyryl-S-ACP, 1177

C

Cadalene, 976
Cadaverine, 743
Cadinene, 976
Cadmium chloride, 627
Cafleic acid, 808
Cahn, R.S., 124, 130
Calcite, Nicol prism, 118
Calcium acetate, 582
Calcium carbide, 251
Calcium cyanamide, 687
Campbhane, 316
Camphene hydrochloride, 915, 918
Camphoronic acid, 863
Cannizzaro reaction, 633, 643645, 709
Capric acid, ¢ 580
Caproaldehyde, ¢ 620
Caproamide, 736
Caproic acid, ¢ 580, 796
Caprolactam, 1051
Carbamates, 685 (See also Urethanes)
Caprylic acid, ¢ 580
Carbamic acid, 684-685, 1044
Carbamide (Urea), 684
Carbanionoid compounds, 92, 93, 510, 715,
720, 840-841
Carbanions, 701-726, 846-864 (See also
individual carbanions)
from acetoacetic ester, 717-718, 850
addition to aldehydes and ketones, 704—705,
709-711, 712-713, 714, 715-716, 719,
720-722
in aldol condensations, 704-705, 709-711,
712-713
basicity, relative, 1016-1017
charge accommodation, 701-702, 718
in Claisen condensation, 705, 716~720
from cyanoacetic ester, 874
in dehydrohalogenation, 477, 479
in halogenation of ketones, 706-707
from malonic ester, 847-849, 874
in Michael reaction, 873-875

in nucleophilic acyl substitution, 705,
720-722
in nucleophilic addition, 870-875
in nucleophilic aliphatic substitution, 93,
260-261, 847, 850
in nucleophilic aromatic substitution, 829-
833, 836-841
pyridine, 10871088
orbitals, 258-259, 1016-1017
in organoborane synthesis, 856-857
in Perkin condensation, 714
racemization, 859-860
reactions, summary, 703-706
in Reformatsky reaction, 720-722
resonance, 701-702, 718
shape, 733
stereochemistry, 733
in Wittig reaction, 715
Carbazole, 1002
Carbenes, 308--312
Carbenoid compounds, 312
2-Carbethoxycyclopentanone, 718
Carbinol system for naming alcohols, 493494
Carbitol, 566
Carbobenzoxy chloride, 686
in peptide synthesis, 1148
Carbobenzoxyglycine, 1148
Carbobenzoxyglycine, acid chloride, 1148
Carbobenzoxyglycylalanine, 1149
Carbohydrates, 1070-1131 (See also
Aldohexoses, Aldoses, Mono-
saccharides, efc.)
biological oxidation, 1172-1175
classification, 1071
definition, 1071
disaccharides, 1112-1119
esterification, 668, 1127
fermentation, 497, 498-499
methylation, 1099-1101
monosaccharides, 1070-1111
nomenclature, 1071, 1073-1075, 1103-1104
osazone formation, 077-1078
oxidation, 1075-1077
polysaccharides, 1119-1128
o-Carbomethoxyphenylthallium
ditrifluoroacetate, 351
Carbon, analysis for, 67-69
Carbonation of phenols, 796
Carbon-carbon double bonds
analysis for, 183, 186, 208, 219-221
in benzene, 323-327
in ethylene, 143-146
formation, 157
hindered rotation about, 145, 148
infrared spectra, 445
length, 146
protecting, 156
reactions, 177-221
Carbon-carbon single bonds
in ethane, 73-76
infrared spectra, 445
length, 146, 267
rotational barrier, 75, 76
Carbon~-carbon triple bonds, 248-250
infrared spectra, 445
Carbon-chain lengthening
synthesis of alcohols, 530-533
Aldol condensation, 709-714
of aldoses, 1078-1080
of alkanes, 92, 253, 260
synthesis of amines, 737, 741
of carboxylic acids, 768-769
Carbon-chain shortening
of aldoses, 1080



degradation of alkenes, 218
Hofmann degradation, 741
Carbon-halogen bonds, 368
Carbon-hydrogen bonds
infrared spectra, 444
lengths and hybridization, 267
Carbonic acid, 684
stability, 685
Carbonic acid functional derivations,
684-687
Carbonium ions (See also individual
cations)
in acetals, 642-643
in addition to «, B-unsaturated carbonyl
compounds, 869870
from alcohols and alkenes, 379
in alkylation of alkenes, 202
from alkyl halides, 379
of anthracene and phenanthrene, 991
in electrophilic aromatic substitution, 346,
348, 352, 356-357, 359--368
from dehydration of alcohols, 169-174
delocalization, 268-271
ease of formation, 170-171, 195
electronic effect in, 162-163, 171
in electrophilic addition, 191-194
in electrophilic substitution in
naphthalene, 978
from free radicals, ionization potentials,
164-165, 269, 397
of pyridine, 1014
reactions, 380
rearrangement of, 171-173
in rearrangements, 886-901
in SN1 reactions, 466, 469
stability, 163-165, 170, 195, 269, 368
structure, 161-162
Carbon tetrabromide, 45, 1 453
Carbon tetrachloride, 31, 44, 1 453
addition to alkenes, 205
Carbonyl chloride (Phosgene), 684
Carbonyl compounds (See also Aldehydes,
Keto acids, Ketones, a, 8-Unsaturated
carbonyl compounds)
addition to, 704, 868-873
preparation, 867
structure and properties, 865-867
a, B-unsaturated, 865-884
Carbonyl group
and acidity of o-hydrogens, 701-703
in aldehydes and ketones, 628629
in aldol condensation, 710
bonding 1n, 613-618, 661
in carboxylic acids, 592, 597-599
in carboxylic acid derivatives, 660-662
geometry, 617-618, 661
Carbowax, 1029
o-Carboxybenzenediazonium inner salt, 844
Carboxylate anion, basicity, 593-594
structure, 597-599
Carboxyl group, 579
electron withdrawal by, 592, 593
Carboxylic acid anhydrides (see Acid
anhydrides )
Carboxylic acid chlorides (see Acid chlorides)
Carboxylic acids, 579-616 (See also
Dicarboxylic acids)
acidity, 592, 597-601
effect of substituents, 599-601
acidity constants, 593, 1 600
aliphatic, acidity, 599-600
alpho-halogenation, 592
sources, 583583
alpha-amino (see Amino acids)

analysis, 608-609
aromatic, acidity, 600-601
nomenclature, 581
preparation, 382, 384-38S, 586
ring substitution, 340, 592
sources, 584585
biosynthesis, 1175-1177
conversion, into acid chlorides, 590
into amides, 591
into esters (see esterification below)
into functional derivatives, 590-591
into salts, 583-584, 590
derivatives, 608, 7 614
dicarboxylic (see Dicarboxylic acids)
esterification, 591, 602-603
mechanism, 680-682
reactivity, 603
(See also Esters) .
from fats, S84, 1060-1061
functional derivatives, 590, 591-592,
658-700 (See also individual families)
acid chlorides, 590, 664-666
acid anhydrides, 667-668
analysis, 687-688
amides, 591, 670-672
carbonyl group in, 661-665
compared with sulfonyl derivatives,
713-714
esters, 591, 672-684
hydrolysis, 660, 665, 668, 671, 675
nomenclature, 658—659
nucleophilic substitution, 660-664
physical properties, 659-660, ¢ 660, ¢ 674
spectroscopic analysis, 688—690
structure, 658
halogenation, alpha (see Hell-Volhard-
Zelinsky reaction)
hydrogen bonding in, 582
hydroxy (sce Hydioxy acids)
1enization, 5§92, 593
keto (see Keto acids)
neutralization equivalent, 608
nomenclatine, 580-582
physical properties, ¢t 580, 582583
preparation, 219, 585-588
acetoacetic ester synthesis, 862
cartbonation of Gugnard 1eagents, 586,
587, 588
via diazonium salts, 768-769
haloform reaction, 537-538, 973
hydiolysis of nitriles, 586- 588, 588 589,
768-769Y
Knocvenagel reaction, 714
Kolbe reaction, 796, 803~-804
malonic ester synthesis, 847-850
otganoborane synthesis, 856-858
via 2-oxazolines, 855--856
oxidauon of alcohols, 520-521, 528 529,
SRS 586, 587
of alkenes, 219
or arcnes, 382, 384 -385, 586
ol methyl ketones, 630, 635, 973
Perhin condensation, 714
periodic acid oxidation, 538
Reformatsky reaction, 720~722
reactions, summary, 590--592
reduction to alcohols, 591, 603 604
salts, 582, 583-584, 590
nomenclature, 582
physical properties, 583—-584, 608- 609
solubility, ¢ 580, 582, 583—-584
salts, 583--584
sources, aliphatic, 584, 1060-1061
aromatic, 584-585



spectroscopic analysis, 1 412, 1 421, 609-610
substitution, alpha, 592
Hell-Volhard-Zelinsky reaction, 592,
604—-605
ring, 340, 592
unsaturated, from fats, 584, 1058,
1060-1061
a, B-unsaturated, t 866, 866-867
electrophilic addition, 868
hydrogenation, 721
nucleophilic addition, 870-872
preparation, 605, 867
Carboxylic acids, functional derivatives,
658-700 (See also Acid chlorides,
Acid anhydrides, Amides, carbonic
acid derivatives, Imides, Esters, Fats)
Carboxypeptidase, 1146
Carcinogenic hydrocarbons, 996-997
Cardiac glycosides, 515
Carius method, analysis for halogen, 69
analysis for sulfur, 334
R-Carotene, 413, 414
Carotenes, 313
Carvocrol, 809
3.8-Carvomenthenediol, 651
Carvomenthol, 652
Carvomenthone, 652
Carvone, 127, 976
(4 )-Carvotanacetone, 652
Castile soap, 1059
Catalytic cracking, (see Pyrolysis)
Catalytic dehydrogenation, 974-976 (See also
Aromatization, Dehydrogenation)
Catalytic hyd.ogenation, 183—184 (See also
Hydrogenation)
Catalytic reforming
of alkanes, 110, 376
of alicyclic hydrocarbans, 286
Catehol, 787, ¢ 788
Cationic polymerization, 1037
Cell membranes, 1066-1067
(4 )-Cellobiose, 1115-1116
Cellobiose octacetate, 1115, 1116
Cellophane, 1128
Cellulose
description, 1070, 1120
esterification, 668
properties, 1126
reactions, 1127-1128
structure, 1030, 1126-1127
Cellulose acetate, 1127
Cellulose ethers, 1128
Cellulose nitrate, 1127
Cellulose trinitrate, 1127
Cellulose xanthate, 1128
Cerebrosides, 1067
Chain-reaction polymerization, 1028-1041
(See also Free radical
polymerization)
coordination polymerization, 1039-1041
copolymenization, 1033-1036
free 1adical vinyl polymerization, 1030-1033
1onic polymerization, 1037-1039
Chain reactions
chlorination of methane, 49
combustion of alkanes, 109
free radical addition, 203-205
halogenation of alkanes, 96-97
Chain transfer, 1032
Chair conformation, 295, 301
Chalcone, t 866
Chao, T.H., 238
Chavibetol, 810
Chelation, 789

Chemical paleogenetics, 1152
Chemical shifts, 419-423, ¢ 421
Chichibabin reaction, 1015
Chirality, 123-126, 130

bond breaking, 229, 237-246

generation of chiral center, 226-228,

232-235

reactions of chiral molecules, 228-246
Chloranil, 975
Chlorination (See also Halogenation)

of alkanes, 95-109

of alkylbenzenes, 386, 388--389, 402

aromatic, 350

of methane, 43-45

and stereochemistry, 237-239
Chlorine

abundance of, 37Cl, 1 408

36Cl as tracer, 108
o-Chloroacetanilide, ¢ 781
Chloracetic acid, 1 600, 613

preparation, 592, 604

reactions, 794

relative acidity, 599
Chloroalkanes, 95 (See also Alkyl chlorides)
m-Chloroaniline, 7 730, ¢ 749
o-Chloroaniline, ¢ 730, ¢ 749, 1 781
p-Chloroaniline, ¢ 730, 1 749
m-Chlorobenzamide, ¢ 614
m-Chlorobenzamilide, ¢ 614
2’-Chlorobenzanilide, ¢ 781
Chlorobenzene, 331, 1 819, ¢ 825, 844

nitration, t 340

preparation, 322, 349

reactions, 365-368, 733, 791, 792, 818, 827

resonance, 824
m-Chlorobenzenediazonium hydrogen sulfate,

2’-Chlorobenzenesulfonanilide, ¢ 781

p-Chlorobenzenesulfonic acid, 332

m-Chlorobenzoate ion, 633

m-Chlorobenzoic acid, ¢ 580, ¢ 600, ¢t 614

o-Chlorobenzic acid, t 580, ¢ 600, 613, 817,
844

p-Chlorobenzoic acid, ¢ 580, ¢ 600, 613

m-Chlorobenzyl alcohol, 633

endo-2-Chloro-exo-2-bromobicyclo [3.1.0]
hexane, 947

1-Chlorobutane, 95 (See also n-Butyl chloride)

2-Chlorobutane, 95 (See also sec-Butyl
chloride)

3-Chloro-2-butanol, 247

2-Chloro-2-butene, 268, t 453

1-Chloro-2-butene, 268, t 453

3-Chloro-2-butyl free radical, 233-235

a-Chlorobutyric acid, ¢ 600

B-Chlorobutyric acid, 1 600

Chlorocarbonic acid, 685

2-Chlorocyclohexyl brosylate, 911

Chlorocyclopropane, 284, 285

2-Chloro-2,3-dimenthylbutane, 197

2-Chloro-3,3-dimethylbutane, 197

3-Chloro-2,3-dimethyl-2-butanol, 898

Chloroethane, 95 (See also Ethyl chloride)

2-Chloroethanol, 494, 844 (See also Ethylene
chlorohydrin)

o-Chloroethylbenzene, 844

(1-Chloroethyl) benzene, 236, 383 (See also
a-Phenylethyl chloride)

Chloroform, 44, t 453

addition to alkenes, 205
test for alkylbenzenes, 399

- 1-Chlorohexane, 844

4-Chlore-2-hexene, 269
2-Chloro-3-hexene, 269



2-Chlorohydroquinone, 878
1-Chloro-1-iodoethane, 188, 818
Chloroiodomethanesulfonic acid,
enantiomers, 121
1-Chloro-2-iodopropane, 255
Chloromethane, 43-45 (See also Methyl
chloride)
1-Chloro-2-methylaziridine, 732
1-Chloro-2-methylbutane (See also tert-Pentyl
chloride)
chirality, 229-231
photochemical halogenation of S-(+ )-
isomer, 238
preparation, 194, 541
3-Chloro-2-methylbutane, 541
y-Chloro-q-methylbutyric acid, 581
1-Chloromethylnaphthalene, 977
3-Chloro-2-methylpentane, 132
m-Chloro-N-methylphenethylamine, 844
o-Chloro-N-methylphenethylamine, 844
1-Chloro-2-methylpropane, 96 (See also
Isobutyl chloride)
2-Chloro-2-methylpropane, 96 (See also ter-
Butyl chloride)
Chloromycetin, 127
1-Chloronaphthalene, ¢ 967, 977, 1000
2-Chloronaphthalene, ¢ 967, 1000
1-Chloro-2-naphthol, 1000
m-Chloronitrobenzene, 332, 817, ¢ 819, 832
preparation, 820
o-Chloronitrobenzene, ¢ 819, 828, 831-832
p-Chloronitrobenzene, ¢ 819, 827, 831-832
2-Chloro-4-nitrophenol, 332
4-Chloro-2-nitrotoluene, 343
4-Chloro-3-nitrotoluene, 343
Chloronium ions, 246
2-Chloropentane, 541
3-Chloropentane, 541
m-Chlorophenol, ¢ 788
preparation, 792
o-Chlorophenol, 787, ¢ 788
p-Chlorophenol, ¢t 788
preparation, 792
p-Chlorophenoxyacitic acid, ¢ 614
p-Chlorophenoxyacetamide, ¢ 614
p-Chlorophenoxyacetanilide, 7 614
Chlorophenylbutanes, 401
3-(p-Chlorophenyl) butanoic acid, 581
1-Chloro-1-phenylethane, 388 (See also
a-Phenylethyl chloride)
2-Chloro-1-phenylethane, 388 (See also
B-Phenylethyl chloride)
o-Chlorophenyl phenyl sulfide, 908--909
Chlorophyll, 789, 1004, 1070
Chloroprene, 276
1-Chloropropane, 95 (See also n-Propyl
chloride)
2-Chloropropane, 95 (See also Isopropyl
chloride)
2-Chloro-1-propanol, derivatives, 545
1-Chloro-2-propanol (See also Propylene
chlorohydrin)
derivatives, 545
preparation, 180, 199
2-Chloropropene, 255
3-Chloro-1-propene (see Allyl chloride)
A-Chloropropionaldehyde, 868
a-Chloropropionic acid, 613
3-Chloropropyne, ¢ 453
4-Chloropyridine, reactions, 843, 1015
p-Chlorostyrene, 397
a-Chlorotoluene, 361 (See also Benzyl
chioride)
m-Chlorotoluene, 1 819

1Y
nitration, 344
o-Chlorotoluene, 384, 386, 572, 765, ¢ 819, 820
preparation, 765
p-Chlorotoluene, 343, ¢ 819
preparation, 384, 386
2'-Chloro-p-toluenesulfonanilide, ¢ 781
p-Chlorotriphenylcarbinol, 920
Cholecaliferol, 966
Cholestane, 316
Cholestane-38, 64-diol, 507
3-Cholestanol, 521
3-Cholestanone, preparation, 521, 543
2-Cholestene, 517
Cholesterol, 507, 514, 517, 1182
aromatization, 976
biogenisis, 278
Choline, 781, 1065
Choline phosphoglycende. 1065
Chromatography, 1143
Chromic acid, 634
Chromic anhydride, test for alcohols, 221, 536
Chromium (VI), 528
Chrysene, 1 967, 996
Chymotrypsin
a-structure, 1159, 1165-1166
action, 1165-1170, 1181
Chymotrypsinogen, 1146
Cinchonine, 237
Cinnamaldehyde, ¢ 866
synthesis, 704, 713, 867
Cinnamic acid, ¢ 866, 871
synthesis, 714, 867
Cinnamyl alcohol
physical constants, ¢t 495
preparation, 636
reactions, 563
Cinnamylidenetriphenylphosphorane, 715
cis- and trans-isomers (see Geometric isomers
Citral, 652, 808, 881
Citric acid, 1182
Citronellol, 277
Claisen condensation, 677, 714, 716-720
crossed, 719
Cleavage, 218
of alkenes, 218
of alkynes, 278
of bonds, 21
of cycloalkenes, 288
of dienes, 279
of epoxides, 565, 567, 568-570
of esters. 677-678, 681
of ethers, 559-560
of ketones, 635
ozonolysis, 218-219
by periodic acid, 538
by permanganate, 219
Clemmensen reduction, 377, 626~627, 631,
636, 987
Coal, 1
in manufacture of acetylene, 251
as source of aromatic compounds, 376
Coal gas, 376
Coal tar, 376
as source of carboxylic acids, 585
Cobalt (111) fluoride, 454
Cocaine, 236
Coconut oil, ¢ 1057
Cod liver oil, 1 1057
Codons, 1181
Coenzyme A, 782
Coenzymes, 1153
Coke, 376
Collagen, 1150, 1159
Collins, Clair, 899, 922



Collision frequency, 56~58
Combination, in polymerization, 1031
Combustion of hydrocarbons, 42, 109-110
Competition (see Method of competition)
C ration, and tion rates, 459-460
Concerted reactions, 939--960
Condensation polymerization, 207, 1029
Conessine, 543
Conhguration

absolute, 231, 1092--1094

of ajdoses, 1085-1087

ol amino acids, 1138

of carbohydiates, 1081-1094, 1098--1099

cis and vans, 149

o and ¢, 1087- 1089, 1093

definition, 129

of (+ )-glucose, 1081-1085

and optical rotation, 131, 1098-1099

Rand, S., 130-133, 137-138, 1089

relative, 230

sequence tules for, 130-133, 137-138

Z and E, 150
Configurational 1somers, definition, 139
Conformation

ann, 18

boat, 295, 296, 297

chair, 295, 297

definition, 75

eclipsed, 75

envelope, 315

gauche, 18

half-chair, 297

nmr and, 447, 1110

skew, 75

stability, factors affecting, 294

staggered, 75

twist-boat, 295, 296, 297
Conformational analysis, 75-76, 78-179,

138-140, 294

aldoses, 1104-1106

angle strain, 294

anomeric effect, 1106

amylose, 1124

butanes, 78-79

cyclobutane, 298

cyclohexane, 294-299

denvatives, 299-301, 303-308

cyclohexanediols, 298, 902

cyclopentane, 298-299

decalin, 974

1, 3-diaxial interaction, 299

dipole-dipole interaction, 294

1, 2-dimethylcyclohexanes, 303-308

E2 elimination, 483

ethane, 75-76

factors in, 294

p-(-}-)-glucose, 1104-1106

methycyclohexane, 299-301

nmr and, 447, 1110

proteins, 11541160

pyranoses, 1104-1106

rearrangement, 900-903

torsional strain, 75-76

van der Waals strain, 78-79
Conformational effects, in pinacolic

deamination, 898-904

Conformational isomers, definition of, 138-139

Conformers, 138
Coniferyl alcohol, 811
Conjugated double bonds, 262
ultraviolet absorption band shift, 412, 413
in alkenylbenzenes, 395-396
in a, f—unsalumted carbonyl compounds,
11, 869, 871

Conjugated proteins, 1152~1153
Conrotatory motion, 941-948
Coordination polymerization, 10391041
Cope reaction, 714, 850
Cope rearrangement, 954
Copolymerization, 1033-1036
Copolymers, 1033
Copper acetylides, 261
Copper chromite, 684
Copper phthalocyanine, 1004
Corey,E. J.,92
Corey-House synthesis, 846
Corey, Robert B., 1154
Corn ail, ¢ 1057
-Corticotropin, 1142-1143
Cortisone, 515, 877
C orynebacterimm diphtherium, 1068
Corynomycolenic acid, 1068
Cottonseed oil, ¢ 1057
Coulson, C, A, 293
Coumarane, 809
Coupling, of diazonium salts, 767, 772-775,
796
Coupling constants, 43§
Covalent bonds (see Bonds)
Cracking (see Pyiolysis)
Cralis, James, 378
Cram, Donald J., 911
m-Cresol, 787, 1 788, 796
o-Cresol, 766, 1 788, 796, 802
p-Cresol, 343, 1 788, 794, 896
infrared spectrum, 806
Cresols, industrial source, 376
m-Cresyl acetate, 796
Crick, F. H. C,, 1180
Crisco, 1062
Crotonaldehyde, 636, 712, ¢ 866, 879, 1020
synthesis, 704, 711, 867
trans-Crotonamide, 1 614
trans-Crotonanihde, ¢ 614
trans-Crotonic acid, ¢ 614, ¢ 866, 868, 872
Crotonyl-S-ACP, 1177
Crotyl alcohol, ¢ 495
Crotyl chloride, 1 453
Crotyl iodide, 1 453
Crystallinity of polymers, 1040, 1045-1046
Crystallites, 1046
Crystal structure
of macromolecules, 1045
and melting points, 26-27
and physical properties, 819
Cubane, 285
3-Cumaranone, 809
Cumene, ¢ 375, 791, 893
Cumene hydroperoxide, 791
rearrangement, 791, 893-896
Cumulated double bonds, 262
Cupric bromide, 858
Cuprous methylacetylide, 256
Curtain, D. Y., 90
Curtius rearrangement, 889
Cyanamide, 684, 687
Cyanic acid, 684
Cyanides (see Nitriles)
Cyanoacelic ester, reactions, 850
3-Cyano-1.3-diphenyl-1-propanone, 870
Cyanohydrins, 631, 637-638
A-Cyanopyridine, 1023
a-Cyano-m-toluic acld 544
7-Cyano-7-trifl di 947
7- Cyano—7-lriﬂuorome'hyllropyhdene 947
Cyclic anhydrides, 669670
Cyclic bromonium ions, 243-246
Cyclic compounds (see Alicyclic




hydrocarbons, Arenes, Aromatic
compounds, Heterocyclic compounds)
Cyclic esters, 674 (See also Lactones)
Cyclic ethers, 561 (See also Epoxides)
Cyclic halonium ions, 570
Cyclic mercurinuim jons, 570
Cyclization, 287, 985-988
cycloaddition, 948-954
electrocyclic reactions, 939-948
Cycloaddition reactions
definition, 287
Diels-Alder reaction, 876-878
and orbital symmetry, 948-954
Cycloalkanes, 87 (See also Alicyclic
hydrocarbons)
Cyclobutane, 283, ¢ 284
conformations, 298
reactions, 288-289
1,3-Cyclobutanedicarboxylic acid, 302
Cyclobutenes, electrocyclic reactions, 939948
Cyclodecane, puckered ring, 291 .
cis, cis, cis-Cyclodecal-1,3,5-triene, 947
Cycloheptane, ¢ 284
1,3,5-Cycloheptatriene, 1025
Cycloheptatrienyl.anion, 328
Cycloheptatrienyl cation (Tropylium ion)
electronic configuration, 330, 936
molecular orbitals, 936
o electrons, 328, 934
Cycloheptatrienyl radical, 328
1,3-Cyclohexadiene, 284, ¢ 284, 323
reactions, 877, 879
1,4-Cyclohexadiene, ¢ 284, 323
Cyclohexane, 284, r 284
analysis, 313
axial bonds, 298-301
conformational analysis, 294-298, 442443
derivatives, conformational analysis,
298-301, 303-308
stereoisomerism, 301-308
equatorial bonds, 298-301
heat of combustion, 290
industrial source, 286
nmr spectrum, 442-443
puckered ring, 291
Cyclohexanecarboxylic acid, 579, r 580
1,2-Cyclohexanediol diacetate, 910
Cyclohexanol, 492, 1 495
industrial source, 286
nmr spectrum, 438
reactions, 519, 521, 741
Cyclohexanone
preparation, 521, 741
reactions, 705, 714, 860, 875
Cyclohexene, ¢ 284, 323
preparation, 519, 741
Cyclohexene oxide, preparation, 562, 573
Cyclohexylamine, ¢ 729
preparation, 741
Cyclohexyl bromide, 452, t 453
preparation, 523
Cyclohexyl brosylate, 911
Cyclohexylcarbinol, 491
Cyclohexyl chloride, r 453
hydrolysis and neighboring group effects,
908-909

cis, cis-Cyclonona-1,3-diene, 962

cis, cis, trans-Cyclonona-1,3,5-triene, 947
Cyclooctadecanonaene, 935

cis, cis-Cycloocta-1,3-diene, 961

cis, trans-Cycloocta-1,3-diene, 961
1,5-Cyclooctadiene, reactions, 857, 863
Cyclooctane, 7 284
cis-1,4-Cyclogctanediol, 863
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cis-1,5-Cycloogtanediol, 863
Cyclooctatetraenyl dianion, 934
1,3,5-Cyclooctatriene, 960
1,3-Cyclopentadiene, 284, ¢ 284
reactions, 875, 880, 953
Cyclopentadienyl anion
electronic configuration, 329, 935-936
molecular orbitals, 936
Cyclopentadienyl cation
electronic configuration, 328, 935
. molecular orbitals, 935
Cyclopentadienyl free radical
electronic configuration, 328, 935
molecular orbitals, 935
Cyclopentane, 284, ¢ 284
conformational analysis, 298
deriv;tives, 6cont‘orrmnional analysis,
preparation, 631
stereoisomerism, 301-303
1,3-Cyclopentanedicarboxylic acid, 302
1,2-Cyclopentanediol
cis- and trans-isomers, 301, 307, 494
chirality, 302-303
Cyclopentanol, ¢ 495
preparation, 630, 636
Cyclopentanone
formation, 667
reactions, 631, 636
Cyclopentene, 283, ¢ 284
reactions, 858
Cyclopentene oxide, 563
B-Cyclopentyl-9-BBN, 858
Cyclopentenyl cation, 946
Cyclopropane, 283, ¢ 284
preparation, 287
reactions, 288-289
Cyclopropanecarboxylic acid, 850
Cyclopropenones, 938
Cyclopropenyl anion, 937
Cyclopropenyl cation, 934, 937
Cyclopropenyl free radical, 937
Cyclopropy! anion, 946
Cyclopropy! cation, 946
2-Cyclopropyl-2-propanol, 545
Cycloreversions, 952
p-Cymene, t 375
(—)-Cysteine, ¢ 1134
(—)-Cystine, ¢ 1134
Cystochrome c, 1161
Cystosine, 1179
in nucleic acids, 1178, 1179, 1180, 1182

D

D, prefix, 1089
d, prefix, 1089
2,4-D (2,4-Dichlorophenoxyacetic acid), 800
Dacron, 1046
synthesis, 1042
“Dansyl” method, 1146
DDQ, 1001
DDT, 843
Dead polymers, 1050
Deamination, 898-904
Decahydronaphthalene, 971 (See also Decalin)
Decalin, 491, 1 967, 974
conformagions, 315
preparation, 971, 973
reactions, 974
n-Decane, ¢ 86
cis, cis, cis, cis, trans-Deca-1,3,5,7,9-pentaene,
961

Decarbonylation, 1007



Decarboxylation .
of aromatic acids, 593 .
of 'g-ketoacids and malonic acids, 853-854
2,4,6,8-Decatstraene, 946
1-Decens, ¢ 152
n-Decyl alcohnl, 7 495
1-Decyne, 1 251
S-Decyne, t 251
Degradation
amines (see Exhaustive methylation)
Hofmann (see Hofmann degradation)
by oxidation, 219
by ozonolysis, 218~219
Ruff (see Ruff degradation)
Dehalogenation
of tetrahalides, 253~254
of vicinaldihalides, 155, 156
Dehydration
of alcohols, 166175, 395, 519, 521-523, 554
ease of formation of carbonium ions,
170-171
mechanism, 167-169
order of reactivity, 166
rearrangement of carbonium ions,
171-174
of aldol products, 711
Dehydrobenzene, 836 (See also Benzyne)
7-Dehydrocholesterol, 966
Dehydrogenation
of alicyclic.hydrocarbons, 286
of hydroaromatic compounds, 974-976
industrial, 376, 395
Dehydrogenation enzymes, 1153
Dehydrohalogenation
of alkyl dihalides, 252, 253
of alkyl dehalides, 252, 253
of alkyl halides, 156~165, 395
order of reactivity in, 159
use in synthesis, 867
Delocalization energy, 215 (See also
Resonance energy)
Denaturation, of proteins, 1150
Denatured alcohol, 499 (See also Ethyl
alcohol)
n,L-Dendroketose, 1109
Deoxyribonucleic acids, 1178 (See also DNA)
p-2-Deoxyribose, 1178
Desulfonation, 350
of naphthalenes, 981
Detergents
manufacture, 154, 1041, 10611062
non-ionic, 1061
solubility and cleansing power, 32, 1061
Deuterium (See also Hydrogen)
exchange, 710, 843
isotope effects, 353, 358
labeling for nmr spectra, 437439
labeling for reaction studies, 107-108,
838, 843, 889
separation, 107
Deuterium oxide, 107
o-Deuteriobromobenzene, 838
«a-Deuterioethylbenzene, 122
o-Deutericfluorobenzene, 838
3-Deuterioindene; 957
2-Deuterioisobutane, 107-108
Dewar, James
benzene structure, 319, 826, 965
Dextrans, 1126
Dextrorotatory, definition, 119
Dextrose, i118
DHP' (Dichydropyran) 692
Diacetamide; 738’
gem-Diicetases, 623
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Diacetone alcohol
from aldol condensation, 704, 709 -
dehydration; 711
Dialkylacetoacetic esters, 820
Dialkylmalonic esters, 847-848
1,6-Diaminohexane, 736
1,2-Diaminonaphthalene, 997
1,3-Diaminonaphthalene, 997
1,5-Diaminonaphthalene, 997
2,4-Diaminophenol (Amidol), 807
3,3’-Diaminospiro{3.3}theptane, 315
2,3-Diaminotoluené, 1023
Diamond, structure, 285, 968
Diastase, 1112
Diastereomers, 133-135
comparison of properties, 13§
formation, by generation of second chiral
center, .232-235
geometric isomers as, 148, 150
in resolution, 235-237
(See also Anomers, Epimers)
Diastereotopic protons, 418
1,3-Diaxial interactions, 299304, 305
1,8-Diazaphenanthrene, 1023
Diazo coupling, 339, 767
Diazocyclopentadiene-2-carboxylic acid,
sodium salt, 884
Diazomethane, 308
Diazonium fluoroborates, 768
Diazonium hexafluorophosphates, 768
Diazonium salts
coupling, 765, 772-775
preparation, 736, 763, 765
reactions, 738, 765-775, 820821
replacement, 765~772
Dibenzalacetone, ¢ 866, 879
1,2,5,6-Dibenzanthracene, 996, ¢ 967
Diborane, 505
Dibromoacetic acid, 604
3,5-Dibromo-4-aminotoluene, 759
m-Dibromobenzene, 324, 331, ¢ 819
o-Dibromobenzene, 324, 331, ¢ 819, 844
p-Dibromobenzene, 324, 331, ¢ 819
2,4-Dibromobenzenediazonium chloride, 843
1,4-Dibromobutane, 1010
2,3-Dibromobutane
dehalogenation, 155
stereochemistry of elimination, 489
stereochemistry of formation
from 2-butenes, 242-246
from 3-bromo-2-butanols, 904-907
3,4-Dibromo-1-butene, 268
1,4-Dibromo-2-butene, 268
28, 3a-Dibromochalestane, 517
1,2-Dibromocyclohexane, 288
1,2-Dibromocyclopentane, 302
1,2-Dibramo-1,2-dideuterio ethane,
stereochemistry of elimination, 489
9,10-Dibromo-9,10-dihydroanthracene, 991
9.10-Dibromo-9,10-dihydrophenanthrene, 991
4 ,8-Dibromo-1,5-diiodonaphthalene, 997
1,3-Dibromo-1,3-dimethylcyclobutane, 446
1,2-Dibromo-1,2-diphenylethane,
stereochemistry of elimination, 389
1,1-Dibromoethane, ¢ 453

1,2-Dibromo-2-methyipropane, 186
nmr spectrum; 432



2,6-Dibrumo-4-nitroaniline, 772
2,6-Dibromo-4-nitrobenzenediazonium
hydrogen sulfate, 772
4,5-Dibromo-1-pentene, 268
1,2-Dibromo-1-phenylethane, 434
1.2-Dibromopropane, 179, 186
1.2-Dibromopropene, 255
3.5-Dibromopyridine, 1013
(4 )-3,5-Dibromotyrosine, ¢ 1134
Di-n-butylamine, reactions, 746, 757
N, N-Di-n-butylbenzenesulfonamide, 757
Dicarboxylic acids, 606—607
physical constants, ¢ 606
preparation, 606
Dichloroacetic acid, ¢ 600, 613
preparation, 592, 604
relative acidity, 599
2.4-Dichloroaniline, 766
2,6-Dichlorobenzaldechyde, 863
2,5-Dichlorobenzamide, ¢ 614
m-Dichlorobenzene, 766, ¢ 819, 863
o-Dichlorobenzene, ¢ 819, 844
p-Dichlorobenzene, ¢ 819
2.4-Dichlorobe diazonium hydrogen
sulfate, 766
2,5-Dichlorobenzoic acid, ¢ 614
1.2-Dichlorobutane, chirality, 228-229
2.3-Dichlorobutane, 135-137, 232, 233
Dichlorocarbene, 311, 804-805
B, B’-Dichlorodiethyl sulfide, 907-908
1,2-Dichloro-1,1-difluoroethane, nmr
spectrum, 432
Dichlorodifluoromethane, 454
3.3-Dichloro-1,2-dimethylclopropane, 311
1,2-Dichloroethane, t 453, 739 (See also
Ethylene chloride)
conformational analysis, 141-142
1,2-Dichloroethylene, 153
geometric isomerism, 149
a, a’-Dichloroglutaric acid, 606
Dichloromethane, 44, t 454 (See also
Methylene chloride)
1,2-Dichloro-2-methylbutane, 238
1,2-Dichloro-3-methylbutane, 132
endo-cis-2,3-Dichloroncrbornane, 484
trans-2,3-Dichloronorbornane, 484
2,3-Dichloropentane, 133-134
2,4-Dichloropentanedioic acid, 606
2,4-Dichlorophenoxyacetic acid, 800
1,2-Dichloropropane, 209
conformations, 441-442
nmr signals, 417
1,3-Dichloropropane, 287, 289
1,3-Dichloro-2-propanol, 490

3,4-Dichloro-1,2,3,4-tetramethylcyclobutene,

938
Di(g-cyanoethyl)amine, 872
Dicyclopentadiene, 953
Dicyclopentadicnyliron, 329
Dieckmann condensation, 714, 718
Diels-Alder reaction, 876-878
orbital symmetry, 948-954
stereochemistry, 880, 948-949, 965
Diels’ hydrocarbon, 976
Dienes, 262-282
allenes, 262, ¢ 263
stability, 264
stereochemistry, 280
analysis, 278 -279
conjugated, 262-265, 266-278
1,2-vs. 1,4-addition, 268274
bonds in, 264-268 ,
cycloaddition, 876878, 948-950

Diels-Alder reaction, 876- 878, 948-950

electrocyclic reactions, 940945
electronic configuration, 931-932
electrophilic aadition, orientation,
268274
rate vs. equilibrium, 271-274
free-radical addition, .orientation, 274
reactivity, 274-275
molecular orbitals, 931-932
polymerization, 275-277
resonance, 264--265
sigmatropic reactions, 954-960
stability, 263-265, 267-268
heats of hydrogenation, ¢ 263, 264
nomenclature, 262
preparation, 262-263
stability, 263265, 267-268
structure, 262, 264-26S, 267-268
Dienophile, 876
Diethylamine, ¢ 729
m-Diethylbenzene, 491 .
Diethyl benzylidenemalonate, 714
1.2-Diethylcyclopentene, 542
Diethylene glycol, 566
N,N-Diethyl-o-toluidine, ¢ 781
o-, m-, p-Difluorobenzene, ¢ 819
1,2-Difluorotetrachloroethane, nmr spectrum,

443
3,3-Difluoro-2,2,3-tribr prop itrile, nmr
spectrum, 443
Diglyme, 506
Dihalocarbenes, 311
9,10-Dihydroanthracene
preparation, 990
reactions, 992
Dihydromyrcene, 282
1,4-Dihydronaphthalene, ¢t 967
preparation, 971, 973
cis-9,10-Dihydronaphthalene, 961
Dihydropentalene, 1000
Dihydrophellandric acid, 809
9,10-Dihydrophenanthrene, 990
Dihydropyran, 692
1,2-Dihydroquinoline, 1019-1020
Dihydroxyacetone, 1183
Dihydroxybenzene (see Catechol,
Hydroquinone, Resorcinol)
3,4-Dihydroxybenzoic acid, 810
2,4-Dihydroxyphenyl n-pentyl ketone, 796
o-, m-, p-Diiodobenzene, t 819
1,1-Diiodoethane, ¢ 453
1,2-Diiodocthane, ¢ 453
1,2-Diiodoethylene, 153
Diiodomethane, ¢ 453
(+)-3,5-Diiodotyrosine, ¢ 1134
Diisopentylcadmium, 628
Dimerization, of alkenes, 180, 200-201
3,4-Dimethoxybenzaldehyde, 633
3,4-Dimethoxybenzyl alcohol, 633
Dimelhyl:cetoacetic acid, decarboxylation,
85
Dimethylacetylene, 250 (See aiso 2-Butyne)
Dimethylallyl pyrophosphate, 282
Dimcthylamine, 727, 1 729
sndustrial preparation, 733
reactions, 745
synthesis, 742, 828
#-( Dimethylamino)azoben 147
32-Dimethylaminoconanin-6-one, 543
3p3-Dimethylaminocon-5-enine, 543
4-(Dimethylamino )-3-metbyl-1-butene, 755
S-(Dimciliylamino)-1-pentene, 755
Dimethylammonium nitrate, 745
N,N-Dimethylaniline, 365, 727, ¢ 730
reactions, 735, 745, 747, 763
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N,N-Dimethylanilinjum acetate, 745
2,9-Dimethylanthracene, 994
1,2-Dimethylanthraquinone, 994
1,3-Dimethylanthraquinone, 994
1,4-Dimethylanthraquinone, 994
N,N-Dimethylbenzamide, 756
5,10-Dimethyl-1,2-benzanthracene, 996
Dimethylbicyclo[4.3.0]nonadienes, 959960
2,3-Dimethyl-1,3-butadiene, ¢ 263
2,2-Dimethylbutane, ¢ 86
2,3-Dimethylbutane, ¢ 86
2,3-Dimethyl-2,3-butanediol, 896
2,2-Dimethylbutanoic acid, 586
3,3-Dimethyl-1-butanol, preparation, 501, 506
2,3-Dimethyl-2-butanol, 676
3,3-Dimethyl-2-butanol
dehydration, 171
preparation, 500, 504
3,3-Dimethyl-2-butanone, 703
2,3-Dimethyl-1-butene
heat of hydrogenation, ¢ 183
preparation, 171 . .
3,3-Dimethyl-1-butene, 151, 176
heat of hydrogenation, 183
2,3-Dimethyl-2-butene, ¢ 152
heat of hydrogenation, 183
preparation, 171
2,3-Dimethyl-2-butene, epoxide, 898
Dimethyl sec-butylamine, 728
3,3-Dimethyl-2-butyl cation, rearrangement,
1712173
3,3-Dimethyl-1-butyne, ¢ 251
Dimethylcadmium, 628
N,N-Dimethyl-o-chloroaniline, ¢ 781
3,4-Dimethylcyclobutene, 940, 943
5,6-Dimethyl-1-,3-cyclohexadiene, 941, 945
1,2-Dimethylcyclohexane
chirality, 306
conformational analysis, 304307
stability of isomers, 3
1,3-Dimethylcyclohexane, 284
1,2-Dimethylcyclohexene, 542
1,2-Dimethylcyclopentane, ¢ 284
industrial source, 286
2,5-Dimethylcyclopentanecarboxylic acid, 314
2,5-Dimethyl-1,1-cyclopentanedicarboxylic
acid, 314
cis-1,2-Dimethylcyclopentanol, 507
1,2-Dimethylcyclopentene, 507
1,2-Dimethylcyclopropane
cis- and frans-isomers, 302
preparation, 310
Dimethylethylamine, 735
N.N-Dimethylformamide
nmr spectrum, 1142
as solvent, 31-32, 849
2,5-Dimethyifuran, 1022
synthesis, 1007
2,3-Di-0-methyl-p-glucose, 1124-113S
2,4-Dimethylglutaraldehyde, 288
g. B-Dimethylglutaric acid, 606
,2-Dimethylheptane, 90
1,5-Dimethylisoquinoline, 1023
1,4-Dimethylnaphthalene, 988
1,6-Dimethylnaphthalene, 988
1,7-Dimethylnaphthalen, 988
2,6-Dimethylnaphthalene, 984
Dimethyl-1-naphthylcarbinol, 977
3,7-Dimethyl-3-octyl acetate, 681
Dimethylolurea, 1044
2,2-Dimethyl-3-oxobutanal, 860
3,3-Dimethylpentanedioic acid, 606
2,4-Dimethyl-3-pentanone, 632
4.4-Dimethyl-1-pentene, 183

Dimethyl-tert-pentylsulfonium ethoxide, 754
Dimethy!-ters-pentylsulfonium iodide, 754
1,4-Dimethylphenanthrene, 994
1,9-Dimethylphenanthrene, 994
4,9-Dimethylphenanthrene, 994
2,2-Dimethylpropanol, 676 (See also
Neopentyl alcohol)
2.5-Dimethylpyrrole, 1007
2,4-Dimethylquinoline, 1020
6,9-Dimethylspiro{4.4]nona-1,3-diene,
959-960, 964
Dimethyl sulfoxide, as solvent, 31-32, 849
2,5-Dimethylthiophene, 1007
a, B-Dimethylvaleric acid, 581
2,4-Dinitroaniline, ¢ 730
preparation, 823, 827
2,4-Dinitroanisole
preparation, 799
reactions, 828
2,4-Dinitrobenzenediazonium chloride, 773
Dinitrobenzenes, separation, 828
1,5-Dinitrobenzoates (see specific. alcohol,
derivatives)
2,4-Dinitrobenzoic acid, 581
3,5-Dinitrobenzoy! chloride, ¢ 660
preparation, 601
reactions, 666
2,4-Dinitrobromobenzene, 843
2,6-Dinitro-4-tert-butyl-3-methylanisole, 808
2,4-Dinitrochlorobenzene, ¢ 819
reactions, 735, 793, 799, 823, 827
4,4’-Dinitrodiphenylamine, 728
2,4-Dinitrofluorobenzene
reactions, 843
in terminal residue analysis, 1144
1,2-Dinitronaphthalene, 984
1,3-Dinitronaphthalene, 984
1,4-Dinitronaphthalene, 984
1,5-Dinitronaphthalene, 968
preparation, 983
1,8-Dinitronaphthalene, 983
2,4-Dinitro-1-naphthol, 983
2,4-Dinitro-1-naphthylamine, 969
synthesis, 984
2,4-Dinitrophenol, 1 788, 799
preparation, 793, 823, 827
N-(2,4-Dinitrophenyl)amino acids, 1145
2,4-Dinitrophenyl ethyl ether, 823
2,4-Dinitrophenyl methyl ether, 799
2,4-Dinitrophenyl phenyl ether, 843
1-(2,4-Dinitrophenyl) -2-phenylethylene, 714
2,4-Dinitrophenyl phosphate, 1067
2,4-Dinitrostilbene, 714
2,4-Dinitrotoluene, 714
2,6-Dinitrotoluene, 332
gem-Diols, 634
1,4-Dioxane, ¢ 553
industrial preparation, 561
Dipeptides, 1141 (See also Peptides)
Diphenylacetylene, ¢ 375
a» B-Diphenylacrylonitrile, 714
Diphenylamine, 728, ¢ 730
1,1-Diphenyl-2-amino-1,2-propanediol, 899
1,4-Diphenyl-1,3-butadiene, 953
2,3-Diphenyl-2-,3-butanediol, 920
1,3-Diphenyl-2-buten-1-one, 711
Diphenylcarbinol, 7 495
Diphenylcyclopropenone, 938
1,1-Diphenyl-2,2-dimethyl-1,2-cthanediol, 898
1,2-Diphenylethane, 374, ¢ 375
preparation, 378
1,1-Diphenyl-1,2-ethanediol, 898
1,1-Diphenylethylene, ¢ 375
preparation, 715



1,2-Diphenylethylene, 1034
2,5-Diphenylfuran, 1007
Diphenylmethane, 374-¢'375
preparation, 378
Diphenyimethyl bromide, r 453
Diphonyimethyl chloride, ¢ 453
1,9-Diphenylphenanthrene, 998
1,1-Diphenyl-1,2-propanediol, 899
1,2-Diphenyl-1-propanone, 899~-900
1,2-Diphenylpropene, 480-481
1,3-Diphenyl-2-propen-1-one, 704
1,3-Diphosphoglycerate, 1174-1175
Diphosphopyridinenucleotide (see
Nicotinamide adenine dinucleotide)
Dipolar ions, 761
amino acids as, 1133-1137
phospholipids as, 1065
Dipole—dipole interactions, 27, 294
in macromolecules, 1045-1047
Dipole moments, 22-23, ¢ 23,, t 825
Dipoles, 22
Di-n-propylamine, 7 729
Diradicals, 211-212
Disaccharides, 1071, 1112-1119 (See also
Cellobiose, Lactose, Maltose, Sucrose)
Disproportionation of free radicals, 1031
Disrotatory motion, 941-948
Dissociation energy (see Bond dissociation
energy)
DMF, 31-32, 849
DMSO, 31-32, 849
DNA, structure, 1177-1180, 1181
and genetics, 1180
DNFB, 1144
DNP, 1144
DNP.AA, 1145
n-Dodecane, ¢ 86
Dodecanoic acid, 579
1-Dodecanol, 684
n-Dodecyl alcohol, 7 495
6-Dodecyne, 253
Doebner reaction, 714
Doebner-von Miller synthesis, 1020
Double helix, for DNA, 1179
Double irradiation in nmr spectroscopy,
438-439
Double resonance, in nmr spectroscopy,
438-439
Double bonds (see Carbon-carbon double
bonds, carbonyl group)
Dow process, 791
Drugs, 686
Drying oils, 1062-1063
Dumas method, 333
Duprene, 276
Durene, ¢ 375

anthraquinoid, 993

azo, 774

use of naphthols, 982
Dypnone, ¢ 866

El mechanism (see Elimination reactions)
E2 mechanism (see Elimination reactions)
eclipsed confosrmation, 75
in B2 climination, 483
Edman, Pehr, 1145
Egg albumin, 1159
n-Eicosane, ¢ 86
Elastomers, 1027, 1033
properties, 1047

Electrocyclic reactions, 939948
Electromagnetic radiation,.absorption,
410-414
wave lengths in, 409410
related to frequency, 409
Electromagnetic spectrum, 409-410
Electronegativity, 22, 749
Electronegativity series, 257
Electranic configuration, 7, 8,'931-934
Electranic effects, 35-36 (See also Inductive
effects, Resonance effects)
and acidity, §99-601
accommodation of change, 163
in addition to carbonyl groups, 510
of alkyl groups, 164
in amines, 751-752
in aromatic substitution, 359-36§
and basicity, 749-752
in carboxylic acids, 593
effect of substituent groups, 751-752
in electrophilic addition, 195-199, 872-873
of functional groups, 867-868
in Hofmann degradation, 891-892
infrared absorption shift, 412
in naphthalenes, 984~985
in nucleophilic addition, 628, 872-873
in nucleophilic arc ic substitution,
828-833, 835
in polymerization, 1035
in SN1 reactions, 469470, 835
in SN2 reactions, 465, 835
and stability of carbonium ions, 163, 171
vs. steric effects, 892, 904, 911
Electronic transitions, 413
Electron paramagnetic resonance (see
Electron spin resonance)
Electron sharing, 4 (See also Bonds)
Electron spin resonance spectra, 406, 443-444
Electron spin resonance spectroscopy
of free radicals, 394
in reaction studies, 204
Electron spin, 7, 394
Electrophilic addition (See also Addltion
reactions)
to alkenes, 191-202, 242-246
to alkenylbenzenes, 397-398
to alkynes, 254257
10 a, &-unsaxurawd carbonyl compounds,
8-870
to conjugated dienes, 268
to cycloalkenes, 288
definition, 178
effect of substituent groups, 195-197, 868
hydroboration, 508
orientation and reactivity, 194197
oxymercuration, 504
reaction mechanism, 191-194
rearrangement, 197
Electrophilic aromatic substitation, 337-371
alkylbenzenes, 383, 385
amines and amides, 747, 751-752
anthracene and phenanthrene, 990
aromatic ethers, 561
coupling of diazonium salts, 772-77S
Friedel-Crafts acylation, 626
furan, pyrrole, and thiophene, 1008-1011
effect of halozon,'365-368, 818, 822
naphthalenes, 971972, 9%6-985
nitrosation of amines,: 764
orientation, 339345
‘phenols, 801803
pyridine, 1013+1014
reaction mechanisms,

, 345353
Electrophoresis, 1132




Element effect, 478, 834
Eliel, E. L., 889
Elimination—addition mechanism, 817,
835-841
Elimination reactions
by acetylides, 260
of alkyl sulfonates, 458
dehydration of alcohols, 522
- and q-elimination, 312
1 mechanism, 475-486, 522
evidence for, 476
orientation, 480
E2 mechanism, 475486, 522
evidence for, 476-478
orientation, 478480
stereochemistry, 480484
variable transition state theory, 479
ing-halogenated acids, 605
Hofmann elimination, 753
orientation, 478-480
preparation of alkynes, 252
stereochemistry, 430484
vs. substitution, 484-486, 557, 738-739
Empirical formula, determination, 69
Emulsin, 1115
Enamines, 858—-861
Enantiomers, 121-124, 126-128
Enantiotopic protons, 417
End group analysis, 1122-1124
Endothermic reactions, 50.
Energy of activation (see Activation energy)
Energy factors, in reactions rates, 56
Energy sources, 1170
Enolization, 707-709
Enol-keto equilibrium, 261-262, 870, 871,
1076

Enthalpy change, 595
in macromolecules, 1045-1047
Entropy change, 595
in macromolecules, 1045-1047
Entropy of activation, 65 (See also
Activation energy)
“Envelope” conformation, 315-316
Enzyme action, 1165-1170
Enzymes
and neighboring group effects, 887
solubility and shape, 32
Ephedrine, 127
Epichlorohydrin, 1052
Epimers, 1078, 1079
interconversion of, 1080-1081
Epoxides, 562-570
cleavage, 564-570,
acid-catalyzed, 564, 565-566
base-catalyzed, 564—565, 567
orientation, 568—570
in glycol formation, 564, 565566
from halohydrins, 562, 563, 887
in pinacol rearrangement, 922
preparation, 562-563
protonated, 565, 566, 569
reactions, 563—570
with Grignard reagents, 567-568
polymerization, 567, 1038, 1052
Equatorial bonds in cyclohexane, 298-299
Equilibrium, 594-596
in esterification, 602
Equilibrium constant, 594-596
Ergocalciferol, 316, 966
Ergosterol, 515
(—)-Erythrose, 693, 1086
Esr (see Electron spin resonance)
Essential oils, phenols from, 791-792
Esterification

of alcohols, 520, 591
by acid chlorides, 591, 665, 666, 673—674
by anhydrides, 669, 673
by cn‘rboxylic acids, 591, 602-603, 673,
67
by esters, 676, 682—683
relative reactivity, 603, 673
by sulfonyl chlorides, 527-528
of carbohydrates, 1072, 1098, 1127
of carboxylic acids, 591, 602-603, 673674,
680681
bond cleavage, 603
relative reactivity, 603
of cellulose, 1127
of dicarboxylic acids, 607
of glucose, 1072, 1098
of sulfonic acids, 527-528
(See also Esters; Transesterification)
Esters, boric acid
elimination from, 517
in hydroboration-oxidation, 921
Esters, carboxylic acid, 658, 672-684
(See also Fats)
ammonolysis, 675, 682
analysis, 687-688
Claisen condensation, 677, 705, 716-720
cleavage, 675-677, 714
cyclic (see Lactones)
hydrogenolysis, 676677, 683683
hydrolysis, 675
acid, 680682
alkaline, 677680
hydroxy (see Hydroxy esters)
keto (see g-Keto esters)
malonic (see Malonic ester synthesis)
nomenclature, 659
nucleophilic substitution, 660664
phenolic, 603, 666, 794, 800-801
physical properties, 659-660, ¢ 674
preparation, 457, 520, 591, 602~-603,
672674
reactions, 675-684
with Grignard reagents, 676, 683
reduction, 676-677, 683—684
sapomﬁcatlon equivalent, 687688
spectroscopic analysis, ¢ 412, t 421, 688-690
structure, 658
transesterification, 676, 682—683
Esters, phosphoric acid, 1063—1065
hydrolysis, 1064-1065, 1068
Esters, sulfonic acid, 458—359 480, 909
preparation, 527-528
Estrogen, 515, 809
Estrone, 515
Ethanal, 618
(See Acetaldehyde)
Ethanamide, 659
(See Acetamide)
Ethane
conformations, 74-76
physical constant, ¢ 86
structure, 73-74
Ethanedioic acid (see Oxalic acid)
1,2-Ethanediol (see Ethylene glycol)
Ethanenitrile, 589
(See Acetonitrile)
Ethanoic acid, 579, 659 (See Acetic acid)
Ethanoic anhydride, 659
(See Acetic anhydride)
Ethanol (see Ethyl alcohol)
Ethanolamine, 728
(See 2-Aminoethanol)
Ethanoyl! chloride, 659
(See Acetyl chloride)



Ethene, 151
(See Ethyleno)
Ether (see Ethyl ether)
Ethers, 552-561, 570-571
absolute, 554
analysis, 570571
of carbohydrates, 1100, 1128
of cellulose, 1128
cleavage by acids, 559-560
as nucleophilic reaction, 560
cyclic, 561
(See also Epoxides)
electrophilic aromatic substitution, 561
as Grignard solvent, 91, 5§53-555, 822
hydrogen bonding, 553
industrial source, 553-554
nomenclature, 552-553
peroxides in, 554
physical properties, 553
preparation, 555-559
alkoxymercuration-demercuration, 555,
558-559
dehydration of alcohols, 554
from phenols, 555, 556—-558, 793-794,
799-800
Williamson synthesis, 555, 556—558,
793-194, 799-800
stereochemistry, 558
protonated, 560
reactions, 559-561
as solvents, 91, 553-555, 561
sources, industrial, 561-562
spectroscopic analysis, £ 412, ¢ 421, §70-571,
t 689

structure, §52—553
Zeisel method, 570
Ethide ion, basicity, 259
p-Ethoxybenzoic acid, 552
3-Ethoxy-2,2-dimethylbutane, 555
2-Ethoxyethanol, 552, 564
N-Ethylacetamide, 756, ¢ 781
Ethyl acetate, 520, 659, 1 674
ammonolysis, 675
Claisen condensation, 705, 717, 719
Ethyl acetoacetate (See also Acetoacetic ester
synthesis)
preparation, 705, 717
reactions, 851-852, 874-875, 879, 882
relative acidity, 717
Ethylacetylene, 250
Ethyl acetylenedicarboxylate, 875, 879
Ethyl acrylate, 872, 875
Ethyl adipate
in Dieckmann condensation, 718
preparation, 602—603
Ethyl alcohol, 493, 1 495, 499-500
dehydration, 158, 156
iodoform test, 537
preparation, 191, 505
sources, 499
uses, 499
Ethylamine, ¢ 729, 734
Ethyl p-aminobenzoate, 734
Ethylammonium sulfate, 729
N-Ethylaniline, 7 781
1-Ethylaziridine, 732
N-Ethylbenzamide, ¢ 781
Ethylbenzene, 373, ¢ 375

preparation, 377, 400

reactions, 382, 383, 387, 388, 396
Ethyl benzoate, 659, t 674

in Claisen condensation, 70

hydrolysis, 675

preparation, 665

tracer studies of hydrolysis, 679

Ethyl benzoylacetate, 705, 719
Ethyl benzylidenemalonate, 714
Ethyl benzylmalonate, 1139
Ethyl bromide, 1 453, 742, ¢ 825
nmr spectrum, 426427, 430
Ethyl bromoacetate, 721, 856858
Ethyl o-bromobenzoate, 673
Ethyl bromomalonate, 1140
Ethyl o-bromopropionate, reactions, 720—849
Ethyl bromosuccinate, 1017
Ethyl 2-butenoate, 850
Ethyl n-butylamine, 742
Ethyl tert-butyl ether, 557
Ethyl n-butyrate, ¢t 674
Ethyl carbonate, 684
Ethyl carbonate, 684, 719
Ethyl cation, 160
ionization potential of freewadical, 164
mass to charge ratio, 406
Ethyl chloride, 90, 95, 1 453, t 825
conformations, 441
nmr signals, 416, 440441
Ethyl chloroacetate, 1139
Ethyl chlorocarbonate, 684
Ethyl cinnamate, ¢ 866, 879
preparation, 714
Ethyl crotonate, reactions, 870, 875, 879, 881
Ethyl cyanoacetate, reactions, 714, 850, 874,
879

Ethyl g-cyanobutyrate, 870

Ethyl o-cyano-o’-methylglutarate, 874

Ethycyclohexane, 382, 396, 844

3-Ethylcyclopentene, 284

Ethyl cyclopentylacetate, 858

Ethyldimethylacetic acid, 586

Ethyl 6,6-dimethyl-2,4-dioxocyclohexane-
carboxylate, 875

Ethyl 2,2-dimethylpropanoate, 676

Ethyl 2,4-dimethyl-3-pyrolecarboxylate, 1009

Ethyl 2,3;1ioxo-1,4-cyclopentmedicarboxylate,
71

Ethyl 1,3-dioxo-2-indanecarboxylate, 720

Ethyl (1,3-diphenyl-3-oxopropyl) malonate,
873

Ethylene, 151, ¢ 152
cycloaddition reactions, 949-951
electronic configuration, 931
heat of hydrogenation, 183
molecular orbitals, 931
polymerization, 1028, 1048
preparation, 155, 166
structure, 143~145
from thermal cracking, 110
Ethylene bromide, 452
Ethylene bromohydrin, 199, 452, 564 (See also
2-Bromoethanol)
Ethylene chlorohydrin, 492 (See also
2-Chloroethanol)
derivatives, 545
Ethylenediamine, 727, ¢ 729, 739
Ethylene glycol, 494, ¢ 495
polymerization, 1042, 1045
polymer with terephthalic acid, 1029
preparation, 208, 502, 503, 564
Ethylene oxide
detergents from, 1061
industrial preparation, 562, 563
polymerization, 1038
reactions, 564-565
with Grignard reagents, 567
Ethyl ethanoate, 659 (see Ethyl acetate)
Ethyl ether, ¢ 496, 552, ¢ 553
absolute, 554-555
as anesthetic, 554
hazards, 555



industrial source, 553-554

as solvent, 554-555
Ethyl formate, ¢ 674, 719
Ethyl formylacetate, 719
Ethyl free radical, 103
Ethyl fumarate

preparation, 1017

reactions, 879
Ethyl hexadecanoate, 684
2-Ethyl-1,3-hexanediol, 712
2-Ethyl-1-hexanol, 491, 712
2-Ethyl-2-hexenal, 712
Ethyl hydrogen sulfate, 191
Ethyl p-hydroxyisovnleute 720, 721
Ethyl 3-hydroxy-3-methylbuunoate 720

Ethyl /?’-;gdroxy-ﬂ-phenyl-a-methylpropwmu.

Ethyl iodide, 794
preparation, 187, 455, 519
Ethel g-isobutylacetoacetate, 851
Ethyl isobutylmalonate, 848
m-Ethylisopropylbenzene, 374
Ethyl ketone, 619
Ethyllithium, 90
Ethylmagnesium bromide, 91
Ethyl malonate (See also Malonic ester)
preparation, 606
reactions, 585, 687, 714, 848-849, 850,
873-875, 879
Ethyl mandelnte, 707
Ethyl o-methylacrylate, 874
Ethyl o-methyl-g-ketovalerate, 718
Ethyl methylmalonate, 879
1-Ethyl-4-methyl.aphthalene, 988
Ethyl o-methyl-o-n-propylacetoacetate, 852
Ethyl methyl-n-propyimalonate, 849
2-Ethylnaphthalene, 980
Ethyl p-nitrobenzoate, 734
Ethyl 5-nitro-2-furoate, 1023
2-Ethyloctanoic acid, 585
Ethyl oxalate, 719, 881
Ethyl oxaloacetate, 719
Ethyl 3-oxo-2-methylpentanoate, 718
Ethyl palmitate, 684
Ethyl phenylacetate, ¢ 674, 719
Ethyl o-phenylbenzoy cetate, 719
Ethyl y-phenylbutyrate, 602
Ethyl phenyl ether (see Phenetole)
Ethyl phenylmalonate, 719
Ethyl pimelate, 719
Ethyl propionate, ¢t 674, 678
in Claisen condensauon, 718
Ethyl o-n-propylacetate, 852
Ethyl n-propylmalonate, 849
Ethyl radical (see Ethyl free radical)
Ethyl stearate, ¢ 674
p-Ethyltoluene, 374
N-Ethyl-p-toluenesulfonamide, ¢ 781
Ethyl tosylate, 520
Ethyl trimethylacetate, 676
preparation, 591
Ethyl n-valerate, 1 674
Eudalene, 999
Eudesmol, 999
Eugenol, 650, 791
Excited state, of molecules, 931
Exhaustive methylation, of amines, 754
Exothermic reaction, 50
Extinction coefficients, 413

F

Farnesyl pyrophosphate, 282
Fats, 1055-1069, 1175

alcohol source, 498, 1060
biosynthesis, 85S .
carboxylic acid source, 584, 1060
detergents from, 1061-1062
hydrolysis, 1059-1060
industrial uses, 604
occurrence and composition, 10561059
phospholipids, 10631067
soap from, 1059-1060
unsaturated, 1062-1063
Fatty acids, 1056, 1058—1¢59
biosynthesis, 1175-1177
in fats and oils, 7 1057
Fehling's reagent, 1071, 1075
Ferguson, Lloyd, 283
Fermentation, 497, 498499
Ferrocene, 329
Fibers (synthetic), 1027
properties, 1046
Fibrin, 1150
Fibrinogen, 1150
Fibroin, 1150
Fibrous proteins, 1149
Fischer, Emil, 1077, 1081, 1147, 1160
Fischer proof, of (4 )-glucose configuration,
1081-1085
Flavylium chloride, 1024-1025
Fluorine
bond formation, 11
®F nucleus and nmr spectra, 432
Fluoroacetic acid, t 600
o-Fluoroanisole, 840
Fluorobenzene, ¢ 340, 766, ¢ 819, 823
o-Fluorobenzophenone, 662
Fluorocarbons, 454
1-Fluoro-2-methylnaphthalene, 977
1-Fluoronaphthalene, 1000
2-Fluoronaphthalene, 982
p-Fluoronitrobenzene, 843
m-Fluorophenol, ¢ 788
o-Fluorophenol, ¢ 788
p-Fluorophenol, ¢t 788
m-, o-, p-Fluorotoluene, ¢ 819
Formaldehyde, 618, ¢ 620, 879, 1007
formation, 279
polymerization, 1043—-1044, 1049
preparation, 182, 53§
Formalin, 620
Formamide, ¢ 660
Formate ion, 633
Formic acid, 579, ¢ 580, ¢ 600
bond lengths, 223, 598
Formolysis, 913
Fossil fuels, 1
Free energy change, 594-595
Free energy of activation, 65 (See also
Activation energy)
Free radical addition, 203-207, 274-275,
397-398
Free radicals, 47 (See also individual free
radicals)
addition
to alkenes, 181, 203-207, 1050
to alkenylbenzenes, 398-399
to dienes, 274-277
alkyl, 47-49, 97-100
relative stabilities, 102-104, 210-211, 188
resonance stabilization, 216-218
allyl, 209-211
electronic configuration, 932-933
molecular orbitals, 932-933
relative stability, 388
resonance stabilization, 212-215
benzy), 387-390



resonance stabilization, 388-390
definition, 4
delocalization of odd electron, 213-215, 217,
388, 393
detection, alkyl, 71
by esr, 394, 443—-444
triarylmethyl, 394
diradicals, 211-212, 949
electron paramagnetic resonance (epr)
spectrum, 394, 443-444
electron spin resonance (esr) spectrum, 394,
443444

formaticn, by abstraction, 47
by addition, 203207, 1030-1031
from AIBN, 1031
from alkanes, 47-49
from alkenes, 203-207, 208-210
from alkylbenzenes, 387-388
in allylic substitution, 208-210
by N-bromosuccinimide, 209-210
from sert-butyl peroxide, 114
in concerted homolysis, 206
from dienes, 274-277
ease of, 103--104, 388
stability and, 104-105, 275
in halogenation, 47-50, 97-98, 208-211,
387-388
from inhibitors, 1032
from peroxides, 114, 203-206, 1030
from tetraethyllead, 72
from tetramethyllead, 72
from toluene, 387-388
hyperconjugation in, 216-218
methy! (see Methyl radicals)
Paneth mirror technique, 72
paramagnetism, 394
in polymerization, of alkenes, 206207
of dienes, 275-277, 1031, 1033-1035
of styrene, 1030-1032, 1033-1036
vinyl, 1030-1036
racemization and, 238-239, 733
reactions, polar factors in, 388, 1035-1036
rearrangement, lack of, 107-108
resonance stabilization, 213-215, 217, 388
stable, 390-394
stability, 102-103
ease of formation and, 103-105
hyperconjugation and, 216-218
relative, 102-104, 210-211, 388
stereochemistry, 238-239, 733
structure, 62-63
triarylmethyl, 393
triphenylmethyl, 390-394
vinyl, 207-208
Free radical substitution, 46-62, 6367,
208-211, 386-388
Freon 12, 454
Friedel, Charles, 378
Friedel-Crafts acylation
of benzene, 322, 338, 987
of naphthalene, 972, 979-980
of heterocyclic compounds, 1008
of phenols, 796
in preparation of anthracene derivatives, 992
in preparation of ketones, 622, 625-627, 665
in preparation of naphthalene derivatives,

986

Friedel-Crafts alkylation

of benzene, 322, 338, 376-382

of phenols, 795, 803

reaction mechanism, 348-349

test for aromatic compounds, 402
Fries rearrangement, 796, 800-801
B-o-Fructofuranosyl o-p-glucopyranoside, 1119

192

(4 )-Fructose. 1087
(—)-Fructose, structure determination, 1073,
1075, 1078, 1087
p-Fructose, 1109, 1118
p-Fructose-1,6-diphosphate, 1183
Fuchsin-aldehyde reagent, 645
Fuels, synthetic, 110
Fukui, K., 938
Fumaric acid, 1 606, 668, ¢ 866, 876
Fumaryl chloride, 880
Functional derivatives of carboxylic acids,
658—700 (See also Acid chlorides, Acid
anhydrides, Amides, Carbonic acid
derivatives, Imides, Esters, Fats)
Functional groups, 177
Furan, ¢ 1003
in carbohydrate nomenclature, 1103
reactions, 561, 1008-1010
source, 1006—-1007
structure, 1002, 1004-1006
2-Furancarboxaldehyde (see Furfural)
2-Furansulfonic acid, 1008
Furfural, ¢ 1003
reactions, 1007, 1009, 1022, 1023
source, 1007
Furfuryl alcohol, ¢ 1003
Furoic acid, ¢ 1003, 1008
Furylacrylic acid, 1023
Fused ring aromatic compounds, 967-1001
(See also Polynuclear aromatic
compounds)
Fusel oil, 498
cis-Fusion, 515
trans-Fusion, 514

G

Gabriel synthesis, 744, 1139
Galactaric acid, 1087
a-D-Galactopyranose, 1105
4-0-(8-p-Galactopyranosyl)-p-glucopyranose,
1116-1117
(4 )-Galactose, 1074, 1087
p-( 4+ )-Galactose, 1106, 1116-1117
p-Galacturonic acid, 1107
Gas, natural, ¢ 87
Gas oil, ¢ 87
Gasoline, 109, 110
Gaspar, P. P., 309
Gattermann reaction, 768
gauche-conformation, 78
Gelatin, 1159
Genetic code, 1180-1181
( 4+ )-Gentiobiose, 1128
Geometric isomerism, 145, 148-151, 225-226
Geranial, 652
Geraniol, 546547
infrared spectrum, 551
nmr spectrum, 551
Geranyl pyrophosphate, 282
Glass, 1049
Globular proteins, 1149-1150
structure, 1159-1160
gamma-Globulin, 1146, 1159
Globulins, 1150
Glucaric acid, 1072, ¢ 1075, 1085
(4 )-Giucaric acid, 1093
Glucitol, 1072, ¢ 1075
Gluconic acid, 1072, ¢ 1075
p-(—)-Gluconic acid, 1116-1117
a-D-Glucopyranose, 1105
B-p-Glucopyranose, 1104
B-D-(+ )-Glucopyranose, 1104
B-L-(—)-Glucopyranose, 1106



a—n-qulc;c;;;ynnolyl B-D-fructofuranoside,
4-0-(a-lbl-tl}slucopyranosyl)-n-gluoopryanose,
4-0-( p;l;-glucopyranosyl)-D-glucopyranosc,

p-Glucosazone, 1116-1117
p-(+4)-Glucose, acetylation, 1072, 1098
as aldohexose, 1071-1073
a- and B-forms, 1094-1096
in amylopectin structure, 1124-1126
in amylose structure, 1120-1124
anomers, 1095-1096
configuration, 1095
conforrhations, 1095, 1104-1105
specific' rotations, 1094
biological importance, 1070, 1072
in cellobiose structure, 1115-1116
in cellulose structure, 1070, 1126-1127
configuration, 1085, 1092, 1093
Fischer proof, 1080-1085
conformation, 1104-1105
cyclic structure, 1094-1098
configuration, 1095
conformation, 1104-1105
methylation, 1094, 1099-1101
ring size, 1101-1109
in dextrans, 1126
enantiomeric forms, 1092
epimers, 1078
formation, from arabinose; 1083
in photosynthesis, 1070
y-glucoside of, 1103
glucoside formation, 1095
{See also Glucosides)
in glycogen structure, 1126
glycolysis, 1172
as hemiacetal, 1095-1096
mutarotation, 10941096
in lactose structure, 1116-1118
in maltose structure, 1112-1115
methylation, 094, 1099-1101
O-methyl ethers, oxidation, 1103
molecular models, 1074, 1097
mutarotation, 1094-1096
nomenclature, of derivatives, ¢t 1075
open-chain structure, in mutarotation, 1096
osazone (see Glucosazone)
oxidation, 1072, 1083, 1093
in body, 1070, 1172
reactions, 1072
reduction, 1072
ring size determination, 1101-1103
in starch structure, 1070, 1120
stereoisomers, 1073-1074
structure, 1071-1073
in sucrose structure, 1118-1119
L-(-)-Glucose, 1092
Glucose phenylhydrazone, 1072
p-Glucose-1-phosphate, 1110
p-Glucose-6-phosphate, 1175
Glucosides
as acetals, 1094-1095
configuration, 1097
conformation, 1097
formation, 1094-1098
hydrolysis, acid, 1095-1096
base, stability toward, 1096
enzymatic, 1099
methyl (see Methyl glucosides)
methylation, 1099-1101
oxidation by periodic acid, 1099
Glucosone, 1077
Glucuronic acld, ¢ 1075

Glutamic acid, 127, 1141
synthesis, 1140, 1161
( 4+ )-Glutamic acid, ¢ 1134
(4 )-Glutamine, ¢ 1134
Glutamylcysteinylglycine, 1143
Glutaric acid, ¢ 606
Glutathione, 1142-1143, 1146
Glyceraldehyde, 643
configuration, 132, 1087-1089
relationship to tartaric acid, 1090
relationship to glucose, 1092—1093
(+)-Glyceraldehyde, 1089
p-( + )-Glyceraldehyde, 1088, 1089 1091-1093
R-Glyceraldehyde, 693
R-( + )-Glyceraldehyde, 1079-1080
p-Glyc-~raldehyde-3-phosphate, 1173-1175,

Glyceraldehyde-3-phosphate dehydrogenase,
1174

p-(—)-Glyceric acid, 1088, 1089
Glycerides, 1056
hydrolysis, 1059
Glycerol, 492, ¢ 495, 1018, 1020, 1022
from glycerides, 676
polymers from, 1042
Glycerol, acetal with benzaldehyde, 651
Glycine, ¢ 1134
isoelectric point, 1137
preparation, 734
reactions, 1141, 1148
Glycine hydrochloride, 1139
Glycogen, 1070, 1126, 1175
biological oxidation, 1172
Glycolamide, ¢ 614
Glycolanilide, ¢ 614 .
Glycolic acid, 7 614
Glycols, 207, 208, 494
analysis, 538
preparation, 181, 207-208, 396
rearrangement, 896—898
Glycolysis, 1172
Glycosides, 1097
Glycylalanine, synthesis, 1147, 1148-1149
Glyptal, 1042
Gomberg, Moses, 391
Graft copolymers, 1036
Grain alcohol (see Ethyl alcohol)
Grains, as alcohol source, 498
Gramicidin S, 1162
Graphite, structure, 968
Greiss, Peter, 335, 1077
Grignard reagent, 91-92
in alcohol synthesis, 509513, 530, 637
choice of, 512-513, 531-532
decomposition, 5§12-513
preparation, 91, 458, 509, 5§12-513, 822
reactions
with acids, 92
with aldehydes and ketones, 509513
with cadmium chloride, 627
with esters, 676, 683
with ethylene oxide, 567-568
with water, 92
Grignard synthesis
of alkanes, 92
of alcohols, 501, 509513, 530, 641, 637
of carboxylic acids, 586, 587, 588
himitations, $12-513
Grignard, Victor, 91
Ground state, of molecules, 931
Guaiacol, 806
Guanidine, 686, 687
Guanine
in nucleic acids, 1178, 1179, 1180



B-0-Gulopyranose, 1106
Gulose. 1075, 1084-1085
(+)-Gulose, 10931094
Gun cotton, 1127

Gutta percha, 281, 1048

Guvacine, 1025

Halides (see Alkyl halides, Aryl halides)
Haloform reaction, 630
1-Halogenated carboxylic acids, reactions, 605
Halogenation
addition to alkenes, 179, 186-190
addition to alkynes, 239-246, 255
of aliphatic acids, 604—605
of alkanes, 95-109, 237-239
of alkylbenzenes, 386—389
allylic substitution in alkanes, 208-218
of amides, 888
aromatic, 819-821
of benzene, 322, 338
of ketones, 634. 703, 706-709
of methane, 43-67
of naphthalene, 972, 976-978
order of reactivity, 45, §9-62
of phenols, 795, 802
of pyridine, 1013
of pyrrole, furan, and thiophene, 1008
Halogen dance, base-catalyzed, 844-845
Halogens
addition to alkenes, 186-190
addition to alkynes, 255
effect on acidity, 599
effect on clectrophilic aromatic substitution,
365-368
order of reactivity, 45
Halohydrins
orientation in, 200
preparation, 180, 199-200
Hammett equation, 596, 914
Hammett, Louis P, 596
Hammond, G. S.. 309
Hardening of oils, 1062-1063
Haworth, R. D., 986
Haworth, Sir W. N, 1102
Haworth synthesis, 795988, 994-995
Heat of activation, 6 (See also Activation
cnergy)
Heat of combustion
of alkanes, 290
of benzene, 322-323
of cyclcalkanes, ¢ 290, 290-294
of methane, 43
Heat of hydrogenation
acetylene, 280
alkenés, ¢ 183, 183186
benzene, 322-323
dcfinition, 183
dicnes, 1 263, 264, 323
Heat of reaction, detinition of, 50
Heavy metal acetylides, 259
Hell-Volhard-Zelinsky reaction, 592, 593,

604-605
Hemiacetals, 641, 1095
Hemimellitine, 7 378
Hemin, 789, 1152-1153
Hemithioacetals, 1174
Hemoglobin, 1146, 1150, 1152, 1159, 1160
Hendrickson, James F., 294
n-Heptadecane, 1 86, 1056
Heptaldehyde, ¢ 620, 740
Heptanal, 740

n-Heptane, ¢ 86, 109
Heptanoic acid, 1072
1-Heptene, ¢ 152, 153
n-Heptyl alcohol, ¢ 495
n-Heptylamine, 740
n-Heptyl bromide, 90, 7 453
n-Heptyl chloride, 7 453
n-Heptyl iodide, ¢ 453
1-Heptyne, ¢ 251
Heredity, 1180-1181
Hertz, 409
Heterocyclic compounds. 10021026
five-membered rings, 1004-1011
reactions, 1008—-1011
structure, 1004-1006
source, 1006-1007
fused rings, 1018-1021
physical constants, 1003 *
six-membered rings, 1011-1018
uses, 1003
Heterolysis, 206
in acetylene, 250
Hexa-O-acetyiglucitol (Hexa-O-acetylsorbitol)
1072

1,2,3,4,5,6-Hexachlorocyclohexane, 447
Hexacyclopropylethane, 402
n-Hexadecane, ¢ 86
1-Hexadecanol, 684
n-Hexadecyl alcohol, 1 495
3,3,4,4,5,5-Hexadeuteriocyclohexanol, nmr
spectrum, 438

1,5-Hexadiene, 7 263
2.4-Hexadiene, 940, 943
Hexamethylbenzene, ¢ 375
Hexamethylenediamine, ¢ 729, 736, 1011, 1042
Hexanamide, 736
n-Hexane, 83, 1 86
Hexanedioic acid, 605
2,5-Hexanedione, 1007
Hexanes, isomeric, 80
1-Hexanol, 565 (See also n-Hexyl alcohol)
2-Hexanol, 504
2-Hexanone, ¢ 620
3-Hexanone, ¢ 620
Hexaphenylethane, 390-394
1,3,5-Hexatriene, 262

electronic configuration, 944

molecular orbitals, 944
Hexatrienes, 945
1-Hexene, ¢t 152, 479
2-Hexene, 479
3-Hexene, 255
Hexestrol, 809
n-Hexyl alcohol, ¢ 495, 565
n-Hexylbenzene, 627
n-Hexyl bromide, ¢ 453
2-Hexyl bromide, 479
n-Hexyl chloride, 82, t 453, 844
2-Hexyl chloridé, 479
2-Hexyl fluoride, 479
n-Hexyl iodidc, ¢ 453
2-Hexyl iodide, 479
4-n-Hexylresorcinol, 636, 801
1-Hexyne, ¢ 251, 253
2-Hexyne, ¢ 251
3-Hexyne, ¢ 251, 25§
Highest occupied molecular orbital (HOMO),

940

High-modulus fibres, 1051
Hine, Jack, 805

Hinsberg test, 775
Hippuric acid, 779, 1141
Histamine, 1026
Histidine, 1165-1170



(—)-Histidine, ¢ 1134
Hoffmann, Roald, 938
Hofmann degradation, 736, 737, 741-742
rearrangement, 737, 888893
Hofmann elimination, 747, 753-754
Hofmann orientation, 479. 480
Holley, Robert W, 1178
HOMO, 940
Homocyclic compounds, 1002 (See also
Alicyclic hydmcarbons Cycloalkanes)
Homologous series, 79-80
Homolysis, 21, 205, 250
concerted, 206
Homopolymers, 1033
Hordinene, 811
Hormones, 515
House, Herbert, 92
Hiickel. Erich, 328, 936
Hiickel 4n 4 2 rule, 328, 934-938
Hudson, C. S., 1098
Hughes, E. D., 907
Hyalophora cecropia, 1069
Hybrid bonds (see Bonds)
Hybridization (of atomic orbitals) (see
,Orbitals)
Hydration
of alkenes, 180, 191
of alkynes, 255, 261-262
Hydrazine, 632, 920
Hydrazones, 632
Hydride ion, 662
Hydride shift, 172, 202
Hydroaromatic compounds, 974-976
Hydrol;t;ration-oxidation. 181, 500, 505-507,
1
Hydrocarbons, 40 (See also Alicyclic hydro-
carbons, Alkanes, Alkenes, Alkynes,
Arenes)
Hydrocracking (see Pyrolysis)
Hydrodealkylation, industrial, 376
Hydrogen (See also Deuterium, Protons,
Tritium)
abundance, ¢ 408
bond formation, 10
chassification, 84-85
exchange, 707-708, 843
hydride character, 509
ionization of o-hydrogen, 701
isotope effects, 353
migration, 955-957
Hydrogenation
of alkenes, 179, 182--186
of alkynes, 254, 256257
of alkenylbenzenes, 397-398
of alkylbenzenes, 382
of aromatic hydrocarbons, 286
of esters, 676
heat of (see Heat of hydrogenation)
of nitro compounds, 733-737
of oils, 1062-1063
quantitative, 278
Hydrogen bonds, 27-28, 31, 294
in alcohols, 495, 496
in amides, 659
in amines, 729
boiling point and, 30, 495, 789
in carboxylic acids, 582
in DNA, 28, 1180
in ethers, 553
and infrared absorption shift, 412
in macromolecules, 1045-1047
and molecular shape, 28
in nitrophenols, 789
in phenols, 787

and physical properties, 30, 619, 789

in proteins, 28, 1150
Hydrogen bromide, 975

addition to alkenes, 189, 203205
Hydrogen chloride, 29
Hydrogen fluoride

dipole moment, ¢ 23

molecular orbitals, 928
Hydrogen halides

reaction with alcohols, 518, 523-526

addition to alkenes, 179, 187-190

addition to alkynes, 255
Hydrogenolysis. of esters, 676, 683
Hydrolysis

of alkyl halides, 502

of alkyl hydrogen sulfates, 190—-191

of amides, 671-672

in biochemical processes, 1167

of carboxamides vs. sulfonamides, 762

of carboxylates, §93--594

of carboxylic acid derivatives, 663, 668

of esters, 686

of fats, 1059~1060

of (4 )-maltose, 1113

of methyl glucosides, 1100-1101

and neighboring group effects, 908-909

of nitriles, 589, 638

of phosphates, 1064

of substituted amides, 757

of urea, 686
Hydroperoxides, rearrangement, 893-896
3-Hydroperoxycyclohexene, 919
Hydrophilic, definition, 1060
Hydrophobic, definition, 1060
Hydroquinone, 787, ¢ 788, 878
m-Hydroxybenzaldehyde, 343
o-Hydroxybenzaldehyde, 618 (See also

Salicylaldehyde)

p-Hydroxybenzaldehyde, ¢ 620
m-Hydroxybenzoic acid, 7 600

o-Hydroxybenzoic acid, 787 (See also Salicylic

acid)
p-Hydroxybenzoic acid, 787, ¢ 580, £ 600
3-Hydroxybutanal, preparation, 704, 709
B-Hydroxybutyraldehyde, preparation, 709
p-B-Hydroxybutyryl-S-ACP, 1177
3-Hydroxy-2,2-dimethylpropanoic acid, 881
B-Hydroxyesters, 720-722, 855
a-Hydroxyisobutyramide, ¢ 614
a-Hydroxyisobutyranilide, ¢ 614
a-Hydroxyisobutysic acid, r 614
Hydroxylamine, 632
Hydroxylamine hydrochloride, 640
3-(N-Hydroxylamino)-3-phenylpropanoic

acid, 871
Hydroxylation of alkenes, 207-208, 502
Hydroxyl group, 518, 589 .

(-)-Hydroxylysine, ¢ 1134
3-Hydroxy-2-methylpentanal, 709
4-Hydroxy-4-methyl-2-pentanone, 704, 709
B-Hydroxy-q-methylvaleraldehyde, 709
o-Hydroxyphenyl ethyl ketone, 801
p-Hydroxyphenyl ethyl ketone, 801
(—)-Hydroxyproline, ¢ 1134
a-Hydroxypropionic acid (see Lactic acid)
B-Hydroxypropionic acid, 868
o-Hydroxypropiophenone, 801
p-Hydroxypropiophenone, 801
8-Hydroxyquinoline, 1018
Hygrine, 1011
Hygrinic acid, 1011
Hyperconjugation, 216-218

in alkenes, 266
Hypohalite, 530, 635, 685



Hypophosphorous acid, 769
I

(—)-1dose, 1087
a-D-1dopyranose, 1105
Ignition test, 608
Imidazole, 1002
Imine-enamine tautomerism, 858-859
Imines, 740
Iminium ions, 859-860
Indanthrene Golden Yellow Gk, 993
Indanthrone, 993
Indene, 404, 958
Indigo, 71
Indole, ¢ 1003, 1010, 1023
3.Indolecarboxaldehyde, 1023
Inductive effects (See also Electronic effects,
Resonance effect)
in aromatic substitution, 360
and carbonium ion stability, 163
definition, 36
of halogens, 365, 818
of substituent groups on acids, 599-601
Infrared absorption bands, for organic
groups, 410, 1 412
Infrared absorption shift, 410-412
Infrared spectra, 405, 410414
analysis of alcohols, 539
of aldehydes and ketones, 646—647
of amines and substituted amids, 776-777
of carboxylic acids, 609, 647
of carboxylic acid derivatives, 688-689
of ethers, 571
of hydrocarbons, 444-445
of phenols, 805-806
Ingold, Sir Christopher, 124, 130, 160, 460,
463, 480, 907
Inhibitors
in chlorination of methane, 49-50
in polymerization, 1032
Initiators
for polymerization, 207, 1037-1038
Inorganic compounds, 1
Insertion reactions, of methylene, 311
Insulin, 1146, 1150, 1159

and solubility, 30
Intermolecular forces, 27, 29

in liquids, 29

in macromolecules, 1045-1049

in solids, 27

and solubility, 30-32
Intramolecular forces, 20
Intramolecular nucleophilic substitution,

885-924 (See also Rearrangement)

Intramolecular reactions, 287
Inversion

of ammonia, 18

of configuration, 462-463

of sucrose, 1118
Inversional isomers (see Stereoisomers)
Invertase, 1118
Invert sugar, 1118
lodine, 60

a8 tracer, 108
Todoncetic acid, ¢ 600, 1 614
lodoacetamide, ¢ 614
lodoacetanilide, ¢ 614
lodoacetone, 706, 707
o-lodoaniline, 332

lodobenzene, 331, 1 340, 766, ¢ 819
o-lodobenzoic acid, 821
2-lodobutane, 188
1-lodo-2-butene, ¢ 453
2-lodocyclohexyl brosylate, 911
lodoform, 630

melting point, 537
lodoform test

alcohols, 537

aldehydes and ketones, 537, 630
2-lodohexane, 1072
2-lodo-2-methylbutane, 188
3-lodo-3-methyl-2-butanone, 854

'1-Jodo-1-methylcyclopentane, 288

«a-lodonaphthalene, 977, 997, 1000
2-Todonaphthalene, 997
2-lodopentane, 188 .
3-lodopentane, 188
m-lodophenol, 7 788
o-lodophenol, ¢ 788
p-lodophenol, ¢ 788
2-lodopropane, 179
B-lodopropionic acid, ¢ 614
-lodopropionamide, 7 614
-lodopropyne, ¢ 453
p-lodotoluene, 817, 820
preparation, 820
o-, m-, p-lodotoluene, ¢ 819
Ionic bonds (see Bonds)
Tonic polymerization, 1037-1039
lTonization (see Acidity, Acidity constants,
Basicity, Basicity constants)
Ionization potential, definition, 164
Ir, see Infrared)
Isobornyl chloride, 915
Isobutane, ¢ 77, 78, t 86
Isobutyl alcohol, 493, ¢ 495, 506
Isobutylamine, ¢ 729
infrared spectrum, 777
N-Isobutylaniline, 735
B-Isobutyl-BBN, 858
Isobutylbenzene, 373, ¢ 375
Isobutyl benzoate, 673
Isobutyl bromide, 190, ¢ 453, 535, 848, 851
Isobutyl chloride, 96, ¢ 453
Isobutylene, 146, ¢ 147, 151, 152, 739, 858
dimerization, 180
heat of hydrogenation, ¢ 183
nmr signals, 416, 432
Isobutylene bromide, 186
Isobutyl free radical, 103
Isobutylmagnesium bromide, 535
Isobutylmalonic acid, 848
Isobutylmalonic ester, 848
Isobutyraldehyde, 533, 735
Isobutyric acid, 586
Isocaproaldehyde, 618
Isocaproic acid, 848
Isocrotonic acid, ¢ 866
Isocyanates
reactions, 888889, 919, 1044
Isodurene, ¢ 375
Isoelectric point
of amino acids, 1137-1138
in proteins, 1151-1152
Isoelectronic molecules, 308
Isoeugenol, 650, 791
Isobexane, 83, 84, ¢ 86
Isohexyl chloride, 83
2-1sohexylnaphthalene, 980
Isolated double bonds, 262
Isoleucine, 498, 849, 1166
( + )-Isoleucine, r 1135
Isomer



conformational, 138-140
definition, 37
mirror-image (see Enantiomers)
stereo- (see Stereoisomers)
Isomerism, 36-37
alkanes, 82
alkenes, 146151
alicyclic compounds, 301-303
alkyl groups, 82-83
alkynes, 250
butanes, 77-78, t 78
butylenes, 146-148, ¢ 147, 149
cis-trans (see Geometric isomerism)
optical (see Optical isomerism)
substituted benzenes, 320321
(See also Keto—enol tautomerism)
Isomer number, 116-117
benzene and, 319-321
tetrahedral carbon and, 116-117
Isomerization, industrial, 376
Isoniazid, 1013
Jsonicotinic acid
physical consiants, ¢ 1003
preparation, 1012
Isonicotinic acid hydrazide, 1013
Isooctane, 201
Isopentane, 83, 1 86
Isopentyl acetate, ¢ 674
Isopentyl alcohol, ¢ 495, 844
Isopentyl bromide, 535
Isopentyl chloride, 83
Isopentyl ether, 573
Isopentenyl pyrophosphate, 278, 282, 864
Isophthalic acid, 385, ¢ 580, ¢ 606
Isoprene
polymezrization, 276, 1037, 1040
reactions, 879
rule, 277
units (in nature), 277
3-Isopropoxy-2,2-dimethylbutane, 559

Isopropyl alcohol, 180, 191, 493, ¢ 495, 497, 537

Isopropylamine, r 729, 735

Isopropylbenzene, 380, 791

Isopropyl bromide, 189, 1 453, 476, 519, 560,
1 825

infrared spectrum, 411

nmr spectrum, 433
Tsopropyl cation, 160

ionization potential of free radical, 164
Isopropyl! chloride, 82, 95, 194, ¢ 453, ¢ 825

dehydrohalogenation, 156

nmr signals, 416
1-Isopropylcyclopentene, 542
Isopropyl ether, ¢ 553, 554
Isopropyl free radica!

hyperconjugation, 217
3-Isopropylglutaric acid, 653
Isopropyl hydrogen sulfate, 180, 191
Isopropyl iodide, 187, ¢ 453
Isopropyl ketone, 632
Isopropylmagnesium chloride, 91
4-Isopropyl-1-methylcyclohexane, 863
1-Isopropylnaphthalene, 977
Isopropyl phenyl ether, 552
Isopropylsuccinic acid, 653
p-Isopropyltoluene (see p-Cymene)
Tsoquinoline, 1002, ¢ 1003, 1021-1022
Isotactic polypropylene, 1040-1041
1sotope effects, 353-354, 402

in elimination reactions, 476

in sulfonation, 357-358
Isotopes, abundance of heavy, ¢ 408
Isotopic exchange, 679, 681
Isotopic peaks, in mass spectra, 408, ¢ 409

Isotopic tracers
in alkaline hydrolysis of esters, 678
in halogenation of alkanes, 107-108
in Hofmann rearrangement, 890
in organic chemistry, 108
(—)-Isotrehalose, 1128
Isovalent hyperconjugation, 267
Isovaleric acid, 592, 722
IUPAC system of nomenclature (See individual
families)

Johnson, W. S., 437
K

Kekulé, August, 2
benzene structure, 319
Kelvin, Lord, 124
Kendrew, J. C,, 1160
a-Keratin, 1150 N
proposed helix structure, 1157-1159
Kerosene, ¢ 87
Ketals, 641
Ketene, 308
preparation, 667
Keto acids, from tetra-O-methyl-p-glucose,
1101-1103
a-Keto acids, preparation, 853
B-Keto acids, decarboxylation, 848, 853-854
y-Keto-acids, in Haworth synthesis, 986988
a-Ketobutyric acid, preparation, 853
Keto—enol tautomerism, 261262, 707-708,
1020 (See also Imine—enamine
tautomerism)
acid and base catalysis, 798, 724-725
acid-catalvzed aldol condensation, 710
bromination, 707-708
in carbohydrates, 1076
composition, 725-726
electrophilic conjugate addition, 870
nucleophilic conjugate addition, 871
A-Keto esters, 705, 716-720, 853
(See also Acetoacetic ester synthesis,
Claisen condensation, Ethyl
acetoacetate)
2-Ketohexose, (—)-fructose as, 1073, 1087
2-Ketohexoside, 1103
Ketones, 617657, 701-716, 720-722
addition, of ammonia derivatives, 632-633,
639-641

of bisulfite, 632, 638-639
of cyanide, 631-632, 637638
of Grignard reagents, 509-512, 637
of organozinc compounds, 720-722
aldol condensation, 704, 709-713
analysis, 537, 745-646
Clemmensen reduction, 631, 636
in Haworth synthesis, 987
crossed Claisen condensation, 719
enamine formation, 858-861
enolization, 707-709
in Grignard synthesis, 509-513, 637
halogenation, 634, 703
acid-catalyzed, 706-707
base-promoted, 707-709
industrial source, 621
nomenclature, 618-619
nucleophilic addition, 628-629, 704-705
oxidation, 537, 630, 635
physical properties, 619621, ¢ 620
preparation, acetoacetic ester
850853



from acid anhydrides, by Friedel-Crafts
acylation, 623.

by Friedel-Crafts acylation, 623—624,
. 625-626
by organocadmium compounds, 623,
627-638
via enamines, 858-861
Fries rearrangement, 796, 800-801
organoborane synthesis, 856-858

oxidation of alcohols, 521, 529-530, 622,
624

ozonolysis, 218-219
reactions summary, 630-634
reduction, to alcohols, 630, 636, 637
to hydrocarbons, 631, 636
reductive amination, 735, 736, 740-741
Reformatsky reaction, 720-722
spectroscopic analysis, 646—647, ¢t 689
structure, 617-618
unsaturated, preparation, 867
Wittig reaction, 705, 714-716
Wolft-Kishner reduction, 631, 636
(See also o, B-Unsaturated carbonyl
compounds)
Ketopentoses, definition, 1071
7-Ketonorbornene, 882
Ketoscs
definition, 1071
effect of alkali, 1076
1-Keto-1,2,3,4-tetrahydrophenanthrene, 995
4-Keto-1,2,3,4-tetrahydrophenanthrene, 995
Kharasch, M. S, 94, 189, 2
Kiliani, Heinrich, 1078
Kiliani-Fischer synthesis, 1078-1080
Kimball, G. E., 243, 906
Kinetic energy distribution, 57
Kinetics, definition, 459
Kjeldahl method, 333
Kloosterziel, H., 959
Knocking, in gasoline engine, 109
Knoevenagel reaction, 714, 850, 1018
Knoop, Franz, 1182
Kolbe reaction, 339, 803-804
Korner, Wilhelm, 333
Korner method of absolute orientation,
322-333
Kossel, Walther, 3

1., prefix, 1089
i, prefix, 1089
Lactams, 891
Lactic acid

enantiomers, 121

in biochemical processes, 1172

from muscle contraction, 236
(4 )-Lactic acid, 1089
p-(—)-Lactic acid, 1088, 1089
L-( 4 )-Lactic acid, 1089
Lactobacillus bulgaricus, 1116
Lactobionic acid, 1116-1117

-Lactoglobulin, 1162

ctones, 674

-Lactones, 884

ctosazone, 11161117
(+)-Lactose, 1116-1118

properties, 1116

source, 1116

structure, 1116~1117
Ladenburg, Albert, 335

benzene structure, 335

Lanosterol, 278
Lapworth, A, 707
Lard, 1 1057
Lauric acid, 579, ¢ 580
Lauryl alcohol, 684, 1061
Lauryl hydrogen sulfate, 1061
LCAO method, 927-928
Leaving groups, 456
in acyl substitution, 661
Le Bel, 1081
Lemieux, R. V., 1119
Leucine, 127, 498, 849, 1141
synthesis, 1140
—)-Leucine, ¢ 1135, 1181
Levarorotatory, definition, 119
Levulinic acid, 652
Levulose, 1118
Lewis, G.N,, 3
acid and base definition, 3334
acids, 349, 378
Life, origin of, 42
Ligroin, ¢ 87 \
Limestone, 251
Limonene, 317, 490
Linalool, 547
Lindlar’s catalyst, 257
Linear combination of atomic orbitals
(LCAQ), 927-928
Linear free energy relationships, 596
Linear polymers, 1042
Linoleic acid, ¢ 580, 1058
Linolenic acid, ¢ 580, 1058
Linseed oil, 1052, 1063
composition, ¢ 1057
Lipids, 1056
Lithium aluminum hydride, 507
in reduction of acids, 592, 604
Lithium amide, 1037
Lithium di-sec-butylcopper, 93
Lithium di-fert-butylcopper, 90
Lithium diethylcopper, 90
Lithium dimethylcopper, 93
Lithium hydride, 509
Living polymers, 1039
Longuet-Higgins, H. C., 938
Lossen rearrangement, 919
Lowest unoccupied molecular orbital
(LUMO), 950
Lowry-Bronsted
acid and base definition, 32-33
Lubricating oil, ¢ 87
Lucas, Howard J., 905
Lucas reagent, 536
Lucas test, 524, 526
Lucite, 867, 1030, 1049
LUMO, 950
Lycopene, 313
Lycra, 1050
(4 )-Lysine, ¢ 1135, 1141, 1160
(—)-Lyxose, 1086, 1087

M

Macromolecules, 1027-1052
definition, 1027-1028
structure and properties, 10451049
“Magic” acid, 94
Magnesium—halogen bonds, 91
Magnetic moments
in free radicals, 394
of nucleii, 414
Malaprade, L., 1076
Maleic acid, ¢ 606, 668, ¢ 366



Maleic anhydride, 7 660, 866, 877, 879, 880
polymerization, 1034
Malic acid, 236, 237
Malonic acid, 605, ¢ 606
decarboxylation, 853
Malonic ester (see Ethyl malonate)
Malonic ester synthesis, 847-850, 1139
Malonyl CoA, 1176
Malonyl-S-ACP, 1176
Malonylurea, 687
Maltase, 1113
Maltobionic acid, 1112
p-Maltobionic acid, 1113-1114
(+)-Maltose, 1112-1115
a-and 8-, 1112, 1115
from amylose, 1120
reactions, 1112-1115, 1124
structure, 1112-1115
Mandelonitrile, 631
Mandelic acid, 613, 631
Manganese (VII), 528
Mannans, 1130
Mannaric acid, ¢ 1075
Mannitol, ¢ 1075
Mannonic acid, ¢ 1075
B-p-Mannopyranose, 1105
Mannosaccharic acid, ¢ 1075
(+ )-Mannose, 1074, 1075
structure determination, 1078, 1083-1085
(—)-Mannose, 1087
Mannuronic acid, ¢ 1075, 1107
Markovnikov's rule, 188-191, 502, 506
Mass spectra, 406—409
Mass spectrometers, 406
Mass to charge ratio, 406, 407
Mayo, Frank R., 189, 1035
- McKillop, Alexander, 345, 351
Meerwein, Hans, 160, 915
Melander, Lars, 355
(+ )-Melezitose, 1129
Melibiose, 1129
Mellitic acid, 608
Melting point, 26-27
ionic vs. non-ionic compounds, 26-27
and molecular symmetry, 374
p-Menthane, 317, 863
2-Menthene, 482483
3-Menthene, 482483
(—)-Menthol, 622
Menthone, 863
(—)-Menthone, 622
Menthyl chloride, 483
Mercuric acetate, 503
Mercuric trifluoroacetate, 558
Mercurinium ions, 504
Merrifield, R. Bruce, 1149
Mesitoic acid. 588, 603, 1 614
Mestylene, ¢ 375, 446, 773
nmr spectrum, 422, 423
Mesityl oxide, t 866
preparation, 704, 711
reactions, 630, 702, 869, 870, 875, 879
Meso compounds, 137
Mesotartaric acid, 613, 1087, 1090-1091
Mesyl (see Methanesulfonyl)
Metabolite antagonism, 762
meta-directing groups, 339-345, 828
Metal hydrides, 637
Metals, 520
Methacrylamide, 694
Methacrylic acid, 632, ¢ 866
Methallyl chloride, 882
Methanal. 618

Methane, 40-72
bond formation, 15-17
physical properties, 27, 29, 31, 41-42, 43,
t 86

reactions, 42-46, 252
halogenation, 43-67
oxidation, 43
source, 42
structure, 4041, 116-117
Methanesulfonyl group, 458
Methanoic acid, 579
Methanol, 31, 43, 494, ¢ 495
(—)-Methionine, f 1135
Methoxyaniline (see Anisidine)
p-Methoxybenzaldehyde, 644
m-Methoxybenzoic acid, ¢ 580, ¢ 600
o-Methoxybenzoic acid, ¢ 580, t 600
p-Methoxybenzoic acid (see Anisic acid)
p-Methoxybenzyl alcohol, 644
3-Methoxy-2-biphenylcarboxylic acid, 841
(3-Methoxy-2-biphenylyl) diphenylmethanol,
841

3-Methoxyhexane, 552
4-Methoxy-4-methyl-2-pentanone, 869
1-Methoxy-2-methyl-2-propanol, 568
2-Methoxynaphthalene, 984
6-Methoxy-8-nitroquinoline, 1020
2-Methoxyphenanthrene, 994
6-Methoxy-4-phenyl-1-methylnaphthalene, 998
p-Methoxytriphenylcarbinol, 920
Methyl acetate, t 674
infrared spectrum, 689
preparation, 669
N-Methyl-m-acetotoluidide, ¢ 781
N-Methyl-o-acetotoluidide, ¢ 781
N-Methyl-p-acétotoluidide, ¢ 781
Methylacetylene, 146
Methyl acrylate, 1 866, 867, 879
Methylallylphcnylbenzylanimonium iodide,
732
Mehylamine, 727, 1 729, 733, 742
2-(N-Methylamino) heptane, 728
4-(N-Mecthylamino) -4-methyl-2-pentanone,
870
2-Methyl-4-aminophenol, 775
ar-Methylaniline (see Toluidine)
N-Methylaniline, 365, 727, 1 730, 742, 763, 843
infrared spectrum, 777
preparation, 757
p-Methylanisole, 800 (See also Methyl
p-tolyl ether)
2-Methyl-9,10-anthraquinone, 993
Methyl a-L-arabinoside, 1103
p-Mcthylbenzaldehyde, 896
N-Methylbenzanilide, 757
9-Methyl-1,2-benzanthracene, 994
N-Methylbenzenesulfono-p-toluidide, ¢ 781
Methyl benzilate, 645
Methyl benzoate, 591
N-Methyl-o-benzotoluidide, ¢ 781
N-Methyl-p-benzotoluidide, ¢ 781
m-Methylbenzyl alcohol, 591
p-Methylbenzyl hydroperoxide, 896
Methyl bromide, 45, t 453, 459, 461-465, 742,
t 825
2-Methyl-1-bromobutane, 519
2-Methyl-1,3-butadiene, ¢ 263 (See also
Isoprene)
4-Methyl-1,3-butadiene, 952
2-Methylbutanoic acid (See also
a-Methylbutyric acid)
chirality, 230
preparation, 521



2-Methyl-1-butanol, ¢t 126, 494 (See also
sec-Butylcarbinol)
derivatives, 545
enantiomers, 121
from fermentation, 236
from fusel oil, 231
reactions, 171, 229-231
specific rotation, 120, 231
3-Methyl-1-butanol (See also 1sopentyl
alcohol)
derivatives, 545
synthesis, 535
2-Methyl-2-butanol, 494
3-Methyl-2-butanol, 494
derivatives, 545
preparation, 506
3-Methyl-2-butanone, 619
2-Methyl-1-butene
heat of hydrogenation, 7 183
preparation, 158
3-Methyl-1-butene, 1 152, ¢ 183
synthesis, 534-535
2-Methyl-2-butene, ¢ 152, ¢ 183
preparation, 158, 171, 470, 534
2-Methyl-2-butenoic acid
preparation, 638, 881
3-Methyl-2-butenoic acid, 630
Methyl sec-butylamine, 742
2-Methyl-1-butyl cation, 172-173
Methyl tert-butyl ether, 552
preparation, 556
Methyl n-butyl ketone, 532
Methyl tert-butyl ketone (See also
3,3-Dimethyl-2-butanone, Pinacolone)
preparation, 896
reactions, 703, 858
3-Methyl-1-butyne, ¢ 251
n-Methylbutyric acid, 581
preparation, 586
a-Methylcaproic acid, 1073
Methyl cation
ionization potential of free radical, 164
structure, 160
Methyl chloride, ¢ 23, 43, 46-49, 1 453, 1 834
(See also Chloromethane)
Methylicholanthrene, ¢ 967, 996
a-Methylcinnamic acid, 635
B-Methyicrotonaldehyde, 882
Methylcyclohexane, 1 284
conformation, 299-301
1,3-diaxial interactions, 299
industrial source, 286
4-Methylcyclohexanol, 490
1-Methyl-1-cyclohexyl hydroperoxide, 919
4-Methylcyclohexylideneacetic acid, 315
Methylcyclopentane, ¢ 284
industrial source, 286
1-Methylcyclopentanol, 504
trans-2-Methyl-1-cyclopentanol, 501
1-Methylcyclopentene, 501
3*-Methyl-1,2-cyclopentenophenanthrene, 976
2-(1-Methylcyclopentyl) ethanol, 542
Methylcyclopropane, 416
S-Methylcytosine, 1178, 1179
4-Methyl-3,3-diethyl-5-isopropyloctane, 84
1-Methyl-3 4-dihydroxsoquinoline, 1021
S-Methyl-1,3-dihydroxybenzene, 808
N-Methyl-2,4-dinitroaniline, 735
N-Methyl-2 4-dinitrodiphenylamine, 843
Methyl dodecanoate, 684
Methylene, 308-311
Methylene bromide, 45
Methylene chloride, 44 (See also
. Dichloromethane)

Methylenecyclohexane, 705
Methylenetriphenylphosphorane, 705, 715
Methyl ether, 36-37, 1 553
Methylethylamine, 728, 734, 747
N-Methyl-N-ethylaniline, 728
N-Methyl-N-ethylbenzamide, 747
Methylethyl-n-butylamine, 742
N-Methyl-N-ethylbutyramide, 756
Methyl ethyl ketone, 619, ¢ 620
Methylethyl-2-naphthylcarbinol, 980
2-Methyl-3-ethyl-2,3-pentanediol, 898
N-Methyl-N-ethyl-p-toluenesulfonamide, 747
Methyl fluoride, 454
Methyl free radical, 62-63, 103
Methyl g-p-fructofuranoside, 1104
Methyl 4-p-fructoside, 1103
Methyl g-p-glucopyranoside, 1104
Methyl q-p-glucoside

formation, 1094-1095

reactions, 1100

structure and properties, 1096—-1097
Methyl g-p-glucoside

formation, 1094-1095

reactions, 1100, 1101-1102

structure and properties, 1096-1097
2-Methyl-3-heptanone, 623
6-Methyl-2-heptene, 222
6-Methyl-5-hepten-2-one, 881
2-Methylhexane, 572
2-Methyl-2-hexanol, 531
3-Methyl-2-hexanone, 852
5-Methyl-2-hexanone, synthesis, 851, 858
a-Methylhydrocinnamic acid, 722
2-Methyl-4-hydroxyacetophenone, 796
4-Methyl-2-hydroxyazetophenone, 796
Methyl iodide, t 453
Methyl isobutyl ketone, ¢ 620
Methylisopropylacetylene, 250
3-Methyl-2-isopropyl-1-butene, 541
Methyl isopropyl! ketone, 619
1-Methyl-7-isopropylphenanthrene, 975
1-Methylisoquinoline, 1021
Methylisourea, 687
Methyl laurate, 684
Methyllithium, 93
Methylmagnesium iodide, 91
a-Methylmandelic acid, 707
Methyl mesityl ketone, 669
Methyl methacrylate, ¢ 866, 867

polymerization, 1030, 1033, 1035, 1036, 1038
1-Methylnaphthalene, ¢ 967, 984

synthesis, 988, 998
2-Methylnaphthylene, ¢ 967, 973, 983, 984

synthesis, 988
2-Methyl-1,4-naphthoquinone, 973
Methyl-1-naphthylcarbinol, 977
Methyl o-naphthyl ketone, 979
Methyl g-naphthyl ketone, 979
Methyl p-nitrophenyl ketone, 628
2-Methylnorbornyl cation, 918
Methyl cis-9-octadecenoate, 677
3-Methyloctane, 93
Methyl oleate, 677, 1067
Methylolurea, 1044
Methyl orange, 70, 775
Methyl 4-ox0-7-methyloctanoate, 628

-Methylparaconic acid, 724

-Methylpentanal, 618

3-Methylpentanal, 618
4-Methylpentanal, 618
2-Methylpentane, 84 (See also Isohexane)
3-Methylpentane, 84, ¢ 86
3-Methylpentanedioic acid, 850
3-Methyl-2-pentanol, 530



4-Methyl-2-pentanol, esters, 545
3-Methyl-3-pentanol, 530
4-Methyl-2-pentene, 151
4-Methyl-2-pentenoic acid, 867
4-Methyl-3-penten-2-one, 630, 702, 867 (See
also Mesityl oxide)
4-Methyl-2-pentyne, 250
1-Methylphenanthrene, 994
2-Methylphenanthrene, 994
4-Methylphenanthrene, 994
9-Methylphenanthrene, 994
Methy! phenyl ether (see Anisole)
Methyl phenyl ketone, 623 (See also
Acetophenone)
2-Methyl-3-phenylpentane, 374
5-Methyl-2-phenyl-3-pyrazolidinone, 872
2-Methylpiperidine, 1023 .
Methylpropane, 84 (See also Isobutane)
2-Methyl-1,2-propanediol, 898
2-Methylpropenoic acid, 866
a-Methyl-g-phenylpropionic acid, 722
2-Methyl-1,2-propanédiol, 568
2-Methylpropene, 151 (See also Isobutylene)
2-Methylpropenoic acid, 632 (See also
Methacrylic acid)
Methyl n-propyl ketone, 619
Methyl-n-propylmalonic acid, 849
Methyl-n-propylmalonic ester, 849
N-Methylpyridinium iodide, 1017
2-Methylpyrrolidine, 755
3-Methylpyrrolidine, 755
2-Methylquinoline, 1020
8-Methylquinoline, 1020
2-Methyl-6-quinolinecarboxylic acid, 1023
Methyl radical, 6263 (See also Methyl free
radical)
Methyl salicylate, 804
a-Methylsuccinic acid, 849
Methy! sulfate, reactions, 556, 794
Methyl terephthalate, 1042
Methyl -2,3,4,6-tetra-0-methyl-p-glucoside,
1100-1102
N-Methyl-p-toluenesulfonc-o-toluidide, ¢ 781
N-Methyl-p-toluenesulfono-p-toluidide, ¢ 781
N-Methyl-m-toluidine, ¢ 781
N-Methyl-o-toluidine, ¢ 781
N-Methyl-p-toluidine, ¢ 781
Methyl m-tolyl ether, 572
Methyl o-tolyl ether, 573
Methyl p-tolyl ether, 572 (See also
p-Methylanisole)
Methyltriphenylphosphonium bromide, 715
a-Methylvaleraldehyde, 618
B-Methylvaleraldehyde, 618
y-Methylvaleraldehyde, 618
a-Methylvaleric acid, 848-849
Methylvinylcarbinol, ¢ 495
Methyl vinyl ketone, reactions, 875, 879, 1020
Methyl g-p-xyloside, 1103
Mevalonic acid, 864, 1182
Mevalonic acid 5-pyrophosphate, 864
Mevalo;é: acid S-pyrophosphate 3-phosphate,

Meyers, A. L, 855

MIBK (see Methyl isobutyl ketone)
Micelles, 1060

Michael addition, 873875, 1018
Michael condensation, 850
Micrococcus ureae, 686
Microscopic reversibility principle, 350, 940
Midgley, T. C., Jr., 109

Migratory aptitude, 895-896, 897
Miller, Stanley, 42

Moffit, W. A., 293

Molecular biology, 1164
Molecular formula, determination, 67, 70
Molecular orbitals, 8—17, 925-966
bonding and antibonding orbitals, 929-930
LCAO method, 927-928
orbital symmetry and chemical reactions,
938-960
theory, 925
wave equations, 925-927
Molecular rearrangement (see Rearrangements)
Molecular weight
end-group analysis, 1121-1124
by mass spectrometry, 70, 407
of peptides, 1144
of polysaccharides, 1121, 1124, 1127
Molozonides, 218
Monomer, 206
Monosaccharides, 1070-1111 (See also
Aldohexoses, Aldoses, p-(4)-Glycose,
etc.)
analysis, 1076, 1077
classification, 1071
definition, 1071
reactions, 1075-1077, 1100
Morphine, 23€
Morpholine, 860
Ms (see Methanesulfonyl)
Mucic acid, 1087
Musk (synthetic), 808
Mustard gas, 907-908
Mutarotation
of p-( 4+ )-glucose, 1094, 1096
of (+ )-maltose, 1112
(~—)-Mycarose, 1110
Myoglobin, 1160
Myosin, 1150, 1175
Myrcene, 282
Myristic acid, ¢ 580

N

NAD (Nicotinamide adenine dinucleotide),
1153, 1172, 1174, 1183
NADD, 1183
NADH, 1175, 1183
NADP, 1153
NADPH, 1176-1177
a-Naphthaldehyde, 977, 997
B-Naphthaldehyde, 982, 997
Naphthalene, ¢ 967
industrial source, 376
nomenclature, 968-969
reactions, 970-988, 993, 995, 998
structure, 969-970
test for, 399
1-Naphthalenecarbamates (See specific
alcohol, o-naphthylurethane)
1-Naphthalenecarboxylic acid, 973, 977
2-Naphthalenecarboxylic acid, 973
Naphthalene derivatives
orientation of substituents, 982985
synthesis by ring closure, 985-988
1-Naphthalenediazonium salts, reactions,
977, 982
1-Naphthalenesulfonic acid, ¢ 967
preparation, 972, 980-981
2-Naphthalenesulfonic acid, ¢ 967
preparation, 972, 980-981
reactions, 984
Naphthenes, 87, 286 (See also Cycloalkanes)
Naphthionic acid, 984
a-Naphthoic acid, 973, 977, 997
AR-Naphthoic acid, 973, 980, 982
preparation, 979, 997



1-Naphthol, ¢ 967

preparation, 981, 997

reactions, 983
2-Naphthol, ¢ 967

preparation, 981, 997

reactions, 982, 983
Naphthols, 981-982
a-Naphthonitrile, 977
B-Naphthonitrile, 982
1,4-Naphthoquinone, 879, ¢ 967

preparation, 971
0-(2:Naphthoyl) benzoic acid, 993
a-Naphthoyl chloride, 977
B-(1-Naphthoyl) propionic acid, 995

preparation, 980
B-(2-Naphthoyl) propionic acid, 995

preparation, 980
N-(1-Naphthyl) acetamide, 977
(1-Naphthyl)acetic acid, 977
1-Naphthylamine, ¢ 967, 977

preparation, 997

reactions, 977, 981
2-Naphthylamine, ¢ 967

preparation, 997

reactions, 982
4-(1-Naphthyl) butanoic ucid, 997
4-(2-Naphthyl)-1-butanol, 980
2-(2-Naphthyl)-2-butanol, 980
v-(1-Naphthyl) butyric acid, 995
y-(2-Napththyl) butyric acid, 980, 995
1-Naphthylcarbinol, 977
1-(n~-Naphthyl)cyclohexene, 975
1-(1-Naphthyl) ethanol, 977
1-(2-Naphthyl) ethanol, 980
2-(1-Naphthyl)ethanol. 977
1-Naphthy! ethyl ketone, 977
1-Naphthylmagnesium bromide, 977
(1-Naphthyl) methanol, 977
1-Naphthyl methy! ketone, preparation, 972,

979

2-Naph9tl71;1 methyl ketone, preparation, 972,

5-(2-Naphthyl)-2-methyl-2-pentanol, 980
4-(1-Naphthyl ) -4-oxobutanoic acid, 980
4-(2-Naphthyl) -4-oxobutanoic acid, 980
2-(1-Naphthyl)-2-propanol, 977
3-(2-Naphthyl) propenoic acid, 982
Natta, Giulio, 1039
Natural gas, 42, ¢ 87
NBS, 209
Neighboring group effects, 544, 885-924
by acetoxy, 909911
anchimeric assistance, 907-911
by aryl, 887,911-914
by bromine, 887, 904
by carbon, 887, 911-914, 915-919
by iodine, 911
by nitrogen, 887
nonclassical ions, 915-919
by oxygen, 887
reaction mechanism, 885-887
reaction rate, 907-911
stereochemistry, 904~907, 910-911, 912-914
by sulfur, 887, 907-909
Neomenthyl chloride, 482483
Neopentane, ¢ 86
Neopentyl alcohol, 176, 525, 591, 676
Neopentyl cation
mass to charge ratio, 406
rearrangement, 470
Neopentyl chloride, 455
Neopentyl ethyl ether, 470
Neopentyl halides, 470
Neoprene, 276, 1029

(+ )-Neotrehalose, 1128
Neral, 652
Nerol, 317
Nerolidol, 863
Nervonic acid, 1067
Neutralization equivalent, 608
Newman, M. S,, 75
Newman projections, 75, 300
Niacin, 1012
Nickel boride, 257
Nicol prisms, 118
Nicotinamide adenine dinucleotide (NAD),
1153
reduced (NADH), 1153
Nicotinamide adenine dinucleotide phosphate
(NADP), 1153 '
Nicotine, 1004
(—)-Nicotine, 1024
Nicotinic acid (3-Pyridinegarboxylic acid),
t 1003, 1012
decarboxylation, 1026
Nitration
of anthracene, 992
of aryl halides, 818
of benzene, 322, 338
of naphthalene, 971, 976-978
orientation in substituted benzenes, ¢ 340
of phenols, 795, 802
of pyridine, 1013
of pyrrole, furan, and thiophene, 1008
reaction mechanism, 345-347, 355-356
Nitriles
hydrolysis, 589, 638
infrared absorption frequencies, ¢ 412
nomenclature, 589
preparation, 588-589, 638, 768-769
reduction, 735, 737
Nitrile synthesis
of carboxylic acids, 587, 588—589
m-Nitroacetanilide, ¢ 730
o-Nitroacetanilide, ¢ 730, 737
p-Nitroacetanilide, ¢ 730, 760, 828
p-Nitroacetophenone, 623
3-Nitro-4-aminoanisole, 1020
1-Nitro-2-aminonaphthalene, 1000
m-Nitroaniline, ¢ 730, ¢ 749
o-Nitroaniline, ¢ 730, t 749, 1020
p-Nitroaniline, ¢ 730, 734, t 749, 772
preparation, 760
o-Nitroanisole, 794
9-Nitroanthracene, 992
m-Nitrobenzaldehyde, 513
p-Nitrobenzaldehyde, 618
preparation, 622
Nitrobenzene, 331, ¢ 340, 733, 777, 820, 1018
orientation of electrophilic substitution,
362~363
preparation, 322
m-Nitrobenzoic acid, 332, 1 580, ¢ 600, 613
preparation, 592
o-Nitrobenzoic acid, ¢ 580, 586, t 600
p-Nitrobenzoic acid, 384, 579, ¢ 580, ¢ 600, 613
relative acidity, 595596
Nitrobenzoic acids, 345
m-Nitrobenzophenone, 626
p-Nitrobenzophenone, 896
p-Nitrobenzoy! chloride, ¢ 660, 622
p-Nitrobenzyl adipate, ¢ 614
p-Nitrobenzyl alcohol, 493
preparation, 644
p-Nitrobenzyl benzoate, 385
p-Nitrobenzyl bromide, 452, 794
p-Nitrobenzyl m-bromc b 1614
p-Nitrobenzyl m-chlorobenzoate, ¢ 614




p-Nitrobenzyl trans-crotonate, ¢ 614
p-Nitrobenzyl glycolate, ¢ 614
p-Nitrobenzyl o-hydroxybutyrate, ¢ 614
p-Nitrobenzyl isophthalate, 385
p-Nitrobenzyl phenylacetate, ¢t 614
p-Nitrobenzyl phthalate, 385
p-Nitrobenzyl salicylate, £ 614
p-Nitrobenzyl terephthalate, 385
p-Nitrobenzyle 2,4,6-trimethylbenzoate, t 614
o-Nitrocinnamic acid, 613
Nitro compounds

importance, 768, 769, 821

infrared absorption frequencies, f 412

reduction, 734, 736, 737-738

removal of nitro group, 770
2-Nitro-p-cresol, 343
o-Nitroethylbenze, 372
p-Nitroethylbenzene, 372
Nitrogen

amino, Van Slyke determination, 1141

analysis, 333-334

electronic configuration, 8
Nitrogen trifluoride, ¢ 23, 24, 25
5-Nitroisoquinoline, 1021
m-Nitromandelic acid, 638
Nitromethane, 879
3-Nitro-4’-methylbenzophenone, 619
1-Nitronaphthalenc, ¢ 967, 977, 982, 983

preparation, 971, 997
2-Nitronaphthalene, 1 967, 984

preparation, 982, 997
5-Nitro-2-naphthalenesulfonic acid, 997
1-Nitro-2-naphthol, 1000
4-Nitro-1-naphthylamine, 984
Nitronium salts, 346
m-Nitrophenol, ¢ 788

intermolecular hydrogen bonding, 789
o-Nitrophenol, ¢ 788, 794

chelation, 789

preparation, 795, 802
p-Nitrophenol

intermolecular hydrogen bonding, 789, ¢ 788,

794

preparation, 795, 802, 827
Nitrophenols, infrared bands, 790
p-Nitrophenyl acetate, preparation, 673, 794
p-Nitrophenylacetamide, ¢t 614.
p-Nitrophenylacetanilide, ¢ 614
p-Nitrophenylacetic acid, ¢ 600, t 614
o-Nitrophenyl methyl ether, 794
3-Nitrophthalic acid, 613
1-Nitropropane, 734
3-Nitropyridine, 1013
4-Nitropyridine, 1018
4-Nitropyridine N-oxide, 1017
5-Nitroquinoline, 1018
6-Nitroquinoline, 1023
8-Nitroquinoline, 1018
Nitrosation, 339, 763-765

of phenols, 796, 803
p-Nitroso-N,N-dimethylaniline, 728, 828

preparation, 747, 763-764
N-Nitroso-N-methylaniline, 763
4-Nitroso-2-methylphenol, 796
Nitrosonium ion, 764
p-Nitrosophenol, 803
B-Nitrostyrene, reactions, 714, 879
Nitrosyl chloride, 764
o-Nitrotoluene, 332, 770

preparation, 383
p-Nitrotoluene, 769, 770, 771

preparation, 383
p-Nitrotriphenylmethyl hydroperoxide, 896
Nitrous acid

reactions with amines, 748, 763-765
reaction with urea, 686
Nodal plane, 926
Nodes, waves, 926
Nmr (see Nucl ic resc
Nomenclature (see specific families)
n-Nonadescane, ¢ 86
n-Nonane, ¢ 86, 90, 93
Non-bonding orbitals, 930
Nonclassical ions, 917
1-Nonene, ¢ 152
1-Nonyne, ¢ 251
Noradrenaline, 808
Norbornane, 285
Norbornene, 500
exo-Norborneol, 500
Norbornyl acetate, 916-917, 923
Norbornyl brosylate, 916-917
Norbornyl cation, 918
anti-1-Norbornylene acetate, 923
ante-7-Norbornylene tosylate, 923
Norcarane, 458
Norticyclene, 285
Novocaine, 781
Nuclear energy, 1
Nuclear magnetic resonance (nmr)
spectroscopy, 405451
absorpiion frequency, 414-415
alcohols, 539
amides, 689, 778
amines, 689, 778
azulene, 999
carboxylic acid derivatives, 691
carboxylic acids, 610
chemical shifts, 419-423, ¢ 421
& scale, 420
+ scale, 420
of 1°, 2°, and 3° hydrogens, 421
reference point, 420
conformational analysis and, 446—451
coupling constant, 428—429, 435
conformations and, 435, 447
decoupling spins in, 438439
deuterium labeling, 438—439
double resonance method, 438—439
esters, 690
field strength, 415
fluorine, 433, 443
hydrocarbons, 435
inversion of molecules and, 440
magnetic moment in, 414
molecular change effects, 439443
monosaccharides, 1110-1111
peak area and proton counting in, 423-425
phenols, 806
protons in, 414ff
aromatic, 419, 420, 423
chemical shifts (see chemical shifts above)
counting of, and peak area, 423-425
deshielded, 419—420
diastereotopic, 418
enantiotopic, 417418
equivalent, 416—417, 439443
exchange, 440
neighboring, 431
non-equivalent, 431
shielded, 419
side-chain, 423
rotations about single bonds in, 440—443
signals in, 416
intensities, 416, 423-425
number of, 416-419
positions of, 416, 419423
splitting of, 416, 425-434




spectra, 414416
complicated, 437-439
spin (of nuclei) in, 414
spin-spin coupling, 425-434
structural information from, 416
temperature effects, 443
theory, 414-416
Nuclear spin, 414
Nucleic acids, 1027, 1030, 1063, 1108,
1177-1180

denaturation, 1150

genetic code, 10801081

heredity and, 1080-1081

primary structure, 1177-1178

secondary structure, 1179-1180
Nucleophilic acyl substitution

in acid chlorides, 664—666

acyla7tiosn of organocadmium compounds,

0

vs. addition, 661
vs. alkyl substitution, 663-664
in carboxylic acid derivatives, 660663
in Claisen condensation, 705, 717
in esters, 675
in Friedel-Crafts acylation, 626
in hydrolysis of amides, 671, 757
Nucleophilic addition (See also Addition
reactions)
vs. acyl substitution, 661
to aldehydes and ketones, 628-645
in aldol condensation, 704, 717
in alkynes, 254
in Cannizzaro reaction, 644
to carbonyl compounds, 704
of organozinc compounds, 704
to a, B-unsaturated carbonyl compounds,
868, 870-873
in Wittig reactions, 705
Nucleophilic aliphatic (alkyl) substitution
vs. acyl substitution, 663-664
alcohols, 524
in alkylation of esters, 847—853, 706
alkyl halides and organometallic compounds,
92-93, 456-457, 705
alkyl sulfonates, 458
in ammonolysis of halides, 738-740
in cleavage of ethers, 560
electronic effects, 835
in ether formation, 554
n-halogenated acids, 605
kinetics, 459-460
in Michauel addition, 706, 873~875
mechanisms, 461-473, 829-830
in synthesis of acetylides, 256, 706
in Williamson synthesis, 556
Nucleophilic aromatic substitution, 825-841
bimolecular displac 826-835
mechanism, 829-830, 833-835
orientation, 831-832
reactivity, 826-829, 830-831, 832833
elimination-addition (benzyne), 823, 835-841
in pyridine, 1014-1016
Nucleophilic sulfonyl ‘substitution, 757
Nucleoproteins, 1177-1180
Nucleosides, 1178
Nucleotides, 1178
Nylon 6, 1029, 1051
Nylon 66, 780, 1029, 1047, 1101
synthesis, 1042

(V]

Oblivon, 723
Octa-O-acetylcellobiose, 1116, 1127
9. 12-Octadecadienoic acid, 1052

n-Octadecane, ¢ 86
cis-9-Octadecanoic acid, (see Oleic acid)
cis-9-Octadecen-1-ol, 677
n-Octadecyl alcohol, ¢ 495
1,4,5,8,11,12,13,14-Octahydro-9,10-
anthraquinone, 877

Al°-Octalone, 875
Octa-O-methyl-p-maltobionic acid, 1113-1114
n-Octane, ¢ 86

mass spectrum, 407
Octane number, 109
(+)-2-Octanol, 462, 468, 469, 491
(—)-2-Octanol, 462, 491
2,4,6-Octatriene, 941, 945
1-Octene, ¢ 152, 1033, 1050

infrared spectrum, 411
n-Octyl alcohol, ¢ 495
n-Octyl bromide, t 453
2-Octyl brosylate, 649, 650 .
n-Octyl chiloride, ¢ 453
n-Octyl iodide, 93, ¢ 453
1-Octyne, ¢t 251
4-Octyne, ¢ 251, 844
Odor

acid chlorides, 660

amines, 730

carboxylic acids, 582

and configuration, 127

esters, 660
Oil of wintergreen, 804
Oils

definition, 1056

hardening of, 1062-1063
Olah, George, 160, 246, 346, 504, 914, 918
Oleic acid, 579, ¢ 580, 1058
Oleomargarine, 1062
Oleyl alcohol, 677
Olive oil, ¢ 1057
Olivetol, 808
Optical activity, 117-120

in amines, 732

and chirality, 128, 229-231

and configuration, 1098-1099

in cyclic compounds, 303, 306

and enantiomerism, 123

in naturally occurring substances, 236
Optical families, 1087-1089
Optical isomers (see Stereoisomers)
Optical purity, 231-232, 469
Orbitals 6 (See also Molecular orbitals)

atomic, 5-7

bond, 10-11

hybrid, 11-12, 145-146

molecular, 8-9, 925-938

overlap of, 9-10

67

P
- 144145, 249, 326
5, 6,7, 144
o, 10, 74
sp, 11-13
sp2, 13-15
sps, 15-17
Orbital symmetry, 938-960
Orcinol, 80
Organoborane compounds, 856858
Organocadmium compounds
in preparation of ketones, 623, 627628
reactivity, 627
Organolithium compounds, 840841
Organometallic compounds
addition of carbenes, 312
coupling with alkyl halides, 92
Grignard reagent, 91
use in synthesis, 846
Organozinc compounds, 720



Orlon, 867, 1030, 1046
Ortho effect. 601, 752
ortho, para-directing groups, 339-345, 747,
794, 800, 822 (See also Orientation,
Substituent groups)
Osazones, 1077-1078
Osones, 1077
Oxalic acid, ¢ 606, 652
Oxaloacetic acid, 1182
Oxazole, 1002
2-Oxazoline, reactions, 855-856
Oxidation
of alcohols, 520, 528-530, 621, 622,
524-625
mechanism, 529
of aldehydes and ketones, 630, 634—635
of alkenes, 219
of alkenylbenzenes, 396
of alkylbenzenes, 382, 384-385
of amines, 730
biological, of carbohydrates, 1172-1175
of carbohydrates, 1075-1077
of glycols, 538
of methane, 43
of methylbenzenes, 621
of naphthalene, 971, 972-973
Oximes, 632, 640
Oxirane, 562
Oxonium ions, 801
Oxonium salts, 536, 570
Oxygen exchange
in hydrolysis of esters, 679-681
in rearrangement studies, 895, 898
Oxygen transport, by hemoglobin, 1160
Oxymercuration-demercuration, 181, 500,
503-505
Oxytocin, 1142-1143, 1149
Ozonides, 218
Ozonolysis
of alkencs, 218
of alkynes, 278
of cycloalkenes, 313
of dienes, 279

P-2 catalyst, 257
Paints, 1052, 1063
Palmitic acid, ¢ 580, 743
biosynthesis, 1177
Palm oil, ¢ 1057
Palm kernel oil, 1 1057
Pamaquine, 1024
Pan, S. C,, 1129
Paneth, Fritz, 72
(+)-Panose, 1129
Panothenic acid, 782
Papaverine, 570
synthesis, 1024
Paraffins (see Alkanes)
Paraformaldehyde, 620
Paraldehyde, 621
Paramagnetic resonance absorption (see
Electron spin resonance spectroscopy)
Paramagnetism, 394
Para red, 775
Pasteur, Louis, 120, 128, 1090
Pauli exclusion principle, 7, 214
Pauli, Wolfgang, Jr., 8
Pauling, Linus, 10, 1154
Peanut oil, ¢ 1057, 1067
Pectic acid, 1130
Pectin, 1107
Pendant groups, 1030
Penicillin G, 1004

Penicillium glaucum, 127
Penta-O-acetylglucose, 1072
n-Pentadecane, ¢ 86
1,3-Pentadiene, ¢ 263
1,4-Pentadiene. 262, r 263
Pentadienyl cation, 946
Pentaerythritol
physical constants, ¢ 495
synthesis, 724
Pentamethylbenzene, ¢ 375
n-Pentane
nomenclature, 83
physical constants, ¢ 86, ¢ 496
2,4-Pentanedione (Acetylacetone), 1020, 1023
acidity, 702
enol in, 724-725
nmr spectrum, 725
preparation, 719
Pentanenitrile (see Valeronitrile)
Pentanes, 80, 83
Pentanoic acid, 581
2-Pentanol, 537
derivatives, ¢ 545
3-Pentanol, 537
derivatives, ¢ 545
2-Pentanone, 619, 1 620
reductive amination, 741
3-Pentanone, ¢ 620
1-Pentene, ¢ 152, 158, ¢ 183, 754
2-Pentene, ¢ 152, 158, ¢ 183, 185, 754
Pentosan, 1007
Pentose, 1007
n-Pentyl acetate, ¢ 674
n-Pentyl alcohol, 7,495
tert-Pentyl alcohol, 493, 1 495, 504 (See also
2-Methyl-2-butanol)
n-Pentylamine, 736
tert-Pentylbenzene, 380, 381, ¢ 453
tert-Pentyl cation, 470
n-Pentyl chloride, 82, ¢ 453, 519
tert-Pentyl chloride, preparation, 194, 524
(See also 2-Chloro-2-methylbutane)
tert-Pentyl ethyl ether, 470
n-Pentyl iodide, t 453
tert-Pentyl iodide, preparation, 188 (See also
2-lodo-2-methylbutane)
Penty! pheny! ketone, 622
2-Pentyltrimethylammonium ion, 753-754
2-Pentylurethane, 686
1-Pentyne, ¢ 251
2-Pentyne, t 251, 260
Peptide chains, 1151, 1154-1158
Peptides, 1141-1149, 1169
peptide linkage, 1141-1143
structure determination, 1143-1147
synthesis, 1147-1149
Perfluoroheptane, 454
Periodic acid, 530
analysis of carbohydrates, 1076
analysis of glycols, 538
Periodic table, inside back cover
Perkin condensation, 714, 867
Permanganate test, 536
Peroxide effect, 189~190
mechanism, 201-203
Peroxides
analysis for, in ethers, 554
effect on orientation, 397
removal from cthers, 554
Peroxybenzoic acid, 563
Perutz, M. F,, 1160
Petroleum, 1
constituents, 87
source of alcohols, 498
source of aromatic compounds, 376
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source of carboxylic acids, 585
uses, 88, 252
Petroleum coke, 1 87
Petroleum ether, ¢ 87
Phases, of orbitals, 925-927
Phases, of waves, 926
(—)-Phellandral, 809
f-Phellandrene, 316
(--)-Phellandric acid, 809
Phenacetin, 809
Phenitnthrene, ¢ 967, 988-996
nomenclature, 988
reactions, 989-992, 998, 1000
structure, 989
synthesis, 995, 997
test for, 399
Phenanthrene derivatives, 994-996
9,10-Phenanthrequinone, 1 967, 990
Phenetole, 1 553
infrared spectrum, 571-
preparation, 555, 794
Phenol, 331, t 788 (See also Phenols)
industrial source, 376, 791
preparation, 560, 827, 893
reactions, ¢ 340, 365, 556, 564, 793-798,
801, 802-805
relative acidity, 798
use, 791
2,4-Phenoldisulfonic acid, 803
Phenol-formaldehyde resins, 1043
Phenolic acids, 803-804
Phenolic aldehydes, 804~805
Phenolic esters, 603
Phenolic ethers
analysis, 570
cleavage, 559-560, 570
preparation, 555, 556-558, 793~794, 799-800
spectroscopic analysis, 571, ¢ 689, 806
substitution, in ring, 561
Phenolic ketones, 801, 803
Phenols, 787-814
acidity, ¢ 788, 790, 793, 797-799
effect of substituents, 799
aldehydes from, 797, 804-805
analysis, 790, 805
carbonation, 796, 803-804
coupling with diazonium salts, 767, 772-774
electrophilic substitution, 794-797, 801-805
from essential oils, 791-792
esterification, 603, 794, 800
ether formation, 555, 556558, 793-794,
799-800
formation, during diazotization, 769, 773
Friedel-Crafts acylation, 796
Friedel-Crafts alkylation, 795, 803
Fries rearrangement, 796, 800-801
halogenation, 795, 802
hydrogent bonding, 789-790
industrial source, 791-792
ionization, 790, 797-799
Kolbe reaction, 796, 803~804
nitration, 795, 802-803
nitrosation, 796, 803
nomenclature, 787
oxidation, 788, 802
physical properties, 787-790, ¢ 788
in polymerization, 1043-1044
preparation, 792-793
from arylthallium compounds, 792, 793
from diazonium salts, 766, 769, 792
from sulfonic acids, 981-982
reactions, with diazonium salts, 767, 772-774
with ferric chloride, 805
with formaldehyde, 1043-1044 °

-~

Reimer-Tiemann reaction, 797, 804—-805
ring substitution, 794-797, 801-805
salts, 790, 793
sources, industrial, 793-796
spectroscopic analysis, ¢ 689, 805-806
structure, 789
sulfonation, 795, 803
Williamson synthesis, 555, 556--558, 793-794,
799-800
(See also Hydroquinones)
o-Phenolsulfonic acid, 795, 803
p-Phenolsulfonic acid, 795, 802, 803
Phenoxyacetic acid, 794
2-Phenoxyethanol
preparation, 564, 565, 567
Phenylacetaldehyde, 618, 7 620
Phenylacetamide, 591, ¢ 614
N-Phenylacetamide, 746 (See also ‘Acetanilide)
Phenyl acetate, ¢ 674
Phenylacetic acid, 579, ¢ 580, 587, ¢ 600, t 614
Phenylacetonitrile, 735
Phenylacetylene, 374, 1 375
preparation, 399
(—)-Phenylalanine, ¢ 1135, 1181
synthesis, 1139, 1160
pB-(Phenylamino) propicnaldehyde, 1018
m-Phenylanisole, 840
9-Phenylanthracene, 998
4-Phenylazo-1-naphthol, 983
1-Phenylazo-2-naphthol, 983, 997
2-(Phenylazo) pyrrole, 1008
N-Phenylbenzenesulfonamide, 746
Phenyl benzoate
preparation, 666, 794
1-Phenyl-1,3-butadiene, 402, 705
2-Phenyl-2-butene, 374
4-Phenyl-3-butenoic acid, 998
1-Phenyl-2-buten-1-ol, 691
1-Phenyl-1-buten-3-ol, 691
4-Phenyl-3-buten-2-one, 704
3-Phenyl-2-butyl acetate, 912-913
3-Phenyl-2-butylamine, 921
(+)-Phenyl sec-butyl ketone, 707
3-Phenyl-2-butyl tosylate, 912-913
y-l’henylbulync acid, 581, 987
Phenyl carbitol, 566
m-Phenylenediamine, ¢ 730, ¢ 749, 1020
o-Phenylenediamine, ¢ 730, t 749, 1020
p-Phenylenediamine, ¢ 730, 734, t 749
in polymerization, 1051
1-Phenyl-1,2-ethanediol, 396
rearrangement, 898
1-Phenylethanol (see o-Phenylethyl alcohol)
2-Phenylethanol (see g-Phenylethyl alcohol)
Phenyl ether, 552, ¢ 553
N-(2-Phenylethyl) acetamide, 1021
a-Phenylethyl alcohol, 493, ¢ 495, 537
preparation, 511, 565, 630
-Phenylethyl alcohol, ¢ 495, 535
preparation, 511, 565
a-Phenylethylamine, ¢ 729
preparation, 741
(—)-a-Phenylethyamine, 890
B-Phenylethylamine, ¢ 729
preparation, 735
a-Phenylethyl bromide, ¢ 453 (See also
1-Bromo-1-phenylethane)
preparation, 372, 455
f-Phenylethyl bromide 1453
a-Phenylethyl len-butyl ether, 559
a-Phenylethyl chlonde, 236, 1 453
preparation, 3
p-P‘henylethyl chloride. t 453,914
preparation, 383



Phenylethylene, 374 (See also Styrene)
a-Phenylethyl hydroperoxide, 895
B-Phenylethyl iodide, t 453
-Phenylglutaric acid, 882
enylglyoxal, 645
4-Phenyl-2,6-heptanedione, 882
2-Phenyl-2-hexanol, 512
1-Phenyl-2-hexene, 401
Phenylhydrazine, 632
in carbohydrate studies, 1077
Phenylhydrazine hydrochloride, 640
Phenylhydrazones, 632, 640
2-Phenyl-1-iodo-2-propanol, 897
1-Phenylisoquinoline, 1023
Phenyl isothiocyanate, 1145
Phenyl ketone, 623
Phenyllithium, reactions, 823, 8§40, 1015
Phenylmalonic ester, 719
1-Phenyl-3-methyl-2-butanol, §32

Phenylmethylcarbinol, 511 (see ,-Phenylethyl

alcohol)

1-Phenyl-2-methyl-2-propanol, 531
1-Phenylnaphthalene, preparation, 975, 988
2-Phenylnorbornyl cation, 918
5-Phenyl-2,4-pentadienal, 713
1-Phenylphenanthrene, 998
1-Phenyl-1,2-propanediol, 897, 898
3-Phenyl-1,2-propanediol, 920
3-Phenylpropanoic acid, 581
1-Phenyl-2-propanone, 619
3-Phenylpropenal, 704, 867
1-Phenylpropene, 491

cis- and trans-isomers, 399

preparation, 395, 403, 522

reactions, 401
2-Phenylpropene, 520
3-Phenylpropene, 374, 395
3-Phenyl-2-propen-1-ol (see Cinnamyl

alcohol)

Phenylpropiolic acid, 854
a-Phenylpropionamide, 236
( 4+ )-a-Phenylpropionamide, 890
Phenyl propionate, 801
Phenyl n-propyl ketone, 631
2-Phenylpyridine, 1015
Phenylsuccinic acid, 882
Phenylthiohydantoins, 1145
Phenyltrimenthylammonium iodide, 735
Phlorogucinol, 808
Phosgene, 684

manufacture, 685

reactions, 685
Phosphate esters, 1063~1065
Phosphatidic acids, 1063
Phosphatidyl choline, 1065
Phosphatidyl ethanolamine, 1065
3-Phosphoglycerate, 1174
3-Phosphoglyceric acid, 1173
Phosphoglycerides, 1063-1065, 1177
Phospholipids, 781, 1063-1067

in cell membranes, 1066—1067
Phosphonium salts, 715
Phosphoric acid, 1064-1065
Phosphorus pentachloride, 601
Phosphorus trichloride, 601
Phosphorus trihalides, 519
Phosphorus ylides, 715
Phosphorylation, 1171
Photosynthesis, 1070, 1108
Phthalamic acid, 672
Phthalic acid, 388, ¢ 580, ¢ 606

industrial source, 585
Phthalic anhydride, ¢ 660

in polymerization, 1042

preparation, 667, 971
reactions, 669, 992-993
Phthalimide, 660, 672
preparation, 672
Phthalimidomalonic ester, 1140
C,,; Phthienoic acid, 1068
Pﬁysical-orgnnic chemistry, 596
Phytol, 1058
a-Picoline, ¢ 1003, 1012
f3-Picoline, r 1003, 1012, 1014, 1023
preparation, 1013
-Picoline, ¢ 1003, 1012
icolinic acid, ¢ 1003
Picramide, 1 730
Picric acid, ¢ 788
preparation, 802, 827
Picryl chloride, ¢ 819, 827, 828
Pinacol, 896
Pinacolic deamination, 898-904
Pinacolone, 896
Pinacol rearrangement, 896898
Piperic acid, 810
Piperidine, 843, 977, ¢ 1003, 1008
in alkaloids, 1018
preparation, 810, 1018
Piperine, 810
Piperonal, ? 620
preparation, 650--651
Piperonylic acid, 810
Plane-polarized light, 117-118
Plasmochin (Pamaquine), 1024
Plasticizers, 1061
Plastics (See also Polymers)
industry, 276
preparation, 206207
structure, 1048-1049
uses, 10271028, 1048
Plexiglas, 867, 1030, 1049
Pmr (see Electron spin resonance)
Polar factors, in polymerization, 1035-1036
Polarimeters, 118
Polarity
of bonds, 22-23
of molecules, 22-25
Polarization, of halogens by alkenes, 198
Polaroid, 118
Pollution
from automobile emission, 109-110
from plastics, 1027-1028
Polyacrylonitrile, 1030
Poly(allyl acetate), 1052
Polyamides, 1042
Polyarginines, in nucleoproteins, 1180
Polybutadiene, 276
copolymers, 1033, 1036, 1048
Polychloroprene, 276
Polyesters, 1042
Polyethylene, preparation, 206, 10401041
cis-Polyisoprene
preparation, 277, 1040, 1048
structure, 276
Polymerization, 1027-1052 (See also Chain
reaction polymerization, Free-radical
polymerization)
of alkenes, 181, 206-207
reactions, 1028—1045
stereochemical control, 1040
Polymers, 1027-1052
definition, 206
formation, 1028
industrial, 867
Poly(methyl methacrylate), 1030, 1052
Polynuclear aromatic compounds, 967-1001
Polynucleotide chains, 1177



Poly(oxypropylene) glycols, 567
Polypeptides, 1141 (See also Peptides)
Polypropylene, 1040-1041
Polysaccharides, 1027, 11191128
definition, 1071
Polystyrene, 1030, 10311032
copolymers, 1033
living, 1051
properties, 1033
Polystyrene(co-methyl methacrylate), 1033,
035

Polyurethane foam rubber, 567
Polyurethanes, 1044
recycling, 1049
Poly(vinyl acetate)
reactions, 1045
structure, 1051
Poly(vinyl chloride)
copolymers, 1036
preparation, 206, 1030
properties, 1046
Poly(vinylidene chloride), 1046
Ponnamperuna, Cyril, 236
Porphin, 1153
Porphyrin system, 1007
Potassium amide, 844
Potassium di-tert-butylphenoxide, 857
Potassium fters-butoxide, 311
preparation, 520
Potassium o, 8-dibromopropionate, 582
Potassium phthalimide, 1139
Potassium triphenylmethide, 844
Potential energy changes
in 1,2-vs, 1,4-addition, 272
in chlorination of alkanes, 98
and conformation, 76, 79, 297
in halogenation of methane, 52-55, 61, 64,
66

in hydrogenation of alkenes, 184
Power sources, 1
Pregenolone, 693
Sa-Pregnane-34-01-20-one (acetate ester), 543
Prehnitene, ¢ 375
Prelog, V., 124, 130
Primeverose, 1128
Probability factor, and reaction rates, 56
Progesterone, 692-693
(—)-Proline, ¢ 1135, 1141

synthesis, 1160
1,2-Propadiene, ¢ 263
Propanal, 618 (See also Propionaldehyde)
Propane, 76-77, ¢ 86, 179, 2£3, 289
Propanedioic acid (see Malonic acid)
1,2-Propanediol, 494, 898 (See also

Propylene glycol)
(+)-1,2-Propanediol, 1089
1,3-Propanediol, 494, t 495, 921
1,2-Propanedione, 279
1,1,2-Propanetricarboxylic acid, 849
2-Propanol, 180 (See also Isopropyl alcohol)
Propanone (see Acetone)
Propargyl chloride, ¢ 453 \,
Propenal, 866 (See also Acroleié\)
Propene, ¢ 152 (See also PropylGae)
Propenenitrile, 866 (See also Acrylonitrile)
Propenoic acid, 579, 866 (See also Acrylic
acid)

-Propiolactone, 1050

opiolic acid, 883
Propionaldehyde, 182, 521, 618, 1 620

in aldol condensation, 709
Propionamide, ¢ 660
Propionic acid, 278, ¢t 580, 1139

infrared spectrum, 609
Piopionyl chloride, ¢t 660
Propiophenone, 7 620
n-Propyl acetate, ¢ 674
n-Propyl alcohol, 289, ¢ 495, 506
n-Propylamine, ¢ 729, 746
preparation, 734
n-Propylbenzene, 373, ¢ 375, 380, 400
nmr spectrum, 433
n-Propyl bromide, 189, r 453, 455, ¢ 825
Propy! cation, 406
n-Propyl chloride, 82, 95, 416, ¢ 453, ¢ 496,
t 825

dehydrohalogenation, 156
n-Propyldimethylamine, 746
n-Propyl 3,5-dinitrobenzoate, 666
Propylene, 145, 151, 1 152, 153, 184, 213
pnlymenzanon. 1040 1048
preparation, 156
reactions, 179-182
Propylene bromide, 179
Propylene chloride, 209
Propylene chlorohydrain, 199 (See also
1-Chloro-2-propanol)
Propylene glycol, 494, t 495
preparation, 182, 208
Propylene oxide, 562
n-Propyl ether
infrared spectrum, 571
n-Propyl iodide, 1 453
preparation, 187
n-Propyl isopropyl ether, 555
n-Propylmagnesium chloride, 91
n-Propylmalonic ester, 849
n-Proplymethylamine, 746
1-(n-Propyl)naphthalene, 977
n-Propyl phenyl ether, 557
n-Propyl m-tolyl ketone, 623
n-Propyltrimethylammonium iodide, 746
Propyne, ¢ 251
preparation, 252
Prosser, T. J., 889
Prosthetic groups, 1152-1153
Protection, of amino groups, 759-760,
1147-1148
Proteins, 1027, 1030, 1149-1160
classification and function, 11491150
cleavage, 1169
denaturation, 1150
DNA and synthesis, 1180
structure, 11501160
alpha-Proteins, 1157-1159
beta-Proteins, 1157-1159
Protein sequenator, 1145
Protic solvents, 31
Protocatechuic acid, 810
Protonation
of aromatic compounds, 338
mechanism, 350
Proton magnetic resonance spectrum
(pmr), 415
Protonlysis, 857
Protons, in nuclear magnetic resonance
alignment, 414
chemical shift for characteristic, ¢ 421
counting, 423-425
equivalence, 416—418, 420, 439443
and position of nmr signals, 419423
shielding and deshielding, 419-420
spin-spin coupling, 425434
Pseudocumene, ¢ 375
Pseudotropine, 1025
p-Psicose, 1107



Puckered rings, 291
Purine, 1002
Purity, of synthetic products, 770
Putrescine, 743, 882
PVC, 1030 (See also Polyvinyl chloride)
Pyran, 1103
Pyranose ring, 1103—-1104
Pyrazole, 1002
Pyrene, t 967

synthesis, 996
Pyridine, ¢ 1003, 1018, 1011-1018

in alkaloids, 1018

as base, 666

basicity, 1016—-1018

reactions, 1009, 1013-1018, 1022, 1023

source, 1012-1013

structure, 1002, 1011~1012
Pyridineacetic acids, 1026

decarboxylation, 1026
2-Pyridinecarboxylic acid, 1012, 1022, 1026
3-Pyridinecarboxylic acid, 1012, 1022, 1026

(See also Niacin, Nicotinic acid)
4-Pyridinecarboxylic acid, 1012, 1022, 1026
(See also lsonicotinic acid)

2,3-Pyridinedicarboxylic acid, 1018
Pyridine methoiodide, 1017
Pyridine N-oxide, 1017, 1018
3-Pyridinesulfonic acid, 1013
Pyrimidine, 1002
Pyrolysis, of alkanes, 110-111, 263
Pyroxylin, 1127
Pyrrole, ¢ 1003

basicity, 1005, 1010

reactions, 1008-1010, 1022

reactivity, 1009

source, 1006—1007

structure, 1002, 1004-1006
2-Pyrrolecarboxaldehyde, 1008
Pyrrolidine, ¢ 1003

basicity, 1010

preparation, 1010

reactions, 860, 1011

structure, 1002
3-Pyrroline, 1002
Pyruvic acid, 1020

in biochemical processes, 1172

Q

Quantum mechanics, 3, §, 925-934
Quarternary ammonium hydroxide, 753

Quarternary ammonium salts, 740, 752-755,

1
Quinaldine, 1020
Quinine, 236, 237
Quinoline, 1002, ¢ 1003, 1018-1020
reactions, 1022, 1023
synthesis, 1019-1020
5-Quinolinesulfonic acid, 1018
8-Quinolinesulfonic acid, 1018
Quinolinic acid, 1018
8-Quinolinol, 1018
Quinones, 878

R, prefix, for configuration, 130
R, symbol for alkyl group, 89
Racemic modification
definition, 127-128
formation, 227
Racemization, in SN1 reactions, 467469
Radical-anions, 1038

Radicais (see Free radicals)
Radioactive labeling, 899 (See also I1sotopic
tracers)
( +)-Raffinose, 1129
Rancidity, of fats, 1062
Random coplymers, 1034
Rate constant, 460
Rates of reaction, 55-59
Rayon, 1128
Rearrangement, 885-924
of carbonium ions, 171-174
conformational effects, 899-904
in dehydration of alcohols, 523
in eiectrophilic addition, 197
in Friedel-Crafts alkylation, 380
in Hofmann degradation, 737, 742, 888—893
of hydroperoxides, 893-896
neighboring group effects, 904-919
in pinacolic deamination, 898-904
pinacol rearrangement, 896-898
in SN1 reactions, 470471
Reducing sugars, 1071
oxidation rate, 1108
Reduction (see Hydrogenation, and specific
compound or family)
Reductive amination, 735, 736, 740-741
Reeves, R. E., 1105
Reformatsky reaction, 720-722
Reforming (see Catalytic reforming)
Regiospecific reactions, 189
Reimer-Tiemann synthesis, 339, 624, 797,
804805
Reppe, W., 252
Reserpine, 1004
Resins
structure, 1049
synthesis, 1050
Resolution, of racemic modification, 228,
235-237
Resonance
allyl radical, 212-215§
alkenes, 266
aromatic amines, 750
aryl and vinyl halides, 824-826
benzene, 324, 361-368
benzyl cation, 398
benzyl radical, 389-390
carbanions with q-ionization, 701
carboxylic acids, 597-598
chloronitrobenzenes, 832-833
conjugated dienes, 264-265
phenols, 798
Resonance energy
alkyl free radicals, 217
allyl radical, 213
anthracene and phenanthrene, 990
benzene, 324
benzyl radical, 389-390
conjugated dienes, 265
definition, 211
naphthalene. 970
pyrrole, furan, and thiophene, 1005
triphe iylmethyl radical, 394
Resonauce stabilization
aromatic amines, 750, 759
benzyl radical, 389-390
carboxylic acids, 597
phenols, 798-799
urea, 686
Resorcmol 636, 787, ¢ 788, 796
Respiration, 1172—-1!13
Reversible reactions, 594-596
Ribitol, 1086
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Ribonucleic acids, 1177-1178 (See also RNA)
o-Ribose, 1177
(=)-Ribose, 1086, 1087
Ring closure, 292, 985-988, 992996 (See also
Cyclization)
e‘leclrocychc reactions, 939-948
preparation of isoquinoline derivatives, 1021
,brepanuon of qumohne derivatives,
1019-
Ring opening reacuons. 288-289
electrocyclic reactions, 939-948
JRNA, 1177-1179
and genetics, 1180 .
messenger-, 1181
structure, 1177--1180
transport-, 1181
Roberts, John D., 212, 440, 837
Rosanoff, M.A., 1092
Rotational barrier (See also Carbon—carbon
bonds)
in ethane, 75
in propane, 76
Rotational isomers, 225
Rubber (See also cis-Polyisoprene)
preparation, 277
structure, 276, 10471048
vulcanization, 276, 1048
Ruberythric acid, 1128
Ruff degradation, 1080
Russell, Glen, 107

Saccharic acid, 1072

Sacrificial hyperconjugation, 266

Safrole, 650, 651, 792

Salicin, 1108

Salicylaldehyde, 618, ¢ 620
preparation, 794, 804

Salicylamide, 1 614

Salicylanilide, 7 614

Salicylic acid, 7 580, ¢ 600, 1 614, 787
preparation, 803

Salmine, 1144

Sandmeyer reaction, 767-768

Sanger, Frederick, 1144, 1146

Saponification equivalent, 688

Saran, 1029

Sarett, Lewis, 877

Saytzeff, Alexander, 478

Saytzeff orientation, 478, 479, 480

SBR rubber, 1048

Schiff test, 645

Schlesinger, H. 1., 507

Schleyer, Paul, 913-914

Schoniger oxidation, 68, 486

Schotten-Bauman reaction, 666, 674, 756

Schrédinger, Erwin, §

Seconal, 862

Selectivity, and reactivity, 106

Semicarbazide, 632

Semicarbazide hydrochloride, 640

Semicarbazones, 632, 640

Sequence rules, for configuration, 131-133

Serine, in chymotripsin, 1165-1170

(—)-Serine, 1135

Sex hormones, 515

1,2-Shifts, 173, 889, 893, 896
stereochemistry, 891

Sickle-cell anemia, 1152, 1181

Sigma orbitals, 10 (See also Molecular

orbitals)
Sigmatropic reactions, 954-960
Silk fibroin, proposed structure, 1155-1157

Silver acetylide, 256
Silver ethylacetylide, 259
Silver mirror test, 630, 635
Silver nitrate, 486
Simmons, H. E., 312
Simmons-Smith reaction, 312
Singlet methylene, 309
Skell, P. S, 310
Skew conformations, 75
Skraup synthesis, 1018—1020
Smith, R. D,, 312
Sy 1 reactions
of alcohols, 524
mechanism and kinetics, 466—467
reactivity, 469470
rearrangement, 470-471
stereochemistry, 467—469
vs. S\2 reactions, 471473
S\2 reactions
cleavase of epoxides, 569
mechanism and kinetics, 461, 829—830
primary alcohols, 525
reactivity, 464——465
stereochemistry, 461-463
vs. S\ 1 reactions, 471-473
Sneen, R. A., 649
Soaps
cleansing power and solubility, 32, 1060
manufacture, 1059-1060
Sodamide, 235, 1015 (See also Sodium amide)
Yodioacetoacetic ester, 717-718, 850
Sodiomalonic ester, 847, 1139
Sudium acetylide
formation, 256, 257
reactions, 253, 260
Sodium alkoxides, 556
Sodium amide, 1015 (See also Sodamide)
Sodium azide, 889
Sodium benzenesulfonate, 791
Sodium benzoate, 582, 590, 757
Sodium borohydride, 503,507, 636, 712
Sodium -bromopropionate, 907
Sodirm 3-butyn-2-oxide, 714
Sodiu:u chloride, 26, 29
Sodium cyanoacetate, 606
Sodium cyanohydridoborate, 740
Sodium 2,4-dinitrophenoxide, 793
Sodium ethoxide, 520
Sodium ethylacetylide, 260
Sodium formate, 644
bond lengths, 598
Sodium fusion, €8, 486
Sodium hypoiodite, 537
Sodium isopropylacetylide, 256
Sodium lactate, 907
Sodium laurate, 590
Sodium lauryl sulfate, 1061
Sodium mandelate, 645
Sodium 2-naphthalenesulfonate, 981
Sodium 2-naphthoxide, 981
Sodium o-nitrobenzenesulfonate, 828
Sodium p-nitrobenzoate, 644
Sodium phenoxide, 556, 791
formation, 793
reactions, 565, 796, 808
Sodium salicylate, 796, 804
Sodium trichloroacetate, 862
Solid-phase peptide synthesis, 1149
Solubility, and structure, 30-32
Solvation, 526
Solvents, 31-32
Solvolysis, 473—474, 909-919
Solvomercuration, 505, 558
Sorbic acid, ¢ 866



