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The physical properties ol erganic molceules such us py and partition cocfficient
are dealy wirth extensively in pharmeacy courses' but do not feature greatly in
analvtical chemisiry courses, 1 is oflen suprising that analytical chemists cannot
chistinguish befween, for instance, hasic, weakly basic, scidic, weakly acidic and
netitral nileggen [uoctions, The physical propertics of drug motecules along with
simple chemical derivatisalion and degradation reactions play sn mportant pact in
the dessgn of analytical methods, Diree molecules can be complex, contaning

multiple functional gronps that in combinaiion produce the overal]l properties ol the
molecale. This chapter will serve as a sarming point lor understanding the chemical
and physico-chemiacal behaviour of doeg molecules that influence the developmem
of analytical mefods, The larter part af the chapler [ocuses on some epical drugs
that are representative of @ class of deng imolecutes and Bsis their physical properties
and the properties of their tunctional groups inoso faras they are known,
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Calculation of pH value of aqueous solutions of
strong and weak acids and bases

Dissaciation of water

The pH of a solution is defined as  fog [H 1. where [H | is the concentration of
Lyddeozen ions in solution,
In pure water the concentration of hydrogen fons is governed by the equilibrium:

Hyy === H*"+HO
ka

Fa is the dissociation conslant for the cquilibrium, is knewo as B in the case of
the dissociation of waler and & sletermined by the following expression:

X 1 HO ]
k=11 - [H'HO ] = 107"
G = IO |
Hince the concenitation of warer docs not chunge appreciably as a result of
ionisation its coneentration can be regarded as nol having an etfect on the
cquilitrium and it can be ermitted fraim the equation and this means that in pure
witler:

(1] - [HO]=107

The pH of water is thus given by log 10 7=7.00,

Strong acids and bases
[ an acid 13 introduced into an agueous salution the [H'] imersases,

I the 1 of an aqueous salution is known the [H'] is given by the expression
e ege, [H'] in pH 4 solution — 10+ M = 0.0001 M. Since [ J[OH ]= 10 Y for
waler the concentration ol [{117] in this solution is 107 M

A slrong acid 13 complately ionised in water and [H Jis egual ta itz molarity, e.p.
@1 M HE contams 0.1 M H (107" 11 ) and has a pH of - log &1 = 1. Vor a selution
of o strong base such as 0,1 M MaCH [OH | 0.0 M and [01][IF] = 100" therefore
[117] - 1 1*' 5 and the pH of the solation = 12, Although the plf range is regarded ax
being between 014 it docs extend above and below these values, 2.0 18 8 HCl in
theory hasa pHof -1

Self-test 2.1 il s T

Calculate the pH of the fallawing solutions:

il 005 M HC
(il 0.05 " MaCH
(Hiy 0.05 M H 50,

SH G SIRLOS PO H G SO0 B g () SRR | QD CETL () SSSMsL |

Weak acids and bases

Weak acids are not completely ionised in aqueous selulion and are in equiliboum
wilh the undissociated acid, as is the case for water, which 15 a verv wealk acid. The
dissociation constant K s piven by the expression below:
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A =—= A +H~
K
- _ 1A 1HT]
Ka —er

For instance ina (L1 M solution of sceliv acid (Ka= 175 = 1071 the equilitrium
can be written as follows:

Ka
COH,COO0OH —= CH.CO0 + HY
(] — %) i ¥
. [CHECO0 1
&= Ter.coon

The phl can be caleulated as follows;

-

x

178 [0 e X
e

Since the dissociation ol the weelic avid does nol greatly change the concentration
aof the unionised acid the above capression can be approximated to:

1.75 = [0 T
x=|H = Y175 105 =0.00132 M
pH=24

I comparison the pH of G M HCL s 1.

The caleulation ol the pH ol & weak base can be considerad in the same way. For
mstance ina 0.1 M solution of ammonia (Kb = 128 = 1005 the equilibriom can be
written as follows:

Kt
NH,y 4 [0 = NH, + HO
il — %} X x

I the concentration/activity of water is reganded as being | then the equilibrium
constant 1% given by the following expression;

= INHIIIHOT]
|NH;|

L= Tr =

The: concentration of NH, can be regarded as being unchanged by o small amount
of ionisaticn and the expression can be written as;

x=[HO | = 18w 10 = (L0038
mq< Kw _ 10®

= =77 = "M
PH: 1.

00013 0.0013
I

In comparisen the pH of (0.1 M Na(il s 13,
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Self-test 2.2 R R

Calculate the pH of the fellowing solutions:

[i] @1 M fermic acid (Ka = 1.77 107
iy @05 8 phenel (Ka = 1.3 <1077
[if] 015 Methylamine (Ko =56 1077
B LL () Yeg ud ey 1) sansu

Tarraa -.:3_;‘-.

e L R

3

Acidic and basic strength and pKa
The p&a value of a compound is delined a5 pRa -~ log Ka,

A pha value can be assigned to both acids and bases.

For an acid, the higher the [H'] the stronger (he acid, ...

Ka
CH,OO0H —= CIHC 00 - L

In the case of 4 base it is the protenated {orm of the base that acls a5 g proton

shomirr €2
Ka
NH, == WH,+H'

Iri this case the lower the [HY] the strooger the base,

Il p&a 15 used as a measure of acidic ur basic strength for an acid, the smaller the

R value the strorger the acid for a base the lorger the pka value the stronger the

Bose

Henderson-Hasselbalch equation
_ [AT]IH']
Kn T‘i:'.'tl.

Cam be regreanged substitating pH for —log [H'] and pRa for -log Ka to give:

(A1

+ |
pH =pKua + log - U”"-l

For example when acetic seid (pRa 4,76} is in solation at pH 4.760. The
Henderson Hazselbalch cquation can be written as follows:

[CH,CO0r]

PH = 476+ 308 e cooi)

From thiz relationship [or sveric acid it is possible w dotermine the degree of
ionizanion of acetic scid al a @iven pll
Thus when the pH = 4.76, then:

[CHCO0]
A6 =76 log e EHOH]

[CH,C00
& [CH,COOH]
[CHLCO0|
[CH.CO00]

[z =1}

=1r=1
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Self-test 2.3 RS e
Determing the percentage of onisatian af acetic aod at (i} pH 3,76 and §ii) 576,

di0a (M) REDE (1 Ay

Acetic avid 1s 50% lonised s pH 4.76. In the case of o weak scid 1t is the
protonated form of the aeid chat is un-tonised and as che pH falls the acid becomes
lews jonised.

For a base the Henderson-Hasselbalech equation i written as follows:

BH* —= B +H*
]
H=pKa+ log ——
F P = [BH‘-]

For cxample when ammonia (pRa ©.25) is m g solution at pH 925
Henderson- Hasselbalch equation can be written as [ollows;

| NIL |
A8 _ gy Leliupr
925=0254+log NI
. [NHi]
lng H =4
{NH.] :
===

[NHi]

Ammonia is 50% lonised ot pH 225, In this case it is the protonsted form of the
buse that 15 womised and as the pH Balls the base becomes mors ioniscd.

Self-test 2.4 e

Calcuiate the peicentage of lonisatian of ammania al (i) pH 825 Jne (i) pH 10,25
Tl {10} MG G L) Sassuy

An ulternulive way of writing the expression giving the percentage of onisation
L i sl or buse of o purticelar pRy valoe at @ particulur pH ovalue is:

T T AT iRkl # 100
ACIL S ONT DN = |- ]{]pH— e
I{]pn’{.l— pE

Base; S 10onisalion = - = |

b 1uen=H

lonisation of drug molecules

The ionisation of drug medecules is anportant with regard to their absorption into e
circulation and thewr disteibution to different tissues within the body. The pRa value
of & drug is also impertant with regard to it formulation ingo a medicine and to the
design of analvtical methods for its determination.
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Caleulation axample 2.1

Caleulate the percentage of tonisation of the drugs shown in Figure 2,1 w0 pH 7.0

Fig-. 2.1
o
@\ m lonisation of a basic
et At 4 dic drug.
CHOCH,CHH (GH,), - ey CHOCHLCHaM H {TH, ) an acidic grag
o 8.0 ik |
= - -
[phenhydraming |anizad form
G, CHy
O Broon = O
pHa 4.4
Tbupreten lenlsed Farm
Diphenhydramine

This drug conlaing one basic nilrgen and af pEE 740 its percentoge of lonisation cam
bt caleulated qs Bollows:

soE ; ; [T

% Tomisation diphenhydramine = A

=W o= 100 o0 = 00
b+ e 1l

lbuprofen
This drug contams one acidic proup and sl pH 7.0 1s pereentage of onisilon can be
calculated as follows:

]u'.',n 4.4

percentage of iendsation of ibuprofen = T3 10 # [

[E5s L :
= —— w |0 = = w [0 = 9% 8%
| 4+ LOFe 100



' Self-test 2.5 i O ae i [
T H 5 g §E Y] e

Calcuiate the percentage of ionisation of the following drugs, which contain 1 group, which
ionises inthe pH range 0-14 st the pH values of (i} 4 ano i} 9.
LMy
CHy QCHCHCH—NHCH
=
Baase pka 9.6
NH.GD«I\/j
CHy 'r“
CaHy CH, CONH,
Gpse pin B
Bupivacaina Atranalnl
Acids: deugs
dig o ’l-|
Adidic drugs CH, COOH
CHa . @ LS TN P &
\O\_,( At pita 4 5 \f’
M CH3 B H
o F Acid pka
8.0
B-luarcuradl
Gl
Indemathanin
GO (11 "5 LOD () [1Ranmon) -5 I EEEE (1) 0BT (1)
UPIBLIRLUCPU M6 RS G BRETRE (1) 010U e r 1L (1) 266G () SueIesdng sy

Buffers

Bulfers are used in & number of arcas of analytical chemstry such as the preparation
of mobile phiascs for chromatography and the extraction of deugs from agueous
solution. The simplest type of buffer 15 composed of o weuk aeid or base i
combination with a strong base or wcid. A common buller system is the sodium
acetulefavetic wond buffer system. The most direel way of prepuring this bolTer is by
the wddinon of sodivm hvdroxide tooa solution of aceie acid entil the reguired pH s
reached. The most effective range for a bufferis | pH unit either side of the pRa
value of the weak acid or base vsed 1o the buffer. The pKu valoe of acetic acid 15
A6 thus 1t effeotive bufler rhnge 15 3,76-5.76,

FPhysical and chemical properties of drug molecules 23
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Calculation example 2.2

[ Titre of 0.1 M sodivm acetate huffer with a pll 4.0 is required. Molecular weight of acetic acid = 6l therz
litre af 0. | M Buffer there will be & g of acetic aeid, To prepare the buffer 6 pof acetic acid are weighed o
made up to oo 500 ml with water. The pH of the acetic acid solution is adjusted to 4.0 by addition of 2 M
bdlromide solulion using a pl ! meter w moenitor the pH.- Phe salution is then made up g | Titre with water
Caleulate the concentration of acetare and acetic acid in the huffer at ptl 4.4,

Tlsing the Mendemon Hasselbalch equarion:

oo 1 LEHLOOT]
400 = 376 = log (e co0m]
hog ICEhLART], 076

[CH,COOH] ~
[CH.O0OT _ w017
ICH,CO0H] ~ | i

The buffer is compused ol | part acetic acid and 0.17 part acetate,
The buffer was prepared from (0.1 meles of acetic acid, after adjustment to pH 4.0 the amounts of acetic ac
acetate present are a3 follows:

CH;CO0H = w== 0.1 molos = 0,085 mules

CH.OO0 = % 0,1 moles - 0,015 mioles
o !

Since the acetic acid and acetats are dissolved in | litre of water, the bufferis compaosed o 0.083 M CH,C
and 0013 8 CHC000, Although the concensrations ol acetate and acetic acid vary with pil soch a buff;
be knowras a 01 M sodium acetate bufler,

Note: The 0,0 M buffer should rot he prepared by adding acetic acid to.a solution of 0.1 M NaOH since a |
acetic acid would be required ro adjust the pH to 4.4 in fact (.1 moles of NaOH would require 0.57 mole
acetic acid to a produce a buffer with pH 4.0 and 4 strenpth of 037 M.

Ay alternative way of producing | litre of 0.1 M acetate butter would be o mix
H3i mlof a 0.1 M selution of acetic acid with |30 ml of a .1 M solution of sodivm

acetate.
E Self-test 2.6 L U !
R R T e

1 lire af 3 0.1 ammaonium chiorice buffer with a pH of 9.00is reguired. Ammonis has 8 pia
valug of 925, If 2 precise motarity i& required this bufter is best prepared fram ammonizm
chlaride. The pH of tha ammonium chloride may be adjustcd (o pH 2.0 by addition of
selution of sedium hydroxide {assuming the presence of sodium is met 8 problem}, & total of
3.3% g {31 males) of ammonium chloride are weighed and disselved in ca SO0 ml of water The
pH s then adjusted to oH 9.0 by additise of M MaOH. The salution s ther madeup teo1 litre
wiLh veater

Caiculate the cancentrations of MH: and NH, in the butter at pH 5.0 and indicate an
alternative method for preparing the butter.

Irx this cace:

[rH ]
pH = pia+ log TRl

PR B L0 9 fuet (e A DOENDE BIUOLILIE W) |0
B L2 jW g9f Bumiw Ag padedasd aq pnos 800 Byl mHM S RE000 B CHN B C2E0TD Saasuy
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Hoine weak agids and bases have more than gne batter range, Mo example
phosphoric acid has theee ionizable protons with three differcnt pAa values and can
be used to prepare buffers to cover three differcnt pH ranges. The ionic specles
imvedved inthe ranges covered by phosphare boffor anc:

H.POC /H,PO, HPO; /H.PO; PO HPO,
pH [.13-3.13 pH 6.2-8.2 pH [1.3-133

The buffering ranges of a weak electeolyte are only discrete if the pKa values of
its acidic andfor basic groups are separated by more than 2 pH units. Some acids
bave Jenisable groups with pRa vaducs less than 2 pH ounis apan so that they
produce buffers with wide ranges, For example. suceinic acid, which has pRa values
of 419 and 5.57, can be considered to have a continweus buffering range between
pH 319 and 6.57.

T re mrdo LIo Far EUET TENE - DANE ERETENET R
E Self-test 2.7 : L et R B LB B

e TH ia. . BAd- | EEE
Determine the buffer range(s) for the following compounds:

1) Carbonic acid pka 6.38, 10.32
i} Boric acid pia 9.14, 12.74
fili) Glycirme 2.34, 9.60

(v Citric acid 3.0, 4,54, 5.4.

trg-ap 7 abues BulByng SNONUILWEDT RIDE 24U )

'DOL-9R PEE-PE L BUnAD (N} P UE LR LL PLEDL-FLE (1) IMORN|0S Wody 150] 5100 yonym

Sometimes oosall ol gowenk avid wath weak basge s osed ina chromalogruphig
mohile phase . apparently, ge the pH ata defimed level., ez, ammmonium goeelate or
ammmonmitrn carhonale, These salts are enarganally more elfective than a sall of strong
actcl with a sfrong hase ot preveniing o change in pH bat they are nod traly bulTers,
Such salis have bullenng ranges oo 1 pH oot gither sicde of the pEa values of the
wezak acid and wenk base composing them. For example the pH oof a solution
arrpmomiuT acetdle oo D0 bul e does notl Tunction @fTectively as o buller unless the
pH either mises o oo 825 or Falls o e 5,76,

A bufter 15 most effective shere its molarily 15 meater than the emolariey of the
acid or base i is butfering agamsr.

Calculation example 12.3

I 10l of 0 M HC] are added to (00 mEof 02 W osmliom seetate buffer pH 408 the resultant pH can be
calewlared as follows:

Molarity * volume = mmoles

Mumber of mmodes of avetate + acetic acud i 100 ml of buffer = 0.2 = 100 = 20 mmeles.

[Tsing the Henderson—Hasselhaleh eguaion:

45= 4{ o+ fog [CHL.CO0M]
CILC00 ] _

& jcH,cooR) =02

Cene L1970 03

[CH,COOH] = 7 |

LLir 353 BT 40 B5NEIST [My85n 10U 5| S0UR] 1m0 3| FTE LL-FEG B —BE'S (1] isassuy
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The bigffer contaims | part CHOOOH and (055 pares CITO007
CH.COOH = | » 20 = 12 9 auodes CHLCOOr — 055 = 20 = 7.1 mmoles

.53 .55
When HCL is added the following rescton oeenns:

CH.COO — HC — CH,COOMT = €1
The amount of HCL added 15 100% 0.05 = 0.5 mnoles
Therefore after addition of HCE

The amount of acetate remaiming s
2105 - G mmales

The amount of avelic woid now present is:
128445 = 13.4 mmales

Therefore the pt of the bufter after addition of HC is determined as follows (amounts may besubstituted o the
equalion instead of coneentrations since CHL OO0 and CTLCOOH are present in the same volume):

pﬂ-rﬁ—ingﬂ-rﬁ 031 =445

The new pH of the bufter is 4.45.

The malarity of the butfer has atso chanpad since the total amount of CH,CO0 and CHLCOMOH 15 now conratned

oo -
e =(,152 M

110 =

I 10 ml al 0005 M OHCEHwere added to- oml of water the pl D would be :betn:rmumd a5 follows:

i 110 ml instead of 100 ml giving a new molaricy of 9.2 =

10 *
= log k05 = —4 =234
o ® lm‘.l A

"l %) 1 E; % :.E' %F H
Self-test 2.8 T TR LRy o B 1 '_.,, ;; ; m !
10'm! of 3.1 b HE are added to 20 ml of a 0.5 M sodium acetate bufter with a pH ot 4.3,
Calculate: the pH of the butter atter addition of the HCL the motarity of the bufter atrer
addition of the HCI, the resultant pH i the HC had been added to 20 ml of water.

21| 4o Hd B b agnoas
JEyEA 40 W OF O DH W L0 R (W 0L 40 USHPPEY  EE) = ALIEOW MEU ) = Ho sassuy

Salt hydrolysis

When the sali of a strong acid and a strong base 1s dissobved in water it produces 2 pH

of eq 7.0. When sales of @ weak acid and o strong buse or of v strong acid snd g weak

base sre dissolved in water they will produce respectively alkaline and seidic solutions.
When sodium acetate is dissolved mowater the geetate ion behavies as a base

removing protons from solution. For o weak electrolyte inwater Kb Ko = Ea [T

(.1 bl solution of sodium acetate inowater 15 considered:

&b
CH,CO0 + H,0 —= CH.COOH ~ HO
(0L —x) X x
K 1 4
Kb (CH,CO0 1= e =573 10

Ka(CH,COOM) — 175 % 10"
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Regarding the change in the concentration ol waler as nol affecting the
equilibrinm and regarding the [CHL.COO ] a5 being relativély unchanged by
hvdrobysis.

g =1 .xj

5T =10 0.

[HO = 857 107 = 7.6 10
. [ (- "

L T

pH=ED

' Eelf-‘testi.i; ST ; _.::--:'x-“-

Caleulale the pH of @ (.1 W salutian of NH,CL. Here salt hydrofysis incraases [H'! and the
ecjullibeiurm in this case s

Ha
MH:. T—= NH, +H*

0.1 - x) A K
The Ka far this reactionis 5.6 = 100"

£1°E = Hd Lansuy

Activity, ionic strength and dielectric constant

The sctivity ol ions in g soluton is governed by the dielectric constant of the
medium they arc dissolved in s by the Lotal concentration of ions in solution. For
solutions of cloctrolytes in water wilh concentrations < (L3 M the activity of the ions
present in solution is vsually approximated to their individoal concentrations. 'he
mean activiry ceetficient for an ion in solotion is dedined as;

activity
Concentrarion

Y=
Althoueh aclivily s regarded as 1 in dilute solutions this s still an approximation.
The activity of an elecieolyte solution in water can be estimated from the following
cegLIation:

log , =—L509 (2,2 T

where = %Em.z 3

where —10,509 i o constant related 1o the diglectric constant of the solvent wsed o
prepure: the electrolyle solution and o remperatare, 7 is the chavge on o particular
iom, Fis the ionic streneth of the soluton and m is the molality (moles per kg of
sobvenl) ol @ parficular woen in solution.

Usimg this cquation the activity of F s 0.1 M HCL can be calculated o be 0,69,
Thus the true pH of 0,1 M HCD is caleulated as follows:

pH= leg &l x0.60=1.2

This slight differenee between the pll determined from activiey and from
concentration is wsually ignored, However. [Tom the equation used to caleulate the
activity coefficient it can b secn thut the nctivily decreases with decreasing lonic
strength. [n addition the constant (—0.509 Gor waler) increases with decreasing
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Second exlraction

-E of the 16,78 remuining in the water layer is extracted,

Percentuge cxtracted = E 0.7 =13.9%
Percentage of drug romaining in water layer = 28%
Third extraction

% of the 2.8% remaining in the water layer is extracted,

Percentage extracted = ; *28=23%

Percentage p'f drug remaining in water laver = L5%
Total pereentage of drug cxtracted = #3.3 + 139+ 23 =99 5%

e CETEe

Self-test 2.10 : ¥z

A drug has a partition coe*ficient of 12 between chlorofarm and water.
| Calculate the percentage of 2 drug that would be axtracted from 10 ml af water with {1} 30 ml

of chloraform; (i) 3 = 10 ml of chloroform.

WSE'SE ) 19 E L8 (1) Sy

s

Effect of pH on partitioning

Many drogs comain ionisable groups and their partition coefficient st o given pH

may be difficult o predict i more than one ionised group is invobved, However,
often one growp in & molecule may be much meee jonised than another at a paticular
pll thus goverming its partitioning. It 1% possible to devive from the
Henderson—Hasselbaleh equation expressions for the variation in the partitioning of
organic acids and bases ineos organie solvent with respect to the pEE ol the solution

that they are dissolved in.
From the Herderson-Hasselbaleh cquation:

For acids: Papp = Iﬁ‘ﬁ
¥ .1

f:l
For bases: Papp = T Tonkasmn

Fapp is the apparent partition coefficient that varics with pH. Thus it can be seen
when u cormpound, seid or base, is 50% tonised (i, pH = p&la) its partition

coellicient s hulf that of the drug in the un ionised state:

s F’

L T

Ag g peneral rule for the efficient extraction of a base inte an organic medium
Froen anagueous medivm the pRa of the aqueoos mediom should be at lease | pH
unil higher than the pKa value of the buse and in the same situarion for an acid the

pH should be 1 plT unit lower than the pKa value of the acid.
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Calculation example 2.5

A linctus formulation contains the following compoenanrs:

Base A pRa 6.7, Pichloroform/.1 M NaOH) = 103 5 my'ml
Base B p&a 9.7, Pichlorolormd0. 1 M Nat)i) = 10 A gt
Beneuic acid p&a 4.2 P {chloroform 0.1 M HCLy = 50 3 mygiml

Tn omder o sefectively extract base A 3 ml of the linctus is mixed with 15 ml of phosphate buffer pH 6.7 und
extracted once with 60 mt of chloroform,

Calculate the percentage and the weight of each-component eoracted

Baze A
At pH 6. 7:

Papp = I00WT + 19077 = 1002 = 50

1f 20 ml of agueous buffer phase were extracted with 200 ml of chleroforny there would be 1 paut of the base in the
aquenus phase W 50 parts in the chloeolorm layer. Since 60 mi of chloroform are used in the extraction there will
be 1 part of the basc remaining in the aquesus phase and |30 parts in the chlueofoe layer.

Percentage exitacted = [5O3 » 100 = 9935

Base A s present at 5 mafml in the elizic.

Amoutt of base A in 3 ml of elixir= 5 x Smz =33 mg

Amount of base Acextracted =25 ¢ 15151 = 24.8 myg

Base B
ALpH A.7:
FPapp = 10F1 + 100767 = 1041601 =001

1620 ml of aquecus butfer pliase were extracted with 20 ml of chluroform there would be 1 peet ol the base in the
aqueows phase w001 pars in the chlorfonm layer. Since 60 ml of chlomfonm are vsed in the extraction then
| part af the base will remain in the agueons phase while there will be 0.0F purts in the chloroform layer,
Fercentage extracted = 003/ 1,03 = 190 = 3.0%
Base B is present st 30 mgdml an the eligir
Amount of base B in § mlof elisic = 3 = 30 mg = 150 mg
Amount of base B extracted = (.03 x 150 = 4.3 mg

Benzoic acid
AipH a7 for an acid:

Papp = 5081 + 09742 = 500317 = (1.158

IF 20 ml of agueoss buffer phase were extractad with 20 mi of ehloreform theee would be 1 part of the preservative
in the sgueous phase to 0.15% parts in the chloroform laver. Since 600 ml of chloroform are used in the sxraction
1 part of the benzoic acid will remain an the agquenus pha‘h;. while thens will be 0474 parts in the chloroform
layer

Percentage extracted = 474/1.474 = 100 = 32.2%

Benroic iz present at 5 mgdmb in the eliur

Amaunt of heneoic aeid in 5 ml of elixir =523 mg =23 mg

Aamownt of benzoic acid extracted = 04741474 = 25 = 8.0 my

The extract is not completely free of the other ingredients in the formulation. TF back extraction of the extract with
an exqual volume of pH 7.7 hulfer is carred oot approximately 19 of extracted base A will be removed bur the
amount of hase B and benzoic acid will be reduced to < 0.5 ma,
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focough mikture contains the following components:

(i1 Base 1 pia=100, F[CHCLO.1 M NaOH) = 1000 EL
(i) Base 2 pKa=197, P (CHCIA0.1 M NalH) = 10 0 S il
[iiil Acidic presercative pKa 4.3 B (CHO0.1 M HCI = 10 5 mgSoml

L ml of the cough mixture i mixed with 15 ml of phasphate buffer pH 7.0 and eatracted with
&0 ml of chlorofore. Calculate the weight of pach component extracted,

B geg sneraasasd 1) B g | 7 958 (1) JBW 06T | a5eg {1 e

Drug stability

Muany drugs are quite stable but fimetional groups such as eaters and lactam rings
which oeeur in some drugs are susceptible to hvdrodysis and functional groups such
as cutechols and phenols are quite readily oxidised. The most commaon types of
degradation which ceeur in pure snd formulated deugs obey zere or first order
kinetics.

Zero order degradation

In zero order kinetics the rate of degradation is independent of the concentration of
(he regetants. Thus if the raee constant for the zero order depradation of 2 substanee
is 0,00 moles ! hen after 10 b 0.1 moles of the substance will have degraded. This
tepe of degradation iy tvpical of hydrolysiz of drups in suspensions or in tablets
where the drug is initially in the solid state and gradually dizsoelves at more or less
the sume rate as the drug in selution is degraded, e the equilibriwmn concentration m
free solution remaing comstant,

First order degradation

First erder kingtics of drug degradation has been widely studied. This tvpe of
degradation would be tvpical ol the hydrolysis of g drog in solation. Such reaetions
are paetda first order singe the concentration of waler is usually in such large cieess
that it is regarded as constant even theugh it does participade in the reaction, In first
order kinctics the rate constant £ has the usits h ' or 57 and the rate o the reaction
fisr a drug is geaverned by the expression:

_dAl

di A

where A 1s the concentration of the drug whick will change as degradalion proceeds.
Ihis expression can be weitten as:

by
fif3

fﬁ -‘j.'ldf

n a

k)

which can also be written as
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where 115 the amonnt of degraded product and o is the starting concentration of the
drug. Prom this expression by integration and reariangenent the following
EAISSSINN arises:

i
Im

o |
k W=x

The balt-life of the drug (the tdme taken for 50% of 8 sample dog o degrade, 12,
where 4 is i) is thus given by the following capression:
a1

= ]n T

o T in

Thus for aspirin, which has o e constant ol 0133 B! for the hydrolysis of its
ester group at 23" and pH 7.0, the hall-life can be cadeulated as Tollows:

{1.64%3
00133

.I';| e rr| I. h
The sheff-life of 1 drug. the tme reguired for W09 degradation
(where xois 0.8 @), 15 grven by the following expression:

i

Ak =
L= . In =¥ Im 1,b1

Calculation example 2.6

Tn & high-pressure liquid chromatography assay of aspirin tablets, 10 cxtracts arc made and the-cxtracts are diluted
with mobile phase solution, which consists of acctonttriledd, 1 M sodium scetats buffer pH 4.5 (10,90) 2nd
analysed sequentially, If the rate constant for the degracation of asprisyin ke milbile phase iz (L0101 b7 at room
temperature how long can the anslvst store e solotions at room [e;mperm'lre befure the dr:gmllalmn ol the
analyte i greater than 0L5% 7

Irs this case we are interested in Gy, L0

o fal005a)
L S T E}LT:H

Thus in order for degradation o he< 0.5% the I.-;H LLllv:-JJnN wﬂuld Eld'-.e wy be ..‘mih'ﬁed \‘-l‘thu] A0 mim of their being
prepared.

=05h :

' Ty R RE . k. RREL CONR IR EE e T

Self-test 2.12 o R wfﬁ? i 1

Vo Ui -%. [ 2 I

Detarmine the half dives of the tollowing drags, which can underga hydralysis of thelr ester
functions in solution, under the conditions specificd,

{ir Atropine at A0°C and pH 7.0 where k = 227 < 10°h
(i) Proczine at 37°C and pH &0 where k =104« 107k ",
(iii} Benzocaire st 30°C and pH 9.0 whare k= 2,27 = W&k
R () Ty e () T AR L (1) ey

Stereochemistry of drugs

The physiological propertics of o drug are governed W a great extent by its
steveochemistry. In recent years ithas emenged that, in some instances, éven oprical
isomers of 4 dmg can have very diflerent physiological eftects, Since
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stercochemistry s conecmed with the way in which a dreg iz orientated in spacye this
is something that is difficult i viszalise ona Na pdece of paper and the gssigninent
of ahsolue confipuration toa drug seme pecple find conlusing, The three vpes of
isomerism encountered in drog molecules are geometrical isorerism, vptical
isomerism and diasrcrenisomeriam.

Geometrical isomerism

Drrups which have a gpeametrical isomer are relatively uncommon,

1 R Fig. 3.2
@\ - “"‘r Q = TI Geometrical somers
o S % o
[ |

A G
H™ T BHNGH ), (EHytMEH T TH

Jimalding Gaarmedrcal isomer

An example of a trug with o geometrical @somer 8 the antidepressant zimelding
(g, 221 The lack of free rowion about the double bond ensures that the
slerecchetnistey of this drug and and its isomer 18 differenl. Zimeldine s the only
drug wsed, Oiher drugs which could alse have geometric isomers of this tepe includs
amitcpiyline and iriprelidine,

Chirality and optical isomerism

Optical isomerism of drug molecules is widespread. Mamy drug molecules only
contain ong or tan chiral centres. A simple example is the natweably nccurring
neurotransmitter adrenaline. When 2 compound has ne syminenry about 8 particalar
carbon atom the carbon atom is said w be g chival centre. When a compoan:
containg one or more chiral centrés it is able o rotate plane-polarised light 1 1he
right {+} or the left {—). A chiral centre arises when a carlon atom has four
sruenrally differemt groups anached to it

Fig- 2.3
R oard S enantiomers of
G oH alienalineg.
1I 1 1
HO. e 5.2 26 . OH
o "fa L MGHANHGH,  GHaNHEHZ a5
] |
H':'-" <>-=c>_._.--" H 'q,?{b_l__.a\__.GH
# A

Adienaling can exisl us bwa enaniiomers thal are mitror images of cach other
(Fig. 2.37 and are thus non-supenimposible, In Fieure 2.3 the wedge-shaped bonds
indicute bonds above the plane of the paper, the dotled bonds indicate bonds pointing
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down into the paper and unbroken lines indicale bonds in the same plang as the
papes ln comimeon with all pairs of enantiomers, the adrepaling enanticmers have
identical physical und chemical properties, Whe anly difference in thewr propertics is
that the crantiomers rofaie plane-polarised light in opposite directions. However, the
two enamtiomers of wirenaline do have different biological proporties, the ()
enanlicmier exerls # moch sleonger effect, for instance, in incrcasing heart race, It 1s
nod possibhe sirnply by locking ar a strocmure drawn on paper to say which way it will
rokate plane-polarsed light — this can only be determined by experiment. In order to
deseribe the configuralion aboul 2 chiral centre a set of precedence rules was
developalk
i1y The group of lowest prioeity attached to the chiral carbon. often hydrogen, is
placed behind the plane of the paper with ull the ether groups peinting
forwards.
(1) The praorities are assigned to the atoms immediaely artached to the chiral
centre in order of docrcasing atomic mass, For exampla:
Br>=Cl=8=F=0=N=0C=H

iy 1f pwo avoms attached to the chiral centre are of the sane précedence the
prionty s assigned on the basis of the atoms attached to these agoms, for
eRaImple

¢

O —-8s L0 N+ - CxCCsCH
vy If required the thicd slom in a chain may be considered, for example:
—C-CCl>—CLA0—C-C-N>=—(0-C>—(-U-H

Using these rules we can assign the absolute configurations for adrenaline
structures A and B. Placing the group of lowest prioly behind the paper, in this case
H,

For structure A we find moving in a clockwise diveelion clockwise = BE

O=—C-N=—C-C

Thus the absolute configuration of A is R and it follows (hat ils mirror image 13
must he & (the order of precedence meves anli-clockwise),

Tir relate the (+} (dextrovotatory) and (- (acverotutory ) Borms ol o molecile 1o
an absolute (R or 8} contiguration 15 comples and requires prepaeation of a crystal of
the conmpand suitable for analysis by X-ray crystallography, In contrast the
direction in which a molecule rotates plane-pelarised light is easily determined using
a polarimeter.

H-rzy crvstallography of the enantiomers of adrenuline has shown that the (-}
form has the & configuration and the (+) form has § conlglration,

It shiould be noted that in older literatere the terms of and £oare wsed (o denote (+)
and {1 respectively and D and L are used to dencte B and § respectively, A mixture
containing cqual amounts ol (+) and (-} adrenaling or indeed enantiomers of any
drug is known as a racernic mixture snd of course will not rotate plane-polariscd
light. The physical separation of enantiomers 10 & racemic mixture into their pure {+)
and (=) forms 15 often techncally dilTsuli,

Ampicillin (Fig. 2.4) provides 4 more comples example than adrenaline with
regard to assignment of absolule configurulion since it contains four chiral centses.
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h'lH;, Fig. 2.4
1 H H CH

c ] 3
O eom] s,

H j—r-.' - COOH

0 4 1
I
Ampicdlin

Assignment can be made as [ollows;
Chical centre 1:
—N w0 —0C yonliguration &
Chiral centre 2:
Ne—C-5=—- configeration £
Chiral centre 3:
S —Nzx—0-N configuration §

Chiral ventre 4:

In this case since the melecule is drasn wilh the Tivdrogen pointing forward it is hest
tu delerming the configuration from the molecule as drawn and then assign the
oppoesite configuration.

Nz —C-85=—0- conligeration 8 as drawn therefore
corfiseration 8 with H behind the
plane of the paper

I'ke structures of drugs as drawn on paper do not always lend themselves o resdy
assignment of absolite conliguration and sometimes a certain amount of thinking in
three dimensions is required in order to draw the souctures inoa form whers the
absolute confignration van be assigned. In drugs such as stecoids, penicilling and
morphing alkaloids, whivh are all based on natural prodocts, chiralily is built inte the
molecules as a result of the action of the stereeselective enzy ines present in the plant
or micro-arganism procducing them, However, there are many synthetic drugs where
chiral centres are part of the siructorc, Many of these drugs are used in the [orm of
racemates since there are lechnival difficelties in camying out stereospecilic chemical
synehesis or i resolving mixiures of cnantiomers resulting from non-stereosclective
synchesis. In the past miny such racemic mixtures have been used as drugs without
regard for the fact hat effectively o drue that is only 50% pure is being adminislensd,
‘The so called “inactive” enantiomer may io fact be antagonistic to the achve Torm or
it may have different physiologival effects.™ The most notable example, which gave
rise to onuch ol the medicines legislation in the past 30 years, is the case of
thalidomide, which conlains vne chirad centre und was administered as o racemale in
order to alleviate morming sickness during pregnancy. The active enantiomer
produced the intended therupeulic elfects whilst the ‘inactive’ enantiomer was
responsible for producing birth defects m the children of mothers who ook the
racemic drug, Current legislation requires @ manufacturer seeking o license o new
drug in the form o o racemate Lo juslily the use of the racemate as opposed 1o & pure
cnantiomer.
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Self-test 2.13 AR,
fsslan absolute configurations 1o the chiral centres in the following dougs.
CHy
A
MH, HECH, 1
I s
HO CH, P NCOOH 1M
A I-.'»{'_‘II:H}"'{E ]
[+ DOP& Capiopril
57 51 udoides Sydo = W sy

Diastereoisomers

Where more than one chiral centre is present in s molecule there s the possibility of
diasterenisoniers, ¢.g. captopril. Another example of @ synthetic diug with two chiral
centres is labetalol. The number of dinsterceisomers arising from o chiral cenires 5
2=l e, 2 i the case of labetalol. In the structure shown o Figure 2.5 chiral centres
[ amel 2 in strocture A have the configurations & and § respectivedy; the enantionmer
ol this seewcture (B bas the S and B configuranons in cenfres | and 2. In addition
there is a pair of enamomers C and D that are diasiereonsomens of the structures A
and B, which have the configurations [R2IR and 1525

= 3 i A =] Fig. 2.5
1 I'he stereniscrers of
11,NOG OH ot EH, ?H GONH. labetalol
1 2 o ol -
HO I;:“"'t:.Hzrm-ic-"”*|:_|*"|;n::HF_.*,:_,_ ":?H?:'zflirNHCHz"'i T OH
H 1 s
| = i | T
P ! e
A B
" 5 i A a8
HaMoo OH CHy : GHy ?H COMH,
y 2 ; 2 Ly
Gy E?J ! c C
HE O CHzNH’fﬁH":CHzﬁz : CH I I NHEHS T N
H ! H H T
R
& kV
[ ul

The dinstercoisomens in a mixture can be usually separated by ordinary
chromatographic methods, Tn the case of labetalol, two peaks would be seen in u
chromatographic triwe obtained from a non-chiral phase — one due to the 1R2S,
15,28 pair of enantivmers and the other to the 18,28 and 15,25 pair of cnantiomers.
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The commeercial drug is in Faet sdministered as a masture of all four somers and the
BP moncgraph tor labetalol checks the ratio of the two chromatographic peaks
prroctuced by the two enantiomeric pairs of diasterecizsomers. In order to separute the
enanticimerne pairs & chiral chromatography column would be required and
separation o a chiral column produces four peaks (Ch, [2),

' Self-test 2.14 T T T

Indicate the configuration of the pars of crectiomeric diasterenisomers which rompose the

tru isaxsupring.
'?" CH:, [-I?Hu.
HG- GCH—ézl-NH —CH—GHgm UO
1 2 3

lsaxsLupring

SENT 5L
PUE HE ST WL SESC ML PR HE U7 56 HEST 51 PUB SE WML 'SE 5751 PUP BE N7 B JasMsuy

An example of a pair ol disstereoisomers used sepacately ws drugs is
betamethasone and dexamethasone shown in Figure 2.6, With u total of cight cheral
centres within the betameihasone and dexamethasone structures there is the
possibility 2% = 64 isomers of the structure and these divide into 32 enanliomeric
pairs. Botly dexamethasone and betamethasone could have corresponding
cnantiomers but because they are larzely natural products, made by stereospecitic
enzymes, their optical isomers do not exist. Semi-swnthetic stermids arc largely
derived via microbial fermentation from aturally occurving plant sterols, originally
obtained from the Mexicun yam. The pactially depraded natura] prodlucts are then
subjected to a number of chemnieal synthetic stops to produce the reguined steroid.

Fig. 2.6

i example of
digstereaisomer s ased
separately as driig
malecules.

III}HPDH IIZHpDH

=0 EIE—O

HO s e OH HI . .-0OH
T .H!""I’:'é*-.-'CHg TI.H""C”Q Gy

H |-

o ] L H e e H

L H
T T
Beturnsthasone Laxamethasana

Iin betamethasone and dexamethasone the only stersoisomerism is at the
synthetically substituted 16 position. In the case of betumethasone the methyl group
15 in the f-posilion, te. as one looks down on the moleeule, it is closer than the
hydragen al posilion Lo inot necessarily projecting verlically out of the plane of the
paper). It dexamethasone, the methyl groug is in the g-position — further away chan
the hydrogen at 16 (ool necessanly prajecting vertically down into the papery. OFf the
twar sterinds belumethusone has che stightly sceonger ai-inflammatory polency.
Amother slereochemical term is eis and feens ol (his refors w the relacve
arientation ol lwo substituents. In betamethasons the hydrosyl group at 17 and rhe
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methy ] group al 16 ase teans — on opposite sides of the ring; in dexamethasone (he
hydrogy] group al 17 amd the merthy] geoup at 16 are ¢is — on the same side of the
ring. Chherwise e relative coientation of the substituents 35 the same in both drogs,
e.g- tlaorine at ¥ and hydrogen st 8 are truns 1o each eher,

Measurement of optical rotation

Cornisy Fiane-palarised
palarisad-bghl lighd

Tiled para-poleised ligh

Filar=ar Dictachor
Sarpha eually ir

1eam 1 ornjeed

Fig. 2.7
Schematic disgram of a
polarimeter,

Figure 2.7 shows a schemutic disgram of o polarimieter, Light can ba viewed as
normally oscillating throughout 3605 a 90° (0 tts direction of travel. The light source
15 usually a sodium lamp, the polarising material can be o crystal of leeland spar. a
Nicol prism or @ polymeric material such as podamicd. When circularly polarised light
is passed through the polariser its oseillations arg contined o one plane. In the
ahsence of an optically active muterial the insiturnent iy set 5o that no light is able to
pass through the analyser. When the polarised lghi s passed through an optically
active mediong the plane in which the light is osciflating in hecomes tilted and light
is #ble to puss throwgh the analyser, The angle of rotation can be measured by
correctmg for the il by rotating the analyser until light again does not pass through
it. The angle that the second poluriser has to be rotated through o, once again,
prevent the passage of light through it gives the meassured rotation o The standard
valug for the rotation produced by an oprically active coanpownd is [ o the specific
rivtation of 4 substunee where:

10800
e

o] =

where ¢ is the measured rotation. 11y the pathlengih of the cell in which the
measurement is made m dm and ¢ 15 the concertration of the sample solution in
00 ml.

The observed optical otation is depedent on both the wavelength of the light
and the terperature, The sodivm U3 line (589 nm} is usually used to make
measurements, The sebvent in which the samople is dissolved may also greatly affect
the [o] of & substance, Walues for [gf] are usoally quoted with details of the
congentration of the solution used for measurement, the solvent. the temperature and
the type of Highl used, For example the specific rotation for (=) adrenaline is given as:

Je D = —51"( ¢ =2, 0.5 M HCY)

The optical retation was oblained ol 257 using the sodiom D line witha 2 g
100 ml ! salution in 0.5 M HCL
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If an enanbiomer is chemically pure it is possible to determine its degree of
enantiomeric purity by measuring its optical roration relative to a standard value, c.g
it an enantiomeric mitmre conting 1% of enanfiomer A& and W%, ol enantiomer 3
[z] will be reduced by 2% compared o the value for oprically pure B, Examplées of
the measurement of optical rotation as a guality control check are tound in the BP
momographs for Timolol meleate. Tobramyein and Pheny lephrine Hydrochloride.

R LR B L TR LT [T T

Self—‘test 2.15 . . i a7 dk L - L ol o 1 -]

i i Pl b b b T TR A g Vit | ¥ e

Optical ratation messuzements were madg wsing the sadivm D line 2t 25°C ina 1 dm cell and
the readings obtained were as folloas:

(it Phenylephring HED26% wbhv in 0.1 M HCH » -0.98°
(i) Timolol maleate 9.B% watv i | B HCE (0 = =058

+ Calcuiate [a] for these drogy and expreds it incthe convenbignal farm.

| (XH N L RG] o20'3- = Qa0 10 SE0H W L0 9T) o8- = Ox(R] () Siemsuy

Profiles of physico-chemical properties of some drug
molecules

Procaine
o c] A Fig. 2.8
Hzr=|4<’_>—-::zt::umr:":HE-::Hzwg-:;?Ha:.z
Procains

Do pepes Tocal anacsthedic,

Funefiona! growps;

= A Terliary aliphatic amine, p&ua 9.0,

* B Ester, neutral.

= O Aromatic amine, very weak base pKu ca 2.
Haff-dife i wekers 2o ac pHl 200 3790

Addiviomad inferemgiticn: Procaine is formulaad in mjections amd thos susceptible 1o
aguanns phase hydrolysis, in simple solution its degradation i fes) order (Fig, 2,090,

Fig. 2.9
Hydrolysis of procaine.

—

o HN OOH
HioH '
Hol _@ COOCHCHAN{C Hs ),

Precaine HOCH, CHANITLHo
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Self-test 2.16

Caleulate:

[l The percentage ionisation of proceire st pH 2.0 (the ionisation of group C at this pH wll
b nagligible).
{lil The rate constant tor its baedrolysis al gl 20 and 37°C

ST R (T B PR =T R R

Closely related drny molecades: Proxymelacaime, bengocaine, amethocaine,
butacaine, propoxycaine, procainamide (Tor stubility of an amide group see
paraceiamal i, bupivacaine, lignocaine, prilocumine.

Paracetamol

A Fig. 2.10
NH.CO.CH;

O
B

Faracetamaol

Prrug type: Analgesic

Falicrional growps:

+  AAmide group, nentral,

* B Phenolic hydroxy groop very weak acid pia 9.5,

Half-life in warter: 218 vears al pH 0 and 25°C. Most amides are very stable o
hydrolvsis (Fig 2,11

HH, Fig. 2.11

N Hydraolysis aof
F i paracetarnl,
[ 3]+ orscooH

I

{H

hher draey contairife an aride proye: Bupivacaine, procainamide, [enocaine,
& E Rroup
beclamide, acebutolol.
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# Fig. 2.12
COOH @

i AOCOCH;

i

i

S

Azpsrin

Aspirin

Crrug tepes Analgesic.

Functionul progps:

= A Carbosvhic acid, weak acid, pfa 3.5, » B Phenolic ester. particularly unstable.
Half-life fn wader: 32 houl pH 7.0 and 23°C; o 40 days at pH 2.5 and 25°C.
Additioral informaiton: The rate of O catalvsed hydrolvsis of csters 15 = the mle

of H™ hydrolysis of esters, Solid aspirin ahsorhs water from the stmosphere and then
hydrolyses (Fig. 2,13,

Fig. 2.13
Hydrolysis of aspirin,

CooH COOH
it JDGOIGH, |
s [
I\. i S I H + Cqu:'DDH
e H¥aOH Pl

Partition coeffictent of wn-tonped compouind of acidic pH: Octanolfwater oo 631,
Ciher arieps contnmming phenolic exier grengr. metipranolol, vitamin E, benorylate,
dipivetrin,

Benzylpenicillin
B Flg. 2:14

By A
i, B /':Ha
{0 T CH CONH—— T
o e [:-H-'l

g N— "

¢ g CO0H

Banzylpanicilin

Dirug tvpees amtibiobic,
Functional growps:
= A Amide, newtral, relatively stable, see paracetamol,

» B Thicether, neutral, can be exidised it gh levels ol oxyuen siress.
» ( Lactam ring. newtrul, purtivolarly susceptible o hydrolvsis (Fig. 2.15).
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Fig. 2.15 i SO H* o
o W i T -
benzylpericitlin, Cr’ N
COOH
g CHs
CH.CONH | e
i 4 CH,
HOOG "
” COCH

Huli-fife: benzylpenicilling 38 d at pH 6,73 and 309 ampicilling 39 d at pH 6.5 and 257,
Adetiriongi informagion: Consaderation of the sighility of these compounds 1s
parlicularly important singe they may be formulated a5 orl suspensions,

= [ Carbosylic acid, weak acid p&a 2.8 {the strength of the acid is increased by the
adjacent lactam ring).

Compencdy with simfler propeeties: amaexyeilling loxacilling carbemvitling
Mucheacilling phenoxymethyipenicilling cephalexin, celfuroxime,

S-Fluorauracil

i & ':l' Fig. 2.16
Hiio | oo H H “ S H L-Flucrauracit and its
ri‘l M : | ionised form.
"::t:l-"'-'}%{; qh‘-'{}.-""' . C}.‘
F F
Predominant form
atpH 9.0

ey typel anticancer
Fineiinnal groums.

« A Ureide nitrogen, acidie, pAa 740
= B Ureide nitvogen. very weakly acidic, pha 13.0.

Addiional fnforinaiion The molecule 15 quite stable.

Fartition coefficient af un-ionived nedecuwde: Octannlwater ca (113,

Comrpounds conteining g acidic sitregen dn g hererocyelic ring: phenabarbitone,
amvlobachitone, butobarbitone, bemegride, wracil, phenvtoin, theaphylline,
theobromine.
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A Fig. 2.17
MH.COCH 2CHACH

s

L
e OO

DC‘-Hz(I] HCH gMH. CHIGH 53

G OH L&

Acebutolol

Drrug rope: B-adrenerzic blocker,

Fuaniciieimil oo

» A Amide, neutral_ susceptible to hvdrolysis under strongly acidic conditions
{see paracetamol).

» B Aromatic ether zroup, potentially oxidisable under stress conditions,
» {7 Becondary amine group pRa 9.4,

Partition coeffictent of um-tonived compoaad: Octanolwater ca 483,
1 it i

Sulphadiazine
Fig. 2.1B b !
15 & —M B [P- ] [ 0] 8] F |
e " & & o i &
FJIFhadlaz1nE and its & b pH =8 _+"'_ 't MH; .J'P+ J"EJ -N=5— q}—l‘ilig
ionised form, LY ! ] x ;‘ : 1 I sy
= Q — —y 0 o
A
Ignised form

Dhrg tepe: antibacterial (Fig. 218}

Funotional grougs:

= A Diazine rng nitrogens, very weakly basic pRa =2
« [ Sulphonamide witrogen. weak acid, pRa 6.5,

o Weak |y basic aromatic amine pia < I,

Partivion coefiicient of wi-ionised compeund: Oetanolfwater ca 0,53 (log P oclanol
water at pH 7.5 = —1.3}%

Closety relared compenmeds: sulphadoxine, sulphamerazing, sulphametopyrazing,
sulphagquinoxaline, sulphachloropyridasine, sulphamethoxazole, sulphathiaeole,

Self-test 2.17 S B R S B ji:__.,-{.__::_:if-

Caleilate the % ionisation of sulphadiazine at pH 7.5

o Hd
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Pharmaceutical Analysis

lsoprenaline
< HD B Fig. 2.19
} i {IJH A aOHy Dridation ot
CHO 4 9 -CHCHaNHOH, isepreraling
B CH4
'1‘ 0y
Q
S 2H CHy
0w % CHORNHCH
Y CHy

fdreeg Dvped sympathomimetic (Fig. 2.190.

Furectionial gresps:

= A Sccondary amine, base pKa 8.6,
= B Beneyl alcobel group, neutral,
« O Catechol group, weakiy acidic pfa values e [0hand 12

Addirional ffermarion: As indicated in the resction above, the catechol group s
very readily oxidised vpon exposure to light or air. Oxidition results’ in such
componnds twrning brown, solutions of isopronaling and eelated compoonmids mast
COnLain aniioxidanis gs preservalives,

Feetition coefficient of the un-fonised drg: The compound 1s highly water soluble
and cannot be extracted to any grodt extent into an organic solvent since it 1% wonised
to some extent at 2]l pH values.

Cleselv rated commoindy: Dopamine. adrenaline. noradrenaline, serbutaline, DOPA,

Prednisclone

C Fiy. 220

MO, o~ ]| AeoH E

e

O pvper corlivosterd (Tag, 2,200,
Funotiomal gronps:

= A and T ketone groups neutral,

+ Band C secondary and primary aleohol aroups, neutral.

= ETerttary alechol group. neutral, prone to climination by debydration at high
ternperatures, Where the hvdroxyl proup at Fas converted to an ester such as
valerate, e.g. betamethasone valerate, thermal efimination of the ester can ocoor
guite readiby, Another decomposition reaction of the valerate esters is the
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intramolecular ransler of the ester 2roup from Fou O (see the BE (ests for
Betamethasone Yalerle products).

Fartition coefficient; Octanolwater ca 70 The drug does ol fonise so that the
partition coellicient 15 unaffected by pH. Despite being newimb compound the
hydreayl groups in predniselone give it a water solubility of o 0.5 mgiml,
Clesely retuted commponnedy: dexamethasone, betamethasone, triameinolone,
hydrocartisone, betumethusenc valerate, hetamethasone dipropionate.

Guanethidine
Fig. 2.21 A ':“ .
Guanethidire and its pa——- hllH s B h,l 2
ionised farmL K N — CHACH NHE HH, | — GHZGHZNHG NH;
i \\ ) o

Predaminant farm af guanethicing
&t pH 7.0, charge on A is oelocaized
avir all three nitroegens 3

Drug type amli-hypertensive (Fie. 2215
Funetional sronps;

* A Guanidine group; one of the stronges nitrogen bases pAa 114
* B Tertiary aming pKa 8.3,

Compounds contuining guariding g areining, ereatinine, bethamdine,
strepromycin, phenformin, metfonmin, chlorhexidine.

Pyridostigmine bromide

A y
| Fig. 2,22
Chig
-'.-N Br |

-
- o B
e T DOOMCH

Drwe rvper anti-cholinergic,
Functional groaps:

= A Sale of steongly basic qualernary ammoniom ion. Quaternary ammonium jons
are chirged at all pH values.

+ B Carbamate groap, the nitrogen is neutral as incan amide bt the carbamate
group is less stable than an amide having a stubility similar to that of a phenalic
esler,

Compounds contaifing o quaierndes arimoriim group: atracarium besylate,
bretylium tosvlare, clindium bromide, ghvcopyrronivm bromide.
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QAdditiunai problems i B gt u

1. Calculate the pH of the following solutions assuming that the concantration and the activity
of the solutions are the same:

iy 0.05M HO.

{il 0.1 M chioraacetic acid (Ka = 1.4 = 107,

{ii] 0.1 8 phosphornic acid (First Ka 7.5 = 107,

fivd 001 M Furmars acid (Ka 9.3 = 10 and 3.4 0107,
(vl 0.1 8 di sopropylamire base (Ko = 9.08 < 197,
[wi) 0.4 M imidarels base (Kb =16+ 10}

LOL (i} S EL (8] e i) gy (W) CERTL DB TECL A1) RERu

2 Calculate the pi of the following satt solutions:

W01 M sodiuen Termate (Ka formic acid = 41,77 = 1007
fid 01 M osodivem Tusidate (Ka fusidic acid = 4.0 = 10,
fiiil ©.1 M cuhedrine hydrochloride (Ka of ephedinne = L5 < 1027,

EG 1) TG (1) CER (1 sy

3. Calculate whal valumes of the sait solutions specified which would be reauired 1o prepare
11 af the following buffers:
(il 0.1 b phicsphoi acidiD. 1 M sadium dihydrogen phosphate pH 2.5 (pRa H.P0, 2.13;
[iii 0.1 M sodium dinydrogen phosphatedd 1 M dissdium hydrogen phosphate pH 8.0
[pia HPO T.270.
fii} 0.1 M sadiurm bicarbonatefd. 1 M sodiem carbanate pH 9.5 (pka HOG; 10,370,

P LT LW §REE (N W 5 BRI §TREL (I} W LD BET L) iy

4 Indizate the pereentage of ionisation of the functional groups specified in the follwing
drugs at pk 7.0 (Fig, 2230

CI\

Fig. 2.23 —

B M apkaaa £y
SHy. e M Yo BpHad?
1 ]_N CHGHZCHNICH b

CHy & M

e A pKa RO
Thssupnyllire

Chilomphenlranins

55766 @ %606 v Aumuwisdanuy uabouyy wpoe) s | s gdoayy samsyy

5. Calculate the pergentage of the foliowing comopunds that would be extracted under the
conditions sperifiea:

[l Asalution of basic drug pka 9.2 in an oral lguid is mised with & buter having a pH of
7.2 and is exiracted with an equal volurme of chlaroform {the partition coeflivient aof
the un lorlsed hase inte chlorotorm is $00).

(i) an acidic drug with a pie 4.2 s etracted From a solution of pH 4.5 with an egual volume
of chlaraform {the partition coefficient of the un-ionised acid inta chiorafedn is 200

BROEE (1) T ER (1) Sy
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. Extracts containing benzylpenicillin were prepared for aralysis o baffer a2 pH 6.5 at 25°C,
the rete constant for tha hydrohysic of benzylpenicilllo under these conditions is 1.7 « 105
What is the mazimum length of time the solutions can be stared before anabsis sa that no
mere than 1% decompesition occurs,

| M PEl ey

T. Deterrnine the absolute configuraticns of the chiral centres in menthal and prenbutrazate,
List the configurations of the pairs of enantiomeric diastereaisomes af menthol (Fig, 2.24)

.-'"'1%
Fig. 2.24 EHy
_I_"_i.L__ _.-"O‘x-l '-._:_-QF}
A
2l ] 2
ol e
% CHAGHAC00, | ~THaCHs
CHy T UMy 3
Mgl h.,“‘,‘s]
Pranbutrazate

TRYIUE 10) 5B B1ETRIINGUaLY
HESTHUSEHZE| WE U2 W ISE SESL SE HE HLME S2 51 ST ST W LWE 9T SS9y i
SE 57 5L AMesnirusd (HE §T 5L OYIUSW LUy |
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