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Preface to the fourth edition

In 2007 I wrote in the Preface to the third edition that the science and
practice of pharmacy were undergoing a period of change. Now, as I write
the Preface to the fourth edition of Essentials of Pharmaceutical Chemistry,
it seems that the profession is still changing. The General Pharmaceutical
Council has replaced the Royal Pharmaceutical Society as the regulator for
pharmacy, the number of schools of pharmacy in the UK continues to rise
and there are plans to integrate the current four year MPharm degree into a
five year integrated model incorporating two six month periods in practice.
This new edition of EPC (as one of my students calls the book) has been
prepared against this changing background. I have tried to incorporate sug-
gestions from users and reviewers and have updated every chapter for this
edition and included new chapters, Chromatographic methods of analysis
and Medicinal Chemistry: the Science of Rational Drug Design.

As with previous editions, [ am very grateful for the help, advice, comments
and encouragement from colleagues, reviewers and the many students of
pharmacy and pharmaceutical science who are forced to use this book as
part of their studies. I hope they find this new edition useful and, perhaps,
experience some of the wonder and enjoyment I felt when I was introduced
to the chemistry of drugs and medicines more than 30 years ago. If I was
being honest with myself, that’s still the way I feel about the subject today.

Donald Cairns
Aberdeen
June 2011
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es have quite complicated chemical structures and are, by
g, bi ologically active compounds. It should not, therefore, come

Dru gs some tim

nitlo ; 5 :
defj surprise that these reactive molecules undergo chemical reactions that
as

result in their decompositiop and detftrioration, and that these processes
begin as so0n S the drug is synthesised or the medicine is formulated.
Decomposition reactions of this type lead to, at best, drugs and medicines
that are less active than intended (i.e. of low efficacy); in the worst-case
cenario, decomposition can lead to drugs that are actually toxic to the
patient. This is clearly bad news to all except lawyers, so the processes of
decomposition and deterioration must be understood in order to minimise
the risk to patients.

There are almost as many ways in which drugs can decompose as
there are drugs in the British Pharmacopoeia, but most instability can be
accounted for by the processes of oxidation and hydrolysis.

Oxidation

Oxidation is the process whereby an atom increases the number of bonds it
E?C:;’O"XY%;H, decrf:ases. the number of bonds .it has to hydrogen, or loses
mﬂiecuI;:; OXE deterioration of drugs by. oxndatl?r} requires the presence of
0Xygen, or OYgen and Procee-ds upder mild ‘condlt‘mns. Element?l molecular
g ill,the rz, pc:lssesses a dllfad1§al (unpaired triplet) Flectromc' conﬁgura-
s electrop Sg :?ﬂd state and is said to b‘e paramagnetic (a species with all
¢resenteq ai .lg‘ls.cal]ed dzagmagm,ftzc). The structure of oxygen can be
O Valence bong t}_; = or =0 dependmg on whether the molecular (?l“blt:'il
i sp::ry 1s employed. The mj;portant fact for c!mg stai?ll}t?r is
40 reactions 15 Possesses two unpaired electrons, which can initiate
' the feactig reSUlt'F‘g in the breakdown of drug molecules, particularly
etal jong a‘:igccurs In the presence of catalysts such as light, heat, some
Pheng)g (such beroxides. The types of drug that are affected include

A morphine), catecholamines (e.g. adrenaline (epinephrine)

-

™2t the raq
Chaj )
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218 | Essentials of Pharmaceutical Chemistry

and noradrenaline (norepinephrine)) as well as poiyunsarumed &
i P . 0
such as oils, fats and fat-soluble vitamins (e.g. vitamins A and E)mp(’““ds

Autoxidation

Radical chain reactions of this type are called autoxidazq,,
can be quite complicated. All, however, proceed via a nup
steps, namely initiation, propagation and termination.

Teactiq

ns
ber of and

dis.cl-e.[c
Initiation

Initiation involves homolytic fission of a covalent bond in the
to produce free radicals (Fig. 9.1). The energy source for thi
comes from light, either ultraviolet or visible, falling onto th

, _ ; ; € sample, jgp,
of these wavelengths is sufficiently energetic to bring about cleavage of th
pair of electrons in a covalent bond to yield two radicals. k

drug Molecy)
3 Process ofte,

Stage 1 Chain initiation: involves homolytic fission to produce free radical
S
(Fig. 9.1).

A P
Drug tH — Drug +H
0

Figure 9.1. The mechanism of Initiation.

Propagation

Propagation is the main part of the chemical reaction, in which free radicals
react together to produce more and more reacting species (Fig. 9.2). In the
case of oxidation, this involves the production of peroxides and hydroper-
oxides. These hydroperoxides may then undergo further decomposition to
give a range of low-molecular-weight aldehydes and ketones. Carbonyl
compounds of this type usually have characteristically unpleasant smells,
which allows their presence to be detected, literally by following one’s nose.
They can arise not only from the decomposition of drugs but also from the

autoxidation of fats, oils and foodstuffs as well as the perishing of rubber
and the hardening of paints.

Stage 2 Chain propagation: free radicals are consumed and generated
(Fig. 9.2).

Termination

Reactive free radicals join together to form covalent bonds. This effect-
ively ends the chain reaction process and produces stable compounds
(Fig. 9.3).

. I ) . t
Stage 3 Chain termination: reactive free radicals are consumed but no
generated.

‘.‘
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Stability of drugs and medicines | 219

Pl F3 0-0' —i Dilig-0-0"
prug molecular peroxide free radical
oxygen
— Drug-0-0-H + Drug"
hydroperoxide
(oxidised drug)

prug-0-0'  Drug-H

The mechanism of propagation.
9.2.
ﬁguli
Drug-0-0" Drugg —> Drug-0-0-Drug

Drug’ Drug® —— Drug-Drug

hanism of termination.
3. The mec
figure 2
sability of free radicals
jtis useful to be able to look at the structure of a drug molecule and be able
t o _ ‘ e al
redict which sites, if any, in the molecule are susceptible to oxidative

top ; *
rioration. To do this we must have an understanding of the ease of

dere ; ;
formation and the stability of free radical species.

The most common bond in a drug molecule to be broken during an
autoxidation process is a covalent bond between hydrogen and another
atom, usually carbon. It follows, therefore, that the more easily this bond
undergoes homolysis, the more susceptible the drug will be to autoxidation

(Fig. 9.4).

Drug tH —> Drug  +H"

Figure 9.4,  Autoxidation of carbon-hydrogen bonds.

'ﬂ.le breaking of a bond in this way generates two radicals, each with an
unpasre’d electron. (Note the curved half-arrows in the reaction mechanism.
}:;:Z s:::gl:]lfy the movement of one leectlron,'as opposed to the full arrow
tron,) Althzs: l:atitlon schemes, wh.lch implies the movement of two elec-
i flcctrongr almost all free radicals are unstabl’c and_react to gain an
shel, some radi: ;-‘Omple,'te a full octet of electrons in their outer eletftron
more likely ¢ foa Sare ff’atltfefy more stable than others, an'd hence Wll! be
S (with alky] rorm and persist. In gcr.iera% the more substltute.d a r*fldlc_al
be 1o tajee par% Oups) th? more stable it will be, and the more likely it will
lst the relagi = Chve_“'“f:al reactions. A rank order can be drawn up that

fIve stabilities of free radicals; a highly substituted tertiary (3°)

-

_Aromrs
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220 | Essentials of Pharmaceutical Chemistry

radical is considerably more stable than a secondary (¢ o
one. The least stable alkyl radical is the methyl radical, w}
substituents and, therefore, no mechanism whereby the .
can be stabilised:

ich b 20 (jo
:;Ch .has No afll( )
Paired electrow
n

3° > 2° > 1° > CHj

Radicals in which the lone electron can be distributed around ¢,
by resonance effects are particularly stable and occyy o e
y e . are | : .
oxidative reaction mechanisms. Examples of Comparatively stable o of
of this type are the benzyl free radical and free radicals containiy Tadicy|
(or propenyl) group. These species can be stabilised, as shown iy %_the ally]
ig.

9.5,
(;CHQ CH,

gl
“ e

mO[ec"le

@ CH,

CH, 2

-H,@?
b

CH; =CH —CH, <> ‘CH,—CH=CH,
Figure 9.5. The stability of allyl and benzyl radicals.

Drugs that are susceptible to oxidation of carbon-hydrogen bonds in-
clude ethers (which oxidise to form highly explosive peroxides), aliphatic
amines (which oxidise at the a-hydrogen atom) and aldehydes (which are
easily oxidised to carboxylic acids and peroxy acids). Examples of these
reactions are shown in Fig. 9.6.

Other bonds that oxidise easily are the oxygen-hydrogen bond foynd
in phenols and the nitrogen-hydrogen bonds found in aromatic amines
(Fig. 9.7).

In the case of oxidation of phenols, the reaction can very quickly g
complex mixture of products. This is because the phenoxy radical forme
on abstraction of the hydrogen radical, H® can give rise to carbon—carbon;
carbon-oxygen and oxygen—oxygen coupling reactions.

ive 4
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l|3 —
; . ‘0—o0

|H OCH2CH3 initiation

C -

pie
Q=+~ K
I

CH3CHOCH;CH; +  CHyCHOCH,CH,

|

Chain reaction Further decomposition

i /7
“H . 0—0
| / ——H—P — CH—N —9}- etc.
.-—-CH"'N\ X
I

.

H (o]
O%C/ Q‘\CD
)
@ e @Qﬂ—b D R @ <> etc.
initiator;
Fel+, Co¥* —5
o )

O

Benzaldehyde Resonance stabilised acyl radical
o 0
4 ‘0o—0o 7
CgHs—C. — = » GHs— C\
0—0O
CgHCHO
(-H")
0 0]
- 7
O=—0—H

Perbenzoic acid
Fgure g g,

l:arbCln_
hydrogen bong cleavage in ethers, amines and aldehydes.

Th
il}n’ f:; pH at wthh

- Ormed “ the phenol is stored is also important since a phenoxide

h pH, can easily be oxidised to the phenoxy radical

R

|

AW
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Range of coupling reactlons

. bond cleavage.
d nitrogen—-hydrogen
n-hydrogen an
Figure 9.7 Oxyge

OH 0: o
OH™ —e >
Easily oxidised

Phenol Phenoxide ion Phenoxy radical
£y H
O:QH Fu § — P 0
H
-2H*
Tautomensm
0 D .
0 H
A quinone

(coloureq Oxidation Product)
i Further oxidation

Figure 9 i
8. Oxidation of the Phenoxid
Xide jon
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_ phenolic groups include the analgesics morphine (and
ontaini® ramol as well as the bronchodilator salbutamol,

arace :
fr.farment of acute asthma (Fig. 9.9).
e

Morphine Paracetamol
H OH
s
& ~H
S N
™ C(CHy)s
HO
CH,0H
Salbutamol

figuwe99. The structures of morphine, paracetamol and salbutamol.

Drugs that contain two phenolic groups, such as adrenaline (epineph-
ine) and other catecholamines such as noradrenaline (norepinephrine)
and isoprenaline are particularly susceptible to oxidation and have to be
formulated at acidic pH. All of these compounds are white crystalline
solids, which darken on exposure to air. Adrenaline forms the red coloured
compound adrenochrome on oxidation (Fig. 9.10), which can further poly-
merise to give black compounds similar in structure to melanin, the natural
skin pigment. Injections of adrenaline that develop a pink colour, or that
contain crystals of black compound, should not be used for this reason.
M?Ena!'inr: for injection is formulated as the acid tartrate (Fig. 9.10),
wh:;h’ In aqueous solution, gives a pH of approximately 3. It is called the
“d tartrate since only one carboxylic acid group of tartaric acid is used

up in - ; ; ) . . 1
gro salt formation with adrenaline. This leaves the remaining carboxylic
UP 10 function as an acid.

y lleavage of the nitrogen
Similar mann

of p r(]d ucts du

-

~hydrogen bond in aromatic amines occurs in
¢r to that described for phenols, to give a complex mixture
€ 10 coupling reactions of the type shown in Fig. 9.11.
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H OH
HO -~ /’“‘ 7~ N NEH Oxidation
ﬂ several
g, steps

HO~

Adrenaline (epinephrine)

OH H H
S

(+) ~CHs

s\\\\\ =

HO

HO

Adrenaline acid tartrate

Figure 9.10. Oxidation of adrenaline (epinephrine).

H\N/H H\N) H\N H\N
)
_H' O .D
> et
l 9,

+ —

Range of coupling reactions

Figure 9.11. Nitrogen-hydrogen bond cleavage in amines.

Prevention of oxidative deterioration

A number of steps can be taken to minimise oxidative decomposition in
drugs and medicines. These can be summarised as follows.

Exclusion of oxygen

This is pretty obvious: if oxygen in the air is causing the oxidation, theﬂ
exclusion of oxygen from the formulation will minimise oxidarive_deterlor-
ation. This is usually achieved by replacing the oxygen with an inert ?25
atmosphere (e.g. nitrogen or argon). The container should also be WEU fil 60
with product and closed tightly to minimise the possibility of air getting *
the medicine.
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glass containers
far Jes light of wavelengths <-.470 nm andl s0 affords some
L exclu asitive compounds. Special formulations, such a5 me-
bes & "o lig t-s€ ed in the treatment of asthma, also offer protection
) url since the drug is dissolved or suspended in propellant
e l(ii;hr and 0% aglz J aluminium container.

0 Cojoured

b ing agenfs

ofcheia“ . s can be catalysed by the presence of tiny amounts of
s ation CHOQ,OS ) Cu?* can initiate decomposition of fats) and so
el jons l (‘)r glass apparatus should be used wherever posgble during
inles’ stee " susceptible compounds. If the presence of metal ions cannot
qant ?thjretheﬂ chelating agents, such as disodium edetate, are used to

be V04 CCE remove metal ions. Disodium edetate is the disodium salt of
an

chelate d~amiﬂefetraacetic acid (EDTA) and is shown in Fig. 9.12.
ahylene?” 0
0 /_/(
; \ N OH
0 N~ SN O-Na+
Na+-O, / H
O
(0]

Figure 9.12. The structure of disodium edetate.

Use of antioxidants

Antioxidants are compounds that undergo oxidation easily to form free
radicals but which are then not sufficiently reactive to carry on the decom-
position chain reaction. They selflessly sacrifice themselves to preserve the
dug or medicine. Most antioxidants are phenols and a few of the most
wmmonly used are shown in Fig. 9.13. Ascorbic acid (vitamin C) also
finctions as an antioxidant and is added to medicines and foodstuffs for this
fe:“’“- Food manufacturers enthusiastically label their products as having
Z:;tdt;:f:’fm C’. What they are not so keen to tell you is Fha'.r the vitamin
e PmdllctQ:[ the conslumers’- bel_leﬁt but rather as an antioxidant to stop
€composing oxidatively (see Fig. 9.14).

:Utox'datiOn of fats and oils
ed o
it arg Isszzdef?ts i naFUFally occurring products, 1_15ually of plant origin,
Xi tensively in pharmaceutical formulation. They are very sus-
preFautions mlu tive decomposition (a process called rancidity) and special
Psiiop, oni St be taken to contro] their stability and prevent their decom-
Pounds of this type exist as complex mixtures of structurally
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™ s HH),
tcHs}-‘C v ’
~
OCH,
CH; Butylated hydroxyaniso|e

¢ of butylated hydroxytoluene (BHT) and butylateq hydroxyay;
. Sole

gl 0.13 The stru
oHAM C]H20H
CH,OH
i b) H— C— OH
y—C—OH 0
0 [O]
0 — 0
(0} 0

HO OH

9.14. The structure of ascorbic acid, showing oxidation to diketone.
Figure 9.14.

similar oils, the composition of which can vary from year to year dePending
on factors such as climate, time of harvest, and so on. Chemically, fixeq oils
and fats are esters of the alcohol glycerol (propan-1,2,3-triol) with three
molecules of long-chain carboxylic acids, called fatty acids, which may p
the same or different depending on the oil (Fig. 9.15).
0
Il
CHy— 0 — E—
(@]
I

CH— 0 — C— R2
0
Il

CHz_O_C—'R3

Figu
gure 9.15, The structure of triglycerides

- Compounds of ¢h:
within the molecfnlt(}g1 N tgpe are called triglycerides and contain several sites
of the molecye, This‘t'rs °r¢ autoxidation can occur to cause breakdows
i ot ::ft‘:c‘a”)’ true if the fatty acids are unsaturtt
Oh~carbon doyhle bond; if the carbon chai"

ble b o
onds, the o] js said to be polyunsaturated).
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g- Iiiiigilpl_____
1oy OF 0118 18 VETY important in pharn*'taceuticals since non-polar
i caceptive steroids and net_zroleptlc tranquillisers) are often
s (68 c-ontily injection vehicles for intramuscular or depot injection.
‘:;:Iiua d ic“t}?is type can be given, for ‘example, once a month, and the
jajectt ¢ Oits Pharmacol_oglcal effecf asit 1€aChe§ out pf the injection site
doo8 © t;lsoodstreamn Ol,ls US.Ed »® mleﬁmn vehicles include arachis oil,
a0 e 7 qut plant, olive 01'1, castor oi and ethyl oleate, the ethyl ester
d oleic acid (Fig. 9.16).

h? h ];f:arbon fatty aci
of
0
=
5 (CH,)6C 2
2H5
(CH3)gCH;

H

9.16. The structure of ethyl oleate.
Figure =7

These oils, if they are.to be useq pgrenterally, need to be chemically
pure and free from microbial contamination. As stated above, plant oils are
ofren complex mixtures of cbemlcally similar compounds and so require
special forms of pharmaceutical assay (e.g. determination of their acid
and saponification values) as well as physical methods of assay such as
determination of density (i.e. weight per millilitre) and measurement of their
refractive index. Increasingly, modern instrumental methods of analysis,
such as gas chromatography are being used to identify component oils and
ensure purity (e.g. the BP assay of Arachis Oil).

Ageing

The effects of oxygen are not limited to the oxidation of small molecules
found in drugs and medicines. It is now thought that most of the chemical
effects of human ageing are the result of sustained and cumulative oxidative
[d;;?;)ge_[‘;“ dePQItant macromolecules present i.n our cells (particularly
Ifath;:s ti:eost ;fokt? to the effect that air is poisonous — everyone who
i the cel}s'u dies - fioes hfwe some truth in it. As soon as we are
SPecies (such 5 ;?1 0511' bodies begin to .suffer e.iamage from reactive oxygen
 These IEactivgY ro:::y] and superoxide radicals).
M all our ey an; pecies are formed by the b‘reakdow1? of oxygen present
Such ag phosphiof: ] ;nc:e formed, can react w1th. essential cell components
 Damage ¢4 DNPA membr-anes, celllular proteins an-d DNA.
® Subseq e results in genetic mutations, which can be passed on
tel| ; Benerations of cells. If the oxidative damage is severe, the

n Quest; :
B on w 2
°ffecuve1 .'“ enter a programme of cell death, called apoptosis, and
Y commje suicide

-
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To counteract these onslaughts 'l‘))’ reactive forms of OXygen
has evolved a number of elegant dciclnce mechanisms, Repair ¢
detect damaged DNA bases and repair them in situ without distiins
function of the DNA. Similarly, damaged membrane is repaired tI:)tt
cell integrity. These repair enzymes are essentially catalysing ay, intrcs[orQ
lar REDOX process and require a number of essential Rutriengs Face]|y,.
vitamins C and E to act as antioxidants. The ageing effects of o;PdCh-as
damage cannot be reversed (yet!) a.nd no amount of expengjye cols an‘tc
preparations will stop skin from ageing, but. the.amount of damage tomet,c
may be reduced by an adequate intake of vitamins and antioxidangs incc:lls
diet. The most recent nutritional advice is to consume at least five helpin the
fresh fruit and vegetables every day to maintain an adequate dietary ingtsi;:f
of essential antioxidants. It is a sad reflection on our society that k. ma ¢
time, money and advertising are spent on e)‘cpensive cosmetic ‘remediesa(;:
ageing than are spent ensuring a healthy diet for all in the populatiop,

) thc l)()
nz
S can

R the

Hydrolysis

Hydrolysis, in its widest sense, is the breaking of a chemical bond through
the reaction with water. This contrasts with hydration, which is the addition
of the elements of water to a multiple bond, but with no associated fragmen-
tation of the molecule. A large number of functional groups found in drugs
are prone to hydrolysis on storage (Fig. 9.17), but the most commonly
encountered are esters and amides.

The hydrolysis of esters and amides occurs as a result of nucleophilic
attack on the carbon of the carbonyl group and subsequent cleavage of the
carbon-oxygen or carbon-nitrogen single bond. The carbon of the carbonyl
group is more positive than expected as a result of the high electronegativity
of the adjacent oxygen. The unequal sharing of the bond electrons causes a
polarisation of the bond so that the carbon bears a partial positive charge
(&%), while the oxygen has a partial negative charge (87).

Hydrolysis reactions occur quite slowly, but, in the presence of acid or
alkali, the rate of the reaction increases and significant decomposition can
occur. It should be remembered that many drugs are amines, which can
be rendered water soluble by formation of their hydrochloride salt. Salts
of weak bases and strong mineral acids are acidic by partial hydrolysis (se¢
Chapter 1 if this is not familiar) and the hydrogen ion formed by hydrolysis
of the salt can catalyse hydrolysis reactions on the drug itself Similalrlva
drugs that are salts of weak acids with strong bases are alkaline in solution
and the hydroxyl ion produced by partial hydrolysis of the salt can act a8
a catalyst and bring about decomposition. The mechanisms of acid- and
base-catalysed hydrolysis of esters are shown in Figs. 9.18 and 9.19; the
mechanisms for hydrolysis of amides are similar.
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Examples

ethyl oleate, aspirin, procaine

warfarin, nystatin, digoxin,
digitoxin !

spironolactane

nicotinamide, paracetamol,
procainamide

phenytoin, barbiturates,
riboflavin

penicillins, cephalosporins

carbachol, neostigmine,
carbimazole

diazepam, pralidoxime

digoxin, aldosterone

lincomycin, clindamycin

heparin

hydrocortisone sodium
phosphate, triclofos sodium
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Acid-catalysed hydrolysis

The initial protonation on the carbonyl OXygen produces
bilised cation; this increases the electrophilicity of i 2r? han, .
ing i i 1 ar ;
making it susceptible to attack by the nucleophilic - P0ny]
P Water (Flg 918)_81-0"'&

R ~ H" \ R ~ + R
=0 «—/——— C=0H €t—3 ™~
e ~ u e
G G G/ OH
H,0 : — (weak nucleophile)
R 3 0 |
. Y C\OH !
G |
protonltransfer
H
HO_ ]0
= 0 + GH -
R/ \\\\“‘C\
R / OH

HG+)

(better leaving group
when protonated)

Figure 9.18. The mechanism of acid-catalysed hydrolysis.

Proton transfer from the water to the alcohol converts the latter into
better leaving group (G). Incidentally, this mechanism is the reverse of the
mechanism for formation of an ester from an acid and an alcohol under
acidic conditions (esterification).

Base-catalysed hydrolysis

The base-catalysed reaction is easier to follow; the nucleophile in this case is
the strongly basic hydroxyl ion, which attacks the 8 carbon of the carbonyl
group directly (Fig. 9.19).

Note that in base-catalysed hydrolysis, the acid formed by hydTOIYS_f'S
instantaneously reacts with the excess of base to form the salt of the acid:
The free acid may be obtained, if desired, by acidification of the mixture.

Examples of drugs susceptible to hydrolysis

g functiona!

Fig. 9.17 lists examples of the types of drug containin ot

groups prone to decomposition by hydrolysis. There is insufficient $

R
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HO
Fy = _C=0+a:
o R
6 Tetrahedral Substitution Leaving
p product group
plan
mechanism of base-catalysed hydrolysis.
The
9.19.
iqureé g g
fig wach drug in detail, but a few important examples will be
gider
o cO°
considere

Agpirin idely used analgesic, is the acetyl ester of salicylic acid and is
pspirifs the ‘WI‘ to hydrolysis; moisture in the air is sufficient to bring about

susceptible osition. A bottle of aspirin tablets smells of vinegar when
ggnificant _de,cc:imf to the reaction shown in Fig. 9.20 taking place to liberate
opened; this 18 :tic acids. The rate of decomposition is increased because
sa!icybhisafoftiz public often store medicines in a cabinet in the bathroom,
membe

he one room in the house that is almost guaranteed to have a hot, steamy
the on " .
amosphere ideal for hydrolysis reactions.

X
o CHs OH 0
Aspirin Salicylic acid Acetic acid

Figure 9.20.  The hydrolysis of aspirin.

Diamorphine

E]?FEFP hin.e (or heroin) is the diacetyl derivative of morphine and, like
gmul;smc’ is used as a narcotic analgesic (Fig. 9.21). The two acetyl
More lipzrehfﬁlp‘?rtant for two reasons. First, they rex_lder the molecu.le
mc'fphinepi‘sl t (incr casing the partition coefficient), which means that dlfi-
Morphine. th? §0rbed into the central nervous system more rapidly th:;q is
and, Sadi 18 1n turn, results in a faster onset of action tlllan for morphine

% makes the compound a favourite with addicts). The second

Nexus Ex. 1021
26 of 33



————

232 | Essentials of pharmaceutical Chemistry

aspect of the two acetyl groups is that the)’_ﬂm susceptible ¢q |,
-w yield morphine and two molecules of acetic acid (Fig. 9.21) y m‘?sis’

H‘CY 0

0

Diamorphine

Morphine

0

oH
Figure 9.21. The structure and hydrolysis of diamorphine.

Diamorphine injection is prepared by dissolving the contents of 5 sealed
container in Water for Injections BP immediately prior to use. The instability
of the ester groups precludes sterilisation of the injection by autoclaving,

A close inspection of the structure of diamorphine will show that g
molecule also contains ‘benzylic’ hydrogen atoms, on the CH, adjacent o
the benzene ring. This site is susceptible to oxidation and, for this reasop

diamorphine should be stored in a well-closed container protected fmn;
light.

Penicillin

Penicillin (and, for that martter cephalosporin) antibiotics are cyclic amides
and are very prone to hydrolysis. Normal amide bonds are more resistant
to hydrolysis than are esters, but in penicillins, the amide is cyclised into a
four-membered B-lactam ring. The bond angles in this ring are close to 90°,
in contrast to an open-chain amide in which the bond angle is 120° (sp’
hybridised carbon). This unnatural bond angle in the B-lactam ring means
that the ring is very easily opened by nucleophiles, particularly water.

The effect is compounded by the geometry of the fused bicyclic ring
system. The B-lactam and thiazolidine rings of penicillin do not lie in
the same plane (in fact, they lie almost perpendicular to each other), so

resonance effects within the cyclic amide are prevented, which leaves the
carbonyl carbon atom much more §* than expected and hence mo

to nucleophilic attack. The structures of a penicillin (ampicillin)
decomposition product, penicilloic acid, are shown in Fig. 9.22.

re liable
and the
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Ampicillin

Penicilloic acid derivatjve

Figure g.22. The structures of ampicillin and penicilloic acig,

penicillin and cephalosporin antibiotics are insuffi
supplied dissolv‘ed .in aqueous solu.tions. Instead, they are supplied as a
dry powder, which is .rcconstltuted immediately prior to dispensing by the
pharmacist. The SO]}Jthﬂ (or, more accurately, suspension) dispensed must
he stored in a refrigerator and discarded after 7 days. The ring-opened
product (penicilloic acid) is inactive as an antibiotic,

ciently stable to be

other mechanisms of degradation

Rarely, some other forms of decomposition may be encountered. These
include hydration (found in some alkaloids of ergot), polymerisation (which
can affect solutions of the antibiotic ampicillin) and dimerisation reactions
(which can be seen as a result of free radical attack on morphine). While
these methods of decomposition are important and should be borne in mind,
the majority of chemical deterioration can be explained by consideration
of the few mechanisms outlined above.

Prodrugs

While the preceding pages have dealt with decomposition of a d.rug as
*omething to be avoided, it should be borne in mind that occasionally
drugs are designed to decompose in vivo to release the active moiety. These
“mpounds are called prodrugs and are defined as compounds which are
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themselves pharmacologically inert but which may

= . -
body to release the acmc.mulclcule...l rodrugs are usually ygeq “ithin th
problems of poor oral bioavailability (e.g. the angioteng; to [W“cﬂm.;
zyme inhibitor enalapril is a prodrug designed 1o | -Con t

bl‘eak d

: : ydrolyses,, . Crtng
the active inhibitor enalaprilate; Fig. 9.23), YS€in viyg to rt'le:n
/'/\;;: (8] H
U ]L N o COOH
N NN {" \b
J u"’” M
4 H CH
X, H :
0 0
/ Enalapril
H;C — H?D
S 0 H
l = n N\ o“‘\\CODH
p ‘i, N
. H 7/*’" CHy
N\ H
HO 0

Enalaprilate

Figure 9.23. Hydrolysis of enalapril to enalaprilate.

Alternatively, prodrugs may be employed when the active compound
is excessively toxic. An example of this type of prodrug is the nitrogen
mustard anticancer drug cyclophosphamide, which is converted within the
body to phosphoramide mustard, a very toxic alkylating agent and acrolein,
as shown in Fig. 9.24. Alkylating agents react with nucleophilic centres
present within DNA (usually N7 of guanine). If the reaction occurs twice,
the mrogen mustard can cross-link the two strands of DNA and so inhibit
DNA replication and tumour cell division.

Prodrugs may also be employed in a rare disease called nephropathic
cystinosis. This condition is characterised by the accumulation of very high
levels of the amino acid cystine in the lysosomes of cells. The cystine crys-
tallises from solution, causing multiple organ damage; if untreated, patients
can expect to die from kidney failure by age 15. Treatment of cystinosis is
by administration of the aminothiol cysteamine (mercaptamine). Unfortu-
nately, this drug possesses an unpleasant taste and smell and irritates the Bt
when administered orally. Work is currently underway in our laboratorics
to design and synthesise novel prodrug forms of cysteamine that will be
odourless, tasteless and orally active (Fig. 9.25).
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Cyclophosphamide
CH2 HO
|| ~ /—’
+ \ Phosphoramide
C|H N mustard
C\_ \
H/ 0
Acrolein
0] /_/
Ny HO-——-T——OH + Normustine

OH

Figure 9.24. Metabolic activation of cyclophosphamide.

NH,

/\/

Figure 9.25. The structure of cysteamine (mercaptamine).

HS

Tutorial examples
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CH,0

Figure 9.27, The structure of novobiocin.

i vation.
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i
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the following observations. Yoy, answ
°F shoyy

ate chemical formulae.

@9.2 Explain each of.
include appropr!
(a) Penicillinsuspens 51 A1 supplied as dried Branuje ,

reconstituted by the pharmacist immediate] _ p
Se,

(b) Solutions of adrenaline (epinephrine) become pink
sure to sunlight. " on €xpo.
(c) Samples of aspirin tablets invariably sme]j :
Of Vlnegar-

(d) The vasoconstrictor peptide angiotensin [j o
sho
It

half-life within the body.
(Answers to problems can be found on pp. 289-29> )
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