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Summa ry

The development of classical and lipophilic inhibitors of
dihydrofolate reductase (DHFR) as antitumour agents is reviewed and
the advantages and problems associated with each class are discussed.
The antitumour activity, pharmacokinetics and metabolism of m-azido-
pyrimethamine (MZP), a novel Tlipophilic inhibitor, are consicered and
compared with metoprine, the prototype 1lipophilic antifolate.
Evidence for a folate-independent target for 1lipophilic DHFR
inhibitors is presented.

Synthetic studies centred on three principal objectives. Firstly a
series of structural analogues of MZIP were prepared encompassing
alkoxy, chloro and alkylamino substituents and evaluated, as the
ethanesulphonate salts, for activity against mammalian DHFR.
Inhibitory constant (KI) determinations were conducted by a Zone B
analysis, the corresponding 4'-azido isomer of MZP proving more
potent than the parent compound. Secondly, to facilitate metabolism
and stability studies on MZP, a range of possible reference compounds
were synthesised and characterised.

Finally, a series of diaminopyrimidine derivatives were synthesised
embracing structural features incompatible with DHFR inhibitory
activity, in order that such compounds may serve as biochemical
probes for the unidentified folate-independent target for lipophilic
diaminopyrimidines discussed previously. Inactivity against DHFR was
achieved via introduction of an ionic or basic group into a normally
hydrophobic region of the molecule and compounds were screened
against mammalian DHFR and thymidylate synthase to confirm the
abolition of activity. Several derivatives surprisingly proved
potent inhibitors of DHFR exhibiting K1 values comparable to that of
methotrexate,.

Anal ogues were screened for antitumour activity in vitro and in vivo
against murine leukaemia cell lines in order to identify potential
lead compounds. Several derivatives virtually inactive against DHFR
exhibited a disparate cytotoxicity and further biochemical studies
are warranted.

The hitherto unreported debenzylation of 2,4-diamino-5-(N-alkyl-
benzylaminophenyl)pyrimidines was discovered during the course of the
synthetic studies, treatment of these compounds with nitrous acid
affording the corresponding benzotriazoles.
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'If a man will begin with certainties he shall end in
doubts; but if he will be content to begin with doubts

he shall end in certainties'.
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INTRODUCTION

CHAPTER 1

DIHYDROFOLATE REDUCTASE INHIBITORS AS ANTITUMOUR AGENTS

e Introduction

The concept of antimetabolite chemotherapy propounded by Woods
in 1940 catalysed an interest, motivated by the military situation,
in applying this principle to folate metabolism. The subsequent
synthesis of aminopterinl (2) and methotrexate? (3) as analogues of

3 originally as thymine

folic acid (1), and the diaminopyrimidines
antimetabolites signalled the advent of antifolate chemotherapy
nearly a decade before dihydrofolate reductase (DHFR) was recognised

4

as the target enzyme for these agents’. The intense chemical and

biochemical interest generated by these discoveries has been the

subject of several comprehensive reviews®=/,

I
j/\ @cnwcucoon
HN /’\ (CH ,),COOH

OH R'

H [as 4(3H)-one tautomer]

(1) folic acid R

(2) aminopterin R = NH, R' =H

(3) methotrexate R = NH, R' = CHj3



Dihydrofolate reductase plays a pivotal role, via the provision
of reduced folate, in the interconversion of one-carbon units
essential fdr several anabolic processes, principally the de novo
biosynthesis of nucleic acids and several essential amino acids8.
Consequently, an inhibition of this enzyme results in the
accumulation of metabolically inactive dihydrofolate and a decline in
cellular metabolism, culminating ultimately in cell death.

Clinical evaluation of antifolates was initiated by Farber? who,
in 1948, obtained temporary remissions in acute childhood leukaemia
with aminopterin. Subsequent investigations with methotrexate proved
the latter agent to be less toxic, and despite the evaluation of
numerous analogues, methotrexate remains the antitumour antifolate of
choice nearly forty years later.

Hitchings et a110 reported that the cytotoxicity of a series of
2,4-diaminopyrimidines was also mediated through inhibition of folate
metabolism and in 1954 metoprine (DDMP) (5) entered the clinic as a
candidate antitumour agent11 However, the severe toxicity associated
with this agent precluded any further evaluation. Diaminopyrimidines
were subsequently found to inhibit DHFR and extensive structure-
activity studies have resulted in the development of analogues with

inherent species selectivity as antibacterial and antimalarial

1
agentsb,12,13, NH, R
N7 R?Z
)\\ | 3
H,N N 2
(4) pyrimethamine Rl =¢c1 RZ=H R3 =Et
(5) metoprine Rl = (1 R =C1 R3 = Me
(6) etoprine Rl = (1 R =¢C1 R3=Et



The use of pyrimethamine (4) in 1971 to produce a temporary

4 stimulated a

remission in a patient with meningeal leukaemial
renewed interest in these agents. Hi11 et all% re-examined
metoprine, a potent inhibitor of mammalian DHFR, for the treatment of
methotrexate -resistant tumours and recognised the importance of
concomitant folinic acid administration in alleviating toxicityl6,
However, other iatrogenic problems associated with metoprine and the
closely related homologue etoprine (DDEP) (6), derive from zffects
unrelated to inhibition of folate metabolism, and this has generated
a renewed interest in the development of less toxic successors.

It is evident that DHFR inhibitors may be considered under two
categories:-
(i) The folate analogues or classical inhibitors
(ii) Small molecule, lipophilic, or non-classical inhibitors.

This thesis is concerned in part with the synthesis and
evaluation of a series of novel lipophilic inhibitors, designed to
overcome some of the problems associated with established agents.

Thus a brief consideration of the characteristics of each class is

appropriate.

1557 Folate Analogues or Classical Inhibitors

Methotrexate, the prototype classical antifolate, is a potent
'pseudoirreversible' inhibitor of DHFR from all biological sources
and this has been attributed to a close structural resemblance to the
natural substrate17- Baker proposed that the isosteric replacement
of a 4-hydroxy group by an amino substituent on the pteridine ring

increased basicity, thus facilitating protonation and subsequent



association with an anionic site on the enzymelSslg. However,
Zakrzewski2® has argued that the predominant tautomer formed with a
diaminopteridine (7) favours hydrogen bonding at the active site.
More recent crystallographic evidence points to a combination of both
factors contributing to the 'stoichiometric' binding of methotrexate

 to DHFR21-23,

NH,
NH

)
(7) ”/} el o kil IE
/Ji\ e /L\
H,N N H,N N
OH

o]
HN/J N~
P ik
o J N Z A
>~ e
H,N N H,N N

The polar nature of folate analogues (methotrexate log P -2.6)

occurs as a consequence of the glutamate side-chain?®

and precludes
any significant diffusion through cell membranes at normal
concentrations. Some evidence has been obtained to suggest a limited

diffusion process at the extracellular drug concentrations achieved

with high-dose methotrexate regimeszs.

Chemical modification of the glutamate residue has been
investigated independently in an attempt to facilitate the diffusion
proce5526'2? and several 1lipophilic methotrexate esters have been
synthesised and evaluated28,29, The hydrophilic character of
methotrexate also renders the drug inaccessible to fatty tissues,
including the brain and cerebrospinal fluid; such compartmentation
may provide a pharmacological sanctuary in which malignant cells are
spared cytotoxic drug concentrations3®, Intrathecal administration

of methotrexate has become established practice in an attempt to



circumvent this problem.

Methotrexate gains access to cells via a specific transport
mechanism, utilising a carrier system responsible for the transfer of
reduced folate cofactors31=32. Evidence for a degree of selectivity
in the transport (both influx and efflux) of folate analogues between
normal and malignant cells has been adduced33:34,  Since methotrexate
competitively inhibits the uptake of reduced folates, including

Ns-fonny1tetrahydrofo1ate, depletion of intracellular folates may

constitute an alternative mechanism of action of the drugss.

Folate analogues are recognised to wundergo intracellular
conversion to polyglutamyl derivatives, in a manner analogous to the
natural folates, a process catalysed by folylpolyglutamate
synthetase35’3?. The polyglutamyl metabolites are retained
intracellularly, in contrast to the unmetabolised drug38 and bind to
DHFR with at least an equal affinity to the parent drug39 thus
producing a prolonged inhibition of DNA synthesis and consequently
increased cytotoxicity40. Matherly et a141 have recently
demonstrated the enhanced polyglutamation of aminopterin relative to
methotrexate and suggest this as a contributory factor in the

disparate potencies of these agents, aminopterin being the more

toxic.

1.3 Resistance to Classical Antifolates

The emergence of resistance to methotrexate therapy was observed
as a major obstacle to the successful clinical use of this agent
shortly after its introduction and continues to overshadow this
aspect of chemotherapy. Two forms of resistance have been described;

intrinsic resistance, where little or no response is observed from



the outset and acquired resistance, where an initially sensitive

tumour reproliferates and is refractive to subsequent chemotherapy
with the same agent42‘44. The possible factors responsible for each

type of resistance are summarised (table 1.1).



Table 1.1

Possible causes of Resistance to Methotrexate (MTX)

Intrinsic

Acquired

Kinetic cells in Go or

plateau phase

Low capacity for MTX poly-

glutamate formation

Poor transport of MTX

High DHFR Tlevels

Inadequate NADPH levels to
facilitate MTX binding

High intracellular folate

levels

Rapid synthesis of DHFR

Utilisation of salvage pathways

Reduced capacity for MTX transport

Overproduction of DHFR (gene

amplification)

Reduced affinity of DHFR for MTX

Reduced capacity for

polyglutamation

Opening of nucleoside salvage

pathways




A reduced capacity for transportina methotrexate is thought to
contribute significantly to resistance in human cell lines*® and this
is substantiated by evidence of a concomitant decline 1in the
transport of reduced folate cofactors observed with a methotrexate
resistant hepatoma subline®®., A related mechanism whereby exclusion
from resistant cells is possible has been propounded on the basis
that experimental elévation of the lipid composition of the cell
membrane decreases methotrexate accumulation in L1210 murine
leukaemia cells?7,

An induced overproduction of DHFR by mutant cells has been

48

demonstrated 1in several resistant cell Tlines and has been

attributed to gene amplificationt?, The elevated enzyme
concentration may constitute 10% of total intracellular proteinso.

Resistance to methotrexate by virtue of an alteration of the
target DHFR enzyme has been documented and has led to the expression
of an enzyme with a 105 fold decrease in affinity relative to the
wild-type DHFR. Haber et a151 evaluated the mutant and unmodified
enzymes for sensitivity against a series of lipophilic inhibitors and
concluded that the disparate inhibition observed, occurred as a
consequence of structural differences associated with the p-amino-
benzoyl binding region of the protein.

The aforementioned resistance mechanisms serve to increase
effectively the concentration of available intracellular DHFR and the
implications of this have been emphasised by Jackson et al%2 who
estimate that 4% of intracellular enzyme activity may be sufficient
to sustain adequate reduced folate Tevels. The development of
resistance by more than one mechanism in a heterogenous population of
tumour cells has been observedd3, Cowen et al®% have recently

characterised a human breast cell 1line with multiple defects

including a reduced capacity for methotrexate polyglutamation.



A tumour cell 1line resistant to methotrexate by virtue of a
salvage pathway, whereby depleted nucleosides are replenished, has
been described55. Dipyridamole, a non-specific nucleoside transport
antagonist, has been shown to prevent the reversal, by thymidine, of

methotrexate cytotoxicityss.

1.4 Non-classical, Lipophilic or Small-molecule Inhibitors

As a class, these molecules are characterised by the absence of
a glutamate residue and consequently are invariably lipophilic in
nature. A rekindled interest in the use of metoprine (5) for the
treatment of methotrexate - resistant tumours has stimulated the
synthesis and clinical assessment of numerous candidate small-

molecule DHFR inhibitors, including diaminopyrimidinesS?'s8 (11,

i 59,60 (13) and pyrido-

dihydrotriazines (12), quinazolines
pyrimidine551’62 (14) (fig 1l.1). 0f these, only the
diaminopyrimidines will be considered in detail.

Intensive structure-activity studies have been implemented on
diaminopyrimidine DHFR inhibitors and the chemical features implicit
for activity are well established’»12,19,

The 2,4-diamino-1,3-diazine moiety (15) provides the unifying
feature of all Tlipophilic DHFR inhibitors and is a prerequisite for
significant activity.

NH, R = small alkyl

N~

ke |
H.N N R

(15)
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Figure 1.1 Non-classical, lipophilic or small-molecule

DHFR inhibitors

(11A): R = Me, DAMP
(11B): R = Et, DAEP
NH, CON(CHa)z
O—CH;
/L CHa
FN .EtSO,H

(12): Triazinate

OCH,
CH,NH OCH,
OCH,
(13): Trimetrexate
CH,0
NHZ CH3
CH, OCH,

Sy

(14): BW301U
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Favograb]e binding to the enzyme results from the introduction
of a lipophilic group at position 5 of the pyrimidine ring. Ho et
a193 observed a correlation between the affinity of a series of 5-
alkyldiaminopyrimidines for DHFR and their hydrophobicity and
concluded that a bulky rigid substituent confers maximal activity. A
relationship between lipophilicity, as measured by the octanol/water
partition coefficient, anpd cellular uptake and cytotoxicity was also
demonstrated®®. Thus the 5-adamantyl analogues (11A and B) exhibit
an activity against DHFR comparable to methotrexated® and this has
been attributed to the occupation of a hydrophobic pocket at the
enzyme active site by the Tipophilic 5-substituent69,67, In
addition, the conformation of the group at the b5-position is
important since introduction of a lipophilic l-naphthyl substituent
(25) (see chapter 3) eliminates activity against DHFR. Computer

modelling studies, using the co-ordinates of a Lactobacillus casei

DHFR-methotrexate-NADPH ternary complex, reveal that a
superimposition of the 1l-naphthyl analogue into the methotrexate
binding domain 1imposes severe steric interactions between the
naphthyl group and side chains within the binding cleft. In contrast
DAMP (11A) adopts a conformation facilitating association with the
hydrophobic pocketss.

Lipophilic diaminopyrimidines enter cells via a rapid passive,
and possibly facilitated, diffusion process68 and intracellular
concentrations 30-100 fold that in the extracellular medium have been
reportedsd. Consequently, tumours resistant to methotrexate due to a
reduced capacity to transport the drug may exhibit a collateral
sensitivity to metopr'inels’BB'?o, trimetr‘exate?l, Bw301U?2 and other
lipophilic inhibitors. Sirotnak et al73 suggested, on the basis of

evidence adduced with a methotrexate resistant L1210 cell line, that



collateral sensitivity may manifest as a conseqguence of a concomitant
reduced rate of accumulation of b5-methyltetrahydrofolate into
transport-resistant tumour cells.

Metoprine and etoprine bind extensively to plasma components,
distribute rapidly throughout all body compartments including brain,

7% and are effective against experimental brain

pancreas and testes
tumours refractory to methotrexate/276,

Non-classical inhibitors may have a role to play in the
treatment of tumours resistant by virtue of an altered enzyme.
Bertino35 has argued that since specificity of inhibition may be
achieved between mammalian and bacterial or protozoal DHFR, by
analogy development of an inhibitor specific for the mutant enzyme is
conceivable. Evidence to corroborate this has recently been reported
by Hamrel1’7 who demonstrated collateral sensitivity to several
1ipophilic inhibitors with a 376 murine cell 1line resistant to
methotrexate, characterised by an enzyme with an altered affinity for
the drug.

Browman et al’® have developed an L1210 cell line resistant to
metoprine without cross-resistance to methotrexate. Intracellular
enzyme levels and affinity for metoprine were identical in mutant and
wild-type cultures, as was accumulation of the drug, but the
underlying resistance mechanism has not been established.

The absence of a glutamate residue precludes intracellular
metabolism of metoprine and related agents to poly-y-glutamyl
derivatives, thus obviating resistance mediated through a mutant
folylpolyglutamyltransferase’9. In addition, the hepatotoxicity
associated with chronic methotrexate administration for the treatment
of psoriasis has been ascribed to polyglutamate formation®Y and

substantiates the possibility of utilising lipophilic inhibitors in
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psoriatic conditions. Unlike methotrexate lipophilic agents may be
absorbed percutaneous1y81:

The metabolism of T1lipophilic diaminopyrimidines has been
investigated 1in the rat82 and to a Tlimited extent in man?4.
Metoprine is metabolised principally to the N-l-oxide (16) and its
glucuronide conjugate, whilst pyrimethamine and etoprine predominate

in the urine as the N-3-oxide hydroxylated on the e<-position of the

6-ethyl substituent (17).

NH, Ch NH, ol
N Cl N~ R
//lQ; ] /’JQ: |
H,N l; CH, H,N N (i‘.l--l(:l-l3
(o) OH
(16) (17)
R=H Pyrimethamine metabolite

R

Cl1 Etoprine metabolite
Trimethoprim N-l-oxide, a metabolite of the antibacterial
diaminopyrimidine trimethoprim (18), undergoes reduction to the
parent compound and subsequent recycling in vivo82, Although a
similar mechanism for metoprine or etoprine remains to be
established, such recycling may influence the pharmacokinetics of

1ipophilic diaminopyrimidines in the body.

NH, OCH,

OCH,
)Q\ '
H,N N OCH,

(18)
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McCall et a183 have recently described the biotransformation of
a vasodilator minoxidil (2,4-diamino-6-piperidinylpyrimidine 3-oxide)
(19) in vivo to the ﬁharmaco1ogica1]y active 3-oxide sulphate (20),
thus providing evidence for the further biological modification of

diaminopyrimidine-N-oxides.

NH, NH,
<)
S0 Oy e ) W ey
H,N N N H,N N N
(19) (20)

Toxicity associated with the use of metoprine and related
diaminopyrimidine antifolates have limited their wider therapeutic
application. Metoprine has a protracted biological half-life in

excess of 10 days in man®% possibly as a consequence of extensive

protein binding and distribution within 1ipid compartments?4.

Persistently high drug concentrations result in a cumulative toxicity
as killing of resting cell populations occurs, principally in the
bone marrow, Tleading to severe myelosuppression. Concurrent
administration of folinic acid has proved of value in circumventing
such toxicityss. A second form of toxicity, unrelated to folate
metabolism, is mediated through the elevation of histamine by an
inhibition of its metabolism. Metoprine administered at high doses
to animals induces CNS stimulation, convulsions and death frequently

within minutes86. Investigations by Cohn87 and, more recently, Duch
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et a188'90, show metoprine to be a potent inhibitor of histamine-N-
methyltransferase, elevating histamine levels in brain and other
tissues. The pyridopyrimidine BW301U (14) has been promoted on the
basis that minimal effects on histamine aetabolism have been
observed®2,91,

In summary, it is evident that both classical and lipophilic
DHFR inhibitors have physico-chemical and pharmacological problems
associated with their clinical use. The development of resistance to
any novel folate analogue may be envisaged on the basis that
transport into malignant cells will be subject to the vagaries of a
carrier mechanism. Consequently, although analogues inherently more
potent than methotrexate have been synthesised and evaluated few
advantages over the parent compound have emerged. However, since the
demonstrated therapeutic potential of metoprine, a prototype
Tipophilic inhibitor, has been overshadowed by toxicity associated

with its use, the pursuit of novel non-classical DHFR inhibitors may

thus be justified.



CHAPTER 2

m-AZIDOPYRIMETHAMINE (MZP)

291 Introduction

Aromatic azides have found extensive use as photoaffinity
reagents in several areas of molecular bio1ogy92. The azido group
undergoes facile degradation to a nitrene intermediate on photolysis;
the nitrene may subsequently react with a neighbouring group to form
a covalent bond. Stevens and coworkers?3:94 phave explored the
possibility of adapting this principle for chemotherapeutic purposes
on the basis that a molecule encompassing a strategically placed
azido substituent might, on irradiation, or possibly
biotransformation, associate irreversibly wi th a target
macromolecule.

93 a series of small-molecule DHFR inhibitors

In one such study
embracing an azido group, were synthesised as candidate 'active-site
directed radioaffinity reagents'. However, although preliminary
results show promise, the viability of this approach remains to be
established.

2,4-Diamino-5-(3-azido-4-chlorophenyl)-6-ethylpyrimidine (MZP)
(21) an azido analogue of the antimalarial agent pyrimethamine, was
developed to test the aforementioned hypothesis. However, the
inherent antitumour activity of this agent, coupled with some

intriguing physico-chemical characteristics, has warranted evaluation

of MZP as a lipophilic DHFR inhibitor per se.
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The following criteria serve to illustrate at least some of the

properties required by a candidate lipophilic DHFR inhibitor:-

i) Potent inhibition of mammalian DHFR
ii) Adequate lipophilicity
iii) A pKa close to physiological pH, to optimise an equilibrium

between the neutral transportable and active protonated

species
iv) A therapeutically acceptable biological half-1ife
v) Weak inhibition of histamine-N-methyltransferase
vi) The absence of active metabolites
vii) Ease of synthesis and formulation.

The important characteristics of MZP have been summarised and

compared with metoprine and methotrexate (table 2.1).



Table 2.1
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A comparison of the characteristics of MZP with methotrexate and metoprine

Property

Methotrexate

m-Azidopyrimethamine

Metoprine

Inhibition of

DHFR (K M)

Partition coefficient &
(1og P)

Dissociation constant
(pKa)

Biological half-life in
humans (h)

Inhibition of histamine-
N-methyltransferase (%)
Solubility

Formulation

10-12

-1.85

4.7

12.20

Inactive

Water

Sodium salt

1079
2.94
7.19
4.62
71 at 1074 M
Lipid

Ethanesulphonate

(MZPES)

10"'10

2.82

T1b

>200

81 at 107 M
Lipid
Lactate or
Ethane-
sulphonate

salt

a8 pctanol-water

b plasma half-1ife in mice
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Clearly, MZP embraces many of the desirable characteristics of a
1ipid soluble inhibitor and yet in mice exhibits the short-lived
pharmacokinetics of methotrexate, thus hopefully circumventing the
problem of cumulative toxicity. As an inhibitor of histamine-N-
methyltransferase MZP compares with the widely used antimalarial

95

pyrimethamine”, and consequently toxicity problems from this quarter

are not envisaged. Blissds reported a high-yielding three step
synthesis from pyrimethamine and the ethanesulphonate salt (MZPES)

(21a) was selected for formulation purposes.

NH, Cl
N I N,
/,/LQ:@
H,N N Et
e H
EtSO;
(21a)
2il Antitumour Activity

The antitumour spectrum of activity for MZP against a wide
variety of murine tumours is summarised (table 2.2)%,

The cytotoxicity of MZP againt the L1210 leukaemia and B16
melanoma is particularly noteworthy since both are refractory to
metoprine and this does not parallel the relative potencies of these
agents against DHFR in vitro. The basis for this disparate
sensitivity has not been established. In contrast, the M5076 tumour,
which is naturally resistant to methotrexate, but highly responsive

to metoprine73

, proved to be the most sensitive tumour to MZP.
In a preliminary study Hillg? has demonstrated collateral

sensitivity to MZPES with a methotrexate resistant L5178Y murine
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Teukaemia cell 1line, where resistance has been attributed to

defective transport.

Table 2.2

Antitumour activity of MzZP

Tumour Optimum T/C (%) & Assessment D

(Metoprine in brackets)

P388 1eukaemia 151 * {+)
L1210 leukaemia 158 + (+)
B16 melanoma 157 ++ (=)
TLX5 1ymphoma 135 + (-)

M5076 reticulum cell

sarcoma 174 ++ (NT)
Lewis lung carcinoma <140 - (=)
CD8F mammary 24 - (=)
Colon 38 42 - (-)
2

The ratio of the median survival time (days) for treated (T) and

control (C) animals expressed as a percentage value.

|o

NCI activity criteria in "Chemical Structures of Interest to the
Division of Cancer Treatment", Vol III, (1983)

NT Not Tested
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2.3 Pharmacokinetics and Metabo1i§ﬂ

I1ZP has recently entered the clinic as a candidate lipophilic
antifolate and is currently undergoing Phase I evaluation as the
ethanesulphonate salt (MZPES). A sensitive and specific HPLC assay
has been developed to allow determination of unchanged drug and
metabolites in plasma” and tissuesds. Preliminary results in mice
indicate a rapid absorption following oral and intraperitoneal
administration, with subsequent distribution tnroughout the brain,
Tung and other tissues?9.

Little has been published regarding the metabolism of azides.
The alkylazido substituent of azidomorphine, one of the few azides
clinically evaluated in a human subject, is relatively resistant to
biotransformationloo. In contrast, a series of 4-azidobenzene-
sulphonamides administered orally to rats, were detected in the urine
principally as the appropriate ary1amineleI. Since aromatic azides
are rapidly reduced by thiols at room temperature to afford
ary!amineslozsloa, the corresponding reaction with glutathione in
vivo may provide a mechanism for the biotransformation of aromatic
azides.

m-Aminopyrimethamine (MAP) (22) has been identified in the urine
of mice following administration of MZP, but together with unchanged
drug, accounts for only 15% of the initial dose?®. Biotransformation
and subsequent elimination of MZP as the N-oxide or o<-hydroxyethyl

metabolite remains to be demonstrated. The possible

biotransformation products of MZP are summarised in scheme 2.1.
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(22)

A structural similarity between MZP, metoprine and etoprine may
be inferred on the basis that, with respect to size, electronic
effects and lipophilicity, the azido group is bioisosteric with a
bromo substituent104’105. Stevens has proposed a novel pro-drug role
for the azido substituent in this context!®. It is evident that
introduction of this functional group into the molecule does not
compromise or significantly alter its pharmacological character:
consequently, diffusion through the cell membrane, protonation on the
pyrimidine ring and association with a hydrophobic pocket within the
enzyme active site is facilitated. However, subsequent bioreduction
to the relatively polar arylamine (MAP) should preclude any
association with a hydrophobic domain, culminating in an elimination
of activity against DHFR. Moreover, the formation of a basic centre
at a site remote from the pyrimidine ring may result in protonation
on the aromatic ring, with a subsequent loss of activity (fig 2.1).

m-Aminopyrimethamine (MAP), the metabolite central to this
hypothesis, exhibits physico-chemical characteristics favouring its

rapid elimination93 (log P 1.25, pka 7.6). Subsequent acetylation or
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glucuronide conjugation may account for the Tow levels identified in

the urine of mice following MZP administration.



Figure 2.1 MZP as a pro-drug of MAP

Diffusion over
cell membrane
as unprotonated

free base
NH Cl Protonation and association
2 with a Tipophilic pocket
at enzyme active-centre
N~ N,
/,JQQ5+ ]
H,N N Et

H x™
Biotransformation to N~ NH
the inactive polar | 3X
metabolite MAP o

H,N N Et

(22)

Rapid [/

elimination






