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of (23), including some GARFT inhibitorsin
whichtheringcontaining N5 wasopened (80).
Inspection of the structure of the bacterial
GARFT-inhibitor complex revealed severa
importantfeatures. The pyrimidineportion of
the pteridine was fully buried within the
GARFT active site, forming many hydrogen
bondswith conserved enzymic groups. Thep-
glutamatemoiety waslargely sol vent exposed,
with no immediately obvious potential for
building additional interactions. Retention of
thep-glutamate unmodified wasalsodesirable
for pharmacodynamic reasons. A significant
opportunity waspresented by thefact that the
active site might accommodate a bulkier hy-
drophobic atom than the methylene group in
5-deazatetrahydrofol atethat replacesthe nat-
uraly occurring N5 in tetranydrofolate. To
test thisidea, aseries o 5-thiapyrimidinones
were synthesized, including compound (24).
These analogs were more readily prepared
than the corresponding cyclic derivatives.
Thiscompound had a potency of 30-40nM in
both a cell-based antiproliferation assay and a
biochemical assay for human GARFT inhibi-
tion. A crystal structure o human GARFT,
complexed with (24) and glycinamideribonu-
cleotide, confirmed the structural homology
between E. coli and human enzymes.
Compounds with one fewer methylene in
thelinker connectingthethiophenyl moiety to
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the 5-thiaposition were much less active. Sev-
eral other analogs, such as(25), weremadein
attemptstofill the activesite morefully, and
torestrict the conformational flexibility of the
linker. Molecular mechanics calculations
failedto correctly predict the conformationon
the 5-thiamethylene group of (25) bound to
GARFT becaused unforeseen conformational
flexibility of the enzymerevealed by an X-ray
structure o this complex. This again empha
sizestheimportance of interative experimen-
tal confirmationof molecular designs. Severa
functional criteriain addition to GARFT inhi-
bition and cell-based assays were evaluated
during the several cycles of optimization.
Theseincludedtheability of exogenouspurine
to rescue cells (which indicates selective
GARFT inhibition), and the ability o thein-
hibitorsto function assubstratesfor enzymes
involvedinthetransport and cellular accumu-
lation of antifolate drugs. Balancingthesecri-
teria has resulted in the choice of compounds
(26) and (27) (AG2034 and AG2037, respec-
tively) for clinical development at Pfizer. (In
1999, Agouron Pharmaceuticals was acquired
by Warner-L ambert, which was subsequently
acquired by Pfizer.) It is as yet unclear
whether the considerabletoxicity of theseand
other GARFT inhibitorswill dlow these com-
pounds to be acceptabl e as anticancer drugs.
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