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Abstract: The pyrrolo[2,3-d)pyrimidine anticancer agent LY231514 (MTA, 1) has been
prepared utilizing, as a key sequence, Michael condensation of 2,6-diamino-4(3H)-pyrimidinone

(as the donor) with the nitro olefin 8, followed by a Nef reaction that leads to the annulated
pyrrole ring of 1. © 1999 Elsevier Science Ltd. All rights reserved.
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Several years ago we synthesized N-[4-[2-(2-amino-4(3H)-oxo-7H-pyrrolo[2,3-
dlpyrimidin-5-yl)ethyl]benzoyl)-L-glutamic acid (1, LY231514) as one of many analogues of
methotrexate, aminopterin and folic acid prepared as potential inhibitors of folate-dependent
enzymes that might be of use in cancer chemotherapy.! This compound turned out to be an
extraordinarily effective chemotherapeutic agent broadly active against a wide range of solid
tumors.”> We first thought that its major focus of activity was against thymidylate synthase,
which was unexpected since LY231514 had initially been designed as a potential inhibitor of
glycinamide ribonucleotide formyltransferase, the same enzyme in the de novo purine
biosynthesis pathway that is inhibited by DDATHF (2) and by lometrexol (3).> However, more
recent investigations have shown that its remarkable activity appears to be associated with its
ability to inhibit (following effective transport and intracellular polyglutamylation) at least five
major folate-dependent enzymes - dihydrofolate reductase, glycinamide ribonucleotide
formyltransferase, thymidylate synthase, aminoimidazole ribonucleotide formyltransferase, and
both domains of the C-1 tetrahydrofolate synthase enzyme.* LY231514 (now referred to as
MTA, for multitargeted antifolate) is currently in Phase III clinical trials.
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Our original synthesis constructed the complete molecular framework of LY231514
through a palladium-catalyzed coupling of the S-iodopyrrolopyrimidine 4 with diethyl 4
ethynylbenzoyl-L-glutamate 5, followed by reduction of the triple bond, and final deprotection.’
A different strategy by Barnett and coworkers utilized condensation of 2,6-diamino-4(3H)-
pyrimidinone with an o-bromoaldehyde, followed by elaboration of the target glutamate

derivative 1 (Scheme 1).> We describe in this Communication a concise and economical
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synthesis that couples the classical Nef reaction with the propensity of 2,6-diamino-4(3H)-
pyrimidinone to undergo Michael additions at the unsubstituted C-5 position® (Scheme 2).

Scheme 1

The requisite Michael acceptor, 8, was prepared from methyl 4-iodobenzoate by
palladium-catalyzed condensation with allyl alcohol to give 3-(4’-ethoxycarbonylphenyl)-1-
propanal’ (7, 98%), followed by aldol condensation with nitromethane and dehydration with
methanesulfonyl chloride/triethylamine.® Condensation of this Michael acceptor with 2,6-
diamino-4(3H)-pyrimidinone (9) was smoothly effected to give 10 in 91% yield simply by
stirring at 50 °C for 24 hours in aqueous ethyl acetate. A one-pot, five-step conversion of 10 via
the intermediate aldehyde 11 (not isolated) to 4-[2-(2-amino-4(3H)-oxo-7H-pyrrolo[2,3-
dlpyrimidin-5-yl]ethylbenzoic acid (12, 57% overall yield from 10) was then effected by stirring
in dilute NaOH at room temperature for two hours, followed by addition to aqueous sulfuric acid
at O °C. After three hours, the reaction mixture was worked up by basification with sodium
hydroxide followed by acidification with acetic acid. Conversion of 12 to 1 involved
conventional peptide coupling with diethyl L-glutamate/2-chloro-4,6-dimethoxy-1,3,5-
triazine/N-methylmorpholine, and final saponification.

Pyrroles and fused pyrroles have been synthesized previously through Michael addition
of B-carbonyl enamines with o-substituted nitroolefins® or a-substituted nitrosoolefins (prepared

in situ from oximino ketones),”® but we are unaware of a use of this concept to prepare Q-

unsubstituted pyrroles or fused pyrroles. This simple methodology should be capable of
considerable further extension."!
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2 PA(OAC),, altyl alcohol (98% yield); ° (i) CHaNO/NaOH/EtOH (72% yield); (if) CHySO,CUELN
(90% yield); © EtOAC/H,0 1:1, 50 °C, 24 h (81% yield); 9 (i) ag. NaOH, 1t, 2 b; (i) add to ag. H,SO, at
O °C, 3 h; (ili) ag. NaOH to pH 7, it,1 h; (iv) HOAc, then filter (overall yield 57%); ® (i) diethyl L-
glutamate.HC|, 4-methyimorpholine, 2-chloro-4,6-dimethoxy-1,3,5-triazine, 1t (62% yield); (ii) NaOH
THF/HZ0 1:1, it (73% yield)
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