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Abstract 

This paper describes a further synthesis of the pyrrolo[2,3-d]pyrimidine antitumor agent MTA 
(LY231514). Manganie triacetate dihydrate-induced radical cyclization of methyl N-crotyl-N-(3',4'- 
dimethoxybenzyl)malonamide (4d) yielded the 3-carbomethoxy-2-pyrrolidinone 5d that was then thiated 
with P2S5 to the corresponding thiolactam (6d). Cyclization with guanidine gave the 7-substituted 2-amino-4(3H)- 
oxo-5,6-dihydro-pyrrolo[2,3-d]pyrimidine (7d). Pd-catalyzed coupling with diethyl 4-iodobenzoylglutamate 
yielded (in a single step) the diethyl ester 9d. Deprotection with H2SO4/TFA followed by saponification then 
gave MTA. Several additional 7-substituted derivatives of MTA were prepared by use of this methodology. In 
contradiction to a published claim, these 7-substituted derivatives proved to be devoid of any significant cell 
growth inhibitory activity. © 1999 Elsevier Science Ltd. All rights reserved. 
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N•{4•[2-(2-Amin•-3•4-dihydr•-4-•x•-7H-pyrr•••[2•3•d]pyrimidin-5-y•)ethy•]-benz•y•••L-g•utami• 
acid (LY231514, MTA, 1) is proving to be an extraordinary antitumor agent, t This compound is a 
unique antifolate that inhibits (following intracellular polyglutamylation) at least five of the major folate- 
dependent enzymes (thymidylate synthase, dihydrofolate reductase, glycinamide ribonucleotide 
formyltransferase, aminoimidazole ribonucleotide formyltransferase and C-1 tetrahydrofolate 
synthetase). 2 Since our original synthesis of MTA in which the full molecular framework was 
obtained by means of an initial Pd-catalyzed coupling of 2-pivaloylamino-5-iodo-4(3H)-oxopyrrolo[2,3- 
d]pyrimidine with diethyl 4-ethynylbenzoyl-L-glutamate, la two further syntheses have been published. 
In one, Barnett utilized an initial step involving condensation of 2,6-diamino-4(3H)-pyrimidinone 
with an 0t-bromoaldehyde; 3 in the other, we have described a concise synthesis involving Michael 
condensation of 2,6-diamino-4(3H)-pyrimidinone with an appropriate nitro olefin, followed by an 
intramolecular Nef  reaction to form the annulated pyrrole ring. 4 The present paper describes a further 
new synthesis of MTA through deprotection of its 7-(3',4'-dimethoxybenzyl) derivative, itself formed 
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via an intermediate 4-ethenylpyrrolidinone obtained by radical cyclization of methyl N-crotyl-N-(3',4'- 
dimethoxybenzyl)malonamide and a unique Pd-catalyzed coupling/double bond migration. 

H3 ~4 5 :" 

H~- 2-~ ~- 8 -co=. 

1 (LY231514, MTA) 
A recent paper by Orena et al. describes a manganic ~acetate dihydrateJcupdc acetate hydrate-induced 

radical cyclization of methyl (S)-N-crotyl-N-(i-phenyleth-1-yl)malonamide (2) to yield a diastereomeric 
mixture of the 3-carbomethoxy-2-pyrrolidinones 3a,b (Scheme 1). 5 We prepared the pyrrolidinone 
5a in 97% yield as described by Orena through alkylation of racemic ot-methylbenzylamine with 
crotyl bromide, followed by DMAP-promoted acylation with methyl malonyl chloride to give 4a, and 
manganic triacetate dihydrate/cupric acetate hydrate-induced radical cyclization (Scheme 2). Although 
the two diastereomers could be isolated by column chromatography, we employed the mixture of 
diastereomers for the next reaction, since the stereogenic centers at positions 3 and 4 are destroyed 
in the eventual conversion of this intermediate to a pyrrolopyrimidine. Pyrrolidinone 5a was thiated 
with P2S5 in THF to give the thiolactam 6a (68%), which was then converted in 50% yield with 
guanidine to the 5,6-dihydropyrrolo[2,3-d]pyrimidine 7a. This appealing intermediate was then subjected 
to a standard Pd-catalyzed Heck reaction with diethyl 4-iodobenzoylglutamate. 6 To our surprise and 
pleasure, we found that the coupling product was not the anticipated vinyl-bridged pyrrolinopyrimidine 
8a but was the ethano-bridged pyrrolopyrimidine 9a (68%). This unexpected double bond migration 
obviated our anticipated need for reduction of the unsaturated bridge of 8a and subsequent oxidation 
of the pyrroline ring. Saponification of the glutamate esters I a,4,6 with sodium hydroxide in aqueous THF 
then gave the 7-(x-methylbenzyl derivative 10a (82%). 

0"'~ . . . . .  + 

M d " ~  Cu(OAc)2" H20 Md,. ~v~ Md" ~Y~ 

2 3a 3b 

Scheme 1. 

Several additional 7-substituted derivatives of 1 (e.g., 7-benzyl (10b), 7-(4'-methoxy)benzyl (10¢) and 
7-(3',4'-dimethoxy)benzyl (10d)) were similarly prepared starting with the appropriate malonamides 
4b-d. However, the precursor crotyl amines 4b-d proved in our hands impossible to prepare by direct 
alkylation of benzylamine, 4'-methoxybenzylamine and 3',4'-dimethoxybenzylamine, respectively, with 
crotyl bromide, since dialkylation inevitably occurred. As a consequence, the above benzylamines 
were first acylated with methyl chloroformate (94, 96 and 94% yield, respectively), and the resulting 
carbamates U b - d  were alkylated with crotyl bromide to give 12b--d (96, 99 and 95% yield, respectively). 
These compounds were then converted to the desired secondary amines 13b-d (86, 88 and 90% yield, 
respectively) with aqueous hydrazine and potassium hydroxide 7 (Scheme 3). 

Extensive efforts were then made to remove the N-7 protecting groups from 9a-c, but without any 
success. Deprotection of 9d to 9 (R=H), however, was finally achieved in 30% yield with H2SO4/TFA 
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e, R = CH(Me)C4Hs 
b, R = CH2C.,6H s 
c, R = ~ e ( - 4 ' )  
d, R = CH:zCeH3(OMe)2(-3',4') 

Scheme 2. 
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R R R 
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b, R = CH2C0"I s c, R = CH2CeH4OMe(-4') d, R = CH2CsH3(OMe)2(-3',4') 

Scheme 3. 

at room temperature s (rapid decomposition took place at higher temperatures). LY231514 (MTA, 1) has 
previously been prepared from 9 (R--H) by saponification. 4 

In the course of extensive previous SAR studies on MTA, we had observed that N-substitution at 
position 7 eliminated cell growth inhibitory activity. 9 We were therefore surprised to see in a patent 
by Takeda Chemical Industries 1° the claim that a broad variety of 7-substituted derivatives of MTA 
(including 10a and 10c) were active antitumor agents. In confirmation of our earlier studies, we have 
found that these compounds are inactive (IC50>20 pg/ml) as cell growth inhibitors. 
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