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CHEMICAL MODELLING OF THE THYMIDYLATE SYNTHASE REACTION : EVIDENCE FOR THE FORMATION OF
AN EXOCYCLIC METHYLENE INTERMEDIATE FROM ANALOGUES OF THE COVALENT TERNARY COMPLEX
FORMED BY INTRAMOLECULAR THIOL ADDITION TO C(6) OF 5-AMINOMETHYLURACIL DERIVATIVES.
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Abstract: The intramolecular thiol addition to C(6) in 1-(3-mercaptopropy!)-5-aminomethyluracil derivatives in protic
media leads to the formation of bicyclic 5,6-dihydrouracil derivatives, which may be regarded as models of the coval-
ent ternary complex in the thymidylate synthase reaction. Evidence is presented for the formation of an exocyclic
methylene intermediate from these model compounds.

The enzyme thymidylate synthase (E.C. 2.1.1.45) catalyzes the conversion of 2'-deoxyuridine-5'-monophosphate
(dUMP) and 5,10-methylene-5,8,7,8-tetrahydrofolate into 2'-deoxythymidine-5'-monophosphate (dTMP) and 7,8-di-
hydrofolate, respectively. This reaction, which involves the overalitransfer of elements of a methyl group from the fo-
late cofactor to the 5-position of the substrate, proceeds in steps in which the cofactor serves both as a source of a
methylene moiety and as a reductant’.

The currently accepted mechanism of the enzymic reaction involves: (1) the formation of a covalent apoenzyme-sub-
strate-cofactor ternary complex, by nucleophilic attack of a cysteine residue of the apoenzyme on the 6- position of
dUMP, followed by reaction of the resulting nucleophilic centre at C(5) with the activated form of the cofactor; (2) frag-
mentation of this complex into an exocyclic methylene intermediate and tetrahydrofolate and (3) reduction of the inter-
mediate by tetrahydrofolate with concomitant expulsion of the apoenzyme, resulting in the formation of dTMP and di-
hydrofolate.

Inprevious studies<~ we have demonstrated that unsymmetrically substituted imidazolidines can serve as models of
the cofactorin mediating both carbon and hydride transfer reactions . Infact, we have been able to showthat itis possi-
ble to mimic the complete thymidylate synthase reaction in transferring an overall methyl group from a folate model to
the 5-position of 6-methylamino-1 ,3-dimethy|uracil3. Although 6-aminouracil derivatives may be regarded as mimics
of the apoenzyme-substrate binary complex, it was recognized by us, that these model compounds are at a higher oxi-
dation state than the natural binary complex.

Inthis communication we present a model of the ternary complex in the thymidylate synthase reaction which is at the
same oxidation state as the natural complex and we provide evidence for the formation of an exocyclic methylene in-
termediate from these model compounds.

ltwas shownby Brown et artthat 1-(3-mercaptopropyljuracil can undergo a reversible ring closure at C(6) to give a bi-
cyclic5,6-dihydrouracil derivative. Inorderto investigate the influence of C(5) substituents onthe ring closure reaction
we have synthesized compounds 1a,b,c and shownthat in protic media an equilibrium exists betweenthe open chain
compounds and the ring closed compounds 2a,b,c. Compound 2a and the isomers of 2b and 2¢ have been isolated
and characterized® ( Scheme ).

AtpH8-13 1aexhibits a H/D exchange at C(5) atroomtemperature. THNMR data revealedthat the exchange reaction
proceeds via a stereospecific trans diaxial addition of the thiol anion and the deuteron across the 5,6 double bond, fol-
lowed by enolization and a concomitant nonstereospecific deuteration of the carbanion at C(5).
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The results and the mechanistic aspects of the addition reactions, which will be discussed in detail in a full paper, en-
couraged us to undertake the development of suitable 1-(3-mercaptopropyl)-5-aminomethyluracil derivatives 10a,b,
since ring closure involving the thiol group in these compounds would lead to models of the temary complexinthe thy-
midylate synthase reaction. The syntheses of these model compounds is outlined in scheme K. in the last step of the
synthesis of 10a an equilibrium mixture of 10a and isomers of 11a(<1%}is obtained, which can be separated by silica-
gel chromatographyS.

When10ais dissolved in methanol, the amine 13is released (ca 50 %, 2 days) at room temperature. The reaction mix-
ture was shownto contain several, as yetunidentified products, besides 13and the starting material. Significantly, the

uracil derivative 12awas completely stable underthe aforementioned conditions; the results pointing to the crucial role
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of the thiol group in the fragmentation of 10ato 13. These results can be best accounted for interms of the formation of
the isomers of 11a and their fragmentation into intermediate A and amine 13 (Scheme Ill).

The analogous cyclization products of 10b, namely the isomers of 11b, represent close mimics of the ternary covalent
complex in the thymidylate synthase reaction. Upon standing in methanol, as expected, 10b releases tetrahydropteri-
dine derivative 14, presumably via the sequence 10b —» 11b— 14+ A. The uracil derivative 12b was shownto be
completely stable under these conditions .

Evidence for the formation of Afrom both 10a and 10b was obtained by Fast Atom Bombardment Mass Spectroscopy
(FAB-MS). Thus, when either 10aor 10bwas dissolvedin a glycerol matrix, the FAB mass spectrumwas shown to con-
taina peak at m/e 213, which represents the mass of the protonated intermediate A. The structure of this fragmentwas
established by its exact mass® and by (+)FAB-MIKES(CA) [Mass Analysed lon Kinetic Energy Spectroscopy/Colli-
sion Activation) determination’. When the acidity of the matrix was increased by addition of thioglycerol, the intensity
of the m/e 213 peak was increased substantially. This implies that the fragmentation of 10a,binto Ais initiated by pro-
tonation of the amine moiety of these model compounds.

Studies directed towards the isolation of intermediate 11b (isomers) and A are currently in progress.
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6. Exact mass : Calc. for CgHqgNoO,S (A+H*): 213.0698 ; Found: 213.0702

7. The full details of these mass spectral studies will be discussed elsewhere.
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