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INTERMERIATE IN A TETRAHYDROQUINOXALYL MODEL OF THYMIDYLATE
(TMP) SYNTHETASE.

Ronald Plempl and Upendra K. Pandit®.

Laboratory of Organic Chemistry, University of Amsterdam,

Nieuwe Achtergracht 129, 1018 WS AMSTERDAM, The Netherlands.

Abstract - 1,2,2,4-Tetrahydrc-1-(thyminyl)quinoxaline undergoes

thermal conversion to thymine and tetrahydroguinoxaline. The for-

mation of thymine has been shown to involve an intermolecular

hydrogen transfer toc an exocyclic methylene intermediate analog-

ous the one proposed in the TMP synthetase reaction.
Direct evidence for tze formation of a ternary complex in which both the cofactor
5,10-methylenetetrahydrofolate and the substrate analogue FAUMP (5~fluorodeoxyuri-
dine~5"'-phosphate) are tightly bound to the en2ymez, has lent support to the sug-
gestion that the catalytic mechanism is initiated by attack of a cysteinyl sulph-

Ja-f

ydryl group located at the active site, on C{G') of the pyrimidine ring, to

generate a carbanion at C(5'}, which subsequently attacks the 5,10-methylenetetra-

hydrofolate to give intermediate )1 (Scheme I)4a’b.

The latter intermedlate can,

in principle, be converted into the exocyclic methylene species 2 and tetrahydro-
folate 3 via two pathways: (a) Protonation of N(5), followed by loss of C{5')-H,
with concomitant elimination of tetrahydrofolate (3), and (b) enolization of the
C(5')H - C{4')=0 group in 1 and fragmentation of the resulting enol through a six~-
membered ring transition-state, to a mixture of 2 and 3. Completion of the process,
that is formation of TMP (4), would occur by transfer of the hydrogen from 3 to 2

4a,b. In this communication we

(Scheme I) and disscciation of the enzyme complex
present results which provide chemical precedence for both, the fragmentation of

1 via pathway (b) and the intermolecular hydrogen transfer to an intermediate ana-
logous to 2. 1,2,3,4-Tetrahydro-1-(thyminyl)quinoxaline (5, Scheme II) was chosen
as a model for intermediate 1. Although the corresponding quinecline derivative has

been studied earlierSa'b

, 1t was felt that the reduced quinoxaline system bears a
closer analegy to the tetrahydropteridine moiety of the folate cofactor. Further-
more, despite the fact that the pyrimidinyl C(5'} in 5 is in the spz—hybridized

state and does not carry a hydrogen atom, as in 1, it was envisaged that the sys-
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tem could fragment via its tautomeric form 6 into tetrahydroguinoxaline 7 and the
"exocyclic methylene" equivalent 8, which would be highly susceptible to reduction
to thymine. The model 5 was conveniently obtained by coupling quincxaline with 5-
chloromethyluracil, followed by reduction of the gquinoxalinium salt with sodium

borohydride (5, m.p. 230°d; NMR DMSO-d_ & 3.32 - 3.45 m, 4H, quinoxaline ~CH,CH,=;

[}
4.00 broad s, 2H -CH.,-; 6.42 - 6.63 m, 4H Ar-protons; 7.18 4, 1H C(6')-H, JH r

2 1
HG' = 2,5 Hz). The model compound 5 was heated (neat, 225%) under reduced préssure
{.003 mm} and the vclatile components separated and analyzed, These consisted of
tetrahydroquinoxaline (7, 62 p.c.) and thymine (10, 8 p.c¢.). A fraction of the
starting material was converted into decomposition products, which remained as a
residue. The formation of 7 and 10 can be rationalized on the basis of the mecha-
nism described in Scheme II, Following the anticipated fragmentation of 5, the
tetrahydrogquinoxaline (7) reduces intermediate (8). The discrepancy between the
amounts of 7 and 10 observed,; can be understood, since intermediate 8 would be
readily diverted to condensation side-products and furthermore, the reductant 7 is
rapidly removed from the mixture, owing to its wvolatility under the reaction-con-
ditions. The mechanism of the hydrogen-transfer step described in Scheme II was
supported by the fact that a five-fold enhancement (lower limit) in the yield of
thymine was obtained in an experiment in which an equivalent of 1,2-dihydroguino-
line6 - a better hydride donor than 7 - was added to 5, in the reaction. An inter-
molecular hydride transfer was established by employing 1,2-dihydroquinoline—2—d1
(2)7, whereupon the thymine formed was found to be labelled (27 p.ec. D} in the
methyl group. In accordance with the mechanism of fragmentation of &, visualized
in Scheme II, 1,2,3,4-tetrahydro—1-(thyminyl)quinoxaline-Z,3-d2 yielded monodeute-
romethylthymine8 under the aforementioned conditions, while no deuterium label in
the methyl group of the thymine8 was observed when Nl" N3,, N4~trideuterated deri-
vative 5 was subjected to the same reaction. Also consistent with the mechanism
was the lack of formation of dimethylthymine, when Nivs N3,—dimethyl—(§), which
cannot underge the tautomerization 5 =6, was heated in an analogous manner. These
results provide compelling evidence for the generation and intermclecular reduct-
ion of the methylene pyrimidinyl derivative 8, in the formation of thymine from a
system related to the enzyme-bound intermediate 1. The results also emphasize and
elucidate the important role of the C(5')~pyrimidinyl proton in the enzyme-cofact-
or-substrate complex (1), in the TMP-synthetase reaction; it belng recalled that

replacement of this proton by a fluorine atom leads to inhibition of the enzyme.
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It is recognized by us that the reaction conditions (neat 225%) necessary for the
fragmentation of 5, into the‘exocyclic intermediate (8) and 7, are very much more
drastic than thoge under which the enzyme-catalyzed reaction proceeds in the living
cells. Studies towards the development of models illustrating the formation and
fragmentation of systems corresponding to 1. under mild conditions, are currently

in progress.
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