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Synthesis and Thiolytic Cleavage of S-Acyl Derivatives 
of 5-Mercaptouracil and 5-Mercapto-2'-deoxyuridineh l 
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Several S-acyl derivatives of both 5-mereaptouraeil (MU) and .>-ni3i'oapto-2'-ieoxyundiue (MUdll) were syn-
thesized for the purpose of temporarily protecting the parent compounds from oxidation to the disulfides. 
These acyl derivatives were found to be stable to hydrolysis under neutral conditions but. to undergo facile 
transacylation with aliphatic thiols, thus releasing the antimetabolites in their active forms. The rate of this 
thiolylic cleavage depends on the structure of the acyl group as well as on the pA':1 and concentration of the 
thiols. 

Recently, we reported the synthesis of o-mercapto-
2'-deoxyuridine (MUdR) , a structural analog of thymi
dine.2 '3 It was found that this compound is utilized as 
a substrate by thymidine kinase which phosphorylates 
it to the ."/-monophosphate,4 and that the latter is a 
potent inhibitor of thymid i la te synthetase. ;> Both 
the free base o-mercaptouracil6 (MU) and the deoxyri-
boside (MUdR) inhibit the growth of various microor
ganisms11 and potentiate the carcinostatic effects of 
.r)-fluorouracil, o-fluorodeoxyuridine, or methotrexate 
in several transplanted mouse tumor tests.7 '3 However, 
in neutral aqueous buffer solutions both MU and MU
dR are largely present in the form of their anions. I and 
II, respectively, which undergo very rapid, trace-iron-
catalyzed atitoxidation to the corresponding disulfides;1' 
the latter can be reduced again to the mercapto com
pounds with aliphatic thiols.10-11 Since the disulfide of 
MUdR is not phosphorylated by thymidine kinase, the 
intracellular reduction to the mercapto form is essential 
for the metabolic activation and subsequent inhibitory 
action of the analog. 

It was thought that by blocking the SH groups of MU 
and M U d l i with a hydrolyzable substituent. one could 
temporarily protect them from oxidation to the disul
fides and, at the same time, make their inhibitory 
action also dependent on the intracellular cleavage of 
their S-blocking groups, thus introducing an additional 
cellular variable which could increase their selectivity. l l> 

(1) (aj Th is research was s u p p o r t e d by G r a n t X o . CA U6695-7 from the 
Na t iona l Cancer I n s t i t u t e . Na t iona l I n s t i t u t e s of Hea l th , U. S. Publ ic Hea l th 
Service, d o I n par t from the d i s se r t a t ion s u b m i t t e d by M . P. K., in pa r t i a l 
fulfillment of the r equ i r emen t s for a P h . D . degree. S t a t e Univers i ty of New 
York at Buffalo. Feb . 1968. (c) T. I. K. was the recipient of a Publ ic Hea l th 
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For this reason, a series of S-acyl derivatives of both 
MU and MUdR. were synthesized. 

The S-acyl derivatives of MU were readily prepared 
by refluxing the free thiol with the appropriate acyl 
chloride or acid anhydride in anhydrous pyridine. In 
the case of MUdR. selective acylation of the SH group 
could be achieved by treatment of the nucleoside with 
the- appropriate acid anhydride at near 0°. in the pres
ence of H 2 0 . 

Hydrolysis studies indicated that these thiolesters 
an1 quite stable at room temperature to hydrolysis in 
aqueous buffer solutions at, or below, pH 7.4. At 
alkaline pH. they are hyclrolyzed with the liberation of 
M l ' or MUdR, respectively; the rate of hydrolysis be
comes significant tit pH S.0-9.0 for the S-acetyl and S-
butyryl derivatives, but only at pH >10.0 in the case of 
the S-isovaleryl compounds. 

However, when equimolar concentrations of gluta
thione, dithiothreitol, or 2-mereaptoethanol were added 
to the solution (in order to protect the liberated MU or 
MUdR from oxidation), rapid release of the MU anion 
(I) or M U d R anion (II) was observed spectroseopically 
(see Experimental Section) even at neutral pH, indi
cating that the cleavage of the S-acyl bond in the thiol
esters was dramatically accelerated by these thiols. 
Some of the spectrophotometer recordings of the reac
tions of I I I with various concentrations of glutathione 
and 2-mercaptoethanol at pH 7.4 are illustrated in 
figure f which also includes control experiments with 
S-acetylglutathione and ethylene glycol. It is apparent 
that the initial reaction rates are increased proportion
ally with the concentration of the thiol, and that gluta
thione is more effective than 2-mercaptoethanol in 
converting III to I. The inability of S-acetylgluta
thione13 and ethylene glycol (the oxoanalog of 2-
mercaptoethanol) even at one order of magnitude 
higher concentrations to promote the liberation of 1 
from I I I can be taken as evidence that the observed 
effect depends on the free SH group of the thiols and 
that the amino and hydroxyl groups are ineffective in 
this reaction. The pH dependence of the reaction and 
the difference in reactivity between glutathione and 2-
mercaptoethanol (the pKd of the SH groups being 9.17 
and 9.">, respectively.) suggest that the active species is 
the ionized form of the SH group. 

Tha t the thiols act as acyl "acceptors" rather than 

(13) T h e very *low react ion observed (curve 6. Figure 1) could be ac
counted for by a t race a m o u n t of a lu t a th ione which c o n t a m i n a t e d the com
mercial sample of S-aeetyl}tlutat hione. 
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TABLE I 

PAPER CHROMATOGRAPHIC ANALYSIS OF THE REACTION BETWEEN 

S-ACETYL-5-MERCAPTOURACIL ( I I I ) AND GLUTATHIONE" 

No. 

1 
2 
3 

, 
III 

0 
2 X 10-
2 X 10-

-Reaetants, 

2 

2 

M . 
Glutathione 

2 X 10"2 

0 
2 X 10"2 

Rt 

0.37 
0.87 
0.87 
0.67 
0.57 
0.37 
0.13 

Chromatography of the reaction mixture 
Uv 

+ + + 
+ + 
+ + 

Ninhydrin 

+ + + 

+ + + 
+ + 
+ 

N H . O H 

+ + + 
+ + 

+ + 

Identity6 

GSH 
III 
I I I 
MU 
GS-Ac 
GSH 
GSSG 

" I I I and glutathione were dissolved in 0.1M sodium EDTA, pH 8.0, and allowed to react at room temperature (25°), at the indicated 
concentrations. After 1 hr, aliquots were removed, chromatographed, and analyzed as described under the Experimental Section. b Iden
ti ty was established by parallel chromatography of authentic reference compounds; the number of + signs designates relative intensities 
of the spots; GSH = glutathione, GS-Ac = S-acetylglutathione, GSSG = oxidized glutathione. 

IME, MINI (scale for curve 5* only! 

40 80 J20 160 200 

TIME, MIN 

Figure 1.—Conversion of S-acetyl-5-mereaptouracil (III) to 
MU in the presence of thiols. I l l , 10~4 M, was dissolved in 0.1 
.1/ EDTA (containing 10% ethanol, v /v) , pH 7.4, and the change 
of absorbance at 330 m>i was followed in the presence of the 
following compounds: glutathione, 2 X 10~4 M (curve 1), 10~4 

M (curve 2), 2 X 10~6 M (curves 5 and 5*); 2-mercaptoethanol, 
2 X 1 0 - 4 M (curve 3), 10"4 M (curve 4); S-acetylglutathione, 
10~3 M (curve 6); none, or ethylene glycol, 10~s M (curve 7). 

catalysts promoting hydrolysis of the thiolesters is 
suggested by the results of an experiment (curve 5* in 
Figure 1) in which the reaction of 10 - 4 M III with 2 X 
10~5 M glutathione was followed until completion. It 
is apparent that the glutathione present liberated only 
a stoichiometric amount of I during a 200-min period, 
after which no further change in absorbance at 330 m/i 
could be observed. This indicates that glutathione was 
consumed while it reacted with a stoichiometric amount 
of III. Conclusive proof for the actual participation of 
glutathione as an acyl acceptor in the reaction with III 
was obtained by paper chromatographic separation and 
identification of both reaction products, MU and S-
acetylglutathione (see Table I). Thus, the reaction of 
the acyl derivatives of MU and MUdR with aliphatic 
thiols may be i*epresented by Scheme I. 

The concentration dependence of the initial rate of 
the reaction of the various thiolesters with a fixed 
(4 X 10"4 M) concentration of glutathione, at pH 7.18, 
is illustrated in Figure 2. The linearity of the plots 
indicates that the reaction is first order with respect 
to the thiolesters. It is also apparent from Figure 2 
that the acetyl derivatives (III and VII) react faster 

than the butyryl analogs (IV and VIII), the nucleosides 
being somewhat more reactive than the corresponding 
bases. The slowest rates were obtained in the case of 
the isovaleryl and pivaloyl derivatives (V, VI, and IX), 
indicating that the rate of transacylation is influenced 
by steric hindrance. 

It is noteworthy that the over-all reaction equilibrium 
of the transacylation of these S-acyl derivatives (Scheme 
I) is displaced far to the right. This fact is obviously 
related to the four orders of magnitude difference in the 
ionization constants of the SH groups of the 5- mercap-
topyrimidines (pKa = 5.3 for MU and 5.0 for MUdR)10 

as compared to those of the aliphatic thiols (piffa = 
9.17 for glutathione). As a consequence, the S-acyl 
derivatives of MU and MUdR appear to be unique in 
their effectiveness (as well as versatility) as acylating 
agents for aliphatic sulfhydryl groups. Results of our 
preliminary studies using thymidine kinase14 indicated 
that these compounds can act as irreversible enzyme in
hibitors via acylation of the essential sulfhydryl groups 
of the enzyme, and that the rate of the inactivation of 
the enzyme is dependent on the structure of the acyl 
group. The possible uses of these and other S-acyl 
derivatives of MU and MUdR, as a novel type of 
sulfhydryl inhibitors in chemotherapy, or as versatile 
S-acylating agents in the study of enzyme structure, are 
presently under investigation. 

From the point of view of our original objective, it is 
of interest that this new series of compounds contains 
MU and MUdR in "protected" forms from which the 
antimetabolites are released in their active forms (I and 
II, respectively) at different rates, depending on the 
nature of the acyl group as well as the intracellular 
concentration of free sulfhydryl groups. By varying 
the acyl groups, we should be able to establish the 
optimal conditions for the in vivo release of I and II, for 
maximum chemotherapeutic effectiveness of these 
antimetabolites. 

In the Lactobacillus leickmannii assay system (which 
contains sufficient sulfhydryl groups to reduce the 
disulfides of MU and MUdR to the free thiols),3 the 
S-acetyl derivatives III and VII showed the same ac
tivities as MU and MUdR, respectively, while the 
growth-inhibitory activities of the other S-acyl deriva
tives showed some variations (ID5o = 10~6-10~8 M) in 
spite of the relatively long (18 hr) incubation time. 

(14) T. I. Kalman and T. J. Bardos, 158th National Meeting of the Ameri
can Chemical Society, New York, N. Y., Sept 1969, Abstract BIOL-302. 
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SCOR' 
• i r _ _ 

III.R = H;R' = CH, 
IV.R = H;R' = (CH2)_CH 
V. R = H;R' = CH.,CH(CH I. 

VI. R = H:R'=C(CH:,), 
VII. R = l-(/3-n-2-deoxyribofuranosyl);R' = CH 

VIII. R = l-(/?-D-2-deoxyribofuranosyl): R' = (CH.).CH 
IX. R = l-</S-l)-2-deoxyrilx>furanosyl): R' = CHXHfCH..). 

HN 

I. R = H 
II. R = l-i/3-I)-:2-deoxYribofuratiosvl 

+ R'C'OSR" 

T H I O L E S ^ L 

Figure 
vario 

, . . . .— Initial rates (t'o) of the reaction of glutathione with 
us S-acyl derivatives of MU and MUdR, at pH 7.18. Reac

tion rates were determined spectrophotometrically, as described in 
the Experimental Section. The following thiolesters were used: 
(•) VII, CO) III , (•) VIII, (G) IV, (A) IX. 

Preliminary animal experiments with III. against 
leukemia L1210 in mice, indicated that the S-acetyl 
derivative III is considerably more active than the 
corresponding free thiol (MU) in potentiating the 
antitumor effect of o-fluorodeoxvuridine.8 

Experimental Section1 

5-Mercaptouracil6.16 (MU), 5-mercapto-2'-deoxyuridine-
(MUdR), and S-acetyI-5-mercaptouracil2 (III) were prepared 
by the previously described methods. 

S-Butyryl-5-mercaptouraciI (IV).—A solution of MU (2.88 g, 
0.020 mole) and (PrCO)20 (3.15 ml, 0.022 mole), in pyridine (25 
nil), was refluxed under anhydrous conditions with stirring for 
2 hr. After cooling, the solution was evaporated to dryness and 
the residue crystallized from EtOAc (650 ml), with filtration to 
remove the unreacted MU. Cooling of the filtrate overnight 
at 5° gave IV, 2.04 g, mp 212-214°. Concentration of the mother 
liquors gave additional IV, 0.92 g, mp 211-213°, total yield 83.2%. 
A sample for analysis was recrystallized from EtOAc, mp 212.5-

242 mM (e 2070). Anal. (Cs-214°, C ° H 2 7 0 m M (t 7560) 
It ioX,03S)C, H, X. 

S-Isovaleryl-5-mercaptouracil (V) was prepared in the same 
manner as IV, except using isovaleric anhydride." The product 

(1.*)) Meftins points were taken in open capillary tubes on a Mel-Temp 
apparatus and are uncorrected. Uv spectra were obtained on a Beckman 
DB recording spectrophotometer, and the molar extinction coefficients were 
determined with a Gilford multiple sample recorder. Elemental analyses 
were performed by Galbraith Laboratories. Knoxville, Tenn. 

(16) H. H. Ilerr, T. Enkoji. and T. J. Bardos. ./. Am. Chem. Soc. 78, 401 
a>m>. 

(17) W. Gerrard and A. M. Thrush, ./. Client. Soc. 741 (1952;. 

was crystallized (MeAc) in two crops (as above), total yield 85'., : 
after recrvstalluation from MeAc, nip 250-252°, \f°a 271 mM (e 
7330), XS"H 242 mM (e 3290). Anal. fC9H12N203S) C, II, X. 

S-PivaIoyI-5-mercaptouraciI (VI). —To a solution of MU (2.0 g 
0.138 mole) in pyridine (50 ml) was added pivaloyl chloride 
(1.83 g, 0.0153 mole), dropwise, at room temperature. After 
stirring for 0.5 hr, the solution was refluxed (CaCl2 tube) for 1 hr. 
After evaporation to dryness, the residue was taken tip in boiling 
EtOAc and, after filtration, VI was crystallized from the filtrate 
(as above), vield 82.2%; after recrvstallization from EtOAc, 
mp 292-294°, A*!™1 269 mM U 7980), X*'°H 242 mM u 37,80). 
Anal. fC»II,2X203S) C, H, N. 

S-Acetyl-5-mercapto-2'-deoxyuridine (VII).—A solution of 
MUdR (100 mg) in water (30 ml) was adjusted to p l l 7 with 0.5 
M KHCOa (2.5 ml) and cooled in an ice bath with stirring under 
Xj. Ac.O (4.7 ml in 50 ml of H->0, cooled on an ice bath) wa^ 
added and stirring was continued in the ice bath under X2 for 
(1.5 hr. The solution was extracted with Et.O (four 40-ml por
tions) and treated with Dow-ex 50 \V resin ( H + form, 10 ml sus
pended in II-jO). After standing for several minutes, the solution 
was filtered from the resin, the resin was washed with H20, and 
the combined filtrates were evaporated to dryness in vacuo (bath 
50°). After extensive drying of the residue, the material was 
taken up in hot MeOH (10 ml) and filtered. The filtrate, after 
standing for several days at — ] 5°, gave wdiite crystals which were 
collected by filtration and dried to give VII, 45 mg, mp 198 -
198.,")°. Concentration of the mother liquors gave additional 
VII, mp 195-196°, total yield 57.2%. Recrystallization from 
MeOFI gave an analvtical sample, mp 198-199°, \lii"%

11 270 m/i it 
8640), A*'™ 243 mn (\ 3460). A rial. (CuH14X206S) C, II, X, S. 

S-Butyryl-5-mercapto-2'-deoxyuridine (VIII) was prepared in 
a similar manner as VII, but using a solution of (I'rCO)2() in 
dioxane. The product, crystallized from H20, was obtained in 
71% yield, mp 193.5-194.5°. Anal. (C l3II l sX206S) C, FT, X, S. 

S-Isovaleryl-5-mercapto-2'-deoxyuridine (IX).—Acylation of 
MUdR, in aqueous dioxane, with a solution of isovaleric anhy
dride17 in dioxane, gave IX in 5 9 ^ yield. After recrvstalliza
tion from H20, mj) 175-176°. Anal. ' fCuH..oN2OcS) C, H, X, S, 

Kinetic Measurements.—The transacylation rate studies were 
performed at 25.0 ± 0.2° in a Beckman DU monochromator. 
equipped with a Gilford 2000 multiple-absorbance recorder, at a. 
wavelength of 330 m,u (1.0-em light path). Stock solutions of 
the (Molesters were made up with absolute EtOIL The reaction 
mixture contained varying amounts of a thiolester and glutathione 
in (1.1 .1/ sodium EDTA, , S pH 7.18, containing 10 c ; EtOII (v,'v). 
The increase of absorbance at 330 ntu* which is directly related 
to the liberation of the thiolate anion of MU (I) Usao 4.5 X 10= i 
or MUdR (II) (ease 5.0 X 103) was recorded, and the transacyla
tion rates (r«) were calculated from the slopes of the initial linear 
portions of the curves, corrected for simple hydrolysis in the 
absence of added acyl acceptor. The pH of the reaction mixtures 
was determined at 25°, using a Radiometer Type 26 pH meter. 

Paper Chromatographic Analysis.—Aliquots of the reaction 
mixture or the reference solutions were applied on Whatman Xo. 1 
paper sheets and ascending chromatograms were developed over
night with 80% aqueous phenol solution. Three methods of 
identification were employed: (1) uv light was employed to 

(18) Ethylenediaminetetraacetic acid (EDTA) was used to prevent 1.!<< 
autoxidation9 of the products, MU or MUdR. 

(19) G. Toennies and .1. J. Kolb, Ay.nl. Chem.. 23, 823 (1951). 

Ay.nl
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detect the pyrimidine compounds MU and S-acetyl MU (III) 
by visual examination (Chromato-Vue, Ultra-Violet Products, 
Inc.); (2) for the detection of the peptides, glutathione, oxidized 
glutathione, and S-acetylglutathione, the ninhydrin dipping rea
gent was used as described by Toennies and Kolb;19 (3) for the 
identification of the thiolester compounds the hydroxamate test 
was employed as described by Stadtman.20 The Ri values 

(20) E. R. Stadtman, J. Biol. Chem., 196, 535 (1952). 

Thymidylate synthetase, in the presence of the co-
factor N5,N10-methylenetetrahydrofolic acid, catalyzes 
the conversion of 2'-deoxyuridine 5'-monophosphate 
to thymidine 5'-monophosphate.3 The mechanism 
proposed for the one-carbon transfer is by a reductive 
methylation to give the product thymidine o'-mono-
phosphate and 7,8-dihydrofolic acid.3 

Folate analogs have been studied as inhibitors of 
thymidylate synthetase.4 In addition to the reduced 
aminopterin derivatives, tetrahydrohomofolate is an 
effective inhibitor of this enzyme. The rationale for 
this approach to inhibition is derived from kinetic studies 

(1) This work was supported by Grant CA 7522 and IK3-CA-10739 from 
the National Cancer Institutes, National Institutes of Health. Taken in 
part from the dissertation presented by A. J. Lin to the Graduate School, 
Uniyersity of Kansas, in partial fulfillment of the requirements for the 
Doctor of Philosophy Degree. 

(2) For preyious studies in this series see: (a) M. P. Mertes and N. R. 
Patel. J. Med. Chem., 9 868 (1966); (b) M. P. Mertes and Q. Oilman, ibid., 
10, 965 (1967). 

(3) For references on this enzyme see: (a) A. J. Wahba and M. Friedkin, 
J. Biol. Chem., 237, 3794 (1962); (b) R. Blakley, ibid., 238, 2113 (1963); 
(c) P. Reyes and C. Heidelberger, Mol. Pharmacol., 1, 14 (1965). 

(4) (a) R. L. Kisliuk, Nature, 188, 584 (1960); (b) M. Friedkin, E. J. 
Crawford, and D. Misra, Federation Proc, 21, 176 (1962); (c) A, J. Whaba 
and M. Friedkin, J. Biol. Chem., 236, PC11 (1961); (d) R. L. Kisliuk and 
M. D. Levine, ibid., 239, 1901 (1964); (e) L. Goodman, J. I. DeGraw, R. L. 
Kisliuk, M. Friedkin, E. J. Pastore, E. J. Crawford, L. T. Plante, A. Al-
Nahas, J. F. Morningstar, Jr., G. Kwok, L, Wilson, E. F. Donoyan, and J. 
Ratzan, / . Am. Chem. Soc, 86, 308 (1964); (f) G. L. Tong, W. W. Lee, and 
L. Goodman, ibid., 86, 5664 (1964); (g) B. R. Baker, B. T. Ho, and T. 
Neilson, J. Heterocyclic Chem., 1, 79 (1964); (h) B. R. Baker B. T. Ho, and 
G. R. Clheda, ibid., 1, 88 (1964); (i) J. A. R. Mead, A. Goldin, R. L. Kisliuk, 
M. Friedkin, L, Plante, E. J. Crawford, and G. Kwok, Cancer Res., 26, 2374 
(1966); (j) L. T. Plante, E. J. Crawford, and M. Friedkin, J. Biol. Chem., 
242, 1466 (1967); (k) V. S. Gupta and F. M. Huennekens, Biochemistry, 6, 
2168 (1967); (1) K. Slayik and S. F. Zakrzewski, Mol. Pharmacol, 3, 370 
(1967); (m) D. Livingston, E. J. Crawford, and M. Friedkin, Biochemistry, 
7, 2814 (1968); (n) S. B. Horwitz and R. L. Kisliuk, J. Med. Chem., 11, 
907 (1968); (o) L. T. Weinstock, D. E. O'Brien, and C. C. Cheng, ibid., 

11, 1238 (1968); (p) D. V. Santi, J. Heterocyclic Chem., 4, 475 (1967). 

obtained for glutathione, oxidized glutathione, and S-acetyl
glutathione agree within ±0.06 with those reported.21 
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(21) M. Gutcho and L. Laufer in "Glutathione," S. Colowick, A. Lazarow, 
E. Racker, D. R. Schwarz, E. R. Stadtman, and H. Waelsch, Ed., Academic 
Press, New York, N. Y., 1954, p 79. 

on the enzyme.30 A sequential order of binding is 
noted; the initial complex of enzyme-cofactor is 
followed by formation of a ternary complex with the 
substrate. Stepwise dissociation leads to the products. 

The nature of the intermediate proposed for the 
transfer of the carbon unit from the cofactor to the 
substrate necessitates the proper spatial positioning of 
these units on the enzyme. Attempts to bridge the 
binding sites of the cofactor and substrate in a single 
inhibitor have been unsuccessful.2'413 To achieve this 
additional studies have been undertaken to determine 
the essential structural features for cofactor binding to 
the enzyme. Previous results have suggested that the 
pyrimidine moiety of the pteridine ring of folic acid, 
important for dihydrofolate reductase binding, may not 
be essential for binding to thymidylate synthetase. In 
addition, relatively basic nitrogens corresponding to 
N5 and X8 of the folic acid model are essential since the 
piperazine ring is more inhibitory than the pyrazine 
ring in model compounds.23 Further studies in this 
series have been made to examine the effects of a CH3 in 
a position corresponding to C-7 of folic acid since 
Zakrzewski5 has involved C-7 of tetrahydrofolic acid 
as the source of H in the reductive methylation of 
deoxyuridine 5'-monophosphate. Substitution of a 
benzene ring for the pyrimidyl moiety of folic acid was 
also undertaken to access the effect of the aromatic ring 
on the binding affinity of X5 and X"8 positions of folic 
acid analogs. 

2,3-Dimethylpyrazine (Scheme I) was synthesized by 
condensation of ethylenediamine with 2,3-butanedione 
followed by aromatization; selective oxidation (K-

(5) S. F. Zakrzewski, J. Biol. Chem., 241, 2962 (1966). 
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Analogs of N5,N10-methylenetetrahydrofolic acid were designed and synthesized in an effort to define the 
essential features of cofactor binding and inhibition of the enzyme, thymidylate synthetase. Ethyl 3-methyl-
2-pyrazinecarboxylate (1), prepared by condensation of ethylenediamine and ethyl 2,3-dioxobutyrate, was reduced 
(LAH) to the aldehyde 2. Formation of the Schiff base 3 from 2 and ethyl p-aminobenzoate was followed 
by NaBH4 reduction to give N-(p-carbethoxyphenyl)-3-methyl-2-aminomethylpyrazine (4). Treatment of 4 
with 5-bromomethyluracil gave the N-thyminyl derivative 5; reduction of 4 gave the piperazine derivative 6. 
Condensation of 6 with 5-formyluracil gave 2-p-carbethoxyphenyl-3-(5'-uracil)-7-methyloctahydroimidazo-
[1,5-a]pyrazine (7). By the same procedure used in the 3-methylpyrazine series, quinoxaline (8a-10a), 2-
methylquinoxaline (8b-10b, 22), and 2-methyl-l,2,3,4-tetrahydroquinoxaline (lib, 23) analogs were prepared. 
An interesting ring enlargement to the symmetrical seven-membered diaza ketone was observed when 1,2,3,4-
tetrahydro-2-hydroxymethyl-l,4-di-j»-toluenesulfonylquinoxaline was oxidized using the DCC-DMSO method. 
The results of inhibition of thymidylate synthetase and dihydrofolate reductase are discussed. 


