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Sir:

Methotrexate (4-amino-4-deoxy-N' °-methylpteroylglut-
MTX; amethopterin) is a folic acid antagonist
of established value as an antitumor agent, especially in the
However,

amic acid:

treatment of acute and subacute leukemia (2).
its clinical usefulness is impaired by the development of
drug resistance and by its ineffectiveness against tumors
of the central nervous system. Previous studies in these
laboratories have involved the design and synthesis of
small molecule antifolates as improved antitumor and
antimalarial agents (3). We are now engaged in a program
aimed at the structural modification of methotrexate in
order to prepare more elfective”analogs with possibly
greater ease of lransport across biological membranes
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(4a,lh), including the blood-brain barrier. Primary consid-
eration is being given to changes in the highly polar
glutamate moiety, since changes at this site should not
greatly affect the enzyme inhibitory properties of the 2,4-
diaminopyrimido system, common to many [olate antago-
nists (5), but should change the overall lipophilic character
and transport properties of the molecule.

Early methods (6) for the synthesis of methotrexate
and pteroic acid analogs led to impure products which
were very difficult to purify. Recently, alternate syn-
thetic approaches have been developed for folate (7-9)
and methotrexate (10) analogs. In the work reported

here, we chose to utilize a versatile and efficient syn-
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thetic method for the unambiguous preparation of 6-
substituted pteridines developed recently by Taylor and
coworkers (11). This route involves the use of 2-amino-
3-cyano-3-chloromethylpyrazine 1-oxide (1) (11), which
was condensed with various p-(methylamino)benzoy! de-
rivatives 2¢-f to vield the substituted pyrazine 1-oxides
3cf (Scheme I). Removal of the N-oxide function was
carried out by heating to 120° with triethyl phosphite
alone or with N V-dimethylformamide as solvent to give
pyrazines dc-f, which were then allowed to react with
guanidine in refluxing ethanol to form the methotrexate
analogs 6¢-f. Saponification of Be constitutes a new syn-
thesis of methotrexate. Also prepared, starting with the
N-oxides 3¢,f, were the 8-oxido analog of diethyl metho-
trexate 6¢ and the 8-oxido adamantylamine analog 6f.
The intermediate p-(methylamino)benzoy! derivatives 2¢,
e,f were synthesized according to the method ol Santi
(12) by reaction of V-tosyl-p-(methylamino)benzoy! chlo-
ride with the appropriate amine, followed by detosylation.
Reduction of the diester 2¢ with lithium aluminum hydride
in tetrahyvdrofuran gave the diol 2d.

Overall vields from 1 of the methotrexate analogs
varied from 10-20% (or the diesters 5¢ and 6¢ to 35-40%
for 5d and 5e to 75-80% for the highly insoluble ada-
mantyl analogs 6f and 6f. The relatively low yields for
the diesters were due to side reactions of the ester groups
with guanidine in the last step of the synthesis (13).

The preparation of Se will serve as an example of this
svithesis.  Reaction ol equimolar amounts of 1 (m.p.
140-145° dec.) and 2e (m.p. 98-99°) with excess potassium
carbonate in 1:1 aqueous tetrahydrofuran at 25° for 90
minutes, (ollowed by dilution with water and extraction
with methylene chloride, gave a syrup which was chroma-
tographed on silica gel (5% ethanol/benzene) to yield 3e
(03%) as a vellow glassy solid: ir (chloroform): X 2.80
i, 2.93, 3.23, 4.48, 6.10, 6.22, 6.50, 6.70. Heating 3e
with excess triethyl phosphite at 120° for 45 minutes and
evaporation under vacuum gave 4e as a yellow solid (72%
from ethyl acetate/hexane, m.p. 184-185°%): ir (chloro-
lorm): A 280 u, 290, 3.33. 150, 6.10, 6.22, 6.70.

Anal. Caled. for CygH,4NgO (352.43):  C, 64.75;
H, 6.86: N, 23.85. Found: C, 64.61; H, 6.85; N, 23.72.

Condensation ol guanidine (1 molar equivalent, pre-
pared from equimolar amounts of sodium ethoxide and
guanidine hydrochloride in ethanol) with 4e (one-half
molar equivalent) for one hour at reflux afforded 5e as a
vellow solid (80%, m.p. 264-266° dec.); ir (potassium
A 3.35 i, 615, 6.22.6.42, 6.50, 6.03, 6.92:
261 um (e 25,600), 291 (23,800),

chloride):
uv XA max (ethanol):
375 (7,830).

Anal. Caled. for Coglly N0 (394.474): €. 60.89;
1, 6.64; N, 28.41. Found: C,060.68; H, 6.49: N\, 28.37.

In addition, lollowing the same reaction scheme and
starting with the readily available p-(methylamino)benzoic
acid 2a or the ethyl ester 2b, efficient syntheses of 4-
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amino-4-deoxy-V' ®-methylpteroic acid 5a (60%, m.p. >
300° dec.) (6,10) and its ethyl ester 5b (30%, m.p.
293-296° dec.) were developed. These compounds are
potentially useful intermediates for the preparation of
other methotrexate analogs.

In preliminary bioassays, several of these compounds
show marked antifolate activity in the Streptococcus
faecium - PGA system: bBa, 5b, 5¢, 5e, and 5f have

[Dso values less than 0.01 ug/ml, comparable to metho-

trexate. Compound 5c elfects a 50% increase in survival

of mice with L1210 leukemia when given intraperi-
toneally at 32 mg/kg/day for four days (14). Additional
hiological properties of the methotrexate analogs described
here, as well as others in preparation, will be reported
elsewhere.
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