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A versatile method for the unequivocal synthesis of 6-substituted pteridines was used for the preparation of several 
methotrexate analogs in which the glutamate moiety was modified in order to enhance lipophilic character. Two 
8-oxido derivatives were also prepared. These compounds were tested for in vitro inhibitory activity against Strep
tococcus faecium and as enzyme inhibitors against dihydrofolate reductase derived from Lactobacillus casei, chick
en liver, and L1210-FR8 cells. Several compounds showed significant bacterial inhibition, but all were found to be 
less inhibitory than methotrexate against these enzymes. Only the diethyl ester of methotrexate showed significant 
in vivo biological activity against L1210 leukemic mice, comparable to that of methotrexate. The pteridine 8-oxide 
function was found to have a detrimental biological effect in the two compounds of this type tested in these assays. An 
efficient synthesis of 4-amino-4-deoxy-Afl0-methylpteroic acid and its ethyl ester is also described. The ester was found 
to have prophylactic antimalarial activity in the sporozoite-induced Plasmodium gallinaceum chick assay. 

For more t h a n 20 years, me tho t rexa te (4-amino-4-
deoxy-/V"1 0-methylpteroylglutamic acid, amethop te r in , 
M T X ) has been widely used as one of the most effective 
clinical a n t i t u m o r agents , especially in the t r e a t m e n t of 
acute childhood l eukemia . 3 I ts mode of act ion as a folic 
acid an tagonis t 4 is recognized to involve strong inhibi t ion 
of dihydrofolate reductase and interference with the syn
thesis of metabol i t es t h a t play a role in impor t an t bio
chemical one-carbon transfer react ions, including the bio
synthesis of nucleot ides . Despi te some remarkab le suc
cesses in induct ion of remission in acute leukemia and in 
cer ta in solid tumors , the clinical usefulness of M T X is 
l imited by the deve lopment of drug resis tance, due in part 
to increased levels of enzymes in t he folic acid cycle and 
restr icted cellular up take of the d r u g . 5 ' 6 Excep t when 
given in t ra thecal ly , 7 M T X is ineffective against t umors of 
the central nervous sys tem. It is also ineffective against 
malar ia l paras i tes , which lack an active t r anspor t mecha
nism for folates.8 

M T X is t r anspor ted across t u m o r cell m e m b r a n e s by an 
active car r ie r -media ted mechanism, possibly shar ing the 
same mechan i sm used for na tu ra l fo la tes . 9 - 1 1 Since this 
mechan ism probably involves the carboxyl groups of the 
g lu t ama te moie ty , 8 any significant chemical modification 
at th is site should change the overall t r anspor t propert ies 
of the molecule wi thout greatly affecting the enzyme-in
hibitory propert ies of t he 2 ,4-diaminopyr imido system, 
common to many types of folate an tagon is t s . 1 2 Replace
ment of the carboxyl groups in M T X by less polar groups 
such as CH2OH or CH3 might result in a sacrifice of the 
active t ranspor t mechan i sm. However, this migh t be off
set by the likelihood t h a t the less ionic n a t u r e of the re
duced species would enhance the lipophilic na tu re of the 
molecule, as would other s t ruc tura l modificat ions such as 
the complete rep lacement of the g l u t a m a t e moiety by 
large a lkylamine residues. Such molecules could still enter 
a cell by passive diffusion, as is the case with other small 
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molecule ant i folates , 8 and might be expected to pene t ra te 
the blood-brain b a r r i e r 7 1 3 more effectively t h a n M T X . 

We have been engaged in a p rog ram 1 ' 2 a imed at the 
s t ruc tura l modification of M T X in order to prepare more 
effective analogs with improved t ranspor t across biological 
m e m b r a n e s . In this paper we describe the synthesis and 
some biological propert ies of analogs in which the g lu tam
ic acid portion of the molecule has been modified in order 
to bring about an e n h a n c e m e n t in l ipophilic character . 
The synthesis of these analogs is shown in Scheme I. 
Compounds Ga-c are me tho t rexa te analogs conta ining 
modifications only of the carboxyl groups, while in Gd the 
g lu t ama te moiety has been replaced by 1-adamanty lam-
ine. Since the synthet ic scheme lends itself to the prepa
rat ion of pter idine 8-oxides, two analogs of this type, 7a 
and 7d, were also prepared in order to assess the biologi
cal effect of this kind of subs t i tu t ion . An efficient prepa
rat ion of 4-amino-4-deoxy-.V1 0-methylpteroic acid is also 
described. 

Chemistry . Early methods for the synthesis of M T X 
and its analogs led to mix tures of compounds which were 
very difficult to purify.1 4 Improved syntheses were later 
developed for folic ac id . 1 5 folate ana logs , 1 6 l s and M T X 
analogs 1 9 - 2 0 which involve mul t ip le s teps . In the work re
ported here, we chose to utilize a versatile synthet ic 
method for the unequivocal synthesis of 6-subst i tuted 
pter idines developed by Taylor and coworkers.2 1 — This 
method involves, in the present ins tance , the use of the 
key in te rmedia te 2-amino-3-cyano-5-chloromethylpyrazine 
1-oxide (2, Scheme I ) . 2 2 

The in te rmedia te p - (methy lamino)benzoy l derivat ives 
3a,c ,d used in this synthesis were p repared according to 
the me thod of S a n t i 2 3 by reaction of A |T-tosyl-p-(methyla-
mino)benzoyl chloride with the appropr ia te amine to give 
la ,c ,d , followed by detosylat ion with HBr in glacial AcOH 
in the presence of phenol . In order to prepare diol 3b, at
t e m p t s were made to selectively reduce the ester groups of 
3a with excess l i th ium borohydr ide 2 4 in refluxing T H F . 
Solid salts separa ted dur ing the reaction, and the reaction 
mix ture upon work-up yielded viscous oils which were 
mixtures of diol 3b and incompletely reduced produc ts . 
However, when excess l i th ium a l u m i n u m hydride was 
used as the reducing agent, and was rapidly added in por
t ions to a solution of 3a in T H F , complete reduct ion of 
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the ester functions occurred, and work-up of the reaction 
mixture after 15 min gave crystalline diol 3b in 80% yield. 
Separation of solid salts of the reduced product from solu
tion as well as the low reactivity of the amide carbonyl 
(due to resonance with the p-methylamino moiety) com
bine to prevent the undesired reduction of the amide 
group. 

The chloride 2 condensed readily with 3a-d in the pres
ence of base to yield substituted pyrazine 1-oxides 4a-d. 
Use of K2CO3 as the base, in aqueous THF, gave cleaner 
products for 4a-c than did triethylamine in ethanol, 
which served well for the less soluble adamantylamine an
alog 4d. These compounds were difficult to crystallize but 
were isolated in a fairly pure state as glasses or semisolids 
and used directly in subsequent reactions. Deoxygenation 
of the N-oxides was carried out by heating for 45 min at 
125-130° with excess triethyl phosphite (for 5c, and 5d, 
isolated as crystalline solids) or with triethyl phosphite in 
DMF as solvent (for 5a and 5b, isolated as glasses). The 
progress of the latter reactions could be followed by thin-
layer chromatography on silica gel (5-20% EtOH-ben-
zene). Reaction of the substituted pyrazines 5a-d with ex
cess guanidine in refluxing ethanol gave MTX analogs 
Ga-d. Saponification of Ga constitutes a new synthesis of 
MTX. Similarly, starting with the substituted pyrazine 
1-oxides 4a and 4d, reaction with guanidine gave two ana
logs, 7a and 7d, which contain an 8-oxide function. Over
all yields of the MTX analogs which contained ester 
groups, 6a and 7a, were much lower than those for the 
other analogs, as a result of side reactions of the ester 
groups with guanidine in the last step of the synthesis. All 
the analogs were isolated as solids and purified by recrys-
tallization from various solvents. 

Following the same reaction scheme, starting with 2 
and the readily available p-(methylamino)benzoic acid 3e 
or its ethyl ester 3b, efficient syntheses of the pteroic acid 
analog Ge14-19 (overall yield 60%) and the ethyl ester Gb 
(overall yield 38%) were developed. These products, and 
their intermediates, were all crystalline solids which were 
easily isolated and purified. The synthesis of Ge by this 
method makes this compound readily available in large 
quantities for use as an intermediate for the synthesis of 

other methotrexate analogs. For instance, we have found 
that 6e reacts rapidly with various alkyl chloroformates in 
dimethylformamide to give mixed anhydrides (some of 
which can be isolated as stable crystalline solids), which 
can then react with various amines or amino acid esters to 
give side-chain altered analogs. In these reactions the 
amino groups of Ge need not be protected. This latter ob
servation has been made independently by Nair and 
Baugh.25 Further work in this area will be reported short
ly from this laboratory. 

Biological Results. All the MTX and pteroate analogs 
synthesized in this work were evaluated for growth-inhibi
tory activity against the folate-dependent organism Strep
tococcus faecium (ATCC No. 8043) by the method of 
Foley and coworkers,26 and the results are reported in 
Table I. Compounds 6a-f had significant activity against 
this organism. On the other hand, the 8-oxido analogs 7a 
and 7d showed no activity. Comparison of the ID50 values 
for the 8-oxides with the values for the corresponding non-
oxygenated species indicates the large, unfavorable effect 
on inhibition produced by this type of structural change. 
This effect may possibly be attributed to the lowering of the 
basicity of the diaminopteridine ring system by the polar 8-
oxide function, which may alter the enzyme-binding proper
ties of the molecule. On the other hand, it may be related to 
the detrimental geometrical effect observed for substitu-
ents in the 7 position of pteridine antifolates.12,27 

Enzyme inhibition studies were performed on the same 
compounds with purified dihydrofolate reductase from 
three different sources. The results are tabulated in Table 
II. All of the compounds were less inhibitory than MTX 
by about 1-4 orders of magnitude. It is noteworthy that 
glutamate replacement (i.e., compounds Gb-f) tends to 
decrease activity against Lactobacillus casei and chicken 
liver dihydrofolate reductases more than against the en
zyme from L1210-FR8. Also, it can be seen that the 8-
oxido analogs 7a and 7d are less inhibitory than their 
nonoxygenated counterparts 6a and 6d against all three en
zymes. 

The compounds listed in Table I were assayed in vivo 
against two transplantable murine leukemias in ascites 
form: L1210 leukemia in BDF/1 hybrid mice and P1534 
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Table I. Inhibition of S. faecium (ATCC No. 8043) by MTX 
and Pteroate Analogs 

Compd 

6a 
6b 
6c 
6d 

ID50, / ig/ml" 

0.017 
0.37 
0.002 
0.003 

Compd 

6e 
6f 
7a 
7d 

ID so- MS'7™ 

0.002 
0.001 
1.0+ 

1.0* 

a Folate = 0.001 Mg/ml; under these conditions M T X had I D 5 0 

= 0.002 Mg/ml. 

Table I I . Inhibition of Dihydrofolate Reductase by MTX 
and Pteroate Analogs" 

Concn (M) for 50% inhibition of 
dihydrofolate reductase from 

Compd 

MTX 
6a 
6b 
6c 
6d 
6e 
6f 
7a 
7d 

L. casei 

3 x 10' ' 
7 x 10"' 
1 x lO"6 

3 x 10"7 

2 x 10"' 
3 x 10"' 
7 x 10"' 
2 x 10'D 

3 x 10"" 

Chicken 
l iver 

3 x 10"8 

5 x 10"G 

2 x 10"5 

1 x 10"5 

2 x 10"7 

3 x 10"6 

6 x 10"6 

8 x 10"5 

>4 x 10"5 

L1210-FR8 

1.5 x 10"9 

5 x 10"' 
1 x 10"' 
9 x 10"s 

3 x 10"s 

1 x 10"' 
3 x 10"8 

8 x 10"fi 

5 x 10"B 

11 Assay conditions are listed in the Experimental Section. 

leukemia in DBA/2 inbred mice. Each animal received 
daily intraperitoneal injections of the test compound, sus
pended in 10% Tween 80, for 4 days beginning on the first 
day after tumor implantation (qd 1-4). Dose levels were 
regularly spaced, usually ranging from 32 to 250 mg/kg 
per injection. In these experiments, significant antitumor 
activity was found only for the diethyl ester of methotrex
ate 6a, which showed activity against L1210 leukemic 
mice (51% increase of survival; optimal dose 32 mg/kg, qd 
1-4) comparable to that of MTX under the same condi
tions. The 8-oxido analog of diethyl MTX 7a was only 
marginally active, showing a 22% extension of survival 
against the same tumor at an optimal dose of 64 mg/kg, 
qd 1-4. This result again reflects the detrimental biologi
cal effect of the 8-oxido substituent. Antitumor activity of 
MTX esters such as 6a in transplantable mouse tumor 
systems is undoubtedly due, at least in part, to esterase 
hydrolysis to free MTX. Preliminary results indicate effi
cient hydrolysis of 6a and other MTX esters by mouse 
serum and mouse ascites fluid as determined by both 
dihydrofolate reductase assay and solvent extraction after 
incubation with serum or ascites fluid.J These observa
tions are in accord with preliminary data by Johns, et 
al 28.29 T n e 0 ther compounds tested showed little or no 
activity against both tumors. Thus, although the i'. fae
cium data were encouraging for several of these com
pounds, the preliminary observations indicate that drastic 
modification (aside from esterification) or deletion of the 
glutamate moiety in MTX does not improve in vivo antitu
mor activity against the two tumors tested. This may be 
due in part to impaired active transport properties of 
these molecules or to their poor solubility in aqueous 

}A. Rosowsky, M. H. N. Tattersall, and E. J. Modest, unpublished re
sults. 
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media. Preliminary biological data on esters of MTX and 
dichloro-MTX have already been reported from this labo
ratory,2 and more detailed studies are in progress to eval
uate these compounds as latent or modified transport 
forms of these drugs. 

Standard antimalarial evaluation of the compounds 
synthesized in this work was carried out against Plasma -
dium berghei in the mouse and Plasmodium gallinaceum 
in the chick as previously described.30 None of the com
pounds proved to have activity in the mouse assays. How
ever, the pteroate ester analog 6f was found to have pro
phylactic activity in the sporozoite-induced p. gallina
ceum assay when the compound was administered as a 
single subcutaneous dose, in oil, to leghorn chicks on the 
day of intravenous infection. Dose levels of 15 and HO 
mg/kg resulted in cures (survival at 60 days postinfection; 
controls die at 6-11 days) in 4/5 chicks. Doses from 60 to 
480 mg/kg resulted in cures in 5/5 chicks. 

Experimental Section § 

-V-[[p-(A'-p-Toluenesulfonyl)methylamino]benzoyl]-2-amino-
pentane (1c). A mixture of Ar-tosyl-p-(methylamino)benzoyl chlo
ride23 (16.2 g, 0.05 mol), 2-aminopentane (4.35 g, 0.04 mol) (Co
lumbia Organic Chemicals), and powdered KHCO3 (5 g, 0.05 
mol) in dry benzene (250 ml) was stirred under reflux for 2 hr. 
cooled, and filtered. The filtrate was added to 2% Na2C03 (600 
ml) and the two-phase mixture was stirred vigorously at room 
temperature for 1 hr. The organic layer was separated, washed 
with 2% HCI, rinsed with H20, dried (Na2S04), and evaporated 
under reduced pressure. The pale yellow oily residue crystallized 
to a white solid (12.5 g, 677c) on trituration with i-Pr20. The ana
lytical sample, mp 104-106°. was prepared by recrystallization 
from CHCl3-s-Pr20: nmr (CDCI3) & 0.8-1.6 (m, 10 H, aliph CH3 
and CH2). 2.40 (s, arom CH3). 3.17 (s, NCH3), 3.9-4.4 (m. 
NHCfY-). 5.9-6.2 (m, NH). 7.0-7.9 (m. 8 H, arom protons). Anal 
(C20H26N2O3S)C, H. N, S. 

N-[[p -(A" -p-Toluenesulf onyl)methylamino]benzoyl J- 1-ami-
noadamantane (Id). To a rapidly stirred suspension of A'-tosyl-
p-(methylamino)benzoyl chloride23 (69 g, 0.213 mol) and 1-ami-
noadamantane hydrochloride (40 g, 0.273 mol) (a gift from E. I. 
du Pont de Nemours Co., Inc., Wilmington, Del.) in CH2C12 (1 1.) 
was added a solution of KHCO3 (100 g, 1 mol) in H20 (700 ml). 
After vigorous overnight mechanical agitation, the layers were 
separated, and the organic layer was washed with 1 .V HCI (1 1.,). 
dried (Na2S04), and evaporated under reduced pressure. Recrys
tallization of the residue from EtOH gave a colorless solid (89 g, 
95%): mp 158-159°. Anal. (C25H30N2O3S) C, H, N, S. 

A'-(p-Methylaminobenzoyl)-2-aminopentane-l,5-diol (3b). 
Lithium aluminum hydride (3.8 g, 0.1 mol) was added in portions 
over a period of 2 min to a stirred solution of 3a23 (13.4 g, 0.02 
mol) in dry THF (300 ml). After stirring for 15 min the thick slur
ry was carefully treated with H20 (3.8 ml), 15% aqueous NaOH 
(3.8 ml), and finally with H20 (11.4 ml). The mixture was fil
tered, and the filter cake washed with THF. Evaporation of the 
Hltrate and washings under vacuum gave a pale yellow oil which 
crystallized when scratched. Trituration with 1:1 EtOAc-hexane 
(50 ml) and filtration gave a white solid (8.1 g, 80%): mp 132-136°. 
The analytical sample was obtained as colorless needles (from 
CH3CH):~mp 144-145°; nmr (CD3C02D) 5 1.66 (m. -CH2CH2~), 
2.83 (s, CH3N), 3.72 (m, 4 H, -CH20), 4.20 (m, CH), 7.22 (m, 
C6H4)..4rm/. (C13H2oN203) C, H, N. 

.Y-(p-MethylaminobenzoyI)-2-aminopentane (3c). A solution 
of lc (17.7 g, 0.047 mol) in 88.4 ml of 30-32% HBr in AcOH 
(Fisher Chemical Co.) was treated with phenol (8.8 g, 0.094 mol! 
and stirred at room temperature for 5 hr. Et20 (850 ml) was 
added and stirring continued for another 20 min. The mixture 

§Ir spectra were taken with a Perkin-Elmer Model 137B double-beam 
recording spectrophotometer. Quantitative uv spectra were measured on 
Cary Model 11 and 15 spectrophotometers. Nmr spectra were determined 
on a Varian A-60 instrument with Me4Si as internal standard. Melting 
points were measured in Pyrex capillary tubes in a Mel-Temp apparatus 
(Laboratory Devices. Inc.. Cambridge. Mass.) and are uncorrected. Mi
croanalyses were performed by Galbraith Laboratories, Knoxville. Tenn. 
Where analyses are indicated only by a symbol of the elements, analytical 
results obtained for those elements were within ±0.4% of the theoretical 
value. 
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was filtered, the solid was dissolved in a minimal volume of H2O, 
a small amount of insoluble gum was filtered off, and the aqueous 
solution was basified with 1 N KHCO3 until a dense white pre
cipitate appeared. The product was collected, washed with H2O, 
and dried in vacuo: yield 8.2 g (79%). For microanalysis, a sample 
was recrystallized from benzene-hexane: mp 90-92°; uv X max 
(EtOH) 290 nm (e 19,500); nmr (CDCU) 5 0.8-2.7 (m, 10 H, aliph 
CH3 and CH2), 2.90 (s, NCH3), 3.9-4.4 (m, NHCH-), 5.6-6.1 (m, 
NH), 6.63 (d, 2 H, arom), 7.66 (d, 2 H, arom). Anal. 
(C13H20N2O) C, H, N. 

iV-(p-Methylaminobenzoyl)-l-aminoadarnantane (3d). Start
ing with Id and following the procedure as outlined above for 3c, 
3d was obtained in 93% yield. The analytical sample was recrys
tallized from EtOH (charcoal) in the form of colorless needles: 
mp 175-177°. Anal. (Ci8H24N20) C, H, N. 

Diethyl A'-[p-[[(2-Amino-3-cyano-5-pyrazinyl)methyl]methyl-
amino]benzoyl]glutamate (5a). To a stirred solution of 222 (9.2 
g, 0.05 mol) and 3a23 (16.8 g, 0.05 mol) in THF (150 ml) was 
added a solution of K 2 C 0 3 (10.35 g, 0.075 mol) in H 2 0 (150 ml) 
with slight external cooling. After stirring at room temperature 
for 1 hr, H2O (400 ml) was added and the mixture was extracted 
with CH2CI2. The extracts were washed with H2O, dried 
(Na2S04), and evaporated to leave crude 4a as an orange glass, 
which was dissolved in a mixture of DMF (50 ml) and triethyl 
phosphite (75 ml) and heated at 125° for 45 min. Evaporation 
under reduced pressure left a red glass, which was chromato-
graphed on silica gel (300 g) with 3:7 EtOAc-benzene as the el-
uent. The main fraction yielded 5a (tic on silica gel, Rt ~0.3) as 
a yellow oil (10.5 g, 45%): ir (CHC13) X 2.90 (NH2), 4.50 (CN), 
5.80^ (C02Et). 

N-[P-[[(2-Amino-3-cyano-5-pyrazinyl)methyl]methylami-
no]benzoyl]-2-aminopentane (5c). Following the procedure out
lined above, condensation of 2 and 3c yielded 4c as a yellow glass 
in 63% yield after chromatography on silica gel (5% EtOH-ben-
zene): ir (CHC13) X 2.80, 2.93, 3.23, 4.48, 6.10, 6.22, 6.50, 6.70 n. 
Treatment with excess triethyl phosphite at 125° for 45 min and 
ivaporation under vacuum gave a solid which was dissolved in 
lot EtOH, treated with charcoal, and evaporated. Recrystalliza-
;ion of the residue from EtOAc-hexane gave 5c as a yellow solid 
72%). The analytical sample had mp 184-185°: uv X max 
EtOH) 247.5 nm (e 20,110), 295.5 (25,600), 355 (7410). Anal. 
Ci 9 H24N 6 0)C,H,N. 

A r-[p-[[(2-Amino-3-cyano-5-pyrazinyl)methyl]methylami-
10(benzoylj-1-aminoadamantane (5d). Triethylamine (10 ml) 
vas added dropwise to a stirred suspension of 2 (6.8 g, 0.053 mol) 
ind 3d (10 g, 0.035 mol) in EtOH (100 ml). The mixture was re-
luxed for 1 hr and cooled, and the solid (4d) was filtered, washed 
vith aqueous EtOH, and dried (14.2 g, 94%). The crude product 
10 g, 0.024 mol) was heated with triethyl phosphite (160 ml) at 
.30° for 45 min. Upon cooling and filtration, a cream-colored solid 
vas obtained (8.5 g, 88%). Recrystallization from EtOH afforded 
malytically pure off-white needles: mp 211-213° dec: uv X max 
EtOH) 249 nm U 15,900), 296 (23,500), 356 (6750). Anal. 
C24H28N60) C, H, N. 

Diethyl iV-[p-[[(2,4-Diamino-6-pteridinyl)methyl]methylami-
io]benzoyllglutamate (Ga). Guanidine hydrochloride (1.91 g, 0.02 
nol) was added to a stirred solution of sodium ethoxide prepared 
'rom sodium metal (460 mg, 0.02 g-atom) and EtOH (200 ml). 
\fter being stirred for 5 min the mixture was filtered to remove 
NaCl and the filtrate was refluxed with 5a (8.2 g, 0.0175 mol) for 
1.5 hr. The hot solution was treated with charcoal and filtered, 
and the filtrate was evaporated under vacuum to leave a gummy 
solid. The solid was dissolved in a warm mixture of 1:4 EtOH-
CHCI3 (100 ml) and filtered through a column containing silica 
gel (100 g), the same solvent mixture being used as eluent. Evap
oration of the combined eluents gave a yellow solid which was 
triturated with cold CH3CN and filtered (3.0 g, 33.6%): mp 153-
158°. Recrystallization from CH3CN gave yellow prisms: double 
mp 159-161 and 226-230°. The ir spectrum was identical with 
that of the compound prepared by direct esterification of com
mercial methotrexate.2 Anal. (C24H30N8O5) C, H, N. 

iV-[p-[[(2,4-Diamino-6-pteridinyl)methyl]methylamino]ben-
zoyl]-2-aminopentane-l,5-diol (fib). Compounds 2 and 3b were 
condensed in aqueous THF as outlined above. The crude diol 4b 
was isolated as an orange glass by addition of excess saturated 
aqueous NaCl solution to the reaction mixture and separation of 
the THF layer, which was then evaporated under vacuum. After 
treatment of this product with DMF-triethyl phosphite at 125° 
for 45 min and evaporation under vacuum, the residue was re-
fluxed with excess EtOH for 1 hr to cleave any diol-phosphite 

ester which may have formed by transesterification. Condensa
tion of this product with guanidine as outlined above gave crude 
6b which was purified by chromatography on silica gel with 1:4 
MeOH-CHCl3 as the eluent (tic on silica gel, Rt ~0.5). A yellow 
solid was obtained (35% overall yield): mp 223-226° dec (H 20) . 
Anal. (C20H2eN8O3-0.5H2O) C, H, N. 

A r-[p-[[(2,4-Diamino-6-pteridinyl)methyl]methylamino]ben-
zoyl]-2-aminopentane (6c). Condensation of 5c with excess gua
nidine in refluxing EtOH for 1 hr, cooling, and filtration of the 
precipitated yellow solid gave 6c (80%): mp 264-266° dec; uv X 
max (EtOH) 261 nm (« 25,000), 291 (23,800), 375 (7830). Anal. 
(C2oH26N80) C, H, N. 

N-[p- [[(2,4-Diamino-6-pteridinyl)methyl]methylamino]ben-
zoyl]-l-aminoadamantane (6d). Condensation of 5d with excess 
guanidine in refluxing EtOH for 1 hr, cooling, and filtration gave 
6d (94%); mp 265-268° dec. Recrystallization from EtOH gave the 
analytical sample as a bright yellow solid: mp 273-275° dec; uv X 
max (EtOH) 262 nm (e 29,500), 286 (28,200), 374 (10,200). Anal. 
(C25H3oN80-0.3H20) C, H, N. 

Diethyl 2V-[p-[[(2,4-Diamino-8-oxido-6-pteridinyl)meth-
yl]methylamino]benzoyl]glutamate (7a). Following the same pro
cedure as outlined above for 5a, but with omission of the triethyl 
phosphite deoxygenation step, crude 4a was isolated and purified 
by chromatography on silica gel with 7:3 EtOAc-benzene as the 
eluent. The product was obtained as a yellow glass (46% yield; tic 
on silica gel, Ri ~0.45). Condensation with guanidine, as outlined 
above for 6a, gave 7a as a yellow solid (25%): mp 158-164° 
(EtOH-H 2 0) . Anal. (C24HSoN806-H20) C, H, N. 

AT-[p-[[(2,4-Diamino-8-oxido-6-pteridinyl)methyl]methylami-
nojbenzoyl-1-aminoadamantane (7d). Crude 4d (as prepared 
above under 5d) was condensed with excess guanidine in refluxing 
EtOH for 1 hr. The crude product (92% yield, mp 225-230° dec) 
was recrystallized from EtOH (charcoal) to give orange-yellow 
microcrystals: mp 262-264° dec. Anal. (C25H3oN802-0.55H20) C, 
H ,N. 

2-Amino-3-cyano-5-[(p-carboxy-iV-methylanilino)methyl]py-
razine 1-Oxide (4e) and the Ethyl Ester 4f. Triethylamine (10.1 
g, 0.1 mol) was added to a stirred slurry of 2 (18.4 g, 0.1 mol) and 
3e (15.1 g, 0.1 mol) in EtOH (175 ml). After 1 hr the precipitated 
orange solid was filtered, washed with 1:1 EtOH-H20, and dried 
(26.5 g, 88.5%): mp 235-242° dec. Recrystallization from DMF-
H 2 0 gave orange needles: mp 246-250° dec. Anal. (C14H13N5O3) 
C,H, N. 

Similarly, 2 and 3P 1 afforded the ethyl ester 4f in 50% yield: 
yellow prisms; mp 164-165° (EtOAc-hexane); uv X max (EtOH) 
252 nm (« 25,790), 303 (30,400), 380 (7700). Anal. (Ci6Hi7N503) 
C ,H ,N . 

2-Amino-3-cyno-5-[p -car boxy- Af-methylanilino)methyl]py-
razine (5e) and the Ethyl Ester 5f. A solution of 4e (28.1 g, 0.094 
mol), freshly distilled triethyl phosphite (100 ml), and DMF (250 
ml) was heated at 125° for 1 hr. The reaction was monitored by 
tic on silica gel with 20% MeOH-CHCl3 as the developing sol
vent. Evaporation under vacuum left a yellow solid, which was 
triturated with 1:1 E tOH-Et 2 0 (100 ml) and filtered (22 g, 
82.6%). Recrystallization from DMF-H2O gave yellow prisms: mp 
248-252° dec. Anal. (C14H13N3O2) C, H, N. 

The ethyl ester 4f was deoxygenated by heating in excess 
triethyl phosphite without DMF. Evaporation under vacuum, 
trituration with i-Pr20, and filtration gave 5f in 88% yield. Re
crystallization from EtOAc-hexane gave yellow prisms: mp 166-
168° dec (softening at 158°); uv X max (EtOH) 249 nm U 14.600), 
306 (28,280), 355 (7160). Anal. (Ci6HirN502) C, H, N. 

p-[[(2,4-Diamino-6-pteridinyl)methyl]methylamino]benzoic 
Acid (6e)14 '19 and the Ethyl Ester 6f. Guanidine hydrochloride 
(6.0 g, 0.063 mol) was added to a solution of sodium methoxide 
prepared from sodium metal (2.6 g, 0.113 g-atom) and MeOH 
(250 ml). Acid 5e (14.15 g, 0.050 mol) was added and the mixture 
was refluxed for 2.5 hr, concentrated under vacuum to a volume 
of 100 ml, and then poured into H2O (1 1.). The mixture was heat
ed on a steam bath, treated with charcoal, and filtered with suc
tion through a Buchner funnel containing a matting of infusorial 
earth, and the filter cake was washed with H2O. The clear orange 
filtrate was acidified to pH 3 with dilute HC1, and the precipitat
ed solid was filtered and washed with H2O, EtOH, and finally 
ether: yield 15 g (81.3%); mp 246-250° dec; nmr (DMSO-d6) 8 
3.25 (s, NCH3), 4.84 (s, CH2N), 7.33 (m, C6H4), 8.66 (s, ring CH). 
Anal. (d5Hj5N7O2-O.5HCl-l.5H2O) C, H, N, CI. Recrystalliza
tion from DMF gave a yellow powder: mp >300° dec. Anal. 
(Ci5H15N7O2-0.5H2O) C, H, N. 

The ethyl ester 6f was prepared by treatment of of with excess 
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guanidine in refluxing ethanol for 3 hr. The product precipitated 
from solution as a tan powder: mp 293-296° dec; uv A max 
(EtOH) 261 nm U 22,600), 305 (28,300), 377 (7630). Anal. 
(C1 7H1 9N702) C, H, N. 

Dihydrofolate (DHF) Reductase Assays. In all cases an 
amount of enzyme was added which yielded a AOD340 of 0.02/ 
min in the absence of inhibitor. 

1. L. casei: dihydrofolate reduct ase derived from an MTX-re-
sistant strain, DHF 50 txM, NADPH 80 nM, Tris HC1 0.05 M, 2-
mercaptoethanol 0.01 M, EDTA 0.001 M, protein 0.0012 mg, pH 
7.4. 30°. Reaction initiated with enzyme. 

2. Chicken liver: conditions as above except protein 0.014 mg. 
3. L1210-FR8: DHF 30 MM, NADPH 60 nM, Tris HC1 0.1 M. 

KC1 0.15 M, 2-mercaptoethanol 0.1 M, pH 7.5, 37°. Enzyme pre-
incubated 2 min with reaction mixture plus inhibitor minus DHF. 
Reaction initiated with DHF. 
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