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Six previously unknown 2,4-diamino-6-(anilinomethyl)- and 2,4-diammo-6-[(iV-methylanilino)-
methyl]pyrido[3,2-d]pyrimidines (5 -10) were synthesized from 2,4-diamino-6-(bromomethyl)-
pyrido[3,2-d]pyrimidine hydrobromide (11-HBr) by treatment with the appropriate aniline or 
2V-methylaniline in dimethylformamide at room temperature, with or without NaHCC>3 present. 
Compounds 5—10 were tested as inhibitors of dihydrofolate reductase from Pneumocystis carinii, 
Toxoplasma gondii, and rat liver as a part of a larger effort directed toward the discovery of 
lipophilic nonclassical antifolates combining high enzyme selectivity and high potency. Of the 
six analogues tested, the most potent and selective against T. gondii DHFR was 2,4-diamino-
6-[(3',4',5'-trimethoxy-iV-methylanilino)methyl]pyrido[3,2-d]pyrimidine (7), which had an IC50 
of 0.0047 /xM against this enzyme as compared with 0.026 fiM against the rat liver enzyme. 
The potency of 7 against T. gondii DHFR was similar to that of trimetrexate (TMQ, 1) and 
piritrexim (PTX, 2) but was > 500-fold greater than that of trimethoprim (TMP, 3). However, 
while 7 was more selective than either TMQ (19 x) or PTX (63 x) against this enzyme, its 
selectivity in comparison with TMP was 8-fold lower. 2,4-Diamino-6-[(3',4',5'-trimethoxy-
anilino)methyl]pyrido[3,2-rf]pyrimidine (6) was 17-fold less active than 7 and was also less 
selective. 2,4-Diamino-6-[(3',4'-dichloro-Ar-methylanilino)methyl]pvrido[3,2-d]pyrimidine (10) 
had an IC50 of 0.022 fiM against P. carinii DHFR and was comparable in potency to TMQ and 
PTX. The species selectivity of 10 for P. carinii versus rat liver DHFR was greater than that 
of either TMQ (21-fold) or PTX (31-fold). On the other hand, even though 10 was slightly 
more active than TMQ against the P. carinii enzyme, its selectivity was 7-fold lower than that 
of TMP. Thus, the goal of combining high enzyme binding activity, which is characteristic of 
the fused-ring compounds TMQ and PTX, with high selectivity for T. gondii and P. carinii 
DHFR versus ra t liver DHFR, which is characteristic of the monocyclic compound TMP, 
remained unmet in this limited series. 

A major problem in the clinical management of 
patients with AIDS and other immunodeficiency syn­
dromes is infection by opportunistic pathogens that are 
usually benign to healthy individuals but become po­
tentially lethal when the immune system is damaged.1 

Two especially troublesome organisms in this context 
are Pneumocystis carinii and Toxoplasma gondii.2'3 

Nonclassical lipophilic inhibitors of dihydrofolate re­
ductase (DHFR) became an attractive class of drug 
candidates for the treatment of P. carinii and T. gondii 
opportunistic infections when thee anticancer drug 
trimetrexate (TMQ, 1) was shown to elicit clinical 
remissions in selected patients when used in combina­
tion with leucovorin ((6i?,6S)-5-formyl-5,6,7,8-tetra-
hydrofolic acid) to ablate hematologic and gastrointes­
tinal toxicity.4-6 The need for leucovorin in this regimen 
stems from the fact that TMQ binds less tightly to P. 
carinii or T. gondii DHFR than it does to human 
DHFR;7-10 in other words, enzyme species selectivity 
is unfavorable. Fortunately leucovorin can be used to 
selectively protect host tissues.5-711 Differential protec­
tion is possible because, unlike mammalian cells, P. 
carinii and T. gondii lack the ability to actively trans­
port reduced folates. Thus these organisms are entirely 
dependent on de novo folate biosynthesis12 and are 
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sensitive to sulfonamide and sulfone inhibitors of dihy-
dropteroate synthetase, a key step in this pathway.1314 

Another lipophilic DHFR inhibitor which has been 
found to closely resemble TMQ in laboratory animal 
models of P. carinii and T. gondii infection is the 2,4-
diamino-5-methylpyrido[2,3-ti]pyrimidine derivative pir­
itrexim (PTX, 2), which likewise possesses unfavorable 
DHFR species selectivity and yet can be used with 
leucovorin as a selective host tissue protectant.8,11 

H,N 

1 (TMQ): X = CH, Y = CH2NH. Z = 3',4',5'-(OMe)3 

2 (PTX): X = N, Y = CH2, Z - 2\5'-(OMe)2 

R1 

NH, / = 4 . 

H,N 

A>K_>R2 
^ » 

R1 

3 (TMP): R' = R2 = OMe 
4 (epiroprim): R' = OEt, R2 = 1 -pyrrolo 

While lipophilic DHFR inhibitors with the desired 
species selectivity exist, such as trimethoprim (TMP, 3), 
the DHFR affinity of these compounds tends to be lower 

0022-2623/95/1838-2615$09.00/0 © 1995 American Chemical Society 



2616 Journal of Medicinal Chemistry, 1995, Vol. 38, No. 14 Rosowsky et al. 

Scheme 1 

o 

HN 

° fi yc-w-C02Me 

,C02Me 

R1 N 

l _ 16 

14: R ' = R ' - R J = C 1 

15: R1 =R2 = M e O . R 3 - C l 

R ' = R ! = MeO. RJ = H 

c 17: R ' . R 1 : MeO 

19: R'>MeO.R J = NH2 

N . .CH 2 X 

H 2 N N 

C 18: X = O H 

11: X » Br 

a: i/Dowiherm A b : POC1, c . NaOMe/MeOH d : Hj/Pd-C « : LiBH/THF 
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than that of TMQ or PTX.7-10 Briefly stated, therefore, 
the problem at the level of the target enzyme (i.e., 
initially disregarding other important issues like cel­
lular uptake, plasma pharmacokinetics, and metabolism) 
has been to find compounds that combine the high 
inhibitory activity of TMQ and PTX with the species 
selectivity of TMP.15 A step in this direction has been 
the development of the second-generation TMP ana­
logue epiroprim (4).1617 A number of lipophilic fused 
2,4-diaminopyrimidine ring systems related to TMQ and 
PTX have likewise been examined, including 
pteridines,10~17 pyrido[2,3-d]pyrimidines,18 quinazo-
lines,10'17'19 and others.19-24 However, inhibitors com­
bining high potency and high selectivity have thus far 
been very few and have in almost all instances shown 
greater selectivity for the T. gondii enzyme than for the 
P. carinii enzyme. In the work reported here, six 
previously unknown 2,4-diaminopyrido[3,2-d]pyrim-
idines with substituted anilinomethyl or (AT-methyl-
anilino)methyl groups at the 6-position were synthe­
sized, and their activity as inhibitors of DHFR from P. 
carinii, T. gondii, and rat liver was compared. 

NR 

H,N 

5 : R = H, Z = 2'.S,-(OMe)2 

6 : R = H, Z = 3\4'.5'-(OMe)3 

7 : R = Me. Z = 3'.4\5'-(OMe)3 

8 : R = Me, Z = 4-C1 
9 : R = Me. Z = 3-C1 

10: R = Me.Z = 3',4,-Cl2 

Chemistry 

2,4-Diamino-6-(bromomethyl)pyrido[3,2-d]pyrimi-
dine (11, Scheme 1), the key starting point for the 
preparation of 5-10, was obtained essentially according 
to literature methods25-27 but with several important 
modifications. Condensation of 5-aminouracil with 
dimethyl acetylenedicarboxylate afforded the expected 

fumarate intermediate 12 (67% yield). However when 
12 was heated for 45 min in refluxing Dowtherm A (a 
3:1 mixture of diphenyl ether and biphenyl) as de­
scribed,25 an intractable black product was obtained 
whose ^ - N M R spectrum showed a complex pattern of 
signals near d 7.5, rather than the singlet reported for 
the cyclized product 13.25 After numerous attempts to 
optimize the reaction conditions, ring closure was found 
to be accomplished best by preheating the Dowtherm 
A, adding 12 over a period of 1 min, and then cooling 
rapidly after another 2 min (i.e., a total contact time of 
no more than 3 min). Extending the length of heating 
to as little as 15 min resulted in extensive decomposi­
tion. Large-scale purification of 13 by crystallization 
from DMF25 was found to be inconvenient, and an 
alternative method involving fractional extraction in a 
Soxhlet apparatus was therefore worked out. The crude 
product was first extracted for 18 h with refluxing 
acetone to remove residual Dowtherm A, as well as any 
starting material and noncyclized byproducts, and was 
then extracted for ca. 2 days with 1:1 CHCl3-MeOH 
while monitoring aliquots of the residual solid for 
disappearance of the ^ - N M R singlet at <5 7.5, corre­
sponding to 13. Cooling of the CHCl3-MeOH extract 
to room temperature led to deposition of 13 as a very 
pure solid in 44% yield. 

Chlorination of 13 in POCI3 likewise presented a 
problem, in that the reported method involving addition 
of the reaction mixture to ice25 gave low recovery of the 
chlorinated product 14. We found that the yield could 
be improved by pouring the slurry into a stirred mixture 
of EtOAc and aqueous NaHCC-3 to minimize exposure 
of the chlorination product 14 to HC1; however, even 
with this modification, the yield was no better than 45%. 
The remaining steps in the synthesis of 11 via 15-18 
were as described.27 The amination step with metha-
nolic ammonia required an internal temperature of 
170—175 °C. Lower internal temperatures gave con­
siderable amounts of a monomethoxy byproduct which 
we assume was 19.25 

Bromination of 18 was performed with HBr in glacial 
AcOH, which in our hands proved superior to PBr3 in 
THF,26 probably because the latter gave a heteroge­
neous reaction mixture. The hygroscopic 11-HBr was 
isolated by precipitation with Et20 and was used 
without further purification. Stirring ll*HBr for 4 days 
in dry DMF containing excess 2,5-dimethoxyaniline and 
NaHC03 afforded the monoalkylation product 5, but 
only in very low yield (9%). A similar low yield (7%) of 
6 was obtained when 11-HBr was stirred for 3 days with 
3,4,5-trimethoxyaniline. This was in sharp contrast to 
the 61% yield of N-monoalkylation product reported 
with diethyl 2V-(4-aminobenzoyl)-L-glutamate.26 We 
surmise that the low yields of 5 and 6 reflect the fact 
that when electron-donating MeO groups rather than 
an electron-withdrawing CONH group are present on 
the aromatic ring, N,N-dialkylation is favored even 
when the amine is used in excess (i.e., alkylation of the 
secondary amine is faster than that of the primary 
amine). In agreement with this interpretation, when 
11-HBr was stirred with excess iV-methyl-3,4,5-tri-
methoxyaniline and NaHCC-3 in dry DMF at room 
temperature for 4 days, a 43% yield of 7 was obtained 
after purification by silica gel column chromatography. 
When iV-methyl-4-chloroaniline, iV-methyl-3-chloro-
aniline, and iV-methyl-3,4-dichloroaniline were used, the 
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products 8 -10 were likewise obtained in 40-42% yield. 
However, when the same reaction was attempted with 
iV-methyl-2,5-dimethoxyaniline, only traces of the de­
sired product could be detected, presumably reflecting 
the sterically unfavorable effect of ortho substitution 
next to the amino group. 

XH-NMR spectra of compounds 5 -10 in <26-DMSO 
solution were consistent with their assigned structures. 
The MeO protons of 6 and 7 gave closely spaced singlets 
at d 3.0-3.1. The N10-CH3 protons of 7 likewise gave 
an overlapping singlet in this region. The 2- and 
4-amino groups produced the expected broad signals in 
the <5 5.8-6.2 and 7.1-7.3 regions respectively, which 
disappeared upon addition of D2O. Other notable 
features included the 9-CH2 protons, which appeared 
as a signal at <5 4.15 in the spectrum of 6, 6 4.38 in that 
of 7, and 6 4.6-4.7 in those of 8-10. Similar differences 
in the chemical shift of the 9-CH2 group have been 
reported for the pyrido[2,3-c?]pyrimidines 20—22.18 

H2N
 N N 

20,21: R = H,Me;Z = 3,4',5'-(OMe)3 
22: R = Me,Z = 3,,4'-Cl2 

The low yields obtained in the direct alkylation of 
3,4,5-trimethoxyaniline and 2,5-dimethoxyaniline with 
11 led us to briefly explore an alternative approach 
involving temporary use of a tert-butyloxycarbonyl (Boc) 
group to block N,N-dialkylation. Addition of benzyl 
bromide to the sodium salt of 2V-(ter£-butyloxycarbonyl)-
2,5-dimethoxyaniline (23) in DMF solution was found 
to afford an excellent yield (84%) of 24. Similarly, a 
good yield was obtained when the sodium salt of methyl 
4-[(tert-butyloxycarbonyl)amino]benzoate (25) was alkyl­
ated with benzyl bromide, though in this case the 
majority of the isolated product turned out to be 26 (70% 
yield) because of premature cleavage of the ester group. 

/ = \ 23 : R = H, Z = 2',5'-(OMe)2 

BocN-d 1 \ 24: R = PhCH2, Z = 2'.5,-(OMe)2 
I \ / 25: R = H,Z = 4'-C02Me 
R I 26: R = PhCH2, Z = 4'-CO:H 

Z 27: R = (2,4-diaminopyrido[3,2-(flpyrimidin-
6-yl)methyl, Z = 2',5'-(OMe)2 

On the other hand, when 4-nitrobenzyl bromide was 
used instead of benzyl bromide, no alkylation of the 
carbamate nitrogen in 25 was observed. Moreover, 
when the reaction was performed with 11 instead of 
benzyl bromide, the yield of the N-alkylated product 27 
was only 4%. On the basis of these disappointing 
results in model reactions, transient protection with a 
Boc group was not considered further as a route to 5 
and 6. 

Biological Activity 

The potencies and species selectivities of 5—10 against 
P. carinii, T. gondii, and rat liver DHFR were deter­
mined as described earlier10-15 and are summarized in 
Table 1. Also included for comparison purposes are 
published data for 20—22,18 the recently described 2,4-
diamino-5-chloroquinazolines 28—30,20 and the refer­
ence compounds TMQ (1), PTX (2), and TMP (3). 

Table 1. Inhibition of Dihydrofolate Reductase by 
2,4-Diamino-6-[iV-arylammo)methyl]pyrido[3,2-<f]pyrimidines 
and Other Lipophilic Antifolates 

compd 

5 
6 
7 
8 
9 
10 
20 
21 
22 
28 
29 
30 
TMQ(l) 
PTX (2) 
TMP (3) 

rat liver 

0.43 
0.30 
0.026 
0.022 
0.067 
0.032 
0.0021 
0.0076 
0.042 
0.044 
0.0059 
0.012 
0.003 
0.0015 

130 

IC50 (MM)la-b 

P. carinii 

1.4(0.31) 
2.6(0.12) 
0.13 (0.20) 
0.062 (0.35) 
2.1 (0.032) 
0.022(1.5) 
0.086 (0.024) 
0.013 (0.58) 
0.100(0.42) 
0.051 (0.86) 
0.033(0.18) 
0.012(1.0) 
0.042 (0.071) 
0.031 (0.048) 

12(11) 

T. gondii 

0.10(4.3) 
0.082 (3.7) 
0.0047 (5.5) 
0.015(1.5) 
0.020 (3.4) 
0.098 (0.33) 
0.0074 (0.28) 
0.00085 (8.9) 
0.027(1.6) 
0.030(1.5) 
0.0052(1.1) 
0.0064(1.9) 
0.010 (0.29) 
0.017 (0.088) 
2.7 (44) 

a Inhibition was determined spectrophotometrically as described 
earlier; see refs 10 and 15. Numbers in parentheses are enzyme 
selectivity ratios, defined as ICso(rat liver)/ICso (P. carinii) or IC50 
(rat liver)/IC5o (T. gondii). Values of 1.0 or less indicate absence 
of selectivity for the P. carinii or T. gondii enzyme versus the rat 
liver enzyme. b Data for 20—22 are cited from ref 18, and those 
for 2 8 - 3 0 , TMQ, PTX, and TMP are from ref 20 and other papers 
cited therein. The IC50 of 21 against T. gondii DHFR was 
inadvertently listed in ref 18 as 0.58 nM instead of 0.85 nM (S. F. 
Queener, personal communication). 

H2N
 N ^ 

28: R = H.Z = 2',5'-(OMe)2 

29,30 : R = H,Me: Z = 3',4\5'-(OMe)3 

The IC50 values of the 2,4-diaminopyrido[3,2-d]pyrim-
idines 5 -10 as inhibitors of rat liver DHFR ranged from 
0.022 (8) to 0.43 /xM (5). Where its effect could be 
assessed, iV10-methyl substitution appeared to favor 
binding; for example 7 (IC50 = 0.026 fM) was 11-fold 
more active than 6 (IC50 = 0.30 iuM). This differed from 
the 5-methylpyrido[2,3-d]pyrimidine 21 (IC50 = 0.0076 
[MP8 and 5-chloroquinazoline 30 (IC50 = 0.012 ^M),20 

which were both several times less active than their N10-
unsubstituted counterparts 20 (IC50 = 0.0021 /uM) and 
29 (IC50 = 0.0059 /<M).18'20 The 2',5'-dimethoxy and 
3',4',5'-trimethoxy analogues 5 (IC50 = 0.43 fM.) and 6 
(IC50 = 0.30 /JM) were approximately equipotent. With 
the 5-chloroquinazolines, the 2',5'-dimethoxy analogue 
28 (IC50 = 0.044 /M) was less active than the 3',4',5'-
trimethoxy analogue 29 (IC50 0.0059 /iM).30 Compound 
5 was 10-fold less active than 28, and 6 was 50-fold less 
active than 29. When the three ring systems with 
identical A^°-methyl-3',4',5'-trimethoxy sustitution were 
compared, activity increased in the order 21 > 30 > 7. 
None of the 8-deaza compounds was as active as TMQ 
or PTX, but all of them exceeded the potency of TMP. 

Against P. carinii DHFR, IC50 values for the 8-deaza 
analogues varied from 0.022 (10) to 2.6 /uM (6). The 
2',5'-dimethoxy analogue 5 (IC50 = 1.4 pM) and 3',4',5-
trimethoxy analogue 6 (IC50 = 2.6 //M) were approxi­
mately equiactive, as in the case of the rat liver DHFR. 
N10-Methylation likewise increased activity against the 
P. carinii enzyme, with7 (IC50 = 0.13 /uM) being 20-fold 
more active than 6. Activity was also dramatically 
enhanced by 4'-chloro substitution (compare 8 and 10 
versus 9). As in the case of the rat liver enzyme, the 
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3',4' ,5'-trimethoxy analogues 6 and 7 was less active 
than the correponding 5-methylpyrido[2,3-cf]pyrimidines 
20 (IC50 = 0.086 /iM) and 21 (IC50 = 0.013 /*M),18 as 
well as the corresponding 5—chloroquinazolines 29 (IC50 
= 0.033 (M) and 30 (IC50 = 0.012 /<M).20 The most 
potent pyrido[3,2-d]pyrimidine tested was 10, with an 
IC50 of 0.022 [iM. Thus , i ts activity against P. carinii 
DHFR was comparable to t ha t of TMQ and PTX and 
was > 500-fold higher t h a n t h a t of TMP. Compound 10 
showed slight selectivity for P. carinii DHFR, bu t the 
other pyrido[3,2-d]pyrimidines examined were all bet ter 
inhibitors of the r a t liver enzyme t h a n of the P. carinii 
enzyme, and none had the favorable species selectivity 
of TMP. Thus , the design of fused-ring 2,4-diamino-
pyrimidine systems exhibit ing the desired combination 
of high enzyme binding potency, characterist ic of TMQ 
and PTX, and high enzyme species selectivity, charac­
teristic of the monocyclic 2,4-diaminopyrimidines TMP 
and epiroprim,2 8 r emains a difficult challenge. 

E x p e r i m e n t a l S e c t i o n 

IR spectra were obtained on a Perkin-Elmer Model 781 
double-beam recording spectrophotometer; peaks below 1200 
cm"1 are omitted. *H NMR spectra were obtained at 60 MHz 
on a Varian EM360L instrument, using Me4Si as the reference. 
TLC analyses were done on fluorescent Analab silica gel plates, 
with spots visualized under 254-nm UV light. Column chro­
matography was performed on Baker 60-200- or 70-230-mesh 
silica gel or on Baker flash silica gel (40-jum particle size). 
Solvents for moisture-sensitive reactions were dried over Linde 
4A molecular sieves (Fisher, Boston, MA). Melting points (not 
corrected were measured in a Mel-Temp apparatus (Cam­
bridge Laboratory Devices, Cambridge, MA) using open Pyrex 
capillary tubes. Microanalyses were done by Quantitative 
Technologies, Whitehouse, NJ, and were within ±0.4% of 
theoretical values unless otherwise specified. 

2 ,4-Diamino-6-(bromomethyl)pyr ido[3,2-d]pyr imi-
dine Hydrobromide (11-HBr). Although the preparation of 
this compound has been described,26 we found it useful to 
modify four of the seven reported steps, specifically those 
leading to 11-HBr (step 6), 13 (step 1), 14 (step 2), and 18 (step 
5). The physical constants of intermediates 12—18 were all 
in agreement with published values and are therefore not 
restated here. Because of its low stability during purification 
and storage, 11-HBr was freshly prepared as needed and was 
used without purification. 

Step 1. Dimethyl 2-[(2,4-dioxopyrimidin-5-yl]amino]fuma-
rate (12) (6.73 g, 0.025 mol)25 was added in small portions over 
a period of 1 min to Dowtherm A (a 3:1 mixture of diphenyl 
ether and biphenyl) preheated to the boiling point. The 
reaction mixture was boiled for exactly another 2 min, and 
the flask was immersed at once into a large amount of crushed 
ice (care must be taken that only solid ice be present initially 
to reduce the risk of breaking the flask). After being left to 
cool, the mixture was diluted with 50 mL of petroleum ether 
(bp 30-60 °C), and the solid was filtered, combined with the 
product from another identical run, and extracted with acetone 
for 18 h in a Soxhlet apparatus. The acetone was then 
replaced with a 1:1 mixture of CHCI3 and MeOH, and extrac­
tion was continued for 2 days, with periodic monitoring of the 
residue in the Soxhlet cup by 'H-NMR to follow the disap­
pearance of the 6 7.5 signal corresponding to the uracil C-6 
proton. Cooling of the CHCU-MeOH extract yielded 6-carbo-
methoxy-2,4,8-trioxopyrido[3,2-<i]pyrimidine (13) as a yellow 
solid (5.2 g, 44% combined yield of two runs). 

Step 2. A mixture of 13 (17.5 g, 0.06 mol), JvW-diethyl-
aniline (18 mL), and POCI3 (450 mL) was refluxed for 12 h 
and then concentrated to near-dryness by rotary evaporation. 
The residual syrup was poured slowly into a well-stirred ice-
cooled mixture of EtOAc (200 mL) and a suspension of 
NaHC03 (50 g) in H20 (200 mL). The aqueous layer was acidic 
after this addition. The organic layer was washed with H20 
until the washes were nearly neutral and was then evaporated 
to a gummy black solid. Repeated trituration with hot heptane 

and cooling of the combined triturates deposited 6-carbo-
methoxy-2,4,8-trichloropyrido[3,2—<i]pyrimidine (14) as a pink 
powder (9.7 g, 45%): mp 181-183 °C (lit.23 mp 195-198 °C). 
The product (9.7 g, 0.033 mol) was dissolved directly in dry 
MeOH (100 mL), and to this was added a solution of Na (1.54 
g, 0.067 mol) in dry MeOH (50 mL). After 2 h at room 
temperature, the reaction was quenched by sequential addition 
of glacial AcOH (2 mL) and H20 (450 mL). The precipitate 
was filtered, dried, and recrystallized from EtOAc to obtain 
6-carbomethoxy-8-chloro-2,4-dimethoxypyrido[3,2-d]pyrimi-
dine (15) as an off-white solid (8.4 g, 89%). 

Step 3. A portion of 15 (4.82 g, 0.017 mol) was dissolved 
in DMF (145 mL) containing NaOAc (1.93 g, 0.024 mol), and 
the solution was shaken with 5% Pd-C (0.5 g) under 3 atm of 
H2 for 1 h. The catalyst was filtered and washed, first with 
cold DMF (30 mL) and then hot EtOAc (120 mL). The 
combined washings were evaporated, and the residue was 
triturated with cold H20 and filtered. The solid was washed 
with H20 and dried on a lyophilizer to obtain 6-carbomethoxy-
2,4-dimethoxypyrido[3,2-d]pyrimidine (16) as a white solid (2.4 
g, 56%): TLC Rf 0.5 (silica gel, CHC13). 

Step 4. A solution of 16 (1.81 g, 0.0073 mol) in dry THF 
(50 mL) was maintained at 20 °C while LiBH4 (0.21 g, 0.0095 
mol) was added in small portions with stirring. When a 
homogeneous solution was obtained (15 min), the reaction was 
quenched with MeOH (40 mL), left to stir another 10 min, and 
evaporated to dryness. The residue was triturated with cold 
H20 and the product collected and dried on a lyophilizer to 
obtain (6-(hydroxymethyl)-2,4-dimethoxypyrido[3,2-d]pyrimi-
dine (17) as an off-white solid (1.05 g). A second crop (0.13 g) 
was recovered from the H20 wash by adding a saturating 
amount of NaCl, extracting with CHCI3, evaporating the CHCI3 
layer, and triturating with Et20; total yield 1.18 g (73%). 

Step 5. Anhydrous NH3 was bubbled into dry MeOH (100 
mL) at -10 °C to give a final volume of ca. 150 mL, and this 
was immediately added to 17 (3.75 g, 0.017 mol) in a 250 mL 
Teflon-lined autoclave (Berghof/America, Concord, CA). The 
vessel was sealed, and the internal temperature was brought 
to 140 °C (jacket temperature ca. 170 °C). After 4 days the 
internal temperature was raised to 170-175 °C and main­
tained for 20 h (internal pressure of 60 atm). After being 
allowed to cool completely, the autoclave contents were 
removed, the solvent was evaporated, and the residue was 
taken up in hot H20 (350 mL). A small amount of insoluble 
material was filtered off, and the solution was concentrated 
to 100 mL and refrigerated overnight. Filtration and drying 
on a lyophilizer afforded pure 2,4-diamino-6-(hydroxymethyl)-
pyrido[3,2-rf]pyrimidine (18) as a tan-colored solid (1.36 g, 
42%). A gummy second crop weighing 0.87 g (17%) was 
recovered from the mother liquor; total yield 2.23 g (69%). 

Step 6. A suspension of 18 (191 mg, 1 mmol) in glacial 
AcOH (10 mL) was heated quickly to 65 °C, and the resulting 
solution was cooled promptly back to room temperature. A 
single portion of 30% HBr in AcOH (20 mL) was then added. 
A precipitate formed initially and then dissolved. The mixture 
was stirred at room temperature for 2 days, and was then 
added over a period of 1 min with vigorous stirring to 150 mL 
of Et20 chilled in an ice bath. The precipitate was filtered, 
washed with Et20, and dried immediately in vacuo for 2 h at 
room temperature to obtain 11-HBr as a tan-colored solid. 
Because of its strongly hygroscopic character, the product was 
dissolved at once in DMF (5 mL) and used in the next step. 

2,4-Diamino-6-[(2',5'-dimethoxyanilino)methyl]pyrido-
[3,2-d]pyrimidine (5). 2,5-Dimethoxyaniline (765 mg, 5 
mmol) was added in a single portion to a solution of 11-HBr 
(from 191 mg, 1 mmol of 18) in dry DMF (5 mL). The solution 
was left at room temperature for 3 days. The solvent was 
evaporated to dryness, and the residue was partitioned 
between CHCI3 and dilute NH4OH. The organic layer was 
evaporated and the residue chromatographed on silica gel 
("flash" grade, 10 g, 1.5 x 15 cm) with 50:1, 40:1, and 30:1 
CHCI3—MeOH (50 mL each) as the eluents. Pooled fractions 
containing pure 5 (Rf 0.3, silica gel, 10:1 CHCl3-MeOH) were 
evaporated to a glass, which was taken up in CH2C12 (5 mL) 
and left in the hood to permit slow evaporative crystallization. 
The solid was collected and dried in vacuo at 60 °C over P205: 
yield 24 mg (7%); mp 195-198 °C; IR (Kr) v 3460, 3400 br, 
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3170, 2990 w, 2930, 2830,1620, 1575,1525,1460,1390, 1360 
w, 1340 w, 1325 w, 1290,1245,1220 cm-1. Anal. (Ci6H18N602-
0.2H2O) C, H, N. 

2,4-Diamino-6-[(3',4',5'-trimethoxyanilino)methyl]-
pyrido[3,2-d]pyrimidine (6). 3,4,5-Trimethoxyaniline (915 
mg, 5 mmol), NaHC03 (420 mg, 5 mmol), and 11-HBr (from 
500 mg, 2.62 mmol of 18) in dry DMF (5 mL) were stirred at 
room temperature for 5 days. The solvent was evaporated, 
and the residue was worked up as in the preceding experiment 
except that the silica gel column (22 g, 2 x 22 cm) was eluted 
successively with CHC13,40:1 CHCl3-MeOH, and 20:1 CHCI3-
MeOH (50 mL each). Evaporative crystallization of the glassy 
product from CH2CI2 containing a few drops of MeOH, followed 
by drying in vacuo over P2O5 at 60 °C, afforded a yellow solid 
(85 mg, 9%): mp 128-131 °C; IR (KBr) v 3370, 3190, 2990, 
2930, 2830,1610,1570,1510,1450,1415,1385,1365 sh, 1340 
w, 1325 w, 1275 sh, 1235, 1200 cm"1; ^ -NMR (cfe-DMSO) 6 
3.10 (m, >9H, 3-OMe, 4-OMe, 5-OMe, and H20), 4.15 (m, 2H, 
CH2), 5.85 (m, 4H, 2'-H, 6'-H, and NH2), 7.33 (m, 4H, C7-H, 
C8-H, and NH2). Anal. (Ci7H2oN603-0.75H20) C, H, N. 

2,4-Diamino-6-[(3',4',5'-trimethoxy-iV-methylanilino)-
methyl]pyrido[3,2-d]pyrimidine (7). A solution of 3,4,5-
trimethoxyaniline (915 mg, 5 mmol) in 95% formic acid (10 
mL) was refluxed for 30 min and evaporated to dryness. The 
residue was dissolved in EtOAc and the solution washed with 
5% NaHCC>3 and rinsed with H2O. The organic layer was dried 
(MgS04) and evaporated to obtain 3,4,5-trimethoxyformanilide 
(584 mg, 55%),29 which was dissolved directly in dry THF (20 
mL) and added dropwise over 10 min under N2 to a stirred 
ice-cold suspension of LiAlH4 (114 mg, 3 mmol) in dry THF 
(10 mL). After being left to stand at room temperature 
overnight the reaction was quenched with saturated aqueous 
Na2S04, the inorganic salts were filtered off, and the filter cake 
was washed thoroughly with Et20. Evaporation of the com­
bined THF and Et20 solutions yielded JV-methyl-3,4,5-tri-
methoxyaniline29 as an oil (464 mg, 85%). A mixture of 11-HBr 
(from 191 mg, 1 mmol of 18), Af-methyl-3,4,5-trimethoxyaniline 
(220 mg, 1.1 mmol), and NaHC03 (252 mg, 3 mmol) in dry 
DMF was stirred at room temperature for 4 days. The solvent 
was evaporated and the residue partitioned between CHCI3 
and H20. TLC (Analab silica gel, 10:1 CHCl3-MeOH) showed 
some starting amine (Rf 0.7) along with 7 (Rf 0.3) and some 
minor products (Rf 0.2 and origin). The CHCI3 layer was 
evaporated and the residue chromatographed on silica gel (20 
g, 2 x 20 cm) using CHCI3 to elute the amine followed by 40:1 
CHCl6-MeOH to elute 7. Pooled fractions containing pure 7 
were evaporated, and the gummy residue was taken up in 
CH2CI2 (7 mL) containing a few drops of MeOH. Passive 
evaporation in the hood led to deposition of a solid, which was 
dried in vacuo at 60 °C over P2O5 to obtain 7 as an off-white 
powder (170 mg, 46%): mp 203-204 °C; IR (KBr) v 3480, 3440, 
3340, 3200, 2980, 2950, 2820, 1640, 1620, 1570, 1515, 1455, 
1385, 1345, 1330 w, 1285, 1255, 1245, 1230, 1200 cm"1; lH-
NMR «6-DMSO) d 3.08 (m, >12H, N10-Me, 3-OMe, 4-OMe, 
5-OMe, and H20), 4.38 (s, 2H, CH2N), 5.83 (m, 4H, phenyl 
protons and NH2), 6.8-7.2 (m, 4H, C7-H, C8-H, NH2). Anal. 
(C18H22N6O3-0.5H2O) C, H, N. 

2,4-Diamino-6-[(4'-chloro-Ar-methylanilino)methyl]-
pyrido[3,2-d]pyrimidine (8). A solution of 4-chloroaniline 
(2.55 g, 0.02 mol) in 95% HC02H was refluxed for 30 min and 
evaporated to dryness under reduced pressure. The residue 
was taken up in Et20 and washed in succession with 5% citric 
acid, H2O, and 5% NaHCOs. The aqueous layer was re-
extracted with Et20, and the combined Et20 layers were dried 
(MgS04) and evaporated. Recrystallization of the solid residue 
from H2O yielded 4-chloroformanilide as a white powder (2.35 
g, 76%), mp 101-102 °C (lit.30 mp 102 °C). A solution of the 
anilide (1.56 g, 0.01 mol) in dry THF (10 mL) was added 
dropwise over 20 min to a solution of LiAlH4 (0.38 g, 0.01 mol) 
in dry THF (10 mL) under N2 at 0 °C. The mixture was 
allowed to come to room temperature and stirred overnight 
and was then cooled in ice and quenched with saturated Na2-
SO4. The solids were filtered and washed thoroughly with 
Et20, and the combined THF and Et20 were dried (MgS04) 
and evaporated to obtain iV-methyl-4-chloroaniline31 as a 
straw-colored liquid (1.1 g, 77%) of suitable purity to be used 
without distillation. The amine (212 mg, 1.5 mmol) and 

NaHCOs (420 mg, 5 mmol) were added to 11-HBr (from 191 
mg, 1 mmol of 18) in dry DMF (5 mL), and the mixture was 
left to stir at room temperature for 11 days and evaporated. 
The residue was suspended in 20:1 CHCl3-MeOH (30 mL), 
and the suspension was sonicated and filtered. The filtrate 
was evaporated, the residue was triturated with hexane to 
remove some unreacted amine, and the remaining solid was 
chromatographed on silica gel (20 g, 2 x 21 cm) using 40:1 
CHCl3-MeOH as the eluent. Pooled pure fractions (Rf 0.3, 
silica gel, 10:1 CHCl3-MeOH) were evaporated to a gum, 
which was taken up in CH2C12 (7 mL) containing a few drops 
of MeOH. The solution was allowed to passively evaporate in 
the hood until a solid formed. The solid was dried in vacuo 
over P2O5 at 60 °C to obtain 8 as an off-white powder (136 
mg, 43%): mp 185-186 °C; IR (KBr) v 3440, 3380, 3620, 3170, 
2920 sh, 1620,1595,1570,1500,1445,1385,1365,1335,1315 
w, 1300 w, 1245, 1230 w, 1205 cm"1; 'H-NMR (d6-DMSO) 6 
3.08 (s, 3H, NMe), 4.65 (s, 2H, NCH2), 6.15 (D20 exchangeable 
br s, 2H, NH2), 6.77 (d, J = 9 Hz, 2H, phenyl protons), 7.18 (d, 
J = 9 Hz, and D20 exchangeable br s, 4H, phenyl protons and 
NH2), 7.32 (d, J = 9 Hz, 1H, C7-H), 7.57 (d, J = 9 Hz, 1H, 
C8-H). Anal. (Ci5H15ClN6-0.05CH3OH-0.2H2O) C, H, CI, N. 

2,4-Diamino-6-[(3'-chloro-N-methylanilino)methyl]-
pyrido[3,2-d]pyrimidine (9). 3-Chloroformanilide, mp 4 5 -
50 °C (lit.32 mp 57-58 °C), was prepared from 3-chloroaniline 
(2.55 g, 0.02 mol) as in the preceding experiment, yield 3.04 g 
(98%). iV-Methyl-3-chloroaniline, prepared from the anilide 
(2.29 g, 0.015 mol) by reduction with LiAlH4 (0.57 g, 0.015 mol) 
as in the preceding experiment was isolated as a straw-colored 
oil (1.96 g, 94%) and used directly. The amine (217 mg, 1.53 
mmol), NaHC03 (252 mg, 3 mmol), and 11-HBr (from 100 mg, 
0.524 mmol of 18) were stirred in dry DMF (5 mL) at room 
temperature for 4 days, and the product was worked up the 
same way as 8 to obtain 9 as an off-white solid (72 mg, 44%): 
mp 169-174 °C; IR (KBr) v 3440, 3380 sh, 3340 sh, 3170, 2910, 
1735 w, 1710 sh, 1630, 1615, 1595, 1565, 1495, 1445, 1385, 
1365, 1340, 1320 w, 1245, 1225 cm"1; 'H-NMR (cf6-DMSO) <5 
3.12 (s, 3H, NMe), 4.67 (s, 2H, NCH2), 6.15 (D20 exchangeable 
br s, 2H, NH2), 6.78 (m, 3H, phenyl protons), 7.22 (partly D20 
exchangeable m, 3H, phenyl proton and NH2), 7.33 (d, J = 8 
Hz, 1H, C7-H), 7.55 (d, J = 8 Hz, 1H, C8-H). Anal. (C15H15-
ClN6-0.05CH3OH-0.2H2O) C, H, CI, N. 

2,4-Diamino-6-[(3',4'-dichloro-iV-methylanilino)methyl]-
pyrido[3,2-rf]pyrimidine (10). 3,4-Dichloroformanilide, mp 
105-106 °C (lit.33 mp 112-112 °C), was prepared from 3,4-
dichlroaniline (3.24 g, 0.02 mol) as in the preceding experi­
ment; yield 3.74 g (98%). iV-Methyl-3,4-dichloroaniline, pre­
pared from the anilide (1.9 g, 0.01 mol) by reduction with 
LiAlH4 (0.38 g, 0.01 mol) as in the preceding experiment, was 
isolated as an oil (1.58 g, 90%) and used directly. The amine 
(266 mg, 1.51 mmol), NaHC03 (252 mg, 3 mmol), and 11-HBr 
(from 100 mg, 0.524 mmol of 18) were stirred in dry DMF (5 
mL) at room temperature for 6 days, and the product was 
worked up the same way as 8 to obtain 10 as an off-white solid 
(77 mg, 42%): mp 199-202 °C; IR (KBr) v 3450, 3330, 3180, 
2920,1740, 1620,1595,1570,1495,1450,1385,1375 sh, 1365 
sh, 1340, 1260 sh, 1245, 1230, 1210 sh cm"1; *H-NMR (d6-
DMSO) 6 3.10 (s, 3H, NMe), 4.67 (s, 2H, NCH2), 6.13 (D20 
exchangeable br s, 2H, NH2), 6.72 (dd, J&5' = 8 Hz, J6-2- = 3 
Hz, 1H, 6'-H), 6.93 (d, J2-6- = 3 Hz, 2'-H), 7.15-7.65 (partly 
D20 exchangeable m, 3H, 3'-H, C7-H, C8-H, NH2). Anal. 
(C15H14Cl2N6-0.05CH3OH) C, H, CI, N. 

2,4-Diamino-6-[[2',5'-dimethoxy-iV-(terM>utyloxycar-
bonyl)anilino]methyl]pyrido[3,2-d]pyrimidine (27). A 
solution of 2,5-dimethoxyaniline (0.77 g, 0.005 mol) and di-
tert-butyl pyrocarbonate (1.16 g, 0.005 mol) in dry THF (20 
mL) was refluxed for 21 h and evaporated to dryness. The 
residue was partitioned between EtOAc and 5% citric acid, and 
the organic layer was evaporated to obtain the Boc derivative 
23 as an amber-colored oil (1.4 g, ca. 100%), which was used 
without further purification. A solution of crude 23 (253 mg, 
1 mmol) in dry DMF (5 mL) was added during 5 min to a 
suspension of NaH (120 mg, 5 mmol) (from 200 mg of a 60% 
mineral oil dispersion) in dry DMF (30 mL) cooled in an ice 
bath and kept under N2. The mixture was stirred at 0 °C 
under N2 for another 20 min, and a solution of 11-HBr (from 
191 mg, 1 mmol of 18) in dry DMF (10 mL) was added 
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dropwise over 15 min. The mixture was allowed to come to 
room t empera tu re and left to st ir overnight before being 
quenched with glacial AcOH (1 mL) and evaporated to dryness 
on the rotary evaporator. The residue was partit ioned between 
EtOAc and H2O, and a small amount of insoluble solid was 
discarded. The EtOAc layer, whose TLC (silica gel, 10:1 
C H C l 3 - M e O H ) showed unchanged 23 a t Rf 0.8, two unknown 
minor impuri t ies (one yellow) a t Rf 0.5, and a dark spot a t Rf 
0.3 (27), was chromatographed on silica gel (20 g, 2 x 20 cm). 
Successive elution wi th CHC13, 50:1 C H C l 3 - M e O H , and 40:1 
C H C l 3 - M e O H removed 2 3 (>90% recovery) and the twin Rf 

0.5 spots. F u r t h e r elution wi th 20:1 C H C l 3 - M e O H yielded 
the product. Evaporat ion of pooled fractions with Rf 0.3 
afforded 27 as a white solid (19 mg, 4%): m p 2 2 4 - 2 2 8 °C; IR 
(KBr) v 3420, 3330, 3160, 2970, 2930, 2830, 1695, 1660 sh, 
1640,1620 sh, 1565 ,1505 ,1450 ,1395 ,1365 ,1340 ,1310 ,1295 , 
1275, 1250, 1215 cm"1; ^ - N M R (CDC13 + d6-DMSO) b 1.37 
(s, 9H, t-Bu), 3.68 (s, 3H, MeO), 3.75 (s, 3H, MeO), 4.87 (s, 
2H, CH2N), 6.05 (D 20 exchangeable br m, >4H, 2 x NH2), 6.80 
(m, 3H, phenyl protons, 7.72 (s, 2H, C7- and C8-H). Anal. 
(C2jH26NeO4-O.O5CH3OH-O.5H2O) C, H, N. 
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