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Various 2,4-diamino-6-(benzyl and pyridylmethyl)-5,6,7 8-tetraliy dropyrido[4,3-d]pyrimidines
(1X) have been synthesized for antimalarial and antibacterial evaluation. Alkylation of 4-amino-3-
eyano-1,2.5.6-tetrahydropyridine (V1) with the requisite a-chlorotoluene or picolyl chloride
in 2-butanone afforded the corresponding 4-amino-3-cyano-I-(benzyl and pyridylmethyl)-1,2,5.6-
tetrahydropyridines (VI (16-73%), which were cyclized to the pyrido[4,3-d |pyrimidines (I1X)
utilizing guanidine carbonate in dimethylformamide.  Alternatively, VI was condensed with
guanidine carbonate in ethyl cellosolve to give 24-diamino-5,6,7 8-tetrahydropyrido[4,3-d |-
pyrimidine (VII) (52%), which upon treatment with the appropriate a-chlorotoluene in dimethyl-
formamide gave other 24-diamino-0-henzyl-5,6,7 8-tetrahy dropyrido|4,3-d | pyrimidines (1X)
(26-27%).  Eight compounds were active orally against Plasmodium berghei in mice at doses
ranging from 3.9 to 125 mg./kg./day for 6 days (0.6 to 19 times as potent as quinine hydrochlo-
ride), while three compounds displayed activity when administered in a single subcutancous
dose of 640 mg./kg. Four substances exhibited in vitro activity against Streptococcus faecalis
(MGH-2), normal (UC-76) and drug-resistant (S18713) Staphylococcus aureus, and Streptococcus
pyogenes (C203), with MIC’s ranging from < 0.25 to 10 gg./ml. Data on the inhibitory effeets of
various pyrido|4,3-d |pyrimidines against Streptococcus faecalis R (S. faecium var. durans, ATCC
8043), S. faecalis A (aminopterin, metholrexate-resistant), and Lactobacillus plantarum (ATCC

113

8014) is summarized.

2, k-Diamino-6-|(3,4-dichlorobenzyamino Jquinazoline (1)
N\(NHZ
: N
ci CHoNH
NH
cf
|

and related 24-diamino-6-[ [aralkyl and  (heterocyclic)-
methyl Jamino Jquinazoline antifolates display strong anti-
malarial activity against sensitive and drug-resistant lines
ol Plasmodium berghei in mice, P. gallinaceum in chicks,
and P. cynomolgi and P. knowlesi in rhiesus monkeys
(4,5). Nitrosation or alkylation at N® usually produces a
marked enhancement of antimalarial potency (6-8), and
good activity is retained among the 2 4-diamino-6-(hetero-

N\rNHz N \(NHZ
Ql O

N Aro/@/\(N

Het NHZ

1 i

cyclic)quinazolines () (9,10) and the 24-diamino-6-
(aryloxy)quinazolines (I1I) (11,12). In contradistinction,
antimalarial activity is abolished or drastically reduced
among bioisosteres in the 2,4-diamino-6-[ (benzylyamino |-
pyrido[ 2,3-d Jpyrimidine (1V) (13) and fused 2, 4-diamino-
thieno| 2,3-d [pyrimidine (V) (1) series,

N N NHp S N NH,
OJOT Q%@Y
X CHZNJ/\LN sl
é NHy NH2

I\ \

We now report the synthesis and biological properties
of various 2 4-diamino-6-(henzyl and pyridylmethyl)-
5,6,7,8-tetrahy dropyrido|4,3-d | pyrimidines (1X), a novel
series of folate antagonists with interesting antimalarial,
antibacterial, and antimetabolite effects.

Chemistry.

The first recorded pyrido[4,3-d [pyrimidine was syn-
thesized in 1945 by Cook and Reed (14) by the conden-
sation of ethyl I-methyl-4-oxo-3-piperidinecarboxylate
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with benzamidine. Subsequently, several hundred other
5,6,7,8-tetrahydropyrido[4,3-d Jpyrimidines have been syn-
thesized by ring closure of various 4-oxo-3-piperidine-
carboxylates, 3-cyano-4-piperidones, and 3-cyano-4-imino-
piperidines utilizing amidines, ureas, thioureas, and guani-
dines (15-17). However, only one 2 4-diaminoderivative has
been reported, namely 24-diamino-6-phenethyl-5,6,7 8-
tetrahydropyrido|4,3-d Jpyrimidine (17). This substance
was obtained by fusing 4-amino-3-cyano-I-phenethyl-
[,2,5,6-tetrahydropyridine with guanidine base at 140°
(17). The biological properties of the compound were not
disclosed.

The 2,4-diamino-6-(benzyl and pyridylmethyl)-5,6,7,8-
tetrahydropyrido[4,3-d |pyrimidines described in the pre-
sent communication were synthesized utilizing the two
routes displayed in Scheme [, The key intermediate,
A-amino-3-cyano-1,2.5,6-tetrahydropyridine (VI) (18,19),
was prepared by the cyclization of 3,3"-iminodipropio-
nitrile employing potassium t-butoxide as described pre-
viously (18,19).

a-chlorotoluene or picolyl chloride in 2-butanone con-

Alkylation of VI with the requisite

taining anhydrous potassium carbonate afforded the
corresponding  4-amino-3-cyano-1-(benzyl and pyridyl-
methyl)-1,2,5 6-tetrahydropyridines (VHI) (1-8, Table 1)
(16-73% yield, procedures 1 and 11).

SCHEN |

Ring-closure with
N1
-GN HL0.511L,C0,

‘ NHp Il N\(NHZ
HN cN 32 HN : N
NH,

i A

Ph(Py)CI1LCL l 16-73% Ph(iy)CHC L—’(*ZT”

N
,/J/LNHZ N -C-NH;0.5H,C0, N\(NHZ
8-20% O
N e N N
Ph{Py)CHy ™ CN PRPYICH
NHs
Vil n

guanidine carbonate in  dimethylformamide gave the
2, 4-diamino-6-(benzyl and  pyridylmethyl)-5,6,7 8-tetra-
hydropyrido|4,3-d | pyrimidines 9-12 and 14-17 (Table 1)
in 8-:26% yield (procedures 1 and 1V).

Alternatively, 4-amino-3-cyano-5,6,7 8-tetrahydropyri-
dine (VI) (18,19) was condensed with guanidine carbonate
in |,2-bisethoxyethane to give 2.4-diamino-5,6,7,8-tetra-
hydropyrido[ 4,3« |pyrimidine dihydrochloride (VII)
(52%). Alkylation of VII with a-chlorotoluene or a,3,4-
trichlorotoluene in dimethylformamide containing potas-

E. ¥. Elslager, J. Clarke, P. Jacob, L. M. Werbel and J. D. Willis
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sium carbonate afforded 2 4-diamino-6-benzyl-5,0,7 8-
tetrahydropyrido[4,3-d]pyrimidine dihydrochloride  (18)
(27%) and 24-diamino-6-(3,4-dichlorobenzyl)-5,6,7,8-
tetrahydropyrido[4,3-d |pyrimidine dihydrochloride (13)
(26%), respectively (procedure V, Table 11).

data (ir, uv) were in agreement with the structures assigned.

Spectral

Biological Results.
Antimalarnal Effects.

Antimalarial studies with the 24-diamino-6-(benzyl
and pyridylmethyl)-5,6,7 8-tetrahydropyrido[4,3-d | pyri-
midines described in the present communication were
conducted utilizing P. berghei in mice and P. gallinaceum
in chicks. Compounds 9-12 and 14-17 were administered
in single subcutaneous doses ranging from 20 to 640
mg./kg. to mice infected with a normal drug-sensitive
strain of P. berghei (20,21) (Table [II). Three of the
pyrido{4,3-d | pyrimidines (9,11,15) increased the mean
survival time of mice by 100% or more at a dose of 640
mg./kg. and are thus considered active. However, none
was curative at any dose level, and these substances were
significantly less active than the reference drugs cyclo-
guanil hydrochloride and  2,4-diamino-6-[ (3,4-dichloro-
benzyl)amino |quinazoline acetate (1) (4,5).

Nine compounds (9-11, 13-18) (Table I11) were adminis-
tered continuously for 6 days in the diet of mice infected
with another normal drug-sensitive strain of P. berghei
(22,23). Eight substances (9-11,13-15.17,18) caused a
90% suppression of the parasilemia relalive to control
animals at daily doses ranging from 3.9 to 125 mg./kg.,
and seven of them (9,11,13-15,17,18) were more potent
than quinine hydrochloride. 2,4-Diamino-6-(3,4-dichloro-
benzyl)-5,6,7,8-tetrahy dropyrido[4,3-d |pyrimidine dihy-
drochloride (13), the most promising member of the
series, was approximately L9 times as active (SDgo = 3.9
mg./kg./day) as quinine hydrochloride (8Dgo = 74.5
mg./kg./day). It was also more potent than the reference
drug  24-diamino-6-[ (3,4-dichlorobenzyl)amino]quinazo-
line acetate (I) (SDgo = 9.5 mg./kg./day), and nearly as
potent as cycloguanil hydrochloride (SDgg = 2.1 mg./kg./
day) (‘Table HI).

2.4-Diamino-6-(3,4-dichlorobenzyl)-5,6,7 8-tetrahy dro-
pyrido|4,3-d |pyrimidine base (12) was also evaluated
against P. gallinaceum infections in white Leghorn cockerels
(21.,24).

dose of 100 mg./kg., 12 was active and prolonged the

When administered subcutaneously in a single

mean survival time of the chicks 5.2 days beyond the
survival time of control animals. Control chicks survived

3.4 days.
Antibacterial Studies.

Two of the pyrido|4,3-d |pyrimidines (11,17) were
tested in vitro against a spectrum of pathogenic bacteria

LY
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TABLE 1V

Inhibitory Effects of 2,4-Diamino-6{benzyl and pyridylmethyl)-5,6,7 8-tetrahydropyrido{4,3-d | pyrimidines
Against Streptococcus faecalis R, Lactobacillus plantarum, and Streptococcus faecalis A

N \'/NH2
N O N
Ph (Py)CHz/
NHo

S. faecalis R

No. Ph(Py) FA (a)
0 :
N
o O .
13 —@—41!-2HC1 16
a, U
Cl
16 @ :
Cl
18 @ -2HCI 150
Pyrimethamine 4
Trimethoprim 12

Cycloguanil hydrochloride

Aminopterin :
Methotrexate 0.2
I base 6

Concentration (ng./ml.) causing 50% inhibition

L. plantarum S. faecalis A

5-CHO-

FAH, (b) None FA (¢)
3760 >40,000 2500
>4000 >40,000 6000
>400 7200 700
>40 266 56
>40 8800 560
3560 >40,000 3400
3100 590 680
70 74 284
11,400 480 560
4 >40,000
0.6 3 3800
112 550 294

(a) 0.4 ng./ml. FA; (b) 0.4 ng./ml. 5-CHO-FAH,4; (c¢) 500 ng./ml. FA.

including Streptococcus faecalis (MGH-2), normal (Uv-76)
and  drug -resistant (818713) Staphylococcus aureus,
Pseudomonas aeruginosa (28), Escherichia coli (Vogel),
and Shigella sonnei (C-10). A modification of the
gradient plate procedure of Szybalski (25) and Webb
and Washington (26) was employed throughout (10).
2,4-Diamino-6-(2,4-dichlorobenzyl)-5,6,7 8 tetrahydropy-
rido[4,3-d |pyrimidine (11) caused 50% inhibition of
S. faecalis MGH-2, S. aureus UC-76, and S. aureus
St8713 at concentrations of <0.25 ug./ml., 5.0 yg. ml.,

and 5.0 ug./ml., respectively. The p-chlorobenzyl analog
17 produced 50% inhibition of S. faecalis MGH-2 at
1.0 pg./mi. and of S. aureus UC-76 at 10 pg./ml. Neither
compound was active against the other test organisms at
25 pg./ml.

In an allied study, 2,4-diamino-6-(3,4-dichlorobenzyl)-
5,0,7,8-tetrahydropyrido| 4,3-d }pyrimidine dihydrochlo-
ride (13) and 2,4-diamino-6-benzyl-5,6,7,8-tetrahydro-
pyrido|4,3-d | pyrimidine dihydrochloride (18) were tested
against Streptococcus pyogenes (C203), S. aureus (UC-

LN
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70y, Proteus mirabilis (MGH-1), P. aeruginosa (28),
Salmonella  typhimurium (V-31), and Mycobacterium
tuberculosis (34 Rv) utilizing serum broth dilution tech-
niques (27).
inhibition of S. pyogenes (C203) at a concentration of
0.63 pg./ml. and 10 pg./ml., respectively. Neither sub-
slance was active against the other bacteria at a concen-
tration of 25 pg./ml.

Compounds 13 and 18 produced complete

Antimetabolite Studies.

[n anticipation that antimetabolite studies utilizing
bacterial systems might assist in clarifying relationships
between structure, antimalarial activity, and antibacterial
effects within this series, six of the 2,4-diamino-6-(benzyl
and  pyridylmethyl)-5,6,7 8-tetrahydropyrido| 4,3-d | pyri-
midines (9,10,13,14,16,18) were evaluated as inhibitors
of Streptococeus faecalis R (S. faecium var. durans, ATCC
8043), S. faecalis A (methotrexate, aminopterin-resistant
mutant), and Lactobacillus plantarum (ATCC 8014) (Table
[V). Details of the experimental procedures employed
have heen desceribed previously (4). Data on the reference
drugs aminopterin, methotrexate, pyrimethamine, tri-
methoprim, cycloguanil hydrochloride, and 2,4-diamino-
6-| (3,4-dichlorobenzylamino |quinazoline (1) are included
for comparative purposes.

Fach of the pyridopyrimidines tested displayed moder-
ate to strong inhibitory effects against S. faecalis R
utilizing folic acid (FA) as the substrate (Table 1V).
These substances inhibit one or both reduction stages and
are competitive with FA. Three compounds (13,14,16)
produced 50% inhibition at concentrations of 1-16 ng./ml.,
and thus were equipotent with or more potent than
pyrimethamine, trimethorpim, cycloguanil hy drochloride,
aminopterin, and the quinazoline 1. In general activity
was fairly well reversed by 5-CHO-FAH4 (Table 1V),
suggesting that these pyridopyrimidines function primarily
as reductase inhibitors.

2,4-Diamino-6-(2,6-dichlorobenzy!)-5,0,7 8-tetrahydro-
pyrido]4,3-d |pyrimidine (14) caused 30% inhibition of
L. Plantarum at a concentration of 266 nz./ml., a level
of activity comparable with that shown by pyrimethamine,
cycloguanil hydrochloride, and the 2 4-diaminoquinazoline
I (Table V).  Compounds 13 and 16 showed modest
activity, while 9,10, and 18 were inactive at 40,000 ng./ml.

Against the methotrexate, aminopterin-resistant 8.
faecalis A, three compounds (13, 14, 16) produced 50%
inhibition at concentrations of 56-700 ng./ml. utilizing
FA as the substrate (Table 1V). These inhibitory concen-
trations are comparable with or less than those required
for pyrimethamine, trimethoprim, cycloguanil hydrochlo-
ride, or compound 1 (284-680 ng./ml.). The S. faecalis A
to S. faecalis R inhibition ratios (23-115) for all six
pyridopyrimidines are relatively low compared with those

E. F. Elslager, J. Clarke, P. Jacob, 1.. M. Werbel and J. D. Willis
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observed for aminopterin (> 20,000) and methotrexate
(19,000).

cross-resistance  between  these pyridopyrimidines and

This indicates that there is relatively little

aminopterin or methotrexate utilizing S. faecalis.

Based on available data, it must be concluded that the
relative inhibitory potency of the 24-diamino-6-(benzyl
and pyridylmethyl)-3,6,7 8-tetrahydropyrido| 4,3-d Jpyri-
midines against S. faecalis R, S. faecalis A,and L. plantarum
does not provide a reliable basis for predicting the relative
magnitude of antimalarial effects (4).

EXPERIMENTAL (28)

4-Amino-3-cyano-l{benzyl and pyridylmethyl)-1,2,5,0-tetrahydro-
pyridines (VII1) (1-8, Table 1). Procedure 1.

To a cold solution of 25.0 g. of 3-picolyl chloride hydro-
chloride in 50 ml. of water was added 7.6 ml. of 50% aqueous
sodium hydroxide. The free base was extracted with ether and
the combined ether extracts were washed with saturated sodium
chloride solution and dried over magnesium sulfate. The ether
was removed in vacuo to give 18.7 g. (0.146 mole) of 3-picolyl
chloride. This was combined with 15.0 g. (0.122 mole) of
4-amino-3-cyano-1,2,5,6-tetrahydropyridine (V1) (19), 200 g
(0.145 mole) of anhydrous potassium carbonate, and 600 ml. of
2-butanone. The mixture was stirred under reflux for 18 hours,
cooled, and filtered. The filtrate was concentrated to dryness
in vacuo leaving an oily residue which was triturated with ether
and extracted with 400 ml. of chloroform. The chloroform solu-
tion was decanted from the viscous insoluble gum, wdshed twice
with water, once with a saturated sodium chloride solution, and
dried over magnesium sulfate. Removal of the chloroform in vacuo
gave an oily residue which crystallized. The solid was triturated
with an ethanol-ether mixture and dried to give 10.0 g. (38%) of
4-amino-3-cyano-I1-(3-pyridylmethyl)-1,2,5.6-tetrahydropyridine
(1) as yellow crystals, m.p. 115-120°.

Procedure 11.

A mixture of 9.0 g. (0.073 mole) of 4-amino-3-cyano-1,2,5,6-
tetrahydropyridine (VI) (19), 11.0 g. of anhydrous potassium
carbonate, and 14.2 g. (0.073 mole) of &-2,4-trichlorotoluene in
500 ml. of 2-butanone was stirred under reflux for 19 hours,
cooled, and filtered. The filtrate was concentrated to dryness and
the residue was reerystallized twice from methanol to give 12.5 g.
(66%) of 4-amino-3-cyano-1(2,4-dichlorobenzyl)-1,2,5,6-tetrahy-
dropyridine (3) as colorless needles, m.p. 138-140°,

2,4-Diamino-6{benzyl and pyridylmethyl)-5,6,7,8-tetrahydropyri-
do[4,3-d |pyrimidines (1X) (918, Table II). Procedure LI

A mixture of 9.7 g. (0.045 mole) of 4-amino-3-cyano-14(3-
pyridylmethyl)-1,2,5,6-tetrahydropyridine (1) and 10.0 g.(0.056
mole) of guanidine carbonate in 15 mi. of dimethylformamide
was stirred under reflux for 3 hours and cooled. A brown solid
formed. The mixture was diluted with 150 ml. of cold water and
the solid was collected, triturated with methanol, and dricd.
The crude product was dissolved in a mixture of 10 ml. of
methanol and 7 ml. of 2NV hydrochloric acid and reprecipitated
by addition to a cold dilute sodium hydroxide solution. Another
reprecipitation from glacial acetic acid-10% ammonium hydroxide
afforded a beige crystalline solid which was collected and washed
successively with water, methanol, and ether. After drying in vacuo
at 50° for 18 hours, 2,4-diamino-5,6.7 8-tetrahydro-6-(3-pyridyl-
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methyl)pyrido[4,3-d | pyrimidine (9) was obtained as the hydrate
(2.9 ., 23%), off-white crystals, m.p. 288-290°.

Procedure 1V.

4-Amino-3-cyano-1-(2,4-dichlorobenzyl)-1,2,5,6 - tetrahydro-
pyridine (3) (12.2 g., 0.043 mole) and guanidine carbonate (9.7 g.,
0.054 mole) in 40 ml. of dimethylformamide were stirred and
heated under reflux for 3.5 hours. The mixture was cooled and
75 ml. of 95% ethanol was added. The mixture was chilled in
ice and the yellow solid was collected, washed with water, and
dried. Recrystallization from dimethylformamide-water gave 3.5
. (25%) of 2,4-diamino-6(24-dichlorobenzyl)-5,6,7,8-tetrahydro-
pyrido[4.3-d |pyrimidine (11) as pale yellow crystals, m.p. 241-
245° with preliminary softening.

Procedure V.

A mixture of 20.0 g. (0.078 mole) of 2.4-diamino-5,6,7.8-
tetrahydropyrido[4,3-d | pyrimidine dihydrochloride hydrate (VII),
17.2 g. (0.088 mole) of &3 4-trichlorotoluene, and 48.0 g. (0.35
mole) of potassium carbonate in 500 ml. of dimethylformamide
was stirred at room temperature tfor 18 hours. The mixture was
filtered and the residue was triturated with water. The solid was
extracted with hot chloroform and the solution was treated with
an excess of hydrogen chloride in ether. The resulting pale yellow
gelatinous precipitate was collected and crystallized from methanol-
cther to give 8.4 g. (26%) of 2,4-diamino-6-(3,4-dichlorobenzyl)-
5.0.7.8-tetrahydropyridof4,3-d| pyrimidine dihydrochloride mono-
hydrate (13) as an off-white solid, m.p. 261-263°.

2.4-Diamino-5.,6,7 8-tetrahydropyrido[4,3-d | pyrimidine  Dihydro-
chloride (VI1).

A mixture of 100 g. (0.81 mole) of 4-amino-3-cyano-1,2,5,0-
tetrahydropyridine (VI) (19) and 150 g. (0.83 mole) of guanidine
carbonate in 2 I. of 1,2-bisethoxyethane was stirred under reflux
for 18 hours. The red solution was treated with an excess of
hydrogen chloride in ether, and the orange-yellow precipitate was
collected and triturated successively with 1 1. of 2-propanol and
1 1. of ether. The product was collected and dried to give 108 g.
(52%) of product, m.p. 269-271°.  An analytical sample was
recrystallized from aqueous 2-propanol yielding yellow crystals,
m.p. 272-275°

Anal. Caled. for CqH;Ns-2HCIH,0: €, 32.83; H, 5.90;
N, 27.34. Found: C, 32.80; H, 6.30; N, 27.70.
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