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Condensation of 3-amino-8-(bromomethyl)-2-pyrazinecarbonitrile 4-oxide with 4-chlorophenol gave 3-amino-6-
[(4-chlorophenoxy)methyl]-2-pyrazinecarbonitrile 4-oxide (1), which was deoxygenated to obtain the de-N-oxide
4. Cyclization of 4 and 1 produced 6-[(4-chlorophenoxy)methyl]-2,4-pteridinediamine and the 8-oxide, respectively.
6-{(Arylthio)methyl]-2,4-pteridinediamines and their 8-oxides were produced analogously. Controlled oxidation
of the former gave the anticipated sulfoxide 12 and sulfone 13. None of these compounds showed significant activity
when tested against lethal Plasmodium berghei infections in mice or a select list of bacteria in vitro.

One cannot generally predict the effect that replacement
of nitrogen by sulfur. or oxygen will have on biological
activity. The success achieved with certain of the 6-
substituted 2 4-quinazolinediamines,® however, warranted
preparation of the aryloxy and arylthio analogues of the
6-[(arylamino)methyl]-2,4-pteridinediamines I which had

B

been shown to have particularly potent prophylactic effects
against Plasmodium gallinaceum infections.!
Chemistry. As shown in Scheme I, condensation of
3-amino-6-(bromomethyl)-2-pyrazinecarbonitrile 4-oxide*®
with 4-chlorophenol in acetone gave 3-amino-6-[(4-
chlorophenoxy)methyl]-2-pyrazinecarbonitrile 4-oxide (1)
(256% yield). Deoxygenation of 1 with triethyl phosphite
gave 3-amino-6-[(4-chlorophenoxy)methyl]-2-pyrazine-
carbonitrile (4) (80% yield) (see Table I). Cyclization of
4 and 1 with guanidine then produced 6-[(4-chloro-
phenoxy)methyl]-2,4-pteridinediamine (10) (40% yield)
and the corresponding 8-oxide 7 (52% yield), respectively.
In a similar manner, condensation of 3-amino-6-(bro-
momethyl)-2-pyrazinecarbonitrile 4-oxide with arylthiols
gave the 3-amino-6-[(arylthio)methyl]-2-pyrazinecarbo-

nitrile 4-oxides 2 and 3 (55 and 31% yields, respectively)
which on deoxygenation afforded the corresponding 3-
amino-6-[(arylthio)methyl]-2-pyrazinecarbonitriles 5 and
6 (85 and 83% yields, respectively). Cyclization with
guanidine then produced the desired 6-[(arylthio)-
methyl]-2,4-pteridinediamines 11 and 14 (87 and 54%
yields, respectively) and the corresponding 8-oxides 8 and
9 (83 and 47% yields, respectively).

Treatment of 6-[[(4-chlorophenyl)thio]methyl]-2,4-
pteridinediamine (11) with hydrogen peroxide in glacial
acetic acid for 1 h at room temperature gave 6-[[(4-
chlorophenyl)sulfinylJmethyl]-2,4-pteridinediamine (12)
(66% yield). When the oxidation of 11 was allowed to
proceed for 17 h, the corresponding 6-[[(4-chlorophe-
nyl)sulfonyl]methyl]-2,4-pteridinediamine (13) was ob-
tained in 61% yield.

Oxidation of the sulfur atom was confirmed by the
presence of infrared peaks at 1030 ¢cm™! for the sulfoxide
and 1150 and 1310 cm™ in the case of the sulfone.

Suppressive Antimalarial Screening in Mice. The
6-[(aryloxy-, arylthio-, arylsulfinyl-, and arylsulfonyl-)-
methyl]-2,4-pteridinediamines and N-oxides (compounds
7-14, Table II) were tested against a normal drug-sensitive
strain of P. berghei in mice by the parenteral route.®” The
compounds were dissolved or suspended in sesame or
peanut oil and were administered to mice in a single
subcutaneous dose 72 h postinfection. Extension of the
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Table I. 3-Amino-6-[(4-aryloxy- and arylthio-)methyl]-2-pyrazinecarbonitriles and 4-Oxides
INlCHgX—Ar
Yield
purified, Crystn
No. n X Ar Mp, °C % solvent Formula Analyses
1 1 0 4-ClI-C,H, 207-208 25 EtOH C,H,CIN,O, C,H,N
2 1 8 4-Cl-C,H, 146-150 55 C,H,CH, C,,H,CIN,08 C,H,N
3 1 8 2-Naphthyl 157-161 31 EtOH C,H,,N,0S C,H,N
4 0 0] 4-ClI-C,H, 191-193 80 EtOH C,H,CIN,O H, N; Ce
5 0 8 4-ClI-C,H, 158-160 85 EtOH C,,H,CIN,S C,H, N
6 0 S 2-Naphthyl 125-127 83 2-PrOH C,H,N, C, H,N
4 C: caled, 55.29; found, 54.62.
Table II. 6-[(Aryloxy- and arylthio-)methyl]-2,4-pteridinediamines and 8-Oxides
(O),,
1O Ql
\I CHaX—Ar
Yield
purified, Crystn
No. n X Ar Mp, °C % solvent Formula® Analyses
7 1 0] 4-Cl-C,H, 311 dec 52 DMF C,,H,,CIN,O, C,H,N
8 1 8 4-ClI-C,H, 269 dec 83 EtOH C,,H,,CIN,OS C,HN
9 1 8 2-Naphthyl 250-252 dec 47 DMF C,H,N,0S8 C,H,N
10 0 0] 4-CI-C,H, >300 40 DMF C,H,,CIN,O C,H, N, H,O
0.2H,0
11 0 8 4-CI-C H, 280-283 dec 87 EtOH C”H“élNGS C,H,N
12 0 80 4 CI-C,H, 246 dec 65 DMF-H,0 C,;H,,CIN,OS: C,H, N, H,0
1/5H,0
13 0 80, 4-Cl-C ,H, 302-305 dec 61 DMF-H,0 C”H“élNBOZS- C,H,N
0.3C,H
14 0 S 2-Naphthyl ~ 260-262dec 54  DMF C,,H.N,S C,H,N

¢ C.H.,NO signifies N, N-dimethylformamide.

mean survival time of the treated mice is interpreted as
evidence of antimalarial activity. Compounds are arbi-
trarily considered to be “active” when they produce at least
a 100% increase in the mean survival time of treated mice.
All the compounds were devoid of suppressive antimalarial
activity at doses up to 640 mg/kg.

Antibacterial Studies. Several of the compounds were
tested against a spectrum of pathogenic bacteria including
Streptococcus faecalis (MGH-2), normal (UC-76) and
drug-resistant (S18713) Staphylococcus aureus, Escher-
ichia coli (Vogel), and Shigella sonnei (C-10). A modi-
fication of the gradient plate procedure of Szybalski® and
Webb and Washington® was employed throughout. The
compounds were either devoid of activity or were mar-
ginally active against only S. faecalis.

Experimental Section!®!!
3-Amino-6-[(4-chlorophenoxy)methyl]-2-pyrazinecarbo-
nitrile 4-Oxide (1, Table I). A mixture of 8.5 g (0.037 mol) of
3-amino-6-(bromomethyl)-2-pyrazinecarbonitrile 4-oxide, 9.6 g
(0.074 mol) of 4-chlorophenol, and 5.4 g (0.039 mol) of powdered
K,CO; was heated and stirred under reflux for 1 h. The mixture
was filtered and the filtrate was concentrated to an oil which
crystallized from ethyl acetate. Recrystallization from EtOH gave
1.0 g of a yellow solid, mp 207-208 °C. An additional 1.6 g was
obtained after chromatography of the ethyl acetate filtrate on
silica (ethyl acetate-benzene, 3:7), followed by recrystallization
from EtOH.
3-Amino-6-[[(4-chlorophenyl)thio]methyl]-2-pyrazine-
carbonitrile 4-oxide (2, Table I) and 3-amino-6-[(2-

The presence was confirmed by NMR.

naphthalenylthio)methyl]-2-pyrazinecarbonitrile 4-oxide
(3, Table I) were prepared similarly from 4-chlorobenzenethiol
and 2-naphthalenethiol. Chromatography over silica with ethyl
acetate—benzene (1:1) was required for 3.

3-Amino-6-[(4-chlorophenoxy)methyl]-2-pyrazinecarbo-
nitrile (4, Table I). A solution of 1.6 g (5.8 mmol) of 3-
amino-6-{(4-chiorophenoxy)methyl]-2-pyrazinecarbonitrile 4-oxide
(1, Table I) in 9.9 mL (58 mmol) of triethyl phosphite and 10 mL
of DMF was stirred at 120 °C for 1.5 h, allowed to cool, and
concentrated in vacuo. Recrystallization of the residue gave 1.1
g, mp 191-193 °C.

3-Amino-6-[[(4-chlorophenyl)thio]methyl]-2-pyrazine-
carbonitrile (5) and 3-Amino-6-[(2-naphthalenylthio)-
methyl]-2-pyrazinecarbonitrile (6, Table I). These compounds
were prepared by deoxygenation of the corresponding 4-oxides
(2 and 3) using the procedure given above for 3-amino-6-[(4-
chlorophenoxy)methyl]-2-pyrazinecarbonitrile (4).

6-[(2-Naphthalenylthio)methyl]-2,4-pteridinediamine
8-Oxide (9, Table II). A mixture of 1.2 g (0.0039 mol) of 3-
amino-6-{(2-naphthalenylthio)methyl]-2-pyrazinecarbonitrile
4-oxide (3, Table I) and a freshly prepared solution of 0.0039 mol
of guanidine base in 30 mL of EtOH was heated and stirred under
reflux for 2 h, allowed to cool, and filtered. The filter cake was
washed successively with 2-propanol, H,0, and acetone. Re-
crystallization from DMF gave 0.64 g (47%).

Compounds 7, 8, 10, 11, and 14 (Table II) were prepared in
an analogous manner by cyclization of the appropriate pyrazine
or pyrazine N-oxide (Table I) with guanidine in EtOH.

6-[[(4-Chlorophenyl)sulfinylJmethyl]-2,4-pteridinediamine
(12, Table II). A mixture of 0.50 g (0.0016 mol) of 6-[[(4-
chlorophenyl)thiolmethyl]-2,4-pteridinediamine (11) and 4 mL
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of 30% H,0, in 9 mL of glacial CH;CO,H was stirred at room
temperature for 1 h and poured into iced water containing 9.5
mL of 50% NaOH. The resulting precipitate was collected by
filtration and washed with H,0. Recrystallization from DMF-H,0O
gave 0.35 g (64%), mp 246 °C dec.
6-[[(4-Chlorophenyl)sulfonyl]methyl]-2,4-pteridinedi-
amine (13, Table II). A mixture of 0.50 g (0.0016 mol) of 6-
[[(4-chlorophenyl)thio]lmethyl]-2,4-pteridinediamine (11) and 4
mL of 30% H,0, in 9 mL of glacial CH;CO,H was stirred at room
temperature for 17 h and then poured into a mixture of ice and
11 mL of 50% NaOH. The resulting precipitate was collected
by filtration and washed with H,O. Recrystallization from
DMF-H,0 gave 0.36 g (61%), mp 302-305 °C dec.
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