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Improved procedures have bheen developed for the synthesis of 2 4-diamino-6,7-dihydro-5H -
pyrrolo[ 3,4-d |pyrimidine (2a), its 7-methyl derivative (2b), and 6-(chloro-substituted phenyl)
derivatives of 2 4-diamino-0,7-dihydro-51-pyrrolo| 3,4-d |pyrimidine (4). Direct acylation of
compounds 2a or 2b with acid chlorides or mixed anhydrides derived from chloro-substituted
benzoic or cinnamic acids gave 0-(chloro-substituted benzoyl or cinnamoyl) derivatives. Lithium
aluminum hydride reduction of 6-(chloro-substituted benzoyl) derivatives under controlled con-
ditions permitted preparation of 6-(chloro-substituted benzyl) derivatives (3). Compound 2aalso
reacted with arylisothiocyanates Lo yield 6-arylthiocarbamoyl derivatives. Antimalarial assays for
in vivo activily against murine malaria (P berghei) and avian malaria (P. gallinaceum) revealed that
asomewhat enhanced in vivo antiparasitic effect above that of parent compound 2a without any
evident increase in host toxicity was conferred by introduction of certain of the 6-chloro-substi-
tuted benzoyl groups or the 60-(3 4-dichlorophenylthiocarbamoyl) group. Corresponding 0-(chioro-

substituted benzyl) derivatives more frequently displayed host toxicity.

Among synthetic fused-ring systems incorporating the
pyrimidine structure the pyrrolo]| 34 |pyrimidine system
is of relatively recent advent (4). 2. 4-Diamino derivatives
i this system, like other compounds containing the 2.4-

diaminopyrimidine structure, are of interest as potential
$(5). Inhibition of folic acid-dependent

is believed to be the basis of the anli-

folic acid anlagoni

metabolic process
malarial activity of the 24-diaminopyrimidine drugs
pyrimethamine and trimethoprim (5).

Although a limited number of 2 4-diamino derivatives
of 0.7-dihydro-5H-pyrrolo|3.4-d |primidine had been
prepared in this laboratory (6) and clsewhere (7) before the
present work was initiated, no antimalarial sereening results
had beenreported. Very recently, however, Flslager, Curry
and Werbel (8) have described four additional derivatives
of 2 4-diamino-0,7-dihydro-5H-pyrrolo| 3,4-d | pyrimidine
and have reported that one of these compounds, the 6-

2 4-dichlorobenzyl)-7-methyl derivative 3, R
R" - Z4-dichlorophenyl) is active against Plasmodium
berghei infections in mice, as demonstrated by the sereen-

methyl,

ing procedure of Osdene, Russell and Rane ). We des-
cribe here the results of our independent search for anti-
malarial activity in this series.  Among the compounds

chosen for synthesis and screening were aseries of 0-(chloro-
substituted phenyl) derivatives and a series of O-(chloro-
substituted benzoyl and cinnamoyl) derivatives. The latter
compounds were selected on the basis of their own polen-
tial for biological activity and also for the possible utility
of some of them as intermediates for the synthesis of a
parallel series of O-(chloro-substituted benzyl) derivatives.

Chemistry.

The preparation of the 2 -diamino-6,7-dihydro-5/1-
pyrrolo| 3,4-d Jpyrimidines 2a and 2b had been described
by Sheradsky and Southwick (6a).  The reaction se-
quence given in Chart 1 represents an improved version
of the original synthesis, with the Dicckmann eyeli-
zation and enamine formation (steps 2a and 2b) carried
out sequentially in the same reaction vessel (o avoid
losses

attendant upon isolation of a cyano ketone inter-
mediate. The last of the intermediates in this sequence
were the O-acyl derivatives 1. 1t therefore appeared feasible
to obtain derivatives with desired chlorobenzoyl and chloro-
cinnamoyl groups al the 6-position using the appropriate
acid chlorides for acylation of the amino acid ester at step

I of the sequence.  lowever, prefiminary  experiments
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aimed at the synthesis of a 6-p-chlorobenzoyl derivative
indicated that chloro-substituted benzoyl groups might
undergo removal under the basic conditions used in conden-
sation with guanidine in step 3. For this reason, direct
acylation of compounds 2a and 2b was examined in the
hope that reaction would take place selectively at  the
O-nitrogen. 1t was easily demonstrated that direct acylation
of 2a and 2b (tep 5) with benzoyl chloride led to the same
products obtained by carrying through the sequence of
three steps in Chart 1 beginning with benzoylation n step
1. Thercfore the ¢hloro- and dichlorobenzoyl and cinna-
moyl derivatives were prepared by acylation carried oul on
2a or 2b, using acid chlorides in pyridine or in the Schotlen-
Baumann procedure, or mixed anhydrides obtained from
appropriate acids with triethylamine and ethyl chlorofor-
mate in chloroform. Infrared spectra of all of these acyla-
tion products resembled closely the spectra of the
0-benzoyl derivatives of established structure.

It was anticipated that 6-(chloro-substituted benzyl)
derivatives of 2 4-diamino-0,7-dihydro-5H-pyrrolo| 3,4-d |-
pyrimidine could be obtained by lithium alumimum hydride
reduction of 6-(chloro-substituted benzoyl) derivatives.
Such reductions (indicated by step 6 in Chart 1) were
carried out successfully for the preparation of the desired
chlorobenzyl derivatives (3). Yields in the reduction step

Chart |
(R'COY,0
or N =CCH,CH
_ RCOC e P
N=CCH, CH,NHCHCO,C Hy ——————> N-COR
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R 2H502CC
R
(R HorCHy)
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NG N=C
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were generally only fair, but except in some experiments
in which an extended reaction period permitted significant
cleavage of chlorine, the initial products were nearly free
of by-products and were very casily purified.

The 6-(chloro-substituted phenyl) derivatives (4) were
made by the scheme employed by Southwick, Madhav and
Fitzgerald (Ob) but with considerable changes in procedure.
One of the compounds (4a) had been described in the earlier
publication (6b). For the synthesis of 4b and 4¢ Dieckmann
cyclization and enamine formation were carricd out in
sequence in a single operation, as in the improved synthesis
The
complete synthetic sequence was conducted as represented
in Chart IL.

represented in Chart [ for compounds of type I.

The 6-arylthiocarbamoyl derivatives of type 5 were
obtained by the reaction of imtermediate 2a with aryl
isothiocyanates in pyridine solution, as indicated in the
equation given below.  The products were high-melting,

NHp
S
g N~ n
2a ARN=C o8 | N-C-NH-Ar
A
HZN N
Ba. Ar @q
5b, Ar

Qc.

relatively-insoluble compounds closely resembling the Oacyl
derivatives of type 1 with respect Lo infrared spectra as well
as other properties. The 7-methyl derivative 2b failed to
react in Lhis manner with aryl isothiocyanates under
similar conditions, presumably because of steric hindrance.

Biological Activity.

Somewhat surprisingly, the parent compound of the
series, 2.4-diamino-0,7-dihydro-5H-pyrrolo| 3,4-d | pyrimi-
dine (2a), produced a statistically significant increase in the
survival time of mice subjected to blood-induced infections
with Plasmodium berghei (9). At the highest dose level
examined (640 mg./kg) the mean increase was 3.9 days.
No toxicily was evident at 640 mg./kg. The compound
failed to show either a reproducible suppression of the
infection or a toxic effect in avian malaria assays (9,10).
However, dose levels above 120 mg./kg. were not investi-
gated in the avian assays. The 6-methyl derivative 2b was
inactive in all assays.

The utility of such drugs as pyrimethamine and tri-
methoprim demonstrates the possibility of selecting substi-
tuent groups so as to create dihydrofolate reductase inhibi-
Lors having effective toxicity for certain pathogenic orga-

nisms al concentrations several orders of magnitude less
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Chart

CH,~CHC =N
(Step 1)

ArNHCHZCHZCEN

ArNHy

(I)
i
(Step 2) | BreH,C-OCH

N=C~CH,CH,
N-Ar
-~

"
CoH50—CCH,

NaOC,
- 7l

(Step 3a)

N=C
D_ A'
Na* G
HEO, NHH ] (Step 3b)

NzC ' N
EN Ar (Step 4) |
NH )\\
H H2

H,N
2 H,N-C-NH,

4a. Ar

4b, Ar

~{O)-«
<
QC|

than those producing observable toxicity to the host animal.
The results of attempts 1o enhance the selective toxicity of
the parent structure 2a by introduction of appropriate
substituent groups are summarized in Table 1, which re-
cords both avian and murine malaria assays. 1Uis evident
that increas

8 In parasite toxicity were produced, although
the relatively high doses required for the antiparasitic effect
have deterred secondary evaluation of the compounds.
These compounds have been separated in Table [ into a
group (Class  A) in which toxicity toward the murine or
avian parasite was increased without any evident increase
in host toxicity (at least to mice), and a second group
( Class B) in which toxicity to mice was increased, so that
any increased antiparasitic aclivity may have been masked
in the in vivo assay. A third group, described in Table 11
but not included in Table I, showed neither increased
toxicity Lo the animals nor any improvement over com-
pound 2a in apparent antiparasitic ¢ffect in vivo.

The most interesting testing results were obtained
against a sporozoite-induced Plasmodium gallinaceum
infection of chicks inan assay procedure which has recently
been introduced to assist in the selection of experimental
drugs that might have prophylactic activity and act against

2,4-Diamino-6,7-dihy dro-5H-pyrrolo[ 3,4-d |pyrimidine 725
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tissue forms of the malarial parasite (10). The most active
compound in this assay was the 7-methyl-6-m-chlorobenz-
oyl derivative 1a, which yiclded some cures at a dose level
aslow as 15 mg./kg., and showed no animal toxicity in this
or any other assay. At somewhat higher doses the 7-
methyl-0-(2 4-dichlorobenzoyl) (1c) derivative also pro-
duced cures in the same assay for prophylactic activity,
and also showed suppressive activity at high dose levels
against Plasmodium berghei in an established murine ma-
laria assay (9). The N-(3,4-dichlorophenylthiocarbamoyl)
derivative b showed activily in suppressing murine malaria,
but has not been assayed against avian malaria.

The compounds in Class B all showed toxicity Lo mice
at one or more of the examined dose levels. Except in the
case of the 3d-dichlorocinnamoyl derivative (1d), any
toxicity the derivatives may have had to the murine para-
site failed to become clearly evident on the basis of
increased survival time, quite possibly because of the toxi-
city to the host. These derivatives were also usually toxic
to the chicks used in the avian malaria assays. However, one
of the toxic compounds, the p-chlorobenzyl derivative 3b,
was active against a blood-induced Plasmodium gallinaceum
infection in chicks, producing 2 9.8 day increase in survival
time at 320 mg./kg. In theassay employing the sporozoite-
induced infection in chicks evidence of antiparasitic activity
seenmied Lo be obscured by host toxicity at the higher dose
levels. This compound was also observed to suppress
markedly the Plasmodium cynomolgi infection in the
Rhesus monkey at a dose as low as 3.10 mg./kg., but
marked toxicity to the host was also evident at this dose
level (personal communication from Walter Reed Army
Institute of Research). The observed toxic effects (vomit-
Ing, anorexia, depression) seem not unlike those produced
by methotrexate and other effective antifols.

Comparison ol the structures of the remainder of the
compounds in Table I with closely related members of the
A and B groups shows how sensitive both antiparasitic
activity and host toxicity were to changes in the number
and positions of the chlorine atoms and the presence or
absence of the 7-methyl group. Tlowever, these results
suggest Lthat chloro-substituted benzoyl or chloro-substi-
tuted arylthiocarbamoyl groups linked to nitrogen should
be added 1o the frequently exploited nitrogen or carbon-
linked chloro-substituted phenyl or benzyl groups in the
construction of derivatives for examination as potential
antiparasitic agents.

EXPERIMENTAL (11)

Improved Synthesis of 2,4-Diamino-6,7-dihydro-5/-pyrrolo{3,4d] -
pyrimidine (28) and its 7-Methyl Derivative (2b).
1-Acetyl-3-amino-4-cyano-3-pyrroline.

Acetic anhydride (100 ml.) was added with cooling to 78 g.



720

Compound R
No.

Parent Compound

2a H

Class A Derivatives --

Ta CHj
4c H
1b CH;
5b H
1c (‘A”J

Class B Derivatives --

1d H
1e CHy
3 1l
3b H
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In Vivo Antimalarial Assay Results (a)

Dose

(mg./kg.)

tH 320
640

T'able [

P. berghei Assays (b)

AMST Cures (C)
(days) (8¢

Toxic Deaths (T)
3.3
3.9

Increased Toxicity to Murine and/or Avian Parasites:

—2 320
Cl
Cl
a 320
Q
-¢ 320
640
Cl cl
S .
,g_&4@;§Hc. 160
320
al 640
O
*g‘<i:j>’c' 320
640

Increased Toxicity to Murine Host:

Cl

0

640

320
040
320
640

80

160
320

3.9 1/57T

0.9 15T
.4 35T
0.7

0.0 45T

0.4
0.9
0.0

4571
45T

Assay

Bl
SI
SI

BI
Bl
N |
Sl
SI
Sl
SI

Bl
ST

BI
|
Sl
St
S1

Bl
Sl

Bl

BI
Bi
S1
S
SI

P. gallinaceum Assays (c)
(Blood induced (Bl) or

Vol. 11

Sporozoile induced (S1) infections)

Dose AMST Cures (C)
(mg./kg.)  (days) or
Toxic Deaths (T)
320 0.0
100 0.9
120 0.4 4/5 C
160 2.8
320 3.4
15 3.4 3/5 (
30 2.4 3/5C
60 2.4 515 C
120 5/5C
320 5/5 C
320 0.0
480 1.9 1/5T
120 0.0
60 4.2,3.8
120 0.2 9/10 C
240 0.2 9/10 C
480 10/10 C
480 0.2
320 0.0
240 0.2
160 0.0
160 1.8
320 9.8
20 35,18 3/10 T
40 3.2,20 2/10T
80 0.5,1.2 5/107T
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K H ‘C“z@ 160 0.3
cl 320
o] 640
3d H —CHZ—@—CI 40 0.4
80 0.9

160 -

2 4-Diamino-6,7-dihydro-5H-pyrrolo{ 3,44 [pyrimidine

&
N

55T
5/5T
15T BI 160 5/5T
3/5T st 120 15 /57T
5/5T

(a) Antimalarial assays were conducted by Dr. L. Rane, University of Miami. The result is given in Table I only for highest does examined,
unless some possible activity or toxicity for the compound was suggested by a change >1.0 day in mean survival time. In the latter event
enough results are quoted to indicate the lowest dose level at which a discernible biological effect may be evident. (b) Assays conducted
ongroups of five mice; mean survival time of controls was 6.1 days; AMST is increased survival beyond controls. Deaths before the sixth
day were attributed to drug toxicity. (¢) Assays conducted on groups of five chicks; mean survival time of controls with blood induced
infection was 4 days; mean survival time of controls with sporozoite-induced infection varied from 7 to 9.1 days. Chicks surviving beyond
30 days were recorded as cures, chicks dying earlier than controls were recorded as toxic deaths.

(0.5 mole) of N-cyanoethylglycine ethyl ester (12). The mixture
was kept at room temperature for 24 hours. Acetic acid and excess
acetic anhydride were removed by distillation under reduced pres-
sure. (If the odor of the residue indicated remaining acetic acid
or anhydride, ethanol was added and the evaporation repeated.)
The residual oil was then dissolved in 250 ml. of absolute ethanol
and added to a sodium ethoxide solution prepared from 11.5 g.
(0.5 mole) of sodium and 500 ml. of absolute ethanol. The mixture
was held at the reflux temperature for 2 hours, then ammonium
formate (79 g., 1.25 moles) was added together with an additional
500 ml. of absolute ethanol, and refluxing was continued for 48
hours on a steam bath, with care to insure adequate mixing from
vigorous refluxing. The mixture was cooled in an ice bath and the
crystalline product was collected by filtration. The yield was 68
2.(90%), m.p. ca. 236°. Recrystallization from 70% aqueous ethanol
raised the m.p. to 237-239°. (Reported m.p. 238-239° (6a).)

6-Acetyl-2 4-diamino-6,7dihydro-5{-pyrrolo[3,4-d | pyrimidine.

1-Acetyl-3-amino-4-cyano-3-pyrroline (75.5 g., 0.5 mole) dis-
solved in 500 ml. of absolute ethanol was added to an ethanolic
solution of guanidine prepared from 93.5 g. (1.0 mole) of guanidine
hydrochloride, 23 g. (1.0 mole) of sodium and 600 ml. of absolute
ethanol. Prior to use the guanidine solution was filtered with the
aid of Celite to remove precipitated sodium chloride, and approxi-
mately 200 ml. of additional absolute ethanol was added in the
process of washing the filter cake. The mixture was refluxed for
16 hours ona steam bath, then cooled in an ice bath and filtered to
collect the crystalline product. The yield was 67.5 g. (70%),
m.p. ca. 335°. (An analytical sample, m.p. 335-337°, had been
obtained by recrystallization from dimethylformamide (6a).)

24-Diamino-6,7-dihydro-5H-pyrrolo[ 3,4-d | pyrimidine (2a).

To 19.3 g. (0.1 mole) of the above 6-acetyl derivative (1, R = H,
R’ = CHj3) dissolved in 1350 ml. of ethanol was added 75 g. of
sodium hydroxide dissolved in 150 ml. of water. The mixture was
refluxed for 12-14 hours, then concentrated under reduced pressure
to ca. 500 ml., cooled in an tce bath for several hours, and filtered
to collect the crystalline product. The yield was 8.8 g. (58%) of
crude 28, m.p. 235-240°. Recrystallization from water raised the
melting point to 258-259° (reported m.p. 258-259° (6a)).

3-Amino-1-benzoyl-4-cyano-2-methyl-3-pyrroline.

Freshly distilled di-V-cyanoethylalanine ethyl ester (12)(83 g.,
0.5 mole) was dissolved indry pyridine (160 ml.). The solution was
cooled to 5° and benzoyl chloride (77 g., 0.55 mole) was added
dropwise to the stirred solution at such a rate that the temperature
did not rise above 15°. The mixture was stirred at room temperautre
overnight. It was then poured into ice-water (1 £.) and the oily

layer was taken up in ether. The ether solution was washed twice
with 3% hydrochloric acid, then with 5% sodium bicarbonate, and
finally with water, dried over sodium sulfate, and evaporated. The
residue, N-benzoyl-N-cyanoethylalanine ethyl ester, was a yellow
oil which failed to crystallize. The oil was dissolved in 250 ml. of
absolute ethanol and added to a sodium ethoxide solution (0.5
mole, from 11.5 g. of sodium and 500 ml. of absolute ethanol).
After refluxing for 2 hours, excess ammonium formate (79 g., 1.25
moles) in 300 ml, of ubsolute ethanol was added and the refluxing
was continued on a steam bath, initially shaking the solution
oceasionally to prevent the formation of large lumps of solid ma-
terial.  The flow of stcam was fast enough to promote rapid
boiling and agitate the whole solution. After a reflux period of 48
hours the solution was cooled to room temperature and the undis-
solved solid (sodium formate) was filtered out, extracted with
small amounts of ethanol and discarded. The filtrate and extracts
were cooled in ice and the precipitated solid was collected by
filtration. The filtrate was concentrated to about one-third its
volume, and cooled overnight to recover additional product. The
yicld was 85 g. (75%). The melting points of the crude products
were usually within 1 or 2° of that of purified material. Crystal-
lization from ethanol yielded white plates, m.p. 203-204° (6a)).

6 -Benzoyl-2,4-diamino -6,7-dihydro -7T-methyl-5/{-pyrrolo[3,4-d]-
pyrimidine.

3-Amino-1-benzoyl-t-cyano-2-methyl-3-pyrroline (68 g., 0.3
mole) in 300 ml. of absolute ethanol was added to a solution of
guanidine in absolute chtanol. The guanidine solution was pre-
pared from 57.3 g.(0.6 mole) of guanidine hydrochloride, and 13.8
g. (0.6 mole) of sodium dissolved in 400 ml. of absolute ethanol.
Precipitated sodium chloride was removed before use of the

_guanidine solution by filtration with the aid of Celite, and approxi-

mately 100 ml. of additional absolute ethanol was used to extract
guanidine from the filter cake into the filtrate. The mixture was
refluxed for 16 hours on a steam bath, then was cooled in anice
bath and filtered to collect the crystalline product. A second crop
was obtained after concentration of the filtrate to about one-third
of the original volume, followed by cooling. The total yield was
56.5 g. (70%) of material melting at 275.277° (reported m.p.
275.277° (6a)).

2.4 -Diamino -6,7-dihydro -7-methyl -5H-pyrrolo[ 3.4 -d ] pyrimidine
(2).

Basic hydrolysis of 26.9 g. (0.1 mole) of the above 6-benzoyl-
7-methyl derivative (1, R = CHj, R’ = C4Hs) carried out as in the
procedure described above for the 6-acetyl derivative of 2a yielded
11.5 g. (69%) of the crude 7-methyl derivative 2b, m.p. 203° (d).
Crystallization from water did not change this melting point
(reported 203%) (d) (62)).
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0-Acyl Derivatives of 2,4-Diamino-6,7-dihydro-5/{-pyrrolo[3,4-d |-
pyrimidine (1). Schotten-Baumann Procedure.

2,4-Diamino-6,7-dihydro-5//-pyrrolo] 3 4-d | pyrimidine (2a) or
its 7-methyl derivative (2b) and excess sodium hydroxide were
dissolved in water and the acid chloride was added dropwise to the
stirred solution.  For each 0.01 mole of pyrrolo[3,4-d | pyrimidine
derivative 1.5 g. of sodium hydroxide, 35-530 mi. of waler and ca.
0.012 mole of the acid chloride were employed.  Stirring was
continued for at least 30 minutes, then the precipitated product
was collected by filtration and washed with small amounts of cold
cthanol. The products were erystallized from ethanol or dimethyl-
fortnamide. Preparation by the Schotten-Baumann procedure is
indicated by (S) following the figure for the yield in Table 1.

Pyridine Procedure.

To 2,4-diamino-6,7-dihydro-5H-pyrrolo| 3,4-d | pyrimidine (2a)
or its 7-methyl derivative (2b) (0.01 mole) in 40 ml. of dry pyridine
cooled in an ice bath, an acid chloride (0.012 mole) was added very
slowly with stirring. Stirring was continued for 16 hours at room
lemperature.  After removal of the pyridine by distillation under
reduced pressure, the residue was dissolved in water and the solution
was basicified with sodium hydroxide and cooled. The product
was collected by filtration and purified by crystallization from
cthanol. The results with individual compounds are recorded in
Table 1L, in which preparations using the pyridine procedure are
indicated by (P) following the yield figure.

Ethyl Chloroformate-Mixed Anhydride Procedure.

After cooling a solution of the carboxylic acid (0.01 mole) and
triethylamine (1.01 g., 0.01 mole) in 30-40 ml. of chloroform to
5° ethyl chloroformate (1.09 g., 0.01 mole) was added dropwise
and the resulting mixture was stirred at 15° for 45 minutes. The
pyrrolo| 3,4 | pyrimidine 2a (1.51 g., 0.01 mole) was added and
the resulting suspension was stirred vigorously for 30-40 minutes at
-5% and then for 16 hours at room temperature. After addition of
cold ethanol (and, if necessary for neutralization, a small amount of
sodium hydroxide) the solid was collected by filtration, washed with
cold ethanol, and recrystallized. In Table Il preparations using this
mixed anhydride procedure are indicated by (A) following the
yield figure.

0-(Mono- and Dichloro-benzyl) Derivatives of 2,4-Diamino-6,7 -
dihydro-5/1-pyrrolo| 3,4-d | pyrimidine (3).

‘The 6{mono- or dichloro-benzoyl) derivatives (1) were reduced
by treatment with lithium aluminum hydride (1LAH) in purified
tetrahydrofuran,  An excess (2:1 molar proportion) of LAH was
used and the volume of solvent was 50 ml./g. of starting material.
The mixtures were heated and stirred at the reflux temperature
for 1 hour. They were then cooled in an ice bath and saturated
aqueous sodium sulfate solution was added dropwise at a slow
cnough rate 1o avoid a large temperature rise. When the original
dark suspension had become entirely while the mixtures were
filtered and the filtrates were concentrated to small volumes,
cooled, and filtered to colleet the reduction products. Extraction
with hot ethanol of the filter cake obtained from the sodium sulfate
treatment yielded additional amounts of product in some cases.
Results with individual compounds are given in Table 11.

6-(Mono- and Dichloro-phenyl) Derivatives of 2.4-Diamino-6,7-
dihydro-3/-pyrrolo| 3,4-d | pyrimidine (4).

Preparation of 3-Amino-1-aryl-4-cyano-3-pyrrolines.

Equimolar amounts of the appropriate chloro-substituted aniline
and acrylonitrile were refluxed gently at 100-110° in the presence

2,4-Diamino-0,7-dihydro-5H-pyrrolo| 3,4-d |pyrimidine 729

of copper acetate (8.0 g. per mole of acrylonitrile) for 2.5 hours
(13). The copper salt was removed by filtration through a bed of
Celite and washed with ethanol. The dark-colored ethanol solutions
were decolorized with Norit, and concentrated by distillation. From
m-chloroaniline a residual oil was obtained which was distilled at
200-230°/20 mm to afford a 51% yield of almost colortess (3-m-
chloroanilino)propionitrile, having the expected nmr spectrum.
From 3,4-dichloroaniline 3(3,4-dichloroanilno)propionitrile was
obtained as pale-yellow needles, m.p. 78-80°. The expected nmr
spectrum was observed in deuteriochloroform; the yield was 65%.
The 3-anilinopropionitriles were refluxed for 48 hours with a 2:1
molar proportion of ethyl bromoacetate dissolved in 95% ethanol
(50 ml. of ethanol/mole of ethyl bromoacetate). The reaction
mixtures were poured onto crushed ice and basicified with aqueous
sodium hydroxide (40%) below 0° with stirring until the acrid odor
of cthyl bromoacetate disappeared. The products were then ex-
tracted into ether, dried (sodium sulfate) and concentrated to yicld
residual oils, which were refluxed for 3 hours with sodium ethoxide
solutions (25 g. of sodium in 1250 mi. of absolute ethanol per
mole of original anilinopropionitrile). Excess ammonium formate
(200 g. per mole or original anilinopropionitrile) was then added in
two portions over a 48 hours period of refluxing on a steam bath.
The solvent was removed by distillation under reduced pressure
and waler was added. The water-insoluble products were collected
by filtration and crystallized from ethanol.

3-Amino-I {m-chlorophenyl)-4-cyano-3-pyrroline.

This compound, m.p. 226-227°, was obtained in 40% yield
from 3-m-chloroanilinopropionitrile in an experiment run on a
0.1-mole scale.

Anal. Caled. for Cq1HoCIN,: C, 60.14; H, 4.59; N, 19.13.
Found: C,60.35; H,4.45; N, 19.05.

3-Amino-5-cyano-1 3 4-dichlorophenyl)-3-pyrroline.

This compound, m.p. 236-237°, was obtained in 47.5% yield
from 3{3,4-dichloroanilino)propionitrile in an experiment run on
a 0.2-mole scale.

Anal. Caled. for Cy{HoCl,N3: €, 51.98; H, 3.56; N, 16.53.
Found: C,51.76; H,3.67; N,16.76.

Conversion of 3-Amino-1-aryl-4-cyano-3-pyrrolines to 2,4-Diamino-
6-aryl Derivatives of 6,7-Dihydro-5H-pyrrolo[ 3,4-d ] pyrimidine (4).

The 3-amino-l-aryl4-cyano-3-pyrrolines were heated with
equimolar amounts of guanidine carbonate in 2-ethoxyethanol
(250-300 ml. per mole of pyrroline) at the reflux temperature for
6-7 hours. The mixtures were poured into cold (ca. 0°) water and
the insoluble products were collected by filtration. They were
recrystallized from dimethylformamide (DMF)-cthanol or DMF-
waler mixtures.

2,4 -Diamino -6-(m - chlorophenyl)-6,7-dihydro -511-pyrrolo[ 3,4-d] -
pyrimidine (4b).

This compound, m.p. 275-276° (from DMF -ethanol), was
obtained in 95% yield (crude) in an experiment run on a 0.01-mole
scale.

Anal. Caled. for Cy,H12CINg: C, 55.07; H, 4.62; N, 26.76.
Found: C,54.97; H,4.52; N, 26.88.

2.4-Diamino-643,4-dichlorophenyl)-6,7-dihydro-51/-pyrrolo|3,4-d] -
pyrimidine (4c).

This compound, m.p. 304-305° (from DMF-water), was obtained
in 77% yield in an experiment run on a 0.02-mole scale.

Anal. Caled. for C,HyNgCly: C,48.66; H, 3.74; N, 23.65.
Found: C, 48.46; H, 3,98; N, 23.57.
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6-Arylthiocarbamoyl Derivatives of 2,4-Diamino-6,7-dihydro-3 -
pyrrolo| 3,4-d ] pyrimidine (5).

Purified 24-diamino-6,7-dihydro-5H-pyrrolo| 3,4-d | pyrimidine
(1.51 g., 0.01 mole) was partially dissolved in 80-100 ml. of dry
pyridine. An equimolar amount of aryl isothiocyanate was added,
and the mixlure was stirred at room temperature for 1 hour. The
6-arylthiocarbamoyl derivatives were isolated by distillation of the
pyridine at reduced pressure, followed by washing of the residue
with acetone and collection of the product by filtration (14).

0-p-Chlorophenylthiocarbamoyl-2,4-diamino-6,7-dihydro-5 H-
pyrrolo| 3.4-d | pyrimidine (5a).

From p-chlorophenyl isothiocyanate (prepared from p-chloro-
aniline by the method of Dains, Brewster and Olander (15)), the
yield was 2.8 g. (87%), m.p. 280-281° (from cthanol); ir (Nujol):
a4 2.88, 3.00, 3.10, 5.96, 6.10, 6.18, 6.28, 6.50, 6.68, 7.06, 7.44,
7.88,8.00,9.14,9.80,10.18,12.02,12.74, 13.88; uv (ethanol):
A max (log €) 246 mmn (4.61), 281 nm (4.10); nmr: (6)5.12 and
5.28 (4, ring Cl,), 7.26 and 7.60 (q, AB type, 4, ] = 9 Hz, aro-
matic).

Anal. Caled. for Cy3H3CINgS: C,48.67; H,4.09: N, 26.20.
Found: C,48.48; 11,4.03; N, 25.94.

63,4 Dichlorophenylthiocarbamoyl)-2 A-diamino-6,7-dihydro-5/1-
pyrrolo] 3,4-d | pyrimidine (5b).

From 3.4-dichlorophenyl isothiocyanate (prepared from 3.4-
dichloroaniline by the method of Dains, Brewster and Olander (15)),
the yield was 3.2 g. (90%), m.p. 297.299° (from ethanol).

Anal. Caled. for Cy 3117 2C15NgS: €, 43.95: H, 3.42; N, 23.006.
Found: C,44.15; H,3.30; N, 23.44.
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