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Compounds in the Pyrrolo[3,4-d | pyrimidine Series. Derivatives with 6-Aryl Substituents (1a)

Philip L. Southwick, R. Madhav (1b) and James A. Fitzgerald (1c)

Department of Chemistry, Carnegie-Mellon University

Methods are described for the synthesis of 6,7-dihydro-5H-pyrrolo|3,4-d |pyrimidines having
an aryl substituent in the 6-position. 4-Hydroxy-, 4-amino, 2-amino-4-hydroxy and 2,4-diamino
derivatives were obtained. The synthetic route involved the preparation of 1-aryl-4-cyano- or
4-carboalkoxy-3-pyrrolidinones and 1-aryl-4-cyano- or 4-carboalkoxy-3-amino-3-pyrrolines as

key intermediates.

In recent publications from this laboratory, methods
were described for the synthesis of avariety of compounds
in the previously unknown pyrrolo[3,4-d]pyrimidine
series (2,3). In the course of further work in this series
cfforts have been made to obtain compounds having aryl
substituents at the 6-position. It was found that both in
the reactions leading to the synthesis of pyrrolidine inter-
mediates and in the final pyrimidine ring closures rather
extensive modification was needed to adapt the previously
used synthetic schemes to these additional new compounds.
Most of the synthetic reactions examined would be useful
in the synthesis of a number of other quite different types
of compounds; hence, the results described here should
find application beyond the confines of the pyrrolo[3,4-d]
pyrimidine series. The reactions investigated are sum-
marized in Chart 1. (The same letter of the alphabet will
indicate a given substituent R in all formulas; the list of
substituents appears below formula I). Observations on
each step will be discussed below under a separate heading.
Yield data and other information regarding specific com-
pounds will be presented in the Experimental Section and
in the accompanying tables.

Reactions 1 and 2: Conjugate Additions of Primary Amines
to Acrylate Esters or Acrylonitrile.

Observations on the scope of a number of published
procedures for the addition of primary amines to methyl
or cthyl acrylate or to acrylonitrile were made during the
course of the study. The most highly basic of the amines
used, compounds such as benzylamine and 3,4,5-tri-
methoxybenzylamine, underwent these additions in ethanol
solution at room temperature without the use of catalysts.
The use of stannic chloride in benzene solution (4) was
effective in promoting the addition of aniline to ethyl
acrylate, but failed when applied to addition of p-chloro-
aniline or ethyl p-aminobenzoate to either methyl or

ethyl acrylate. The addition of p-chloroaniline as well as
p-aminobenzoic acid to methyl acrylate was achieved in
a refluxing glacial acetic acid solution (5). Results in
additions to acrylonitrile were parallel to the extent that
benzylamine and 3,4,5-trimethoxybenzylamine reacted
without solvent or in ethanol in the absence of added
catalysts, and aniline and p-chloroaniline reacted in reflux-
ing glacial acetic acid solutions. The cyanoethylation of
o-aminobenzoic acid was achieved using a refluxing aqueous
mixture containing triethylamine in addition to the
reactants (6).

Reactions 3 and 4: Formation of the N,N-Disubstituted
Glycine Esters (IV and V) by Alkylation of Amines (Il and
III) with Ethyl Bromoacetate.

In the case of compounds of types II and 11l in which
the substituent R was an aryl group, relatively high
conversions to the N-carbethoxymethyl derivatives (IV and
V) were achieved by refluxing II or 1Il for extended
periods of time (24 to 48 hours) with two moles of ethyl
bromoacetate in ethanol solution. (Sodium acetate has
been used for removal of hydrogen bromide in some
similar procedures, but it reacts directly with ethyl bromo-
acetate at an undesirably rapid rate and its use was
unnecessary.) After basicification and destruction of
excess ethyl bromoacetate with sodium hydroxide solution,
IV or V were obtained in a relatively pure state (as shown
by nuclear magnetic resonance (NMR) spectra) after use
of a simple extraction procedure, and were suitable for
use in the subsequent Dieckmann cyclizations without
further purification. For the similar alkylation of the
compounds of type Il in which R was a benzyl or sub-
stituted benzyl group, neutralization of the liberated
hydrogen bromide was necessary, and the reaction was
carried out in 95% ethanol containing one mole of ethyl
bromoacetate and one mole of suspended sodium bicarbo-
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nate.

Reactions 5 and 6: Formation of 3-Pyrrolidinone Deriva-
tives (VI and VIII) by Dieckmann Cyclizations of Diesters

P. L. Southwick, R. Madhav and J. A. Fitzgerald Vol. 6

(1V) or Ester Nitriles (V).

The cyclizations of the Dieckmann type (2b, 2¢c) were

R -NH'CHZCH2C02R'

1
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carried out with sodium methoxide in methanol or sodium
ethoxide in ethanol. The 4-cyano-3-pyrrolidinones (VIII)
underwent decomposition when attempts were made to
purify them by crystallization, and were fully characterized
only in the form of the enamine derivatives (XI).

The rather low yields of VIII from the cyclization proce-
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dures must in part reflect the instability of these products.
In the case of the diesters (IV) the possibility existed that
Dieckmann cyclization might occur in an alternative
manner to that shown and might yield 2-carbethoxy
or carbomethoxy-3-pyrrolidinones (7). However, NMR
spectra obtained from derived enamines (IX) effectively
rule out the possibility that the major Dieckmann products
have the ester function in the 2-position. Infrared spectra
of the 4-carbethoxy or 4-carbomethoxy derivatives indi-
cated that these compounds were completely enolized in
the solid state (Nujol mull or potassium bromide pellet
spectra), but the spectra of solutions in methylene chloride
showed both enol and keto forms to be present. (Presence
of the enol form was indicated by strong hydroxy
absorption at ca. 3.05 u and the keto form by ketonic
carbonyl absorption at 5.65 u which is absent from the
enol form.) The 4-cyano compounds (VILI), on the other
hand, appeared to be completely ketonic in the solid
state or in chloroform solution.

Reactions 7 and 8: Formation of 4-Carboalkoxy- or
4-Cyano-3-amino-3-pyrrolines (1X or XI).

Conversion of the 3-pyrrolidinones (VI or VIII) to the
3-amino-3-pyrrolines (IX or XI) was carried out by
treatment with ammonium formate. As in the examples
described previously (2), reaction occurred in refluxing
ethanol solutions in the case of 1-aryl derivatives. However,
an attempt to apply these conditions to the 4-cyano-2,3-
dioxopyrrolidine (XVI) (obtained by condensation of I1If
with diethyl oxalate in the presence of sodium ethoxide
(8)) yielded merely the ammonium salt of the starting
material, and conversion to the 3-amino-3-pyrroline (XVII)
was achieved only by carrying out the reaction in refluxing
2-ethoxyethanol.

OCH3 OCH3

Xvi xvi

N=C

HCO NH
HO 0

OCH3
THGOCHZCHZ0R
OCH;

The NMR spectra of the enamines (IX) in deuterio-
chloroform were fully consistent with the assigned struc-
ture. Thus, the 1-phenyl and 1-p-chlorophenyl-4-carbo-
methoxy compounds showed, in addition to the expected
aromatic pattern, and a broad two-proton signal for
the amine group, a three-proton singlet at ca. 6.3 7 (methyl
ester resonance) and a rather broad but unresolved
four-proton signal at ca. 5.9 7 representing the protons
at the 2 and 5 positions of the pyrroline ring. It is not
surprising that the chemical shift of the protons in these
two locations in structure IX should be very similar since
both are located on carbon atoms which are attached to
the same nitrogen atom and to doubly bonded carbon
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atoms holding substituents which should have similar
influences on chemical shifts. The NMR spectrum of the
1-phenyl-4-carbethoxy derivative differed slightly from the
4-carbomethoxy compound in that the signals at ca. 5.9 7
were split into multiplets (partially obscured by the quartet
from the methylene portion of the O-ethyl group) apprent-
tly reflecting small coupling constants (2-4 Hz) such
as might result from coupling of protons at position
2 with those at position 5 (9).

Reactions 9, 13, 10 and 14: Ring Closures to 4-Hydroxy-
or 4-Amino-6,7-dihydro-5H -pyrrolo[3,4-d ] pyrimidine
Derivatives (XIII or XV).

In the previous application of ring closures of this type
which were performed on l-acyl derivatives, the first
operation was treatment of the 4-carbethoxy or 4-cyano-
3-amino-3-pyrroline with ethyl orthoformate and acetic
anhydride (2). However, in the case of the l-aryl
derivatives (1X) employed in this investigation, the result
of the same procedure was simply acetylation of the
3-amino group, not the desired formation of the ethoxy-
methylene intermediates (XII).  This difficulty was
circumvented by omitting the acetic anhydride and
treating the compounds of type IX with ethyl ortho-
formate containing a small amount of formic acid. The
N-ethoxymethylene intermediates (XII) obtained after
distillation to remove other components of the reaction
mixtures were not fully purified, but were treated in the
crude state with ethanolic ammonia solution to effect
conversion to the 4-hydroxy-6,7-dihydro-5H-pyrrolo-
[3,4-d ]pyrimidines (XIH). The same procedure was
successfully applied to 4-cyano-3-amino-3-pyrrolines (XI)
for the preparation of the 4-amino-6,7-dihydro-5SH-pyrrolo
[3,4-d]pyrimidines (XV), and also to the 4-cyano-3-amino-
3-pyrrolin-2-one (XVII), which yielded 4-amino-63,4,5-
trimethoxybenzyl)-5H-pyrrolo[3,4-d]pyrimidin-7(6H)one
(X

OCH3

N~
Xvit —_— )j:‘{\N C“ZQOCHS

Xviti

Reaction 12: Ring Closure to 2,4-Diamino-6,7-dihydro-
5H-pyrrolo[ 3 ,4-d |pyrimidines (X).

The 1-aryl-3-amino-4-cyano-3-pyrrolines (XI) were
converted to 6-aryl-24-diamino-6,7-dihydro-5H-pyrrolo-
[3,4-d |pyrimidines (X) by treatment with guanidine
carbonate in refluxing 2-ethoxyethanol (3¢). The 3-amino-
4-cyano-3-pyrrolin-2-one (XVII) was also converted into
a diaminopyrrolo[3,4-d |pyrimidine derivative in the same
refluxing solvent, but in this instance, guanidine itself
(obtained by treatment of guanidine hydrochloride with
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TABLE V

Nuclear Magnetic Resonance Spectra (a)
6,7-Dihydro-5H-pyrrolo[ 3,4-d ] pyrimidines

Ry

N7~
J\\ | N-Rg
Ry, "N
T

Rl' Rz- R3- 5-and 7-CH2 2.CH R3-
HO- H- CeHs- 441, 4.56 0.93 2.18-2.40
HO- H- p-Cl-CgHg- 4.48, 4.61 0.95 2.18-2.40
HO- H;N- CgHs- 4.58, 4.78 - 2.38
H,N- H- CeHs- 4.35, 4.45 0.92 2.28
H,N- H- p-Cl.CgHy- 4.49, 4.58 1.05 2.20-2.60
H,N- H,N- CeHs- 459 - 2.27
H;N- H,N- p-Cl-CgHy- (b) - 2.37

(a) All NMR spectra were determined in trifluoroacetic acid solution, with tetramethylsilane as an internal reference. (b) The 5- and
7-methylene protons could not be separately assigned. Signals at 4.68 (4H), 6.60 (2H), and 6.71 (2H) were observed, and in addition, a
peak at 1.55 (1H) was evident.

TABLE VI

Ultraviolet Spectra

6,7-Dihydro-5H-pyrrolo[ 3,4-d ] pyrimidines
R

N7~
/]\\ [l N-Rs
Ro N
A max, my
Rq¢- R,- R3- Solvent (log €)
HO- H- CgHs- 10% NaOH 238 (4.29)
298 (3.32) sh
HO- H- p-Cl-C¢Hy 10% NaOH 257 (4.28)
205 (3.32) sh
HO- H- p-MeO, C-CgHy- 10% NaOH 291 (4.29)
295 (4.29) sh
HO- H,;N- CgH3s- 10% NaOH 242 (4.35)
270 (4.08) sh
305 (3.38) sh
HO- N,N- p-Cl-CgHy- 10% NaOH 255 (4.27)
310(3.26) sh
H,;N- H- CeHs- 10% HC1 247 (4.26)
300 (3.28) sh
H,N- H- p-Cl-CgHy- 10% HCl1 252 (4.30)
299 (3.45)
H,N- H,;N- CgHs- 10% HCI1 230 (a) sh
272 (a)
HaN- H;N.- p-Cl-CgHy- 10% HCl 247 (a)
285 (a) sh

(a) The extinction coefficients were not determined because not all of the compound dissolved.
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sodium ethoxide in ethanol) was used rather than guanidine
carbonate. The product, 2,4-diamino-6-(3,4,5-trimethoxy-
benzyl)-5H-pyrrolo[3,4-d Jpyrimidin-7(6H)-one (XIX) was
also obtained from the 4-cyano-2,3-dioxopyrrolidine (XVI)
by the action of guanidine carbonate in refluxing 2-ethoxy-
ethanol, but the procedure utilizing XVII as the inter-
mediate appears to be the more reliable of the two.

N
2 OCHg
N7~
E A— J\ 1| N-chy 0CH3
xvi N
HoN” N
0

OCH3

XX

Reaction 11: Cyclization to 2-Hydroxy-4-amino-6,7-dihy-
dro-5H-pyrrolo[3,4-d | pyrimidines (VII).

Conversion of the 4-carbethoxy or 4-carbomethoxy-3-
pyrrolidinones (VI) to pyrrolo[3,4-d pyrimidine deriva-
tives of type VII was performed efficiently by refluxing
the starting materials in ethanol solutions of guanidine
carbonate (10).

EXPERIMENTAL (11)

Preparation of Methyl and Ethyl N-Substituted-g-aminopropionates
and N-Substituted-g-aminopropionitriles (I and III).

Instances of the use of the different procedures for the addition
of amines to acrylate esters or acrylonitrile are exemplified by the
experiments described below.

Procedure A.
Methyl N-p-Chlorophenyl-g-aminopropionate (IIb).

A mixture of 127.5 g. (1.0 mole) of p-chloroaniline, 344 g.
(4 moles) of methyl acrylate and 100 ml. of acetic acid was heated
under reflux for 10 hours. The reaction mixture was evaporated
almost to dryness, poured into water and made basic with 40%
sodium hydroxide solution. The solid that separated was collected
by filtration and recrystallized from an ethanol-water mixture.
The yield was 107 g. (50%) of product, m.p. 58-60°. Recrystalliza-
tion from a mixture of Skellysolve B and methylene chloride
raised the m.p. to 61.5-62°.

Anal. Caled. for CyoH;2CINO,: C, 56.21; H, 5.66; N, 6.54.
Found: C, 56.06; H,5.77; N, 6.41.

Methyl N-p-Carboxyphenyl-g-aminopropionate (11d).

A mixture of 137 g. (1.0 mole) of p-aminobenzoic acid, 344 g.
(4 moles) of methyl acrylate and 344 ml. of acetic acid was refluxed
for 9 hours. The reaction mixture was cooled and the crystalline
product which separated was collected by filtration, then washed
with ether until all traces of acetic acid and methyl acrylate were
removed. A 140 g. (63%) yield of product of m.p. 188-190° was
obtained. (Lit.(5), m.p. 186-187°.)

Procedure B.
Ethyl N-3,4,5-trimethoxybenzyl-g-aminopropionate (1If).

A solution of 7.5 g. (0.038 mole) of 3,4,5-trimethoxybenzyl-
amine and 3.8 g. (0.038 mole) of ethyl acrylate in 20 ml. of
absolute ethanol was allowed to stand overnight at room tempera-
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ture, and the solvent was evaporated under reduced pressure to
yield an amount of yellow oil corresponiding to a quantitative yield
(11.3 g.). This product was used in subsequent steps without
purification since the NMR spectrum did not indicate the presence
of significant amounts of other materials.

Procedure C.
N-p-chlorophenyl-g-aminopropionitrile (I1Ib).

A solution of 127.5 g. (1.0 mole) of p-chloroaniline and 100 ml.
of acetic acid in 266 ml. (4.0 mole) of acrylonitrile was refluxed
for 24 hours. The solvent was removed under reduced pressure,
and the residual oil was poured into 500 ml. of water, made
strongly basic with sodium hydroxide solution, and cooled. The
product was separated by filtration and recrystallized from an
ethanol-water mixture. The yield was 67 g. (37%) of a product
melting at 72-75° (Lit. (12), m.p. 74-75°).

Procedure D.
N-p-Carboxyphenyl-g- aminopropionitrile (I1Id).

A solution of 100 g (0.73 mole) of p-aminobenzoic acid,
72.5 ml. (1.18 mole) acrylonitrile, and 69 ml. (0.50 mole) of
triethylamine in 750 ml. of water was refluxed for 48 hours. The
reaction mixture was cooled and acidified with 70 ml. of
concentrated hydrochloric acid. The product was collected by
filtration and recrystallized from a dimethylformamide-methanol
mixture to give 55% yield of product, m.p. 219°. (Lit. (13),
m.p. 220-221.5°).

Procedure E.
N-3,4,5-Trimethoxybenzyl-g-aminopropionitrile (IIIf).

A solution of 19.0 g. (0.0965 mole) of 3,4,5-trimethoxybenzyl-
amine (14) and 5.3 g. (0.10 mole) of acrylonitrile in 20 ml. of
absolute ethanol was allowed to stand at room temperature for 8
hours. The solvent was evaporated to yield a viscous yellow
liquid which was used in subsequent reactions without purification
since the NMR spectrum indicated a satisfactory state of purity.

Preparation of Methyl N-p-Carbomethoxyphenyl-g-aminopropio-
nate (llc).

To a suspension of 100 g. (0.45 mole) of methyl N-p-carboxy-
phenyl-g-aminopropionate (IId) in 475 ml. of methanol was
cautiously added 90 ml. of concentrated sulfuric acid. The
resulting solution was refluxed for 20 hours and then poured into
2.5 L. of ice water. The product was collected by filtration and
recrystallized from 95% ethanol to yield 78 g. (73%) of the methyl
ester as white needles, m.p. 116-117°. (Lit. (5), m.p. 116-117°.)

(IIc).

To an excess of diazomethane (ca. 6 g. from 20.6 g. (0.22
mole) of N-methyl-N-nitrosourea (15)) in 300 ml. of ether at 0
was added 20 g. (0.105 mole) of N-p-carboxyphenyl-g-amino-
propionitrile in small portions with stirring. The mixture was
allowed to come to room temperature and stirred for two hours.
Acetic acid (2 ml.) was added to destroy the excess diazomethane,
and the product was collected by filtration to give 19.45 g. of
white powder, m.p. 116-118°. Reecrystallization from ethanol
gave white needles, m.p. 120-121°,

Anal. Calcd. for Cl 1 H12 Ng 02 5 C, 64.69; H, 5.92; N, 13.72.
Found: C,64.66; H, 6.03; N, 13.54.

Preparation of 4-Carboalkoxy- and 4-Cyano-l-aryl-3-pyrrolidi-
nones (VI and VIII).

The procedures are deseribed below and results are compiled

Preparation of N-p-Carbomethoxy -g- aminopropionitrile
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in Table 1.
Procedure A.
1-Aryl-4-carbomethoxy-3-pyrrolidinones (VI).

A solution of 0.11 mole of the methyl N-aryl-g-aminopropionate
(I1) and 0.2 mole of ethyl bromoacetate in 40 ml. of 95% ethanol
was refluxed for 24 to 48 hours. The reaction mixture was cooled,
poured into ca. 200 ml. of ice water, and made strongly basic with
40% sodium hydroxide solution. The mixture was stirred at 0°
until the odor of ethyl bromoacetate was no longer evident and
then was extracted with ether. The combined ether extracts were
washed with water and saturated sodium chloride solution and then
dried over anhydrous sodium sulfate. The solvent was removed by
distillation under reduced pressure.

The viscous residual oil was weighed and dissolved in 50 to
100 ml. of anhydrous methanol. A solution prepared from sodium
(1.5 g. atoms per mole of the crude product) dissolved in 50 to
100 ml. of anhydrous methanol was added, and the resulting
solution was refluxed for two hours. Water (100 to 150 ml.) was
added to partially dissolve the precipitated sodium enolate, and
the stirred suspension was acidified with acetic acid. The keto
ester was collected by filtration and recrystallized. The p-carboxy-
phenyl derivative was recrystallized from a dimethylformamide-
ethanol solution; all of the other products were recrystallized from
aqueous ethanol.

Procedure B.
4-Carbethoxy-1-phenyl-3-pyrrolidinone (Vla).

A solution of 53.5 g. (0.277 mole) of ethyl N-phenyl-g-amino-
propionate (I1a), 46.3 g. (0.277 mole) of ethyl bromoacetate, and
37.7 g. (0.277 mole) of sodium acetate trihydrate in 50 ml. of 95%
ethanol was refluxed for 5 hours. The reaction mixture was poured
into ca. 200 ml. of ice water, made basic with 40% sodium hydroxide
solution, and extracted with ether. The combined ether extracts
were washed with water and saturated sodium chloride solution,
the solvent was evaporated under reduced pressure, and the
product was distilled under reduced pressure. The fraction
distilling at 165° (2 mm.) was collected, yielding 70 g. (90%) of
a colorless viscous oil.

A solution of the liquid in 50 ml. of anhydrous ethanol was
treated with a solution prepared from 2.4 g. (0.105 mole) of
sodium in 105 ml of anhydrous ethanol. After refluxing the
resulting solution for 20 minutes, water (100 ml.) was added, and
the keto ester was isolated as in Procedure A.

Procedure C.

4-Carbomethoxy-1-p- carbomethoxyphenyl-3-pyrrolidinone (Vle).
A solution of 23.7 g. (0.1 mole) of methyl N-p-carbomethoxy-

phenyl-g-aminopropionate (Il¢), 33 ml. (0.3 mole) of ethyl bromo-

acetate, 40 ml. of 95% ethanol, and 13.6 g. (0.1 mole) of sodium

acetate trihydrate was refluxed for 48 hours. The product (1Vc)
was isolated and cyclized as in Procedure A.

Procedure D.
1-Aryl-4-cyano-3-pyrrolidones ( VIII).

The N-aryl-g8-aminopropionitrile (I[1) (0.1 mole) was refluxed
in 10 ml. of 95% ethanol with 22 ml. (0.2 mole) of ethyl bromo-
acetate for 24 to 60 hours. The reaction mixture was poured into
200 ml. of ice-water, made strongly basic with 40% sodium
hydroxide solution, and stirred at 0° until the odor of ethyl
bromoacetate was no longer present. The mixture was then
extracted with ether; the combined ether extracts were washed
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with water and saturated sodium chloride solution, dried over
anhydrous sodium sulfate, and evaporated under reduced pressure

to yield viscous orange to red oils. The crude yields were
calculated from the weights of these crude oils.

The products of the alkylations were dissolved in ca. 100 ml. of
absolute ethanol and to this solution was added a solution of 1.5
equivalents of sodium dissolved in 50 to 100 ml. of absolute ethanol.
The mixture was refluxed from one to four hours, and the
precipitated sodium enolate was collected by filtration and washed
with ethanol and ether. The salt was suspended in water (ca.
200 ml.), acidified with acetic or dilute hydrochloric acid, and the
cyanopyrrolidinone was collected by filtration. In all cases these
compounds were found to be unstable in warm solutions and hence
could not readily be purified by recrystallization.

Preparation of 4-Carboalkoxy- and 4-Cyano-3-amino-1-aryl-3-pyrro-
lines (I1X and XI).

Solutions of 1l-aryl-4-carboalkoxy-3-pyrrolidinones (VI), or
1-aryl-4-cyano-3-pyrrolidinones ( VIII) and an excess of ammonium
formate were refluxed in 95% ethanol for 3 to 14 hours. The
solution was cooled to 0° and filtered to collect the product. In
most cases, the products were pure enough to use in subsequent
reactions, Analytical samples were usually prepared by recrystal-
lizations from ethanol. The details and results of the individual
experiments are tabulated in Table II.

Preparation of 4-Amino- and 4-Hydroxy-6-aryl-6,7-dihydro-5H-
pyrrolo[3,4-d }pyrimidines (XV and XIII).

The 4-carboalkoxy- and 4-cyano-1-aryl-3-amino-3-pyrrolines(1X
and XI) were refluxed in ethyl orthoformate containing 1 ml. of
formic acid for two to six hours. The solvent was then removed
by distillation under reduced pressure, and the resulting oily
semisolids were suspended in ethanol saturated with anhydrous
ammonia and stirred at room temperature for two to seven hours.
The amino pyrimidines were collected by filtration. To isolate the
hydroxy pyrimidines it was necessary to distill off about half of
the solvent under reduced pressure and to add an equal volume of
ether, before the product was collected by filtration. All products
were recrystallized from dimethylformamide. Individual details
and results are listed in Table II1.

Preparation of 2-Amino4-hydroxy- and 2,4-Diamino-6-aryl-6,7-
dihydro-5H-pyrrolo[ 3,4-d] pyrimidines (VII and X).

The individual details and results are listed in Table IV.
Procedure A.

6-Aryl-2-amino -4 -hydroxy-6,7-dihydro-5H-pyrrolo[ 3,4-d ] pyrimi-
dines (VII).

Suspensions of 0.02 moles of 1-aryl-4-carbomethoxy-3-pyrroli-
dinones (VI) and 3.60 g. (0.02 mole) of guanidine carbonate in 50
ml. of absolute ethanol were refluxed with stirring for 18 hours.
The mixtures were cooled, poured into 150 ml. of water, and
acidified with acetic acid. The products were collected by
filtration and washed with water, ethanol, and ether (16).

Procedure B.
6-Aryl-2,4-diamino-6,7-dihydro-5H-pyrrolof 3,4-d ] pyrimidines (X).

The 1-aryl-3-amino-4-cyano-3-pyrroline (XI) (0.01 mole) and
guanidine carbonate (0.01 mole) were refluxed with stirring in
2-ethoxyethanol for ca. four hours. The reaction mixtures were
cooled, and water (75 to 100 ml.) was added. The products were
collected by filtration and washed with water, ethanol, and ether.

All products were recrystallized from dimethylformamide to
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obtain analytical samples.

Preparation of 4-Cyano-2,3-dioxo-1-(3.,4,5- trimethoxybenzyl)-
pyrrolidine (XVI).

A solution of 24.1 g. (0.965 mole) of N-cyanoethyl-3,4,5-tri-
methoxybenzylamine and 14.1 g. (0.965 mole) of diethyl oxalate
in 20 ml. of absolute ethanol was added to a cold solution of 2.3 g.
(0.1 mole) of sodium metal dissolved in 60 ml. of absolute ethanol.
This mixture was kept at 0° for 30 minutes and then allowed to
stir overnight at room temperature. The precipitate that formed
was dissolved in 800 ml. of water and the resulting solution was
acidified with 20% hydrochloric acid. The white granular solid
that precipitated was collected by filtration and washed with 75%
aqueous ethanol, yielding 22.2 g. (76%) of product, m.p. 188-190°
dec. Recrystallization from a benzene-ethanol solution raised the
melting point to 190-191°.

Anal. Caled. for Cy5Hi g Ny Os: C, 59.20; H, 5.30; N, 9.21.
Found: C, 59.25; H, 5.26; N, 9.10.

Preparation of 3-Amino-4-cyano-1-(3,4,5-trimethoxybenzyl)-2-
oxo-3-pyrroline (XVI1I).

A mixture of 3.04 g. (0.01 mole) of 4-cyano-2,3-dioxo-1-
(3,4,5-trimethoxybenzyl)pyrrolidine (XVI), 1.26 g. (0.01 mole) of
ammonium formate, and 10 ml. of 2-ethoxyethanol was refluxed
for 4 hours. The brown-colored reaction mixture was cooled to 0°,
and diluted with petroleum ether (b.p. 30-600). The precipitated
solid was collected by filtration, washed with petroleum ether and
crystallized from a mixture of ethyl acetate and petroleum ether
(b.p. 30-600) with decolorization by Norite. The product (2.1 ¢.,
70% yield) was obtained as small colorless needles, m.p. 164-166 .

Anal. Caled. for C;sHj7N304: C, 59.39; H,5.65; N,13.86.

Found: C,59.20; H,5.79; N,12.33, 12,93 (17).

Preparation of 4-Amino-6-(3,4,5-trimethoxybenzyl)-5H-pyrrolo-
[3,4-d]pyrimidin-7(6H)-one (X VIII).

A mixture of 0.75 g. (2.5 mmoles) of compound XVII, 10 ml.
of ethyl orthoformate and 2.5 ml. of formic acid was refluxed for
2 hours. The volatile components were removed by distillation
under reduced pressure, and the residue was treated with an excess
of ammonia in absolute ethanol. After the mixture had been
allowed to stand overnight the product which had separated was
collected by filtration. Crystallization from ethyl acetate with
Norite decolorization, followed by recrystallization from a mixture
of ethyl acetate and getroleum ether (b.p. 30-600) afforded white
needles, m.p. 246-248 ; yield 0.17 g. (21%).

Anal. Caled. for CgHygNsO4: C, 58.17; N, 5.49; N, 16.96.
Found: C,57.77; H,5.39; N, 16.80.

Preparation of 2,4-Diamino-643,4,5-trimethoxybenzyl)-5H-pyrrolo-
| 3,4-d ] pyrimidine-7(6)-one ( XIX).

A solution of 0.6 g. (10 mmoles) of guanidine was prepared by
treating 0.96 g. (10 mmoles) of guanidine hydrochloride with an
equivalent quantity of sodium ethoxide solution in absolute ethanol,
adding 25 ml. of 2-ethoxyethanol and removing ethanol by
distillation. Compound XVII (1.5 g., 5 mmoles) was added and the
mixture was refluxed for 20 hours. The precipitated products
were collected by filtration, washed with cold water to remove
sodium chloride, and crystallized from glacial acetic acid to yield
1.15 g. gﬂ%) of compound XIX as a powdery white solid, m.p.
306-309°, UV A max (10% hydrochloric acid) 220 (log ¢ 4.51),
252 (log e, 3.90, shoulder), 295 myu (log e, 3.72, shoulder).

Anal. Caled. for C;gHy gNs O4: C,55.64; H,5.55; N, 20.28.
Found: C, 55.59; H, 5.50; N, 20.32.
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