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VI. 2,4, 6-Trisubstituted 7-Oxo-5,7~dihydropyrrolo[3,4-d]pyrimidines*

N. E. Britikova, K. A, Chkhikvadze, and O. Yu. Magidson

Khimiya Geterotsiklicheskikh Soedinenii,
UDC 547.853'859.1.2'743.1.745:543.422 .4

A number of 2,4, 6-trisubstituted derivatives of 7-0xo0-5, T-dihydro-
pyrrolo[3, 4-d]pyrimidine has been synthesized by the reaction of hydro-
chlorides of primary amines with 2, 4-disubstituted derivatives of the
lactone of 5-(hydroxymethyl)pyrimidine-6-carboxylic acid.

The present work is devoted to a further study of
the properties of 2,4-diamino-substituted derivatives
of the lactone of 5-(hydroxymethyl)pyrimidine-6-car-
boxylic acid (I) [1] and the synthesis from them of
lactams which are derivatives of 2,4, 6-trisubstituted
7-0x0~5, T-dihydropyrrolo[3, 4-d)pyrimidines, In a
preceding paper [2] we reported the synthesisof 2,4,7-
trioxo derivatives of pyrrolo[3, 4-d]pyrimidine obtained
by the reaction of the lactone of 5-(hydroxymethyl)-

orotic acid with ammonia and primary amines and their

hydrochlorides. A study of the properties of the 2,4-
diamino-substituted lactones I [1] showed that in con-
trast to the lactone of 5-(hydroxymethyl)orotic acid,

it was possible to obtain from them derivatives of
pyrrolo[3, 4-d]pyrimidine only under the action of
hydrochlorides of primary amines in ethylene glycol
at a high temperature (140-180° C). Only in individual
cases did the action of hydrochlorides of primary aro-
matic amines yield derivatives of pyrrolo[3, 4-dlpy-
rimidine at a lower temperature (78~100° C).

Under similar conditions, the action of amines in
the form of bases on the 2, 4-diamino-substituted
lactones I containing a tertiary amino group (R") in
position 4 did not lead to a reaction, and the initial
lactones I were recovered quantitatively from the re-
action mixture. A small amount of pyrrolo[3, 4-d]-
pyrimidine derivatives was obtained only when a sec~
ondary amino group was present in position 4 of the
lactone I.

The absence of a reaction between primary amines
and the lactones I and the comparatively ready forma-
tion of derivatives of pyrrolo[3, 4-d]pyrimidine by the
reaction of the lactones I with hydrochlorides of pri-
mary amines is connected with the necessity for the
presence of a proton in the reaction medium. It is
possible that the activation of the molecule of the lac-
tone I then takes place through the addition of a proton
to it, which facilitates the action of nucleophilic re-

agents on I.
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*For part V, see [1].
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If there is not an amine group but a chlorine atom
in position 2 of the pyrimidine ring in the lactone I, it
is possible to obtain derivatives of pyrrolo[3, 4~d]-
pyrimidine from such a lactone both by the action of
hydrochlorides of primary amines and by the action of
ammonia or primary amines in the form of the bases.
In this case possibly the aminolysis of the chlorine
takes place, and the hydrochloric acid liberated is
sufficient for the protonation of the lactone I.
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XIH R’=—NHCsH,OCHs;; R”=NHC;H;; R=C;H,0CH;
XIV R’=—NHC;H;; R”"=-NHC;H;; R=-C,H,

The fact that the presence of a proton is necessary
for the formation of pyrrolo[3,4-d]pyrimidines in the
case of the 2,4-diamino-substituted lactones I is con~
firmed by the fact that in such aprotic solvent as di-
methylformamide this reaction does not take place at
all. For lactones containing oxo groups in positions 2
and 4, the absence of protons from the medium does
not have such a marked effect on the formation of
pyrrolo[3, 4~-dlpyrimidine derivatives [1].

In a study of the reaction of the lactones I with hy-
drochlorides of primary amines, we were interested
in the question of what compounds could be interme-
diates in the synthesis of the pyrrolo[3, 4-d]pyrimidine
derivatives. It was found that in the reaction with amine
hydrochlorides, depending on the reaction conditions,
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CHEMISTRY OF HETEROCYCLIC COMPOUNDS

either the initial lactone I or the final reaction prod-
ucts—the pyrrolo[3, 4-d] derivatives—were isolated.

It was impossible to isolate any intermediate sub-
stances whatever, The derivatives of 5-(hydroxymeth-
yDpyrimidine-6-carboxyamide (XV) that we obtained
previously by the action of primary amines on a lac-
tone I containing a secondary amino group in position 4
[2] likewise proved not to be intermediates in the syn-
thesis of the pyrrolo[3, 4-dlpyrimidine derivatives,
Such amides are unstable compounds: on heating in
ethylene glycol to 150° C they lose the amino group
with simultaneous cyclization, i.e., with the formation
of the lactone ring of I. We obtained the same lactones
I previously by the hydrolysis of the amides XV in di~-
lute hydrochloric acid [2].
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All the 2,4, 6-trisubstituted 7-oxo~5, 7-dihydro-
pyrrolo[3, 4-dlpyrimidine derivatives synthesized are
stable crystalline compounds which dissolve in di-
methylformamide and are sparingly soluble in ethanol
and insoluble in water. The IR absorption spectra show
the characteristic bands in the region of the stretching
vibrations of carbonyl groups. Pyrrolo[3, 4-d]pyrim-
idine derivatives containing a tertiary amino group in
position 4 show an absorption band at 1710-1700 cm™!
for the C==0 group in position 7, and derivatives con-
taining a secondary amino group in position 4 show this
band in the 1690~1670 cm™~! region. Furthermore, the
latter compounds show characteristic bands of the
stretching vibrations of the secondary amino group in
the high-frequency region in the range from 3400 to
3200 cm™!, The IR spectra of all the compounds were
recorded on a UR-10 spectrometer in the form of
mulls in paraffin oil,

EXPERIMENTAL

7-Oxo0-6-phenyl-2, 4-dipiperidino-5, 7-dihydropyrrolo[3, 4-d]pyrim-
idine (II). A mixture of 30.2 g (0.1 mole) of the 2, 4-dipiperidinolac-
tone I (R' = R" = piperidino) and 32.4 g (0.25 mole) of aniline hydro-
chloride was heated in ethylene glycol (1:10) at 140° C for 1 hr 30
min, After cooling and dilution of the mixture with water, crystalline
sodium bicarbonate was added to neutrality. The precipitate of II was
filtered off, washed with water, and crystallized from ethanol.

6-(B-Hydroxyethyl)-7-o0x0-2, 4-dipiperidino-5, 7~dihydropyrrolo-
[3, 4-dpyrimidine (III), A mixture:'of 30.2 g (0.1 mole) of the 2, 4~
dipiperidinolactone I (R' = R" = piperidino) and 24.4 g (0.25 mole) of
ethanolamine hydrochloride was heated in ethylene glycol (1:5) at
200° C for 3 hr, The ethylene glycol was distilled off in vacuum. The
residue consisted of III, which was crystallized from aqueous ethanol.

7-0x0-2, 4-dimorpholino-6-phenyl-5, 7-dihydropyrrolo[8, 4-d]-
pyrimidine (IV), A mixture of 30.6 g (0.1 mole) of the 2, 4-dimorpho-
linolactone I (R' = R" = morpholino) with 32.4 g (0.25 mole) of aniline
hydrochloride was heated in ethylene glycol (1:10) to 180° C for 1 hr
30 min, The precipitate was treated in a similar manner to II. This
gave IV, which was crystallized from dimethylformamide.

6-Benzyl-2, 4~dimorpholino-7-oxo-5, 7-dihydropyrrolo[3, 4-d]-
pyrimidine (V) was obtained in the same way as IV by the reaction of
the 2, 4-dimorpholinolactone I (R = R" = morpholino) with benzyl-
amine hydrochloride. The V was crystallized from ethanol and dried in
vacuum over P,Os.
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Ethylene glycol monoester of 2, 4-dimorpholino-7-oxc-5, 7~dihydro-
pyrrolo[3, 4-d)pyrimidine~6-acetic acid (VI) [2]. A mixture of 3.06 g
(0.01 mole) of the 2, 4-dimorpholinolactone I (R' = R" = morpholino)
and 1.5 g (0.02 mole) of glycine was heated in 8 ml of ethylene glycol
in the presence of 1.5 ml of cunc HCL as in the preparation of IV, The
precipitate was treated in a similar manner to II, The VI was crystal-
lized from ethanol.

6=-p-Methoxyphenyl-7-oxo-4-phenylamino-2-piperidino-5, 7-di-
hydropyrrolo[8, 4~-d]pyrimidine (VII) and 8-p-methoxyphenyl-2-mor-
pholino-7-oxo-4-phenylamino-5, 7-dihydropyrrolo[3, 4-d]pyrimidine
(VII). Compounds VII and VIII were obtained from a mixture of 31.0 g
(0.1 mole) of the 4-phenylamino-2-piperidinolactone I (R' = piperidino;
R" = NHCgH;) or 31.2 g (0.1 mole} of the 2-morpholino-4-phenyi-
aminolactone I (R' = morpholino; R” = NHC¢H;s) and 40 g (0.25 mole)
of p-anisidine hydrochloride in a similar manner to IV, with the dif-
ference that to obtain VIII the reaction was carried out at 140-150° C.
Compound VII was crystallized from acetone and VIII from ethanol.

4~-(8-Chloroethylamino)-T-oxo=6-phenyl-2-piperidino-§, 7-dihydro~
pyrrolof3, 4-dpyrimidine (IX), A mixture of 31.6 g (0.1 mole) of the
4-(B-chloroethylamino)-2~piperidinclactone I (R' = piperidino; R" =
= NHCH,CH,Cl1) and 25,9 g (0.2 mole) of aniline hydrochloride was
heated in ethanol (1:25) at 78° C for 10 hr. The ethanol was distilled
off in vacuum, the residue was wreated with water, and the compound
IX was filtered off. It was crystallized from ethanol,

Under the same conditions, X was obtained by the reaction of
26.2 g (0.1 mole) of the 2-chloro-4-phenylaminolactone I with 49,3 g
(0.35 mole) of aniline hydrochloride. The X was crystallized from
ethanol, In addition, X was obtained from the 2-chloro-4-phenyl-
aminolactone I (R' = Cl; R" = NHC¢H;) and aniline base or aniline
hydrochloride in ethylene glycol by heating the mixture at 140° C
under the conditions described for II.

2~Amino-T-0xo~-4-phenylamino-5, 7-dihydropyrrolo(3, 4-dJpyrim~
idine hydrochloride (XI). A mixture of 1 g (~4 mM) of the 2-chloro-
4-phenylaminolactone I (R" = Cl; R" = NHG¢H;) and 20 ml of ethanolic
ammonia (16%) was heated in a closed metal tube at 140° C for 5 hr,
The solvent was distilled off in vacuum and the XI was crystallized
from water acidified with hydrochloric acid.

7-Ox0-4-(p-hydroxyphenylamino)-6~phenyl-2-phenylamino=-5, 7~
dihydropyrrolof3, 4-dlpyrimidine (XII). A mixture of 27.8 g (0.1 mole)
of the 2-chloro-4-(p-hydroxyphenylamino)actone I (R' = Cl; R" =
= NHCzH,OH-p) and 45.3 g (0.35 mole) of aniline hydrochloride was
heated in ethylene glycol at 120° C in a similar manner to the prepa-
ration of I, The XII was purified by reprecipitation with water from a
solution in dimethylformamide.

6-(p-Methoxyphenyl)-2-(p-methoxyphenylamino)-7-oxo-4-phenyl-
amino-5, 7-dihydropyrrolo[3, 4-dJpyrimidine (XIII) was obtained and
purified in the same way as XII.

6-Butyl-2-butylamino-7-ox0-4-phenylamino-5, 7-dihydropyrrolo-~
[8,4~d]pyrimidine (XIV) was obtained in a similar manner to III from
a mixture of 26,2 g (0.1 mole) of the 2-chloro-4-phenylaminolactone
I(R' = CI; R" = NHG;Hs) and 25.5 g (0,35 mole) of butylamine, The
XIV was purified by crystallization from aqueous ethanol,

The characteristics of all the compounds synthesized are given in
the table.
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