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The synthesis of oxo derivatives of pyrrolo[3, 4-djpyrimidine has been
effected by the reaction of the lactone of 5-(hydroxymethyl)-orotic
acid with ammonia or primary amines. In a number of cases, in place
of the free organic bases their salts with mineral acids were used suc-
cessfully. A number of 2, 4, 7-trioxo derivatives of pyrrolo[3, 4-djpyri-
midine and some new derivatives of orotic acid have been synthesized,

In previous papers we have reported the synthesis
of the lactone of 5-(hydroxymethyljorotic acid [1] and
its chemical reactions [2]. The present work is a con-
tinuation of investigations of the chemical properties
of the lactone of 5-(hydroxymethyl)orotic acid (I) with
the object of obtaining from it lactones forming oxo
derivatives of pyrrolo[3, 4-d]pyrimidine.

In recent years syntheses of amino and oxo deriva-
tives of pyrrolo[3, 4~-d]-pyrimidine have been pub-
lished which were carried out by the condensation of
guanidine or urea with derivations of oxopyrroline
and dioxopyrroline [3,4], and of guanidine with deriva-
tives of pyrroline [5]. Starting from the lactone of
5-(hydroxymethyllorotic acid (I), we have carried out
a new synthesis of oxo derivatives of pyrrolo[3, 4~djpy-
rimidine, i.e., in contrast to the syntheses mentioned
above [3, 5], not from pyrrole derivatives with the sub-
sequent construction of the pyrimidine ring but from
compounds already containing a pyrimidine ring with
the subsequent building up of the oxopyrroline ring.
When gaseous ammonia was passed into a solution of
the lactone I in ethylene glycol at 130° C or when a
roixture of I with a primary amine was heated, again
in ethylene glycol, at a temperature of 150°~180° C,
derivatives of 2,4, T-tricxypyrrolo[3, 4~djpyrimidine
{(II-VII) were obtained (Table 1).
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The use of salts of primary amines with mineral
acids instead of the primary amines themselves en-
abled us to obtain derivatives of pyrrolone[3, 4-d]-
pyrimidine in high yield. By the reaction of I with

the hydrochlorides of aniline, p-anisidine, and cyclo-
hex-1-enylethylamine, compounds III, IV, and VII
mentioned above were obtained, while the hydroch-
lorides of n-butylamine and of benzylamine gave com-~
pounds VII and IX.

In addition to the mineral salts of the alkylamines
and arylamines, we used the hydrochloride of a hetero-
cyclic amine, 4-aminoantipyrine, and obtained com-
pound XII,
~ In individual cases, in particular in the case of
weak primary amines, for example a-aminoacids,
their use in the presence of a mineral acid proved to
be the only suitable method for the formation of pyr-
rolopyrimidine derivatives. Thus, for example, it
was impossible to obtain a pyrrolopyrimidine deriva-~
tive by the action of gylcine on I at 180° C in ethylene
gylcol but the reaction with a-amino acids under the
same conditions but in the presence of hydrochloric
acid led to the formation of derivatives of pyrrolo[3,4-
d]-pyrimidine containing in position 6 a carboxymethyl
group (X) when glycine was used and a carboxyethyl
group (XI) were also obtained by the reaction of I with
the hydrochlorides of the ethyl ester of glycine and the
methyl ester of g-alanine.

In the reaction of I with glycine in ethylene glycol
in the presence of concentrated hydrochloric acid,
the initial product was not X but its mono(ethylene
glycol) ester (A), which was converted into X by brief
boiling with dilute hydrochloric acid.
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Compound A differs markedly from X in its melt-
ing point and IR spectra, particularly in the high-
frequency region. It contains a well-defined narrow
absorption band at 3530 cm™ which is absent from
the spectrum of X and which can be assigned to the
OH stretching vibrations. The structure of compound
A was confirmed by its synthesis from X by heating
‘the latter in ethylene glycol in the presence of hydroch-
loric acid. The reaction of the lactone I with g-ala-
nine took place similarly. In this case the interme-
diate ester was not isolated but after the excess of
ethylene glycol had been distilled off in vacuum the
residue was saponified directly by boiling with dilute
hydrochloric acid, and XI was obtained in the crystal-
line state.
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In our study of the reaction of the lactone of 5-
(hydroxymethyl)-orotic acid with primary amines
we were interested in the question of what compounds
could be the intermediates in the formation of the
pyrrolopyrimidine derivatives. We had previously
studied the action on I of such strong amines as pi-
peridine and diethylaminoethylamine and as the main
reaction products we had isolated, respectively, 5-
piperidinomethylorotic and 5-(diethylaminoethylami-
nomethyl)orotic acid [1].

In the present work, in order to obtain possible
intermediates in the synthesis of the pyrrolopyrimi-
dine derivatives we studied the action on lactone I
of a number of primary amines of different basicities.
It was found that in the case of weak aromatic primary
amines such as aniline, p-anisidine, and p-chloroani-
line the reaction did not take place at all below 140° C,
while in the range 140°-180° C the pyrrolopyrimidine
was formed and it was impossible to isolate any in-
termediate compound. Similar results have recently
been obtained in the action of primary aromatic amines
on a-amino-y-butyrolactone [6].

In the action on lactone I of stronger primary
amines such as ethanolamine, cyclohex-1-enylethy~
lamine, n-butylamine, and benzylamine (pKy of these
bases 9—10) it was found that in an alcoholic medium,
even at 75°~78° C, opening of the lactone ring took
place with the formation of the corresponding amides
of 5-aminomethyl-substituted orotic acids XIII-XVI)
(Table 2).

On being heated in ethylene glycol at 180° C, these
amides resinified with the formation of a mixture dif-
ficult to separate, but under the same conditions in
the presence of an additional amount of the correspond-
ing primary amine they were smoothly converted into
pyrrolopyrimidine derivatives. The reaction also took
place smoothly if the amides were heated in water in
the presence of an alkali or a mineral acid. For ex-
ample, in aqueous alkali or aqueous hydrochloric
acid amides XIII and XV were converted even at 80°—

100° C into pyrrolopyrimidine derivatives which were
absolutely identical with the above-mentioned com-
pounds VI and VII,

Apparently in an alkaline or acid medium the amides’
of 5-aminomethyl-orotic acid that were obtained under-
go hydrolysis or alcoholysis of the amide group and
the 5~aminomethyl derivative of orotic acid so pro-
duced immediately cyclizes with the formation of the
pyrrolinone ring. To confirm this hypothesis we syn-
thesized the 5-3-hydroxyethylaminomethyl derivative
of orotic acid (XVII) by the action of ethanolamine and
formalin on orotic acid in a Mannich reaction, When
XVI was heated with concentrated hydrochloric acid
at 80~100° C or was heated in ethylene glycol at 140~
180° C without hydrochloric acid the 6-3~hydroxyethyl
derivative of pyrrolopyrimidine was obtained and this
was identical with compound VI synthesized by heating
I with ethanolamine in ethylene glycol. Similarly, when
5-y-hydroxypropylaminomethylorotic acid (XVHI) [1]
was heated in ethylene glycol at 140~180° C a pyrrolo-
pyrimidine derivative (XIX) containing a y-hydroxy-
propyl group in position 6 was obtained.

The results obtained in our study of the reactions
of amides of 5-aminomethylorotic acid and of the 5-
aminomethyl derivatives of orotic acid XVII and XVIII
show that they can act as intermediates in the synthe~
sis of the 2,4, T-trioxo derivatives of pyrrolo{3, 4-dlpy-
rimidine from I.

All the 2,4, 7-trioxo derivatives of 6-substituted
pyrrolo{3, 4, ~d]pyrimidines are crystalline compounds
having high melting points (with decomposition) and,
as a rule, they are sparingly soluble in water and the
usual organic solvents, Compounds containing an alipha-
tic residue in position 6 are slightly more soluble.

The IR spectra of the 2,4, 7-trioxo derivatives of
pyrrolo[3, 4-djpyrimidine show characteristic bands in
the high frequency region 3330-3190 em~! (NH) and
contain three bands in the region of the stretching
vibrations of carbonyl groups in the ranges 1750~1730,
1715~1700, and 1690-1665 cm~' ‘depending on the
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substituents in position 6. (The IR spectra of all the
compounds were taken on a UR-10 spectrophotometer
in the form of mulls in paraffin oil.)

EXPERIMENTAL

2, 4, 1-Troxo-1, 2, 8, 4, 5, 6, T-heptahydropyrrolo[3, 4-d]pyrimidine
(II). a) Gaseous ammonia was passed into a mixture of 0.1 mole of 1
and 150 ml of ethylene glycol at 130° C for 6 hr, The dark brown
solution was filtered and the filirate was diluted with 75 ml of water
and neutralized with concentrated hydrochloric acid, after which the
precipitate was filtered off with sucrion, After recrystallization from
water (1:160), II was obtained in the form of a yellowish micro-
crystalline powder [3].

b) Compound II was also obtained by heating a mixture of I with
ammonium chloride in ethylene glycol (2 hr at 180° C).

2, 4, 1-Trioxo derivatives of pyrrolo[3, 4-d]pyrimidine substituted
in position 6.

Compounds III-V, VIII, IX, and XII (Table 1). A mixture of 0.1
mole of I and 0.25 mole of the appropriate primary amine or its hydro-
chloride was heated in ethylene glycol (1:20) at 180° C for 2 hr. This
gave compounds III, IV, V, VIII, IX, and XII, which precipitated
when the reaction mixture was cooled and diluted with water, They
were filtered off and washed with water, Compounds I1I, IV, V, and
IX were crystallized from dimethylformamide and VIII from water or
ethanol, and XII was purified by reprecipitation from a dilute aqueous
alkaline solution with hydrochloric acid.

Compounds VI and VII, A mixture of 0.1 mole of T and 0.25 mole
of ethanolamine or cyclohexenylethylamine was heated in ethylene
glycol in a ratio of 1:10 (2 hr, 150° C). The ethylene glycol was
distilled off in vacuum and the residual VI was crystallized from water
and VII from alcohol. If the starting material was cyclohexenylethy-
lamine hydrochloride, VII was obtained in ethylene glycol with heat-
ing (180° C) in the same way as described in method (a).

Compounds X and X1 a) A mixture of 0.1 mole of I and 0.02 mole
of glycine was heated in 6 ml of ethylene glycol in the presence of 2
mi of concentrated hydrochloric acid at 180° C for 1.5 hr. The cry-
stalline precipitate (compound A was filtered off with suction and
heated with 18% hydrochloric acid for 20 min, Compound X was ob-~
tained in the form of colorless prismatic crystals from water).

b) Compound X was obtained by heating a mixture of 0.01 mole
of the lactone I and 0.02 mole of the hydrochloride of the ester of
glycine in ethylene glycol (8 ml) at 180° C. After the intermediate
ester had been boiled with dilute hydrochloric acid, compound X
was isolated in the same way as described in method (a).

¢} Compound XI was obtained under the same conditions as those
described in methods (a) and (b) by the reaction of the lactone I with
8-aniline or with the hydrochloride of the methyl ester of 3-aniline
with the difference that after rhe reaction the ethylene glycol was dis-
tilled off in vacuum and the residue, without purification, was boiled
with 18% hydrochloric acid and the XI obtained was crystallized from
water.

Mono(ethylene glycol) ester of 2, 4, T-trioxo-1, 2,3, 4,5, 6,7~
he ptahydropyrrolo[3, 4-d]pyrimid-6-ylacetic acid (A). a) A mixture
of 0.01 mole of T and 0.02 mole of glycine was heated in ethylene
glycol (6 ml) in the presence of 2 ml of hydrochloric acid at 180° C
for 1.5 hr. After cooling, the precipitate of A was filtered off with
suction, washed with cold water, and crystallized from water, Yield
80%. Colorless prisms, mp 261° C. Found, %: C 44.33; H 4.20; N
15.53. Calculated for CyoHyN3Og, %o: C 44.60; H 4.08; N 15.61.,

b) A mixture of 0,01 mole of X and 6 ml of ethylene glycol was
heated in the presence of 2 ml of concentrated hydrochleric acid at
180° C for 1.5 hr and, after cooling, the precipitate was separated off,
Mp 261° C (from water); & mixture with compound A obtained by me-
thod (a) gave no depression of the melting point; the ester obtained
was identical with compound A in its elementary analysis and IR spec~
trum.
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Amides of 5-aminomethyl derivatives of orotic acid (XII[-XVI).

A mixture of 0.01 mole of I and 0.03 mole of a primary aminc
(ethanolamine, cyclohex-1-enylethylamine, butylamine, or benzy-
lamine) was heated in ethanol (1:30) under reflux for 6-10 hr. Com-
pounds XIII and XV were purified by crystallization from cthanol, and
XVI was precipitated with water from its solution in dimethylforma-
mide, The hydrochlorides of XIV and XV were obtained by crystalliz-
ing them from an ethanolic solution of hydrogen chloride (Table 2).

Conversion of the 5-aminomethylorotamides XIII and XV into
derivatives of pyrrolo[3, 4-d]pyrimidine VI and VIII. a) A solution of
0.3 g of XIII in 15 ml of water containing 0,08 g of sodium hydroxide
was heated at 80°~100* C for 6 hr, after which it was cooled, neu-
tralized with hydrochloric acid, and evaporated in vacuum, and the
residual VI was crystallized from water,

b) A mixture of 0.15 g of XIII and 0.1 g of ethanclamine was
heated in 1 ml of ethylene glycol at 180° C for 1.5 hr, After the sol~
vent had been distilled off in vacuum, the residue was neutralized
with 5% hydrochloric acid, and crystallization from water yielded VI

c) A mixture of 1 g of XV and 50 ml of concentrated hydrochloric
acid was heated at 80°~100° C for 6 hr. After the solution had been
evaporatéd in vacuum, the residue was crystallized from water, giving
VIIL

5-(B-Hydroxyethylaminomethyljorotic acid (XVII). To a mixture of
1.74 g of orotic acid and 1.83 g of ethanolamine in 80% aqueous
ethanol was added 1.89 g of 39% aqueous formalin and the mixture
was boiled for 8 hr, after which the precipitate was filtered off and
crystallized from ethanol. Yield 0.7 g, mp 230-233° C. Found, Y
N 18.43. Calculated for CgHyyN;O;5, %: N 18.34. Unchanged orotic
acid was isolated from the mother liquor.

Conversion of the 5-aminomethyl derivatives of orotic acid XVII
and XV1I [1] into the pyrrolo[3, 4-d]pyrimidine derivatives VI and XIX.
a) Compound XVII was heated with concentrated hydrochloric acid at
80°~100° C for 2 hr. After the solvent had been distilled off in vacuum,
the residual VI was crystallized from water,

b) Compound XVII was heated in ethylene glycol at 180° C for 1.5
hr and, after the solvent had been distilled off in vacuum, crystalliza-
tion of the residue from water yielded VI. Under the same conditions
as for (a) and (b), 5-y-hydroxypropylaminomethylorotic acid XVIII [1}
gave XIX R = CH,CH,CH,OH) with mp 258° C. Found, %: C 48.00; H
4,90; N 18.54, Calculated for CoqHyN;O4 %: C 48.00; H 4.88; N
18.66.
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