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DERIVATIVES OF OROTIC ACID AND ITS ANALOGS 

VI. 2 ,4 ,  6 - T r i s u b s t i t u t e d  7 - O x o - 5 , 7 - d i h y d r o p y r r o l o [ 3 , 4 - d ] p y r i m i d i n e s *  
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A number of 2 ,4 ,  6-trisubstituted derivatives of 7-oxo-5 ,7-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-earboxylic acid. 

The p r e s e n t  work  is  devoted  to a f u r t h e r  s tudy of 
the  p r o p e r t i e s  of 2, 4 - d i a m i n o - s u b s t i t u t e d  d e r i v a t i v e s  
of the l ac tone  of 5 - ( h y d r o x y m e t h y l ) p y r i m i d i n e - 6 - c a r -  
boxy l i c  a c id  (I) [1] and the  s y n t h e s i s  f r o m  them of 
l a c t a m s  which a r e  d e r i v a t i v e s  of 2 ,4 ,  6 - t r i s u b s t i t u t e d  
7 - o x o - 5 ,  7 - d i h y d r o p y r r o l o [ 3 , 4 - d ] p y r i m i d i n e s .  In a 
p r e c e d i n g  p a p e r  [2] we r e p o r t e d  the  s y n t h e s i s  of 2, 4, 7-  
t r i o x o  d e r i v a t i v e s  of p y r r o l o [ 3 , 4 - d ] p y r i m i d i n e  obta ined  
by the r e a c t i o n  of the  l ae tone  of 5 - ( h y d r o x y m e t h y l ) -  
o r o t i e  a c i d  with a m m o n i a  and p r i m a r y  a m i n e s  and t h e i r  
h y d r o e h l o r i d e s .  A s tudy  of the  p r o p e r t i e s  of the 2 , 4 -  
d i a m i n o - s u b s t i t u t e d  l ae tones  I [1] showed tha t  in con-  
t r a s t  to the l ae tone  of 5 - ( h y d r o x y m e t h y l ) o r o t i e  ac id ,  
it  was p o s s i b l e  to obta in  f r o m  them d e r i v a t i v e s  of 
p y r r o l o [ 3 , 4 - d ] p y r i m i d i n e  only unde r  the ac t ion  of 
h y d r o c h l o r i d e s  of p r i m a r y  a m i n e s  in e thy lene  g lyco l  
at  a high t e m p e r a t u r e  (140-180 ~ C). Only in ind iv idua l  
c a s e s  did  the  ac t ion  of h y d r o c h l o r i d e s  of p r i m a r y  a r o -  
m a t i c  a m i n e s  y i e l d  d e r i v a t i v e s  of p y r r o l o [ 3 , 4 - d ] p y -  
r i m i d i n e  at  a l o w e r  t e m p e r a t u r e  (78-100  ~ C). 

Unde r  s i m i l a r  cond i t ions ,  the  ac t ion  of a m i n e s  in 
the  f o r m  of b a s e s  on the  2 , 4 - d i a m i n o - s u b s t i t u t e d  
l a c t o n e s  I conta in ing  a t e r t i a r y  amino  group  (R") in 
p o s i t i o n  4 did  not l e a d  to a r e a c t i o n ,  and the i n i t i a l  
l a c t o n e s  I w e r e  r e c o v e r e d  quan t i t a t i ve ly  f r o m  the r e -  
a c t i on  m i x t u r e .  A s m a l l  amount  of p y r r o l o [ 3 ,  4 - d ] -  
p y r i m i d i n e  d e r i v a t i v e s  was  ob ta ined  only when a s e c -  
o n d a r y  a m i n o  group  was  p r e s e n t  in pos i t i on  4 of the 
l ac tone  I .  

The a b s e n c e  of a r e a c t i o n  be tween  p r i m a r y  a m i n e s  
and the l a c t o n e s  I and the c o m p a r a t i v e l y  r e a d y  f o r m a -  
t ion  of d e r i v a t i v e s  of p y r r o l o [ 3 , 4 - d ] p y r i m i d i n e  by  the 
r e a c t i o n  of the l a c t o n e s  I with h y d r o c h l o r i d e s  of p r i -  
m a r y  a m i n e s  is  connec t ed  with the n e c e s s i t y  fo r  the 
p r e s e n c e  of a p ro ton  in the r e a c t i o n  m e d i u m .  It  is  
p o s s i b l e  tha t  the a c t i va t i on  of the m o l e c u l e  of the l a c -  
tone I then t a k e s  p l ace  th rough  the add i t ion  of a p ro ton  
to i t ,  which  f a c i l i t a t e s  the  ac t ion  of nue l eoph i l i c  r e -  
agen t s  on I. 

R" R" 
I CH 2 

R,/ 
%:0 " 0 

* F o r  p a r t  V, s ee  [1]. 

I i  R'=R'= - ~ ;  R=--C6H~ 

Ill R'=R"= -nk .~ :  R=--(CH2)2OH 

IV R ' = R " =  - n  o; R= C6H~ 

V R'=R'= - C O :  R=--CH2 C6H5 

V|[ R'= - n ~ ;  R"=--NHCGH~; R=--C~H4OCH3 

V l l l  R'= -h~ ~); R"=--NHCsHs; R=--CsH4OCH3 

- n ~ ;  R"=--NH(CH2)2CI; R=--CsH~ IX R'= 

If t h e r e  is not an amine  group but a ch lo r ine  a tom 
in pos i t i on  2 of the p y r i m i d i n e  r ing  in the l ac tone  I, it  
i s  p o s s i b l e  to obta in  d e r i v a t i v e s  of p y r r o l o [ 3 ,  4 - d ] -  
p y r i m i d i n e  f r o m  such a lac tone  both by the ac t ion  of 
h y d r o c h l o r i d e s  of p r i m a r y  a m i n e s  and by the ac t ion  of 
a m m o n i a  or  p r i m a r y  a m i n e s  in the  f o r m  of the b a s e s .  
In th is  c a s e  p o s s i b l y  the a m i n o l y s i s  of the ch lo r ine  
t a k e s  p l a c e ,  and the h y d r o c h l o r i c  ac id  l i b e r a t e d  is  
suf f ic ien t  for  the p ro tona t ion  of the l ac tone  I. 

R" W' 
I ] CH~ CH 2 

CI/L~/~.C/n or salt 
�9 0 'tO 

X R ' - R " = - N H C s H ~ ;  R = - C s H s  
XI R'=--NH2; R'=--NHCsH~; R=H 

XII R'=-NHCsH~; R"---NHCsH4OH; R=--CsH5 
X l l l  R'=--NHCsH4OCH3; R"=NHCsHs; R=CsH4OCH3 
XIV R'=--NHC4Hg; R"~-NHCGH~; R=-C4H9 

The fac t  tha t  the p r e s e n c e  of a p ro ton  is n e c e s s a r y  
fo r  the f o r m a t i o n  of p y r r o l o [ 3 , 4 - d ] p y r i m i d i n e s  in the 
c a s e  of the  2, 4 - d i a m i n o - s u b s t i t u t e d  l a c t o n e s  I is  c o n -  
f i r m e d  by the fac t  tha t  in such a p r o t i e  so lven t  as  d i -  
m e t h y l f o r m a m i d e  th is  r e a c t i o n  does  not t ake  p l ace  at  
all. For laetones 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-d]pyrimidine derivatives [1]. 

In a study of the reaction of s 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 
hydrochlorfdes, depending on the r e a c t i o n  conditions, 
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e i t h e r  t h e  i n i t i a l  l a c t o n e  I o r  t h e  f i n a l  r e a c t i o n  p r o d -  

u e t s - - t h e  p y r r o I o [ 3 , 4 - d ]  d e r i v a t i v e s - - w e r e  i s o l a t e d .  

I t  w a s  i m p o s s i b l e  to  i s o l a t e  a n y  i n t e r m e d i a t e  s u b -  

s t a n c e s  w h a t e v e r .  T h e  d e r i v a t i v e s  of  5 - ( h y d r o x y m e t h -  

y l ) p y r i m i d i n e - 6 - e a r b o x y a m i d e  (XV) t h a t  w e  o b t a i n e d  

p r e v i o u s l y  b y  t h e  a c t i o n  of  p r i m a r y  a m i n e s  on  a l a c -  

t o n e  I c o n t a i n i n g  a s e c o n d a r y  a m i n o  g r o u p  in p o s i t i o n  4 

[2] l i k e w i s e  p r o v e d  n o t  to  b e  i n t e r m e d i a t e s  in t h e  s y n -  

t h e s i s  of  t h e  p y r r o l o [ 3 , 4 - d ] p y r i m i d i n e  d e r i v a t i v e s .  

S u c h  a m i d e s  a r e  u n s t a b l e  c o m p o u n d s :  on  h e a t i n g  in 

e t h y l e n e  g l y c o l  to  150 ~ C t h e y  l o s e  t h e  a m i n o  g r o u p  

w i t h  s i m u l t a n e o u s  c y c l i z a t i o n ,  i . e . ,  w i t h  t h e  f o r m a t i o n  

of  t he  [ a e t o n e  r i n g  of  I .  W e  o b t a i n e d  t h e  s a m e  l a e t o n e s  

I p r e v i o u s l y  b y  t h e  h y d r o l y s i s  of t h e  a m i d e s  X V  in  d i -  

l u t e  h y d r o c h l o r i c  a c i d  [2].  

NHR" 
I 
. ~ C H ~ . O H  e t h y l e n e  g l y c o l ,  150 ~ 

R ' /  , C O  H R " '  f l C I + H ~ O ,  8 0 :  

XV 

All the 2, 4, 6-trisubstituted 7-oxo-5, 7-dihydro- 
pyrrolo[3,4-d]pyrimidine 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 -I 
for the C--O group in position 7, and derivatives con- 
taining a secondary amino group in position 4 showthis 
band in the 1690-1670 cm -I 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 -I. The IR spectra of all the compounds were 
recorded on a UR-10 spectrometer in the form of 
mulls in paraffin oil. 

EXPERIMENTAL 

7-Oxo-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-oxo-2, 4-dipiperidino-5,7-dihydropyrrolo- 
[3, 4-d]pyrimidine (111). A mixture of 30.2 g (0.1 mole) of the 2, 4- 
dipiperidinolactone I (R' = R" = piperidino) and 24.4 g (0.2g 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-Oxo-2, 4-dimorpholino-6-phenyl-5, 7-dihydropyrrolo[3, 4-d]- 
pyrimidine (IV). A mixture of 30.6 g (0.1 mole) of the 2, 4-dimorpho- 
linolaetone 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 i hr 
30 rain. 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-dthydropyrrolo[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 PzO~. 

Ethylene glycol monoester of 2,4-dimorpholtno-7-oxo-5, 7-dihydro- 

pyrrolo[S,4-d]pyrimidine-6-acetic acid (VI) [2]. A mixture of 3.0G g 
(0.01 mole) of the 2,4-dimorpholinolactone I (R' = R" = morpholino) 

and 1.5 g (0.02 mole) of glycinc was heated in 8 ml of ethylene glycol 
in the presence of 1.5 ml of c~mc HC1 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-Methoxyphenylo7-oxo-4-phenylamino -2- piperidino-5, 7-di- 
hydropyrrolo[3, 4-d]pyrimidine (vii)  and 6-p-methoxyphenyl-2-mor- 
pholino-7 -oxo-4-phenylamino-5, 7 -dihydropyrrolo[3, 4-d]pyrimidine 
(VIII). Compounds VR and VIII were obtained from a mixture of 31.0 g 
(0.1 mole) of the 4-phenylamino-2-piperidinolactonc I (R' = piperidino; 
R" = NHC6Ha) or 31.2 g (0.1 mole) of tire 2-morpholino-4-phenyl- 
aminolactone I (R' = morphelino; R" = NHC6Hs) 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 VIl was crystallized from acetone and VIII from ethanol. 

4-(8-Chloroethylamino)- 7-oxo-6-phenyl-2-piperidino-5, 7-dihydro- 
pyrrolo[3, 4-d]pyrimidine (IX). A mixture of 31.G g (0.1 mole) of the 
4-(~3-chloroethylamino)-2-piperidinolaetone I (R' = piperidino; R" = 
= NHCHzCH2C1 ) 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 treated 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-ehloro-4-phenyl- 
aminolactone I (R' = C1; R" = NHCGHs) and aniline base or aniline 
hydroehloride in ethylene glycol by heating the mixture at 140 ~ C 
under the conditions described for II. 

2-Amino-7-oxo-4-phenylamino-5,7-dihydropyrrolo[3, 4-d]pyrim- 
idine hydrochloride (XI). A mixture of 1 g (~4 raM) of the 2-chloro- 
4-phenylaminolactone I (R' = Cl; R" = NHC6H5 ) and 20 ml of ethanolic 
ammonia (16%) was heated in a closed rnetal tube at 140 ~ C for 5 hr. 
The solvent was distilled off in vacuum and the X! was crystallized 
from water acidified with hydrochloric acid. 

7-Oxo-4-(p-hydroxyphenylamino)-6-phenyl-2-phenylamino-5, 7- 
dihydropyrrolo[3, 4-d]pyrimidine (XII). A mixture of 27.8 g (0.1 mole) 
of the 2-chloro-4-(p-hydroxyphenylamino)lactone I (R' = C1; R" = 
= NHC6H4OH-p) and 45.3 g (0.35 mole) of aniline hydroehloride was 
heated in ethylene glycol at 120 ~ C in a similar manner to the prepa- 
ration of II. The XII was purified by reprecipitation with water from a 
solution in dimethylformamide. 

6-(p-MethoxyphenyI)-2- (p-methoxyphenylamino)- 7-oxo- 4-phenyl- 
amino-5, 7-dihydropyrrole[3,4-d]pyrimidine (XIIt) was obtained and 
purified in the same way as XlI.  

6-Butyl-2-butylamino-7-oxo-4-phenylamino-5, 7-dihydropyrrolo- 
[3, 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" = NHC~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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