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SYNTHESIS OF 3,7-DIHYDRO-4~-PYRROL0!2,3-;?PYRIMIDIN-4-ONES 

Department of Chemistry, Odense University, DK-5230 Odense M ,   enm mark 

Abstract - A series of 9 new 3-aryl-3,7-dihydro-2,5,6-trimethyl-7-phenylme- 

thyl-4H-pyrrolo[2,3-d]pyrimidin-4-ones - - g-i were prepared in 44-66% yields 

by heating methyl 2-acetamido-4,5-dimethyl-1-pheny1methyl-lg-pyrrolo-3-car- 

boxylate 1 in a mixture of phosphorus pentoxide, triethylamine hydrochlo- 

ride and an appropriate aniline at 150nC for 25-45 mi". Similar reactions 

of ! with primary alkylamines can lead to formation of 7-phenylmethyl- 

2,5,6-trimethyl-pyrrolo[2,3-d I [1,3]oxazin-4(7~)-one 3 and 3-alkyl-3.7-di- 

hydro-2,5,6-trimethyl-7-phenylmethy1-4~-pyrro10!2,3-~pyrimidin-4-one 2.  

INTRODUCTION 

Considerable attention has been directed towards the synthesis of pyrrolo[2,3-cjpy- 

rimidines because of their structural resemblance to purines, natural occurrence of 

1 
their derivatives, and their interesting biological activity . In a recent work from 
o u r  laboratories,it was reported that 2-acylamino-3-cyanopyrroles react in a mixture 

of phosphorus pentoxide, N,N-dimethylcyclohexylamine and water to give the c a r r e -  

sponding 2-substituted pyrralo[2,3-~lpyrimidin-4(3fi)-ones (7-deaaahypoxanthines). 

Various biological screenings of the 7-deazahypoxanthines showed that some of the 

2 compounds were active as plant growth regulators . 

Recently, a phosphorus pentoxide-amine hydrochloride mixture was found to be a ver- 

satile ring closure reagent in the synthesis of 2.3-disubstituted 4(3g)-quinazolin- 

4 
ones3, 2,3-disubstituted thieno[2,3-a]pyrimidin-4(3g)-ones , 1.2-disubstituted hypo- 

6 xanthines5, 2,3-disubstituted pyrido[2,3-ajpyrimidin-4(3~)-ones , 5,6-disubstituted 

1 ,5-dihydro-1-methyl-4~-pyrra~~1~~3,4-djpyrimidin-4-oe7, and 5.6-disubstituted 3H- 

1.2.3-triazoloI4,5-;?I pyrimidin-7(6H)-ones9 from the corresponding a - a c y l a m i n o -  

carboxylates. It was therefore of interest to investigate whether that procedure 

could be extended to ring closure reactions of methyl 2-acetamido-4.5-dimethyl- 

l-phenylmethyl-l~-pyrro1e-3-carboxylate 1 in order to obtain the corresponding 



2,3-disubstituted 7H-pyrr0lo[2,3-g]~~rimidin-4(3~)-ones - with potential biological 

activity. 

RESULTS AND DISCUSSION 

The starting material, methyl 2-acetamido-4,5-dimethyl-I-phenylmethyl-l~-pyrrole-3- 

carboxylate 1, was prepared from the corresponding 2-amino compound9 by acetylation 

reaction in a mixture of acetic anhydride and acetic acid. 

2,3-Disubstituted 7H-pyrrolo[2,3-glpyrimidin-4(3H)-ones - 2 are now prepared by hea- 

ting in a mixture of phosphorus pentoxide, triethylamine hydrochloride and the ap- 

propriate primary aromatic amine at 150°C. In all cases investigated, the reaction 

proceeded smoothly and was completed within 25-45 min reaction periods affording the 

products G - L  in yields ranging from 44-66% (Table 1). 

When 1 was reacted in a mixture of propylamine, phosphorus pentoxide and triethyl- 

amine hydrochloride at 150°C for 25 min, the corresponding pyrrola[2,3-dl- 

[1,3]oxarin-4(7g)-one 3 was obtained in 62% yield. Reaction of 1 with ethylamine hy- 

drochloride in the reaction mixture at 200DC far 90 min. gave 38% yield of the 

3-ethyl-substituted 7~-pyrrolo(2,3-~]pyrimidin.-4(3H)-one - 7. - 

The possible synthetic routes leading to z, 3 or 1 are shown in Scheme 1. In the - 

synthesis of 2 a gas was evolved shortly after addition of 1 to the reaction - 

mixture. This observation can rationalize the formation of 3 by which the ethoxy 

group is split off from the ester group of 1. In similar reactions with the 

4 thiophene anaiogue of 1 an intermediate similar to 5 was actually isolated . A - 

possible route to 2 via the amidine intermediate 4 cannot be totally excluded, since 

it is known that amidines are formed by reactions of carboxamides with the 
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Scheme 1 

H 3 C n e 0 c H 3  H3c N NHcocH, 

2: R' = Aryl 

7: R' = Alkyl 

p2°5 
Et3N . HCI 

phosphorus p e n t o x i d e  reagent1'. The oxazinone 3 can a l s o  be sugges ted  as an  

i n t e r m e d i a t e  i n  t he  two p o s s i b l e  a l t e r n a t i v e  pathways B and C f o r  fo rmat ion  of z. 
I n  the  p r e p a r a t i o n  of &, t h e  r e a c t i o n  m i x t u r e  was examined by TLC s h o r t l y  after 

R ' N H ~  or 
R1 NH3CI 



~ ~ b l ~  1: preparation of 3-aryl-3,7-dihydro-4~-pyrrol0~2,3-~]pyrimidin-4-0nes 2. - 

2 R - Reaction Y i e l d  MpIoC 1 

~ i r n e l r n i n  1 [%I  (solvent) 

Formula Microanalysis[ % 1 

(Mol Wt) FoundICalcd. 

C H N 
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Table 2: Spectral prcperties of z. 

a )  Only yC=, are indicated. 

b, No. of protons, multipicities a n d  coupllng constants (Hz) in parantheses 



-3: 13c NMR data of 

1 " 137.6 

2" 126.3 

3" 128.4 

4" 127.0 

N-CH - 
2 

44.9 

2-CH3 24.1 

5-CH3 9.5 

6-CH 
3 9 . 5  

2 ' -CH3 

4 ' -CH 3 

4'-CH CH 
2- 3 

4 '-CH2CH3 
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a d d i t i o n  of 1. Using 1 and 3 as r e f e r e n c e s ,  i t  was found  t h a t  o n l y  s p o t s  co r respond-  

i n g  t o  1 and % c o u l d  be  d e t e c t e d .  Al though  t h e  i n t e r m e d i a t e s  3-5 were n o t  d e t e c t e d  

i n  t h e  r e a c t i o n  m i x t u r e ,  i t  i s  b e l i e v e d  t h a t  r e a c t i o n s  o f  1 w i t h  a n i l i n e 5  f o l l o w  

pathway A, i n  which 5 immedi- te ly  a r e  c o n v e r t e d  t o  2 by c y c l o d e h y d r a t i o n  i n  t h e  

phosphorus  pen tox ide -amine  m i x t u r e .  

I n  o r d e r  t o  c l a r i f y  t h e  s y n t h e t i c  r o u t e  t o  1, t h e  r e a c t i o n  o f  1 w i t h  e t h y l m i n e  

h y d r o c h l o r i d e  was f o l l o w e d  by TLC. The r e a c t i o n  p r o g r e s s  showed t h a t  t h e  oxaz inone  3 

was t h e  main i n t e r m e d i a t e  from which 1 c a n  be formed v i a  3 ( r o u t e  B) o r  6 ( r o u t e  C l .  

A l though  t h e  i n t e r m e d i a t e s  5 and  5 were n o t  d e t e c t e d  i n  t h e  r e a c t i o n  m i x t u r e ,  t h e s e  

i n t e r m e d i a t e s  a r e  p l a u s i b l e ,  s i n c e  a n a l o g o u s  compounds have  a l r e a d y  been i s o l a t e d  i n  

t h e  s y n t h e s i s  o f  4 ( 3 y ) - q u i n a z o l i n o n e s  f rom 4g-3,1-benzoxazin-4-ones and  p r imary  

amines  11 '12.  D e a l i n g  w i t h  t h e  l a t t e r  compounds, i t  was found  t h a t  r e a c t i o n s  o f  t h e  

a n a l o g u e s  t o  5 r e q u i r e d  h e a t i n g  above 250°C b e f o r e  t h e r m a l  c y c l o d e h y d r a t i o n  took  

p l a c e ,  w h e r e a s  t h e  q u i n a z o l o n e  a n a l o g u e s  t o  1 c o u l d  b e  a c h i e v e d  a t  much lower 

t e m p e r a t u r e s  by r e a c t i o n s  between p r i m a r y  amines  and t h e  o x a z i n o n e s 1 2 .  I n  view of  

t h e s e  f i n d i n g s ,  i t  is  b e l i e v e d  t h a t  r o u t e  C  v i a  t h e  i n t e r m e d i a t e  6 i s  t h e  one 

o p e r a t i n g  i n  t h e  s y n t h e s i s  o f  1. 

EXPERIMENTAL 

M i c r o a n a l y s e s  were  c a r r i e d  o u t  a t  NOVO A/S Copenhagen. I R  s p e c t r a  were  r e c o r d e d  on a 

Perk in -E lmer  580 ( p o t a s s i u m  bromide u s e d  i n  a l l  c a s e s ) .  Mass s p e c t r a  were  o b t a i n e d  

on a V a r i a n  MAT 311A and a V a r i a n  MAT CH7A. 'H NMR s p e c t r a  were  r e c o r d e d  i n  C D C 1 3  

(TMS as i n t e r n a l  s t a n d a r d  6 = 0 )  on a J e o l  JNM-PMX 60 s p e c t r o m e t e r .  I3c  NMR s p e c t r a  

were  r e c o r d e d  i n  C D C 1 3  an  a J e o l  FX 604 s p e c t r o m e t e r  ( t h e  s o l v e n t  as i n t e r n a l  

s t a n d a r d ) .  M e l t i n g  p o i n t s  were  o b t a i n e d  on a B k h i - a p p a r a t u s  ( u n c o r r e c t e d ) .  Y i e l d s  

r e f e r  t o  a n a l y t i c a l  p u r e  compounds. 

Methyl  2-Acetamidopyrrale-3-car lboxylate  1 .  

Methyl 2-amino-4,5-dimethyl-l-phenylmethylpyrrole-3-crboxylateg ( 7 7 . 5  g ,  0 . 3  moll 

was d i s s o l v e d  i n  t h e  l e a s t  p o s s i b l e  amount of g l a c i a l  a c e t i c  a c i d ,  a c e t i c  anhydr ide  

( 7 6 . 5  g ,  0 . 7 5  mol l  was a d d e d ,  and  t h e  m i x t u r e  was s t i r r e d  f o r  3  h .  The r e a c t i o n  

m i x t u r e  was poured on t o  c r u s h e d  i c e  ( 9 0 0  g ) .  The p r e c i p i t a t e  was c o l l e c t e d  by 

f i l t r a t i o n ,  washed s e v e r a l  t i m e s  w i t h  w a t e r ,  d r i e d  and  r e c r y s t a l l i z e d  from 50% 

aqueous  me thano l  t o  a f f o r d  72 .1  g  (80%)  o f  t h e  t i t l e  compound. Mp 143-144°C. I R  

(KBrl 1 7 0 5 ,  1680 cm-I. MS m/z 300  (M' ) ,  258,  1 6 7 ,  1 3 5 ,  9 1  ( 1 0 0 % ) .  'H NMR (CDCl31 6 



2.03 (6H,s), 2.18 (3H,s), 3.78 (3H,s), 5.03 (2H,s), 6.80-7.43 (5H,m), 7.93 

(lH,br s ) .  I3c NMR (CDC13) 6 9.4 (CH3), 10.8 (CH3). 22.8 (C0CH3), 47.1 (CH2). 50.3 

(0CH3), 104.7 (C-31, 115.0 (C-41, 123.5 (C-5). 125.7 (o-phenyl C), 127.0 (p-phenyl 

C ) ,  128.4 (m-phenyl C), 130.3 (C-21, 137.1 (F-phenyl C), 165.5 (COO), 170.7 (NHCO). 

Found: C, 68.23; H, 6.76; N, 9.22. Calcd. for C17H20N203: C, 67.98; H, 6.71; N, 

9.33. 

Preparation of 3-Aryl-3,7-dihydro-4H-pyrr01o[2,3-d]pyrimidi-4- 2. 

General Procedure: 

The reagent was prepared by mining phosphorus pentoxide (8.5 g, 60 mmol), triethyl- 

amine hydrochloride (8.3 g, 60 mmol), and the aniline (60 mmol) in a 250 ml 3-necked 

flask fitted with a mechanical stirrer and a reflux condenser with a drying tube 

(calcium chloride). The mixture was heated in an oil bath at 180°C (oil bath tempe- 

rature) until a homogeneous mixture was achieved (-0.5 h). The oil bath temperature 

was adjusted to 150°C,and 1 (4.5 g, 15 mmol) was added and reacted for the specified 

reaction time (Table 1). The required reaction time was obtained by following the 

disappearance of the starting material 1. At 10 min intervals, a small sample was 

taken out from the reaction mixture, dissolved in a 2M sodium hydroxide solution and 

extracted with dichloromethane. The extract was subjected to aluminium oxide TLC 

(ether) using 1 as reference. When 1 was not present in the extract, the flask was 

removed from the oil bath and allowed to cool to about 100nC, and 30 ml of water was 

added. The hydrolyzed reaction mixture was adjusted to pH = 12 with a 2M sodium 

hydroxide solution and extracted with dichloromethane (4 n 50 ml). The combined 

Organic phases were dried o v e r  sodium sulphate and filtered. The solvent was removed 

under reduced pressure leaving the crude product which was dissolved in 50 ml of 

methanol, acidified with 30 ml of a 4M hydrochloric acid solution and precipitated 

by adding water (20-40 ml). The precipitate was filtered off, dried and 

recrystallized. 

PyrroloI2,3-d I [  1,310xazin-4(7H)-one 3. 

Phosphorus pentoxide (11.4 g ,  80 mmal), triethylamine hydrochloride (11.0 g, 

80 mmol), and 5-propylamine (4.7 g, 80 mmol) were mixed at 180°C according to the 

general procedure. The temperature was adjusted to 150°C,and 1 (6.0 g ,  20 mmol) was 

added and reacted for 25 mi". The reaction mixture was worked up as described in the 

general procedure. The crude product was recrystallized from methanol to give 3.3 g 
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(62%) of the title compound. Mp 131-132°C. IR (KBr) 1760 cm-I. MS m/z 268 (M'), 91 

(100%). 'H NMR (CDC13) 6 2.08 (3H,s), 2.28 (3H,s), 2.42 (3H,s), 5.25 (2H.s). 

6.90-7.42 (5H,m). 13c NMR (CDC13) 6 9.4 (CH3), 9.5 (CH3), 21.1 (CH3), 45.5 (CH21, 

98.8 (C-4a), 112.0 (C-5). 126.3 (g-phenyl C), 127.4 (p-phenyl Cl, 127.5 (C-6). 128.6 

(m-phenyl C), 136.6 (i-phenyl C), 145.2 (C-7a), 157.3 (C-4). 161.3 (C-21. Found: C, 

71.64; H, 6.04; N, 10.47. Calcd. for Cl6HI6N2O2: C, 71.62; H, 6.01; N, 10.44. 

3-Ethyl-3,7-dihydr0-4H-pyrro1o[2,3-dlpyrimidin-4- 7. 

Phosphorus pentoxide (11.4 g, 80 mmol), triethylamine hydrochloride (11.0 g ,  

80 mmol), and ethylamine hydrochloride (6.5 g ,  80 mmol) were mixed at 18O0C 

according to the general procedure. The temperature was adjusted to 200°C, and 1 

(6.0 g, 20 mmol) was added. Small samples of the reaction mixture were collected at 

convenient intervals, hydrolyzed and extracted with dichloromethane. After 90 mi" 

reaction time, TLC (aluminium oxide, dichloromethane) showed that the reference 

compound 3 was not present in the extract. The flask was removed from the oil bath 

and cooled to about 100°C, and 30 ml of water was added. The mixture was made 

alkaline with a 2M sodium hydroxide solution (pH = 121 and extracted with 

dichloromethane ( 4  x 50 ml). The combined organic phases were dried over sodium 

sulphate and filtered. Evaporation of the solvent under reduced pressure left a 

crude oily product which was dissolved in 40 ml of boiling toluene and poured, while 

still hot, in 250 ml of petroleum ether (65-70DC) under vigorous stirring. The 

incipient precipitate was filtered off and discarded. The filtrate was left 

overnight, and then the precipitate was filtered off and recrystallized from 

toluene/ligroin (80-10O0C1 to give 2.3 g (38%) of the title compound. Mp 128-129°C. 

If? (KBr) 1680 m-'. MS m/z 295 (M', loo%), 204, 91, 42. 'H NMR (CDC13) 6 1.33 

(3H,t,L = 7Hz), 2.08 (3H,sl, 2.37 (3H,sj, 2.57 (3H,s), 4.13 (2H,q.J = 7Hz1, 5.27 

(2H,s), 6.88-7.40 (5H.m). 13c NMR (CDCIS) 6 9.3 (CH3), 9.5 (CH3), 13.9 (CH2CH3), 

22.7 (CH3), 38.4 (CH2CH3), 45.5 (CH2), 104.3 (C-4a1, 110.2 (C-51, 126.3 (g-phenyl 

C), 127.0 (2-phenyl C), 127.2 (C-6). 128.4 (m-phenyl Cl, 137.8 (i-phenyl C), 145.9 

(C-7a), 151.1 (C-21, 159.3 (C-4). Found: C, 73.05; H, 7.17; N ,  14.17. Calcd. for 

C18H21N30: C, 73.19; H, 7.17; N, 14.22. 
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