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ORGANIC PREPARATIONS AND PROCEDURES INT. 4 ( 2 )  , 83-87 (1972) 

SOME NEW PYRIMIDINE DERIVATIVES' 

Mervyn Israel, Melvin M. Berman, and Naseem Muhammad 
The Children's Cancer Research Foundation 

and 

Boston, Massachusetts 02115 
Department of Biological Chemistry, Harvaxd Medical School 
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2 During the course of an unambiguous synthesis of 9-ethylxanthine ( 11, 

we prepared several new pyrimidines (111, IV, V, VII, and VIII) , 9s out- 

lined in the scheme. It should be noted that all attempts L,J reduce 

6-ethylamino-5-phenylazouracil (VII) to the corresponding diamine or to 
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M. ISRAEL, M. M. BERMAN AND N. MUHAMMAD 

reduce V I I  and cycl ize  t o  I i n  a s ingle  operation were unsuccessh l .  Also, 

t he  dichlorophenylazo compound V I I I ,  prepared from V I I ,  could not be re- 

duced t o  the  diamine or converted i n t o  2,6-dichloro-9-ethylpurine. 

EXPERIMENTAL3 

4-Ethylamino-2,6-dimethoxypyrimidine (III).- In to  a s t a in l e s s  s t e e l  bomb 

w a s  added 25 g (0.14 mole) of 120 m l  of 95% ethanol,  and a so lu t ion  

of 17.7 g (0.42 mole) of e thy lmine  i n  100 ml of 95% ethanol.  

t u r e  was heated i n  the  autoclave f o r  17 hr  at 110-120'. The red,  s l i g h t l y  

fluorescent react ion so lu t ion  w a s  cooled overnight i n  the  f reezer ;  a s m a l l  

The mix- 

quant i ty  of l i g h t  brown so l id  which sepaxated w a s  discarded. The f i l t r a t e  

was concentrated under vacuum and cooled. 

c ip i t a t ed  w a s  col lected,  washed with water,  and dr ied (19.4 g ) .  

t e r ia l  was c rys t a l l i zed  twice from 40% aqueous ethanol t o  give 17.2 g (67%)  

of product, mp. 96-97''. 

The pale  white so l id  which pre- 

This ma- 

- Anal. Calcd. f o r  CgH13N302: C ,  52-44; H, 7.15; N ,  22.94. Found: C ,  

52.30; H ,  7.14; N, 22.86. 

4-Ethylamino-2 ,6-dimethoxy-5-phenylazopyrimidine ( I V )  . - A so lu t ion  of 5 .O g 

(0.027 mole) of I11 i n  500 m l  of 20% ace t i c  acid w a s  prepared and cooled 

t o  +4'. The pH w a s  adjusted t o  4 . 5  by t h e  addition of so l id  sodium ace- 

tate.  To t h i s  solut ion w a s  added a so lu t ion  of benzenediazonium chlor ide 

prepared by t h e  act ion of 1.97 g (0.029 mole) of  sodium n i t r i t e  on 2.61 g 

(0.028 mole) of an i l i ne  dissolved i n  40 m l  of 2 

0-3'; urea was  added t o  destroy excess n i t rous  acid.  

hydrochloric acid at 

Immediately upon ad- 

mixture, so l id  sodium ace ta t e  w a s  added t o  br ing the  pH back t o  5.0-5.5. 

The br ight  yellow reac t ion  mixture was allowed t o  w a r m  gradually t o  room 

temperature and w a s  then s t i r r e d  overnight. The brown p rec ip i t a t e  was 

co l lec ted ,  washed thoroughly with water and dried.  The product was puri-  

f i e d  by prec ip i ta t ion  from an ethanol ic  so lu t ion  a f t e r  charcoal treatment 
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SOME N E W  PYRIMIDINE DERIVATIVES 

by the  addi t ion of water u n t i l  tu rb id i ty .  

and dried (2.78 g, 36%), mp. 109-110'. 

The orange so l id  w a s  col lected 

- Anal. Calcd. f o r  C14H17NP2: C, 58.52; H, 5.97; N, 24.38. Found: 

C, 58.70; H, 6.03; N, 24.33. 

N-(4-Ethylamino-2,6-dimethoxy-5-pyrimidinyl)formemide (V1.- A solut ion of 

4.3 g (0.015 mole) of I V  i n  200 m l  of a mixed solvent composed of water, 

formic acid,  and methanol (1 : 2 : 7 by volume) w a s  added dropwise, with 

vigorous s t i r r i n g ,  t o  9.7 g (0.15 mole) of zinc dust. Addition required 

30 minutes, during which time the  temperature w a s  held at  55'. 

p l e t e  addi t ion,  t he  react ion was st irred at  55' f o r  an addi t ional  hr .  

supernatant was poured in to  200 m l  of water and the  pH of the  r e su l t i ng  

solut ion w a s  adjusted t o  8 by t h e  addi t ion of so l id  sodium carbonate. 

Methanol w a s  evaporated from the  so lu t ion  ( ro t a ry  evaporator) and the  

aqueous so lu t ion  w a s  extracted several  times with 40 m l  portions of chloro- 

form. The combined chloroform ext rac ts  were dr ied over magnesium su l f a t e .  

Evaporation of the  chloroform le f t  an oil, which, upon t r i t u r a t i o n  under 

e ther ,  hardened t o  a white so l id .  When ether  w a s  added t o  a solut ion of 

t h i s  material i n  a minimal volume of chloroform the re  were formed long 

s i lky  white needles, mp. 145-145.5' (850 mg, 25%); IR: v m a x  (KC1) 1725 

cm (carbonyl) ; NMR (CDCL3) : 6 1.20 (3H t r i p l e t ,  J = 15 Hz) , 3.47 (2H 

mult ip le t ,  J =  27 Hz), 3.88 and+3.90 (6H, 2 close s i n g l e t s ) ,  5.42 (lH, 

broad), 7.13 (1H broad), and 8.28 (1H s i n g l e t )  ppm. 

After com- 

The 

-1 

- Anal. Calcd. fo r  CgH14N403: C, 47.78; H, 6.24; 'N, 24.76. Found: C,, 

48.50; H, 6.22; N, 24.86. 

9-Ethylxanthine (I).- A mixture of 950 mg (3.8 m o l e s )  of  V, 1.5 ml of  

fonnamide, and 0.5 m l  of formic acid w a s  heated at  re f lux  with s t i r r i n g  

fo r  4 hr. The s t i l l  hot reac t ion  mixture w a s  poured in to  10  ml of i c e  

water and the  r e su l t i ng  solut ion was evaporated aa completely as possible  
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M. ISRAEL, M. M. BERMAN AND N. MUHAMMAD 

u n t i l  only an o i l y  r e s idue  remained; e thano l  w a s  added du r ing  t h e  evapora- 

t i o n  t o  ensure removal o f  water by azeo t rop ic  d i s t i l l a t i o n .  The o i l y  resi- 

due w a s  taken up i n  a small volume of e thano l ;  e t h e r  was added and a s o l i d  

separated.  The material was c o l l e c t e d ,  d r i e d ,  and c r y s t a l l i z e d  from 

ethanol-ether  t o  give 600 mg (80%)  of I. The i n f r a r e d  spectrum showed 

s t r o n g  amide carbonyl absorpt ion and t h e  nmr spectrum confirmed t h e  loss 

of t h e  methoxyl groups; NMR (CD30D) : 6, 1.&0 ( 3 H ,  t ,  J = 1 5  Hz, >NCH CH 1, 

4.06 (2H, q ,  J = 24 Hz, )NCHzCH3), 8.00 ( l H ,  s ,  purine-8-H) ppm. 

q u a n t i t a t i v e  u l t r a v i o l e t  spectrum compared favorably with t h e  values  re- 

ported f o r  I by Koppel and Robins.5 

2 2  

The - 

6-Ethylaminouracil ( V I ) . -  A s o l u t i o n  of  5.0 g (0 .03 mole) of I11 i n  450 ml 

of  g l a c i a l  a c e t i c  ac id  and 58 m l  of 2 

at r e f l u x  f o r  1 hr.  Evaporation of  t h e  r e a c t i o n  s o l u t i o n  under reduced 

hydrochlor ic  a c i d  w a s  maintained 

p res su re  l e f t  a yellow o i l ,  which w a s  d i s so lved  i n  25 m l  of  w a r m  60% 

aqueous ethanol .  The r e s u l t i n g  s o l u t i o n  w a s  cooled overnight  i n  t h e  re- 

f r i g e r a t o r ,  and t h e  off-white c r y s t a l l i n e  p r e c i p i t a t e  w a s  c o l l e c t e d .  The 

crude product w a s  washed thoroughly with water, d r i e d ,  and c r y s t a l l i z e d  

from 95% ethanol  (1.11 g, 2 7 $ ) ,  mp. 288-289' (lit.6 mp. 288'). This ma- 

t e r i a l  w a s  i d e n t i c a l  with samples of V I  prepared by ethylaminat ion of  

6-chlorouracil ,  as descr ibed by P f l e i d e r e r  and Niibel. 6 

6-Ethylamino-5-phenylazouracil ( V I I ) . -  The coupl ing r e a c t i o n  w a s  achieved 

at  a cons t an t  pH of 9.5 i n  an ammonium hydroxide-ammonium c h l o r i d e  b u f f e r ,  

following a procedure p rev ious ly  descr ibed f o r  t h e  p repa ra t ion  of 2,4- 

diamino-6-mercapto-5-phenylazopyrimidine .7 

of  product (77%) af ter  c r y s t a l l i z a t i o n  from 60% ethanol .  

melted at 262-262.5O wi th  decomposition; I R :  v m a x  (KC1) 1660 cm- l  (amide 

carbonyl)  . 
- Anal. 

Two grams of  V I  gave 2.4 grams 

The product 

Calcd. f o r  C12H13N502: C ,  55.59; H ,  5.05; N, 27.02. 
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SOME NEW PYRIMIDINE DERIVATIVES 

Found: C ,  55.27; H ,  5.06; N ,  26.82. 

2,4-Dichloro-6-ethylamino-5-phenylazopyrimidine ( V I I I ) . -  A mix tu re  o f  200 

mg ( 0 . 8  m o l e )  o f  V I I  i n  20 m l  of phosphorus oxych lo r ide  con ta in ing  2 g of 

phosphorus p e n t a c h l o r i d e  was hea ted  a t  r e f l u x  f o r  45  h r  w i th  s t i r r i n g .  

The deep r e d  co lo red  r e a c t i o n  mix tu re  was cooled  t o  room tempera ture  and 

t h e  major por t ior ,  o f  phosphorus oxych lo r i ae  w a s  removed under vacuum. The 

r e s i d u e  w a s  hydro lyzed ,  wi th  e x t e r n a l  c o o l i n g ,  by t h e  slow addi t . ion  of 

c rushed  i c e .  An orange brown p r e c i p i t a t e  began t o  appear  almost immedi- 

a t e l y  and t h e  r e s u l t i n g  suspens ion  was s t i r r e d  f o r  1 h r  i n  an i c e  ba th .  

The s o l i d  (218  mg) was c o l l e c t e d ,  washed wi th  c o l d  water, and d r i e d .  Two 

c r y s t a l l i z a t i o n s  from 95% e thano l  a f fo rded  t h e  product  i n  a n a l y t i c a l  pur- 

i t y  (126  mg, 5 5 % ) ,  mp. 135-136'. 

- Anal. Calcd. f o r  C12HllC12N5: C ,  48.66; H ,  3.74; C 1 ,  23.94; N ,  23.65. 

Found: C ,  48.37; H ,  3.86; C1, 23.81; N ,  23.81. 

When f r e s h l y  d i s t i l l e d  phosphorus oxychlor ide  was used i n  t h i s  pre- 

p a r a t i o n ,  it w a s  necessary  t o  add one o r  two drops o f  water t o  t h e  reac-  

t i o n  mixture  p r i o r  t o  h e a t i n g  i n  o r d e r  t o  obta i r .  good y i e l d  o f  product .  
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