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Condensation of 5, 6-diaminouracil with ethyl cyanoacetate yields 
xanthine-8-acetonitrile which is hydrolyzed by alkalis to xanthine-8- 
acetic acid. Also synthesized were its ethyl ester, acid chloride, and 
bis(2'-hydroxyethyl)amide. 

The  s y n t h e s i s  of s o m e  N - m e t h y l a t e d  d e r i v a t i v e s  of  

x a n t h i n e - 8 - c a r b o x y l i c  a c i d  h a s  b e e n  d e s c r i b e d  in t h e  

l i t e r a t u r e .  A c y l a t i o n  of  r i n g  N - m e t h y l a t e d  5, 6 - d i a m i n -  

o u r a c i l s  w i t h  a l i p h a t i c  d i c a r b o x y l i c  a c i d s  f o l l o w e d  by 

c y c l i z a t i o n  of  t h e  i n t e r m e d i a t e  5 - a c y l a m i n o p y r i m i -  

d i n e s  [ 1 - 3 ] ,  and c o n d e n s a t i o n  of  N - m e t h y l a t e d  8 - h a l o -  

and 8 - f o r m y l x a n t h i n e s  w i t h  m a l o n i c  a c i d  d e r i v a t i v e s  

[4, 5], b o t h  g i v e  t h e  c o r r e s p o n d i n g  p u r i n e s .  The  a c y l a -  

t i o n  of n o n m e t h y l a t e d  5, 6 - d i a m i n o u r a c i l  (I) h a s  no t  

b e e n  a c h i e v e d .  T h e r e  is  on ly  r e f e r e n c e  to an u n s u c -  

c e s s f u l  a t t e m p t  to  a c y l a t e  I w i t h  g l y c o l i c  ac id ,  t h e  

f a i l u r e  of  w h i c h  w a s  a t t r i b u t e d  to  t h e  low s o l u b i l i t y  of  

I in t h e  a c y l a t i n g  a g e n t  [6]. 

We h a v e  i n v e s t i g a t e d  t h e  r e a c t i o n  of  I w i t h  e t h y l  

c y a n o a c e t a t e .  The  l a t t e r  w a s  u s e d ,  r a t h e r  t h a n  t h e  

f r e e  ac id ,  b e c a u s e  h i g h e r  r e a c t i o n  t e m p e r a t u r e s  cou ld  

be  r e a c h e d  w i t h o u t  d e c o m p o s i t i o n  of  t h e  s t a r t i n g  m a t e -  

r i a l s .  It h a s  b e e n  s h o w n  t h a t  t h e  r e a c t i o n  of I w i t h  an 

e x c e s s  of  e thy l  c y a n o a c e t a t e  b e g i n s  a t  160 ~ C and p r o -  

c e e d s  m o s t  r a p i d l y  at  1 9 0 - 2 0 0  ~ C. 
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IV R=CI;  V R=OC:Hs;  Vi R =N(CH:CH~OH). 

E x a m i n a t i o n  of t h e  r e a c t i o n  p r o d u c t  s h o w e d  t h a t  t he  

c l o s u r e  o f  t h e  i m i d a z o l e  r i n g  p r o c e e d e d  s i m u l t a n e o u s l y  

w i t h  a c y l a t i o n  at t h e  5 - a m i n o  g r o u p  to g ive  x a n t h i n e - 8 -  

a e e t o n i t r i l e  (II), in a l m o s t  q u a n t i t a t i v e  y i e l d .  The  f o r -  

m a t i o n  of II i s  i n d i c a t e d  by t h e  l i b e r a t i o n  of  e t h a n o l  and 

w a t e r  d u r i n g  t h e  r e a c t i o n ,  and a l s o  by t h e  n e g a t i v e  r e -  

a c t i o n  f o r  t h e  p o s s i b l e  p r e s e n c e  of  6 - a m i n o - 5 - c y a n o -  

a e e t a m i d o u r a c i l  in t h e  r e a c t i o n  p r o d u c t  ( e v a p o r a t i o n  of  

II w i t h  f u m i n g  n i t r i c  a c i d  l e a v e s  a y e l l o w  r e s i d u e )  �9 

T r e a t m e n t  of  II w i t h  a q u e o u s  a lka l i  in t he  p r e s e n c e  
of  e t h a n o l  a f f o r d s  x a n t h i n e - 8 - a e e t i c  a c i d  (III) . The  

s t r u c t u r e  of  III w a s  c o n f i r m e d  by d e c a r b o x y l a t i o n  to t h e  

known  8 - m e t h y l x a n t h i n e  in b o i l i n g  a q u e o u s  so lu t i on ,  o r  

on h e a t i n g  in v a c u o  to  1 4 0 - 1 5 0  ~ C. 
T r e a t m e n t  of  III w i th  an e x c e s s  of  b o i l i n g  t h i o n y l  

c h l o r i d e  g i v e s  t h e  ac id  c h l o r i d e  IV in h igh  y i e l d .  T h i s  

c o m p o u n d  is r a t h e r  u n s t a b l e ,  u n d e r g o i n g  h y d r o l y s i s  

r a p i d l y  in a i r  and d e c o m p o s i n g  on a t t e m p t e d  r e c r y s t a l -  

l i z a t i o n  f r o m  o r g a n i c  s o l v e n t s .  

X a n t h i n e - 8 - e t h y l a c e t a t e  (V) w a s  p r e p a r e d  by p a s s i n g  

d r y  h y d r o g e n  c h l o r i d e  t h r o u g h  a s u s p e n s i o n  of III in a b -  

s o l u t e  e t h a n o l .  

R e a c t i o n  of  IV w i t h  an e x c e s s  of d i e t h a n o l a m i n e  

y i e l d s  t he  b i s ( 2 - h y d r o x y e t h y l )  a m i d e  (VI),  i d e n t i c a l  

w i t h  t h e  p r o d u c t  f r o m  t h e  r e a c t i o n  of  V wi th  a q u e o u s  

d i e t h a n o l a m i n e .  

E X P E R I M E N T A L  

Xanthine-8-acetonitrile (If), Dr)' finely-ground I (5 g; 0.035mole) 
was placed in a thermostated flask, and freshly-distiIled ethyl cyano- 
acetate (40 mI) was added. The mixture was heated with vigorous 
stirring at 195-200 ~ C for 10 hr. The fraction boiling up to 110 ~ C was 
collected in a special receiver. After cooling, the mixture was treated 
with twice its volume of ether, and the yellow solid was filtered off, 
washed with ether, and dried in air. Yield of II 6.6 g (97.6q0), bright 
yellow crystals (from water), mp 260 ~ C (decomp.). Found, %: C 
44.03; H 2.713 N 36.67. Calculated for C-qHsNsOs, %: C 43.91; H 2.62; 
N 36.64. 

Xanthine-8-aeetic acid (IIl)o Compound I[ (6.5 g: 0.034 mole) 
was dissolved in 2 N aqueous NaOH (43.6 ml), and ethanol (1 ml) 
added. The dark red solution formed was heated at 100-108 ~ C for 2 
hr. After treatment with decolorizing charcoal the hot filtrate was 
neutralized with 20% hydrochloric acid to pH 6 and cooled by adding 
ice. The precipitate was filtered off, washed with a small quantity of 
ice water and then with acetone, and dried in a vacuum desiccator 
o v e r  HzSO 4. Yield 4.71 g (60.8%). A sample was purified for analysis 
by reprecipitation from NaOH (2 N) with 20% HC1, Cooling gave ItI; 
bright yellow crystals, mp 260 ~ C (decomp.). Found, %: C 36.64: 
H 3.43; N 24.37. Calculated for CTH6N404 �9 HsO , %: C 36.76; H 3.81: 
N 24.66. Heating in vacuo at 130 ~ C caused simultaneous loss of water 
of crystallization and decarbox) lation. Decarboxylation to 8-methyl- 
xanthine was complete after 2 hr in boiling ~, ater. 

Xanthine-8-aoetyl chloride (IV). A mixture of III (2 g: 0.009 
mole) and thionyl chloride (15 ml) was boiled with stirring for 5 hr. 
The mixture was cooled, and the solid was isolated, washed with an- 
hydrous ether, and dried in a vacuum desiccator over HzSO 4. Yield 
2.06 g (96%), yellow crystals mp 270 ~ C (decomp.). Hydrolysis of IV 
took place rapidly in the presence of atmospheric moisture. Found, ~s: 
C1 15.683 N 24.89, Calculated for CTHsC1N4Oa, ~c: Ct 15.51; N 54.51. 

Xanthine-8-ethylacetate (V). A suspen_sion of III (2 g: 0.01 mole) 
in absolute ethanol (100 ml) was saturated with dr)" hydrogen chloride 
with stirring. After 48 hr at room temperature, the ethanol was dis- 
tilled in vaeuo, and the residue was treated x, ith ether and air-dried 
to give 1.5 g (71~:0) of colorless crystals mp 2:35 ~ C (decomp.) (from 
ethanol). Pound, %: C 45.61: H 4.11: N 23.84. Calculated for 
CgH10N404, %: C 45.48: H 4.29.; N 23.49. 

Bts(2'-hydroxyethyl)amide of xanthine-8-aoetie acid (VI). a) 
Freshly-prepared IV (2 g; 0.009 mole) and dierhanolamine (15 g) were 
stirred at 60 ~ C for 3 hr. The reaction mixture was mixed with abso- 
lute ethanol (J00 ml), and cooled in ice, and the precipitate was 
filtered off, washed with ethanol and ether, and dried in a vacuum 
desiccator over HzSO 4. Yield of VI 2 g (80.3.%), colorless crystats mp 
240 ~ (decomp., from aqueous acetone). Found, %: C 44.62; H 5 . 0 9 :  

N 23.38. Calculated for CnHI~NsOs, ~ C 44.51: H 5.04: N 23.56. 
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b) A mixture of V (2 g; 0.008 mole) and diethanolamine (2.5 g) in 
water (15 ml) was boiled with stirring for 3 hr. The water was re- 
moved completely in vacuo, the residue was washed several t imes 
with acetone, ethanol (25 ml) was added, and the crystals were fil- 
tered off and dried in a vacuum desiccator over H2SO 4. Yield 1.35 g 
(54~ Recrystallization from aqueous acetone gave colorless crystals 
mp 240 ~ C (decomp.) .  Found, %: C 44.38; H 5.14; N 23.60. Calcu- 
lated for CllHIsNsOs, %: C 44.51; H 5.04; N 23.56. 
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