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LV.* SYNTHESIS OF IMIDAZO[1,2-f]XANTHINE DERIVATIVES 
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Imidazo[1,2-f]xanthine der iva t ives  were  synthesized by the react ion of 8 -methy lmercap to -  
theophylline with ~-haloketones  and subsequent heating of the 7 - acy l a lky l -8 -me thy lmerc -  
aptotheophyllines with ammonia and p r i m a r y  amines .  

We have previous ly  descr ibed  the synthesis  of imidazo [1,2-f]xanthine der ivat ives  f rom 8-amino(alkyl-  
amino, arylamino)theophyll ines [1] and 8-bromotheophyll ine [2]. This paper  is devoted to the synthesis  of 
imidazo[1,2-f]xanthines [3] based on 8-mercaptoxanthines ,  since the la t te r  are  access ible  compounds and 
can be obtained by d i rec t  synthesis  f rom 4,5-diaminouraci ls  [4-8]. Since nucleophilic substitution of a 
me thy lmercap to  group by an amino(alkylamino) group [9,10] proceeds  readi ly  in the 8 -methy lmercap to -  
purine s e r i e s ,  it may  also be expected to be successful  in the 8-methylmercaptoxanthine  s e r i e s .  

We used 8-methylmercaptotheophyl l ine  [11] as the s tar t ing ma te r i a l .  It was found that its potassium 
sal t  readi ly  reac t s  with ~-haloketones  in alcohol o r  in d imethylformamide to fo rm 7-acy la lky l -8 -methy l -  
mercaptotheophyl l ines  (I-III, Table  1). When I-Il l  a re  heated with ammonia or p r i m a r y  amines in alcohol 
at 170-175 ~ the me thy lmercap to  group is rep laced  by an amino (alkylamino, arylamino) group, and the in-  
t e rmed ia t e  7-acyla lkyl -8-amino(a lkylamino,  arylamino)theophyll ines cycl ize  s imultaneously to give imid-  
azo[1,2-f]xanthine der ivat ives  (IV-XIII, Table 1). 
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The pur i ty  of I-XIII was proved by two-dimensional  paper  chromatography,  while the s t ruc tu re s  of 
the t h r e e - r i n g e d  compounds as 1H-imidazo[1,2-f]xanthine der iva t ives  was proved by the fact that IV, V, IX, 
and X were  identical to compounds previous ly  obtained by cycl izat ion of 7-phenacyl-8-amino{methylamino)-  
theophyll ines [1] or  by the reac t ion  of 7-phenacyl-8-bromotheophyl l ine  with ammonia and methylamine [1,2]. 

*See [1] for  communicat ion LIV. 
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T A B L E  I .  7 - A c y l a l k y l - 8 - m e t h y l m e r c a p t o t h e o p h y l l i n e s  (I-III) and 
I m i d a z o [ 1 , 2 - f ] x a n t h i n e  D e r i v a t i v e s  {IV-XIII) a 
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CIIHI4N4OaS~ 
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Found, % 

C H N 

47,0r 5,1] 19,61 
48.81 5,4] 19,H 
55.81 4,81 16,1f 

51,4l 5,41 25,01 
53,51 5,91 24,31 
58,21 6,4[ 24,01 

60,51 5.0i 20,51 
62,2[ 6.7J 21.4] 
64.11 5,5120,9t 

Calc., ~o Yield, 

C H N % 

46,8 5,0] 19.81 67 
48.6 5.4118,9] 81 
55.8i 4.71 16.3] 8ff 

69 
. . . .  69 

52.015,5125,31 82 
53,615,9 24,0 68 
58.1] 6,6 24,2 71 

--  70 

602 ~',1120,61 71 7O 
62,0 7,0121,31 73 
64,1 5,7120,8t 86 

a T h e  c o m p o u n d s  w e r e  p u r i f i e d  f o r  a n a l y s i s  by  c r y s t a l l i z a t i o n :  I,  
I I ,  VHI,  and  XII  f r o m  aqueous  m e t h a n o l  (1 : 1); III ,  VI,  VII,  and XI 
f r o m  m e t h a n o l ;  IV, V, and X f r o m  e thano l ;  IX f r o m  g l a c i a l  a c e t i c  
ac id ;  XIII  f r o m  a c e t o n e - w a t e r  (1 : 1). 

bIR s p e c t r u m ,  c m - l :  I 1660, 1700, 1730 (CO); II  1655, 1700, 1728 
(CO); Ill 1660, 1695 (CO); IV 1664, 1708 (CO); V 1668, 1700 (CO); 
VI 1670, 1711 (CO), 3300 (OH); IX 1663, 1695 (CO), 3150 (NH); X 
1645, 1707 (CO); XI 1668, 1695 (CO), 3400 (OH); XIII 1666, 1710 
{CO). The  s p e c t r a  w e r e  o b t a i n e d  f r o m  s o l i d  s u s p e n s i o n s  in  
m i n e r a l  oi l  wi th  a U R - 1 0  s p e c t r o m e t e r .  

C F o u n d % :  S 11.6.  C a l c u l a t e d % :  S 11.4.  
d F o u n d % :  S 10.8.  C a l c u l a t e d % :  S 10.8.  
e F o u n d % :  S 9.2.  C a l c u l a t e d % :  S 9.3.  
f D e c o m p o s e s  above  360 ~ [2]~ 
g m p  249-250  ~ [2]. 
h D e c o m p o s e s  a t  340-345 ~ [1]. 
i m p  235 ,5-236  ~ [2]. 

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

8 - M e t h y l m e r c a p t o t h e o p h y l l i n e .  T h i s  was  ob t a ined  by  the  m e t h o d  in [11], wi th  the  d i f f e r e n c e  tha t  the  
r e a c t i o n  w a s  c a r r i e d  out  in  50% m e t h a n o l  r a t h e r  than  in  w a t e r .  The  y i e l d  of  a p r o d u c t  wi th  m p  307-310 ~ 
(decomp. ,  f r o m  aqeuous  e thanol )  was  83%. The  p o t a s s i u m  s a l t  was  o b t a i n e d  b y  h e a t i n g  0.02 m o l e  of  8 -  
m e t h y l m e r c a p t o t h e o p h y l l i n e  wi th  0.03 m o l e  of  KOH in 35 m l  of m e t h a n o l .  The  s o l u t i o n  was  c oo l e d ,  and the  
p r e c i p i t a t e  w a s  f i l t e r e d  and w a s h e d  wi th  m e t h a n o l  to g ive  76% of a p r o d u c t  wi th  m p  277-280 ~ (decomp. ,  
f r o m  m e t h a n o l ) .  

7 - A c y l a l k y l - 8 - m e t h y l m e r c a p t o t h e o p h y l l i n e  ( I - I I I ) .  The  c e - b r o m o k e t o n e  (0.06 mole )  was  added  to a 
s u s p e n s i o n  of  t he  p o t a s s i u m  s a l t  of 8 - m e t h y l m e r c a p t o t h e o p h y l l i n e  in  200 m l  of hot  m e t h a n o l ,  and the  m i x -  
t u r e  w a s  r e f i u x e d  f o r  2 -3  h,  f i l t e r e d ,  and  the  f i l t r a t e  w a s  c o o l e d .  The  r e s u l t i n g  p r e c i p i t a t e  was  f i l t e r e d  and 
w a s h e d  wi th  w a t e r  and  e t h e r .  In the  p r e p a r a t i o n  of  II the  r e a c t i o n  was  c a r r i e d  out  in  100 m l  of d i m e t h y l -  
f o r m a m i d e  at  t he  bo i l i ng  poin t  fo r  30 ra in ,  and the  s o l u t i o n  was  e v a p o r a t e d  in vacuo  to ha l f  i t s  o r i g i n a l  

* We thank  V.  V .  K o l p a k o v a  and Yu. N. S h e i n k e r  :and t h e i r  c o - w o r k e r s  f o r  p e r f o r m i n g  the  m i c r o a n a l y s e s  and 
ob ta in ing  the  IR  s p e c t r a  of the  c o m p o u n d s .  
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volume and cooled.  The product  was a co lo r l e s s ,  c rys ta l l ine  substance  which was sl ightly soluble in mos t  
organic  solvents  and insoluble in wa t e r .  

Imidazo[1,2-f]xanthine De r iva t i ve s  (IV-XIII). A mix tu re  of 0.025 mole  of I - I I I  and 50 ml  of 15-25% of 
alcoholic ammonia ,  me thy lamine ,  o r  0.05 mole  of another  p r i m a r y  amine in 60 ml  of methanol  was hea ted  
fo r  8 h in an autoclave (0 15  l i te r )  at 170-175~ The mix tu re  was then cooled, and the p rec ip i ta te  was f i l tered 
and washed with wa te r  and acetone.  Evapora t ion  of the mothe r  l iquor  to a sma l l  volume gave an addit ion- 
al amount  o f  compound. 

8-Propylaminotheophyl l ine  (XIV). A. This  was obtained in 92% yield by heating 0.025 mole  of 8-  
bromotheophyl l ine  [12] with 0.05 mole  of p ropy lamine  in 50 ml  of methanol  at 160 ~ (5-6 h) and had mp 292- 
295 ~ (from acet ic  acid).  Found%:  C 50.8; H 6.1; N 29.3. C10H15N502. Ca lcu la ted%:  C 50.6; H 6.4; N 29.5. 

B. A mix tu re  of 0.3 mole  of II,  0.06 mole  of p ropy lamine ,  and 60 ml  of methanol  was heated for 8 h 
at 185-190 ~ . The mix tu re  was cooled, and the p rec ip i t a te  was f i l te red  and washed with wa te r  and e the r  to 
give 66% of XIV with m p  292-295 ~ 

C.  A solution of 0.01 mole  of VIII in 50 ml  of methanol  was heated  and worked up as in exper iment  B 
to give 51% of XIV with mp 292-295 ~ 
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