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LIV. SYNTHESIS OF IMIDAZO[1,2-f]XANTHINE DERIVATIVES BASED 

ON 8-AMINO(ALKYLAMINO, ARYLAMINO)THEOPHYLLINES 

A .  A .  T k a c h e n k o ,  P .  M .  K o c h e r g i n ,  UDC 547.857.4'781.07:543.422.4'544 
a n d  F .  A .  Z u b k o v  

A number  of 1H- imidazo[1 ,2 - f ]xan th ine  de r iva t ives  were  obtained by the reac t ion  of 8- 
amino (alkylamino,  a ry l  amino)theophyll ines with a -ha loke tone  s and subsequent  cycliz  a -  
t ion of the 7 - acy l a lky l -8 - amino  (alkylamino, a ry lamino) theophyl l ines .  

In developing the r e s e a r c h  in [1] we have made a m o r e  detai led invest igat ion of the reac t ion  of 8- 
aminocaffe ine  (I) and 8-amino(a lkylamIno ,  arylamino) theophyl l ines  (H-V) with a -ha loke tones .  I t  was found 
that  I, in con t r a s t  to 2 -aminopyr id ine  [2] and other  ni t rogenous 2-amino he te rocyc les  [3], does not r eac t  
with a - b r o m o k e t o n e s ,  which is apparen t ly  explained by the low bas ic i ty  of this compound.  Compounds I I -V 
do not r eac t  with a -ha l oke t ones  in the absence  of an alkaline agent.  However ,  the reac t ion  with b r o m o -  
methyl  a ry l  ke tones  p roceeds  v e r y  rapidly  in aqueous alcohol solutions in the p re sence  of KOH or  NaOH, 
and even m o r e  rapidly  when the i r  po t a s s ium sa l t s  (iIa-Va) a re  heated  in methanol  to f o r m  7 -acy lme th y l -8 -  
amino (alkylamino, a ry lamino)  theophyl l ines  (VII-XIII,  Table  1). I t  should be noted that the constants  for  X 
and XII do not agree  with the l i t e r a t u r e  data for  these  compounds,  which were  p rev ious ly  synthes ized  by 
the reac t ion  of 7 -phenacy l -8 -bromotheophyl l ine  (VI) with butylamine and aniline [4, 5]. 

When II is  heated  in an aqueous alcohol solution of alkali  or  Ha is heated  in methanol  with (~-bromo-  
ketones  containing b romine  at tached to a secondary  ca rbon  atom, the reac t ion  does not stop at the step in-  
volving the fo rmat ion  of 7 -acy la lky l -8 -amino theophyl l ines  but p roceeds  fur ther  with the spl i t t ing out of a 
molecu le  of wa te r  and the fo rmat ion  of the cor responding  subst i tuted imidazo [1,2-f]xanthines (XIV-XVII). 

The 7 -acy lme thy l -8 -amino(a lky lamino ,  arylamino) theophyl l ines  {VII-XIII) a re  smoothly  conver ted  to 
imidazoxanthine de r iva t ives  (XVIII-XXIV) only when they are  heated in organic  or  mine ra l  acids (HCOOH, 
CH3COOH, HC1, HBr,  H3PO4) and also by the action of dehydrat ing agents (POC13 and concent ra ted  H2SO4). 
I t  is in te res t ing  to note that  XII and XIII, which have ary l  subst i tuents  at tached to the exocycl ic  ni t rogen atom 
which reduce  the nucleophi l ic i ty  of the imino group, do not change on refluxing in g lac ia l  acet ic  acid, but 
a re  cycl ized  to XXIII and XXIV when they are  hea ted  in 60-70% acet ic  acid. This  is evidence that the 
cycl iza t ion  of 7 -acy lme thy l -8 -amino theophy l l ines  depends not only on the c h a r a c t e r  of the subst i tuent  in the 
8-posi t ion but also on the acidity of the med ium.  

Another  m o r e  convincing proof  of the ca ta ly t ic  effect  of hydrogen ions on the closing of the imidazole  
r ing is that  7 -phenacy l -8-aminotheophyl l ine  (VII) does not change on prolonged ref luxing in ethanol o r  bu tan-  
ol, but is rap id ly  conver ted  to 2-phenyl -6 ,8-d imethyl imidazo[1 ,2- f ]xanth ine  (XVIII) in 78-80% yield in the 
s a m e  solvents  in the p r e s e n c e  of hydrogen chlor ide .  

In analogy with the m e c h a n i s m  for  c losing of the thiazole  r ing [6'8], it is e x t r e m e l y  l ikely that the 
c los ing of the imidazole  r ing during the cycl iza t ion  of 7 -acy la lky l -8 -amino(a lky lamino ,  a ry lamino) theophyl -  
l ines  to imidazo[1,2-f]xanthine de r iva t ives  also p roceeds  through an in t e rmed ia te  s tep involving the f o r m a -  
t ion of 2 -hydroxy  de r iva t ives  of imidazol ino [1,2-f]xanthine. 
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The puri ty of the 7-acylmethyl -8-amino(a lkylamino,  arylamino)theophyllines and imidazoxanthines 
that we obtained was conf i rmed by two-dimensional  paper  chromatography,  while the s t ruc tures  were con-  
f i rmed  by the IR spec t ra  and al ternat ive synthesis  of XVIII, XX, XXI, and XXIII by heating 7-phenacyl -8-  
bromotheophyll ine (VI) with ammonia  and the appropriate  amines [9]. Thus, it was simultaneously es tab-  
l ished that the t h r e e - r i n g  compounds (XIV-XXIV) are 1H-imidazo[1,2-f]xanthine derivat ives,  while the in te r -  
mediates  (VII-XIII) are  7 -acy la lky l -8-amino  (alkylamino, arylamino)theophyll ines.  
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E X P E R I M E N T A L *  

Known methods were used to p repare  8-aminocaffeine (I) [10], 8-aminotheophylline (II) [11], 8 -methyl -  
aminotheophylline (III) [12], 8-butylaminotheophylline (l-V) [12], 8-phenylaminotheophylline (V) [11], and 7- 
phenacyl-8-bromotheophyl l ine  (VI) [13]. 

Po tass ium Salts of 8-Amino(methylamino,  butylamino, phenylamino)theophyllines (IIa-Va). A mixture  
of 0.05 mole of amine (II-V) and 0,075 mole of KOH in 150 ml of water  was heated to 95-100 ~ the resul t ing 
solution was cooled to 35-40 ~ 350 ml  of acetone was added, and the result ing precipi tate  was fil tered and 
washed with ethanol and acetone to give 77-97% of products with mp 330-332 ~ 275-277 ~ 252-255 ~ and 92- 
93 ~ (decomp.), respec t ive ly .  

7-Acylmethyl -8-amino(a lkylamino,  arylamino)theophyllines (VII-XIII, T able 1). The a -b romoke tone  
(0.03 mole) was added to a suspension of 0.03 mole of I Ia-Va in 100-150 ml of hot methanol,  the mixture 
was refluxed with s t i r r ing  for 10-30 rain and cooled. The precipi tate  was fi l tered,  washed with water ,  e than-  
ol, and ch lo ro fo rm.  Compounds X and XI were also obtained when the react ion was ca r r i ed  out in 50% aque-  
ous methanol in the p resence  of an equimolecular  amount of KOH or NaOH. The co lor less  or  pale-yel low 
(VIII) c rys ta l l ine  substances  were  slightly soluble in most  organic solvents and insoluble in water .  

Imidazo[1,2-f]xanthine Derivat ives  (XIV-XXIV, Table 1). A. The a - b r o m o  ketone (0.03 mole) was 
added to a suspension of 0.02 mole of Ha and 150 ml of hot methanol,  and the mixture was refluxed with s t i r -  
r ing for  2 h and cooled. The precipi ta te  was f i l tered and washed with water ,  ethanol, and ch loroform to give 
73-78% of XV and XVI. Compounds XIV and XVII (39 and 77%, respectively)  were s imi la r ly  obtained, with 
the difference that the react ion was ca r r i ed  out in 50% aqueous ethanol for  24 h in the presence  of an equi- 
molecular  amount of KOH or  NaOH. 

B. A solution of 3 mmole  of V]/, XII, o r  XIII in 10 ml of 85% formic  acid was refluxed for 2 h and 
cooled.  The precipi tate  was f i l tered and washed with e ther  to give 83-87~c of XVIII, XXIII, and XXIV. 

C. A solution of 3 mmole  of VII, VIII, o r  X in 15 ml  of acetic acid was refluxed for 2 h and worked up 
as in exper iment  B to give 85-90% of XVIII, XIX, and XX'I. 

D. A solution of 3 mmole  of VII in 10 ml of 36% HC1 was refluxed for 1 h and cooled, and the prec ip i -  
tate of XVIII was f i l tered and washed with water  and acetone. The react ion was s imi la r ly  ca r r i ed  out in 
25% HC1 in ethanol or butanol to give 77-80% of XVIII. 

E. A solution of 3 mmole  of VII or  IX-XIII  in 10-15 ml  of 40-48% HBr was refluxed for 5-10 rain and 
cooled, and the precipi tate  was f i l tered and washed with water  and acetone to give 84-92qc yield of XVI]/ 
and XX-XXIV. 

* We thank V. V. Kolpakova and Yu. N. Sheinker and their  co -worke r s  for per forming  the microana lyses  and 
obtaining the IR spec t ra  of the compounds.  
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F.  A solution of 3 m m o l e  of VII in 15 m l  of 85% H3PO 4 was ref luxed for  5 h and worked up as in ex-  
p e r i m e n t  E to give 69% of XVIII. 

G. A solution of 3 m m o l e  of VII in 10 ml  of 96% H2SO 4 was allowed to stand for  12 h at 18-20 ~ and 
then poured  into 50 m l  of wa te r .  The prec ip i ta te  was f i l te red  and washed with wa te r  and acetone to give 
48% of XVIII. 

H. A solution of 3 m m o l e  of VII in 10 ml  of POC13 was ref luxed for  30 rain and cooled, and the p r e -  
c ipi ta te  of  XVIII was  f i l t e red  and washed with wate r ,  ethanol,  and e ther  to give 66% of XVIII. 

I .  A mix tu r e  of 0.02 mole  of VI and 0.05 mole  of butylamine or  aniline in 60 ml  of methanol  or  e than-  
ol was heated  in an autoclave at 170-175 ~ for  7 h and cooled, and the prec ip i ta te  of XXI or  XXIII was f i l t e red  
and washed with w a t e r  and ace tone .  Compounds XVIII and X-X were  s i m i l a r l y  obtained, with the di f ference 
that  ammon ia  and methy lamine  were  used  in the fo rm of 25% alcohol solutions (60 ml).  The yields  of XVIII, 
XX, XXI, and XXIII were  70, 78, 68, and 85%, r e spec t ive ly .  

Compounds  XIV-XXIV were  co lo r l e s s ,  c rys ta l l ine  subs tances  which were  sl ightly soluble in mos t  o r -  
ganic so lvents ,  insoluble in wa te r  and aqueous solutions of m ine ra l  acids,  and did not fo rm p i c r a t e s  and 
sa l t s  with m i n e r a l  ac ids .  
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