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It  was  es tab l i shed  that  the reac t ion  of 8- theophyll ine with a - h a l o  ketones  gives  8-acy la lky l -  
thiotheophyll ines or  t he i r  eycl iza t ion  p roduc t s  - thiazolo[2.3-f]xanthine de r iva t ives  - depend- 
ing on the conditions used  to c a r r y  out the reac t ion  and the s t ruc tu re  of the halo ketones.  
Der iva t ives  of two new he te rocyc l i c  s y s t e m s -  eyclopentathiazolo[2.3-f]pur ine  and benzothia-  
z o l o [ 2 . 3 - f ] p u r i n e - w e r e  synthesized f r o m  2-bromocyclopentad ienone  and cyclohexanone.  
The s t r u c t u r e  and the conditions for  the cycl iza t ion of 8-acylalkyl thiotheophyl l ines  to t h r ee -  
(four)- r ing  compounds were  studied. The s t r u c t u r e  of the thiazolo[2,3-f]xanthines was p roved  
by  reduc t ive  desul fura t ion  to 1 ,3 ,7- t r ia lkylxanthines .  

Li t t le  s tudy has  been  devoted to the r eac t ion  of 8- thioxanthines with a - h a l o  ketones  [2. 3], whereas  it 
s e e m s  of g r e a t  in te res t ,  inasmuch as it opens up poss ib i l i t i e s  fo r  the synthes is  of 8-acylalkyl thioxanthines 
and thiazolo[2,3-f]xanthine de r iva t ives .  We have found that  the reac t ion  of 8-thiotheophyll ine (I) with a -h a lo  
ketones  of the aliphatic,  a l icycl ic ,  a l ipha t i e -a romat i c ,  and he te rocyc l ic  s e r i e s  p roceeds  unambiguously and, 
depending on the conditions used ( t empera tu re  and pH of the medium) and the s t ruc tu re  of the halo ketone. 
gives 8-acyla lkyl th iotheophyl l ines  or  the i r  cycl izat ion p roduc t s - t h i azo lo [2 .3 - f ]xan th ine  der iva t ives .  Thus 
8-acyla lkyl th iotheophyl l ines  (II-XIII, Table  1) a r e  obtained in high yields  by reac t ion  of I with halo ketones  
in alcohol or  d ime thy l fo rmamide  (DMF) in the cold and even on heating to 60-100 ~ in the p r e s e n c e  of an 
alkal ine reagent .  Refluxing of thioxanthine I with halo ketones  in organic  solvents  (alcohols, CH3COOH, 
DMF) in the absence  of an alkal ine reagent  gives  different  compounds.  8-Acylalkyl thiotheophyll ines {VIII- 
XIII) a r e  f o r m e d  in the case  of a l i pha t i c - a roma t i c  and he te rocyc l ic  halo ketones,  while the p r o c e s s  does not 
stop in the f i r s t  step with al iphatic and a l icycl ic  halo ketones  but p roceeds  fu r the r  with closing of the th ia-  
zole r ing to give the co r respond ing  t h r e e -  and f o u r - r i n g  compounds (XIV-XVII. XXIII. and XXIV). 

This  d i f fe rence  in the  cour se  of the r eac t ion  of I with a - h a l o  ketones  with different  s t ruc tu re s  is ex- 
plained by the different  tendencies  of the acylalkyl thiotheophyll ines (II-XIII) to undergo cycl izat ion with 
closing of a th iazole  r ing.  Compounds I I -VII  a r e  read i ly  cycl ized to t h r e e -  and fou r - r i ng  XIV-XVII and 
XXIV on ref luxing in lower  alcohols  in the p r e s e n c e  of HC1, on heating in POC13 and organic  or  m ine ra l  
acids  (HCOOH, CH3COOH, HC1. HBr, and H3PO4). and a lso  on t r ea tmen t  with cold concentra ted  H2SO 4. In 
con t r a s t  to H-VII,  IX-XHI a r e  v e r y  s tab le  and cyc l ize  to XVIII-XXII only on prolonged ref iuxing in POC13 
o r  85-90% H3PO 4. 

The c los ing of the th iazole  r ing  is ca ta lyzed  by acids .  Thus V does not change when it  is ref luxed in 
ethanol, while under  the s a m e  conditions, but in the p r e s e n c e  of HC1, it is cycl ized a lmos t  quant i ta t ively to 
XVI. Thus,  t h ree ( fou r ) - r ing  compounds (XIV-XVH, XXIII, and XXIV) a re  fo rmed  in the reac t ion  of thiotheo- 
phyl l ine I with halo ke tones  of the  al iphat ic  o r  a l icyel ie  s e r i e s  in ethanol, while in the p r e s e n c e  of alkali,  
which neu t r a l i zes  the evolved HC1 or  HBr, the p r o c e s s  stops in the f i r s t  stop to give acylalkyl thiotheophyl-  
l ines  ([I-VII). 

* See [1] for  communica t ion  LXXVIII. 
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It  was es tab l i shed  by means  of phys icochemica l  methods  that  r ing-cha in  t a u t o m e r i s m  is cha rac t e r i s t i c  
fo r  I I -XIII .  These  compounds d isplay  the p r o p e r t i e s  of ke tches  and give de r iva t ives  at the carbonyl  group, 
fo r  example ,  2 ,4-d in i t rophenylhydrazones  (XXV). At the s a m e  t ime,  judging f r o m  the IR and PMR s p e c t r a  
[4, 5], these  ke tones  a r e  in equi l ibr ium with the cor responding  3-hydroxythiazol ino[2,3-f]xanthines insolut ion.  

As a consequence of t a n t o m e r i s m  in the 8- thiopurine  s e r i e s ,  c losing of the th iazole  r ing during cyc l i -  
zat ion of I I -XIII  might  have p roceeded  with the par t i c ipa t ion  of the NH group in both the 7 and 9 posi t ions  of 
the pur ine  r ing  to give thiazolo[2.3-f]xanthines XIV-XXIV and the i s o m e r i c  thiazolo[2,3-e]xanthine de r iva -  
t ives .  In all  c a s e s  we i so la ted  only one of the i s o m e r s  (as moni tored  by chromatography) .  The affi l iation 
of XIV-XXIV with the s e r i e s  of thiazolo[2,3-f]xanthine de r iva t ives  was p roved  in the case  of the reduct ive  
desulfura t ion of XIV under  the influence of Raney nickel  to 7- isopropyl theophyl l ine  (XXVI). 

EXPERIMENTAL 

The IR s p e c t r a  of m i n e r a l  oil suspens ions  of the compounds were  r eco rded  with a UR-10 s p e c t r o m e t e r .  

Chromatography  on a fixed l a y e r  of s i l i ca  gel for  XV. XVI, XVIII, and XX was rea l i zed  in a CC14- 
CH3COOH (4: 1) sys t em,  and the c h r o m a t o g r a m s  were  developed with iodine vapors .  The R f  values were :  
XV 0.91, XVI 0.94, XVIII 0.83, and XX 0.90. 
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8-Acylalkyl thiotheophyl l ines  (II-XIII. see  Table  1). A) A 0.05-0.055-mole  sample  of the a - h a l o  ketone 
(chloro ke tches  we re  used  for  the synthes is  of II, VII, and XIII. while b r o m o  ketches  were  used in all  of the 
r e s t  of the cases )  was added to a solution of 0.05 mole  of I and 0.05 mole  of sodium ethoxide in 100-150 ml  
of ethanol, and the m i x t u r e  was s t i r r e d  at 60-65 ~ for  1-1.5 h, ref luxed for  10 min, and cooled. The p r ec ip i -  
t a te  was then r emoved  by f i l t ra t ion and washed with water .  

B) A solution of 0.05 mole  of I and 0.055 mole  of the a - h a l o  ketone in 150 ml  of ethanol o r  DMF was 
s t i r r e d  at 18-20 ~ for  5-6 h. a f t e r  which it  was poured  into water ,  and the p rec ip i t a t e  was r emoved  by  f i l t r a -  
t ion to give IV and IX in 84 and 79% yields,  r e spec t ive ly .  Compound IX was isola ted in 79-87% yield when I 
was  ref luxed with phenacyl  b rom i de  in ethanol, hexanol, DMF, and glacial  CH3COOH for  5-8 h. The sub- 
s t ances  were  pur i f ied  for  analys is  by c rys ta l l i za t ion  f r o m  aqueous ethanol (II. VII. and IX), ethanol (IV. V. 
and VI). butanol (III. X. and XII). dioxane {VIII). o r  glacial  CH3COOH (XI, XIII). 

Der iva t ives  of Thiazolo[2,3-f ] - .  Cyclopentathiazolo[2,3-f]- ,  and Tet rahydrobenzothiazolo[2 ,3- f ]xan-  
thines (XZV-XXlV, see  Table 1). A) A solution of 0.01 mole  of I and 0.011-0.012 mole  of a - h a l o  ketone (a 
ch loro  ketone was used  fo r  the synthes is  of XIV, while a b r o m o  ketone was used  for  the synthes is  of the 
other  compounds) in 30-60 ml  of ethanol was ref luxed for  4-5 h (in the p repa ra t ion  of XIV, XV, and XVII) 
o r  7 h (in the p r e p a r a t i o n  of XXIII and XXIV), a f t e r  which it  was cooled, and the p rec ip i t a t e  was r emoved  
by f i l t ra t ion.  Evapora t ion  of the mothe r  l iquor to a smal l  volume gave additional amounts  of the compounds.  

B) A solution of 0.01 mole  of HI in 15 ml  of glacia l  CH3COOH, 85% HCOOH, concentra ted  HC1, or  
HBr was ref luxed fo r  4-5 h, a f t e r  which the solvent  was r emoved  by vacuum dist i l lat ion.  The res idue  was 
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made  alkal ine with NH3, and the p rec ip i t a t e  was r e m o v e d  by f i l t ra t ion and washed with water .  The yield of 
XV was 87-98%. 

C) A solution of 0.01 mole  of V or  IX in 15 ml  of 85% H3PO 4 was heated, respec t ive ly ,  at 95-98 ~ fo r  
1 h or  at the ref lux t e m p e r a t u r e  of the mix tu re  for  2.5 h, a f t e r  which it was worked up as  desc r ibed  in 
method A. The yields  of XVI and XVIII we re  93 and 98%. 

D) A solution of 2.8 g (0.01 mole)  of Ill  in 15 ml  of 96% H2SO 4 was allowed to stand at 18-20 ~ for  24 h, 
a f t e r  which it was worked up as desc r ibed  above. The yield of XV was 91%. 

E) A mix tu re  of 0.01 mole  of IX-XIII  in 30-35 ml  of POC1S was ref luxed for  6-10 h, a f t e r  which the 
POC13 was r emoved  by vacuum disti l lation, the res idue  was decomposed  with water ,  and the p rec ip i t a t ed  
XVIII-XXII were  r emoved  by f i l t ra t ion.  The compounds were  pur i f ied  by c rys ta l l i za t ion  f r o m  e thano l -  
CHC13 (XIV), ethanol (XVI), aqueous ethanol (XVII), acetone (XXII), g lacia l  CHsCOOH (XV), butanol (XXI, 
XXIV), DMF (XIX, XX, XXIII), or  butanol-DMF (1 : 1) (XVIII). 

8-Acetonylmercapto theophyl l ine  2 ,4-Dini t rophenylhydrazone (XXV). This compound was obtained f r o m  
II and 2 ,4-din i t rophenylhydrazine  in ethanol (after ref luxing for  1 h). The yield of product  with mp 252-253 ~ 
(from DMF) was 80%. Found %: C 42.8. H 3.7: N 25.0: S 6.8. C16HI6N806 S. Calculated %: C 42.8. H 3.6. 
N 25.0: S 7.1. 

7- Isopropyl theophyl l ine  (XXVI). A) A mix tu re  of 2.37 g (0.01 mole) of the hydra ted  po t a s s ium sal t  of 
theophyll ine and 2.55 g (0.015 mole) of i sopr~pyl  iodide in 30 ml  of ethanol was ref luxed for  8 h, a f t e r  which 
the solvent  was r em oved  by  disti l lation, and the res idue  was washed with water .  The yield of XXVI, with 
mp 174-176 ~ (from p e t r o l e u m  ether)  (rap 140 ~ [6]), was 1.44 g (65%). IR spec t rum:  1660, 1700 c m  -1 (CO). 
Found %: C 53.9: H 6.2; N 25.3. C10HI4N402. Calculated %: C 54.0: H 6.3: N 25.2. 

B) A mix tu re  of 1 g of XIV. 15 g of an alcohol pa s t e  of Raney nickel, and 50 ml  of ethanol was ref luxed 
fo r  2 h, a f te r  which it was f i l te red.  The f i l t r a te  was evaporated,  and the res idue  was c rys t a l l i zed  f r o m  
p e t r o l e u m  ether .  The yield of XXVI, with mp 174-176 ~ was 0.7 g (79%). No mel t ing-poin t  dep res s ion  was 
obse rved  for  a mix tu re  of this p roduc t  with a s ample  of XXVI obtained by method A. 
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