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LXXVII.* ACTION OF a - H A L O  ALDEHYDES AND THEIR ACETALS ON 

8-THIO DERIVATIVES OF PURINE AND THEOPHYLLINE 

M .  I .  Y u r c h e n k o ,  B .  V .  K u r m a z ,  UDC 547.857.7'781'789:543.422.4:541.623 
a n d  P .  M .  K o c h e r g i n  

Pur inyl  ( theophyl l inyl ) -8-mercapto  aldehydes and the i r  ace ta ls  were  synthes ized by the r e -  
action of 8-thio de r iva t ives  of purine and theophylline with a - h a l o  aldehydes and the i r  
ace ta l s .  The IR s p e c t r a  demons t ra t ed  that  the indicated aldehydes exis t  in the solid s ta te  
as t au tomer ic  fo rms  - 3-hydroxy der iva t ives  of th iazo l ino[2 ,3 - f ]pur ines  (xanthines). De-  
hydrat ion of the la t te r  gave th iazo lo[2 ,3- f ]pur ine ,  6 ,8-dimethyl th iazolo[2 ,3- f ]xanthine ,  
and the i r  2 -a lky l - subs t i tu ted  de r iva t ives .  The s t ruc tu r e s  of the t h r e e - r i n g  compounds were  
es tab l i shed  by reduct ive  desulfurat ion to 7-a lkyl -subs t i tu ted  purines  and theophyll ines.  

Gordon [2] studied the reac t ion  of 2 ,6-d iamino-8- th iopur ine  with chloroaceta ldehyde diethylacetal ,  but 
he was unable to isola te  an individual compound.  The action of a - h a l o  aldehydes or  thei r  ace ta ls  on 8- thio-  
xanthines has not been descr ibed  in the l i t e r a tu re .  

As we have a l ready  r epor t ed  in [3-7], we have invest igated the reac t ions  of 8- thiopurine (I) and 8- 
thiotheophylline (II) with chloroaceta ldehyde,  bromoaceta ldehyde ,  and a -  bromopropionaldehyde die thyl-  
ace ta l s .  It  was es tabl i shed that,  depending on the reac t ion  conditions and s t ruc tu r e s  of the s ta r t ing  m a t e r i -  
a ls ,  the indicated reac t ions  give var ious  compounds.  The react ion  of II with b romoace t a l  in absolute 
ethanol in the p r e s ence  of sodium ethoxide gives theophyl l iny l -8-mercap toace ta ldehyde  die thylaceta l  (HI), 
which is r ead i ly  hydrolyzed in wa te r  to the cor responding  aldehyde (VI) and is conver ted  to 6 ,8 -d imethy l -  
th iazolo[2 ,3- f ]xanth ine  (XIII) by the action of concent ra ted  H2SO 4. 

The reac t ion  of I and II with chloroaceta ldehyde or bromoace ta ldehyde  and a -b romoprop iona ldehyde  
ace ta l s  in wa te r  or  aqueous methanol  at 45-100~ gives purinyl  ( theophyl l inyl) -8-mercapto  aldehydes (IV- 
VII), in which, as in the analogous de r iva t ives  of imidazole  [8,9], imidazoline [9], benzimidazole  [10], and 
naphth[1,2-d]imidazole  [11], r i n g - c h a i n  t a u t o m e r i s m  occurs .  Judging f rom the IR spec t r a  (the absence  of 
absorpt ion bands of an aldehyde group and the p re sence  of the absorpt ion band of a hydroxyl  group), these  
compounds exis t  in the solid s ta te  as 3-hydroxy der iva t ives  of  th iazo l ino[2 ,3- f ]pur ine  (xanthine). In so lu-  
t ions they a re  capable  of undergoing convers ion to the aldehyde fo rm,  as a t tes ted  to by chemica l  r eac t ions  
for the ca rbony l  group, pa r t i cu la r ly  the format ion  of 2 ,4-dini t rophenylhydrazones  (VIII-X). 

Compounds IV-VII  read i ly  spli t  out a molecule  of wa te r  on react ion  with dehydrat ing agents  (POC13, 
x 

II2SOt) or  on refluxing in hydrochlor ic  acid to give the cor responding  thiazolo [2 ,3 - f ]pur ines  (xanthines) 
(xi-xIv). 

Closing of the thiazoline ring during the cycl izat ion of the purinyl  ( theophyl l inyl ) -8-mercapto  a lde-  
hydes might occur  in the 7 or 9 position of the purine ring, which ul t imately,  a f te r  dehydrat ion of the i n t e r -  
media te  hydroxythiazol inopurines  (xanthines), would give XI-XIV, the cor responding  th iazolo[2 ,3-e]pur ine ,  
(xanthine) de r iva t ives ,  or  mix tu re s  of the i s o m e r s .  In all c a s e s  we isola ted only th iazo lo [2 ,3 - f ]pur ine  
de r iva t ives  (XI, XID and th iazolo[2 ,3-f ]xanthine  der iva t ives  (XIII, XIV), the individuality of which was 

*See [1] for  communicat ion LXXVI. 
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established by chromatography, and the structures of which were established by reductive desulfuration 
under the influence of Raney nickel [11, 12] to 7-alkyl-substituted purines (XV) and theophyllines (XVI, XVII). 
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EXPERIMENTAL 

Theophyllinyl-8-mercaptoacetaldehyde Diethylacetal (iII, R = H). A solution of 20 mmole of sodium 
ethoxide, 4.24 g (20 mmole) of II [13], and 4 g (0.02 mole) of bromoacetaldehyde diethylacetal in 80 ml of 
absolute ethanol was refluxed for 13 h and cooled, The solvent was removed by vacuum distillation, the 
residue was dissolved in chloroform, and the solution was washed with water and dried over MgSO 4. The 
solvent was removed by distillation to give 1.86 g (30~ of a product with mp 170-171 ~ (dec., from absolute 
ethanol). IR spectrum, cm-i: 1645, 1725 (CO), 3170 (NH). Found: C 47.2; H 6.1; N 16.9; S 10.1%. 
CI3H20N404S. Calculated: C 47.5; H 6.1; N 17.1; S 9.8%. 

3-Hydroxythiazolino[2,3-f]purine (IV). A. A mixture of 2.22 g (15 mmole) of I [14] and 1.37 g (15.8 
mmole) of the hydrate of dimeric chloroacetaldehyde in 20 ml of water was heated at 45 ~ for 45 rain. The 
solution was treated with charcoal and filtered, and the filtrate Was neutralized with NaHCO 3 and cooled to 
2-3 ~ . The precipitate was removed by filtration and washed with water to give 1.45 g (50~ of a product 
with mp 191-192 ~ (dec., from water) and Rf 0.65 (system 17 and 0.66 (system 2). IR spectrum, cm-i: 3170 
(OH). Found: C 43.0; H 3.1; N 28.6; S 16.4%. C7HsN4OS. Calculated: C 43.3; H 3.1; N 28.8; S 16.5%. The 
picrate had mp 197 ~ (dec., from water); Found: N 22.9%. CTH6N4OS �9 C6H3N307. Calculated: N 23.2~. 

B__: A solution of 1.52 g (10 mmole) of I and 2.0 g (10 mmole) of bromoacetaldehyde diethylacetal in 
30 ml of 90% methanol was heated at 50-55 ~ for 6 h and filtered. The methanol was removed by vacuum 
distillation, and the residue was neutralized with aqueous NaHCO 3. The precipitate was removed by filtra- 
tion and crystallized from water to give 0.15 g (8%7 of product. 

2-Methyl-3-hydroxythiazolino[2,3-f]purine (V). A solution of 1.52 g (10 mmole) of I and 2.32 g (11 
mmole) of ~-bromopropionaldehyde diethylacetal in 15 ml of water was heated at 96-97 ~ for 30 rain and 
cooled. The mixture was neutralized with NaHCO 3 and extracted with chloroform �9 The extract was washed 
with water and dried with Na2SO 4. The solvent was removed by distillation, and the residue was washed 
with cold acetone and recrystallized from water to give 0.3 g (16c7c) of a product with mp 205-206 ~ (dec .) 
and Rf 0.82 (system 17. IR spectrum, cm-1:3050 (OH). Found: C 46.1; H 4.1; N 26.8; S 15.5% CsHsN4OS. 
Calculated: C 46.1; H 3.9; N 26.9; S 15.4%. The picrate had mp 202-204 ~ (from water). 

3-Hydroxy-6,8-dimethylthiazolino[2,3-f]xanthine (VI). A. A mixture of 2.12 g (10 mmole) of II and 
1.46 g (15 mmole) of the hydrate of dimeric chloroacetaldehyde or 2.2 g (11 mmole) of bromoacetaldehyde 
diethylacetal in 50 ml of water was refluxed for 4 h. The hot solution was filtered off from the unchanged 
II, and the filtrate was cooled. The precipitate was removed by filtration and washed with water to give 
1.5-2.3 g (60-90%) of a product with mp 180-181 ~ (from aqueous ethanol). IR spectrum, cm-i: 1650, 1710 
(CO); 3330 (OH). Found: C 42.6; H 3.8; N 21.8; S 12.6%. CgHIoN303S. Calculated: C 42.5; H 4.0; N 22.0; 
S 12.6%. 
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B. A mixture of 1.2 g of III, 20 ml of water ,  and two drops of acetic acid was refluxed for 5 h and 
cooled to 1-2 ~ . The precipitate was removed by fil tration and washed with water  to give 0.9 g (92%) of VI. 

2 ,6 ,8-Tr imethyl-3-hydroxythiazol ino[2 ,3-f ]xanthine  (VII). A mixture of 6.36 g (30 mmole) of II and 
6.96 g (33 mmole) of a-bromopropionaldehyde diethylacetal  in 100 ml of aqueous dimethylformamide (1 : 1) 
was heated at 50-60 ~ for 9 h. The mixture was then neutral ized with sodium acetate and poured into water .  
The aqueous mixture was extracted with chloroform,  and the extract  was dried over Na2SO 4. The solvent 
was removed by distillation to a small  volume, the solution was cooled, and the precipi tate  was removed by 
filtration to give 5.3 g (63%) of a product with mp 169-171 ~ [dec., f rom m e t h a n o l - c h l o r o f o r m  (10 : 1)]. IR 
spect rum,  c m - i :  1665, 1715 (CO); 3180 (OH). Found: C 45.0; H 4.3; N 20.6; S 12.3%. C10HI2N403S. Ca l -  
culated: C 44.8; H 4.5; N 20.9; S 12,0%. 

Pur inyl -8-mercaptoace ta ldehyde  2,4-Dinitrophenylhydrazone (VIII). A solution of 0.1 g (5 mmole) of 
IV and 0.1 g (5 mmole) of 2,4-dinitrophenylhydrazine in 3 ml of acetic acid was heated at 100 ~ for 15 rain. 
The mixture was cooled, and the yellow precipitate was removed by filtration to give 0.12 g (63%) of a p rod-  
uct with mp 205-206 ~ (dec., f rom dioxane). Found: C 41.9; H 2.8; N 29.6; S 8.4%. C13HIoNsO4S. Calculated: 
C 41.7; H 2.7; N 29.9; S 8.6%. 

Theophyll inyl-8-mercaptoacetaldehyde 2,4-Dinitrophenylhydrazone (IX). This was obtained in 64% 
�9 yield by the method used to prepare  VIII and had mp 245-247 ~ (dec., f rom acetic ac id-d ioxane) .  Found: 
C 41.2; H 3.5; N 26.1; S 7.6%. CIsH14N806S. Calculated: C 41.5; H 3.2; N 25.8; S 7.4%. 

Theophyll inyl-8-mercaptopropionaldehyde 2,4-Dinitrophenylhydrazone (X). This compound was ob- 
tained in 92% yield by the method used to prepare  VIII and had mp 220-222 ~ (dec., f rom acetic acid). Found: 
N 25.0%. C16H16NsO6S. Calculated: N 25.0%. 

Thiazolo[2 ,3-] ]pur ine  (XI). A solution of 0.6 g of IV in 30 ml of POC13 was refluxed for 45 min. The 
POC13 was removed by vacuum distillation, and the residue was dissolved in water .  The solution was 
neutral ized with NaHCO 3 and extracted with chloroform.  The ext rac t  was washed with water  and dried over 
MgSO 4. The solvent was removed by vacuum distillation to give 0.4 g (74%) of a product with mp 263-264 ~ 
(dec., f rom 70% ethanol') and Rf  0.59 (systems 1 and 2). Found: C 47.7; H 2.4; N 31.7; S 18.5%. C~H4N4S. 
Calculated: C 47.7; H 2.3; N 31.8; S 18.2%. The picrate had mp 234-235 ~ (dec., f rom 70% ethanol). Found: 
N 24.2%. CTH4N4S .C6H3N30 ~. Calculated: N 24.2%. 

2-Methylthiazolo[2,3-f  ]purine (XII). A soluticm of 1.6 g of V in 10 ml of POC13 was refluxed for 5 h 
and worked up as descr ibed for the preparat ion of XI to give 0.6 g (39%) of a product with mp 284-285 ~ 
(dec., f rom 50% methanol) and R f  0.68 (system 1) and 0.57 (system 2). Found: C 50.5; H 3.5; N 29.6; S 
16.6%. CsH6N4S. Calculated: C 50.5; H 3.2; N 29.4; S 16.8%. The picrate  had mp 209-210 ~ Found: S 
7.5%. CsH6N4S-C6H3N307. Calculated: S 7.6%. 

6,8-Dimethylthiazolo[2,3-f]xanthine (XIII). A. A mixture of 4.24 g (20 mmole) of II and 2.1 g (22 
mmole) of the hydrate of dhner ic  chloroacetaldehyde or  4.4 g (22 mmole) of bromoacetaldehyde diethyl- 
acetal  in 30 ml of 25% HC1 was refluxed for  2 h, cooled, and neutral ized with ammonium hydroxide. The 
precipi tate  was removed by filtration and washed with water  to give 4-4.1 g (86-8~/c) of a product with mp 
250-252 ~ (dec., f rom aqueous ethanol) and R f  0.87 (system 3) and 0.78 (system 4). IR spect rum,  cm- l :  
1665, 1710 (CO). F o u n d :  C 45.3; H 3.2; N 23.8; S 13.2%. CsHsN402S. Calculated: C 45.7; H 3.4; N 23.7; 
S 13.6%. 

B. A 0.66-g sample of III or 0.51 g of VI in 10 ml of 25% HC1 was refluxed and worked up as in ex-  
per iment  A to give 0.4-0.42 g (86-89%) of product.  

C_...~. A solution of 0.35 g of III or 0.25 g of VI in 3 ml of 96% H2SO 4 was  allowed to stand for 15 h and 
poured into water .  The aqueous mixture was neutral ized with ammonium hydroxide, and the precipitate 
was removed by fi l tration to give 0.19-0.2 g (80-85%) of product.  

D.._:. A 5-g sample of VI was refluxed in 50 ml of POC13 for 2 h, after which the POC13 was removed by 
vacuum distillation. Water was added to the residue,  and the mixture was neutral ized with NaHCO 3. The 
precipitate was removed by filtration to give 4.5 g (98%) of product.  The samples obtained by the various 
methods did not depress  one another ' s  melting points. 

2 ,6,8-Trimethylthiazolo [2,3-f]xanthine (XIV). This compound was obtained by the methods (a and d) 
used to obtain XIII and also by refluxing II with ~-bromopropionaldehyde diethylacetal  in water  for 4 h to 
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give 84-89% of a product  with mp 217-219 ~ (dec., f r o m  aqueous ethanol) and R f  0.84, 0.91, and 0.82 (in s y s -  
t e m s  1, 3, and 4, r e spec t ive ly ) .  IR spec t rum,*  c m - l :  1675, 1715 (CO). Found: C 47.7; H 3.7; N 22.2; S 
13.0%. C10H10N402S. Calculated:  C 48.0; H 4.0; N 22.4; S 12.8%. 

7-Ethylpur ine  {XV). A mix tu re  of 1.15 g of XI and 20 g of an alcohol pas te  of Raney nickel  in 50 ml  
of ethanol was ref luxed for  1 h and f i l t e red .  The ethanol was r emoved  by vacuum dist i l lat ion,  and the 
r e s idue  was c rys t a l l i zed  f r o m  cyclohexane to give 0.3 g (27~c) of a product  with mp 106-107 ~ in a g r e e m e n t  
with the value given in [12]. 

7-Ethyltheophyll ine (XVI). This  compound was obtained f r o m  XIII by a method s i m i l a r  to that used to 
p r e p a r e  XV (by refluxing for  2 h) and had mp 154 ~ (sublimed). The product  did not dep re s s  the mel t ing  
point of an authentic sample  of XVI [15]. 

7-Propyl theophyl l ine  (XVII). This compound was obtained f rom XIV by a method s im i l a r  to that used 
to p r e p a r e  XVI and had mp 100-101 ~ (sublimed). The product  did not dep re s s  the mel t ing  point of a genuine 
sample  of XVII [15]. 

Methods Used to Chromatograph  Thiazolo[2,3Tf]purine(xanthine) Der iva t ives .  The chromatograph ic  
c h a r a c t e r i s t i c s  of XI-XIV were  obtained by the ascending method [16] on Leningrad M paper  in the fol low- 
ing s y s t e m s :  n -bu ty l  alcohol sa tu ra ted  with 20% pyridine solution (system 1), m e t h a n o l - w a t e r  (1:4) ( sys-  
t em 2), c h l o r o f o r m - m e t h a n o l - w a t e r  (13 : 6 : 1) (system 3), and n-buty l  a l c o h o l - a c e t i c  a c i d - w a t e r  (4 : 1 : 2) 
( sys tem 4). The b r i c k - r e d  spots  were  developed as a r e su l t  of succes s ive  spray ing  of the d ry  c h r o m a t o -  
g r a m s  with 0.1 N AgNO 3 solution, 0.5% K2Cr207 solution, and 0.5 N HNO3, or  with iodine vapors .  The la t ter  
deve loper  p roved  to be m o r e  re l i ab le  for  th iazolo[2 ,3- f ]xanth ine  de r iva t ives .  
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*We thank E.  M. P e r e s l e n i  and Yu. I.  P o m e r a u t s e v  for  record ing  the IR s p e c t r a  (from minera l -o i l  suspen-  
sions with a UR-10 spec t ropho tomete r ) .  
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