
HETEROCYCIES, Val 27, No 1 ,  1988 
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Abs t rac t  - 8-Methyl-6-thiotheophylline nuc leos ides  have been ob ta ined by t rea tment  - 
o f  t h e  corresponding 8-methyl- theophyl l ine nuc leos ides  w i t h    awes son's Reagent. 

Synthesis of t h i onuc leos i des  has been c a r r i e d  ou t  by d i f f e r e n t  sun the t i c  methods. The reagents 

c l a s s i c a l l y  used a r e  e i t h e r  P2S5 o r  H2S under adequated c o n d i t i o n s  depending o f  t h e  na tu re  o f  

t h e  nuc leos ides .  

Thioxanthines can be prepared f rom xanth ines  w i t h  P2S5 i n  h o t  p y r i d i n e .  0x0 groups i n  C-2 have 

show t o  be l e s s  r e a c t i v e  than those i n  C-6. Thus, xan th ines  g i v e  s e l e c t i v e l y  2-0x0-6-thioxanthines. 
1 

2-Thioxant ines r e q u i r e  a d i f f e r e n t  s y n t h e t i c  s t r a tegy ,  such as c y c l i z a t i o n  o f  4.5-diamino-2-ner- 

2 capto-6-hydroxy-pyrimidines t o  pu r i nes  accord ing  t o  ~ r a u b e ' s  method. The t h i a t i o n  r e a c t i o n  vhen 

t h e  n i t r o g e n  atoms i n  t h e  xanth ines  a re  a l k y l a t e d  i s  more d i f f i c u l t .  Wooldridge and S lack  have 

prepared 6 - t h i o t h e o p h y l l i n e  and 6- th iotheobromine w i t h  P2S5 under r e f l u x i n g  d r y  py r i d i ne ,  whereas 

ca f fe ine  was recovered unchanged a f t e r  prolonged t rea tment  w i t h  t h e  same reagent.  These r e s u l t s  

a re  r a t i o n a l i z e d  i n  terms of t h e o p h y l l i n e  and theobromine having a t  l e a s t  one e n o l i z a b l e  0x0 

groups, whereas c a f f e i n e  i s  l a c k i n g  these groups. Th i s  behav io r  has been confirmed i n  our labora-  

t o r y .  An at tempt was made t o  prepared 7-8-DMZ, 3 ,  4, 6- te t ra -0-ace ty l  lglucopyranosyl-8-methyl- 

- t h i o - t heophy l l i ne ,  a, from 7-8-0-(2, 3. 4, 6-tetra-O-acetyl)glucopyranosyl-8-methy1-theophylline, 

l a ,  by t r ea tmen t  w i t h  P2s5 i n  d r y  p y r i d i n e ,  b u t  t h e  s t a r t i n g  m a t e r i a l  was recovered unchanged - 

a f t e r  2 days under r e f l u x i n g  cond i t i ons .  4 

i n  1978, Lawesson and co-workers began t o  s tudy  t h e  convers ion of t h e  carbonyl  groups i n  t h i o -  

5 
carbonyl  compounds us i ng  2,4-(p-methoxy-pheny111,3-dithia-2,4-diphosphetane-,4-dsu1phde The 

r e s u l t s  of t h i s  s tudy  demonstrate t h a t  t h i s  reagent, now know as  awess son's Reagent ILR), i s  an 

e x c e p t i o n a l l y  good t h i a t i ng  compound, and as such i t  has ocen w i d e l y  used. 6 

I n  t h e  p resent  paper we r e p o r t  t h e  p repa ra t i on  o f  6 - t h i o - t eophy l l i ne  nuc leos ides  from t h e  cor -  



responding t h e o p h y l l i n e  nucleosides by t reatment w i t h  LR i n  r e f l u x i n g  to luene.  
7 

Scheme I  

GLY GLY 

1 - 2 - 

l a  and s, GLY = D-0-(2, 3, 4, 6-tetra-0-acetyllglucopyranosyl - 

l b  and b, GLY = R-DW2, 3, 4, 6-tetra-0-acety1)galactopyranosyl - 

Struc tu re  of & and & are  s i m i l a r  t o  t h a t  o f  c a f f e i n e  w i t h o u t  e n o l i z a b l e  0x0 groups. 

Thus &, obta ined according t o  t h e  methods p rev i ous l y  reported.8 gave 7-0-0-(2, 3, 4.  6-tetra-O- 

-acetyllglucopyranosyl-8-methyl-6-thio-theophylline, g, i n  a 70% y i e l d ,  as a y e l l o w  s o l i d ,  

uv (CHC13) ~ , , , ~ ~ 3 4 0  nm ( e  15 0001, mp 98 "C, [a1i7 +82 t c  1, CHCl31. The ms spectrum (EI 70 eV) 

shows M' = 540, which i n d i c a t e s  t h e  s u b s t i t u t i o n  of o n l y  one atom of ox igen by one atom of 

1 sulphur.  The H-nmr spectrum (200 MHz. CDCl31 shows a doub le t  a t  8.19 ppm ( J  = 10 Hz) assigned t o  

H-1'. Th is  s i gna l  appears i n  la a t  6.50 ppm, which represents  a down f i e l d  s h i f t  of 1.69 ppm. 

The down f i e l d  s h i f t  has been observed p rev i ous l y  i n  t h i onuc leos i des  and can be a t t r i b u t e d  

9 1 t o  t h e  a n i s o t r o p i c  e f f ec t  of t h e  t h i oca rbony l  group. Another c h a r a s t e r i s t i c  of  t h e  H-nmr 

spectrum i s  t h a t  a l l  of t h e  s i gna l  a re  sharp, i n  c o n t r a s t  t o  those i n  t h e  spectrum of 2, where t h e  

s i gna l s  corresponding t o  t h e  sugar mo ie ty  and t h e  s i gna l  of  t h e  methyl  group on C-8 a re  broad. The 

observed peak b roadhng  i n  t h e  spectrum o f  i s  due t o  t h e  ex i s t ence  o f  two conformers and 

a p a r t i a l l y  r e s t r i c t e d  r o t a t i o n  a long t h e  C-I ' IN-7 bond caused by t h e  molecu la r  s t e r i c  h indrance,  

whereas i n  g t h e  r o t a t i o n  i s  comp le te l l y  r e s t r i c t e d  by t h e  cons iderab le  l a r g e r  volume o i  t h e  

su lphur  atom. A d e t a i l e d  study o f  t h e  conformat ions o f  these and r e l a t e d  compounds w i l l  be 

r epo r t ed  i n  t h e  near f u t u r e .  

I n  t h e  13c-nmr spectrum (Table I )  t h e  most s i g n i f i c a n t  d i f fe rence between and g i s  t h e  

s h i f t  o f  t h e  21,3 ppm f o r  C-6 which proves t h e  s u b s t i t u t l m  o f  t h e  ox igen atom on t h i s  carbon 

by sulphur.  
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Table 

Compounds - C-2 

la b - 152.3 

2ab - 155.8 

I bb - 152.6 

2bb - 156.1 

3aC - 155.0 

3bC - 155.3 

a) I3c-nmr recorded on a Bruker WP-200 SY spectrometer (50.13 MHz); bl measured in 

CDC13; c) in Dt.!SO-d6 

In the sane manner, 7-8-0-(2, 3, 4, 6-tetra-O-acetyl)galactopyranosyl-8-methyl-theophylline, lJ, 

afforded 7-0-0-(2, 3, 4, 6-tetra-O-acetyl)galactopyranosyl-8-methyl-thio-theophylline, ZJ, uv 

(CHC13) Amax 360 nm ( =  12 200). mp 116 'C, +I07 (c 1, CHCl31, EIHS (70 eV) m/z 540 (14'). The 

'~-nmr spectrum (200 MHz, CDC13) shows H-1' at 8.28 ppm (d, J = 10 Hz) and the 13c-nmr spectrum 

(50 MHz, CDCI3) gives a signal at 175.6 ppm corresponding to C-6 of the heterocycle which confirns 

1 the oxigen-sulphur substitution. In this case there is no peak broadening in the H-nmr spectrum of 

lb, because the rotation along C-1'1~-7 is totally restricted due to :he axial acetate on C-4'. - 
0-deacetylation of both 2 and b with NaMeOIlleOH afforded quantitatively 7-0-0-glucopyranosjl-8- 
-methyl-5-thio-theophylline, g [uv (MeOH) hmax 350 nm ( E  19 800). mp 258 'C, +I55 tc 0.4, 

MeOHl, EIMS (70 eV) m/z 372 (14'. 2%) 210 ClOIPb), '~-nmr (200 #Hz. DMSO-d6) 7.60 ppm (d, lH, J = 10 

Hz, H-1'11, and 7-8-D-galactopyranosyl-8-methyl-6-thio-theophylline. Jb [uv (MeOH) Amax 350 nm 

( E 18 7501, mp 241 "C, [mlf +I81 tc 0.4. MeOH), EIMS (70 eV) m/z 372 (MI, 4%) 210 (100$), H-nmr 

(200 MHz, DMSO-d6) 7.52 ppm (d, lH, J = 10 Hz, H-l')]. 



To our knowledge, t h i s  i s  t h e  f i r s t  r e p o r t  o f  a successful d i r e c t  t h i a t i o n  of a p u r i n  nucleoside 

w i t h  non eno l i zab le  0x0 groups. Fu r t he r  s tud ies  w i t h  6 - th io - theophy l l ine  nucleosides a re  i n  good 

progress.  
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