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NUCLEOSIDES & NUCLEOTIDES, 10(8), 1641-1655  ( 1 9 9 1 )  

THIOPURINE NUCLEOSIDES: 
VARIATIONS I N  HYDROPHOBICITY AMONG N' SUBSTITUENTS 

Peter C. Ratsep, Nrusingha C. Mishra and Ar thu r  D. Broom* 
Department o f  Medicinal  Chemistry, Col lege o f  Pharmacy 

U n i v e r s i t y  o f  Utah, S a l t  Lake City, Utah 84112 

Abstract: Syntheses o f  several 1 -subs t i t u ted  6 - t h i o i n o s i n e  and 6 - t h i o -  
guanosine d e r i v a t i v e s  are descr ibed. Subst i tuents  were se lec ted  t o  p ro -  
v ide  a range o f  s t e r i c  and hydrophobic p roper t i es ,  ranging from amino t o  
benzyl. Proton NMR and mass spec t ra l  data are descr ibed and discussed. 

INTRODUCTION. 
The chemistry and b i o l o g i c a l  a c t i v i t y  o f  6 - th iopu r ines  and t h e i r  de- 

r i v a t i v e s  have been o f  i n t e r e s t  f o r  more than f o u r  decades. Ready access 
t o  t h e  r ibonucleos ides 6 - t h i o i n o s i n e  ( l a )  and 6-thioguanosine (2a) was 
r e a l i z e d  when Fox and h i s  col leagues discovered t h a t  s u i t a b l y  p ro tec ted  
guanosine and inos ine  d e r i v a t i v e s  could be d i r e c t l y  t h i a t e d  us ing P4Sl, 
i n  py r id ine . '  A huge a r ray  o f  b i o l o g i c a l  and c l i n i c a l  s tud ies  on t h e  t h i o -  
pur ines,  t h e i r  nucleosides and t h e i r  nuc leot ides have appeared and have 
been r e v i  ewed . 2i3 

Montgomery repor ted i n  19634 t h a t  1 -subs t i  t u t e d  nucleosides could 
not  be t h i a t e d  us ing t h e  pyridine/P,S,, condi t ions,  presumably because the  
6-0x0 f u n c t i o n  could n o t  enol ize,  and t h a t  s i g n i f i c a n t  debenzylat ion oc- 
curred when the  r e a c t i o n  was attempted us ing p ro tec ted  1-benyz l inos ine.  
It was subsequently observed t h a t  d i r e c t  t h i a t i o n  o f  1-methyl -6-0x0 nuc le-  
osides cou ld  be e f f e c t e d  us ing a h i g h e r - b o i l i n g  so lvent  ( 3 - p i c o l i n e )  f o r  
a sho r te r  pe r iod  o f  t ime.5 However, these vigorous cond i t i ons  gave modest 
y i e l d s  and l e d  t o  0-debenzylat ion when benzyloxy groups were present .  

A s i g n i f i c a n t  improvement was in t roduced by Ueda,6 who discovered 
t h a t  1 -methyl adenosine was smoothly converted t o  1 -methyl -6-  t h i  o i  nos i  ne 

( l b )  i n  reasonable y i e l d  by hydrogen s u l f i d e  i n  aqueous p y r i d i n e  a t  60°C. 
This m i l d e r  approach appeared t o  be genera l i zab le  t o  nucleosides having 
s e n s i t i v e  f u n c t i o n a l  groups. It a1 so appeared t h a t  Lawesson's reagent, 
a remarkably powerful t h i a t i n g   omp pound,^ might  be s u i t a b l e  f o r  c e r t a i n  o f  
t he  des i red  syntheses. 
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1642 RATSEP, MISHRA, AND BROOM 

The ob jec t  o f  t he  study repo r ted  here was the  synthes is  o f  a s e r i e s  
o f  l - s u b s t i t u t e d  d e r i v a t i v e s  o f  6 - t h i o i n o s i n e  ( ? I )  i n  which t h e  s u b s t i t u -  
ents cover a wide range o f  hydrophobic i t ies .  I n  a d d i t i o n  t o  t h e  known 1- 
methyl d e r i v a t i v e ,  t he  t a r g e t s  were t h e  amino (lc), e t h y l  ( I d ) ,  and benzyl 
(le) compounds. The synthesis o f  l -amino-6-thioguanosine (2b) w i l l  a l so  be 
described. 

RESULTS AND DISCUSSION 

Chemistry. The synthes is  o f  l - m e t h y l - 6 - t h i o i n o s i n e  (m’s‘I, lb) was 
c a r r i e d  ou t  as descr ibed by Ueda6, except t h a t  t h e  scale was 15 t i m e s  l a r -  
ger  than t h a t  reported. The requirement f o r  230 mL o f  l i q u i d  H,S mandated 
a workup i n  which the  s t a i n l e s s  s t e e l  bomb requ i red  f o r  t h e  r e a c t i o n  was 
vented s lowly  i n t o  a l a r g e  excess o f  aqueous NaOH r a t h e r  than i n t o  t h e  a t -  
mosphere. The y i e l d  o f  t h i s  scaled-up r e a c t i o n  was 71% compared t o  57% 
o r i g i n a l l y  repor ted on a one gram scale. 

Two approaches t o  the  synthesis o f  l - am ino -6 - th io inos ine  (am’s61, lc) 
were considered. D i r e c t  t h i a t i o n  o f  1-aminoinosine’ was r e j e c t e d  on the 
bas is  t h a t  t he  usual th iophosphor ic anhydride t h i a t i n g  agents would almost 
su re l y  r e a c t  w i t h  the  f r e e  amino f u n c t i o n  and p ro tec t i on /depro tec t i on  s t r a -  
t eg ies  designed t o  circumvent t h i s  problem would be ted ious.  The su l fohy -  
d r o l y s i s  o f  1-aminoadenosine hydrochlor ide,  prepared as p rev ious l y  des- 
cribed’, proceeded smoothly t o  g i ve  lc i n  68% y i e l d .  

The success o f  t h i s  procedure encouraged i t s  a p p l i c a t i o n  t o  t he  prep- 
a r a t i o n  o f  t he  l - e t h y l  d e r i v a t i v e  Id. A p p l i c a t i o n  o f  t h e  Jones and Robins 
a1 k y l a t i o n  procedure” as repor ted by Hanessian” r e q u i r e d  a two-week reac-  
t i o n  t i m e  f o r  t h e  e t h y l  i od ide  a l k y l a t i o n  o f  adenosine. I t  i s  n o t  s u r p r i s -  
i n g  t h a t  e t h y l a t i o n s  o f  t h i s  type proceed much more s low ly  than methyla- 
t i o n s ,  g iven t h e  g rea te r  s t e r i c  demand o f  t h e  former“. It i s  q u i t e  i n t e r e s t -  
ing, however, that  a l l  attempts t o  c a r r y  ou t  t h e  s u l f o h y d r o l y s i s  r e a c t i o n  
gave r i s e  on l y  t o  N6-ethyladenosine. The on ly  base i n  t h i s  r e a c t i o n  m ix tu re  
i s  py r i d ine ;  i t  came as a considerable su rp r i se  t h a t  o n l y  the  Dimroth r e a r -  
rangement product could be obtained. 

A possib le  explanat ion f o r  t he  dramat ic d i f f e r e n c e  i n  r e a c t i o n  course 
may i n v o l v e  energies o f  t he  t r a n s i t i o n  s ta tes  along t h e  pa th  t o  the  i n i t i a l  
t e t rahedra l  intermediates (3a, 3b) which must be formed i n  these reac t i ons .  
Wolfenden has descr ibed the  behavior o f  1-methyladenosine both w i t h  regard 
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1644 RATSEP, MISHRA, AND BROOM 

t o  t h e  r i n g  opening-recyc l izat ion c h a r a c t e r i s t i c  o f  t h e  Dimroth rearrange- 
ment and the  n u c l e o p h i l i c  a t t a c k  o f  hydr ide a t  C6.I3 The e t h y l  group i s  

known t o  have a s i g n i f i c a n t l y  g rea te r  s t e r i c  demand than methyl i n  s o l v o l y -  
s i s  reac t i ons  which a l so  proceed v i a  te t rahedra l   intermediate^.'^ As one 
considers the  t r a n s i t i o n  s ta tes  l ead ing  t o  3a and 3b, i t  seems l i k e l y  t h a t  
t h e  b u l k i e r  e t h y l  group w i l l  c reate g rea te r  s t e r i c  crowding i n  t h e  former 
than the  l a t t e r ,  s ince 3b has a proton on t h e  newly forming te t rahedra l  cen- 
t e r  r a t h e r  than an amino group. S t e r i c  crowding might  d i s f a v o r  t h e  t r a n s i -  
t i o n  s t a t e  leading t o  3a when R i s  e t h y l .  Once r i n g  opening has occurred 
from in termediate 3b, t h e  r e a c t i o n  w i l l  proceed i r r e v e r s i b l y  t o  t h e  thermo- 
dynamical ly more s tab le  N6-ethyladenosine. 

I n  any case, i t  was c l e a r  t h a t  an a l t e r n a t i v e  r o u t e  was requ i red .  The 
anion o f  inosine, generated by DBU i n  dimethyl  acetamide, was a l k y l a t e d  us- 
i n g  e thy l  i od ide  (Scheme 1). The crude 1 -e thy l i nos ine  (4d), which could 
n o t  be c r y s t a l l i z e d ,  was ace ty la ted  t o  g i v e  t h e  p ro tec ted  nucleoside i n  72% 
y i e l d  f o r  t he  two steps. Lawesson's reagent smoothly converted t r i -O-ace -  
t y l - l - e t h y l i n o s i n e  (5d) t o  i t s  6 - t h i o  d e r i v a t i v e  6d, which on t reatment  w i t h  
methanol ic ammonia gave Id. A s i m i l a r  sequence gave 1 -benzy l -6 - th io inos ine  

( l e )  i n  55% o v e r a l l  y i e l d  from inos ine.  
F i n a l l y ,  t h e  su l fohyd ro l ys i s  procedure was app l i ed  (Scheme 2) t o  the  

synthesis o f  l -amino-6-thioguanosine (2b). The r e q u i s i t e  2-aminoadeno~ine '~ 
waspreparedfrom2-amino-6-chloro-9-(2,3,5-tri-O-acetyl-B-D-ribofuranosyl)- 

and aminated as descr ibed above t o  g i ve  1,2-diaminoadenosine hy- 
d roch lo r i de  (7). 
NMR CONS I DERAT I ONS 

Su l fohyd ro l ys i s  o f  7 gave 2b i n  65% y i e l d .  

As i l l u s t r a t e d  i n  Table 1, i t  was poss ib le  to assign chemical s h i f t s  
t o  a l l  o f  t he  protons i n  these nucleosides. Even t h e  sugar hydroxyl  groups 
and o the r  exchangeable protons were f u l l y  resolved i n  d r y  (CD,),SO; a l l  t h e  
assignments were unambiguously made us ing COSY experiments (data no t  shown). 
The " t h i a t i o n  s h i f t "  which had been p rev ious l y  observed5 was present i n  a l l  
these molecules; t h a t  i s ,  comparing 6 - t h i o  w i t h  6-0x0 d e r i v a t i v e s ,  t h e  s i g -  
n a l s  f o r  H2 are downf ie ld  about 0.4 ppm and f o r  H8 about 0.2 ppm f o r  t he  
former group of compounds. Protons on atoms bound d i r e c t l y  t o  N1 undergo 
an even g rea te r  s h i f t ;  f o r  example, t he  N-methylene group chemical s h i f t  o f  
l - e t h y l  i nos ine  appears u p f i e l d  0.6 ppm from the  corresponding s igna l  f o r  t h e  
6 - t h i o  d e r i v a t i v e .  This  e f f e c t  f a l l s  o f f  r a p i d l y  w i t h  distance, however, and 
i s  on l y  0.09 ppm f o r  t h e  methyl group o f  t h e  N1-ethyl  subs t i t uen t .  
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SCHEME 1 
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magent, 1,2-dlmethoxydhane, reflux; v' methanolic ammonia 

I t  might  be noted t h a t  f o r  t h e  f o u r  s61 d e r i v a t i v e s  examined, t h e  chem- 
i c a l  s h i f t  values f o r  H8 are very c lose  (Table 1) .  The same i s  t r u e  f o r  H2 
except f o r  t he  benzyl d e r i v a t i v e ,  f o r  which t h e  H2 s igna l  appears 0.12-0.15 
ppm downf ie ld  from the  others.  This  may r e f l e c t  e i t h e r  a "contact"  e f f e c t '  
a r i s i n g  from t h e  g rea te r  s t e r i c  requirements o f  t h e  benzyl group, o r  from 
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an average p o s i t i o n i n g  o f  t he  benzene r i n g  such t h a t  H2 i s  i n  t h e  a n i s o t r o -  
p i c  desh ie ld ing  reg ion.  I n  any case, i t  i s  c l e a r  t h e  benzyl group assumes 
an average conformat ion i n  which t h e  2-proton i s  no t  w i t h i n  t h e  s h i e l d i n g  
cone o f  t h e  benzene r i n g .  

It i s  t y p i c a l l y  t h e  case t h a t  6 - s u b s t i t u t e d  nucleosides g i v e  r i s e  t o  
s igna ls  f o r  H8 which are downf ie ld  from those f o r  H2; indeed, t h e  f i r s t  ex- 
cep t ion  t o  t h a t  g e n e r a l i z a t i o n  was repor ted f o r  l -methy l  inos ine."  I n  order  
t o  c o n f i r m  t h a t  t h e  present  assignments were c o r r e c t ,  advantage was taken 
o f  t h e  s u s c e p t i b i l i t y  o f  H8 t o  exchange w i t h  deuter ium upon hea t ing  i n  D20.19 
Heat ing a s o l u t i o n  o f  l b  i n  D,O f o r  20 minutes a t  9O'C l e d  t o  a 55% decrease 
i n  the  i n t e n s i t y  o f  t h e  s igna l  a t  68.32 w i t h  no change i n  t h e  H2 s igna l  a t  
8.53 o r  any o f  t h e  o the r  peaks i n  t h e  spectrum, con f i rm ing  t h e  assignments. 
MASS SPECTRAL AND HPLC CONSIDERATIONS 

The compounds descr ibed above were a l l  submit ted f o r  mass spec t ra l  con- 
f i r m a t i o n  o f  molecular weight. Fast atom bombardment mass spectrometry (FAB 
/MS) gave a molecular i o n  (MH') and the  i o n  f o r  t h e  base a f t e r  sugar cleavage 
(BH'). C loser  examination o f  t h e  spect ra o f  t h e  N-amino d e r i v a t i v e s  lc  and 

t s  7 revealed the  presence o f  ions corresponding t o  t h e  l o s s  o f  15 mass un 
from both t h e  molecular i o n  and t h e  base ion.  

The most obvious reason f o r  such a f i n d i n g  would be contaminat ion 
t h e  nonaminated nucleoside. Although qua te rn i za t i on  a t  N1 i s  a p re requ is  
f o r  raDid su l fohyd ro l ys i s ,  i t  has been shown t h a t  a very s low conversion 

by 
t e  
o f  

adenosine t o  6 - t h i o i n o s i n e  may occur under f o r c i n g  condi t ions.6 I f  a small 
amount o f  6 - t h i o i n o s i n e  were present i n  lc,  and i f  i t  were t o  be d i s t r i b u t e d  
i n  t h e  FAB m a t r i x  i n  such a way as t o  be favo rab ly  ta rge ted  by t h e  i o n i z i n g  
beam, then i t  might w e l l  show up i n  t h e  spectrum w i t h  an i n t e n s i t y  o u t  o f  
p r o p o r t i o n  t o  i t s  actua l  concentrat ion;  note t h a t  t h e  compounds submit ted 
f o r  MS ana lys i s  were a l l  pure by combustion analys is ,  NMR and t l c .  

I n  o rde r  t o  t e s t  t h i s  p o s s i b i l i t y ,  an HPLC system was developed which 
gave base l i ne  separat ion o f  6 - t h i o i n o s i n e  and i t s  1-amino d e r i v a t i v e .  This  
system, which r e l i e d  on a reversed-phase a n a l y t i c a l  column and a pH 5 bu f -  
f e r  (50 mM KH,PO,) con ta in ing  15% methanol, revealed t h a t  l c  was about 99.9% 

pure, bu t  t h e r e  was de tec tab le  about 0.1% o f  6 - t h i o i n o s i n e .  
While i t  seemed q u i t e  u n l i k e l y  t h a t  so smal l  a contaminant c o u l d  g i v e  

r i s e  t o  s i g n i f i c a n t  s igna l  i n  the  mass spectrometer, i t  a l s o  seemed t h a t  N- 
N bond cleavage w i t h  t h e  l o s s  o f  t h e  elements o f  NH would c o n s t i t u t e  very 
unusual i o n  chemistry.  The sample was, t he re fo re ,  subjected t o  l i q u i d  chro-  
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1648 RATSEP, MISHRA, AND BROOM 

matography-mass spectrometry (LC-MS) . An ammonium acetate so l ven t  system a t  
pH 6" gave basel ine separat ion o f  6 - t h i o i n o s i n e  ( e l u t i o n  t ime  16.7 min),  1- 
amino-6-thioinosine (18.9 min) and 1 -me thy l -6 - th io inos ine  (22.7 min, used 
as a c o n t r o l ) .  Mass spect ra o f  t h e  pure components were taken us ing t h e  
thermospray technique21 and, again, t h e  spectrum o f  lc  c l e a r l y  showed t h e  
l o s s  of 15 from both MH' and BH'. Ne i the r  6 - t h i o i n o s i n e  nor  t h e  1-methyl 
d e r i v a t i v e  showed s i m i l a r  behavior, r u l i n g  out  t h e  p o s s i b i l i t y  o f  odd i o n  
chemistry associated w i t h  the  r i n g  system i t s e l f .  The bas i s  f o r  t h i s  phen- 
omenon i s  no t  understood and w i l l  be t h e  o b j e c t  o f  f u r t h e r  study. It does, 
however, mandate a caut ionary note f o r  those who work w i t h  N-amino com- 
pounds; t h e  appearance o f  an i o n  corresponding t o  t h e  l o s s  o f  15 amu does 
n o t  necessa r i l y  imply t h a t  t h e  sample i s  impure. 

One f i n a l  note i s  i n  order.  I n  t h e  reverse phase, aqueous b u f f e r  sys- 
tems used f o r  these separations, 6 - t h i o i n o s i n e  was always e l u t e d  p r i o r  t o  
t h e  l-amino de r i va t i ve ,  desp i te  the  f a c t  t h a t  t h e  amino group i s  considered 
t o  be more p o l a r  than t h e  proton.,, Th is  undoubtedly a r i s e s  f rom t h e  ten-  
dency toward i o n i z a t i o n  o f  6 - th io inos ine ,  which has a pKa o f  about 7.7.1e2, 
I n  support o f  t h i s  conjecture i s  t he  f a c t  e l u t i o n  t imes a re  much c l o s e r  t o -  
gether r e l a t i v e  t o  the  1-methyl d e r i v a t i v e  a t  pH 5 than a t  pH 6. 
EXPERIMENTAL 

Anhydrous so lvents  were obta ined by d i s t i l l i n g  t h e  commerc ia l ly -avai l -  
ab le so lvents  over CaH, under a d r y  n i t r o g e n  atmosphere, w i t h  t h e  except ion 
o f  1,2-dimethoxyethane (DME), which was used as purchased from A l d r i c h .  The 
'H-NMR spectra were recorded on an IBM AF 200 MHz FT-NMR spectrometer. NMR 
spectra were taken us ing (CD,),SO o r  CDC1, as t h e  so lvent  and t e t r a m e t h y l s i -  
lane (TMS) as t h e  i n t e r n a l  standard. The UV spect ra were recorded on a 
Beckman DU-8 spectrophotometer. Low r e s o l u t i o n  f a s t  atom bombardment (FAB) 
mass spectra were obtained on a MAT 731 spectrometer us ing  e i t h e r  a g l y c e r o l  
o r  p -n i t robenzy l  a lcohol  ma t r i x .  A Vestec 201 thermospray i o n i z a t i o n  i n s t r u -  
ment w i t h  a Supelcosi l  LC-18-S column was used f o r  a l l  LC/MS experiments. 
The LC solvent  system was e s s e n t i a l l y  t h a t  o f  Buck" with a f l o w  r a t e  o f  2 
mL/min. Me l t i ng  p o i n t s  were determined on a Thomas Hoover Uni -mel t  c a p i l -  
l a r y  me l t i ng  p o i n t  apparatus and were uncorrected. Column chromatography f o r  
p u r i f i c a t i o n  purposes invo lved Merck s i l i c a  ge l  grade 60. Elemental analy-  
ses were performed by Desert Ana ly t i cs ,  Tucson, Arizona. A l l  t h e  in termedi -  
ates and f i n a l  th ionucleos ides were d r i e d  under vacuum over P,O,. 
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THIOPURINE NUCLEOSIDES 1649 

1-Amino-6-thioi  nosine ( l c )  
1-Aminoadenosine hydrochlor ide'  (4.78 g, 15 mmol) d i sso l ved  i n  H,O (43 

mL) was placed i n  a s t a i n l e s s  s tee l  bomb and f rozen i n  a d r y  ice/2-propanol  
bath. Freshly  d i s t i l l e d  p y r i d i n e  (32 mL) was added fo l l owed  by l i q u i d  H,S 
(110 mL). The bomb was sealed and heated a t  65°C (water bath) f o r  65 hours. 
The bomb was vented i n t o  aqueous NaOH. The m ix tu re  was f i l t e r e d  and H,O was 
added t o  t h e  f i l t r a t e  t o  p r e c i p i t a t e  the  product.  The product  was f u r t h e r  
p u r i f i e d  by r e c r y s t a l l i z a t i o n  from a m ix tu re  o f  H,O and EtOH t o  g i v e  3 g o f  
lc .  Y i e l d  68%; mp 204-206°C; UV Amax ( c ~ , ) ;  pH 1, 319 nm (18.6 x l o3 ) ;  pH 
7, 317 (21.6 x l o3 ) ;  pH 11, 317 (21.2 x lo3) ;  FAB/MS (MH)'; obsd 300; (MH'- 
NH), 285; (BH'), 168; (6H'-NH), 153. Anal ca l cd  f o r  Cl,H,,N50,S.H20: C, 37.8; 
H, 4.73; N, 22.1; S, 10.1. Found: C, 37.72; H, 4.74; N, 22.11; S, 9.60. 

1-Ethyl  i n o s i n e  (4d) 
I nos ine  (4.028 g, 1 mmol) was d isso lved i n  a s o l u t i o n  o f  DMAC (22 mL) 

and DBU (2.5 mL, 16.5 mmol) by s t i r r i n g  a t  room temperature f o r  10 minutes. 
Ethy l  bromide (3.4 mL, 45 mmol) was s lowly  added t o  t h e  s o l u t i o n .  The r e -  
ac t i on  m ix tu re  was s t i r r e d  a t  room temperature f o r  6 hours; i t  was then 
poured i n t o  a s o l u t i o n  o f  d i e t h y l  e the r  and hexane (500 mL, 4:1, v/v) t o  
p r e c i p i t a t e  the  product. A f t e r  c o o l i n g  the  m ix tu re  a t  -20°C overn ight ,  t he  
supernate was decanted. The. o i l y  res idue obtained was d i s s o l v e d  i n  a minimum 
volume o f  E t O H  and r e p r e c i p i t a t e d  as before g i v i n g  a crude o i l  (4 9,-90% 
y i e l d )  which r e s i s t e d  c r y s t a l l i z a t i o n .  This  o i l  was used i n  t h e  p repara t i on  
o f  4d wi thou t  f u r t h e r  p u r i f i c a t i o n ;  UV A,, (cmaX) :  pH 1, 250 nm (6.9 x l o3 ) ;  
pH 7, 249 (7.5 x l o3 ) ;  pH 11, 249 (6.9 x l o 3 ) ;  FAB/MS (MH)', obsd 297, 
Cl,H,,N,05 requ i res  297. 

2' , 3 ' ,  5' - T r i  -0 -ace ty l -  1 -e thy l  i nos1 ne (5d) 
Compound 4d ( 4  g, 13.5 mmol) was d r i e d  by azeotrop ic  removal o f  water 

w i t h  d r y  p y r i d i n e .  The res idue was d i sso l ved  i n  d r y  p y r i d i n e  (120 mL) and 
a c e t i c  anhydride (17 mL) was added t o  the  s o l u t i o n .  The f l a s k  was p ro tec -  
t ed  from moisture and t h e  r e a c t i o n  m ix tu re  was s t i r r e d  a t  14°C f o r  48 hours. 
I t  was concentrated i n  V ~ C U O  t o  approximately o n e - t h i r d  volume and poured 
i n t o  H,O (100 mL). The aqueous s o l u t i o n  was ex t rac ted  w i t h  CHC1, (4 x 60 
mL) and t h e  combined organic  e x t r a c t  was washed w i t h  a sa tu ra ted  aqueous so- 
l u t i o n  o f  NaHCO,. The CHC1, l a y e r  was separated and d r i e d  over MgSO,. A f t e r  
f i l t r a t i o n ,  t h e  f i l t r a t e  was concentrated under reduced pressure t o  g i v e  t h e  
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RATSEP, MISHRA, AND BROOM 1650 

crude product, which was f u r t h e r  p u r i f i e d  by s i l i c a  ge l  chromatography us ing 
d i e t h y l  e the r  and e t h y l  acetate ( 3 : l )  as t h e  e luent .  Y i e l d  was 4.5 g (80%). 
An a n a l y t i c a l  sample was prepared by coo l i ng  a warm s o l u t i o n  o f  5d i n  E-pro- 
panol. The r e s u l t i n g  g lass was t r i t u r a t e d  w i t h  e the r  and d r i e d  t o  an 

a n a l y t i c a l l y  pure foam. ‘H-NMR (CDC1,); 68.02 (s, lH ,  H2), 7.89 (s ,  lH ,  H8), 
6.04 (d, l H ,  H l ’ ) ,  5.83 (t, l H ,  H2‘), 5.56 (t, l H ,  H3’), 4.31 (m, 3H, H4‘ 
tHS’tHS”), 4.06 (9, 2H, NCH,CH,, 2.1 (3s, 9H, 3u3C0), 1.33 (t, 3H, U,CH,); 
UV Amax ( E , , )  CHC1,; 272 nm (4.4 x lo3),  252 (7.2 x lo3);  FAB/MS (MH)’, obsd 
423, C,,H,,N,O, r equ i res  423. Anal ca l cd  f o r  C,,H,,N,O,. 0.25 H,O: C, 50.64; 
H, 5.31; N, 13.12. Found: C, 50.83; H, 5.22; N, 13.00. 

2‘ , 3 ‘ ,  5’ - T r i  -0-acetyl-l-ethyl -g-thi o inos i  ne (6d) 
Compound 5d (4.5 9, 10.6 mmol)  was d i sso l ved  i n  anhydrous DME a f t e r  r e -  

peated evaporat ion from the  same solvent  (3 x 10 mL). Lawesson‘s reagent 
(3.7 g, 9 mmol) was added t o  the  so lu t i on .  The suspension was r e f l u x e d  f o r  
3 hours under a dry N, atmosphere. The r e a c t i o n  m ix tu re  was worked up and 
fu r the r  p u r i f i e d  as descr ibed f o r  6e. Y ie ld :  3.06 g (65%); ’H-NMR (CDC1,); 
68.25 (s, lH,  H2), 8.01 (s, l H ,  H8), 6.04 (d, lH ,  H l ’ ) ,  5.81 (t, l H ,  H2’), 
5.51 (t, lH ,  H3‘), 4.59 (9, 2H, U,CH,), 4.34 (m, 3H, H4’tH5’tHSt’), 2.04 
(3s, 9H, 3CH3C0), 1.42 (t, 3H, Qi3CH2); UV A,, (emX)  CHC1,; 324 nm (16.8 x 

lo3) ;  low r e s o l u t i o n  FAB/MS (MH)’ obsd 439, C,,H,,N,O,S r e q u i r e s  439. Anal 
ca l cd  f o r  C,8H,,N,0,S. 0.50 H,O: C, 48.3; H, 5.14; N, 12.5; S, 7.15. Found: 
C, 48.45; H, 4.88; N, 12.27; S, 7.02. 

l - E t h y l - 6 - t h i o i n o s i n e  ( I d )  
Compound 6d (3.06 g, 7 mmol) was t r e a t e d  w i t h  methanol ic ammonia so lu-  

t i o n  (saturated a t  -1O’C) (60 mL) f o r  18 hours a t  room temperature. The 
pressure b o t t l e  was vented and t h e  contents were concentrated i n  vacuo t o  
an o i l y  residue. The res idue was d isso lved i n  ho t  water and app l i ed  t o  a 2.5 
x 44 cm Amberl i te XAD-4 column. A f t e r  washing t h e  column w i t h  H,O (500 mL), 
t h e  des i red product was e l u t e d  by sw i t ch ing  t o  a 30% EtOH s o l u t i o n  i n  H,O. 
The e luent  was evaporated under reduced pressure t o  g i v e  a res idue which was 
red isso lved i n  hot  H,O and l y o p h i l i z e d  t o  y i e l d  1.85 g o f  s o l i d  (85%); UV A,, 

(c,,); pH 1, 323 nm (16.9 x lo3) ,  230 (9.8 x lo3) ;  pH 7, 320 nm (20.8 x 

obsd 313, C,,H,$,O,S requ i res  313. Anal ca l cd  f o r  C,,H,,N,O,S: C, 46.1; H, 
5.12; N, 17.9; S, 10.25. Found: C, 45.87; H, 5.05; N, 17.51; S, 10.26. 

lo3), 231 (9.1 x lo3) ;  PH 11, 320 (20.6 x lo3) ,  231 (9.1 x 10,); FAB/MS (MH)+ 
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THIOPURINE NUCLEOSIDES 1651 

1-Benzyl i n o s i n e  (4e)‘ 
Inos ine (4.026 g, 15 mmol) was suspended i n  a s o l u t i o n  o f  DMAC (22 mL), 

and 1,8-diazabicyclo[5,4,0]undec-7-ene (DBU, 2.5 mL, 16.5 mmol). The above 
m ix tu re  was s t i r r e d  f o r  15 minutes t o  d i sso l ve  t h e  nucleoside. Benzyl c h l o r -  
i de  (5.2 mL, 45 mmol) was s lowly  added. The r e s u l t i n g  s o l u t i o n  was s t i r r e d  
f o r  an a d d i t i o n a l  5 hours. The so lvent  was removed i n  vacuo and t h e  res idue 
was d i sso l ved  i n  EtOH. D ie thy l  e the r  (400 mL) was added t o  t h e  e t h a n o l i c  so- 
l u t i o n  t o  p r e c i p i t a t e  t h e  product. A f t e r  c o o l i n g  t h e  m ix tu re  a t  -2O’C over-  
n igh t ,  t h e  supernate was decanted; t he  y e l l o w i s h  gum was r e p r e c i p i t a t e d  as 
before.  The o i l y  res idue obtained was r e c r y s t a l l i z e d  from MeOH. White c rys -  
t a l s  c o l l e c t e d  by f i l t r a t i o n  were washed w i t h  d i e t h y l  e t h e r  and MeOH. Y i e l d  
5.1 g (95%); mp 209-211°C; UV A,, (c~,); pH 1, 255 nm (18.0 x lo3);  pH 7, 
251 (15 x l o3 ) ;  pH 11, 251 (14 x lo3) ;  FAB/ MS (MH)’, obsd 359, C,,H,,N,O, 
requ i res  359. Anal ca l cd  f o r  C,,H,,N,O,: C, 56.9; H, 5.02; N, 15.6. Found: 
C, 56.59; H, 5.25; N, 15.48. 

2’ , 3 ‘ ,  5’ - T r i  -0-acety l -  1- benzyl i nosi  ne (5e) 
Dry 4e (5.017 g, 14 mmol) was suspended i n  a s o l u t i o n  o f  d r y  N,N-di- 

methyl formamide (DMF, 11.1 mL), d r y  p y r i d i n e  (4.2 mL) and a c e t i c  anhydride 
(8.4 mL). The m ix tu re  was heated a t  75°C f o r  4 hours, then concentrated i n  
vacuo t o  approximately one-hal f  volume. The concentrate was poured i n t o  an 
ice/H,O m ix tu re  (100 mL). The aqueous s o l u t i o n  was ex t rac ted  w i t h  CHC1, (6 
x 40 mL). The combined e x t r a c t s  were washed w i t h  a saturated aqueous so lu -  
t i o n  of NaHCO, (2 x 75 mL) and d r i e d  over anhydrous MgSO,. The d r i e d  organic  
e x t r a c t  was f i l t e r e d  and the  so lvent  was removed under reduced pressure t o  
g i v e  t h e  crude residue. It was p u r i f i e d  on a s i l i c a  ge l  column us ing e t h y l  
acetate and d i e t h y l  e the r  (1:3) as t h e  e luent  t o  a f f o r d  6.17 g o f  compound 
5e. Y ie ld :  6.17 g (91%); ’H-NMR (CDC1,) 68.04 (s, lH, H2), 7.91 (s, l H ,  H8), 
7.35 (m, 5H, phenyl), 6.06 (d, l H ,  H l ’ ,  J=4.9 Hz), 5.88 (t, l H ,  H2’), 5.61 
(t, l H ,  H3’), 5.26 ( 5 ,  2H, Bz a,), 4.37 (m, 3H, H4’tH5’+H5lt), 2.13 (s, 3H, 
cH,CO), 2.09 (s, 6H, 2&CO) ppm; UV A,, (c,) CHC1,; 273 nm (5.7 x lo3),  
253 (9.0 x l o3 ) ;  FAB/MS (MH)’, obsd 485, C,,H,,N,O, requ i res  485. Anal c a l c d  
f o r  C2,H,,N,0,. 0.50 H,O: C, 55.9; H, 5.07; N, 11.30. Found: C, 56.04; H, 
5.13; N, 11.08. 

2’ , 3 ‘ ,  5‘ - T r i  -0-acetyl-1-benzyl-6-thioi nos1 ne (6e) 
A suspension o f  d r y  5e (6.006 g, 12 mmol) and Lawesson’s reagent7 (2.98 

g, 7.4 mmol) i n  anhydrous DME was r e f l u x e d  under a d r y  N, atmosphere. A f t e r  
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1652 RATSEP, MISHRA, AND BROOM 

3 hours of reflux, it was allowed to cool and was poured into H,O (100 m L ) .  
The milky aqueous solution was extracted with CHC1, (6  x 40 mL). The emulsion 
formed could be dispersed by the addition of brine. The combined organic 
extract was once more washed with brine (100 m L ) .  The organic layer was col- 
lected and dried over MgSO,. The dried extract was concentrated i n  vacuo 
to give the crude product. It was purified by silica gel chromatography us- 
ing diethyl ether and ethyl acetate (3:1, v/v) as the eluent to give 4.25 
g of pure 6e. Yield: 71%. An analytical sample was prepared by recrystal- 
lization from isopropanol; mp 70-72’C; ‘H-NMR (CDC1,) 68.25 (s ,  lH, H2), 8.05 

(s, l H ,  H8), 7.36 (m, 5H, phenyl), 6.07 (d, lH, H l ’ ) ;  5.86 (t, 3H, H2’tBz 

a,), 5.57 (t, lH,  H3‘), 4.38 (m, 3H, H4‘tH5’tH5”), 2.13 (s, 3H, a3CO) ,  
2.09 (s, 6H &CO) ppm; UV A,, ( s m x )  CHC1,; 324 nm (17.1 x l o 3 ) ;  FAB/MS 
(MH)’, obsd 501, C,,H25N,0,S requires 501. Anal calcd for C,,H,,N,O,S. 0.50 
H,O: C, 54.21; H, 4.94; N, 10.99; S, 6.29. Found: C, 54.31; H, 4.88; N, 
10.90; S, 6.46. 

I-Benzyl-6-thioinosine (le) 
Compound 6 e  (4.25 g, 8.5 mmol) was treated with methanolic ammonia sa- 

turated at - l O ° C )  (70 mL) and the mixture was allowed to stand at room tem- 
perature for 18 hours. The pressurized ammonia inside the vessel was re- 
leased by venting to a methanol trap. The contents were transferred to a 
beaker and let stand. The white fluffy crystals were collected by filtra- 
tion and washed with CH,OH. Yield 2.86 g (90%). An analytical sample was 
prepared by recrystall ization from CH,OH; mp 124-126°C with softening at 116- 
188°C; UV Amax (cmaX) ;  pH 1, 324 nm (18.4 x lo3);  pH 7, 322 (21.6 x lo3); pH 

11, 322 (23.8 x l o3) ;  FAB/MS (MH)’, obsd 375, C,,H,,N,O,S requires 375. Anal 
calcd for C,+il,N,O,S: C, 54.5; H, 4.81; N, 14.96; S, 8.55. Found: C, 54.37; 
H, 4.99; N, 14.61; S, 8.17. 

1,2-Di ami noadenosine Hydrochloride (7) 
A suspension of powdered 2-aminoadeno~ine’~ (4.23 g, 15 mmol) and 0- 

(2,4-dinitrophenyl)hydroxylamineZG (4  g, 20 mmol) was heated at 37°C for 48 
hours. The red solution was concentrated i n  vacua to about one-third of 
the original volume. After acidification to pH 1 with 0.1 N HC1 (15 mL), 
the mixture was extracted with diethyl ether (4  x 40 mL) to remove the p-  
nitrophenol byproduct of the reaction. The aqueous extract was treated with 
enough diethyl ether to see a distinct double layer. To it was added suf- 
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ficient quantity of E t O H  to achieve a cloud point and the resulting mixture 
was refrigerated. The precipitate was filtered and washed with diethyl 
ether. Yield: 2.76 g (55%)). An analytical sample was prepared by chroma- 
tography on a 2.5 x 20 cm column of Amerlite XAD-4 using H,O as the eluent. 
The fractions containing the produce were pooled and lyophilized to afford 
pure 7. ‘H-NMR (CD,),SO; 69.58 (bs, lH, NH), 8.88 (bs, lH, NH), 8.32 (s, lH, 

lH, OH), 5.21 (bs, 2H, two OH), 4.44 (t, l H ,  H2’), 4.13 (t, lH, H3’), 3.92 
(t, lH, H4’),  3.58 (m, 2H, H5‘t” ’ ’ )  ppm; UV A,, ( c ~ , ) ;  pH 1, 291 nm (9.7 
x lo3) ,  253 (10.8 x lo3) ;  pH 7, 289 (9.5 x l o3) ,  253 (10.6 x l o3 ) ;  pH 11, 266 

(14.0 x lo3);  FAB/MS (MH)’, obsd 298; (MH’-NH),283; (BH’), 166; (BH’-NH), 151. 

Anal calcd for Cl,N16N,04C1.H,0: C, 34.14; H, 5.15; N, 27.8. Found: 34.13; 
H, 4.89; N, 27.25. 

H8), 8.04 (s, 2H, 2-NH,), 5.88 (s, 2H, 1-NH,), 5.74 (d, lH,  H l ’ ) ,  5.54 (bs, 

1-Am! no-6- thioguanosi ne (2b) 
The same procedure was adopted for the preparation of 2b as described 

previously for lc; compound 7 (2  g, 6 mmol) in H,O (17 mL) was treated with 
freshly distilled pyridine (12.6 mL) followed by the addition of liquid H,S 

(45 mL). The precipitate obtained after the work-up was recrystallized from 
H,O and EtOH. Yield: 1.23 g (65%); mp 239-241’C; ‘H-NMR (CD,),SO; 68.17 (s, 

(d, lH, OH), 5.16 (d, lH, OH), 5.02 (bs, lH, OH), 4.42 (d, lH, H2’), 4.11 
(d, lH, H3’), 3.89 (d, lH, H4’), 3.58 (m, 2H, H5’tH5“) ppm; UV A,, ( c ~ , ) ;  
pH 1, 344 nm (21.0 x lo3),  262 (10 x lo3) ;  pH 7, 337 (25.0 x lo3) ,  255 (10.5 
x l o3 ) ;  pH 11, 337 (25.2 x l o3 ) ,  255 (10.5 x lo3);  FAB/MS (MH)’ obsd 315, 
Cl,Hl,N604S requires 315. Anal calcd for C,,H,,N,O,S: C, 38.21; H, 4.48; N, 
26.73; S, 10.19, Found: C, 38.35; H, 4.54; N, 26.74; S, 10.38. 

lH, H8), 7.50 (s, 2H, 2-NH,), 6.24 (s, 2H, 1-NH,), 5.73 (d, lH ,  H l ‘ ) ,  5.45 
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