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NUCLEOSIDES & NUCLEOTIDES, 7 ( 3 ) ,  339-346 ( 1 9 8 8 )  

STUDIES I N  TRE PROTECTION AND SELECTIVE DEPROTECTION OF 
5 - A n I N O - L - ~ - ~ - R I B O F U S Y L I P I I D A Z O L E ~ ~ - C A R R O X I D E  (AKCA-RIBOSIDE) - 

R . D .  Chambers,a M . R .  S.T. Mullinsa and A. Parkin’* 

a Department of Chemistry, University Science Lahoratories, South 
Road, Durham DH1 3LE, U.Y. 

Beecham Pharmaceuticals Research Division, Biosciences Research 
Centre, Great Burgh, Yew Tree Bottom Road, Epsom, Surrey KTlB 5x0, 

1J.Y. 

ABSTRACT: The preparatf on of several acylated derivatives of AICA 
riboside (1) and their deorotection wIth hydroxylaminium acetate were 
investigated. A facile route f o r  the preparation of isomerically pure 
2’,5’- and 3’,5’-dihenzoates of - 1 is descrihed. 

In connection with our studies on imidazole nucleosides, we 

wished t o  develop methodology which would allow us easy access to 

partially protected derivatives, starting from the commercially 

available material, 5-amino-l-~-~-rihofuranosylimidazole-4-carhoxamide 

(1). Considerable success has been claimed f o r  the selective 

deprotection of peracylated purine and pyrimidine nucleosides using 

the reagent hydroxylaminium acetate.l,* We elected to extend this 

techniquc to the partial deprotection of henzoylated derivatives of - 1. 

Reaction of - 1 with henzoic anhydride in pyridine Rave an R O Y  

yield of the trihenzoate ?a. Attempts to acylate the amino functton 

of the  nucleoside using henzoyl chloride in pyridine resulted in 

concomltant dehydration of the amide function. Under these conditions 

- ’3 was ohtainpd from - 1 in 42% yield, and f rom a in 659: yield. 

Treatment of - 2a with henzoyl chloride in dichloromethane in the 

presence of solid sodiuq carbonate3 pave a mixture of ?h and 2 in 77% 
and 29% yields respectively. The triphenylmethyl(trity1)derivative 5 
was prepared from - 2a in 67% yield without dehydration of the amide 

function. 

- 
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3 40 CHAMBERS ET A L .  
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ACYLATED A I C A - R I B O S I D E  DERIVATIVES 34 1 

The r e a c t i o n  of a f o u r  f o l d  e x c e s s  of hydroxylaminium a c e t a t e  (2) 
w i t h  t h e  b e n z o a t e s  2-5 was s t u d i e d  i n  p y r i d i n e  s o l u t i o n .  I n  t h e  c a s e  

of  - 3,  t h e  r e a g e n t  5 showed some s e l e c t i v i t y  i n  d e b e n z o y l a t i o n  a t  t h e  

2 ' - p o s i t i o n ,  b u t  a l s o  r e a c t e d  w i t h  t h e  &-cyan0 f u n c t i o n .  The 

amidoximes 6 and 7 were o b t a i n e d  33% and 31% y i e l d s  r e s p e c t i v e l y .  

R e a c t i o n  of ft w i t h  1 was c o m p l i c a t e d  by d e t r i t y l a t i o n ,  and n o  

s e l e c t i v i t y  was observed  d u r i n g  r e a c t i o n  of 5 w i t h  t h e  t e t r a b e n z o a t e  

2b. - 
Trea tment  of t h e  t r i b e n z o a t e  a w i t h  5 g a v e ,  a f t e r  24  h o u r s ,  a 

70% y i e l d  of a m i x t u r e  of t h e  d i b e n z o a t e s  8 and 9, i n  t h e  r a t i o  2 : 1  a s  

d e t e r m i n e d  by 270MHz NMR s p e c t r o s c o p y .  ( I s o m e r  a s s i g n m e n t s  were made 

on t h e  b a s i s  of  'H NMR d e c o u p l i n p  e x p e r i m e n t s ) .  
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No change  i n  t h e  i somer  r a t i o  was 
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a p p a r e n t  on e x t e n d e d  r e a c t i o n  

t h e  m i x t u r e  on a s i l i . c a  g e l  
9 column.'- Chromatographic  s e p a r a t i o n  of t h e  i somers  was n o t  a c h i e v e d ,  

h u t ,  by means of a s i m p l e  f r a c t i o n a l  c r y s t a l l f s a t i o n  from e t h y l  

a c e t a t e ,  b o t h  8 and - 9 were  o h t a i n e d  i n  95% i s o m e r i c  p u r i t y  and  i n  452 

and 22W y i e l d s  r e s p e c t i v e l y .  
- 

Thus a f a c i l e  lnethod h a s  heen developed  t o  p r o d u c e ,  i n  h i g h  

i s o m e r i c  p u r i t y ,  h o t h  t h e  2 ' , 5 ' -  and 3 ' ,5 ' -d ibenzoates  of 1, i n  two 

h i g h  y i e l d i n g  s t e p s  from 5 - a m i n o - l - ~ - ~ - r i b o f u r a n o s y l i m i d a z o l ~ - 4 -  

carboxamide .  
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342 CHAMBERS ET AL. 

EXPERIMENTAL 

M e l t i n g  p o i n t s  were de termined  usinR a R e i c h e r t  K o f l e r  a p p a r a t u s  

and are  u n c o r r e c t e d .  I n € r a r e d  s p e c t r a  were r e c o r d e d  w i t h  a P e r k i n  

E l m e r  197 s p e c t r o p h o t o m e t e r  and ‘H NMR s p e c t r a  were r e c o r d e d  on a J e o l  

GX-270 MHz s p e c t r o m e t e r .  Mass s p e c t r a  were r e c o r d e d  on a VG 70-70E 

mass s p e c t r o m e t e r  u s i n g  f a s t  atom bombardment w i t h  t h i o g l y c e r o l  or  

- p-n i t rohenzy l . a l coho1-sod ium as m a t r i x .  Organic  s o l u t i o n s  of p r o d u c t s  

were d r i e d  u s i n g  magnesium s u l p h a t e ,  and chromatography was performed 

on Merck 7735 60H s i l i c a  g e l .  E l e m e n t a l  a n a l y s i s  was c a r r i e d  o u t  on a 

C a r l o  Erba model 1106 a n a l y s e r .  

5-Amino-l-~-D-2‘,3’,S’-tribenzoylribofuranosylimldazole-4- 

carboxamide (La) 

To a s u s p e n s i o n  of compound (1) (7g ,  27mmol) and dimethylamino-  

p y r i d i n e  (3 .4g ,  28mmol) i n  p y r i d i n e  (70ml) ,  was added b e n z o i c  

a n h y d r i d e  ( 2 5 g ,  110mmol). The r e a c t i o n  m i x t u r e  w a s  s t i r r ed  f o r  36h a t  

room t e m p e r a t u r e  t h e n  poured o n t o  i c e  w a t e r  (800ml)  and e x t r a c t e d  w i t h  

e t h y l  a c e t a t e  ( 3  x 40Oml). The o r g a n i c  l a y e r  was s e p a r a t e d ,  washed 

w i t h  5 M h y d r o c h l o r i c  a c i d ,  ( 3  x IOChnl), n e u t r a l i z e d  w t t h  s a t u r a t e d  

sodium hydrogen c a r b o n a t e  s o l u t l o n ,  d r i e d  and t h e  s o l v e n t  e v a p o r a t e d  

under  r e d u c e d  p r e s s u r e  t o  g i v e  an o i l  which was chromatographed  on 

s i l i c a  g e l ,  e l i i t i n g  w i t h  e t h y l  a c e t a t e  t o  y i e l d  - 2a (12.4g,  8 0 % ) ,  

m.p. 83-85OC ( f rom e t h y l  a c e t a t e - c a r b o n  t e t r a c h l o r i d e ) ;  vmax ( K B r )  

3600-3100, 1730,  and 1 5 5 0 ~ ~ 1 - ’ ;  6~ [(CD3)2SO] 4.67-4.78 (3H, m ,  4’-H 

and 5’-N), 5.91 ( 1 H ,  m ,  3’-H), 6.0-6.06 (3H, m ,  2’-H and D20 exchange-  

a b l e  NH2), 6.26 ( lH,  d ,  J 6Hz, l ’ - H ) ,  6 .78 ( 2 4 ,  b r . ,  D20 e x c h a n g e a b l e  

CONH2), and 7.41-8.05 (IhH,  m ,  3 x CgH5 and 2-H); (Found: C, 6 3 . 4 ;  

H ,  4 . 5 ;  N ,  9 .7%. C30i125N408 r e q u i r e s  C, 63.2 ;  H ,  4 .6 ,  N ,  9.8Z). 

~-Benzarido-l-~-~-2’,3‘,5’-tribenzoylribofuranosylimid~zole-4- - 
carbonitrile (2) 

(a) From 5-Amino-l-~-~-ribofuranosylimidazole-4-carbox~ide 

To a n  i c e  cooled  s u s p e n s i o n  of compound ( 1 )  -. ( 3 g ,  12mmol) and 

d i m e t h y l a m i n o p y r i d i n e  (1.5g, 12mmol) i n  p y r i d i n e  (30ml)  was added 

benzoyl  c h l o r i d e  (8.4m1, 73mmol), d r o p w i s e  w i t h  s t i r r i n g .  The m i x t u r e  

was s t i r r ed  fo r  15h t h e n  poured i n t o  a m i x t u r e  of i c e  and d i l u t e  

h y d r o c h l o r i c  a c i d  (4001111). The r e s i i l t t n p  m i x t u r e  w a s  e x t r a c t e d  w i t h  

e t h y l  a c e t a t e  ( 3  x 3001111) and t h e  o r g a n i c  l a y e r  s e p a r a t e d  t h e n  washed 

w i t h  s a t u r a t e d  sodium hydrogen c a r b o n a t e  s o l u t i o n  u n t i l  n e u t r a l .  

- 
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ACYLATED AICA-RIBOSIDE DERIVATIVES 34 3 

After drying the solvent was evaporated under reduced pressure to give 

an oil which was chromatographed on siltca, eluting with acetone- 

hexane (1:2). The maior component was collected and rechromatographed 

on silica g e l ,  eluting with ethyl acetate-hexane (2:7), to give 1 
(1.2g, 42%), m.p. 178-180°C (from ethanol-water); vmax (KBr) 3700- 

3100, 2220, and 1730cm-1; 6~ (cnCl3) 4.64-4.92 (3H, m, 4’-9 and 

5’-H), 5.72-5.87 (2H, m, 2’-H and 3’-H), 6.06 (ZH, d ,  J 3Hz, l*-H), 
7.32-8.0G (21H, m ,  4 x C6Hg and 2-H), 8.72 ( I H ,  s ,  D20 exchangeable 

NH); (pound: C, 66.5; H, 4.5; N, 8.4%. C37H2gN408.0.5 H20 

requires: C, 66.8; H, 4.4; N, 8.4’7). 
(b)  From 2a 
To an tce cooled solutlon of compound (la) (2.1~3, 3.7mrnol) and 

dimethylaminopyridine (1.8g, 15mmol) in pyridine (50ml) was added ben- 

zoyl chloride (2.lg, 15mmol), dropwise with stirring. The mixture was 

stirred at room temperature and f o r  65h ,  then poured onto a mixture 

of ice and dilute hydrochloric acid ( 4 0 0 m l ) .  TIle resulting suspension 

was extracted with ethyl acetate ( 3  x 200ml), the organtc layer 

separated, washed with dilute hydrochloric acid, and neutralized with 

saturated sodium hydrogen carbonate solution. After drying the 

oraanic phase the solvent was evaporated under reduced pressure to 

give an oil which was chromatographed on silica gel, eluting with 

ethyl acetate-hexane (l:l), to give - 3 (1.6g, 65% after recrystallts- 

ation from ethanol-water). Spectral data were identical to those 

described ahove. 

5-Benzamido-l-~-D-2’,3‘,5’-tribenroylrlbofuranosyliPidazole-4- - - 
c a r b o d d e  (gb) 

To a mixture of compound la (10.4p,  18mmol) and sodium carbonate 

(4.8g, 45.4mmol) in dichloromethane (200rnl) was added benzoyl chloride 

(6.4g, 45.4mmol). The reaction mixture was heated under reflux f o r  

15h then cooled to room temperature and poured onto ice. The organic 

layer was separated and the aqueous phase extracted with dichloro- 

methane (2 x 501111). The combined organic extracts were washed with 
dilute hydrochloric acid then neutralised with saturated sodium 

hydrogen carbonate solution. The organic layer was dried and the 

solvent evaporated under reduced pressure to give an oil, which was 

chromatographed on silica, eluting wjth ethyl acetate-hexane ( l : l ) ,  to 

give, as the first component to elute, 3 (3.5g, 29%). The eluant was 
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3 44 CHAMBERS ET A L .  

changed t o  e t h y l  a c e t a t e ,  and f u r t h e r  chromatography gave  2b (3 .3g ,  

2 7 2 ) ,  m.p. 97-98OC (from e t h a n o l - w a t e r ) ;  vmax ( K B r )  3700-3200, 1730,  

and I h 5 0 ~ m - ~ ;  O H  [(C1)3)2S0] 4.65-4.8 (3H, m ,  4’-H and 5’-H), 

5.9-6.08 (3H, m ,  I*-H, 2’-H and 3’-H), 7 .13  (lH, s ,  2-H), 7.32-8.14 

(22H, m, 4 x C6H5 and D20  e x c h a n g e a b l e  NH2), and 10.36 (lM, s ,  D 2 0  

e x c h a n g e a h l e  NH); (Found: C ,  6 5 . 8 ;  H ,  4 .8 ;  N ,  8 .3%.  C37H30N409 

r e q u i r e s :  C ,  6 5 . 9 ;  H ,  4 . 5 ;  N ,  8 . 3 % ) .  

- 

1-~-~-2‘,3’,5’-tribenzoylribofuranosyl-5-triphenylmethylaaino- - 
imidazole-4-carboxamide (5) 

To a s o l u t i o n  of  t h e  compound 2 ( 2 g ,  3.5mmol) i n  e t h y l  a c e t a t e  

(151111) and t r i e t h y l a r n i n e  (10ml)  was added t r i p h e n y l m e t h y l c h l o r i d e  

( 1 . 5 g ,  5.35mmol). The m i x t u r e  was s t i r r e d  a t  room temperature f o r  15h 

t h e n  poured o n t o  w a t e r  (200ml) .  F t h y l  a c e t a t e  was added and t h e  

o rgan ic  l a y e r  s e p a r a t e d ,  washed w i t h  w a t e r ,  d r i e d  and t h e  s o l v e n t  

e v a p o r a t e d  under  reduced p r e s s u r e .  The r e s j  d u a l  o i l  was chromato-  

graphed  on silica g e l ,  e l u t i n g  w i t h  e t h y l  a c e t a t e - h e x a n e  (5 : l )  t o  g i v e  

4 (1 .9g,  6 7 % ) ;  vmaX ( K R r )  3700-3200, 1730,  and 1650cm-1; OH 

[ ( c D ~ ) ~ S O ]  4.18-4.62 (3H, m, 4’-H and 5’-H), 5.63-5.9 (3H, m ,  l*-H, 

2’-H and 3’-H), 6 .85 ( 1 H ,  s ,  D20 e x c h a n g r a b l e  NH), and 7.06-8.03 (3H, 

m, 6 x ChH5, 2-H and D 2 0  e x c h a n g e a b l e  NH2); (Found: C ,  72 .6 ;  11, 

5.0;  N ,  6 .8%. C49t140N408 r e q u i r e s :  C ,  72.4; H ,  5 .0;  N, 6.9%).  

5-Benzanido-l-~-~-2’,3’,5’-tribenzoylribofuranosylimidazole-4- 

- 

- 
carboxamidoxine  (a) and 5-benzamido-l-$-~3‘,5’-dibenzoylribofurano- 

sylimidazole-4-carhoxamfdoxfme ( L )  
- 

To a s o l u t i o n  of compound - 3 (500mg, 0.75mmol) i n  p y r i d t n e  (10ml)  

was added hydroxylaminiurn a c e t a t e  (280mg, 7rnmol). The r e a c t i o n  

m i x t u r e  was s t i r r e d  f o r  27h a t  room t e m p e r a t u r e ,  t r e a t e d  w i t h  a c e t o n e  

(501111) and t h e  s o l v e n t  e v a p o r a t e d  under  reduced  p r e s s u r e  t o  g i v e  a n  

o i l  which w a s  chromatographed on s j  l i c a  g e l ,  e l u t i n g  w i t h  ch loroform-  

methanol  ( 1 9 : L ) .  The f i r s t  f r a c t i o n  t o  e l u t e  w a s  5 (135mg, 3 3 % ) ,  

m.p. 100-1020C ( f rom m e t h a n o l - w a t e r ) ;  vmax (YBr) 3700-3100, 1730,  and 

1650cm-I; dH [(CD3)2SO] 4.64-4.79 (3H, m, 4’-11 and 5’-M), 5 . 5 0  (2H, 

5 ,  D20 e x c h a n g e a b l e  NH2), 5.89-5.98 ( l H ,  m, 3‘-H), 6.0-6.04 (2H, m, 

1’-H and  2’-H), 7.32-8.14 ( 2 1 H ,  m, 4 x C6H5 and  2-H), 9.32 (1H, s ,  D20 

e x c h a n g c a h l e  NOH), 10 .17  (111, S ,  D20 e x c h a n g e a b l e  N H ) ;  (Found: c ,  
6 3 . 5 ;  H ,  4 .4 ;  N ,  9 .6%.  C37H31N509.0.7 H20 r e q u i r e s :  C ,  63 .3 ;  H ,  

4 . 6 5 ;  N ,  10.0%). 
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ACYLATED AICA-RIBOSIDE DERIVATIVES 34 5 

The second component t o  e l u t e  w a s  L (138mg, 3 1 % ) ;  vmax (KBr) 

3700-3100, 1730,  1720,  and 1670cm-l; b~ [(CD3)2SO] 4.52 (3H, m ,  

4’-H and 5’-H), 4 .74 ( l H ,  m, 2’-H),  5 .47 (3H, b r ,  n20 e x c h a n g e a b l e  

NH2 and  3’-H), 5.60 ( l H ,  d ,  J 4Hz, 1’-H),  6.07 (lH, d ,  J 6H2, D 2 0  

e x c h a n g e a b l e  2’-OH), 7.46-8.04 (16H, m, 3 x C5H5 and 2 - H ) ,  9 .29 ( l H ,  

s ,  D20 e x c h a n g e a b l e  NOH), and 10.07 (19, s ,  D20 e x c h a n g e a b l e  NH); m / z  
(FAB) 586 (M+1+). 

- 

5-Amino-l-~-D-3‘,5‘-dibenzoyIribofuranosylimidazole-4-carboxamide - 
5-amlno-l-~-~-2‘,5’-dibenzoylribofuranosylimidazole-4- 
- 

- (8) and 

c a r b o d d e  (2) 
To a s o l u t i o n  of compound ?a ( 6 g ,  10.5amol) i n  p y r i d i n e  (45mL) 

was added hydroxylaminium a c e t a t e  ( 3 . 9 g ,  42mmol). The m i x t u r e  was 

s t i r r e d  a t  room t e m p e r a t u r e  f o r  30h, t rea ted  w i t h  a c e t o n e  (50ml) and 

t h e  s o l v e n t  e v a p o r a t e d  under  reduced  p r e s s u r e  to  l e a v e  an o i l  which 

was chromatographed on s i l i c a ,  e l u t i n g  w i t h  ch loroform-methanol  ( 1 9 : l )  

t o  g i v e  a m i x t u r e  o f  5 and 9 (3 .43g ,  7 0 % ) .  The m i x t u r e  was t r e a t e d  

w i t h  h o t  e t h y l  ace ta te  (10ml), c o o l e d  and f i l t e r e d  t o  g t v e  a f i r s t  

c r o p  of p u r e  - 9. The f i l t r a t e  w a s  e v a p o r a t e d  t o  d r y n e s s  and t r e a t e d  

w i t h  h o t  e t h y l  a c e t a t e  ( 5 m l ) ,  c o o l e d  and f i l t e r e d  t o  g i v e  a second 

c r o p  of p u r e  9 ( t o t a l  r e c o v e r y  l . l g ,  2 2 % ) ,  m.p. 188-192°C; umax ( K B r )  

3700-3000, 1725,  and 1 6 4 0 ~ m - ~ ;  6H [(CD3)2SO] 4.3-4.7 (4H, m, 3’-H, 

4’-H and 5‘-H), 5 .59 ( l H ,  m ,  2’-H),  5 . 9  (3H, m, 9 0  e x c h a n g e a h l e  OH 

and  NH2), 6.7 (2H, b r ,  CONH2), 7 .41 ( l H ,  s ,  2 - H ) ,  7.53-8.12 ( l O H ,  m, 2 

x C6H5); (Pound: C ,  59 .2 ;  H ,  4 .8;  N ,  12.0%. C23H22N407 r e q u i r e s :  

C ,  59 .2 ;  H ,  4 .8 ;  N ,  12.0%). 

E v a p o r a t i o n  of t h e  f i l t r a t e  g a v e  a pure sample of 8 as a foam 

( 2 . 2 g ,  45%);  urnax ( K B r )  3700-3000, 1725,  and 1640cm-1; 6~ 

[(CD3)2SO] 4.57-4.65 (3H, m, 4’-Y a n d  5’-H), 4 .78  ( l H ,  m, 2’ -H) ,  5 .54 

( l H ,  m, 3’-H), 5.72 ( l H ,  d ,  J 7Hz, l’-H), 5.94 (2H, S ,  D20 exchange-  

a b l e  NH2), 6 .04 ( l H ,  d ,  J 4 Hz, D 2 0  e x c h a n g e a h l e  O H ) ,  h .70 (2H, b r ,  

D20 e x c h a n g e a b l e  CONHZ), 7.33 ( l H ,  s ,  2 - H ) ,  7.44-8.12 (lOH, m, 2 x 

ChH.5); z/c ( F A B )  467 ( M + 1 + ) ,  489 (M+23+); (Found: C ,  58 .8 ;  H ,  5 .1 ;  

N ,  11.9%. C23H22N407 r e q u i r e s :  C ,  59 .2 ;  H, 4.8 ;  N ,  12.0%). 

ACKNWLEDGEMENTS 

Thanks a r e  due t o  D r .  M . R .  Harnden f o r  h i s  i n t e r e s t  and h e l p f u l  

d i s c u s s i o n s ,  and t o  t h e  SERC f o r  a CASE award  s t u d e n t s h i p  ( t o  S.T. 

Hui l i n s )  . 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



346 CHAMBERS ET AL. 

REFERENCES 

1. Y .  I s h f d o ,  N. S a k a i r i ,  K.  O k a z a k i  and N. N a k a x a k i ,  .J. Chem. SOC. 

P e r k i n  T r a n s .  1,  1980, 563. 

2. N.  S a k a i r t ,  M . 1 ) .  Rahman, K. Tamakf and Y .  I s h i d o ,  N u c l e o s i d e s  

N u c l e o t i d e s ,  1982, - 1,  99. 

3. V.S. M o k r u s h i n ,  T .A.  P o s p e l o v a ,  V . A .  Bakulev ,  E .F .  G o l i v f n a ,  

S .L .  N i k o l a e v a  and  Z . V .  P u s h k a r e v a ,  !him. G e t e r o t s i k i  S o e d i n ,  

1984,  2 ,  2 4 7 .  - 

Received July 2 4 ,  1987 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


