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A MILD PROCEDURE FOR 0-DEACYLATION OF THE FULLY ACYLATED 
SUGAR MOIETY OF NUCLEOSIDES I N  THE PRESENCE OF CYANIDE 

J u n - i c h i  ASAKURA' and Takanor i  TOMURA 

Department of  Biochemis t ry ,  Kinki U n i v e r s i t y  School  o f  Medic ine ,  
Sayama-cho Minamikawachi-gun, Osaka 589 ,  Japan 

Abs t r ac t  

The s o l v o l y t i c  0 -deacy la t ion  of  t h e  f u l l y  a c y l a t e d  s u g a r , m o i e t y  of  
u r i d i n e  and thymidine was found t o  t a k e  p l a c e  r e a d i l y  i n  t h e  p re sence  of  
K C N  i n  methanol a t  room t empera tu re .  

P r o t e c t i o n  o r  d e p r o t e c t i o n  of  hydroxyl  groups  i s  one o f  t h e  most 

impor t an t  p rocedures  i n  t h e  f i e l d  of  s u g a r ,  n u c l e o s i d e ,  and n u c l e o t i d e  

chemis t ry .  I n  g e n e r a l  a c e t y l a t i o n  and benzoy la t ion  a r e  most o f t e n  used 

f o r  p r o t e c t i n g  hydroxyl groups  o r  amino groups  i n  mono- and o l i g o -  

s a c c h a r i d e s  s y n t h e s e s ,  as w e l l  a s  i n  nuc leos ide  and n u c l e o t i d e  s y n t h e s e s .  

Acyl groups of  p r o t e c t e d  e s t e r s  have g e n e r a l l y  been removed by t r e a t m e n t  

w i th  a l c o h o l i c  ammonia o r  s t r o n g  bases  such  as me ta l  hydrox ides  o r  

a l k o x i d e s .  However, when s t r o n g  b a s e s  are used ,  t h e  p r o t e c t e d  e s t e r  

groups  i n  s u g a r  m o i e t i e s  sometimes m i g r a t e ,  o r  o t h e r  p r o t e c t e d  groups  

a r e  unt imely  removed.' 

d e p r o t e c t i o n  r e a c t i o n  under  n e u t r a l  c o n d i t i o n  i s  n e c e s s a r y  i n  n u c l e i c  

a c i d  r e l a t e d  chemis t ry .  

I n  t h i s  p o i n t  of  view, t h e  development of  

Bi rch  e t  a1.* found t h a t  t h e  r e a c t i o n  of methyl e s t e r s  o f  

cyclohexenone d e r i v a t i v e s  w i t h  KCN i n  95% e t h a n o l  gave t h e  co r re spond ing  

e t h y l  e s t e r s ,  perhaps  through t h e  fo rma t ion  of a c y l  cyanide  

i n t e r m e d i a t e s .  T h i s  f i n d i n g  was l a t e r  a p p l i e d  by Mori e t  a l .  f o r  t r a n s -  

e s t e r i f i c a t i o n ?  o f  methyl t r a n s ,  t r a n s - f a r n e s o a t e  and d e a c y l a t i o n 4  i n  t h e  

s y n t h e s i s  of a t r i c y c l i c  pheromone. The d e a c y l a t i o n  of a ca rbohydra t e  
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246 ASAKURA AND TOMURA 

d e r i v a t i v e 5  and g a l a c t o s i d e s 6  have a l s o  been s u c c e s s f u l l y  c a r r i e d  o u t  

u s i n g  KCN. 

We found t h a t  u r i d i n e  and thymidine f u l l y  a c y l a t e d  on t h e  s u g a r  

hydroxyl groups  were deacy la t ed  i n  t h e  p re sence  o f  KCN as a c a t a l y s t  i n  

methanol a t  room t empera tu re .  We now wish t o  r e p o r t  t h e s e  r e s u l t s .  

Q u i t e  r e c e n t l y ,  Nudelman and co-workers7 have r e p o r t e d  t h a t  a c a t a l y t i c  

amount of KCN i s  e f f e c t i v e  f o r  d e e s t r i f i c a t i o n  of  p o l y a c y l a t e d  suga r  i n  

methanol.  

1 - 
a R=Ac, X=OAc, B = U  

b R=Bz, X=OBz, B = U  

c R=Ac, X = H ,  B=T 

d R=Bz, X = H ,  B=T 

KCN 
MeOH, r . t .  ' 

HO X 
2 

X=OH or H 
B=U o r  T 

- 

The d e a c y l a t i o n  r e a c t i o n  was performed as f o l l o w s :  To a s o l u t i o n  

of KCN (10 mg, 0.15 mmol) i n  methanol ( 7  m i )  was added t h e  f u l l y  

0 -acy la t ed  nuc leos ide  L8 (100-170 mg, 0.27-0.31 mmol), and t h e  mixture  

( s o l u t i o n  o r  suspens ion )  w a s  s t i r r e d  a t  room tempera tu re .  

A f t e r  complete d e a c y l a t i o n  was shown by TLC,  t h e  KCN was removed by 

t r e a t i n g  wi th  an equimolar  amount of H+ (Dowex 5 0 )  and OH- (Dowex 1)  

form i o n  exchange r e s i n  mix tu re .  A f t e r  t h e  mixture  was s t i r r e d  f o r  1 h ,  

t h e  r e s i n  was f i l t e r e d  o f f ,  and t h e  methanol was evapora t ed  under  t h e  

reduced p r e s s u r e .  The r e s i d u e  was r e c r y s t a l l i z e d  t o  g i v e  t h e  pure 

deacy la t ed  nuc leos ide_?_ .  

A s  shown i n  Table 1, t h e  deacy la t ed  p roduc t s  were o b t a i n e d  i n  good 

A n a l y t i c a l  d a t a  (400-MHz 'H N M R ,  UV-spec t ra l ,  e l emen ta l  y i e l d s .  

a n a l y s e s ,  and me l t ing  p o i n t s )  on t h e s e  p roduc t s  ag reed  w i t h  t h e  

commercially a v a i l a b l e  a u t h e n t i c  samples .  

The r e a c t i o n  of  w i t h  KCN i n  methanol was he terogeneous  a t  t h e  

beg in ing  of  t h e  r e a c t i o n ,  bu t  became homogeneous a f t e r  s e v e r a l  hour s  
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MILD 0-DEACYLATION PROCEDURE 247 

Table 1. 0-Deacyla t ion  of  f u l l y  a c y l a t e d  s u g a r  of  u r i d i n e  and 
a )  thymidine i n  t h e  presence  of  KCN.  

Compound KCN Time Product  b )  Y i e l d c )  

1 e q .  mol. h 2 % - - 
a 0.5 7 A a2 

4 .5  2 A a0 

b 0.5 38 A a3 
4 . 5  6 A 79 

C 0.5 a B aa 
4 . 5  3 B 86 

d 0 .5  45 i 4 3 d ) )  B 90 

4 . 5  12 B a2 

a )  Reac t ion  was c a r r i e d  o u t  i n  methanol a t  room t empera tu re .  

b )  A=Urid ine ,  B=Thymidine. c )  P u r i f i e d  y i e l d .  d )  Chloroform ( 3  m L )  was 

added i n  t h e  r e a c t i o n  mixture  

pas sed .  Add i t ion  o f  ch loroform t o  t h e  r e a c t i o n  mix tu re  made t h e  system 

homogeneous, b u t  no d i f f e r e n c e  i n  t h e  r e a c t i o n  ra te  was observed  from t h e  

r e a c t i o n  c a r r i e d  o u t  i n  methanol.  Cleavage of  a c e t a t e s  proceeded more 

r e a d i l y  t h a n  t h e  cor responding  benzoa te s .  S i m i l a r  r e s u l t s  have been 

r e p o r t e d .  7 

Rate s t u d i e s  of t h e  r e a c t i o n s  moni tored  by TLC r e v e a l e d  t h a t  t h e  

u r i d i n e  d e r i v a t i v e s  a r e  more r e a c t i v e  t h a n  t h e  thymidine d e r i v a t i v e s .  

It  h a s  been r e p o r t e d  t h a t  t h e  r e a c t i v i t y  toward base  o f  an  a c y l  group on 

t h e  a c y l a t e d  s u g a r  i n  a n u c l e o s i d e ,  i n  g e n e r a l ,  i n c r e a s e s  i n  o r d e r  of  2 '  

) 3 ' > 5 ' - p o ~ i t i o n . ~  

expec t  t h a t  t h e  f i r s t  a t t a c k  of  t h e  n u c l e o p h i l e  t a k e s  p l a c e  a t  t h e  2 ' -  

p o s i t i o n  t o  form t h e  2 ' -hydroxyl  compound. The hydroxyl  group i n i t i a l l y  

formed may form a hydrogen-bond wi th  t h e  a d j a c e n t  3 ' - a c y l  group.  

w i l l  a c c e l e r a t e  t h e  a t t a c k  of n u c l e o p h i l e  on t h e  3 ' - a c y l  group.  

On t h e  o t h e r  hand ,  t h e  r e a c t i v i t y  was lower f o r  thymidine  which does n o t  

have a hydroxyl  group a t  t h e  2 - p o s i t i o n .  T h i s  l a c k  o f  2 ' -ne ighbor ing  

group p a r t c i p a t i o n  may e x p l a i n  t h e  dec reased  r e a c t i v i t y  of t h e  a c y l a t e d  

thymidines .  Deacy la t ion  r e a c  i o n  by KCN i n  methanol p roceeds  i n  good 

y i e l d s ,  under mi ld  and n u e t r a l  c o n d i t i o n s .  

I n  t h e  r e a c t i o n  o f  a c y l a t e d  u r i d i n e s ,  one would 

T h i s  
7 ,  9 
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248 ASAKURA AND TOMURA 

T r i i s  p r o c e d u r e  may b e  g e n e r a l l y  u s e f u l  f o r  d e a c y l a t i o n  of a c y l a t e d  

s u g a r  hydroxyl  groups  of n u c l e o s i d e s  h a v i n g  a c i d -  o r  b a s e - l a b i l e  g r o u p s .  

F u r t h e r  i n v e s t i g a t i o n s  on t h i s  l i n e  are  now conducted  i n  o u r  

l a b o r a t o r i e s .  
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