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NUCLEOSIDES & NUCLEOTIDES, 6 ( 1 & 2 ) ,  3 4 5 - 3 4 8  (1987)  

N E W  A P P R O A C H  TO THE SYNTHESIS OF 2 ' ( 3 ' ) - O - A M I N O A C Y L -  
OLIGORIBONUCLEOTIDES R E L A T E D  T O  THE 3 I - T E R M I N U S  OF 

AMINOACYL TRANSFER R I B O N U C L E I C  A C I D  

C. S c a l f i - H a p p ,  E. Happ a n d  S. Chla/dek,*  D e p t .  o f  C h e m i s t r y ,  
M i c h i g a n  C a n c e r  F o u n d a t i o n ,  D e t r o i t ,  M i c h i g a n  48201, U S A  

A b s t r a c t :  A new m e t h o d o l o g y  f o r  t h e  s y n t h e s i s  o f  2 ' ( 3 ' ) - 0 - a m i n o a c y l  
o l i g o n u c l e o t i d e s  based on an u n i q u e  c o m b i n a t i o n  o f  p r o t e c t i n g  
g roups  i s  described. The b l o c k i n g  scheme a l l o w s  a s i m p l e  t w o  
s tep  d e b l o c k i n g  procedure,  w h i c h  p r o v i d e s  e a s y  a c c e s s  t o  t h e  
t a r g e t  c o m p o u n d s .  

2 ' (3 ' ) -O-Aminoacy lo l igor ibonuc leo t ides  (as e.g. d e r i v a t i v e s  o f  C - C - A ;  

- 1) w i t h  a s e q u e n c e  r e l a t e d  t o  t h e  n a t u r a l  3 ' - t e r m i n u s  o f  aa- tRNA c a n  

f u n c t i o n  as  s i m p l i f i e d  a n a l o g s  i n  s e v e r a l  s u b r e a c t i o n s  o f  p r o t e i n  

0 OH 

0 OH 
Q0.y-0 

O w e  OH 

L O  + H-R 
Nnf 

1 

a;  R=-cH,-C& 

+ 2'-ISOMER 

b i o s y n t h e s i s .  C o m p o u n d s  s u c h  a s  - 1 

s p e c i f i c a l  l y  i n t  e r a c t  w i t h  r e c o g  n i t i o n  

s i t e s  o n  e l o n g a t i o n  f a c t o r  T u  o r  

ribosomes which n o r m a l l y  accomoda te  t h e  

3 ' - terminus o f  aa-tRNA, a n d  c a n  t h u s  b e  

u s e d  f o r  s t u d i e s  o f  a r o l e  o f  t h e  

3 ' - t e r m i n u s  o f  a a - t R N A  i n  p r o t e i n  

b i o s y n t h e s i s l .  The  c o n s i d e r a b l e  u s e  o f  

t h e s e  c o m p o u n d s  i n  s u c h  b i o c h e m i c a l  

i n v e s t i g a t i o n s  p r o v i d e d  t h e  m a j o r  

s t i m u l u s  f o r  a n  a p p r o p r i a t e  c h e m i c a l  

s y n t h e s i s .  

Access t o  compounds 1 i s  c o m p l i c a t e d  b y  

t h e  c o n s i d e r a b l e  i n s t a b i l i t y  o f  t h e  

a m i n o a c y l  e s t e r  g r o u p 2 ,  w h i c h  m a k e s  a 

j u d i c i o u s  c h o i c e  o f  p r o t e c t i n g  g r o u p s  a 
r a t h e r  d i f f i c u l t  t a s k .  P r e v i o u s  w o r k  

r e p o r t e d  f r o m  o u r  L a b o r a t o r y 3  h a s  u t i l i z e d  a c o m b i n a t i o n  o f  p r o t e c t i n g  

groups which n e c e s s i t a t e d  a f o u r  s t e p  d e b l o c k i n g  p r o c e d u r e ,  l e a d i n g  t o  

r e l a t i v e l y  low y i e l d s  o f  d e s i r e d  compounds. I n  o u r  p r e s e n t  work we r e p o r t  
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346 SCALFI-HAPP, HAPP, AND CHLADER 

2 a ;  R=DMT 
b; R = H  
c ;  R=Lev 
d ;  R = c P T ~  

5 1 

FMOC =9-FLUORENYLMETHYLOXYCARBONYL 
BPOC= BIPHENYLYLISOPROPYLOXYCARBONYL 
CPTr = 4,4',4"-TRIS(4,5-DICHLOROPHTALlMlDO)TRITYL 
Lev = LEVULINYL 

SCHEME 1 

on  t h e  new s y s t e m  o f  b l o c k i n g  g r o u p s .  T h i s ,  t o g e t h e r  w i t h  i m p r o v e d  

p h o s p h o r y l a t i o n  p r o c e d u r e s 4  p r o v i d e  f o r  a n  e f f i c i e n t  s y n t h e s i s  o f  
l o n g e r  o l i g o n u c l e o t i d e  cha in  analogs o f  t h e  3 ' - t e r m i n u s  o f  aa-tRNA. T h e  

k e y  f e a t u r e s  o f  o u r  a p p r o a c h  a r e  ( S c h e m e  1.): 

i )  

i i )  

iii) 

i v )  

e x o c y c l i c  amino groups o f  c y t o s i n e  a n d  a d e n i n e  a r e  p r o t e c t e d  

w i t h  3-fluorenylmethyloxycarboyl groups  (2 and 3) and 4 -hyd roxy  

g r o u p  o f  u r a c i l  i s  b l o c k e d  w i t h  a p h e n y l  g r o u p  (4) .  

5 ' -hyd roxy l  g roups  o f  t h e  5 ' - t e rm ina l  u n i t s  a r e  p r o t e c t e d  w i t h  

4 , 4 ' d i m e t h o x y t r i t y l  g r o u p s  o r  w i t h  l e v u l i n y l  a n d  4,4',4"-tr is 

( 4 , 5 - d i c h l o r o p h t a l i m i d o ) t r i t y l  g r o u p s  ( 2  and  4). T h e  l a t t e r  

t w o  g roups  a r e  u s e f u l  f o r  t h e  s y n t h e s i s  of n u c l e o t i d e  b l o c k s  

w i t h  t h e  f r e e  5'-OH groups s i n c e  b o t h  g roups  a r e  removable by  a 

m i l d  t r e a t m e n t  w i t h  h y d r a z i n e  w h i c h  does  n o t  a f f e c t  o t h e r  

m o i e t i e s  o f  t h e  m o l e c u l e .  

2 ' - h y d r o x y  g r o u p s  a r e  p r o t e c t e d  w i t h  4 - m e t h o x y -  

t e t r a h y d r o p y r a n - 4 - y l  g r o u p s .  

Phosphodiester  bond a r e  p r o t e c t e d  w i t h  2 - c h l o r o p h e n y l  g roups .  
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( i  I 
( i  i )  

8 b -- C-C-A-Phe 
P 

l a  

8 a ;  R=H 
b; R=BPOC-Phe- 

(i 1 2-NITROEENZALDOXIMATE: CHBCN 
i i i HCOOH, oo 

U-C-A-Phe C-U-A-Phe C-C-WPhe C-C - A-Gly 

9 10  11 1 2  

C - U - C -C- A-Gly U-C-C- A-Gly 

1 3  14 

SCHEME 2 

v )  q - a m i n o  m o i e t y  o f  a m i n o a c i d s  i s  b l o c k e d  w i t h  
2 - ( 4 - b i p h e n y l y l ) i s o p r o p y l o x y c a r b o n y l  g r o u p  (6). 

A l l  t h e s e  g roups  a r e  s t a b l e  d u r i n g  s y n t h e s i s  and can b e  q u a n t i t a t i v e l y  
removed i n  deb lock ing  s t e p s  w i t h  p r e s e r v a t i o n  o f  t h e  i n t e g r i t y  o f  3 ' -5 '  

p h o s p o d i e s t e r  a n d  2 ' ( 3 ' ) - 0 - a m i n o a c y l  b o n d s .  T h u s ,  t h e  s t e p w i s e  
c o n d e n s a t i o n  o f  5 w i t h  & i n  t h e  p r e s e n c e  o f  2, f o l l o w e d  b y  a c h a i n  

ex tens ion  w i t h  3 i n  t h e  presence o f  5 l e d  t o  t r i n u c l e o t i d e  d e r i v a t i v e  5 
(Scheme 2). The i n t e r m e d i a t e  & was a m i n o a c y l a t e d  w i t h  d e r i y a t i v e  a i n  

t h e  p r e s e n c e  o f  r e a g e n t  t o  g i v e  compound  i n  n e a r l y  q u a n t i t a t i v e  
y ie ld .  The d e b l o c k i n g  o f  5 was a c h i e v e d  i n  o n l y  t w o  s t e p s ,  e m p l o y i n g  

(dry)  ox imate t r e a t m e n t  ( t o  remove FMOC and PhCl  groups)  and t h e  agency o f  
fo rm ic  a c i d  t o  remove DMT, MTHP and BPOC g roups )  t o  o b t a i n  C-C-A-Phe (5) 
i n  h i g h  y i e l d  which was p u r i f i e d  on r e v e r s e  phase column. Compounds 9-11 
were s i m i l a r l y  o b t a i n e d  u s i n g  u r i d i n e  c o m p o n e n t s  5 a n d  4b as w e l l  as 

component 3. The 2'(3')-O-glycyl d e r i v a t i v e s  fi - 2 w e r e  p r e p a r e d  v i a  
b lock condensat ion p rocedures  and employ ing o r t h o e s t e r  m e t h o d o l o g y ,  ( w i t h  
u s e  of t h e  l e v u l i n y l  g r o u p  f o r  t h e  t e m p o r a r y  p r o t e c t i o n  o f  t h e  5'-OH 
m o i e t y )  w h i c h  a l l o w s  t o  u s e  a b e n z o y l  g r o u p  p r o t e c t i o n  o f  a g l y c o n s 3 .  

The f i n a l  p r o d u c t s  1 and  9-14 w e r e  f u l l y  c h a r a c t e r i z e d  b y  s t a n d a r d  
chemical (UV, TLC, p a p e r  e l e c t r o p h o r s i s ;  HPLC) a n d  e n z y m a t i c  d i g e s t i o n  

( w i t h  r i bonuc lease  A, & s n a k e  venom p h o s p o d i e s t e r a s e )  methods. I n  t h e  
l a t t e r  case, t h e  d i g e s t i o n  g a v e  r i s e  t o  e x p e c t e d  p r o d u c t s  i n  p r o p e r  

r a t i o s .  
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348 SCALFI-HAPP, HAPP, AND CHLADEK 

It i s  f e l t  t h a t  t h i s  new method r e p r e s e n t s  a s i g n i f i c a n t  i m p r o v e m e n t  
i n  technology t o  ob ta in  t a r g e t  compounds o f  even l o n g e r  chain l eng th .  The  

development (now i n  p r o g r e s s  i n  o u r  l a b o r a t o r y )  o f  a s u i t a b l y  p r o t e c t e d  

guanosine component shou ld  l ead  t o  g e n e r a l  h i g h l y  e f f i c i e n t  me thods  f o r  

t h e s e  b i  ol o g i  c a l l y  r e l e v a n t  o l i g o n u c l e o t i d e  d e r i v a t i v e s .  
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