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NUCLEOSIDES & NUCLEOTIDES, 16(1&2), 11-22 (1997) 

SYNTHESIS AND FAB MASS SPECTROSCOPICAL STUDIES ON 
2 I , 5  -DINUCLEOSIDE-MONOPHOSPHATES~ 

A n i l  Kumar, Seturam B.  K a t t i ’  and Kunnath P. Madhusudanan 

Centra l  Drug Research I n s t i t u t e ,  Lucknow 226001, I N D I A .  

ABSTRACT : Synthes is  and f a s t  atom bombardment s tud ies  on a 
few 2 ’ , 5 ’ -  and 3 ’ , 5 ’ - l i n k e d  dinucleoside-monophosphates are  
presented. The r e s u l t s  i n d i c a t e  t h a t  both the  isomers e x h i b i t  
s i m i l a r  f ragmentat ion p a t t e r n .  

INTRODUCTION 

I n  n a t u r a l  n u c l e i c  ac ids ,  t he re  i s  an overwhelming 

preponderance o f  3 ’ , 5 ’ - l i n k e d  sugar-phosphate res idues,  

a l though 2 ’ , 5 ’ - l i n k e d  n u c l e i c  ac ids  a re  found i n  i n t e r f e r o n -  

t r e a t e d  c e l l s ’  and du r ing  i n t r o n  s p l i c i n g . 2  The quest ion why 

n u c l e i c  ac ids  p r e f e r  3’,5’- over 2 ’ , 5 ’ - l i nkages  has been the  

sub jec t  o f  consi  derabl  e theo re t  i c a l  3-5 and exper imental  

s t ~ d i e s , ~ - ’ ~  i n  recent  years.  The a v a i l a b l e  da ta  suggest t h a t  

t he  preference f o r  3 ’ , 5 ’ - l i nkages  i s  due t o  t h e i r  a b i l i t y  t o  

form more s t a b l e  duplex s t r u c t u r e  which i s  e s s e n t i a l  f o r  

i n fo rma t ion  s torage and r e p l i c a t i o n .  To b e t t e r  understand the  

reasons f o r  observed p r e f e r e n t i a l  p r o p e r t i e s ,  we have 

i n i t i a t e d  a systemat ic  comparative s tudy o f  3’,5’- versus 

2 ’ , 5 ’ -  l i n k e d  o l i gonuc leo t i des  o f  i d e n t i c a l  base sequences. 

E a r l i e r  we have observed t h a t  3’-deoxyribonucleosides, t he  

monomeric u n i t s  f o r  making 2 ’ , 5 ’ - l i n k e d  o l i gonuc leo t i des .  have 

d i s t i n c t l y  d i f f e r e n t  conformat ion as compared t o  2’-deoxyr ibo- 

nucleosides. I n  the  case o f  former,  sugar pucker ing and the  
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12 KUMAR, KATTI, AND MADHUSUDANAN 

g l y c o s y l  t o r s i o n  a n g l e  a r e  p redominan t l y  i n  S f o r m  and a n t i  

c o n f i g u r a t i o n  as compared t o  t h e  N f o rm and s y n / a n t f  

equi  1 i br ium r e s p e c t i v e l y  i n  t h e  case o f  l a t t e r . ’ 4  These 

d i f f e r e n c e s  c o u l d  have a d i r e c t  b e a r i n g  on t h e  phys icochemical  

p r o p e r t i e s  o f  t h e  2 ’ , 5 ’ - l i n k e d  o l i g o n u c l e o t i d e s .  There fo re  we 

though t  i t  w o r t h w h i l e  t o  i n v e s t i g a t e  whether 2 ’ , 5 ’ - l i n k e d  

o l i g o n u c l e o t i d e s  behave d i f f e r e n t l y  i n  t h e i r  f r a g m e n t a t i o n  

p a t t e r n  under FAB c o n d i t i o n s .  Secondly whether t h i s  techn ique  

can be used f o r  t h e  sequencing o f  2 ’ , 5 ’ - l i n k e d  

o l i g o n u c l e o t i d e s .  I n  t h i s  paper we r e p o r t  t h e  s y n t h e s i s  and 

f r a g m e n t a t i o n  p a t t e r n  o f  a few 2 ’ , 5 ’ - l i n k e d  d imers as 

p r o t o t y p e s  and t h e  r e s u l t s  a r e  compared w i t h  t h e  co r respond ing  

3 ’ , 5 ’ - l i n k e d  d imers.  

RESULTS AND DISCUSSION 
The 3 ’ -deoxy r ibonuc leos ides  were o b t a i n e d  by t h e  method 

r e p o r t e d  e a r l i e r  f rom t h i s  1 a b 0 r a t o r y . l ~  A f t e r  s u i t a b l e  

d e r i v a t i  z a t i o n  by t h e  t r a n s i e n t  p r o t e c t i o n  method,16 they  have 

been used f o r  t h e  s y n t h e s i s  o f  d imers.  The d e s i r e d  phosphor- 

a m i d i t e s  ( l a - l c )  were prepared f r o m  t h e  s u i t a b l y  p r o t e c t e d  

nuc leos ides  by r e a c t i n g  w i t h  t h e  2-cyanoethyl-N.N,N’,N’-tetra- 
isopropylphosphorodiamidite and 1 - H t e t r a z o l e  i n  a c e t o n i t r i l e .  

P h o s p h i t y l a t i o n  was complete i n  2 h as mon i to red  by t l c .  A f t e r  

workup and p u r i f i c a t i o n  t h e  phosphoramid i tes were o b t a i n e d  i n  

80% y i e l d .  I n  t h e  second s t e p  these phosphor-amid i tes ( l a - l c )  

were coupled w i t h  t h e  a p p r o p r i a t e  h y d r o x y l  components ( Z a / Z b ) ,  

u s i n g  1 - H  t e t r a z o l e  as an a c t i v a t o r  f o l l o w e d  by 7 1 7  ~ 7 t u  

o r i d a t i o n  u s i n g  aq. i o d i n e  s o l u t i o n  (SCHEME 1 ) -  The f u l l y  

p r o t e c t e d  d imers t h u s  o b t a i n e d  were deblocked and p u r i f i e d  by 

reversed-phase HPLC t o  gi’de 2 ’ , 5 ’ - 1 i n k e d  CG ( 3 ) ’  GC ( 4 )  and TC 

( 5 ) .  The co r respond ing  3 ’ , 5 ’ - d i m e r s  were s y n t h e s i z e d  by t h e  
1 7  p h o s p h o t r i e s t e r  method u s i n g  BOPDC as a c o u p l i n g  reagen t .  

Subsequent ly t h e  p r o t e c t i n g  groups were deblocked and t h e  

d imers were p u r i f i e d  by t h e  r e v e r s e  phase HPLC t o  g i v e  

3 ’ , 5 ’ - l i n k e d  CG ( 6 1 ,  GC ( 7 )  and TC (8). 
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2‘ ,5 ‘-DINUCLEOSIDE-MONOPHOSPHATES 13 

2 a)B2= G i b u  3)B1= C ,  E l 2 =  G 
4)B1= G, B 2 =  C 

5)B1=  T ,  B2= C 

b)B2= Cb2 

Abbrev ia t ions  : Cbz= hll-benzoylcytosi ne, Gibu= d- i  sobu ty ry l -  

guanine, D m t  = 4 , 4 ’ - d i m e t h o x y t r i t y l ,  Ac = ace ty l  

SCHEME 1 

The dimers (3 -8)  were charac ter ized  by t h e  enzymatic 

hydro lys3s w i t h  snake venom phosphodiesterase fo l l owed  by 

a l k a l i n e  nhosphatase. The hydrolyzed products  o f  the  dimers 

3-5 comigrated w i t h  the  corresponding 3’-deoxvribonucleosides, 
whereas the  hydro lysa tes  o f  dlmers 6-8 comigrated w l t h  t he  

corresponding 2’-deoxyr ibonucleosides [ Reten t ion  t ime ( i n  

min ) = 9 . 2 7  ( 3 ’ - d r C ) ,  1 3 . 6 1  (3’-drG), 11.82 ( 3 ’ - d r T ) ,  7 . 4 2  

(2 ’ -d rC) ,  11 .68  (2 ’ -d rG)  and 1 0 . 7  ( 2 ’ - d r T ) ;  g rad ien t  system = 
0-15% 6 i n  A (20  m in ) ;  f l ow  = 1 mL/min; where A = 0 . 1  M T E A A  

(pH =7 .3 ) ,  B = a c e t o n i t r i l e  1 .  

FAB MASS STUDIES 
The negat ive  ion f a s t  atom bombardment ( F A B )  mass spec t ra  

o f  3-8 were recorded us ing  the  ma t r i x  in-n i t robenzy la lcohol  

(NBA)  as t h i s  was found t o  g i ve  b e t t e r  spec t ra  f o r  a longer 

du ra t i on .  Although the  abundant [M-HI- i ons  were observed i n  

the  spec t ra  o f  a l l  dimers, n o t  a l l  peaks corresponding t o  the  
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14 KUMAR, KATTI, AND MADHUSUDANAN 

var ious  bond cleavages were d i s c e r n i b l e  from the  FAB mass 
18 sDectrum, because o f  the i n te r fe rence  from mat r i x  peaks. 

Therefore, the  c o l l i s i o n - i n d u c e d  decomposition ( C I D )  spec t ra  

o f  the  [M-H]- ions o f  3-8 were recorded t o  enhance the  

s p e c i f i c i t y  of  the  f ragmentat ion us ing l i n k e d  scanning a t  a 

constant  r a t i o  o f  magnetic ( 8 )  and e l e c t r i c  (E) f i e l d s  

(cons tan t  B / E ) .  As a rep resen ta t i ve  example, the  FAB mass 

sDectra and the CID spect ra o f  4 i s  shown i n  FIGURE 1 .  

1 ?  

The i o n  abundances i n  the  CID spec t ra  of  the  [M-HI-  i ons  

o f  3-8 are g iven i n  TABLE 1 .  The general f ragmentat ion o f  t he  

2 ’ , 5 ’ - l i n k e d  dimers i s  shown i n  SCHEME 2.  As observed i n  the  

case o f  3 ’ , 5 ’ - l i n k e d  o l i gonuc leo t i des ,  2 0 - 2 3  t h e  major 

f ragmentat ion pathways a re ,  the  cleavage o f  C 2 ’ - 0  ( a ) ,  the  

cleavage o f  P - 5 ’ 0  bond ( b )  and the  cleavage o f  g lycosy l  bond 

( c  and a ) .  A l l  these cleavages are  fo l lowed by the  hydrogen 

t r a n s f e r  from the  sugar moiety r e s u l t i n g  i n  the  fo rmat ion  o f  

[M-drB’I-, [drB’pJ- ,  [ M - B ’ J -  and EM-8‘1- r e s p e c t i v e l y .  The o ther  

fragment ions  observed, correspond t o  sugar-phosphate an 

( m / z  1 9 5 )  and h e t e r o c y c l i c  base anions ( m / z  148, 109 and 

corresponding t o  guanine, cy tos ine  and thymine an 

r e s p e c t i v e l y ) .  

Analogous t o  the  behavior o f  3 ’ , 5 ’ - l i n k e d  dimers, 2 ’  

l i n k e d  dimers show the  preference f o r  cleavage a because 

ons 

124 

ons 

5 I -  

t he 

the  0-C2’ bond i s  more l a b i l e  (connected t o  a secondary carbon 

atom), than the  O - C 5 ’  (connected t o  a pr imary carbon atom o f  

the  sugar moiety Also the  l o s s  o f  t he  base from 

5 ’  terminus (c leavage c )  was found t o  be more f a c i l e  than 

t h a t  from the  3’- terminus (c leavage d )  , 2 4  i n  both 2 ’  , 5 ’ - l i n k e d  

as w e l l  as 3 ’ , 5 ’ - l i n k e d  dimers. I n  t h e  present  case t h i s  i s  

t r u e  f o r  dimers 4 ,  5 ,  7 and 8 on l y .  I n  the  case o f  CG and GC 

dimers, the  l oss  o f  G i s  p r e f e r r e d  t o  t h a t  o f  C .  

The above data c l e a r l y  i n d i c a t e  t h a t  2 ’ , 5 ’ - l i n k e d  dimers 

e x h i b i t  f ragmentat ion p a t t e r n  i d e n t i c a l  t o  the  corresponding 

3 ’ ,5 ’ - isomers under negat ive i o n  FAB mass spec t ra l  cond i t i ons .  

This  technique can a l s o  be used f o r  the  sequencing o f  

2 ’ , 5 ’ - l i n k e d  o l i gonuc leo t i des .  
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2' ,5 '-DINUCLEOSIDE-MONOPHOSPHATES 

50- 

15 

555 1 

459 

n 0  50 100 150 200 250 300 
d 100 
a 
n 

I 

c 
c 

, 570 6 !3 - .  -I - .  

R 

I 
e 

d 

! 
" 
C 

R 
b 

n 
d 
a 
n 

U 

C 
c 

3 

4 

400 500 ", 

FIGURE 1 : A )  FAB mass spec t ra  and B) CID spect ra o f  4 
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16 KUMAR, KATTI, AND MADHUSUDANAN 

Table  1 I o n  abundances ( % )  i n  t h e  C I D  s p e c t r a  o f  t h e  [M-HI- 
i o n s  o f  d imers 3-8. 

~ __ _ _  __ - - ____  ____ 
Fragments 3 4 5 6 7 a 

( p a r e n t -  
i o n  m/z) 555 555  530 555  5 5 5  530 

[ M-d r B’ 1- 49 100 67 5 4  74 5 7  

[ drB’p1- 53 1 7  1 6  40 6 2  39 

[M-B’]- 7 7  7 0  100 9 4  100 100 

[M-B2]- 100 16 5 100 35 20 

m / z  195 7 1  2 7  30 31 33 18 

EXPERIMENTAL 

A l l  r e a c t i o n s  were performed i n  f r e s h l y  d i s t i l l e d  and 

d r i e d  s o l v e n t s  and reagen ts .  2-Cyanoethyl-N,N, N ’ ,  N ’ - t e t r a i s o -  

propylphosphorodiamidite was o b t a i n e d  f r o m  Sigma chemical  

c o . ,  S t . L o u i s ,  USA.  1 H - t e t r a z o l e  and 1 -me thy l im idazo le  

were purchased f r o m  A l d r i c h ,  Mi lwaukee, USA and 4 -d ime thy l -  

am inopy r id ine  f rom F l u k a ,  Buchs, S w i t z e r l a n d .  The t l c  was 

performed on readymade p l a t e s  ( MERCK D C - A l u f o l i e n  K i e s e l g e l  

6 0  F 2 5 4 ,  0 . 2  mm, E.Merck ( I n d i a )  l t d . ,  Mumbai, I n d i a )  u s i n g  

d i f f e r e n t  s o l v e n t  systems. P u r i f i c a t i o n  o f  f u l l y  deblocked 

dimers was c a r r i e d  o u t  on Waters HPLC system u s i n g  a 

reversed-phase column ( MERCK 50983-Lichrosopher 100 RP-18, 

5 Mm, 250 x 4 mm, E.Merck ( I n d i a )  l t d . ,  Mumbai, I n d i a ) .  A l l  U V  

measurements were c a r r i e d  o u t  on Lambda 1 5  U V / V I S  s p e c t r o -  

photometer ( P e r k i n  Elmer I t d .  Bucks, England) .  NMR s p e c t r a  

were recorded on DRX-300 MHz spect rometer  ( B r u k e r ,  Z u r i c h ,  

S w i t z e r l a n d ) .  

The FAB mass s p e c t r a  were recorded on a Jeo l  SX-l02/DA- 

6000 double f o c u s i n g  spect rometer  w i t h  r e v e r s e  geometry Using 

a 6 kV Xenon beam (10 m A ) .  m-N i t robenzy la l coho l  (NBA) was used 

as a m a t r i x .  The sample was d i s s o l v e d  i n  1 X aq. NH3 and 1 ML 
o f  t h e  s o l u t i o n  c o n t a i n i n g  2 .0  u n i t  o f  t h e  sample 
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2 ' .  5 ' -DINUCLEOSIDE-MONOPHOSPHATES 17 

0 0 

I 
HO 

b-1-0 

OH Q - -0 -8-0 

OH OH 
[M-drB1]- m / z  195 

B' 

0-P-0 
I 

[dr B' pl- OH 

[M - ~ 1 j  OH 

OH 

SCHEME 2 
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18 KUMAR, KATTI, AND MADHUSUDANAN 

was p laced  on t h e  FAB probe t i p  c o n t a i n i n g  1 u L  o f  t h e  m a t r i x .  

The C I D  s p e c t r a  were reco rded  on t h e  same i n s t r u m e n t  u s i n g  

t h e  c o n s t a n t  B / E  l i n k e d  scan t e c h n i q u e .  The p ressu re  o f  t h e  

Hel ium i n  t h e  f i r s t  f i e l d  f r e e  r e g i o n  c o l l i s i o n  c e l l  was 

a d j u s t e d  so t h a t  t h e  p a r e n t  i o n  s i g n a l  was reduced t o  5 0 % .  

Each B/E  scan spect rum r e p o r t e d  i n  t h i s  paper i s  an average of 

6-7  scans. 

~Acyl-5’-0-dimethoxytrityl-3’-deoxyribonucloside-2’-~f2- 

cyanoethy1)-N,N-diisopropylphosphorarnidites ( l a ,  l b .  and l c ) .  

Predr ied N - a c y l - 5 ’ - 0 - d i m e t h o x y t r i  t y l - 3 ’ - d e o x y r i  bonucleo- 

s i d e  ( 0 . 5  mmol ) was d i s s o l v e d  i n  d r y  MeCN (5 mL). To t h i s  

was added 2-cyanoethyl-N, N, N ’ ,  N’-tetraisoprop~lphosphorodi- 

a m i d i t e  ( 0 . 3 2  mL, 1 mmol > f o l l o w e d  by 0 . 5  M s o l u t i o n  o f  

1-H t e t r a z o l e  i n  d r y  MeCN ( 1  mL), dropwise 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 e d  a t  r t  f o r  a d d i t i o n a l  2 h. I t  was d i l u t e d  

w i t h  2 % TEA s o l u t i o n  i n  CHC13 ( 5 0  mL) and washed s u c c e s s i v e l y  

w i t h  aq. NaHC03, H 2 0  and b r i n e .  The o r g a n i c  l a y e r  was passed 

th rough  anhydrous Na2S04 and c o n c e n t r a t e d  t o  a foam. I t  was 

d i s s o l v e d  i n  d r y  CHC13 and p r e c i p i t a t e d  i n  hexane. The 

p r e c i p i t a t e  was f i l t e r e d  and d r i e d  i n  a vacuum d e s i c c a t o r .  

P h y s i c a l  d a t a  of  t h e  compounds l a - c  a r e  g i v e n  below 

Phosphor- Y i e l d ( % )  R f ’  “P  NMR*’ (CDC1 ) 

am1 d i t e  6 

l a  
I b  
l c  

7 9  

8 2  
.so 

0 . 6 5  
0 . 6 7  
0 . 5 9  

1 5 0  , 1 5 1 . 3  
1 4 8 . 8 ,  1 5 0 . 5  
1 4 9 . 8 ,  1 5 1  

-~ - -. . -. . - _ -  * R f  was checked i n TEA/  EtOAc/ CH2C12 ( 1 : 2: 7 I .  
** Phosphor ic a c i d  was used as an e x t e r n a l  s tandard .  

N-Acyl-2’-U-acetyl-3’-deoxyribonuclosides (2a and 2 b ) .  

To a s t i r r e d  s o l u t i o n  o f  p r e d r i e d  N-acy l -5 ’ -0-d imethoxy-  

t r i t y l - - 3 ’ - d e o x y r i b o n u c l e o s i d e  ( 10 mmol ) i n  d r v  p y r i d i n e  

I 5 0  mL ) was added d i s t i l l e d  Ac20 ( 1 . 9  mL, 20 mmol) ,  dropwise 

a t  5 C and t h e  m i x t u r e  was s t i r r e d  a t  r t  f o r  4 - 6  h .  A f t e r  

comp le t i on  o f  t h e  r e a c t i o n ,  c h i l l e d  H,O ( 1  m L )  was added. l h e  

r e a c t i o n  m i x t u r e  was concen t ra ted  and t h e  r e s i d u e  was 

d i s s o l v e d  in CHC13 (100  mL).  I t  was washed s u c c e s s i v e l y  w i t h  
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2 I, 5 ' -DINUCLEOSIDE-MONOPHOSPHATES 19 

aq. NaHC03, H20  and b r ine ,  passed over anhydrous Na2S04 

and concentrated t o  a foam. The res idue thus obta ined was 

d isso lved i n  an i c e  cooled s o l u t i o n  o f  2% BSA i n  3 : 7  

MeOH:CHC13 ( 8 7  mL ) and the  mix tu re  was s t i r r e d  a t  5 '  C 

f o r  30 min. A f t e r  complete ded ime thoxy t r i t y l a t i on ,  t he  excess 

o f  BSA was quenched w i t h  aq. NaHC03 and t h e  reac t i on  mix tu re  

was concentrated under reduced pressure. The res idue was 

d isso lved i n  CHC13 and washed success ive ly  w i t h  aq. NaHC03, H 2 0  

and b r i n e .  The organic  l aye r  was d r i e d  over anhydrous NaHC03 

and concentrated t o  a foam. The crude product was 

p u r i f i e d  by s i l i c a  ge l  column chromatography, us ing  a l i n e a r  

g rad ien t  o f  0-5% MeOH i n  CHC13. Appropr ia te f r a c t i o n s  

were pooled and concentrated t o  a foam. I t was d isso lved i n  

CHC13, p r e c i p i t a t e d  i n  hexane and d r i e d  t o  g i ve  the  des i red  

products 2a and 2b as wh i te  s o l i d .  Phys ica l  data a re  g iven 

below. 

Protected Y i e l d  ( % )  R f '  
nucleosides 

FAB [ M - H I -  
m/ z 

2a 
2b 

78 
81 

0.32 
0.35 

378 
372 

.- __ * R f  was checked i n  5 % MeOH i n  CHC13 

Synthesis o f  2' ,5'-Linked Dimers ( 3 ,  4 and 5). 
To a s t i r r e d  s o l u t i o n  o f  p red r ied  pro tec ted  phosphor- 

am id i te  ( l a / l b / l c ,  0.25 mmol) and t h e  appropr ia te  hydroxy 

component (2a/2b, 0.2 mmol ) i n  d ry  MeOH (5  mL) was added a 

s o l u t i o n  o f  0.5 M 1-H t e t r a z o l e  i n  d ry  MeCN (1.5 mL). The 

mix tu re  was s t i r r e d  a t  r t  f o r  2 h. A f t e r  completion o f  

reac t i on ,  TEA (1 .4  mL,  10 mmol) fo l lowed by 0.1 M I2 s o l u t i o n  

i n  2 : l  MeCN:H20 ( 5  mL) was added and the  mix tu re  was s t i r r e d  

f o r  a d d i t i o n a l  2 h. It was d i l u t e d  w i t h  CHC13 ( 50 mL 1 and 

washed successive 1 y w i t h  aq . Na2S203, aq . NaHC03, H20 and b r i n e  . 
The organic  l aye r  was d r i e d  over anhydrous Na2S04 and 

concentrated t o  a foam. I t was d isso lved i n  a mix tu re  o f  

pyr id ine /20  % aq. NH3 (l:l, 1 mL) and kept  a t  5 ° C .  A f t e r  48 h,  

t he  mix tu re  was concentrated under reduced pressure, d isso lved 

i n  25 % aq. NH3 (1  mL) and kept  f o r  another 24-48 h a t  r t .  
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20 KUMAR, KATTI, AND MADHUSUDANAN 

The r e a c t i o n  mix tu re  was concentrated and the  res idue was 

s t i r r e d  w i t h  80 % aq. AcOH f o r  30 min t o  remove the  5 ’ -  

d i m e t h o x y t r i t y l  group. The AcOH was completely removed by 

coevaporat ion w i t h  MeOH on a Speedvac (Savant inst ruments i n c .  

Farmingdale, U S A ) .  The res idue was d isso lved i n  H20 ( 0 . 5  mL) 

and washed w i t h  CHC13 ( 4 x 0 . 5  mL 1 .  The aq. l a y e r  

was concentrated and the  crude product  was p u r i f i e d  by HPLC. 

Synthesis o f  3 ’ ,5 ’ -L inked Dimers ( 6 ,  7 and 8). 

A mix tu re  o f  N-acyl-5’-O-dimethoxytrityl-2’-deoxyribo- 
nucleos i  de-3’-0- ( 2-chlorophenyl ) - t r i e t h y l  ammoni urn-ph~sphate’~ 

( 1 . 2  mmol) w i t h  appropr ia te  N-acyl-3’-O-acetyl-2’-deoxyribo- 
nucleos ide ( 1  mmol) and N-methylimidazole (0 .2  mL, 2.4 mmol) 

was coevaporated w i t h  d ry  p y r i d i n e  ( 2  x 5 mL). The d r i e d  

mix tu re  was d isso lved i n  d ry  p y r i d i n e  ( 5  m L )  and BOP-C1 

(0 .6 g ,  2.4 mmol) was added t o  i t . The reac t i on  m ix tu re  was 

s t i r r e d  a t  r t  f o r  30 min. A f t e r  complet ion o f  reac t i on ,  t he  

so lvent  was removed under reduced pressure and the  res idue was 

d isso lved i n  CHC13 (20 m L ) .  I t  was washed success ive ly  w i t h  

aq. NaHC03, H20 and b r i n e ,  d r i e d  over anhydrous Na2S04 

and concentrated t o  a foam. The crude product  was p u r i f i e d  

by s i l i c a  ge l  column chromatography, us ing  a l i n e a r  g rad ien t  

o f  0-5% MeOH i n  CHC13.  Appropr ia te f r a c t i o n s  were pooled 

and concentrated t o  a foam. It was d isso lved i n  CHC13,  

p r e c i p i t a t e d  i n  hexane and d r i e d  t o  g i ve  the  pro tec ted  dimers 

i n  70-80% y i e l d .  These were deblocked as descr ibed above and 

p u r i f i e d  by HPLC. 

HPLC P u r i f i c a t i o n  

Completely deblocked dimers were p u r i f i e d  t o  homogeneity 

by reversed-phase HPLC us ing  d i f f e r e n t  g rad ien ts  ( d e t a i  1s 

g iven below).  Appropr ia te f r a c t i o n s  o f  t h e  p u r i f i e d  dimers 

were pooled and concentrated. 

Dimers : 3  4 5 6 7 8 

R t  ( i n  min) : 1 6 . 4  1 7 . 3  1 6 . 9  1 6 . 2  16.3 22.4 

Gradient  used : I I1 I I I I11 
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2' ,5'-DINUCLEOSIDE-MONOPHOSPHATES 21 

Gradient Systems: 
I )  0-15 % B in A ( 2 0  min), 15-50 % B in A ( 1 0  min) 

11) 0-15 % B in A ( 2 5  min), 15-50 % B in A (10  min) 
111) 0-15 % B in A ( 3 0  min), 15-50 % B in A ( 1 0  min) 

[ A  = 0 . 1  M aq. TEAA, pH = 7 . 3 ;  6 = Acetonitrile; Flow = 1 
mL/mi nl 
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