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Abatraot: A new synthetic approach to modified oligonucleotides based on 
D.D'-diiaopropyl-di- (I-nitropbenyl)pboa#oroamidite 1 is described. The procc 
dure iuwlvea displacement of either I-nitropbenoxy or diiaopropylamino 
li&auda. l!he forrer proceeds very fast in the preaeuce of DSU, the latter 

requires activation by tetraaolc. mia rthod allows rapid and almost 
qu;mtitative construction of modified nucleotidea derived frop thio- and 

selenopbosphorua acids. 

Phoaphitylating reagents in oligonucleotidea synthesis have been widely used since 

the classic work of Letsinger.’ Important improvements have been made by Caruthera’ vho 

introduced D.li-diiaopropylamiditea. In the Letsinger-Caruthera synthesis the amidite 

moiety acts as stabilizing factor and, when activated by tetrazole’ or amine hydro- 

chlorides, ’ as leaving group. Cur recent experience Sh0WS that the desired stability of a 

phoaphitylating reagent can be achieved by the presence of the 4-nitrophenoxy group which 

is remarkably readily displaced by nucleoaidea (alcohols) in the presence of a proper 

base. In our recent publications phoaphitylating reagents containing one 4-nitropheuoxy 

group and the diiaopropylamino group attached to the PI*’ center have been deacribed.4,5 

These reagents has been used in oligonucleoaide methylphoaphonate synthesis’ and in the 

synthesis of thio- and aeleno-oligonucleotidea.’ Internucleoaide linkages have been 

constructed either with the assistance of tetrazole activation or sodium hydride 

activation of the nucleoaide substrate. 4-Ditrophenoxide activation of the intermediate 

P*‘r system oxidations and its ability to act as demethylating agent toward >P(X)CMe 

systems (X=C.S,Se) have been an integral parts of this preparative procedure.‘*’ Very 

high yields have been noted in single steps and in the one-flask multi-step synthesis 

leading to oligonucleotidea. however. the strategy has some disadvantages. Activation by 

sodium hydride of the alcohol substrate in some solvents may lead to clotting, and 

individual synthetic 

considered somewhat 

methodology. 

steps are completed within several minutes. These properties can be 

unfavorable for applications in polymer support authomathized 
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I n  t h i s  paper  we r e p o r t  two n o v e l  f e a t u r e s  of  our  s t r a t e g y :  a )  a p p l i c a t £ o n  o f  t h e  

r e a d i l y  a v a i l a b l e  and s t a b l e  p h o s p h l t y l a t i n g  r e a g e n t  I c o n t a l n i n g  two 4 - n i t r o p h e n o x y  

groups  and  b) c o n d i t i o n s  f o r  e x t r e m e l y  e f f i c i e n t  a c t i v a t i o n  of  a n u c l e o s l d e  s u b s t r a t e  i n  

p h o s p h l t y l a t i o n p r o c e d u r e s  by r e a g e n t s  c o n t a i n i n g  4 - n l t r o p h e n o x y  group .  We have  found 

t h a t  t h e  1 , 8 - d l a s a b i c y c l o [ S , 4 , 0 ] u n d e c - 7 - e n e  (DBU) promotes  "d i sp lacement  o f  t h e  4 - n i t r o -  

phenoxy group remarJmbly w e l l ,  and t h a t  t h e  4 - n i t r o p h e n o l / D B U  sys tem shows v e r y  u s e f u l  

p r o p e r t i e s  f o r  a d d i t i o n  of  e l e m e n t a l  s u l f u r  and s e l e n i u n  to  pXXX compounds and a b i l i t y  to  

d e m e t h y l a t e  >P(X)~/e systems (X-O,S ,Se ) .  A l l  t h e s e  r e a c t i o n s  a re  a lmos t  q u a n t i t a t i v e  and 

a r e  comple ted  w i t h i n  seconds a t  room t e m p e r a t u r e  i n  a c e t o n i t r i l e  s o l u t i o n .  

The p r o t o c o l s  of our  p r e v i o u s  p a p e r s  4 ,5  can  be g r e a t l y  ~aproved by a c t i v a t i n g  w i t h  

DBU r a t h e r  t h a n  sodium h y d r i d e .  I n d i v i d u a l  s t e p s  i n  which DBU i s  i n v o l v e d  a r e  8o r a p i d  i n  

a c e t o n i t r i l e  s o l u t i o n  t h a t  t h e  t ime  n e c e s s a r y  to  o b t a i n  t a r g e t  compounds i s  I / m l t e d  by 

t he  pe r fo rmance  of  p r e p a r a t i v e  m a n i p u l a t i o n s .  The o v e r a l l  y i e l d s  a r e  a l m o s t  q u a n t i t a t i v e .  

The compound I i s  r e a d i l y  a v a i l a b l e  and shows h i g h  s t a b i l i t y .  The un ique  f e a t u r e  o f  

pri2N.PCl2 2 ArONa~ pr~N_P(OAr)2 Ar - ~-NO 2 
1 

I i s  i t s  a b i l i t y  to  form i n t e r n u c l e o s i d e  p h o s p h i t e  l i n k s  by v i r t u e  of  b o t h  4 - n l t r o p h e n o x y  

g roups .  P h o s p h i t y l a t i o n  p r o c e d u r e  by 1 i n  p r e s e n c e  of  DBU i n  a c e t o n i t r i l e  s o l u t i o n  

p r o c e e d s  s t epwi se  i n  a f u l l y  s e l e c t i v e  manner .  Th i s  d e s i r a b l e  p r o p e r t y  a l l o w s  h i g h l y  

e f f e c t i v e  coup l ing  w i t hou t  t e t r a z o l e  a c t i v a t i o n  and l eaves  the  d i i s o p r o p y l e m i n o  group 

a v a i l a b l e  f o r  f u r t h e r  t r a n s f o r m a t i o n s .  A p p l i c a t i o n  of  the  r e agen t  I i s  i l l u s t r a t e d  i n  

Scheme I .  

The a c t i v a t i o n  by DBU i s  r e q u i r e d  i n  s t e p s  ( a ) , ( b ) , ( e ) , ( f ) , ( g ) , ( h )  and ( i ) .  The 

p h o s p h o r o e m l d l t e  2 i s  a s t a b l e  c r y s t a l l i n e  compound and can r e a d i l y  be o b t a i n e d  i n  bu lk .  

The p h o s p h o r o e m i d i t e  3 p r e p a r e d  e f f l c i e n t l y  by our  method i s  we l l  k n o w n a n d  can be used 

i n  a number of  t r a n s f o r m a t l o n s ~  a P h o s p h i t y l a t l o n s  w i t h  an a id  of  d i i s o p r o p y l a m i n o  and 

4 - n i t r o p h e n o x  7 groups a r e  complementary .  The r a t e s  obse rved  a r e  d i s t i n c t l y  i n  f a v o u r  o f  

• t h e  l a t t e r .  The methodology d e s c r i b e d  h e r e  can i n  our  e x p e r i e n c e ,  be r e a d i l y  e x t e n d e d t o  

f o r m a t l o n  of  t r i n e r s  and t e t r a m e r s  c o n t a i n i n g  a v a r i e t y  of  i n t e r n u c l e o s i d e  l i n k a g e s  s~ch 

as  m e t h y l p h o s p h o n a t e ,  p h o s p h a t e ,  t h i o p h o s p h a t e ,  8e l enophospha t e  and t h i o s e l e n o p h o s p h a t e .  

I n  s p i t e  of  the  p r e p a r a t i v e  e f f i c a c y  of  t h e  r e a c t i o n s ,  some d e t a i l s  of  t he  p h y s i c a l  

o r g a n i c  c h e m i s t r y  of  t h i s  app roach  d e s e r v e  b e t t e r  u n d e r s t a n d i n g .  T y p l c a l  r e a c t £ o n  

p r o c e d u r e s  a r e  d e s c r i b e d b e l o w :  

PreMrmtlon o f  LH-Dilsovrovv1:di-O-4-nltronhenvl~bos~om--ldlte I .  T h e  s o l u t x o n  o f  

N . N - d l i s o p r o p y l d i c h l o r o p h o s p h o a m l d £ t e  (0 .01  M) i n  d ry  TIEr ( I0  a l )  was added dropw~S~ ~ 

r . t ,  u n d e r  a n i t r o g e n  a tmosphere  to  t h e  s o l u t i o n  of  8od iua  h - n i t r o p h e n o l a t e  (0 .025  M) i n  

d ry  THF (50  n l )  w i th  s t i r r i n g  f o r  2 h.  The sodlum c h l o r i d e  was r u i n e d  by f i l t r a t i o n .  The 

f i l t r a t e  e v a p o r a t e d  to  d r ynes s  and t h e  c rude  I p u r i f i e d  by column chromatography  [ K i e s e l  ~ 

ge l  60,  ~ t20 :  n - p e n t a n e :  t r l e t h y l a m i n e  50 : 30 :5  v \ v ,  R£: 0 .75]  to  g ive  N , N - d i i s o p r o p y l -  

d i - O = 4 - n i t r o p h e n y l p h o s p h o a m l d l t e  1. [6SIP (CD01s): 144.8 p l~ ;  m.p. 120°-122°;  p a l e  y e l l o w  

c r y s t a l s ,  M+: 407 .2 ] .  Y ie ld  of  i s o l a t e d  1: 95Z. 
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S c h e m e  1 
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Swnthes~s  o f  5"-O-~t tg~-I:hmld~ne-3"-O-4onl tronhenwI-M.N-~i lsonronwlnhoBIThommidl te  p 

( s e e s  a) .  The s o l u t l o n  of 5"-O-di le tht txytr i tyl thymidine (J. aN) and DSU (1.1 aN) in  dry 

a c e t o n i t r i l e  (I0 ml) was added drop~tee at  r . t .  under  a!i I n i t rogen  atmosphere to the 

so lu t ion  of amidlte I ( l . 1  aN) in  dry a c e t 0 n l t r i l e  (10 mi) w~th s t i r r i n g  for  lO min. The 

• so lu t i on  was evaporated to dryness ahd the crude 2 pu r i f i ed  by column [Kieaelgel 60, 

1 ,2-dlchloroethane:  e thyl  ace ta te  8:~ v/v  Rf- 0.7] t ~  g~ve 5 ' - O - l ~ f - t h y ~ d l n e o 3 ' - O  - 

4-nztrophenyl.N,N-dxxaopropylphosphoam~dxte 2 [6~XP ~CD~ls): 149.1; 148.2; m.p. 
105°-1070; pale yellow c ry s t a l s .  H+H ~FABNS) 812.5]. Yietd :~f i so l a t ed  2: 95~. 

One f l a s k  s v n t h e s ~ s  o f  d ~ n u c l e n s ~ v l v h o s n h o r o s e l e n o ~ i o a t e  7. 

Step (a):  as described above. 

Step (b):  the reac t ion  of 2 with 3~-O-dlmethoxytrltylC~hymidine ( I . I  mN) and DBU ( I . I  
o ' 

mH) in  a c e t o n i t r i l e  (I0 ml~ gave 3 (I min). 

Step (c):  the reac t ion  of 2 with 3 '-@-dimethoxytri tylth~midine (1.1 mM) in  the presence 

of sublimed t e t r azo l e  (l.~,m@f) in  a c e t o n i t r i l ~  (10 ml) gave 4 (20 min . ) .  

Step (d): the reac t ion  of 4-nl t rop~enol  ( I . I  mM) wit h 3 i n  the presence of sublimed 

t e t r a zo l e  (2.2 mM) in  a c e t o n i t r i l e  (I0 ml) g a v e 4  (15 min . ) .  
• e 

Step (e):  the reac t ion  of 2.4-dlchloFbenzylmercaptan ( I ;1J~f)  with 4 in  the presence of 

DBu (2.2 mM) in  a c e t o n l t r i l e  (I0 ml) gave 5 (30 sek) .  

Step ( f ) :  add i t ion  of elemental sele~imm ( I . I  mN) to 5 ~ a ~  6 (I min . ) .  

Step (g): the reac t ion  of 6 with th~phenol  (1.1 ~q) in~ithe presence DBU (1.1 raM) gave 

7 (10 h). : ~ 

l~e reac t ion  mixture was concentrated to dryness, d~ssolved in  1,2-dichloroethane,  

applied to a s i l i c a  gel coltmm, and f~actionated using a ~ r~d ien t  o£ methanol (0-20g) in  

1,2-dlchlor0ethane.  The product 7 wa~. ieola ted in  90Z y ie ld .  By analogues protocol was 

synthesized d inucleos idylphosphorodl t~ ioa te  9. All  operations were performed at  20 ° in  

s t r i c t l y  dry a c e t o n i t r i l e  under a rgO.  Structures 6, 17, 8, 9 were confirmed by I~R 

spectroscopy and FAB mass spectroscop~. 
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