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NUCLEOSIDES & NUCLEOTIDES, 4 ( 1 & 2 ) ,  169-171 (1985) 

Prepara t i on  and Proper t i e s  of Chl oro-N ,N-d ia l  k y l  amino-2,2,2- t r  i c h l  oroethoxy-  and 

Chl oro-N ,N-di a1 k y l  amin0-2,Z , 2 - t r i c h l  oro-1, l -d imethy l  ethoxyphosphines and t h e i r  

Deoxynucleoside Phosphiteamidates. 

G. Her i n g l  , R. S t o c k l  e in-Schneiderwindl  , I .  Ugi 1*, 

T.Pathak2, N.Balgobin2 and J .  ChattopadhyayaZ*. 

1. Organ i sch-C hemi sches I n s  t i t u t ,  Tec h n i  sc he Un i v e r  s i f a t  Mu nc hen, 

L i ch tenbergs t r .  4, 8046 Garching, W.Germany 

2. Department o f  B ioo rgan ic  Chemistry, Box 581, Biomedical Center, 

Uppsal a U n i v e r s i t y ,  5-751 23 Uppsal a, Sweden 

Summary: Tr  i c h l  o r o e t h y l -  and tr i c h l  o r o - t - b u t y l  phosphi teamidates b u i l d i n g  b locks,  (1) t o  

( l l ) ,  have been prepared f o r  DNA syn thes i s  and t h e i r  r e l a t i v e  r a t e s  o f  a c t i v a t i o n  w i t h  

severa l  ac ids have been est imated along vr i th  two model o l i g o t h y m i d y l i c  ac id  syntheses on a 

sol i d  support.  

S i g n i f i c a n t  developments have been made i n  the chemical syn thes i s  o f  DNA fragments us ing  

sol i d  phase methodologies i n  t he  p h o s p h o t r i e s t e r l  and the  p h o s p h i t e - t r i e s t e r  2,3 

approaches. I n  t h e  l a t t e r  approach, t h e  i n t e r n u c l e o t i d e  1 inkage i s  u s u a l l y  p r o t e c t e d  by a 

methy l  group4,5 ; however, t he re  a re  a l so  1 i t e r a t u r e  r e p o r t s  o f  2 ,2 ,2 - t r i ch lo roe thy l -2  

and 2,2,2-tr i c h l  o r o - l , l - d i m e t h y l e t h y l - 6  groups, u s i n g  the corresponding d i c h l  o r  i d i  t es  as 

phosph i t y l  a t i n g  agents. I t  has been r e c e n t l y  shown t h a t  t h e  5'-protected-2'-deoxynucleoside 
phosphoramidates o f  t he  general f o rmu la  (I) are u s e f u l  i n te rmed ia tes  f o r  DNA synthes is3.  We 

desc r ibe  here s y n t h e t i c  procedures f o r  t he  p r e p a r a t i o n  o f  b u i l d i n g  b locks,  (1) t o  (z), 
us ing  e i t h e r  F o u r r e y ' s  procedure7, o r  through the use o f  monofunct ional  p h o s p h i t y l a t i n g  

a g e n t s , ( g )  t o  (E), and subsequently show some o f  t h e i r  p r o p e r t i e s .  

General procedure f o r  t h e  p r e p a r a t i o n  o f  Chloro-N,N-dialkylamino-(2,Z,2-trichloro-1,1- 
dimethy1ethoxy)phosphine: (12 )  t o  (14 )  

Dimethylamine (56.89, 1.26 mol)  i n  d ry  d i e t h y l  e ther  (100 m l )  was added dropwise a t  - 1 O ' C  

t o  a d ry  d i e t h y l  e t h e r  ;300 m l )  s o l u t i o n  3 f  2,2,2-trichloro-l,l-diinethylethoxydichloro- 
phosphine (1769, 0.63 mol 1, and s t i r r e d  o v e r n i g h t  a t  21°C. The p r e c i p i t a t e d  dimethylamine 

hyd roch lo r i de  was removed by f i l t r a t i o n .  The res idue  was washed w i t h  d ry  d i e t h y l  e ther  

(500 m l ) .  A f t e r  evapora t i on  o f  t he  combined f i l t r a t e  and the  res idue  was d i s t i l l e d  i n  vacuo 

to g i v e  1639 (90.4%) o f  (12); bp: 74-78"/0.5 t o r r ;  mp: 34-38';31P-NMR: 167.7 ppm. 
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/ MeO-P, 
X 

-N 

Genera l  formula  ( 1 )  

M e  
I ,C' 

cl3C-C-O--p\ 
I 

M e  

n 
P (111)  X -  N 

R I 
0 

c13c-L-o-d I 'X 

R' 

[ 2 )  R - R ' - H  ; X -  -NMeZ : B -  A m C t B z  

( 3 )  R ~ R ' - H  ; X =  ~ N M e 2  ; 6-  C 
BZ 

T B B  
( 4 )  R : R ' ~ H  X -  ~ N M e 2  ; B z C  

( 5 )  R - R ' - H  ; X -  N M e 2  : 0- T 

( 6 )  R=R'=Me; X -  -NMeZ : 8 -  A 

(7)  R = R ' A e :  X: -NMe2 ; €3; C 

( 8 )  R:R'=Me; X -  ~ N M e 2  : B =  G 

( 9 )  R=R'=Me;  X =  -NMe2 : B =  T 

mClB z 

B2 

T B B  

( 1 0 )  R ~ R ' - M e ;  X: - N ( i  P r ) 2  : B =  T 

n 
( 1 1 )  R - R ' - M e :  X =  -N 0 ; B =  T 

W 

- b N (m ch lo robenzoy l ) -9  adeniny i  ArnCIB 2 

c B r  ~ 4 N benzoyl -1-cytos iny l  
C T B B  

2 N - ( t - b u t y  I ben roy I ) - 9 guan iriy I - 

1H-NMR (CDC13):,\ 1.9 (6H; Cl$-CMe2-); 2.6 & 1.8 ( t w o  2,  6H. NMe2). 

Compounds (13) and ( 1 4 )  - were s i m i l a r l y  ob ta ined ,us ing  t h e  above genera l  p rocedure ,  i n  68 

dnd 87% y i e l d s  r e s p e c t i v e l y  ds c r y s t a l l  i n e  s o l i d s .  

Compound (5): bp 104-109°C / 0.5 t o r r ;  mp 46-51"C; 31P-NMR 169.1  

Compound (14): - bp 98-100°C / 0.06 t o r r ;  mp 52-53°C; 31P-NMK 158.4 

General  -~ procedures  f o r  t h e  p r e p a r a t i o n  ~~~ ~~. 

phosphoramidates:  ( 2 )  t o  (11) 
. o f  ~-~ ____ 5'-0-diinethoxytrityl-3'-O-(Y,N-dialkylamino) ~~ 

~ _ _ _  

-_ Method A :  To a w e l l  s t i r r e d  s o l u t i o n  o f  t h e  5'-DMTr-2'-deoxyribonucleoside b l o c k  ( l l n n o l )  and 

d i i s o p r o p y l e t h y l d i n i n e  ( 7 mmol) i n  d i c h ~ o r o i i i e t h d r i e  ( 4 i n l )  w3s added t h e  s o l i d  i i i o x x h l o r i ! i i t e  

( 2  mno l )  and the  r e a c t i o n  m i x t u r e  s t i r r e d  f o r  40 in in.  The r e a c t i o n  m i x t u r e  bids then  poured i n t o  

e t h y l a c e t a t e  ( 60 ml) and wdshed w i t h  s d t u r d t e d  sodium c h l s r i d e  (4x40 n i l ) .  The e t h y l d c e t a t e  

l a y e r  was d r i e d  (MySO4) dnd coevspora ted  w i t h  to luene .  The r e s i d u e  was d i s s o l v e d  i n  a m i x t u r e  

g f  d ich lo romethane -e thy lace ta t e - t r i e thy lamine  ( 2 : Z :  1; v / v / v )  and a s h o r t  s i l  i c a  gel column was 

run ,  u s i n g  t h e  same m i x t u r e  as an e luan t3 .  The d e s i r e d  compound was r d p i d l y  e l u t e d  f ro l i i  t h e  

column,  coevapord ted  w i t h  t o l u e n e  and then  p r e c i p i t a t e d  i n t o  hexane ! a t  -78°C) and d r i e d .  

Compounds ( k ) ,  (L), (5 )  and (9)  were thus  o b t a i n e d  i n  80, 91, 20 and 90'6 y i e l d s  r e s p e c t i v e l y  

w i th  t h e  f o l l o w i n g  31P-NMR a b s o r p t i o n s  (CDC13): 1/10.? & 140.2 f o r  (6);  140 8 141 f o r  (1); 

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



DEOXYNUCLEOSIDE PHOSPHITEAMIDATES 171 

140.4 & 140.9 f o r  (8 ) ;  139.8 E 140.7 f o r  ( 2 ) .  

Method B: 

coworkers7. 
94, 86 and 85 X y i e l d s ,  r e s p e c t i v e l y .  Bui lding b locks ,  (2) t o  (2). were a l s o  obtained u s i n g  
method B i n  94, 93, 90 and 86% y i e l d ,  r e s p e c t i v e l y .  I t  should be noted t h a t  t h e  t r i c h l o r o e t h y l  
amidate blocks were not  s t a b l e  t o  the  column chromatographic condi t ions  t h a t  a r e  descr ibed in  
method A. Crude b locks ,  (2) to  ( 5 ) .  however had fol lowing 31P-NMR (CDC13) absorp t ions :  

148.8 f o r  ( 2 ) ;  148.1 & 145.7 f o r  ( 3 ) ;  148.3 E 149.2 f o r  ( 4 ) ;  148.3 E 148.9 f o r  ( 5 ) .  

This corresponds to  a one-pot procedure t h a t  i s  descr ibed  by Fourrey and h i s  _- 
The mononucleotide blocks (6) to (z), were obtained u s i n g  t h i s  procedure in 80, 

- - - 

I n  order  to e v a l u a t e  the usefu lness  of these  bui ld ing  b l o c k s , ( L )  to (G), we have subsequent ly  
attempted to e s t i m a t e  r e l a t i v e  r a t e s  of t h e i r  a c t i v a t i o n  by several  ac id ic  c a t a l y s t  u s i n g  
31P-NMR. T h u s  a r e a c t i o n  of (5)  w i t h  1 -H- te t razole ,  N-methyl imidazole.HC1, 5 - t r i f l u o r o -  
methyl te t razole  ( 3  eq. i n  CH2C12) showed a c t i v a t i o n  times of 5 ,  2, and 2 m i n . ,  r e s p e c t i v e l y ;  
s i m i l a r l y ,  a r e a c t i o n  of (11) w i t h  the  above a c i d i c  c a t a l y s t s ,  under an i d e n t i c d l  condi t ion ,  
showed a c t i v a t i o n  per iods  of 5 ,2  and 2 min., r e s p e c t i v e l y .  These a c t i v a t i o n  per iods  were a l s o  
independently eva lua ted  by t h e i r  a b i l i t y  to  r e a c t  with 3 ' - a c e t y l  thymidine t o  g i v e  f u l l y  
pro tec ted  TpT. I t  was found during these  experiments t h a t  5 - t r i f luoromethyl  t e t r a z o l e ,  followed 
by N-methyliinidazole.HC1, gave the best r e l a t i v e  overa l l  r e s u l t s  among a l l  a c t i v a t i n g  agents ,  
including N,N-dimethylanil ine.HC1 and N,N-dimethylaminopyridine.HC1 . D e t a i l s  3f t h i s  work wi l l  
be repor ted  in a f u l l  paper. 

F i n a l l y  we have employed (2) and (2) in the s y n t h e s i s  of dodeca- and octa- thymidyl ic  a c i d s  
using s o l i d  phase methodology repor ted  in the l i t e r a t u r e 3 .  I t  emerged during these  inodel 

s o l i d  phase s t u d i e s  t h a t  compound (5)  gave an average y i e l d  of 90% For each condensat ion 
r e a c t i o n  during the dodecathymidylic acid s y n t h e s i s  while  compound (9) gave an average y i e l d  
of 70%; The d e s i r e d  compound was subsequent ly  depro tec ted  and p u r i f i e d  by H P L C 9  and the 
compounds t h a t  were e l u t e d  under t h e  l a s t  peak were c h a r a c t e r i z e d  t o  be the t i t l e d  coinpounds 
by 32P- labe l l ing  and e l e c t r o p h o r s i s  with a u t h e n t i c  m a t e r i a l s .  
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