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Abstract - An efficient synthesis of CEP chloride has been de- 
veloped. The cyclic diethylaminophosphite ester of 2-butene-2.3- 

diol is converted into the clorophosphite by treatment with HC1; 

subsequent oxidation with N204 leads to CEP chloride. 

The cyclophosphates of 2-butene-2.3-diol (1) 
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and other cyclic phosphates with a five-membered ring which 
2 contain as rinq members sp hybridized carbon.atoms are extreme- 

1-5 
ly reactive towards apicophilic reasents. 

Compounds of type ( 1 )  with a leaving group X (haloqen or azole) 

are particularly well - suited as phosphorylatino reagents in 
2,4-6 

the synthesis of "unsymmetrical" phosphate esters (4) 

% CEP-OR 
R'-OH , 

CEP- X 
(2) 1' y e  0 
" 20  

RO-P-0-CH-CO-Me - RO- -OH 
I 
OR' (3) 

! 
( ~ 1 0 ~ '  

As phosphorylating reagents the CEP derivatives have the advan- 

tage that the 2-0x0-3-butyl qroups can be cleaved from (3) by 

very mild alkaline hydrolysis1. Despite their clear advantages 

the CEP derivatives have not yet become very popular as phos- 

phorylatinq reaoents, presumably because there is no convenient 

method available for their preparation. 



Until r e c e n t l y  6 ' 7 ,  t h e  CEP d e r i v a t i v e s  and r e l a t e d  compounds 

could be  prepared only  by degradat ion  o f  correspondinu oxyphos- 

phorane d e r i v a t i v e s 8 ,  a  somewhat cumbersome procedure. 

Gozman et a 1  "lo w e r e  t h e  f i r s t  t o  p repa re  CEP d e r i v a t i v e s  wi th  

a  r e a c t i v e  leaving  sroup. ~ozman" observed t h a t  CEP-OEt can be 

reacted wi th  PC15 t o  form 4 2 %  of CEP-C1 ( s e e  a l s o  r e f . 6 ) .  

Schwarz and u9i7  found (1 981 ) t h a t  t h e  0 - t r i m e t h y l s i l y l a t e d  

enedio ls ,  e.9. 16) and r e l a t e d  compounds r e a c t  smoothly wi th  

the a lkyld ichlorophosphates  t o  y i e l d  correspondinn c y c l i c  

phosphates. A s imi la r  s y n t h e s i s  of CEP-C1 w i t h  POC13 does ,  how- 

ever ,  n o t  seem t o  be poss ib l e .  

Kudriavtseva e t  a 1 . l '  r epo r t ed  r e c e n t l y  t h e  p repa ra t ion  of  (7 )  

and analogs by r e a c t i n g  (5) wi th  ( 6 ) .  These au tho r s  observed 

a l so  t h a t  (7)  cannot be oxid ized  t o  CEP - N E t  by any of  tk 

customary reagents .  When Kudriavtseva e t  a l .  'l r eac t ed  ( 7 )  with  

benzyl c h l o r i d e ,  t hey  obta ined  18).  We have prepared ( 8 )  by 

t r e a t i n g  ( 7 )  w i t h  HC1.  

Oxidation of (8) succeeds wi th  ~~0~~~ t o  y i e l d  CEP-Cl ( 1  , X = C l ) .  

With CEP-C1 f o r  t h e  f i r s t  t i m e  a  c y c l i c  phosphorylat ing reagent  

with a r e a c t i v e  l eav ing  group has become r e l a t i v e l y  r e a d i l y  

ava i lab le .  I t  w i l l  probably assume an important  r o l e  i n  t h e  in-  

t roduct ion  of  such r eagen t s  t o  o l igonuc leo t ide  s y n t h e s i s .  Very 

high r e l a t i v e  r a t e s  of phosphorylat ion and t h e  easy ,  s e l e c t i v e  
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c leavage  of  t e r t i a r y  a c e t o i n  phosphates belonq t o  t h e  p a r t i -  

c u l a r  advantages of CEP-C1 and i t s  ana logs ,  which make them 

po ten , t i a l l y  good r eagen t s  f o r  so l id -phase  syntheses  o f  o l i sonuc -  

l e o t i d e s .  The CEP d e r i v a t i v e s  should a f fo rd  syntheses  t h a t  have 

i n  common w i t h  t h e  now popular  phosphi te  methods 13 '14  s h o r t  

r e a c t i o n  t i m e s .  A CEP based method would no t  have any of t h e  

d i sadvantages  o f  t h e  phosph i t e  methods, namely t h e  n e c e s s i t y  t o  

o x i d i z e ,  and t h e  l a b i l i t y  of  phosphi te  e s t e r s ,  a s  w e l l  a s  t h e  

d i f f i c u l t i e s  o f  removing t h e  customary phosphate p r o t e c t i n g  

groups,  e.g. 0-methyl. 

The p r e s e n t  s y n t h e s i s  of CEP-C1 is open t o  f u t u r e  improvements, 

b u t  f o r  t h e  n e a r  f u t u r e  it w i l l  probably remain t h e  m o s t  e f f i -  

c i e n t  way t o  p r e p a r e  a  CEP d e r i v a t i v e  ( 1 )  with a  oood l e a v i n g  

group. I t  i s  conce ivab l e  t h a t  CEP-F w i l l  be found s u p e r i o r  t o  

CEP-Cl. I t  c a n  be  made erom(7)by r e a c t i o n  with HI? and subse- 

quent  o x i d a t i o n ,  o r  by decomposi t ion of a s u i t a b l e  phosphorane 

d e r i v a t i v e 1 5 .  I n  t h e  lonn ,  however t h e r e  i s  a good chance t h a t  

some c y c l i c  phosphory la t ing  d e r i v a t i v e  of an a-hydroxyscid 7 

w i l l  be favored  over  any CEP d e r i v a t i v e .  

EXPERIMENTAL 

A t  o0 100 m l  o f  1  M H C 1  i n  d r y  d i e t h y l  e t h e r  a r e  added t o  a  

s t i r r e d  s o l u t i o n  o f  18.9 g (loommol) (7 ) "  i n  loom1 d r y  e t h e r .  

t h e  c o l o r l e s s  p r e c i p i t a t e  t h a t  forms is removed by f i l t r a t i o n .  

The s o l u t i o n  is evapora ted  i n  vacuo, l eav ing  14.4s (90%)  o f  a  

Co lo r l e s s  o i l  ( s e e  a l s o  r e f .  l 1  ) . FIp: 42-43O/ l2~orr .  

3 1 ~ - ~ ~ ~  ( C 6 D 6 ,  85% aqueous H3P04 a s  e x t e r n a l  s t a n d a r d ,  proton-  

decoupled) :  

6 = 169,O ppm 

'H-NMR (CDC13,  TMS) =1.95 ppm ( s i n q l e t t )  

3 ~ - N M ~  ( C D C 1 3 ,  TMS a s  s t anda rd ,  proton-decoupled) 

6 = 10.9 ppm (saturated C ,  s i n a l e t t )  , 
132.7 ppm ( u n s a t u r a t e d  C ,  d u b l e t t ,  Jmp = 7.5 H Z )  

1 . R .  (F i lm)  1728 Cme1 weak C=C 

Anal c a l cd .  forC4H6C102P':C,31.49;H,3.96 found: CP31.71;H,4.19. 



At -2o0c 2.009 (21mmol)N204 (dried over P4010) are condensed 

into a stirred solution Of 1.37 q (9.0 mmol) of (8) in 15ml dry ether. 

ether. The now qreen reaction mixture is allowed to reach 20•‹c. 

After 12h it is evaporated. Vacuum distillation (82-83O~/5~orr) 

yields 0.84g (56%) CEP-C~~~'". 
1 3 ' p - ~ x~ (c;D~)s =22,8 ppm H-NMR(C~D~, TYS) 5 = 1 ,appm (sinqlett) . 
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