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SUMMARY 

Tr isod ium phosphono[ 1 4 C ]  fo rmate  i s  syn thes i zed  f rom [ 14Cjphosgene i n  4 

steps. A l l  r e a c t i o n s  are  performed i n  s i t u  i n  an o v e r a l l  rad iochemica l  

y i e l d  o f  51%. 

INTRODUCTION 

Foscarnet,  t r i s o d i  um phosphonoformate hexahydra te  I, i s  an a n t i v i r a l  

agent  which e x e r t s  i t s  a c t i v i t y  by i n h i b i t i o n  o f  he rpesv i rus  DNA p o l y -  

merase. ( l )  I n  o rde r  t o  s tudy  the  d i s t r i b u t i o n  o f  f o s c a r n e t  i n  v i v o  a 

r a d i o a c t i v e  form o f  t he  compound was requ i red .  T h i s  paper desc r ibes  a 

h igh  y i e l d  syn thes i s  o f  I 4 C - l a b e l l e d  f o s c a r n e t  f rom [“+C]phosgene i n  

f o u r  steps. 
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SYNTHESIS 

(CHjCH,O),P 
C11'+COCl + HOCH,C6H5- C1 1'+COOCH,C,H5 r 

2 

(CH, 1 S i  I 

- 

( CH, CH, 0) PO14 COOCH, C6H, + [ (CH, ),SiO],POi4COOSi (CH, 1 -, 
4 - 3 - 

NaOH - (NaO),POl+COONa . 6H,O 

1 H,O 
- 

A s o l u t i o n  o f  [14C]phosgene i n  to luene  was t r e a t e d  w i t h  one e q u i v a l e n t  

o f  benzyl  a l c o h o l  a t  low temperature.  Before  b r i n g i n g  t h e  r e a c t i o n  t o  

comp le t i on  by warming, t h e  HC1 formed was removed by means o f  a slow 

stream o f  gaseous n i t r o g e n .  T r i e t h y l  phosph i te  was added t o  t h e  p ro -  

duct,  benzyl c h l o r o  [A4C] fo rma te  2, and the  r e a c t i o n  m i x t u r e  heated  t o  

g i ve  benzyl  d i e t h y l  phosphono [14C] fo rmate  2 by t h e  Arbuzov r e a c t i o n  

( 2 ) .  The i n j e c t i o n  o f  3 e q u i v a l e n t s  o f  i o d o t r i m e t h y l s i l a n e  i n t o  t h e  

s o l u t i o n  o f  - 3, i n i t i a l l y  a t  -25" C and then  a t  room temperature,  l e d  t o  

t h e  t r i s t r i m e t h y l s i l y l  e s t e r  4 i n  h i g h  y i e l d  as mon i to red  by I H  NMR on 

c o l d  runs. 

shown very  e f f e c t i v e  i n  d e a l k y l a t i o n  o f  phosphonic a c i d  e s t e r s  (3) and 

c a r b o x y l i c  benzyl  e s t e r s  (4) under very  m i l d  c o n d i t i o n s ,  t h e  l o s s  i n  

y i e l d  accompanying bas i c  (5 ,6)  and a c i d i c  (5 )  h y d r o l y s i s  o f  a l k y l  phos- 

phonoformate e s t e r s  i s  avoided. 

hydrox ide  i n  water  a t  i ce -wa te r  tempera ture  gave 1 i n  an o v e r a l l  r a d i o -  

chemical y i e l d  o f  51%. 

By employing i o d o t r i m e t h y l s i l a n e  as reagent ,  which has been 

Subsequent t rea tmen t  o f  4 wi th  sodium 
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[14C]Phosgene (11.5 mCi/mmol) i n  toluene was purchased from Amersharn 

I n t e r n a t i o n a l  p l c  , Pmersham, England. Iodotr imethy l  s i l a n e  was used 

as received (A1 d r i c h  Chemical Co. ) . 
c a r r i e d  ou t  on c e l l u l o s e  p la tes  (DC-Ferti gpl a t t e  Cel l  u l  ose F, Merck 

0.10 mn) developed i n  Cl,CCOOH;NH,;H,O;CH,OH, ( 5  g o f  C1,CCOOH; 15 m l  

10% NH,; 30 m l  H,O; 50 m l  CH,OH). 

Thin 1 ayer chromatography was 

R a d i o a c t i v i t y  was determined i n  a Packard l i q u i d  s c i n t i l l a t i o n  counter  

(Model 3320) us ing B i o f l u o r  (New England Nuclear) as the counting 

medium. The radiochemical p u r i t y  was determined by scanning (Ber tho l  d 

Dunnshicht-Scanner 11) o f  the TLC p lates.  

Trisodium phosphono[ 14Clformate hexahydrate 1 

To a 20% s o l u t i o n  o f  phosgene (15 mCi ,  1.30 mmol) i n  toluene a t  -55°C 

( d r y  ice-a lcohol  bath), benzylalcohol (135 mg, 1.25 m o l )  was added 

w i t h  s t i r r i n g  . A f t e r  5 min the dry  ice-a lcohol  bath was replaced by 

an ice-water bath and the r e a c t i o n  m ix tu re  was kept  a t  0°C fo r  25 

minutes and f o r  75 minutes a t  room temperature. 

stream o f  N,-gas through the reac t i on  f lask,  the temperature was r a i s e d  

t o  40°C dur ing 15 min. A f t e r  coo l i ng  w i t h  ice-water t r i e t h y l  phosphite 

(232 mg, 1.40 mnol) was added. 

kept  a t  80-100°C f o r  100 min. A f t e r  cool ing,  a sample corresponding t o  

10% o f  the product  was withdrawn from the r e a c t i o n  mixture f o r  o ther  

appl icat ions.  

i odo t r ime thy l s i l ane  (705 mg, 3.53 mnol) and allowed t o  a t t a i n  room 

temperature. A f t e r  4 hours the i n i t i a l l y  brown mixture had become 

Colourless and was cooled t o  -12°C. 

(1.5 ml) was added and the  s t i r r i n g  was continued a t  rooin temperature 

While passing a slow 

The reac t i on  mixture was heated and 

A t  -25°C the remaining reac t i on  mixture was t r e a t e d  w i t h  

NaOH (150 mg, 3.75 imnol) i n  H,O 
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f o r  20 minutes. The h a l f - s o l i d  m i x t u r e  was washed w i t h  e t h e r  

( 3 ~ 1 . 5  ml)  and, a f t e r  r e c r y s t a l l i s a t i o n  f rom water,  gave 158 mg o f  - 1 

wi th  spec. 

i n a c t i v e  1 t o  t h e  mother l i q u o r  and r e c r y s t a l l i s a t i o n  gave another  145 

mg of 1 w i t h  spec. 

and rad iochemical  p u r i t y  o f  t he  two crops were checked by t h i n  l a y e r  

chromatography and scanning the  p l a t e  f o r  r a d i o a c t i v i t y .  

found t o  be a t  l e a s t  98% pure. The t o t a l  rad iochemical  y i e l d  f rom 

L 1 4 C ~  phosgene w i t h  the  wi thdrawn sample accounted f o r ,  was 51%. 

a c t i v i t y  357.2 M5q (9.65 mCi)/mmol. A d d i t i o n  o f  150 mg 

a c t i v i t y  146.2 MBq (3.95 mCi)/mmol. The i d e n t i t y  

They were 
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