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ISOLATION, APJTICHOLINESTERASE PROPERTIES AND ACUTE T O X I C I T Y  
OF THE FOLT STEREOISOMERS OF THE NERVE AGENT SOMAN 

HENDRIK P.  BENSCHOP;ky C . A . G .  KONINGS’k, J. VAN GENDEREN;k*, 
L.P.A. DE J O N G * ,  AND Y. KIENHUISik 
* P r i n s  M a u r i t s  L a b o r a t o r y  TNO - **Medical B i o l o g i c a l  Labora- 
t o r y  TNO, Pos tbox  4 5 ,  2280 AA R i j s w i j k ,  The N e t h e r l a n d s .  

A b s t r a c t  The f o u r  s t e r e o i s o m e r s  o f  p i n a c o l y l  methylphospho- 
n o f l u o r i d a t e  (soman) w e r e  i s o l a t e d  w i t h  more t h a n  99% o p t i c a l  
p u r i t y .  The b i m o l e c u l a r  ra te  c o n s t a n t s  f o r  i n h i b i t i o n  o f  elec- 
t r i c  e e l  a c e t y l c h o l i n e s t e r a s e  and t h e  LD - v a l u e s  ( s c ,  mice)  
o f  t h e  s t e r e o i s o m e r s  were d e t e r m i n e d .  

__I- 

50 

The s y n t h e s i s  o f  o p t i c a l l y  p u r e  C(+)- and C(-)-soman ( p i n a c o l y l  me- 

thy lphosphonf  l u o r i d a t e )  from t h e  (+)- and ( - ) -enant iomers  of  p ina-  

c o l y l  a l c o h o l  has  enab led  us t o  f u r t h e r  r e s o l v e  t h e s e  two e p i m e r i c  

m i x t u r e s  i n t o  t h e i r  r e s p e c t i v e  P(-)- and P (+) - i somers  w i t h  more 

t h a n  99% o p t i c a l  p u r i t y  on  a 0.1-2 mg s c a l e .  T h i s  r e s u l t  w a s  

r e a l i z e d  by means o f  ( i )  comple te  o p t i c a l  r e s o l u t i o n  o f  p i n a c o l y l  

a l c o h o l ,  ( i i )  s y n t h e s i s  o f  C ( + ) -  and C(-)-soman from t h e  ( 9 ) -  and 

( - ) -enant iomers  o f  t h e  a l c o h o l ,  ( i i i )  o p t i m a l i z a t i o n  o f  c o n d i t i o n s  

f o r  s t e r e o s p e c i f i c  i n h i b i t i o n  o f  a -chymotryps in  w i t h  t h e  P( - ) - i so-  

mers of C ( + ) -  and C(-)-soman, fo l lowed  by i s o l a t i o n  o f  t h e  

C(+)P(+) -  and C( - )P (+) - j somers ,  ( i v )  i s o l a t i o n  o f  t h e  C(+)P(- ) -  and 

C(-)P(-)-isomers a f t e r  i n c u b a t i o n  o f  C ( + ) -  and C(-)-soman, r e spec -  

t i v e l y ,  i n  r a b b i t  serui,i, which h y d r o l y z e s  s t e r e o s p e c i f i c a l l y  t h e  

P(+)- i somers .  See T a b l e  I f o r  a summary of  r e s u l t s .  

A s  i n  t h e  case of  t h e  c l o s e l y  r e l a t e d  s a r i n  ( i s o p r o p y l  methyl -  

p h o s p h o n o f l u o r i d a t e )  , t h e  P( - ) - i somers  o f  soman are much s t r o n g e r  

i n h i b i t o r s  o f  AChE t h a n  t h e  P(+)- i somers .  A g a i n s t  bov ine  e r y t h r o -  

c y t e  AChE, t h e  r a t i o  o f  r e a c t i v i t i e s  o f  t h e  two e n a n t i o m e r s  of  

s a r i d  i s  3 4 . 2 ~ 1 0 ~  , whereas  t h i s  r a t i o  f o r  i n h i b i t i o n  o f  e l e c t r i c  

e e l  AChE by t h e  P ( - ) / P ( + ) - s t e r e o i s o m e r s  o f  soman i s  a t  least  

3 . 6 ~ 1 0  . 4 
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T h e  maximal r e a c t i v a t i o n  wi th  t h e  b isquaternary  mono-oximes 

HI-6 and HGG-42 o f  AChE i n h i b i t e d  wi th  “soman“ depends on the  r a t i o  

of t h e  r a t e  o f  r e a c t i v a t i o n  and t h e  rate of  t he  s imul taneous ly  pro- 

ceeding ageing r e a c t i o n ? .  Since we have found t h a t  A C h E  i n h i b i t e d  

wi th  C(+)P(-)-soman i s  much more e f f e c t i v e l y  r e a c t i v a t e d  (maximal- 

l y  t o  about 45 per cent )  than  t h e  enzyme inh ib i t ed  wi th  the  

C(-)P(-)-isomer (maximally t o  about 7 per  c e n t ) ,  we suggest  t h a t  

t h i s  r a t i o  w i l l  be l e s s  favorable  f o r  r e a c t i v a t i o n  i n  the  case  of 

t he  C(-)P(-)-isomer. I f  t h e  r a t e s  o f  ageing of t h e  enzymes inh ib i -  

t ed  wi th  C(+)P(-)-  and C(-)P(-)-soman a r e  not much d i f f e r e n t  3 ,  t h i s  

would mean a remarkable s e l e c t i v i t y  o f  t he  r e a c t i v a t i o n  r e a c t i o n  

wi th  regard t o  asymmetry i n  t h e  p inaco ly l  moiety of  soman. 

A comparison of t h e  LD50-values ( s c ,  mice) of  t he  four  s t e reo -  

isomers o f  soman (Table 11) shows c l e a r l y  t h a t  t h e  s t r o n g l y  AChE- 

i n h i b i t i n g  P(-)-isomers a r e  a t  l e a s t  50 t imes more t o x i c  than  t h e  

corresponding P(+)-isomers. I t  should be noted t h a t  t h e  dosage of  

C(+)P(+)-soman which k i l l s  6 / 6  mice (10 mg/kg) conta ins  only  0.1% 

of t h e  highly t o x i c  C(+)P(-)-isomer, corresponding wi th  0.1 LD 

o f  t h e  l a t t e r  isomer.  Therefore ,  e i t h e r  t he  LD of t he  C(+)P(+)- 

isomer i t s e l f  i s  between 5 and 10 mg/kg o r  t h e  C(+)P(+)-isomer i s  

p a r t l y  racemized a f t e r  admin i s t r a t ion ,  e .g .  a t  t h e  s i t e  of subcu- 

taneous i n j e c t i o n ,  t o  the  h ighly  poten t  C(+)P(-)-isomer. A s i m i l a r  

reasoning may apply t o  t h e  LD of  t he  C(-)P(+)-isomer,  which 

racemizes eventua l ly  tc,  t he  h ighly  t o x i c  C(-)P(-)-isomer. It  i s  

a l so  obvious from Table I1 t h a t  C(-)P(-)-soman i s  more than  twice  

as t o x i c  as C(+)P(-)-soman, i n  s p i t e  of  t he  s l i g h t l y  higher  inh i -  

50 

50 

50 

b i t i o n  r a t e s  of t he  C(+)P(-)-isomer ( 2 . 8 ~ 1 0  8 and 1 . 7 ~ 1 0  8 !4 -Imin-l) 

8 7 -1 compared wi th  t h e  C(-)P(-)-isomer ( 1  .8x10 and 2 . 7 ~ 1 0  ?I min-I) 

f o r  e l e c t r i c  e e l  and bovine e ry th rocy te  AChE r e s p e c t i v e l y .  Th i s  re- 

s u l t  shows c l e a r l y  t h a t  small d i f f e r e n c e s  i n  an t i chok ines t e ra se  ac- 

t i v i t y ,  measured i n  v i t r o ,  cannot be taken  as an i n d i c a t o r  f o r  re- 

l a t i v e  acute  t o x i c i t i e s .  F i n a l l y ,  it i s  i n t e r e s t i n g  t o  compare t h e  

L U  of C ( - ) -  and C(+)-soman wi th  t h a t  of “soman”. The c l o s e  s t ruc -  

- _- -- - - - 
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t u r a l  s i m i l a r i t y  between t h e  t o x i c o l o g i c a l l y  a c t i v e  C(-)P(-)- and 

C(+)P( - ) - s t e reo i somers  and t h e  n o n s i f n i f i c a n t  d e v i a t i o n  from p a r a l -  

l e l l i s m  i n  t h e  l o g  dose -p rob i t  m o r t a l i t y  p l o t s  ( c f .  Tab le  II), 

s u g g e s t  t h a t  t h e  t o x i c i t y  o f  C(+)- and C(-)-soman shou ld  be s i m i l a r  

and t h e r e f o r e  a d d i t i v e .  The e x p e r i m e n t a l  LD50 f o r  "soman" i s  r easo -  

n a b l y  i n  acco rdance  w i t h  t h i s  a s sumpt ion ,  and c l o s e  t o  t h a t  o f  

C(-)-soman. It shou ld  be noted t h a t  t h e  f r a c t i o n  o f  C(-)P(-)-isomer 

i n  t h e  LD o f  soman ( c a .  156/4=39 pg/kg)  co r re sponds  approximate-  

l y  w i t h  t h e  LD50 o f  t h e  s i n g l e  C(-)P(-)-isomer,  whereas  t h i s  dosage  

o f  C(+)P(-)-soman i s  n o n l e t h a l  (LD =74 pg /kg) .  T h e r e f o r e ,  i t  i s  

t e m p t i n g  t o  s p e c u l a t e  t h a t  mice cha l l enged  s u b c u t a n e o u s l y  w i t h  1 

LD50 o f  "soman" are k i l l e d  p r i m a r i l y  by t h e  C(-)P(-)- isomer,  al-  

though t h e  C(+)P(-)-isomer may c o n t r i b u t e  s l i g h t l y  e . g .  by i n h i -  

b i t i o n  of a l ies te rase  i n  t h e  b lood .  

50 
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TABLE I Summary of r e s u l t s  o b t a i n e d  w i t h  v a r i o u s  i s o l a t i o n s  
from C(-)-soman and C(+)-soman o f  t h e  f o u r  s t e r e o -  
i somers  o f  soman 

Isomer Method UMoles P e r c e n t a g e  O p t i c a l  p u r i t y  a t  
o f  o f  o f  r e c o v e r y  pho s pho r u s  

soman prepa- soman g l c  
r a t i o n  incu-  

b a t e d  

C(+)P(+> a 10 20 f 10 (5) 98 .3  ? 0 .6  (5) 

60 31 99 .8  

C ( - > P ( + )  b 10 20 f 7 (7)  99.1 k 0 . 6  (7)  

5 6  22 *9.4 

C(+)P(-> c 6 2 7  f 7 (6)  99.4 f 0 . 5  (7 )  

76 22 >99.4 

C(-)P(-) d 6 1 7  f 4 (7)  99.2 2 0 . 3  (9)  

60 14 99.0 
L_ 

a I n h i b i t i o n  of  a-chymotrypsin w i t h  C(+)-soman. b I n h i b i t i o n  o f  
a-chymotrypsin w i t h  C(-)-soman. H y d r o l y s i s  of  C(+)-soman i n  r a t  
plasma o r  r a b b i t  serum. d H y d r o l y s i s  of  C(-)-soman i n  r a b b i t  
serum. 

TABLE I1 LD50-~a lues  (pg /kg)  o f  t h e  f o u r  s t e r e o i s o m e r s  o f  
soman and o f  v a r i o u s  i s o m e r - m i x t u r e s  i n  f ema le  
(BCBA) F - m i c e ,  r ead  24 hour s  a f t e r  subcutaneous 
admi n i  s t r a t  i o n  . 

C 

1 

Compound LD50 ( s c ,  ug/kg) S l o p e  
( p r o  b i  t s / log  dose)  

28.0 a 

3 4 
C (+)P (-)-soman 99 (94-105) 

C(+)P(+)-soman (,,5x10 ; < I 0  ) - 
C ( + )  -soman 214 (205-226) 23.2 

C(-)P(-)-soman 38 (36-40) 21 . I  
- 3 c  3 d  

C(-)P(+)-soman (>2x10 ) ( 1 2 . 5 ~ 1 0  ) 

C(-) -soman 133 (126-148) 1 7 . 7  

”Soman” 156 (1 46-1 66) 12.1 

a 95% F i d u c i a l  l i m i t s .  bContained 0.1% o f  t h e  C(+)P(-)- isomer.  
Contained 0.7% o f  t h e  C(-)P(-)-isomer.  dContained 0.3% of  t h e  C 

C (-)P(-)-isomer 
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SYNTHESIS AND PROPERTIES OF PHOSPHINOTHRICIN DERIVATIVES 

LUDWIG MAIER, GUENTER RIST* AND PETER J .  LEA** 
Ciba-Geigy L t d . ,  Agr i cu l tu ra l  Div is ion  and *Phys ica l  Science 
Center ,  Basel, Switzer land.  * *  Rothamsted Experimental  
S t a t i o n ,  Harpenden, Grea t  B r i t a i n .  

Abs t r ac t  The syn thes i s  and p r o p e r t i e s  of phosphinothr ic in  
d e r i v a t i v e s  which have d i f f e r e n t  a l k y l  groups a t tached  t o  
phosphorus o r  bear a s u b s t i t u e n t  on the n i t rogen  are desc r ibed  
and t h e i r  b i o l o g i c a l  a c t i v i t i e s  d i scussed .  

INTRODUCTION 

I t  has  been known f o r  more than twenty years’ t h a t  t he  phosphonic 

(1, and phosphinic  a c i d  ( 2 )  - analogs of glutamic ac id  possess  i n -  

h i b i t o r y  p r o p e r t i e s  towards glutamine synthe tase  , whereas the 

phenyl d e r i v a t i v e  (3) has only s l i g h t  i n h i b i t o r y  a c t i v i t y .  The 

syn thes i s  of the e t h y l  ( 2 )  - and phenyl phosphinic  ac id  (3)  - analogs 

of glutamic a c i d  was accomplished by condensation of d i e t h y l  ace t -  

aminomalonate w i t h  the corresponding phosphinates ,  followed by 

hydro lys is  of t h e  crude r e a c t i o n  mixture : 
2 

0 0 
II NaOR 11 

R-P-CH CH B r  + AcNHCH(C02R) __C R-P-CH CH C ( C 0 2 R )  ----C 

I 2 2  I 21 
O E t  O E t  NHAC 

l R = O H  

2 R = C H  

3 R = C H  

- 0 
HC 1 11 
4 R-P-CH CH CHC02H - 2 5  

6 5  
I 2 1  

- 2 OH N H  

3 
- 4 R = C H  

3 The phosphonic analog was synthes ized  i n  the  same way , s t a r t i n g  

from 2-bromoethylphosphonate . Phosphinothr ic in  ( 4 )  - has been i s o -  

l a t e d  from c u l t u r e s  of Streptomyces v i r i d o c h r ~ m o g e n e s ~  and S t r ep to -  
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