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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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myces hygroscopicus5 a s  the t r i p e p t i d e  , phosphonothr icylalanyl-  

a lan ine .  Phosphinothr ic in ,  a s  the  ammonium s a l t ,  i s  now being de-  

veloped as a c o n t a c t  herb ic ide6 .  The f i r s t  s y n t h e s i s  of phosphino- 

t h r i c i n  was r epor t ed  by Zaehner e t  a l . 4  us ing  i n  the  f i n a l  s t e p  an 

Arbusov r e a c t i o n  of a homoserine d e r i v a t i v e  followed by hydro lys i s .  

0 
II 

CH3P(OC2H5) + BrCH CH CHC02CH3 --t CH -P-CH CH CHC02CH3 
3 1  21 

OC2H5 NHCOCF 
2 1  

NHCOCF 
0 
ii + 

H 
----t CH -P-CH CH CHC02H 4 

3 1  2 21 
6 H  NH2 

More r e c e n t l y  s e v e r a l  o t h e r  syntheses  of phosphinothr ic in  have 

been repor ted  which have been reviewed by us  . 7 

RESULTS AND DISCUSSION 

W e  have found a genera l  procedure f o r  t h e  p repa ra t ion  of phosphino- 

t h r i c i n  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 .  Thus w e  observed 

t h a t  diethyl-2-chloroethylphosphonite undergoes a Michaelis-Arbusov 

r e a c t i o n  with a l k y l  h a l i d e s  and y i e l d s  2-chloroethyl-substituted 

phosphinates which have been converted by the convent ional  acy l -  

aminomalonate procedure to phosphinothr ic in  d e r i v a t i v e s ,  5- 
0 0 

R, II E t 3 N  R, II 
2 C l C H  CH P(OEt)2 + RX + /PCH2CH2C1 - PCH=CH 

E to E to‘ 2 2  

0 

PCH CH CHCO H 
R, II 8 1. AcNHCH ( C 0 2 R )  

2. HC1 
2’ R = H , CH30CH2 , H02CCH - HO’ 2 1  

HO CCHCH2CH2, 
5 NH2 2 1  

NH 2 
- 

Phosphinothr ic in  d e r i v a t i v e s ,  which bear  s u b s t i t u e n t s  on t h e  n i t r o -  

gen &, have been obtained by the  base ca ta lyzed  add i t ion  of s u b s t i -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
1
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS AND PROPERTIES OF PHOSPHINOTHRICIN DERIVATIVES 

tu ted  aminomalonates t o  methyl-vinylphosphinates followed by 

hydro lys i s .  

1. RONa CH f 0 

1 2  3'jCH CH CH-C02H 
CH 3\11 

PCH=CH + R R N C H ( C 0 2 R ) 2  - 
RO' HO' 21 

N 
2. H C 1  

2 

R1/\ 2 R 

35 1 

6 - 

Like i n  o the r  aminosubst i tuted phosphinic  ac id  compounds7 t h e  31P- 

chemical s h i f t  of these phosphinothr ic in  d e r i v a t i v e s  and 6 i s  

s t rong ly  dependent on the  p H  of t he  s o l u t i o n .  I t  i s  t h e r e f o r e  

c l e a r  t h a t  a l l  a c i d s  possess  the  be t a ine  s t r u c t u r e .  The phosphonite 

ha l f  ester shows the  t y p i c a l  r e a c t i o n s  of  P-H conta in ing  com- 

pounds; t h u s  it added e a s i l y  t o  N,N' ,N"-tribenzylhexahydrotriazine 

and y ie lded  a f t e r  hydro lys is  and debenzylat ion 3-amino-3-hydroxy- 

carbonyl-aminomethylphosphinic ac id  S i n  high y i e l d .  

0 
1 
I 21 

H-P-CH CH C ( C 0 2 R )  + 1/3 ( C  6 5  H CH 2 NCH2) 4 

OE t NHAc 

+ 0 
It 1. H 

PhCH2NHCH -P-CH CH C ( C 0 2 R ) 2  ____t H NCH -P-CH CH CHC02H 2 2 1  2 21 
OH 

2 1  21 2. H2/Pd/C 
OE t NHAc 

The s t r u c t u r a l  isomer 9 of phosphinothr ic in  w a s  prepared i n  t h e  

fol lowing way: 

0 PhCH2NH2 

I 2 l  NaOR 
O E t  C 0 2 E t  

I1 
CH3P(OEt)  + BrCH C=CH --+ CH -P-CH C=CH ------+ 

2 2 1  
CO E t  2 

+ 0 
II 1. H 

2. HZ/Pd/C OH C02H 

0 
II 

CH -P-CH CH-CH NHCH2Ph A CH -P-CH CH-CH NH 3 1  21 2 2 3 1  21 
O E t  COZEt  
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Sometimes r e c r y s t a l l i z a t i o n  and o the r  p u r i f i c a t i o n  procedures  of 

t h e  phosphinothr ic in  d e r i v a t i v e s  f a i l e d  t o  g ive  pure  ac ids .  I t  was, 

however, found t h a t  s i l y l a t i o n  of the crude hydrochlor ides  by re- 

f lux ing  with excess  hexamethyldis i lazane,  then d i s t i l l a t i o n ,  f o l -  

lowed by hydro lys is  w i t h  e thano l  produced t h e  a c i d s  i n  a c r y s t a l -  

l i n e  s t a t e  and an e x c e l l e n t  p u r i t y ,  e .g .  

L. MAIER, G. RIST AND P .  J .  LEA 

0 0 - - 
I I  I I  
1 2 2 1  

R-P-CH CH CHCO H - H C 1  + ( M e  S i )  NH + R-P-CH CH CHCO SiMe 3 2  1 2 2 1  2 3 
OSiMe3 NR2 NR2 OH 

0 
ROH II 
+ R-P-CH CH CHCO H 

1 2 2 1  2 
2 OH NR 

This  p u r i f i c a t i o n  procedure could a l s o  be appl ied  t o  the phos- 

phonous and phosphonic ac id  d e r i v a t i v e s .  

BIOLOGICAL ACTIVITY 

A comparison of the glutamine synthe tase  i n h i b i t i o n  and the con- 

t a c t  he rb ic ida l  a c t i v i t y  of phosphinothr ic in  d e r i v a t i v e s  shows 

t h a t  they run about  p a r a l l e l  i n  those cases  where t h e  mode of 

a c t i o n  i s  the same. 
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