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N E W  CARBOXYPHOSPHONIC AND PHOSPHINIC ACID STRUCTURES OF 
TECHNICAL A N D  BIOLOGICAL INTEREST 

J.G. D I N G W A L L  
Central  Research Labora tor ies ,  Ciba-Geigy (UK)  Limited,  
Tenax Road, Manchester M17 lWT, England. 

Carboxyphosphonic and phosphi n i c  a c i d s  have r e c e n t l y  found appl i - 
c a t i o n s  in  the  d ive r se  f i e l d s  of i n d u s t r i a l  water  t rea tment  and 
p e s t i c i d e s .  For example, the ac ids  1 and 2 a r e  f e r r o u s  co r ros ion  
i n h i b i t o r s  and s c a l e  cont ro l  agents  f o r  c i r c u l a t i n g  i n d u s t r i a l  wa- 
t e r  systems, t h e  amino a c i d  3 i s  a t r a n s l o c a t e a b l e  t o t a l  he rb ic ide  
and the  n a t u r a l l y  occurr ing  glutamic ac id  analogue 4 has an t ibac -  
t e r i a l ,  fung ic ida l  and he rb ic ida l  p r o p e r t i e s .  This  paper p re sen t s  
a s e l e c t i o n  of our  r e s u l t s  on the syn thes i s  of new carboxyphospho- 
nic and phosphinic a c i d s  which led t o  co r ros ion  and s c a l e  con t ro l  
agents  and s t r u c t u r e s  r e l a t e d  t o  na tura l  p roducts ,  and t h e i r  pos- 
t u l a t e d  b iogenet ic  precursors .  
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Synthes is  o f  s u b s t i t u t e d  carboxyphosphonic ac id  co r ros ion  and 
s c a l e  cont ro l  agents  

As p a r t  of an i n v e s t i g a t i o n  of s t r u c t u r e - a c t i v i  t y  r e l a t i o n -  
sh ips  of cor ros ion  i n h i b i t o r s  we needed a number of 2 - subs t i t u t ed  
phosphonopropionic a c i d s .  A c e n t r a l  i n t e rmed ia t e  f o r  t h e i r  prepa- 
r a t i o n  was the  phosphonomethyl malonate 5 ,  prepared e i t h e r  by the 

353 

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



354 J .  G .  DINGWALL 

one-pot  r e a c t i o n  o f  d i e t h y l m a l o n a t e ,  t r i e t h y l p h o s p h i  t e  and pa ra -  
formaldehyde1 o r  by t h e  t r a p p i n g  o f  t h e  z w i t t e r i o n  fo rmed f r o m  
t r i e t h y l p h o s p h i t e  and e t h y l a c r y l a t e  w i t h  ca rbon  d i o x i d e  and con- 
c o m i t a n t  a l k y l a t i o n  o f  t h e  c a r b o x y l a t e  an ion .  

0 

--t (Et0)2P-CH2-CH-COOEt 
I1 

(E t0 )3P  + CH2=CH-COOEt  + C02 
I 

C O O E t  
( 5 )  

Replacement o f  t h e  ca rbon  d i o x i d e  w i t h  an a r o m a t i c  a ldehyde  
l e d  t o  a s i m p l e  one-pot  s y n t h e s i s  o f  t h e  p e n t a c o v a l e n t  oxaphospho- 
l a n s  6 as 1 : 1 c i s / t r a n s  m i x t u r e s .  

COOE t 

(E t0 )3P  + CH2=CH-COOEt  + ArCHO - l o o o  E t o \ q w A r  E t O - P  

EtO"' 

A l k y l a t i o n  o f  t h e  ma lona te  5 f o l l o w e d  by  h y d r o l y s i s  and de- 
c a r b o x y l a t i o n  gave a range  o f  2 - s u b s t i t u t e d  phosphonoprop ion i c  
a c i d s .  H y d r o x y m e t h y l a t i o n  f o l l o w e d  by s t r o n g  a c i d  h y d r o l y s i s  gave 
a c o n v e n i e n t  one-pot  s y n t h e s i s  o f  2-phosphonomethylacrylic a c i d  
( 7 ) ,  an i t a c o n i c  a c i d  ana logue and b i o l o g i c a l l y  i n t e r e s t i n g  as an  
i s o s t e r e  o f  phosphoeno lpyruvate2 .  R e a c t i o n  o f  t h e  a c i d  7 o r  i t s  
e s t e r s  w i t h  n u c l e o p h i l e s  ( ca rbon ,  oxygen, n i t r o g e n ,  s u l p h u r  and 
phosphorus) gave a f u r t h e r  range  o f  2 - s u b s t i  t u t e d  phosphonoprop ion-  
i c  a c i d s .  

0 0 
I1  tic1 I1 

( 6 )  + HCHO - (EtO) 2P-CH2C( COOEt) ~_ f  ( H0)2P-CH2-C-COOH 
I, 

CH20H CH2 
( 7 )  

I n  an approach t o  s t e r i c a l l y  congested  carboxyphosphon ic  acids 
we examined t h e  o x i d a t i o n  o f  r e a d i l y  a c c e s s i b l e  y -ke tophosphonates .  
N i t r i c  a c i d  o x i d a t i o n  o f  t h e  a c i d s  p r o v i d e d  an i n e x p e n s i v e  r o u t e  
t o  carboxyphosphon ic  a c i d s  w i t h  o u t s t a n d i n g  p r o p e r t i e s  as c o r r o s i o n  
and s c a l e  c o n t r o l  agents3 .  

Carboxyphosphonic and p h o s p h i n i c  a c i d s  i n  t h e  s y n t h e s i s  o f  n a t u r a l  
p r o d u c t s ,  t h e i r  analogues and b i o g e n e t i c  p r e c u r s o r s  

I n  t h e  p a s t  12 y e a r s  an i n c r e a s i n g  number o f  b i o l o g i c a l l y  
a c t i v e  phosphorus c o n t a i n i n g  amino a c i d s  have been i s o l a t e d  f r o m  
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n a t u r a l  sou rces .  B i o s y n t h e t i c  schemes have been p o s t u l a t e d 4  f o r  
t h e s e  6- and y-amino phosphorus a c i d s ,  t h e  key carbon-phosphorus  
bond f o r m i n g  s t e p  b e i n g  a rear rangement  o f  phosphoeno lpy ruva te  t o  
t h e  k e t o s u c c i n a t e  ana logue 8, f o l l o w e d  by  homo loga t ion  v i a  t h e  
t r i c a r b o x y l i c  a c i d  c y c l e  t o  t h e  k e t o g l u t a r a t e  ana logue  9. The a- 
k e t o  a c i d s  8 and 9 a r e  t h e n  c o n v e r t e d  v i a  t r a n s a m i n a t i o n  t o  @ -  and 
y-ami no a c i d s  r e s p e c t i v e l y .  

O-P03H2 0 0 
I I1 I 1  

CH2=C-COOH ( H0)2PCH2COCOOH + (HO) 2PCH2CH2COCOOH 

We were i n t e r e s t e d  i n  t h e  b i o l o g i c a l  a c t i v i t i e s  o f  such k e t o -  
g l u t a r a t e  analogues and h i g h e r  homologues and s y n t h e s i s e d  them by  
c rossed  C l a i s e n  condensa t ions  o f  t h e  e s t e r s  10 w i t h  o x a l a t e s .  

0 
I 1  

0 1 ) (COOR) ./NaH I 1  
' L  . .  

R '  - P -  ( CH2) ,-CH2-COOR - R '  -P- ( CH2) ,CH2COCOOH 
I I 

OH 2)Hf OR 

R '  = OH, Me 
n = l , 2  

O f  p a r t i c u l a r  i n t e r e s t  was t h e  b i o l o g i c a l  a c t i v i t y  o f  t h e  a- 
k e t o  a c i d  ll , a p o t e n t i a l  "p rod rug"  o f  t h e  h e r b i c i d e  Phosphino- 
t h r y c i  n. 

0 0 
I 1  I I  

. *  Me-P-CH2-CH2-CH-COOH t r a n s a m i n a t i o n  MeP-CH2-CH2-CO-COOH 
I I I 

NH2 OH 

Phosph ina te  11 was an a c t i v e  h e r b i c i d e  w i t h  t h e  same c h a r a c t e r i s -  
t i c s  as P h o s p h i n o t h r y c i n ,  b u t  u n l i k e  P h o s p h i n o t h r y c i n  d i d  n o t  i n -  
h i  b i  t t h e  enzyme g l u t a m i n e  syn the tase5 .  

a c i d s  d e r i v e d  f r o m  St rep tomyces spec ies ,  i n c l u d i n g  t h e  hydroxamic  
a c i d  1 2 .  

F u j i s a w a  worke rs4  have i s o l a t e d  a f a m i l y  o f  a n t i b i o t i c  y-amino 

OH 0 0 

CH~COI;-CH~-CH-CH~ I ( OH) H2N-CH2-CH-CH2P( I OH) 
I1 

OH OH 
( 1 2 )  (13 )  

We have s y n t h e s i s e d  t h e  p a r e n t  amino a c i d  13 and two a n a l o -  
gues u s i n g  as i n t e r m e d i a t e s  t h e  p - l a c t o n e s  14, w h i c h  a r e  p r e p a r e d  
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i n  a l m o s t  q u a n t i t a t i v e  y i e l d  by f r e e  r a d i c a l  c a t a l y s e d  a d d i t i o n  o f  
phosph i  t e s  and phosphoni  t e s  t o  d i  ke tene6.  R i n g  open ing  w i t h  hyd ra -  
z i n e  f o l l o w e d  by  C u r t i u s  r e a c t i o n  l e d  c l e a n l y  t o  t h e  o x a z o l i d i n -  
ones 1 5  wh ich  on a c i d  h y d r o l y s i s  gave t h e  a c i d s  16 i n  o v e r a l l  
y i e l d s  o f  ca .  80 % based on d i k e t e n e .  

I1 I1 HN02 
0 0 

N2H4 R ' - P - C H 2 C H -  0 -R' -P-CH2-CH-CH2CONHNH2 
I I 1  I I 

OR CH,-C\o 
( 1 4 )  

OR OH 
. .  

I 1  

0 

I 2 1  2 I I I 

OR OH OR 0 - C  

0 

R'-P-CH -CH-CH -CON3 -*R'-P-CH2-CH NH 

( 1 5 )  \O 
I 1  

R ' -P -CH2-CH-CH2-NH2 
I I 

OH OH 

R '  = OH, Me, E t  
( 1 6 )  
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