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SYNTHESIS OF ~-AMI~~PRDPYLPHOSF¶i~~S ACIIX: 
USING HYFOPHOSFROROUS ACID SWCWS 

J . G .  Dinarall ,  J. Ehrenfreund, R.G. H a l l * ,  J. Jack, Central 
Research Laborator ies ,  Cibs-Geioy PLC, Traf ford Park, 
Manchester M17 JWl’, Ensland 

Abstract  &--Am inopropylphosphonous acids have been 
synthesised usim hypphosptmrous acid synthons 

Work i n  t h e s e  laboratories1 has shown t h a t  phosphonous 
analoaues of & m i n o  ac ids  are excel lent  bio-isosteres, and 
act a s  f a l s e  s u b s t r a t e s  t h a t  i n t e r f e r e  with kev metahol ic 
pathways. We were therefore  encouracreg t o  examine f u r t h e r  
t h e  phosphonous for carboxvl  b i o - i s o s t e r i c  rep1 acement 
p r inc ip l e  i n  t h e  ?-amino carboxyl ic  a c i d  series; a series 
where much e f f o r t  has  a l r e d y  been devoted to the synthesis  
o f  GABA ana loaues ,  i n c l  udina phosphonic  and p h o s p h i n i c  
anal oaues, as D o s s i h l e  t h e r a p e u t i c  aaents f o r  c e n t r a l  
nervous svstm d isoders. 

A t  t h e  outset  o f  t h i s  work a patent t l e s c r i b i n a  t h e  
r ad ica l  addi t ion of sodim hypophosphite to a l l y l a m i n e  was 
t h e  o n l y  reoort o f  a phosphonous ana loaue  o f  GABA2. 
However, t h i s  method h a s  s e v e r e  l i p i t a t i o n s  €or t h e  
s y n t h e s i s  o f  a r a n a e  of s u b s t i t u t e d  (r-aminophosphonous 
acids.  The m e w s  used for t h e  syn thes i s  o f  t h e  p b m h o n i c  
and methyl phosph in ic  analwues of GABA3 were not d i r e c t l y  
applicable to the  syn thes i s  of  t h e  phosphonous analcuues due 
to  p r o b l e m  a s s o c i a t e d  w i t h  t h e  P-H bond. We have now 
Overme these problms by the  use of synthons with t h e  P-H 
bod protected. 

f o n n a t e  to a i v e  t h e  phosphonite (Et0)2CHP(O) ( 0 E t ) H  (1) has 
been rewrtd by Gallauher et  a1 .4 and used by h i s  sroup i n  
t h e  p repa ra t ion  of phospha-smarss. Chanaes to the catalyst 
and react ion co rd i t i ons  have oiven u s  (1) i n  improved y i e l d  
a d  aua l i t y .  

We have found t h a t  (1) can f u n c t i o n  as a h y p p h o s -  
phmous acid synthon. 

R v  r e f l u x i n a  f l )  i n  HMDS, a a o d  y i e l d  o f  t h e  PI11 
s i l v l  ester (21 is obtained. ?his new an? r e a c t i v e  species 
is also a valuable hvpophosphorous acid smthon. 

The react ion o f  hpphosphorous  acid with t r i e t h y l  ortho- 
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m rtC, HALL m&. 

HMDS 
-- > ( EtO) 2CHP( 0) ( OEt)  H I EtO) 2CHP( OSiMe3) OEt 

An a l t e r n a t i v e  synthon enployim similar protect ion of 
the P-H function h a s  been prepared i n  u u a n t i t a t i v e  y i e l d  
from t h e  r e a c t i o n  o f  methyl d ich lorophosphine  and tri- 
ethylorthoformate. 

CH3PCl2 + 2(Et0)3CH -- > IEtO)2CHP(O) (OEtICH3 

(3)  

The methyl aroup i n  13) can be se lec t ive ly  deprotonaterl 
and a l k y l a t e d  e n a b l i n a  a rame of subs t i tu ted  phosphnous 
acids  to be prepared. 

These three  reaaents  have been successful ly  used i n  t h e  
s y n t h e s i s  o f  s u b s t i t u t e d  phosphonous a n a l o s u e s  of GABA. 
Thus ( 1 )  adds tad,#-unsaturated n i t r i l e s  to s ive  t h e  
phosphinates ( 4 ) .  An a p p r o p r i a t e  c h o i c e  o f  hyclroaenation 
c o n d i t i o n s  allowed s e l e c t i v e  r e d u c t i o n  of t h e  n i t r i l e ,  
whil st p r e s e r v i n a  t h e  protected phosphonous a c i d .  
&!protection was achieved by refluxina i n  mineral acid. 

0 0 R1 R2 
I1 R2 NaOEt 1 1 

(EtO)2CH-P-H + I > (EtO)2CH-FJ-CH-CH-CN 
I RlCH=C-CN EtOH 1 
OEt OEt 

Many & s u b s t i t u t e d  a c r v l o n i t r i l e s  are u n s t a b l e  and 
polymerise r e a d i l y  a d  this method is unat t rac t ive  for t h e  
synthesis  of 2-substituted analcuues. 

f i e  protect4 p h ~ s p h ~ n o u s  acid function i n  14)  where ~1 
= ~2 = H f a c i l i t a t d  the i n t r d u c t i o n  of subs t i tuents  i n t o  
the 2-position. This was clanonstrated with benzylbrcmide, by 
a reaioselect ive deprotonation and alkvl at ion.  
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0 0 CH2Ph 
I1 i) ii) iii) " 1  

(EtO)2CH-PXH2CH$N - > H-PXH2CHCH2NH2 
1 I 
OEt  OH 

1) LDA/IHF/-78"/PhCH2Br, ii) H@i/NHdEtOH, i i i l  HClp& 

The i n t r o d u c t i o n  of a r y l  a r o u p s  i n t o  t h i s  p s i t i o n  
is achim7ed by a d i f f e r e n t  rnethoil discussed  be low.  

The in t roduct ion  of s u b s t i t u e n t s  i n t o  t h e  3 - p o s i t i o n  
h a s  heen a c h i e v d  bv i n i t i a l  r e a c t i o n  of t h e  synthon 12) 
with a $ & n s a t u r a t d  ketones. The k e t o  phosphina tes  ( 6 )  are 
t h e n  r e d u c t i v e l y  amina ted  and cleprotected to  aive t h e  
products  ( 7 ) .  

( 2 )  + 

0 0 
0 i) 40" 11 11 

I1 -- > 1 EtO) 2CH-P-CH2CH2C-R3 
CH2=CH-C-R3 i i ) H20 I 

OEt  

0 R3 

( 7 )  

R3 = CH3, 4-ClCgH4 

i) NaBH3CN/NH4QAc ii) HC& 

The p r e p a r a t i o n  of 2 -a ry l  s u b s t i t u t e d  a n a l o a u e s  was 
ach ieved  usina the protected methvlahosphomus acid qmthon  
(3) .  Generation of the anion and Michael add i t ion  to a ranae  
of F - n i t r o s t y r e n e s  aave t h e  F n i t r o p h o s p h i n a t e s  18) .  
Subsequent reduct ion  and ac id  h y d r o l y s i s  aave t h e  p r o d u c t s  
(9 )  

0 
II i) 

f EtO) 2CH-P-CH3 ---- > 0 
I 
OEt 

(3)  OEt 
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R 

H-P--CH2CHCH2NH2 
I 
OH 

R =  H,  C1,  oCH3 

i) 1.2 ea. q ' I " / - 7 R 0 / 1  hr. then F- 

ii) Hfl i /EtOH,  iii) HClP& 

Biolmical s t u d i e s  on these mpunds within CIBA-GEIGY have 
conf inned t h a t  phosphonous a c i d s  are excellent mimics f o r  
c a r b o x y l i c  acids capable of more powerful birdim to a receptor 
than the  natural  m o n i s t .  Thus, t h e  phosphonous analoque of GABA 
h a s  t h e  h i s h e s t  s e l e c t i v e  bindilw to t h e  GN3A B receptor so f a r  
reported IIC50 = 1 x 1 ( r 9 M I 6  anil m e  6000 times sreater than the 
phosphonic analosue. I n  addition, canwMs b e a r i n a  a r y l  a r o u p s  
i n  t h e  2 - w s i t i o n  possess a s i l a r  bioloaical profile to the 
CIBA-GEIGY product LIORESAL & and t h e i r  a n a l a e s i c ,  a n t i -  
m m u l s a n t  anti muscle-relaxant properties a r e  c u r r e n t l v  under 
study. 
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