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PHOSPHA-PHARMACA - ANTIBACTERIAL AND VIRUCIDIC 
COMPOUNDS 

K. I S S L E I B ,  K.P. DUPFER a n d  A. BALSZUWEIT 
Depar tment  of C h e m i s t r y ,  M a r t i n - L u t h e r - U n i v e r s i t y ,  
Weinbergweg 16, 4050 Halle  ( S a a l e )  GDR 

A b s t r a c t :  S y n t h e t i c ,  a n t i b a c t e r i a l ,  a n d  a n t i v i r a l  
a s p e c t s  o f  t h e  P-g lu tamicC a c i d  t y p e  compounds, o f  
p h o s p h o n i c  a c i d s ,  phospha  - p e p t i d e s ,  a n d  o f  phos- 
p h o r u s  d e r i v a t i v e s  o f  t h e  f o r m i c  a c i d  a r e  considered. 

Compounds w i t h  a n t i b a c t e r i a l ,  a n t i b i o t i c ,  a n t i n e o -  
p l a s t i c ,  and  a n t i v i r a l  p r o p e r t i e s  g a i n  i n  i m p o r t a n c e  

1 i n  t h e  m a n i f o l d  use o f  o r g a n o p h o s p h o r u s  compounds . 
The g e n e r a l  name "phospha-pharmaca" is u s e d  f o r  them . 
T h e i r  s t ruc tu re  a n d  a c t i o n  mode is c h a r a c t e r i z e d  by 
an i s o s t e r i c  p r i n c i p l e  ( r e p l a c e  o f  0 by CH2) a n d  a n  
a n t i m e t a b o l i t e  c o n c e p t  2 .  I n  t h e  f o l l o w i n g ,  o n l y  sub-  
s t a n c e s  s h a l l  b e  c o n s i d e r e d ,  which were o f  s y n t h e t i c  
i n t e re s t  i n  t h e  Ha l l e  g r o u p .  
The c o n c e p t  o f  i n h i b i t i o n  o f  many e n z y m a t i c  r e a c t i o n s  
by A-aminophosphon ic  a c i d s  l e a d  u s  t o  t h e  s y n t h e s i s  
o f  t h e  phosphon ic  a n a l o g u e  o f  c a p t o p r i l .  It c a n  b e  
o b t a i n e d  c o n v e n i e n t l y ,  c o n t r a r y  t o  t h e  a p p r o a c h  o f  
P e t r i l l o  ', v i a  r e a c t i o n  o f  (Ph0)2POH a n d  1 - p y r r o l i n e  
f o l l o w e d  by a c y l a  t i o n  w i t h  S-acet yl-B-me r c a p  to-p  ropa-  
n o y l c h l o r i d e ,  o r  from t h e  e s t e r  formed from b i s - t r i -  
m e t h y l s  i l y l - p h o s p h i t e  and  a n  N-benzy l -py r ro l in ium 
s a l t  4. The e n t r y  t o  aminophosphon ic  a c i d s  by t h e  
benzhYdrYl approach  g e t s  i m p o r t a n c e  b e c a u s e  o f  t h e i r  
a n a l o g y  w i t h  t h e  d - c a r b o x y l i c  a c i d s  ( c f  . p h o s p h a n i l i c  

633 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
2
3
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



634 K. ISSLEIB, K.P.  DUPFER, A. BALSZUWEIT 

acid,  a laphosphin , plumbeomycines , phosphono-aminocar- 
b o x y l i c  a c i d s  and othercompounds), The above ment ioned 
method i s  based on t h e  i n t e r a c t i o n  o f  S c h i f f ' s  bases, 
formed from Ph2CHNH2 and c a r b o n y l  compounds, w i t h  PH- 
f u n c t i o n a l i z e d  compounds, m a i n l y  w i t h  b i s - t r i m e t h y l -  
phosphi te .  To t h i s  be longs t h e  f o r m a t i o n  o f  L-Phosphi- 
not  r i c i n  from L - v i n y l g l y c i n e  and CH3P(OSiMe3)0H, and 
the  s y n t h e s i s  o f  t h e  phosphonoglutamic and - a s p a r t i c  
a c i d s  r e s p e c t i v e l y .  The l a t t e r  show n e u r o a c t i v i t y ,  
8.9. t h e y  s t e e r  t h e  p r o c e s s i n g  o f  i n f o r m a t i o n  i n  t h e  
r e t i n a  o f  t h e  eyes . 
Phosphorus c o n t a i n i g  p e p t i d e s  can s e r v e  as model sub- 
stances f o r  enzymat ic r e a c t i o n s ,  The t r i p e p t i d e  o f  a 
phosphorus analogue amino ac id,  e.g., is  an i n h i b i t o r  
of a s p a r t i c  pep t idases  '. Pept ides  w i t h  PN-s t ruc tu re  
a r e  s u i t a b l e  models f o r  t h e  s t u d y  o f  enzymat ic reac- 
t i o n  because o f  t h e i r  s t r u c t u r a l  s i m i l a r i t y  t o  t h e  
t e t r a h e d r a l  i n t e r m e d i a t e  o f  pep t idases  . A neat  alproach 
t o  these was r e a l i z e d  by  t h e  r e a c t i o n  o f  i socyana to  
f a t t y  a c i d  e s t e r s  w i t h  t h e  m o n o s i l y l e s t e r s  o f  c e r t a i n  
N-protected aminophosphonic a c i d s  *. I n  t h e  f i r s t  s t e p  
a mixed anhydr ide is formed, which u n d e r l i e s  C02 e l i -  
m i n a t i o n  w i th  s imultaneous PN-linkage. The f r e e  p e p t i -  
des can be o b t a i n e d  a f t e r  u s u a l  deb lock ing  procedures . 

The f a v o u r i t e  compounds i n  t h e  chemotherapy o f  v i ra l  
diseases a r e  r e c e n t l y  n u c l e o s i d e  analogues o f  t h e  pu r ine  

9 and t h e  p y r i m i d i n e  type, and pyrophosphate analogues . 
The s imp le  s t r u c t u r e  o f  t h e  l a t t e r  i s  p a r t i c u l a r  remark- 
ab l y .  Phosphonoacetic ac id ,  phOSphOnO-, thiophosphono-, 
and phosphonous f o r m i c  ac id ,  and 1 . I -d iphosphonic a c i d s  
r e s p e c t i v e l y  i n h i b i t  s e l e c t i v e l y  t h e  v i r a l  DNA p o l y -  
merases . They a r e  l e s s  s e l e c t i v e l y  then  t h e  nucleo- 
s i d e  analogues l i k e  iodo-, e t h y l -  o r  bromovinyldes- 
oxy u r i d i n e  and a c y c l o v i r  r e s p e c t i v e l y ,  and a h i g h e r  
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i n h i b i t o r y  c o n c e n t r a t i o n  i s  necessary, b u t  t h e y  have 
some advantages as e f f e c t s  a g a i n s t  v i r u s e s  w i t h o u t  

t hymid ine  kinases, r e v e r s i b l e  i n h i b i t i o n  o f  c e l l u l a r  
DNA polymerases, no i n c o r p o r a t i o n  i n t o  t h e  DNA because 

of t h e i r  enzymat ic s t a b i l i t y ,  and l a s t  b u t  n o t  l e a s t  
t he  convenient  approach t o  them. The most e f f e c t i v e  

substances a r e  i n  t h e  f o l l o w i n g  o r d e r  phosphonoformic 
ac id ,  - a c e t i c  ac id ,  -hyd roxyace t i c  a c i d ,  and ca rbony l -  
1.1-diphosphonic a c i d  which was t e s t e d  b y  means of t h e  
i n h i b i t i o n  o f  polymerase a c c o r d i n g  t o  UBERG . 
compond a g a i n s t  herpes v i r u s e s .  T h i s  was t h e  reason 

f o r  us t o  modi fy  t h e  b a s i c  s t r u c t u r e  o f  t h e  PFA. The 
r e s u l t  o f  these e f f o r t s  was t h e  s y n t h e s i s  o f  t h e  t h i o -  
phosphono- and t h e  phosphonous f o r m i c  a c i d  l1 . Both 

substances have v e r y  good a n t i v i r a l  p r o p e r t i e s ,  which 
a r e  comparable t o  those o f  phosphonoformate (PFA) o r  
b e t t e r  r e s p e c t i v e l y ,  as r e s u l t s  o f  i n h i b i t i o n  e x p e r i -  
ments w i t h  HW-1 and HSV-2 show 12. M o d i f i c a t i o n  o f  
t h e  b a s i c  s t r u c t u r e  t o  t h e  e t h o x y c a r b o n y l e s t e r  o r  t o  
the  phosphane d e r i v a t i v e  y i e l d s  v e r y  decreased a n t i -  

h e r p e t i c a l  a c t i v i t i e s .  

The s y n t h e t i c  aspects o f  t h e  above ment ioned com- 
pounds can be o u t l i n e d  as f o l l o w s .  The c l a s s i c a l  ap- 

proach t o  t h e  PFA a c c o r d i n g  t o  NYLEN i s  n o t  accepta- 
b l e  because o f  o n l y  20% y i e l d ,  which con be i n t e r -  
p r e t e d  b y  PC-bond cleavage i n  t h e  a lkoxycarbonyl -phos-  
phonic  a c i d  d i a l k y l e s t e r .  But  t h e  PFA i s  o b t a i n a b l e  i n  

q u a n t i t a t i v e  y i e l d  by  r e a c t i o n  o f  c h l o r o f o r m i c  a c i d  

e s t e r s  and t r i s -  o r  bis-trimethylsilylphosphite i n  

presence o f  h e x a m e t h y l d i s i l a r a n e  i n  a one -po t - l i ke -  

r e a c t i o n  . 
The alkoxycarbonyl -phosphonous-acid-b is- t r imethyls i ly l=  

10 

The t r i sod ium phosphonoformate i s  t h e  most e f f e c t i v e  
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e s t e r ,  formed from b i s - t  r imethy l s i ly l -hypophosphi te  
and a l k y l c h l o r o f o r m a t e s ,  rep resen ts  e k e y  substance 

because a f t e r  a l k a l i n e  h y d r o l y s i s  r e s u l t  t h e  d isodium 

phosphonousformete, and a f t e r  o x i d a t i o n  w i t h  s u l f u r  

and f o l l o w i n g  a l k a l i n e  t rea tmen t  t h e  t r i s o d i u m - t h i o -  

phosphonoformate , which show b o t h  a n t i h e r p e t  i c  a c t  i v i -  

t Y  
D e r i v a t i z a t i o n s  as w e l l  as a t  t h e  c a r b o n y l  and a t  t h e  

phosphorus moiety ,  l i k e  t r a n s f o r m a t i o n  of phosphono t o  

phosphino phosphorus, l e a d  t o  compound w i t h  s t r o n g l y  

decreased a n t i v i r a l  a c t i v i t y .  S i n g l e  data t o  t h e  l c t -  

t e r  and s tatements t o  P - d e r i v a t i v e s  w i t h  pharmacolo- 

g i c a l  i n t e r e s t  a r e  recorded i n  t h e  c i t e d  references.  
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