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A b s t r a c t  - A v a r i e t y  o f  phosphonopept ides ,  shown i n  as a g e n e r a l  

f o r m u l a ,  c o n t a i n i n g  n a t u r a l  a n d / o r  u n n a t u r a l  amino a c i d s  were 

s y n t h e s i z e d ,  and t h e i r  i n  v i t r o  a n t i b a c t e r i a l  a c t i v i t i e s  were 

examined. N - P r o t e c t e d  amino a c i d s  were condensed  w i t h  l - a m i n o -  

e t h y l p h o s p h o n i c  a c i d  o r  i t s  e s t e r  f o l l o w e d  by d e p r o t e c t i o n  a n d h y d r o -  

l y s i s  t o  g i v e  t h e  requisite p h o s p h o n o p e p t i d e s .  S e v e r a l  compounds 

showed h i g h e r  l e v e l s  o f  a c t i v i t y  a g a i n s t  c e r t a i n  members o f  Gram- 

n e g a t i v e  b a c t e r i a  than  t h o s e  of  A l a f o s f a l i n   as t h e  s t a n d a r d  

phosphonopept ide .  A b r i e f  d i s c u s s i o n  on 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 s h i p s  i s  a l s o  d e s c r i b e d .  

A l a f o s f a l i n  &, N-(L-alany1)-L-1-aminaethylphosphonic a c i d ,  w i t h  p o t e n t  a n t i b a c t e r i a l  

a c t i v i t y  i n  v i r r o  a n d  i n  v i v o  was deve loped  i n  The Roche P r o d u c t s ,  U .  K.3,4a), a s  

b a s e d  on t h e  i d e a  o f  a n t i m e t a b o l i t e  i n t e r f e r i n g  w l t h  t h e  b i o s y n t h e t i c  pathway o f  

b a c t e r i a l  c e l l  w a l l .  T h i s  i d e a  was s u b s t a n t i a l l y  conf i rmed  by t h e  f a c t s  t h a t  

a l a f o s f a l i n  & was t r a n s p o r t e d  i n t o  b a c t e r i a  and c l e a v e d  e n z y m a t i c a l l y  t o  l i b e r a t e  



L-1-aminoethylphosphonic ( a b b r e v i a t e d  t o  L-AEPA i n  t h i s  p a p e r ) ,  which 

i n h i b i t s  a l a n i n e  racemase and r e l a t e d  p r o c e s s e s  due t o  s t r u c t u r a l  mimetic  t o  

L - a l a n i n e .  

H2NCHCONHCHP03H2 

(L) (L) 

A l a f o s f a l i n  A 
R , R ' :  amino a c i d ,  d i p e p t i d e  and 

c a r b o x y l i c  a c i d  r e s i d u e  

Not o n l y  p o t e n t  a n t i b a c t e r i a l  a c t i v i t y  o f  b u t  a l s o  i t s  s y n e r g i s t i c  a c t i v i t y  w i t h  

D - c y c l o s e r i n e  o r  6 - l a c t a m  a n t i b i o t i c s  c o u l d  be w e l l  e x p l a i n e d  by t h e  mechanism o f  

a c t i o n  mentioned above. D l p e p t i d e  t o  h e x a p e p t i d e  v a r i a n t s  o f  & w i t h  d i f f e r e n c e s  

i n  po tency  and a n t i b a c t e r i a l  s p e c t r u m  i n  v i t r o  and viva have been r e c e n t l y  

r e p o r t e d  by t h e  same i n s t i t ~ t e ~ - ~ !  A p l e n t y  of  f i n d i n g s  i n  t h e s e  r e p o r t s  s t i m u l a t e d  

us t o  i n t e n d  f u r t h e r  development  o f  and r e l a t e d  compounds6), b r i n g i n g  o u r  f o c u s  

i n t o  s y n t h e s i s  o f  d i p e p t i d e  t o  t r i p e p t i d e  v a r i a n t s  o f  a l a f o s f a l i n  w i t h  u n n a t u r a l  

amino ac ids7!  T h i s  i s  t h e  f i r s t  r e p o r t  from o u r  r e s e a r c h  group where c h e m i s t r y ,  

b i o c h e m i s t r y  and a n t i b a c t e r i a l  a c t i v i t y  a r e  d e s c r i b e d  on approx .  a hundred  nove l  

compounds. From t h e s e  r e s u l t s  p r e l i m i n a r y  s t r u c t u r a l  r e q u i r e m e n t s  f o r  a n t i b a c t e r i a l  

a c t i v i t y  i n  v i t r o  and & viva may be d e r i v e d .  

$&&a~ A v a r i e t y  o f  phosphonopept ides  l i s t e d  i n  Table  I - I V  were s y n t h e s i z e d  

i n  o r d e r  t o  i n v e s t i g a t e  i n f l u e n c e  upon t h e  a n t i b a c t e r i a l  a c t i v i t y  of  t h e  chemical  

m o d i f i c a t i o n  o f  mainly a p p l i e d  on t h e  N- te rminus ,  b e c a u s e  t h e  AEPA moiety i s  

c o n s i d e r e d  t o  be a  "warhead" f o r  i n h i b i t i o n  o f  t h e  b a c t e r i a l  enzyme. These phos-  

phonopept ides  were c l a s s i f i e d  i n t o  t y p e s  1 - 14 i n  a  manner o f  t h e  chemica l  m o d i f i -  

c a t i o n ,  and t h e i r  a c t i v i t i e s  d e s c r i b e d  i n  t h e  n e x t  s e c t i o n .  

As i l l u s t r a t e d  i n  C h a r t  1, s y n t h e t i c  methods f o r  t h e  phosphonopept ides  were ,  c l a s s i -  

f i e d  i n t o  s i x t e e n  c a t e g o r i e s  (Method A - P) a c c o r d i n g  t o  t y p e s  o f  t h e i r  s t r u c t u r e s  

and /or  t h e  employed r e a c t i o n s .  Each method was o u t l i n e d  i n  t h e  f o l l o w i n g s .  

Method A: The N-carbobenzoxyaminocarboxylic a c i d s  were c o u p l e d  w i t h  d i e t h y l  1- 

aminoe thy lphosphona te  ( a b b r e v i a t e d  t o  DAEPA i n  t h i s  p a p e r )  i n  t h e  p r e s e n c e  of  

d i c y c l o h e x y l c a r b o d i i m i d e  ( K C )  and t h e  r e s u l t i n g  p r o d u c t s  were t r e a t e d  w i t h  25 - 30 % 

H B r  i n  AcOH a t  room t e m p e r a t u r e .  T h i s  method was most e x t e n s i v e l y  used  f o r  p r e p a -  

r a t i o n  o f  v a r i o u s  t y p e s  o f  t h e  phosphonodipep t ides  (Table  I and 11) 
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Method 8: P r e p a r a t i o n  o f  t h e  p h o s p h o n o d i p e p t i d e s  c o n t a i n i n g  t h e  a c i d - l a b i l e  moiety 

( a ,  and ZLB) was accompl i shed  by t h e  u s e  o f  t r i m e t h y l s i l y l  c h l o r i d e  and sodlum 

i o d i d e 8 ) f o r  d e p r o t e c t i o n  and h y d r o l y s i s  o f  t h e  condensed p r o d u c t s  p r e p a r e d  by Method 

A (Table  1 ) .  

Method C:  Fo r  p r e p a r a t i o n  o f  2 ,  t h e  a c t i v a t e d  N-carbobenzoxyaminobenzoate o f  N- 

hydroxysucc in imide  was condensed  w i t h  AEPA and f o l l o w e d  by removal o f  t h e  p r o t e c t i v e  

group by catalytic h y d r o g e n a t i o n  i n  t h e  p r e s e n c e  o f  Pd-C (Table  I ) .  

Method D:  The mixed a n h y d r i d e  p r e p a r e d  from t h e  q u i n o l i n e - 3 - c a r b o x y l i c  a c i d  (o r  

i t s  congener )  and e t h y l  c h l o r o f o r m a t e  was condensed w i t h  AEPA t o  g i v e  t h e  compounds 

o f  type  3  (Table  I ) .  

Method E :  Condensa t ion  o f  N - a c e t y l - L - t h i o p r o l i n e  N-hydroxysuccinimide e s t e r  w i t h  

AEPA a f f o r d e d  @ (Table  I ) .  

Method F :  D ~ e t h y l  N-alanyl-1-aminoethylphosphonate was condensed w i t h  t h e  q u i n o -  

l i n e - 3 - c a r b o x y l i c  a c i d  ( o r  i t s  congener )  anhydr ide  and f o l l o w e d  by d e p r o t e c t i o n  of  

t h e  p r o d u c t  i n  a  s l m i l a r  way a s  Method A g i v i n g  t h e  compounds o f  t y p e  11 (Talbe  I V ) .  

Method G :  D i e t h y l  N-(a-bromopropionyl)-1-amlnoethylphosphonate p r e p a r e d  from a- 

bromopropion ic  a c i d  a n d  DAEPA was t r e a t e d  w i t h  a s e c o n d a r y  o r  t e r t i a r y  amine,  and 

t h e  c o n d e n s e d p r o d u c t  was d e p r o t e c t e d  as d e s c r i b e d  for Method A t o  g i v e  Qz and Qh (Table  11). 

Method H :  An amino group o f  t h e  phosphonodipep t ide  was f o r m y l a t e d  w i t h  fo rmic  a c i d  

i n  t h e  p r e s e n c e  o f  a c e t i c  a n h y d r i d e  t o  g i v e  QQ (Table  1 1 ) .  

Method I :  N-Carbamoylat ion o f  amino group o f  t h e  phosphonodipep t ide  was a c h i e v e d  

by t h e  t r e a t m e n t  w i t h  h e x a m e t h y l d i s i l a r a n e ,  f o l l o w e d  by a  r e a c t i o n  w i t h  i s o c y a n a t e  

t o  g ive  Q@a and QgB (Table  1 1 ) .  

Method J :  The N-hydroxyphosphonodipeptide (,Q) was p r e p a r e d  by c a t a l y t i c  debenzy-  

l a t i o n  o f  t h e  c o r r e s p o n d i n g  N-benzylaxy compound (Table 1 1 ) .  

Method K :  The N-(a lany1) -N-methyl -1-aminoe thy lphosphonic  a c i d s  (j'z and j'2) were 

p r e p a r e d  from d i e t h y l  N-methyl-1-arnin~ethyl~hosphdnate and t h e  c a r b o x y l i c  a c i d s  

t h r o u g h  a s i m i l a r  sequence  as Method A (Table  1 1 ) .  

Method L :  R e a c t i o n  of 1-(N-carbabenzoxya1anyl)piperazine w i t h  d i b e n z y l p h o s p h i t e  

and formaldehyde produced  d i b e n z y l  (4-N-carbobenzoxyalanyl-1-piperaziny1)methyl- 

phosphona te  which was c a t a l y t i c a l l y  d e b e n z y l a t e d  t o  g ive  ,7J and j'J (Table  1 1 1 ) .  

Method M: 2-(1-Piperaziny1)ethylphosphonic a c i d  was condensed  w i t h  t h e  a l a n i n e  

N-hydroxysuccinimide e s t e r  and t h e  p r o d u c t  was d e p r o t e c t e d  a s  i n  t h e  c a s e  o f  Method 

A t o  g i v e  j'Q and a ( T a b l e  1 1 1 ) .  

Method N :  Th is  i s  a  m o d i f i e d  c a s e  of  Method L i n  which a c e t a l d e h y d e  i n  p l a c e  of  



formaldehyde was used  and a pH c o n t r o l l e d  r e a c t i o n  c o n d i t i o n s  were employed t o  g ive  

&@ and 22 (Table  1 1 1 ) .  

Method 0 :  I n  p r e p a r a t i o n  o f  some o f  t h e  p h o s p h o n o t r i p e p t i d e s ,  t h e  p e p t i d e  c h a i n  

was e l o n g a t e d  from t h e  N -  t o  C- te rminus .  The c o n d e n s a t i o n  and d e b l o c k i n g  r e a c t i o n  

were c a r r i e d  o u t  i n  a s i m i l a r  way a s  Method A (Table IV) .  

&,$iQtt&e&&L &&&&o2 The a n t i b a c t e r i a l  a c t i v i t i e s  a g a i n s t  v a r i o u s  o rgan isms  

were de te rmined  a s  d e s c r i b e d  i n  Exper imenta l  s e c t i o n ,  and e x p r e s s e d  i n  terms o f  

average  b a c t e r i o s t a t i c  i n d e x  ( 6 .  I . )  f o r  a l l  compounds (Table I  - IV) and minimum 

i n h i b i t o r y  c o n c e n t r a t i o n  (MIC) f o r  s e l e c t e d  compounds (Table  V - V I ) .  

& The i n v e s t i g a t i o n s  which a r e  d e s c r i b e d  i n  t h e  p r e s e n t  p u b l i c a t i o n  3-51 

p r o v i d e  t h e  e v i d e n c e  t o  s u g g e s t  t h a t  t h e  a c t i o n  o f  o u r  compounds on b a c t e r i a  & 
v i t r o  i s  e s s e n t i a l l y  t h e  same a s  t h o s e  o f  A and t h a t  t h e  v a r i a t i o n  i n  p o t e n c y  and 

a n t i b a c t e r i a l  spec t rum s h o u l d  be a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t h e i r  a c t i o n  on 

d i f f e r e n t  b a c t e r i a  a t  t h e  s t a g e s  o f  ( i )  a c t i v e  t r a n s p o r t  f rom t h e  medium i n t o  t h e  

b a c t e r i a l  c e l l ,  ( i i )  i n t r a c e l l u l a r  c l e a v a g e  t o  r e l e a s e  t h e  a l a n i n e  mimet ic  (L-AEPA), 

and ( i i i )  i n h i b i t i o n  of  a l a n i n e  racemase a s  w e l l  a s  o f  u r i d i n e  d i p h o s p h a t e - N - a c e t y l -  

muramyl -a lan ine  s y n t h e t a s e .  

P r e l i m i n a r y  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 s h i p s  o f  o u r  compounds w i l l  be d i s c u s s e d  a s  

f o l l o w s : -  Removal o f  one methylene u n i t  a n d / o r  a-amino groups from A r e s u l t e d  i n  

a  comple te  l o s s  o f  t h e  a c t i v i t y  (compare t y p e  1 w i t h  & a n d  xk). Change o f  p o s i t i o n  

o f  t h e  amino group o r  i n t r o d u c t i o n  o f  an  a d d i t i o n a l  amino group gave a  s i m i l a r  r e s u l t  

( t y p e  2 ) .  

I n t r o d u c i n g  AEPA ( t y p e  3 )  o r  & ( t y p e  11)  i n t o  n a l i d i x i c  a c i d  o r  r e l a t e d  drugs  t h r o u g h  

p e p t i d e  bonding  r e s u l t e d  i n  l o s s  o f  a n t i b a c t e r i a l  a c t i v i t i e s  o f  b o t h  compounds. 

Replacement of  t h e  N- te rminus  o f  by some c y c l i c  a-amino a c i d  e . g .  t h i o p r o l i n e  gave 

d e c r e a s e d  o r  no a c t i v i t y  ( t y p e  4 ) .  A marked m o d i f i c a t i o n ,  r e p l a c e m e n t  o f  amino group 

o f  AEPA by p i p e r a z i n e  r i n g  ( t h e  t y p e  10 compounds) r e s u l t e d  i n  v a n i s h i n g  o f  a c t i v i t y  

o f  a .  
I t  h a s  been s u g g e s t e d  t h a t  L - c o n f i g u r a t i o n  o f  t h e  l e f t - h a l f  amino a c i d  was e s s e n t i a l  

f o r  t h e  a c t i v i t y  from comparison of  t h e  a c t i v i t i e s  and s t r u c t u r e s  o f  t h e  t y p e  5 

compounds9! 

A s u c c e s s f u l  m o d i f i c a t i o n  f o r  enhanc ing  a c t i v i t y  was shown i n  t h e  t y p e  6  compounds, 

where t h e  a l a n i n e  p a r t  o f  was r e p l a c e d  by u n n a t u r a l  a -amino  a c i d s  a s  t h e  s u b s t i t u t e d  

p h e n y l a l a n i n e s  o r  5 -  o r  6-membered h e t e r o a r o m a t i c  r i n g  s u b s t i t u t e d  a l a n i n e s .  

E s p e c i a l l y  t h e  compounds w i t h  s u c h  a  h e t e r o c y c l i c  r i n g  a s  i n d o l y l  ( 2 7 ) ,  t h i e n y l  (28,  
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z 8 6 ,  and 2 2 6 ) ,  b e n i o t h i e n y l  (225) showed e q u i v a l e n t  a c t i v i t y  t o  t h a t  o f  & i n  s p i t e  

o f  t h e i r  racemic  form as f o r  one o r  b o t h  amino a c i d  r e s i d u e s .  The a c t i v i t y  was 

r e i n f o r c e d  by s e p a r a t i o n  o f  a  m i x t u r e  o f  t h e  d i a s t e r e o i s o m e r s  i n t o  a c t i v e  6- i somer  

a s  i n  from 44 t o  2 8 0 .  For  t h e s e  compounds (24 ,  246 ,  225, and 2 0 ) ,  an a d d i t i o n a l  

b lockade  o f  t h e  b a c t e r i a l  enzymes is  c o n c e i v a b l e  owing t o  t h e  l e f t - h a l f  amino a c i d  

mimet ic .  1 ° - 1 2 )  The a c t i v i t y  was moderate  when t h e  f u r y 1  o r  p y r i d y l  r i n g  was s u h s t i -  

t u t e d  b u t  i t  was p o o r  i n  t h e  c a s e  o f  t h e  t h i a z a l y l  r i n g s .  

The a c t i v i t y  o f  t h e  p h e n y l a l a n y l  d e r i v a t i v e s  o f  t y p e  6 s u b s t i t u t e d  by t h e  h a l o g e n ,  

lower a l k y l ,  a l k o x y ,  a l k y l e n e d i o x y  o r  amino group (it - kk) was lower  t h a n  t h a t  o f  

. A few e x c e p t i o n s  were o b s e r v e d  i n  ,+$,6, fi, and 2 4 0 ,  and t h e i r  h i g h  a c t i v i t y  

might  be due t o  r e s o l u t i o n  o f  t h e  s t e r e o i s o m e r s .  A marked d i f f e r e n c e  i n  t h e  

a c t i v i t i e s  was n o t  c a u s e d  by change o f  t h e  s u b s t i t u t e d  p o s i t i o n  on t h e  phenyl  r i n g  

b u t  by a l t e r n a t i o n  o f  t h e  s u b s t i t u e n t .  

The t y p e s  5 and 6 compounds were s u b j e c t e d  t o  f u r t h e r  m o d i f i c a t i o n s .  I n c r e a s e  o f  

methylene u n i t s  i n  t h e  a l a n i n e  r e s i d u e  a s  i n  type  7 p o s s e s s e d  p o t e n t  o r  moderate  

a c t i v i t y  (e .g .  compare 28 w i t h  L k ) ,  b u t  i n t r o d u c t i o n  o f  any s u h s t i t u e n t  on amino 

group o f  t h e  N- te rminus  o r  a c i d  r e s i d u e  r e s u l t e d  i n  v a n i s h i n g  t h e  a c t i y i t y  w i t h  

e x c e p t i o n  o f  @i, whose a c t i v i t y  was k e p t  low. 

These f i n d i n g s  i n d i c a t e  t h a t  t h e  f r e e  a-amino group o f  t h e  N-terminus i s  e s s e n t i a l  

f o r  a n t i b a c t e r i a l  a c t i v i t y .  F a i l u r e  o f  m o d i f i c a t i o n  f o r  a c t i v i t y  by removal ,  

p o s i t i o n  change and s u b s t i t u t i o n  an  t h e  amino group might be due t o  t h e  d e c r e a s e  

i n  t h e  phosphonodipep t ide  t r a n s p o r t  i n t o  t h e  b a c t e r i a l  c e l l  by permease .  

The p h a s p h o n o t r i p e p t i d e s  of  t y p e  1 2  - 1 4  showed i n  g e n e r a l  lower a c t i v i t y  and 

nar rower  s p e c t r u m  a s  s e e n  i n  a g a i n s t  S e r r a t i a  than  t h e  p h o s p h o n o d i p e p t i d e s  (Table  

V I ) .  These p r o p e r t i e s  were s i m i l a r  t o  t h o s e  o f  t h e  p h o s p h o n o t r i p e p t i d e s  c o n t a i n i n g  

two n a t u r a l  amino The a c t i v i t i e s  o f  t y p e  12 ( a r y l a l a n y l - a l a n y l )  and 1 3  

( a l a n y l - a r y l a l a n y l )  compounds were a l m o s t  e q u i v a l e n t ,  and h i g h e r  t h a n  t h o s e  of  t h e  

t y p e  14 (arylalanyl-arylalanyl). 

As s e e n  i n  &,, t h e  a c t i v i t i e s  o f  o u r  compounds c o n t a i n i n g  u n n a t u r a l  amino a c i d s  

a g a i n s t  Gram-negat ive b a c t e r i a  were much h i g h e r  t h a n  t h o s e  a g a i n s t  Gram-pos i t ive  

bacteria. T h l s  l e v e l  a g a i n s t  c e r t a i n  members o f  Gram-negat ive b a c t e r i a  i s  h i g h e r  

t h a n  o r  e q u a l  t o  t h o s e  o f  c l i n i c a l l y  used  a n t i b i o t i c s  a s  0 - l a c t a m  and aminoglycos ide .  

The a n t i b a c t e r i a l  s p e c t r a  o f  o u r  compounds resembled a l s o  t o  t h o s e  o f  phosphono- 

p e p t i d e s  c o n t a i n i n g  n a t u r a l  amino a c i d s .  3 - 5 )  F u r t h e r  i n v e s t i g a t i o n s  r e l a t i n g  t o  

t h e  & viva a c t i v i t y  and p h a r m a c o k i n e t i c  p r o p e r t i e s  w i l l  be  r e p o r t e d  s e p a r a t e l y .  



A 
1 )  DAEPA / DCC 

RC02H r RCONH HP03H2 

2 )  H B r  / AcOH k e  

, .  . 

B )  
1) DAEPA / DCC 

RCH2CHC02H 
I - RCH2CHCONHCHP03H2 
NHZ 

I 
2 )  Me3S iC1  t N a I  NH2 &. 

1 )  AEPA / NaHC03 

2 )  H2 / Pd-C 

1 )  C lCOOEt  / N E t 3  Ye 
RCONHCHP03H2 

2 )  AEPA 

AEPA / N E t 3  

r" 
1 )  H NCHCONHCHPO(OEt)2 

h e  DCC 
) RCONHFHCONHCHP03H2 

2 )  H B r  / AcOH Me k 

1 )  DAEPA F -> RCH2$HCONHCHP03H2 

DCC KG 

3) H B r  / AcOH 
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RCH CHC02H 

LZ 

Me 

1 )  M ~ N H L H P O ( O E ~ ) ~  

> 
DCC 

2 )  H B r  / A c M l  

RCH2FHCONHCHP03H2 
I 

NHCHO Me 

Me 
I 

RCH2FHCONHCHP03H2 

NHOH 

1 )  HCHO / HPO(OCH2Ph)2 

> H - A l a - N T C H 2 P O 3 H 2  

2 )  Hz / Pd-C 
U 

+KH2P04 n 
9 H-A1 a - N d C H P 0 3 H 2  

2 )  H B r  / AcOH I 
Me 



R CH CHCONHCHC02H 
1 2 1  I 

NHZ CH2R2 

R1 CH2FHC02H 

NHZ 

1 )  DAEPA Me 
I 

____) R CH CHCONHFHCONHCHP03H2 

DCC 
1 21 

NH2 CH2R2 

2 )  HBr  / AcOH 

NH. 

DCC 

2 )  HBr / AcOH 

R, R,, R2, X a n d  Y = A p p r o p r i a t e  s u b s t i t u e n t s  

r' Me 

AiPA = H2NCHP03H2 ; DAEPA = H ~ N ~ H P O ( O E ~ ) ~ ,  

Z = -CO CH ph ; A l a  = -NHCHCO- 2 2 I 
Me 
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T a b l e  I :  P h o s p h o n o d i p e p t i d e s  a n d  R e l a t e d  Compounds 

H 2 N C H  C H -  
2 1 

NH, 

H 2 N ( C H  ) CH-  
2 2 1  

NH, 

Method A v e r a g e  E. I .  

+ G ( - 1  G ( + ) E G (  
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a Some o f  t h e  N - t e r m i n a l  amino a c i d s  u s e d  as  t h e  s t a r t i n g  m a t e r i a l s  a r e  o p t i c a l l y  

a c t i v e  as  i n d i c a t e d  i n  t h e  p a r e n t h e s e s ,  a n d  t h e  o t h e r s  u n s p e c i f i e d  a re  r e c e m i c ,  t h u s  

g i v i n g  t h e  d i a s t e r e o i s o m e r i c  m i x t u r e  o f  r a c e m i c  form.  Based on t h e  s t a r t i n g  N -  

p r o t e c t e d  amino a c i d  o r  c a r b o x y l i c  a c i d  d e s c r i b e d  i n  a n  e x p e r i m e n t a l  s e c t i o n .  

Basedon  AEPA.   it.^^: mp 260 - 265' (dec.) .  L i t . j i b :  mp 267 - 2 6 g 0 ( d e c . )  a n d  

l i t . 7 a :  220 - 2 3 0 ~ ( d e c . ) .  * The a - i s o m e r  c o u l d  n o t  b e  i s o l a t e d  i n  a s a t i s f a c t o r y  

5  a 
p u r e  s t a t e .  The AEPA m o i e t y  h a s  L-form.  P r e p a r e d  a c c o r d i n g  t o  t h e  l i t e r a t u r e  

T a b l e  11: N - S u b s t i t u t e d  P h o s p h o n o d i p e p t i d e s  

Me 
I 

RCH2fHCOYCHPO3H2 

N R '  

x' 'Y 

Type Compd. R~ R 

8  

b  
X 

H 

H 

H 

H 

N O .  

a 

IIk 

62. 

II2 

Y 

Me 

Me 

Me 

Me 

a 
, a" . 

H  

H 

H 

H 

h!ethod 

A  

A  

A  

A 

G 

Y i e l d  

% 

86 .5  

80 .4  

83 .4  

71.7 

1 8 . 9  

mp(dec.1 

O C  

266 - 270 

271 - 275 

260 - 264 

282 - 286 

Average B .  I .  

G(+) G ( - 1  G ( + ) & G ( - )  

0  1 . 5  1 . 2  

0 0  0  

0  0  0 

0 0  0  



I 

A 20 .7  
CHO 185 - 195 

H 57 .5  

C 
COMe A 33.8 132 - 134  

:ONMe I 30.4 209 - 2 1 1  
H 

:ONMe I 2 6 . 6  208 - 212 
H 

OMe A 1 4 . 3  1 9 1  - 195 

a The s t a r t i n g  amines  a n d  amino a c i d s  a r e  r a c e m i c  u n l e s s  o t h e r w i s e  s p e c i f i e d  i n  t h e  

p a r e n t h e s e s .  See  f o o t n o t e  a i n  T a b l e  I .  Based  on t h e  c o r r e s p o n d i n g  s t a r t i n g  

m a t e r i a l  d e s c r i b e d  i n  an e x p e r i m e n t a l  s e c t i o n .  'Mel ted w i t h o u t  d e c o m p o s i t i o n .  
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T a b l e  111: (Alanylpiperaziny1)alkylphosphonic Acids 

Method y i e l d C  mp ( d e c . )  Average B . I .  
t 0 c G(+) G(-1 G(+)EG(-1 

a A d i a s t e r e a i s o m e r i c  m i x t u r e .  The s t a r t i n g  N - t e r m i n a l  a l a n i n e  used  a r e  o p t i c a l l y  

a c t l v e  a s  i n d i c a t e d  i n  t h e  p a r e n t h e s e s ,  and t h e  o t h e r s  u n s p e c i f i e d  r a c e m i c .  

B a s e d  on t h e  s t a r t i n g  1-(N-carbobenioxyalany1)piperazine f o r  t h e  method L and N ,  

and 2 - ( 1 - p i p e r a z i n y 1 ) e t h y l p h o n i c  a c i d  f o r  t h e  method M. 



T a b l e  I V :  P h o s p h o n o t r i p e p t i d e s  and  t h e  R e l a t e d  Compounds 

Method 
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Me 
I 

R CH CHCONHCHCONHCHPO 3H2 
2 1  I 
NH2 CH2R2 

ompd, 
NO. 

Y i e l d  
% 

mp ( d e c .  
OC 



a Based on t h e  s t a r t i n g  c a r b o x y l i c  a c i d s .  See f o o t n o t e  a i n  Table  I .  The 

s t a r t i n g  amino a c i d s  f o r  t h e  middle amlno a c i d  moiety a r e  racernic u n l e s s  o t h e r w i s e  

s p e c i f i e l d  i n  t h e  p a r e n t h e s e s ,  Based on t h e  c o r r e s p o n d i n g  d i p e t i d e s  shown i n  

an e x p e r i m e n t a l  s e c t i o n .  
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Table VI : A n t i b a c t e r i a l  A c t i v i t i e s  (MIC, vg/ml) of Phosphonotr ipept ides 

x xi? 

E s c h e r i c h i a  c o l i  NlHJ 6.25 50 100 

E. c o l i  IAM 1182 12.5 0.78 100 

S h i g e l i a  f l e x n e r i  2a EW 10 25 0.39 100 

Shi . sonnei EW 33 1 .56 <0.10 25 

Salmonel la  typhosa 0901 3.13 12.5 100 

Sat. e n t e r i t i d i s  G 14 .I00 ,100 ,100 

K l e b s i e l l a  pneurraniae Kasuya 3.13 1.56 ,100 

Prateus v u l g a r i s  OX 19 US ,100 ,100 >I00 

Pseudomnas aeruginosa P I >I00  > I 0 0  ,100 

Pse. aeruginosa P 31 >I00 > I00  ,100 

S e r r a t i a  marsescens l l D  618 100 > I00  > I00  

Ser. marcescens 110 619 .I00 > I00  ,100 

Staphylococcus aurevs ATCC 6538P > I00  ,100 >I00 

5 .  aureus Tera j ima > I00  ,100 ,100 

B a c i l l u s  s u b t i l i s  PC1 219 >I00 50 100 

- 
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EXPERIMENTAL 

All melting points are not corrected. IR spectra were determined on a Hitachl 

215 recording spectrophotometer and NMR spectra on a JNM PMX-60 spectrometer 

using tetramethylsilane or sodium t r i m e t h y l s i l y l p r o p a n e s u l f o n a t e  as an internal 

standard. 

Starting Amino Acids and Their N-Substitutgd Derivatives 

a) The followmg amino acids were prepared according to the literature shown: 

~ - 2 - t h i e n ~ l - D ~ - a l a n i n e ~ ~ ) ,  ~ - a c e t ~ l - ~ - 2 - t h i e n ~ l - D L - a l a n i n e ~ ~ ~ ) ,  N-formyl-0-2 

thienyl-DL-alaninell), B-3-thienyl-DL-alaninelZ), 6-4-thiaz0l~l-DL-alanine~~) 

15) 8-(2-amin0-4-thiazolyl)-DL-alanine~~~, 0-(2-amino-5-thiazoly1)-DL-alanine , 

3 - ( 2 - a m i n o - 4 - m e t h y l - 5 - t h i a 2 0 l ~ l ) - D ~ - a l a n i e ~ ~ ,  ~ - 2 - f u r ~ l - D L - a l a n i n e ~ ~ ) ,  0-2- and 

3 - p y r i d y l - D ~ - a l a n i n e ~ ~ ) ,  ~ - 4 - ~ y r i d ~ l - ~ ~ - a l a n i n e ~ * ) ,  6 - 3 - b e n z 0 [ ~ ] t h i e n ~ l - ~ L - a l a n i n e ~ ~ ) ,  

3 - m e t h o x y - ~ ~ - p h e n y l a l a n i n e ~ ~ ) ,  4-methoxyl-DL- and ~ - ~ h e n ~ l a l a n i n e ~ ~ ) ,  2- and 4- 

methyl-DL-phenylalanineZ2) , 3 , 4 - d i m e t h a x y - ~ ~ - ~ h e n ~ l a l a n i n e ~ ~ ) ,  3,4-methylenedioxy- 

DL- and L-phenylalanineZ4), 4- ( ~ , ~ - d i m e t h ~ l a m i n o ) - J J ~ - ~ h e n ~ l a l a n i n e ~ ~ ,  N-acetyl-L- 

thioprolineZ6), N-methyl-DL- and ~-alanine'~), and N-methoxy- and benzyloxy-DL- 

alanine2*). 

b) Since the following aryl-substituted amino acids were unknown, they were prepared 

by the usual method for a-amino acidZ9); i.e. condensation of diethyl acylamino 

malonate with appropriate aralkyl halide in the presence of sodium ethoxide followed 

by hydrolysis with hydrochloric acid: 4-methoxy-3-methyl-DL-phenylalanine;  mp 217 - 

21a0 (dec.), 4-ethoxy-3-methyl-DL-phenylalanine, mp 206 - 207O (dec.); 3,4-ethyl- 

enedioxy-DL-phenyla lan ine ,  mp 226 - 229' (dec.); DL-2-amino-4-phenylbu tyr ic  acid 

hydrochloride, mp 267 - 270' (dec.); and D L - 2 - a m i n o - 4 - ( 2 - t h i e n y 1 ) b u t y r i c  acid 

hydrochloride, mp 241 - 245' (dec.). 

c) The N-carbobenzoxyamino acids were prepared by usual procedure for carbobenzoxy 

lation of a-amino acid; the free amino acid was treated with a slight excess of 

carbobenzoxy chloride in the presence of sodium hydroxide to obtain an objective 

product after usual work-up. 

d) Three N-carbobenzoxy-N-methyl derivatives of 0-2-thienyl-DL-alanine, B-4- 

chlaro-DL-phenylalanine, and 1-methyl-L-tryptophan were respectively obtained by 

the reaction of methyl iodide with the corresponding N-carbobenzoxyamino acids in 

2 7) the presence of silver oxide . 



e) N-Carbobenzoxy-3-ethoxy-DL-phenylalanine was p r e p a r e d  by 0 - e t h y l a t i o n  o f  

N-carbobenraxy-DL-m-tyrosine by d i e t h y l  s u l f a t e .  

f )  The o t h e r  amino a c i d s  i n c l u d i n g  t h e i r  N -  o r  0 - p r o t e c t e d  d e r i v a t i v e s  were  

c o m m e r c i a l l y  a v a i l a b l e .  

Method A. N-(0-3-Thienyl-DL-alany1)-1-aminoethylphophonic A c i d  ( 2 9 a  a n d  296) .  

A  m i x t u r e  o f  N-ca rbobenroxy-6  - 3 - t h i e n y l - D L - a l a n i n e  ( 1  g ) ,  DAEPA (600 mg), DCC (690 mg), 

a n d  C H Z C 1 2  (10 ml) was s t i r r e d  u n d e r  i c e - c o o l i n g  f o r  1 . 5  h r  and  a t  room t e m p e r a t u r e  f o r  

5  h r ,  a n d  t h e  m i x t u r e  was f i l t e r e d  t o  remove a p r e c i p i t a t e d  d i c y c l o h e x y l u r e a .  

The f i l t r a t e  was s u b j e c t e d  t o  column chromatography  on s i l i c a  g e l .  E l u t i o n  w i t h  

CHCl gave a n  i s o m e r  o f  d i a s t e r e o m e r i c  d i e t h y l  N - c a r b o b e n z o x y - 0 - 3 - t h l e n y l - D L - a l a n y l -  
3  

I - a m i n o e t h y l p h o s p h o n a t e  ( a - i s o m e r )  (650 mg; 42 .5  %) as  c o l o r l e s s  p r i s m s  ( f rom e t h e r ) ,  

mp 119 - 120': I R  ( ~ ~ r ) c m - l :  3240,  1710 ,  1 6 5 5 ;  NMR 6(CDC13): 1 . 2 2  (3H, d d ,  J = 1 6 . 5 ,  

7 . 5  Hz, P-CHCK3), 1 . 2 5  and  1 . 2 8  ( e a c h  3H, t ,  J = 7 . 0  Hz, 0-CHZCE3 x 2 ) ,  3 .11  (ZH, d ,  

J = 7.0 Hz, t h i e n y l - C H 2 ) ,  4 .08  (4H, q ,  J = 7.0 Hz, 0-CH_2CH3 x 2 ) ,  5:08 (ZH, s ,  

CH2C6H5), 5.50 - 5 . 5 7  a n d  6 . 5 0  - 6 . 8 5  ( e a c h  l H ,  m ,  CONH x 2 ) ,  6 .92 - 7.50 (3H, m ,  

t h i e n y l - H ) ,  7.32 (SH, s ,  C6H5). 

E v a p o r a t i o n  o f  t h e  above mothe r  l i q u o r  o f  r e c r y s t a l l i z a t i o n ,  a f t e r  r emova l  o f  t h e  a -  

i s o m e r ,  gave a n  a n o t h e r  i s o m e r  o f  t h e  above p h o s p h o n a t e  ( 0 - i s o m e r )  (740 mg; 4 8 . 3  % )  

a s  a  c o l o r l e s s  o i l :  NMR 6(CDC13): 1 . 3 2  (3H, d d ,  J = 1 7 . 0 ,  7 .0  Hz, P-CHCH3), 1 . 2 8  

and  1 . 3 2  ( e a c h  3H, t ,  J = 7.0 H z ,  0-CH CH x Z) ,  3 .14 (2H, d ,  J = 7.0 H z ,  t h i e n y l -  
-2 3  

CHZ),  4 .07  and  4 . 1 3  ( e a c h  Z H ,  q ,  J = 7.0 H i ,  0-CH CH x Z) ,  5 . 1 1  (2H, s ,  CE2C6H5), 2  -3 

5 .50  - 6 . 7 5  (2H, m ,  CONH x Z ) ,  6 .90  - 7 . 4 5  (3H, m ,  t h i e n y l - H ) ,  7 .36 {5H, s ,  C6H5). 

A  m i x t u r e  o f  t h e  above  a - i s o m e r  (300 mg) a n d 2 5  % H B r  i n  AcOH ( 3  ml) was s t i r r e d  a t  

room t e m p e r a t u r e  w h i l e  15  h r  a n d  p o u r e d  i n t o  e t h e r .  A  p r e c i p i t a t e d  gum s e p a r a t e d  by 

d e c a n t a t i o n  was t a k e n  up i n  a s m a l l  amount o f  MeOH. To t h i s  s o l u t i o n  was a d d e d  a n  

e x c e s s  o f  p r o p y l e n e  o x i d e  i n  o r d e r  t o  c a u s e  a  s o l i d  p r e c i p i t a t e .  I t  was c o l l e c t e d  by 

f i l t r a t i o n  a n d  washed t h o r o u g h l y  w i t h  MeOH t o  a f f o r d  4xa (130 mg; 73.0 8 )  a s  c o l o r l e s s  

c r y s t a l s :  IR (KBr) c m - l :  3260, 1650 ;  NMR S(DZO + NaOD): 1 . 0 0  (3H, d d ,  J = 1 4 . 0 ,  

7.0 Hz, P-CHCK3), 2.94 (ZH, d ,  J = 7.0 Hz, t h i e n y l - C H 2 ) ,  7 .05 (1H, d d ,  J = 5 . 0 ,  1 . 5  Hz, 

t h i e n y l - 4 - H ) ,  7 .10 - 7.25 ( IH,  m ,  t h i e n y l - 2 - H ) ,  7 . 4 3  ( IH,  d d ,  J = 5 . 0 ,  3.0 H z ,  thienyl-5-H) . 

S i m i l a r l y ,  t h e  f o r e g o i n g  0 - i s o m e r  (400 mg) was t r e a t e d  w i t h  25 % HBr i n  AcOH (4 ml) a n d  

worked-up t o  g i v e  2x0 (130 mg; 5 4 . 5  % )  as c o l o r l e s s  c r y s t a l s :  I R  (KBr) c m - l :  3250, 

1650 ;  NMR 6(D20 + NaOD): 1 .16 (3H, d d ,  J = 1 4 . 0 ,  7.0 Hz, P-CHCH3). 3 . 0 3  (2H, d ,  J = 

7.0 Hz, t h i e n y l - C H 2 ) ,  7 .08  ( l H ,  d d ,  J = 5 . 0 ,  1 . 5  Hz, t h i e n y l - 4 - H ) ,  7 .20 - 7.40 ( IH ,  

m ,  t h i e n y l - 2 - H ) ,  7 .50 ( IH,  dd ,  J = 5  . O ,  3.0 Hz, thienyl-5-H) . 
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S t a r t i n g  w i t h  t h e  c o r r e s p o n d i n g  N-carbobenzoxyamino a c i d s  a n d  DAEPA, t h i s  method 

was employed t o  p r e p a r e  2 - kQ.9 k k Q, k 2 2 %  2 2 %  kk - k t ,  kk - 

k2.  a n d  k% - Z.Q. 
Method B. N-L-Tryptophyl-I-aminoethylphosphonic A c i d  (27)  

N-Carbobenzoxy-L-tryptophan(1.9g) was r e a c t e d  w i t h  DAEPA(1.0 g) and  worked-up  as  

d e s c r i b e d  f o r  method A  t o  g i v e  a d i a s t e r e o i s o m e r i c  m i x t u r e  o f  d i e t h y l  N-(N- 

carbobenzoxy-L-tryptophyl)-l-aminoethylphophonate ( 2 . 0 6  g ;  74.0  % )  a s  an  o i l :  

NMR 6(CDCI3): 0 . 8 0  - 1 . 4 5  (9H, m,  P-CHCH3 a n d  0-CH2Cli3 x Z) ,  3 .26 (ZH, d ,  J = 7.0 

Hz, t r y p t o p h y l - C H 2 ) ,  3 .75 - 4 . 8 5  (6H, m ,  0-CH CH x 2  and N-CH x 2 ) ,  5 .06  a n d  5 .12  
-2 3  

( t o t a l  2H, 5 ,  CH2C6H5), 5 . 5 5  - 5 . 8 5  and  6 . 2 0  - 6 .80  ( e a c h  I H ,  m ,  CONH x 2 ) .  6 . 9 5  - 

7 . 8 5  (9H, m,  Ar -H) ,  8 .52  ( IH ,  5 ,  t r y p t o p h y l - 2 - H ) .  

A  m i x t u r e  o f  t h e  above p h o s p h o n a t e  (500 mg), NaI (680 mg), c h l o r o t r ~ m e t h y l s i l a n e  

(500 mg) and  CH3CN ( 3  ml) was s t i r r e d  a t  room t e m p e r a t u r e  f o r  2  h r ,  a n d  t h e n  f i l t e r e d .  

The f i l t r a t e  was e v a p o r a t e d  a n d  t h e  r e s u l t i n g  r e s i d u e  was e x t r a c t e d  w i t h  w a t e r .  Evapo-  

r a t i o n  o f  t h e  e x t r a c t ,  a f t e r  w a s h i n g  w i t h  e t h e r ,  l e f t  an  o i l y  r e s i d u e ,  which was 

c h r o m a t a g r a p h e d  on M i t s u b i s h i  D i a i o n  HP-20. E l u t i o n  w i t h  50 % MeOH a f f o r d e d  22 
(100 mg; 32.0  % )  a s  a c o l o r l e s s  powder ( f rom MeOH-EtOH): I  ( K T )  m :  1 6 6 0 ;  

NMR 6(D20  + NaOD) : 0 .86  a n d  1 . 0 4  (3H, d d ,  J = 7 . 0 ,  15  . O  Hz, P-CHCH3), 2.86 - 3 .45  

(ZH, m ,  CH2) 3 . 5 5  - 4 .05  (2H, m ,  CH x 2 ) ,  7 .16 - 7.90 (SH, m ,  Ar -H) .  

T h i s  method was employed  f o r  t h e  preparation of  22a a n d  22% 
Method C. N-(4-Aminobenzoy1)-1-aminoethylphosphonic A c i d  ( 3 ) .  

To a m i x t u r e  o f  4-(carbobenzoxy)amin~benzoic a c i d  N - h y d r o x y s u c c l n i m i d e  e s t e r  (660 mg), 

DMF ( 6  ml) and  EtOH ( 3  ml) was a d d e d  a s o l u t i o n  o f  AEPA(150 mg) i n  5  % NaHC03 (6 m l ) .  

The m i x t u r e  was v i g o r o u s l y  s t i r r e d  a t  room t e m p e r a t u r e  f o r  1 h r  and  a t  40' f o r  20 h r ,  

a n d  t h e n  e v a p o r a t e d  i n  vacuo  t o  d r y n e s s  be low 55'. E x t r a c t i o n  o f  t h e  r e s u l t i n g  r e s i d u e  

w i t h  w a t e r  f o l l o w e d  by a c i d i f i c a t i o n  o f  t h e  e x t r a c t  w i t h  conc. HC1 p r e c i p i t a t e d  a  s o l i d .  

T h i s  was c o l l e c t e d  by f i l t r a t i o n  and  washed w i t h  w a t e r  a n d  e t h e r  furnishing N- [4- 

( c a r b o b e n i o x y ) a m i n o b e n z o y l ] - 1 - a m i n o e t h y l p h p h n i  a c i d  (680 n g ,  7 4 . 0  %) a s  c o l o r l e s s  

c r y s t a l s ,  mp 202 - 205' ( d e c . ) :  IR (KBr) c m - l :  3320, 1 6 9 5 ,  1630 .  

T h i s  compound (350 mg) w a s  d i s s o l v e d  i n  MeOH (10 ml) a n d  h y d r o g e n a t e d  i n  t h e  p r e s e n c e  

o f  1 4  % Pd-C (50 mg) w i t h i n  2  h r .  A f t e r  r emova l  o f  t h e  c a t a l y s t  by f i l t r a t i o n ,  t h e  

f i l t r a t e  was e v a p o r a t e d  t o  l e a v e  a  s o l i d  which o n  r e c r y s t a l l i z a t i o n  f rom a q .  EtOH 

gave 2 as c o l o r l e s s  c r y s t a l s  (190 mg; 8 4 . 1  % ) :  NMR 6(DMSO-d6): 1 . 4 2  (3H, d d ,  J = 

1 6 . 0 ,  6 . 5  Hz, P-CHCH31, 7 .47 and  7 .71  ( e a c h  2  H ,  d ,  J = 8 . 0  Hz, C6H4). 



Method Dl N-(1-Ethyl-1,4-dihydro-6,7-methylenedioxy-4-oxoquinoline-3-carbonyl)-1- 

a m i n o e t h y l p h o s p h o n i c  A c i d  ( 1 1 ) .  

To an  i c e - w a t e r  c o o l e d  m i x t u r e  o f  o x o l i n l c  ac id2 ' )  (60 mg), DMF (2 ml) a n d  t r i e t h y l  

amine (lQ0 mg) was s l o w l y  a d d e d ,  w i t h  s t i r r i n g ,  a s o l u t i o n  o f  e t h y l  c h l o r a c a r b o n a t e  

(50 mg) i n  DMF (6 m l ) .  The m i x t u r e  was s t i r r e d  f a r  3  h r ,  a n d  a m i x t u r e  o f  AEPA 

(70 mg), t r i e t h y l a m i n e  ( 0 . 4  m l ) ,  DMF ( 5  m l ) ,  and  w a t e r  ( 1  ml) was added .  A f t e r  

t h e  s t i r r m g  was c o n t i n u e d  u n d e r  c o o l i n g  f o r  an  a d d i t i o n a l  3  h r  a n d  a t  room tempera -  

t u r e  f o r  1 8  h r ,  t h e  m i x t u r e  b e i n g  b a s i f i e d  ~ i t h  a q .  NaHCO was washed w i t h  AcOEt 
3  

On a c i d i f i c a t i o n  o f  t h e  aqueous  l a y e r  w i t h  c o n c .  HC1 a c o l o r l e s s  s o l i d  p r e c i p i t a t e d .  

T h i s  was r e c r y s t a l l i z e d  f rom MeOH t o  g i v e  &A (35 mg; 4 1 . 4  % )  a s  c o l o r l e s s  c r y s t a l s :  

IR  (KBr) c m - l :  1650 ;  NMR 6(CF3COOH): 1 . 7 0  (3H, d d ,  J = 7 . 0 ,  1 6 . 0  H z ,  P-CHCH3), 

1 . 7 6  (3H, t ,  J = 7.0 Hz, N-CH2CH3), 4 .77  (2H, q ,  J = 7.0 Hz, N-CK2CH3), 6 . 3 5  (ZH, 

s ,  0-CH2-0) .  

Us ing  t h e  c o r r e s p o n d i n g  c a r b o x y l i c  a c i d s ,  n a l i d i x i c  a c i d 3 ' ) ,  p y r o m i d i c  a c i d 3 ' ) ,  6 -  

ethyl-6,Q-dihydro-9-oxopyrazalo[3,4-f]quinoline-3-carboxylic a c i d 3 3 ) ,  and  8 - e t h y l -  

S,8-dihydro-5-oxopyra~010[4,3-g]quinoline-3-carboxyli - a c i d 3 3 ) ,  a n d  8 - e t h y l - 5 , 8 -  

dihydro-5-oxopyrazolo[4,3-g]quinoline-6-cboxylic a c i d 3 4 ) ,  t z ,  jJ, A$, a n d  were  - 

o b t a i n e d  by t h i s  method,  r e s p e c t i v e l y .  

Method E. N-(N-Acetyl-L-thioproly1)-1-amin~ethylphsphni Acid  ( 1 9 ) .  

To a n  i c e - w a t e r  c o o l e d  a n d  stirred m ~ x t u r e  o f  AEPA (150 mg), t r i e t h y l a m i n e  (270 mg), 

DMF ( 1  ml) and  w a t e r  ( 1 . 5  ml) w a s  added  a s o l u t i o n  o f  ~ - a c e t ~ l - ~ - t h i o ~ r o l i n e ~ ~ )  

N - h y d r o x y s u c c i n i m i d s  e s t e r  (380 mg) i n  DMF ( 1  m l ) .  A f t e r  t h e  s t i r r i n g  u n d e r  t h e  

c o o l i n g  f o r  1 h r  and  a t  room t e m p e r a t u r e  f o r  15  h r ,  t h e  m i x t u r e  was f i l t e r e d  

E v a p o r a t i o n  o f  t h e  f i l t r a t e  l e f t  a  gummy r e s i d u e ,  which was e x t r a c t e d  w i t h  3  % HCI 

and  t h e  e x t r a c t  washed w i t h  e t h e r  was e v a p o r a t e d .  The r e s i d u a l  o i l  was s u b j e c t e d  t o  

a  p r e p a r a t i v e  t h i n  l a y e r  ch romatography  u s i n g  s i l i c a  a n d  n-BuOH-AcOH-water 

(5  : 1 : 2 )  as t h e  s o l v e n t .  E x t r a c t i o n  w i t h  MeOH o f  a band  s e n s i t i v e  t o  i o d i n e  

v a p o r  f a l l o w e d  by e v a p o r a t i o n  o f  t h e  s o l v e n t  f u r n i s h e d  a  c o l o r l e s s  s o l i d ,  wh ich  

was r e c r y s t a l l i z e d  f rom MeOH-acetone t o  g i v e  &% (120 mg; 30 .5  % )  a s  c o l o r l e s s  c r y s t a l s :  

IR (KBr) c m - l :  3250, 1640 ,  1 6 3 0 ;  NMR G(CF3COOH) : 1 . 5 8  (3H, dd ,  J = 7 . 0 ,  1 8 . 0  Hz, 

P-CHCH3), 2 . 4 3  (3H, s ,  COCH3), 3 . 3  - 3 . 5 5  and  4 . 6  - 5 . 1  (6H, m ,  CH2 x 2  a n d  CH x 2 ) .  

D i e t h y l  N-(DL- and  L-Alany1)-1-aminoethylphosphonate. 

A  m i x t u r e  o f  N-carbobenzoxy-DL-alanine ( 6 . 2  g ) ,  DAEPA (5 g ) ,  DCC (6 g ) ,  and  C H 2 C 1 2  

(50 ml) was s t i r r e d  u n d e r  c o o l i n g  w i t h  i c e  f o r  1 . 5  h r  a n d  a t  room t e m p e r a t u r e  f o r  

1 8  h r ,  and  t h e n  f i l t e r e d .  The f l l t r a t e  was s u c c e s s i v e l y  washed w i t h  3  % NaOH, 
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water, 3 % HC1, and water, dried (Na SO ) ,  and evaporated to give diethyl N-(N-carbo- 2 4 

benzoxy-DL-a1anyl)-1-aminoethylphosphanate (9.2 g; 86.0 % )  as a colorless oil. A 

solution of this compound (8 g) in MeOH (200 ml) was hydrogenated in the presence of 

15 % Pd-C (850 mg). Usual work-up of the reaction mixture gave diethyl N-(DL-a1anyl)-I- 

aminoethylphosphonate (4.9 g; 93.8 % )  as a colorless oil: NMR 6(CDC13): 1.15 - 1.56 (9H, 

m, P-CH2Cg3, and 0-CH2CH3 x 21, 4.05 and 4.14 (each ZH, q, J = 7.0 Hz, 0-Cg2CH3 x 2). 

An L-isomer of the above compound was similarly prepared from N-carbobenzoxy-L-alanine 

and DAEPA. 

Method F. N-[(l-Ethyl-1,4-dihydro-7-methyl-4-oxo-l,8-naphthyridine-3-carbonyl)-L- 

alanyll-1-aminoethylphosphonic Acid (81). 

To an ice-cooled mixture of nalidixic acid3') (1.16 g), triethylamine (1.1 g), and 

DMF (30 ml) was added, w ~ t h  stirring, ethyl chlorocarbonate (0.65 g )  during 10 mi". 

After stirring of the mixture for 15 min, a solution of diethyl N-(L-alany1)-I- 

aminoethylphasphonate (1.51 g) in THF (6 ml) was added. The mixture was stirred 

under the cooling for an additional 3.5 hr and at room temperature for 2 hr, and then 

evaporated to dryness. The residue was admixed with water and extracted with benzene. 

The extract was washed with 3 % NaOH and water. Evaporation of the dried (Na2S04) 

extract gave diethyl N-[(l-ethyl-1.4-dihydro-7-methyl-4-oxo-l,8-naphthyridine-3- 

carbony1)-L-alanyll-I-aminoethylphosphonate (1.85 g; 79.4 %) as a pale yellow powder: 

IR (KBr) cm-l: 3250, 1650. This compound (1.4 g) was dissolved in 30 % HBr in AcOH 

(15 ml) and st~rred at room temperature for 6 hr. The reaction mixture was worked- 

up as in the case of the preceding method A to give && (880 mg; 71.5 $)  as a colorless 

powder: IR ( K B r )  cm-l: 3250, 1660, 1645; NMR 6(CF3COOH): 1.42 - 1.85 (9H, m, P- 

CHCH3, C-CHCli3, and N-CH2CH3), 3.00 (3H, s ,  Ar-CH3), 5.07 (ZH, q ,  J = 7.0 Hz, N-CH CH ), -2 3 

7.88 and 8.95 (each 1H, d, J = 8.0 Hz, Ar-H x Z), 9.54 (IH, s ,  N-CH=). Using oxolinic 

acid30) and pyromidic acid3*), this method was carried out for the preparation of & 
and &x. 
Method G. N-(N,N-Dimethyl-DL-alanyl)-l-aminoethylphosphonic Acid (65). A mixture 

of a-bromopropionic acid (2.5 g), DAEPA (2.37 g), DCC (3.53 g). and CH C12 (70 ml) 
2 

was stirred under cooling with ice-water for 3.5 hr and at room temperature for 51 hr, 

and then filtered. The filtrate was evaporated and the residue was extacted with AcOEt. 

The extract was successively washed with 3 % HC1, water, 3 % NaOH, and water, dried 

(Na2S04), and evaporated to give diethyl N-(a-bromopropiony1)-1-aminoethylphosphonate 

(2.85 g; 68.1 % )  as a pale yellow ail: NMR G(CDC13): 1.14 - 1.55 (9H, m, P-CHCH3 

and 0-CH2Cg3 x Z), 1.76 (3H, d, J = 7 Hz, Br-CHCH ) ,  4.08 and 4.10 (each ZH, q ,  J = -3 



7.0 Hz, 0-CK2CH3 x 2 ) .  

T h i s  bromo compound was added  i n t o  a m i x t u r e  o f  d i m e t h y l a m i n e  h y d r o c h l o r i d e  (390 mg), 

DMF (4 ml) and  K2C03 (530 mg). The m i x t u r e  was s t i r r e d  f o r  24 h r  a n d  e v a p o r a t e d .  

To t h e  r e s i d u e  was a d d e d  w a t e r  a n d  t h e  m i x t u r e  was e x t r a c t e d  w i t h  AcOEt. Evapo- 

r a t i o n  o f  t h e  e x t r a c t  gave an  o i l  which was a g a i n  e x t r a c t e d  w i t h  CHC13. Removal 

o f  C H C 1 3  f rom t h e  e x t r a c t ,  a f t e r  f i l t r a t i o n ,  y i e l d e d  d i e t h y l  N-(N,N-dimethyl-DL- 

a1anyl)-1-amlnoethylphosphonate (360 mg; 9 0 . 3  %) as a p a l e  y e l l o w  o i l :  NMR 6(CDC13): 

1 . 3 2  and  1 . 6 1  ( e a c h  3H, d ,  J = 7.0 Hz, CHCH3 x 2 ) ,  1 . 3 5  (6H, t ,  J = 7.0 Hz, 0-CH2CH3 

x 2 ) ,  1 . 4 6  (3H, dd ,  J = 7 . 0 ,  1 6 . 5  Hz, P-CHCH3), 4 .16 and  4 .45  ( e a c h  Z H ,  q ,  J = 7.0 

Hz, 0-CH2CH3 x 2 ) .  

A  m i x t u r e  o f  t h i s  p h o s p h o n a t e  (330 mg) a n d  25 % HBr i n  AcOH (5 ml) was s t i r r e d  f o r  

15  h r  a t  room t e m p e r a t u r e .  Work-up as d e s c r i b e d  f o r  method A  f u r n i s h e d  &k (90 mg; 

34 .1  % )  a s  a  c o l o r l e s s  powder on r e c r y s t a l l i z a t i o n  f rom EtOH-ace tone :  IR  (KBr) 0 . ' :  

1670 ;  NMR 6(CF3COOH): 1 . 5 8  (3H, d d ,  J = 6 . 5 ,  1 8 . 0  H i ,  P-CHCK3), 1 . 7 2  (3H, d ,  J = 

6 . 5  Hz, CO-CHCH3), 3 .07 a n d  3 .16 ( e a c h  3H, s ,  N-CH3 x 2 ) .  

The above r e a c t i o n s  u s i n g  40 % a q .  me thy lamine  i n s t e a d  o f  d l m e t h y l a m i n e  h y d r o c h l o r i d e  

were  c a r r i e d  o u t  t o  g i v e  k2.  
Method H .  N-(N-Formyl-B-2-thienyl-DL-alanyl)-l-aminoethylphosphonic A c i d  ( 6 6 ) .  

A  m i x t u r e  o f  280 (150 mg), Ac20 ( 0 . 7  m l ) ,  and  f o r m i c  a c i d  ( 2  ml) was s t i r r e d  a t  room 

t e m p e r a t u r e  f o r  6  h r .  The m i x t u r e  was e v a p o r a t e d  and  t h e  r e s i d u e  was e x t r a c t e d  w i t h  

h o t  EtOH. E v a p o r a t i o n  o f  t h e  e x t r a c t  l e f t  a  p a l e  brown s o l i d  which  on t r e a t m e n t  

w i t h  a q .  a c e t o n e ,  f o l l o w e d  by  a c e t o n e ,  gave a  c o l o r l e s s  powder (&&) (95 mg; 5 7 . 5  % ) :  

IR  (KBr) c m - l :  3260, 1680 - 1640 ;  NMR S(CF3COOH): 1 . 5 7  - 1 . 8 3  (3H, m ,  P-CHCH3). 

8 . 2 9  ( l H ,  s ,  N-CHO). 

Method I .  N-[(N-Methylcarbamoyl)-8-2-thienyl-DL-alanyl]-l-~minoethylphosphonic 

A c i d s  (68a  a n d  6 8 8 ) .  

A  m i x t u r e  o f  28 (150 mg), h e x a m e t h y l d i s i l a z a n e  ( 0 . 8  ml) a n d  CH7C17 (4 ml) was 

s t i r r e d  a v e r  2.5 h r  u n t i l  a c l e a r  s o l u t i o n  was fo rmed ,  a n d  then  m e t h y l  i s o c y a n a t e ( 0 . 5  ml) 

was added .  The r e s u l t i n g  m i x t u r e  was s t l r r e d  u n d e r  c o o l i n g  w i t h  i c e  f o r  1 h r  and  

a t  room t e m p e r a t u r e  f o r  0 . 5  h r ,  a n d  t h e n  e v a p o r a t e d .  R e c r y s t a l l i z a t i o n  o f  t h e  

s o l i d  r e s i d u e  f rom EtOH f u r n i s h e d  &&a (55 mg; 30.4  %) a s  a  c o l o r l e s s  powder:  

IR  (KBr) c m - l :  3335,  3250, 1 6 3 0 ,  1605 ;  NMR 6 ( D 2 0 ) :  1 . 2 3  (3H, d d ,  J = 7 . 5 ,  1 5 . 5  Hz, 

P-CHCH3), 2.70 (3H, s ,  COCH3) 

C o n c e n t r a t i o n  o f  t h e  above  mother  l i q u o r  o f  r e c r y s t a l l i z a t i o n  gave $180 ( 4 8  

mg; 26.6 %) a s  a  c o l o r l e s s  s o l i d :  IR (KBr) c m - l :  3380, 3250, 1 6 5 0 ,  1 6 0 5 ;  NMR 6(D20):  
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1.27 (3H, dd, J = 7.5, 15.5 Hz, P-CHCH3), 2.72 (3H, 5 ,  COCH3). 

Compounds @$ and Q x B  were also obtained from @,a and @,B by the same reaction, 

respectively. 

Method J .  N-(N-Hydroxy-DL-alanyl]-1-aminoethy1phosphnic Acid (71). 

A solution of 7J (85 mg) in MeOH (15 ml) containing 25 % HBr in AcOH (0.3 ml) was 

hydrogenated in the presence of 15 % Pd-C (100 mg). After removal of the catalyst 

by filtration, the filtrate was concentrated and treated with propylene oxide to 

precipitate a solld, which was washed with MeOH to give x& (58 mg; 97.2 %) as a 

colorless powder: IR (KBr) cm-l: 3470, 3270, 1655; 1WR 6(CF3COOH): 1.63 (3H, dd, 

J = 18.0, 7.0 Hz, p-CHCH3), 1.78 (3H, d, J = 7.0 Hz, C-CHCF13) 

Oiethyl N-Methyl-1-aminoethylphosphonate. 

A mixture of diethyl N - c a r b o b e n z o x y - 1 - a m i n ~ e t h ~ l ~ h o s p h o n a t e ~ ~  (3 g), dry benzene 

(50 ml), and 60 % NaH (1.5 g) (suspension in oil) was stirred for 2.5 hr, and 

methyl iodide (10 ml) was added. The mixture, after the stirring for an additional 

2.5 hr, was quenched by cold water and extracted with benzene. The extract was 

treated by column chromatography with silica gel and eluting with benzene- 

CHCl (1 : 4) to give diethyl N-carbobenzoxy-N-methyl-1-aminoethylphosphonate 3 
(2.36 g; 75.3 % )  as a colorless oil after evaporation of the solvent: NHR 6(CDC131: 

2.37 (3H, s, N-CH3) Hydrogenation of this compound (806 mg) in MeOH (50 ml) in 

the presence of 15 % Pd-C (150 mg) followed by usual work-up of the reaction mixture 

afforded the title compound (450 mg; 97.0 % )  as a colorless oil: NMR 6(CDC13): 

1.42 (6H, t, J = 7.0 Hz, 0-CH2CH3 x 2), 1.60 (3H, dd, J = 17.0, 7.0 Hz, P-CHCH31, 

2.80 (3H, 5 ,  N - C H 3 ) ,  4.25 and 4.37 (each ZR, d, J = 7.0 Hz, 0-CH_2CH3 x 21, 7.30 

(lH, broad s, NH). 

Method K. N-(L-Alany1)-N-methyl-1-aminoethylphosphnic Acid (72). 

A mixture of N-carbobenzoxy-L-a lan ine  (150 mg), diethyl N-methyl-l-aminoethyl- 

phosphanate (120 mg), DCC (160 mg), and CHZCl2 (5 ml) was stirred under cooling 

with ice-water for 2 hr and at room temperature for 16 hr. The mixture was 

filtered and the filtrate was chromatographed on silica gel. Evaporation of the 

first acetone eluate gave diethyl N-(L-a1anyl)-N-methyl-1-aminoethylphosphonate 

(190 mg; 77.2 % )  as a pale yellow oil: NMR 6(CDC13): 3.12 (3H, s ,  N-CH3). 5.11 

(ZH, 5, 0-CH2), 7.34 (SH, 5, C6H5). This compound (200 mg) was dissolved in 25 % 

HBr in AcOH (3 ml) and the resulting solution was kept at roam temperature for 

10 hr. Work-up of the reaction mixture as described for method A gave ;$ (56 mg; 

53.3 %) as a colorless powder: IR (KBr) cm-l: 1640; NMR 6(CF3COOH): 1.61 (3H, dd, 



J = 7 . 0 ,  1 5 . 0  Hz, P-CHCH3), 1 . 7 3  (3H, d ,  J = 7  H z ,  C-CHCli3), 3 .30 (3H, S ,  N-CH3). 

The same t r e a t m e n t  o f  N-carbobenzoxy-6-2-thienyl-DL-alanine p r o v i d e d  22 .  
1-(N-Carbobenzoxy-DL- a n d  L - a l a n y 1 ) p i p e r a z i n e .  

To a  s t i r r e d  m i x t u r e  o f  p i p e r a z i n e  (8  g) a n d  CHC13 (100 ml) was a d d e d  a s o l u t i o n  o f  

N-carbabenioxy-DL-alanine N-hydroxysucc in imide  e s t e r  (10 g) i n  CHC13 (100 ml) o v e r  

1 0  min. The m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  f o r  30 min and  a t  60' f o r  a 

f u r t h e r  30 m i " .  A f t e r  c o o l i n g ,  t h e  m i x t u r e  was washed w i t h  w a t e r ,  d r i e d  (Na2S04) ,  

and  e v a p o r a t e d  t o  g i v e  1 - ( N - c a r b o b e n z o x y - D L 4 a n y l ) p i p e r a z i n e  (8  g ;  86 %) as 

c o l o r l e s s  p r i s m s  ( f r o m  e t h e r ) ,  mp 85 - 86': IR (KBr) c m - I :  3310, 3270,  1710 ;  

NMR 6(CDC13) : 1 . 3 5  (3H, d ,  J = 7.0 Hz, CHCE3), 2.76 - 3.05 a n d  3 .35 - 3.76 ( e a c h  

4H, m,  N-CH2 x 2 ) ,  5 . 1 5  (ZH, s ,  0-CH2),  7 .37 (5H, s ,  C6H5). 

S i m i l a r l y ,  an L - a n a l o g u e  o f  t h i s  compound was p r e p a r e d  f rom N-carbobenzoxy-L-a lan ine  

N - h y d r o x y s u c c i n i m i d e  e s t e r  as c o l o r l e s s  c r y s t a l s ,  mp 6 3  - 64'. 

2 - ( I - P i p e r a z i n y 1 ) e t h y I p h o n i c  A c i d  Dihydrobramide .  

A  m i x t u r e  o f  l - c a rbobenzoxyp ipe r az ine  ( 4 . 2  g ) ,  d i e t h y l  2 - b r o m o e t h y l p h o s p h o n a t e  

( 4 . 8  g ) ,  t r i e t h y l a m i n e  ( 2 . 2  g) and  b e n z e n e  (100 ml) was h e a t e d  a t  50 - 55' 

f o r  15  h r .  A f t e r  c o o l i n g ,  t h e  r e a c t i o n  m i x t u r e  was f i l t e r e d  a n d  t h e  f i l t r a t e  was 

e v a p o r a t e d .  The r e s i d u e  was c h r o m a t o g r a p h e d  a n  s l l l c a  g e l  a n d  e v a p o r a t i o n  o f  

t h e  CHC13 e l u a t e  gave d i e t h y l  2-(4-carbobenioxy-1-piperazinyl)ethylpho5phonate 

( 3 . 5  g ;  50 % )  as a c o l o r l e s s  o i l :  NMR 6(CDC13): 1 . 3 5  (6H, t ,  J = 7 .5  Hz, CH2CH3 

x 2 ) ,  1 . 6 5  - 2.96 and  3 .42 - 3.70 ( e a c h  4H, m,  N-CH C H 2 - N  x 2 ) ,  5 .12  (2H, s ,  0CH2), 
2  

7.35 (SH, 5 ,  C 6 H 5 )  A  m i x t u r e  o f  t h i s  compound ( 2  g) and  47 % H B r  (20 ml) was 

s t i r r e d  a t  room t e m p e r a t u r e  f a r  3  h r  and  e v a p o r a t e d  t o  g i v e  a c o l o r l e s s  powder 

( 1 . 1 5  g ;  62 % ) ,  mp 166 - 169' ( d e c . ) :  NMR 6(D20 + NaOD): 1 . 9 5  - 2.65 (ZH, m ,  

p-CH2),  3 .20  - 3 . 9 5  [IOH, m,  CH2-N(CH2CH2)2N]. 

Method L .  (4-DL-Alanyl-1-piperazinyl)methylphosphonic A c i d  ( 7 4 ) .  

A  m i x t u r e  o f  1-(N-carbobenzoxy-DL-alany1)piperarine (1 .6  g ) ,  d i b e n z y l  p h o s p h i t e  

( 1 . 6  g ) ,  37 % f o r m a l d e h y d e  ( 0 . 5  ml) a n d  b e n z e n e  (80 ml) was h e a t e d  a t  80' f o r  1 h r  

a n d  e v a p o r a t e d .  The r e s i d u e  was c h r o m a t o g r a p h e d  on  s i l i c a  g e l  u s i n g  CHCl a s  an  
3  

e l u a n t  t o  y i e l d  d i b e n z y l  (4-N-carbobenzoxy-DL-alanyl-l-piperazinyl)methylphosphonate 

( 1 . 3  g ;  41 %) a s  a  c o l o r l e s s  o i l  a f t e r  e v a p o r a t i o n  o f  t h e  s o l v e n t :  NMR 6(CDC13): 

1 . 3 2  (3H, d ,  J = 7.0 Hz, CHCk13), 2 .80  (ZH, d ,  J = 1 2 . 0  H z ,  N-CH2-P). A m i x t u r e  

o f  t h i s  compound ( 1 . 2  g ) ,  15  % Pd-C (200 mg) a n d  MeOH (80 ml) was s h a k e n  i n  a 

c u r r e n t  o f  h y d r o g e n  a t  room t e m p e r a t u r e .  When t h e  r e a c t i o n  had  b e e n  c o m p l e t e d  

t h e  c a t a l y s t  was f i l t e r e d  o f f  a n d  t h e  s o l v e n t  was e v a p o r a t e d  a t  40 - 45". A  m e t h a n o l i c  
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s o l u t i o n  o f  t h e  r e s i d u e  was t r e a t e d  w i t h  p r o p y l e n e  o n d e  t o  g i v e  x$ (100 mR; 20 % )  

a s  c o l o r l e s s  p r i s m s :  I R  (KBr) c m - l :  1 6 6 0 ;  NMR 6(D20 + NaOD): 1 . 2 0  (3H, d ,  J = 

7.0 Hz, CHCH3), 2 .55 (ZH, d .  J = 1 2 . 0  Hz, N-CH2-P), 2 . 6 0  - 2.95 a n d  3 .50 - 3.75 

( e a c h  4H, m ,  N-CH2 x 41,  3 .96 ( IH ,  q ,  J = 7  Hz, C F H 3 ) .  

An L- i somer  ( I &  o f  t h e  t i t l e  compound was s i m i l a r l y  p r e p a r e d  f rom 1 - ( N - c a r b o b e n z o x y  

L - a l a n y 1 ) p i p e r a z i n e .  

Method M .  2-(4-DL-Alan~l-l-piperazinyl)ethylph0sph0nic A c i d  ( 7 6 ) .  

A  m i x t u r e  o f  2-(I-p~perazinyl)ethylphosphonic a c i d  d i h y d r o b r o m i d e  (400 mg), t r i e t h y l  

amine (200 mg), N-carbobenzoxy-DL-alanineN-hydroxysuccinimide e s t e r  (380 mg), and  

a q .  EtOH (50 ml) was h e a t e d  a t  80' f o r  1 h r .  The r e a c t i o n  m i x t u r e  was e v a p o r a t e d  

a n d  t h e  r e s i d u e  was t r i t u r a t e d  w i t h  EtOH t o  y ~ e l d  2 - ( 4 - N - c a r b o b e n r o x y - D L - a l a n y l - 1 -  

piperaziny1)ethylphosphonic a c i d  (300 mg; 66 % a s  a c o l o r l e s s  powder ,  mp 209 - 211' 

( d e c . )  : NMR S(CD30D): 1 . 3 0  (3H, d ,  J = 7.0 Hz, CHCH3), 5 .10  (ZH, s ,  0-CH2) ,  7 .40 

(SH, 5 ,  C6H5). 

A  s o l u t i o n  o f  t h i s  compound (200 mg) i n  1 5  % HBr i n  AcOH ( 4  ml) was k e p t  t o  s t a n d  

a t  room t e m p e r a t u r e  f o r  7  h r ,  a n d  t h e n  p o u r e d  i n t o  e t h e r  (100 m l ) .  The p r e c i p i t a t e d  

mass which  was c o l l e c t e d  by decantation was d i s s o l v e d  i n  a s m a l l  amount o f  MeOH. 

T r e a t m e n t  o f  t h e  s o l u t i o n  by p r o p y l e n e  o x i d e  gave (100 mg; 76 %) as  a c o l o r l e s s  

powder :  IR (KBr) c m - l :  1650 ;  NMR 6(D20 + NaOD): 1 . 2 0  (3H, d ,  J = 7.0 Hz, CHCH3), 

1 . 2 0  - 2.00 (ZH, m ,  P-CH2),  2.30 - 3.10 [6H, m ,  CH2-N(CH2)2],  3 .50  - 3 .85  [4H, m ,  

CON(CH2)21. 

S i m i l a r l y ,  2' was p r e p a r e d  f rom N-carbobenzoxy-L-alanine N - h y d r o x y s u c c i n i m i d e  e s t e r .  

Method N .  1 - ~ 4 - D L - A l a n y l - l - p i p e r a a i n y l ) e t h y 1 p h ~ i c  A c i d  ( 7 8 ) .  

A m i x t u r e  o f  1-(N-carbobenioxy-DL-alany1)piperazine ( 2 . 0  g ) ,  d i b e n z y l  p h o s p h i t e  

( 2 . 5  g ) ,  90 % a c e t a l d e h y d e  ( 2  m l ) ,  and  EtOH (50 m l ) ,  a d j u s t e d  t o  pH = 6 . 5  - 7.0 by 

a d d i t i o n  o f  0 . 1  M p o t a s s i u m  p h o s p h a t e  ( m o n o b a s i c ) ,  was h e a t e d  a t  80 - 85' f o r  8  h r .  

The c o o l e d  m i x t u r e  was b a s i f i e d  w l t h  ammonia a n d  e x t r a c t e d  w i t h  CHC13. The e x t r a c t  

was washed w i t h  w a t e r ,  d r i e d  ( N a 2 S 0 4 ) ,  a n d  e v a p o r a t e d  t o  l e a v e  a y e l l o w i s h  c a r a m e l ,  

which was c h r o m a t o g r a p h e d  o n  s i l i c a  g e l .  E v a p o r a t i o n  o f  t h e  benzene-AcOEt (4 : 1 )  

e l u a t e ,  f o l l o w e d  by r e c r y s t a l l i z a t i o n  o f  t h e  r e s i d u e  f rom e t h e r  gave d l b e n i y l  1 -  

(4-DL-alanyl-I-piperazlny1)ethylphosphonat ( 1 . 4 3  g ;  35 .5  %) a s  c o l o r l e s s  p r i s m s ,  

mp 109 - 120': NMR 6(CDC13): 1 . 3 0  (3H, d d ,  J = 1 7 . 5 ,  8 . 0  Hz, P-CHCH3), 1 . 3 5  (3H, 

d ,  J = 8 . 0  H z ,  N-CHCH3), 5 . 1 8  (ZH, 5, 0 - C H 2 ) ,  7 .38 (15 H ,  s ,  C6H5 x 3 ) .  

T h i s  compound . (1 .2  g) was h y d r o g e n a t e d ,  a s  i n  t h e  c a s e  o f  method M ,  t o  a f f o r d  28 
(50  mg; 1 0  %) as a n . o f f - w h i t e  powder:  IR (KBr) cm-I :  i 6 5 0 ;  NMR 6 (D20  + NaOD): 



1 . 2 2  (3H, d ,  J = 7.5 Hz, N-CHCH3), 1 . 2 5  (3H, dd ,  J = 1 4 . 0 ,  7 .5  Hz, P-CHCH3), 2.40 - 

3 . 1 5  [SH, m,  CHN(CH2)2], 3 .45  - 3.80 [4H, m ,  CON(CH2)2], 3 .95  ( l H ,  q ,  J = 7 . 5  Hz, 

CEH3)  . 
By t h e  same p r o c e d u r e ,  22 was p r e p a r e d  f rom 1-(N-carbobenzoxy-L-a1anyl)piperaiine. 

N-Carbobenroxy-8-2-thienyl-DL-alanyl-L-alanine. 

A  m i x t u r e  o f  L - a l a n i n e  e t h y l  e s t e r  h y d r o c h l o r i d e  (271  mg), t r i e t h y l a m i n e  (131 mg), 

N-carbobenzoxy-B-2- th ienyla lan ine  (450 mg), DCC (365 mg) a n d  CH2C12 (20 ml) was 

s t i r r e d  u n d e r  c o o l i n g  w i t h  i c e - w a t e r  f o r  1 . 5  h r  a n d  a t  room t e m p e r a t u r e  f o r  1 8  h r .  

The m i x t u r e  was f i l t e r e d  a n d  t h e  f i l t r a t e  was c o n c e n t r a t e d  t o  d r y n e s s .  The r e s i d u e  

was r e d i s s o l v e d  i n  AcOEt a n d  f i l t e r e d .  The f i l t r a t e  was washed w i t h  3  % HC1, w a t e r ,  

and  b r i n e ,  d r i e d  (Na SO ) ,  a n d  e v a p o r a t e d  t o  g i v e  N-carbobenzoxy-6-2-thienyl-DL- 
2  4  

a l a n i n e  e t h y l  e s t e r  (490 mg; 88.2 % )  a s  c o l o r l e s s  c r y s t a l s  ( f rom A c O E t - p e t r .  b e n z i n e ) ,  

mp 94 - 97'. IR  ( K B r )  cm- l :  3360, 1 7 3 0 ,  1700 ,  1 6 5 0 ;  NMR G(CDC13): 1.26 (3H, t ,  

J = 7.0 Hz, 0-CH CH ) ,  1 . 3 4  (3H, d ,  J = 7 .5  H z ,  CHCH3), 3 . 3 0  (2H, d ,  J = 6 . 5  Hz, 
2  -3 

Ar-CH,), 4 . 1 8  (ZH, q ,  J = 7.0 Hz, 0-CH CH ) ,  5.12 (2H, s ,  0 -CH2) ,  7 .35 (SH, s ,  C6H5). 
-2 3  

TO a n  i c e - c o o l e d  s o l u t i o n  o f  t h e  above e t h y l  e s t e r  (250 ml) i n  EtOH ( 8  ml) was 

d r o p w i s e  added  w i t h  s t i r r i n g  11 NaOH (1.2  ml) o v e r  a  p e r i o d  o f  30 min ,  a n d  t h e  

m i x t u r e  was t h e n  s t i r r e d  a t  room t e m p e r a t u r e  f o r  an a d d i t i o n a l  45 min.  The m i x t u r e  

was n e u t r a l i z e d  by t h e  a d d i t i o n  o f  19 HC1 a n d  t h e n  e v a p o r a t e d  t o  y i e l d  a  c o l o r l e s s  

s o l i d ,  t o  which  was added  3  % HCl, a n d  t h e  r e s u l t i n g  p r e c i p i t a t e  was e x t r a c t e d  w i t h  

AcOEt. The e x t r a c t  was washed w i t h  w a t e r ,  d r i e d  (Na SO ) ,  a n d  e v a p o r a t e d  t o  g i v e  2  4  

a c o l o r l e s s  powder (185 mg; 76.5  %),  mp 125 - 128': IR (KBr) c m - l :  3280, 1700 ,  

1 6 8 0 ,  1640 ;  NMR 6(CD30D + CDC13): 1 . 3 3  and  1 . 3 8  ( e a c h  1 .5H,  d ,  J = 7.0 Hz, CHCH3), 

5 .11  (2H, 5 ,  0-CH2),  7 .37  (SH, 5 ,  C6H5). 

N-Carbobenzoxy-D- a n d  L - a l a n y l - B - 2 - t h i e n y l - D L - a l a n i n e .  

To a s t i r r e d  m i x t u r e  o f  8 - 2 - t h i e n y l - D L - a l a n i n e  e t h y l  e s t e r  ( p r e p a r e d  by e s t e r i f i c a -  

t i o n  o f  6 - 2 - t h i e n y l - D L - a l a n i n e  i n  EtOH s a t u r a t e d  w i t h  d r y  HC1 g a s )  (760 mg), t r i -  

e t h y l  amine (392 mg), and  CH2C12 (40 ml)  was a d d e d  u n d e r  a n  i c e - c o o l i n g ,  N-ca rbo-  

b e n z o x y - L - a l a n i n e  ( 7 0 3  mg), N-hydroxy-5-norbornene-2,3-dicarboxyimide (677  mg), a n d  

DCC (715 mg). The m i x t u r e  was s t i r r e d  u n d e r  c o o l i n g  f o r  2  h r  a n d  a t  room t e m p e r a -  

t u r e  f o r  1 6  h r ,  a n d  t h e n  f i l t e r e d .  The f i l t r a t e  was e v a p o r a t e d  t o  d r y n e s s  an,d a n  

o i l y  r e s i d u e  was e x t r a c t e d  w i t h  AcOEt. The e x t r a c t  was washed w i t h  3  % HCl, w a t e r ,  

a n d  b r i n e .  E v a p o r a t i o n  o f  t h e  d r i e d  (Na2S04) e x t r a c t  gave a  p a l e  y e l l o w  o i l ,  wh ich  

was c h r o m a t o g r a p h e d  a n  s i l i c a  g e l  (Merck A r t .  9385,  230 - 400 mesh) .  E l u t i o n  w i t h  

CHCl f o l l o w e d  by e v a p o r a t i o n  o f  t h e  s o l v e n t  a f f o r d e d  N-carhobenzoxy-L-alanyl-B- 
3  
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2-thienyl-DL-alanine ethyl ester (1.161 g; 95.7 % )  as colorless crystals (from 

AcOEt-petr.benzine), mp 85 - 105': IR (KBr) cm-I: 3295, 1725. 1680, 1635, 1520; 

NMR 6(CDC13): 1.27 (3H, t, J = 7.5 Hz, 0-CH2CH3), 1.38 (3H, d, J = 7.5 Hz, CHCH3), 

3.36 (ZH, d, J = 5.5 Hz, Ar-CH2), 4.20 (ZH, q, J = 7.5 Hz, 0CH2CH3), 5.11 (ZH, 5, 

0Cli2C6H5). 7.36 (SH, 5 ,  C6H5). 

The above ethyl ester (1.135 g) was hydrolyzed as described for the preparation of 

the preceding N-carbobenzoxy-a-2-thienyl-DL-alanyl-L-alnine to yield N-carbo- 

benroxy-L-alanyl-6-2-thienyl-DL-alanine (794 mg; 75.1 % )  as colorless crystals 

(from AcOEt-petr. benzine), mp 127.5 - 130': IR (KBr) cm-I: 1725, 1705, 1680, 

1645, 1620; NMR 5(CDCl3 + DMSO-d6): 1.24 and 1.29 (each 1.5 H, d, J = 7.5 Hz, 

CHCH3), 3.29 (ZH, d, J = 5.2 Hz, AT-CH2), 5.07 (2H, 5 ,  0CH2), 7.36 (5H, s ,  C6H5). 

A D-isomer of this compound was similarly prepared from N-carbobenzoxy-D-alanine, 

~ ~ , ~ ~ - D i c a r b o b e n z o x y  - ~ - l ~ s ~ l - ~ - 2 - t h i e n ~ l - ~ ~ - a l a n 1 n e .  

By the same procedure for the preparation of N-carbobenroxy-L-alanyl-B-2-thienyl- 

DL-alanine, this compound as a colorless powder was prepared by the reaction with 

N~,N€-dicarbobenzoxy-L-lysine: IR (KBr) cm-l: 3320, 1715, 1680, 1630; NMR 

6(CD30D) : 5.10 (4H, s, 0CH2 x 2), 7.34 (lOH, s, C6H5 x 2). 

Diethyl N-(8-2-Pyridyl-, o-Fluorophenyl-, p-Chlorophenyl-, p-Methoxyphenyl- and 

p-Methylphenyl-DL-alanyl)-l-aminoethylphosphonates. 

A mixture of N-carbobenzoxy-6-2-pyridyl-DL-alanine (200 mg), DAEPA (150 mg), CH2C12 

(6 ml) and DMF (2 ml) was stirred under cooling with ice for 2 hr and at room 

temperature for 4 hr. Filtration of the mixture followed by evaporation gave 

an oily residue, which was chromatographed on silica gel using AcOEt-MeOH (20 : 1) 

as an eluent. Removal of the solvent from the eluate afforded diethyl N-(N-carbo- 

b e n z o x y - B - 2 - p y r i d y l - D L - a 1 a n y l ) - l - a m i n o e t h y l p h p h n t  (220 mg; 71.2 % )  as an 

orange oil: NMR 5(CC14): 0.93 - 1.52 (9H, m, 0-CH2CH3 x 2 and CHCH3), 4.95 (ZH, 

s ,  CH2C6H5), 7.20 (SH, s ,  C6H5). 

A mixture of the above phosphonate (200 mg), 15 % Pd-C (50 mg) and MeOH (30 ml) 

was shaken under a current of hydrogen while 5 hr at room temperature. Usual 

work-up of the reaction mixture gave diethyl N-(8-2-pyridyl-DL-alany1)-1-amino- 

ethylphosphonate (145 mg; 99.0 % )  as a pale yellow oil: NMR 5(CDC13): 0.97 - 1.60 

(9H, m, 0-CH2CH3 x 2 and P-CHCF13), 2.90 (2H, s ,  NH2), 3.83 - 4.33 ( 4 H ,  m, 0CH2CH3 x 2 ) ,  

7.05 - 7.83 (4H, m, Ar-H), 8.43 - 8.60 (IH, m, NH). 

Similarly, the other title compounds were prepared from the corresponding N-carbo- 



benzoxy-5-substituted alanines, respectively. 

Method 0. N-(L-Alanyl-6-2-thienyl-DL-alanyl)-laminoethylhophonic Acid (90). 

A mixture of N - c a r b a b e n z o x y - L - a l a n y l - 5 - 2 - t h i e n y l - D L - a n  (414 mg), DAEPA (217 mgj. 

DCC (258 mg), CH2CI2 (20 ml) and DMF (1.5 ml) was stirred under cooling with ice 

for 2 hr and then at room temperature for 15 hr. Removal of the solvent from the 

filtered mixture gave a pale yellow oil, which was dissolved in AcOEt, and the 

resulting solution was washed in a usual manner, dried (Na2S04), and evaporated. 

The residue was crystallized from AcOEt-petr, benzine to give diethyl N-(N-carbo- 

benzoxy-L-alanyl-5-2-thienyl-DL-a1any1j-l-minoethylphosphonate (415 mg; 69.9 %) 

as colorless crystals: IR ( K B r )  cm-l: 3350, 1715, 1680; NMR 6(CDC13): 3.28 (ZH, 

d, J = 6.5 Hz, thienyl-CH2), 5.11 (ZH, s, 0CH2), 7.36 (5H, s, C6H5). 

The above phosphonate (350 mg) was treated with 25 % HBr in AcOH as described for 

method A and worked-up to give a colorless powder (140 mg; 61.9 % ) :  IR ( K B r )  cm-' 

3300, 3250, 1640; NMR 6(D20 + NaOD) : 1.01 - 1.41 (6H, m, P-CHCH3 and CHCH31, 

7.02 - 7.43 (311, m, thienyl-H). 

The same reaction of the corresponding N - c a r b o b e n z o x y d i p e p t i d e s  with DAEPA gave 

the compounds &3, $&, and $2 .  
Method P. N-(L-Alanyl-B-p-methoxy-L-phenylalanyl)-l-aminoethylphosphonic Acid 

(95a and 956). 

A mixture of diethyl N-(~-p-methoxy-L-pheny1a1any1j-l-aminoethylphophonate (220 mg), 

N-carbabenzoxy-L-alanine (140 mg), DCC (140 mg) and CH2C12 (20 ml) was stirred under 

cooling with ice for 2 hr and at room temperature for 14 hr. The mixture was filtered 

and the filtrate was chromatographed an silica gel. Evaporation of the first AcOEt eluate 

gave an isomer of diastereomeric diethyl N-(N-carbobenzoxy-L-alanyl-5-p-methoxy-L 

phenylalany1)-I-am~noethylphosphonate (a-~somer) (100 mg; 29.1 % )  as a colorless 

caramel: IR (CHCI3) cm-l: 3405, 1700, 1660; NMR 6(CDCI3): 0.95 - 1.60 (IZH, m, 

0-cH2Ct!3 x 2, P-CHCH3, and C-CHCtI3), 3.00 (ZH, d, J = 7.0 Hz, AT-CH2), 3.70 (3H, s ,  

0CH3), 5.12 (ZH, s, 0CH2C6H5), 6.10 (lH, d, J = 8.0 Hz, NH), 6.78 and 7.12 (each ZH, 

d, J = 9.0 Hz, Ar-H), 7.35 (5H, s, C6H5). 

Evaporation of the second AcOEt eluate afforded an another isomer of the above 

phosphonate (6-isomer) (90 mg; 26.2 %) as a colorless oil: IR (CHCI3) cm-l: 3405, 

1700, 1660; NMR 6(CDC13): 1.03 - 1.53 (IZH, m, 0-CH2CH3 x 2, P-CHCH3, and C-CHCEi3), 

2.98 (ZH, d, J = 7.0 Hz, Ar-CH2), 3.70 (311, 5, 0CH3), 5.10 (ZH, s, 0-CH2C6H5), 5.80 

(lH, d, J = 8.0 Hz, NH), 6.76 and 7.10 (each ZH, d, J = 9.0 Hz, Ar-H), 7.37 (SH, s ,  

C6H5). 
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A  s o l u t i o n  o f  t h e  p r e c e d i n g  a - i s o m e r  (100 mg] i n  1 5  % HBr i n  AcOH ( 3  ml] was s t i r r e d  

f o r  1 5  h r  a t  room t e m p e r a t u r e ,  and  t h e  e t h e r  (50 ml) was added  t o  t h e  r e a c t i o n  m i x t u r e .  

A  precipitated s o l i d  was c o l l e c t e d  by d e c a n t a t i o n  a n d  d i s s o l v e d  i n  MeOH. An a d d i t i o n  

o f  p r o p y l e n e  o x i d e  i n t o  m e t h a n o l  s o l u t i o n  p r e c i p i t a t e d  a s o l i d ,  wh ich  was washed 

w i t h  MeOH t o  g i v e  $?a (40  mg; 6 0 . 3  % )  as a c o l o r l e s s  powder:  IR  (KBr) c m - l :  3260,  

1635 ;  NMR G(CF3COOH): 1 . 0 4  - 1 . 9 0  (6H, m,  P-CHCH3 a n d  C-CHCH3), 3 .20 (ZH, d ,  J = 

7.0 Hz, AT-CH21, 4 . 0 3  (3H, 5 ,  0CH3) The same t r e a t m e n t  o f  t h e  f o r e g o i n g  0 - l s o m e r  

(90  mgl w i t h  1 5  % HBr i n  AcOH f o l l o w e d  by work-up o f  t h e  p r o d u c t  f u r n i s h e d  226 
(15 mg; 25.2  81 a s  c o l o r l e s s  c r y s t a l s :  IR (KBr) cm- l :  3260, 1 6 3 5 ;  NMR 6(CF3COOH]: 

1 . 3 0  - 1 . 9 3  (6H, m ,  P-CHCH3 a n d  C-CHCl13), 3 .24 (2H, d ,  Ar-CH2],  4 .04 (3H, s ,  0CH3) 

A n t i b a c t e r i a l  A c t i v i t y  

Minimum i n h i b i t o r y  c o n c e n t r a t i o n  (MIC] o f  t h e  s y n t h e s i z e d  p h o s p h o n o p e p t i d e s  a g a i n s t  

v a r i o u s  o r g a n i s m s  was d e t e r m i n e d  by t h e  two f o l d  s e r i a l  a g a r  d i l u t i o n  method re -  

commended by t h e  J a p a n  S o c i e t y  o f  Chemotherapy on a d i f i n e d  a n t a g o n i s t - f r e e  r n e d i ~ m . ~ ~ , ~ ~ '  

F i f t e e n  t e s t  o r g a n i s m s  commonly employed i n  t h e  e x p e r i m e n t  were  as  f o l l o w s ;  

K h e r ~ c h i a  c o l i  NIHJ, E s c h e r i c h i a  c o l i  IAM 1 1 8 2 ,  S h i g e l l a  f l e x n e r i  2aEW10, S h i g e l l a  

s o n n e i  EW33, S a l m o n e l l a  t y p h o s a  0901 ,  S a l m o n e l l a  e n t e r i t i d i s  G14, K l e b s i e l l a  pneumonlae  - - 

Kasuya ,  P r o t e u s  v u l g a r i s  OX 1 9  US, Pseudomonas a e r u g i n o s a  P1,  Pseudomonas a e r u y i n o s a  

P31,  S e r r a t i a  m a r c e s c e n s  I ID618 ,  S e r r a t i a  m a r s e s c e n s  I ID619 ,  S t a p h y l o c o c c u s  a u r e u s  

ATCC6538P, S t a p h y l o c o c c u s  a u r e u s  T e r a j i m a ,  and  B a c i l l u s  s u b t i l i s  PCI219.  

MICs o f  t h e  compounds were  c o n v e r t e d  i n t o  a b a c t e r i o s t a t i c  i n d e x  ( B . I . )  c a l c u l a t e d  

by t h e  f a l l o w i n g  e q u a t i o n ,  log2(100 /MIC ( u g / m l ) ]  p r e s e n t e d  i n  t h e  l i t e r a t u r e , 3 6 )  

a n d  t h e  a v e r a g e  o f  B . 1 . s  f o r  G r a m - p o s i t i v e  a n d  - n e g a t i v e  s t r a i n s  was l i s t e d  i n  t h e  

p r e c e d i n g  T a b l e s  I  - I V .  
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