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N-Phenylacetyl-2-(1'-carboxjethyl)cycloserine (1) 
N 

was synthes ized  and i t s  acy l a t i on  was examined. Like 

p e n i c i l l i n  and cephalosporin,  t he&cyc lose r ine  de r i -  - 
v a t i v e  ( l a )  could b e  regarded a s  A-alanyl-2-alanine 

ry - 
pept ide  conta in ing  a r e a c t i v e  pept ide  bond, bu t  i t  d is -  

played no a n t i b a c t e r i a l  a c t i v i t y .  

Tipper and stromingeri  hypothesized t h a t  p e n i c i l l i n  and cephalosporin 

resemble theg-a lanyl -2-a lan ine  end of t h e  peptideglycan s t r a n d  i n  a  growing - 
c e l l  w a l l ,  and t h e  t r anspep t ida se  presumably recognizes t h e  a n t i b i o t i c  mole- 

cu l e s  a s  i ts  s u b s t r a t e .  When t h e  6-lactams a r e  cleaved,  t h e  t r anspep t ida se  

becomes i r r e v e r s i b l y  acy l a t ed  and i n a c t i v e .  There is an evidence sugges t ing  

t h a t  t h e  a n t i b a c t e r i a l  potency might p a r a r e l l  t h e  acy l a t i ng  c a p a b i l i t y  of B- 

lactam  antibiotic^.^ From such a po in t  of view, a  compound having a confor- 

mation analogous toz-a lanyl -2-a lan ine  and high acy l a t i ng  a b i l i t y  s i m i l a r  t o  - - 



p e n i c i l l i n  and cepha lospor in  may a l s o  be  expected t o  e x h i b i t  a n t i b a c t e r i a l  

p r o p e r t i e s .  Such reasoning  l e d  us t o  syn the s i ze  t h e  d e r i v a t i v e  &) of cyclo- 

s e r i n e ,  which may be regarded as a new type  of A-alanyl-2-alanine - ~ e p t i d e . ~  

L-Cycloserine (2 (enantiomer of - - 
n a t u r a l  p roduc t ) ,  prepared by t h e  

0 
method of  P l a t t n e r ,  u. ,4 was 

a c y l a t e d  w i th  phenylace ty l  c h l o r i d e  

t o  a f f o r d  phenylacetyl-L-cycloserine 

1 
(3)  [40% y i e l d ,  mp 181-182'; [ a l g3  

1525 cm-'I. A lky l a t i on  of 2 wi th  t - bu ty l  dl-a-bromopropionate gave t h e  N- 

a l k y l a t e d  e s t e r  (4) [68% y i e l d ,  v i s cous  o i l ;  IR v::: 3410, 1718,  1705, 1671 
'V 

cm-'I a s  a mix ture  of  d ias te reo isomers .  The t - bu ty l  e s t e r  (2 was t r e a t e d  

w i th  CF3C02H t o  g ive  a 1:1.4 mix ture  of two d i a s t e r ea i somer s  of t h e  f r e e  a c i d  

(99% y i e l d ) ,  which was s e p a r a t e d  i n t o  two i somer i c  compounds, l a  [mp 163164 ' ;  
N 

-88.5"; I R  vmax 3290, 1748, 1710, 1651, 1533 cm-'; Rf 0.241 a n d 2  [mp 

146-148'; [a ]g3  +44.Z0; IR vmax 3270, 1742, 1710, 1650, 1533 cm-'; Rf 0.191 

by f r a c t i o n a l  r e c r y s t a l l i z a t i o n  from e t h y l  a c e t a t e .  

I n  o r d e r  t o  determine t h e  abso lu t e  con f igu ra t i on  of  t h e  above i somers ,  

t h e i r  an t ipodes  were prepared  froml)-cycloserine ( n a t u r a l  a n t i b i o t i c )  under - 
t h e  same sequence a s  descr ibed  above. The enantiomers ob t a ined  were l c  [mp 

rV 

16Z-166'; [a];' +87.1a; Rf 0.24; NMR (pyridine-d5) S 1.67  (3H, d,  J_ = 8.0 Hz, 

C - 3 ) '  3.80 (2H, s, C6H5-CH2), 4.35, 4.73 (each l H ,  AB p a r t  of ABX, J = - -AB 

8.0 Hz, LAX = 7.2 Hz, JBX = 10.4  Hz, CH2 a t  C5), 5.12 (lH, q ,  J = 8.0 Hz, 

CH3-=)I and i d  [mp 148-149'; [a];' -46.4'; Rf 0.19; NMR (pyridine-d5) S 1.64  
N 

(3H, d, J = 8.0 Hz), 3.81 (2H, s ,  C6H5-CHz), 4.22, 4.77 (each l H ,  JAB = 8.3 - 
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Hz, J = 7.7 Hz, J = 10.1 Hz), 5.18 (lH, q ,  J = 8.0 Hz)]. The IR and NMR -AX -BX 

s p e c t r a  of t h e  two enantiomers ( l a  and l c ,  and l b  and i d )  were i d e n t i c a l .  
N - N N 

C a t a l y t i c  hydrogenolysis  (PtOZ i n  AcOH) of t h e  lower mel t ing  isomer i d  
CV 

af forded  N-phenylacetylserylalanine, which was then hydrolyzed w i th  62 H C 1  - 
a t  110' t o  g ive  S(+)-alanine and R(+)-serine. Thus, t h e  abso lu t e  configura- 

t i o n  of i d  should be expressed a s  4R-1's and, t h e r e f o r e ,  those  of l a ,  l b ,  and 
N rV rU 

l c  should be  shown as 4s-l 'S,  4s-l 'R,  and 4R-l'R, r e spec t i ve ly .  
CU 

H H room temp. (16 hr )  

The a n t i b a c t e r i a l  a c t i v i t y  of l b  which has t h e  same conf igura t ion  a s k  
Cy - 

alanyl-D-alanine d ipep t ide  was examined toge ther  w i th  t hose  o f  l a ,  l c ,  and i d ,  - h N Y 

but  unfor tuna te ly ,  they d isp layed  no a n t i b a c t e r i a l  a c t i v i t i e s  aga in s t  S. aureus 

and-i a t  lrngmg/ i n  v i t r o  (paper d i s k  d i f f u s i o n  method). I n  o rde r  t o  

eva lua t e  t h e  acy l a t i ng  c a p a b i l i t y  of t h e s e  cyc lo se r ine  d e r i v a t i v e s ,  we measured 

t h e  hydroxide ion-catalyzed hyd ro ly s i s  r a t e s ,  which a r e  known t o  be c o r r e l a t e d  



with  a n t i b a c t e r i a l  a c t i v i t y  of p e n i c i l l i n s  and c e p h a l o s p o r i n ~ . ~ ~ , ~ S  The k i n e t i c  

experiments were c a r r i e d  out  i n  aqueous sodium hydroxide s o l u t i o n  (II = 0.5)  a t  

35'. The r a t e  of t h e  hyd ro ly s i s  of 1 obeyed t h e  f i r s t - o r d e r  r a t e  law. The 
N 

pseudo-f i r s t -order  r a t e  cons t an t  (k ) was found t o  be  d i r e c t l y  p ropo r t i ona l  
a b s  

t o  t h e  hydroxide i on  a c t i v i t y ,  i n d i c a t i n g  t h e  v a l i d i t y  of t h e  equat ion ,  k a b s  

= --OH k x F+,~. 
The va lues  of %H f o r  a l l  compounds synthes ized  were approxi- 

mately 1 .6  K1hr-l,  and revea led  t h a t  t h e  a c y l a t i n g  a b i l i t y  of 1 was reason- - N 

ably  h igh  compared w i th  t hose  determined under s i m i l a r  condi t ions  f o r  s imple 

and r ing-fused 5-lactams, 2b'6 bu t  o n e - f i f t i e t h  t o  one- th i rd  o f  t h a t  of t h e  

a c t i v e  0 - a l a n y l - p a l a n i n e  compounds such a s  p e n i c i l l i n s 6 a 7  and n3-cephalo- - - 
~ p o r i n s , ~ ~ - ~ ~  and was s i m i l a r  t o  i n a c t i v e  ~~-deacetoxycephalos~orins.~~ 
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