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Improved Synthesis of Bradykinin 

One of t h e  m a j o r  p r o b l e m s  of pep t i de  s y n t h e s i s  is pro-  
t e c t i on  of t he  guan ido  func t i on  of a rg in ine .  Th i s  ha s  been  
accompl i shed  b y  a v a r i e t y  of m e t h o d s  inc lud ing  even  
p r o t o n a t i o n  (cf. SCHR6DER a n d  LOB~E ~). T h e r e  ha s  been  
no rea l ly  a d e q u a t e  so lu t ion  to  t h e  s i m u l t a n e o u s  requi re -  
m e n t s  of i n t r o d u c t i o n  of t he  p r o t e c t i n g  g roup  in h igh  
yield,  i ne r tnes s  to  t he  usual  r eagen t s  a n d  cond i t i ons  of 
pep t i de  syn thes i s ,  a n d  r e m o v a l  in h igh  yield u n d e r  mi ld  
cond i t ions .  

P r o b a b l y  t h e  m o s t  a t t r a c t i v e  g u a n i d o  p r o t e c t i n g  g roup  
would  be  p - to luene - su l fony l  were i t  n o t  t h a t  sod ium-  
l iquid  a m m o n i a  r e d u c t i o n  is r equ i r ed  for  i t s  r emova l .  W e  
h a v e  n o w  f o u n d  t h a t  l iqu id  h y d r o g e n  f luor ide  a t  0°C  re- 
m o v e s  t h e  NG-tosyt  g roup  r a p i d l y  a n d  c lean ly  z. T h e  
syn thes i s  of b r a d y k i n i n  p rov ides  a n  example .  

Z- Arg(Tos)-  P ro -  P ro -  Gly-  Phe-  Ser- P r o - P h  e-Arg(Tos)  ~,4 
was h y d r o g e n a t e d  ~ in 90% acet ic  acid ove r  p a l l a d i u m  
b lack  a t  4 a t m o s p h e r e s  a n d  room t e m p e r a t u r e .  T he  c rude  
p r o d u c t  was  pur i f i ed  b y  c o u n t e r c u r r e n t  d i s t r i b u t i o n  7 
in m e t h a n o l -  w a t e r -  ch l o r o f o r m -  c a r b o n  t e t r a c h l o r i d e  
3 7 : 1 0 : 2 6 : 2 7  for  200 t rans fe rs .  Arg(Tos)  l -Arg(Tos)9-  
b r a d y k i n i n  was o b t a i n e d  as an  a m o r p h o u s  powder ,  g iv ing  
a t heo re t i ca l  c u r v e  in t h e  a b o v e  c o u n t e r c u r r e n t  d i s t r ibu -  
t ion ,  K = 2.33, a n d  h o m o g e n e o u s  on  silica t . l .c,  in  n -bu -  
t ano l - ace t i c  ac id -wa te r  7 :1  : 2, Rf.  0.41. [ ~  -- 56 °, c = 1, 
ace t ic  acid.  A n a l 2  Calcd.  for  C~aH8sN15015S 2 . 3HzO:  
C, 54.03; H,  6.45;  5I, 14.77; S, 4.51. F o u n d :  C, 54.26; 
FI, 6.58; N, 14.59; S, 4.53. A m i n o  acid  analysis~0: 
Arg(Tos)  2.0; P r o  3.0; Gly  1.0; P h e  2.1; Se t  0.9. D u p l i c a t e  
b ioassays  ix gave  po tenc ies  of 2.3 × 10 -6 a n d  4.1 × 10 -5 
b r a d y k i n i n .  Surpr i s ingly ,  t h e  dose- response  cu rves  for  
s t a n d a r d  a n d  t e s t  c o m p o u n d  were  paral le l .  No i n h i b i t i o n  
was  obse rved .  

A s a m p l e  of Arg (Tos )~ -Arg(Tos )~ -b radyk in in  (0.500 g) 
was  d issolved in  25 m l  of l iqu id  h y d r o g e n  f luor ide  a n d  t h e  
so lu t ion  s t i r red  1/~ h a t  0 ° C. T h e  so lu t ion  was p laced  in  a 
20°C b a t h  a n d  t h e  h y d r o g e n  f luor ide  p u m p e d  off u n d e r  
v a c u u m  ove r  a pe r iod  of a b o u t  1/~ h 1.~. T h e  res idue  was  
dr ied  in a v a c u u m  des icca to r  ove r  p o t a s s i u m  h y d r o x i d e  
pel le ts  a n d  pur i f ied  b y  g r a d i e n t  e lu t ion  c h r o m a t o g r a p h y  7 
on  a weak ly  acidic ion exchange  res in  (IRC-50) us ing  a 
l inear  g r a d i e n t  f rom 0.1 N ace t ic  acid to  glacial  acet ic  acid. 

The  a p p r o p r i a t e  f r ac t ions  were c o m b i n e d  a n d  lyophi l -  
ized g iv ing  b r a d y k i n i n  as a wh i t e  powder ,  0.298 g (68% 

yield ca l cu l a t ed  as  t h e  t r i ace ta t e ) .  A m i n o  acid  ana ly s i s :  
Arg  2.1; P ro  2.8; Gly  1.0; P h e  2.1; Ser  0.9. D u p l i c a t e  bio-  
assays  gave  po tenc ies  of 1.35 a n d  1.25 b r a d y k i n i n .  W e  
m a y  h a v e  t h e  p u r e s t  b r a d y k i n i n  ye t  r epor t ed .  T h e  
h y d r o g e n  f luor ide m e t h o d  is now be ing  used in  t he  
syn thes i s  of p o t e n t i a l  c o m p e t i t i v e  i nh ib i t o r s  of b r a d y k i n i n .  

Zusammen/assung. Eine  neue  M e t h o d e  zu r  E n t f e r n u n g  
der  S c h u t z g r u p p e  yon  lqG-Tos-Arg mi t t e l s  wasser f re ie r  
Flul3s/iure u n d  ihre  A n w e n d u n g  fiir die S y n t h e s e  yon  
B r a d y k i n i n  wi rd  beschr i eben .  
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D-5-Chloro-2-(et -hydroxybenzyl)benzimidazole and 
imidazoles as Inhibitors of Poliovirus Multiplication 

As 5-chloro- 2- ( c t -hydroxybenzy l )benz imidazo le  (5- 
c h l o r o - H B B )  (I ;  R = H,  R '  = C1) m a r k e d l y  i nh ib i t s  the  
m u l t i p l i c a t i o n  of t y p e  2 po l iov i rus  x, i t  is i m p o r t a n t  to  
dec ide  if t h e  a c t i v i t y  is s h a r e d  b y  b o t h  op t ica l  i somers  
a n d  h o w  i t  is in f luenced  b y  N-a lky la t ion .  

I ![ C- CHOH - Ph  

R (I) 

W e  h a v e  d e t e r m i n e d  (a) t he  m a x i m u m  c o n c e n t r a t i o n s  
(of sucl l  c o m p o u n d s )  t o l e r a t e d  b y  E R K  cells (MTC's) ~, 
(b) t he  e f fec t iveness  of t he  c o m p o u n d s  (a t  ha l f  MTC's)  in  

I - A l k y l  - 5 -  c h l o r o  - 2 -  (~t-hydroxybenzyl)benz- 

de l ay ing  onse t  of c y t o p a t h i c  c h a n g e  in po l iov i rus - in fec ted  
E R K  cells 3, a n d  (c) t h e  c o n c e n t r a t i o n s  of c o m p o u n d  
needed  to  p roduce  va r i ous  p e r c e n t a g e  r e d u c t i o n s  in  polio- 
v i rus  m u l t i p l i c a t i o n  a f t e r  16 h i n c u b a t i o n  of E R K  cells in  
the  p resence  of b o t h  v i ru s  a n d  c o m p o u n d  4, 
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