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Total Synthesis of two Cyclodecapepfides 
EXerting Polymyxin-l ike Activity 

R e c e n t l y  we r e p o r t e d  t h e  s y n t h e s e s  of  t h e  cyclic deca-  
p e p t i d e s  87x-~ a n d  8m ~ possess ing  t w o  of t h e  four  poss ib le  
s t r u c t u r e s  n sugges t ed  for  t i le  n a t u r a l  a n t i b i o t i c  po ly-  
m y x i n  B~ (Fig.). 

I n  v iew of t h e i r  low i n  vitro a n t i b a c t e r i a l  a c t i v i t y  
a g a i n s t  Bruce l ta  bron~hiseptica ATCC 4617 ~ 87 ~ a n d  8x  ~ 
a re  n o t  i den t i ca l  w i t h  t h e  n a t u r a l  p r o d u c t .  

W e  n o w  r e p o r t  t h e  s y n t h e s i s  of t h e  two  cyclic v a r i a n t s  
77~ a n d  7 ~ f rom t h e i r  o p e n - c h a i n  p r o t e c t e d  d e c a p e p t i d e s  
one  of w h i c h  h a s  a l r e a d y  b e e n  desc r ibed  L Cyc l iza t ion  a n d  
p u r i f i c a t i o n  cou ld  b e  p e r f o r m e d  in  t h e  s a m e  w a y  as  in -  
d i c a t e d  for  t h e  s y n t h e s i s  of  t h e  t w o  cyc lopep t ides  w i t h  
8 a m i n o  ac ids  in  t h e  r ing  s,*. B o t h  s y n t h e t i c  a n t i b i o t i c s  7 
a n d  77  were  c h a r a c t e r i z e d  as  cyclic pep t ides  b y  d i n i t r o -  
p h e n y l a t i o n  ~ a n d  s u b s e q u e n t  t o t a l  hydro lys i s ,  w h e n  as  
e x p e c t e d  o n l y  7 -DNP-x ,  7 - d i a m i n o - b u t y r i c - a c i d  w as  ob-  
t a ined .  Leuc ine  a l t h o u g h  be ing  N - t e r m i n a l  in  t h e  open  
d e c a p e p t i d e  s t age  before  cyc l iza t ion ,  was  n o t  o b t a i n e d  as 
D N P  de r iva t i ve .  

A carefu l  microb io log ica l  s t u d y  of all  s y n t h e t i c  v a r i a n t s  
i n  vitro a n d  i n  vivo (see Table) ,  showed  t h e  i somers  w i t h  
7 a m i n o  acids  in  t h e  r ing  s t r u c t u r e  to  b e  h i g h l y  a c t i v e  
p o t y m y x i n - l i k e  a n t i b a c t e r i a l  agen t s .  A l t h o u g h  c o m p l e t e  
p u r i t y  h a s  so fa r  n o t  b e e n  e s t ab l i shed ,  7 7 is more  p o t e n t  
a g a i n s t  E .  coli t h a n  7a,  espec ia l ly  i n  vivo.  

On t h e  bas i s  of microb io log ica l  e x p e r i m e n t s  n a t u r a l  
p o l y m y x i n  seems  to  h a v e  t he  s t r u c t u r e  77  r a t h e r  t h a n  7 g. 
F o r  t h e  m o m e n t ,  howeve r ,  we are  n o t  ab le  to  dec ide  u n -  
equ ivoca l l y  b e t w e e n  t h e s e  two  s t r uc tu r e s .  F u r t h e r  c h e m i -  
ca l  a n d  microb io log ica l  c h a r a c t e r i z a t i o n  will, as  we hope ,  
f ina l ly  lead to  a c l ea r - cu t  decis ion.  

Fu l l  de ta i l s  will be  p u b l i s h e d  in H e l v e t i c a  ch imica  Ac ta .  

s The following abbreviations * for the four decapeptide isomers 
were used throughout this paper: 
8 7' = ring of 8 amino acids and ~,-connected side chain. 
8 ce = ring of 8 amino acids and ce-connected side chain. 
7 7 = ring of 7 amino acids and 7-connected side chain. 
7 c, = ring of 7 amino acids and co-connected side chain (see Fig.) 
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Microbiological activity of the four synthetic isomers 87, 8ce, 77, and 7ce in comparison with natural polymyxin B 1. Standard deviation -t- 120% 

87 8~ 77 7~ Polymyxin B t 
( Pentahydro- 
chloride) 9 

Brucella bronchiseptiea ATCC 4617 (in vitro) 900 E]mg 800 E/mg 5333 E,/mg 5148 E/mg 5346 E./mg 
Pseudomonas aeruginosa (in vitro) 9 3212 E/mg 396 E/mg 53125 E/rag 51280 E/mg 5140 E/mg 
Escherichia coli ATCC 105369 (in vilro) 9.41 E/rag 184 E/rag 4185 E/mg 3881 E/mg 5686 E/mg 
Escherichia coli 1846 x° (mice) CD~ s.c. ~, 7 mglkg ~, 7 mg/kg ,~  0.8 mg/kg 1.4 mg]kg 0.8 mg]kg 
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Zusammen/assung. V o n  den  v ie r  C yc l odekapep t i den ,  die 
Ms m6gl i che  S t r u k t u r e n  fiir  P o l y m y x i n  B x v o r g e s c h l a g e n  
w u r d e n ,  k o n n t e n  n u n  a u c h  die R i n g s t r u k t u r e n  m i t  7 
Aminos~iuren,  n / iml ich  7 y u n d  7 ~ (vgl. Fig.) ,  s y n t h e t i s i e r t  
werden .  Diese  erwiesen  s ich i m  G e g e n s a t z  zu 8~ u n d  8 e  
als  h o c h a k t i v e  a n t i m i k r o b i e l l e  W i r k s t o f f e  m i t  W i r k u n g s -  
q u a l i t l i t e n  de r  P o l y m y x i n e .  Ob  7 7 oder  7 ~ m i t  n a t i i r l i c h e m  

P o l y m y x i n  B 1 i d e n t i s e h  ist,  w i rd  d u r c h  wei te re  V e r s u c h e  
abgekl l i r t .  

K.  %rOGLER, R.  O. STUDlgR, P.  LANZ, 
W.  LERGIER, a n d  ERIKA BOHNI 

Forschungsabteilung der F.  Ho//mann-La Roche & Co. A .G., 
Basel, March 8, 7961. 

I n f l u e n c e  of  I s o n i a z i d  a n d  p - A m i n o s a l i c y c  A c i d  

o n  P l a s m a  1 7 - H y d r o x y c o r t i c o s t e r o i d s  
in  G u i n e a  P i g s  

E a r l i e r  p u b l i c a t i o n s  r e p o r t e d  t h a t  t h e  a n t i t u b e r c u l o t i c s  
i son iaz id  ( INH)  a n d  p - a m i n o s a l i c y c  ac id  (PAS)  p r o d u c e  
m a n y  effects  s imi la r  to  t hose  n o t e d  fo l lowing t h e  ad -  
m i n i s t r a t i o n  of a d r e n o c o r t i c o t r o p h i n  (ACTH).  I n  t h e  
a n i m a l  e x p e r i m e n t s ,  a f t e r  t h e  a d m i n i s t r a t i o n  of  la rge  
doses e i t h e r  of i son iaz id  or of P A S ,  h i s to log ica l  changes  in  
adrena l s ,  dep l e t i on  of a d r e n a l  ascorb ic  acid a n d  cho les te ro l  
a n d  eos inopen ia  occured  1-4. I n  t h e  p r e s e n t  p a p e r  we were  
i n t e r e s t e d  to  f ind  o u t  h o w  t h e  level  of p l a s m a  17 - hyd r oxy -  
cor t i cos te ro ids  (17-OHCS) in  g u i n e a  pigs is i n f luenced  in  
t h e  course  of t r e a t m e n t  w i t h  I N H  a n d  P A S .  

I n  e x p e r i m e n t s ,  m a l e  g u i n e a  p igs  we igh ing  300-400  g 
were  used.  T h e  c o m p o u n d s  t e s t e d  were  a d m i n i s t e r e d  per os 
in  w a t e r  so lu t ion .  T h e  a n i m a l s  were  d i v i ded  i n to  groups .  
T h e  f i r s t  g r o u p  of a n i m a l s  r ece ived  100 m g  I N H / k g  p e r  
d a y  a n d  t h e  second  g roup  was  t r e a t e d  w i t h  1 g P A S / k g  
pe r  d a y  for  a pe r iod  of 1 -10  days .  T h e  a n i m a l s  were  
sacr i f iced a n d  b led  in  h e p a r i n i z e d  t e s t  t u b e s  on  t h e  f i rs t ,  
t h i r d ,  f i f th ,  t e n t h  day ,  3 h a f t e r  a d m i n i s t r a t i o n .  Con t ro l  
a n i m a l s  were  t r e a t e d  i den t i ca l l y  e x c e p t  t h a t  t h e y  rece ived  
no  I N H  a n d  P A S .  P l a s m a  17-OHCS c o n c e n t r a t i o n s  were  
d e t e r m i n e d  b y  t h e  m e t h o d  of  SIT-BER a n d  PORTER s. 

T a b l e  I s u m m a r i z e s  t h e  d a t a  c o n c e r n i n g  t h e  effects  o n  
p l a s m a  17-OHCS of I N H  a d m i n i s t e r e d  i n  t h e  dose of 
100 mg/kg .  I t  c a n  be  seen  t h a t  e v e n  one  dose caused  a 9 %  
inc rease  oI p l a s m a  17-OHCS,  b u t  t h i s  was  n o t  s ign i f ican t .  
I n  t h e  course  of  t h r e e  a n d  f ive d a y s '  t r e a t m e n t ,  I N H  
p r o d u c e d  a h i g h l y  s ign i f i can t  e l e v a t i o n  of p l a s m a  17- 
OHCS.  O n  t h e  t h i r d  d a y  t h e  m e a n  inc rease  was  52% a n d  
o n  t h e  f i f th  d a y  127% ( P  < 0.01). 

T a b l e  I I  shows  t h e  c o n c e n t r a t i o n  of p l a s m a  17-OHCS 
in  gu inea  pigs  fol lowing t h e  a d m i n i s t r a t i o n  of I g P A S / k g .  
A f t e r  one  dose  of P A S ,  no  e l e v a t i o n  i n  p l a s m a  17-OHCS 
was found .  T h r e e  d a y s '  a d m i n i s t r a t i o n  r e su l t ed  in  36% 
increase  of p l a s m a  17-OHCS ( P  < 0.D5). Th i s  inc rease  
was  a u g m e n t e d  f u r t h e r  i n  f ive days '  t r e a t m e n t  to  56% 
a n d  in  t e n  d a y s  to  130% if c o m p a r e d  w i t h  t h e  con t ro l  
g r o u p  ( P  < 0.01). 

O n  t h e  t h i r d  day ,  I N H  a l r e a d y  e x e r t e d  a h i g h e r  effect  
o n  p l a s m a  17-OHCS t h a n  PAS .  T h e  m o r e  e v i d e n t  differ-  
ence  b e t w e e n  t h e  effects  of  a n t i t u b e r c u l o f i c s  was  f o u n d  on  
t h e  f i f th  day .  The  m o d e  of a p p l i c a t i o n  seems also to  be  
i m p o r t a n t .  GOOD e t  al. s a s c e r t a i n e d  h i g h e r  ef fec t  on  
p l a s m a  17-OHCS a f t e r  t h e  i n t r a p e r i t o n e a t  a d m i n i s t r a t i o n  
of s o d i u m  sa l icy la te  t h a n  a f t e r  o ra l  a d m i n i s t r a t i o n .  

V e r y  i n t e r e s t i n g  is t h e  q u e s t i o n  of w h e t h e r  t h e  s t i m u -  
l a t o r y  ef fec t  of a n t i t u b e r c u l o t i c s  o n  t h e  a d r e n a l  c o r t e x  is 
m e d i a t e d  b y  a n t e r i o r  h y p o p h y s i s .  CAUWENB~RGE ~ d id  
n o t  f ind  in  h y p o p h y s e c t o m i z e d  P A S - t r e a t e d  r a t s  t h e  
d e p l e t i o n  'of a d r e n a l  ascorb ic  ac id  a n d  choles terol .  F r o m  
t h e s e  e x p e r i m e n t s  i t  seems  t h a t  P A S  does  n o t  s t i m u l a t e  
t h e  a d r e n a l  c o r t e x  d i rec t ly .  I N H ,  o n  t h e  o t h e r  h a n d ,  fol- 
lowing t h e  a d m i n i s t r a t i o n  of h i g h e r  doses,  m a y  s t i m u l a t e  
t h e  a d r e n a l  c o r t e x  e v e n  in  h y p o p h y s e c t o m i z e d  r a t s  a n d  

Tab. I. Effects of orally administered 100 mg INH/kg on plasma 
IT-OHCS in guinea pigs 

Number Plasma 17-OHCS 
of Mean SE Increase 
animals [~g/100 mt % 

Control group 10 92 4.8 
INH treated 
day 1 8 100 9.9 P .< 0.2 9 
day 3 7 140 10.2 P <: 0.01 5'2 
day 5 6 209 5.5 P < 0.01 127 

Tab. II. Effects of orally administered 1 g PAS/kg on plasma 
17-0HCS in guinea pigs 

Number Plasma 17-OHCS 
of Mean SE Increase 
animals ~g/100 ml % 

Control group 10 92 4.8 
PAS treated 
day 1 6 92 7.4 
day 3 5 125 12.5 P < 0.05 36 
day 5 5 144 16.3 P <: 0.01 56 
day 10 6 .211 14.2 P < 0.01 130 

p r o d u c e  t h e  d e p l e t i o n  of a d r e n a l  ascorb ic  acid*, A l t h o u g h  
t h e  a d r e n a l  ascorb ic  ac id  dep l e t i on  m a y  show t h e  f u n c t i o n  
of a d r e n a l  cor tex ,  a d i r e c t  m e a s u r e m e n t  of  p l a s m a  
17 -OHCS would  b e  pre fe rab le .  

F r o m  ou r  r e su l t s  i t  c an  be  conc luded  t h a t  t h e  t r e a t m e n t  
w i t h  h i g h  doses,  e i t h e r  of I N H  or  of PAS ,  p r o d u c e d  a 
m a r k e d  ef fec t  o n  c i r cu l a t i ng  17-OHCS.  These  r e su l t s  a re  
in  co r r e l a t i on  w i t h  o u t  f ind ings  ~ 01 t h e  dep l e t i on  of 
a d r e n a l  ascorb ic  ac id  a n d  choles te ro l  in  r a t s  t r e a t e d  w i t h  
INH or PAS for 14 days. 

Zusammen]assung. Bet  zehn t~g ige r  V e r a b r e i c h u n g  yon  
1 g P A S / k g  oder  100 m g  I N H / k g  pe ro ra l  k o m m t  es bet  
M e e r s c h w e i n c h e n  zu e ine r  s i g n i f i k a n t e n  S t e i g e r u n g  de r  
17 -Hydroxy-co r t i cos t e ro ide .  E i n e  ausgep r~g te  r e s t i m u -  
l i e rende  W i r k u n g  w u r d c  i m  Fa l l  y o n  I N H  b e o b a c h t e t .  
D e r  U n t e r s c h i e d  fiel b e s o n d e r s  a m  f i in f t en  T a g  auf,  wobe i  
n a c h  I N H - G a b e  die S t e i g e r u n g  z i rku l i e r ende r  Cor t ico-  
s t e ro ide  i m  Verg le ich  zu r  P A S  v e r d o p p e l t  war .  

M. KOHOUT a n d  R. KRULIK 

Tuberculosis Research Institute, Prague (Czechoslovakia), 
November 9, 1060. 
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