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S y n t h e s i s  
of  a D e c a p e p t i d e  f r o m  the P o l y m y x i n  S e r i e s  

D u r i n g  the  course of s t r u c t u r a l  s tud ies  w i t h  t he  g roup  
of po lypep t ide  an t ib io t i c s  k n o w n  as po lymyx ins ,  HAUS- 
MANN a n d  CRAIG 1 were able  to  s epa ra t e  a p r o d u c t  of 
p o t y m y x i n  B in to  two  f r ac t ions  B ,  a n d  Bs, w h i c h  dif fered 
on ly  in the  n a t u r e  of the  f a t t y  acid c o m p o n e n t .  Accord ing  
to the i r  d e g r a d a t i o n  s tudies ,  HAUSMANN ~ and  l a t e r  

b y  one  mole  of aq u eo u s  a lkal i  in d i o x a n e  or  d i m e t h y l  
sulfoxide.  
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BISERTE a n d  DAUTREVAUX ~ i n d e p e n d e n t l y  p roposed  for  
p o l y m y x i n  B,  two a l t e r n a t i v e  s t r u c t u r e s  A e t  B (Fig. 1) ~ ~ ~ - ° x ~  R~c,~ 
w i th  the  on ly  d i f ference  t h a t  one  L-Dab res idue  was :,.z x7¢~ R=H 
loca ted  in the  side cha in  i n s t ead  of in the  r ing.  ~ ~  

,"Z ;'-NH 2 

H~N-;' ;,-NH 2 - ~ 7-NH 2 

;'-NH 2 

~ L  ! ,0o,] 
Fig.  1 

On  Dr. CRAIG'S sugges t ion  we are  t r y i n g  to  ass ign t he  
p rope r  c o n s t i t u t i o n  to p o l y m y x i n  B 1 b y  t o t a l  syn thes i s .  
Fo r  th i s  purpose  we chose  qu i t e  a r b i t r a r i l y  two  years  ago 
s t r u c t u r e  A a s s u m i n g  y - j u n c t i o n  b e t w e e n  r ing  a n d  side 
cha in  of the  c o m p l e t e l y  covered  L-Dab residue.  I n  t h e  
m e a n t i m e  we p e r f o r m e d  t he  s y n t h e s i s  of a d e c a p e p t i d e  
wi th  t he  p r o b a b l e  s t r u c t u r e  A in t he  fol lowing m a n n e r .  
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Fig.  2 

P r e l i m i n a r y  s tud ies  showed  t h a t  the  open  b r a n c h e d  
decapep t ide  X X I  (Fig. 4) c o r r e s p o n d i n g  to s t r u c t u r e  A 
( the r ing  be ing  opened  as i n d i c a t e d  b y  the  d o t t e d  l ine 
in  Fig. 1), m i g h t  be  a useful  i n t e r m e d i a t e  for i ts  syn thes i s .  
X X I  was bu i l t  up  f rom the  two p r o t e c t e d  p e n t a p e p t i d e s  
V I I I  (Fig. 2) and  X X  (Fig. 3) exc lus ive ly  by  t he  ca rbodi -  
imide procedure  5 p re fe rab ly  in d i m e t h y l f o r m a m i d e  as a 
so lven t  a t  low t e m p e r a t u r e  e. E s t e r  hydro lys i s  was  a c h i e v e d  
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Fig. 3 

As p r o t e c t i n g  g roups  we needed  th r ee  residues,  which  
can  be  r e m o v e d  se lec t ive ly  w i t h o u t  i n t e r f e r ing  w i t h  each 
o ther .  These  p r o t e c t i n g  g roups  are r ep r e s en t ed  b y  fo rmyl  7 
b e n z y l o x y c a r b o n y l  8, a n d  p - to luenesu l fony l  9. T h e  in te r -  
m e d i a t e  formyl-L- leucine  x° h a s  been  k n o w n  for a long 
t i m e  an d  the  Nv-benzy loxycarbony l - sq  7 -L-d i aminobu ty r i c  
acid m e t h y l e s t e r  (m.p. 164-166°C) was o b t a i n e d  v ia  the  
c o r r e s p o n d i n g  acid n in t h e  usua l  m a n n e r .  T h e  L- threonine  
m e t h y l e s t e r  (free base) h a s  been  syn thes i zed  in c rys ta l l ine  
form (m.p. 70-71°C).  o - P h e n y l a l a n i n e  m e t h y l e s t e r  (free 
base) was  o b t a i n e d  f rom t h e  h y d r o c h l o r i d e  12 b y  us ing  the  
c h l o r o f o r m / N H  a p rocedure  of HILLMANNla, whe reas  N =- 
fo rmyl -N~ ' -benzy loxycarbonyl - :q  7 -L-d i aminobu ty r i c  acid 
(m.p. 98-100°C)  was syn thes i zed  f rom the  u n f o r m y l a t e d  
precursor .  ( + ) - 6 - M e t h y l o c t a n o i c  acid ~4 (ipel) was  s y n t h e -  
sized acco rd ing  to a new m e t h o d  is. 

7 Z Z ;'-Z ~ 7-Tos 

X=For:  R : G H  a 
X=H: R=CH a 7-Z 

~ X = H ;  R~H 

l:ig. 4 

The  o t h e r  i n t e r m e d i a t e s  in Fig. 2, 3, a n d  4 are new and  
are c h a r a c t e r i z e d  in t h e  fol lowing Tab le  b y  t he i r  phys ica l  
c o n s t a n t s .  

X X I  (Fig. 4) a f t e r  d e f o r m y l a t i o n  7 led to X X I I  and  
s u b s e q u e n t  hydro lys i s  to  X X I  [ I. Cyc l iza t ion  b y  dicyclo- 
h e x y t c a r b o d i i m i d e  5 in d i o x a n e / d i m e t h y l f o r m a m i d e  gave 
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Product Crystallized or precipitated from Melting lx)ints [ui~) 1 ~ 2 '~ 
mworre('ted (in (limethylfiwmanfide) e at 257 m[~ 

I 

I I  
I I I  
IV 
V 
VI 
V I I  
V I I I  
I X  
X I  
X I I I  
XV 
XVI  
X V I [  
X V I I I  
X I X  
X X I  

Acetic acid ester . . . . . . . . .  
Alcohol/ether . . . . . . . . . .  
Alcohol . . . . . . . . . . . . .  
Methanol . . . . . . . . . . . .  
Methanol /e ther  . . . . . . . . .  
Methanol . . . . . . . . . . . .  
Dimethyl formamide/ace t ic  acid ester 
Methanol /e ther  . . . . . . . . .  
Alcohol . . . . . . . . . . . . .  
Alcohol . . . . . . . . . . . . .  
Dioxane 
Dimethyl formamide/ace t ic  acid ester 
Acetone . . . . . . . . . . . . .  
Acetic acid es ter /pet roleum ether 
Acetone . . . . . . . . . . . .  
Dimethyl formamide /ace tone  . . . .  
D imethy l fo rmamide /methano l  . , . 

1 3 0 - 1 3 1  o 

1 6 7 - 1 6 8  ° 

189--190 ° 
203- 205 ° 
227228"  
21l--212 ° 
205--207 ° 
198 2OO ° 
1 4 ( 1  - - 1 5 0  ° 
147 148 ° 
194- 196 ~ 
187-.188 ° 
173 -174 ° 
146.147 ° 
16() -161 ° 
226227  ° 
246-.2490 

- 38,1 ° 
- 33,4 ° 
- 35,2 ° 
-31 ,1  ° 

26,l ° 
- 23,6 ° 
- 32,8 ° 
- 26,9 ° 
+ 5,8 ° 
+ 4,7 ° 
._ (),2 ° 
+ 20,3 ° 

+ 29,4 ° 
+35,2 ° 

4,1 ° 
- 15,1 ° 

640 (acetic acid) 

612 (alcohol) 
818 (alcohol) 

810 (acetic acid) 
1507 (acetic acid) 

Intermediates X, XII, XlV,  and XX have only been obtained as crude materials. All other t)ro(hwts were subjected to eh'mentary analysis 
wlfieh agreed with the calculated values, XXI was completely h)drolyzed and assayed (STEIN and Moore.: 1~) for constituent amino acids, 

which were found to conform exactly with the proposed structm'e. 

a n i n h y d r i n e  n e g a t i v e  p r o d u c t  X X I V  ( c o n t a i n i n g  all 
c o n s t i t u e n t  a m i n o  acids) f r o m  w h i c h  the  free cyclic de-  
c a p e p t i d e  (A) w a s  o b t a i n e d  b y  r e m o v i n g  the  p r o t e c t i n g  
g r o u p s  w i t h  s o d i u m  in l iquid  a m m o n i a .  P r e c i p i t a t i o n  of 
t he  free b a s e  f r o m  the  a q u e o u s  sa l t  s o l u t i o n  b y  a m m o n i a  
a t  low t e m p e r a t u r e  a n d  r ed i s so lv ing  in 0,5 n I tCI  fo l lowed 
b y  f r e e z e d r y i n g  gave  the  h y d r o c h l o r i d e  of  A, w h i c h  w a s  
used  for  p a p e r  c h r o m a t o g r a p h y  a n d  mic rob io log ica l  ex-  
a m i n a t i o n .  

Fig. 5.--A = crude synthetic XXV (A Fig. 1), approx. 300 Y 
B = Polymyxin-B-sulfate (l>fizer), approx, 150 y 

D e s c e n d i n g  p a p e r  c h r o m a t o g r a p h y  car r ied  o u t  as  o u t -  
l ined b y  JONES ~7 in t he  s y s t e m  n -bu t ano l /15° ' 0  a q u e o u s  
acet ic  acid,  1:1 ( u p p e r  phase )  for  16 h a t  22°C us ing  

~e We are indebted to Prof. M. BRENNER and l)r. R. \VEBEI{ froIn 
the Institute of Organic Chemistry, University of Ilash,, for this 
analysis. 

t~ T. S. G. JONES, Ann. N. Y. Acad. Sci. 51,909 (P.) V,)), 

\ V h a t n m n  No. 4 pape r ,  gave  a r u n n i n g  d i s t a n c e  of  31,5 CUl 
(so lvent  f ront  off t im l ead ing  edge of t he  p a p e r )  for  t he  
s y n t h e t i c  A (hydroch lo r ide ) ,  w h e r e a s  c o m m e r c i a l  I )oly  - 
m y x i n - B - s u l f a l c  (Pfizer) of n a t u r a l  or ig in ,  h a d  a r u n n i n g  
d i s t ance  of 33 cm an(l t he  o p e n  d o c a p e p t i d e  ( X X I I I ,  
w i t h o u t  a n y  p r o t e c t i n g  g r o u p s ,  Fig.  4) of 24 cm.  

Microbiological  d e t e r m i n a t i o n s  TM ca r r i ed  o u t  in o u r  
D e p a r t m e n t  of  E x p e r i m e n t a l  Medic ine  b y  l)rof. B. I?UST 
a n d  l)r.  ERIKA I~(')IINI a g a i n s t  Hrueella bronchiseplica 
wi th  the  p a p e r  s t r i p  d i r ec t ly  on  the  aga r ,  sh( )wed a re- 
m a r k a b l e  inh ib i t ion  zone for t he  s y n t h e t i c  m a t e r i a l ,  w h i c h  
was  used  in a b o u t  twice  the  c ( m c c n t r a l i ( m  ()f t he  c o m m e r -  
cial p r o d u c t  (Iqg.  5). 

T h e  ()pen d e c a p e p t i d e  ( X X I I 1 ,  w i t h o u t  a n y  p r o t e c t i n g  
g r o u p s ,  Fig.  4) s h o w e d  less a c t i v i t y  a g a i u s t  t h e  s a m e  
m i c r o o r g a n i s m ,  l : u r t h e r  p u r i f i c a t i o n  of  the  s y n t h e t i c  m a -  
ter ial  as  well as  c o m p a r i s o n  w i t h  n a t u r a l  p o t y m y x i n  I ~  
a re  un( le r  way .  

Full details will be published in Ih,lvetica Chimiea Acta. 

K. VOGLV:R, P. I,ANZ, a n d  \V. IA,:)¢GU.:R 

Chemical  Research D e p a r t m e n t  o/ I:. H o / / m a n n - L a  
Roche & Co. Ltd . ,  Basle, J u l y  1, 1959, 

Zusammen/assun ,~  

l ) a s  o f f enke t t i ge  l I e k a p e p t i d  X X I  (Fig.  4) w u r d e  a u s  
den  be iden  gesch f i t z t en  l ) e n i a p e p t i d e n  V I I I  u n d  X X  
(Fig.  2 u n d  3) a u f g e b a u t .  Die Z y k l i s i e r u n g  y o n  X X 1  
f i ihr te  zu e inem m i k r o b i o h ) g i s c h  a k t i v e n  1 ) rodukt  der  
1;ormel  , \  (Fig. 1). 

18 Brm'ella 1)ronchiseptiea ATCC 1617, l)olynlyxin assay plate 
according to FI)A, Vfashington, see also R.G. lh.:NEDICT and 
F. H. STODOLA, AIIII. N. Y. Acad. Sci. 51, 86(; (1919). 


