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Further Applications of Pentachlorophenyl 
Active Esters in the Synthesis of Peptides 

I t  was  r e c e n t l y  r e p o r t e d  ~-.3 t h a t  p e n t a c h l o r o p h e n y l  ac- 
t ive  es te rs  aI ford  a v e r y  s a t i s f a c t o r y  m e t h o d  for  t h e  syn-  
thes is  of pep t i de s  a n d  p o t y p e p t i d e s  w i t h  a n  o rde red  se- 
quence  of a m i n o  acids.  T h e  p e p t i d e  c h a i n  was  l e n g t h e n e d  
b y  coup l ing  p e n t a c h l o r o p h e n y l  es te rs  of N - c a r b o b e n z o x y  
a m i n o  acids  or  pep t i de s  w i t h  C - m e t h y l  p r o t e c t e d  a m i n o  
acids or  pep t ides .  R e s u l t i n g  N - p r o t e c t e d  p e p t i d e  m e t h y l  
es ters  were  s u b j e c t e d  to  h y d r o l y s i s  to  a f ford  t h e . N - p r o -  
t e c t e d  free pep t ides .  

Alkal i  t r e a t m e n t  of t h e  C-p ro tec t ed  pep t ide s  is u s ua l l y  
assoc ia ted  w i t h  a n u m b e r  of p rob lems ,  e.g. r a c e m i z a t i o n L  
t r a n s p e p t i d a t i o n  ~,5 etc.  I n  add i t ion ,  hyd ro lys i s  becomes  
more  d i f f icul t  as t he  n u m b e r  of a m i n o  acids increases  in  
t he  pep t i de  c h a i n  e. I t  was  p o i n t e d  o u t  b y  ]VIAcLAREN 7 
t h a t  t he  c a r b o b e n z o x y  group,  on  t r e a t m e n t  w i t h  alkali ,  
m a y  lead to  t h e  f o r m a t i o n , o f  u r e a  or  h y d a n t o i n  de r iva -  
t ives.  I n  o rde r  to  o v e r c o m e  these  diff icult ies,  va r ious  
m e t h o d s  h a v e  been  used for t h e  coupl ing  w i t h  t h e  a m i n o  
acids where  t he  c a r b o x y l  g roups  were  p r o t e c t e d  b y  sui t -  
able  sa l t  f o rma t ion .  N o t  m u c h  a t t e n t i o n  h a s  b e e n  g iven  
to t h i s  a p p r o a c h  because  of t he  p r e p a r a t i v e  diff icult ies.  
A m o n g  t he  a c t i v a t e d  esters ,  t he  p - n i t r o p h e n y l  e s t e r  ha s  
been  m o s t  f r e q u e n t l y  used for  coup l ing  r eac t ions  w i t h  
a m i n o  ac id  salts .  Va r ious  s o l v e n t  m i x t u r e s  a n d  su i t ab l e  
pI-I cond i t i ons  8 h a v e  been  r e p o r t e d ;  however ,  t he  y ie lds  
were i n v a r i a b l y  low. 

D u r i n g  t h e  course  of ou r  p r e s e n t  work  for  t h e  s y n t h e s i s  
of b io logica l ly  ac t ive  p e p t i d e  h o r m o n e s ,  we h a v e  em-  
p loyed  va r i ous  cond i t i ons  in a n  a t t e m p t  to  couple  p e n t a -  
c h l o r o p h e n y l  a c t i v e  es te rs  of  N - c a r b o b e n z o x y  a m i n o  
acids  or  pep t ides ,  d i r ec t ly  w i t h  t h e  a m i n o  acids  w i t h  
su i t ab l e  C-p ro t ec t i on  b y  sa l t  f o rma t ion .  W e  n o w  wish  t o  
r e p o r t  a m e t h o d  for  l e n g t h e n i n g  t h e  pep t i de  cha in ,  b y  
wh ich  t h e  h y d r o l y s i s  s tep  is c o n v e n i e n t l y  avo ided .  Di-  
c y c l o h e x y l a m i n e  af fords  a s a t i s f a c t o r y  C-p ro t ec t i on  of the  
a m i n o  acids.  These  a m i n o  acid sa l t s  couple  in good yields ,  
w i th  p e n t a c h l o r o p h e n y l  es ters  of N - c a r b o b e n z o x y  a m i n o  
acids  or  p e p t i d e s  in one s o l ven t  sys tem.  F r o m  t he  r eac t i on  
p roduc t s ,  d i c y c l o h e x y l a m i n e  is r e m o v e d  b y  mi ld  acid 
t r e a t m e n t .  The  ou t l ines  of t he  r eac t ion  cond i t i ons  for  t h e  
syn thes i s  of Z - A l a - P h e - O H  are  g iven  be low 9,I°. 

To a so lu t ion  of N - c a r b o b e n z o x y - a l a n i n e  p e n t a c h l o r o -  
p h e n y l  e s t e r  ~, a n d  a ca t a ly t i c  a m o u n t  (200-300 mg) of 2- 
h y d r o x y p y r i d i n e  in m e t h y l e n e  chlor ide ,  a suspens ion  of 
p h e n y l a l a n i n e  w i t h  one e q u i v a l e n t  of d i c y c l o h e x y l a m i n e  
in m e t h y l e n e  ch lor ide  was a d d e d  over  a pe r iod  of 1 h. 
Af te r  24 h s t i r r ing  a t  r oom t e m p e r a t u r e ,  t he  r eac t ion  
m i x t u r e  was I i r s t  e x t r a c t e d  w i t h  I N  hyd r och l o r i c  ac id  
a n d  t h e n  w i th  5 %  aqueous  s o d i u m  b i c a r b o n a t e .  T h e  bi -  
c a r b o n a t e  e x t r a c t  was  ac id i f ied  w i t h  3 N  h y d r o c h l o r i c  
acid,  a n d  i m m e d i a t e l y  e x t r a c t e d  w i t h  e t h y l  ace t a t e .  F r o m  
the  e t h y l  a c e t a t e  so lu t ion ,  Z - A l a - P h e - O H  n was  i so la ted  
in  76% yield.  

Us ing  t h e  s ame  condi t ions ,  Z - A l a - O P C P  was coupled  
s e p a r a t e l y  w i t h  a l an ine  a n d  g lyc ine  to  a f ford  Z-Ala -Ala -  
OHx~ a n d  Z -Ala -G ly -OH  13. T h e  yie lds  i n ' e a c h  of t he se  
r eac t ions  were 7 5 - 7 6 % .  T he  d ipep t ides  so s y n t h e s i z e d  
gave  s a t i s f ac to ry  e l e m e n t a l  ana lys i s  a n d  h a d  iden t i ca l  
m e l t i n g  poin ts ,  as r e p o r t e d  in  t h e  l i t e r a tu re .  

F o r  s tepwise  l e n g t h e n i n g  of the  pep t i de  cha in ,  we h a v e  
f o u n d  t h e  c o m b i n a t i o n  of m i x e d  a n h y d r i d e  a n d  p e n t a -  
c h l o r o p h e n y l  a c t i v e  e s t e r  m e t h o d s  to  be v e r y  r eward ing .  
The  f i r s t  a m i n o  acid of t he  des i red  pep t i de  is N-ca rbo -  
b e n z o x y l a t e d  a n d  coupled  w i t h  t he  C - ac t i va t ed  p e n t a -  
c h l o r o p h e n y l  es te r  h y d r o b r o m i d e  of t he  second  a m i n o  
acid,  us ing  m i x e d  a n h y d r i d e  m e t h o d .  T he  N - p r o t e c t e d  

d ipep t ide  ac t ive  es te r  so o b t a i n e d  is coupled  w i t h  t h e  di-  
c y c l o h e x y l a m i n e  sa l t  of t he  t h i r d  a m i n o  acid. The  a b o v e  
r e a c t i o n  sequence  is r e p e a t e d  to  i n c o r p o r a t e  a d d i t i o n a l  
a m i n o  acids.  B y  t h i s  a p p r o a c h ,  t he  N - p r o t e c t e d  pep t ide s  
w i t h  a n  odd  n u m b e r  of a m i n o  ac ids  will  h a v e  t h e  t e r m i n a l  
a m i n o  ac id  w i t h o u t  a n y  C-pro tec t ion .  F o r  t he  s y n t h e s i s  
of e v e n  n u m b e r e d  pep t ides ,  t h e  f i r s t  a m i n o  acid a f t e r  N-  
p r o t e c t i o n  is c o n v e r t e d  i n to  t h e  p e n t a c h l o r o p h e n y l  e s t e r  
a n d  coup led  w i t h  t h e  second  a m i n o  ac id  as t h e  dicyclo-  
h e x y l a m i n e  sa l t .  F u r t h e r  e x t e n s i o n  of t h e  p e p t i d e  c h a i n  
is ca r r i ed  o u t  as  desc r ibed  above .  

To c i te  a t y p i c a l  example ,  Z - G l y - G l y - P h e - P h e - A l a - O H  
(VI),  was  s y n t h e s i z e d  in ou r  l abora to r i e s .  T h e  yie lds  for  
e ach  s tep,  desc r ibed  below, were  a b o v e  65%.  

Isobutyl 
Z-GIy-OH + HBr.  H-GIy-OPCP l~ Z-Gly-GIy-OPCP 

Chloroformate 
I THF 0-5 ° II 

II + H-Phe-OH ~ Z-Gly-Gly-Phe-Ott 
DCA 

III 

I sobutyl 
]II + HBr • H-Phe-OPCP ~ Z-Gly~Gly-Phe-Phe-OPCP 

Chloroforma te 
IV V 

V + H-Ala-OH 1, Z-Gly-Gly-Phe-Phe-Ala-OH 
DCA 

VI 

-OPCP = -O-C~Cl v DCA ~ Dicyclohexylamine. THF = Tetrahydro- 
furan. 

T h e  e l e m e n t a l  ana lys i s  of t h e  a b o v e  c o m p o u n d s  were  
w i t h i n  e x p e r i m e n t a l  to l e rance .  

Zusammen/assung. P e n t a c h l o r o p h e n y l a k t i v i e r t e  E s t e r  
• con N-Ca rbobenzoxy -aminos~ tu r en  v e r b i n d e n  s ich in  gu-  
t e n  A u s b e u t e n  m i t  D i c y c l o h e x y l a m i n s a l z e n  y o n  A m i n o -  
s/ iuren.  U m  die H y d r o l y s e  zu v e r m e i d e n ,  w u r d e  e ine  
K o m b i n a t i o n  de r  M e t h o d e n  de r  g e m i s c h t e n  A n h y d r i d e n  
u n d  p e n t a c h l o r o p h e n y l a k t i v i e r t e n  E s t e r n  zur  Verl / tn-  
g e r u n g  de r  P e p t i d e n k e t t e n  ben i i t z t .  
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