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Polypeptides of regu la r  s t ruc tu re  including lysine,  proline, and alanine res idues  a re  of in te res t  for  
modeling his tones,  since the la t te r  contain them in considerable amount [1]. We have previously  repor ted  
the preparat ion of polypeptides of such a s t ruc tu re  with res idues  of basic amino acids [2]. 

The p resen t  paper  descr ibes  the synthesis  of regu la r  polypeptides with the sequences  -Lys -A la - ,  
- L y s - P r o - ,  - L y s - L y s - P r o - ,  - L y s - L y s - L y s - P r o - ,  and - L y s - P r o - P r o - ,  which were  obtained by the poly-  
mer iza t ion  of the 2 ,4 ,5- t r ichlorophenyl  and pentachlorophenyl e s t e r s  of the corresponding peptides. To 
pro tec t  the NC~-amino groups we selected the ter t -butoxycarbonyl  (BOC) group, which is eas i ly  removed  in 
the p resence  of the benzyloxycarbonyl (Cbo) group. The completeness  of the removal  of the Cbo group 
f rom the polypeptides was checked spec t rophotometr ica l ly .  To obtain polypeptides more  homogeneous in 
molecular  weight, they were  passed through a column of Sephadex G-25. The molecular  weights of the 
polypeptides were  de termined  by Van SlykeTs method. When pentachlorophenol was used to activate the C- 
end, the molecu la r  weights of the products  inc reased  considerably.  

E X P E R I M E N T A L  

The work was c a r r i e d  out with amino acids of the L form; th in- layer  chromatography was pe r fo rmed  
in a fixed layer  (250 mesh,  plates 75 × 25 ram); the solvent  sys tems were:  1) w a t e r - a c e t i c  a c i d - b u t a n - 1 -  
ol (30 : 10 : 100), 2) 3% a m m o n i a - s e e - b u t a n o l  (100 : 44), 3) t o l u e n e - d i o x a n e - h e p t a n e - a c e t i c  acid (5 : 3 : 1.5 : 
0.5), and 4) ch lo roform - methanol (63.7 : 6.33). THI~ - te t rahydrofuran;  TEA - t r ie thylamine;  IBCF - i so -  
butyl ehloroformate ;  OPhC13 - 2 , 4 , 5 - t r i c h l o r o p h e n y l  group; OPhC15 -pen t ach lo ropheny l  group; D C H C D -  
dicyclohexylcarbodiimide;  BOC - te r t -butoxycarbonyl  group; Cbo - benzyloxycarbonyl  group. 

P repara t ion  of the 2 ,4 ,5-Tr ichlorophenyl  Es t e r  of NC~-tert-Butoxycarbonyl-N~-benzyloxyearbon~rl- 

lysyl -N~-benzyloxycarbonyl lysylprol ine  (I). To a solution of 2.5 g of BOC-(N~-Cbo)Lys- ( l~-Cbo)Lys-OH 
in 7 ml of THF containing 0.54 ml of TEA at -15°C was added i g of DCHCD and, af ter  20 rain, 1.55 g of 
HBr .  H-Pro -OPhCI  s in 5 ml of THF and 0.54 ml of TEA. T h e  mixture  was lef t  at  0°C for  4 h and at 20°C 
for  24 h, and then 0.5 ml of glacial acet ic  acid was added (to des t roy  the res idual  DCHCD). The THF was 
evaporated off, the res idue  was dissolved in ethyl acetate ,  and the solution was f i l te red  f rom dicyclohexyl-  
u rea  and was t r ea ted  with 10% ci t r ic  acid (3 x 5 ml),  with water ,  with a cooled 0.5 N solution of NaHCO~ 
(3 × 5 ml),  and with water  again. The ethyl acetate  solution was dr ied over  calcined sodium sulfate and 
evaporated.  The yield of ( I )was  2.5 g (70%). After  reprec ip i ta t ion  f rom ethyl acetate  with absolute e ther ,  
[c~]~-32 .8  ° (c 1.16; acetic acid), R f  0.98 (1), 0.96 (2), and 0.74 (4}. 

P repara t ion  of the Pentachlorophenyl  Es t e r  of N~- te r t -Butoxycarbonyl -N~-benzyloxycarbonyl lysy l ,  

alanine (H). To a solution of 1.85 g of BOC-N~-Cbo-Lys-OH in 1O ml of THF containing 0.7 ml  of TEA 
and cooled t o - 1 5 ° C  was added 0.69 ml of IBCF, and, af ter  20 min, 2.1 g of HBr .Ala-OPhCI 5 in 10 ml of 
THF containing 0.7 ml  of TEA. Then the react ion mix ture  was kept  a t  0°C for  2 h and at  20°C for  16 h, 
af ter  which the solvent  was evaporated off in vacuum at  30°C and the res idue  was dissolved in 70 ml of 
ethyl aceta te .  The ethyl acetate  solution was ex t rac ted  with cooled 10% ci t r ic  acid (3 × 10 ml), 0.5 N 
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T A B L E  1. 
S u b s t i t u t e d  P e p t i d e s  and  T h e i r  C h a r a c t e r i s t i c s  

2 , 4 , 5 - T r i c h l o r o p h e n y l  and  P e n t a c h l o r o p h e n y l  E s t e r s  of  

E~e~ of N-acylpeptid~ 
O l )  
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* O b t a i n e d  by the  m i x e d - a n h y d r i d e  m e t h o d  (1) o r  the  c a r b o d i i m i d e  

m e t h o d  (2). 

T A B L E  2. M o n o m e r s  fo r  P o l y m e r i z a t i o n  
• I Peptide hydrohalide~ and Meth-I ReactiOn! [~l~,deg .~/(I} Yield,~purification 

od * time, trifluoroacetates min ( C H s O n )  ~/o I " 

HCI .H-[ t.ys (Cbo)]2-Pro- 
OPhCI3 

CFsCOOH. H- [ Lys (Cbo) ]2- 
-Pro-OPhCl~ 

CFsCOOH H-[Lys (Cbo)]~- 
Pro-OPhCIj 

CFsCOOH .H-[Lys (Cbo)]s- 
-Pro-O?hCl~ 

HCI.H-Lys (Cbo)-Pro- 
-OPhCI a 

CFsCOOH. H-Lys (Cbo)- 
-Pro-Pr o-OPhCl5 

HCOOH • H- Lys (CbO)- 
Pro--PrO-OPhCls 

HBr. H-Pro-Pro-OPhCls 
HCI-H-Lys (Cbo)-Ala- 

-OPhCl5 

40 

60 

--46,6; c 2,1 

--10,7; c 0,37 

--23; c 0,87 

--15,1; c 1,85 

--23,8; c 0,6 

40 

60 

60 

60 

180 

0,72 

0,73 

0,73 

0,71 

0,75 

0,69 --29; c 1,3 

--8,2; c 1,2 

0,71 

0,75 
0,71 

6o 

67 
Ethanol/ether 

68 

72 
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* M e t h o d s :  1) in a b s o l u t e  CF3COOH; 2) in 2.94 N HC1 in  e thy l  a c e -  
t a t e ;  35 in  a b s o l u t e  HCOOH; and 45 in  38% H B r  in CH3COOH. 

NaHCO 3 (3 x 10 m15, and  w a t e r .  The  o r g a n i c  l a y e r  w a s  d r i e d  
in  v a c u u m .  The  c r y s t a l l i n e  r e s i d u e  w a s  r e c r y s t a l l i z e d  f r o m  
152°C, [~]~3 - 2 1 . W  (c 0.92; d i m e t h y l f o r m a m i d e S ,  R f  0.96 (15, 

The  m e t h o d s  of  o b t a i n i n g  the  o t h e r  e s t e r s  of  N ~ - B O C  - 

in  T a b l e  1. 

o v e r  c a l c i n e d  s o d i u m  su l f a t e  and  e v a p o r a t e d  
e thano l .  Y i e l d  of  (II), 1.7 g (50%5, m p  150-  
0.73 (55. 

p e p t i d e s  and t h e i r  c h a r a c t e r i s t i c s  a r e  g iven  

P o l y m e r i z a t i o n .  The  r e q u i r e d  m o n o m e r  w a s  o b t a i n e d  f r o m  the c o r r e s p o n d i n g  e s t e r  of  a NOI-BOC - 
p e p t i d e  by  the  m e t h o d  i n d i c a t e d  in T a b l e  2, 1 g of  the  m o n o m e r  be ing  d i s s o l v e d  in  d i m e t h y l f o r m a m i d e  a t  
20°C. When a 50-60% so lu t i on  of  the  m o n o m e r  w a s  r e a c h e d ,  one e q u i v a l e n t  of  T E A  w a s  a d d e d  to i t .  A f t e r  
t en  d a y s ,  m e t h a n o l  was  a d d e d  to the  so lu t ion ,  and  the  p r e c i p i t a t e  tha t  d e p o s i t e d  was  f i l t e r e d  off  and  was  
w a s h e d  wi th  m e t h a n o l  and  then wi th  e t h e r .  The  y i e l d  of  p o l y m e r i z a t i o n  p r o d u c t  w a s  30-60%. The  N ~ -  
b e n z y l o x y c a r b o n y l  g r o u p  w a s  e l i m i n a t e d  f r o m  the p o l y m e r  by the  p a s s a g e  of  d r y  HBr  t h r o u g h  a so lu t i on  
o f  the  p r o t e c t e d  p o l y p e p t i d e  in  g l a c i a l  a c e t i c  ac id .  

F r a c t i o n a t i o n  of  the  P o l y p e p t i d e s  on Sephadex  G-25 .  A c o l u m n  2 c m  in d i a m e t e r  and  100 c m  long  
w a s  u s e d  fo r  f r a c t i o n a t i o n .  The  l o a d i n g  of  the  p o l y m e r  was  20 m g / m l ,  the  r a t e  of  e lu t ion  12 m l / h ,  and 
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the size of the fractions collected 5 ml. Elution was performed with water, and the issuance of the poly- 
peptides was monitored from the absorption in UV light at 235 nm. 

The molecular weights of the polypeptides obtained by the polymerization of the 2,4,5-trichlorophenyl 
and pentachlorophenyl esters  of peptides were, respectively, for H-(Lys-Pro)n-OH 1500 and 5850; H-(Lys- 
Lys-Pro)n-OH 1000 and 5000; H-(Lys-Lys-Lys-Pro)n-OH 5000 and 14,000; H-(Lys-Pro-Pro)n-OH 2000 
and 4500; and H-(Lys-Ala)n-OH 3500. 

C O N C L U S I O N S  

Polypeptides of the following sequences have been obtained: -Lys-Pro- ,  -Lys2-Pro- , -Lys3-Pro- , 
-Lys-Pre2- , and -Lys-Ala- ,  with molecular weights of from 1000 to 14,000. It has been established that 
the use of pentachlorophenyl esters for polymerization in place of 2,4,5-trichlorophenyl esters leads to a 
considerable increase in the molecular weights of the polypeptides. 
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