
of leucine aminopeptidase and carboxypeptidases A and B. 
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S Y N T H E S I S  OF A H E X A P E P T I D E  C O N T A I N I N G  V A L I N E ,  

L E U C I N E ,  AND G L U T A M I C  ACID 

N. Y a .  K r a s n o b r i z h i i  and  L .  G. K o v a l e n k o  UDC 547.466.1 

We have previously reported the synthesis and attractive propert ies  of some optically active peptides 
containing residues of the amino acids glycine, alanine, leucine, proline, ornithine, lysine, and phenylalanine 
for blood-sucking mosquitoes [1, 2]. In the present  paper we describe the preparation of the methyl es ter  
of the hexapeptide N-benzy~xycarb~ny~-(Cbz~-L-pheny~a~any~-L-va~y~-O~Y-methy~-L-g~utamy~-L-~eucy~-O- 
valyl-L-alanine and the intermediate di- and tripeptides with the aim of studying further the dependence of 
their propert ies  on the amino-acid composition, the sequence and configuration of the amino acids, and the 
length of the peptide chain. 

The hexapeptide (XII) was synthesized from two tripeptides by the carbodiimide method according 
to the Scheme shown. It must be noted that repeated reprecipitation was necessary to free the substance 
from dicyclohexylurea. 

The dipeptides (VI) and (VIH) and the tripeptides (VII) were obtained by the mixed-anhydride method 
using isobutyl chloroformate.  This method permitted the synthesis of homogeneous substances in good 
yield (65-98%) and of the glutamyl-containing dipeptide with a free carboxy group, which considerably 
facilitated the preparation of the desired hexapeptide. 

The hydrazide (IX) was readily formed in methanolic solution and was crystal l ized under ether.  The 
debenzyloxycarbonylation of the tripeptide iX) by hydrogenation over Pd black in methanolic solution in the 
presence of acetic acid took place without appreciable destruction of the peptide bonds. (See Scheme on 
next page.) 

To confirm the amino-acid composition of the hexapeptide obtained, it was subjected to complete 
acid hydrolysis with 6 N hydrochloric acid at 105¢C for 20 h. The hydrolyzate was investigated chroma- 
tographically and electrophoretically.  On the chromatogram and on the electrophoretogram five ninhydrin- 
positive substanes were detected the mobilities of which coincided with those of alanine, valine, leucine, 
phenylalanine, and glutamic acid. 
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E X P E R I M E N T A L  

The chromatograph ic  analys is  of the peptides synthesized and of the acid hydrolyzate  of the hexapeptide 
was p e r f o r m e d  on pape r  No. 3 (GDR) by the descending method in the following sy s t ems :  1) b u t a n - l - o l - w a t e r -  
acet ic  acid ( 4 : 5 : 1 ) ;  2) b u t a n - l - o l - w a t e r - p y r i d i n e - a c e t i c  acid ( 3 0 : 2 4 : 2 0 : 6 ) .  The e lec t rophore t ic  inves t iga-  
tion of the substances  with a f ree  amino group was p e r f o r m e d  in a " EMIB AN USSR" high-vol tage horizontal  
appara tus  for e l ec t ropho re s i s  (Kiev) on paper  in 2 N acet ic  acid at 800 V. The revea l ing  agents used were  
solutions of ninhydrin, benzidine, and s i lve r  n i t ra te .  

The following were  obtained by published methods:  N-Cbz-L-phenyla lan ine  (I) [3], N-Cbz -L- l euc ine  (II) 
[4], the hydrochlor ides  of the methyl  e s t e r s  of L-val ine  (III) [5], and of L-alanine  (IV) [6], and the hydrochlor ide 
of the 7 -me thy l  e s t e r  of L-g lu tamic  acid (V) [7]. 

N - C b z - L - P h e n y l a l a n y l - L - v a l i n e  ( V I ) .  A mixture  of 30 g of (I), 30 ml  of eh lo ro fo rm and 
1.3 ml of t r ie thylarnine was cooled to - 2  °C, and 1.4 ml  of isobutyl ch lo roformate  and, a f ter  20 rnin, a cooled 
solution of 1.2 g of L-val ine  in 10 ml  of 1 N caust ic  soda were  added. The reac t ion  mix tu re  was s t i r r ed  vig-  
orous ly  at 0°C for 30 rain and at 18°C for 3 h, and the organic  layer  was sepa ra t ed  off, washed with 1 N hy- 
drochlor ic  acid and with water ,  dried with anhydrous sodium sulfate,  and evapora ted .  Yield 95%, [ a ] ~ -  13.9 ° 
(c 2; CHaOH) , Rf ,  0.91 ( sys tem 1), 0.93 ( sys t em 2), C22H26N20 ~. 

N - C b z - L - P h e n y l a l a n y l - L - v a l y l - O T - m e t h y l - L - g l u t a m i c  acid (VII) was obtained s imi l a r ly  f rom 1.27 g of 
(VII) in20 ml of ch loroform,  0.4 ml  of t r ie thylamine ,  0.5 ml of isobutyl ch lo ro formate ,  and 0.8 g of (V) in 4.0 
ml of 1 N caust ic  soda solution and 0.6 ml  of t r i e thy lamine .  The oil was r ep rec ip i t a t ed  with e ther  f rom metha -  
nol. Yield 63.9%, [ a ] ~ -  17.3 ° (c 2; CHCla); Rf0.90 ( sys tem 1), 0.93 ( sys t em 2), C28HasN3Os. 

M e t h y l  E s t e r  o f  N - C b z - L - L e u c y l - L - v a l i n e  ( V I I I ) .  A mix ture  of 2.2 g o f ( I I ) , 3 0  m l o f  
ch loroform,  and 1.2 ml of t r i e thy lamine  was cooled t o -  5°C and 1.3 ml of isobutyl ch lo ro fo rmate  and, a f te r  20 
min, a cooled solution of 1.4 g of (III) in 20 ml  of ch lo ro form and 1.2 ml  of ch loroform were  added. The reac t ion  
mix tu re  was left  at 0°C for  19 h and at 20°C for 24 h and was then washed with 0.5 N hydrochlor ic  acid, water ,  
3gc sodium bicarbonate  solution, and wa te r  again, and was dried with calcined sodium sulfate and evapora ted .  
Yield 98.7~, [ a ] ~ - 2 0 . 8  ° (c 2; CHaOH); Rf  0.93 ( sys tem 1), 0.94 ( sys t em 2), C20Ha0N205. 

H y d r a z i d e  of  N - C b z - L - L e u c y l - L - v a l i n e  ( I X ) .  To 2.0 g o f ( V I I I )  in 20 ml  of methanol was 
added 3 ml of hydraz ine  hydra te ,  and the mix ture  was lef t  at 20°(2 for  36 h and was evapora ted .  The oil was  
repea ted ly  dissolved in methanol  and evapora ted .  Yield 96.5c7c. The substance was chromatograph ica l ly  ho- 
mogeneous,  the spots  being r evea led  with s i l ve r  n i t ra te ;  rnp 148-149~C, [ a ] ~ - 3 1 . 2  ° (c 2; 50°/cCHaOH), Rf  0.88 
( sys t em 1), 0.90 ( sys t em 2), ClaHa0N404. 

M e t h y l  E s t e r  o f  N - C b z - L - L e u c y l - L - v a l y l - L - a l a n i n e  ( X ) .  P r e p a r a t i o n  of the Azide 
(Xa). A solution of 1.5 g of (IX) in 30 ml  of w a t e r - a c e t i c  a c i d - h y d r o c h l o r i c  acid ( 8 : 6 : 1 )  was cooled to -4° (7 ,  
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0.3 g of sodium ni t r i te  in 3 ml  of wa te r  was added, and the mixture  was s t i r r e d  for 5 min.  The azide, produced 
in the fo rm of an oil, was ex t rac ted  with 30 ml  of ethyl aceta te ,  and the ex t rac t  was washed with water ,  3% 
sodium sulfate .  Yield 74.3%, mp 165-166°C, [a]~ - 2 9 . 5  ° (c 2; CHsOH) , Rf  0.91 ( sys tem 1), 0.94 ( sys tem 2), 

C23H3~N306. 

P repa ra t i on  of the Methyl Es t e r  of L-Alanine (Xb). A mix ture  of 0.6 g of (IV), 10 ml of chloroform,  and 
0.6 ml of t r ie thylamine  was s t i r r ed  for 15 rain and evapora ted ,  the res idue  was ex t rac ted  with 20 ml of ethyl 
acetate ,  and the ex t rac t  was cooled t o - 3 ° C .  

P repa ra t i on  of the Tr ipept ide  iX). Cooled solutions of (Xa) and (Xb) were  mixed,  and the mixture  was left 
at 0°C for  17 h and at 20°C for  6 h and was then worked up as for  the p repa ra t ion  of (VIII). The substance is 
soluble in methanol,  ethanol, ch loroform,  ethyl aceta te ,  and acetoni t r i le .  

A c e t a t e  o f  t h e  M e t h y l  E s t e r  o f  L - L e u c y l - L - v a l y l - L - a l a n i n e  ( X I ) .  A so lu t ionof  
0.8 g of compound (X) in 20 ml of ethanol was t rea ted  with 0.1 ml of acet ic  acid and 0.5 g of Pd black,  and a 
cu r r en t  of hydrogen was pas sed  until the evolution of carbon dioxide ceased;  then the reac t ion  mixture  was 
evapora ted .  The oil was r ep rec ip i t a t ed  with e ther  f rom methanol .  The substance was chromatograph ica l ly  
homogeneous and gave a posi t ive ninhydrin react ion.  Yield 74.5%; e l ec t rophores i s  in 2 N CH3COOH at 20 B / c m  
l = - 6 . 8  cm, 2 h; Rf  0.77 ( sys tem 1), 0.88 ( sys tem 2). 

M e t h y l  E s t e r  o f  N - C b z - L - P h e n y l a l a n y l - L - v a l y l - O y - m e t h y l - L - g l u t a m y l - L -  
l e u c y l - L - v a l y l - L - a l a n i n e  ( X I I ) .  To a solution of 0.25 g o f ( X I )  in 20 ml of ch loroform and0.1  ml 
of t r ie thylamine cooled to 0°C were  added 0.3 g of (VII) and 0.2 g of dicyclohexylcarbodi imide.  The react ion  
mixture  was left at 0°C f o r l 2  h and at 20°(2 for 49 h, and then 0.1 ml  of acet ic  acid was added, the dicyclo-  
hexylurea  was f i l te red  off, the solvent  was evaporated,  the residue was ex t rac ted  with 40 ml of ethyl acetate ,  
and the ex t rac t  was washed with 0.5 N hydrochlor ic  acid, 3~ sodium bicarbonate  solution, and water ,  dr ied 
with anhydrous sodium sulfate,  and evapora ted .  The oil was r ep rec ip i t a t ed  with e ther  f rom methanol .  The 
substance was chromatograph ica l ly  homogeneous and soluble in methanol,  ethanol, ethyl acetate ,  ch loroform,  
and methylene chlor ide .  Yield 85.1%, [ ~ ] ~ - 2 0 . 8  ° (c 1; CH3OH), Rf 0.92 ( sys tem 1), 0.94 (sys tem 2), C43H62N~OI2. 

SUMMARY 

The previous ly  unrepor ted  methyl  e s t e r  of N-benzy loxyca rbony l -L -pheny la l any l -L -va ly l -OT-me thy l -L -  
g l u t a m y l - L - l e u c y l - L - v a l y l - L - a l a n i n e  has been synthesized.  

1. 

2. 
3. 
4. 
5. 
6. 
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