
SYNTHESIS OF REGULAR POLYPEPTIDES THAT 

CONTAIN TYROSINE AND GLUTAMIC ACID RESIDUES 

V. A. Shibnev, M. I. Ismoilov, 

and Sh. Kh. Khalikov 

U D C  5 4 2 . 9 1  : 5 4 7 .  9 6 4 . 4  

The copolymers of tyrosine and glutamic acid have a certain catalytic activity for the hydrolysis of 
p-nitrophenyl acetate [I, 2]. The catalytic activity of the polypeptides with a regular structure, which 
contain tyrosine and glutamic acid [3], is approximately equal to that of the copolymer [1]. Consequently, 
it was expedient to examine the effect of the regularity of the primary structure and the change in the ratios 
of these amino acids (AA) in the polypeptide on its catalytic effect. 

For this we synthesized the poiypeptides with the sequence: -Glu-Tyr-, -Tyr-Glu-, -G|u-Glu-Tyr, 
-Glu-Tyr-Tyr, -Glu-Glu-Glu-Tyr, -Gly-Tyr-Tyr-Tyr-, and Tyr-Glu-Glu-Glu-Glu-Glu. The polypeptides 
were obtained by the polycondensation of the 2, 4,5-trichlorophenyl esters of the appropriate peptides as 
described in [4]. The o-nitrophenylsulfenyl (NPS) protective group was used in the synthesis of the latter. 
The hydroxyl group of the Tyr residue and the 7-carboxyl group of glutamic acid were protected by the 
benzyl group (Bzl). O]3zl-Tyr-OH was obtained as described in [5], but with some modifications: the 
copper complex was not isolated in advance, while the reaction was run in aqueous medium. The NPS- 
amino acids were obtained as the dicyclohexylammonium (DCHA) salts [6]. The starting monomers (Table 
1) were synthesized by the carbodiimide method from the NPS-amino acids and the appropriate hydrohalides 
of the 2,4, 5-trichlorophenyl esters of the AA or peptides (Table 2). The polymerization was run in DMF, 
and in benzene in the presence of triethylamine (TEA). The average molecular weight (May) of the poly- 
peptides was determined by titrating the terminal NH 2 groups of the polypeptides with 0.01 N HCIO 4 solution 
in the presence of Crystal Violet in abs. dioxane, and in glacial AcOH, as described in [1]. The polymeri- 
zation data are given in Table 3. A noticeable decrease in the degree of polymerization (n) of the polypep- 
tides when the polymerization is run in benzene can be explained by the lower solubility of the monomers 
in it. An increase in the amount of TEA from 1 to 2.5 equiv in the polymerization of HCI �9 H-Glu(O]3zl)]- 
[Tyr(O]3zl)]2-OPhCl 3 led to an increase in n, and to its decrease in the case of HCI �9 H-IGlu(O]3zl)]2--Tyr- 
(]3zl)-OPhCl 3. The protective groups were removed by catalytic hydrogenation over Pd black until the ab- 
sorption bands, corresponding to the ester groups (1750 cm -i) and monosubstituted benzene ring (750 and 
700 cm-1), disappeared in the IR spectrum. 

EXPERIMENTAL M ETHOD 

The purity of the obtained compounds was checked by TLC in a bound layer of silica gel (250 mesh, 

7.5 x 2.5 cm) in the following solvent systems: 3~ NH3--sec-butanol (44 : i00) (A), toluene--dioxane--cyclo- 

hexane--AcOH (i0 : 6 : 3 : i) (B), and toluene--dioxane--cyclohexane--ethanol (i0 : 6 : 3 : i) (C). The developers 
were iodine vapors and ninhydrin solution in 95~ acetone. 

H-Tyr(O]3zl)-OH (1). To a solution of 18.1 g of tyrosine and 12.5 ml of 2 NNaOH solution, heated to 

70~ was added 17 g of CuSO 4 �9 5H20. The mixture was cooled to ~20 ~ and then, with vigorous stirring, a 

solution of 20 ml of C6HsCH2CI in 50 ml of acetone was added in portions in 1 h, after which the mixture 

was stirred at ~20 ~ for 2 h and at 60-70 ~ for 2 h, cooled to 20 ~ and the obtained precipitate was filtered 

and washed with water, and then with ether, until the filtrate was colorless. After drying we obtained 25 g 

of the Cu complex of benzyltyrosine, which was reduced with 28 g of Trilon B in a mixture of 200 ml of 
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w a t e r  and  200 m l  of n - b u t a n o l  by  r e f l u x i n g  fo r  5 h.  A t h r e e - l a y e r  s y s t e m  is f o r m e d ,  which  was  f i l t e r e d ,  
and  then  w a s h e d  in s e q u e n c e  wi th  w a t e r  and  e t h e r  un t i l  the f i l t r a t e  was  c o l o r l e s s .  The  y i e l d  of (I) was  
2 2 . 4 g ( 4 6 . 8 ~ ) ;  m p 2 2 8 - 2 2 9  ~ ,~ R f 0 . 4 9 ( A ) .  

N P S - T y r ( O B z l ) - O H  �9 DCHA (II).  Wi th  v i g o r o u s  s t i r r i n g ,  to a s o l u t i o n  of 12 .38  g of (I) in a m i x t u r e  of 
44 m l  of 1 N NaOH and 60 m l  of d ioxane  w e r e  s i m u l t a n e o u s l y  a d d e d  in 15 m i n  9 .2  g of NPS c h l o r i d e  and in 
d r o p s  26 .5  m l  of 2 N NaOH (pH ~ 7 - 9 ) ,  a f t e r  which  100-150 m l  of e thy l  a c e t a t e  was  added ,  and  the m i x t u r e  
was  a c i d i f i e d  wi th  1 N H2SO 4 to pH 5 - 4 .  The  ob ta ined  t w o - l a y e r  s o l u t i o n  was  f i l t e r e d  f r o m  the u n r e a c t e d  
(I), and the aqueous  l a y e r  was  e x t r a c t e d  wi th  e thy l  a c e t a t e  (EA) (4 • 100 m l ) .  The  c o m b i n e d  e thy l  a c e t a t e  
e x t r a c t s  w e r e  w a s h e d  wi th  w a t e r  and d r i e d  o v e r  Na2SO 4. A f t e r  s e p a r a t i n g  the d r y i n g  a g e n t  the s o l u t i o n w a s  
t r e a t e d  wi th  9 m l  of DCHA and l e t  s t a n d  in the r e f r i g e r a t o r  fo r  5-10 h.  The  ob t a ined  c r y s t a l l i n e  p r e c i p i t a t e  
was  f i l t e r e d ,  w a s h e d  wi th  e t h e r ,  and  d r i e d  in vacuo  a t  40-50 ~ The  y i e l d  of (II) was  26 .6  g (84 .2~ ) ;  m p  
166 ~ (CHCl3- -e the r ) ;  [a]D24 + 3 0 . 7 ( C  1 . 2 7 ,  CHCl3); R f 0 . 7 9  (C).  

N P S - T y r ( O B z l ) - O P h C I  3 (]I1). To  s e p a r a t e  the DCHA a s u s p e n s i o n  of 10 .9  g of (II) in 150 ml  of EA 
was  t r e a t e d  with  22 .0  m t  of 1 N H2SO 4 and the m i x t u r e  was  s h a k e n  un t i l  s o l u t i o n  was  c o m p l e t e .  The a q u e -  
ous l a y e r  was  s e p a r a t e d ,  whi le  the e thy l  a c e t a t e  l a y e r  was  w a s h e d  wi th  w a t e r ,  d r i e d  o v e r  Na2SO4, and 
e v a p o r a t e d  in vacuo .  T o  the ob t a ined  N P S - T y r - ( O B z l ) - O H  in 75 m l  of a b s .  EA was  a d d e d  3 . 6  g of 2 ,4 ,  5-  
t r i c h l o r o p h e n o l ,  the m i x t u r e  was  c o o l e d  to - 1 5  ~ 3 .8  g of d i c y c l o h e x y l c a r b o d i i m i d e  (DCHCD) was added ,  
and  the m i x t u r e  was  s t i r r e d  a t  - -15 to 0 ~ fo r  2 h and a t  ~20 ~ fo r  1 h, and  l e f t  to s t a n d  o v e r n i g h t .  Then  the 
r e a c t i o n  m a s s  was  d i l u t ed  with EA,  1 m l  of 50~ AcOH s o l u t i o n  was  added ,  and  a f t e r  15 ra in  the d i c y c l o -  
h e x y l u r e a  was  f i l t e r e d .  The  f i l t r a t e  was  w a s h e d  with  1 N H2SO4, then with  w a t e r ,  and  d r i e d  o v e r  Na2SO4o 
The  d r y i n g  agen t  was  s e p a r a t e d  and  the s o l u t i o n  was  e v a p o r a t e d  to d r y n e s s .  The  p r o d u c t  is c o n t a m i n a t e d  
with  a t i t t l e  N P S - T y r ( O b z l ) - O H ,  which  is  e a s i l y  s e p a r a t e d  by  p a s s i n g  a s o l u t i o n  of (III) in CHCI 3 t h rough  
a s i l i c a  ge l  co lumn;  (III) is e l u t e d  wi th  c h l o r o f o r m ,  whi le  the i m p u r i t y  r e m a i n s  beh ind .  A f t e r  e v a p o r a t i n g  
the e lua t e  the r e s i d u e  was  r u b b e d  with  hexane ,  the s o l v e n t  was  d e c a n t e d ,  and  the r e s i d u e  was  d r i e d ,  d i s -  
s o l v e d  a g a i n  in CHCI 3, and  p r e c i p i t a t e d  with e t h e r .  The  y i e l d  of (III) was  10 .7  g (92.0%),  m p  1 1 4 - 1 1 4 . 5  ~ 
(CHCl3- -e the r ) ;  [C~]D22--33.7 (C 0 .92 ,  CHC13); Rf  0 .95  (B), 0 .97  (C).  

HC1 �9 H-Tyr (OBz l ) -OPhC13  (IV). To  11 .47  g of (IK) in 80 m l  of  a b s .  CHC13 was  a d d e d  1 9 . 4  g of 3 N 
HCI in EA,  and the m i x t u r e  was  kep t  a t  ~20 ~ fo r  4 ra in  and  a t  - -4  to - -5  ~ fo r  60 m i n .  The  o b t a i n e d  s u s p e n -  
s i on  was  d i lu t ed  with  a b s .  e t h e r ,  f i l t e r e d ,  and  the p r o d u c t  was  w a s h e d  wi th  e t h e r  un t i l  the f i l t r a t e  was  
c o l o r l e s s .  A f t e r  r e p r e c i p i t a t i o n  f r o m  MeOH s o l u t i o n  wi th  e t h e r  we o b t a i n e d  8 .52  g (92.6%) of (IV), m p  
190 ~ ( M e O H - - e t h e r ) ;  [a]D23 + 1 7 . 9 ( C  1 . 2 9 ,  CH3OH); R f 0 . 7 2  (A), 0 . 6 9 ( B ) .  

N P S - T y r ( O B z l ) - G l u ( O B z l ) - O P h C I ~  (V). To a m i x t u r e  of 3 .73  g of (II) [ f r eed  of DCHA in the s a m e  
m a n n e r  a s  (III)] and  2 .8  g of HC1 �9 H - - G l u ( O B z i ) - O P h C I  3 in 45 m l  of EA a t  - -15  to --20 ~ w e r e  a d d e d  1 .3  g of 
DCHCD and 0 .83  m l  of T E A .  The  m i x t u r e  was  s t i r r e d  a t  - -15 to 0 ~ fo r  2 h, a t  ~20 ~ fo r  2 h, and  then le f t  
to s t a n d  o v e r n i g h t ,  a f t e r  which i t  was  d i lu t ed  with  EA,  0 . 5  m l  of 50% AcOH was  added ,  and  a f t e r  15 ra in  
the .DCHA was  s e p a r a t e d .  The  f i l t r a t e  was  w a s h e d  with 1 N H2SO4, then with  w a t e r ,  and  d r i e d  o v e r  Na2SO 4. 
A f t e r  s e p a r a t i n g  the d r y i n g  a g e n t  the s o l v e n t  was  e v a p o r a t e d ,  whi le  the r e s i d u e  was  d i s s o l v e d  in CC14, and 
p u r i f i e d  on a s i l i c a  g e l  c o l u m n  the s a m e  as  (III) .  A f t e r  e v a p o r a t i n g  the CCI 4 we ob t a ined  5 .58  g of c r y s t a l -  
l ine  (V) that  con t a in s  0 . 5  m o l e  of s o l v a t e d  CCl4, which  c o r r e s p o n d s  to a y i e l d  of 108.8%; m p  88-89  ~ (CCI4); 
[C~]D22 + 6.65 (C 1 .65  CHC13); Rf  0 .97  (B).  The o t h e r  p r o t e c t e d  p e p t i d e s  w e r e  s y n t h e s i z e d  in a s i m i l a r  
m a n n e r  ( see  T a b l e  1).  

HC1 �9 H - T y r ( O B z l ) - G l u ( O B z l ) - O P h C 1 3  (VI). To 2 .48  g of (V) in 56 m i  of a b s .  EA was  a d d e d  2 .8  m l  
of 3 N H C l i n E A .  and the m i x t u r e  was  kep t  a t  ~20 ~ fo r  4 m i n  and a t  - 4  to - 5  ~ fo r  25 ra in .  Ha l f  of the 
s o l v e n t  was  e v a p o r a t e d  and  the p r o d u c t  was  p r e c i p i t a t e d  wi th  a 1 : 2 e t h e r - - h e x a n e  m i x t u r e .  Af*:er d e c a n -  
t a t ion ,  the p r e c i p i t a t e  was  d r i e d  and r e p r e c i p i t a t e d  f r o m  MeOH s o l u t i o n  with e t h e r .  We o b t a i n e d  0 .68  g 
(60 .4~)  of a m o r p h o u s  (VI); [a]D21--15.1 (C 0 . 4 8 ,  CHaOH); Rf 0 .75  (B).  The  o t h e r  h y d r o c h l o r i d e s  of the 
2 , 4 ,  5 - t r i c h l o r o p h e n y l  e s t e r s  of the p e p t i d e s  w e r e  o b t a i n e d  in a s i m i l a r  m a n n e r  ( see  T a b l e  2). 

N P S - G I u ( O B z l ) - G l u ( O B z i ) - O H  �9 DCHA (VII).  T o  a s o l u t i o n  of 4 .31  g of N P S - G l u ( O B z l )  �9 OPhCI3, 
o b t a i n e d  the s a m e  as  (HI), in 5 m l  of CH2C12 were added  2 .75  g of H - G l u ( O B z l ) - O H ,  2 .1  m l  of DCHA, and 
0 . 2  g of 2 - h y d r o x y p y r i d i n e ,  a f t e r  which  the m i x t u r e  was  s t i r r e d  a t  - -20 ~ fo r  2 days  and then  f i l t e r e d  f r o m  
the u n r e a c t e d  H - G l u ( O B z l ) - O H .  The  f i l t r a t e  was  e v a p o r a t e d  to d r y n e s s ,  and the r e s i d u e  was  r u b b e d  wi th  
a b s .  e t h e r .  The  o b t a i n e d  c r y s t a l l i n e  p r o d u c t  was  f i l t e r e d ,  w a s h e d  wi th  a b s .  e t h e r ,  and  r e p r e c i p i t a t e d  
f r o m  CHCI 3 so lu t i on  with  e t h e r .  We o b t a i n e d  2 .77  g (46 .7~ )  of c r y s t a l l i n e  (VII), m p  145-146  ~ (CHC13 
--ether); [a]D21--22.8 (C 1.64, CHCI3); Rf 0.67 (B). In a similar manner were synthesized NPS-GIu- 

(OBzl)-Tyr(OBzi)-OH �9 DCHA in 58.8~ yield, mp 157-158 ~ (CHCl3--ether); laiD24 + 42.4 (C 1.71, CHCI3); 

�9 From [5], mp 223 ~ . 
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Rf 0.82 (B), and amorphous  NPS-[Glu(OBzl)]3-OH. DCHA in 79.2~ yield;  [~]D21--19.72 (C 1.52,  CHCi3); 

Rf 0.75 (A). 

H-(Tyr -GlU)n-OH.  To 0.2109 g of (VI) in 0.3 ml of DMF was added 0.040 ml  of TEA (1 equiv).  The 
ampul  was s e a l e d  and kept a t  ~20 ~ for  10 days ,  a f t e r  which it was hea ted  at  60-65 ~ for  1 h. The ampul  
contents  were  d i s so lved  in 3-5 mi  of dioxane and then e the r  was added to the obtained solut ion to p rec ip i t a t e  
the po lycondensa te .  The organic  l a y e r  was s e p a r a t e d  by decanta t ion,  the p rec ip i t a t e  was rubbed well  with 
MeOH, and the so lvent  was r emoved  by decanta t ion .  The polypept ide was d i s so lved  in dioxane and the 
solut ion was concen t ra t ed  in vacuo at  65-70 ~ cooled to ~20 ~ di luted with MeOH, and the obtained polypep-  
tide was rubbed twice with MeOH, and d r i e d .  The y ie ld  of H-[Tyr(OBzl) -Glu(OBzl) ]n--OH,  f r eed  of low- 
m o l e c u l a r - w e i g h t  compounds,  was 0.122 g (86.6%). The ave rage  m o l e c u l a r  weight of the p ro t ec t ed  poly-  
pept ide ,  d e t e r m i n e d  by t i t r a t i on  in abs .  dioxane with 0.01 N HC104 in g lac ia l  AcOH in the p re sence  of C r y -  
s t a l  Violet ,  was ~12,000.  

To r emove  the p ro tec t ive  Bzl  groups we hydrogena ted  0. 065 g of the polypept ide in a 1 : 1 : 2 dioxane 
--CH3COOH--DMF mix tu re  in the p r e s e n c e  of Pd b lack .  The c a t a l y s t  was removed ,  the solvent  was evap-  
o ra t ed ,  while the r e s idue  was rubbed in sequence with dioxane and e the r .  We obtained 0.0357 g (26.5~) of 
(VII). The c leavage  of the benzyl  groups  was checked by the d i s appea rance  of the absorp t ion  bands at 1740, 
750, and 700 cm -1 in the IR s p e c t r u m .  The poiycondensat ion  of the o ther  monomers  was c a r r i e d  out in a 
s i m i l a r  m a n n e r  (see Table  3). 

CONCLUSIONS 

The p o l y m e r i z a t i o n  of the 2 ,4 ,  5 - t r i c h l o r o p h e n y l  e s t e r s  of pept ides  gave polypept ides  with the s e -  
quence: - (Glu-Tyr)  n - ,  - ( T y r -  Glu)n-,  - ( G l u - T y r - T y r )  n - ,  - ( Glu- G l u - T y r ) n - ,  - (Glu-  Glu- G l u - T y r ) n - ,  - ( T y r -  
T y r - T y r - G l u ) n -  , and - ( T y r - G l u - G l u - G l u - G l u - G l u ) n - ,  with an ave rage  degree  of po lymer i za t i on  of r e s p e c -  

t ive ly  66, 25, 76, 64, 98, 43, and 48. 
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