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In r e c e n t  y e a r s ,  polypept ides  of r e g u l a r  s t r u c t u r e  have acqu i r ed  g r e a t  impor t ance  as conven ien t  
models  fo r  the s tudy  of the s t r u c t u r e  and functions of a n u m b e r  of pro te ins  [1-3].  Polypept ides  of this type 
can  be obtained by the a c t i v a t e d - e s t e r  method .  The fol lowing groups  a re  the m o s t  widely  used  for  ac t iva t -  
ing the c a r b o x y  g roup  of a pept ide:  2 ,4 ,5 -  and 2 , 4 , 6 - t r i ch lo ropheny l ,  pen tach lorophenyl ,  and s o m e  o thers  
[4], 

However ,  the qual i ty  of the polypept ide obtained,  including its m o l e c u l a r  weight,  depends not  only on 
the se l ec t ion  of  the c o r r e s p o n d i n g  ac t iva t ing  g roup  but a lso  on the op t imum re l a t ionsh ip  of such  fac to r s  as 
the t e m p e r a t u r e  and t ime  of  po lycondensa t ion ,  the concen t ra t ion  of  the m o n o m e r ,  e tc .  

In view of  the g r e a t  d i f f icul ty  in obtaining r e g u l a r  polypept ides  and a l so  the absence  f r o m  the l i t e r -  
a tu re  of  a p p r o p r i a t e  r e c o m m e n d a t i o n s ,  we have made  an a t t empt  to s y s t e m a t i z e  our  r e su l t s  on the influence 
of  va r ious  f ac to r s  on the d e g r e e  of  p o l y m e r i z a t i o n  of po lypept ides .  These  f ac to r s  may  a l so  include the 
t ime,  the type of so lvent ,  the c o n c e n t r a t i o n  of the m o n o m e r  in the solvent ,  the amino acid  sequence  in the 
m o n o m e r ,  and the na tu re  of the N-  and C - t e r m i n a l  amino ac ids .  

F o r  this pu rpose ,  the ac t iva ted  e s t e r s  of  amino  acids  and of  d i -  and t r ipep t ides  w e r e  sub j ec t ed  to 
po lycondensa t ion .  Table  1 gives the cons tan t s  of the compounds  obta ined.  

Po lycondensa t i on  was p e r f o r m e d  in sea l ed  tubes in d imethy l  sulfoxide (DMS) o r  d i m e t h y l f o r m a m i d e  
(DMF) so lu t ion  in the p r e s e n c e  of  an equivalent  amount  of  t r i e t h y l a m i n e .  The polypept ides  obta ined  on 

TABLE 1. P h y s i c o c h e m i c a l  Cons tan ts  of Ac t iva ted  E s t e r s  of Amino  
Acids  and Pep t ides  

Yield, [ Rf , 
Compound % rap. *C '(system) • lairD, deg 

Cbe- G 13" -OPhCI~(2,-I, 6) 
Cbo-Lys(Tos)-OPhCl., 
Cbo-Qlu(]- Bzl)-OPh(~l 5 
Cbo- ('Hu{ ~,- Bzl) -OPhCI3(2 , 4,6) 
Cbo- Gly-OPhCI:, 
C be- G I u (-,.- OMe) - G ly -OP hCl~ 
Cbo- G lu (-i-O3~,e)- G ly-OPhCI z 

(2,a,c,) 
Cbo-Qly- Lys (Tos)-OPhCl~ 
Cbo-Qly-Glu(7-Bzl)-OPhCI. , 
Cbo- Qly-Glu(~- Bzl)-OPhCI~(2,4,6) 
Cbo-Lys(Tos)-Qly-OPhC-, 
Cbo-Glu I'(- Bzl)-GIy-A la- 

OPhNOe 
Cbo-Glu(:-Bzl)-Gly-Ly~(Tos)- 

OPhCl:. 
Cbo- Gly-Ala-Hypro-OPhCI ~ 

81,9 
81,6 
49,6 
84,1 
55,72 
67,5 

fi6,6 
74 
65 
56 
S1 
68 

7o 

107--108 
153--154 
121--122 
77--78 

185--187 
129-130 

117--118 
i35--136 
118 121 
137--13~ 
156--157 
98 -99 

107--108 

170-172 

0,69(2) 
O, 85 (2) 
O, 90(27 
0,9 (3) 

o, 8 3(2) 

0,540) 
0,~'2(21 
O, 80(2) 
0,74(2! 
O, 89(2) 
0, 91 (2) 

0,74(1) 

-11,3(c 1,5; NaHCO) 
-23,4(e 1,4; CHCI~} 
--21,3(c 0,7; CH3OH) 

--11,6(c 15 ;THF) 

- -  7 , 9 ( : "  1 . 4  CHCl9 
--|(l,:3(c 2; CHCI:~) 
-- 7,2(c 1; DMF) 
- -  6.3(e 1,1 DMF) 
--17,8(c 0,8 DMF) 
--37.6(c 0,9 CHoOH) 

--9,1(c 0,3; CHCI z 

* Sys t ems  : 1) b u t a n - l - o l -  H~O- CI-I3COOH (4 : 5 : ]) ; 2) b u t a n - l - o l -  
HzO-CH3COOH (4:1:1); 3) b u t a n - l - o l - 3 %  NH4OH (100:44) .  
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F i g .  1. M o l e c u l a r  we igh t s  of  the  p o l y p e p t i d e s  ( G l y - A l a - H y p r o ) n  as a funct ion  of  the n a t u r e  
of  the  s o l v e n t :  1) D M F ;  2) DMS. 

F i g .  2.  D e g r e e  of p o l y m e r i z a t i o n  of  the po lypep t i de s  as  a funct ion of the  t i m e  of p o l y c o n -  
d e n s a t i o n :  1) H - G l u - ( y - O M e ) - O P h C 1 3  (2,4, 6); 2) H - G l u ( y - O M e ) ;  OPhC15; 3) H - L y s ( T o s ) -  
OPhC15; 4) H - G l y - O P h C I  3 (2, 4, 6); 5) H-Gly-OPhC15.  

p o l y c o n d e n s a t i o n  w e r e  i s o l a t e d  by  t r e a t i n g  the  r e a c t i o n  m i x t u r e  wi th  m e t h a n o l ,  w h e r e u p o n  the l ow-  
m o l e c u l a r - w e i g h t  f r a c t i o n s  d i s s o l v e d  in the  m e t h a n o l  and the h i g h - m o l e c u l a r - w e i g h t  f r a c t i o n s  p r e c i p i t a t e d .  
The m e a n  m o l e c u l a r  we igh t s  (Mav) w e r e  d e t e r m i n e d  by  the Van Slyke  m e t h o d .  Al though in th is  me thod  the 
p e r m i s s i b l e  e r r o r  is -~ 10-15%, i t  is conven i en t  b e c a u s e  i t  is quick  to p e r f o r m .  A c e r t a i n  e r r o r  is of no 
s i g n i f i c a n c e ,  s i n c e  wha t  a r e  i m p o r t a n t  fo r  ou r  p u r p o s e s  a r e  the  r e l a t i v e  va lues  of Mav and not  t h e i r  a b -  
s o l u t e  m a g n i t u d e s .  I n f o r m a t i o n  on the p o l y p e p t i d e s  ob ta ined  is g iven  in Tab le  2. 

The Inf luence  of the  n a t u r e  of the  s o l v e n t  on the p o l y c o n d e n s a t i o n  p r o c e s s  was s t u d i e d  with  two 
m o n o m e r s :  H - G l y - A l a - O P r o - O P h C 1 5  and H - G l y - G l u - (  7 - O M e ) - G l y - O  PhNO2. The po lycondens  a t ion of the 
f i r s t  m o n o m e r  was p e r f o r m e d  in DMS and DMF so lu t i ons  (F ig .  1). As can be s een  f r o m  the f i gu re ,  the  
c u r v e s  a l m o s t  c o i n c i d e ,  which shows  the  s i m i l a r  n a t u r e  of the p r o c e s s e s  t ak ing  p l a c e .  In the  p o l y c o n d e n s a -  
t ion  of  the  s e c o n d  m o n o m e r  in DMF and d ioxane  so lu t i ons  i t  was found tha t  d ioxane  does  not g r e a t l y  f a v o r  
the p o l y e o n d e n s a t i o n  p r o c e s s :  May ) 3173, n = 12. In d i m e t h y l f o r m a m i d e  in the  s a m e  t i m e ,  May = 9108. 
n =  36. 

We d e t e r m i n e d  the d e p e n d e n c e  of  Mav of the  p o l y p e p t i d e s  on the  t i m e  of p o l y c o n d e n s a t i o n  in 50q¢c 
s o l u t i o n  at  20°C. As was e x p e c t e d ,  the  p o l y c o n d e n s a t i o n  of amino  a c i d  e s t e r s  t akes  p l a c e  m o r e  v i g o r o u s l y  
than  tha t  of  d i p e p t i d e  and t r i p e p t i d e  e s t e r s  ( F i g s .  2 -4 ) .  C o n s e q u e n t l y ,  a f t e r  the  s a m e  t i m e  the po lypep t i de s  
ob ta ined  f r o m  a m i n o  a c i d  e s t e r s  have  h i g h e r  d e g r e e s  of p o l y m e r i z a t i o n .  

T A B L E  2. P o l y p e p t i d e s  Ob ta ined  by  the P o l y c o n d e n s a t i o n  of A c t i v a t e d  
E s t e r s  of Amino  Ac ids  and P e p t i d e s  

Elementary unit of 
the polypeptide 

(-GIv-)n 
(-01:--) n 
[-Ght(y-O \'le)-]n 
[+Glut;-O3%)-ln 
I-Lys(N + -Tos)-in 
[ -Gly-Glu(';- Bzl)] u 
[-GIy-Glu(y-Bzl)] n 
[ -~qlu(';-OYle)-Gly-ln 
[ -Glu(i-O.'~le)-Gly- ] n 
[-Gly-Lys(N ~ -Tos)}n 
[-Lys(N ~ -T os)-Glu-]n 
[ - G ht(-i -OMe)-Gly-Ala ] n 
[-Olv-G ly('bOMe)-Oly- ] a 

Time of ! 
I polyeon-' Ester ~ensa;- i Mav 
tlon. ta ' 

- C , C I ,  

- C,H.C1.,(2,4,6) 
--C+CI:, 
--C~H:C1~(2,4,61 
--C,~CIs 
--C,£1:, 
--C~,H:CI:j(2,4,6) 
--C,;CI:, 
-- C,H.C1~(2,4,6) 
--C~CI:, 

- Q £ 1 : ,  

--C+H,NO~ 
- C61%NO: 

168 

141 

4950 
3965 
3610 
2528 
5518 
2~14 
2800 
2450 
2275 

7O00 
4218 
7838 
910~ 

LRerature 
n ireferences 

~7 
69 
16 171 
13 
20 
16 
lO 
14 
12 [+l 
20 
I0 
22 Igl 
35 

740 
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Fig.  3. Degree  o f  polymeriza t ion of the polypeptides as a function of the t ime of polycon- 
densation: I) H-GIy-GIu(w-Bzl)-OPhCI 3 (2, 4, 6); 2) H-Glu(y-OMe)-Gly-OPhCl  3 (2, 4, 6); 
3) H-Glu(y -OMe)-GIy-OPhC15; 4) H-Gly-Glu(T -Bzl) -OPhCI s; 5) H-Gly-Lys  (Tos)-OPhCls; 
6) H-Lys (Tos) -GIy-OPhC 15 . 

Fig.  4. Degree  of polymer iza t ion  of the polypeptides as a function of the t ime of polycon-  
densation: 1) Glu(y-OMe)-Gly-AIaOPhNO2; 2) GIy-GIu(T-OMe)-GIy-OPhNO 2 without the 
addition of nitrophenol;  3) GIy-GIu(y-OMe)-GIyOPhNO 2 with the addition of nitrophenol.  
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Fig. 5. Degree  of polymer iza t ion  of polypeptides as a function of the initial concentra t ion 
of monomer  in solution. 1) H-Glu(y-OMe)-OPhC13 (2, 4, 6); 2) H-Glu(y-OMe)-OPhC15; 3) 
H-Lys(Tos)-OPhCl5; 4) H-GIy-OPhCI 3 (2, 4, 6); 5) H-GIy-OPhCI s. 

Fig. 6. Degree of polymerization of polypeptides as a function of the initial concentration 
of the monomer in solution. 1) H-GIu(y-OMe)-GIy-OPhCI 3 (2, 4, 6); 2) H-Glu(y-OMe)- 
Gly-OPhCls; 3) H-Gly-Lys(Tos)-OPhCls; 4) H-Lys(Tos)-Gly-OPhCl5; 5) H-Glu(7-Bzl)- 
Gly-Lys (Tos)-OPhC I s. 
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Fig.  7. Degree  of polymer iza t ion  of poly-  
peptides as functions of the t e m p e r a t u r e  
of polycondensation: 1) H-Glu(~-Bz l ) -  
OPhCI6; 2) H-Glu(y-Bzl)-OPhC13 (2,4,6) ; 
3) H-Glu(7-OMe)-Gly-OPhC13 (2,4,6) i 4) 
H-Glu(7-OMe)-GIy-OPhC15; 5) H-Glu-  
(7 -Bz l ) -G ly -Lys  (Tos)-OPhC15; 6) HH-Gly- 
OPhC13 (2,4,6); 7) H-Gly-OPhC15. 

In a c o m p a r i s o n  of the polycondensation of e s t e r s  of 
va r ious  amino acids (see Fig. 2), attention is a t t rac ted  by 
the fact  that  the act ivi ty  of the e s t e r s  depends on the nature  
of the amino acids,  in addition to other f ac to r s .  Thus,  
2 ,4 ,6- t r ichlorophenyl  e s t e r s  of glycine a re  m o r e  act ive 
than pentachlorophenyl  e s t e r s  of lysine and of glutamic 
acid (on polycondensation the glycine e s t e r s  give poly-  
peptides with a higher degree  of polymerizat ion) ,  while for  
the same  amino acids and peptides the pentachlorophenyl  
e s t e r s  a re  the mos t  act ive [5]. Es t e r s  of lysine a re  more  
act ive than e s t e r s  of glutamic acid. 

If e s t e r s  of the s a m e  rad ica l  with different  peptides 
a re  compared ,  i t  is poss ib le  to t r a ce  the re la t ionship  be -  
tween the act ivi ty of the e s t e r  and the nature  of the N- and 
C - t e r m i n a l  amino acids (see Fig. 3). These  re la t ionships  
can be well seen on compar ing  the pentachlorophenyl  e s t e r s  
H-Glu(y-OMe)-Gly-OPhC15,  H-Lys  (Tos)-Gly-OPhC15, 
H-Gly-Lys(Tos)-OPhC15,  and H-Lys(Tos)-Gly-OPhC15,  
H-Glu(7-OMe)-Gly-OPhC15 and H-Gly-Glu(7-Bzl)-OPhC15.  
In the polycondensation of the e s t e r s  H-Glu(7-OMe)-Gly-  
OPhC15 and H-Lys(Tos)-Gly-OPhC15 (curves 3 and 6 of 
Fig.  3), the C - t e r m i n a l  amino acid is lysine.  Hence, the 
difference in the act ivi t ies  of the monomer ic  compounds 
can be asc r ibed  to the N-.terminal amino acid.  

On compar ing  the polycondensation of another  pa i r  of 
monomers  - H-Gly-Lys  (Tos)-OPhC15 and H-Gly -Glu (7 -Bz l ) -  
OPhC15 (curves 5 and 4 in Fig. 3), a different  cha rac t e r i s t i c  
can be c l ea r ly  seen .  In the molecules  of these  monomers  

the N- t e rmina l  amino acids a re  glycine and the C - t e r m i n a l  amino acids a re  glutamic acid and lys ine .  This 
obviously shows the g r ea t  impor tance  for the polycondensation p rocess  of the nature of the C - t e r m i n a l  
amino acid. 

On compar ing  the act ivi t ies  of e s t e r s  of dipeptides consis t ing of the s a m e  amino acid res idues  with 
different  sequences ,  it can be seen  that  H-Gly-Lys(Tos)-OPhC15 (curve 5 of Fig.  3) and H - L y s ( T o s ) - G l y -  
OPhC15 (curve 6) di f fer  sharp ly ,  and H-Glu(7-OMe)-Gly-OPhC15 (curve 3) and H-Gly -Glu (7 -Bz l ) -OPhCI  5 
(curve 4) have no such d i f fe rence .  While in the f i r s t  pa i r  of monomers  the more  act ive is the e s t e r  H-Glu-  
Lys(Tos)-OPhC15, in the second pa i r  it is H-Glu(7-OMe)-Gly-OPhC15, which shows the ro le  of the C-  
t e rmina l  amino acid in an act ivated peptide e s t e r .  

In addition to the polycondensat ion of e s t e r s  of amino acids and dipeptides,  we studied the polycon- 
densation p rocess  of a number  of act ivated e s t e r s  of t r ipept ides  - H-Glu(~-OMe)-Gly-Ala-OPhNO 2 and 
H-Gly-Glu(~-OMe)-Gly-OPhNO 2 (see Fig.  4). 

The resu l t s  of an analysis  of the curves  of the t r ipept ides  show that the polycondensation of t r i -  
peptide e s t e r s  takes place in such a way that sect ions showing a low ra te  of the p rocess  appear  on the 
curves ,  these  probably  being connected with the accumulat ion of phenol der iva t ives  in the react ion  mix-  
tu re .  Then a marked  acce le ra t ion  of the p roces s  is observed .  After  7-10 days,  polycondensation ceases  
comple te ly  or  slows down sha rp ly .  To invest igate  the hypothesis  of the influence of phenol der iva t ives  on 
the p roces s ,  the action of var ious amounts of p-ni t rophenol  was studied.  When p-ni t rophenol  was added to 
the reac t ion  mixture  in a ra t io  to the m o n o m e r  of 0 .1 :1  (molar) ,  the p rocess  sharp ly  acce le ra t ed  in the 
f i r s t  24 h, i .e. ,  during the per iod when the r a t e  of the p rocess  was low in the absence o faddedp-n i t ropheno l .  
The effect  of p-ni t rophenol  can be explained by the format ion  of a sa l t  at  the amino group of the peptide, 
which inc reases  the posi t ive charge  on the carbonyl  carbon of the e s t e r  group (as a r e su l t  of the e l imina-  
tion of the influence of the amino group, which lowers this charge) .  

In o r d e r  to study the dependence of Mav on the initial concentra t ion of the monomer  solution, we used 
30, 40, 50, and 60~c solut ions .  Init ial  concentrat ions of less  than 30~c were  not invest igated,  s ince,  as De Ta r  
et  al .  have a l ready shown [6], at  these  concentrat ions in t ramolecu la r  p r o c e s s e s  take place,  espec ia l ly  
cycl iz  ation. 
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Concentrat ions greater  than 60°fc are undesirable;  the solutions become too viscous with a cons ide r -  
able worsening of the possibil i ty of s t i r r ing  the react ion mixture .  It can be seen from a considerat ion of 
the curves  of molecular  weights as functions of the concentrat ions of the solutions (Figs.  5 and 6) that a 
change in concentra t ion has the g rea tes t  effect on the polycondensation of activated glycine e s t e r s .  At a 
concentrat ion of 30%, the degree of polymerizat ion of, for example, the pentachlorophenyl ether is 10 
while at a concentrat ion of 60% it is 88. This is obviously connected with the ease of convers ion of glycine 
es te rs  into cycl ic  products at low concentra t ions .  

The change in the rate  of polycondensation of dipeptides remains  independent of the nature of the 
amino acids in them when the concentrat ion is increased  2- to 3-fold (from 30qc to 6(~c). Among the di- 
peptide e s t e r s ,  the concentrat ion of monomer  in the solution most  s t rongly affects the pentachlorophenyl 
es te r  H-Gly-Lys(TOS)-OPhCls.  This effect  of a change in the concentrat ion of the monomer  is probably 
due to the bet ter  solubility of the monomer  and the s lower increase  in the viscosi ty  of the react ion mixture .  

Figure 7 shows the degree of polymerizat ion of polypeptides as a function of the tempera ture  of the 
polycondensation p r o c e s s e s .  This relat ionship was studied with the other pa ramete r s  of the process  kept 
constant (polycondensation was pe r fo rmed  for 126 h with 50°7c solutions of six monomers) .  As can be seen 
f rom the figure, it is of the same type for all the monomers .  Of the four tempera tures  studied (10, 20, 
30, and 40°C) the optimum is +20°C. As was stated above, the other relationships were considered at just  
this t empera ture .  

At +10°C, the ra tes  of all the p rocesses  are  low and therefore  the chain grows insignificantly. With 
a r i se  in the tempera ture ,  the number of active polycondensation centers  increases  and therefore  the 
growth of the chain about each center  dec reases ,  which is in harmony with the experimental  results  ob- 
tained. 

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

The work was pe r fo rmed  with L-amino acids. The individuality of the compounds synthesized was 
checked by chromatography on paper  and in a thin layer  of s i l ica  g e l - g y p s u m  (for solvent sys tems  see 
Table 1). 

The polycondensation of all the monomers  - hydrobromides  of amino acids and of peptides - was pe r -  
formed by the same method. A weighed s ample of monomer  was introduced into a tube and the appropriate 
amount of solvent was added. If the monomer  was insoluble in the cold, the mixture was heated to 40-50°C. 
Then careful ly  purified t r ie thylamine was added in an equimolecular  or 1.1 : 1 ratio to the monomer .  The 
react ion mixture was s t i r red ,  and the tube was sealed.  Then it was placed in a the rmos ta t  at the required 
t empera tu re  (the fluctuations did not exceed + I°C). 

After  the end of the t ime of polycondensation, the polymer  was precipi tated with methanol.  The 
methanol-insoluble fract ion was separa ted  off and washed with methanol.  For  more  careful  purification, 
the polypeptides were washed with methanol and dimethylformamide (successively) in Soxhlet apparatuses 
for 4-5 h. The yield of h igh-molecular -weight  fract ion was 13-30~. 

The molecular  weights were determined by the Van Slyke method (Ioanisiani 's modification} [10]. 

S U M M A R Y  

The polycondensation of activated es te rs  (p-nitrophenyl, 2 .4,6- tr ichlorophenyl ,  and pentachlorophenyl 
es ters)  of a number of amino acids and di-  and tripeptides has been studied. The dependence of the de- 
gree  of polymerizat ion of the polypeptides on the time of polycondensation, on the initial concentration of 
monomer  in the solution, and on the tempera ture  has been established. The roles  of the N- and C- te rmina l  
amino acids in the monomers  in determining their  capaci ty for polycondensation have been studied. 
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