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We have p rev ious ly  r epo r t ed  a study of the polycondensat ion of act ivated e s t e r s  of cer ta in  amino acids 
[1], dipeptides [2], and t r ipept ides  [3]. In the p resen t  pape r  we give the r e su l t s  of an invest igat ion of the 
polycondensat ion of the act ivated e s t e r s  of a number  of dipeptides with var ious  amino acid sequences  in o r -  
der  to de t e rmine  the ro le  of the N- and C - t e r m i n a l  amino acids in this react ion.  

As the monomer i c  compounds,  we used HBr • Gly-Asp(OMe)-OPhC13-(2,4,6),  H B r . H - A s p ( O M e ) -  
Gly-OPhC13-(2,4,6) , HBr-  H-Gly -Orn (Tos ) -ONP and H B r .  H-Orn{Tos) -Gly-ONP.  The s tar t ing m a t e r i a l s  
for  obtaining these  m o n o m e r s  w e r e  Cbo-GlyAsp (OMe)-OPhC13- (2,4,6), Cbo-Asp(OMe)-Gly-OPhC13- (2,4,6), 
Cbo-Gly -Orn(Tos ) -ONP and Cbo-Orn(Tos) -Gly-ONP,  respec t ive ly .  The constants  of the compounds syn-  
thes ized a r e  given in Table  1. 

The  syn thes i s  of the initial compounds was p e r f o r m e d  by schemes  a-d.  

The act ivated e s t e r s  used had approx imate ly  equivalent ac t iv i t ies  (for p-ni t rophenol ,  pK 9.41, and for  
2 ,4 ,6- t r ichlorophenol ,  pK 9.65) [4]. 
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Schemes  of the synthesis  of the act ivated e s t e r s  H-Gly-Asp(OMe)-  
OH (a), H-Asp(OMe)-Gly-OI-I (b), H-Gly-Orn{Tos) -OH (c), and H- 
O r n  (Tos)-Gly-OH (d). 
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Fig.  1. Dependence of the degree  • 
of polymerizat ion of the polypep- 
t ides on the time: I) H-Asp(OMe)- 
Gly-OPhC13; II) H-Gly-Asp(OMe)- 
OPhCl3; l id  H-Gly-Orn{Tos)-ON'P; 
IV) H-Orn {Tos)-Gly-ONP. 

TABLE 1 

Compound 

'Cbo-O 1 y-(~-OMe)-Asp-OH 
Cbo-O ly- (~-OMe)-Asp-OPhCl3 
.Cbo-(,~-OM e)- Asp-O 1.y-OPhC[3 
Cbo-Orn (Tos)-OPhNO~ 
HBr.H-Orn (Tos)-OPhNO~ 

.Cbo-Oly-Orn (Tos)-OPhNO2 

Cbo-Orn (To.~)-OI y-OPhNO2 
:HBr. H-OI y-(,~-OMe)-Asp-OPhCl3 
HBr.H-(~-OMe) Asp-Ol y-OPhCla 
HBr. H-Orn (Tos)-O I y-OPhNO2 

:HBr-H-Gl.y-Orn (Tos)-OPhNO2 

Yield, 
% 
~eld, rap, °C e*l 

85,0 101 0,49 (3) 
40,0 ll0 0,88(3) 
53,0 I03 0,95 (3) 
59,8 143--145 0,84(I) 
83,0 121--126 0,34(I) 

0,I¢ (2) 
64,0 132--134 0,85(I) 

0,83 (2) 
74,6 I 140--142 0,80(I) 
94,0 ~ 167,--168 0,71 (3) 
80,7 [ lll--ll~ 0,59(3) 
94,01 I09--I14 0,620) 

o.5o(2) 
78,9 [ 183-18~ 0,19(I) 

i 0,24(2) 

* Chromatography was performed in the following 
solvent systems:  b u t a n - l - o l - w a t e r - a c e t i c  acid 
(4 : 5: 1) (1); butan-2-o l -3% ammonia (100: 44) (2); 
and b u t a n - l - o l - w a t e r - a c e t i c  acid (4 : 1 : 1) (3). 

Polycondensat ion was per formed in sealed tubes at 20°C. The monomer ic  hydrobromides of the act i-  
vated peptide es te r s  were  dissolved in d imethyl formamide ( I ~ F )  (concentration50%). After the addition of 
an equivalent amount of carefully purified t r ie thylamine {TEA), the react ion mixture  was kept for  a p re -  
determined time. The polypeptides were  isolated by precipitat ion with methanol. To f ree  them f rom low- 
molecular -weight  impuri t ies  and f rom the TEA salt, they were  washed with methanol and DMF. The mean 
molecu la r  weight QVIav) of the polypeptides were  determined by the Van Slyke method. Th$ resul ts  of a 
study of the dependence of Mav on the t ime a r e  given in Fig.  1 

As can be seen f rom Fig. 1, in the case  of HBr • H-Asp(OMe)-GIy-OPhC13 and HBr • H-Gly-Asp-  
(OMe)-OPhC13, (curves I and II), Mav is g r ea t e r  for the fo rmer .  A s imi la r  pat tern has been observed in a 
compar ison  of HBr • H-Gly(OMe)-Gly-OPhCI 3 and HBr • H-Gly-Glu(OMe)-OPhC13 [2]. The g rea te r  activity 
of HBr • H-Asp(OMe)-Gly-OPhC13 and HBr • H-Glu(OMe)-Gly-OPhC13 can be explained in the following 
way. When residues of aspar t ic  and glutamic acids a re  presen t  at the C end of the peptideI mutual repul-  
sion of the carboxy group takes place,  as a consequence of which s ter ic  hindrance ar i ses  which in ter feres  
with the attack of the carbonyl  oxygen of the e s t e r  group by the NI-I 2 group of the other peptide molecule. 

When aspar t ic  and glutamic acid residues a re  present  at the N end of the peptide, the formation of an 
in t ramolecular  hydrogen bond is possible, which increases  the nucleophilicity of the nitrogen 

H-- N--CH--CO--NH-- CH,,-- COOC:H: CI 3 
I I 
H CH2 

0=C--OCHa 

It must  also be mentioned that in this case  the s te r ic  hindrance mentioned above disappears .  

On comparing the other pair  of monomers  HBr.  H-Gly-Orn(Tos)-ONP and HBr- H-Orn(Tos)-Gly-ONP 
(Fig. 2, curves  III and IV) it can c lear ly  be seen that the activity of HBr .  H-Gly-Orn{Tos)-ONP is higher, 
and therefore  the polypeptide formed has a l a rge r  value of Mav than in the case  of I-IBr • H-Orn ( ros ) -Gly -  
ONP. Such behavior of these monomers  can be explained by the formation of an int ramolecular  coordina-  
tion bond between the NH group and the carbonyl carbon in the COOR group when an ornithine residue is 
present  at the C end of the peptide: 

7 o 
H2N--CH~--CO - NH--CH--C--OCGH,NO, 

i 
CH.2 NH--SO_,C~H~CH3 
E L 

CH~- CH2 
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Because  of this, the posit ive charge  on the carbonyl  carbon is increased, which facil i tates the nucleophilic 
attack of its NH 2 group by another molecule of the monomer.  In addition, it leads to the formation of a cycli, 
s t ruc ture  having a planar ar rangement ,  which also facil i tates this attack. 

When there  is an ornithine res idue  at the N end of the peptide, the long side chain ( - C H 2 - C H 2 - C H  2-  
NH-SO2C6H4CH 3) c rea tes  s te r ic  hindrance to the interaction of the NH 2 group with the ester  group of another 
molecule of the monomer .  

Similar  resu l t s  were  obtained in a study of the polycondensation of HBr • H-Lys{Tos)-Gly-OPhC1 s and 
HBr- H-Gly-Lys(Tos)-OPhC1 s (2). 

E X P E R I M  ENTA L 

The work was car r ied  out with L-amino acids. Chromatography was performed in a thin layer  of si l-  
ica gel (300 mesh) fixed with gypsum on plates 75x 25 mm in solvent sys tems  1, 2, and 3 (see Table 1). The 
chromatograms  were  revealed with ninhydrin and iodine vapor. 

The start ing mate r ia l s  were obtained by known methods: Cbo-Gly-C1 [5], HC1 • H-Asp(OMe)-OH [6], 
Cbo-Asp(OMe)-OH [7], H-Orn(Tos)-OH [8], Cbo-Orn(Tos)-OH [9], Cbo-Gly-OPhC13-(2,4,6 ) [10], Cbo-Gly-  
ONP, and HBr • H-GIy-ONP [ii]. 

The analyses of all the compounds corresponded to the calculated figures. 

I. Cbo-Gly-Asp(OMe)-OH (1). With vigorous stirring, 5 g of Cbo-Gly-Cl [5] was added to 4.04 g of 
HCI-H-Asp(OMe)-OH [6] in I00 ml of water in the presence of NaHCO 3 (pH 8). Stirring was continued at 
-1°C for 1 h and at ,-, 20°C for 2 h. After extraction with ether, the aqueous layer was acidified to pH 1-2, 
and the oil that separated out was extracted with ethyl acetate. The solution was washed with water and 
dried. After evaporation of the solvents, 3.15 g (34.9%) of compound {I) was obtained with the composition 
CIsHIsOTN2, mp I11°C, Rf (2) 0.49. 

2. Cbo-Gly-Asp(OMe)-OPhCl3-(2,4,6 ) (If). To a solution of 1 g of (I) in 10 ml of ethyl acetate cooled 
to 0°C was added 0.6 g of dicyclohexylcarbodiimide (DCHCD). After the mixture had been stirred for 15 
rain, 0.58 g of 2,4,6-trichlorophenol was added to it. Stirring was continued at 0°C for 3 h, and then the re- 
action mixture was left overnight. The excess of DCHCD was decomposed with glacial acetic acid, and the 
precipitate of dicyclohexylurea (DCHU) was filtered off. The filtrate was evaporated, and the residue was 
dissolved in ethyl acetate. The new precipitate of DCHU that formed was filtered off, and the filtrate was 
washed with water, 1 N HCI, 5% NaHCO3, and water again, and was dried over Na2SO4. The solvent was 
driven off, and the residue was crystallized by trituration with ether. This gave 0.6 g (40.0%) of (If) with 
the composition C21HIgOTN2CI3, mp 110°C, Rf (2) 0.88; [~]~-36.4 (c 1.5; DMF). 

3. Cbo-Asp(OMe)-Gly-OPhCl3-(2,4,6 ) (Ill). To a solution of 2.81 g of Cbo-Asp(OMe)-OH [7] and 1.4 
ml of triethylamine (TEA) in 6.2 ml of chloroform cooled to -10°C was added 1.31 g of isobutyl chlorofor- 
mate (IBCF). The mixture was stirred at -10°C for 40 min and at-5°C for 15 rain and was then cooled 
again to-10°C. Then a suspension of 2.6 g of HBr "H-GIy-OPhCI3-(2,4,6 ) [i0] in 1.4 ml of TEA and 6 ml of 
chloroform cooled to-10°C was added. The mixture was stirred at-10°C for 40 rain, at 0°C for 15 rain, at 
20°C for 2 h, and at 50°C for 15 rain, after which itwas diluted twofold with chloroform. The solution was 
washed with water, 1 N HCI, water again, 0.5 N NaHCO3, and water again, and was dried over Na2SO 4. The 
solvent was evaported until the residue had the state of a viscous syrup, and this was dissolved in ethyl 
acetate. After precipitation with ether, 2.65 g (53~c) of (III) with ~he composition C21HIgOTN2CI 3 was obtained 
mp 103°C; Rf (3) 0.95; [oi]~-48.7 (e 1.5; DMF). 

4. Cbo-Orn(Tos)-ONP (IV). By the method of Para. 3, 1 g of Cbo-Orn(Tos)-OH (III), 0.3 g of p-nitro- 
phenol, 0.22 ml of ethyl chloroformate (ECF), and 0.32 ml o~ TEA yielded 0.76 g (59.3~) of (IV), mp 143- 
145°C, Rf (I) 0.84. 

5. HBr" H-Orn(Tos)-ONP (V). To a solution of 0.6 g of (IV) in 3 ml of glacial  CH3COOH was added 
3 ml  of a solution of HBr in glacial  CH3COOH (3.5~). The mix ture  was kept at 20°C for 30 min. Then the 
hydrobromide  was precipitated with cooled ether. After recrys ta l l iza t ion  from a mixture of methanol and 
ether, 0.4 g (83%) of (V) was obtained with mp 121-126°C, Rf (1) 0.34, Rf (2) 0.17. 

6. Cbo-Gly-Orn(Tos)-ONP (VI). By the method of Para.  3, 1 g of Cbo-Gly-OH, 1.9 g of (V), 0.46 ml 
of ECF, and 0.64 ml of TEA yielded 1.83 g (64~c) of (VI) with the composit ion C29H3209N4S , mp 132-134°C, 
Rf (1) 0.85, [c~]~ -- 21.4 ° (c 0.4; CHC13). 

506 



7. Cbo-Orn(Tos)-Gly-ONP (VII). By the method of Para .  3, 1 g of Cbo-Orn(Tos)-OH [9], 0.66 g of 
H B r - H - G l y - O N P  [11], 0.22 ml of ECF, and 0.64 ml of TEA yielded 1 g (74.6%) of (VII) with the composition 
C29H32OgN4S, mp 140-142°C, Rf  (1) 0.80 [a]}~-45.1 ° (c 0.7; CHC13-CH3COCH3, 15: 10). 

8. HBr .  H-Gly-Asp(OMe)-OPHC13-(2,4,6) (VIII). Compound (II) (0.35 g) was t reated with 0.32 ml  of a 
30% solution of HBr in glacial  CH3COOH. After 40 m~n, the hydrobromide  was precipi ta ted with cooled ether.  
This gave 0.29 g (94%) of (VIII), mp 165°C, Rf  {III) 0.71. 

9. HBr .  H-Asp(OMe)-Gly-OPhC13-(2,4,6) (IX). Compound {III) (1 g) .was t rea ted  with 1.2 ml of a 30% 
solution of HBr in glacial  CH3COOH. After  30 min, the hydrobromide was precipi tated with ether.  This 
gave 0.71 g (80.7%) of (IX), mp 113°C, Rf  (llI) (0.59). 

10. HBr-  H-Gly-Orn(Tos) -ONP (X). To a solution of 0.5 g of (VI) in 3 ml of glacial  CH3COOH was 
added 3 ml  of a 35% solution of HBr in glacial  CH3COOH. After  30 min, the hydrobromide was precipi ta ted 
with cooled ether.  This gave 0.36 g (78.9%) of (X), mp 181-183°C, Rf (1) 0.19. 

11. HBr .H-Orn(Tos) -Gly-ONP (XI). By the method of Para .  10, 0.5 g of (VII) yielded 0.43 g (94%) of 
(XI), mp 109-114°C, Rf  (2) 0.50. 

12. H[Gly-Asp(OMe)]nOH (XII). To a solution of 0.6 g of Will) in 0.62 ml of DMF was added 0.18 ml  
of TEA, and the mix tu re  was kept at 20°C for  168 h. The polypeptide was precipi ta ted with methanol,  washed 
with methanol and DMF, and dried.  This gave 0.21 g (35%) of a product  of Mav 8315. 

All the other  polypeptides w e r e  obtained s imi lar ly .  

SUMMARY 

1, The polycondensation of activated esters of some dipeptides has been studied. The dependence of 
May on the time has been established. 

2. It has been shown that the degree of polycondensation of the polypeptides depends on the nature of 
the N- and C-terminal amino acids of the activated ester of the peptide and of the monomer. 
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