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One of the numerous methods of synthesizing peptides is the N-acy la t ion  of amino acids and peptides or their ethyl,  
methyl ,  and benzyl  esters with the thiophenyl and p-ni t rophenyl  esters of N-protected amino acids and peptides.  

The present paper describes the synthesis of a number of D L - a - a l a n i n e - g l y c i n e  peptides with various sequences of 
amino acids in the chain and also the production of some intermediates .  The peptides were obtained both by the stepwise 
building up of the chain [Ala-Gly ,  Gly-Gly-Gly-Ala, etc.  (here and below, the convent ional  abbreviat ions are used for 
the amino acids)], and by the condensation of fragments one of which was a thiophenyl  [1] or a p-ni t rophenyl  ester and 
the second an amino acid or pept ide with a free amino group. The carbobenzoxy group (cbz group) was used as the N- 
protect ive group for the first fragment [3]. The carboxy group of the second fragment was protected in the form of a ben-  
zyl ester [4] or was left  unprotected.  

The use of these methods made it possible to synthesize protected peptides in high yields (50-73%).  The best remits  
were achieved when using the p-ni t rophenyl  esters (yields 65-73%).  

The ini t ia l  thiophenyl and p-ni t rophenyl  esters of the amino acids and peptides were obtained by the usual methods 
of ester i f icat ion in the presence of d icyc lohexylearbodi imide  (DCHC) in a mixture of anhydrous tetrahydrofuran and di-  
methy l formamide .  The yields under these conditions were 60-80%. 

The cbz group of the pept ide was removed with hydrogen bromide in g lac ia l  ace t ic  acid [5] with subsequent iono- 
phoretic e l imina t ion  of the bromine ions, and also by reduction with sodium in liquid ammonia  [6]. 

The reduced peptides were freed from sodium ions by ion-exchange  chromatography on IRC-50 resin (NH + form) 
with subsequent e l imina t ion  of minera l  salts by the ionophoretic method.  

The synthesis of hexapept ides  can be represented by the following schemes'. 

A. Condensation with thiophenyl esters 

Z--NH. CHR. CONHCH~. CO. NH. CH2COSCaHs+ H~NCHR1CONHCH2CONHCHR~CO O H *  
Z- - I  II 

Z--NHCHR. CONHCH2CONHCH2CONH. CHR t" CONHCH2CONHCHR2CO Of I-~ 
L--Il l  

-+ HBr in glac. CH.~COOH ÷ H2NCHRCONHCH2CONHCH~ CONHCHRI. CONHCH2 X 
ionophoresis 1II (a-d) 

X CONHCHR~COOH. 

B. 4=ondensation with p-ni t rophenyl  esters 

Z--NHCHR. CONHCH2. CONH. CH 2 • COOC6Ha. NON-- p+  

+p- -CHa.  C6H4SOsH-H~N. CHR1.CONHCH~.CONHCH~COOCH2C6Hs~ 

Z.NH.CftR.CONH-CH~.CONHCH~CONHCHR1.CONHCH2.CONHCH~COOCH2C~Hs-+ 

Na in liquid NHa 
-+ Ill ionophoresis 

. .  R =CHa,  R I = R 2 = H ;  c. R = R I = H ,  R2=CHa; 

b. R = R 2 = H ,  RI=CHa;  d, R = R I = C H a ,  R 2 = f t  

Experimental  

Thiopheny! esters of cbz-amino acids and peptides 

A solution of 0.01 mole of amino acid or peptide and 0.011 mole of DCHC in a mixture of dry tetrahydrofuran and 

dimethylformamide (3 : I) was cooled to -20 ° C and, with vigorous stirring, 0.011 mole of thiophenol was added dropwise 

over 30 min. After the elimination of the dicyclohexylurea, the filtrate was evaporated in vacuum in a rotary evaporator. 

The thiophenyl  esters were I isolated by treat ing the residue with ethanol.  In individual  experiments  in which the product 
could not be prec ip i ta ted  in the solid state with ethanol,  the residue was dissolved in ethyl  ace ta te  and the solution was 
washed witia 0.2 N sodium bicarbonate  solution and dried with sodium sulfate, and the ether was precipi ta ted with ethanol,  
For purif ication,  the prodqct was recrysta l l ized from ethanol.  
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p- Nitrophenyl esters of ebz-  peptides 

A solution of 0.006 mole  of the cbz -pep t ide  and 0.0063 mole  of p-ni t rophenol  in 58 ml of a mixture of dry te t ra -  
hydrofuran and d imethy l fo rmamide  (10 : 1) was cooled to 0 ° C, and 0.005 mole  of DCHC was added with vigorous stirring. 
After stirring for 2.5 hr at room temperature ,  the dicyclohexylurea  was f i l tered off and the f ik ra te  was evaporated in a 
rotary evaporator.  The residue, in the form of an oi ly liquid, was treated with 0.2 N potassium bicarbonate  solution and 
the prec ip i ta te  that deposited was fi l tered off and washed with 20 -25  ml  Of 0.2 N potassium bicarbonate  solution, 400 m l  
of water,  and, f inally,  10 ml  of ethanol.  The p-ni t rophenyl  esters of the cbz-pept ides  were crys ta l l ized from ethanol.  

The results of exper iments  on the preparation of the thiophenyl  and p-ni t rophenyl  esters are given in Table  1. 

p-Toluenesulfonates  of benzyl  esters of the peptides 

A mixture of 0.1 mole  of a pept ide and 0.11 mole  of p- toluenesulfonic acid in 50 ml  of anhydrous ether was heated 
in a Hofmann extractor (with the absorption of water by a mixture of sodium and magnesium sulfates) unti l  the ma te r i a l  
had dissolved comple t e ly  (about a0 m/n). 60 ml  of absolute carbon te t rachlor ide was added and heat ing was continued for 

Table  I 

Thiophenyl  and p-Nit rophenyl  Esters of cbz -amino  Acids and cbz-Pept ides  

Ester of cbz-amino acid or cbz-peptide I 
I 

I 
Yield, % rap, °C Formula 

Nitrogen content, % 

calcu- 
found lated 

Glycine 
Alanine 
Glycylalanine 
Diglycylgtycine (lb) 
Alanylglycylglycine (la) 

Thiophenyl esters 

71 71--72 ICl~HIsO3NS 
69 73--74 CtTH17OaNS 
62 97--98 [C,sHooOaN~S 
64 129--1 al ,  C.~oH~t OsN~S 
65 145--1471C;iH~aOaNaS 

4.60 
4.37 
7.15 

10.92 
9.39 

4.65 
4.44 
7.52 

10.11 
9.80 

Diglycylglycine (Ila) 
Alanylglycylglycine (lib) 

p-Nitrophenyl  esters 

[ C~oH~oO~N, 75 178--180 CuH,-OsN4 
80 131--133 . .. 

12.19 12.60 
12,20 12,22 

Note. Here and below the tables contain the mean  remits  of a series of experiments.  

another 6.5 hr. Then 100 ml  of the same solvent was added to the viscous react ion mixture and it was left  in a refr igera-  
tor at 0 - 5 ° C for 12 hr. The precip i ta te  of the sulfonate of the benzyl  ester of  the pept ide was f i l tered off and recrystai-  
l ized from ethanol  (Table  2). 

k .  Preparation of cbz -pep t ide  s by the th iophenytes te r  method 

Over 2 hr, 0.05 mole  of a free amino acid or pept ide was added in 4 - 5  portions to a solution of 0.05 mole  of a 
thiophenyl  ester of a c b z - a m i n o  acid or cbz -pep t ide  in 5-10 ml  of g lac ia l  acet ic  acid heated to the boil .  The solvent 
was dist i l led off in vacuum and the react ion product was precipi ta ted with ethanol  or, in individual  cases, the residue was 

Table  2 

p-Toluenesulfonates  of Benzyl Esters of Tri 

Compound t Yield, % 

Alanylglycylglycine l 79 
Digl yeylglycine 7.5 

mp, °C I Formula 

t 
188-- 1901C.~lH~;OTN,~S 
17t--  175jC]oH~sC,NjS 

peptides 

Nitrogen content, % 

found calculated 

8_67 9.01 

dissolved in ethyl aceta te ,  the solution was washed with sodium bicarbonate ,  and the peptide was obtained from the 
aqueous layer by ac id i f ica t ion  with 5 N hydrochloric acid to pH 2 - 3 .  The resulting cbz-pep t ides  were purified by crystal-  

l iza t ion  from ethanol (Table  8). 
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Table 4 

13enzyl Esters of cbz-Peptides 

Peptide 

Glycylalanylglycine 

Triglycylalanylgly- 
cylglycine (lb) 

Alanyltetraglycyl- 
glycine 

Starting materials ] 
cbz- Peptide I 

Peptide benzyl t Yield, 
p-nitro- ester 1 % 
phenyl p-toluene- / 
ester sulfonate I 

Glycyl- 
alanine 

Diglycyl- 
glycine 

Alanyl- 
glycyl- 
glycine 

Glycine 
65 

Alanyl- 
glycyl- I 
glycine I 68 

Diglycyt- 
glyeine 

73.5 

mp, °C 

161--t62 

214--2t5 

214--215 

Formula 

Cee H,.,..-,O~Na 

C2~H3LOgNa 

Nitrogen 
content, % 

calcu- found lated 

10.67 9.83 

14.25 14.01 

14.02 14.01 

TabLe 5 

Ammonium Salts of the Peptides 

Peptide 

Alanylglycine 

Diglycylalanine 
Giycylalanyl- 
glycine 

rap, °C 
t 

214--215 
Alanyltetra-Triglycylalanine (decomp.) 

glycylglycine 2~0 
(lIIa) ] (deeomp.) 

Triglycylalanyl- 1 
glycylglycine 216--218 
(IIIb) (decomp.) [ 

Pentaglycylala- ~ 240; 
nine (decomp.) 

(IIlc)-Alanyldi- 
glycylalanyl- 
glycylglycine i 200 

i (decomp.) 

Formula [ C 

CsHI3N3Oa ] 7. 

C:Ha~O~N~ 3 8(" 

C~H mO~,Na* 140.26 

C~H19OaN~ -- 

CiaH~.sO ~N 7139 • 04 

] 
The same 140.51 

/ 
The same 140.03 

C1tH270 7N7 

Analysis 

H 

- -4  

7,22 

~8 

NIc 
25.171 -- 
25.46 38. l 7 

frO, 10141.37 

25,08[ -- 

24 28 39.89 

26139.89 

16139.8~ 

01 ! 

H N 

-- 9125.75 

7.3~125.44 

6.44 20.68 

- -  25.38 I 

6.4~ 25.05 

6.4~ 25.05 

6.4~ 25.0n 

I 
- -  [ 2 4 . 1 ~  

yRS.. 
lElectro- 
Iphoretic 

* I mobil- 
u i !ty** , 

J 
1.46 i 1.22 

I 
1.15 / 1.12 

1.12 

1 . 0 7  / - -  

/ 
0.611 0.9 

0.94 

0,661 0.91 
i 

0.771 0.9l 

*Glycylalanylglycine after reduction with hydrogen over Pd/C at room temperature. 
**Chromatographed on Whatman 3 mm paper in the butanol--acetic acid-water 

(4 : 1 : 5) system, R/ relative to glycine. 
***6% acetic acid, 1100 V, 4.8- 7.8mA, 1 hr Whatman ,3 ram. 
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B. p,Nitrophenyl ester method 

A solution of 0.001 mole of the p-toluenesulfonate of the beuzyl ester of an amino acid or peptide in 2 - 5  ml  of 
absolute dJmethytformamide cooled to 0 ° C was treated with 0.001 mole of t r ie thylamine and 0.001 mole  of the p-ni t ro-  

phenyl ester of a cbz -amino  acid or cbz-peptide.  The solution was left at room temperature for 3 days. Then it  was 
cooled to 0 ° C and treated with a fivefold amount of cold water. The precipitate of the benzyl  ester of the cbz-peptide 
was filtered off and crystallized from ethanol (Table 4). 

Removal of the protective groups with hydrogen bromide in glacial  acetic acid 

A suspension of 0.0005 mole of cbz-peptide in 1 -1 .5  ml of glacial  acetic acid was treated with 1 -1 .5  ml of a 40% 
solution of hydrogen bromide in glacial  acetic acid. After 40 rain, the peptide was precipitated in the form of the hydro- 
bromide by the addition of absolute ether. The precipitate was washed several t imes with ether (by decantation) and was 

dried over phosphorus pentoxide and sodium hydroxide in vacuum. 

To c, btain the ammonium salt, the peptide hydrobromide was subjected to ionophoresis in aqueous solution against 
0.1 N acetic acid and 0.01 N ammonia.  The ionophoresis was carried out in an instrument of the OE-101 type. The results 
of elemenl::ary analyses, chromatography, and electrophoresis for the ammonium salts of the peptides are given in Table 
5. 

Reduction with metal l ic  sodium in liquid ammonia 

Metall ic sodium was added in small portions to a solution of 0.0002 mole of the benzyl  ester of a cbz-peptide in 
10 ml  of l!iquid ammonia freshly distilled over sodium unti l  a permanent blue color was produced. At the end of the re- 
duction, the excess of sodium was removed with ammonium chloride (disappearance of the blue coloration). The am- 

monia was distilled off in vacuum and the residue was dissolved in 100 ml  of water and treated with IRC-50 ion-exchange 

resin (NH { form). The solution was evaporated in a rotary evaporator and the peptide was desalted by ionophoresis against 

acetic acid and ammonia.  The peptide was isolated in the form of the ammonium salt. 

Summary 

The possibility of synthesizing a lanine-glycine  tetra- and hexapeptides by the N-acylat ion of amino acids and pep- 
tides and ~lso by that of their benzyl esters with thiophenyl and p-nitrophenyl esters of cbz-peptides has been shown. 
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