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The activated e ther  and dicyctohexylcarbodi imide methods were  used to obtain di- and t r ipep-  
t ides of f l - (1- thyminyl) -~-a lanine  and f l - (9-adenyl)-~-alanine.  

Continuing our research on the synthesis of purinyl peptides [i, 2], we undertook the preparation of 
heteropeptides from various pyrimidyl- and purinylamino acids. 

In the present communication we present the results of the synthesis of a dipeptide - the methyl ester 
of N-carbobenzoxy-fl- (9-adenyl)- o~-alanyl-fl- (l-thyminyl)- c~-alanine (I) - and a tripeptide - the methyl ester 
of N-carbobenzoxy-DL-willardiylwillardiyl-fl-(l-thyminyl)-c~-alanine (II). We used the activated ether and 
dicyclohexylcarbodiimide methods to form the peptide bond. The amino groups were protected in all cases 
by carbobenzoxylation. 

We chose the activated ether method for the synthesis of II.-The etherification of N-carbobenzoxy-DL- 
willardiylwillardiine (III) [i] with p-nitrophenol gave N-carbobenzoxy-DL-willardiylwillardiine p-nitrophenyl 
ester (IV), which gives II on reaction with fi-(l-thyminyl)-c~-alanine methyl ester (V). 

We used the dicyclohexylcarhodiimide method f or the synthesis of dipeptide I. Compound I is formed 
by the condensation of V with N-carbobenzoxy-fl-(9-adenyl)-~-alanine (VI) in the presence of N,N'-dicyclo- 
hexylcarbodiimide. 

The structures of the compounds obtained were confirmed by the results of hydrolysis, as a result of 
which the corresponding crystalline amino acids, which were identified by means of partition chromatog- 
raphy and paper electrophoresis, are formed. 
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"Chromatographic C" paper from the Volodarsk Leningrad Factory was used for the chromatography. 
The following solvent systems were used: butyl alcohol-acetic acid-water (9 : 1 : 2) (system A), isopropyl 
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a l c o h o l - a m m o n i u m  h y d r o x i d e - w a t e r  (7 : 1 : 2) (system B). The substances were detected on the chromato-  
g r ams  f rom the UV absorption, while the compounds containing an amino group were developed with n inhy -  
drin. The Rf  values presented below pertain to ascending chromatograms .  

E lec t rophores i s  was ca r r i ed  out on "Chromatographic  M" paper.  The following sys tems were used 
as electrolytes:  85% formic  a c i d - a c e t i c  a c i d - w a t e r  (7: 5: 13, pH 0.7)(system 1), 0.1 N potassium hydrox- 
ide (pH 13) (system 2). In working with sys tem 1, a voltage of 350 V was supplied f rom a rect if ier ,  and the 
potential gradient on the paper was 9.2 V / c m  2. In work with sys tem 2, the voltage at the output f rom the r ec -  
t if ier was 600 V, and the potential gradient  on the paper  was 13.6 V / c m  2. The e lec t rophores is  time var ied  
f rom 2 to 3 h. The e lect rophoret ie  mobili t ies were calculated f rom the ratio of the ra tes  of movement  ofthe 
substances to the voltage of the e lec t r ica l  field. 

f l - (1-Thyminyl)-~-alanine Methyl E s t e r  (V). An intense s t r e a m  of dry  hydrogen chloride was bubbled 
without cooling into a suspension of 1.8 g (7 re_mole) of f l - (1- thyminyl)-~-alanine in 40 ml of absolute metha-  
nol. After  the amino acid had dissolved, the solution was cooled to 2 ~ and the introduction of gas was con- 
tinued until the mixture was saturated, after  which it was allowed to stand for  56 h in a re f r igera tor .  The 
precipi tated c rys ta l s  of the hydrochloride of V were removed by filtration, washed with ether,  and dissolved 
in 20 ml of methanol. The methanol solution was neutral ized to pH 7 with t r ie thylamine and allowed to stand 
at 0 ~ for  24 h. The result ing precipi tate  was removed by fi l trat ion and washed with ether to give 1.2 g (63%) 
of V with mp 152 ~ and Rf  0.85 (system A) and 0.51 (system B). Found: C47.47; H5.46; N18.78%. CsH13N304. 
Calculated: C 47.56; H~5.77; N 18.49%. 

N-Carbobenzoxy-DL-wil lardiylwil lardi ine p-Nitrophenyl Ester  (IV). A 0.06 g (0.5 mmole) sample of 
p-nitrophenol and 0.1 g (0.5 mmole) of dicyclohexylcarbodi imide were added with vigorous s t i r r ing  at 12 ~ to 
0.24 g (0.5 mmole) of III in 25 ml of dry dioxane, and the mixture was s t i r red  at 12 ~ for  2 h and allowed to 
stand at room tempera ture  for  24 h. The precipitated dicyclohexylurea was removed by filtration, and the 
f i l t rate was vacuum evaporated to give an oil, which crys ta l l ized  on t r i turat ion with dry  ethanol to give 0.21 g 
(72.4%) of IV with mp 217 ~ (nitromethane) and Rf  0.03 (system A) and 0.12 (system B). 

N-C arbobenzoxy-DL-wil lardiylwil lardiyl-f l -  (1-thyminyl)- ~-alanine Methyl E s t e r  (II). A solution of 
0.1 g (0.2 mmole) of IV and 0.04 g (0.2 re_mole) of V in 10 m l o f  dry  dimethylformamide was held at  room 
tempera ture  for  5 days. The solvent was evaporated in vacuo to give a yellow oil, which crys ta l l ized on t r i t -  
urat ion with dry ethanol. The c rys ta l s  were removed by fi l t rat ion and washed with acetone and absolute 
ethanol to give 0.085 g (77%) of II with mp 259 ~ and Rf 0.33 (system A) and 0.44 (system B). The e lect ropho-  
ret ic  mobilit ies* were  - 6 .03.10 -4 cm 2. V -1 �9 sec -1 (system 1) and + 1 .93.10 -3 cm 2. V -1. sec -1 (system 2). 

N-Carbobenzoxy-f l - (9-adenyl) -~-a lanine  (VI). An0.84ml  (4~9 mmole) sample of carbobenzoxy chlo- 
ride was added with s t i r r ing  to a cooled (to 0 ~ solution of 2.3 g (9 mmole) of f l - (9-adenyl)-~-alanine in 24 
ml of water  and 7.3 ml of 2.0 M sodium hydroxide. After  10 rain, another 2.7 ml of 2.0 M sodium hydroxide 
and 0.84 ml (4.9 mmole) of carbobenzoxy chloride were  added, and the suspension was s t i r red  at 0 ~ for  3 h, 
allowed to stand at room tempera tu re  for 2 h, and extracted with ether. The aqueous layer  was cooled and 
acidified with concentrated HC1 to pH 2-3, and the l iberated oil began to crys ta l l ize  at 5 ~ to give 2.4 g (69.7%) 
of a product with mp 239-240 ~ (absolute ethanol) and Rf  0.33 (system A) and 0.23 (system B). Found: C 
54.55; H 4.67; N 23.26%. C16Hl~N604. Calculated: C 53.92; H 4.53; N 23.58%. The electrophoret ic  mobili-  
t ies  were - 1.126- 10 -3 cm ~. V -1 �9 sec -1 (system 1) and + 1.049 �9 10 -3 cm 2. V -1 �9 sec -1 (system 2). 

N-Carbobenzoxy-f l - (9-adenyl) -~-a lanyl- f l - (1- thyminyl) -~-a lanine  Methyl E s t e r  (I). A 0.19 g (0.9 
mmole) sample of V was dissolved in 10 ml of dimethylformamide,  and 0.18 g (0.9 mmole) of dicyclohexyl-  
carbodiimide was added in portions with s t i r r ing.  The mixture was s t i r red  for  30 rain, a solution of 0.3 g 
(0.9 mmole) of VI in methylene chloride was added, and the new mixture was allowed to stand for  24 h. Gla- 
cial acetic acid (0.1 ml) was added, and the precipi tated dicyclohexylurea was removed by filtration. The 
fi l trate was vacuum evaporated to give 0.34 g (68.6%) of a product with mp 185-186 ~ (absolute ethanol) and 
Rf  0.29 (system A) and 0.32 (system B). Found: C 53.07; H 4.73. N 22.55%. C25H27NgOT. Calculated: C 
53.08; H 4.82; N 22.29%. The e lectrophoret ic  mobili t ies were -1 .061"  10 -3 cm 2" V - l"  sec -1 (system 1) and 
+1.641 �9 10 -3 cm 2. V - i  �9 sec - i  (system 2). 

Hydrolysis  of I and II. A 10 mg sample of the compound was heated for 48 h on a boi l ing-water  bath 
with 1 ml of 6 N hydrochloric  acid, and the presence  of the corresponding amino acids of the peptide in the 
result ing solution was proved by paper chromatography and paper e lec t rophores is .  

* The plus and minus signs indicate migrat ion of the substance to the cathode or  anode, respectively.  
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