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The synthes is  of pept ides which include a D L - f l - ( N l - u r a c i l y l ) - a - a l a n i n e  (DL-willardiine) r e s i -  
due as an N - t e r m i n a l  o r  C - t e r m i n a l  group was invest igated,  dipeptides of DL-wi l la rd i ine  with 
glycine and L - t y r o s i n e  were  obtained, and DL-wi l l a rd iy l -DL-wi l l a rd i ine  was synthesized;  the 
l a t t e r  is the s i m p l e s t  r ep r e s en t a t i ve  of the fami ly  of monotonic homopept ides  which contain, 
as a repeat ing  side subst i tuent ,  a na tura l  nucleic base  capable  of par t ic ipa t ion  in i n t e rmolecu -  
l a r  in te rac t ions  of the c o m p l e m e n t a r y  type.  

Since pro te in  and nucleic acid m e t a b o l i s m  plays an impor tan t  role  in life p r o c e s s e s ,  an e x t r e m e l y  
t ime ly  t a sk  is the c rea t ion  of p repa ra t ions  which might  ac t ive ly  in tervene in these  types of me tabo l i sm .  
One of the p romis ing  paths for  the c rea t ion  of such p repa ra t ions  is that based  on sys t emat i c  chemica l  
modif icat ion of the s t r u c t u r e  of the key metabol i t es  of prote in  and nucleic me tabo l i sm .  Of specia l  in te res t  
as potential  an t imetabol i tes  of these  indicated types  a re  such s t r u c t u r e s  in which nucleic acid f ragments ,  
on the one hand, and pro te in  f r agmen t s ,  on the other ,  would be fused.  F r o m  this point of view, p y r i m i d y l -  
and p u r i n y l - a - a m i n o  acids a re  of undoubted in te res t .  The r e su l t s  of invest igat ions of such s t r u c t u r e s  have 
a l r eady  been r epo r t ed  in [1-5]. I n t e r e s t  in these  compounds has r ecen t ly  undergone an even g r e a t e r  growth 
due to the observa t ion  of s e v e r a l  of them in nature ,  pa r t i cu l a r ly  fl - (N~-urac i ly l ) - a -a l an ine  (I), which was 
found in a number  of plants  and is known as "wil lardi ine"  [6-14]. 

Of undoubted in te res t  a lso a re  peptides cons t ruc ted  f rom py r imidy l -  and p u r i n y l - a - a m i n o  acid r e s i -  
dues [3-5], and nucleopept ides ,  whose amino acid r e s idues  contain nucleic bases  a re ,  in our opinion, d e s e r v -  
ing of spec ia l  attention. 

In this pape r  we se t  out to accompl i sh  the synthes is  of a number  of the s imp le s t  peptides which are  
included as a n e c e s s a r y  component  of I (DL-wil lardi ine) ,  which is included in the five a - a m i n o  acids n e c e s -  
s a r y  for  the synthes is  of d ive r se  nucleopeptides [15]. 

In the cou r s e  of the study we decided to work out a method for  obtaining the cor responding  de r iva t ives  
of I with r e s p e c t  to the a - a m i n o  group and the carboxyl  group, to study the behavior  of the u rac i l  f r agment  
in peptide syn thes i s  r eac t ions ,  to com pa re  the di f ferent  methods for  the fo rmat ion  of the peptide bond with 
par t ic ipa t ion  of I, and also to inves t igate  s e v e r a l  methods  for  the r emova l  of the pro tec t ive  groupings f rom 
the peptides obtained, which contain res idue  I as an N - t e r m i n a l  or  C - t e r m i n a l  group.  

The pro te in  a - a m i n o  acids glycine and L - t y r o s i n e ,  whose behav ior  in such reac t ions  has  a l ready  been 
studied quite sa t i s f ac to r i ly ,  were  used as the second component  of the peptide syn thes i s .  

To c r ea t e  the peptide bond we used  the method of mixed  anhydrides ,  the method of act ivated e s t e r s ,  
and the d icyc lohexylcarbodi imide  method.  The a - a m i n o  groups were  p ro tec ted  in all c a s e s  by ca rbobenz -  
oxylation.  
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The method of act ivated e s t e r s  was used  to synthes ize  the dipeptide DL-wi l l a rd iy lg lyc ine .  The r e a c -  
tion of I with carbobenzoxy  chlor ide  yielded (~-N--carbobenzoxy-DL-wil lardi ine  (II). Activat ion of the c a r b -  
oxyl group in H can be accompl i shed  through the fo rmat ion  of a p-n i t rophenyl  e s t e r ,  which is smoothly  ob-  
tained by the reac t ion  of II with p-n i t rophenol  in the p r e s e n c e  of N ,N ' -d icyc lohexy lca rbod i imide .  The r e -  
sulting p-n i t rophenyl  e s t e r  of ~ - N - c a r b o b e n z o x y - D L - w i l l a r d i i n e  (HI) was fu r the r  subjected to reac t ion  with 
glycine methyl  e s t e r ,  which gave the methyl  e s t e r  of ~ -N-ca rbobenzoxy -DL-wi l l a rd iy lg lyc ine  (IV). I t  was 
subsequent ly  es tab l i shed  that  (~ -N-carbobenzoxy-DL-wi l l a rd iy lg lyc ine  (IX) can be obtained in st i l l  h igher  
yields when the t r i e t hy l ammon ium sa l t  of glycine r a t h e r  than glycine methyl  e s t e r  is used  as the amino 
component  in this reac t ion .  

The methyl  e s t e r  of N-ca rbobenzoxyg lycy l -DL-wi l l a rd i ine  (VI) is s i m i l a r l y  f o rmed  by the reac t ion  of 
the p-n i t rophenyl  e s t e r  of carbobenzoxyglyc ine  with the methyl  e s t e r  of DL-wi l la rd i ine  (V). 

We used  the carbodi imide  method for  the synthes is  of the dipeptide D L - w i l l a r d i y l - L - t y r o s i n e .  The 
methyl  e s t e r  of ~ - N - c a r b o b e n z o x y - D L - w i l l a r d i y l - L - t y r o s i n e  (VII) was obtained by the condensat ion of II 
with L - t y r o s i n e  methyl  e s t e r  in the p re sence  of d icyc lohexylcarbodi imide .  

We synthes ized  a de r iva t ive  of the dipeptide DL-wi l l a rd iy l -DL-wi l l a rd i ine  by the mixed anhydride 
and act ivated e s t e r  methods .  Compound II with ethyl ch lorocarbona te  read i ly  fo rms  a mixed anhydride 
which, without isolat ion,  was subjected to reac t ion  with V, as a r e su l t  of which the methyl  e s t e r  of c~-N- 
c a r b o b e n z o x y - D L - w i l l a r d i y l - D L - w i l i a r d i i n e  (VIII) was obtained, However,  in connection with side r e a c -  
t ions,  the yield of this dipeptide via this method was not high enough. Be t te r  r e su l t s  were  obtained using 
the method of ac t ivated e s t e r s .  The reac t ion  of ]HI and V p roceeds  smoothly  and leads to fo rmat ion  of VIII 
in h igher  y ie lds .  Saponification of the e s t e r  grouping in the e s t e r s  of the dipeptides can be accompl i shed  
by alkaline hyd ro ly s i s .  

The co r respond ing  peptides with a f ree  amino group (XV, XIV, and XItI, r espec t ive ly)  we re  obtained 
f r o m  the thus p r e p a r e d  ~ - N - c a r b o b e n z o x y - D  L-wi l la rd iy lg lyc ine  (IX), N - c a r b o m e t h o x y g l y c y l - D L - w i l l a r d -  
line (X), and ~ - N - c a r b o b e n z o x y - D L - w i l l a r d i y l - L - t y r o s i n e  (XI) by the act ion of hydrogen  b romide  in glacial  
acet ic  acid. 

DL-Wi l l a rd iy l -DL-wi l l a rd i i ne  (XVI), i .e . ,  a compound which is the s imp le s t  r ep r e sen t a t i ve  of the 
fami ly  of po ty(N-pyr imidyl ) - (~-amino  acids and the f i r s t  m e m b e r  of a s e r i e s  of monotonic homopept ides  
which contain a u rac i l  r ing as a repea t ing  side subst i tuent ,  was s i m i l a r l y  obtained f rom carbobenzoxydi -  
peptide XIII .  

It  should be emphas ized  that  the u rac i l  r ings in XVI a re  bonded to the base  peptide chain at the same  
posi t ion as in na tura l  polynucleot ides .  The poss ib i l i ty  of par t ic ipa t ion  of the u rac i l  r ings in the fo rmat ion  
of a speci f ic  s y s t e m  of c o m p l e m e n t a r y  hydrogen bonds with cor responding  adenine-containing s t r u c t u r e s  is 
t he reby  provided.  

II 
H2N --C H--C-- N H--CH--COolI 

I l " 

o 0 

The s t r u c t u r e s  of all of the compounds obtained were  conf i rmed  by IR and UV absorpt ion  s p e c t r a  and 
by the r e su l t s  of contro l  hydro lys i s  expe r imen t s  in which the fo rmat ion  of the cor responding  f ree  amino 
acids was es tab l i shed .  

All of the compounds obtained are  c rys ta l l ine  subs tances .  The i r  pur i ty  was p roved  by appropr ia te  
ana lyses  and conf i rmed  by means  of pape r  ch roma tog raphy  and e l e c t r o p h o r e s i s  (Table 1). 

We are  continuing our  invest igat ions  of the synthes is  and study of the p rope r t i e s  of the nueleopept ides .  
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E X P E R I M E N T A L  

"Chromatographic  S" paper f rom the Volodarsk Leningrad Plant  was used for the chromatography.  
The following solvent sys tems  were used: n - b u t a n o l - a c e t i c  a c i d - w a t e r  ( 9 : 1 : 2 )  (system A); isopropyl 
a lcohol-28% ammonium h y d r o x i d e - w a t e r  ( 7 : 1 : 2 )  (system B). The compounds were detected on the chro-  
ma tograms  f rom the UV absorpt ion,while  compounds containing amino groups were developed with ninhydrin. 
The Rf values presented below pertain to ascending ch roma tog rams .  

The e lec t rophores i s  was ca r r i ed  out on "chromatographic  S" paper .  The following sys tems were 
used as e lec t ro ly tes :  85% formic a c i d - a c e t i c  a c i d - w a t e r  ( 7 : 5 : 1 3 ,  pH 0.7) (system 1); 0.1 N KOH (pH 13) 
(system 2). A voltage of 350 V was supplied with a rec t i f ie r  during the work with sys tem 1, and the poten- 
tial gradient  on the paper  was 9.2 V / c m .  The voltage at the output f rom the rec t i f i e r  was 600 V in the 
work with sys tem 2, and the potential gradient  on the paper was 13.6 V / c m .  The e lec t rophores is  time 
var ied f rom 2 to 5 h. The compounds were  detected on the phoregrams  by means of the same methods as 
used for the ch roma tog rams .  The e lec t rophoret ic  mobili t ies were calculated f rom the ratio of the rate of 
motion of the compound to the e lec t r ica l  field voltage.  

~ -N-Carbenzoxy-DL-wi l l a rd i ine  (II). Carbobenzoxy chloride [3.5 g (0.019 mole)] and 25 ml of 0.1 N 
sodium hydroxide were  added dropwise s imultaneously with s t i r r ing  to a solution of 3.4 g (0.017 mole) of I 
in 30 ml of 0.1 N sodium hydroxide cooled to 0 ~ . The suspension was s t i r r ed  for 3 h at 0 ~ and allowed to 
stand for 12 h at room tempera tu re .  At the end of the react ion the solution was extracted with ether ,  and 
the aqueous layer  was cooled and acidified with concentrated hydrochlor ic  acid to pH 3. The resul t ing oil 
was c rys ta l l i zed  at low tempera tu re .  

p-Nitrophenyl  Es te r  of ~ -N-Carbenzoxy-DL-wi l l a rd i ine  (HI). p-Nitrophenol [1.0 g (0.007 mole)] and 
1.35 g (0.007 mole) of dicyclohexylcarbodiimide were added with vigorous s t i r r ing  to 2.0 g (0.007 mole) of 
II and 225 ml of dry  dioxane at 12 ~ The react ion mass  was s t i r r ed  for 3 h at 12 ~ and allowed to stand for 
24 h at room tempera tu re .  The resul t ing precipi tate  of dicyclohexylurea was separated,  and the fi l trate 
was evaporated in vacuo. The oil that was obtained c rys ta l l i zed  on t r i tura t ion with dry methanol.  

~ -N-Carbobenzoxy-DL-wi l la rd iy lg lyc ine  (IX). A solution of 0.18 g (0.0025 mole) of glycine in 50~c 
ethanol and 0.7 ml of t r ie thylamine were added to a solution of 1.1 g (0.0024 mole) of III in 200 ml of ethanol. 
The mixture  was heated at 50 ~ for 20 h. The solvent was removed by vacuum distillation, and the res idue 
was extracted with 30 ml of ethyl acetate.  The aqueous l ayer  was acidified with concentrated hydrochlor ic  
acid to pH 3, and the precipi ta te  was f i l tered.  

DL-Willardi ine Methyl Es te r  (V). An intense s t r eam of dry hydrogen chloride was passed without 
cooling into a suspension of 4.0 g (0.02 mole) of I in 110 ml of absolute methanol.  After  the amino acid d is -  
solved, the solution was cooled to 2 ~ , the introduction of gas was continued until the mixture was saturated,  
and the mixture  was then allowed to stand in a r e f r i ge r a to r  for 48 h. The result ing c rys ta l s  of the hydro -  
chloride of I were f i l tered to give 4.1 g (82%) of a product with mp 183 ~ Rf 0.24 (system A), and Rf 0.38 
(system B). This product  was washed with e ther ,  dissolved in 50 ml of methanol,  and the solution was 
neutral ized with t r ie thylamine to pH 7 and allowed to stand for 24 h at 0 ~ The resul t ing precipi ta te  was 
separated,  washed with ether ,  and dried.  

N-Carbobenzoxyglycyl -DL-wi l la rd i ine  Methyl Es te r  (VI). The p-nitrophenyl e s t e r  of N-carbobenz-  
oxyglycine [3.0 g (0.01 mole)] was added to a solution of 2.4 g (0.01 mole) of V in 125 ml of dry dimethyl-  
formamide ,  and the mixture  was allowed to stand at room tempera tu re  for 7 days.  The solution was then 
evaporated in vacuo, and the oily residue was dissolved in ethyl acetate and extracted with water .  The o r -  
ganic l ayer  was dried over  MgSO4, vacuum evaporated,  and the residue was washed with acetone and dried.  

~ -N-Carbobenzoxy-DL-Wi l l a rd iy l -L - ty ros ine  Methyl Es te r  (VII). L -Tyros ine  methyl es te r  [0.5 g 
(0.0025 mole)] was dissolved in 30 ml of te t rahydrofuran ,  and 0.52 g (0.002 mole) of d icyclohexylcarbodi-  
imide was added in smal l  port ions with s t i r r ing .  The mixture was s t i r r ed  for another 30 rain, a solution of 
0.83 g (0.003 mole) of II and dimethylformamide was added, and the mixture was allowed to stand for 24 h. 
Acetic acid (0.2 ml) was then added, and the precipi ta te  of dicyclohexylurea was fi l tered.  The fi l trate was 
evaporated in vacuo, and the residue was dissolved in ethyl acetate and extracted with water .  The organic 
layer  was dried over  MgSO 4 and vacuum evaporated to d ryness .  

G-N-Carbobenzoxy-DL-wi l la rd iy l -DL-wi l la rd i ine  Methyl Es te r  (VIII). A solution of 0.7 g (0.0032 
mole) of V and 1.45 g (0.0032 mole) of III in 50 ml of dry dimethylformamide was held at room tempera ture  
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for 14 days and then vacuum evaporated to give a yellow oil which crys ta l l ized  on t r i turat ion with ethyl ace -  
tate.  The c rys ta l s  were f i l tered and washed with acetone and absolute ethanol. 

N-Carbobenzoxyglycyl -DL-wil lard i ine  (X). A solution of 0.3 g (0.0007 mole) of N-carbobenzoxyglycyl -  
DL-wil lardi ine  methyl e s t e r  (VI) in 20 ml of methanol was cooled to 10 ~ 1.8 ml of 1 N sodium hydroxide 
was added in smal l  port ions,  and the mixture was held for  24 h at room tempera ture .  The methanol was r e -  
moved by vacuum distillation, and the residual  aqueous solution was acidified with 1 N hydrochlor ic  acid to 
pH 3-4.  The resul t ing white precipi tate  was fil tered, washed with water ,  and dried.  

a - N - C a r b o b e n z o x y - D L - w i l l a r d i y l - L - t y r o s i n e  (X-I). This was s imi la r ly  obtained from VII. 

a-N--C arbobenzoxywil lardiyl-DL-wil lardi ine (XIH). This was s imi la r ly  obtained f rom VIII. 

DL-Wil lardiylglycine Hydrobromide (XV). Compound IX [3.0 g (0.008 mole)] was suspended in 6 ml 
of glacial  acetic acid, and 40 ml of 33% hydrobromtc  acid in glacial acetic acid was added. The solid gradu-  
ally dissolved, and after  1 h 200 ml of absolute e ther  was added to the solution. The result ing precipitate 
was fi l tered,  washed with ether ,  and dried.  The e lectrophoret ic  mobili t ies* were  -1 .6  �9 10 -4 cm 2 �9 V -1 �9 
sec -1 (system 1) and +1.4 10 -4 cm 2 �9 V -1 �9 sec -1 (system 2). Elect rophoret ic  mobili t ies:  -1 .2  �9 10 -4 cm 2 �9 
V -1 �9 sec -1 (system 1) and +1.3 �9 10 -4 cm 2 �9 V -1 �9 sec -~ (system 2). 

DL-Wi l l a rd iy l -L - ty ros ine  Hydrobromide (XII). This was s imi la r ly  obtained f rom XI. The e l ec t ro -  
phoret ic  mobili t ies were -1.1 �9 10 -4 cm 2 �9 V -1 �9 sec -1 (system 1) and +1.4 �9 10 -4 cm 2 �9 V -l �9 sec -1 (system 2). 

DL-Wil la rd iy l -DL-wi l la rd i ine  Hydrobromide (XVI). This was s imi la r ly  obtained f rom XIII. The e lec -  
t rophoret ic  mobili t ies were -1.1 �9 10 -4 ( sys t em 1) and +1.3 �9 10 -4 cm 2 �9 V -1 �9 sec -1 (system 2). 

Glycyl-DL-wil lardi ine  (X'IV). This was s imi la r ly  obtained f rom X. 

Hydrolysis  of VI-XVI. A total of 10 mg of the compound was heated for 24 h on a boi l ing-water  bath 
with 1 ml of 6 N hydrochlor ic  acid, and the appearance of the corresponding amino acids in the solution ob- 
tained was proved by means of paper  chromatography and e lec t rophores i s .  
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