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PEPTIDES OF AMINONUCLEIC ACIDS 

POLYPEPTIDES OF fl-(I-PYRIMIDYL)-~'-AMINO ACIDS 

M. YU. Lidak, I. Zh. Lulle,  
M. G. Pla ta ,  R. A. Pa~gle, 
a n d  V .  /~. K r i s h a n e  

UDC 547.854.4'466 

Polyamino acids with degrees  of polymer iza t ion  on the o rde r  of 9-10 were  obtained by 
polymer iza t ion  of p-ni t rophenyl  e s t e r s  of/3- (1-pyrimidyl)-c~-alanines. The i r  hybridiza-  
tion with RNA is demonstra ted.  

In o rde r  to c r ea t e  po lymer ic  physiologically active substances capable of forming associa tes  with 
nucleic acids we developed methods for  the synthesis  of polypeptides of/3- (1-pyrimtdyl)-~-amino acids 
and studied the i r  p rope r t i e s .  

To synthesize the poly[/3-(1-uracilyl)-a~alanines] we chose polymer iza t ion  of the i r  p-nitrophenyl 
e s t e r s .  It is well known that the method of activated es te r s ,  which makes it possible  to obtain polypeptides 
of r egu la r  s t ruc ture ,  has found broad application in recent  yea r s  in peptide chemis t ry  [1]. We have p r e -  
viously descr ibed  the prepara t ion  of N-carbobenzoxy-DL-Wil lardi ine  [fl- (1-uracilyl)-~-alanine] p-  n i t ro-  
phenyl e s t e r  [2]. A s imi la r  method was used to obtain N-carbobenzoxy-f l - (1- thyminyl)-~-alanine p -n i t ro -  
phenyl e s t e r .  The carbobenzoxy group of the compounds is split out with 33~0 HBr in glacial acetic acid. 
The hydrobromides  of the p-ni t rophenyl  e s t e r s  of (1-uracilyl)amino acids a re  ex t remely  hygroscopic com- 
pounds, and they a re  the re fo re  used in the polymer iza t ion  react ion immediately af ter  the i r  prepara t ion .  
Small amounts of acetic acid impuri ty  do not in te r fe re  with the polymer iza t ion  and catalyze the aminolysis  
of the p-nitrophenyl e s te r s .  The polymer iza t ion  was ca r r i ed  out in 5 days at room t empera tu re  in dimeth- 
y l formamide  (DMF) solution (with the addition of a definite amount of t r ie thylamine)  by the methods in 
[3, 4]. The polypeptides were  precipi ta ted f rom solution by the addition of methylene chloride.  In an in- 
vest igation of the effect of different amounts of t r ie thylamine  on the polymer iza t ion  and on the molecular  
weight of the po lymer  obtained it was established that it is not possible to change the degree  of po lymer iza -  
tion substantially in this way. 
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Gel f i l trat ion of the polypeptides obtained f rom f l-(1-uraci lyl)-~-alanine 
(1) and angiotensin (tool. wt. 1033) (2) with a column (35.0 by 1.0 cm) filled with 
Sephadex G-15. 

Fig. 2. Fract ionat ion of the polypeptides obtained f rom fl- (1-uraci lyl) -a-alanine 
(1), f l - (1- thyminyl)-e-alanine (2), and angiotensin (tool. wt. 1033) (3) with acolumn 
(53.0 by 1.0 cm) filled with Sephadex G-25. 
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Fig. 3. UV spec t ra  of B-(1-uraci lyl)-~-alanine [ 1) in water;  2) in 
0.1 N HC1] and poly[fl-(1-uracilyl)-~-alanine] [ 3) in water;  4) in0.1 
N HCI]. 

Fig. 4. Optical densities of mixtures of poly[fl- (1-uracilyl)-~-ala- 
nine (1) and fl-(1-uracilyl)-~-alanine (2) with RNA in a 0.1 M solu- 
tion of Na2HPO 4. 

We used gei fi l tration on Sephadex G-25 and G-15 as in [5] to purify the polymers ,  fractionate them, 
and simultaneously determine their  molecular  weights. A buffer with pH 8.6 (an 8 M solution of urea and 
a 0.5 M solution of ammonium bicarbonate) was used as the eluent for  destruct ion of the presumed hydro-  
gen bonds between the nucleopeptide and the Sephadex. Angiotensin and Blue Dextran 2000 were used as 
the s tandards .  

As seen f rom the ch romatograms  presented in Figs. 1 and 2, the molecular  weights of the polypep- 
tides average  ~ 2000 and range f rom 1500 to 2500. The molecular  weight of poly-DL-Wil lardi ine  was also 
determined by ul t racentr i fugat ion and was found to be 2170. 

The polymeriza t ion of the p-ni trophenyl  es te r s  of the amino acids and peptides makes it possible to 
obtain po lymers  with relat ively low molecular  weights. It is known that N-carboxy anhydrides of amino 
acids form polymers  with fixed molecular  weights, the magnitude of which may vary  over  a wide range 
[1]. Unfortunately, we were unable to synthesize N-carboxy anhydrides of f l -(1-pyrimidyl)-  and fl-(9- 
pur inyl ) -a-a lanines .  Various synthetic methods were checked (liquid and gaseous phosgene, PC15, and 
SOC12 were used as the reagents  [3]), but they did not give positive resul ts .  The corresponding amino- 
nucleic acid was re - i so la ted  in all cases .  

In o rder  to obtain polypeptides with higher molecular  weights we also investigated other  polycon- 
densation methods.  Blout and Roches [6] used dicyclohexylcarbodiimide for the in termolecular  condensa- 
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t ion of low-molecu la r -we igh t  polypept ides .  Using this method we obtained a h igh-molecu la r -weigh t  p rod-  
uct, which is cur ren t ly  under  investigation,  by t r e a t m e n t  of the polypeptide of fl- (1-urac i ly l ) -~-a lan ine  
(molecular  weight 2000) with dicyclohexylcarbodi imide.  

A d e c r e a s e  in the m o l a r  absorpt ion coeff icient ,  as has a lso  been noted for  some other  synthe t ic  ana-  
logs of polynucleot ides [7, 8], is observed  in the UV spec t rum of poly[ f l - (1-urac i ly l ) -~-a lanine]  as com-  
pared  with the s ta r t ing  m o n o m e r  in wa te r  and 0.1 N hydrochlor ic  acid (Fig. 3). 

During a spec t rophotomet r ic  study of the reac t ion  of the polypeptides obtained in this study with 
nucleic acids we found that poly[fl-(1-uracilyl)-c~-alanine] (tool. wt. 2000) in a 0.1 M solution ofNa2HPO 4 
gives a hypochromic  effect  with RNA of ~ 7%; this indicates the fo rmat ion  of a complex between this poly-  
m e r  and RNA (Fig. 4). Complexix~a is c h a r a c t e r i s t i c  only for  the po lymer ,  inasmuch as it was es tabl ished 
in subsequent  exper imen t s  that the s ta r t ing  amino acid, f l - (1-urac i ly l ) -~-a lanine ,  does not display hypo- 
c h r o m i s m  on reac t ion  with nucleic acids .  

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

The polypeptide was purif ied on Sephadex G-15 with elution with a 1% solution of ammonia  in water .  
The molecu la r  weight of the polypeptide was establ ished on Sephadex G-25 with a buffer  with pH 8.6 (8 M 
u rea  and 0.5 M ammonium bicarbonate)  and with a Spinko E u l t racent r i fuge  at 56,000 rpm.  

N-Carbobenzoxy- f l - (1 - thyminy l ) -~a l an ine  (I). A 3.5-g (19 mmole)  sample  of carbobenzoxy chloride 
and 25 ml of 0.1 N sodium hydroxide solution were  added dropwise  s imul taneously  with s t i r r ing  to a cooled 
(to 0 ~ solution of 3.6 g (17 mmole)  of fl-(1-thyminyl)-o~-alanine in 30 ml of 0.1 N sodium hydroxide solu-  
tion, a f t e r  which the suspension was s t i r r ed  at 0 ~ for  3 h and allowed to stand at room t e m p e r a t u r e  for  
12 h. The solution was ext rac ted  with ether ,  and the aqueous l a y e r  was separa ted ,  cooled, and acidified 
to pH 3 with concentrated hydrochlor ic  acid. The resul t ing prec ip i ta te  was removed  by f i l t ra t ion and 
washed with acetone and e ther  to give 13.7 g {72%) of a product  with mp 205-206 ~ (absolute ethanol). Found: 
C 55.36; H 4.98; N 12.01%. C16H17N306. Calculated: C 55.33; H 4.98; N 12.10%. 

N-Carbobenzoxy-f~-(1- thyminyl) -a-a lanine  p-Ni t rophenyl  Es t e r  (II). A 1-g {7 mmole)  sample  of p -  
nitrophenol and 1.35 g (7 mmole)  of d icyclohexylcarbodi imide were  added with vigorous  s t i r r ing  at 12 ~ to 
2.43 g {7 mmole)  of I in 220 ml  of d ry  dioxane, a f te r  which the mix tu re  was s t i r r e d  at 12 ~ for  3 h and a l -  
lowed to stand at r oom t e m p e r a t u r e  for  24 h. The prec ip i ta ted  dicyclohexylurea  was separa ted ,  and the 
f i l t ra te  was vacuum evapora ted .  The resul t ing oil c rys ta l l i zed  on t r i tu ra t ion  with dry methanol to give 
3.0 g (62%) of a product  with mp 208-209 ~ (nitromethane).  Found: C 56.27; H 4.39; N 11.50%. C22H20N40 8. 
Calculated: C 56.50; H 4.07; N 11.98%. 

/3-(1-Uracilyl)-cz-alanine p-Ni t rophenyl  Es t e r  Hydrobromide  (III). A 2.27-g (5 mmole)  sample  of N -  
carbobenzoxy-f l - (1-uraci lyl)-a*-alanine p-ni t rophenyl  e s t e r  was suspended in 16 ml of glacial  acet ic  acid, 
a f te r  which 16 ml of a 33% solution of hydrobromic  acid in glacial  acet ic  acid was added. The solid m a t e -  
r ia l  gradual ly  dissolved,  and 200 ml  of absolute e ther  was added to the solution a f t e r  1 h. The resul t ing 
prec ip i ta te  was removed  by f i l t rat ion,  washed with ether ,  and vacuum dried to give 0.9 g (57%) of a p rod-  
uct with mp 181-182 ~ 

/~-(1-Thyminyl)-~:alanine p-Ni t rophenyl  Es t e r  Hydrobromide  (IV). This  compound was obtained as 
in the preceding  exper iment  f rom II. The yield of product  with mp 175-178 ~ was 0.63 g (62%). 

Poly[B-(1-uracilyl)-(x-alanine] (V). A 1.0-g (2.5 mmole)  sample  of III was dissolved in 1.2 ml of 
absolute DMF, af ter  which 2.2 ml  (2.6 mmole)  of t r i e thy lamine  was added, and the mix tu re  was allowed 
to stand at room t e m p e r a t u r e  for  5 days.  The prec ip i ta ted  t r i e thy lammonium bromide  was removed  by 
fi l trat ion,  and 20 ml of methylene chloride was added to the f i l t ra te .  The resul t ing prec ip i ta te  was r e -  
moved by fi l trat ion,  washed success ive ly  with methylene chloride and ether ,  and vacuum dried to give 
0.56 g (65%) of a f rac t ion  with tool. wt. 2000 and rap 170-185 ~ 

poly[f l - (1- thyminyl) -~-a lanine]  (VI). This  po lymer ,  with mp 168-173 ~ {the f rac t ion  with tool. wt. 
2000) was s imi l a r ly  obtained in 63% yield f rom IV. 

Hydrolys is  of Poly[B-(1-uracUyl)-a ,-alanine] .  A 5-rag sample  of V was heated on a bo i l ing-water  
bath with 1 ml of 6 N hydrochlor ic  acid for  24 h. The development  of amino acids was proved by means  
of pape r  chromatography  and the ninhydrin react ion.  
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S Y N T H E S I S  ON T H E  B A S I S  

O F  3 - C A R B O X Y M E T H Y L M E R C A  P T O - 4 , 5 - D I P H E N Y L -  1 , 2 , 4 - T R I A  Z OL E 

H Y D R A  Z I D E  

M. M. T s i t s i k a , *  S.  M.  K h r i p a k ,  
a n d  I .  V .  S m o l a n k a  

UDC 547.792 

3 - C a r b o x y m e t h y l m e r c a p t o - 4 , 5 - d i p h e n y l - l , 2 , 4 - t r i a z o l e  hydrazide was synthesized,  and 
some  of its chemical  p r o p e r t i e s  were  studied. 

It is known [1, 2] that 1 ,2 ,4 - t r i azo le -3 - th iones  r eac t  succes s ive ly  with e s t e r s  of ch loro-subs t i tu ted  
acids and hydrazine  hydrate  to give acid hydraz ides .  Some acid hydrazides  of subst i tuted 1 ,2 ,4 - t r i azo le -3 -  
thiones and the i r  de r iva t ives  have potential  an t i tubercu la r  act ivi ty [3, 4]. The synthes is  of 3 -ca rboxymeth-  
y l m e r c a p t o - 4 , 5 - d i p h e n y l - l , 2 , 4 - t r i a z o l e  hydrazide (I) is descr ibed  in the p re sen t  paper .  Some of its chem-  
ical  p r o p e r t i e s  were  studied. Thus hydrazones  Vc-e ,  g we re  obta ined  by reac t ion  of I with aldehyde (RCHO), 
and hydrazo compounds IVa, b were  obtained by the act ion of acid anhydrides [ (RCO)20 ] on III. 

The reac t ions  of III with i so th iocyanates  (allyl and phenyl) give acyl t h io semica rbaz ides  (VIc, 1), which 
fo rm 1 ,2 ,4 - t r i azo le -5 - th ione  de r iva t ives  {VIIc, 1) on refluxing in 2 N sodium hydroxide solution and under -  
go cyc l iza t icn  to thiazoline der iva t ive  VIII on t r e a t m e n t  with b romine  in carbon t e t r ach lo r ide .  

Condensation of ace toace t ic  e s t e r  with hydrazide  III gives IX, which undergoes  hydrazinolys is  to give 
s ta r t ing  hydrazide  III on heating with a twofold excess  of hydrazine hydrate  in methanol .  Compounds Xc, 
h-k, which a r e  a l so  obtained by condensat ion of the products  of diazo coupling of ace toace t ic  e s t e r s  XIh, i 
with hydrazide  III, a r e  fo rmed  by the action of a renediazonium sal ts  on IX (see Table  1). 

e t e r .  

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

The UV s p e c t r a  of ethanol solutions of the compounds were  recorded  with an SF-4  spec t ropho tom-  
Compounds I and VII were  obtained by the method in [5], while XI was obtained by the method in [6]. 

*Deceased .  
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