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A M I N O A C Y L  D E R I V A T I V E S  OF N U C L E O S I D E S ,  N U C L E O T I D E S ,  

A N D  P O L Y N U C L E O T I D E S  

17.* POSSIBLE USE OF N,N'-THIOCARBONYLDIIMIDAZOLE FOR SYNTHESIS 

OF 2 '(3 ')-O-AMINOA CYLNUCLEOTIDES 

P .  P .  P u r y g i n  a n d  Z .  P .  L a l e t i n a  UDC 542.91:547. 963.3 

The method of synthes is  of 2 ' (3 ' ) -O-aminoacylnucleot ides  us ing N, N ' -ca rbonyld i imidazo le  for  the ac t iva -  
tion of the carboxyl ic  group of the amino acids has been descr ibed  in s eve ra l  pape r s  [1-3]. The disadvantage of 
this method is the high sens i t iv i ty  of N ,N ' -ca rbony ld i imidazo le  to moi s tu re  [4], so that the p repa ra t ion  of im i -  
dazolides of amino acids mus t  be c a r r i e d  out in absolute  solvents .  The se lec t ive  arninoacylation of the nucleo-  
t ides a lso  p roceeds  in an a q u e o u s - o r g a n i c  medium with a water  content of > 50% [5]. As the r e su l t ,  the amino 
acid imidazol ides  not only r eac t  with nucleotides but a r e  a lso  subjected to hydro lys i s ,  and the re fo re  4 to 10 
moles  of the amino acid imidazol ide pe r  mole  of nucleotide a r e  introduced into the react ion  [4]. There  is only 
one pape r  in the l i t e r a tu re  on the poss ib le  use  of diethyl phosphate imidazol ide as  an act ivat ing agent  for  the 
synthes is  of 2 ' (3 ' ) -O-aminoacy l  nucleotides in an aqueous medium [6]. 

Our attention was drawn to N, N ' - th iocarbonyld i imidazole ,  which is used  for  the act ivat ion of the carboxyl  
group of amino acids in the peptide synthes is  [7], as a poss ib le  condensing agent .  Its ha l f -decompos i t ion  p e r -  
i o d i n a n  a q u e o u s - o r g a n i c  medium is s eve ra l  hours  [8]. 

In the p resen t  work  we r e p o r t  on the poss ib le  u se ,  in pr inc ip le ,  of N, N ' - th iocarbonyld i imidazole  for  the 
synthesis  of 2 ' (3 ' ) -O-aminoacylnuc leo t ides  in an aqueous med ium.  The synthes is  was c a r r i e d  out by s t a r t ing  
f rom an imidazolide of N- te r t -bu ty loxycarbonyla lan ine  BOC-Ala - Im (IID, obtained f rom BOC-Ala-OH (I) and 
N,N,- th iocarbonyldi imidazole  (H) and nucleoside 5 , -phosphates  (IV) (scheTne 15. The main  studies on the s e l e c -  
tion of the condensation conditions were  c a r r i e d  for  adenosine 5 ' -phosphate  (pA) and imidazol ide (HI). Com-  
pound (I) was condensed with (II) and (III) with (IV) in wa te r  at ~20~ The init ial  nucleotides were  introduced 
into the reac t ion  in the form of a disodium or  diammonium salt .  De te rmina t ion  of the yields  of 2' (3 ' ) -O-BOC-  
alanylnueleot ides depending on the t ime of reac t ion  showed that the highest  yields a re  obtained a f te r  2.5 h and : 
a re  15-20% (Table 15. Imidazol ide (III5 was taken in excess  with r e s p e c t  to nucleotide (IV). The above yie lds  
were  obtained at a ra t io  (IID: (IV5 = 10:1 (moles).  F u r t h e r  i nc r ea se  in this ra t io  does not influence the yield 
of 2' (3' 5-O-BOC-alanylnucleot ides  (VS. 

The isolat ion,  purif icat ion,  and ver i f ica t ion  of the s t ruc tu re  of 2' (3 ' ) -O-BOC- alanyl-pA (V), 2' (3 ' ) -O-  
alanyl-pA (VI) were  c a r r i e d  out by chromatography ,  e l ec t rophores i s ,  and UV spec t roscopy  (Table 2). 

The absorpt ion  m a x i m a  in the UV spec t r a  of the initial compounds (IV) and e s t e r s  (V) and (VI) a r e  located 
at  the s a m e  wavelength,  while the e lee t rophore t ic  mobil i ty  of (VI) at  pH 2.5 co r re sponds  to the number  of c h a r -  
ges on i t ,  which indicates  the absence  o'f acylat ion of the he te rocyc l ic  b a s e s .  

* Ar t i c l e  16, see  [1]. 
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TABLE 1. S y n t h e s i s  of  2 ' ( 3 ' ) - O - B O C - A m i n o a c y l n u c l e o t i d e s  
(V) in  Aqueous  M e d i u m  S t a r t i n g  f r o m  B O C - A l a n i n e  (I) and  

Nueleotide (IV) 

Yield of BOC-alanyl- 
Initial I nucleotides (V) ,% compounds 

] 
per nucle 

nueleotide Iotide in-] per reacted 
(IV) ~roduced Inucleotide 

yc<<Tg i 
13 1 85 pG 27 80 

Initial 
compounds 

nucleotide 
(iv) " 

pA 
pC 

Yield of BOC-alanyl- 
nucleotides (V), % 

- -  . ,P-ffY~.ucle~ per reacte-~ 
tme intro- - 
duced into [ nucleotide 

reaction i 

26 84 
t5 72 

T A B L E  2. Va lues  of  Rf  d u r i n g  C h r o m a t o g r a p h y  and  Ef  d u r i n g  P a -  
p e r  E l e c t r o p h o r e s i s  

Compound 

Paper chromatography, Rf in systems 
Paper eiectrophoresis 
in 6% AcOH,800V,lh 

mobility with reference 
tO 

GIF 

pA- (BOC-Ala) 
pA- (H-Ala) 
pG- (BOC-Ala) pO- (H-Ala) 
pU- (BOC-Ala) 
pU- (H-Ala) 
pC-(BOC-Ala) 
pC-(H-Ala) 

0,52 
0,33 
0,61 
0,36 
9,34 
0,29 
0,57 
0,47 

! 
0,48 f , 0,33 
0,54 I 0,87 
0,35 0,59 

0,44 i 0,40 0~5 
0,38 0,54 
0,39 0,75 
0,44 

0,85 

0Y3 
0as 
0j9 

His 

0,40 

o~2 

S c h e m e  1 

s (m) 

-O--P0 CIt 2 0  B 

-O- -P OCI !  2 0 B - 0 - -  ,POC, H 2 ~ , O x  g 

BOC- Ala-, H 2 H -AIa-, It- 
(v) (vD 

B = residues of adenine (A), guanine (G), uracil (U), and cytosine (C) 

A n  a l t e r n a t i v e  s y n t h e s i s  f r o m  pA and  i m i d a z o l i d e  (II1) by  a known m e t h o d  [3] s e r v e s  a s  a f ina l  c o n f i r m a -  
t ion  of  the  s t r u c t u r e  of  (V). In a l t  c a s e s ,  on ly  (V) and  i I f i t ia l  (IV) w e r e  d e t e c t e d  a m o n g  the r e a c t i o n  p r o d u c t s .  

E X P E 1 R I M E N T A  L 

F o r  p r e p a r a t i v e  and  a n a l y t i c a l  p u r p o s e s ,  d e s c e n d i n g  c h r o m a t o g r a p h y  was  u s e d  on " L e n i n g r a d s k a y a "  
paper brand B in the systems: n-butanol-water-CHaCOOH = 5:3:3 (i); saturated solution of (NH4)2SO4-iso- 

propanol-water = 79 : 2 : 17 (2), and (CHa)2CHCOOH-CHaCOOH-water = I00 : 50 : 1 (3). The Rf values are 

listed in Table 2. The electrophoresis was carried out on "Leningradskaya" paper brand M in 6% AcOH at pH 

2.5, voltage 800 V, current density 22 V/cm, in the course of 1-2 h. The Ef values, given with reference to 
glycine and histidine, are listed in Table 2. 

2~(3 ')-O-tert-Butyloxyearbonyl-L-alanaylnueleotides, N, N'-Thiocarbonyldiimidazole, 34.3 mg (0.187 

mmole, mp 105-I06~ was added to a solution of 35.4 mg of BOC-L-alanine (0. 187 mrnole, mp 72-73~ in 

0.1 rnl of distilled water, and the mixture was stirred for 30 rain at 20-22~ The irnidazolide formed was 

added to a solution of 0. 019 mmole of nucleotide (IV) in 0.4 ml of water, and the mixture was stirred for 2.5h 
at 20-22~ 
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Compounds (IV) and (VI) were isolated and identified according to [2]. The experimental  resul ts  a re  
listed in Table 1. 

C O N C L U S I O N S  

It was shown that it is possible to use N, N'- thiocarbonyldi imidazole  for the synthesis of 2 ' (3 ' ) -O-amino-  
acyl derivatives of nucleotides in an aqueous medium. 
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