
HETEROCYCLES, V d  27, No. 1 1 ,  1988 

'UMPOLUNG' OF REACTIVITY AT C-5 POSITION OF URACIL : 

AN UNPRECEDENTED NUCLEOPHILIC REACTION OF THIOLATE 

ION AT C-5 OF B-CYANO-1.3-DIMETHYLURACIL 

* 
Subodh Kumar and Swapandeep Singh Chimni 

Department of Chemistry, Guru Nanak Dev University, 

Amritsar - 143 005, India 

Abstract - The soft thiolate ions react with 6-cyano-1,3- 
dimethyluracil at C-5 to give 5-alkylthio-1.3-dimethyluracil 

derivatives as major products. 

The relevance of model reactions of nucleophilcs at C-6 of uracil derivatives 

arose from the biological significance of thymidylate synthasel catalysed 

conversion of uridylate (dUMP) to thymidylate (dTMP) and has been responsible 

for development of a variety of nucleophile induced ring transformations of 

uracil ring.2 Except one report of nucleophilic attack of soft base (-CN) at 

C-5 in 6-cyano-1.3-dimethyluraci13 (1). nucleophiles have invariably been 

found to react at C-6 of uracil derivatives. Sulphur nucleophiles which are 

4 soft bases. like the enzyme (ESH), in inter- and intramolecular reactions 5 

with uracil derivatives have been proposed to initially attack at C-6. Here, 

we present first report of reactions of thiolate ions at C-5 of 1 to form 

5-alkylthiouracil derivatives as the major products. These results constitute 

a facile synthetic methodology as against the reported multistep low yield 

procedures. 6 

The reaction of 1 with benzyl thiolate ion generated in situ from benzyl 

ethanimidothiolate hydrochloride7 (2a) under phase transfer conditions (PTC), 

using potassium carbonate as base and tetrabutylammonium hydrogensulphate 

(TBAHS04) as catalyst in dimethylformamide, gave two isomeric products M+ m/z 

262, Rf 0.4 and 0.3 (benzeneiethyl acetate :: 1921). The first component (45% 

isolated yield) was assigned the structure, 1.3-dimethyl-5-benzylthiouracil 

(3a) as it showed C6-H at S 7.20 in its I~-nmr and the lower Rf component 
was assigned the structure, 1.3-dimethyl-6-benzylthiouracil (4a) (C -H, 65.471. 5 

Likewise, reaction of 1 with ally1 thiolate ion, generated in situ from 



2-propenyl ethanirnidothiolate hydrobromide7 (2b) gave only 5-allylthia-1.3- 

dimethyluracil (3~). Similarly. the reaction of 1 with propyl thiolate and 

phenyl thiolate ion generated from propylthiol and phenylthiol, respectively, 

under PTC conditions gave 3b along with 4b and 3d (55%) respectively. 

Table: Physical and Spectral data of 3 and 4. 

3a 45 105 262 3.17(~.3H.N-CH3), 3.26(5,3H.N-CH3), 3.78 

(s,2H,CH2), 7.2 ( s ,  lH,C6-3). 7.00-7.20 

(m, SH,ArH) . 
4a 5 143 262 3.26(s,3H,NCH3), 3.39(s,3H,NCH3), 4.06 

( s ,  ZH, SCH2) , 5.47 ( s, 1;4, C5-H) , 7.00-7.47 
(m, 5H.ArH) . 

3b 38 66-68 214 0.93(t,J=7Hz,3H,CH3), 2.03(sext.J=7Hz,2H, 

CH -CH -CH3) ,3.30(s, 3H.N-CH3) , 3.37 ( s ,  3H, 2 -2 
N-CH3), 2.70(t,J=7Hz,2H,SCH2) ,7.23(s,1H,C6-H). 

4b 5 106-8 214 l.O6(t,~=7~z,3H,CH~), 1.78(sext.,J=7Hz, 

2H,CH2Cf&CH3), 2.74(t,J=7H2,2H,SCH2), 3.27(sr 

3H,N-CH3), 3.42(~,3H,N-CH3) ,5.43(5,1HHC5-H) . 
3c 52 ~iquid' 212 3.20(d,~=7iiz, 2H,SCH2), 3.23(s,3H,~-C~~), 

3.37(s,3H,N-CH3), 4.67-5.90(m,3r;,CH=CH2), 

7.33(s,lH,C6-H). 

(1) Elemental analysis of 3c, a liquid product was not performed. 

(m) Structure of 36 was assigned by comparison with authentic sample. 
9 
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(7) (L ) (6) 
, l n e  formation o f  3 mzy invo lve  e s  i n  t h e  c a s e  of t h e  r e a c t i o n  of cyanide  ion  

,with tbE a t t ac l r  of t h i o l a t e  ion  a t  C-5 ( p e t h  a )  t o  g i v e  i n t e r m e d i a t e  5, 

which could  l o s e  HCI!. A l t e r n z t i v e l y ,  n u c l e o p h i l i c  s u b s t i t u t i o n  o f  CN- of 5  

w i t h  RS- t o  6, fo l lowed by e l i m i n a t i o n  of HSR can  a l s o  form 3 ( p a t h  x) and 

4 ( p a t h  y ) .  A l t e r n a t i v e l y ,  t h i o l a t e  ion  cou ld  a t t a c k  a t  C-6 of 1 t o  form 

i n t e r m e d i a t e  7 fo l lowed by e l i m i n a t i o n  of HCN ( p a t h  b) t o  g i v e  4. 

On performing t h e  r e a c t i o n  of 1 wi th  propyl  t h i o l a t e  i o n  i n  dimethylforrnamidt 

(15 m1)-D 0  (0.8 ml) ,  3b showed 60% exchange w i t h  deuterium8 a t  C-6 p o s i t i o n  2 

and 4b lackrci ttlc p resence  o t  any deuterium. The l a t t e r  o b s e r v a t i o n  r u l e s  o u t  

r h e  p a t h  b  f o r  t h e  format ion of 4b. Since ,  t h e  in t e rmed iacy  of  bo th  5 a n 6  6  

~ o u l d  r e s u l t  i n  format ion o f  d e u t e r a t e d  3b. it i s  l i k e l y  bo th  mechanisms 

( Z  and x) o p e r a t e  i n  forming 3 .  These o b s e r v a t i o n s  showed t h a t  bo th  normal 

a d  c i n e  s u b s t i t u t i o n  had occur red  through i n i t i a l  n u c l e o p h i l i c  a t t a c k  of 

t h i o l a t e  i o n  a t  C-5. 

,Thus, i n  u r a c i l ,  where both  enamins. (N1-C6 = C5) an6 O( .P -unsa tu ra t ed  

ke tone  (c6  = C5-C4 = 0 )  chromophores invo lve  n u c l e o p h i l i c  c h a r a c t e r  a t  C-5, 

The p resence  of s t r o n g  e lec t ron-wi thdrawing group (-CN) a t  C-6 has  r eve r sed  

t h e  p o l a r i t y  a t  C-5. The p o t e n t i a l  of 1 t o  g i v e  5 - s u b s t i t u t e d  u r a c i l  

d e r i v a t i v e s  wi th  carbon n u c l e o p h i l e s  i s  under i n v e s t i g a t i o n .  
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