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INTRAMOLECULAR CYCLIUTION OF PIRINE WCLEOSIDES BY g-HbIM;WOSUCCINIMIDES/ACFPIC ACID. 

A MECHANISTIC ASPECT ON THE C(8)-HALOGENATION OF PURINE NUCLEOSIDES 

Yoshifumi bkiBf Hsgoichi Sako, Takeo Saito, and Kosaku Hirota 

Gifu Pharmaceutical University, 6-1, Mitahora-higashi 5 Chome, Gifu 502, Japan 

Abstract - Upon treatment uith N-halogenosuccinimides in acetic acid, 2',3'-2-iso- 
propylidene purine nucleosides (1) undergo an intramolecular cyclization leading to the 

corresponding 5'-2.8-cyclopurine nucleosides (2). which strongly suggests that the 

initial attack of a halogeniu~n ion occurs at the N(7)-position rather than the c(8)- 
position in the purine ring under the conditions employed. 

It is well known that treatment of purine nucleosides uith a variety of halogenating agents such as 

halogen molecules, 1-haloamides, and H-halaimides in various solvents results in the exclusive 

formation of the corresponding 8-halogenopurine nucleosides. The mode of the c(8)-halogenation 

significantly depends upon the nature of the solvent and halogenating agents employed and the 

reaction has been generally considered to occur by the direct attack of a halogenium ion or a 

halogen radical at the c(8)-position in the purine ring. To the best of our knowledge, there has 

been no substantial examples suggesting the initial occurrence of E(7)-halogenation in the reaction 

of the purine nucleosides with the halogenating agents. 
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We now describe here an intramolecular cyclization of 2'.3'-0-iaopropylidene purine nucleosides 

(1) induced by a combination of l-halogenasuccinimides (NXS) and acetic acid leading to the 

corresponding 5'-0.8-cyclopurine nucleosides (2). The reaction proceeds in preference to the 

C(8)-halogenation. except in the case of 2',3'-~isopropylideneguanosine (Id), under the conditions - 
employed and could be reasonably explained by considering the occurrence of the x(7)-halogenation in 

the initial stage of the reaction. Thus, the present result provides a chemical evidence 

supporting that the halogenium ion initially attacks the ij(7)-position rather than the c(8)-position 

in the purine ring under the conditions employed. 

A mixture of 2'.3'-0-is~pra~~lideneadenosine (la) [25 dl] and &iodosuccinimide (NIS) [75 mM] in 

acetic acid was stirred at ambient temperature for 1 day. The solvent was removed and the residue 

was chromatographed over silica gel by using chloroform-methanol as eluent to give 5'-0.8-cyclo- 

2'.3'-~isapropylideneadenosine (2a) in 89% yield based on (la) consumed. No other products were 

detected by TLC analysis of the reaction mixture. The structure of (2a) w a s  confirmed by speetro- 

SCOP~C comparison vith the authentic sample prepared by base-catalyzed cyclization of 8-bromo-2'.3'- 

O-isopropylideneadenosine (34. - 

The employment of 1-bromosuccinimide (NBS) or 8-chlorosuccinimide (NCS) in place of NIS in this 

reaction also allowed the conversion of (la) into (2a) without any side-reactions. Analogous intra- 

molecular cyclization was observed in the reaction of ~6-benzoyl-2',3'-~-isopropylideneaden~sine 

(lb), ~~-benzayl-2'.3'-~-i~0pr0pylideneg~an0~ine (lc), and (Id) vith NXS in acetic acid. The 

results of these reactions are summarized in Table 1. 

Table 1. Reactions of 2',3'-pIsopropylidenepurine Nucleosides (1) vith NXS in Acetic Acid a 

a) Reaction conditions: a mixture of (1) [25 mM1 and NXS [75 .MI in acetic acid was stirred at 
ambient temperature for 1 day. b) The value was estimated by TLC densitonetry. c )  Isolated yield 
based on (1) consumed. d) Ref. 4b. e) Ref. 4a. f) M. Ikehara and K. Muneyama, Chem. Pharm. Bull.. 
1970, 18, 1196. 
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The Table i n d i c a t e s  t h a t  t h e  presence of t he  1-berrzoyl group i n  t h e  pur ine  nucleos ides  f a c i l i t a t e s  

t h e  5'-0_.8-cyclization (see Entry 4-7) and Ithe r e a & m s  of ( l c )  wi th  NBS and ( I d )  with NIS g ive  t he  

c o r r e s p o n d i n g  8 -ha logenoguanos ine  d e r i v s t i v e s  (3b) 2 ,  mp 2 3 5 ' ~  and  3c. mp 2 5 5 ' ~ ,  a l o n g  w i t h  t h e  

5'-0.8-cyclized products (see Entry 7 and 8). 

When t h e  r eac t i on  of ( l a )  wi th  NBS was c a r r i e d  out  i n  dry a c e t a n i t r i l e  or 1,E-dimethylformsmide, t h e  

8-bromoadenasine (3 s )  was obtained i n  high y i e ld  wi thout  t he  format ion  of t h e  5 '-~,&cycloadenosine 

(2s). No conversion of (3a) i n t o  (2a) war; observed i n  f u r t h e r  t r e a tmen t  of  (3a) with NBS i n  a c e t i c  

acid.  These f a c t s  c l e a r l y  i n d i c a t e  t h a t  t.he 5'-i&8-cyclization of (1) is markedly a f f ec t ed  by t he  

so lven t  employed and t h e  8-halogenapurine nucleos ides  (cf. 3 )  is not  an i n t e rmed ia t e  f o r  t h e  forma- 

t i o n  of (2)  i n  t h e  r e a c t i o n  o f  (1)  w i t h  NX8 i n  a c e t i c  a c id .  

Taking  t h e  above  f a c t s  and t h e  c h e m i c a l  behav io r  of NXS i n  a c e t i c  a c i d  i n t o  c o n s i d e r a t i o n ,  we 

p ropose  a p o s s i b l e  r e a c t i o n  s equence  f o r  t h e  p r e s e n t  r e a c t i o n  as o u t l i n e d  i n  Scheme 2. The 

r eac t i on  is i n i t i a t e d  by t h e  a t t a c k  of a lhalogenium ion a t  t h e  imida.de r ing-nitrogen [E(7)] t o  

generate a pur inyl  c a t i on  (A). The subsequent  i n t r a m o l e c u l a r  c a p t u r e  of t h e  t r a n s i e n t  c a t i o n i c  

s p e c i e s  (A) by t h e  5'-hydroxy group on t h e  2 ' ,3 ' -9- i sopropyl idene  p r o t e c t e d  r i b o f u r a n o s y l  r i n g  

could g ive  an in te rmedia te  (B) which is dr ived  t o  t h e  f i n a l  product (2) as a r e s u l t  of e l im ina t i on  

of hydrogen ha l ide .  

The prominent s u b s t i t u e n t  e f f e c t  of t h e  bertzoyl group on t h e  present  5'-0_.8-cycliration accommodstes 

our previous observa t ions  on t h e  comparative i nc r ea se  i n  t h e  nuc l eoph i l i c i t y  of t h e  imidazole  r ing- 

n i t rogen  [3(7)1 aga in s t  t h e  pyrimidine r ing-nitrogen which arises from t h e  i n t roduc t i on  of t he  N ~ -  

benzoyl group i n t o  adenosines. suppor t ing  t h e  occurrence of t h e  E(7)-halogenation i n  t h e  i n i t i a l  

s t a g e  of t h e  present  reac t ion .  

The f o r m a t i o n  of t h e  c (8 ) -ha logena t ed  g u a n a s i n e s  (3b ,c)  a l o n g  w i t h  5 '-0.8-cycloguanosines (2c.d) 

under t h e  present  cond i t i ons  may be explained i n  t h e  te rms  of t h e  concurrent  migra t ion  of halogens 

i n  the i n i t i a l l y  formed i n t e rmed ia t e  (A) a,s depic ted  i n  Scheme 2. I n  f a c t ,  t h e  halogenation of 5- 



pue auymoJq Aq s a p z e p y m y  30 u o y l a u y u o ~ q - ( z ) T  uy pasodozd uaaq s e q  d a l s  r ey lycq  sno8orauv .e  
'751 'w '0861 '.ma43WT *aauuos  .3 .d : W E  '09 

'9161 " a a a l  uo lpaqe raaL  'yuosuaw .T pun '018yuoe1 '3 'auoraa .3 ' ? I I? . I JU~ ' W  '?31ourpv .u !zc7 

d  ' ~ ~ 6 1  'eyu . 'o$yp3 . q ~ q  O I U ~  '.XI 'uymeTua0 .y .fi '.pa puz . , , s u o y l x a a  ~ y l a q a u i ~  u iapou, ,  

*asnoH '0 'H '32 'UOT m n y ~ a 8 q e q  B 30 a x n o s  aqa se pas" s y  ruaasds s p y m  q ~ i x o q ~ e > - ~ x ~  a q ~  ' L  

. s a m l m l a s  q a q a  qayn auaasysuo, 

Blep 2 y d o 3 ~ 0 1 a ~ a d s  PUB ~ J J ~ K I B U B O J ~ ~ Y  1 1 o l ~ ~ p y ~ e s  a n d  ( 3 s )  pue ( q ~ )  s a m p o ~ d  nau aqL .9 

' ~ ~ 9 1  ' 9 ~  '0161 'UoxpaqenaJ  'oueqo pus 'aqauey .W ' s zeqaq I  'U !L6? '06  '8961 =.maq3 -- 
.my .r ' o x a u q  'n pue s r e q a q  .W : ~ 7  ,8961 ' " a q  u o I p a q a l l a L  ' m q a  y 'W PUB p d 8 e ~  y .)I .I 

'MLI 

'9861 "pTqT '?TEN 'A PUB 'elOIJH 2 'ePBmTqS ')I 'OVS 'W (q .8S91 It1861 v w  -- 
'maq3 'r 'yqew '1 PUB ' ~ 1 0 1 y f i  .)I ' O ~ B S  .W ' ~ ~ ~ d a m e ) ~  .X ( e  .10ada338 ~ 0 1 1 3 a 1 a  UB 30 amasazd 

l a d  ' ~0?ayeod- (9 )5  aqa  a e  m m j  o l a q  aqa s y  ( p z )  pue ( a x )  6aAT2snylap a u y s o u a n 8 o p h ~  

-8'5-,s 10 (3s) pue '(qg) '(PI) SaATlBITlap a t Jyso~en8  a q l  30 zamaane3 ausuymapald aqL .z 
.971 d  '7L61 ' q m ~  naN 'SSald w x a p e y  

'0,eL 'd '0 .d 1 9  .PJ '1  ' 1 O n  ',, d ~ a s y l u a q 3  p y ~ y  VaIzmN uy s a 1 d y x z y ~ d  aysea  ,, uy 'ueupoof) .? -- 
!uya l aq l  ~=a? : ,  s a x a l a j a =  pue 8 7 s  ' ~ 1  '6961 Tfi@ .rnmqd 'olaq3 'yansan  .s pus  8 x e q a ~ 1  'W ' I  

s i l l o w  aNv szwmmm 


