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Reactions of carbenes with t h e  o l e f i n i c  func t ion  of hetero-  

1 .  
c y c l i c  systems is  of p o t e n t i a l  s y n t h e t i c  i n t e r e s t .  

The primary a d d i t i o n  products of such reac t ions  can undergo 

d ive r se  types  of t ransformat ions2 depending upon t h e  nature  of 

t h e  h e t e r o  atom and i ts loca t ion  wi th  respec t  t o  t h e  s i t e  of  

add i t ion .  With t h e  o b j e c t i v e  of developing new, and hopefully 

convenient ,  approaches t o  t h e  s y n t h e s i s  of modified nucleosides 

and a l k a l o i d s ,  t h e  reac t ions  of carbenes wi th  s u i t a b l e  pyrimidine 

and i soqu ino l ine  d e r i v a t i v e s  have been s t u d i e d  i n  our  l abora to ry .  

Pyrimidines.  

Dihalocarbenes (:CX2, X = C l ,  B r )  r e a c t  wi th  1 ,3-dia lkyla ted  u r a c i l  

d e r i v a t i v e s  (1) by adding t o  t h e  S,6-double bond of  t h e  u r a c i l  

r ing ,  t o  form 1:l adducts (2) 3. The unsymmetrically s u b s t i t u t e d  

(methylene) carbenes (xFY, X = C l ,  Y=F; X=H,  Y=COOEt) gave, a s  

expected,  mixtures of two isomeric adducts (3a,b and 4a,b; 

Scheme I ) .  S i m i l a r  r e a c t i o n s  of dihalocarbenes wi th  u r i d i n e  

d e r i v a t i v e  5 r e s u l t e d  i n  d ias tereomeric  a d d i t i o n  products and 

6 ~ ~ ~ ' ~ .  The absolute  s tereochemis t ry  of t h e  halocyclothymidines - 
(6A,B) was e s t a b l i s h e d  by X-Ray a n a l y s i s  of one of t h e  adducts 

(e, X=1'=C1)4b and c o r r e l a t i o n  wi th in  t h e  A and B s e r i e s  by com- 
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p a r i s o n  of  t h e i r  CD-spectra. The SR,6R d ias t e reomers  e x h i b i t e d  a  

p o s i t i v e  Cot ton  e f f e c t  w h i l e  t h e i r  5S,6S c o u n t e r p a r t s  showed a  

Cotton e f f e c t  w i th  a  n e g a t i v e  s i g n .  P a r t i c u l a r l y  noteworthy was 

t h e  o b s e r v a t i o n  t h a t  a  s i g n i f i c a n t .  d i f f e r e n c e  e x i s t e d  between t h e  

chemical  s h i f t s  of  t h e  C (1') -pro tons  of  t h e  A- and B-ser ies .  The 

lower f i e l d  resonance of  t h e  C ( 1 ' ) - p r o t o n  i n  A ,  i n  comparison t o  

t h e  resonance of  t h e  cor responding  p ro ton  i n  B i n d i c a t e d  a  d i f f e r -  

ence  i n  confo rna t ion  about  t he  g l y c o s i d i c  bond between t h e  5R,6R 

and t h e  5S,6S d ias t e reomers .  Cons ide ra t ion  of t h e  a n i s o t r o p i c  

i n f l u e n c e  of  t h e  C(2)-carbonyl  group a l lows an assignment of  anti- 
and =-conformations t o  t h e  A- and B-se r i e s ,  r e s p e c t i v e l y .  

Unsymmetrical carbenes  ( X  f Y )  gave geomet r i ca l  isomers (about  

t h e  cyclopropane r ing1 corresponding  t o  t h e  two d i a s t e r e o m e r i c  

s e r i e s .  

The carbene  adducts  2a,b and 6A,B ( X = Y = C l  o r  arl undergo a  r ing-  

expansion t o  t h e  cor responding  d i azep ined iones  7 and 2, r e spec t -  

i v e l y ,  upon h e a t i n g  i n  a l c o h o l s  ( ~ ' 9 ~ 1 ~ .  This  r e a c t i o n  i s  s u b j e c t  

t o  a  s t r i n g e n t  s t e r e o e l e c t r o n i c  c o n t r o l  i n  accordance w i t h  t h e  

o r b i t a l  symmetry r u l e s .  Thus, i n  t h e  ch lo ro f luo roca rbene  adducts  

(&, 9; IjA,n X=Cl, Y=F), wh i l e  t h e  &-chloro isomers r e a d i l y  

underwent convers ion  t o  t h e  ring-expanded p roduc t s  , ; X=Fl, 

t h e  cor responding  m - f l u o r o  adducts  were t o t a l l y  i n e r t  under 

t h e  same r e a c t i o n  c o n d i t i o n s .  I n  t h e  c a s e  of  u r i d i n e  adduc t s ,  t h e  

r e a c t i o n  i s , i n  a d d i t i o n ,  i n f luenced  by t h e  conformation of t h e  

h e t e r o c y c l i c  base  w i t h  r e s p e c t  t o  t h e  s u g a r  moiety.  
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Isoquinolines. 

Carbenes add to the 3,4-double bond of the isoquinoline system 2 

to yield 1:l adducts (10 and 11) in good yield. The dichloro- 

carbene adduct 2 undergoes cyclopropane ring-opening to different 

products (i.e. 12 + 13 and 14) depending upon the conditions of 
the reaction. These results throw light upon the mechanism of the 

ring-opening process. 

The endo- and z-ethoxycarbonyl adducts 1 undergo a thermal 

transformation to 15; the =-isomer requiring a higher tempera- 

ture (245') than the &-compound (190'). Refluxing in ethanol, 

in the presence of acid, converted both isomers, quantitatively, 

into 15. The B,y-unsaturated ester 15 can be smoothly alkylated 
to the seco-benzphenanthridine system 16. Oxidation of 16, follow- 
ed by a photo-oxidative cyclization, resulted in a mixture of 

benzphenanthridine derivatives 2 and 2, which were separated 
by chromatography. The cyclization step resulted in the two 

isomers (17 and 2) in a total yield of 85%. 
The mechanisms of the reactions shall be presented and their 

potential scope in the synthesis of nodified nucleosides and 

alkaloids will be discussed. 
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