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A b s t r a c t -  I n  t h e  presence of  ZnI,, b e n z o n i t r i l e  ox ide  adds t o  t h e  C=C double bond of  - 
2-endo-acetoxy-7-oxabicyclo[2.2.l]hept-5-ene-2-exo-carbonitrile w i t h  i n t e r e s t i n g  

r e g i o s e l e c t i v i t y .  

E l e c t r o p h i l i c  a d d i t i o n s  o f  bicyclo[Z.Z.l]hept-5-enes a r e  h i g h l y  exo- face s e l e c t i v e ;  t h e i r  r e g i o -  

s e l e c t i v i t y  can be c o n t r o l l e d  by  t h e  s u b s t i t u e n t s  a t  ~ ( 2 ) ~ .  The p o s s i b i l i t y  o f  i n t r o d u c i n g  

d i r e c t l y  two s u b s t i t u e n t s  a t  C(5) and C(6)  o f  t h e  7-oxanorbornenes 1-3 i n  a s t e r e o s e l e c t i v e  

f a s h i o n  makes these  systems v a l u a b l e  s y n t h e t i c  in termediates, '  even more so s ince  t h e y  are 

r e a d i l y  o b t a i n e d  o p t i c a l l y  p u r e 3 .  The O ie l s -A lde r  a d d i t i o n  o f  1-methoxy-3-trimethylsilyloxy-1,3- 

bu tad iene  t o  enone 2 was modera te l y  r e g i o s e l e c t i v e  because o f  t h e  homoconjugated carbonyl  

groupr .  The 1.3-d ipo lar  c y c l o a d d i t i o n 5  o f  b e n z o n i t r i l e  ox ide  t o  1-3 would be a v a l u a b l e  method 

f o r  i n t r o d u c i n g  an oxygen and a  carbon s u b s t i t u e n t  a t  C (5 )  and C(6)  o f  t h e s e  mo lecu les6  i f  t h e  

r e a c t i o n  c o u l d  be made s te reo -  and r e g i o s e l e c t i v e .  We d i s c l o s e  p r e l i m i n a r y  r e s u l t s  which 

demonstrate t h a t  p o s s i b i l i t y .  



When equirnolar amounts of (chlorophenylmethy1idene)azanol (the precursor of PhCNO), Et3N and 

olefins 1,i and 3 were allowed to react in CCI* (3-4.10-~~) at 2 P C  for 5 h, the adduct mixtures 

4+5, el and ztz, respectively, were obtained in 95.98% yield. Dimeriration of benzonitrile - - 

N-oxide was a slow process under these conditions7. 360 MHz 'H-NMR spectra of the crude reaction 

mixture allowed one to determine the ratio ( 2  5%) of the regioisomers (see above). No trace of 

adducts resulting from the endo-face attack of the C-C double bond in l-3 could be detected. The 
results showed that the oxygen atom of PhCNO attacked preferentially centre C(5) of 1.3. Adducts 
4-9 Could be isolated by column chromatography on silica gel and their structure was established - - 

by their elemental analyses and spectral datae. 

Figure 1. Frontier orbitals of 2 - e n d o - h y d r o x y - 7 - o x a b i c y c l o [ 2 . 2 . l ] h e p t a n e - 2 - x o - c a b o n i t i l e  (10) 
and of benzonitrile oxide9. In parenthesis, the characteristics of the frontier orbitals of 10 
Protonated on the CN group are shown (ab initio ST0 36 on MNOO optimized geometries) 

According to the PMO theory9, the regioselectivity of the dipolar cycloadditions of benzonitrile 

oxide can be predicted by analysis of the shape of the frontier orbitals of PhCNO and of the 
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r e a c t i n g  a lkenes.  MO  calculation^^^'^ suggested t h a t  t h e  oxygen te rm inus  of  PhCNO i s  t h e  most 

n u c l e o p h i l i c  s i t e  ( t h e  c e n t r e  w i t h  t h e  g r e a t e r  n e g a t i v e  cha rge  and t h e  h i g h e s t  HOMO c o e f f i -  

c i e n t ) .  Us ing MNDO" o p t i m i z e d  geometr ies,  we have c a l c u l a t e d  t h e  ab i n i t i o  ST0 36'' MO's o f  

2-endo-hydroxy-7-oxabicyclo[2.2.l]hept-5-ene-2-exo-carbonitrile (10 ) .  T h i s  mo lecu le  can be 

cons ide red  as a  reasonab le  model f o r  i ( see  F i g u r e  1 ) .  

The LUMO(dipo1e)-HOMO(dipolar0phile) i n t e r a c t i o n  would n o t  induce a r e g i o s e l e c t i v e  c y c l o a d d i t i o n  

1 + PhCNO + 4 t 5 as t h e  c o e f f i c i e n t s  o f  t h e  HOMO a t  C(5) and C(6)  of 10 were c a l c u l a t e d  t o  be - 

n e a r l y  t h e  same. I n  c o n t r a s t ,  t h e  c o e f f i c i e n t s  a t  C(5)  and C(6 )  o f  t h e  LUMO of 10 were found  t o  

be s l i g h t l y  d i f f e r e n t  and m i g h t  lead, because o f  t h e  HOMO(dipo1e)-LUMO(dip0larophile) i n t e r -  

a c t i o n ,  t o  a p r e f e r e n c e  f o r  t h e  reg ia i somer  4. Our c a l c u l a t i o n s  suggested t h a t  c e n t r e  C(5)  i n  

(and i) i s  more e l e c t r o p h i l i c  t h a n  c e n t r e  C(6). Th is  was expec ted  f o r  an o l e f i n  p e r t u r b e d  by 

homoconjugated e l e c t r o n - w i t h d r a w i n g  groups.  Thus, t h e  PMO t h e o r y  p r e d i c t i o n s  are i n  accord w i t h  

t h e  exper imen ta l  r e s u l t s  r e p o r t e d  f o r  t h e  c y c l o a d d i t i o n  o f  PhCNO t o  1. S i m i l a r l y ,  t h e  shape o f  

t h e  f r o n t i e r  o r b i t a l s  o f  1 and 313 suggested t h a t  C (5 )  i n  these  a lkenes i s  s l i g h t l y  more 

e l e c t r o p h i l i c  t h a n  c e n t r e  C(6), i n  agreement w i t h  our  exper iments .  

The o r i e n t a t i o n  a f  t h e  1 , 3 - d i p o l e  and o l e f i n s  c o u l d  a l s o  be governed b y  d i p o l e - d i p o l e  

i n t e r a c t i o n s .  Never the less,  i t  i s  n o t  c l e a r  t o  us why t h e r e  i s  no improvement of t h e  r e g i o r e l e c -  

t i v i t y  o f  t h e  c y c l o a d d i t i o n s  i n  t h e  presence o f  s t r o n g  Lewis  a c i d s  such as AlC13 and 8F3.Et20. 

C o o r d i n a t i o n  of  t h e  oxygen atom o f  PhCNO and of  t h e  X and Y groups o f  1-3 shou ld  i nc rease  the 

d i p o l e  moments of  t hese  molecules and l e a d  t o  enhanced r e g i o s e l e c t i v i t y .  T h i s  was n o t  observed 

f o r  r e a c t i o n s  i n v o l v i n g  1 t o  2  e q u i v a l e n t s  of A1CI3 o r  BF3.Et20 (CCI,, 25°C). However, i n  the 

presence o f  Ln12, an i n t e r e s t i n g  r e g i o s e l e c t i v i t y  o f  85:15 (415)  was observed f o r  1 + PhCNO. Zn12 

had a sma l le r  e f f e c t  on t h e  r e g i o s e l e c t i v i t y  o f  t h e  c y c l o a d d i t i o n s  o f  2 and 3 ( see  above). This 

can be a t t r i b u t e d  t o  t h e  h i g h  a f f i n i t y  o f  Zn12 f o r  c a r b o n i t r i l e  groups. Thus upon c o o r d i n a t i o n  o f  

t h e  CN f u n c t i o n ,  1 becomes more e l e c t r o p h i l i c  a t  c e n t r e  C(5) and makes i t s  r e a c t i o n  w i t h  PhCNO 

more r e g i o s e l e c t i v e .  On p r o t o n a t i o n  o f  t h e  c a r b o n i t r i l e  g roup  i n  10 no s i g n i f i c a n t  change was 

c a l c u l a t e d  f o r  t h e  c o e f f i c i e n t s  a t  C(5) and C(6) o f  t h e  HOMO and t h e  LUMO o f  t h i s  o l e f i n  (see  

F i g u r e  1 ) .  F u r t h e r  work i s  r e q u i r e d  be fo re  these e x p l a n a t i o n s  can  be cons ide red  as d e f i n i t i v e .  

OUT r e s u l t s  demonstrate,  however, t h e  p o s s i b i l i t y  t o  c o n t r o l  t h e  r e g i o s e l e c t i v i t y  o f  1 ,3-d ipo lar  

c y c l o a d d i t i o n s  of  7-oxanorborn-5-enes b y  t h e  s u b s t i t u e n t s  a t  C(2) and w i t h  t h e  h e l p  o f  a  Lewis 

acid". 
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