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A b s t r a c t  - The c r y s t a l  s t r u c t u r e  o f  t h e  1 .5 -s igmat rop ic  rearrangement 

p roduc t  o f  t h e  cyc loadduc t  of 3 .5 -d ime thy lpy r i d i ne  N -ox ide  

and N -bu t y lma le im ide  was e l u c i d a t e d .  The r e s u l t  i n d i c a t e s  

t h a t  t h e  c y c l o a d d i t i o n  proceeds v i a  exo t r a n s i t i o n  s t a t e .  

We p rev ious1  y  r e p o r t e d  t h a t  t h e  1 .3 -d i po la r  c y c l o a d d i t i o n  o f  3 . 5 - d i m e t h y l ~ ~ r i  - 

d i n e  ( 3 . 5 - l u t i d i n e )  N-oxide ( 1 )  w i t h  N - s u b s t i t u t e d  male imides ( I 1  ) a f fo rded 

furol2.3-blpyridine-type cyc loadduc t s  ( I V )  a r i s i n g  from 1 .5 - s i gma t rop i c  r e a r -  

rangement of t h e  p r ima ry  ex0 cyc loadduc t s  ( I  I I ) (Scheme 1 1 . l  The ex0 a d d i t i o n  i s  

cons ide red  t o  have r e s u l t e d  from un favo rab le  secondary o r b i t a l  i n t e r a c t i o n s  be- 

tween t h e  h i g h e s t  occup ied  mo lecu la r  o r b i t a l  (HOMO) o f  I and t h e  lowest  unoc- 

cup ied  mo lecu la r  o r b i t a l  (LUMO) o f  I I. 

Scheme 1  

I n  t h e  r e a c t i o n  o f  N-benroyliminophenanthridinium ae ta ine  ( V a )  o r  N-arninophe- 

n a n t h r i d i n i u m  s a l t  (Vb )  w i t h  N-methylmaleimide. Tamura e t  a1 .2a i s o l a t e d  t he  



endo p r i m a r y  adducts and suggested t h a t  t h e  s te reochemica l  outcome c o u l d  be r a -  

t i o n a l i z e d  i n  terms of  t h e  a t t r a c t i v e  secondary mo lecu la r  o r b i t a l  i n t e r a c t i o n s  

between LUMO of  V  and HOMO of  11. A  s i m i l a r  endo -cyc loadd i t i on  was found i n  t h e  

r e a c t i o n  o f  p y r i d i n i u m  phenacy l ide  w i t h  ~ - m e t h y l m a l e i m i d e . ~ ~  These r e s u l t s  a r e  

i n  sharp c o n t r a s t  t o  our  r e s u l t .  

Table I. FMO Energy Leve l s  (eV )  
and Dominant I n t e r a c t i o n s  

I I I va 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I_ 2-LUMO -0.473 1 . I56  :-0.936 
N R n-HOMO -8.737 x- 11.351" \ -7.676 

Va.b: R-H. COPh 

Based on these backgrounds, an X- ray  c r y s t a l l o g r a ~ h i c  s tudy  was undertaken t o  

ge t  a  d e f i n i t i v e  evidence o f  t h e  molecu lar  s t r u c t u r e  o f  I V .  Of t h e  v a r i o u s  

d e r i v a t i v e s  syn thes ized,  o n l y  t h e  N -bu ty l  d e r i v a t i v e  ( I V a )  gave s i n g l e  c r y s t a l s  

when c r y s t a l l i z e d  from t h e  e thano l -ace tone s o l u t i o n  by s low evapora t ion  a t  room 

temperature.  The c r y s t a l s  a r e  monoc l in ic ,  space group _P21/1, whlch was judged 

from sys temat ic  absence of  r e f l e c t i o n s  and t h e r e  a r e  f o u r  molecules i n  t h e  u n i t  

c e l l  of d imensions &=21.959(22) ,  p=9.395(6) ,  2=7 .440 (8 ) i ,  6 = 9 6 . 5 3 ( 9 ~ . ~  The 

s t r u c t u r e  was so lved by t h e  d i r e c t  method us ing  t h e  MULTAN78 s e r i e s  o f  urogram4 

and r e f i n e d  by t h e  b lock-d iagona l  l eas t - squa res  method us ing  UNICS I I I program.5 

Hydrogen atoms were f i x e d  a t  c a l c u l a t e d  i d e a l i z e d  ~ o s i  t i o n s  keeping t h e l r  v i b r a -  

t i o n a l  ampl i tude f i x e d  (B(H)=B(C)+ l .O) .  The re f inement  converged t o  R=0.086. The 

molecu lar  s t r u c t u r e  i s  shown i n  F ig .  1. 

F i g .  1 ORTEP Drawing o f  IVa 

As can be seen i n  F i g .  1.  IVa i s  t h e  endo 1 .5-s igmat rop ic  rearrangement p roduc t  
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i n  which t h r e e  hydrogens H7, HI1  and HI2 a r e  a l l - c i s ,  and the re fo re  t he  p r imary  

c y c l o a d d i t i o n  product  i s  t h e  exo one. The a c t i v a t i o n  parameters and t h e  sub- 

s t i t u e n t  and s o l v e n t  e f f e c t s  a r e  f u l l y  i n  accordance w i t h  t h e  concer ted  r e a c t i o n  

b e h a ~ i o r . ~ , ~  SO t he  s te reochemis t r y  of  t h e  c y c l o a d d i t i o n  i s  determined i n  t h e  

e a r l y  stages o f  t h e  concer ted  r e a c t i o n  process.  The MNDO c a l c u l a t i o n s  suggest 

t h e  dominant i n t e r a c t i o n  o c c u r r i n g  between HOMO o f  d i p o l e s  I and LUMO of II 

(Tab le  I ) .  The f r o n t i e r  o r b i t a l  i n t e r a c t i o n s  f o r  endo t r a n s i t i o n  s t a t e  a r e  

dep i c ted  i n  F i g .  2a. 

LUMO 

HOMO 

a  ( I t [ [ )  b  ( V t l l )  

F i g .  2 F r o n t i e r  O r b i t a l s  and Secondary I n t e r a c t i o n s  

I n  a d d i t i o n  t o  t h e  Pr imary  i n t e r a c t i o n s  l ead ing  u l t i m a t e l y  t o  new bonds, add l -  

t i o n a l  nonbonding i n t e r a c t i o n s  between t h e  remainder of t h e  d iene  and d i e n o p h l i e  

n systems a r e  p o s s i b l e  i n  t h e  endo t r a n s i t i o n  s t a t e .  O f  those,  two types  o f  

"secondary o r b i t a l  i n t e r a c t i o n s "  between t h e  N  atom of  d i p o l e s  and two carbony l  

carbons (Cp and C B 4 )  o f  maleimides a r e  i m ~ o r t a n t . ~  AS shown i n  F l g .  2a, one o f  

t h e  i n t e r a c t i o n s  i s  an t i bond ing .  Th i s  suggests t h a t  t h e  exo t r a n s i t i o n  s t a t e  i s  

more favorab le  than t h e  endo one. I n  t h e  case of  V, t h e  f r o n t i e r  e l e c t r o n  den- 

s i t i e s  of  t h e  N  and &, atoms a r e  sma l l e r  than those of I, i m p l y i n g  t h a t  t h e  an -  

t i b o n d i n g  i n t e r a c t i o n  between t h e  N  ( o r  C A )  o f  V  and t h e  Cp atom of I 1  i s  no t  

s e r i ~ u s . ~  

Th i s  r e s u l t  may p r o v i d e  a  u s e f u l  i n fo rma t i on  on t h e  s te reochemis t r y  o f  1.3- 

d i p o l a r  c y c l o a d d i t i o n  r e a c t i o n s  of  a romat ic  N-oxides w i t h  o l e f i n s  which i s  

s c a r c e l y  known i n  c o n t r a s t  t o  t h e  ex tens i ve  da ta  a v a i l a b l e  on t h e  r e a c t i o n s  o f  

a l i p h a t i c  N-oxides ( n i t r o n e s )  and D i e l s - A l d e r  r e a c t i o n s .  
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