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A b s t r a c t  - Thermo lys is  of s e v e r a l  C-a ry l  o x a r i r i d i n e s  c o n t a i n i n g  n - u n s a t u r a t i o n  i n  c l o s e  

p r o x i m i t y  t o  t h e  three-membered r i n g  r e s u l t s  i n  t h e  fo rmat ion  o f  i n t r a m o l e c u l a r  d i p o l a r  

cyc loadduc ts  d e r i v e d  f r o m  t r a n s i e n t  n i t r o n e  i n t e r m e d i a t e s .  

Condensat ion o f  ca rbony l  compounds w i t h  N - s u b s t i t u t e d  hydroxy lamines  and o x i d a t i o n  o f  N,N- 

d i s u b s t i t u t e d  hydroxy lamines  r e p r e s e n t  t h e  most common methods f o r  t h e  s y n t h e s i s  o f  n i t r o n e s .  
1 

W h i l e  n i t r o n e s  a r e  v e r s a t i l e  s y n t h e t i c  i n t e r m e d i a t e s  e s p e c i a l l y  u s e f u l  f o r  1 , 3 - d i p o l a r  cyc loadd i -  

t i o n  reac t ions , '  t hey  a r e  prone t o  undergo numerous s i d e  r e a c t i o n s .  The the rma l  c y c l o r e v e r s i o n  o f  

i s o x a z o l i d i n e s  r e p r e s e n t s  an e f f e c t i v e  method t h a t  has been s u c c e s s f u l l y  u t i l i z e d  f o r  n i t r o n e  

p r ~ t e c t i o n . ~  i n  c e r t a i n  cases, however, d r a s t i c  c o n d i t i o n s  a r e  r e q u i r e d  f o r  t h e  f r a g m e n t a t i o n  t o  

p r ~ c e e d . ~  More r e c e n t l y ,  we have found t h a t  cyano-0-silyl-substituted hydroxy lamines  can be used 

as n i t r o n e  b l o c k i n g  g r o ~ p s . ~  I n  t h i s  paper  we w i s h  t o  d e s c r i b e  t h e  use o f  a r y l  o x a r i r i d i n e s  as 

n i t r o n e  e q u i v a l e n t s .  

O x a z i r i d i n e s ,  i n  genera l ,  a r e  h i g h l y  r e a c t i v e  mo lecu les  t h a t  d i s p l a y  n o v e l  and unusua l  chemis t ry .  
6 

A p a r t i c u l a r l y  e f f e c t i v e  method t o  s y n t h e s i z e  these  three-membered h e t e r o c y c l e s  i n v o l v e s  t h e  

p e r a c i d  o x i d a t i o n  o f  im ines . '  I s o l a b l e  o x a r i r i d i n e s  can a l s o  be p h o t o c h e m i c a l l y  formed f rom 

n i t r o n e s 8  and t hen  t h e r m a l l y  i s o m e r i r e  e i t h e r  back t o  n i t r o n e s  o r  t o  o t h e r  p r o d u c t s  such a s  

amides. '"O N i t r o n e s  r e a d i l y  undergo 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  w i t h  m u l t i p l y  bonded 

d i p o l a r o p h i l e s  t o  y i e l d  s y n t h e t i c a l l y  u s e f u l  h e t e r o c y c l i c  d e r i v a t i v e s . '  The i n t r a m o l e c u l a r  

r e a c t i o n s  o f  n i t r o n e s  w i t h  a lkenes lead  s t e r e o s p e c i f i c a l l y  t o  i s o x a z o l i d i n e s l l  wh ich  can be reduced 

t o  p a m i n o  a l c o h o l s . l Z  T h i s  approach has been employed t o  adv"ntage i n  t o t a l  syntheses of members 

of s e v e r a l  a l k a l o i d  c lasses .13  As p a r t  o f  a  program d i r e c t e d  tzoward a  s tudy  of i n t r a m o l e c u l a r  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 1 4  we had t h e  occas ion  t o  p r e p a r e  s e v e r a l  a r y l  o x a r i r i d i n e s  con- 

t a i n i n g  ~ u n s a t u r a t i o n  i n  c l o s e  p r o x i m i t y  t o  t h e  three-membered h e t e r o c y c l i c  r i n g .  The s tud ies  

d e s c r i b e d  h e r e i n  were i n i t i a t e d  t o  assess whether  t h e s e  o x a z i r i d i n y l  systems w i l l  undergo i n t e r n a l  

d i p o l a r  c y c l o a d d i t i o n s  analogous t o  t h e  co r respond ing  n i t r o n e s .  

As o u r  f i r s t  model we chose t o  i n v e s t i g a t e  t h e  i n t r a m o l e c u l a r  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  o f  g- 



a l l y l o x y  o x a z i r i d i n e  1. Examina t ion  of m o l e c u l a r  models of t h e  n i t r o n e  d e r i v e d  from 1 shows t h a t  

t h e  s i d e  c h a i n  i s  of s u f f i c i e n t  l e n g t h  t o  a l l o w  t h e  d i p o l e  and d i p o l a r o p h i l e  u n i t s  t o  approach each 

o t h e r  i n  p a r a l l e l  p lanes .  Thermo lys is  of a so lu t i on  of 1 i n  benzene a f f o r d e d  c i s  N - t - bu t y l -  
- 

1,3a,4,9b-tetrahydro-3H[~l-benro~yrano~4,3-~lisoxazole 2 i n  86% y i e l d  [NM iCDC13,360 MHz) 6 1.22 

i s ,  9H), 3.07 i t d t ,  IH, 5~8.6, 8.6 and 2.6 Hz), 3.99 idd,  1H, 5.8.8 and 7.5 Hz),  4.19 l dd ,  IH, 

J=11.6 and 2.6 Hz), 4.21 i dd ,  lH, J=11.6 and 2.6 Hz), 4.30 fdd, IH, 5-8.8 and 7.5 Hz), 4.48 id ,  lH, 

5~8.6 Hz), 6.77 i dd ,  1H, J=8.2 and 1.2 Hz), 6.95 iddd,  1H, J=7.7, 7.4 and 1.2 Hz), 7.11 fddd, IH, 

t 1; R1= Bu; RZ=H 
3; Rl:CH3; R2.H 
5; Rl=R2=CH3 

t 2; R1= Bu; R2=H 
4; RI=CH3; R2-H 
6; Rl=R2=CH3 

J=8.2, 7.4 and 1.2 Hz) and 7.34 i dd ,  1H, Jz7.7 and 1.2 Hz)]. T h i s  same p r o d u c t  was a l s o  formed i n  

h i g h  y i e l d  when a  sample of n i t r o n e  L w a s  hea ted  i n  benzene. T h i s  o b s e r v a t i o n  s t r o n g l y  suggests 

~ I Z N  t ~ u  

I.LTMP 
2.allvl bromide 
3.RC03H 



HETEROCYCLES, Val 24, No 3, 198t 

t h a t  i s  i n i t i a l l y  formed f r o m  1 and t h e n  undergoes a  subsequent i n t e r n a l  c y c l o a d d i t i o n  r e a c t i o n  

R e l a t e d  cyc loadduc ts  were a l s o  o b t a i n e d  f r o m  t h e  t h e r m o l y s i s  o f  N - r n e t h y l o x a r i r i d i n e s  3 and 5. 15 

An a d d i t i o n a l  system t h a t  was a l s o  s t u d i e d  corresponded t o  o x a z i r i d i n e  8. T h i s  m a t e r i a l  was con- 

v e n i e n t l y  p repared  by t r e a t i n g  N-t-butyl-!-toluylaldehyde i m i n e  w i t h  l i t h i o  2,2,6,6- te t ramethy l -  

p i p e r i d i n e  iLTMPl f o l l o w e d  by r e a c t i o n  w i t h  a l l y 1  bromide.  The r e s u l t i n g  im ine  was s u b j e c t e d  t o  

o x i d a t i o n  u s i n g  m-ch lo roperbenzo ic  a c i d  t o  g i v e  8. Heat ing  a  sample of 8 i n  benzene a f f o r d e d  

cyc loadduc t  9 i n  78% i s o l a t e d  y i e l d .  
16 

Another  case where a  C - a r y l  o x a z i r i d i n e  was found  t o  undergo i n t r a m o l e c u l a r  d i p o l a r  c y c l o a d d i t i o n  

was encountered w i t h  compound g. Thermo lys is  o f  g i n  benrene a f f o r d e d  1-phenylphenanthro[9,10-c]- 

i s o x a z o l e  11 i n  62% i s o l a t e d  y i e l d  as t h e  o n l y  d e t e c t a b l e  p roduc t .17  The e x c l u s i v e  f o r m a t i o n  of 2 

i s  e s p e c i a l l y  i n t e r e s t i n g  i n  l i g h t  o f  H u i s g e n ' s  work d e a l i n g  w i t h  t h e  b i m o l e c u l a r  r e a c t i o n  o f  

N-pheny lbenza ln i t rone  w i t h  styrene.'' H u i s g e n ' s  g roup  was a b l e  t o  show t h a t  t h e  c y c l o a d d i t i o n  o f  

N-pheny lbenza ln i t rone  w i t h  a r y l  con juga ted  o l e f i n s  g i v e  5 - s u b s t i t u t e d  i s o x a z o l i d i n e s .  Thus, the 

10 - 11 - 
r e g i o s e l e c t i v i t y  observed i n  t h e  i n t r a m o l e c u l a r  r e a c t i o n  o f  10 i s  d i r e c t l y  o p p o s i t e  t o  t h e  e a r l i e r  

r e s u l t s  r e p o r t e d  b y  Huisgen.  The p r e f e r e n t i a l  f o r m a t i o n  o f  11 i s  p robab ly  a consequence o f  s t e r i c  

f a c t o r s  r a t h e r  t h a n  HOMO-LUMO i n t e r a c t i o n s ,  wh ich  g e n e r a l l y  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  i n  

b i m o l e c u 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 .  19-21 



Having v e r i f i e d  t h a t  a r y l  o x a z i r i d i n e s  c o n t a i n i n g  r r -unsa tu ra t ion  undergo smooth i n t r a m o l e c u l a r  

d i p o l a r - c y c l o a d d i t i o n ,  we tu rned  our  a t t e n t i o n  t o  t h e  b i rno lecu la r  r e a c t i o n  o f  a  r e p r e s e n t a t i v e  a r y l  

o x a z i r i d i n e .  The r e g i o s e l e c t i v i t y  f o r  n i t r o n e  c y c l o a d d i t i o n s  on to  monosubs t i tu ted  e thy lenes  was 

o r i g i n a l l y  b e l i e v e d  t o  proceed i n  a u n i d i r e c t i o n a l  fashion,  g i v i n g  5 - s u b s t i t u t e d  adducts r e g a r d l e s s  

of t h e  a lkene s u b s t i t u e n t . "  More r e c e n t  work suggests t h a t  those  e thy lenes  b e a r i n g  e l e c t r o n -  

w i thd raw ing  groups show an i n c r e a s i n g  tendency t o  a f f o r d  t h e  co r respond ing  4 - s u b s t i t u t e d  i s o x a -  

z o l i d i n e  as t h e  e l e c t r o n  w i thdraw ing  a b i l i t y  of t h e  a t tached  s u b s t i t u e n t  inc reases .  23-25 The 

a b i l i t y  t o  u t i l i z e  n i t r o n e  c y c l o a d d i t i o n s  i n  o r g a n i c  s y n t h e s i s  depends h e a v i l y  on unders tand ing  t h e  

f a c t o r s  which de te rmine  t h e  r e g i o c h e m i s t r y  of t h e  r e a c t i o n .  Our i n t e r e s t  i n  u s i n g  o x a z i r i d i n e  

c y c l o a d d i t i o n s  f o r  t h e  s y n t h e s i s  of severa l  a l k a l o i d s  has focused our a t t e n t i o n  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  r e a c t i o n  of o x a z i r i d i n e  12 w i t h  a c r y l o n i t r i l e .  We found t h a t  h e a t i n g  a  sample 

o f  12 w i t h  a c r y l o n i t r i l e  af forded t h e  expected 5 - s u b s t i t u t e d  i s o x a z o l i d i n e  i n  80% y i e l d .  

S i m i l a r  r e s u l t s  were o b t a i n e d  when o x a z i r i d i n e  g w a s  heated i n  t h e  presence of methy l  a c r y l a t e .  

These r e s u l t s  a r e  i n  genera l  accord w i t h  the  e a r l i e r  observa t ions  t h a t  most e l e c t r o n - d e f i c i e n t  

d i p o l a r o p h i l e s  undergo c y c l o a d d i t i o n  w i t h  n i t r o n e s  t o  g i v e  5 - s u b s t i t u t e d  i s o x a z ~ l i d i n e s . ~ ~  Thus, 

a r y l  o x a z i r i d i n e s  may p rove  t o  be  o f  some va lue  as n i t r o n e  b l o c k i n g  groups. F u r t h e r  s t u d i e s  

d e a l i n g  w i t h  t h e  use o f  o x a z i r i d i n e s  i n  a l k a l o i d  s y n t h e s i s  w i l l  be r e p o r t e d  a t  a l a t e r  date.  
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