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A l i r i n e s  ( a r a c y c l o p r o p e n e s ) ,  t h e  s m a l l e s t  o f  t h e  n i t r o g e n  h e t e r o c y c l e s ,  

a r e  a  v e r s a t i l e  group o f  r e a c t i v e  sma l l  r i n g  mo lecu les .  S ince  t h e  a n t i a r o m a t i c ,  

4 " - e l e c t r o n , 2 - a z i r i n e s  a r e  as y e t  unknown, we s h a l l  d i s c u s s  he re  s o l e l y  t h e  

r e a d i l y  a v a i l a b l e  1 - a z i r i n e  r i n g  system. These compounds a r e  n o t  o n l y  capab le  

o f  a c t i n g  as n u c l e o p h i l e s  th rough  N and as e l e c t r o p h i l e s  a t  t h e  C o f  t h e  C=N, 

b u t  t h e y  can a c t  as 2"-components o r  as 4n-components as w e l l .  I n  f a c t ,  a l l  

t h r e e  bonds o f  t h e  3-membered r i n g  a r e  capab le  o f  c leavage  d u r i n g  r e a c t i o n .  

8 - 
1 - a z i r i n e  a z i r i n e s  as a z i r i n e s  as v i n y l  n i t r i l i u m  

n u c l e o p h i l e s  e l e c t r o p h i  l e s  n i  t r e n e  y l i d  

Thus, f o r m a l  r i n g  c leavage of  t h e  C-N bond leads  t o  a  v i n y l  n i t r e n e ,  whereas 

C - C  bond b r e a k i n g  produces a  n i t r i l i u m  y l i d .  One can, t h e r e f o r e ,  r e a d i l y  

imag ine  t h a t  r e a c t i o n  o f  1 - a z i r i n e s  w i t h  m u l t i p l e  bonds can l e a d  t o  a  v a r i e t y  

o f  l a r g e r  r i n g  h e t e r o c y c l e s .  

Severa l  syntheses o f  a z i r i n e s  a r e  now a v a i l a b l e .  The most genera l  one 

s t a r t s  w i t h  an o l e f i n ,  which i s  c o n v e r t e d  i n  t h r e e  s imp le ,  h i g h  y i e l d  s t e p s  I 

( i o d i n e  a z i d e  a d d i t i o n ,  H - I  e l i m i n a t i o n  and p h o t o l y s i s  o r  t h e r m o l y s i s )  i n t o  

an a z i r i n e  as shown 

h  H = C H R  t I N  - R-CH-CH-R' bs R-CH-C-R' ~ R ~ R '  
I I I 

I N3 N 3  
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Because t h e  s t r u c t u r e  o f  t h e  f i n a l  p r o d u c t  depends on t h e  e f f e c t  o f  R '  on 

t h e  h i g h l y  r e g i o s e l e c t i v e  IN3 a d d i t i o n ,  we have d e v i s e d  an a l t e r n a t e  method 

s t a r t i n g  w i t h  r e a d i l y  a v a i l a b l e  o-bromoketoximes. The sequence proceeds v i a  

a-phosphonium ke tox imes  wh ich  i n  b a s i c  medium a r e  p r e s e n t  as t h e  s t a b l e  i s o l a b l e  

oxazaphosphol ines 1. The l a t t e r  a r e  known t o  undergo t h e r m o l y s i s  t o  1 - a z i r i n e s .  

S ince  phosphine d i sp lacement  on w h a l o k e t o x i m e s  sometimes leads  t o  s i d e  r e a c t i o n s ,  

i t  i s  advantageous t o  f i r s t  p r o t e c t  t h e  oxime f u n c t i o n  as an acetone k e t a l  2 

p r i o r  t o  d i sp lacement .  T h i s  i s  f o l l o w e d  by  m i l d  a c i d  h y d r o l y s i s  (HC1-H20-MeOH) 

and r i n g  c l o s u r e  t o  1 w i t h  t r i e t h y l a m i n e .  The whole  sequence o f  s t e p s  can be 

c a r r i e d  o u t  i n  one p o t .  2 

Tha t  t h e  two methods a r e  complementary i s  i l l u s t r a t e d  by  t h e  s y n t h e s i s  o f  

3 - t - b u t y l  and 2 - t - b u t y l - 1 - a z i r i n e  3 and 4 r e s p e c t i v e l y :  



A d d i t i o n  o f  n u c l e o p h i l e s  t o  t h e  C=N o f  a z i r i n e s  proceeds r e a d i l y  and 

s t e r e o s p e c i f i c a l l y  from t h e  l e a s t  h i n d e r e d  s i d e  o f  t h e  mo lecu le .  Even h y d r i d e  

( f r o m  L i A l H  ) adds s t e r e o s p e c i f i c a l  l y  t o  produce c i s - a ~ i r i d i n e s . ~  T h i s  p e r m i t s  4 

a  s t e r e o s p e c i f i c  s y n t h e s i s  o f  c i s - 1 , 2 - d i - s u b s t i t u t e d  a z i r i d i n e s  5, s t a r t i n g  from 

a  s t e r e o i s o m e r i c  m i x t u r e  o f  o l e f i n s .  

Li A I H 4  H 

Ph-cH=CH-CH3 - < A 

c i s  

c i s  o r  t r a n s  P h  H 5 - 

A  v a r i e t y  o f  ca rban ions  have been added t o  a z i r i n e s .  I n  t h e  case of  ke tone  

e n o l a t e s ,  EH-py r ro les  5 have been i s o l a t e d  by  L a u r e n t  and coworkers .  
4 

T r i c h l o r o m e t h i d e  a n i o n  a l s o  adds s t e r e o s p e c i f i c a l l y  and t h e  adduc t  1 can 

be deaminated w i t h  r e t e n t i o n  o f  c o n f i g u r a t i o n ,  t h u s  p r o v i d i n g  a  s t e r e o s p e c i f i c  

s y n t h e s i s  o f  t r i s u b s t i t u t e d  a l kenes  from c e r t a i n  l , 2 - d i s u b s t i t u t e d  o l e f i n s .  

A t tempted  r i n g - c l o s u r e  o f  1 t o  an a z a b i c y c l o b u t a n e  l e a d  t o  i s o l a t i o n  o f  

t h e  4-membered r i n g  a z e t i r i e  8. The un ique  s t e r e o c h e m i s t r y  o f  8 suggests  t h a t  

t h e  b i c y c l e  9 may be an i n t e r m e d i a t e  and i s  r e a r r a n g e d  by  an i n t r a m o l e c u l a r  
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c h l o r i d e  s h i f t .  5 

A b o n a f i d e  n o n - c h l o r i n a t e d  azab icyc lobu tane  10 can be o b t a i n e d  by d i -  

methy lsu l fon ium y l i d  a d d i t i o n  t o  an a z i r i n e .  6 

The s p e c t r a l  p r o p e r t i e s ,  e s p e c i a l l y  13c da ta ,  of t h e  b i c y c l e  10 d i f f e r  d r a s t i c a l l y  

f rom those of t h e  4-membered r i n g  8. 

Attempts t o  e p o x i d i z e  a z i r i n e s  have f a i l e d  so f a r  t o  produce oxazab icyc lo -  

butanes 11. When t - b u t y l h y d r o p e r o x i d e  i s  employed, t h e  a c y l i m i n e  12 o r  i t s  

a l c o h o l  a d d i t i o n  p r o d u c t  s c a n  be i s o l a t e d .  I t  i s  p o s s i b l e ,  though n o t  

necessary, t h a t  fl i s  an i n t e r m e d i a t e  i n  the  r e a c t i o n .  7 



The b a s i c i t y  o f  t h e  n i t r o g e n  i n  1 - a z i r i n e s  i s  much weaker t h a n  t h a t  i n  cor respond-  

i n g  open c h a i n  im ines .  For  i n s t a n c e ,  most a z i r i n e s  a r e  i n s o l u b l e  i n  5% HCI b u t  

d i s s o l v e  i n  conc.  HC1. S i m i l a r l y ,  no r e a c t i o n  o c c u r s  w i t h  me thy l  i o d i d e  o r  

b e n r y l  c h l o r i d e  and 1 3 c - ~  c o u p l i n g  i n  a r i r i n e s  suggest  a  h i g h  degree o f  s -  

c h a r a c t e r  f o r  t h e  e x o c y c l i c  bonds and t h u s  f o r  t h e  unshared e l e c t r o n  p a i r  on 

n i t r o g e n .  Yet,  r e a c t i o n  occu rs  w i t h  a  v a r i e t y  o f  a c i d i c  reagen ts ,  presumably  

v i a  a z i r i n i u m  i o n  s p e c i e s .  Thus, anhydrous p e r c h l o r i c  a c i d  i n  acetone l e a d s  
8 

v i a  r i n g  opening t o  o x a z o l i n e  1P_. B e t t e r  n u c l e o p h i l e s  (even C1-) a r e  a b l e  t o  

add t o  t h e  p r i m a r i l y  formed a z i r i n i u m  i o n ,  so t h a t  adduc ts  such as 15 can be 

i s o l a t e d  f r o m  r e a c t i o n  of a c i d  c h l o r i d e s  w i t h  a z i r i n e s ?  I n  p o l a r  s o l v e n t s  5 

r i n g  opens by  s o l v o l y s i s  t h u s  l e a d i n g  t o  c leavage of  t h e  o r i g i n a l  C=N w i t h  
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f o r m a t i o n  o f  o x a z o l e  5. Note t h a t  t h e  r e g i o c h e m i s t r y  o f  5 and 5 a r e  o p p o s i t e  

because a  d i f f e r e n t  r e a c t i o n  pathway i s  f o l l o w e d .  

The f o r m a t i o n  o f  5 appears t o  be r e v e r s i b l e  because i t  r e a c t s  f a s t  w i t h  

a z i d e  i o n s  t o  produce a  s t e r e o i s o m e r i c  m i x t u r e  o f  a r i d o a z i r i d i n e  c. The l a t t e r  

r e a d i l y  rea r ranges  i n  p o l a r  medium t o  a z i d o o x a r o l i n e  8. 10 

1 - A z i r i n e s  a l s o  form v e r y  s t a b l e  square p l a n a r  complexes 19 w i t h  Pd o r  P t  

s a l t s .  The s l i g h t l y  sho r tened  Pd-N bond ( x - r a y s )  suggests  me ta l  backbonding f r o m  

Pd t o  N. 11 



Apparen t l y  a z i r i n e s  are s u f f i c i e n t l y  n u c l e o p h i l i c  t o  r e a c t  w i t h  d i pheny l cyc l o -  

propenone (see d i p o l a r  s t r u c t u r e  3).  The fo rmat ion  o f  4-pyr idones 22 i n  good 

When R:CH3 the  p roduc t  i s o l a t e d  i s  the  gemina l l y  s u b s t i t u t e d  py r idone  1. 

Ketenes a re  a l s o  a t tacked  by a z i r i n e s  b u t  i n  t h i s  case 2 : l  adducts 23 a re  

formed. 13 

Pho to l ys i s  o f  1 - a z i r i n e s  produces n i t r i l i u m  y l i d  i n t e rmed ia tes  - 24 which 

can be t rapped by var ious  d i p o l a r o p h i l e s  t o  form five-membered r i n g  he te rocyc les  

(e.s . ,  25). 14 
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The C=N o f  a z i r i n e s  i s  capab le  o f  s e r v i n g  as t h e  2"-component i n  2 + 4 c y c l o -  

a d d i t i o n s .  R e a c t i o n  w i t h  1 ,3 -d ipo les  occu rs  r e a d i l y  as shown i n  t h e  example below:15 

CHzPh 
CH2Ph 

I - P\- 
A Ph-CH CH-Ph Ph-  

P h Ph 

W i t h  cyc lopen tad ienones  26 a  c l e a n  the rma l  r e a c t i o n  takes  p l a c e  l e a d i n g  t o  

3H-azepines 9 w i t h  e x p u l s i o n  o f  CO. The s t r u c t u r e  o f  29,16 based l a r g e l y  on nmr 
p~ 

and mass s p e c t r a ,  i n d i c a t e s  c leavage o f  t h e  C=N i n  t h e  a z i r i n e  and suggests  a  

D i e l s - A l d e r  a d d i t i o n  t o  t h e  cyc lopen tad ienones  26. Al though  t h e  l o g i c a l  i n t e r -  

med ia tes  = c o u l d  n o t  be i s o l a t e d ,  r e a c t i o n  o f  % w i t h  30, t h e  c a r b o c y c l i c  



analogue o f  a z i r i n e s  l e a d  t o  q u a n t i t a t i v e  f o r m a t i o n  o f  t r i c y c l i c  ke tone  31. 
H e a t i n g  o f  t h e  l a t t e r  produced 3 2 , t h e  c a r b o c y c l i c  ana logue o f  2. 

The two most l i k e l y  pathways from 27 t o  9 i n v o l v e  the rma l  l o s s  o f  CO e i t h e r  

( a )  w i t h  concomi tan t  i nvo lvement  o f  t h e  doub le  bond o r  ( b )  w i t h  opening o f  t h e  

three-membered r i n g .  I n  systems such as 2 and 35 where double  bond m i g r a t i o n  i s  

un favo rab le  because o f  t h e  presence o f  t h e  a r o m a t i c  r i n g s ,  pathway ( b )  i s  f o l l o w e d  

and 2H-arep ines 3 and 36 ( n o r m a l l y  such a r e  u n s t a b l e  azep ine  i somers )  a r e  i s o l a t e d .  

O f  t h e  l a t t e r ,  2H-azepine 2 rea r ranges  by  a t h e r m a l l y  a l l o w e d  1,5-H s h i f t  t o  t h e  

3H-azepine 37. T h i s  i n d i c a t e s  t h a t  pathway ( b ) ,  namely 11 - 8 - 29 i s  i n v o l v e d  

i n  these  t r a n s f o r m a t i o n s .  16 



HETEROCYCLES Voi  14, No 10. 1980 

An endo a t t a c k  by  t h e  a z i r i n e  i s  s u g g e s t e d , l e a d i n g  t o  endo 33 which  undergoes 

an a l l o w e d  c o n c e r t e d  d i s r o t a t o r y  r i n g  open ing  w i t h  l o s s  o f  CO. Ev idence f o r  such 

a  process i s  p r o v i d e d  by t h e  i s o l a t i o n  o f  a  t h e r m a l l y  s t a b l e  exo adduc t  i n  t h e  

c a r b o c y c l i c  s e r i e s  r e l a t e d  t o  33. A p p a r e n t l y  an ex0 adduct  38 i s  a l s o  i s o l a t e d  

from t h e  i s o b e n z o f u r a n  ana log .  17 

A  D i e l s - A l d e r  r e a c t i o n  f o l l o w e d  by l o s s  o f  N2, i n s t e a d  of  CO, i s  a l s o  i n -  

v o l v e d  i n  t h e  f o r m a t i o n  f o r  t r i a z e p i n e s  42 f rom r e a c t i o n  o f  t e t r a z i n e s  2 w i t h  

a z i r i n e s .  40 and 41 a r e  l o g i c a l  i n t e r m e d i a t e s .  F u r t h e r  t h e r m o l y s i s  o f  2 l eads  

t o  a  v a r i e t y  o f  o t h e r  h e t e r o c y c l e s ,  i n c l u d i n g  p y r i m i d i n e s ,  t r i a z o l e s ,  p y r a z o l e s .  
18 

The p o s s i b l e  pathways o f  t hese  r e a c t i o n s  w i l l  be d i scussed .  
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