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PEROXIDATION OF AZIRINES. A SEARCH FOR OXAZABICYCLOBUTANES. 1 
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Binghamton, New York USA 13901 

Abst rac t :  Nucleophi l ic  a s  we l l  a s  e l e c t r o p h i l i c  epoxidat ion of 

a z i r i n e s  l eads  t o  N-acylimines or t h e i r  d e r i v a t i v e s ,  poss ib ly  by 

way o f  an oxazabicyclobutane.  

INTRODUCTION 

I n  t h e  l a s t  few yea r s  t h e  chemis tw  of a z i r i n e s  1 has  received considerable  a t t e n -  
". 

t i o n ,  e s p e c i a l l y  s i n c e  these  compounds can se rve  as synthons f o r  a v a r i e t y  of 

o t h e r  h e t e r o c y c l i c  molecules.2 These s t r a i n e d  small r i n g  he te rocyc les  (1) can 
". 

behave as both e l e c t r o p h i l e s  o r  nucleophi les  w i t h  approa r i a t a  reagents .  

Among t h e  i n t e r e s t i n g  r e a c t i o n s  t h a t  a z i r i n e s  1 undergo i s  t h e  formation of t h e  
'LI 

s t r a i n e d  azabicyclobutane compounds 2. Early  a t tempts  t o  > repa re  azabicyclo- 

3 butanes 4 by r eac t ion  of a z i r i n e s  1 wi th  d iazo  compounds genera ted  a l l y 1  a z i d e s ,  
". * 

presumably v i a  cycloaddi t ion  t o  an in t e rmed ia te  2. However, t r ea tmen t  of $ with  
'Y 

t r imethylsul fonium y l i d  l e a d s ,  most l i k e l y  v i a  3, t o  i s o l a t i o n  o f  azabicyclo- * 
butanes  4 . 4 , 5  

?I 

l b ,  R:Me 3 
%". * 



On t h e  o t h e r  hand, d ichlorocarbene (genera ted  by decomposition of phenylmercuric 

tr ichloromethane) r e a c t s  wi th  E ,  presumably v i a  in t e rmed ia te  2 t o  produce open 

chain d ichloroimines  t. 5 

The formation o f  a z e t i n e  9 has been p o s t u l a t e d  t o  proceed v i a  t h e  i s o l a b l e  adduct 
% 

5 
7 and t h e  non i so lab le  in t e rmed ia te  azabicyclobutane 8. 
% % 

Hete rocyc l i c  analogs of 4 have,  s o  f a r ,  been e lus ive .  Attempts t o  epoxidize  
?I 

a z i r i n e  1 with  m-chloroperbenzoic a c i d  i n  methylene ch lo r ide  t o  an oxazabicyclo- 
1, 

butane  were unsuccessful  and l e d  t o  an insepa rab le  mixture o f  products .  6 

RESULTS AND DISCUSSION 

Tie f e l t  t h a t  n u c l e o p h i l i c  a d d i t i o n  of  a peroxide anion t o  1 ( i n  analogy t o  1 * 3 
. % % 'Ir 

* 4 a n d $ + z  - 8) may have a b e t t e r  chance f o r  success .  Indeed,  i - b u t y l  hydro- 
% Z 

peroxide r e a c t s  wi th  ).jZ i n  t h e  presence of Triton-B t o  produce a n e u t r a l  compound 

(21%) i d e n t i f i e d  a s  N-(1-t-butoxy ethy1)benzamide 10 and 2,;-dimethyl-3.6-di- 
'Ir* 

phenylpyrazine ( 9 % ) .  The l a t t e r  probably arose  from a hydrolys is -dimer iza t ion o f  

t h e  a z i r i n e  lb .  
%% 
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The s t r u c t u r e  of 10 was obvious from its elementa l  a n a l y s i s ,  i r  a t  3350 (NH), and 
%% 

1650 an-' (C-N) , nmr and mass spec t ra .  The H-nmr spectrum showed a broad one 

proton ' ' s i n g l e t  f o r  the.NH a t  6 7 ,  which disappeared on D20 a d d i t i o n ;  a 

one proton m u l t i p l e t  a t  5.8-6.2 and a CH3 double t ,  J=6 iiz a t  1.48, i n  a d d i t i o n  t o  

+ 
t h e  aromat ic  and ;-butyl s i g n a l s .  Though no M peak was not iced i n  t h e  mass 

spectrum, a major peak (40%) r e s u l t i n g  from fragmentation t o  i lm/e 148) was 
% 

> r e s e n t ,  a s  we l l  a s  a 121 peak (1%) r e s u l t i n g  from a McLafferty rearrangement of 

l o ;  t h e  base  p iak  was a t  m/e 105 (~h-c:). 
%% II 

0 

Treatment of 10 wi th  2.4-dinitrophenylhydrazine gave an orange s o l i d ,  mp 163-6'. 
%% 

i s e n t i c a l  bi ir tc a u t h e n t i c  ac:t;l22Y;-13. ? , H l i - i t r c ? ~ ~ n ; l ? ~ ~ r ? r ~ z o n ~  2nd ind ica -  

t i v e  of  t h e  acetaldehyde aminal s t r u c t u r e  o f  l o .  . 'M, 

Since  t h e  l a b i l i t y  o f  N-acylimines toward a l coho l s  is w e l l  known,' it is reason- 

a b l e  t o  assume t h a t  10 r e s u l t e d  from c-butanol add i t ion  t o  t h e  p recur so r  tl. The . . %% 

l a t t e r  may have r e s u l t e d  from a r i n g  opening o f  oxazabicyclobutane 12 a s  shown 
?1?1 

below: 

While azabicyclobutanes  4 usua l ly  undergo p r e f e r r e d  r i n g  opening a t  t h e  c e n t e r  
1. 

bond between t h e  two r i n g s ,  t h e  weakest bond i n  $5 is expected t o  be t h e  N-0 bond. 

3 ,3-Disubst i tu ted  a z i r i n e s  behave i n  t h e  same manner. .Thus, products  14,"analo-'. 
%% 

gous t o  10 ,  were formed i n  t h e  r eac t ion  o f  a z i r i n e  l c  with t -bu ty l  hydroperoxide 
11% 

i n  base. 



OtBu 

Triton4 

MeOH 
+ t-BUOOH ------3 Ph-C-N 

The intermediacy of N-ethylidenebenzamide 11 in the formation of 10 was 
%% ""% 

ascertained by its isolation (59% yield) in the electrophilic exposidation of @ 

c?ith m-chloroperbenzoic acid (m-CPBA) in chlorobenzene. The structure of a was 
indicated by its mass spectrum (molecular ion at m/e 147 (38%), base peak at m/e 

105 (Ph-C-)) and the nmr spectrum (methyl doublet at 61.9 and six proton multiplet 
II 
0 at 7.1-7.7). A similar reaction took place wi.th azirine la. 

%% 

lla, R I H  
12 1111% 

?I% llb, R:Me 
%""% 

r.drlition of t-butanol to at room temperature or to the reaction mixture of 8 
with m-CPBA led to the isolation of the t-butoxy ether 10. While the formation of 

%% 

11 in the nucleophilic reaction of azirine 1 with t--butylperoxide anion can be 
%% % 

8 explained by a decomposition of $2 without invoking oxazabicyclobutane &$, its 
generation also in the electrophilic reaction with m-CPBA lends strength to the 

involvement of 12 as an intermediate9 in these transformations. A similar inter- 
%% 

mediate is apparently involved in the M-CPDA oxidation of diazirines. 10 

EXPERIMENTAL 

Reaction of 2-Phenyl-1-azirine with m-Chloroperoxybenzoic Acid. A solution of 

200 mg (1.3 mol) of 2-phenyl-1-azirine ,le and 0.24 g (1.4 mmol) of m-chloroperoxy 
benzoic acid in 20 ml of chlorobenzene was stirred magnetically and heated to 

reflux for 20 hr. The solution was washed with a 2 x 20 ml of saturated NaHCOj 

and the.chlorobenzene was dried with anhydrous MgS04, filtered. and the solvent 

was removed by distillation to give 98 mg (0.73 mol) of N-methylenebenzamide lla 
""?I%' 

as a colorless liquid. 



Vapor phase chromatographic a n a l y s i s  on a 20% Carbowax column a t  100DC showed one 

peak which was c o l l e c t e d  and analyzed by mass spect roscoay.  Molecular i on  peak 

a t  m/e 133 ( 4 1 % ) ;  o t h e r  peaks a t  m/e 105 (100%) and m/e 77 (35%) .  The nmr showed 

a m u l t i p l e t  a t  67.1-7.6. 

Reaction of 2-Phenyl-3methyl-1-azirine wi th  m-Chloroperoxybenzoic Acid. A so lu -  - 
t i o n  o f  200 mg (1.3 nrmal)  of  2-phenyl-3-methyl-1-azirine l b  and 0.24 g ( 1 . 4  -01) 

'Y\I 

o f  m-chloroperoxybenzoic a c i d  i n  20 ml of chlorobenzene was s t i r r e d  magnet ica l ly  

and hea ted  t o  r e f l u x  f o r  20 h r .  The s o l u t i o n  was washed wi th  a 2 x 20 m l  of  

s a t u r a t e d  NaHC03, t h e  chlorobenzene l a y e r  was d r i e d  wi th  anhydrous MgS04, 

f i l t e r e d ,  and t h e  s o l v e n t  was removed by d i s t i l l a t i o n  t o  g ive  121  mg of N- 

e thylidenebenazmide l l b  as a r e d  o i l .  Vapor phase chromatographic a n a l y s i s  on a 
Vb% 

20% Carbowax column a t  100DC showed one peak which was c o l l e c t e d  and analyzed by 

mass spect roscopy.  Molecular  ion  peak a t  m/e  147 ( 3 8 % ) ;  o t h e r  peaks a t  m/e  105 

(100%) and m/e 77 (41%).  The nmr (acetone-d6/CC14) showed a s i x  p ro ton  m u l t i p l e t  

a t  67.1-7.7 and a t h r e e  p ro ton  double t  a t  61.9. 

When 1 g (13 m o l l  o f  c-butanol was added du r ing  t h e  r e a c t i o n ,  1 ' - t -butoxyethyl -  

benzamide 10 was sepa ra t ed  by gc i n  18% y ie ld ;  t r ea tmen t  of  && w i t h  k-butanol 
%% 

l i kewise  produced $Q . 
General  Procedure f o r  t h e  Reaction of 1-Azirines w i t h  t -Butyl  Hydroperoxide i n  

T r i t o n  B. To 1.31 g (10 m o l )  o f  2-phenyl-3-methyl-1-azirine l b  i n  20 m l  of  
%% 

benzene was added 1.2 m l  (10.8 -01) o f  &-butyl hydroperoxide. A f t e r  a d d i t i o n  o f  

0.4 g (2 .3  m o l l  of  "Tr i ton  8'' (40% i n  MeOHl, t h e  mixture was al lowed t o  s t a n d  

f o r  a 24 h r  period.  The r e a c t i o n  mixture was then washed twice  wi th  30 m l  of 

wa te r ,  d r i e d  wi th  anhydrous MgS04, f i l t e r e d  and t h e  benzene was removed under 

vacuum t o  g ive  an o i l  which upon coo l ing  t o  -lODC y i e l d e d  0.46 g (21%) of l '+- 

butoxyethylbenzamide 10. R e c r y s t a l l i z a t i o n  from d i e t h y l  e the r /pen tane  provided 
%% 

f u r t h e r  p u r i f i c a t i o n  of t h i s  amide (mp 105-106*), nmr (CDC13) 67.2-8 ( f i v e  

proton m u l t i p l e t )  , 65.9 (two proton wide s i n g l e t ) ,  66.8-7.2 (broad one proton 

s i n g l e t ,  r ep laced  when D20 was added) ,  65.8-6.2 (one p ro ton  m u l t i p l e t ) ,  61.48 

( t h r e e  p ro ton  doub le t ,  J=6 Hz) ,  and 61.28 (n ine  p ro ton  s i n g l e t ) .  IR (KBr) 

1 showed peaks a t  3350, 1650 and 1535 on- . Mass spectrum m/e (rel. i n t e n s i t y )  148 

( 4 0 . 5 ) ,  121 1 . 2 ,  105 (1001, 77 (291, 57 ( 4 . 0 ) ,  43 (9 .0 ) .  

Anal. Calcd. f o r  Cl3Hl9NO2: C, 70.55; H .  8.65; N ,  6.33 

Found: C ,  70.66; H ,  8.72; N ,  6.35 



The filtrate from recrystallization of was allowed to stand at -lO°C for seven 

days during which time 0.21 g/9% yield of 2.5-dimethyl-3,6-diphenylpyrazine pre- 

cipitated. 
Reaction of 0.46 g of 2-phenyl-3,3-pentamethylene-1-azirine with c-butyl hydro- 

oeroxide following the general procedure gave 0.57 g of a clear oil which on 

chromatography provided 45 mg of starting azirine, 170 mg of N-(1 -5-butoxycyclo- 

hexy1)benzamide 14a. ir 3400 "-'(NH); 1655 and 1522 an-'(amid=) ; nmr 67.2-7.9 
?r%% 

(m, 5H). 66.36-6.68 (S broad, 1H). 61.4-2.6 (m, 10H). 61.28 (S, 9H). and 85 mg of 

N-(1-methoxycyclohexy1)benzamide a2k, ir 3340 cm-l(NH); 1645 and 1530 cm-'(amide); 

nmr 67.3-7.9 (m, 5H). 66.0-6.25 (S broad lH), 63.3 (S, 3d), 61.18-2.5 (m, 10H) ; 

Je 202 (M-OMe) +. 
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