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REACTION OF AZOMETHINE N-OXIDES. PART 4. A  NEW MODE OF REACTION 

OF AZOMETHINE N-OXIDES WITH DIBENZOYLACETYLENE 
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A b s t r a c t  - A new mode of 1 .3 -d ipo la r  c y c l o a d d i t i o n  r e a c t i o n  w i t h  d i b e n z o y l a c e t y l e n e  

as d i p o l a r o p h i l e  was observed. The a d d i t i o n  o f  t h i s  d i p o l a r o p h i l e  t o  d i f f e r e n t  

s u b s t i t u t e d  open c h a i n  N - a r y l n i t r o n e s  a f f o r d e d  3-anilino-l,4-diphenylbutane-l,2,4- 

t r i o n e .  I t s  fo rmat ion  by 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  f o l l o w e d  by i n t e r a -  

mo lecu la r  rearrangement and y l i d e  decomposi t ion i s  d iscussed.  On t h e  o t h e r  hand, 

t h e  c o n f o r m a t i o n a l l y  r i g i d  c y c l i c  n i t r o n e s  form e i t h e r  4 - o x a r o l i n e  o r  enamine 

compounds. 

Our i n t e r s t  i n  t h e  r e a c t i o n s  o f  arometh ine ~ - o x i d e s " ~  i n i t r o n e s )  and arometh ines3 w i t h  e l e c t r o n -  

d e f i c i e n t  compounds leads  us t o  i n v e s t i g a t e  t h e  c y c l o a d d i t i o n s  of d i b e n z o y l a c e t y l e n e  w i t h  n i t r o n e s .  

We r e c e n t l y  r e p o r t e d  t h a t  n i t r o n e s  as w e l l  as azomethines fo rm c h a r g e - t r a n s f e r  complexes w i t h  some 

e l e c t r o n - d e f i c i e n t  compounds as t e t r a c y a n o e t h y l e n e  and 1 , 4 - b e n ~ o q u i n o n e s ~ ' ~ .  We would now l i k e  t o  

r e p o r t  t h e  r e a c t i o n  o f  d ibenzoy lace ty lene  as an e l e c t r o n  poor compound w i t h  v a r i o u s  n i t r o n e s .  

The r e a c t i o n s  o f  a lkynes w i t h  n i t r o n e s  a r e  known t o  a f f o r d  t h e  t h e r m a l l y  l a b i l e  4 - i ~ o x a r o l i n e ~ ' ~ ,  

wh ich  can be i s o m e r i r e d  v i a  va lence rearrangement  t o  2 - a c y l a r i r i d i n e 8 " .  The f o r m a t i o n  o f  y l i d e  as 

10 i n t e r m e d i a t e  s t e p  has been p o s t u l a t e d  t o  e x p l a i n  t h e  fo rmat ion  of t h e  h i g h l y  u n s t a b l e  4 -oxazo l ine  . 
I n  few cases, these  y l i d e s  were i s o l a t e d  and i d e n t i f i e d 5 ' ' ' .  

However, we found t h a t  t h e  r e a c t i o n s  o f  N - a r y l n i t r o n e s  ( l a - h )  w i t h  d i b e n z o y l a c e t y l e n e  ( 2 ) ,  i n  

methy lene c h l o r i d e  a t  room tempera tu re ,  y i e l d e d  3 - a n i l i n o - 1  ,4-d iphenylbutane-1 ,2 ,4 - t r i one  ( 8 )  and 

t h e  co r respond ing  a ldehyde12s13 (93-h)  (Scheme 1 ) .  S t r u c t u r e  ( 8 )  (Scheme 1 )  was ass igned t o  t h i s  

p roduc t  on t h e  b a s i s  o f  a n a l y t i c a l  and spec t roscop ic  data. The a n a l y t i c a l  da ta  showed t h a t  t h e  

mo lecu la r  formula i s  C22H17N03. The i r  spectrum revea led  a b s o r p t i o n  maxima f o r  amino and carbonyl  

groups a t  3450 and 1672 cm-l,  r e s p e c t i v e l y .  The fo rmat ion  o f  a c e t y l  d e r i v a t i v e  ( 1 0 )  from t h e  

t r e a t m e n t  of ( 8 )  w i t h  a c e t i c  anhydr ide  and a c e t i c  a c i d  a l s o  c o n f i r m s  t h e  presence o f  t h e  amino 

1  
group i n  ( 8 ) .  The H nmr spectrum o f  ( 8 )  gave t h e  f o l l o w i n g  s i g n a l s :  a  b road  s i n g l e t  f o r  bo th  the 

meth ine and amino p ro tons  a t  3.72 ppm as w e l l  as a  m u l t i p l e t  f o r  t h e  phenyl  p r o t o n s  a t  6.5 - 8.25 

ppm. Thus, b o t h  i r  and nmr d a t a  c o n f i r m  i m p l i c i t y  of t h e  proposed s t r u c t u r e  of t h e  t r i o n e  ( 8 ) .  



However t h e  s t r u c t u r e  ( 8 )  was e v i d e n t l y  confirmed mass s p e c t r o m e t r i c a l l y .  Beside t h e  mo lecu la r  i o n  

a t  m/e 343, two i n t e r e s t e d  f ragmentat ions a t  mle 238 (15%) and 210 (40%) were observed, p robab ly  
+ + 

from t h e  mo lecu la r  i o n  by l o s s  o f  t h e  f o l l o w i n g  r a d i c a l s :  Ph-C=O and Ph-CO-CO, r e s p e c t i v e l y .  More- 
+ 

over, t h e  presence o f  a fragment a t  m/e 92 (17%) ,  p robab ly  f o r  t h e  C6H5NH r a d i c a l ,  f u r t h e r  suppor ts  

t h e  s t r u c t u r e  8. 

A l l  t h e  r e s u l t s  suggested t h a t  t h e  t h e r m a l l y  l a b i l e  4 - i s o x a z o l i n e  (3a-h i  formed i somer ized  v i a  

valence rearrangement t o  2 - a c y l a z i r i d i n e s  (4a-h) ,  which undergo r i n g  opening t o  g i v e  y l i d e s  (5a-h l .  

The a d d i t i o n  of H20 mo lecu le  (probably p resen t  i n  c r y s t a l l i s a t i o n  s o l v e n t s )  t o  the  y l i d e s  ( 5 a - h l  

f o l l o w e d  by hydrogen m i g r a t i o n  and carbon-n i t rogen  f i s s i o n  should lead  t o  the  f o r m a t i o n  of the  

t r i o n e  ( 8 )  and t h e  corresponding aldehydes (9a-h) .  

H\ e .t---f H\?--,Ph 
PhOC R0 ye 

c e  
P ~ O C '  YO COP^ P ~ O C , ~ Y O C O P ~  

(CH3 )2WPhXH 

(9a-h) ~ h -  ~ - c H / ~ ~ ~ ~  0 ' N - P ~  
'COCOPh COCH3 

(1 0) ( l lh )  

a; R=4-CH3-C6H4. b; R=4-CH30-C6H4. C;  R=3,4-(CH30I2-C6H3 d; R=3,4-methylenedioxyphenyl. e; R=4-C1- 

C6H4. f; R=4-NO2-C6H4. g; R=2-th ienyl .  h; R=4-(CH 1 N-C H  3 2  6 4 '  

Scheme 1 
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As shown i n  Tab le  1, t h e  y i e l d  of t h e  t r i o n e  ( 8 )  i s  h i g h  i n  t h e  case o f  t h e  n i t r o n e s  which c o n t a i n  

e l e c t r o n  dona t ing  groups on t h e  carbon of t h e  n i t r o n e  f u n c t i o n a l  group. T h i s  f e a t u r e  my be due t o  

t h a t  t h e  e l e c t r o n  dona t ing  g roup  shou ld  i n c r e a s e  t h e  s t a b i l i t y  o f  t h e  y l i d e  i n t e r m e d i a t e  (5a-h)  and 

consequent ly  t h e i r  l i f e - t i m e ,  which inc reases  t h e r e f o r e  t h e  chance o f  t h e  r e a c t i o n  of ( 8 )  w i t h  H20, 

Tab le  1. Phys ica l  and a n a l y t i c a l  d a t a  of t h e  r e a c t i o n s  of t h e  n i t r o n e s  i l a - g )  w i t h  d i b e n z o y l -  

a c e t y l e n e  

a  Phenylhydrazone d e r i v a t i v e  

By c o n t r a s t ,  t h e  r e a c t i o n  of t h e  d ibenzoy lace ty lene  w i t h  n i t r o n e  ( I h ) ,  under  t h e  same c o n d i t i o n s ,  

a f f o r d e d  bes ide  t h e  t r i o n e  ( 8 )  (32%)  and t h e  aldehyde1' ( 9 h )  ( 9 % ) ,  t h e  t h e r m a l l y  l a b i l e  4 -oxaro l i ne  

s t r u c t u r e  f o r  t h e  cyc loadduc t  ( l l h )  i s  based on t h e  nmr data.The l o c a t i o n  o f  t h e  meth ine p r o t o n  

s i g n a l  a t  magnet ic  f i e l d  as h i g h  as 6.58 ppm i s  i n d i c a t i v e  f o r  t h e  presence o f  t h e  p r o t o n  between 

n i t r o g e n  and oxygen and c o n f i r m s  t h e  4 -oxazo l ine  s t r u c t u r e .  

On t h e  o t h e r  hand, t h e  r e a c t i o n  o f  t h e  c o n f o r m a t i o n a l l y  r i g i d  n i t r o n e  ( 1 2 )  w i t h  t h e  d i p o l a r o p h i l e  

( 2 ) ,  i n  benzene a t  room tempera tu re ,  gave o n l y  t h e  4 -oxazo l ine  ( 1 3 )  (Scheme 2 ) :  i . e .  t h e  t r i o n e  (8 )  

was n o t  formed. The absence o f  any a b s o r p t i o n  i n  the amino and hydroxy groups r e g i o n  i n  i r  spectrum 

i s  an ev idence f o r  t h e  c y c l i c  s t r u c t u r e  of ( 1 3 ) .  Also, t h e  presence of t h e  meth ine p r o t o n  s i g n a l  

1  
i n  t h e  6.9 - 7.9 ppm phenyl  r e g i o n  i n  t h e  H nmr spectrum o f  ( 1 3 )  suppor ts  t h e  suggested 4-oxazo- 

l i n e  s t r u c t u r e  f o r  (13 ) .  

As i n  t h e  case of t h e  r e a c t i o n  o f  t h e  c y c l i c  i n d o l e  ! -ox ide  ( 1 2 )  w i t h  ( 2 ) .  t h e  a d d i t i o n  o f  t h e  

d i p o l a r o p h i l e  ( 2 )  t o  t h e  c y c l i c  p y r r o l e  1-ox ide (14 ) ,  i n  benzene a t  room temperature,  d i d  n o t  g i v e  

t r i o n e  ( 8 ) .  b u t  i n s t e a d  t h e  rearrangement  enamine (16 ) .  T h i s  s t r u c t u r e  ( 1 6 )  c o u l d  be r e a d i l y  

e s t a b l i s h e d  on t h e  b a s i s  o f  i r  spectrum i n  K B r  which r e v e a l e d  t h r e e  bands a t  3280, 1658 and 1605 

cm-' f o r  an amino, con juga ted  ca rbony l  and carbon-carbon double bond groups, r e s p e c t i v e l y .  

As shown i n  t h e  Scheme 2  t h e  1 , 3 - d i n 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  o f  t h e  two c o n f o r m a t i o n a l l y  

Reac t ion  Reac t ion  t i m e  Y i e l d  o f  ( 8 )  

( h )  (%I 

Aldehyde - 
Compound M ~ " c ~  Y i e l d  ( % )  



sc COPh OPh 

Scheme 2  

r i g i d  c y c l i c  n i t r o n e s ,  i n d o l e  ! -ox ide  (12)  and p y r r o l e  1-ox ide ( 1 4 ) ,  have d i f f e r e n t  r e a c t i o n  path.  

Th is  behaviour  means t h a t  the  c o n f o r m a t i o n a l l y  r i g i d  s t r u c t u r e  o f  t h e  two n i t r o n e s  (12)  and (14)  

seems t o  be respons ib le  f o r  t h i s  behaviour  and t h e  newly suggested rearrangement occurs o n l y  i n  

t h e  case o f  t h e  open cha in  n i t r o n e s .  

EXPERIMENTAL 

M e l t i n g  p o i n t s ,  uncor rec ted ,  were determined on a  Gallenkamp device.  I n f r a r e d  spec t ra  were recorded 

on a Shimadzu-408 spectrometer  u s i n g  KBr d isk .  'H nmr spec t ra  were determined on a  Bruker  WP 80 

(80  MHz) and mass spec t ra  were determined on a MAT 311A spectrometer  o p e r a t i n g  a t  (70 eV) .  Elemental 

15 analyses were performed by t h e  m i c r o a n a l y t i c a l  u n i t  a t  C a i r o  u n i v e r s i t y .  The n i t r o n e s  ( l a - h )  , 
17 ( 1 2 1 ' ~  and (14)  and d ibenzoy lace ty lene18  were prepared accord ing  t o  the  l i t e r a t u r e .  A  1-mm l a y e r  

of s i l i c a  ge l  Merck PF254 on a  p l a t e s  20 cm by 48 cm was employed f o r  p r e p a r a t i v e  t.1.c. and bands 

were de tec ted  by exposure t o  shor t -wavelength u l t r a v i o l e t  l i g h t .  

React ion of n i t r o n e s  ( l a - g )  w i t h  d ibenzoy lace ty lene  ( 2 ) .  General procedure. 

To s t i r r e d  s o l u t i o n  o f  1  mmol o f  n i t r o n e  i n  5  ml o f  methylene c h l o r i d e  1  mmol o f  d i b e n r o y l a c e t y l e n e  

i n  2  ml of methylene c h l o r i d e  was added. The s t i r r i n g  was con t inued  a t  room temperature u n t i l  t he  

t.1.c. showed t h e  disappearance o f  t h e  s t a r t i n g  compounds. The s o l v e n t  was then removed a t  room 

temperature w i t h  r o t a r y  evapora to r  and t h e  r e s i d u e  was c r y s t a l l i z e d  f rom benzene-n-hexane t o  a f f o r d  

t h e  3-anil ino-1,4-diphenylbutane-1,2,4-tr ione ( 8 )  as y e l l o w  c r y s t a l s ,  mp 153-154 C (Found: C,  

76.81; H, 4.86; N, 3.94. CZ2Hl7NO3 ~ e q u i r e s  C, 76.95; H, 4.99; N, 4.08 % ) ;  3 ,,,. 3450 (NH), 1672 

( G O ) ;  m/e 343 (M,4%), 342 ( I T % ) ,  324 ( 3 % ) ,  238 (15%) ,  210 (40%),  105 ( I O U ) ,  92 (17%);  6 (CDCI3) 
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3.72 (2H, broad,  CH and NH), 6.5 - 8.25 (15H, m, ArH).  The r e s i d u e  was chromatographed on a 

p r e p a r a t i v e  t . l .c . ,  u s i n g  benzene as e l u e n t  t o  g i v e  t h r e e  zones. E x t r a c t i o n  of t h e  major  zone w i t h  

acetone gave t h e  co r respond ing  aldehyde, which was i d e n t i f i e d  by mp o f  t h e  a ldehyde o r  t h e  pheny l -  

hydrazone The e x t r a c t i o n  o f  t h e  o t h e r  two rones  gave smal l  amounts o f  o r g a n i c  

compounds, which c o u l d  n o t  p u r i f i e d  o r  i d e n t i f i e d .  

3-(N-Acetyl-N-phenyl)-1,4-diphenyl-butane-l,2,4-trione ( 1 0 )  

To a s o l u t i o n  o f  100 rng (0.3 mmol) of ( 8 )  i n  2 ml of a c e t i c  a c i d ,  1 ml of a c e t i c  anhydr ide  was added, 

t h e n  t h e  s o l u t i o n  was r e f l u x e d  f o r  15 min. The m i x t u r e  was poured i n  5 ml o f  wa te r .  The s o l i d  which 

formed upon c o o l i n g  was c r y s t a l l i z e d  from ethanol, 70 mg (62 % )  o f  ( l 6 ) ,  mp 168-170 C ,  b e i n g  

o b t a i n e d  (Found: C ,  74.65; H, 4.86; N, 3.57 . CZ4HlgNO4 r e q u i r e s  C ,  74.79; H, 4.97; N, 3.63 % ) ; v m a x ,  

1768, 1727 and 1685 (C=O). 

Reac t ion  of n i t r o n e  ( l h )  w i t h  d ibenzoy lace ty lene  ( 2 )  

234 mg ( 1  mmol) of ( 2 )  i n  3 ml o f  methy lene c h l o r i d e  was added t o  a s o l u t i o n  of 240 mg ( 1  mmol) of 

n i t r o n e  (1h )  i n  3 ml of methy lene c h l o r i d e .  The m i x t u r e  was s t i r r e d  u n t i l  t h e  t .1 .c .  showed t h e  

d isappearance of t h e  s t a r t i n g  compounds. The s o l v e n t  was then  removed a t  room tempera tu re  w i t h  

r o t a r y  e v a p o r a t o r  and t h e  r e s i d u e  was then chromatographed on a t h i n - l a y e r  p l a t e ,  u s i n g  a m i x t u r e  

o f  benzene-ethy l  a c e t a t e  (10 :2 )  a; e l u e n t ,  t o  g i v e  t h r e e  rones. E x t r a c t i o n  w i t h  acetone and 

c r y s t a l l i z a t i o n  of t h e  f i r s t  zone (Rf=0.83) a f f o r d e d  120 mg (25%)  2-(4-N,N-dimethylaminophenyl ) -  

4 4 ,5 -d ibenzoy l -3 -pheny l -a -oxazo l ine  ( l l h )  as c o l o r l e s s  c r y s t a l s ,  mp 183 - 184 C (methy lene 

ch lo r ide -n -hexane)  (Found: C, 78.31: H, 5.47; N, 5.72 . CZiHZ6N2O3 r e q u i r e s  C, 78.46; H, 5.52; N, 

5.90 %);  Ymax ,  1673 (C=O), 1625 (C=C); m/e 474 (M', 20%),  369 ( l o o % ) ,  291 (27%),  105 (60%) ;  

6 (CDCI3) 1.78 (3H, s, CH3), 2.56 (3H, s, CH3), 6.58 ( l H ,  s, CH), 6.65-7.72 (19H, m, ArH). 

E x t r a c t i o n  of t h e  second zone (Rf=0.61) w i t h  acetone and c r y s t a l l i z a t i o n  gave p-N,N-dimethyl- 

" 12 benzaldehyde ( 9 h ) ,  14 mg ( % I ,  mp 73-74 C . 
From t h e  t h i r d  zone (Rf = 0.70) 110 mg (32%) of ( 8 )  was obta ined.  

2,3-Dibenroyl-5,7-di-tert-butyl-9,~-dimethyl-9,9-dihydr[l,3]oxzolo[3,2-alindole (13 )  

To a s t i r r e d  s o l u t i o n  o f  200 mg (0 .7  mmol) o f  5,7-di-tert-butyl-3,3-dimethyl-3H-indole 1-ox ide  

(10 )  i n  3 ml of d r y  benzene, 162 mg (0.7 mmol) o f  d i b e n z o y l a c e t y l e n e  i n  5 rnl o f  d r y  benzene was 

added. The s t i r r i n g  was con t inued  f o r  6 h and then  t h e  s o l u t i o n  was concen t ra ted  w i t h  r o t a r y  

e v a p o r a t o r  a t  room temperature.  Upon c o o l i n g  a p a l e  y e l l o w  c r y s t a l s ,  80 mg (44%)  of ( I ? ) ,  mp 173- 

174 C , were o b t a i n e d ,  (Found: C, 80.31; H, 7.29; N, 2.58 . C3qH37N03 r e q u i r e s  C,  80.44; H, 7.35; 

N, 2.76 %),vma,, l661 (C=O); mle 507 (M+, 5%),  402 ( l o o % ) ,  273 ( 7 0 % ) .  105 (65%);  S(OMS0) 1.30 

(3H, 5 ,  CH3), 1.37 (9H, s, (CH3)$), 1.58 (9H, s, (CH3)3C), 1.61 (3H, s ,  CH3), 6.9-7.9 (13H, m, 

CH and ArH). 



2-(5,5-Dimethyl-4-phenylpyrrolidin-2-ylidene1-l.4-diphenylbutane-l.2,4-trione (16 )  

A s o l u t i o n  of 123 mg (0.53 mmol] o f  ( 2 )  i n  3 ml of d r y  benzene was added t o  a s t i r r e d  s o l u t i o n  o f  

1 100 rng (0.53 mmol] o f  5.5-dimethyl-4-phenyl-a-pyrrol ine 1 - o x i d e  (131. The s t i r r i n g  was con t inued  

f o r  12 h and then  t h e  s o l v e n t  was evaporated.  The r e s i d u e  was chromatographed on a t h i n - l a y e r  p l a t e ,  

u s i n g  a m i x t u r e  of benzene-ethy l  a c e t a t e  (10:Z) as e l u e n t ,  t o  g i v e  two zones .Ex t rac t ion  o f  t h e  f i r s t  

zone w i t h  acetone (Rf = 0.57) and c r y s t a l l i z a t i o n  gave 45 mg (20%)  (161, as c o l o r l e s s  c r y s t a l s ,  n p  

175-176 C (ethanol-n-hexane) (Found: C, 79.28; H, 5.86; N, 3.19. CZ8HZ5NO3 r e q u i r e s  C, 79.41; H, 

5.95; N, 3.31 %) :  Vma,,3280 (NH), 1658 (C=O), 1605 (C=C); m/e 423 (M', 9%1, 405 ( l o o % ] ,  390 ( l o % ) ,  

318 (95%), 105 (96%);  6 (CDC13) 0.95 O H ,  s ,  CH3), 1.52 (3H, s ,  CH3j, 3.5-3.9 (3H, m, CH2 and CHI, 

7.0-8.0 (16H, rn, ArH and NH). 
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