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Isomerism and Beckmann Rearrangement R e a c t i o n s  o f  

.( -BenzFlmonoxime. A Comparative K i n e t i c  and S t a b i l i t y  Study.  

A .  S. P. Azzouz 

Department o f  Chemistry , C o l l e g e  o f  Educat ion  ,Mosul 

U a i v e r a i t y  , Mosul , I r a q  

A%STRACT 

The isomerism o f  o( -benzilrnonoxime I i s  i n v e s t i g a t e d  by 

t h e  measurements of t h e i r  mass s p e c t r a  and t h e  i n t e g r a t e d  

i o n  c u r r e n t  c u r v e s  a t  t e m p e r a t u r e  200 C. Evidences  o f  isomer-  

i s a t i o n  and Beckmann rear rangement  r e a c t i o n s  o f  I under 

e l e c t r o n  impact s o u r c e  are given.  The h i g h  s t a b i l i t y  o f  s o l i d  

I on s t o r a g e  is e x p l a i n e d  om t h e  b a s i s  o f  hydrogen bonding. 

A c o m p a r a t h e  s t a b i l i t y  c o n s t a n t  as measured k i n e t i c a l l y  i n  

term o f  hal i ;  l i f e  p e r i o d  between I and bsnzophenone oxime I V  

is  i n v e s t i g a t e d  . 

0 

I a P R O  DUCTION 

S e v e r a l  m e t h ~ d s l - ~ h a d  been a p p l i e d  t o  i d e n t i f y  t h e  syn 

and a n t i  i s o m e r s  o f  oximes , p a r t i c u l a r l y  as  s p e c t r o s c o p i c a l  

and p h y s i c a l  method. I n  t h e  former method , a d i f f e r e n c e s  i n  

t h e  

had o b s e r v e d * l a t e r  , Majer and Azzouz4 had developed 

method for  t h e  assignement  o f  i s o m e r i c  a ldoxlmes  by mass s p e c t -  

1.R’ ,U.V 2 and N.F4;R 3 s p e c t r a  of t h e  p a i r  i s o m e r i c  oximes 

a new 

1 
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2 AZZOUZ 

rometry . I n  l a t t e r  method a d i f f e r e n c e s  i n  d i p o l e  moment5und 

r e c e n t l y  of r a t e  c o n s t a n t 6  o f  

h e t r o c y c l i c  a ldoxime were observed  

Beckmann rear rangement  o f  some 

I t  is  w e l l  known t h a t  oxirlies can undergo rear rangement  
7 t o  t h e  c o r r e s p o n d i n g  a n i l i d e s  i n  a c i d i c  media . The behavior  

of  benzophenone oximes towards  e l e c t r o n  impact  had been i n -  

v e s t i g a t e d  by s e v e r a l  groups8-’’. I t  was c la imed t h a t  

benzophenonie oxime undergoes a rear rangement  t o  b e n z a n i l i d e  

i n  t h e  mass s p e c t r o m e t e r  i o n  source .  T h i s  rear rangement  was 

s u g g e s t e d  t o  be  o f  t h e  Beckmann t y p e  b u t  caused  by e l e c t r o n  

impact  and  t o  be a p r o p e r t y  o f  molecule  ion .  However , d o u b t s  

had been e x p r e s s e d  as t o  whether  t h i s  rear rangement  t a k e s  

p l a c e  i n  t h e  g a s  phase  subsequent  t o  i o n i z a t i o n  o r  I n  s o l i d  

s t a t e  p r i o r  t o  e v a p o r a t i o n .  T h i s  l e d  Majer and Azzouz” 

s u r e  f o r  t h e  l a t t e r  mechanism . F u r t h e r  mass s p e c t r o m e t r i c  

ev idence  supplemented by 1 . R  s t u d i e s  showed t h a t  i n  s o l i d  

s t a t e  a t  room t e m p e r a t u r e  , benzophenone oxime had a l i f e  

time of  about  600 h o u r s  . 

t o  

An e x t e n s i o n  o f  these s t u d i e s  i t  i s  dec ided  t o  s t u d y  t h e  

isomerism and mass s p e c t r a  o f  I under  e l e c t r o n  impact  s o u r c e .  

F a c t o r  govern ing  the s t a b i l i t y  o f  I and some r e l a t e d  compouild, 

on a s t o r a g e  and a t  room t e m p e r a t u r e  is  c o n s i d e r e d  . 
EX PER1 MENTAL 

Apnaratus  : 

A l l  mass measurements were c a r r i e d  o u t  u s i n g  A . E . I .  MS902 

mass s p e c t r o m e t e r  f i t t e d  w i t h  a d i r e c t  i n B e r t t o n  probe.Samples 

admitted t o  t h e  s o u r c e  i n  t h e  dorm o f  2% s o l u t i o n  In a c e t o n e  by 

means of Hamilton micro s y r i n g e .  

A l l  a b s o r p t i o n  meaburement were made on PYE UNICAH S P  ROO0 

s p e c t r o p h o t o m e t e r s  u s i n g  a matched 2-cm s i l i c a  cells.Temp- 
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BECKMANN REARRANGEMENT REACTIONS 3 

e r a t u r e  c o n t r o l  d u r i n g  measurement was a c h i e v e d  by c o n n e c t i n g  

a t h e r m o s t a t  o f  t h e  t y p e  J u l a b o  Paratherm F’l? 40 1’s t o  t h e  

c e l l  hous ing  of t h e  s p e c t r o p h o t o m e t e r  .The 1 . R  s p e c t r a  were 

r e c o r d e d  on FTE UNICAM S P 1 1 0 0  s p e c t r o p h o t o m e t e r  . 
M a t e r i a l s :  

Benzi l  was o b t a i n e d  from Fluka and used  as s u p p l i e d  

w i t h o u t  f u r t h e r  p u r i f i c a t i o n  .It wa6 c o n v e r t e d  t o  c( a n d > -  

benzilmonordme I and  I1 by u s i n g  

mass s p e c t r a  show a m o l e c u l a r  i o n  peaks  at  m/z 225 and t h e i r  

p r e c i s e  mass measurement gave a n  a tomic  composi t ion  of 

C14H11N02 . Pure I and I1 have a m.p l 3 9 O C  and 1 0 l ° C  

r e s p e c t i v e l y  . 
N-Benzoyl 

a s t a n d a r d  method12.Their 

benzamide 111 was ~ r e p a r e d ’ ~  by t h e  r e a c t i o n  

o f  benzoyl c h l o r i d e  w i t h  benzamide i n  the presence  o f  pyr i -  

d i n e  .Product  o b t a i n e d  as w h t t e  n e e d l e s  h a s  a m.p 144OC .It 

mass spectrum shows a m o l e c u l a r  ion peak a t  m/z 225 and p r e c i s e  

mass measurement gave an atomic composi t ion  o f  C14H11N02 . 
K i n e t i c  measurement : 

A s i m i l a r  procedure was fol lowed t o  t h a t  d e s c r i b e d  

elaewere14 by mixing l m l  

and oxime (lo-%) . The mixture  was completed t o  lOml 

d i s b i l l e d  water .The decay o f  benzophenone oxime IV and I 

were measured at 234 nm and 254 nm r e s p e c t i v e l y  .Rate  cons- 

t a n t s  a t  1 0 ° C  were e v a l u a t e d  from pseudo f i r s t  o r d e r  p l o t  . 

O f  each Of m r c h l a s i c  ac ld(6 .324h)  

by 

RESULTS AND DISCUSSION 

The p o s s i b i l i t y  o f  isomerism i n  I is  performed by 

measuring t h e  i n t e g r a t e d  i o n  c u r r e n t  curves4*’lat  m/z 

225.5/% o f  2 2 a c e t o n e  s o l u t i o n  o f  I is  a d m i t t e d  t o  t h e  
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4 AZZOUZ 

i o n  s o u r c e  at  a t e m p e r a t u r e  o f  2OO0C, t h e  r e s u l t s  are 

shown i n  Fig 1.a . It shows t h r e e  maxima 

17,23 and 28 seconds  r e s p e c t i v e l y  .These maxima a re  poss i -  

b i l y  o r i g i n a t e d  from t h r e e  d i f f e r e n t  s p e c i e s  h a v i n g  t h e  

same molecular  c o n s t i t u t i o n  , b u t  w i t h  d i f f e r e n t  h e a t s  

o f  subl imat ion4 .  

a t  a time t,of 

E a r l y  s tudyl lprOVe6 t h a t  I V  i s o m e r i s e d  t o  b e n z n n i l i d e  

under  e l e c t r o n  impact  6ource.This  i n t e r e s t i n g  r e s u l t  enco- 

u r a g e  t o  prepare  a f r e sh  sample o f  111 fol lowed by meas- 

u r i n g  i ts molecule  i o n  c u r r e n t  c u r v e  a s  above under  a 

s imi l a r  e x p e r i m e n t a l  c o n d i t i o n s .  It  shows a s i n g l e  maximum 

a t  a t i m e  o f  17 seconds  . I n  o t h e r  words I i s  i s o m e r i s e d  

t o  t h e  c o r r e s p o n d i n g  I11 .Such r e a c t i o n  is f o r m a l l y  ana lo-  

gous  t o  the Beckmann rear rangement  o f  oximes t o  amides which 
/ o c c u r s  w i t h  t h e  ground s t a t e  molecules  i n  a c i d i c  media . 

However , d o u b t s  have t e e n  e x p r e s s e d  as t o  whether  t h i s  

i s o m e r i s a t i o n  t a k e  p l a c e  i n  t h e  g a s  phase subsequent  t o  ion- 

i s a t i o n  or j n  s o l i d  s t a t e  p r i o r  t o  e v a p o r a t i o n  by thermal  

mechanism.In this i t  is  sugges ted  t h a t  t h e  l a t t e r  mechanism 

c o u l d  be t h e  predominant and i t  a g r e s s  w i t h  s imilar  study''. 

To conf i rm t h a t  t h e  first maximum i n  Fig.1 i s  f o r  t h e  

r e a r r a n g e d  I and t o  i n v e s t i g a t e  t h e  o r i g i n  of . second and 

t h i r d  maxima i n  Flg.1 , a s e v e r a l  mass s p e c t r a  o f  I a t  t, 

v a l u e s  i n d i c a t e d  above w i t h  a mass spec t rum o f  I11 a r e  

r e c o r d e d  .Accordingly 20pg s a m p l e s  o f  I and I11 are  admi- 

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

probe a t  a t e m p e r a t u r e  2OO0C as i n  Fig.2. A s a t i s f a c t o r y  

m o l e c u l a r  i o n  peak a t  m/z 225 and a b a s e  a t  m/z lo5 a r e  

o b s e r v e d  as i n  Fig.2.a. A p r e c i s e  mass measurement of l a s t  

peak shows t h e  e x i s t e n c e  o f  I o n  phCO' . A comparison o f  
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BECKMANN REARRANGEMENT REACTIONS 5 
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Rig. 1 ION Current Curves at 
m /Z 225 for I 

a - c( - Demih0n0xim3 

I, - 17 - Benzoyl-bemamide 

mass s p e c t r a  o f  111 with  that o f  I a t  t, 17 seconds  6hOW 

they are  a lmost  i d e n t i c a l  , Fig.2 ( a and b). Thia  w i l l  

add an a d d i t i o n a l  ev idence  o f  t h e  rearrangement8-'' 

I t o  I11 . The mass s p e c t r a  of I a t  t, values  o f  23 and 28 

seconds  show a base  peak a t  m/z l o 3  .This  i o n  a f t e r  pre- 

c i s e  ma86 measurement show t h e  com!osi t ion o f  phCIl+ . A 

comparison of the mass s p e c t r a  o f  I a t  t, v a l u e s  23 and 28 

o f  
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2 20 100 120 180 200 40 60 00 I 2o 
m /z 

7 6  105 

4 0  60 90 loo 120 180 7-00 22c 

m 1-z 
I 2o 

Fig.2 Mass spectra at temperature X)Ooc of : 

a- N-Benzoyl-benzamide 
b-$-Eenzilmonoxime at t, 17 seo. 

C- - = = 2 3  = 

d- - =. = 2 8  = 

- 
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BECKMANN REARRANGEMENT REACTIONS 1 

seconds  show t h e y  have s i m i l a r  mass peaks a s  i n  Fig.2 ( C  

and d )  . However , t h e y  have h i g h e r  , l o w e r  o r  t h e  same 

peaks i n t e n s i t y  . These r e s u l t s  r e a l i z e  t h a t  p o s s i b i l y  I 

i s  i s o m e r i s e d  i n  t h e  i o n  s o u r c e  of t h e  mass s p e c t r o m e t e r  

t o  t h e  c o r r e s p o n d i n g  I1 by thermal  act ion15.  Nor when a mass 

spectrum of pure  I1 

i t  g i v e 6  

v a l u e  o f  28 secoEds .This  w i l l  add a seconld c o n f i r m a t i o n  o f  

thermal  i s o m e r i s a t i o n  o f  I t o  t h e  c o r r e s p o n d i n g  11. 

is r e c o r d e d  a t  t e m p e r a t u r e  o f  2OO0C , 
i d e n t i c a l  spectrum t o  t h a t  o b t a i n e d  f o r  I a t  t, 

F'inally i t  can  be concluded from t h e  f o r e g o i n g  d i s c u s s i o n  

t h a t  when I i s  a d m i t t e d  t o  t h e  E I  s o u r c e  , i t  i s  p a r t i a l l y  

r e a r r a n g e d  t o  t h e  c o r r e s p o n d i n g  I11 , th rough Beckmann r e a c -  

t i o n  .Other  f r a c t i o n  of I I s  t h e r m a l l y  i s o m e r i s e d  t o  11. 

The remainder  f r a c t i o n  of  I i s  remained i n  i ts  s t a t e  . The 

h e a t s  o f  s u b l i m a t i o n  of I11 , I and I1 are  s i g n i f i c a n t l y  

d i f f e r e n t  .This  p e r m i t s  t h e  isomerism o f  I t o  be determined4'''. 

A comparison o f  s t a b i l i t y  o f  s o l i d s  I and I V  on s t o r a g e  

seem t o  be o f  i n t e r e s t  . A sample o f  s o l i d  I was k e p t  i n  a 

s t o p p e r e d  f l a s k  a t  room t e m p e r a t u r e  and l e f t  f o r  a b o u t  10 years.  

Then a f t e r  a f r e s h  sample o f  I is  prepared  .The 1 . R  o f  0.01M 

s o l u t i o n s  of both o l d  and new I i n  d ich loromethane  a r e  measured 

and compared .The r e s u l t s  show t h e y  comple te ly  i d e n t i c a l  w i t h  

a b s o r p t i o n  bands a t  1610(m), 1650(6) ,3400(b)  and 3 1 8 0 ( m ) ~ m - ~ .  

These bands can be a s s i g n e d  r e s p e c t i v e l y  f o r  azomethine group,  

a hydrogen bonded carbonyl  group17, a hydroxyl  g r o u p  and t h e  

i n t e r m o l e c u l a r  hydrogen bonding'? probably e x i s t i n g  between t h e  

hydroxyl  group and t h e  c a r b o n y l  group . 
To look  for t h e  f a c t o r  which p l a y s  t h e  major  r o l e  i n  the 

h igh  s t a b i l i t y  of  I on s t o r a g e  .This  l e d  t o  measure t h e  1 . R  

spectrum o f  I V  under  t h e  same e x p e r i m e n t a l  c o n d i t i o n  as  above. 
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8 AZZOUZ 

The r e s u l t  proves t h e  d i s a p p e a r a n c e  of  hydrogen bonding band 

i n  I V .  I n  other  words I may e x i s t  as  polymer4 i n  a o l i d  s t a t e  

by in t e rmolecu la r  hydrogen bonding which i n r e a s e s  i ts  s t a b i l -  

i t y  . 
To conf i rm t h e  i d e a  o f  hydrogen bonding i n  I even i n  s o l u -  

t i o n  , so i t  is worthy t o  measure t h e  s t a b i l i t y  k i n e t i c a l l y  

i n  terms o f  h a l f  l i f e  toe5 . Accordingly Beckmann r e a r r a n g -  

ment r e a c t i o n  i s  performed t o  I and I V  s e p a r a t e l y  a f t e r  a d d i t i o n  

o f  

pseudo f i r s t  o r d e r  rear rangement  r e a c t i o n  have a v a l u e s  o f  

8.5 X 10-6min-1. and 0.57 min- , r e s p e c t i v e l y  .Hence t 

f o r  I and I V  have a v a l u e s  of  a b o u t  8000 min. and 1 min. 

r e s p e c t i v e l y  .When a s i m i l a r  k i n e t i c  s t u d y  is conducted  w i t h  

I1 , t h e  experiment  proves that no Beckmann rearrangement 

r e a c t i o n  o c c u r s  , hence r a t e  cons t an t  and toe5 can n o t  

be e v a l u a t e d  .This is an e x p e c t e d  r e s u l t  due t o  f a c t  t h a t  

compound I1 is  known t o  e x i s t  i n  an i n t r a m o l e c u l a r  hydrogen 

bonding’ 

excess p e r c h l o r i c  acid14.  E v a l u a t e d  r a t e  c o n s t a n t s  f o r  

1 
0.5 

r e s u l t i n g  t o  an abnormal s t a b i l i t y  . 
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