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' 3  S.\lR Study of t h e  P h o t o i s o m e r i z a t i o n  of 

Cinaniy l idene-2-S:e thyl -J -Chloro  a n i l i n e  

Lzyla 11.S. Saleem( ' )* ,  Ahmed S .  Authman(2) 

(1) Deparrnient of Chemistry,  C o l l e g e  of E d u c a t i o n ,  
U n i v e r s i t y  of .\!osul, Slosul, I r a q ,  

( 2 )  Sledical Department ,  Counci l  of Technica l  
I n s t i t u t e ,  E r b i l ,  I r a q .  

ABSTRACT 

C i n a m y l i d e n e - 2 - m e t h y l - 3 - c h l o r o - a n i l i n e  undergoes i somer iza-  

t i o n  from t h e  t r a n s  form t o  t h e  c i s  form under  i r r a d i a t i o n  w i t h  

U.V. l i g h t  ?.t rocjrn t e m p e r a t u r e .  The i s o m e r i z a t i o n  was s t u d i e d  i n  

t h r e e  s o l v e n r s  and t h e  5 c is  was found t o  be i n  t h e  f o l l o w i n g  

o r d e r :  i n  DSISO > CDC13 > CC14 .  The ra te  of  t h e  p r o c e s s  of i s o -  

m e r i z a t i o n  aas found t o  be a f i r s t  o r d e r  one.  

I n t  rod tic t ion  

C i n a m p l i d e n e a n i l i n e s  a r e  known t o  be presenx i n  a high per -  

cen tage  ( ) 99 ?) i n  t h e  s t a b l e  trans form, and u s u a l l y  they  

g i v e  r i s e  t o  a s t r o n g l y  o v e r l a p p i n g  complex Cinamyl- 

-Author t o  whom correspondence  should  be a d d r e s s e d .  
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800 SALEEM AND AUTHMAN 

i d e n e a n i l i n e s 4  l 5  w i t 1 1  t h e i r  b e n z y l i d e n e a n i l i n e s  a n a l o g u e s G i 7  can 

T;ransforrn t o  t h e  c i s  form by a d d i t i o n  of l a n t h a n i d e  s h i f t  r e a g e n t s .  

However, b e n z p l i d e n e a n i l i n e s  c a n  a l s o  t r a n s f o r m  t o  t h e  less s t a b l e  

c i s  form by i r rad ia t ion8  by U . V .  l i g h t  a t  low t e m p e r a t u r e s  ( - i O o  

t o  - lOO°C) ,  b u t  t h e  c is  form o b t a i n e d  r e t u r n s  bzck t o  t h e  t r a n s  

on warming t h e  sample  t o  room t e m p e r a t u r e .  

I n  t h e  p r e s e n t  work w e  r o u l d  l i k e  t o  p r e s e n t  t h e  isomeriza- 

t i on  of c i n a m y l i d e n e  2-methyl-5-chloro-aniline ( I )  on i r r a d i a t i o n  

by U . V .  l i g h t  a t  room t e m p e r a t u r e  i n  t h r e e  s o l v e n t s  by N>IR spec-  

t roscopy . 
C 1  

Exper imenta l  : 

Compound ( I )  was prepared  by mixing an equimolar  amounts of 

cinamaldehyde w i t h  t h e  s u b s t i t u t e d  a n i l i n e  a c c o r d i n g  t o  t h e  proce-  

d u r e  d e s c r i b e d  by El-Bayoumi and coworkers  , 9 

The N3IR measurements  were performed on a 60 UHz H i t a c h i  

Perk in  E l m e r  XUR s p e c t r o m e t e r ,  e x c e p t  f o r  t h e  sample i n  CDC13 

s o l v e n t  which was measured on 90 MHz Brucker  connected w i t h  an 

Aspect 2000 Computer (8K domain) .  The p u l s e  wid th  was 3 r s  a i t h  

z e r o  d e l a y .  S p e c t r a  w e r e  r e c o r d e d  for s u b s t r a t e s  wi th  c o n c e n t r a r i o n  

of (0.2i4 I ! )  i n  CDC13, CC14 and DYSO. ThIS was used a s  a s t z n d a r d  

r e f e r e n c e .  

Doubl icare  samples  tvere prepared  i n  each s o l v e n t  and Irere 

exgosed t o  O . V .  l i g h t  (Gallenkamp U . V .  lamp) f o r  v a r i o u s  p e r i o d s  

of t i n e ,  2nd  r h e i r  N M R  s p e c t r a  were r e c o r d e d  a f t e r  each  esposure  
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TNS 

I 2-me 

-I I 
2-me 

cie 
J L  

2-me 

(B) 

t r a n s  I 

I . , ' ,  I I 1 ' 1  I 
2 0 9 0 7  a s  4 3 2  i 0' PP" 

1 Fig. 1. The H SNR spectrum of cinamylidene-2-methyl-5- 
chloro-aniline in CDC13 (0.1 11) measured at 90 h1Hz 
(A) before irraaiztion (B) after irradiation w i t h  
U . V .  light. 
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802 SALEEN AND AUTHMAN 

Table  ( 1 ) .  The c a l c u l a t e d  % c i s  of cinamglidene-2-methyl-5-chloro 
a n i l i n e  i n  CDC13, CClq and DMSO a f t e r  i r r a d i a t i o n  w i t h  

U . V .  l i g h t .  

cc 1, CDC 1 Dl!SO 

Time ( h o u r s )  5 c i s  Time ( h o u r s )  5 c i s  Time ( h o u r s )  5 c i s  

0 

36 .5  

164.3 

234.3 

317.8 

361.8 

415 .0  

518.4 

552.4 

687.3 

3 . 0  

3.8 

5.1 

6 .4  

7 . 0  

8 . 4  

8 .7  

11.1 

9.8 

12.0 

0 

39.5 

55 .0  

96.0 

1 1 2 . 1  

193 .0  

235.5 

305.5 

342.0 

366 .0  

450 .0  

3 . 0  

5.3 

6 .0  

8 . 6  

9 . 3  

13 .O 

16.0  

19 .0  

20.6 

22.5 

25.0 

0 

36.3 

103.3 

122.3 

234.3 

279.3 

317.8 

361.8 

415.8 

518.3 

3 .0  

5 . 3  

9.0 

11.0 

17.4 

18.0 

21.4 

24.0 

28.0 

33.0 

For the  decay experiment  of t h e  c i s ,  a sample ( i n  CDC13) 

b-as i rmersed i n  a t h e r m o s t a t  which was a f i x e d  a t  5OoC, and t h e  

d i sappearance  of t h e  c i s  P ~ S  fo l lowed by measuring t h e  NhlR s p e c t r a  

a f r e r  d i f f e r e n t  i n t e r v a l s  of time. 

R e s u l t s  and  D i s c u s s i o n s :  
1 The H S:!R spec t rum of cinamylidene-2-methyl-5-chloro 

z n i l i n e  i n  CDC13 measured a t  90 blHz ( F i g .  1 A )  show 

p r e s e n t  i n  E l a r g e  e x t e n t  i n  t h e  trans form. A s r r z l l  s i g n a l  

( 2 , 3 5  ppm) i c c e g r a t i n g  3 5 c o r r e s p o n d i n g  t o  t h e  c i s  isomer was 

observed near  t h e  methyl  resonance  s i g n a l  (2 .55 ppm). Chemical 

t h a t  i r  is 
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CINAMYLIDENE-2-METHYL-5-CHLORO ANILINE 803 

38i I IN CDCL, SOLVENT 

0 IN DMSO SOLVENT 

n IN CCL. SOLVENT 

.--- 
0 

0 

TIME 

F i g .  2 .  P l o t  of t h e  % c i s  of cinamylidene-2-methyl-5-chloro 
a n i l i n e  a t  d j f f e r e i l t  times of i r r a d i a t i o n  i a  d i f -  
f e r e n t  s o l v e n t s .  

s h i f r s  f o r  the  o t h e r  p r o t o n s  i n  t h e  s p e c t r u m  are 8-H (8.00 ppm), 

4-1.: ( 6 . 7 0  ppa), t h e  aromatic p r o t o n s  (7.21 - 7.54 ppm) and t h e  

o l e f i n i c  p r o r o n s  (6.98 - 7.17 ppm). 

Compound ( I )  i n  CDC13 was i r r a d i a t e d  b y  U . V .  l i g h t  a t  room 

r e e p e r a t u r e ,  f o r  d i f f e r e n t  times. I t s  KhlR s p e c t r u m  show t h a t  t h e  
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804 SALEEM A N D  AUTHMAN 

Tzble ( 2 ) .  l n ( a - s ) *  va lues  f o r  cinzmylidene-3-nerb>~l-5-chloi-o 
a n i l i n e  c a l c u l a t e d  ar  d i f f e r e n t  times i n  CC14, CDC13 
aod DSISO. 

Time ( h o u r s )  l n ( a - x )  Time ( h o u r s )  l n ( a - x )  Time ( h o u r s  l n ( a - s )  

0 4 . 5 7 4  0 4 . 5 7 4  0 4 . 5 7 4  

3 6 . 5  4 .534  39.5 4 . 5 1 5  36.3 4 .515  

1-64 .3 4 . 5 2 0  55.0 4 , 5 1 0  103.3 4.471 

2 3 4 . 3  4 . 5 0 6  9 6 . 0  4 . 4 8 1  122.3 4 . 4 5 4  

3 : i .  8 4 . 4 9 9  1 1 2 . 1  4.473 2 3 4 . 3  4.377 

3 6 1 . 6  4 ,484 1 9 3 . 0  4 . 4 3 0  2 7 9 . 3  4 , 3 6 9  

4 1 5 . 0  4 . 4 8 0  2 3 5 . 5  4 . 3 9 4  3 1 7 . 6  4 . 3 2 5  

518.4 4 . 4 5 3  3G5.5 4 .356  361.S 4 .290  

552.4 4 . 4 6 8  342 .0  4.335 415.8 4 . 2 3 4  

657.3 4 , 4 4 2  366.0  4 , 3 1 0  515.3 4 . 1 5 5  

4 5 0 . 0  4 . 2 7 6  
-- 
(:::) I n c a - x )  r e p r e s e n t  t h e  94 t r a n s  b e f o r e  i r r a d i a t i o n  ( 9 7  %) - % c i s  

o b t a i n e d .  

s r a l l  s i g n 2 1  n.hich was i d e n t i f i e d  a s  t h e  c i s  ( t h e  minor component, 

2.35 ppm) i n c r e a s e d  i n  i ts  i n t e n s i t y  w i t h  i n c r e a s i n g  p e r i o d s  of 

i r r a 5 : z t i o n .  I r  \vas also n o t i c e d  t h a t  a new s i g n a l  was observed 

t o  t h e  1o!r f i e l d  ( a  d o u b l e t ,  9.55 ppm, J = 8 Hz) (See F i g ,  1 a ) ,  

w h i c h  1~2s a r r r i b u t e d  t o  8-H (cis). T h i s  s i g n a l  was accompanying t h e  

s p e c t r a  of 211 t h e  i r r a d i z t e d  s a m p l e s .  O t h e r  s i g n a l s  i n  t h e  spec-  

txr .  re re  ccr p o s s i b l e  t o  i d e n t i f y  due t o  t h e  c o l l a p s i n g  of t h e  

s i g n z l s  of t h e  two forms.  I t  i s  wor th  t o  n o t i f y  That 8 - H  ( c i s )  
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CINAMYLIDENE-2-METHYL-5-CHLORO ANILINE 

f. 64 

I 0 IN CDCL, SOLVENT I 
I IN CCL, SOLVENT 

4 IN OMSO SOLVENT 

Fig. 3. Plor  of ln(a-x) v s .  time in different solvents f o r  
cinzmylidene-2-merhyl-5-chloroaniline. 

signal was observed in our previous work of the isomerization 

a i r h  LSR . 4 

The % cis values obtained as a result of the irradiarion 

of (I) in CDC13 are given in Table 1. 

Other irradiation experiments were performed for (I) in 

CC14 and DNSO and similar observations as those observed in 

CDC13 sere obtained, and the results are also given i n  (Table 1). 
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806 SALEEM A N D  A U T H N A N  

T a b l e  (3). T h e  v a l u e s  o f  5 c i s  f o r  cinamylidene-2-methyl-5- 
c h l o r o a n i l i n e  ( i n  CDC13) a f t e r  h e a t i n g  a t  5OoC f o r  
d i f f  ere n t t imes . 

T i m  ( h o u r s )  5 c is  Time ( h o u r s )  4b c i s  

0 25.0 

29.0 23.2 

45.0 22.5 

60.0 22.0 

97,O 20.6 

112.3 20.8 

131.1 30.45 

172.0 19.1 

243.0 17.0 

267.0 14 .2 

353.0 13.0 

381.0 11.5 

423.0 12.0 

634.0 6.0 

The % c i s  v a l u e s  were p l o t t e d  1's. t i m e  o f  i r r a d i a t i o n  f o r  t h e  

t h r e e  s o l v e n t s ,  l i n e a r  p l o t s  were o b t a i n e d  ( S e e  f i g .  2 )  w i t h  

s l o p e s  g i v e n  a s :  ( 1 . 3 2  x 

2nd ( 5 . 8 8  x lo-' 2 0.384) i n  CC14,  CDC13 a n d  D M O ,  r e s p e c t i v e l y .  

T h e s e  v a l u e s ,  a s  c a n  b e  s e e n ,  are i n  t h e  o r d e r  of i n c r e a s i n g  

p o l a r i t y  cf t h e  t h r e e  s o l v e n t s .  

2 0.214), (4.97 x lo-' 0.361) 

I t  c a n  be s e e n  frcn t h e  a b o v e  r e s u l t s  t h a t  c i n a m y l i d e n e -  
8 a n i l i n e  ( u n l i k e  b e n z y l i d e n e a n i l i n e s  ) c a n  isomerize a t  n o r m a l  

t e m p e r a t u r e .  T h i s  c a n  b e  e x p l a i n e d  d u e  t o  t h e  p r e s e n c e  of c o n -  

j u g a t i o n  i n  t h e  f o r m e r  o n e  w h i c h  r e s u l t s  i n  t h e  d e l o c a l i z a t i o n  

o f  t h e  e l e c t r o n s ,  t h i s  w i l l  lower or decrease t h e  d o u b l e  bond 

c h a r a c t e r  w h i c h  make t h e  r o t a t i o n  f r ee r  a n d  h e n c e  t h e  f o r m a t i o n  

o f  t h e  c i s  w i l l  b e  more eas i e r .  

T h e  ra te  of i s o m e r i z a t i o n  was f o l l o w e d  by p l o t t i n g  l n ( a - x )  

v s .  time ( T a b l e  2), s t r e i g h t  l i n e s  were o b t a i n e d  for e a c h  e x p e r i -  

meet (See f i g .  3) w i t h  s l o p e s  g i v e n  a s  (6.004 x 0.029), 
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36- 

3 4. 

37. 

3 0. 

20. 

2 6 ,  

\ 

--. 

16. 

14 

12. 

18. 

h 

4. 

6. 

2 .  

0 

8 . 4 .  

I 1 I I I I I I 

TIME (HOURS) 
d 58 lb 118 2k 259 389 359 488 4!!0 588  558 698 d@ P 

0 
I 1 I I I I I I 

TIME (HOURS) 
d 58 lb 118 2k 259 389 359 488 4!!0 588  558 698 d@ P 

F i z .  4 .  P l o r  of 5 c i s  v s .  time of cinanyl idene-Z-rnethyl-5-  
ch loroani l ine  i n  CDC13 a f t e r  hea t ing  the  sample 2t 50°C.  
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800 SALEEW AND AUTHMAN 

(3.411 x lom4 2 0.029) and (7.07 x 

and DMSO, r e spec t ive ly ,  i n d i c a t i n g  a f i r s t  o rder  process .  

2 0.0197) f o r  CClq, CDC13 

The process of photoisomerization l e a d s  t o  the  formation of 

the c i s  which remains s r z b l e  f o r  a long pe r iod ,  The s t a b i l i t y  of 

the  c i s  was checked by measuring the  NIlR s p e c t r e  of the  sample 

a f t e r  leaving it a t  N . T .  f o r  long t imes (more rhan s i x  monrhs), 

and it was found t h a t  t h e  % c i s  value was almosr the  same. 

T h e  e f f e c t  of t e rpe ra tu re  on the  s t a b i l i t y  of c i s  isomer 

war s tudied  by heating r h e  sample ( i n  CDC13) a s  5OoC for va r i aus  

per iods  and measuring i ts  KMR spectrum each t i a t .  The  X c i s  

began t o  decrease as t he  time of hea t ing  inc rezses  (Table 3 ) ,  

u n t i l  t h e  compound r e t u r n s  back t o  i ts  o r i g i n a l  form. 

A p l o t  was performed between % c i s  vs .  t ime,  a l i n e a r  r e l a -  

t i o n  was obtained ( F i g .  4 ) .  

These r e s u l t s  i nd ica t e  t h a t  the  process  is a r eve r s ib l e  

photoisomerization process (and no o the r  process can be derecred)  

since t h e  sample r e t u r n s  back t o  its o r i g i n a l  form and i t s  NL!R 

is i d e n t i c a l  ro  t h a t  before i r r a d i a t i o n .  
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