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GAS-SOLID REACTIONS : PART V I .  I N T E R A C T I O N  OF SOLID 
CHALCONES WITH BROMINE AND I O D I N E  VAPOURS 

E .  HADJOUDIS 
Chemistry Department , Nuclear Research Center  "Demo- 
k r i t o s " ,  Aghia Pa raskev i  , A t t i k i ,  Greece.  

A b s t r a c t :  S o l i d  cha lcones  ( a z y l i d e n e  ace tophenones)  
g i v e ,  on exposure t o  bromine vapour a t  room tempera- 
t u r e ,  t h e  " t rans-adduct"  i n  q u a n t i t a t i v e  or near-qu- 
a n t i t a t i v e  y i e l d .  Polymorphic forms o f  s e v e r a l  com- 
pounds do not  d i f f e r  i n  t h e i r  b rominat ion  p r o d u c t s .  
Iod ine  vapours do no t  cause  c i s - t r a n s  i s o m e r i s a t  i on  
i n  t h e  s o l i d  c i s - c h a l c o n e s .  - 

INTRODUCTION 

1-5 Previous  s t u d i e s  on t h e  brominat ion  of s o l i d  o l e f i n s  by 

bromine i n  t h e  vapour phase  showed t h a t  t h e  a d d i t i o n  o f  bro-  

mine g e n e r a l l y  proceeds  by t r a n s - a d d i t i o n  t o  cis- and t r a n s -  

- s u b s t i t u t e d  e t h y l e n e s ,  and sugges t ed  t h a t  t h e  abnormal d i -  

r e c t i o n  o f  a d d i t i o n  t o  *-subs t i tu ted  s t y r e n e s ,  s t i l b e n e s  

and d ibenzoy le thy lenes  i s  due t o  c i s - t r a n s  i s o m e r i s a t i o n  

p r i o r  t o  or dur ing  a d d i t i o n  which l e a d s  t o  e r y t h r o  or  me^^ 

dibromides ,  r e s p e c t i v e l l y .  

The s o l i d - s t a t e  c i s - t r a n s  i s o m e r i s a t  ion  of  a number of 

a l k o x y - e - c i n n a m i c  a c i d s  and d ibenzoy le thy lenes  has  been 

demonstrated by t r e a t m e n t  w i th  i o d i n e  vapour2 '3. However , 
t h e  on ly  examples of  c i s - t r a n s  i s o m e r i s a t i o n  p r i o r  t o  or du- 

r i n g  bromine a d d i t i o n  t h a t  we have found so  f a r  i s  t h e  r e -  

a c t i o n  of s o l i d  *-sti lbene and o f  *-1,2-di-p-methyl- 

-benzoyle thylene  t o  g i v e  t h e  meso-dibromides1'2. S ince  we 

-- 
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238 E. HADJOUDIS 

need more examples for a d e t a i l e d  a n a l y s i s  of t h e  va r ious  

processes  involved i n  such two-phase ( s o l i d - g a s ) ,  two-com- 

ponent r e a c t i o n s ,  we extended t h e  s tudy  t o  s o l i d  cha lcones  

which can be v i s u a l i s e d ,  s t r u c t u r a l l y ,  a s  compounds " in-  

between" s t i l b e n e s  and d ibenzoy le thy lenes  . 
The p r e s e n t  work r e p o r t s  t h e  r e s u l t s  of gas - so l id  bro- 

mination and i o d i n a t i o n  of t h r e e  groups of s u b s t i t u t e d  c i s -  

and t rans-cha lcones  (I) f o r  which some in fo rma t ion  about  

t h e  s o l u t i o n  brominat ion  is a v a i l a b l e .  Thus a l l  of t h e  

t r a n s  - forms 

- 

0 

of t h e  chalcones of Table I ,  a r e  known t o  g ive  two dibromi- 

des i n  s o l u t i o n  and t h e r e f o r e  t h e  behaviour  of  c i s -and  

t r a n s - s o l i d s  towards bromine vapour was of g r e a t  i n t e r e s t .  
- 

The t h r e e  groups o f  cha lcones  r e s u l t  by p l a c i n g  t h e  

s u b s t i t u e n t s  on t h e  s t y r y l  s i d e  or on t h e  phenyl s i d e  of t h e  

molecule or on bo th .  

EXPER I MENTAL 

A l l  t h e  t r ans -cha lcones  were prepared  fo l lowing  t h e  proce- 

dure  of  Kohler' and were r e c r y s t a l l i s e d  from e t h a n o l  u n t i l a  

cons t an t  me l t ing  p o i n t  was o b t a i n e d .  Cis-chalcone was prepa-  

r e d  with a procedure s i m i l a r  t o  t h a t  used by Lutz and Jor- 

dan and ~&-4-methoxychalcone acco rd ing  t o  B l a c k  and Lutz . 7 8 
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GAS-SOLID REACTIONS 239 

The - c i s - p - m e t h y l c h a l c o n e  and t h e  c i s -p ,$  - d i m e t h y l  c h a l c o n e  

were p r e p a r e d  i n  a s imi l a r  way as t h e  G - 4 - m e t h o x y  c h a l -  

cone .  T a b l e  I lists t h e  m e l t i n g  p o i n t s  ( u n c o r r e c t e d )  o b t a i -  

ned and t h o s e  from l i t e r a t u r e .  

TABLE I .  Chalcones 

Compound Mp, OC L i t .  mp, OC R e f .  

t r a n s - c h a l c o n e  

c i s - c h a l c o n e  - 

57 55-56 a 

45 45-46 b 

t rans-p-C1-chalcone  -- 
form- I 114-115 

from- I I 111-112 
112-113 a 

trans-p-Me0-chalcone 76-78 76-78(74.5-75.3)  c , d  ___- 
- cis-p-Me0-chalcone 33-34 33-33.5 e 

trans-p'-Me-chalcone 75-76 75-76 f 

cis-p-Me-chalcone 65 ? 

t r a n s - p  ,pl-dimethvl c h a l c o n e  132 132  g 

c i s - p , p - d i m e t h y l  c h a l c o n e  46-50 ? 

-- 

-- 

- 

a. N.L .  S i l v e r  and D . W .  Boukin : J .  Am.  Chem.Soc. ,35,759( 19701, 

b .  Ref .7 ;  c . R e f . 8 ;  d .  N .  Kochetkov and V. Be1yaev:Zh. 

Obshch.Kim., - 30,1495(1960) ;  e . R e f . 7 ;  f .  C .  Weygand and 

H .  Banmgzr te l :  Ann.469,225(1929):  - g . R e f . l 3 .  

- 

METHODS 

I . R .  and NMR s p e c t r a  (d /p .p .m)  were t a k e n  on a P e r k i n - E l -  

mer 521  s p e c t r o p h o t o m e t e r  and on a Var ian  A60 i n s t r u m e n t  

r e s p e c t i v e l l y .  Powder p h o t o g r a p h s  were t a k e n  on a Debye- 
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240 E. HADJOUDIS 

-Scherer camera wi th  Cu-ka r a d i a t i o n .  

B R O M I N A T I O N  

The bromine uptake was c a r r i e d  ou t  on samples ( ave rage  

weight 30 mg) and p l aced  on a microscope c o v e r s l i p .  The 

samples were in t roduced  i n t o  a modified washbo t t l e  c o n t a i -  

n ing  l i q u i d  bromine, and immersed i n  a t h e r m o s t a t  a t  

25- tO .2OC;  completion of brominat ion  was achieved  i n  less 

t h a n  45 min. The samples were removed and in t roduced  i n t o  

a Cahn R . G .  E l ec t roba lance  and weighed. The ba lance  was 

a t t ached  t o  a vacuum pump and t h e  l o s s  o f  weight du r ing  

evacuat ion  was d i sp layed  on a r eco rde r .  The evacua t ion  w a s  

continued u n t i l  cons t an t  weight .  S o l u t i o n  brominat ions  w e -  

r e  c a r r i e d  o u t  accord ing  t o  t h e  l i t e r a t u r e .  

I S  OME R I  S AT I0 N 

The s o l i d - s t a t e  c i s - t r a n s  i s o m e r i s a t i o n  o f  t h e  c i s - cha lco -  

nes was a t tempted  by t r ea tmen t  wi th  i o d i n e  vapour ,  by i n -  

t roduc ing  approximately lOmg o f  c r y s t a l l i n e  powder i n t o  a 

r e a c t i o n  v e s s e l  con ta in ing  s o l i d  iod ine .  The whole was i m -  

mersed i n  a t he rmos ta t  a t  25f0.2'C. The v e s s e l  was vigo- 

r o u s l y  s h i e l d e d  from l i g h t .  Samples of t h e  m a t e r i a l  were 

withdrawn from t h e  r e a c t i o n  v e s s e l  ( u s u a l l y  a f t e r  24 hours) 

and checked f o r  t r ans - i somers  by I . R .  measurements i n  po- 

tass ium bromide p e l l e t s  (200 mg) and w i t h  U . V . ,  m.p .  

and X-ray powder photograph measurements. 

-- - 
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GAS-SOLID REACTIONS 24 I 

RESULTS 

BROMI NAT I O N  

trans-Chalcone : The ke tone  gave a dibromide o f  m.p. 158O, 

6 6 . 2 1  ( 2 H ,  A B q ,  J 12 H , i d e n t i c a l  wi th  t h a t  ob ta ined  

from t h e  similar r e a c t i o n  i n  so lu t ion ' .  However a second 

dibromide, m.p. 108-11010, r e s u l t e d  from s o l u t i o n  

brominat ion  . 

2 

cis-Chalcone : The c i s -ke tone  gave a dibromide o f  

m.p. 158O, i d e n t i c a l  w i th  t h a t  ob ta ined  from t h e  s o l i d  

t r ans -ke tone .  The I . R .  spectrum was t h e  same as t h a t  of 

t h e  dibromide prepared  from t h e  s imi la r  r e a c t i o n  i n  s o l u -  

t i o n  . 

- - 

7 

trans-p-C1-Chalcone : This  compound e x i s t s  i n  two 
0 c r y s t a l l i n e  mod i f i ca t ions ,  form-I m.p. 114-115 and form- 

I1 m.p. 111-112°. Both c r y s t a l l i n e  forms on exposure  t o  

bromine vapour g ive  t h e  same dibromide ,  

Bromination i n  s o l u t i o n  r e s u l t s  i n  two dibromides o f  m.p. 

125-126' and 180-183 ( t h e  N . M . R .  spectrum shows a mixture  

of approximately 50% for each d ibromide) .  We p repa red  t h e s e  

two dibromides accord ing  t o  Dodforss'l and w e  v e r i f i e d  t h a t  

t h e  dibromide from t h e  gas - so l id  r e a c t i o n  i s  i d e n t i c a l  t o  

t h a t  w i t h  t h e  h igher  m e l t i n g  p o i n t  (180-183') w a s  o b t a i n e d  

from s o l u t i o n .  

m.p.  180-183: 

0 

trans-p-Me0- Chalcone : The compound gave a dibromi.de -- 
o f  m.p. 172-175OY i d e n t i c a l  wi th  t h a t  ob ta ined  from s o l u -  

t i o n .  

- cis-p-Me0-Chalcone : The - cis-compound gave a dibromi- 

de of m.p. 172-175OY i d e n t i c a l  w i th  t h a t  ob ta ined  from t h e  
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242 E. HADJOUDIS 

s o l i d  t r ans -ke tone  and t h e r e f o r e  i d e n t i c a l  a l s o  wi th  t h a t  

ob ta ined  from s o l u t i o n .  

trans-p-Me0-Chalcone : This  compound on exposure  t o  

bromine vapour gave a dibromide of m.p. 174-175', i d e n t i c a l  

with t h e  dibromide prepared  from so lu t ion '* .  However t h e  

r e a c t i o n  from s o l u t i o n  g ives  an a d d i t i o n a l  dibromide wi th  

m.p. 140-145'. 

- cis-p-Me-Chalcone : The *-isomer gave a dibromide 

of m.p. 174-175O, i d e n t i c a l  wi th  t h a t  ob ta ined  from t h e  

s o l i d  t rans- i somer  and t h e r e f o r e  i d e n t i c a l  a l s o  wi th  t h e  

h ighe r  me l t ing  p o i n t i n g  one from s o l u t i o n  12 . 
t rans-p ,p-d imethyl  Chalcone :This compound on exposu- 

r e  t o  bromine vapour g ives  a dibromide wi th  m.p. 175-179'. 

This  dibromide i s  t h e  e ry thro- form and is accompanied by 

o p t i c a l  a c t i v i t y  i n d u c t i o n  t o  t h e  e x t e n t  of 6 % 1 3 .  

n a t i o n  i n  s o l u t i o n  l e a d s  t o  3-Bromo-p-~'-dimethyl chalcone- 

dibromide13 map. 153-154'. 

Bromi- 

c i s -p ,p ' -d imethyl  Chalcone: The c i s - i somer  gave an - -- 
i d e n t i c a l  isomer wi th  t h a t  ob ta ined  from t h e  t r ans - i somer .  

Whenever however bromine condensed on t h e  s o l i d  material 

t h e  r e s u l t  was 3-bromo-p,pt-dimethy1 chalcone-dibromide 

m.p. 155'. 
- _  

IS O K  R I  S AT ION 

A l l  t h e  cis-compounds have been t e s t e d  f o r  c i s - t r a n s  i s o -  

mer i sa t ion  as it was desc r ibed  i n  t h e  exper imenta l  s e c t i o n .  

The r e s u l t s  showed t h a t  t h e  c&-compounds remained unchan- 

ged and t h e r e f o r e  cis - t r a n s  i s o m e r i s a t i o n  does  n o t  t a k e  

p l a c e  i n  t h e  s o l i d  s t a t e  under t h e  desc r ibed  c o n d i t i o n s .  

-- - 
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GAS-SOLID REACTIONS 243 

I n  one c a s e  (cis-p-MeO-Chalcone) t h e r e  was an i n d i c a t i o n  

of i od ine  a d d i t i o n  t o  t h e  carbon-carbon double  bond. 

DISCUSSION 

Addition of  gaseous bromine t o  s o l i d  t r a n s  and cis c h a l -  

cones is r a p i d  and q u a n t i t a t i v e  i n  a l l  t h e  compounds s t u -  

d i e d .  The r e a c t i o n  i s  s t e r e o s e l e c t i v e  and t h e  p roduc t s  a r e  

t h e  t r ans -adduc t s .  The s t e r e o - s t r u c t u r e  of t h e  t r ans -ad -  

d u c t s  i s  independent of t h e  c r y s t a l  s t r u c t u r e  of t h e  orga- 

n i c  component, t h u s  t h e  two c r y s t a l  mod i f i ca t ions  of t h e  

trans-p-C1-chalcone r e s u l t  i n  t h e  same dibromide a s  it was 

noted  a l s o  i n  t h e  s o l i d  cinnamic a c i d  s e r i e s  , 
-- 

1 

An impor tan t  f e a t u r e  of t h e  gas - so l id  brominat ion  is 

t h e  f a c t  t h a t  it g ives  always one product  ( t h e  h i g h e r  m e l -  

l i n g  po in t  one) i n s t e a d  o f  two as i n  s o l u t i o n  b romina t ion ,  

p rov id ing  a way of  p r e p a r i n g  bv, s imple  means, pu re  dibromi- 

des .  These dibromides should be i n  t h e  most s t a b l e  confor -  

mation s i n c e  t h e  r e a c t i o n  i n  t h e  s o l i d  s t a t e  occur s  wi th  a 

minimum amount of atomic or molecular  movement . 14 
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