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SYNTHETIC COMMUNICATIONS, 22(21), 3137-3140 (1992) 

SONOCHEMICALLY INDUCED REACT ION BETWEEN WATER 

A N D  3-CHLOROPROP ION ITR ILE 

F .Fa rha t  and  G .Berch ie s i*  

D i p a r t i m e n t o  d i  S c i e n z e  Chirniche d e l l  'Universith 
62032 -Carnerino, ITALY 

A b s t r a c t  : The water-3-Chloropropionitrile b i p h a s i c  sys tem 
r e a c t s  i n  an  u l t r a s o n i c  b a t h ,  p roduc ing  t h e  c o r r e s p o n d i n g  
arnide,  a t  room t e m p e r a t u r e .  The C-Cl  bond does  n o t  r e a c t ;  
i n  t h i s  s ense  t h e  a t t a c k  i s  s e l e c t i v e .  

The u s e  of u l t r a s o u n d s  t o  enhance chemical  r e a c t i o n s  
1-7 by t h e  c a v i t a t i o n  phenomenon i s  of i n c r e a s i n g  i n t e r e s t  

In  s p i t e  0.f t h e - s i m p l e  mechanism of t h e  c a v i t a t i o n ,  t h e  

sonochernis ' try i s  a f f e c t e d  by a v a r i e t y  of p a r a m e t e r s .  We 

would L i k e . t o - b e g i n  a wide s tudy  on t h e  i n f l u e n c e  of t h e  

chemica i  s t r u c t u r e  of t h e  compound or i t s  p h y s i c a l  s t a t e  

on t h e  sonochemi c a l  r e a c t  ion. 

.. . * 

EXPERIMENTAL 

An u l t r a s o n i c  c l e a n e r  manufac tured  by Heat Systems 

(Model 7 E )  i s  employed. I t  o p e r a t e s  a t  20 kHz and d i s -  

* To whom cor re spondence  shou ld  b e  a d d r e s s e d  
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3138 FARHAT AND BERCHIESI 

-2 
s i p a t e s  0 .775 W cm . The sample con ta ined  i n  a 50 mL 

f l a s k  i s  t i g h t l y  f i x e d  j u s t  above t h e  bot tom of t h e  so- 

n i c a t o r  b a t h .  C i r c u l a t i o n  of wa te r  i n  a copper  c o i l  p l a -  

ced i n  t h e  b a t h  a l l o w s  t h e  t empera tu re  t o  b e  kep t  a t  

n e a r l y  2OoC - + 1OC. The chemica l s  a r e  3 - C h l o r o p r o p i o n i t r i -  

I e  from A l d r i c h  Chemie ( 9 8 % )  and d i s t i l l e d  w a t e r ,  p r e -  

v i o u s l y  a e r a t e d  by i n s u f f l a t i o n .  

The s o n o l y s i s  of CC1 /H 0 b i p h a s i c  sys tem i n  p r e s e n c e  of 

K I  i s  c a r r i e d  out t o  check i f  t h e  u l t r a s o n i c  energy  r ea -  

ches t h e  c a v i  t a t  i on  t r e s h o l d .  

'11 NhfR and IK s p e c t r a  are o b t a i n e d  u s i n g  a 300 MIlz V a -  

r i a n  and a P e r k i n  Elmer 1600 S e r i e s  FTlR s p e c t r o m e t e r s  

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

4 2  

The c h l o r o p r o p i o n i t r i l e  and w a t e r  b i p h a s i c  sys t em 

( 1  mL, C H NC1 + 10 mL, 11 0) i s  s o n i c a t e d  approx ima te ly  

1 h o u r ,  t h e n  t h e  s o n i c a t i o n  i s  s topped  and t h e  aqueous  

phase  i s  s e p a r a t e d  and evapora t ed .  T h i s  p r o c e d u r e  i s  r e -  

p e a t e d  30 f imes  and a brown s o l i d  product  i s  o b t a i n e d .  

A t h i n  layer- chromatography ( s i l i c a  g e l )  on t h e  p roduc t  

shows t h e ' p r e s e n c e  of a p r i n c i p a l  product  and some i m -  

p u r i t f m s .  The' p roduct  was p u r i f i e d  by r e c r y s t a l l i z a t i o n  

from'C 11 C1 + C6Hl, , 1:l i n  volume, added wi th  3 d r o p s  

of methanol  and 0.070 g of a w h i t e  c r y s t a l l i n e  powder ( A )  

were o b t a i n e d .  A f t e r  f i l t r a t i o n  t h e  l i q u i d  i s  added of 

few mL of C €1 and some d r o p s  of a r e d  o i l  p r e c i p i t a t e  

f rom t h e  l i q u i d  ( B ) .  

- A : t h e  NMR spec t rum of t h e  p u r i f i e d  sample d i s s o l v e d  i n  

d i m e t h y l s u l f o x i d e  shows two t r i p l e t s  a t  2 .5  and 3.7 ppm, 

x . ' ~ '  h m y  b'e a s c r i b e d  t o  two CH2 g r o u p s ,  and a d o u b l e  .=i- 

3 4  2 

> .  

.. . 
.. . 

2 2  2 
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WATER AND 3-CHLOROPROPIONITRILE 3139 

gna l  a t  7.0-7.2 ppm which i s  an ev idence  of t h e  amidic  

group p resence .  IR spec t rum shows two peaks  a t  3158.6 

and 3333.6 cm , c h a r a c t e r i s t i c  of amid ic  N H  two peaks  

a t  1633.7 and 1681.9 c m - l  of amid ic  CO. A l s o  t h e  c h l o r i -  

-1 
2 '  

ne  peaks  a t  699.7 and 808.3 cm-l a r e  e v i d e n t .  

The me l t ing  p o i n t  i s  104.8"C a t  t h e  second f u s i o n .  The 

a n a l y s i s  on C ,  H and N (33.59; 5.76; 12.61 % I  g i v e s  t h e  

fo l lowing  r a t i o :  C:H:N = 3:6 :1 ,  t h e  same r a t i o  as  i n  ch lo-  

ropropionamide.  The mass spec t rum shows ev idence  of t h e  

ded t h a  

t a k e s  p 

p re sence  of c h l o r i n e  i n  t h e  molecule .  I t  may b e  conclu-  

i n  t h e  d e s c r i b e d  system t h e  fo l lowing  r e a c t i o n  

a c e  : 

ClCH CH CN + 1I2O - C1CH CH CONH2 
2 2  2 2  

whereas t h e  c h l o r i n e  atom d o e s  not  r e a c t .  

T h i s  i s  a d i f f e r e n t  behav iour  i n  comparison t o  t h e  CCl / 

I1  0 system. In o r d e r  t o  a s c e r t a i n  i f  CC1 bond may be  a t -  

tacked i n  t.he d e s c r i b e d  c o n d i t i o n s ,  we put  1 mL of Chlo- 

r o p r o p i o n i t r i l e  i n  100 mL of wa te r  and t h i s  sys tem was 

sonicat.ed'- t.',i.l-.l- t h e  o r g a n i c  phase  d i s a p p e a r s  and a f t e r  

t h i s ,  t h e  s o n i c a t i o n  con t inued  f o r  36 hour s .  The c h l o r i -  

ne  t e y t s  d idano t  show t h e  format ion  of c h l o r i n e .  

- B :'the.NMR Spectrum performed on t h e  o i l  d r o p s  d i s s o l -  

ved i n  dirnethyl su lphox ide ,  shows t h e  p r e s e n c e  of all t h e  

l i n e s  e x h i b i t e d  by t h e  amide and a v e r y  low i n t e n s i t y  

broaden doub le  l i n e  i n  t h e  9 ppm reg ion .  

4 

2 

.. . c 

ACKNOWLEDGMENTS 

Thanks a r e  due  t o  P ro f .P .F ranche t t i  f o r  having  put  a t  our  

d i s p o s a l  t h e  chromatographic  d e v i c e s  and f o r  having  encou- 

raged t h i  s re sea rch  . 

D
ow

nl
oa

de
d 

by
 [

N
ew

 Y
or

k 
U

ni
ve

rs
ity

] 
at

 0
1:

55
 1

9 
N

ov
em

be
r 

20
15

 



3140 

REFERENCES 

PARHAT AND BERCHIESI 

s u s 1 i c k .  K . S . ,  "Ul t r a sounds ,  I t s  Chemica l ,  P h y s i c a l  

and B i o l o g i c a l  E f f e c t s " ,  VCH P u b l i s h e r s ,  N.Y., 1988 

h s o o ,  T .  J . , Lor imer ,  J . P . ,  "Sonochemi st r y ,  Theory ,  

~ ~ ~ l i c a t i o n s  and  Uses of U l t r a s o u n d s  i n  Chemis t ry" ,  

~ l l i 5  llorwood L i m . ,  C h i c h e s t e r  (UK), 1988 

H ~ ~ ,  B . H . ,  Boudjouk, P . ,  Te t r ahedron  L e t t e r s ,  1982,23 ,  

1643 
p e t t i e r ,  C . ,  Luche, J . L . ,  T e t r a h e d r o n  L e t t e r s ,  1987,  

- 

28 ,  2347 - 
F u e n t e s .  A . ,  Marinas, J . M . ,  S i n i s t e r r a ,  J . V . ,  T c t r a -  

hedrOn L e t t e r s ,  1987.28. 4541 

p e t r i e r ,  C., D e  Souza Barbosa ,  J .C . ,  Dupuy, C . ,  Luchc ,  

J .I,. , J .Orp,.Chem., 1985 ,50 ,  - 5761 

Elp i f lCr ,  1 . E . .  Soko l skaya ,  A . V . ,  M a r g u l i s ,  M.A. ,  

N a t u f e .  1965,208,  - 945 

Weis51er ,  A , ,  Cooper ,  H . W . ,  Snyder ,  S . ,  J.Amer.Chcm. 

SOC,. 195P_,z, 1769 

- 

(Received i n  The Netherlands 29 June, 1 9 9 2 )  

D
ow

nl
oa

de
d 

by
 [

N
ew

 Y
or

k 
U

ni
ve

rs
ity

] 
at

 0
1:

55
 1

9 
N

ov
em

be
r 

20
15

 




