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©  A  process  for  the  electroreductive  preparation  of  organic  compounds. 
A  processforthe  electroreductive  preparation  of  organic 

compounds  in  an  undivided  cell  using  at  the  counter- 
electrode  the  oxidation  of  anions  of  one  or  more  compounds 
according to the  general  formula  AB, wherein  A  represents an 
alkali  or  alkaline  earth  metal  moiety,  a  group  of  formula 
NR  1R2R3R4,  wherein  each  of  R  R2,  R3  and  wh ich   may  be 
the  same  or  different,  represents  a  hydrogen  atom,  an  alkyl 
group  of  up  to  8  carbon  atoms,  or  an  (alk)aryl  group  which 
may  be  substituted  by  one  or  more  lower  alkyl  groups;  or  a 
pyridinium  ion  which  may  be  substituted  by  one  or  more 
loweralkyl  groups and  B  represents an  azide group or  group 

wherein  R'represents  a  hydrogen  atom,  a  group 

wherein  R6  represents  a  hydrogen  atom,  an  alkyl 

group  of  up  to  8  carbon  atoms  or  a  group  A,  or  a  group 
-CH20R',  wherein  R'  represents  a  hydrogen  atom  or  an  alkyl 
group of up to 8 carbon  atoms  or an  (alk)aryl  group which  may 
be  substituted  by  one  or  more  lower alkyl  groups. 



The  p r e sen t   i nven t ion   r e l a t e s   to  e l e c t r o c h e m i c a l  

r e a c t i o n s   which  can  be  c a r r i e d   out  s u i t a b l y   in  a  non -  

aqueous  or  a p r o t i c   envi ronment .   The  p r e s e n t   i n v e n t i o n  

r e l a t e s   in  p a r t i c u l a r   to  e l e c t r o c h e m i c a l   r e d u c t i o n s ,  

e .g .   e l e c t r o c a r b o x y l a t i o n s ,   which  can  be  c a r r i e d   out  i n  

an  a p r o t i c   environment   in  undivided  c e l l s .  

It  wi l l   be  c lea r   that   e l e c t r o c h e m i c a l   p r o c e s s e s  

r e q u i r e   the  s imu l t aneous   occur rence   of  c a thod i c   and  a n o d i c  

r e a c t i o n s .   Since  e l e c t r o c h e m i c a l   p roce s se s   are  n o r m a l l y  

aimed  at  the  p roduc t ion   of  p r e f e r a b l y   one  compound  at  one 

p a r t i c u l a r   e l e c t r o d e   (the  working  e l e c t r o d e ) ,   less   o r  

v i r t u a l l y   no  i n t e r e s t   is  paid  to  the  p rocess   or  p r o c e s s e s  

o c c u r r i n g   s i m u l t a n e o u s l y   at  the  other   e l e c t r o d e   ( c o u n t e r  

e l e c t r o d e ) .   In  a  number  of  cases ,   the  r e a c t i o n   at  the  c o u n t e r -  

e l e c t r o d e   wi l l   not  c o n s t i t u t e   a  major  problem.  For  i n s t a n c e ,  

when  the  r e a c t i o n   at  the  c o u n t e r - e l e c t r o d e   occurs  at  a 

s u f f i c i e n t l y   low  p o t e n t i a l   the  p roducts   formed  at  t h e  

working  e l e c t r o d e   wi l l   not  be  d e s t r u c t e d   e l e c t r o c h e m i c a l l y  

at  the  c o u n t e r - e l e c t r o d e .  

However,  if  no  such  r e a c t i o n   at  the  c o u n t e r - e l e c t r o d e  

can  be  found  it   wi l l   be  neces sa ry   to  s e p a r a t e   the  anode 

and  the  ca thode .   In  p r o t i c   media  diaphragms  based  on 

ion-exchange   r e s in s   can  be  s u i t a b l y   used,  but  such  diaphragms  can 

not  be  used  s a t i s f a c t o r i l y   in  a  non-aqueous  or  an  a p r o t i c  

envi ronment   as  they  become  very  poorly  conduc t ing   so  t h a t  

thermal   damage  may  occur  even  at  low  c u r r e n t   d e n s i t i e s .  

Also  diaphragms  based  on  the  p r i n c i p l e   of  d i f f u s i o n   l i m i t a t i o n  

are  u n s u i t a b l e   for  use  in  non-aqueous ,   in  p a r t i c u l a r   i n  

a p r o t i c   envi ronments   s ince  the  r e q u i r e m e n t s   to  combine 

a  high  e l e c t r i c a l   c o n d u c t i v i t y   with  l i t t l e   d i f f u s i o n   and 

s u f f i c i e n t   mechanical   s t r e n g t h   appear  to  be  i n c o m p a t i b l e .  

Fu r the rmore ,   the  p o s s i b i l i t y   of  e l e c t r o l y s i s   of  t h e  



s o l v e n t   as  the  r e a c t i o n   at  the  c o u n t e r - e l e c t r o d e   which  can 

be  used  n i c e l y   for  e l e c t r o c h e m i c a l   p r o c e s s e s   to  be  c a r r i e d  

out  in  a  p r o t i c   envi ronment   is  not  a v a i l a b l e   for  e l e c t r o c h e m i c a l  

p r o c e s s e s   to  be  c a r r i e d   out  in  a  non-aqueous   or  in  an  a p r o t i c  

env i ronment   s ince   t h i s   would  g e n e r a t e   h i g h l y   a c t i v e   s p e c i e s ,  

which  would  unavo idab ly   lead  to  the  o c c u r r e n c e   o f  a   g r e a t  

many  u n d e s i r e d   side  r e a c t i o n s .  

I t   would  be  of  g rea t   impor tance   when  use  could  be  made 

in  e l e c t r o c h e m i c a l   p r o c e s s e s   which  have  to  be  c a r r i e d   o u t  

in  a  non-aqueous ,   and  in  p a r t i c u l a r   in  an  a p r o t i c   e n v i r o n m e n t  

in  an  und iv ided   ce l l   of  a  r e a c t i o n   at  the  c o u n t e r - e l e c t r o d e  

which  not  only  works  at  a  p o t e n t i a l   which  p r o t e c t s   s t a r t i n g  

m a t e r i a l s   and  p roduc t s   formed  at  the  working  e l e c t r o d e   f rom 

e l e c t r o c h e m i c a l   d e s t r u c t i o n   at  the  c o u n t e r - e l e c t r o d e   b u t  

a l so   has  the  advantage   tha t   the  m a t e r i a l s   to  be  c o n v e r t e d  

at  the  c o u n t e r - e l e c t r o d e   as  well   as  the  p roduc t s   o b t a i n e d  

do  not  i n t e r f e r e   in  an  adverse   way  with  the  r e a c t i o n   a n d / o r  

r e a c t i o n   p roduc t s   at  the  working  e l e c t r o d e .  

It   has  now  been  found  tha t   e l e c t r o r e d u c t i o n   p r o c e s s e s  

can  be  c a r r i e d   out  c o n v e n i e n t l y   in  a  non-aqueous   or  a p r o t i c  

env i ronment   in  an  und iv ided   ce l l   when  use  is  made  in  t h e  

e l e c t r o o x i d a t i o n   s tep  of  c e r t a i n   s p e c i f i c   compounds  which  

f u l f i l l   the  r e q u i r e m e n t s   set   out  h e r e i n a b o v e .  

The  p r e s e n t   i n v e n t i o n   t h e r e f o r e   r e l a t e s   to  a  p r o c e s s  
for  the  e l e c t r o r e d u c t i v e   p r e p a r a t i o n   of  o rgan ic   compounds  i n  

an  und iv ided   ce l l   which  comprises   as  r e a c t i o n   at  the  c o u n t e r -  

e l e c t r o d e   the  o x i d a t i o n   of  anions  of  one  or  more  compounds 

a c c o r d i n g   to  the  gene ra l   formula  AB,  wherein   A  r e p r e s e n t s   an 

a l k a l i   or  a l k a l i n e   ea r th   metal  moiety;   a  group  of  f o r m u l a  
NR1R2R3R4,  wherein  each  of  R ,  R2,  R3  and  R  which  may  be 

the  same  or  d i f f e r e n t ,   r e p r e s e n t s   a  hydrogen  atom,  an  

a l k y l   group  of  up  to  8  carbon  atoms,  or  an  ( a l k ) a r y l   g r o u p ,  

which  may  be  s u b s t i t u t e d   by  one  or  more  lower  a l ky l   g r o u p s ;  

or  a  p y r i d i n i u m   ion  which  may  be  s u b s t i t u t e d   by  one  o r  



more  lower  a lky l   groups  and  B  r e p r e s e n t s   an  azide  group  o r  

a  g roup  wherein  R5  r e p r e s e n t s   a  hydrogen  a tom,  

a  g r o u p  wherein  R6  r e p r e s e n t s   a  hydrogen  a tom,  

an  a lky l   group  of  up  to  8  carbon  atoms  or  a  group  A, 

or  a  group  -CH2OR7,  wherein  R  r e p r e s e n t s   a  hydrogen  a tom,  

an  a lky l   group  of  up  to  8  carbon  atoms,  or  an  ( a l k ) a r y l  

group  which  may  be  s u b s t i t u t e d   by  one  or  more  lower  a l k y l  

g r o u p s .  

The  p r e s e n t   i nven t ion   is  of  p a r t i c u l a r   i n t e r e s t   i n  

tha t   the  p roduc t s   obta ined  at  the  c o u n t e r - e l e c t r o d e   i n  

the  e l e c t r o o x i d a t i o n   step  ( i . a .   carbon  d ioxide   and  n i t r o g e n )  

in  an  und iv ided   ce l l   do  not  i n t e r f e r e   a d v e r s e l y   with  t h e  

p roduc t s   ob ta ined   in  the  e l e c t r o r e d u c t i o n   step  and  are  a l s o  

of  no  env i ronmen ta l   concern.   Moreover,  in  e l e c t r o c a r b -  

o x y l a t i o n   r e a c t i o n s   use  can  be  made  of  the  e l e c t r o o x i d a t i o n  

of  anions  of  the  t y p e  as  de f ined   h e r e i n b e f o r e  

as  ( a d d i t i o n a l )   sources   for  carbon  d iox ide   to  be  used  i n  

the  e l e c t r o r e d u c t i o n   s tep.   It  should  a lso  be  noted  t h a t  

the  p resence   of  formate  ions  is  of  g rea t   importance  i n  

that   they  provide  the  unique  system  of  having  both  c a r b o n  

d ioxide   and  pro tons   a v a i l a b l e   in  a  non-aqueous  or  even 

a p r o t i c   environment   which  opens  up  wide  p e r s p e c t i v e s   i n  

p r e p a r a t i v e   o rganic   e l e c t r o c h e m i s t r y .  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   in  p a r t i c u l a r   to  a  p r o c e s s  
for  the  e l e c t r o r e d u c t i v e   p r e p a r a t i o n   of  o rganic   compounds 

in  an  und iv ided   ce l l   in  a  non-aqueous  or  a p r o t i c   e n v i r o n m e n t  

which  comprises   as  r e a c t i o n   at  the  c o u n t e r - e l e c t r o d e   t h e  

o x i d a t i o n   of  anions  of  one  or  more  compounds  accord ing   t o  

the  gene ra l   formula  AB,  wherein  A  r e p r e s e n t s   an  a l k a l i   o r  

a l k a l i n e   ea r th   metal  moiety,   a  group  of  formula  NR1R2R3R4 

wherein  each  of  R ,  R2,  R3 and  R ,  which  may  be  the  same 

or  d i f f e r e n t ,   r e p r e s e n t s   an  a lkyl   group  of  up  to  4  c a r b o n  

atoms,  a  phenyl  group  or  a  pyr id in ium  ion  and  B  r e p r e s e n t s   a 

g roup  wherein  R5  r e p r e s e n t s   a  hydrogen  atom,  a  g roup  



,  wherein  R6  r e p r e s e n t s   a  hydrogen  atom,  an  a l k y l  

group  of  up  to  8  carbon  atoms  or  a  group  A,  or  a  g roup  
-CH2OR7,  wherein  R  r e p r e s e n t s   a  hydrogen  atom  or  an  a l k y l  

group  of  up  to  8  carbon  a t oms .  

P r e f e r r e d   p r o c e s s e s   accord ing   to  the  p r e s e n t   i n v e n t i o n  

are  e l e c t r o r e d u c t i v e   p r e p a r a t i o n s   o f  o r g a n i c   compounds 

in  an  und iv ided   c e l l   in  non-aqueous  or  a p r o t i c   e n v i r o n m e n t s ,  

which  comprise  as  r e a c t i o n   at  the  c o u n t e r - e l e c t r o d e   t h e  

o x i d a t i o n   of  anions   of  one  or  more  compounds  a c c o r d i n g  

to  the  g e n e r a l   formula  AB,  wherein  A  r e p r e s e n t s   a  g r o u p  

of  formula  NR1R2R3R4,  wherein  each  of  R ,  R21  R3  and 
R 4 ,   which  may  be  the  same  or  d i f f e r e n t ,   r e p r e s e n t s   a  m e t h y l  

or  e thy l   group,  and  B  r e p r e s e n t s   a  g r o u p  ,  w h e r e i n  
R5  r e p r e s e n t s   a  hydrogen  atom  or  a  g r o u p  wherein  R6 

r e p r e s e n t s   a  hydrogen  atom,  an  a lkyl   group  of  up  to  4  c a r b o n  

atoms  or  a  group  A.  Examples  of  p r e f e r r e d   compounds  c o m p r i s e  

d i - t e t r a e t h y l   ammonium  oxa l a t e   (DTEAOx)  and  t e t r a e t h y l   ammonium 

formate  (TEAF). 

The  p rocess   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   is  o f  

p a r t i c u l a r   i n t e r e s t   for  e l e c t r o c a r b o x y l a t i o n   r e a c t i o n s ,  

i . e .   r e a c t i o n s   in  which  carbon  d ioxide   is  r e a c t e d   with  e l e c t r o -  

g e n e r a t e d   ( c a r b ) a n i o n s .   S u i t a b l e   e l e c t r o c a r b o x y l a t i o n  

r e a c t i o n s   comprise  the  c a r b o x y l a t i o n s   of  a c t i v a t e d   o l e f i n s ,  

imines ,   and  r e l a t e d   spec i e s   such  as  azo-compounds,   k e t o n e s  

as  well   as  of  halogen  compounds.  P r e f e r r e d   e l e c t r o c a r b o x y l a t i o n s  

are  those   where in   an  a c t i v a t e d   o l e f i n   is  the  compound  t o  

be  reduced  e l e c t r o c h e m i c a l l y .  

A c t i v a t e d   o l e f i n s   which  can  be  e l e c t r o c a r b o x y l a t e d  

using  the  p roces s   a cco rd ing   to  the  p r e s e n t   i n v e n t i o n  

can  be  r e p r e s e n t e d   by  the  genera l   f o r m u l a  



wherein  R8,  R9 and  R  ,   which  may  be  the  same  or  d i f f e r e n t ,  

each  r e p r e s e n t s   a  hydrogen  atom,  an  a lky l   group  of  up  to  8 

carbon  atoms,  a  phenyl  group  which  may  be  s u b s t i t u t e d   by  one 

or  more  halogen  atoms  and/or   lower  a lky l   groups  or  a  g r o u p  
A1;  and  A  r e p r e s e n t s   a  group  -CN  or  a  g roup  

wherein  R"  r e p r e s e n t s   an  a lkyl   group  of  up  to  8  c a r b o n  

atoms,  or  a  phenyl  group  which  may  be  s u b s t i t u t e d   w i t h  

one  or  more  halogen  atoms  and/or   lower  a lky l   g r o u p s  

and  n  is  0  or  1. 

P r e f e r r e d   compounds  acco rd ing   to  the  genera l   formula  I  

to  be  used  in  the  p r o c e s s  a c c o r d i n g   to  the  p resen t   i n v e n t i o n  

are  those  wherein  A  r e p r e s e n t s   a  group  -CN,  a  g roup  

wherein  R"  r e p r e s e n t s   a  methyl  group  and  n  is  0  or  1,  o r  

a  phenyl  group  and  each  of  R8,  R9 and  R10  r e p r e s e n t s   a 

hydrogen  atom  or  a  lower  a lkyl   group  or  at  l e a s t   one  o f  
8  9  10  1 R ,  R  and  R   r e p r e s e n t s   a  group  A .  E s p e c i a l l y   p r e f e r r e d  

compounds  a cco rd ing   to  the  gene ra l   formula  I  to  be  used  

in  the  process   accord ing   to  the  p r e s e n t   i n v e n t i o n   a r e  

those  which  possess   two  groups  A1.  Examples  of  p r e f e r r e d  

compounds  comprise  dimethyl   ma lea te ,   a c r y l o n i t r i l e   me thy l  

v inyl   ketone  and  a lpha -me thy l   s t y r e n e ;   dimethyl   m a l e a t e  

being  e s p e c i a l l y   p r e f e r r e d .  

It  should  be  noted  tha t   the  e l e c t r o c a r b o x y l a t i o n s   a c c o r d i n g  

to  the  p re sen t   i n v e n t i o n   can  be  performed  using  c a r b o n  

dioxide   gene ra t ed   at  the  anode  as  the  sole  carbon  d i o x i d e  

source .   If  d e s i r e d ,   the  e l e c t r o c a r b o x y l a t i o n s   can  also  be 

performed  using  a d d i t i o n a l   carbon  d i o x i d e .   Even  in  t h o s e  

events  wherein  a  la rge   molar  excess  of  n o n - e l e c t r o -  

chemica l ly   gene ra t ed   carbon  d ioxide   is  used,  the  e l e c t r o -  

o x i d a t i o n   of  the  anions  accord ing   to  the  genera l   formula  AB 

s t i l l   gene ra t e s   e i t h e r   p o t e n t i a l   r e a c t a n t s   (carbon  d i o x i d e ) ,  

or  harmless  c o - p r o d u c t s   ( n i t r o g e n ) .   Moreover,  the  f o r m a t e  

and  oxa la te   ions  appear  to  be  ox id ized   at  r a t h e r   low  p o t e n t i a l  

(at  about  +1.2  V  vs  SCE  and  +0.2  V  vs  SCE  r e s p e c t i v e l y )  



which  widens  the  range  of  e l e c t r o r e d u c t i o n   r e a c t i o n s  

a p p l i c a b l e .  

The  p r o d u c t s  o b t a i n e d   b y  t h e   e l e c t r o c a r b o x y l a t i o n s  

acco rd ing   to  the  p r e s e n t   i n v e n t i o n   are  ( p o l y ) c a r b o x y l i c  

a c i d s .   The  exact   na tu re   of  the  p roduc t s   d e p e n d s  t o   some  e x t e n t  

on  the  p a r t i c u l a r   r e a c t i o n   c o n d i t i o n s   and  e l e c t r o d e s   u s e d .  

For  i n s t a n c e ,   s t a r t i n g   from  d i m e t h y l  m a l e a t e   in  a  o n e -  

compartment  ( und iv ided )   c e l l  a t   room  t e m p e r a t u r e  i n   a c e t o -  

n i t r i l e   using  t e t r a e t h y l   ammonium  o x a l a t e  a s   the  compound  t o  

be  ox id ized   as  well  a s  b e i n g   the  conduc t ing   s a l t ,   a  c r u d e  

p o l y c a r b o x y l i c   acid  p roduc t   m i x t u r e  h a d   been  formed  ( e s t e r i f i e d  

with  methyl  iodide   for  p roduc t   a n a l y s i s )   with  a  c u r r e n t  y i e l d  

as  high  as  80 %.  After   f u r t h e r   p u r i f i c a t i o n   h e x a m e t h y l -  

1 , 1 , 2 , 3 , 4 , 4 - b u t a n e   h e x a c a r b o x y l a t e   was  i s o l a t e d   in  40  %  y i e l d .  

However,  when  t e t r a e t h y l   ammonium  formate  w a s  u s e d  

as  the  compound  AB  as  well  a s  c o n d u c t i n g   s a l t   the  p r o d u c t  

d i s t r i b u t i o n   of  t h e  p o l y c a r b o x y l i c   a c i d  e s t e r s   ob ta ined   was 

s i g n i f i c a n t l y   changed  in  t ha t   the  main  p roduc t s   a p p e a r e d  

to  be  t r i m e t h y l - 1 , 1 , 2 - e t h a n e   t r i c a r b o x y l a t e   (59  %  c u r r e n t  

y i e l d )   and  t e t r a m e t h y l - 1 , 2 , 3 , 4 - b u t a n e   t e t r a c a r b o x y l a t e  

(20 %  c u r r e n t   y i e l d ) ;   no  hexamethyl   h e x a c a r b o x y l a t e   could  b e  

d e t e c t e d .   Without  wishing  to  be  bound  t o  a n y  p a r t i c u l a r  

t heo ry ,   i t   would  a p p e a r  t h a t   the  change  in  p roduc t   d i s t r i b u t i o n  

has  to  be  a s c r i b e d   to  an  i n c r e a s e d   p r o t o n a t i o n v e r s u s  

c a r b o x y l a t i o n   of  an ion i c   i n t e r m e d i a t e s   due  t o  t h e   p r o d u c t i o n  

of  protons  from  the  anodic  o x i d a t i o n   r e a c t i o n .  

The  e l e c t r o c a r b o x y l a t i o n   o f  a c r y l o n i t r i l e   y i e l d e d  

d imethyl   c y a n o s u c c i n a t e   in  41 %  y ie ld   a f t e r   d i s t i l l a t i o n  

of  the  me thy l a t ed   p roduc t   whereas  the  m a i n  p r o d u c t s  i n  

the  e l e c t r o c a r b o x y l a t i o n   of  methyl  v inyl   ketone  and  a l p h a -  

methyl  s t y r e n e   were  l e v u l i n i c   acid  and  2 - m e t h y l - 2 - p h e n y l -  

s u c c i n i c   ac id ,   r e s p e c t i v e l y .  

Examples  of  imines  which  can be   s u i t a b l y   e l e c t r o c a r b o x y l a t e d  

comprise  ( s u b s t i t u t e d )   b e n z a l a n i l i n e s   which  are  c o n v e r t e d  



in to   the  c o r r e s p o n d i n g   a l p h a - p h e n y l   phenyl  g l y c i n e s .   S u i t a b l e  

ketones  comprise  a romat ic   ke tones ,   such  as  ace tophenone   and 

s u b s t i t u t e d   a ce tophenones ,   benzophenone  and  r e l a t e d   compounds.  

The  e l e c t r o c a r b o x y l a t i o n   of  a romat ic   ketones  a f f o r d s  

a l p h a - a r y l - a l p h a - h y d r o x y   acids   as  well  as  minor  amounts  of  t h e  

c o r r e s p o n d i n g   p i n a c o l s .   The  process   accord ing   to  t h e  

p r e s e n t   i n v e n t i o n   is  also  of  g rea t   i n t e r e s t   for  the  p r e p a r a t i o n  

of  c a r b o x y l i c   acids   from  the  c o r r e s p o n d i n g   halogen  compounds.  For  

i n s t a n c e ,   1 -bromo-2-methyl   pentane  could  be  conver ted   a l m o s t  

q u a n t i t a t i v e l y   into  3-methyl  hexanoic  acid  using  t e t r a e t h y l  

ammonium  oxa la t e   as  the  compound  AB  as  well  as  the  c o n d u c t i n g  

s a l t .   Also  acid  c h l o r i d e s   can  be  conver ted   using  the  p r o c e s s  

acco rd ing   to  the  p r e sen t   i n v e n t i o n .   For  i n s t a n c e ,   p i v a l o y l  

c h l o r i d e   was  conver ted   in  a  f a i r   y ie ld   to  p i v a l i c   a c i d  

(ana lysed   as  methyl  p i v a l a t e ) .  

Apart  from  e l e c t r o c a r b o x y l a t i o n   r e a c t i o n s   as  d i s c u s s e d  

h e r e i n b e f o r e ,   the  p r e sen t   i n v e n t i o n   also  r e l a t e s   to  non -  

c a r b o x y l a t i n g   e l e c t r o r e d u c t i o n s .   Examples  of  s u i t a b l e   compounds 

which  can  be  reduced  e l e c t r o c h e m i c a l l y   wi thout   the  i n t r o d u c t i o n  

of  carbon  d ioxide   (whether  e l e c t r o c h e m i c a l l y   gene ra t ed   or  n o t )  

in to   the  i n t e r m e d i a t e   to  give  a  c a r b o x y l a t e d   f ina l   p r o d u c t ,  

comprise  sulphonium  s a l t s ,   e s p e c i a l l y   a romat ic   s u l p h o n i u m  

s a l t s   such  as  ( p - n i t r o ) t o s y l s u l p h o n i u m   s a l t s ,   and  s u l p h o n -  

amides  and  1 , 2 - d i h a l o a l k a n e s ,   such  as  1 , 2 - d i b r o m o - 1 , 2 -  

d iphenyl   ethane  and  r e l a t e d   compounds.  Without  wishing  t o  

be  bound  to  any  p a r t i c u l a r   theory   it   would  appear  t h a t  

n o n - c a r b o x y l a t i n g   e l e c t r o r e d u c t i o n s   wil l   occur  p r i m a r i l y  

when  r e a c t i o n s   such  as  d i m e r i s a t i o n ,   e l i m i n a t i o n   a n d / o r  

hydrogen  a b s t r a c t i o n   from  the  so lven t   become  f a s t e r  

r e a c t i o n s   than  the  e l e c t r o c a r b o x y l a t i o n   r e a c t i o n .   It  i s  

l i k e l y   that   the  r e d u c t i o n   p o t e n t i a l   of  the  i n t e r m e d i a r y  

r a d i c a l   spec ies   wil l   be  a  d e c i s i v e   f ac to r   in  g o v e r n i n g  

the  course  of  the  r e a c t i o n .   For  i n s t a n c e ,   4 , 4 ' - d i n i t r o -  

b ibenzy l   as  well  as  p - n i t r o t o l u e n e   were  o b t a i n e d  



when  e l e c t r o r e d u c i n g   d imethyl   ( p - n i t r o ) t o s y l   s u l p h o n i u m  

c h l o r i d e   in  methanol  acco rd ing   to  the  p rocess   a c c o r d i n g  

to  the  p r e s e n t   i n v e n t i o n .  

A  f u r t h e r   example  comprises   the  e l e c t r o r e d u c t i o n   o f  

1 , 1 0 - b i s ( p - t o l u e n e   s u l p h o n y l ) - 1 , 1 0 - d i a z a - 4 , 7 , 1 3 , 1 6 - t e t r a -  

o x a c y c l o o c t a d e c a n e   into  1 , 1 0 - d i a z a - 4 , 7 , 1 3 , 1 6 - t e t r a o x a -  

c y c l o o c t a d e c a n e   (also  known  as  1 , 1 0 - d i a z a - 1 S - c r o w n - 6 )   i n  

a lmost   q u a n t i t a t i v e   y i e l d s   using  t e t r a e t h y l   ammonium  f o r m a t e  

as  the  compound  AB  as  well  as  conduc t ing   s a l t .   Yet  a  f u r t h e r  

example  of  a  n o n - c a r b o x y l a t i n g   e l e c t r o r e d u c t i o n   is  t h e  

v i r t u a l l y   q u a n t i t a t i v e   p i n a c o l i z a t i o n   of  a c e t o p h e n o n e .  

However,  depending  on  the  r e a c t i o n   c o n d i t i o n s   e l e c t r o -  

c a r b o x y l a t i o n   of  ace tophenone   y i e l d i n g   ( a f t e r   r e a c t i o n   w i t h  

methyl  iod ide   for  product   a n a l y s i s )   the  methyl  e s t e r   o f  

a l p h a - p h e n y l l a c t i c   acid  may  also  be  a c h i e v e d .  

The  p rocess   a cco rd ing   to  the  p r e s e n t   i n v e n t i o n   w i l l  

normal ly   be  c a r r i e d  o u t   in  the  p resence   of  a  s o l v e n t   f o r  

the  compound  to  be  e l e c t r o r e d u c e d   as  well   as  for  the  com- 

pound  AB.  It  wi l l   be  c l ea r   that   the  choice  of  the  s o l v e n t  

to  be  app l i ed   w i l l  d e p e n d   mainly  on  the  kind  of  e l e c t r o -  

r e d u c t i o n   env i saged .   For  i n s t a n c e ,   when  e l e c t r o c a r b o x y l a t i o n  

r e a c t i o n s   are  to  be  c a r r i e d   out,   the  s o l v e n t   should  be 

non-aqueous   and  p r e f e r a b l y   a p r o t i c .  M o r e o v e r ,   the  s o l v e n t  

a p p l i e d   should  p r e f e r a b l y   have  a  f a i r l y   high  d i e l e c t r i c  

c o n s t a n t   in  order   to  lower  the  e l e c t r i c a l   r e s i s t a n c e   w i t h i n  

the  c e l l .   S u i t a b l e   s o l v e n t s   comprise  e t h e r s   such  as  d imethoxy  

e thane ,   d i e t h y l   e t h e r ,   t e t r a h y d r o f u r a n   and  m a c r o c y c l i c  

p o l y e t h e r s   such  as  for  i n s t a n c e   the  s o - c a l l e d   crown 

e t h e r s   ( 1 , 4 , 7 , 1 0 , 1 3 , 1 6 - t e t r a o x a c y c l o o c t a d e c a n e  a n d   r e l a t e d  

compounds),   c h l o r i n a t e d   or  f l u o r i n a t e d   h y d r o c a r b o n s ,   such  

as  d i c h l o r o m e t h a n e   and  carbon  t e t r a c h l o r i d e ,   n i t r i l e s  

such  as  a c e t o n i t r i l e ,   lower  a l k a n o l s   such  as  m e t h a n o l  

or  e t h a n o l ,   formamides  such  as  d imethyl   formamide,  s u l p h o l a n e  

and  a l k y l s u b s t i t u t e d   s u l p h o l a n e s ,   o rgan ic   c a r b o n a t e s   s u c h  



as  e t h y l e n e   ca rbona te   and  propylene   c a r b o n a t e ,   n i t r o m e t h a n e ,  

N-methyl  p y r r o l i d o n e   and  hexamethylene  p h o s p h o r t r i a m i d e .  

The  optimum  choice  wi l l   depend  on  the  p o t e n t i a l   to  be  worked 

at  in  the  e l e c t r o c h e m i c a l   r e a c t i o n .   For  e l e c t r o c a r b o x y l a t i o n s  

p r e f e r e n c e   is  given  to  the  use  of  a c e t o n i t r i l e ,   d i m e t h y l  

formamide  and  methanol ,   the  use  of  a c e t o n i t r i l e   b e i n g  

p a r t i c u l a r l y   p r e f e r r e d .  

When  n o n - c a r b o x y l a t i n g   e l e c t r o r e d u c t i o n s   are  to  be 

c a r r i e d   out  accord ing   to  the  process   a cco rd ing   to  t h e  

p r e s e n t   i n v e n t i o n   use  can  be  made  of  a p r o t i c   as  well  as  o f  

p r o t i c   s o l v e n t s .   In  genera l   the  s o l v e n t s   d e s c r i b e d   h e r e i n -  

above  can  be  used  s u i t a b l y ,   p r e f e r e n c e   being  given  to  t h e  

use  of  lower  a lkano l s   such  as  methanol  and  e t h a n o l .   Under 

those  c i r c u m s t a n c e s   the  presence   of  water ,   even  in  amounts  

of  up  to  50  %v,  c a l c u l a t e d   on  t o t a l   s o l v e n t ,   can  be  t o l e r a t e d .  

However,  b e t t e r   r e s u l t s   wi l l   g e n e r a l l y   be  ob ta ined   when 

the  amount  of  water  p resen t   is  r a t he r   smal l ,   e.g.   l e s s  

than  10  %v. 

It  wi l l   be  c lea r   that   the  compound  AB  apar t   f rom 

being  a  reagent   also  wil l   f unc t i on   as  a  s u p p o r t i n g   e l e c t r o l y t e .  

For  th i s   purpose  it  is  not  a b s o l u t e l y   neces sa ry   to  have  t h e  

compound  AB  comple te ly   d i s s o l v e d   in  the  r e a c t i o n   medium 

as  d i s s o l u t i o n   of  n o n - d i s s o l v e d   m a t e r i a l   wil l   o c c u r  

g r a d u a l l y   during  the  e l e c t r o c h e m i c a l   process   c o n c e r n e d .  

However,  when  the  compound  AB  is  d i s s o l v e d   at  the  b e g i n n i n g  

of  the  e l e c t r o c h e m i c a l   process   it   wi l l   have  a  b e t t e r  

s u p p o r t i n g   f u n c t i o n .   It  is  also  p o s s i b l e   to  i n t r o d u c e   a 

f u r t h e r   s u p p o r t i n g   e l e c t r o l y t e .   Use  can  be  made  of  t h e  

s u p p o r t i n g   e l e c t r o l y t e s   which  are  well-known  in  the  a r t .  

Reference  is  made  to  s a l t s   of  amines  or  q u a r t e r n a r y   ammonium 

s a l t s   such  as  t e t r a a l k y l   ammonium,  h e t e r o c y c l i c   and  ( a l k )  

aryl   ammonium  s a l t s ,   the  co r r e spond ing   anions  c o m p r i s i n g  

i n o r g a n i c   as  well  as  organic   an ions ,   e .g.   phospha tes ,   h a l i d e s ,  

p e r c h l o r a t e s ,   s u l p h a t e s ,   a r y l s u l p h o n a t e s   or  a l k y l s u l p h o n a t e s .  



The  amount  of  a d d i t i o n a l   s u p p o r t i n g   e l e c t r o l y t e   p r e s e n t  

in  the  r e a c t i o n   mixture   may  vary  wi th in   w i d e  l i m i t s .   Amounts 

up  to  50  %w  on  s o l v e n t / r e a g e n t   app l i ed   can  be  used,  s u i t a b l e  

c o n c e n t r a t i o n s   o f ten   being  in  the  range  of  from  0.5  %w  to  15  %w. 

If  d e s i r e d ,   mix tures   of  two  or  more  compounds  a c c o r d i n g  

to  the  g e n e r a l   formula  AB  as  well  as  mix tures   compr i s ing   a t  

l e a s t   one  compound  a c c o r d i n g   to  the  g e n e r a l   formula  AB  and 

at  l e a s t   one  a d d i t i o n a l   s u p p o r t i n g   e l e c t r o l y t e   can  be 

s u i t a b l y   used.  In  the  event  that   as  compounds  a c c o r d i n g  

to  the  g e n e r a l   formula  AB  an  oxa la t e   ( i . e .   a  compound 

wherein  B  r e p r e s e n t s   a  g r o u p  wherein  R5  r e p r e s e n t s  

a  g r o u p  wherein  R6  is  a s  d e f i n e d   h e r e i n -  

before)   and  a  formate  ( i . e .   a  compound  wherein   B  r e p r e s e n t s   a  

g roup  wherein  R5  r e p r e s e n t s   a  hydrogen  atom)  a r e  

used,  advan tage   can  be  taken  from  both  a  carbon  d i o x i d e  

and  a  p ro ton   source  w i th in   the  same  r e a c t i o n   mix tu re .   T h i s  

is  of  s p e c i a l   impor tance   for  e l e c t r o c a r b o x y l a t i o n   r e a c t i o n s  

as  the  p re sence   of  p ro tons   may  i n f l u e n c e   the  c o m p o s i t i o n  

of  the  f i n a l   p r o d u c t s .  

Var ious   c u r r e n t   d e n s i t i e s   can  be  employed  in  t h e  

process   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .   I t   w i l l   be  a d -  

van tageous   to  employ  r e l a t i v e l y   high  c u r r e n t   d e n s i t i e s   i n  

order   to  ach ieve   high  use  of  e l e c t r o l y s i s   c e l l   c a p a c i t y  

depending  on  f a c t o r s   such  a s   cost  and  source  of  e l e c t r i c a l  

c u r r e n t ,   r e s i s t a n c e   of  the  r e a c t i o n   medium,  heat  d i s s i p a t i o n  

problems  and  impact  upon  y i e l d s .   I t   has  been  found  t h a t  

c u r r e n t   d e n s i t i e s   of  from  5-1000  mA/cm 2  can  s u i t a b l y   be 

used  for  the  p rocess   a cco rd ing   to  the  p r e s e n t   i n v e n t i o n .  

P r e f e r e n c e   being  given  to  c u r r e n t   d e n s i t i e s   of  25  mA/cm 2 

and  a b o v e .  

As  d i s c l o s e d   h e r e i n b e f o r e ,   the  p rocess   acco rd ing   t o  

the  p r e s e n t   i n v e n t i o n   can  be  c a r r i e d   out  in  a  o n e - c o m p a r t m e n t  

e l e c t r o l y s i s   c e l l ,   i . e .   in  an  e l e c t r o l y s i s   c e l l   which  

does  not  have  a  c e l l   d i v i d e r   (membrane,  diaphragm)  t o  



s e p a r a t e   the  e l e c t r o d e s .   The  process   can  be  c a r r i e d   o u t  

ba tch -wise   or  ( s e m i ) - c o n t i n u o u s l y .   One-compartment  c e l l s  

e s p e c i a l l y   su i t ed   for  con t inuous   o p e r a t i o n ,   comprise  t h e  

s o - c a l l e d   c a p i l l a r y   gap  c e l l s .   These  c e l l s   c o n s i s t   of  a 

s tack  of  c i r c u l a r   e l e c t r o d e   p l a t e s   s e p a r a t e d   from  each 

other   by  spacers   and  provided  with  a  c e n t r a l   bore.  The 

e l e c t r o l y t e   is  pumped  through  the  c e n t r a l   hole  and  i s  

forced  to  flow  through  the  narrow  gap  between  the  e l e c t r o d e  

p l a t e s .   A  c o n s t a n t   p o t e n t i a l   app l i ed   over  the  s tack  p r o d u c e s  

a  d i p o l a r   e l e c t r o d e   a r rangement ,   each  c a p i l l a r y   gap  t h u s  

se rv ing   as  a  s e p a r a t e   c e l l .   Also  m o d i f i c a t i o n s   of  the  c a p i l l a r y  

gap  cel l   such  as  the  pump  ce l l   ( r o t a t i o n   of  one  of  t h e  

c i r c u l a r   e l e c t r o d e   p l a t e s   causes  the  e l e c t r o l y t e   to  f low 

outwards  through  the  gap,  the  ce l l   thus  a c t i n g   as  i t s  

own  pump)  and  the  t r i c k l e - t o w e r   ce l l   ( c o n s i s t i n g   of  l a y e r s  

of  conduct ing   r ings   s e p a r a t e d   from  each  o ther   by  a  non-  

conduct ing   gauze  while  the  e l e c t r o l y t e   is  sprayed  over  t h e  

top  of  the  column  and  t r i c k l e s   down  over  the  r ings   wh i l s t   a 

c e r t a i n   vo l t age   is  main ta ined   over  the  column)  can  be  u sed  

to  carry  out  the  process   accord ing   to  the  p resen t   i n v e n t i o n .  

The  e l e c t r o d e s   to  be  used  in  the  process   a c c o r d i n g  

to  the  p re sen t   i n v e n t i o n   can  be  of  any  e l e c t r o d e   m a t e r i a l  

which  is  r e l a t i v e l y   i ne r t   under  the  r e a c t i o n   c o n d i t i o n s .  

S u i t a b l e   anodes  are  those  compris ing   p la t inum  or  c a r b o n  

a l though  other   m a t e r i a l s   (e .g .   lead  d iox ide )   can  be  used  a s  

well .   Cadmium,  lead,   mercury  and  mercura ted   lead  are  v e r y  

good  m a t e r i a l s   for  the  cathode  to  be  used  in  the  p r o c e s s  

accord ing   to  the  p re sen t   i n v e n t i o n   a l though  other   m a t e r i a l s  

can  be  used  as  well .   Very  good  r e s u l t s   can  be  o b t a i n e d  

using  a  p la t inum  or  carbon  anode  and  a  lead  or  m e r c u r a t e d  

lead  cathode.   The  choice  of  the  e l e c t r o d e s   wil l   a l s o  

depend  to  some  ex tent   on  the  e l e c t r o r e d u c t i o n   e n v i s a g e d  

taking  into  account  the  o x i d a t i o n   of  e s p e c i a l l y   oxa la te   a n d / o r  

formate  anions  at  the  anode.  Also  i m p u r i t i e s   p resen t   i n  



one  or  both  e l e c t r o d e s   may  have  some  impact  on  the  p r o d u c t s  

o b t a i n e d .  

The  p rocess   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   can  be 

c a r r i e d   out  in  a  w ide  r ange   of  t e m p e r a t u r e s .   I t   has  been  

found  tha t   ambient  t e m p e r a t u r e s   can  be  s u i t a b l y  a p p l i e d   b u t  

h igher   as  well  as  lower  t e m p e r a t u r e s   (e .g .   between  +80oC 

and  -20°C)  are  by  no  means  e x c l u d e d .  I t   is  sometimes  f o u n d  

that   t e m p e r a t u r e s   l ess   than  ambient  are  to  b e  p r e f e r r e d  

from  a  y i e ld   po in t   of  v i e w .  I t   may  then  be  n e c e s s a r y  t o  

cool  the  r e a c t i o n   medium  concerned .   Normally,   g o o d  r e s u l t s  

are  ob ta ined   when  the  e l e c t r o c h e m i c a l   p rocess   is  c a r r i e d   o u t  

at  ambient  t e m p e r a t u r e   or  s l i g h t l y   b e l o w .  

With  r e s p e c t   to  p r e s s u r e   i t   s h o u l d  b e   noted  t h a t  

e s p e c i a l l y   e l e c t r o c a r b o x y l a t i o n  r e a c t i o n s  c a n   be  c a r r i e d  

out  a d v a n t a g e o u s l y   when  carbon   d iox ide   is  a v a i l a b l e   a t  

a tmospher i c   or  h igher   p r e s s u r e s .   P r e s s u r e s   up  to  100  bar  can  

be  s u i t a b l y   a p p l i e d ,   p r e f e r e n c e   being  given  to  p r e s s u r e s  

up  to  50  bar.  As  d i s c u s s e d   h e r e i n b e f o r e ,   i t   is  a l s o  

p o s s i b l e   to  c a r r y  o u t  t h e   e l e c t r o c a r b o x y l a t i o n   r e a c t i o n s  

wi thout   the  p resence   of  an  e x t e r n a l   carbon  d ioxide   s o u r c e  

when  o x a l a t e s   and/or   formates   are  used  as  the  compounds 

to  be  e l e c t r o - o x i d i z e d .   N o n - c a r b o x y l a t i n g  e l e c t r o r e d u c t i o n  

r e a c t i o n s   are  normal ly   c a r r i e d   o u t  a t   au togeneous   p r e s s u r e ,  

a l though  h igher   p r e s s u r e s   can  be  used  as  w e l l .  

The  p roduc t s   o b t a i n e d   a c c o r d i n g   to  the  p r o c e s s  a c c o r d i n g  

to  the  p r e s e n t   i n v e n t i o n  c a n   be  r ecove red   by  a  v a r i e t y  

of  p rocedu re s .   These  p r o c e d u r e s  a r e   wel l -known  in  t h e  

ar t   and  depend  on  the  p a r t i c u l a r   t y p e  o f   p roduct   to  be 

r ecove red .   For  i n s t a n c e ,   in  e l e c t r o c a r b o x y l a t i o n   p r o c e s s e s  

it  may  be  u se fu l   to  conver t   t h e  a c i d s   produced  into  t h e  

co r r e spond ing   a lky l   e s t e r s   by  t r e a t m e n t   with  a n  a l k y l   h a l i d e  

such  as  methyl  i od ide .   I t   may  then  b e  e a s i e r  t o   s e p a r a t e  

the  e s t e r s   produced  f r o m  t h e  s t a r t i n g   m a t e r i a l s   by  c h r o m a t o -  



graphic   t e c h n i q u e s   or  by  d i s t i l l a t i o n ,   e x t r a c t i o n   or  a 

combinat ion   of  such  recovery   t e c h n i q u e s .   It  is  also  p o s s i b l e  

to  t r e a t   the  acids   ob ta ined   with  a  s u i t a b l e   base  and  e x t r a c t i n g  

the  s a l t s   ob ta ined   from  the  r e a c t i o n   mixture .   When  m a c r o ( h e t e r o )  

cyc l i c   p o l y e t h e r s   are  produced  accord ing   to  the  e l e c t r o -  

chemical  p rocess   a cco rd ing   to  the  p resen t   i n v e n t i o n   u s e  

can  be  made  of  the  well-known  complexing  a spec t s   of  such  

products   for  t h e i r   r ecovery   in  a  high  y ie ld   and  with  a 

high  degree  of  p u r i t y .  

It  wi l l   be  c lea r   that   the  compounds  produced  a c c o r d i n g  

to  the  p r e s e n t   i n v e n t i o n   can  be  used  in  var ious   ways 

depending  on  t h e i r   proper  n a t u r e ,   e .g .   c a r b o x y l i c   ac ids   can 

be  used  in  the  p r e p a r a t i o n   of  the  c o r r e s p o n d i n g   e s t e r s   which  

can  be  used  per  se,  e .g .   as  p l a s t i c i z e r s   or  serve  as  s t a r t i n g  

m a t e r i a l s   for  the  p r e p a r a t i o n   of  p o l y e s t e r s   by  r e a c t i n g  

them  with  the  a p p r o p r i a t e   p o l y a l c o h o l s .   M a c r o ( h e t e r o )  

cyc l i c   p o l y e t h e r s   such  as  18-crown-6  or  1 , 1 0 - d i a z a - 1 8 - c r o w n - 6  

can  be  used  for  i n s t a n c e   as  s o l v e n t s   or  as  phase  t r a n s f e r  

a g e n t s .  

The  i n v e n t i o n   wil l   now  be  i l l u s t r a t e d   by  means 

of  the  fo l lowing   Examples .  

The  exper imen t s   d e s c r i b e d   in  the  Examples  I  and 

I I I - X I I I   were  c a r r i e d   out  in  a  c y l i n d r i c a l   g lass   c e l l  

of  100  ml  provided  with  two  e l e c t r o d e s ,   each  having  a 

s u r f a c e - a r e a   of  6  cm .  A  r e f e r e n c e   e l e c t r o d e   was  s i t u a t e d  

wi th in   the  v e s s e l .   The  p o t e n t i a l   of  the  working  e l e c t r o d e  

was  c o n t r o l l e d   by  means  of  a  r e f e r e n c e   e l e c t r o d e   c o n -  

t ac ted   with  the  s o l u t i o n   by  a  L u g g i n - c a p i l l a r y .   The 

exper iments   were  c a r r i e d   out  in  the  presence  of  a t m o s p h e r i c  

carbon  d ioxide   p r e s s u r e .  

The  exper iment   de sc r i bed   in  Example  II  was  c a r r i e d   o u t  

in  a  c a p i l l a r y   gap  c e l l .   The  c a p i l l a r y   gap  ce l l   used  com- 

p r i s e s   a  s e r i e s   of  c y l i n d r i c a l ,   b i po l a r   g r a p h i t e   discs   w i t h  

a  c e n t r a l   o r i f i c e   through  which  the  e l e c t r o l y t e   and  t h e  



a p p r o p r i a t e   s u b s t r a t e s   e n t e r .  T h e y   flow  r a d i a l l y   to  t h e  

p e r i p h e r y   of  the  d i scs   w h e r e  t h e y  a r e   c o l l e c t e d   and  w i t h -  

drawn.  The  carbon  d iox ide   p r e s su re   appl ied   was  2  bar  and 

t h e  f l o w   ra te   of  the  e l e c t r o l y t e   used  was  3  1 / m i n  

N o r m a l l y  a v a i l a b l e   e l e c t r o d e s   were  used  in  t h e  

exper iments   w i t h  t h e   e x c e p t i o n  o f   mercurated  lead  e l e c t r o d e s  

which  were  p repared   b y  e i t h e r   r educ ing  an   aqueous  s o l u t i o n  

of  Hg(II)   a c e t a t e   at  -0 .90  V vs  Standard  Calomel  E l e c t r o d e   (SCE)/  

180  mA for  15  minu te s  on   a  lead  e l e c t r o d e  o r   b y  r u b b i n g  

p o l a r o g r a p h i c a l l y   pure  mercury  on  a  f r e s h l y  c l e a n e d   l e a d  

s u r f a c e .  

T h e  o x a l a t e s   and  f o r m a t e s  t o   be  used  in  the  p r o c e s s  

accord ing   to  the  p r e s e n t   i n v e n t i o n   can  b e  p r e p a r e d   by 

methods  known  in  the  a r t .  F o r   i n s t a n c e ,  a  s u i t a b l e   manner  

for  p r epa r ing   d i t e t r a e t h y l   ammonium  o x a l a t e   (DTEAOx)  com- 

p r i s e s   n e u t r a l i z i n g   a  s o l u t i o n   of  t e t r a e t h y l  a m m o n i u m  

hydroxide   (25  %)  in  water  w i t h  t h e   a p p r o p r i a t e   amount 

of  oxa l i c   ac id .   Water  is  then  removed us ing  a  r o t a t o r y  

e v a p o r a t o r   and  the  r e s i d u e   ob ta ined   dried  f u r t h e r  o v e r  

a  drying  agent  such  a s   phosphorous  p e n t o x i d e  u n d e r  r e d u c e d  

p r e s s u r e .   The  dry  s a l t   ob ta ined   appears   to  be  h y g r o s c o p i c  

and  should  t h e r e f o r e  b e   handled  in  t h e  a b s e n c e   of  m o i s t u r e .  

The  compounds may  a lso   be  prepared   by  r e a c t i o n   o f  

t e r t i a r y   amines  and  the  a p p r o p r i a t e   a lky l   e s t e r s   or  by 

c a t i o n - e x c h a n g e  o f   the  c a r b o x y l i c   a c i d  o r   the  a p p r o p r i a t e  

c a r b o x y l a t e ( s ) .  

The  p roduc ts   ob ta ined   were  i d e n t i f i e d  b y   one  o r  

more  o f  t h e  f o l l o w i n g   t e c h n i q u e s :   g a s / l i q u i d  c h r o m a t o -  

graphy,   mass  s p e c t r o m e t r y ,   proton  magnetic  r e s o n a n c e ,  
13C  magnetic  resonance   and  i n f r a r e d   s p e c t r o s c o p y .  



EXAMPLE  I  -   E l e c t r o c a r b o x y l a t i o n   of  dimethyl   m a l e a t e  

a)  The  exper iment   was  performed  in  the  ves se l   a s  

d e s c r i b e d   h e r e i n b e f o r e .   The  e l e c t r o c a r b o x y l a t i o n   r e a c t i o n  

was  c a r r i e d   out  in  dry  a c e t o n i t r i l e   as  the  s o l v e n t ,   u s i n g  

a  lead  cathode  and  a  p la t inum  anode.  The  r e a c t i o n   was  c a r r i e d  

out  at  room  t empera tu re   using  dimethyl   maleate  in  a  c o n -  

c e n t r a t i o n   of  0.46  m o l . l   and  d i t e t r a e t h y l   ammonium  o x a l a t e  

as  the  carbon  d ioxide   s o u r c e / c o n d u c t i n g   s a l t   (0.23  m o l . l - 1 ) .  

The  r e d u c t i o n   p o t e n t i a l   appl ied   was  -1.60  V  vs  SCE  a t  

a  c u r r e n t   d e n s i t y   of  100  mA/cm2. 

After   the  r e a c t i o n   had  been  stopped  a  crude  p o l y -  

c a r b o x y l i c   acid  product   mixture  had  been  ob ta ined   which  

was  then  e s t e r i f i e d   using  methyl  iodide  to  f a c i l i t a t e  

product   a n a l y s i s   in  the  form  of  the  co r r e spond ing   me thy l  

e s t e r s .   The  cu r r en t   consumed  was  0.95  F.mol-1  and  t h e  

c u r r e n t   y ie ld   of  the  crude  p o l y c a r b o x y l i c   acid  p r o d u c t  

mixture   was  80  %.  From  th is   mixture  of  p o l y c a r b o x y l i c  

acid  methyl  e s t e r s   h e x a m e t h y l - 1 , 1 , 2 , 3 , 4 , 4 - b u t a n e -  

h e x a c a r b o x y l a t e   was  i s o l a t e d   by  c r y s t a l l i z a t i o n   from 

methanol  in  39  % chemical  y ie ld   (41 %  cu r r en t   y i e l d ) .  

b)  The  exper iment   desc r ibed   in  Example  Ia  was  r e p e a t e d  

using  a  carbon  anode.  The  r e d u c t i o n   p o t e n t i a l   was  a g a i n  

-1.60  V  vs  SCE  and  the  cu r r en t   dens i ty   app l ied   was  65  mA/cm2. 

The  c u r r e n t   consumed  was  0.94  F .mol  1 .   After  w o r k i n g - u p  

in  the  manner  as  de sc r ibed   h e r e i n b e f o r e   h e x a m e t h y l -  

1 , 1 , 2 , 3 , 3 , 4 - b u t a n e h e x a c a r b o x y l a t e   was  obta ined  in  42  % 

chemical   y ie ld   (45  % current   y i e l d ) .  

c)  The  experiment   de sc r i bed   in  Example  Ib  was  r e p e a t e d  

using  t e t r a e t h y l   ammonium  formate  (0.46  m o l . l  )   as  t h e  

carbon  d ioxide   s o u r c e / c o n d u c t i n g   s a l t .   The  e l e c t r o c a r -  

b o x y l a t i o n   was  performed  at  a  r educ t ion   p o t e n t i a l   o f  

-1.60  V  vs  SCE  and  at  a  cu r r en t   dens i ty   of  38  mA/cm2. 



The  cu r ren t   consumed  was  1.18  F .mol-1 .   After   a  w o r k i n g - u p  

procedure   s i m i l a r   to  tha t   d e s c r i b e d   in  Example  I b  

two  main  p roduc ts   were  i d e n t i f i e d   in  the  form  of  the  r e s p e c t i v e  

methyl  e s t e r s :   t r i m e t h y l - 1 , 1 , 2 - e t h a n e t r i c a r b o x y l a t e   in  35  % 

chemical   y ie ld   (59  %  c u r r e n t   y i e ld )   and  t e t r a m e t h y l - 1 , 2 , 3 , 4 -  

b u t a n e t e t r a c a r b o x y l a t e   in  17 %  chemical   y i e ld   (20 %  c u r r e n t  

y i e l d ) .   No  h e x a m e t h y l - 1 , 1 , 2 , 3 , 4 , 4 - b u t a n e h e x a c a r b o x y l a t e  

could  be  de t ec t ed   i n d i c a t i n g   the  i n f l u e n c e   of  p r o t o n s  

o r i g i n a t i n g   from  the  o x i d a t i o n   of  the  formate  ion  on  t h e  

r e a c t i o n   p a t t e r n .  

d)  The  exper iment   d e s c r i b e d   in  Example  Ia  was  r e p e a t e d  

using  t e t r a e t h y l   ammonium  azide   (0.23  m o l . l - 1 )   as  t h e  

conduct ing   s a l t .   The  e l e c t r o c a r b o x y l a t i o n   was  pe r fo rmed  

at  a  r educ t ion   p o t e n t i a l   of  -1 .53  V  vs  SCE  at  a  c u r r e n t  
2 

d e n s i t y   of  25  mA/cm .  The  c u r r e n t   consumed  was  1.02  F . m o l - 1 .  

After   working  up  in  the  manner  as  d e s c r i b e d   h e r e i n b e f o r e  

p o l y c a r b o x y l i c   ac ids   were  ob ta inedd   in  40 %  chemical   y i e l d  

(40 %  cu r ren t   y i e l d )   of  which  11 %  appeared  to  be   h e x a m e t h y l -  

1 , 1 , 2 , 3 , 4 , 4 - b u t a n e h e x a c a r b o x y l a t e .  

e)  The  exper iment   d e s c r i b e d   in  Example  Ia  was  r e p e a t e d  

using  methyl  t r i e t hy lme thy l ammon ium  o x a l a t e  ( 0 . 2 3   m o l . l - 1 )  

as  the  conduct ing   s a l t .   The  e l e c t r o c a r b o x y l a t i o n   was 

performed  at  a  r e d u c t i o n   p o t e n t i a l   of  -1 .60  V  vs  SCE  a t  
2 

a  cu r r en t   d e n s i t y   of  40  mA/cm .  The  c u r r e n t   consumed 

was  0.45  F . m o l  .   After   working  up  in  the  manner  as  d e s c r i b e d  

h e r e i n b e f o r e   t e t r a m e t h y l - 1 , 2 , 3 , 4 - b u t a n e   t e t r a c a r b o x y l a t e  

was  obta ined  in  38 %  c u r r e n t   y i e l d .  

EXAMPLE  I I  -   E l e c t r o c a r b o x y l a t i o n   of  d i m e t h y l m a l e a t e   in  a 

c a p i l l a r y   gap  c e l l  

The  e l e c t r o c a r b o x y l a t i o n   of  d imethyl   maleate   was  c a r r i e d  

out  in  a  c a p i l l a r y   gap  ce l l   as  d e s c r i b e d   h e r e i n b e f o r e .   The 

e l e c t r o c a r b o x y l a t i o n   was  c a r r i e d   out  in  the  presence  o f  



gaseous  carbon  d ioxide   ( p r e s su re   2  bar)  at  a  flow  r a t e  

of  the  e l e c t r o l y t e   system  d i t e t r a e t h y l   ammonium  o x a l a t e /  

a c e t o n i t r i l e   of  3  l . m i n  1 .   The  y ie ld   of  the  crude  p o l y -  

c a r b o x y l i c   ac ids   ( i s o l a t e d   as  the  c o r r e s p o n d i n g   m e t h y l  

e s t e r s   and  i d e n t i f i e d   by  g a s / l i q u i d   chromatography)   was 

77  %.  The  a d d i t i o n   of  methanol  caused  p r e c i p i t a t i o n   o f  

h e x a m e t h y l - 1 , 1 , 2 , 3 , 4 , 4 - b u t a n e h e x a c a r b o x y l a t e   (y i e ld   20  %). 

D i s t i l l a t i o n   of  the  r e s idue   a f fo rded   an  a d d i t i o n a l   40  % 

y ie ld   of  the  fo l lowing   e s t e r s :  

t r i m e t h y l - 1 , 1 , 2 - e t h a n e t r i c a r b o x y l a t e   (5  %) 

t e t r a m e t h y l - 1 , 1 , 2 , 2 - e t h a n e t e t r a c a r b o x y l a t e   (24  %)  and 

p e n t a m e t h y l - 1 , 1 , 2 , 3 , 4 - b u t a n e p e n t a c a r b o x y l a t e   (11  %). 

EXAMPLE  I I I  -   E l e c t r o c a r b o x y l a t i o n   of  a c r y l o n i t r i l e  

The  e l e c t r o c a r b o x y l a t i o n   of  a c r y l o n i t r i l e   (0.23  m o l . l - 1 )  

was  c a r r i e d   out  in  the  v e s s e l   desc r ibed   in  Example  I  

using  a  lead  cathode  and  a  p la t inum  anode.  The  c o n -  

c e n t r a t i o n   of  the  c a r b o n d i o x i d e   s o u r c e / c o n d u c t i n g   s a l t  

DTEAOx  amounted  to  0.23  m o l . l  1 .   The  r e d u c t i o n   p o t e n t i a l  

was  -2.14  V  vs  SCE  and  the  cu r r en t   dens i t y   was  30  mA/cm2. 

The  c u r r e n t   consumed  was  1.67  F . m o l  .   The  compound 

1 - c y a n o - d i m e t h y l - 1 , 2 - e t h a n e d i c a r b o x y l a t e   was  o b t a i n e d  

a f t e r   d i s t i l l a t i o n   in  34  %  chemical  y ie ld   (41 %  c u r r e n t  

y i e l d ) .  

EXAMPLE  IV -  E l e c t r o c a r b o x y l a t i o n   of  methyl  vinyl   k e t o n e  

Methyl  v inyl   ketone  (0.46  m o l . l  1 )   was  e l e c t r o c a r b o x y l a t e d  

under  the  c o n d i t i o n s   de sc r i bed   in  Example  III   at  a  r e d u c t i o n  

p o t e n t i a l   of  -1.92  V  vs  SCE  and  at  a  cu r ren t   d e n s i t y   o f  

25  mA/cm .  The  c u r r e n t   consumed  was  0.90  F.mol-1.   A f t e r  

working  up  in  the  usual   manner  the  methyl  e s t e r   o f  

l e v u l i n i c   acid  was  ob ta ined   in  4  % chemical  y ie ld   (9  % 

cu r r en t   y i e l d ) .  



EXAMPLE  V -  E l e c t r o c a r b o x y l a t i o n   of  a l p h a - m e t h y l s t y r e n e  

The  exper iment   d e s c r i b e d   in  Example  IV  was  r e p e a t e d  

using  a l p h a - m e t h y l   s t y r e n e   as  the  compound  to  be 

e l e c t r o c a r b o x y l a t e d .   The  r e d u c t i o n   p o t e n t i a l   was  -2.20  V 

vs  SCE  and  the  c u r r e n t   d e n s i t y   was  18  mA/cm .  The  c u r r e n t  

consumed  was  1.97  F .mol-1 .   After   working  up  in  the  u s u a l  

manner  the  methyl  e s t e r   of  2 - m e t h y l - 2 - p h e n y l   s u c c i n i c  

acid  was  ob ta ined   in  19 %  chemical   y i e l d   (19 %  c u r r e n t  

y i e l d ) .   Also  a  t r ace   of  the  methyl  e s t e r   of  3 - p h e n y l  

bu tano ic   acid  could  be  d e t e c t e d .  

EXAMPLE  VI -   E l e c t r o c a r b o x y l a t i o n   of  b e n z a l a n i l i n e  

B e n z a l a n i l i n e   was  e l e c t r o c a r b o x y l a t e d   in  the  manner 

as  d e s c r i b e d   in  Example  I  us ing  a  lead  cathode  and  a  

p la t inum  anode.  The  c o n c e n t r a t i o n   of  b e n z a l a n i l i n e  

amounted  to  0.20  mol.l-1  and  tha t   of  DTEAOx  to  0.23  m o l . l - 1 ,  

the  s o l v e n t   being  dry  a c e t o n i t r i l e .   The  e l e c t r o c a r b o x y l a t i o n  

was  performed  at  a  r e d u c t i o n   p o t e n t i a l   of  -1 .80  V  vs  SCE 

and  at  a  c u r r e n t   d e n s i t y   of  20  mA/cm .  The  c u r r e n t   consumed 

was  1.50  F . m o l  .   After   working  up  in  the  usual   manner 

m e t h y l - 2 - p h e n y l - 2 - a n i l i n o   a c e t a t e   was  ob t a ined   in  58  % 

chemical   y i e ld   (79 %  c u r r e n t   y i e l d ) .  

EXAMPLE  V I I  -   E l e c t r o c a r b o x y l a t i o n   of  a c e t o p h e n o n e  

The  exper iment   d e s c r i b e d  i n   Example  VI  was  r e p e a t e d  

using  ace tophenone   (0.23  m o l . l - 1 )   as  the  compound  to  be 

e l e c t r o c a r b o x y l a t e d .   The  r e d u c t i o n   p o t e n t i a l   was  -1 .80  V 

vs  SCE  and  the  c u r r e n t   d e n s i t y   was  25  mA/cm .  The  c u r r e n t  

consumed  was  1.06  F .mol-1 .   After   working  up  in  t h e  

usual  manner  the  methyl  e s t e r   of  a l p h a - p h e n y l   l a c t i c   a c i d  

was  ob t a ined   as  the  main  product   (40 %  chemical   y i e l d ,   58  % 

c u r r e n t   y i e l d ) .   Also  ace tophenone   p i n a c o l   ( 2 , 3 - d i h y d r o x y -  

2 , 3 - d i p h e n y l b u t a n e )   had  been  formed  in  29 %  c h e m i c a l  

y ie ld   (21 %  c u r r e n t   y i e l d ) .  



EXAMPLE  V I I I  -   E l e c t r o c a r b o x y l a t i o n   of  a z o b e n z e n e  

The  exper iment   desc r ibed   in  Example  VII  was  r e p e a t e d  

using  azobenzene  (0.23  m o l . l  1 )   as  the  compound  to  be 

e l e c t r o c a r b o x y l a t e d .   The  r e d u c t i o n   p o t e n t i a l   was  -1.31  V 

vs  SCE  and  the  cu r ren t   dens i t y   was  13  mA/cm .  The  c u r r e n t  

consumed  was  1.06  F.mol-1.   After   working  up  in  the  u s u a l  

manner,  a  mixture  of  the  methyl  e s t e r s   of  the  mono-  and 

d i c a r b o x y l i c   acid  of  azobenzene  was  o b t a i n e d :  

EXAMPLE  IX -  E l e c t r o c a r b o x y l a t i o n   of  h a l o g e n - c o n t a i n i n g  
compounds 

a)  The  exper iment   desc r ibed   in  Example  VIII  was 

r epea t ed   using  1 -b romo-2-methy lpen tane   (0.23  m o l . l  1 )   a s  

the  s u b s t r a t e .   The  r e d u c t i o n   p o t e n t i a l   was  -2.15  V  vs  SCE 

and  the  c u r r e n t   dens i ty   amounted  to  8  mA/cm2.  The  c u r r e n t  

consumed  was  2.03  F.mol-1.   After   working  up  in  t h e  

usual   manner  the  methyl  e s t e r   of  b e t a - m e t h y l   h e x a n o i c  

acid  was  i s o l a t e d   in  a  very  high  y i e l d :   96 %  chemical  y i e l d  

and  95 %  cu r r en t   y i e l d .  

b)  The  exper iment   de sc r i bed   in  Example  IXa  was  r e p e a t e d  

using  p i v a l o y l c h l o r i d e   (0.23  m o l . l - 1 )   as  the  s u b s t r a t e .  

The  r e d u c t i o n   p o t e n t i a l   was  -2.20  V  vs  SCE  and  the  c u r r e n t  

d e n s i t y   was  28  mA/cm.  The  c u r r e n t   consumed  was  1.61  F . m o l - 1 .  

After   the  usual  working  up  procedure   methyl  p i v a l o a t e   was 

ob ta ined   in  50 %  chemical  y ie ld   (62  %  cu r r en t   y i e l d )  

c)  The  experiment   desc r ibed   in  Example  IXa  was  r e p e a t e d  

using  1 , 1 , 1 , 2 , 3 , 3 , 3 - h e p t a c h l o r o p r o p a n e   as  the  s u b s t r a t e .  

After  the  usual  working  up  procedure   the  methyl  e s t e r   o f  



a l p h a - t r i c h l o r o m e t h y l   b e t a - t r i c h l o r o p r o p i o n i c   acid  was 

i s o l a t e d   in  30 %  c u r r e n t   y i e l d .  

d)  The  expe r imen t   de sc r i bed   in  Example IXa  was 

repea ted   using  2 , 4 - d i b r o m o - 2 , 4 - d i m e t h y l p e n t a n - 3 - o n e   as  t h e  

s u b s t r a t e .   Af ter   the  usual   working  up  p r o c e d u r e  a   mixture   o f  

c a r b o x y l a t e d   p r o d u c t s   was  o b t a i n e d .  

EXAMPLE  X -  E l e c t r o r e d u c t i o n   o f p - n i t r o b e n z y l   d i m e t h y l  
su lphonium  c h l o r i d e  

The  e l e c t r o r e d u c t i o n   of  p - n i t r o b e n z y l   d imethyl   s u l -  

phonium  c h l o r i d e  w a s   performed  in  the  v e s s e l   d e s c r i b e d  

in  Example  Ia.  The  e l e c t r o r e d u c t i o n   was  c a r r i e d   out  a t  

room  t e m p e r a t u r e   us ing  a  lead  cathode  and  a  p l a t i n u m  

anode.  Methanol  was  used  as  the  s o l v e n t  a n d   the  c o n c e n -  

t r a t i o n   of  the  sulphonium  compound  amounted  to  0 . 0 2 5  
mol . l -1   whereas  the  c o n c e n t r a t i o n   o f  t h e   conduc t ing   s a l t  

DTEAOx  amounted  to  0.23  m o l . l - 1 .   The  r e d u c t i o n  p o t e n t i a l  

was  -1.0  V  vs  SCE and  the  c u r r e n t   d e n s i t y  w a s  3   mA/cm2. 

The  c u r r e n t   consumed  was  1.4  F .mol-1.   T h e  r e a c t i o n   p r o d u c t s  

found  were  p a r a - n i t r o t o l u e n e   in  22  %  y i e l d  ( 5 5  %   c u r r e n t  

y i e ld )   and  4 , 4 ' - d i n i t r o b i b e n z y l   in  13 %  y ie ld   (9  % 

cu r r en t   y i e l d ) .  

EXAMPLE  XI -   E l e c t r o r e d u c t i o n   of  1 , 1 0 - b i s ( p - t o l u e n e  
s u l p h o n y l ) - 1 , 1 0 - d i a z a - 1 8 - c r o w n - 6  

The  expe r imen t   d e s c r i b e d   in  t h e  p r e v i o u s   Example 

was  r epea t ed   us ing   a  mercury   cathode  and  a  lead  anode  w h i l s t  

the  compound  to  b e  e l e c t r o r e d u c e d   was  1 , 1 0 - b i s ( p - t o l u e n e  

s u l p h o n y l ) - 1 , 1 0 - d i a z a - 1 8 - c r o w n - 6   d i s s o l v e d   in  d i m e t h y l  

formamide  (0.0044  m o l . l - 1  ) .   The  conduc t ing   s a l t   was 

t e t r a e t h y l   ammonium  formate  (0.20  m o l . l - 1 )   and  the  e l e c t r o -  

r e d u c t i o n   was  c a r r i e d   out  at  a  r e d u c t i o n   p o t e n t i a l   of  - 2 . 2 6  

V  vs  SCE  at  a  c u r r e n t   d e n s i t y   of  3 mA/cm .  The  c u r r e n t   c o n -  

sumed  was  5.4  F . m o l  .   1 , 1 0 - D i a z a - 1 8 - c r o w n - 6   was  o b t a i n e d  

in  85 %  chemical   y i e ld   (63 %  cu r r en t   y i e l d ) .  



EXAMPLE  XII  -   E l e c t r o r e d u c t i o n   of  a c e t o p h e n o n e  

a)  The  e l e c t r o r e d u c t i o n   d e s c r i b e d   in  the  p r e v i o u s  

Example  was  repea ted   using  a  mercury  cathode  and  a  p l a t i n u m  

anode  w h i l s t   the  compound  to  be  e l e c t r o r e d u c e d   was  a c e t o -  

phenone  d i s s o l v e d   in  methanol  (0.23  m o l . l - 1 ) .   The  c o n -  

duc t ing   s a l t   was  d i t e t r a e t h y l   ammonium  oxa la t e   (0.23  m o l . l - 1 )  

and  the  e l e c t r o r e d u c t i o n   was  c a r r i e d   out  at  a  r e d u c t i o n  

p o t e n t i a l   of  -1.60  V  vs  SCE  at  a  c u r r e n t   d e n s i t y   of  20  mA/cm2. 

The  c u r r e n t   consumed  was  1.55  F . m o l  .   Ace tophenone  

p inacol   was  ob ta ined   in  94 %  chemical   y i e ld   (61  %  c u r r e n t  

y i e l d ) .   No  c a r b o x y l a t e d   p roduc t   could  be  de t ec t ed   ( c f .  

Example  V I I ) .  

b)  The  exper iment   d e s c r i b e d   in  Example  XIIa  was  r e p e a t e d  

using  a c e t o n i t r i l e   as  the  s o l v e n t .   The  r e d u c t i o n   p o t e n t i a l  

was  -1.80  V  vs  SCE  at  a  c u r r e n t   d e n s i t y   of  2  mA/cm2.  The 

cu r r en t   consumed  was  1.59  F.mol-1  and  ace tophenone   p i n a c o l  

was  ob ta ined   in  46  %  chemical   y i e ld   (29  % current   y i e l d ) .  

Again  no  c a r b o x y l a t i o n   product   could  be  de t ec t ed   ( c f .  

Example  V I I ) .  

c)  The  exper iment   d e s c r i b e d   in  Example  XIIa  was  r e p e a t e d  

using  t e t r a e t h y l   ammonium  g l y c o l a t e   as  the  conduc t ing   s a l t  

(0.23  m o l . l - 1 ) .   The  e l e c t r o r e d u c t i o n   was  c a r r i e d   out  a t  

a  r e d u c t i o n   p o t e n t i a l   of  -1.71  V  vs  SCE  at  a  c u r r e n t  

dens i t y   of  16  mA/cm .  The  c u r r e n t   consumed  was  1.46  F . m o l - 1 .  

Acetophenone  p inacol   was  ob ta ined   in  90  %  chemical  y i e l d  

(60  % cur ren t   y i e l d ) .  

d)  The  exper iment   d e s c r i b e d   in  Example  XIIc  was 

repea ted   using  the  methyl  e ther   of  t e t r a m e t h y l   ammonium 

g l y c o l a t e   as  the  conduc t ing   s a l t   (0.25  m o l . l -  1).  The 

e l e c t r o r e d u c t i o n   was  c a r r i e d   out  at  a  r e d u c t i o n   p o t e n t i a l  

of  -1.68  V  vs  SCE  at  a  c u r r e n t   dens i t y   of  13  mA/cm .  The 

cu r r en t   consumed  was  1.40  F . m o l  .   Acetophenone  p i n a c o l  

was  ob ta ined   in  87 %  chemical   y i e ld   (62  % cur ren t   y i e l d ) .  



EXAMPLE  X I I I  -   E l e c t r o r e d u c t i o n   of  1 , 2 - d i b r o m o - 1 , 2 - d i -  
phenyl  e t h a n e  

a)  The  e l e c t r o r e d u c t i o n   of  1 , 2 - d i b r o m o - 1 , 2 - d i p h e n y l  

ethane  in  a c e t o n i t r i l e   (0.31  m o l . l - 1 )   w a s  c a r r i e d   out  i n  

the  v e s s e l   d e s c r i b e d  i n   Example  I  using  a  l e a d  c a t h o d e  

and  a  p l a t i n a   anode.  The  c o n c e n t r a t i o n   of  the  c o n d u c t i n g  

s a l t   d i t e t r a e t h y l   ammonium  oxa l a t e   was  0.23  m o l . l - 1 .   The 

r e d u c t i o n   p o t e n t i a l   was  -1.35  V  vs  SCE  at  a  c u r r e n t  

d e n s i t y   of  20  mA/cm2.  The  c u r r e n t   consumed  w a s  1 . 9 5  
F .mol -1 .   After   working  u p  s t i l b e n e   was  o b t a i n e d  i n  8 4   % 

chemical   y i e ld   (86 %  c u r r e n t   y i e l d )   in  a  c i s / t r a n s  

r a t i o   of  3 8 / 6 2 .  

b)  The  exper iment   de sc r i bed   in  Example  X I I I a  w a s  r e p e a t e d  

using  a c e t o n i t r i l e   c o n t a i n i n g  1 0   %w  H20  as  the  s o l v e n t .  

D i t e t r a e t h y l   ammonium  oxa la t e   was  used  as  t h e  c o n d u c t i n g  

s a l t   (0.25  m o l . l   ).  The  e l e c t r o r e d u c t i o n  w a s   c a r r i e d   o u t  

at  80  °C  and  at  a  r e d u c t i o n   p o t e n t i a l   of  -1.50  V vs  SCE 

at  a  c u r r e n t   d e n s i t y  o f   18  mA/cm2.  The  c u r r e n t  c o n s u m e d  

was  2.04  F .mol-1 .   Af ter   working  up  t r a n s - s t i l b e n e   was 

ob t a ined   in  93 %  c h e m i c a l  y i e l d   (91%  c u r r e n t   y i e l d ) .  

c)  The  exper iment   d e s c r i b e d   in  Example  XIIIb  was  r e p e a t e d  

using  a c e t o n i t r i l e / w a t e r   (1:1)  a s  t h e   so lven t   mix tu re .   The 

e l e c t r o r e d u c t i o n   was  c a r r i e d   out  at  a  r e d u c t i o n   p o t e n t i a l  

of  -1 .70  V  vs  SCE  at  a  c u r r e n t   d e n s i t y  o f  5   mA/cm2.  The 

c u r r e n t   consumed  was  2.35  F .mol-1 .   After   w o r k i n g  u p  t r a n s -  

s t i l b e n e   was  ob t a ined   in 75 %  chemical   y i e l d  ( 6 4  %   c u r r e n t  

y i e l d .  

d)  The  exper iment   d e s c r i b e d   in  Example  XIIIc  was 

r epea t ed   using  dry  methanol  as  the  s o l v e n t   and  ammonium- 

formate  (0.2  m o l . l - 1 )   as  the  conduc t ing   s a l t .   The  e l e c t r o -  

r e d u c t i o n   was  c a r r i e d   out  at  a  r e d u c t i o n  p o t e n t i a l   o f  

-1.54  V  vs  SCE  at  a  c u r r e n t   d e n s i t y  o f   9  mA/cm .  The 

c u r r e n t   consumed  was 5.1  F .mol-1 .   After   w o r k i n g  u p  

t r a n s - s t i l b e n e   was  ob ta ined   in  92  %  chemical   y i e l d   (36  % 

c u r r e n t   y i e l d ) .  



1.  A  process   for  the  e l e c t r o r e d u c t i v e   p r e p a r a t i o n   o f  

o rgan ic   compounds  in  an  undiv ided   ce l l   which  c o m p r i s e s  

as  r e a c t i o n   at  the  c o u n t e r - e l e c t r o d e   the  o x i d a t i o n   o f  

anions  of  one  or  more  compounds  accord ing   to  the  g e n e r a l  

formula  AB,  wherein  A  r e p r e s e n t s   an  a l k a l i   or  a l k a l i n e  

ea r th   metal  moiety;  a  group  of  formula  NR1R2R3R4, 
4 

wherein  each  of  R ,  R2,  R3 and  R ,  which  may  be  the  same 

or  d i f f e r e n t ,   r e p r e s e n t s   a  hydrogen  atom,  an  a l k y l  

group  of  8  carbon  atoms,  or  an  ( a l k ) a r y l   group  which  may  be 

s u b s t i t u t e d   by  one  or  more  lower  a lkyl   groups;   or  a 

py r id in ium  ion  which  may  be  s u b s t i t u t e d   by  one  or  more 

lower  a lky l   groups  and  B  r e p r e s e n t s   an  azi8e  group  o r  

a  g r o u p  wherein  R5  r e p r e s e n t s   a  hydrogen  a tom,  

a  g r o u p  ,  wherein  R  r e p r e s e n t s   a  hydrogen  a tom,  

an  a lky l   group  of  up  to  8  carbon  atoms  or  a  group  A,  or  a  

group  -CH2OR7,  wherein  R7  r e p r e s e n t s   a  hydrogen  atom,  an 

a lky l   group  of  up  to  8  carbon  atoms  or  an  ( a l k ) a r y l   g roup  

which  may  be  s u b s t i t u t e d   by  one  or  more  lower  a lkyl   g r o u p s .  
2.  A  process   acco rd ing   to  claim  1,  in  which  the  e l e c t r o -  

r e d u c t i v e   p r e p a r a t i o n   of  o rgan ic   compounds  is  c a r r i e d   o u t  

in  an  undiv ided   cel l   in  a  non-aqueous  or  a p r o t i c   e n v i r o n m e n t  

which  comprises   as  r e a c t i o n   at  the  c o u n t e r - e l e c t r o d e   t h e  

o x i d a t i o n   of  anions  of  one  or  more  compounds  accord ing   t o  

the  genera l   formula  AB,  wherein  A  r e p r e s e n t s   an  a l k a l i   o r  

a l k a l i n e   ea r th   metal  moiety,   a  group  of  f o r m u l a  
NR1R2R3R4,  wherein  each  of  R1,  R2,  R3  and  R .  which 

may  be  the  same  or  d i f f e r e n t ,   r e p r e s e n t s   an  a lkyl   g roup  

of  up  to  4  carbon  atoms,  a  phenyl  group  or  a  py r id in ium  i o n  

and  B  r e p r e s e n t s   a  g roup  ,  wherein  R5  r e p r e s e n t s  

a  hydrogen  atom,  a  g roup  wherein  R  r e p r e s e n t s   a 

hydrogen  atom,  an  a lkyl   group  of  up  to  8  carbon  atoms  o r  

a  group  A,  or  a  group  -CH2OR7,  wherein  R7  r e p r e s e n t s   a 



hydrogen  atom  or  an  a lky l   group  of  up  to  8  carbon  a t o m s .  

3.  A  process   a c c o r d i n g   to  claim  2,  which  comprises   a s  

r e a c t i o n   at  the  c o u n t e r - e l e c t r o d e   the  o x i d a t i o n   of  anions  o f  

one  or  more  compounds  acco rd ing   to  the  g e n e r a l   formula  AB, 

wherein  A  r e p r e s e n t s   a  group  of  formula  NR1R2R3R4, 

wherein  each  of  R1,  R2,  R3 and  R4,  which  may  be  the  same 

or  d i f f e r e n t ,   r e p r e s e n t s   a  methyl  or  e thy l   group  and  B 

r e p r e s e n t s   a  g roup  wherein  R5  r e p r e s e n t s   a  h y d r o g e n  

atom  or  a  g r o u p  wherein  R  r e p r e s e n t s   a  h y d r o g e n  

atom,  an  a lky l   group  of  up  to  4  carbon  atoms  or  a  group  A. 

4.  A  p rocess   a c c o r d i n g   to  claim  3,  which  comprises   a s  

r e a c t i o n   at  the  c o u n t e r - e l e c t r o d e   the  o x i d a t i o n   of  o x a l a t e  

and/or   formate  i o n s .  

5.  A  process   a c c o r d i n g   to  any  one  of  the  p reced ing   c l a i m s ,  

which  comprises   as  e l e c t r o r e d u c t i o n   r e a c t i o n   the  e l e c t r o -  

c a r b o x y l a t i o n   of  a c t i v a t e d   o l e f i n s ,   imines ,   ke tones   or  h a l o g e n  

compounds.  

6.  A  process   a c c o r d i n g   to  claim  5,  which  comprises   t h e  

e l e c t r o c a r b o x y l a t i o n   of  an  a c t i v a t e d   o l e f i n   accord ing   t o  

the  gene ra l   f o r m u l a :  

wherein  R8,  R9 and  R  ,   which  may  be  the  same  or  d i f f e r e n t ,  

each  r e p r e s e n t   a  hydrogen  atom,  an  a lky l   group  of  up  t o  

8  carbon  atoms,  a  phenyl  group  which  may  be  s u b s t i t u t e d  

by  one  or  more  halogen  atoms  and /or   lower  a l ky l   g r o u p s  

or  a  group  A1;  and  A  r e p r e s e n t s   a  group  -CN  or  a  g r o u p  

11,  wherein  R11  r e p r e s e n t s   an  a lky l   group  o f  

up  to  8  carbon  atoms,  or  a  phenyl  group  which  may  be 

s u b s t i t u t e d   with  one  or  more  halogen  atoms  and/or   l o w e r  

a lky l   groups  and  n  is  0  or  1. 



7.  A  process   accord ing   to  claim  6,  which  comprises   t h e  

a l e c t r o c a r b o x y l a t i o n   of  compounds  accord ing   to  the  g e n e r a l  

formula  I,  wherein  A  r e p r e s e n t s   a  group  -CN,  a  g roup  

-C  (O)  -R11,  wherein  R11  r e p r e s e n t s   a  methyl  group  and  n 

is  0  or  1,  or  a  phenyl  group  and  each  of  R 8  R  and  R10 

r e p r e s e n t s   a  hydrogen  atom  or  a  lower  a lkyl   group  or  a t  

l e a s t   one  of  R ,  R a n d   R   r e p r e s e n t s   a  group  A  .  

8.  A  process   accord ing   to  claim  7,  which  comprises   t h e  

e l e c t r o c a r b o x y l a t i o n   of  d imethyl   malea te ,   a c r y l o n i t r i l e ,  

methyl  v inyl   ketone  or  a l pha -me thy l   s t y r e n e .  

9.  A  process   accord ing   to  claim  5,  in  which  a  ( s u b -  

s t i t u t e d )   b e n z a l a n i l i n e   or  a  bromo  or  chloro  compound 

such  as  1-bromo-2-methyl   pentane  or  p i v a l o y l   c h l o r i d e   i s  

e l e c t r o c a r b o x y l a t e d .  

10.  A  process   accord ing   to  any one  of  claims  5-9,  i n  

which  the  e l e c t r o c a r b o x y l a t i o n   is  c a r r i e d   out  in  t h e  

presence   of  n o n - e l e c t r o c h e m i c a l l y   genera ted   carbon  d i o x i d e .  

11.  A  process   accord ing   to  any one  of  claims  1-4,  which 

comprises   the  e l e c t r o r e d u c t i o n   of  sulphonium  s a l t s ,   e s p e c i a l l y  

a romat ic   sulphonium  s a l t s ,   sulphonamides   or  1 , 2 - d i h a l o -  

a l k a n e s .  

12.  A  process   accord ing   to  claim  11,  which  c o m p r i s e s  

the  e l e c t r o r e d u c t i o n   of  a  b i s ( s u b s t i t u t e d )   su lphonamide  

of  a  mac rocyc l i c   ( h e t e r o c y c l i c )   p o l y e t h e r ,   e s p e c i a l l y   o f  

1 , 1 0 - b i s ( p - t o l u e n e   s u l p h o n y l ) - 1 , 1 0 - d i a z a , 4 , 7 , 1 3 , 1 6 - t e t r a -  

o x a c y c l o o c t a d e c a n e .  

13.  A  process   accord ing   to  claim  11,  which  comprises   t h e  

e l e c t r o r e d u c t i o n   of  an  1 , 2 - d i h a l o a l k a n e ,   e s p e c i a l l y   o f  

1 , 2 - d i b r o m o - 1 , 2 - d i p h e n y l   e t h a n e .  

14.  A  process   accord ing   to  any one  of  the  p reced ing   c l a i m s ,  

in  which  the  e l e c t r o r e d u c t i o n   is  performed  in  the  presence  o f  

an  i n e r t   s o l v e n t .  

15.  A  process   accord ing   to  claim  14,  in  which  the  s o l v e n t  

app l ied   is  an  e the r ,   a  c h l o r i n a t e d   or  f l u o r i n a t e d   h y d r o -  



carbon,  a  n i t r i l e ,   a  lower  a l k a n o l ,   a  formamide,  an  

( a l k y l ) s u b s t i t u t e d   s u l p h o l a n e ,   an  o rganic   c a r b o n a t e ,  

n i t r o m e t h a n e ,   N-methyl  p y r o l i d o n e   or  h e x a m e t h y l p h o s -  

p h o r t r i a m i d e .  

16.  A  p rocess   a c c o r d i n g   to  claim  15,  in  which   t h e  s o l v e n t  

app l ied   is  a c e t o n i t r i l e ,   d i m e t h y l f o r m a m i d e  o r   m e t h a n o l .  

17.  A  p rocess   a c c o r d i n g   to  a n y  o n e  o f   t h e  p r e c e d i n g  

c la ims,   in  which  the  e l e c t r o r e d u c t i o n   is  c a r r i e d   out   i n  

the  p resence   of  an  a d d i t i o n a l   conduc t ing   s a l t ,   p r e f e r a b l y  

in  a  c o n c e n t r a t i o n   in  t h e  r a n g e   of  f rom 0 .5   %w  to  15  %w. 

18.  A  p rocess   a c c o r d i n g   to  any one  of  the  p r e c e d i n g  

c la ims,   in  which  the  r e a c t i o n   is  c a r r i e d  o u t  a t  a   c u r r e n t  

d e n s i t y   in  the  range  of  from  5-1000  mA/cm2,  p r e f e r a b l y   a t  

a  c u r r e n t   d e n s i t y   o f  a t   l e a s t   25  mA/cm2. 

19.  A  p rocess   a c c o r d i n g   to  a n y  o n e  o f   the  p r e c e d i n g  c l a i m s ,  

in  which  the  e l e c t r o r e d u c t i o n   is  performed  in  a  o n e -  

compartment  c e l l   of  the  c a p i l l a r y - g a p   t y p e .  

20.  A  p rocess   a c c o r d i n g   to  any one  of  the  p r e c e d i n g  

c la ims,   in  which  the  e l e c t r o r e d u c t i o n   is  c a r r i e d   o u t  

using  a  p l a t i num  or  carbon  anode  and  a  l e a d   o r  

mercura ted   l e a d  c a t h o d e .  

21.  A  p rocess   a c c o r d i n g   to  any   one  of  t h e  p r e c e d i n g  

c la ims,   in  which  t h e  e l e c t r o r e d u c t i o n   is  c a r r i e d   o u t  

at  ambient  t e m p e r a t u r e   or  s l i g h t l y   be low.  
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