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Process  for  halogenating  carboxylate  compounds 
having  at  least  one  reactive  alpha  hydrogen  substituent, 
comprising  contacting  said  carboxylate  compound  with  a 
halogen  or  halogen  source  in  the  presence  of  an  effective 
amount  of  a  cyanoquinone  compound  and  acidic  auxiliary 
agent,  a  catalyse  system  comprising  the  cyanoquinone 
material  and  the  acidic  auxiliary  agent,  and  a  halogenation 
medium  comprising  a  halogen,  selected  from  chlorine  and 
bromine  and  a  catalyst  system  comprising  a  cyanoquinone 
material  and  an  acidic  auxiliary  agent. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  c o m p o s i t i o n s   a n d  

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

and  a c i d   a n h y d r i d e s   at   the  og-carbon  atom  in  the  p r e s e n c e  
of  a  c y a n o q u i n o n e   c o m p o u n d .  

The  h a l o g e n a t i o n   of  o r g a n i c   compounds  a t   a  s p e c i f i c  

c a r b o n   atom  ( i . e . ,   r e g i o s p e c i f i c a l l y )   is  d i f f i c u l t ,   e s p e c i a l l y  

on  an  i n d u s t r i a l   s c a l e .   In  g e n e r a l ,   h a l o g e n a t i o n   r e a c t i o n s  

t end   to  o c c u r   to  some  e x t e n d   at   a l l   a v a i l a b l e   c a r b o n - h y d r o g e n  

l i n k a g e s   in  the  m o l e c u l e   u n d e r g o i n g   h a l o g e n a t i o n .  

Some  r e g i o s e l e c t i v i t y   in  h a l o g e n a t i o n   r e a c t i o n s   h a s  

been  a c h i e v e d   h e r e t o f o r e .   For  example ,   the   t r e a t m e n t   o f  

a l i p h a t i c   c a r b o x y l i c   a c i d s   h a v i n g   a t   l e a s t   one  @ - h y d r o g e n  

atom  wi th   h a l o g e n s   such  as  b romine   or  c h l o r i n e   in  t h e  

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

w e l l - k n o w n   H e l l - V o l h a r d - Z e l i n s k y   p r e p a r a t i o n   of  a - h a l o  

a c i d s .   However,   c h l o r i n a t i o n   r e a c t i o n s   c a r r i e d   out  a c c o r -  

d ing   to  the  HVZ  p r o c e d u r e   a re   not  r e g i o s p e c i f i c   and  m i x -  

t u r e s   of  c h l o r i n a t e d   p r o d u c t s   a re   t y p i c a l l y   s e c u r e d .  



For  the  most  pa r t ,   the  HVZ  h a l o g e n a t i o n   is  used  t o  

brominate   c a r b o x y l i c   acids   and  is,  t h e r e f o r e ,   e x p e n s i v e  

as  compared  with  the  co r r e spond ing   c h l o r i n a t i o n   r e a c t i o n .  

By  the  p re sen t   i n v e n t i o n ,   i t   has  been  d i s c o v e r e d  

tha t   cyanoquinone  compounds  can  be  used  in  t h e  

@-ha logena t i on   of  c a rboxy l i c   ac ids ,   c a rboxy l i c   a c i d  

anhydr ides   and  ca rboxy l i c   acid  h a l i d e s .   The  r e s u l t i n g  

a - h a l o g e n a t e d   p r o d u c t s  a r e   u se fu l   as  l u b r i c a n t   a d d i t i v e s  

and  as  i n t e r m e d i a t e s   for  the  p roduc t ion   of  l u b r i c a n t s ,  

and  as  s u r f a c t a n t s   and  s u r f a c t a n t   i n t e r m e d i a t e s .  
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While  the  foregoing  r e f e r e n c e s   r e l a t e   to  v a r i o u s  

means  for  achieving   the  r e g i o s p e c i f i c  h a l o g e n a t i o n   o f  

o rgan ic   compounds,  e s p e c i a l l y   c a r b o x y l i c   ac ids ,   t h e  

p r e s e n t   i nven t ion   employs  an  e n t i r e l y   new  c a t a l y s t   f o r  

th i s   purpose .   This  i nven t ion   also  p rov ides   h igher   y i e l d s  

of  the  des i r ed   mono-ch lo r ina t ed   p roduc t ,   and  in  s h o r t e r  

t imes,   than  do  the  a r t - d i s c l o s e d   p r o c e s s e s .   Moreover ,  

the  p rocess   he re in   is  e s p e c i a l l y   s u i t a b l e   f o r  

a - h a l o g e n a t i n g   both  shor t   chain  and  the  l o n g e r - c h a i n  

f a t t y   ac ids ,   i . e . ,   those  in  the  chain  length   range  above  

about  C10  which  are  e s p e c i a l l y  u s e f u l   as  d e t e r s i v e  

s u r f a c t a n t s .   In  th is   regard ,   the  p r e s e n t   i n v e n t i o n  

p rov ides   a  marked  improvement  over  the  p rocess   d i s c l o s e d  

in  U.S.  3 ,584,036,   c i ted   above .  

In  a d d i t i o n   to  the  fo rego ing ,   U.S.  Pa ten t   3 , 9 8 8 , 3 6 9  

to  Pearson,   October  26,  1976,  teaches   a  p rocess   f o r  

h a l o g e n a t i n g   organic   compounds  in  the  p resence   of  a 

t r i a l k y l   p h o s p h a t e .  



SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   inven t ion   encompasses  a  process   f o r  

h a l o g e n a t i n g   c a r b o x y l i c   ac ids ,   acid  anhydr ides   and  a c i d  

h a l i d e s   ( a l l   h e r e i n a f t e r   " ca rboxy la t e   compounds")  h a v i n g  

at  l e a s t   one  r e a c t i v e   alpha  hydrogen  s u b s t i t u e n t ,   com- 

p r i s i n g   c o n t a c t i n g  s a i d   c a r b o x y l a t e   compound  with  a 

halogen  ( e s p e c i a l l y   ch lo r ine )   or  halogen  source  in  t h e  

presence   of  an  e f f e c t i v e   amount  of  a  cyanoquinone  com- 

pound  and  a c id i c   a u x i l i a r y   agent ,   as  desc r ibed   more  f u l l y  

h e r e i n a f t e r .  

The  p r e s e n t   i nven t ion   also  encompasses,   as  a 

compos i t ion   of  ma t t e r ,   a  mixture  compris ing  t h e  

cyanoquinone  m a t e r i a l   and  the  ac id i c   a u x i l i a r y   a g e n t .  

The  i n v e n t i o n   also  encompasses,  as  a  composi t ion   o f  

ma t te r ,   a  h a l o g e n a t i o n   reagen t   compris ing  a  h a l o g e n  

( e s p e c i a l l y   ch lo r ine )   or  halogen  source  and  the  a f o r e s a i d  

mixture  of  cyanoquinone  m a t e r i a l   and  a u x i l i a r y   agent .   The 

fo rego ing   c o m p o s i t i o n s - o f - m a t t e r   are  e s p e c i a l l y   a d a p t e d  

for  the  h a l o g e n a t i o n ,   e s p e c i a l l y   c h l o r i n a t i o n ,   o f  

c a r b o x y l a t e   compounds 

A  r e p r e s e n t a t i o n   of  the  r e a c t i o n   of  the  p r e s e n t  

process   with  organic   acids  is  as  f o l l o w s :  



where  R and  R'  are  hydroca rby l   or  hydrogen  s u b s t i t u e n t s ,  

as  de sc r i bed   more  f u l l y   h e r e i n a f t e r .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  p resen t   i nven t ion   encompasses  a  process   f o r  

h a l o g e n a t i n g   ca rboxy la t e   compounds.  The  c a r b o x y l a t e  

compounds  used  here in   are  c h a r a c t e r i z e d   by  at  l e a s t   one 

r e a c t i v e   a-hydrogen  s u b s t i t u e n t ,   which  is  d i s p l a c e d   by  a 

halogen  atom  duri..g  the  p r o c e s s .   In  the  p r a c t i c e   of  t h e  

i n v e n t i o n ,   the  ca rboxy l i c   a c i d s .   acid  c h l o r i d e s ,   or  c a r b o x y -  

l ic   acid  anhydrides   are  c o n t a c t e d   with  a  halogen  or  h a l o g e n  

source  in  the  presence  of  an  e f f e c t i v e   amount  of  a  c y a n o q u i -  

none  m a t e r i a l   and an  ac id i c   a u x i l i a r y   a g e n t .  

By  "ha logena t ing"   he re in   is  meant  d i s p l a c i n g   an  

a-hydrogen  s u b s t i t u e n t   with  ha logens   o ther   than  f l u o r i n e .  

As  is  well  known,  f l u o r i n a t i o n   r e a c t i o n s   are  c a r r i e d   o u t  

under  s p e c i a l   cond i t i ons   and  are  t h e r e f o r e   not  c o n t e m p l a t e d  

in  the  p r a c t i c e   of  t h i s   i n v e n t i o n .   The  p r e s e n t   p r o c e s s  

is  p a r t i c u l a r l y   usefu l   for  c h l o r i n a t i n g   or  b r o m i n a t i n g  

c a r b o x y l a t e   compounds  and,  on an  i n d u s t r i a l   s ca le ,   i s  

e s p e c i a l l y   useful   for  c h l o r i n a t i o n   r e a c t i o n s .  



By  " ca rboxy la t e   compound"  here in   is  meant  

c a r b o x y l i c   acids   (and  s a l t s ) ,   c a rboxy l i c   acid  h a l i d e s  

and  c a r b o x y l i c   acid  a n h y d r i d e s .  

By  " e f f e c t i v e   amount"  he re in   is  meant  an  amount 

of  the  cyanoquinone  m a t e r i a l   and  a u x i l i a r y   a g e n t  

s u f f i c i e n t   to  d i r e c t   the  h a l o g e n a t i o n   r e a c t i o n   r e g i o -  

s p e c i f i c a l l y   such  tha t   i t   occurs  almost  e x c l u s i v e l y   at  t h e  

a-hydrogen  s u b s t i t u e n t   of  the  c a rboxy l a t e   compound. 

The  cyanoquinone  m a t e r i a l s   and  ac id i c   a u x i l i a r y  

agents  are  desc r ibed   in  more  d e t a i l   h e r e i n a f t e r .  

By  "compris ing"  h e r e i n   is  meant  t ha t   var ious  o t h e r  

compat ib le   m a t e r i a l s   may  be  p r e s e n t   in  the  r e a c t i o n   mix-  

t u r e s   dur ing  the  h a l o g e n a t i o n   r e a c t i o n   in  such  p r o p o r t i o n s  

as  wi l l   not  adverse ly   a f f e c t   the  a - h a l o g e n a t i o n   of  t h e  

c a r b o x y l a t e   compounds.  For  example,  var ious   s o l v e n t s  

and  the  l ike   can  o p t i o n a l l y   be  p r e s e n t .   The  t e r m  

"compris ing"   thus  encompasses  and  inc ludes   the  more 

r e s t r i c t i v e   terms  " c o n s i s t i n g   of"  and  " c o n s i s t i n g  

e s s e n t i a l l y   of"  wi th in   i t s   scope,  so  long  as  the  p r o c e s s e s  

and  compos i t ions   of  th i s   i n v e n t i o n   include  the  s p e c i f i e d  

i n g r e d i e n t s ,   which  are  c r i t i c a l   to  the  p r a c t i c e   of  t h e  

i n v e n t i o n .  

All  p e r c e n t a g e s   he r e in   are  on  a  mole  ba s i s ,   u n l e s s  

o the rwise   s p e c i f i e d .  

The  c a r b o x y l a t e   compounds  which  are  a - h a l o g e n a t e d  

in  the  manner  of  th i s   i n v e n t i o n   comprise  ca rboxy l i c   a c i d s  

and  c a r b o x y l i c   a c i d - d e r i v e d   m a t e r i a l s .   These  c a r b o x y l a t e  

compounds  inc lude  the  free  acids   and  s a l t s ,   the  a c i d  

anhydr ides   and  the  acid  h a l i d e s .  



The  p re sen t   process   can  be  used  to  a - h a l o g e n a t e  

c a r b o x y l a t e   compounds,  e s p e c i a l l y   c a r b o x y l i c   ac ids ,   com- 

p r i s i n g   from  about  2  to  about  30  carbon  atoms.  (Of  c o u r s e ,  

for  the  co r respond ing   symmetr ical   c a r b o x y l i c   a c i d  

anhydr ide ,   e q u i v a l e n t   compounds  wi l l   comprise  from  a b o u t  

4  to  about  60  t o t a l   carbon  atoms.)  The  process   h e r e i n  

is  e s p e c i a l l y   usefu l   for  a - h a l o g e n a t i n g   the  C3  to  C18 

c a r b o x y l i c   ac ids .   However,  for  h a l o g e n a t i n g   the  s h o r t e r  

members  in  th is   c l a s s ,   o ther   a r t - d i s c l o s e d   p roce s se s   a r e  

adequate ,   a l b e i t   s u b - o p t i m a l .  T h e   s p e c i a l   economic  

advantages   of  the  p r e s e n t   process   are  p a r t i c u l a r l y  

noteworthy  when  a - h a l o g e n a t i n g ,   e s p e c i a l l y   a - c h l o r i n a t i n g ,  

the  C6-C18  ca rboxy la t e   m a t e r i a l s   for  which  the  a r t -  

d i s c l o s e d   p rocesses   y ie ld   mixed  r e s u l t s .   A c c o r d i n g l y ,  

the  p r e sen t   process   is  e s p e c i a l l y  u s e f u l   for  a - h a l c g e n a t i n g ,  

e s p e c i a l l y   a - c h l o r i n a t i n g ,   c a r b o x y l a t e   m a t e r i a l s   based  on 

l a u r i c   acid,   m y r i s t i c   acid,   p a l m i t i c   acid,   s t e a r i c   a c i d ,  

and  mixtures   t h e r e o f .  

The  process   of  t h i s   i n v e n t i o n   is  not  l im i t ed   w i t h  

regard   to  the  h a l o g e n a t i o n   agent .   Elemental   ha logens ,   l i q u i d  

or  gaseous,   can  be  used.  Chlor ine  gas  is  e s p e c i a l l y   c o n -  

ven i en t ,   economical  and  p r e f e r r e d   for  use  h e r e i n .   Bromine 

can  also  bo  used,  but  is  more  expens ive ,   as  is  i o d i n e .  

Halogen  sources  other   than  e lementa l   halogens  can  a l s o  

be  used.  Such  a l t e r n a t e   halogen  sources   inc lude ,   f o r  

example,  well-known  organic   h a l o g e n a t i n g   agents   such  a s  

N-ch lo rosucc in imide   (NCS)  and  N-bromosuccinimide  (NBS). 



Cyanoguinones  

The  cyanoquinone  m a t e r i a l s   used  here in   are  a l l  

members  of  the  well-known  c lass   of  compounds  which  have  

r e c e n t l y   been  the  sub j ec t   of  i n t e n s i v e   study  as  e l e c t r i c a l l y -  

conduc t ive   o rganic   s o l i d s .   Reviews  of  these  m a t e r i a l s ,  

methods  of  p r e p a r a t i o n   and  a  l i s t   of  r e f e r e n c e s   t o  

a d d i t i o n a l   compounds  and  p r e p a r a t i v e   methods  appear  in  t h e  

a r t i c l e s   by  Wheland  and  G i l l s o n , J o u r n a l   of  the  American 

Chemical  Socie ty ,   98,  3916  (1976)  and  Wheland  and  M a r t i n ,  

J .  O r g .   Chem.,  40,  3101  (1975),  i n c o r p o r a t e d   he re in   by  r e f e r e n c e .  

In  genera l ,   the  cyanoquinones  usefu l   here in   a r e  

c h a r a c t e r i z e d   by  the  m o i e t y :  

where  R  can  be  H  or  one  or  more  s u b s t i t u e n t   groups,  e . g . ,   h a l o g e n ,  

a lkoxy l ,   a lky l ,   t h i o a l k y l ,   CN,  e tc .   See  Wheland  and  Martin,   a b o v e .  

The  t e t r a c y a n o q u i n o d i m e t h a n e   (TCNQ)  compounds  p r e f e r r e d  

for  use  he re in   are  of  the  formula  (R  as  above ) :  



Other,  s p e c i f i c   examples  of  cyanoquinones  u s e f u l  

here in   include  hexacyanobu tad iene   (HCBD)  and  t e t r a c y a n o -  

naphthoquinodimethane   (TNAP),  r e p r e s e n t e d   by  the  f o l l o w i n g  

f o r m u l a s  

TCNQ,TNAP  and  HCBD  are  p repared   by  t echn iques   known  i n  

the  l i t e r a t u r e .   (While  HCBD  is  not,  in  the  most  f o rma l  

sense ,   a  quinone  s t r u c t u r e ,   i t s   extended  c o n j u g a t e d  

system  of  e l e c t r o n s   is  " q u i n o n e - l i k e " .   A c c o r d i n g l y ,  

HCBD  is  cons ide red   a  cyanoquinone  in  the  p r e s e n t  

i n v e n t i o n . )  



A u x i l i a r y   Agents  

The  a u x i l i a r y   agents  used  in  the  p r a c t i c e   of  t h i s  

i n v e n t i o n   include  many  of  the  common  ac id ic   m a t e r i a l s  

known  in  the  art   for  use  in  ha logena t ion   r e a c t i o n s .   Such 

a c i d i c   m a t e r i a l s   include  both  Lewis  acids  and  i n o r g a n i c  

p r o t o n i c   acids  which  are  of  cons ide r ab ly   g r ea t e r   a c i d  

s t r e n g t h   than  hydrocarbyl   ca rboxy l i c   ac ids .   T y p i c a l  

examples  of  such  ac id ic   a u x i l i a r y   agents  include  a c e t y l  

c h l o r i d e ,   PBr3.  PC13,  t h iony l   ch lo r ide ,   s u l f u r y l   c h l o r i d e ,  

oxa ly l   c h l o r i d e ,   su l fony l   c h l o r i d e ,   PCl5,  phosgene ,  

f l u o r o s u l f o n i c   acid,   c h l o r o s u l f o n i c   acid,  and  t r i f l u o r o -  

m e t h a n e s u l f o n i c   acid.   The  most  h ighly   p r e f e r r e d   a u x i l i a r y  

agent  he re in   is  c h l o r o s u l f o n i c   a c i d .  

It  is  to  be  unders tood  that   ca rboxy l i c   acid  h a l i d e s  

( e s p e c i a l l y   acid  ch lo r ide s )   are  ope ra t ive   in  the  p r a c t i c e  

of  t h i s   i nven t ion   as  a u x i l i a r y   agents  when  a - h a l o g e n a t i n g  

c a r b o x y l i c   acids  or  anhydr ides   t h e r e o f .   However,  c a r b o x y l i c  

acid  h a l i d e s   can  themselves  be  ha logena ted   if  they  con ta in   an  

a-hydrogen  s u b s t i t u e n t .   The  a - h a l o g e n a t i o n   of  c a r b o x y l i c  

acid  h a l i d e s   is  c a r r i e d   out  in  the  presence  of  a  more  a c i d i c  

a u x i l i a r y   agent  such  as  ClSO3H,  PC13,  e t c . ,   and  the  cyanoqu inone  

m a t e r i a l .   This  is  not  a  p r e f e r r e d   h a l o g e n a t i o n   method,  inasmuch 

as  i t   r e q u i r e s   the  s e p a r a t e   p r e p a r a t i o n   of  a  s t o i c h i o m e t r i c  

amount  of  acid  c h l o r i d e ,   which  is  t h e r e a f t e r   a - h a l o g e n a t e d .  



The  most  p r e f e r r e d   c a t a l y s t   system  here in   c o m p r i s e s  

a  mixture  of  TCNQ  and  c h l o r o s u l f o n i c   ac id .   Various  r a t i o s  

of  these  m a t e r i a l s   can  be  employed,  but  a  ca .   1 :5 -1 :50   mole 

r a t i o   of  TCNQ:ClS03H  is  c o n v e n i e n t .  
The  most  p r e f e r r e d   h a l o g e n a t i o n   reagen t   h e r e i n  

comprises  gaseous  ch lo r ine   and  t h e  a f o r e s a i d   mixture  o f  

TCNQ  and  c h l o r o s u l f o n i c   acid.   Of  course ,   the  c h l o r i n e   i n  

th i s   reagent   is  r e p l e n i s h e d   as  i t   is  exhausted   during  t h e  

r e a c t i o n .   Replenishment  of  the  c h l o r i n e   is  most  c o n -  

v e n i e n t l y   c a r r i e d   out  by  bubbl ing  gaseous  c h l o r i n e   i n t o  

the  r e a c t i o n   m i x t u r e .  

The  ha logena t ion   r e a c t i o n   of  t h i s   i nven t ion   i s  

c a r r i e d   out  by  c o n t a c t i n g   the  c a r b o x y l a t e   compound  w i t h  

the  halogen  or  halogen  source  in  the  presence   of  a 

cyanoquinone  m a t e r i a l   and  a c i d i c   a u x i l i a r y   a g e n t  

at  a  t empera ture   of  about  70°C,  or  g r e a t e r .   C h l o r i n a t i o n  

r e a c t i o n s   using  e lementa l   c h l o r i n e   as  the  halogen  a r e  

c a r r i e d   out  at  t empe ra tu r e s   above  about  130°C,  p r e f e r a b l y  

at  t empera tu res   wi th in   the  range  from  about  150°C  t o  

about  250°C.  When  halogen  sources   such  as  the  N - h a l o -  

succ in imides   are  used,  t e m p e r a t u r e s   of  about  70°C-250°C 

are  o p e r a t i v e   and  conven ien t .   Brominat ion  and  i o d i n a t i o n  

r e a c t i o n s   are  c a r r i e d   out  under  s i m i l a r   t e m p e r a t u r e  

c o n d i t i o n s .  

The  process   he re in   can  be  c a r r i e d   out  in  the  p r e s e n c e  

or  absence-of   i n e r t   s o l v e n t s .   P r e f e r a b l y ,   the  r e a c t i o n  



is  c a r r i e d   out  wi thout   the  use  of  s o l v e n t s ,   and  th is   i s  

both  convenien t   and  economical  on  a  commercial  s c a l e .  

Indeed,  the  use  of  so lven t s   can  lead  to  undes i r ab l e   s i d e -  

r e a c t i o n s   involv ing   h a l o g e n a t i o n   of  many  of  the  common 

hydrocarbon   s o l v e n t s .   Under  the  r e a c t i o n   t e m p e r a t u r e s  

s p e c i f i e d   he re inabove ,   the  c a rboxy l a t e   compounds  a r e  

l i q u i d s   and  are  qui te   convenient   to  use  in  tha t   s t a t e  

w i thou t   a d d i t i o n a l   s o l v e n t s .  

Typical   use  c o n c e n t r a t i o n s   of  the  cyanoqu inones  

r e l a t i v e   to  the  c a rboxy la t e   compounds  are  0 .01-10.0   mole 

p e r c e n t ,   p r e f e r a b l y   0 .05-5 .0   mole  pe rcen t ,   most  p r e f e r a b l y  

0 .05 -0 .5   mole  p e r c e n t .  

Typical   use  c o n c e n t r a t i o n s   of  the  ac id ic   a u x i l i a r y  

agents   r e l a t i v e   t o  t h e   c a rboxy la t e   compounds  are  0 . 1 - 1 0  

mole  p e r c e n t ,   p r e f e r a b l y   1-5  mole  p e r c e n t .  

The  fo l lowing  examples  i l l u s t r a t e   the  p r a c t i c e   o f  

t h i s   i n v e n t i o n   but  are  not  in tended  to  be  l i m i t i n g   t h e r e o f .  

Percentage   y ie lds   are  in  p a r e n t h e s e s .  



EXAMPLE  I  

P r e n a r a t i o n   of  2 - C h l o r o s t e n r i c   Acid  

A  1 - l i t e r   f i ve -neck   round  bottom  f lask   is  p l a c e d  

in  an  e f f i c i e n t   fume  hood  and  is  f i t t e d   with  a  m e c h a n i c a l  

s t i r r e r ,   thermometer ,   Dry  Ice  condenser ,   and  two  f r i t t e d  

gas  d i s p e r s i o n   tubes  (opposi te   necks) .   The  two  d i s p e r s i o n  

tubes  are  connected  via  PVC  tubing  to  a  T -connec to r ,   t h e  

t h i r d   arm  of  which  is  connected  to  a  ch lo r ine   gas  s o u r c e  

c o n t a i n i n g   an  i n - l i n e   f lowmeter  capable  of  r e a d i n g  

200-1000  m l /min .  

The  d i s p e r s i o n   tubes  are  removed  t e m p o r a r i l y ,   and 

the  f lask   is  charged  with  569.0  g  (2.0  moles)  of  powdered 

s t e a r i c   acid.   The  s t e a r i c   acid  is  melted  by  warming  t h e  

f l a sk   with  a  hea t ing   mantle  while  s t i r r i n g   at  low  s p e e d .  

When  the  acid  has  melted  ( t empera ture   approx imate ly   80°C) ,  

1.65  g  (0.008  mole)  of  TCNQ  (Aldrich  Chemical  Co.)  i s  

added.  The  c h l o r i n e   gas  flow  to  the  d i s p e r s i o n   tubes  i s  

s t a r t e d   and  set   at  a  ra te   of  250  ml/min.  C h l o r o s u l f o n i c  

acid,   4.0  ml  (0.063  mole)  is  p i p e t t e d   r a p i d l y   into  t h e  

f l ask   (temp.  <90°C)  and  the  d i s p e r s i o n   tubes  are  imme- 

d i a t e l y   f i t t e d   to  the  f l a sk   so  tha t   the  c h l o r i n e   i s  

evolved  well  beneath  the  sur face   of  the  l i q u i d .   The 

s t i r r e r   is  ad jus t ed   to  a  high  speed  s e t t i n g ,   and  t h e  

s o l u t i o n   is  heated  as  r a p i d l y   as  p o s s i b l e   to  150°C. 

(Immediately  p r io r   to  the  a d d i t i o n   of  c h l o r o s u l f o n i c  

acid,   fu l l   l ine  vol tage   is  appl ied   to  the  h e a t i n g   m a n t l e .  

When  the  s o l u t i o n   t empera tu re   reaches   130°C,  the  v o l t a g e  



is  cut  to  0,  a l lowing  the  t empera ture   to  coast   to  150°C.)  

During  the  hea t i ng   pe r iod ,   the  Dry  Ice  condenser  is  f i l l e d  

with  a  Dry  I c e - a l c o h o l   s l u r r y .   When  the  t e m p e r a t u r e  

reaches   148°C,  the  c h l o r i n e   flow  ra te   is  inc reased   t o  

1000  ml/min.  This  po in t   is  cons idered   time  0  for  p u r p o s e s  

of  t i m i n g . t h e   r e a c t i o n .  

Throughout  the  r e a c t i o n ,   the  s o l u t i o n   t e m p e r a t u r e  

is  ma in ta ined   at  150°±3°C  by  c a r e f u l   adjustment   of  t h e  

c u r r e n t   to  the  hea t i ng   mantle.   Since  the  r e a c t i o n   i s  

mi ld ly   exothermic ,   t h i s   t empera tu re   is  usua l ly   m a i n t a i n e d  

dur ing   the  f i r s t   ha l f   hour  with  no  cu r ren t   appl ied   to  t h e  

mant le .   During  the  second  ha l f   hour,  the  cool ing  e f f e c t  

of  condensing  ch lo r ine   n e c e s s i t a t e s   cons tan t   m o n i t o r i n g  

of  the  s o l u t i o n   t empera tu re   and  mantle  s e t t i n g .   At  65 

minutes   r e a c t i o n   time,  the  ch lo r ine   flow  ra te   is  r e d u c e d  

to  250  ml/min.  At  75  min.,  the  hea t i ng   mantle  is  removed 

and  is  r ep laced   by  an  ice  bath,   and  the  d i s p e r s i o n   t u b e s  

and  condenser   are  removed.  When  the  so lu t ion   t e m p e r a t u r e  

reaches   80-90°C,  the  e n t i r e   r e a c t i o n   mixture  is  p o u r e d  

in to   1500  ml  of  a c e t o n i t r i l e .   The  r e s u l t i n g   mixture  i s  

warmed  on  a  steam  bath  u n t i l   a  c l e a r ,   yellow,  homogeneous 

s o l u t i o n   is  ob t a ined .   The  s o l u t i o n   is  placed  in  an  i c e  

bath  and  s t i r r e d   or  swir led   v igo rous ly   to  e f f e c t   c r y s t a l l i z a -  

t ion   of  the  p roduc t .   After   s t and ing   at  0°C  o v e r n i g h t ,   t h e  

p roduc t   is  c o l l e c t e d   by  suc t ion   f i l t r a t i o n ,   washed  t h o r -  

oughly  with  cold  a c e t o n i t r i l e ,   and  vacuum  dr ied  to  a f f o r d  

535.5  g  (84%)  of  2 - c h l o r o s t e a r i c   acid,   M.P.  6 3 . 5 - 6 4 ° C .  

As  an  o p t i o n a l   m o d i f i c a t i o n   of  the  foregoing  p r o c e -  

dure,   an  a d d i t i o n a l   0.8  g  po r t i on   of  TCNQ  can  be  added  a t  



50  min.  r e a c t i o n   time.  This  serves  to  p reven t   t h e  

format ion  of  minor  by -p roduc t s   tha t   r e s u l t   if   t h e  

r e a c t i o n   is  allowed  to  run  beyond  the  time  when  s t a r t i n g  

m a t e r i a l   is  consumed.  With  t h i s   m o d i f i c a t i o n ,   the  y i e l d  

of  r e c r y s t a l l i z e d   2 - c h l o r o s t e a r i c   acid  is  i nc reased   t o  

89%. 

The  process   of  Example  I  is  c a r r i e d   out  w i t h  

l a u r i c   acid,   m y r i s t i c   acid,   p a l m i t i c   ac id ,   and  commerc ia l  

t a l l ow  f a t t y   ac ids ,   i . e . ,   mixtures   of  l a u r i c ,   m y r i s t i c ,  

p a l m i t i c   and  s t e a r i c   ac ids ,   r e s p e c t i v e l y .   High  y i e l d s  

(ca.  90%)  of  the  a - c h l o r i n a t e d   acids   are  secured  in  e a c h  

i n s t a n c e .  

The  process   of  Example  I  is  c a r r i e d   out  using  t h e  

fo l lowing   ac id ic   a u x i l i a r y   agents  in  place  of  the  c h l o r o -  

s u l f o n i c   acid:   PBr3;  PCl3:  PCl5;  ace ty l   c h l o r i d e ;   t h i o n y l  

c h l o r i d e ;   s u l f u r y l   c h l o r i d e ;   oxa ly l   c h l o r i d e ;   s u l f o n y l  

c h l o r i d e ;   phosgene;  f l u o r o s u l f o n i c   acid;   c h l o r o s u l f o n i c   a c i d ;  

s t e a r o y l   c h l o r i d e ;   and  t r i f l u o r o m e t h a n e   s u l f o n i c   ac id .   In  e ach  

i n s t a n c e ,   e x c e l l e n t   y i e lds   of  pure  2 - c h l o r o s t e a r i c   a c i d  

are  s e c u r e d .  

The  process   of  Example  I  is  c a r r i e d   out  using  HCBD 

and  TNAP,  r e s p e c t i v e l y ,   as  the  cyanoquinone  agent  (0 .008  

moles) .   In  each  i n s t a n c e ,   good  y i e l d s   of  the  de s i r r .  

2 - c h l o r o s t e a r i c   acid  are  s e c u r e d .  

The  process   of  Example  I  is  r epea t ed   using  a c e t i c ,   p r o -  

p ion ic ,   b u t y r i c ,   p e l a r g o n i c ,   p e n t a d e c a n o i c ,   margar ic ,   a r a c h i d i c ,  

behenic ,   t r i c o s a n o i c ,   and  c e r o t i c   ac ids ,   r e s p e c t i v e l y ,   and  t h e i r  

r e s p e c t i v e   anhydr ides ,   and  the  a - c h l o r i n a t e d   p roduc ts   are  s e c u r e d .  



EXAMPLE  I I  

@-Halogenation  of  Acid  Halides  and  Anhydr ides  

Following  the  procedure   of  Example  I,  s t e a r o y l   c h l o r -  

ide  is  reac ted   with  c h l o r i n e   in  the  presence  of  CIS03H 

and  TCNQ.  The  product   is  d i s t i l l e d   to  provide  s u b s t a n t i a l l y  

pure  2 - c h l o r o s t e a r o y l   c h l o r i d e .  

The  foregoing  r e a c t i o n   is  r epea ted   using  s t e a r i c  

anhydride  and  the  a - c h l o r i n a t e d   anhydride  is  s e c u r e d .  

In  a  m o d i f i c a t i o n   of  the  process   of  Example  I I ,  

the  ch lo r ine   gas  is  r ep laced   by  l i qu id   bromine  and  t h e  

co r respond ing   a -bromina ted   compound  is  s e c u r e d .  



EXAMPLE  I I I  

Mixtures  e s p e c i a l l y   adapted  for  use  in  t h e  

a - h a l o g e n a t i o n   of  c a r b o x y l a t e   compounds  are  as  f o l l o w s :  

The  fo regoing   mixtures   are  t y p i c a l l y   used  a t  

c o n c e n t r a t i o n s   of  0.01%-10%  of  the  c a r b o x y l a t e   compound 

being  ha logena ted   and  the  r e a c t i o n   proceeds  s u b s t a n t i a l l y  

e x c l u s i v e l y   at  the  @-CH  g r o u p .  



EXYAMPLE  IV 

The  process   of  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  using  free  halogens  in  the  manner  d e s c r i b e d  

h e r e i n b e f o r e .   Organic  h a l o g e n a t i n g   agents   such  a s  

N-ch lo rosucc in imide   can  also  be  employed,  as  f o l l o w s .  

Into  a  50  ml  3-neck  round  bottom  f l ask   f i t t e d   w i t h  

a  condenser ,   thermometer,   and  magnet ic   s t i r r e r   were  p l a c e d  

11.4  g  (0.04  mole)  s t e a r i c   acid,   8.0  g  (0.06  mole)  N - c h l o r o -  

succ in imide ,   0.1  ml  (0.0015  mole)  c h l o r o s u l f o n i c   acid,   and  

0.04  g  (0.0002  mole)  TCNQ.  The  f l a sk   was  placed  in  a  h e a t -  

ing  bath  set  at  150°C.  The  mixture  was  s t i r r e d   dur ing  h e a t -  

ing,  and  a  homogeneous  l i qu id   phase  was  formed.  The  s o l u -  

t ion  t empera ture   cont inued  to  r i s e   above  t h a t   of  the  h e a t i n g  

bath,   and  a  sudden  exothermic  r e a c t i o n   occurred   in  which  t h e  

r e a c t i o n   t empera ture   i nc reased   to  ca.  220°C.  The  r e a c t i o n   mix-  

ture  was  cooled  and  d i s s o l v e d   in  ch loroform,   and  the  r e s u l t -  

ing  s o l u t i o n   was  washed  t ho rough ly   with  d i l u t e   aqueous  sodium 

c h l o r i d e   s o l u t i o n .   After   drying  and  removal  of  the  c h l o r o -  

form,  the  res idue   was  r e c r y s t a l l i z e d   from  a c e t o n i t r i l e   t o  

a f fo rd   8.9  g  (70%)  of  2 - c h l o r o s t e a r i c   acid  which  was  e q u i v a -  

lent   in  p u r i t y   to  the  product   of  Example  I .  



EXAMPLE  V 

Following  the  procedures   of  Examples  I  and  I I  

h e r e i n ,   c a rboxy la t e   compounds  are  a - c h l o r i n a t e d ,   a - b r o m i n a t e d  

and  a - i o d i n a t e d   in  the  presence  of  the  fol lowing  m i x t u r e s  

of  s u b s t i t u t e d   TCNQ  and  ac id ic   a u x i l i a r y   a g e n t s :  

The  foregoing  mixtures   are  t y p i c a l l y   used  at  c o n c e n -  

t r a t i o n s   of  0.01%-10.0%  of  the  ca rboxy la te   compound  b e i n g  

ha logena ted   and  the  r e a c t i o n   proceeds  s u b s t a n t i a l l y  

e x c l u s i v e l y   at  the  @-CH  group  to  provide  the  a - h a l o g e n a t e d  

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



As  can  be  seen  from  the  foregoing,   the  p r e s e n t  

process   p rovides   an  improved  means  for  ca r ry ing   o u t  

a - h a l o g e n a t i o n s ,   e s p e c i a l l y   a - c h l o r i n a t i o n s ,   o f  

c a rboxy l a t e   compounds,  e s p e c i a l l y   ca rboxyl ic   a c i d s .  

By  the  p r e s e n t   i n v e n t i o n ,   the  use  of  cyanoquinone  

m a t e r i a l s   s u b s t a n t i a l l y   improves  y i e lds   of  a - c h l o r i n a t e d  

products   and  g r e a t l y   dec reases   s i d e - r e a c t i o n s   which  h a v e  

h e r e t o f o r e   led  to  u n d e s i r a b l e   by-product   format ion .   TCNQ, 

HCBD,  TNAP  and  d e r i v a t i v e s   t h e r e o f   are  a v a i l a b l e   by  a r t -  

d i s c l o s e d   p rocesses   for  use  in  the  p r e sen t   i n v e n t i o n .  



1.  A  p r o c e s s   f o r   o C - h a l o g e n a t i n g   c a r b o x y l a t e   c o m p o u n d s  

h a v i n g   at   l e a s t   one  r e a c t i v e   @-hydrogen   s u b s t i t u e n t ,   c o m p r i s i n g  

c o n t a c t i n g   s a i d   c a r b o x y l a t e   compounds  wi th   a  h a l o g e n  o r   h a l o g e n  

s o u r c e   in  the  p r e s e n c e   of  an  e f f e c t i v e   amount  of  a  m i x t u r e   of  a  

c y a n o q u i n o n e   m a t e r i a l   and  an  a c i d i c   a u x i l i a r y   a g e n t .  

2.  A  p r o c e s s   a c c o r d i n g   to  Claim  1  w h e r e i n   the  c y a n o q u i n o n e  

m a t e r i a l   is  s e l e c t e d   from  the  group  c o n s i s t i n g   of  TCNQ,  HCBD, 

and  TNAP,  and  d e r i v a t i v e s   t h e r e o f ,   and  the  a u x i l i a r y   a g e n t   is  a  

Lewis  a c i d   or  an  i n o r g a n i c   p r o t o n i c   a c i d .  

3.  A  p r o c e s s   a c c o r d i n g   to  Claim  1  w h e r e i n   the  c y a n o q u i n o n e  

m a t e r i a l   is  a  member  s e l e c t e d   from  the  group  c o n s i s t i n g   of  TCNQ, 

HCBD  and  TNAP,  and  d e r i v a t i v e s   t h e r e o f ,   and  the  a u x i l i a r y   a g e n t  

is  a  member  s e l e c t e d   from  the  group  c o n s i s t i n g   of  PCl3,   P C l 5 ,  

PBr3,  t h i o n y l   c h l o r i d e ,   s u l f u r y l   c h l o r i d e ,   o x a l y l   c h l o r i d e ,  

s u l f o n y l   c h l o r i d e ,   a c e t y l   c h l o r i d e ,   p h o s g e n e ,   f l u o r o s u l f o n i c  

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

4.  A  p r o c e s s   a c c o r d i n g   to  Claim  1  which  is  c a r r i e d   out   a t  

a  t e m p e r a t u r e   of  abou t   70°C,  or  g r e a t e r   and  w h e r e i n   the  h a l o g e n  

or  h a l o g e n   s o u r c e   is  a  c h l o r i n a t i n g   or  b r o m i n a t i n g   a g e n t .  

5.  A  p r o c e s s   a c c o r d i n g   to  Claim  4  w h e r e i n   the  h a l o g e n  

s o u r c e   is  a  member  s e l e c t e d   from  the  group  c o n s i s t i n g   of  N-  

c h l o r o s u c c i n i m i d e   and  N - b r o m o s u c c i n i m i d e ,   and  w h e r e i n   the  p r o c e s s  
is  c a r r i e d   out  at  a  t e m p e r a t u r e   w i t h i n   the  r ange   from  abou t   70°C 

to  a b o u t   2 5 0 ° C .  

6.  A  p r o c e s s   a c c o r d i n g   to  Claim  1  w h e r e i n   the   c a r b o x y l a t e  

compound  is  a  c a r b o x y l i c   a c i d   which  c o m p r i s e s   from  abou t   2  t o  

abou t   30  c a r b o n   a t o m s .  

7.  A  p r o c e s s   a c c o r d i n g   to  Claim  6  w h e r e i n   the  c a r b o x y l i c  

a c i d   is  s e l e c t e d   from  the  group  c o n s i s t i n g   of  l a u r i c   a c i d ,  

m y r i s t i c   a c i d ,   p a l m i t i c   a c i d ,   s t e a r i c   a c i d ,   and  m i x t u r e s   t h e r e o f .  

8.  A  p r o c e s s   a c c o r d i n g   to  Cla ims  1  and  6  f o r   c h l o r i n a t i n g  

c a r b o x y l i c   a c i d s   on  the  @ - c a r b o n ,   c o m p r i s i n g   c o n t a c t i n g   s a i d  

c a r b o x y l i c   a c i d   wi th   c h l o r i n e   at   a  t e m p e r a t u r e   at   or  above  a b o u t  

150°C  in  the  p r e s e n c e   of  an  e f f e c t i v e   amount  of  a  c a t a l y s t   s y s t e m  

c o m p r i s i n g   TCNQ,  or  d e r i v a t i v e s   t h e r e o f ,   and  c h l o r o s u l f o n i c   a c i d ,  



w h e r e i n   the  mole  r a t i o   of  the  TCNQ  or  the   T C N Q - d e r i v a t i v e :  

ClSO3H  is   in  the  r ange   of  a b o u t   1:5  to  1 : 5 0 .  

9.  A  c a t a l y s t   sys tem  c o m p r i s i n g   a  c y a n o q u i n o n e   m a t e r i a l  

and  an  a c i d i c   a u x i l i a r y   a g e n t .  

10.  A  c a t a l y s t   sys t em  a c c o r d i n g   to  Claim  9  w h e r e i n   t h e  

c y a n o q u i n o n e   m a t e r i a l   is  s e l e c t e d   from  the  group  c o n s i s t i n g   o f  

TCNQ,  HCBD,  and  TRAP,  and  d e r i v a t i v e s   t h e r e o f ,   and  the  a u x i l i a r y  

a g e n t   is  a  Lewis  a c i d   or  an  i n o r g a n i c   p r o t o n i c   a c i d .  

11.  A  c a t a l y s t   sys tem  a c c o r d i n g   to  Claim  9  w h e r e i n   t h e  

c y a n o q u i n o n e   m a t e r i a l   is  s e l e c t e d   from  TCNQ  and  d e r i v a t i v e s  

t h e r e o f ,   and  the  a u x i l i a r y   a g e n t   is  s e l e c t e d   from  PC13,  P C l 5 ,  

PBr3,   t h i o n y l   c h l o r i d e ,   s u l f u r y l   c h l o r i d e ,   o x y l y l   c h l o r i d e ,  

s u l f o n y l   c h l o r i d e ,   a c e t y l   c h l o r i d e ,   p h o s g e n e ,   f l u o r o s u l f o n i c  

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

w h e r e i n   the  mole  r a t i o   of  the  TCNQ  or  the  TCNQ  d e r i v a t i v e   to  t h e  

a u x i l i a r y   a g e n t   is  in  the  r ange   of  1:5  to  1 : 5 0 .  

12.  A  h a l o g e n a t i n g   medium  c o m p r i s i n g   a  h a l o g n e   s e l e c t e d  

from  c h l o r i n e   and  b romine   and  a  c a t a l y s t   sys tem  c o m p r i s i n g   a  

c y a n o q u i n o n e   m a t e r i a l   and  an  a c i d i c   a u x i l i a r y   a g e n t .  
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