
J E u r o p ë i s c h e s   

P a t e n t a m t  

European  Patent  Office  ©  Publication  number:  O  O O O   4 1 4  

Office  européen  des  brevets  B  1 

@  EUROPEAN  PATENT  S P E C I F I C A T I O N  

@  Date  of  publication  of  patent  spécification:  14.07.82 

@  Application  number:  78200077.2 

@  Date  offiling:  03.07.78 

©  int.  ci.*:  C  07  B  9 / 0 0 ,   C  07  C  5 3 / 0 0 ,  
C . 0 7 C   51 /00 ,   B01  J  3 1 / 0 2  

@  Process  for  halogenating  carboxylate  compounds. 

(§)  Priority:  12.07.77  US  814963  @  Proprietor:  THE  PROCTER  &  GAMBLE  COMPANY 
301  East  Sixth  Street 
Cincinnati  Ohio  45202  (US) 

(43)  Date  of  publication  of  application: 
24.01  .79  Bulletin  79/2 

@  Inventor:  Crawford,  Robert  James 
397  Circlewood  Lane 

@  Publication  of  the  grant  of  the  patent:  Wyoming,  OH  45215  (US) 
14.07.82  Bulletin  82/28 

@  Representative:  Ernst,  Hubert  et  al, 
(84)  Designated  Contracting  States:  PROCTER  &  GAMBLE  EUROPEAN  TECHNICAL 

BE  CH  DE  FR  GB  NL  SE  CENTER  Temselaan  1  00 
B-1  820  Strombeek-Bever  (BE) 

(56)  References  cited: 
NL-  A-7  110  624 
US-A-3115506  
US  -  A  -  3  739  008 

R.  C.  Wheland  and  E.  L.  Martin,  J.  Org. 
Chem.  1975,  Vol.  40,  no.  21,  p.  3101—9 

Note:  Within  nine  months  from  the  publication  of  the  mention  of  the  grant  of  the  European  patent,  any  person  may 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1  )  European  patent  convention). 

Courier  Press,  Leamington  Spa,  England. 



The  present  invention  relates  to  processes  for  halogenating  carboxylic  acids,  acid  halides  and  acid 
anhydrides  at  the  @-carbon  atom  in  the  presence  of  a  cyanoquinodimethane  compound. 

The  halogenation  of  organic  compounds  at  a  specific  carbon  atom  (i.e.,  regiospecifically)  is 
difficult,  especially  on  an  industrial  scale.  In  general,  halogenation  reactions  tend  to  occur  to  some 
extent  at  all  available  carbon-hydrogen  linkages  in  the  molecule  undergoing  halogenation. 

Some  regioselectivity  in  halogenation  reactions  has  been  achieved  heretofore.  For  example,  the 
treatment  of  aliphatic  carboxylic  acids  having  at  least  one  a-hydrogen  atom  with  halogens  such  as 
bromine  or  chlorine  in  the  presence  of  a  phosphorus  halide  catalyst  comprises  the  well-known  Hell- 
Volhard-Zelinsky  preparation  of  a-halo  acids.  However,  chlorination  reactions  carried  out  according  to 
the  HVZ  procedure  are  not  regiospecific  and  mixtures  of  chlorinated  products  are  typically  secured. 

For  the  most  part,  the  HVZ  halogenation  is  used  to  brominate  carboxylic  acids  and  salts  and  is, 
therefore,  expensive  as  compared  with  the  corresponding  chlorination  reaction. 

By  the  present  invention,  it  has  been  discovered  that  cyanoquinodimethane  compounds  can  be 
used  in  the  a-halogenation  of  carboxylic  acids  and  salts,  carboxylic  acid  anhydrides  and  carboxylic  acid 
halides.  The  resulting  a-halogenated  products  are  useful  as  lubricant  additives  and  as  intermediates  for 
the  production  of  lubricants,  and  as  surfactants  and  surfactant  intermediates. 

RELATED  REFERENCES 
The  general  topic of  the  directive  effect  of  the  carboxyl  group  on  the  chlorination  of  aliphatic 

systems  is  treated  by  Little,  Sexton,  et  al.,  Journal  of  the  American  Chemical  Society 91  7098,  (1969). 
See  also,  U.S.  Patent  3,584,036  to  Sexton,  et  al.,  which  relates  to  a-chlorination  reactions. 

Other  publications  relating  to  regiospecific  halogenation  reactions  include:  Y.  Ogata,  et  al., J.  Org. 
Chem.,  40,  2960  (1975);  Y.  Ogata,  et  al.,  Tetrahedron,  26,  5929  (1970);  Y.  Ogata,  et  al.,  Nippon 
Kagaku  Kaishi,  1517  (1975)  [Chem.  Abstr.  83,  178239  (1975)];  Y.  Ogata,  et  al.,  Japanese  Patent  75- 
135024;  Y.  Ogata,  et  al.,  Japanese  Patent  74-24913;  A.  F.  Young,  U.S.  Patent  3,634,504;  D.  N.  Harpp, 
et  al.,  J.  Org.  Chem.,  40,  3420  (1975);  and  H.  Haschke,  German  Patent  2,440,213. 

While  the  foregoing  references  relate  to  various  means  for  achieving  the  regiospecific 
halogenation  of  organic  compounds,  especially  carboxylic  acids,  the  present  invention  employs  an 
entirely  new  catalyst  for  this  purpose.  This  invention  also  provides  higher  yields  of  the  desired  mono- 
chlorinated  product,  and  in  shorter  times,  than  do  the  art-disclosed  processes.  Moreover,  the  process 
herein  is  especially  suitable  for  a-halogenating  both  short  chain  and  the  longer-chain  fatty  acids,  i.e., 
those  in  the  chain  length  range  above  about  C10  which  are  especially  useful  as  detersive  surfactants.  In 
this  regard,  the  present  invention  provides  a  marked  improvement  over  the  process  disclosed  in  U.S. 
3,584,036,  cited  above. 

In  addition  to  the  foregoing,  U.S.  Patent  3,988,369  to  Pearson,  October  26,  1976,  teaches  a 
process  for  halogenating  organic  compounds  in  the  presence  of  a  trialkyl  phosphate. 

SUMMARY  OF  THE  INVENTION 
The  present  invention  encompasses  a  process  for  halogenating  carboxylic  acids  and  salts,  acid 

anhydrides  and  acid  halides  (all  hereinafter  "carboxylate  compounds")  having  at  least  one  reactive 
alpha  hydrogen  substituent,  comprising  contacting  said  carboxylate  compound  with  a  halogen 
(especially  chlorine)  or  halogen  source  in  the  presence  of  an  effective  amount  of  a 
cyanoquinodimethane  compound  and  acidic  auxiliary  agent,  as  described  more  fully  hereinafter. 

A  representation  of  the  reaction  of  the  present  process  with  organic  acids  is  as  follows: 

where  R and  R'  are  hydrocarbyl  or  hydrogen,  as  described  more  fully  hereinafter. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 
The  present  invention  encompasses  a  process  for  halogenating  carboxylate  compounds.  The 

carboxylate  compounds  used  herein  are  characterized  by  at  least  one  reactive  @-hydrogen  substituent, 
which  is  displaced  by  a  halogen  atom  during  the  process.  In  the  practice  of  the  invention,  the  carboxylic 
acids  and  salts,  acid  chlorides,  or  carboxylic  acid  anhydrides  are  contacted  with  a  halogen  or  halogen 
source  in  the  presence  of  an  effective  amount  of  a  cyanoquinodimethane  material  and ah  acidic 
auxiliary  agent. 

By  "halogenating"  herein  is  meant  displacing  an  a-hydrogen  substituent  with  halogens  other  than 
fluorine.  As  is  well  known,  fluorination  reactions  are  carried  out  under  special  conditions  and  are 



therefore  not  contemplated  in  the  practice  of  this  invention.  The  present  process  is  particularly  useful 
for  chlorinating  or  brominating  carboxylate  compounds  and,  on  an  industrial  scale,  is  especially  useful  
for  chlorination  reactions. 

By  "carboxylate  compound"  herein  is  meant  carboxylic  acids  (and  salts),  carboxylic  acid  halides 
and  carboxylic  acid  anhydrides. 

By  "effective  amount"  herein  is  meant  an  amount  of  the  cyanoquinodimethane  material  and 
auxiliary  agent  sufficient  to  direct  the  halogenation  reaction  regiospecifically  such  that  it  occurs  almost 
exclusively  at  the  a-hydrogen  substituent  of  the  carboxylate  compound. 

T h e   cyanoquinodimethane  materials  and  acidic  auxiliary  agents  are  described  in  more  detail 
hereinafter. 

By  "comprising"  herein  is  meant  that  various  other  compatible  materials  may  be  present  in  the 
reaction  mixtures  during  the  halogenation  reaction  in  such  proportions  as  will  not  adversely  affect  the 
a-halogenation  of  the  carboxylate  compounds.  For  example,  various  solvents  and  the  like  can  optionally 
be  present.  The  term  "comprising"  thus  encompasses  and  includes  the  more  restrictive  terms 
"consisting  of"  and  "consisting  essentially  of"  within  its  scope,  so  long  as  the  processes  and 
compositions  of  this  invention  include  the  specified  ingredients,  which  are  critical  to  the  practice  of  the 
invention. 

All  percentages  herein  are  on  a  mole  basis,  unless  otherwise  specified. 
The  carboxylate  compounds  which  are  @-halogenated  in  the  manner  of  this  invention  comprise 

carboxylic  acids  and  carboxylic  acid-derived  materials.  These  carboxylate  compounds  are  the  free  acids 
and  salts,  the  acid  anydrides  and  the  acid  halides. 

The  present  process  can  be  used  to  a-halogenate  carboxylate  compounds,  especially  carboxylic 
acids,  comprising  from  2  to  30  carbon  atoms.  (Of  course,  for  the  corresponding  symmetrical  carboxylic 
acid  anhydride,  equivalent  compounds  will  comprise  from  4  to  60  total  carbon  atoms).  The  process 
herein  is  especially  useful  for  @-halogenating  the  C3  to  C18  carboxylic  acids.  However,  for  halogenating. 
the  shorter  members  in  this  class,  other  art-disclosed  processes  are  adequate,  albeit  sub-optimal.  The 
special  economic  advantages  of  the  present  process  are  particularly  noteworthy  when  @-halogenating, 
especially  a-chlorinating,  the  C6@C18  carboxylate  materials  for  which  the  art-disclosed  processes  yield 
mixed  results.  Accordingly,  the  present  process  is  especially  useful  for  @-halogenating,  especially  a -  
chlorinating,  carboxylate  materials  based  on  lauric  acid,  myristic  acid,  palmitic  acid,  stearic  acid,  and 
mixtures  thereof. 

The  process  of  this  invention  is  not  limited  with  regard  to  the  halogenation  agent.  Elemental 
halogens,  liquid  or  gaseous,  can be  used.  Chlorine  gas  is  especially  convenient,  economical  and 
preferred  for  use  herein.  Bromine  can  also  be  used,  but  is  more  expensive,  as  is  iodine.  Halogen  sources 

well-known  organic  halogenating  agents  such  as  N-chlorosuccinimide  (NCS)  and  N-bromosuccinimide 
(NBS). 

The  cyanoquinodimethane  materials  used  herein  are  all  members  of  the  well-known  class  of 
compounds  which  have  recently  been  the  subject  of  intensive  study  as  electrically-conductive  organic 
solids.  Reviews  of  these  materials,  methods  of  preparation  and  a  list  of  references  to  additional 
compounds  and  preparative  methods  appear  in  the  articles  by  Wheland  and  Gillson,  Journal  of  the 
American  Chemical  Society,  98,  3916  (1976)  and  Wheland  and  Martin,  J.  Org.  Chem.,  40,  3101 
(1975). 

In  general,  the  cyanoquinodimethanes  useful  herein  are  characterized  by  the  moiety: 

where  R  can  be  H  or  one  or  more  substituent  groups,  e.g.,  halogen,  alkoxyl,  alkyl,  thioalkyl,  and  CN.  See 

Wheland  and  Martin,  above. 
The  tetracyanoquinodimethane  (TCNQ)  compounds  preferred  for  use  herein  are  of  the  formula  (R 

as  above): 



Other  specific  examples  of  cyanoquinodimethanes  useful  herein  include  hexacyanobutadiene 
(HCBD)  and  tetracyanonaphoquinodimethane  (TNAP),  represented  by  the  following  formulas 

TCNQ,  TNAP  and  HCBD  are  prepared  by  techniques  known  in  the  literature.  (While  HCBD  is  not,  in  the 
most  formal  sense,  a  quinone  structure,  its  extended  conjugated  system  of  electrons  is  "quinone-like". 
Accordingly,  HCBD  is  considered  a  cyanoquinodimethane  in  the  present  invention). 

Auxiliary  agents 
The  auxiliary  agents  used  in  the  practice  of  this  invention  include  many  of  the  common  acidic 

materials  known  in  the  art  for  use  in  halogenation  reactions.  Such  acidic  materials  include  both  Lewis 
acids  and  inorganic  protonic  acids  which  are  of  considerably  greater  acid  strength  than  hydrocarbyl 
carboxylic  acids.  Typical  examples  of  such  acidic  auxiliary  agents  include  acetyl  chloride,  PBr3,  PCI3, 
thionyl  chloride,  sulfuryl  chloride,  oxalyl  chloride,  PCIS,  phosgene,  fluorosulfonic  acid,  chlorosulfonic 
acid,  and  trifluoromethanesulfonic  acid.  The  most  highly  preferred  auxiliary  agent  herein  is 
chlorosulfonic  acid. 

It  is  to  be  understood  that  carboxylic  acid  halides  (especially  acid  chlorides)  are  operative  in  the 
practice  of  this  invention  as  auxiliary  agents  when  @-halogenating  carboxylic  acids  or  anhydrides 
thereof.  However,  carboxylic  acid  halides  can  themselves  be  halogenated  if  they  contain  an  a-hydrogen 
substituent.  The  @-halogenation  of  carboxylic  acid  halides  is  carried  out  in  the  presence  of  a  more  acidic 
auxiliary  agent  such  as  CIS03H,  or  PCI3,  and  the  cyanoquinodimethane  material.  This  is  not  a  preferred 
halogenation  method,  inasmuch  as  it  requires  the  separate  preparation  of  a  stoichiometric  amount  of 
acid  chloride,  which  is  thereafter  a-halogenated. 

The  most  preferred  catalyst  system  herein  comprises  a  mixture  of  TCNQ  and  chlorosulfonic  acid. 
Various  ratios  of  these  materials  can  be  employed,  but  a  1:5-1:50  mole  ratio  of  TCNQ:CIS03H  is 
convenient. 

The  most  preferred  halogenation  reagent  herein  comprises  gaseous  chlorine  and  the  aforesaid 
mixture  of  TCNQ  and  chlorosulfonic  acid.  Of  course,  the  chlorine  in  this  reagent  is  replenished  as  it  is 
exhausted  during  the  reaction.  Replenishment  of  the  chlorine  is  most  conveniently  carried  out  by 
bubbling  gaseous  chlorine  into  the  reaction  mixture. 

The  halogenation  reaction  of  this  invention  is  carried  out  by  contacting  the  carboxylate  compound 



with  the  halogen  or  halogen  source  in  the  presence  of  a  cyanoquinodimethane  material  and  acidic 
auxiliary  agent  at  a  temperature  of  70°C,  or  greater.  Chlorination  reactions  using,elemental  chlorine  as 
the  halogen  are  carried  out  at  temperatures  above  130°C,  preferably  at  temperatures  within  the  range. 
from  150°C  to  250°C.  When  halogen  sources  such  as  the  N-halosuccinimides  are  used,  temperatures 
of  70°C-250°C  are  operative  and  convenient.  Bromination  and  iodination  reactions  are  carried  out 
under  similar  temperature  conditions. 

The  process  herein can  be  carried  out  in  the  presence or  absence  of inert  solvents.  Preferably,  the 
reaction  is  carried  out  without  the  use  of  solvents,  and  this  is  both  convenient  and  economical  on  a 
commercial  scale.  Indeed,  the  use  of  solvents  can  lead  to  undesirable  side-reactions  involving 
halogenation  of  many  of  the  common  hydrocarbon  solvents.  Under  the  reaction  temperatures  specified 
hereinabove,  the  carboxylate  compounds  are  liquids  and  are  quite  convenient  to  use  in  that  state 
without  additional  solvents. 

Typical  use  concentrations  of  the  cyanoquinodimethanes  relative  to  the  carboxylate  compounds 
are  0 .01-10.0   mole  percent,  preferably  0 .05-5 .0   mole  percent,  most  preferably  0 .05-0.5   mole 
percent. 

Typical  use  concentrations  of  the  acidic  auxiliary  agents  relative  to  the  carboxylate  compounds 
are  0 .1 -10   mole  percent,  preferably  1 - 5   mole  percent. 

The  following  examples  illustrate  the  practice  of  this  invention  but  are  not  intended  to  be  limiting 
thereof.  Percentage  yields  are  in  parentheses. 

Example  I 
Preparation  of  2-Chlorostearic  Acid 

A  1-liter  five-neck  round  bottom  flask  is  placed  in  an  efficient  fume  hood  and  is  fitted  with  a 
mechanical  stirrer,  thermometer,  Dry  Ice  condenser,  and  two  fritted  gas  dispersion  tubes  (opposite 
necks).  The  two  dispersion  tubes  are  connected  via  PVC  tubing  to  a  T-connector,  the  third  arm  of  which 
is  connected  to  a  chlorine  gas  source  containing  an  in-line  flowmeter  capable  of reading  2 0 0 - 1 0 0 0  
ml/min. 

The  dispersion  tubes  are  removed  temporarily,  and  the  flask  is  charged  with  569.0  g  (2.0  moles) 
of  powdered  stearic  acid.  The  stearic  acid  is  melted  by  warming  the  flask  with  a  heating  mantle  while 
stirring  at  low  speed.  When  the  acid  has  melted  (temperature  approximately  80°C),  1.65  g  (0.008 
mole)  of  TCNQ  (Aldrich  Chemical  Co.)  is  added.  The  chlorine  gas  flow  to  the  dispersion  tubes  is  started 
and  set  at  a  rate  of  250  ml/min.  Chlorosulfonic  acid,  4.0  ml  (0.063  mole)  is  pipetted  rapidly  into  the 
flask  (temp.  <90°C)  and  the  dispersion  tubes  are  immediately  fitted  to  the  flask  so  that  the  chlorine  is 
evolved  well  beneath  the  surface  of  the  liquid.  The  stirrer  is  adjusted  to  a  high  speed  setting,  and  the 
solution  is  heated  as  rapidly  as  possible  to  150°C.  (Immediately  prior  to  the  addition  of  chlorosulfonic 
acid,  full  line  voltage  is  applied  to  the  heating  mantle.  When  the  solution  temperature  reaches  130°C, 
the  voltage  is  cut  to  0,  allowing  the  temperature  to  coast  to  150°C},  During  the  heating  period,  the  Dry 
Ice  condenser  is  filled  with  a  Dry  Ice-alcohol  slurry.  When  the  temperature  reaches  148°C,  the  chlorine 
flow  rate  is  increased  to  1000  ml/min.  This  point  is  considered time  0  for  purposes  of  timing  the 
reaction. 

Throughout  the  reaction,  the  solution  temperature  is  maintained  at  150±3°C  by  careful 
adjustment  of  the  current  to  the  heating  mantle.  Since  the  reaction  is  mildly  exothermic,  this 
temperature  is  usually  maintained  during  the  first  half  hour  with  no  current  applied  to  the  mantle. 
During  the  second  half  hour,  the  cooling  effect  of  condensing  chlorine  necessitates  constant  monitoring 
of  the  solution  temperature  and  mantle  setting.  At  65  minutes  reaction  time,  the  chlorine  flow  rate  is 
reduced  to  250  ml/min.  At  75  min.,  the  heating  mantle  is  removed  and  is  replaced  by  an  ice  bath,  and 
the  dispersion  tubes  and  condenser  are  removed.  When  the  solution  temperature  reaches  8 0 - 9 0 ° C ,  
the  entire  reaction  mixture  is  poured  into  1500  ml  of  acetonitrile.  The  resulting  mixture  is  warmed  on  a 
steam  bath  until  a  clear,  yellow,  homogeneous  solution  is  obtained.  The  solution  is  placed  in  an  ice  bath 
and  stirred  or  swirled  vigorously  to  effect  crystallization  of  the  product.  After  standing  at  0°C  overnight; 
the  product  is  collected  by  suction  filtration,  washed  thoroughly  with  cold  acetonitrile,  and  vacuum 
dried  to  afford  535.5  g  (84%)  of  2-chlorostearic  acid,  M.P.  6 3 . 5 - 6 4 ° C .  

As an  optional  modification  of  the  foregoing  procedure,  an  additional  0.8  portion  of  TCNQ  can  be 
added at  50  min.  reaction  time.  This  serves  to  prevent  the  formation  of  minor  by-products  that  result  if 
the  reaction  is  allowed  to  run  beyond  the  time  when  starting  material  is  consumed.  With  this 
modification,  the  yield  of  recrystallized  2-chlorostearic  acid  is  increased  to  89%. 

The  process  of  Example  I  is  carried  out  with  lauric  acid,  myristic  acid,  palmitic  acid,  and 
commercial  tallow  fatty  acids,  i.e:,  mixtures  of  lauric,  myristic,  palmitic  and  stearic  acids,  respectively. 
High  yields  (ca.  90%)  of  the  a-chlorinated  acids are  secured  in  each  instance. 

The  process  of  Example  I  is  carried  out  using  the  following  acidic  auxiliary  agents  in  place  of  the 
chloro-  sulfonic  acid:  PBr3;  PCI3;  PCI5;  acetyl  chloride;  thionyl  chloride;  sulfuryl  chloride;  oxalyl  chloride; 
phosgene;  fluorosulfonic  acid;  chlorosulfonic  acid;  stearoyl  chloride;  and  trifluoromethane  sulfonic  acid. 
In  each  instance,  excellent  yields  of  pure  2-chlorostearic  acid  are  secured. 

The  process  of  Example  I  is  carried  out  using  HCBD  and  TNAP,  respectively,  as  the 



cyanoquinodimethane  agent  (0.008  moles).  In  each  instance,  good  yields  of  the  desired  2-chlorostearic 
acid  are  secured. 

The  process  of  Example  I is  repeated  using  acetic,  propionic,  butyric,  pelargonic,  pentadecanoic, 
margaric,  arachidic,  behenic,  tricosanoic,  and  cerotic  acids,  respectively,  and  their  respective 
anhydrides,  and  the  @-chlorinated  products  are  secured. 

Example  II 
@-Halogenation  of  Acid  Halides  and  Anhydrides 

Following  the  procedure  of  Example  I,  stearoyl  chloride  is  reacted  with  chlorine  in  the  presence  of 
CIS03H  and  TCNQ.  The  product  is  distilled  to  provide  substantially  pure  2-chlorostearoyl  chloride. 

The  foregoing  reaction  is  repeated  using  stearic  anhydride  and  the  @-chlorinated  anhydride  is 
secured. 

In  a  modification  of  the  process  of  Example  li,  the  chlorine.gas  is  replaced  by  liquid  bromine  and 
the  corresponding  @-brominated  compound  is  secured. 

Example  III 
Mixtures  especially  adapted  for  use  in  the  @-halogenation  of  carboxylate  compounds  are  as 

follows: 

The  foregoing  mixtures  are  typically  used  at  concentrations  of  0.01%-10%  of  the  carboxylate 
compound  being  halogenated  and  the  reaction  proceeds  substantially  exclusively  at  the  @-CH  group. 



Example  IV 
The  process  of  the  present  invention  can  be  carried  out  using  free  halogens  in  the  manner 

described  hereinbefore.  Organic  halogenating  agents  such  as  N-chlorosuccinimide  can  also  be 
employed,  as  follows. 

Into  a  50  ml  3-neck  round  bottom  flask  fitted  with  a  condenser,  thermometer,  and  magnetic 
stirrer  were  placed  11.4  g  (0.04  mole)  stearic  acid,  8.0  g  (0.06  mole)  N-chlorosuccinimide,  0.1  ml 
(0.0015  mole)  chlorosulfonic  acid,  and  0.04  g  (0.0002  mole)  TCNQ.  The  flask  was  placed  in  a  heating 
bath  set  at  150°C.  The  mixture  was  stirred  during  heating,  and  a  homogeneous  liquid  phase  was 
formed.  The  solution  temperature  continued  to  rise  above  that  of  the  heating  bath,  and  a  sudden 
exothermic  reaction  occurred  in  which  the  reaction  temperature  increased  to  ca.  220°C.  The  reaction 
mixture  was  cooled  and  dissolved  in  chloroform,  and  the  resulting  solution  was  washed  thoroughly  with 
dilute  aqueous  sodium  chloride  solution.  After  drying  and  removal  of  the  chloroform,  the  residue  was 
recrystallized  from  acetonitrile  to  afford  8.9  g  (70%)  of  2-chlorostearic  acid  which  was  equivalent  in 
purity  to  the  product  of  Example  I. 

Example  V 
Following  the  procedures  of  Examples  I  and  II  herein,  carboxylate  compounds  are  a-chlorinated, 

@-brominated  and  a-iodinated  in  the  presence  of  the  following  mixtures  of  substituted  TCNQ  and  acidic 
auxiliary  agents: 

The  foregoing  mixtures  are  typically  used  at  concentrations  of  0.01%-10.0%  of  the  carboxylate 
compound  being  halogenated  and  the  reaction  proceeds  substantially  exclusively  at  the  a-CH  group  to 
provide  the  @-halogenated  carboxylate  compound. 

As  can  be  seen  from  the  foregoing,  the  present  process  provides  an  improved  means  for  carrying 
out  a-halogenations,  especially  a-chlorinations,  of  carboxylate  compounds,  especially  carboxylic  acids. 
By  the  present  invention,  the  use  of  cyanoquinodimethane  materials  substantially  improves  yields  of  a-  
chlorinated  products  and greatly  decreases  side-reactions  which  have  heretofore  led  to  undesirable  by- 
product  formation.  TCNQ,  HCBD,  TNAP  and  derivatives  thereof  are  available  by  art-disclosed  processes 
for  use  in  the  present  invention. 



1.  A  process  for  replacing  an  a-hydrogen  substituent  of  carboxylate  compounds  with  halogen  in 
the  presence  of  a  catalyst  characterized  in,  that  one  contacts  the  carboxylic  acids,  carboxylic  acid  salts, 
carboxylic  acid  anhydrides  or  carboxylic  acid  halides  at  a  temperature  of  70°C  or  greater  with  a  halogen 
or  halogen  source  other  than  fluorine  or  a  fluorine  source  in  the  presence  of  an  effective  amount  of:  a 
cyanoquinodimethane  having  the  moiety 

where  R  is  H  or  one  or  more  substituents;  or  hexacyanobutadiene  (HCBD);  and  an  acidic  auxiliary  agent. 
2.  A  process  according  to  Claim  1  wherein  the  cyanoquinodimethane  material  is  selected  from 

tetracyanoquinodimethane  (TNCQ),  HCBD,  and  tetracyanonaphthoquinodimethane  (TNAP),  and 
derivatives  thereof,  and  the  auxiliary  agent  is  a  Lewis  acid  or  an  inorganic  protonic  acid. 

13.  A  process  according  to  Claim  1  wherein  the  cyanoquinodimethane  material  is  a  member 
selected  from  TCNQ,  HCBD,  and  TNAP,  and  derivatives  thereof,  and  the  auxiliary  agent  is  a  member 
selected  from  PCI3,  PCig,  PBr3,  thionyl  chloride,  sulfuryl  chloride,  oxalyl  chloride,  acetyl  chloride, 
phosgene,  fluorosulfonic  acid,  chlorosulfonic  acid,  and  trifluoromethanesulfonic  acid. 

4.  A  process  according  to  Claim  1  wherein  the  halogen  or  halogen  source  is  a  chlorinating  or 
brominating  agent. 

5.  A  process  according  to  Claim  4  wherein  the  halogen  source  is  a  member  selected  from  N- 
chlorosuccinimide  and  N-bromosuccinimide,  and  wherein  the  process  is  carried  out  at  a  temperature 
within  the  range  from  70°C  to  250°C. 

6.  A  process  according  to  Claim  1  wherein  the  carboxylate  compound  is  a  carboxylic  acid  which 
comprises  from  2  to  30  carbon  atoms. 

7.  A  process  according  to  Claim  6  wherein  the  carboxylic  acid  is  selected  from  lauric  acid,  myristic 
acid,  palmitic  acid,  stearic  acid,  and  mixtures  thereof. 

8.  A  process  according  to  Claims  1  and  6  for  chlorinating  carboxylic  acids  on  the  a-carbon, 
comprising  contacting  said  carboxylic  acid  with  chlorine  at  a  temperature  within  the  range  from  150°C 
to  250°C  in  the  presence  of  an  effective  amount  of  a  catalyst  system  comprising  TCNQ,  or  derivatives 
thereof,  and  chlorosulfonic  acid,  wherein  the  mole  ratio  of  the  TCNQ  or  the  TCNQ-derivative:CISO3H  is 
in  the  range  of  1:5  to  1:50. 

1.  Un  procédé  pour  le  remplacement  d'un  substituant  or-hydrogène  de  composés  carboxylate  avec 
un  halogène  en  présence  d'un  catalyseur,  caractérisé  en  ce  que  l'on  met  en  contact  les  acides 
carboxyliques,  les  sels  d'acide  carboxylique,  les  anhydrides  d'acide  carboxylique  ou  les  halogénures d'acide  carboxylique  à  une  température  de  70°C  ou  plus  avec  un  halogène  ou  une  source  d'halogène, 
autre  que  le  fluor  ou  une  source  de  fluor,  en  présence  d'une  quantité  efficace  d'un 
cyanoquinodiméthane  comportant  le  motif: 

où  R  est  H  ou  un  ou  plusieurs  substituants;  ou  l'hexacyanobutadiène  (HCBD)  et  d'un  agent  auxiliaire 
acide. 

2.  Procédé  selon  la  revendication 1,  caractérisé  en  ce  que  le  produit de  cyanoquinodiméthane  est 
choisi  parmi  le  tétracyanoquinodiméthane  (TNCQ),  l'HCBD,  le  tétracyanonaphtoquinodiméthane  (TNAP) 
et  leurs  dérivés  et  que  l'agent  auxiliaire  est  un  acide  de  Lewis  ou  un  acide  protonique  inorganique. 

3.  Procédé  selon  la  revendication  1,  caractérisé  en  ce  que  le  produit  de  cyanoquinodiméthane  est 
un  élément  choisi  parmi  le  TCNQ,  l'HCBD,  le  TNAP  et  leurs  dérivés  et  que  l'agent  auxiliaire  est  un 
élément  choisi  parmi  PCI3,  PCI,,,  PBr3,  le  chlorure  de  thionyle,  le  chlorure  de  sulfuryle,  le  chlorure 
d'oxalyle,  le  chlorure  d'acétyle,  le  phosgène,  l'acide  fluorosulfonique,  l'acide  chlorosulfonique  et  l'acide 
trifluorométhanesulfonique. 

4.  Procédé  selon  la  revendication  1,  caractérisé  en  ce  que  l'halogène  ou  la  source  d'halogène  est 
un  agent  de  chloruration  ou  de  bromuration. 



5.  Procédé  selon  la  revendication  4,  caractérisé  en  ce  que  la  source  d'halogène  est  choisie  parmi 
le  N-chlorosuccinimide  et  le  N-bromosuccinimide  et  que  le  procédé  est  conduit  à  une  température  dans 
la  gamme  de  70°C  à  250°C. 

6.  Procédé  selon  la  revendication  1,  caractérisé  en  ce  que  le  composé  carboxyiate  est  un  acide 
carboxylique  qui  compte  2  à  30  atomes  de  carbone. 

7.  Procédé  selon  la  revendication  6,  caractérisé  en  ce  que  l'acide  carboxylique  est  choisi  parmi 
l'acide  laurique,  l'acide  myristique,  l'acide  palmitique,  l'acide  stéarique  et  leurs  mélanges. 

8.  Procédé  selon  les  revendications  1  et  6  pour  la  chloruration  d'acides  carboxyliques  sur  le 
carbone-@  consistant  à  mettre  en  contact  ledit  acide  carboxylique  avec  du  chlore  à  une  température 
dans  la  gamme  de  150°C  à  250°C  en  présence  d'une  quantité  efficace  d'un  système  de  catalyseur 
comprenant  du  TCNQ  ou  ses  dérivés  et  d'un  acide  chlorosulfonique,  caractérisé  en  ce  que  le  rapport 
molaire  du  TCNQ  ou  du  dérive  de  TCNO:CIS03H  est  compris  entre  1:5  et  1:50. 

1.  Verfahren  zum  Austausch  eines  a-Wasserstoff-substituenten  von  Carboxylatverbindungen 
durch  Halogen  in  Gegenwart  eines  Katalysators,  dadurch  gekennzeichnet,  daß  man  die  Carbonsäuren, 
Carbonsäuresalze,  Carbonsäureanhydride  oder  Carbonsäurehalogenide  bei  einer  Temperatur  von  70°C 
oder  höher  in  Kontakt  bringt  mit  einem  Halogen  oder  einer  Halogenquelle  außer  mit  Fluor  oder  einer 
Fluorquelle  in  Gegenwart  einer  wirksamen  Menge  eines  Cyanochinodimethans,  das  die  Komponente 

aufweist,  worin  R H oder  einen  oder  mehrere  Substituenten  bedeutet  oder  Hexacyanobutadien  (HCBD) 
und  einem  sauren  Hilfsmittel. 

2.  Verfahren  nach  Anspruch  1,  worin  das  Cyanochinodimethanmaterial  Tetracyano- 
chinodimethan  (TCNQ),  HCBD  oder  Tetracyanonaphthochinodimethan  (TNAP)  oder  Derivate  davon  ist 
und  das  Hilfsmittel  eine  Lewissäure  oder  eine  anorganische  protonische  Säure  ist. 

3.  Verfahren  nach  Anspruch  1,  worin  das  Cyanochinodimethanmaterial  TCNQ,  HCBD  oder TNAP 
oder  Derivate  davon  und  das  Hilfsmittel  PCI3,  PCI.,  PBr3,  Thionylchlorid,  Sulfurylchlorid,  Oxalylchlorid, 
Acetylchlorid,  Phosgen,  Fluorsulfonsäure,  Chlorsulfonsäure  oder  Trifluormethansulfonsäure  ist. 

4.  Verfahren  nach  Anspruch  1,  worin  das  Halogen  oder  die  Halogenquelle  ein  Chlorierungs-  oder 
Bromierungsmittel  ist. 

5.  Verfahren  nach  Anspruch  4,  worin  die  Halogenquelle  N-Chlorsuccinimid  oder  N- 
Bromsuccinimid  ist  und  das Verfahren  bei  einer  Temperatur  zwischen  70  und  250°C  durchgeführt  wird. 

6.  Verfahren  nach  Anspruch  1,  worin  die  Carboxylatverbindung  eine  Carbonsäure  mit  2  bis  30  C- 
Atomen  ist. 

7.  Verfahren  nach  Anspruch  6,  worin  die  Carbonsäure  Laurinsäure,  Myristinsäure,  Palmitinsäure, 
Stearinsäure  oder  Gemische  davon  ist. 

8.  Verfahren  nach  Anspruch  1  und  6  zum  Chlorieren  von  Carbonsäuren  am  a-Kohlenstoff,  worin 
diese  Carbonsäure  mit  Chlor  bei  einer  Temperatur  von  150  bis  250°C  in  Kontakt  gebracht  wird  in  Ge- 
genwart  einer  wirksamen  Menge  eines  Katalysatorsystems  enthaltend  TCNQ  oder  Derivate  davon  und 
Chlorsulfonsäure,  worin  das  Molverhältnis  von  TCNQ  oder  den  TCNQ-Derivaten  zu  CIS03H  von  1:5  bis 
1:50  beträgt. 
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