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Description 

This  invention  relates  to  methods  for  removing  organic  cations  to  very  low  levels  from  polar  fluids. 
Cationic  organic  compounds,  particularly  the  onium  compounds,  are  often  highly  toxic  even  when  present 

in  very  dilute  solutions.  For  example,  quaternary  ammonium  and  other  onium  salts  have  neuromuscular  block- 
ing  properties  which  upon  exposure  cause  muscular  paralysis.  This  type  of  toxic  effect  is  discussed  in  Intro- 
duction  to  Chemical  Pharmacy,  2nd.  ed.,  Wiley  &  Sons,  125  (1964). 

The  removal  of  organic  cations  from  aqueous  or  other  polar  liquids,  particularly  to  low  levels  needed  to 
avoid  unacceptable  toxicity,  is  often  a  difficult  problem.  Methods  for  removing  these  organic  cations,  such  as 
passing  the  solutions  through  a  cation-exchange  resin  or  extracting  the  cations  from  the  solutions  with  a  water- 
immiscible  organic  phase  containing  a  phenolic  compound  as  described  in  US-A-  4,487,698,  are  known.  Un- 
fortunately,  both  of  these  methods  are  either  not  effective  in  removing  the  organic  cations  to  levels  below  5 
parts  per  million  (ppm)  or  are  impractical  due  to  the  required  large  volumes  of  solvents  and  the  contamination 
of  the  aqueous  or  other  polar  phase  with  phenolic  compounds.  Such  methods  are  usually  totally  ineffective 
when  it  is  desired  to  remove  an  organic  cation  from  a  polar  liquid  containing  other  different  cations  which  are 
desirable  to  retain  in  the  polar  liquid. 

In  view  of  the  deficiencies  of  the  conventional  methods  for  removing  organic  cations  from  polar  liquids,  it 
is  highly  desirable  to  provide  a  process  which  is  capable  of  removing  essentially  all  of  an  organic  cation  from 
a  polar  liquid. 

The  present  invention  is  such  an  improved  process  for  removing  cationic  organic  impurities  from  polar  liq- 
uids.  This  improved  process  includes  the  step  of  contacting  a  polar  liquid  containing  a  cationic  organic  impurity 
with  an  absorbent  comprising  a  trinitroarenol  or  a  trinitroaryl  sulfonic  acid,  preferably  under  conditions  sufficient 
to  remove  substantially  all  of  the  impurity  from  the  polar  liquid. 

Surprisingly,  the  present  invention  enables  the  essentially  complete  separation  of  organic  cations  from 
other  organic  compounds  such  as  organic  zwitterions,  organic  anions  and  non-ionic  organic  compounds.  Thus, 
the  method  of  the  present  invention  is  advantageously  employed  in  the  purification  of  organic  zwitterions.  This 
method  is  also  useful  in  processes  which  employ  phase-transfer  catalysts.  These  phase-transfer  catalysts  are 
generally  quaternary  ammonium  salts  and  phosphonium  salts  and  are  described  in  Angewandte  Chemie,  "Ad- 
vances  in  Phase-Transfer  Catalysis",  Vol.  16,  No.  8,  p.  493. 

Organic  cations  which  are  preferably  removed  from  polar  liquids  by  the  method  of  this  invention  are  gen- 
erally  characterized  by  having  at  least  one  onium  moiety  per  molecule  wherein  the  onium  moiety  is  advanta- 
geously  one  of  the  following: 

sulfonium, 
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quaternary  ammonium 
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and  phosphonium 
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The  onium  moiety  is  preferably  covalently  bonded  to  alkyl,  cycloalkyl,  alkenyl,  aryl  and  similar  predominantly 
hydrocarbon  moieties  which  contain  heteroatomic  functionalities  such  as  ether,  ketone,  ester,  aldehyde,  alco- 
hol,  sulfide,  sulfoxide,  sulfone,  amine,  amide  and  nitrile.  Such  hydrocarbon  moieties  and  predominantly  hydro- 
carbon  moieties  preferably  have  from  one  to  eighteen  carbons,  most  preferably  from  one  to  twelve  carbons. 
Examples  of  such  organic  cations  include  cationic  compounds  suitable  for  use  as  phase-transfer  catalysts  such 
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as  described  in  AldrichimicaActa,  Vol.  9,  No.  3,  p.35-45  (1976).  Other  organic  cations  advantageously  removed 
by  the  method  of  this  invention  include  organic  sulfonium  compounds  such  as  cyclic  aliphatic  sulfonium  salts, 
for  example,  thiophenium  salts;  acyclic  sulfonium  salts,  for  example,  trialkyl  sulfonium  salts;  and  aromatic  sul- 

5  fonium  salts,  for  example,  triaryl  sulfonium  salts.  Additional  organic  cations  which  are  beneficially  removed  in- 
clude  the  quaternary  ammonium  salts  and  the  pyridinium  salts,  phosphonium  salts  as  well  as  other  onium  salts. 

Examples  of  the  cyclic  aliphatic  sulfonium  salts  include  1-(4,5-dihydro-3-thienyl)tetrahydrothiophenium 
chloride  and  sulfonium  isomers  and  analogs  thereof.  Examples  of  trialkylsulfonium  salts  include  trimethylsul- 
fonium  chloride,  triethylsulfonium  chloride,  bis(n-butyl)methylsulfonium  bromide  and  analogs  thereof.  Exam- 

10  pies  of  quaternary  ammonium  and  phosphonium  salts  include  tetramethylammonium  bromide,  benzyltrimethy- 
lammonium  bromide,  tetrabutylammonium  bromide,  trioctylmethylammonium  chloride,  triphenylmethylammo- 
nium  bromide,  tetraphenylphosphonium  bromide  and  tetrabutylphosphonium  chloride. 

For  the  purposes  of  this  invention,  polar  liquids  are  defined  as  normally  liquid  substances  having  a  degree 
of  polarity  equal  to  or  greater  than  that  of  octanol.  Examples  of  suitable  polar  liquids  include  water,  alkanols 

15  such  as  methanol  and  ethanol,  ethylene  glycol  and  monoethers  of  ethylene  glycol  and  propylene  glycol.  Of 
these  liquids,  water  is  the  most  preferred. 

In  one  preferred  practice  of  the  present  invention,  the  polar  liquid  also  contains  an  organic  zwitterion  which 
is  not  removed  from  the  polar  liquid  during  the  practice  of  the  improved  method  of  this  invention.  Examples 
of  such  zwitterions  are  those  described  in  US-A-  4,089,877;  4,118,297;  4,130,543  and  4,111,914. 

20  The  absorbents  employed  in  the  practice  of  the  invention  contain  a  nitrated  aromatic  acid  which  is  advan- 
tageously  a  trinitroarenol  or  a  trinitroaryl  sulfonic  acid.  By  arenol  is  meant  an  aromatic  compound  having  a  phe- 
nolic  hydroxyl.  The  trinitroarenols  preferably  employed  include  2,4,6-trinitrophenol  (picric  acid).  Examples  of 
preferred  trinitroaryl  sulfonic  acids  include  2,4,6-trinitrobenzene  sulfonic  acid. 

In  addition  to  the  aforementioned  acids,  the  absorbents  also  comprise  a  solid  support  or  carrier  such  as 
25  activated  carbon,  alumina,  titania  or  similar  substrates,  with  activated  carbon  being  most  preferred.  The  solid 

support  advantageously  has  an  average  particle  diameter  in  the  range  from  0.08  to  2  millimeters  (mm)  and  a 
surface  area  in  the  range  from  900  to  1400  square  meters/gram  (N2  BET  method,  ASTM  D-3037).  The  activated 
carbon  may  also  be  bound  to  a  suitable  secondary  support  such  as  fibers  of  polyester  or  similar  material. 

The  picric  acid  or  other  suitable  nitrated  aromatic  acid  is  advantageously  adsorbed  on  the  support  by  ex- 
30  posing  the  support  to  a  solution  of  the  acid  dissolved  in  water,  alcohol  or  mixture  thereof.  This  acid  solution  is 

preferably  added  to  the  top  of  a  column  of  the  absorbent  and  passed  through  the  column  such  that  the  bottom 
portion  of  the  column  does  not  contain  any  of  the  acid. 

In  practicing  the  method  of  the  invention,  it  is  preferable  to  first  prepare  a  cylindrical  column  of  the  absor- 
bent  of  sufficient  size  to  permit  effective  removal  of  the  organic  cation  as  well  as  an  acceptable  rate  of  flow 

35  of  the  polar  liquid  through  the  column.  While  the  most  optimum  size  of  the  column  will  vary  with  the  particular 
organic  cation  to  be  removed,  the  particular  polar  liquid  employed  and  the  loading  of  acid  on  the  support,  the 
ratio  of  column  length  to  diameter  is  preferably  in  the  range  from  1:1  to  10:1,  with  a  ratio  of  2.5:1  being  most 
preferred. 

The  polar  liquid  is  then  passed  through  the  cylindrical  column  at  a  rate  in  the  range  from  1  to  50  millilit- 
40  ers/minute  per  11  .4  square  centimeters  of  column  area,  most  preferably  at  a  rate  from  4  to  8  ml/min.  per  11  .4 

cm2.  Normally  the  organic  cation  is  removed  under  ambient  conditions  although  somewnat  higher  than  ambient 
pressures  can  be  used  to  accelerate  passage  of  the  polar  liquid  through  the  column. 

Upon  the  exit  of  the  polar  liquid  from  the  column,  the  liquid,  which  usually  contains  less  than  5  ppm,  most 
preferably  less  than  0.5  ppm,  of  the  organic  cation,  is  ready  for  use  or  for  further  processing. 

45  The  following  examples  are  given  to  illustrate  the  invention  and  should  not  be  interpreted  as  limiting  it  in 
any  way.  Unless  stated  otherwise,  all  parts  and  percentages  are  given  by  weight. 

Example  1 

50  Sufficient  activated  carbon  (20-50  mesh  -  ASTM-2862  obtained  from  Barneby-Cheney)  is  slurried  in  a  2- 
propanol/water  mixture  (20:80  by  volume)  and  poured  into  a  glass  column  (3.8  cm  diameter)  to  yield  a  column 
which  is  8.8  cm  in  length.  The  excess  water/alcohol  mixture  is  then  eluted.  A  solution  of  100  ml  of  2-propa- 
nol/water  (1:1  by  volume)  containing  0.5  gram  of  damp,  purified  2,4,6-trinitrophenol  (Picric  Acid  Purified,  San- 
doz  Chemicals,  Charlotte,  N.C.  28205)  is  passed  through  the  column  at  the  rate  of  about  5  ml/min.  Aftereluting 

55  the  column  with  100  ml  of  water,  450  grams  of  an  aqueous  solution  of  44.1  grams  of  a  bis(cyclic  sulfonium 
aromatic)  zwitterion  represented  by  Formula  I  hereinafter  and  0.044  gram  of  toxic  cationic  impurity  represented 
by  Formula  II  hereinafter  are  passed  through  the  column  at  the  rate  of  5  ml/min.  After  eluting  the  column  with 
137  ml  of  water,  558.3  g  of  eluate  containing  35.0  g  of  the  zwitterion  represented  by  Formula  I  is  obtained. 
Analysis  of  the  eluate  using  ion-exchange  chromatography  with  gradient  elution  and  photodiode-array  detec- 

3 
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tors  indicates  that  it  contains  less  than  0.5  ppm  based  on  zwitterion  of  the  toxic  cationic  impurity. 

F o r m u l a  
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15 
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25 

When  a  control  test  is  run  following  the  foregoing  procedure  except  that  no  picric  acid  is  employed,  the 
eluate  shows  essentially  no  reduction  in  the  toxic  cationic  impurity. 

30 
Example  2 

Activated  carbon  as  employed  in  Example  1  is  slurried  in  a  packing  liquid  consisting  of  2-propanol  and  water 
in  a  50/50  weight  ratio  and  poured  into  a  cylindrical  column.  The  carbon  is  used  in  an  amount  which  is  sufficient 

35  to  provide  a  packed  column  having  a  length  to  diameter  ratio  of  2.5.  A  0.5  percent  solution  of  picric  acid  in  a 
water/propanol  solution  (50/50  by  weight)  is  then  carefully  introduced  into  the  top  of  the  column  such  that  the 
carbon  is  not  disturbed  and  passes  through  the  column  at  the  rate  of  12  ml/min.  per  11.4  cm2  of  the  column 
top  surface.  The  picric  acid  solution  is  passed  through  the  column  until  the  solution  level  is  even  with  the  top 
of  the  carbon  column.  An  aqueous  solution  containing  9.8  percent  solids  of  the  zwitterion  represented  by  For- 

40  mula  I  and  977  ppm  of  the  sulfonium  impurity  represented  by  Formula  II  is  carefully  introduced  into  the  column 
such  that  it  passes  through  the  column  at  the  rate  of  6  ml/min.  per  11  .4  cm2  of  the  column  top  surface.  After 
passing  through  the  column  until  the  volume  of  eluate  to  total  packed  carbon  column  volume  reaches  a  ratio 
of  13,  the  solution  is  analyzed  for  the  sulfonium  impurity  and  found  to  contain  less  than  0.5  ppm  of  the  impurity. 

Claims 

1.  A  process  for  removing  a  cationic  organic  impurity  from  a  polar  liquid  wherein  the  polar  liquid  containing 
the  impurity  is  contacted  with  an  absorbent  capable  of  removing  the  impurity  from  the  liquid,  characterized 

so  in  that  it  comprises  using  a  trinitroarenol  or  a  trinitroaryl  sulfonic  acid  as  the  absorbent. 

2.  The  process  of  Claim  1  which  uses  picric  acid  deposited  on  activated  carbon  as  the  absorbent. 

3.  The  process  of  Claim  2  wherein  the  cationic  organic  impurity  is  an  organic  sulfonium  ion. 
55 4.  The  process  of  Claim  3  wherein  the  sulfonium  ion  is  1-(4,5-dihydro-3-thienyl)tetrahydrothiophenium,  tri- 

methylsulfonium,  triethylsulfonium  or  bis(n-butyl)methylsulfonium. 

5.  The  process  of  Claim  2  wherein  the  cationic  organic  impurity  is  a  quaternary  ammonium  or  phosphonium 

4 
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ion. 

6.  The  process  of  Claim  5  wherein  the  quaternary  ammonium  ion  is  tetramethylammonium,  benzyltrimethy- 
lammonium,  tetrabutylammonium,  trioctylmethylammonium  or  triphenylmethylammonium,  and  the  qua- 
ternary  phosphonium  ion  is  tetraphenylphosphonium  or  tetrabutylphosphonium. 

7.  The  process  of  Claim  2  wherein  the  polar  liquid  is  water  or  a  solution  of  water  and  an  alkanol  having  up 
to  4  carbons  which  has  dissolved  therein  an  organic  zwitterion. 

8.  The  process  of  Claim  3  wherein  the  polar  liquid  is  water  or  a  solution  of  water  and  an  alkanol  having  2  or 
3  carbons  which  has  dissolved  therein  a  cyclic  aliphatic  sulfonium  zwitterion. 

9.  The  process  of  Claim  7  or  8  wherein  the  zwitterion  is  represented  by  the  formula: 

10.  The  process  of  Claim  1  carried  out  under  conditions  sufficient  to  remove  substantially  all  of  the  impurity 
from  the  polar  liquid. 

Patentanspruche 

1.  Verfahren  zur  Entfernung  einer  kationischen  organischen  Verunreinigung  aus  einer  polaren  Flussigkeit, 
worin  die  polare  Flussigkeit,  welche  die  Verunreinigung  enthalt,  mit  einem  zur  Entfernung  der  Verunrei- 
nigung  aus  der  Flussigkeit  fahigen  Absorbens  in  Kontakt  gebracht  wird,  dadurch  gekennzeichnet,  dali  es 
die  Verwendung  eines  Trinitroarenols  oder  einer  Trinitroarylsulfonsaure  als  Absorbens  umfalit. 

2.  Verfahren  nach  Anspruch  1  ,  welches  auf  Aktivkohle  abgelagerte  Pikrinsaure  als  Absorbens  benutzt. 

3.  Verfahren  nach  Anspruch  2,  worin  die  kationische  organische  Verunreinigung  ein  organisches 
Sulfoniumion  ist. 

4.  Verfahren  nach  Anspruch  3,  worin  das  Sulfoniumion  1-(4,5-Dihydro-3-thienyl)-tetrahydrothiophenium, 
Trimethylsulfonium,  Triethylsulfonium  oder  Bis-(n-butyl)-methylsulfonium  ist. 

5.  Verfahren  nach  Anspruch  2,  worin  die  kationische  organische  Verunreinigung  ein  quaternares  Ammoni- 
um-  oder  Phosphonium-ion  ist. 

6.  Verfahren  nach  Anspruch  5,  worin  das  quaternare  Ammoniumion  Tetramethylammonium,  Benzyltrime- 
thylammonium,  Tetrabutylammonium,  Trioctylmethylammonium  oder  Triphenylmethylammonium  ist,  und 
das  quaternare  Phosphoniumion  Tetraphenylphosphonium  oder  Tetrabutylphosphonium  ist. 

7.  Verfahren  nach  Anspruch  2,  worin  die  polare  Flussigkeit  Wasser  oder  eine  Losung  von  Wasser  und  einem 
Alkanol  mit  bis  zu  4  Kohlenstoffatomen  ist,  die  ein  organisches  Zwitterion  hierin  aufgelost  enthalt. 

8.  Verfahren  nach  Anspruch  3,  worin  die  polare  Flussigkeit  Wasser  oder  eine  Losung  von  Wasser  und  einem 
Alkanol  mit  2  oder  3  Kohlenstoffatomen  ist,  die  ein  cyclisches,  aliphatisches  Sulfoniumzwitterion  hierin 
aufgelost  enthalt. 

9.  Verfahren  nach  Anspruch  7  oder  8,  worin  das  Zwitterion  durch  die  Formel  wiedergegeben  wird: 

Formula   I 
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Fo rme l   I  

10.  Verfahren  nach  Anspruch  1,  durchgefuhrt  unter  Bedingungen,  die  zur  Entfernung  praktisch  aller  Verun- 
reinigung  aus  der  polaren  Flussigkeit  ausreichend  sind. 

Revendications 

1.  Procede  d'enlevement  d'une  impurete  organique  cationique  d'un  liquide  polaire,  dans  lequel  on  met  le  li- 
quide  polaire  contenant  I'impurete  en  contact  avec  un  absorbant  capable  d'enlever  I'impurete  du  liquide, 
caracterise  en  ce  qu'il  comporte  I'utilisation  d'un  trinitroarenol  ou  d'un  acide  trinitroarylsulfonique  en  tant 
qu'absorbant. 

2.  Procede  conforme  a  la  revendication  1,  dans  lequel  on  utilise  comme  absorbant  del'acide  picrique  depose 
sur  du  charbon  actif. 

3.  Procede  conforme  a  la  revendication  2,  dans  lequel  I'impurete  organique  cationique  est  un  ion  sulfonium 
organique. 

4.  Procede  conforme  a  la  revendication  3,  dans  lequel  I'ion  sulfonium  est  I'ion  1-(4,5-dihydro-3-thienyl)te- 
trahydrothiophenium,  trimethylsulfonium,  triethylsulfonium  ou  bis(n-butyl)methylsulfonium. 

5.  Procede  conforme  a  la  revendication  2,  dans  lequel  I'impurete  organique  cationique  est  un  ion  ammonium 
ou  phosphonium  quaternaire. 

6.  Procede  conforme  a  la  revendication  5,  dans  lequel  I'ion  ammonium  quaternaire  est  I'ion  tetramethylam- 
monium,  benzyltrimethylammonium,  tetrabutylammonium,  trioctylmethylammonium  ou  triphenylmethy- 
lammonium,  et  I'ion  phosphonium  quaternaire  est  I'ion  tetraphenylphosphonium  ou  tetrabutylphospho- 
nium. 

7.  Procede  conforme  a  la  revendication  2,  dans  lequel  le  liquide  polaire  est  de  I'eau  ou  une  solution  d'eau 
et  d'un  alcanol  comportant  jusqu'a  4  atomes  de  carbone,  qui  contient  a  I'etat  dissous  un  zwitterion  orga- 
nique. 

8.  Procede  conforme  a  la  revendication  3,  dans  lequel  le  liquide  polaire  est  de  I'eau  ou  une  solution  d'eau 
et  d'un  alcanol  comportant  2  ou  3  atomes  de  carbone,  qui  contient  a  I'etat  dissous  un  zwitterion  cyclique 
aliphatique  sulfonium. 

9.  Procede  conforme  a  la  revendication  7  ou  8,  dans  lequel  le  zwitterion  est  represents  par  la  formule  : 

6 
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Procede  conforme  a  la  revendication  1  ,  mis  en  oeuvre  dans  des  conditions  suff  isantes  pour  enlever  pra- 
tiquement  toute  I'impurete  du  liquide  polaire. 
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