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Description 

This  invention  broadly  relates  to  a  method  for  recovering  for  subsequent  use  Group  VIII  transition  metals 
from  a  polar  solution  containing  a  polar  solvent-soluble  coordination  complex  a  Group  VIII  transition  metal  and 

5  a  polar  solvent-soluble  ionic  organophosphine  ligand.  This  invention  particularly  relates  to  a  method  for  recov- 
ering  rhodium  from  a  corresponding  solution,  especially  rhodium  which  exhibits  catalytic  activity  in  hydrofor- 
mylation  reactions. 

Processes  using  transition  metal-ligand  complexes  as  homogeneous  catalysts  are  well-known.  Included 
in  such  processes  are  the  hydrogenation  of  unsaturated  compounds,  the  carbonylation  of  methanol  to  acetic 

10  acid,  olefin  dimerization  and  oligomerization  processes,  the  hydrocyanation  of  butadiene  to  adiponitrile  and 
olefin  hydrosilylation  reactions.  Still  other  processes  are  known  to  those  skilled  in  the  art.  Oftentimes,  recovery 
of  the  transition  metal  from  the  catalyst  solutions  used  in  these  process  presents  a  particularly  troublesome 
problem. 

Particularly  illustrative  of  these  homogeneous  catalysis  systems  is  the  hydroformylation  of  olefinic  com- 
15  pounds  with  carbon  monoxide  and  hydrogen  to  produce  aldehydes  in  the  presence  of  a  coordination  complex 

of  a  Group  VIII  transition  metal  and  an  organophosphorus  ligand  dissolved  in  an  organic  (non-polar)  solvent. 
US-A-3,527,809,  for  example,  teaches  selectively  hydroformylating  alpha-olefins  with  certain  rhodium-trior- 
ganophosphine  and  triorganophosphite  ligand  catalyst  complexes  to  produce  oxygenated  products  rich  in  nor- 
mal  aldehydes.  US-A-4,148,830  and  4,247,486  disclose  hydroformylation  processes  which  use  rhodium  triar- 

20  ylphosphine  ligand  catalyst  complexes.  US-A-4,283,562  discloses  that  branched-alkyl-phenylphosphine  or  cy- 
cloalkylphenylphosphine  ligands  can  be  employed  in  a  rhodium  catalyzed  hydroformylation  process  in  order 
to  provide  a  more  stable  catalyst.  US-A-4,400,548  discloses  that  bisphosphine  monoxide  ligands  can  be  em- 
ployed  for  hydroformylation  and  such  ligands  provide  rhodium  catalyst  complexes  of  improved  thermal  stabil- 
ity.  Other  patents  describing  hydroformylation  processes  and  catalysts  include  US-A-4,599,206;  4,668,651; 

25  4,717,775;  4,737,588;  and  4,748,261. 
Rhodium  complex  catalyzed  hydroformylation  processes  preferably  are  carried  out  in  a  non-aqueous  hy- 

droformylation  reaction  medium  containing  an  organic  (non-polar)  solvent  and  both  organic  solvent-soluble  cat- 
alyst  complex  and  soluble  free  ligand,  i.e.,  ligand  not  tied  to  or  bound  to  the  rhodium  catalyst  complex.  Organic 
(non-polar)  solvents  which  do  not  interfere  with  the  hydroformylation  process  can  be  employed.  Included  in 

30  the  group  of  suitable  non-polar  organic  solvents  are  compounds  belonging  to  the  general  classes  of  alkanes, 
ethers,  aldehydes,  ketones,  esters,  amides,  and  aromatics. 

Aldehyde  compounds  corresponding  to  the  desired  aldehyde  products  and  especially  higher  boiling  liquid 
aldehyde  condensation  by-products  (oligomers)  produced  in  situ  during  the  hydroformylation  process  are  par- 
ticularly  useful  as  non-polar  organic  solvents  in  rhodium-catalyzed  hydroformylation.  In  this  regard,  the  alde- 

35  hyde  product  and  the  corresponding  aldehyde  trimers  are  preferred  for  start-up  of  a  continuous  hydroformy- 
lation  process.  However,  as  hydroformylation  proceeds,  the  solvent  typically  will  comprise  both  aldehyde  prod- 
ucts  and  higher  boiling  liquid  aldehyde  condensation  by-products  due  to  the  nature  of  such  continuous  proc- 
esses.  Methods  for  the  preparation  of  such  aldehyde  condensation  by-products  are  more  fully  described  in 
US-A-4,148,830  and  4,247,486. 

40  It  may  be  preferred  to  separate  and  recover  the  desired  aldehyde  product  from  the  non-polar  hydroformy- 
lation  reaction  medium  containing  the  catalyst  complex  by  vaporization  or  distillation.  Hydroformylation  sys- 
tems  using  both  continuous  gas  recycle  and  liquid  recycle  are  known.  In  a  continuous  liquid  catalyst  recycle 
operation  such  as  described  in  US-A-4,148,830,  liquid  aldehyde  condensation  by-products  including  aldehyde 
trimers  and  higher  oligomers,  produced  under  hydroformylation  conditions  from  the  desired  aldehyde  product, 

45  are  employed  as  the  reaction  solvent  for  the  catalyst.  This  process  has  been  used  widely  to  hydroformylate 
lower  olefinic  compounds  containing  from  two  tof  ive  carbon  atoms,  particularly  lower  alpha-olefins,  to  produce 
aldehydes  containing  from  three  to  six  carbon  atoms.  In  general,  it  is  preferred  to  separate  the  desired  aldehyde 
product  from  the  rhodium  containing  product  solution  by  selective  vaporization  of  the  aldehyde  under  reduced 
pressure  and  at  temperatures  below  about  150°C,  preferably  below  about  130°C. 

so  Commercial  experience  has  shown  that  the  rhodium  catalyst  complexes  used  in  hydroformylating  olefinic 
compounds  are  deactivated  by  the  presence  in  the  feedstock  of  extrinsic  catalyst  poisons,  such  as  sulphurous 
compounds  (e.g.  H2S,  COS  and  CH3SH)  or  halogen  compounds  (e.g.  HCI),  which  can  react  with  the  rhodium 
of  the  catalyst  to  form  inactive  species  which  are  not  destroyed  under  the  mild  hydroformylation  conditions 
employed.  Hence  great  care  is  taken  to  purify  the  various  feedstocks.  Deactivation  of  the  rhodium  hydrofor- 

55  mylation  catalyst  also  occurs,  however,  even  in  the  substantial  absence  of  extrinsic  poisons.  This  deactivation 
is  referred  to  as  intrinsic  deactivation  and  is  believed  to  be  due,  inter  alia,  to  the  effects  of  temperature,  reactant 
partial  pressures,  specif  ic  organo-  phosphorus  ligands  employed,  and  the  rhodium  concentration.  The  extent 
of  catalyst  deactivation  (or  the  catalyst  activity)  is  determined  at  any  particular  time  by  comparing  the  conver- 
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sion  rate  of  reactants  to  aldehyde  product  at  that  particular  time,  to  the  conversion  rate  obtained  using  fresh 
catalyst. 

Another  potential  problem  for  continuous  hydroformylation  processes  is  the  accumulation  of  aldehyde  con- 
densation  by-products  of  low  volatility  relative  to  the  organophosphorus  ligand.  Since  commercial  processes 

5  rely  on  vaporization  or  distillation  to  separate  the  reaction  product  medium  containing  the  rhodium-ligand  com- 
plex  from  the  desired  aldehyde  hydroformylation  products,  the  accumulation  of  high  boiling  aldehyde  conden- 
sation  by-products  having  a  low  volatility  must  be  accounted  for  when  designing  the  hydroformylation  process. 

When  continuously  hydroformylating  lower  olefinic  compounds,  the  accumulation  rate  of  high  boiling  al- 
dehyde  condensation  by-products  normally  is  sufficiently  low  that  it  can  be  easily  controlled.  Thus,  in  the  case 

10  of  hydroformylating  lower  olefins,  catalyst  life  mainly  is  limited  by  the  rate  of  catalyst  deactivation.  In  present 
commercial  plants,  it  is  not  unusual  to  operate  the  process  for  upwards  of  one  year  or  more  during  which  time 
any  decline  in  catalyst  activity  or  catalyst  loss  may  be  easily  offset  by  addition  of  fresh  catalyst  or  catalyst  pre- 
cursor,  together  with  fresh  organophosphorus  ligand  if  desired.  However,  in  such  systems  when  the  level  of 
deactivated  rhodium  species  rises  to  undesirable  values  and  it  is  no  longer  considered  economical  to  continue 

15  the  hydroformylation  process,  it  may  become  expedient  simply  to  replace  the  catalyst  charge  completely,  even 
though  it  may  still  contain  a  significant  proportion  of  active  rhodium  catalyst  complex.  Because  rhodium  is  an 
expensive  metal,  however,  it  is  uneconomical  to  discard  the  spent  catalyst  and  a  usual  practice  is  for  the  cat- 
alyst  to  be  reactivated.  US-A-4,297,239;  4,374,278  and  4,446,074,  for  example,  describe  procedures  for  re- 
processing  and  reactivating  spent  hydroformylation  catalyst. 

20  Continuous  hydroformylation  of  higher  olefinic  compounds,  such  as  higher  alpha-olefins,  containing  six 
or  more  carbon  atoms,  e.g.,  from  six  to  thirty  carbon  atoms,  using  conventional  organic  (non-polar)  solvent- 
solubilized  organophosphorus  ligands,  involves  a  further  problem  since  aldehyde  condensation  by-products, 
having  a  low  volatility  relative  to  the  organophosphorus  ligands,  accumulate  at  a  much  higher  rate  than  en- 
countered  during  the  hydroformylation  of  lower  olefins.  Unfortunately  the  high  rate  of  accumulation  of  such 

25  high  boling  aldehyde  condensation  by-products  cannot  be  readily  controlled  by  removing  same  by  distillation 
from  the  catalyst  solution  during  the  hydroformylation  without  incurring  significant  energy  costs  and  exposing 
the  catalyst  to  severe  temperature  conditions.  Thus,  it  may  be  more  practical  to  let  such  hydroformylations  of 
higher  olefins  to  merely  run  their  course  until  the  accumulation  of  such  by-products  becomes  so  great  as  to 
overwhelm  the  catalyst  solution  and  economically  prevent  its  further  usefulness,  at  which  time  the  catalyst 

30  solution  needs  to  be  replaced  with-a  fresh  catalyst  solution. 
There  remains,  however,  the  additional  problem  of  recovering  the  rhodium  values,  much  of  which  may  still 

be  highly  active,  from  said  overwhelmed  catalyst  solution  that  is  replaced.  In  fact,  the  hydroformylation  catalyst 
still  may  exhibit  over  75%  and  possibly  even  over  90%  of  its  initial  catalytic  activity  at  this  time.  Again,  unfor- 
tunately,  due  to  their  low  volatility,  the  removal  of  such  by-products  from  the  replaced  hydroformylation  catalyst 

35  solution  using  conventional  distillation  techniques  is  plagued  by  the  same  energy-related  and  thermal  exposure 
problems  referenced  above.  Thus,  there  is  a  need  in  the  art  for  a  less  energy  intensive  method  for  recovering 
rhodium  from  such  catalyst  solutions  unde  milder  temperature  conditions  than  possible  using  distillation  pro- 
cedures. 

Thus,  EP-A-354  588,  the  patent  application  of  the  present  one,  discloses  a  method  for  recovering  Group 
40  VIII  transition  metals  and  particularly  rhodium  from  substantially  non-polar  organic  solutions  containing  coor- 

dination  complexes  of  the  transition  metals  and  organo-substituted  ligands  of  a  trivalent  atom  of  a  Group  VA 
element  such  as  organophosphorus  ligands.  Such  a  method  potentially  has  application  in  the  wide  variety  of 
homogeneous  catalysis  applications  noted  earlier,  and  particularly  for  removing  rhodium  from  substantially 
non-polar  organic  solutions  in  which  large  concentrations  of  hard-to-remove  components  have  accumulated, 

45  such  as  the  high  boiling  aldehyde  condensation  by-products  that  accumulate  during  the  hydroformylation  of 
higher  olefinic  compounds. 

Said  method  comprises  contacting  the  non-polar  organic  solution  with  a  polar  solution  containing  a  polar 
solvent-soluble  organo-substituted  ligand  of  a  trivalent  atom  capable  of  forming  a  coordination  complex  with 
the  transition  metal  and  transferring  said  Group  VIII  transition  metal  from  said  non-polar  organic  solution  into 

so  said  polar  solution. 
On  the  other  hand,  the  present  invention  provides  a  method  for  recovering  a  Group  VIII  transition  metal 

from  a  polar  solution  containing  a  polar  solvent-soluble  coordination  complex  of  a  Group  VIII  transition  metal 
and  a  polar  solvent-soluble  ionic  organophosphine  ligand  comprising: 

(i)  treating  the  polar  solution  with  a  conditioning  reagent  to  reduce  the  amount  of  said  polar  solvent-soluble 
55  ionic  organophosphine  ligand  capable  of  forming  a  coordination  complex  with  the  Group  VIII  transition  met- 

al  in  the  polar  solution;  and 
(ii)  contacting  the  polar  solution  produced  in  accordance  with  step  (i)  with  a  non-polar  organic  solvent  con- 
taining  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  organophosphorus  ligand  capable  of 
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forming  a  coordination  complex  with  the  Group  VIII  transition  metal  to  transfer  said  Group  VIII  transition 
metal  from  said  polar  solution  into  said  non-polar  organic  solvent; 

with  the  proviso  that  said  method  is  not  preceded  by  the  above  method  of  EP-A-354  588,  i.e.,  the  step  of  con- 
tacting  a  substantially  non-polar  organic  solution  containing  a  non-polar  organic  solvent-soluble  and  polar  sol- 

5  vent-insoluble  coordination  complex  of  the  Group  VIII  transition  metal  and  a  non-polar  organic  solvent-soluble 
and  polar  solvent-insoluble  organo-substituted  ligand  of  a  trivalent  atom  with  a  polar  solution  containing  said 
polar  solvent-soluble  ionic  organophosphine  ligand,  thereby  transfering  said  Group  VIII  transition  metal  from 
said  organic  solution  into  said  polar  solution  and  forming  the  polar  solution  to  be  treated  according  to  the  above 
steps  (i)  and  (ii). 

10  The  invention  of  EP-A-354  588  is  based  on  the  discovery  that  a  substantially  non-polar  organic  solution 
of  a  coordination  complex  of  a  Group  VIII  transition  metal  and  an  organo-substituted  ligand  of  a  trivalent  Group 
VA  element  (also  referred  to  herein  simply  as  "an  organosubstituted  trivalent  ligand"),  which  also  may  contain 
a  large  amount  of  free  organo-substituted  ligand,  can  be  contacted  with  a  polar  solvent  selected  from  the  group 
consisting  of  water,  methanol  and  mixtures  thereof  having  dissolved  therein  an  organo-substituted  ligand  ca- 

rs  pable  of  forming  a  complex  with  the  Group  VIII  transition  metal  to  transfer  (i.e.,  extract)  the  transition  metal 
from  the  substantially  non-polar  organic  solution  into  the  polar  solvent  (solution).  Although  not  wishing  to  be 
bound  by  any  particular  explanation,  it  is  believed  that  the  non-polar  organic  solvent-soluble  and  polar  solvent- 
insoluble  transition  metal-ligand  complex  is  converted  into  a  polar  solvent-soluble  transition  metal-ligand  com- 
plex  during  contact  between  the  non-polar  and  polar  solutions  and  thus  the  transition  metal  is  extracted  in  the 

20  form  of  a  polar  solvent-soluble  coordination  complex.  It  is  particularly  surprising  that  transport  of  transition  met- 
al  can  be  obtained  from  a  non-polar  organic  solution  that  contains  both  ligand  in  complex  coordination  with 
the  transition  metal  and  a  large  amount  of  free  ligand  using  as  the  extractant  a  different  solution  containing 
only  a  small  amount  of  a  different  ligand. 

The  present  invention  has  broad  applicability  to  the  recovery  of  Group  VIII  transition  metals,  such  as  cobalt, 
25  nickel,  rhodium,  palladium,  ruthenium,  platinum  and  the  like.  For  convenience  in  presentation,  however,  the 

invention  will  be  described  hereinafter  with  specific  reference  to  the  recovery  of  rhodium.  The  broad  applic- 
ability  of  the  present  invention  will  nonetheless  be  appreciated  and  understood  by  those  skilled  in  the  art. 

Throughout  the  specification  and  claims  the  phrases  "non-polar"  solvents,  "non-polar"  solutions,  "non-po- 
lar"  hydroformylation  reaction  medium,  and  the  like  are  used  to  describe  organic  solvents,  organic  solutions 

30  and  organic  reaction  mediums  that  are  essentially  immiscible  with  water,  methanol,  mixtures  thereof,  and  sol- 
utions  made  therefrom.  Conversely,  the  phrases  "polar"  solvent,  "polar"  solution,  and  the  like,  used  throughout 
the  specification  and  claims,  refer  to  water,  methanol,  mixtures  thereof  and  solutions  made  therefrom. 

The  term  "organic  solution"  is  used  to  describe  substantially  non-polar  liquid  compositions,  or  any  part 
thereof,  containing  a  non-polar  organic  solvent  and  free  non-polar  organic  solvent-soluble  and  polar  solvent- 

35  insoluble  organophosphorus  ligand. 
Of  course  it  should  be  understood  that  such  organic  solutions,  can  contain  additional  constituents. 
Illustrative  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  organophosphorus  ligands  that 

may  be  employable  in  this  invention  include,  e.g.,  trialkylphosphines  and  phosphites,  dialkylarylphosphines 
and  phosphites,  alkyldiarylphosphines  and  phosphites,  triaralkylphosphines  and  phosphites,  dicycloalkylaryl- 

40  phosphines  and  phosphites,  cycloalkyldiarylphosphines  and  phosphites,  tricycloalkylphosphines  and  phos- 
phites,  triarylphosphines  and  phosphites,  alkyl  and/or  aryl  bisphosphines  and  bisphosphine  mono-oxides,  di- 
organophosphites,  organobisphosphites  and  polyphosphites.  Mixtures  of  such  ligands,  as  well  as  tertiary  or- 
ganophosphinite  ligands,  may  also  be  employed  if  desired. 

Such  organophosphinesand  organophosphites  and/or  methods  for  their  preparation  are  well  known  in  the 
45  art  as  disclosed  e.g.  in  US-A-3,527,809;  4,148,830;  4,247,486;  4,260,828;  4,283,562;  4,306,087;  4,400,548; 

4,429,161;  4,482,749;  4,491,675;  4,528,403;  4,593,011;  4,593,127;  4,599,206;  4,668,651;  4,694,109; 
4,717,775;  and  4,748,261;  EP-A-96,986;  96,987;  and  96,988;  and  PCT  Applications  Publication  Nos.  WO 
80/01690  and  WO  87/07600.  Of  course  the  hydrocarbon  radicals  of  such  organophosphorus  ligands  may  be 
substituted  if  desired,  with  any  suitable  substituent  that  does  not  unduly  adversely  affect  a  hydroformylation 

so  process  orthis  invention.  Illustrative  substituents  that  may  be  on  the  hydrocarbon  radicals  in  addition  of  course 
to  corresponding  hydrocarbon  radicals  such  as  alkyl,  aryl,  aralkyl,  alkaryl  and  cyclohexyl  substituents,  may 
include  for  example  silyl  radicals;  amino  radicals;  acyl  radicals;  acyloxy  radicals;  amido  radicals;  sulfonyl  rad- 
icals;  alkoxy  radicals;  thionyl  radicals;  phosphonyl  radicals;  as  well  as,  halogen,  nitro,  cyano,  trifluoromethyl, 
and  hydroxy  radicals,  and  the  like,  such  as  disclosed  e.g.  in  US-A-3,527,809  and  4,717,775.  Of  course  it  is  to 

55  be  understood  that  any  substituted  or  unsubstituted  hydrocarbon  groups  that  make  up  a  particular  given  or- 
ganophosphorus  ligand  may  be  the  same  or  different. 

Preferred  organophosphines  include  the  tertiary  organophosphines  mentioned  above,  especially  triphe- 
nylphosphine,  propyldiphenylphosphine,  t-butyldiphenylphosphine,  n-hexyldiphenylphosphine,  cyclohexyldi- 

4 
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phenylphosphine,  dicyclohexylphenylphosphine,  tricyclohexylphosphine  and  tribenzylphosphine. 
Preferred  organophosphites  include  triarylphosphites  e.g.  triphenylphosphite  as  well  as  diorganophos- 

phites  such  as  disclosed  e.g.  in  US-A-4,71  7,775,  organobisphosphites  such  as  disclosed  e.g.  in  US-A- 
4,749,261  and  organobis-  and  polyphosphites  such  as  disclosed  e.g.  in  US-A-4,668,651. 

5  Of  course  it  is  to  be  understood  that  the  term  "complex  catalyst,"  "coordination  complex"  and  the  like  means 
a  coordination  compound  formed  by  the  union  of  one  or  more  electronically  rich  molecules  or  atoms  capable 
of  independent  existence,  with  one  or  more  electronically  poor  molecules  or  atoms  each  of  which  also  is  capable 
of  independent  existence.  Organophosphorus  ligands,  whose  phosphorus  atom  (or  other  hetero-atom  such 
as  oxygen)  has  one  available  or  unshared  pair  of  electrons,  are  capable  of  forming  a  coordinate  bond  with 

10  Group  VIII  transition  metals  such  as  rhodium.  The  ultimate  composition  of  the  coordination  complex  also  may 
contain  additional  ligands  which  satisfy  the  coordination  sites  or  nuclear  charge  of  the  complex  such  as  carbon 
monoxide,  hydrogen  and  the  like. 

As  pointed  out  in  the  identified  prior  art,  the  rhodium  coordination  complex  employed  in  hydroformylation 
reactions  as  the  complex  catalyst  may  be  formed  initially  by  methods  known  in  the  art.  For  example,  a  pre- 

15  formed  stable  crystalline  solid  of  rhodium  hydridocarbonyl-tris  (triphenylphosphine),  may  be  introduced  into 
the  reaction  medium  of  a  hydroformylation  process.  Such  a  material  may  be  formed  for  example,  by  a  method 
disclosed  in  Brown  etal.  Journal  of  the  Chemical  Society,  1970,  pages  2753-2764. 

Alternatively,  the  rhodium  coordination  complex  catalyst  present  in  the  hydroformylation  reaction  medium 
can  be  derived  initially  from  a  rhodium  catalyst  precursor  such  as  rhodium  carbonyl  triorganophosphorus  (e.g. 

20  triphenyl)  acetylacetonate,  Rh203,  Rh(OAc)3,  Rh4(CO)12,  Rh6(CO)16,  Rh(N03)3  or  rhodium  dicarbonyl  acetyla- 
cetonate,  and  the  like,  which  have  been  introduced  into  the  reaction  medium  of  a  hydroformylation  process 
and  form,  in  situ,  e.g.  rhodium  coordination  complex  catalyst  consisting  essentially  of  carbon  monoxide  and 
organophosphorus  ligands.  The  terminology  "consisting  essentially  of  when  used  herein  in  connection  with 
a  hydroformylation  catalyst  is  not  meant  to  exclude,  but  rather  include,  hydrogen  as  well  as  carbon  monoxide 

25  and  organophosphorus  complexed  with  the  rhodium,  said  hydrogen  and  carbon  monoxide  of  course  being  de- 
rived  from  the  hydrogen  and  carbon  monoxide  gases  which  are  an  integral  part  of  any  hydroformylation  process 
if  not  already  present  in  the  catalyst  precursor.  It  is  not  intended  to  limit  the  present  invention  by  the  above 
explanation  as  to  which  organophosphorus  ligand  (or  relative  amount  thereof)  is  tied  to  or  complexed  with  the 
rhodium,  nor  as  to  the  relative  proportions  of  free  organophosphorus  ligand.  Rhodium  coordination  complex 

30  obtained  upon  transferring  rhodium,  from  the  polar  solution  initially  used  to  remove  rhodium  from  hydroformy- 
lation  reaction  medium  back  into  a  non-polar  organic  solution  containing  an  organophosphorus  ligand  also 
forms  an  active  rhodium  coordination  complex  in  the  hydroformylation  reaction  medium  under  the  conditions 
of  hydroformylation. 

The  present  invention  (i.e.,  the  non-polar  solution  provided  thereby)  has  particular  applicability  in  connec- 
35  tion  with  a  hydroformylation  reaction.  A  process  suitable  for  hydroformylating  higher  olefinic  compounds  is  de- 

scribed  in  US-A-4,593,127  and  uses  a  substantially  non-polar  hydroformylation  reaction  medium  comprising 
both  the  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  rhodium-organophosphorus  ligand  co- 
ordination  complex  catalyst  and  free  non-polarorganic  solvent-soluble  and  polarsolvent-insoluble  organophos- 
phorus  ligand  dissolved  in  a  non-polar  organic  solvent.  By  "free  ligand"  is  meant  organophosphorus  ligand  that 

40  has  not  formed  a  complex  with  the  rhodium. 
The  olefinic  hydrocarbon  reactant  together  with  carbon  monoxide  and  hydrogen  are  fed  into  a  hydrofor- 

mylation  reactor  containing  the  hydroformylation  catalyst.  Suitable  olefinic  compounds  can  be  terminally  or 
internally  unsaturated  and  can  have  straight-chain,  branched-chain  or  cyclic  structures  and  can  also  be  a  mix- 
ture  of  olefin  such  as  obtained  from  the  oligomerization  of  propene,  butene  and  isobutene,  (such  as  so  called 

45  dimeric,  trimeric  or  tetrameric  propylene  orcodibutylene,  as  disclosed  e.g.  in  US-A-4,51  8,809  and  4,528,403). 
Moreover,  such  olefinic  compounds  may  further  contain  one  or  more  ethylenic  unsaturated  groups  and  of 
course  mixtures  of  two  or  more  different  olefinic  compounds  may  be  employed  as  the  starting  hydroformylation 
material  if  desired.  Further  such  olefinic  compounds  and  the  corresponding  aldehyde  products  derived  there- 
from  may  also  contain  one  or  more  groups  or  substituents  which  do  not  unduly  adversely  affect  the  hydrofor- 

50  mylation  process  such  as  carbonyl,  carbonyloxy,  oxy,  hydroxy,  oxycarbonyl,  halogen,  alkoxy,  aryl  and  haloalk- 
yl,  as  described  e.g.  in  US-A-3,527,809  and  4,731,486. 

Illustrative  olefinic  unsaturated  compounds  are  alpha-olefins,  internal  olefins,  alkyl  alkenoates,  alkenyl  al- 
kanoates,  alkenyl  alkyl  ethers  and  alkenols,  e.g.,  ethylene,  propylene,  1-butene,  1-hexene,  1-heptene,  1-oc- 
tene,  1-decene,  1-undecene,  1-tridecene,  1-tetradecene,  1-pentadecene,  1-hexadecene,  1-heptadecene,  1- 

55  octadecene,  1-nonadecene,  1-eicosene,  2-butene,  2-methyl  propene  (isobutylene),  2-pentene,  2-hexene,  2- 
heptene,  propylene  dimers,  propylene  trimers,  propylene  tetramers,  2-ethyl  hexene,  2-octene,  styrene,  3-phe- 
nyl-1-propene,  1,4-hexadiene,  1,7-octadiene,  3-cyclohexyl-1  -butene,  allyl  butyrate,  methyl  methacrylate,  vinyl 
ethyl  ether,  vinyl  methyl  ether,  allyl  ethyl  ether,  n-propyl-7-octenoate,  3-butenenitrile,  5-hexenamide,  4-methyl 
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styrene,  4-isopropyl  styrene,  4-tert-butyl  styrene,  alpha-methyl  styrene,  4-tert-butyl-alpha-methyl  styrene, 
1,3-disopropenyl-benzene,  eugenol,  iso-eugenol,  safrole,  iso-safrole,  anethol,  4-allylanisole,  indene,  limo- 
nene,  beta-pinene,  dicyclopentadiene,  cyclooctadiene,  camphene  and  linalool. 

As  noted  above,  the  hydroformylation  reaction  medium  consists  essentially  of  a  non-polar  organic  solvent- 
5  soluble  and  polar  solvent-insoluble  coordination  complex  of  rhodium  and  an  organophosphorus  ligand  and  free 

organophosphorus  ligand  both  dissolved  in  a  non-polar  organic  solvent.  Any  non-polar  organic  solvent  which 
does  not  adversely  affect  the  desired  hydroformylation  reaction  can  be  employed,  especially  including  those 
solvents  known  to  be  suitable  for  use  in  prior  art  hydroformylation  processes  as  previously  described.  The  non- 
polar  organic  solvent  employed  must  be  sufficiently  immiscible  with  a  polar  solution  so  that  the  hydroformy- 

10  lation  reaction  medium  forms  a  distinct  non-polar  liquid  phase  in  the  presence  of  the  polar  phase.  The  non- 
polar  organic  solvent  also  preferably  exhibits  very  little  solubility  in  the  polar  solution  so  as  to  minimize  any 
added  costs  associated  with  recovery  and/or  replacement  of  the  various  constituents  of  the  polar  and  non- 
polar  phases. 

The  amount  of  non-polar  organic  solvent  is  not  critical  and  need  only  be  that  amount  which  provides  the 
15  desired  rhodium  and  dissolved  ligand  concentrations.  Typically,  the  amount  of  organic  solvent  may  range  from 

about  5  percent  by  weight  up  to  about  95  percent  by  weight  or  more  based  on  the  total  weight  of  the  hydrofor- 
mylation  reaction  medium. 

Hydroformylation  is  effected  in  the  liquid  reaction  medium  (non-polar  organic  solution)  in  the  presence  of 
a  catalytically  effective  amount  of  the  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  rhodium- 

20  organophosphorus  ligand  coordination  complex.  The  rhodium  complex  concentration  may  range  from  about 
1  part  per  million  (ppm),  calculated  as  rhodium  metal,  up  to  about  50,000  parts  per  million  (ppm)  or  more,  with 
a  rhodium  concentration  in  the  range  of  about  1  0  ppm  to  1  ,500  ppm  being  suff  icientfor  most  hydroformylations. 
Generally,  there  is  no  advantage  to  the  hydroformylation  reaction  in  using  concentrations  of  rhodium  in  excess 
of  about  1,000  ppm.  Usually,  on  the  grounds  of  expense  alone,  it  will  be  preferred  to  operate  at  an  active  rho- 

25  dium  coordination  complex  catalyst  concentration  of  not  more  than  about  500  ppm,  calculated  as  rhodium  met- 
al,  while  more  typical  operating  conditions  generally  utilize  active  rhodium  coordination  complex  catalyst  con- 
centrations  of  from  about  50  ppm  up  to  about  350  ppm,  calculated  as  rhodium  metal. 

The  liquid  hydroformylation  reaction  medium  also  preferably  contains  free  non-polar  organic  solvent-solu- 
ble  and  polar  solvent-insoluble  ligand.  Thus,  preferably  there  are  at  least  about  1  mol  of  free  ligand  for  every 

30  gram-atom  (mol)  of  rhodium  present.  Usually  it  will  be  preferred  to  operate  in  the  presence  of  at  least  2  mols 
of  free  ligand.  In  the  case  where  triphenylphosphine  (TPP)  ligand  is  used,  it  is  preferred  to  operate  the  hydro- 
formylation  reaction  in  the  presence  of  at  least  about  75  mols,  and  more  preferably  at  least  about  100  mols, 
of  free  organophosphorus  ligand  per  gram-atom  of  rhodium.  Other  organophosphorus  ligands,  e.g.  cyclohex- 
yldiphenylphosphine  and  diorganophosphites,  are  preferably  employed  in  less  amounts,  such  as  e.g.  from 

35  about  3  to  50  mols  of  ligand  per  mol  of  rhodium.  Thus,  the  upper  limit  of  the  amount  of  free  organophosphorus 
ligand  is  not  particularly  critical  and  is  dictated  mainly  by  the  particular  organophosphorus  ligand  employed, 
by  the  solubility  thereof  in  the  non-polar  liquid  reaction  medium,  as  well  of  course  by  economic  and  commercial 
considerations. 

The  conditions  for  effecting  the  hydroformylation  reaction  process  may  be  those  heretofore  conventionally 
40  used. 

In  a  continuous  hydroformylation,  and  in  particular  when  hydroformylating  higher  C6  to  C30  olefinic  com- 
pounds,  the  continuous  operation  involves  removing  a  portion  of  the  liquid  hydroformylation  reaction  medium 
containing  aldehyde  product  from  the  hydroformylation  reaction  zone  (hydroformylation  reactor);  recovering  a 
desired  amount  of  aldehyde  product  therefrom  via  vaporization;  and  recycling  the  remaining  non-volatilized 

45  catalyst  containing  liquid  medium  back  to  the  hydroformylation  reaction  zone  (e.g.  reactor). 
During  such  continuous  hydroformylation  of  higher  olefinic  compounds  using  conventional  non-polar  sol- 

vent-soluble  and  polar  solvent-insoluble  organophosphorus  ligands,  aldehyde  condensation  by-products  hav- 
ing  a  low  volatility  relative  to  the  organophosphorus  ligand  of  the  rhodium  hydroformylation  catalyst,  accumu- 
late  at  a  significant  rate  and  need  to  be  controlled  or  removed,  if  one  wishes  to  prolong  the  effective  life  span 

so  of  the  catalyst  in  the  continuous  hydroformylation  operation,  for  the  reasons  mentioned  above 
For  instance  one  could  maintain  the  continuous  hyroformylation  process  by  treating  some  or  all  of  the  rho- 

dium  catalyst  containing  liquid  hydroformylation  reaction  medium  after  its  removal  from  the  hydroformylation 
reaction  zone  (e.g.  reactor)  either  before  and/or  after,  preferably,  after,  a  desired  amount  of  aldehyde  product 
has  been  recovered  via  volatilization  or  distillation  from  said  medium,  by  non-polar  to  polar,  back  to  non-polar 

55  extraction  treatments  to  recover  rhodium  values  thereof  removed  from  such  low  volatile  by-products  and  re- 
turning  the  non-polar  back  extracted  rhodium-non-polar  ligand  complex  containing  organic  solution  to  the  hy- 
droformylation  reaction  medium  which  remained  in  the  reaction  zone  (e.g.  reactor). 

Alternatively  the  hydroformylation  or  part  of  same  could  be  terminated  and  all  of  the  catalyst-containing 
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15 

non-polar  hydroformylation  reaction  medium  so-treated  to  recover  the  non-polar  back  extracted  rhodium-non- 
polar  ligand  complex  containing  organic  solution  which  can  be  used  either  as  a  source  of  rhodium  for  a  new 
hydroformylation  reaction  medium  in  the  reactor  or  as  a  catalytic  booster  for  feeding  to  any  other  hydroformy- 
lation  reaction  medium  being  used  in  such  a  hydroformylation  process.  For  example  one  could  shutdown  one 
or  more  hydroformylation  reactors  of  a  series  of  reactors  being  used,  and  treat  the  catalyst  containing  hydro- 
formylation  reaction  medium(s)  after  removing  same  from  the  reactor(s)  and  use  the  non-polar  back  extracted 
rhodium-non-polar  ligand  complex  containing  organic  solution  as  disclosed  above. 

Preferred  polar  solvent-soluble  ionic  organophosphine  ligands  used  in  the  starting  solutions  of  the  method 
of  the  present  invention  have  the  general  formulae  (1)  and  (2): 

P < —   R2-<Y2)m2  (1) 

^ R 3 - ( Y 3 ) m 3  

20 

(Y4)m4- 

(Y5)m5-R 

P  -  Q 

R6-(Y6)m6 

R7-<Y7)m7 

(2) 

25  where  R1,  R2and  R3offormula(1)and  R4,  R5,  R6and  R7  of  formula  (2)  each  individually  represent  a  hydrocarbon 
radical  containing  from  1  to  30  carbon  atoms  selected  from  alkyl,  aryl,  alkaryl,  aralkyl,  and  cycloalkyl  radicals, 
where  Q  in  formula  (2)  represents  a  divalent  organic  bridging  group  and  where  Y1,  Y2  and  Y3  of  formula  (1) 
and,  Y4,  Y5,  Y6  and  Y7  of  formula  (2)  are  substituted  on  the  hydrocarbon  radical  and  each  individually  represents 
an  ionic  radical  of  overall  neutral  charge  selected  from: 

30  -S03M  wherein  M  represents  inorganic  or  organic  cationic  atoms  or  radicals  selected  so  that  the  ligand 
is  polar  solvent  soluble,  e.g.  methanol-soluble  or  water-soluble, 

-PO3M  wherein  M  represents  inorganic  or  organic  cationic  atoms  or  radicals  selected  so  that  the  ligand 
is  polar  solvent  soluble,  e.g.  methanol-soluble  or  water-soluble, 

-NR3X'  wherein  each  R  represents  a  hydrocarbon  radical  containing  from  1  to  30  carbon  atoms  selected 
35  from  the  class  consisting  of  alkyl,  aryl,  alkaryl,  aralkyl,  and  cycloalkyl  radicals,  and  X'  represents  inorganic  or 

organic  anionic  atoms  or  radicals  selected  so  that  the  ligand  is  polar  solvent  soluble,  e.g.  methanol-soluble  or 
water-soluble,  and 

-C02M  wherein  M  represents  inorganic  or  organic  cationic  atoms  or  radicals  selected  so  that  the  ligand 
is  polar  solvent  soluble,  e.g.  methanol-soluble  or  water-soluble, 

40  wherein  m1,  m2  and  m3  of  formula  (1)  and  m4,  m5,  m6  and  m7  of  formula  (2)  are  integers  which  can  be 
the  same  or  different  and  which  can  range  from  0  to  5.  At  least  one  of  m2  and  m3  and  at  least  one  of  m4, 
m5,  m6  and  m7,  cannot  be  zero  (0),  i.e.,  must  be  equal  to  or  greater  than  1,  and  must  have  a  value  sufficient 
to  impart  solubility  in  the  polar  solvent  to  the  ligand.  The  integers  n̂   through  m7  indicate  the  number  of  ionic 
radicals  of  overall  neutral  charge  substituted  on  each  hydrocarbon  radical. 

45  The  hydrocarbon  radicals,  R1,  R2  and  R3  of  formula  (1)  and  R4,  R5,  R6  and  R7  of  formula  (2)  preferably 
contain  from  1  to  18  carbon  atoms.  Hydrocarbon  radicals  containing  from  1  to  12  carbon  atoms  are  more  pre- 
ferred.  Such  hydrocarbon  radicals  include  those  e.g.  selected  from  alkyl,  aryl,  alkaryl,  aralkyl  and  cycloalkyl. 
Illustrative  hydrocarbon  radicals  are  e.g.  methyl,  ethyl,  propyl,  butyl,  hexyl,  cyclohexyl,  phenyl  and  the  like. 
Most  preferably,  at  least  one  of  R1,  R2  and  R3  in  formula  (1)  and  at  least  one  of  R4,  R5,  R6  and  R7  in  formula 

so  (2)  is  a  phenyl  radical.  Such  hydrocarbon  radicals  may  contain  one  or  more  substituents  provided  that  they  do 
not  unduly  adversely  affect  the  use  of  the  ligand  and  this  invention.  Suitable  substituents,  in  addition  to  the 
necessary  ionic  substituent,  e.g.,  the  sulfonate  or  carboxylate  include  straight  and  branched  chain  alkyl  groups, 
preferably  of  1  to  4  carbon  atoms,  alkoxy  groups,  halogen  atoms,  hydroxy,  cyano,  nitro  and  amino  groups  and 
the  like.  More  preferably  at  least  two,  and  most  preferably  three  of  R1,  R2  and  R3  in  formula  (1)  are  phenyl 

55  groups  and  at  least  three  and  most  preferably  four  of  R4,  R5,  R6  and  R7  in  formula  (2)  are  phenyl  radicals. 
The  organic  divalent  bridging  group  represented  by  Q  in  the  above  formulas  is  a  divalent  radical  containing 

from  1  to  30  carbon  atoms  selected  from  hydrocarbon  radicals,  oxygen  containing  hydrocarbon  radicals  (i.e. 
hydrocarbon  radicals  interrupted  with  an  oxygen  atom),  sulfur  containing  hydrocarbon  radicals  (i.e.  hydrocar- 
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bon  radicals  interrupted  with  a  sulfur  atom)  and  nitrogen  containing  hydrocarbon  atoms  (i.e.  hydrocarbon  radicals 
interrupted  with  a  nitrogen  atom).  Preferably  such  radicals  contain  from  1  to  16  and  more  preferably  from  1  to  12 
carbon  atoms.  Illustrative  divalent  hydrocarbon  radicals  include  alkylene  radicals  (e.g.  methylene  (-CH2-),  ethy- 
lene,  propylene,  isopropylene,  butylene,  1,2-dimethylethylene,  t-butylene,  neopentylene,  2-methylproylene, 

5  hexylene,  2-ethylhexylene,  dodecylene  and  eicosylene);  arylene  radicals  (e.g.  phenylene,  substituted  phenylene, 
diphenylene  and  substituted  diphenylen);  as  well  as  alkylene  containing  arylene  radicals  (e.g.  methylenephenylene 
(-CH2C6H4-),  ethylene-phenylethylene  (-C2H4C6H4-C2H4-),  phenylenepropylphenylene  (-C6H4C(CH3)2C6H4-), 
and  methylenediphenylmethylene  (-CH2C6H4C6H4CH2-));  and  alkylidene  radicals  (e.g.  ethylidene  (-CH=CH-)). 
Illustrative  oxygen  containing  hydrocarbon  radicals  include  alkyleneoxyalkylene  radicals  (e.g.  ethyleneoxy- 

10  methylene  (-C2H4OCH2-),  propyleneoxymethylene  (-C3H6OCH2-),  ethyleneoxyethylene  (-C2H4OC2H4-),  1,2- 
bis(ethyleneoxy)ethane  (-C2H4OC2H4OC2H4-),  propyleneoxypropylene  (-C3H6OC3H6-)),  and  aryleneoxyalky- 
lene  radicals  (e.g.  phenyleneoxymethylene  (-C6H4OCH2-)).  Illustrative  sulfur  or  thio  containing  hydrocarbon 
radicals  include  alkylenethioalkylene  radicals  (e.g.  ethylenethioethylene  (-C2H4SC2H4-),  1  ,2-bis(ethylenethio)etha- 
ne  (-C2H4SC2H4SC2H4-),  propylenethiomethylene  (-C3H6SCH2-),  propylenethiopropylene  (-C3H6SC3H6-));  aryle- 

15  nethioalkylene  radicals  (e.g.  phenylenethiomethylene  (-C3H6S-CH2-)).  Illustrative  amino  containing  hydrocarbon 
radicals  include  alkylene-aminoalkylene  radicals  (e.g.,  methyleneaminomethylethylene  (-CH2N(CH3)C2H4-),  ethy- 
leneaminomethylethylene  (-C2H4N(CH3)C2H4),  bis(ethyleneaminomethyl)ethane  (-C2H4N(CH3)C2H4N(CH3)C2H4-) 
and  propyleneamino  methyl  propylene  (-C3H6N(CH3)C3H6-).  Most  preferably  Q  is  a  divalent  hydrocarbon  radi- 
cal,  especially  a  divalent  alkylene  radical  containing  from  2  to  8  carbon  atoms. 

20  Particularly,  suitable  ionic  organophosphine  ligands  are  the  ionic  triarylphosphines  and,  in  particular,  the 
salts  of  sulfonated  and  of  carboxylated  triarylphosphines,  as,  for  example,  are  described  in  US-A-4,248,802; 
4,399,312;  4,668,824;  4,716,250  and  4,731,486;  and  EP-A-216,315.  Preferred  among  this  group  are  the  salts 
of  monosulfonated  and  of  trisulfonated  triphenylphosphines,  and  the  salts  of  mono-carboxylated  and  of  tricar- 
boxylated  triphenylphosphine.  Another  suitable  class  of  ionic  organophosphines  are  ionic  bisdiarylphosphines 

25  such  as  bisdiphenylphosphinoethane  monosulfonate  salts.  Mixtures  of  suitable  ionic  phosphine  ligands  also 
can  be  employed. 

Such  polar  solvent-soluble,  ionic  organophosphine  ligands  capable  of  forming  a  coordination  complex  with 
rhodium  embraced  by  the  above  formulae,  as  well  as  methods  for  their  preparation,  are  well-known  in  the  art 
and  need  not  be  described  in  detail.  See  for  example  J.  Chem.  Soc.  (1  958),  pp.  276-288  and  US-A-4,248,802; 

30  4,399,312;  4,483,802;  4,633,021;  4,668,824;  4,716,250  and  4,731,486.  For  example  sulfonated  ligands  may 
be  prepared  by  sulfonating  the  corresponding  phosphine,  e.g.  triphenylphosphine,  with  fuming  sulfuric  acid 
(oleum)  under  controlled  temperature  conditions. 

The  ionic  phosphine  ligands  are  present  in  the  present  invention  in  their  polar  solvent-soluble,  e.g.  water- 
soluble  or  methanol-soluble,  salt  form.  As  suitable  counter-ions,  M,  for  the  anionic  moieties  of  the  ionic  phos- 

35  phine  salts  there  can  be  mentioned  the  cations  of  the  alkali  and  alkaline  earth  metals,  e.g.,  lithium,  sodium, 
potassium,  cesium,  rubidium,  calcium,  barium,  magnesium  and  strontium,  the  ammonium  cation  and  quatern- 
ary  ammonium  cations.  Suitable  anionic  atoms  or  radicals  include,  for  example,  sulfate,  carbonate,  phosphate, 
chloride,  acetate  and  oxalate.  Of  course  it  is  understood  that  the  number  of  anionic  and  cationic  moieties  in  a 
ligand  molecule  also  depends  on  the  valences  of  the  ions  (ionic  radical)  and  counter-ions  (M  and  X')  of  any 

40  particular  ligand. 
The  polar  solution  also  may  include  other  adjuvants.  For  example  a  neutral  salt,  e.g.,  sodium  sulfate  or 

phosphate,  could  have  been  added  to  the  polar  phase  to  increase  its  density. 
In  accordance  with  the  present  invention,  the  polar  solution  is  treated  with  a  conditioning  reagent  in  order 

to  reduce  the  amount,  in  the  polar  solution,  of  the  polar  solventsoluble  ionic  organophosphine  ligand  capable 
45  of  complexing  with  the  rhodium.  In  other  words,  the  polar  solution  is  treated  so  that  the  complex-forming  ability 

of  polar  solvent-soluble  ligand  is  rendered  incapable  or  less  capable  of  forming  a  coordination  complex  with 
rhodium.  If  desired,  the  concentration  of  rhodium  in  the  polarsolution  can  be  concentrated,  e.g.  by  vaporization, 
before  or  after  treatment  with  the  conditioning  reagent.  In  any  event,  the  polar  solution  generally  will  be  have 
a  rhodium  concentration  of  from  about  1  to  50,000  ppm,  and  more  typically  between  about  500  and  2,500  ppm, 

so  calculated  as  rhodium  metal. 
In  accordance  with  the  present  invention,  the  polar  solution  can  be  treated  with  a  variety  of  conditioning 

reagents  in  order  to  reduce  the  amount  of  (i.e.  chemically  degrade  or  alter)  the  polar  solvent-soluble  ionic  or- 
ganophosphine  ligand.  For  example,  the  polar  solution  can  be  treated  with  an  ylid  precursor  such  as  maleic 
acid,  with  a  strong  acid  such  as  sulfuric  acid,  with  an  alkylating  agent  such  as  methyl  iodide  or  with  an  oxidizing 

55  reagent  such  as  hydrogen  peroxide  oran  organic  peroxide.  The  conditioning  reagentshould  react  with  the  polar 
solvent-soluble  ligand  to  produce  products  that  lack  a  coordinating  affinity  for  the  rhodium.  Preferably,  the  re- 
action  products  are  polar-soluble  and  non-polar  organic  solvent-insoluble  so  that  they  are  not  extracted  into 
the  non-polar  organic  solvent  during  subsequent  treatment.  Treatment  with  the  conditioning  reagent  thus  re- 

8 



EP  0  500  150  B1 

duces  the  amount,  in  the  polar  solution,  of  polar  solvent-soluble  ligand  capable  of  strongly  coordinating  with 
rhodium. 

Although  not  particularly  critical,  the  polar  solution  preferably  is  treated  with  the  conditioning  reagent  at 
a  temperature  of  between  about  0°  to250°Cfora  time  between  about  0.1  to  24  hours.  In  any  event,  the  solution 

5  should  be  treated  under  conditions  necessary  to  reduce  the  amount  of  ligand  capable  of  complexing  with  the 
rhodium  by  an  amount  sufficient  to  permit  extraction  of  rhodium  into  a  non-polar  organic  solvent  which  contains 
a  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  organosphosphorus  ligand.  A  treatment  tem- 
perature  of  about  25°  to  60°C  for  a  time  period  of  one  to  four  hours  should  be  adequate  in  most  cases. 

While  the  degree  of  reduction  in  the  amount  of  the  polar  solvent-soluble  ligand  in  any  particular  circum- 
10  stance  will  be  influenced,  inter  alia,  by  the  nature  and  initial  concentration  of  the  polar  solvent-soluble  ligand 

itself,  by  the  nature  and  amount  of  the  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  ligand  in 
the  organic  extractant  and  by  the  conditions  of  the  extraction,  it  is  preferred  to  reduce  the  amount  of  polar  sol- 
vent-soluble  ligand  by  at  least  about  70%  and  preferably  by  at  least  about  85%.  An  amount  of  residual  polar 
solvent-soluble  ligand  of  below  about  10  equivalents,  i.e.,  10  mols  of  ligand  per  gram  atom  of  rhodium,  and 

15  preferably  below  about  5  equivalents  is  especially  preferred.  Best  results  are  obtained  if  the  rhodium-coordin- 
ation  ability  of  the  polar  solvent-soluble  ligand  is  completely  destroyed. 

Suitable  ylid  precursors  for  use  in  the  present  invention  as  conditioning  reagents  are  unsaturated  com- 
pounds  containing  from  2  to  18  carbon  atoms,  preferably  from  3  to  10  carbon  atoms,  and  can  be  selected  from 
unsaturated  compounds  having  the  formula 

20 
R 8 - O X  

25  wherein  X  is  a  radical  selected  from 

O 

-CN,-Cl,-Br,-I,-N02,  and  -OR12;R11  is  a  radical  selected  from  hydrogen,  alkyl,  aryl,  hydroxy,  alkoxy,  amino  and 
halogen;  R12  is  an  alkyl  or  aryl  radical;  and  R8,  R9  and  R10  individually  are  radicals  selected  from  hydrogen, 
alkyl,  aryl,  X  radicals  as  defined  above  and  -CH2X  radicals  wherein  X  is  the  same  as  defined  above;  and  where- 
in  R8  and  R9  taken  together  can  form  an  alkylene  group  having  from  2  to  8  carbon  atoms;  and  anhydrides  of 

35  the  carboxylic  acids  of  the  unsaturated  compounds  within  the  scope  of  formula  (A).  Maleic  acid  and  maleic 
anhydride  are  particularly  useful  reagents. 

A  strong  acid  conditioning  reagent  suitable  for  treating  the  polar  solution  may  be  an  inorganic  or  organic 
acid.  Such  inorganic  acids  as  hydrochloric,  sulfuric,  nitric,  phosphoric  and  such  organic  acids  such  as  metha- 
nesulfonic  acid  and  para-toluenesulfonic  acid  are  suitable.  Many  others  will  be  apparent  to  those  skilled  in  the 

40  art.  Sulfuric  acid  is  preferred.  To  an  extent,  treatment  with  a  strong  acid  conditioning  agent  is  reversible.  Thus 
the  complex-forming  ability  of  polar  solvent-soluble  ligand  previously  rendered  incapable  of  forming  a  coor- 
dination  complex  with  rhodium  by  treatment  with  the  strong  acid,  can,  by  subsequent  treatment  with  an  ap- 
propriate  alkaline  reagent,  such  as  sodium  hydroxide,  be  restored. 

Acceptable  alkylating  reagents  for  use  as  the  conditioning  reagent  can  be  selected  from  the  class  of  com- 
45  pounds  capable  of  reacting  with  the  polar  solvent-soluble  ionic  organophosphine  ligand  to  form  a  polar  solvent- 

soluble  phosphonium  salt  thereof.  Compounds  of  this  class  are  monovalent  hydrocarbon  halides,  such  as  me- 
thyl  iodide  (see  US-A-4,429,161). 

An  oxidizing  agent  suitably  employed  in  this  invention  as  the  conditioning  reagent  may  be  supplied  in  the 
form  of  a  gas  or  liquid  and  can  be  selected  from  oxygen,  hydrogen  peroxide,  and  organic  peroxides,  metal  ox- 

50  idizing  reagents  and  peracids  which  preferably  form  polar  solvent-soluble  oxidation  by-products  with  the  polar 
solvent-soluble  organophosphine  ligand.  Hydrogen  peroxide  is  a  particularly  suitable  oxidizing  agent.  It  is  to 
be  understood  that  oxygen  need  not  be  employed  in  its  pure  form,  but  more  preferably  and  conveniently  is 
employed  in  the  form  of  air  or  in  admixture  with  an  inert  gas,  such  as  nitrogen  in  order  to  minimize  any  explosive 
hazards. 

55  The  liquid  organic  peroxides,  which  may  also  be  employed  as  oxidants  herein,  preferably  encompass  polar 
solvent-soluble  organic  peroxides  of  the  formula  R-O-O-R',  wherein  R  represents  a  radical  selected  from  mono- 
valent  hydrocarbon  radicals  of  2  to  20  carbon  atoms,  carboxylic  acyl  radicals  of  2  to  20  carbon  atoms,  aroyl 
radicals  of  7  to  20  carbon  atoms  and  cycloalkoxycarbonyl  radicals  of  4  to  20  carbon  atoms,  and  wherein  R'  rep- 
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resents  a  radical  selected  from  hydrogen  and  a  radical  represented  by  R  as  defined  above.  Preferred  mono- 
valent  hydrocarbon  radicals  represented  by  R  and  R'  above  are  alkyl  and  aralkyl  radicals,  especially  t-alkyl  rad- 
icals  of  4  to  20  carbon  atoms  and  aralkyl  radicals  of  8  to  15  carbon  atoms.  Most  preferably  R'  represents  hy- 
drogen  (i.e.,  -H).  Illustrative  organic  peroxides  include  t-butyl  hydroperoxide,  t-amyl  hydroperoxide,  cumene 

5  hydroperoxide  and  ethylbenzene  hydroperoxide.  Such  organic  peroxides  and/or  methods  for  their  preparations 
are  well  known  in  the  art. 

The  polar  solution  recovered  from  this  treatment,  having  a  lowered  amount  of  rhodium  complex-forming, 
polar  solvent-soluble  ionic  organophosphine  ligand  then  can  be  contacted  extracted)  with  an  immiscible,  non- 
polar,  organic  solvent  containing  a  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  organophos- 

10  phorus  ligand.  The  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  ligands  previously  described 
can  be  employed.  The  contacting  typically  can  be  done  in  an  extraction  column.  Any  substantially  non-polar 
organic  solvent  which  forms  a  separate,  distinct  phase  in  the  presence  of  a  polar  phase,  e.g.,  an  aqueous 
phase,  and,  in  the  specific  case  of  hydroformylation,  which  does  not  adversely  affect  (i.e.,  which  is  preferably 
compatible  with)  the  desired  hydroformylation  reaction  medium  can  be  employed.  Particularly  useful  non-polar 

15  solvents  are  those  known  to  be  suitable  for  use  in  prior  art  hydroformylation  processes  as  described  previously 
herein.  The  non-polar  organic  solution  used  for  extraction  preferably  contains  the  same  non-polar  organic  sol- 
vent-soluble  and  polar  solvent-insoluble  organophosphorus  ligand  which  is  to  be  used  in  the  hydroformylation 
reaction  medium. 

The  non-polar  organic  solvent  should  contain  an  amount  of  the  non-polar  organic  solvent-soluble  and  po- 
20  lar-solvent-insoluble  organophosphorus  ligand  sufficient  to  extract  rhodium  from  the  treated  polar  solution. 

The  necessary  concentration  of  the  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  ligand  will 
depend,  inter  alia,  on  the  nature  and  residual  level  of  the  polar-soluble  ionic  phosphine  ligand  in  the  polar  sol- 
ution  (e.g.,  aqueous  phase),  on  the  particular  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble 
ligand  and  its  amount  in  the  organic  solvent  and  on  the  extraction  conditions.  Generally,  routine  experimenta- 

25  tion  can  be  used  to  determine  the  suitability  of  any  particular  non-polar  solvent-soluble  ligand  as  a  back  ex- 
tractant,  as  well  as  to  determine  both  a  suitable  ligand  concentration  for  the  non-polar  solvent  and  suitable 
extraction  conditions.  Typically,  the  non-polar  organic  solvent  will  contain  about  0.01  to  1.0  mols  per  liter  of 
the  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  organophosphorus  ligand  and  normally  will 
contain  about  0.03  to  0.6  mols  per  liter.  Normally  to  ensure  a  satisfactory  extraction  of  rhodium  from  the  polar 

30  solution,  there  should  be  sufficient  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  ligand  in  the 
organic  solvent  to  yield  a  ratio  of  the  molarconcentration  of  non-polar  organic  solvent-soluble  and  polar  solvent- 
insoluble  ligand  in  the  organic  solvent  (non-polar  ligand)  to  the  molar  concentration  of  residual  polar  solvent- 
soluble  ionic  ligand  capable  of  forming  a  coordination  complex  with  rhodium  in  the  polar  phase  (polar  ligand) 
of  above  about  10,  preferably  above  about  20,  and  most  preferably  above  about  30.  Conditions  and  equipment 

35  forthe  extraction  step  can  be  the  same  as  those  employed  in  the  organic-polar  contacting  step  used  to  transfer 
rhodium  from  the  catalyst  solution  to  the  polar  solution  (as  described  in  EP-A-354  588). 

In  the  case  of  hydroformylation,  an  organic  solution  of  ligand-rhodium  complex  suitable  for  use  in  a  hy- 
droformylation  reaction  medium  is  recovered  as  overhead  from  extraction  column  while  a  polar  solution,  e.g., 
an  aqueous  solution,  with  a  reduced  concentration  of  rhodium  is  recovered  from  the  column's  bottom.  This 

40  polar  solution  can-be  used  to  prepare  polar  solvent-soluble  ionic  organophosphine  ligand-containing  polar  sol- 
ution  used  for  contacting  hydroformylation  reaction  medium.  The  organic  solvent  containing  the  extracted  rho- 
dium  can  be  used  for  any  number  of  purposes  as  described  above. 

In  the  case  where  hydroformylation  reaction  medium  is  treated  in  accordance  with  the  present  invention, 
applicants  have  found  that  the  rhodium  transferred  into  the  ligand-containing  organic  solvent,  using  either  of 

45  the  alternative  embodiments  described  above,  becomes  substantially  active  under  hydroformylation  reaction 
conditions  when  subsequently  used  for  hydroformylation  catalysis. 

The  following  examples  are  illustrative  of  the  present  invention  and  are  not  to  be  regarded  as  limitating.  It 
should  be  understood  that  all  of  the  parts,  percentages,  and  proportions  referred  to  herein  and  in  the  appended 
claims  are  by  weight  unless  otherwise  indicated.  In  the  following  examples,  the  ionic  phosphine  ligand,  3-(di- 

50  phenylphosphino)-  benzenesulfonic  acid,  sodium  salt  is  referred  to  in  the  alternative  as  the  sodium  salt  of  tri- 
phenylphosphine  monosulfonic  acid  and  as  TPPMS-Na,  the  ionic  phosphine  ligand  tri(sulfophenyl)  phosphine, 
sodium  salt  is  referred  to  in  the  alternative  as  the  sodium  salt  of  triphenylphosphine  trisulfonic  acid  and  as 
TPPTS-Na;  finally  the  ionic  phosphine  ligand  bisdiphenylphosphino-ethane  m-monosulfonic  acid,  sodium  salt, 
is  referred  to  in  the  alternative  as  the  sodium  salt  of  DIPHOS-monosulfonic  acid  and  as  S-DIPHOS-Na. 

55  Rhodium  concentrations  were  determined  using  atomic  absorption  spectroscopy  (AAS),  non-polar  organic 
solvent-soluble  ligand  concentrations  were  determined  using  vapor  phase  chromotography  (VPC),  while  the 
ionic  phosphine  -  ligand  concentrations  were  determined  using  high  performance  liquid  chromotography 
(HPLC).  Such  procedures  are  well-known  to  those  skilled  in  the  art. 
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15 

EXAMPLE  1  (reference  example) 

In  this  example  a  3%  by  weight  aqueous  (polar)  solution  of  the  sodium  salt  of  triphenylphosphine  mono- 
sulfonic  acid  was  used  to  extract  active  rhodium  from  spent  hydroformylation  reaction  medium  having  an  ac- 

5  tivity  of  75%,  a  rhodium  concentration  of  727  ppm,  a  triphenylphosphine  (TPP)  ligand  concentration  of  10% 
by  weight,  80%  by  weight  pentadecanal  and  the  balance  hydroformylation  aldehyde  condensation  by-products. 
In  each  case,  two  sequential,  equally  sized  aqueous  washes  (extractions)  were  used.  Table  1  presents  the  re- 
sults  obtained. 

10  TABLE  A 

Aqueous  Organic /Aqueous   Aqueous  Rhodium  Recove ry  Ll?and  Vol.  r a t i o   Ligand  Cone.  (\ \   - 
TPPMS-Ka  2.8  3.0  ^ 5  

EXAMPLE  2  (reference  example) 

This  example  reports  the  ability  of  a  10%  by  weight  aqueous  (polar)  solution  of  TPPMS-Na  to  extract  active 
20  rhodium  from  a  spent  hydroformylation  reaction  medium  having  an  activity  of  39%,  a  rhodium  concentration 

of  540  ppm,  10%  by  weight  triphenylphosphine  (TPP)  ligand,  30%  by  weight  butyraldehyde  and  the  balance 
aldehyde  condensation  by-products.  Two  equally  sized  aqueous  washes  (extractions)  were  used.  The  results 
are  presented  in  Table  2. 

25  TABLE  2. 

Aqueous  Organic  /Aqueous  Rhodium  Recovery  
Ligand  Vol.  r a t i o   (%) 
TPPMS-Na  1.2  3875 

30 

EXAMPLES  3-6 

These  examples  illustrate  the  use  of  maleic  acid  (MA)  as  a  conditioning  reagent  for  reducing  the  amount 
35  in  a  polar  solution,  e.g.,  in  an  aqueous  solution,  of  the  polar  solvent-soluble  organophosphine  ligand  capable 

of  forming  a  coordination  complex,  i.e.  capable  of  complexing,  with  rhodium  and  the  effect  on  the  polar  to  non- 
polar  extraction  efficiency.  The  aqueous  solution  was  obtained  by  extracting  a  non-polar  hydroformylation  cat- 
alyst  solution  containing  540  ppm  rhodium,  10%  by  weight  TPP,  30%  by  weight  butyraldehyde  and  the  balance 
aldehyde  condensation  by-products  with  an  aqueous  solution  containing  5%  by  weight  TPPMS-Na.  Twenty 

40  gram  samples  of  the  resultant  aqueous  solution  containing  5%  by  weight  TPPMS-Na  and  489  ppm  rhodium 
were  treated  by  mixing  with  various  amounts  of  maleic  acid  at  a  temperature  of  50°C  for  30  minutes  to  convert 
water-soluble  ionic  ligand  in  each  sample  to  a  water-soluble  non-coordinating  form.  The  maleic  acid-treated 
samples  then  were  back  extracted  using  a  Texanol®  solution  containing  10%  by  weight  tri-phenylphosphine 
(TPP).  Each  treated  sample  was  washed  three  times  with  20  gram  portions  of  the  Texanol®  ligand  solution. 

45  The  results  are  presented  in  Table  3.  As  shown,  by  reducing  the  ligand  concentration  in  the  aqueous  phase  to 
less  than  5.0  mols  of  ligand  per  gram-atom  of  rhodium  (which  in  these  cases  also  corresponded  to  greater 
than  about  85%  ligand  removal),  excellent  back-extraction  of  the  rhodium  was  realized. 

TABLE  3 

Example  Reduct ion   in  Aqueous  TPPMS-Na/  Rhodium  Recovered  

55 

No.  Ligand  Cone.  (%)  Rhodium  mol  r a t i o  
3  86.8  3 . 8  
4  84.6  4 .4  
5  70.4  8 .6  
6  50.2  14.4 
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EXAMPLES  7-10 

These  examples  illustrate  the  use  of  different  levels  of  maleic  acid  (MA)  as  a  conditioning  reagent  for  re- 
ducing  the  amount  of  TPPMS-Na  ligand  capable  of  complexing  with  rhodium  in  aqueous  (polar)  solutions  con- 

5  taining  various  amounts  of  rhodium  and  the  effect  of  such  treatment  on  rhodium  extraction  efficiency.  The  aqu- 
eous  solution  used  in  Examples  7  and  9  correspond  to  the  aqueous  solutions  obtained  in  Examples  1  and  2 
respectively;  while  the  aqueous  solutions  for  Examples  8  and  10  were  obtained  by  extracting  non-polar  hydro- 
formylation  catalyst  solutions  containing  300  ppm  rhodium,  10%  by  weight  TPP  and  the  balance  Texanol®, 
and  375  ppm  rhodium,  11%  by  weight  TPP,  6%  by  weight  butyraldelhyde  and  the  balance  aldehyde  conden- 

10  sation  by-products  respectively  with  10%  by  weight  aqueous  solution  of  TPPMS-Na  and  a  5%  by  weight  aqu- 
eous  solution  of  TPPMS-Na.  The  MA-treated  aqueous  (polar)  solutions  were  each  back-extracted  three  times 
using  25  gm  portions  of  a  1  0%  by  weight  solution  of  triphenylphosphine  in  Texanol®.  The  aqueous  solutions 
containing  the  added  maleic  acid  were  heated  at  50°C  for  about  30  minutes.  The  results  are  presented  in  Table 
4,  and  demonstrate  the  effectiveness  of  maleic  acid  in  conditioning  the  aqueous  solution  for  extraction. 

15 

TABLE  4 

Example  Aqueous  Rh  TPPMS-Na/MA  Organic/Aqueous  Rhodium 
No  Conc(PPM)  mass  r a t i o   Vol.  r a t i o   Recovery(%) 

7  260  3.3  0.83  100 
8  650  3.4  4.9  90 .6  
9  412  2.4  4.9  97 .6  
10  342  2.9  1-2  98 .0  

25 
EXAMPLE  11 

This  Example  illustrates  the  use  of  an  organic  solution  of  cyclohexyldiphenylphosphine  (CHDPP)  ligand 
for  extracting  rhodium  from  an  aqueous  extractant  solution.  A25  gram  sample  of  an  aqueous  solution  containing 

30  5%  by  weight  TPPMS-Na,  used  to  extract  rhodium  from  spent  hydroformylation  reaction  medium  containing 
540  ppm  rhodium,  10%  by  weight  TPP,  30%  by  weight  butyraldehyde  and  the  balance  aldehyde  condensation 
by-products,  contained  78  ppm  rhodium  after  such  extraction.  The  sample  was  treated  at  50°C  for  about  30 
minutes  with  0.4  grams  of  maleic  acid  and  then  was  extracted  three  times  (25  gram  portions)  using  a  3.0%  by 
weight  solution  of  CHDPP  in  Texanol®  solvent.  Analysis  of  the  cumulative  organic  extractants  showed  that 

35  96.9%  of  the  rhodium  was  transferred  from  the  aqueous  solution  into  the  organic  phase. 

EXAMPLE  12-15 

These  examples  illustrate  the  use  of  strong  acid  conditioning  reagents  for  converting  TPPMS-Na  ligand 
40  in  aqueous  (polar)  solutions  containing  various  amounts  of  rhodium  to  a  non-coordinating  form,  i.e.  less  ca- 

pable  of  complexing  with  rhodium,  and  the  effect  of  such  treatment  on  extraction  efficiency.  In  Example  12, 
the  original  aqueous  solution  was  obtained  by  extracting  a  non-polar  hydroformylation  catalyst  solution  con- 
taining  540  ppm  rhodium,  10%  by  weight  TPP,  30%  by  weight  butyraldehyde  and  the  balance  aldehyde  con- 
densation  by-products  with  an  aqueous  solution  of  5%  by  weight  TPPMS-Na;  in  Examples  13  and  14  the  orig- 

45  inal  aqueous  solutions  were  obtained  by  extracting  a  non-polar  hydroformylation  catalyst  solution  containing 
1000  ppm  rhodium,  20%  by  weight  TPP,  24%  by  weight  butyraldehyde  and  the  balance  Texanol®  with  aqueous 
solutions  of  3%  by  weight  TPPMS-Na,  and  in  Example  1  5,  the  original  aqueous  solution  was  obtained  by  ex- 
tracting  a  non-polar  hydroformylation  catalyst  solution  containing  300  ppm  rhodium,  3%  by  weight  TPP  and 
the  balance  Texanol®  with  an  aqueous  solution  of  5%  by  weight  TPPMS-Na.  The  acid-treated  aqueous  solu- 

50  tions  were  each  sequentially  extracted  three  times  (25  gm  portions)  using  a  10%  by  weight  solution  of  triphe- 
nylphosphine  (TPP)  in  Texanol®  solvent.  The  aqueous  solutions  containing  the  added  acid  were  heated  at  50°C 
for  about  30  minutes.  The  results  are  presented  in  Table  5  and  demonstrate  the  effectiveness  of  strong  acid 
treatment  for  conditioning  the  aqueous  (polar)  solution  for  extraction  of  rhodium  from  the  aqueous  phase. 

55 
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TABLE  5 

Example  Aqueous  Rh  Strong  Acid  TPPMS-Na/Acid  Organic/Aqueous  Rhodium 
No.  Cone.  (ppm)  Reagent  Mass  ra t io   Vol.  Ratio  R e c o v e r y ^  

12  281  HC1  2.8  2.9  96 .1  
13  933  H2S04  3.3  4.2  97.3  
14  906  H2SO4  1.7  4.2  99.6  
15  200  H2S04  0.4  10.4  97 .0  

10 
EXAMPLE  16  (reference  example) 

This  example  describes  the  continuous  extraction  of  rhodium  from  hydroformylation  reaction  medium  using 
a  3/8  inch  diameter  extraction  column  having  five  (5)  theoretical  stages  and  counter  current  flow  of  the  organic 

15  solution  and  an  aqueous  solution  containing  TPPMS-Na  ligand.  The  combined  feed  rate  to  the  extraction  col- 
umn  (organic  phase  plus  aqueous  phase)  was  maintained  at  about  1  700  gm/hour  in  all  the  runs  and  the  column 
was  operated  at  about  35°C.  A  rhodium  balance  was  determined  for  each  run  from  the  feed  rates  and  rhodium 
concentrations  of  the  various  streams  and  is  reported  in  Tables  6  and  7.  Extraction  efficiencies  were  calculated 
by  determining  the  percentage  of  rhodium  transferred  from  the  organic  phase  to  the  aqueous  phase  and  then 

20  normalizing  the  value  by  dividing  it  with  the  catalyst  activity.  The  results  are  presented  in  Tables  6  and  7. 
Table  6  illustrates  the  effect  of  reducing  the  amount  of  the  aqueous  feed  relative  to  the  organic  feed.  In 

these  runs  a  5.0%  by  weight  polar  solution  of  TPPMS-Na  was  used  to  extract  rhodium  from  an  organic  solution 
having  a  39%  activity  as  a  hydroformylation  catalyst  and  containing  1073  ppm  rhodium,  15%  by  weight  TPP, 
38%  by  weight  butyraldehyde,  10%  by  weight  hexane,  10%  by  weight  C9  aldehyde  and  the  balance  butyral- 

25  dehyde  condensation  by-products.  This  same  hydroformylation  catalyst  solution  also  was  used  for  run  number 
8  in  Table  7.  The  results  show  that  as  the  amount  of  aqueous  feed  is  reduced  (i.e.  as  the  organic/aqueous 
(O/A)  volume  ratio  increases)  the  extraction  efficiency  decreased.  Due  in  part  to  the  viscous  nature  of  the  or- 
ganic  solution,  larger  O/A  ratios  do  not  permit  sufficient  exposure  of  the  rhodium  in  the  organic  phase  to  the 
aqueous  extractant  phase.  Table  7  presents  the  remaining  data.  Run  Nos.  4,  6  and  7  employed  a  hydroformy- 

30  lation  catalyst  solution  containing  540  ppm  rhodium,  10%  by  weight  TPP,  30%  by  weight  butyraldehyde  and 
the  balance  aldehyde  condensation  by-products;  run  number  9  employed  a  hydroformylation  catalyst  solution 
containing  635  ppm  rhodium,  12%  by  weight  TPP,  30%  by  weight  butyraldehyde,  20%  by  weight  hexane,  10% 
by  weight  C9  aldehyde  and  the  balance  butyraldehyde  condensation  by  products;  run  numbers  5  and  10  em- 
ployed  as  the  non-polar  feed  material  the  organic  solutions  recovered  from  the  extraction  column  in  prior  run 

35  numbers  4  and  9  respectively,  and  run  number  10  employed  a  hydroformylation  catalyst  solution  containing 
312  ppm  rhodium,  10%  by  weight  TPP,  80%  by  weight  butyraldehyde  and  aldehyde  condensation  by-products. 

TABLE  6 

40  Run  No.  O/A  E x t r a c t i o n   Eff.  (%)  Rh  Balance  (%) 
1  3.8  63.5  94 
2  7.0  58.4  92 
3  10.1  30.9  91 

C a t a l y s t  
Run  No  A c t i v i t y   (%)  O/A 

50 

55 

4  35  1 0 . 8  
5  3 . 3  
6  35  3 . 0  
7  35  3 . 0  
8  39  4 . 0  
9  35  3 . 5  

10  "  3 . 5  
11  95  3 . 5  

TABLE  7 

TPPMS-Na  E x t r a c t i o n   Rh 
(wt%)  Eff.(%)  Ba lance  

5.0  21.0  95 
5.0  "  95 
5.0  46.2  97 
2.5  30.3  102 
2.5  5.8  109 
5.0  104.0  87 
5.0  -  99 
5.0  92  102 

13 
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EXAMPLE  17 

This  example  illustrates  the  continuous  extraction  of  rhodium  from  an  aqueous  (polar)  solution  containing 
5%  by  weight  TPPMS-Na  ligand  and  382  ppm  rhodium.  This  aqueous  solution  corresponds  to  the  aqueous 
stream  recovered  from  run  number  11  reported  in  Table  7.  The  same  equipment  employed  in  Example  16  was 
used.  The  aqueous  solution  first  was  treated  with  maleic  acid  to  convert  completely  the  TPPMS-Na  ligand  to 
a  non-coordinating  form.  An  isobutyraldehyde  solution  containing  10%  by  weight  triphenylphosphine  then  was 
used  as  the  non-polar  extractant.  An  extraction  efficiency  of  83.0%  was  obtained. 

In  the  above  formulae  (1)  and  (2)  preferred  meanings  of  the  radicals  R  and  R1  to  R7  are: 
Ci_i8-,  particularly  C^2-  and  most  preferred  C^s-alkyl; 
C6_18-,  particularly  C6_12-aryl,  such  as  phenyl  and  naphthyl; 
C7_18-,  particularly  C7_12-alkaryl,  such  as  tolyl,  xylyl  and  ethylphenyl; 
C7_18-,  particularly  C7_12-aralkyl,  such  as  benzyl  and  phenylethyl; 
C3_8-,  particularly  C^-cycloalkyl,  such  as  cyclopentyl  and  cyclohexyl; 
m1  to  m7  preferably  are  integers  of  from  0  to  3,  particularly  0  or  1. 

Preferred  meanings  for  the  various  groups  mentioned  with  respect  to  formula  (A)  above  are: 
alkyl  and  aryl  radicals  as  defined  for  R1  to  R7  above,  including  the  particularly  preferred  meanings; 
alkoxy  groups  containing  alkyl  groups  as  defined  above,  including  the  particularly  preferred  alkyl  groups; 
provided  that  the  total  number  of  carbon  atoms  in  formula  (A)  does  not  exceed  1  8. 

1.  A  method  for  recovering  a  Group  VIII  transition  metal  from  a  polar  solution  containing  a  polar  solvent-solu- 
ble  coordination  complex  of  a  Group  VIII  transition  metal  and  a  polar  solvent-soluble  ionic  organophos- 
phine  ligand  comprising: 

(i)  treating  the  polar  solution  with  a  conditioning  reagent  to  reduce  the  amount  of  said  polar  solvent- 
soluble  ionic  organophosphine  ligand  capable  of  forming  a  coordination  complex  with  the  Group  VIII 
transition  metal  in  the  polar  solution;  and 
(ii)  contacting  the  polar  solution  produced  in  accordance  with  step  (i)  with  a  non-polar  organic  solvent 
containing  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  organophosphorus  ligand  ca- 
pable  of  forming  a  coordination  complex  with  the  Group  VIII  transition  metal  to  transfer  said  Group  VIII 
transition  metal  from  said  polar  solution  into  said  non-polar  organic  solvent; 

with  the  proviso  that  said  method  is  not  preceded  by  the  step  of  contacting  a  substantially  non-polar  or- 
ganic  solution  containing  a  non-polar  organic  solvent-soluble  and  polar  solvent-insoluble  coordination 
complex  of  the  Group  VIII  transition  metal  and  a  non-polar  organic  solvent-soluble  and  polar  solvent-in- 
soluble  organo-substituted  ligand  of  a  trivalent  atom  with  a  polar  solution  containing  said  polar  solvent- 
soluble  ionic  organophosphine  ligand,  thereby  transfering  said  Group  VIII  transition  metal  from  said  or- 
ganic  solution  into  said  polar  solution  and  forming  the  polar  solution  to  be  treated  according  to  the  above 
steps  (i)  and  (ii). 

2.  The  method  of  claim  1  wherein  said  Group  VIII  transition  metal  is  rhodium. 

3.  The  method  of  any  one  of  claims  1  and  2  wherein  said  polar  solution  is  an  aqueous  solution. 

4.  The  method  of  claim  1  wherein  said  polar  solvent  -soluble  ionic  organophosphine  ligand  is  selected  from 
compounds  having  the  general  formulae  (1)  and  (2): 

Claims 

P R2-{YZ)m2 

R3-<Y3)m3 

(1) 
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( Y 4 > m 4 - R 4 ^ ^   R6-(Y6)m6 

P  -  Q  -  (2) 

( Y 5 ) m 5 - R 5 �  

wherein  R1,  R2  and  R3  of  formula  (1)  and  R4,  R5,  R6  and  R7  of  formula  (2)  each  individually  represent  a 
hydrocarbon  radical  containing  from  1  to  30  carbon  atoms  selected  from  the  group  consisting  of  alkyl,  aryl, 
alkaryl,  aralkyl,  and  cycloalkyl  radicals,  where  Q  in  formula  (2)  represents  a  divalent  organic  bridging  group 
and  where  Y1,  Y2  and  Y3  of  formula  (1)  and  Y4,  Y5,  Y6  and  Y7  of  formula  (2)  are  substituted  on  the  hydro- 
carbon  radical  and  each  individually  represents  an  ionic  radical  of  overall  neutral  charge  selected  from 
the  group  consisting  of; 

-S03M  wherein  M  represent  inorganic  or  organic  cationic  atoms  or  radicals  selected  so  that  the 
ligand  is  polar  solvent  soluble, 

-PO3M  wherein  M  represents  inorganic  or  organic  cationic  atoms  or  radicals  selected  so  that  the 
ligand  is  polar  solvent  soluble, 

-NR3X'  wherein  each  R  represents  a  hydrocarbon  radical  containing  from  1  to  30  carbon  atoms  se- 
lected  from  the  class  consisting  of  alkyl,  aryl,  alkaryl,  aralkyl,  and  cycloalkyl  radicals,  and  X'  represents 
inorganic  or  organic  anionic  atoms  or  radicals  selected  so  that  the  ligand  is  polar  solvent  soluble,  and 

-C02M  wherein  M  represents  inorganic  or  organic  cationic  atoms  or  radicals  selected  so  that  the 
ligand  is  polar  solvent  soluble, 

wherein  m1,  m2  and  m3  of  formula  (1)  and  m4,  m5,  m6  and  m7  of  formula  (2)  are  integers  which  can 
be  the  same  or  different  and  which  can  range  from  0  to  5, 

and  wherein  at  least  one  of  m2  and  m3  in  formula  (1)  and  at  least  one  of  m4,  m5,  m6  and  m7  in 
formula  (2)  is  equal  to  or  greater  than  1  ,  sufficient  to  impart  solubility  in  a  polar  solvent  to  the  ligand. 

The  method  of  any  one  of  claims  1  to  4  wherein  said  conditioning  reagent  is  selected  from  the  group  con- 
sisting  of  an  ylid  precursor,  a  strong  acid,  an  alkylating  agent  or  an  oxidizing  reagent. 

The  method  of  claim  5  wherein  said  ylid  precursor  is  an  unsaturated  compound  containing  from  2  to  18 
carbon  atoms  and  is  selected  from  the  group  consisting  of  compounds  having  the  formula 

R8-C-X 

R9-C-R10  (A) 

wherein  X  is  a  radical  selected  from  the  group  consisting  of 

O 
-CR11 

-CN,-Cl,-Br,-I,-N02,  and  -OR12;R11  is  a  radical  selected  from  the  group  consisting  of  hydrogen,  alkyl,  aryl, 
hydroxy,  alkoxy,  amino  and  halogen;  R12  is  an  alkyl  or  aryl  radical;  and  R8,  R9  and  R10  individually  are 
radicals  selected  from  the  group  consisting  of  hydrogen,  alkyl,  aryl,  X  radicals  as  defined  above  and  - 
CH2X  radicals  wherein  X  is  the  same  as  defined  above;  and  wherein  R8  and  R9  taken  together  can  form 
an  alkylene  group  having  from  2  to  8  carbon  atoms;  and  anhydrides  of  the  carboxylic  acids  of  the  unsa- 
turated  compounds  within  the  scope  of  formula  (A). 

The  method  of  claim  6  wherein  said  ylid  precursor  is  maleic  acid  or  maleic  anhydride. 

The  method  of  any  one  of  claims  1  to  7  wherein  said  non-polar  organic  solvent-soluble  and  polar  solvent- 
insoluble  organophosphorus  ligand  is  selected  from  triarylphosphines  and  cycloalkyldiarylphosphines, 
particularly  from  triphenylphosphine  and  cyclohexyldiphenylphosphine. 

15 
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9.  The  method  of  claim  8  wherein  said  polar  solvent-soluble  ionic  organophosphine  ligand  is  selected  from 
ionic  triarylphosphines  and  ionic  bisdiarylphosphines,  particularly  from  sulfonated  triphenylphosphines 
and  sulfonated  bisdiphenylalkylphosphines. 

10.  The  method  of  claim  2  wherein  said  rhodium  exhibits  catalytic  activity  in  hydroformylation. 

Patentanspruche 

1.  Verfahren  zur  Isolierung  eines  Gruppe  Vlll-Ubergangsmetalls  aus  einer  polaren  Losung,  die  einen  in  po- 
larem  Losungsmittel  loslichen  Koordinationskomplex  eines  Gruppe  Vlll-Ubergangsmetalls  und  eines  in 
polarem  Losungsmittel  loslichen  ionischen  Organophosphin-Liganden  enthalt,  umfassend: 

(i)  die  Behandlung  der  polaren  Losung  mit  einem  Konditionierreagenz  zur  Verminderung  der  Menge 
an  zur  Bildung  eines  Koordinationskomplexes  mit  dem  Gruppe  Vlll-Ubergangsmetall  fahigem,  in  pola- 
rem  Losungsmittel  loslichem  ionischen  Organophosphin-Liganden  in  der  polaren  Losung  und 
(ii)  das  In-Beruhrung-Bringen  dergemali  Stufe  (i)  hergestellten  polaren  Losung  mit  einem  nicht-polaren 
organischen  Losungsmittel,  das  in  nicht-polarem  organischen  Losungsmittel  loslichen  und  in  polarem 
Losungsmittel  unloslichen  Organophosphor-Liganden,  der  zur  Bildung  eines  Koordinationskomplexes 
mit  dem  Gruppe  Vlll-Ubergangsmetall  in  der  Lage  ist,  enthalt,  urn  das  Gruppe  Vlll-Ubergangsmetall 
aus  der  polaren  Losung  in  das  nicht-polare  organische  Losungsmittel  zu  uberfuhren; 

mit  der  Maligabe,  dali  diesem  Verfahren  nicht  vorangeht  die  Stufe  des  In-Beruhrung-Bringens  einer  im 
wesentlichen  nicht-polaren  organischen  Losung,  die  einen  in  nicht-polarem  organischen  Losungsmittel 
loslichen  und  polarem  Losungsmittel  unloslichen  Koordinationskomplex  des  Gruppe  Vlll- 
Ubergangsmetalls  und  eines  in  nicht-polarem  organischen  Losungsmittel  loslichen  und  polarem  Losungs- 
mittel  unloslichen  Organo-substituierten  Liganden  eines  dreiwertigen  Atoms  enthalt,  mit  einer  polaren  Lo- 
sung,  die  den  in  polarem  Losungsmittel  loslichen  ionischen  Organophosphin-Liganden  enthalt,  wodurch 
das  Gruppe  Vlll-Ubergangsmetall  aus  der  organischen  Losung  in  die  polare  Losung  uberfuhrt  und  die 
gemaft  den  obigen  Stufen  (i)  und  (ii)  zu  behandelnde  polare  Losung  gebildet  wird. 

2.  Verfahren  nach  Anspruch  1,  in  welchem  das  Gruppe  Vlll-Ubergangsmetall  Rhodium  ist. 

3.  Verfahren  nach  irgendeinem  der  Anspruche  1  und  2,  in  welchem  die  polare  Losung  eine  walirige  Losung 
ist. 

4.  Verfahren  nach  Anspruch  1  ,  in  welchem  der  in  polarem  Losungsmittel  losliche  ionische  Organophosphin- 
Ligand  aus  Verbindungen  mit  den  allgemeinen  Formel  (1)  und  (2)  ausgewahlt  ist: 

P ^ —   R2-<YZ)m2  (1) 

R3-(Y3)m3 

< Y 4 ) m 4 - R V   R6"(Y6)m6 

�   "  Q  "  P. .   (2) 

< Y 5 ) m 5 - R 5 ^   ^ ^ R 7 - { Y 7 ) m 7  

worin  R1,  R2  und  R3  von  Formel  (1)  und  R4,  R5,  R6  und  R7  von  Formel  (2)  jeweils  einzeln  fur  einen  1  bis 
30  Kohlenstoffatome  enthaltenden  Kohlenwasserstoffrest,  der  aus  der  aus  Alkyl-,  Aryl-,  Alkaryl-,  Aralkyl- 
und  Cycloalkyl-Resten  bestehenden  Gruppe  ausgewahlt  ist,  stehen,  worin  Q  in  Formel  (2)  fur  eine  zwei- 

wertige  organische  Bruckengruppe  steht  und  worin  Y1,  Y2  und  Y3  von  Formel  (1)  und  Y4,  Y5,  Y6  und  Y7 
von  Formel  (2)  an  dem  Kohlenwasserstoff-Rest  substituiert  sind  und  jeweils  einzeln  einen  ionischen  Rest 
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mit  insgesamt  neutraler  Ladung  darstellen,  ausgewahlt  aus  der  Gruppe,  die  besteht  aus: 
-S03M,  worin  M  anorganische  oder  organische  kationische  Atome  oder  Reste  reprasentiert,  die  so 

ausgewahlt  sind,  daft  der  Ligand  in  polarem  Losungsmittel  loslich  ist, 
-PO3M,  worin  M  anorganische  oder  organische  kationische  Atome  oder  Reste  reprasentiert,  die  so 

5  ausgewahlt  sind,  daft  der  Ligand  in  polarem  Losungsmittel  loslich  ist, 
-NR3X',  worin  R  einen  1  bis  30  Kohlenstoffatomeenthaltenden  Kohlenwasserstoffrest  darstellt,  der 

aus  der  aus  Alkyl-,  Aryl-,  Alkaryl-,  Aralkyl-  und  Cycloalkylresten  bestehenden  Gruppe  ausgewahlt  ist,  und 
X'  fur  anorganische  oder  organische  anionische  Atome  oder  Reste  steht,  die  so  ausgewahlt  sind,  dalider 
Ligand  in  polarem  Losungsmittel  loslich  ist,  und 

10  -C02M,  worin  M  anorganische  oder  organische  kationische  Atome  oder  Reste  darstellt,  die  so  aus- 
gewahlt  sind,  daft  der  Ligand  in  polarem  Losungsmittel  loslich  ist, 

worin  m1,  m2  und  m3  von  Formel  (1)  und  m4,  m5,  m6  und  m7  von  Formel  (2)  ganze  Zahlen  sind,  die 
gleich  oder  verschieden  sein  konnen  und  im  Bereich  von  0  bis  5  liegen  konnen, 

und  worin  wenigstens  eines  von  m2  und  m3  in  Formel  (1)  und  mindestens  eines  von  m4,  m5, 
15  m6  und  m7  in  Formel  (2)  gleich  oder  grolier  als  1  ist,  ausreichend  urn  dem  Liganden  Loslichkeit  in  einem 

polaren  Losungsmittel  zu  verleihen. 

5.  Verfahren  nach  irgendeinem  der  Anspruche  1  bis  4,  in  welchem  das  Konditionierreagenz  aus  der  aus  aus 
einem  Ylid-Vorlaufer,  einer  starken  Saure,  einem  Alkylierungsmittel  oder  einem  Oxidationsmittel  beste- 

20  henden  Gruppe  ausgewahlt  ist. 

6.  Verfahren  nach  Anspruch  5,  in  welchem  der  Ylid-Vorlaufer  eine  2  bis  18  Kohlenstoffatome  enthaltende 
ungesattigte  Verbindung  ist  und  ausgewahlt  ist  aus  der  Gruppe,  die  besteht  aus  Verbindungen  mit  der  For- 
mel 

25 
R8-C-X 

9  J  If) Ry-C-R1U  (A) 

30 
worin  X  ein  Rest  ist,  der  ausgewahlt  ist  aus  der  Gruppe,  die  besteht  aus 

0  

-CN,  -CI,  -Br,  -I,  -N02  und  -OR12;  R11  ein  aus  der  aus  Wasserstoff,  Alkyl,  Aryl,  Hydroxy,  Alkoxy,  Amino 
und  Halogen  bestehenden  Gruppe  ausgewahlter  Rest  ist;  R12  fur  einen  Alkyl-  oder  Aryl-Rest  steht;  und 
R8,  R9und  R10  einzeln  Reste  sind,  die  aus  der  Gruppe  ausgewahlt  sind,  die  besteht  aus  Wasserstoff,  Alkyl, 

40  Aryl,  wie  oben  def  inierten  X-Resten  und  -CH2X-Resten,  worin  X  wie  oben  def  iniert  ist;  und  worin  R8  und 
R9  zusammengenommen  eine  Alkylengruppe  mit  2  bis  8  Kohlenstoffatomen  bilden  konnen;  und  Anhydri- 
den  der  Carbonsauren  der  ungesattigten  Verbindungen  im  Rahmen  der  Formel  (A). 

7.  Verfahren  nach  Anspruch  6,  in  welchem  der  Ylid-Vorlaufer  Maleinsaure  oder  Maleinsaureanhydrid  ist. 

45  8.  Verfahren  nach  einem  der  Anspruche  1  bis  7,  in  welchem  der  in  nicht-polarem  organischen  Losungsmittel 
losliche  und  polarem  Losungsmittel  unlosliche  Organophosphor-Ligand  aus  Triarylphosphinen  und  Cyc- 
loalkyldiarylphosphinen,  insbesondere  aus  Triphenylphosphin  und  Cyclohexyldiphenylphosphin,  ausge- 
wahlt  ist. 

50  9.  Verfahren  nach  Anspruch  8,  in  welchem  der  in  polarem  Losungsmittel  losliche  ionische  Organophosphin- 
ligand  aus  ionischen  Triarylphosphinen  und  ionischen  Bisdiarylphosphinen,  insbesondere  aus  sulfonier- 
ten  Triphenylphosphinen  und  sulfonierten  Bisdiphenylalkylphosphinen,  ausgewahlt  ist. 

10.  Verfahren  nach  Anspruch  2,  in  welchem  das  Rhodium  in  der  Hydroformylierung  katalytische  Aktivitat 
55  zeigt. 
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Revendications 

1.  Procede  pourseparer  un  metal  de  transition  du  Groupe  VIII  d'une  solution  polaire  contenant  un  complexe 
de  coordination,  soluble  dans  les  solvants  polaires,  d'un  metal  de  transition  du  Groupe  VIII  et  d'un  ligand 

5  du  type  organophosphine  ionique  soluble  dans  les  solvants  polaires,  comprenant  : 
(i)  le  traitement  de  la  solution  polaire  avec  un  reactif  de  conditionnement  pour  reduire  la  quantite  dudit 
ligand  du  type  organophosphine  ionique,  soluble  dans  les  solvants  polaires,  capable  de  former  un 
complexe  de  coordination  avec  le  metal  de  transition  du  Groupe  VIII  dans  la  solution  polaire  ;  et 
(ii)  la  mise  en  contact  de  la  solution  polaire  produite  conformement  a  I'etape  (i)  avec  un  solvant  orga- 

10  nique  non  polaire  contenant  un  ligand  organique  de  phosphore,  soluble  dans  les  solvants  organiques 
non  polaires  et  insoluble  dans  les  solvants  polaires,  capable  de  former  un  complexe  de  coordination 
avec  le  metal  de  transition  du  Groupe  VIII  pour  le  transfert  dudit  metal  de  transition  du  Groupe  VIII  de 
ladite  solution  polaire  dans  ledit  solvant  organique  non  polaire  ; 

sous  reserve  que  ledit  procede  ne  soit  pas  precede  par  I'etape  de  mise  en  contact  d'une  solution  organique 
15  pratiquement  non  polaire  contenant  un  complexe  de  coordination,  soluble  dans  les  solvants  organiques 

non  polaires  et  insoluble  dans  les  solvants  polaires,  du  metal  de  transition  du  Groupe  VIII  et  d'un  ligand 
organo-substitue,  soluble  dans  les  solvants  organiques  non  polaires  et  insoluble  dans  les  solvants  polai- 
res,  d'un  atome  trivalent  avec  une  solution  polaire  contenant  ledit  ligand  du  type  organophophine  ionique 
soluble  dans  les  solvants  polaires,  ce  qui  provoque  le  transfert  dudit  metal  de  transition  du  Groupe  VIII 

20  de  ladite  solution  organique  dans  ladite  solution  polaire  et  la  formation  de  la  solution  polaire  a  traiter  sui- 
vant  les  etapes  (i)  et  (ii)  precitees. 

2.  Procede  suivant  la  revendication  1,  dans  lequel  le  metal  de  transition  du  Groupe  VIII  est  le  rhodium. 

25 

30 

35 

3.  Procede  suivant  I'une  quelconque  des  revendications  1  et  2,  dans  lequel  la  solution  polaire  est  une  solution 
aqueuse. 

4.  Procede  suivant  la  revendication  1  ,  dans  lequel  le  ligand  du  type  organophosphine  ionique,  soluble  dans 
les  solvants  polaires,  est  choisi  entre  des  composes  repondant  aux  formules  generales  (1)  et  (2)  : 

R ' M Y l ) m l  

P ^ —   R2-{Y2)m2  (1) 

R3-<Y3)m3 

40 

45 

(Y4) 4 - R 4  m 

Q  -  P 

( Y ° ) m 5 - R  - p 5 -  

R6- (Y6)m6  

'R7-<Y7)m7 

(2) 

50 

55 

dans  lesquelles  les  groupes  R1,  R2  et  R3  de  la  formule  (1)  et  les  groupes  R4,  R5,  R6  et  R7  de  la  formule 
(2)  representent  chacun  individuellement  un  radical  hydrocarbone  contenant  1  a  30  atomes  de  carbone, 
choisi  dans  le  groupe  consistant  en  radicaux  alkyle,  aryle,  alkaryle,  aralkyle  et  cycloalkyle,  le  groupe  Q 
dans  la  formule  (2)  represents  un  groupe  organique  divalent  de  pontage,  et  les  groupes  Y1,  Y2  et  Y3  de 
la  formule  (1)  et  les  groupes  Y4,  Y5,  Y6  et  Y7  de  la  formule  (2)  sont  substitues  sur  le  radical  hydrocarbone 
et  representent  chacun  individuellement  un  radical  ionique  de  charge  neutre  totale,  choisi  dans  le  groupe 
consistant  en  : 

un  groupe  -S03M  dans  lequel  M  represents  des  atomes  ou  radicaux  cationiques,  inorganiques  ou 
organiques,  choisis  de  telle  sorte  que  le  ligand  soit  soluble  dans  les  solvants  polaires, 

un  groupe  -P03M  dans  lequel  M  represents  des  atomes  de  radicaux  cationiques,  inorganiques  ou 
organiques  choisis  de  telle  sorte  que  le  ligand  soit  soluble  dans  les  solvants  polaires, 

un  groupe  -NR3X'  dans  lequel  chaque  radical  R  represents  un  radical  hydrocarbone  contenant  1 
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a  30  atomes  de  carbone,  choisi  dans  la  categorie  consistant  en  radicaux  alkyle,  aryle,  alkaryle,  aralkyle, 
et  cycloalkyle,  et  X'  represente  des  atomes  ou  radicaux  anioniques  inorganiques  ou  organiques  choisis 
de  telle  sorte  que  le  ligand  soit  soluble  dans  les  solvants  polaires,  et 

un  groupe  -C02M  dans  lequel  M  represente  des  atomes  ou  radicaux  cationiques  inorganiques  ou 
organiques  choisis  de  telle  sorte  que  le  ligand  soit  soluble  dans  les  solvants  polaires, 

m1,  m2  et  m3  de  la  formule  (1)  et  m4,  m5,  m6  et  m7  de  la  formule  (2)  etant  des  nombres  entiers  qui 
peuvent  etre  identiques  ou  differents  et  qui  vont  de  0  a  5, 

et  au  moins  un  des  indices  n̂   et  m3  dans  la  formule  (1)  et  au  moins  un  des  indices  m4,  m5,  m6 
et  m7dans  la  formule  (2)  etant  egaux  ou  superieursa  1,  avec  une  valeursuffisante  pour  conferer  au  ligand 
une  solubilite  dans  un  solvant  polaire. 

Procede  suivant  I'une  quelconque  des  revendications  1  a  4,  dans  lequel  le  reactif  de  conditionnement  est 
choisi  dans  le  groupe  consistant  en  un  precurseur  d'ylure,  un  acide  fort,  un  agent  d'alkylation  et  un  reactif 
oxydant. 

Procede  suivant  la  revendication  5,  dans  lequel  le  precurseur  d'ylure  est  un  compose  insature  contenant 
2  a  18  atomes  de  carbone  et  est  choisi  dans  le  groupe  consistant  en  composes  repondant  a  la  formule 

R8-C-X 
R9-C-R10  (A) 

dans  laquelle  X  represente  un  radical  choisi  dans  le  groupe  consistant  en  les  radicaux 

0  
-CR11 

-CN,  -CI,  -Br,  -I,  -N02,  et-OR12  ;  R11  represente  un  radical  choisi  dans  le  groupe  consistant  en  I'hydrogene 
et  des  radicaux  alkyle,  aryle,  hydroxy,  alkoxy,  amino  et  halogeno  ;  R12  represente  un  radical  alkyle  ou  ary- 
le  ;  et  R8,  R9  et  R10  representent  individuellement  des  radicaux  choisis  dans  le  groupe  consistant  en  I'hy- 
drogene  et  des  radicaux  alkyle,  aryle,  des  radicaux  X  repondant  a  la  definition  precitee  et  des  radicaux  - 
CH2X  dans  lesquels  X  repond  a  la  definition  precitee  ;  R8  et  R9,  pris  conjointement,  pouvant  former  un 
groupe  alkylene  ayant  2  a  8  atomes  de  carbone  ;  et  des  anhydrides  des  acides  carboxyliques  des  compo- 
ses  insatures  repondant  a  la  formule  (A). 

Procede  suivant  la  revendication  6,  dans  lequel  le  precurseur  d'ylure  est  I'acide  maleique  ou  I'anhydride 
maleique. 

Procede  suivant  I'une  quelconque  des  revendications  1  a  7,  dans  lequel  le  ligand  organique  de  phosphore, 
soluble  dans  les  solvants  organiques  non  polaires  et  insoluble  dans  les  solvants  polaires,  est  choisi  entre 
des  triarylphosphines  et  des  cycloalkyldiarylphosphines,  en  particulier  la  triphenylphosphine  et  la  cyclo- 
hexyldiphenylphosphine. 

Procede  suivant  la  revendication  8,  dans  lequel  le  ligand  du  type  organophosphine  ionique,  soluble  dans 
les  solvants  polaires,  est  choisi  entre  des  triarylphosphines  ioniques  et  des  bisdiarylphosphines  ioniques, 
en  particulier  entre  les  triphenylphosphines  sulfonees  et  des  bisdiphenylalkylphosphines  sulfonees. 

Procede  suivant  la  revendication  2,  dans  lequel  le  rhodium  presents  une  activite  catalytique  dans  une  hy- 
droformylation. 
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