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(54)  Process  for  preparing  polyketones. 

(57)  A  process  for  preparing  polyketones  by 
polymerising  a  mixture  of  carbon  monoxide  and 
one  or  more  olefins  in  the  presence  of  a  group 
VIII  metal  catalyst  which  is  prepared  by  reacting 
together  : 

(a)  a  source  of  a  group  VIII  metal,  and 
(b)  an  amine,  phosphine,  arsine  or  stibine, 

characterised  in  that  the  polymerisation  is  car- 
ried  out  in  the  presence  of  a  hydrocarbyl  alumi- 
noxane  is  disclosed. 

The  group  VIII  metal  is  preferably  palladium. 
The  aluminoxane  can  be  of  the  formula 
[(R3R4AI)20]n..  or  [R5AIO]n»+2,  where  n"  is  2-40 
and  R3,  R4  and  R5  are  independently  a  CrC20 

CNI  hydrocarbyl  group. 
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The  present  invention  relates  to  a  process  for  pre- 
paring  interpolymers  of  olefins  and  carbon  monoxide 
by  polymerising  a  mixture  of  one  or  more  olefins  and 
carbon  monoxide  in  the  presence  of  a  group  VIII  met- 
al,  e.g.  palladium,  catalyst.  In  particular,  the  present 
invention  relates  to  the  use  of  aluminoxanes  in  such 
processes. 

The  preparation  of  linear  interpolymers  of  olefins 
and  carbon  monoxide  having  the  formula: 

0 

[(CRl2-CRl2)nC]m 

where  the  R1  groups  are  independently  hydrogen  or 
hydrocarbyl  groups,  n  is  at  least  1  and  m  is  a  large  in- 
teger,  is  known  from  US  3694412.  Such  linear  inter- 
polymers  especially  where  n=1,  which  hereafter  will 
be  called  polyketones,  are  prepared  according  to  US 
3694412  by  polymerising  a  mixture  of  one  or  more 
olefins  and  carbon  monoxide  in  the  presence  of  an 
aryl  phosphine  complex  of  a  palladium  halide  and  an 
inert  solvent.  However,  the  processes  described  in 
US  3694412  are  slow  even  at  elevated  temperature 
and  pressure. 

An  improved  version  of  the  process  described  in 
US  3694412  is  described  in  European  patent  applica- 
tions  181014  and  121965.  It  was  found  that  the  rate 
of  the  polymerisation  process  could  be  increased  by 
using  a  palladium  catalyst  with  inter  alia  a  bidentate 
phosphine  and  the  anion  of  an  acid  having  a  pKa  of 
less  than  2  (as  measured  in  aqueous  solution).  Exam- 
ples  of  anions  which  can  be  used  include  trichloroa- 
cetate,  dichloroacetate,  tetrafluoroborate,  hexafluor- 
ophosphate  and  p-toluene  sulphonate,  such  anions 
being  respectively  the  conjugate  anions  of  trichloroa- 
cetic  acid  (pKa  0.70),  dichloroacetic  acid  (pKa  =  1  .48), 
tetrafluoroboric  acid,  hexafluorophosphoric  acid  and 
p-toluenesulphonic  acid. 

More  recently  EP  222454  suggests  that  any  acid 
having  a  pKa  of  less  than  5  (determined  in  aqueous 
solution  at  18°C)  can  be  used. 

However,  the  presence  of  residual  amounts  of  a 
strong  acid  in  the  final  polymer  may  lead  to  degrada- 
tion.  The  problem  to  be  solved  therefore  is  to  elimin- 
ate  or  reduce  the  possibility  of  having  such  residual 
amounts  of  strong  acid  present  in  the  final  polymer. 

Accordingly,  the  present  invention  provides  a 
process  for  preparing  polyketones  by  polymerising  a 
mixture  of  carbon  monoxide  and  one  or  more  olefins 
in  the  presence  of  a  group  VIII  metal  catalyst  which  is 
prepared  by  reacting  together: 

(a)  a  source  of  a  group  VIII  metal,  and 
(b)  an  amine,  phosphine,  arsine  or  stibine 

characterised  in  that  the  polymerisation  is  carried  out 
in  the  presence  of  a  hydrocarbyl  aluminoxane. 

The  present  invention  solves  the  problem  by  us- 
ing  an  aluminoxane  and  thereby  eliminates  or  reduc- 

es  the  need  for  the  use  of  a  strong  acid  which  may 
contaminate  the  final  polymer  and  cause  degrada- 
tion. 

Aluminoxanes,  which  can  also  be  referred  to  as 
5  alumoxanes,  are  widely  disclosed  in  the  prior  art;  in 

particular  hydrocarbyl  aluminoxanes  have  been  ex- 
tensively  studied  as  active  catalysts  in  the  polymeri- 
sation  of  epoxides  cf.  Colclough,  R.O.,  J.Polym.  Sci. 
1959,  34,  178,  aldehydes  cf.  Ishida,  S.I.,  J.Polym.  Sci. 

w  1962  62,1,  and  olefins  Longiave.  C;  Castelli,  R.,  J.Po- 
lym.  Sci.  1963,  4C,  387.  Renewed  interest  in  alkyl  alu- 
minoxanes  was  generated  in  the  1980's  primarily 
from  the  workof  Kaminsky  and  co-workers  who  found 
methylaluminoxane  (MAO)  to  be  a  highly  active  coca- 

15  talyst  for  group  IV  metallocene  (e.g.  Cp2ZrMe2)  cata- 
lysed  ethylene  and  propylene  polymerisation.  This  is 
set  out  in  US  4,544,762. 

For  the  purposes  of  the  present  invention  alumi- 
noxanes  are  a  general  class  of  oligomeric  compound 

20  which  comprise  at  least  one  hydrocarbyl  group  and  a 
moiety  in  which  at  least  two  aluminium  centres  are 
bridged  by  an  oxo  or  hydroxo  group.  Aluminoxanes 
generally  have  the  generic  formula  (R2AIO)n.  where 
R2  is  a  hydrocarbyl,  e.g.  alkyl  group,  and  n s 2 .  

25  Typically  aluminoxanes  are  prepared  by  the  con- 
trolled  hydrolysis  of  aluminium  alkyls.  In  particular 
they  can  be  prepared  by  treating  a  hydrated  alumini- 
um  salt  for  example  aluminium  sulphate  hydrate  with 
the  corresponding  trialkyl  aluminium  (the  "salt"  meth- 

30  od).  Such  a  synthesis  is  disclosed  in  US  4,544,762; 
Alternatively  the  aluminoxanes  can  be  prepared  by 
direct  hydrolysis  by  the  addition  of  water  to  the  appro- 
priate  trialkyl  aluminium  (the  "direct  hydrolysis"  meth- 
od).  In  this  case  the  molar  ratio  of  H20  added  to  alu- 

35  minium  is  in  the  range  2.0  to  0.5:1  preferably  1.5  to 
0.8:1,  more  preferably  1.2  to  0.9:1  for  example  1:1.  It 
is  preferred  to  synthesise  the  aluminoxane  by  direct 
hydrolysis  of  the  appropriate  trialkyl  aluminium.  The 
aluminoxanes  can  be  prepared  as  described  in  pub- 

40  lished  Japanese  patent  application  J02250885-A  to 
Toyo  Stauffer  Chemicals. 

The  product  of  either  the  "salt"  method  or  the  "di- 
rect  hydrolysis"  method  will  contain  an  aluminoxane 
of  the  formulae 

45  [(R3R4AI)20]n» 
or  [R5AIO]n»+2,  where  n"  is  2-40,  and  R3,  R4  and  R5  are 
the  same  or  different  and  each  is  a  CrC20  hydrocar- 
byl,  preferably  alkyl  or  aryl,  more  preferably  a  C2-C6 
alkyl.  Particularly  preferred  are  aluminoxanes  of  the 

so  above  formulae  where  the  alkyl  group  or  groups  R3, 
R4and  R5  contain  p-hydrogens  in  particular  t-butyl;  in 
the  above  formulae,  n"=2-40,  preferably  n"=2-5  more 
preferably  n"=2.  It  is  preferred  that  R3=R4.  In  addition 
the  product  of  either  the  "salt"  method  or  the  "direct 

55  hydrolysis"  method  may  also  contain  protonated  spe- 
cies  in  which  compounds  analogous  to  those  defined 
herein  above  comprise  hydroxo  bridges  instead  of 
oxo  bridges. 

2 
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In  particular,  the  aluminoxanes  of  the  present  in- 
vention  will  preferably  be  of  the  formula 

wherein  n'"  is  1-39,  preferably  1-20  more  pre- 
ferably  1  -4  and  R3,  R4  and  R5  are  the  same  ordifferent 
and  have  the  meaning  as  set  out  hereinabove.  R3,  R4 
and  R5  are  preferably  t-butyl.  The  amount  of  alumini- 
um  used  in  the  process  can  be  varied.  The  molar  ratio 
of  AI:Pd  will  typically  be  in  the  range4,000-10:1,  pre- 
ferably  2,000-100:1  more  preferably  500-200:1. 

The  first  component  of  the  catalyst  is  a  group  VIII 
metal  which  are  Fe,  Co,  Ni,  Ru,  Rh,  Pd,  Os,  Ir,  Pt  pre- 
ferably  the  Group  VIII  metal  is  Ni  or  Pd  but  particularly 
preferred  is  palladium. 

Where  the  catalyst  used  in  the  process  described 
above  is  a  palladium  catalyst  it  is  prepared  by  reacting 
together  a  source  of  palladium,  and  an  appropriate 
amine,  phosphine,  arsine  or  stibine  Such  a  catalyst 
can  be  prepared  beforehand  or  generated  in  situ  un- 
der  the  process  conditions.  As  regards  the  source  of 
palladium  this  can  include  simple  inorganic  and  or- 
ganic  salts,  e.g.  halides,  nitrates,  carboxylates  and 
the  like  as  well  as  organometallic  and  coordination 
complexes. 

Preferably,  a  palladium  complex  having  strongly 
bound  anions  may  suitably  be  used,  e.g.  palladium 
acetate  or  palladium  chloride;  on  reaction  with  the  bi- 
dentate  amine,  phosphine,  arsine  or  stibine,  the 
anions  will  be  retained  by  the  palladium  to  give  a  com- 
plex  such  as  Pd(dppp)(OAc)2,  where  dppp  is  1,3- 
bis(diphenylphosphino)propane  and  OAc  is  acetate. 

The  other  component  of  the  catalyst  is  an  amine, 
phosphine,  arsine  or  stibine.  The  amine,  phosphine, 
arsine  or  stibine  may  be  monodentate,  or  chelating 
e.g.  bidentate  or  tridentate;  however  it  is  preferred 
that  the  amine,  phosphine,  arsine,  or  stibine  is  biden- 

tate  and  in  particular  has  the  formula  (R6)2M-R7- 
M(R6)2  where  the  M  atoms  are  independently  select- 
ed  from  nitrogen,  phosphorus,  arsenic  or  antimony, 
preferably  phosphorus.  The  R6  groups  are  indepen- 

5  dently  selected  from  alkyl,  cycloalkyl  or  aryl  groups 
with  Ci  to  C4  alkyl  and  aryl  e.g.  phenyl  groups  being 
preferred.  Particularly  preferred  are  substituted  aryl 
groups  especially  those  substituted  with  a  polar  sub- 
stituent  e.g.  -OMe  preferably  in  the  ortho  position. 

10  The  R7  group  is  an  alkylene  group.  In  the  context  of 
this  document  alkylene  groups  are  defined  as  being 
-(CH2)a(CHR8)b-  groups  in  which  the  R8  groups  are  in- 
dependently  hydrogen,  methyl,  ethyl,  propyl,  or  butyl 
(e.g.  t-butyl)  groups  and  a  and  b  are  either  zero  or  in- 

15  tegers  such  that  a+b  is  at  least  2,  preferably  between 
2  and  10.  Preferably  the  alkylene  group  is  selected 
from  -(CH2)2-,  -(CH2)3-,  -(CH2)4-  and  -(CH2)5-.  Of 
these  the  most  convenient  species  are  the  bidentate 
phosphines,  1,2-bis(diphenylphosphino)ethane  (ab- 

20  breviated  to  diphos),  1,3-bis(diphenylphosphino)pro- 
pane  (abbreviated  to  dppp)  and  1,4-bis(diphenyl- 
phosphino)butane  (abbreviated  to  dppb). 

Where  the  amine,  phosphine,  arsine  or  stibine  is 
monodentate,  it  will  suitably  have  the  formula 

25  MR9R10R11  where  R9,  R10,  R11  are  independently  a  C r  
C20  preferably  C^C^  e.g.  C2-C6  alkyl  or  aryl.  Where 
any  of  R9,  R10  or  R11  is  an  alkyl  it  is  preferably  methyl, 
ethyl,  n-propyl,  i-propyl  or  n-butyl.  Where  any  of  R2, 
R3  or  R4  is  an  aryl  group  it  is  preferably  a  phenyl  group 

30  optionally  substituted  with,  for  example,  an  alkyl 
group  or  alkoxy  group.  Alternatively,  monodentate 
phosphites,  phosphonites,  phosphinites  can  be  used. 
Preferably  R9=R10=R11.  Atypical  triaryl  phosphine  is 
triphenyl  phosphine. 

35  Considering  next  the  polymerisation  feedstock,  it 
is  believed  that  any  reasonably  pure  source  of  carbon 
monoxide  can  be  used.  Thus  the  carbon  monoxide 
may  contain  small  amounts  of  nitrogen,  inert  gases 
and  up  to  10%  hydrogen. 

40  Any  olefin  can  in  theory  be  used  although  the 
best  reaction  rates  are  obtained  when  C2  to  C10  alpha- 
olef  ins  are  used  especially  when  either  ethylene  or  a 
mixture  of  olefins  which  include  ethylene,  e.g.  ethy- 
lene/propylene,  ethylene/butylene  and  the  like,  pre- 

45  ferably  ethylene/propylene  are  used. 
The  polymerisation  process  is  suitably  carried 

out  in  a  solvent  which  is  chemically  inert  under  the 
conditions  employed  and  one  in  which  the  catalyst  is 
substantially  soluble.  Examples  of  suitable  solvents 

50  include  chlorinated  solvents  (e.g.  CCI4,  CHCI3 
CH2CI2),  ketones,  ethers  (e.g.  THF,  Dioxan)  and  gly- 
col  ethers,  aromatic  hydrocarbons,  e.g.  toluene,  ali- 
phatic  hydrocarbons  or  any  mixture  of  the  above- 
noted  solvents;  in  particular  the  reaction  may  be  car- 

55  ried  out  in  liquid  olefin  where  the  olefin  is  a  reactant 
(e.g.  propylene).  However,  it  is  possible  to  carry  out 
the  reaction  in  a  solvent  in  which  the  catalyst  is  insolu- 
ble  or  only  partially  soluble  e.g.  heptane.  Alternative- 

3 
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ly,  the  polymerisation  process  can  be  carried  out  in 
the  gas-phase  e.g.  in  either  a  stirred  bed  orfluidised 
bed  reactor. 

The  polymerisation  process  is  suitably  carried  out 
at  a  temperature  in  the  range  20  to  1  50,  preferably  50- 
1  00  more  preferably  60-80°C,  and  at  elevated  pres- 
sure  (e.g.  1  to  200  preferably  50-100  bars).  The  over- 
pressure  of  gas  is  suitably  supplied  by  the  carbon 
monoxide  or  carbon  monoxide  and  the  olefin,  if  the 
olefin  is  gaseous  under  the  reaction  conditions.  It  is 
possible  to  operate  the  polymerisation  process  either 
batchwise  or  continuously. 

The  product  may  suitably  be  washed  to  get  rid  of 
the  aluminoxane  e.g.  by  using  acidified  methanol  or 
preferably  a  solvent  in  which  the  aluminoxane  is  solu- 
ble  e.g.  acetone. 

The  following  Examples  illustrate  the  present  in- 
vention. 

Example  1 

(a)  Synthesis  of  [(tBu)2AI(n2-OH)]3 

Water  (0.97ml,  54  mmol)  was  injected  into  a 
cooled  solution  of  AI('Bu)3  (10g,  50.4  mmol)  in  pen- 
tane  (300ml)  at  -78°C.  After  stirring  for  1.5hr,  the  re- 
action  mixture  was  allowed  to  warm  to  room  temper- 
ature  and  stirred  for  an  additional  two  hours.  Over- 
night  cooling  at  -20°C  and  filtration  yielded 
[CBu)2AI(n2-OH)]3. 

(b)  Synthesis  of  t-butyl  aluminoxane 

Freshly  prepared  [('Bu)2AI(n2-OH)]3  (1.50g, 
3.16mmol)  was  refluxed  in  hexane  (150ml)  for  24 
hours  to  give  a  clear  solution.  Heating  was  discontin- 
ued  and  the  volatiles  were  removed  in  vacuo  to  leave 
a  white  powder.  Toluene  was  added  and  the  resulting 
solution  filtered  to  remove  traces  of  insoluble  materi- 
al.  The  product  was  shown  to  be  a  mixture  of  two  alu- 
minoxanes,  the  hexamer  [('Bu)AI(n3-0)]6  and  the 
nonamer  [('Bu)AI(n3-0)]9. 

Example  2 

A  solution  of  t-butylaluminoxane  in  toluene  (100 
cm3;  0.4  mol  dm-3)  (as  prepared  in  example  1(b))  was 
transferred  under  nitrogen  to  a  300  cm3  mechanically- 
stirred  autoclave.  The  reactor  was  brought  to  70°C 
and  an  equimolar  mixture  of  carbon  monoxide  and 
ethylene  (45  barg)  was  admitted.  A  catalyst  solution 
comprising  Pd(dppp)(OAc)2  (0.01  35g,  0.02  mmol)  in 
freshly  distilled  tetrahydrofuran  (12  cm3)  was  added  to 
the  reaction  mixture  and  the  pressure  was  adjusted 
to  50  barg  by  addition  of  1  :1  ethylene/carbon  monox- 
ide.  During  the  reaction  the  reactor  pressure  was 
maintained  at  50  barg  by  addition  of  the  aforemen- 
tioned  gas  mixture.  After  5.3  hours  the  reaction  was 

stopped  by  simultaneously  cooling  the  reaction  mix- 
ture  and  venting  the  gaseous  components.  The  prod- 
uct  solution  was  treated  with  a  solution  of  concentrat- 
ed  hydrochloric  acid  (50  cm3)  in  methanol  (150  cm3). 

5  The  polymer  was  collected  by  filtration,  washed  with 
methanol  and  dried  in  vacuo.  Yield  =  3.259g.  Average 
polymerisation  rate  =  272g  gPd"1  lr1. 

Analysis  by  13C  NMR  spectroscopy  established 
that  the  product  was  a  linear,  alternating  carbon  mon- 

10  oxide/ethylene  polymer  of  the  formula  [(CO)-(C2H4]n. 

Comparative  Test  A 

Repeating  Example  2  with  freshly  distilled  tol- 
ls  uene  (100cm3)  in  place  of  the  aluminoxane  solution 

gave  no  polymer. 

Example  3 

20  Synthesis  of  t-butyl  aluminoxane 

Oxygen  free  water  (1  6cm3)  was  injected  dropwise 
into  a  cooled  (-78°C)  vigorously  stirred  solution  of 
AI('Bu)3  (198g)  in  toluene  (3000cm3)  under  an  atmos- 

25  phere  of  dry  argon.  After  stirring  for  two  hours  the  re- 
action  mixture  was  allowed  to  warm  to  room  temper- 
ature  and  the  resulting  solution  refluxed  for  two  hours 
to  give  a  clear  solution.  Heating  was  discontinued  and 
approximately  two  thirds  of  the  solvent  (and  other 

30  volatiles)  was  removed  by  distillation  under  atmos- 
pheric  pressure.  Two  thirds  of  the  solvent  was  re- 
moved  by  distillation  then  the  remainder  was  pumped 
off  under  vacuum  (ca.  5x  10-3mmHg)  to  leave  a  white 
powder  which  was  dried  under  vacuum,  (ca.  5x  10"3- 

35  mmHg)  overnight  at  room  temperature. 
Yield  :ca.100g. 

Example  4 

40  A  solution  of  t-butylaluminoxane  in  toluene 
(100cm3;  0.1  mol  cm-3)  (as  prepared  in  Example  3) 
was  transferred  under  nitrogen  to  a  300cm3  mechan- 
ically  stirred  autoclave.  The  reactor  was  brought  to 
70°C  and  an  equimolar  mixture  of  carbon  monoxide 

45  and  ethylene  (30  barg)  was  admitted.  A  catalyst  sol- 
ution  comprising  Pd(dppp)(OAc)2  (0.0145g,  0.02 
mmol)  in  dry  dichloromethane  (14cm3)  was  added  to 
the  reaction  mixture  and  the  pressure  was  adjusted 
to  50barg  by  addition  of  1:1  ethylene/carbon  monox- 

50  ide.  During  the  reaction  the  reactor  pressure  was 
maintained  at  50  barg  by  addition  of  the  aforemen- 
tioned  gas  mixture.  After  3.1  hours  the  reaction  was 
stopped  by  simultaneously  cooling  the  reaction  mix- 
ture  and  venting  the  gaseous  components.  The  prod- 

55  uct  solution  was  treated  with  acetone  (50cm3).  The 
polymer  was  collected  by  filtration,  washed  with  acet- 
one  (100cm3)  and  dried  in  vacuo.  Yield  =  17.96g. 
Average  polymerisation  rate  =  2397g  gPd"1  lr1. 

4 
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Claims 

A  process  for  preparing  polyketones  by  polymer- 
ising  a  mixture  of  carbon  monoxide  and  one  or 
more  olefins  in  the  presence  of  a  group  VIII  metal 
catalyst  which  is  prepared  by  reacting  together: 

(a)  a  source  of  a  group  VIII  metal,  and 
(b)  an  amine,  phosphine,  arsine  or  stibine, 

characterised  in  that  the  polymerisation  is  car- 
ried  out  in  the  presence  of  a  hydrocarbyl  alumi- 
noxane. 

AL-0 

where  n'"  is  1-39. 

n'"  +3 

10  9.  A  process  as  claimed  in  Claim  8  wherein  n'"  is  1- 
4. 

2.  A  process  as  claimed  in  Claim  1  wherein  the 
group  VIII  metal  is  palladium. 

15 
3.  A  process  as  claimed  in  either  Claim  1  or  Claim 

2  wherein  (b)  is  a  phosphine. 

4.  A  process  as  claimed  in  Claim  3  wherein  the 
phosphine  is  a  bidentate  phosphine  of  theformu-  20 
la  (R6)2P-R7-P(R6)2  wherein  the  R6  groups  are  in- 
dependently  an  alkyl,  cycloalkyl  or  aryl  group  and 
R7  is  an  alkylene  group. 

5.  A  process  as  claimed  in  any  one  of  Claims  1  to  4,  25 
wherein  the  hydrocarbyl  aluminoxane  is  a  hydro- 
carbyl  aluminoxane  of  the  formulae 
((R3R4AI)20]n..  or  [R5AIO]n.+2,  where  n"  is  2-40 
and  R3,  R4  and  R5  are  independently  a  CrC20  hy- 
drocarbyl  group.  30 

6.  A  process  as  claimed  in  Claim  5  wherein  n"  =  2- 
5. 

7.  A  process  as  claimed  in  Claim  6  wherein  n"  is  2.  35 

8.  A  process  as  claimed  in  Claim  5  wherein  the  hy- 
drocarbyl  aluminoxane  is  of  the  formula. 

40 

45 

50 

10.  A  process  as  claimed  in  any  one  of  Claims  5-9 
wherein  R3=R4=R5. 

11.  A  process  as  claimed  in  Claim  10  wherein  R3,  R4 
and  R5  are  each  a  C2-C6  alkyl. 

12.  A  process  as  claimed  in  Claim  10  wherein  R3,  R4 
and  R5  each  have  a  p-hydrogen. 

13.  A  process  as  claimed  in  any  one  of  Claims  10-12 
wherein  R3,  R4  and  R5  are  each  t-butyl. 

14.  A  process  as  claimed  in  any  one  of  the  preceding 
claims  wherein  the  hydrocarbyl  aluminoxane  is 
prepared  by  direct  hydrolysis  of  a  trialkyl  alumini- 
um. 

15.  A  process  as  claimed  in  any  one  of  the  preceding 
claims  wherein  the  amount  of  hydrocarbyl  alumi- 
noxane  present  is  such  that  the  AI:group  VIII  met- 
al  molar  ratio  is  in  the  range  4000-10:1. 

16.  A  process  as  claimed  in  Claim  16  wherein  the  Al- 
:group  VIII  metal  molar  ratio  is  500-200:1. 

55 
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