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©  Polyketone  related  polymers. 

©  Polyketone  related  polymers,  characterized  in 
that  they  consist  of  linear  chains  in  which  units  A 
and  units  B  occur  in  alternating  order,  that  the  units 
A  are  the  same  or  different  optionally  mono-alkyl- 
substituted  ethylene  groups  and  that  the  units  B  are 
the  same  or  different  optionally  3-alkyl-substituted 
2,5-tetrahydrofurandiyl  groups. 

They  may  be  prepared  from  linear  alternating 
polyketones  by  hydrogenation  in  the  presence  of  a 
complex  ruthenium  catalyst. 
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POLYKETONE  RELATED  POLYMERS 

The  invention  relates  to  novel  polymers  which 
can  be  thought  of  as  polyketone  derivatives,  as 
they  may  be  prepared  starting  from  alternating 
carbon  monoxide/a-olefin  polymers. 

Polymers  of  carbon  monoxide  with  one  or 
more  a-olefins  in  which  the  monomer  units  are 
randomly  distributed  can  be  prepared  by  contact- 
ing  the  monomers  with  a  radical  catalyst,  such  as  a 
peroxide.  These  polymers  contain  functional  car- 
bonyl  groups  and  are  therefore  also  referred  to  as 
polymeric  polyketones.  The  carbonyl  groups 
present  in  these  polymeric  polyketones  can  be 
converted  into  secondary  alcohol  groups  by  cata- 
lytic  hydrogenation.  Both  the  carbonyl  groups 
present  in  the  polymeric  polyketones  and  the  sec- 
ondary  alcohol  groups  present  in  the  polymeric 
polyketones  obtained  occur  randomly  distributed 
within  the  polymers.  A  special  class  of  polymeric 
polyalcohois  is  formed  by  the  polyvinyl  alcohols, 
which  can  be  prepared  by  hydrolysis  or  saponifica- 
tion  of  polyvinyl  acetates.  Unlike  the  afore-men- 
tioned  polymeric  polyalcohois  prepared  from  poly- 
ketones,  the  polyvinyl  alcohols  have  a  regular 
structure  in  which  secondary  alcohol  groups  and 
methylene  groups  occur  in  alternating  order.  Al- 
though,  in  general,  polyvinyl  alcohols  have  excel- 
lent  properties,  their  thermal  stability  is  somewhat 
unsatisfactory.  This  is  due  to  their  special  structure, 
in  which  there  is  a  methylene  group  between  every 
two  successive  secondary  alcohol  groups,  as  a 
result  of  which  the  liberation  of  water  leads  to  the 
formation  of  a  system  of  conjugated  double  bonds 
in  the  polymer. 

Speculating  that  the  risk  of  the  formation  of  a 
system  of  conjugated  double  bonds  might  be  re- 
moved  by  changing  the  special  structure  of  the 
polyvinyl  alcohols,  and  that  thus  their  thermal  sta- 
bility  might  be  improved,  the  Applicant  has  carried 
out  an  investigation  into  the  preparation  of  linear 
polymeric  polyalcohois  which  are  closely  related  to 
polyvinyl  alcohols  but  in  which  there  is  an  ethylene 
group  or  a  monoalkyl-substituted  ethylene  group 
between  every  two  successive  secondary  alcohol 
groups.  It  was  assumed  that  such  linear  polymeric 
polyalcohois  could  be  prepared  by  the  catalytic 
hydrogenation  of  linear  polymeric  polyketones  ob- 
tained  by  the  polymerization  of  carbon  monoxide 
with  one  or  more  a-olefins,  provided  that  in  these 
polyketones  the  monomer  units  originating  in  car- 
bon  monoxide  and  the  units  originating  in  the  a- 
olefins  occur  in  alternating  order. 

Earlier  research  done  by  the  Applicant  had 
already  shown  that  such  linear  alternating  poly- 
ketones  can  be  prepared  by  contacting  the  mon- 
omers  at  an  elevated  temperature  and  pressure 

with  a  catalyst  composition  based  upon,  for  exam- 
ple, 

a)  a  palladium  compound, 
b)  an  anion  of  an  acid  with  a  pKa  of  less 

5  than  6,  and 
c)  a  bisphosphine  of  the  general  formula 

(Ri)2P-R-P(Ri)2,  in  which  Ri  represents  an  option- 
ally  polar-substituted  aryl  group  and  R  is  a  bivalent 
organic  bridging  group  containing  at  least  two  car- 

70  bon  atoms  in  the  bridge. 

At  first,  the  results  of  the  Applicant's  efforts  to 
prepare  linear  polymeric  polyalcohois  in  which  sec- 
ondary  alcohol  groups  and,  optionally,  monoalkyl- 

75  substituted  ethylene  groups  occur  in  alternating 
order,  by  way  of  the  catalytic  hydrogenation  of  the 
alternating  polyketones  obtained  as  described 
hereinbefore,  were  very  disappointing.  The  inves- 
tigation  involved  various  catalyst  compositions 

20  which  per  se  had  been  found  suitable  for  the 
almost  quantitative  conversion  of  monoketones, 
such  as  acetone,  into  the  corresponding  secondary 
alcohols.  In  some  cases,  these  catalyst  composi- 
tions  when  used  for  the  hydrogenation  of  the  al- 

25  ternating  polyketones  failed  to  produce  any  reac- 
tion;  in  other  cases,  there  was  some  reaction,  but 
this  led  to  a  complex  polymer  mixture  in  which  the 
alternating  character  of  the  starting  material  was 
lost  altogether. 

30  Among  the  tested  catalyst  compositions,  how- 
ever,  there  was  one  group  which  did  produce  a 
surprising  and  altogether  unexpected  result.  These 
are  the  catalyst  compositions  which  comprise  a 
complex  ruthenium  carbonyl  compound  and  an  io- 

35  dide.  Contacting  an  alternating  carbon 
monoxide/ethene  copolymer  prepared  in  the  afore- 
described  manner  at  an  elevated  temperature  and 
pressure  and  in  the  presence  of  hydrogen  with  a 
solution  of  such  a  catalyst  composition  in  an  or- 

40  ganic  solvent  afforded  an  entirely  novel  polymer 
material  in  high  yield.  Instead  of  the  expected 
linear  polymeric  alternating  polyalcohol,  a  linear 
polymer  was  obtained  in  which  ethylene  groups 
and  2,5-tetrahydrofurandiyl  groups  occurred  in  al- 

45  ternating  order.  Apparently,  a  combination  of  hy- 
drogenation  on  the  one  hand  and  dehydration  with 
ring  closure  on  the  other  hand  came  about  under 
the  influence  of  this  catalyst  composition.  Linear 
polymers  in  which  ethylene  groups  and  2,5- 

50  tetrahydrofurandiyl  groups  alternate  with  one  an- 
other  are  novel.  Novel  are  also  such  polymers  in 
which  at  least  part  of  the  ethylene  groups  contain 
one  alkyl  substituent  and/or  in  which  at  least  part  of 
the  2,5-tetrahydrofurandiyl  groups  contain  an  alkyl 
substituent  in  the  3-position.  Such  polymers  can  be 
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sbtained  in  a  manner  corresponding  to  that  of  the 
lon-alkyl-substituted  polymers,  by  applying  the 
conversion  to  an  alternating  polyketone  which  was 
srepared  from  a  monomer  mixture  which,  in  addi- 
tion  to  carbon  monoxide,  contained  one  or  more  5 
ether  a-olefins  instead  of  or  in  combination  with 
3thene. 

The  present  patent  application  therefore  relates 
to  novel  polyketone  related  polymers  characterized 
by  consisting  of  linear  chains  in  which  units  A  and  70 
units  B  occur  in  alternating  order  and  in  which  the 
units  A  are  the  same  or  different  optionally 
monoalkyl-substituted  ethylene  groups  and  the 
units  B  are  the  same  or  different  optionally  3-alkyl- 
substituted  2,5-tetrahydrofurandiyl  groups.  The  pat-  75 
snt  application  further  relates  to  the  preparation  of 
these  novel  polymers. 

If  at  least  part  of  the  ethylene  groups  and/or  at 
least  part  of  the  2,5-tetrahydrofurandiyl  groups  from 
which  the  polymers  of  the  invention  are  synthe-  20 
sized  include  alkyl  substituents,  the  alkyl  sub- 
stituents  are  preferably  methyl  groups.  Such  poly- 
mers  can  be  obtained  by  applying  the  conversion 
to  an  alternating  polyketone  prepared  from  a  mon- 
omer  mixture  containing,  in  addition  to  carbon  25 
monoxide,  propene  or  a  mixture  of  ethene  and 
propene. 

As  described  hereinbefore,  the  polymers  of  the 
invention  can  be  prepared  by  contacting  a  linear 
polymer  of  carbon  monoxide  with  one  or  more  a-  30 
olefins,  in  which  polymer  units  originating  from 
carbon  monoxide  and  units  originating  from  the 
used  a-olefins(s)  alternate,  with  hydrogen,  at  an 
elevated  temperature  and  pressure  and  in  the  pres- 
ence  of  a  catalyst  composition  comprising  a  solu-  35 
tion  of  a  complex  ruthenium  carbonyl  compound 
and  an  iodide  dissolved  in  an  organic  solvent.  2- 
Methoxyethanol  has  been  found  to  be  a  very  suit- 
able  organic  solvent  for  the  catalyst  composition. 
The  complex  ruthenium  carbonyl  compound  that  is  40 
required  for  the  catalytic  conversion  can  be  taken 
up  in  the  organic  solvent  as  such  or  it  may  be 
formed  in  situ,  by  taking  up  an  other  ruthenium 
compound,  such  as  ruthenium  (acetyl  acetonate)3, 
in  the  solvent  and  carrying  out  the  conversion  of  45 
the  alternating  carbon  monoxide/a-olefin  copolymer 
in  an  atmosphere  containing  carbon  monoxide  in 
addition  to  hydrogen.  Methyl  iodide  has  been  found 
to  be  a  very  suitable  iodide  component  in  the 
catalyst  composition.  Besides  the  complex  50 
ruthenium  carbonyl  compound  and  the  iodide,  fur- 
ther  components,  such  as  hydrogenation  promoters 
and  dehydration  promoters,  may  be  included  in  the 
catalyst  solution.  An  example  of  a  suitable  hy- 
drogenation  promoter  is  triphenyl  phosphineoxide  55 
and  an  example  of  a  suitable  dehydration  promoter 
is  acetic  acid.  The  preparation  of  the  polymers  of 
the  invention  by  employing  the  ruthenium-contain- 

ing  catalyst  compositions  described  hereinbefore  is 
preferably  carried  out  at  a  temperature  of  from  75 
to  200  'C  and  a  hydrogen  pressure  of  from  5  to 
200  bar. 

The  polymers  of  the  invention  are  preferably 
prepared  starting  from  an  alternating  polymer  of 
carbon  monoxide  with  one  or  more  a-olefins,  which 
polymer  has  been  obtained  by  polymerizing  the 
monomers  using  a  catalyst  composition  based 
upon  the  components  a),  b)  and  c)  mentioned 
hereinbefore.  This  polymerization  is  preferably  car- 
ried  out  by  contacting  a  mixture  of  carbon  monox- 
ide  and  one  of  more  a-olefins  at  a  temperature  of 
from  40  to  120°  C,  an  overall  pressure  of  from  20 
to  150  bar  and  an  a-olefin/carbon  monoxide  partial 
pressure  ratio  of  from  0.5  to  5  with  a  solution  of  a 
catalyst  composition  in  a  diluent  in  which  the  poly- 
mers  are  insoluble  or  virtually  insoluble,  which 
catalyst  composition  is  based  upon 

a)  a  palladium  salt  of  a  carboxylic  acid, 
b)  an  anion  of  an  acid  with  a  pKa  of  less 

than  2  in  a  quantity  of  0.5-50  mol  per  mol  pal- 
ladium,  and 

c)  a  bisphosphine  of  the  general  formula 
(Ri)2P-R-P(Ri)2,  in  which  R1  represents  a  phenyl 
group  containing  one  or  more  alkoxy  substituents 
at  least  one  of  which  occupies  an  ortho  position 
relative  to  the  phosphorus  atom,  and  in  which  R  is 
a  bivalent  organic  bridging  group  containing  three 
atoms  in  the  brigde  at  least  two  of  which  are 
carbon  atoms,  in  a  quantity  of  from  0.5  to  2  mol 
per  mol  palladium, 
the  quantity  of  catalyst  composition  used  per  mol 
of  a-olefin  to  be  polymerized  being  such  as  to 
contain  10-7  to  10-3  mol  palladium. 

Special  preference  is  given  to  polymerization  in 
which  a  mixture  of  carbon  monoxide  with  ethene  or 
ethene  and  propene  is  contacted  at  a  temperature 
of  from  50  to  100°  C,  an  overall  pressure  of  from 
30  to  100  bar  and  an  a-olefin/carbon  monoxide 
partial  pressure  ratio  of  from  0.6  to  3.5,  with  a 
solution  of  a  catalyst  composition  in  methanol, 
which  catalyst  composition  is  based  upon 

a)  palladium  acetate, 
b)  trifluoroacetic  acid  in  a  quantity  of  from  1 

to  25  mol  per  mol  palladium,  and 
c)  1  ,3-bis[bis(2-methoxyphenyl)phosphino]- 

propane  in  a  quantity  of  from  0.75  to  1.5  mol  per 
mol  palladium, 
and  in  which  such  a  quantity  of  catalyst  composi- 
tion  per  mol  of  a-olefin  to  be  polymerized  is  used 
as  to  contain  10-G  to  10~4  mol  palladium. 

The  invention  will  now  be  illustrated  with  the 
aid  of  the  following  examples. 

Example  1 

3 
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A  carbon  monoxide/ethene  copolymer  was  pre- 
pared  as  follows.  A  mechanically  stirred  autoclave 
having  a  volume  of  4  I  was  charged  with  2  I 
methanol  After  the  contents  of  the  autoclave  were 
brought  to  65  *  C,  ethene  and  carbon  monoxide 
were  pressed  in  to  respective  partial  pressures  of 
18  and  36  bar.  Subsequently,  a  catalyst  solution 
was  .introduced  into  the  autoclave  which  comprised 
18  ml  methanol, 
0.03  mmoi  palladium  acetate, 
0.06  mmol  para-toluenesulphonic  acid,  and 
0.03  mmol  2-methyl,2-(diphenylphosphinomethyl)- 
1,3-bis(diphenylphosphino)propane. 

The  pressure  was  kept  at  55  bar  by  pressing  in 
a  1:1  carbon  monoxide/ethene  mixture.  After  10 
hours,  polymerization  was  terminated  by  cooling 
down  to  room  temperature  and  releasing  the  pres- 
sure.  The  polymer  was  filtered  off,  washed  with 
methanol  and  dried  at  70°  C.  The  product  was  96  g 
copolymer.  The  polymerization  rate  was  3200  g 
copolymer/g  palladium.hour.  With  the  aid  of  13  C- 
NMR  analysis  it  was  established  that  the 
copolymer  consisted  of  linear  chains  in  which  units 
-(CO)-  and  units  -(C2H4.)-  occurred  in  alternating 
order. 

Example  3 

Example  2  was  substantially  repeated,  but  with 
the  following  differences 

5  a)  100  ml  of  ortho-cresol  instead  of  2- 
methoxyethanol  was  introduced  into  the  autoclave 
and  herein,  first  of  all,  10  g  polymer  was  dissolved 
and  next,  10  g  copper  chromite  catalyst  was  sus- 
pended,  and 

to  b)  after  filtration  of  the  reaction  mixture,  the 
polymer  was  precipitated  with  methanol. 

As  shown  by  13  C-NMR  analysis  of  the  product, 
no  significant  degree  of  hydrogenation  had  taken 

75  place. 

Example  4 

20  Example  2  was  substantially  repeated,  the  dif- 
ference  being  that  a  cobalt  phosphine  complex  was 
used  as  the  catalyst  that  was  soluble  in  the  reac- 
tion  medium. 

It  was  established  by  analysis  that  no  reaction 
25  had  taken  place. 

Example  2 

A  mechanically  stirred  autoclave  with  a  volume 
of  300  ml  was  charged  with  100  ml  2-methox- 
yethanol.  Herein  were  consecutively  suspended  10 
g  of  a  catalyst  comprising  50%  nickel  supported  on 
a  carrier,  and  10  g  of  the  carbon  monoxide/ethene 
copolymer  prepared  as  described  in  Example  1. 
The  autoclave  was  flushed  with  nitrogen,  after 
which  hydrogen  was  pressed  in  to  a  pressure  of  50 
bar.  The  contents  of  the  autoclave  were  brought  to 
200°  C.  After  16  hours,  the  reaction  mixture  was 
cooled  down  to  room  temperature  and  the  pressure 
was  released.  After  filtration  of  the  reaction  mixture 
to  remove  the  catalyst  and  unconverted  carbon 
monoxide  ethene  copolymer,  water  was  added  to 
the  filtrate,  allowing  6  g  of  polymer  to  precipitate  in 
the  form  of  a  white  dust.  For  further  analysis,  the 
polymer  was  dissolved  in  hexafluoroisopropanol.  As 
shown  by  "3  C-NMR  analysis  of  this  solution,  the 
polymer  obtained  contained  no  carbonyl  groups.  It 
was  further  found  that  the  product  was  formed  of  a 
complex  mixture  of  polymeric  structures  in  which 
the  alternating  character  of  the  starting  material  had 
been  lost  entirely.  In  the  product,  the  presence, 
inter  alia,  of  alcohol  groups,  ether  groups  and  poly- 
methylene  groups  was  established. 

Example  5 

30  A  stirred  autoclave  having  a  volume  of  300  ml 
was  charged  with  100  ml  2-methoxyethanol.  Into 
this,  10  g  of  the  carbon  monoxide/ethene 
copolymer  prepared  as  described  in  Example  1 
was  introduced.  Then,  a  catalyst  solution  was  ad- 

35  ded  which  comprised 
10  ml  acetic  acid, 
0.2  g  ruthenium(acetyl  acetonateb, 
0.2  g  triphenyl  phosphineoxide,  and 
1  ml  methyl  iodide. 

40  The  autoclave  was  degassed  with  nitrogen  and 
subsequently  carbon  monoxide  and  hydrogen  were 

•  pressed  in,  to  partial  pressures  of  15  bar  and  40 
bar,  respectively.  The  contents  of  the  autoclave 
were  brought  to  150°  C.  After  4  hours,  the  reaction 

45  mixture  was  cooled  down  to  room  temperature  and 
the  pressure  was  released.  The  reaction  product 
which  was  obtained  in  the  form  of  a  viscous  oil  was 
extracted  with  methanol  in  order  to  remove  solvent 
and  catalyst.  Drying  of  the  extraced  reaction  prod- 

50  uct  afforded  a  hard  glassy  material  in  a  yield  of 
90%,  calculated  on  the  starting  carbon 
monoxide/ethene  copolymer. 

With  the  aid  of  13  C-NMR  analysis,  combined 
with  elementary  analysis,  it  was  established  that 

55  the  product  obtained  was  a  polymer  consisting  of 
linear  chains  in  which  ethylene  units  and  2,5- 
tetrahydrofurandiyl  units  occurred  in  alternating  or- 
der. 

4 
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Of  Examples  1-5,  Example  5  is  in  accordance 
vith  the  invention.  Example  1  describes  the  prep- 
aration  of  an  alternating  copolymer  of  carbon  mon- 
3xide  and  ethene.  Examples  2-4  relate  to  hydroge- 
lation  experiments  and  fall  outside  the  scope  of  5 
he  invention.  They  have  been  included  in  the 
patent  application  for  comparison. 

Claims  10 

1.  Polyketone  related  polymers,  characterized 
n  that  they  consist  of  linear  chains  in  which  units  A 
and  units  B  occur  in  alternating  order,  that  the  units 
\  axe  the  same  or  different  optionally  mono-alkyl-  75 
substituted  ethylene  groups  and  that  the  units  B 
are  the  same  or  different  optionally  3-alkyl-substi- 
xited  2,5-tetrahydrofurandiyl  groups. 

2.  Polymers  as  claimed  in  claim  1,  character- 
zed  in  that  if  at  least  part  of  the  ethylene  groups  20 
and/or  at  least  part  of  the  2,5-tetrahydrofurandiyl 
groups  include  alkyl  substituents,  these  alkyl  sub- 
stituents  are  methyl  groups. 

3.  Process  for  the  preparation  of  polymers  as 
claimed  in  claim  1,  characterized  in  that  a  linear  25 
polymer  of  carbon  monoxide  with  one  or  more  a- 
olefins,  in  which  polymer  units  originating  from 
carbon  monoxide  and  units  originating  from  the 
used  a-olefin(s)  alternate,  is  contacted  with  hy- 
drogen  at  an  elevated  temperature  and  pressure  30 
and  in  the  presence  of  a  catalyst  composition  com- 
prising  a  solution  of  a  complex  ruthenium  carbonyl 
compound  and  an  iodide  dissolved  in  an  organic 
solvent. 

4.  A  "process  as  claimed  in  claim  3,  character-  35 
ized  in  that  the  complex  ruthenium  carbonyl  com- 
pound  required  for  the  catalytic  conversion  of  the 
carbon  monoxide/a-olefin  polymer  is  formed  in  situ 
by  taking  up  an  other  ruthenium  compound,  such 
as  ruthenium  (acetyl  acetonate)3,  in  the  solvent  and  40 
carrying  out  the  conversion  in  an  atmosphere  con- 
taining  carbon  monoxide  in  addition  to  hydrogen. 

5.  A  process  as  claimed  in  claim  3  or  4, 
characterized  in  that  the  iodide  component  used  in 
the  catalyst  composition  is  methyl  iodide.  45 

6.  A  process  as  claimed  in  one  or  more  of 
claims  3-5,  characterized  in  that,  in  addition,  the 
catalyst  composition  comprises  a  hydrogenation 
promoter,  such  as  triphenyl  phosphine  oxide  and/or 
a  dehydration  promoter,  such  as  acetic  acid.  50 

7.  Process  as  claimed  in  one  or  more  of  claims 
3-6,  characterized  in  that  it  is  carried  out  at  a 
temperature  of  from  75  to  200°  C  and  a  hydrogen 
pressure  of  from  5  to  200  bar. 
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