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Description 

The  present  invention  relates  to  a  process  for 
preparing  5-ethylidene-2-norbornene  (hereinafter 
referred  to  as  "ENB")  with  high  quality.  Particular-  5 
ly,  it  relates  to  a  process  for  preparing  ENB  by 
isomerizing  5-vinyi-2-norbornene  (hereinafter  re- 
ferred  to  as  "VNB")  containing  a  certain  amount 
of  4-vinylcyclohexene  (hereinafter  referred  to  as 
"VCH")  in  the  presence  of  a  specific  solid  base  10 
catalyst. 

ENB  is  the  most  promising  compound  as  a 
third  monomer  of  a  terpolymer  of  ethylene,  pro- 
pylene  and  dienemonomer  (EPDM  rubber)  and  is 
prepared  by  isomerizing  VNB  in  the  presence  of  a  15 
catalyst.  VNB  is  produced  by  reacting  1,3-buta- 
diene  and  cyclopentadiene. 

As  the  isomerization  catalysts,  there  are 
known  liquid  bases  such  as  mixtures  of  an  alkali 
metal  hydroxide  and  an  aprotic  organic  solvent,  of  20 
an  alkali  metal  amide  and  an  amine  and  of  an  or- 
ganic  alkali  metal  compound  and  an  aliphatic  a- 
mine.  Such  liquid  bases,  however,  do  not  have 
enough  catalytic  activity  so  that  a  large  amount  of 
the  expensive  catalyst  should  be  used.  Further,  25 
since  separation  and  recovering  of  the  catalyst 
component  from  the  reaction  mixture  are  very  dif- 
ficult,  the  process  requires  complicated  separ- 
ation  and  recovering  steps  and  consumes  a  large 
amount  of  energy.  30 

There  are  also  known  solid  isomerization  ca- 
talysts,  for  example,  an  alkali  metal  carried  on  an 
anhydrous  carrier  with  a  large  surface  area  (e.g., 
activated  carbon,  silica  gel,  alumina  and  the  like) 
(cf.  J.  Am.  Chem.  Soc,  82,  387  (1960)).  The  solid  35 
catalyst,  however,  has  unsatisfactory  handlea- 
bility  and  less  safety  since  it  is  ignited  and  loses 
activity  on  contact  with  air.  This  is  because  the  al- 
kali  metal  is  only  finely  dispersed  on  the  carrier. 
Further,  the  solid  catalyst  has  insufficient  isomeri-  40 
zation  performance. 

The  inventors  have  proposed  a  solid  base  ca- 
talyst  for  isomerizing  olefins  such  as  VNB,  which 
jo  not  suffer  from  the  drawbacks  of  the  conven- 
tional  isomerization  catalysts.  The  proposed  cata-  45 
yst  is  prepared  from  alumina,  an  alkali  metal  hy- 
jroxide  and  an  alkali  metal,  or  from  watercon- 
taining  alumina  and  an  alkali  metal.  The  solid  ba- 
se  catalyst  has  higher  stability  to  air  and  higher 
somerization  activity  of  olefins  such  as  VNB  than  50 
tie  alkali  metal  dispersion  catalyst  (cf.  Japanese 
=>atent  Publication  Nos.  35  264/1974  and  29 
358/1980)  and  DE-B-2  132  997. 

As  a  result  of  further  study  on  the  isomeriza- 
ion  of  VNB  with  the  solid  base  catalyst,  it  was  55 
bund  that  VNB  with  decreased  quality  was  pro- 
Juced  in  some  cases.  When  such  VNB  with  de- 
ceased  quality  is  used  as  a  third  monomer  of 
EPDM,  the  activity  of  the  polymerization  catalyst 
s  deteriorated  and  the  molecular  weight  distribu-  60 
ion  is  undesirably  varied. 

One  object  of  the  present  invention  is  to  pro- 
ride  a  process  for  preparing  ENB  by  isomerizing 
/NB  in  the  presence  of  a  solid  base  catalyst  and 
o  provide  high  quality  ENB  which  is  so  pure  that  65 

2 

it  can  be  used  in  a  subsequent  process  without 
any  purification. 

These  objects  are  accomplished  according  to 
the  present  invention  by  a  process  for  preparing 
ENB  which  comprises  isomerizing  VNB  in  the 
presence  of  a  solid  base  catalyst  which  is  pre- 
pared  by  reacting  alumina,  an  alkali  metal  hydrox- 
ide  and  an  alkali  metal  in  a  temperature  range  of 
200  to  500°C  in  an  inert  gas  atmosphere  and/or  a 
solid  base  catalyst  which  is  prepared  by  reacting 
water-containing  alumina  and  an  alkali  metal  in 
an  amount  that  exceeds  the  molar  equivalent  of 
water  contained  in  alumina  at  a  temperature  in 
the  range  between  the  melting  point  of  the  alkali 
metal  and  500°C  in  an  inert  gas  atmosphere, 
characterized  in  that  the  isomerization  is  carried 
out  in  the  presence  of  1  ppm  to  0,5  %  by  weight 
of  VCH. 

The  present  invention  is  based  on  the  finding 
that,  in  isomerization  of  VNB  to  ENB,  a  cause  for 
decreasing  the  quality  of  ENB  is  VCH  contained 
in  VNB  and  that  when  the  amount  of  the  VCH  in 
VNB  is  in  a  certain  range,  VNB  is  effectively  con- 
verted  to  ENB  having  such  high  quality  that  it  can 
be  used  as  a  third  monomer  of  EPDM  after  remo- 
wal  of  the  catalyst  without  any  further  purification 
of  ENB. 

Examples  of  the  alkali  metal  hydroxide  are  li- 
thium  hydroxide,  sodium  hydroxide,  potassium 
hydroxide,  rubidium  hydroxide  and  cesium  hy- 
droxide  and  a  mixture  thereof.  The  alkali  metal 
hydroxide  may  be  used  in  a  solid  or  liquid  state. 

As  the  alkali  metal,  an  alkali  metal  of  Group  I 
of  the  periodic  Table  such  as  sodium,  potassium 
and  rubidium  is  used.  They  may  be  used  as  a 
mixture  or  an  alloy.  Among  them,  sodium,  potas- 
sium  and  an  alloy  of  them  are  preferred. 

As  a  combination  of  the  alkali  metal  and  the 
alkali  metal  hydroxide,  a  combination  of  an  alkali 
metal  and  a  hydroxide  of  other  alkali  metal,  for 
example  a  combination  of  potassium  and  sodium 
hydroxide,  of  sodium  and  potassium  hydroxide  or 
Df  sodium  and  lithium  hydroxide  can  be  used,  al- 
though  a  combination  of  an  alkali  metal  and  its 
:orresponding  hydroxide,  for  example,  a  combi- 
nation  of  sodium  and  sodium  hydroxide,  of  potas- 
sium  and  potassium  hydroxide  may  be  usually 
jsed.  A  combination  of  sodium  metal  and  sodium 
lydroxide  is  preferably  used  industrially.  Amounts 
3f  the  alkali  metal  and  the  alkali  metal  hydroxide 
are  2  to  10  %  by  weight  and  5  to  40  %  by  weight, 
■espectively  based  on  the  weight  of  alumina  in 
/iew  of  the  catalytic  activity. 

Usually,  alumina  with  a  relatively  large  sur- 
ace  area  such  as  gamma-,  chi-,  rho-  and  eta- 
alumina  is  used.  Among  them,  alumina  having  a 
jarticle  size  of  0.03  to  0.3  mm  (50  to  500  mesh), 
jarticularly,  gamma-alumina  of  such  particle  size 
s  preferred  in  view  of  the  catalytic  activity.  Since 
ilumina  acts  as  a  carrier  in  addition  it  reacts  with 
he  alkali  metal  and  the  alkali  metal  hydroxide,  an 
iluminacontaining  compound  such  as  kaolin  and 
ilumina  silicate  may  be  used  in  place  of  alumina. 

According  to  the  present  invention,  alumina, 
he  alkali  metal  and  the  alkali  metal  hydroxide  are 



EP  0  230  025  B1 

3 

reacted  at  a  specific  temperature  as  described 
above  to  prepare  the  solid  base  catalyst.  As  to 
the  sequence  of  the  reactions,  preferably,  alumi- 
na  and  the  alkali  metal  hydroxide  are  firstly  re- 
acted  and  then  the  alkali  metal  is  reacted. 
Usually,  the  alkali  metal  hydroxide  kept  at  a  tem- 
perature  higher  than  its  melting  point  is  added  to 
alumina  and  reacted  at  the  specific  temperature, 
although  an  aqueous  solution  of  the  alkali  metal 
hydroxide  may  be  used  and  the  reaction  mixture 
is  heated  to  the  specific  temperature  to  proceed 
the  reaction.  Also,  the  alkali  metal  is  added  at  a 
temperature  higher  than  its  melting  point  and  re- 
acted  at  the  specific  temperature,  although  it  can 
be  added  in  the  form  of  a  solution  and  heated  to 
the  specific  temperature  to  proceed  the  reaction. 
The  reactions  are  preferably  carried  out  in  an  at- 
mosphere  of  an  inert  gas  such  as  nitrogen,  he- 
lium  and  argon. 

In  the  preparation  of  the  catalyst,  the  reaction 
temperature  is  important  since  it  has  great  in- 
fluence  on  the  properties  of  the  prepared  solid 
base  catalyst.  Usually,  the  temperature  is  from 
200  to  500°C.  Preferably,  alumina  and  the  alkali 
metal  hydroxide  are  reacted  in  a  temperature 
range  of  250  to  450°C.  Preferably,  the  alkali  met- 
al  is  reacted  in  a  temperature  range  of  200  to 
330°C.  When  the  catalyst  is  prepared  in  the 
above  temperature  range,  it  has  considerably 
high  activity  so  that  the  objective  reaction  can 
proceed  in  the  presence  of  a  small  of  amount  of 
the  catalyst. 

The  reaction  time  varies  with  other  reaction 
conditions  such  as  temperature.  The  reaction  of 
alumina  and  the  alkali  metal  hydroxide  may  be 
completed  within  0.5  to  10  hours,  and  that  of  the 
alkali  metal  may  be  completed  within  10  to  300 
minutes. 

In  addition  to  the  above  method,  the  solid 
base  catalyst  to  be  used  in  the  process  of  the 
present  invention  can  be  prepared  by  reacting 
water-containing  alumina  and  the  alkali  metal. 
This  may  be  due  to  the  formation  of  the  alkali 
metal  hydroxide  from  water  contained  in  alumina 
and  the  alkali  metal.  Such  preparation  of  the  cata- 
lyst  will  be  illustrated  hereinafter. 

Various  types  of  water-containing  alumina  ex- 
cept  a-alumina  can  be  used. 

Generally,  alumina  is  produced  by  calcining 
aluminum  hydroxide.  According  to  the  calcining 
temperature  and  time,  alumina  has  various  meta- 
stable  states  and  the  water  content  varies  so  that 
various  kinds  of  alumina  are  produced.  In  the 
present  invention,  such  alumina  may  be  used. 
Preferably,  the  water-containing  alumina  with  a 
large  surface  area  such  as  gamma-,  chi-,  rho- 
and  eta-alumina  is  used. 

Although  it  is  rather  difficult  to  measure  the 
water  content  of  alumina,  the  water  content  may 
be  expressed  by  weight  loss  on  heating  in  the 
heating  step  in  which  alumina  in  its  original  state 
is  changed  to  a-alumina  which  is  considered  to 
include  no  removable  water.  Usually,  the  water 
content  of  water-containing  alumina  is  1  .3  to  1  0 
%  by  weight,  preferably  2  to  7  %  by  weight  in 

terms  of  weight  loss  on  heating. 
The  alkali  metal  used  in  this  preparation  is  the 

same  as  described  above.  The  total  amount  of 
the  alkali  metal  to  be  reacted  is  larger  than  such 

5  amount  that  corresponds  to  a  molar  equivalent  of 
water  contained  in  alumina,  preferably  1.01  to  2 
time  molar  equivalents  of  water  contained  in  alu- 
mina. 

According  to  the  present  invention,  water-con- 
10  taining  alumina  is  reacted  with  the  alkali  metal  in 

at  least  such  an  amount  that  corresponds  to  the 
molar  equivalent  of  water  contained  in  alumina 
preferably  in  an  atmosphere  of  an  inert  gas  such 
as  nitrogen,  helium  and  argon,  and  then  an  ex- 

15  cess  amount  alkali  metal  is  reacted  with  the 
alumina.  In  this  method,  a  kind  of  the  alkali  metal 
firstly  reacted  and  that  of  the  alkali  metal  sub- 
sequently  reacted  may  be  the  same  or  different. 

Also  in  this  second  preparation  of  the  solid 
20  base  catalyst,  the  reaction  temperature  is  import- 

ant  and  is  usually  from  the  melting  point  of  the  al- 
kali  metal  to  500°C.  The  reaction  temperature  in 
the  second  step  has  significant  influence  on  the 
properties  of  the  catalyst. 

25  In  the  first  reaction  of  water-containing  alumi- 
na  and  the  alkali  metal  in  an  amount  correspond- 
ing  to  the  molar  equivalent  of  contained  water, 
the  reaction  temperature  is  in  the  range  between 
a  melting  point  of  the  alkali  metal  and  500°C.  In 

30  the  second  reaction  of  alumina  and  excess  alkali 
metal,  the  reaction  temperature  is  180  to  350°C, 
preferably  200  to  330°C.  When  the  catalyst  is 
prepared  in  the  above  temperature  range,  it  has 
considerably  high  activity  so  that  the  objective  re- 

35  action  can  proceed  in  the  presence  of  a  small  of 
amount  of  the  catalyst.  Preferably,  the  first  reac- 
tion  temperature  and  the  second  reaction  tem- 
perature  are  substantially  the  same.  In  such  case, 
the  reaction  temperature  is  preferably  from  1  80  to 

40  350°C,  more  preferably  from  200  to  330°C.  In  this 
case,  the  alkali  metal  can  be  added  in  one  por- 
tion. 

The  reaction  time  varies  with  other  reaction 
conditions  such  as  the  reaction  temperature. 

45  Usually,  it  is  15  minutes  to  10  hours. 
In  the  process  of  the  invention,  VNB  is 

isomerized  to  ENB  in  the  presence  of  the  solid 
base  catalyst  as  prepared  in  the  above.  VNB  to 
be  isomerized  by  the  process  of  the  present  in- 

50  vention  contains  1  ppm  to  0.5  %  by  weight  of 
VCH,  preferably  5  ppm  to  0.1  %  by  weight.  Such 
VNB  may  be  obtained  by  distillating  a  reaction 
product  of  butadiene  and  cyclopentadiene. 

When  VNB  contains  more  than  0.5  %  by 
55  weight  of  VCH,  the  quality  of  produced  ENB  is 

unsatisfactory  so  that  it  cannot  by  used  as  the 
third  monomer  of  EPDM  only  after  remowal  of  the 
catalyst.  Therefore,  such  ENB  should  be  purified 
by  complicated  troublesome  rectification.  To  pro- 

60  duce  ENB  with  high  quality,  it  is  one  of  the  essen- 
tial  conditions  to  isomerize  VNB  containing  the  re- 
duced  amount  of  VCH. 

The  weight  ratio  of  the  catalyst  to  VNB  is  1  : 
2  000  to  1  :  5,  preferably  1  :  1  000  to  1  :  20. 

65  Since  the  isomerization  proceeds  at  an  ordi- 

3 



EP  0  230  025  B1 

nary  temperature,  it  is  not  necessary  to  heat  the 
reaction  system.  To  accelerate  the  isomerization, 
the  reaction  temperature  may  be  elevated. 
Usually,  the  reaction  temperature  is  in  a  range 
between  -  30  to  +  120°C,  preferably  between  -  10 
to  +  100°C. 

The  isomerization  is  effected  without  any  re- 
action  medium,  although  it  may  be  carried  out  in 
an  inert  liquid  medium  such  as  a  hydrocarbon 
(e.g.,  pentane,  hexane,  heptane  and  dodecane). 

The  isomerization  of  the  present  invention 
may  be  carried  out  batchwise  or  continuously. 
The  isomerization  is  preferably  carried  out  in  an 
atmosphere  of  an  inert  gas.  If  necessary,  VNB  is 
pretreated  with  a  desiccant  such  as  alumina  prior 
to  isomerization. 

The  isomerization  product  is  analyzed  by  a 
known  method  such  as  gas  chromatography  and 
separated  from  the  catalyst  by  a  conventional  se- 
paration  method  such  as  filtration. 

ENB  prepared  according  to  the  present  inven- 
tion  is  very  pure  without  purification  and  can  be 
used  as  the  third  monomer  of  EPDM  and  the  like. 

Preferred  embodiments  of  the  present  inven- 
tion  will  be  illustrated  by  following  examples. 

Reference  Example  1 

Into  a  100  ml  flask,  gramma-alumina  (31  .9  g)  was 
charged  and  heated  under  nitrogen  with  stirring  at 
a  temperature  of  490  -  500°C  for  one  hour.  After 
cooling  to  310  -  320°C,  sodium  hydroxide  (3.0  g) 
was  added  thereto  and  stirred  at  the  same  tem- 
perature  for  3  hours. 

Then,  sodium  metal  (1  .5  g)  was  added,  stirred 
at  the  same  temperature  for  one  hour  and  then 
cooled  to  room  temperature  to  obtain  a  solid  cata- 
lyst  (33.9  g). 

Reference  Example  2 

Into  a  100  ml  flask,  gamma-alumina  (31.9  g)  was 
charged  and  heated  under  nitrogen  with  stirring  at 
a  temperature  of  490  -  500°C  for  one  hour.  After 
cooling  to  310  -  320°C,  sodium  hydroxide  (3.0  g) 
was  added  thereto  and  stirred  at  the  same  tem- 
perature  for  3  hours. 

After  cooling  down  to  270  -  280°C,  sodium 
metal  (1  .5  g)  was  added,  stirred  at  the  same  tem- 
perature  for  one  hour  and  then  cooled  to  room 
temperature  to  obtain  a  solid  catalyst  (33.7  g). 

Reference  Example  3 

Into  a  100  ml  flask,  gamma-alumina  (50.0  g)  was 
charged  and  heated  under  nitrogen  with  stirring  at 
a  temperature  of  490  -  500°C  for  30  minutes. 
After  cooling  to  390  -  400°C,  sodium  hydroxide 
(7.5  g)  was  added  thereto  and  stirred  at  the  same 
temperature  for  1  .5  hours. 

Then,  sodium  metal  (2.0  g)  was  added,  stirred 
at  the  same  temperature  for  two  hours  and  then 
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cooled  to  room  temperature  to  obtain  a  solid  cata- 
lyst  (56.5  g). 

Reference  Example  4 

Into  a  100  ml  flask,  gamma-alumina  containing 
2,0  %  by  weight  of  water  (30.0  g)  was  changed 
and  heated  under  nitrogen  with  stirring  at  a  tem- 
perature  of  290  -  300°C.  Then,  sodium  metal  (0.9 
g)  was  added,  stirred  at  the  same  temperature  for 
one  hour  and  then  cooled  to  room  temperature  to 
obtain  a  solid  catalyst  (30.7  g). 

Reference  Example  5 

Into  a  100  ml  flask,  gamma-alumina  containing 
2.2  %  by  weight  of  water  (30.0  g)  was  charged 
and  heated  under  nitrogen  with  stirring  at  a  tem- 
perature  of  310  -  320°C.  Then,  sodium  metal  (1  .2 
g)  was  added,  stirred  at  the  same  temperature  for 
one  hour  and  then  cooled  to  room  temperature  to 
obtain  a  solid  catalyst  (30.7  g). 

Reference  Example  6 

Into  a  100  ml  flask,  gamma-alumina  containing 
2.2  %  by  weight  of  water  (30.0  g)  was  charged 
and  heated  under  nitrogen  with  stirring  at  a  tem- 
perature  of  400  -  410°C  for  one  hour.  Then,  so- 
dium  metal  (1  .2  g)  was  added,  stirred  at  the  same 
temperature  for  one  hour  and  then  cooled  to 
room  temperature  to  obtain  a  solid  catalyst  (30.6 
g). 

Example  1 

Into  a  100  ml  flask  containing  the  catalyst  pre- 
pared  in  Reference  Example  1  (0.18  g),  VNB 
(purity,  99.9  %.  45.0  g)  containing  20  ppm  of  VCH 
was  charged  under  nitrogen  and  stirred  at  20°C 
for  5  hours. 

Thereafter,  the  solid  catalyst  was  filtered  off  to 
obtain  a  reaction  mixture  (44.6  g.  Yield  99  %). 
Gas  chromatographic  analysis  of  the  mixture  re- 
vealed  that  following  compounds  were  contained 
in  the  mixture: 

Compound 
VCH 
Ethylbenzene 
VNB 
ENB 
2-Ethylidene  norbornane 
1  -Vinyl-nortricyclene 

Example  2 

%  by  mole 
(Not  detected) 
0.002 
0.25 

99.62 
0.002 
0.02 

Into  a  100  ml  flask  containing  the  catalyst  pre- 
pared  in  Reference  ,  Example  2  (0.19  g),  VNB 
(purity,  99.9  %.  48.5  g)  containing  20  ppm  of  VCH 
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was  charged  under  nitrogen  and  stirred  at  15°C 
for  6  hours. 

Thereafter,  the  solid  catalyst  was  filtered  off  to 
obtain  a  reaction  mixture  (47.9  g.  Yield  99  %)  . 
Gas  chromatographic  analysis  of  the  mixture  re- 
vealed  that  following  compounds  were  contained 
in  the  mixture: 

Compound 
VCH 
Ethylbenzene 
VNB 
ENB 
2-Ethylidene  norbornane 
1  -Vinyl-nortricyclene 

Example  3 

%  by  mole 
(Not  detected) 
0.002 
0.36 

99.51 
0.002 
0.02 

Into  a  100  ml  flask  containing  the  catalyst  pre- 
pared  in  Reference  Example  1  (0.17  g),  VNB 
(purity,  99.8  %.  42.5  g)  containing  0.1  %  by 
weight  of  VCH  was  charged  under  nitrogen  and 
stirred  at  50°C  for  5  hours. 

Thereafter,  the  solid  catalyst  was  filtered  off  to 
obtain  a  reaction  mixture  (41.7  g.  Yield  98  %). 
Gas  chromatographic  analysis  of  the  mixture  re- 
vealed  that  following  compounds  were  contained 
in  the  mixture: 

Compound 
VCH 
Ethylbenzene 
VNB 
ENB 
2-Ethylidene  norbornane 
1  -Vinyl-nortricyclene 

Example  4 

%  by  mole 
(Not  detected) 
0.10 
0.30 

99.28 
0.08 
0.03 

Into  a  100  ml  flask  containing  the  catalyst  pre- 
pared  in  Reference  Example  3  (0.36  g),  VNB 
(purity,  99.9  %.  42.0  g)  containing  20  ppm  of  VCH 
was  charged  under  nitrogen  and  stirred  at  20°C 
for  5  hours. 

Thereafter,  the  solid  catalyst  was  filtered  off  to 
obtain  a  reaction  mixture  (41.3  g.  Yield  98  %). 
Gas  chromatographic  analysis  of  the  mixture  re- 
vealed  that  following  compounds  were  contained 
in  the  mixture: 

Compound 
VCH 
Ethylbenzene 
VNB 
ENB 
2-Ethylidene  norbornane 
1  -Vinyl-nortricyclene 

Example  5 

%  by  mole 
(Not  detected) 
0.002 
0.32 

99.47 
0.002 
0.04 

Into  a  100  ml  flask  containing  the  catalyst  pre- 
pared  in  Reference  Example  1  (0.21  g),  VNB 

10 
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(purity,  99.5  %.  31.5  g)  containing  0.4  %  by 
weight  of  VCH  was  charged  under  nitrogen  and 
stirred  at  30°C  for  5  hours. 

Thereafter,  the  solid  catalyst  was  filtered  off  to 
obtain  a  reaction  mixture  (31.0  g.  Yield  98  %). 
Gas  chromatographic  analysis  of  the  mixture  re- 
vealed  that  following  compounds  were  contained 
in  the  mixture: 

Compound  %  by  mole 
VCH  (Not  detected) 
Ethylbenzene  0.38 
VNB  0.32 
ENB  98.77 
2-Ethylidene  norbornane  0.36 
1  -Vinyl-nortricyclene  0.02 

Comparative  Example  1 

Into  a  100  ml  flask  containing  the  catalyst  pre- 
pared  in  Reference  Example  3  (0.30  g),  VNB 
(purity,  98.6  %.  30.0  g)  containing  1.3  %  by 
weight  of  VCH  was  charged  under  nitrogen  and 
stirred  at  20°C  for  8  hours. 

Thereafter,  the  solid  catalyst  was  filtered  off  to 
obtain  a  reaction  mixture  (29.6  g.  Yield  99  %). 
Gas  chromatographic  analysis  of  the  mixture  re- 
vealed  that  following  compounds  were  contained 
in  the  mixture: 

Compound 
VCH 
Ethylbenzene 
VNB 
ENB 
2-Ethylidene  norbornane 
1  -Vinyl-nortricyclene 

Example  6 

%  by  mole 
(Not  detected) 
1.3 
0.33 

96.92 
1.21 
0.07 

Into  a  100  ml  flask  containing  the  catalyst  pre- 
pared  in  Reference  Example  4  (0.18  g),  VNB 
(purity,  99.9  %.  37.7  g)  containing  20  ppm  of  VCH 
was  charged  under  nitrogen  and  stirred  at  20°C 
for  8  hours. 

Thereafter,  the  solid  catalyst  was  filtered  off  to 
obtain  a  reaction  mixture  (37.0  g.  Yield  98  %). 
Gas  chromatographic  analysis  of  the  mixture  re- 
vealed  that  following  compounds  were  contained 
in  the  mixture: 

Compound 
VCH 
Ethylbenzene 
VNB 
ENB 
2-Ethylidene  norbornane 
1  -Vinyl-nortricyclene 

Example  7 

%  by  mole 
(Not  detected) 
0.002 
0.39 

99.47 
0.002 
0.03 

Into  a  10O  ml  flask  containing  the  catalyst  pre- 
pared  in  Reference  Example  5  (0.24  g),  VNB 

5 
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(purity,  99.5  %.  59.0  g)  containing  0.4  %  by 
weight  of  VCH  was  charged  under  nitrogen  and 
stirred  at  15°C  for  8  hours. 

Thereafter,  the  solid  catalyst  was  filtered  off  to 
obtain  a  reaction  mixture  (58.3  g.  Yield  99  %). 
Gas  chromatographic  analysis  of  the  mixture  re- 
vealed  that  following  compounds  were  contained 
in  the  mixture: 

(purity,  98.6  %.  46.9  g)  containing  1  .3  %  by 
weight  of  VCH  was  charged  under  nitrogen  and 
stirred  at  20°C  for  8  hours. 

Thereafter,  the  solid  catalyst  was  filtered  off  to 
obtain  a  reaction  mixture  (46.3  g.  Yield  99  %). 
Gas  chromatographic  analysis  of  the  mixture  re- 
vealed  that  following  compounds  were  contained 
in  the  mixture: 

Compound 
VCH 
Ethylbenzene 
VNB 
ENB 
2-Ethylidene  norbornane 
1  -Vinyl-nortricyclene 

%  by  mole  10  Compound 
(Not  detected)  VCH 
0.39  Ethylbenzene 
0.49  VNB 

98.59  ENB 
0.32  15  2-Ethylidene  norbornane 
0.03  1  -Vinyl-nortricyclene 

Example  8 

Into  a  100  ml  flask  containing  the  catalyst  pre- 
pared  in  Reference  Example  4  (0.20  g),  VNB 
(purity,  99.9  %.  40.6  g)  containing  20  ppm  of  VCH 
was  charged  under  nitrogen  and  stirred  at  50°C 
for  5  hours. 

Thereafter,  the  solid  catalyst  was  filtered  off  to 
obtain  a  reaction  mixture  (39.8  g.  Yield  98  %). 
Gas  chromatographic  analysis  of  the  mixture  re- 
vealed  that  following  compounds  were  contained 
in  the  mixture: 

compound 
VCH 
Ethylbenzene 
VNB 
ENB 
2-Ethylidene  norbornane 
1  -Vinyl-nortricyclene 

Example  9 

%  by  mole 
(Not  detected) 
0.002 
0.35 

99.48 
0.002 
0.004 

into  a  100  ml  flask  containing  the  catalyst  pre- 
pared  in  Reference  Example  6  (0.52  g),  VNB 
(purity,  99.9  %.  63.3  g)  containing  20  ppm  of  VCH 
was  charged  under  nitrogen  and  stirred  at  20°C 
For  8  hours. 

Thereafter,  the  solid  catalyst  was  filtered  off  to 
Dbtain  a  reaction  mixture  (62.6  g.  Yield  99  %). 
Gas  chromatographic  analysis  of  the  mixture  re- 
pealed  that  following  compounds  were  contained 
in  the  mixture: 

%  by  mole 
(Not  detected) 
1.24 
0.32 

96.91 
1.20 
0.03 

20 
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Claims 

1  .  A  process  for  preparing  5-ethylidene-2-norbor- 
nene  which  comprises  isomerizing  5-vinyl-2-nor- 
bornene  in  the  presence  of  a  solid  base  catalyst 
which  is  prepared  by  reacting  alumina,  an  alkali 
metal  hydroxide  and  an  alkali  metal  in  a  tempera- 
ture  range  of  200  to  500°C  in  an  inert  gas  atmos- 
phere  and/or  a  solid  base  catalyst  which  is  pre- 
pared  by  reacting  water-containing  alumina  and 
an  alkali  metal  in  an  amount  that  exceeds  the 
molar  equivalent  of  water  contained  in  alumina  at 
a  temperature  in  the  range  between  the  melting 
point  of  the  alkali  metal  and  500°C  in  an  inert  gas 
atmosphere,  characterized  in  that  the  isomeriza- 
tion  is  carried  out  in  the  presence  of  1  ppm  to  0.5 
%  by  weight  of  4-vinyl-cyclohexene. 

2.  The  process  according  to  claim  1,  wherein  the 
solid  base  catalyst  is  prepared  by  heating  alumi- 
na,  an  alkali  metal  hydroxide  and  an  alkali  metal. 

3.  The  process  according  to  claim  2,  wherein 
alumina  and  the  alkali  metal  hydroxide  are  re- 
acted  in  a  temperature  range  of  250  to  450°C. 

4.  The  process  according  to  claim  2,  wherein  the 
alkali  metal  is  reacted  in  a  temperature  range  of 
200  to  330°C. 

5.  The  process  according  to  claim  2,  wherein  the 
alkali  metal  hydroxide  is  lithium  hydroxide,  so- 
dium  hydroxide,  potassium  hydroxide,  rubidium 
hydroxide  or  cesium  hydroxide  or  a  mixture  there- 
of. 

Compound 
\/CH 
Ethylbenzene 
VNB 
ENB 
2-Ethylidene  norbornane 
I  -Vinyl-nortricyclene 

Comparative  Example  2 

%  by  mole 
(Not  detected) 
0.002 
0.28 

99.56 
0.002 
0.03 

nto  a  100  ml  flask  containing  the  catalyst  pre- 
sared  in  Reference  Example  4  (0.25  g),  VNB 

6.  The  process  according  to  claim  2,  wherein 
55  alumina  is  gamma-alumina,  chi-alumina,  rho- 

alumina,  eta-alumina  or  a  mixture  thereof. 

7.  The  process  according  to  claim  6,  wherein  the 
alumina  is  gamma-alumina  having  a  particle  size 

60  of  0.03  to  0.3  mm  (50  to  500  mesh). 

8.  The  process  according  to  claim'  1  ,  wherein  the 
alkali  metal  is  used  inan  amount  that  corresponds 
to  1.01  to  2  time  molar  equivalents  of  water  con- 

65  tained  in  alumina. 

5 
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9.  The  process  according  to  claims  1  and  8, 
wherein  the  water-containing  alumina  and  the  ex- 
cess  portion  of  the  alkali  metal  to  the  molar  equi- 
valent  of  water  contained  in  alumina  are  reacted 
at  a  temperature  of  200  to  330°C  in  the  prepara- 
tion  of  the  catalyst. 

10.  The  process  according  to  claims  8  and  9, 
wherein  first  alumina  and  the  molar  equivalent 
amount  of  the  alkali  metal,  is  reacted  and  then 
alumina  is  reacted  with  the  portion  of  the  alkali 
metal  which  exceeds  the  equimolar  amount,  and 
both  reactions  are  carried  out  at  a  temperature  of 
200  to  330°C. 

11.  The  process  according  to  claim  1,  wherein 
the  water-containing  alumina  is  gamma-alumina, 
chi-alumina  or  rho-alumina  which  are  preferably 
prepared  by  calcination  of  aluminum  hydroxide. 

12.  The  process  according  to  claim  8,  wherein 
the  water  content  of  the  alumina  is  1  .3  to  10  %  by 
weight. 

13.  The  process  according  to  claim  8,  wherein 
the  water  content  of  the  alumina  is  2  to  7  %  by 
weight. 

14.  The  process  according  to  claim  2  or  8, 
wherein  the  alkali  metal  is  sodium,  potassium  or 
rubidium  or  a  mixture  or  alloy  thereof. 

15.  The  process  according  to  claim  1,  wherein 
the  content  of  4-vinylcyclohexene  is  from  5  ppm 
to  0.1  %  by  weight. 

16.  The  process  according  to  claim  1,  wherein 
the  isomerization  temperature  range  is  from  -  1  0 
to  +  100°C. 

Patentanspruche 

1.  Verfahren  zur  Herstellung  von  5-Athyliden-2- 
norbornen,  das  umfaBt  die  Isomerisierung  von  5- 
Vinyl-2-norbornen  in  Gegenwart  eines  festen  ba- 
sischen  Katalysators,  der  durch  Umsetzung  von 
Aluminiumoxid,  einem  Alkalimetallhydroxid  und 
einem  Aikalimetall  im  Temperaturbereich  von  200 
bis  500°C  in  einer  Inertgasatmosphare  hergestellt 
worden  ist,  und/oder  eines  festen  basischen  Ka- 
talysators,  der  durch  Umsetzung  von  wasserhalti- 
gem  Aluminiumoxid  mit  einem  Aikalimetall  in 
einer  Menge,  die  groBer  ist  als  das  molare  Aqui- 
valent  des  im  Aluminiumoxid  enthaltenen  Was- 
sers,  bei  einer  Temperatur  im  Bereich  zwischen 
dem  Schmelzpunkt  des  Alkalimetalls  und  500°C 
in  einer  Inertgasatmosphare  hergestellt  worden 
ist,  dadurch  gekennzeichnet,  daft  die  Isomerisie- 
rung  in  Gegenwart  von  1  T.p.M.  bis  0,5  Gew.-% 
4-Vinyicyclohexan  durchgefuhrt  wird. 

2.  Verfahren  nach  Anspruch  1  wobei  der  feste 
basische  Katalysator  durch  Erhitzen  von  Alumi- 
niumoxid,  einem  Alkalimetallhydroxid  und  einem 

12 

Aikalimetall  hergestellt  worden  ist. 

3.  Verfahren  nach  Anspruch  2,  wobei  Alumi- 
niumoxid  und  das  Alkalimetallhydroxid  in  einem 

5  Temperaturbereich  von  250  bis  450°C  umgesetzt 
werden. 

4.  Verfahren  nach  Anspruch  2,  wobei  das  Aikali- 
metall  in  einem  Temperaturbereich  von  200  bis 

10  330°C  umgesetzt  wird. 

5.  Verfahren  nach  Anspruch  2,  wobei  das 
Alkalimetallhydroxid  Lithiumhydroxid,  Natriumhy- 
droxid,  Kaliumhydroxid,  Rubidiumhydroxid  Oder 

15  Cesiumhydroxid  Oder  ein  Gemisch  davon  ist. 

6.  Verfahren  nach  Anspruch  2,  wobei  das  Alumi- 
niumoxid  gamma-Aluminiumoxid,  chi-Alumi- 
niumoxid,  rho-Aluminiumoxid,  eta-Aluminiumoxid 

20  Oder  ein  Gemisch  davon  ist. 

7.  Verfahren  nach  Anspruch  6,  wobei  das  Alumi- 
niumoxid  gamma-Aluminiumoxid  mit  einer  Teil- 
chengroBe  von  0,03  bis  0,3  mm  (50  bis  500 

25  mesh)  ist. 

8.  Verfahren  nach  Anspruch  1  wobei  das  Aikali- 
metall  in  einer  Menge  verwendet  wird,  die  dem 
I  ,  01  bis  2-fachen  der  molaren  Aquivalente  des  im 

30  Aluminiumoxid  enthaltenen  Wassers  entspricht. 

9.  Verfahren  nach  den  Anspruchen  1  und  8, 
wobei  das  wasserhajtige  Aluminiumoxid  und  die 
zu  dem  molaren  Aquivalent  des  im  Alumi- 

35  niumoxid  enthaltenen  Wassers  uberschussige 
Menge  Aikalimetall  bei  einer  Temperatur  von  200 
bis  330°C  bei  der  Herstellung  des  Katalysators 
umgesetzt  werden. 

40  10.  Verfahren  nach  den  Anspruchen  8  und  9, 
wobei  zunachst  Aluminiumoxid  und  die  molare 
aquivalente  Menge  Aikalimetall  umgesetzt  wer- 
den  und  dann  Aluminiumoxid  mit  der  Menge  des 
Alkalimetalls,  die  uber  die  aquimolare  Menge  hi- 

45  nausgeht,  umgesetzt  wird,  und  beide  Umsetzun- 
gen  bei  einer  Temperatur  von  200  bis  330°C 
durchgefuhrt  werden. 

II.  Verfahren  nach  Anspruch  1  wobei  das  was- 
50  serhaltige  Aluminiumoxid  gamma-Aluminiumoxid, 

chi-Aluminiumoxid  Oder  rho-Aluminiumoxid  ist, 
die  vorzugsweise  durch  Calcinieren  von  Alumi- 
niumhydroxid  hergestellt  werden. 

55  12.  Verfahren  nach  Anspruch  8,  wobei  der  Was- 
sergehalt  des  Aluminiumoxids  1,3  bis  10  Gew.-% 
betragt. 

13.  Verfahren  nach  Anspruch  8,  wobei  der  Was- 
60  sergehalt  des  Aluminiumoxids  2  bis  7  Gew.-%  be- 

tragt. 

14.  Verfahren  nach  Anspruch  2  oder  8,  wobei 
das  Aikalimetall  Natrium,  Kalium  oder  Rubidium 

65  oder  ein  Gemisch  Oder  eine  Legierung  davon  ist. 

7 
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15.  Verfahren  nach  Anspruch  1  wobei  der  Gehalt 
an  4-Vinylcyclohexen  5  T.p.M.  bis  0,1  Gew.-% 
betragt. 

1  6.  Verfahren  nach  Anspruch  1  wobei  der  Bere- 
ich  der  Isomerisierungstemperatur  von  -  10  bis  + 
100°Creicht. 

nevenaicanons 

1  .  Precede  de  preparation  du  5-ethylidene-2-nor- 
bornene,  conformement  auque!  on  isomirise  le  5- 
vinyl-2-norbornene  en  presence  d'un  catalyseur 
form6  d'une  base  solide,  que  I'on  prepare  en  fais- 
ant  reagir  I'alumine,  un  hydroxyde  de  metal  al- 
calin  et  un  metal  alcalin  dans  une  plage  de  tem- 
peratures  de  200  a  500°C,  en  atmosphere  d'un 
gaz  inerte  et/ou  d'un  catalyseur  forme  d'une  base 
solide,  que  Ton  prepare  en  faisant  reagir  de 
I'alumine  contenant  de  I'eau  et  un  metal  alcalin, 
en  une  proportion  telle  qu'elle  excede  l'6quivalent 
molaire  d'eau  contenu  dans  I'alumine,  dans  une 
plage  de  temperatures  qui  fluctue  entre  le  point 
de  fusion  du  metal  alcalin  et  500°C,  en  atmos- 
phere  d'un  gaz  inerte,  caracterise  en  ce  que  I'on 
procede  a  I'isomerisation  en  presence  de  1  ppm 
a  0,5  %  en  poids  de  4-vinyl-cyclohexene. 

2.  Procede  suivant  la  revendication  1,  carac- 
terise  en  ce  que  le  catalyseur  forme  d'une  base 
solide  se  prepare  en  chauffant  I'alumine,  un  hy- 
droxyde  de  metal  alcalin  et  un  metal  alcalin. 

3.  Procede  suivant  la  revendication  2,  carac- 
terise  en  ce  que  I'on  fait  reagir  I'alumine  et  I'hy- 
droxyde  de  metal  alcalin  dans  une  plage  de 
temperatures  qui  fluctue  de  250  a  450°C. 

4.  Proc6d6  suivant  la  revendication  2,  carac- 
terise  en  ce  que  I'on  fait  r6agir  le  metal  alcalin 
dans  une  plage  de  temperatures  qui  varie  de  200 
a  330°C. 

5.  Procecje  suivant  la  revendication  2,  carac- 
terise  en  ce  que  I'hydroxyde  de  metal  alcalin  est 
I'hydroxyde  de  lithium,  I'hydroxyde  de  sodium, 
I'hydroxyde  de  potassium,  I'hydroxyde  de  rubi- 
dium  ou  I'hydroxyde  de  cesium,  ou  un  melange 
je  ces  composes. 

3.  Precede  suivant  la  revendication  2,  carac- 
:6rise  en  ce  que  I'alumine  est  la  gamma-alumine, 
a  chi-  alumine,  la  rho-alumine,  I'eta-alumine,  ou 
jn  melange  de  ces  composes. 

7.  Precede  suivant  la  revendication  6,  carac- 
erise  en  ce  que  I'alumine  est  la  gamma-alumine 
tjui  possede  un  calibre  des  particules  de  0,03  a 
3,3  mm  (50  a  500  mesh). 

3.  Precede  suivant  la  revendication  1,  carac- 
erise  en  ce  que  I'on  utilise  le  metal  alcalin  en  une 
jroportion  qui  correspond  a  1  ,01  a  2  fois  les  equi- 
valents  molaires  d'eau  contenus  dans  I'alumine. 

14 

9.  Precede  suivant  les  revendications  1  et  8,  ca- 
racterise  en  ce  que  I'on  fait  r6agir  I'alumine  con- 
tenant  de  I'eau  et  la  proportion  excedentaire  de 
metal  alcalin  par  rapport  a  I'equivalent  molaire 

5  d'eau  contenu  dans  I'alumine.a  une  temperature 
de  200  a  300°C  au  cours  de  la  preparation  du 
catalyseur. 

10.  Precede  suivant  les  revendications  8  et  9, 
10  caracterise  en  ce  que  I'on  fait  d'abord  reagir 

I'alumine  et  la  quantite  molaire  6quivalente  du 
metal  alcalin  et  on  fait  ensuite  reagir  I'alumine  sur 
la  proportion  du  metal  alcalin  qui  excede  la  quan- 
tite  equimolaire,  et  on  realise  les  deux  reactions  a 

15  une  temperature  de  200  a  330°C. 

11.  Precede  suivant  la  revendication  1,  carac- 
terise  en  ce  que  I'alumine  contenant  de  I'eau  est 
la  gamma-alumine,  la  chi-alumine  ou  la  rho- 

20  alumine,  que  I'on  prepare  de  preference  par  la 
calcination  de  I'hydroxyde  d'aluminium. 

12.  Precede  suivant  la  revendication  8,  carac- 
terise  en  ce  que  la  teneur  en  eau  de  I'alumine 

25  varie  de  1  ,3  a  1  0  %  en  poids. 

13.  Precede  suivant  la  revendication  8,  carac- 
terise  en  ce  que  la  teneur  en  eau  de  I'alumine 
varie  de  2  a  7  %  en  poids. 

30 
14.  Precede  suivant  la  revendication  2  ou  la 
revendication  8,  caracterise  en  ce  que  le  metal  al- 
calin  est  le  sodium,  le  potassium  ou  le  rubidium, 
ou  un  melange  ou  un  alliage  de  ces  metaux. 

35 
15.  Precede  suivant  la  revendication  1,  carac- 
terise  en  ce  que  la  teneur  en  4-vinylcyclohexene 
fluctue  de  5  ppm  a  0,1  %  en  poids. 

40  16.  Precede  suivant  la  revendication  1,  carac- 
terise  en  ce  que  la  temperature  d'isomerisation 
fluctue  de  -  10  a  +  100°C. 
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