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Description 

Background  of  the  Invention 
Field  of  the  Invention 

5  This  invention  relates  to  a  process  for  producing  N-substituted  maleimides.  More  particularly,  it  relates 
to  a  process  for  producing  N-substituted  maleimides  by  heating  maleic  anhydride  and  an  aromatic  or 
aliphatic  amine,  or  maleic  acid  monoamides  obtained  from  them,  in  an  organic  solvent  in  the  presence  of  a 
catalyst. 

N-Substituted  maleimides  are  compounds  which  can  be  used  in  a  very  wide  field  of  applications  as  raw 
>o  materials  or  intermediates  for  Pharmaceuticals,  agricultural  chemicals,  dyes  and  high  molecular 

substances. 

Description  of  the  Prior  Art 
Various  processes  for  producing  N-substituted  maleimides  have  hitherto  been  known. 

15  For  example,  there  is  known  a.  method  which  comprises  obtaining  N-substituted  maleimides  by 
heating  at  180°C  maleic  acid  monoamides  (maleamic  acids),  which  are  easily  obtainable  from  maleic 
anhydride  and  amines  such  as  butylamine,  octylamine,  decylamine  and  dodecylamine,  to  effect 
cyclodehydration.  (L.E.  Coleman  et  al.,  J.  Org.  Chem.,  24,  135  (1959)).  However,  this  method  cannot  be  used 
in  practice  since  it  gives  a  low  yield  of  intended  products  of  only  15  to  50%  and  moreover  yields  a  large 

20  amount  of  polymers  of  polyimide  structure  as  a  by  product. 
A  well  known  laboratory  method  for  preparation  is  to  treat  maleic  anhydride  and  aniline  in  the 

presence  of  sodium  acetate  catalyst  using  a  dehydrating  agent  such  as  acetic  anhydride.  (Org.  Synth.  Coll. 
Vol.  5,  944  (1973)).  Though  the  method  can  give  N-substituted  maleimides  in  a  relatively  high  yield  (75  to 
80%),  it  has  a  defect  of  high  production  cost  since  it  requires  the  use  of  a  stoichiometric  amount  of  acetic 

25  anhydride,  which  results  in  additional  cost  of  the  auxiliary  material,  and  thus  it  is  unsuitable  for  industrial 
production. 

On  the  other  hand,  a  conceivable  advantageous  process  for  industrial  production  is  to  effect  the 
cyclodehydration  of  maleic  acid  monoamides  under  milder  conditions  using  an  effective  dehydration 
catalyst  without  using  dehydrating  agents. 

30  Various  attempts  have  been  made  also  regarding  to  such  a  process.  There  have  been  proposed,  for 
example,  a  method  which  uses  a  basic  catalyst  such  as  an  alkali  metal  acetate,  sodium  hydroxide  or 
triethylamine  as  a  catalyst  (Japanese  Patent  Application  publication  No.  24024/1972,  corresponding  to 
Canad.  Pat.  No.  906494  and  West  Germany  Pat.  No.  2100800)  and  a  method  which  uses  an  acidic  catalyst 
such  as  sulfuric  acid  and  a  sulfonic  acid  (Brit.  Pat.  Specification  No.  1041027). 

35  However,  these  methods  using  such  catalysts  are  not  yet  fully  satisfactory  in  suppressing  side 
reactions  since  they  give  polymeric  products  as  a  by-product.  Moreover,  they  require  complicated  steps  in 
the  separation  and  recovery  of  the  catalyst  and  the  removal  of  by-products  from  the  reaction  products  and 
thus  cannot  be  said  to  be  an  advantageous  process  for  industrial  production. 

As  described  above,  the  prior  art  cyclodehydration  of  maleic  acid  monoamides  in  the  presence  of  a 
40  catalyst  gives  relatively  a  large  amount  of  side  reaction  products  including  polymeric  by-products  and 

consequently  has  drawbacks  in  yield,  product  purity  and  operation  procedures.  Thus,  the  suppression  of 
side  reactions  including  polymer  formation  has  become  an  important  problem  to  be  solved. 

Summary  of  the  Invention 
45  This  invention  has  been  completed  to  solve  the  problems  of  prior  methods.  Thus,  one  object  of  this 

invention  is  to  provide  a  process  for  producing  N-substituted  maleimides  in  an  industrially  advantageous 
way.  Further  object  of  this  invention  is  to  provide  a  process  for  producing  N-substituted  maleimides  which 
can  give  N-substituted  maleimides  in  a  high  yield  while  suppressing  side  reaction  including  polymer 
formation. 

so  The  present  inventors  have  made  extensive  studies  to  achieve  the  above-mentioned  objects.  As  a 
result,  it  has  been  found  that  when  maleic  anhydride  and  amines,  or  maleic  acid  monoamides  obtained 
from  them,  are  heated  in  an  organic  solvent  by  using  an  ion  exchange  resin,  a  very  common  substance,  as 
•a  catalyst  to  effect  cyclodehydration,  N-substituted  maleimides  can  be  obtained  in  a  high  yield  without 
formation  of  polymeric  by-products,  and  the  separation  of  the  catalyst  from  the  reaction  product  can  be 

55  operated  very  easily,  and  further  that  when  the  above  reaction  is  conducted  by  using  as  the  solvent  an 
admixture  of  an  aromatic  hydrocarbon  solvent  and  an  aprotic  polar  solvent  the  results  of  the  reaction  is 
further  improved.  This  invention  has  been  accomplished  on  the  basis  of  above  findings. 

The  gist  of  this  invention  is  as  follows.  One  method  of  the  invention  is  a  process  for  producing  N- 
substituted  maleimide  which  comprises  heating  maleic  anhydride  and  an  aromatic  or  aliphatic  primary 

60  amine  in  the  presence  of  an  ion  exchange  resin  in  an  organic  solvent  in  the  temperature  range  of  50°C  to 
160°C  to  effect  cyclodehydration. 

Another  method  of  this  invention  is  a  process  for  producing  N-substituted  maleimides  which 
comprises  reacting  maleic  anhydride  and  an  aromatic  or  aliphatic  primary  amine  to  form  maleic  acid 
monoamides,  with  or  without  separating  the  maleic  acid  monoamides  from  the  reaction  mixture,  and 

65 
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heating  the  maleic  acid  monoamides  in  the  presence  of  an  ion  exchange  resin  in  an  organic  solvent  in  the 
temperature  range  of  50°C  to  160°C  to  effect  cyclodehydration. 

Description  of  the  Preferred  Embodiments 
5  Some  embodiments  of  this  invention  will  be  elucidated  below. 

Maleic  anhydride,  a  starting  material  for  this  invention,  may  be  of  any  source  and  is  conveniently  used 
after  properly  selected  from  commercially  available  maleic  anhydride.  Maleic  anhydride  is  usually 
produced  by  the  oxidation  of  benzene,  n-butene  or  n-butane.  Though  the  reaction  proceeds  in  a  similar 
manner  also  when  maleic  acid  is  used  in  place  of  maleic  anhydride,  the  use  of  the  former  is 

w  disadvantageous  from  the  viewpoint  of  reactivity  and  economical  efficiency. 
Examples  of  aromatic  primary  amines,  another  starting  material  for  this  invention,  include  aniline, 

naphthylamine,  toluidine,  dimethylaniline,  chloroaniline,  dichloroaniline,  hydroxyaniline,  nitroaniline,  and 
phenylenediamine,  preferred  among  these  being  aniline,  toluidine,  chloroaniline,  dichloroaniline, 
hydroxyaniline  and  nitroaniline.  Examples  of  aliphatic  primary  amines  include  methylamine,  ethylamine, 

15  propylamine,  butylamine,  benzylamine,  cyclohexylamine  and  ethylenediamine,  preferred  among  these 
being  methylamine,  butylamine  and  cyclohexylamine.  The  aromatic  or  aliphatic  primary  amines  are 
preferably  used  in  the  range  of  0.8  to  1.2  mole  relative  to  1  mole  of  maleic  anhydride. 

The  cyclodehydration  of  this  invention  is  carried  out  in  an  organic  solvent  in  the  presence  of  an  ion 
exchange  resin  used  as  a  catalyst. 

20  The  first  method  of  this  invention  comprises  heating  maleic  anhydride  and  an  above-mentioned 
aromatic  or  aliphatic  primary  amine  in  the  presence  of  an  ion  exchange  resin  in  an  organic  solvent  in  the 
temperature  range  of  50°C  to  160°C.  Although  the  reaction  can  be  carried  out  in  various  optional  ways,  a 
preferred  method  from  the  viewpoint  of  operational  procedures  and  other  factors  is  one  which  comprises 
placing  maleic  anhydride,  a  primary  amine,  an  organic  solvent,  and  an  ion  exchange  resin  into  a  reactor 

25  each  in  a  predetermined  amount  and  then  heating  them  up  to  a  given  temperature  to  effect  reaction  or  one 
which  comprises  placing  maleic  anhydride,  an  organic  solvent,  and  an  ion  exchange  resin  each  in  a 
predetermined  amount  into  a  reactor,  heating  them  to  a  given  temperature,  and  then  adding  gradually  a 
primary  amine  thereto. 

The  organic  solvent  used  in  this  invention  may  be  any  one  so  long  as  it  can  dissolve  maleic  anhydride, 
30  aromatic  or  aliphatic  primary  amines,  and  maleic  acid  monoamides,  and  does  not  react  with  ion  exchange 

resins.  Preferred  solvents  are  aromatic  hydrocarbon  solvents  such  as  benzene,  toluene,  xylene, 
ethyibenzene,  styrene  and  cumene.  Particularly  preferred  are  benzene,  toluene  and  xylene. 

The  amount  of  the  organic  solvent  to  be  used  is  not  restricted  specifically  but,  from  operationaJ  and 
economical  considerations,  it  is  preferably  used  in  such  an  amount  as  to  give  a  concentration  of  the 

35  products  of  about  10%  to  50%,  particularly  preferably  about  15  to  35%.  Further,  when  a  mixture  of  the 
above-mentioned  aromatic  hydrocarbon  solvent  with  an  aprotic  polar  solvent  is  used  as  the  organic 
solvent,  the  reaction  can  be  further  promoted.  Examples  of  aprotic  polar  solvents  used  include  formamide, 
N-methylformamide,  dimethylformamide,  dimethylacetamide,  dimethyl  sulfoxide,  sulfolane  and 
hexamethylphosphotriamide.  Preferred  among  these  are  dimethylformamide,  dimethlyacetamide  and 

40  dimethyl  sulfoxide. 
Though  the  aprotic  polar  solvent  can  be  used  in  any  desired  amount,  it  is  preferably  used  in  an  amount 

of  50%  or  less,  preferably  about  2  to  30%,  based  on  the  total  amount  of  solvent. 
As  illustrative  examples  of  ion  exchange  resins  used  as  a  catalyst  in  this  invention,  any  of  strongly 

acidic,  weakly  acidic,  strongly  basic  and  weakly  basic  ion  exchange  resins  of  gel  or  macroporus  type  can  be 
45  given.  From  the  consideration  of  the  activity  and  the  thermal  stability  of  the  resin,  strongly  acidic,  weakly 

acidic,  or  weakly  basic  ion  exchange  resins  are  preferable.  Strongly  acidic  ones  are  particularly  preferable 
and  their  macroporous  typed  ones  are  more  particularly  preferable.  Preferred  examples  of  strongly  acid  ion 
exchange  resins  are  those  formed  of  polymers  having  sulfonic  acid  groups  and  those  formed  of 
fluorocarbon  polymers  having  carboxyl  groups.  Normally,  strongly  acidic  ion  exchange  resins  are 

so  preferably  used  including  those  obtained  by  copolymerizing  styrene  with  a  crosslinkable  monomer  such  as 
divinylbenzene  and  then  sulfonating  the  resulting  resin  or  resins  obtained  by  the  condensation  of 
phenolsulfonic  acid  with  formaldehyde  and  having  a  gel-like  or  a  macroporous  structure.  As  illustrative 
examples  of  crosslinked  polystyrene  sulfonic  acid  ion  exchange  resins,  there  are  macroporous  typed  one 
and  gel  typed  ones:  The  former  includes  Amberlite®  200C  (Rohm  &  Haas,  USA),  Amberlyst®  15  (Rohm  & 

55  Haas,  USA),  Dowex®  MSC—  1  (Dow  Chemical,  USA),  Diaion®  RCP—  150H  (Mitsubishi  Chemical  Ind.  Co., 
Japan),  Diaion®  HPK—  55  (Mitsubishi  Chemical  Ind.  Co.,  Japan),  Lewatit®  SP—  120  (Bayer  A.G.,  West 
Germany)  and  Duolite®  C—  26  (Duolite  International,  France);  and  the  latter  includes  Amberlite®  IR  —  120B 
(Rohm  &  Haas,  USA),  Dowex®  50WX8  (Dow  Chemical,  USA),  Diaion®  SK1B  (Mitsubishi  Chemical  Ind.  Co., 
Japan),  Diaion®  PK  216  (Mitsubishi  Chemical  Ind.  Co.,  Japan),  Lewatit®  S  100  (Bayer  A.G.,  West  Germany), 

60  Duolite®  C  —  20  (Duolite  International,  France)  and  the  like.  Preferred  among  these  are  Amberlyst®  15, 
Amberlite®  200C,  Amberlite®  IR8120B,  Dowex®  50WX8,  Diaion®  RCP—  150H,  Diaion®  HPK—  55  and  Duolite® 
C—  26. 

Preferred  weakly  acidic  ion  exchange  resins  to  be  used  are  those  formed  of  polymers  having  carboxyl 
groups  or  phosphonic  acid  groups.  These  resins  are  usually  prepared  by  hydrolyzing  copolymers  of  a 

65  methacrylic  or  acrylic  ester  with  divinylbenzene.  As  illustrative  examples  of  crosslinked  poly(meth)acrylate 
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ion  exchange  resin  of  gel  type  there  are  Amberlite®  IRC  50  (Rohm  &  Haas,  USA)  and  Dowex®  CCR—  2  (Dow 
Chemical,  USA). 

Preferred  strongly  basic  ion  exchange  resins  are  those  formed  of  polymers  having  quaternary 
ammonium  groups.  These  reins  are  usually  prepared  by  subjecting  a  copolymer  of  styrene  with 

5  divinylbenzene  to  chloromethylation  followed  by  quaternization  using  a  tertiry  amine.  As  illustrative 
examples  of  crosslinked  quaternary  ammonium  salt  ion  exchanges  (OH-type),  Amberlyst®  A—  26  (Rohm  & 
Haas,  USA)  as  a  representative  of  macroporous  types  ones  and  Amberlite®  IRA—  400  (Rohn  &  Haas,  USA) 
as  a  representative  of  gel  typed  ones  can  be  given. 

Preferred  weakly  basic  ion  exchange  resins  to  be  used  are  those  formed  of  polymers  having  tertiary  or 
io  lower  order  amino  groups.  These  resins  are  usually  prepared  by  subjecting  a  copolymer  of  styrene  with 

divinylbenzene  to  chloromethylation  followed  by  amination  using  a  secondary  amine  or  by  subjecting  a 
copolymer  of  a  (meth)acrylic  ester  with  divinylbenzene  to  a  reaction  with  a  polyamine  such  as  N,N- 
dimethylaminopropylamine.  As  illustrative  examples  of  crosslinked  tertiary  amine  ion  exchanges, 
Amberlyst®  A—  21  (Rohm  &  Haas,  USA)  or  Dowex®  MWA—  1  (Dow  Chemical,  USA)  as  a  representative  of 

15  macroporous  typed  ones  and  Amberlite®  IR  —  45  (Rohm  &  Haas,  USA)  as  a  representative  of  gel  typed  ones 
can  be  given. 

The  amount  of  ion  exchange  resins  to  be  used  is  not  specifically  limited  but  is  usually  in  the  range  of  1 
to  40%  by  weight,  preferably  2  to  25%  by  weight,  based  on  the  amount  of  the  reaction  liquid. 

The  reaction  temperature  is  selected  in  the  range  of  50°C  to  160°,  preferably  70°C  to  140°C,  from  the 
20  viewpoint  of  the  activity  and  the  thermal  stability  of  ion  exchange  resins  used  as  a  catalyst. 

There  is  no  particular  limitation  as  to  the  reaction  pressure.  A  wide  range  of  pressure  may  be  adopted 
including  normal,  superatmospheric,  and  reduced  pressures. 

The  reaction  time  varies  depending  upon  such  conditions  as  the  concentration  of  starting  materials, 
the  amount  of  catalyst,  the  solvent,  and  the  reaction  temperature.  Usually  a  reaction  time  of  about  0.5  hour 

25  to  24  hours  is  suitable. 
The  N-substituted  maleimide  thus  formed  can  be  easily  isolated  and  collected  by  separating  the  ion 

exchange  resin  from  the  reaction  mixture  of  filtration  and  then  distilling  off  the  solvent  from  the  filtrate. 
When  a  further  purification  is  necessary,  distillation,  recrystallization,  and  the  like  can  be-  conducted  in  a 
conventional  manner. 

30  The  ion  exchange  resin  used  as  the  catalyst  in  the  process  of  this  invention  can  be  reused  repeatedly, 
and  can  be  treated  for  maintenance  of  catalytic  activity  or  regeneration.  A  preferable  such  treatment  is 
washing  with  a  dilute  acid  or  an  organic  solvent  for  acid-type  ion  exchange  resins  and  washing  with  a  dilute 
alkali  or  an  organic  solvent  for  base-type  ion  exchange  resins. 

The  second  method  of  this  invention  comprises  reacting  maleic  anhydride  with  an  aromatic  or 
35  aliphatic  primary  amine  in  the  absence  of  ion  exchange  resins  and  then  subjecting  the  maleic  acid 

monoamides  thus  formed  to  cyclodehydration  in  the  presence  of  an  ion  exchange  resin.  The 
cyclodehydration  step  is  conducted  in  the  same  manner  as  in  the  first  method  mentioned  before.  In  the 
reaction  step,  the  maleic  acid  monoamides  formed  may  be  subjected  to  cyclodehydration  also  without 
being  isolated  from  the  reaction  mixture.  It  is  of  course  possible  to  use  as  the  starting  material  maleic  acid 

40  monoamides  formed  separately  by  the  above-mentioned  reaction  of  maleic  anhydride  with  amines. 
The  synthesis  of  maleic  acid  monoamides  is  preferably  carried  out  in  an  organic  solvent.  The  organic 

solvents  used  are  aromatic  hydrocarbon  solvents  or  mixtures  thereof  with  aprotic  polar  solvents 
mentioned  above.  The  reaction  proceeds  easily  at  a  reaction  temperature  of  about  150°C  or  lower  with  no 
catalyst  used  particularly.  The  reaction  temperature  is  suitably  from  room  temperature  to  100°C.  The 

45  reaction  time  varies  depending  on  the  reaction  temperature  and  the  solvent  used  but  is  suitably  in  the 
range  of  0.5  hour  to  24  hours. 

According  to  the  process  of  this  invention,  N-substituted  maleimides  can  be  obtained  in  high  yield  with 
no  polymeric  by-products  being  formed.  Moreover,  this  invention  has  following  advantages. 

i)  Since  no  polymeric  side-reaction  product  is  formed,  markedly  easier  operations  are  possible  in 
50  production  steps. 

ii)  Since  the  amount  of  by-products  is  small,  the  purification  of  the  product  can  be  easily  conducted. 
iii)  The  yield  of  the  intended  product  is  high. 
iv)  The  separation  of  the  catalyst  from  the  reaction  product  is  extremely  easy. 
v)  The  catalyst  can  be  reused. 

55  vi)  When  aprotic  solvents  are  used  in  the  form  of  an  admixture  with  the  organic  solvent,  the  reaction 
temperature  can  be  lowered  and  the  reaction  time  can  be  shortened. 

Thus,  the  process  of  this  invention  is  not  only  a  novel  process  not  described  in  previous  literatures  but 
an  industrially  extremely  advantageous  process  for  producing  N-substituted  maleimides  which  can  solve 
almost  all  of  the  major  problems  of  prior  art  methods. 

6o  The  constitution  and  the  effects  of  this  invention  will  be  described  further  in  detail  below  with  reference 
to  Comparative  Examples  and  Examples,  but  this  invention  is  in  no  way  limited  to  the  Examples. 

Example  1 
Into  a  1  I  reactor  equipped  with  a  reflux  condenser  with  a  water-separator,  a  thermometer,  a  stirrer  and 

6S  a  dropping  funnel,  were  placed  68.6  g  of  maleic  anhydride  and  300  ml  of  xylene  and  the  resulting  mixture 



0  177  031  

was  stirred.  Then  a  mixture  of  65.2  g  of  aniline  and  1  50  ml  of  xylene  was  added  dropwise  from  the  dropping 
funnel  to  the  above  mixture  over  a  period  of  about  1  hour.  After  completion  of  the  dropwise  addition,  the 
reaction  mixture  was  heated  at  60°C  for  2  hours  to  complete  the  reaction.  Then,  20  g  of  a  strongly  acidic  ion 
exchange  resin  (Amberlyst®  15)  was  added  to  the  reaction  mixture,  and  the  whole  was  heated  under  reflux 

5  at  136  to  140°C  for  16  hours  to  effect  the  reaction.  During  the  period  12.5  g  of  water  was  separated  by  means 
of  the  water-separator.  After  completion  of  the  reaction,  the  ion  exchange  resin  of  the  catalyst  was  filtered 
off  and  the  filtrate  was  stripped  of  the  solvent  under  a  reduced  pressure  to  yield  109.5  g  of  yellow  crystals. 
The  product  was  confirmed  to  be  N-phenylmaleimide  by  its  IR  spectrum,  NMR  spectrum  and  mass 
spectrum.  M.p.:  86  —  88°C;  yield:  90.3%.  No  polymeric  by-product  was  formed  during  the  reaction  of  this 

w  Example. 

Comparative  Example  1 
The  reaction  procedures  of  Example  1  were  repeated  except  that  the  catalyst  used  was  altered  to  1.2  g 

of  98%  sulfuric  acid  and  the  reaction  was  conducted  under  reflux  (136  to  140°C)  for  16  hours.  During  the 
75  time  10.6  g  of  water  was  separated  by  means  of  the  water-separator. 

After  completion  of  the  reaction,  polymeric  by-products  were  filtered  off  and  then  the  solvent  was 
distilled  off  under  reduced  pressure.  The  resulting  residue  was  added  dropwise  while  it  was  hot  (80  to  85°C) 
into  2  I  of  a  dilute  sodium  carbonate  solution  with  vigorous  stirring  to  effect  reprecipitation.  The  precipitate 
was  collected  by  filtration  and  dried  to  give  72.7  g  of  a  yellow  solid,  m.p.  83  to  86°C,  in  60.0%  yield.  The 

20  product  gave  the  same  IR  spectrum  as  in  Example  1  and  was  identified  as  N-phenylmaleimide.  The  amount 
of  polymeric  by-products  formed  was  38.2  g  (31.5%  in  terms  of  yield). 

Example  2 
Into  the  same  reaction  apparatus  as  used  in  Example  1,  were  placed  and  stirred  68.6  g  of  maleic 

25  anhydride,  250  ml  of  xylene,  and  50  ml  of  dimethylformamide  to  form  a  solution.  A  mixture  of  65.2  g  of 
aniline  and  1  50  ml  of  xylene  was  added  dropwise  from  the  dropping  funnel  to  the  solution  over  a  period  of 
1  hour.  After  completion  of  the  dropwise  addition,  20g  of  a  strongly  acidic  ion  exchange  resin  (Amberlyst® 
15)  was  added  to  the  resulting  mixture  and  the  whole  was  heated  under  reflux  at  136  to  140°Cfor3  hours  to 
effect  reaction.  After  completion  of  the  reaction,  the  ion  exchange  resin  of  the  catalyst  was  filtered  off  and 

30  the  filtrate  was  stripped  of  the  solvent  under  a  reduced  pressure  to  give  114.1  g  of  yellow  crystals,  m.p. 
85  —  88°C,  in  94.1  %  yield.  The  product  gave  the  same  IR  spectrum  as  in  Example  1  and  was  identified  as  N- 
phenylmaleimide.  No  formation  of  polymeric  by-products  was  observed  at  all. 

Comparative  Example  2 
35  The  reaction  procedures  of  Example  2  were  repeated  except  that  the  catalyst  used  was  altered  to  3.6  g 

of  98%  sulfuric  acid  and  the  reaction  was  conducted  under  reflux  (134  to  136°C)  for  2  hours. 
After  completion  of  the  reaction,  polymeric  by-products  were  filtered  off  and  then  the  solvent  was 

distilled  off  under  reduced  pressure.  The  resulting  residue  was  redissolved  in  400  ml  of  xylene  and  the 
insolubles  were  filtered  off.  The  filtrate  was  washed  with  100  ml  of  1N  sodium  hydroxide  solution  to 

40  neutralize  and  remove  sulfuric  acid  of  the  catalyst.  It  was  further  washed  twice  with  200,  ml  of  water  and 
then  the  xylene  solvent  was  distilled  off  to  obtain  66.8  g  of  a  yellow  solid,  m.p.  85—  88°C,  in  55.1  %  yield.  The 
product  gave  the  same  IR  spectrum  as  in  Example  1  and  was  identified  as  N-phenylmaleimide.  The  amount 
of  polymeric  by-products  formed  was  34.8  g  (28.7%  in  terms  of  yield). 

45  Examples  3  to  5 
The  reaction  procedures  of  Example  1  were  repeated  except  that  75.1  g  of  m-toluidine,  89.3  g  of  p- 

chloroaniline,  or  76.4  g  of  p-aminophenol  was  used  as  the  amine  to  obtain  the  results  shown  in  Table  1. 
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Examples  6  to  8 
The  reaction  procedures  of  Example  2  were  repeated  except  that  75.1  g  of  m-toluidine,  1  13.4  g  of  3,5- 

dichloroaniline,  or  96.7  g  of  3-nitroariiline  was  used  as  the  amine  to  obtain  the  results  shown  in  Table  2. 
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Examples  9  to  11 
The  reaction  procedures  of  Example  2  were  repeated  except  that  20  g  of  Dowex®  50WX8,  a  strongly 

acidic  ion  exchagne  resin,  20  g  of  Amberlite®  IRC—  50,  a  weakly  acidic  ion  exchange  resin,  or  20  g  of 
Amberlyst®  A  —  21,  a  weakly  basic  ion  exchange  resin,  was  used  as  the  ion  exchange  resin  to  obtain  the 
results  shown  in  Table  4. 
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Examples  12  to  13 
The  reaction  procedures  of  Example  2  were  repeated  except  that  20  g  of  Amberlite®  IR  —  120B,  a 

strongly  acidic  ion  exchange  resin,  20  g  of  Amberlite®  IRA  —  400,  a  strongly  basic  ion  exchange  resin,  was 
used  as  the  ion  exchange  resin;  toluene  was  used  as  the  organic  hydrocarbon  solvent;  and  the  temperature 

5  and  the  time  of  heating  under  reflux  were  altered,  to  obtain  the  results  shown  in  Table  5. 

Table  5 

Example  No.  12  13 

S t r o n g l y   a c i d i c   S t r o n g l y   b a s i c  
ion  exchange  ion  e x c h a n g e  

C a t a l y s t   r e s i n *   r e s i n   r e s i n  

A m b e r l i t e   ®  A m b e r l i t e   ^  
IR-120B  IRA-400 

Hea t ing   Temp.(°C)  112  110  -  112 
under  ; 
r e f l u x   Time  (hr)  12  14 

Maleimide  N - P h e n y l m a l e i m i d e   N - P h e n y l m a l e i m i d e  

Appearance   Yellow  s o l i d   Yellow  s o l i d  
P roduc t   @ 

Amount  ,nc  n  q-j  c . . .   ,  .  ,  106  .0  y  j  •  o o b t a i n e d   (g) 

Yield  (%)  87.4  7 7 . 2  

Po lymer i c   b y - p r o d u c t   None  None 
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C a t a l y s t   r e s i n   is  s a t u r a t e d   wi th   w a t e r .  N o t e :  35 

Examples  14  to  15 
The  reaction  procedures  of  Example  2  were  repeated  except  that  xylene  was  used  as  the  aromatic 

hydrocarbon  solvent  and  further  50  g  of  dimethylacetamide  or  50  g  of  dimethylsulfoxide  was  used  as  the 
40  aprotic  polar  solvent,  to  obtain  the  results  shown  in  Table  6. 

Table  6 

Example  No.  14  15 

A p r o t i c   p o l a r   s o l v e n t   D i m e t h y l a c e t a m i d e   D i m e t h y l  
s u l f   o x i d e  

Appea rance   Yellow  s o l i d   Yellow  s o l i d  

P - d u c t   T t T n e a   <g>  
108-2  1 ° 6 - 1  

Yield   (%)  89.3  8 7 . 5  

Po lymer ic   b y - p r o d u c t   None  None 

45 

50 

55 

60 
Examples  16  to  17 

The  reaction  procedures  of  Example  2  were  repeated  except  that  51.2  g  of  n-butylamine  or  51.2  g  of 
tert-butylamine  was  used  as  the  amine,  and  the  reaction  time  was  altered  to  3  hours  or  1  5  hours.  The  liquid 
product  obtained  was  purified  and  isolated  by  distillation  under  a  reduced  pressure.  The  results  obtained 

65  are  shown  in  Table  7. 
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Table  7 

Example  No.  16  17 

Amine  n - B u t y l a m i n e   t e r t - B u t y l a m i n e  

R e a c t i o n   time  (hr)  3  15 

Maleimide  N - ( n - B u t y l ) -   N-  ( t e r t - B u t y l )   -  
male imide   m a l e i m i d e  

Appearance   C o l o r l e s s   t r a n s -   C o l o r l e s s   t r a n s -  
p a r e n t   l i q u i d   pa r en t   l i q u i d  

P r o d u c t   Amount 
o b t a i n e d   82.6  6 0 . 3  

(g) 

Yield  (%)  77.0  5 6 . 2  

rC^mmHg)  86  "  "   62  "  64 
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Claims 

1.  A  process  for  producing  N-substituted  maleimides  which  comprises  heating  maleic  anhydride  and 
an  aromatic  or  aliphatic  primary  amine  in  the  presence  of  an  ion  exchange  resin  in  an  organic  solvent  in  the 
temperature  range  of  50°C  to  160°C  to  effect  cyclodehydration. 

2.  A  process  according  to  claim  1,  wherein  the  aromatic  primary  amine  is  aniline,  naphthylamine, 
toluidine,  dimethylaniline,  chloroaniline,  dichloroaniline,  hydroxyaniline,  nitroaniline  or 
phenylenediamine. 

.  3.  A  process  according  to  claim  1,  wherein  the  aliphatic  primary  amine  is  methylamine,  ethylamine, 
propylamine,  butylamine,  benzylamine,  cyclohexylamine  or  ethylenediamine. 

4.  A  process  according  to  claim  1,  wherein  the  ion  exchange  resin  is  a  strongly  acidic  ion  exchange 
resin,  a  weakly  acidic  ion  exchange  resin,  or  a  weakly  basic  ion  exchange  resin. 

5.  A  process  according  to  claim  1,  wherein  the  organic  solvent  is  an  aromatic  hydrocarbon  solvent. 
6.  A  process  according  to  claim  1,  wherein  the  organic  solvent  is  a  mixture  of  an  aromatic  hydrocarbon 

solvent  and  an  aprotic  polar  solvent. 
7.  A  process  for  producing  N-substituted  maleimides  which  comprises  heating  aromatic  or  aliphatic 

monoamides  of  maleic  acid  in  the  presence  of  an  ion  exchange  resin  in  an  organic  solvent  in  the 
temperature  range  of  50°C  to  160°C  to  effect  cyclodehydration. 

8.  A  process  according  to  claim  7,  wherein  the  aromatic  or  aliphatic  monoamides  of  maleic  acid  is  a 
product  formed  by  the  reaction  of  maleic  anhydride  with  a  corresponding  amine,  said  monoamides  being 
used  without  being  separated  from  the  reaction  mixture. 

9.  A  process  according  to  claim  7  or  8,  wherein  the  aromatic  primary  amine  is  aniline,  naphthylamine, 
toluidine,  dimethylaniline,  chloroaniline,  dichloroaniline,  hydroxyaniline,  nitroaniline  or 
phenylenediamine. 

10.  A  process  according  to  claim  7  or  8,  wherein  the  aliphatic  primary  amine  is  methylamine, 
ethylamine,  propylamine,  butylamine,  benzylamine,  cyclohexylamine  or  ethylenediamine. 

11.  A  process  according  to  claim  7  or  8,  wherein  the  ion  exchange  resin  is  a  strongly  acidic  ion 
exchange  resin,  a  weakly  acidic  ion  exchange  resin,  or  a  weakly  basic  ion  exchange  resin. 

12.  A  process  according  to  claim  7  or  8,  wherein  the  organic  solvent  is  an  aromatic  hydrocarbon 
solvent. 

13.  A  process  according  to  claim  7  or  8,  wherein  the  organic  solvent  is  a  mixture  of  an  aromatic 
hydrocarbon  solvent  and  an  aprotic  polar  solvent. 

Patentanspriiche 

1.  Verfahren  zur  Herstellung  von  N-substituierten  Maleinsaureimiden,  dadurch  gekennzeichnet,  daB 
man  Maleinsaureanhydrid  und  ein  aromatisches  oder  aliphatisches  primares  Amin  in  Gegenwart  eines 
lonenaustauschharzes  in  einem  organischen  Losungsmittel  im  Temperaturbereich  von  50°C  bis  160°C 
unter  Cyclodehydration  erhitzt. 

2.  Verfahren  gemalS  Anspruch  1,  dadurch  gekennzeichnet,  dalS  das  aromatische  primare  Amin  Anilin, 
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Naphthylamin,  Toluidin,  Dimethylanilin,  Chloranilin,  Dichloranilin,  Hydroxyanilin,  Nitroanilin  oder 
Phenylendiamin  ist. 

3.  Verfahren  gema'IS  Anspruch  1,  dadurch  gekennzeichnet,  dalS  das  aliphatische  primare  Amin 
Methylamin,  Ethylamin,  Propylamin,  Butylamin,  Benzylamin,  Cyclohexylamin  oder  Ethylendiamin  ist. 

5  4.  Verfahren  gema'IS  Anspruch  1,  dadurch  gekennzeichnet,  dafS  das  lonenaustauschharz  ein  starksaures 
lonenaustauschharz,  ein  schwarchsaures  lonenaustauschharz  oder  schwachbasisches  lonenaustauschharz 
ist. 

5.  Verfahren  gema'B  Anspruch  1,  dadurch  gekennzeichnet,  dalS  das  organische  Losungsmittel  ein 
aromatischen  Kohlenwasserstoff-Losungsmittel  ist. 

to  6.  Verfahren  gemafc  Anspruch  1,  dadurch  gekennzeichnet,  date  das  organische  Losungsmittel  eine 
Mischung  aus  einem  aromatischen  Kohlenwasserstoff-Losungsmittel  und  einem  aprotischen  polaren 
Losungsmittel  ist. 

7.  Verfahren  zur  Herstellung  von  N-substituierten  Maleinsaureimiden,  dadurch  gekennzeichnet,  dafS 
man  aromatische  oder  aliphatische  Monoamide  von  Maleinsaure  in  Gegenwart  eines 

15  lonenaustauschharzes  in  einem  organischen  Losungsmittel  im  Temperaturbereich  von  50°C  bis  100°C 
unter  Cyclodehydration  erhitzt. 

8.  Verfahren  gema'B  Anspruch  7,  dadurch  gekennzeichnet,  daft  das  aromatische  oder  aliphatische 
Monoamid  der  Maleinsaure  ein  Produkt  ist,  das  durch  die  Umsetzung  von  Maleinsaureanhydrid  mit  dem 
entsprechenden  Amin  gebildet  wurde,  wobei  die  Monoamide  ohne  Abtrennung  von  dem 

20  Reaktionsgemisch  verwendet  werden. 
9.  Verfahren  gemaB  Anspruch  7  oder  8,  dadurch  gekennzeichnet,  daS  das  aromatische  primare  Amin 

Anilin,  Naphthylamin,  Toluidin,  Dimethylanilin,  Chloranilin,  Dichloranilin,  Hydroxyanilin,  Nitroanilin  oder 
Phenylendiamin  ist. 

10.  Verfahren  gemafc  Anspruch  7  oder  8,  dadurch  gekennzeichnet,  da£  das  aliphatische  primare  Amin 
25  Methylamin,  Ethylamin,  Propylamin,  Butylamin,  Benzylamin,  Cyclohexylamin  oder  Ethylendiamin  ist. 

11.  Verfahren  gemalS  Anspruch  7  oder  8,  dadurch  gekennzeichnet,  dalS  das  lonenaustauschharz  ein 
starksaures  lonenaustauschharz,  ein  schwarchsaures  lonenaustauscharz  oder  schwachbasisches 
lonenaustauschharz  ist. 

12.  Verfahren  gemalS  Anspruch  7  oder  8,  dadurch  gekennzeichnet,  dafS  das  organische  Losungsmittel 
30  ein  aromatisches  Kohlenwasserstoff-Ldsungsmittel  ist. 

13.  Verfahren  gemalS  Anspruch  7  oder  8,  dadurch  gekennzeichnet,  dafc  das  organische  Losungsmittel 
eine  Mischung  aus  einem  aromatischen  Kohlenwasserstoff-Losungsmittel  und  einem  aprotischen  polaren 
Losungsmittel  ist. 

35  Revendications 

1.  Procede  de  preparation  de  maleimides  N-substitues,  qui  comprend  le  chauffage  de  I'anhydride 
maleique  et  d'une  amine  primaire  aromatique  ou  aliphatique  en  presence  d'une  resine  echangeuse  d'ions 
dans  un  solvant  organique,  dans  I'intervalle  de  temperatures  de  50°C  a  160°C,  pour  effectuer  un 

40  cyclodeshydration. 
2.  Procede  suivant  la  revendication  1,  dans  lequel  I'amine  primaire  aromatique  est  I'aniline,  la 

naphthylamine,  le  toiuidine,  la  dimethylaniline,  la  chloraniline,  dichloraniline,  I'hydroxyaniline,  la 
nitraniiine  ou  la  phenylenediamine. 

3.  Procede  suivant  la  revendication  1,  dans  lequel  I'amine  primaire  aliphatique  est  la  methylamine, 
45  I'ethylamine,  la  propylamine,  la  butylamine,  la  benzylamime,  la  cyclohexylamine  ou  I'ethyldiamine. 

4.  Procede  suivant  la  revendication  1,  dans  lequel  la  resine  echangeuse  d'ions  est  une  resine 
echangeuse  d'ions  fortement  acide,  une  resine  echangeuse  d'ions  faiblement  acide  ou  une  resine 
echangeuse  d'ions  faibiement  basique. 

5.  Procede  suivant  la  revendication  1,  dans  lequel  le  solvant  organique  est  un  solvant  hydrocarbone 
so  aromatique. 

6.  Procede  suivant  la  revendication  1,  dans  lequel  le  solvant  organique  est  un  melange  d'un  solvant 
hydrocarbone  aromatique  et  d'un  solvant  polaire  aprotique. 

7.  Procede  de  preparation  de  maleimides  N-substitues,  qui  comprend  le  chauffage  de  monoamines 
aromatiques  ou  aliphatiques  de  I'acide  maleique  en  presence  d'une  resine  echangeuse  d'ions,  dans  un 

55  solvant  organique,  dans  I'intervalle  de  temperatures  de  50  a  160°C  pour  effecteur  la  cyclodeshydratation. 
8.  Procede  suivant  la  revendication  7,  dans  lequel  le  monoamide  aromatique  ou  aliphatique  de  I'acide 

maleique  est  un  produit  forme  par  reaction  de  I'anhydride  maleique  avec  I'amine  correspondante,  ces 
monoamides  etant  utilises  sans  etre  separes  du  melange  reactionnel. 

9.  Procede  suivant  les  revendications  7  ou  8,  dans  lequel  I'amine  primaire  aromatique  est  I'aniline,  la 
60  naphtylamine,  le  toiuidine,  la  dimethylaniline,  la  chloraniline,  dichloraniline,  I'hydroxyaniline,  la  nitraniiine 

ou  la  phenylenediamine. 
10.  Procede  suivant  les  revendications  7  ou  8,  dans  lequel  I'amine  primaire,  aliphatique  est  le 

methylamine,  -I'ethylamine,  la  propylamine,  la  butylamine,  la  benzylamime,  la  cyclohexylamine  ou 
I'ethylenediamine. 

65  11.  Procede  suivant  les  revendications  7  ou  8,  dans  lequel  la  resine  echangeuse  d'ions  est  une  resine 
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echangeuse  d'ions  fortement  acide,  une  resine  echangeuse  d'ions  faiblement  acide  ou  une  resine 
echangeuse  d'ions  faiblement  basique. 

12.  Procede  suivant  les  revendications  7  ou  8,  dans  lequel  le  solvant  organique  est  un  solvant 
hydrocarbone  aromatique. 

13.  Procede  suivant  les  revendications  7  ou  8,  dans  lequel  le  solvant  organique  est  un  melange  d'un 
solvant  hydrocarbone  aromatique  et  d'un  solvant  polaire  aprotique. 
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