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©  Process  for  producing  polyisoimide. 

©  The  present  invention  provides  a  dehydrating  agent  which  is  less  poisonous  and  which  can  be  easily 
handled  in  producing  a  polyisoimide  by  dehydrating  a  polyamic  acid,  and  a  process  for  producing  a 
polyisoimide  without  requiring  the  separation  of  by-products. 

That  is,  the  process  for  producing  the  polyisoimide  of  the  present  invention  is  characterized  by  comprising 
the  step  of  using  a  dihyroquinoline  derivative  represented  by  the  formula 
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(wherein  each  R1  and  R2  is  independently  a  monovalent  organic  group  having  1  to  8  carbon  atoms) 
as  the  dehydrating  agent  in  producing  the  polyisoimide  by  dehydrating  the  polyamic  acid. 
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BACKGROUND  OF  THE  INVENTION 

(i)  Field  of  the  Invention 

5 The  present  invention  relates  to  a  process  for  producing  a  polyisoimide. 

(ii)  Description  of  the  Related  Art 

It  is  well  known  that  a  polyisoimide  can  be  manufactured  by  acting  a  dehydrating  agent  on  a  polyamic 
w  acid.  For  example,  in  Japanese  Patent  Application  Laid-open  Nos.  60-170683,  61-254547,  63-118329,  63- 

118330  and  63-223746,  Japanese  Patent  Disclosure  Nos.  61-500851  and  61-500997,  and  U.S.  Patent  Nos. 
3,271,366,  3,282,898  and  4,699,803,  there  are  used,  as  dehydrating  agents,  an  N,N'-dihydrocarbyl- 
substituted  carbodiimide  such  as  dicyclohexylcarbodiimide  (hereinafter  referred  to  as  "DCC"),  a  haloge- 
nated  lower  fatty  acid  anhydride  such  as  trifluoroacetic  acid  anhydride,  and  a  lower  fatty  acid  halide  such  as 

75  thionyl  chloride  or  acetyl  chloride. 
However,  in  the  case  that  N,N'-dihydrocarbyl-substituted  carbodiimide  is  used,  a  urea  compound  which 

is  insoluble  in  a  solvent  is  formed  as  a  by-product  by  a  dehydration  reaction.  Therefore,  it  is  necessary  to 
separate  the  urea  compound  which  is  the  by-product,  which  complicates  the  manufacturing  process 
inconveniently.  Furthermore,  the  halogenated  lower  fatty  acid  anhydride  and  the  lower  fatty  acid  halide  as 

20  well  as  the  above-mentioned  N,N'-dihydrocarbyl-substituted  carbodiimide  are  very  poisonous,  and  hence 
much  attention  must  be  paid  to  the  handling  of  these  dehydrating  agents. 

SUMMARY  OF  THE  INVENTION 

25  An  object  of  the  present  invention  is  to  provide  a  dehydrating  agent  which  is  less  poisonous  and  which 
can  be  easily  handled  in  producing  a  polyisoimide  by  dehydrating  a  polyamic  acid,  and  another  object  of 
the  present  invention  is  to  provide  a  process  for  producing  a  polyisoimide  without  requiring  the  separation 
of  by-products. 

The  present  inventors  have  repeatedly  researched  the  dehydration  reaction  of  the  polyamic  acid,  and 
30  as  a  result,  they  have  found  a  dehydrating  agent  which  is  less  poisonous  and  which  controls  the  production 

of  by-products.  In  consequence,  a  process  for  producing  a  polyisoimide  of  the  present  invention  has  been 
completed.  That  is,  a  process  for  producing  a  polyisoimide  according  to  the  present  invention  is  character- 
ized  by  using  a  dihyroquinoline  derivative  represented  by  the  formula 

(wherein  each  R1  and  R2  is  independently  a  monovalent  organic  group  having  1  to  8  carbon  atoms) 
45  as  a  dehydrating  agent  in  producing  the  polyisoimide  by  dehydrating  a  polyamic  acid. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  shows  infrared  absorption  spectra,  and  the  curve  A  is  the  infrared  absorption  spectrum  of  a 
50  polyamic  acid  and  the  curve  B  is  the  infrared  absorption  spectrum  of  a  polyisoimide. 

Fig.  2  shows  the  infrared  absorption  spectrum  of  a  polyimide. 

DETAILED  DESCRIPTION  OF  THE  INVENTION 

55  A  polyamic  acid  which  can  be  used  in  the  present  invention  is  an  organic  solvent-soluble  compound 
represented  by  the  formula 
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- \ -   0  C - R 3   - C   O - N H - R 4   - N H - j —   ( 2 )  

II  0  0  C  0  0  II  n 

5 

(wherein  R3  is  a  tetravalent  organic  group,  R+  is  a  divalent  organic  group,  and  n  is  an  positive  integer). 
A  dihyroquinoline  derivative  which  can  be  used  in  the  process  of  the  present  invention  is  represented 

by  the  formula  (1).  Typical  examples  of  the  dihyroquinoline  derivative  include  N-methoxycarbonyl-2- 
io  methoxy-1  ,2-dihydroquinoline,  N-methoxycarbonyl-2-ethoxy-1  ,2-dihydroquinoline,  N-ethoxycarbonyl-2- 

methoxy-1  ,2-dihydroquinoline,  N-ethoxycarbonyl-2-ethoxy-1  ,2-dihydroquinoline,  N-propoxycarbonyl-2-propox 
y-1  ,2-dihydroquinoline,  N-isobutoxycarbonyl-2-methoxy-1  ,2-dihydroquinoline,  N-isobutoxycarbonyl-2-ethoxy- 
1  ,2-dihydroquinoline,  N-isobutoxycarbonyl-2-isobutoxy-1  ,2-dihydroquinoline  and  N-pentoxycarbonyl-2- 
pentoxy-1  ,2-dihydroquinoline,  but  they  are  not  always  limited. 

is  According  to  the  process  of  the  present  invention,  the  dihydroquinoline  derivative  is  added  to  a  solution 
formed  by  dissolving  the  polyamic  acid  in  an  organic  solvent,  thereby  obtaining  a  polyisoimide.  This 
reaction  is  as  follows. 

20 
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(wherein  R1,  R2,  R3  and  R+  are  as  defined  above). 
Carbon  dioxide  which  is  a  by-product  is  removed  in  the  state  of  a  gas  from  the  system,  and  an  alcohol 

50  and  quinoline  are  dissolved  in  the  solvent  and  so  it  is  not  necessary  to  remove  them  on  purpose.  A  reaction 
temperature  is  from  0  to  100°C,  preferably  from  10  to  50  °C.  With  regard  to  the  amount  of  the 
dihydroquinoline  derivative  which  is  added  to  the  polyamic  acid,  the  dihydroquinoline  derivative  is  added  in 
an  amount  of  two  molecules  thereof  with  respect  to  one  repeating  unit  of  amic  acid,  and  in  this  case,  all  of 
the  polyamic  acid  can  be  theoretically  converted  into  the  polyisoimide.  However,  the  dihydroquinoline 

55  derivative  can  be  used  in  an  excessive  amount  without  any  problem,  and  it  can  also  be  used  in  a  small 
amount  but  in  this  case,  a  polymer  is  obtained  in  which  the  isoimide  repeating  units  and  the  amic  acid 
repeating  units  are  together  present.  Depending  upon  reaction  conditions,  the  produced  isoimide  is  partially 
converted  into  an  imide,  and  as  a  result,  a  polymer  containing  the  imide,  the  isoimide  and  the  amic  acid 

3 
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repeating  units  is  produced  on  occasion. 
The  thus  obtained  polyisoimide  solution  is  then  applied,  as  a  coating  solution,  onto  substrates  such  as 

glass  plates,  copper  plates,  aluminum  plates  or  silicon  wafers,  and  it  is  then  calcined  at  a  temperature  of 
from  150  to  400  °C,  whereby  the  cured  film  of  a  polyimide  represented  by  the  following  reaction  formula 

5  can  be  obtained: 
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(wherein  R3  and  R+  are  as  defined  above). 
Furthermore,  when  a  compound  having  an  active  hydrogen  such  as  an  amine,  a  carboxylic  acid  or  an 

35  alcohol  is  added  to  a  solution  containing  the  polyisoimide  obtained  by  the  process  of  the  present  invention 
and  when  suitable  reaction  conditions  are  maintained,  industrially  useful  various  compounds  can  be 
obtained. 

In  the  process  of  the  present  invention,  the  polyamic  acid  can  usually  be  synthesized  by  reacting  a 
tetracarboxylic  acid  dianhydride  with  a  diamine  in  the  organic  solvent. 

40  Examples  of  the  tetracarboxylic  acid  dianhydride  include  the  following  compounds,  but  they  are  not 
always  limited. 

Typical  examples  of  the  tetracarboxylic  acid  dianhydride  include  aromatic  tetracarboxylic  acid  dian- 
hydrides  such  as  pyromellitic  acid  dianhydride,  3,3',4,4'-biphenyltetracarboxylic  acid  dianhydride,  2,2',3,3'- 
biphenyltetracarboxylic  acid  dianhydride,  2,3,3',4'-biphenyltetracarboxylic  acid  dianhydride,  3,3',4,4'-ben- 

45  zophenonetetracarboxylic  acid  dianhydride,  2,3,3',4'-benzophenonetetracarboxylic  acid  dianhydride, 
2,2',3,3'-benzophenonetetracarboxylic  acid  dianhydride,  bis(3,4-dicarboxylyphenyl)  ether  dianhydride,  bis- 
(3,4-dicarboxylphenyl)sulfone  dianhydride,  1  ,2,5,6-naphthalenetetracarboxylic  acid  dianhydride,  2,3,6,7- 
naphthalenetetracarboxylic  acid  dianhydride  and  2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane  dian- 
hydride;  alicyclic  tetracarboxylic  acid  dianhydrides  such  as  cyclobutanetetracarboxylic  acid  dianhydride  and 

50  methylcyclobutanetetracarboxylic  acid  dianhydride;  and  an  aliphatic  tetracarboxylic  acid  dianhydride  such 
as  1  ,2,3,4-tetracarboxybutane  dianhydride. 

Examples  of  the  diamine  include  the  following  compounds,  but  they  are  not  always  limited.  Typical 
examples  of  the  diamine  include  aromatic  diamines  such  as  4,4'-diamino  diphenyl  ether,  4,4'-dia- 
minodiphenylmethane,  4,4'-diaminodiphenylsulfone,  3,3'-diaminodiphenylsulfone,  4,4'-diaminodiphenyl  sul- 

55  fide,  4,4'-di(meta-aminophenoxy)diphenylsulfone,  4,4'-di(para-aminophenoxy)diphenylsulfone,  ortho- 
phenylenediamine,  meta-phenylenediamine,  para-phenylenediamine,  benzidine,  3,3'-diaminobenzophenone, 
4,4'-diaminobenzophenone,  4,4'-diaminodiphenyl-2,2'-propane,  1  ,5-diaminonaphthalene,  1  ,8-diaminonaph- 
thalene,  3,4'-diamino  diphenyl  ether,  4,4'-bis(4-aminophenoxy)biphenyl,  2,2-bis[4-(4-aminophenoxy)phenyl]- 

4 
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hexafluoropropane,  1  ,4-bis(4-aminophenoxy)benzene,  1  ,3-bis(4-aminophenoxy)benzene,  1  ,3-bis(3- 
aminophenoxy)benzene,  4,4'-diamino-3,3'-diethyl-5,5'-dimethyldiphenylmethane,  4,4'-diamino-3,3',5,5'- 
tetramethyldiphenylmethane,  1  ,4-diaminotoluene,  meta-xylylenediamine  and  2,2'-dimethylbenzidine;  al- 
iphatic  diamines  such  as  trimethylenediamine,  tetramethylenediamine,  hexamethylenediamine,  4,4-dimethyl- 
heptamethylenediamine  and  2,1  1-dodecadiamine;  silicon  diamines  such  as  bis(p-aminophenoxy)- 
dimethylsilane  and  1  ,4-bis(3-aminopropyldimethylsilyl)benzene;  alicyclic  diamines  such  as  1,4-dia- 
minocyclohexane,  bis(4-aminocyclohexcyl)methane  and  isophoronediamine;  and  guanamines  such  as  ac- 
etoguanamine  and  benzoguanamine. 

Examples  of  a  diaminopolysiloxane  include  the  following  compounds: 

CHg  C H g  

NH2  -   ( C H 2   )  3  —   i - O ^ - S   i  ( C H 2   )  g  - N H  

CH«  C H 0  

CHg  C H g  

NH2  -   ( C H 2   )  4  —   es  i - 0 ) ^ - S   i  ( C H 2   )  4  - N H  

CH0  C H 0  



EP  0  490  364  A2 

Hg  C  

NHn  " 

C H q  

■fS  i -  

C H q  

■Oh 

3 

? H 3  

C H g  

C H ,  

N H ,  

?2  H5  ?2  H5  

N H r  ( C H 2   )  g  —   i - 0 ) p - S   i  ( C H 2   ) 

C2  H5  C 2 H 5  



EP  0  490  364  A2 

s  NH2   (S  i - 0 ) p - S   i - © - N H 2  

70 
(wherein  p  is  a  value  of  from  1  to  100). 

In  the  process  of  the  present  invention,  preferable  examples  of  the  solvent  (hereinafter  referred  to  as 
"reaction  solvent"  at  times)  for  the  synthesis  of  the  polyamic  acid  by  the  reaction  of  the  tetracarboxylic  acid 
dianhydride  and  the  diamine  include  N-methyl-2-pyrrolidone,  N,N-dimethylacetamide,  N,N-dimethylfor- 

75  mamide,  dimethyl  sulfoxide,  tetramethylurea,  pyridine,  hexamethylphosphoramide,  methylformamide,  N- 
acetyl-2-pyrrolidone,  2-methoxyethanol,  2-ethoxyethanol,  2-butoxyethanol,  diethylene  glycol  monomethyl 
ether,  diethylene  glycol  monoethyl  ether,  diethylene  glycol  monobutyl  ether,  cyclopentanone,  cyclohex- 
anone,  cresol,  7-butyrolactone,  isophorone,  N,N-diethylacetamide,  N,N-diethylformamide,  N,N-dimethyl- 
methoxyacetamide,  tetrahydrofuran,  N-acetyl-2-pyrrolidone,  N-methyl-e-caprolactam,  tetrahydrothiophene 

20  dioxide  and  sulpholane.  Moreover,  the  above-mentioned  reaction  can  also  be  carried  out  in  a  mixed  solvent 
which  can  be  obtained  by  mixing  two  or  more  of  these  organic  solvents.  In  addition,  the  above-mentioned 
preferable  organic  solvent  can  be  diluted  with  another  non-protonic  (neutral)  organic  solvent  such  as  an 
aromatic,  alicyclic  or  aliphatic  hydrocarbon,  its  chlorinated  derivative  (e.g.,  benzene,  toluene,  xylene, 
cyclohexane,  pentane,  hexane,  petroleum  ether  or  methylene  chloride),  or  dioxane. 

25  The  process  of  the  present  invention  utilizes  the  dihydroquinoline  derivative,  and  therefore  the 
industrially  useful  polyisoimide  can  be  prepared  more  easily  and  more  safely  as  compared  with  conven- 
tional  methods.  Furthermore,  since  the  reaction  solution  is  uniform  and  free  from  corrosive  compounds  such 
as  halogens,  the  removal  of  by-products  is  not  required.  Accordingly,  the  reaction  solution  can  be  used 
directly  as  a  coating  solution. 

30 
[Examples] 

Now,  the  present  invention  will  be  described  in  more  detail  in  reference  to  examples,  but  the  scope  of 
the  present  invention  should  not  be  limited  by  these  examples. 

35 
Example  1 

A  1  -liter  flask  equipped  with  a  stirrer,  a  dropping  funnel,  a  thermometer,  a  condenser  and  a  nitrogen 
replacement  device  was  fixed  in  cold  water.  The  atmosphere  in  the  flask  was  then  replaced  with  a  nitrogen 

40  gas.  Afterward,  500  g  of  dehydrated  and  purified  N-methyl-2-pyrrolidone  (hereinafter  referred  to  simply  as 
"NMP"),  21.92  g  (0.109  mol)  of  4,4'-diamino  diphenyl  ether  and  35.28  g  (0.109  mol)  of  3,3',4,4'- 
benzophenonetetracarboxylic  acid  dianhydride  were  placed  in  the  flask,  and  reaction  was  then  carried  out  at 
a  temperature  of  from  20  to  30  °C  for  5  hours  to  obtain  a  polyamic  acid  solution.  The  logarithmic  viscosity 
number  of  this  polyamic  acid  was  1.2  dl/g. 

45  Next,  43.13  g  (0.17  mol)  of  N-ethoxycarbonyl-2-ethoxy-1  ,2-dihyroquinoline  (hereinafter  referred  to 
simply  as  "EEDQ")  was  added  to  this  solution,  and  reaction  was  then  carried  out  at  a  temperature  of  from 
10  to  20  °C  for  3  hours,  whereby  a  carbon  dioxide  gas  was  generated  vigorously,  and  a  yellow  and 
transparent  solution  containing  a  polyisoimide  having  a  logarithmic  viscosity  number  of  1.3  was  obtained. 

Silicon  wafers  were  spin-coated  with  each  of  the  previously  sampled  polyamic  acid  solution  and  the 
50  polyisoimide  solution,  and  each  of  the  solutions  on  the  wafers  was  dried  at  ordinary  temperature  under 

reduced  pressure  to  form  a  film  of  the  polyamic  acid  and  a  film  of  the  polyisoimide  on  the  silicon  wafers. 
Parts  of  these  films  were  peeled  from  the  wafers,  and  infrared  absorption  spectra  were  then  measured  for 
the  parts  of  the  films.  The  results  are  shown  with  Fig.  1A  (polyamic  acid)  and  Fig.  1B  (polyisoimide). 

Furthermore,  the  polyisoimide  film  was  calcined  at  350  °C  for  1  hour  in  an  oven  to  form  a  polyimide 
55  film,  and  the  infrared  absorption  spectra  of  the  polyimide  film  were  shown  in  Fig.  2  (polyimide).  Fig.  1  A  was 

compared  with  Fig.  1B.  In  Fig.  1B,  the  absorption  of  the  isoimide  appeared  at  1800-1,  and  thus  it  is  definite 
that  the  polyisoimide  was  produced  by  the  process  of  the  present  invention.  In  addition,  as  shown  in  Fig.  2, 
it  is  perceived  that  the  polyisoimide  was  converted  into  the  polyimide  by  the  calcination. 

7 
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In  the  present  invention,  the  logarithmic  viscosity  number  (7)inh)can  be  defined  by  the  formula 

I n   7?  /   77  Q 

71  i n h "  

C 

io  (wherein  r\  is  a  value  obtained  by  measuring  a  polyamic  acid  having  a  concentration  of  0.5  g/cl  in  a  solvent 
having  the  same  composition  as  in  the  polymerization  solvent  at  a  temperature  of  30±0.01  °  C  by  the  use  of 
a  Ubbelohde's  viscometer,  tjo  is  a  measured  value  of  the  same  solvent  having  the  same  temperature  by  the 
use  of  the  Ubbelohde's  viscometer,  and  C  is  a  concentration  of  0.5  g/dl). 

75  Example  2 

500  g  of  N,N-dimethylacetamide  (hereinafter  referred  to  as  "DMAC"),  13.89  g  (0.0559  mol)  of  3,3'- 
diaminodiphenylsulfone  and  18.02  g  (0.0559  mol)  of  3,3',4,4'-benzophenonetetracarboxylic  acid  dianhydride 
were  mixed  by  the  same  device  and  the  same  procedure  as  in  Example  1  ,  and  reaction  was  then  carried 

20  out  at  a  temperature  of  from  40  to  50°  C  for  10  hours  to  obtain  a  solution  containing  a  polyamic  acid  having 
a  logarithmic  viscosity  number  of  0.33  dl/g.  Afterward,  27.65  g  (0.112  mol)  of  EEDQ  was  added  to  this 
solution,  and  reaction  was  then  carried  out  at  a  temperature  of  from  20  to  30  °C  for  1  hour,  whereby  a 
carbon  dioxide  gas  was  generated  vigorously  and  a  yellow  and  transparent  solution  containing  a 
polyisoimide  having  a  logarithmic  viscosity  number  of  0.48  dl/g  was  obtained.  Silicon  wafers  were  spin- 

25  coated  with  the  obtained  polyisoimide  solution,  and  the  solution  of  the  wafers  was  dried  at  ordinary 
temperature  under  reduced  pressure  to  form  films  thereon.  For  these  films,  infrared  absorption  spectra  were 
measured,  and  an  absorption  was  observed  at  1800  cm-1  and  it  was  confirmed  that  the  film  was  a  polymer 
containing  an  isoimide  group. 

30  Example  3 

500  g  of  dimethylcarbitol,  25.11  g  (0.0779  mol)  of  3,3',4,4'-benzophenonetetracarboxylic  acid  dian- 
hydride  and  15.48  g  (0.0623  mol)  of  3,3'-diaminodiphenylsulfone  and  14.96  g  (0.0159  mol)  of  co-co'-bis-(3- 
aminopropyl)polydimethylsiloxane  (molecular  weight  960)  were  mixed  by  the  same  device  and  the  same 

35  procedure  as  in  Example  1,  and  reaction  was  then  carried  out  at  a  temperature  of  from  30  to  40  °C  for  10 
hours  to  obtain  a  solution  containing  a  polyamic  acid  having  a  logarithmic  viscosity  number  of  0.47  dl/g. 
Afterward,  34.68  g  (0.140  mol)  of  EEDQ  was  added  to  this  solution,  and  reaction  was  then  carried  out  at  a 
temperature  of  from  40  to  50  °  C  for  3  hours,  whereby  a  carbon  dioxide  gas  was  generated  vigorously  and  a 
yellow  and  transparent  solution  containing  a  polyisoimide  having  a  logarithmic  viscosity  number  of  0.52  dl/g 

40  was  obtained.  This  solution  was  treated  in  the  same  manner  as  in  Example  2  to  form  a  film,  and  for  this 
film,  an  infrared  absorption  spectrum  was  measured,  and  an  absorption  was  observed  at  1800  cm-1  and  it 
was  confirmed  that  the  film  was  a  polymer  containing  an  isoimide  group. 

Example  4 
45 

500  g  of  dimethylcarbitol,  47.94  g  (0.108  mol)  of  hexafluoroisopropylidene-2,2-bis(phthalic  anhydride) 
and  40.30  g  (0.0982  mol)  of  2,2-bis[4-(aminophenoxy)phenylhexafluoropropane  were  mixed  by  the  same 
device  and  the  same  procedure  as  in  Example  1,  and  reaction  was  then  carried  out  at  a  temperature  of 
from  20  to  30  °C  for  20  hours  to  obtain  a  solution  containing  a  polyamic  acid  having  a  logarithmic  viscosity 

50  number  of  0.37  dl/g.  Afterward,  46.14  g  (0.187  mol)  of  EEDQ  was  added  to  this  solution,  and  reaction  was 
then  carried  out  at  a  temperature  of  from  10  to  20  °C  for  30  minutes,  whereby  a  carbon  dioxide  gas  was 
generated  vigorously  and  a  yellow  and  transparent  solution  containing  a  polyisoimide  having  a  logarithmic 
viscosity  number  of  0.46  dl/g  was  obtained.  This  solution  was  treated  in  the  same  manner  as  in  Example  2 
to  form  a  film,  and  for  this  film,  an  infrared  absorption  spectrum  was  measured,  so  that  an  absorption  was 

55  observed  at  1800  cm-1  and  it  was  confirmed  that  the  film  was  a  polymer  containing  an  isoimide  group. 

Example  5 

8 
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500  g  of  DMAC,  52.76  g  (0.264  mol)  of  4,4'-diamino  diphenyl  ether,  53.88  g  (0.247  mol)  of  pyromellitic 
acid  dianhydride  and  4.89  g  (0.033  mol)  of  phthalic  anhydride  were  mixed  by  the  same  device  and  the 
same  procedure  as  in  Example  1  ,  and  reaction  was  then  carried  out  at  a  temperature  of  from  20  to  30  °  C 
for  5  hours  to  obtain  a  solution  containing  a  polyamic  acid  having  a  logarithmic  viscosity  number  of  0.69 

5  dl/g.  Afterward,  73.30  g  (0.296  mol)  of  EEDQ  was  added  to  this  solution,  and  reaction  was  then  carried  out 
at  a  temperature  of  from  30  to  40  °C  for  10  hours,  whereby  a  carbon  dioxide  gas  was  generated  vigorously 
and  a  yellow  and  transparent  solution  containing  a  polyisoimide  having  a  logarithmic  viscosity  number  of 
0.72  dl/g  was  obtained.  This  solution  was  treated  in  the  same  manner  as  in  Example  2  to  form  a  film,  and 
for  this  film,  an  infrared  absorption  spectrum  was  measured,  so  that  an  absorption  was  observed  at  1800 

io  cm-1  and  it  was  confirmed  that  the  film  was  a  polymer  containing  an  isoimide  group. 

Example  6 

500  g  of  NMP,  15.78  g  (0.146  mol)  of  p-phenylenediamine,  1.94  g  (0.0208  mol)  of  aniline  and  50.35  g 
is  (0.156  mol)  of  3,3',4,4'-benzophenonetetracarboxylic  acid  dianhydride  were  mixed  by  the  same  device  and 

the  same  procedure  as  in  Example  1,  and  reaction  was  then  carried  out  at  a  temperature  of  from  30  to 
40  °C  for  20  hours  to  obtain  a  solution  containing  a  polyamic  acid  having  a  logarithmic  viscosity  number  of 
0.63  dl/g.  Afterward,  75.68  g  (0.250  mol)  of  N-isobutoxycarbonyl-2-isobutoxy-1  ,2-dihydroquinolinewas  added 
to  this  solution,  and  reaction  was  then  carried  out  at  a  temperature  of  from  10  to  20°  C  for  2  hours,  whereby 

20  a  carbon  dioxide  gas  was  generated  vigorously  and  a  yellow  and  transparent  solution  containing  a 
polyisoimide  having  a  logarithmic  viscosity  number  of  0.68  dl/g  was  obtained.  This  solution  was  treated  in 
the  same  manner  as  in  Example  2  to  form  a  film,  and  for  this  film,  an  infrared  absorption  spectrum  was 
measured,  so  that  an  absorption  was  observed  at  1800  cm-1  and  it  was  confirmed  that  the  film  was  a 
polymer  containing  an  isoimide  group. 

25 
Example  7 

500  g  of  NMP,  93.24  g  (0.301  mol)  of  4,4'-oxydiphthalic  acid  anhydride,  6.55  g  (0.0668  mol)  of  maleic 
anhydride  and  66.86  g  (0.334  mol)  of  4,4'-diamino  diphenyl  ether  were  mixed  by  the  same  device  and  the 

30  same  procedure  as  in  Example  1  ,  and  reaction  was  then  carried  out  at  a  temperature  of  from  20  to  30  °  C 
for  10  hours  to  obtain  a  solution  containing  a  polyamic  acid  having  a  logarithmic  viscosity  number  of  0.41 
dl/g.  Afterward,  165.5  g  (0.602  mol)  of  N-isobutoxycarbonyl-2-ethoxy-1  ,2-dihydroquinoline  was  added  to  this 
solution,  and  reaction  was  then  carried  out  at  a  temperature  of  from  5  to  15°  C  for  3  hours,  whereby  a 
carbon  dioxide  gas  was  generated  vigorously  and  a  yellow  and  transparent  solution  containing  a 

35  polyisoimide  having  a  logarithmic  viscosity  number  of  0.44  dl/g  was  obtained.  This  solution  was  treated  in 
the  same  manner  as  in  Example  2  to  form  a  film,  and  for  this  film,  an  infrared  absorption  spectrum  was 
measured,  so  that  an  absorption  was  observed  at  1800  cm-1  and  it  was  confirmed  that  the  film  was  a 
polymer  containing  an  isoimide  group. 

40  Claims 

1.  A  process  for  producing  a  polyisoimide  which  is  characterized  by  comprising  the  step  of  using  a 
dihyroquinoline  derivative  represented  by  the  formula 

45 

O R '  d  ) 
50 c  =  o  

O R  

55  (wherein  each  R1  and  R2  is  independently  a  monovalent  organic  group  having  1  to  8  carbon  atoms) 
as  a  dehydrating  agent  in  producing  the  polyisoimide  by  dehydrating  a  polyamic  acid. 

2.  A  process  for  producing  a  polyisoimide  which  is  characterized  by  comprising  the  steps  of  reacting  a 

9 
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tetracarboxylic  acid  dianhydride  with  a  diamine  in  an  organic  solvent  to  form  a  polyamic  acid  solution, 
and  then  adding,  to  this  solution,  a  dihydroquinoline  derivative  represented  by  the  formula 

O R '  
(1 

10 

c  =  o  
1  1 

0  R  

(wherein  each  R1  and  R2  is  independently  a  monovalent  organic  group  having  1  to  8  carbon  atoms) 
to  carry  out  reaction. 
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