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Synthesis and Characterization of Reactive End-Capped 
Polymide Oligomers 

F. W. Harris*, A. Pamidimukkala, R. Gupta, 
S .  Das, T. Wu** and G. Mock** 

Department of Chemistry 
Wright State U n i v e r s i t y  
Dayton, Ohio 45435 
**IBM Research Laboratory 
5600 C o t t l e  Road 
San J o s e ,  C a l i f o r n i a  

ABSTRACT 

A series of r e a c t i v e ,  end-capped, polyimide ol igomers  h a s  been 
prepared f o r  p o s s i b l e  u s e  as  p l a n a r i z i n g  c o a t i n g s  i n  t h e  e l e c t r o n i c s  
indus t ry .  Thus, 1,3-bis(3-aminophenoxy)benzene w a s  t r e a t e d  w i t h  
v a r i o u s  excess  amounts of 2,2-bis(3,4-dicarboxyphenyl)hexafluoro- 
propane d ianhydr ide  i n  m-cresol c o n t a i n i n g  t o l u e n e  and i s o q u i n o l i n e .  
The r e s u l t i n g  anhydride- terminated amic-acid ol igomers  were thermal- 
l y  imidized and then  allowed t o  r e a c t  w i t h  3-aminophenylethyne, 
l-phenyl-4-(3-aminophenyl)buta-l-ene-3-yne, l-phenyl-4-(3-amino- 
phenyl)-l,3-butadiyne, 2-aminobiphenylene , o r  1-phenyl-2- (3-amino- 
pheny1)ethyne. Thermal i m i d i z a t i o n  of  t h e s e  i n t e r m e d i a t e s  produced 
t h e  corresponding end-capped polyimide ol igomers .  The whi te  o l igo-  
mers w e r e  s o l u b l e  i n  organic  s o l v e n t s ,  such as diglyme, and had 
g l a s s  t r a n s i t i o n  temperatures  ( T g ' s )  between 95 and 145°C. The Tg 
of an ethynyl- terminated oligomer w a s  reduced from 105 t o  62°C upon 
t h e  i n c o r p o r a t i o n  of 20 w t  % of t h e  r e a c t i v e  p l a s t i c i z e r  bis[2-(3-  
ethynylphenoxyjethy?.]ether. The ol igomers  underwent exothermic 
polymer iza t ions  between 225 and 420°C. 
5% weight l o s s e s  near  530°C i n  a i r .  

Thei r  TGA thermograms showed 
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1118 HARRIS ET AL. 

INTRODUCTION 

The development of very l a r g e  scale i n t e g r a t i o n  c i r c u i t s  h a s  

c rea ted  a need i n  t h e  m i c r o e l e c t r o n i c s  i n d u s t r y  f o r  new d i e l e c t r i c  

i n s u l a t i n g  materials. 

tliese materials must d i s p l a y  e x c e l l e n t  thermal  s t a b i l i t y ,  low mois- 

t u r e  uptake,  and high s o f t e n i n g  temperatures .  

t i v e l y  p l a n a r i z e  t h e  underlying metal sur face .  The l e a d i n g  candi-  

d a t e s  f o r  t h i s  a p p l i c a t i o n  are t h e  polyimides (1-3) and t h e  poly- 

imide isoindoloquinazolinediones (4-6). They are a p p l i e d  i n  solu- 

t i o n  i n  t h e  form of t h e i r  polyamic a c i d  p r e c u r s o r s  by a s p i n  coa t -  

ing process .  The t h i n  c o a t i n g s  are then hea ted  t o  remove r e s i d u a l  

so lvent  and t o  a f f e c t  imid iza t ion .  Severa l  problems, however, are 

a s s o c i a t e d  wi th  t h i s  approach. For example, s l i g h t  v a r i a t i o n s  in 

t h e  h e a t i n g  c y c l e  can a f f e c t  t h e  r e s i n s '  p r o p e r t i e s  ( 2 ) .  The polymers 

a l s o  do n o t  provide complete p l a n a r i z a t i o n ( 3 ) .  

I n  a d d i t i o n  t o  low d i e l e c t r i c  c o n s t a n t s ,  

They must a l s o  e f f e c -  

Many of t h e s e  problems could b e  solved through t h e  development 

of a s o l u b l e ,  fu l ly- imidized ,  polyimide oligomer t h a t  could b e  

thermally cured.  In f a c t ,  Thermid 600 , an  ethynyl- terminated poly- 

imide r e s i n ,  has  been i n v e s t i g a t e d  f o r  t h i s  purpose (7). T h i s  r e s i n ,  

however, does n o t  undergo s u f f i c i e n t  f low before  t h e  i n i t i a t i o n  of 

t h e  c u r e  process .  Thus, b e f o r e  t h i s  type of r e s i n  can be u t i l i z e d ,  

t h e  temperature  d i f f e r e n c e  between t h e  f low temperature  and t h e  c u r e  

temperature ,  i. e. t h e  "processing window," must b e  increased .  The 

o v e r a l l  goa l  of t h i s  research  w a s  t o  prepare  end-capped polyimide 

oligomers t h a t  undergo f low a t  lower tempera tures  andfor  c u r e  a t  

h igher  temperatures  than  t h e  c u r r e n t  s ta te -of - the-ar t  r e s i n s .  Flow 

temperatures  were to b e  decreased through t h e  u s e  of 2,2-bis(3,4-di- 
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REACTIVE END-CAPPED POLYMIDE OLIGOMERS 1119 

carboxypheny1)hexafluoropropane dianhydr ide ,  which i s  a more f l e x -  

i b l e  molecule than t h e  3,3',4,4'-benzophenonetetracarboxylic dianhy- 

d r i d e  c u r r e n t l y  used,  and by t h e  u s e  of a r e a c t i v e  p l a s t i c i z e r .  

Cure tempera tures  w e r e  t o  b e  increased  by the u s e  of capping a g e n t s  

c o n t a i n i n g  enyne, 1. ,3-diyne, biphenylene,  and phenylethynyl  m o i e t i e s .  

The s p e c i f i c  o b j e c t i v e s  of t h i s  work w e r e :  ( a )  t o  s y n t h e s i z e  f o u r  

capping a g e n t s ,  i .e.,  l-phenyl-4-(3-aminophenyl)buta-l-ene-3- 

yne, l-phenyl-4-(3-aminophenyl)l-3-butadiyne, 2-aminobiphenylene, 

and l-phenyl-2-(3-aminophenyl)ethyne; (b)  t o  prepare  polyimide 

ol igomers  of 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane dianhy- 

d r i d e  and 1,3-bis(3-aminophenoxy)benzene end-capped w i t h  3-amino- 

phenylethyne and t h e  above agents ;  ( c )  t o  c h a r a c t e r i z e  t h e  ol igomers  

wi th  regard  t o  t h e i r  f low tempera tures  and e f f e c t i v e  c u r i n g  temper; 

a t u r e s ;  and (d) t o  s y n t h e s i z e  b i s  [2-(4-ethynylphenoxy) e thyl ]  e t h e r  

and t o  i n v e s t i g a t e  i t s  use  as  a r e a c t i v e  p l a s t i c i z e r .  

RESULTS AND DISCUSSION 

Synthes is  of End-Capping Agents 

The work w a s  i n i t i a t e d  wi th  t h e  s y n t h e s i s  of t h e  end-capping 

agent  3-aminophenylethyne (I). 
3-bromonitrobenzene according t o  t h e  known procedure (8). 

T h i s  material w a s  prepared from 

l-Phenyl-4-(3-aminophenyl)buta-l-ene-3-yne (E) w a s  ob- 

t a i n e d  from t h e  coupl ing r e a c t i o n  of 6-bromostyrene (g) with  I i n  

t h e  presence of a pal ladium c a t a l y s t  mixture .  The l i g h t  ye l low 

product  was p u r i f i e d  by s e v e r a l  r e c r y s t a l l i z a t i o n s  from aqueous 

e thanol .  
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1120 HARRIS ET AL . 

111 - I I II - 

Treatment of 2 w i t h  phenylbromoacetylene (x) i n  t h e  presence  

of a copper c a t a l y s t  gave l-phenyl-4-(3-aminophenyl)-l,3-butadiyne 

(I). Compound was obta ined  from t h e  r e a c t i o n  of phenylace ty lene  

wi th  bromine i n  t h e  presence  of b a s e  (9 ) .  

2-Aminobiphenylene (E) w a s  synthes ized  from biphenylene ac- 

cord ing  t o  t h e  p r e v i o u s l y  r e p o r t e d  procedure (10). Biphenylene w a s  

prepared by d i a z o t i z a t i o n  of a n t h r a n i l i c  a c i d  fol lowed by p y r o l y s i s  

of t h e  r e s u l t a n t  diazonium c a r b o x y l a t e  i n t e r m e d i a t e  (11). 

Y! 

Hydrogenation of l-phenyl-2-(3-nitrophenyl)ethyne (z) over  a 

ruthenium c a t a l y s t  a f f o r d e d  l-pheny1-2-(3-aminophenyl)ethyne (x). 
Compound g was obtained from t h e  r e a c t i o n  of 3-bromonitrobenzene 

(G) w i t h  phenylacetylene (m) i n  t h e  presence  of a pa l lad ium 

c a t a l y s t  mixture .  

3 - iodoace tan i l ide  w i t h  cuprous p h e n y l a c e t y l i d e  fol lowed by hydro- 

l y s i s .  T h i s  procedure.however, gave lower y i e l d s .  

Compound 5 w a s  a l s o  synthes ized  by t r e a t m e n t  of 
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REACTIVE END-CAPPED POLYMIDE OLIGOMERS 1121 

Monomers 

1,3-Bis(3-aminophenoxy)benzene (3) w a s  prepared by t h e  reac- 

t i o n  of t h e  disodium salt  of r e s o r c i n o l  wi th  fol lowed by hy- 

drogenat ion of t h e  r e s u l t i n g  d i n i t r o  in te rmedia te  (12 ) .  The whi te  

diamine w a s  r e c r y s t a l l i z e d  from aqueous e t h a n o l  immediately p r i o r  

t o  use.  

VII 

2,2-B i s  ( 3,4-d icarboxyp henyl ) hexaf l u o r  opropane dianhy d r  i d e  (E) 

w a s  e x t r a c t e d  from DuPont's NR-150-B2.@ (This  complex mixture  of 

monomers i s  no longer  commercially a v a i l a b l e ) .  

Synthes is  of Polyimide Oligomers 

Anhydride-terminated ol igomers  (=)were prepared by al lowing 

an excess  of X I I  t o  r e a c t  wi th  111. 
mally used. One r e a c t i o n  w a s  c a r r i e d  o u t  w i t h  a 4 t o  3 molar r a t i o  

i n  o r d e r  t o  o b t a i n  an  oligomer (m) with  a h igher  molecular  weight .  

The r e a c t i o n s  were c a r r i e d  o u t  i n  a hea ted  mixture  of m-cresol and 

to luene  conta in ing  i s o q u i n o l i n e .  The w a t e r  t h a t  formed dur ing  i m i -  

A 2 t o  1 molar excess w a s  nor- 

d i z a t i o n  w a s  d i s t i l l e d  from t h e  r e a c t i o n  v e s s e l  as  a water- toluene 

azeot rope .  Oligomer X I I I  w a s  then  t r e a t e d  w i t h  2, g, 1, E, and 

X under t h e  above c o n d i t i o n s  t o  a f f o r d  a new series of r e a c t i v e  

ol igomers  (XIV-XVIII). 

- 

The ol igomers  w e r e  whi te  powders t h a t  could b e  cast  i n t o  water- 

whi te  f i l m s  from diglyme s o l u t i o n s .  The I R  s p e c t r a  of t h e  ol igomers  

e x h i b i t e d  peaks a t  1720 cm-l and 1600 cm-l, c h a r a c t e r i s t i c  of car- 
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1122 HARRIS ET AL. 

bony1 and e the r  absorptions.  

which were determined by vapor pressure  osmometry, corresponded 

c lose ly  t o  the  theo re t i ca l  values. 

showed base l ine  s h i f t s  c h a r a c t e r i s t i c  of g l a s s  t r a n s i t i o n s  between 

105 and 1 4 5 O C  followed by polymerization exotherms with maxima be- 

tween 285 and 440°C (Table 1, Figure 1 ) .  

The number-average molecular weights,  

The oligomers DSC thermograms 

The oligomer's T g ' s  were dependent on molecular weight a s  

witnessed by the f a c t  t h a t  the  Tg of oligomer XIV increased from 

95 t o  105°C when the molecular weight was increased from 1,320 t o  

2,450. 

following order:  

The exotherrn maxima fo r  t h e  oligomers increased i n  the  

XIV (ethynyl) < (enyne) 2 - X V I I  (1,3-diyne) 

< X V I I I  (phenylethynyl) XVII  (biphenylene) 

OLIGOMER 
XIV 
xv 
- 
- 
X A  

X Z  

X U  
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w 
0 

ox3 -1* - OaN3 
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1124 HARRIS ET AL. 

Oligomer 

Oligomers XVII  and X V I I I  d i sp layed  broad exotherms, which made t h e  

de te rmina t ion  of the o n s e t  tempera ture  d i f f i c u l t .  A s  can b e  seen 

i n  Table  I, a l l  of t h e  ol igomers  d i s p l a y e d  broad process ing  windows. 

Visual  o b s e r v a t i o n s  made on a h o t - s t a g e  microscope r e v e a l e d  t h a t  

t h e  ol igomers  w e r e  completely l i q u i d  a t  tempera tures  40-50°C above 

t h e i r  T g ' s ,  which should f u r t h e r  f a c i l i t a t e  process ing .  

so luble  i n  diglyme, c h l o r i n a t e d  hydrocarbons, and a l i p h a t i c  ke tones ,  

which should a l low them t o  be a p p l i e d  by s p i n  c o a t i n g  techniques .  

They w e r e  

The ol igomers  d isp layed  e x c e l l e n t  thermal  s t a b i l i t y .  Thei r  TGA 

thermograms showed 5% weight l o s s e s  between 518 and 540°C i n  a i r .  

Although t h e s e  thermogramswerenearly i d e n t i c a l ,  a n  i so thermal  

aging s tudy conducted a t  316°C i n  c i r c u l a t i n g  a i r  showed t h a t  t h e  

1,3-diyne-terminated oligomer w a s  less s t a b l e  than  o l igomers  

Exotherm Process ing  Weight L o s s  

Enc T, Onset Maxima Window 5% 50% 

TABLE 1 

1329 
2450 
1428 
1455 
1379 
1481 

C h a r a c t e r i z a t i o n  of End-Capped, Polyimide Oligomers 

95 225 285 120 
105 225 265 80 
115 230 315 115 
145 235 310 90 
145 250-300 440 105-155 
120 225-250 420 105-130 

DSCa 1 T G A ~  

X I V a  
X I V b  
xv 
X V I  
X V I I  
X V I I I  

- 
- 
- 
- 
I_ 

535 608 

527 606 
540 608 
522 600 
51 8 607 

a Heat ing ra te  20"C/min i n  n i t r o g e n .  A l l  t empera tures  i n  "C. 

Heating rate 10°C/min i n  moist  a i r .  

Determined by membrane osmometry. 

Ext rapola ted  change i n  s lope .  
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REACTIVE END-CAPPED POLYMIDE OLIGOMERS 1125 

.% WEIGHT LOSS AFTER INJJICATED,HOURS 
Oligimer a 2 21 43 6 7  138 309 529 673 

- X I V a  2.2 2.7 3.9 4 . 1  4.5 8.8 15.2 19 .6  
__ X V I  3.1 4.0 5.1 6.6 9.8 18.8 30.7 36.4 
X V I I  3.3 4.0 5.1 5.2 6.2 8.4 13.3 1 6 . 7  
X V I I I  5.8 5 .5  6.7 6 . 5  7.6 11.0 17.8 21.8 
- 

-- X I I I ,  X V I I  and X I I I  (Table 2) .  

40% of i t s  weight i n  723 hours ,  as compared t o  t h e  20% weight  l o s s e s  

experienced by t h e  o t h e r  materials. 

This  oligomer l o s t  approximately 

723 

21.6 
38.8 
17.9 
23.5 

Study of Thermal Cure Condit ions 

I n  order  t o  determine t h e  c o n d i t i o n s  necessary  t o  c u r e  t h e  

ol igomers ,  they were subjec ted  t o  s e v e r a l  d i f f e r e n t  thermal  treat- 

ments (Table 3 ) .  

Although t h e  r e s i n ' s  Tg w a s  increased  from 

material became i n s o l u b l e ,  t h e s e  c o n d i t i o n s  d i d  n o t  r e s u l t  i n  a com- 

p l e t e  c u r e .  

s l i g h t  exotherm above i t s  Tg. 

when t h e  cur ing  t i m e  o r  temperature  w a s  increased .  Curing d i d  

appear  t o  be e s s e n t i a l l y  complete a f t e r  h e a t i n g  a t  275°C f o r  120 min. 

The Tg of t h e  r e s i n  t r e a t e d  i n  t h i s  manner (270'C) w a s  n o t  s i g n i f i -  

c a n t l y  d i f f e r e n t  from t h a t  of a sample hea ted  a t  300°C f o r  75 min. 

Thus, oligomer = w a s  hea ted  a t  275°C f o r  20 min. 

95 t o  205°C and t h e  

The t r e a t e d  o l igomer ' s  DSC thermogram s t i l l  showed a 

The Tg a l s o  cont inued t o  i n c r e a s e  

The Tg of t h e  1,3-diyne-terminated oligomer could n o t  b e  

d e t e c t e d  a f t e r  h e a t i n g  a t  275°C f o r  20 min. The sample d i d  show a 

weak exotherm above 300°C i n d i c a t i n g  t h a t  cur ing  w a s  n o t  complete. 

The exotherm w a s  reduced but  s t i l l  p r e s e n t  a f t e r  a sample w a s  hea ted  

a t  325°C f o r  20 min. A s l i g h t  b a s e l i n e  s h i f t  a l s o  appeared near  25OoC. 

TABLE 2 -- 
I so thermal  Aging a t  316°C i n  C i r c u l a t i n g  A i r  
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1126 HARRIS ET AL 

TABLE 3 

E f f e c t  of Curing Condit ions on Oligomers' T g ' s  

Cure Condi t ions  

Temp. T i m e  
01  igomer Tg ( "C)a ("c> Win)  Tg('C) 

- X I V a  95 275 20 195  
250 120 260 
275 120 2 70 
300 75 275 

~ XIVb 105 275 20 220 
~ 

-6 
X V I  145 275 20 None 

325 20 250 

- X V I I  145 350 20 195  
~~~~~ - 

X V I I I  120 350 20 190 

a 
Ext rapola ted  change i n  s lope  on DSC thermogram obta ined  under 
n i t r o g e n  wi th  a h e a t i n g  rate of 20°C/min. 

Could n o t  be d e t e c t e d  by DSC a n a l y s i s .  
b 

Heating t h e  biphenylene-terminated oligomer XVII  a t  275°C fo r  

20 min increased  t h e  Tg from 145 t o  170°C. 

200°C by h e a t i n g  a t  350°C for 20 min. The DSC thermogram of t h i s  

material s t i l l  showed a weak exotherm above 375°C. 

The Tg was r a i s e d  t o  nea 

The Tg of t h e  phenylethynyl-terminated oligomer X V I I I  increased 

s l i g h t l y  from 120 t o  145'C upon h e a t i n g  a t  275'C f o r  20 min. Heat in  

a t  350°C f o r  20 min produced a material wi th  a Tg near  190°C t h a t  

cont inued t o  c u r e  above 300°C. 

Synthes is  and Use of a React ive P l a s t i c i z e r  

It was p o s t u l a t e d  t h a t  t h e  ol igomers '  f l o w  p r o p e r t i e s  could b e  

enhanced through t h e  u s e  of r e a c t i v e  p l a s t i c i z e r s .  

phenoxy)e thyl ]  e t h e r  (E) w a s  s e l e c t e d  as  a s u i t a b l e  p l a s t i c i z e r  

Bis[Z-(4-ethynyl 
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REACTIVE END-CAPPED POLYMIDE OLIGOMERS 

c a n d i d a t e ,  and w a s  synthes ized  by t h e  fo l lowing  r o u t e :  

1127 

The DSC thermogram of XIX showed a mel t ing  endotherm w i t h  a 

minimum a t  96°C fol lowed by a polymer iza t ion  exotherm w i t h  a maximum 

near  240°C. The sample used t o  o b t a i n  t h i s  thermogram w a s  a l lowed 

t o  c o o l  t o  room tempera ture  i n  t h e  DSC ce l l  and then r e h e a t e d .  The 

DSC thermogram obta ined  w a s  e s s e n t i a l l y  l i n e a r  i n d i c a t i n g  t h a t  t h e  

polymer iza t ion  of  the e thynyl  groups w a s  complete. 

Various amounts of XIX and w e r e  d i s s o l v e d  i n  diglyme, 

s t i r r e d ,  and then  c o p r e c i p i t a t e d  i n  methanol. S o l i d  o l igomer-p las t i -  

c i z e r  mixtures  were prepared t h a t  conta ined  from 5 t o  20 w t  % XIX. 

The f a c t  t h a t  t h e  mixtures  d i s p l a y e d  only one Tg,  which ranged from 

100 t o  62OC, i n d i c a t e s  t h a t  t h e  components were compatible  (Table  4 ) .  

CONCLUSIONS 

Soluble ,  thermal ly-s tab le ,  polyimide o l igomers  of 2 ,2-bis(3,4-  

dicarboxypheny1)hexafluoropropane dianhydr ide  and 1,3-bis(3-amino- 

phenoxybenzene) t h a t  are end-capped w i t h  l a t e n t  c r o s s l i n k i n g  sites 

can be  prepared .  These o l igomers  w i l l  s o f t e n  and f l o w  a t  tempera- 

t u r e s  cons iderably  below t h o s e  needed t o  a f f e c t  t h e i r  thermal  c u r e .  

Thei r  f low tempera tures  can be  decreased  through t h e  use  of a com- 
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1128 HARRIS ET AL. 

TABLE 4 

E f f e c t  of P l a s t i c i z e r  on t h e  Tg 
Oligomer 

of t h e  Ethynyl- terminated 

Exotherm ( " C )  
a 

Sample W t .  % Extrapola ted  

X I V b  0 105 200 265 
X I V b - 1  5 100 200 2 70 
X I W - 2  10 8 7  175 265 
X I V b - 3  1 5  8 2  175  262 
X I V b - 4  20 62 175  265 

No. P l a s t i c i z e r  & Onset Maximum 

- 

a Ext rapola ted  change i n  s l o p e  on DSC thermogram obta ined  under  
n i t r o g e n  with a h e a t i n g  r a t e  of 2O0C/min. 

p a t i b l e ,  r e a c t i v e  p l a s t i c i z e r .  T h e i r  c u r e  tempera tures  can be  var-  

i e d  from 250 t o  350°C by employing d i f f e r e n t  end-capping groups.  

Although b r i e f  thermal  t r e a t m e n t s  r e s u l t  i n  t h e i r  i n s o l u b i l i t y  i n  

organic  s o l v e n t s ,  t h e  r e s i n s '  c r o s s l i n k  d e n s i t i e s  cont inue  t o  in- 

c r e a s e  a s  t h e  h e a t i n g  times are increased .  The r e s i n s  must b e  

hea ted  f o r  s e v e r a l  h o u r s  b e f o r e  c u r i n g  i s  complete ,  and t h e i r  T g ' s  

reach  t h e  c u r e  temperature .  

s t a b l e  and are formed wi thout  t h e  e v o l u t i o n  of v o l a t i l e  by-products .  

The genera ted  c r o s s l i n k s  are thermal ly  

EXPERIMENTAL 

Ins t rumenta t ion .  I n f r a r e d  (IR) s p e c t r a  w e r e  ob ta ined  w i t h  Perk in  

E l m e r  457 and 1330 spec t rometers .  Nuclear  magnetic resonance (NMR) 

s p e c t r a  were obta ined  w i t h  a Varian EM-360-A spec t rometer .  A l l  s a m -  

p l e s  were run in  d u e t e r a t e d  chloroform a t  approximately 10% (w/v) 

c o n c e n t r a t i o n  us ing  t e t r a m e t h y l  s i l a n e  a s  an i n t e r n a l  s t a n d a r d .  

D i f f e r  en t i a l  scann ing  c a l o r  i m e  t r  i c  (DSC ) t hermograms were o b t a i n e d  
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1129 REACTIVE END-CAPPED POLYMIDE OLIGOMERS 

w i t h  a DuPont 900 thermal  a n a l y z e r  equipped wi th  a d i f f e r e n t i a l  

scanning c a l o r i m e t r i c  c e l l .  Thermogravimetric a n a l y s i s  (TGA) t h e r -  

mograms w e r e  ob ta ined  wi th  a DuPont 990 thermal  ana lyzer .  

average molecular weights  were determined us ing  a Perk in  E l m e r  Model 

115  vapor p r e s s u r e  osmometer. 

G a l b r a i t h  L a b o r a t o r i e s ,  Knoxvi l le ,  TN. 

3-Aminophenylethyne (I). Treatment of m-bromonitrobenzene wi th  2- 

methyl-3-butyn-2-01 i n  t h e  presence of a pal ladium c a t a l y s t  mixture  

gave 2-methy1-4-(3-nitrophenyl)-3-butyn-2-01. Hydrogenation of t h e  

n i t r o  in te rmedia te  over a ruthenium c a t a l y s t  followed by h y d r o l y s i s  

according t o  t h e  known procedure (8)  a f f o r d e d  t h e  l igh t -ye l low v i s -  

cous l i q u i d ,  bp 4 5 5 0 ° C  (0.15mm), [lit. (8)  4OoC (0.06mm)l. 

l-Phenyl-4-(3-aminophenyl)buta-l-ene-3-yne (ILI). A mixture of 

5.8575 g (0.05 mol) 3-aminophenylethyne, 35 m l  t r i e t h y l a m i n e ,  9.1525 

g (0.05 mol) B-bromostyrene, 0.062 g t r iphenylphosphine and 0.008 g 

bis(tripheny1phosphine)palladium ( I T )  c h l o r i d e  w a s  h e a t e d  t o  r e f l u x  

under a n i t r o g e n  atmosphere w i t h  v igorous  s t i r r i n g .  

of cuprous iod ide  w a s  added, t h e  r e a c t i o n  mixture  w a s  s t i r r e d  and 

heated a t  r e f l u x  f o r  5 h ,  cooled,  and f i l t e r e d .  The f i l t r a t e  w a s  

evaporated t o  dryness  under reduced p r e s s u r e .  The dark  ye l low resi- 

due w a s  d i sso lved  i n  to luene  and then p r e c i p i t a t e d  i n  petroleum 

e t h e r .  The product  w a s  r e c r y s t a l l i z e d  from an ethanol-water  mixture  

) 

Number 

Elemental a n a l y s e s  were performed by 

A f t e r  0,008 g 

, 

t o  a f f o r d  9.9 g (75%) of a l i g h t  yel low powder, mp 88-89°C I R  (me1 

3490, 3350 (s,m, -NH2), 2250 cm-’ (w, -C-C-); NMR 63.5 (m, 2H,-NH2 

7.5 (m, L l H ,  a romat ic ,  C=CH-) Anal. Calcd f o r  C 1 6 H 1 3 N :  C,87.67; 

H,5.94; N,6.39. Found: C,87.96; H,6.01; N,5.97. 
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1130 HARRIS ET AL. 

Phenylbromoethyne (Iv). The r e a c t i o n  of phenylace ty lene  and bromine 

i n  t h e  presence  of base  w a s  c a r r i e d  o u t  accord ing  t o  t h e  known pro- 

cedure ( 9 )  t o  a f f o r d  t h e  water-white  l i q u i d ,  bp 40-42OC (0.lmm) 

[ ( l i t ,  (9 )  bp 40-41°C (0.11IllII)l. 

l-Phenyl-4-(3-aminophenyl)-1,3-butadiyne a). To a s t i r r e d  mixture  

of 4.68 g (0.04 mol) 3-aminophenyl e thyne ,  12 m l  DMF, 16 ml 30% 

aqueous ethylamine,  0.012 g cuprous c h l o r i d e  and a few c r y s t a l s  of 

hydroxylamine hydrochlor ide  w a s  s lowly added a s o l u t i o n  of 7.24 g 

(0.04 mol) phenylbromoethyne i n  1 2  m l  of DMF. The r e a c t i o n  mixture  

w a s  s t i r r e d  f o r  15 min dur ing  which time hydroxylamine hydrochlor ide  

w a s  p e r i o d i c a l l y  added t o  main ta in  t h e  copper  i n  Cu (I) state. 

Potassium cyanide (1.0 g )  w a s  then added, and the mixture  cooled t o  

-10°C. The s o l i d  t h a t  p r e c i p i t a t e d  w a s  r e c r y s t a l l i z e d  from 80% 

aqueous e t h a n o l  t o  a f f o r d  3.4 g (74%) of off-white  n e e d l e s ,  mp 91- 

93°C; I R  (KBr) 3450, 3350 (m,s, -NH*), 2200 cm-' (w, -C:C-); NMR 

63.4 (m, 2H, NH,), 7.4 (m, 9H, a r o m a t i c ) .  Anal. Calcd f o r  C16HllN: 

C,88.48; H,5.07; N,6.45. Found: C,88.48; H,5.12; N,6.37. 

2-Aminobiphenylene (VI) . Treatment of 2-acetylbiphenylene w i t h  

sodium a z i d e  followed by h y d r o l y s i s  of t h e  acetamide i n t e r m e d i a t e  

as descr ibed  (10) provided a 30% y i e l d  of the ye l low powder: mp 125- 

126°C ( l i t .  (10) 126-128'C). 

l-Phenyl-2-(3-nitrophenyl)ethyne a). A mixture  of 40.0g (0.2 mol) 

- m-bromonitrobenzene, 60 ml t r i e t h y l a m i n e ,  0.246 g t r iphenylphosphine ,  

30 m l  phenylacetylene and 0.032 g bis(tripheny1phosphine)palladium 

(11) c h l o r i d e  w a s  hea ted  t o  r e f l u x  under a n i t r o g e n  atmosphere w i t h  

v igorous  s t i r r i n g .  A f t e r  0.032 g of cuprous i o d i d e  w a s  added, t h e  
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REACTIVE END-CAPPED POLYMIDE OLIGOMERS 1131 

r e a c t i o n  mixture  w a s  s t i r r e d  and hea ted  a t  r e f l u x  f o r  5 h ,  cooled 

and f i l t e r e d .  The f i l t r a t e  w a s  evaporated t o  dryness  under reduced 

p r e s s u r e  t o  a f f o r d  27.0 g (62%) of t h e  c rude  product .  The material 

w a s  used without  p u r i f i c a t i o n  i n  t h e  fo l lowing  s y n t h e s i s .  A small 

sample w a s  r e c r y s t a l l i z e d  from 80% aqueous e thanol  t o  y i e l d  a l i g h t  

ye l low powder, mp 68-69°C: I R  (KBr) 1520, 1360 ( s , s  -NO2), 2250 cm-’ 

(w, -CX-). Anal. Calcd f o r  C l k H g N 0 2 :  C,75.33; H,4.04; N,6.28. 

Found: C,75.55; H , 4 . 1 4 ;  N,6.12. 

l-Phenyl-2-(3-aminophenyl)ethyne a). To a suspension of 18.0 g of 

c rude  l-phenyl-2-(3-nitrophenyl)ethyne i n  150 m l  of isopropanol  con- 

t a i n e d  i n  a 500 m l  r e a c t i o n  b o t t l e  w a s  added 0.55 g of a 5% ru theni -  

um on aluminum oxide  c a t a l y s t s .  The r e a c t i o n  b o t t l e  w a s  p laced  i n  a 

P a r r  hydrogenat ion appara tus  and heated t o  70°C under a hydrogen 

atmosphere (70 p s i ) .  The r e a c t i o n  mixture  w a s  a g i t a t e d  f o r  48 h ,  

cooled ,  and f i l t e r e d .  The f i l t r a t e  w a s  d i s t i l l e d  under reduced 

p r e s s u r e  t o  a f f o r d  a yel low o i l  which slowly c r y s t a l l i z e d  upon 

s tanding  t o  g i v e  8.0 g (51%) of l i g h t  ye l low c r y s t a l s ,  mp (46-48°C): 

I R  ( n e a t )  3450, 3350, 1600 ( s , s , s ,  -NHz), and 2250 cm-l (w, -EC-);  

NMR 63.3 (m, 2H, NH2), 7.0 (m, 9H, a romat ic ) .  Anal. Calcd f o r  

C 1 4 H 1 1 N ;  C,87.04; H,5.69; N,7.25. Found: C,86.94; H,5.86; N,7.28. 

1,3-Bis(3-aminophenoxy)benzene (XI). Treatment of 3-nitrobromoben- 

zene w i t h  t h e  disodium salt  of r e s o r c i n o l  fol lowed by hydrogenat ion 

according t o  t h e  known procedure (12)  gave t h e  off-white  powder, 

mp 102-104°C ( l i t .  (12) 102-104°C). 

2,2-Bis(3,4-dicarboxyphenyl)hexafluoropropane dianhydr ide  (XII). 

The d ianhydr ide  w a s  e x t r a c t e d  from DuPont’s NR-150-B2 r e s i n  by t h e  

fo l lowing  genera l  procedure (13). The polyimide r e s i n  s o l u t i o n  w a s  

8 
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1132 HARRIS ET AL. 

t r e a t e d  w i t h  10% e x c e s s  a l c o h o l i c  sodium hydroxide and then h e a t e d  

a t  60°C f o r  a minimum of 20 min. The te t rasodium salt  of 2,2-bis- 

(3,4-dicarboxyphenyl)hexafluoropropane t h a t  p r e c i p i t a t e d  w a s  c o l l e c -  

ted  by f i l t r a t i o n ,  washed wi th  e t h a n o l ,  a i r  d r i e d ,  and then  dis- 

solved i n  water. The w a t e r  s o l u t i o n  w a s  added t o  15% HC1 t o  p r e c i -  

p i t a t e  t h e  corresponding t e t r a a c i d ,  which was washed w i t h  w a t e r  and 

d r i e d  under reduced p r e s s u r e  a t  60°C. The t e t r a a c i d  w a s  conver ted  

t o  t h e  d ianhydr ide  by s t i r r i n g  i n  r e f l u x i n g  a c e t i c  anhydride f o r  2 

h.  The anhydride w a s  r e c r y s t a l l i z e d  from g l a c i a l  a c e t i c  a c i d  im- 

mediately p r i o r  t o  use .  

Synthes is  of end-capped ol igomers .  The fo l lowing  is t h e  g e n e r a l  

procedure f o r  t h e  p r e p a r a t i o n  of t h e  ol igomers .  To a suspens ion  of 

7.8 g (0.018 mol) of 2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane 

dianhydr ide  i n  20 m l  of g-creso l  w a s  added 10 drops  of i s o q u i n o l i n e .  

The suspension w a s  g e n t l y  hea ted  t o  a f f e c t  s o l u t i o n  of t h e  dianhy- 

d r i d e  and then  cooled t o  ambient temperature .  A f t e r  a s o l u t i o n  of 

2.63 g (0.009 mol) of 1,3-bis(3-aminophenoxy)benzene i n  15 ml of - m- 

c r e s o l  w a s  added, t h e  mixture  w a s  h e a t e d  t o  120°C. Toluene (15  ml) 

was slowly added t o  t h e  hea ted  s o l u t i o n .  The toluene-water  azeo- 

t r o p e  w a s  immediately s t a r t e d  t o  r e f l u x  was removed by d i s t i l l a t i o n .  

A f t e r  t h e  to luene  a d d i t i o n - d i s t i l l a t i o n  c y c l e  was repea ted  twice ,  

0.018 rnol of  t h e  a p p r o p r i a t e  end-capping a g e n t  w a s  added. Toluene 

( 1 5 m l )  w a s  aga in  added, and t h e  r e s u l t i n g  toluene-water  a z e o t r o p e  

d i s t i l l e d  from t h e  r e a c t i o n  mixture .  A f t e r  t h i s  t o l u e n e  a d d i t i o n -  

d i s t i l l a t i o n  c y c l e  w a s  r e p e a t e d  4 t i m e s ,  t h e  r e a c t i o n  mixture  w a s  

cooled t o  ambient temperature  and slowly added t o  e t h a n o l .  The 
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REACTIVE END-CAPPED POLYMIDE OLIGOMERS 1133 

p r e c i p i t a t e  w a s  r e p r e c i p i t a t e d  from diglyme w i t h  e t h a n o l  t o  a f f o r d  

a 70 t o  80% y i e l d  of t h e  whi te  ol igomer.  

Bis[2-(4-bromophenoxy)ethyl]ether. A mixture of 69.2 g (0.4 mol) 

p-bromophenol and 22.4 g (0.4 mol) potassium hydroxide i n  120 m l  of 

e t h a n o l  was placed i n  a 500-ml f l a s k  equipped wi th  an  overhead 

stirrer and a condenser. Af te r  20.02 g (0.14 mol) of bis(2-chloro-  

e thy1)e ther  w a s  added, t h e  mixture  w a s  s t i r r e d  and hea ted  a t  r e f l u x  

f o r  1 4  h .  The whi te  s o l i d  t h a t  formed upon cool ing  w a s  c o l l e c t e d  

by f i l t r a t i o n  and r e c r y s t a l l i z e d  from e thanol  to y i e l d  42.0 g (55%) 

of product ,  mp 106-107°C. 

Bis[2-(4-ethynylphenoxy)ethyl]ether (XU). A mixture  of 15.0 g 

(0.036 mol) of bis[2-(4-bromophenoxy)ethyl]ether, 9.1 g (0.018 mol) 

of 2-methyl-3-butyn-2-01, and 180 m l  of t r i e t h y l a m i n e  w a s  degassed 

by bubbl ing n i t r o g e n  through i t  f o r  20 min. A f t e r  0.24 g of tri- 

phenylphosphine, 0.06 g of b i s (  tripheny1phosphine)pal Iadium (11) 

c h l o r i d e ,  and 0.06 g of cuprous iod ide  were added, t h e  mixture  w a s  

s t i r r e d  and hea ted  a t  r e f l u x  f o r  20 h ,  cooled,  and f i l t e r e d .  The 

r e s i d u e  tias washer! with t r i e t h y l a m i n e  and e t h e r  u n t i l  t h e  e t h e r  

washings w e r e  c l e a r .  The combined f i l t r a t e s  w e r e  reduced t o  dryness  

under reduced pressure .  

methylene c h l o r i d e  and e x t r a c t e d  3 t i m e s  w i t h  100 m l  of 5% s u l f u r i c  

a c i d  and t w i c e  wi th  100 m l  of w a t e r .  

moved under reduced p r e s s u r e  t o  a f f o r d  13.0 g (84%) of t h e  yellow- 

brown b isbutynol  adduct ,  mp 73-74 O C .  To a s o l u t i o n  of 8.0 g (0.018 

mol) of t h e  crude adduct  i n  250 m l  of t o l u e n e  under n i t r o g e n  w a 5  

added 1 2 . 0  g of potassium hydroxide i n  100 m l  of methanol. 

The r e s i d u e  w a s  d i s s o l v e d  i n  100 m l  of 

The methylene c h l o r i d e  w a s  re- 

The 
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1134 HARRIS ET AL. 

mixture  w a s  s t i r r e d  and heated t o  r e f l u x .  A f t e r  approximately 

100 m l  of t h e  s o l u t i o n  w a s  slowly removed by d i s t i l l a t i o n ,  an 

a d d i t i o n a l  50 m l  of to luene  w a s  added. 

w a s  then removed by d i s t i l l a t i o n .  

formed w a s  washed s e v e r a l  t i m e s  w i t h  water and then  r e c r y s t a l l i z e d  

from to luene  t o  a f f o r d  3.8  g (67%) of whi te  c r y s t a l s ,  mp 96-97°C. 

The m a j o r i t y  of t h e  s o l v e n t  

The yel low p r e c i p i t a t e  t h a t  
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