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SYNTHESIS OF PYRRONE POLYMERS 

L. W. Frost and G. M. Bower 
Westinghouse Research Laboratories 

Several methods were found to control the gelation problem 

encountered in preparing pyrrones from dianhydrides and tetramines in 
polar solvents. 

attainable solids. 

were used €or steric deactivation of two amine groups. Complete eli.mination 

of the gel problem was achieved by blocking two amine groups with acetyl 

or carbethoxy groups. 

from diester diacids and tetramines were also relatively free from gela- 

tion problems. 

mers provided another way to avoid gelation. 

Addition of a tertiary amine increased shelf life and 
Similar improvement was found when ortho chloro groups 

Low molecular weight "salt" intermediates made 

A two-solution system for preparing pyrrone-imide copoly- 

Infrared and TGA studies showed that thermal curing gave good 

conversion to pyrrone only from dianhydride-tetramine polymers, 
blocked amine and salt types gave other structures, some of which were 
probably - crosslinked. 

Both 

Some of the polymers gave partly cured films of good flexi- 
bility, but fully cured. films had low strength. Laminates from several 

systems showed good but not outstanding properties, 

mers had a therno-oxidative stability comparable to a good polyimide, 

although they compared favorably with other pyrrones. 

None of the poly- 

Model compound experiments suggest that it may be possible to 

prepare polymers containing a 6-5 ladder structure from 2'-cyanoimide 

polymers. The final cure would produce no volatile by-products. 



INTRODUCTION 

Several investigators have reported the synthesis of pyrrone 
A number of problems were encountered, P-4* polymers by various procedures. 

and none of the methods has been entirely satisfactory, 

have chosen to investigate is that of polymerization in aprotic polar 

solvents e 

The method we 

We have also done some work with ester and ester-salt 
syntheses. 496 

In the usual synthesis of pyrrones in aprotic solvents, a 

dfanhydride is added gradually to a stirred solution of the equivalent 

quantity of an aromatic o,o-tetramine, 

is produced, which is converted to the pyrrone by heating. 
polymerization and cure reactions proceed as follows: 

A soluble poly (amino acid amide) 

Ideall?, the 

CO-NH - *coy 

CO-NH 

C02H 

Eq- 1 shows the formation of the soluble poly (amino acid amide) at mod- 

erate temperatures-. 

intermediate can be converted by heat t o  the pyrrone structure. 

the actual reactions are more complex than this. 

possibility of crosslinking in the soluble polymer: 

Eq. 2 and 3 show two routes by which the soluble 
Apparently 

One complication is the 

*Superscript numbers in text correspond to references, pp. 93, 94.  



Although t h e  amine groups of t h e  poly (amino a c i d  amide) are somewhat 

deac t iva t ed  by t h e  presence  of an o r t h o  acylamido group, they are s t i l l  

moderately r e a c t i v e  toward anhydrides ,  

t h e  concen t r a t ion  of  t h e  o r tho  diamino s t r u c t u r e ,  which now occurs  l a r g e l y  

on cha in  ends ,  becomes ve ry  s m a l l  relative t o  t h a t  of t h e  o r t h o  amino- 

amide s t r u c t u r e .  The l a t t e r  then  begins  t o  compete s u c c e s s f u l l y  f o r  

anhydride groups,  c r o s s l i n k i n g  occurs ,  and t h e  polymer becomes i n s o l u b l e ,  

The presence  of a s l i g h t  excess  of anhydride dur ing  t h e  s y n t h e s i s  has  

been found t o  produce g e l a t i o n  by t h i s  pechanism. 

occur dur ing  cu re  by a d i f f e r e n t  mechanism i f  excess  amino groups are 

When r e a c t i o n  1 nea r s  complet ion,  

5 Cross l ink ing  may a l s o  

I n  a d d i t i o n  t o  t h e  problem of  g e l a t i o n ,  t h e s e  c r o s s l i n k i n g  r e a c t i o n s  

in t roduce  imide and benzimidazole l i nkages  i n t o  t h e  f i n a l  polymer 

s t r u c t u r e .  

The s o l u b l e  polymer is  be l i eved  t o  be cons iderably  more complex 

Strong a s s o c i a t i o n  w i t h  than  t h e  s imple amino amide a c i d  shown i n  eq. 1. 

t h e  so lven t  occur s ,  and c y c l i c  and i o n i c  forms, such as the fo l lowing ,  

probably occur  i n  equi l ibr ium:  

0 HO, )H 

0 
c, 
Cd 

co2 

0 

3 



Experience wi th  t h e  c l o s e l y  r e l a t e d  polyamide a c i d s  (polyimide pre-  

cu r so r s )  7-9 i n d i c a t e s  t h a t  t h e  va r ious  s t r u c t u r a l  forms of t h e  amino 

a c i d  amide group react r e a d i l y  wi th  anhydride o r  amino groups i n  an  

exchange reaction.’  

breaking and reforming i n  a l a b i l e  equi l ibr ium,  which probably inc ludes  

a s m a l l  concen t r a t ion  of c ros s l inked  s t r u c t u r e s ,  such as t h e  product  of 

eq. 4 ,  even when anhydride is  n o t  p re sen t  i n  excess .  A s  t h e  concentra-  

t i o n  is  inc reased ,  bimolecular  r e a c t i o n s  are favored,  t h e  equ i l ib r ium 

s h i f t s  toward c ross l inked  s t r u c t u r e s ,  and g e l a t i o n  occurs .  Intermole- 

Polymer cha ins  i n  s o l u t i o n ,  t hen ,  are con t inua l ly  

c u l a r  a s s o c i a t i o n  of t h e  ion ized  forms a l s o  inc reases  wi th  concent ra t ion ,  

g iv ing  apparent  c r o s s l i n k i n g ,  Another consequence of t h e  i o n i c  s t r u c t u r e s  

is  an  abnormally h igh  v i s c o s i t y  due t o  p o l y e l e c t r o l y t e  e f f e c t s .  

A s  a r e s u l t  of t h e s e  va r ious  r e a c t i o n s  i n  s o l u t i o n  it  has  been 

found q u i t e  d i f f i c u l t  t o  o b t a i n  a s o l u b l e  poly  (amino a c i d  amide) of 

h igh  molecular  weight by t h i s  method, 

s o l u t i o n  is used, wi th  ve ry  r a p i d  s t i r r i n g  and slow a d d i t i o n  of a 

s o l u t i o n  of dianhydride.  95 When t h e s e  cond i t ions  are used, t h e  so lu-  

t i o n  v i s c o s i t y  i n c r e a s e s  s t e a d i l y  as d ianhydr ide  i s  added, w i t h  no sharp  

rise a t  equivalence ,4 al though a s l i g h t  excess  of dianhydride produces 

sudden g e l a t i o n .  I n  c o n t r a s t ,  t h e  p repa ra t ion  of polyamide a c i d s  (poly- 

imide p recu r so r s )  by a similar procedure from diamines and dianhydrides  

occurs  w i t h  a s t e e p  v i s c o s i t y  rise a t  equivalence and no g e l a t i o n  

Gela t ion  occurs  un le s s  a d i l u t e  

problems. 799 

The g e l a t i o n  and high v i s c o s i t y  r e s u l t i n g  from c ross l inked  and 

ion ized  s t r u c t u r e s  can be  reduced o r  e l imina ted  by blocking one of t h e  

amine groups i n  each of t h e  o r t h o  p a i r s .  Since we are now dea l ing  wi th  

t h e  r e a c t i o n  of a diamine and a d ianhydr ide ,  behavior  t y p i c a l  of normal 

polyamide a c i d s  can be expected.  

a c e t y l a t e d  t h e  fol lowing r e a c t i o n  sequence i s  expected: 

For example, i f  one of t h e  groups is  

H 
CO-NH 

4 



C 02H 
co -NH 

-* N 

The acetamido group w i l l  no t  react wi th  anhydrides  a t  room temperature  t o  

g ive  c r o s s l i n k i n g  as i n  eq.  4 ,  nor  is  i t  b a s i c  enough t o  a b s t r a c t  a p ro ton  

fr3m a carboxyl  sroup t o  g ive  a p o l y e l e c t r o l y t e ,  

t i o n  r e a c t i o n  (eq.  6) i s  expected t o  proceed without  g e l a t i o n ,  a t  concen- 

t r a t i o n s  h ighe r  than  can be used i n  t h e  u s u a l  r e a c t i o n  (eq.  1). 
blocking  groups,  such as t r i m e t h y l s i l y l  o r  carbethoxy can be  expected t o  

work i n  a s imi la r  way. 

systems are reduced r e a c t i v i t y  of t h e  remaining amino groups and d i f f i c u l t y  

i n  e l i m i n a t i n g  t h e  b locking  groups i n  t h e  f i n a l  s t e p ,  

Therefore  t h e  polymeriza- 

Other 

Problems t h a t  might be  encountered wi th  t h e  

A second method of reducing t h e  r e a c t i v i t y  of one of t h e  amine 

groups i n  an  o r tho  p a i r  i s  by s ter ic  hindrance.  

t o  ove amine group w i l l  reduce i t s  r e a c t i v i t y  and minimize c ros s l ink5ng ,  

wh i l e  p e r m i t t i n g  l i n e a r  polymerizat ion through t h e  o t h e r  amine group, 

For example, us ing  a c h l o r i n e  atom f o r  h indrance ,  t h e  fo l lowing  r e a c t i o n  

course  w i l l  be  favored:  

A bulky s u b s t i t u e n t  o r t h o  

CONH 

&“;o co i- NH2 CO 2H 

NH2 

T h i s  nethod is  less e f f e c t i v e  than  a c e t y l a t i o n  i n  d e a c t i v a t i n g  t h e  amine 

g r o u p ,  s o  we may expect  less freedom from g e l a t i o n  b u t  more f a c i l e  con- 

ve r s ion  t o  pyrrone dur ing  cure .  

The use  of p r o t e c t e d  o r  hindered amino groups avoids  g e l a t i o n  

by a s s u r i n g  t h a t  t he  s o l u b l e  polymer is n o t  c r o s s l i n k e d ,  a l though i t  is  

5 



of h igh  molecular  weight ,  

t h e  d ianhydr ide  component. This  method g ives  a s o l u b l e  in t e rmed ia t e  of 

low molecular  weight ,  which polymerizes f u r t h e r  on cu r inge4  

approach is t o  modify t h e  s o l v e n t  system t o  minimize polymer-solvent 

i n t e r a c t i o n s  and i o n i z a t i o n .  

A t h i r d  way t o  prevent  g e l a t i o n  is to esterifi 

A f o u r t h  

Work on a l l  f o u r  methods is repor t ed  here.. 

Imide-pyrrone copolymers may be  expected t o  inco rpora t e  t h e  

d e s i r a b l e  h igh  modulus of pyrrones wi th  t h e  b e t t e r  thermal  s t a b i l i t y  and 

process ing  p r o p e r t i e s  of polyimides.  I n  a d d i t i o n ,  g e l a t i o n  can be  avoided 

by prepar ing  a s t a b l e  anhydride-r ich polyimide p recu r so r  and a s t a b l e  

anhydride-poor y l r r o n e  p recu r so r ,  and blending t h e s e  s o l u t i o n s  j u s t  b e f o r e  

use.  Some work i n  t h i s  f i e l d  w a s  included i n  t h e  p r o j e c t .  

There is  some evidence t h a t  t h e  5-5 l adde r  system of pyrrones 

is less s t a b l e  than  6-5 o r  6-6 systems. 

work w i t h  a 6-5 system c l o s e l y  r e l a t e d  t o  pyr rones ,  which o f f e r s  t h e  

a d d i t i o n a l  p o s s i b i l i t y  of undergoing t h e  f i n a l  c y c l i z a t i o n  r e a c t i o n  wbth- 

ou t  e l i m i n a t i n g  v o l a t i l e  byproducts.  

W e  have done some pre l iminary  

6 



SYMBOLS 

d considerable number of complex organic compounds have been 

used in this study. In order to keep the report from becoming t o o  cumber- 

some, the fzllowing shorthand notation has been adopted, which is 

consistent x d t h  the notation used in previous NASA reports and papers. 

0 0 0  
11 II II 

0 :Cm";: 0 
BTDA 3,3s,4,4'-benzophenone- 

I I  tstracarboxylic .dianhydride C 
II 

0 0 

CETADPO K,NP-dicarbettoxy-3,3'- 
cZiamino-4,4'-oxydianiline 

DAA 

DAB 

3ADAB 

Z94-diaminoacetanilide 

3,3'-diaminobenzidine 

3,3'diamino-N,NV- 
diace t y lbenz id ine 

DAOPD K , N  diacetyl-o- 
phenylenediamine 

DATAB 1,3-diamino-4,6- 
diacetamidobenzene 

DATADPO 4,4'-diacetamido-3,3'- 
oxy d i ani line 

a 



DCDAE! 3,3'-dichlor0-5,5~- 
diaminobenzidine 

DPIAC N,N-dimethylacetamide 

DMF N,N-dimethylformamide 

DMSO dimethyl sulfoxide 

BMB 3,3'-dinitrobenzidine 

DNODA 3,3'-dinitro-4,4'- 
oxydianiline 

HMP hexamethylphosphoramide 

MPD m-phenylenediamine 

NMP N-methylpyrrolidone 

OAA o-aminoacetanilide 

ODA 4,4'-oxydianiline 

QPD o-phenylenediamine 

PA phthalic anhydride 

&NH2 

c i p y  I =o 
CH2-CH2 

NH2 N 0 @ N H 2  

8 



PXDA pyromellitic dianhydride 

TEA triethylamine 

THF tetrahydrofuran 

The symbols are combined to indicate reaction products (simple 

or polymeric) of two or more of the compounds. 

represents the diimide obtained from the reaction of two moles of O M  and 

one mole of PMDA. 

For example (OAA)2-PPIDA 

9 



DIACETYL TETRAMINES AND THEIR POLYMERS 

Polymers from 2,4-Diaminoacetanilide (DAA) 

The most readilv available diamine containing the desire? 

o-acetamido amine structure is 2,4-diaminoacetdnilide (DAA), The fol- 

lowing reactions with pyromellitic dianhydride are expected: 

NH2 

Two isomers are possible in the product of the first reaction, only one 

of which is shown, The cured roduct, which contains equal numbers of 

imide and pyrrone groups, is expected to be the same as the polymer pre- 

viously prepared from 192,4-triaminobenzene (TRAB) and PMDA by Bell 

and by Bunnavant,'l except that the latter contains an additional iso- 

meric configuration in the trisubstituted benzene ring: 

10 

In both polymers, in addition to the structures shown, some of the 

tetrasubstituted rings will be linked to two imide groups, with an equzl 

number Pinked to two pyrrone groups- The latter structure occurs in tvo 

geometric isomers. 

the reactivity of an isolated amino group with that of an o-acetamido 

amine and to study the elimination of acetic acid to form a pyrrone 
linkage in the final step. 

The DBA polymers were studied primarily to compare 



When PMDA w a s  added i n  p o r t i o n s  t o  a s t i r r e d  s o l u t i o n  of DAA 

i n  N,N-dimethylacetamide (DMAC) t h e  v i s c o s i t y  behavior  w a s  t h e  same as 

observed p rev ious ly  f o r  s imple  diamines,7 wi th  a sha rp  v i s c o s i t y  peak a t  

equiva lence  as t h e  f i n a l  increments  of PMDA were added. 

t o  reach maximum v i s c o s i t y  a f t e r  each a d d i t i o n  w a s  less than  one hour ,  

which is  about t h e  same as t h a t  observed f o r  m-phenylenediamine (MPD), 

and i n d i c a t e s  comparable r e a c t i v i t y  f o r  bo th  amine groups. Maximum vis- 

c o s i t y  w a s  ob ta ined  wi th  about  a 1% excess  of PMDA, and f u r t h e r  a d d i t i o n  

gave a v i s c o s i t y  dec l ine .  

28 h r s .  a f t e r  p r e p a r a t i o n  w a s  0-69 d l /g .  

t h e  s o l u t i o n  gave only b r i t t l e  materials. 

when BTDA w a s  s u b s t i t u t e d  f o r  PMDA, 

The t i m e  requi red  

The i n h e r e n t  v i s c o s i t y  of t h e  polymer s o l u t i o n  

Attempts t o  cast f i l m s  from 

S imi l a r  r e s u l t s  w e r e  ob ta ined  

I n f r a r e d  s p e c t r a  of DAA-PMDA and DM-BTDA as a func t ion  of c u r e  

are d iscussed  i n  a later s e c t i o n .  

Polymers from 4,4'-Diacetamido-3,3'-oxydianiline(DATADPO) 

Syn thes i s  of DATADP0.-The compound 4,4'-diacetamido-3,3"- 

oxyd ian i l ine  (DATADPO) w a s  prepared from 4,4 ' -oxydiani l ine by a c e t y l a t i o n ,  

n i t r a t i o n ,  and reducton;  and a l s o  from 3,3'-dinitro-4,4'-oxydianiline by 

a c e t y l a t i o n  and reduct ion.12 The former method gave a b e t t e r  product .  

Polymer s o l u t i o n  p repa ra t ion .  - Polymer p repa ra t ion  from DATADPO 

proceeded smoothly w i t h  e i t h e r  PMDA o r  BTDA i n  DMAC, DMF, DMSO, NMP, o r  

DMC-xylene. Polymer s o l u t i o n s  prepared i n  DMSO had t h e  h i g h e s t  v i s c o s i t y  

a t  20-25% s o l i d s ,  a l though they  d i d  no t  have h ighe r  i nhe ren t  v i s c o s i t i e s .  

Table  'i summarizes v i s c o s i t y  d a t a  f o r  several so lven t  systems. The inhe ren t  

v i s c o s i t i e s  were n o t  determined on t h e  s a m e  ba tches  of polymer as t h e  

Gardner v i s c o s i t i e s ,  b u t  t h e  procedures  and r e a c t a n t s  were e s s e n t i a l l y  

t h e  same. 

and t h e  inhe ren t  v i s c o s i t i e s  are i n  t h e  range expected t o  g i v e  good f i l m s ,  

a l l  e f f o r t s  t o  cast f i l m s  from DATADPO-BTDA f a i l e d  t o  g ive  a f l e x i b l e  

cured product .  Uncured f i l m s ,  p l a s t i c i z e d  wi th  s o l v e n t ,  were very  f l e x i b l e ,  

b u t  as t h e  c u r e  progressed  they  became extremely f r a g i l e .  

Although t h i s  polymer i s  expected t o  be r e l a t i v e l y  f l e x i b l e ,  

F i n a l  c u r e  a t  

If 



300-325°C gave a somewhat tougher product ,  b u t  we d i d  n o t  succeed i n  

g e t t i n g  a f i l m  of reasonable  s i z e  p a s t  t h e  f r a g i l e  s t a g e  wi thout  

f ragmentat ion.  

Table  I - V i s c o s i t i e s  of DAT,ADPO-BTDA Polymers 

% S o l i d s  Solvent  V i s c o s i t y  
P Z a r d n e r  CP I n h e r e n t ,  d l / g . ,  3 5 ° C '  

2 3  21 g. DMSO Z-6 14  800 0.62 

25 

24 

25 

16  

26 

25 

19 g. DMF 

14 g. D W C  -5 6.3 g. xylene 

19 .3  g .  NMP 
33-6 g. DMSO 

11 g., DMAC 9 7 g.  xy lene  

DMAC 

1 T7s 900 --- 
x-Y 1,500 --- 
X-Y 1,500 0.48 

I 

--- w 1,070 

w 1,070 --- 
s 500 0 .62  

Fig.  l shows a TGA curve  i n  a i r  f o r  a sample of powdered cured 

DATBDPO-BTDAfilm. 

so lven t  and adsorbed v o l a t i l e s ,  l o s s  of t w o  moles of acetic a c i d  would 

g ive  a 20% weight l o s s .  

r i g h t  neighborhood, bu t  t h e  s t e a d y  weighe l o s s  beginning a t  50°C sugges t s  

t h a t  a d v e n t i t i o u s  v o l a t i l e s  were a l s o  p r e s e n t .  

I f  t h e  polymer is i n  t h e  fmide form and f r e e  from 

The p l a t e a u s  a t  about  117 and 30% are i n  t h e  

Laminates. - Glass c l o t h  laminates were made by methods similar 

t o  t h o s e  used f o r  lamina tes  from polyimides prepared  i n  a p r o t i c  s o l v e n t s ,  

The system w a s  n o t  s t u d i e d  ex tens ive ly ,  beat t h e  r e s u l t s  show f~ Table 11 

i n d i c a t e  t h a t  i n i t i a l  s t r e n g t h  and modulus va lues  are a t  least as h igh  

as those  of t h e  polyimides.  

13 

No aging  s t u d i e s  were made. 

P r e c i p i t a t e d  polymere DATADPO r e a c t e d  smoothly wf th  PPlDA i n  

r e f l u x i n g  THF t o  g i v e  a p r e c i p i t a t e d  powder. 

a n a l y s i s ,  and inhe ren t  v i s c o s i t y  i n d i c a t e  t h a t  t h i s  product  w a s  a lowmole- 

c u l a r  weight polymer, l a r g e l y  i n  t h e  f o m  of  t h e  amide a c i d ,  

2 h r s .  a t  1 5 O o C ,  i n f r a r e d  s p e c t r a  showed it t o  be coqverted l a r g e l y  

t o  t h e  imide. 

I n f r a r e d  s p e c t r a ,  e lementa l  

On h e a t i n g  f o r  
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Fig, 2 is a TGA curve for the polymer powder in nitrogen, 

If we assume the sample 
Three 

rather poorly defined plateaus were found. 

contains the polyamide acid plus nitrogen-free impurities, the nitrogen 

analysis indicates the presence of 8.5% of foreign matter, most of which 

(THF, water, etc.) is volatile. Weight l o s s  due to two moles of water 

would be 6.2% and for two moles of acetic acid 200Q%. The 13% plateau 
at 2 8 0 ° C  may be assumed to include the 6,2% water loss p l u s  6.8% of 

volatile impurities, Adding 20,6% for acetic acid gives 33.6%, which 

is in fair agreement with the 28% plateau at 470°C. If we assume'loss 

of carbonyl groups to be the next step in the process, as indicated by 
Je~ell,~' an additional weight l o s s  of 9.6% would be expected, 
total of 43,2% is in good agreement with the third plateau at 44%. 

TGA results are consistent with the proposed processes, but suggest that 

the reactions occur in an overlapping sequence, with rather poor separation 

between complete cure and incipient degradation, 

The 

These 

A study of the curing reactions of DATADPO-PMDA by infrared 

spectroscopy is reported in a later section, 

Polymers from 3,3'-Diamino-N,N9-diacetylbenzidine (DADAB) 

Synthesis of DADAB, - 3,3'-Diamino-N,Ng-diacetylbenzidine 
(DADAB) was syntheslzed from 3,3'-dinitrobenzidine by acetylation fol- 
lowed by reduction. 12 

DADAB and BTDA, - Although DADAB has a very low solubility in DMAC, 

a slurry of the two reacted with BTDA to give a clear solution, inherent 

viscosity 0-28 dl/gD A film cast from the solution was very'brittle. 

DaDAB and P m A ,  - The reaction of DADAB and PMDA is complicated 

by the fact that a portion of the product is insoluble in all organic 
solvents tested. A variety of solvent systems and mixing procedures 

were used, with similar results. The best procedure was t o  mix equimolar 

amounts of  the dry ingredients and add the mixture to the solvente This 

method gave clear solutions initially with DMAC, DMSO, and mixtures high 

in DMAC, but precip.itation occurred on standing- DMAC is the best of the 

solvents tested, 

15 
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Some a d d i t i o n a l  experiments were run  t o  c l a r i f y  t h e  s o l u b i l i t y  

behavior  of t h i s  polymer, Seve ra l  p r e p a r a t i o n s  were f i l t e r e d ,  and t h e  

p r e c i p i t a t e s  washed and d r i e d ,  The amount of polymer l e f t  i n  s o l u t i o n  

w a s  c a l c u l a t e d  from TGA d a t a  on t h e  f i l t r a t e ,  by d i f f e r e n c e ,  o r  by pre- 

c i p i t a t i o n  wi th  ace tone  and weighing. It w a s  found t h a t  t h e  amount of 

material d i s so lved  was n o t  p r o p o r t i o n a l  t o  t h e  amount of so lven t  

used,  as would be expected i f  t h e  s o l u t e  were a s i n g l e  material. 

t h e  s o l u b l e  p o r t i o n  w a s  a f a i r l y  cons t an t  f r a c t i o n  of t h e  t o t a l  s o l i d s ,  

t h i s  f r a c t i o n  being almost  independent of  t h e  r a t i o  of s o l i d s  t o  s o l v e n t ,  

Elemental ana lyses  of several of t h e  p r e c i p i t a t e s  were f a i r l y  

c l o s e  t o  t h e  c a l c u l a t e d  va lues  f o r  DADAB-PMDA, al though C and N w e r e  con- 

Rather , .  

s i s t e n t l y  low, whi le  H and 0 were h igh ,  sugges t ing  Contamination by water. 

Analysis  of a sample prepared i n  DMSO corresponded t o  DADAB-PMDA p lus  1.5 

moles of DMSO p e r  polymer u n i t .  

I n  one case t h e  s o l u b l e  p o r t i o n  of t h e  polymer w a s  p r e c i p i t a t e d  

wi th  ace tone ,  washed and d r i e d .  This f r a c t i o n  analyzed c l o s e l y  f o r  

DADAB-PMDA p l u s  one mole each of water and DMAC p e r  polymer u n i t ,  

a d d i t i o n  t o  having n e a r l y  t h e  same a n a l y s i s ,  t h e  s o l u b l e  and i n s o l u b l e  

f r a c t i o n s  from t h i s  run  had n e a r l y  i d e n t i c a l  i n f r a r e d  spectra (Figs .  8, 

9>, which are c o n s i s t e n t  wi th  t h e  expected amide a c i d  s t r u c t u r e .  However, 

i n  s p i t e  of  t h e s e  similariries, t h e  i n s o l u b l e  f r a c t i o n  w a s  found t o  have 

a s o l u b i l i t y  of less than  0.1% i n  DMAC, DMF, DMSO, o r  HMP, whi le  t h e  

s o l u b l e  f r a c t i o n ,  a f t e r  p r e c i p i t a t i o n  and dry ing ,  could be  r ed i s so lved  

i n  DMAC t o  g ive  a clear 40% s o l u t i o n .  

i n s o l u b l e  f r a c t i o n  w a s  concent ra ted  s u l f u r i c  a c i d .  

I n  

The only s o l v e n t  found f o r  t h e  

Inhe ren t  v i s c o s i t i e s ,  measured on f r e s h  s o l u t i o n s  be fo re  pre- 

c i p i t a t i o n  occurred ,  ranged from 0.56 d l / g .  i n  DMSO t o  0.32 d l / g .  i n  DMAC. 

Films cast  from t h e  s o l u t i o n s  were b r i t t l e .  

The s t r i k i n g  d i f f e r e n c e  i n  s o l u b i l i t y  between t h e  two DADAB- 
PMDA f r a c t i o n s  p r e s e n t s  an i n t e r e s t i n g  problem. A d i f f e r e n c e  i n  e x t e n t  

of imide formation is  r u l e d  out  by i n f r a r e d  s p e c t r a .  Di f fe rences  i n  

molecular  weight ,  c r y s t a l l i n i t y ,  isomerism around t h e  PMDA nucleus ,  o r  

t h e  presence of an  impur i ty  i n  t h e  DADAB would be expected t o  produce a 

gradual  d i s t r i b u t i o n  of s o l u b i l i t i e s  r a t h e r  than  a sharp s e p a r a t i o n  i n t o  



a very soluble and a completely insoluble fraction- Let us assume, for  

example, that para linkage in the PMDA nucleus leads to a less soluble 

polymer, 

the polymer molecules, we should expect the solubilities of the molecules 

to be more or less inversely proportional to their para content, and to 
vary smoothly from high to low solubility. 

might speculate that the fortuitous assembly of several para linkages in 
succession gives a configuration favoring further para linkage. The 

solvated polymer as formed is soluble, but solvent association is grad- 

ually replaced by thermodynamically favored self association, and pre- 

cipitation occurs. 

If these linkages are formed randomly and scattered throughout 

Since this does not occur, we 

Polymer from 1,3-Diamino-4,6-diacetamidobenzene(DATAB) 

Polymers from 1,3-diamino-4,6-diacetamidobenzene (DATAB) and 

PMDA are of  particuldr interest 

when fully cyclized, DATAB was 

diamine by acetylation fdlowed 

insoluble and high-melting that 

amount of polymer prepared from 

because they would form complete ladders 

synthesized from 4,6-dinitro-193-phenylene- 

by reduction. It turned out t o  be so 

purification was very difficult. 

crude DATAB and BTDA gave very poor films, 

A small 



OTHER DEACTIVATION SYSTEMS 

T r i m e t h y l s i l y l  Der iva t ives  

The t r i m e t h y l s i l y l  group might a l s o  be  used t o  d e a c t i v a t e  one 

of a p a i r  of o r tho  amino groups i n  pyrrone s y n t h e s i s ,  It would have 

sone advantages ove r  an a c e t y l  group i n  t h a t  2-methylbenzimidazole 

f o n . a t i o n  would n o t  be a problem, and t h e  f i n a l  c y c l i z a t i o n  t o  pyrrone 

would g i v e  t h e  innocuous hexamethyldis i loxane r a t h e r  than  acetic a c i d  

as a byproduct.  

Attempts w e r e  made t o  t r i m e t h y l s i l y l a t e  DAB; 3 ,3 ' -dini t roben-  

z i d i n e  (DNB) ; 4 , 4 '  -0xydiani l ine-  (ODA) ; and 3 3'-dinitro-4 $4 '  -0xydiani l ine  

(DSODA). 

as r eagen t s ,  w i th  py r id ine ,  t r i e thy lamine ,  DMAC, and DMF as so lven t s .  

I n  a d d i t i o n  t o  recovered s t a r t i n g  materials, t h e  fol lowing compounds 

w e r e  i s o l a t e d :  DAB'HC1, DNODA-pyridineeHC1, t r ime thy lch lo ros i l ane"  

pyr id ine .2  HC1,  ODAqDMFe2 HC1,  and triethylamineeHC1. Some of t h e s e  

complexes are r a t h e r  i n t e r e s t i n g ,  b u t ,  s i n c e  no t r i m e t h y l s i l y l a t e d  amines 

w e r e  ob ta ined ,  t h i s  approach w a s  d i scont inued ,  

Both hexamethyld is i lazane  and t r ime thy lch lo ros i l ane  were used 

Carbethoxy Derivatives 

The carbethoxy d e r i v a t i v e  i s  a l s o  u s e f u l  i n  p r o t e c t i n g  an  

amine group. El imina t ion  t o  g i v e  t h e  pyrrone was expected t o  be  easier 

i n  t h i s  case than  w i t h  t h e  a c e t y l  d e r i v a t i v e .  The byproducts,  e thano l  

and carbon d ioxide ,  are a l s o  less o b j e c t i o n a b l e  than  acet ic  ac id  i n  

soEe a p p l i c a t i o n s  

N,N'-l icarbethoxy- 3,3'-diamino-4,4'-oxydianiline (CETADPO) 

w a s  p rspared  by t h e  fo l lowing  r e a c t i o n  sequence: 

HNO -Ac 0 1 p - 3 - Z  

[HI 

C2H50CO-NH NH-C02C2H5 C2H50CO-NH 
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Resin w a s  prepared i n  the usua l  way i n  DPZAC s o l u t i o n  from 

CETADPO and BTDA. 

of 135" and 190" and foamed a t  300°C. A second f i lm  w a s  heated i n  

steps and then overn ight  a t  217°C. 

20 min. a t  327°C. The f i l m  had shrunk b u t  w a s  s t i l l  i n t a c t ,  Po r t ions  

of t h e  f i lm could be bent  double b u t  no t  c reased .  One ba tch  of r e s i n  

prepared by adding powdered BTDA t o  a DMAC s o l u t i o n  of t h e  diamine had 

an inhe ren t  v i s c o s i t y  of 0.66 d l /g .  

A t h i n  f i l m  baked i n  s t e p s  w a s  b r i t t l e  a f t e r  bakes 

F i n a l l y ,  t h e  f i lm  w a s  baked f o r  

A l amina te  w a s  prepared from the polymer using 181/Al100 

g l a s s  c l o t h ,  w i t h  a p recu re  of 2 hrs  a t  150°C and a p r e s s  cure  of 275°C 

and 500 p s i  f o r  one hour.  

f a i r l y  good. 

so f t ened  and foamed. Apparently e l i m i n a t i o n  of e thano l  and carbon d iox ide  

occurred r s p i d l y  at t h i s  temperature .  

used on la ter  samples.  This  treatment e l imina ted  t h e  foaming problem, 

and t h e  fol lowing f l e x u r a l  p r o p e r t i e s  w e r e  measured (average of three 

specimens) : 

The lamina te  contained 32% r e s i n  and looked 

When a specimen w a s  hea ted  t o  316°C f o r  t e s t i n g ,  i t  

A slow post-cure ' to  325°C w a s  

I I 

Improved p r o p e r t i e s  can probably be  obta ined  by changing the 

c u r e  schedules ,  and e s p e c i a l l y  by inc reas ing  post-cure,  The polymer 

shows some promise as a high-temperature foam, 

D i n i t r o  Diamine 

Another approach t o  the p r e p a r a t i o n  of a l i n e a r  polymer con- 

v e r t i b l e  t o  a pyr rone  i s  as fo l lows:  

20 



It w a s  found that t h e  amine group o r t h o  t o  a n i t r o  group w a s  

d e a c t i v a t e d  much mcre than  one o r t h o  t o  an acetamido group, I n  o rae r  

t o  o b t a i n  a reasonable  r e a c t i o n  rate w i t h  PMDA i t  w a s  necessary  t o  use  

a temperature  t h a t  caused ex tens ive  denydra t ion  t o  t h e  imide. However, 

a s o l u b l e  polymer w a s  ob ta ined ,  and the n i t r o  groups hydrogenated 

r e a d i l y  t o  amine groups.  

polymer s o l u t i o n s  gave continuous f i l m s  of poor f l e x i b i l i t y .  On 

s t a n d i n g  f o r  t h r e e  days a t  room temperature ,  t h e  amino imide polymer 

s o l u t i o n  g e l l e d .  

r e a c t i o n  between f r e e  amine groups and amide a c i d  l inkages .  

between amine groups and amide a c i d  l i nkages  has been observed be fo re  

i n  t h e  case of l i n e a r  polyimide p recu r so r s  w i t h  a r e s u l t a n t  d e c l i n e  i n  

v i s c o s i t y .  I n  t h e  p r e s e n t  case, however, t h e  r e s u l t  of t h e  r e d i s t r i -  

b u t i o n  is  t o  change a l i n e a r  polymer t o  a branched one wi th  s u f f i c i e n t  

c r o s s l i n k i n g  t o  g i v e  a g e l .  

Both the n i t r o  imide and the amino imide 

The g e l a t i o n  i s  be l i eved  t o  be  due t o  a r e d i s t r i b u t i o n  

The r e a c t i o n  

9 
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HINDERED TETRAMINE POLYMERS 

Syn thes i s  of 3 ,3P-Dichloro -5,5'-Diaminobenzidine (DCDAB) 

The s y n t h e s i s  of DCDAB w a s  conducted according t o  t h e  

fol lowing scheme : 

NO2 NO2 NH2 NH2 

Considerable  d i f f i c u l t y  w a s  encountered i n  the n i t r a t i o n  s t e p  wi th  

incomplete n i t r a t i o n  and w i t h  t h e  formation of o t h e r  isomem. Best 

r e s u l t s  were ob ta ined  wi th  fuming n i t r i c  a c i d  a t  5-1OoC, bu t  t h e  y i e l d  

of pu re  5 ,5 ' -d in i t ro  compound w a s  on ly  321%~ Concentrated s u l f u r i c  

a c i d  w a s  t h e  b e s t  reagent  found f o r  removing the a c e t y l  group, and 

hydraz ine  proved s u p e r i o r  t o  hydrogen i n  t h e  f i n a l  r educ t ion ,  

Benzoyl and ph tha loy l  d e r i v a t i v e s  w e r e  a l s o  eva lua ted  as 

amine p r o t e c t i v e  groups i n  t h e  n i t r a t i o n ,  b u t  bo th  gave very  low y i e l d s  

of t h e  d e s i r e d  isomer. 

DCDAB Polymers 

In  g e n e r a l  polymers prepared from DCDAB and d ianhydr ides  

Their s o l u t i o n s  showed t h e  expected g e l a t i o n  and cu re  t endenc ie s ,  

were more s t a b l e  than  those  from unhindered t e t r amines  b u t  less s t a b l e  

than  those  from a c e t y l a t e d  o r  carbe thoxyla ted  te t ramines .  Conversion 

t o  imide and pyi-rone w a s  similar t o  t h a t  of polymers from o t h e r  tetra- 

mines ( see  "Curing Reactions" s e c t i o n ,  'Pa 35) * 

When s o l i d  PMDA w a s  added t o  a DMAC s o l u t i o n  of DCDAB, g e l  

formed around t h e  PMDA p a r t i c l e s .  So lu t ions  of PMDA gave no g e l ,  even 

up t o  9% excess  PMDA, a l though g e l a t i o n  could be induced by adding 

22 



=ore PMDA a f t e r  aging t h e  s o l u t i o n  f o r  a few days,  

a s l i g h t  excess  of FHDA inc reased  very  s l i g h t l y  i n  v i s c o s i t y  on aging 

and d i d  n o t  g e l  i n  54 days,  

Solu t ions  conta in ing  

Polymers made w i t h  BTDA showed less tendency t o  g e l  during 

p repa ra t ion ,  and powdered BTDA could be added t o  a w e l l - s t i r r e d  DCDAB 

s o l u t i o n  wi thout  g e l a t i o n  i n  most cases. So lu t ions  conta in ing  an 

excess  of BTDA o f t e n  g e l l e d  i n  about a day, b u t  t hose  w i t h  a 1% def i c i ency  

showed very  l i t t l e  v i s c o s J t y  i n c r e a s e  i n  54 days. 

Both types  of polymer formed dark red  f i l m s  on baking i n  

aluminum d i shes .  For t h e  most p a r t  f i lms  t h i c k e r  than 5 m i l s  could be 

pee led  e a s i l y  from t h e  d i s h .  They were q u i t e  f l e x i b l e  bu t  could no t  

q u i t e  be creased wi thout  c racking .  Thinner s a m p l e s  could be c reased  

wi thout  cracking.  

Weight l o s s  d a t a  on f i l m s  of these polymers are shown i n  

Fig. 3 i n  comparison w i t h  MPD-BTDA po ly ih ide  aged concurren t ly  i n  t h e  

same oven. Apparently BTDA g i v e s  b e t t e r  s t a b i l i t y  than  PMDA i n  t h i s  

system, b u t  bo th  are i n f e r i o r  t o  a good polyimide. Polymers conta in ing  

an  excess  of t e t r amine  w e r e  less s t a b l e  than  those  i n  vhich t h e  dian- 

hydride w a s  p re sen t  i n  a t  least  an  equ iva len t  amount. 

Laminates were prepared from DCDAB-BTDA polymer conta in ing  

about  2% excess BTDA, 

dipped,  precured and p res sed  a t  325°C and 500 p s i .  

l amina tes  are g iven  i n  Table  111. 

compare favorably  w i t h  those  of polyimide laminates ,14 b u t  are i n f e r i o r  

t o  t h e  b e s t  pyrrones made by t h e  ester methode4 

na te r ia l  a v a i l a b l e  w a s  i n s u f f i c i e n t  f o r  a complete aging s tudy ,  but ,  

f o r  a screening  tes t ,  weight l o s s  measurements a t  325°C were made on 

p i eces  of  lamina tes .  Although t h e  d a t a  are n o t  s t r i c t l y  comparable, 

t h e s e  r e s u l t s  (Table  111) sugges t  t h a t ,  i n  thermal  s t a b i l i t y ,  DCDAB- 

BTDA polymers rank between polyirnides13 and pyrrones made by t h e  

ester method, 

Glass c l o t h  (181-A1100, E-glass) w a s  hand 

P r o p e r t i e s  of  t h e  

The s t r e n g t h  and modulus va lues  

The q u a n t i t y  of 

4 
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TABLE I11 

P r o p e r t i e s  of DCDAB-BTDA Laminates 

Precure  Temp., "C 

Resin i n  Prepreg ,  % 

Reins i n  Laminate, % 

24 hrs  

110 h r s  
i 

- F l e x u r a l  S t r eng th ,  K p s i a  1 
25°C 

316"C(600°F) 

F l e x u r a l  Modulus, M p s i a  I 
25°C 

316 "C (600°F) 

Weight Loss a t  325OC, % of Resin] 

E63-85-2 

125 

38 
30 

57.2 
42.9 

2.8 
12 .5 

8.0 
37.4 

E69-87-2 

15 0 

42 

36 

50.0 

4 g e 4  

2.7 

2.7 

6.5 
2,7.2 

a-Average of  three specimens. 
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POLYMERS FROM UNSUBSTITUTED T E T W I N E S  

React ion w i t h  Dianhydrides 

The g e l a t i o n  and h igh  v i s c o s i t y  of amino a c i d  amide polymer 

s o l u t i o n s  are be l ieved  t o  be  due p a r t l y  t o  i n t e r n a l  s a l t  formation 

between t h e  amino and carboxyl  groups. Var i a t ions  i n  b a s i c i t y  and 

d i e l e c t r i c  p r o p e r t i e s  of t h e  so lven t  may be expected t o  change t h e  

degree of i o n i z a t i o n  of t h e  polymer, and may l ead  t o  lower v i s c c s i t y  

and decreased g e l a t i o n  tendencies ,  Therefore ,  mix tures  of DMAC w i t h  

va r ious  ac ids  and bases  were i n v e s t i g a t e d  as s o l v e n t s  f o r  t h e  r e a c t i o n  

of DAB and BTDA. 

bases  r e t a r d e d  g e l a t i o n  and permi t ted  t h e  use  of h ighe r  concent ra t ions  

of polymer. For example, a 16% s o l u t i o n  of polymer i n  DMAC conta in ing  

two moles of t r i e thy lamine  (TEA) p e r  mole of DAB w a s  s t a b l e  f o r  8 days. 

Without t he  TEA, s o l u t i o n s  conta in ing  more than  10% s o l i d s  g e l l e d  

dur ing  p repa ra t ion .  

i n c r e a s e  i n  s o l i d s  57as p o s s i b l e ,  bu t  TEA a lone  w a s  more e f f e c t i v e .  

It .was found t h a t  a c i d s  a c c e l e r a t e d  g e l a t i o n ,  whi le  

When both TEA and a c e t i c  ac id  w e r e  added, a s l i g h t  

A lamina te  was pressed  from g l a s s  c l o t h  t r e a t e d  wi th  r e s i n  

from D36-40-1 (TEA) and ano the r  from D36-49-3 ( l ac t i c  a c i d ) ,  F l e x u r a l  

s t r e n g t h  and modulus va lues  were Pow (Table IV). 

i n s u f f i c i e n t  f lbw occurred i n  t h e  p r e s s ,  

I n  both  cases 

React ion wi th  Esters 

The use of a d i e s t e r  d i a c i d  i n  p l a c e  of a dianhydride i n  t h e  

s y n t h e s i s  of pyrrones l e a d s  t o  a s o l u b l e  in t e rmed ia t e  of low molecular 

weight which can sometimes be i s o l a t e d  as a c r y s t a l l i n e  This 

approach makes p o s s i b l e  t h e  p repa ra t ion  of s o l u t i o n s  having h igh  s o l i d s  

conten t  and moderate v i s c o s i t y .  However, i t  i s  doub t fu l  t h a t  t h e  cured 

polymer con ta ins  much pyrrone s t r u c t u r e  (see "Curing Reactions" s e c t i o n ) .  

4 
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The polymer of DAB and BTDA w a s  prepared i n  DMAC and i n  NMP, 

using e i t h e r  e thy lene  g l y c o l ,  methanol, i sopropanol ,  o r  i sobu tano l  t o  

e s t e r i f y  t h e  BTDA. 

d i f f i c u l t y ,  

them, made wi th  Cel loso lve  (Z!-ethoxyethanol), g e l l e d  i n  40 days,  
of less than  t h e  s t o i c h i o m e t r i c  q u a n t i t y  of a l coho l  gave immediate g e l a t i o n .  

So lu t ions  of 30-40% s o l i d s  w e r e  made without  

V i scos i ty  of the s o l u t i o n s  inc reased  wi th  age,  and one of 

The u s e  

I n  no case were w e  a b l e  t o  i s o l a t e  a c r y s t a l l i n e  s a l t  from 

t h e  r e a c t i o n  of  DAB w i t h  a d i e s t e r  of BTDA. 

s o l u t i o n  of  e i t h e r  t h e  d i i sop ropy l  o r  t h e  d i i s o b u t y l  ester of  BTDA i n  

excess a l coho l  w a s  poured i n t o  a h o t  aqueous s o l u t i o n  of DAB, a s o f t ?  

o i l y ,  dark-colored product  w a s  obtaine'd. When t h e  product  from the  

i sop ropy l  ester w a s  hea ted  i t  gave a s o l i d  foam, 

For example, when a 

Only the polymer from d i i s o b u t y l  ester gave a continuous t h i n  

f i lm,  a l though t h i c k  fragments of the o t h e r  cured polymers w e r e  q u i t e  

tough. 

and from e thy lene  g l y c o l  esters w e r e  h igh ,  reaching 35-50% i n  314 h r s .  

A good polyimide w i t h  the same t rea tment  would. l o s e  6-8%.7 
made w i t h  Cel loso lve  appeared s l i g h t l y  more s t a b l e  than  those  made w i t h  

e thy lene  glycoml. 

Weight l o s s  i n  a i r  a t  325OC of f i l m s  of polymers from Cel loso lve  

The polymers 

Laminates w e r e  made on 181(A1100) E-glass c l o t h  from r e s i n s  

prepared from DAB and BTDA esters w i t h  e thy lene  g l y c o l ,  Cel loso lve ,  

and isobutano'l ,  The i r  p r o p e r t i e s  are shown i n  Table  V, 
A somewhat d i f f e r e n t  approach t o  t h e  ester-salt s y n t h e s i s  

was at tempted by t h e  r e a c t i o n  of DAB wi th  a so lven t - f r ee  l i n e a r  p o l y e s t e r  

a c i d  de r ived  from PMDA and e t h y l e n e  glyco'l.  

could b e  i s o l a t e d ,  and would m e l t  be fo re  cur ing ,  t h e  need f o r  e x o t i c  

s o l v e n t s  would be e l imina ted  and the release of v o l a t i l e s  during cure  

would b e  minimized 

15 

I f  t h e  so lvent - f ree  s a l t  

The p o l y e s t e r  w a s  prepared by t h e  method of E l w e l l  and 

McGowan, using t e t r ahydro fu ran  as r e a c t i o n  so lven t ,  It w a s  a t a n  

g ranu la r  s o l i d ,  N.E .  l 1 9 , 3  (corresponding t o  a PMDA/glycol r a t i o  of 

l ,E88) .  React ion w i t h  DAB (I mole/mole PMDA) i n  a water- te t rahydrofuran 

medium gave t h e  polymeric s a l t  as a yel low powder. Unfor tuna te ly ,  t h e  

28 



Laminates from E s t e r i f i e d  BTDA-DAB Resins 

Alcohol Used 

Precure 1 
T i m e ,  min 

Temp., O C  

P r e s s  Condit ions 

T i m e ,  mih, 

Temp., O C  

P r e s s . ,  p s i  

Resin Content,  % I 
Prepreg 

Laminate 

a F l e x u r a l  S t r e n g t h ,  K p s i  

25OC 

3P6OC (600OF) 

25 O C  

316" C (600OF) 

Ethylene Glycol 

20 

150 

60 

400 

P5C@ 

51,1  
b 8 , 2  

2 - 9  

1.5 b 

Cel loso lve  

60 

85 

60 

325 

1000 

38 

58 

37 

12 92 

22;22 

I .s ob u t ano 1 

30 

100 
-. 

30 

300 

1000 

29 

24 

37 

25-5  

83e 3 

12,7 

a-Average of 3 specimens, 

b-After 100 h r s  a t  316OC. 
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product  d id  n o t  m e l t  on h e a t i n g  and was soluble only  i n  such s o l v e n t s  

as DMAC and NMP.  Films cast from a DMAC s o l u t i o n  were red-brown and 

f a i r l y  f l e x i b l e .  

about 50% i n  150 hrs .  

Weight loss a t  325°C i n  a i r  was very high, reaching 

30 



PYRRONE-IMIDE COPOLYMERS 

From Tetramines 

Pyrrone p r e c u r s o r  s o l u t i o n s  prepared from unsubs t i t u t ed  tetra- 

amines i n  p o l a r  s o l v e n t s  are s t a b l e  only  i f  d ianhydr ide  is  used i n  less 

than  t h e  equ iva len t  quantity. ,  On t h e  o t h e r  hand, polyimide p recu r so r  

s o l u t i o n s  c o n t a i n i n g  excess  anhydride are q u i t e  s t a b l e .  Thus i t  is pos- 

s i b l e  t o  p repa re  two s t a b l e  s o l u t i o n s  of low v i s c o s i t y  and blend them j u s t  

be fo re  use  t o  g ive  a pyrrone-imide block copolymer. In a d d i t i o n  t o  i t s  

convenience of p r e p a r a t i o n ,  t h i s  t ype  of polymer may, t o  some e x t e n t ,  com- 

b ine  t h e  s u p e r i o r  thermal-oxidat ive r e s i s t a n c e  of polyimides w i t h  t h e  h igh  

modulus of pyr rones ,  

We have used t h i s  approach w i t h  l i m i t e d  success .  For example, 

an imide p r e c u r s o r  s o l u t i o n  w a s  prepared i n  DMAC from M2D and BTDA, con- 

t a i n i n g  a 10% excess  of BTDA. This  w a s  s t i r r e d  i n t o  a DAB-BTDA s o l u t i o n  

t h a t  conta ined  a 10% def i c i ency  of BTDA, s o  t h a t  t h e  f i n a l  s toichiometry--  

balanced. 

s tokes .  

sample w a s  used t o  treat g l a s s  c l o t h  f o r  a lamina te ,  p r o p e r t i e s  of which 

are given i n  Table V I .  

way, us ing  a DMF-xylene s o l v e n t  system t o  f a c i l i t a t e  so lven t  removal, 

Three more l amina te s  w e r e  made, u s ing  181 (Al100) E-glass c l o t h .  Condi- 

t i o n s  w e r e  worked out: t h a t  gave s a t i s f a c t o r y  flow i n  t h e  p r e s s ,  and l a m -  

i n a t e s  of good appearance,  bu t  f l e x u r a l  p r o p e r t i e s  were n o t  ou ts tanding  

(Table V I ) .  

The v i s c o s i t y  of t h e  s o l u t i o n  a t  24% s o l i d s  w a s  about 450 c e n t i -  

A sample l e f t  a t  room tempera ture  g e l l e d  i n  3 days,  A r e f r i g e r a t e d  

Add i t iona l  p r e p a r a t i o n s  w e r e  made i n  a similar 
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When DCDAB w a s  used as t h e  t e t r amine ,  t h e  two-solution method 

A copolymer con ta in ing  one mole CCDAB, t W 0  moles was n o t  necessary .  

?PD, and 3 moles RTDA w a s  prepared as a 20% s o l u t i o n  i n  DMAC by adding 

powdered BTDA t o  a s t i r r e d  s o l u t i o n  of t h e  amines. One lamina te  worth 

t e s t i n g  w a s  made from t h e  polymer. P r o p e r t i e s  (Table V I )  were similar 

t o  those  of t h e  copolymers de r ived  from DAB, 

From Diace ty l  Tetramines 

Evidence is presented  i n  t h e  s e c t i o n  on "Curing Reactions" 

sugges t ing  t h a t  polymers der ived  from d i a c e t y l  t e t r amines  do n o t  cu re  

sinoothly t o  pyr rones ,  bu t  undergo o t h e r  r e a c t i o n s  l ead ing  t o  c ros s l ink -  

ing .  Therefore ,  copolymers obta ined  by t h e  r e a c t i o n  of dianhydrides  wi th  

n i x t u r e s  of diamines and d i a c e t y l  t e t r amines ,  when f u l l y  cured,  are 

expected t o  c o n s i s t  of some k ind  o f  c ros s l inked  s t r u c t u r e  con ta in ing  

imide,  pyrrone,  and o t h e r  l i nkages .  Crossl inked polyimides der ived  

from somewhat s imi la r  s t r u c t u r e s  have been r epor t ed  by Bower, et al. 16 

We have eva lua ted  two polymers of t h i s  type .  The f i r s t  w a s  

p repared  from two moles DADAB, 8 moles MPD, and 10 moles BTDA, The 

second w a s  made from one mole DATADPO, two moles MPD, and 3 moles BTDA. 

Both were prepared by t h e  a d d i t i o n  of s o l i d  BTDA t o  t h e  amines i n  DMAC. 

In t h e  former case ,  a s l u r r y  of DAD& i n  DFIAC w a s  f irst  r eac t ed  w i t h  

s u f f i c i e n t  BTDA t o  g i v e  a s o l u t i o n .  

t h e  remainder of t h e  BTDA. S t a b l e  s o l u t i o n s  were obtained.  

The MPD w a s  then  added, followed by 

Laminate d a t a  are given i n  Table V I I .  Although i n i t i a l  va lues  
4 

are low compared w i t h  pyrrones made by t h e  ester method, r e t e n t i o n  of 

p r o p e r t i e s  i s  probably b e t t e r  and i s  comparable t o  repor ted  va lues  f o r  

polyimides.  13,16 
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CURING REACTIONS 

We have studied the mechanism of cure and the nature of cured 
and pyrolyzed products for polymers and model compounds representing the 

dianhydride-tetramine, dianhydride-diacetyltetramine, and diester-tetramine 

types. The chief methods used were thermogravimetry and infrared analysis. 

A consideration of published and unpublished spectra of various 

polymers and model compounds has led to the following tentative infrared 

absorption correlations: 

W, 

Polyimide 

1780 
1720 

1370 

7 20 

-1 re Number, cm (approximal 
17 Po 1 yb en z imidazo le 

1630 

1460 

1290 

800 

P yr rone 
1760 

1730 

1610 
15 6 0-15 9 0 
1470 

1430 

1370 

1170 
1060 
930-960 

850 

820 

7 20 
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Figure 4 shows success ive  s p e c t r a  of a f i l m  of DAA-PMDA as  i t  

was cured.  Curve 3 (2 hrs.!, 150°C) i s  a t y p i c a l  polyimide spectrum, wi th  

c h a r a c t e r i s t i c  bands a t  1780, 1725, 1370, and 725 c m - l e  

hea t ing ,  t h e s e  bands remained, a l though t h e  725 band appeared t o  weaken 

relative t o  t h e  o t h e r s .  

o r  disappeared,  

which disappeared completely a f t e r  t h e  300°C bake, 

t ive  i n t e n s i t y  w a s  found a t  t h e  pyrrone f r equenc ie s  of 1480, 860, and 

810 c m  

(obtained from D r .  V. L. B e l l ,  NASA-Langley) i s  included (Curve 1). The 

spectrum is  cons iderably  heav ie r  than  those  der ived  from DAA-PMDA, bu t  

corresponds very c l o s e l y  t o  curves  4 and 5 except  t h a t  i t  s t i l l  con ta ins  

t h e  band a t  1515 cm'- le  Since a 300°C bake e l imina ted  t h i s  band from t h e  

DU-PMDA polymer, t h e  TUB-PMDA f i l m  'was baked f o r  3 h r s .  a t  300°C and 

re-examined. The spectrum of t h e  baked f i l m  (curve 2) s t i l l  contained 

a band a t  1515 c m - l 0  

i s  probably a s s o c i a t e d  wi th  a s u b s t i t u t i o n  p a t t e r n  i n  t h e  benzene r i n g  

o r  a v i b r a t i o n  mode of a segment of t h e  polymer cha in .  

s t r u c t u r e  

Af te r  f u r t h e r  

Bands a t  1515, 1290, 1010, and 840 cm-I  weakened 

The most n o t i c e a b l e  of t h e s e  i s  t h e  s t rong  1515 band, 

h i n c r e a s e  i n  rela- 

-1 For comparison, t h e  spectrum of a f i l m  of cured TRAB-PMDA 

The source  of t h i s  band i s  n o t  clear, a l though it  

For example, t h e  

is presen t  i n  both t h e  imide and t h e  pyrrone forms of the TUB-PMDA polymer, 

bu t  i s  p r e s e n t  on ly  i n  t h e  imide form of the DAB-PMDA polymer, 

n o t i c e a b l e  change on hea t ing  TRAB-PMDA was  the appearance of a band a t  

I855 c m - l ,  probably due t o  anhydride produced by cyclodehydrat ion of 

t e rmina l  carboxyl  groups.  

The most 

F igure  5 shows a similar set of curves  f o r  DAB-BTDA. 

case t h e  f i r s t  curve  is  f o r  a n  a i r - d r i e d  sample, s t i l l  i n  t h e  amide-acid 

s t a g e ,  which l a c k s  t h e  f o u r  c h a r a c t e r i s t i c  imide bands. A bake of 2 h r s .  

a t  15OOC converted i t  t o  imide (curve 2 ) .  

from curve  2 (imide) t o  curve  4 (390°C) w a s  t h e  growth of a band a t  

I n  t h i s  

The most s i g n i f i c a n t  change 
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Fig. 4-Infrared spectra of DAA-FMDA and TRAB-PMDA a s  a function of cure. DAA-PMDA film cast on Csl plate. TRAB-PMDA free film. Cure times cumulative 
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Fig. 5-Infrared spectra of  DAA-BlDA as a function of cure. Film cast on Csl plate. Cure times cu-v&Ztive 
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1480 cm-le 

through t h e  400°C c u r e ,  t h e  1725 carbonyl  band remaining t h e  s t r o n g e s t  

i n  t h e  spectrum. Again, t h e  band a t  1515 cm decreased wi th  hea t ing ,  

bu t  r equ i r ed  400°C f o r  complete removal. 

A s  i n  t h e  preceding case, a l l  fou r  imide bands p e r s i s t e d  

-1 

Although some of t h e  s p e c t r a l  changes shown i n  Figs .  4 and 5 

are c o n s i s t e n t  w i t h  pyrrone formation,  absence of t h e  s t r o n g  pyrrone 

band a t  1760 c m - l  i n d i c a t e s  t h a t  very  l i t t l e  pyrrone w a s  formed from 

e i t h e r  TRAB o r  DAA polymers. 

F igures  6 and 7 p r e s e n t  a comparison of t h e  s p e c t r a  of DATADPO- 

PMDA and TADPO-PMDA dur ing  cu re .  

ob ta ined  i n  t h e  former case a f t e r  2 h r s .  a t  200°C. 

caused g radua l  e l i m i n a t i o n  of one imide carbonyl  a t  1780 cm 

carbonyl  a t  1680 cm-', t h e  r i n g  v i b r a t i o n  a t  1505 cm-13 and bands a t  1290, 
-1 1210, 1100, 1010, and 840 c m  A r e l a t i v e  i n c r e a s e  w a s  observed a t  t h e  

pyrrone f r equenc ie s  of 1620, 1470, 1170, 960, 850, and 820 A t  

the  h ighe r  tempera tures ,  a band a t  2220 appeared, which has  been i d e n t i f i e d  

t e n t a t i v e l y  as n i t r i l e .  I n  t h e  case of TADPO-PMDA, t h e  r e a c t i o n  appar- 

e n t l y  followed a somewhat d i f f e r e n t  course .  

curve  2 is  n o t  ve ry  wel l -def ined,  

pyrrone o r  benzimidazole  bands have begun t o  appear .  

A t y p i c a l  polyimide spectrum w a s  

Fur ther  hea t ing  
-1 t h e  amide 

The polyimide spectrum in 
The 1780 and 720 bands are weak, wh i l e  

The spectrum of t h e  
.L cured polymer corresponds c l o s e l y  t o  t h a t  r epor t ed  by B e l l  and P e z d i r t z ,  

E s s e n t i a l l y  t h e  same bands appeared on cur ing  bo th  t h e  TADPO and DATADPO 

polyqers  (Fig.  6 ,  curve  5 vs Fig. 7, curve  3 ) ,  bu t  t h e  i n t e n s i t i e s  were 

cons iderably  d i f f e r e n t .  

i n  t h e  TADPO-PMDA polymer were p r e s e n t  only as shoulders  i n  t h e  DATADPO 

polymer. . S u b s t a n t i a l  absence of t h e  s t rong  1760 c m  pyrrone band from 

t h e  s p e c t r a  of DATADPO polymers i n d i c a t e s  a low degree  of pyrrone formation,  

For example t h e  bands a t  1760, 1330, and 1070 cm-' 

-1 

I n  Figs .  8 and 9,  t h e  s o l u b l e  and i n s o l u b l e  f r a c t i o n s  of DADAB- 

PMDA are compared, us ing  polymer powder i n  a KBr d i s c .  

gave very  similar s p e c t r a ,  and t h e  changes on hea t ing  were similar t o  

those  noted f o r  DATADPO-PMDA, a l though t h e  band a t  1470 c m - l  d id  not 

develop as s t rongly. ,  The spectrum of t h e  f u l l y  cured material resembles 

t h a t  r epor t ed  by Dawans and Marvel2 f o r  DAB-PMDA. The s m a l l  d i f f e r e n c e s  

The two polymers 
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which appear i n  t h e  spectra of t h e  s o l u b l e  and i n s o l u b l e  f r a c t i o n s  may 

be  a s s o c i a t e d  wi th  isomerism. For example, v a r i a t i o n s . a t  780 c m  and 

i n  t h e  800-900 c m - l  r eg ion  may be from t h i s  source.  

appears  t o  be  more e a s i l y  converted t o  imide and a l s o  t o  pyrrone,  The 

imide bands appeared earlier i n  t h e  baking cyc le ,  and t h e  pyrrone bands 

a t  1760, 1590, 1470, 1440, 1060, and 820 c m - l  were somewhat b e t t e r  

developed i n  t h e  f u l l y  cured material, a l though none of t h e s e  s p e c t r a  

shows a degree  of pyrrone formation approaching tha t . found  f o r  TADPO- 

PMDA 

-1 

The s o l u b l e  f r a c t i o n  

Addi t iona l  in format ion  on t h e  c u r e  mechanism of DADAB-PMDA i s  

provided by vacuum p y r o l y s i s  experiments i n  which t h e  v o l a t i l e  products  

were trapped and analyzed.  

s ea l ed  i n  a g l a s s  appara tus  which w a s  evacuated t o  about 10  t o r r .  The 

sample w a s  t hen  hea ted  wh i l e  v o l a t i l e s  were trapped i n  a l i q u i d  n i t r o g e n  

t r a p .  

analyzed.  

Severa l  success ive  h e a t i n g  c y c l e s  were app l i ed  t o  each polymer sample, 

us ing  v a r i o u s  t i m e s  and temperatures .  For t h e  i n s o l u b l e  f r a c t i o n ,  t h e  

condensates w e r e  a l s o  t i t r a t e d ,  t o  o b t a i n  a q u a n t i t a t i v e  measure of t h e  

acetic a c i d  produced. 

Table  VIII. The observa t ion  t h a t  t h e  a c e t y l  group is  n o t  e l imina ted  

below 35OoC agrees  wi th  t h e  i n f r a r e d  s p e c t r a l  da t a .  CO e l i m i n a t i o n  

sugges ts  t h a t  decarboxyla t ion  may be a s i d e  r eac t ion .  I f  some of t h e  

l i nkages  are converted t o  benzimidazole groups through r e a c t i o n  w i t h  t h e  

acetamido group i n  t h e  i n i t i a l  r i n g  c losu re ,  an  i s o l a t e d  carboxyl  group 

would be l e f t ,  which could e a s i l y  Pose CO2* There i s  some i n d i c a t i o n  of 

t h e  formation of a v o l a t i l e  n i t r i l e  o r  i s o n i t r i l e .  

A sample of t h e  polymer under test  w a s  
-6 

Afte r  a h e a t i n g  pe r iod  t h e  t r a p  w a s  removed and i t s  con ten t s  

The t r a p  was c leaned  and rep laced ,  and t h e  c y c l e  repea ted .  

Resu l t s  from t h e  two samples are summarized i n  

2 

I n f r a r e d  s p e c t r a  of CETADPO-BTDA on cu r ing  were v e r y  similar 

A well-defined imide spectrum developed qo those  of DATADPO polymers. 

a t  1 5 O o C ,  p e r s i s t e d  t o  about 350°C, and g radua l ly  changed a t  350°C t o  

a spectrum c l o s e l y  resembling Fig.  6 ,  curve  5. 

44 



Table VI11 

P y r o l y s i s  Products  from DADAB-PMDA 

rreatments  Success ive  

rime, H r s ,  1 Temp.,"C W t .  Loss,  % I V o l a t i l e  Products  I % of Calc. 
I I Acid, 

In so l  f r a c t i o n  (D92-143-1: 

14 15 0 13.0 

2 300 7*4  

2 350 1.9 
18 350 2*9  

IlOTAL 25.2 (Calc. 

Sol. f r a c t i o n  (D93-1-7) I 

a C 0 2 9  H20,  THF 

CO2' H20b 
COZY H20,  HOAc, Ac20 b 

C 0 2 $  H20,  HOAc, Ac20  

35%) 

H20,  DMAC 

H20,  DMAC 
C H 0, C 0 2  2 

H20, HOAc, 

c2%)-1 

Ae20 d 

I i 

1,18 

2,88 

6 , ,  28 

6,66 

17.001 

Tet rahydrofuran  used t o  wash sample w a s  no t  complete y removed, 
a l i p h a t i c  ester o r  ke tone  a l s o  (1735, 1460, 1370 cm- ) e  

Probably 2 a 

bProbably t r i p l e  bond a l s o  (2160, 3070 em-') ., 
C Bleached i n d i c a t o r  paper .  MMR showed no aromatic  pro tons ,  "Odor of 

cooked cabbage e '' 

dVapor absorbed a l s o  a t  1135, 1100 cm-'; l i q u i d  a t  1370, 1133 em-'. 

F igu res  10-15 show r e p r e s e n t a t i v e  i n f r a r e d  s p e c t r a  of polymers 

prepared from DCDAB-BTDA and DCDAB-PMDA as f i l m s  on cesium iod ide  p l a t e s ,  

The samples were a i r  d r i e d  and then  baked a t  153°C f o r  90 min. 

s p e c t r a  show well-developed imide bands a t  1780, 1730 and 725 cm-l0 

a f u r t h e r  bake a t  300°C t h e  band a t  1780 s h i f t s  t o  1770-1775 ern-' and 

i n c r e a s e s  i n  r e l a t i v e  i n t e n s i t y  compared t o  t h e  band a t  1730 c m  e Afte r  

a f u r t h e r  1 hour c u r e  a t  350°C t h e  band a t  1770 is  s t r o n g e r  than  t h e  band 

These 

A f t e r  

-1 
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a t  1730 c m - l  i n  ehe DCDAB-BTDA polymer and i s  almost as s t rong  i n  t h e  

DCDAH-PMDA polymer. This  behavior  i s  i n d i c a t i v e  of pyrrone formation.  

I n  a d d i t i o n ,  i n  t h e  DCDAB-BTDA polymer a band a t  1580 cm-l becomes much 

s t r o n g e r  a f t e r  t h e  bake a t  300°C. 

- a t  1680 cm-' which i s  absen t  i n  t h e  spectra of t h e  DCDAB-PMDA polymers. 

This  polymer a l s o  has  a s t r o n g  band 

These bands may be  due t o  t h e  benzophenone ketone group. 

t he  p re sence  of c h l o r i n e  i n  t h e s e  polymers d i d  n o t  i n h i b i t  pyrrone 

format i o n .  

Apparently 

F igure  16  shows i n f r a r e d  curves  f o r  the sa l t  prepared from DAB 

A c u r e  of 2 h r s .  a t  200°C gave a f a i r l y  and the dimethyl  ester of BTDA, 

good polyimide spectrum wi th  a l i t t l e  anhydride a t  1850 cm'l- 

baking e l imina ted  t h e  anhydride and a l s o  t h e  1780 imide band, wh i l e  a 

n i t r i l e  band appeared a t  2220 c m - l -  

d i sappeared ,  Bands a s s o c i a t e d  w i t h  a pyrrone s t r u c t u r e  developed t o  some 
-1 e x t e n t ,  a l though many of them were very weak, For example, t h e  1760 c m  

band 2s presen t  on ly  as a s l i g h t  shoulder ,  

Addi t iona l  

Ester bands a t  1270 and 1130 cm-' 

S imi l a r  r e s u l t s  were obta ined  wi th  t h e  model compound der ived  

from monoisopropyl p h t h a l a t e  and o-phenylenediamine, which w a s  prepared 

and d r i e d  a t  60°C i n  vacuo. When t h e  s o l i d  w a s  hea ted  s lowly,  me l t ing  

occurred  a t  about  168"C, a f t e r  which t h e  material r e s o l i d i f i e d  and turned  

green,  

DTA gave s t r o n g  endotherms a t  132" and 170°,  and a weak endotherm 

a t  292OC. I n f r a r e d  s p e c t r a ,  Figs .  17-19, w e r e  ob ta ined  of t h e  d r i e d  

product  and of samples t h a t  w e r e  hea ted  f o r  30 minutes  a t  135", f o r  30 

minutes  a t  180", and f o r  30 minutes  a t  300°C. 

and 135" gave e s s e n t i a l l y  i d e n t i c a l  s p e c t r a .  Absorption bands a t  1580 

These bands have 

The samples cured  a t  60" 

5 cm-' may be a t t r i b u t e d  t o  a sa l t  s t r u c t u r e .  

most ly  disappeared a t  180" and e n t i r e l y  so a f t e r  30 minutes a t  300°C. 

Figure 18 con ta ins  sugges t ions  of polyimide, bu t  t h e  amount, i f  any, i s  

small. F igure  1 9  shows some similarities t o  t h e  spectrum of 

gjJ6.J 
** N 

but  t h e  weakness 01- absence of t h e  s t rong  bands a t ,  e.g. ,  1765 and 

715 cm-' i n d i c a t e  t h a t  very  l i t t l e  of t h i s  compound w a s  formed. 
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A cons ide rab le  amount of work w a s  done wi th  model compounds i n  

an  e f f o r t  t o  c l a i r f y  t h e  r e a c t i o n s  occur r ing  i n  t h e  c u r e  of polymers 

der ived  from d i a c e t y l  te t ramines .  Details of s y n t h e s i s  and p r o p e r t i e s  

s f  t h e  model compounds are g iven  i n  t h e  Experimental  Sec t ion .  

The compound 

was hea ted  i n  t h e  DTA appa ra tus  a t  15"C/min t o  200"C, he ld  f o r  15 min a t  

ZOO" ,  cooled t o  50°C, and then  rehea ted  i n  t h e  same way. 

ing  pe r iod  a sha rp  endotherm occurred a t  168"C, accompanied by mel t ing ,  

c r y s t a l l i z a t i o n  occurred on coo l ing ,  and no endotherms were observed on 

r ehea t ing .  These obse rva t ions  suggested t h a t  a n  amorphous polymer might 

have been formed. However, a second experiment,  on a l a r g e r  s c a l e ,  l e d  

t o  a d i f f e r e n t  conclusion.  

i n  a slow stream of n i t rogen .  The weight l o s s  w a s  90% of t h a t  c a l c u l a t e d  

f o r  s imple  dehydra t ion ,  and r e c r y s t a l l i z a t i o n  of t h e  r e s i d u e  gave a 69% 

I n  t h e  f i r s t  hea t -  

No  

The compound w a s  h e l d  a t  200°C f o r  30 min 

y i e l d  of 

(OAA-PA). 

OAA-PA) of a r e s i d u e  which showed no.DTA endotherms. However, i ts  

i n f r a r e d  spectrum showed i t  t o  be almost e n t i r e l y  OAA-PA. These r e s u l t s  

a g r e e  wi th  t h e  i n f r a r e d  s t u d i e s  on polymers, which i n d i c a t e  t h a t  moderate 

hea t ing  of t h e  acetamido amide a c i d  s t r u c t u r e  g i v e s  n e a r l y  q u a n t i t a t i v e  

conversion t o  t h e  imide. 

Evaporat ion of t h e  mother l i q u o r  gave a 23% y i e l d  ( i f  pu re  

The next  s t e p  i n  t h e  c u r e  w a s  s tud ied  by pyrolyzing model 

compounds f o r  3 h r s .  a t  400°C i n  a slow stream of n i t rogen .  

g l a s s  tube  w a s  used, 25 mm i n d i a m e t e r ,  w i th  a 30 c m  h o t  zone, The 

sample w a s  conta ined  i n  a p o r c e l a i n  boa t  nea r  one end of t h e  hot  zone, t o  

provide  f o r  p y r o l y s i s  of vapors  as w e l l  as r e s idues .  

model imides of i n t e r e s t  are summarized i n  Table  I X .  OPD-PA w a s  converted 

almost  q u a n t i t a t i v e l y  t o  t h e  pyrrone,which sublimed. 

A h o r i z o n t a l  

Resu l t s  w i th  f i ve  
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Dwg. 7228091 

Structure 

NHAc 

97% Yield of 

Sample 
wt, 9 

1,7757 

0.6553 

1.0118 

3.3058 

0.65 

Residue 

9 

0.0008 

0.0248 

0.1684 

1.90 

0.44 

% of 
Sample 

Wt 

0.5 

3.78 

16.64 

57.5 

68.0 

Sub 

9 

1.5849 

0.4598 

0.3537 

0.65 

0.07 

nate 
%.of 

Sample 
Wt  

89. 3a 

70.2 

34.96 

19.7 

11.0 
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I n  t h e  c a s e  of OAA-PA, t h e  i n f r a r e d  spectrum of t h e  subl imate  

w a s  a lmost  i d e n t i c a l  t o  t h a t  of t h e  s t a r t i n g  material, i n d i c a t i n g  t h a t  

most of t h e  compound sublimed without  change. 

d i f f e r e n c e s  were observed,  among them t h e  appearance of a new band a t  

1570 cm-l, an  i n c r e a s e  i n  a band a t  1460, and a decrease  i n  bands a t  

890 and 760 cm-'. F igure  20 shows a n  i n f r a r e d  spectrum of t h e  r e s i d u e  

from t h i s  run .  F ive  bands are p r e s e n t ,  a t  1720, 1680, 1600, 1450, and 

740 c m  ~ The material cannot be i d e n t i f i e d  w i t h  c e r t a i n t y ,  bu t  t h e  

spectrum i s  r a t h e r  s i m i l a r  t o  t h a t  of 

Some minor spectral  

-1 

The compound DAOPD-PA incorpora t e s  a blocking s t r u c t u r e  t h a t  

w a s  no t  eva lua ted  i n  polymers. 

i t s  s u i t a b i l i t y .  

e s s e n t i a l l y  i d e n t i c a l  t o  t h e  corresponding f r a c t i o n s  from OAA-PA. The 

subl imate  i n  t h i s  c a s e  w a s  s u b s t a n t i a l l y  d i f f e r e n t  from t h e  s t a r t i n g  

material. Apparently t h e  second a c e t y l  group i s  l o s t  e a s i l y  t o  g ive  

t h e  monoacetyl compound. 

It w a s  s tud ied  b r i e f l y  h e r e  t o  determine 

The s p e c t r a  of  bo th  subl imate  and r e s i d u e  were 

P y r o l y s i s  of (OAA)2-PMDA gave subl imate  and r e s i d u e  f r a c t i o n s  

having e s s e n t i a l l y  i d e n t i c a l  spec t r a ,  

t h e  subl imate .  

a pyr'rone. 

r e s i d u e s ,  w i th  t h e  a d d i t i o n  of a s t r o n g  band a t  1380. 

pyrrones absorb  i n  t h i s  reg ion .  

spectrum (Fig.  9 ,  curve  5) con ta in ing  e s s e n t i a l l y  t h e  same bands,  bu t  

wi th  d i f f e r e n t  i n t e n s i t y  r a t i o s .  

F igure  21 shows t h e  spectrum of 

The carbonyl  r eg ion  i s  more sugges t ive  of a n  imide than  

The spectrum as a whole resembles t h a t  of t h e  o t h e r  p y r o l y s i s  

Both imides and 

Pyrolyzed DADAB-PMDA polymer gave a 

I n  t h e  case of DADAB-(PA)2, bo th  subl imate  and r e s i d u e  gave 

t y p i c a l  pyrrone s p e c t r a .  

The r e s i d u e  spectrum w a s  n e a r l y  i d e n t i c a l  bu t  less sharp.  

That of t h e  subl imate  is  shown i n  Fig.  22. 

A programed  TGA run  w i t h  OAA-PA gave subl imat ion  only.  

Programmed TGA (2.5o/min i n  n i t r o g e n )  wi th  t h e  less v o l a t i l e  compounds 

(OAA)2-PMDA (amide a c i d )  and DADAB-(PA)2 gave more i n t e r e s t i n g  r e s u l t s ,  

which are shown i n  F igs .  23 and 24. The two curves  are very  similar. 
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Two clear-cc: s t e p s  are apparent  i n  each of t h e  weight l o s s  curves ,  one 
a t  200°C an? one a t  410" - 430°C. 

which t h e  less of water and of a c e t i c  a c i d  are expected t o  occur  i n  

(OAA)2-PMDA(amide a c i d ) .  

r e s i d u a l  NMP i n  DADAB-(PA)*. 

i s  e n t i r e l y  wrong. 

would corres?ond t o  8.0% l o s s ,  and two moles of acetic a c i d  would add 

ano the r  23.2Z:. Observed va lues  were about  14% for t h e  f i r s t  s t e p ,  44% 
f o r  t h e  seccnd.  

l o s s .  

2OO0C was d=:2 t o  l o s s  of NIP, t h e  o t h e r  s t e p  should add another  20.75% 

l o s s  i f  due t o  acet ic  a c i d  e l imina t ion .  The a c t u a l  l o s s  i n  t h e  second 

s t e p  w a s  abou t  48%. 

r e t e n t i o n  of 32-38% of t h e  sample weight a t  970°C. 

amount of  ye l low subl imate  w a s  observed i n  both  runs ,  and t h e r e  w a s  a 

brown r e s i d u e ,  

These are about  t h e  temperatures  a t  

The small drop a t  200°C may b e  due t o  

However, t h e  magnitude of  t h e  s t e p s  

For (OAA)2-PMDA(amide a c i d ) ,  two moles of water 

A t h i r d  small s t e p  a t  560°C added 4% more t o  t h e  weight 

I n  t h e  case of DADAB-(PA)2, i f  we assume t h a t  t h e  3,5% drop  a t  

An i n t e r e s t i n g  f e a t u r e  of bo th  curves  is  t h e  

A cons ide rab le  

R e s u l t s  of i so the rma l  TGA a t  400°C are shown i n  Fig.  25 fo r  

The curves  are q u i t e  t h e  imide forms of (OAA)2-PMDA and DADAB-(PA)2. 

d i f f e r e n t .  

by g radua l  loss f o r  t h e  rest  of  t h e  run,  I f  t h e  e l imina t ion  of acetic 

a c i d  were tkie only process ,  a l o s s  of 21.5% would be  expected. It: was 
necessary  t o  d i s c o n t i n u e  t h e  de te rmina t ion  b e f o r e  t h a t  va lue  w a s  reached,  

Howevers s i n c e  subl imat ion  w a s  observed, weight l o s s  cannot be  equated 

wi th  acetic a c i d  loss. ( O M )  PMDA l o s t  weight much more r a p i d l y ,  and 

reached e s s s n t i a l l y  c o n s t a n t  weight i n  80 minutes ,  b u t  t h e  r e s i d u a l  

weight w a s  c u c h  1ower . than  t h e  v a l u e  of 69.9% c a l c u l a t e d  f o r  acetic 

a c i d  l o s s .  Some subl imat ion  occurred  i n  t h i s  case a l s o ,  and a non- 

v o l a t i l e  r e s i n o u s  r e s i d u e  w a s  formed. Of p o s s i b l e  s i g n i f i c a n c e  i s  t h e  

f a c t  t h a t  the weight l o s s  of (OAA)*-PMDA a t  400°C corresponds a lmost  

e x a c t l y  t o  r h e  loss of  PMDA, 

For DA~IAB-(PA)~ t h e r e  was  a r a p i d  drop of about  6%, followed 

2- 

Eie r e s u l t s  of c u r e  and p y r o l y s i s  experiments are no t  e n t i r e l y  

f r e e  from z b i g u i t i e s ,  bu t  t h e  fol lowing s t a t emen t s  are reasonably con- 

s i s t e n t  w i t 3  observa t ions .  
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1. Polymers de r ived  from t e t r amines  and d ianhydr ides  c u r e  by 

more than  one mechanism. 

s t r u c t u r e ,  which i s  conver ted  almost  completely t o  pyrrone. However, a 

f a i r l y  s u b s t a n t i a l  p o r t i o n  of them fo l low o t h e r  pathways, which lead  t o  

branching and c r o s s l i n k i n g  i n  t h e  uncured polymer and t o  t h e  formation 

of o t h e r  l i nkages  (e .g . ,  imide,  benzimidazole) i n  t h e  cured polymer. 

Most of  t h e  l i nkages  pas s  through a n  aminoimide 

2 .  Polymers de r ived  from d i a c e t y l  t e t r amines  and d ianhydr ides  

are converted almost  q u a n t i t a t i v e l y  t o  a l i n e a r  acetamido imide 
in t e rmed ia t e .  A h igh  tempera ture  (350°C) is requ i r ed  f o r  f u r t h e r  c u r e h  

Both acet ic  a c i d  and carbon d iox ide  are e l imina ted  i n  t h e  l a t te r  s t a g e s ,  

wi th  the format ion  of small amounts of pyrrone, t oge the r  wi th  benzimida- 

z o l e  and o t h e r  s t r u c t u r e s ,  and some c r o s s l i n k i n g ,  

3.  Polymers de r ived  from t h e  hindered te t ramine  DCDAB are 

Th i s  converted r a t h e r  c l e a n l y  t o  a m i 3 0  imides and then  t o  pyrrones.  

system g i v e s  fewer s i d e  r e a c t i o n s  i n  t h e  first s t e p  than  unhindered 

tetramines and fewer s i d e  r e a c t i o n s  i n  t h e  second s t e p  than  d i a c e t y l  

tetramines. 

4 .  S a l t s  from d i e s t e r  d i a c i d s  and t e t r amines  c u r e  by several 

mechanisms, and t h e  cured polymer c o n t a i n s  very  l i t t l e  pyrrone s t r u c t u r e .  

5. Details of s t r u c t u r e  p l ay  a n  important  p a r t  i n  determining 

c u r e  mechanism and f i n a l  products .  

r e a d i l y  t o  a pyrrone,  whereas (OAA)2-PMDA does n o t ,  and t h e  o-diamino 

grouping i n  TRAB is  n o t  as c l e a n l y  converted t o  pyrrone as t h e  co r re s -  

ponding s t r u c t u r e s  i n  tetramines. 

For example, DADAB-(PA)2 c u r e s  
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A 6-5 RING SYSTEM 

A cons ide rab le  amount of in format ion ,  accumulated i n  t h e  p a s t  

few y e a r s ,  sugges t s  t h a t  t h e  thermal-oxidat ive s t a b i l i t y  of pyrrones is  

much lower than  had been p red ic t ed  f o r  t h i s  h e t e r o c y c l i c  l adde r  system. 

One p o s s i b l e  exp lana t ion  i s  t h a t  t h e  5-5 fused  r i n g  system i s  too  h ighly  

s t r a i n e d  t o  be very  s t a b l e ,  

6-6 fused r i n g s .  

c l o s e l y  r e l a t e d  t o  pyrrones.  

Less s t r a i n  would be expected i n  6-5 o r  

W e  have done a few experiments w i th  a 6-5 system 

Polymers and model compounds conta in ing  t h e  isoindoloquin-  

azol inedione  r i n g  system have been synthes ized  by de  Gaudemaris and 

o t h e r s  by t h e  fol lowing r e a c t i o n  sequence: 18 

Later work by Kuriha.ra and Yodal' i n d i c a t e s  t h a t  a rearrangement may 

occur  dur ing  c u r e  t o  g ive  t h e  f i n a l  s t r u c t u r e  

Work by Bogert and Hand2' sugges t s  t h e  p o s s i b i l i t y  of t h e  fo l lowing  

v a r i a t i o n  i n  t h e  syn thes i s :  d9 0 0 - 0 - 0  G N H Z  ----Bp @O-NH 

co CO *H 
2 ' -cyanophthalani l  
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I f  s u c c e s s f u l ,  t h i s  approach would provide a f i n a l  cu re  r e a c t i o n  wi th  

no e l i m i n a t i o n  of v o l a t i l e s ,  which would be  very  h e l p f u l  i n  t h e  prep- 

a r a t i o n  of f i l m s ,  lamina tes ,  molded o b j e c t s ,  e tc . ,  wi th  a minimum of 

voids ,  bubbles ,  and shr inkage ,  

We have prepared f o r  r e f e r e n c e  purposes t h e  amide-acid and 

t h e  f u l l y  condensed model compounds, us ing  a mod i f i ca t ion  of publi'shed 

methods. 

shown and have b r i e f l y  i n v e s t i g a t e d  methods of c l o s i n g  t h e  second 

We have a l s o  synthes ized  2 ' -cyanophthalani l  by t h e  r e a c t i o n  

h e t e r o c y c l i c  r i n g .  The treatments 

shown i n  Table  X. 
The r e s u l t s  w i t h  KOH-H202 

work i n  t h i s  area seems j u s t i f i e d ,  

used and t h e  r e s u l t s  ob ta ined 'a re-  

are s u f f i c i e n t l y  promising t h a t  more 

The next  s t e p  would b e  s y n t h e s i s  of 

monomers con ta in ing  two o-cyano amine groupings.  We have done some work 

wi th  t h i s  o b j e c t i v e  b u t  have n o t  y e t  succeeded i n  making a pure  monomer. 

P repa ra t ion  of a polyimide from t h e  dicyano diamine should p re sen t -no  

s e r i o u s  problems. 

h e a t  a lone ,  o r  some c a t a l y s t  system may be necessary .  

suggested by t h e  model compound work i s  a combination of an  organic  

peroxide  and a f u g i t i v e  s t r o n g  basep  such as benzyltrimethylammonium 

hydroxide.  

It may be p o s s i b l e  t o  e f f e c t  t h e  f i n a l  c y c l i z a t i o n  by 

A p o s s i b i l i t y  
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EXPERIMENTAL * 

P r e p a r a t i o n  of CETADPQ 

Two hundred g .  (1 mole) of 4 ,4’-oxdiani l ine w a s  d i s so lved  i n  

500 m l  of DMAC and 200 m l  of p y r i d i n e  and warmed t o  63°C. 

s o l u t i o n  w a s  added 239 g.  (2.2 moles) of e t h y l  chloroformate i n  po r t ions .  

The temperature  r o s e  t o  about  105°C. 

poured i n t o  ice-water, g iv ing  a wh i t e  p r e c i p i t a t e ,  which w a s  washed wi th  

water and d r i e d  a t  100°C. Yield w a s  250 g .  of a product  w i th  an  endo- 

therm a t  149°C. 

observed. Anal. Calc. f o r  C H N 0 C,  62.79; H ,  5.85; N, 8.13; 18 20 2 5;  
0, 23.23. Found: C,  62.68, 62.47; H, 5.88, 5.86; N, 7.94, 7.90; 0, 

23.83 and 23.96. 

To t h i s  

After cool ing ,  t h e  s o l u t i o n  w a s  

Af t e r  r e c r y s t a l l i z a t i o n  from ethano1,a m.p. of 152°C w a s  

N i t r a t i o n  of N,N-bis(carbethoxy) oxyd ian i l ine  w a s  e f f e c t e d  i n  

acet ic  anhydr ide -n i t r i c  a c i d .  

a d d i t i o n  of 30 g. of 70% n i t r i c  a c i d  t o  180 m l  of acetic anhydride 

cooled i n  a n  ice-salt bath.  The s o l u t i o n  w a s  cooled f u r t h e r  and 34-4  g. 

(0 .1  mole) of N,N’-bis(carbethoxy) oxyd ian i l ine  w a s  added a t  such a ra te  

t h a t  t h e  temperature  d i d  n o t  go above 3°C.  

which w a s  c o l l e c t e d  on t h e  f i l t e r ,  washed wi th  acetic a c i d  and d r i e d .  

Yield w a s  32.8 g. of material wi th  a sha rp  endotherm a t  12OOC. A f u r t h e r  

y i e l d  of  7.5 g .  (endotherm 1 1 8 ° C )  w a s  ob ta ined  by d i l u t i n g  t h e  mother 

l i q u o r  wi th  water. T o t a l  y i e l d  w a s  40.3 g. (95%). Anal. Calc. f o r  

C18H18N409: C ,  49.78; H ,  4.17; N ,  12.90; 0, 33.15. Found: C ,  50.67, 

50.81; H, 4.32, 4.39; N ,  13.05, 13.23; 0, 30,26, 30.09. 

A n i t r a t i o n  s o l u t i o n  w a s  prepared by 

A yel low p r e c i p i t a t e  s epa ra t ed ,  

A s l u r r y  composed of 30 g of N,Ns-bis(carbethoxy)-3,3”- 

d i n i t r o o x y d i a n i l i n e ,  1 g of 5% Pd-on-C, and 200 m l  o f  95% e thano l  w a s  

* 
Reference 12  con ta ins  a d d i t i o n a l  experimental  work. 
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hydrogenated in a Parr hydrogenation apparatus at a maximum temperature 

of 72'C. After hydrogen uptake had stopped, the catalyst was removed 

by filtration. A white precipitate separated immediately upon cooling 

the filtrate. After filtration and drying, 22.4 g (87%) of material 
with a sharp endotherm at 168°C was obtained (D37-147-1). Subsequent 

hydrogenations under slightly different conditions gave material with 

two .endotherms, a comparatively small one at 123" and a larger one at 

182°C. 

gave a material with 2 similar endotherms at 125" and 183°C. Anal. Calc. 

for C18H22N405: C, 57.75; H, 5.92; N, 14.97; 0, 21.38. Found: C, 
57.47, 57.60; H, 5.91, 5.98; N, 14.99, 15.03; 0, 21.56, 21.32. 

Recrystallization of 5 g of D38-147-1 from 150 ml of 95% ethanol 

CETADPO-BTDA Polymer 

A solution of 22.44 g (0.06 mole) of CETADPO in 98 g of DMAC 
was stirred while solid BTDA was added in portions, with periodic 

viscosity measurements of the solution. The viscosity reached an 

apparent maximum after the addition of 19.4 g (0.0603 mole) of BTDA. 

An additional 33 g of DMAC was added to give a 24.2% solution, viscosity 

X-Y (Gardner). Inherent viscosity of a 0.5% solution was 0.66 dl/g. 

Preparation of DCDAB 

3,3'-Dichlorobenzidine was acetylated with acetic anhydride to 

give a quantitative yield of the diacetyl derivative, m.p. 305-311°C. 

Recrystallization from DMAC-acetic acid gave a product m.p. 311°C (DTA), 

[J. C. Cain and P. May, J. Chem, SOC. 97, 723, report 302" .] 
Dry ice was added with stirring to 5 pints of fuming nitric 

acid until. the temperature reached 5°C. 
362 g of diacetyldichlorobenzidine was added, together with enough dry 

ice t o  maintain a temperature of 5-10°C. 

for 15 minutes at 5-10°C and then poured into an ice-water mixture. 

yellow precipitate was filtered off, washed thoroughly with water, and 
dried at 140°C. Three such batches were combined to give 1233 g of 

crude product. 

Over a period of 15 minutes 

The dark solution was stirred 

The 

Recrystallization frcm 12 1.of DMAC gave 437 g (32% yield) 
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of  N ,Nt -d iace ty i -3 ,30 -d ich lo ro -5~5~-d in i t robenz id ine~  This  compound 

dues no t  have a mel t ing  p o i n t ,  b u t  decomposes v igorous ly  (DTA exotherm) 

a t  about  39OOC. Anal. Calc, f o r  C H C 1 N  0 C,  44.98; H,  2.83; 

N, 13,lb2; C 1 ,  16.60, Found: C ,  45.10, 45.26; H, 2.84, 2.77; N,  13.15, 

13-29 ;  C 1 ,  16.63, 16.53. 

16  1 2  2 4 6: 

Two liters of conc. s u l f u r i c  a c i d  w a s  s t i r r e d  wh i l e  254 g of 

t h e  above product  w a s  added. 

i n t o  ice-water. The p r e c i p i t a t e  w a s  f i l t e r e d  o f f ,  washed wi th  sodium 

b ica rbona te  s o l u t i o n  and water and d r i e d  t o  g ive  201 g of 3,3 '-dichloro- 

5 ,5P-d in i t robenz id ine ,  m.p. (DTA) 315°C. Anal. Calc. f o r  C H C 1  N 0 : 

C, 42.00; H, 2.35; C 1 ,  20.67; N ,  16.33. Found: C ,  42.16, 42.35; 

H, 2.69, 2.82; C 1 ,  20.44, 20.66; N ,  16.18, 16.21. 

The mixture  was warmed t o  60°C and poured 

1 2 8  2 4 4  

A s l u r r y  of 125 g of 3,3'-dichloro-5,5'-dinitrobenzidine, 2 

p i n t s  of 95% e thano l ,  1 2  g of 5% palladium-on-charcoal9 and 110 m l  of 

85Z hydraz ine  hydra t e  w a s  s t i r r e d .  The mixture  g radua l ly  warmed spon- 

taneous ly  t o  r e f l u x  temperature  and maintained r e f l u x  f o r  about  15 minutes ,  

Heat ing w a s  t hen  used t o  main ta in  r e f l u x  f o r  ano the r  27 minutes.  

c a s a l y s t  w a s  removed by f i l t r a t i o n ,  and 500 m l  of de ionized  water con- 

t a i n i n g  a p inch  of sodium h y d r o s u l f i t e  was added. A wh i t e  p r e c i p i t a t e  

formed as t h e  s o l u t i o n  w a s  cooled and concent ra ted  under n i t rogen ,  

f i l t r a t i o n  and d ry ing  35.3 g (34%) of DCDAB w a s  ob ta ined ,  m.p, (DTA) 

l75OC. Fur the r  concen t r a t ion  of t h e  mother l i q u o r  gave about 17 g of 

macerial w i t h  an  endotherm of 152°C. R e c r y s t a l l i z a t i o n  from ethanol-  

water r a i s e d  t h e  m.p. t o  178OC. Anal. Calc. f o r  C H C 1 N  : C, 50.90; 

H, 4.27;  C 1 ,  25.04; N, 19.79. Found: C ,  51.79, 51.59; H, 4.3g9 4.35; 

C%, 24.34, 24.47; N,  19.44, 19.55. 

The 

Af te r  

1 2  12  2 4 

Polymers from DCDAB 

Table  X I  summarizes polymers made w i t h  DCDAB and PMDA i n  DMAC. 

In  r u n  D36-104-1 a l l  of t h e  PMDA w a s  added as a s o l i d .  I n  D36-106-1, 

p a r t  of t h e  PMDA w a s  added t o  t h e  amine s o l u t i o n  as a s o l i d ,  followed 

by r h e  remainder i n  DMaC s o l u t i o n .  

around t h e  undissolved p o r t i o n s  of PMDA. 

I n  both cases g e l  par t ic les  formed 

The g e l  p a r t i c l e s  were removed 
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by f i l t r a t i o n  through cheese c l o t h ,  The runs  D36-104-2, D36-106-2, and 

D36-127-1 a l l  of t h e  PMDA w a s  added i n  s o l u t i o n ,  and no g e l  p a r t i c l e s  

f ormcd e 

Table X I  

P r e p a r a t i o n  of DCDAB-PMDA 

Resin No. 

D36-104-1 

D36-104-2 

D36-106-1 

D36-10 6-2 

D36-127-1 

2.83 

2,83 

5.66 

5.66 

5.6632 

15 

5 

10 

10  

12  

2.18 

2.18 

4,72 

(9% excess)  

4-66 

(8% excess)  

4.3626 

% S o l i d s  

25,O 

20.0 

26.3 

24.4 

25.0 

Remarks 

g e l  p a r t i c l e s  

ve ry  t h i n  l i q ,  

g e l  p a r t i c l e s  

2.75 s t o k e s  

5.5 s t o k e s  

The excess of  PMDA used i n  polymer s o l u t i o n s  D36-106-1 and 

D36-106-2 d id  n o t  g e l  t h e  s o l u t i o n s .  A f t e r  3 days t h e  remaining p o r t i o n  

of D36-106-2 (1/2 t o  3/4 of o r i g i n a l  amount) w a s  t r e a t e d  w i t h  0.3 g PMDA 

d i s so lved  i n  2 m l  DMAC. The v i s c o s i t y  of t h i s  s o l u t i o n  r o s e  r a p i d l y  and 

g e l a t i o n  occurred i n  about  40 minutes  (D36-106-3). D36-127-1 s o l u t i o n  

v i s c o s i t y  increased  t o  about 600 c e n t i s t o k e s  i n  22 days,  w i t h  no f u r t h e r  

change i n  54 days.  

DCDAB-BTDA polymers were prepared as fo l lows .  

D36-120-1,2,3,4 - To a s o l u t i o n  of 4.2504 g (0.015 mole) 

DCDAB ( t w i c e  r e c r y s t a l l i z e d  from aqueous a l c o h o l )  i n  8 g DMAC w a s  added 

4.8310 g (0.015 mole) BTDA i n  1 2  g DMAC. T h i s  formed a l i g h t  yel low 

s o l u t i o n ,  D36-120-1. About 0.8 g s o l u t i o n  w a s  removed f o r  weight l o s s  

measurements. Success ive ly  0.0105 g BTDA i n  3 g DMAC, 0.0119 g BTDA i n  

3 g DMAC, and 0.0117 g BTDA i n  1.5 g DMAC w e r e  added t o  t h e  s o l u t i o n .  

Af t e r  each a d d i t i o n  of BTDA, weight l o s s  samples were removed, D36-120-2, 

3,  and 4 .  A t  t h e  f i n i s h  about  1% excess  BTDA had been added. Film 

samples were cast  from D36-120-4 and cured a t  150" overn ight .  The 
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t h i n n e s t  s a m p l e s ,  1-2 m i l s ,  had check s p o t s  and were too f r a g i l e  t o  be 

removed from t h e  aluminum d i shes .  

were moderately f l e x i b l e ,  though s t i f f .  They were a c h a r a c t e r i s t i c  

deep-red c o l o r .  

Thicker samples could  be removed and 

The remainder of D36-120-4 g e l l e d  on s tanding  overn ight .  

D36-125-1 - A second DCDAB-BTDA polymer w a s  prepared i n  t h e  

Th i s  r e s i n  a t  25% s o l i d s  same manner b u t  w i th  a 1% def i c i ency  of BTDA. 

had a n  i n i t i a l  v i s c o s i t y  of about 100 c e n t i s t o k e s ,  which increased  t o  

320 c e n t i s t o k e s  i n  24 hours ,  340 i n  22 days,  and t h e  same a f t e r  54 days. 

The weight l o s s  of samples D36-120-1,2,3,4, D36-125-1 and 

D36-127-1 are  given i n  Table XI1 and Fig .  3. Samples D36-120-1,2,3,4, 

placed toge the r  because of  c l o s e  s i m i l a r i t y ,  showed t h e  lowest  rate of 

weight l o s s ,  e x p e c i a l l y  f o r  t h e  f i r s t  200 hours.  A f t e r  200 hours t h e  

rate of l o s s  became n e a r l y  cons t an t  a t  about 0.1% h r ,  which i s  almost  

t h e  same as t h a t  of D36-125-1 through i t s  aging  per iod .  

50 h r s .  

Table  XI1 

9 

100 h r s  e .  

Weight Loss of DCDAB-BTDA and DCDAB-PMDA 
Polymers a t  325°C (%) 

D36-120-1,2,3,4 

D36-125-1 

D36-127-1 

D36-106-2 

4 7 

5 10 

10 20 

1 2  18 

The DCDAB-BTDA polymers, bo th  D36-125-1 

show a lower weight l o s s  than  t h e  DCDAE 

D36-106-3 e 

31 39 (250 h r s . )  
I 

and t h e  D36-120-1,2,3,4 group 

PMDA polymers D36-127-1 and 

A check on t h e  weight  loss d a t a  w a s  made by concur ren t ly  running 

samples of polyimide prepared  from m-phenylene diamine and BTDA (1-8)e 

Samples of t h i s  material l o s t  3-4% and then  remained a t  a nea r ly  cons t an t  

weight a t  325°C. Also,  some samples of 1-8 as w e l l  as some of t h e  pyrrone 

samples were aged i n  c l o s e d  d i s h e s  and some i n  t h e  open. There w a s  no 
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s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  weight l o s s  of samples whether aged i n  t h e  

open OPT i n  c losed  d i shes .  

Polymers from Es te r -Sa l t s  

A s o l u t i o n  prepared by r e f l u x i n g  1 6 . 1  g (0,05 mole) of BTDA 

i n  160  m l  of i sopropanol  f o r  5 hours  w a s  poured i n t o  a s o l u t i o n  of 10.7 g 

(0 ,05 mole) of DAB i n  550 m l  of water a t  98"C0 

Qn coo l ing ,  a n  o i l  s epa ra t ed ,  which became s o l i d  on a d d i t i o n  of i c e ,  

The mixture  w a s  f i l t e r e d ,  b u t  t h e  s o l i d  w a s  ve ry  s o f t  a t  room temperature .  

A s m a l l  amount of t h e  s o l i d  was  d i s so lved  i n  DMAC. A t y p i c a l  b r i t t l e  red  

f i l m  w a s  ob ta ined  from t h i s  s o l u t i o n ,  On hea t ing  t h e  o r i g i n a l  o i l y  So l id  

a foam w a s  ob ta ined ,  

A r e d  s o l u t i o n  r e s u l t e d ,  

The d i i s o b u t y l  ester of BTDA w a s  prepared by r e f l u x i n g  2200 m l  

of i s o b u t a n o l  w i th  322 g (1 mole) of BTDA u n t i l  a clear s o l u t i o n  w a s  

ob ta ined .  Th i s  h o t  s o l u t i o n  w a s  t hen  poured i n t o  a b o i l i n g  s l u r r y  con- 

t a i n i n g  214 g (1 mole) DAB i n  2 1. of d i s t i l l e d  water. The r e s u l t i n g  

s o l u t i o n  w a s  evaporated under n i t r o g e n  f o r  90 hours,  l eav ing  an  o i l y  

r e s i d u e .  Th i s  r e s i d u e  w a s  d r i e d  a t  < 125°C f o r  about  24 hours.  The 

f i n a l  dark ,  d r y  product  weighed 678 g o  The t h e o r e t i c a l  y i e l d  of t h e  

d i i s o b u t y l  ester sal t  wi th  DAB is  684 g. 

A moderately v i scous  s o l u t i o n  w a s  prepared wi th  425 g of t h e  

above material  and 940 g DKCPC by warming t o  50-55°C and s t i r r i n g  f o r  

several hours  (E69-60-1). A f a i r l y  good f i l m  was obta ined  from t h i s  

resin,  Glass c l o t h  w a s  impregnated wi th  t h e  r e s i n  s o l u t i o n ,  precused 

f o r  one hour a t  100°C, and pressed  a t  1000 p s i  and 3OOOC. The lamina te  

w a s  of very  poor q u a l i t y ,  and could  be  broken by hand, A second lamina te  

w a s  prepared w i t h  a much lower s o l i d s  con ten t .  The prepreg s h e e t s  of t h e  

f i r s t  l amina te  had 49,5% s o l i d s  after a 30-minute bake a t  100°C. For t h e  

second lamina te  t h e  s o l i d s  con ten t  of t h e  r e s i n  w a s  c u t  t o  26%. On 

d ipping  t h e  g l a s s  c l o t h  followed by a bake f o r  30 minutes  a t  l O O " C ,  a 

r e s i n  conten t  of 29% w a s  ob ta ined .  The lamina te  w a s  prepared by p u t t i n g  

t h e  s tacked  s h e e t s  i n  the p r e s s ,  preheated t o  l O O " C ,  and immediately 

applyfng 1000 p s i ,  The temperature  was then  r a i s e d  t o  300°C over a 
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50-minute per iod  and he ld  t h e r e  f o r  30 minutes.  

(E69-62-1) conta ined  24% r e s i n  and was 0.105'' t h i c k  (12 p l i e s ) .  F l exura l  

The f i n a l  lamina te  

i 
> s t r e n g t h  and modulus a t  room tempera ture  were 37 k p s i  and 3.3 MPSi. 

2 316°C they  w e r e  25.5 k p s i  and 2.7 Mpsi, r e s p e c t i v e l y .  

A t  

A mixture  of 1500 m l  o f  t e t r ahydro fu ran  (d r i ed  over  Call2) and i 

218.1 g (1 mole) of p u r i f i e d  PMDA w a s  heated t o  60-65°C and s t i r r e d  under 

r e f l u x  i n  a slow stream of dry  n i t r o g e n  whi le  a s o l u t i o n  of 6 2 - 1  g (1 

mole) of e t h y l e n e  g l y c o l  (d r i ed  over  CaS04) i n  250 mP of t e t r ahydro fu ran  

w a s  added s lowly  (6 h r s ) .  A clear s o l u t i o n  w a s  ob ta ined .  Solvent  w a s  

removed under vacuum, and t h e  r e s i d u a l  s o l i d  w a s  washed s e v e r a l  t i m e s  

w i th  benzene and d r i e d  f o r  1 2  days a t  50°C under vacuum. The product  

w a s  a d ry ,  g r a n u l a r  t a n  s o l i d  weighing 290 g (calc. 280 g ) ,  which s t i l l  

had a n  odor of benzene. 

on ly  w i t h  g r e a t  d i f f i c u l t y .  

polymer w i t h  NaOH gave a n e u t r a l  equ iva len t  of 119.3, which corresponds 

t o  a PMDA/glycol r a t i o  of 1.188, a n  average MW of 1757, and 276 g of 

polymer p e r  mole of PMDA presen t .  

Apparently t h e  l as t  of t h e  benzene is  removable 

T i t r a t i o n  of a n  ace tone  s o l u t i o n  of t h e  

A s o l u t i o n  of 13.80 g (0.05 mole PMDA) of t h e  glycol-PMDA 

THF and 100 m l  water w a s  added, under polymer i n  a mixture  of 100 m l  

n i t r o g e n ,  t o  a h o t ,  s t i r r e d  s o l u t i o n  of 10.72 g (0.05 mole) r e c r y s t a l l i z e d  

DAB i n  1000 m l  water. The mixture  w a s  allowed t o  c o o l  t o  room temperature  

and then  evaporated t o  dryness  i n  a stream of n i t rogen .  

ground t o  g ive  a yel low powder (D94-8-4), weighing 25.3 g (calc. 24.5 g). 

This  product  w a s  found t o  be e s s e n t i a l l y  i n s o l u b l e  i n  THF o r  water, 

s l i g h t l y  s o l u b l e  i n  ace tone  o r  Cel loso lve ,  p a r t i a l l y  s o l u b l e  i n  DMF, and 

ve ry  s o l u b l e  i n  DMAC o r  NMP. 

The r e s i d u e  w a s  

A s o l u t i o n  of 15.00 g of D94-8-4 i n  27.90 g of DMAC (25.0% 

s o l i d s ,  based on cured pyrrone)  w a s  clear brown, wi th  a v i s c o s i t y  of 

about  50 c s t k s .  Films cast i n  aluminum d i s h e s  w e r e  cont inuous,  red- 

brown, and f a i r l y  f l e x i b l e .  Determinat ions of pe rcen t  s o l i d s  and weight 

l o s s  were made on two such f i l m s  i n  c i r c u l a t i n g  a i r  ovens,  w i t h  t h e  

fo l lowing  r e s u l t s :  



Sample w t  o ,  g 0.7038 0.3433 

Raking schedule ,  - hrs .  

1 

18 

1 

2 

7 

1 

4.5 

7 

8.5 

26.5 

33.5 

51.5 

75.0 

147.5 

150 

150 

300 

300 

300 

325 

325 

325 

325 

325 

325 

325 

325 

325 

Residue, % 

31.4 

29.2 

26.6 

25.8 

25.4 

25.0 

31.0 

28.7 

26.5 

25.2 

25.1 

24.8 

W t .  l o s s  of r e s idue ,  % 

1.8 3.5 

2.8 4.1 

2.6 3.5 

7.2 14.0 

11.0 16.7 

16.6 25.4 

23.1 32.9 

46.5 58.8 

The r e s i d u e  weight ag rees  w e l l  w i t h  t h e  c a l c u l a t e d  s o l i d s  con ten t  and 

i n d i c a t e s  t h a t  t h e  c u r e  i s  l a r g e l y  complete a f t e r  2 hours  a t  300°C. 

Weight l o s s  of t h e  t h i n n e r  sample w a s  cons iderably  more r a p i d  than  t h a t  

of t h e  t h i c k  one, bu t  both are r a t h e r  high.  

A mixture  of 322.2 g (1 mole) of BTDA and 500 m l  of DMAC w a s  

s t i r r e d  a t  60-65°C whi le  a s o l u t i o n  of 62.07 g (1 mole) of e thy lene  

g l y c o l  i n  196 g of DMAC w a s  added over  a 6 hour per iod .  

s o l u t i o n  of t h e  l i n e a r  p o l y e s t e r  w a s  ob ta ined ,  t o  which w a s  added 214.3 g 

( 1  mole) of DAB. A very  v iscous  s o l u t i o n  w a s  ob ta ined ,  which w a s  d i l u t e d  

wi th  150 m l  of DMAC t o  g ive  a workable v i s c o s i t y .  

i n  a r e f r i g e r a t o r ,  t h e  s o l u t i o n  g e l l e d .  

w i th  1200 m l  of DMAC t o  g i v e  a clear 20% s o l u t i o n ,  v i s c o s i t y  M-N 

(Gardner).  

A clear v iscous  

When s t o r e d  overn ight  

The g e l  was s t i r r e d  v igorous ly  

A second n i g h t  i n  t h e  r e f r i g e r a t o r  produced a g e l  which could  
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not  be l i q u i f i e d .  The p r e p a r a t i o n  w a s  repea ted  t o  g ive  a r e s i n  s o l u t i o n  

(34% s o l i d s )  having a n  i n i t i a l  v i s c o s i t y  of G (Gardner),  which increased  

t o  T-U i n  e i g h t  hours .  

Soon a f t e r  polymer p repa ra t ion ,  181 All00 E-glass c l o t h  w a s  

coated wi th  t h e  s o l u t i o n ,  using two d i p s  and a c u r e  of 20 minutes a t  

150°C a f t e r  each d i p .  

l i t t l e  flow occurred  i n  t h e  p re s s .  

F l exura l  p r o p e r t i e s  were measured a t  room tempera ture  be fo re  aging and 

a t  600°F a f t e r  100 hours  a t  600'F. Resu l t s  f o r  t h e  b e s t  l amina te  are 

given i n  Table  V. F a i r l y  r e s p e c t a b l e  i n i t i a l  va lues  were obta ined ,  bu t  

s t r e n g t h  r e t e n t i o n  on ag ing  w a s  poor. Better r e s u l t s  could probably be 

obta ined  w i t h  mi lde r  p recu re  cond i t ions .  

Th i s  precure  w a s  probably too seve re ,  s i n c e  very  

Four 6" x 6" lamina tes  were made., 

Pyrrone-Imide Copolymers 

An imide-pyrrone copolymer w a s  prepared from MPD, DAB and 

BTDA. An imide p r e c u r s o r  s o l u t i o n  w a s  f i r s t  prepared from MPD and BTDA, 

con ta in ing  a 10% excess  of BTDA. Th i s  w a s  s t i r r e d  i n t o  a DAB-BTDA 

s o l u t i o n  t h a t  con ta ined  a 10% d e f i c i e n c y  of BTDA, so  t h a t  t h e  f i n a l  

s to i ch iomet ry  balanced.  

w a s  about  450 c e n t i s t o k e s .  

3 days,  

f o r  a lamina te .  Two c o a t s  were brushed on, and each coa t  w a s  baked a t  

80°C f o r  15 minutes .  

r e s i n .  

p laced  i n  t h e  p r e s s  a t  100°C. 

and tempera ture  w e r e  i nc reased  t o  500 p s i  and 325°C over  55 minutes  and 

kept  t h e r e  f o r  20 minutes .  

The f i n a l  l amina te  had a r e s i n  con ten t  of 33.5% and w a s  1/8" t h i c k ,  Two 

s t r i p s  t e s t e d  a t  315°C had an  average  f l e x u r a l  s t r e n g t h  of 27,100 p s i  

and a modulus of 2.3  x 10  6 . 
temperature  w a s  f l e x u r a l ,  47,000 p s i ,  and modulus 4.02 x 10 p s i .  A l l  

samples f a i l e d  by de laminat ion ,  i n d i c a t i n g  t h a t  a s t r o n g  bond w a s  no t  

formed a 

The v i s c o s i t y  of t h e  s o l u t i o n  a t  24% s o l i d s  

A sample l e f t  a t  room temperature  g e l l e d  i n  

A r e f r i g e r a t e d  sample w a s  used t o  treat g l a s s  c l o t h  (A1100-181) 

Th i s  t rea tment  gave a s h e e t  t h a t  contained 46% 
t l  

A l amina te  w a s  prepared from 13  6 x 6" shee t s .  The s h e e t s  were 

I n i t i a l  p re s su re  w a s  55 p s i .  The p res su re  

Some beads appeared a t  200°,  i n d i c a t i n g  flow, 

Average of 2 samples t e s t e d  a t  room 
6 
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I n  o r d e r  t o  f a c i l i t a t e  so lven t  removal, a d d i t i o n a l  runs  w e r e  

made i n  which t h e  DMAC w a s  rep laced  wi th  a n  80-20 DMF-xylene mixture .  

A l a r g e  q u a n t i t y  of imide polymer w a s  prepared as fo l lows:  

To a s o l u t i o n  prepared from 86.2 g (0.8 mole) of MPD i n  733 g DMF and 

183 g xylene was added 308 g (0.96 mole) of s o l i d  BTDA. Th i s  mixture  

w a s  s t i r r e d  about  1 hour (D36-148-1). 

Two ba tches  of pyrrone s o l u t i o n  were prepared by adding t o  

51.4 g (0.24 mole) of DAB i n  80 g DMF and 20 g xylene 61.8 g (.192 mole) 

of BTDA d i s so lved  i n  280 g of DMF and 70 g of  xylene.  

D36-149-1.) 

b l ende r ,  w a s  added 393 g of D36-148-1 t o  g i v e  t h e  imide-pyrrone precursor  

s o l u t i o n s  D36-148-3 and D36-149-2. 

(D36-148-2 and 

To each of t h e s e  s o l u t i o n s ,  whi le  s t i l l  i n  t h e  Waring 

Shee t s  of g l a s s  c l o t h  (181 A1100) were impregnated wi th  t h e  

r e s i n s .  

hour a t  100°C w a s  used t o  make lamina te  E69-10-2. Two lamina tes  were 

prepared  from r e s i n  336-149-2. For E68-12-1 t h e  t r e a t e d  g l a s s  c l o t h  

w a s  p recured  a t  100°C and f o r  E68-13-1 p recu re  was a t  125°C. 

w a s  put i n t o  a p r e s s  preheated t o  325"C, t h e  p r e s s u r e  immediately r a i s e d  

t o  500 p s i  and pressed  f o r  one hour a f t e r  t h e  temperature  r e tu rned  t o  

325°C. 

excess ive .  

Two s t r i p s  from each lamina te  were pos t  cured a t  300-325°C f o r  20 minutes  

and two were n o t  cured f u r t h e r .  

Table  V I .  

Glass c l o t h  impregnated wi th  D36-148-3 and precured f o r  one 

The prepreg  

A l l  t h r e e  lamina tes  looked good. The flow w a s  adequate  bu t  no t  

Four test s t r i p s  (1 x 4 x 1/8'*) were c u t  from each laminate .  

Laminate p r o p e r t i e s  are summarized i n  

A suspen'sion of 5.97 g (0.02 mole) of DADAB i n  140.5 g DMAC w a s  

s t i r r e d  wh i l e  6.44 g (0.02 mole) of  BTDA w a s  added. A clear s o l u t i o n  w a s  

ob ta ined ,  i n w h i c h  w a s  d i s so lved  8.65 g (0.08 mole) of MPD. To th i s  

s o l u t i o n  w a s  added 25.78 g (0.08 mole) of BTDA, w i th  s t i r r i n g .  A clear 

amber s o l u t i o n  w a s  ob ta ined ,  v i s c o s i t y  X (Gardner). A t h i n  f i l m  w a s  

baked i n  a n  aluminum d i s h ,  w i th  t h e  fol lowing r e s u l t s :  
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Baking Schedule (Cumulative) % Residue 

3 h r s .  150" + 1 h r .  175" + 1.5 h r s .  200°C 24.3 

16  h r s .  250°C 23.3 

2 h r s .  300" + 1 h r .  350°C 23.0 

1 .5  h r s .  400°C 22.9 

Since t h e  c a l c u l a t e d  r e s i d u e  f o r  imid iza t ion  i s  23.1%, and t h a t  f o r  

i m i d i z a t i o n  p l u s  l o s s  of acetic a c i d  i s  21.8%, i t  seems apparent  t h a t  

t h e  baking schedule  used gave p r i m a r i l y  polyimide. 

Addi t iona l  ba tches  of polymer prepared on a l a r g e r  scale by 

t h e  same procedure gave s o l u t i o n s  wi th  v i s c o s i t i e s  of S-X (Gardner) a t  

23-24% s o l i d s .  

A 6 x 6" 10-ply lamina te  w a s  made, us ing  181 A-1100 E-glass 

c l o t h .  

f o r  20 minutes a t  150°C. 

temperature  t h a t  r o s e  from 300 t o  490°C i n  30 minutes and w a s  he ld  a t  

450 t o  490°C f o r  15  minutes ,  

t h i c k ,  con ta in ing  24% r e s i n .  F l e x u r a l  s t r e n g t h  and modulus v a l u e s  were 

35 k p s i  and 3.4 Hpsi a t  room temperature  and 9.4 k p s i  and 2.5 Mpsi a t  

316°C. A 12-ply 12  x 12" lamina te  w a s  made from t h e  same prepreg ,  a t  

1000 p s i  and 400°C f o r  30 minutes.  The p r e s s u r e  w a s  r e l e a s e d  momentarily 

t o  release v o l a t i l e s  (bumped) i n  t h e  e a r l y  p a r t  of t h e  p re s s ing ,  and some 

resir) blew ou t  of t h e  board a t  t h a t  t i m e .  

t h i c k ,  contained 22% r e s i n ,  and d i d  n o t  appear  as uniform as t h e  s m a l l  

board. 

a t  room temperature  and 27 .1  k p s i  and 2.8 Mpsi a t  316OC. 

The coated c l o t h  w a s  a i r - d r i e d  f o r  45 minutes and then  precured 

The lamina te  was pressed  a t  1000 p s i  and a 

A smooth b l ack  board w a s  ob ta ined ,  0.09'' 

The f i n a l  laminate w a s  0.106'' 

F l exura l  s t r e n g t h  and modulus va lues  were 36 .4  k p s i  and 3.4 Mpsi 

The s t r e n g t h  va lues  are n o t  impressive,  bu t  t h e  modulus is  

somewhat h igher  t han  t h a t  of lamina tes  from t h e  unmodified polyimide, 

which is  i n  t h e  range  of 2.5-2.8 Mpsi a t  room temperature .  

l amina tes ,  made under o t h e r  cond i t ions ,  are inc luded  i n  Table  VII. The i r  

p r o p e r t i e s  are similar.  

Two a d d i t i o n a l  



Model Compound Syntheses 

Isopropyl phthalate - OPD Salt. - - A solution prepared from 
10.4 g (0.05 mole) isopropyl phthalate and 100 ml isopropanol was poured 
into a hot solution of 5-4 g of o-phenylene diamine in 50 ml of water. 
There was no precipitate or color change, 
which was dried at 60°C in vacuo to give 10-g of solid. 
point apparatus melting occurred at about 168"C, after which the material 
resolidified and turned green. 
170", and a weak endotherm at 292°C. 

On cooling, a solid precipitated, 
In the melting 

DTA gave strong endotherms at 132" and 

2'-Nitrophthalanil. - A mixture of 27.63 g (0.2 mole) of 
o-nitroaniline, 29.62 g (0.2 mole) of sublimed phthalic anhydride, 
150 ml of DMAC, and 50 ml of xylene was refluxed with stirring under a 
Dean-Stark trap. 
collected in the trap, after which no additional material was obtained. 
The cooled product was mixed with 200 ml of water, stirred for 2 hours, 
and filtered. 
water,and dried at 140°C under vacuum to give 36.5 g (68% yield) of 
crude 2'-nitrophthalanil. Recrystallization from 350 ml of glacial 
acetic acid gave 34.1 g of yellow needles, m.p. (DTA) 203°C. Anal. 

During an 18 hour period, 5.9 ml of aqueous layer 

The resulting precipitate was filtered off, washed with 

Calc. for C14H8N204: 
C, 62.60, 62.71; H, 3.07, 2.93; N, 10.34, 10.50; 0, 24.05, 23.81, 

C, 62.75; H, 3.01; N, 10.45; 0, 23.87. Found: 

2'-Aminophthalanil. - A mixture of 34.0 g of 2'-nitrophthalanil, 
1700 ml of ethanol, and 2 g of 5% Pd-on-C catalyst was hydrogenated at 
150 psi and 75-95°C. 
cooled, and the resulting yellow crystals were filtered off and dried to 
give 19.0 g (63% yield) of 2'-aminophthalanil, m.p. (DTA) 193°C. 
curve also had a small endotherm at 164°C. 
from ethanol removed ,the second endotherm and raised the m.p. to 194°C. 
- Anal. Calc. for C14H10N202: 
Found: C, 70.84, 70.85; H,  4.13, 4.24; N, 11.60, 11.53; 0, 13.23, 
13.47. 

The product was filtered hot. The filtrate was 

The DTA 
A second recrystallization 

C, 70.58; H, 4.23; N, 11.76; 0, 13.43. 

This compound was also prepared from phthalic anhydride and 
o-phenylenediamine (see below), 
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Products from phthalic anhydride and o-phenylenediamine. - 
A solution of 14.8 g (0.1 mole) of sublimed phthalic anhydride in 200 ml 
of chloroform was added slowly to a stirred solution of 10.8 g (0.1mole) 
of o-phenylenediamine in 250 ml of chloroform. A precipitate formed 
during the addition. 
for an hour and filtered hot. The solid product was washed with hot 
chloroform and dried to give 24.3 g (95% yield) of crude product. A 

series of recrystallizations from ethanol and from chloroform yielde 
two fractions of interest. D93-28-2, m.p, (DTA) 194"C, was identified 
as 2'-aminophthalanil. D93-27-10, mop. (DTA) 27Z°C, agrees in map. and 
analysis with 2'-carboxybenzimidazole. Anal. Calc. for C H N 0 
C, 70.58; H, 4.23; N, 11.76; 0, 13.43. Found: C, 70.24, 70.18; 
H, 4.03, 4,17; N, 11.22, 11.32; 0, 14.77, 14.68, Reaction of the former 
with acetic anhydride gave 2'-acetamidophthalanil, while the latter gave 
1,Z-benzoylenebenzimidazole. 

When addition was complete the mixture was refluxed 

14 10 2 2' - 

A mixture of 0.50 g of D93-28-2 and 2.5 ml of acetic anhydride 
was heated to boiling to give a clear solution. On cooling, a granular 
solid separated. 
which was warmed for a few minutes and filtered. The solid was washed 
with water and dried to give 0.49 g of a tan granular solid product 
(D93-29-4), m.p. (DTA) 203OC. C, 68.56; 
H, 4.32; N, 10.00; 0, 17.12. Found: C, 67.66, 67,87; H, 4.16, 4.26; 
N, 9.64, 9.80; 0, 18.33, 18.45, The infrared spectrum contained the 
features expected for 2'-acetamidophthalanil. (See below for anothe 
synthesis.) 

An equal volume of water was added to the mixture, 

- Anal. Calc. for C16H12N203: 

The DTA behavior of 2~-acetamidophthalanil is interesting- 
Samples dried at high temperatures gave a single sharp endotherm at 203- 
205°C. 
a moderate temperature, fluffy white needles were obtained which gave 
a short, sharp endotherm at about 185", followed immediately by an 
exotherm, peaking at about 188", and then a deep, sharp endotherm at 
203 to 205°C. 
reheated, only the upper endotherm was observed, 

If the product was recrystallized from chloroform and dried at 

When the melted sample was allowed to cool and was then 
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A mixture of 1.0 g of D93-27-10 and 5 ml of acetic anhydride 
was boiled for 10 minutes. The solid slowly dissolved, On cooling a 
precipitate formed, which was filtered off, washed with water, and dried 
to give 0.81 g of yellow needles (D93-29-3), map. (DTA) 214°C. Anal. 
Calc. for C H N 0 :  C, 76.35; H, 3.66; N, 12.72; 0, 7.27. Found: 
C, 76.92, 76.70; H, 3.63, 3.66; N, 12-95, 12,75; 0, 6.86, 6.96. The 
infrared spectrum agreed in every respect with a spectrum of authentic 
1,2-benzoylenebenzimidazole supplied by Dr. Norman Johnston, NASA, 

14 8 2 

2P-Acetamidophthalanilic kcid. - A mixture of 136 g (0.92 
mole) of sublimed phthalic anhydride, 136 g (0.91 mole) of 2-aminoace- 
tanilide and 1050 ml of chloroform was refluxed with stirring for 2 
hours, and allowed to cool. The precipitate was filtered off and dried 
at 50°C under vacuum to give 260 g (96% yield) of 2P-acetarnidophthalanilic 
acid as a white powder m.p. 164°C (DTA). Recrystallization from ethanol 
gave white needles (D93-44-1) m.p. 168°C (DTA, 15"/min). Anal., Calc. 
for C16H14N204: C, 64.42; M, 4.73; N, 9.39; 0, 21.45. Found: C, 64.37, 
64-41; H, 4.70, 4.69; N, 9.31, 9.29; 0, 21.51, 21-66. 

2'-Acetamidophthalanil, 2q-(diacetylamino)-phthalanil, and 
C16H10N202. - A mixture of 29.6 g (0.2 mole) of phthalic anhydride 
(sublimed), 29.9 g (0.2 mole) of o-aminoacetanilide, and 225 ml of 
chloroform was refluxed with stirring for 3 hours. 
(200 ml) was added and solvent was distilled until a vapor temperature 
of 130°C was reached. 
evaporated nearly to dryness at room temperature in a stream of nitrogen. 
The resulting moist solid was recrystallized twice from methanol to give 
22,l g of white crystals (D93-15-4). 
from the filtrate from the second crystallization, 

Acetic anhydride 

The residual clear yellow solution (212 g) was 

An additional 6,2 g was recovered 

Evaporation of the filtrate from the first crystallization, 
followed by drying for 4 days at 135°C under vacuum, gave 20.9 g of a 
yellow-brown solid. 
methanol gave a solution and a yellow solid. 
off and dried to give 2.2 g of tan powder, 
residue was recrystallized twice from 50 ml of DMSO to give 0.3 g of 

Extraction of this material with 200 ml of boiling 
The latter was filtered 

A 0.5 g sample of this 
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f i n e  yel low c r y s t a l s  (D93-25-3). 

H, 3.85; N, 10,69;  0, 12.20. Found: C, 72.42, 72-19; H, 3.82, 3,78; 

N ,  10.56, 10.36; 0, 13.29, 13.40,  The DTA curve gave only poor ly  de f ined  

endotherms, t h e  major one being a t  about  440°C. 

- Anale Calc, f o r  C16H10N202: C, 73-27; 

The I R  spectrum sh  

no abso rp t ion  bands i n  t h e  imide carbonyl  reg ion ,  bu t  absorbed s t r o n g l y  

a t  3200 (broad) ,  1620, 1590, 1570, 1470, 1410, 1370, 1350, 1340, 128 

1190, 1150, 740, 530, and 480 c m - l Q  

presence of two compounds,.MW 262 (corresponding to  a n a l y s i s  C H M 0 ) 
and 276, 

234' and 206' (206- and 206- a l s o  observed) .  

a 28 u n i t  t o  g ive  248 e The nmr spectrum w a s  inconclus ive  because of 

p a r t i a l  s o l u b i l i t y  problems, 

been e s t a b l i s h e d .  

The mass spectrum showed t h e  

16  10 2 2 
The former l o s t  two u n i t s  of m / e  = 28 i n  s t e p s ,  g iv ing  

The fa t ter  a l s o  10s 
-4- 

The s t r u c t u r e  of t h i s  by-product has  not 

D93-15-4 w a s  r e c r y s t a l l i z e d  several times from methanol and 

from chloroform. Two major f r a c t i o n s  w e r e  obtained and i d e n t i f i e d .  

D93-40-7, m,p. (DTA) 205"C, gave a n  i n f r a r e d  spectrum matching that of 

D93-29-4 and w a s  i d e n t i f i e d  as 2 ' -acetamidophthalani le  

C16H12N203' 
68.70; H, 4,46, 4.46; E, 9.85, 10.06; 0, l7 ,30 ,  17-20,  

- Anal. Calc. fop 

C ,  68,56; H, 4.32; M, 10.00, 0, 17.12- Found: C, 68.45, 

D93-28-4, m,p, (DTA) 182"C, w a s  i d e n t i f i e d  as 2 ' - ( d i a c e t y l m i n o )  

p h t h a l a n i l .  

0, 19.86. Found:: C, 66-87,  67.10; H, 4.30, 4.37; N, 8.89, 8.69; 

0, 20.06, 19.90. 

- Anal. Calc. f o r  Cl8HI4NZO4: C ,  67.07; W, 4.38; N, 8,69; 

P y r o m e l l i t i c  d i a c i d  b i s  (o-acetamido-anilide), - A s o l u t i o n  

of 21.8 g (0.1 mole) of sublimed PMDA i n  225 m l  of THF w a s  added t o  a 

warm s t i r r e d  mixture  of 30.0 g (0.2 mole) of 2-aminoacetanil ide and 150 

m l  of THF, A b r i c k  red  c o l o r  appeared where t h e  s o l u t i o n s  f i r s t  mixed, 

bu t  faded r ap id ly .  A heavy whi t e  p r e c i p i t a t e  formed. The mixture  w a s  

r e f luxed  gen t ly  f o r  30 minutes ,  cooled,  and f i l t e r e d .  The s o l i d  product  

w a s  d r i e d  a t  65°C under vacuum t o  g i v e  52.0 g (100% y i e l d )  of p y r o m e l l i t i c  

d i a c i d  b i s  ' (o-acetamidoani l ide) ,  probably a mixture  of t h e  two expected 

isomers. Anal. Calc. f o r  C H N 0 C,  60.23; H, 4.28; N, 10.80; 

0, 24.69. Found: C ,  60.20, 60.05; H, 4 . 8 3 ,  4.74; N, 10.03, 9.92; 
26 22 4 8; - 
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0, 24.95, 25.12. DTA gave a rather broad endotherm at 187°C (map. and 

dehydration of amic acid) and a sharp one at 384°C (m.p. of imide). 

Pyromellitic bis (0-acetamidoanil). - A mixture of 25.9 g 

(0.05 mole) of the preceeding product and 100 ml of xylene was refluxed 
w i t h  stirring, using a Dean-Stark trap to remove water. After 7 hours 
of reflux, 1.7 ml (calc. 1.8 ml) of water had collected. The solid 

product was filtered off and dried at 130°C under vacuum to give 23.8 g 

(99% yield) of crude product. 

250 ml of DMF to give 4.1 g of purified pyromellitic bis (0-acetamidoanil), 

m.p. (DTA) 390°C. 

N, 11*61; 0. 19.90. Found: C,  64.79, 64-68; H, 3.90, 3.77; N, ll,.SO, 

11.53; 0, 19.82, 19.99. 

A 10 g sample was recrystallized from 

Anal. Calc. for CZ6Hl8N4Q6: C, 64.73; H, 3.76; 

N,Ns-Diacetyl-3,3'bis(N",N"'-phthalimido)benzidine~ - A 

mixture of 14.9 g (0.05 mole) of N9N'-diacetyl-3,3'-diaminobenzidine, 
14.8 g (0.10 mole) of sublimed phthalic anhydride, and 50 ml of DMSO 
(d r i ed  over Molecular Sieve) was heated slowly. 

ottaii;d at 7OOC. The  solution was held at 80°C for 2 hours and at 
115-120°C f o r  one hour. 

s l o w l y  forned.  The mixture was cooled and filtered. The solid product 
was washed with acetone and dried at 13OoC under vacuum to give 12.0 g 

oE pale yellow powder. 

diluting the filtrate with water (70% total yield). 

the first crop was recrystallized from 2JMP to give 8.8 g of purified 

N,Pi'-diacetyl-3,3'-bis (N",N"'-phthalimido) benzidine, m.p. (DTA) 415°C. 

Anal. Calc. for C €1 N 0 C, 68.81; H, 3.97; N, 10.04; 0, 17.19. - 32 22 Ir 6' 
Fosnd: C, 68.05, 68.19; €I, 4.08, 4*1L; N, 10.07, 10.09; 0, 17.9g9 17.85. 

2'-Carbamoylphthalanilic acicl and isoindoloquinazolinedione. - 

A clear solution was 

During the latter period a heavy precipitate 

An additional 7.4 g of product was recovered by 

A 10 g sample of 

A mixture of 68 g (0.5 mole) of anthranilic amide, 350 g of chloroform, 
450 g of ethyl acetate, and 74 g (0.5 mole) of phthalic anhydride was 

allowed to stand for 4 days at room temperature. 

filtered, and the scjlid product dried at 100°C under v?cuum t o  give 

147 g of solids. 

of glacial acetic acid gave 48.7 g (50% yield) of purified 

The mixture was 

Recrystallization of 100 g of this product from 500 ml 

86 



2P-carbamoylphthalanilic acid, m.p. (DTA) 182°C. Anal, Cake for 
C H N 0 : C, 63.38; H, 4.26; N, 9.86; 0, 22,52- Found: C, 62.71, 
62.95; H, 4.14, 4-18; N ,  9.91, 9.84; 0, 23.05, 23-23- 
15 12 2 4 

A solution of 25 g of the crude product above in 200 ml of 

DMAC was held at 16OOC for one hour and allowed to cool.. Addition of 
200 ml of water gave a precipitate, which was filtered off, washed w i t h  

water, and recrystallized from Cellosolve-water to give 4.65 g (21% 
yield) of isoindolo [2,1-a] quinazoline-5,11-dione, m.p. (DTA) 23gDDc9 

Anal. Calc. for CI5H8N2O2: 
Found: 

C, 72.58; H, 3.25; 'pa, 11,29; 0, l.2-89.. 

C, 72,84, 72,86; H, 3.13, 3.25; N, 11.24, 11-08; 0, 12-76, 12-88- 
2'-Cyanophthalanil. - A warm solution of 14.8 g ( O - l r n o h )  oh 

sublimed phthalic anhydride in 75 ml of ethyl acetate was added to a solution 
o€ 11.8 g (0.1 mole) of anthranilonitrile in 25 m l  of ethyl acetate, 
mixture was boiled for 5 minutes and allowed to cool.. 

so the solution was evaporated to dryness in a stream of nitrogen, 
residue was boiled for 2 minutes with 100 ml of acetic anhydride to give 
a clear solution, which crystallized on cooling. Recrystallization frm 

ethanol gave two crops of crystals, weighing 8,90 and 2.90 g, mapg (DTA) 
183 and 18loC, respectively. Anal. Calc, for C H N 0 C, 72,58; 
H, 3,25; N, 11.29; 0, 12.89* Found: C, 72.30, 72.17; H, 3.27, 3.32; 

N, 11.19, 11.20; 0, 13-30, 13.41 (excellent agreement for 0.6% water)- 
The infrared spectrum shows nitrile at 2240 and imide at 1790, 1755, 
1740, 1720, 1375, and 729 cm-'* 

Bergmann and Bentov" report a melting point of 144-5- for 
this compound, but the analysis and spectrum leave little doubt that 
our product is 2'-cyanophthalanil, 

The 

No precipitate f o d ,  

The 

15 8 2 2: 

Cyclization of 2'-cyanophthalanil. - A sample (Ol5O g )  of 
2'-cyanophthalanil was held at 275°C for one hour, 
amber liquid, which solidified on cooling. The infrared spectrum of 
this product was identical with that of the starting material- A second 
sample was baked for 2 hours at 4OO0C. It evaporated completely and was 
not recovered, 

It melted to an 
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A small sample of 2'-cyanophthalanil was placed in a horizontal 

glass tube, and a very slow stream of nitrogen was passed over it while 

the tube was heated with a burner, The sample sublimed at atmospheric 

pressure to give fluffy white crystals, which were identified by infrared 

spectroscopy as starting material. 

A 1,OO g sample of 2'-cyanophthalanil was dissolved in 20 ml 
of dioxane. A trace of sulfuric acid was added and the solution boiled 

for one hour. The product was recovered by dilution with water, filtra- 

tion and drying to give 0.95 g of starting material, mop. 1 8 O O C .  

The preceding procedure was repeated, using 1 m l  of 10% KOH in 

methanol in place of the sulfuric acid. The recovered product conststed 

of 0 - 5 9  g of starting material, mepe 18OOC. 

A solution of 0.50 g of 2*-cyanophthalanil, 20 ml of ethanol, 

and 5 ml of conc. HC1 was boiled for one hour. 

no precipitate. Neutralization of the aqueous solution with ammonia gave 

no precipitate, A definite odor similar to grapes suggests that ethyl 

anthranilate may have been present, but no products were isolated. 

and Hand2' for the preparation of 2-mcthyl-4-ketodihydroquinazoline from 

M-acetylanthranilonitrile. A mixture of 5 ml of 10% KOH, 2 ml of 30% 

hydrogen peroxide, 18 ml of water, and 1.00 g of Z'-cyanophthalanil was 
Pleated to boiling to give a clear solution. 

on cooling, but neutralization with MC1 gave a white precipitate, which 
was filtered off, washed, and dried to give 0.36 g of crude isoindolo- 

quinazolinedione, map. (DTA) 21OoC. Recrystallization from ethanol gave 

fluffy white needles, giving DTA endotherms at 220 and 232°C. 
of the crude product in vacuum gave yellow crystals giving a single sharp 

endotherm at 233°C. 

that of authentic isoindolo [2,1-a] quinazoline-5,ll-dione. 

Dilution with water gave 

The procedure in this run was similar to that used by Bogert 

No precipitation occurred 

Sublimation 

Both gave infrared spectra essentially identical to 

A solution of 1.00 g of 2'-cyanophthalaniP in 5 ml of conc. 

sulfuric acid was held at 60-70°C f o r  10 minutes and then poured into 
water. The resulting precipitate was filtered off washed with water, 

and recrystallized from ethanol to give G,36 g of tan flakes, m.p. (DTA) 



218°C. 

0, 18.03. Found: C, 68.77, 69.02; H, 3.71, 3,60; N, 10,38, 10-30; 
0, 17-24, 17.41. These data, together with the infrared spectrum, 

indicate that t h e  product is primarily 2P-carbamoylphthalanil, with 

Anal. Calc. for C15H10N203: C, 67.66; H, 3,79; N, 10.52; 

some impurities 
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CONCLUSIONS 

1. The presence of an ortho acetamido or carbethoxamido group 
does not greatly reduce the reactivity of an aromatic primary amino group 

toward an anhydride. Consequently, difunctional compounds, such as 2,4- 

diaminoacetanilide; 4,4'-diacetamido-3,3'-oxydianiline~ and N,NP- 

dicarbethoxy-3,3s-diamino-4,4'-oxydianiline react readily with dianhydrides 

in polar aprotic solvents to give solutions of linear acylamido aci'd 

amide polymers. 

fact that these polymers have somewhat 'lower inherent viscosities than 
those prepared from unsubstituted diamines. 

A slight reduction in reactivity is suggested by the 

2. The acylamido acid amide polymers are stable in solution 
and show no tendency to crosslink or gel. 

3. The zcylamido acid amide polymers are converted cleanly 

to acylamido imide polymers by heating for about 2 hrs. at 150°C. 
heating at 3OOOC for several hours produces no change in structure. 

350-400°C the blocking group is eliminated, with, however, only slight 
conversion to pyrrone. Other structures containing a cyclic carbonyl 

group are apparently formed, and crosslinking probably occurs. Pyrrone 

formation is far less complete than for polymers derived from tetramines 

and dianhydrides. 

Further 

At 

4 .  Extremely brittle films were cast from the acylamido acid 

amide polymers that have been prepared (inherent viscosity 0,5-0.6). 

5 .  Laminates with good initial properties can be made from 

the acetamido acid amide polymers. 
6. Polymers containing the carbethoxy group retain some 

thermoplasticity unless very fully cured, Consequently, films and 

laminates tendto blister and foam unless cured slowly. Even after a 

post-cure to 325"C, laminates have low hot strength and modulus. 
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7 .  Reaction of pyromellitic dianhydride and 3,3'-diamino- 

B,Nv-diacetylbenzidine gives a polymer 85-95% of which has a solubility 

in dimethylacetamide of greater than 40%. The remaining 5-15% of the 

product has a solubility of less than 0.1%. The two fractions have 

nearly the same infrared spectra and elemental analysis. 

8.  The presence of an ortho nitro group greatly reduces the 

reactivity of an aromatic primary amine group toward an anhydride. 

sequently, the reaction of 3,3P-dinitro-4,4'-oxydianiline with pyromellitic 

dianhydride requires such a high temperature that a nitro imide polymer 

is obtained. The nitro groups can be reduced, giving an amino imide 

polymer. Solutions of this polymer gel in a few days. 

Con- 

9. The reaction of a tetramine and 3,3', 4,4'-benzophenone- 

tetracarboxylic dianhydride in a polar aprotic solvent gives a soluble 

amino acid amide polymer, which ordinarily gels at concentrations above 

10%. Addition of a base such as triethylamine retards gelation and 

permits the preparation of solutions up to about 16%. Acids accelerate 

gelation ., 

10. Reaction of tetramines with a diester diacid from 3,3' 

4,4'-benzophenonetetracarboxylic dianhydride gives low molecular weight 
polymers, which can be prepared up to at least 30% solids. On heating, 

these polymers apparently cure by a mechanism involving both amino 

imide and ester amide intermediates. Conversion to pyrrone is less com- 
plete than for polymers derived from diacetamido diamines or from 

tetramines. 

11. Polymers prepared from dianhydrides and 3,3'-dichloro- 

5,5'-diaminobenzidine have less tendency to gel than those from 3,3'- 

diaminobenzidine because of steric deactivation of amine groups by the 

ortho chlorine. These polymers cure readily to pyrrones. Laminates 

prepared from them are similar in properties to laminates from polyimides. 

Their thermal stability is a little better than that of "pyrrones" made 

from esters and tetramines. 
12. Pyrrone-imide block copolymers are conveniently prepared 

by blending solutions of anhydride-rich polyimimide precursor and 
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anhydride-poor pyrrone precursor .  The i n d i v i d u a l  s o l u t i o n s  are s t a b l e  

i n d e f i n i t e l y ,  and t h e  mixed s o l u t i o n  has  a s h e l f  l i f e  of a few days. 

Laminates from t h e s e  copolymers have p r o p e r t i e s  s imi la r  t o  those  of 

polyimides,  

13. Copolymers der ived  from a d ianhydr ide  and a mixture  of 

diamine and d i a c e t y l  te t ramine  are probably c ros s l inked  polyimides when 

f u l l y  cured,  They g ive  lamina tes  w i t h  moderately good f l e x u r a l  s t r e n g t h  

and r e t e n t i o n  of p r o p e r t i e s  a t  600°F. 

14, Under proper  cond i t ions ,  a 2'-cyanoimide group is com- 

ve r t ed  t o  an isoindoloquinazolinedione. It may be p o s s i b l e  t o  prepare  

6-5 l adde r  polymers by t h i s  r o u t e  wi thout  producing by-products i n  t h e  

f i n a l  cure.  

15, Pyrrone polymers prepared from dianhydrides  and te t ramines ,  

and r e l a t e d  polymers prepared from dianhydrides  and d i a c e t y l  te t ramines  
o r  from esters and t e t r amines ,  have lower thermo-oxidative s t a b i l i t y  

than  the  b e t t e r  polyimides.  
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