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AROMATIC POLYESTERAMIDES CONTAINING 
PHENYLQUINOXALINE UNITS 

Ion Sava* , Corneliu Hamciuc*, &ria E?ruma*, Florin Popscu* , 
Frank w. krcer**, Nataliya PI.&lcmoina*** 

* )  Institute of Macranolecular Chemistry, 41A, Aleea Ghica V&a, 
6600 Iasi, Rmnia. 

**) bychem Cor-pration, 300 Constitution Drive, Fenlo Park, 
California Cn 940025, USA. 

***) Institute of Elewnt-Organic Cmpun&, 28 Vavilov Street, 
~+xxc.w, Russia. 

New t!!ermostable polymers containing phenyl substituted 
quinoxaline ant! both ami2e and ester groups have been synthesized 
by low terature solution plyconSensation of diaminophenylquin- 
xalines with diacid dichlorides containing preformed ester linkages. 

The them1 stability as well as electricdl insulating 
proprties of these polymers are discussed and ccnpxed w i t h  
related polymers previously reported. 

Among thermostable heterocyclic polymers widely studied in the 
last two decades, a special attention has been paid to plyquinoxa- 
lims, which shm& an excellent potential for high temperature 
aDplications along with a very c p ~ 3  storageability at ambient 
temperature. Moreover, phenyl substituted quinoxaline polymers have 
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102 SAVA ET AL. 

a rwarkable  s o l u b i l i t y  i n  organic solvents which f a c i l i t a t e s  their 
detai led study and processing into useful  mterials /1, 2/. 

On t h e  other hand, haterochain polyesters and polyamides are 
considered to  be of special prac t ica l  importance due t o  t h e i r  
remarkable propert ies  such as high hcat and cherrical res is tance and 

in te res t ing  physico-mhanical properties /3, 4/. Hcwever, due t o  
t h e i r  high melting terraperatwe and l i m i t e d  so lubi l i ty  i n  most 
organic solvents  /5/, furthex mrl: is necessary to  develop new 
s t ruc tures  with improved processing pro,perties, par t icular ly  with 
better s o l u b i l i t y  m d  g& electrical insu la t ing  properties. 

m e r e f o r e  it was expected t h a t  a canbination i n t o  one 
m c r m l e c u l e  of phenylyinoxaline and ester uni t s  would provide 
high p r f c r m m c s  physical and therrral characteristic as h e l l  as 
rea6J.y y x c z s s a b l e  polymers. A t  the s a w  t ime  f lex ib le  groups such 
as m i d e  ones i n t - d u c d  between armtic  and hetercarcmatic r ings 
are r e a n t  to  improve even mre and to  generate better properties 
of the f i n a l  .mterials /6/. 

It is purpose of t h e  present paper to  describe t h e  synthesis of 
new polymers containing phenylquinoxalines, ester and a d d e  groups 
i n t o  one mcramolecule and to carpare t h e i r  properties w i t h  related 
heterocyclic canpounds previ ovsly reported. These polymers have 
ken obtained by solution plycondensation of dimino$enylquinoxa- 
l i n e s  with diac id  dichloric'es containing preformed ester lidcages 
using N-mthylpyrrolidone as solvent. 

synthesis of the IIDIXPI?IS 
Bis(- lql - 1 '  1s (I) used i n  t h e  plycondensation 

reaction were prepred from 3,4,4 I-triaminodiphenylet!!er ( 2 ml) 
with b i s  (d-diketone ) s ( 1 mol ) , such as 1 ,4-bis ( phenylglyoxalyl ) 
benzen, 4,41-bis(phenylglyoxalyl)diphenylether or bis-(p-nitrcphenyl- 
qlyoxalyl)diphenylet!!er i n  ethanol a t  reflux temperature, according 
t o  a wthod described i n  t h e  literature /7/ (Scheme I ) . .  Mp Ia: 
343-345OC; Ib: 157-16OOC; Kp Ic: 174-175OC. 
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POLYESTEFtAMIDES WITH PHENYLQUINOXALINE UNITS 103 

NH2 
H ~ N ~ O ~ N H ~  X Q C - C - A ~ - C - C ~ X  - 

6 6  6 6  

i 

i c : A r =  - I 1  - ; X =-NO2 

- 1  

Synthesis of diaminophenylquinoxalines I 

Maciddidhn&s - (If) were synthesized by treating w i t h  

excess thionyl chloride at reflux twprature of the corresponding 
dicarboxylic acids that resulted frcm the reaction of 4-hydroxy- 
benzoic acid (2 moll w i t h  terephtbloyl or isophthaloyl dichloride 
( 1 ml) , according to a method presented in the literature /6/ 

(Me 2). Mp IIa: 223-226'C; Mp IIb: 207-208'C. 

Synthesis of the polymers 
Polyphenylquinoxaliester-ddes ( I1 1 wre synthesized by 

solution plycondensation of equimolar mpts of b i s  ( aminophenyl- 
quinoxaline)~ (I) and diacid dichlorides (11) in N-methylpyrrolidone 
at a concentration o€ 10-12 % using pyridine as an acid acceptor, 
according to Scheme 3. 

Blycondensations \ere run according to the folluwing general 
prdure: A three-necked flask equipped with mechanical stirrer 
and N2 inlet and autlet was charged with 2.0 m l  diamine I and 
10 ml W .  The mixture was stirrer un&er nitrogen until canplete 
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CIOC -A; -COCI + H O ~ C O O H  - 
SOCl HOOCQ ooc -A;-COO@COOH 

C I O C G O O C  -A;-COO@COCl 

- 2  

Synthes is  of d iac id  d i c h l o r i d e s  I1 

- 3  

Synthesis of a rmt ic  p l y a m i d e s  containing 
phenylcpinoxaline units I11 
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POLYESTERAMIDES WITH PHENYLQUINOXALINE UNITS 105 

disso lu t ion  occured. Then the so lu t ion  was cooled to  - 5 Y ,  and 
2.0 ml diaciz d ich lor ide  I1 was added with rapid stirring. The 
reac t ion  tenperature was maintained below -5°C f o r  15 minutes, then 
the temperature was a l l a d  to  rise t o  20°C i n  the follawing 15 

minutes and the s t i r r i n g  was continued a t  this temperature fo r  2 

hours. The viscous yellow so lu t ion  was neutralized with a few drops 
of pyridine. Half of t h i s  Eolution was cast onto a glass p l a t e  
( s i z e  200 x 200 mn) , and after e v a p r a t i n g  t h e  solvent and drying 
i n  an oven at 100°C for 30 minutes, 15OoC f o r  1 hour and 200°C f o r  
1 hour, a f l ex ib l e  t r a n s p r e o t  fiL! ~ E S  obtained. The other ha l f  of 

the sc lu t ion  was -mured i n t o  water under rapid stirrw. The ye l l cx  
pra?uct which prec ip i ta ted  was f i l t e r & ,  washed three times each 
with 100 m l  water, then with 100 m l  acetone, and dried i n  an OVM 

a t  150°C for  24 hours. The f i lms  \rere used to  m u r e  the electrical 
proprres,  and the prec ip i t a t e s  were used f o r  a l l  other inves t i -  
gations.  

Measurements 
The inherent v i scos i ty  of the polymers was determined in W at 

20°C a t  a concentration of 0.5 g p l y m e r / I O O  m l  solution, usin9 an 
libbelohde v isameter .  

Infrared spectra of the plyrers m e  recorded on a SP- 
M-80 Spx!tmphotcmter using KBr pellets. 

Glass t r ans i t i on  temperatures (T ) of precipitated polymers 
were determined wit!! 2 Seiko d i f f e r e n t i a l  scanning calorimter 
DSC 22OC. 

9 

T h m l  s t a b i l i t y  was investigated using a Mc)M derivatcgraph 
(Hungary) i n  air a t  a heating rate of 12"C/min. 

The dielectric constants were measured using a previously 
descrjbed f l u i d  displacement mthod /9/. The capacitance of t h e  
f i lm  was msured using c i r c u l a r  go12 electrodes ( 1 inch d i e t e r )  

m t e d  i n  a brass dielectric cell held a t  a constant temperature 
(25°C) and a Gen Rad Precision IC Digibrisge (I&x?el 1688) at 10 kHz. 
Relative humidity was measured by a General Eastnun dew p i n t  
H y g r c m t e r  (System 1100 DP). 
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106 SAVA ET AL. 

The structures of poly(phenylquinoxaline-ester-arride) s ( I11 1 
were identified by IR spectra and elemental analysis. Strong bands 

-1 appeard at 1750 an-', 1610 at-', 1200 and 1170 an are 
assigned to the Coo linkage. A l l  the L9 spectra showed wide 
absorption bands from 3500 to 3300 an-' with a maximum at around 
3470 an" characteristic for NH and at 1650 cm-l due to C%O in the 
amide group. The plymers IIIc and IIIf have presented strong bands 
at 1510 and 1350 an-' due to No2 group. The IR spectrum of polymer 
IIIf illustrates these features (Figure 1). 

Elemental analysis data for C, H, N are in gccd aqeement w i t h  

the calculated values (Table 1). 
Poly(phmy1quinoxaline-eater-amide)s are soluble in polar 

aprotic solvents such as M ,  Dfi4Ac, DbP up to 30-40 % concentration. 
The improved solubility of these polymers can be explain by the 
presence of phenylquinoxaline rings. Since the phenylquinoxaline 
units are volvOninous, the packing of mcromolecular chains in tight 
structures due to hydrogen boding through mide groups is disturM. 
Consequently, the small solvent mclecules can penetrate easily to 
sclubilize the chains /lo/. 

Inherent viscosity are 0.52 - 0.825 dL/g in NMP at a 
concentration of 0.5 g polymer/lOO m l  solution at 2OoC (Table 1 1. 
All these polymers gave transparent flexible films by casting 10 % 

polymer solutions onto glass plates. 
The thermal stability of poly(phenylquinoxa1ine-ester-amide)s 

was evaluated by thermogravimetric analysis performed in air at a 
heating rate of 1Z0C/min. Polymers shewed no significant wight 
loss up to 370'C; they begin to desccmpose above 380'C. At 4OO0C 

and 5OO0C the total weight loss was 4-6 % and 18-25.5 % respectively 
(Table 2). 

Ey canparing these ccanpounds containing only armtic units in 
tlEnaincfElin~~poly(phenylcluinoxaline-ester-imide)s /11/ incorpora- 
ting both armtic and aliphatjc units it can be seen that the 
thcrmal stability of the fomr is about 25OC higher than the later. 
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POLYESTERAMIDES WITH PHENYLQUINOXALINE UNITS 107 

mmRE 1 
IR syctrum of plyphenylquinoxaline-ester-amide IIIf 

WIe 1 
Inherent v iscos i ty  and elemental analysis of the 

armtic polyesteramides 

IIIa 0.825 76.26 75.39 3.92 4.08 7.85 7,56 
IIIb 0.629 76.41 75.42 3.95 3.80 7.22 7.20 
IIIc 0.600 70.92 70.93 3.51 3.70 8.94 6.50 
IIId 0.560 76.26 74.52 3.92 4.15 7.85 7.70 
IIIe 0.565 76.41 75.18 3.95 4.29 7.22 7.18 
IIIf 0.525 70.92 70.79 3.51 3.75 8.94 8.72 
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108 SAVA ET AL. 

Table 2 
Them1 properties of the aranatic polyesteramides 

containing phenylwnoxaline units 

Polymer Initial Weight loss at T 
g 

deccmposition 400°C 500°C 
tenperatwe 

("C) ( % I  ( % I  ( " C )  
~ 

IIIa 395 

IIIb 390 

IIIC 385 

IIId 390 
IIIe 385 

IIIf 375 

~~~ 

4 18.0 250 

5 17.5 238 

9 21 .o 258 

5 26.5 250 

4 22.5 230 
6 24.0 - 

This is explained by the well known vulnerability of aliphatic 
chains tmards thmxidative processes. 

At the sam time comparison of the present polymrs with 
--late3 armtic polyesterbides /12/ and with poly(p!ienylcginoxa- 
line-ester-imidels incorporating only armtic units in the backbone 
,'6, 13/ shows that their thermal stabilities are very similar. 
Sndeed, armtic polyesterimides are litle soluble, only in 
M P  t LiCl while the ply( phenylqinoxaline-ester-aride) s are 

easily soluble in plain NMP at high concentration which is very 
important for practical applications. 

g 
Glass transition tcmpcratures (T 1 of the present poly(pheny1- 

,~noxaline-ester-amide)s, are in the range of 230-260°C. These 
values are with about 40°C lower than the T of polyphenylquinoxa- 
line-hide-amicles /lo/, and it can be explain by the large number 
3f flexible groups, ester and amide, which are incorporated in the 
chain of present polymers. The large tempemture raqe between T 

9 
and t!!e dsccmposition temperature rakes the ,nolymers attractive for 
precessing. 

g 
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POLYESTERAMIDES WITH PHENYLQUINOXALINE UNITS 109 

FIaRl?l2 
Dielectric constant vs. relative humidity for films of 

poly(phenylquinoxa1ine-ester-amide) s (0) IIIa; 
(0) 11%; (A) IIIc; (0) IIId; (1) IIIe; (A) IIIf. 

Electrical insulating properties m e  evaluated on the basis of 
the value of dielectric constant at different relative humidity 
(m) valuer / 9 / .  Ti.l?e dielectric constant of thz films at 0% RH is in 
the 3.5-3.6 range. These values are s! ightly higher than the 
dielectric constant of the polyimile film (HI prepared fran 
pyrmellitic dianliydric‘e axd 4,4 ’ -diamincdiphayl-ether /14/ and 
frm Ulten type polyimides, e.g., Ultm 1000 dielectric ccnstant is 
3.15 /15/. Tie dependence of the dielectric constants versus 
relative humidity is s l m m  in Figure 2 .  
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110 SAVA ET AL. 

Fsom the plotted values, one can observe that polymers IIIc and 
IIIP, which contain pendent nitro groups have the highest dielectric 
constants. There are number of factors affecting the &electric 
properties of materials. The dielectric constant of a polymer is a 
function of the total polarizability /16/: these polymers c'isplaying 
higher dielectric constants have higher polarizability. 

New themstable polymers constaining phenylqinoxaline, estar 
and amide groups have becn synthesized by solution polyccndensation 
0;E dianinopiienyl~noxaline with diacid Bichlorides containing 
preformed ester lidtacjes. These po1ymx-s are soluble in plar 
aprotic solvents and give transparent flexible films with g a d  
electrical insulating propcrties. They deccmpose over 380°C an< 
have a glass transition tenpxature in the 230-250°C race. 
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