
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 24 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Synthesis and Properties of Pyrrones Containing p-Benzoquinone Units
Georgios P. Karayannidisa; Irini Sideridou-karayannidoua

a Laboratory of Organic Chemical Technology, Aristotelian University of Thessaloniki, Thessaloniki,
Greece

To cite this Article Karayannidis, Georgios P. and Sideridou-karayannidou, Irini(1986) 'Synthesis and Properties of
Pyrrones Containing p-Benzoquinone Units', Journal of Macromolecular Science, Part A, 23: 2, 157 — 167
To link to this Article: DOI: 10.1080/00222338608063384
URL: http://dx.doi.org/10.1080/00222338608063384

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338608063384
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. SC1.-CHEM., AZ3( Z), pp. 157- 167 ( 1986) 

Synthesis and Properties of Pyrrones Containing 
p-Benzoquinone Units 

GEORGIOS P. KARAYANNIDIS and IRINI SIDERIDOU-KARAYANNIDOU 

Laboratory of Organic Chemical Technology 
Aristotelian University of Thessaloniki 
Thessaloniki, Greece 

A B S T R A C T  

Novel pyrrones were synthesized by one-stage polycondensation in 
polyphosphoric acid of 2,3,5,6-tetraamino- 1,4-benzoquinone with 
pyromellitic anhydride, 3,3'  ,4,4' - benzophenonetetracarboxylic 
dianhydride, 1,4,5,8-naphthalenetetracarboxylic dianhydride, or 
3,4,9,1O-perylenetetracarboxylic dianhydride. The prepared poly- 
mers  showed a contiderable percentage of imide linkages, so they 
were heated at  350 C under high vacuum to increase the ring 
closure to the pyrrone structure. The polymers were insoluble in 
all common polar aprotic solvents, even in dimethylacetamide- 
water mixture, after reduction with sodium dithionite, but were 
slightly soluble in concentrated sulfuric and methanesulfonic acid. 
The thermal decomposition of the polymers (weight loss 5%) started 
above 400°C both under nitrogen and in  air. 

I N T R O D U C T I O N  

Pyrrones [I] with excellent thermal stability derived from aromatic 
tetraamines and dianhydrides of aromatic tetracarboxylic acids are in- 
soluble in common organic solvents and a r e  infusible. Partial, o r  oc- 
casionally complete, solubilization can be brought about in concentrated 
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sulfuric acid and methanesulfonic acid. The incorporation of anthra- 
quinone recurring units into the polymer chain, by use of 1,2,5,6- 
tetraaminoanthraquinone [Z- 51, caused a slight solubility of the poly- 
mers  in aqueous dimethylacetamide after reduction with alkaline 
sodium dithionite. However, it was found that these polymers under- 
go degradation during reduction, resulting in a considerable fall in 
molecular weight, which is attributed to the significant concentration 
of imide linkages remaining in the macromolecule as a result of in- 
complete cyclization [3]. 

An attempt to prepare a pyrrone containing p-benzoquinone units 
in the polymer chain by use of 2,3,5,6-tetraamino-1,4-benzoquinone 
(TABQ) o r  2,3,5,6-tetraamino- 1,4-hydroquinone tetrahydrochloride 
(TAHQ -4HC1) and pyromellitic dianhydride (PMDA) o r  2,5-dicarbo- 
methoxyterephthaloyl dichloride, as monomers, in a low-temperature 
(25°C) polycondensation in N,N-dimethylacetamide (DMAc) and 
thermal treatment (300°C) in a second step, was unsuccessful, yield- 
ing the corresponding poly( amino imide) [6]. 

The present paper is concerned with high-temperature solution 
polymerization in polyphosphoric acid (PPA) of TABQ with dian- 
hydrides of aromatic tetracarboxylic acids Ia-d (Scheme I)  for prepa- 
ration of the corresponding pyrrones IIa-d. 

The following dianhydrides were used: PMDA, 3,3' ,4,4'-benzophe- 
nonetetracarboxylic dianhydride ( BTDA), l94,5,8-naphthalenetetracar- 
boxylic dianhydride (NTDA), and 3,4,9,1O-perylenetetracarboxylic di- 
anhydride (PTDA). After polycondensation the polymers were heated 
a t  350°C under vacuum for several  hours to complete ring closure of 
macromolecules. 

The preparation of the above polymers was aimed at investigating 
the possibility of reductive solubilization and also evaluating their 
thermal stability in nitrogen and air. 

E X P E R I M E N T A L  

M e a s u r e m e n t s  -- 

Elemental analysis w a s  carr ied out with a Perkin-Elmer Model 
No. 240 instrument. The combustion time was 4 min and precautions 
were taken to avoid water absorption by the samples. IR spectra 
were recorded with a Perkin-Elmer spectrophotometer Model No. 
281-B in KBr pellets, after mulling of the samples in a freezer  mill. 
The U V  spectra were measured on concentrated sulfuric acid solu- 
tions with a Pye-Unicam SP-8000 spectrophotometer. Inherent vis- 
cosities were measured at 25°C with Ubbelohde viscometers. The 
solutions of polymers for viscosity measurements were prepared by 
addition of 20.0 mL of concentrated sulfuric acid to 0.1 g of accurately 
weighed polymer. These solutions were warmed for 3 h at 50"C, 
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SCHEME 1. 
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160 KARAYANNIDIS AND SIDERIDOU-KARAYANNIDOU 

shaken mechanically (with glass  balls in the f lask)  for  2 days a t  room 
temperature,  and filtered through clean, dry,  and weighed sintered- 
glass funnels. The filtrate was immediately used for  determination 
of the relative viscosity. The collected solids were thoroughly washed 
with distilled water and methanol, and the funnel and solids were 
weighed after drying a t  100°C and cooling to room temperature to de- 
termine the amount of insoluble polymer. The percent solubility and 
inherent viscosit ies were then calculated. 

TG analysis of the polymers was ca r r i ed  out using a Perkin-Elmer 
thermobalance TGS-2 in nitrogen and in air (AT = 5"C/min). Samples 
of approximately 5 mg were dried in the instrument a t  150°C for  0.5 h 
before carrying out the runs. 

M a t e r i a l s  

Polyphosphoric acid ( PPA) ( I'zur Synthese" from Merck)  contained 
84% P20v - -  

Antimony trichloride (reagent from BDH, purity 99.5%) was dried 
by keeping i t  molten a t  130°C for  3 h under a s t r eam of d r y  nitrogen 
before use  [7]. 

ing to the l i terature [8]. 

lized from acetic anhydride and sublimated under vacuum. Mp 286- 
287°C. 

3,3' ,4,4' -Benzophenonetetracarboxylic dianhydride (BTDA) ( Ib )  
( f rom K&K) was recrystall ized from acetone. Mp 225-226'C. 

1,4,5,8-Naphthalenetetracarboxylic dianhydride (NTDA) (Ic)  from 
K&K) was recrystall ized from acetic acid and sublimated in vacuum. 
Mp >360'C. 

Synthese" from Merck)  was used without further purification. Mp 
>36OCC. 

2,3,5,6-Tetraamino-p-benzoquinone (TABQ) was prepared accord- 

Pyromellitic dianhydride (PMDA) ( I a )  ( f rom Fluka) was recrystal-  

3,4,9,1O-Perylenetetracarboxylic dianhydride (PTDA) (Id) ( "zur 

P o l v m e r s  

General Procedure 

In a three-necked f lask  equipped with nitrogen inlet-outlet and a 
s t i r r e r ,  PPA was heated at 200°C for  2 h and then cooled under nitro- 
gen. With the temperature maintained at 50°C, the tetramine (10 
mmol) and the dianhydride (10 mmol) were added under a thin s t r eam 
of nitrogen, and the reaction solution was heated under nitrogen a t  
50°C for  1 h. Then the flask was progressively heated (about Z0C/ 
min) in a fluidized bath to 200°C) and heating was continued at 200°C 
for  3 h. The concentration of start ing mater ia ls  in P P A  was 2% by 
weight. The polymer was isolated by pouring the cooled reaction 
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PYRRONES CONTAINING p-BENZOQUINONE UNITS 161 

solution into dilute ammonium carbonate solution and keeping i t  over- 
night. The mixture was centrifuged, and the precipitate was washed 
thoroughly with water and methanol and dried a t  150'C/O. 1 t o r r  for  
6 h. 

5,6-d'] -diimidazole- 1,2,8,9-tetrayl)-9-carbonyl} (IIa). Yield 2.07 g 
(66%); black powder; qinh = 0.60 dL/g ( c  = 0.2%). 

Analysis: Calculated for  (C16H2N404)n: C, 61.15%; H, 0.64%; N, 

17.83%. Found: C, 56.59%; H, 1.27%; N, 16.20%. 
The presence of imide linkages in this compound is obvious, so i t  

was heated for  5 h at 35O0C/O.1 torr.  After heating, the polymer was 
insoluble in sulfuric acid, and the qinh could not be determined. IR 
(KBr): 3420, 3160 (broad, vNH), 1765, 1710, 1650, 1610, 1520, 1450, 

1400, and 1350 cm-'. UV-Vis (H2S04): 226, 315, 535 nm. 

Analysis: Found: C, 58.26%; H, 1.15%; N, 17.25%. 

Poly{ (4,12-dihydro-6H-4,6,12-trioxoisoindolo-[ 1,2-a] -benzo-[2,3-d: 

Second Procedure 

TABQ with PMDA in molten antimony trichloride according to a 
li terature method [ 51. Equimolecular amounts of tetraamine and di- 
anhydride with a total concentration of monomers of 5% were used, and 
the reaction was carr ied out for  1 h at 80°C and 5 h at 170°C. Yield 
65%; black powder; qinh = 0.12 dL/g ( c  = 0.15%). 

Polymer IIa was also prepared by solution polycondensation of 

Analysis: Found: C, 56.14%; H, 1.71%; N, 16.13%. 

After heating for  5 h a t  35O0C/O. 1 t o r r ,  the polymer showed an 
= 0.18 dL/g ( c  = 0.08%). IR (KBr):  3440, 3160 (broad vNH), 'inh 

1765, 1715, 1650, 1610, 1520, 1450, 1400, and 1350 cm'l. UV-Vis  
(HZS04): 227, 315, and 537 nm. 

Analysis: Found: C, 58.49%; H ,  1.38%; N,  17.14%. 
Poly{ ( 4,12-dihydro- 6H-4,6,12-trioxoisoindolo [ 1,2-a] benzo- [2,3-d: 

5,6-d'] diimidazole- 1 2,8-triyl)-8-carbonyl- (4-carbonyl- 1,3-phenyl- 
ene)} (IIb). Yield 70%; black powder; qinh = 0.75 dL/g ( c  = 0.14%). 

Analysis: Calculated for  (C23H6N405)n: C, 66.03%; H, 1.45%; N, 
13.39%. Found: C, 62.43%, H, 2.08%; N, 12.14%. 

After heating for  5 h a t  350°C, the polymer was insoluble in sul- 
furic acid. IR (KBr): 3440 (broad vNH), 1770, 1710, 1660, 1610, 
1500, 1400, 1350, 1290, and 1240 cm-'. UV-Vis (H2S04): 229, 315, 
and 533 nm. 

Analysis: Found: C, 63.44%; H,  1.94%; N, 12.95%. 
Poly{ (4,14-dihydro-6H-4,6,14-trioxobenzo-[ 1,2,3-e,d] -isoquinolo- 

[ 1,2-a] -benzo-[2,3-d: 5,6-d1 ] -diimidazole- 1,2,9,20-tetrayl)- 10-car- 
bonyl} (IIc). Yield 90%; black powder; qinh = 0.11 dL/g ( c  = 0.24%). 
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162 KARAYANNIDIS AND SIDERIDOU-KARAYANNIDOU 

Analysis: Calculated for (C20H4N404)n: C, 65.94%; H, 1.11%; N, 
15.38%. Found: C, 61.73%, H, 1.78%; N, 14.54%. 

After heating for 5 h a t  350°C, the polymer showed vinh = 0.15 

dL/g ( c  = 0.16%). IR (KBr): 3400 (broad vNH), 1780, 1650, 1610, 
1570, 1440, 1340, and 1260 cm-'. 

Analysis: Found: C, 63.87%; H, 1.46%; N, 15.06%. 

Poly( (4,17-dihydro-6H-4,6,14-trioxoperylen0-[4,3-c,d] -pyrido- 
[2,1-a] -benzo-[2,3-d: 5,6-d']-diimidazole- 1,2,11,12-tetrayl)- 12-car- 
bonyl} (IId). Yield 96%; red powder; 77. = 0.08 dL/g ( c  = 0.30%). 

Analysis: Calculated for  (C30H8N404)n: C, 73.77%; H, 1.65%; 
N, 11.47%. Found: C, 68.70%; H, 2.14%; N, 9.5%. 

After heating, the brown-red polymer showed an 77 = 0.12 dL/g 

( c  = 0.18%). IR (KBr):  3440, 3120 (broad vNH), 1770, 1730, 1650, 
1610, 1590, 1500, 1400, 1300, and 1230 cm-'. UV-Vis (H2S04): 220, 
240, 380, and 540 cm-l.  

mh 

inh 

Analysis: Found: C, 71.73%; H, 2.02%; N, 11.18%. 

R E S U L T S  A N D  D I S C U S S I O N  

Pyrrones (IIa-d) were prepared by a one-stage reaction of the 
corresponding monomers (high-temperature polycondensation in 
P P A ) ,  while the two-stage reaction via the corresponding prepolymers 
(low-temperature polymerization in polar aprotic solvents and ther- 
mal cyclodehydration) is not effective because of the very low solubility 
(< 5%) of TABQ in the polar aprotic solvents and the low nucleophili- 
city of the amino groups of TABQ [9J. For  the polycondensation, the 
monomers were added to P P A  a t  50 C because it was observed that 
TABQ is self-condensed during heating in P P A  above 60°C. To avoid 
side reactions of the monomers [ l O L ,  they were used in equimolecular 
amounts and heated slowly (about 2 C/min) to polycondensation tem- 
perature (200°C). The elemental analysis data of the polymers thus 
obtained and their  IR spectra  (bands a t  3400 and 3120 duelto f ree  
amino groups and a t  1770-1765, 1715-1710, and 1350 cm- character-  
ist ic of imide bonds) revealed the presence of a considerable amount 
of "defective" uncyclized imide linkages. To increase this low cycliza- 
tion degree, the polymers were heated at 350°C under vacuum (Scheme 

The ring closure in the structure of the prepared pyrrones was in- 
2 )* 

creased by this heating (cyclization degree was about 50-65%), but it 
was not completed as revealed by elemental analysis and IR spectra  
of the polymers, which showed only a reduction of the absorbance of 
bands due to f ree  amino groups and imide bonds with respect to the 
absorbance of the quinone carbonyl band a t  1650 cm-I  [ll]. Also, the 
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( I l l )  

SCHEME 2. 

absorption bands a t  533- 540 nm of the prepared pyrrones are probably 
due to the presence of free amino groups. The higher cyclization de- 
gree of pyrrones IIc and IId (derived respectively from NTDA and 
PTDA) than that of pyrrones IIa and IIb (from PMDA and BTDA) 
(Scheme 3) could be ascribed to the higher efficiency of cyclization 
afforded by the configuration of reactive groups in NTDA and PTDA. 
Pyrrones IIc and IId were also obtained in higher yields than the pyr- 
rones IIa and IIb, but they exhibited much lower inherent viscosities 
than the latter. The lower cyclization degree of the pyrrone IIa than 
the corresponding one prepared from 1,2,4,5-tetraaminobenzene (TAB) 
[ 10) by the same procedure i s  due to the lower reactivity of the free 
amino groups of the corresponding prepolymers (Structure 111) because 
of the presence of the electroniophilic quinone carbonyl groups. 

A l l  pyrrones were obtainegas fine powders, not melting below 
4OOcC, insoluble in all polar aprotic solvents, and slightly soluble 
only in concentrated sulfuric acid and methanesulfonic acid (before 
the final heating at  350°C for pyrrones IIa and IIb). Brittle films 
were obtained from such solutions of pyrrones IIa and IIb in methane- 
sulfonic acid, probably because of the low concentration (0.2%)of the 
solutions. Attempts to solubilize the pyrrones by reduction with sodium 
dithionite in alkaline aqueous dimethylacetamide were unsuccessful be- 
cause all of them were practically insoluble even after 3 days' st irring 
with simultaneous heating a t  50°C in this strong basic medium. This 
insolubility must be attributed to crosslinked material and probably to 
the hindrance to formation of the leuco form of the polymers, because 
the conformation of the macromolecules results in poor accessibility 
of the functional groups. The presence of the absorption band a t  1650 
cm-I in the IR spectra of the pyrrones, which is due to the quinone 
carbonyl group, must be considered as an indication that this group 
did not take part  in side reactions during the polycondensation and the 
final heating. 

Polymer IIa was also prepared by polycondensation of TABQ with 
PMDA in molten antimony trichloride, which i s  referred to [5] as an 
exceptionally good solvent for pyrrone-type polymers. The IR spec- 
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I I  
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( I l a )  

( 5/5-pyrrone ) 

n 

( 5/6-pyrrone ) 

SCHEME 3. 

trum of the polymer thus prepared was identical to that of polymer IIa 
obtained through the P P A  polycondensation technique, but the q 
the former was much lower than that of the latter. 

was evaluated by dynamic TG analysis (Figs. 1 and 2). 

of inh 

The thermal stability in nitrogen and air of the prepared polymers 
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Polymers IIa and IIb showed practically the same thermal stability 
in nitrogen and air, which was  higher than the corresponding one of 
polymer IIc in spite of the higher cyclization degree of the latter 
(probably because of its lower molecular weight than that of IIa and 
IIb). Comparison of the curves of Figs. 1 and 2 shows that polymer 
IId generally exhibited better thermal and thermooxidative stabilities 
in the region up to 6OO0C, but lower ones at  temperatures above this, 
than the other pyrrones. 

one break in TG curves in air (Table 1). The lower temperature 
break in the TG curve in nitrogen can probably be ascribed to the 
temperature a t  which the tetraamine component started to decompose, 
and the high-temperature break to breakdown of the other, more 
stable components of the macromolecules. 

Pyrrone IIa showed a lower temperature of 5% weight loss but a 
higher half-volatilization point and lower percent total weight loss 
a t  900°C than the corresponding pyrrone [lo] prepared from TAB 
(480°C, 665"C, and 70%) by the same procedure, in spite of i ts  higher 
amount of uncyclized imide linkages. 

The preferred orientation (Scheme 3) and the name (Experimental 
part)  of the polymers prepared are based on proposed nomenclature 
rules developed by the Nomenclature Committee of the Division of 
Polymer Chemistry, American Chemical Society. 

A l l  pyrrones showed two breaks in their TG curves in nitrogen and 
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