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Arylsulfimide Polymers. VI 1. 
The Polythiazones 

G. F. D'ALELIO, D. M. FEIGL, T. OSTDICK, M. SAHA, and 
A. CHANG 

Department of Chemistry 
University of Notre Dame 
Noire Dame, Indiana 46556 

S U M M A R Y  

m-Bisaccharin and related derivatives were polymerized 
with 3,3'-diaminobenzidine in melts and in solutions in 
dimethylacetamide and polyphosphoric acid. All products 
formed in solutions possessed open-chain, polyamide 
structures. These hemipolymers, with viscosities ranging 
to 1.45 dl/g in concentrated sulfuric acid, could be cyclized 
by heating their triethylammonium salts to  420°C. The 
polythiazones isolated from such reactions exhibited good 
thermal stability. Heating of the hemipolymers themselves, 
rather than their salts, resulted in desulfonation and the 
formation of polymers with much lower thermal stabilities. 

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

This paper presents the results of studies directed to  the synthesis 
of thermally stable polymers having the repeating unit shown below (I). 
The pseudosaccharin-type linkages connecting the segmer units of 

1 
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2 D'ALELIO ET AL. 

these polymers were generated in reactions involving a 2:l ratio of 
aromatic amine groups to benzosulfonimide moieties (or related 
functionalities). In previous papers in this series [1,2] we have 
described the preparation and properties of "polysaccharins," 
polymers prepared from monomers in which the above ratio of 
functional groups was 1:l. For convenience and to distinguish them 
from the polysaccharins, the polymers described in the present 
paper have been designated the "polythiazones." 

L 

The following monomers, which contain acid functionalities in 
sever'd modified forms, were used in this study: benzene- 1,3- 
dicarboxyl-4,6-disulfonic acid (II); 2HY6H-benzo[ 2,l-d, 4,5-d'] - 
diisothiazole- 1, 1,7,7-tetroxide- 3,5-dione (III); benzo [ 1,2- c, 5,4- c' ] - 
1,2,6,7-diisooxathiole- 1,1,7,7-tetroxide-3, 5-dione (IV); and diethyl 
4,6-disulfamidoisophthalate (V). For convenience, Compound II 
has been assigned the trivial name "m-tetraacid," Compound III 
has been abbreviated to "m-bisaccharin," and Compound IV to 
"m-bianhydride. " 

LV V 
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ARYLSULFIMIDE POLYMERS. VII 3 

Almost all condensations employed 3,S'-diaminobenzidine (VI) as 
the tetrafunctional amine. However, on one occasion 1,2,4,5-tetra- 
aminobenzene tetrahydrochloride (VII) was used, and similarly, 
3,3'4,4'-tetraaminodiphenyl oxide (VIII) was employed once. 

V I I  

For an extended discussion on the background of this research, 
Paper V [ 11 should be consulted. 

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

The syntheses of m-tetraacid, m-bisaccharin, m-bianhydride, 
and diethyl 4,6-disulfamidoisophthalate were described in Paper I 
of this series [ 31. 

P u r  i f  i c a t  i on  of 3.3'-Di a m  i n o b  e n  z i  d i n  e 

An authentic sample of highly purified 3,3'-diaminobenzidine, 
obtained from Dr. G. F. Pezdirtz, NASA, Langley Station, Hampton, 
Virginia, was used in some of the polymerization experiments 
reported here. The bulk of the 3,3'-diaminobenzidine used in these 
studies was prepared from commercially available material in the 
following manner. 

Crude 3,3'-diaminobenzidine (American Anilin Products, Inc.) 
was recrystallized three times from water, according to a procedure 
described by Bell and Pezdirtz [ 41. The product, which was slightly 
greyish in color, was again recrystallized three times from water 
and then dried in a vacuum Oven Overnight. The melting point of the 
material obtained was  175-178°C. The final purification was  done 
by recrystallizing this product in a nitrogen atmosphere from boil- 
ing absolute methanol, using about 1 liter of methanol for each 20.0 g 
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4 D'ALELIO ET AL. 

portion of the tetraamine, according to the method described by Vogel 
and Marvel [ 5 1. The first crop obtained by cooling the hot methanol 
solution melted between 178-179'C (lit. mp [ 51 178-179'C) and was 
slightly pink in color. The purified m i n e  after drying was kept 
under vacuum in the dark. 

Initial condensations of monomers were performed either in melt 
or  in solutions. Solution polymerizations were undertaken under mild 
conditions using dimethylacetamide (DMAC) as solvent or under more 
vigorous conditions employing polyphosphoric acid (PPA) as  the 
solvent. 

Melt polymerizations were carried out in the apparatus. previously 
described [ 61. The first procedure detailed below is typical of the 
polymer preparations summarized in Table 1. The second procedure 
describes the related condensation of the preformed salt of tri- 
ethylamine and m-bisaccharin with 3,3'-diaminobenzidine. All of 
the melt polymerizations listed in Table 1 involved the condensation 
of m-bisaccharin with 3,3'-diaminobenzidine. 

A mixture of m-bisaccharin (2.17 g, 0.0075 mole), 3,3'-diamino- 
benzidine (1.62 g, 0.0075 mole), triethylamine (1.60 g, 0.016 mole), 
and water (1.31 g, 0.073 mole) was placed in a polymerization tube 
and heated at 1OO'C for 17 h r  with accasional shaking. The resulting 
reddish-brown solution was then heated according to the schedule 
shown in Table 2. At this point, some foaming occurred. The 
reddish-brown polymer mass was  crushed to small pieces in the 
tube and heating was continued at 170'C for 2 hr. Some foaming 
occurred during this period. The polymer isolated at this point 
melted partly at 200-212'C and completely at 225-235'C. It was 
insoluble in water, but soluble in dimethylacetamide, dimethylsulf- 
oxide, and concentrated sulfuric acid, and its intrinsic viscosity 
was 0.118 dl/g in dimethylacetamide at 20'C (0.66% by weight in 
dimethylacetamide), 0.094 dl/g in dimethylsulfoxide at 20'C (0.714% 
by weight in dimethylsulfoxide), and 0.029 dl/g in concentrated 
sulfuric acid (initial concentration 1.170% by weight). The polymer 
was subjected to further heating with the results indicated in 
Table 3. 

Analysis: Found in Polymer 1: C, 53.00; H, 5.10; N, 15.60; S, 11.90. 
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ARYLSULFIMIDE POLYMERS. VII 5 

Pr eaaration of Bis(triethv1ammonium) m- Bisaccharinate 

m-Bisaccharin (2.88 g, 0.01 mole) w a s  dissolved in 150 ml of 
benzene-ethanol (1:l) solution. Triethylamine (2.02 g, 0.02 mole) was 
slowly added to the s t i r red solution at room temperature. Stirring 
was continued for 2 hr and the solution was then stored in a refrig- 
erator overnight. The slightly yellow solution was concentrated to 
half its original volume under reduced pressure, and the white solid 
which separated was filtered and washed with benzene-ethanol (1:l) 
solution. The white solid (mp 170-173°C) was obtained in 51% yield 
(2.5 g). After two recrystallizations from benzene-ethanol, the 
product melted at 174-176°C. Evaporation of the original yellow 
filtrate left a slightly yellow solid weighing 2.3 g, mp 153-158°C. 

Analysis: Calculated for C Z O H ~ ~ N ~ G S Z :  C, 48.95; H, 6.99; 
N, 11.42; S, 13.08. Found C, 49.24; H, 7.38; N, 11.50; S, 12.35. 

C o n d e n s a t i o n  of B i s  ( t r i e t h y l a m  m o n i u m ]  
m-B i s a c  c h a r  i n  a t  e w i t  I- 3,3'-Di a m  i n o  b e  n z i  d i n  e 
( P o l v m e r  4) 

Bidtriethylammonium) m-bisaccharinate (2.0245 g, 0.00413 mole) 
and 3,3'-diaminobenzidine (0.8861 g, 0.00413 mole) were placed in a 
polymerization tube which was then flushed with nitrogen. The reac- 
tion mixture was heated at 160'C for 10 hr under a slow stream of 
nitrogen. During this period, the mixture melted to form a reddish- 
brown solution which became viscous at  the end of 8 hr of heating 
and started to foam after about 10 hr of heating. The reddish-brown 
melt was cooled and ground to a bright yellow powder, mp 210-218°C; 
its intrinsic viscosity at 20'C was 0.207 dl/g in dimethylacetamide 
and 0.027 dl/g in concentrated sulfuric acid. During the reaction, 
the effluent gas was passed through a t rap containing 100 ml of 0.0943 N 
sulfuric acid. At the end of 10 hr of heating the contents of the t rap 
were titrated with standard sodium hydroxide (0.1030 N); 0.0024 mole 
of a basic gas was found in the acid trap. 

In a second run of this experiment the effluent gas was passed 
through a t rap containing 95% ethanol. A portion of the alcohol solution 
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8 D'ALELIO ET AL. 

TABLE 2. Heating Schedule of Polymer 1 

Time (hr) Temperature ("C) 

3.5 

1.0 

2.5 
3.0 

11.0 

120 
130 

140 
150 

160 

TABLE 3. Further Heating Schedule of Polymer 1 and Results 

Time (hr) Temperature ("C) Viscosity (dl/g) 

0.5 180 

4.0 180 

0.177 in dimethylacetamide 

0.105 in dimethylsulfoxide 

+16.0 180 0.028 in sulfuric acid 

was treated with picric acid and there was obtained 0.15 g (81% yield 
based on the results of a titration of an equivalent portion of the trap 
contents) of a yellow triethylamine picrate, mp 168-171'C (lit. mp [ 71 
173'C). The IR spectrum of the yellow picrate was identical with that 
of an authentic sample of the compound. 

Analysis: Found for Polymer 4: C, 55.19; H, 6.18; N, 15.44; S, 10.06. 
Table 4 summarizes the results of a series of polymerizations car- 

ried out in dimethylacetamide. The two monomers employed in all 
condensations in dimethylacetamide were m-bianhydride and 3,3'- 
diaminobenzidine. The experiment described below is representative 
of the procedures followed in preparing the polymers listed in Table 4. 

P 0 1 y m e r i z a t  i o n  of m-B i a n  h y d r i d  e a n  d 3,3'-D i a m  i n  o - 
b e n z i d i n e  i n  D i m e t h y l a c e t a m i d e  a t  R o o m  T e m p e r a t u r e  
T P o l v m e r  9 )  

m-Bianhydride (2.90 g, 0.01 mole) was  added, under a slow stream of 
nitrogen, to 25 ml of dimethylacetamide in a 250-ml, three-neck, round- 
bottom flask equipped with a mechanicccl st irrer and a thermometer. 
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10 D'ALELIO ET AL. 

The temperature of the mixture rose to 40°C and was lowered to room 
temperature by cooling with an ice-water mixture. When all the 
anhydride had dissolved, 3,3'-diaminobenzidine (2.14 g, 0.01 mole) 
was added in one portion to the vigorously stirred solution, causing a 
semisolid mass to separate. An additional 10 ml of dimethylaceta- 
mide was added and after 3 hr of stirring at room temperature the 
semisolid mass dissolved Stirring was continued for one additional 
hour, and the solution was then filtered. The filtrate was  distilled at 
a pressure of 15 torrs  to remove the bulk of the dimethylacetamide 
solvent, leaving a yellow powdery polymer which softened in the 
region of 200'C. The polymer was ground and washed with n-heptane 
to remove the residual dimethylacetamide present and redried for 
40 h r  in a vacuum oven at 50'C. The color of the polymer was light 
greenish-yellow, and its intrinsic viscosity was 0.125 dl/g in 
dimethylacetamide and 0.045 dl/g in concentrated sulfuric acid at 
20'C. The polymer was  soluble in dimethylacetamide, concentrated 
sulfuric acid, and sodium hydroxide solution. 

portion of the product was titrated in the following way: 0.10 g of 
the polymer was treated with excess aqueous standard sodium 
hydroxide solution and allowed to react overnight. The polymer 
dissolved in the excess of sodium hydroxide was back-titrated with 
standard sulfuric acid using a Beckman pH meter and allowing suf- 
ficient time to insure the completeness of the titration. In this 
titration 0.1 g of polymer neutralized 0.341 milliequivalents of base. 

0, 24.42; S, 10.76. 

use of polyphosphoric acid as solvent. The majority of condensations 
were carried out in this system, and a variety of monomers and 
reaction conditions were investigated. Table 5 summarizes the results 
of these studies, and the detailed procedures presented below are  
typical of the reactions tabulated in that table. 

To determine the number of free SQH groups per segmer, a 

Analysis: Found for Polymer 9: C, 48.27; H, 5.43; N, 12.17; 

The second approach to polymerization in solution involved the 

Po 1 ym e r i z a t  i on of m-B i a n h y d r i d e  a n  d 3,3'-Di a m i n  o- 
b e n z i d i n e  i n  P o l n h o s D h o r i c  A c i d  ( P o l v m e r  13) 

m-Bianhydride (2.90 g, 0.01 mole) and 3,3'-diaminobenzidine 
(2.14 g, 0.01 mole) were added under a slow stream of nitrogen gas 
to polyphosphoric acid (150 g) in a 250-ml, three-neck, round-bottom 
flask equipped with a mechanical st irrer,  a gas inlet tube, an outlet 
tube, and a thermometer. The temperature of the mixture was  slowly 
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16 D'ALELIO ET AL. 

raised to 150'C and maintained at that temperature for 2 hr.  The 
solids dissolved and the color of the solution changed to deep green 
and finally to black. The temperature was slowly raised to 170-18O'C 
and finally to 180-185°C and maintained at that temperature for the 
remainder of the reaction time. The reaction was  discontinued after 
a total of 91 hr of heating. During the reaction period, samples were 
withdrawn at selected time intervals and were quenched in ice- water, 
from which the polymers were removed by filtration. These 
products were thoroughly washed several times with water to 
remove polyphosphoric acid and were then dried in a vacuum oven. 
All of the polymers were brown and none melted up to 300°C. The 
progress of the reaction was followed by noting the characteristics 
of these samples (see Table 6)  and the reaction was  terminated when 
the intrinsic viscosity of the isolated samples began to decrease. 

TABLE 6. Polymer 13 Reaction Progress 

Viscosity 
Temperature ('C) Time (hr) (dl/g) in sulfuric acid) 

~~ ~~ 

150 

170- 180 

170- 180 
180- 185 

180-185 

2 
+12 
+16 
4 1  

+20 

- 
0.505 

0.510 
0.450 

0.420 

To determine the number of free S03H groups per segmer, a 
portion of the final product was  titrated a s  described for Polymer 9. 
In this titration 0.1 g of polymer neutralized 0.311 milliequivalents 
of base. 

S, 11.53. 
Analysis: Found for Polymer 13: C, 47.81; H, 3.21; N, 10.68; 

P 0 l y m  er i z a t i  o n  of m-Bian h y d r  i d e  w i t h  T e  t r aarn i n o -  
d i p h e n y l  O x i d e  i n  P o l y p h o s p h o r i c  A c i d  ( P o l y m e r  19). 

Tetraaminodiphenyl oxide (2.076 g, 0.009 mole) and m- bianhydride 
(2.61 g, 0.009 mole) were mixed with 150 g of polyphosphoric acid 
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ARYLSULFIMDE POLYMERS. VII 17 

under a slow stream of nitrogen gas in the apparatus described for 
Polymer 13. No exotherm was  noted on mixing the reactants. The 
temperature of the mixture was slowly raised to 160-170°C and 
maintained at that temperature for 20 hr. The initially pinlr, 
heterogeneous mixture became grey and homogeneous after 2 hr. 
A polymer sample isolated at this time was  insoluble in water. 
The temperature was then raised to 180'C and after 5 hr the color 
of the mixture turned black. The temperature of the mixture w a s  
slowly raised to 190-195°C and maintained in that range for the 
remaining reaction time. Of the samples withdrawn periodically 
for characterization, none melted up to 300'C. The final product 
was  soluble in warm, concentrated sulfuric acid. The variation 
of intrinsic viscosity with heating conditions is summarized in 
Table 7. 

TABLE 7. Variation of Polymer 19 Intrinsic Viscosity 
with Heating Co@tions 

Viscosity 
Temperature ("C) Time (hr) (dl/g in sulfuric acid) 

160- 170 46 0.43 

190- 195 +20 0.50 

190-195 + 7  0.52 

190- 195 +17 0.82 

Analysis: Found for Polymer 19: C, 46.61; H, 2.97; N, 10.35; 
S, 12.43. 

P o l y m e r i z a t i o n  of m - T e t r a a c i d  a n d  3,3 ' -Diamino-  
b e n z i d i n e  i n  P o l y p h o s p h o r i c  A c i d  ( P o l y m e r  23) 

m-Bianhydride (2.722 g, 0.0094 mole) was  pretreated with 0.033 
mole of water to give the tetraacid. Polyphosphoric acid (125 g) 
and 3,3'-diaminobenzidine (2.01 g, 0.0094 mole) were then added to 
give a 3.7% solution. The reaction apparatus was as described for 
Polymer 13. The reaction mixture was heated for 89 hr at 
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18 D'ALELIO ET AL. 

203-225'C, and the yellow-green polymer was then isolated as 
described for Polymer 13. 

S, 11.54. 
Analysis: Found for Polymer 23: C, 46.20; H, 4.15; N, 11.33; 

P r e p a r a t i o n  of t h e  T r i e t h y l a m m o n i u m  S a l t  of 
P o l y m e r  2 3  ( P o l y m e r  2 3 - E t 3 N )  

A portion of Polymer 23 was dissolved in a triethylamine-water 
solution. The clear solution was taken to dryness on a rotary evap- 
orator and the residue was then dried in a vacuum oven. The salt 
was slightly soluble in water. 

N, 11.89; 0, 18.10; S, 9.07. Found for Polymer 23-EhN C, 56.07; 
H, 7.71; N, 11.80; 0, 18.09; S, 8.45. 

Analysis: Calculated for Structure XVIII: C, 54.38; H, 6.56; 

P ol y m e r i z a t i o n  of m-B i s a c c h a r  i n  a n d  3,3'-D i a m  i n  o- 
b e n z i d i n e  i n  P o l y p h o s p h o r i c  A c i d  ( P o l y m e r  26).  

A mixture of m-bisaccharin (8.506 g, 0.03 mole), 3,3'-diamino- 
benzidine (6.447 g, 0.03 mole), and polyphosphoric acid (600 g) was 
placed in a flask equipped as described for Polymer 13. The pinkish- 
white mixture was heated from room temperature to 150'C within 
10 hr, maintained at 150-158T for 10 hr, and then w a s  heated to 
18O'C within 2-1/2 hr. The color of the mixture turned gradually 
from pinkish-white to white, then to grey, and finally to greyish-yellow. 
The greyish-yellow mixture was further heated at 18O-20O0C, during 
which period the color of the reaction mixture changed to brown- 
green and finally to dark-brown The reaction mixture became 
homogeneous and viscous after heating at 180-195°C for 87 hr. 
Samples were withdrawn at selected time intervals and the polymers 
were isolated (see below). The bulk of the material was finally 
worked up in the following manner. The reaction mixture was 
quenched in ice-water and insoluble material was removed by 
filtration and then boiled with stirring for 20 min in 250 ml of water. 
The polymer w a s  treated twice more with 75 ml of boiling water. 
Finally the polymer was washed thoroughly with water until the 
washings were neutral and then several times with methanol. 
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ARYLSULFIMIDE POLYMERS. VII 19 

All polymer samples were soluble in concentrated sulfuric acid 
and concentrated ammonium hydroxide. The color of the polymers 
ranged from yellow through orange to green. The change in intrinsic 
viscosity a s  a function of reaction time is shown in  Table 8. 

TABLE 8. Change in Polymer 26 Intrinsic Viscosity as a 
Function of Reaction Time 

Total heating time Viscosity 
at 180-200°C (hr)  (dl/g in sulfuric acid) 

102 0.222 

119 0.257 

149 0.271 

165 0.26 1 

192 0.26 1 

233 0.311 

257 0.270 

257 0.291a 

aThe polymer was washed in a centrifuge tube 
and separated by centrifugation instead of filtration. 

Analysis: Found for Polymer 26: C, 47.86; H, 3.57; N, 10.52; 
s, 11.02. 

P o  1 y m e r i z a t i  o n  of D i e t  h y 1 4,6-Di s ul f  a m  i d o  i s o  ph  t h a 1  a t  e 
a n d  3 , 3 ' - D i a m i n o b e n z i d i n e  i n  P o l y p h o s p h o r i c  A c i d  
( P o l y m e r  2 7 )  

Diethyl 4,6-disulfamidoisophthalate (3.80 g, 0.01 mole) and 
3,3'-diaminobenzidine (2.14 g, 0.01 mole) were mixed under a slow 
stream of nitrogen with polyphosphoric acid (120 g) in the apparatus 
described for Polymer 13. No exotherm was noted during mixing 
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20 D'ALELIO ET AL. 

of the reactants. The temperature of the mixture was slowly raised 
to 170"C, maintained at that point for 23 hr, then raised to 180-185'C 
and maintained for 30 hr. During this period the mixture turned 
brown and remained heterogeneous. Samples were withdrawn 
periodically for characterization. After being washed thoroughly 
with water, each polymer was dried in a vacuum wen at 80°C for 
20 hr. None of the products melted up to 300°C and all were insoluble 
in dimethylacetamide but soluble in concentrated sulfuric acid and 
dilute ammonia solution. The color of the products ranged from 
brown to black, and the viscosities of these materials varied as  
shown in Table 9. 

TABLE 9. Variation of Polymer 27 Viscosity with 
Heating Time 

Total time of heating Viscosity 
(hr) (dl/g in sulfuric acid) 

35 0.32 

45 0.565 

53 0.80 

Analysis: Found for Polymer 27: C, 48.31; H,. 3.45; N, 10.68; 
S, 10.94. 

A t t e m p t e d  Ring C l o s u r e  of P r e v i o u s l y  P r e p a r e d  
P o l y m e r  1 6  i n  D e h y d r a t i n g  M e d i a  

In Polyphosphoric Acid (Polymer 16- PPA) 

A portion of Polymer 16 was mixed with polyphosphoric acid to 
give a 3.26% solution. The mixture was heated under nitrogen for 
47 h r  at 200'C. The product, reisolated in 7% yield, was  much 
less soluble in sulfuric acid than was the original polymer and, 
therefore, viscosity measurements could not be made. 

0, 25.92; S, 11.07. 
Analysis: Found for Polymer 16-PPA: C, 47.94; H, 3.62; N, 10.02; 
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ARYLSULFIMIDE POLYMERS. VII 21 

In Acetic Anhydride (Polymer 16-Ac2 0) 

A second portion of the previously prepared Polymer 16 was  
heated as a suspension in acetic anhydride under nitrogen at reflux 
(136-137°C) for 22 hr. The product was reisolated in 96% yield 
based on the weight of Polymer 16 originally used. The inherent 
viscosity of the reheated polymer a s  a 0.118% solution in concen- 
trated sulfuric acid was 0.39 dl/g. The polymer and sulfuric acid 
had to be heated at 90°C for 5 days to effect solution. 

N, 9.52; 0, 27.18; S, 10.89. Foundfor Polymer 16-Ac20: C, 50.82; 
H, 3.45; N, 9.93; 0, 27.00; S, 10.56. 

Analysis: Calculated for Structure XIV: C, 48.98; H, 3.43; 

Postheating 

The postheating of polymers was  carried out on finely milled 
samples in glass tubes maintained under slight positive nitrogen 
pressure and at temperatures monitored by a "ProportioNull" 
electronic temperature controller. 

DISCUSSION 

Information obtained from previous work in the polysaccharin 
series [ 1, 21 was utilized in outlining the approach to melt polym- 
erizations in the polythiazone series. In particular, the procedure 
followed in all melt condensations involved the incorporation of 
triethylamine in the initial mixture of reactants. The in situ forma- 
tion of the salt of m-bisaccharin (III) and the tertiary base resulted 
in both a decrease in the temperature at which melt formation 
occurred and an increase in the duration of this fluid melt stage. 
Both effects were expected on the basis of our earlier studies and 
were considered desirable inasmuch a s  they promoted the formation 
of high molecular weight polymers under relatively mild conditions. 

The melt products described in the present paper exhibited prop- 
erties which readily distinguished them from polymers discussed 
previously. The onset of dimethylacetamide-insolubility occurred 
under milder conditions than encountered in polysaccharin systems. 
Thus Polymer 1 (Table 1) passed through a dimethylacetamide- 
soluble stage, but its solubility in this solvent was  greatly diminished 
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22 D'ALELIO ET AL. 

after the melt had been heated at 180T for 6-1/2 hr. After 16 
additional hours at this temperature, the product was completely 
insoluble in dimethylacetamide. Xn contrast, comparable AA-BB 
type polymers in the polysaccharin series retained at least some 
dimethylacetamide-solubility after they had been heated at 230'C 
for about 20 hr. In Paper VI [ 21 of this series it was noted that 
the melt products obtained in the AA-BB polysaccharin series were 
much less soluble in dimethylacetamide than were the A-B products. 
The polythiazone polymers, therefore, are the least soluble melt 
products encountered in our study of sulfimide polymers. 

polysaccharin counterparts in their viscosities. Polythiazone 
products obtained after treatment at 170-180°C had viscosities in 
the same range as polysaccharin products isolated after heating 
at 230°C. The intrinsic viscosity of Polymer 2 (Table 1) after 
treatment for 5 hr at 180°C was 0.175 dl/g in dimethylacetamide, 
whereas the value for a polysaccharin product prepared from 
bisaccharin in benzidine was 0.155 dl/g after treatment at 230'C 
for 20 hr [2].  

More notable is the difference between maximum values of the 
intrinsic viscosity found for comparable dimethylacetamide-soluble 
polymers. In the polysaccharin series, the highest value found for 
AA-BB type products isolated from melts w a s  0.268 dl/g in 
dimethylacetamide [ 21. In the present series, the highest value 
determined in dimethylacetamide was 1.3 dl/g (Polymer 3a, Table 1). 
This latter value even surpasses the highest value obtained for A-B 
type polysaccharins, 0.410 dl/g [ 11. 

erizations described in the present paper increased regularly as 
the maximum melt temperature was increased. Thus Polymer 1, 
heated to 180°C, had a final intrinsic viscosity of 0.028 dl/g in 
concentrated sulfuric acid. Polymer 2, after treatment at 230°C, 
had a viscosity of 0,100 dl/g in concentrated sulfuric acid, and the 
value for Polymer 3b, isolated after heating at 250'C, was 0.147 dl/g. 

Small variations in the amount of triethylamine or the amount of 
water originally present in the melt had little effect on the proper- 
ties of the final products. In one case the tertiary base and 
bisaccharin were added as the purified, pre-formed salt, bis(tri- 
ethylammonium) m-bisaccharinate. Polymer 4, which was  isolated 
from the melt after treatment at 17OoC, exhibited properties which 
closely paralleled those found for Polymer 1 after it had been 
heated to 170°C. 

The polythiazone products also differed significantly from their 

The intrinsic viscosities of the final products from melt polym- 

The IR spectra of the polymers listed in Table 1 varied slightly 
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ARYLSULFIMIDE POLYMERS. VII 23 

in the intensity and location of absorption maxima, with the spectra 
of those polymers subjected to higher temperature treatment show- 
ing less well-defined peaks. The spectrum of Polymer 4 is repro- 
duced in Fig. 1. The peaks at 1630 and 1560 cm-' can be assigned 
to the amide I and II absorptions and the broad bands at 1260 and 
1150 cm-' are  associated with the -SOz- group. The multiple 
absorption falling between 3200 and 2500 cm" can be associated 
with the N-H stretch of the amide group and the triethylammonium 
salt. A band which increases in prominence in the spectra of poly- 
mers subjected to higher melt temperatures appears at 2300 cm". 
This absorption has been associated with the tautomeric group: 

and would be expected to increase in intensity as  more cyclization 
occurred. 

UMO 3060 2000 1500 1000 900 800 700 

.WAVELENGTH (MICRONS) 

FIG. 1. Infrared spectrum of Polymer 4. 
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24 D'ALELIO ET AL. 

Analysis of the effluent gases from a number of polymerizations 
indicated that although the melts lost some triethylamine as they 
were heated, the polymers isolated from these reactions still con- 
tained significant amounts of the tertiary base. Thus Polymer 4 
retained about 3 moles of triethylamine for every 2 moles of monomer 
originally used. htermediate products isolated after heating the 
melts of Polymers 2 and 3 to 200'C retained 0.7 to 0.8 parts of 
tertiary m i n e  for each segmer unit. This retention of triethylamine 
is consistent with results previously reported in the polysaccharin 
series [ 1, 21. 

Table 10 lists the elemental analyses obtained for products iso- 
lated from melts. 

TABLE 10. Elemental Analyses of Melt Polymerization Products 

Polymer No. 
Analysis 

C H N S 

Found for 4 53.19 6.18 15.44 10.06 
Calculated for IX 53.23 6.24 16.06 9.80 

Found for  4- HCla 53.10 3.68 14.87 12.37 
Calculated for X 53.32 3.99 14.87 12.38 

Foundfor 1 53.00 5.41 16.44 11.66 
53.00 5.10 15.60 11.90 

Found for 3a 54.69 5.19 16.65 11.09 
Calculated for XI 53.31 5.34 16.74 10.95 

Foundfor 2 61.45 4.17 15.55 10.30 
60.40 4.00 15.60 10.80 

Found for 3b 59.39 4.55 15.96 10.70 
Calculated for XU 59.92 3.98 16.46 10.28 

aPolymer 4 after treatment wi th  hydrochloric acid. 

The analysis of Polymer 4 is consistent with the assignment of a 
primarily open-chain polyamide structure to this product, which had 
been subjected to the mildest polymerization temperature (170'C). 
The elemental analysis calculated for Structure IX corresponds very 
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ARYLSULFIMIDE POLYMERS. VII 25 

closely to that found for Polymer 4, and this structure is also in 
agreement with the results of the analysis for retained triethylamine 
carried out for Polymer 4. 

A portion of Polymer 4 was treated with 6 N hydrochloric acid 
for 1 hr at room temperature in an attempt to remove triethylamine 
incorporated in the polymer mass. The insoluble material which 
was filtered from this mixture had an intrinsic viscosity of 0.061 
dl/g in concentrated sulfuric acid compared to 0.027 dl/g for the 
original polymer. This insoluble material represented only 59% of 
the original polymer used, and the weight loss corresponds to about 
twice the maximum theoretical loss possible due to removal of tri- 
ethylamine. On standing for several days at room temperature, 
the original hydrochloric acid filtrate clouded, and additional 
material precipitated from the filtrate. The IR spectrum of this 
latter material was very similar to that of the initially insoluble 
polymer. Therefore the large weight loss noted above may be 
accounted for by the removal from the original polymer mass of 
oligomers. The acid media may also be responsible for some 
hydrolysis of the polymer to form water-soluble material. When 
a portion of the previously treated polymer was retreated with 6 N 
hydrochloric acid a t  5O-6O0C, an additional 30(& weight loss was 
recorded. 

(Table 10) indicated that this material was not simply Polymer 4 
minus triethylamine. The analysis is in excellent agreement with 
that calculated for Structure X The hydrochloric acid treated 
polymer apparently contains a high percentage of ring-closed 
material. It is possible that the acid treatment catalyzed the 
cyclization which is accompanied by the elimination of ammonia. 
It is also reasonable to assume that polymer incorporating a higher 
percentage of cyclized structures would be less soluble in the hydro- 
chloric acid media and, therefore, that this acid treatment tended 
to concentrate highly cyclized material in the insoluble polymer by 
dissolving much of the open-chain polyamide. 

Polymers 1 and 3a were isolated from melts heated to 180 and 
2OO"C, respectively, and the elemental analyses (Table 10) for the 
polymers suggest that these materials have undergone a significant 
amount of cyclization relative to Polymer 4. The analysis calcu- 
lated for Structure XI is in reasonable agreement with those found 
for Polymers 1 and 3a. The decrease in the amount of triethylamine 
retained in Structure XI compared to Structure IX and the concomi- 
tant increase in ring-closure represent expected changes in polymer 
composition resulting from more vigorous reaction conditions. 

The elemental analysis of the hydrochloric acid treated polymer 
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1.5 Et3N 

0.5 Et3N 

X 

Et3N 

X I  

Polymers 2 and 3b were subjected to higher condensation tem- 
peratures than were Polymers 1, 3% and 4, and the elemental 
analyses of the former group of products (Table 10) show a sig- 
nificantly higher carbon content for these products. There was a 
second significant difference between the two sets of polymers. 
Those which had been heated to temperatures of 200'C or less 
exhibited two endotherms at 230 and 590°C when these materials 
were subjected to differential thermal analysis. Samples which 
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ARYLSULFIMIDE POLYMERS. VII 27 

had been treated at temperatures in the range of 230-250°C gave 
differential thermograms which still contained an endotherm at 
590'C, but lacked the 230°C endotherm. 

Both the elemental and differential thermal analyses suggest 
that the first ring closure had essentially gone to completion in the 
polymers isolated from melts subjected to the most vigorous reac- 
tion conditions. Compound XU is offered as an example of the type 
of structure which would satisfy both analyses. The endotherm at 
230°C detected by differential thermal analysis of polymers con- 
taining a i d e  links may be associated with the ring-closure in 
which the amides cyclize to pseudosaccharin rings such as that 
shown in Structure XIL The analogous facile rearrangement of 
sulfamidobenzanilide to phenylpseudosaccharin at 200- 225°C was 
confirmed by our prototype studies [ 81. Formation of indazole 
rings, such as that incorporated in Structure W, was previously 
postulated in connection with our work in both the A-B and AA-BB 
polysaccharin systems [ 1, 21. 

Melt polymerizations in the polythiazone system appear to lie 
midway in character between those of the A-B and those of the 
AA-BB polysaccharin systems. In the polysaccharin series the 
A-B monomers gave well-characterized open-chain polyamides 
when polymerized in melts at temperatures between 200-250'C. 
The AA-BB products appeared to undergo initial condensation and 
ring closure almost simultaneously. The two steps could not be 
readily separated. In the polyfhazone system, condensation to 
open-chain structures could be controlled by maintaining poly- 
merization temperatures at 170'C. Increasing the melt tempera- 
ture to 230-250°C apparently led to very extensive ring-closure. 

To prepare more highly condensed polymers, portions of 
Polymer 3b were postheated under nitrogen at three different 
temperatures: 1) 350'C for 1 hr; 2) 400'C for 1 hr; and 3) 400°C 
for 1 h r  plus 420'C for 3 hr. In all cases a basic gas was evolved 
during the heating. 

The IR spectrum of the polymer postheated at 350°C showed a 
broad absorption band at 1610 cm-l, associated with either the 
amide carbonyl or C=N, and an absorption at 2300 cm", attributed 
to 
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This polymer still contained a significant amount of only partially 
cyclized segmers. 

The IR spectra of polymers heated at 400 and 420'C were very 
simple d d  quite similar to those of polybenzimidazoles postheated 
at 400 and 600°C [9]. The band shapes and positions were com- 
parable, except for the presence of a broad, but not intense, S02-N 
absorption in the region of 1130 cm-' in the polythiazone spectra. 
In general the spectra were typical of high molecular weight, highly 
condensed polymers. 

The preparation of polymers under very mild conditions was 
accomplished in dimethylacetamide solutions using m-bianhydride 
(IV) and 3,3'-diaminobenzidine as  monomers. Table 4 summarizes 
the results of these condensations. 

of concentration, temperature, and duration of reaction. Product 
viscosities fell within the rather narrow range of 0.1 to 0.2 dl/g 
for polymers prepared in solutions ranging in concentration from 
3% (Polymer 5) to 13% (Polymer 9). Comparable results were found 
for polymers isolated from reactions carried out at -5°C (Polymer 11) 
and at 70°C (Polymer 12). 

The representative IR spectrum of Polymer 6 is presented in 
Fig. 2. The bands at 1220 and 1030 cm" can be attributed to the 
SQH group. The intense absorption at 1610 cm" has been asso- 
ciated with the shifted amide carbonyl band usually found in the 
spectra of the open-chain polymers. A shoulder at 1690 cm" is 
located at the position usually attributed to the carbonyl group found 
in simple amides. Based on the evidence of the elemental analyses 
presented below, this carbonyl absorption may be assigned to di- 
methylacetamide retained in the polymer. 

from polymerizations in dimethylacstamide. Of all the polymers 
listed in Table 4, only Polymer 6 was insoluble in dimethylacetamide, 
and an analysis was  obtained for this product so that its composition 
could be compared to a dimethylacetamide-soluble product, Prodixt 9. 
The analyses are presented in Table 11. 

The two products gave closely matched analyses, a fact which 
suggests that the difference in solubility of the products is probably 
due to a difference in molecular weight rather than to a basic struc- 
tural variation. Such a conclusion is also supported by the viscosity 
values for the polymers. In similar systems, larger viscosities can 
be associated with greater molecular weight, and the viscosity of 

The polymerizations were remarkably insensitive to variations 

Elemental analyses were obtained for two of the products isolated 
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700 lo00 900 800 4000 3000 2000 1500 

FIG. 2. Infrared spectrum of Polymer 6. 

TABLE 11. Elemental Analyses of Products Obtained from 
Polymerizations in Dimethylacetamide 

Analysis 
Polymer No. C H N 0 S 

Found for 6 48.52 5.28 11.28 24.38 10.98 
Found for 9 48.27 5.43 12.17 24.42 10.76 
Calculated for Xm, n = 1 48.72 4.26 11.84 24.34 10.84 
Calculated for XIII, n = 1.5 49.17 4.68 12.13 23.93 10.09 

Found for 9-H420a 66.77 3.99 14.17 9.33 6.52 
Calculated for I 55.57 1.85 12.96 14.81 14.81 

aThe designation H indicates the temperature at which postheating 
was carried out. 

the insoluble product was 0,1 dl/g in concentrated sulfuric acid com- 
pared to 0.045 dl/g for the dimethylacetamide soluble polymer. 

The elemental analyses calculated for Structure XCII (n = 1 and 
1.5) a r e  in good agreement with the product analyses. The polymers 
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appear to be open-chain systems in which some of the solvent 
dimethylacetamide has been trapped. The yield of Polymer 6 was 
129% based on Structure XUl where n = 0. The excess weight is 
equivalent to the incorporation of about 1.5 molecules of dimethyl- 
acetamide per segmer unit. 

XIXI 

The polymers listed in Table 4 were soluble in sodium hydroxide, 
and the free SQH groups of Structure MII would be expected to 
confer such solubility on these products. Because of this solubility, 
the polymers could be titrated in order to determine the number of 
free acid groups per segmer. Titration of Polymer 9 gave a neu- 
tralization equivalent of 294. The value calculated for Structure XBI, 
n = 1, is 296. 

The products of the dimethylacetamide polymerizations in the 
polythiazone series a re  comparable to those isolated under similar 
conditions in the AA-BB polysaccharin studies [ 21. In the latter 
instance the polymer also possessed an open-chain structure and 
had incorporated about one and one-half dimethylacetamide units 
per segmer. 

Preliminary differential thermal analysis of a number of the 
polymers listed in Table 4 showed shallow endotherms at about 200 
and 420'C. In an attempt to bring about stepwise ring-closure of the 
open-chain polymers, a portion of Polymer 5 was heated under nitro- 
gen at 200°C for 17 hr. After this treatment the brown product was 
insoluble in dimethylacetamide. Further treatment at 300°C for 
2 h r  darkened the polymer, and during an additional 2 hr of heating 
at 400'C the polymer became brown-black and the evolution of a 
gas of obnoxious odor was  observed. The progress of the reaction 
was followed by IR spectroscopy. The resolution of the spectra 
became progressively poorer with increasing temperatures, and 
the only noticeable variation in the band strengths was the increased 
intensity of an absorption centered at 1160 cm". 
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A portion of Polymer 9 was also postheated, in this case at 400°C 
for 1 hr and at 420°C for 7 hr. The loss of a neutral gas of obnoxious 
odor was also noted in the experiment. The spectrum of this product 
was essentially identical to that of the final postheated product from 
Polymer 5. 

thiazone products: 
There are  two reasonable paths to the completely cyclized polp- 

The sequence of reactions shown in Eq. (1) is similar to that of the 
reaction of pyromellitic &anhydride with tetraamines proposed by 
Colson and his co-workers [ l o ]  on the basis of spectral studies of 
the prototype reaction shown in Eq. (2). The reactions shown in 
Eq. (1) involve only the elimination of water, and the loss of an 
obnoxious smelling gas is not accounted for by these reactions. 
It is possible that the odor noted during postheating is ctue to 
dimethylacetamide, which may be driven from the polymer mass 
during postheating. However, the odor of this solvent was not the 
same as that of the gas evolved during high temperature treatment. 

The appreciable loss of this obnoxious smelling gas during 
postheating at temperatures of 400-420°C parallels results found 
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in the polysaccharin studies [ 1, 21. It was postulated for that series 
that this loss corresponded to the elimination of sulfur from the 
polymer. In the present study the elemental analysis of a sample 
of Polymer 9 which had been postheated to 420°C (9-H420, Table 11) 
also suggested that at these high temperatures the elimination of 
sulfur becomes competitive with the cyclizations depicted in Eq. (1). 
The mechanism proposed in Paper V of this series [ 11 for the . 

elimination of SOZ does not apply to the present case. 

hydrocarbons is well known, and the gas lost in this case is SOJ. 
The initial polyamide product or the substituted polyimidazole-type 
intermediate shown in Eq. (1) could undergo a desulfonation reaction. 
The products from such a reaction would show an increase in carbon, 
hydrogen, and nitrogen content and a decrease in the percentage of 
sulfur and oxygen relative to the thiazone-type product. The analysis 
found for Polymer 9-M420 follows this general trend. 

of thermally stable polymers a re  frequently 10-15% in error, par- 
ticularly when the analysis depends upon the thermal behavior of 
the material being studied, It is possible that these materials, as 
they become more fully cyclized, give increasingly less reliable 
analyses. However, evidence obtained from the postheating studies 
and thermogravimetric analyses of polymers discussed later in this 
paper suggests that the loss of sulfur is real. 

The polymerization of m-bianhydride and 3,3'-diaminobenzidine 
was also carried out in polyphosphoric acid solution. This system 
offered an opportunity to combine the reactant mobility inherent in 
solution polymerization with the reaction temperature range used 
in melt systems. The use of polyphosphoric acid as a solvent in 
the condensation of aromatic dicarboxylic acids with tetraamines 
has been found to yield polymers of high molecular weight [ 121. 

The desulfonation of sulfonic acids at high temperatures to give 

It has been observed by Pezdirtz [ 111 that the elemental analyses D
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ARYLSULFIMIDE POLYMERS. VII 33 

Table 5 summarizes the results of anhydride-diaminobenzidine 
reactions and similar reactions involving other monomers. 

and diaminobenzidine were insoluble in dimethylacetamide, but solu- 
ble in concentrated sulfuric acid and a number of bases. The base 
solubility suggests that these materials contained free sulfonic acid 
groups, and titrations of Polymers 13, 15, and 17 indicated that the 
products contained approximately 1.5 to 1.7 acid units per segmer. 

In general, the viscosities of the products reflected the tempera- 
ture  to which the system had been heated. The values ranged from 
0.310 dl/g in concentrated sulfuric acid for Polymer 16 to  1.45 dl/g 
for Polymer 17. Even the lowest viscosity recorded for the poly- 
mers  prepared in polyphosphoric acid exceeded the best values 
found in the two systems previously discussed, 0.1 dl/g in the 
dimethylacetamide solution studies and 0.147 dl/g in the melt 
polymerizations. Apparently the combination of solvent and tem- 
perature permitted the growing polymer chains to remain mobile 
and reactive for longer periods and thus permitted much more 
extensive polymerization to take place. It should be noted that in 
a number of cases (Polymers 13, 14, and 16), there appeared to be 
an optimum reaction time. Prolonged heating beyond this period 
led to a decrease in viscosity. 

Figure 3 gives the representative IR spectrum of Polymer 15. 
Except for two peaks, the spectra of the products isolated from 

The f ina l  products from all the condensations involving bianhydride 
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ARYLSULFIMJDE POLYMERS. VII 35 

polyphosphoric acid contained the same absorption bands a s  those 
found for analogous products isolated from dimethylacetamide 
solutions. These bands appeared at 1470 and 1690 (a  shoulder) 
cm-' in the spectra of the polymers prepared in dimethylacetamide, 
and can be attributed to the dimethylacetamide molecules retained 
by those products. The correspondence of the spectra suggest that 
the polymers isolated from polyphosphoric acid share the open-chain 
amide structure postulated for the dimethylacetamide products. 

The elemental analyses obtained for the former products can 
also be cited as evidence in support of the assignment of polyamide 
structures to the polymers. Table 12 lists all the analyses obtained 
for polymers prepared in polyphosphoric acid from m-bianhydride. 
The analyses of Polymers 13 through 17 a r e  in reasonable agree- 
ment with the values calculated for Structure WI where n = 0, that 
is, for the open-chain structure free of dimethylacetamide. 

In the preparation of Polymer 14, freshly-prepared polyphosphoric 
acid was used, rather than commercially available material. Neither 
the analysis of Polymer 14 nor its viscosity were significantly dif-  
ferent from those of the other polymers, 

open-chain structures could be effected in dehydrating media. 
Polymer 16 was reheated in polyphosphoric acid under nitrogen 
for 47 hr a t  200'C. The product which was isolated from this 
treatment (Poiymer 16-PPA) was much less soluble in sulfuric 
acid than the original polymer, but its IR spectrum and elemental 
analysis (Table 1 2 )  were comparable to that of Polymer 16. 

A second portion of Polymer 16 was heated under nitrogen a t  
reflux a s  a suspension in acetic anhydride for 72 hr. The product 
which was obtained from this mixture (Polymer 16-Acz0) was 
much less soluble in sulfuric acid than the original polymer. The 
amide carbonyl absorption of the treated product was more intense 
than that in the LR spectrum of the original polymer, but the spectra 
were otherwise quite similar. The elemental analysis of the product 
(Table 12) strongly supports the assignment of Structure XIV to 
Polymer 16-Ac20. Thus the acetic anhydride treatment appears 
to bring about the acetylation of the free  amine groups in the polymer 
rather than facilitate the elimination of water and concomitant 
ring- closure. 

The results of the reactions of two other tetraamine monomers 
with m-bianhydride in polyphosphoric acid a r e  also summarized i n  
Table 5 ,  Part  I. These amines, 1,2,4,5,-tetraaminobenzene (VII) 
a s  the hydrochloride and 3,3',4,4'-tetraaminodiphenyl oxide (VIII), 
gave products (Polymers 18 and 19, respectively) whose solubilities, 

An attempt was made to determine whether ring closure of the 
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36 D'ALELIO ET AL, 

n 

viscosities, and lR spectra were very similar to those obtained 
for analogous products prepared from 3,3'-diaminobenzidine. The 
elemental analyses of Polymers 18 and 19 are  also given in Table 12. 
The compositions of these products correspond very closely to those 
of Structures XV and XVI. 

n 

XVI 

These results support the conclusion that the bianhydride con- 
densations in polyphosphoric acid lead to well-defined, polyamide 
structures of high molecular weight. 

m-Tetraacid (a) was also condensed with 3,3'-diaminobenzidine 
in polyphosphoric acid. Table 5, Part 11, lists the results of these 
reactions. The products (Polymers 20 through 24) obtained from 
the polymerizations were essentially identical with the polymers 
isolated under similar conditions from m-bianhydride. The lR 
spectra of the polymers from both reactions were superimposable. 
The viscosities fell in the same range, and the solubilities in 
sulfuric acid and various bases were identical. There was  no 
apparent difference in the conditions required to effect similar 
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ARYLSULFIMIDE POLYMERS. VII 37 

extents of reaction, that is, the anhydride did not react more readily 
than the acid. 

values determined are comparable to those obtained for bianhydride 
products. The tetraacid products appear to be primarily in the 
polyamide form, with little or  no cyclization having occurred. 

In the polyphosphoric acid polymerizations discussed above, 
some difficulty was encountered with regard to contamination of 
products by silica. The long reaction times at high temperatures 
apparently permit solvent attack on the walls of the glass reaction 
vessel. Several products isolated from these reactions gave IR 
spectra containing a very broad, more or  less intense absorption 
band located between 1050 and 1300 cm-', which can be attributed 
to the silica contaminant. Also, these samples left a large ash 
residue when subjected to elemental analysis. In an attempt to 
avoid this contamination, a reaction of relatively short  duration 
was carried out by heating a polyphosphoric acid solution of 
tetraacid and diaminobenzidine a t  temperatures up to 280°C. The 
physical appearance of the isolated polymer (Polymer 24, Table 5) 
was quite different from that of the previously discussed products, 
but the IR spectrum of Polymer 24 was  identical with those of the 
other tetraacid polymers. The short reaction time did result  in 
a relatively low-viscosity product. 

acid with m-bisaccharin, a significant increase in the required 
reaction time was noted (Table 5 ,  Par t  m). The longer reaction 
times needed to achieve similar extents of polymerization were 
expected on the basis of the relative reactivities of the bisaccharin 
moiety compared to the anhydride. 

Polymers 25 and 26 gave IR spectra which were superimposable 
on those obtained for bianhydride and tetraacid products. The ele- 
mental analyses (Table 1 2 )  were also comparable to those found 
for these latter products. Apparently either during the reaction 
period or during workup of the polymer the sulfonamide group of 
W e  monomer or the initial condensation product was hydrolyzed. 

The final polyphosphoric acid solution polymerizations were 
carried out using diethyl 4,6-disulfamidoisophthalate (V) as the 
monomer containing the acid functionalities condensed with 
3,3'-diaminobenzidine. The data from these reactions a re  sum- 
marized in Table 5, Par t  IV. Polymers 27 and 28 were similar 
in all respects to the products of the other polyphosphoric acid 
polymerizations discussed above. In te rms  of reaction t imes 
required to effect comparable extents of polymerizations, the 

Table 12 lists the results of the analysis of Polymer 23. The 

When 3,3'-diaminobenzidine was polymerized in polyphosphoric 
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38 D'ALELIO ET AL, 

ester reacted more like the bianhydride and tetraacid than like 
bisaccharin. When temperatures in the 200-210"C range were main- 
tained for very long periods (Polymer 29) or when the samples were 
heated to 225°C (Polymers 30 and 31) in order to prepare products 
with higher viscosities, the systems underwent gel formation. 
Products isolated from these reactions were insoluble, not only in 
dimethylacetamide, but also in concentrated sulfuric acid and 
sodium hydroxide solution. The gel formation suggests that these 
products had undergone at least some cross-linking. The IR spectra 
and the elemental analyses (Table 12) of the gel products closely 
correspond to similar data for other polymers isolated from poly- 
phosphoric acid, and this suggests that the number of cross-links 
was limited. It should be noted that the onset of the gel formation, 
which was signalled by a rapid increase in viscosity, necessitated 
the immediate termination of the reaction because of difficulties 
associated with stirring the mixtures. Thus none of the polymer- 
izations were maintained under conditions which encouraged gel 
formation for extended periods. 

Apparently, with only .minor variations, the basic structure of 
all polymers isolated from polyphosphoric acid is that of an open- 
chain polyamide with most of h e  sulfur retained in the form of free 
sulfonic acid groups. This latter feature indicates that in some 
cases, those involving the bisaccharin and the ester as  monomers, 
a sulfur-nitrogen bond is hydrolyzed and ammonia is lost. 

Selected samples of polymers isolated from all types of polym- 
erizations were subjected to postheating at several temperatures. 
Table 13 gives the results of the thermogravimetric analyses of all 
postheated samples and of some polymers before postheating, and 
Table 14 lists the elemental analyses for a number of postheated 
products. 

When postheating temperatures of 400-420°C were used with 
products isolated from polyphosphoric acid polymerizations, an 
acidic gas was detected at the outlet of the postheating tube. To 
determine whether this loss of material corresponded to the elim- 
ination of SQ from the polymer, a detailed evaluation of the post- 
heated products from Polymer 15 was made. The IR spectra of 
Polymers 15-H350 through 15-H420 (Table 13) showed a progressive 
decrease in the bands associated with the S G H  group (1220 and 
1030 cm-'), with the spectrum of Polymer 15-H420 completely 
lacking these bands. As was  expected, the resolution of these 
spectra became increasingly poor as the temperature or time of 
postheating was  increased, but even the H420 product showed a 
distinct absorption in the amide carbonyl region. 
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TABLE 14. Elemental Analyses of Selected Postheated Polymers 

Analysis 
Polymer  NO.^ C H N 0 s 

Found for: 

15-H350 
15-H400 
15- H420( 2) 
15-H420(7) 

17- H420 
28-H420 
31-H420 

23-H420 
23-EtN-H420 

Calculated for: 

Structure I 
Structure XVII 
Structure XIX 

50.98 
55.38 

71.75 
58.84 

60.21 
65.23 
55.60 

49.63 
68.68 

55.57 
69.77 
64.85 

2.93 
3.10 
3.25 
3.34 

3.63 
3,75 
3.30 

3.24 
3.25 

1. 85 
4.65 
2.98 

11.42 
12.31 
14.19 
17.00 

14.27 
16.13 
13.16 

12.36 
14.2 1 

12.96 

15.13 
16.28 

22.92 
17.47 
14.77 
8.22 

19.14 
10,47 
20.25 

24,97 
6.62 

14.81 
9.30 
8.64 

12.29 
10.06 
6.56 
0.00 

7.08 
5-57 
9.66 

10.69 
7.25 

14.81 
0.00 
8.66 

aThe designation H indicates the temperature at which postheating 
was carried out, 

The thermogravimetric analyses of the postheated polymers origi- 
nally prepared in solvents differed significantly from the postheated, 
melt-prepared products. The former materials showed an initial, 
large weight loss beginning at about 400°C and a final gradual, con- 
tinuous weight loss. The thermograms for postheated samples of 
Polymer 15 (Fig. 4) illustrate the manner in which the size of this 
initial, abrupt weight loss changed as the temperature of postheating 
was changed. The initial loss decreased with increased postheating 
temperature, until, for the sample heated at 420'C for 7 hr, the initial 
abrupt drop in weight was no longer detected. The thermograms of 
melt-prepared polymers, such as Polymer 3, showed no such initial, 
steep drop in weight, even for samples postheated as low as 325°C. 
The thermogram obtained for Polymer 15 before postheating did show 
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Temperature, O C  

FIG. 4. Thermogravimetric analyses of postheated samples 
of Polymer 15. 

this abrupt drop, corresponding in this case to about a 33% weight 
loss. The loss calculated for removal of 2 moles of SO, per segmer 
of polymer with Structure XIII, n = 0, is 32%. The loss of 2 or 4 
moles of water, corresponding to primary and f ina l  cyclization of 
thiazone-type structures (I), would result in a much smaller weight 
loss. Thus the thermogravimetric data support the view that the 
open-chain polyamides prepared in solution do lose sulfur on heating, 
whereas the melt-prepared materials, to a large extent, do not. 

The elemental analyses presented in Table 14 can be cited as 
additional supporting data for the proposed elimination of SO3. 
The analysis of Polymer 15 itself (Table 12) is in excellent agree- 
ment with that expected for the open-chain polyamide (=, n = 0). 
The analyses of postheated samples of Polymer 15 (Table 14) show 
a gradual decrease in sulfur and oxygen content with increases in 
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44 D'ALELIO ET AL. 

postheating temperatures and time. For Polymer 15-H420 (Table 131, 
which showed no SGH absorption in its IR spectrum and no initial 
abrupt weight loss during thermogravimetric analysis, there was no 
sulfur detected in the elemental analysis. The analysis does give a 
reasonable f i t  with that expected for Structure XVII. 

The thermal stability of polymers linked primarily by simple 
amide bonds should be poorer than that of one incorporating a sig- 
nificant proportion of thiazone (Structure I) segmers. The melt- 
prepared polymers were evaluated a s  containing a high percentage 
of thiazone units, and thermal stabilities of these materials com- 
pared to nonmelt products postheated under identical conditions 
support this conclusion. 

Polymer 3-H420 lost only 18% of the original polymer weight 
during postheating and 28% of its weight on heating to 1100°C during 
analysis. This represents a total weight loss, based on the original 
polymer, of 41%. Corresponding values for solution products post- 
heated under identical conditions are  presented in Table 15. The 
solution-prepared polymers lost, in almost all instances, half again 
as much weight over-all as did the melt product. The single excep- 
tion to this observation was  Polymer 17-H420, which lost more 
weight than the melt product, but less than other solution products. 
This polymer was the material of highest intrinsic viscosity 
encountered in these studies. 

There is a rough correlation which can be made for the products 
prepared in polyphosphoric acid, relating extent of desulfonation to 
viscosity. The elemental analyses (Table 14) of polymers from similar 
systems show that the lower molecular weight products tended to lose 
more sulfur. Of products prepared from the ethyl ester of bisaccharin, 
Polymer 28-H420, original viscosity 0.173 dl/g, contained only 5.5V0 
sulfur compared to Polymer 31-H420, 0.42 dl/g, which contained 9.66% 
sulfur. For the bianhydride products a similar relationship was  noted 
Polymer 15-H420, original viscosity 0.805 dl/g, contained 6.56% sul- 
fur; Polymer 17-H420, 1.45 dl/g, contained 7.08% sulfur. 
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Polymer 23 showed a very small weight loss on postheating, 11%, 
and the postheated product had lost very little sulfur according to 
its elemental analysis, 10.6% sulfur content for 23-H420. Thus 
postheating had very little effect on this polymer, and when the post- 
heated product was subjected to thermogravimetric analysis it 
proved to be the least thermally stable of the postheated materials 
tested, losing 60% of its weight during the analysis. 

In an attempt to convert this high viscosity product into a more 
temperature- resistant material, the triethylamine salt of Polymer 23 
was prepared (Structure XVIII). 

Et3NH@ Et3NH@ 

XVIII 

The incorporation of triethylamine into melts had led to the syn- 
thesis, at relatively low temperatures, of thermally stable products 
containing a significant proportion of thiazone segmers. In the melt 
systems the tertiary base lowered the temperature of melt forma- 
tion and apparently catalyzed the cyclization procedure. The latter 
effect was  desired in the solution system. In particular it was 
h'oped that the triethylamine salt of Polymer 23 would undergo 
cyclization more readily, thus permitting this ring closure to com- 
pete effectively with desulfonation at the postheating temperatures. 

The thermogravimetric analysis of the polymer salt itself 
(23-EhN) gave a distinctive thermogram. At 200°C there began 
an abrupt 6% loss in weight, followed at about 350'C by the start 
of a second abrupt loss in weight. The initial drop of 6% is in good 
agreement with the drop expected for the removal of two molecules 
of water per segnier of salt, corresponding to the first ring-closure. 
The second drop may be associated with the second ring-closure as  
well as with the loss of S Q  . 

During the postheating of Polymer 23-EtsN to give Polymer 
23-EtN-H420 (Table 14), a weight loss of 42% was recorded. 
The removal of 2 moles of triethylamine and 4 moles of water, 
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ARYLSULFIMIDE POLYMERS. VII 47 

corresponding to the formation of thiazone polymers, would give a 
weight loss of 39%. During postheating, the loss of a gas with an 
aminelike odor was first detected, and then this odor was accom- 
panied by that noted in the postheating of the polyamides prepared 
in solution. The elemental analysis of 23-EtsN-H420 indicates that 
the postheated product was not pure polythiazone. The analysis 
approaches that calculated for Structure XIX 

XIX 

The initial water loss suggested by the thermogram of Polymer 
23-EhN can be associated with cyclization of the polymer salt to 
give the imidazole structure analogous to the intermediate in Eq. (1). 
The second weight loss indicated by the thermogram can be attributed 
to a competition between two processes, the elimination of water to 
give the thiazone structure and the elimination of SQ. Alternately, 
the polyamide could fully cyclize to th t  polythiazone and then, on 
further heating, open in a manner analogous to that shown in Eq. ( 2 )  
to give a sulfonated polyimidazole which could undergo desulfonation. 

The postheated polymer, 23-EtN-H420, was the most stable 
product subjected to thermal gravimetric analysis*in the present 
study. In nitrogen this material had lost only 2 m  of its weight on 
being heated to 1100°C. In air, at 8OO0C, the polymer had lost only 
50% of its weight, compared to Polymer 3-H420 which had lost 94% 
of its weight at this temperature or Polymer 19-H410 (Table 13) 
which had lost 88%. Even Polymer 3-H1100, which had been sub- 
jected to temperatures up to 1100°C during analysis, lost 94% of 
its weight when recycled in air, 

to that described for the triethylammonium salt. However, the 
triethylammonium salt appeared to cyclize more readily and gave 
a more stable product on postheating. 

Of the various arylsulfimide polymer systems studied, the 
polythiazone systems discussed in this paper represent the most 
versatile in te rms  of being responsive to manipulation. In solvents, 

The ammonium salt of Polymer 23 behaved in a manner similar 
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48 D'ALELIO ET AL. 

particularly polyphosphoric acid, it is possible to prepare products 
with a wide range of viscosities. These materials, with open-chain 
polyamide structures, can be prepared from a variety of start'ing 
materials and exhibit solubilities which make them easy to process. 
The soluble hemipolymers can be readily converted to soluble salts, 
and these materials, in turn, can be converted to very stable final 
products by heating for relatively short periods at approximately 
400'C. Polymers of somewhat lower viscosity but with good thermal 
properties can be prepared directly in melt systems incorporating 
triethylamine. 
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