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Arylsulfimide Polymers.
VLI. Polysaccharins of the
AA-BB Type

G. F. D’ALELIO, W. A. FESSLER, Y. GIZA, D. M. FEIGL,
A.CHANG, and M. SAHA

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

SUMMARY

m-Bisaccharin and related derivatives have been condensed with p-phenyl-
enediamine or benzidine. The polymerizations were carried out in melts and
in solutions in dimethylacetamide and in polyphosphoric acid. In contrast
to the results obtained in the A-B system, hemipolymers isolated from melts
incorporating m-bisaccharin underwent considerable ring closure. Postheated
polymers of the AA-BB type exhibited thermal stabilities comparable to
those found in the A-B series.

INTRODUCTION

Paper V [1] of this series presented the details of polymerization studies
in which A-B type monomers were used to prepare “polysaccharins.” In
that paper, the term “polysaccharins™ was defined as designating those poly-
mers prepared from monomers in which the ratio of benzosulfonimide moi-
eties (or related functionalities) to amine groups is 1:1. The present paper
extends the studies reported in Paper V to include AA-BB type polysaccha-
rins, which were expected to have Structure I.
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The following AA monomers, which contain acid functionalities in several
modified forms, were used in this study: 2H,6H-benzo[2,1-d,4,5-d'] diisothi-
azole-1,1,7,7-tetroxide-3,5-dione (II); benzo[1,2,5,4-c']-1,2,6,7-diisooxa-
thiole-1,1,7,7-tetroxide-3,5-dione (IlI); and diethyl 4,6-disulfamidoisophthal-

ate (IV). For convenience, Compound II has been assigned the trivial name
“m-bisaccharin” and Compound III has been abbreviated to “m-bianhydride.”

oC i oc. Ci HgCo00C. CO0CHH
HN™ )@co\m' o @( Q B2 2Hg
\ - N
s 803 HaNOoS - SOpNHy
v

The BB monomers were bifunctional amines and included p-phenylene-
diamine (V) and benzidine (VI).

NH,

O
NHp V1
v

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

EXPERIMENTAL

The syntheses of m-bisaccharin, m-bianhydride, and diethyl 4,6-disul-
famidoisophthalate were described in Paper I of this series [2].

p-Phenylenediamine and benzidine were purchased from Matheson,
Coleman and Bell and purified as follows:

p-Phenylenediamine was distilled under reduced pressure. The melting
point of the pure product was 145-146°C (m.p. 140°C in Ref. 3). Samples
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were stored in brown glass bottles under nitrogen and kept in a refrigerator
until just prior to use.

Benzidine was recrystallized first from absolute ethanol and then from
90% ethanol-water to give a white solid, melting point 128-129°C (m.p. 128°
C in Ref. 4).

Melt polymerizations were carried out in the apparatus previously describ-
ed [5]. A representative procedure is described in detail below. Data for
all melt polymerizations are given in Table 1.

Melt Polymerization of m-Bisaccharin and p-Phenylenediamine in the Pres-
ence of Triethylamine (Polymer 3)

m-Bisaccharin (1.44 g, 5.0 mmoles), p-phenylenediamine (0.528 g, 5.0
mmoles), triethylamine (0.396 g, 4.0 mmoles) and water (2.20 g, 122
mmoles) were placed in a polymerization tube and thoroughly mixed, where-
upon some heat evolved. The tube was then flushed with nitrogen. The
yellow-white mixture was heated to 150°C and maintained at that tem-
perature for 2 hr. During this period, water slowly distilled from the mix-
ture. The resulting yellow-orange paste was heated to 170°C, forming a
yellow-orange semisolid which melted completely when heated to 225°C.
This melt was heated at 230°C for 17 hr under a slow stream of nitrogen.
The effluent gas was passed through a trap containing 50 ml of 0.0943 N
sulfuric acid. At the end of 17 hr the contents of the trap were titrated
with standard sodium hydroxide (0.1030 N). There remained in the poly-
mer mass 1.4 mmoles of triethylamine. The glassy, dark-brown product
was obtained in 101.0% yield (1.989 g). The polymer was insoluble in
water and in benzene, but slightly soluble in dimethylacetamide and in
96.1% sulfuric acid. The intrinsic viscosity of the glassy solid in dimethyl-
acetamide at 20°C was 0.268 dl/g. The product was subjected to differ-
ential thermal analysis and exhibited several broad endotherms at 400-550°C
and a sharp endotherm at 587°C.

Solvent polymerizations were carried out in polyphosphoric acid and di-
methylacetamide. Although the monomers varied, the procedure employed
with polyphosphoric acid was standardized. A representative polymerization
is described below, and details of a number of polyphosphoric acid polymer-
izations are summarized in Table 2.
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Polymerization of m-Bisaccharin and p-Phenylenediamine in Polyphosphoric
Acid (Polymer 5)

A mixture of m-bisaccharin (2.88 g, 10 mmoles), p-phenylenediamine
(1.09 g, 10 mmoles), and polyphosphoric acid (120 g) was placed in a 250-
ml, three-necked, round-bottomed flask equipped with a gas inlet tube, an
outlet tube, a thermometer, and a mechanical stirrer. The reaction vessel
was swept by a slow stream of nitrogen throughout the heating period. The
white mixture was heated from room temperature to 160°C within an hour,
and this temperature was maintained for a period of 10 hr. During this
period the color of the mixture turned gradually from white to grey to dark
grey. The dark grey mixture was then heated, with stirring, at 175-180°C
for 55 hr. The viscosity of the mixture increased and the color changed to
a dark blue-green. Samples were withdrawn at the end of 6, 13, 20, 27, 32,
44, and 55 hr. Each sample was mixed with cold methanol, and the metha-
nol-insoluble grey solid which precipitated was separated by filtration, washed
with methanol, and dried. In every case the grey polymer was insoluble in
water, slightly soluble in dimethylacetamide, and very soluble in concentrated
sulfuric acid. The change in intrinsic viscosity as a function of reaction
time is given in Table 3.

Table 3. Change in Intrinsic Viscosity
as a Function of Reaction Time

Temperature Time In concd H,SO,
(°0) (hr) (dl/g)
180 20 0.115
180 32 0.135
180 55 0.155

The remaining portion of the reaction mixture was heated at 185-190°C
for 18 hr. At the end of this period some granulation in the solution was
noted. Samples were withdrawn at 7 hr (a), 14 hr (b), and 18 hr (c), and
the polymeric products were isolated by procedures similar to those given
above, Samples (a) and (b) were dark-green, fluffy solids which were slight-
ly soluble in concentrated sulfuric acid. Sample (c) was a green-black solid
which was no longer soluble in concentrated sulfuric acid.

The polymerization of m-bianhydride with p-phenylenediamine in di-
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methylacetamide was carried out under a variety of experimental condi-
tions. The following is a typical experiment.

Polymerization of m-Bianhydride with p-Phenylenediamine in Dimethylacet-
amide (Polymer 9)

m-Bianhydride (2.90 g, 10 mmoles) was added under a slow stream of
nitrogen to 20 ml of distilled dimethylacetamide (bp, 63°C/18 Torr) in a
250-ml, three-necked, round-bottomed flask equipped with a mechanical
stirrer and a thermometer. As the monomer dissolved, heat was evolved,
the temperature rose 60°C, and the color of the mixture changed to light
brown. The reaction mixture was cooled to room temperature using an
ice-water bath. When all the anhydride had dissolved, p-phenylenediamine
(1.08 g, 10 mmoles) was added all at once to the rapidly stirred solution.
The temperature of the mixture rose to 40°C and some solid product sep-
arated. The mixture was cooled to room temperature and, after 30 min
of stirring, a homogeneous solution was obtained. The reaction was allowed
to proceed for 4 hr at room temperature, after which time the dimethyl-
acetamide was removed by distillation at 15 Torr. The residue which re-
mained after the removal of solvent was a brown-colored, powdery solid
which melted partially, but incompletely, at about 120°C. The polymer
was ground and dried in a vacuum oven at 50°C for 40 hr. It was then
washed several times with n-heptane to remove residual dimethylacetamide
and redried in a vacuum oven at 50°C for 8 hr. The intrinsic viscosity of
the polymer was 0.126 dl/g in dimethylacetamide at 20°C. The plot of
"?sp/c versus concentration gave a straight line with a negative slope.

To determine the number of free SO3H groups per segmer, a portion of
the polymer was titrated in the following way: 0.100 g of polymer was
treated with an excess of aqueous standard sodium hydroxide solution and
allowed to react overnight. The polymer dissolved and the excess sodium
hydroxide was back titrated with standard sulfuric acid using a Beckman pH
meter. Sufficient time was allowed between additions of standard acid to
permit the reaction to go to completion. A control experiment was also
done. On the basis of the titration, the neutralization equivalent of each
segmer of the polymer was 252,

Variations based on the general polymerization procedure described above
produced products with viscosities in the range of 0.1-0.2 dl/g in dimethyl-
acetamide at 20°C.
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DISCUSSION

The AA-BB type polysaccharins were prepared by two methods, in melts
and in solution. The procedures followed in the melt polymerizations were
adapted from the corresponding work described in Paper V [1]. Studies in
the A-B polysaccharin system had indicated that melt polymerizations in-
volving sulfonimide-type functionalities were most efficiently and conveniently
carried out in the presence of triethylamine, The tertiary base acted to ef-
fectively lower the temperature at which the melt could be obtained. This
effect was predicted on the basis of the relative melting points of 6-amino-
saccharin (283-285°C) [6] and triethylammonium 6-aminosaccharinate (177-
180°C) [6]. An added feature of the triethylamine-catalyzed polymerization
was the extended duration of a fluid melt stage, permitting polymerizing
units to retain their mobility for longer periods and to thus achieve higher
molecular weights. Thus, in general, the viscosities of hemipolymers isolated
from the tertiary amine-containing melts were higher than those for products
isolated from uncatalyzed melt polymerizations,

A comparison of the melting points of m-bisaccharin (405410°C) and
the bistriethylammonium salt of m-bisaccharin (174-176°C) indicates that a
similar lowering of the melt temperature could be expected in the triethyl-
amine-catalyzed melt polymerization involving this monomer. However, the
situation in the AA-BB system is somewhat more complex than in the A-B
melts since the former system involves a second component, the bifunctional
amine. Both the monomeric amines used in the present study have low
melting points and would be expected to liquify at an early stage in the po-
lymerization, possibly dissolving the bisaccharin moiety in the process. The
lowering of the melt temperature, however, was not the only reason for em-
ploying triethylamine. The increased duration of the fluid melt stage in the
A-B system was attributed to the presence of tertiary amine salt segmers in
the developing polymer chains. These segmers were thought to reduce inter-
actions between chains and thus account for the tendency of these hemi-
polymers to remain fluid until higher molecular weights were achieved. Par-
ticularly because of this latter effect, all melt polymerizations in the present
study were carried out in the presence of triethylamine.

The condensation of m-bisaccharin with p-phenylenediamine in melts was
studied under a variety of reaction conditions (Polymers 1, 2, and 3, Table
1). To establish a basis for comparison, equimolar amounts of the monomers
were heated in the presence of triethylamine for 14 hr at 190°C. A sample
of the material isolated at this point had an intrinsic viscosity of 0.088 dl/g.
Further heating of the melt at 230°C for 2 hr yielded a polymeric product



10: 44 25 January 2011

Downl oaded At:

ARYLSULFIMIDE POLYMERS. VI 1105

with an intrinsic viscosity of 0.18 dl/g. The viscosity of this material is
comparable to that of A-B polymers isolated under somewhat milder tem-
perature conditions (200°C).

Increasing the heating period at 230°C to 25 hr (Polymer 2, Table 1)
effected no increase in product viscosity. However, the amount of triethyl-
amine retained by Polymer 2 was significantly decreased compared to Poly-
mer 1. For Polymer 1, the mole ratio of triethylamine retained in the
product to the amount of bisaccharin originally used was 0.54:1; for Poly-
mer 2, this ratio was 0.32:1. The decrease in retained triethylamine with
increased reaction time at high temperatures was not surprising. It was ex-
pected that the volatile tertiary amine would be more efficiently removed by
prolonged heating.

Polymer 3 was isolated from a mixture of reagents which included a
lower initial mole ratio of triethylamine. Thus Polymer 2 was prepared
from a melt with an initial triethylamine-bisaccharin mole ratio of 1.6:1.
For Polymer 3 this ratio was reduced to 0.8:1. After 18 hr at 230°C, Poly-
mer 2 had retained 0.4 mole of triethylamine for every mole of bisaccha-
rin originally used. An additional 7 hr at 230°C reduced the amount of
retained tertiary amine in Polymer 2 to 0.32 mole. The retained amine in
Polymer 3 reached the level of 0.28 mole after only 17 hr at 230°C. As
expected, more of the tertiary base was incorporated by the polymer which
was isolated from the melt richer originally in triethylamine. However, the
difference in amount of retained amine was small, and although the heating
periods were different, the loss of tertiary amine in both instances appeared
to stabilize when the amount retained by the polymer had reached approxi-
mately 0.3 mole/mole of m-bisaccharin. It is worth noting, also, that the
fourth polymer listed in Table 1 also exhibited this behavior. Although the
bifunctional amine monomer used in this latter case was different than in the
cases previously cited, the triethylamine retained by the product (0.28 mole/
mole m-bisaccharin) reached the same general level.

A comparison of Polymers 1, 2, and 3 reveals that the intrinsic viscosity
of Polymer 3 is significantly greater than that of Polymers 1 or 2. It was
determined that this property was very sensitive to the rate at which water
was distilled from the reaction mixture. The slow distillation of water dur-
ing the early stages of the reaction gave polymers of higher viscosity than
did procedures in which water was removed rapidly at high temperatures.
The mole ratio of triethylamine used in these reactions had little influence
on the viscosity and, in addition, the initial homogeneity of the reactants in
the water-triethylamine mixture did not appear to influence the viscosity of
the products.
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For the first three polymers listed in Table 1, the bifunctional amine
monomer used in conjunction with m-bisaccharin was p-phenylenediamine.
When this diamine was replaced by benzidine and the polymerization was
carried out under conditions comparable to those used for Polymer 2, the
resulting polymer (4, Table 1) exhibited properities very similar to those of
Polymer 2. Thus the retained triethylamine to m-bisaccharin ratio for Poly-
mer 4 was 0.28:1, compared to 0.32:1 for Polymer 2. The intrinsic vis-
cosity of Polymer 4 was also slightly lower than that of Polymer 2, 0.155
dl/g compared to 0.171 dlfg. In appearance and solubility, the two poly-
mers were essentially identical,

The infrared spectra of all the polymers described thus far, including
that prepared using benzidine, were very similar. The representative spectra
of Polymers 3 and 4 are presented in Figs. 1 and 2. All spectra were also
significantly different from those obtained for the A-B hemipolymers which
were isolated under analogous conditions. In particular, a prominent band
at 5.9 u in the spectra of the corresponding A-B hemipolymers was absent or
greatly diminished in the spectra of the AA-BB products. This band, attri-
buted to amide carbonyl absorption, was expected for simple polyamide-type
hemipolymers. Its absence suggests that melt polymerizations in the AA-BB
system are accompanied by a significant amount of ring closure. It must be
noted that the spectrum of o-sulfamidobenzanilide, which can be considered
a model for the polyamide system, showed a shift of the carbonyl absorption
to lower frequencies. Thus, the lack of a 5.9 u band is not conclusive evi-
dence for the absence of amide structures in the product.

The broadened peaks characteristic of polymer spectra make the specific
assignment of absorptions difficult. However, the strong bands at 7.9 and
8.7 u can be assigned to the SO, N functionality. The multiple absorption
between 6.3-6.8 i can be correlated with a number of systems which could
have been generated from a saccharin moiety. A comparison of the product
spectra with those of phenylpseudosaccharin, o-sulfamidobenzanilide, and the
triethylamine salts of saccharin or m-bisaccharin indicates that any one of
these systems would be consistent with the polymer spectra.

The elemental analyses for two of these polymers (Nos. 1 and 4) supplied
additional evidence in support of the assignment of complex structures to
AA-BB hemipolymers, Tables 4 and 5 list the analyses of Polymers 1 and 4,
and also offers a number of calculated analyses for comparison. The analyses
calculated for polyamide, polyamide with salt segmers, polyimide, and poly-
pseudosaccharin are in poor agreement with the experimental results. In
general, the analyses of these idealized structures are low in carbon and high
in sulfur when compared to the actual analyses. The analyses calculated for
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Table 4. Elemental Analysis of Polymer 1

1109

C H N 0] S

Found for Polymer 1 53.11 4.62 13.40 - 14.15
Calculated for Polyamide

Structure VII, y =0,

C14H 12 N4O6S, 42.42 3.05 14.13 2422 16.18
Calculated for Salt

Structure VIL y =2,

C,6HasNO &S, 52.15 7.07 1404 16.03 1071
Calculated for Polyimide

Structure VIII, C 4 HgN; G4 S, 46.41 1.67 7.73 26.49 17.70
Calculated for Polypseudosaccharin

Structure IX, C,4HgN40,4S, 46.66 224 1555 17.76 17.79
Calculated for

Structure XIII, C 3,H,9N;05S5 5374 3.85 1291 16.84 12.66
Calculated for

Structure XIV,C34H3; NgOgSs 5255 4.16 1443 16.48 12.38

Structures, XIII, XIV, and XV offer better agreement with the experimental
results. Each of these structures includes a variety of segmers. In addition
to amide and imide units, both indazole and pseudosaccharin structures have
been incorporated in the proposed hemipolymer units. Our prototype work
[7]1 had previously indicated that saccharin and aniline react to give o-sul-
famidobenzanilide, and when this material or the original reactants were

~HNOC
HaNO2S
VII, Ar

X , Ar

CONH-Ar~

502 NHa*y (CzH 5) 3’N

O

- 00

/OC co_
—N @ N-Ar —
/

o 28

S02

VIII, Ar = -@-
-O0C

X1 , Ar
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NH
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025 SO2NHz H2N02$
Xv

Table 5. Elemental Analysis of Polymer 4

C H N 0] S

Found for Polymer 4 6199 499 10.65 - 8.49
Calculated for Polyamide

Structure X,y =0,

C,0H;4N4Og S, 5084 341 1186 2032 13.57
Calculated for Salt

Structure X,y =2,

Ca32H46NgOg S, 5695 687 1245 14.22 951

Calculated for Polyimide

Structure XI, C,0H,9 N, 045, 5479 230 639 2190 14.62
Calculated for Polypseudosaccharin

Structure XII, C,0H 3 N404S; 55.03 2.78 12.84 14.66 14.69
Calculated for

Structure XV,

Caaa Hysa Ngg O % 843 60.46 5.07 1282 1298 8.67
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heated at temperatures in the range of 200-225°C, the isolated product was
phenylpseudosaccharin. The indazole structure was postulated previously in
connection with our work in the A-B system [1]. Postheating of A-B hemi-
polymers was accompanied by the loss of a gas with an obnoxious odor, and
the elemental analyses of the postheated products were consistently low in
sulfur. The loss of sulfur dioxide from pseudosaccharin structures via nucleo-
philic aromatic substitution was offered as an explanation for these results.

A similar mechanism can be offered in the present case to account for the

low sulfur content of the AA-BB hemipolymers.

While both the infrared and elemental analyses are consistent with struc-
tures such as XIII, XIV, or XV, this arrangement of segmers is offered only
as a reasonable approximation of the hemipolymer structure. An unequiv-
ocal structural assignment cannot be made. Nonetheless, the analyses clearly
indicate that the AA-BB hemipolymers are not simple polyamides and that
they do incorporate a variety of segmers. This represents a significant de-
parture from the results obtained in the A-B system.

In the A-B polysaccharin system, melts heated at about 200-250°C yielded
well-characterized, soluble, open-chain polyamides. As indicated above in
the AA-BB system, melts heated in the same general temperature range pro-
duced materials in which some ring closure had taken place. These cycli-
zation appear to occur both in melts heated for brief periods (Polymer 1, 2
hr) as well as in those heated for longer peripds (Polymer 4, 20 hr).

In the AA-BB system the formation of an open-chain hemipolymer inter-
mediate appears not to occur under melt conditions mild enough to exclude
significant ring closure. Our interest in this feature, the division of the over-
all polymerization into two distinct stages, was based on the desirability of
obtaining a material which would be tractable and which would, at least,
have the potential for thermal stability. Thermally stable, fully ring-closed
polymers have usually proved to be intractable, insoluble materials, which
could not be easily fabricated. The isolation of the hemipolymer at a more
workable stage was considered essential. The critical feature of these two-
stage polymerizations, is, therefore, not the isolation of open-chain poly-
amides, but the isolation of soluble hemipolymers of whatever structure.

The A-B amide hemipolymers were soluble in dimethylformamide and
dimethylacetamide. The AA-BB hemipolymers were slightly soluble in di-
methylacetamide. To obtain AA-BB hemipolymers which exhibited increased
solubility, the heating of the original melts had to be limited to temperatures
less than 200°C. While this lower temperature treatment gave a hemipoly-
mer which was readily soluble in dimethylacetamide, the viscosity of the
product was significantly less (0.088 dl/g) than that of the product obtained
after high temperature treatment (0.181 dl/g). In balancing the requirements
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for solubility against the desire for higher viscosities, it was necessary to
compromise on both of these properties in the AA-BB system to a greater
extent than in the A-B system.

In an attempt to obtain products with higher viscosities, m-bisaccharin
was polymerized with both p-phenylenediamine and benzidine in polyphos-
phoric acid solutions (Polymers 5 and 6, Table 2). The data for Polymer 5
is presented as representative of a series of polyphosphoric acid polymer-
izations involving p-phenylenediamine. The products isolated from solutions
heated at 175-185°C for from 20 to 55 hr exhibited viscosities ranging
from 0.12 to 0.16 dl/g in concentrated sulfuric acid at 20°C. These viscos-
ities are consistently and significantly higher than those for polymers obtained
from 6-aminosaccharin under similar reaction conditions [1]. The latter
series of values fell within the range 0.05-0.075 d/g.

The progress of the AA-BB polymerizations was followed via infrared
spectroscopy. Samples were isolated at various stages during the polymer-
ization and the spectra of these samples showed a regular decrease in the
amide carbonyl band and a corresponding increase in the SO, N band with
increasing reaction time. It appears that the ring-closure reaction occurred
at a rate comparable to that of the initial condensation. Similarly to the
products isolated from melts, the polymers isolated from polyphosphoric
acid solutions had undergone cyclization. This fact was confirmed by the
similarity of the infrared spectra of the final polymer products obtained
from both polymerization systems.

Polymerization of m-bisaccharin with benzidine in polyphosphoric acid
gave a hemipolymer sample (Polymer 6, Table 2) with an intrinsic viscosity
of 0.06 dl/g in concentrated sulfuric acid at 20°C. This material was isolated
after a heating period of less than 2 hr at temperatures below 180°C. Its
infrared spectrum contained a sharp carbonyl absorption at 6.1 u, a weak
SO,NH, band at 7.4 u, and broad SO, N absorption at 8.5 u. At this early
stage of polymerization the product apparently contained both open-chain
and cyclized segmers. After continued heating up to 280°C, the product
was an insoluble, black solid whose infrared spectrum was consistent with a
pseudosaccharin-type structure.

In the A-B system, the products isolated from polyphosphoric acid solu-
tions had also undergone some ring-closure [1]. Thus this system offers
routes to two different types of hemipolymers: open-chain polyamides
from melts and cyclized products from solution. In the AA-BB system both
types of polymerizations give extensively cyclized products.

To obtain a completely cyclized AA-BB polymer analogous to the A-B
products previously prepared, hemipolymer Number 3 was post heated under
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three different sets of conditions: 1) at 350°C for 1 hr, 2) at 400°C for 1
hr, and 3) at 400°C for 1 hr plus 420°C for 3 hr (Table 6). During each of
these postheating periods, the evolution of a gas with an aminelike odor was
noted. The infrared spectra of these postheated products were similar to
that of the starting hemipolymer. However, as the temperature of post-
heating was increased, the sharpness of the spectra decreased. The almost
featureless spectrum of Polymer 3-H420 is shown in Figure 3.

To facilitate the comparison of the thermal properties of the A-B and AA-
BB type polysaccharins, Table 7 presents the results of the thermal gravi-
metric analyses of an A-B type polysaccharin prepared from 6-aminosaccharin
under conditions comparable to those used for Polymer 3 [1].

In general, the postheated A-B type polymers show a greater thermal sta-
bility than the AA-BB type products. The difference in weight loss for com-
parable polymers is small but consistent, with the postheated A-B products
retaining between 4 and 6% more of their mass at 1100°C. This improved
thermal stability exhibited by the A-B polymers is somewhat offset by the
generally lower yields of postheated products in this series. The difference
in yield is most striking for the two H420 polymers. In the AA-BB series,
the H420 product was obtained in 78% yield. In the A-B series, the com-
parable product was isolated in 63% yield, a difference of 15%. If over-all
yields are considered, at 1100°C the AB-H420 product had retained only
42% of the weight of the original hemipolymer. The AA-BB polymer, 3-
H420, had retained 49% of the weight of the starting material, an improve-
ment of 7%.

The relative stabilities of the postheated polymers in air were about the
same. Both the A-B and AA-BB products showed a rapid weight loss be-
tween 500 and 600°C, and by 800°C both samples had suffered almost com-
plete weight loss. The residue of a sample of the AA-BB material which had
previously been subjected to analysis in nitrogen was recycled for analysis in
air. This polymer, 3-H1100, showed an improved stability in air as measured
by the onset of the rapid weight loss, which occurred between 600 and 700°
C. However, this product, like 3-H420, showed complete weight loss at
about 800°C.

Two derivatives of m-bisaccharin were also tested as monomers in solution
polymerizations: m-bianhydride (Compound III) and diethy] 4,6-disuifamido-
isophthalate (Compound 1V). In the case of the bianhydride, both dimethyl-
acetamide and polyphosphoric acid were used as solvents. The polymerization
of p-phenylenediamine and m-bianhydride in dimethylacetamide was carried
out at room temperature over a 4 hr period. The isolated product (Polymer
9) had a viscosity of 0.126 dl/g in dimethylacetamide at 20°C. Similar
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polymerizations gave products with viscosities within the range 0.1-0.2 dl/g.
The infrared spectrum of Polymer 9 (Fig. 4) exhibited made carbonyl
absorption at 5.9 u and bands at 8.1 and 9.7 u which can be attributed to
the SO;H group. An elemental analysis of the product was obtained (Table
8). The analysis is in poor agreement with the analysis calculated for the
expected open-chain polyamide (Structure XVI, y = 0). The calculated

HNOC CONH

HO5S SO3HeyCH3CON(CH3)p

XVl

analysis for a polyimide offers no better agreement, and this ring-closed
structure was considered unlikely on the basis of the results of a titration of
a sample of the polymer. The acid number thus determined was 1.58, com-
pared to 2.0 calculated for structure XVI (y = 0). The polyimide has no
acid functionalities and should, therefore, give a value of 0. The results of
the titration and the solubility of the hemipolymer in sodium hydroxide
strongly suggested that at this stage the product was mainly in the open-
chain form. The value determined for the acid number (1.58) suggests
either loss of -SO3H groups or some ring closure. Both of these possibil-
ities are also supported by the low sulfur analysis found for the product.

Table 8. Elemental Analysis of Polymer 9

C H N O S
Found for Polymer 9 4589 585 9.46 27.42 10.23
4530 520 970 - 11.90

Calculated for Polyamide
Structure XVI, y =0,
C1sH oN2 O3S, 4230 251 5.05 34.04 16.10

Calculated for Polyimide
Structure VIII,
C1sHgN; O4S, 4650 166 772 2642 1170

Calculated for Polyamide
Structure XVI,y = 1.5,
C14HoN2 048, *1.5C4HoNO 4538 4.48 9.27 28.77 12.10
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However, under the very mild conditions employed in the polymerization,
the hemipolymer would not be expected to undergo such transformations.

Previous work with solvent polymerizations in the A-B system had indi-
cated that the solvents used were extremely difficult to remove from the
final polymer product [1]. The third calculated elemental analysis given in
Table 7 assumes that the polyamide retained 3 moles of dimethylacetamide
for every two segmer units (Structure XVI, y = 1.5). The calculated values
are in good agreement with the experimental values. In addition, if one
assumes that the titrated polymer sample did not possess Structure XVI with
y = 0, but instead Structure XV1 with y = 1.5, the experimentally deter-
mined acid number of the sample would be 2.1, which is in good agreement
with the theoretical value of 2.0.

The preparation of readily soluble, open-chain hemipolymers in the AA-
BB system, therefore, was achieved via the bianhydride when very mild con-
ditions were employed.

The polymerization of m-bianhydride with p-phenylenediamine in poly-
phosphoric acid (Polymer 7, Table 2), on the other hand, gave hemipolymers
which had undergone some ring closure. This product was insoluble in con-
centrated sodium hydroxide, and this finding suggests the absence of a
significant proportion of free sulfonic acid groups. The material was also
insoluble in dimethylacetamide and in concentrated sulfuric acid. The in-
frared spectrum of this hemipolymer was similar to that of Polymer 9, but
was generally more poorly resolved. In addition, there were slight shifts of
several peaks and a weakening of the amide carbonyl band at 5.9 u. The
spectrum of Polymer 7 was significantly different from those of hemipoly-
mers synthesized from m-bisaccharin. This was expected since the bianhy-
dride products could not cyclize to the pseudosaccharin forms observed in
the bisaccharin products. The ring-closed bianhydride products appear to be
primarily in a polyimide form (VIII).

Finally, a sample of diethyl 4,6-disulfamidoisophthalate was polymerized
with p-phenylenediamine in polyphosphoric acid. The mixture was main-
tained for 19 hr at 190°C and the product isolated from this reaction (Poly-
mer 8, Table 2) had an intrinsic viscosity of 0.16 dl/g in concentration sul-
furic acid at 20°C. The elemental analysis of this product (Table 9) indi-
cated that the nitrogen content of the hemipolymer was too low to be con-
sistent with a polyamide (VII, n = 0) or a polypseudosaccharin structure (I1X).
The analysis calculated for polyimide (VIII) is in better agreement with the
experimental values. However, the agreement is not good. The nitrogen and
sulfur content of the hemipolymer are low and the carbon, hydrogen, and
oxygen are high. Although this sample was heated for an extended period
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Table 9. Elemental Analysis of Polymer 8

C H N 0] S

Found for Polymer 8 5143 3.19 6.13 2242 14.28
Calculated for Polyamide

Structure VII, y =0,

CyH;3N4O6S, 4242 3.05 14.13 2422 16.18
Calculated for Polypseudosaccharin

Structure IX,

CHzN,0,S, 46.66 2.24 1555 1776 17.79
Calculated for Polyimide

Structure VIII,

CisHgN, 068, 46.41 1.67 7.73 2649 17.70

at 190°C, it is possible that some of the ethanol had not been eliminated
from the product. This could account for the disparity between the analysis
calculated for the polyimide and the experimental results, It does appear
that the product from the ethyl ester is a ring-closed structure with a high
proportion of polyimide segmers.

A sample of the open-chain hemipolymer (Polymer 9) was subjected to
postheating to obtain cyclized product. Differential thermal analysis and
thermogravimetric analysis of the initial polymer and some samples which
had been postheated at 250°C indicated that most of the final ring closure
took place at a temperature between 400 and S00°C. Accordingly, Polymer
9 was postheated at 400°C for 1 hr in nitrogen. The color of the polymer
changed from brown to black and evolution of some neutral gas of obnoxious
odor was observed. The thermal stability of the porous, postheated polymer
was evaluated by thermal gravimetric analysis in nitrogen at a heating rate
of 15°C/min. The thermogram showed an initial weight loss at 100°C of
3.95% which was presumed to be due to moisture since predrying eliminated
this loss. Table 10 presents the results of this analysis.

Table 10. Thermal Gravimetric Analysis of Polymer 9
Postheated at 400°C for 1 hr

Temperature (°C) 400 500 600 700 800 900 1000
Weight loss (%) 1 3 10 17 23 27 31
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The weight losses recorded for this polymer closely paraliel the results
found for the polymer prepared from m-bisaccharin in melt and postheated
under the same conditions (Table 5, Polymer 3-H400). The polymer pre-
pared from the bianhydride exhibited only a slightly improved thermal sta-
bility at 1000°C, with a weight loss of 31% compared to 34% for the bi-
saccharin product.
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