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Microwave-Assisted Bulk Synthesis and Polymerization
of N-Benzenesulfonamide Maleimide
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The synthesis of N-benzenesulfonamide maleimide was performed in bulk through the microwave-assisted reaction of maleic anhydride
with 4-amino-benzenesulfonamide. The product was obtained in good yield in very short reaction time (2 min). The same reaction
was also performed in an oil bath showing the superiority of the microwave-assisted approach. The monomer was polymerized in a
N,N-dimethylformamide solution using benzopinacol as a free radical initiator. Qualitative investigation of the pH dependent solubility

of the polymer was also performed.
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1 Introduction

Accelerations by applying of microwave (MW) energy
have been discovered for a wide range of organic reactions
(1-3). At the present time, the use of this relatively new tech-
nique is becoming widely accepted in organic and macromol-
ecular chemistry because it allows us to obtain higher yields
and higher selectivity in shorter reaction time compared with
the syntheses performed under normal conditions. In our
previous works, we showed the advantages of microwave-
assisted synthesis in case, for example, of amides (4, 5) and
polyoxazolines formation (6). We also investigated radical
polymerization reactions (7) and polymer modifications (8).
Unsaturated imide derivatives are of a certain interest due
to their biological properties, synthetic and industrial appli-
cations (9—11). The classical approach to the synthesis of
N-substituted maleimides starts from maleic anhydride and
the corresponding amine through a double step process that
generally requires long reaction times. The easily obtained
intermediate, maleamic acid, is converted in the maleimide
by a ring-closure reaction using many different dehydrating
agents as acetic anhydride, phosphorus pentoxide,
acetyl chloride, thionyl chloride (12, 13). In this work, we
used 4-amino-benzenesulfonamide (2) as starting amine. It
is well known that sulfonamides were the first substances
used to prevent bacterial infections in human being and also
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to inhibit the growth of bacteria mainly by interfering with
their enzymatic systems. The sulfonamide 2 can be con-
sidered a prominent predecessor of the sulfonamide drugs
that are still widely used today in medicine despite the
discovery of modern antibiotics (14, 15). In the past, we
synthesized a number of (meth)acryl derivatives based
on different sulfonamides by using activating agents (16).
In this paper, we report the MW-assisted bulk synthesis of
4-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl)-benzenesulfonamide
(3) starting directly from maleic anhydride and sulfanilamide.

Tawney et al. first polymerized maleimides by free-radical
polymerization (17). We investigated the behavior of this
monomer in the microwave-assisted polymerization using
benzopinacol as a free radical initiator. The obtained
polymers were characterized by '"H-NMR, FT-IR, GPC and
MALDI-TOF.

2 Experimental

2.1 Materials and Methods

All the reagents used in our experiments were commercially
available. Maleic anhydride (Aldrich) was recrystallized
from chloroform. Other reagents were used as received.

The identity of the synthesized compounds was determined
by mass spectrometry, elemental analysis, and by NMR and
FT-IR measurements. '"H-NMR and 'C-NMR were per-
formed using a Brucker Advance DRX 500 spectrometer at
500.13 MHz for proton and 125.77 MHz for carbon, using
(CD3),S0 as solvent. The d-scale relative to TMS was cali-
brated to the deuterium signal of the solvent as an internal
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standard. Infrared spectra were recorded on a Nicolet 5SSXB
FT-IR spectrometer. Gel permeation chromatography (GPC)
was performed on a GPC-system consisting of a Viscotek
VE 3580 differential refractometer and a Viscotek viscometer
model 250, using DMF as eluent. The system was calibrated
with polystyrene standards with a molecular weight ranging
from 580 to 1 186 000 D. The flow rate was 1 mL - min~ .
100 pL of a 0.125% (wt/wt) polymer solution was given to
a SDVB based ViscoGEL column-combination consisting
of a pre-column HHR-H and two main columns GMHHR-M.
A monomode microwave (CEM-Discover) equipped with an
infrared pyrometer and a fiber optic contact thermometer for
the control of the temperature and operating at a maximum
power of 300 W was used.

2.2 Synthesis of 4-(2,5-dioxo-2,5-dihydro-pyrrol-1-yl)-
benzenesulfonamide (3)

2.2.1 Synthesis by MW Irradiation

0.45g (4.6 mmol) of maleic anhydride (1) and 0.80 g
(4.6 mmol) of sulfanilamide (2) were mixed in a pressure-
resistant test tube and sealed with a septum. The sample
was subjected to MW irradiation under power control for a
total time of 120 sec. The preset MW power was 50 W with
a maximum preset temperature of 200°C. The maximum
temperature reached was 100°C (IR pyrometer). The
obtained product was purified by Soxhlet extraction with
ethanol and dried under vacuum. The yield, after purification,
was 50%. FT-IR (diamond): 3362 (vn.g asymm), 3265 (vn.a
symm), 1782 (vc—o asymm), 1720 (vc=o symm), 1303
(Vo=s=0 asymm), 1156 (vo=s—o Symm) cm” ', "TH-NMR
(500.13 MHz, (CDj3),S0): 6 = 7.94, 791, 7.57, 7.54 (Arom),
724 (s, -CH=CH-), 746 (s, -NH,) ppm; "“C-NMR
(125.77 MHz, (CD3),SO): 6= 126.74, 127.12, 134.81,
135.27 (Arom), 143.24 (Vinyl), 169.90 (Carbonyl) ppm.

Elemental analysis: C;oHgN,0O4S, Calc. C47.61,H3.17, N
11.11; Found. C 46.52, H 3.40, N 11.25.

2.2.2  Synthesis by Conventional Thermal Heating in
Oil Bath

An equimolar mixture of the reagents (1 and 2) was heated for
15 min in a preheated oil bath at a temperature that made it
possible to have 100, 130, 150 and 170°C inside the
reaction vessel. The products were characterized as reported
for the synthesis by MW irradiation.

2.2.3  Polymerization of 3

2.05g (8.13mmol) of 3 and 0,15g of benzopinacol
(5.0 mol% in respect to the monomer) in 10 ml DMF were
charged in a polymerization vial and purged with argon for
20 min. The solution was then subjected for 120 min to
MW irradiation under temperature control with a preset
power of 80 W and a maximum temperature of 100°C (fiber
optic). The crude product was purified by precipitation in
boiling isopropanol from DMF solution and dried under
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vacuum. The yield was 62%. FT-IR (diamond): 3358 (vn.u
symm.), 3269 (v symm), 1784 (vc—o symm), 1706 (ve—o
symm), 1332 (vo—s—o symm), 1158 (vo—s—o symm) cm ™ ';
"H-NMR (500.13 MHz, (CD;),SO): 8= 7.98 (-SO,NH,),
7.51 (-N-Arom), 3.40 (Aliphatic) ppm.

3 Results and Discussion

In a recent work, (18) we showed that the application of MW
energy enhances the formation of N-phenylmaleimide. Here,
we realized a one-pot bulk synthesis of the imide 3 starting
from maleic anhydride (1) and sulfanilamide (2) without
any chemical activation of the reagents and bypassing the
ring-closure step normally needed by the classical synthetic
approach. This reaction takes place under the applied MW
conditions with a yield (after purification) up to 50% after
only 2 min of irradiation (Scheme 1). Longer reaction times
did not afford any yield improvement and resulted in partial
decomposition of the samples.

"H-NMR spectroscopy was used to confirm the structure of
all obtained products. In analyzing the side products, it was
possible to recognize, among others unidentified, the maleic
acid ((£)-but-2-enedioic acid, 4) due to the hydrolysis of the
starting maleic anhydride and the intermediate maleamic
acid (3-(4-sulfamoyl-phenylcarbamoyl)-acrylic acid, 5).

S 0]

OH
O NH

HOOC COOH

SO;NH;
5

The maximum reached temperature was 100°C, according
to the IR-pyrometer equipped with the MW reactor. It is well
known that this temperature does not correspond to the real
temperature inside the reaction vessel. Considering that the
reaction takes place between two solids in conditions far
below the melting temperature and in a heterogeneous
system, using a fiber-optic contact thermometer to evaluate
the temperature seemed to be of lesser significance. To
qualify the benefit of the MW dielectric heating, the same
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Sch. 1. Microwave-assisted synthesis of 4-(2,5-dioxo-2,5-dihy-
dro-pyrrol-1-yl)-benzenesulfonamide.
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synthesis was also performed by conventional thermal heating
in oil bath. Without having accurate temperature measure-
ments in the MW and knowing that the real temperature is
still higher than the one observed outside of the reaction
vessel, we carried out the comparison in oil bath working
with temperatures ranging from 100°C to 170°C for 15 min.
Performing the reaction for 2 min (as in the MW case), it
only afforded unreacted educts. The relative conversions
(evaluated by 'H-NMR), referred to the identified products
considering them as the only ones present in the raw
mixture, are plotted against the reaction temperature (Figure 1).

According to Figure 1, it is possible to conclude that for
temperatures below 150°C there was no imide formation
and the main product was maleamic acid (5) accompanied
by minor percentages of maleic acid (4). Upon increasing
the temperature, the percentage of maleimide 3 increased
progressively up to 19% (170°C) with the corresponding
decrease of both acids 4 and 5. These results are in good
accordance with the accepted two steps mechanism that leads
to the maleimide through dehydration of maleamic acid
certainly enabled by the high reaction temperature. Starting
from 150°C, the partial decomposition of the samples with
formation of unidentified side products also occurred.

The monomer 3 was polymerized in DMF solution using
benzopinacol as a free radical initiator. MW irradiation
under temperature control was used. The maximum tempera-
ture, checked internally using a fiber optic thermometer, was
100°C. Even the preset power was 80 W, the irradiation
power was ranging between 5 and 25 W due to reaching the
maximum temperature. The most commonly used radical
initiators, such as peroxides or aliphatic azo compounds, do
not seem to be very efficient for MW-assisted polymerization
due to their relatively low decomposition temperature. Using
a good MW absorber solvent such as DMF (tan 6 = 0.161),
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Fig. 1. Relative products distribution for the reaction between 1
and 2 in oil bath at different temperatures.

even irradiating with a quite low power, it can be difficult
to maintain suitable temperatures for these initiators. High
reaction temperatures result in a fast consumption of the
radicals and finally in low yield even after long reaction
times. Moreover, in this particular case, the polymerization
at 60°C using AIBN as a free radical initiator yielded only
a few percentages of the polymer. The use of C-C-bond split-
ting initiators offers the possibility to polymerize at relatively
high temperature due to their improved thermal stability.
Benzopinacol is the most used among this class of initiators
and can be handled up to 160°C without danger as it does
not decompose under explosion in this temperature range.
The diarylhydroxy radicals formed from its decomposition
do not react directly with the monomer under addition, but
in a secondary reaction by hydrogen transfer forming
monomer radicals that initiate the polymerization. Using
this kind of initiator, it is possible to get polymers with
hydrogen atoms at the end of the chain, i.e. “end-group free
polymers” (19).

The structure of the obtained polymer was confirmed by
"H-NMR and FT-IR spectroscopy. The IR-spectra exhibited
the characteristic absorptions for the imide ring at 1706 and
1784 cm ™" attributed to the symmetrical and asymmetrical
carbonyl stretching vibration. MALDI-TOF analyses indi-
cated that the mass signals of polymeric ions are distributed
approximately between 1000 and 4200 m/z corresponding
to chain lengths of about 4 up to 17 repeating units. The
maximum of intensity at about m/z 1283 corresponds to 5
repeating units. The low molecular weight obtained and the
relative low isolated yield (62%) could be attributed to the
low homopolymerization tendency typical of N-phenyl mal-
eimide derivatives. GPC analyses showed an average molecu-
lar weight (Mw) of 5 017 Da, corresponding to about 20
repeating units with a polydispersity index of 1,3. However,
a calibration with polystyrene leads to higher values
compared to MALDI-TOF analyses because of coil extension
due to the more rigid main chain of the polyimide.

The presence of the —SO,NH, group provides the polymer
with a pH dependent solubility behavior. A qualitative
analysis showed that the polymer is insoluble for pH values
below 12 and becomes highly soluble at pH above 13
(Scheme 2).

o] o] o] o

N

SO,NH, SO.NHD

Water insoluble Water soluble

Sch. 2. pH dependent solubility behavior of poly (N-benzenesul-
fonamide maleimide).
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We previously reported similar behavior in a work con-
cerning polymeric sulfonamides as potential carriers for
anti-tumor agents (16).

4 Conclusions

We have shown that it is possible to synthesize 4-(2,5-dioxo-
2,5-dihydro-pyrrol-1-yl)-benzenesulfonamide (3) by MW
irradiation of a solid mixture of maleic anhydride and
sulfanilamide. The one step reaction proceeds with good
yield in only 2 min of reaction time. The oil-bath reaction,
investigated as a comparison, results in lower yield even
after 15 min. The polymerization of 3, performed in MW
using benzopinacol as a free radical initiator, afforded a
pH-sensitive polymer that could find applications in pharma-
ceutical areas, such as site-specific targeting, and sensors.
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