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Abstract

Several poly(alkylene sulfone)s have been synthesized in excellent
yields from reactions of poly(alkylene sulfide)s with H,O, at 25 °C for 24 h.

The structure of the poly(alkylene sulfone)s obtained was confirmed by 'H
NMR, "*C NMR. Different properties have been studied such as melting point

and molecular weight.
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Introduction

Poly(alkylene sulfide)s are essential
polymers and their applications have been
reviewed recently ['. They have excellent
thermal stability, weatherability, solvent
resistance and oil resistance®*! and hence
are widely used in coatings, adhesives,
and other

sealants, msulators

applications®®.  Also,  poly(alkylene
sulfide)s find application in vulcanizing
rubbers”. Moreover, the 10nic
conductivities of poly(alkylene sulfide)—
AgNO; electrolytes are comparable to
those of poly(ethylene oxide) or its alkali
metal salts!'®. Therefore, the syntheses of
such polymers are always of interest.
Poly(alkylene sulfide)s are usually
prepared by one of four major methods:
polymerization of episulfides; reactions of
dithiols

addition of dithiols to diolefins;

with  carbonyl compounds;
and
reactions of dithiols with dihalides.
Recently we have been able to
produce a range of polymers simply from
reactions of dihaloalkanes with cheap
sodium sulfide nonahydrate by use of
reflux conditions in the absence of a
catalyst or additional solvent. The process
has been applied to dihaloalkanes with
spacer lengths from 2 to 10 carbons and
generally gives excellent yields!''.
Oxidation of poly(alkyl sulfides) is
a method for obtaining poly(alkyl

sulfones) with the general structure [-
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(CH2)s-SO2-]m.
sulfone) i1s obtained by polymerization of

sulfur  dioxide,"*

Although poly(ethylene
ethylene and
poly(alkylene sulfones) containing more
than two carbon atoms between the
sulfone groups are obtained by oxidation.
Poly(ethylene sulfone) has been prepared
by selective oxidation of poly (ethylene
sulfide).using HNO3/CH3SO;H system at 0
°C for 24 h" The resulting
poly(ethylene sulfone) was soluble in 60%
HNO;,

trifloromethane

methanesulfonic  acid, and

sulfonic acid, though

poly(ethylene sulfide) was insoluble in any

temperaturel' ¥,

solvent at room
Poly(ethylene sulfide) is not of great
industrial value as a material due to its
insolubility"™). The physical properties of
these polymers show important variations
as the number of methylene groups
increases. Poly(alkylene sulfide)s with
different spacer group length (n= 3-10)
had a limited range of solubility(11). The
limitation in solubility would highly
decrease the industrial applications of
these polymers.

Taking these observation in our
considerations, we report the results
obtained on the oxidation of various
poly(alkylene sulfide)s with two different
purposes: a) The investigation of the
solubility of the oxidized polymers. b) The
study of the properties of the poly sulfones

that are obtained. These properties are



related to the molecular
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weight and

melting point.

Results and Discussion

Various
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dibromoalkane in order to provide high
yields of polymeric material. Table 1 gives
the reaction times, yields, melting points,

average molecular weights calculated by

a,o-dibromoalkanes  having

GPC and the average number of repeating

different spacer group chain lengths from
'H NMR

units calculated from the

2 to 10 carbons were used (Scheme 1)11.
The molar of

Na,S.9H,0/dibromoalkane was kept at 1.5

i spectrum for poly(alkylene sulfide)s 1-9.
ratio

No NMR spectroscopy or GPC analysis
was carried out for 1 since that material

but the reaction time was varied for each
was highly insoluble in organic solvents.

Reflux
1-6 h

Synthesis of poly(alkylene sulfide)s 1-9 from polycondensation of
dibromoalkanes with Na,S.9H,0.

Br(CH,) Br + Na,S.9H,0 Br(CH,),S[(CH,),S],(CH,),Br

1-9

Scheme 1.

Table 1. Synthesis of various poly(alkylene sulfide)s 1-9 from reactions of
dibromoalkanes and sodium sulfide nonahydrate according to Scheme 1.”

polymer n Time(h) M.P.(°C) Yield (%)" Mn* Approximate number of
repeating units (y)d

1° 2 1 185-186 100 not known not known

2 3 4 55-57 100 4546 24

3 4 6 65-68 15 5939 43

4 5 4 70-75 94 3921 33

5 6 4 70-77 100 4068 33

6 7 5 78-85 90 4308 33

7 8 5 58-64 97 1201 3

8 9 5 70-76 92 2082 5

9 10 5 70-78 95 1700 5

Notes: * A mixture of dibromoalkane (0.10 mmol) and Na,S.9H,O (36.0 g, 0.15 mmol) was
heated under reflux in an oil bath set at 140—160°C for the indicated reaction time.

® Yield based on an assumed empirical formula for the product of (CH;),S.

¢ The average molecular weight calculated by GPC.

4 Calculated from the "H NMR spectrum by comparison of the integrations of the CH,Br and
CH,S signals.

¢ The polymeric material was highly insoluble in solvents.
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Different poly(alkylene sulfone)s polymer and 0.1 ml of H,O, were added
were obtained from different poly(alkylene with vigorous stirring at 25 ‘C. After 24 h
sulfide)s 1-9 by oxidation in solution. the precipitated polymer was recovered by
Fifty milliliters of chloroform were used as filtration, washed with ethanol, and dried
solvent for 0.2 g of the corresponding under vacuum (Scheme 2).

H,O
Br(CH,),S[(CH,),S1,(CH,),Br —=z&=2=—> Br(CH,),80,[(CH,),S0,],(CH,),Br

Scheme 2. Synthesis of poly(alkylene sulfone)s 1-9 from poly(alkyene sulfide)s and

1-9

H;0..
Table 2 gives the reaction times, average number of repeating units
yields, melting points, average molecular calculated from the '"H NMR spectrum for
weights calculated by GPC and the poly(alkylene sulfone)s 1-9.

Table 2. Synthesis of various poly(alkylene sulfone)s 1-9 from poly(alkyene sulfide)s
and H,0,. according to Scheme 2.”

polymer n M.P.(°C) Yield (%)b Mn° Approximate number of
repeating units (y)d

1 2 255-258 97 9000 75

2 3 85-88 92 5326 24

3 4 94-97 90 6342 43

4 5 102-105 85 4424 33

5 6 110-115 91 4562 33

6 7 118119 90 4838 33

7 8 85-89 90 1651 20

8 9 113-116 96 2942 5

9 10 120-124 92 1700 5

Notes: * A mixture of Polymeric sulfide (0.2 g) and H,O, (6.5M, 50ml) was stirred for 24 h.

® Yield based on an assumed empirical formula for the product of (CH,),SOs.

¢ The average molecular weight calculated by GPC.

4 Calculated from the "H NMR spectrum by comparison of the integrations of the CH,Br and
CH,SO; signals.
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The average of molecular weights
calculated by GPC were usually higher
than those calculated based on the number
of repeating units calculated from the ratio
of end groups CH,Br to internal CH,SO,
units in the "H NMR spectra (figures 1-9).
In some cases this may be because of a
disordered interfacial structure giving by
non ordering conformation of 15-20% of
the chain units. Another factor may be
because polystyrene was used as the GPC
standard rather than a polymeric sulfide.
However, the trends in molecular weights
derived from GPC analysis were consistent
with the trends in the number of repeating
units calculated based on '"H NMR spectra.
From table 2 we can note some increases
in the Mn of the polysulfons compared to
the Mn of the polysulfides (table 1). The
increase in the Mn units might be due to
the increase in the solubility of the
polysulfons in chloroform (the solvent
been used in GPC analysis).

Moreover, from table 2 we can see
significant increase in the melting
temperature of the prepared polysulfons
compared to the melting point of the
polysulfides (table 1). There is no direct
explanation for this fact and the only
reasonable statement on this point is that
some SO, groups are included in the
crystals. In other words, when oxidation
increases, not only the interface is changed

but also the crystal surfaces are oxidized
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although the internal regions are less

available.

Experimental

-General

Melting point determinations  were
performed by the open capillary method
using a Gallenkamp melting point
apparatus and are reported uncorrected. 'H
and C NMR spectra were recorded on a
Bruker AV500 spectrometer operating at
500 MHz for 'H and 125 MHz for °C
measurements.  Chemical shifts are
reported relative to TMS and coupling
constants J are in Hz and have been
rounded to the nearest whole number.
Assignments of signals are based on
coupling patterns and expected chemical
shift values and have not been rigorously
confirmed. Signals with similar
characteristics might be interchanged. Gel
permeation chromatography (GPC) was
carried out at using a GPC MAX variable
loop KF-805L
SHODEX columns in CHCl;, with a RI

(VE3580) detector using a GPC MAX

equipped with two

pump operating at flow rate of 1 ml/min.
Calibration was achieved using a series of
Viscotek polystyrene standards up to Mw
=9.4 x 10°. Chemicals were obtained from
Aldrich Chemical Company and used
without further purification.

-Typical experimental procedure for the

synthesis of polymeric sulfides 1-9
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Dibromoalkane (0.10 mol) and sodium
sulfide nonahydrate (36.0 g, 0.15 mol)
were placed in a 1 liter round bottom flask
that contained a magnetic bar. The flask
was equipped with a water condenser and
placed in an oil bath set at 140-160°C. The
mixture was heated under reflux for 1-6 h
with vigorous stirring, wuntil viscous
material resulted. Water (ca. 30 ml) was
added to the hot reaction mixture, which
was then poured into a clean beaker and
vigorously stirred before being left to cool
to room temperature. The solid mass was
then collected by filtration, washed
thoroughly with water (3 x 10 ml) and

dried at 50°C under reduced pressure to
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give a white powdery solid. The physical
properties of 1-9 are represented in Tables
1.

-Typical experimental procedure for the
synthesis of poly(alky sulfone)s 1-9
Polymeric sulfide (0.2 g) and H,O; (6.5M,
50ml) were placed in a round bottom flask
that contained a magnetic bar. The mixture
was stirred for 24 h and, after the reaction
was allowed to sit at room temperature
before the product was isolated. The solid
was separated by filtration, repeatedly
washed with ethanol, and dried in vacuum
oven. The physical properties and NMR
spectroscopic data of 1-9 are represented
in Tables 2 , 3 and Figures 1-9

respectively.

Table 3. NMR spectra for poly(alkyl sulfon)s 1-9.

Polymer 'HNMR (3, ppm; CDCls)

1 4.15 (t, J=7 Hz, 4 H, CH,S0,), 3.35 (t, J = 7 Hz, 0.05 H, CH,Br)

1.70 (m, 2 H, CH,CH,S05), 4.15 (t, J = 7 Hz, 4 H, CH,S0,), 3.35 (t, J = 7 Hz, 0.166
H, CH,Br)

1.70 (m, 4 H, CH,CH,S03), 4.15 (t, J = 7 Hz, 4 H, CH,S0,), 3.35 (t, J = 7 Hz, 0.093
H, CH,Br)

1.40 (m, 2 H, CH,CH,CH,S0,), 1.50 (m, 4 H, CH,CH,S0,), 4.15 (t, J= 7 Hz, 4 H,
CH,S0,), 3.35 (t, J =7 Hz, 0.12 H, CH,Br)

1.35 (m, 4 H, CH,CH,CH,S0,), 1.50 (m, 4 H, CH,CH,S0,), 4.15 (t, J= 7 Hz, 4 H,
CH,S0,), 3.35 (t, J= 7 Hz, 0.12 H, CH,Br)

1.20-1.35 (m, 6 H, C_I‘[gCHzCHzCHzSOz and C_I‘[gCHzCHzSOz), 1.50 (m, 4 H,
CH>CH,S0,), 4.15 (t, J =7 Hz, 4 H, CH,S05), 3.45 (t,J = 7 Hz, 0.12 H, CH,Br)

1.27-1.45 (m, 8 H, CH,CH,CH,CH,S03), 1.50 (m, 4 H, CH,CH,CH,S0,), 2.45 (t, J
=7 Hz, 4 H, CH,S0,), 3.35 (t, /= 7 Hz, 0.20 H, CH,Br)

1.16-1.40 (m, 10 H, C_I‘[gCHzCHzCHzCHzSOz and C_I‘IQC_I‘IQCHQCHQSOQ), 1.50 (m, 4
H, CH,CH,SO,), 4.15 (t, J =7 Hz, 4 H, CH,S0,), 3.35 (t, J= 7 Hz, 0.8 H, CH,Br)

1.17-1.25 (m, 8 H, CH,CH,CH,CH,CH,S0,), 1.27-1.40 (m, 4 H, CH,CH,CH,S05),
1.50 (m, 4 H, CH,CH,S0,), 4.15 (t, J=7 Hz, 4 H, CH,S 02), 3.35 (t, /= 7 Hz, 0.86
H, CH,Br)
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Figur 2: The '"H NMR spectra of poly(alky sulfone) (n=3)
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Figur 4: The '"H NMR spectra of poly(alky sulfone) (n=5)
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Figur 6: The '"H NMR spectra of poly(alky sulfone) (n=7)
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Figur 8: The '"H NMR spectra of poly(alky sulfone) (n=9)
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Figur 9: The '"H NMR spectra of poly(alky sulfone) (n=10)
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