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It has recently been established that «,B8-unsaturated carbonyl eompounds
of the type CsH;CH=CHCOX copolymerize readily with a considerable variety
of vinyl and diene monomers (1, 2). In addition it has been found that several
furan derivatives of this type will copolymerize with dienes and styrene (1),
The present investigation deals with thiophene analogs of this class of com-
pounds.

The thiophene derivatives which have been studied are the following,
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All of these neutral molecules were copolymerized with 1,3-butadiene in
the Mutual recipe (3). The acidic monomer (VI) was not tried in the alkaline
recipe but it did copolymerize with butadiene in an acid side azobisisobutyro-
nitrile-initiated recipe. Benzal-2-acetothienone (I) was also copolymerized with
butadiene in a modified Mutual recipe initiated with azobisisocbutyronitrile (4),
in a cumene hydroperoxide recipe (4), and in a Nitrazole CF recipe (5). Also
2-thenal-2’-acetothienone (III) copolymerized with butadiene in the cumene
hydroperoxide-initiated system (4). It, therefore, seems probable that the
other monomers of this group can be used in recipes other than the Mutual.
Since no differences were noted in the copolymers of butadiene and the two
thiophene monomers (II and III) prepared in the different recipes, the other
combinations were gtudied only in the Mutual recipe.
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These thiophene-containing monomers were less readily copolymerized with
butadiene than was the case with the corresponding monomers with phenyl in
place of the thienyl group (1, 2). Much more careful purification of the thiophene-
containing monomer was required in order to get copolymerization reaction to
take place. The copolymerizations usually required a longer time at 50° and
gave lower conversions of low viscosity polymers than did the corresponding
phenyl compounds.

‘Of the butadiene copolymers only the one with 10 parts of 2-thenal-
acetophenone (II) in the charging stock, prepared in the Mutual recipe, was
deemed to have sufficiently good solubility and viscosity to justify evaluation
as a rubber. This copolymer was compounded, vulcanized, and evaluated by
standard A.S.T.M. procedure for stress-strain properties (6), low temperature
flexibility (7), hysteresis (8), and oil resistance (9). The stress-strain properties

TABLE I

CoPOLYMERIZATION EXPERIMENTS WITH VARIOUs VINYL MONOMERS

COMONOMER

THIOPEEXE DERIVATIVE Methyl Methyl N
giuetnez pIri%.e ?figill%- %gﬁ}?e mg;l];i‘:' 122&)525 Styrene a.}:é?gtle a?r;hllé.lte
Benzal-2-acetothienone + + 1+ + + + + _ -
2-Thenalacetophenone + + + - - + 4 — —
2-Thenal-2’-acetothienone + + - - - + + — —
2-Thenalacetone ~+ - + - = - — —_ —
Ethyl 8-(2-thienyl)acrylate -+ + - - -+ - + — -
B-(2-Thienyl)acrylic acid + -+ -+ + + - -

were about like standard GR-S (50°), the Gehman low temperature properties
were good, and the oil resistance was slightly better than GR-S control. The
hysteresis properties were not as good as for a GR-S control.

A number of copolymerization experiments with these monomers and such
monomers as isoprene, acrylonitrile, methyl and ethyl acrylates, methyl
methacrylate, styrene, methyl vinyl ketone, and vinyl acetate were tried in
emulsion and in bulk recipes. No one of the thiophene-containing monomers
could be copolymerized with vinyl acetate or ethyl acrylate under any conditions
which were tried. All except 2-thenalacetone copolymerized with isoprene. All
except 2-thenal-2’-acetothienone and ethyl 8-(2-thienyl)acrylate copolymerized
with acrylonitrile but the conversions were very low even at long times. The
copolymerization experiments are briefly summarized in Table I and the details
are recorded in the experimental part. That copolymerization had occurred
in these cases listed as positive was demonstrated by the infrared spectrum of
each copolymer which showed absorption at the expected places for the func-
tional groups which should be present.

None of these thiophene derivatives could be homopolymerized under any
conditions which we tried which included standard procedure for bulk, solution,
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and emulsion polymerizations. No copolymerizations with butadiene were
carried out under conditions which are favorable for determining reactivity
ratios (7) for the monomers but the compositions of the copolymers as compared
to the charging ratios are of interest in pointing out the trends toward alterna-
tion of monomer units. In every case examined at conversions of less than 70 %,
the copolymer was richer in the thiophene monomer than was the charging
stock. At low conversion the increase was very marked. It therefore seems likely
that there is a close approach to alternation of monomer units in the early stage
of the copolymerization. Work designed to give this information is under way
in this laboratory.

EXPERIMENTAL
PREPARATION OF MONOMERS

Benzal-2-acetothienone. Benzal-2-acetothienone was prepared by the reaction suggested by
Brunswig (10) who gave no details on conditions of the reaction or analysis of his produect.
2-Acetothienone, 116.2 g. (0.92 mole), was mixed with 97.6 g. (0.92 mole) of benzaldehyde
in a 300-ml. round-bottomed flask, and anhydrous hydrogen chloride was passed through
the mixture for three hours at 30°. The reaction mixture was then extracted with 1500 ml.
of hexane (Skellysolve B). Concentration of the extract to about one-tenth of its original
volume, followed by cooling to 0°, caused separation of crystals which were collected, dried,
and recrystallized once from hexane (Skellysolve B) and twice from methanol to yield 135.5
g. (61.0%) of white erystals, m.p. 83.6-84.0°.

"~ Anal. Cale’d for C:Hy,008: C, 72.85; H, 4.71; 8, 14.95.
Found: C, 72.96; H, 4.78; S, 15.00.

Ethyl B-(2-thienyl)acrylate. This ester was prepared by the method of King and Nord (11).
The fraction boiling at 151-154° at 22 mm., 2 1.5831, was collected in 36.7% yield.

2-Furfural-2'-acetothienone. This ketone was prepared by the reaction used by Weygand
and Strobelt (12). To a solution of 100 g. of potassium hydroxide in 100 ml. of water and
379 ml. of methanol were added 155.7 g. (1.23 moles) of 2-acetothienone and 118.3 g. (1.23
moles) of furfural. This mixture was stirred for ten hours while the temperature was main-
tained at below 10°. The reaction mixture was then cooled to 0°, and the yellow crystals
which precipitated were separated and dried at room temperature under reduced pressure.
After two recrystallizations from hexane (Skellysolve B) and one from methanol 191.3 g.
(76.2%) of 2-furfural-2’-acetothienone was obtained as yellow erystals, m.p. 70.8-71.6°.

2-Thenalacetone. This ketone was prepared by a method analogous to that used for the
preparation of benzalacetone (13), substituting for benzaldehyde an equivalent amount
of redistilled 2-thiophenealdehyde. The yield of redistilled product was 69%, boiling at
151-153° at 14 mm., n2’ 1.6367.

2-Thenalacetophenone. This ketone was prepared by a modification of the method given
in Organic Syntheses (14) for the preparation of benzalacetophenone. After three recrystal-
lizations from 113 times its weight of 95% ethanol, the light-yellow erystalline product was
obtained in 84.4%, yield; m.p. 58.4-59.2°,

2-Thenal-2'-acetothienone. This ketone was prepared according to the reaction reported
by Weygand and Strobelt (12), who gave few details on this preparation. To a mixture of
100 g. of potassium hydroxide in 100 ml. of water and 379 ml. of methanol were added 144 g.
(1.25 moles) of 2-thiophenealdehyde and 163.4 g. (1.25 moles) of 2-acetothienone. The mix-
ture was stirred for 23 hours at 0°, giving rise to brown granules, which were collected and
dried at room temperature under reduced pressure. The crude product was recrystallized
first from a methanol-petroleum ether mixture and then twice more from methanol to yield
194.5 g. (719%) of vellow crystals; m.p. 99.2-99.8°,

Anal. Cale’d for C;;H;08.: C, 60.00; H, 3.66; 8, 29.10.
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Found: C, 59.68; H, 3.63; S, 29.27.

B-(2-Thienyl)acrylic acid. This acid was prepared by the method of King and Nord (11).
After two recrystallizations from 959, ethanol the product was obtained in 57.29, yield;
m.p. 145-146°,

Commercial samples of acrylonitrile, ethyl acrylate, isoprene, maleic anhydride, methyl
acrylate, methyl methacrylate, methyl vinyl ketone, styrene, and vinyl acetate were used
in this study, and all were redistilled before use.

TABLE III
ComsiNaTIiONs oF MonomErs Waica Dip Nor Yierp CoPOLYMERS

MONOMER COMONOMER I CHARcE RECIPEb' MODIFIER, Tﬁf?
Benzal-2-acetothienone Ethyl acrylate 10/90 B — 30
Benzal-2-acetothienone Vinyl acetate 10/90 M | 0.059 24
2-Thenalacetophenone Ethyl acrylate 5/95 B —_ 28
2-Thenalacetophenone Maleie anhydride 10/90 Be — 24
2-Thenalacetophenone Methyl acrylate 5/95 B — 28
2-Thenalacetophenone Vinyl acetate 5/95 M 071 18
2-Thenal-2'-acetothienone Aecrylonitrile 10/90 M .012 24
2-Thenal-2’-acetothienone Ethyl acrylate 10/90 B | — 30
2-Thenal-2’-acetothienone Methyl acrylate 9.5/90.5 | B — 43
2-Thenal-2’-acetothienone Methyl methaerylate 10/90 M .059 24
2-Thenal-2’-acetothienone Vinyl acetate 10/90 M .059 24
2-Thenalacetone Ethyl acrylate 10/90 B — 30
2-Thenalacetone Isoprene 15.4/84.6 | M .059 26
2-Thenalacetone Methyl acrylate 10/90 B — 43
2-Thenalacetone Methyl methacrylate 10/90 M .059 24
2-Thenalacetone Methyl vinyl ketone | 13.2/86.8 | M .059 24
2-Thenalacetone Styrene 10/90 B — 28
2-Thenalacetone Vinyl acetate 10/90 M .059 24
Ethyl 8-(2-thienyl)acrylate Ethyl acrylate 10/90 B — 28
Ethyl 8-(2-thienyl)acrylate Methyl acrylate 10/90 B — 28
Ethyl g-(2-thienyl)acrylate Methyl vinyl ketone | 32.3/67.7 | M .059 24
Ethyl g-(2-thienyl)acrylate t Vinyl acetate 10/90 M .059 24
B-(2-Thienyl)acrylic acid i Ethyl acrylate 5/95 B — 28
B-(2-Thienyl)acrylic acid Vinyl acetate 10/90 B — 28

¢ Monomer/comonomer.
* M = mutual; B = azobisisobutyronitrile-initiated bulk.
¢ Temperature 70°.

POLYMERIZATION RECIPES AND TECHNIQUES

GR-8 Mutual recipe. The recipe of Frank and coworkers (3), adapted to a monomers
charge of 20 g., was used in this study. Hooker’s lauryl mercaptan (a mixture of primary
mercaptans having the average molecular formula Cis. sHae oSH) was used as modifier. In
some experiments azobisisobutyronitrile was substituted for potassium persulfate as
initiator.

Cumene hydroperozide recipe. A slight modification (1) of the recipe of Troyan and Tucker
(4) was used in this work. ’

Nitrazole CF recipe. This recipe is that recently reported by Willis, Alliger, Johnson,
and Otto (1, §).

Acid-side recipe with azobisisobutyronitrile (15).
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Azobisisobutyronitrile........ ... ... oo 0.02-0.06 g.
M P08 8% e e 2.00 ml.
Water (boiled and cooled under nitrogen to eliminate oxygen). .. 38.00 ml.
Hooker’s lauryl mercaptan. ... i 0.025-0.100 g.
BT 0N 0 Vo3 0] - S 20 g.
* The composition of this emulsifier is as follows:
Sodium alkanesulfonates in the Crarange......... ... .o, 49,57,
Unreacted hydroCaIbDOm. .. ..o oot i e 10.3%
Bodiumm ChlOTEAe. . oot e 0.86%,
Bodium Sulfate. ... e e e i 0.4%,

Balance, water and about 3% isopropy! alcohol.

Bulk recipe. The monomers were mixed and heated with azobisisobutyronitrile as the
initiator.

Polymerizations. Polymerizations were conducted in 4-oz. polymerization bottles sealed
with screw caps containing self-sealing rubber gaskets. Bottles were charged in the order
listed in the recipes and then tumbled in a constant-temperature bath for the times noted
in the tables. Temperature was 30°, unless otherwise noted.

Inherent viscosities (16). These were determined in Ostwald viscosimeters in benzene so-
lution at 25°.

Table IT summarizes the conditions under which polymers were formed with various
comonomers, and certain of their properties, such as solubility, inherent viscosity, ap-
pearance and softening point. Characteristic groups incorporated in the copolymers are
listed, such as carbonyl, phenyl, and thienyl, as determined by infrared analysis. Similarly
Table IV summarizes data pertinent to butadiene copolymers.

Table III records the conditions under which a number of monomer-pairs failed to copo-
lymerize.
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SUMMARY

«,8-Unsaturated carbonyl compounds containing thiophene groups have
been studied in copolymerization reactions with a wide variety of monomers. In
general it can be said that these substances copolymerize less readily than do
their phenyl analogs. The butadiene copolymers which have been prepared
are all richer in the thiophene-containing monomer than the charging stock
with which the polymerizations were carried out, which indicates a strong
tendency toward alternation in this series. The properties of a variety of new
copolymers have been recorded.
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