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Phosphomolybdic Acid as a Catalyst for the Bulk
Polymerization of Styrene!

By JesSE H. Day anD THOMAS A. SOLAK

While many catalysts have been used for the
bulk polymerization of styrene, there is no mention
in the literature of this use of phosphomolybdic
acid. A large number of bulk polymerizations
carried out at 30, 40 and 50° have shown phos-
phomolybdic acid to be an effective catalyst.
Yields of polymer in excess of 809, were obtained
in one hour at 40°. Molecular weights of the
polymers were usually in the range 18,000-20,000.

At each temperature there appeared to be an
optimum concentration of phosphomolybdic acid,
the yield of polymer decreasing when this amount
of phosphomolybdic acid was exceeded. Typical
data are given in Table I. Each value is the
average of 3 or more determinations.

TABLE I

PER CENT. POLYSTYRENE FROM STYRENE CATALYZED BY
PuospHOMOLYBDIC Acip AT 40° anp aT ONE Hour
9% by wt. polymer % by wt. phosphomolybdic acid

82 0.222
82 .332
86 445
76 .656

The phosphomolybdic acid was apparently re-
duced to molybdenum blue, judging by the appear-
ance of a blue solid in the polymer. This solid
was easily removed by filtration after dissolving
the polymer in benzene. Since phosphoric acid
is well known as a catalyst for styrene polymeriza-
tion, phosphomolybdic acid would be expected to
act in the same way. However, it is the belief
of the authors that a portion of the polymerization
is brought about by the generation of free radicals
by the oxidative action of the molybdenum.

The effectiveness of mixtures of phosphomolybdic
acid and benzoyl peroxide as catalyst varied mark-
edly with the weight ratio of phosphomolybdic
acid to the peroxide. Polymer yields were rela-
tively low, as were molecular weights, except when
the ratio was in the range 1 to 1, 2 to 1. The best
results were obtained with a ratio of phosphomolyh-
dic acid to peroxide of 1.25.

(1) This material is taken from a part of a thesis submitted by
Thomas A. Solak in partial fullfillment of the requirements for the
Master of Science degree at Ohio University, June, 1950.
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Some Reactions of 3-Pyridyllithium!
By HErRBERT E. FrRENCH? AND KERN SEARS?

3-Pyridyllithium is conveniently prepared by the
halogen—metal interchange between 3-bromopyri-
dine and z-butyllithium,*%% but the reagent has

(1) From the thesis submitted by Mr. Sears in partial fulfillment of
the requirements for the degree of Doctor of Philosophy at the Uni-
versity of Missouri.

(2) Deceased.

(3) Harding College, Searcy, Arkansas.

(4) Gilman and Spatz, THis JOURNAL, 62, 446 (1940).

(8) Spatz, lowa State College J. of Sci., 1T, 129 (1942).

(6) Spatz and Gilman, Proc. lowa Acad. of Sci., 47, 262 (1940).
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found little use except in the preparation of nico-
tinic acid by carbonation,* which reaction has been
used to prepare nicotinic acid labeled with carbon
thirteen and fourteen in the carboxyl group.”

This paper describes the use of 3-pyridyllithium
in the preparation of some pyridyl carbinols and
some pyridyl ketones.

Attempts in the past to prepare 3-pyridylmag-
nesium bromide have met with failure,® but Proost
and Wibaut® suggested it should be possible to
use the entrainment method for its preparation
as they did in the preparation of 2-pyridylmag-
nesium bromide. Low yields of the Grignard
reagent were obtained from 3-bromopyridine by
this method as was evidenced by its reaction with
benzophenone to form a small amount of diphenyl-
3-pyridylcarbinol.

Experimental

3-Pyridyllithium was prepared on both a 0.05 mole and
a 0.2 mole scale by the method of Gilman and Spatzé from
n-butyllithium prepared according to Stuckwish® and 3-
bromopyridine prepared by the method of McElvain and
Goese.!!

Diphenyl-3-pyridylcarbinol.—Benzophenone (9.1 g.) in
20 ml. of dry ether was cooled just short of crystallization
and was added rapidly to 0.05 mole of 3-pyridyllithium at
—35 to —50°. After several hours, hydrochloric acid (30
ml., 10%) was added with cooling. The original tan
precipitate dissolved and a precipitate of diphenyl-3-pyr-
idylcarbinol hydrochloride was formed; yield 11.4 g.
(76.5%). After recrystallization from very dilute hydro-
chloric acid with the aid of Norite, the white crystalline
hydrochloride charred at 150-155°.

Anal. Caled. for C;sH;CINO:
Found: neut. equiv., 298.6.

The hydrochloride was dissolved in 200 ml. of dilute hy-
drochloric acid and made basic with concentrated ammo-
nium hydroxide. The amorphous precipitate was stirred
until solid. On crystallization from alcohol it formed
needles melting sharply at 115°,

Amnal. Caled. for CsH;sNO: C, 82.74; H, 5.97. Found:
C, 82.45; H, 5.90.

Diphenyl-3-pyridylmethane.—Tschitschibabin’s method
of preparation of the two other isomeric diphenylpyridyl-
methanes!? was used with slight modification. Diphenyl-3-
pyridylcarbinol (4.45 g., 0.017 mole) in 10 ml. of glacial
acetic acid and 3 ml. of concentrated hydrochloric acid was
treated with 409, hydriodic acid (10 ml., 0.048 mole),
boiled 2 minutes, and poured into 30 ml. of water containing
4 g. of sodium bisulfite. The mixture, made basic with
409, sodium hydroxide, was stirred until the oily layer was
light yellow. The oil formed a waxy solid (4.35 g., theo-
retical yield, m.p. 70-75°) which was fractionally crystal-
lized from petroleum ether ‘“B’’ by slow evaporation, The
yield was 50%, m.p. 76-77.5°.

Anal. Caled. for C;sH;;N: C, 88.13; H, 6.16. Found:
C, 87.81; H, 6.22.

Diethyl-3-pyridylcarbinol,—Diethyl ketone (4.3 g.) in
20 ml. of dry ether was cooled to —30° and added quickly
to 0.05 mole of 3-pyridyllithium. The mixture was treated
with 109, hydrochloric acid and the two layers separated.
The acid layer was made basic with ammonium hydroxide
and extracted with ether. The ether extract was dried over
sodium sulfate and distilled; diethyl-3-pyridylcarbinol dis-
tilled at 156-157.5° (15 mm.). Sobecki reported the boiling
point of the same compound prepared by another method as
152.5° (24 mm.).1* The yield was 4.3 g. (52.1%,).

The picrate was prepared in and recrystallized from al-
cohol; m.p. 112-113° as recorded in the literature.!?

neut. equiv., 297.7.
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