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A general method for the synthesis of linear condensed polynuclear aromatic hydrocarbons is outlined. Pentacene (I)
is synthesized in an over-all yield of 309, starting with 1,2-dimethylenecyclohexane (V).

Although many excellent syntheses have been
developed for angular condensed aromatic hydro-
carbons, no good general method has been worked
out for the linear condensed ring systems.* This is
due to the fact that most common ring closures
tend to proceed in the angular position. Penta-
cene (I) was first synthesized by Clar and John?
starting from m-xylophenone (II). A vigorous
Friedel-Crafts reaction yielded 409, of 4,6-diben-
zoyl-1,3-dimethylbenzene (II) from a complex
mixture. Heating with copper in a modified Elbs
reaction converted III into dihydropentacene (IV)
in an unstated yield. Dehydrogenation of IV to I
was accomplished by boiling the dihydro derivative
in nitrobenzene with phenanthraquinone or by pass-

6,13-diketo- A4all4a)7a(lla) . octadecahydropentacene
(VI). All attempts to simultaneously dehydro-
genate and deoxygenate VI directly to pentacene
failed. Although Cook and Lawrence® converted
9,10 - diketodctadecahydro - 1,2,5,6 - dibenzanthra-
cene directly to 1,2,5,6-dibenzanthracene by heat-
ing over platinum at 300°, similar treatment of VI
produced only partially dehydrogenated products
that sublimed at a low temperature. Zinc dust
distillation of VI produced a mixture of products
containing 6,}3-pentacenequinone (X).

Since the direct methods failed, procedures for the
reduction of the two carbonyl groups were investi-
gated. Wolfi-Kishner reduction of VI yielded a
mixture of products. Chromatography over alu-

ing over copper at 350—400°. mina produced a small amount of the hydrocarbon
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Since Cook and Lawrence® were able to synthe-
size 1,2,5,6-dibenzanthracene from 1-vinylcyclohex-
ene and quinone, it was considered likely that a
synthesis of pentacene could be worked out using
the readily available 1,2-dimethylenecyclohexane
(V)? and quinone. Thus it was found that reflux-
ing V with benzoquinone produced a 77% yield of
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VIII plus a yellow solid. Probably the base rear-
ranged the double bonds to produce the quinone XI
which would not be expected to produce the hy-
drocarbon under the Wolfi-Kishner conditions.”

An excellent method for removing the oxygen
atom was developed by applying the method of
Wolfrom and Karabinos® for the desulfurization of
the corresponding thioketal. Treatment of VI
with an excess of ethyl mercaptan in the presence
of zinc chloride produced the crude tetraethyltetra-
thiodiketal (VII), which was not purified but
treated directly with Raney nickel to produce VIII
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in an over-all yield of 55%,. The hydrocarbon VIII
was smoothly dehydrogenated to pentacene (I)
by heating with 59, palladium-on-carbon for 3
hours at 245°. Purification of I by sublimation at
300° (5 mm.) in a stream of carbon dioxide afforded
pure pentacene in a 729 yield. The violet-blue
pentacene was characterized by analysis and con-
version to its maleic anhydride adduct IX. The
properties of these two products agreed with those
previously reported by Clar and John.’

Thus, this direct, easy synthesis of I in an over-all
yield of 309, from 1,2-dimethylenecyclohexane (V)
appears to be a considerable improvement over pre-
vious methods. Since the procedure used in the
synthesis of the cyclic diene V is general, this
method can be applied to other linear condensed
polynuclear aromatic hydrocarbons.

Experimental

6,13-Diketo-Afsllda)talla)gctadecahydrogentacene (VI).
—In a 50-ml. round-bottom flask was placed a solution of
5 g. (0.048 mole) of 1,2-dimethylenecyclohexane? and 2.5
g. (0.024 mole) of benzoquinone in 25 ml. of dioxane (puri-
fied). The solution was heated under reflux until a precipi-
tate formed (2 hours) and then an additional hour. The
precipitated adduct was filtered, washed well with ether and
recrystallized from chloroform-petroleum ether (30-60°).
There was obtained 5.8 g. (779%) of fluffy white needles of
6,13-diketodctadecahydropentacene (VI), m.p. 225-226°.

Anal. Caled. for CooHpsQq: C, 81.48; H,8.64. Found:
C, 81.39; H, 8.78.

Atal) ) Octadecahydropentacene (VIII). A. By

Wolff-Kishner Reduction.—A mixture of 2 g. (0.006

mole) of the above diketodctadecahydropentacene (VI),
1.84 ml. of hydrazine hydrate (80% aqueous solution), 10
ml, of triethylene glycol and 1.2 g. of potassium hydroxide
was heated under reflux for 1.5 hours according to the direc-
tions of Huang-Minlon.? The water was then drained from
the condenser, the temperature was allowed to rise to 195°,
and the refluxing was continued for 4 hours. The cooled
solution was diluted with 20 ml. of water and poured slowly
into 10 ml. of 6 N hydrochloric acid. The resulting yellow
solid was filtered and dried (wt. 1.80 g.).

On recrystallizing from a benzene—alcohol mixture, there
was obtained a light yellow-orange solid, m.p. 110-143°,
which could not be purified further by recrystallization.

The colored material from several runs (2 g.) was com-
bined, dissolved in benzene, and chromatographed on a 30
X 2 cm. alumina column. The column was eluted with 50-
ml. portions of benzene until the yellow band had moved
down the column and begun to appear in the eluate. These
eluates (which had a slight violet-blue fluorescence) were
combined, evaporated to dryness, and extracted with 100
ml. of petroleum ether. The extract was then evaporated
to dryness and the residue was recrystallized from chloro-
form-petroleum ether. There was obtained 34 mg. of white
needles, m.p. 127-128°. Mixed melting point with an au-
thentic sample of Aw{4s)nilin)loctadecahydropentacene
prepared below showed no depression. The yellow sub-
stance formed during the reaction was assumed to be the
quinone XI but was not characterized.
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B. By Desulfurization of the Dithioketal.—Following
the desulfurization procedure of Newinan and Walborsky,1
1.7 g. of anhydrous zinc chloride was placed in 50-ml. flask
and fused under vacuum. After adding 3 g. (0.011 mole) of
the above diketone VI, 1 g. of anhydrous sodium sulfate
and 35 ml. of ethyl mercaptan, the flask was well stoppered
and shaken at room temperature until the zinc chloride dis-
solved. After standing overnight at room temperature, the
reaction mixture was heated to remove the excess ethyl mer-
captan. The residue was taken up in ice-water and ether.
The aqueous layer and insoluble material (zinc oxychloride)
were extracted thoroughly with ether. The combined
ether extracts were washed with 109 aqueous sodium hy-
droxide solution, water and saturated sodium chloride solu-
tion. After the solution was dried over anhydrous sodium
sulfate, the ether was removed by distillation leaving the
crude dithioketal.

This crude dithioketal was dissolved in ethanol and added
to a suspension of 50 g. of Raney nickel catalyst (W-4)i
in a total volume of 175 ml. of ethanol. After the mixture
had been refluxed for about 12 hours, the catalyst was re-
moved by centrifuging and thoroughly washed with hot
benzene. The benzene washings and alcoholic filtrate were
evaporated to dryness and the resultant white solid reerys-
tallized from a benzene-alcohol mixture to yield 1.4 g. (55%)
of %“(“')-7‘““’-octa.decahydropentacene (VIII), m.p. 131-
132°,

Anal. Caled. for CooHse: C, 89.19; H, 10.81.
C, 890.49; H, 10.74.

Pentacene (I).—A mixture of 75 mg. (0.00026 mole) of
octadecahydropentacene (VIII) and 100 mg. of 5% palla-
dium-on-charcoal was heated at 245° in a test-tube with two
side arms and a cold finger until the calculated amount of
hydrogen (96%) swept out with carbon dioxide was col-
lected in a gas buret containing 309, potassium hydroxide
solution. Some material sublimed during the dehydrogena-
tion. This was recovered and converted to pentacene by
use of a larger quantity of catalyst. The combined mixture
of catalyst and pentacene was transferred to a 100-ml. three-
neck round-bottom flask fitted with an inlet capillary tube,
a cold finger, and an exit to the vacuum pump. The penta-
cene was sublimed onto the cold finger in a stream of carbon
dioxide at 5-8 mm. pressure by heating the flask in 2 Woods
metal-bath at 270-300°. The yield of the violet-blue penta-
cene (I) was 52 mg. (72%). In accordance with the obser-
vation of Clar and John® the pentacene (I) sublimed below
its melting point.

Anal. Caled. for CoHie: C, 94.96; H, 5.04.
C,94.68; H,4.82.

Maleic Anhydride Adduct of Pentacene (IX).—A mixture
of palladium-on-charcoal catalyst and pentacene prior to
purification [obtained from 55 mg. (0.0002 mole) of octa-
decahydropentacene] was suspended in 6 ml. of xylene ac-
cording to the directions of Clar.f To this suspension was
added 32 mg. (0.00032 mole) of maleic anhydride, and the
solution was heated to boiling for 10 minutes. The hot
solution was filtered and the adduct crystallized on cooling
to yield 63 mg. (929%,) of the microcrystalline needles of IX.
This adduct was recrystallized from a chloroform-petroleum
ether mixture to yield white crystals, m.p. 295°, decompos-
ing to a red liquid in agreement with Clar’s observations.

Anal. Caled. for Cyst1s05: C, 82.98; H, 4.26. Found:
C, 82.78; H, 4.01.
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