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(b) A mixture of I (1 g.) and chloroacetyl chloride (3 ml.)
was left at room temperature for 24 hr.  The solution was poured
into ice-water (20 ml.), the dark solid which separated, was
filtered and ecrystallized several times from methanol to yield
brown prisms (0.4 g.), m.p. 136-139°. It was purified by sub-
limation 4n vacuo followed by ecrystallization from ethyl acetate
to afford white irregular prisms, m.p. 141°, undepressed on ad-
mixture with specimen obtained in (a).

Anal. Caled. for C;H;ClOs: C, 43.95; H, 3.22.
43.72; H,3.08.

Found: C,
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In the reaction of phenol with methanol at 400°
over an acidie alumina catalyst to form hexamethyl-
benzene,! =3 we have obtained evidence that the reac-
tion proceeds through pentamethylbenzene as an inter-

mediate.
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The amount of II in the crude reaction product in-
creased with increasing space velocity (shorter con-
tact time). Furthermore, II was readily converted
exclusively to I1I under the reaction conditions.
A plausible reaction mechanism for the conversion of

I to II is the following:
OH OH
~ | CHj; CH,3 Ht A
X CH, CH,
CH,3
OH ©0H
H CH, H CH;
CH; @ — CH,;
CH, CHs CH, CH;
CH, CH,3
hydroxypentamethylcyclohexadienyl cation
H OH lCHSOH
Hﬁ[CHa
CH; + CH.OH
CH, CH; ®
L, l
l -H,0
H CH.0
CH3:©:CH3 |
CcO + H,
CH; CH,3
CH, n

In agreement with this mechanism we have found
substantial amounts of formaldehyde in addition to the
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previously reported carbon monoxide, hydrogen, and
methane, Also, no di-, tri-, or tetramethylbenzene
could be detected in the crude reaction products.

One important step in the above mechanism is a hy-
dride ion transfer reaction between a relatively stable
cyclohexadienyl carbonium ion and methanol. A
similar mechanism can apply to the reaction of benzo-
phenone with methanol over alumina at 450°, wherein
diphenylmethane and formaldehyde were found as the
only products:
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The intermediates here are again resonance-stabilized
benzylic carbonium ions which undergo hydride ion
transfer reactions. There are a number of analogies in
the literature including the formation of cyclohexanol
(among other products) from 1,4-cyclohexanediol and
methanol over alumina* and the reaction of aryldiazo-
nium saltswith methanol to form aromatic hydrocarbons
and formaldehyde.5

Experimental

Penta- and Hexamethylbenzene.—Ten grams of 8-15-mesh
Alcoa F-10 alumina was placed in a %/ X 12 in. Vycor reactor
heated by external heating wire. With the temperature at 400°
a solution of 9.4 g. (0.1 mole) of phenol in 20 ml. of methanol
was introduced through a syringe needle from a constant rate
syringe drive pump (JKM Instrument Co., Durham, Pa.).
Products were collected in a series of air-cooled and ice-cooled
receivers. The produets included a light yellow solid suspended
in water and unchanged methanol. Filtration and thorough
drying yielded 8 g. of crude solid, m.p. 130-155°. Vapor phase
chromatography using silicone rubber packing, and high molecu-
lar weight mass spectrometry, easily established the presence of
99% pentamethylbenzene, 899, hexamethylbenzene, and 29 of
a mixture of high molecular weight methylated polyaromatics.
Recrystallization of the crude solid using cyclohexane yielded
hexamethylbenzene, m.p. 164-165°. Pentamethylbenzene was
subsequently separated from the erude mixture by preparative
VPC and its identity confirmed by mixed m.p. (52-53°) and by
infrared comparison.

Diphenylmethane.—Using the previously described tech-
nique, 9.1 g. of benzophenone in 100 g. of methanol was passed
over 10 g. of F-10 alumina. There was obtained 7.1 g. of white
solid m.p. 27°, established as diphenylmethane by analysis,
infrared, and mixed m.p. comparison with an authentic sample.
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Earlier publications in this series describe a new
method for the synthesis of substituted ureas from



