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Synthesis of Ketone Derivatives of Biphenyl by the Friedel-Crafts Reaction'

By LoreN M. LonGg? aND HENRY R, HENZE

Although several biphenyl alkyl and aryl ke-
tones have been prepared by previous investiga-
tors,® 110 systematic attempt has been made to ex-
tend the series to include more than the first few
members. Especially is this true of the p,p’-di-
acyl biphenyl ketone type. Therefore, the pur-
pose of this investigation has been to complete
both the mono- and diketone series through the
n-hexyl derivative, and also to include a number of
ketones containing branched-chain alkyls.

In a rather extensive investigation Silver and
Lowy®® have shown conclusively that acyl hal-
ides react with biphenyl in the Friedel-Crafts re-
action to form 4-mono- and 4,4’-disubstitution
products. Hence, the ketones prepared for the
first time in this study have been formulated as
having the same configurations without further
proof.

To prepare the alkyl biphenylyl ketones, a solu-
tion of the appropriate acyl halide and biphenyl
in carbon disulfide was added to anhydrous alu-
minum chloride suspended in carbon disulfide.
Despite the fact the six members of this series
synthesized previously by other workers have been
reported to be yellow solids, we find that upon suf-
ficient purification white, crystalline solids are
obtained in every case. It may be assumed that
the lower melting points recorded elsewhere are
indicative of a lesser degree of purity than that ob-
tained in this study.

In general, the diketones were obtained by
using slightly more than double the ratio of acyl
halide* and anhydrous aluminum chloride to bi-
phenyl. 'In a few cases, purification through re-
crystallization was less efficient than fractional
distillation. Attempts to prepare diketones from
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biphenyl by interaction with 2-methylvaleryl
chloride and 2-ethylbutyryl chloride were un-
successful.

We wish to thank Parke, Davis and Company
for their financial aid in this investigation.

Experimental

Preparation of Alkyl 4-Biphenyl Ketones.—Merck sub-
limed, anhydrous aluminum chloride (0.22 mole) was sus-
pended in about 75 cc. of dry carbon disulfide in a three-
neck 500-cc. round-bottom flask fitted with a reflux con-
denser, a mercury-sealed mechanical stirrer and a dropping
funnel. An acid chloride (0.22 mole) and biphenyl (0.2
mole) were dissolved in a like amount of dry carbon di-
sulfide and added to the rapidly-stirred suspension over a
period of twenty minutes. Since the flask was not cooled,
refluxing began at once. Stirring was continued for
thirty minutes after addition was complete, and then the
reaction mixture was refluxed on a steam cone for four
hours. Carbon disulfide was removed by distillation and
the sirupy residue was hydrolyzed by adding it slowly to
500 ce. of ice water. In most instances a semi-solid, yel-
low or tan material was formed which hardened after a
few minutes. After filtration, the ketones were recrys-
tallized from acetone or ethyl alcohol, using Norit to re-
move color. Pertinent data for certain physical proper-
ties and analyses of the mono ketones are listed in Table 1.

Preparation of p,p’-Diacyl Biphenyls.-—In preparing
the diketones, 0.6 mole each of Merck sublimed, anhydrous
aluminum chloride and of acid chloride were used with 0.2
mole of biphenyl. In the cases of p,p’-diisopropyl biphenyl
and p,p’-diisobutyl biphenyl it was necessary to resort
to fractional distillation at 3 mm. pressure in order to ef-
fect adequate purification. In distilliag the former, a frac-
tion boiling 190-200° (3 mm.) was obtained which solidi-
fied almost at once. By recrystallization from petroleum
ether a 409, yield of the monoketone was obtained. An-
other fraction, boiling 240-260° (3 mm.), solidified much
more slowly. This material was recrystallized from pe-
troleum ether to yield the diketone. Likewise, for the iso-
butyl analog, the first fraction boiling 183-196° (3 mm.)
upon recrystallization from petroleum ether yielded the
monoketone in 339, yield. Another fraction, boiling 242~
258° (3 mm.) was also recrystallized from petroleum ether
and thus gave the diketone.

Certain data for the p,p’-diacyl biphenyls are placed in
Table II. It will be noted that the melting points of the
isopropyl and isobutyl members appear to be lower than
expected; however, the analytical data for these com-
pounds are wholly satisfactory. Repeated attempts to
prepare diketones from biphenyl using 2-ethylbutyryl
chloride yielded a sirupy liquid which would not solidify
after long standing in a refrigerator. Fractional distilla-
tion yielded an initial fraction which did solidify and could
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TABLE I

ALKYL 4-BIPHENYLYL KETONES O—Q—CO—R
M

—R '(c%}.)c' Y‘t%l,d’ Calcd.carbon' %Found Caxcg.ydmgen’ %’ound
—CHg* 344 121 90
—CH,CH* 89 79
~—CH,CH,CH;* 94 78
—CH(CH,),* 62 68
—CH,CH,CH,CH," 76.0-78.0 63 85.67 85.41 7.61 7.64
—CH,CH(CHjy),* 74.0-76.5 65
—CH,CH,CH,CH.,CH," 96.5 67 83.67 85.62 7.99 8.06
~—CH,;CH,CH(CHj3),* 71.0-72.5 62 85.67 85.65 7.99 7.99
~—CH(CH;)CH,CH,CH;* 64 40 85.67 85.54 7.99 8.02
~—CH(CH,CH3),* 77.0-79.0 45 85.67 85.74 7.99 8.02
—CH,CH,CH,CH,CH,CH;* 85.5-86.5 52 85.67 85.83 8.32 8.41
—CH, ¥ 106 75

* New compounds,
TaBLE 11
p.p’-D1AcYL BIPHENYLS R—CO—<:>—<:>—CO—R

—R M. Feor)c Y‘%d alcd(.:arbon, % Found Calg:l?,dmgen, ly%ound
~—CH,*%* 191 45
—CH,CH;" 168 31
—CH,CH.CH;* 174.2 31 81.59 81.59 7.53 7.50
—CH(CH;)," 103.0 27 81.59 81.85 7.53 7.59
—CH,CH.CH,CH3" 162.0-163.0 31 81.95 81.54 8.13 7.98
—CH,CH(CH3),* 113.0 37 81.95 82.08 8.13 8.16
—CH,CH,CH,CH,CH;* 164.5 32 82.24 82.25 8.63 8.68
—CH,CH,CH(CHj;);* 138.0-140.0 34 82.24 82.27 8.63 8.66
-—CH,CH,CH,CH.CH,CH;* 157.1 29 82.49 82.26 9.05 8.97
—CeH,;% 38 218 50

¢ New compounds.

be recrystallized from petroleum ether to yield 359, of Summary

the monoketone. All efforts to obtain pure diketone from
the higher boiling fractions were unsuccessful. Essen-
tially the same results were noted in attempts to synthesize
a diketone from interaction of biphenyl and 2-methyl-
valeryl chloride.

Finally, the monophenyl and diphenyl biphenylyl
ketones were resynthesized. By refluxing the reaction
mixtures for thirty hours, much higher yields of ketones
were obtained. These facts suggest that a long period
of heating the reaction mixtures under reflux might be
beneficial for the production of the alkyl ketones in higher
yield.

1. Nine ketone derivatives of biphenyl have .
been resynthesized. Several of these ketones,
previously reported to be yellow in color, have
been obtained as white, crystalline solids of higher
melting point,

2. Seven new alkyl 4-biphenylyl ketones and
six new bis-(4-phenyl alkyl ketones) have been
prepared. All of these are white, crystalline sub-
starnces,
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