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In earlier work! on the dehydrogenation of tetracyclo-
hexylmethane (IV) to tetraphenylmethane, none of the
latter could be isolated, although it was detected by
gas chromatography. Tetraphenylmethane has now
been obtained in 9.19, yield by aromaticization of IV
thereby completing the structure proof for tetracyclo-
hexylmethane.

The 60-Mecps proton magnetic resonance (pmr) spec-
tra for the intermediate cyclohexyl and phenyl sub-
stituted methanes in deuteriochloroform displayed two
absorption regions: a fairly sharp band at 2.65 and
complex multiplets in the region 6.6-9.6 ppm. Quanti-
tative band and coupling-constant assignments were
impossible to determine. However, the ratio of the
areas under the respective pmr bands agreed satis-
factorily with the theoretical (see Table I) and sup-
ported the molecular structures proposed.

TasLe I

Pro1oN DisTRIBUTION IN {c-CeHi11)aC{CeHs)s-n
,~—Phenyl~——  —Cyclohexyl=~ —Cyclohexyl/phenyl-

n Caled Found?® Caled Found? Caled Found
1 15 14.8 11 11.2 0.73 0.75
2 10 9.7 22 22.2 2.20 2.26
3 5 4.7 33 33.5 6.60 7.09

Based on the computed average area per proton.

Experimental Section

Gas chromatographic analysis was performed at ca. 210°
using capillary columns coated with Carbowax 1540. Hydro-
genations were carried out in a magnetically stirred autoclave.
Stirring was maintained at 1000 rpm for all reactions. Thin
layer chromatography was performed with Silica gel HFsrss
(E. Merck A. G.). All reagents, solvents and catalyst are from
commercial suppliers. Tetraphenylmethane was obtained from
K & K Laboratories, Inc., and was purified by sublimation before
use. Tetracvclohexylmethane was prepared as previously
reported.!

Dehydrogenation of Tetracyclohexylmethane.—The dehydro-
genation of IV was carried out as previously described! except re-
fluxing methyl phthalate was used (bp 280°) as a heat bath.
Three 100-mg batches furnished 25 mg (89) of tetraphenyl-
methane, mp 284-235° (no depression), mol wt 311 (vapor
osmometry), when the hot, filtered octadecane solutions were
diluted with an equal volume of benzene.

Cyclohexyltriphenylmethane (I).—Tetraphenylmethane (1 g,
0.0031 mole) and 56 rhodium on charcoal (0.5 g) in methyl-
cyclohexane (150 m]) were hydrogenated at 92° and 500-psi
hydrogen pressure. Samples were taken at intervals and were
analyzed by gas chromatography. After 35 hr of reaction the
area under the peak for I on the chromatogram stopped increasing
with respect to the total area of the reaction products and the
hydrogenation was terminated. Preparative-scale, thin layer
chromatography on silica gel, with 109, benzene in hexane as
the developing solvent, yielded a fraction of crude I, which was
further purified by recrystallization from hexane. Sublimation of
the product gave 150 mg (159 of theory) of I, mp 137-138°.8

Anal. Caled for CyHae: C, 91.97; H, 8.03; mol wt, 326.5.
Found: C, 91.87; H, 5.06; mol wt (Mechrolab osmometer), 330.

Dicyclohexyldiphenylmethane (II).—Hydrogenation of 1 g
(0.0031 mole) of tetraphenylmethane was carried out for 48 hr
in 150 ml of methylcyclohexane with 1 g of 597 rhodinm on char-
coal at 95° and 500-psi hydrogen pressure. The reaction mixture
was filtered to remove the catalyst and the components were
separated by means of thin layer chromatography using hexane
as the developing solvent. Sublimation of the product gave 0.77
g (749, of theory) of 11, mp 195-196°.

Anal. Caled for Cu:Hi: C, 90.30; H, 9.70.
90.63; H, 9.37.

Tricyclohexylphenylmethane (III).—Compound III was ob-
tained by the hydrogenation of 1 g (0.003 mole) of 1I in 150 ml

Found: C,

(5) Reference 4 reports a melting point of 143-145°. The cause and sig-
nificance of the discrepancy in values is not known.

Nores

VoL. 32

of methyleyclohexane with 1 g of 5% rhodium on charcoal as
catalyst at 500-psi hydrogen pressure and 97.5°. Samples were
taken periodically and examined by means of gas-liquid chro-
matography. When the peak corresponding to III reached a
maximum, after approximately 7 days, the reaction was stopped
and the catalyst was removed by filtration. After initial purifica-
tion by thin layer chromatography on silica gel, with hexane as
the developing solvent, the product was recrystallized from
hexane. After sublimation, there was obtained 85 mg (199 of
theory) of 111, mp 240-242°.

Anal. Caled for CoysHg: C, 88.79; H, 11.31; mol wt, 338.5.
:I;ound: C, 88.69; H, 11.40; mol wt (Mechrolab osmometer),
00.

Registry No.—I, 13619-64-2; II, 13619-65-3; III,
13619-66-4 ; tetraphenylmethane, 630-76-2.

An Anomalous Hydrocyanation
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In an attempt to synthesize 3-cyanocyclohexanone
(II), the unsaturated ketone I was exposed to an
aqueous, aleoholic potassium cyanide solution. The
sole isolable product was a crystalline substance whose
elemental analysis (Ci3Hyi7O.N) revealed it to be an
unexpected 2:1 enone-cyanide adduct. Its infrared
spectrum (see Experimental Section) showed OH and/or
NH bands and bands characteristic of a saturated keto
function and a vinylogous amide unit,! but no C=N
absorption. The ultraviolet spectrum confirmed the
presence of a vinylogous amide chromophore.? These
facts and the mechanistic rationale of the complex re-
action given by eq 1 suggest I1la as the structure of
the unusual product. Acetylation of the adduct
vielded the derivative I1Ib, while sodium borohydride

Y
0 ¢)
ﬁj QL :
CN RNH
1 I Illa, R=H; Y=0
b,R=Ac;Y=0
¢, R=H;Y=HOH

d,R=Ac;Y=HOAc

—_ Ta @

N

(1) N. H. Cromwell, F. A, Miller, A, R. Johnson, R. L. Frank, and D. J,
Wallace, J. Am. Chem. Soc., T1, 3337 (1949); H. F. Holtzclaw, Jr., J. P.
Coleman, and R. M. Alire, tbid., 80, 1100 (1958).

(2) E. Wenkert and B. Wickberg, ibid., 87, 1580 (1965); E. Wenkert,
K. G. Dave, and F. Haglid, 7bid., 87, 5461 (1965).
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reduction and acetylation led to compounds IIIec and
111d, respectively.

Since the anomalous hydrocyanation produect ap-
peared to be the consequence of a hydrocyanation pro-
cess and a subsequent Michael condensation, it was of
interest to ascertain whether the last reaction could be
induced in a separate experiment. As a consequence,
a base-catalyzed condensation of 2-cyclohexenone (I)
and 3-cyanocyclohexanone (II), prepared by a pre-
viously prescribed method,® was executed under con-
ditions similar to those of the preparation of 1Ila.
The reaction afforded the latter, although in low yield.

Experimental Section

Condensation Product IIIa.—A solution of 5.0 g of 2-cyclo-
hexenone (I) and 4.0 g of potassium cyanide in 45 ml of 959
ethanol and 25 mi of water was refluxed for 3.5 hr. The pH of
the mixture was ca. 12. The cooled solution was neutralized
with hydrochloric acid and extracted with chloroform. The
extract was washed with water, dried over sodium sulfate, and
evaporated. The solid residue (5.4 g) was chromatographed on
activity 4 alumina. Elution with benzene yielded 3.0 g of a
yellow solid whose crystallization from water afforded pale yellow
crystals of IIIa: mp 193-194°; infrared (CHCL), OH or NH
2.89 (m), 3.01 (m), C==0 5.89 (s), C==0 and C==C 6.10 (s), 6.29
(s), 6.62 u {(s); ultraviolet X “°" 310 mu (e 11,000).

Anal. Caled for CH;0.N: C, 71.21; H, 7.81; N, 6.39.
Found: C, 71.26; H, 7.92; N, 6.53.

Dry hydrogen chloride gas was bubbled into a methanolic solu-
tion of IIIa. Removal of the solvent and crystallization of the
residual solid from acetone yielded crystalline I11a hydrochloride:
mp 135°; infrared spectrum (Nujol), OH or NH 2.92-3.02 (s,
br), C=0 5.88 (s), C=0, C=C, C=N 6.03 (s), 6.09 (s), 6.25
(8), 6.41 u (m). A solution of 1.5 g of 2-cyclohexenone (I) and
1.8 g of 3-cyanorcyclohexanone (II) in 10 ml of a phosphate
buffer mixture (pH 10.3) was refluxed for 0.5 hr at 50-60°.
Work-up and as above yielded 0.9 g of IIla, mp and mmp 193-
194°; spectra were identical with those of IIla prepared by the
above method.

Ketoamide IIIb.~—A mixture of 0.2 g of 111a and 2 ml of acetic
anhydride in 10 ml of pyridine was stirred at room temperature
for 18 hr. Evaporation of the solution and crystallization of the
residual solid (0.15 g) from hexane—~ethyl acetate yielded colorless
erystals: mp 117°; infrared (CHCl;), C==0 5.84 (s), 6.06 (s),
C==0, 0=0C 6.29 u (s); ultraviolet Apr *°® 301 mu (¢ 9400);
pmr (CDCl), three-proton singlet at 2.16 ppm (acetyl Me).

Anal. Caled for C;HO:N: C, 68.94; H, 7.33; N, 5.36.
Found: C, 68.77; H, 7.43; N, 5.44.

Alcohol IIIc.—A solution of 0.5 g of 111a and 30 mg of sodium
borohydride in 15 m! of a phosphate buffer mixture (pH 7.0) was
stirred at room temperature for 2 hr. Water was added and the
mixture extracted with chloroform. The extract was dried over
sodium sulfate and evaporated. Crystallization of the residual
solid (0.2 g) from hexane-chloroform yielded colorless crystals
of IIle: mp 214-2153°; infrared (CHCl;), OH, NH 3.00 (s),
3.08 (s), 3.19 (s), C=0 and C=C 6.10 (), 6.20 u (m); ultraviolet
hosre B 390 mu (e 13,200),

dnal. Caled for CiH,0.N: C, 70.56; H, 8.65; N, 6.33.
Found: C, 70.54; H, 8.89; N, 6.25.

Amido Ester IIId.—A mixture of 0.2 g of IIIc and 2 ml of acetic
anhydride in 10 ml of pyridine was stirred at room temperature
for 18 hr. Evapcration of the solution under reduced pressure
and crystallization of the residual solid (0.19 g) from ether yielded
colorless crystals of IIId: mp 132-133°; infrared (CHCly),
NH 3.07 (w), C=0 5.75 (3), 6.07 (s), C==0, C==C 6.30 u (s);
ultraviolet A% ™" 312 mu (e 10,000); pmr (CDCly), three-
proton singlet at 2.06 and 2.16 ppm (acetyl Me).

Anal. Caled for C;H,,ON: C, 66.86; H, 7.59; N, 4.59.
Found: C, 66.97; H, 7.50; N, 4.49.

Registry No.-—I1Ia, 13369-48-7; IIla hydrochloride,
13369-49-8; IIIb, 13369-50-1; IIlc, 13369-51-2; IIId,
13369-52-3.

(3) D. K. Banerjes, J. Dutta, and G. Bagavant, Proc. Indian Acad. Sci.,
A46, 80 (1037),

NoTES 3225
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Rearrangements Involving the Mixed Anhydride
of o-Benzoylbenzoic and Methylcarbonic Acids!

MEeLviN 8. NEwMAN aND LERHU K. LaLa?
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Columbus, Ohio 43210

Recerwed April 20, 1967

In earlier work, the pyrolysis at about 120° of the
mixed anyhdride of methylearbonic and o-benzoyl-
benzoic acids (I) to form Y-methyl o-benzoylbenzoate
(II) and carbon dioxide was reported® (eq 1). Sub-
sequently, the pyrolysis of the mixed anhydride of
methylcarbonic and o-(a,«e-dimethylphenacyl)benzoic
(IIT) was shown to yield a rearranged lactonic ester (IV)
without loss of carbon dioxide* on heating near 130°
(eq 2). Pyrolysis of IV at about 225° yielded the
y-methyl ester of o-(a,a-dimethylphenacyl)benzoic
acid and carbon dioxide.

0
On. " O\ 20 —c=0
o . CHSO\C/O ¢
CH,0 =G0 1
3 H, _C CGHS/ (1)
I il
0 0
(”: 0—COCH )
0 ) Z | c\? 0
0 _—
o o C/CCCQH—COCHJ (2)
7 N\ CH; VRN st
CH, CH, " CH,  CH,
I v

The above observations led us to reexamine the
pyrolysis of I at lower temperatures. When I, mp
70-71°, is heated (neat) in the 70-80° range, rearrange-
ment to the lactonic ester (V), mp 149°, occurs (Scheme
I). Thus, the behavior of I parallels that of III if the
temperature of pyrolysis is kept low. The resulting
compound (V) is stable until heated in the 170-235°
range when it forms ¢ ester (II), normal ester (VI),
and the anhydride of o-benzoylbenzoic acid® (VII).
The relative amounts of I1, VI, and VII formed from V
depend on the temperature of pyrolysis. The difference
in the results herein reported with the previous ones?
is probably due to the fact that extremely pure I was
used and all traces of acid and basic contaminants were
removed from the apparatus and solvents in question.

The rearrangement of I to V takes place almost
quantitatively in 12 hr when I is heated (neat) at 70°,
or in about 45 min when heated at 120~125°. In ad-
dition, 5-79% of II is produced at the higher tempera-
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the U. 8. Army Research Office, Durham, N, C.
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