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To the dry residue distilled water was added. The water-
insoluble material was filtered off and recrystallized three
times from absolute alcohol; m. p. 187.5-188°.

Anal. Caled. for Cy3Hz:0s: C,60.31; H, 5.86. Found:

C, 59.84; H, 5.79.

1-(3'-Methoxy-4'-acetoxyphenyl)-4-isonitroso-2,6-di-
carbethoxycyclohexanedione-3,5.—To a solution of 3 g. of
1. (8’ - methoxy -4’ - acetoxyphenyl) - 2,6 - dicarbethoxy-
cyclohexanedione-3,5 in absolute alcohol, 0.492 g. of so-
dium nitrite and 0.5 ml. of glacial acetic acid were added.
The reaction mixture was kept in a refrigerator for five
days. The straw-colored precipitate which formed was
filtered, washed with distilled water and then dried in a
desiccator, m. p. 198°, yield 859%,. The yellow salt of
the monoxime was dissolved in cold water and filtered.
To the cold filtrate 0.1 NN cold hydrochloric acid was added
dropwise until the solution was slightly acidic to litmus.
(Excess acid converts the oxime to the original com-
pound.) A white precipitate formed and was filtered and
xé%c(;ystallized from absolute methanol, m. p. 184°, yield

o-

Anal. Caled. for CyHyuOWwN: C, 56.12; H, 5.18.

Found: C, 55.93; H, 5.23.

1-(3’-Methoxy-4’-hydroxyphenyl)-4-isonitroso-2,6-di-
carbethoxycyclohexanedione-3,5.—The procedure for this
preparation is similar to that above. The starting mate-
rial was 1-(8-methoxy-4-hydroxyphenyl)-2,6-dicarbeth-
oxycyclohexanedione-3,5 instead of 1-(3-methoxy-4-ace-
toxyphenyl-2,6-, etc. This monoxime melts at 203°.

Anal. Caled. for C;oHy;OeN: C, 56.02; H, 5.19.
- Found: C, 56.38; H, 5.25.

1-(3’-Methoxy-4’-acetoxyphenyl) -4,5-dioxime -2,6-di-
carbethoxycyclohexanetrione-3,4,5.—To 0.210 g. of hy-
droxylamine hydrochloride dissolved in a minimum
amount of water, a solution of 0.070 g. of sodium in abso-
lute alcohol was added. To the mixture, 1.5 g. of the
sodium monoxime salt of 1-(3’-methoxy-4’-acetoxy-
phenyl) - 4 - oxime - 2,6 - dicarbethoxycyclohexanedione-
3,4,5 was added and the solution allowed to stand for sev-
eral days at room temperature. An intensely yellow pre-
cipitate was formed; m. p. 205-216°; yield 75%. The
precipitate was dissolved in hot distilled water. The
solution was cooled and treated with cold 0.1 N hydro-
chloric acid dropwise until it became faintly acid to litmus.
The yellowish-white precipitate formed was filtered and
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recrystallized from absolute methanol; m. p. 194°;
yield 809;.

Anal. Caled. for CyH.0wN;: C, 54.31; H, 5.29.

Found: C, 54.68; H, 5.25.

The use of this dioxime of structure (I) in the determina-
tion of nickel, cobalt and other metallic ions is under in-
vestigation.

N-N'-Bis{-4-[1-(3’-Methoxy-4’-hydroxyphenyl)-2,6-
dicarbethoxycyclohexanedione - 3,5]} - p,p’ - disazo - di-
phenyl (II) .—Benzidine tetrazonium dichloride, prepared
by diazotizing 2.571 g. of benzidine dihydrochloride at 0°,
was added to an alkaline cold water solution containing
8.40 g. of 1-(3-methoxy-4-acetoxyphenyl)-2,6-dicarbeth-
oxycyclohexanedione-3,5 (I). The product of the coup-
ling was soluble in the alkaline solution. The mixture was
kept at 0°. After an hour, the solution was acidified with
dilute hydrochloric acid and reddish-brown crystals were
formed. The crystals were filtered, redissolved in alkali,
reprecipitated by acid, washed with cold distilled water
and dried in a vacuum desiccator. The melting point was
too high to be determined by ordinary means.

Anal. Caled. for Cme013N4: C, 62.36;
Found: C, 62.47; H, 5.11.

Acknowledgment.—The authors appreciate
the interest which Dr. Christopher L. Kenny has
shown in this research.

H, 5.23.

Summary

The syntheses of the following compounds are
described :

1. 1-(3’- Methoxy-4’- acetoxyphenyl)-2,6-di-
carbethoxycyclohexanedione-3,5 (I) and its de-
acetylated product.

2. 1-(3'- Methoxy-4’-hydroxyphenyl)-4-oxime-
2,6-dicarbethoxycyclohexanedione-3,5.

3. 1-(3’- Methoxy-4'-hydroxy)-4,5-dioxime-
2,6-dicarbethoxycyclohexanetrione-3,4,5.

4. N,N’-Bis-{4-[1-(3'-methoxy-4’-hydroxy)-
phenyl - 2,6- dicarbethoxycyclohexanedione -3,5] } -
p,p’-disazodiphenyl (II).

OmaHA, NEBR. RECEIVED OCTOBER 27, 1949
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Rearrangement of 4-Methylcyclohexene during Sulfuric Acid-catalyzed Reaction with
Benzene

By Jack LINsk

Under suitable conditions a carbonium ion can
remove a hydride ion from another hydrocarbon.!
This intermolecular transfer of hydrogen takes
place readily between tertiary carbonium ions and
tertiary hydrocarbons, and occurs frequently un-
der the acid conditions of the olefin—isoparaffin al-
kylation reaction.>®* It was recently reported?®
that 4-methylcyclohexene in the presence of p-
cymene and sulfuric acid is readily reduced to

(1) Whitmore, Tr1s JOURNAL 54, 3274 (1932); Chem. Eng. News,
26, 668 (1048).

(2) Bartlett, Condon and Schneider, THIS JOoURNaL, 66, 1531
(1944).

(3) Schmerling, ibid., 67, 1778 (1945).

(4) Pines and Ipatieff, ibid., 67, 1631 (1945).

(5) Ipatieff, Pines and Olberg, #bid., 70, 2123 (1948),

methylcyclohexane, but neither cyclohexene nor
octene-1 is reduced to saturated hydrocarbons.
This suggested that 4-methylcyclohexene must
have rearranged prior to hydrogen transfer. The
rearrangement probably yields the same tertiary
carbonium ion intermediate as that obtained di-
rectly from 1-methylcyclohexene in the presence
of the acid catalyst. Reaction by intermolecular
transfer of a hydride ion from p-cymene or an-
other suitable donor then gives methylcyclo-
hexane.

The present work confirmed the ready rear-
rangement of methylcyclohexenes through a study
of the sulfuric acid-catalyzed reaction of benzene
with various methylcyclohexenes. The same
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products resulted from 1- and 4-methylcyclohex-
enie, and from 2- and 4-methylcyclohexanol.®
One of these products was a liquid which was
shown by synthesis to be 1-methyl-1-phenylcyclo-
hexane.” Its identity was proved through the
acetyl derivatives, whose 2,4-dinitrophenylhydra-
zones showed the same melting point either alone
or when mixed. The liquid reaction product was
also shown to be different from 2-, 3- and 4-methyl-
L-phenylcyclohexane by comparison of the 2 --di-
nitrophenylhydrazones of the respective acetvl
derivatives,

The second reaction preduct was a solid which
corresponded by analysis to a compound resulting
from the interaction of one molecule of benzene
with two molecules of methyleyclohexene. This
is believed to be [,4-di-(1’-methylcyclohexyl)-
benzene. Partial evidence for this structure was
the selenium dehydrogenation of the solid in low
vield to p-terphenyl.

Experimental

Preparation of Olefins.—1-Methylcyclohexene was ob-
tainted in 83Y; yield by condensing cyclohexanone with
methylmaguesium iodide and. dehydrating the resulting
carbinol with iodine; it boiled at 1081097, und had »%p
1.4500, in agreement with reported values.®

To prepare 4-methyleyclohegene, 980 g. of Eastiman
Kodak Co. 4-methylcyclohexanol was dehydrated over
400 g. of phosphoric acid (85%) at 175°. The olefin was
removed as formed through a short columnn and the dried
product was distilled from 5 g. of sodium. Fractionation
through a column having about '1{} theoretical plates gave
104 g. of 4-methylcyclohexene (b. p. 102°, #¥p 1.4405.°
u large fraction) containing isomeric methyleyclohexenes,
and 200 g, of 1-methyleyclohexene.

Hydrogen Transfer from p-Cymene to 1- and 4-Methyl-
cycloliexene.---In a typical run 28.9 g. (0.3 mole) of 1-
methyleyclohexene was added over a period of oue hour
to a vigorously stirred mixture of 161 g. of p-cymene and
36 g. of 969, sulfuric acid at 0-27, and stirring wus coul-
tinued for 0.5 hour. The mixture was tramsforred 1o a sepu-
ratory funnel; the upper phuse was sepurated, washed
with water and agueous sodim chloride, dried over an-
hydrous calcium chloride, and fractionated. The fraction
corresponding to methylcyclohexane (16.5 g.) was col-
lected at 100.1-1.4°, n%p 1.4229. The additional methyl-
cyclohexane (8.8 g.) present in cuts boiling to 175° was
estimated by refractive index. The total amount of
methylcyclohexane (20.3 g.) represented a yield of 6097%
bhased on olefin. From the residne, 1,3,3 6-tetramethyt-1-
p-tolylindan® was obtained; b. p. 1467 {1.2 mm.}, #®y
1.8580, m. p. 37.6-30.8° (rom ethauol) . Io an anulogons

‘The reactiott between pitentol and the fseweric methyicyclo-
Itexenes or 4-methyleyclohexanol gives the samme prodict, npribabby
I-tnethyl- 1-(p-hvdroxyphenyl)-cyclohexane. Price in Adaws, '"Or
ganic Reactions,” Vol 3. John Wiley and Sons, Inc, New York
N.Y L, 19486, p. 61,

17) After this work was complete, a footnole tn a paper Ly ines,
Strehlau and Ipatieff, T1ls JournNai, 71, 3634 19493, indicated that
they alag have observed the formation of 1-methyl-I-plhenyleselo.
nexane in the reactipn between benzene and isomeric methyleyclo.
hexenes. The identity of the product obtained by Ipatieff, Meisinger
and. Pines, ibid., 72, 2772 (1950), with our synthetic l-methyl-1-
phenyleyclohexane, is shown by the complete coincidence of the
infrared speetra. ‘Thirly bands between 7.5 and 15.0u have the
sume {requency, shape and rélative intensity. We aré indebted t.,
¥. J. Launer for the infrared analysis.

{8y Signaigo and Cramer, Trrs Joursan, 86, 232G (19333

9y Nametkin and Brussoff, Ber.,, 58, 1807 (19125, report 1e
102.5-102.7°, ntipn ) 4416,
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reaction using 4-methylcyclohexene as the olefin acceptor,
the yield of methylcyclohexane was 72%.

Cycloalkylation of Benzene.—The experimental datn
for the reactions are given in Table I. Each experiment
was performed by adding the appropriate reagent dis-
solved in a little of the benzene to a stirred mixture of ben-
zene and sulfuric acid. When addition was complete,
the mixture was stirred, the hydrocarbon phase was sepa-
rated from the acid phase, washed with dilute sodium hy-
droxide and with water, and concentrated. By careful
distillation in a Stedman column 25 cm. long, the liquid
product in each case was completely distilled from a
higher boiling residue, which crystallized on cooling.
Data given for the solid products in Table I are for mate-
rial reervstallized ouce from acetone.

TapLe |
SuLkURIE ACip CATALYZED REACTION OF BENZENE WITH:
1-METHYLCYCLOHEXENE ‘A}, 4-METHYLCVCLOHEXENE

(B), 2-METHVLCYCLOHEXANCL {(C), AND 4-METHYLCYCLO-
HEXANOL (1))

4\ B C D

Alkylation

agent, g, 315 16.0 [ 8201
Henzene, g, 156 160 156 312
280

[T LA 60 ) 81 200
‘Time, hr.,

10-13% 1.3 1.5 2.5 4
Products:
Liquid, .

o yieldy 31,7 (5L) 33,2 {40) 3L.6 100 44.1 (395
Bop,cC 120.0-120.5  F7-78(1.2) 131-133 (26) 133-134 (28)

{1t (26)
¥ 1.5275 1.5274 1.5269 1.3272
Solid, g. {7

vield) 15.7 (32) 21(32) 12.6 (26) 20.2 (30
M. p., °C. 70-73 71-73.3 71-73.5 73-75

Characterization of the Liquid Product.—The liquid
reaction product from A, Table 1, corresponded to the
compound resulting from the interaction of one molecule
of methyleyclohexene with one molecule of benzene.
Anal. Caled. for CpHys: C, 89.6; H, 10.4. Found: C,
%9.5; H, 10.4.

Treatment of the above hydrocarbon with acetyl chlo-
ride and aluminum chloride in carbon disulfide gave a good
vield of the acetyl compound, b. p. 125-126° (0.8 mm.),
n¥®p 1.5465. Anel. Caled. for C;:HO: C, 83.3; H,
9.3. Found: C, 83.5; H, 9.3. . This material formed a
2,4 - dinitrophenylhydrazone, red micro-crystals from
chloroform—hexane, m. p. 188.0-189.2°. Ancul. Caled. for
CoHauOsNy: N, 14.1. Found: N, 14.1. The liquid
reaction products obtained from B, C and D were likewise
converted to acetyl derivatives. Fach gave a dinitro-
phenylhydrazone whose melting poiut (and mixed melting
point) was the same as that obtained from A.

Passage of 26 g. of the liquid reaction product over 3%
platinized alumina!® at 340°, gave a 6-g. fraction, b. p.
2453-249° (740 mm.), #¥p 1.5744. Infrared analysis of
this fraction indicated the presence of aromatics, but
showed little biphenyl or starting material. The coinci-
dence of the infrared spectrum with that of 2-methylbi-
phenyl, especially the presence of a strong abserption
maximum at 13.4u in both, indicates that the deliydrogen-
ation product consists largely of 2-methylbiphetiyl.

Characterization of the Solid Product.—The crystalline
solid obtained from A was again recrystallized from acetone
(m. p. 74.8-5.4°). Analysis corresponded to the com-
pound resulting from the interaction of two molecules of
methylcyclohexene with one molecule of berizene. Anal.
Caled. for CypHg: C, 88.9; H, 11.1. Found: C, 89.0;
H, 11.2. Nitration of the solid with mixed nitric aud sul-
furic acids (1:2) gave a dinitro derivative, needles frout
ethanol, vl p. 197.0-198.2°  Anef. Caled. for Cuyflus-

100 tpane@ and Pinca, THIS Joursat, 58, 1056 (1w,
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Tasre 11
PROPERTIES OF SYNTHETIC METHVLPHENYLCYCLOHEXANES AND DERIVATIVES
Boz'gﬁgo;ragmt Yield, Empirical CarbonAnﬁyseﬁ, aéydrogen
Compound °C. Mm. 73 np formula Caled. Found Caled. Found
1-Methyl-1-phenylcyclohexane 103 9.5 1.5278 CpHis 8.6 89.3 10.4 10.5
Acetyl derivative 125-126 0.8 1.5465  CysHjO 83.3 83.4 9.3 9.4
2,4-Dinitrophenylhydrazone M. p. 188.0-189.2° CaHsO4N, 63.6 63.8 6.1 6.2
2-Methyl-1-phenyleyclohexene® 86-87 2.5 65 1.5539 CyHys 90.6 90.6 9.4 9.3
2-Methyl-1-phenylcyclohexane® 62-63 0.4 77 1.5285 CypHys 8.6 89.8 104 10.4
Acetyl derivative 143-144 1.7 1.5475  Cy;5Hj30 83.3 82.8 9.3 9.3
2,4-Dinitrophenylhydrazone® M. p. 191.8-192.8° CyH.O,Ny 63.6 863.7 6.1 6.1
Mixed m. p. 179-182.2°¢
3-Methyl-1-phenylcyclohexene 87-88 1.5 91 1.5581 Cy3Hise 90.6 91.1 9.4 8.9
3-Methyl-1-phenyleyclohexane® 78-79 1.3 94 1.5232 CuHg;s 80.6 89.7 10.4 10.8
Acetyl derivative 140-141 1.4 1.5418  CysHaO 83.3 83.3 9.3 9.3
2,4-Dinitrophenylhydrazone’® M. p. 182.2-182.9° CaH.OsNy 63.6 63.9 6.1 6.0
Mixed m. p. 180.2-185.2°

4-Methyl-1-phenylcyclohexene 86-88 0.8 85 1.5578 CHiys 90.6 90.7 9.4 9.2
4-Methyl-1-phenyleyclohexane®’ 71-72 0.8 87 1.5201 CyHy 89.6 89.5 10.4 10.5
Acetyl derivative? 132-134¢ 0.8 1.5395  CysHgO 83.3 83.3 9.3 9.2
2,4-Dinitrophenylhydrazone®’ M. p. 182.0-183.8° CaH,ON, -63.6 63.4 6.1 6.1

Mixed m. p. 168.8-175.4°

¢ Sidorova and Tsukervanik, J. Gen. Chem. (U. S. S. R.), 10, 2073 (1941); C. 4., 35, 3979 (1941).
¢ Mixed m. p. with the 2,4-dinitrophenylhydrazone prepared from the acetyl deriva-
4 Kursanov, J. Russ.
/ Pines, Edeleanu and Ipatieff, THis JOURNAL, 67, 2193 (1945).
¢ Crystallized on standing. A sample was recrystallized from methanol, m. p., 55-56°.
7 Mixed m. p. with previous 2,4-dinitrophenylhydrazone, 173.8-179.0°.

needles from chloroform—ethanol.
tive of l-methyl-1-phenylcyclohexane.
¢ Orange-red micro-crystals from chloroform—ethanol.

chloroform—ethanol.

O(N;: N,7.9. Found: N,7.8. The solids obtained from
A, B, Cand D were recrystallized until the m. p. of each
reached 74°. None of the melting points were depressed by
admixture.

Two grams of the solid was heated for 70 hours with 3 g. of
selenium in a salt-bath at 300-330°. The product was
taken up in ether and crystallized from that solvent. A
small yield of material, m. p. 210-212°, was obtained.
The m. p. of an authentic sample of p-terphenyl (214°)
was not depressed.

Synthesis of 1-Methyl-1-phenyleyclohexane.—The start-
ing material was 2-methyl-2-phenylcyclohexanone—
b. p. 123-124° (6 mm.); n%p 1.5367—synthesized by the
methylation procedure of Newman and Farbman.!! Al-
though Clemmensen reduction gave a negligible yield of
the desired hydrocarbon, it was obtained in good yield by
the Huang—Minlon modification!? of the Wolfi—-Kishner
reaction. A mixture of the ketone (68.2 g.), 85% hy--
drazine hydrate (90 g.), acetic acid (4 ml.), and triethylene
glycol (400 ml.) was slowly distilled with reflux until the
reaction temperature reached 180°. The reaction mix-
ture was cooled, 40 g. of sodium hydroxide and an addi-
tional 30 g. of hydrazine hydrate were added, and distilla-
tion with reflux was repeated until the liquid temperature
reached 195°. After refluxing gently for five hours, the
cooled mixture was poured into iced hydrochloric acid and
the product was thoroughly extracted with ether. The
ether solution was washed successively with water, with
dilute sodium hydroxide, and again with water; it was
then dried aud coucentrated. The concentrate was dis-
tilled through the Stedman Column to give 46.0 g. (73‘{0
yield) of distillate fractions b. p. 102.5-103° (9.5 mm.),
n®p 1.5273-83, and 8 g. of residue, #2p 1.5408. Table
II gives physical properties and analytical data for the
heart fraction of 1-methyl-1-phenylcyclohexane, its acetyl
derivative, and the dinitrophenylhydrazene of the ketone.
The melting point of the latter showed no depression when
miixed with the corresponding derivative of the liquid alky-
lation product.

(11) Newman and Farbman, THIS JoOURNAL, 66, 1550 (1944).
(12) Huang-Minlon, ibid., 68, 2487 (1946).

b Golden orange
Phys.-Chem. Soc., 38, 1304 (1908); C. 4., 1, 2093 (1907).

& Orange micro-crystals from

An incomplete Wolffi-Kishner reduction provided, in
addition to the desired hydrecarbon, a crystalline material
melting at 144.6-5.6° from acetone. The analytical data
correspond to the hydrazone of the unsaturated ketone re-
sulting from aldol condensation of two molecules of 2-
methyl-2-phenylcyclohexanone. Anal. Caled. for Cy-
H;N.: C, 82.8; H, 8.7; N, 7.5. Found: C, 83.9; H,
8.7; N, 7.7.

Synthesis of 2-, 3- and 4-Methylphenylcyclohexanes,—
These hydrocarhons were prepared from the isomeric
methyleyclohexananes. The 3 - methylcyclohexanone
was Eastman Kodak Co. material carefully fractionated,
whereas the 2- and 4-isomers were prepared by oxidation
of the corresponding alcohols with potassium dichromate.
The refractive index of each ketone agreed with the value
reported.®! The reaction between phenylmagnesium bro-
mide and the appropriate ketone, followed by dehydration
of the resulting carbinol with iodine, gave the appropriate
methylphenylcyclohexene in good yield. Each olefin was
hydrogenated in ethanol with Raney nickel catalyst, the
methylphenyjcyclohexane was acetylated, and the ketone
was converted to the 2,4-dinitrophenylhydrazone. The
physical properties and analyses of the compounds pre-
pared are given in Table II. The mixed melting point of
each of the 2,4-dinitrophenylhydrazones with the one
prepared from the acetyl derivative of 1-methyl-1-phenyl-
cyclohexane was depressed. These data are also shown in
Table II.

Acknowledgments.—The author wishes to
thank Drs. B. L. Evering and R. ¥. Marschner
for helpful advice and suggestions, and Miss
Lydia Kotarski for the carbon and hydrogen
analyses.

Summary

4-Methyleyclobexene is easily rearranged by
concentrated sulfuric acid. The alkylation of
benzene with 4-methylcyclohexene, 2-methyley-
clohexanol or 4-methylcyclohexanol yields the



Vol. 72

4260 V. N. IratiEFF, H. R. APPELL AND HERMAN PINES

tion product is believed to be 1,4-di-(1'-methyl-
cyclohexyl)-benzene.
WHITING, INDIANA

same two compounds as are obtained with 1-meth-
vleyclohexene. The monoalkylation product is

1-methyl-1-phenyleyclohexane, and the dialkyla- REcEIVED MaRcH 3, 1950

[CoxTRIBUTION FROM THE IPATIEFF HicH PRESSURE AND CATALYTIC LABORATORY, DEPARTMENT OF CHEMISTRY,
NORTHWESTERN UNIVERSITY]

IX.! Isomerization Accompanying Cycloalkylation
of Benzene?’

Studies in the Terpene Series.

By V. N. IraTIierF, H. R. AppELL®? AND HERMAN PINES

It.-was observed that the products from the re-
action of benzene with dihydrolimonene (1-
methyl-4-isopropyleyclohexene) and a mixture of
p-menthenes, in the presence of hydrogen fluoride
at. 0-5°, consisted of the same compound, 1-
methyl-1-phenyl-4-isopropylcyclohexane.® A hy-
drogen shift had occurred so that reaction always
took place at the carbon atom holding the methyl
group.t Further work showed that the reaction
of benzene with menthol (2-isopropyl-5-methylcy-
clohexanol) and dihydroterpineol [dimethyl-(4-
methylcyclohexyl)-carbinol} under the same con-
ditions also yielded the same product as formed
previously (Equation I).

\ ~ ,CeHs
z v
N
CeHs ]
HF L |
O_;"’O \/
‘ |
€l C—C -
OH

The main product was always accompanied by
a small amount of crystalline material, melting at
145°, which corresponded to the dicycloalkylated
benzene, presumably  p-di-(1-
methyl - 4 - isopropylcyelohexyl)-
benzene.

In order to gain additional evi-
dence regarding the scope of the
reaction, cyclohexanols with an
ethyl and methyl group and
with an ethyl and isopropyl group
were used to cycloalkylate benzene.

The results obtained from the reactions of ben-
zene with 1-ethyl-4-methylcyclohexanol, 1-ethyl-
4-methylcyclohexene and 1-methyl-4-ethylcyclo-

(1) For paper VIII of this series see H. Pines, R. C. Olberg and
V. N. Ipatieff, THIS JOUrNaL, TO. 533 (1948).

(2) Taken from the dissertation submitted by H. R. Appell to
the Graduate Faculty of Northwestern University in partial fulfill-
ment of the requirements for the Ph.D. degree.

(3) Universal 0il Products Company Preddctorate Fellow (1947~
1949).

(4) Universal Oil Products Company, Riverside, Iliinois.

(3) This compound was also obtained by W. W. Thompson of our
laboratories from: the sulfuric acid catalyzed reaction of benzene
with dihydrolimonene (unpublished work),

(6) It has previously been shown that if a tertiary carbon atomn is
part of the ring, reaction will oceur at that position; V. N. Ipatieff,
E. B, Meisinger and H. Pines, THrs JOUrRNAL, T8, 2772 (1950).

(Equation III)

R’
Rl
R D /. P

hexanol produced a mixture of isomers. The
greater amount of reaction had occurred at the
carbon atom holding the methyl group, but a sub-
stantial amount had also occurred at the carbon
atom holding the ethyl group.

The results from the reactions of benzene with
1-ethyl-4-isopropylcyclohexanol and 1l-isopropyl-
4-ethylcyclohexanol were somewhat inconclusive
because of the difficulty of analyzing the reaction
product. It appeared, however, that the greater
amount of reaction had occurred at the carbon
atom holding the ethyl group.

The structures of the cycloalkylated benzenes
were determined by means of dehydrogenation.
Naphthenes having a geminal alkyl group may be
dehydrogenated under suitable conditions to yield
aromatics with the elimination of alkyl groups.”
The gaseous product obtained from the dehydro-
genation was analyzed on a mass spectrometer.?
Identification of the gaseous products thus pro-
duced made it possible to determine the position
of the quaternary carbon atom. From the ratio
of alkanes RH and R'H, produced from the de-
hydrogenation it was possible to establish the
amount of each isomer, as exemplified by the fol-
lowing equations:

R-—--{\\w_ >—<&_ P+ RH
R’ < >

Dehydrogenation of known mixtures, given in
Table II indicate the reliability of the method.
Ethyl groups are cleaved more readily than
methyl, making it imperative to have dehydrogen-
ation as complete as possible. Dehydrogenation
of hydrocarbons which may have an isopropyl
group attached to the quaternary carbon atom,
given in Table III, give inconclusive results, prob-
ably due to side reactions occurring during dehy-
drogenation,

In order to determine the behavior of hydrocar-
bons containing an isopropyl group attached to a

{(7) V. N. Ipatieff, H. Pines and R. C. Olberg, THIS JOURNAL, 68,
1704 [1946;.

{8) Mass spectrometer analyses were made by J. B. Grutka, Uni-
versal Qil Products Company, Riverside, Illinois.

C]"QO,‘;"A 12 03
e

+ RH



