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jected to a hydrogen atmosphere, the effect upon the
reduction of resorcinol was inconclusive. Although
only 1 equiv. of hydrogen was absorbed, no diketone
could be isolated from the oily mixture of products.

Attempts to produce 1,4-cyclohexanedione similarly
by reduction of hydroquonine failed, altheugh good
yields of 1,4-cyclohexanediol were obtained.

Experimental®

1,3-Cyclohexanedione.—A solution of resorcinol (11.0 g.) in
sodium hydroxide solution (4.8 g. of sodium hydroxide in 20 ml.
of water) was hydrogenated in the presence of 1.1 g. of 59, rho-
dium-on-alumina for 16-18 hr. at 50 p.s.i. in a Parr apparatus.
The reduction ceased after the absorption of 1 equiv. of hy-
drogen. The catalyst was removed by filtration and the aque-
ous solution was carefully acidified with concentrated hydro-
chloric acid at 0°. The erude product, 9.1 g. (m.p. 104-106°),
was recrystallized from benzene to yield pure 1,3-cyclohexane-
dione, m.p. 105-107°.

Reduction of Resorcinol to ¢is- and #rans-1,3-Cyclohexanediol.
—A solution of 11.0 g. of resorcinol in ethanol or acetic acid
(50 ml.) was hydrogenated in the presence of 1.1 g. of rhodium
on alumina at 52 p.s.i. for 2.6 hr. The system absorbed 3
equiv. of hydrogen. After removal of the catalyst and evapora-
tion of the solvent, a viscous oil remained which showed strong
-OH absorption in the infrared. The yield of the mixture of
diols was 11.1 g.

Reduction of Hydroquinone to ¢is- and frans-1,4-Cyclohexane-
diol. A.—A solution of hydroquinone (11.0 g.) in aqueous
alkali (as above) was hydrogenated using 1.1 g. of rhodium
catalyst. After 24 hr. the catalyst was removed and the aque-
ous solution was acidified to yield 6.0 g. of starting material.

B.—When the same amount of hydroquinone and rhodium
catalyst was hydrogenated in ethanol or acetic acid solvent, a
rapid absorption of 3 equiv. of hydrogen was observed. Re-
moval of the catalyst and evaporation of the solvent yielded
11.7 g. of a viscous oil showing the ~OH stretching frequency
of the isomeric 1,4-diols, and the absence of any carbonyl absorp-
tion.

(6) Melting points were determined on & Fisher-Johns apparatus and are
corrected.
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Samples of 2-isopropylidenecyclohexanones, particu-
larly (=)-pulegone, were desired in connection with
other investigations being conducted in this labora-
tory.b? (=)-Pulegone has been prepared by cycliza-
tion of citronellic acid® and by hydrolysis of the prod-
uct derived from the reaction of methylmagnesium
iodide with the ethylene ketal of 2-carboethoxy-
5-methyleyclohexanone.#5 2-Isopropylidenecyclohexa-
none can also be obtained from the ethylene ketal of
2-carboethoxycyclohexanone, but is only a minor

(1) J. Wolinsky, T. Gibson ,H, Wolf, and D. Chan, Tetrakedron, 31, 1247
(1965).

(2) M. Senyek, M.S. Thesis, Purdue University, June 1964.

(3) W. Kuhn and H. Schinz, Helv. Chim. Acta, 86, 161 (1953); J. C.
Bardhan and K. C. Bhattacharyya, Chem. Ind. (London), 800 (1951).

(4) C. Black, G. L, Buchanan, and A. W, Jarvie, J. Chem, Soe., 2971
(1956).

(5) 8. M. Mukbherji, R. P. Gandhi, and O. P. Vig, J. Indian Chem. Soc.,
88, 853 (1956); O. P. Vig, et al., ibid., 41, 420 (1964).
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product in the cyclization of 7-methyloct-6-enoic acid.
The lack of a general synthetic method and the rela-
tive unavailability of certain of the above-mentioned
starting materials prompted us to devise a convenient

synthesis of 2-isopropylidenecyclohexanones from com-
mereially available salicylic or cresotic acids as outlined

below.
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Catalytic hydrogenation of methyl 2-hydroxy-4-
methylbenzoate using Raney nickel catalyst afforded
a mixture of isomeric methyl 2-hydroxy-5-methylcyclo-
hexanecarboxylates. This isomeric mixture was con-
verted into the corresponding mixture of glycols with
methyllithium. Oxidation of the glycols according
to the Jones procedure’ gave 2-(a-hydroxyisopropyl)-
5-methyleyclohexanone which was converted into (=)-
pulegone by distillation from a trace of iodine.

2-Isopropylidenecyclohexanone and 2-isopropyli-
dene-4-methyleyclohexanone were prepared in a similar
manner from methyl salicylate and methyl 2-hydroxy-
5-methylbenzoate, respectively. It is seen that this
procedure is general for the synthesis of substituted
2-isopropylidenecyclohexanones from available sali-
cylic acid derivatives.
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Experimental®

Methyl 2-Hydroxy-4-methylbenzoate.—A solution of 120
g. (0.789 mole) of 2,4-cresotic acid in 600 ml. of methanol and
10 ml. of concentrated sulfuric acid was heated at reflux for 184
hr., The dark orange mixture was poured into 800 ml. of water
and the layers were separated. The aqueous phase was extracted
with ether. The combined ether extracts and organic layer were
dried and then distilled to give 116.3 g. (88.8%) of a colorless
liquid, b.p. 75-76° (1.5 mm.), n'¥p 1.5360 (lit.? b.p. 242-244°,
nD 1.5378).

Methyl 2-Hydroxy-4-methylcyclohexanecarboxylate.—A mix-
ture of 102.3 g. (0.616 mole) of methyl 2-hydroxy-4-methyl-
benzoate, 12 g. of W-2 Raney nickel,’® and 25 ml. of methanol
was stirred for 4 days in & 250-ml. hydrogenation bomb at 150°
under 1500 p.s.i. of hydrogen. The catalyst was removed by
filtration and distillation gave 69.5 g. (65.6%) of a colorless oil,
b.p. 79-80° (0.7 mmm.), n**D 1.4596, vmax 2.90 and 5.88 u. Vapor
phase chromatography on a Carbowax 20M column indicated
the presence of a mixture of stereoisomers.

Anal. Caled. for C;H;405: C, 62.76; H, 9.36. Found: C,
62.59; H,9.66.

(6) M. F. Ansell and 8. F. Brown, J. Ckem. Soc., 2055 (1958).

(7) A. Bowers, T. G, Halsall, E. R. H. Jones, and A. J. Lemin, J. Chem.
Soc., 2548 (1953).

(8) All boiling and melting points are uncorrected. N.m.r. spectra were
measured at 80 Me. by Mr. W. E. Baitinger with the Varian Associates A-60
spectrometer. Chemical shifts are given with reference to tetramethylsilane.
The microanalyses were performed by Dr. C. 8. Yeh and associates.

(9) C. Guillaumin, Bull. soc. chim. France, [4]17, 374 (1910).

(10) R. Mozingo, “Organic Syntheses,”” Coll. Vol. III, John Wiley and
Sons, Inc., New York, N. Y., p. 181.
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2-(e-Hydroxyisopropyl)-5-methylcyclohexanol.—To a filtered
ethereal solution of methyllithium prepared from 9.24 g. (1.32
g.~atoms) of lithium and 93.7 g. (0.66 mole) of methyl iodide was
added dropwise a solution of 23.2 g. (0.135 mole) of methyl
2-hydroxy-4-methylcyclohexanecarboxylate in 50 ml. of anhy-
drous ether. The mixture was stirred for 22 hr. and decomposed
by dropwise addition of 150 ml. of water. The layers were
separated and the aqueous phase was extracted repeatedly with
ether. The combined ether layers were dried and distillation
gave 16.9 g. (72.89%,) of a viscous, colorless oil, b.p. 107-110°
(0.85 mm.), n®p 1.4725, vmax 3.0 u [for 2-(a-hydroxyisopropyl)-
5-methyleyclohexanol, 1it.!! b.p. 102-106° (0.3-0.6 mm.)].
2-(a-Hydroxyisopropyl)-5-methylcyclohexanone.—To a cooled
and stirred solution of 7.56 g. (0.044 mole) of 2-(a-hydroxy-
isopropyl)-5-methyleyclohexanol in 70 ml. of pure acetone was
added dropwise 11.0 ml. of chromic oxide in sulfuric acid-
water.” After stirring for 30 min. isopropyl aleohol was added
to destroy the excess oxidant. The mixture was filtered and the
filtrate was taken up in ether and washed with water. The pale
yellow ether solution was dried and distilled to give 5.17 g.
(69.29,) of a colorless liquid: b.p. 93-95° (10 mm.); =!p
1.4646; wmex 2.86 and 5.95 u; n.m.r. signals at 0.89, 1.10, 1.16,
1.66-2.58 (broad), and 3.37 p.p.m.

Anal. Caled. for C,0HisO:: C, 70.55; H, 10.66. Found:
C,70.76; H, 10.53.

(= )-Pulegone.—A mixture of 3.99 g. of 2-(a-hydroxyiso-
propyl)-5-methylcyclohexanone and a few small crystals of iodine
was distilled under diminished pressure to yield 2.92 g. (81.8%)
of a colorless oil with characteristic peppermint odor: b.p. 78-80°
(7 mm.); n'® 1.4856; i, 253.5 mu (log € 3.86); n.m.r. signals
at 0.95, 1.04, 1.75, 1.92, and 2.05-2.92 (broad) p.p.m. [for
(==)-pulegone: lit. b.p. 220-222°, n%p 1.4846¢% b.p. 101-103°
(10 mm.), n®p 1.4845%; and b.p. 95-96° (11 mm.), n®D 1.4869%].
The infrared spectrum of (=£)-pulegone was identical with that
of a sample of (4 )-pulegone isolated by v.p.c.

The 2,4-dinitrophenylhydrazone of (=)-pulegone melted at
145-147° after recrystallization from methanol, while the 2,4-
dinitrophenylhydrazone of (< )-pulegone melted at 150-151°
after recrystallization from ethanol [for (== )-pulegone 2,4-DNP:
lit. m.p. 148,4142,5and 148-149°%].

The oxidation of 15.7 g. of 2-(a-hydroxyisopropyl)-5-methyl-
cyclohexanol and then direct distillation of the hydroxy ketone
from a trace of iodine gave 8.21 g. (59.1%) of (=)-pulegone,
b.p.62-63° (1.1 mm.).

Methyl 2-Hydroxycyclohexanecarboxylate.—Methyl salicylate
(180 g., 1.18 moles) was hydrogenated at 1600 p.s.i. and 150°
using W-2 Raney nickel catalyst. The catalyst was removed
and distillation gave 41.9 g. of saturated ester, b.p. 84-88°
(2 mm.), n¥p 1.4640 [lit." b.p. 106~110° (13 mm.)], and ca.
150 ml. of nondistillable polyester. The polyester was dissolved
in 200 ml. of methanol containing 2.0 g. of p-toluenesulfonic acid
and the solution was heated at reflux for 24 hr. Distillation
yielded an additional 97.7 g. of the saturated ester, b.p. 85-88°
(2 mm.), n¥p 1.4641.

2-(a-Hydroxyisopropyl)cyclohexanol.—The reaction of methyl-
lithium, prepared from 21.0 g. (3 g.-atoms) of lithium and 213
g. (1.5 moles) of methyl iodide, with 34.1 g. (0.216 mole) of
methyl 2-hydroxycyclohexanecarboxylate produced 22.3 g.
(65.49,) of a viscous oil, b.p. 100-102° (0.55 mm.), n*p 1.4760
[lit.1b.p. 86-88° (18 mm.)].

2-(a-Hydroxyisopropy!)cyclohexanone.—2-(a-Hydroxyisopro-
pyl)eyclohexanol (22.83 g.) was oxidized according to the
Jones procedure” described above to give 12.2 g. (54.5%) of a
colorless oil: b.p. 78-80° (4 mm.); n®D 1.4684; wymax 2.85 and
5.90 #; n.m.r. signals at 1.13, 1.20-2.50 (broad), and 3.42
p.p.m.

Anal. Caled. for CgHmOz:
C, 69.38; H, 10.36.

An attempt to purify the hydroxy ketone by v.p.c. gave two
main peaks which were identified as cyclohexanone and acetone
by their infrared spectra.

2-Isoproppylidencyclohexanone.—2-(a-Hydroxyisopropyl)ey-
clohexanone (7.76 g.) containing a trace of iodine, was distilled
to yield 4.74 g. (69.1%,) of a colorless liquid with a characteristic
peppermint odor: b.p. 62-63° (3.5 mm.); n¥p 1.4921; ymax
5.97 and 6.22 u; Amex 253 mu (log € 3.87; n.m.r. signals at 1.78,
1.92, 1.96, and 2.0~2.67 p.p.m. [for 2-isopropylidenecyclohex-

C, 69.19; H, 10.32. Found:

(11) H, E.Zimmerman and J. English, J. Am. Chem. Soc., 5, 2367 (1953).
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anone: lit. b.p. 120-125° (20 mm.), n®p 1.4919%; b.p. 103.5-
104.5° (24 mm.), n®p 1.4922, Amax 254 mu (log € 3.80)%].

The oxidation of 9.64 g. of 2-(a-hydroxyisopropyl)cyclohexanol
and direct distillation of the intermediate hydroxy ketone with
iodine gave 3.85 g. (45.8%,) of 2-isopropylidenecyclohexanone.

The 2,4-dinitrophenylhydrazone (2,4-DNP) derivative of 2-
isopropylidenecyclohexanone crystallized as crimson plates from
ethanol-chloroform, m.p. 177-178.5° [for 2-isopropylidenecyclo-
hexanone 2,4-DNP: lit. m.p. 182-183,% 162-163,° and 181.5-
182.5°12],

Methyl 2-Hydroxy-5-methylcyclohexanecarboxylate.—A mix-
ture of 88 g. (0.53 mole) of methyl 2,5-cresotate, b.p. 68°
(0.55 mm.), n*®*p 1.5325, 12 g. of nickel boride P-1 catalyst,®
and 25 ml. of ethanol was shaken at 150° under 1800 p.s.i. of
hydrogen for 24 hr. A fresh batch of catalyst was added and
the hydrogenation was allowed to continue for an additional 24
hr. Distillation afforded 70.7 g. of a colorless liquid, b.p. 57—
63° (0.3 mm.), n'® 1.4725. Analysis by n.m.r. indicated that
the saturated ester was contaminated by ca. 209 of the original
aromatic ester.

2-(a-Hydroxyisopropyl)-4-methylcyclohexanol was obtained
by the reaction of methyllithium with 2-hydroxy-5-methyleyclo-
hexanecarboxylate and exhibited b.p. 100-106° (0.65 mm.),
ni®p 1.4732.

Anal. Caled. for CyHyQ:: C, 69.79; H, 11.63. Found:
C,69.97; H, 11.85.

2-Isopropylidene4-methylcyclohexanone .—Oxidation of 1.4
g. of 2-(a-hydroxyisopropyl)4-methyleyclohexanol according
to the Jones procedure’ afforded, after distillation from a trace
of iodine, 0.4 g. (47%) of a colorless liquid, b.p. 70-71° (1.2
mm.), n1?p 1.4887, Amax 250 mu (log € 3.85).

Anal. Caled. for C,H;sO: C, 78.95; H, 10.53. Found:
C,78.69; H, 10.60.

(12) R. T, Conley and B, E. Nowak, J. Org. Chem., 37, 3196 (1962).
(13) H. C.Brown and C. A, Brown, J. Am. Chem. Soc., 85, 1003 (1963).
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As a result of other investigations we have prepared
A¥T_octalin-2,7-dione (3) and Alf-octalin-2,7-dione
(4), depicted in its enolic form, via the Birch reduction
of 2,7-dimethoxynaphthalene (1). The usefulness of
3 as an intermediate in the synthesis of other com-
pounds, particularly in the terpene and steroid fields,
together with the recent interest!? in the reduction of 1
with alkali metals in liquid ammonia, prompts us to
report our results.

Weinstein and Fenselay,! in an attempt to obtain
2, reduced 1 with lithium in ammonia and found only
the hydrogenolysis products 6-methoxy-1,2,3,4-tetra~
hydronaphthalene and 2-methoxy-1,4,5,6,7,8-hexahy-
dronaphthalene. Marshall and Anderson? were suc-
cessful in obtaining 2 from 1 but required a minimum
eightfold excess of lithium or potassium in ammonia—
ether-ethanol in order to effect the reduction.

We have found that 1 is easily reduced to 2 in 969,
yield with sodium (409, excess) in ammonia—tetra-
hydrofuran—ethanol.? This procedure is the simplest
route to 2 commensurate with low reducing agent—

(1) B. Weinatein and A. H. Fenselau, J. Org, Chem., 28, 2102 (1964),

(2) J. A. Marshall and N. H. Anderson, ibid., 80, 1292 (1965).

(3) The reduction goes equally well with ether in place of the tetrahydro-
furan, but 1 is much more soluble in the latter solvent.



