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tone—-methanol: m.p. 115-117°, ap +6.5° Chf (¢ 1.07),
MOt 2.9 k. A solution of the stenol in chloroform gives a
bright yellow color with tetranitromethane; the Lieber-
mann—Burchard test is deep brown.

Anal. Caled. for CoHyO (386.64): C, 83.87; H, 11.99.
Found: C, 83.90; H, 11.81.
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A Superior Method for Reducing Phenol Ethers to Dihydro Derivatives and Unsaturated
Ketones

By A. L. WiLps AND NorMaN A. NELSON!?
REcCEIVEDP MARCH 13, 19533

A new procedure has been developed for reduction of phenolic ethers to dihydro enol ethers, suitable for cleavage to 8, -
or a,B-unsaturated ketones. This method, using lithium in liquid ammonia and a cosolvent (ether or 1,2-dimethoxy-
ethane) and adding alcohol last, is a more powerful reduction method than that of Birch; it has given markedly superior
yields with 4-cyclohexylanisole, 4-cyclohexylphenoxyethanol, 1-methoxy-5,6,7,8-tetrahydronaphthalene, estradiol-3-methyl
ether and hexahydrohexestrol monomethyl ether. It is at least as good as the Birch sodium procedure with the easily re-
ducible compounds anisole and 2-methoxy-5,6,7,8-tetrahydronaphthalene. With the difficultly reducible 1-methoxytetra-
hydronaphthalene it is shown that the concentration of lithium metal and rate of addition of alcohol are critical factors.

These and other observations are discussed in relation to the possible mechanism for the reduction.

The reduction of a phenolic ether to its dihydro
derivative, by the action of sodium and alcohol in
liquid ammonia, was first described by Wooster for
anisole.? During the past nine years this reaction
has been clarified, improved and utilized extensively
by Birch and his associates.® In most favorable
examples Birch’s procedure gives excellent yields of
the dihydro compound which, being an enol ether,
can be hydrolyzed easily to a B,y-unsaturated
ketone. The latter frequently can be isomerized
to the corresponding «,8-unsaturated ketone.
Thus, 2-methoxytetrahydronaphthalene (I) was
reduced to the enol ether IT which was hydrolyzed
to A%1-2-octalone (III) or A'%-2-octalone (IV),
isolated as the 2,4-dinitrophenylhydrazones in
vields as high as 829, based on I.# In certain other
examples, however, the method has failed or given
low yields.
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We becaue interested in further perfecting and
applying the method to certain rather insoluble and
unreactive phenolic ethers, in order to convert them
to unsaturated ketomnes, as intermediates for syn-
thesis and as part of a program of preparing analogs
of the non-aromatic steroidal hormones, uunder

(1) Wisconsin Alumni Research Foundation Research Assistant,
1949-1950; Syntex Fellow, 1950-1951; Homer Adkins Fellow, 1951—
1952,

(2) C. B. Wooster, U. S. Patent 2,182,242 (Dec. 5, 1939); see also
C. B. Wooster and K. L. Godfrey, THis JoURNAL, 89, 596 (1937).

(3) (a) A recent reference: A. J. Birch, J. A. K. Quartey and H.
Smith, J. Chem. Soc.. 1768 (1952); (b) reviewed by A. J. Birch, Quart.
Rep., 4, 69 (1950), and (¢) G. W, Watt, Chem. Revs., 46, 317 (1950).

(1) A. J. Birch, J. Chem. Soc., 430 (1944); 593 (1046); and Fxperi-
mental of present paper.

investigation in this Laboratory over the past
twelve years.®? 4-Cyclohexylanisole (V) has served
as a useful example of a moderately difficult type
suitable for studying this reduction, and its use has
led to a simple but much more potent method than
that of Birch.

The application of Birch’s conditions to 4-cyclo-
hexylanisole (V), v¢z., addition of sodium metaltoa
mixture of liquid ammonia, alcohol and phenolic
ether, gave little or no reduction, 959, of the start-
ing ether being recovered. Moreover, the use of
ether as a cosolvent, beneficial in other cases of
compounds insoluble in ammonia at —33°° and
replacement of ethanol by methanol or the slower
reacting isopropyl aleohol failed to give reduction.
Indeed the latter modification applied to 4-me-
thoxybiphenyl gave some reduction of the non-
oxygenated ring affording 4-cyclohexylanisole in
small yield.

Birch has found it necessary with hexestrol and
estradiol to prepare derivatives more soluble in
ammonia than the methyl ethers, such as the mono-
ethers of ethylene glycol or glycerol, in order to
obtain reduction in moderate yields.” In the pres-
ent work the use of the 8-hydroxyethyl ether of 4-
hydroxybiphenyl resulted in a mixture which
contained cyclohexylbenzene, the hydroxyethoxy
group having been eliminated during reduction.s
Evidently the remainder of the product did not
contain the desired enol ether since no dinitro-
phenylhydrazone could be prepared from it. On
the other hand, the hydroxyethyl ether of 4-cyclo-
hexylphenol did give some reduction to the enol
ether since a crude dinitrophenylhydrazone could
be isolated in 199, vield. The limited extent of
reduction, however, served to underline the iu-
adequacy of the Birch method in this case.

(5) See, for example, A. L. Wilds and C. H. Shunk, THiS JOURNAL,
72,2388 (1950); also M. A, Spielman and P. G. Carpenter, unpublished

work; see P. G. Carpenter, Ph.D. Thesis, University of Wisconsin,
1941.

(6) See J. C. Sheehan and G. D. Laubach, Tuis JoUurNar, T2, 2478
(1950).

(7) A, J. Birch and S. M. Mukhetiji, J. Chem. Soc., 2531 (1949).

(8) Birch has also observed cases of elimination of tlie oxygeu-
contaiuning group, J. Chem. Soc., 102, 1642 (1947).
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On the assumption that the failures with
sluggishly reduced compounds were due in part to
an unfavorable competition between the reduction
and simple liberation of hydrogen from the alcohol
and metal, we were led to try addition of the alcohol
last to the blue solution of sodium and cyclohexyl-
anisole (V) in ammonia and ether. Reduction
now proceeded to an appreciable extent, and 359,
of the dinitrophenylhydrazone could- be isolated.
In searching for a more potent metal, preliminary
experiments with potassium (added last) showed
little improvement over sodium.® We were
pleased to discover, however, that lithium, with
addition of the alcohol last, gave reduction of 4-
cyclohexylanisole (V) to the crystalline dihydro
derivative VI in 84-889, yields. This procedure
has now been developed into an excellent and rela-
tively general reduction method for a variety of
difficultly reducible examples, as well as for types
which reduce well under the previous conditions.

2-Methoxytetrahydronaphthalene (I) was re-
duced by the lithium procedure to the hexahydro
derivative II in 909, yield, comparable to the 80—
909% vields obtained with sodium in the present
work. Anisole gave the 2,5-dihydro derivative
in 849, yield with lithium, which probably is
superior to the yield with sodium.

1-Methoxy-5,6,7,8-tetrahydronaphthalene (VII)
provided a good test for the new procedure, since
Birch reported that it gave only a trace of the redue-
tion product by his method.* Using 1,2-dimethoxy-
ethane as the cosolvent, the lithium method gave a
mixture corresponding to 83-93%, reduction, judg-
ing from the ultraviolet spectrum. The «,8-
unsaturated ketone X was isolated in 55-589
yield as the dinitrophenylhydrazone. It was
apparent that some of the conjugated enol ether
isomeric with VIII also had been formed, for
the further reduction products were present.
These included some 10-169, of octalin, the result
of elimination of the methoxyl group and shown by
addition of nitrosyl chloride to be mainly the A%-1.
isomer (IX) with a trace of the Al™-isomer. In
addition 79, of 1-decalone (X1I) was isolated as the
dinitrophenylhydrazone, evidently arising from
further reduction of the A!-29-1 or A1S4-10.engl
ether to the A'“*-derivative. In spite of the diffi-
cult reduction in this example, only a trace (29)
of demethylation to 1-hydroxytetrahydronaphthal-
ene occurred. Recently Birch, Muriray and Smith!!
have reported obtaining some hydrocarbon and 1-
decalone as well as 339, of the unsaturated ketone
X from reduction with sodium of the hydroxyethyl
ether corresponding to VII.

We have also found the new lithium procedure
to give excellent results in the reduction of estra-
diol-3-methyl ether, affording a superior route to

(9) Birch has implied that it is necessary for the alcohol to be present
initially in excess, to avoid demethylation.

(10) Birch has reported potassium to be somewhat better than
sodinm in reducing estradiol 3-glyceryl ether, J. Chem. Soc., 367
(1950).

(11) A. J. Birch, A. R. Murray and H. Smith, J, Chem. Soc., 1945
(1951).
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19-nortestosterone as reported in the accompanying
paper.’? Our method has given good results in the
hands of others,'® and has been used in modified
form by Miramontes, Rosenkranz and Djerassi
to prepare 19-norprogesterone.!*

Finally, it should be noted that we have found
lithium to be advantageous for other reductions
i liquid ammonia, particularly for controlling the
stereochemistry of reduction of unsaturated ke-
tones, such as that of 4-cholestene-3-one to the
A:B frans-alcohol.’® Further modifications of our
method recently have been developed by the
Merck® and Syntex? research groups for selective
reduction of 11-keto-As-steroids to 11-ketosteroids
with the natural configuration at C-8 and C-9.

We now turn to the interesting question of how
these metal-ammonia reductions may proceed and
the reasons for superior results using lithium and
adding the alcohol last. It appeared a prior:
that these results were consistent with initial
formation of a stable dilithium addition compound,
convertible by alcohol to the dihydro derivative—
a reasonable postulate in harmony with much
work on alkali-metal reactions.’® The additional
time before destruction of the excess metal by
alcohol provided by the new procedure, the greater
tendency for lithium to form addition compounds
(compared to sodium),' and the greater covalent
character of the carbon-lithium bond® all would
favor higher yields with lithium in terms of this
mechanism. Attempts to obtain direct evidence
for a stable lithium addition compound by treat-
ment with carbon dioxide (after removal of am-
monia, leaving the cosolvent, and before addition
of methanol) were unsuccessful either with the
easily reduced 2-methoxytetrahydronaphthalene or -
with 4-cyclohexylanisole. In each case the total
amount of alkali-soluble material was only 19,
much of which was the corresponding phenol.
On the other hand, some reduction took place,
18 and 319, respectively; probably this occurred
after the carbonation step when the finely divided
lithium was destroyed with methanol.?2! The
major material, however, was the starting ether.

It cannot be held that these results constitute
conclusive evidence against the dilithium addition
product hypothesis, since it is possible that the

(12) A. L. Wilds and N. A. Nelson, Tuis JourNaL, 75, 5366 (1953).

(13) (a) W. S. Johnson and C, F. Allen, (b) A. S. Dreiding, private
communications.

(14) L. Miramontes, G. Rosenkranz and C. Djerassi, THIs JOURNAL,
73, 3540 (1951).

(15) A. L. Wilds and R. Daniels; ¢f, Wilds, Abstracts, 120th Meet-
ing A.C.S., New York, N. Y., Sept. 4-7, 1951, p. 20M, The details
will be published in a future paper.

(16) E. Schoenewaldt, L. Turnbull, E. M. Chamberlin, D. Reinhold,
A. E. Erickson, W, V. Ruyle, J. M. Chemerda and M. Tishler, THI1S
JourNar, T4, 2696 (1952).

(17) F. Sondheimer, R. Yashin, G. Rosenkranz and C. Djerassi,
ibid., T4, 2696 (1952).

(18) (a) See R. Willstitter, F. Seitz aud ¥. Bumm, Ber., 61, 87!
(1928); (b) W. Schlenk and E. Bergmann, Anun., 468, 1 (1928), etc.

(19) Reference 18b, p. 84ff.

(20) M. T. Rogers and A. Young, THis JOURNAL, 68, 2748 (1946).

(21) The possibility of this reduction occurring because of reaction of
a lithium addition compound with water, present with the crushed Dry
Ice used for carbonation, is not a likely interpretation in our opinion.
Hydrolysis would have to predominate overwhelmingly over carbonu-
tion, whereas it is known that Grignard reagents and organolithium and

sodium compounds give reasonably good yields of acids under similar
conditions. .
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equilibrium shifted to regenerate metal and aro-
matic ether upon removal of the ammonia before
carbonation. Nevertheless,
the failure to obtain any
acid with the easily reduced
2-methoxytetrahydronaph-
thalene in the favorable
solvent 1,2-dimethoxyeth-
ane,?? demonstrates a highly
unfavorable equilibrium in
this solvent, and suggests
that such an addition of
lithium in ammomnia is not
the critical factor account-
ing for the superiority of
lithium over sodium in
these reductions.

Probably the most im-
portant reason for the
greater potency of lithium is its higher normal
reduction potential (—~2.99 v, in liquid ammonia at
—50°) compared to sodium (~2.59 v.) and potas-
sium (—2.73 v.).2*% Further experiments with
1-methoxytetrahydronaphthalene (VII) shed addi-
tional light on the reduction process. Lowering
the concentration of lithium from ca. 1.8 to 0.9
M decreased the total amount of reduction from
80-929, to 35%. Increasing the metal concentra-
tion to 2.5 M, on the other hand, effected no im-
provement. Doubtless this critical importance of
having a high effective reduction potential, by
maintaining a high metal concentration with a
difficultly reducible compound, accounts for the
fact that addition of the lithium last, as in the
conventional Birch process, gave only 159, reduc-
tion.®

Similarly, when the concentration of alecohol
was kept low, by slow addition over 100 minutes,
rather than 20 minutes as in the normal procedure,
the extent of reduction was negligible (ca. 59).
On the other hand, shortening the addition time to
10 minutes, or using the less reactive isopropyl
alcohol to increase the actual alcohol concentra-
tion, gave no improvement over the normal pro-
cedure. These results point out the necessity of
having a certain critical alcohol as well as metal
concentration.® This may be interpreted to
mean that the reduction either is a two-electron
process, or if two omne-electron steps are involved
conditions must be favorable for the second to
follow rapidly in order for a fruitful reduction to
oceur.

The following scheme seems to us to be in best
agreement with the facts now known for these
reductions; in this formulation we do not intend
to imply preference for an ionic rather than a

(22) N. D. Scott, J. F. Walker and V. L, Hausley, THis JourR~NarL,
88, 2442 (1936), found this and other glycol ethers, as well as dimethyl
ether, to be favorable solvents for rapid addition of sodium to naph-
thalene or biphenyl. Adding diethy! ether to the solution of addition
product shifted the equilibrium back to the starting materials.

(23) V. A. Pleskov, J. Phys. Chem. (U.5.5.R.), 9, 12 (1937);
31, 4214 (1937).

(24) We are indebted to Leonard Stalmann for bringing this fact to
onur attention.

(23) Presumably the concentration factor would be even more im-

portant with the less powerful! reducing metals sodium and potassium.
(26) Cf. C.F. Pope, cited by A. J. Birch, ref. 3b, p. 91.
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covalent character for the lithium derivatives (see
below)
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The equilibrium for the addition to form AY
may lie mainly to the left, but provides the means
for reduction to occur by stepwise reaction with an
adequate hydrogen donor, forming VIII.2® This
direction of initial addition is that predicted ac-
cording to the views of Birch,® in which we concur
in the main. The conjugated diene (C or D),
which provides the further reduction products E
and IX, can arise by reaction of B with alcohol or
by isomerization of VIII. Or, in this example
where addition of the second lithium atom (or
solvated electron plus lithium ion) to the angular
position may not be as favorable sterically as for
easily reduced compounds such as I, the diene C or
D conceivably could arise from a transient covalent
intermediate such as F. The latter possibility
cannot be ruled out, when one considers the co-
valent vs. ionic character of organolithium com-
pounds. Rogers and Young? concluded, from
dipole moment measurements, solubility in non-
polar solvents and low conductivity of solutions,
that alkyl- and aryllithium compounds are largely
covalent in character, in benzene solution.?® Let-
singer’s® observation of retention of optical activity.,
in the conversion of 2-iododctane vig the lithium
derivative and carbonation to 2-methyloctanoic

(27) The dotted line for the C-Li bond is intended to be non-.com-
mittal as to whether this bond is covalent, corresponds to an ion-pair
bond in a common solvent cage, or to a fully ionic bond. Such a dis-
tinction must await further study of liquid ammonia solutions of or-
ganolitliiiim compounds,

(28) There seems at present to be no way of distinguishing experi-
mentally between addition of solvated electrons (with or without as-
sociated lithium ions) or of lithium atoms. Until evidence can be
found it is pointless, in our opinion, to be concerned with this aspect in
writing a mechanistic scheme,

(29) The dipole moment for the Li—C bond in n-butyllithium of 1.37
D (benzene solution) was considered by them to indicate an ionic
character about equal to that of the C-F bond in alky! fluorides. In
liquid ammonia, however, some ionization of the lithium derivatives

would be expected.
(30) R. P. Letsinger, THIS JOURNAL, T2, 4842 (1950).
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acid, seems to require considerable covalent char-
acter for the lithium—carbon bond under the
conditions of his experiment,

The superiority of lithium as a reducing metal
lies in a nearly ideal combination of properties:
(a) high normal reduction potential, (b) high solu-
bility and low atomic weight, making possible high
concentrations and high actual reduction poten-
tials, and (c) slow rate of reaction with alcohols.?!
On the other hand, for selective reductions of con-
jugated double bonds in the presence of an easily
reduced phenolic ether, sodium may offer some
advantages.

Experimental??

General Procedure for Reduction with Lithium,—The ap-
paratus used for all of the reductions in liquid ammonia was
a three-necked flask equipped with stirrer, dropping funnel
and soda lime drying tube. The flask was placed in a box
stuffed with insulating wool or cotton. At the front of the
box was a sealed double window with a cork spacer ring and
rubber gasket against which the flask was placed. This
arrangement prevented condensation of moisture on the
flask or window, and with illumination from the top per-
mitted observation of the reaction mixture at all times.
The flask was filled from one-third to no more than one-half
its capacity, to aid in control of foaming which occurred
in some instances toward the end of alcohol addition.

To a solution of the compound to be reduced in dry di-
ethyl ether or 1,2-dimethoxyethane was added liquid am-
monia with stirring, and to the homogeneous solution was
then added lithium wire?® in small pieces over a period of 1
to 10 minutes, depending on the quantity of metal. After
stirring for 10 minutes absolute alcohol was added dropwise
over a period of about 20 minutes. In some cases there was
a tendency for foaming to occur near the end of this addition.
This was easily controlled by stopping the stirrer momen-
tarily. When the blue color had disappeared the ammonia
was evaporated, ether and water were added, separated and
the aqueous layer was re-extracted. After washing the com-
bined extract with saturated salt solution and drying over
potassium carbonate, the ether was removed and the prod-
uct isolated by crystallization or distillation as appropriate.

The reduction described below for anisole and 2-methoxy-
5,6,7,8-tetrahydronaphthalene are considered typical for
easily reduced liquids, that of estradiol-3-methyl ether!? for
a fairly readily reduced solid, of 4-cyclohexylanisole and 4-
cyclohexylphenoxyethanol for compounds moderately dif-
ficult to reduce, of 1-methoxy-5,6,7,8-tetrahydronaphthalene
for a difficultly reducible liquid and that of dl-m-3-(p-meth-
oxyphenyl)-4-(4'-hydroxycyclohexyl)-hexane!? as an example
of a compound unusually difficult to reduce.

With less soluble ethers the cosolvent was used in sufficient
amount to give a homogeneous solution of compound, co-
solvent, ammonia and lithium. This required a larger
volume of ammonia than cosolvent in order to prevent
separation of a bronze lithium-ammonia layer. 1,2-Di-
methoxyethane was used instead of ether for insoluble
examples, although other inert cosolvents may be used, in-
cluding tetrahydrofuran (Henry C. Dehm) and amines.

In small scale runs and with less soluble ethers the ratio
of lithium to compound should be increased, the major con-
sideration being to use a high concentration of lithium in the
solvents (see below under variations in reducing 1-methoxy-
tetrahydronaphthalene).

Procedure for 2,4-Dinitrophenylhydrazones of the «,B-
Unsaturated Ketones.—To a hot solution of 0.54 g. of 2,4-
dinitrophenylhydrazine in 20 ml. of absolute alcohol and

(31) W. 8. Johnson and B. Bannister have found that 1.methoxy-8-
hydroxy-10a-methyldodecahydrochrysene, which failed to reduce
dependably with the present conditions, underwent reduction with
lithium and ammonia containing a large excess of alcohol.

(32) All melting points are corrected; those marked micro m,p, were
determined with a calibrated microscope hot stage. Microanalyses
were carried out by Bennett Buell, Edmund Eisenbraun, Edward
Shiner and Gershen Winestock., Ultraviolet spectra were determined
in 95% alcoho! unless otherwise specified and molecular extinction co-
efficients e are reported.

(33) From Metalloy Corp., Minneapolis, Minn,
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2.5 ml. of concentrated hydrochloric acid was added a solu-
tion of the dihydro derivative (using a 1:1 mole ratio of the
latter and reagent) in 5 ml. of absolute alcohol. The solu-
tion was heated at reflux for 5 minutes and cooled to allow
complete crystallization of the derivative.

Procedure for 2,4-Dinitrophenylhydrazones of the 8,y-
Unsaturated Ketones.—A solution of 0.54 g. of the reagent
in 40 ml. of absolute alcohol and 1.6 ml. of concentrated
hydrochloric acid was filtered while hot and cooled to 0°.
A solution of the dihydro derivative (using a 1:1 mole ratio)
in 5 ml. of cold (0°) absolute alcohol was added, and the mix-
ture was kept at 0° for 30-120 minutes to allow complete
reaction before filtering. The derivative was washed with
109% sodium carbonate solution as well as with water to re-
move acid, and a small amount of pyridine was added dur-
ing recrystallization. The above procedure gave more re-
producible results than that of Birch.4

Preliminary Sodium Reduction of 4-Methoxybiphenyl and
4-Biphenyloxyethanol.—A solution of 7 g. of 4-methoxybi-
phenyl (m.p. 89-90°) in 150 ml. ether, 25 ml. of isopropyl
alcohol and 200 ml. of ammonia was treated with 7 g. of
sodium over a 15-minute period. No dinitrophenylhydra-
zone could be isolated from the product. A portion solidi-
fied and was recrystallized from dilute alcohol to give 0.3—
1.05 g. (4-15%) of 4-cyclohexylanisole, m.p. 54-56°.
After further recrystallizations the m.p. of the solid was
56,5~57.5° alone or when mixed with an authentic sample.
The ultraviolet and infrared absorption spectra were also
essentially the same as those of the authentic sample.

4-Biphenyloxyethanol was prepared in 719, yield from 4-
hydroxybiphenyl and ethylene chlorohydrin essentially as
described below for 4-cyclohexylphenoxyethanol, m.p. 122—
123° (dilute alcohol); reported by Vernon, m.p. 122-123°,3¢

A number of reduction attempts, carried out in ammonia
with ethanol and sodium, gave no reduction to an enol ether
as evidenced by failure of dinitrophenylhydrazone forma-
tion.

The low-boiling fractions from several runs (4.5 g.) were
refractionated to give 2.4-3.6 g. (10-209%, over-all yield) of
cyclohexylbenzene, b.p. 109° (14 mm.), n*p 1.5251 (re-
ported #¥p 1.5249).%

Anal. Caled. for C;sHye: C, 90.0; H, 10.07.
C, 89.3; H, 10.15.

2,5-Dihydroanisole.—A solution of 15 g. of anisole in 50
ml, of ether and 200 ml. of liquid ammonia was treated by
the general reduction procedure outlined above with 4.5 g.
(4.6 equivalents per mole) of lithium and finally with 35 g.
of absolute alcohol (30 minute addition). After ether ex-
tractions, the concentrated aqueous layer (75 ml.) was acidi-
fied and treated with bromine, giving 0.90 g. of tribromo-
phenol, m.p. 93-94.5°, which indicated only 29, demethyla-
tion. From the ether extracts was obtained 12.8 g. (849,)
of product, b.p. 148-149° (ce. 745 mm.), n2p 1.4782. The
ultraviolet absorption spectrum, Amsx 268-269 mu (800)
indicated the presence of about 209, of 2,3-dihydroanisole
in the 2,5-dihydroanisole.3® The distillate gave by the above
general procedure a 979 yield of 2-cyclohexenone 2,4-di-
nitrophenylhydrazone, m.p. 162-163.5°, and an 889, vield
of 3-cyclohexenone 2,4-dinitrophenylhydrazone, m.p. 132.5—
133.5° (sint. 131°).4

4-Cyclohexylanisole (V).—A stirred suspension of 20 g. of
powdered 4-cyclohexylphenol in a solution of 11.1 g. of po-
tassium hydroxide in 120 ml. of water and 10 ml. of methanol
at 30-40° was treated with 20 ml. of dimethyl sulfate over
a 30-minute period, followed by a second equal portion of
the alkaline solution and stirred 90 minutes longer. The
recrystallized product, 20.8 g. (96%), melted at 57-58° (re-
ported 57-58°)%; Apax 277 mu (1515), 283.5 mu (1260).

4-Cyclohexylphenoxyethanol.—To a solutionr of 2.3 g. of
sodium in 125 ml. of absolute alcohol was added 17.6 g. of
4-cyclohexylphenol and 8.8 g. of ethylene chlorohydrin.®
After heating at 70° for 3 hours, 50 ml. of water was added,
the mixture concentrated to 100 ml. and cooled. After

Found:

(34) C. C. Vernon, U. S. Patent 2,140,824 (Dec. 20, 1938); C. 4.,
83, 2612 (1939).

(35) G. Egloff, ""Physical Constants of Hydrocarbons,” Vol. 3,
Reinhold Publ, Corp., New York, N. Y., 1946, p. 265.

(36) A, J. Birch, J, Chem. Soc., 1551 (1950), reported Apax 268 mu
(4270) for 2,3-dihydroanisole.

(37) D, Bodroux, Ann. chim., {10] 11, 559 (1929).

(38) Purified by adding benzene and distilling, using the fractjon
b.p. 128.5-127° (ca. 745 mm.).
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extraction with ether, washing the extracts repeatedly with
3% potassium hydroxide, water, saturated brine and drying,
the product was crystallized from petroleum ether to afford
15.5 g. (719%,) of white, silky needles, m.p. 60-63°. Fur-
ther recrystallization gave material m.p. 64-65° (reported®
m.p. 62-63°).

2,5-Dihydro-4-cyclohexylanisole (VI).—A solution of 4.0
g. of 4-cyclohexylanisole in 200 ml. of ether was reduced ac-
cording to the general procedure using 250 ml. of liguid am-
monia, 4.2 g. (29 equivalents per mole) of lithium wire and
37 g. of absolute alcohol. Crystallization of the product
from dilute ethanol gave 3.38-3.55 g. (84-889,) of colorless
dihydro derivative, m.p. 65-66°. From the ultraviolet
absorption at 277 my this product contained less than 19,
of unreduced material. Further recrystallization from 909,
alcohol gave material of m.p. 65.4-66.2°; ASEC# 5.90 and
6.02 u®; no ultraviolet absorption maximum. The com-
pound failed to give a significant m.p. depression when
mixed with 4-cyclohexylanisole.

Anal. Caled. for C;zHyO: C, 81.2; H, 10.48. Found:
C, 81.2; H, 10.56.

When the reduction was carried out in the same way ex-
cept adding the alcohol to the ammonia—ether solution and
adding the lithium last over a 10-minute period, 76%, of the
dihydro compound, m.p. 64-65.5°, was obtained. This
contained 49, of starting material on the basis of ultraviolet
absorption, and was converted in 919, yield to the conju-
gated dinitrophenylhydrazone. The oily filtrate gave ad-
ditional derivative, m.p. 118-123°, to make the total yield
of this derivative 769, based on cvclohexylanisole, compared
to 80-849, obtained above.

4-Cyclohexyl-3-cyclohexenone.—A cold (0°) mixture of
25 ml. of sulfuric acid and 75 ml. of water was added drop-
wise with mechanical stirring to a cold (5°) solution of 2.8 g.
of dihydro-4-cyclohexylanisole in 75 ml. of benzene.® After
30 minutes at 5~10°, 30 minutes at 35°, 1 hour at 60° and
10 hours at room temperature the benzene layer and further
benzene extracts were washed with sodium carbonate and
dried. Distillation through a short Vigreux column gave
1.92 g. (74%) of ketone, b.p. 132-134° (10 mm.), n®p
1.5030.

Anal. Caled. for C:HyO: C, 80.9; H, 10.18. Found:
C, 80.3; H, 10.47.

The 2,4-dinitrophenylhydrazone of 4-cyclohexyl-3-cyclo-
hexenone, obtained in 779, vield, m.p. 101-103°, from ke-
tone and in 879, yield, m.p. 103-104° (sint.), from dihydro-
4-cyclohexylanisole was recrystallized from alcohol contain-
ing a few drops of pyridine and finally from alcohol alone
as yellow plates, ni.p. 103-104° (sint. 102°), ASHC" 364 my
(23,700).

Anal. Caled. for C;sH:aNyOy: C, 60.3; H, 6.19. Found:
C, 60.2; H, 6.30.

When this 8,v-unsaturated derivative was heated in al-
cohol containing about 5%, of concentrated hydrochloric acid
it was converted in 887, vield to the «,3-unsaturated deriva-
tive, m.p. 119.5-121°, not depressed on admixture with the
derivative described below.

The semicarbazone of 4-cyclohexyl-3-cyclohexenone, pre-
pared in 84% yield from the dihydro derivative in 95% al-
cohol-pyridine solution, was recrystallized from alcohol,
m.p. 194-195° dec., AE1OH 228.5 my (17,400).

Anel. Caled. for C3HuN;0: C, 66.4; H, 9.00. Found:
C, 65.9; H, 8.77.
The 2,4-dinitrophenylhydrazone of 4-cyclohexyl-2-cyclo-
hexenone, prepared in 959, yield from dihydro-4-cyclo-
hexylanisole, was recrystallized from 959, alcohol as orange-

red plates, m.p. 124-125°, A\SH0% 389 m, (28,100).

Anal. Caled. for C;sHoN,0y: C, 60.3; H, 6.19. Found:
C, 60.6; H, 6.03.

The semicarbazone of 4-cyclohexyl-2-cyclohexenone re-
sulted in 879, yield when the dihydro derivative was heated
with semicarbazide hydrochloride and alcohol in the ab-
senice of pyridine. Recrystallization from alcohol gave
material melting at 218.5-219° dec. when the sample was
inserted i a bath preheated to 215°, X‘E:OKH 263.5 mu (22,-
0no).

(39) G. H. Coleman and J. W. Zemba, U. S. Patent 2,130,523
(Sept. 20, 1937); C. 4., 32, 93453 (1938).
(40) Cf. G. Stork, THIS JOURNAL, 73, 504 (1951),
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Anal. Caled. for C3HyyN;0: C, 66.4; H, 9.00. Found:
C, 66.5; H, 9.11.

Sodium Reductions of 4-Cyclohexylanisole.-—The replacc~
ment of lithium by an equivalent amount of sodium in the
above procedure gave incomplete reduction; conversion to
the dinitrophenylhydrazone of the A’unsaturated ketone,
m.p. 119-121°, indicated 35% reduction. In a variety of
runs using ether, methylamine or no cosolvent with the
liguid ammonia, employing ethanol or 2-propanol and add-
ing the metal (sodium or potassium) last according to the
general procedure of Birch, no reduction occurred, as evi-
denced by recovery of the starting material and failure to
obtain any dinitrophenylhydrazone from the material after
the reduction treatment.

Reduction of 4-Cyclohexylphenoxyethanol.—Treatment
of 4.4 g. of this hydroxyethyl ether in 100 ml. of diethyl
ether and 150.ml. of liquid ammonia with 2.1 g. (15 equiva-
lents per mole) of lithium and 18.5 g. of alcohol resulted in
2.75 g. (62%) of crude product, m.p. 46-48°. The con-
version of this to the impure dinitrophenylhydrazone of 4-
cyclohexyl-2-cyclohexenone, m.p. 112-116°, in 689, yield,
together with the crude derivative from the oily filtrate,
indicated a maximum of 46%, reduction with this derivative.

Using the general procedure of Birch,? except with 2-
propanol and ether as cosolvent, adding the sodium last,
the maximum extent of reduction was estimated to be 199,
based on the crude dinitrophenylhydrazone.

Reduction of 2-Methoxy-5,6,7,8-tetrahydronaphthalene
(I).—Reduction of 15 g. of this methoxy compound in 50
ml. of ether and 200 ml. of ammonia with 3.2 g. (4.9 equiva-
lents per mole) of lithium wire and 25 g. of ethanol gave 13.7
g. (90%) of product, b.p. 120-125° (16 mm.), #%p 1.5120.
The ultraviolet spectrum, AE2O® 270.5 mu (645), indicated
the presence of ca. 5% 3,4,5,6,7,8-hexahydroisomer in the
major product, 1,4,5,68,7,8-hexahydro-2-methoxynaphtha-
lene (II). The material was converted in as high as 91%
yield to the conjugated dinitrophenylhydrazone, m.p. after
recrystallization 180~181° dec.,* ACHC! 389 my (29,100), and
to the same derivative of A%¥-2-octalone in 70-909, yield,
m.p. after recrystallization 173-173.5° dec. (inserted in
bath at 165°),* \SHC 364 mu (23,300).

Reduction with sodium by the general procedure of Birch*
except using ether and 2-propanol gave the hexahydro-2-
methoxynaphthalene in 80-909%, yields, b.p. 115-124° (20
mm.), #?p 1.5145-1.5154; this was converted in 909, yield
to the conjugated dinitrophenylhydrazone, m.p. 174-176.5°.

1-Methoxy-5,6,7,8-tetrahydronaphthalene (VII).—I1-
Naphthol was reduced (by Stephen Kraychy) in absolute
alcohol with W-7 Raney nickel?! at 110° and 2500 p.s.i.
From the neutral fraction was obtained 169, crude 1,2,3,4-
tetrahydronaphthalene, b.p. 89-120° (14 mm.), =%p
1.5390, and 369, 1,2,3,4-tetrahydro-1-naphthol, b.p. 120-
130° (14 mm.), #%p 1.5553. By trecrystallization of the
alkali-soluble fraction from petroleum ether, 39% of the de-
sired phenol was obtained, most melting at 69-69.5°. The
ultraviolet spectrum indicated the absence of l-naphthol.
The phenol was methylated in 929, yield using methy! sul-
fate, giving material of b.p. 118-118.5° (12 mm.), »®Dp
1.5455, AELOH 270.5 mu (1120) and 278 my (1170).

Lithium Reduction of 1-Methoxy-5,6,7,8-tetrahydronaph-
thalene.—A solution of 20 g. of the methyl ether in 100 ml.
of 1,2-dimethoxyethane?? (from Arapahoe Chem., Inc.,
dried over potassium hydroxide and distilled {from sodium)
and 400 ml. of ammonia was reduced by the general proce-
dure given before, using 6.4 g. (7.4 equivalents per mole) of
lithium wire, stirring for 10 minutes and adding 25 g. of
absolute alcohol or 60 g. of isopropyl alcohol over a 15 to
25 minute period. Distillation of the isolated product gave
16.8-17.5 g. (83-87%) of a mixture, b.p. 95-131° (20 mm.).
From the absorption maximum at 278 my this may have con-
tained as much as 8-21%, of unreduced material in the vari-
ous runs. Conversion to the dinitrophenylhydrazone of
the conjugated ketone gave this derivative, m.p. 268° dec.,
in 55-589, over-all yields from 1-methoxytetrahydronaph-
thalene. The alkali-soluble fraction gave about 2% of 1-
hydroxytetrahydronaphthalene.

Fractional distillation of the crude reduction product

(41) H. Billica and H. Adkins, Org. Syntheses, 29, 24 (1949); D, M.
Musser and H. Adkins, THIS JoURNAL, 60, 664 (1938).
(42) The extent of reduction was less using ethyl ether as cosolvent,

resulting in 419, of dinitrophenylhydrazone, melting above 250° dec
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through a 2l-cm. McMahon-packed column (stainless
steel mesh Berl saddles) gave fractions varying in refractive
index from #%p 1.4978 to 1.5163; one fraction, b.p. 117.5°
(20 mm.), #?p 1.5061, probably contaitted ca. 5% of the
conjugated hexahydro-l-methoxynaphthalene, since it had
Amaz 270.5 my (219), but no maximum at 278 my, and gave
the conjugated dinitrophenylhydrazone in 939, yield,

Anal. Caled. for CyyHsO: C, 80.5; H, 9.83. Found:
C, 79.8, 79.9; H, 9.99, 10.09.

From the lower boiling fractions was obtained 10-16%,

of octahydronaphthalene, b.p. 86-88° (21 mm.). A frac-
tion with n%p 1.4980 was analyzed. ‘
Anal. Caled. for CoHys: C, 88.2; H, 11.84. Found:

C, 88.3; H, 11.51.

This was proved to be mainly A’ “¥-octahydronaphthalene
(IX) containing some Al~®-derivative by conversion to the
nitrosyl chloride addition compound. To 1.5 g. of ethyl
nitrite at —15° was added 1.0 g. of the liquid in 1.5 ml. of
acetic acid, followed by 1.5 ml. of concentrated hydrochloric
acid over 10 minutes. After 1 hour at —15°, 1.09 g. (74%)
of blue 9-nitroso-10-chlorodecahydronaphthalene was col-
lected and washed with methanol, m.p. 89-91° (sint. 84°);
reported m.p. 91°.43 From the filtrate was obtained 0.01
g. (1%) of the crude 9-chloro-l-oximinodecahydronaphtha-
lene, m.p. 116-120° dec.; reportedm.p. 127°.4¢ Treatment
of the latter product with dinitrophenylhydrazine in alcohol
containiiig hydrochloric acid converted it into the expected
derivative of A% 7¥-1-ketoéctahydronaphthalene, m.p. 266.5-
267° dec. alone or when mixed with an authentic sample.

2,4-Dinitrophenylhydrazones of 1-Keto-A¢~"0-octahydro-
naphthalene and 1-Ketodecahydronaphthalene.—The crude
distillate from reduction of l-methoxytetrahydronaphtha-
lene (1 g. in 10 ml. of alcohol) wasadded at 0° toa clear solu-
tion of 0.61 g. of dinitrophenylhydrazine in 20 ml. of abso-
lute alcohol and 2.2 ml. of concentrated hydrochloric acid.
After 2 hours the precipitate was removed, washed with bi-
carbonate solution and dried, 0.91 g. (44%), m.p. 150~184°
(sint. 125°). This mixture was recrystallized from 309,
benzene in absolute alcohol containing some pyridine, then
from 209, benzene in absolute alcohol, giving 0.086 g.,
m.p. 212-215° dec., and 0.09 g., m.p. 195-206° dec., of the
crude derivative of 1-ketodecahydronaphthalene and 0.180
g., m.p. 125-135.5°. Further recrystallizations of the last
from absolute alcohol gave the light orange 2,4-dinitrophen-
yvlhydrazone of 1-keto-A¢¥-octahydronaphthalene, m.p.
130-133.5° (sint. 128°), A\CHCE 364 5 mu (23,000).

max
Anal. Caled. for C¢HysNiO4: C, 58.2; H, 5.49. Found:

C, 57.9; H, 5.22.

Recrystallization of the higher melting material from 309,
benzene in absolute alcohol gave the orange dinitrophenyl-
hydrazone of 1-ketodecahydronaphthalene, m.p. 224-225°
(dec., and sint. 221°), ACHOU 366 myu (22,700) (reported
m.p. 222-222.5°).4

Anal. Caled. for C¢HoN4Oy: C, 57.8; H, 6.07. Found:
C, 58.1; H, 6.04.

A mixed m.p. with an authentic sample showed no depres-
sion. Recrystallization from alcohol containing some
hydrochloric acid gave material melting as high as 234
235° dec. The over-all yield of the derivative of the
decahydronaphthalene ketone from 1-methoxytetrahydro-
naphthalene amounted to as much as 7%. The A471-

(43) W. Huckel, R. Danneel, A. Schwartz and A, Gercke, Ann., 474,
132 (1929).

(44) W. Huckel and H. Naab, An#n., 502, 148 (1933).

(45) J. W. Cook and C. A. Lawrence, J. Chem. Soc., 817 (1937).
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derivative was isomerized in 969, yield to the red 2,4-di-
nitrophenylhydrazone of 1-keto-A% -octahydronaphthalene
by heating with alcohol containing hydrochloric acid, m.p.
268° dec., A\SHOU 259 my (16,700), 387.5 mu (26,200) (re-
ported m.p. 266.5-267° dec.).4®

Effect of Variations on Reduction of 1-Methoxy-5,6,7,8-
tetrahydronaphthalene.—When the lithium reduction was
carried out as described above except that the alcohol was
added over 1.76 hours, the material recovered (839%) con-
tained 959, starting material (ultraviolet spectrum) and
gave only 4%, dinitrophenylhydrazone. When the alcohol
was added immediately after the lithium and over a 10-
minute period, 77%, of distillate resulted, containing 23%,
starting material and giving 569, of the conjugated dinitro-
phenylhydrazone. Adding the lithium last, as in Birch’s
usual procedure for sodium, gave 909, of distillate, the ultra-
violet spectrum of which indicated 88%, starting material,
and which formed 15%, of dinitrophenylhydrazone. When
the total amount of lithium was increased to 11 equivalents,
except added in three equal portions each followed by the
theoretical amount of ethanol before adding the next por-
tion, no improvement resulted (819, containing 399, start-
ing material by ultraviolet, giving 439, dinitrophenylhydra-
zone). Increasing the amount of lithium to 15 equivalents
and doubling the amount of solvents to maintain the same
metal concentration gave essentially the same results (85%,
containing 129, starting material by ultraviolet, giving 669,
of crude and 509, of relatively pure conjugated dinitro-
phenylhydrazone).

When the proportion of reagents was unchanged but the
concentration of lithium reduced to one-half, the distillate
(849%) contained 65% starting material (ultraviolet) and
gave only 269, of crude dinitrophenylhydrazone. Increas-
ing the lithium concentration by using 11 equivalents of
metal but keeping the solvents the same and using a Dry
Ice condenser, gave essentidlly the same results as de-
scribed (859, distillate, containing 239, unchanged material
by the spectrum and giving 55-629%, of the dinitrophenyl-
hydrazone). Increasing the lithium to 15 equivalents under
these conditions, however, gave poor results due to separa-
tion of a lithium-ammonia phase (889, of distillate, 949,
unchanged material, giving 8%, dinitrophenylhydrazone).

Attempts to Carbonate a Lithium Addition Compound.—A
solution of 5 g. of 2-methoxytetrahydronaphthalene in 60
ml. of 1,2-dimethoxyethane and 100 ml. of ammonia was
treated with 1 g. of lithium, and after 10 minutes the am-
monia was removed at low temperature by distillation,
finally under reduced pressure, and the remaining material
was forced under nitrogen onto crushed solid carbon dioxide.
After decomposition of the lithium with methanol, the alkali-
soluble fraction amounted to only 19, of oil. The neutral
fraction (92%, b.p. 118-119° at 10 mm.) contained 209,
of the reduction product as indicated by the yield of dinitro-
phenylhydrazone, m.p. 167-171°, the remainder being un-
Ehang)ed starting material, Amex 279 mu (1640), 287.5 mu

1520).

A similar experiment was carried out with 2 g. of 4-cyclo-
hexylanisole in 90 ml. of ether and 125 ml. of ammonia,
using 2 g. of lithium, except the ammonia solution was flash
distilled by adding dropwise to an evacuated suction flask
and the residue was treated with ether followed by crushed
Dry Ice. The alkali-soluble fraction (1% yield) gave some
impure 4-cyclohexylphenol, m.p. 117-126°, as the only
solid material. The neutral fraction, 85%, yield, m.p. 57—
59°, gave 369, of dinitrophenylhydrazone, m.p. 118.5—
121°, most of the remainder being unreduced material (58%
from ultraviolet absorption).
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