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of 1% methyl cellulose (Dow Chemical Co.) in 80% ethanol 
per liter for maximum suppression. The "pH 1 3 " solutions 
were 0.1 M in tetramethylammonium hydroxide, the "pli 
o.2" solutions wers 0.1 M in ammonium chloride and the 
"pH 1.9" solutions were 0.01 Mm hydrochloric acid and 0.1 
M in tetramethylammonium bromide. 

The manual apparatus of Lingane and Kolthoff" was 
adapted to the Kalousek technique by addition of a second 
polarizing circuit, a three-pole, three-throw switch and a 
commutator type switch driven by a motor with speed regu­
lation. A diagram of the apparatus is shown in Fig. 10. 
The commutator switch, X, alternately connects point C 
with A and B. It is made of an assembly of a brass half-
cylinder and a plastic half-cylinder. The brass shaft makes 
contact to the brass half-cylinder and is connected to point 
C. Two beryllium-copper flat springs are adjusted parallel 
to each other as contacts. One of these leads to A; the 

other to B. For operation, the three-pole, three-position 
switch, S, is first set for the "formation voltage," (C con­
nected to A) and the potential is checked by balancing the 
voltage against a Leeds and Northrup student potentiome­
ter. The switch, S, is then turned to the analyzing circuit 
(C connected to B ; and the desired voltage is applied and 
checked with the potentiometer. The current, read on the 
galvanometer, G, now is the regular polarographic current. 
The switch is set so as to connect C to X. The commutator 
motor is started, and the current read in the galvanometer 
now is the oxidation or reduction current according to 
Kalousek. With a galvanometer of 12 to 15 seconds pe­
riod, aperiodically damped, the oscillations are relatively 
small and the current can be read accurately. A certain 
time is needed to establish an equilibrium condition, but 
with a manual apparatus one can easily wait until the cur­
rent is stabilized. 

(S) J. J. Lingane and I. M. Kolthoff, THIS JOURNAL, 61, 825 (1939). NORTH A D A M S 1 M A S S . 
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A series of 2-naphthyl ethers have been reduced electrolytically to the corresponding enol ethers in high yield. The 
method offers enhanced selectivity, and this case appears to be one of the first practical reductions of a polynuclear carbo-
cyclic aromatic system by a direct electrochemical process. 

Much interest has been shown recently in 2-tet-
ralone and substituted 2-tetralones as intermedi­
ates in the possible synthesis of analgesics and sub­
stances related to morphine1'2'3 and in the synthesis 
of steroid substances.4 2-Tetralone, 7-methoxy-2-
tetralone and 7,8-dimethoxy-2-tetralone have been 
obtained previously from the corresponding 2-
naphthyl ethers in yields of 52-56%,2'3 55%5 and 
31%, 3 respectively, by sodium and alcohol reduc­
tion and hydrolysis of the enol ethers. 

In the present work, these compounds were pre­
pared much more efficaciously by electrolytic re­
duction at high cathodic potentials. The reaction 
appeared to be highly selective and gave the desired 
enol ethers in excellent yields. These were con­
verted directly to the tetralones without the usual 
purification via the bisulfite adduct. 

In the case of 2,7,8-trimethoxynaphthalene, the 
enol ether was obtained in 95% yield as a well de-
lined crystalline compound which on the basis of 
its absorption spectrum (X^ clohexane 
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log e 3.28)6 is the A2-isomer. The alternative A1-
structure would be expected to show a much more 
intense band in the same region.7'1 In the reduc­
tions of 2-naphthyl ethers the presence of sodium 
alkoxide would enhance a rearrangement9 to the 
A^enol ether, which was the only type identified.7 

So far as we can determine, these results repre­
sent the first practical electrolytic reduction, suit­
able for preparative purposes, of a polynuclear car-
bocyclic aromatic system.10 In fact, the only di­
rect electrolytic reductions of a benzenoid nucleus 
previously reported are on phthalic acid and terph-
thalic acid, in which compounds the presence of the 
carboxyl groups conjugated with the aromatic sys­
tem enhances the reduction in the ring.11 A few 
other cases in the literature, also dealing with the 
phthalic system, are considered to be indirect re­
ductions in which the actual agent is potassium 
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amalgam produced in the reaction.12 In one other 
case, the electrolytic reduction of phenol, the 
process is essentially a catalytic hydrogenation, 
the hydrogen merely being produced in situ.1Ui 

The reductions were carried out at a mercury 
cathode with tetra-ra-butylammonium iodide in di-
oxane-water as both catholyte and anolyte. The 
cathode potentials were maintained at about 2.5 
volts vs. S.C.E. 

The cell was made by clamping together two sec­
tions cut from a rectangular glass tank, a sheet of 
Cellophane serving both as a gasket and as a dia­
phragm. The cell was provided with a heating and 
cooling coil, stirrers, thermometers and nitrogen 
bubblers; contact with the mercury pool electrodes 
was made by means of a conventional platinum 
contact electrode, and a sintered glass bridge16 al­
most touching the cathode surface was used to com­
plete the cathode-calomel circuit. A vacuum tube 
voltmeter was used to measure the cathode poten­
tial and, the current was recorded by an electronic 
recording ammeter. 

We wish to express our appreciation to the Re­
search Corporation for their support of this work 
through a Frederick Gardner Cottrell Special Grant-
in-Aid to Pratt Institute. We also wish to thank 
Miss S. Nemerson and Mr. D. Dixler for their help 
with the preparative work, and we are especially in­
debted to Mr. J. Gundlach of the Electrical Engi­
neering Department of Pratt Institute for his assist­
ance with the electrical design and construction. 

Experimental 
2-Tetralone.—Xitrogen was bubbled through a solution 

of 600 ml. of purified16 dioxane and 200 ml. of water con-

(12) F. Fichter and C. Simon, HeIv. Chim. Ada, 17, 1219 (1934); 
V. M. Rodionov and V. K. Zvorykina, Bull. soc. chim. France, [5] 5, 
840 (1938). 

(13) W. D. Bancroft and A. B. George, Trans. Eteclrochcm. Soc, 57, 
399 (1930). 

(14) A reported partial electrolytic conversion of benzoic acid to 
ethyl 1,2-dihydrobenzoate, in unspecified yield, was not rigorously 
demonstrated, and the literature is conflicting and confused (F. 
Somlo, Z. Elektrochem., 35, 264 (1929); E. Baur and E. Miiller, ibid., 
34, 98 (1928)). The electrolytic reduction of benzoic acid and a large 
number of its derivatives under a variety of conditions has otherwise 
given no products of reduction in the ring; ci'. F. Fichter, "Organische 
Electrochemie," Steinkopf, Dresden. 1942 (Edwards Brothers, Ann 
Arbor, Mich., 1946) pp. 252-258. 

(15) H. A. Laitinen, Ind. Eng. Chem., Anal. Ed., 13, 393 (1941) 
(16) H. A. Laitinen and S. Wawzonek, T H I S JOURNAL, 64, 1765 

(1942). 

taining 44 g. of purified16 tetra-»-butylammonium iodide.-
Two-thirds of this solution was introduced into the cathode 
compartment, and the remainder intd the anode compart­
ment. The cell temperature was raised to 50° and the re­
sidual current at a cathode potential of 2.50 volts vs. S.C.E. 
was 0.08 ampere. At this point 5.01 g. of 2-ethoxynaph-
thalene was introduced into the cathode compartment caus­
ing a drop in the cathode potential to 2.31 volts. The po­
tential was then raised to 2.50 volts. The current increased 
to about 1.5 amperes and the voltage was maintained at 2.50 
volts for about 3 hours after which time the current fell to 
almost its original residual value. 

At this point the catholyte was withdrawn, an equal vol­
ume of water was added, and the catholyte was thoroughly 
extracted with petroleum ether (b.p. 30-50°). Removal of 
solvent at reduced pressure left the crude enol ether as a 
light colored residual oil (4.85 g., 96%) which on distillation 
gave the water-white product, b.p. 98° at 1 mm., 4.53 g.; 
89.5%. 

Anal. Calcd. for C1 2H„0: C, 82.7; H, 8.1. Found: 
C, 82.3, 82.6; H, 8.2, 8.2. 

Hydrolysis of 3.38 g. of the enol ether with dilute hydro­
chloric acid2 gave 2.76 g. (89%) of 2-tetralone, b.p. 98-99° 
at 2 mm. The semicarbazone melted at 189° and gave no 
depression of the melting point when mixed with an authentic 
specimen. 

7-Methoxy-2-tetr alone.—2,7-Dimethoxynaphthalene 
(3.23 g.) was reduced as described above, giving almost 
exactly the same electrical data. The catholyte was ex­
tracted thoroughly with chloroform and petroleum ether and 
the washed extract was freed from solvent in a nitrogen at­
mosphere at reduced pressure. Distillation of the residual 
oil (3.04 g., 93%) gave the colorless enol ether, b .p . 115° at 
2.5 mm., 2.61 g., 80%. 

Anal. Calcd. for Ci2HuO2: C, 75.8; H, 7.4. Found: 
C, 75.9; H, 7.6. 

Hydrolysis2 of 1.28 g. of the distillate gave 1.11 g. (93%) 
of the crystalline ketone, m.p. 23-24°. The semicarbazone3 

was prepared by the pyridine method; m.p. and m.m.p. 
174-176°. 

2,7,8-Trimethoxy-l ,4-dihydronaphthalene.—The reduc­
tion was carried out in the same way, on 2.55 g. of 2,7,8-tri-
methoxvnaphthalene. Extraction with petroleum ether 
(b.p. 30-50°) and removal of solvent in vacuum gave 2.45 g. 
(95%) of the crystalline enol ether, m.p. 5.5-56°. Recrys-
tallization from petroleum ether (b.p. 20-40°) gave an 
analytical sample, in.p. 58-58.5°. 

Anal. Calcd. for C13H16O3: C, 70.9; H, 7.3. Found: 
C, 71.0, 71.0; H, 7.3, 7.4. 

7,8-Dimethoxy-2-tetralone.—Hydrolysis2 of 0.935 g. of 
the foregoing enol ether gave 0.778 g. (89%) of the ketone 
in well defined crystals, m.p. 70-72°. Recrystallization 
from petroleum ether (b.p. 30-50°) gave pure material 
m.p. 76°. The semicarbazone was identical with an au­
thentic sample3; m.p. and m.m.p. 191°. 
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