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Synopsis. Phenol, anisole, and toluene can be re-
duced electrochemically to cyclohexanol, methoxycyclohex-
ane, and methylcyclohexane respectively, in ethanol con-
taining hexamethylphosphoric triamide (HMPA) at alu-
minium cathode. The reduction of these aromatics is be-
lieved to occur due to electrochemically generated solvated
electrons.

The electrochemical reduction of benzene has been
reported in variety of reaction conditions.15 In some
reports®5) it has been observed that direct electron
transfer from cathode to aromatic nucleus does not
take place, but the electron is introduced into the
solution as solvated electrons, which may cause the
reduction of benzene away from the electrode in the
bulk of the solution.

€ (cathode) + Solvent == €~ (so1vent)

The use of solvated electrons is of particular sig-
nificance because the reported chemical methods in-
volve high temperature and pressure. Furthermore,
the yield of the reduced product in chemical hydrog-
enation depends upon a number of factors such as
acid concentration, catalyst, hydrogen pressure, mode
of addition and presence of water soluble quaternary
ammonium compounds.®~?) Fichter and Stockerl® re-
ported the reduction of phenol to cyclohexanol in
2 mol dm~3 sulfuric acid at platinized platinum elec-
trode in poor yield. The use of solvated electrons
in reduction of benzene has been reported by Sternberg
and coworkers.11:1?) Recently Misra and Sharmal?
investigated the cathodic reduction of phenol and 2-
naphthol to cyclohexanol and t¢rans-2-dacalol respec-
tively, at platinum foil in 2 mol dm—2 perchloric acid
in good vyield. In the present communication, we
report the electrochemical reduction of phenol, anisole,
and toluene in EtOH-HMPA (67:33). Lithium chlo-
ride was used as supporting electrolyte.

Experimental

Materials. Phenol, toluene, and anisole (all B.D.H.),
lithium chloride (SISCO) and hexamethylphosphoric tri-
amide(Fluka) were used without further purification.

Cell  Assembly. A 400 ml beaker with provision to
hold the cathode, porous diaphragm, thermometer, and
magnetic bar, was used as electrolysis cell. Aluminium
sheet was used as cathode and a carbon plate inside the
diaphragm served as anode. A constant current was passed
from a current regulated power supply (0-10 A/0-100 V).

Electrolysis, Work Up, and Analysis. Following is the
detail of electrolysis: catholyte 125 ml, 3%, lithium chloride
solution in EtOH-HMPA (67:33), and 0.025 mol dm—2® of
organic compound, anolyte 35ml, 39, lithium chloride
solution in EtOH-HMPA (67:33), current (0.3 A, current
density 0.0326 A/C m?), cell temperature (2842 °C).

After the theoretical time corresponding to 6 F/mol, the
catholyte was filtered and poured into 200 ml of water and
acidified with dilute hydrochloric acid. The organic mate-
rial was extracted with hexane (in case of phenol, the remain
is also extracted with ether), and the organic layer was frac-
tionally distilled to separate the reduced product and un-
reacted aromatic compound. The reduced product thus
obtained was redistilled to get pure product. Their bp,
yield, IR, and NMR data are given in Table 1.

Results and Discussion

The aromatics viz., phenol, anisole, and toluene
in EtOH-HMPA at aluminium cathode in a divided
cell afforded the corresponding hexahydro derivatives.
The cathodic potential which initiates  the reduction
of phenol, anisole, and toluene was —2.4, —2.10,
and —2.00 V (vs. saturated calomel electrode) respec-
tively. A blue colouration during the reaction in-
dicates the formation of solvated electrons whose ex-
istence has been proved and detected by electron

TaBLE 1. PHYSICO-CHEMICAL AND SPECTRAL CHARACTERISTICS OF CYCLOHEXANOL,
METHOXYCYCLOHEXANE, AND METHYLCYCLOHEXANE
o IR®
Prod Bp /0 Yield — H NMRY
roduct oun — Yo o e s
(reported) % 0 C%QICH’ c; =
Cyclohexanol 160—161 51.7 3450—3300 2825, 2750 1.1—2.9 (m, 10H; CH,)
(161) Yom 3.8 (s, 1H; CH)
5.4 (s, 1H; CH)
Methoxycyclohexane 134—136 45.8 3060—3010 2825, 2750, 1.0—2.9 (m, 10H; CH,)
(135—136) 9 Yo—cH;s 2725 3.45 (s, 1H; CH)
3.85 (s, 3H; CH,)
Methylcyclohexane 98—101 45.4 — 2950, 2920, 1.0 (s, 3H; CHj,)
(100)® 2850 1.1—2.1 (m, 11H; CH,

and CH)

a) IR were recorded on Perkin-Elmer-577 Grating IR Spectrophotometer.
Elmer RB 12 Spectrometer using TMS as internal Standard.

b) NMR were recorded on Perkin-

c) Ref. 17(i). d) Ref. 17(ii). e) Ref. 17(iii).
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spin resonance studies.®'V) The solvated -electrons
formed by the reduction of metal ion followed by a
dissolution step, interact with the monosubstituted ben-
zene to give the dihydro derivative by the same mech-
anism reported previously.'®) Further reduction of di-
hydro product depends upon reaction conditions. For
example, electrochemical reduction of benzene in
methylamine!® and tetralin in ethylenediamine!® pro-
duces di- and tetra- hydro derivatives uiz., cyclo-
hexadiene and cyclohexene in case of benzene, hexa-
hydronaphthalene and octahydronaphthalene in case
of tetralin. The non reducibility of benzene from
olefin stage in amine solvent is due to the reason that
the reduction of isolated double bond is much slower
than the reduction of benzene to cyclohexadiene.
But in our case fully reduced products of aromatics
were isolated, indicating thereby that hydrogen evolu-
tion reaction 1 is suppressed, because HMPA is selec-

€ catnode + CoH;OH —— C,H,O + 0.5 H, (1)

tively adsorbed on the metal surface and hence pre-
venting the decomposition of ethanol.

In addition to suppressing the hydrogen evolution
at cathode, HMPA must also suppress the hydrogen
evolution in solution. This is corroborated by the
fact that when the reduction of phenol is carried out
in absence of HMPA, the yield of cyclohexanol is
very low (=59%,). Hence it is reasonable to deduce
that the reduction of phenol (also anisole and toluene)
is possible if the electron and proton transfer reac-
tions 2 and 3 are faster

€cmson + R — R™ + C,H,OH ()
R~ + C,H,OH —— RH' + C,H,0 3)

than the two competing hydrogen forming reactions
4 and 5.

Ecmson -+ EcszOH — H, + 2 CzH56 4)
ec,mson + C;HyOH —— 0.5 H, + C,H,0 (5)

[Vol. 55, No. 1

The financial support from the U. G. C., New
Delhi to one of us (A. K. Y.) is gratefully acknowledged.

References

1) R. A. Benkeser and E. M. Kaiser, J. Am. Chem. Soc.,
85, 2858 (1963).

2) R. A. Benkeser, E. M. Kaiser, and R. Lambert, J.
Am. Chem. Soc., 86, 5272 (1964).

3) Continental Oil Co., U. S. Patent 3488266 (1967).

4) T. Osa, Yamagishi, T. Kodama, and A. Misono,
Symposium on The Synthetic and Mechanistic Aspects of
Electro-Organic Chemistry, U. S. Army Research Office,
Durham, North Caroline, Oct., 14—16 (1968), p. 157.

5) H. W. Sternberg, R. E. Markby, I. Wender, and
M. Mohilner, J. Electrochem. Soc., 113, 1060 (1966).

6) N. V. De, Fr. Patent 700067; Chem. Abstr., 25, 3358
(1931).

7) L. Brunel, Ann. Chim. (Paris), 6, 207 (1905).

8) A. A. Bag, T. P. Egupov, and D. F. Volokintin, Org.
Chem. Ind. USSR, 2, 141 (1936) ; Chem. Abstr., 30, 3439 (1936).

9) P. Sabatier and J. B. Senderens, C. R. Acad. Sci.,
137, 1025 (1903).

10) F. Fichter and R. Stocker, Ber., 47, 2003 (1914);
Chem. Abstr., 8, 3037 (1914).

11) H. W. Sternberg, R. E. Markby, I. Wender, and
D. M. Mohilner, J. Am. Chem. Soc., 89, 186 (1967).

12) H. W. Sternberg, R. E. Markby, I. Wender, and
D. M. Mohilner, J. Am. Chem. Soc., 91, 4191 (1969).

13) R. A. Misra and B. L. Sharma, Electrochim. Acta,
24, 727 (1979).

14) “Physical Methods of Chemistry,” ed by A.
Weissberger and B. W. Rossiter, Wiley Interscience (1971),
Vol. 1, Part IIB, p. 60.

15) H. W. Sternberg, R. E. Markby, and I. Wender,
J. Electrochem. Soc., 110, 425 (1963).

16) H. A. Laitinen and C. J. Nyman, J. Am. Chem. Soc.,
70, 3052 (1948).

17) “Dictionary of Organic Compounds,” ed by 1.
Heilbron and H. M. Bunbury, Eyre and Spottiswoode
(1953), Vol. 1, p. 637; Vol. 3, p. 343; Vol. 4, p. 514.






