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Abstract—Electroreduction of an equilibrium menthone–isomenthone mixture at a controlled potential in a 
diaphragm cell on various cathodes was studied. The influence exerted by the nature of a solvent and of an 
electrode, electrode material, and various additives on the reduction stereoselectivity of ketones was examined. 
Conditions for a predominant formation of the most stable of the four isomeric alcohols being formed, menthol, 
were found.
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The electroreduction of menthone has been rather 
extensively studied. This reaction was fi rst performed in 
1912 [1]. However, early studies are only of a historical 
interest because no reliable chromatographic analyses 
had been reported before 1972 in the foreign literature 
and before 1962 in domestic publications for the reaction 
mixture composed of six components: two starting 
ketones (menthone–isomenthone) and four isomeric 
alcohols being formed (menthol, neomenthol, isomenthol, 
neoisomenthol). Of these, menthol is widely used in 
pharmaceutical and food industries. Later, the reaction in 
which one of the isomeric ketones (specifi cally, menthone) 
undergoes electroreduction to give only two isomeric 
alcohols, menthol and neomenthol, was studied [2, 3]. It 
was of interest to examine the reduction of an equilibrium 
menthone–isomenthone mixture to give four isomeric 
alcohols, and to fi nd conditions in which predominantly 
one of these, preferably menthol, is formed.

In the industry, menthol is synthesized by catalytic 
hydrogenation of thymol (over a Ni/Cr2O3 catalyst). The 
reaction proceeds in stages via formation of menthones. 
Therefore, any information on the reduction of menthones 
is also practically important.

It has been shown [4] that, on the background of 
tetrasubstituted ammonium salts at an excess of proton 
donors, menthone gives distinct two-electron diffusion-
limited polarographic waves.

In this study, the stereoselectivity of electroreduction 
of an equilibrium menthone–isomenthone mixture was 
examined at a controlled potential in different solvents 
on electrodes of varied nature.

EXPERIMENTAL

The electrolysis was performed with a potentiostat 
developed at the Special Design Bureau of the Institute 
of General Chemistry, Academy of Sciences of the 
USSR. The potentiostat had the following technical 
parameters: potentiostating range at a constant potential, 
±3 V; potential sweep range ±3 V; range of polarization 
currents, ±500 mA; time constant 1.5 × 10–4 s; precision 
of maintaining the potential at polarization currents 
varied from 1000 mA to 1 μA, 10 mV; precision of 
maintaining the polarization current, 0.5% of its value; 
stability of maintaining the potential of the working 
electrode during 8 h, ±10 mV. The electroreduction was 
performed at a controlled potential in a cell with a ceramic 
diaphragm. An Ag/AgCl electrode served as reference. 
The experiments were carried out at room temperature, 
with the electrolyte agitated by a fl ow of argon.

Menthone was produced by oxidation of menthol in 
the presence of a chromium catalyst. According to GLC 
data, the mixture contained 70% menthone and 30% 
isomenthone; bp 207–210°C, nD

20 = 1.45. The menthone 
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concentration was 5 mM. Twice-distilled water and HCl 
of special purity were used. Solvents of analytically pure 
grade were purifi ed and distilled before the experiments. 
Phenol (PhOH) of analytically pure grade, bp 40–42°C, 
served as an additive. The reaction products were 
extracted with ether, distilled in a vacuum, and analyzed 
by the GLC method (column with 15% LAC-211-446 on 
W chromosorb, N2, 40 ml min–1, 130°C) under conditions 
described in [5].

An equilibrium menthone (1)–isomenthone (2) 
mixture was subjected to electroreduction, which yielded 
four diastereoalcohols: menthol (3), neomenthol (4), 
isomenthol (5), and neoisomenthol (6) (see scheme). 
The experimental results were presented in the table and 
in the fi gure, whence it can be seen that the ketones are 
reduced with a rather high current effi ciency by alcohols 
(76%) at a potential of –2.55 V in an aqueous-alcoholic 
medium, with a 0.1 M solution of tetrabutylammonium 
bromide (TBABr) used as an electrolyte. Raising the 
cathode potential to –3 V results in that a hydrocarbon, 
menthane, is formed in an amount of up to 1%.

Replacement of the tetrabutylammonium cation in 
the electrolyte with tetramethylammonium (TMABr) 
or tetraethylammonium (TEABr) has no effect on the 
relative amounts of the isomeric alcohols, and, therefore, 
it is preferable to use TBABr because of its more negative 
discharging potential.

On acidifying the solution with hydrochloric acid 
to pH 2 or adding LiCl, the current efficiency and 
conversion somewhat decrease (to ~40 and ~47%, 
respectively), but, in the case of HCl, the relative content 
of neomenthol increases, which is presumably due to an 
easier protonation of the intermediate anion-radical to 

give an axial OH group [6] or to inversion of the alcohol 
anion under the action of the acid [7].

The effect of the solvent on the stereoselectivity of 
reduction of the (1)–(2) mixture was studied. A slight 
decrease in the relative content of menthol, observed 
when the process is performed in an acetonitrile-
containing solvent, can be attributed to a shift of the 
wave of menthone reaction in this solvent toward 
negative potentials. Electrolysis in the presence of THF 
and diglyme results in a comparatively high content of 
menthol. In addition, the dependence of the yield of 
menthol on the nature of a number of aprotic solvents 
studied can be presumably attributed to differences in 
their adsorption on the cathode and to changes in the 
structure of the electric double layer.

Comparison of the results of electrolyses in DMF in 
the presence of water or phenol as a proton donor shows 
that predominantly menthol is formed in the latter case 
(82%), presumably because of the larger size of the 

Scheme.

Current effi ciency CE vs. the conversion X of electroreduction 
of an equilibrium menthone–isomenthone mixture.

CE, %

X, %
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phenol molecule. At the same time, the relative content 
of isomenthols, in which the methyl group is in the axial 
position (i.e., is the closest to the hydroxy group and 
shields the latter), is more than twice lower.

It was of interest to fi nd whether or not presence of 
ephedrine in solution affects the reduction selectivity, 
because it is known that ephedrine forms a complex with 
menthone [9]. Indeed, a high content of neomenthol was 
found in the products, presumably because ephedrine 
facilitates approach of a proton from the side perpendicular 
to the ring, i.e., the OH group in the product is in the 
axial position. It is known that alkaloids [9, 10] facilitate 
the electroreduction of ketones and favor appearance 
of chirality in the alcohols obtained. Presumably, the 
ephedrine cation is discharged, with the subsequent 
transfer of atomic hydrogen from the radical formed in 
this process to a menthone molecule, just in such a way 
that the alcohol formed has an axial OH group.

A study of the infl uence exerted by the cathode material 
on the stereoselectivity of reduction of a mixture of 
ketones (1)–(2) demonstrated that the results obtained on 
a lead cathode differ from those on mercury only slightly. 

An electrolysis with the role of cathode played by 
palladium deposited onto a graphite substrate yielded 
mostly neomenthol. A similar result was obtained on 
a graphite cathode. Presumably, the effect of the cathode 
material on the stereoselectivity depends on the hydrogen 
overvoltage. For example, it is probable that its high 
value for mercury and lead facilitates the adsorption and 
discharge of the protonated ketone. At the same time, the 
low overvoltage on palladium enables cathodic reduction 
via electrochemical desorption of atomic hydrogen.

It should be noted that, in electrolysis of an equilibrium 
mixture of ketones [(1)–(2)], an additional specifi c feature 
was revealed in the distribution of alcohols obtained from 
menthone, menthol + neomenthol [(3) + (4)], and from 
isomenthone, isomenthol + neoisomenthol [(5) + (6)]. 
As can be seen in the table, the experimentally obtained 
distribution of alcohols closely corresponds to the 
distribution of the starting equilibrium mixture of ketones 
only in some cases. The total amount of the alcohols (3) 
+ (4) exceeds that of menthone in the starting mixture 
(70%). Probably, this may be due to the following: 
menthone is additionally formed from isomenthone as 

Relative amounts of isomeric alcohols in relation to the conditions of electroreduction of a menthone–isomenthone mixture Hg 
cathode, 0.1 M TBABr as electrolyte

a (Pd) graphite cathode.
b Pb cathode.
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the former is consumed, so as to restore the equilibrium 
between these ketones, disturbed by the easier reduction 
of menthone under the given conditions. This conclusion 
is confi rmed by the ratio between the residual amounts of 
the starting ketones upon electrolysis: the reaction mixture 
is to a certain extent enriched with isomenthone.

In catalytic hydrogenation of the (1)–(2) mixture 
on Ru, Rh, and Pt catalysts, the same phenomenon is 
observed [11], whereas in the presence of powdered Co, 
and Ni–Co catalysts, the starting mixture is enriched with 
menthone [5]. Because the amount of isomenthone, with 
which the mixture is enriched in electrolysis under the 
given conditions, is smaller than that of the alcohols (3) + 
(4) formed, inversion of isomeric alcoholic anion radicals 
under the action of an exceedingly strong electric fi eld at 
the electrode–solution interface is also possible [12].

It is known that the reduction of alicyclic ketones 
occurs via the stage of formation of anion radicals [13, 
14]. The most favorable and thermodynamically stable 
is the conformation in which all the substituents are in 
the equatorial position, and, under the proton defi ciency 
conditions, the least sterically hindered anion radical will 
be faster protonated. According to published data, both 
isomerization of (1) and (2) and inversion of alcohols are 
possible in strongly acidic and strongly basic media and 
under the action of acid and alkaline catalysts. In this case, 
a desired isomer can be predominantly obtained.

Thus, in the previously studied catalytic reduction 
of an equilibrium menthone–isomenthone mixture on 
powdered Co and Co–Ni catalysts [5], the reaction 
proceeds toward formation of neoisomenthol, the 
least stable alcohol among all the isomeric menthols, 
whereas for the electrochemical reduction, conditions 
were found in which the process predominantly occurs 
toward formation of menthol (see table, run nos. 6–8) or 
neomenthol (run nos. 9 and 10).

CONCLUSIONS

(1) The maximum yield of menthol (80–82%) was 

obtained on the Hg cathode in the following solvents: 
tetrahydrofuran, diglyme, and dimethylformamide with 
addition of phenol.

(2) Conditions were found in which neomenthol 
is predominantly formed: in ethanol on palladium 
deposited onto a graphite substrate (70%). On a Hg 
cathode in ethanol with addition of ephedrine, the yield 
of neomenthol increases to 77%.

REFERENCES

1. Law, H.D., J. Chem. Soc., 1912, vol. 101, no. 596, 
pp. 1016–1032.

2. Holman, R.J. and Utley, J.H.P., Tetrahedron. Lett., 1974, 
no. 16, pp. 1553–1556.

3. Holman, R.J. and Utley, J.H.P., J. Chem. Soc. Perkin II, 
1976, no. 8, pp. 884–888.

4. Mairanovskii, S.G., Seilova, K.S., and Zhurinov, M.Zh., 
Elektrokhimiya, 1989, vol. 25, no. 6, pp. 813–815.

5. Zubareva, N.D., Klabunovskii, E.I., and Kheifi ts, L.A., Izv. 
Akad. Nauk SSSR, Ser. Khim., 1989, pp. 1920–1923.

6. Coleman, J.P., Holman, R., and Utley, J.H.P., J. Chem. Soc. 
Perkin II, 1976, no. 8, pp. 879–884.

7. Rollin, P., Synth. Commun., 1986, vol. 16, no. 6, pp. 611–
616.

8. Stuart, E.H., Chem. Abstr., 1930, vol. 24, no. 9, pp. 2243–
2244.

9. Copilov, J., Kariv, E., and Miller, L.L., J. Am. Chem. Soc., 
1977, vol. 99, no. 10, pp. 3450–3454.

10. Horner, L. and Degner, D., Tetrahedron. Lett., 1968, no. 56, 
pp. 5889–5892.

11. Solodar, J., J. Org. Chem., 1976, vol. 41, no. 21, pp. 3461–
3464.

12. Mairanovskii, S.G., Vol’tamperometriya organicheskikh i 
neorganicheskikh soedinenii (Voltammetry of Organic and 
Inorganic Compounds), Moscow: Nauka, 1985.

13. Mann, C.K.  and Barness, C.K., Electrochemical Reactions 
in Nonaqueous Systems, New York, Dekker, 1970.

14. Organic Electrochemistry: An Introduction and a Guide, 
Baizer, M.M. and Lund, H., Eds., New York: Marcel 
Dekker, 1983, 2nd ed. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


