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Superoxide (O)-Initiated Oxidation of Primary Alcohols to Carboxylic Acids
Manorama Singh, Krishna N. Singh, Suchitra Dwivedi, Ram A. Misra*

Department of Chemistry, Faculty of Science, Banaras Hindu University, Varanasi — 221 005, India

The electrogenerated superoxide-initiated oxidation of primary
alcohols to carboxylic acids provides a convenient and promising
alternative methodology to reported conventional methods.

The reactivity of superoxide ion, O5 , with organic mole-
cules has been the subject of considerable interest for
two reasons. The discovery and subsequent elaboration
of the fact that superoxide ion is generated ubiquitously
in aerobic organism made it biochemically important to
understand the chemical reactivity of O; . Furthermore,
because a “new” species is in hand, this simple ion
represents an opportunity to examine and broaden our
understanding of elementary reactivity patterns from a
purely fundamental chemical view.

Stimulants to such studies have been the development of
electrochemical methods' ~ to generate pure, stable
solutions of O, and the somewhat later development of
the crown-ether solubilization of potassium superoxide in
organic solvents,”~'® again to give relatively stable so-
lution of superoxide ion.!' Even with so many available
methods for alcohol oxidation there is still a demand for a
new versatile and selective oxidation procedure. As
electron transfer is involved in oxidation reactions,
electrogenerated superoxide-initiated oxidation of prim-
ary alcohols seems an alternative, which may avoid some
disadvantages of the existing chemical methods.!2~ 17
This indirect electroreductive procedure'® may provide
some interesting features which prompted us to carry out
this investigation. Recently, we reported the superoxide-
initiated oxidation of alcohols to ketones!® and fragment-
ation of some tosylhydrazones?® using electrochemically
generated superoxide ion. In continuation of our investig-
ations on the superoxide-initiated oxidation of secondary
alcohols,'® we wish to present a simple and efficient
method for conversion of primary alcohols to carboxylic
acids.

Primary alcohols 1a—-g underwent reaction with the
electrochemically in situ generated superoxide ion to
afford products 2a-g in good to excellent yield (Scheme
1) (Table).
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In the present investigation it is suggested that electro-
chemically generated superoxide ion is used sequentially
as a base and as an oxidant for facile and convenient
conversion of primary alcohols to corresponding carb-
oxylic acids.

Cyclic Voltammetry: Cyclic voltammograms were re-
corded on a X-Y recorder (Servogor type 733) using
platinum electrodes in dimethyl sulfoxide containing
tetrabutylammonium perchlorate (TBAP) (0.1 mol) as
supporting electrolyte. Typical voltammogram of super-
oxide ion (O ™) formation is shown in Figure 1 by dotted
line; the cyclic voltammograms of oxygen reduction in
presence of substrate 1e is shown by full line. Examin-
ation of Figure 1 reveals that in the presence of substrate
le, there is slight decrease in reduction current and the
peak potential has shifted from —1.0 V to —0.8 V.
Further, the superoxide oxidation peak has disappeared
in a fast follow up chemical reaction with primary alcohol
resulting in the net oxidation of the latter probably via
aldehyde as intermediate. It is also evident that in the
potential range of voltammogram taken, no oxidation
peak attributable to the oxidation of aldehyde appears.
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Table. Electrogenerated Superoxide-Initiated Oxidation of Alcohols 1 with Oxygen

Substrate?® Current (mA) Reaction Time Product Yield® (%) mp (°C)* © or bp (°C)/Torr
(h)

Initial Final found reported
la 85 10 10 2a 65 139¢ 139¢
1b 112 15 15 2b 60 161¢ 1628
1c 75 12 12 2c 58 153¢ 153-1544
1d 100 15 15 2d 62 174¢ 175-177¢
le 85 25 15 Ze 60° 121 122-123
1f 110 15 15 2f 60 183 182-185
1g 95 12 12 2g 75 145 146-148

* Yield of isolated product. All products are known compounds and
were characterized by their spectral data.

® Uncorrected.

¢ Measured with a Biichi melting point apparatus (capillary
method).
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Figure 1: Cyclic Voltammogram for Oxygen Reduction (---) and in
the presence of Benzylalcohol (1e) (-). Solvent: DMSO + 0.1 M
TBAP; T = 20°C, Scan Rate = 200 mV s™! at Pt
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¢ Boiling points refer to atmospheric pressure.
¢ Benzaldehyde was isolated in 10% yield.

The net oxidation reaction seems to be a complex multi-
step process. Based on earlier studies!®~22 and known
behaviour of superoxide ion in aprotic media, the
product formation and cyclic voltammetric studies, the
initial step of the reaction may be assumed to be the
deprotonation of the hydroxyl group by O;, dismuta-
tion, loss of proton from alcoholic carbon followed by
nucleophilic addition?! of superoxide to carbonyl group
leading to the formation of carboxylic acid (Scheme 2).

In summary, the advantages of superoxide-initiated
oxidation are simple reaction conditions, low cost, easy
scale-up, almost no waste problems and for these rea-
sons the process is a good alternative to the known
procedures.

Oxidation of 4-Methoxybenzyl Alcohol (1f) to 4-Methoxybenzoic
Acid (2f); Typical Procedure:

Apparatus: Wenking Potentioscan POS 73 (Bank-Elektronik, West
Germany) is used for constant potential electrolysis. The electro-
chemical cell consists of a double walled cylindrical glass cell
(volume 150 mL) in which the anodic and cathodic chambers are
separated by a medium porosity glass frit. The mercury pool and
platinum foil (horizontal) served as cathode and anode respecti-
vely. The Teflon cover at the head of the electrolytic cell contains
holes for connecting mercury pool and for passing nitrogen or
oxygen gas. Agitation of the catholyte is achieved using small
magnetic bar and through bubbling of oxygen (Figure 2).

Cathode: Mercury pool, 23.76 cm?.
Anode: Platinum foil, 3.78 cm?.

Electrolyte: Solution of Bu,N*Br~ (3.22 g, 0.1 mol) in anhydrous
(molecular sieves 3 A) “extrapure” DMF (100 mL).

Oxidation and Work-up: The cathodic chamber containing electro-
lyte (50 mL} is purged with N, for 5 min. The electrolyte solution is
first pre-electrolysed at — 1.9 V vs SCE until the background current
fallsto ~ 1 mA. Cyclohexene (2 mL) is added to the anodic chamber
to absorb the liberated bromine (cyclohexene is not needed when
Bu,NCIO, is used as supporting electrolyte). Catholyte is saturated
with oxygen for 30 min. 4-Methoxybenzyl alcohol (1f; 0.5g,
3.62 mmol) is added to the cathodic chamber. Oxygen is bubbled
through the solution during the period of electrolysis carried out at a
constant potential of — 1.0 V vs SCE. The current decreases from an
initial 110 mA to 15 mA. The catholyte is then poured into cold H,0O
(100mL) and treated with sat. Na,CO; solution (25mL). The
mixture is extracted with Et,0 (3 x 30 mL) to remove the unreacted
alcohol 11, usually present in negligible amount. Aqueous layer is
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1. Reference electrode

2. Teflon cover of anode compartment
3. Teflon stopper

4. Inlet for N,/O, gas

5. Salt-bridge to the reference electrode
6. Pt foil anode

7. G, glass frit

8. Hg pool cathode

9. Electrical connection for anode
10. Electrical connection for cathode
11. Magnet bar

Figure 2. Diagram of Divided Electrolytic Cell

acidified with dil HCI and extracted with Et,0 (3 x30mL). The
extract is dried (Na,SO,), and evaporated; yield: 0.330 g (60 %)
(Table).

For the isolation of 2a—d, the electrolysis is repeated 4 times and the
product obtained after removing the organic solvent is distilled using
a Kugelrohr apparatus to yield pure compound, which is character-
ized by physical and spectral data.

SYNTHESIS 293

We would like to thank the C.S.I.R., New Delhi, for the award of
Senior Research Fellowships (M.S. and K.N.S.), and Alexander
von Humboldt Foundation, West Germany, for the gift of a Wenking
Potentioscan POS 73 (R.A.M.)

Received: 11 September 1990

(1) Maricle, D.L.; Hodgson, W.G. Anal. Chem. 1965, 37, 1562.

(2) Sawyer, D.T.; Roberts, J.L.; Jr. J. Electroanal. Chem. 1966,
12, 90.

(3) Peover, M.E.; White, B.S. Electrochim. Acta 1966, 11, 1061.

(4) Johnson, E.J.; Pool, K.H.; Hamm, R.E. Anal. Chem. 1966,
38, 183.

(5) Goolsby, A.D.; Sawyer, D.T. Anal. Chem. 1968, 40, 83.

(6) Baur, D.; Beck, J.P. J. Electroanal. Chem. Interfacial Electro-
chem. 1972, 40, 233.

(7) Valentine, J.S.; Curtis, A.B. J. Am. Chem. Soc. 1975, 97, 224.

(8) Fillipo, J.8.; Jr., Chern, C-1.; Valentine, J.S. J. Org. Chem.
1975, 40, 1678.

(9) Johnson, R.A.; Nidy, E.G. J. Org. Chem. 1975, 40, 1680.

(10) Corey, E.J.; Nicolaou, K.C.; Shibasaki, M.; Machida, Y.;
Shiner, C.S. Tetrahedron Lett. 1975, 3183.

(11) Lee-Ruff, E. Chem. Soc. Rev. 1977, 6, 195.

(12) Lee, D.G., in: Oxidation, Augustine, R.L. (ed.), Vol. 1,
Marcel Dekker, New York, 1969, pp.1-118.

(13) House, H.O. Modern Synthetic Reactions, 2nd Ed., Benjamin,
Menlo Park, CA, 1972, p.257.

(14) Buehler, C.A.; Pearson, D.E. Survey of Organic Synthesis,
Chapter 11, Wiley-Interscience, New York, 1970,
pp. 625-645.

(15) Weinberg, N.L.; Weinberg, H.R. Chem. Rev. 1968, 68, 449.

(16) Chinn, L.J. Selection of Oxidants in Synthesis, Marcel
Dekker, New York, 1971, pp. 41-43.

(17) Heyns, K.; Blazejewicz, L. Tetrahedron, 1960, 9, 67.

(18) Torii, S. Synthesis, 1986, 873.

(19) Singh, M.; Misra, R.A. Synthesis, 1989, 403.

(20) Singh, M.; Mishra, S.C.; Misra, R.A. Bull. Chem. Soc. Jpn.
1990, 63, 1233.

(21) Sawyer, D.T.; Valentine, J.S. Acc. Chem. Res. 1981, 14, 393.
Filippo, J.S.; Jr.; Chern, C-L.; Valentine, J.S. J. Org. Chem.
1976, 41, 1077.

(22) Nanni, E.J; Jr., Stallings, M.D.; Sawyer, D.T. J. Am. Chem.
Soc. 1980, 102, 4481.

(23) Furniss, B.S.; Hannaford, A.J.; Rogers, V.; Smith, PW.G.;
Tatchell, A.R. Vogel’s Textbook of Practical Organic Chemis-
try, 4th Ed., ELBS and Longman, London, 1978,
pp. 356-357.

Downloaded by: University of Pittsburgh. Copyrighted material.



