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Oxidation of Primary Alcohols to Carboxylic Acids
at the Nickel Hydroxide Electrode

J. KauLen, H. J. SCHAFERY

Organisch-chemisches Institut der Universitit, Orleans-Ring 23,
D-4400 Miinster

We describe here the smooth oxidation of primary alcohols
(1) to carboxylic acids (2) at the nickel hydroxide anode.
Forlong-chain and certain unsaturated primary alcohols, this
method is more convenient and has less limitations than
other oxidation methods®. For short-chain alcohols, the
yields of carboxylic acids are comparable to or even exceed
those obtained by the permanganate® or nickel peroxide?
oxidation. With nickel peroxide, the yields decrease with
increasing chain length?® and the nickel peroxide or perman-
ganate oxidation of primary alcohols having chains longer
than Cy has, to our knowledge, not been reported.

The chromate oxidation of unsaturated primary alcohols
has to be carried out with the Jones reagent to leave the
C==C double bond unaffected and the yiclds may be un-
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Table. Carboxylic Acids (2) from Primary Alcohols (1) by Oxidation at the Nickel Hydroxide Anode

SYNTHESIS

a

1 Electro- Current Time and
lyte [A] temperature
a8  n-C3H,~CH,0H A 4 2h, 70°
B 0.6 15h, 25°
b n-CgHy—-CH,0H A 4 Sh, 25°
B 0.6 15h, 25°
n-Cghy3—CH,0H A 4 5h, 25°
d  n-CyHg~CH,0H A 4 6 h, 25°
B 0.6 20 h, 25°
A 4 4 h. 70°
e  n-CgHy—CH,0H A 4 7h, 70°
B 0.6 22 h, 25°
f n-CgH1g—CH20H A 4 4 h, 25D
B 6 66h,  25°
A 4 7h, 70°
g n-CyHy—CH,0H A 4 8 h, 70°
h  n-CyyHys—CH,0H A 4 8h, 75°
i H3C—CH2—(|2H—CH20H A 4 35h, 25°

CH;
i H3C—CH2-(|:H—CHZOH A 4 3.5h, 25°
CaHs A 4 35h, 70°
k n-CLHg—(IIHfCHon A 4 5h, 25°
CoHs A 4 7h, 70°
1o A 4 15h, 25°
O_CH,0H A 4 2 h, 25°
™
n HC A~ CHOH A 4 48 min, 5°
CH,

0 H,t™N="""CH,0H B 0.6 17 h, 25°
P HC S~ CHOH A 4 4h, 25
q  Hila~e~CHOH A 4 8 h, 70°
r HCEC-CH,0H 4 2 h, 5°

Yield* m.p.orb.p.
% -

found reported
85 b.p. 68°/15 torr b.p. 70.8°/17 torr*®
92
64 b.p. 103°/15 torr b.p. 102°/15 torr'?
91
84 b.p. 118°/15 torr b.p. 116°/11 torr'?
65 b.p. 136°/15 torr b.p. 140°/23 torr'?
49
89
89 b.p. 145°/15 torr b.p. 150°/20 torr'?
13
27 m.p. 29--30° m.p. 31.5°!'?
12
87
80 m.p. 44° m.p. 44°12
77 m.p. 68-69° m.p. 69.4°%

b.p. 81°/15 torr b.p. 77°/12 torr*?
51 b.p. 93°/15 torr b.p. 90°/13 torr'?
73
31 b.p. 122°/15 torr b.p. 120°/13 torr*®
76
86 m.p. 122° m.p. 122.4°1%
79 m.p. 131-132° m.p. 133-134°12

10" b.p. 112°/15 torr

b.p. 114-116°/17 torr'¥

34 b.p. 108°/15 torr b.p. 102-103°/11 torr*#
824 b.p. 116°/15 torr b.p. 110-111°/11 torr'¥
68° b.p. 130°15 torr b.p. 105-106°/1 torr*®
51° b.p. 82°/50 torr b.p. 83-84°/50 torr'?

ield of isolated product. The structures of all products were confirmed by their LR,, N.M.R. and

mass spectra. Purity was checked

using G.L.C. (conditions: 1.70 m glass column, ¢ 2 mm, 5% FFAP/Chromosorb W AW DCMS, 100/120 mesh).

® The product was accompanied by considerable amounts of 2-methylpropanoic acid. Addi:ionally, larger amounts of carbon dioxide

were formed.
¢ The trans configuration is confirmed by the coupling constant (J =16 Hz) of the olefinic protons.

'H-N.MR. (CCly): §=1.10 [d, 6H, (H;C),CH-]; 240-2.70 (m, 1 H, CH); 572 d, 1H, J=16 Hz, ~~CH=CH—COOH);
6.96 (dd, 1 H, J=7 Hz and 16 Hz, CH—CH=CH—); 11.6 ppm (s, 1 H,—COOH, exchangeable with D,0).

4 Tn collaboration with 1. Langer, our institute.
¢ In collaboration with W. Seidel, our institute.
f Carried out in a divided cell.

. .. % .
satisfactory due to partial conversion of unreacted alcohol
to its ester*. Nickel peroxide oxidation of alkenols has only
been reported for 2-alkenols®; no or only poor oxidation was
observed for 4-alkenols®. At the nickel hydroxide electrode,
however, we oxidized (E)-4-heptenol (1p) and (E)-4-nonenol
(1q) to the carboxylic acids (2p, q) in 82 and 68 7%, respectively.

electrolysis : .

i de /steel cathod
R—CH,—OH H;0/NaOH/Ni{OH), anode /steel cathode R—COOH

1 2

Our electrochemical method for oxidizing primary alcohols
has the additional advantage that work up is easy since
no conversion procucts of reagents are formed as is the
case in chemical oxidations such as the permanganate, chro-
mate, or nickel percxide oxidation.

The nickel hydroxide electrode has previously been used
for alcohol oxidaticn by Vertes® and by Fleischmann and
Pletcher’. However. these authors were mainly interested
in the electroanalytical aspects of the reaction whereas its
preparative application remained limited to short-chain and
benzylic alcohols and 2,3;4,6-di-O-isopropylidene-L-sorbose.
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The oxidation is carried out in t-butanol/water/potassium
hydroxide (B) or in aqueous sodium hydroxide (A) as electro-
lytes. Short-chain alcohols are oxidized at room temperature
whereas higher temperatures are required for the oxidation
of longer-chain alcohols. With saturated alcohols, negligible
amounts of C,_; carboxylic acids are formed; in the case
of the oxidation of longer-chain alcohols in electrolyte B,
the formation of aldol adducts in m'nor quantities is
observed. With 2- and 3-alkenols, the yields are low even
at low temperatures and short reaction times whereas good
yields are obtained in the case of 4-alkenols. With alkynols,
electrolytic hydrogenation of the C=C triple bond may
occur; this drawback is avoided by the use of a divided
cell. The yields of carboxylic acids 2a, d, 1, m, r correspond
to those reported for the nickel peroxide oxidation®.

Oxidation of Primary Alcohols at the Nickel Hydroxide Anode:
Apparatus:

A: Inlet and outlet for circulation (pumping) of the electrolyte;
B: teflon stopper (¢ 80mm); C: silicon seal; D: stainless steel
cathode; E: glass rods; F: nickel net anode; G: magnetic stirrer.

The electrolyses are carried out in a double-walled cylindrical
glass cell having an electrolyte volume of 300ml. In order to
emulgate the only sparingly water-soluble alcohols, the electrolyte
is circulated by pumping (magnetic stirring alone is not sufficient).
The anode is a 250cm? nickel net; it is converted to the nickel
hydroxide anode before each electrolysis by treatment with a
low-frequency alternating current (0.5 Cb/cm?)® in 0.1 normal nic-
kel sulfate/0.1 normal sodium acetate/0.005 normal sodium hyd-
roxide. The cathode is a stainless steel cathode. In certain cases
in which cooling or heating is not required, the cell may be
replaced by a 600ml beaker. If a divided cell has to be used,
a ceramic diaphragm is placed between anode and cathode.

Conditions of Electrolysis: Electrolyte A: 1 molar aqueous sodium
hydroxide: Electrolyte B: t-butanol/water (1:1) containing
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0.18 mol/l potassium hydroxide. Constant-current electrolysis of
30-40 mmol alcohol at current densities of 2.4mA/cm? (i=0.6A)
and 16 mA/cm? (i=4 A) and cell voltages of 2.0-2.1 V in an undi-
vided cell.

Stearic Acid (2h); Typical Procedure: A mixture of octadecanol (1h;
8.12 g, 30mmoi) and 1 molar aqueous sodium hydroxide (250 ml)
is electrolyzed for 8h at 75° using a current of 4A (16mA/cm?)
and a cell voltage of 20V. The precipitated sodium stearate
is then dissolved by the addition of t-butanol (20ml) and the
total stearic acid is precipitated as barium stearate by the addition
of saturated aqueous barium hydroxide (400 ml). The salt is isolated
by filtration, washed successively with water and ether, and dis-
solved in 15% hydrochloric acid (100 ml). The solution is extracted
with ether (3 x 100 ml), dried with sodium sulfate, and evaporated.
The residual product is purified by bulb-to-bulb distillation at
~0.01 torr; yield: 6.56 g (77%); m.p. 68-69° (Ref. °, m.p. 69.4°).
(E)-4-Heptenoic Acid (2p); Typical Procedure: A mixture of (E)-4-
heptenol (1p; 3.42g, 30mmol) and 1 molar aqueous sodium
hydroxide (280 ml) is electrolyzed for 4 h at 25° using a current of
4 A (16mA/cm?) and a cell voltage of 2.0 V. Work-up consists of
acidification with 12 normal hydrochloric acid (10ml) and ether
extraction (3x100ml). Pure 2p is obtained by bulb-to-bulb
distillation at 116°/15 torr; yield: 3.14 g (82%).

C7H1202 calc. C 65.60 H944

(128.2) found 65.76 9.46

M.S. (70eV): mje=128 (M*, 4 %), 110 (37), 69 (62), 68 (100),
60 (38), 41 (82).

LR. (film): vp,,=3500-2500 (OH); 1705 (C=0); 965cm™'
(CH=CHirans).

'"H-N.M.R.(CCly): 6=0.96(t,3H, CH3); 1.8-2.2 (m, 2H, —CH,—
C=); 2.35(m, 4H, =C-—CH,—CH,—COOH); 5.3-5.6 (m, 2H,
CH=CH); 11.5ppm (s, 1H, COOH, exchangeable with D,0).
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* Address for correspondence.

' R. L. Augustine, Oxidation, Vol. 1, Marcel Dekker, New York,
1969, p. 56.

L. J. Chinn, Selection of Oxidants in Synthesis, Marcel Dekker,
New York, 1971, p. 133.

C. A. Buehler, D. E. Pearson, Survey of Organic Syntheses,
Wiley-Interscience, New York, 1970, 1977, Vol. 1, p. 760; Vol.
2, p. 669.

L. Crombie, S. Harper, J. Chem. Soc. 1950, 2685.

J. Kenyon, B. C. Platt, J. Chem. Soc. 1939, 633.

K. Saotame, T. Yamazaki, Bull. Chem. Soc. Jpn. 36, 1264 (1963).
K. Nakagawa, R. Konaka, T. Nakata, J. Org. Chem. 27, 1597
(1962).

M. V. George, K. S. Balachandran, Chem. Rer. 75, 491 (1975).
Jones oxidation of (E)-4-Heptenol (1p) and (E)-4-nonenol (1q)
affords the carboxylic acids 1p, q in 52 and 62 % yields, respecti-
vely: W. Seidel, Dissertation, Universitidt Miinster, 1979.

T. Suga, T. Matsuura, Bull. Chem. Soc. Jpn. 39, 326 (1966).
V. 1. Stenberg, R. J. Perkins, J. Org. Chem. 28, 323 (1963).
G. R. Robertson, Org. Synth. Coll. Vol. 1, 138 (1941).

Nickel peroxide oxidation of (E)-4-heptenol (1p) and (E)-4-
nonenol (1q) yields only 8 % of the carboxylic acids 2p, q:
W. Seidel, Dissertation, Universitit Miinster, 1979.

G. Vertes, G. Horanyi, F. Nagy, Magy. Chem. Foly. 74, 172
(1968); C. A. 68, 110781 (1968); Tetrahedron 28, 37 (1972);
Croat. Chim. Acta 44, 21 (1972).

M. Amjad, D. Pletcher, C. Smith, J. Electrochem. Soc. 124,
203 (1977).

M. Fleischmann, K. Korinek, D. Pletcher, J. Electroanal. Chem.
31, 39 (1971); J. Chem. Soc. Perkin Trans. 2 1972, 1396.

G. W.D.Briggs, E.Jones, W. S. K. Wynne-Jones, Trans. F araday
Soc. 51, 1433 (1955).

9 J. C. Smith, J. Chem. Soc. 1931, 802.

™

w

IS

73

>

~

Downloaded by: Queen's University. Copyrighted material.



516 Communications SYNTHESIS

10w, Biltz, W. Fischer, E. Wiinnenberg, Z. Phys. Chem. [A] 151,
15 (1930).

A Kirrmann, Ann. Chim. ( Paris ) 11, 275 (1929).

2 Handbook of Chemistry and Physics, 57. Ed., Chemical Rubber
Co., Cleveland, Ohio, 1976.

} S, David, C. Imer, Bull. Soc. Chim. Fr. 1951, 634.

M. F. Ansell, J. C. Emmett, R. V. Coombe, J. Chem. Soc. [C]

1968, 217.

15 M., Julia, S. Julia, S. Tchen, Bull. Soc. Chim. Fr. 1961, 1849,

N

0039-7881/79/0732-0516 $ 03.00 © 1979 Georg Thieme Publishers

Downloaded by: Queen's University. Copyrighted material.



