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Studies on the Kolbe Electrolysis

X.! Generation of Optically Active Radicals from Monoethyl
( + )-Ethylmethylmalonate and Their Fate in a
Mixed Coupling Reaction

L.EBERSON* and G. RYDE.-PETTERSON

Division of Organic Chemistry 1, Chemical Center, University of Lund,
P.O. Box 740, S-220 07 Lund, Sweden

The mixed Kolbe coupling of monoethyl (+ )-ethylmethylmalonate
and isovaleric acid at a platinum anode in methanol has been found
to give a product which is racemized to an extent of at least 99.98 9.

The problem of free vs. adsorbed radicals, R, as intermediates in the Kolbe
electrochemical oxidation of carboxylates, RCOO™, has been under lively
discussion during recent years.2-% The overwhelming part of the evidence from
electrochemical studies seems to indicate that formation of the coupling prod-
uct, R—R, takes place via adsorbed radicals;® on the other hand, there is no
real need for this postulate in order to account for the product distributions
observed.4,%7 In particular, it has been suggested ¢ that the formation of race-
mized coupling products from the anodic oxidation of optically active carbo-
xylates having an asymmetric « carbon atom 8° must be due to the interven-
tion of free radicals, since a mechanism involving adsorbed radicals would be
expected to give coupling products with at least partial retention of con-
figuration. On the other hand, it has been claimed that the microscopic rough-
ness of the anode surface might as well provide the necessary racemization
mechanism.®

While the nature of the racemization step must still be a matter for specula-
tion, the stereochemical studies referred to above?8?® are not entirely
satisfactory for the distinction between different mechanisms. Even a small
degree of retention of configuration in the coupling product would constitute
significant evidence in favor of the postulate of adsorbed radicals as inter-
mediates, and hence it is important to know the exact extent of racemization.
The two studies reported 8° do not give exact data on this point, and we there-
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fore decided to undertake a study of a more suitable system. This paper is a
report of the stereochemistry of the mixed Kolbe coupling of a mixture of
monoethyl (4 )-ethylmethylmalonate and isovaleric acid. The mixed coupling
product, ethyl ethylisobutylmethylacetate, is racemic to an extent of 99.98 9.

RESULTS AND DISCUSSION

The system studied, mixed coupling between monoethyl ethylmethyl-
malonate and isovaleric acid (eqn. 1), was chosen because of the relatively
good yields of coupling product that are obtained in mixed couplings of

CH,  COOEt CH, COOEt
- /
g + (CH,),CHCH,CO0™ —_ 5 N 1)
SN - CO, N\
CH €00 ¢, H, CH,CH(CH,),

substituted malonates and alkanoic acids 1© and the fact that the optical prop-
erties of the product are well known.! It is especially important to note that
ethylisobutylmethylacetic acid has a relatively high specific rotation allowing
for a high precision in measuring the degree of racemization. For the same rea-
son, a mixed coupling process was preferred in order to avoid dilution by the
meso isomer that always accompanies the dl isomer in a symmetrical coupling
process.1%,13

Monoethyl ethylmethylmalonate was completely resolved,® and then
electrolyzed together with isovaleric acid in a 1 : 3 ratio in methanolic solution at
a platinum anode, the acid mixture being neutralized with potassium hydroxide
to an extent of 1 9%,. The reaction mixture was worked up as described pre-
viously,!® giving 99 9%, pure (GLC) ethyl ethylisobutylmethylacetate in 23 9,
yield. After preparative GLC to remove the last traces of impurities, [a];g92°
of a neat sample was 0.004 = 0.002°, showing that racemization had taken place
to an extent of at least 99.98 9%,. A sample of ethyl ethylisobutylmethylacetate
of 62.7 9, optical activity ([o];492° + 13.44°; neat) was prepared from the opti-
cally active acid !? by treatment of its chloride with ethanol and used as a
reference compound.

Thus, in the above coupling process racemization takes place to a very
high extent, indicating that a very efficient racemization step must be included
in the mechanism. At present, we do not wish to discuss the nature of this
step in any length, but it is obvious that a mechanism involving discharge of
adsorbed carboxylate ions with formation of free radicals, as previously sug-
gested,%* provides a satisfactory racemization process. This is, however, in
conflict with results from electrochemical studies ® showing that adsorbed
radicals must be involved. Recent studies® on the competition between
2e-(acetamidation) and le-oxidation (coupling) of carboxylates at the carbon
anode in acetonitrile as a function of the chain-length of the carboxylate indi-
cate that readsorption of initially formed free radicals might play an important
role. For short-chain carboxylates, readsorption of radicals is favored (and
leads to further oxidation to carbonium ions in the particular case of carbon
anodes), whereas for long-chain radicals a stacking or layering effect prevents
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the radicals from diffusing toward the anode surface, coupling thus becoming
the favored process. Similar conclusions were reached in a study of the com-
petition between 2e- (methoxylation) and le-oxidation (coupling) in the elec-
trolysis of phenylacetate ions.’

EXPERIMENTAL

Resolution of monoethyl ethylmethylmalonate. This resolution was made according to
the procedure described by Kenyon and Ross,* [«];3,2% (Perkin-Elmer 141 polarimeter)
for the completely resolved compound being+3.38° (¢=9.3, chloroform); reported
[0]580™* = 3.38° (¢=15.0, chloroform).

(+)-Ethylisobutylmethylacetic acid. The acid was prepared as described previously *°
and was partially resolved by recrystallization of its brucine salt.!* The distilled optically
active acid had [a]s2 = +13.44° (¢=9.5, 95 9, ethanol), corresponding to a degree of
resolution of 62.7 9.1

Ethyl (+ )-ethylisobutylmethylacetate. Optically active ethylisobutylmethylacetic acid
(2.0 g) from above was treated with thionyl chloride (5 ml) in ether (5 ml) overnight at
room temperature and then the solution was refluxed for 3 h. After evaporation of the
volatile components, the residue was refluxed with absolute ethanol (5 ml) for 48 h, where-
after the ethanol was distilled off. Distillation then gave the ethyl ester (2.0 g), b.p.
75—176°/11 mm. The last traces of impurities were removed by preparative GLC on a 9
mmx 4 m Apiezon L column at 150° (Autoprep gas chromatograph), [«];,2 =13.44°
(neat).

Mized coupling of monoethyl ( + )-ethylmethylmalonate and isovaleric acid. This reaction
was carried out as described previously,’®!? with fully resolved monoethyl (+)-ethyl-
methylmalonate (12.0 g) and isovaleric acid (21.3 g), partly neutralized with potassium
hydroxide (0.16 g), in methanol (200 ml). The product was distilled and a fraction (3.5 g)
with b.p. 79 — 80°/15 mm was collected. After preparative GLC on the same column as
above the sample showed [«]s,% =0.004 £ 0.002° (neat).

Acknowledgements. Financial support from the Swedish Natural Science Research
Council (to L. B.) and the Faculty of Science, University of Lund, (to G. R.-P.) is grate-
fully acknowledged.

REFERENCES

. Paper IX: Eberson, L., Grianse, S. and Olofsson, B. Acta Chem. Scand. 22 (1968) 2462.

. Eberson, L. Acta Chem. Scand. 17 (1963) 2004.

Conway, B. E. and Vijh, A. K. Electrochim. Acta 12 (1967) 102.

. Eberson, L. Electrochim. Acta 12 (1967) 1473.

Vijh, A. K. and Conway, B. E. Chem. Rev. 76 (1967) 623.

Eberson, L. In Baizer, M. M., Ed., Organic Electrochemistry, Dekker, New York

1973, Chapter 13.

. Eberson, L. In Patai, S., Ed., Chemistry of Carboxylic Acids and Esters, Interscience,

London 1970, Chapter 2.

. Kharasch, M. S., Kuderna, J. G. and Urry, W. H., cited from Wheland, G. ddvanced
Organic Chemistry, 2nd Ed., Wiley, New York 1949, p. 714.

9. Wallis, E. S. and Adams, F. H. J. Am. Chem. Soc. 55 (1933) 3838.

10. Eberson, L. J. Org. Chem. 27 (1962) 3706.

11. Doering, W. von E. and Wiberg, K. J. Am. Chem. Soc. 72 (1950) 2608.

12. Eberson, L. Acta Chem. Scand. 13 (1959) 40.

13. Eberson, L. Acta Chem. Scand. 14 (1960) 641.

14. Kenyon, J. and Ross, W. A. J. Chem. Soc. 1951 3407.

15. Muck, D. L. and Wilson, E. R. J. Electrochem. Soc. 117 (1970) 1358.

16. Coleman, J. P., Utley, J. H. P. and Weedon, B. C. L. Chem. Commun. 1971 438.

Received November 11, 1972.
Acta Chem. Scand. 27 (1973) No. 4 4



