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Electrochemical Reductive Acylation of the Carotenoid Canthaxanthin

By EL1zaBETH A. H. HarL, GERARD P. Moss,* James H. P. UTLEY,* and BasiL C. L. WEEDON
(Department of Chemistry, Queen Mary College, Mile End Road, London E1 4NS)

Summary The in situ acylation of nucleophiles generated
cathodically from canthaxanthin (1) provides a novel and
convenient route to the retro-diacetate (2) and the corre-
sponding retro-monoacetate (3); these are hydrolysed to
respectively, 5,5’-dihydrocanthaxanthin (8) and 7,7-
dihydrocanthaxanthin (4).

TrE smooth and convenient acylation and alkylation of
electrogenerated radical-anions and dianions have recently
been described for several model compounds.! In par-
ticular, O-acetylation follows cathodic reduction of benzo-
phenone in the presence of acetic anhydride.? Polyene
carbonyl compounds show electrochemical behaviour
similar to that of structurally simpler aromatic ketones and
aldehydes; e.g. - and B-ionones and retinal form pinacols
cathodically at readily accessible potentials.? The electro-
chemical method offers therefore considerable scope for
effecting transformations in polyene and carotenoid
chemistry. The electrochemical reactions reported herein
for the reductive acylation of canthaxanthin (1) encourage
this view.
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Cyclic voltammetry of canthaxanthin [Hg drop, CH,Cl,,
Bu,NBF, (0-1M), 80—200 mV s~1] showed reversible reduc-
tion with Ep — 113V (vs. standard calomel electrode).
Similar behaviour was found for CH,Cl,-MeCN solution
(1:3) with Ep — 1-08V (vs. Ag wire), and —1-52V from
the ferricinium reduction peak. Addition of small amounts
of acetic, benzoic, trimethylacetic, and trifluoroacetic an-
hydrides caused reduction of (1) to become irreversible but
with no change in peak current.

In the controlled potential electrolysis at mercury
[CH,Cl,-Bu,NBF, (0-1m), —1-15 V (vs. Ag wire)] of canthax-

anthin (2 x 1072 mol 1-1) in the presence of an excess of
acetic anhydride the current dropped to the background
value after the passage of 1-8 Fmol™l. T.lc. analysis
showed a major product which proved to be the retro-
diacetate (2). Traces of the retro-monoacetate (3) and
7,7’-dihydrocanthaxanthin (4) were also present. Treat-
ment of (3) with aqueous methanol gave (4).

The formation of (2) and the consumption of 1-8 F mol~?
suggests either an ECE reaction or that the retro-dianion
(5) is an intermediate. The ECE route would require a
doubling of peak current upon addition of the anhydrides
in the cyclic voltammetric experiments. The coulometry
was also studied at low concentration (ca. 4 X 10~* mol
1-1) by comparing cyclic voltammetric peak currents for a
series of concentrations of (1) with those for known con-
centrations of ferrocene. From these experiments # = 1-06
suggesting a different route at low concentration of starting
material. Controlled potential reduction in the presence
of acetic anhydride with relatively low concentrations of
canthaxanthin (10~2 mol 1-1) gave (4) as the major isolated
product after consumption of 1-4 F mol-1. The reaction
was monitored by t.l.c. analysis which showed that (3) is the
first-formed product which is converted into (4) during
isolation.

The voltammetric and coulometric results together with
the nature of the products and their dependence on con-
centration of (1) are well rationalised by the mechanism
depicted in the Scheme. It is suggested that at the higher
concentrations a key step is disproportionation to the
highly stabilised retro-dianion (5). At low concentration
hydrogen abstraction from the solvent by the oxygen
radical (6) leads to monoacetate formation (3).
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The retro-diacetate (2) is surprisingly unreactive; treat-
ment of (2) at room temperature for two days with LiAlH,
in ether gave partial cleavage to 5,5’-dihydroisozeaxanthin
(7). To introduce more labile acyl groups -cathodic
reduction of canthaxanthin was effected in the presence of
trifluoroacetic anhydride (TFAA). In cyclic voltammetry
TFAA quenched, without increasing peak currents, the
reversibility of the canthaxanthin reduction. Following
controlled potential reduction in the presence of TFAA
5,5’-dihydrocanthaxanthin (8) was isolated as the only
significant product. The most convenient route to (8) was
by controlled potential reduction of (1) in 1: 1 MeCN-CH,Cl,
solution with acetic anhydride present and using LiClO,
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(0-2M) as electrolyte. In these conditions 2 F mol~! were We thank the University of London for a D. T. Gwynne-
consumed and, following removal of electrolyte with water, Vaughan Studentship (to E.A.H.H.).

(8) was isolated in 929, yield. Treatment of (8) in ethanol,

with a trace of potassium hydroxide led to rapid and com-

plete conversion into (4) (as shown by u.v. spectroscopy).

Satisfactory spectroscopic data were obtained for all new
compounds. (Received, 8th June 1976; Com. 655.)

1P, E. Iversen and H. Lund, Acta Chem. Scand. (B), 1974, 28, 827; T. Troll and M, M. Baizer, Electrochim. Acta, 19175, 20, 33; J.
Simonet and H. Lund, Bull. Soc. chim. France, 1975, 2547.

2 T. J. Curphey, L. D. Trivedi, and T. Layloff, J. Org. Chem., 1974, 39, 3831.

3 R. E. Sioda, B. Terem, J. H. P. Utley, and B. C. L. Weedon, J.C.S. Perkin I, 1976, 561.





