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FLAVANOID EPOXIDES V

Stereochemistry of Flavindogenide Epoxides
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tmns—S—Arylideneflavanonesz’3 (flavindogenides) (la,b,c) on epoxidation with alkaline
hydrogen peroxide or with sodium hypochlorite gave in each case a mixture of two isomeric
trans-flavindogenide epdxides (I1Ta,b;c) and (1Va,b,c) in ratios of about one to three.

Reaction of cis-flavindogenides (IIa,b,c) with alkaline hydrogen peroxide gave the same trans-
epoxides (IIla,b,c) and (IVa,b,c) in each instance in ratios of approximately one to seven.
With sodium hypochlorite, however, cis-flavindogenides (I1la,b,c) gave the isomeric eis-
epoxides (Va,b,c) and (VIa,b,c) in ratios of about five to one.

The configurations of the epoxides were correiated by the following reactions (Scheme I).
tmns,trans—FlaVindogenide3 epoxides (IIIb,c) on treatment with dry hydrogen chloride in
benzene-ether caused the epoxide ring to open with inversion of configuration at the point
of attack (trans-opening) to yield erythro-chlorohydrins (VIIb,c). Cyclisation of the latter
compounds with base regenerated the original epoxides. On the other hand treatment of trans,
eis—-flavindogenide epoxides (IVb,c) and of ¢is,trans- and cis,cis-flavindogenide epoxides
(Vb,c) and (VIb,c) with hydrogen chloride in benzene-ether caused the epoxide ring to open
with retention of configuration (cis-opening) to give théeo~chlorohydrins (VIIIb,c) and erythro-
chlorohydrins (VIIb,c) and (IXb,c) respectively. Cyclisation of chlorohydrins (VIIIb,c) gave
eis,cis—epoxides (IVb,c) and cyclisation of chlorohydrins (IXb,c) yielded trans,cis-epoxides
(Ivb,c). -

Since treatment of the epoxides with hydrochloric acid followed by recyclisation of the
chlorohydrins formed does not involve a change in stereochemistry at C-2 or C-3, the relative
configurations at these positions must be the same in epoxides (IIIb,c) and Vb,c) and in

epoxides (IVb,c) and (VIb,c).
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That the epoxides have the structures and configurations shown in Scheme I was deduced by
an examination of the products of m-chloro- or p-nitro- perbenzoic acid epoxidation of the
flavindogenides. Epoxidation of eis-flavindogenides (IIa,b) with m-chloroperbenzoic acid
gave in each case mixtures of epoxides (Va,b) and (VIa,b) in ratios of about 3.5 to 1.

Since epoxidation of olefins by peracids is known to be stereospecific4 thess epoxides are
eie-flavindogenide epoxides. Similarly epoxidation of trans-flavindogenide (Ib) with arom-
atic peracids gave trans-epoxide (IIIb) only, while trans-flavindogenide (Ia) gave predom-
inantly trans-epoxide (IIIa) together-with a trace of trans-epoxide (IVa).

In the oxidation of olefins by peracids attack by the reagent normally occurs5 from the
less hindered side of the molecule, which in flavindogenides is the side opposite to the
axial2 phenyl group at position 2. Thus it is concluded that epoxides (IIla,b) and (Va,b)
have the phenyl group at position 2 and the epoxidic oxygen at position 3 ¢rans orientated.
It follows that in epoxides (IVa,b) and (VIa,b) these gréups have a 2,3-eis relationship.

The N.M.R. spectra of the epoxides are consistent with the above assignments, and
indicate that in isomers (Illa,b,c), (IVa,b,c) and (Vla,b,c) the 2-phenyl group is axial,
and equatorial in isomers (Va,b,c).

The epoxidic protons in isomers (Va,b,c) give signals considerably upfield and the pro-
tons on C-2 give signals downfield relative to the signals given by these protons in isomers
(1I1a,b,c), (IVa,b,c) and (VIa,b,c). A comparison of these structures using Dreiding models
shows that the epoxidic protons are closer to the shielding influence of the 2-phenyl (equat-
orial) group and that the protons at C-2 are further removed from the shielding influence of
the epoxide ring in isomers (Va,b,c) relative to the positions of these protons to the same
groups in isomers (IIIa,b,c), (IVa,b,c) and (VIa,b,c) where the 2-phenyl groups are axial.

If the ratio of products formed in the alkaline hydrogen peroxide epoxidation of trans-
flavindogenides (Ia,b,c) were controlled by the steric approach of the reagent, trans,trans-
epoxides (IIla,b,c) should be the major products. This is not the case, and examination of
models shows that, while initial attack of the double bond on the opposite side of the axial
2-phenyl group (trams-attack) would be favoured, in the resulting transition state the two
aryl groups are forced closer to each other, whereas in the transition state resulting from
eig-attack, the aryl groups are further apart. Consequently, cis-attack appears more
energetically favoured and trans,cis-epoxides (IVa,b,c) resulting from cis-attack of the

hydroperoxide ion are the major products.
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The ratio.of products obtained from the alkaline hydrogen peroxide epoxidation of cis-
flavindogenides: (IIa,b,c) suggests that the reaction proceeds at least partially by the
mechanism (for the major product) outlined in Scheme II. Some isomerisation to trans-

flavindogenides (Ia,b,c) may precede epoxidation.

SCHEME 1l

For the hypochlorite epoxidation of cis-flavindogenides a nucleophilic stereospecific

mechanism would account for the ratio of products found.

SCHEME 1iI

eis, trans-Epoxide (V) is the major product expected by such a mechanism (outlined in
Scheme 111) involving hypochlorite attack of the olefin from the far side of the axjal 2-
phenyl group followed by fast elimination of the chloride ion with the formation of the epox-
ide ring. The minor product is formed by initial attack of the olefin from the more hindered
side. A further study of the mechanism of this reaction is in progress.

Satisfactory analyses were obtained for all new compounds mentioned.
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