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Synthesis of Procyanidins

By Epwin HasLaM
(Department of Chemistry, University of Sheffield, Sheffield S3 THF)

Summary The synthesis of the natural procyanidins
- Bl (1) and B2 (2) is described and the biogenetic impli-
cations of the mode of synthesis are discussed.
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Cuemicar! and recent biochemical? work has favoured a
simulated acid-catalysed condensation of phenolic flavan-
3,4-diols (4) and flavan-3-ols (6) and (7) as a mode of bio-
genesis of the dimeric procyanidins such as Bl and B2 (1)

OH
O OH

2 OH
& 3 ~ 0
Y TOH HO, - OH
(3) .
HO “OH
[/Ph'CHzSH (-)-~epicatechin (6)
OH
O . OH
“~OH
_Ph
H,



J.C.S. Cuem. Comm., 1974

and (2). The biogenetic arguments imply that condensation
occurs between the 6 or 8 position of the resorcinol ring of
the flavan-3-ol and the carbonium ion (3) derived from the
flavan-3,4-diol. Further evidence to support this idea has
now been obtained by the first synthesis of natural phenolic
procyanidins by a method patterned on this process.

2R,35,45-4-Benzylthioflavan-3,3’,4",5,7-pentaol (5) is an
acid-catalysed degradation product of both (1) and (2)
formed by the stereospecific capture of the carbonium ion
(3) by toluene-a-thiol.> Treatment of (5, 1-7mm) in
aqueous acidic dioxan (IN-HCI) in presence of (—)-epica-
techin (6, 3-8 mM) at room temperature gave one pre-
dominant product isolated and identified® as procyanidin
B2 [2, 259, based on (—)-epicatechin used] and two other
isolable but minor products (89, in total). Chemical
degradation® and 'H n.m.r. analysis showed both of these
latter products to be isomers of the dimer B2 (2) in which
the interflavan bond is between ring A (C-6 or C-8) and C-4
of the two epicatechin units. One has been described pre-
viously® as a natural product procyanidin B5 and the
remaining dimer has now also been obtained from natural
sources (Aesculus hippocastanum, Crataegus wmonogyna).
The identical pattern and quantitative distribution of pro-
cyanidin dimers based on (—)-epicatechin (6) was also
produced by acid-catalysed equilibration of each of the
individual dimers, such as B2 (2), with (—)-epicatechin (6)
thus demonstrating that the synthesis is an equilibrium
controlled process. Significantly this range of procyanidins
formed synthetically is also identical both qualitatively and
quantitatively to that found in the vegetative tissues of
plants in which (—)-epicatechin (6) is the dominant flavan-
3-ol.

Analogous results were obtained when (5) was treated simi-
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larly in the presence of (+)-catechin (7). Procyanidin Bl
(1) was isolated as the major product (23%,) along with two
further dimers (ca. 10%,) isomeric with Bl and linked
similarly between C-6 or C-8 and C-4 in the two flavan
nuclei. Likewise acid-catalysed equilibration of Bl with
(4)-catechin (7) gave an identical range of prodacts to that
obtained from (5) and (7).

Although no flavan-3,4-diol of a type such as (4) has yet
been identified in the procyanidin bearing vegetative
tissues of a plant®* these results nevertheless lend sub-
stantial support to the biogenetic arguments previously
outlined. In particular they indicate that the chemical
pattern of procyanidins formed in higher plants may be
primarily under thermodynamic rather than enzymic
control. This resemblance to lignin formation in plants
suggests a possible biosynthetic relationship between the
formation of these two groups of metabolites which is
underlined by the observation® that procyanidins are
found mainly in plants with a ‘woody habit’ of growth.

The nature of the structural and stereochemical differ-
ences between the two groups of procyanidins derived from
(5) and (—)-epicatechin (6) and (+)-catechin (7) respect-
ively has not yet been clarified in detail. However on the
basis of the greater nucleophilic reactivity at C-8 as opposed
to C-6 in flavan-3-ols [such as (6) and (7)]® and knowledge of
the solvolysis of ca.r'b_onium ions related to (3) with a
2,3-cis stereochemistry? it now appears reasonable to
formulate the major products from these two reactions as
Bl (1) and B2 (2) with the 4-S absolute configuration.
This conclusion’ was previously not possible on the basis of
spectroscopic data alone.®»*
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