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Probing Ellagitannin Stereochemistry: The Rotational Barrier of a Model
(4,6)-Hexamethoxydiphenoyl Glucopyranoside.
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Abstract: Activation parameters for isomerization of the (R)- to the (S)-atropisomer in a (4,6)-HHDP
ellagitannin model were calculated from rate vs. temperature data acquired through variable temperature
'H NMR experiments. © 1997 Elsevier Science Ltd.

The ellagitannin family of secondary plant metabolites consists largely of galloylated glucose species
which have suffered some type of oxidative phenolic coupling.! The galloyl esters are linked through both C-C
and C-O connections in almost every conceivable combination and permutation of intra- and intermolecular
couplings to furnish the 500+ structurally characterized members of this class of natural products. Despite this
structural diversity, a large contingent of ellagitannins feature, in particular, a C-C coupled digalloyl unit
(hexahydroxydiphenoyl, HHDP, cf. 1 and 2) spanning positions 4 and 6 of the glucose core. This biaryl unit
can exist as either the (R)- or the (S)-atropisomer, but the vast majority of the ellagitannins display the (S)-
stereochemistry. Both molecular mechanics modeling and experimental results suggest that the (§)-
configuration is the kinetically favored outcome of galloyl coupling as a consequence, perhaps, of the
conformational preferences imparted by the glucopyranose ring on the appended C-4 and C-6 galloyl units.2
Exceptions to this stereochemical generality exist. For example, platycaryanin D (1) bears (R)-HHDP groups at
both the (4,6)- and (2,3)-positions, in contrast to its diastereomeric congener pedunculagin (2), which displays
the more common (S)-stereochemistry at both sites.3
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What, then, is the basis for formation of the rare (R)-atropisomer in vivo? A priori, three hypotheses can
be formulated: 1) The natural conformational preferences of the oxidative cyclization precursor might be
modified by enzymic action to favor the (R)-product upon C-C bond formation, 2) a preformed (R)-HHDP unit
might be attached directly to a glucose 4,6-diol,* or 3) (enzymically mediated?) isomerization of a first-formed
(S5)-HHDP-containing ellagitannin might provide the (R)-atropisomer. This latter proposal is probed herein by
1) synthesis of both (4,6)-(R) and (S)-HHDP-containing model glucopyranosides, and 2) measurement of their
rate of isomerization by variable temperature 1H NMR spectroscopy to obtain activation parameters.

The preparation of (S)- and (R)-diastereomers 5a and 5b, respectively, takes advantage of Ito's recent
report on the synthesis of permethylated pedunculagin via HHDP-Cl/glucose diol double esterification.# Thus,
chiral glucose-derived diol 322 was combined with racemic bis acid chloride 44 to furnish a modest yield of
chromatographically separable diastereomeric HHDP-containing diesters 5a and 5b (Eq. 1). The stereochernical
assignments of 5a/b rested on comparison with literature data in the case of the known diester 5222 and CD
measurements for both isomers.
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Heating both diastereomers 5a and 5b, independently, in dg-DMSO (150 °C) revealed that 1) clean
interconversion occurred without any evidence for decomposition, and 2) atropisomer Sa was strongly favored.
Careful 1H NMR analysis of the time course of 5a evolution upon heating 5b in ds-nitrobenzene at different
temperatures furnished the data shown in Fig. 1. Key signals for each isomer were cleanly resolved in this
solvent and could be integrated to follow the isomerization. Again no decomposition accompanied
isomerization, even at the higher temperatures, nor was there any deviation from first-order kinetics. Activation
parameters were calculated via the Eyring equation.

A molecular mechanics study of this isomerization accurately reflected these data (Scheme 1).5 The (S)-
atropisomer 5a was calculated to be ca. 2.2 kcal/mol less strained than the (R)-isomer 5b in accord with the
"complete” conversion of 5b into 5a upon prolonged heating. The calculated activation enthalpy (~ ASE) for
rotation of the biaryl bond of 5b into planarity in a hypothetical transition state 6 was within 12% of the
experimental value.

Schmidt and Demmler measured the racemization rate for hexamethoxydiphenoate in aqueous base at 81
and 100 °C.6 An Eyring treatment of these limited data revealed the following activation parameters for rotation
about the aryl-aryl bond in this unconstrained permethylated HHDP diacid: AH# = 24.2 kcal/mol, ASY = -15.7
e.u., AG# = 30.1 kcal/mol (100 ©C). Thus, constraining the HHDP unit in an ellagitannin-like macrocycle

raises the barrier for isomerization, and the primary effect appears to reside in the entropy term.
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Fig. 1. Rate data for the isomerization of 5b into 5a.
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The structural differences between model system Sa/b and an authentic ellagitannin (e.g., 1 and
2) suggest caution in extrapolating from these experimental activation energy values to processes that might
occur during ellagitannin formation in vivo.”-8 Nevertheless, it is difficult to reconcile the imposing barrier to
permethoxy HHDP isomerization with an ellagitannin biosynthesis proposal featuring (S)- and (R)-HHDP
interconversion under ambient conditions. Whether enzymic intervention could lower the barrier to (R)/(S)-
HHDP interconversion remains a matter of speculation, as the role that enzymes play in influencing
atropselectivity during HHDP formation, or even galloyl coupling in general, has yet to be unveiled.
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