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3-(Hydroxymethyl)xylitol, acompound reportedly isolated from the root of Casearia esculenta (Roxb.), along with its three possible stereoisomers,
has been synthesized for the first time by way of a triple dihydroxylation reaction performed upon the simplest cross-conjugated hydrocarbon,
[3]dendralene. The data for the natural product do not match any of the isomeric 3-(hydroxymethyl)pentitols. The structure of the natural product
from the root of Casearia esculenta (Roxb.) has been corrected by reanalysis of the published data.

Unbranched carbohydrates are the most abundant organic
compounds.' Their branched-chain congeners are surpris-
ingly common in nature, and many have important biological
activities.> A branched chain pentitol, 3-(hydroxymethyl)-
xylitol (1, Scheme 1), was recently reported as a natural
product isolated from the root of Casearia esculenta
(Roxb.), a plant traditionally used in India to treat
diabetes.®* As described in a series of five publications from
the Pugalendi group, the compound exhibits the following
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beneficial effects on streptozotocin-induced diabetic rats:
(a) anti-hyperglycemic effects; (b) antioxidant properties;’
(c) favorable influences on hepatic and renal functional
markers;® (d) anti-hyperlipidemic activity;’ and (e) a sig-
nificant beneficial effect on glycoprotein components.®
These biological activities have led the Pugalendi group to
patent their discovery.” The compound attracted our atten-
tion primarily because it appeared to be the ideal vehicle for
a total synthesis utilizing the readily available, 7-bond-rich
hydrocarbon [3]dendralene (2).

Specifically, we identified a triple dihydroxylation reac-
tion of [3]dendralene (2)'° as an approach that would be
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difficult to surpass, at least in terms of step economy.'!' The
power of this approach is best demonstrated by considera-
tion of the alternative, more traditional synthetic ap-
proaches to 3-(hydroxymethyl)xylitol 1 from a five-carbon
sugar such as xylitol, which would involve, in the very least,
selective protection of four of the five alcohol groups,
oxidation of the unprotected secondary alcohol, sterco-
selective addition of a hydroxymethylene nucleophile
equivalent, and deprotection (Scheme 1).

Scheme 1. Synthetic Approaches to 3-(Hydroxymethyl)xylitol (1)
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Since the characterization data reported for the natural
product did not, in our opinion, unequivocally establish its
stereochemistry, we felt that an initial synthetic approach that
allowed access to all possible stereoisomeric 3-(hydroxymethyl)-
pentitol structures was the most prudent course of action.
This would be followed by a subsequent optimization
involving asymmetric dihydroxylation to target the speci-
fic stereoisomeric structure of the natural product. As will
become apparent, this optimization was not necessary.

There are four possible stereoisomeric pentitols, namely
xylitol, ribitol, arabitol, and ent-arabitol (Figure 1). The
former two are meso-compounds, which differ in the
configuration at the achirotopic but stereogenic central
carbon.'? Conversely, arabitol bears a chiral structure
whose central carbon is, therefore, chirotopic. The symmetry
of the chiral structure, however, results in this central carbon
being nonstereogenic. The 3-hydroxymethyl analogues of
these compounds have the same stereochemical attributes.

A review of the literature identified a relatively small
number of papers describing the successful double
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Figure 1. Four possible sterecoisomeric pentitols and their
3-hydroxymethyl-substituted analogues.

dihydroxylation of conjugated dienes.'* From these pa-
pers, we gleaned that Upjohn conditions'* would be the
method of choice to deliver the products of exhaustive
dihydroxylation. In the event, 3-fold catalytic dihydroxylation
of readily available'” [3]dendralene (2) gave a ca. 1.0 (mes0):1.0
(meso):1.5 (chiraly mixture of the three diastereomeric hexa-
alcohols (Scheme 2). A little less of the chiral diastereo-
mer is formed in this mixture than would be anticipated
from a purely statistical outcome.'® These stereoisomers
are most conveniently separated by HPLC after con-
version into their penta-acetate derivatives. The penta-
acetate of 3-(hydroxymethyl)arabitol and its enantiomer
were separated by chiral HPLC, and the four separated
stereoisomers were subjected to deacetylation to deliver
the free hexa-alcohols.

Scheme 2. Exhaustive Dihydroxylation of [3]Dendralene (2)
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Figure 2. NMR spectra of the natural product from Casearia
esculenta root and the three diastereomeric 3-(hydroxymethyl)-
pentitols.

Broad band decoupled '*C NMR spectra and '"H NMR
spectra of the three diastereomeric hexa-alcohols 1, 3 and 4/5,"”
along with that of the compound'® isolated from the root
of Casearia esculenta (Roxb.), are reproduced in Figure 2.
None of the diastereomeric 3-(hydroxymethyl)pentitol spectra
correlate with that of the natural product. Evidently, the
structure assigned to the natural product is erroneous; it is
neither 3-(hydroxymethyl)xylitol (1) nor a stereoisomer of
3-(hydroxymethyl)xylitol (i.e., 3, 4, or 5).

(17) While the identities of the compounds have been unequivocally
established, we have not been able to assign the structures of the two
meso compounds.

(18) An analysis of '"H and '>*C NMR spectra is provided in the
Supporting Information. Spectra of galactitol are reproduced in Figure 2
for clarity.
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Figure 3. Corrected structure of the natural product from the
root of Casearia esculenta (Roxb.).

The isolation chemists identified a molecular ion of
m/z = 182 for the compound, which formulates for the
correct molecular formula of CgH404. The compound
isolated from the root of Casearia esculenta (Roxb.) by
Pugalendi and co-workers is, therefore, a constitutional
isomer of 3-(hydroxymethyl)xylitol (1). During a data-
base search,' we discovered that the spectroscopic data
for the natural product are a match for galactitol (dulcitol,
Figure 3), the reduced form of the second most abundant
six-carbon sugar.

In summary, we have devised the shortest possible
synthetic route to a structure erroneously identified as that
of a branched chain sugar natural product. The approach
employs a 3-fold dihydroxylation of the s-bond-rich
hydrocarbon, [3]dendralene (2). The uncommonly rapid
synthesis of all four possible 3-hydroxypentitol stereoisomers
has allowed for a structural correction of the natural product
in very short order.

The true value of modern day target-driven synthesis lies in
its ability to promote a critical analysis of possible approaches
and lead to better chemical syntheses. It is unfortunate
that the structure assignment of 3-(hydroxymethyl)xylitol
to the natural product was incorrect. Nevertheless, this
structure inspired an unprecedented, one-step, six C—O
bond-forming synthesis. The potency of this new approach
for branched-chain sugar synthesis has thus been un-
equivocally established.
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