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ABSTRACT

Structurally novel cyclitols, 1-aryl-1-deoxyconduritols F, were efficiently prepared from D-xylose, utilizing RCM as a key step. Various aromatic
residues were incorporated in the cyclitol skeleton with total stereochemical control, utilizing a diastereoselective aryl cuprate addition to a
γ-alkoxy enoate. The synthetic route establishes a firm foundation for a practical synthesis of the antitumor alkaloid pancratistatin and its aryl
analogues.

Novel synthetic approaches to the naturally occurring cy-
clitols and their analogues are of considerable importance
due to diverse biological properties associated with these
compounds. For example, inositols and their phosphate
derivatives mediate intracellular signal transduction path-
ways.1 Conduritol epoxides and aminoconduritols act as
glycosidase inhibitors.2 Cyclophellitols are potent inhibitors
of the human immunodeficiency virus.3 Furthermore, the
multifunctional nature and the stereochemical complexity of
these compounds have made them convenient starting
materials for the synthesis of more advanced structures.
Recent notable examples include the synthesis of a C1-
C14 model of Halichondrin B from (+)-conduritol E4 and
the synthesis of both enantiomers of cyclophellitol via a

kinetic resolution of racemic conduritol B.5 Although the
published approaches to cyclitols are numerous, the growing
demand for these compounds fuels further synthetic work
aimed at improving the preparative efficiency and achieving
high levels of stereo- and regiocontrol. In this context, the
naturally occurring arylcyclitols pancratistatin (1) and nar-
ciclasine (3), as well as their 7-deoxy analogues (2 and4 in
Figure 1), have presented the synthetic community with a
tremendous challenge.6

Despite the promising antitumor and antiviral activities
exhibited by pancratistatin, its preclinical development by
the National Cancer Institute has been put on hold as a result
of the extremely small quantity of the alkaloid available from
isolation.7 Although extensive synthetic work has led to a
number of total syntheses of pancratistatin8 and its conge-
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ners,9 the problem of supply has not been solved. The limited
availability has also plagued structure-activity studies, and
although some SAR data are available for the pancratistatin
analogues with the modified cyclitol ring C,10 the structural
and electronic requirements of the aromatic ring A have not
been studied to the best of our knowledge. One of us has
previously coauthored a report describing utilization of the
ring-closing metathesis process in the rapid construction of
the cyclitol rings of conduritols B and F as well asL-chiro-
andmyo-inositols starting from readily available monosac-
charides such asD-xylose.11,12 We intend to apply this
powerful strategy to the more challenging cyclitol structures

of the pancratistatin alkaloids. The key intermediates in our
synthetic design are 1-aryl-1-deoxy analogues (5) of con-
duritol F, incorporating most of the structural and stereo-
chemical complexity of the target alkaloids (Scheme 1). We

envision that these compounds will be converted totrans-
4,4a-oxycarbamates either viaR-selective aziridination and
subsequenttrans-diaxial ring opening with an oxygen-based
nucleophile or via allylic alcohol-directedâ-selective ep-
oxidation, followed by epoxide ring opening with a nitrogen-
based nucleophile. A regioselective Bischler-Napieralski-
type cyclization could potentially complete the synthesis of
each target alkaloid.

Herein, we report an efficient multigram synthesis of
various 1-aryl-1-deoxyconduritols F, which establishes a firm
foundation for achieving a practical synthesis of not only
pancratistatin alkaloids themselves but also their aryl ana-
logues, paving the way for more systematic SAR studies of
these promising anticancer agents.

A brief retrosynthetic analysis of the target conduritols5
reveals that application of an RCM process for construction
of the cyclitol ring would require an efficient pathway to
3,4,5-trialkoxy-6-aryloctadienes8 (Scheme 2).

Although we envisioned that the three alkoxy stereocenters
of dienes with general structure8 could originate from readily
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available carbohydrates, we anticipated that installation of
the aryl residues with the required stereochemistry would
be challenging. The required carbon-carbon bond-forming
reaction would have to be (a) highly diastereoselective to
avoid potentially troublesome chromatographic separations
of epimers and (b) general for a variety of structurally diverse
aromatic residues. We decided to explore aγ-benzyloxy-
directed conjugate addition of arylcuprates to enoate6.
Although moderate to highanti-diastereoselectivities have
been observed for such additions, the majority of reported
examples involve alkyl and vinyl cuprate reagents.13 Litera-
ture searches reveal only one report of ananti-selective
phenyl cuprate addition to highly chelatingγ-benzyl-
oxymethoxy(BOM)-R,â-enoates.14

Enoate6 had been utilized previously in a total synthesis
of (+)-cyclophellitol and is available fromD-xylose via a
synthetic sequence involving eight steps and six chromato-
graphic purifications.15 We sought a more practical route,
which could be readily scaled-up. Thus, the mixture ofR-
andâ-methyl xylosides, prepared by refluxingD-xylose and
SOCl2 in methanol, was directly benzylated with inexpensive
BnCl/Bu4NI and NaH. Hydrolysis of the crude benzylated
anomeric mixture yielded tri-O-benzyl-D-xylose, which was
purified by recrystallization from methanol in good overall
yield (Scheme 3). This procedure has a significant advantage
over the previously reported methods,16 as it requires neither
the separation of the intermediate xylose anomers nor
purification of the synthetic intermediates.

The sequence of Wittig methylenation at the free anomeric
carbon, one-pot Swern oxidation, and olefination with the
commercial Ph3PdCHCO2Me reagent was pieced together
from the existing literature procedures with only minor
modifications for facile scale-up.17 This high throughput five-
step synthesis involves only one chromatographic purification
and has allowed us to prepare∼100 g of6.

Next, various “PhCu” reagents, derived from PhLi, Ph-
MgBr, and PhZnCl, were tested in the conjugate addition
reaction to enoate6 under a variety of experimental condi-
tions (Scheme 4). Although PhLi- and PhZnCl-derived

arylcuprates did not provide useful levels of diastereoselec-
tivity or gave low conversions, the reaction of Ph2CuMgBr
in the presence of TMSCl afforded the desired addition
product with completeanti-diastereoselectivity and in virtu-
ally quantitative yield. Performing the same reaction with a
series of Ar2CuMgBr reagents revealed that the substitution
pattern on the aromatic ring did not affect either the
diastereoselectivity or the yield of the addition process. The
origin of the high diastereoselectivities and the possible
involvement of theδ- andε-benzyloxy groups in directing
the formation of theanti-addition products are currently being
studied in our laboratory through the preparation of the
truncated and epimeric atδ- andε-positions enoates.

Reduction of esters7a-d with LiAlH 4 in ether gave the
corresponding primary alcohols, which were used without
purification. All attempts to install a terminal double bond
by the elimination reaction of primary tosylates, mesylates,
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triflates, and halides with various bases failed. Conducting
these reactions at elevated temperatures resulted in mixtures
of unidentifiable products, possibly resulting from the
formation of the terminal double bond and its subsequent
migration under the reaction conditions into conjugation with
the adjacent aryl residue. The problem was solved by the
conversion of the primary alcohols to arylselenides and
subsequent selenoxide elimination. Dienes8a-d were
obtained in good overall yields for the three-step sequence.
Finally, ring-closing metathesis, performed with Grubbs’
catalyst, cleanly afforded conduritols5a-d in excellent
yields. Column purification of the target compounds was
made facile by preliminary oxidation of the ruthenium
catalyst with DMSO.18 Three to five grams of each of
conduritols5a-d were conveniently prepared utilizing this
approach.

Although 1H NMR analyses of the cyclized products
supported our original stereochemistry assignment in aryl-
cuprate conjugate addition reactions, we searched for un-
ambiguous proof of stereochemistry through NOE experi-
ments. To this end conduritol analogue5c was converted to
the corresponding inositol9cby selectively dihydroxylating
theR-face of the double bond, isopropylidenating the newly
introducedcis-diol, and thereafter O-debenzylating (Scheme
5). Thecis-ring fusion forced the inositol ring into a boat
conformation; the proximity of H1 and H4 could clearly be
detected by NOE difference experiments. In addition, to
demonstrate the feasibility of accessing the deprotected
1-aryl-1-deoxyconduritols F, compound5cwas treated with
Li in liquid NH3. The deprotected target conduritol analogue
10c was obtained in an unoptimized 61% yield.

In summary, an efficient synthetic route to novel 1-aryl-
1-deoxyconduritols F has been developed. The multistep
sequence has been optimized for the production of gram
quantities of these compounds, so that a firm foundation is
now available for completion of a practical synthesis of
natural pancratistatins and their aryl analogues. In addition,

our synthesis allows access to simple aromatic conduritols
and inositols. Their unprecedented structures make these
compounds promising candidates for uncovering new bio-
logical targets. Finally, the highly diastereoselective aryl
cuprate conjugate additions observed in this study warrant
further investigation of this method as a general strategy for
the incorporation of aromatic residues into advanced struc-
tures with high stereocontrol.
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