J. Am. Chem. Soc. 1994, 116, 11149—11150 11149

Methodology for the Regiospecific Synthesis of Bis
C-Aryl Glycosides. Models for Kidamycins

Kathlyn A. Parker™! and Yung-hyo Koh

Department of Chemistry, Brown University
Providence, Rhode Island 02912

Received August 22, 1994

The kidamycin antibiotics? (also referred to as the pluramycin
or anthra(l,2-b)pyran antibiotics) are Streptomyces-derived
natural products. Several members of this class, including the
best known examples, kidamycin (1a), pluramycin (1b), and
hedamycin (1c), are of interest because of their antitumor
activity. The mechanism of action of these compounds is
believed to involve strong binding to DNA, presumably by
intercalation, and, in at least some cases, a subsequent covalent
bond formation which creates base-inducible single strand
breaks.?
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Since the appearance of a comprehensive review of the
structures and the chemical, biochemical, and biological proper-
ties of the kidamycins in 1986,2 a number of new additions to
the class have been discovered.* Several of these exhibit much
more favorable therapeutic indices than did the earlier members
of the series, and these have contributed to significantly
increased life spans in mice.

Previous reports of efforts focused on the synthesis of these
antibiotics are limited to the synthesis of the “aglycon” of
kidamycin by Hauser and RheeS and a method for the prepara-
tion of bis glycals by palladium-catalyzed coupling by Dubois
and Beau.® Aside from the latter, there is no report of an
application of one of the methods for the synthesis of C-aryl
glycosides’ to the preparation of a bis glycoside.

In this communication, we are pleased to report a new method
for the synthesis of phenolic bis glycosides of the desired
substitution pattern. The key reaction is a regiocontrolled
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“dienone—phenol type” rearrangement® in which a glycal
migrates in a 1,2-shift. The overall sequence promises to
provide efficient access to the kidamycin bis glycosides from
the corresponding quinonoid aglycons.

In an effort to expand the application of our “reverse polarity”
strategy for the synthesis of C-aryl glycals,” we envisioned the
Lewis acid-catalyzed rearrangement of a cyclohexadienediol
substrate (e.g., 4a,1° prepared by addition of lithiated glycal 3
to quinol glycal 2a%®) to afford a disubstituted phenol (e.g., 5a
from 4a) (Scheme 1).

Of the Lewis acids studied,!! ZnCl, was most efficient in
inducing the desired transformation to afford bis glycal 5a. Even
more interesting was the regiospecific rearrangement of bromo
substrate 4b to bis glycal Sb. These reactions are rapid at low
temperatures in ether solution.

The bis glycals 5 are sensitive to acid with selective hydrolysis
of the glycal substituent ortho to the phenolic hydroxyl group
taking place on silica gel chromatography.!> However, the
desired bis glycals, free of the ring-opened product 6, could be
obtained in excellent yields from chromatography on neutral
alumina.

Even this gentle treatment, however, was not effective for
the isolation of the bis glycal products derived from naphtho-
quinone and 1,4-anthraquinone.!® In these experiments (Scheme
2), isolation of the desired bis glycals 9 was complicated by
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the appearance of the ring-opened byproducts 10. We suspected
that the increased sensitivity of the glycal ortho to the hydroxyl
group was the result of increased hydrogen bonding in the
naphthol and anthrol products (expected to be more acidic than
the phenolic hydroxyl group in the simpler bis glycals 5).
Therefore we modified our procedure to remove this hydroxyl
group from the scene.

Silylation* of quinol glycal 7a gave quinol silyl ether 7c.
Addition of lithiated glycal 3 produced the diadduct 8¢, which
rearranged in excellent yield to bis glycal 9¢ upon treatment
with ZnCl,. Bis glycal 9¢ was stable under weakly acidic
conditions, giving no sign of hydrolysis of the glycal substituent
in the ortho position.

The isolation of a silyl ether rather than a phenol from the
rearrangement of 8c is consistent with a mechanism in which
zinc chloride selectively chelates the hydroxyl group in the
presence of the siloxy group.! Then formation of the cyclo-
hexadienyl cation, migration of the glycal substituent geminal
to the siloxy group, and loss of a proton (rather than the silyl
moiety) from the rearranged siloxy-substituted carbonium ion
lead to formation of the aromatized product 9c.

The predilection of our substrate to follow this reaction
pathway implies that the regiochemistry of the product of a
cyclohexadienediol rearrangement might be controlled by selec-
tive silylation of one of the two regioisomeric hydroxyl groups
of an unsymmetrical substrate. This premise was tested with
the two regioisomeric substrates, cyclohexadienes 13a and 13b
(Scheme 3).

Silylation!¢ of quinol glycal 2a gave quinol silyl ether 11a
which, without purification, was transformed into diadduct 13a
upon addition of 2-lithiodihydropyran. Subsequent rearrange-
ment of 13a gave the expected bis glycal 14a. On the other
hand, silylation of dihydropyranyl quinol 12?® gave quinol silyl
ether 11b, which was converted to diadduct 13b by addition of
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lithiated glycal 3. Rearrangement of 13b afforded 14b.
Structures of bis glycals 14a and 14b were confirmed with
difference NOE measurements.!” Thus, we are able to choose
which of two different glycal substituents becomes the migrating
group by specifying the order of glycal introduction in the
addition/silylation/addition/migration sequence.

In order to establish the potential of the bis C-aryl glycals
for elaboration to bis glycosides of the kidamycin type, we
examined the desired conversion for model compound 9c,
Hydrogenation over PtO,® afforded bis glycoside 15a, and
desilylation proceeded smoothly to the kidamycin model 15b
(Scheme 4).

Methodology for the regiospecific synthesis of o,p-bis C-
glycosylated phenols (kidamycin class of C-aryl glycosides)
from quinones is therefore now available. The key step is a
cyclohexadienediol rearrangement in which regiocontrol is
imposed by the regiospecific modification of the substrate by
monosilylation. Application of this strategy to the synthesis of
kidamycin and extensions of the “reverse polarity” approach
to other classes of C-aryl glycosides are currently being
explored.
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