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ABSTRACT

The anticancer drug etoposide, 1, is prepared in 79% overall yield from readily available 4′-demethyl-4-epipodophyllotoxin, 3, and 4,6-O-
ethylidene-2,3-O-dibenzyl-D-glucose, 4, via a crystallization-induced stereoselective glycosidation reaction followed by catalytic hydrogenation.

Podophyllotoxin is a lignan derivative of the May apple, the
most notable analogue of which is etoposide (Vepesid),1,
which continues to serve as an important drug for the
treatment of leukemia, testicular cancer, and small-cell lung
cancer.1 The key step in the synthesis of etoposide involves
the glycosidation of podophyllotoxin derivative3,2 protected
at the phenolic postion, with a suitably protected 4,6-O-
ethylidene glucose. During the course of our studies directed
at developing a low cost, commercial synthesis of this
anticancer agent, we discovered a stereoselective glycosi-
dation reaction of sugar4 with 4′-demethyl-4-epipodophyl-
lotoxin, 3, which is reported herein.

Of particular importance in the design of a synthetic route
to etoposide is the proper selection of protecting groups for

the sugar. Conditions for protecting group removal must be
mild in order to proceed in high yield and avoid base-
catalyzed cleavage of thecis-fused lactone or acid-catalyzed
cleavage of the ethylidene linkage. We were interested in
examining use of the benzyl group for protection of the 2-
and 3-positions of 4,6-O-ethylidene-glucose since it is
removed by catalytic hydrogenation, a process that generally
proceeds in high yield under neutral conditions and is readily
scaled commercially. We were concerned, however, that
stereoselectivity in the glycosidation reaction would be
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compromised due to use of an ether-type protecting group.
In particular, examination of literature precedent and our
earlier studies on the synthesis of etoposide phosphate
established that the hydrolytic conditions, required for
removal of the C-1 oxygen protecting group of4, led to the
formation of an anomeric mixture. Altough4 could be
converted primarily to theâ-isomer by heating below its
melting point, we found that4â underwent partial anomer-
ization under the reaction conditions (Lewis acid) required
for coupling of the sugar to the aglycone.

Treatment of33 with boron trifluoride etherate (1.5 equiv)
in the presence of dibenzyl-sugar44 (>90%â) in acetonitrile
at -10 °C led to the formation of a crystalline slurry within
10 min (Scheme 1). HPLC analysis of the mixture after 20
min revealed that the reaction was essentially complete
(<1.5% of 3) and showed the presence of the desired,
coupled product2â along with 2R in a ratio of 2.4:1.
Surprisingly, analysis of the solid revealed the presence of
2â:2R in a ratio of 95:5. After the crystallization was
complete (5 h), pyridine was added to quench the Lewis acid.
Extractive workup afforded the coupled product after crystal-
lization from acetonitrile. The isolated solid2â contained
only a trace of2R as determined by HPLC analysis.5,6

Apparently, once the crystallization commences, the equi-
librium is driven toward2â, thus leading to acrystallization-
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induced stereoselectiVe glycosidation reaction.7 Recrystal-
lization from methylene chloride-methanol then led to2â
in 81.8% overall yield from3 with exceptionally high HPLC
purity of 99.7% and no detectable levels of2R.

Catalytic hydrogenation of2â using Pd on carbon in THF
at 50 psi for 4 h afforded, after workup and crystallization
from THF-water, etoposide1 in 96.8% yield with a purity
of 100%.8 The overall yield based on3 is 79.2%.9 The
sequence has also been accomplished on multikilogram scale.

To support the proposal that this process is a crystalliza-
tion-induced phenomenon and that there is a dynamic
equilbrium in solution between the starting materials3 and
4 and the coupled isomers2â and2R, several experiments
were conducted. When the coupled product2R was isolated
from mother liquor, purified, and subjected to the reaction
conditions described above, the solution was found to contain
an equilibrium mixture of2â and2R similar to that obtained
by reaction of3 with 4, and the resulting precipitate was

identified as2â. When crystalline product2â was subjected
to the reaction conditions, it was found to be stable due to
its insolubility in acetonitrile. It was also shown to be
configurationally stable after quenching and during workup
and recrystallization. Finally, when a 60:40 mixture of4â:
4R was used in the process, an isolated yield (80%) similar
to that of a reaction utilizing>90%4â was obtained. In the
latter experiment, significant levels of starting materials3
and 4 (9.0% and 21.6%, respectively) were detected by
HPLC analysis of the solution after 1.5 h of reaction, even
though they were not evident after 15 min of reaction.

There are several practical advantages to this protocol.
Preparation of anomerically pure sugar4â is not necessary.10

Prior activation of the lignan nucleus with a leaving group
at the 4-position is not needed. The addition of molecular
sieves normally required in these glycosidation reactions is
also obviated. The coupling reaction can be conducted at a
higher temperature (-10 °C) than is typically employed for
these types of reactions. Finally, protection of the phenol in
3 with the CBz group prior to the coupling reaction, as was
done in most prior syntheses of etoposide, is not necessary
in this case.

Application of this methodology to the preparation of other
lignan derivatives and a more detailed study of the mecha-
nism of this reaction are under investigation in our labora-
tories.
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