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Abstract: Thioglucose-derived analogs of the clinical anticancer agent etoposide have been synthesized via a
novel strategy of coupling the sugar and aglycone moieties.

Etoposide (1) is widely utilized clinically as a single agent in the treatment of refractory testicular cancer,
and in combination for the front-line treatment of small cell lung cancer. In recent years, burgeoning interest in
drugs of this class has led to the synthesis of several potentially superior congeners, including the clinical agent

etopophos,2 the clinical candidate NK-611, and a number of 2-azapodophyllotoxins which await further structural
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In this Letter, we report on a novel strategy resulting in a short synthesis of the thioglucose congener (2)

of etoposide, and detail further elaboration of this to the S- and R- sulfoxides (3 and 4, respectively) and sulfone
{5). Inthese analogs, we expected that substitution of sulfur in various oxidation states for the glycosidic oxygen
of etoposide would not only alter lipophilicity, but also vary the geometrical disposition of the sugar moiety about
the aglycone. Such changes should markedly affect biological activity.

Our synthetic route is shown in Scheme 1. Contrary to traditional approaches in this area, we coupled
the sugar and aglycone moieties via SN1 displacement chemistry on the unstable 4-bromo precursor (6), a
strategy which obviates the use of protecting groups. Thus, reaction of 6% with commercially available 1-thio-A-
D-glucose, sodium salt, in DMF at -10° resulted in an inseparable mixture of C-4 epimeric thiosugar adducts in
80% yield and an unfavorable 1:4 ratio, suggesting a mixed SN1 and SN2 mechanism under these conditions.
This ratio was improved to 1:1 when carrying out the reaction in refluxing CHLCN on the (n-Bu)4N* salt.
Complete stereoselection for the desired C-4 B-diastereomer was achieved by utilizing a "soft" organomercaptide
sugar® and a medium more favorable for an SN1-type prooess.7 Hence, treatment of the thiosugar with n-
BusSnClin 2,2,2-trifluoroethanol (TFE) followed by the addition of bromo substrate (6) gave a single adduct that

2849



2850

SCHEME 1
Br Gly,—S

¢ e :

o y n,,[( e} y “urr

ﬂr, Y AH o
6 2
Gly,—S Gly,— S0,
0 O
e - Ilu’r (o] ” “'I‘(
l_\rz o Z\fz °©
7 10
T k
Gly,—S Gly,~$ 5
(0] ¢]
H,C
{ o+ < AN
o u,,{ e} ”u{ o}
= = RO OCH
A, © A, © CH,0 3
2 2 OR RO
8 35:65 9 -
Glyy: R= Ary: R=H
| e 2 ;
Glyy: R=CICHC Ary: R = GICH,C

(a) 1-Thio-R-D-glucose sodium salt, 1.02 eq n-Bu,SnCl, 2,2,2-TFE, 25°, 2 h; add compound 6,
25°, overnight; 56%. (b) Excess 1,1-DME, CSA, 25°, 20 h, then 4:1 HOAc:H,0, 45°, 1 h; 75%.
(c) Excess chloroacetyl chloride, pyridine, CH,Cl,, 0% 1 h; 85%. (d) 1 eq MCPBA, CH,Cl,, -10°,
1.25 h, flash sg chromatography; 90%. (e} 3.2 eq NH,CH,CH,NH,, pyridine, 5°, 1 h; 74-77%.
{f) 2 eq MCPBA, CH,Cl,, 5°, 2 h; 70%. (g) Excess NH,CH,CH,NH,, CH,CI,, -78°, 3 h; 63%.

was then 4-6-O-ethylidenated with 1,1-dimethoxyethane to provide the thiogiucose congener (2)8 of etoposide
in 42% yield. Other combinations of solvent (TFE or CH4CN) with the stannylated or silylated derivatives, or
sodium salt, of the thiosugar led in some cases to equivalent stereoselection, but in all cases to sluggish
reactivity and lower yields.

The elaboration of 2 to its sulfoxide and sulfone congeners was carried out as follows: Acylation of 2
with an excess of chloroacetyl chloride at 0° gave the tris(chloroacetyl) intermediate 7 that was oxidized with
one equivalent of MCPBA at -10° to give a 35:65 mixture of diastereomeric sulfoxides, 8 and 9 respectively,
following flash sg chromatography. Each isomer was then treated with an excess of ethylenediamine in pyridine
at 5° to afford target sulfoxides 3 and 4, respectively. The assignment of sulfoxide stereochemistry was made
by x-ray analysis of 4 (Fig. 1).9 Similarily, treatment of 7 with an excess of MCPBA followed by ethylenediamine
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FIGURE 1. Single Crystal X-ray Structure of R-sulfoxide 4

deacylation of 10 in CH,Cl, at -78° gave the target sulfone 5.

In summary, we have devised a simple and highly convergent route to the thioglucose analog of
etoposide utilizing a novel strategy to couple sugar and aglycone moieties. The further application of this
methodology to the synthesis of straight-chain ether and thioether congeners along with detailed nmr studies,
molecular modeling, and biological evaluation of this class will be the subject of a future report.
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