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Abstract: Synthesis of practical reagent which may be used to introduce a lexitropsin possessing a trisulfide
linker is described. As an application, the lexitropsin trisulfide was employed with podophyllotoxin to give a
lexitropsin- podophyllotoxin conjugate connected with a trisulfide linker in good yield.

Studies on netropsin, distamycin and related compounds have led to the concept of lexitropsins, or
information-reading oligopeptides (1). Predominantly 4-5 AT base pair sequences are recognized by netropsin
and distamycin in the minor groove of DNA. Rational modifications have been made to these natural products to
change their sequence specificity and binding characteristics (2). For example, replacement of one of the pyrrole
rings with an imidazole, which can accept a hydrogen bond from G-2-NH,, allows GC base pairs to be
recognized (3,4). Recent developments of X-ray analysis have made it possible to determine the exact structure
of certain DNA - lexitropsin conjugates. These and related results have encouraged many research groups to
synthesize and examine the properties of lexitropsin - natural products conjugates (5,6). Our application of the
lexitropsin concept to CC-1065 analogues led to certain cyclopropylpyrroloindole (CPI) - lexitropsin conjugates
which exhibit up to 10,000 times higher potency than CC-1065 itself against KB human cancer cells (7).1n the
latter case, the sequence selectivity of the lexitropsin unit may play an important role for these conjugates to

exhibit high or alternative expressions of bioactivity.
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Recently, we have been interested in calicheamicins, which have extraordinary potency against murine
tumors (8). During our research on calicheamicin chemistry, we focused on the presence of the trisulfide bond
in calicheamicin. It was therefore reported that transformation of this trisulfide bond to a disulfide bond resulted
in calicheamicin derivatives exhibiting lower reactivity (9). This result suggested the importance of the trisulfide
link. To introduce this alkyl trisulfide group, S-methylsulfenylphthalimide was used in model reactions, and the

yield in the reactions between thiol and this phthalimide reagent were high.
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In connection with these studies, we have made some models of calicheamicin and other natural products-
lexitropsin conjugates which are connected by trisulfide linkers. It was necessary to develop a practical route to
introduce a lexitropsin moiety which had a trisulfide link. In addition we confirmed the facile route to introduce a
lexitropsin trisulfide using (phthalimidesulfenyl)lexitropsin reagents, and accordingly report herein.

y-Thiobutyric acid 1 was synthesized by ring opening of y-thiobutyrolactone using potassium tert-butoxide in
refluxing THF (71% yield). After protecting the acid moiety of 1 using bis(trimethylsilyl)acetamide (BSA), the
free thiol was coupled to N-(S-chlorothio)phthalimide, which was synthesized in situ according to a literature
procedure, in the presence of triethylamine in dichloromethane at room temperature to obtain S-[(phthalimido)-
sulfenyl]-y-thiobutyric acid 2 (over all 50 % yield) (10). This acid 2 was coupled with lexitropsin amines using
DCC as coupling reagent in dichloromethane at room temperature to obtain of N-(lexitropsin-
thiosulphenyl)phthalimides 3a-cin 44-60 % yields.
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In order to explore the usefulness of these new reagents, we applied them to the synthesis of representative
podophyllotoxin - lexitropsin conjugates. Podophyllotoxin is a potent inhibitor of microtubule assembly and is a
key intermediate for the synthesis of the clinical antitumor agents etoposide and teniposide (11). We have
reported the synthesis of 4'-demethylepipodophyllotoxin-lexitropsin conjugates and their topoisomerase II
inhibition activities, and those studies encouraged us to synthesize further additional types of pedophyllotoxin -
lexitropsin conjugates (12). The C-4 hydroxyl group of podophyllotoxin was allowed to react with 1,3-
propanedithiol in the presence of trifluoroborane-diethyl ether complex in dichloromethane at -30 °C to afford a
podophyllotoxin bearing a thiol group 4 (13). Thiol 4 was treated with (phthalimidesulfenyl)lexitropsin 3¢ in
refluxing dichloromethane to yield smoothly the corresponding podophyllotoxin -SSS- lexitropsin conjugate §
(14) in 81% yield. This result illustrates the usefulness of N-(lexitropsin-thiosulphenyl)phthalimides reagents

3a-c to introduce a trisulfide lexitropsin moiety.
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In conclusion, we have confirmed a practical route to introduce a lexitropsin moiety possessing a trisulfide
linker. We are applying this reagent to calicheamicin and will report the synthesis and properties of
calicheamicin-SSS-lexitropsin conjugates in due course.
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