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Synthesis of a staurosporine analogue possessing
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Abstract—The synthesis of a new staurosporine analogue possessing a 7-azaindole unit instead of an indole moiety is described. This
synthesis could be achieved by coupling a sugar moiety previously tosylated in 20 position to the azaindolocarbazole aglycone.
Nucleophilic substitution on the carbon bearing the tosyl group yielded to the key cyclization leading to a compound in which the
carbohydrate part is linked to both indole and azaindole nitrogens.
� 2004 Elsevier Ltd. All rights reserved.
1. Introduction

Staurosporine, a microbial metabolite isolated from
cultures of Streptomyces staurosporeus, has been exten-
sively studied as a potent and nonselective kinase
inhibitor.1–3 Several academic and industrial groups
have synthesized a large number of staurosporine ana-
logues to obtain compounds exhibiting more selectivity
toward the various kinases.4 In the search for new
staurosporine analogues, we have previously synthesized
rebeccamycin derivatives in which the carbohydrate
moiety is linked to both indole nitrogens (Fig. 1).5;6

Rebeccamycin is an antitumor antibiotic produced from
cultures of Saccharothrix aerocolonigenes. Rebeccamy-
cin possesses an indolocarbazole framework onto which
is attached via a b-N-glycosidic bond a 4-O-methoxy-
glucose. Its antitumor activity is linked to its capacity to
inhibit topoisomerase I by forming a ternary DNA-
topoisomerase I-drug complex that prevents the religa-
tion of the DNA strand cleaved by the enzyme.7;8

Contrary to rebeccamycin, staurosporine has no effect
on topoisomerase I. Our staurosporine analogues pre-
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viously obtained by semi-synthesis from rebeccamycin
seem to have multiple targets and in contrast with
rebeccamycin, they exhibit high selectivity toward the
different tumor cell lines tested.

Azaindoles, as biosters for indoles, present considerable
biological importance. We have recently synthesized
rebeccamycin analogues in which one or both indole
moieties have been replaced by a 7-azaindole unit (Fig.
1).9;10 The newly introduced nitrogen atom(s) could
modify the interactions with the target(s) enzyme(s).

In this Letter, we report the synthesis of a 7-aza-
staurosporine analogue 1 bearing a methyl group on the
imide nitrogen (Fig. 1).
2. Results and discussion

The previously achieved semi-synthesis of a stauro-
sporine analogue in three steps from rebeccamycin is
outlined in Scheme 1.5 Tosylation at 20 position on the
sugar part was carried out before reaction using sodium
azide, which led to two compounds, the major product
of the reaction was the bridged compound obtained via
deprotonation of the indole nitrogen followed by
nucleophilic substitution at C20. The minor product, 30-
azide, was formed via 20-30-epoxide. The last step was
the removal of the chlorine atoms.
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For the synthesis of compound 1, we chose to use a-1-
chloro-1-deoxy-2-O-tosyl-3,4,6-tri-O-benzyl glucopyra-
nose 7, prepared from triacetylated glycal 2 as shown in
Scheme 2. Tribenzylated compound 3 was prepared
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from commercial triacetylated glycal 2 according to a
known method.11 Epoxidation of 3 with dimethyldioxi-
rane12 provided the anhydro-sugar 4. Reaction of 4 with
glacial acetic acid led to compound 5 in 55% yield as a
mixture of both a and b anomers in 3:10 ratio, respec-
tively.13;14 Tosylation of 5 gave 615 in 84% yield as a
mixture of the a and b anomers in 5:8 ratio, respectively,
together with unreacted b anomer 5. The anomeric
mixture of 6 dissolved in diethylether was treated with
HCl gas according to a method previously described in
altro- and allo-pyranosyl series,16 to yield compound 717

in 66% yield as the a chloro anomer, the unreacted a 6
was recovered.
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Coupling of the chloro-sugar 7 with the aglycone 818 was
achieved in a heterogeneous medium. The reaction did
not occur using KOH, Na2SO4 in acetonitrile as
described by Ohkubo et al.19;20 for the synthesis of
rebeccamycin analogues. The coupling reaction was
carried out in acetonitrile, using KOH and tris[2-(2-
methoxyethoxy)ethyl]amine (TDA-1) as a phase transfer
catalyst, according to the method described by Seela and
Bourgeois21 for the synthesis of nucleosides, to yield a
mixture, which was partly purified by chromatography.
The next step was the reaction with sodium azide in
dimethylformamide leading to the bridged compound
922 in only 12% yield for the two steps, however in the
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coupling step, the unreacted aglycone 8 could be
recovered (Scheme 3). The last step was the removal of
the benzyl groups on the carbohydrate moiety using
boron tribromide in dichloromethane.23 Compound 124

was obtained in 90% yield. The structure of compound 1
was assigned from 1H COSY, HSQC, and HMBC NMR
experiments (Scheme 4). These experiments allowed the
assignment of the protons of the azaindole moiety. The
correlations allowed the identification of the quaternary
carbon at 152.8 ppm. A correlation was observed
between this carbon and H20 . The regioselectivity of the
coupling reaction with the sugar moiety is consistent
with that already observed in the coupling using a het-
erogeneous medium in 7-azaindole series: the compound
in which the sugar part is linked to the indole moiety
was the major product of the reaction.10

In conclusion, we have successfully developed a method
for the synthesis of 7-aza staurosporine analogues,
which will be applied to prepare a new series by modi-
fying the substituent at the imide nitrogen and/or by
various substitutions on the aromatic rings and on the
sugar moiety. The biological properties of these new
azaindolocarbazoles will be evaluated.
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