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Abstract: To assess the role of the amine and ester containing oligopeptide side-chains in bis-indole
protein kinase C inhibitors, six novel hybrids in this series were synthesized. These new compounds
displayed effective inhibitary activity against protein kinase C-a.

Protein kinase C (PKC) is a member of the serine/threonine specific protein kinase family? which is
implicated in the pathogenesis of a variety of diseases.2 Over the past decade, regulation of this family of
enzymes has generated considerable interest. One of the most informative approaches to study the role
played by PKC in cellular processes is to inhibit the enzymatic activity of the kinase in intact cells. For this
purpose, cell-permeable, potent and selective compounds are required. Among a variety of agents®.!3
which inhibit PKC and other protein kinases, the naturally occuring glycosylated indolocarbazole
staurosporine (1) is the most potent, and has been modifiedS in attempts to control kinase selectivity and
toxicity. The structurally simpler Arcyriarubins® (2: Arcyriarubin A) also inhibit PKC.7 Recent investigations
by Toullec,82 Davis8P and co-workers have revealed that derivatives of this class, such as compound 3 in
which a dimethylamine containing side chain is attached to the indole nitrogen, are not only highly potent

but also quite selective inhibitors of PKC.
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In the course of structure-activity studies on PKC inhibitors in this series, we wished to determine
if amine or ester containing polypyrrolamide side-chains contribute to biological activity. We report here
the synthesis and activity of the compounds 5-10, in which one of the hydrogen atoms attached to the
nitrogen atom of the indole ring is substituted by such oligopeptide chains. Within this group of target
molecules, compounds 5-7 contain a dimethylamine as a peptide terminal, while, for comparison,

compounds 8-10 contain a methyl ester as a terminal group.

Chemistry: We recently established a very efficient procedure to the staurosporine aglycone
4.2 in which compound 17 was conveniently prepared in two steps from the easily available
dibromomaleic acid. Here, we took 17 as the starting material and treated it with sodium hydride, followed
by addition of ethyi bromoacetats, to obtain 18 in a moderate yield. Since the deprotection of the N-
benzyl group has not proved to be possible,®-1® we utilized an indirect method.® Thus, treatment of 18
with strong base, 5N potassium hydroxide, readily afforded the anhydride 19 in high yield, and
meanwhile, the ester group of 18 was also converted to the desired carboxylic acid function.
Subsequently, conversion of the anhydride to the imide was achieved by heating with ammonium acetate
overnight, yielding the key intermediate 20 in good yield. Finally, 20 was coupled with the amine
containing oligopeptide 11, prepared from N-methyl pyrrole according to the method previously

developed in this laboratory,!! in the presence of 1,3-dicyclohexylcarbodiimide (DCC) and 4-
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dimethylaminopyridine (DMAP) to give the target compound 512 in a reasonable yield. Similarly, coupling
of 20 with other oligopeptides 12-16, afforded the products 6-10 in moderate to good yields.
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In Vitro Biological Evaluation: These compounds were evaluated for their inhibition of
PKG-o..14 The results are summarized in Table 1. All of the compounds proved to be effective inhibitors
of PKC, although none of them was as active as staurosporine 1. In addition, the methyl ester containing

compounds 8-10 proved to be more potent than the dimethylamine containing compounds 5-7. In
comparison with the structural simpler derivative 3 ( ICgo = 0.01 uM ), our compounds showed less PKC

Table 1. Inhibition of PKC-a.@

Compounds IC50 (1M)
Staurosporine 1 0.004

5 1.00
6 0.63
7 0.46
8 0.50
9 0.28

0.17

a. The PKC-a was purified and assayed as described in the literature. 15
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inhibitory effects, which suggests that the structurally more complex oligopeptide substituents do not

enhance PKC inhibitory activity in this series of compounds.

Further studies on the effects of these compounds on cellular topoisomerases and development

of even more potent inhibitors are ongoing.
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