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Abstract: Bisindolylmaleimides are known to be potent and selective PKC inhibitors. A new synthesis of this
class of compound is reported. The key step is a Suzuki cross-coupling reaction using a readily available
indolylmaleimide triflate intermediate. © 1997 Eisevier Science Ltd. All rights reserved.

Staurosporine (1) has shown itself to be a potent protein kinase inhibitor and in recent years it has been
the focus of intense research synthetically and medicinally.! Staurosporine has limited selectivity in vitro among
ATP dependent kinases. An antagonist that possessed selectivity for protein kinase C (PKC) could be a
therapeutically useful agent. Recent SAR studies have resulted in dramatic improvements in potency and
selectivity for PKC over other ATP dependent kinases with bisindolylmaleimides such as 2 (GF 109203X),2 3
(Ro 32-0432),3 and 4 (LY333531).4 The conformationally restricted analog 3 may be useful in the therapy of
autoimmune diseasesS and 4 is being developed as a candidate for diabetic retinopathy.6

As part of our program to develop synthetic methodology that would lead to an array of structurally
diverse staurosporine analogs, we envisioned the triflate 8 as a key intermediate that would lend itself to
addition-elimination chemistry with various nucleophiles. In addition, it should function as a suitable partner in
palladium catalyzed cross-coupling reactions. Herein we report its use in a Suzuki reaction to provide a new
synthesis of bisindolylmaleimides.
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Commonly used methods of constructing bisindolylmaleimides have employed indolyl Grignard
reagents in reaction with dihalomaleimides.” The Roche group has reported a synthesis for bisindolylmaleic
anhydride followed by mild conversion to the maleimide using hexamethyldisilazane® as well as direct
construction of the maleimide through an indole-3-acetimidate and indole-3-glyoxylyl chloride. Methodology
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has also been developed using indolylacetate dianions in an oxidative coupling to obtain the bisindolesuccinic
acid ester which can be transformed to the bisindolylmaleimide.l0 The proven utility and versatility of the
Suzuki reaction!! would provide an alternative means of entry into this system, allowing for a wide range of
structural variation.

N-methylindole-3-acetamide § provided efficient access to the triflate 8 (Scheme). Compound 5 was
obtained via alkylation of commercially available indole-3-acetamide or by alkylation of indole acetonitrile!2 and
subsequent conversion to the amide.}3:14 Using a procedure described by Rooney and coworkers for the
synthesis of aryl substituted hydroxymaleimide derivatives, 5 was cyclized in 86% yield with dimethyl oxalate
and potassium t-butoxide in DMF to the enol 6.15 Selective alkylation of the maleimide was accomplished using
2 equivalents of NaH in DMF to provide 7. Using standard conditions triflate 8 was obtained in 85-96% as
analytically pure material,!6 setting the stage for the crucial Suzuki coupling with an appropriately metalated
indole. A recent report by Martin wherein a 3-indole boronic acid 917 was coupled to an alkene triflate Jent
credence to the feasibility of this approach.
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Scheme: (a) i. KOH, Mel, acetone; ii. HyO2, K2CO3, DMSO; (b) NaH, Mel, DMF;
(c) t-BuOK, MeOC(O)C(O)OMe, DMF; (d) NaH (2 equiv), Mel, DMF; (e) TEA, Tf,0, CH2Cly;
(f) Pdadba3-CHCl3, CsF (3 equiv), CsBr (3 equiv), dioxane, 15 °C to 1t; (g) K2CO3, MeOH/H,0.
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Initial attempts utilizing conditions such as Pd(PPh3), with K3P0O418 or 2M NapCO3/LiCl!7 provided
<5% of the cross-coupled product 10, together with 3,3-bisindolyl by-products, N-tosylindole, and an
intractable mixture of minor products. Under these conditions a large amount of the boronic acid was unreacted
with the triflate apparently decomposing under the reaction conditions (dioxane or DME at 65 °C). Recently it
has been reported that Suzuki cross-coupling reactions are improved by using phosphine free ligands.!? In
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addition it has been observed that fluoride salts can be used to effect boronic acid coupling reactions under
conditions that are compatible with base-sensitive functional groups.20 On the basis of these observations, we
found that the Pdadbaj chloroform complex in the presence of cesium fluoride provided the desired
bisindolylmaleimide 10 in 55% yield.2! This combination of catalyst and base allowed the reaction to proceed
at room temperature with acceptable conversion of starting material. The primary by-product of the reaction was
enol 7, presumably due to the limited stability of triflate 8. In our experience the best results were obtained by
maintaining the triflate at 15 °C in dioxane when adding the reagents. The tosyl group was subsequently
removed with potassium carbonate in methanol/water?2 to give 11 in 84%. Conversion of N-methyl
bisindolyimaleimides to the biologically active NH compounds has been previously reported.4.8b

In summary we have developed a new route for the formation of bisindolylmaleimides via the Suzuki
cross-coupling reaction which allows for convenient differentiation between the two indoles. In addition, the
triflate intermediate is quickly obtained and offers entry to compounds with a wide range of structural variation.
Given the current interest in the biological activity of these compounds this methodology should prove to be
useful in further analog synthesis.
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