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Abstract—A facile formal total synthesis of dragmacidin B, trans-dragmacidin C, and cis- and trans-dihydrohamacanthins A is pre-
sented. Our approach to these bis(indole) alkaloids involves a one-pot, four-step cross-coupling/deprotection sequence where com-
plete halogen selectivity is observed. A related approach to access the dihydrohamacanthins is also described.
� 2005 Elsevier Ltd. All rights reserved.
Over the past several decades, biologically active natural
products isolated from marine organisms have served as
promising leads in the area of drug discovery.1 The
dragmacidin family of bis(indole) alkaloids represents
an emerging class of cytotoxic natural products ob-
tained from deep-water marine sponges.2 In 2002, we
described the total synthesis of dragmacidin D (1,
Scheme 1).3 Our route to 1 featured a series of thermally
controlled, halogen-selective Suzuki cross-couplings
of 2, 3, and 4 to construct the bis(indole)pyrazine
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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Scheme 1.
framework of the natural product. Importantly, the
6-bromoindole moiety could be maintained throughout
these reactions. Herein, we report an extension of this
approach to achieve the formal total synthesis of several
related bis(indole) alkaloids.

A retrosynthetic strategy for the preparation of dragma-
cidin B (5) and trans-dragmacidin C (6) is shown below
in Scheme 2. Based on conditions reported by Horne,
each of the bis(indole) alkaloids can be accessed from
unsaturated derivative 7 in a single step.4 Pyrazine 7,
Scheme 2.
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in turn, would be obtained from two halogen-selective
Suzuki cross-coupling reactions of boronic acid 8 with
a dihalogenated pyrazine (9). We anticipated that the
boronic acid fragment employed in our synthesis of
dragmacidin D (i.e., 4) could be utilized as a surrogate
for 8 in order to achieve our current goals. However,
the success of our plan would depend highly on the
choice of halogens for pyrazine 9.

In order to probe the limits of our halogen-selective
Suzuki cross-coupling methodology, we chose to use
known dibromide 105 as the critical pyrazine fragment
(Scheme 3). In a one-pot, four-step transformation,
an excess of 6-bromoindoloboronic acid (4) was
exposed to dibromopyrazine 10 under our standard
Scheme 4.

Scheme 3.
cross-coupling conditions. Following quenching with
KOH/ethanol, the deprotected pyrazine product (7)
was obtained in 54% yield.6 Notably, although four bro-
mides were introduced in the reaction mixture, only the
two pyrazinyl bromides were reactive in the presence of
Pd(0) at 50 �C. This rapid synthesis of bis(indole) pyr-
azine 7 constitutes a formal total synthesis of both
dragmacidin B (5) and trans-dragmacidin C (6).4,7,8

These halogen-selective Suzuki couplings also have great
potential for assembling a related family of natural
products, the dihydrohamacanthins (Scheme 4).9 In this
scenario, the desired alkaloids (11 and 12) would be ob-
tained from their pyrazinone counterparts (13 and 14),
using the method established by Horne and co-work-
ers.10 Intermediates 13 and 14, in turn, would arise via
cross-coupling chemistry using indole fragments 15
and 16, as well as pyrazine fragments 17 and 18, in a
manner similar to that describe above. Halogen-selective
cross-couplings will be crucial to prepare all of the halo-
genation patterns present in this series of natural prod-
ucts (11a–d, 12a–d).

To demonstrate the feasibility of this approach, we pre-
pared one of the dihydrohamacanthin natural products
(11c, Scheme 5). In the first Suzuki coupling, dihalopyr-
azine 3 and bromoindole 4 were treated with Pd(0) at
23 �C to afford coupled indolopyrazine 19.3 Dibromide
19, in turn, was subjected to boronic ester 20 in the pres-
ence of Pd(0) at 50 �C to produce bis(indole)pyrazine 21
in 53% yield. In both cases, complete halogen-selectivity
was observed. Subsequent removal of all protecting
groups furnished pyrazinone 22,11 which has previously
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been converted to the natural product (11c) in a single
step.10,12

In summary, we have completed the formal total synthe-
sis of dragmacidin B and trans-dragmacidin C. Our
route features a one-pot, four-step halogen-selective
cross-coupling/deprotection sequence to construct the
bis(indole) scaffold of our targets. In addition, we have
applied this methodology to the formal synthesis of a
dihydrohamacanthin natural product.
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of a 11c.
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