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We describe herein an efficient new route to the trikentrins and their related structures using a tandem 6,7-
indolyne cycloaddition/Negishi cross-coupling reaction starting from a 4,6,7-tribromoindole (obtained in
good yield via the Bartoli indole synthesis). The key step of this second generation route to the trikentrins
is based on our observation that the 7-bromo substituent appears to undergo selective metal–halogen
exchange and elimination to give the 6,7-indolyne, which is trapped in the presence of excess cyclopenta-
diene. Subsequent Negishi cross-coupling at the 4-bromoindole position with Et2Zn gave directly the same
intermediate obtained from our previous work. Application of this chemistry to the construction of triken-
trin-related libraries using this general cycloaddition/cross-coupling tactic will also be described.

� 2009 Elsevier Ltd. All rights reserved.
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Figure 1. Benzenoid indole aryne (indolyne) systems.
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Arynes derived from all three benzenoid positions of the ubiq-
uitous indole nucleus (indolynes 1–3, Fig. 1) represent potentially
attractive and powerful new tools for the total synthesis of com-
plex alkaloid natural products such as the trikentrins,1 herbin-
doles,1a,c teleocidins,2 cytoblastin,3 and lyngbyatoxin4 (Fig. 2).
Our group recently discovered the first successful and general
route to these intermediates via metal–halogen exchange of
o-dihalides5 and later, via fluoride-induced decomposition of
o-silyltriflates.6 We subsequently examined the regioselectivity of
indolynes in Diels–Alder reactions with 2-substituted furans.6a

These studies quickly led to the first application of indolynes in
the construction of natural products and culminated in a concise
synthesis of (±)-cis-trikentrin A 7 and (±)-herbindole A, 9.7 This
work clearly validated the utility of indolynes to gain quick access
to architecturally challenging structures.8

We now describe an efficient and flexible new route to the
trikentrins using a novel tandem intermolecular 6,7-indolyne
cycloaddition/Negishi cross-coupling reaction starting from a
versatile 4,6,7-tribromoindole, which itself was obtained via the
Bartoli indole synthesis.9

Application of this general cycloaddition/cross-coupling tactic
to the construction of novel small-molecule libraries will also be
introduced.

We were intrigued by the idea of using a potentially new scaf-
fold, namely, a 4,6,7-tribromoindole 11 for the synthesis of the
antibacterial cis-trikentrin A as well as libraries derived from it
(Scheme 1).
ll rights reserved.
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u (K.R. Buszek).
Based on our earlier work with the various reaction manifolds
of 6,7-indolynes,6a it occurred to us that it might be possible to
generate selectively the 6,7-indolyne as described previously5,6a
cis-trikentrin A cis-trikentrin B herbindole A herbindole B
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Figure 2. Representative indole natural products.
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Scheme 3. Test of reaction orthogonality in the 4,6,7-tribromoindole system.
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Scheme 1. Versatile 4,6,7-tribromoindole scaffold.
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without simultaneously inducing metal–halogen exchange at the
4-bromo position. In this manner indolyne cycloaddition would
be followed by further elaboration of the scaffold at the 4-bromo
position of 12 by any of the several metal-mediated coupling strat-
egies (e.g., Buchwald–Hartwig, Heck, Negishi, Sonogashira, Stille,
and Suzuki). We are now pleased to report that this is indeed the
case.

Whereas our first-generation synthesis of cis-trikentrin A relied
on 4-ethylaniline,7 a potentially far more flexible approach re-
quired the preparation of the versatile silyl protected 4,6,7-trib-
romoindole 18 (Scheme 2). Thus inexpensive o-nitroaniline 14
was brominated [Br2 (4 equiv), CH2Cl2/MeOH (2:1), rt, 1 h] in
nearly quantitative yield to give 4,6-dibromo-2-nitroaniline 15.
Subsequent diazotization of this aniline with a stoichiometric
amount of cupric bromide [CuBr2 (1.3 equiv), t-BuONO (1.0 equiv),
MeCN, 60 �C, 1 h] afforded the heretofore unknown 2,3,5-trib-
romonitrobenzene 16 in 90% yield on a multi-gram scale.

Application of the Bartoli indole synthesis9 to 16 (vinyl Grig-
nard, 6 equiv; THF, �40 �C, 20 min) on a gram-scale gave cleanly
a very respectable 50% yield of the desired 4,6,7-tribromoindole
17.10 Finally, protection of the indole N–H group as its TBS ether
18 was accomplished in 78% yield with NaH (4.0 equiv), TBSOTf
(2.0 equiv), and Et3N (2.0 equiv) in DMF at 0 �C for 0.5 h. Alterna-
tively, N-methylation could be achieved in 97% yield (NaH
(2.0 equiv; MeI, 1.5 equiv, THF, 0 �C, 0.5 h) to give 19.

To test the idea of reaction orthogonality in these systems, we
first subjected 19 to our indolyne-forming conditions in the pres-
ence of an excess of furan (Scheme 3).

Gratifyingly, the corresponding cycloadduct 20 was cleanly
formed in 89% yield with no evidence of additional metal–halogen
exchange occurring at C-4. Indeed, efforts to force metal–halogen
exchange at the 4-bromoindole position with an excess of t-BuLi
gave only the ring-opened product 21 in excellent yield via regio-
and exoselective attack by the alkyllithium. This observation is
consistent with what we found in similar systems and which we
documented in an earlier Letter.5,6a

Encouraged by these results, we proceeded with our objective
of executing a tandem intermolecular 6,7-indolyne cycloaddition/
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Scheme 2. Synthesis of the 4,6,7-tribromoindole scaffold.
Negishi cross-coupling reaction (Scheme 4) enroute to cis-triken-
trin A.

Reaction of 18 with n-BuLi in PhMe11 at �78 �C presumably re-
sulted in selective metal–halogen exchange at C-7 and elimination
to give the 4-bromo-6,7-indolyne 22, which was trapped with
cyclopentadiene to afford the desired 4-bromoindole 23 in 89%
yield. Although the possibility of some metal–halogen exchange
occurring at the 4-bromo position cannot be rigorously excluded
at this time, it is important to note that no evidence for the forma-
tion of compound 24 has been found thus far. Application of the
Negishi cross-coupling [Et2Zn, 2.2 equiv; Pd2(dba)3 (4 mol %);
P(t-Bu)3�HBF4 (16 mol %); THF, 60 �C, 1 h] afforded the desired
product 25 in 70% yield.12 The use of the somewhat more exotic
Fu catalyst/ligand combination13 was found to be the best condi-
tions in this case to achieve the optimal yield of the 4-ethylindole.
This intermediate is identical in all respects to that synthesized by
our first-generation method beginning with 4-ethylaniline,7 and
thus constitutes a formal total synthesis of (±)-cis-trikentrin A, as
well as the shortest route to this target reported to date.

The ability to exploit reaction orthogonality in 4,6,7-tribromo-
indole makes it a potentially valuable scaffold for the construction
of libraries using a general tandem 6,7-indolyne cycloaddition/
cross-coupling strategy as depicted in Figure 3.

We have provided a proof-of-concept for two other manifolds in
addition to the Negishi reaction. For example, coupling a boronic
acid to 23 in the Suzuki–Miyaura reaction gave a good yield of
the desired product 32 (Scheme 5), while the use of an aniline
afforded the corresponding Buchwald–Hartwig coupled product
33, albeit in modest yield (Scheme 6).

In both cases, the cross-coupling event proceeded with concom-
itant loss the N-silyl protecting group. This unexpected outcome is
advantageous in that it saves a deprotection step, and allows for
the subsequent introduction of further diversity elements, for
example, by way of N-alkylation or N-acylation,. The yields of each
reaction warrant comment. While the yield of product for the Negi-
shi reaction is certainly respectable, the first attempts at the Suzu-
ki–Miyaura and Buchwald–Hartwig cases gave disappointing
results. Both are much lower than would be expected for simple
cross-coupling reactions with an aryl bromide. This observation re-
quired us, after much experimentation, to finally adopt the less
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Scheme 4. Tandem 6,7-indolyne cycloaddition/Negishi cross-coupling.



N
TBS

Br

23

p-MeOPhB(OH)2 (2.2 eq)
Pd2(dba)3 (4 mol%)

t-Bu3P•HBF4 (16 mol%)
DIEA (2.2 eq)

THF, 65 ºC, 3 h
57%

N
H

32

OMe

Scheme 5. Suzuki–Miyaura coupling with 4-bromoindoles.

N
TBS

Br

23

3,4-dimethylaniline (1.2 eq)

Pd2(dba)3 (4 mol%)
t-Bu3P•HBF4 (16 mol%)

Cs2CO3 (1.5 eq)
glyme, 85 ºC, 24 h

27%
N
H

HN

33

Scheme 6. Buchwald–Hartwig coupling of anilines with 4-bromoindoles.

Negishi

(R3)2Zn

Suzuki
ArB(OH)2 Stille

R3

Heck

Z
Buchwald-
Hartwig
HNR4R5

Sonogashira

N

Br

R1
R2

R3

12

N

R4

R1
R2

R3
N

Ar

R1
R2

R3

N
R1

R2

R3

N
R1

R2

R3

N

NR4R5

R1
R2

R3

N
R1

R2

R3

R4

Z

R4

R4

26

27

28

29

30 31

Figure 3. Cross-coupling manifolds in the 4-bromoindole scaffold.
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conventional catalyst and ligand combinations to achieve even the
stated yields. Although cross-coupling reactions with haloindoles
are certainly precedented,14 their yields, along with other hetero-
arenes, tend to be highly variable, and usually low.15 In our sys-
tems, annulation leads to a more electron-rich bromoarene, and
this factor is also known to suppress yields in many cases. We
are continuing to pursue improved conditions in support of our
library objectives.

In conclusion, we have devised a shorter, improved route to (±)-
cis-trikentrin A that utilizes an efficient tandem 6,7-indolyne
cycloaddition/Negishi coupling sequence. We have shown that
the 4,6,7-tribromoindole system appears to undergo selective
metal–halogen exchange with n-BuLi at the 7-bromo position
and subsequent elimination to give the 6,7-indolyne, followed by
cycloaddition with dienes. The remaining 4-bromo position is then
available for further elaboration using well-known cross-coupling
protocols. This heretofore unrecognized reaction orthogonality
renders the 4,6,7-tribromoindole a versatile platform for the total
synthesis of natural products, and holds enormous potential for
the construction of diverse small-molecule libraries. We are pres-
ently exploiting this latter application for use in library develop-
ment. The results of these efforts will be reported in due course.
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