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Abstract—Reaction of 1-tert-butoxycarbonyl-3-cyclopentylidenemethyl-1H-indole with an excess of trifluoroacetic acid in dichloro-
methane at room temperature gave a cyclic dimer, 13-cyclopentyl-6,7,12,13-tetrahydrospiro[5H-cyclohepta[l,2-b:4,5-b"]di-
indole-6,1’-cyclopentane] in 73% yield as the sole product through a novel cyclo-dimerization process. Structure of the cyclic dimer
derived from 5-bromo-1-z-butoxycarbonyl-3-cyclopentylidenemethyl-1H-indole was elucidated by X-ray crystallographic analysis.

© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

A number of bisindole alkaloids have been isolated from
various genera of marine sponges, and they have be-
come an important focus of scientific attention because
of the high degree of their biological activity and their
unique structure.!-?> Of remarkable importance is the fact
that bisindoles often exhibit more potent biological
activity than the monomeric units.> For these reasons,
over the past several years, some efforts have been de-
voted towards the development of new synthetic meth-
ods for this type of natural products.* Among them,
bisindole alkaloid caulersin 1, isolated from an alga
Caulerpa serrulata in 1997, has been known as the first
member constructed from the unique cycloheptafl,2-
b:4,5-b']diindole skeleton (Fig. 1).> Total synthesis of 1
was achieved through several steps of reactions involv-
ing cyclization for the construction of the central
seven-membered ring system by Fresneda et al.® and
Bergman and co-workers.” In this paper, we would like
to present a novel cyclo-dimerization of 1-tert-butoxy-
carbonyl-3-alkenylindole derivatives by treatment with
an excess of trifluoroacetic acid (TFA) to give cyclo-
hepta[1,2-b:4,5-b']diindoles.
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1 Caulersin

Figure 1. Structure of caulersin.

2. Results and discussion

In the course of our continuous research® for synthesis
of bioactive imidazole-indole alkaloids such as tubas-
trindoles® and cycloaplysinopsins,'® we prepared a
2'.2'-disubstituted 1-zert-butoxycarbonyl-3-alkenyl-1H-
indole as a model monomer from 1-Boc-3-formylindole
2!! by treating with cyclopentyltriphenylphosphonium
bromide as shown in Scheme 1.!2 The alkenylindole 3a
was then treated with an excess of TFA in dichlorome-
thane (DCM) for removing the Boc group;'® however,
the unexpected cyclodimer 4a was obtained in 73% yield
after chromatographic purification (Scheme 1).!* The
cyclodimer 4a gave an M™ peak in its HREIMS at m/z
394.2405, which corresponded to the molecular formula
C,sH30N,. Two broad peaks at 7.75 and 7.81 ppm in the
'"H NMR spectrum, and a strong absorption band at
3438 cm ™! in the IR spectrum suggested the presence
of the two NH protons of the indole rings. In the
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Table 1. Cyclo-dimerization of 3a,b

4a (73 %)

N\ TFA

N solvent

R’

3a,b

Entry R! Substrate Solvent Yield (%)
1 Boc 3a DCM 73
2 Boc 3a CHCl; 71
3 Boc 3a PhMe 36%
4 Boc 3a THF NRP
5 H 3b DCM CM®

#By-product 5 was also obtained (15%) and shown in Figure 2.

® No reaction, recovery of 3a.
¢ A complex mixture was obtained.

Figure 2. Structure and selected HMBC correlations of the by-product
5.

"H-"H COSY spectrum, CH(13)-CH(14)-CHx(15, 18)
and one CH,(7) attached to two quaternary carbons
were revealed. These spectral data and HMBC experi-
ment led to the indicated structure of the obtained prod-
uct 4a to have a seven-membered ring between two
indole moieties as depicted in Scheme 1.3

In general, 3-alkenylindoles have been well known as
substrates for [4+2] cycloaddition reaction to six-mem-
bered ring systems!®!7 and dimerization reactions to
cyclopent[b]indole compounds having a five-membered
ring systems,'® respectively. To our best knowledge,
the present reaction is the first example of cyclo-dimeri-
zation reaction from 3-alkenylindoles to construct a
seven-membered ring skeleton such as the cyclohepta-
[1,2-b:4,5-b"|diindole.

Then, we examined the reaction solvents for preparing
the cyclodimer (Table 1). It was found that the reaction
of 3a in DCM gave the best result (73%; entry 1). The
reaction in toluene gave 4a in only 36% yield together
with a by-product 5 (15% yield, entry 3), whose structure
was determined by HMBC experiment as shown in
Figure 2. Isolation of the mono-Boc compound 5 might

_ ) H+ (D+) /—\
N\ Me,C=CH, SH*
- co2

N
ﬁ\ #o H* (")
o
6
3a
(55 % D)
H (D)
+H* (DY +H*
-H* Me,C=CH,
/
€0 (D) H
H (24 % D)
5 4a

Scheme 2. The proposed reaction mechanism of cyclo-dimerization.
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Table 2. Cyclo-dimerization of 3c—j

RZ
__ CO,Me
3 -
R N R TFA
A\
N solvent
| N
Boc |
H
3¢+ ab-g 8
Entry R! R? R? Substrate Solvent Product Yield (%)
1 —(CHy)s— H 3c DCM 4b 49
2 —(CHy)s— H 3c CHCl, 4b 46
3 Me Me H 3d DCM 4c 58
4 Me Me H 3d CHCl, 4c 24
5 Ph Ph H 3e DCM — CM*
6 H H H 3f DCM — CM*
7 H Ph H 3g DCM 4d/4e® 77°
8 —(CHy)s— Br 3h DCM 4f 82
9 —(CHy)4— MeO 3i DCM 4g 59
10 H CO,Me H 35 DCM 8 76

%A complex mixture was obtained.
® A mixture of syn and anti products was obtained (1:2).
“Total yield of 4d and 4e.

suggest that removal of the remaining second Boc group
from the relatively hindered 12-position by action of
TFA should be the final step of this cyclo-dimerization
process. On the other hand, treatment of 3a with TFA
in THF gave no reaction (entry 4). Treatment of N-
unsubstituted 3-cyclopentylidenemethylindole 3b under
the same reaction conditions as entry 1 afforded only a
complex mixture and no cyclodimer 4a (entry 5), and
this result suggested that the presence of a Boc group
at the 1-position should be an important factor to pro-
mote the present cyclo-dimerization reaction. Further-
more, reaction with CF3;CO,D instead of TFA was
performed, and it was found that deuterium was incor-
porated at the 14-position (55%) and the 7-position
(24%) in the product 4a, respectively. From these
facts, we propose a reaction mechanism as shown in
Scheme 2. Removal of the 1-Boc group may be the first
step of this reaction to give the active intermediate 6,

then the dimer 7 might be provided by the reaction of
6 with the 1-Boc indole 3a. The mono-N-Boc-cyclo-
hepta[l,2-b:4,5-b']diindole 5 is furnished by the
“I-endo’-type ring closure of 7 followed by
aromatization.

Next, we prepared several 1-Boc-3-alkenylindole deriva-
tives,'® and the results of their reaction with TFA are
summarized in Table 2. The reaction of 3¢ and 3d in
DCM proceeded better than in CHCl; to give the
corresponding cyclodimers 4b and 4c¢ (entries 1-4).
Unfortunately, treatment of 2’,2’-diphenylated and
unsubstituted alkenylindoles 3e and 3f gave only com-
plex mixtures (entries 5 and 6); however, use of the 2'-
monophenylated compound 3g provided a mixture of
syn and anti 13-benzyl-6-phenylcyclohepta[l,2-5:4,5-b']-
diindoles (4d and 4e) in 77% yield (entry 7). Although
formation of a cyclic dimer, cyclopent[b]indole, was

Figure 3. ORTEP drawing for 4f.
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known by treatment of methyl 3-(1 H-indol-3-yl)-2-prop-
enoate 8 with HCL,?° in our experiment with TFA only
removal of the 1-Boc group was observed in the reaction
of the corresponding 1-Boc indole 3j to give the NH in-
dole 8 in 76% yield (entry 10). The cyclo-dimerization
reaction of 3-cyclopentylidenemethylindole having
bromo and methoxy groups at the 5-position smoothly
proceeded to give crystalline cyclodimers 4f (mp 278—
279 °C) and 4g (mp 139-140 °C) in good to moderate
yields (82% and 59%) (entries 8 and 9), and the structure
of the former 4f could be elucidated by X-ray crystallo-
graphic analysis as shown in Figure 3.%!

As a conclusion, we have found a novel cyclo-dimeri-
zation of 1-tert-butoxycarbonyl-3-alkenylindole deri-
vatives to give the cyclohepta[l,2-b:4,5-b']diindoles.
Further investigation and applications of this reaction
are under way, and the results of these studies will be
reported elsewhere in due course.
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