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Abstract—Reaction of 1-substituted 3-alkenyl-1H-indoles with an equimolar amount of trifluoroacetic acid in dichloromethane
gave cyclic dimers, 1,3-trans-N,N’-disubstituted cyclopent[blindoles, in 53-84% yields as sole products through an acid-mediated
stereoselective cyclo-dimerization process. The structure of the cyclic dimer derived from 3-cyclopentylidenemethyl-1-methyl-1H-

indole was elucidated by X-ray crystallographic analysis.
© 2005 Elsevier Ltd. All rights reserved.

A number of bisindole alkaloids have been isolated from
various origins and they have become an important
focus of scientific attention because of their biological
activities and their unique structure.’?> Of remarkable
importance is the fact that bisindole alkaloids often
exhibit more potent biological activity than the mono-
meric units.®> For these reasons, over the past several
years, efforts have been devoted towards the develop-
ment of new synthetic methods for this type of natural
products.* Among them, we reported a new type of
trifluoroacetic acid (TFA)-mediated cyclo-dimerization
of 1-tert-butoxycarbonyl-3-alkenyl-1H-indoles 1 into
cyclohepta[1,2-5:4,5-b'|diindoles 2 as shown in Scheme
1,> which was found in our continuous synthetic
research of imidazole—indole alkaloids.® In this time,
our interest was focused on the investigation of the reac-
tivity of 3-alkenylindoles having an alkyl group instead
of Boc group at the I-position of the indole ring with
acids. Thus, we planned preparation of a series of
l-alkylated 3-alkenylindoles 4 and examined their
cyclo-dimerization reaction. From these experiments,
we found that the reactivity of 4 with an equimolecular
amount of TFA was drastically different from that of 1
with a large excess of TFA, the reaction of 4 gave five-
membered cyclic dimmers, N,N’-disubstituted cyclo-
pent[bJindoles, in good yields. Herein, we would like to
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Scheme 1.

present the novel TFA-mediated cyclo-dimerization of
3-alkenyl-1-alkyl-1H-indole derivatives to give N,N'-
disubstituted cyclopent[bJindoles.

Various 3-alkenyl-1-alkyl-1H-indoles 4a-g were pre-
pared by either ‘transfer of activation’ method for
1-(p-toluenesulfonyl)-3-cyclopentylidenemethyl-1 H-in-
doles 3 (Scheme 2)7 or by Wittig reaction of 1-alkyl-3-
formyl-1H-indoles 5a—d (Scheme 3).%

The reaction of the 3-cyclopentylidenemethyl derivative
4a with acids (HX) under various conditions was exam-
ined (Scheme 4), and the results are summarized in
Table 1. We found that the treatment of 4a with several
acids afforded 1/,3'-trans-1'-cyclopentyl-1'2'3'4’-tetra-
hydro-4’-methyl-3’-(1-methyl-1 H-indol-3yl)spiro[cyclo-
pentane-1,2’-cyclopent[blindole] 6a stereoselectively, and
the structure of 6a was determined by the observation of
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the NOE correlation by NOESY experiments and X-ray
crystallographic analysis as shown in Figure 1.° It is
notable that the treatment of 1-tert-butoxycarbonyl-3-
alkenylindoles 1 with large excess of TFA gave seven-
membered cyclo-dimers 2,°> however, the reaction of 4a
with 13 equiv of TFA provided only a complex mixture
(entry 1). We found that the cyclo-dimerization reaction
of 4a was smoothly proceeded by use of only 1 equiv of
TFA under stirring for 3 h at 0 °C to give the five-mem-
bered cyclo-dimer, cyclopent[blindole 6a, in the best
yield (79%) (entry 4).!%'" From the experiments with
various acids (entries 4-9), it is considered that the
strength of the acid may be important in this stereoselec-
tive cyclo-dimerization reaction.

The cyclopent[blindole system is found in the basic skel-
eton of a bisindole alkaloid yeuhchukene 7 (Fig. 2),
isolated from the root of Murraya paniculata'? as an
anti-implantation agent'3 and is reported to have unique
biological properties.!* Furthermore, the N,N’-disubsti-
tuted cyclopent[blindole structure can be also found in
several interesting biologically active agents.!> Although
several examples of dimerization reaction of 3-alkenylin-
doles!® into cyclopent[bJindoles are known in the litera-
ture,!” most reactions were only applied to synthesis of
N-unsubstituted indole derivatives and were not exam-
ined in a systematic fashion.'®

Next, the reaction of the prepared 1-alkyl-3-alkenyl-
indoles 4b—g in the presence of 1 equiv of TFA at 0 °C
was examined (Scheme 4), and the results are summa-
rized in Table 2. trans-1-Alkyl-3-(1-alkylindol-3-yl)cyclo-
pent[blindoles 6b—g were obtained stereoselectively in
good to moderate yields (84-57%; entries 1-6) under
the same reaction conditions as that of entry 4 in Table
1. When an electron-withdrawing group such as a bromo
group attached at the 5-position of the indole ring in 3-
cyclopentylidenemethyl-1-methylindole, the cyclic dimer

CHO R®
R2 >—P*Phs Br
A\ R3
’Tj n-BuLi/ THF
R1

5a:R!'=Me,R>=H
5b: R' = Me, R> = Br
5¢: R' = Me, R?> = OMe
5d:R'=i-Pr,R2=H

Scheme 3.

HX
DCM

4a-h

Scheme 4.

Table 1. cyclo-Dimerization of 4a under various reaction conditions

Entry HX (equiv) Temperature Time  Yield of
(°C) (h) 6a® (%)

1 TFA (13) RT 24 CcMP®

2 TFA (4.3) -78 3 54

3 TFA (1.0) RT 3 57

4 TFA (1.0) 0 3 79

5 HCO,H (1.0) RT 3 NR°®

6 TsOH (1.0)¢ 0 3 24

7 HCI (1.0)° 0 3 52

8 TfOH (1.0) 0 3 49

9 Amberlyst 15 (1.0)" 0 3 41

#Tsolated yield.

® A complex mixture was obtained.

“No reaction, recovery of 4a.

4 Monohydrate was used.

€38% aqueous HCI was used.
Ton-exchange resin with ArSO;H moiety.

6d was obtained in higher yield than the case of an elec-
tron-donating methoxy group at the 5-position (entries 3
and 4). The present reaction system could be also applied
to the N-unsubstituted 3-alkenylindole 4h> to afford the
corresponding five-membered cyclic dimer, cyclo-
pent[bJindole 6h, in 66% yield (entry 7).

Then, the reaction of 4¢ with 1equiv of CF;CO,D
instead of TFA was performed, and it was found that
deuterium was incorporated into the 1’-position (20%)
in the product d-6¢ (Scheme 5). From the fact, we
propose a possible reaction mechanism as shown in
Scheme 5. Protonation at the 2’-position of 3-alkenylin-
dole 4 might be the first step of this reaction to give the
active iminium intermediate 8; the dimerized inter-
mediate 9 is then given by the nucleophilic attack onto
the 1’-position in the intermediate 8 at the 2’-position

|
R1

4c: R' =Me, R = H, R? = Me (80%)

4d: R' = Me, R? = Br, R? = -(CH,),- (89%)
4e: R' = Me, R? = OMe, R> = -(CH,)4- (82%)
4f: R' = Me, R? = H, R? = -(CH,)s- (15%)
4g: R' = i-Pr, R = H, R = Me (100%)
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of the substrate 4c.!° The 1,3-trans-oriented cyclo-
pent[blindole 6¢ is furnished by the ‘S-endo’-type ring
closure of 9 through the transition state 11 rather than
10 because of steric hindrance, followed by aromatiza-
tion. In the presence of a more strong acid or 13 equiv
of TFA, the concentration of 8 may be increased; how-
ever, that of 4c may be decreased to retard the dimeriza-

Me
+D* (H)

4c

Scheme 5.

Table 2. cyclo-Dimerization of 4b-h to 6b-h*
Entry Substrate R! R? R?

Product  Yield®
(%)

1 4b Me H —(CHy)s— 6b 80
2 4c Me H Me 6¢ 70
3 4d Me Br —(CHy)4—~ 6d 84
4 4e Me OMe —(CHj)y4— 6e 57
5 a4f 2-Pr H —(CHy)4— 6f 72
6 4g 2-Pr H Me 6g 83
7 4h H H —~(CH,)4~ 6h 66

# All reactions run with 0.3 mmol of 4 and 0.3 mmol of TFA in DCM
(3.0mL) at 0 °C for 3 h.
®Isolated yield.

tion step of 8 to 9. Therefore, the acidity and the amount
of the acid may be important factors in this reaction.

As a conclusion, we have found a TFA-mediated
cyclo-dimerization of 1-substituted 3-alkenyl-1H-indole
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derivatives to give the cyclopent[bJindoles stereoselec-
tively. Further investigation and applications of this
reaction are under way, and the results of these studies

will

We
Fro

be reported elsewhere in due course.
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