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Abstract—A series of new spiro-C6-annulated hydrogenated cyclopenta[g ]indoles (5) was prepared by applying Madelung method
to the appropriate 4-(N-acetylamino)-1-spiroindanes (9), synthesised via acid-catalysed intramolecular rearrangement of 1-acetyl-
3,4-dihydrospiro[quinoline-2,1�-cycloalkanes] (8). © 2002 Elsevier Science Ltd. All rights reserved.

The dihydrocyclopenta[g ]indole subunit is present in
several biologically active metabolites isolated from
various marine sponges (Trikentrion flabelliforme,
Axinell sp. and Ectyonanchora flabellata) including
trikentrins A (1), trikentrins B (2), herbindoles (3), and
dilemmaones (4) (Fig. 1). It was established that these
unusual indole derivatives inhibit the growth of the
gram-positive bacteria and show high cytotoxic activ-
ity.1–3 Their unique tricyclic structure, which includes a
cyclopentane ring annulated to the benzene portion of
the indole, has provided a focus for intense synthetic
interest.

Several methods to prepare the heterocycles (1–3)
including their enantioselective synthesis have been

reported in the literature.4,5 However, up to now, the
hydrocyclopenta[g ]indoles spiroannulated at C-6 with a
cycloalkane ring have not yet been described. As a part
of our research efforts towards the spiro heterocycle
synthesis and reactivity evaluation,6 herein we wish to
report our results on the preparation of the hydro-
genated spirocyclic cyclopenta[g ]indole derivatives (5)
and (6), analogs of trikentrins (Fig. 1). The main goal
of the present research was to devise a practical method
for constructing spiro-analogs of trikentrins to study
chemical and biological properties of these spiro-hete-
rocyclic systems.

Our approach to the spiro-C6-annulated hydrocy-
clopenta[g ]indoles (5,6) takes 3,4-dihydrospiro-[quino-

Figure 1. Chemical structures of trikentrins (1,2), herbindoles (3), dilemmaones (4) and new spiro-analogs 5 and 6.
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Scheme 1. Reagents and conditions : (i) Ac2O excess, reflux,
2–4 h; (ii) ClCOCH2Cl/Et3N/PhH, 40°C, 3–6 h; (iii) conc.
H2SO4, rt, 3–6 h; (iv) AlCl3/heptane, 90–100°C, 1–2 h; (v)
NaNH2/DMA, reflux, 1 h; (vi) PPA, 90°C, 3–4 h.

conversion deserves further investigation and could be
employed in our approach.

Thus, the obtained N-acetylated spiroquinolines 8a,d–g
were rearranged by the action of concentrated H2SO4

to provide almost quantitatively the 4-N-acetylaminoin-
danes 9a,d–g, suitable substrates to effect base-
catalysed intramolecular condensation between an
aromatic methyl at C-5 and an ortho acylamino-sub-
stituent. Final spiro-hydrocyclopenta[g ]indole deriva-
tives 5a,d–g9 were prepared via a modified synthesis of
Madelung (NaNH2/DMA (N,N-dimethylaniline)) in
moderate yields (Table 2).

We next turned our attention to the analogous transfor-
mation of the 2-oxo-spiro[pyrrolo(3,2,1-ij )quinolines]
10b,c that were obtained via the intramolecular
Friedel–Crafts alkylation of N-�-chloroacetyl spiro-
derivatives 8b,c.6b Further treatment of 10b,c with PPA
(80–90°C) produced the similar spiro-hydrocyclopen-
ta[g ]indolinones 6b,c in excellent yields (Table 2). Thus,
the acid-promoted rearrangement of 8a,d–g and 10b,c is
a key step to provide the spiro-ABC-fragment of triken-
trin alkaloids.

In summary, we have developed a new practical syn-
thetic route to spiro analogues of trikentrins. It is based
on the intramolecular recyclisation process application
of N-acetyl-tetrahydroquinolines or pyrroloquinolones
that can be used in the synthesis of diverse heterocycles
with hydrocyclopenta[g ]indole backbone. The simplic-
ity of the processes, the easy availability and moderate
cost of the starting materials are worthy of mention.
Further studies on the possibility of synthesis of diverse
hydrocyclopenta[g ]indole derivatives as well as
(acyl)aminoindanes, useful in the preparation of fungi-
cide agents10 are in progress in our laboratories.

line-2,1�-cycloalkanes] (7) and acylated derivatives (8) as
starting material, and is based on the intramolecular
acidic rearrangement of these amides to give the spiro-
cyclic 4-amino-3,5-dimethylindanes (9), which in turn
serve as suitable precursors in the indole synthesis by
Madelung. In addition to this approach, an alternative
route to the similar derivatives by the same methodol-
ogy using chemical properties of 2-oxo-spiro[py-
rrolo(3,2,1-ij )quinolines] (10) as an amide function was
realised (Scheme 1).

The required acyl derivatives 8a–g (Table 1) were
obtained by acylation with Ac2O or ClCH2COCl/Et3N
of respective spiroquinolines 7a–g, previously prepared
by three-step procedure from the commercially avail-
able cyclic ketones and anilines that includes imine
formation, C-allylation reaction and acidic cyclisation.7

Fascinated with the simple and elegant conversion of
1-acetyl-2,2,4-trimethyl-1,2,3,4-tetrahydroquinoline to
4-N-acetylamino-1,1,3-trimethylindane done by Profes-
sor Meth-Cohn,8 we considered that this interesting

Table 2. Final products in proposed synthesis.

n R1 Mp (hexane) (°C) Yield (%)aComp. 5,6

1 H 70–72 30a
2 Hb 199–201 89

c 2 5-Cl 208–210 94
2 Hd 101–102 46

e 2 4-CH3 86–88 43
2f 5-CH3 129.5 46
3 H 49.5–52.5 32g

a Yields are given from the respective compounds 9, 10.

Table 1. Starting materials 8 in proposed synthesis

n RComp. 8 R1 Mp (hexane/ethyl acetate) (°C) Yield (%)

1 CH3 H 56–57 72a
2 Hb H 113–114 68

115–1166-ClH2c 57
2 CH3d H 92–93 82

CH3 722e 78–78.57-CH3

2 CH3f 6-CH3 60–62 75
3g CH3 H 50–51 71
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