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Abstract

An efficient synthesis of symmetrical 2,2-bis(1H-indol-3-yl)-2H-acenaphthen-1-one is achieved via a reaction of acenaphthe-
nequinone and indoles catalyzed by solid superacid SO,>~/TiO, under solvent-free conditions at room temperature by grinding,
which provides an efficient route to the synthesis of symmetrical 2,2-bis(1H-indol-3-yl)-2H-acenaphthen-1-one. This procedure
offers several advantages including solvent-free conditions, excellent yields of products, simple work-up as well as reuse of
catalysts which makes it a useful and attractive protocol for the synthesis of these compounds.
© 2010 Guo Liang Feng. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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The indole fragment is a common and important feature of a variety of natural products [1], as well as in many
compounds that show pharmacological and biological activities [2]. Among them, bisindolylalkanes (BIAs) are
important class of bioactive metabolite [3]. With the continuing isolation of structurally more versatile
bisindolylalkanes [4], the demand for efficient synthesis of bisindolylalkanes has become an increasing interest
in organic synthesis [5]. The bis(indolyl)alkane moiety is also present in various natural products possessing important
biological activity [6]. Therefore, a number of synthetic methods for preparation of bis(indolyl)alkane derivatives have
been reported in the literature by reaction of indole with various aldehydes and ketones in the presence of catalyst [7].

In recent times, the progress in the field of solvent-free reactions is gaining significance because of their high
efficiency, operational simplicity and environmentally benign processes. Solventless organic reactions based on
grinding have been investigated for the intensive subject in recent years. The grinding mode for the solid-state
reactions has earlier been reported for Grignard reaction, Reformatsky reaction, Aldol condensation, Dieckmann
condensation, Knoevenagel condensation, reduction, etc. [8]. Most of these reactions are carried out at room
temperature in absolutely solvent-free environment using only a mortar and pestle.

Solid superacids have received considerable attention as powerful reaction media for effecting various
transformations [9]. In addition solid superacids are attractive because they are stable, reusable, green and cheap. As a
part of ongoing work by grinding and solid superacid catalysis, we now describe a facile and solvent-free, simple and
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Scheme 1. Condition and regent: (a) S0,>7/TiO,, grinding.

practical method for synthesizing 2,2-bis(1H-indol-3-yl)-2H-acenaphthen-1-one from acenaphthenequinone with
indoles catalyzed by solid superacid SO, /TiO, at room temperature by grinding, which provides an efficient route to
the synthesis of symmetrical 2,2-bis(1H-indol-3-yl)-2H-acenaphthen-1-one derivatives (Scheme 1). The synthesis of
2,2-bis(1H-indol-3-yl)-2H-acenaphthen-1-one under mild conditions has not been reported.

The optimized procedure for reaction was found to be as follows: the mixture of acenaphthenequinone (1 mmol),
indole (2.1 mmol) and SO,*> /TiO, (20 mg) was grinded at room temperature. Representative results of this study are
summarized in Table 1. As shown in Table 1, acenaphthenequinone in the presence of SO4*~/TiO, were grinded with

Table 1
The reaction of acenaphthenequinone with indoles catalyzed by SO4>7/TiO, under grinding condition.
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Table 2

The reaction of acenaphthenequinone with indole 2g catalyzed by recycled SO,*/TiO>.

Entry Time (min) Yield (%)
1 30 90

2 30 88

3 30 87

4 30 85

5 30 78

 Tsolation yields.

indoles in free solvent, the corresponding 2,2-bis(1H-indol-3-yl)-2H-acenaphthen-1-one were obtained in good to
excellent yield. The reaction proceeded cleanly and work-up was simple, involving only filtration of the catalyst to
obtain the product. We were pleased to find that the conversion rate of the indoles bearing electron-withdrawing group
(5-nitro-1H-indole 2h) provided lower conversion rate than the indoles bearing donate group (5-methoxyl-1H-indole
2e, 7-methyl-1H-indole 2g), this indicated that electron-donating groups had increased reaction yields. On the other
hand electron-withdrawing groups, which deactivated the indole ring, had decreased yields.

It should be noted that in the absence of catalyst lower yields of product were observed even with prolonged
reaction time. For example, entry 1 without catalyst after 60 min 30% yield of product was obtained, whereas 88%
yield was obtained with catalyst for 30 min. With the success of the above reactions, we continued our task by
exploring the reusability and recycling of SO,> /TiO,. After the reaction completed, insoluble catalyst SO4> /TiO,
could be easily recovered by filtration. Further drying and activation in microwave oven for 2 min, the catalyst could
be directly recycled in subsequent runs. The catalyst could be recycled in the reaction of indole 2g with
acenaphthenequinone up to 5 times without showing any significant decrease in activity (Table 2).

In conclusion, solid superacid SO42*/Ti02 was demonstrated to be an efficient, convenient and economical
catalyst for electron-donating substitution of indole with acenaphthenequinone by grinding. Furthermore, it is
remarkable that the solid superacid SO4> /TiO, can be reused at least 5 times without significant loss of activity. The
use of an easily accessible and recyclable solid superacid can make this procedure quite simple, more convenient and
environmentally benign. The simplicity of the reaction procedure should make this method attractive for scale-up
purposes.

1. Experimental

Melting points were uncorrected. 'H NMR spectra were determined on a Varian VXP-500 s spectrometer using
DMSO as solvent and tetramethylsilane (TMS) as internal reference. IR Spectra was obtained on a Nicolet FT-IR500
spectrophotometer using KBr pellets. Elementary analyses were performed by a Carlo-Erba EA1110 CNNO-S
analyzer. The catalyst SO, /TiO, solid superacid was prepared as follows. Ti(OH), was obtained by hydrolyzing
TiCl, with aqueous ammonium hydroxide, washing the precipitates, drying them at 120 °C for 4 h, and powdering the
precipitates below a 100 mesh. After hydroxide was treated with 2 mol/L. H,SO, for 4 h which filtrated, dried and
calcined in furnace at 450 °C for 4 h, and finally stored in a desiccator until use.

The mixture of 1 (0.18 g, 1 mmol), 2 (2.1 mmol) and S0,27/TiO, (20 mg) were ground by mortar and pestle at
room temperature for proper time. After completion of the reaction as monitored by TLC, the mixture was washed
with EtOAc and dried over MgSQy; then the filtrate was concentrated in vacuum to yield the crude product 3, which
was purified by column chromatography to afford the pure product 3.

3a 2,2-Bis(1H-indol-3-yl)-2H-acenaphthylen-1-one. IR (KBr) v 3418, 3359, 3121, 3056, 1685, 1621, 1600, 1492,
1457, 1430, 1340, 1102, 781 cm™'. "H NMR (500 MHz, DMSO-dy): § 10.99 (s, 2H, NH), 8.35 (d, 1H, J = 8.0 Hz),
8.01-7.98 (m, 2H), 7.91-7.88 (m, 1H), 7.71-7.67 (m, 1H), 7.55 (d, 1H, J = 7.0 Hz), 7.35 (d, 2H, J = 8.5 Hz), 7.03—
6.97 (m, 4H), 6.85 (d, 2H, J = 2.5 Hz), 6.76—6.72 (m, 2H). Anal. Calcd. for C,3H3sN,0: C, 84.40; H, 4.55; N, 7.03.
Found: C, 84.34; H, 4.66; N, 6.94.

3b 2,2-Bis(1-methyl-1H-indol-3-yl)-2H-acenaphthylen-1-one. IR (KBr) v 3418, 3055, 2932, 2881, 2821, 1718,
1621, 1601, 1545, 1533, 1466, 1208, 977 cm™~'. "H NMR (500 MHz, DMSO-dq): 8 8.36 (d, 1H, J = 8.0 Hz), 8.01 (t,
2H, J=7.5Hz), 7.90 (d, 1H, J = 8.0 Hz), 7.70 (t, 1H, J = 8.0 Hz), 7.55 (d, 1H, J = 8.0 Hz), 7.37 (d, 2H, J = 8.0 Hz),
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7.08-7.03 (m, 4H), 6.87 (s, 2H), 6.79 (t, 2H, J = 7.5 Hz), 3.68 (s, 6H). Anal. Calcd. for C5,H,,N,O: C, 84.48; H, 5.20;
N, 6.57. Found: C, 84.41; H, 5.22; N, 6.63.

3c 2,2-Bis(2-methyl-1H-indol-3-yl)-2H-acenaphthylen-1-one. IR (KBr) v 3386, 3343, 3048, 1714, 1619, 1601,
1491, 1461, 1428, 1022 cm ™~ '. 'H NMR (500 MHz, DMSO-dq): § 10.90 (s, 2H, NH). 8.34 (d, 1H, J = 8.0 Hz), 8.03-
8.00 (m, 2H), 7.89-7.85 (m, 1H), 7.66-7.62 (m, 1H), 7.42 (d, 1H, J=7.0 Hz), 7.21 (t, 2H, J = 7.0 Hz), 6.89-6.84 (m,
2H), 6.59 (t, 1H, J = 7.5 Hz), 6.55-6.50 (m, 2H), 6.32 (d, 1H, J = 8.5 Hz), 1.80 (s, 6H). Anal. Calcd. for C3yH,,N>O:
C, 84.48; H, 5.20; N, 6.57. Found: C, 84.40; H, 5.31; N, 6.66.

3d 2,2-Bis(2-phenyl-1H-indol-3-yl)-2H-acenaphthylen-1-one. IR (KBr) v 3411, 3337, 3052, 1710, 1599, 1488,
1456, 1224, 993 cm™'. "H NMR (500 MHz, DMSO-dq): § 11.02 (s, 1H), 10.85 (s, 1H), 8.30 (d, 1H, J = 8.0 Hz), 7.84
(t,1H,J=7.5Hz),7.77 (d, 1H,J = 8.0 Hz), 7.66 (d, 1H,J=7.0 Hz), 7.25 (d, 1H, J = 7.0 Hz), 7.21 (t, 1H, J = 7.5 Hz),
7.15(, 1H,J=8.5Hz), 7.10 (t, 1H, J = 7.5 Hz), 7.07-7.05 (m, 2H), 7.03 (d, 1H, J = 8.0 Hz), 6.95-6.82 (m, 8H), 6.66
(t, 1H, J=7.0 Hz), 6.62 (d, 2H, J =7.5 Hz), 6.56 (t, 1H, J=7.5 Hz), 6.43 (s, 1H). Anal. Calcd. for C4oH,,N,O: C,
87.25; H, 4.76; N, 5.09. Found: C, 87.31; H, 4.82; N, 4.98.

3e 2,2-Bis(5-methoxy-1H-indol-3-yl)-2H-acenaphthylen-1-one. IR (KBr) v 3399, 3371, 3138, 2933, 2825, 1701,
1622, 1583, 1484, 1456, 1437, 1259, 1217 cm '. '"H NMR (500 MHz, DMSO-dg): § 10.82 (s, 2H), 8.3 (d, 1H,
J=8.0Hz), 8.02 (t, 2H, J=7.0 Hz), 7.93-7.89 (m, 1H), 7.72-7.68 (m, 1H), 7.54 (d, 1H, J=7.0 Hz), 7.24 (d, 2H,
J=9.0Hz), 6.85 (d, 2H, J=3.0 Hz), 6.68-6.65 (m, 2H), 6.42 (d, 2H, J=2.5 Hz), 3.40 (s, 6H). Anal. Calcd. for
C;30H,5N,05: C, 78.59; H, 4.84; N, 6.11. Found: C, 78.47; H, 4.82; N, 6.23.

3f 2,2-Bis(5-bromo-1H-indol-3-yl)-2H-acenaphthylen-1-one. IR (KBr) v 3431, 3340, 3122, 3051, 1709, 1683,
1601, 1564, 1493, 1457, 1417, 1334, 1283, 1096 cm™~'. "H NMR (500 MHz, DMSO-ds): § 11.25 (s, 2H), 8.41 (d, 1H,
J=8.0Hz), 8.06-8.03 (m, 2H), 7.94-7.90 (m, 1H), 7.76-7.72 (m, 1H), 7.53 (d, 1H, J=7.0 Hz), 7.36 (d, 2H,
J=9.0Hz),7.16-7.13 (m, 4H), 6.93 (d, 2H, J = 2.5 Hz). Anal. Calcd. for CogH;4B1,N>O: C, 60.46; H, 2.90; N, 5.04.
Found: C, 60.37; H, 2.97; N, 5.13.

3g 2,2-Bis(7-methyl-1H-indol-3-yl)-2H-acenaphthylen-1-one. IR (KBr) v 3425, 3126, 3049, 2967, 2851, 1711,
1598, 1493, 1458, 1430, 1101 cm™'; "H NMR (500 MHz, DMSO-dy): § 10.93 (s, 2H, NH), 8.35 (d, 1H, J = 8.0 Hz),
7.99 (t,2H, J = 6.5 Hz), 7.89 (t, 1H, J = 8.0 Hz), 7.67 (t, 1H, J = 8.0 Hz), 7.53 (d, 1H, J = 7.0 Hz), 6.85-6.79 (m, 6H),
6.65 (t, 2H, J =7.5 Hz), 2.42 (s, 6H). Anal. Calcd. for C50H,,N,O: C, 84.48; H, 5.20; N, 6.57. Found: C, 84.56; H,
5.13; N, 6.64.

3h 2,2-Bis(5-nitro-1H-indol-3-yl)-2H-acenaphthylen-1-one. IR (KBr) v 3365, 1706, 1623, 1518, 1470, 1429, 1333,
1256, 1110 cm™'. "H NMR (500 MHz, DMSO-d): & 11.83 (s, 2H), 8.46 (d, 1H, J = 8.0 Hz), 8.10 (t, 2H, J = 7.0 Hz),
7.98-7.93 (m, 5H), 7.78-7.76 (m, 1H), 7.61(d, 1H, J = 6.5 Hz), 7.55(d, 2H, J = 9.0 Hz), 7.24 (d, 2H, J = 2.5 Hz). Anal.
Calcd. for C,gH;¢N4O5: C, 68.85; H, 3.30; N, 11.47. Found: C, 68.92; H, 3.21; N, 11.39.
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