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Facile Synthesis of Bis(indolyl)alkanes Catalyzed by Cu(ClO,),.6H,0O
Under Solvent Free Conditions
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Abstract: Copper perchlorate hexahydrate is found to be an efficient catalyst for the electrophilic substitution of indole
with carbonyl compounds to prepare bis(indolyl)methane derivatives without solvent in excellent yield at room tempera-
ture.
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The importance of indole and its derivatives is well
known in the field of medicinal chemistry and biology [1].
Bis(indolyl)alkanes are naturally occurring biologically use-
ful class of compounds. Many of their biologically important
derivatives were isolated from terrestrial and marine natural
sources [2]. For example, vibrindole A (3,3-diindolyl-
ethane) possesses antibacterial properties and 3, 3-
diindolylmethane shows anti-cancer activity [3]. Synthesis of
bis(indolyl)alkanes therefore, is receiving significant inter-
ests in drug design. The electrophilic substitution reaction of
indole with carbonyl compounds catalyzed by acid is one of
the attractive methods for this synthesis. Many reagents such
as acetic acid [4], InCl; [5], In(OTf); [6], InF3[7], Dy(OTf)3
[8], Ln(OTf); [9], LiClO, [10], ZrCl, [11] TBATB [12],
FeCl; [13], NBS [14], KHSO, [15], NaHSO, . SiO, [16],

Copper perchlorate hexahydrate is an inexpensive Lewis
acid reported to catalyze many organic reactions for example
O-, N-, and S- acetylation [33], hydrocyanation of aldehydes
[34], addition of indole to alkylidene malonates [35], and so
on [36]. However, this reagent has never been reported as a
catalyst for the electrophilic substitution reaction of indole
with carbonyl compounds. Herein we wish to report the use
of copper perchlorate hexahydrate as a catalyst for this sub-
stitution reaction which was found very effective for clean
and fast formation of corresponding bis(indolyl)methanes
without any solvent (Scheme 1).

In the present typical reaction conditions [37], carbonyl
compounds were mixed well with indole and catalytic
amounts of Cu(ClOy),.6H,0. Reaction mixtures were then
kept at room temperature for required time and the pro-
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Scheme 1. Cu(ClOy),.6H,0 catalyzed synthesis of bisindolylmethanes.

PPhs.HCIO, [17], CAN [18], zeolites [19], clay [20],
H3PMO012,049.XH,0 [21], CuBr; [22], CU(BF4)28|02 [23],
CuS04.5H,0 [24], trichloro-1,3,5-triazine [25], hexamethyl-
enetetraamine-bromine [26], ion-exchange resin [27], ionic
liquids in combination with In(OTf); or FeCl; . 6H,0 [28],
Bi(NO3)3.5H,0 [29], oxalic acid dehydrate [30], fluoroboric
acid on silica [31], and boric acid [32] etc. have been used to
carry out this transformation. However, some of the reported
methods have some drawbacks like, use of expensive rea-
gents, longer reaction times, low yields of products, and use
of additional microwave energy. Therefore new reagents and
mild conditions for this reaction are still interesting.
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gresses were monitored by TLC. Aldehydes were observed
to be more reactive than ketones as acetone and cyclohex-
anone (Table 1) have shown formation of products in mod-
erate yield with longer reaction times. 5 mole % amount of
catalyst to the aldehydes was observed sufficient for this
conversion in 5 to 20 minutes with high yield at room tem-
perature. The effect of electron donating and electron with-
drawing substituents on the aromatic ring of aldehydes did
not show huge differences in the reactivity.

We also have studied the solvents effect on this catalyst
by performing the reactions of p-Nitrobenzadehyde and ani-
saldehyde with indole in Methanol, THF, Dichloro-methane
and acetonitrile (Table 2). Consequently it was observed
that, in methanol no reactions occurred until 5hrs for both
the cases. In THF and dichloromethane, the reactions were
clean but the formation of products was very slow. Acetoni-

© 2011 Bentham Science Publishers



462  Letters in Organic Chemistry, 2011, Vol. 8, No. 7

Mukulesh Baruah

Tablel Cu(ClO,),.6H,0-Catalyzed Synthesis of Bis(indolyl)methane Derivatives

Entry Carbonyl compounds Time (min) Yield® (%) Ref.?
a @— CHO 5 94 [20]
b MeO @— CHO 8 98 [11]
c O,N @— CHO 10 95 [26]
d Cl @— CHO 10 95 [26]
e FO CHO 10 96 [31]
f Br O CHO 10 95 [29(a)]
g HO@— CHO 10 90 [12]

o]

h )j\ 5h 57 [11]
[ o:<:> 5h 55 [10]

%Isolated yields.

°All products were characterized by comparing their "H NMR data and melting points of solids with the literature reports.

Table2. Studied Solvents and Conditions
Entry Solvent Time Yield (%)
1 Neat 5-30 minutes 50-97
2 MeCN 40 minutes 80
3 THF 4h 90
4 MeOH 5h trace
5 CH.CI, 4h 90

trile was proved to be the best choice since the reactions
were at similar rate as neat but gave lower yields and trace
amount of a side product was observed due to the reaction of
nitrile and indole.

In conclusion, we have described a novel efficient
method for the electrophilic substitution of indole with car-
bonyl compounds using copper perchlorate hexahydrate as a
catalyst at room temperature without solvent. This method is
rapid, clean, high yielding and possesses easy work up pro-

tocol. Solvent free conditions have established this procedure
as nature friendly.
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General Procedure: In a small vial, Indole (Immol), carbonyl com-
pounds (0.5 mmol) and 10mg (5% to the carbonyl compounds) of
Cu(ClO,),.6H,0 were placed and mixed well with a spatula.
Within minutes, the reaction mixtures were turned to a dark colored
oily paste which was then kept at room temperature for appropriate
time. The progression was monitored by TLC by dissolving small
amount in dichloromethane. After completion, dichloromethane
(15mL) was added and the solution was washed with water
(5mL).The separated organic part was dried over anhydrous so-
dium sulfate, concentrated in vacuo and purified by column chro-
matography over silica using ethyl acetate:hexane(4:6) as eluent.
The yields for individual products are given in Table 1.





