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ABSTRACT

Biologically active Bis(indolyl)methanes have been synthesized by using NiSO,.6H,0 as a catalyst in C,HsOH at
room temperature. NiSO,.6H,0 in C,HsOH was found to be an efficient, moisture tolerant and reusable catalyst in
reaction of indole with different carbonyl compounds giving corresponding derivatives of Bis(indolyl)methanes. The
attractive features of this protocol involve mild reaction condition, excellent yields, simple work up procedure and
recyclability of catalyst.
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INTRODUCTION

There is need to develop simple, efficient & ecoiuwatly viable chemical pathways to synthesize hjidally
active & commercially important Bis(indolyl) methes)[1].The indole ring is an important constituefitmany
natural products, pharmaceuticals & other compowfdsommercial importance [2]. The literature synghows
that Bis(indolyl) methanes are known to increagengen metabolism in human beings and hence carséa for
the treatment of breast cancer, it also exhibitsbaaoterial activities[3-5]. This wide range of dipptions has
encouraged the chemists to develop new methodsithesize Bis(indolyl)methanes.

Accordingly, dfferent methods have been developed for the sgighaf Bis(indolyl)methanesising Lewis acid
catalysts such akiClO4[6], In(oTf), and InC} [7-8], Sc(OTfg[9], molecular iodine [11]Zr(IV)Chloride [12],
CuBr; [13]. Some protocols involve use iohic liquids [14-15], trichloro-1, 3, 5-triazind §], potassium hydrogen
sulphate [17] ceric ammonium nitrate [18] and sulphamic acid][X®owever, these reported protcols suffer from
one or other disadvantages such as harsh readiuditions, low yields and use of reagents which austly,
sensitive to moisture. So there is need of devetapnof a mild and efficient methodology for the #heasis of
Bis(indolyl)methanes.

In this communication, we report a synthesisBi$(indolyl)ymethanes by usiniliSO,.6H,0 in C,HsOH as a
catalyst The mentioned catalyst was found to be efficienfarmation ofBis(indolyl)methanes by one pot two
component reaction of carbonyl compound and inddiereover, used catalybliSO,.6H,O was found to be stable
towards moisture and recyclable one (Scheme-1).
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Scheme - 1

EXPERIMENTAL SECTION

All chemicals and solvents were procured from Sigidrich, Merck and used without any further puwition.
Melting points were determined using an open canilepparatus and used without correction."MNMR spectra
were recorded on 200 and 300 MHz Bruker-Avance MRNspectrometer. All chemical shifts were givendas
values with reference to Tetramethyl silane (TNJS)) as an internal standard and expressed in tefrparts per
million (ppm). IR spectra were recorded on Perkim& FT IR spectrometer as KBr pellets.

General Experimental Procedure for the synthesis dBis(Indolyl)methanes

A mixture of carbonyl compound (1 mmol), Indole284 gm, 2 mmol) and NiS@BH,O (0.026 gm, 0.1 mmolhn
C.,HsOH was stirred magnetically at room temperature. Tiogess of the reaction was monitored by thin-layer
chromatography using 5 x 20 cm aluminum foiledcailgel coated plates (Brand-Merck) with petroleuheeand
ethyl acetate (9:1) as solvent system. After cotigpieof reaction as indicated by TLC, chloroformQ(3nl) was
added to reaction mixture and it was filtered tpasate catalyst. The combined filtrate was evapdrainder
reduced pressure to get product which was purbfigdolumn chromatography using silica gel (60-128sh) and
combination of petroleum ether and ethyl acetatt) (@ solvent system. The separated catalyst uvdef washed
with chloroform and reused for the same set oftieas. It was observed that the catalyst coulddwnyaled for at
least three cycles without much loss in catalytitivity. The synthesizedis(indolyl)methanes were known
compounds. The melting point data of all Bis(indwphethanes was compared with data available inalitee and
thus confirmed the formation of desired productal(€ 4.). Further, the derivatives of Bis(indolydtinane were
analyzed byR and'HNMR.

Spectral data of selectedis(Indolyl)methanes

Phenyl- 3, 3'-bis (indolyl) methane (1b)

IR (KBr): 429, 529, 586, 601, 736, 822, 928, 10195, 1340, 1456, 2927, 2957, 3382'cm

'H NMR (300MHz, CDC}): 8=5.82(s, 1H), 6.45(s, 2H), 6.85-7.25(m, 5H), 7.28am, 8H), 7.78(br, s, 2H, 2X
NH)

4-nitrophenyl -3, 3’ bis (indolyl) methane(5b)
IR (KBr) = 426, 745, 1010, 1093, 1221, 1339, 14B%)7, 2922, 3052, 3386, 3422 ¢tm
'H NMR (CDCk, 300MHz)8= 6.11(s, 1H), 6.81(s, 2H), 7.11(d, J=7.5Hz, 2H25(d, J=7.5Hz, 2H), 7.45-7.55(m,
8H), 8.12(br, s, 2H, 2X NH)
RESULTS AND DISCUSSION

The reaction proceeded efficiently and smoothlyoam temperature in presence NiSO,.6H,0 as a catalysin
C,HsOH. The products were obtained in good to excellégidy. The optimization of the reaction conditioasv
done by selecting the reaction between ind0l234 gm, 2 mmoland benzaldehyde (0.101 ml, Immol) as a model
reaction (Scheme 2). It was performed in differsolvents. The solvents with low polarity gave cepending
product in long reaction time with low yield (Takle Entries 1, 2, 3). On the other ha@diHsOH, a polar solvent,
gave corresponding product in short reaction tinith excellent yield (Table 1, Entry 4). $3HsOH was selected
as most appropriate solvent for the synthesis sfildolyl)methanes.

NiSO,.6H,0,C,H,OH
2 \ +
N Room Temperature

Scheme-2
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Table 1. Effect of solvent on reaction of indole wh benzaldehyde in presence of NiS{BH,0

Entry | Solvent | Time (min.) Yiefd(%)
1 CHCI, 80 30
2 CHCk 65 40
3 CHCN 60 45
4 C,HsOH 10 96

3 solated Yield (%)
Similarly, the catalytic activity oNiSO,.6H,0O was investigated with respect to its loading amou

Table 2. Study of catalytic activity of NiSQ.6H,0 with respect to its loading amount

Entry | NiSO,.6H,0 (mmol) | Time (min.)| Yield (%)
1 0.01 40 50
2 0.05 35 55
3 0.1 10 96
4 0.2 10 96
Blsolated Yield (%)

The yield of corresponding Bis(indolyl)methane imdel reaction was maximum when 0.1 mm@I0g6 gm)of
NiSO,.6H,O was used as catalyst (Table 2, Entry 3). There lveadly any improvement in results when 0.2 mmol
of NiS0,.6H,0O was used as catalyst.

The heterogeneous nature of NiSEH,0 in reaction medium encouraged was checking usateaility. The easily

recovered catalyst was used to synthesize corrdgmpBigindolyl)methane from fresh indole and benzaldehyde
C.,HsOH. The catalyst could afford the correspondingdpad for at least three runs without much losst i
catalytic activity as shown in Table 3.

Table 3. Study of reusability ofNiSO,.6H,0 in the synthesis oBis(indolyl)methanes

Run No. 1 2 3

Time (min.) | 10| 30| 35

Yield® (%) | 96| 90| 86
‘Isolated Yield (%)

Thus, NiSO,.6H,0O was proved to be a heterogeneous, recyclable efficlent catalyst for the synthesis of
Bis(indolyl)methanes from indole and various cagd@ompounds.

In order to show general nature and wide scopéisfrnethod, various aldehydes & ketones were madeact
with two equivalents of indole under same reactiondition. It was found that the reaction occur®sthly giving
excellent yields in short reaction time (Table Atries 1-9).

During study, it was observed that aromatic aldelsyatacted smoothly as compare to ketones (Talidetdes 6,
9). In case of substituted aromatic aldehydes etlgth electron donating substituents reacted artsteaction time
giving maximum yields (Table 4, Entries 2, 3, 4, 8n the other hand, those aromatic aldehydes el&btron
withdrawing substituents required more reactioretbionform corresponding product with comparablédy{&able 4
Entry 5).
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Table 4. Synthesis of Bis(indolyl)methanes from imale and carbonyl compounds

i | Yield® M.P.CC
Entry Aldehydé Indole Produdt Time (min) ('oe@ (Literaturi\)alue)
CHO O
©j\> 124-127C
1 N O < 7 O 10 9 | (125-128C)
|
H Yo
H H
OH
CHO
©f\> ‘ 121-123C
2 N 10 93 (122-124c)*®
| Y 0O
OH H oo
H H
NMe,
CHO
\ ‘ 94°c
3 [ j: : 15 91
(92-95Cy*®
i NIOHESS
NMe, H N N
H H
Cl
CHO ‘
©f\> 103-106C
4 N 15 92 | (104-108C)*
| Cy T
Cl H N N
H H
NO,
CHO
N ()
5 5| e | e
N -
N S
1oy T
H H
0]
©f\> 117-119C
6 N O N 7 O 25 88 | (118-126Cy
l N N
H b
CHO @ 66-69C
7 AN N O N\ 7 O 20 86 (©6.760F
| N N
H b
CHO T
N )
8 N 15 94 (S’S_'ggfge
| oy <00
CH, H oo
H H
Ph._ _M
o) A ¢
o )k O N/ O 20 - 1&38-1%;9(:20
N (189-196C)
Ph Me | '\\l '\\l
H H H

@The substrate was treated with Indole (2 mmol) by stirring at room temperature with NiSO,.6H,0 in presence of C;HsOH as sol vent;
® All products were identified by their melting points, IR and *H NMR spectra; ®Isolated yields (%).
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The Scheme 3 depicts the plausible mechanism éreéaction between 2 moles of indole and 1 molarofatic
aldehyde in presence of Ni$Qa source of Nf as Lewis acid). Thus, overall mechanism is arcerelectrophilic
substitution reaction of indole with aromatic algleda in presence of Nisalt as Lewis acid catalyst [20, 2The
reaction proceeds through activation of carbonyihgound by coordination with K a Lewis acid (Step-1)
followed by formation of an aza fulvenium intermat@i (1). The formed intermediate gets activatedubh
coordination with Ni? and adds second molecule of indole (Step-2). €agangement involving proton shift gives

final product (11).
Ni+2

Ar H H
(\??)
P e
H
Bls(lndolyl)methanes ()

Scheme 3

CONCLUSION

Thus, NiSQ.6H,0 in GHsOH was found to be an efficient and reusable cstafpr the synthesis of
Bis(indolyl)methanes from different carbonyl compdsarand indole. The mild reaction condition, simpierk up
procedure, good to excellent yields and use ofatelescatalyst makes this method as one of the dyeghetic
pathways available for preparation of Bis(indolydtmanes.
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