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ABSTRACT: Indole ring system is the most important heterocycle
available in natural compounds. Owing to great structural diversity, the
indole ring system has become an important structural requirement in
many pharmaceutical agents. Indole has been widely identified as a
privileged structure or pharmacophore, with its presence in over 3000
natural isolates which are known to possess broad spectrum of biological
activities and pharmaceutical applications. The bis (indolyl) methane
derivatives are found to be very active compounds in pharmacy field.
They are found in cruciferous plants and are known to promote
beneficial oestrogen metabolism and induce apoptosis in human cancer
cells. In recent years, a lots of bis (indolyl) methane derivatives have
been synthesized and found to possess promising biological activities
including anticancer, antimicrobial, antifungal, analgesic, anti-
inflammatory, anthelmintic, cardiovascular activities. In the present
review several synthetic schemes of these compounds are discussed
involving non-toxic catalyst and providing high yields.

INTRODUCTION: Bis (indolyl) methanes, indole
and their derivatives are known as important
intermediates in organic synthesis and pharma-
ceutical chemistry and exhibit various physiological
properties. Indole ring system is the most important
heterocycle available in natural compounds. Owing
to great structural diversity of biologically active
indoles, it is not surprising that the indole ring
system has become an important structural
requirement in many pharmaceutical agents. Indole
has been widely identified as a privileged structure or
pharmacophore, with its presence in over 3000
natural isolates * which are known to possess broad
spectrum of biological activities and pharmaceutical
applications 2.
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Indomethacin and tenidap are indole derivatives
found to possess anti-inflammatory activity with
analgesic and anti-pyretic properties. They inhibit
production of ecosanoids by inhibition of cyclo-
oxygenase (COX) and thereby reduce oedema.
Several indole derivatives are reported to have anti
microbial activity.

Bis (indolyl) methanes are found in cruciferous
plants and are known to promote beneficial
oestrogen metabolism and induce apoptosis in human
cancer cells 3. Bis (indolyl) methanes have received
much attention in recent years *.

Such compounds are prone to develop interesting bio
activity and find useful applications as breast cancer
preventive® and anti- bacterial agents °. Hong et al. ’
and Kedmi et al. ® reported recently the potential
beneficial effects of 3, 3-biindolyl methanes on the
proliferation and induction of apoptosis in human
prostate and breast cancer cells.
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Bis(Indolyl) methane derivatives have been reported
to possess promising biological activities including
antipyretic, antifungal, anti-inflammatory, ant-
helmintic, cardiovascular, anticonvulsant, anti-
microbial and selective COX-2 inhibitory activities °.
Therefore synthesis of bis (indolyl) moiety has
become interesting target for the synthetic organic
chemist in view of their immense biological and
pharmaceutical activities.

The lead indole derivatives reported in this literature
are bis (indolyl) methane. The method of synthesis
involves both one step as well as multistep synthesis.
Several methods have been reported in this literature
for the preparation of bis (indolyl) methanes from
indoles and carbonyl compounds using protic acids °

ISSN: 0975-8232

The acid catalyzed reaction of electron rich
heterocyclic compounds such as indole and pyroles
with p-dimethyl aminobenzaldehyde is known as the
Ehrlich test *2. Generally 3,3 -bis (indolyl) methanes
are synthesized by an analogous reaction to the
Ehrlich test, where indole reacts with aliphatic or
aromatic aldehydes or ketones in the presence of an
acid catalyst to produce azafulvenium salt which
undergoes further addition reaction with a second
indole molecule to produce bis (indolyl) methanes.

R

R R
O .
Acid Catalyst O
/N
! " N N
NooOROR HoH

. 11 . . R'= Alkyl or Aryl
and Lewis acids ~. Fischer in 1886 prepared 3, 3-bis R"=Hor Alkyl
(indolyl) methanes for the first time which was a  Mechanism of the Reaction:
mere acid catalyzed Friedel-Crafts reaction between
indole and carbonyl compounds, generally aldehydes
and ketones.

R R R
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o OH ) OH
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R A ¢
H R R H H
R" i”/_\
v .. R
= N R
g 2o
H,O0 /) - \
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The common route for the synthesis of bis (indolyl)
methanes is electrophilic substitution reaction of
indoles with the aromatic or aliphatic aldehyde and
ketones catalyzed by protic acids or Lewis acids.
However, Lewis acids are required in excess because
it is destroyed by the presence of even small amount
of moisture or when trapped by nitrogen present in
heterocycles.

In recent years, synthesis of this class of molecules
under mild conditions have been reported with
promoters such as SnCl,2H,0 **, TCBDA **, PCBS
15, Silica H,S04 *°, P,05/SiO; *', ShCl; *®, Alum *°
etc.

International Journal of Pharmaceutical Sciences and Research

There are various type of method including solvent
free, microwave synthesis for the synthesis of bis
(indolyl) methanes have been reported in the
literature.

Synthetic Schemes:

1. Shaikh et al * synthesized bis (indolyl)
methanes by mixing and crushing a mixture of
indole and benzaldehyde in a mortar with pistle
in presence of SnCl,. H,O catalyst. Progress of
the reaction was checked by TLC. Water was
added to the reaction mixture and filtered. The
crude product so obtained is purified by column
chromatography (Ethyl acetate: Hexane, 1:9).
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CHSO Cl,.2H,0/r t
nCl,.2H,0/r
> ©/ diately 3
N Immediately N N
H H H
2. Vaghei et al ** used poly (N,N’- dichloro-N- substitutions of indole with a variety of
ethyl-benzene-1,3-disulfonamide) [PCBS] and aldehydes and ketones under (i) solvent-free, (ii)
N,N,N’, N -tetrachlorobenzene-1,3-disulfonamide solvent conditions (H;O and EtOH) to afford
[TCBDA] as novel catalysts in the electrophilic bis(indolyl)methanes.

R’ R"

0
@ . ] Method A or B or C _ ‘ N\ T O
VAR
N [ n N N
H R R H H

Method A=TCEDA or PCES i ethanol atrootn temperature.

Method B =TCEDA or PCES grninding in solid state at room temperature.

Methed C=TCEDA or PCBS in water at room temperature.

temperature for half an hour. On completion of
o 0 0 0 reaction (TLC) chloroform was added and the

\ / ) / tion mixt filtered. The catalyst
5 S (O S P~y CHon reaction mixture was filtered. The catalyst was
CN™ Y & NCk o 0 J & washed with chloroform. Removal of solvent

from combined filtrate gave the residue, which
was filtered through a column of silica gel to
afford pure bis (indolyl) methanes.

TCBDA PCBS
3. Pore et al ** snthesized bis indolyl methanes by
stirring a mixture of aldehyde, indole/ indole-3-
acetic acid and silica sulphuric acid at room

CLI s 1, - Cu u:J

R=H R' = alkyl, phenyl
R" =H, alkyl
R R
E;lj )—L _SSA.RT _ @\ If \I J@
H

|
H RI RII H
R=-CH,COOH R'=alkyl, phenyl
R" = H, alkyl
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4.

5.
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Hasaninejad et al *® used P,0s/SiO; as catalytic
system for the condensation of indole with
carbonyl compounds under solvent free
condition to produce bis (indolyl) methanes
derivatives. A mixture of benzaldehyde and well

P,05/SiO,

L
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grounded P,Os/ SiO, was added to indole and
the resulting mixture was grounded at room
temperature for 40 minutes. An orange coloured
reaction was obtained which was the purified by
recrystallization to obtain the pure product.

\ O

X = H or Methyl
R'= Aryl Or alkyl
R"=H, Alkyl or Aryl

Kundu et al *” synthesized bis and tris (indolyl)
methanes by the electrophilic addition of indole

rt, Solvent-free

10 mol % SbCl;

to the carbonyl compounds in presence of
catalytic amount of SbCls.

L

X = H or Methyl

R'= Aryl Or alkyl

R"=H, Alkyl or Aryl
Sonar et al *® synthesized bis (indolyl) methanes
using alum as catalyst by ultrasound irradiation.
A mixture of indole, aldehyde and powdered
alum was irradiated under ultrasound irradiation

Acetonitrile, RT -

10 mol % Alum

at ambient temperature for appropriate time.
After the completion of reaction ice cold water
was added to the reaction mixture and the solid
obtained was filtered and recrystallized from
ethanol to get the pure product.

\ O

Bandgar et al *° synthesized bis (indolyl) alkanes

by using fluoroboric acid absorbed on silica gel
as catalyst under mild and solvent free
conditions. The reaction of indole with indole-3-

Solvent free

HBF,-SiO,

phenyl methanol under solvent free condition in
presence of HBF4-SiO, yields bis (indolyl)
methanes.

Y

oy L
N
H

GrindingR T
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8. Zahran et al % synthesized bis (indolyl)
methanes under microwave irradiation using
glacial acetic acid as catalyst. A mixture of 2-
arylindole, aldehyde and glacial acetic acid in an
open Pyrex-glass vessel was subjected to
microwave irradiation. Irradiation was carried

CH3COOH

ISSN: 0975-8232

out in successive 30 sec periods to avoid
overheating of the catalyst. After completion of
the reaction as monitored by TLC, the reaction
mixture was cooled, and poured onto water. The
precipitated solid was filtered off, washed with
water, dried and recrystallized.

M.W.

Ar = Aryl
R = Alkyl or aryl
9. Sarvari et al ** synthesized bis (indolyl)

methanes under solvent free condition using
titania (TiOy) as catalyst. A mixture of TiO,,
benzaldehyde and indole was added to a test

Y

monitored by TLC. After the reaction was
completed, the catalyst was filtered, following
by washing with ethyl acetate. The volume was
concentrated under reduced pressure and the

tube and heated in an oil bath at 80°C with product ~ was  purified by  column
stirring. The progress of the reaction was chromatography.
Ar
o)
@ N )k 20 mol % TiO, = O\ 7 O
N Ar” H Solvent free 80 °C N N

10. Sagar et al ? synthesized bis (indolyl) methanes
by the reaction of indole and aldehyde using

PPA

phenyl phosphoric acid as catalyst in acetonitrile
solvent.

O
o - A
H Ry Ra CH

R]_:H

N, RT

R, = Alkyl, Aryl or Heterocycle

11. Sadaphal et al ?* synthesized bis (indolyl)
methanes by irradiating the mixture of indole,
aldehyde and catalytic amount of Mg(ClO,), in

5% Mg(CIO,),

microwave oven at 450 W for appropriate time
without using any solvent.

N

H MW
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condensation of indoles with  carbonyl

compounds in the presence of catalytic amount

12. Hasaninejad et al 2* reported a new, of picric acid at room temperature in aqueous
homogeneous, clean and efficient method for media to produce bis (indolyl) methanes.

@]
Ny, H _ Picric Acid
N rt., H,O-EtOH
H
13. Hasaninejad et al 2° synthesized bis (indolyl) benzaldehyde using catalytic amount of PCls in
methanes by the reaction of indole and dichloromethane at room temperature.
o
@ + )]\ PCl5 10% mole
N RDR CH,Cl, RT
X =H or Me
R = Alkyl or aryl
R'=H or alkyl
14. Borse et al *° synthesized bis (indolyl) methanes product separated out, was filtered, washed with
by the reaction of indole with aldehyde using sufficient water and dried. The crude product
phosphorus pentoxide in methane sulfonic acid was recrystalized from ethanol-water (1:1) to
as catalyst at room temperature. The solid afford Bis (indolyl) methanes.

0
X P,O:/MeSO;H
N ¢ 2-5Mins,RT
H R

15. Bandgar et al *" reported that when indole was presence of a catalytic amount of I, in
treated with various aldehydes or ketones in the acetonitrile, bis (indolyl) methanes was formed.
Rl R"
0]
Ny )k I, CHsCN N\ ]
-
N R” R* RT, Immediately N N
H H
16. Kardak et al ® synthesize bis (indolyl) methanes ketone using silica dichlorophosphate as catalyst
from corresponding aromatic aldehyde and under solvent free reaction condition at room
temperature.
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o)
@ ; )L Si0;-POCI,
” R R,  Solvent free, R T

1

17. Li et al ° carried out Synthesis of bis (indol-3- (Si02.12W03.24H,0) in EtOH at r.t. under
yl) methanes catalyzed by silicotungstic acid ultrasound irradiation.
Rl R2
R, R
@ + ZY ' Si0,. 12W0, 12H,0 O N\ / O
H o EtOH, Ultra Sound N N
H H
18.Chandam et al ® used Silica supported aromatic aldehyde and indole to produce bis
chloroacetic acid as catalyst for the coupling of (indolyl) methanes under solvent free condition.

o)
@ + )k SiO, - CICH,COOH
N R” H  Solventfree, RT
19. Reddy et al *! used TiCl, as a catalyst for the d_ichloromethane to produce corresponding bis
reaction of indoles with aromatic aldehydes in (indolyl) methanes at room temperature.
R
o
G IEP PN N g o a p W
N R® H DCM,RT N N
H H
20. Niknam et al * used metal hydrogen sulphate as compounds in ethanol to produce bis (indolyl)
catalyst for the reaction of indoles with carbonyl methanes.

Metal hydrogen sulfate
H EtOH,RT

Metal hydrogen sulfate = Zn(HSO,),, Mg(SO,),, Ca(SO4),

21. Dabiri et al ** used ionic liquids [Hmim]Tfa (indolyl) methanes by reacting indole with
and [Hmim]HSO, for the synthesis of bis carbonyl compounds at room temperature.

lonic Liquid
N
N RT

lonic Liquid = [Hmim]Tfa, [HmMim]HSO,

International Journal of Pharmaceutical Sciences and Research 1318
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22. Prasanna et al * synthesized bis (indolyl) by the reaction of indole and aldehyde in
methanes using polyphosphoric anhydride (T3P) dichloromethane.

CHO
@ O/ T3P 10 mole %
+ Y
N CL,CH,, R T

23. Qu et al *® used RuCl3.3H,0 as catalyst for the
synthesis of bis (indolyl) methanes by reacting
indole with aldehyde in presence of benzene.

CHO RuCl; .H,O O
u .
N RT N N
H H I

24. Rajendran et al ** wused ionic liquid bis (indolyl) methane by the reaction of indole
[EtsNH][HSO.] as catalyst for the synthesis of and aldehyde.
R
[EtsNH][HSO,]
N
N
H N N
25. Mishra et al * synthesized bis (indolyl) oxychloride octahydrate (ZrOClz. 8H.0) in
methanes by reacting indole with aldehyde using agueous medium at ambient temperature.

camphor sulphonic acid (CSA) and zirconium

©E\> Q CSA 5 mole % Or
PN .
N Re R” Rg

\ ZrOCl, .H,0 5 mole %
Ry
26. Veisi et al * carried out the synthesis of bis aldehydes and ketones in presence of FeCls
(indolyl) methanes by the reaction of indole with based ionic liquid.

O
Y - L nen o
N R R,
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27.Shaikh et al * synthesized bis (indolyl)
methanes by the reaction of indole and carbonyl

AgBF, 10% mole

ISSN: 0975-8232

compounds using AgBF; as
dichloromethane.

catalyst in

\ O

28. Khosropour et al “° reported one pot conversion
of primary alcohol to their bis (indolyl)
methanes using Bi(NO3)3.5H,O as catalyst.
Bi(NO3)3.5H,0 was added to benzyl alcohol in a

CH,Cl,, Reflux

\ Bi(NO,);5H,0
RCH,OH +2
B N Solvent-free
H

29. Kaishap et al * synthesized bis (indolyl)
methanes by the reaction of indole and aldehyde

N\

NaHSO;

+ RCHO

N Methanol&Water

30. Mulla et al *? synthesized bis (indolyl) methanes
by the reaction of indole and aldehyde using

EAN

mortar. The mixture was mixed and kept at 65°C
for a few seconds. When indole was mixed in at
room temperature.,, the corresponding bis
(indolyl) methanes resulted.

in presence of NaHSO3 in a solvent containing
EtOH and water.

N
H

ethyl ammonium nitrate (EAN) as reusable ionic
liquid at room temperature.

R o)
A
@ +R')kH

N 25°C, 12 mins

31. Kamal et al * synthesized bis (indolyl)

methanes using aluminium triflate as catalyst by
reacting indole and carbonyl compounds.

Y

AI(OTf
@ + R-CHO Sl
N

H
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CONCLUSION: This review gives an overview of a
number of synthetic procedures using various
catalysts, used to form a biologically rich bis
(indolyl) methanes moiety. This paper may be
helpful for further research work for the development
of better medicinal agents and newer compounds
containing bis (indolyl) moiety.
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