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ABSTRACT

A clean and efficient method for the synthesis of bis(indolyl)methane de-
rivatives with antimony zwitterionic-type molten salt-catalyzed (IBS) asthe
catalyst under solvent-free conditions is described. This method provides
several advantages, such as simple work-up procedure, neutral conditions
using a cheap, non-toxic, environment friendly solvent, and high yields.

© 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Multi-component reactions (MCRsS) have been
proven to be avery elegant and rapid way to access
complex structuresin asingle synthetic operation from
smplebuilding blocks, and show high atom-economy,
high sdlectivity and procedural smplicity duetothefor-
mation of carbon- carbon and carbon-heteroatom
bondsin one-pot™. Asaone-pot reaction, MCRs gen-
eraly afford good yidldsand arefundamental ly differ-
ent from the two-component reactionsin several as-
pects? and permitted rapid accessto combinatorial li-
braries of organic moleculesfor efficient lead structure
identification and optimizationin drug discovery®. In
addition, theimplementation of severd transformations
inasingle manipulationishighly compatiblewith the
goals of sustainableand green chemistryt®.

Bis(indolyl)methanesareabiol ogically valuable
group of organic compounds. A large number of these
compounds have been isolated from earthly and ma-
rine natural sourcessuch assponges®. They arealso
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identified to promoteuseful estrogen metabolismand
arefoundin cruciferousplants®. Bis(indolyl)methanes
havemany gpplicationsin materia sciences, agrochemi-
casand pharmaceutical$. Hence, intherecent years,
thereissubstantid interest inthe synthesisof thesecom-
pounds®d. Many methods are reported to synthesize
bis(indolyl)methanes. Thereaction of 1H-indolewith
adehydesor ketonesproducesazafulvenium saltswhich
react further with asecond 1H-indolemoleculeto form
bis(indol-3-yl)methanes'®. Nowadays, synthesisof this
category of moleculesunder mild conditionshavebeen
reported, with promoters such as AIPW_,O, [*!,
Dy(OTf), fionicliquid™, In(OTf) fionicliquid™, MW/
Lewis acids (BiCl,, FeCl,, InCl,, CoCl,, ZnCl )",
silica sulfuric acid (SSA)1*9, acidic ionic liquid™®,
trichloro-1,3,5-triazine™”, H,PW O, 9, and ceric
ammonium nitrate (CAN)*°. However, most of the
existing methodsinvolvetoxic metal ionsand solvents,
have high costsand use corrosivereagents. A mild and
efficient catdys for the synthesisof big(indolyl)methanes
isvery desirable.
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EXPERIMENTAL

Chemica swereobtained from Merck and Fluka
chemical companies. ThelR spectrawererecorded on
a Shimadzu 435-U-04 spectrophotometer (KBr pel-
lets) and NMR spectrawere obtained in CDCI, using
a400MHz JEOL FT NMR spectrometer. All melting
pointswere determined on an Electro Thermal 9100
melting point gpparatus

GENERAL PROCEDURE SYNTHESISOF
DIPYRROMETHANES

A mixtureof indol (2.0 mmoal), ddehydeor ketone

( jj Q IBS (10 % mol)
IN' 2 R)J\” Solvent- — O ol O
| olvent-Iree, grinding, r.t. N N

1
R - alkyl, aryl H H

i 2 3a-0

—= Pyl Peper

(1.0mmol) and 4-(1-imidazolium) butane sulfonate (41
mg, 10 mol %) wereadded to amortar and the mixture
was pulverized with apestle. A spontaneous reaction
took place [< 1 min, TABLE 2, monitored by TLC
(4:1, hexanel acetone)]. After completion of thereac-
tion, CH,CI, (10 mL) was added, and insoluble re-
agents were removed by filtration. Thefiltrate was
evaporated under reduced pressure and the resulting
crude materia was purified by column chromatogra-
phy usingsilicagd with petroleum ether/chloroform as
theeuent. Pure productswere obtained assolids.

RESULTSAND DISCUSSION

In continuationwith the search for smplenon-haz-
ardous methods and the devel opment of green chemi-
ca proceduresfor thetransformationsin organic syn-
thesisusing®?1, wewish, herein, to report ontheuse

Scheme 1 of IBS asamorerobust and efficient catalyst in the
TABLE 1: Synthesisof bis(indolyl)methanes by thereaction of indole with aldehydesand ketonesunder a solvent-free
condition
Entry Substrate Product 2 Time (min) Yieds (%)° M.p., °C (Lit.)°
1 @—CHO 3a 2 97 126-128 (125-127)
2 MeOO CHO 3b 45 93 126-128 (191-193)
CHO
3 Q 3c 4 92 129-131 (131-133)
OMe
4 a @ CHO 3d 3 95 104-106 (104-105)
5 QCHO 3e 2 9% 74-76 (73-75)
Cl
6 QCHO 3f 2 97 81-82 (81-83)
Cl
7 HO—@ cHo 3g 7 92 122-124 (123-125)
8 Br—@— cHO 3h 2 93 110-112 (112-113)
9 MeO CHO 3i 4 92 93-95 (94-96)
10 OZN@ CHO 3 5 94 223-225 (221-223)
1 QC”O 3K 4 96 144-146 (142-144)
NO,
12 | 3l 3 85 149-150 (150-151)
S CHO
13 U . I - 3m 5 84 302-324 (>300)
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Scheme 2

one-pot synthesis of bis(indolyl)methanes (3a-0) from
condensation of variousaldehydes (2) withindole (1)
under asolvent-free condition (Scheme1land TABLE
1).

Thus, the a dehydes act as Michael acceptorsand
theindole asthe nucleophilesresultingin aMichael
adduct which, under theinfluenceof IBS, formsanin-
termediate! whichundergoesnucl ophilicreactionswith
indoleto afford bis(indolyl)methane derivatives. The
advantages or the characteristic aspects of themethod
described herein, in comparison with thoseaready re-
ported arethefollowing: Theyieldsof productsare
better than the previously reported yields. In addition,
thecatalyst IBSisinexpensiveand not moisture sensi-
tiveand only sub-molar anountsof IBS arerequired.
Longer reaction times are required when smaller
amounts of IBSareemployed. It isimportant to note
that no bis(indolyl)methane derivativeswereformed
when the reactionswere carried out in the absence of
IBS.

CONCLUSION

The present methodol ogy showsthat zwitterionic-
typemolten sdt (IBS) isan efficient catalystintheone
pot synthesisof bis(indolyl)methane derivatives under
solvent-freeinroomtemperature. Themain advantages
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of the presented protocol are mild, clean and environ-
menta ly benign reaction conditions, aswell asthehigh
yields. Furthermore, this method isal so expected to
find gpplicationin organic synthessduetothelow cost
of thereagent. It isbelieved that thismethod will bea
useful addition to modern synthetic methodol ogies.
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