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ABSTRACT

A green and facile method for the synthesis of bis(indolyl)methanes (BIMS)
and Michael addition of indoles to a-p-unsaturated carbonyl compounds
using cupric acetate in water as the catalytic medium is reported. The
substitution of indoles occurred exclusively at C-3 and products of N-
alkylation have not been observed. In case of C-3 substituted indoles,
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reactions occur at the C-2. The catalytic medium can be reused upto 3
times without losing its activity. A Comparative study between conven-

tional and microwave heating is also reported.
© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Thedevelopment of new environmenta ly friendly
reactionisachalenginggoal for organic chemistg*2.
Duetoitslow cost, reduced pollution, smplicity in pro-
cess, and easy handling, the reaction in water has at-
tracted attentionin recent years. Many reactionswhich
werethought to beimpossiblein water have been suc-
cessfully carried out inthe recent pasti“+*!. Besidesbe-
ing agreen solvent, reactionsin water are also clean
and sustainableand can be easily extracted by organic
solventsoncethereactioniscompleted.

Owingtothegreat structural diversity of pharma
cologicdly and biologically activeindoled®, itisnot
surprising that the indol e ring system has become an
important structural component in many pharmaceuti-
ca agents™", For well over ahundred years, the syn-
thesisand functiondization of indoleshasbeenamgor
areaof focusfor synthetic organic chemists, and nu-
merous methodsfor the preparation of indoleshave

been developed®9. Inthe context of medicina chem-
istry theconvergent synthesisof C-3functionalizedin-
doles became apriority. There are many methodsto
functionalizethe C-3 position of theindole nucleug®4
but very few of them havereported theadkylation at the
C-2 position. Numerous methodsfor the preparation
of BIMsemploying protic acidsor Lewisacidsas cata
lystshave been reported intheliterature, but thereare
ill somedrawbacksinthese catdytic systems, such as
therequirement for alarge quantity of catayst, long re-
action times, poor yield of products, drastic conditions
for catalyst preparation, or tediousworkup that |eads
to the generation of large amounts of toxic waste’>2,
In particular, thereplacement of toxic, harmful solvents
withlesstoxic and harmless solventsor green solvents
isof interest from theviewpoint of safety of chemical
processes. Moreover, the use of ubiquitousmetasin-
stead of raremetal sisdesirablebecausetheavailability
of raremetalsislimited, and their exhaustionisasoa
serious problem. Numerous reports have been pub-
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lished over the last 40 years on the synthesis of
bis(indolyl)methanes and itsderivatives. Michael addi-
tionisoneof themost important toolsfor thesynthesis
of 3-subgtitutedindol e derivatives?%l, However, from
our literature survey, cupric acetateasamodel catayst
has so far been unexplored. Hence, weturned our at-
tention to the effective catalysis of cupric acetatein
water asthereaction medium for thedirect and conju-
gateakylation of indole/subgtituted indoles. A compara-
tive study between the conventiona heating and micro-
waveirradiation was aso carried out in view of the
significance of microwaveirradiationsin savingtime
whichisfast devel opingasaconvenient and eco-friendly
modeof synthesis.

EXPERIMENTAL

Microwavereactionswere carried out inaCEM
Discover Benchmatemicrowavedigester. Mdting points
were determined in open capillary tubeswith Kumar’s
apparatus and are uncorrected. Infrared spectrawere
recorded onaBOMEM DA-8 FTIR instrument and
thefrequenciesareexpressedincm. *H and *CNMR
(400 MHz) spectrawererecorded on aBruker Avance
11-400 spectrometer using CDCI, asthesolvent. Chemi-
ca shiftsarereported in ppm downfield frominternal
tetramethylsilane and are given on the d scale. Mass
spectral datawere obtained with aJEOL D-300 (El)
mass spectrometer. Elementd anadyseswere carried out

on aHeraeus CHN-O-Rapid andyzer. All compounds
give sdtisfactory eementd analyseswithin 0.4% of the
theoretical vaues. All reactionsweremonitored by TLC
using precoated aluminum sheets(silicagel 60 F 254
0.2 mmthickness) and devel oped in aniodine chamber
or under UV GL-15 minera light 254 lamp. Column
chromatographic separationswere carried out using
ACME slicage (60-120 mesh).

General procedurefor conventional method

Toadirringmixtureof indole(6.83 mmol) and ben-
za dehyde/ketone (4.27 mmol )/cha cone (6.83 mmol)
inwater, cupric acetate (0.2 mmol) was added. The
reaction mixture was then refluxed at 100°C for 3-5
hrs(TABLE 1 & 2). After the completion of thereac-
tion (monitored by TLC), it was extracted with ethyl
acetate and the solvent distilled of f under reduced pres-
sure. The crude product was purified by column chro-
matography using ethyl acetate/hexane aseuent to af-
ford pure productsin good to excellent yields.

General procedurefor microwaveasssted method

A mixtureof theindole (6.83 mmal), benza dehyde/
acetophenone (4.27 mmol) / cha cone (6.83 mmol) and
cupric acetate (0.2 mmol) inwater wasirradiatedina
microwave digester at 5-10 bar, 80-120 W, 180-250
seconds. After thereaction was completed (monitored
by TLC) theresultant mixturewas purified by column
chromatography to afford the pure compound.

TABLE 1: Compar ativestudy of for mation of bis-indolyl compoundsfrom different aldehydesand indole/subgtituted indoles

under reflux and micr owave conditions.

Reflux condition Microwave condition

Entry R; R; Rs R4 Products
Time(hr)  Yield (%) Time(s)  Yield (%)
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Reflux condition M icr owave condition
Time (hr) Yield (%) Time (9) Yield (%)

Entry R, R, Rs R, Products

o cH, H ) H 3 78 180 86
NO,

4d  CHs, H H 2 75 120 88
CHO 120

3 H H @ H 1 46 50
CHO

3p H H H 2 87 240 94
(o]

3q H H é 2 81 220 90

TABLE 2: Comparison of reaction of indole/substituted indolewith a,p-unsatur ated ketonesunder reflux and microwave
condition

Reflux condition Microwave condition
Time (hr) Yield (%) Time () Yield (%)

Entry R, R, Rs Re Products

7a H H H CH,3 15 89 120 93

CH,3

b H CH; H 1.20 87 100 92

7c H H H CHs 15 88 120 92

d H CHs H CHs 1.20 88 100 91

(o]
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6a CH; H H CH; @;\f\»‘g 25 82 240 87
H
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N
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N
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6b CHs H H CH; % 25 82 240 87
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Reflux condition Microwave condition

Entry R; R, Rs Re Products - - - -
Time (hr) Yield (%) Time (9 Yield (%)

)9 O

7 H  CHs @ @ 1.20 89 100 92
N
H
Qi

6c CH; H © © N Y 25 81 240 86

RESULTSAND DISCUSSION

Our present study mainly focuses on the synthe-
sisof 2- and 3-substituted bis-indoles and 2- or 3-
alkylation of indolesin water and their relative com-
parison with microwave assisted synthesis. *H and
13C NMR spectra show that the products were ob-
tained in good purity. For these one pot reactions of
indole/substituted indoles and a dehydes/substituted
benzal dehydes/ketones, it is noteworthy that these
types of reactions have been mostly carried out in

acetonitrile?*®! and since acetonitrileisapolar sol-
vent miscibleinwater, we cameto the generalization
that it should work in water also. And true to our
proposition, thereactionswerenot only successful in
water (Scheme 1) but clean, easy to handle and most
importantly increased theyield to agood extent. The
conventional synthesiswascarried out in refluxing
conditionin onepot till the completion of thereaction
isobserved in TLC. Thereactants at first were not
properly misciblein water but asthe reaction pro-
gressed, it wasfound that themiscibility increased up
to afavorable extent.

R, Q
N Rz
1 H Cu(OAC),, H,0,
R
Reflux or MWI 2
RN Re Reflux or MWI
5 or
O,
R R5 Rl 3 R Rl
1 Re 4
S =
Rs / or R =H, CHs, LA
o N \ R; = H, CHa
H NT Rz R, = alkyl, aryl
H R3 = H, alkyl, phenyl
Re 6(a-c) 7(a-f) R4 = CH3, C,Hs, phenyl 4(a-d)

Scheme1: Alkylation of indole/substituted indoleat the 2-position and 3-position

The mechanism (Scheme 2) has been proposed
where, inthe presenceof cupricions, thereaction seems
tofirst formsazafulvenium salt (8). (8) then undergo
further reaction with asecond molecule of indoleto
produce bis(indolyl)methanes. For thereaction of in-
dolewith o,B-unsaturated ketones, the reaction pro-
ceed by smple Michael type mechanism aided by the
catayst.

Same mechani sm appliesto the 2-substituted in-
dolesin both direct addition to aldehydes and conju-
gateadditionto o,B-unsaturated ketones, however when
the 3-position of theindole moiety isblocked, attack
first occurred at the 3-position followed by subsequent
shift to the 2-position (Scheme 3). Formation of (10)
anditsrearrangement to (11) isfollowed by dimination
of water to yield the cation intermediate (12). (12) re-
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act againwith 3-substituted indolewhich leadsto the
formation of (13). A fina rearrangement of (13) gave
the 2,22 - big(indolyl)methanes (14)1. It was a so ob-
served that reactions of indoles and 2-substituted in-

dolesgave predominantly 3-akylated products(Scheme
1) without any N-a kylation, however, when the 3-po-
sition of indole isblocked, 2-alkylated products are
obtained, and no N-alkyl ation product was observed.

R ®
o
OH ® A\‘
+H N
H® H

Scheme?2: M echanism of BI M format|0n viaazafulvenium salt 8

@6\%”\‘
d+ H

9

C@ﬁ/\t@

13

Y

IZ/

(0H2

NH HN

11

Scheme 3: Rearrangement of indolesubstituentsfrom position 3to position 2

M ention may be maderegarding the stoichiometry
of the catalyst and the reactantsfor the formation of
BIMsin our present strategy. Only acatal ytic amount
(0.25 equiv.) of cupric acetate has been used to stan-
dardize our reaction conditions. Thereaction requires
an excess of indole (2 equiv.), but at the end of the
reaction, asmall quantity of indolewasadwaysl|eft out.
Theleft over indolewasrecovered by column chroma-
tography. Inorder to avoid this, the methodol ogy was
optimized by using only 1.6 equiv. of indoleinstead of 2
equiv. and these conditions proved to be general for a
variety of indoles.

@Wuc CHEMISTRY —

Asshownin TABLE 1, aromatic aldehydes un-
derwent smooth direct addition to the corresponding
bis(indolyl)methanesingood to excdlentyieldinrda
tively short reaction times. It has been observed that
the electronic properties of thearomatic ring have an
effect on therate of the reaction. In the conventional
method, presence of electron-withdrawing groups
(NO,,Cl) in aldehydes (entries (3d) and (3€)) en-
hancesthe el ectrophillic substitution reaction with a
lesser reaction timethan el ectron donating groups, but
inthe microwaveinduced method, the effect of sub-
stituentshasno significant effect onthereactionyields

Au Tudian Yournal



OCAIJ, 9(7) 2013

R.L.Nongkhlaw et al.

263

and time. Thisindicated that the cupric acetate cata-
Iytic system haswide functional group tolerance. To
provethegenerality of thisprotocol, thereaction was
then extended to avariety of ketones(TABLE 1) and
asoto diphatic and aromatic o, 3-unsaturated ketones
(TABLE?2).

Inthis category of reactions, 2-methylindole was
found to bemorereactivethanindole, giving thecorre-
sponding productsin good to excdlent yidds. Asshown
inTABLE 2, therequired reactiontimefor thereaction
of ddehydesand ketoneswith 2-methylindoleisshorter
ascompared to indol e under the same reaction condi-
tion. But thereaction timerequired for the reaction of
3-methyl indoleisalittlemore ascompared to the other

@ 4 OHC—@—CHO
N

H

H,0, Reflux H
N

= Fyl| Peper

indoles. Asexpected, duetothesteric crowdingin cor-
responding BIMS, aliphatic and aromatic ketones
(TABLE 2, entries (6a), (6b) and (6c)) reacted with
longer reactiontimesand their yieldswas|ower. How-
ever, inmicrowave synthesisthe presenceof electron-
withdrawing or € ectron-donating group did not affect
muchtotherateof conversion. Asshownin Scheme4,
reaction of terephtha a dehyde withindolegavethe cor-
responding products (15) and (16). It wasfound that
the reaction of 2 equiv. of indole with 1 equiv.
terephthala dehyde gave the corresponding BIM (15)
with high selectivity (entry (30)) whileby using 4 equiv.
of indolethe corresponding product (16) was obtained
with comparableyield (entry (3p)).

N
Cu(OAc), H

Scheme4: Reaction of indolewith ter epthaladehyde

During the past two decades many papers have
described the successful combination of microwaveir-
radiation asanonclass ca energy sourcewith alterna
tivereaction media. In continuation of our previous
works?! on unconventiona meansof organicreactions,
we have carried out the microwave reactions under
solvent free condition. It was successful but with some
drawbackslike charring of the reaction mixtureand
danger of combustion of the starting materialswhen
heated too strongly. Here water was used asthe me-
diumfor refluxingaswel asmicrowaveirradiation. Both
conventiond heating aswell asmicrowaveirradiation
showed smilar observationsexcept inthereactiontime
andyields.

Theoutstanding feature of thisprotocol isitshigh

chemosel ectivity for aldehydes. For example, when
al:1 mixture of benza dehyde and acetophenonewas
treated withindole in the presence of cupric acetate,
only phenyl-3,3'-bis(indolyl)methane was obtai ned,
while acetophenone was recovered in 100%
(Schemeb).

Thereusability of thecatdyst wasd so sudied where
after the reaction was completed, the products were
extracted fromthereaction mixture by ethyl acetateand
theremaining agueous part was reused without further
treatment. AsshowninFigure 1, the catalytic activities
gradually decreased. However, even after threecycles,
it still hasmoderateyields. It implied that the cupric
acetate/water catalytic system can bereused at | east
threetimeswithout significant lossof activity.
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Cu (OAC)Z/H ZO

CHO 0O
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N
H
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100% 94%

Scheme5: Chemoselectivity of aldehydein reaction with indolein the presence of aketone
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Figurel: Reusability studiesof catalyst for synthesisof 3-
((AH-indadl-3-yl)(4-nitr ophenyl)methyl)-1H-indole (TABLE 1,
entry 3d)

% Yield

o

SPECTROSCOPICANDANALYTICAL DATA

3-((1H-indol-3-yl)(phenyl)methyl)- 1H-Indole(3a)

m.p. 124-125°C; IR(KBr) vem™: 3390 (NH),
3100 (ArC-H), 2927, 1699, 1341; *H NMR (TMS)
d ppm: 7.84 (s, 2H, NH), 6.92-7.43 (m, 13H, Phe-
nyl), 6.85 (s, 2H, N-CH=C), 5.81 (s, 1H, CH); **C
NMR (TMS) & ppm: 137.1, 136.5, 129.1, 128.4,
126.3, 124.9, 122.87, 121.9, 120.0, 118.9, 112.6,
111.4and40.7; MS(ESI): m/z323[M+1]; Andl. Cdcd.
for C_H..N. are: C, 85.68; H, 5.63; N, 8.69; Found:

23 18 2

C, 85.58; H, 5.78; N, 8.49.
4-(di(1H-indal-3-yl)methyl)-2-methoxy phenol (3c)

m.p. 108-111°C; IR(KBr) venmrt: 3625 (OH),
3429 (NH), 2853, (ArC-H), 1613, 1341, 1096; *H
NMR (TMS) & ppm: 7.84 (s, 2H, NH), 6.70-7.33 (m,
11H, Phenyl), 6.57 (s, 2H, N-CH=C), 5.73(s,H, CH),
5.43(s,H, OH), 3.68(s, 3H, OCH,); ®*CNMR (TMYS)
o ppm: 145.2, 142.7, 136.6, 135.0, 126.0, 122.5,
120.8,120.2,118.9,118.1, 112.1, 110.3, 109.9, 54.8
and 38.8; MS(ESI): m/z 369[M+1]; Anal. Calcd. for
C,H,N.O, are: C, 78.24; H, 5.47; N, 7.60; Found:

24" 200 272
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C, 78.24; H,5.47; N, 7.69.
3-(1-(1H-indol-3-yl)ethyl)-1H-indole (3k)

m.p. 137-142°C; IR(KBr) vem: 3387 (NH),
3001 (ArC-H), 2928, 1603, 1348; *H NMR (TMS)
d ppm: 7.74 (s, 2H, NH), 6.80-7.50 (m, 8H, Phenyl),
6.80 (s, 2H, N-CH=C), 4.61 (q, 1H, CH), 1.73 (d,
3H, CH,); ®C NMR (TMS) & ppm: 136.5, 126.9,
122.3, 121.0, 120.7, 119.0, 118.8, 110.5, 28.1 and
21.1; MS (ESI): m/z 261 [M+1]; Anal. Calcd. for
CH,N,are: C,83.04; H, 6.19; N, 10.76; Found: C,

18" '16

83.13; H, 6.29; N, 10.46.
4-(di(1H-indol-3-yl)methyl)benzaldehyde (30)

m.p. 205-207°C; IR(KBr) vem: 3387 (NH),
3111 (ArC-H), 2956, 1715 (C=0), 1683, 1342; 'H
NMR (TMS) 6 ppm: 9.89 (s, 1H, CHO), 7.93 (s, 2H,
NH), 6.92-7.73 (m, 12H, Phenyl), 6.59 (s, 2H, N-
CH=C), 5.89 (s, 1H, CH); ®*CNMR (TMS) 4 ppm:
190, 142.9,135.1,132.8,129.5,129.1, 126.8, 122.1,
121.8,119.8,117.0,112.1,110.8 and 45.1; MS(ESI):
m/z 351 [M+1]; Andl. Calcd. for C,,H ;N.O are: C,
82.26; H, 5.18; N, 7.99; Found: C, 82.39; H, 4.93;
N, 7.87.
3-((4-(di(1H-indal-3-yl)methyl)phenyl)(1H-indol-3-
yl)methyl)-1H-indole (3p)

m.p. 197-200°C; IR(KBr) vem: 3389 (NH),
3189 (ArC-H), 2930, 1558, 1342; *H NMR (TMS)
d ppm: 7.44 (s, 2H, NH), 6.92-7.34 (m, 20H, Phe-
nyl), 6.27 (s, 4H, N-CH=C), 5.70 (s, 2H, CH); *C
NMR (TMS) & ppm: 141.5, 136.6, 129.0, 128.5,
127.0,123.6,122.0,121.7,119.9, 118.1, 111.9, 110.9
and45.1; MS(ESI): m/z567 [M+1]; Anal. Calcd. for
C,H,N, are: C, 84.78; H, 5.34; N, 9.89; Found: C,

40" 30

84.48; H, 5.46; N, 9.72.
3-(1-(1H-indol-3-yl)cyclohexyl)-1H-indole (3q)

m.p. 137-142°C; IR(KBr) vem: 3890 (NH),
3201 (ArC-H), 2935, 1603; *H NMR (TMS) & ppm:
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7.82(s,2H,NH), 7.48-6.81 (m, 8H, Phenyl), 6.79 (s,
2H, N-CH=C), 1.56 (t, 4H, CH,), 1.16 (t, 6H, CH,);
BCNMR (TMS) é ppm: 135.2, 125.9, 122.0, 121.2,
119.0, 118.9,112.0,110.1, 42.1,41.9, 25.6 and 20.8;
MS(ESI): m/z315[M+1]; Andl. Cdcd. for C,H,N,
are: C, 84.04; H, 7.05; N, 8.91; Found: C, 84.14; H,
6.76; N, 9.06.

3-methyl-2-((3-methyl-1H-indol-2-
yl)(phenyl)methyl)-1-H-indole(4c)

m.p. 123-125°C; IR(KBr) vem™: 3320 (NH),
2919 (ArC-H), 1453, 1325; *H NMR (TMS) 6 ppm:
7.52 (s, NH, 2H), 7.03-7.49 (m, 13H, Phenyl), 5.92
(s, 1H, CH), 2.09 (s, 6H, CH,); ®*C NMR (TMS) &
ppm: 139.0, 134.2,132.3,133.4,128.0, 127.4, 126.3,
120.6, 118.4, 117.4,109.8, 107.6, 28.6 and 7.5; MS
(ESI): m/z351[M+1]; And. Cdcd. for C, H, N, are:
C, 85.68; H,6.33; N, 7.99; Found: C, 85.80; H, 6.23;
N, 7.88.

3-methyl-2-((3-methyl-1H-indol-2-yl)(4-
nitrophenyl)methyl)-1H-indole (4d)

m.p. 130-134°C; IR(KBr) vem™: 3345 (NH),
3058 (ArC-H), 2919, 1453, 1325; *H NMR (TMYS)
d ppm: 8.12 (s, 2H, NH), 7.06-8.10 (m, 12H, Phe-
nyl), 6.01 (s, 1H, N-CH=C), 2.10 (s, 6H, CH,); *C
NMR (TMS) & ppm: 144.1, 143.0, 135.5, 134.3,
129.8, 126.9, 121.2, 120.8, 119.5, 118.7, 109.9,
106.5, 33.3and 9.5; MS(ESI): m/z396 [M+1]; Anal.
Calcd. for C.H,N,O, are: C, 75.93; H, 5.35; N,
10.63; Found: C, 75.63; H, 5.48; N; 10.77.

1-(1H-indol-3-yl)pentan-3-one(7c)

m.p. 82-85°C; IR(KBr) vem: 3374 (NH), 2919
(ArC-H), 1706 (C=0), 1400; 'H NMR (TMS) & ppm:
7.87(s, 2H, NH), 7.03-7.53 (m, 4H, Phenyl), 6.92 (s,
1H, N-CH=C), 2.99 (t, 2H, CH,CO), 2.75 (t, 2H,
CH,), 2.35(q, 2H, CH,CH,), 2.99 (t, 3H, CH,CH,);
BCNMR (TMS) 6 ppm: 210.4, 135.2, 126.1, 120.9,
120.4, 118.2, 117.6, 114.3, 110.1, 41.7, 35.0, 28.6
and 6.7; MS(ESI): m/z 202 [M+1]; Anal. Calcd. for
C,H,NOare: C,77.58;H,7.51; N, 6.96; Found: C,
77.33; H, 7.60; N, 7.07.

3-(1H-indol-3-yl)-1,3-diphenylpropan-1-one(7€)

m.p. 130-133°C: IR(KBr) vem™: 3350 (NH),
1672 (C=0), 1593, 1354; *H NMR (TMS) & ppm:

= Fyl) Paper

7.89 (s, 2H, NH), 7.05-7.46 (m, 14H, Phenyl), 6.93
(s, 1H, N-CH=C), 4.99 (t, 1H, CH), 3.76 (dd, 1H,
CH,), 3.64 (dd, 1H, CH,); *C NMR (TMS) & ppm:
198.5, 144.2, 137.1, 136.6, 133.0, 128.5, 128.4,
127.8, 126.6, 126.2, 122.1, 121.4, 119.4, 119.3,
119.3,111.1,45.2and 38.2;, MS(ES)): m/z 326 [M +1];
And.Cdcd.forC_H. .NOare: C, 84.89; H,5.89; N,

23" 19

4.30; Found: C, 84.76; H, 5.70; N, 4.50.
CONCLUSIONS

Insummary, thispaper demongtratestheversatility
of the condensation of indoleswith d dehydesand other
aliphatic aswell asaromatic o,-unsaturated ketones
withreasonableyields.

Thismethod also offers severa significant advan-
tages such asgreen and sustainabl e, high conversions,
easy handling, cleaner reaction profiles, and short re-
actiontimesin caseof microwaveirradiation, which
makesit auseful and attractive processfor therapid
synthesisof substituted indoles. A truetest of the utility
of asynthetic method isinitsgpplicationto the synthe-
sisof natural products or complex molecules. Dueto
theversatileapplication possibilitiesof BIMsandin-
dolederivatives, thereisacontinuous quest for more
efficient synthetic methodsof indolederivativesand we
believeto have provided aclean and green strategy.
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