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ABSTRACT

A facile, efficient and green synthesis of bis-indolyl methanes, tris-indolyl
methanes and di(bis-indolyl methanes) has been developed by one-pot
condensation of indole with structurally diverse aldehydes and ketonesin
the presence of Me-SO,H in water medium as homogeneous and efficient
© 2012 Trade Sciencelnc. - INDIA

catalyst at room temperature.

INTRODUCTION

Indolesareimportant heterocyclic rings and many
biologicaly activeand naturd productsare 3-substituted
indoles. Indoleformsanintegra part of many natural
products of therapeuticimportance and possesses po-
tentialy reactivesitesfor avariety of chemica reactions
togeneratemolecular diversity. Naturdly occurring bis-
indolyl alkanesconsist of twoindolesor subgtituted in-
doleunitsinamolecule. Indolereactswith aromatic or
diphatic ddehydesand ketonesto produceazafulvenium
sdt, which undergo further additionwith asecond mol-
ecule of indole to afford bis-indolyl alkane. Indolyl
methanes havebeen isolated from terrestrid and marine
natural sourcessuch astunicatesand sponges?. Severd
bis(indo) dka oids, whichexhibit biologicd activity, have
beenisolated from the marine environmentt®. For ex-
ample, vibrindolea(3,3-diindolyl ethane) exhibitsanti-
bacterid activity and 3, 3- diindolyl methane has potent
anti-carcinogenic properties®. Strepindoleisthefirst
bacterial diindolyl methane metabolite possessing
genotoxicity and DNA-damaging activities, which are
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reputablein Bacillus subtilis cell§°. Because of their
wide occurrence as hatura products and various bio-
logicd activities, synthesisof thesebig(indolyl) methanes
have been attracted attention. 1,1-Bis(3-indolyl)-1-(p-
subdtituted phenyl) methanes containing p-trifluoromethyl
(DIM-C-p-CF,Ph), p-t-butyl (DIM-C-p-t-BuPh), and
p-phenyl (DIM-C-p-C H.Ph) substituentshasrecently
gained importance because of their antitumorigenic ac-
tivity'®. Syntheticaly, these compoundsare obtained by
the condensation of indoleswith aldehydes/ketonesin
the presence of severa bronsted” and Lewisacid cata
lysts such as LiClIO,®, In(OTf).®, Dy(OTf) [,
Sc(OTf),[*+14, CANMI, ZrOCL*, InCl [*¥, and
AIPW_0, ', ionic liquidg'?, trichloro-1,3,5 triaz-
ind18, potass um hydrogen sul phate?¥. Recently sodium
dodecyl sulfatewasusad to promotethisreactioninweter
medium to afford bis(indolyl)methaneg?” but requires
cumbersomeworkup procedures.

However, many of thesemethodsdtill suffer fromsome
disadvantages such as use of expensive reagents?-%
longer reactiontimes?#, low yid dsof productsin some
cas=3?, high catayst |oading which cannot berecycled,
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corrosivereagents, useof anadditiona microwaveoven,
largeamountsof solid supports, whichwould eventualy
result inthegeneration of largeamountsof toxic waste.

Therefore, amore efficient method to carry out this
transformation, superior catalysts, which arechegp, less
toxic, easly available, air stableand water tolerant are
gtill sought.

Hence, we planned to explore the synthetic utility
of methane sulfonic acid (Me-SO,H). We hereinre-
port an efficient and green method for the synthesis of
bis(indolyl) dkaneswithMe-SO,H inwater medium
with good to excellent yieds. In addition, to best of our
knowledge, thereareno reports on the use of methane
sulfonicacid asacatayst for thisconversion. Thisfact
has prompted ustoinvestigate Me-SO_H for the el ec-
trophilic substitution of indolewith various aldehydes
and ketonesin afacileand practica manner.

EXPERIMENTAL

All chemicaswereobtaned from Sigma-Aldrich,
Merck and Lancaster, and used as such without further
purification. Mdting pointsweredetermined usngacali-
brated thermometer by GunaDigital Melting Point ap-
paratusand are uncorrected. *H and *C NMR spectra
were recorded as solutionsin DM SO-d, on a Bruker
AMX 400 MHz spectrometer operating at 400 MHz
forH, 100 MHzfor *C. TheH and *C chemicd shifts
werereferenced to tetramethylsilane. LC Mass spectra
wererecorded onLCM S 2010A Shimadzuinstrument.

General procedure

A mixtureof benza dehyde (5 mmol) andindole(10
mmol) inwater (20 ml) wasstirred at room temperature
inthe presence of Me-SO,H (0.05 mmol) for an appro-
priatetime(TABLE 1). After completion of thereaction,
asindicated by TLC, thereaction mixturewasfiltered
and washed with water to get the pure product.

General procedurefor thesynthesisof tris-indolyl
and di(bis-indolyl methanes)

Thecatayst wasalowed to settledown, selective
condensation of adia dehydei.e. terephthaldehydeto
the corresponding bis-indolyl methane was achieved
by controllingthemolar ratio of indole(Scheme1). The
results showed that addition of 2 equivalentsof indole
to terephthal dehyde, gives(4a) in 97 %yield. Treat-
ment of 4 equivaents of indole or substituted indoles
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with terephthal dehyde givesthe corresponding di(bis-
indolyl methanes) (6a-d) in highyieldsat room tem-
peratureinwater (Scheme 1).
3-((1H-Indol-3-yl) (phenyl) methyl)-1H-indole(3a)
Mp 141-143°C. IR (KBr, cm™): 3402, 3051, 1454.
'HNMR (400MHz, DMSO-d): § 5.92 (1H, s, ArCH),
6.65(2H, s), 7.16 (2H,t,J=7.1Hz), 7.18- 7.26 (3H,
m), 7.32-7.36 (2H, m), 7.39-7.44 (6H, m), 7.98 (2H,
br, NH); *C NMR (100 MHz, DMSO-d,): 6 31.8,
111.8,114.1,119.4,120.2,122.3,126.1, 126.7,128.2,
129.2,130.3, 138.0, 145.2; MS(m/z): 322 (M™).

3,3 -((4-chlorophenyl)methylene)bis(1H-indole)
(3b)

Mp 78-79°C. IR (KBr, cm™): 3422, 3056, 1489.
'H NMR (400 MHz, DMSO-d,), 6 (ppm): 5.92 (s,
1H, Ar—CH), 6.62 (s, 2H), 7.01 (t, 2H, J = 8.2 Hz),
7.21-7.28 (m, 8H), 7.31 (d, 2H, J = 8.1 Hz), 7.85
(br, s, 2H, NH); MS(m/z): 356 (M").
3-(Furan-2-yl(1H-indol-3-yl)methyl)-1H-indole
(3k)

Mp 322-323 °C. 'H NMR (400 MHz, DM SO-
dy): 8 6.01 (1H, s, ArCH), 6.92 (2H, s), 7.06-7.23
(11H, m), 8.02 (2H, br, NH); C NMR (100 MHz,
CDCI3): 6 34.2,106.4, 111.8, 112.4, 113.3, 118.2,
120.1,121.7,121.9, 124.8, 126.6, 140.1, 141.2; MS
(m/z): 312 (M™).
3-(1-(1H-Indol-3-yl)-1-phenylethyl)-1H-indole (3n)

Mp 164-166 °C. *H NMR (400 MHz, DM SO-
dy): 6 2.44 (3H, s, CH3), 6.66 (2H, 5), 6.98 (2H, t, J
=75Hz),7.19 (2H,t, J=7.5Hz), 7.28-7.41 (9H,
m), 7.93 (2H, br, NH); MS (m/z): 367 (M*).
4-(Di(1H-indal-3-yl)methyl)benzaldehyde (4a)

Mp 257-259 °C. *H NMR (400 MHz, DM SO-
dy): 8 6.08 (1H, s, ArCH), 6.67 (2H, s), 6.94-7.01
(4H,m), 7.21(2H,d, J=7.8Hz), 7.34(2H,d, J=8.0
Hz), 7.43 (2H, d, J=8.0 Hz), 7.60 (2H, d, J=7.8
Hz).8.02 (2H, br, NH), 9.68 (1H, s, O=CH); C
NMR (100 MHz, DMSO-d,): 6 36.1, 110.8, 112.4,
119.6, 120.0, 121.5, 124.7, 127.6, 130.0, 130.9,
134.8,137.9, 146.7, 191.5; MS (m/z): 350 (M*).

Tri (1H-indol-3-yl) methane (5b)

Mp 160-162 °C. IR (KBr, cmt): 3422, 3050,
2832, 1612, 1458. *H NMR (300 MHz, DMSO-d),
d (ppm): 6.02(s, 1 H, Ar3CH), 6.91 (s, 3H), 6.95 (t,
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3H,J=7.4Hz), 7.11(t, 3H, J= 7.2 Hz), 7.33(d, 3H,
J=7.2Hz),7.54(d, 3H, J=7.5Hz), 10.73 (s, 3H, —
NH; MS(m/z): 361 (M").
1,4-big(di(1H-indol-3-yl)methyl)benzene (6a)

Mp 195-196 °C. IR (KBr, cm™): 3412, 3058,
1628.'H NMR (400 MHz, DMSO-d,), 5 (ppm): 5.72
(s, 2 H, Ar—CH), 6.32 (s, 4H), 7.12 (t, 4H, ] = 7.6
Hz), 7.21 (t, 4H, J = 7.6 Hz), 7.26-7.43 (m, 12H),
7.31 (br, s, 4H, NH; MS(m/z): 566 (M*).

RESULTSAND DISCUSSION

Inour initial experimentsthe condensation of ben-
zadehydeandindole (moleratiol:2) wasperformedin
thepresenceof catalyst Me-SO,H in THF. Thecatayst
facilitated theformation of big(indolyl)akanesin good
yieldsbut requireslongtime Thenitwasdecidedtocarry
out thereaction inwater medium proceeded smoothlyin
shorter reactiontimewith good yields. Theresultsshow
that inwater mediumthe cataytic activity of Me-SOH
wasincreasedinall thecases(TABLE 1).

R

R =H, Me, Et, Br

Withtheoptimized conditionsin handtoexplorethe
generdity of thereaction, we extended our study with
different aromati c/heterocyclic d dehydesand ketonesto
prepare a series of bis-indolyl methanes, tris-indolyl
methanesand di(bis-indolyl methanes) (TABLE 1). Indll
the casesthe corresponding bis(indolyl)alkaneswere
obtained ingood to excdlent yields. However, witharo-
matic a dehydeswith electron withdrawing groupsas
substituentsthereaction timeisshorter than thosewith
el ectron donating groups. On the other hand reaction
with substituted o, f-unsaturated al dehydes provided
somewhat |ower yieldsthan those aromatic aldehydes
(TABLE 1, entry (3n)). Encouraged by the results ob-
tained for benzal dehyde and benzophenone, we have
investigated anumber of other a dehydesand ketones
to probetheir behavior under the current catal ytic con-
ditions. Theresultsarelistedin TABLE 1. A variety of
carbonyl compoundsreacted smoothly with indolesto
produce bis-indolyl methanes under the present reac-
tion conditions. The el ectron deficiency and thenature
of substituents on the aromatic ring did not show any
obviouseffectson thisconversion. Electronrich aswell

= /E

(6] CHO

Me-SO3H, H,0 Me-SO3H, H,0
(2)

CHO

(3a-q)

R=aromatic/heterocyclie carbonyl

R;=H, methyl, benzyl

Me-so::,H, Hzo Me'SO3H, Hzo

R=bromo, ethyl, methyl

Scheme 1
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TABLE 1: Preparation of bis-indolyl methanesfromindolesand aldehydesor ketonesin the presenceof Me-SO,H at room
temperaturein water.

> B _ . > B _ )
5 Carbonyl S Time Yield S Carbonyl S Time Yield
T Indole Compound E (min) (%) g Indole Compound E (min) (%)
O,N
1 @ @— 3a 5 97 14 ©f\> ©—\< 3n 13 89
N N
H H O
2 @ -@— 3B 9 95 15 @ \ﬂ/ 0 10 92
N N (@)
H H
N\ N\
3 3 9 95 16 3p 10 92
N N o)
H H
\ Sy QL
4 3d 10 91 17 3qg 13 96
N N
H H o
N\ N\
5 ©E> 3 6 9% 18 OHC CHO 4a 5 97
N N
H H
Br CHO
N\ \ N
6 3f 12 93 19 5a 5 97
N N N
H H H
CHO
Br
N\ D
7 3g 16 96 20 50 9 95
N N
H H
CHO
N\ N\ N
8 3h 18 94 21 5¢ 10 91
N N N
H H H
Et CHO
N\
9 ©j> 3 12 9% 2 ) N\ 5d 6 9
N N N
H H H
10 @ /O\/ 3 11 9 23 ©E\> OHC—@—CHO 6a 5 97
N N
H H
N Br
1 @\/ 3k 8 94 24 N OHC—@—CHO 6b 9 95
N N
H H
Et
N \
12 3l 5 9% 25 OHC CHO 6c 10 91
N N
H H
\ ,—CHO \
13 >N 3m 8 86 26 OHC CHO 6d 6 96
N N
H H
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as el ectron deficient d dehydesreact with indoleswith
equal ease to give the products in excellent yields
(TABLE 1), (3a-3q). Herearomatic and heterocyclic
aldehydes (TABLE 1) areafforded the corresponding
bis-indolyl methanesinhighyidds Inaddition, thepresent
methodol ogy found to beefficient for the preparation of
bis-indolyl methanesfromlessreectiveadehydeslike
3-nitrobenzal dehyde and 4-nitrobenza dehydewithin 8
and 5 min respectively when compared to earlier re-
ported methodol ogy which takeslonger times.

In order to show the accessibility of the present
work incomparisonwith thereported results, we sum-
marized some of theresultsfor the preparation of bis
(indolyl) alkanesin TABLE 1 whichshow theMe-SO,H
isthemost efficient cata yst with respect to thereaction
time, temperature and exhibits broad applicability in
termsof yield.

CONCLUSION

In conclusion, we have developed afacile protocol
for thesynthesisof big(indolyl)dkanes. Theremarkable
catayticactivity of Me-SO,H issuperior tothereported
other catal ytic methods with respect to reduced reac-
tiontimes, highyieldsand cost of the catalyst

The condensation of indole with carbonyl com-
poundswas successfully carried out in presence of a
catalytic anount of Me-SO,H at roomtemperaturein
water medium asan environmentally benign catalyst.
The sdlient featuresof thisprocedureare short reaction
time, improvedyields.
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