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ABSTRACT

A general, mild and efficient synthesis of bis(indolyl)methanes via electro-
philic substitution reaction of indole with various aldehydes or ketones
under catalysis of nitrophthalic acids as potential green catalyst have been
© 2011 Trade Sciencelnc. - INDIA

described in good yield.

INTRODUCTION

Bis(indolyl)akanesand their derivativesaremore
attractive compounds asthe bi oactive metabolites of
terrestrial and marine origin®. Thisunit hasfound to
exhibitimportant biologica activity. VibrindoleA (1) was
demonstrated for thefirst timeto exhibit antibacteria
activity against Saphyl ococcus aureus, S.albusand
B. subtilis?. Recently 2,2-Di(3-indolyl)-3-indolone(2)
was isolated from the toxic mucus of the boxfish
ostracion cubicus and reported to active against
Saphyloccous aureus?.
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Consequently, numerous methods have been re-
ported for the preparation of bis(indolyl) methanes™.
Of these methods, the acid-catal yzed condensation of
indoleswith carbonyl compoundsisoneof most smple
and straightforward approaches for the synthesis of
bi(indolyl)methanes. Theacidsutilized inthistype of
reaction are protic acids such as CH,COOH®, HCI,
sulphamicacid, H,PMo,,0,,. x H,0% and lewisac-
ids sush as InCl 9, ZrCl ', InF [, FeCl ',
In(OTf),[4, CuBr,™. Generdly, theselewisacid cata-
lystsaremoisture sengitive and are easily decomposed
or deactivated in the presence of the small amount of
water and arethusdifficult to handle, further disposal
of these acidsleadsto environmenta effluence.

At present, with therapid development inthefield
of catalytic and synthetic chemistry, researchershave
started to pay more attention to devel op some eco-
friendly catalyst, to avoid or minimizeabovesaid harm-
ful effects. Particularly, the condensation of indolesand
carbonyl compounds has been carried out success-
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fully using KHSO 3, |1*, NBS!*, LiCIO !4,
CANI etc. Similarly few environmentally friendly
catalysts such asion exchangeresin®®, montmorillo-
nite K-10 clay®¥ and rare earth catalysts??, zeo-
lites®, NaHSO,.SiO,/*4, ionic liquid®! were also
appearedinliterature.

Encouraged by the above survey, in the present
study weinvestigated the catalytic activity of various
phthalic acidsinthe synthesisof bis(indolyl)methanes
formed by the condensationreaction of indolewith vari-
ous adehydes and ketones. Neverthelesswe have al
ready explored the possibility of useof nitro phthalic
acid ascatdyst inthelmino Didl sader reaction®. Thus
Phthdicacid, isophthdicacid, terephthadic acid and their
nitro derivatives havefoundto catalyzethereactionin
the synthesisof variousbis (indolyl)methanes. Thisis
thefirst report for the use of these acidsascatalystsin
bis(indolyl)methanesynthesis.

EXPERIMENTAL

All themelting pointswererecordedin open capil-
lary and werecompared with theliterature5* Thepurity
of the compoundswas checked by TLC onsilicagel
and werepurified by column chromatography. *HNMR
spectrawere recorded on aBruker-300

MHz spectrometer with DM SO asthe solvent and
TMSasaninterna standard. IR spectrawere obtained
using a FTS-135 spectrometer instrument. Mass
spectraswererecorded onaJEOL SX 102/DA-6000
(10kV) FAB mass spectrometer. Solvents, Chemicals
and reagents were purchased from Merck chemical
company inhigh-gradequality.

General procedure

4-nitro phthalic acid (1.0 mmol) wasadded to a
mixtureof indole (2.0 mmol) and aldehydesor ketones
(2.0mmol) in ethanol (10 mL). Thereaction mixture
was stirred at room temperature for the appropriate
time (TABLE 3). After thecompl etion of thereaction,
it wasquenched with water (10mL) and extracted with
ethyl acetate (2 X 15mL). And combined organic layer
were dried over anhydrous sodium sul phate, concen-
trated and the crude product was purified by silicagel
column chromatography and el uted with an ethyl ac-
etate and petroleum ether mixture to afford
bis(indolyl)methane.

= Fyl) Paper
3, 3-bis-indolyl (phenyl) methane (3a)

Pink solid; mp 124-125 °C; IR (KBr) 3415,
3025, 1631, 1380, 1265, 1008, 734 cm*; 'H NMR
(CDC1,) d ppm: 7.89 (brs, 2H, NH), 7.38 (d, J=7.8
Hz, 2H), 7.33-7.35 (m, 4H), 7.19-7.30 (m, 5H), 7.00
(m, 2H), 6.64 (d, J=1.1 Hz, 2H), 5.88 (s, 1H); MS:
m/z 322 (M*).

4-M ethoxyphenyl-3, 3’-bis(indolyl)methane (3b)

Pinkish solid; mp 192-193 °C; IR (KBr): 3392,
3055, 2933, 2838, 1610, 1507, 1320, 1023, 743 cnr
1 '"HNMR (CDCl,): '"HNMR (CDCIl.): d ppm: 7.93
(brs, 2H, NH), 7.26-7.38 (m, 8H), 7.18 (t, J=7.8 Hz,
2H), 7.02 (t, 2H, J=7.6 Hz, 2H), 6.65 (s, 2H), 5.86
(s,1H); 3.77 (s, 3H); MS: m/z 352.17 (M*).

4-Chlorophenyl-3, 3-bis(indolyl)methane (3d)

Pink solid; mp 78-80°C; IR (KBr): 3411, 3055,
2923, 2848, 1617, 1417, 1327, 1013, 743 cm™; H
NMR (CDCI,) d ppm: 7.93 (brs, 2H, NH), 7.26-
7.38 (m, 8H), 7.18 (t, J=7.8 Hz, 2H), 7.02 (t, 2H,
J=7.6Hz, 2H), 6.65 (s, 2H), 5.86 (s, 1H); MS: m/z
356 (MY).

1-(di-1H-indol-3-ylmethyl)-2-naphthol (3i)

Yellow solid; mp 203-205 °C; IR (KBr): 3415,
3020,1605, 1460, 1290, 1068, 1004, 750 cm™; *H
NMR (CDCI,) d ppm: 12.2 (s, 1H), 8.15 (d, J=8.6
Hz, 1H), 8.06 (brs, 2H, NH), 7.83(d, J=8.0 Hz, 1H),
7.73 (d, J=8.0 Hz, 1H), 7.3-7.45 (m, 7 H), 7.2 (¢,
J=7.2Hz, 2H), 7.02 (t, J=7.6 Hz, 2H), 6.82 (s, 1H),
6.76 (s, 1H), 6.5 (s, 1H, CH); MS: m/z 388 (M").

3,3-(2,3-dihydro-1,4-benzodioxin-6-ylmethanediyl)
bis(1H-indole) (3q)

Pink red: mp 238-240°C ; '"H NMR (DMSO d,)
dppm: 10.76 (br, NH,2H), 7.3 (m, 2H), 7.03 (t, J=7.08
Hz, 2H), 6.8 (d,J=7.07 Hz, 2H), 6.7 (m, 6H), 5.6 (s,
1H), 4.1 (s, 4H). B*C NMR: 143.4,141.1, 136.4,
132.6, 139.9, 121.7, 120.5, 119.6, 115.5, 113.7,
112.1,111.0,75.2, 44.2. MS: m/z 379.2 (M-1).

1H,1°H-3,3:3 3" -terindol-2 (1'H)-one (3r)

Brown Solid: mp 248-250°C; *H NMR (DM SO
d,) d ppm: 10.92 (brs, s 2H), 10.56 (s,1H),7.34 (d,
J=8.01Hz, 2H), 7.23(t, J=6.3 Hz, 4H), 6.99 (m, 4H),
6.8 (m, 4H): *C (75, MHz, CDCl,) 196.5, 143.2,
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135.5, 133.7, 132.1, 130.5, 122.2, 121.7, 121.2,
1205, 119.6, 116.8, 112.2, 112.1, 111.0, 86.5. MS:
Mz 362.4 (M-1).

5'-bromo-1H,1"’H-3,3':3',3"’-terindol-2' (1'H)-
one(3s)

Yellow Solid: mp 248-250°C; *HNMR (DM SO
d,) d ppm: 10.99 (brs, 2NH), 10.72 (s, NH), 7.36 (d,
J=8.07 Hz, 2H), 7.26 (d, J=19.53 Hz, 3H), 7.16 (d,
J=2.37Hz, 3H), 7.03(m, 5H) 6.87 (d, J=3.6 Hz, 2H),
6.82(d, J=7.89 Hz, 2H). *C (75, MHz, CDCl,) 194.5,
141.5, 136.8, 136.2, 132.8, 131.6, 122.8, 122.1,
121.5, 120.5, 119.6, 112.1, 111.2, 111.0, 86.2. MS:
m/z 440 (M-2).

5'-chloro-1H,1"’H-3,3':3',3"-terindol-2'(1'H)-one
(3t)

White Solid: mp 260-262 °C; 'H NMR (DM SO
d,) d ppm:10.99 (s, 2H, NH), 10.72 (s, 1H, NH), 7.36
(d, J=8.07 Hz, 2H), 7.26 (d, 1H), 7.19 (d, J = 8.55
Hz, 3H). 7.03 (m, 3H), 6.87 (d, J=2.4 Hz, 2H), 6.80
(d, J=7.89 Hz, 2H).BC (75, MHz, CDCI,) 196.2,
141.2, 136.5, 134.1, 131.2, 129.7, 122.2, 121.9,
120.9, 120.5, 119.6, 113.6, 112.1, 111.0, 86.1, MS:
Mz 396.2 (M-1).

5'-fluoro-1H,1°H-3,3:3',3"’-terindol-2' (1'H)-one
(3u)

Brown Solid: mp 245-247 °C; 1H NMR
(DMSO d,) d ppm: 10.97 (brs, s, 2H), 10.60 (s,
1H), 7.35(d, J=8.1 Hz, 2H), 7.21 (d, J= 8.34 Hz,
2H), 7.05 (m, 4H), 6.87 (d, J=2.55 Hz, 2H), 6.82
(t, )=7.23 Hz, 2H). *C (75, MHz, CDCl,) 196.5,
142.6, 134.2, 133.5, 132.7, 130.6, 123.4, 122.1,
121.7,120.5,119.6,112.2,111.4, 111.0, 86.1. MS:
m/z 380.1 (M-1).

RESULTSAND DISCUSSION

Initialy, weexamined the4-Nitro Phthalicacid (4-
NPA) inthe model reaction of indolewith benzal de-
hyde (Scheme 1) indifferent reaction mediatoinvesti-
gatethesolvent effect. Theresultsare summarizedin
TABLE 1 and showsthat polar solventsare much bet-
ter than nonpolar solvents. Remarkably, the condensa-
tion proceeded smoothly in acetonitrile and to afford
desired product ingoodyield (85%). However, theetha
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nol was found to be best for the catalytic reaction at
room temperaturein termsof yield, reactiontimeand
product isolation.

The catalytic activitiesof different nitro deriva-
tives of phthalic acids were also tested and the re-
sultsareshownin TABLE 2. Interestingly, the reac-
tiontimeaswell astheyield differsfor each deriva-
tive. 4-nitro phthalic acid (4-NPA) isfound to bea
good catalyst compared to other phthalic acids. The
minimum activity concentration of 4-nitrophthaicacid
was al so tested. It was observed that, theyield de-
pended on the amount of the catalyst loading, andin
the presence of 25mol% (based on the amount of
indole) of 4-nitro phthalic acid, thereaction afforded
95% yield of the corresponding bis(indolyl) methanes
in 3hin case of benzal dehyde. Further studies show
that increasing the amount of catalyst did not give
better yield but reduced the reaction time (entry 9in
TABLE 2).

TABLE 1: Effect of solventsin thereaction of indolewith
benzaldehydecatalyzed by 4-nitrophthalicacid at room tem-
perature.

Solvents Yield (%)?
EtOH 95
MeOH 94
CH;CN 85
C,Hs0C,Hs 80
Toluene 30
Benzene 20
4 solated yields

Us ng these optimized conditions, weexamined the
reaction of various a dehydesand ketoneswithindole
inthepresenceof 4-NPA to afford bis(indolyl)methanes
(Scheme2).

Theresultsaresummarizedin TABLE 3. Indl cases,
thed ectrophilic substitution reaction of indoleswith a-
dehydes could proceed smoothly at room temperature
to produce the corresponding bis(indolyl)methanesin
good yieldin shorter times. Whereasthereaction of the
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ketones and indol e took longer timewhen compared
with aldehydes, and unreacted ketonesand indolere-
mainedthesame.

Ry NH
(o) 50 mol %

/

4 - NPA Q

CD s =< W)
N ! 2 EtOH/rt H
H

@) ) ®)
R, = aliphatic or aromatic substitutes
R, = H, CHs3
Scheme 2

Further, weal so tried to explorethe catal ytic ac-
tivitiesof 4-NPA, to seek the general, mild and effi-
cient of thismethod of accessing the bisindolylakane
framework. We then sought to apply the methodol-
ogy to preparing avariety of naturally-occurring com-
pounds. Wefirst targeted vibrindoleA (1), whichwas
obtained in 80% yield from the reaction of acetalde-
hyde andindole. Thentrisindolylakane (3) (Scheme
3) isolated from the bacterium Vibrio
parahaemol yticus?”, was prepared by thereaction
of indole-3- carboxaldehydeand indolein 75% yield.
We were also able to obtain the compound (4)
(Scheme 4), from the coupling of isatine and two

—= Py/] Paper

Thus5-Fluroisatin (0.1gm 0.60 mmol) underwent
smooth condensationwithindole (0.141gm 1.20 mmol)
to produce 6-fluoro-1,1-di-1H-indol-3-yl-1,3-
dihydro-2H -inden-2-onewith good yieldswithout the
need for column chromatography. Thisclearly shows
that 4-NPA isnot only suitableto activateindoles and
simple aldehydes, but it is aso suitable to activate
stearically congested keto group of isatin.

0
R@\)& 4 - NPA
\) 4 0O — >
N N EtOH /rt
H H
()

1)

TABLE 2: Effect of catalystsin thereaction of indolewith
benzaldehydein EtOH at roomtemperature

equivaentsof indoles, whichisstructuraly veryclose  Entry Catalyst Time(h) Yied(%)®
to 2,2-Di(3-indolyl)-3-indolone (2) wasisolated from 1 phthalic acid ) 78
the toxic mucus of the boxfish ostracion cubicus. 2 4-nitro phthalic acid 3 95
3 3-nitro phthalic acid 8 85
CHO NH Q 4  3,5-dinitro phthalic acid 6 86
@ 2 eq of indole X 5 Isophthalic acid 10 55
N 4-NPA/EtOHrt Q ZaNT 6  5-nitrolso-P.hthalic acid 12 68
\ 7 Terephthalic acid 48 38
H O 8 2-nitro tere. p acid 38 52
3) 9  4-Nitrophthalic acid ® 2 95
Scheme 3 2| solated yields; °50 mol% of catalyst.
TABLE 3: Scopeof bisndolylalkaneformation catalyzed by 4-NPA?2
Product Indole Carbonyl Time (h/min) Yied (%)°
N CHO
3a 3.00 95
N
H
\
3b 1.30 96
N
H

/©/CHO
H;CO
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Product Indole Carbonyl Time (h/min) Yield (%)°
N CHO
3¢ N /©/ 1.45 95
H
N CHO
3d N /©/ 2.30 90
H Cl
\ CHO
3e N /©/ 2.30 92
H Br
N\ CHO
3f N /©/ 3.30 88
H HO
\ CHO
3g \ ©i 1.15 %
H Cl
N CHO
3h N /©/ 4.00 90
H O2N
CHO
\
3 ©:\> OH 3.30 86
H
CHO
\
3j ©:\> 4.00 85
H
\
N @)
A COCH,
3l N ©/ 24.00 48
H
N CHO
3m N ©/ 2.00 96
H
O
3n N O 16.00 78
NH
MeO. QA CHO
N HaCO
MeO QA CHO
3p /©/ 2.30 84
N
H
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Product Indole Carbonyl Time (h/min) Yield (%)°
o/\
N\ 0]
3q 2.00 90
N
H
CHO
O
\
3r N 0 1.30 94
H N
H
O
N\ Br
3s N 0 0.45 95
H N
H
@]
A\ Cl
3t N 0 4.00 90
H N
H
O
N\ F
3u N 0 4.30 92
H N
H
aThereaction was carried out in EtOH at r. t. bIsolated yields.

CONCLUSION

Wehaveinvestigated thecatd ytic propertiesof nove
phthalic acid, isophthaicacid, terephthalicacid and its
nitro derivativesin the condensation of indoleswith dde-
hydesand ketones. 4-nitro phthaic acid served asmild
and effective cata yst for the condensation of theindole
with a dehydesand ketonesin EtOH at room tempera-
turein the presence of both moistureand air, to afford
big(indolyl)methanesin highyid dscomparedtoother acid
derivaives Thismethod offersseverd significant advan-
tages such ashigh conversions; easy handling, cheaper
catadyd, deaner reaction profiles, short reactiontimeand
thereaction conditionsareamenableto scaling sincethe
cadyssused areenvironmentaly friendly.
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