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ABSTRACT:

A simple and efficient protocol has been developed for the synthesis of a series of bisindolyl
methanes using an ionic liquid and a few drops of sulfuric acid. The reaction involves a three-
component, one-pot condensation of two molecules of indole and aromatic aldehydes. The
environmentally friendly protocol has high yields, quick reaction times, and easy product
recovery.

KEYWORDS- PMImBr-1 Methyl 3 Propyl Imidazolium Bromide and PPBr- Propyl
Pyridinium Bromide,

INTRODUCTION-

Indole is a crucial component of several medicinally significant natural products and has
reactive sites that may be used in a range of chemical processes to produce a diversity of
molecules'. Bisindolylmethanes and their derivatives are bioactive in terrestrial and marine
metabolites'. Bis(indole)alkaloids from the marine environment exhibit antibacterial™
antioxidant", cytotoxicY, antiviral'!, and anti-inflammatory“" activities. In recent years, efficient
and environmentally conscious Indole derivative synthesis methods have gained a lot of
attention". Bis(indolyl)methane derivatives are well known for their various biological and
pharmaceutical activities. Several researchers have reported the effective synthesis of the
Bisindolylmethanes derivatives utilizing ionic liquids as a catalyst such as [hmmim]Br®,
[Msim]CI¥, In(OTf)a/[omim][PFe]*, FeCls-6H0/ [omim]PF¢, N-ethyl pyridinium hydrogen
sulfateX, [H-Suc]HSOsV. Tetrabutylammonium Tribromide®’, Tetramethyl guanidinium
chlorosulfonate*" etc.

The use of ionic liquids as reaction mediums and catalysts is one prominent technique*". lonic
liquids are organic molten salts that are liquid at or near room temperature and have distinct
features that make them appealing substitutes for typical organic solvents. Because of its low
toxicity, accessible availability, and cheap cost, lonic liquid has been frequently employed as
a catalyst as well as solvent in numerous chemical processes®!". Sulfuric acid accelerates the
condensation of indole derivatives and substituted aldehyde to produce bis-indole. lonic liquids
improve reactant solubility, reaction speeds, and selectivity. The sulfuric acid catalyst activates
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the aldehyde, followed by a nucleophilic attack of the indole on the activated carbonyl carbon
in the mechanism of bis-indole synthesis in ionic liquids.

Sulfuric acid is used in ionic liquid-mediated bis-indolyl methane synthesis, which has various
benefits over previous approaches, such as the reaction may be carried out under benign
settings without the employment of hazardous volatile liquid. The reaction runs smoothly and
efficiently, with high yields and selectivity of the ionic liquid making the process more
environmentally friendly and economically feasible.

RESULTS AND DISCUSSION:
We present herein the results of the Synthesized bis(indolyl)alkanes by the Reaction of indoles
with aldehydes in the presence of 2 drops of sulfuric acid in the ionic liquid PMImBr. (Scheme-

1)
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Our first effort included coupling two equivalents of indole with benzaldehyde at 80 °C in the
presence of 10 mol% tartaric acid without using a solvent. The reaction was complete after 150
minutes, yielding product 3a at a yield of 57%. To improve the conversion, we switched to a
solvent-free, 80 °C, 20 mol% tartaric acid treatment of indole (1a) with benzaldehyde (2a). This
time, the reaction needed 135 minutes to complete, and a 62% yield of the desired product, 3a-
3e, was obtained. (Table 1).

Table 1 Optimization of Reaction of indole with benzaldehyde under different reaction
conditions.

Sr. Solvent Catalyst Temp°C | Time Yield %
No.

1 - Tartaric Acid (10%) 80 150 57
2 - Tartaric Acid (20%) 80 135 62
3 Ethanol Tartaric Acid (10%) 80 240 72
4 Ethanol Tartaric Acid (20%) 80 240 82
5 PPBr - 80 60 70
6 PMImBr - 80 50 75
7 PPBr Tartaric Acid (10%) 80 78 74
8 PPBr Tartaric Acid (20%) 80 72 79
9 PMImBr Tartaric Acid (10%) 80 70 78
10 PMImBr Tartaric Acid (20%) 80 60 82
11 PrPyBr H2SO4 (2 Drops) 80 43 84
12 PMImBr H2SO4 (2 Drops) 80 38 86

We then attempted the same reaction using 10% and 20% mole proportion of tartaric acid under
ethanol as a solvent at 80 °C. Then, both reactions went to completion in 240 min, with yields
of 72% and 85%, respectively. Additionally, we conducted the reaction without a catalyst,
using propyl pyridinium bromide and 3-propyl 1 methyl imidazolium bromide, and observed a
slightly higher yield (67% and 80%). When tartaric acid was added to both ionic liquids at 10%
and 20%, we saw an increase in yield.
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To improve the yield, we turned to strong acids such as sulfuric acid. We observed that in both
ionic liquids (PPBr and PMImBr), the yield of the product increased significantly. With the
addition of sulfuric acid as a catalyst, we obtained yields of 84% and 86% using PPBr and
PMImBr, respectively, and we also found that the reaction time decreased from 68 min without
a catalyst to 38 min with the sulfuric acid catalyst in PMImBr ionic liquid.

Encouraged by these results, we then investigated the coupling of various aromatic aldehydes
with indole. We found that aromatic aldehydes with an electron-donating or electron-
withdrawing group (entries 3a-3e in Table 2) could be easily coupled with indole to obtain the
appropriate bis(indolyl)methanes in excellent amounts.

Table 2 Synthesis of Bis indolyl methane 3a—e catalyzed by 2 drops of HoSO4 in PMImBTr

Sr.No. | R Product | Time (Min) Yield (%) | MP°C

1 CeHs- 3a 38 86 124-125
2 p-BrCeHa- 3b 36 87 110-112
3 p-ClCsHa- 3c 35 85 102-103
4 p-CH30CsH4- 3d 30 84 177-179
5 0-NO,CeHg- 3e 31 87 88-89

EXPERIMENTAL.:

All common reagents and solvents were purchased from commercial suppliers and were not
purified further. These two lonic Liquids were synthesized using some modifications
previously reported in the literature*™. All the experiments were carried out under neat
conditions; pre-coated silica gel plates (Merck, Germany) developed with iodine were used for
analytical thin-layer chromatography (TLC), and Melting points were measured using the
Digital Analab Scientific Instrument. *H NMR and *3C NMR spectra were recorded on a Bruker
Advance Neo 500 MHz spectrometer in CDCls or DMSO-d6. Mass spectra were performed on
a Waters Q-ToF Micro LC-MS spectrometer.

GENERAL PROCEDURE:

Preparation of PMImBr and PPBr ILs. -

Pyridine (1 mol) /1 Methyl imidazole (1 mol) was placed in a 100 mL two naked round-
bottomed flask attached with a reflux condenser and stirred, to 1-bromopropane (1.1 mol) was
added dropwise at 90 °C after 45 to 60 minute ionic liquid is formed. The excess starting
compound was removed by extracting with 5 ml ethyl acetate. The final compound is then
dried in a vacuum oven for 4 hours at 80 °C. The products were identified by *H NMR, *C
CMR, and MS data.

Synthesis of Bisindolylmethane-

A mixture of 10 mmole of Indole and 5 mmole of substituted aldehyde, 2 drops of sulfuric acid
in 2 ml of PMImBr was stirred at 80 °C for 30 to 40 min. Progress of the reaction was monitored
by thin-layer chromatography (TLC) (eluent ethyl acetate—hexane 80:20). After completion of
the reaction, the reaction mixture was poured into crushed ice and then filtered. The product
obtained was further purified by recrystallization from hot ethanol. The products were
identified by melting point, *tH NMR,**C CMR, and MS data.

Spectral data of synthesized compound-

Propyl Pyridinium Bromide(PPBr):

'H NMR (DMSO): & (ppm) 0.23-0.26(3H,t), 1.34-1.39(2H,m), 4.22-4.25(2H,t), 8.88-
8.90(2H,d), 7.93-7.97(2H,t), 8.88-8.90 (1H,t). ¥C NMR (DMSO): §10.11,28.90,
62.42,128.15,144.72, 145.24. Mass (m/z): 202 (M+, 100%)
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1 Methyl 3 Propyl Imidazolium Bromide (PMImBTr):

'H NMR (DMSO): & (ppm) 0.11-0.14(3H,t), 1.11-1.15(2H,m), 3.30(3H,s), 3.49-3.52(2H,t),
6.95-6.96(1H,d), 6.99-7.00 (1H,d), 9.23 (1H,s). *C NMR (DMSO0): & 39.71, 111.13, 119.12,
119.39, 119.83, 119.94, 122.11, 123.62, 126.89, 130.52, 131.33, 136.71, 143.11. Mass (m/z):
205 (M+, 100%)

3-[(1H-Indol-3-yl) (phenyl)methyl]-1H-indole(3a):

'H NMR (CDCls): & (ppm) 7.83(2H,s,NH), 5.87 (1H,s), 6.61(2H,s), 6.97-7.00(2H,tri), 7.13-
7.21(3H,m), 7.23-7.26(2H,m), 7.31-7.34(4H-tri), 7.37-7.38(2H,d). *C NMR (CDCl3): &
40.22,111.04,119.25,119.74,119.96, 121.94, 123.62, 126.15, 127.10, 128.23, 128.74, 136.71,
144.02. Mass (m/z) =322(M+, 100%)

3-[(1H-Indol-3-yl) (4 bromo phenyl) methyl]-1H-indole(3b):

'H NMR (CDCls): 8(ppm) 7.87(2H, s,NH), 5.82 (1H,s), 6.61(2H,s), 7.01(2H,d), 7.15-7.23(Ar-
4H,m), 7.32-36 (6H,m). 1*C NMR (CDCls): 6 39.71, 111.13, 119.12, 119.39, 119.83, 119.94,
122.11, 123.62, 126.89, 130.52, 131.33, 136.71, 143.11. Mass (m/z): 399(M+, 100%)

CONCLUSION:

In conclusion, the synthesis of bisindolyl methane using sulfuric acid in a Propyl methyl
imidazolium ionic liquid is a very efficient and ecologically benign technique. The use of ionic
liquids as a reaction medium has various benefits, including increased solubility, faster reaction
rates, and less waste formation. Sulfuric acid acting as a catalyst has demonstrated its
effectiveness in promoting the desired reaction resulting in the formation of bisindolyl methane
with satisfactory yields.
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