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Abstract

It is very important today to conduct chemical reactions using the concept of green chemistry [1].
The paper develops an efficient and environmentally safe method for the synthesis of 3,3 '-
(phenylmethylene)bis(2-phenyl-1H-indole) based on the condensation of 2-phenylenindole and
benzaldehyde. In order to optimize the reaction conditions, the synthesis is carried out under different
conditions. In particular, the reaction was carried out without solvent, in a water area, in a mixture of
ethyl alcohol and water with different volume ratios, using a catalyst. It was found that in almost all
cases the reaction went with high yield (> 85%). The duration of the reaction is remarkable. The best
result was achieved, when we used water as a solvent: a mixture of ethanol in a ratio of 1: 1, and as a

catalyst - salicylic acid (optimal amount of catalyst 15 mol%).
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Introductions. Naturally occurring or synthetic BIMs and its privileged structures are particularly
important in pharmaceutical chemistry as they exhibit various pharmacological activities and are
important metabolites. BIMs display a wide range of biological activities such as antimicrobial and
antifungal, antibacterial, analgesic and anti-inflammatory activities [1-9]. Besides antitumor and
anticancer activities, BIMs have also been reported to be able to promote beneficial estrogen
metabolism, promote useful estrogen, and induce apoptosis in human cancer cells. different methods
have been reported for the preparation of BIMs are known. These methods have their merits in some

way as claimed, but, on the other way, they suffer from certain drawbacks; e.g. harsh reaction
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conditions, expensive use of catalyst, sensitivity to moisture and air, incompatibility of functional
groups. Hence, there is still a need to search for better catalysts in terms of toxicity, handling,
availability, economic viability, and operational simplicity. In view of the recent trend in catalytic
process which comes under the purview of green chemistry, investigations for new and less hazardous

catalysts have become a priority in synthetic organic chemistry.

Aim. Herein, we report on the efficient green synthesis of BIMs (3) (Scheme 2) from 2-phenylindole
(1) and Benzaldehydes (2) catalyzed by salicylic acid (SA).

Results and discussion

The aim of our research is to study the condensation reactions of 2-phenylindoles and various
aromatic aldehydes in the presence of environmentally friendly solvents and catalysts. For the model
reaction, we chose unsubstituted 2-phenyl-indole (3) and benzaldehyde (5) as starting reagents.

2-phenylindole was formed by Fischer indole synthesis from a condensation reaction of a

phenylhydrazine and acetophenone in the presence of an acid catalyst in one step. (Scheme 1).

Scheme 1. Synthesis of 2-phenylindole
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We carried out the synthesis of the target bis-indolyl-phenyl-methane both without solvent, by
rubbing the reactants, and in environmentally safe solvents, water and ethanol, at room temperature.
Product isolation from the resulting emulsion-like material gave a pure compound, characterization of
which from analytical and spectral data showed it to be 3,3'-(phenylmethylene)bis(2-phenyl-1H-
indole). (Scheme 2).

Scheme 2. Synthesis of 3,3 '- (Phenylmethylene)Bis-(2-Phenyl-1H-Indoles)
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First, reaction was carried out using H2O and a mixture of H:O-EtOH (v:v, 1:1) solvents in the
absence of catalyst at room temperature (r.t.), which leads to the formation of product (6) in trace yields
(Table 1, entries 1 and 2). The reaction in the presence of SA in H20 gave 6 in 70% yield for 72 h (Table
1, entry 3). The best result was achieved in the case of a mixture of ethanol:water, 1:1, with the catalytic
action of salicylic acid (15 mol %). (Table 1).

Table 1
Optimization of the reaction conditions for the synthesis of 6a

Entry Catalyst® Solvent Time? (h) Yield< (%)
(mol%)
1 - EtOH-H20 24 trace
(1:1, v-v)
2 - H-0 24 trace
3 15 H.0 72 70
4* 15 EtOH 48 62
5* 15 EtOH-H:0 24 90
(1:1, v-v)
6 - - 120 95

2 salicylic acid (SA); * Reaction progress was monitored with TLC analysis; “Isolated yield of product.

It is noteworthy that when the reactants were mixed, the reaction mixture initially acquired a
reddish color, which gradually turned white. It is known from literary sources that N-unsubstituted
indoles, when interacting with aldehydes, in a ratio of 1:1, in the presence of hydrochloric acid, give
dyes, the so-called benzylidineindoles (9). This is due to the fact that the aldehyde does not react with
indole, but with its tautomeric, indolenine form (8). (Scheme 3).

Scheme 3
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In our opinion, a similar phenomenon occurred in our case, initially a red monomer product was
obtained, which, when interacting with the second indole molecule, was transformed into the target
product. Our opinion is also confirmed by the probable mechanism of the reaction (Scheme 4):

Scheme 4

SA - salicylic acid 1

The reaction proceeded with good yield when Compound 4 and 5 were mixed and grounded in
a mortar with a pestle at room temperature for 15 min without any solvent. The procedure offers some

advantages, but required long reaction time.

Methods Materials.

Instruments and Characterization. Melting point are determined using an A&E Lab DMP-800
melting point apparatus. The progress of reactions was monitored by TLC using silica gel plates under
UV light (TLC Silica gel 60 Fxs4+ Merk). 1H and 13C nuclear magnetic resonance (NMR) spectra are
recorded in d6-DMSO solution on a BRUKER AVANCE (400 MHz) instrument using tetramethylsilane
as an internal standard, and chemical shift values (&) are reported in parts per million.

All reagents are commercially available and purified according to the standard methods prior to
use.

General Procedure for Synthesis of bis(3-indolyl)methanes. 2-phenylindole 1 (2 mmol),
Benzaldehyde 2 (1 mmol), and SA (15 mol%) were placed in a flask and H>O-EtOH (1:1mL) was added.
The reaction mixture was stirred at room temperature. After completion of the reaction (using TLC
analysis), the solid was formed. The resulting solid product was filtered off, washed with small amounts

of distilled water, dried, and recrystallized from hot ethanol.
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3,3 - (phenylmethylene)bis(2-phenyl-1H-indole) (6a). White crystals, Yield 95%, IR (KBr, cm™):
3419, 1599, 1488, 1447, 1341, 1307, 1235, 1018, 830, 741, 698, 667; 'H NMR (400 MHz, DMSO-d6): &
= 11.04 (s, 2H), 7.37 (d, /= 8.1 Hz, 2 H), 7.34 — 7.21 (m, 7H) , 7.20 (dd, /= 4.2, 2.3 Hz, 9H), 7.04 — 6.96
(m, 2H), 6.89 (d, /= 8.1 Hz, 2H), 6.71 — 6.63 (m, 2H), 6.06 (s, 1H); 3C NMR (100 MHz, DMSO-d6): 6
=145.98, 136.88, 135.95, 133.49, 129.29, 128.83, 128.63, 128.52, 127.57, 126.35, 121.26, 121.22, 118.88,
114.81, 111.70. mp - 264-265°C.

3,3'-(phenylmethylene)bis(2-(4-bromophenyl)-1H-indole) (6b): white solid, m.p. 239-240 °C. IR
(KBr, cm™): 3377, 1448, 1306, 1235, 1067, 1007,981, 965, 835, 815, 745, 699. 'H NMR (400 MHz,
DMSO): & = 11.36 (s, 2H), 7.41 (d, /= 8.1 Hz, 4H), 7.35 (d, /= 8.2 Hz, 2H), 7.28 (q, /= 9.0, 8.1 Hz, 3H),
7.19 (d, /= 7.2 Hz, 2H), 7.15 (d, /= 8.1 Hz, 4H), 7.02 (t, /= 7.6 Hz, 2H), 6.86 (d, /= 8.2 Hz, 2H), 6.69 (t,
J=7.6 Hz, 2H), 5.95 (s, 1H). *C NMR (100 MHz, DMSO): § =145.08, 136.75, 134.67, 132.33, 131.64,
130.47, 129.15, 128.80, 129.29, 126.72, 121.69, 121.16, 121.23, 199.15, 115.04, 111.89.

3,3'-(phenylmethylene)bis(2-(4-methoxyphenyl)-1H-indole) (6c): white solid, m.p. 257-259 °C. IR
(KBr, cm™): 3396, 1504, 1491, 1458, 1430, 1248, 1180, 1037, 840, 833, 749, 707. '"H NMR (400 MHz,
DMSO): & = 11.23 (s, 2H), 7.34 (d, /= 8.1 Hz, 2H), 7.25 (dd, /= 11.7, 7.7 Hz, 7H), 7.13 (d, /= 7.4 Hz,
2H), 6.98 (t, /= 7.5 Hz, 2H), 6.89 (d, /= 8.2 Hz, 2H), 6.80 (d, /= 8.3 Hz, 4H), 6.66 (t, /= 7.6 Hz, 2H),
5.88 (s, 1H), 3.72 (s, 6H). '*C NMR (100 MHz, DMSO): 6 =143.48; 135.99; 135.66; 132.87; 130.64; 128.60;
128.42; 128.37; 128.24; 127.60; 121.85; 121.63; 119.71; 115.02; 110.68

Conclusions. In conclusion, we have developed an efficient electrophilic substitution reaction of 2-
phenylindole with Benzaldehyde. The procedure offers several advantages including improved yield
of products with no by-product’s formation, simple experimental procedure with an economic and

environmentally friendly solvent-free conditions and use of inexpensive catalyst;
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3BLEGMsIBHo

©O90LIMZ0L  JoHBI®E 9GNS JodowEmo M95J30gdol  FoMmdsMmgs 3969 Jodool
306398300L 259mygbgd0m. 65dM™Id0 2-53960e00bMEols s ¥96BsEg3oEOL 3mbEYbLSEO-
ol Lsxzmdzgebg d9dwdaggdyeros  3,3'-(9boedgmowgb)-dol-2-139bow-1H-0bmeol  Lob-
09bolb 9839dBHMIO0 ©O 93MEMA0YMS© MLOBODBM TJNMEO. ©JoJ300l 30MMdYdOL Mm3EH0do-
o300l doBbom, LEbMIBO BsBMYOME0s Lb3oEILbI3s 30MHMdYdT0. 39MHdMm, Mgod30s BoEIMY-
0100 0dbs 25dbLBYEOL goM9dg, Hyaol s69do, Lbgoolibgs dmEIEmd0mo MobsgIMEMdOL ddm-
By goowol L3oMEHoLs s yeol 65609380, 35¢3W0BsGHMMOL godmyggbgdom. s0dmBbEs, MMI
000gdol yzgs d9dmbggzedo M9odios o300 Fo0oeo 4s8mbogeosbmdom (> 85% ). sobos-
60365305 095300l boby®dwogmds. Ls390m9Lm 990 dowfgme odbs 0d Fgdombggzsdo,
MHmE9LsE 39abLbgwsE 99Mm309gbgm {goo : gmsbmeol bstg30, msbsgs@omdom 1:1, bowwm
3935w 0DGHMEMS® - BoE0E0Eol 359935 (39GHIODIGHMOOL M3EH0TsWIHO Mom©Ibmds 15 dmeo
%).
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