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SYNTHESIS OF NEW BIS(INDOLYL)METHANES CATALYZED
BY BENZYLSULFAMIC ACID AND EVALUATION
OF THEIR ANTIMICROBIAL ACTIVITIES
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Benzylsulfamic acid has been prepared and introduced as a new heterogeneous acid catalyst. This reagent was
used for the synthesis of new bis(indolyl)methanes 3a — 3f via reaction of bis-aldehydes 1 with indoles 2 at
100°C. All reactions were performed under solvent-free conditions with high to excellent yields. The synthe-
sized bis(indolyl)methanes were evaluated for their antibacterial and antifungal activities.
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1. INTRODUCTION

The study of bis(indolyl)methanes (BIMs) are one of the
most active research areas for medicinal chemists because of
the wide occurrence of BIMs in various natural products pos-
sessing biological activity [1 — 3]. This biological activity in-
cludes anti-inflammatory [4], anti-oxidant [5], antimicrobial
[6, 7], anticancer [8], antibacterial properties [9], nontoxicity,
DNA-damaging ability [10], and anti-tumorigenic action
[11] reported for the indoles, BIMs and their derivatives.
They are also effective in promoting estrogen metabolism
and inducing apoptosis of cancer cells in humans [12]. In ad-
dition, a group of indole derivatives used as triplet energy
materials [13], dyes [14], and colorimetric sensors [15, 16].
Because BIMs are important heterocycles in pharmaceutical
chemistry, it was of interest to study the synthesis and prop-
erties of this group of compounds.

A general approach to the synthesis of bis(indol-3-yl)me-
thanes is based on the condensation of indoles with alde-
hydes or ketones in the presence of various catalysts. These
catalysts can include ionic liquids [17 — 21], heteropolyacids
[22], acid catalysts such as PEG-SO,H [23], Ph-PMO-SO,H
[24], HP,W, O, [25], Fe(DS), [26], ZrOCl, - 8H,0/Si0O,
[27], trichloro-1,3,5-triazine [28], silica sulfuric acid (SSA)
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[29], sulfated zirconia [30], metal hydrogen sulfates [31]. It
is also possible to use alternative energy sources including
microwaves and ultrasound [32 — 34]. However, most of the
reported methods involve toxic metal ions, corrosive and ex-
pensive reagents, and are characterized by low yield of prod-
ucts, long reaction times, tedious methods of separation of
products, and use of environmentally harmful organic sol-
vents. Performing organic reactions under solvent-free con-
ditions has attracted much attention because of being safe,
non-toxic, environmentally friendly, and cheap compared to
organic solvents [35]. One of the logical solutions for the
aforementioned problems is to use water-soluble catalyst un-
der solvent-free conditions. When a water soluble catalyst is
used, the insoluble crude products can be separated by sim-
ple filtration and the catalyst system can be recycled.

2. RESULTS AND DISCUSSION

2.1. Chemistry

The development of drug resistance by some germs and
the basic need in new antimicrobial compounds on one hand,
and various activities of BIMs such as anticancer, antibacte-
rial and anti-fungal on the other hand encouraged us to study
of the antimicrobial activity of some new BIM derivatives. In
continuation of our research program on the development of
new methods for the synthesis of heterocyclic derivatives,
here, we describe the preparation of benzylsulfamic acid
(Scheme 1) and its use as an inexpensive catalyst for the syn-
thesis of new BIMs via the condensation reaction of one
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Scheme 1. Preparation of benzylsulfamic acid.
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Scheme 2. Preparation of new bis(indolyl)methane derivatives.

equivalent bis-aldehyde with four equivalent indoles under
solvent-free conditions at 100°C (Scheme 2). The antimicro-
bial bacterial activity of these compounds was investigated
against Gram-positive and Gram-negative species.

Catalyst. To initiate the study, benzylsulfamic acid was
prepared by straightforward addition of one equivalent of
chlorosulfonic acid to benzylamine at 0°C. The structure of

TABLE 1. Influence of the Amount of Catalyst and Temperature
on the Model Reaction

Entry Catalyst Tempoerature Time Yiel(j
(mol%) (°C) (min) (%)
1 Non 90 120 -
100 120 -
110 120 -
2 5 90 60 60
100 55 75
110 50 70
3 10 90 45 75
100 38 82
110 40 80
4 15 90 35 85
100 30 98
110 32 97
5 20 90 35 89
100 32 98
110 35 97

Isolated yield

BSA (15 mol%)
Solvent free
100 °C

Sara Soltani et al.

benzylsulfamic acid was identified by FT-IR, 'H and "°C
NMR, TGA, and mass spectroscopy techniques.

The presence of an additional sulfonic acid group on
benzylamine nitrogen in the catalyst increases the number of
vibrational modes and causes completely different FT-IR
spectrum. In the FT-IR spectrum, the broad band between
2422 and 3358 cm’! that centered at 2959 cm™ can be attrib-
uted to -OH stretching of the -SO,H group. Other character—
istic absorption bands at 1267, 1156 and 887 cm™! were as-
signed to the asymmetric and symmetric SO, stretching,
S-OH bending, and symmetric S-N stretching vibrations, re-
spectively [37, 38]. Altematively, in the IR spectra of cata-
lyst, the bands 3412 at 3334 cm™ disappeared and a band at
3396 cm™ (related to the —~NH stretching of— NHSO,H group)
emerged. The 'H and *C NMR spectra were taken in
DMSO-d, solvent. Important peak in "H NMR spectrum of
catalyst was attributed to acidic hydrogen (SO,H) and ob-
served at 6 = 5.64 ppm. The acidic hydrogen of CISO,H at
13.45 ppm in the 'H NMR spectra of benzylamine in CDCl
was reported in literature [39]. It is noteworthy that
benzylamine and CISO,H are readily soluble in CH,CI,
while benzylsulfamic acid is insoluble in CH,Cl, and readily
soluble in water. Important peaks in the mass spectrum of the
catalyst were observes at 188 (M'+1), 187 (M), 186
(M"-H), 107 (M"-SO,H), 92 (toluene) and 78 (benzene). The
TGA curves of the catalyst were measured under nitrogen.
The TGA curve indicated a weight loss below 100°C which
corresponds to the loss of physically adsorbed water.
Benzylsulfamic acid is degraded mainly via a two-stage pro-
cess. The first weight loss observed in the vicinity of
160 —170°C (T, =163°C) is attributed to the loss of
sulfonic acid. The second weight loss corresponding to the
complete destruction of catalyst is observed in the region of
350 —360°C. The TGA information affirms that the catalyst
is stable at 160°C.



Synthesis of New Bis(indolyl)methanes Catalyzed

Synthesis of new bis(indolyl)methane derivatives. For
this purpose, a model reaction of the condensation of
4,4'-(butane-1,4-diylbis(oxy))dibenzaldehyde (1 mmol) and
indole (1 mmol) was carried out under solvent-free condi-
tions in the presence of various quantities of benzylsulfamic
acid at various temperatures. The results are summarized in
Table 1. Excellent results were obtained in the presence of
benzylsulfamic acid (Table 1, Entry 4), while in the absence
of catalyst a minor product was detected (Table 1, Entry 1).
Raising the amount of catalyst increased the yield of com-
pound 3a. The optimum amount of the catalyst was
15 mol%, while a higher amount of the catalyst beyond this
value did not increase the yield of 3a noticeably. Based on
these results, this procedure was then extended to obtaining
other bis-aldehydes and indoles in the optimized system.
Thus, new BIM derivatives 3a — 3f were prepared via the
one-pot reaction of one equivalents bis-aldehydes with four
equivalents indoles under solvent-free conditions at 100°C.
The general route for the synthesis of BIM derivatives is
given in Scheme 2. The review of literature showed that BIM
derivatives 3a — 3f have not been reported previously. The
structures of new products were confirmed by FT-IR, 'H and
3C NMR, and elemental analyses.

Reusability of the catalyst was checked via the same
model reaction under optimized conditions. After completion
of the reaction, the catalyst was filtered after washing the re-
action mixture with hot and dry ethanol, and reused in the
same reaction process. As can be seen from Fig. 1, the cata-
lyst could be reused at least four times with only small reduc-
tion in the catalytic activity.

2.2. Antibacterial Activity

All synthesized compounds 3a — 3f were screened for
their antibacterial activity against Pseudomonas aeruginosa
(MTCC 1688), Escherichia coli (MTCC 443) and Pseudo-
monas oleovorans (MTCC 617) as Gram-negative bacteria,
Staphylococcus aureus (MTCC 96) and Bacillus subtilis
(MTCC 441) as Gram-positive bacteria. The inhibitory zones
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Fig. 1. Reusability of catalyst for the model reaction.

(in mm) were determined using the agar diffusion method
(cup plate method). Streptomycin and DMSO were used as
positive control and negative control against bacteria, respec-
tively. All measurements were performed in duplicate and
the results are reported as mean of at least three measure-
ments.

As shown in Table 2, there is a significant difference be-
tween the antibacterial strength of synthesized compounds
(3a — 3f) and streptomycin antibiotics (P =0.001). The ob-
tained data show that the antimicrobial activity of streptomy-
cin is higher than that of other substances. However, among
synthesized compounds, compounds 3f and 3a have the
highest and lowest antibacterial activity, respectively. All
compounds exhibited good antibacterial activity. The signifi-
cant inhibition exhibited by compounds 3¢ and 3f might be
due to the presence of nitrile group in the fifth position of the
corresponding heteroaryl rings. The results presented in Ta-
ble 2 show that, among these BIMs the activity is ordered as
3f>3c>3b>3e. The replacement of various groups and
changes in the alkyl chain of BMIs 3a — 3f also enhanced the
inhibitory activity.

2.3. Antifungal Activity

As shown in Table 3, there is a significant difference be-
tween the antifungal strength of the synthesized compounds

TABLE 2. Comparison of Antibacterial Activity of Synthesized Compounds and Streptomycin (Inhibition Zone Diameter Measured in Milli-

meters)
Compound P, aeruginosa E. coli P, oleovorans B. subtilis S. aureus
3a 8F+1 8F+0 10°+1 9P+ 119+ 1
3b 10P £ 0 10° +0.28 10%+2 13405 1140
3c 148 + 1 126405 115+0 16°+1 126405
3d 10+1 95 +0 10%+2 11°+1 9P +0
3e 11+ 0 11°+1 115 +1 10°+0 11+ 1
3f 125¢+2 16°+0.5 118+0 18% +1 14 +0.5
Streptomycin 247+ 1 294 40.5 204+ 1 19442 214+ 1
Analysis F =53.909 F =598.182 F=93.818 F = 40.485 F =93.429
of variance test P=10.001 P=10.001 P=10.001 P=10.001 P=10.001
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(3a — 3f) with amphotericin B antibiotic (P = 0.001). The ob-
tained data show that, although the antifungal strength of
amphotericin B is higher than that of other samples, com-
pound 3¢ had the highest and compounds 3a and 3d had the
lowest antifungal activity. The 5-nitrile heteroaryl deriva-
tives 3¢ and 3f exhibited better inhibitory activity against all
the three fungal strains than the other derivatives, whereas
compound 3d was less active only against C. albicans and 3a
was active only against R. oryzae. Compound 3f was found
to be the most active against R. oryzae and A. niger, while 3¢
was the most active against C. albicans.

3. EXPERIMENTAL PART

3.1. General

Melting points were measured on Electrothermal 9100
apparatus. Chemicals were obtained from Merck and Fluka
and used as purchased. The '"H NMR and '*C NMR spectra
were obtained on Bruker DRX 500 Avance spectrometer us-
ing DMSO-d, as solvent and TMS as internal standard.
FT-IR spectra were recorded on Shimadzu FT-IR-8400S
spectrophotometer. All bis-aldehydes (4) were prepared ac-
cording to a reported method [36]. The mass spectra were
obtained at 70 eV on Varian Mat CH-7 (Varian Medical Sys-
tems, Palo Alto, CA, USA). TGA analyses were performed
on TGA-PL (Polymer Laboratories) thermal analysis system
at a heating rate of 10 K/min. The scanning electron micros-
copy (SEM) microphotographs were obtained on LEO
1430VP (Germany) instrument.

3.2. Synthesis

General procedure for the preparation of benzylsul-
famic acid catalyst. A 25-mL suction flask charged with
benzylamine (1.092 mL, 10 mmol) solution in dry CH,CI,
(5 mL) was equipped with a constant-pressure dropping fun-
nel containing 1.165 g (10 mmol) chlorosulfonic acid and a

TABLE 3. Comparison of Antifungal Activity of Synthesized
Compounds and Amphotericin (Inhibition Zone Diameter Measured
in Millimeters)

Compound C. albicans R. oryzae A. niger
3a 0 8P +1 0
3b 80+ 1 9°+0 12€+1
3¢ 125+0 15405 135¢+0.5
3d 82 +0.5 0 0
3e 106+2 1240 13%¢+0
3f 115¢+ 0.5 8+ 1 148405
Amphotericin B 230+ 1 232 +0.5 23442
Analysis F=151.538 F=424.80 F=256.727
of variance test P=0.001 P=0.001 P=0.001
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gas inlet tube for HCI gas flow over an adsorbing aqueous
solution. Chlorosulfonic acid was added dropwise over a pe-
riod of 20 min while the reaction mixture was stirred slowly
on an ice-cold water bath. Then, the mixture was heated to
room temperature and stirred for additional 2 h. Finally, the
mixture was filtered and the solid residue was washed with
dry ether (3 x 5 mL) and dried under vacuum. The catalyst
was obtained as a withe-colored solid in 1.794 g (98%)
yields.

General procedure for the synthesis of bis(4-(bis-
(4-substituent-1H-indol-3-yl)-methyl)-phenoxy)alkanes
(3a — 3f). A mixture of bis-aldehyde (1 mmol), indole deriva-
tive (4 mmol), and benzylsulfamic acid catalyst (15 mol%)
was stirred at 100°C for 40 — 45 min. The progress of reac-
tion was monitored by TLC (n-hexane-EtOAc (3:1)). After
completion of the reaction, the product was dissolved in hot
dry ethanol (2 x 10 mL) and insoluble catalyst was removed
by filtration with a filter paper. The organic phase including
the product and EtOH was evaporated under vacuum. The re-
sulting crude material was purified by recrystallization from
EtOH to afford pure products. All synthesized compounds
were characterized by their physical constants, FT-IR, 'H and
B3C NMR spectroscopy, and elemental analysis.

3.3. Characteristics of Synthesized Compounds

Benzylsulfamic acid catalyst: white-colored solid; mp,
250-251°C; FT-IR (KBr, v, cm'): 3396 (N-H),
2422-3358 (O-H, ). 1592, 1559 (C=C), 1267, 1156
(SO,); 'H NMR (400 MHz, DMSO; 8, ppm): 4.02 (d, 2H,
J=5.6Hz), 5.64 (s, 1H), 7.35—-4.43 (m, 3H), 7.45—7.48
(m, 2H), 8.23 (s, 1H); 3C NMR (100 MHz, DMSO; 8, ppm):
42.8,134.3,128.9, 129.0, 129.3, 130.1; MS (70 eV; m/2) 188
(M"+1), 187 (M"), 186 (M"-H), 107 (M"-SO,H), 92 (tolu-
ene), 78 (benzene).

1,4-Bis(4-(di(1H-indol-3-yl)methyl)phenoxy)butane
(3a): yield, 89%; mp, 218 —220°C; FT-IR (KBr, v, cm)):
3409 (N-H), 3041 (C-H, ), 2937, 2867 (C-H,;; ), 1604,
1459 (C=C), 1235 (C-0); 'H NMR (400 MHz, DMSO; 8,
ppm): 1.83 (br, 4H), 3.97 (br, 4H), 5.77 (s, 2H), 6.80 — 6.88
(m, 16H), 7.03 (t, 4H, J= 7.2 Hz), 7.24 (d, 4H, J = 8.4 Hz),
735 (d, 4H, J=8.4Hz,), 1080 (s, 4H); '*C NMR
(100 MHz, DMSO; 8, ppm): 26.0, 39.3, 67.4, 111.9, 114.3,
118.6, 118.9, 119.6, 121.3, 123.9, 127.1, 129.6, 137.0, 137.3,
157.1; Caled. for C;;H,,N,O, (%): C 82.16; H 5.79; N 7.67;
Found (%): C 85.19; H 5.77; N 7.64.

1,4-Bis(4-(bis(5-bromo-1H-indol-3-yl)methyl)phenox
y)butane (3b): yield, 88%; mp, 208 — 210°C; FT-IR (KBr, v,
em'): 3422 (N-H), 3047 (C-H,, ), 2924, 2870 (C-H,, ),
1601, 1453 (C=C), 1238 (C-O); 'H NMR (400 MHz,
DMSO; &, ppm): 1.84 (s, 4H), 3.96 (br, 4H), 5.79 (s, 2H),
6.82 —6.93 (m, 8H), 7.15 (d, 4H, J=8.8 Hz), 7.25 (d, 4H,
J=28.8 Hz), 7.34 (d, 4H, J= 8.4 Hz), 7.42 (s, 4H), 11.06 (s,
4H); 3C NMR (100 MHz, DMSO; 8, ppm): 26.0, 38.5, 67.4,
111.3,114.0, 114.5, 118.4, 121.7, 123.8, 125.6, 128.8, 129.5,
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135.5, 136.6, 157.3; Caled. for C, H, Br,N,0, (%): C 57.39;
H 3.66; N 5.35; Found (%): C 57.35; H 3.69; N 5.38.
3,3,3",3""-(((Butane-1,4-diylbis(oxy))bis(4,1-phenyl-
ene))bis(methanetriyl))tetrakis(1H-indole-5-carbonitrile)
(3¢): yield, 90%; mp, 214 —216°C; FT-IR (KBr, v, cm')):
3332 (N-H), 3042 (C-H, ), 2923, 2870 (C—Hahph), 2217
(C=N), 1506, 1465 (C=C), 1238 (C-0); "H NMR (400 MHz,
DMSO; 9, ppm): 1.87 (s, 4H), 3.98 (br, 4H), 5.97 (s, 2H),
6.87 (m, 4H), 7.11 (s, 4H), 7.26 (d, 4H, J= 8.4 Hz), 7.43 (d,
4H, J= 8.8 Hz), 7.54 (d, 4H, J= 8.4 Hz), 7.80 (s, 4H), 11.49
(s, 4H); '*C NMR (100 MHz, DMSO; &, ppm): 22.9, 38.1,
67.4, 100.7, 113.3, 114.6, 119.7, 121.3, 124.2, 125.0, 126.6,
126.7, 129.5, 136.2, 138.7, 157.5; Caled. for C,,H;N.O,
(%): C 78.05; H4.61; N 13.49; Found (%): C 78.08; H 4.58;
N 13.51.
1,5-bis(4-(di(1H-indol-3-yl)methyl)phenoxy)pentane
(3d): yield, 88%; mp, 222 —224°C; FT-IR (KBr, v, cm'}):
3409 (N-H), 3050 (C-H, ), 2933, 2865 (C—Hahph), 1503,
1458 (C=C), 1235 (C-0); 'H NMR (400 MHz, DMSO; 3,
ppm): 1.54 (m, 2H), 1.74 (m, 4H), 3.92 (t, 4H, J = 8.4 Hz),
5.75 (s, 2H), 6.79 — 6.80 (m, 12H), 7.02 (t, 4H, J= 8.4 Hz),
7.22 (t, 4H, J=17.6 Hz), 7.26 (d, 4H, J=6.4 Hz), 7.33 (d,
4H, J = 6.4 Hz), 10.77 (s, 4H); '>*C NMR (100 MHz, DMSO;
5, ppm): 22.8, 29.0, 39.3, 67.6, 111.8, 111.8, 114.3, 118.5,
118.8, 119.6, 121.2, 123.7, 127.0, 129.6, 137.0, 157.2; Calcd.
for C5,H,,N,O, (%): C 82.23; H 5.95; N 7.52; Found (%): C
82.26; H 5.91; N 7.55.
1,5-Bis(4-(bis(5-bromo-1H-indol-3-yl)methyl)phenox
y)pentane (3e): yield, 90%; mp, 193 — 195 °C; FT-IR (KB,
v, em''): 3419 (N-H), 3045 (C-H, ), 2930, 2863 (C-H, i)
1505, 1456 (C=C), 1239 (C-O); 'H NMR (400 MHz,
DMSO; 8, ppm): 1.58 (m, 2H), 1.76 (br, 4H), 3.94 (t, 4H,
J=6.4Hz), 5.79 (s, 2H), 6.84 — 6.88 (m, 8H), 7.15 (d, 4H,
J=88Hz), 721 (d, 4H, J=8.4Hz), 7.34 (d, 4H,
J=8.4Hz),7.42 (s, 4H), 11.06 (s, 4H); *C NMR (100 MHz,
DMSO; 8, ppm): 22.8, 29.0, 38.4, 67.6, 111.3, 114.0, 114.5,
118.4,121.6, 123.8, 125.4, 125.6, 128.8, 129.5, 135.7, 157.3;
Calcd. for Cy,H, Br,N,0, (%): C 57.76; H 3.80; N 5.28;
Found (%): C 57.79; H 3.76; N 5.31.
3,3,3",3""-(((Pentane-1,5-diylbis(oxy))bis(4,1-phenyl-
ene))bis(methanetriyl))tetrakis(1H-indole-5-carbonitrile)
(3): yield: 92%; mp, 223 —225°C; FT-IR (KBr, v, cm')):
3422 (N-H), 3047 (C-H_ ), 2936, 2867 (C—Hahph), 2218
(C=N), 1506, 1437 (C=C), 1237 (C-0); "H NMR (400 MHz,
DMSO; 8, ppm): 1.55 (m, 2H), 1.75 (br, 4H), 3.94 (t, 4H,
J=6.4Hz), 5.96 (s, 2H), 6.86 (d, 4H, J=8.4 Hz), 7.10 (s,
4H), 7.26 (d, 4H, J=8.0 Hz), 7.41 (d, 4H, J= 7.6 Hz), 7.54
(d, 4H, J = 8.4 Hz), 7.80 (s, 4H), 11.49 (s, 4H); *C NMR
(100 MHz, DMSO; 9, ppm): 22.8, 29.0, 38.1, 67.7, 100.7,
113.3, 114.6, 119.7, 121.3, 124.2, 125.0, 126.6, 126.7, 129.5,
136.2, 138.7, 157.5; Calcd. for C;,H,(NO,, (%): C 78.18; H
4.77; N 13.26 Found (%): C 78.15; H4.79; N 13.23.
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3.4. Antibacterial Assay

The antibacterial activity of the new bis(indolyl)metha-
nes was determined by the well diffusion method according
to Lindsay [29]. Four identical colonies from each agar plate
were taken with a sterile wire loop and transferred into a tube
containing 5 mL of nutrient agar. The turbidity of each sus-
pension was corrected to attain an optical comparison to that
of 0.5 turbidity McFarland standard, resulting in a suspen-
sion containing approximately 1 —2 x 10 CFU/ml. Nutrient
agar plates were inoculated using streaking the swab over the
entire sterile agar surface. This method was repeated via
streaking two more times, rotating the plate nearly 60° each
time to ensure uniform diffusion of the inoculum. As the last
step, the edge of the agar was swabbed. After allowing the
inoculum to dry at 25°C, 6 mm diameter wells were ready in
the agar by using a sterilized cork borer. The samples
(100 pg/mL) were prepared by dissolving in dimethyl
sulfoxide (DMSO) and introduced into duplicate wells. The
plates were incubated at 37°C for 24 h. Then, the plates were
studied for bacterial growth inhibition and the inhibition
zone diameter measured to within nearest millimeter. DMSO
and streptomycin were used as a negative control and posi-
tive control, respectively.

Antifungal Assay

The procedure followed for antifungal bioassay was
analogous to that followed for antibacterial assay, where the
medium was PDA 39 g/L. All compounds were studied for

their antifungal activity at a of concentration 100 pug/mL by
using DMSO as a solvent. DMSO did not exhibit any activity
at the concentration used. The control and treated samples
were kept in an incubator at 28 + 2°C for 48 h and the inhibi-
tion zones were measured to within nearest millimeter. Three
replicates were maintained for each treatment, and
amphotericin B (50 pg/mL) was used as a positive control.
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