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Abstract In the present study series of new Schiff bases
containing indole moiety such as N'-[(5-substituted-2-
phenyl-1H-indol-3-yl)methylene]-2-ox0-2H-chromene-3-
carbohydrazide and their cyclocondensation products N-[2-
(5-substituted-2-phenyl-1H-indol-3-yl)-4-oxothiazolidin-3-
yl]-2-ox0-2H-chromene-3-carboxamides, 3-[4-acetyl-5-(5-
substituted-2-phenyl-1H-indol-3-yl)-4,5-dihydro-1,3,4-
oxadiazol-2-yl]-2H-chromen-2-ones, 3-[5-(5-substituted-2-
phenyl-1H-indol-3-yl)-1,3,4-oxadiazol-2-yl]-2H-chromen-
2-ones, and 3-chloro-4-(5-substituted-2-phenyl-1H-indol-
3-yl)-1-(2-ox0-2H-chromene-3-carbonyl)azetidin-2-ones
were prepared. The structures of the newly synthesized
compounds have been confirmed on the basis of their
elemental analyses, IR, 'H and '>C NMR, and mass spec-
tral studies. These compounds were screened for their
antioxidant and antimicrobial activities. Some of the
compounds exhibited good antioxidant and antimicrobial
activity.
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Introduction

Schiff bases have gained importance because of physio-
logical and pharmacological activities associated with
them. Compounds containing azomethine group (-CH=N-)
in the structure are known as Schiff bases, which are
usually synthesized by the condensation of primary amines
and active carbonyl groups. Schiff bases are well-known
for their pharmacological properties as antibacterial, anti-
fungal, anticancer, and antiviral agents [1, 2]. Similarly, the
occurrence of indole ring system in numerous biologically
active molecules has been recognized which plays an im-
portant role in animal and plant kingdom. Different indole-
bearing compounds possess activities such as antibacterial
[3-5], antifungal [6, 7], antiviral [8—10], antimalarial [11,
12], and anti-HIV [13]. Indole compounds are very effi-
cient antioxidants, protecting both lipids and proteins from
peroxidation and influences the antioxidant efficacy in
biological systems [14, 15]. In recent years, many
physiological properties of melatonin have been described
resulting in much attention in the development of synthetic
analogues of indole [16].

Literature survey reveals that chromene is one of the
privileged medicinal pharmacophores which appears as an
important structural component in natural compounds and
generated great attention because of their interesting bio-
logical activity. Chromenes constitute the basic backbone
of various types of polyphenols and widely found in natural
alkaloids, tocopherols, flavonoids, and anthocyanins. It is
known that certain natural and synthetic chromene
derivatives possess important biological activities such as
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antitumor, antivascular [17], antimicrobial [18], an-
tioxidant [19], TNF-a inhibitor [20], antifungal [21],
anticoagulant, antispasmolytic, estrogenic [22], antiviral
[23], anticancer [24], anti-HIV [25], antitubercular [26],
anti-inflammatory [27], herbicidal, analgesic, and anticon-
vulsant [28].

Antioxidants are compounds that protect cells against
the damaging effect of reactive oxygen species, such as
singlet oxygen, superoxide, peroxyl radicals, hydroxyl
radicals, and peroxynitrite. An imbalance between an-
tioxidants and reactive oxygen species causes cancer,
ageing, atherosclerosis, ischemic injury, inflammation, and
neurodegenerative diseases [29]. Therefore, inhibition of
oxidative damage by supplementation with antioxidant
and/or free radical scavengers might reduce the risk of
these diseases [30, 31]. In the past decade, medicinal
chemists, food chemists, and biologists have increasingly
focused their attention on researching and testing for the
new and efficient synthetic antioxidants as a protective
strategy against these diseases by reducing and/or inhibit-
ing free radical reactions.

As a result, encouraged by these pharmacological
properties of indole, pyrozolopyrimidine, and tetrazolopy-
rimidines and guided by the observation that many times
the combination of one or more heterocyclic nuclei in a
molecule enhances the biological profile manifold, there-
fore, continuation of our interest in the synthesis of
biologically active indole analogues [32-35] we have
synthesized the title compounds and screened them for
their antimicrobial and antioxidant activities.

Result and discussion
Chemistry

In the present work, the Schiff bases 6a—6¢ were prepared
by the condensation of equimolar ratio of 2-oxo-2H-chro-
mene-3-carbohydrazide (4) [36] with 2,5-disubstituted
indol-3-carboxaldeydes 5a—5c¢ [37] in ethanol at reflux
temperature. The obtained Schiff bases 6a—6c¢ on cycliza-
tion with thioglycolic acid (TGA) in the presence of
anhydrous zinc chloride gave compounds 7a-7c. Com-
pound 6 on cyclocondensation with acetic anhydride
yielded compounds 8a—8c. Also compound 6 on cycliza-
tion with FeCl; in the presence of acetic acid gave
compounds 9a-9c. Similarly, compound 6 on cyclization
with chloroacetyl chloride in 1,4-dioxane afforded com-
pounds 10a—10c. The synthetic route for the synthesis of all
the above compounds is depicted in Scheme 1.

The structure of the newly synthesized compounds was
deduced from their 'H NMR, B¢ NMR, IR, and mass
spectral studies. In the "H NMR spectrum of compound 6a,
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the downfield signal appeared at 6 = 12.35 ppm as singlet
was assigned to amide NH and another singlet at
11.62 ppm integrating for one proton assigned to the indole
NH, azomethine proton resonated as singlet at 8.55 ppm,
whereas the twelve aromatic protons were resonated as
multiplet between 7.16 and 7.92 ppm. And the signal at
6.21 ppm was resonated as a singlet of a vinyl proton of the
chromene ring. The compound 6a in its '*C NMR spectrum
which exhibited the signals at 6 = 182.6 and 179.2 ppm
was assigned to carbonyl groups of amide and chromene
system, respectively. The signal at 144.2 ppm was res-
onated for azomethine carbon. Compound 6a in its IR
spectrum exhibited characteristic absorption bands at
3291/3230, 1688/1663, 1493, 1239, and 749 cm™' due to
NH/NH, C=0/C=0, N=CH, C-O-C, and C—Cl functions,
respectively. The mass spectrum of 6a exhibited the iso-
topic molecular ion peaks at m/z = 441 (M) and 443
(M*42) which successfully obeys the nitrogen rule.

In the '"H NMR spectrum of the compound 7a, the
downfield signal appeared at 12.39 ppm as singlet was
assigned to amide NH and another singlet at 11.41 ppm
integrating for one proton is assigned to indole NH,
whereas the twelve aromatic protons were resonated as
multiplet between 7.19 and 7.89 ppm. The vinyl proton of
the chromene ring was resonated as a singlet at 6.29 ppm,
the two singlets at 5.89 and 3.95 ppm resonated due to the
protons of CH and CH, groups of thiazolidinone ring, re-
spectively. The compound 7a in its *C NMR spectrum
which exhibited the signals at 181.5, 179.2, and 178.8 ppm
was assigned to carbonyl groups of amide, thiazolidinone,
and chromene carbonyl groups, respectively. The signals at
60.0 and 40.0 ppm were resonated due to CH and CH,
carbons of a thiazolidinone ring. Compound 7a in its IR
spectrum exhibited characteristic absorption bands at
3389/3257, 1710/1670/1627, 1400, 1220, and 746 cm™'
due to NH/NH, C=0/C=0/C=0, C-S-C, C-0-C, and C-
Cl functions, respectively. The mass spectrum of 7a ex-
hibited the isotopic molecular ion peaks at m/z = 515 (M™)
and 517 (M*4-2) which is in good agreement with nitrogen
rule.

In the '"H NMR spectrum of the compound 8a, the
downfield signal appeared at 11.52 ppm as singlet was
assigned to indole NH, the twelve aromatic protons were
resonated as multiplet between 7.12 and 7.79 ppm. The
signal at 6.39 ppm was resonated as a singlet due to CH
proton of the oxadiazole ring, the singlet at 6.25 ppm was
resonated due to the vinyl proton of the chromene ring and
one more singlet at 3.01 ppm resonated due to OCHj;
protons. '>*C NMR spectrum of 8a, the signals appeared at
180.0 and 169.5 ppm were assigned to carbon of a carbonyl
group attached to oxadiazole and chromene ring, respec-
tively, the signal at 158.4 ppm was assigned to -N—-C-O—
of oxadiazole ring. The signal at 40.0 ppm was resonated
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due to acetyl CH; of the compound 8a. Compound 8a in its
IR spectrum exhibited characteristic absorption bands at
3276, 1692/1650, 1497, 1281, and 751 cm™" due to NH,
C=0/C=0, C=N, C-0O-C, and C-Cl functions, respec-
tively. The mass spectrum of 8a exhibited the isotopic
molecular ion peaks at m/z = 483 (M™") and 485 (MT+2)
which is in good agreement with nitrogen rule.

In the "H NMR spectrum of the compound 9a, the
downfield signal appeared at 11.65 ppm as singlet was
assigned to indole NH, the twelve aromatic protons were
resonated as multiplet between 6.99 and 7.91 ppm. And the
signal resonated as a singlet at 6.22 ppm was assigned to
the vinyl proton of the chromene ring. Compound 9a in its
IR spectrum exhibited characteristic absorption bands at
3271, 1632, 1486, 1243, and 744 cm ™' due to NH, C=0,
C=N, C-0-C, and C-Cl functions, respectively. The mass
spectrum of 9a exhibited the isotopic molecular ion peaks
at m/z = 439 (M) and 441 (M"+2) which is in good
agreement with nitrogen rule.

In the '"H NMR spectrum of the compound 10a, the
downfield signal appeared at 12.20 ppm as singlet was
assigned to amide NH and another singlet at 11.59 ppm
integrated for one proton assigned to the indole NH, the
twelve aromatic protons were resonated as multiplet be-
tween 7.31 and 8.25 ppm. The singlet at 6.31 ppm was

R R
NN O R O o O
) 20

CH,CICOCI | 1,4-Dioxane

R

Cl

9a-9c 10a-10c

assigned to the vinyl proton of the chromene ring, the
signals at 5.68 and 5.36 ppm resonated due to doublet of
CH/CH protons of azetidinone ring of compound 10a.
Compound 10a in its IR spectrum exhibited characteristic
absorption bands at 3285/3269, 1710/1694/1603, 1237, and
763 cm~! due to NH/NH, C=0/C=0/C=0, C-O-C, and
C-Cl functions, respectively. The mass spectrum of 10a
exhibited the isotopic molecular ion peaks at m/z = 517
M™), 519 M*"+2), and 521 (M*+44) which is in good
agreement with nitrogen rule.

Antioxidant activities

Diphenyl-2-picrylhydrazyl radical scavenging activity
Radical scavenging activity (RSA) is very important due to
the deleterious role of free radicals in foods and in biolo-
gical systems. Diverse methods are currently used to assess
the antioxidant activity of synthesized compounds. Che-
mical assays are based on the ability to scavenge synthetic-
free radicals, using a variety of radical-generating systems
and methods for detection of the oxidation of the end
points. Diphenyl-2-picrylhydrazyl (DPPH) radical scav-
enging method is common spectrophotometric procedure
for determining the antioxidant capacities of test
compounds.
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DPPH has been widely used to evaluate the free radical
scavenging effectiveness of various antioxidant substances.
In the DPPH assay, the antioxidants were able to reduce the
stable radical DPPH solution to the yellow coloured
diphenyl-picrylhydrazine. The method based on the re-
duction of alcoholic DPPH radical solution in the presence
of hydrogen or electron donating antioxidant due to the
formation of the non-radical form DPPH-H is usually used
as a regent to evaluate free radical scavenging activity of
antioxidants [38]. DPPH is stable-free radical and accepts
an electron or hydrogen radical to become a stable dia-
magnetic molecule [39].

With this method it is possible to determine the anti-
radical power of an antioxidant by measuring a decrease in
the absorbance of DPPH at 517 nm. Resulting a colour
change from purple to yellow, the absorbance decreased in
the DPPH molecule. In the radical form, this molecule has
an absorbance at 517 nm which disappears after accepting
an electron or hydrogen radical from an antioxidant com-
pound to become a stable diamagnetic molecule.

The scavenging effects of all the newly synthesized
compounds 6-10 on the DPPH radical were evaluated by
Hatano’s method [40]. The results were compared with the
standards ascorbic acid (AA), 2-tert-butyl-4-methoxyphe-
nol (butylated hydroxyanisole, BHA), and 2-(1,1-
dimethylethyl)-1,4-benzenediol (2-tert-butylhydroquinone,
TBHQ), Figs. 1, 2 and 3. The RSA results suggested that
the compounds 6a, 6b, 7a, 8a, 10a, 10b, and 10c exhibited
good radical scavenging activity of 84.71, 82.95, 83.45,
79.94, 84.71, 82.70, and 82.95 % at concentration 100 pg/
cm?® and compounds 6¢, 7a, and 10b exhibited excellent
activity of 81.95, 81.70, and 81.45 % at concentration
75 pglem?.

Ferric ions (Fe*™) reducing antioxidant power

The reductive ability of synthesized compounds was asses-
sed by the extent of conversion of Fe**/ferricyanide complex
to the Fe’'/ferrous form. The reductive powers of the

120 -
100 - H 6a
=T =7 =7 . T w6b
‘g: 80 - I Tl I H 6c
g 60 - it I I u7a
B u7b
E 40 7e
AA
20 - BHA
TBHQ
0 4

25 50 75 100
Concentration/pg cm

Fig. 1 Radical scavenging activity (RSA) of compounds 6 and 7
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Fig. 2 Radical scavenging activity (RSA) of compounds 8 and 9
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Fig. 3 Radical scavenging activity (RSA) of compound 10

compounds were observed at different concentrations and
results were compared with standards BHA, TBHQ, and AA.
The reducing ability of the synthesized compounds indicated
that the increase in the concentration of samples increases
Ferric ions reducing antioxidant power (FRAP).

The reductive ability results (Figs. 4, 5, 6) suggested
that the compounds 6a, 10a, 10b, and 10c exhibited good

0.9+

0.8 I 11 m6a
S I II T 1 B
x 0.7+ = & 6b
2
E 0.6 n 6(:
'S 05- u7a
2 04-
g : u7b
E 0.3 7e

0.2 T AA

1 i L
0.1 . I T T BHA
0 1 T
25 50 75 100 TBHQ

Concentration/ug cm3

Fig. 4 Ferric ions (Fe*h) reducing antioxidant power (FRAP) of
compounds 6 and 7
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Fig. 5 Ferric ions (Fe3+) reducing antioxidant power (FRAP) of
compounds 8 and 9
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Fig. 6 Ferric ions (Fe3™) reducing antioxidant power (FRAP) of
compound 10

reducing power ability at concentration 25, 100, 100, and
100 pg/cm?, respectively. These compounds reduced metal
ion complex to their lower oxidation state or take part in
electron transfer reaction. In other words, these compounds
showed the ability of electron donor to scavenge free
radicals. The rest of the test compounds showed lower
absorbance as compared to the standards. The higher the
absorbance of the compounds indicated greater the reduc-
ing power.

Ferrous (Fe*™) metal ion-chelating activity

Iron, in nature, can be found as either ferrous or ferric ion,
with the latter form of ferric ion predominating in foods.
Ferrous ions chelating may render important antioxidative
effects by retarding metal-catalyzed oxidation. Ferrous ion-
chelating activity of synthesized compounds is shown in
Figs. 7, 8 and 9.

The chelating effect of ferrous ion by synthesized
compounds and standards was carried out by literature
method. Among the transition metals, iron is known as the
most important lipid oxidation pro-oxidant due to its high
reactivity. The effective ferrous ions chelators may also

Concentration/pg cm

Fig. 7 Ferrous (Fe®") metal ion-chelating activity of compounds 6
and 7
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Fig. 8 Ferrous (Fe*™) metal ion-chelating activity of compounds 8
and 9
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Fig. 9 Ferrous (Fe>™) metal ion-chelating activity of compound 10

afford protection against oxidative damage by removing
iron that may otherwise participate in HO  generating
Fenton type reactions [41]:

Fe** + H,0, — Fe’t + OH™ + OH

Ferric (Fe’") ions also produce radical from peroxides
although the rate is tenfold less than that of ferrous (Fez+)
ions [41]. Ferrous ion is the pro-oxidant among the various
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species of metal ions [42]. Minimizing ferrous (Fe*") ion
may afford protection against oxidative damage by in-
hibiting production of reactive oxygen species (ROS) and
lipid production. Ferrozine can quantitatively form com-
plexes with ferrous ions in this method. In the presence of
chelating agents, the complex formation is disrupted re-
sulting in a decrease in red colour of the complex.
Measurement of colour reduction, therefore, allows esti-
mating the metal-chelating activity of the co-existing
chelators [43]. Lower absorbance indicates higher metal-
chelating activity. In this assay, synthesized compounds
interfered with the formation of ferrous and ferrozine
complex. Compounds 6a, 7a, 8a, 9a, 10a, 10b, and 10c
exhibited good chelating activity. These results suggested
that these compounds have the ability to capture ferrous
ions before ferrozine.

Antimicrobial activity

All the newly synthesized compounds 6-10 were assessed
for their in vitro antibacterial activity against four repre-
sentative bacterial species, viz., Escherichia coli (MTCC-
723), Staphylococcus aureus (ATCC-29513), Klebsiella
pneumonia (NCTC-13368), and Pseudomonas aeruginosa

Table 1 Antimicrobial activity of compounds 6-10

(MTCC-1688) using gentamycin as reference. Determina-
tion of MIC was done using the serial dilution method [44,
45]. The results are tabulated in the Table 1.

In vitro antifungal activity of the synthesized com-
pounds 6-10 was assessed against representative fungal
species, viz., Aspergillus oryzae (MTCC-3567"), Asper-
gillus niger (MTCC-281), Aspergillus flavus (MTCC-
1973), and Aspergillus terreus (MTCC-1782) using flu-
conazole as a reference, by serial dilution method [46, 47].

The minimal inhibitory concentration (MIC) values
obtained by the broth microdilution method are tabulated in
Table 1. Synthesized compounds have comparable and
similar inhibitory effects (low to moderate MIC values 8
and 512 pg/cm?). The antibacterial activity results revealed
that compounds 10a showed excellent activity with MIC
4 pg/em? against E. coli and K. pneumonia and rest of the
compounds showed moderate activity (MIC from 8 to
512 pg/em®) against tested bacteria, which is shown in the
Table 1.

On the other hand, the antifungal activity results re-
vealed that compound 10b exhibited excellent activity with
MIC 4 pg/cm? against A. oryzae and rest of the compounds
showed moderate activity (MIC values 8 to 512 pg/cm?®)
against tested fungi.

Comp Antibacterial activity (MIC/ug cm®) Antifungal activity (MIC/ug cm®)

EC SA KP PA AO AN AF AT
6a 16 16 8 16 08 32 16 32
6b 32 32 64 32 128 128 256 128
6c 64 32 64 64 256 512 512 512
7a 08 08 16 16 32 16 32 64
7b 128 64 128 32 64 128 32 32
Tc 64 128 64 64 128 256 128 512
8a 16 08 08 16 16 32 32 32
8b 128 512 128 128 32 64 64 64
8c 512 256 256 256 128 256 128 256
9a 08 08 16 16 16 08 16 08
9b 32 256 256 128 64 128 128 256
9c 64 128 64 256 64 64 512 512
10a 04 08 04 08 08 08 08 16
10b 08 16 16 08 04 08 08 16
10c 08 16 08 16 32 16 16 08
Gentamycin 02 02 02 02 - - - -
Fluconazole - - - - 02 02 02 02

EC, Escherichia coli (MTCC-723); SA, Staphylococcus aureus (ATCC-29513); KP Klebsiella pneumonia (NCTC-13368); PA, Pseudomonas
aeruginosa (MTCC-1688); AO, Aspergillus oryzae (MTCC-3567"); AN, Aspergillus niger (MTCC-281); AF, Aspergillus flavus (MTCC-1973);

AT, Aspergillus terreus (MTCC-1782)
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Conclusions

In conclusion, the present study revealed that the com-
pound 10 having two chlorine atoms on phenyl rings
showed excellent antioxidant and antimicrobial activity.
Hence, it clears that the presence of electronegative chlo-
rine atom on phenyl ring enhances the biological activity of
the synthesized compounds.

Experimental

Elemental analysis was obtained from Perkin Elmer 2400
CHN elemental analyzer, a microprocessor-based instru-
ment. All the compounds gave C, H, and N analyses within
40.3 %. IR spectra of the synthesized compounds were
recorded as KBr pellets on a Perkin Elmer-Spectrum RX-I
FT-IR instrument covering the range 4000-400 cm™"'. The
'"H NMR and ">C NMR spectra were recorded using
DMSO-d; as a solvent with a Bruker NMR spectrometer at
500 and 125 MHz, respectively. The chemical shift values
are expressed in ppm (6 scale) using tetramethylsilane as
an internal standard. The mass spectral measurements were
carried out by Waters Q-TOF MICROMASS (LC-MS).

Laboratory chemicals were supplied by Merck and Hime-
dia Ltd. and were of high purity grade; solvents were distilled
and dried before use. Melting points of the synthesized com-
pounds were determined by electro-thermal apparatus using
open capillary tubes. The purity of the compounds was
checked by TLC using silica gel-G-coated aluminium plates
(Merck) and spots were visualized by exposing the dry plates
in iodine vapours. The precursor 2-oxo-2H-chromene-3-car-
bohydrazide (4) was prepared by the literature method [36] and
2,5-disubstituted indol-3-carboxaldehydes Sa—Sc were pre-
pared according to the reported method [37].

General procedure for the preparation of N'-[(5-
substituted-2-phenyl-1H-indol-3-yl)methylene] 2-oxo-
2H-chromene-3-carbohydrazides 6a—6c¢

Carbohydrazides 4 (0.01 mol) and 2,5-disubstituted indole-
3-carboxaldehydes Sa—5c¢ (0.01 mol) in ethanol were re-
fluxed on water bath for 68 h, the progress of the reaction
was monitored by TLC. After the completion of the reac-
tion, the reaction mixture was decomposed in crushed ice,
the separated solid product was filtered, dried, and re-
crystallized by ethanol. Pure product was obtained as
coloured crystals.

N'-[(5-Chloro-2-phenyl-1H-indol-3-yl)methylene J-2-oxo-
2H-chromene-3-carbohydrazide (6a, Co5H;3CIN;O3)

Pale yellow crystals; yield 0.21 g (66 %); m.p.: 242 °C;
Ry = 0.52 (n-hexane/ethyl acetate 2:8, v/v); 'H NMR

(500 MHz, DMSO-d,): 6 = 12.35 (s, 1H, amide NH),
11.62 (s, 1H, indole NH), 8.55 (s, 1H, CH=N), 7.16-7.92
(m, 12H, Ar-H), 6.21 (s, 1H, vinyl CH) ppm; '*C NMR
(125 MHz, DMSO-d): 6 = 182.6 (amide C=0), 179.2
(chromene C=0), 144.2 (HC=N), 140.0, 135.1, 134.9,
133.7, 132.2, 130.2, 130.1, 129.8, 129.5, 127.5, 127.4,
127.2, 126.9, 125.1, 123.9, 121.4, 120.7, 119.5, 114.2,
110.1 ppm; FT-IR (KBr): v = 3291, 3230 (NH/NH), 1688,
1663 (C=0/C=0), 1493 (HC=N), 1239 (C-0-C), 749 (C—
Clh) cm™'; MS (70 eV): m/z = 441 (M), 443 (M42).

N'-[(5-Methyl-2-phenyl-1H-indol-3-yl)methylene |-2-oxo-
2H-chromene-3-carbohydrazide (6b, C,sH,N3;03)

Pale yellow crystals; yield 0.20 g (63 %); m.p.: 224 °C;
Ry = 0.55 (n-hexane/ethyl acetate 2:8, v/v); '"H NMR
(500 MHz, DMSO-dg): 6 = 12.39 (s, 1H, amide NH),
11.60 (s, 1H, indole NH), 8.21 (s, 1H, CH=N), 7.19-8.02
(m, 12H, Ar-H), 6.22 (s, 1H, vinyl CH), 2.11 (s, 3H, CH3)
ppm; °C NMR (125 MHz, DMSO-dy): 6 = 181.9 (amide
C=0), 178.1 (chromene C=0), 146.3 (HC=N), 140.0,
136.1, 135.2, 134.2, 133.2, 131.5, 131.0, 129.8, 129.6,
128.0, 127.7, 127.0, 127.0, 125.2, 124.1, 122.8, 121.8,
1204, 118.3, 114.3 (Ar-C), 24.15 (CH3) ppm; FT-IR
(KBr): v = 3299, 3235 (NH/NH), 1698, 1660 (C=0/C=0),
1499 (HC=N), 1225 (C-0-C), 751 (C-Cl) cm™".

2-0xo0-N'-[(2-phenyl-1H-indol-3-yl)methylene ]-2H-chro-
mene-3-carbohydrazide (6¢, C;5H oN303)

Pale yellow crystals; yield 0.22 g (65 %); m.p.: 208 °C;
Ry = 0.72 (n-hexane/ethyl acetate 2:8, v/v); 'H NMR
(500 MHz, DMSO-dy): 6 = 12.40 (s, 1H, amide NH),
11.59 (s, 1H, indole NH), 8.11 (s, 1H, CH=N), 7.18-8.01
(m, 13H, Ar-H), 6.20 (s, 1H, vinyl CH) ppm; *C NMR
(125 MHz, DMSO-dg): 6 = 180.9 (amide C=0), 178.6
(chromene C=0), 146.8 (HC=N), 140.8, 136.7, 135.2,
134.4, 133.3, 131.7, 131.0, 129.9, 129.6, 127.9, 127.7,
127.3, 127.0, 125.3, 124.4, 122.8, 121.7, 120.5, 119.9,
114.2 (Ar-C) ppm; FT-IR (KBr): v = 3285, 3240 (NH/
NH), 1696, 1666 (C=0/C=0), 1492 (HC=N), 1205 (C-O-
C), 755 (C-Cl) cm™".

General procedure for the preparation of N-[2-(5-
substituted-2-phenyl-1H-indol-3-yl)-4-oxothiazolidin-
3-yl]-2-0x0-2H-chromene-3-carboxamides 7a—7c

Equimolar ratio of Schiff base 6 and mercaptoacetic acid
were refluxed on a water bath in the presence of catalytic
amount of anhydrous zinc chloride in DMF for 8-10 h. The
progress of reaction was monitored by TLC, after com-
pletion of the reaction, the reaction mixture was cooled to
room temperature and poured into ice-cold water. The solid
separated was filtered, dried, and pure crystals of com-
pounds 7 were obtained by the recrystallization using 1,4-
dioxane as solvent.
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N-[2-(5-Chloro-2-phenyl-1H-indol-3-yl)-4-oxothiazolidin-
3-yl]-2-0x0-2H-chromene-3-carboxamide

(73, C27H18C1N304S)

Yellow crystals; yield 0.28 g (64 %); m.p.: 218 °C;
Ry = 0.61 (n-hexane/ethyl acetate 2:8, v/v); 'H NMR
(500 MHz, DMSO-dg): 6 = 12.39 (s, 1H, amide NH),
11.41 (s, 1H, indole NH), 7.19-7.89 (m, 12H, Ar-H),
6.29 (s, 1H, vinyl CH), 5.89 (s, 1H, N-CH-S), 3.95 (s,
2H, S—-CH,—CO) ppm; >C NMR (125 MHz, DMSO-dj):
0 = 181.5 (amide C=0), 179.2 (thiazolidinone C=0),
178.8 (chromene C=0), 150.2, 139.9, 136.0, 135.2,
132.1, 130.2, 129.7, 129.5, 129.4, 129.2, 128.8, 127.6,
125.5, 124.0, 122.1, 121.0, 117.6, 114.1, 113.2, 111.3
(Ar-C), 60.0 (N-CH-S), 40.0 (S—-CH,—CO) ppm; FT-IR
(KBr): v = 3389, 3257 (NH/NH), 1710, 1670, 1627
(C=0/C=0/C=0), 1400 (C-S-C), 1220 (C-0-C), 746
(CCl) em™'; MS (70eV): mlz =515 (M"), 517
MT+2).

N-[2-(5-Methyl-2-phenyl-1H-indol-3-yl)-4-oxothiazolidin-
3-yl]-2-0x0-2H-chromene-3-carboxamide

(7Th, C2sH21N3045)

Yellow crystals; yield 0.15g (65 %); m.p.: 235 °C;
Ry = 0.66 (n-hexane/ethyl acetate 2:8, v/v); 'H NMR
(500 MHz, DMSO-dg): 6 = 12.35 (s, 1H, amide NH),
11.59 (s, 1H, indole NH), 7.20-7.91 (m, 12H, Ar-H),
6.25 (s, 1H, vinyl CH), 5.77 (s, 1H, N-CH-S), 3.92 (s,
2H, S-CH,-CO), 2.38 (s, 3H, CH;) ppm; '*C NMR
(125 MHz, DMSO-dg): 6 = 181.0 (amide C=0), 179.2
(N-CO-CH,), 179.0 (chromene C=0), 149.3, 140.1,
138.1, 136.2, 133.2, 131.2, 130.0, 129.8, 129.2, 129.1,
129.0, 127.8, 126.2, 125.0, 123.1, 122.2, 120.1, 119.2,
116.5, 111.8 (Ar-C), 59 5 (N-CH-S), 40.1 (S—-CH,-CO),
24.1 (CH3) ppm; FT-IR (KBr): v = 3375, 3260 (NH/
NH), 1712, 1660, 1631 (C=0/C=0/C=0), 1405 (C-S-C),
1210 (C-0-C) ecm™".

2-Ox0-N-[4-0x0-2-(2-phenyl-1H-indol-3-yl)thiazolidin-3-
yl]-2H-chromene-3-carboxamide (7Tc, Co7H19N304S)
Yellow crystals; yield 0.12 g (65 %); m.p.: 235 °C;
Ry = 0.72 (n-hexane/ethyl acetate 2:8, v/v); 'H NMR
(500 MHz, DMSO-ds): 6 = 12.15 (s, 1H, amide NH),
11.62 (s, 1H, indole NH), 7.29-7.99 (m, 13H, Ar-H), 6.21
(s, 1H, vinyl CH), 5.59 (s, 1H, N—CH-S), 3.99 (s, 2H, S—
CH,—CO) ppm; '“C NMR (125 MHz, DMSO-dy):
0 =181.0 (amide C=0), 179.5 (N-CO-CH,), 179.0
(chromene C=0), 149.0, 140.2, 138.2, 136.2, 133.2,
131.2, 130.0, 129.9, 129.1, 129.0, 128.9, 127.7, 126.2,
125.0, 123.2, 122.2, 120.3, 119.2, 116.6, 111.8 (Ar-C),
60.0 (N-CH-S), 41.1 (S-CH,—CO) ppm; FT-IR (KBr):
v = 3320, 3275 (NH/NH), 1710, 1670, 1635 (C=0/C=0/
C=0), 1402 (C-S—-C), 1205 (C—O-C) cm™".
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General procedure for the preparation of 3-[4-acetyl-5-
(5-substituted-2-phenyl-1H-indol-3-yl)-4,5-dihydro-
1,3,4-oxadiazol-2-yl]-2H-chromen-2-ones 8a—8c¢

Equimolar ratio of Schiff base 6 (0.001 mol) and acetic
anhydride (0.001 mol) were refluxed on an oil bath at
140 °C for 3—4 h. The reaction mixture was cooled to room
temperature and poured into ice-cold water. The solid
separated was filtered, washed with water, dried and pure
crystals of compounds 8 were obtained by recrystallization
using 1,4-dioxane as solvent.

3-[4-Acetyl-5-(5-chloro-2-phenyl-1H-indol-3-yl)-4,5-dihy-
dro-1,3,4-oxadiazol-2-yl]-2H-chromen-2-one

(8a, Cyp7H,3CIN30,)

Dark brown crystals; yield 0.27 g (63 %); m.p.: 221 °C;
Ry = 0.52 (n-hexane/ethyl acetate 2:8, v/v); '"H NMR
(500 MHz, DMSO-ds): 6 = 11.52 (s, 1H, indole NH),
7.12-7.79 (m, 12H, Ar-H), 6.39 (s, 1H, N-CH-0), 6.25 (s,
IH, vinyl CH), 3.01 (s, 3H, CH3) ppm; "“C NMR
(125 MHz, DMSO-ds): 6 = 180.0 (N-CO-CH3), 169.5
(chromene C=0), 158.4, 147.2, 139.2, 136.0, 130.8, 130.6,
130.4, 130.2, 130.0, 129.9, 129.5, 128.1, 127.2, 126.9,
123.9, 120.6, 117.4, 115.1, 114.3, 109.7, 105.1 (Ar-C),
75.5 (N-CH-0), 23.8 (CH3) ppm; FT-IR (KBr): v = 3276
(NH), 1692, 1650 (C=0/C=0), 1497 (C=N), 1281, 1220
(C—0-C/C-0-C), 751 (C-Cl) cm™'; MS (70 eV): m/
z = 483 (M), 485 M+ +2).

3-[4-Acetyl-5-(5-methyl-2-phenyl-1H-indol-3-yl)-4,5-dihy-
dro-1,3,4-oxadiazol-2-yl]-2H-chromen-2-one

(8b, Cy5H;N304)

Dark brown crystals; yield 0.24 g (56 %); m.p.: 192 °C;
Ry = 0.55 (n-hexane/ethyl acetate 2:8, v/v); 'H NMR
(500 MHz, DMSO-dy): 6 = 11.61 (s, 1H, indole NH),
7.19-7.98 (m, 12H, Ar-H), 6.42 (s, 1H, N—-CH-0), 6.19 (s,
1H, vinyl CH), 2.99 (s, 3H, CH3), 2.04 (s, 3H, CH3) ppm;
13C NMR (125 MHz, DMSO-dy): 6 = 180.1 (N-CO-
CH3), 172.1 (chromene C=0), 154.2, 145.1, 139.2, 136.1,
131.2, 131.0, 130.5, 130.3, 130.0, 129.8, 129.6, 128.1,
127.9, 127.0, 124.1, 122.8, 119.1, 117.1, 115.4, 111.5,
105.2 (Ar-C), 75.6 (N-CH-0), 23.2 (CH3), 22.0 (CH3)
ppm; FT-IR (KBr): v = 3286 (NH), 1672, 1660 (C=0/
C=0), 1499 (C=N), 1242, 1222 (C-O-C/C-O-C) cm™ ..

3-[4-Acetyl-5-(2-phenyl-1H-indol-3-yl)-4,5-dihydro-1,3,4-
oxadiazol-2-yl]-2H-chromen-2-one (8¢, Co7H[oN30,)

Dark brown crystals; yield 0.27 g (62 %); m.p.: 198 °C;
Ry = 0.68 (n-hexane/ethyl acetate 2:8, v/v); 'H NMR
(500 MHz, DMSO-dy): 6 = 11.72 (s, 1H, indole NH),
7.20-7.99 (m, 13H, Ar-H), 6.50 (s, 1H, N-CH-0), 6.14 (s,
IH, vinyl CH), 244 (s, 3H, CH;) ppm; C NMR
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(125 MHz, DMSO-dy): 6 = 180.1 (N-CO-CH3), 173.2
(chromene C=0), 150.2, 144.1, 138.2, 137.2, 132.1, 131.1,
131.0, 130.4, 130.3, 129.9, 129.8, 128.8, 128.1, 127.1,
125.2, 123.2, 120.2, 119.0, 116.6, 114.6, 111.4 (Ar-C),
75.5 (N-CH-0), 23.4 (CH3) ppm; FT-IR (KBr): v = 3282
(NH), 1670, 1658 (C=0/C=0), 1500 (C=N), 1235, 1220
(C—0-C/C-0-C) cm™ .

General procedure for the preparation of 3-[5-(5-
substituted-2-phenyl-1H-indol-3-yl)-1,3,4-oxadiazol-2-
yl]-2H-chromen-2-ones 9a-9c

To a well stirred solution of compound 6 (0.001 mol) in
10 cm?® acetic acid, a solution of 1.5 g ferric chloride in
15 cm® water was added. The reaction mixture was stirred
for 2 h, diluted with 100 cm’ water, and the mixture was
kept at room temperature over a night. The solid separated
was filtered, washed with water, dried and pure crystals of
compounds 9 were obtained by the recrystallization by
using 1,4-dioxane.

3-[5-(5-Chloro-2-phenyl-1H-indol-3-yl)-1,3,4-oxadiazol-2-
yl]-2H-chromen-2-one (9a, C,5H4CIN303)

Brown crystals; yield 0.26 g (67 %); m.p.: 186 °C;
Ry = 0.71 (n-hexane/ethyl acetate 2:8, v/v); '"H NMR
(500 MHz, DMSO-dys): 6 = 11.65 (s, 1H, indole NH),
6.99-7.91 (m, 12H, Ar-H), 6.22 (s, 1H, vinyl CH) ppm;
3C NMR (125 MHz, DMSO-dy): 6 = 181.0 (C=0), 160.2,
158.2 (O-C=N/O-C=N), 147.1, 139.3, 135.9, 130.8, 130.7,
130.5, 130.2, 130.1, 129.5, 127.2, 126.9, 123.9, 120.6,
117.4, 115.1, 114.3, 109.7, 106.2, 105.2, 97.4, 95.1 (Ar-C)
ppm; FT-IR (KBr): v = 3271 (NH), 1632 (C=0), 1486
(C=N), 1243 (C-0-C), 745 (C-Cl) cm™"; MS (70 eV): m/
7z =439 (M), 441 M+ +2).

3-[5-(5-Methyl-2-phenyl-1H-indol-3-yl)-1,3,4-oxadiazol-2-
yl]-2H-chromen-2-one (9b, C,cH17N303)

Brown crystals; yield 0.24 g (62 %); m.p.: 192 °C;
Ry =0.69 (n-hexane/ethyl acetate 2:8, v/v); '"H NMR
(500 MHz, DMSO-dy): 6 = 11.69 (s, 1H, indole NH),
7.11-7.93 (m, 12H, Ar-H), 6.05 (s, 1H, vinyl CH), 2.04 (s,
3H, CH;) ppm; “C NMR (125 MHz, DMSO-d,):
0 = 181.2 (C=0), 160.1, 158.2 (O-C=N/O-C=N), 147.0,
140.0, 136.0, 131.1, 131.0, 130.7, 130.4, 130.1, 129.5,
128.1, 127.1, 124.1, 122.6, 119.2, 117.5, 115.2, 1104,
107.7, 105.2, 99.3, 98.1 (Ar-C) ppm; FT-IR (KBr):
v = 3268 (NH), 1640 (C=0), 1492 (C=N), 1221 (C-O-
Q), 749 (C-CI) cm™ .

3-[5-(2-Phenyl-1H-indol-3-yl)-1,3,4-oxadiazol-2-yl]-2H-
chromen-2-one (9¢, C,5H;sN505)

Brown crystals; yield 0.25 g (65 %); m.p.: 172 °C;
Ry = 0.77 (n-hexane/ethyl acetate 2:8, v/v); 'H NMR
(500 MHz, DMSO-dg): 6 = 11.78 (s, 1H, indole NH),

7.18-8.01 (m, 13H, Ar-H), 6.15 (s, 1H, vinyl CH) ppm;
13C NMR (125 MHz, DMSO-dy): 6 = 181.0 (C=0), 160.3,
159.2 (O-C=N/O-C=N), 146.9, 140.1, 136.1, 131.5, 130.9,
130.7, 130.4, 130.2, 130.0, 128.6, 127.9, 124.3, 122.8,
119.9, 117.5, 115.5, 110.0, 108.0, 105.9, 100.1, 100.0 (Ar—
C) ppm; FT-IR (KBr): v = 3298 (NH), 1666 (C=0), 1505
(C=N), 1210 (C-O-C) cm™ .

General procedure for the preparation of N-[3-chloro-
2-(5-substituted-2-phenyl- 1 H-indol-3-yl)-4-
oxoazetidin-1-yl]-2-oxo-2H-chromene-3-carboxamides
10a—10c

To Schiff base 6 (0.02 mol) in 30 cm® dry benzene, few
drops of triethylamine and chloroacetylchloride (0.02 mol)
were added by stirring at room temperature during 15 min.
The mixture was then refluxed for 1-2 h on water bath, the
ethylamine hydrochloride formed was filtered off and
washed several times with benzene. The filtrate and
washings were combined and concentrated under reduced
pressure and the residue obtained was washed with petro-
leum ether (40:60) to remove unreacted Schiff base. The
product 10 obtained was dried and recrystallized from 1,4-
dioxane.

N-[3-Chloro-2-(5-chloro-2-phenyl-1H-indol-3-yl)-4-
oxoazetidin-1-yl]-2-oxo-2H-chromene-3-carboxamide
(10a, C7H,7,CI,N304)

Yellow crystals; yield 0.27 g (63 %); m.p.: 221 °C;
Ry = 0.58 (n-hexane/ethyl acetate 2:8, v/v); 'H NMR
(500 MHz, DMSO-dy): 6 = 12.20 (s, 1H, amide NH),
11.59 (s, 1H, indole NH), 7.31-8.25 (m, 12H, Ar—H), 6.31
(s, 1H, vinyl CH), 5.68 (d, 1H, CH), 5.36 (d, 1H, CH) ppm;
3C NMR (125 MHz, DMSO-d,): 6 = 181.4, 170.5, 166.7
(C=0/C=0/C=0), 158.4, 147.2, 139.2, 135.9, 130.8, 130.6,
130.3, 130.2, 130.1, 129.5, 127.2, 126.8, 123.9, 120.6,
117.4,115.9, 114.2, 109.7, 105.2 (Ar-C), 64.4 (azetidin C—
Cl), 53.2 (azetidin C-N) ppm; FT-IR (KBr): v = 3285,
3269 (NH/NH), 1710, 1694, 1603 (C=0/C=0/C=0), 1237
(C—0-C), 763, 733 (C-Cl/C-CIl) cm™'; MS (70 eV): m/
z =517 M"), 519 M*+42), 521 M1 +4).

N-[3-Chloro-2-(5-methyl-2-phenyl- 1 H-indol-3-yl)-4-
oxoazetidin-1-yl]-2-oxo-2H-chromene-3-carboxamide
(10b, CygH5oCIN304)

Yellow crystals; yield 0.46 g (53 %); m.p.: 131 °C;
Ry = 0.63 (n-hexane/ethyl acetate 2:8, v/v); 'H NMR
(500 MHz, DMSO-dy): 6 = 12.15 (s, 1H, amide NH),
11.71 (s, 1H, indole NH), 7.29-8.18 (m, 12H, Ar—H), 6.25
(s, 1H, vinyl CH), 5.66 (d, 1H, CH), 5.25 (d, 1H, CH), 2.13
(s, 3H, CH;) ppm; >C NMR (125 MHz, DMSO-dy):
0 = 180.2, 172.3, 167.8 (C=0/C=0/C=0), 156.1, 148.0,
139.6, 136.1, 131.1, 130.9, 130.7, 130.4, 130.4, 130.0,
127.8, 126.5, 124.0, 121.1, 119.3, 118.0, 115.2, 111.5,
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109.2 (Ar—C), 65.0 (azetidin C—-Cl), 54.1 (azetidin C-N),
22.6 (CH3) ppm; FT-IR (KBr): v = 3292, 3275 (NH/NH),
1718, 1686, 1620 (C=0/C=0/C=0), 1225 (C-0-C), 755
(C-CI) em™ .

N-[3-Chloro-2-0x0-4-(2-phenyl-1H-indol-3-yl)azetidin- 1 -
yl]-2-0x0-2H-chromene-3-carboxamide

(10¢, C»7H;gCIN3O,)

Yellow crystals; yield 0.13 g (57 %); m.p.: 124 °C;
Ry = 0.78 (n-hexane/ethyl acetate 2:8, v/v); 'H NMR
(500 MHz, DMSO-dy): 6 = 12.28 (s, 1H, amide NH),
11.75 (s, 1H, indole NH), 7.26-8.16 (m, 13H, Ar—H), 6.22
(s, 1H, vinyl CH), 5.64 (d, 1H, CH), 5.28 (d, 1H, CH) ppm;
3C NMR (125 MHz, DMSO-dg): 6 = 180.5, 173.1, 167.8
(C=0/C=0/C=0), 157.2, 148.1, 139.4, 136.5, 131.5, 131.0,
130.9, 1304, 130.2, 130.0, 127.7, 126.9, 124.6, 1214,
119.3,118.2, 116.1, 114.4, 110.2 (Ar-C), 65.6 (azetidin C—
Cl), 54.9 (azetidin C-N) ppm; FT-IR (KBr): v = 3288,
3270 (NH/NH), 1710, 1678, 1628 (C=0/C=0/C=0), 1218
(C-0-C), 748 (C-Cl) cm ™.

1,1-Diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging activity (RSA)

The free radical scavenging activity (RSA) of com-
pounds 6-10 at concentration (25, 50, 75, and 100 pg/
cm®) was carried out in the presence of freshly prepared
solution of stable-free radical DPPH (0.04 % w/v) fol-
lowing Hatano’s method [48], using ascorbic acid (AA),
2-tert-butyl-4-methoxyphenol (butylated hydroxyanisole,
BHA), and 2-(1,1-dimethylethyl)-1,4-benzenediol (2-tert-
butylhydroquinone, TBHQ) as standards. All the test
analyses were performed on three replicates and the re-
sults are averaged. The result in percentage is expressed
as the ratio of absorption decrease of DPPH in the
presence test of compounds and absorption of DPPH in
the absence of test compounds at 517 nm on ELICO SL
171 Mini Spec spectrophotometer. The percentage scav-
enging activity of the DPPH-free radical was measured
using the following equation and the results are shown in
Figs. 1, 2 and 3.

% DPPH radical scavenging
_ Absorbance of control — absorbance of test sample

Absorbance of control

Reducing power assay

The reducing power of the synthesized compounds 6-10
was determined according to the literature method [38].
Different concentrations of samples (25, 50, 75, and
100 pg/em®) in 1 cm® DMSO were mixed with 2.5 cm®
phosphate buffer (0.2 M, pH = 6.6) and 2.5 cm® potassi-
um ferricyanide (1 %). The mixture was incubated at 50 °C
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for 20 min, after which a portion of trichloroacetic acid
(2.5 cm®, 10 %) was added to the mixture and centrifuged
for 10 min at 1000 g. The upper layer of solution (2.5 cm?)
was mixed with 2.5 cm?® distilled water and 0.5 cm? ferric
chloride (0.1 %). Then absorbance at 700 nm was mea-
sured in spectrophotometer. Higher absorbance of the
reaction mixture indicated greater reducing power. The
results are shown in Figs. 4, 5 and 6.

Ferrous (Fe’™) metal ion-chelating activity

The chelating activity of ferrous ions by synthesized
compounds 6-10 was estimated by following reported
method [49]. The test samples (25, 50, 75, and 100 ug/cm3)
in 0.4 cm® ethanolic solution were added to a solution of
0.05 cm?® FeCl, (2 mM). The reaction was initiated by the
addition of 0.2 cm® ferrozine (5 mM) and the total volume
was adjusted to 4 cm® with ethanol. Ferrozine reacted with
the divalent iron forming stable magenta complex species
that were very soluble in water. The mixture was shaken
vigorously and kept at room temperature for 10 min. Then
the absorbance of the solution was measured spectropho-
tometrically at 562 nm. All test analyses were run in
triplicate and averaged. The percentage of inhibition of the
ferrozine Fe*™ complex formations was calculated using
the formula:

Ferrous ion chelating effect (%)

_ Absorbance of control — absorbance of test sample < 100
N Absorbance of control

The control contains FeCl, and ferrozine, complex for-
mation molecule. The results are shown in Figs. 7, 8 and 9.

Antimicrobial activity

All the newly synthesized compounds were assessed for
their in vitro antibacterial activity against four representa-
tive bacterial species, viz., Escherichia coli (MTCC-723),
Staphylococcus aureus (ATCC-29513), Klebsiella pneu-
monia (NCTC-13368), and Pseudomonas aeruginosa
(MTCC-1688) using gentamycin as reference. Determina-
tion of MIC was done using the serial dilution method [44,
45]. The materials used were 96-well plates, suspension of
microorganism (0.5 McFarland), Muller-Hinton broth
(Himedia) and stock solutions of each substance to be
tested (2048 pg/cm’® in DMSO). The following concen-
trations of the substances to be tested were obtained in the
96-well plates: 1024, 512, 128, 64, 32, 16, 8, 4, and 2 pg/
cm’. After incubation at 37 °C for 18-24 h, the MIC for
each tested substance was determined by Bio-Rad Elisa
reader (micro plate reader S/N 12883). The results are
tabulated in Table 1.
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