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ABSTRACT

The present research works a series of new 1H-Indole derivatives were synthesized. The title compound was obtained by the reaction of
indole with chloroacetylchloride in toluene afforded 2-chloro-1-(indoline-1-yl) ethanone which reacts with 1,4 diamine benzene in
chloroform afforded 2-((4-aminophenyl)amino)-1-(1H-indol-1-yl)ethan-1-one, on further reaction with various acetophenone in presence
of acetic acid in ethanol gave various final derivatives. After synthesis of compounds, the synthesized compounds were characterized by
their IR, ITHNMR spectral data and elemental analysis. These derivatives were screened for their antimicrobial activity (Paper-disk-plate
technique (disc diffusion method) and Tube-dilution technique (broth microdilution technique), antifungal activity of all synthesized
compounds were evaluated against Aspergillus niger and Candida albicans (ATCC 10231) using Fluconazole as the standard drug using
the paper plate method and antibacterial activity against both Gram-positive (Bacillus subtilis) and Gram-negative bacteria (Escherichia
coli) using Ampicillin as standard medication at a concentration of 50ug/ml, 100ug/ml. The collected compounds were evaluated for

antibacterial activity and antifungal activity. All compounds exhibit significant antimicrobial activity.
Keywords: Indole; Antimicrobial activity; Staphylococcus; Antibacterial activity; Bacillus subtilis; Escherichia coli.

1. INTRODUCTION

Serious infections caused by commonly used antimicrobial-
resistant microorganisms have become major health problems of
the 21st century, leading to significant increases in morbidity and
mortality, prolonged hospital stays and high medical costs.
Recognizing the seriousness of this challenge, the World Health
Organization (WHO) chose the theme “Antimicrobial resistance: no
action today, no treatment tomorrow as the theme for the 2011
World Health Day as a preventive measure [1]. The agents which
are valuable against microbes such as bacteria, fungi, and virus are
known as Antimicrobial agents. In recent years, the availability of
new antimicrobials worldwide is lower than in recent years. During
the 37 years, no antimicrobial drug has been developed between the
addition of nalidixic acid (1962) and linezolid (2000), and all
antimicrobial drugs on the market have been replaced by existing
medicine. The growth of a new antimicrobial agent is very
expensive and time-consuming, leading to a decrease in the interest
of the existing pharmaceutical industry. On average, antiretroviral
drug research and development takes 15-20 years and can cost over
$ 1 billion [2]. The first antibacterial agent in the world was safety,
a remedy for syphilis synthesized by Ehrlich in 1910. In 1935,
sulfonamides were developed by Domagk and other researchers.
The drug is a synthetic compound and presented safety and efficacy
limits [3]. 1928, Fleming discovered penicillin. He discovered that
the growth of Staphylococcus aureus was suppressed in a culture
vessel surrounded by a contaminated blue mold (Penicilliumgenus
fungus), and it was determined that the microorganism would
produce substances that could inhibit the growth of other
microorganisms. The antibiotic was called penicillin and was used
clinically in the 1940s. Penicillin, which is rare in terms of safety

and efficacy, has led to antimicrobial chemotherapy that saves the

lives of wounded soldiers during World War 11 [4].
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Indole Chloroacetylchloride 2-chloro-1-(indoline-1-yl) ethanaone.

STEP 2: Synthesis of 2-((4-aminophenyl) amino)-1-(1H-indol-1-yl) ethan-1-one
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Figure 1. Synthesis scheme of 1H-Indole derivatives.
In the next two decades, new Antimicrobials classes, which

led to the golden age of Bacteria was developed. In 1944,
streptomycin, an aminoglycoside antibiotic, from soil bacteria
Streptomycin gracious. Then, from a soil bacteria were detected
chloramphenicol, tetracycline, macrolide and glycopeptide (e.g.
Vancomycin). Nalidixic acid and a synthetic antimicrobial agent, a
quinolone Antimicrobial obtained in the year 1962 [3].
Antimicrobials developed in the last 60 years are one of the
most dramatic examples of modern drugs. Many infectious diseases
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previously considered incurable and deadly are now being punished
for treatment with fewer pills. The strong and specific activity of
antimicrobials is due to their selection for a very specific purpose
that is unique to a microorganism or more important to humans.
Among these objectives are specific fungal and bacterial cell
synthesis enzymes, (beta-lactam antibiotics and antifungal agents),
the bacterial ribosome (Chloramphenicol, Tetracycline, Macrolide,
Clindamycin, Aminoglycosides, and Streptomycin), the enzyme
required for nucleotide synthesis and DNA replication
(sulphonamides, Trimethoprim, Quinolones) and virus replication
mechanism. These agents also include Mycobacterium infections,
disinfectants, and specific drugs used for selected pathogens.
Overuse and misuse of antibiotics have led to a significant increase
in the prevalence of various drug-resistant pathogens, leading some
to believe that we are near the end of the antibiotic chain.
Unfortunately, as demand has increased in recent years, the
development of new drugs has slowed down. The most sensitive
molecular targets of antimicrobial drugs have been identified, and
in most cases, their crystallization and characterization. Given the

2. MATERIALS AND METHODS

All research chemicals were purchased from CDH (Central
Drug House Pvt. Ltd, New Delhi, India) and used as such to obtain
such reactions. The solvents were dried and purified before use,
according to standard procedures. All solvents and anhydrous
solutions were transferred through syringes and cannulae
previously dried in the oven for at least 12 h and kept in desiccators
with KOH. The melting points of the prepared compounds as well
as intermediates were determined by open capillary methods and
were uncorrected. Thin-layer chromatography (TLC) using coated
silica gel plates followed the progress of the reactions; use iodine
fumes for spots detection. All glassware was washed with distilled
water, dried in an oven, packed in brown paper & then autoclaved
at 15 Ib/inch? pressure (121°C) for 15 min.

2.1. Infrared spectroscopy.

The IR spectra of the synthetic compounds were recorded on
a potassium bromide channel plate and a SHTMADZU MODEL
8300 FT-IR spectrophotometer at Dr. Bhim Rao Ambedkar
University in Lucknow.

2.2. Nuclear magnetic resonance spectroscopy.

'H-NMR spectra of synthesized compounds were recorded
in DMSO (dimethyl sulfoxide) using a 300 MHz spectrophotometer
using MODEL AV-300 BROKE JES., at IIT, Roorkee. Chemical
shifts were recorded in parts per million (ppm, d) and signals were
recorded as s(singlet), d(doublet), t(triplet), q(quatret) and
m(multiplet).

Synthesis of 2-chloro-1-(indoline-1-yl) ethanone (A).

Indole (0.02 moles) was dissolved in toluene (100 ml) in a
dry 250 ml RBF and heated under reflux. In this refluxing solution,
slowly added dropwise chloroacetylchloride (0.01 moles) dissolved
in toluene. The reaction mixture was then refluxed for 3 hours. The
precipitate was filtered, dried and recrystallized from the
appropriate solvent ethanol. The synthesis scheme presented in
Figure 1.

Synthesis of 2-((4-aminophenyl) amino)-1-(1H-indol-1-yl)
ethan-1-one (B).

An Equimolar amount of compound 1 (0.1 moles) and

1,4diamine benzene (0.1 moles) in chloroform was refluxed in the

continued development of resistance, significant efforts will be
required to maintain drug efficacy and to seek new antimicrobial
agents [5,6].

The synthetic procedures mainly based upon structure
modification to found a molecule, which has improved safety
profile. Among the derivatives of indole, there is a huge quantity of
compounds, which display anti-inflammatory activity [8-10].
Indole derivatives are under the category of synthetic compounds
with a wide variety of pharmacological activities in the
accumulation with anti-inflammatory activity such as antimicrobial
[11, 12], analgesic [13], hypoglycaemic [14] anticancer [15],
anticonvulsant [16], etc.

In our attempt to find out more effective and safer agents for
the dealing of antimicrobial activity conditions, we report the
synthesis, spectral characterization (IR, IHNMR and Mass spectra)
and pharmacological evaluation of a series of 2-((4-
aminophenyl)amino)-1-(1H-indol-1-yl)ethan-1-one derivatives.

The reaction scheme is presented in figure 1.

presence of K,CO3 (0.1 moles). Excess solvent was removed in
vacuum and the residue was mixed with water, filtered, washed
with 2% NaHCQOj3; and then water. The crude product is crystalline
from methanol.

IR (KBr) cm-1: 1525 (C=C Str. Aro.); 1162 (C-N Str.); 3053 (C=H
Str.); 3265 (N-H Str.); 1690 (C=0 Str.); 747 (C-H Bend.); 1H-
NMR (300 MHz, DMSO) & (ppm): 6.35-7.93 (10 H, Aro.); 6.24
(2H, NH); 4.15 (2H,CHy); 3.8 (1H, NH).

2.3. General method for the preparation of indole derivatives
(C-1TO C-5).

2-((4-((1-(3-aminophenyl) ethylidene) amino) phenyl) amino)-1-
(1H-indol-1-yl) ethanone(C-1)

0.002 mole 2-((4-aminophenyl) amino)-(indolin-1-yl)
ethanone (A) was dissolved in 100 ml of ethanol in an RBF and
0.002 moles of 3-amino acetophenone (C-1) was added and 4-5
glacial acetic acid droplets were added. The reaction mixture was
stirred for 26 hours. The reaction mixture was concentrated and kept
overnight in the refrigerator to afford the product. The product was
filtered and recrystallized with ethanol. IR (KBr) cm-1: 1450 (C=C
Str. Aro.); 1235 (C-N Str.); 3052 (C=H Str.); 3048 (N-H Str.); 1669
(C=0 Str.); 748 (C-H Bend.); 1H-NMR (300 MHz, DMSO) §
(ppm): 6.48-8.10 (13H, Aro.); 6.23 (2H,NH,); 4.15 (2H,CHy); 4.00
(1H,NH); 1.80 (3H,CHa).
2-((4-((1-(4-hydroxyphenyl) ethylidene) amino) phenyl) amino)-
1-(1H-indol-1-yl) ethanone(C-2)

0.002 mole 2-((4-aminophenyl) amino)-(indolin-1-yl)
ethanone (A) was dissolved in 100 ml of ethanol in an RBF and
0.002 moles of 4-hydroxy acetophenone (C-2) was added and 4-5
glacial acetic acid droplets were added. The reaction mixture was
stirred for 26 hours. The reaction mixture was concentrated and kept
overnight in the refrigerator to afford the product. The product was
filtered and recrystallized with ethanol. IR (KBr) cm-1: 1550 (C=C
Str. Aro.); 1665 (C-N Str.); 2905 (C=H Str.); 3410 (N-H Str.); 1660
(C=0 str.); 1580 (C=N Str.); 1165 (O-H); 1H-NMR (300 MHz,
DMSO) 6 (ppm): 6.50-8.00 (13H, Aro.); 4.13 (2H,CHy); 4.00 (1H,
NH); 1.82 (3H, CH3).
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2-((4-((1-(4-aminophenyl) ethylidene) amino) phenyl) amino)-1-
(1H-indol-1-yl) ethanone (C-3)

0.002 mole 2-((4-aminophenyl) amino)-(indolin-1-yl)
ethanone (A) was dissolved in 100 ml of ethanol in an RBF and
0.002 moles of 4-amino acetophenone (C-3) was added and 4-5
glacial acetic acid droplets were added. The reaction mixture was
stirred for 26 hours. The reaction mixture was concentrated and kept
overnight in the refrigerator to afford the product. The product was
filtered and recrystallized with ethanol. IR (KBr) cm-1: 1497 (C=C
Str. Aro.); 1177 (C-N Str.); 3055 (C=H Str.); 3042 (N-H Str.); 1676
(C=0 Str.); 1620 (C=N Str.); 1H-NMR (300 MHz, DMSO) &
(ppm): 6.50-8.10 (13H, Aro.); 6.25 (2H, NH,); 4.16 (2H, CHy);
4.00 (1H, NH); 1.80 (3H, CHy).
1-(1H-indol-1-yl)-2-((4-((1-(4-nitrophenyl) ethylidene) amino)
phenyl) amino) ethanone(C-4)

0.002 mole 2-((4-aminophenyl) amino)-(indolin-1-yl)
ethanone (A) was dissolved in 100 ml of ethanol in an RBF and
0.002 moles of 4-nitro acetophenone (C-4) was added and 4-5
glacial acetic acid droplets were added. The reaction mixture was
stirred for 26 hours. The reaction mixture was concentrated and kept
overnight in the refrigerator to afford the product. The product was
filtered and recrystallized with ethanol. IR (KBr) cm-1: 1529
(C=C Str. Aro.); 1253 (C-N Str.); 3413 (N-H Str.); 1664 (C=0
Str.); 744 (C-H Bend.); 1611 (C=N Str.); 1H-NMR (300 MHz,
DMSO) & (ppm): 6.50-8.11 (13H, Aro.); 1.82 (3H, CHs); 4.17
()2H, CHy); 4.00 (1H, NH).
2-((4-((1-(4-chlorophenyl) ethylidene) amino) phenyl) amino)-1-
(1H-indol-1-yl) ethanone(C-5)

0.002 mole 2-((4-aminophenyl) amino)-(indolin-1-yl)
ethanone (A) was dissolved in 100 ml of ethanol in an RBF and
0.002 moles of 4-chloroacetophenone (C-5) was added and 4-5
glacial acetic acid droplets were added. The reaction mixture was
stirred for 26 hours. The reaction mixture was concentrated and kept
overnight in the refrigerator to afford the product. The product was
filtered and recrystallized with ethanol. IR (KBr) cm-1: 1498 (C=C
Str. Aro.); 1260 (C-N Str.); 3066 (C=H Str.); 3359 (N-H Str.); 1675
(C=0 str.); 825 (C-He Bend.); 1614 (C=N Str.); 747 (C-CI Str.);
1H-NMR (300 MHz, DMSO) & (ppm): 6.49-7.9 (13H, Aro.); 4.14
(2H, CHy); 4.00 (1H, NH); 1.79 (3H, CHj).

2.4. Biological Studies.
2.4.1. Antimicrobial Activity.
The paper-disk-plate technique (disc diffusion method)

The sensitivity test is performed to determine the range of
microorganisms susceptible to mixing under specific conditions.
This can be done by distributing the disk. This method is suitable
for organisms that grow well at night, such as aerobic anaerobes and
normal faculties and fast-growing fungi. This method depends
exclusively on the dissemination of the drug from the disc, and the
multiplication of the microorganism is generally avoided in the area
around the disc absorbed in the drug solution. The inhibition zone
around the disc (clear zone) indicates that the body was inhibited by
this drug, which was dispersed in agar.

Tube-dilution technique (broth microdilution technique)

The dilution sensitivity method is used to determine the
minimum concentration, usually expressed as units or micro-
organisms/ml of an agent, necessary to prevent or destroy micro-
organisms. Methods for determining antibacterial activity are due
to agar or broth base method.

By this method, one can determine the smallest amount of
drug substances required to reduce the development of the organism
in vitro, this method is referred to as the MIC (Minimum inhibitory
concentration). MIC can be determined by the tube dilution
technique. Antioxidants are regularly tested at 10 g of sub-dose (2)
(twice) of the concentration, and the lowest concentration prevents
the growth of the observed organism, which is registered as MIC.
2.4.2. Determination of antibacterial activity.

To determine the antibacterial activity of the synthesized
compounds, the inhibition zone (a clear area) around the disc is
measured, indicating that the organism inhibited the organism that
spread from the disc into the agar. To determine the zone of
inhibition Paper disk plate technique was used.

2.4.3. Antifungal Activity.

All the synthesized compounds were evaluated for their
antifungal activity against Aspergillus niger and Candida albicans
(ATCC 10231) using Fluconazole as a standard drug by Paper disk
plate technique. We have adopted the same method as described in
section 4.3.2 except the culture medium and incubation period.
Sabouraud dextrose agar was used as a culture medium and the
plates were incubated at 25°C for 48 hours. The standard and test
compounds were treated at a concentration of 100pg/ml. The
solvent control i.e. DMF did not show any activity.

2.4.4. Paper disk plate technique (determination of zone of
inhibition)
Preparation of solution of synthetic compound

The 25 mg weight of each correctly formed compound was
transferred to a separate 100 ml desk. These compounds were then
dissolved in 2 ml. DMSO and volumes in each flask were adjusted
to 100 ml with sterile water. This suspension (each at a
concentration of 250 pg/ml) was used as the basic suspension. 2 ml
and 4 ml of these suspensions were transferred to two 10 ml
volumetric flasks and further dilutions were made to 10 ml mark
with sterilized distilled water. The finishing suspension contains 50
and 100 ug of each compound per ml of the suspension.
Preparation of stock solution of the standard drug (Ampicillin)

Ampicillin (25 mg) was carefully weighed and transferred
into a 100 ml volumetric flask. Dissolve the drug in 2 ml. DMSO
was diluted to 100 ml with sterile distilled water. The final solution
contained 250 pg/ml standard drugs (Ampicillin). A volume of 2 ml
and 4 ml of the solution was transferred into two 10 ml flasks and
further diluted to sterile 10 ml with sterile distilled water. The final
solution contained 50 and 100 pg of Ampicillin per ml of solution.
Procedure for preparation of media:

Peptone extract (5 g) Beef extract (5 g) and sodium chloride
(2.5 g) all biological qualities were weighed and dissolved in 400
ml of distilled water in a 500 ml volumetric flask. And they became
hot. 10 g of agar was dissolved in 50 ml of hot distilled water. The
two solutions were mixed and the volumetric flask was quenched to
500 ml with hot distilled water. This feed agar medium was
sterilized for 15 minutes in an autoclave at a pressure of 15 Ib/inch?
pressure (121° C) for 15 min.

The following steps were used to determine the antibacterial
activity of the synthesized compounds:

1. The laminar airflow bench was replaced with 70% alcohol and
the UV lamp turned on. After 30 minutes, the UV lamp was turned
off.
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2. All the reagents, media, inoculums and glassware were placed
in laminar airflow bench and aseptic conditions were maintained.

3. The plates were inoculated within minutes of the preparation of
suspension so that the density did not change. A sterile cotton swab
over was dipped into the suspension and the medium was inoculated
by even streaking of the swab over the entire surface of the plate in
three directions. After the inoculum had dried, the drug solution was
poured on the disk & then disk was placed on the agar plate with

3. RESULTS
3.1. Physical parameters of synthesized compounds.

Several Indole derivatives were synthesized according to the
planned scheme. Percentage yields, the melting point of the
synthesized compound, molecular formula, molecular weight and
Rs value of all synthesized compounds were calculated and
tabulated in table 1. Their physical constants and thin layer
chromatography mainly confirmed the cleanness of the synthetic
compound.

3.2. Antifungal activity.

The antifungal activity of all synthesized compounds was
evaluated against Aspergillus niger and Candida albicans (ATCC
10231) using Fluconazole as the standard drug using the paper plate
method. It does not include intermediate and incubation periods.

the help out of a forceps. After inoculation at 37 °C for 48 hours.
The region of embarrassment was calculated using the mm scale.
4. Negatively adjustable plate. On this plate pour only receiving
food i.e. they do not contain dilutions of drugs and vaccines.
Positive controlled plate- In this plate, the nutrient agar medium was
pour and after its solidification, the inoculum was spread over the
exterior of the culture plate. But this Petri-plate did not contain a
drug solution.

Sabouraud dextrose agar was used as a medium and the plates were
incubated at 25 ° C for 48 hours. Standard and test compounds were
treated at 100 g/ml. Solvent control, i.e. DMF, showed no activity.
3.3. Antibacterial activity.

All newly synthesized compounds were evaluated for their
in vitro antibacterial activity against both Gram-positive (Bacillus
subtilis) and Gram-negative bacteria (Escherichia coli) using
Ampicillin as standard medication at a concentration of 50ug/ml,
100ug/ml. The disc diffusion method was used to determine the
provisional antibacterial and antifungal activity. The results
recorded for each test compound are shown in Tables 2 and 3.

Table 1. Physical parameters of different indole derivatives.

Compound Reaction M.P (°C) Molecular Molecular % Yield = RrValue
code Time Formula Weight
C-1 26hrs 153-156 Cs0H2sN4O0s 788.55 68 0.62
C-2 25hrs 170-174 C31H2s5N302 471.56 85 0.95
C-3 26 hrs 162-164 Cs1H26CIN3O 492.02 90 0.88
C-4 24hrs 180-184 Cs2H27N3O2 485.59 88 0.93
C-5 26hrs 166-168 Ca2H28N402 500.60 49 0.92

Table 2. Antibacterial activity of synthesized compounds against Escherichia coli.
Standard and Test

Zone of inhibition in mm

compound

Escherichia coli (ESS 2231)

Aspergillus niger

100ug 50ug 100ug 50
Control - - - -
Ampicillin 25 21 24 22
C-1 13 12 14 13
C-2 15 13 17 14
C-3 16 15 15 14
C-4 18 15 19 16
C-5 12 10 13 11

Standard and Test
compound

Table 3. Antifungal activity data of synthesized compounds against Bacillus subtilis or Aspergillus niger.

Zone of inhibition in mm

Bacillus Subtilis (ACC-132)

Aspergillus niger

100pg | 50ug 100pg | 50ug
Control - - - -
Ampicillin 26 25 25 23
C-1 15 13 12 10
C-2 16 13 16 14
C-3 16 14 15 14
C-4 18 16 14 13
C-5 13 11 12 11

4, CONCLUSIONS

Literature review reveals that Indole derivatives have
various types of biological activities including antibacterial, anti-
inflammatory, analgesic, and anticancer and anticonvulsant
activity. Given these observations, we have synthesized several new
Indole derivatives (C1-C5) synthesized according to scheme and

evaluated for their antimicrobial activity. In the present effort, five
compounds (Indole derivatives) were synthesized. The title
compounds were obtained by the reaction of indole with
Chloroacetylchloride. The reaction yielded 2-chloro-1-(indoline-1-
yl) ethanone, which upon further reaction with 1,4-diamine benzene
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gave  2-((4-aminophenyl)amino)-1-(1H-indol-1-yl)ethan-1-one.
This upon further reaction with various acetophenone in the
presence of glacial acetic acid and ethanol gave diverse final
compounds.

The compounds were obtained in solid-state and yields of
synthesized compounds were ranging between 60% to 80%. Their
melting points and TLC confirmed the purity of all synthesized
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