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Abstract

In the present work a few 2-phenylindole derivatives have been synthesized and assessed for
antidepressant potential. The synthesis was achieved in three steps where in the first two steps,
aryl hydrazone is prepared by condensation of phenyl hydrazine and aromatic ketone followed
by Fisher indole synthesis of indole via cyclization in the presence of acid catalyst. In the last
step the nitrogen of the 2-phenyl indole is substituted with various alkyl groups. The IR spectra
exhibited stretching vibration of at 1300-1100 cm™(C-N), 1500-1700 cm™ (C=C), 3000-3200
cm* (C-H Ar) and 2600-3000 cm™ (CH aliphatic). Similarly vibrations due to C-O (1000-1100
cmt), OH (3200-3500 cm™) and Nitro (1400-1500 cm™) were displayed. The antidepressant
action of the synthesized compounds was testing using two animal models (FST and TST). The
standard drug Fluoxetine and the test compounds 3p and 3s were found to decrease the
immobility time in TST while the swimming frequency enhanced significantly.
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Introduction

Depression has been the most common psychiatric disorders. It is a heterogeneous disorder that
has been characterized or classified in a variety of ways. Affective disorders are characterized
basically by change of mood (depression or mania) more willingly than by thought disturbance
[1] Depression is the initial expression and might vary from mild condition, adjoining on
customariness to serve depression occasionally termed psychotic depression that may be
accompanied by hallucination and delusions [2].

Vilazodone, an indole containing drug has already been developed for treatment of depression
[3]. Over the past decade several researchers have synthesized indole derivatives for the CNS
effects including anticonvulsant, antianxiety and antidepressant. Recently, a few indole
alkaloids viz. harman, harmol, harmine, harmalol, harmaline and mitragynine have been
isolated and were found to possess good antidepressant action [4].

Owing to the growing interest in antidepressant potential of indole derivatives, it was
envisioned to synthesize a few 2-phenylindole derivatives and evaluate them for antidepressant
potential.

Factors Associated with Depression
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Depressive disorder (also known as depression) is a common mental disorder. It involves a
depressed mood or loss of pleasure or interest in activities for long periods of time.
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Depression is different from regular mood changes and feelings about everyday life. It can
affect all aspects of life, including relationships with family, friends and community. It can
result from or lead to problems at school and at work.

Depression can happen to anyone. People who have lived through abuse, severe losses or other
stressful events are more likely to develop depression. Women are more likely to have
depression than men.

An estimated 3.8% of the population experience depression, including 5% of adults (4% among
men and 6% among women), and 5.7% of adults older than 60 years. Approximately
280 million people in the world have depression (1). Depression is about 50% more common
among women than among men. Worldwide, more than 10% of pregnant women and women
who have just given birth experience depression (2). More than 700 000 people die due to
suicide every year. Suicide is the fourth leading cause of death in 15-29-year-olds.

Although there are known, effective treatments for mental disorders, more than 75% of people
in low- and middle-income countries receive no treatment (3). Barriers to effective care include
a lack of investment in mental health care, lack of trained health-care providers and social
stigma associated with mental disorders.

Depression results from a complex interaction of social, psychological, and biological factors.
People who have gone through adverse life events (unemployment, bereavement, traumatic
events) are more likely to develop depression. Depression can, in turn, lead to more stress and
dysfunction and worsen the affected person’s life situation and the depression itself.

Depression is closely related to and affected by physical health. Many of the factors that
influence depression (such as physical inactivity or harmful use of alcohol) are also known risk
factors for diseases such as cardiovascular disease, cancer, diabetes and respiratory diseases.
In turn, people with these diseases may also find themselves experiencing depression due to
the difficulties associated with managing their condition.

Prevention programmes have been shown to reduce depression. Effective community
approaches to prevent depression include school-based programmes to enhance a pattern of
positive coping in children and adolescents. Interventions for parents of children with
behavioural problems may reduce parental depressive symptoms and improve outcomes for
their children. Exercise programmes for older persons can also be effective in depression
prevention

Material and Methods

Acetophenone, 3-hydroxy acetophenone, 4-hydroxy acetophenone, 4-methyl acetophenone, 4-
nitro acetophenone, phenyl hydrazine, and polyphosphoric acid were obtained from Avra
Chemicals. Methyl iodide, lodoethane, iodopropane and phenethyl chloride were purchased
from Sigma. Ethanol, methanol, glacial acetic acid, hydrochloric acid, acetone, chloroform and
dimethyl sulfoxide were obtained from Rankem. Any other reagent used was of synthetic grade
and used as procured. All glassware used were of Borosilicate grade, washed using chromic
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acid cleaning mixture, rinsed with distilled water and dried in hot air oven (Biotechnics India)
before using. Melting point are uncorrected and determined using open capillary.

The synthetic scheme (Scheme 1) for the synthesis of indoles was designed using the schemes
reported earlier [5,6].
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General method for synthesis of substituted phenyl hydrazone

A mixture of 0.167 mol of appropriate acetophenone and 0.167 mol of phenyl hydrazine was
prepared in ethanol (60 mL) and catalytic amount of glacial acetic acid was added. The mixture
had been cooled at 0°C using an ice bath to obtain solid product. The product was filtered,
washed with dilute HCI and then by rectified spirit. The product was recrystallized using
ethanol and white product obtained was filtered and stored in air tight container.

General method for synthesis of substituted phenyl indole

0.15 mol of the substituted phenyl hydrazone was placed in a beaker containing excess of
polyphosphoric acid (180 g). The mix was heated on a water bath, stirring the mixture and
maintaining the temperature at 100-120°C for duration of 10 min. In the mixture was added
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450 mL cold water and it was well stirred in order to dissolve the polyphosphoric acid
completely. The solid obtained was filtered at pump and washed using ice-cold water several
times to remove any trace of acid. The solid was refluxed with 300 mL of rectified spirit and a
little amount of decolorizing charcoal was added to it and filtered. The filtrate was cooled to
room temperature to obtain the white crystals of phenyl indole which were dried in desiccator
over anhydrous calcium chloride and stored in air tight container.

General method for synthesis of N-alkyl substituted phenyl indole

A mixture of 3 mol of appropriate phenylindole, 6 mol of K;CO3z and 4 mol of the appropriate
alkyl or aryl halide was prepared DMF (10 mL) and stirred at room conditions for 4 h using a
magnetic stirrer. The reaction mix was then diluted with cold water and the solid obtained was
filtered off, recrystallize from ethanol to obtain the N-alkyl substituted phenyl indole. TLC was
performed using n-butanol: acetic acid: water (12:3:5) as the developing solvent and visualized
in UV cabinet.

The synthesized compounds have been characterized by melting point, solubility and retention
factor (Rf value) by TLC.

Table 1 Properties of Synthesized 2-phenyl indole derivatives

% Molecular Mass
Code Color M.P (°C) Rt value (calculated)
Yield
3a Yellow 172-174 70 0.42 207
3b Brown 191-193 68 0.45 221
3c Brown 204-206 62 0.56 235
3d Yellow 169-173 64 0.67 297
3e Yellow 211-214 61 0.41 223
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3f Brown 204-206 66 0.52 237
39 Yellow 215-219 64 0.59 251
3h Brown 217-220 65 0.53 313
3i Brown 235-238 71 0.62 223
3j Brown 231-233 62 0.66 237
3k Yellow 248-251 60 0.65 251
3l Yellow 244-246 62 0.51 313
3m Yellow 272-274 58 0.43 221
3n Yellow 269-271 55 0.45 235
30 Yellow 261-264 57 0.49 249
3p Yellow 271-275 54 0.43 311
3q Yellow 243-245 61 0.70 252
3r Yellow 249-251 63 0.70 266
3s Yellow 237-240 60 0.71 280
3t Yellow 257-260 60 0.67 342
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Synthesized compounds

1-methyl-2-phenyl indole, (3a) Yield 70%, Melting point 172-174°C, *H NMR Spectra (3,
300 MHz, DMSO): 7.2-7.5 (H aromatic), 6.5 (H-pyrrole ring), 3.60 (H-methyl) IR (KBr):
3420.33 (C-H), 3161.06 cm™ (CH Ar),2603.54 (-CH-), 1600-1700 cm™ (C-C Ar), 1485.76
cm™(C=C), 1197.04 cm™ (C-N)

1-ethyl-2-phenyl indole, (3b) Yield: 68%, Melting point 191-192°C, *H NMR Spectra (8, 300
MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5 (CH3), 7.0 (CH-
Benzene), 7.1 (CH-Benzene) IR (KBr): 3114.3 cm™ (CH Ar), 2928.74 (C-H stretch), 2599.84
(-CH32-), 1550-1650 (C-C Ar), 1410.01 cm™(C=C), 1277.44 cm™* (C-N)

1-propyl-2-phenyl indole, (3c) Yield:62%, Melting point 204-206°C, *H NMR Spectra (3,
300 MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5 (CH3), 7.0
(CH-Benzene), 7.1 (CH-Benzene) IR (KBr): 3164.62 cm™ (CH Ar),2358.77 (-CH2-), 1500-
1650 cm™ (C-C Ar), 1399.17 cm™(C=C), 1279.91 cm™ (C-N)

1-phenethyl-2-phenyl indole, (3d) Yield 64%Melting point 169-173°C, *H NMR Spectra
(6, 300 MHz, DMSOQ): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5 (CH3),
7.0 (CH-Benzene), 7.1 (CH-Benzene), IR (KBr): 3084.72 cm™ (CH Ar),2924.71, 2856.44 (C-
H), 1500-1700 cm™ (C-C Ar), 1472.76 cm™(C=C), 1241.09 cm™ (C-N)

1-methyl-3’-hydroxy-2-phenyl indole (3e) Yield 61% Melting point 212-214°C, *H NMR
Spectra (8, 300 MHz, DMSO): *HNMR: 7.63, 7.85 (HC=CH), 7.37-7.91 (C-H Ar), 5.21 (C-
OH) IR (KBr): 3082.69 (Ar-H), 1500-1750 cm™ (C-C Ar), 1412.70 (-C=C-), 1341.84 (O-H
bending), 1248.06 (-C-N)

1-ethyl-3’-hydroxy-2-phenyl indole (3f) Yield: 66% Melting point: 204-206°C, 1H NMR
Spectra (L], 300 MHz, DMSO): 6.6-7.3 (H Aromatic), 6.5 (H- pyrrole ring), 4.99 (H- hydroxy),
3.9 (H- CH2), 1.5 (H- CH3) IR (KBr): 3368.40 cm-1 (O-H), 1145.36 cm-1 (C-N), 1022.53
(C-0)

1-propyl-3°-hydroxy-2-phenyl indole, (3g) Yield 65% Melting point 215-219°C, *H NMR
Spectra (6, 300 MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5
(CH3), 7.0 (CH-Benzene), 7.1 (CH-Benzene) IR (KBr): 3422.56 (O-H), 3173.91 (C-H Ar),
2602.47 (C-H), 1500-1650 cm™ (C-C Ar), 1474.58 (C=C), 1244.74 (C-N), 1067.55 (C-O)

1-benzyl-3’-hydroxy-2-phenyl indole, (3h) Yield 65% Melting point 217-219°C, 'H NMR
Spectra (3, 300 MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5
(CH3), 7.0 (CH-Benzene), 7.1 (CH-Benzene) IR (KBr): 3410.90 (O-H), 3121.21 (C-H Ar),
2602.10 (C-H), 1500-1650 cm™ (C-C Ar), 1481.52 (C=C), 1282.15 (C-N), 1069.29 (C-O)

1-methyl-4’-hydroxy-2-phenyl indole, (3i) Yield 71% Melting point 225-238°C, *H NMR
Spectra (8, 300 MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5
(CH3), 7.0 (CH-Benzene), 7.1 (CH-Benzene) IR (KBr): 3431.73 (O-H), 3165.33 (C-H Ar),
2599.71 (C-H), 1500-1700 cm™ (C-C Ar), 1482.00 (C=C), 1275.40 (C-N), 1065.27 (C-O)
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1-ethyl-4’-hydroxy-2-phenyl indole, (3j) Yield 62% Melting point 231-233°C, 'H NMR
Spectra (8, 300 MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5
(CH3), 7.0 (CH-Benzene), 7.1 (CH-Benzene) IR (KBr): 3422.70 (O-H), 3172.38 (C-H Ar),
2604.85 (C-H), 1500-1650 cm™ (C-C Ar), 1406.44 (C=C), 1279.55 (C-N), 1063.27 (C-O)

1-propyl-4°-hydroxy-2-phenyl indole, (3k) Yield 60% Melting point 248-250°C, 'H NMR
Spectra (8, 300 MHz, DMSO): 6.7-7.4 (H Aromatic), 6.5 (H — pyrrole ring), 5.0 (H —hydroxy),
3.86 (H—-CH), 1.8 (H— CH2), 0.95 (H — CH3) IR (KBr): 3242.62 (O-H), 3119.15 (C-H Ar),
2979.33 (C-H), 1500-1650 cm™ (C-C Ar), 1478.10 (C=C), 1398.01 (O-H bending), 1299.78
(C-N), 1091.14 (C-0O)

1-benzyl-4’-hydroxy-2-phenyl indole, (3I) Yield 62% Melting point 244-246°C, *H NMR
Spectra (8, 300 MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5
(CH3), 7.0 (CH-Benzene), 7.1 (CH-Benzene) IR (KBr): 3240.81 (O-H), 3119.55 (C-H Ar),
2981.44 (C-H), 1500-1650 cm™ (C-C Ar), 1484.01 (C=C), 1396.53 (O-H bending), 1294.08
(C-N), 1092.37 (C-0O)

1-methyl-4’-methyl-2-phenyl indole, (3m) Yield 58% Melting point 272-274°C, *H NMR
Spectra (6, 300 MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5
(CH3), 7.0 (CH-Benzene), 7.1 (CH-Benzene) IR (KBr): 3113.84 (C-H Ar), 2943.23 (C-H),
1500-1650 cm™ (C-C Ar), 1461.21 (C=C), 1282.19 (C-N)

1-ethyl-4’-methyl-2-phenyl indole, (3n) Yield 58% Melting point 272-274°C, 'H NMR
Spectra (8, 300 MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5
(CH3), 7.0 (CH-Benzene), 7.1 (CH-Benzene), IR (KBr): 3115.03 (C-H Ar), 2975.67, 2809.17
(C-H), 1500-1650 cm™ (C-C Ar), 1455.01 (C=C), 1289.03 (C-N)

1-propyl-4’-methyl-2-phenyl indole, (30) Yield 57% Melting point 261-264°C, *H NMR
Spectra (8, 300 MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5
(CH3), 7.0 (CH-Benzene), 7.1 (CH-Benzene), IR (KBr): 3116.49 (C-H Ar), 2978.17 (C-H),
1500-1650 cm™ (C-C Ar), 1455.11 (C=C), 1293.21 (C-N)

1-benzyl-4’-methyl-2-phenyl indole, (3p) Yield 54% Melting point 271-274°C, 'H NMR
Spectra (8, 300 MHz, DMSO): 7.0-7.4 (H Aromatic), 6.5 (H — pyrrole ring), 2.4 (H — methyl),
4.18 (H - CHy), 3.01 (H - CH>), IR (KBr): 3118.09 (C-H Ar), 2978.51 (C-H), 1500-1650 cm"
1(C-C Ar), 1455.11 (C=C), 1295.29 (C-N)

1-methyl-4’-nitro-2-phenyl indole, (3q) Yield 54% Melting point 271-274°C, *H NMR
Spectra (6, 300 MHz, DMSO): 7.1-7.4 (H Aromatic), 8.25 (H adjacent to NOz), 3.6 (H —
methyl), IR (KBr): 3116.02 (C-H Ar), 2978.17, 2809.22 (C-H), 1500-1650 cm™ (C-C Ar),
1525.49 (N-O), 1454.47 (C=C), 1285.93 (C-N)

1-ethyl-4’-nitro-2-phenyl indole, (3r) Yield 58% Melting point 272-274°C, 'H NMR Spectra
(6, 300 MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5 (CH3),
7.0 (CH-Benzene), 7.1 (CH-Benzene), IR (KBr): 3091.09 (C-H Ar), 2930.15 (C-H), 1500-
1650 cm™® (C-C Ar), 1498.08 (N-O), 1449.44 (C=C), 1309.18 (C-N)
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1-propyl-4°’-nitro-2-phenyl indole, (3s) Yield 58% Melting point 272-274°C, 'H NMR
Spectra (6, 300 MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5
(CH3), 7.0 (CH-Benzene), 7.1 (CH-Benzene), IR (KBr): 3207.03 (C-H Ar), 3050.22, 2642.96
(C-H), 1500-1700 cm™* (C-C Ar), 1486.73 (N-0), 1431.75 (C=C), 1271.41 (C-N)

1-benzyl-4’-nitro-2-phenyl indole, (3t) Yield 61% Melting point 212-214°C, 'H NMR
Spectra (8, 300 MHz, DMSO): 7.4 (CH-Benzene), 7.3 (CH-Benzene), 7.2 (CH-Benzene), 2.5
(CH3), 7.0 (CH-Benzene), 7.1 (CH-Benzene), IR (KBr): 3145.29 (C-H Ar), 3045.74, 2940.43
(C-H), 1500-1650 cm™ (C-C Ar), 1478.51 (N-0), 1397.26 (C=C), 1207.85 (C-N)

Pharmacological Study
Animal

The in vivo antidepressant action of the synthesized compounds was performed in male albino
mice of weight between 25-30 g by Forced Swim Test (FST) and Tail Suspension Test (TST)
methods. The protocol was approved from the Institutional Animal Ethical Committee (IAEC).

The animal had been segregated and kept in polyacrylic cages in the animal house of the
institute under standard conditions (14 h light/10 h dark; 27£2°C; % RH 44-56%) with free
right to use standard diet and potable water ad libitum for a week.

Animal were grouped in 7 groups of 6 animals in each for conducting the procedures. Group |
(control) was administered normal saline, group 11, 111, IV,V & VI were administered 40 mg/kg
(i.p) of the test compounds, whereas group VI served as positive control and was administered
with fluoxetine, 10 mg/kg (i.p).

Forced Swim Test [7]

The synthesized compounds and fluoxetine were suspended in DMSO and injected
intraperitoneally (0.05 mL per 20 g body weight), 30 minutes prior to the test. To determine
the effect of the test compound mice were individually kept in a glass cylinder (25 cm high and
10 cm wide) filled with water (22-25°C) up to 10 cm of the cylinder. Each mouse was allowed
to swim 6 min during the test, and the duration of inaction or immobility was noted down
during the final 4 min of the test. The time spent by the mouse floating in the water without
struggling and making only those movements necessary to keep its head above water was
regarded as the immobility period.

The animals were dried using tower and returned back to their housing conditions.
Tail Suspension Test [7]

The synthesized compounds and fluoxetine were dispersed in DMSO and injected
intraperitoneally (0.05 mL per 20 g body weight), 30 minutes prior to the test. To determine
the effect of the test compound mice were suspended by tail using clamp (2 cm from the tip of
the tail) in a box (25 x 25 x 30 cm) with the head 5 cm from the bottom. Minimal background
noise was maintained and the test was done in dark room. The total time of keeping animals
suspended by tail was 6 minutes, and the duration of inaction or immobility was noted during

VOLUME 24 : ISSUE 02 (Feb) - 2025 Page No:20



YMER || ISSN : 0044-0477 http://ymerdigital.com

the final 4 minutes of the test. Animal was considered immobile when they hung completely
motionless.

Results and Discussion
Synthesis

In the first two steps, aryl hydrazone is prepared by condensation of phenyl hydrazine and
aromatic ketone followed by Fisher indole synthesis of indole via cyclization in the presence
of acid catalyst. In the last step the nitrogen of the phenyl indole is substituted with various
alkyl groups.

Twenty derivatives of indole were synthesized using five aromatic acetophenones and four
alkyl halides. The compounds were characterized by using TLC and IR. NMR and mass
spectral study was carried out on five compounds in order to assure the formation of proper
products. The result of the yield, melting point and Ry value of the synthesized compound were
depicted in the Table 1. All the compounds were found to be insoluble in water and dimethyl
formamide whereas only partially soluble in methanol. The compounds were easily soluble in
chloroform.

CNS depressant action

The antidepressant action of the synthesized compounds was testing using two animal models
and the results obtained are depicted in Figure 1 and 2. The immobility time was recorded and
statistically analyzed using one way ANOVA followed by Dunnett’s multiple comparison test.
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Figure 1 Effect of test compounds (40mg/kg) and Fluoxetine (10mg/kg) on
swimming frequency of mice in TST. *p<0.05, **p<0.01, ***p<0.001, ns —not significant;
Values are represented as mean £ SD, (n = 6)
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As it can be seen from Figure 5.1 the swimming frequency for the compounds 3p and 3s was
much higher than the control group and was comparable to that of Fluoxetine at a dose on
10mg/kg. On the other hand the results obtained by compounds 3a, 3f and 3k were not as
significant suggesting the importance of presence of hydrophobic substitution on the phenyl
ring.
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Figure 2 Effect of test compounds (40mg/kg) and Fluoxetine (10mg/kg) on
immobility time of mice in TST. **p<0.05, ***p<0.001, ns-not significant, Values are
represented as mean £ SD, (n = 6)

As it can be seen from Figure 5.1 and 5.2 that Fluoxetine and test compounds 3p and 3s
improved the swimming frequency and decreased the immobility times indicating the role do
hydrophobic substitution at the 2-phenyl ring. It was also evident that the presence of hydroxyl
substitution on the 2-phenyl ring of indole was detrimental to antidepressant action.

Docking Study

The docking of the energy minimized structures was performed on MOA enzyme using
Shrodinger software (trial version). The fit of the molecule in the grid was studied and the
docking score was obtained. Compound 3p exhibited the most prominent binding energy
comparable to the reference structure harmine (Figure 5.1). The binding site involved
interaction of benzene rings with amino acid Tyrosine 69 and Phe 208 in the compound

3p (Figure 1).
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Figure 5.1 Interaction of reference compound with MOA
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Figure 5.2  Interaction of compound 3p with MOA

Conclusion

The present work focused on synthesizing 2-phenyl indole derivatives possessing
antidepressant potential. The synthesized compounds with diverse substitution pattern were
able to exhibit antidepressant action. Further studies on new compounds of similar structure
would be carried out in order to derive a relation between the structure and activity of the
nucleus.
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