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Abstract:

Nitrogen containing heterocycles have gained massive research attention since they are frequently
found as naturally occurring bioactive compounds. This status of N-heterocycles makes it dynamic
to design methods to expand their synthetic efficacies and review the effects of their modifications
on biological systems. In the present study we synthesized several 3-bromo isoquinoline derivatives
which are nitrogen-containing arylated heterocycles via Suzuki coupling reaction. The prepared
compounds were physically and chemically characterized by Fourier transform infrared (FTIR), 1H
NMR, and 13C NMR spectral data. Biological screening such as antibacterial, antifungal,
antioxidant, analgesic, and anti-inflammatory, COX2 inhibitor activities along with toxicity
concerns were checked. Molecular docking studies were performed to confirm the ligand protein
binding and type of binding interactions resulting in the biological activities of the compounds.
Therefore, our study proposed that the 3-bromo isoquinoline derivatives hold noteworthy analgesic
and anti-inflammatory activity and have very positive toxicity values. These facts serve as basis that
keeping the activity and safety considerations these molecules might attend researcher’s attention as
a lead molecule for the discovery of potent analgesic and anti-inflammatory agents.

Keywords: N-heterocycles, bioactive compounds, 3-bromo isoquinoline derivatives, Suzuki
coupling reaction, analgesic activity, and anti-inflammatory activity.
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1. Introduction

Bioactive molecules are created through chemical synthesis and development to become marketable
pharmaceutical agents that can be purchased. The most significant organic compounds, heterocyclic
compounds, are frequently found in molecules of interest in medicinal chemistry [1]. Since they are
prevalent in nature and can be found as subunits in a variety of natural products, including vitamins,
hormones, and antibiotics, nitrogen-containing heterocycles are particularly significant to the study
of life. Several representative alkaloids and other naturally occurring nitrogen-containing
substances, displaying a range of biological activities [2] and several of them are even prescribed
drugs such as serotonin,[3] thiamine, which is also called water soluble vitamin B1 [4], atropine
[5] narcotics morphine [6], and codeine, (activity enhances when it is sandwich with paracetamol
(acetaminophen) or a nonsteroidal anti-inflammatory drug (NSAID) such as aspirin (acetyl salicylic
acid) or ibuprofen [7], papaverine [8], coniine [9], caffeine [10] and nicotine [11].

One of the most useful cross-coupling reactions between aryl or vinyl boronic acid and aryl or vinyl
halides as well as with various reagents like alkenes, alkynes, amines, pseudohalides, metallorganic
compounds, etc. is the Suzuki- miyaura reaction, also known as the "Suzuki coupling reaction,"
which is currently being catalysed by palladium (0) complexes. Suzuki cross coupling reactions
with palladium as the catalyst are one of the most potent and versatile ways to create C—C bonds
[12]. Since its discovery by Suzuki and Miyaura in 1979, the Suzuki-Miyaura cross-coupling
reaction has primarily been used in laboratories and industries to create aliphatic and aromatic C-C
bonds by coupling an organoboron reagent with an organic halide in the presence of a palladium or
nickel catalyst and a base [13].

Isoquinoline (ISOQ), also known as benzopyridines, is a heterocyclic aromatic chemical molecule
containing nitrogen that is made up of a benzene ring fused to a pyridine ring. One of the most
significant isoquinoline derivatives in our research i.e., 3-bromo isoquinoline is used as lead
compound to prepare multiple N-arylated derivatives. The chemical formula is C9H6BrN with a
molar mass of 208.06 g/mol.
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Figure 1: Structure of 3-bromo isoquinoline

According to FDA databases, N-based heterocycles are present in about 60% of novel small-
molecule drugs, demonstrating their structural importance in drug development and drug discovery
[14]: The stability and effectiveness of N-heterocycles in the human body as well as the ease with
which the nitrogen atoms can form hydrogen bonds with DNA explain why they are so common in
biologically active compounds. In reality, N-based heterocycles agents' anti-cancer effects are
primarily a result of their inclination to interact with DNA via hydrogen bonding [15].

ISOQ and its derivatives are present in many natural products and are thought to be
pharmacologically active due to their capacity to express a wide range of biological activities, such
as those that are anti-malarial, anti-HIV, anti-tubercular, anti-tumor, anti-fungal, anti-
glaucoma, anti-Parkinson's disease, etc [16],[17]. Insecticides, dyes, and paints are all produced
using them [18]. They serve as a solvent for the extraction of resin and terpenes [19].

Due to its antibacterial [20], analgesic [21], anti-inflammatory [22], and anticancer
activity, isoquinoline derivatives have attracted attention in the quest for novel pharmacologically
active drugs, 3-bromo isoquinoline, a synthetic isoquinoline compound, has some specific
molecular targets and modes of action that approve this chemical for further study as a potential
anti-inflammatory and analgesic action in the future.
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Nitrogen heterocyclic compounds like 3-bromoisoquinoline have always been desirable targets for
synthetic organic chemists because they exhibit a variety of biological activities. Since many of
them are present in natural products, particularly alkaloids, they have drawn a lot of attention from
the synthetic community, particularly from those working on total synthesis of natural products
[23]. The vast majority of nitrogen heterocyclic compounds have thus been the subject of ongoing
investigations from various angles and have thus found applications in pharmaceutical research and
drug discovery [24, 25]. Due to their wide range of biological activities and numerous applications
in the vast field of pharmacy, nitrogen-containing heterocycles are currently attracting the attention
of medicinal chemists and biologists [26-28].

In last decade, analysis showed the importance of the nitrogen based heterocyclic compounds in the
field of medicine [29]. This analysis showed that indeed about 60% of small-molecule drugs
contain an N-based heterocycles as common architectural cores [30]. Recent advances in nitrogen-
based heterocyclic compounds resulted in a useful biological activities such as anticancer
chemotherapy [31], antioxidant [32], analgesic [33], antipyretic [34] antimicrobial [35], and anti-
inflammatory activities [2, 36] .

1.1. Study Rationale

It has been observed from the literature that nitrogen is strangely common in many anti-
inflammatory and analgesic drugs; therefore, nitrogen-containing heterocycles are being explored
widely. Interestingly, the introduction of nitrogen atom in the cyclic systems along with arylation,
amended the therapeutic potential. As C-C linkages are considered as arylated compounds, the
present study was designed to synthesize structural substitution of 3-bromo isoquinoline and
different arylated boronic acids to explore their anti-inflammatory and analgesic potential. Since
many of the existing anti-inflammatory and analgesics have lost their efficacy due to potential
gastric irritation and severe side effects, our aim in the present study was to develop anti-
inflammatory and analgesic lead molecules that can also target these side effects. Keeping in view
the above-mentioned facts and search for new potent anti-inflammatory and analgesic candidates,
the present study was designed to synthesize new hybrid molecules containing 3-bromo
isoquinoline linked with different aryl through C-C linkage and heterocyclic nitrogen containing
compounds and evaluate them for in vitro and in vivo anti-inflammatory and analgesic potential and
in silico mechanistic investigation.

2. Results and Discussion

2.1. General Scheme of Synthesis

The Suzuki coupling reaction is generally carried out by reacting aryl 3-Bromo isoquinoline with
aryl boronic acid under SMC conditions. Scheme 1 illustrates the general Scheme for the Synthesis
of arylated heterocyclic compounds whereas scheme 2 illustrates the general mechanism of Suzuki
coupling reaction for the Synthesis of arylated heterocyclic compounds.

Br B(OH),
Pd, Base, Solvent ‘ N

Nt '
temp;95-105°C N

Scheme 1. General Scheme for the Synthesis of arylated heterocyclic compounds
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Scheme 2. General mechanism of Suzuki coupling reaction for the Synthesis of arylated

heterocyclic compounds

2.2 Synthesis of N-containing 3-bromoisoquinoline derivatives.

In the present work, 3- bromo isoquinoline was reacted with various boronic acids to yield N-
containing heterocyclic compounds via C-C linkage as a key intermediate [37] in the first step,
which in turn was treated with a series of different arylated boronic acids (a—t), leading to the
formation of N- containing heterocyclic compounds 9(a—t), as shown in scheme 1. The structural

details of the newly synthesized

3-bromoisoquioline derivatives are presented in Table 1. The

physical parameters of the synthesized compounds, including melting point, physical form,
percentage (% age) yield, along with molecular formula and molecular weights, were determined

and are given in Table 2.

Table 1. Synthesized arylated heterocyclic compounds 9(a—t).

Sr# Code Boronic acids Product
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Table 2. Physical Data of the Synthesized Compounds (9a-t)
compounds mol. formula mol. weight () mp (°C) physical form  %yvyield Rfvalue
%9a C17H13NO 247.29 239.75 solid 78 0.75
9b C17H9F6N 341.25 210.52 solid 71 0.69
9c C16H12FN 237.27 191.66 solid 81 0.81
9d C18H13NS 251.35 212.95 solid 77 0.78
%e C15H9CI2N 274.14 239.64 solid 75 0.68
of C21H15NO 297.35 283.55 solid 67 0.71
9g C13H8CINS 245.73 260.87 solid 69 0.73
9h C16H10F3NO 289.25 204.97 solid 69 0.69
9i C15H9F2N 241.24 260.89 solid 83 0.84
9j C15H9F2N 241.24 180.98 solid 82 0.81
9k C15H9F2N 241.24 261.18 solid 81 0.82
9l C17H13N 231.29 188.06 solid 76 0.76
9Im C13H9NO 195.22 161.45 solid 71 0.72
9n C17H15NO2 265.31 246.8 solid 68 0.67
9% C16H12BrNO 314.18 273.1 solid 68 0.75
9% C17H15NO2 265.31 243.6 solid 74 0.81
9q C17H15NO 233.31 202.34 solid 76 0.79
or C15H11INO 221.25 266.48 solid 81 0.66
9s C17H11INS 261.34 308.73 solid 83 0.68
ot C15H11IN 205.25 154.76 solid 85 0.71
& (N-Hexane/Ethyl acetate, 2:3), (HF-254)- silica
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2.3. Characterization of newly synthesized derivatives

All the compounds were obtained as solids with sharp melting points. The progress of each reaction
was monitored by TLC and the structural characterization was done by Fourier transform infrared
(FTIR), 1 H NMR, 13C NMR and UV spectral data. FTIR spectra showed prominent peaks for
C=C stretching at 1620-1680 cm™!, C-C stretching at 1450-1550 cm—1 confirming the formation of
the desired compounds. Other important peaks included Ar-H stretching at 3020-3100 cm™!, C—X
stretching’s in the range of 718-810 cm™!, C=0 stretching at 1680— 1750 cm ™!, O-H and stretching
at 3300— 3600 cm ™! peaks at higher frequencies in all compounds. In the 1 H NMR spectra of the
synthesized compounds, all the protons resonated in their respective regions. The characteristic
singlet peak of the linker CH3 was observed in the region 1.3—2.0 ppm, while aromatic protons of
aromatic moiety resonated as multiples at 7.25—7.87 ppm.

In the case of the N-containing heterocyclic compound 9a, one singlet peak for 3 protons at 2.2-
2.8ppm were observed, while aromatic protons appeared in the expected region. In the case of 9b,
aromatic ring protons resonated at 7.2-8.9 ppm. Similarly, for the 9c compounds, a doublet peak for
methyl protons was observed at 1.2-1.8ppm downfield and aromatic ring protons resonated at 7.2-
8.9 ppm. For the 9h compounds, aromatic protons of aromatic moiety resonated at 7.25—8.9 ppm.
For the 9g compounds, one singlet peak for 6 protons at 1.2-1.8ppm were observed and aromatic
protons of aromatic moiety resonated at 7.25—8.9 ppm.*C NMR was also performed, which further
confirmed the synthesis of the target compounds 9(a—t). The characteristic peak of the methyl
moiety was noticed at 25—45 ppm in all methyl containing compounds. In addition, some
characteristic peaks were observed in the aromatic range of 121 ppm to 166 ppm, while carbonyl
carbon resonated downfield at 166— 180 ppm in C=0O containing compounds.

2.4. Molecular Docking Analysis

Employing molecular docking, the existing affinity between ligands and protein targets was
evaluated. AutoDock Vina [38] program was used for the docking analysis through PyRx [39] user
interface. E-value (kcal/mol) was used to assess the affinity of protein and best docked pose
complex. It provided prediction of binding free energy and binding constant for docked ligands.
Binding affinities of ligands for COX-2 (PDB ID: 5KIR) and TNF-a (PDB ID: 2AZ5 can be seen in
table 3.

For the investigation of the interactions based on binding of synthesised products in the protein
active site, the synthesised compounds were docked to COX-2 binding site (PDB ID: 5KIR) and
TNF-a binding site (PDB ID: 2AZ5). COX-2 and TNF-a are chosen for molecular docking studies
because of their important roles in inflammation and the immune system, making them relevant
targets for the creation of new treatments. Understanding these interactions can provide insights into
the origins of sickness and aid in the development of therapeutic strategies. Furthermore, accurate
ligand binding prediction is possible by virtue of the availability of their structural data. The
standard was Celecoxib. The binding affinities of the produced compounds were evaluated and
compared to Celecoxib, a common ligand.

The active site affinities of all the compounds are moderate to good. For COX-2 protein (PDB ID:
5-KIR), among all newly synthesized compounds, compound 9a, 9b and 9c exhibited the highest
binding affinity of -8.7 each whereas 9l and 9q have exhibited binding affinity of -8.3, and -7,4
respectively. These compounds have shown significant Vander Waal, conventional hydrogen bond,
Pi Pi T-shaped, Pi-Alkyl and Amide Pi stacked type interactions. The binding affinity of the
reference standard celecoxib was -9.3. For TNF-a binding site (PDB ID: 2AZ5), among all newly
synthesized compounds, compound 9b, 9c. 9h, 9p and 9q exhibited the highest binding affinity of -
8.8,-9.4,-9.1, -8.2, and -8.5 respectively.

These compounds have shown significant Vander Waal, conventional hydrogen bond, carbo
hydrogen bond, Pi Pi T-shaped, Pi-Alkyl and Amide Pi stacked type interactions. The binding
affinity of the reference standard celecoxib was -7.8. Figure 2 to 6 depicts the binding interactions
of protein 9a.9b.9¢.9i, and 9q with the amino acid residues of COX-2's binding site in 2D (A) and
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3D (B) images (PDB ID: 5KIR) respectively. Figure 7 to 11 depicts binding interactions of
9b,9¢,9h,9p, and 9q with the TNF-a binding site's amino acid residues in 2D(A) and 3D(B) space

(PDB ID: 2AZ5) respectively.

Table 3. Binding affinities of ligands for COX-2 (PDB ID: 5KIR) and TNF-o (PDB ID: 2AZ5)

Compound COX-2 (PDB ID: 5KIR) TNF-a (PDB ID: 2AZ5)
%9a -8.7 1.7
9b -8.7 -8.8
9c -8.7 -9.4
9d -8.1 -6.8
%e -7.5 -7.5
of -7.5 -8.0
99 -8.0 -6.7
9h 7.4 -9.1
9i -7.5 7.7
9j -7.4 -7.4
9k -7.4 -8.1
9l -8.3 -6.7
9m -7.3 -6.6
9n -6.9 1.7
90 -8.2 -7.1
9 -6.9 -8.2
9q -7.4 -8.5
or -8.4 5.5
9s 1.7 -7.3
ot -7.9 -7.8
Control (Celecoxib) -9.3 -7.8

A

Y i
EU GLN
b gy 58 .y
l\:§82

2

R1%
: &
g ©» ¢

B eshaged

Figure 2. The binding interactions of protein 9a with the amino acid residues of COX-2's binding
site are presented in 2D (A) and 3D (B) images (PDB ID: 5KIR).
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Figure 3. The binding interactions of protein 9b with the amino acid residues of COX-2's binding
site are presented in 2D (A) and 3D (B) images (PDB ID: 5KIR).

Figure 4. The binding interactions of protein 9c with the amino acid residues of COX-2's binding
site are presented in 2D (A) and 3D (B) images (PDB ID: 5KIR).
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The binding interactions of protein 9l with the amino acid residues of COX-2's binding
site are presented in 2D (A) and 3D (B) images (PDB ID: 5KIR).

Figure 5
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Figure 6T The binding interactions of protein 9g with the amino acid residues of COX-2's binding
site are presented in 2D (A) and 3D (B) images (PDB ID: 5KIR).
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Figure 8. Presentation of the binding interactions of 9c with the TNF- binding site's amino acid
residues in 2D(A) and 3D(B) space (PDB ID: 2AZ5).
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Figure 9. Presentation of the binding interactions of 9h with the TNF- binding site's amino acid
residues in 2D(A) and 3D(B) space (PDB ID: 2AZ5).
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Figure 10. Presentation of the binding interactions of 9p with the TNF- binding site's amino acid
residues in 2D(A) and 3D(B) space (PDB ID: 2AZ5).
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Figure 1'1. Presentation of the binding interactions of 9q with the TNF- binding site's amino acid
residues in 2D(A) and 3D(B) space (PDB ID: 2AZ5).

Vol.31 No.3 (2024): JPTCP (886-907) Page | 896


https://jptcp.com/index.php/jptcp/issue/view/79

Synthesis, Characterization, And Biological Evaluation Of 3-Bromo Isoquinoline Derivatives: Potential Lead Molecules
For Analgesic And Anti-Inflammatory Agents

2.5. Structural analysis of target proteins

COX-2 (PDB ID: 5KIR) has 1102 amino acids, 41% helices, 9% sheets, 98% positive phi and psi
surface identity, and an R-value of 0.220. TNF-a (PDB ID: 2AZ5) has 542 amino acids, 66% paper,
98% phi and psi surface positivity, and an R-value of 0.220. According to the Ramachandran plot,
98.00% of the amino acids for both target proteins fall within the acceptable phi () and psi () angle
limitations, as seen in Figure 14. This demonstrates that the amino acid conformation is quite good
and structurally sound in both COX-2 and TNF-a. The Ramachandran plot shows that 98% of the
phi () and psi () angles are within the range predicted for stable protein structures, demonstrating
good overall stability and protein folding.

2.6. Anti-Inflammatory activity

The activity of the tested compounds (9a, 9b, 9c, 9h, 9q), as well as reference standard, were
measured via carrageenan-induced inflammation in albino rats. Rats (n = 6) were given an intra-
plantar injection of carrageenan (1%) and then the thickness of the paw was measured via
plethysmometer after 3 hr. Carrageenan induced inflammation resulted in increased mean paw
thickness in the negative control group. Among all compounds tested, 9b and 9q showed significant
anti-inflammatory activity and reduced the mean paw thickness 3 hr. post carrageenan injection.
Other compounds showed mild anti-inflammatory activity. These results, therefore, indicate that
these newly synthesized nitrogen derivatives produce strong anti-inflammatory effects. Figure 12
depicts the results obtained.
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Figure 12. Effects of synthesized compounds on carrageenan-induced inflammation. The data was
expressed as the mean + SEM, (n=6 / group). “p < 0.05, “p < 0.01, “p < 0.001 relative to negative
control group, while #p < 0.05, is relative to saline control. Data is analyzed by one-way ANOVA
followed by Turkey’s multiple comparison test using GraphPad Prism (9.5.1) software.

2.7. Analgesic activity

The analgesic activity of the selected synthesized compounds (9a, 9b, 9c, 9h, 9g) was assessed by
the hot plate method. According to the structure—activity relationship (SAR) studies, phenolic
compounds have increased the analgesic activity, so most of the compounds exhibited analgesic
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activity when compared with standard drug celecoxib. The analgesic activity of the compounds
increased with time. 1 hr. after carrageenan injection, compound 9b and 9q significantly increased
the latency time to heat stimuli and showed potent analgesic activity (Figure 13). The pretreatment
with synthesized derivatives produced analgesic effects in the carrageenan-induced inflammatory
pain model as indicated by the increase in latency time on hot plate.
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Figure 13. Effects of synthesized compounds on carrageenan-induced thermal hyperalgesia. The
data was expressed as the mean + SEM, (n=6 / group). “p < 0.05, “p < 0.01, *"p < 0.001 relative to
negative control group, while *p < 0.05, is relative to saline control. Data is analyzed by one-way
ANOVA followed by Turkey’s multiple comparison test using GraphPad Prism (9.5.1) software.

Table 4. Animal body weight, water intake and food intake in treated and control animal groups.

Day Group-A Group-B Group-C Group-D
(Control) (9a) (9¢c) (9h)

Animal Body Weight[40] (Mean + SD)

Day 0 (Pre-Treated) 0.193+0.017 0.139+0.017 0.172+0.019 0.177+0.016

Day 1 0.197+0.017 0.142+0.017 0.174+0.018 0.17940.019

Day 3 0.203+0.017 0.145+0.012 0.176+0.011 0.184+0.016

Day 5 0.209+0.018 0.145+0.015 0.178+0.015 0.187+0.015

Animal Water Intake (ml/animal/day) (Mean + SD)

Day 1 30+0.01 35+0.015 35+0.012 30+0.01

Day 3 30+0.016 25+0.018 30+0.015 35+0.02

Day 5 31.5+0.019 35+0.011 32.5+0.010 36.5+0.017

Animal Food Intake (Kg/animal/day) (Mean + SD)

Day 1 0.036+0.012 0.0125+0.011 0.0135+0.018  0.016+0.018

Day 3 0.050+0.10 0.0405+0.015 0.0105+0.014  0.024+0.020

Day 5 0.0295+0.016 0.0055+0.013 0.025+0.015 0.00375+0.021
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Table 5: Animal Behavioral and mortality in treated and control animal groups.

. . Group-A Group-B Group-C Group-D
Animal observation (Control) (9a) (9¢) (9h)
Touch response + + + +
Corneal reflex + + + +
Alertness + + + +

Mortality

Signs of illness
Dermal toxicity
Ocular toxicity
Eye Irritation
Lacrimation
Hyperactivity

2.8. Acute oral Toxicity studies

Table 4, and Table 5 represent the effects of synthesized compounds on body weight, food body
temperature, and water utilization, behavior pattern and toxicity associated symptoms in control
group and treated groups. Treated animals displayed normal behavior pattern like control group.
Animal feces were free of mucus or blood. The eating behavior of animals of control and treatment
group was also normal. No mortality is seen in the treated groups. All rats were sensitive to
stimulation, sound, and light. They had no salivation, no lacrimation, or running nose, dryness of
mouth or edema.

3. Experimental Section

3.1. General Details

We used Analytical grade chemicals in the present work. All the chemicals and reagents were taken
from renowned commercial sources (Merk®, Acros® and Alrich®). During experimental work
chemicals were used without additional distillation and kept under nitrogen in airtight Schlenk
tubes. During synthesis the solvents used were Ethyl acetate, methanol, n hexane, Chloroform,
Dichloromethane, Acetone and Toluene. Moreover, all the solvents used were purified, saturated
with nitrogen, and degassed before use.

We used Merck DC finished foils (silica gel 60 F2s4 on aluminum) for thin layer chromatography
(TLC), whereas for detection UV light with 254nm was used. Compact walled glass column over
Merck silica gel 60 (0.063-0.200mm, 70-230 mesh) was used for column chromatography with
ethyl acetate/n hexane mixture was used as eluting solvent both in TLC and column
chromatography. Melting point of Compounds were taken in ° C using melting point Gallenkamp
capillary device and were noted on a digital melting point device, Stuart, SMP 10 (England).
Bruker-Advance 300 MHz spectrometer operating at Proton NMR 300 MHz with tetramethy! silane
TMS as the internal standard was used to note NMR spectra. Tetramethylsilane was selected as
reference with zero (0) ppm chemical shift value for measuring chemical shifts values of test
compounds in ppm (3-scale). Characterization of the signal fragmentations: s= singlet, d= doublet, t-
triplet, m= multiplet dd- doublet of doublet, g- quartet and coupling constant (J- values) were
mentioned in Hertz (Hz).

We used Thermo Scientific (NICOLET 1S10) spectrophotometer for FTIR analysis (potassium
bromide; KBr), (vmax in cm™!) along with an ANALYST 2000CHNS analyzer (Perkin Elmer) for
analysis of the elements present. The physical data of the synthesized compounds is given in Table
2.

3.2. General Synthesis Procedure for arylated heterocyclic compounds

We chose Suzuki Miyaura coupling for our synthesis procedure keeping in mind its moderate
reaction conditions, ease of synthesis and overall stability of the boronic acid derivatives, as well as
the low toxicity of the resulting boron compounds and byproducts [41].
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As illustrated in Scheme 1, 3-bromo isoquioline (starting material) was treated with boronic acid for
the synthesis of C—C coupling products via well-established Suzuki Miyaura coupling reaction(s)
with slight modification. In the presence of base and catalyst the reaction temperature was kept
within range (85-95 °C) for 8-9 hours. We monitored the reaction progress by TLC (Merck silica
gel 60 F254) and after completion newly synthesized compounds were purified by using column
chromatography. The suggested mechanism for the chemical reaction is presented in Scheme 2,
with three main steps, i.e., oxidative addition, transmetallation and reductive elimination. The same
reaction can also be carried out for synthesis of other cross-coupling reaction products by using
different Boronic acids using same starting material [42].

3.2.1. 1-(4-(isoquinolin-3-yl) phenyl) ethanone (9a). Yellow crystalline solid, M.P. 239.75 °C;
yield (78%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3029 (Ar-H), 2867(CH2-
stretching), 1680(C=0 stretching), 1596 C=C coupled bond stretching, 1509 (C-C coupled bond
stretching), 1213(C-N coupled bond stretching). 'H NMR: § 8.8 7.8 7.6 7.5 7.4 7.1 2.6.
13CNMR (CDCls, 100MHz) & = 180 (C=0), 152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H),
128(C-H), 127(C-H), 126(C-H), 125(C-H), 21(0=C-CH3), 19 (CH3). UV visible 312 nm

3.2.2.  3-(2,4-bis(trifluoromethyl)phenyl) isoquinoline (9b): White crystalline solid, M.P. 210.52
°C; yield (71%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™"): 3047(Ar-H), 1604 C=C
coupled bond stretching, 1508 (C-C coupled bond stretching), 1214(C-N coupled bond stretching.
'HNMR: §89,8.7,84 80 76 75 74 7.1 26 2.4. CNMR (CDCls 100MHz) & = 152
(C-H), 150 (C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H),
21(C-H), 19 (C-H). UV visible 275nm

3.2.3.  3-(4-fluoro-3-methylphenyl) isoquinoline (9c): Grey crystalline solid, M.P. 191.66 °C;
yield (81%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™'): 3021(Ar-H), 2853 (CH2-
stretching), 1604 C=C coupled bond stretching, 1504 (C-C coupled bond stretching), 1216(C-N
coupled bond stretching. 'H NMR: § 8.9,8.7 8.0 7.6 7.5 74 7.1 2.6 2.4.3CNMR (CDCls,
100MHz) 6 = 152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-
H), 125(C-H), 21(C-H), 19 (C-H). UV visible 318nm

3.2.4.  3-(4-(methylthio) phenyl) isoquinoline 9d: White crystalline solid, M.P. 212.95°C; vyield
(77%), Methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3025(Ar-H), 2840(CH2-
stretching), 1597 C=C coupled bond stretching, 1504 (C-C coupled bond stretching), 1208(C-N
coupled bond stretching *H NMR: & 8.9(s, 1H), 8.1(s, 1H), 7.9(d, 1H, j= 7.4), 7.6(d, 2H, j= 7.4),
7.5(d, 2H, j= 7.4), 7.4(t, 2H, j= 7.4), 2.5 (s, 3H) . 3 CNMR (CDCls, 100MHz) & =152(C-H), 150(C-
H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H), 14(C-H). UV
visible 382.2nm

3.25.  3-(2,3-dichlorophenyl) isoquinoline 9e: White crystalline solid, M.P. 239.64°C; yield
(75%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3020(Ar-H), 2832(CHz-
stretching), 1604 C=C coupled bond stretching, 1509 (C-C coupled bond stretching), 1215(C-N
coupled bond stretching. 'HNMR: 5§89 8.1 7.6 7.5 7.4 7.1. BCNMR (CDCls; 100MHz) &
=152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H).
UV visible 290.2nm

3.2.6. 3-(4-phenoxyphenyl) isoquinoline 9f: White crystalline solid, M.P. 283.55°C; vyield
(67%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3015(Ar-H), 2845(CH2-
stretching), 1610 C=C coupled bond stretching, 1511 (C-C coupled bond stretching), 1221(C-N
coupled bond stretching'H NMR: 689 8.1 7.6 7.5 7.4 7.1.3CNMR (CDCls, 100MHz) &
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=152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H),
36(C-H). UV visible 312.7nm

3.2.7.  3-(5chorothiophen-2-yl) isoquinoline 9g: White crystalline solid, M.P. 260.87 °C; yield
(69%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3015(Ar-H), 2848(CH2-
stretching), 1598 C=C coupled bond stretching, 1501 (C-C coupled bond stretching), 1201(C-N
coupled bond stretching. ‘HNMR: 5§89 8.1 7.6 7.5 7.4 7.1. BCNMR (CDCls; 100MHz) &
=152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H).
UV visible 387.6nm

3.2.8.  3-(4-(trifluoromethoxy) phenyl) isoquinoline 9h: White crystalline solid, M.P. 204.97 °C;
yield (69%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™'): 3038 (Ar-H), 1605 C=C
coupled bond stretching, 1498 (C-C coupled bond stretching), 1218(C-N coupled bond stretching).
1125(R-OC coupled bond stretching. *H NMR: 689 8.0 7.6 7.5 7.4 7.1. BCNMR (CDCls,
100MHz) & =152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-
H), 125(C-H), 21(C-H), 19 (C-H). UV visible 256 nm

3.2.9. 3-(3,5-difluorophenyl) isoquinoline 9i: White crystalline solid, M.P. 260.89°C; vyield
(83%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3010 (Ar-H), 2825(CH2-
stretching), 1595 C=C coupled bond stretching, 1512 (C-C coupled bond stretching), 1221(C-N
coupled bond stretching). 'TH NMR: § 8.9 8.1 7.6 7.5 7.4 7.1.3CNMR (CDCIls 100MHz) &
=152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H).
UV visible 275.7nm

3.2.10. 3-(2,4-difluorophenyl) isoquinoline 9j: White crystalline solid, M.P. 180.98°C; vyield
(82%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3012(Ar-H), 2835(CH2-
stretching), 1598 C=C coupled bond stretching, 1511 (C-C coupled bond stretching), 1221(C-N
coupled bond stretching)..'H NMR: §8.9 8.1 7.6 7.5 7.4 7.1.CNMR (CDCls; 100MHz) §
=152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H).
UV visible 272.2nm

3.2.11. 3-(2,5-difluorophenyl) isoquinoline 9k: White crystalline solid, M.P. 261.18°C; yield
(81%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3001(Ar-H), 2855(CH2-
stretching), 1599 C=C coupled bond stretching, 1511 (C-C coupled bond stretching), 1221(C-N
coupled bond stretching). 'H NMR: 689 8.1 7.6 7.5 7.4 7.1.3CNMR (CDCls 100MHz) &
=152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H).
UV visible 276.3nm

3.2.12. 3-(4-vinylphenyl) isoquinoline 9l: White crystalline solid, M.P. 188.06°C; yield (76%),
methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™!): 3011(Ar-H), 2835(CH2- stretching), 1596
C=C coupled bond stretching, 1502 (C-C coupled bond stretching), 1230(C-N coupled bond
stretching). 'H NMR: § 89 8.1 7.6 7.5 74 7.1 21 19.3CNMR (CDCl; 100MHz) §
=152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H),
36(C-H),32 (C-H). UV visible 232.1nm

3.2.13. 3-(furan-2-yl) isoquinoline 9m: White crystalline solid, M.P. 161.45°C; vyield (71%),
methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3013(Ar-H), 2855(CH2- stretching), 1599
C=C coupled bond stretching, 1514 (C-C coupled bond stretching), 1208(C-N coupled bond
stretching). 'TH NMR: § 89 8.1 7.6 7.5 7.4 7.1 BCNMR (CDCls, 100MHz) & =152(C-H),
150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H), 34(C-H).
UV visible 332.7nm

Vol.31 No.3 (2024): JPTCP (886-907) Page | 901


https://jptcp.com/index.php/jptcp/issue/view/79

Synthesis, Characterization, And Biological Evaluation Of 3-Bromo Isoquinoline Derivatives: Potential Lead Molecules
For Analgesic And Anti-Inflammatory Agents

3.2.14. 3-(3,4-dimethoxyphenyl) isoquinoline 9n: White crystalline solid, M.P. 246.8°C; yield
(68%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3025(Ar-H), 2835(CH2-
stretching), 1605 C=C coupled bond stretching, 1513 (C-C coupled bond stretching), 1211(C-N
coupled bond stretching). H NMR: § 89 81 7.6 7.5 74 7.1, 3.4. ®CNMR (CDCls,
100MHz) & =152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-
H), 125(C-H),36(C-H). UV visible 280.2nm

3.2.15. 3-(5bromo-2-methoxyphenyl) isoquinoline 90: White crystalline solid, M.P. 273.1°C;
yield (68%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3013(Ar-H), 2835(CH2-
stretching), 1599 C=C coupled bond stretching, 1515 (C-C coupled bond stretching), 1201(C-N
coupled bond stretching). H NMR: § 89 81 7.6 7.5 74 7.1 3.4.CNMR (CDCls
100MHz) 6 =152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-
H), 125(C-H), 34(C-H). UV visible 275.3nm

3.2.16. 3-(2,5-dimethoxyphenyl) isoquinoline 9p: White crystalline solid, M.P. 243.6°C; vyield
(74%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3016(Ar-H), 2845(CH2-
stretching), 1594 C=C coupled bond stretching, 1521 (C-C coupled bond stretching), 1209(C-N
coupled bond stretching). 'TH NMR: § 89 8.1 7.6 75 74 7.1 2.6 24.CNMR (CDCls,
100MHz) & =152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-
H), 125(C-H), 34(C-H). UV visible 269.7nm

3.2.17. 3-(2,5-dimethylphenyl) isoquinoline 9q: White crystalline solid, M.P. 202.34 °C; yield
(76%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3010(Ar-H), 2825(CH2-
stretching), 1595 C=C coupled bond stretching, 1512 (C-C coupled bond stretching), 1221(C-N
coupled bond stretching). 'TH NMR: 689 8.1 7.6 7.5 74 7.1 26 24.CNMR (CDCls
100MHz) & =152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-
H), 125(C-H), 21(C-H), 19 (C-H). UV visible 275.7nm

3.2.18. 4-(isoquinolin-3-yl) phenol 9r: White crystalline solid, M.P. 266.48°C; yield (81%),
methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3012(Ar-H), 2836(CH2- stretching), 1594
C=C coupled bond stretching, 1511 (C-C coupled bond stretching), 1201(C-N coupled bond
stretching). 'HNMR: 689 8.1 7.6 7.5 7.4 7.1 3.2.3CNMR (CDCls 100MHz) & =152(C-
H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H), 34(C-
H). UV visible 380.7nm

3.2.19. 3-(benzothiophen-2-yl) isoquinoline 9s: White crystalline solid, M.P. 308.73°C; vyield
(83%), methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™): 3012(Ar-H), 2835(CH2-
stretching), 1593 C=C coupled bond stretching, 1511 (C-C coupled bond stretching), 1211(C-N
coupled bond stretching). 'HNMR: 89 8.1 7.6 7.5 7.4 7.1. ®*CNMR (CDCls 100MHz) &
=152(C-H), 150(C-H), 136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H),
34(C-H). UV visible 335nm

3.2.20. 3-phenylisoquinoline 9t: White crystalline solid, m.p 154.76°C; vyield (85%),
methanol/ethyl acetate /n-hexane (1:2:3). IR (KBr, cm™!): 3010(Ar-H), 2835(CH2- stretching), 1598
C=C coupled bond stretching, 1510 (C-C coupled bond stretching), 1221(C-N coupled bond
stretching). *H NMR: § 8.9 8.1 7.6 7.5 7.4 7.1. 3CNMR (CDCls 100MHz) § =152(C-H), 150 (C-
H),136(C-H), 131(C-H), 130(C-H), 128(C-H), 127(C-H), 126(C-H), 125(C-H). UV visible 320.7nm
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3.3. Molecular docking analysis of the Synthesized Compounds 9(a—t)

3.3.1.Retrieval of COX-2 and TNF-a structure from Protein Data Bank

Protein Data Bank (PDB) (www.rcsb.org) was used to access the three-dimensional (3D) structures
of COX-2 and TNF- from Homo sapiens using the PDB IDs 5KIR and 2AZ5 respectively.
Autodock Tools programme was used to prepare the target proteins for docking analysis. Moreover,
proteins were reduced in energy, given Gasteiger charges and eventually saved in pdbqt format.
Discovery Studio 4.1 Client (2012) produced hydrophobicity and Ramachandran graphs. VADAR
was used to access the protein architecture and statistical percentage values of helices, -sheets, coils,
and turns1.8 [43].

3.2.2. Ligands-molecular docking

Discovery Studio Client was used to minimize the energy of the compounds and saved as ligand.
The ligands were prepared utilising Autodock Tools in their most stable conformation after the
addition of the Kolman and Gasteiger charges and kept in pdbgt format. The PyRx28 virtual
screening tool run a molecular docking experiment for all the generated ligands against COX-2 and
TNF-.with Auto Dock VINA Wizard approach [38] Grid box sizes (X = 86, Y = 126, Z = 126) and
centre values (centre X = 48,321 centre Y = 19,448 centre Z = 33,145) for COX-2 were changed.
For a better conformational position in the active region of the target protein, the grid box centre
values for TNF- (centre X = -20.377, centre Y = 80.921, and centre Z = 50.33) and size values (X =
126, Y =90, and Z = 124) were adjusted. Against COX-2 and TNF, ligands were docked separately
with a default exhaustiveness value of 25. The lowest binding energy values (kcal/mol) were used
to rank the predicted docked complexes. Discovery Studio (2.1.0) (Discovery Studio Visualizer
Software, Version 4.0., 2012) produced the 3D graphical representations of all the docked
complexes.

3.2.3.Structural analysis of target proteins

COX-2 (PDB ID: 5KIR) contained a total of 1102 amino acid residues and was made up of 41%
helices (459 residues), 9% -sheets (102 residues), 49% coils (539 residues), 13% turns (144
residues), and 49% coils. The resolution was 2.70 and the R-value for the assigned protein appeared
to be 0.220. The lengths were observed to have unit cell dimensions of a=126.989, b=149.422 and
c=185.055 with 90° angle. The Ramachandran plot demonstrated that 98.00% of the amino acids
dropped within the range of accepted phi () and psi () angle ranges.

TNF-o (PDB ID: 2AZS5) had a total of 542 amino acid residues and was composed of up to 0%
helices, 66% -sheets (358 residues), 33% coils (184 residues), 4% turns (24 residues), and 33%
coils. The resolution was 2.10, and the R-value for the specified protein appeared to be 0.220. The
lengths were observed to have unit cell dimensions of a=165.254, b=165.254, and ¢=63.728 with
90°, 120°, and 180° angles, respectively. 98% of the amino acids were in the permitted regions for
the phi () and psi () angles, according to the Ramachandran plot. Figure 14 illustrates the
Ramachandran plots for the target proteins.

W

Ir: ol = A 5;# . ( 344

Figure 14. Ramachandran“plots for target proteins, (A) COX-2 (PDB ID: 5KIR) and (B) TNF-a
(PDB ID: 2AZ5).
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3.4. Invivo pharmacological studies of synthesized compounds

3.4.1. Induction of inflammatory pain and drug administration

An experimental study was conducted on rats to induce acute inflammatory pain in the right hind
paw by injecting 100 pL of 1% carrageenan, after administering an intraperitoneal (IP) dose of
drugs 30 minutes prior and compared with normal control group. Normal control group received
normal saline injection into the paw whereas group of test animals received IP injections of 9a, 9b,
9c, 9h, and 9q (at a dose of 10 mg/kg), half an hour before the carrageenan injection. A negative
control group received only an equal volume of vehicles (3% DMSO and 1.5% Tween-80), while
the positive control group received celecoxib half an hour before the carrageenan injection.

3.4.2. Thermal hyperalgesia

To assess thermal hyperalgesia, a hot plate assay was conducted. Each animal was placed in a
plexiglass chamber and positioned on a hot plate at 55 °C. The paw withdrawal latency was
recorded using a stopwatch and all positive responses such as licking, flicking, or jumping were
noted. A maximum cut-off time of 30 seconds was used to avoid tissue damage.

3.4.3. Anti-inflammatory activity

The anti-inflammatory activity of newly synthesized compounds were evaluated through the
carrageenan-induced paw edema assay in rats, using celecoxib as a positive control.[44]
Compounds 9a, 9b, 9c, 9h, and 9q were dissolved in 3% DMSO and 1.5% Tween-80. The rats were
divided into groups (n=6) with a received dose of 10 mg/kg of the test compounds or 20 mg/kg of
diclofenac. The control group received IP injection of 3% DMSO and 1.5% Tween-80 (5ml/kg).
After 30 minutes of drug administration, edema was induced in the right hind paw of the rats by
administering 100 pL of carrageenan. The paw edema was measured using a plethysmometer
before and 3 hours after carrageenan administration.

3.4.4. Acute toxicity study

For toxicity study 12 healthy adult albino rats of winstar strain (with weight approximately ranging
from 250 g + 10) were obtained from the Animal house of the Faculty of Pharmacy at Capital
University of Science and Technology (Fop-CUST), Islamabad. The rats were divided into four
groups (n=3), with Group A serving as the control group. The other three groups, Group B, Group
C and Group D were administered synthesized compounds 9a, 9¢ and 9h, respectively. In a
preliminary experiment, no lethal dose or median lethal dose (LD50) was observed. Therefore, the
maximum tolerance dose (MTD) was used to estimate the acute oral toxicity of the synthesized
compounds. The rats were housed in a temperature-controlled room (25 + 2 °C), with a relative
humidity of 65 £ 5% and a 12-hour light/dark cycle. They were provided with a balanced diet and
water. The control group received 1 ml/100 gm body weight of 0.9% saline orally, while the
treatment groups were given a total dose of 100 mg/kg body weight of synthesized compounds. The
animals were monitored for any changes in their behavior pattern. After 14 days, the rats were
sacrificed by cervical dislocation, and blood samples were collected for hematology and
biochemical blood analysis. Vital organs, including the heart, liver, spleen, kidney, stomach, and
lung, were removed, washed, sliced, and stained with haematoxylin-eosin for histopathological
examination. The study was approved by Research Ethics Committee (REC), FoP-CUST
(REC/02/12/22).
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