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ABSTRACT: Sixteen novel 2-aminobenzothiazole compounds with different amines or
substituted piperazine moieties were designed, synthesized, and tested using various
methods. Potential interactions were assessed by docking new compounds in the
adenosine triphosphate (ATP) binding domain of the PI3Kγ enzyme (PDB code:
7JWE) by nucleophilic substitution or solvent-free/neat fusion for docked compound
synthesis. Final 2-aminobenzothiazole compounds were characterized by direct probe
gas chromatography-mass spectrometry (GC-MS), proton (1H-NMR), carbon-13 (13C-
NMR), and attenuated total reflectance-infrared Fourier transform infrared (ATR FT-
IR). The synthesized compounds were investigated for anticancer activities on lung
cancer (A549) and breast cancer (MCF-7) cell lines. The compounds’ PI3Kγ inhibition
was evaluated at a 100 μM concentration. 4-Nitroaniline and piperazine-4-nitroaniline
combination in OMS5 and OMS14 reduced lung and breast cancer cell line growth. IC50
values for OMS5 and OMS14, the strongest compounds, ranged from 22.13 to 61.03
μM. OMS1 and OMS2 inhibited PI3Kγ at the highest rates (47 and 48%, respectively) at a 100 μM concentration. Results show that
the PI3Kγ enzyme suppression is not the main mechanism behind these OMS5 and OMS14 anticancer effects. CDK2, Akt, mTOR,
and p42/44 MAPK are affected. EGF receptor suppression matters. AKT1, AKT3, CDK1/cyclin B, PDK1 direct, PIK3CA E542 K/
PIK3R1 (p110 α/p85 α), PIK3CD/PIK3R1 (p110 δ/p85 α), and PKN inhibition were measured to evaluate the possible
mechanism of compound OMS14. PIK3CD/PIK3R1 (p110 δ/p85 α) is the most, with 65% inhibition, suggesting a possible
mechanism of anticancer properties. Furthermore, the NCI 60-cell line inhibition demonstrates promising broad anticancer
inhibition against numerous cancer cell lines of OMS5 and OMS14, which could be good lead compounds for future development.

1. INTRODUCTION
Cancer is the second leading cause of death and is anticipated to
climb 70% in 20 years.1 Breast and lung cancers are two cancer
types of interest since men’s lung cancer ranks second after
prostate cancer, and women’s lung cancer follows breast cancer.2

Breast cancer is themost common cancer worldwide, making it a
global health issue. In 2020, 2.26 million cases were reported,
making it common. Breast cancer is the leading cause of cancer
mortality in women.3

The identification of cancer therapeutic targets is crucial;
many cancer drug trials seek novel chemicals.4 One target is the
PI3K/AKT/mTOR signaling system, which is crucial to cancer
formation; this system is a frequently disturbed signaling
pathway in cancer, making it a promising therapeutic target.5

There are various commercially marketed targeted inhibitors for
specialized uses: everolimus, sirolimus, temsirolimus, alpelisib,
duvelisib, copanlisib, idelalisib, and umbralisib. These are
mTOR or PI3K inhibitors, with the latter being a targeted
inhibitor. Cancer phase III trials have examined AKT inhibitors
such as capivasertib and ipatasertib.6−8 These targeted drugs
have shown promise in preclinical and clinical trials. Their
therapeutic use is hampered by medication resistance.9 As
cancer rates increase, more effective targeted drugs are needed.
Integrating chemotherapeutic therapies or selectively targeted

pharmacological drugs targeting the PI3K/AKT/mTOR signal-
ing pathway has also been demonstrated to inhibit malignant
tumor proliferation.10

In a complex cellular signaling network, phosphoinositol-3-
kinases (PI3Ks) governmetabolism, development, proliferation,
and survival. AKT and mTOR are also included in the
network.11 Many cancer hallmarks are present in this signaling
network’s oncogenic aberrations, including upstream over-
activation and genomic alterations.12 Initial clinical trials of
PI3K pan-isoform and dual PI3K/mTOR inhibitors for these
proteins were plagued by ineffectiveness and severe reactions.13

Research has mostly focused on the four isoforms of class I PI3K
signaling proteins: α, β, δ, and γ.
Research on mice with PI3Kγ gene mutations indicates its

significance in cell activation and migration in response to
specific chemokines. PI3Kγ signaling is significant in myeloid
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cells, downstream of GPCRs like chemokine receptors and RAS.
Also, these cells can activate PI3Kγ in response to tissue hypoxia.
Research on PI3Kγ deletion and kinase-dead knock-in mutants
has shown its importance in the immune-suppressive tumor
microenvironment, namely, in myeloid-derived cells. Myeloid
cells in tumors may help them relapse after radiation or
chemotherapy and spread to other regions of the body.
Preclinical studies demonstrate the importance of PI3Kγ in
myeloid cell biology. Research suggests that inhibiting PI3Kγ in
tumor-associated myeloid cells may effectively prevent tumor
growth in certain scenarios.14

Medicinal chemists search for molecules that can treat cancer
on several targets.15 Benzothiazoles, which have benzene and
thiazole rings, are utilized in numerous medicines worldwide.
Chemical compounds like benzothiazoles and their heterocyclic
derivatives have several biological impacts. Benzothiazole-
derived drugs’ wide range of medicinal qualities has inspired
medicinal chemists to develop new therapeutic molecules.
Anticancer, antibacterial, antidiabetic, anti-inflammatory, anti-
viral, antioxidant, antitubercular, antimalarial, antiasthmatic,
anthelmintic, photosensitizing, diuretic, analgesic, and other
properties have been reported in the benzothiazole ring
system.16

2-Amino benzothiazoles are highly reactive for organic
synthesis, including the construction of pharmacologically
active heterocycles, due to the facile functionalization of the
C2-NH2 group and the benzene ring inside the benzothiazole
ring.17

Many methods were developed to synthesize 2-amino-
benzothiazole (Figure 1) and its derivatives. 2-Aminobenzo-

thiazole is a key reactant or intermediary in the synthesis of fused
heterocycles. The NH2 and endocyclic N groups in 2-
aminobenzothiazole are well-positioned to react with electro-
philic reagents, forming a variety of fused heterocyclic
compounds.18

Cancer is treated using chemotherapeutic drugs to limit its
spread and tumor growth. The most serious side effects of
chemotherapy for cancer treatment�gastrointestinal issues,
infections, bleeding, and hair loss�are the biggest drawbacks.
Therefore, medicinal chemists are interested in developing novel
compounds that suppress cancer cells. A novel scaffold of 2-
aminobenzothiazole derivatives will be introduced in this study
to generate promising selective anticancer medicines. First,
aminobenzothiazole is coupled with monochloroacetyl chloride
at 0 °C using acetone to give (1-chloroacetyl)-2-amino-
benzothiazole, which is then condensed with a particular
amine to get the end product. Analgesic, anti-inflammatory,
fungicidal, antimicrobial, anticancer, antileishmanial, anthelmin-
tic, antirheumatic, central nervous system (CNS) antidepres-
sant, and other activities are found in the benzothiazole
scaffold.19−27 Many biological actions were observed in
aminobenzothiazole derivatives. One derivative has in vitro
anti-TB activity.28 Others have in vitro antibacterial activity.29

The researchers synthesized and screened a range of novel
benzothiazole compounds to determine their antiproliferative
properties.30 Some of them showed antiproliferative activity by
targeting many enzymes such as CDK2 enzyme,30 AKT and

PI3K,31 mTOR and PI3K,32 EGFR,33 caspases, Bcl-2, p42/44
MAPK, and AKT.34

According to other research, piperazine derivatives (piper-
azinobenzopyranones) suppress the breast cancer resistance
protein, which reduces anticancer drug efficacy.35 Nucleoside
analogs with a piperazine ring were tested for cytotoxicity on
cancer cell lines. The compounds with the highest efficacy were
next studied to determine their mechanism of action. By
blocking kinase proteins, these medicines caused senescent cell
death.36 The benzothiazole−piperazine backbone’s anticancer
properties have shown that arylsulfonamides and arylthiol
derivatives are cytotoxic to hepatocellular (HepG-2), prostate
(DU-145), breast (MCF-7), and CD4 + human acute T-
lymphoblastic leukemia (CCRF-CEM) cell lines.37

Novel benzothiazole−piperazine compounds were tested for
cytotoxicity using colon (HCT-116), breast (MCF-7), and liver
cancer cell lines.38 These studies show that many substituted
benzothiazole−piperazine compounds are active against cancer
cell types.38 The objective of the study is to design new
benzothiazole−piperazine compounds that have been success-
fully docked into the binding pocket of the PI3K enzyme; the
highest-scored compounds are selected for further synthesis,
purification, and instrumental validation, followed by in vitro
enzyme assay and cell line inhibition MTT assay, in addition to
submission of the best active compounds to the NCI 60-cell line
screening program (Figures S1 and S2 in the Supporting
Information).

2. MATERIALS AND METHODS
2.1. Materials. All reagents, catalysts, and chemicals utilized

in the study were of analytical quality and supplied by
commercial providers. The chemicals used in this study were
sourced from various suppliers. 2-Aminobenzothiazole (Sigma-
Aldrich, 99%), sulfapyridine (NENTECH, U.K., 99%),
sulfaguanidine (Tokyo Chemical Industry, Japan, 98%),
piperazine (Central Dreug House, India, 99%), benzylamine
(Loba Chemi, India, 99%), cyclohexylamine (Sigma-Aldrich,
99%), 3,4 dimethylaniline (GCC, U.K., 98%), 4-chloroaniline
(Sigma-Aldrich, 98%), 4-bromoaniline (Sigma-Aldrich, 90%), 4-
fluoroaniline (Sigma-Aldrich, 99%), 4-nitroaniline (Janssen,
Belgium, 98%), diethylamine (GCC, U.K., 98%), m-toluidine
(Sigma-Aldrich, 99%), morpholine (Tokyo Chemical Industry,
Japan, 99%), dimethylformamide (DMF) (Carlo Erba, France,
99.9%), acetone (Carlo Erba, France, 99%), triethylamine
(TEA) (TEDIA, 99%), ethanol (Carlo Erba, France, 98%), n-
hexane (Carlo Erba, France, 95%), sodium bicarbonate
(NaHCO3) (GCC, U.K., 99.5%), sodium hydroxide (NaOH)
(GCC, U.K., 99.5%), chloroform (Carlo Erba, France, 99.9%),
and dimethyl sulfoxide (DMSO) (Carlo Erba, France, 99%) and
monochloroacetyl chloride (α Chemika, India) were used.
2.2. Apparatus and Equipment. The study utilized

various apparatus and equipment, including the Hei-Tec heating
magnetic stirrer, manufactured by Heidolph in Germany, an
HR-100A analysis scale (A & D), a vacuum pump MZ 2C NT
model manufactured by Vacuubrand, a company based in
Germany, a type Z 326 benchtop centrifuge (Hermle
Labortechnik, Germany), a heating mantle, manufactured by
Electrothermal Engineering in the United Kingdom, a 3608
vacuum oven (Thermo Fisher), a WFH-203B UV analyzer
(China), an inverted microscope (OPTIKA, Italy), a CO2
incubator, a Luna-FLTM Fluorescence Cell Counter L20001
(Korea), precoated TLC sheets (ALUGRAM, Germany), a
GloMax Multi detection system (Promega), an AvanceCore

Figure 1. 2-Aminobenzothiazole scaffold.
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NMR spectrometer (Bruker, Germany), an Optronic Melting
Point Meter M3000 (KRÜSS, Germany), a PerkinElmer
spectrum two FT-IR spectrometer (PerkinElmer), and GC-
MS (PerkinElmer).
2.3. Experimental Part. 2-Aminobenzothiazole was reacted

with monochloroacetyl chloride in a round-bottom flask (1:1
equiv) with continuous stirring (RPM 300) under temperature
(0−25 °C) and adding triethylamine (TEA) as a catalyst
(overnight); on the second day, we get the final product by
mixing the reaction mixture with ice, allowed to melt, and the
mixture was filtrated to get the final product (P1) as a powder
(Figure 2).

According to Scheme 1, the chlorine atom of acetyl chloride
was nucleophilically substituted with various amines and
piperazine derivatives to create the final compounds (OMS1−
OMS16) (Figures 3−18 and Table S1). A KRÜSS Optronic
Melting Point Meter M3000 was used to measure the melting
points of the synthesized compounds, including the inter-
mediates. A PerkinElmer spectrum two FT-IR spectrometer
(Diamond ATR FT-IR) (4000−400 cm−1/4 cm−1 Spectral
Resolution) was used to record the FT-IR spectra (USA)
(Figures S3−S19). The final trisubstituted compounds’ 1H-
NMR and 13C-NMR spectra were captured at 300 and 75 MHz
using a Bruker spectrometer (Al-Albayt University-Jordan)
(Figures S37−S70). The chemical shift in 1H-NMR spectra was
reported in ppm, and TMS was utilized as a reference. As a
solvent, deuterated DMSO was employed. For 1H-NMR and
13C-NMR, the run times were 2 min and 24 h, respectively. The
evolution of the reactions was seen using precoated TLC sheets
ALUGRAMXtra SIL G/UV254 (Germany), with various ratios
of (n-hexane: acetone) mixture as the mobile phase (see the
Supporting Information). Liquid chromatography and tandem

mass spectrometry (LC-MS/MS) triple quad 8040 Shimadzu
(Japan) were used to confirm the identity and purity of the
compounds above 95% (Figures S20−S36).

2.3.1. Synthesis Procedure of Compounds OMS1−OMS13.
According to Scheme 2, compounds OMS1−OMS13 were
prepared by substitution of the chlorine atom in compound P1
with 13 different amines and piperazine derivatives (cyclohexyl-
amine, meta-toluidine, 4-fluoroaniline, 4-iodoaniline, 4-nitro-
aniline, sulfanilamide, sulfaguanidine, sulfapyridine, morpholine,
1-(4-nitrophenyl) piperazine, 2-(1-piperazinyl) phenol, and 1-
(2-pyridyl) piperazine).

2.3.1.1. Synthetic Procedure for Compound OMS1. To a
magnetically stirred solution of compound P1 and cyclohexyl-
amine (1:5 equiv) in 25 mL of dioxane, we increased the
temperature to 100 °C and RPM 300. Following 3 h, the
reaction mixture underwent a cooling process and subsequently
underwent a washing procedure utilizing petroleum ether. After
that, the crude product obtained after precipitation was
separated using suction filtration and subsequently subjected
to vacuum drying at a temperature of 30 °C for an extended
period. The products N-(1,3-benzothiazol -2-y l)-2-
(cyclohexylamino)acetamide was an off-white powder (yield
76.6%), M.P. 278−279 °C, FT-IR (ATR): 985, 1440, 1693,
2934, 3050, 3161 cm−1, 1H-NMR (300 MHz, DMSO) δ 10.54
(s, 1H, NH of N10), 4.15 (s, 1H, NH of N13), 3.46 (s, 2H, CH2
of C12), 7.20−7.90 (m, 4H, CH of C1, C2, C3, & C4), 1.11−
2.58 (m, 11H, CH2 of C16, C17, C18, C19, C20 and CH of
C15). 13C-NMR (75 MHz, DMSO) δ 172.72 (C11), 159.93

Figure 2. Compound P1.

Scheme 1. General Scheme of the Proposed Synthesis Reactions

Figure 3. Chemical structure of OMS1.
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(C8), 148.8 (C6), 119.9−131.71 (C1, C2, C3, C4, and C5),
49.78 (C12), 55.82 (C15), 24.24−40.26 (C16, C17, C18, C19,
and C20) ppm, GC-MS calculated 289.12 found MH+ = 289.10
(Figures 3, S3, S20, S37, and S38).

2.3.1.2. Synthetic Procedure for Compound OMS2. To a
magnetically stirred solution of compound P1 and meta-
toluidine (1:1 equiv) in 25 mL of DMF, we increased the
temperature to 100 °C and RPM 300. After 24 h, the reaction
mixture was carefully transferred onto a bed of ice and allowed to
undergo the process of melting. Subsequently, the crude product
obtained was separated using suction filtering and subjected to
vacuum drying at a temperature of 30 °C for a duration of 1
night. The products N-(1,3-benzothiazol-2-yl)-2-(3-
methylamino)acetamide was an off-white powder (yield 70.5%),
M.P. 233−234 °C, FT-IR (ATR): 1467, 1651, 2947, 3091, 3327
cm−1, 1H-NMR (300 MHz, DMSO) δ 10.193 (s, 1H, NH of
N10), 7.19−8.03 (s, 1H, NH of N14) & (m, 8H, CH of C1, C2,
C3, C4, C16, C17, C18, & C20), 5.40 (s, 2H, CH2 of C12), 2.50
(s, 3H, CH3 of C21). 13C-NMR (75 MHz, DMSO) δ 168.72
(C11), 160.09 (C8), 145.24 (C15), 139.46 (C6), 39.44 (C12),
21.70 (C21), 114.35−127.28 (C1, C2, C3, C4, C5, C16, C17,
C18, C19, & C20) ppm. GC-MS calculated 297.09 and found
MH+ = 297.08 (Figures 4, S4, S21, S39, and S40).

2.3.1.3. Synthetic Procedure for Compound OMS3.
Compound OMS3 was prepared by neat fusion. One equivalent
of P1 was subjected to a melting process within a crucible placed
on a hot plate, with a temperature set at 165 °C. A total of five
equivalents of p-fluoro-aniline were introduced into the molten
substituted P1 compound, followed by stirring the resulting
reaction mixture with a glass rod for 5−7 min at an identical

temperature. Subsequently, the reaction mixture was permitted
to cool to an ambient temperature. The mixture underwent
many washes with acetone to eliminate any remaining excess of
unreacted p-fluoro-aniline. The precipitated crude product was
filtered and dried at room temperature. The products N-(1,3-
benzothiazol-2-yl)-2-(4-f luoroanilino)acetamide was a dark green
powder (yield 80%), M.P. 220−221 °C, FT-IR (ATR): 1008,
1650, 2941, 3057, 3301 cm−1, 1H-NMR (300 MHz, DMSO) δ
10.00 (s, 1H, NH ofN10), 7.22−7.91 (s, 1H, NH ofN13) & (m,
8H, CH of C1, C2, C3, C4, C16, C17, C19, & C20), 3.81 (s, 2H,
CH2 of C12). 13C-NMR (75 MHz, DMSO) δ 168.76 (C11),
160.11 (C8), 145.30 (C15), 39.43 (C12), 139.18 (C6),
114.27−127.31 (C1, C2, C3, C4, C5, C16, C17, C18, C19, &
C20) ppm. GC-MS calculated 301.07 and found MH+ = 301.01
(Figures 5, S5, S22, S41, and S42).

2.3.1.4. Synthetic Procedure for Compound OMS4. A neat
fusion process synthesized compoundOMS4. One equivalent of
P1 was subjected to the process of melting within a crucible

Scheme 2. Synthetic Pathway of Compounds (OMS1−OMS13)

Figure 4. Chemical structure of OMS2.
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placed on a heated plate operating at a temperature of 165 °C.
Five equivalents of p-iodoaniline were introduced into the
molten substituted P1, and the resulting mixture was agitated
with a glass rod for 5−7 min at an identical temperature.
Subsequently, the reaction mixture was permitted to reach an
ambient temperature. The mixture underwent many washes
with acetone to eliminate any remaining surplus of unreacted p-
iodoaniline. The crude product obtained by precipitation was
subjected to filtration and subsequently dried at an ambient
temperature. The product N-(1,3-benzothiazol-2-yl)-2-(4-
iodoanilino)acetamide was a light yellow powder (yield 80%),
M.P. 200−201 °C, FT-IR (ATR): 1492, 1597, 2878, 3060 cm−1,
1H-NMR (300 MHz, DMSO) δ 11.21 (s, 1H, NH of N10),
6.87−8.29 (s, 1H, NH of N13) & (m, 8H, CH of C1, C2, C3,
C4, C16, C17, C19, & C20), 3.81 (s, 2H, CH2 of C12). 13C-
NMR (75 MHz, DMSO) δ 168.62 (C11), 160.07 (C8), 145.47
(C15), 138.45 (C6), 39.44 (C12), 114.25−127.31 (C1, C2, C3,
C4, C5, C16, C17, C18, C19, & C20) ppm. GC-MS calculated
408.97 and found MH+ = 409.00 (Figures 6, S6, S23, S43, and
S44).

2.3.1.5. Synthetic Procedure for Compound OMS5. A neat
fusion process synthesized compound OMS5. A single
equivalent of P1 was subjected to the process of melting within
a crucible placed on a hot plate, with a temperature maintained
at 165 °C. Five equivalents of 4-nitroaniline were introduced
into the molten substituted P1, followed by stirring the reaction
mixture with a glass rod at the identical temperature for 5−7
min. Subsequently, the reaction mixture was permitted to reach
an ambient temperature. The entire mixture underwent many
washes with acetone to eliminate any remaining unreacted 4-
nitroaniline. The amino crude product obtained by precipitation
was subjected to filtration and subsequently dried at an ambient
temperature. The product N-(1,3-benzothiazol-2-yl)-2-(4-
nitroanilino)acetamide was a yellow powder (yield 77.9%),
M.P. 223−224 °C, FT-IR (ATR): 1314, 1508, 1598, 1712, 2923,
3075, 3365 cm−1, 1H-NMR (300 MHz, DMSO) δ 12.61 (s, 1H,
NH of N10), 6.72−8.25 (s, 1H, NH of N13) & (m, 8H, CH of
C1, C2, C3, C4, C16, C17, C19, & C20), 4.29 (s, 2H, CH2 of

C12). 13C-NMR (75 MHz, DMSO) δ 168.77 (C11), 157.58
(C8), 154.25 (C15), 144.87 (C6), 39.76 (C12), 111.33−136.49
(C1, C2, C3, C4, C5, C16, C17, C18, C19, & C20) ppm. GC-
MS calculated 328.06 and found MH+ = 328.04 (Figures 7, S7,
S24, S45, and S46).

2.3.1.6. Synthetic Procedure for Compound OMS6. A neat
fusion process synthesized compound OMS6. A single
equivalent of P1 was subjected to the process of melting within
a crucible placed on a hot plate, with a temperature maintained
at 195 °C. Five equivalents of sulfanilamide were introduced
into the molten substituted P1, followed by stirring the reaction
mixture with a glass rod at an identical temperature for 5−7 min.
Subsequently, the reaction mixture was permitted to reach an
ambient temperature. The entire mixture underwent many
washes with acetone and dilutedHCl to eliminate any remaining
unreacted sulfanilamide. The crude product obtained by
precipitation was subjected to filtration and subsequently
dried at an ambient temperature. The product N-(1,3-
benzothiazol-2-yl)-2-(4-sulfamoylanilino)acetamide was a white
powder (yield 60.1%), M.P. 233−234 °C, FT-IR (ATR): 1151,
1302, 1694, 3072, 3239, 3339 cm−1, 1H-NMR (300 MHz,
DMSO) δ 10.42 (s, 1H, NH of N10), 6.57−7.76 (s, 1H, NH of
N14), (s, 2H, NH2 of N22) & (m, 8H, CH of C1, C2, C3, C4,
C16, C17, C19, & C20), 4.01 (s, 2H, CH2 of C13). 13C-NMR
(75MHz, DMSO) δ 169.13 (C11), 151.05 (C8), 141.66 (C15),
138.39 (C6), 39.45 (C13), 111.17−130.89 (C1, C2, C3, C4,
C5, C16, C17, C18, C19, & C20) ppm. GC-MS calculated
362.05 and found MH+ = 362.02 (Figures 8, S8, S25, S47, and
S48).

2.3.1.7. Synthetic Procedure for Compound OMS7. A neat
fusion process synthesized compound OMS7. Five equivalents
of sulfaguanidine were subjected to the process of melting within
a crucible placed on a hot plate, with a temperature maintained
at 195 °C. One equivalent of P1 was introduced into the melted
substituted sulfaguanidine, followed by stirring the reaction
mixture with a glass rod at an identical temperature for 5−7 min.
Subsequently, the reaction mixture was permitted to reach an
ambient temperature. The entire mixture underwent many

Figure 5. Chemical structure of OMS3.

Figure 6. Chemical structure of OMS4.

Figure 7. Chemical structure of OMS5.

Figure 8. Chemical structure of OMS6.
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washes with acetone and dilutedHCl to eliminate any remaining
unreacted sulfaguanidine. The crude product obtained by
precipitation was subjected to filtration and subsequently
dried at an ambient temperature. The product N-(1,3-
benzothiazol-2-yl)-2-[4-(carbamimidoyl sulfamoyl)anilino]-
acetamide was a red-brown powder (yield 31%), M.P. 235−
236 °C, FT-IR (ATR): 1156, 1316, 1679, 2988, 3106, 3311
cm−1, 1H-NMR (300 MHz, DMSO) δ 11.04 (s, 1H, NH of
N10), 6.58−7.99 (s, 1H, NH of N27), (s, 2H, NH2 of N26) &
(m, 8H, CH of C1, C2, C3, C4, C16, C17, C19, & C20), 4.01−
5.33 (s, 2H, CH2 of C13) & (s, 1H, NH of N14), 2.08 (s, 1H,
NH of N22). 13C-NMR (75 MHz, DMSO) δ 169.96 (C11),
157.81 (C8), 150.73 (C25), 149.31 (C15), 148.43 (C6), 39.72
(C13), 111.10−131.37 (C1, C2, C3, C4, C5, C16, C17, C18,
C19, & C20) ppm. GC-MS calculated 404.07 and foundMH+ =
404.03 (Figures 9, S9, S26, S49, and S50).

2.3.1.8. Synthetic Procedure for Compound OMS8. A neat
fusion process synthesized compound OMS8. Five equivalents
of sulfapyridine were subjected to the process of melting within a
crucible placed on a hot plate, with a temperature maintained at
195 °C. One equivalent of P1 was introduced into the molten
substituted sulfapyridine, followed by stirring the reaction
mixture with a glass rod at an identical temperature for 5−7 min.
Subsequently, the reaction mixture was permitted to reach an
ambient temperature. The entire mixture underwent many
washes with acetone and dilutedHCl to eliminate any remaining
unreacted sulfapyridine. The crude product obtained by
precipitation was subjected to filtration and subsequently
dried at an ambient temperature. The product N-(1,3-
benzothiazol-2-yl)-2-{4-[(pyridine-2-yl)sulfamoyl]anilino}-
acetamide was a white powder (yield 41.4%), M.P. 210−211 °C,
FT-IR (ATR): 1152, 1346, 1518, 1703, 3057, 3352 cm−1, 1H-
NMR (300 MHz, DMSO) δ 11.11 (s, 1H, NH of N10), 10.7 (s,
1H, NH of N24), 6.63−8.09 (s, 1H, NH of N14) & (m, 12H,
CH of C1, C2, C3, C4, C16, C17, C19, C20, C27, C28, C29 &
C30), 4.17 (s, 2H, CH2 of C13). 13C-NMR (75MHz, DMSO) δ
169.73 (C11), 157.60 (C8), 152.15 (C25), 151.59 (C27),
148.42 (C15), 145.76 (C6), 39.43 (C13), 111.17−139.19 (C1,
C2, C3, C4, C5, C16, C17, C18, C19, C20, C28, C29, & C30)

ppm. GC-MS calculated 439.08 and found MH+ = 439.07
(Figures 10, S10, S27, S51, and S52).

2.3.1.9. Synthetic Procedure for Compound OMS9. To a
magnetically stirred solution of compound P1 and morpholine
(1:5 equiv) in 25 mL of DMF, the temperature was increased to
75 °C and rotated to 300 rpm. Following 3 h, the reaction
mixture was subsequently dumped onto ice, allowing for its
dissolution. The resulting mixture was then subjected to a
thorough washing process utilizing ether, followed by
recrystallization employing the acetone/ether antisolvent
method. The product N-(1,3-benzothiazol-2-yl)-2-(morpholin-
4-yl)acetamide was white crystals (yield 55%), M.P. 148−149
°C, FT-IR (ATR): 1240, 1443, 1706, 2961, 3064, 3214 cm−1,
1H-NMR (300 MHz, DMSO) δ 12.02 (s, 1H, NH of N10),
2.28−3.72 (s, 2H, CH2 of C13) & (m, 8H, CH2 of C15, C16,
C18 & C19), 7.29−8.00 (m, 4H, piperazine C2, C3 & C4). 13C-
NMR (75 MHz, DMSO) δ 169.28 (C11), 157.41 (C8), 148.41
(C6), 120.50−131.40 (C1, C2, C3, C4, & C5), 38.63−66.09
(C13, C15, C16, C18, & C19) ppm. GC-MS calculated 277.09
and found MH+ = 277.02 (Figures 11, S11, S28, S53, and S54).

2.3.1.10. Synthetic Procedure for Compound OMS10.
Compound P1 and 3-(1-piperazinyl) phenol were combined
in a magnetically stirred solution with a 1:1 equiv ratio in 15 mL
of N,N-dimethylformamide (DMF). Triethylamine (TEA) was
then added as a catalyst in a 1:1 equiv ratio. The reactionmixture

Figure 9. Chemical structure of OMS7.

Figure 10. Chemical structure of OMS8.

Figure 11. Chemical structure of OMS9.
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was subjected to stirring for 10 min under ambient conditions.
Following this, the reaction underwent reflux at a temperature of
200 °C for 4 h. Following the completion of the reaction, the
reaction mixture was permitted to gradually reach an ambient
temperature and subsequently transferred onto a mixture
consisting of 75 mL of water and ice. The resulting precipitate
was separated using the process of suction filtering, followed by
drying under vacuum conditions at a temperature of 40 °C for a
duration of 1 night. The product N-(1,3-benzothiazol-2-yl)-2-[4-
(3-hydroxyphenyl)piperazin-1-yl]acetamide was an off-white
powder (yield 64.8%), M.P. 255−256 °C, FT-IR (ATR):
1445, 1702, 3059, 3097, 3404 cm−1, 1H-NMR (300 MHz,
DMSO) δ 12.33 (s, 1H, NH of N10), 9.15 (s, 1H, OH of O26),
2.68−3.42 (s, 2H, CH2 of C13) & (m, 8H, CH2 of C15, C16,
C17, & C18), 6.23−8.00 (m, 8H, CH of C1, C2, C3, C4, C21,
C22, C23, & C25). 13C-NMR (75 MHz, DMSO) δ 169.30
(C11), 158.04 (C8), 157.44 (C24), 152.32 (C20), 148.41 (C6),
102.45−131.41 (C1, C2, C3, C4, C5, C21, C22, C23, & C25),
38.62−60.12 (C13, C15, C16, C17, & C18) ppm. GC-MS
calculated 368.13 and found MH+ = 368.19 (Figures 12, S12,
S29, S55, and S56).

2.3.1.11. Synthetic Procedure for Compound OM11.
Compound P1 and 1-(4-nitrophenyl) piperazine were com-
bined in a magnetically stirred solution with a 1:1 equiv ratio in
15 mL of N,N-dimethylformamide (DMF). Triethylamine
(TEA) was then added as a catalyst in a 1:1 equiv ratio. The
reaction mixture was subjected to stirring for 10 min under
ambient conditions. Following this, the reaction underwent
reflux at a temperature of 200 °C for 4 h. Following the
completion of the reaction, the reaction mixture was permitted
to gradually reach an ambient temperature and subsequently
transferred onto a mixture consisting of 75 mL of water and ice.
The resulting precipitate was separated using the process of
suction filtering, followed by drying under vacuum conditions at
a temperature of 40 °C for a duration of 1 night. The productN-
(1,3-benzothiazol-2-yl)-2-[4-(4-nitrophenyl)piperazin-1-yl]-
acetamide was a yellow powder (yield 88%), M.P. 207−208 °C,
FT-IR (ATR): 1334, 1598, 1708, 2966, 3063, 3225 cm−1, 1H-
NMR (300 MHz, DMSO) δ 12.27 (s, 1H, NH of N10), 2.69−
3.52 (m, 8H, CH2 of C15, C16, C17, & C18), 7.03−8.08 (m,
8H, CH of C1, C2, C3, C4, C21, C22, C23, &C24), 4.47 (s, 2H,
CH2). 13C-NMR (75 MHz, DMSO) δ 169.35 (C11), 158.94
(C8), 157.44 (C25), 148.41 (C20), 147.55 (C6), 107.07−

137.51 (C1, C2, C3, C4, C5, C21, C22, C23, & C24), 38.63−
60.48 (C13, C15, C16, C17, & C18) ppm. GC-MS calculated
397.12 and foundMH+ = 397.15 (Figures 13, S13, S30, S57, and
S58).

2.3.1.12. Synthetic Procedure for Compound OM12.
Compound P1 and 2-(1-piperazinyl) phenol were combined
in a magnetically stirred solution with a 1:1 equiv ratio in 15 mL
of N,N-dimethylformamide (DMF). Triethylamine (TEA) was
then added as a catalyst in a 1:1 equiv ratio. The reactionmixture
was subjected to stirring for 10 min under ambient conditions.
Following this, the reaction underwent reflux at a temperature of
200 °C for 4 h. Following the completion of the reaction, the
reaction mixture was permitted to gradually reach an ambient
temperature and subsequently transferred onto a mixture
consisting of 75 mL of water and ice. The resulting precipitate
was separated using the process of suction filtering, followed by
drying under vacuum conditions at a temperature of 40 °C for a
duration of 1 night. The product N-(1,3-benzothiazol-2-yl)-2-[4-
(2-hydroxyphenyl)piperazin-1-yl]acetamide was a red-brown
powder (yield 90%), M.P. 260−261 °C, FT-IR (ATR): 1443,
1690, 2955, 3060, 3313 cm−1, 1H-NMR (300 MHz, DMSO) δ
11.10 (s, 1H, NHof N10), 9.33 (s, 1H, OH ofO26), 4.48 (s, 2H,
CH2 of C13), 6.79−8.05 (m, 8H, CH of C1, C2, C3, C4, C21,
C23, C24, & C25), 2.09−3.36 (m, 8H, CH2 of C15, C16, C17,
& C18). 13C-NMR (75 MHz, DMSO) δ 168.35 (C11), and
158.24 (C8), 150.12 (C22), 150.00 (C20), 138.52 (C6),
115.78−126.41 (C1, C2, C3, C4, C5, C21, C23, C24, & C25),
38.53−52.43 (C13, C15, C16, C17, & C18) ppm. GC-MS
calculated 368.13 and found MH+ = 368.12 (Figures 14, S14,
S31, S59, and S60).

2.3.1.13. Synthetic Procedure for Compound OM13.
Compound P1 and 1-(2-pyridyl) piperazine were combined in
a magnetically stirred solution with a 1:1 equiv ratio in 15 mL of
N,N-dimethylformamide (DMF). Triethylamine (TEA) was
then added as a catalyst in a 1:1 equiv ratio. The reactionmixture
was subjected to stirring for 10 min under ambient conditions.
Following this, the reaction underwent reflux at a temperature of
200 °C for 4 h. Following the completion of the reaction, the
reaction mixture was permitted to gradually reach an ambient
temperature and subsequently transferred onto a mixture

Figure 12. Chemical structure of OMS10.

Figure 13. Chemical structure of OMS11.
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consisting of 75 mL of water and ice. The resulting precipitate
was separated using the process of suction filtering, followed by
drying under vacuum conditions at a temperature of 40 °C for a
duration of 1 night. The product N-(1,3-benzothiazol-2-yl)-2-[4-
(pyridin-2-yl)piperazin-1-yl]acetamide was a rose gold powder
(yield 87.4%), M.P. 184−185 °C, FT-IR (ATR): 1525, 1705,
2825, 2999, 3049, 3243 cm−1, 1H-NMR (300 MHz, DMSO) δ
12.18 (s, 1H, NH N10), 3.53 (s, 2H, CH2), 6.62−8.12 (m, 8H,
CH of C1, C2, C3, C4, C21, C23, C24, & C25), 2.64−3.53 (m,
8H, CH2 of C15, C16, C17, & C18). 13C-NMR (75 MHz,
DMSO) δ 169.36 (C11), 158.94 (C8), 157.44 (C20), 148.41
(C24), 147.52 (C6), 107.07−137.50 (C1, C2, C3, C4, C5, C21,
C23, & C25), 38.62−60.18 (C13, C15, C16, C17, & C18) ppm.
GC-MS calculated 353.13 and foundMH+ = 353.10 (Figures 15,
S15, S32, S61, and S62).

2.3.2. Synthesis Procedure of Compounds OMS14−
OMS16. Compound P2 was synthesized by substitution of the
chlorine atom in P1 with piperazine (1:1 equiv ratio) in a 40 mL
combination including equal quantities of acetone and water
(RPM 250, temp. 60 °C overnight). After 24 h, the resulting

precipitate was separated from the reaction mixture using
suction filtering and afterward subjected to vacuum drying at a
temperature of 40 °C for a duration of 1 night (Scheme 3).
Intermediate P3 was prepared by adding monochloroacetyl

chloride (1 equiv) to a 25 mL solution of 4-nitroaniline in DMF
in an ice-bathed round-bottom flask and stirred overnight. The
mixture was then poured into 100 mL iced water and filtrated to
get the final product (Scheme 4).
Triethylamine (TEA) was introduced into a solution of

compound P2 and monochloroacetyl chloride (1 equiv) in 25
mL of dimethylformamide (DMF), which was magnetically
agitated and kept in an ice bath. The addition of TEA occurred at
a temperature of 0 °C. The experiment was conducted at a
temperature of 0 °C and afterward allowed to progress at an
ambient room temperature. Following 24 h, the reactionmixture
was subjected to cooling and subsequently transferred onto a
100 mL mixture of ice and water. Intermediate P4 was obtained
by performing suction filtering to separate the precipitated
product, followed by vacuum drying at a temperature of 40 °C
for an overnight period (Scheme 5).
The synthesis of compounds OMS14, OMS15, and OMS16

was prepared by extra steps mentioned separately in Schemes
6−8.

2.3.2.1. Synthetic Procedure for Compound OM14.
Triethylamine (TEA) was added to a solution of compounds
P2 and P3 (1 equiv) in 25 mL of DMF, which was magnetically
agitated and placed in an ice bath. The addition of TEA occurred
at a temperature range of 0−5 °C. The experiment was
conducted at a temperature of 0 °C and thereafter allowed to
progress at an ambient temperature. Following 24 h, the reaction
mixture was subjected to a cooling process and subsequently
transferred onto a 100 mL mixture of ice and water. The
resulting product was separated using suction filtering and
afterward subjected to vacuum drying at a temperature of 40 °C
for a duration of 1 night. The product N-(benzo[d]thiazol-2-yl)-
2-(4-(2-((4-nitrophenyl)amino)-2-oxoethyl)piperazin-1-yl)-
acetamide was a bright yellow powder (yield 65.7%), M.P. 310−
311 °C, FT-IR (ATR): 1266, 1443, 1530, 1694, 2992, 3278
cm−1, 1H-NMR (400 MHz, DMSO) δ 12.73 (s, 1H, NH of
N10), 12.12 (s, 1H, NH of N22), 4.48 (s, 4H, CH2 of C12 &
C20), 2.64−2.89 (m, 8H, CH2 of C15, C16, C17, & C18),
7.30−8.41 (m, 8H, CH of C3, C4, C5, C6, C25, C26, C27, &
C28). 13C-NMR (400 MHz, DMSO) δ 166.43 (C11), 158.06
(C21), 160.10 (C8), 148.87 (C1), 112.82−131.91 (C1, C2, C3,
C4, C5, C24, C25, C26, C27, C28, & C29), 31.24 and 36.26
(C15, C16, C17, & C18), 43.3 (C20 & C12) ppm. GC-MS
calculated 454.14 and found MH+ = 454.10 (Figures 16, S16,
S33, S63, and S64).

2.3.2.2. Synthetic Procedure for Compound OMS15.
Compound P4 and piperazine (1 equiv) were combined in a
40 mL combination of acetone and water (equal parts) that was
subjected to magnetic stirring and an ice bath. The reaction was
carried out at a rotational speed of 250 rpm (RPM) and a

Figure 14. Chemical structure of OMS12.

Figure 15. Chemical structure of OMS13.

Scheme 3. Synthetic Pathway of Compound P2
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temperature of 60 °C for an extended period, namely, overnight.
Following 24 h, the precipitated product was separated by the
utilization of suction filtering and subsequently subjected to
vacuum drying at a temperature of 40 °C for the duration of the
overnight period. The product N-(benzo[d]thiazol-2-yl)-2-(4-
(2-oxo-2-(piperazin-1-yl)ethyl)piperazin-1-yl)acetamide was a
white-yellow powder (yield 64.2%), M.P. 330−331 °C, FT-IR
(ATR): 1463, 11697, 2987, 3046, 3353 cm−1, 1H-NMR (400
MHz, DMSO) δ 12.74 (s, 1H, N10), 4.48 (s, 4H, CH2 of C12 &
C21), 2.09−3.15 (m, 17H, CH2 of C15, C16, C17, C18, C23,
C24, C25, C26, & C27), 7.30−8.02 (m, 4H, CH of C3, C4, C5,
& C6). 13C-NMR (400 MHz, DMSO) δ 166.41 (C11), 160.22
(C20), 158.05 (C8), 148.87 (C1), 121.17−131.19 (C2, C3, C4,
C5, & C6), 43.03−65.11 (C12, C21, C15, C16, C17, C18, C23,

C24, C25, & C26) ppm. GC-MS calculated 402.18 and found
MH+ = 402.20 (Figures 17, S17, S34, S65, and S66).

2.3.2.3. Synthetic Procedure for Compound OMS16.
Triethylamine (TEA) was added to a solution of compounds
P2 and P1 (1 equiv) in 25 mL of DMF, which was magnetically
agitated and maintained in an ice bath at 0 °C. The experiment
was conducted at a temperature of 0 °C and thereafter allowed
to progress at an ambient temperature. Following 24 h, the
reaction mixture was subjected to a cooling process and
subsequently transferred onto a 100 mL mixture of ice and
water. The resulting precipitate was separated from the reaction
mixture using suction filtering and afterward subjected to
vacuum drying at a temperature of 40 °C for a duration of 1
night. The product 2,2′-(piperazine-1,4-diyl)bis(N-(benzo[d]-

Scheme 4. Synthetic Pathway of Compound P3

Scheme 5. Synthetic Pathway of Compound P4

Scheme 6. Synthetic Pathway of Compound OMS14

Scheme 7. Synthetic Pathway of Compound OMS15
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thiazol-2-yl)acetamide) was an off-white powder (yield 60.2%),
M.P. 327−328 °C, FT-IR (ATR): 1485, 1694, 2940, 3047, 3369
cm−1, 1H-NMR (400 MHz, DMSO) δ 12.99 (s, 2H, NH of N10
& N22), 4.48 (s, 4H, CH2 of C12 & C20), 2.40−2.73 (m, 8H,
CH2 of C15, C16, C17, & C18), 7.20−8.06 (m, 8H, CH of C3,
C4, C5, C6, C29, C30, C31, & C32). 13C-NMR (400 MHz,
DMSO) δ 166.43 (C11, & C21), 158.06 (C8, & C24), 148.83
(C1 & C28), 121.00−132.03 (C2, C3, C4, C5, C6, C27, C29,
C30, C31, & C32), 31.24−43.03 (C12, C20, C15, C16, C17 &
C18) ppm. GC-MS calculated 466.12 and found MH+ = 466.11
(Figures 18, S18, S35, S67, and S68).

2.3.3. In Vitro Biological Studies. 2.3.3.1. Cell Culture and
Seeding. The A549 cancer cell line was generously supplied by
Dr. Ahmad Sharab from the University of Jordan and sourced
from the American Type Culture Collection (ATCC) located in
Manassas, VA. The MCF-7 cell line was purchased from ATCC.
The A549 and MCF-7 cancer cells were grown in Dulbecco’s
modified Eagle’s medium or RPMI, respectively (Life
Technologies, Inc., Rockville, MD), and supplemented with

Scheme 8. Synthetic Pathway of Compound OMS16

Figure 16. Chemical structure of OMS14.

Figure 17. Chemical structure of OMS15.

Figure 18. Chemical structure of OMS16.
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heat-inactivated fetal bovine serum (10%; Sigma-Aldrich, St.
Louis, MO), streptomycin, penicillin (1%), and glutamine (2
mmol/L). The cancer cell lines that were chosen for this study
were cultivated under controlled conditions at a temperature of
37 °C and a humidity level that was maintained at a suitable
level. The culture environment was supplemented with 5%CO2.
The cells were allowed to grow until they reached a recovery rate
of 80%. The cancer cell lines, A549 andMCF-7, were chosen for
this study and were cultured in 96-well plates at two different
densities: 2000 cells per well and 10,000 cells per well,
respectively. The cells were cultured for 24 h before treatment
with the chemicals to facilitate cell adhesion to the well surface.
Subsequently, the media underwent aspiration and were
subsequently replenished with 100 μL of fresh media containing
varying concentrations of the target compounds. The cells that
underwent treatment were subjected to incubation for 72 h at a
temperature of 37 °C in an environment with controlled
humidity and a CO2 concentration of 5%.

2.3.3.2. MTT Assay. The MTT experiment was conducted as
described earlier39 using A549 and MCF-7 cancer cell lines to
evaluate the anticancer efficacy of compounds OMS1−OMS16.
In summary, following a 72 h incubation period, a 20 μL volume
of a 5 mg/mL solution of (4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) was introduced into
each well and subjected to an additional 4 h incubation at a
temperature of 37 °C. Following the incubation period, the
medium was subsequently extracted, resulting in the precip-
itation of violet formazan crystals within the wells. The formazan
crystals obtained were dissolved by the addition of 100 μL of
dimethyl sulfoxide (DMSO) to each well. Subsequently, the
plates were subjected to analysis using a microplate reader,
namely, the GLOMAX instrument, to determine the absorbance
values of the samples at wavelengths of 450 and 540 nm. Every
chemical was subjected to triplicate testing in three separate tests

for each cell line. The IC50 values of the most potent drugs were
determined by nonlinear regression analysis using GraphPad
Prism 9.3.1 software.

2.3.3.3. In Vitro PI3Kγ Enzymatic Activity. The in vitro
investigation of the biological activity of the final compounds
(OMS1−OMS16) against PI3Kγ was conducted using an
Adapta universal kinase assay (ADP-fluorescent based immuno-
assay) provided by Invitrogen/Thermo Fisher Scientific. The
experimental procedure consists of two distinct stages: a phase
involving the activation of kinases and a subsequent phase
dedicated to the detection of ADP. During the initial phase, the
necessary components for the kinase reaction are introduced
into the well, followed by an incubation period of 60 min.
Following the completion of the reaction, an assay well is
supplemented with a detection solution comprising a europium-
labeled anti-ADP antibody, an Alexa Fluor 647-labeled ADP
tracer, and ethylenediamine tetraacetic acid (EDTA), which
serves the purpose of halting the kinase reaction. The formation
of ADP by the kinase activity, in the absence of any inhibitor, will
cause the displacement of the Alexa Fluor 647-labeled ADP
tracer from the antibody. Consequently, this displacement will
lead to a reduction in the time-resolved fluorescence resonance
energy-transfer (TR-FRET) signal.When an inhibitor is present,
the kinase reaction leads to a decrease in the quantity of ADP
produced, causing a strong association between the intact
antibody tracer and resulting in a significant TR-FRET signal.
The determination of ADP formation involves the calculation of
the emission ratio derived from the assay well.

2.3.3.4. Antimicrobial Activity. This study tested OMS1−
OMS16 chemical compounds against Gram-positive and Gram-
negative bacterial pathogens, including Staphylococcus aureus
and Escherichia coli, in vitro. Antimicrobial tests were performed
at 100 μg/mL using the disc diffusion method. The solvent
control in this investigation was dimethyl sulfoxide (DMSO),

Figure 19. Gedatolisib ligand and PI3Kγ protein: A: gedatolisib ligand (7JWE), cocrystallized; B: the cocrystallized conformation and the docked
conformation of the cocrystallized ligand (7JWE); and C: the PI3Kγ protein’s binding site, represented by PDB code 7JWE.
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Table 1. Synthesized Compounds (OMS1−OMS16) and Standard Inhibitors
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and the culture media was nutrient agar. After inoculation, the
plates were incubated at 37 °C for 24 h to promote bacterial
growth. Negative controls were made with DMSO, amoxicillin,
ciprofloxacin, and tetracycline. The zone of inhibition against
test organisms was used to evaluate antibacterial activity after
incubation. This measurement was compared to the standard.

2.3.4. Molecular Modeling. 2.3.4.1. Software. 1- Biovia
Discovery Studio 2021.
2- ChemDraw Ultra 7.0 version.
3- Marvin Sketch 21.18 version.
4- Free trial version of Mestrenova 14.2.3.
5- Free trial version of GraphPad Prism 9.3.1.
6- ACD/ChemSketch freeware version 2021.2.0
7- Free trial version of SpectraGryph 1.2.
8- GraphPad Prism 9.3.1 software.
2.3.4.2. Computational Docking. 47 compounds of 2-

aminobenzothiazole conjugate (Appendix V) were created and
selected for computational docking and filtration. Synthesis and
biological evaluation used 16 optimum hits. The three-
dimensional (3D) coordinates of the PI3Kγ protein, cocrystal-
lized with gedatolisib, were retrieved from the Protein Data Bank
(PDB code: 7JWE) at a resolution of 2.55 Å.40 The protein was
generated by adding hydrogen atoms with Biovia Discovery
Studio. The object was then cleansed, prepared, and restored,
adding atoms, correcting connectivity and naming, and inserting
loops. Figure 19 shows Biovia Discovery Studio 2021′s “Define
and Edit Binding Site” tool defining the active site based on the
cocrystallized ligand (7JWE). Docking validation required
removing the target protein’s cocrystal ligand (7JWE) from
the binding site. After redocking with the LibDock algorithm,
the root-mean-square deviation (RMSD) was calculated to

verify the ligand postures’ similarity, as shown in Figure 19.
Initial ligand placement: compared to the cocrystallized stance,
the posture with the greatest LibDock score had an RMSD value
of 1.29 Å, below the criterion of 2 Å. This variance is
permissible.41 A list of 16 2-aminobenzothiazole compounds
with unique moieties was docked at the PI3Kγ protein binding
site (PDB code: 7JWE, resolution: 2.55 Å)40 using the default
LibDock algorithm. One compound with two amino benzo-
thiazoles and the other with two piperazines had the highest
LibDock score among compounds with 2-amino benzothiazoles.

2.3.4.3. Absorption, Distribution, Metabolism, Excretion,
and Toxicity (ADMET) Prediction. ADMET experiments used
Biovia Discovery Studio 2021, and structures were designed
with ACD/ChemSketch Freeware 2021.2.0. The default Biovia
Discovery Studio 2021 (ADME) settings for absorption,
distribution, metabolism, and excretion were used to analyze
the structures of the synthesized compounds (OMS1−OMS16)
(Table S2). After including all necessary data, the chemicals
were analyzed using the TOPKAT model toxicity function
(Table S3).

2.3.4.3.1. ADMET: Human Intestinal Absorption. For oral
delivery, this model predicts human intestinal absorption
(HIA). Unlike blood−brain penetration, intestine absorption
is measured by percentage rather than concentration. Well-
absorbed chemicals can be absorbed into the bloodstream at
least 90%. The ADMET_PSA_2D and ADMET_AlogP98
planes have ellipses for 95% and 99% confidence intervals in the
intestinal absorption model, respectively.42

Ellipse locations are expected to have well-absorbed
compounds. The 95 and 99% ellipses are expected to include
95 and 99% of well-absorbed substances, respectively. Intestinal

Table 1. continued
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absorption prediction has four levels: User Guide, Biovia
Software classifies ratings as 0 (Good), 1 (Moderate), 2 (Poor),
and 3 (Very Poor).42

2.3.4.3.2. ADMET: Aqueous Solubility. Linear regression was
employed in this model to estimate the solubility of each drug in
water at a temperature of 25 °C.

2.3.4.3.3. Blood−Brain Barrier. This model predicts the
blood−brain barrier (BBB) permeability after oral delivery. The
ADMET_PSA_2D and ADMET_AlogP98 planes have 95 and
99% confidence ellipses, respectively. It also forecasts blood−
brain penetration using quantitative linear regression. The
ellipses in this context are different from those in the ADMET�
human intestinal absorption�despite their identical connota-
tion. The prediction levels inside the confidence ellipsoids of
95% and 99% are 0 (extremely high penetrant level), 1 (high), 2
(medium), and 3 (low).

2.3.4.3.4. The Hepatotoxicity Model. The hepatotoxicity
model predicts organ toxicity for several structurally different
medications. The sentence “True denotes hepatotoxicity, while
False indicates the absence of hepatotoxicity″.43

2.3.4.3.5. NCI 60-Cell One-Dose Screen. We conducted the
evaluation of our compounds in collaboration with the National
Cancer Institute (NCI) as part of their comprehensive testing
program. After our compounds were submitted to NCI, they
underwent thorough evaluation using the NCI’s established
protocols. The testing procedures were conducted by NCI’s
standards, which can be found on their official website (www.
cancer.gov).

3. RESULTS AND DISCUSSION
3.1. Chemistry. Synthesis of 2-chloro-N-(benzothiazol-2-

yl)acetamide from 2-aminobenzothiazole and chloroacetyl
chloride in triethylamine yielded P1 (Figures 2, S19, S36, S69,
and S70). Triethylamine was used as a catalyst.44 Table 1 shows
(OMS1−OMS16) and standard inhibitors; the early com-
pounds (OMS1−OMS13) were generated by nucleophilic
substitution of monochloroacetyl chloride’s chlorine atom
with various amines.45−47 In monochloroacetyl chloride, acid
chloride is highly reactive because the carbonyl carbon is linked
to oxygen and chlorine, making it electron-deficient and
vulnerable to nucleophile attack. The chlorine atom also leaves
well. Alkyl chloride carbon has limited nucleophilic substitution
reactivity. Acid chloride’s chlorine atom is usually substituted at
low temperatures. Depending on the nucleophile’s reactivity,
alkyl chloride’s second chlorine atom may be substituted at high
temperatures. The chemicals OMS1, OMS2, and OMS9 were
synthesized by reacting cyclohexylamine, m-toluidine, and
morpholine with 2-chloro-N-(benzothiazole-2-yl)acetamide
(P1) at temperatures from 75 to 100 °C using standard
methods. The final reaction mixture was recrystallized using
acetone/water antisolvent to purify OMS9.
The solvent-free/neat fusion approach was used to react 2-

chloro-N-(benzothiazol-2-yl)acetamide (P1) with chosen
amines (p-fluoroaniline, p-iodoaniline, p-nitroaniline, sulfanila-
mide, sulfaguanidine, and sulfapyridine) to create sufficient
OMS3−OMS8 chemicals.48,49
Substituted piprazines�3-(1-piprazinyl)phenol, 1-(4-

nitrophenyl)phenol, 2-(1-piprazinyl)phenol, and 1-(2-pyridyl)-
phenol�reacted with 2-chloro-N-(benzothiazol-2-yl) acet-
amide (P1) at a reflux temperature in DMF to yield compounds
(OMS10−OMS13). The conventional method for nucleophilic
substitution of substituted anilines and sulfa-amine with 2-
chloro-N-(benzothiazol-2-yl)acetamide (P1) failed at temper-

atures from 25 to 160 °C, using solvents with high boiling points.
Sulfa-amine and substituted anilines have weak nucleophilicity,
which explains their failure. To synthesize molecules OMS3−
OMS8 in high yields, a solvent-free/neat fusion process was
used at temperatures near 200 °C.
The second stage involved linking 2-aminobenzothiazole−

piperazine with monochloroacetyl chloride. 2-Chloro-N-(ben-
zothiazol-2-yl)acetamide (P1) was reacted with piperazine
(Scheme 3) and acetone/water mixture at 60 °C, RPM 150,
to produce N-(1,3-benzothiazol-2-yl)-2-(piperazine-1-yl)-
acetamide (P2). P2 then reacted with 4-nitroaniline, piperazine,
and 2-aminobenzothiazole (Schemes 6−8), respectively, using
conventional methods at different temperatures (50 °C).
Using 1H, 13C, and IR investigations, the synthesized 2-

aminobenzothiazole derivative compounds (OMS1−OMS16)
and intermediate P1 were characterized. The appendices show
that mass spectrometry (GC-MS) analyses verified the products’
production.
FT-IR analysis of compounds OMS1−OMS16 (Appendix I)

revealed NH and C�O groups at absorptions of 3270−3360
and 1557−1680 cm−1, respectively. The absorptions at 3200−
3400 show the OH group in OMS10 and OMS12. Both
aromatic and aliphatic C−H stretch vibrations are confirmed by
the bands at 3060−3140 and 2845−2935 cm−1. N�O and
group absorptions at 1500−1660 and 1260−1390 cm−1 are
connected in compounds OMS5, OMS11, and OMS14. Some
chemicals’ FT-IR spectra are wide and interfere with peaks due
to undesired water in the end products.
In 1H-NMR analysis, all aromatic and aliphatic H atoms were

identified in their predicted locations (Appendix III). The
absorption of aromatic H atoms of unsaturated benzene rings in
benzothiazole, substituted amines, and piperazines was 6.6−8.2
ppm. NH of aminobenzothiazole showed a wide singlet at 10−
12 ppm. The saturated benzene ring of piperazine in derivatives
OMS10−OMS14 has H atoms at 2.0−3.5 ppm. The 1H-NMR
spectra exhibited recognizable peaks for the produced
derivatives.
All carbon atoms were in their predicted areas in 13C-NMR

spectra (Appendix III). Carbon atom absorption in the C�O
group was 165−170 ppm. At 37−42 ppm, aliphatic CH2 carbon
emerged. The aromatic carbon atoms of benzothiazole amines
and piperazines were at 115−135 ppm. Compound identities
were validated by mass analysis (Appendix II). All synthesized
derivatives have expected molar masses (m/z).
3.2. In Vitro Biological Studies. Thermo Fisher Scientific

evaluated the resulting compounds (OMS1−OMS16) for anti-
PI3Kγ activity at 100 μM(Table 2). Themost effective synthetic
compounds against PI3Kγ were OMS1 and OMS2, with 47 and
48% inhibition rates, respectively, and they were also tested
against other kinase enzymes: Akt1, Akt3, CDK1, PDK1, PI3Kα,
PI3Kδ, and PKN2 (Table 3). At a dose of 100 μM, the remaining
drugs showed minimal action or inhibition. In vitroMTT testing
was used to examine the anticancer activity of compounds
(OMS1−OMS16) against MCF-7 and A549 cancer cell lines
(Table 4). IC50 values of the most potent compound OMS14
were 22.13 and 26.09 μM against MCF-7 and A549 cancer cell
lines, respectively, as shown in Table 5. The graphical
presentation of the dose−inhibition relationship is illustrated
in Figure 20.
Gedatolisib, a potent PI3Kγ inhibitor,50 and doxorubicin, a

potent chemotherapeutic medicine,51 were used as positive
controls in the MTT assay study.
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The most active compounds against MCF-7 and A549 cancer
cells were OMS14 and OM5. Active compounds with 4-
nitroaniline structures showed considerable inhibition against
cancer cell lines at 100 and 50 μM doses. The IC50 values of the
substances ranged from 22.13 to 61.03 μM.OMS14 (Figure 20),
which has high efficacy against breast and lung cancer cell lines,
has minimal activity against the PI3Kγ enzyme, suggesting a
different mechanism of action for its anticancer effects. Testing
against cancer enzymes other than PI3Kγ, Akt1, Akt3, CDK1,
PDK1, PI3Kα, PI3Kδ, and PKN2 revealed moderate action
(65% inhibition) against PIK3CD/PIK3R1 (p110 δ/p85 α),
suggesting a potential mechanism of anticancer activity.
OMS5 compounds showing anticancer effectiveness against

breast and lung cancer cell lines lack PI3Kγ enzyme activity,
suggesting other modes of action. Several studies introduced
various 2-aminobenzothiazole derivatives as anticancer drugs,
suggesting another mode of action. The above chemicals

suppress CDK2, mTOR, AKT, p42/44 MAPK, and EGFR to
fight cancer.
The study found that the IC50 values for doxorubicin and

gedatolisib were 16.61 and 16.46 μM against A549 cancer cell
lines (Table 5), respectively, while the reported IC50 for
gedatolisib was 9.05 μM.52,53 The reported IC50 for doxorubicin
against A549 was 0.071 μM.54−56 The most active synthesized
compound (OMS14) was tested against cancer enzymes other
than PI3Kγ, and the result is shown in Table 3.
The synthesized compounds (OMS1−OMS16) were tested

against S. aureus and E. coli in vitro. Table 6 shows that several
derivatives, including OMS1, OMS3, OMS4, OMS10, OMS12,
and OMS14, have action against Gram-positive S. aureus,
especially OMS1, which has a diameter of inhibition of 22 mm
equivalent to amoxicillin. The results may be used as templates
for further modifications or derivatization to create more
effective antibacterial medicines.
3.3. Computational Docking and PI3Kγ Enzymatic

Activity. Figure 21 depicts the interaction between the
gedatolisib ligand (VL11201) and the docked OMS14 with
the ATP binding site of PI3Kγ protein (PDB code: 7JWE).40
Table 7 displays the LibDock score, hydrogen bonds, and a

two-dimensional schematic of the compounds’ spatial arrange-

Table 2. Anti-PI3Kγ Activity of Compounds OMS1−
OMS16b

% of inhibition against
PI3Kγ enzyme at a

concentration of 100 μM

compound ID point 1 point 2 % of inhibition (mean)

OMS1 54 40 47
OMS2 44 52 48
OMS3 20 28 24
OMS4 0 0 0
OMS5 0 0 0
OMS6 3 22 13
OMS7 29 22 25
OMS8 0 0 0
OMS9 0 3 2
OMS10 3 0 2
OMS11 6 0 3
OMS12 28 4 16
OMS13 −2 8 3
OMS14 15 24 19
OMS15 0 0 0
OMS16 2 0 1
Staurosporinea 100 98 99

aPositive control with reported IC50 = 1.0 nM.
65 bNumber of trials =

2, RSD < 5%.

Table 3. Kinase Selectivity for Compound OMS14a

% of inhibition of
compound

OMS14 against
different
enzymes at
concentration
100 μM

enzyme point 1 point 2
% of inhibition

(mean)

AKT1 (PKB α) 11 17 14
AKT3 (PKB γ) 27 29 28
CDK1/cyclin B 23 25 24
PDK1 Direct −6 −8 −7
PIK3CA E542 K/PIK3R1
(p110 α E542 K/p85 α)

33 36 34

PIK3CD/PIK3R1 (p110 δ/p85 α) 66 64 65
PKN2 (PRK2) 11 8 10
aNumber of trials = 2, RSD < 5%.

Table 4. Inhibition Percentage of Synthetic 2-
Aminobenzothiazole Derivatives against A549 and MCF-7 in
MTT Assayb

experimental % of inhibition on MCF-7 and A549
cancer cell line at (100 μM) concentration

cpd. A549 MCF-7

OMS1 1.72 34.44
OMS2 3.73 −6.5
OMS3 2.80 18.31
OMS4 −2.32 30.84
OMS5 64.15 32.01
OMS6 39.64 −8.74
OMS7 −3.59 10.19
OMS8 11.21 15.06
OMS9 17.16 2.74
OMS10 38.12 4.5
OMS11 21.98 35.03
OMS12 48.51 54.08
OMS13 26.86 53.07
OMS14 90.59 85.05
OMS15 56.69 −23.63
OMS16 56.62 5.23
Dox.a 82.23

aDoxorubicin is a potent anticancer drug as a standard. bNumber of
trials = 3, RSD < 5%.

Table 5. IC50 of OMS5 and OMS14 against A549 and MCF-7c

cell line A549 MCF-7

cpd.
IC50
(μM)

Hill
slope R2

IC50
(μM)

Hill
slope R2

OMS5 61.03 0.49 2.00 ND
OMS14 26.09 0.49 2.00 22.13 1.30 0.94
Gedatolisiba 16.46 2.68 0.96 13.06 1.982 0.99
Doxorubicinb 16.61 2.21 0.98 ND

aPositive control as an anticancer agent with selective kinase
inhibition. bPositive control as an anticancer agent. cNumber of trials
= 2, RSD < 5%.
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ment in the PI3Kγ enzyme binding site (PDB: 7JWE).
Computational docking determines the best orientation and

conformation for a tiny molecule, usually a drug candidate, to
bind to a bigger receptor molecule, usually a protein. It aims to
create a stable complex molecule.57 Computer-assisted drug
discovery relies on molecular docking to predict the main
binding mode(s) between a ligand and a protein with a well-
defined three-dimensional structure.58 The LibDock algorithm,
created by Diller and Merz,59 uses protein binding site features
to aid docking. The protein used and the similarity between the
cocrystallized ligand and the ligands being evaluated can affect
the docking’s capacity to distinguish chemical compounds and
decoys.60

Based on the provided information, the protein data bank file
(7JWE, 2.55 Å resolution)40 was accessed for the intended
purpose. We report the structural data of the PI3Kγ protein
complexed with gedatolisib ligand (VL11201) obtained through
cocrystallization. The docking approach was validated using the
position conformation with the highest LibDock score (81.11).
Using the root-mean-square deviation (RMSD) approach, the
variance between the best position and the original cocrystal-
lized pose was estimated as 1.29 Å. This value is below 2 Å,
showing good agreement between the two positions. As in
Figure 21, the cocrystallized ligand (VL11201) binds to the
PI3Kγ enzyme’s binding site (7JWE).40 The protein’s amino
acid residues connect via four hydrogen bonds: At 2.53 Å, valine
882 forms a hydrogen bond with oxygen (O). At 3.30 Å,
threonine 887 forms a hydrogen bondwith oxygen (O). Aspartic
acid 841 forms hydrogen bonds with NH2 at 1.87 and 1.77 Å
distances. Table 7 shows that all synthesized drugs fit the active

Figure 20. Cell viability of OMS5 against A549, and OMS14 against A549 and MCF-7 cell lines.

Table 6. Antimicrobial Activity of Synthesized Derivativesc

Gram-positive bacteria Gram-negative bacteria

compound S. aureus E. coli

OMS1 22 0
OMS2 0 0
OMS3 15 0
OMS4 10 0
OMS5 0 0
OMS6 0 0
OMS7 0 0
OMS8 0 0
OMS9 0 0
OMS10 11 0
OMS11 0 0
OMS12 20 0
OMS13 0 0
OMS14 15 0
OMS15 0 0
OMS16 0 0
Amoxicillina 22 20
Ciprofloxacina 0 25
Tetracyclinea 25 0
DMSOb 0 0

aPositive control. bNegative control. cNumber of trials = 3, RSD <
5%.
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site of the PI3Kγ enzyme and have a strong LibDock score,
indicating inhibition efficacy.
Table 7 shows that all synthesized derivatives outperform the

cocrystallized ligand in LibDock. The chosen derivatives create
2−5 hydrogen bonds, suggesting they may be more active than
the cocrystallized gedatolisib inhibitor. Compound OMS1
(LibDock score: 113.524) and compound OMS2 (LibDock
score: 121.194) as themost effective against PI3Kγ enzyme, with
47 and 48% inhibitions, respectively. The synthesized
compounds showed low to no efficacy against cancer cell lines
at 100 μM dose. The low connection between docking results
and in vitro enzymatic activity shows many LibDock algorithm
shortcomings. The site feature approach (LibDock) prioritizes
library selection above compound ranking by efficiently docking
combinatorial libraries.59 However, scoring functions vary
widely between protein systems, and predictions often do not
match results.61 Predicting protein−ligand affinity is a major
computational chemistry difficulty.62

3.4. ADMET Prediction of Synthetic Compounds
(OMS1−OMS16). ADMET calculated absorption, water
solubility, blood−brain barrier, atom-based Log P98 (A Log
P98), two-dimensional (2D) polar surface area (ADMET 2D
PSA), and hepatotoxicity prediction based on the molecular

Figure 21. (A) A two-dimensional schematic representation of the
interaction of the cocrystallized ligand, VL11201. (B) The OMS14
docked within the ATP binding site of PI3Kγ PDB code: 7JWE,
resolution = 2.55 Å.

Table 7. LibDock Score and Hydrogen Bonds of the
Synthesized Derivatives into PI3Kγ Enzyme Binding Sitesa

compound
LibDock
score

no. of
H-bonds

H-bonds (cpd part−
amino acid)

bond length
distance (Å)

OMS1 113.524 5 N−ASP a:964 2.39
NH−ASP a:964 2.51
NH−ASP a:841 1.96
CH−ASP a:841 2.08
O−LYS a:833 2.76

OMS2 121.194 5 N−ASP a:964 4.63
NH−ASP a:964 4.17
NH−ASP a:841 4.35
CH−ASP a:841 3.85
O−LYS a:833 4.96

OMS3 117.915 2 O−LYS a:833 4.95
NH−ASP a:841 4.45

OMS4 112.952 2 NH−ASP a:841 4.58
O−ASP a:964 3.58

OMS5 123.488 3 NH−ASP a:841 4.44
O−ASP a:964 3.98
O−ASP a:837 4.00

OMS6 126.434 5 NH−GLU a:880 4.77
O−LYS a:833 5.06
CH−ASP a:841 5.13
NH−ASP a:841 3.67
S−HIS a:967 3.02

OMS7 123.894 2 NH−VAL a:882 4.06
NH−ASP a:836 5.27

OMS8 128.688 3 O−ASP a:837 3.91
NH−ASP a:841 4.30
S−ASP a:964 4.75

OMS9 105.176 3 NH−VAL a:882 3.01
NH−GLU a:880 4.92
NH−TYR a:867 3.51

OMS10 133.31 2 CH−TYR a:867 6.00
N−HIS a:967 4.14

OMS11 109.058 3 CH−TYR a:867 5.36
O−LYS a:833 4.51
N−LYS a:833 5.77

OMS12 128.368 2 CH−TYR a:867 5.40
N−HIS a:967 4.01

OMS13 126.865 2 N−HIS a:967 4.10
CH−TYR a:867 6.25

OMS14 134.458 3 CH−ASP a:841 5.03
O−LYS a:833 4.73
N−LYS a:833 5.50

OMS15 138.055 3 O−LYS a:833 5.22
CH−TYR a:867 5.64
CH−TYR a:867 5.52

OMS16 153.032 5 S−ASP a:837 3.86
O−HIS a:967 4.72
NH−TYR a:867 3.45
NH−ASP a:841 4.30
CH−ASP a:841 4.87

aLibDock is a docking tool with Biovia 2022.
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chemical structure. Calculations were done with Biovia
Discovery Studio 2021.
The ADMET plot compounds have BBB values from 1 to 4,

suggesting high to very low blood−brain barrier permeability.
The chemicals OMS14 and OMS5 have low to extremely low
blood−brain barrier (BBB) permeability, suggesting they could
treat non-CNS tumors. 88% of substances, including OMS5 and
OMS14, had absorption levels of 0, suggesting good human
intestinal absorption. Only compound OMS6 had moderate
absorption; none had low absorption. The majority of chemicals
have ADME aqueous solubility levels between 2 and 3,
indicating good solubility. Drug bioavailability is linked to
polar surface area (PSA). Thus, compounds with passive
absorption and PSA ≤ 140 have lower bioavailability. Thus, all
synthesized compounds except OMS6 should have good passive
oral absorption. The PSA_2D and A log P98 characteristics were
used to create a 2D ADMET graphic (Figure 22). Passive
absorption and decreased bioavailability characterize molecules
with PSA values below 140. The polar surface area (PSA) ranged
from 53.654 to 121.011 for the chemicals studied. This range
shows significant passive oral absorption for these drugs.
Figure 22 displays a 2D plot of the expected pharmacokinetic

parameters for synthetic 2-aminobenzothiazole derivatives
(OMS1−OMS16). The blue dots represent the investigated
drugs, the y-axis represents atom-based Log P98, and the x-axis
represents 2D polar.
According to our ADMET investigation, all 2-amino-

benzothiazole derivatives (OMS1−OMS16) except OMS6 are
good medication candidates for modifying new hits as
anticancer agents.63 Biovia Discovery Studio 2021 software
predicts acceptable pharmacokinetic characteristics and toxicity,
promising new medication candidates.

3.5. NCI 60-Cell Line InhibitionMeasurement.The NCI
60 (National Cancer Institute 60) cell line panel is a collection of
60 diverse human cancer cell lines, representing nine different
cancer types.64 These cell lines are extensively used in cancer
research, drug discovery, and development. Inhibition measure-
ments in the context of NCI 60 typically refer to the evaluation
of the effect of a particular compound or treatment on the
growth or viability of these cancer cell lines.
The compounds OMS5 and OMS14 are further analyzed on

60 different cell lines through NCI services given the NCI codes
848880 and 848881, respectively, and found active as shown in
Table 8 and Figure 23, The percentage of inhibition is shown in
Figures S1 and S2 in the Supporting Information.
Table 8 shows the following values: GI50 represents the

concentration of a drug that reduces total cell growth by 50%,
IC50 stands for inhibitory concentration at 50%, LC50 stands for
the 50% lethal concentration, TGI represents the necessary
concentration (μM) for total inhibition of cancer cell
proliferation. The results show submicromolar inhibition of
OMS5 and OMS14 on colon cancer, renal cancer, CNS cancer,
ovarian cancer, melanoma, and leukemia with GI50 ranged from
0.36 to 2.3 μMand 0.66 to 3.02 μM, respectively; the IC50 values
also show a similar pattern of activity ranging from 0.44 to 12.0
μM and 0.81 to 9.1 μM respectively. This indicates the potential
and promising activity of both OMS5 and OMS14 as a broad-
spectrum anticancer agent with acceptable drug-like properties
with low toxicity and high selectivity.
To confirm the safety of the synthetic compounds OMS5 and

OMS14, we screened them on normal cell lines (Fibro cells). It
was found that there is toxicity at 100 μM, which is considered a
high concentration, so, we tested the compounds at 10 μM to

Figure 22. Pharmacokinetic properties for synthesized derivatives.
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Table 8. NCI 60-Cell Line Inhibition Measurement for Compounds OMS5 and OMS14a

cell line inhibition of compound OMS5 (μM) cell line inhibition of compound OMS14 (μM)

panel name cell name GI50 IC50 LC50 TGI GI50 IC50 LC50 TGI

breast cancer BT-549 2 5.4 27.5 6.5 3.0 7.8 36.3 9.8
HS 578T 1.6 5.9 93.3 5.6 2.4 8.9 100 8.5
MCF-7 0.4 0.5 74.1 10 2.8 4.1 61.7 7.8
MDA-MB-231/ATCC 1 2.3 8.3 2.9 1.9 3.9 18.2 4.7
MDA-MB-468 0.4 1.8 5.3 1.8 1.5 3.2 7.1 3.2
T-47D 1 4.6 74.1 4.6 2.2 5.6 100 5.8

CNS cancer SF-268 1.3 3.5 51.3 6.6 2.2 4.6 43.7 7.1
SF-295 0.7 1.4 24 4.4 2.2 3.7 28.8 7.1
SF-539 0.5 1.4 6.5 2.1 2.0 4.3 20.0 5.5
SNB-19 1 2.6 95.5 10 2.8 4.9 100 12.3
SNB-75 1.4 3 5.9 2.9 2.0 6.6 24.0 6.0
U251 0.9 1.7 41.7 12 2.6 3.5 50.1 11.0

colon cancer COLO 205 0.4 0.7 4.7 1.5 1 1.7 5.0 2.2
HCC-2998 0.9 1.6 5.3 2.2 1.7 3.1 8.9 3.9
HCT-116 0.4 0.4 45.7 11 0.7 0.8 52.5 10.5
HCT-15 0.5 0.7 28.8 3.7 1.7 2.8 7.9 3.7
HT29 0.5 0.7 8.1 2.1 1.3 2.1 10.2 3.6
KM12 1.2 2.5 52.5 12 2.9 4.5 74.1 13.5
SW-620 0.5 0.7 43.7 7.2 0.8 1.1 87.1 5.9

leukemia CCRF-CEM 0.9 2.3 100 50 2.5 4.0 100 17.4
HL-60(TB) 0.8 2.5 100 14 2.5 4.4 81.3 7.6
K-562 0.5 0.6 100 100 2.6 3.0 100 100
MOLT-4 0.4 0.6 100 12 1.1 2.5 100 9.5

melanoma LOX IMVI 0.6 1 8.7 2.6 1.6 2.8 6.2 3.2
M14 0.9 1.4 6.5 2.5 1.7 3.0 8.3 3.8
MALME-3M 1.1 2.1 5.0 2.3 3.0 6.6 35.5 9.3
MDA-MB-435 0.7 1.3 4.8 2 1.8 3.0 15.1 4.6
SK-MEL-2 1.3 3 6.3 2.8 1.8 3.5 6.9 3.5
SK-MEL-28 1.6 3 6.9 3.3 2.1 4.0 23.4 6.2
SK-MEL-5 1.6 2.9 5.5 3 1.7 3.2 6.3 3.3
UACC-257 1.3 2.5 6.3 2.8 2.1 4.2 11.7 4.7
UACC-62 1.1 2 5.5 2.5 1.7 3.1 6.9 3.5

non-small cell lung cancer A549/ATCC 0.8 1.5 100 28 1.9 3.2 100 4.6
EKVX 1.1 2.5 26.9 4.2 2.0 3.8 27.5 4.9
HOP-62 1.2 3 25.1 4.9 1.7 3.2 8.3 3.7
HOP-92 2.3 12 63.1 10 2.3 9.1 89.1 8.3
NCI-H226 0.6 3 100 4.9 1.4 3.5 100 4.2
NCI-H23 1 2.1 7.8 2.8 1.6 3.2 8.9 3.8
NCI-H322M 1.1 2.5 28.8 4.1 1.9 3.7 40.7 5.5
NCI-H460 0.4 0.5 39.8 3.3 1.3 1.8 21.9 4.1
NCI-H522 0.7 2.1 6.3 2.3 1.5 3.0 6.5 3.2

ovarian cancer IGROV1 0.8 1.8 100 12 1.9 3.3 47.9 4.6
NCI/ADR-RES 0.6 1.3 53.7 4.6 1.3 2.4 7.8 3.2
OVCAR-3 1.9 4 100 9.1 2.3 4.3 100 6.6
OVCAR-4 1 3 40.7 5.1 2.4 5.2 75.9 8.3
OVCAR-5 1 2.5 46.8 5.4 1.5 3.2 57.5 4.8
OVCAR-8 0.6 0.9 100 22 1.4 2.4 100 4.3
SK-OV-3 1.3 5.2 100 6.8 2.2 6.6 100 8.1

prostate cancer DU-145 0.8 1.8 52.5 12 2.2 3.5 38.9 7.9
PC-3 1.6 2.8 100 45 3.0 4.4 100 20.9

renal cancer 786-0 0.5 0.9 43.7 12 2.1 3.3 43.7 11.5
A498 1.4 7.2 28.8 6.5 1.7 3.8 7.9 3.7
ACHN 0.4 0.8 33.1 8.5 1.1 2.1 22.9 4.4
CAKI-1 0.4 0.9 32.4 9.5 0.9 2.0 16.2 3.6
SN12C 0.6 1.5 57.5 4.9 1.9 3.5 100 5.4
TK-10 1.5 10 100 15 2.2 6.2 100 7.1
UO-31 0.5 1.3 26.9 3.8 1.3 2.5 8.5 3.3

aGI50 represents the concentration of a drug that reduces total cell growth by 50%. IC50 stands for inhibitory concentration at 50%. LC50 stands for
the 50% lethal concentration. TGI represents the necessary concentration (μM) for total inhibition of cancer cell proliferation.
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evaluate the safety of the compounds on the normal cell line as
shown in Table 9.

The % inhibition of compounds of the synthetic compounds
on the normal cell line is variable with potential inhibition of

Figure 23. %Growth vs Log Conc. For compounds (A) OMS5 and (B) OMS14.
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compounds OMS5 and OMS14, which indicates the toxicity of
the highest active compounds on the normal cell line, although
the effect is higher on the cancerous cell line, which indicates a
margin of safety of OMS5 and OMS14. However, for further
development of synthetic compounds in the future to enhance
the safety and reduce the toxicity on normal cell lines, it is
suggested to prepare halogenated derivatives that may have a
positive effect on kinase enzymes.66,67 Moreover, to mitigate the
toxicity on normal cells, the next steps will involve developing
nanocarriers of the most active compounds specifically designed
to target cancer cells instead of normal cells.68,69

4. CONCLUSIONS
A new set of 2-aminobenzothiazole and 2-aminobenzothiazole−
piperazine hybrid compounds were synthesized by aromatic
nucleophilic substitution of monochloroacetyl chloride with
chlorine. Alternatively, solvent-free or neat fusion can be used
with various amines. The compounds were characterized and
evaluated for PI3Kγ inhibition and cytotoxic activity against
MCF-7 and A549 cancer cell lines. Final compounds with 4-
nitroaniline structures showed the highest activity against MCF-
7 and A549 cancer cells, with IC50 values ranging from 22.13 to
61.03 μM. While OMS14 displayed a limited effect against
PI3Kγ, it showed significant inhibition (65%) against another
cancer enzyme, PIK3CD/PIK3R1 (p110 δ/p85 α), suggesting a
potential basis for its anticancer activity. NCI 60-cell line
analysis of compounds OMS5 and OMS14 shows a broad-
spectrum anticancer property, which suggests a potential lead
for further preclinical analysis. Furthermore, we recognize the
necessity to investigate specific strategies of targeted delivery.
Our objective is to utilize these methods to achieve targeted
treatment, increasing the selectivity toward cancer cells while
limiting its effects on healthy cells.
As we continue, we will concentrate on improving and

optimizing the most potent drugs, aiming to decrease the
harmful effects on healthy cells while simultaneously enhancing
the effectiveness against cancer. These efforts highlight the
potential of these molecules as attractive candidates for future
therapeutic approaches. The study we conducted provides vital
insights into the design and evaluation of anticancer agents. We

expect that this will lead to greater progress in the preclinical
development of these molecules.
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