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A B S T R A C T

In this study, thiazole derivatives containing sulphonamide, amide, and phenyl amino groups were synthesized
to protect the free amino groups of 5-methyl-4-phenyl-2-aminothiazole and 4-phenyl-2-aminothiazole. Haloge-
nated reactions of N-protected thiazole derivatives have been investigated. LCMS, FT-IR, 1H NMR, and 13C NMR
spectroscopy techniques were used to elucidate the structures of the synthesized compounds. Inhibition effects of
the N-protected thiazole derivatives against human carbonic anhydrase I, II (hCA I, hCA II), and acetylcholin-
esterase (AChE) were investigated. The best results among the synthesized N-protected thiazole derivatives
showed Ki values in the range of 46.85–587.53 nM against hCA I, 35.01–578.06 nM against hCA II, and in the
range of 19.58–226.18 nM against AChE. Furthermore, in silico studies with the target enzyme of the thiazole
derivatives (9 and 11), which showed the best results experimentally, have examined the binding interactions of
the related compounds at the enzyme active site.

1. Introduction

Synthesis of thiazole ring-containing molecules is becoming
increasingly important, as thiazole derivatives are widely used in the
pharmaceutical, and agricultural industries due to their biological ac-
tivities. Thiazoles are important role in medicinal chemistry because
they are found in the structure of natural compounds (vitamin B1,
penicillin, and carbonic anhydrase enzyme) and biologically active
molecules [1]. Thiazoles show properties such as antimicrobial,
anti-inflammatory, antibacterial, antifungal, anticancer, anthelmintic,
antiparasitic, anthelminitic, antipyretic, antiviral, anti-HIV-1, anti--
Alzheimer’s, adenosine Thiazoles are the important place in medicinal
chemistry because they are found in the structure of natural compounds
receptor antagonist, osteoporosis inhibitor and aldose reductase enzyme
inhibitor [2–13]. Since 2-amino-1,3-thiazoles are found in many drug

molecules and structures of bioactive molecules, they constitute one of
the important research areas of organic chemistry [14,15] (Fig. 1).

Carbonic anhydrases (CAs, EC 4.2.1.1) are a group of metal-
loenzymes found in many living organisms. They play a crucial role in a
fundamental physiological process, which is the reversible conversion of
CO2 into bicarbonate ions and protons, as well as facilitating other
important physiological reactions [16,17]. So far, scientists have
discovered 16 distinct α-CA isoforms in mammals. The catalytically
active α-CAs all have an active site composed of a Zn (II) ion coordinated
with three histidine residues, as well as either a hydroxide ion or a water
molecule [18]. Humans (h) have fifteen distinct isoforms, with the
catalytically active isoforms playing a crucial role in essential physio-
logical processes related to biosynthetic reactions, electrolyte secretion
in various organs and tissues, respiration, pH regulation, calcification,
tumor formation, CO2 transport between metabolizing lungs and tissues,
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bone resorption, and numerous other pathological and physiological
processes [19–21].

Due to the growing older population in most countries, Alzheimer’s
disease (AD) and other neurological illnesses are projected to become
the second most common cause of mortality globally [22]. AD causes
progressive cognitive impairment, which manifests as challenges in
decision-making, language difficulties, mood fluctuations, learning dif-
ficulties, disorientation, and various behavioral disorders [23]. The
cognitive decline caused by AD is linked to the fast breakdown of
acetylcholine (ACh) by cholinesterases, such as acetylcholinesterase
(AChE). Therefore, the act of inhibiting AChE has been suggested to
have a neuroprotective effect. Undoubtedly, AChE inhibitors are the
primary choice for pharmacological management of mild-to-moderate
AD symptoms. AChE inhibitors were first used to treat myasthenia
gravis characterized by a decrease in ACh receptors at the neuromus-
cular junction, resulting in muscle weakness [24,25]. AChE is a thera-
peutic target for managing ataxia, myasthenia gravis, glaucoma, senile
dementia, and Parkinson’s disease [26].

This study aimed to functionalize 5-methyl-4-phenyl-2-aminothia-
zole and 4-phenyl-2-aminothiazole compounds containing thiazole
ring by halogenation reaction and to investigate the inhibition proper-
ties of the obtained products against hCAI, hCAII and AChE enzymes.

2. Results and discussion

2.1. Chemistry

Thiazole derivatives (3, 4) were synthesized from the Hantzsch re-
action of acetophenone and propyphenone compounds with thiourea,
respectively. Likewise, thiazole derivatives (15, 16) were synthesized
from the Hantzsch reaction with N-phenyl thiourea. Then, from the re-
action of the amino group of (3, 4) with methane sulfonyl chloride,
benzene sulfonyl chloride, and tosyl chloride, thiazole derivatives (5, 6,
7, 10, 11, 12) containing sulfone amide group were synthesized. Thia-
zole derivatives containing amide group (8, 9, 13, 14)were synthesized
from the reaction of amino groups of compounds (1, 2) with acetyl
chloride benzoyl [27–40] (Scheme 1).

Interestingly, in the synthesis of N-protected thiazole derivatives,
benzoic acid (17) was obtained as a by-product in the reaction of (3)
with benzoyl chloride. In this reaction carried out under NEt3 catalysis
in THF at room temperature, compound (9) was obtained in 60 % yield,
and by-product (17) was obtained in 20 % yield (Scheme 2). The
structure of (17) was confirmed by melting point, 1H NMR, 13C NMR,
and X-ray analysis. The data for the molecule numbered (17) are
available in SI.

Halogenation reactions of N-protecting-5-methyl-4-phenyl-2-ami-
nothiazole derivatives from the methyl group were performed with NCS,
NBS, KBr-Oxone, HBr, Br2, I2–NaI reagents under different radical ini-
tiators, and reaction conditions [40–48] (Scheme 3). The experimental
reaction conditions for the halogenation reactions of the 5-methyl-4--
phenyl-2-aminothiazole derivatives (10, 14, and 16) are tabulated in SI.

Thiazole compounds containing sulfonamide, benzamide, and
phenyl-amino groups (10, 14, 16) were subjected to halogenation re-
actions within the scope of functionalization studies of the methyl
group. In this context, in compound (14) reaction many bromination
agents (Br2, NBS, HBr, NBS-DBP, NBS-Al2O3, KBr-Oxane, HBr–H2O2,

Br2-Pyridine), solvent system (chloroform, chloroform-H2O, DMSO,
AcOH, benzene, H2O, EtOAc, ACN, acetone) and reaction condition
((room temperature, reflux, ultrasonic, 0 ◦C, room temperature-in dark)
has been applied. Tiral reaction conditions are given in the SI. In the trial
reactions, better results were obtained with chloroform solvent. Trial
reactions were performed under different conditions using chloroform
solvent. In these reactions, it was observed by LCMS follow-up that when
the reaction time was extended for the complete reaction of the starting
compound, the product formed was degraded in the reaction medium. In
addition, in the next study for the isolation of the target product, the
reaction was terminated after product formation was observed in the
reaction by LCMS. When the reaction mixture was separated by column
chromatography, it was observed that the target product was degraded
by interaction with the column filler (SiO2)

A similar situation was observed in bromination reactions with 5-
methyl-4-phenyl-2-aminothiazole derivatives (10, 16). The formation
of the product in the reaction medium was followed by LCMS and it was
determined that the product deteriorated as the reaction progressed.
Test reactions of these compounds are given in the SI.

As a chlorinating agent in the chlorination experiments of the methyl
group of the thiazole molecules (10, 14); Although NCS, NCS-DBP,
chloroform as solvent, and different reaction conditions (room temper-
ature, reflux, ultrasonic, room temperature-in dark) were tried, the
synthesis of the target products could not be realized (Scheme 4).
Iodination reactions of thiazole molecules (14) were also tested. In this
context, ethyl acetate and reaction conditions (reflux, ultrasonic) were
applied as an iodinating agent (I2-DBP, I2–H2O2), but product formation
was not observed. Trial reactions related to chlorination and iodine are
given in the SI.

In the bromination reactions of compound (4), NBS-DBP as bromine
agent: chloroform, EtOAc, and benzene as solvents and different reac-
tion conditions (room temperature, ultrasonic) was tried, but the syn-
thesis of the target product (24) could not be realized (Scheme 4).

The desired product could not be isolated in the halogenation re-
actions of compound (10, 14, 16) obtained from propyphenonone.
Compounds (3, 8, 15) were synthesized starting from acetophenone.
Compounds (25–27) were synthesized with bromination of compounds
(3, 8, 15) with NBS at room temperature (Scheme 5).

The target product (28) could not be synthesized in the bromination
reaction of the compound (9). Benzoic acid (17) was also formed in this
reaction (Scheme 6). This reaction was performed at different times with
the reaction indicated in Scheme 2. NMR and melting point data for
benzoic acid obtained from both experiments are given in the SI section.

2.2. Enzyme inhibition studies

Evaluation of the effects of N-substituted 4-phenyl-2-aminothiazole
derivatives on AChE, and both hCA isoenzymes (hCAI and hCAII) was
the main objective of this study. The inhibition results are summarized
in Table 1. Recently, hCAIs have mostly been utilized in clinical settings
as anti-epileptic, diuretic, and anti-glaucoma medications. However,
freshly developed compounds are currently being assessed in clinical
trials as anti-obesity drugs/diagnostics or anti-tumor agents [49].

Erythrocytes contain cytosolic hCA I and hCA II, which play a crucial
role in maintaining normal blood pH by producing HCO3

− (Biçer et al.,
2020). Pathological disorders such as oedema, epilepsy, and glaucoma

Fig. 1. Some bioactive thiazole compounds.
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are induced by the dysregulation of hCA I and II isoenzymes in tissue
cells [50]. The cytosolic enzyme hCA I was inhibited by the N-pro-
tecting-thiazole derivatives with Ki values ranging between 46.85 ±

7.18 and 587.53± 40.44 nM. In this study, the Ki for the positive control
hCAI acetazolamide (AAZ), a recorded hCA I inhibitor, was 295.78 ±

17.88 nM against hCA I isoenzyme (Table 1). Compound 9, containing a
carbonyl group (COPh) and a phenyl ring, recorded the most powerful
hCA I isoform with a Ki value of 46.85 ± 7.18 nM. The carbonyl group
forms hydrogen bonds with residues in the active site, while the phenyl
ring engages in hydrophobic interactions, leading to high binding af-
finity. Compound 7, features a sulfonamide group (SO2C6H5CH3) and a
phenyl ring, it turned out to be the second most effective inhibitor of the
hCA I enzyme (Ki: 62.51 ± 8.80 nM). The sulfonamide group interacts
with the zinc ion, and the phenyl ring stabilizes the complex through
hydrophobic interactions. Compound 6, wich includes a sulfonamide
group (SO2Me) and a smaller alkyl group, showed a less inhibition effect
on hCA I enzyme (Ki: 587.53 ± 40.44 nM). The sulfonamide group in-
teracts with the zinc ion, whereas the smaller alkyl group may have a
lesser impact on hydrophobic stabilization, leading to a decrease in
binding affinity. In general, N-protecting-thiazole derivatives (5–14)
showed effective inhibition effects against hCA I enzyme.

The cytosolic enzyme hCA II was significantly inhibited by the N-
protecting-thiazole derivatives with Ki values ranging between 35.01 ±

8.33 and 578.06 ± 72.98 nM. Among the synthesized derivatives,
compound (12) exhibited the most potent hCA I isoform with a Ki value
of 35.01 ± 8.33 nM. The compounds (12) are, the best inhibitor among
these molecules (Ki:35.01 ± 8.33 nM) compared to the AAZ (Ki: 266.77

± 33.87 nM), which is known as a specific inhibitor of hCA isoenzymes
as a standard. Sulfonamide groups, especially when combined with
phenyl rings, have robust affinities for the zinc ion in carbonic anhy-
drases and establish enduring complexes via hydrogen bonding and
hydrophobic interactions. Carbonyl groups also enhance binding sta-
bility by forming hydrogen bonds. These findings indicate that by
tailoring the positioning and characteristics of these functional groups, it
is possible to develop enzyme inhibitors with greater potency.

The cholinergic enzyme AChE was significantly inhibited by the N-
protecting-thiazole derivatives with Ki values ranging between 19.58 ±

3.28 and 226.18 ± 47.77 nM. The compound (12) has the highest

Scheme 1. General synthesis scheme of thiazole derivatives.

Scheme 2. Protection reaction of compound (3) with benzoyl chloride.

 

Scheme 3. Halogenation reactions of 5-methyl-4-phenyl-2-aminothiazole derivatives.

Scheme 4. Bromination test of compound (4) with NBS.

Scheme 5. Synthesis of bromo-containing thiazole derivatives.
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inhibitory activity among these molecules, with a Ki value of 35.01 ±

8.33 nM. In comparison, tacrine (THA), a well-known selective inhibitor
of AChE, has a standard Ki value of 175.44 ± 13.87 nM. This study
clearly demonstrated that compound (12) had potent inhibitory effects
against cholinergic enzymes. Compound (12) showed superior inhibi-
tion properties against both hCA II and AChE enzymes.

When hCA I and hCAII enzymes were compared with the standard
compound AAZ, it was observed that the synthesized derivatives
generally gave better inhibition results than the standard compound. N-
protected thiazole derivatives showed a better inhibitory profile against
AChE enzyme. Inhibition results at lower nM levels were obtained in
studies with AChE enzyme.

2.3. Computational study

Molecular docking-assisted virtual screening has been employed in
numerous drug discovery campaigns. Though there are significant ad-
vancements in computer-aided molecular docking, estimating the reli-
able ligand binding mode has remained challenging since ligand binding
can cause a wide range of induced conformational changes to the pro-
tein. Generally, ligand-induced conformational changes (LICCs) are
more pronounced for side chains than leading chains [51]. LICCs should
often be addressed in docking studies to properly score the compounds
to enhance the selection of hits and provide valuable insight into the
binding determinants of the hits [52]. The binding affinities of the
synthesized N-protecting thiazole derivatives were scrutinized utilizing
X-ray crystallographic structures of hCA I (PDB ID 1AZM) [53], hCA II
(PDB ID 3HS4) [54], and AChE (PDB ID 7XN1) [55]. Validation of the
docking protocol was achieved by re-docking the co-crystallized native
ligands AAZ and THA into the enzymes’ active sites, ensuring method-
ological reliability as indicated by low RMSD values (<1.0 Å) and ac-
curate reproduction of key interactions by the docking poses of the
co-crystallized ligands. The investigation revealed that compounds 9
(targeting hCA I with KI of 46.85 ± 7.18 nM) and 12 (targeting hCA II
and AChE with KIs of 35.01 ± 8.33 nM and 19.58 ± 3.28 nM, respec-
tively) demonstrated notable binding affinity with predicted (Figs. 2–4).

In all CAs enzyme classes, a metal hydroxide species of the enzyme is
the catalytically active species, acting as a strong nucleophile (at neutral
pH) on the CO2 molecule bound in a hydrophobic pocket nearby. This
metal hydroxide species is generated from H2O coordinated to the metal

ion, which is found at the bottom of the active site cavity. The active
center usually comprises Zn(II) ions in tetrahedral geometry, with three
protein ligands in addition to the H2O molecule/hydroxide ion. In many
enzymes, generation of the metal hydroxide species from the metal-
coordinated H2O is the rate-determining step of the catalytic turnover,
which for some α-CAs achieve kcat/KM values >108 M− 1s− 1, making
CAs among the most effective catalysts known in nature. The metal ion
ligands are three His residues (His94, His96, and His119) in α-CAs. The
inhibition and activation of CAs are also well-understood processes, with
most inhibitors binding to the metal center and activators binding at the
entrance of the active site cavity and participating in the proton shut-
tling between the metal ion-bound H2O molecule and the environment.
This leads to the enhanced formation of the metal hydroxide, catalyti-
cally active enzyme species. In this research, compounds 9 and 12
entered a π-π stacking interaction with the His94 amino acid residue,
respectively, hCA I and II isoforms (Figs. 2 and 3).

Being a drug target for AD, AChE has received wide attention over
the years. The active AChE site is a narrow gorge of ~20 Å deep, with the
catalytic site buried at the bottom of the gorge [56]. The active site
comprises two subsites called ‘esteratic’ and ‘anionic or aromatic’ sub-
sites. The esteratic subsite contains a catalytic triad of three amino acids:
Ser203, His447, and Glu324. Residues Trp86 and Tyr337 constitute the
‘anionic or aromatic’ subsite of the catalytic site (CAS), making π-cation
interactions with the quaternary group of the substrate [57]. The
Tyr337, termed as a ‘swinging gate’, has a critical role in the binding of
substrates and various inhibitors. Residues Trp286 and Asp72 contribute
to the peripheral anionic site or peripheral aromatic site (PAS) located at
the lip of the gorge, which has a vital role in routing the substrate ideally
to the active site. The Phe295 and Phe297 contribute to the acyl pocket,
which determines the specificity for ACh [57]. Herein, compound 12
interacted by π-π stacking with CAS amino acids Trp86 and Tyr337
(Fig. 4).

Moreover, the QikProp module of Schrödinger Suite 2024-2 for Mac
was employed to evaluate the drug-likeness of the synthesized N-pro-
tecting thiazole derivatives, assessing ADME/T (absorption, distribu-
tion, metabolism, elimination, and toxicity) parameters, as detailed in
Table 8 (SI). Generally, the ability to design drugs capable of penetrating
the blood-brain barrier (QPlogBB; brain/blood partition coefficient) and
affecting the desired biological response is a formidable challenge. On
the other hand, peripherally-acting drugs need to possess specific
physical-chemical properties that prevent them from crossing the
QPlogBB. Fundamental physicochemical features of central nervous
system (CNS) drugs are related to their ability to penetrate the BBB af-
finity and exhibit CNS activity [58]. CNS drugs show molecular weight,
lipophilicity, and hydrogen bond donor and acceptor values that
generally have a smaller range than general therapeutics. The results
indicate that these oxime ethers possess drug-like properties [59] and
comply with Lipinski’s Rule of Five [60] and Jorgensen’s Rule of Three
[61,62].

3. Experimental section

3.1. General

All chemicals were commercially available and used without further
purification. Melting points were determined in a Gallenkamp melting
point apparatus. All reactions were monitored by TLC (MERCK 105715
Silica Gel 60 F254 25 TLC Plates) with detection by UV light (254 nm).
The IR spectra were recorded using a Shimadzu Infinity model FTIR
spectrometer equipped with three reflections ATR attachment. NMR
measurements were performed with a 500 MHz Bruker or 500 MHz
Varian Mercury spectrometer. LCMS measurements were recorded with
Shimadzu LabSolutions. X-ray diffraction studies were performed in
Bruker Smart Apex II Quazar.

Scheme 6. Bromination reaction of thiazole derivative (9).

Table 1
Enzyme inhibition results of N-protecting thiazole derivatives.

Compounds Ki (nM)

hCA I hCA II AChE

5 142.87 ± 38.55 78.78 ± 13.21 66.19 ± 13.45
6 587.53 ± 40.44 578.06 ± 72.98 185.44 ± 41.13
7 62.51 ± 8.80 50.98 ± 14.89 33.64 ± 6.66
8 374.00 ± 33.57 214.58 ± 28.14 149.29 ± 24.21
9 46.85 ± 7.18 110.05 ± 22.18 75.78 ± 11.97
11 207.66 ± 38.65 169.34 ± 35.88 97.34 ± 15.04
12 79.75 ± 12.67 35.01 ± 8.33 19.58 ± 3.28
13 382.72 ± 29.87 370.81 ± 14.87 136.40 ± 19.21
14 73.89 ± 4.55 92.78 ± 16.37 44.93 ± 9.21
15 152.88 ± 43.78 118.00 ± 36.32 95.21 ± 16.42
25 463.07 ± 30.49 527.50 ± 58.86 226.18 ± 47.77
26 101.22 ± 23.31 111.97 ± 37.30 52.73 ± 2.33
27 286.02 ± 41.34 324.14 ± 41.11 150.65 ± 35.19
AAZ 295.78 ± 17.88 266.77 ± 33.87 –
THA – – 175.44 ± 13.87
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Fig. 2. The molecular docking analysis of the hCA I isoform (PDB ID 1AZM) with N-(4-phenylthiazol-2-yl)benzamide (9) revealed the three-dimensional docking
pose of the compound (9) within the active site of 1AZM, as illustrated in Figure A. Subsequently, a two-dimensional interaction diagram (illustrated in Figure B) was
constructed to detail the specific interactions between 1AZM and compound (9).
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Fig. 3. The molecular docking analysis of the hCA II isoform (PDB ID 3HS4) with 4-methyl-N-(5-methyl-4-phenylthiazol-2-yl)benzenesulfonamide (12) revealed the
three-dimensional docking pose of the compound (12) within the active site of 3HS4, as illustrated in Figure A. Subsequently, a two-dimensional interaction diagram
(illustrated in Figure B) was constructed to detail the specific interactions between 3HS4 and compound (12).
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Fig. 4. The molecular docking analysis of the AChE (PDB ID 7XN1) with 4-methyl-N-(5-methyl-4-phenylthiazol-2-yl)benzenesulfonamide (12) revealed the three-
dimensional docking pose of the compound (12) within the active site of 7XN1, as illustrated in Figure A. Subsequently, a two-dimensional interaction diagram
(illustrated in Figure B) was constructed to detail the specific interactions between 7XN1 and compound (12).

A. Biçer et al. Archives of Biochemistry and Biophysics 761 (2024) 110159 

7 



3.2. Chemistry

Thiazole derivatives (3,4,15,16) were synthesized by Hantzsch re-
action with thiourea/N-phenylthiourea following bromination of the
alpha position of acetophenone and propyphenone compounds. N-pro-
tecting-2-amino thiazole derivatives (5–14) were synthesized according
to the literature by protection reactions of the free amino group of the
thiazole compound with benzenesulfonyl chloride, mesityl chloride,
tosyl chloride, acetyl chloride, and benzyl chloride. The spectroscopic
data of the synthesized molecules are given in the SI section.

3.2.1. Synthesis of N-(4-phenylthiazol-2-yl)benzamide (9)
Compound (3) (1 equivalent, 0.100 g) was dissolved in 0.6 mL NEt3

and 2 mL THF, benzoyl chloride (1 equivalent, 0.015 g) was added. After
stirring the reaction at room temperature. The reaction was checked by
TLC and it was observed that the starting compound was consumed after
5 h. The reaction mixture was neutralized with 10 % HCl solution and a
yellow solid product precipitated. The precipitate was washed with
plenty of water and dried. The crude product was purified by column
chromatography with 30 % EtOAc/Hexane solvent system. Compound
(9)was obtained in 60 % yield. 1H NMR (500 MHz, CDCl3) δ: 11.10 (brs,
NH), 7.86 (d, J = 5 Hz, 2H), 7.74 (d, J = 5 Hz, 2H), 7.49–7,45 (m, 1H),
7.38–7.31 (m, 4H), 7.28–7.24 (m, 1H), 7.16 (s, 1H). As a by-product,
compound (17) was obtained in 20 % yield. 1H NMR (500 MHz,
CDCl3) δ:11.78 (brs, COOH, 1H), 8.13 (d, J = 5 Hz, 2H), 7.62 (t, J = 5
Hz, 1H), 7.49 (t, J = 10 Hz, 2H).

3.2.2. Synthesis of benzoic acid (17)
Compound (9) (0.1 g, 1 equiv) was dissolved in 4 mL DCM. At room

temperature, a solution of NBS (0.1 g, 1 equivalent) in 3 mL DCM was
added dropwise to the reaction medium. The color of the reaction
mixture was initially yellow and became black after the addition of 3/2
of the NBS solution. The reaction was monitored by TLC. Product (28)
could not be obtained in the reaction. Product (17) was obtained from
the reaction medium in 30 % yield. 1H NMR (500 MHz, CDCl3) δ: 11.30
(brs NH), 8.12 (d, J = 5 Hz, 2H), 7.62 (t, J = 5 Hz, 1H), 7.48 (t, J =

7.5Hz, 2H). 13C NMR (126 MHz, CDCl3) δ: 172.28, 133.77, 130.23,
129.50, 128.50.

3.3. hCAs and AChE inhibitory effect study

Verpoorte’s approach [63] of measuring the change in absorbance at
348 nm was used to measure the activity of the hCA I and II and to
ascertain the inhibitory effects of compounds [64]. The approach of
Ellman group [65] was used to assess the novel synthesized compounds’
effects on AChE activity in vitro. According to prior investigations,
spectrophotometric measurements were made at 412 nm using AChI
[66,67]. These analogues TAC and AZA were dissolved in DMSO at an
initial concentration of 1 mg/mL. The resulting combination consisted
of a minimal quantity of DMSO, around 1 %. Experiments were con-
ducted to investigate the inhibitory processes of analogues by per-
forming kinetic tests with different chemical concentrations and
substrates in a controlled laboratory setting. The observed data was
utilized to generate Lineweaver-Burk, determine Ki constants, construct
Michaelis-Menten curves, and explore different forms of inhibition [68,
69].

3.4. Computational study

In this study, the molecular docking analyses were conducted using
the 2024-2 version of the Schrödinger Small-Molecule Drug Discovery
Suite for Mac. Protein structures with PDB IDs 1AZM [53], 3HS4 [54],
and 7XN1 [55], corresponding to hCA I, hCA II isoforms, and AChE,
respectively, were retrieved from the RCSB Protein Data Bank and
preprocessed for docking via the Protein Preparation Wizard module.
The N-protecting thiazole derivatives were initially sketched using

ChemDraw version 21 (PerkinElmer, Inc., Waltham, MA, USA) for Mac
and subsequently optimized with the LigPrep module at pH 7.4 ± 0.5
under the OPLS4 force field utilizing Epik. The active site residues
identified through the SiteMap tool were defined within the Receptor
Grid Generation module to create the receptor grid in the Maestro
interface. Docking of the ligands to hCAs and AChE was performed using
the Glide application with default settings and the extra precision (XP)
method. Moreover, the relative binding affinities were predicted using
the Prime MM-GBSA method within the VSGB energy model and OPLS4
force field, applied to protein-ligand complexes 1AZM, 3HS4, and 7XN1.
The QikProp tool was further employed to predict the ADME properties
of all target compounds in this study.

4. Conclusions

In the halogenation reactions of 5-methyl-4-phenyl-2-aminothiazole
derivatives, a bromination product was observed in the reaction me-
dium, but no product could be isolated. Desired halogenation products
were obtained in the bromination reactions of 4-phenyl-2-amino thia-
zole derivatives. Some of the thiazole derivatives obtained within the
scope of derivatization studies were subjected to inhibition studies
against hCA I, hCA II and AChE enzymes. All of the synthesized N-pro-
tecting-thiazole derivatives effectively inhibited the metabolic enzymes
of hCA I and hCA II at the nanomolar levels. Among the synthesized
molecules, compound (9) against hCA I enzyme and compound (12)
against hCA II and AChE enzymes gave the best inhibition results. In
silico studies for both compounds (9) and (12), it was analyzed that they
interact with the active sites of enzymes.
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