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اون المحضرة عن طريق -4-ثيازينان  3،1تحضير وتذخيص ودراسة الالتحام الجزيئي لمركبات 

 مركبتوبروبانويك مع قواعد شف-1تفاعل حامض 
 عسر جسال مهدي 

 قدم الكيسياء /كمية التربية لمعمهم الررفة /جامعة الأنبار 
omar.j.m@uoanbar.edu.iq 

 المدتخلص: 
( K1-K4تحزير أربع مركبات ذات حمقات سداسية غير متجاندة ) في هذا العسل، تم       

كمهروأنيمين مع -4باستخدام قهاعد شف والكهاشف السشاسبة. ولتحزير قهاعد شيف، تم  تكثيف 
ألدهيدات عظرية مختمفة في الإيثانهل السظمق مع بزع قظرات من حسض الخميك الثمجي كعامل 

ون السعهض من مفاعمة قهاعد شف السحزرة -4-يشانثياز -3،1مداعد. تم الحرهل عمى مذتق 
مركابتهبروبانهيك في البشزين اللامائي بالترعيد الارتجاجي. عُزلت السشتجات ونُقيت -1مع حامض 

ووُصفت باستخدام مظيافية الأشعة تحت الحسراء بتحهيل فهرييه ، ومظيافية الرنين الشهوي 
حميل الدقيق لمعشاصر ، استُخدمت تقشية الالتحام الجزيئي السغشاطيدي لمبروتهن ومظيافية الكتمة، والت

(. AChE( عمى نذاط أستيل كهلين إستراز )K1-K4لدراسة التأثيرات السثبظة لمسركبات السُشتجة )
، بدرجة K1ون نذاطًا مثبظًا للإنزيم. وكذف السذتق -4-ثيازيشان-3،1أعهرت جسيع مذتقات 

مقارنةً بالجالانثامين،  AChEيرات مثبظة جيدة عمى تثبيط كيمه كالهري/مهل، عن تأث 3.1-إرساء 
 الذي استُخدم كدواء مرجعي.

مركابتهبروبانهيك، -1ون، إيسين، قهاعد شيف، حامض -4-ثيازيشان -3,1 الكلمات المفتاحية:
 الالتحام الجزيئي.

Synthesis, characterization, and molecular docking study of 1,3-

thiazinan-4-one synthesized via the reaction of 3- mercaptopropanoic 

acid with Schiff's base 
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Abstract: 

      Four compounds with heterocyclic six-membered rings (K1-K4) were 

synthesized in this work via the use of Schiff's bases and the appropriate 

reagents. To prepare Schiff bases, 4-chloroaniline was condensed with 

different aromatic aldehydes in absolute ethanol with a few drops of glacial 

acetic acid as a catalyst. The substituted 1,3-thiazinan-4-one was obtained by 

treating these Schiff bases with 3-mercaptopropanoic acid in anhydrous 

benzene under reflux conditions. The products were isolated, purified, and 

characterized by FT-IR, 1H- NMR spectroscopy, mass spectrometry, and 

C.H.N. analysis. Finally, molecular docking was used to investigate the 

inhibitory effects of the produced compounds (K1-K4) on the activity of 

acetylcholinesterase (AChE). All the 1,3-thiazinan-4-one derivatives showed 

enzyme inhibitory activity. The derivative K1, with a docking score of -9.3 

kcal/mole, revealed good inhibitory effects on AChE inhibition compared 

with galanthamine, which was used as a reference drug. 

Keywords: 1,3-Thiazinan -4-one, Imine, Schiff's Bases, 3- 

Mercaptopropanoic Acid, Molecular Docking. 
1. INTRODUCTION 

     Heterocycles represent an essential molecular framework in medicinal 

chemistry. Many commercialized drugs contain a heterocyclic moiety that 

has a wide spectrum of biological activities (Pal, 2023; Qadir, 2022). 

Thiazinanes are a class of heterocycles resembling substances containing 

nitrogen and sulfur attached to complex structures. These types are 

precursors for the preparation of many drugs used to treat various diseases 

(Mohamed, 2023; Kabir, 2022). Thiazinan-4-one was first discovered in 

the 1960s. Since then, it has garnered a great deal of interest (Tajdari, 

2024). The vast majority of studies focused on the structural elucidation of 

1,3-thiazinan-4-one. Since the late 1990s, more studies have been conducted 

to develop synthetic routes (Zhang, 2021). With mature and stabilized 

synthesis, there has since been a surge in its broad application (Alshammari, 

2022; Lin, 2024).  As a versatile aggregation, thiazinan-4-one is a viable 

starting material for the synthesis of a variety of biologically active 
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compounds, and subsequent studies could promote its comprehensive 

application (Ibrahim, 2023; Taylor, 2023). Acetylcholinesterase (AChE) is 

an essential enzyme that hydrolyzes the neurotransmitter acetylcholine, thus 

maintaining homeostasis in the basal tone of the autonomic nervous system 

and regulating the firing of action potentials in many synapses of the central 

nervous system. A wide range of chemicals interacts with active AChE. 

(Rajagopalan, 2023), (Xing, 2020), (Teleanu,2023). Structure‒function 

studies using molecular docking have shown that AChE belongs to the 

cholinesterase family, which also includes butyrylcholinesterase (BChE) and 

a wide range of bacterial enzymes (Wojtunik-Kulesza, 2021). 

Parkinsonism, myasthenia gravis, and Alzheimer’s disease (AD) are 

neurodegenerative disorders associated with a shortage of acetylcholine due 

to a reduced level of the enzyme AChE (Nimgampalle, 2023). Furthermore, 

residue 199 in AChE must be glycine to catalyze the hydrolysis of 

acetylcholine. Molecules can bind and inhibit AChE, which is important for 

the treatment of neurodegenerative disorders such as AD. They can therefore 

be found by screening potential candidates against active site residues of the 

enzyme (Permana, 2025; Halder, 2021). The two major functional 

cholinesterases in humans are acetylcholinesterase (AChE) and 

butyrylcholinesterase (BChE). The inhibition is recognized as a potential 

therapeutic target for Alzheimer's disease (AD), which is characterized by 

the formation of senile plaques of beta amyloid (Aβ) inside the brain 

(Villeda‐González, 2024). The reduced activity of AChE and elevated levels 

of BChE in the brains of AD patients are implicated in aberrant cholinergic 

functions and the formation of senile plaques of insoluble Aβ. Currently 

available reversible inhibitors of cholinesterases (ChEs) do not halt the 

progression of the disease; hence, the rational design and development of 

novel compounds with a specific inhibition of BChE in the development of 

AD is essential. (Chen, 2022). Fig. 1 shows the enzyme's target proteins that 

need to be anticipated to foretell their inhibition. 
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FIGURE 1. Both the ligand and the target are involved in the docking 

process. 

2. EXPERIMENTAL SECTION 

2.1. Materials and methods 

     For this research, the following chemicals were utilized: 4-chloroaniline,  

4-bromobenzaldehyde, 4-nitrobenzaldehyde, 4-methylbenzaldehyde, 3-

mercaptopropanoic acid, and Scharlau solvents. At the University of Basra, 

Bruker spectrometers running at 400 MHz were used to record the 
1
H-NMR 

spectra.  A Bruker-Tensor 27 spectrometer was used to record the FT-IR 

spectra using the ATR technique. The CHN lab at Iran's University of 

Tehran specializes in microelement analysis. An Agilent Technologies MS 

5973 mass spectrometer was used to acquire the mass spectra.  

2.2. General procedure for the synthesis of (4-chlorophenyl)-1-

phenylmethanimine M1-M4   

     It is worth mentioning that modifications have been made on the adopted 

methodology Mukhlif, 2023), in which benzaldehyde  (0.01 mol) was 

dissolved in 15 ml of absolute EtOH, and drops of glacial acetic acid were 

added. Then, 4-chloroaniline (0.01 mol) was dissolved in 10 ml of absolute 

ethanol, mixed in a 50 ml round-bottom glass flask, and left to reflux for 4 

hours. The precipitate was filtered and recrystallized from EtOH. 

Characterization of (E)-N-(4-chlorophenyl)-1-phenylmethanimine M1 

white solid, yield 78%; m.p. 69–71 °C, FT-IR (ν cm
-1

): 3061 (C-Haromatic), 

1624 (C=N) and 1576, 1450 (C=C). 
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Characterization of (E)-1-(4-bromophenyl)-N-(4-

chlorophenyl)methanimineM2 

white solid, yield 79 %; m.p. 85-87 °C. FT-IR (ν cm
-1

): 3073 (C-Haromatic), 

1622 (C=N), 1572, 1473 (C=C), and 561 (C-Br). 

Characterization of (E)-N-(4-chlorophenyl)-1-(4-nitrophenyl)methanimine 

M3 

Yellow solid, yield 82%; m.p. 108-110 °C. FT-IR (ν cm
-1

): 3100 (C-

Haromatic), 1626 (C=N), 1590, 1413 (C=C) and 1501 (C-NO2 asy.) 1340 (C-

NO2 sym.) 

Characterization of (E)-N-(4-chlorophenyl)-1-(4-

methoxyphenyl)methanimine M4 

white solid, yield 79%; m.p. 76-78 °C. FT-IR (ν cm
-1

): 3066 (C-H aromatic), 

1624 (C=N), 1509, 1440 (C=C), and 2974 (C-H aliphatic). 

2.3. General procedure for the synthesis of 3-(4-chlorophenyl)-2-phenyl-1,3-

thiazinan-4-one K1-K4  

Modifications have been made to the method used by Adriana (2019). 

Dissolve 0.03 mol of compound M1 in 60 mL of benzene. Then (0.03 mol) 

of zinc chloride anhydrous dissolved in 10 ml of benzene as a catalyst was 

added to (0.03 mol) of 3-mercaptopropionic acid. The solutions were mixed 

together in a 100 ml round-bottomed glass flask. The mixture was heated for 

18 h. The product was cooled, then filtered and recrystallized from absolute 

ethanol. 

Characterization of 3-(4-chlorophenyl)-2-phenyl-1,3-thiazinan-4-one K1 

Yellow solid, yield 58 %; m.p. 87–89 °C Chemical Formula (C16H14ClNOS) 

C.H.N. Analysis Cal./(found): C%= 63.26/(63.02), H%= 4.65/(4.31), N%= 

4.61/(4.39). Mass spectrometry:- M
+ 

ion: [C16H13ClNOS]
+
 m/z: 302.1 and 

base peak [C7H7]
+
 m/z: 91.1. 

1 
H-NMR (DMSO-d6, 400 MHz) δ (ppm): 7.21-

7.84 (m, 9H.), 6.09 (s, 1H CHThiazinan-4-one) and 2.68-2.98 (t, 4H CH2Thiazinan-4-

one).
 
FT-IR (ν cm

-1
): 3034 (C-Harom. ), 2926 (C-Halip. ), 1665 (C=O lactam), and 

717 (C-S) and 761(C-Cl). 

Characterization of 2-(4-bromophenyl)-3-(4-chlorophenyl)-1,3-thiazinan-4-

one K2 
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Yellow solid, yield 62%; m.p. 116-118 °C. Chemical formula 

(C16H13BrClNOS) C.H.N. Analysis Cal./(found): C%= 50.22/(49.83), H%= 

3.42/(3.02), N%= 3.66/(3.19). Mass spectrometry:- M
+
 ion: 

[C16H12BrClNOS]
+
 m/z: 379.1 and base peak [C7H7]

+
 m/z: 91.1. 

1 
HNMR 

(DMSO-d6, 400 MHz) δ (ppm):
 
7.15–7.86 (m, 8Haroma. ), 6.19 (s, 1H 

CHThiazinan-4-one) and 2.73-2.95 (t, 4H CH2 Thiazinan-4-one).
 
FT-IR (ν cm

-1
): 3034 

(C-Harom. ), 2915 (C-Halip. ), 1685 (C=O lactam), 726 (C-S), and 624 (C-Br). 

Characterization of 3-(4-chlorophenyl)-2-(4-nitrophenyl)-1,3-thiazinan-4-

one K3 

Yellow solid, yield 69%; m.p. 119–121 °C. Chemical formula 

(C16H13ClN2O3S) C.H.N. Analysis Cal./(found): C%= 55.10/(54.76), H%= 

3.76/(3.43), N%= 8.03/(7.85). Mass spectrometry:- M+ ion: 

[C16H12ClN2O3S]
+
 m/z: 347.1 and base peak [C7H6] 

•+
 m/z: 90.1. 

1 
HNMR 

(DMSO-d6, 400 MHz) δ (ppm): 7.16-8.26 (m, 8H Ar. ), 6.23 (s, 1H CHThiazinan-

4-one) and 2.74-2.97 (t, 4H CH 2Thiazinan-4-one).
 
FT-IR-(ν cm

-1
): 3036 (C-Harom. ), 

2939 (C-Halip. ), 1636 (C=O lactam), 739 (C-S) and 1563 (C-NO2 asy.) 1338 (C-

NO2 sym.) 

Characterization of 3-(4-chlorophenyl)-2-(4-methoxyphenyl)-1,3-thiazinan-

4-one K4 

Yellow solid, yield 62%; m.p. 93-95 °C. Chemical formula (C17H16ClNO2S) 

C.H.N. Analysis Cal./(found): C%= 61.16/(60.84), H%= 4.83/(4.41), N%= 

4.20/(3.84). Mass spectrometry: M+ ion: [C17H15ClNO2S]
+
 m/z: 332.1 and 

base peak [C7H7]
+
 m/z: 91.1. 

1
HNMR (DMSO-d6, 400 MHz) δ (ppm): 6.96-

7.98 (m, 8Harom. ), 6.16 (s, 1H CHThiazinan-4-one), 3.92 (s, 3H –OCH3) and 2.70-

2.92 (t, 4H CH2Thiazinan-4-one). FT-IR (ν cm
-1

): 3113 (C-Harom. ), 2988 (C-Halip. ), 

1661 (C=O lactam), and 729 (C-S). 

3. THEORETICAL SECTION 

3.1 In docking studies 

      One useful way to investigate ligand‒target protein interactions is 

molecular docking. The effectiveness of newly synthesized heterocyclic 

compounds against acetylcholinesterase (AChE) (PDB-ID 1EEA) was 

confirmed, where an enzyme responsible for neurological diseases was 
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compared with that of the reference medication galanthamine (gala). Several 

of these enzymes can be found in the Protein Data Bank (www.pdb.org). For 

molecular docking, AutoDock Vina 1.5.6 was used (Trott, 2010). The 

compounds (K1-K5) and the reference medication were drawn using 

ChemDraw. The final products using Chem3D16.0 and the MMFF94 

method were geometrically optimized. Afterward, BIOVIA Discovery 

Studio 4.0 was used to analyze the molecular docking outcomes. It was 

possible to identify the inhibitors that had the strongest impact on the 

enzyme compared to the medication by observing the ligand‒protein 

interaction at the active site (Biovia, 2013).  

4. RESULTS AND DISCUSSION 

4.1. Chemistry 

The routes used to synthesize compounds M1-M4 and K1-K4 are shown in 

Scheme 1. 

Scheme 1: Steps for the synthesis of chemicals 

 

5.  Characterization 

5.1. FT-IR, 1 H- NMR, C.H.N. analysis, and mass spectrum 

Changes in the product color and melting point serve as preliminary 

evidence of the synthesis of imine (M1-M4). The FT-IR spectrum of the 

compounds revealed moderate absorption in the range of 3100-3061 cm
-1

 

attributed to the C–H aromatic, and an absorption band in the range of 1626-

1622 cm
–1

 attributed to C=N Imine was provided (Mukhlif, 2023). Table 1 
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shows the absorption of each particular compound, together with the 

stretching absorption of the other groups. 

 

Table 1. FT-IR spectral data (cm
-1

) for the synthesized M1-M4 

compounds 

 

 

The structures of the synthesized (K1-K4) were confirmed by FT-IR,
 1H-

NMR, C.H.N., and mass spectra of the products. The FT-IR spectra revealed 

that the signature absorption bands of the (C=N) Imine group vanished. In 

addition to the stretching absorption of the other groups in the structure of 

each molecule, as shown in Table 2, both (C=O lactam) often exhibit 

absorption frequencies in the (1685-1661) cm
-1

 range (Mukhlif, 2025).  

Table 2. FT-IR spectral data (cm-1) for synthesized K1-K4 compounds 

Others C-S C=O 

lactam 

C-H Code 

Alip. Arom. 

……. 717 1665 2926 3034 K1 

C-Br 624 726 1685 2915 3034 K 2 

NO2 asy. 1563 

Sym. 1338 

739 1636 2939 3036 K 3 

C-O 1010 729 1661 2988 3113 K 4 

 

Table 3 lists the predicted signals of each proton in various environments, 

and the results of the chemical shifts in the 
1
H-NMR spectra of the product's 

unique molecular structures are fairly consistent with these signals. Figure 2 

of compounds that have been prepared (K1-K4). C.H.N.% provided further 

proof, as the proportion of these elements that were found matches the 

percentages that were calculated (Adriana, 2019). Table 3 shows that the 

acquired analytical results correspond with reference values. For substances 

Others C=C C=N C-H Arom. Code 

……. 1450 1576 1624 3061 M1 

C-Br 561 1473 1572 1622 3073 M2 

NO2 asy. 1501 

Sym. 1340 

1413 1590 1626 3100 M3 

C-H alip. 2974 1440 1509 1624 3066 M4 
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K1-K4, the values of the molecular ion and base peaks were visible, as 

shown in Table 3. The mass spectral chart for compound K1 is shown in 

Figure 3, and its fragmentation pattern is described in Scheme 2. 

 

Table 3. 1H, C.H.N. Analysis and mass spectra of the K1-K4 compounds  

Cod

e 

1
H NMR chemical shift (ppm) C.H.N Analysis Cal./(Found.) Mass Spectra 

C-Harom. C-H 

Thiazinan-4-

one 

CH2 

Thiazinan-4-

one 

Chemical 

Formula  

 %C %H % N Molecular Ion Base 

Peak 

K1 m 9H 

7.21-

7.84 

s 1H 

6.09 

t 4H 

2.68-2.98 

C16H14ClNOS 63.26 

(63.02

) 

4.65 

(4.31

) 

4.61 

(4.39

) 

[C16H13ClNOS]
+

 

m/z: 302.1 

[C7H7]
+
  

m/z: 91.1 

K 2 m 8H 

7.15-

7.86 

s 1H 

6.19 

t 4H 

2.73-2.95 

C16H13BrClNO

S 

50.22 

(49.83

) 

3.42 

(3.02

) 

3.66 

(3.19

) 

[C16H12BrClNOS]
+
  

m/z: 379.1 

[C7H7]
•+

  

m/z: 91.1 

K 3 m 8H 

7.16-

8.26 

s 1H 

6.23 

t 4H 

2.74-2.97 

C16H13ClN2O3

S 

55.10 

(54.76

) 

3.76 

(3.43

) 

8.03 

(7.85

) 

[C16H12ClN2O3S]
+

 

m/z: 347.1 

[C7H6]
 +

   

m/z: 90.1 

K 4 m 8H 

6.96-

7.98 

s 1H 

6.16 

t 4H 

2.70-2.92 

C16H13BrClNO

S 

50.22 

(49.83

) 

3.42 

(3.02

) 

3.66 

(3.19

) 

[C17H15ClNO2S]
+
  

 m/z: 332.1 

[C7H7]
•+

  

m/z: 91.1 
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Figure 2: 1 H-NMR spectrum of compounds a) cmop. K1 b) cmop. K2 

c) cmop. K3 d) cmop. K4 

 
 
 
 
 
 

a 

b 

c d 
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Figure 3: Mass spectrum of compounds a) cmop. K1       b) 

cmop. K2 

c) cmop. K3          d) cmop. K4 

a b 

c d 
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Scheme 2: Mass fragments for compound K1 

5.2. Molecular Docking Results  

      Molecular docking was performed on all synthesized compounds (K1-

K4) to predict their affinity for the target enzyme acetylcholinesterase 

(AChE). Analysis of the docking data indicated that all the derivatives may 

occupy different sites within the binding pockets of AChE, resulting in 

superior docking interactions compared with those of galanthamin, i.e.,  the 

reference drug, as shown in Table 4. All the compounds (K1-K4) consisted 

of aromatic rings, which exhibited significant hydrophobic interactions with 

amino acid residues located in the protein's active site. These compounds are 

ranked according to the amount of energy required to bind. An effective 

analysis was performed to determine the total interactions that each molecule 

makes with the binding site, calculating the total number of bonds formed 

between amino acid residues in the protein's active site and the synthesized 

derivatives (Mukhlif, 2025). Table 4 presents the obtained results based on 

the molecular docking analysis. In addition, Fig. 4 shows that the 

synthesized derivatives participate in several observed reactions that exhibit 

efficient proteolytic inhibition of the produced compounds. Following 

meticulous docking of all materials, it has been demonstrated that the K1 
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compound forms two types of bonds with the amino acid residues in the 

protein's active site (Kadhim, 2024). 

Table 4 Synthetic 1,3-thiazinan-4-one derivatives with acetylcholinesterase (AChE). 

code. 

Bindin

g 

Affinit

y 

(kcal/

mol) 

Interactions 
Distance 

(Å) 
Bonding Type of bond 

Receptor 

 

Ligand 

 

K1 -9.3 

A:TYR121:OH - A:K11:S 8.33 
H- Bond 

Conventional 

Hydrogen Bond 

A:TYR121:OH A:K11:S 

A:SER122:OG - A:K11:O 7.39:;3 Hydrogen Bond Conventional Hydrogen Bond A:SER122:OG A:K11:O 7.39 A:SER122:OG A:K11:O 

A:TRP84 - A:K11 :.9; Hydrophob

ic 
π -Alkyl 

A:TRP84 A:K11 

A:PHE330 - A:K11 8.;369; Hydrophobic Pi-Pi Stacked A:PHE330 A:K11 :..9 A:PHE330 A:K11 

K2 -8.6 

A:HIS440:CD2 - A:K21:O 8.7..33 Hydrogen Bond Carbon Hydrogen Bond A:HIS440:CD2 A:K21:O 8.7. 

H- Bond 

Carbon 

Hydrogen Bond 
A:HIS440:CD2 H-Donor A:K21:O A:K21:O 

A:TYR121:OH - A:K21 8.;7 
π -Donor 

H- Bond 
A:TYR121:OH A:K21 

A:K21:S - A:TRP84 8.9. 
Other π -Sulfur 

A:K21:S A:TRP84 

A:K21:S - A:TRP84 8.36 A:K21:S A:TRP84 

A:TYR121 - A:K21:Cl 9.38 
Hydrophob

ic 

π -Alkyl 

 

A:TYR121 A:K21:Cl 

A:PHE290 - A:K21:Cl 9.;; A:PHE290 A:K21:Cl 

A:PHE330 - A:K21 9.39 A:PHE330 A:K21 

K3 -9.5 

A:SER200:OG - A:K31:O 8.6. 

H- Bond 

Conventional 

Hydrogen Bond 

A:SER200:OG A:K31:O 

A:TYR334:OH - A:K31:O 8..3 A:TYR334:OH A:K31:O 

A:TYR121:OH - A:K31 8.;7 
π -Donor 

H- Bond 
A:TYR121:OH A:K31 

A:TRP84 - A:K31 :.83 Hydrophob

ic 

π -Alkyl 

 

A:TRP84 A:K31 

A:PHE331 - A:K31:Cl 9.3. A:PHE331 A:K31:Cl 

K4 -8.8 

A:HIS440:CD2 - A:K41:O 8.69 H- Bond 
Carbon 

Hydrogen Bond 
A:HIS440:CD2 A:K41:O 

A:K41:C - A:ASN85:OD1 8.9; 

H- Bond 

Carbon 

Hydrogen Bond 
A:K41:C 

A:ASN85:O

D1 

A:TYR121:OH - A:K41 8.:; 
π -Donor 

H- Bond 
A:TYR121:OH A:K41 

A:K41:S - A:TRP84 8.37 
Other π -Sulfur 

A:K41:S A:TRP84 

A:K41:S - A:TRP84 8.3; A:K41:S A:TRP84 

A:TYR121 - A:K41:Cl 9.93 
Hydrophob

ic 

π -Alkyl 

 

A:TYR121 A:K41:Cl 

A:PHE290 - A:K41:Cl 9.39 A:PHE290 A:K41:Cl 

A:PHE330 - A:K41 9.38 A:PHE330 A:K41 

gala. -9.3 

A:SER122:OG-A: gala..:O 3111 

H- Bond 

Conventional H-

Bond 

A:SER122:OG A: gala.:O3 

A:GLY118:CA -A: gala.:O 8.39 A:GLY118:CA A: gala.:O2 

A: gala.:C11 A:PHE330:O 8.73 A: gala.:C11 
A:PHE330:

O 

A:TYR121:OH - A: gala. 8.:: 
π -Donor 

H- Bond 
A:TYR121:OH A: gala. 

A:TRP84 - A: gala.1 :.66 Hydrophob

ic 

π -Alkyl 

 

A:TRP84 A: gala. 

A:PHE330 - A: gala.1 9.36 A:PHE330 A: gala. 
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A:PHE330 - A: gala.1 :.7; A:PHE330 A: gala. 

 
 

  
 

 

Fig4:. The interaction between K1 and (AChE).  a) 2D  b) 3D  

 

 
 

 

 

Fig5. The interaction between K2 and (AChE) a) 2-D, and  b) 3-D  

(a) 
(b) 

a b 
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Fig6. The interaction between K3 and (AChE)  a) 2-D, and b) 3-D  

 

  

 

Fig 7. The interaction between K4 and (AChE) a) 2-D, and b) 3-D  

 
 

a b 
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Fig 8: Interactions between the drug galanthamine and the enzyme AChE in 2D and 3D 

dimensions 

6. Conclusion 

     Schiff bases (M1-M4) were synthesized using condensation from a 

combination of 4-chloroaniline and a substituted aromatic aldehyde. 

Thiazinane derivatives were synthesized via the cycloaddition of Schiff 

bases with 3-mercaptopropanoic acid. The identification was accomplished 

based on 1H-NMR, C.H.N. analysis, mass spectrometry, and Fourier 

transform infrared (FT-IR) spectroscopy. All of the expected chemical 

structures were verified by these investigations. An analysis of 

acetylcholinesterase (AChE) activity revealed that thiazinane derivatives had 

an inhibitory effect. The strong bond length and the lowest binding energy of 

the protein active sites were indicators of the good interactions of the 

thiazinane derivatives at appropriate locations with proteins, as demonstrated 

by molecular docking studies for protein 1EEA. Compared with the binding 

score of -9.3 kcal/mol attained by galanthamine, a reference medication, 

compound K1 achieved the highest score of -9.3 kcal/mol. It is also 

reasonable to assume that certain thiazinane derivatives could find use in the 

pharmaceutical sector as building blocks for new, improved pharmaceuticals 

via chemical synthesis and modification. Taken together, these findings lend 

credence to the idea that the synthesized thiazinane derivatives serve 

intriguing biological purposes and could be used therapeutically. 



 
 
 

 

679 
 

 

JOBS مجلة العلوم الأساسـية                                  

Journal of Basic Science 
 

 والثلاثون الثامن العدد

 هـ1447م /2026

Print -ISSN 2306-5249 
Online-ISSN 2791-3279 

 

Declaration of competing interests 

The writers of this paper affirm that they are free from any ties or financial 

conflicts of interest that may have seemed to impact their work. 

Acknowledgments 

The authors are incredibly grateful to the Chemistry Department of the 

University of Anbar College of Education for Pure Sciences for the provided 

facilities in completing this study. 

Reference: 

1.Adriana, G.A. Berwaldt, C.T. Avila, T.B. Goulart, B.C. Moreira, T.P. Ferreira, P. Soares, N.S. 

Pedra, L. Spohr, Anita, R.M. Spanevello, W. Cunico, Synthesis of thiazolidin-4-ones and 

thiazinan-4-ones from 1-(2-aminoethyl)pyrrolidine as acetylcholinesterase inhibitors, 

Journal of Enzyme Inhibition and Medicinal Chemistry. 35 (2019) 31–41. 

https://doi.org/10.1080/14756366.2019.1680659. 

2.Alshammari N.A.H., D.A. Bakhotmah, Synthesis, reactivity, antimicrobial, and anti-

biofilm evaluation of fluorinated 4-amino-3-mercapto-1,2,4-triazin-5(4H)-one and their 

derivatives, Phosphorus, Sulfur, and Silicon and the Related Elements. 198 (2022) 385–

396. https://doi.org/10.1080/10426507.2022.2150856. 

3.Biovia D.S., Discovery studio modeling environment, Dassault Syst`emes,San Diego, 

Calif (2013) software. 

4.Chen Z.-R., J.-B. Huang, S.-L. Yang, F.-F. Hong, Role of Cholinergic Signaling in 

Alzheimer’s Disease, Molecules. 27 (2022) 1816. 

https://doi.org/10.3390/molecules27061816. 

5.Halder N., G. Lal, Cholinergic System and Its Therapeutic Importance in Inflammation 

and Autoimmunity, Frontiers in Immunology. 12 (2021) 660342. 

https://doi.org/10.3389/fimmu.2021.660342. 

6.Ibrahim A.M., M.E. Shoman, Mohamed, A.M. Hayallah, Gamal El-Din A. Abuo-

Rahma, Chemistry and Applications of Functionalized 2,4‐Thiazolidinediones, European 

Journal of Organic Chemistry (Online). 26 (2023). 

https://doi.org/10.1002/ejoc.202300184. 

7.Juan David Villeda‐González, José Luis Gómez‐Olivares, Luis Arturo Baiza‐Gutman, 

New paradigms in the study of the cholinergic system and metabolic diseases: Acetyl‐

and‐butyrylcholinesterase, Journal of Cellular Physiology. (2024). 

https://doi.org/10.1002/jcp.31274. 

8.Kabir E., M. Uzzaman, A review on biological and medicinal impact of heterocyclic 

compounds, Results in Chemistry. 4 (2022) 100606. 

https://doi.org/10.1016/j.rechem.2022.100606. 

https://doi.org/10.1080/14756366.2019.1680659
https://doi.org/10.1080/10426507.2022.2150856
https://doi.org/10.3390/molecules27061816
https://doi.org/10.3389/fimmu.2021.660342
https://doi.org/10.1002/ejoc.202300184
https://doi.org/10.1002/jcp.31274
https://doi.org/10.1016/j.rechem.2022.100606


 
 
 

 

677 
 

 

JOBS مجلة العلوم الأساسـية                                  

Journal of Basic Science 
 

 والثلاثون الثامن العدد

 هـ1447م /2026

Print -ISSN 2306-5249 
Online-ISSN 2791-3279 

 

9.Kadhim M.A., M.G. Mukhlif, E.W. Gayadh, Emad K.M. Zangana, M.A. Mohaisen, 

M.M. Matar, S.A. Rizk, Synthesis, design, biological activity, DFT study and molecular 

docking of new 1,2,4-triazine and 1,2,4-triazol derivatives bearing the phthalazine 

moiety, Journal of Molecular Structure. (2024) 140384–140384. 

https://doi.org/10.1016/j.molstruc.2024.140384. 

10. Lin S., L. Xiang, C. Liu, X. Chen, Y. Ye, Recent progress in cycloaddition reactions 

of cyclopropenone, Arabian Journal of Chemistry. 17 (2024) 105845–105845. 

https://doi.org/10.1016/j.arabjc.2024.105845. 

11. Mohamed A.H., S.M. Mostafa, A.A. Aly, A.A. Hassan, E.M. Osman, A.A. Nayl, 

A.B. Brown, Elshimaa M. N. Abdelhafez, Novel quinoline/thiazinan-4-one hybrids; 

design, synthesis, and molecular docking studies as potential anti-bacterial candidates 

against MRSA, RSC Advances. 13 (2023) 14631–14640. 

https://doi.org/10.1039/d3ra01721d. 

12. Mukhlif M.G., O.J. Mahdi, A.K. Alywee, Formation of new substituted 

(1,3)oxazepine 1,5-diones via reaction of Exo-3,6-epoxy-1,2,3,6-tetrahydrophthalic 

Anhydride with Schiff’s bases, AIP Conference Proceedings. (2023). 

https://doi.org/10.1063/5.0118487. 

13. Mukhlif M.G., O.J. Mahdi, M.J. Bichan, Synthesis, Characterization, Molecular 

Docking, and Computational Study of novel Spirothiazolidinone Compounds, Journal of 

Molecular Structure. (2025) 141517–141517. 

https://doi.org/10.1016/j.molstruc.2025.141517. 

14. Nimgampalle M., H. Chakravarthy, S. Sharma, S. Shree, A.R. Bhat, J.A. 

Pradeepkiran, V. Devanathan, Neurotransmitter systems in the etiology of major 

neurological disorders: Emerging insights and therapeutic implications, Aging Research 

Reviews. 89 (2023) 101994–101994. https://doi.org/10.1016/j.arr.2023.101994. 

15.  Pal R., Ghanshyam Teli, G. Swamy, Prasad Sanjay Dhiwar, Designing strategies, 

structural activity relationship and biological activity of recently developed nitrogen 

containing heterocyclic compounds as epidermal growth factor receptor tyrosinase 

inhibitors, Journal of Molecular Structure. 1291 (2023) 136021–136021. 

https://doi.org/10.1016/j.molstruc.2023.136021. 

16. Permana A., A.W.R. Akili, A. Hardianto, J. Latip, A. Sulaeman, T. Herlina, Virtual 

Screening, Toxicity Evaluation and Pharmacokinetics of Erythrina Alkaloids as 

Acetylcholinesterase Inhibitor Candidates from Natural Products, Advances and 

Applications in Bioinformatics and Chemistry. Volume 17 (2025) 179–201. 

https://doi.org/10.2147/aabc.s495947. 

17.  Qadir T., A. Amin, P.K. Sharma, I. Jeelani, H. Abe, A Review on Medicinally 

Important Heterocyclic Compounds, The Open Medicinal Chemistry Journal. 16 (2022). 

https://doi.org/10.2174/18741045-v16-e2202280. 

https://doi.org/10.1016/j.molstruc.2024.140384
https://doi.org/10.1016/j.arabjc.2024.105845
https://doi.org/10.1039/d3ra01721d
https://doi.org/10.1063/5.0118487
https://doi.org/10.1016/j.molstruc.2025.141517
https://doi.org/10.1016/j.arr.2023.101994
https://doi.org/10.1016/j.molstruc.2023.136021
https://doi.org/10.2147/aabc.s495947
https://doi.org/10.2174/18741045-v16-e2202280


 
 
 

 

677 
 

 

JOBS مجلة العلوم الأساسـية                                  

Journal of Basic Science 
 

 والثلاثون الثامن العدد

 هـ1447م /2026

Print -ISSN 2306-5249 
Online-ISSN 2791-3279 

 

18. Rajagopalan V., S. Venkataraman, D.S. Rajendran, V. Vinoth Kumar, V.V. Kumar, 

G. Rangasamy, Acetylcholinesterase biosensors for electrochemical detection of 

neurotoxic pesticides and acetylcholine neurotransmitter: A literature review, 

Environmental Research. 227 (2023) 115724. 

https://doi.org/10.1016/j.envres.2023.115724. 

19. Tajdari M., A. Peyrovinasab, M. Bayanati, M. Ismail Mahboubi Rabbani, A.H. 

Abdolghaffari, A. Zarghi, Dual COX-2/TNF-α Inhibitors as Promising Anti-

inflammatory and Cancer Chemopreventive Agents: A Review, Iranian Journal of 

Pharmaceutical Research. 23 (2024). https://doi.org/10.5812/ijpr-151312. 

20. Taylor C.J., A. Pomberger, K.C. Felton, R. Grainger, M. Barecka, T.W. Chamberlain, 

R.A. Bourne, C.N. Johnson, A.A. Lapkin, A Brief Introduction to Chemical Reaction 

Optimization, Chemical Reviews. 123 (2023). 

https://doi.org/10.1021/acs.chemrev.2c00798. 

21. Teleanu R.I., Neurotransmitters—Key factors in neurological and neurodegenerative 

disorders of the central nervous system, International Journal of Molecular Sciences. 23 

(2022) 1–24. https://doi.org/10.3390/ijms23115954. 

22. Trott O., A.J. Olson, AutoDockVina: improving the speed and accuracy of docking 

with a new scoring function, efficient optimization and multithreading, J. Comput. Chem. 

31 (2) (2010) 455–461, https://doi.org/10.1002/jcc.21334. 

23. Wojtunik-Kulesza K., M. Rudkowska, K. Kasprzak-Drozd, A. Oniszczuk, K. 

Borowicz-Reutt, Activity of Selected Group of Monoterpenes in Alzheimer’s Disease 

Symptoms in Experimental Model Studies—A Non-Systematic Review, International 

Journal of Molecular Sciences. 22 (2021) 7366. https://doi.org/10.3390/ijms22147366. 

24. Xing S., Q. Li, B. Xiong, Y. Chen, F. Feng, W. Liu, H. Sun, Structure and therapeutic 

uses of butyrylcholinesterase: Application in detoxification, Alzheimer’s disease, and fat 

metabolism, Medicinal Research Reviews. 41 (2020) 858–901. 

https://doi.org/10.1002/med.21745. 

25. Zhang K., A.B. Aslan, AI technologies for education: Recent research & future 

directions, Computers and Education: Artificial Intelligence. 2 (2021) 100025. 

https://doi.org/10.1016/j.caeai.2021.100025 

 
 
 
 
 
 

https://doi.org/10.1016/j.envres.2023.115724
https://doi.org/10.5812/ijpr-151312
https://doi.org/10.1021/acs.chemrev.2c00798
https://doi.org/10.3390/ijms23115954
https://doi.org/10.1002/jcc.21334
https://doi.org/10.3390/ijms22147366
https://doi.org/10.1002/med.21745
https://doi.org/10.1016/j.caeai.2021.100025


 
 
 

 

677 
 

 

JOBS مجلة العلوم الأساسـية                                  

Journal of Basic Science 
 

 والثلاثون الثامن العدد

 هـ1447م /2026

Print -ISSN 2306-5249 
Online-ISSN 2791-3279 

 

 


