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Abstract: Histone deacetylases (HDACs) are an attractive drug target for the treatment of human
breast cancer (BC), and therefore, HDAC inhibitors (HDACis) are being used in preclinical and
clinical studies. The need to understand the scope of the mode of action of HDACis, as well as the
report of the co-crystal structure of HDAC6/SS-208 at the catalytic site, provoked us to develop an
isoxazole-based lead structure called 4-(2-(((1-(3,4-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)
pyrimidin-4-yl) morpholine (5h) and 1-(2-(((3-(p-tolyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl)
piperidin-4-one (6l) that targets HDACs in human BC cells. We found that the compound 5h or 6l
could inhibit the proliferation of BC cells with an IC50 value of 8.754 and 11.71 µM, respectively. Our
detailed in silico analysis showed that 5h or 6l compounds could target HDAC in MCF-7 cells. In
conclusion, we identified a new structure bearing triazole, isoxazole, and thiouracil moiety, which
could target HDAC in MCF-7 cells and serve as a base to make new drugs against cancer.

Keywords: breast cancer; HDAC; triazole; isoxazole; thiouracil; drug discovery; cell viability assay;
molecular docking

1. Introduction

Histone deacetylases (HDACs) remove acetyl groups from lysine residues on acety-
lated histones, leading to changes in chromatin structure and gene expression. In breast
cancer (BC), HDACs were found to be overexpressed and regulate the expression of a
tumor-suppressor gene called BRCA1, which was involved in DNA repair, cell-cycle
control, and cancer-cell progression [1–4]. In addition, HDACs play an essential role in
oncogenic pathways, such as the estrogen-receptor (ER) signaling pathway, which leads to
ER-positive BC [5]. Structurally, the catalytic site of HDACs contains four regions of highly
conserved amino acids, where the first region is referred to as a zinc-binding domain, which
is coordinated by two histidines and one aspartic acid residue [6–8]. The second region
was known as the catalytic triad (His-Asp-Tyr) domain, which consists of three amino acid
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residues involved in the deacetylation reaction [9]. Moreover, the active site of HDACs
contains a hydrophobic pocket region with phenylalanine and tyrosine-rich amino acids
that bind to the histone substrate’s acetyl group [10]. Finally, the catalytical site of HDACs
has a lysine binding domain composed of asparagine, glutamic acid, and leucine amino
acids, which were found to interact with the ε-amino group of the lysine residue on the
histone substrate [11].

In recent years, HDACs have emerged as promising drug targets for treating cancer
and other neurological diseases [12]. HDAC inhibitors mainly modulate gene expressions
and induce apoptosis and cell differentiation; therefore, HDACs are promising drug tar-
gets. The HDAC inhibitors (HDACis) were broadly subclassified into four classes called
hydroxamic acids, short-chain fatty acids, cyclic peptides, and benzamides, and the US
FDA approved some of them for the treatment of patients. Vorinostat, Belinostat, Panobino-
stat, Givinostat, Trichostatin A, Scriptaid, JNJ-26481585, MC1568, MC-1293, and ACY-1215
are the drugs bearing hydroxamic acid in their chemical structure [13–21]. HDACis, like
valproic acid and sodium butyrate, fall under the short-chain fatty acids class, while Ro-
midepsin, Apicidin, and Lagazole Thiol fall under cyclic peptides [13,22]. Mocetinostat,
CI-994, RGFP966, Tubastatin A, and TMP195 are a few HDACis from the benzamide
category [13,23–25].

In this regard, we previously demonstrated that the lead compound 3-(4-(4-phenoxy
phenyl)-1H-1,2,3-triazol-1-yl)benzo[d]isoxazole (1) targeted histone deacetylases in cancer
cells, which displayed a high degree of shape complementarily to the binding site of the
enzyme [26]. Triazole-based carboxamides, such as the SAHA analog (2), exhibited potent
inhibitory activity towards HDAC8 and were shown to be a potential anticancer agent and
induce antitumor effects in preclinical studies [27].

The potent molecule with a thiouracil core, like (E)-N-hydroxy-3-(4-(((6-oxo-4-phenyl-
1,6-dihydropyrimidin-2-yl)thio)methyl)phenyl)acrylamide (3), selectively inhibited HDAC1
(class I) activity in a cell-based assay [28]. Additionally, the studies on thiouracil-based
compounds such as compound (4) were found to be the most potent and class I-selective
HDACi of the tested series, exhibiting anticancer activity [29].

In addition, the co-crystal structure of HDAC6 and an anticancer molecule called
isoxazole-3-hydroxamate (5) complex revealed that it is bound to the zinc-binding domain
and a nearby hydrophobic region [30]. Another isoxazole-based derivative 5-(3-bromo-4-
hydroxyphenyl)-3-(thiophene-2-yl) isoxazole (6) showed an anticancer effect by acting as
an HDAC inhibitor [31].

Based on our laboratory results on the triazole–isoxazole hybrid structure and the role
of substitute thiouracil on HDACis role, we designed a novel structure and developed an
extensive library of compounds that could serve as a base to develop new drugs that target
HDAC in BC (Figures 1 and 2).
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thiouracil (red) analogues also 5 and 6 represents isoxazole (blue) derivatives as HDACis inhibitors. 

 

Figure 2. The docked lead triazole (5h; red) and lead isoxazole (6l; yellow) were visually represented 

in a detailed stick form, showing their evolution as HDACis on the isoxazole and triazole scaffold. 

The HDAC (cyan-HDAC7) active site, which contains zinc (Zn2+, green), was the target of these 

compounds. Within the active site is a zinc-binding site and two Asp residues (Asp801–Asp707). 

The walls of the pocket are lined with hydrophobic residues (Pro667, Phe679, Phe737, Phe738, 

Pro809 and Leu810), while other residues present include His709, His670, ARG547, Gly842 and oth-

ers. Doted lines (yellow) represents hydrogen bondings. 

Figure 1. Evolution of HDACis based on a hybrid structure bearing triazole or isoxazole and thiouracil-
based core heterocycles; Structures 1 and 2 represents 1,2,3-triazoles (pink), 3 and 4 represents thiouracil
(red) analogues also 5 and 6 represents isoxazole (blue) derivatives as HDACis inhibitors.
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Figure 2. The docked lead triazole (5h; red) and lead isoxazole (6l; yellow) were visually represented
in a detailed stick form, showing their evolution as HDACis on the isoxazole and triazole scaffold.
The HDAC (cyan-HDAC7) active site, which contains zinc (Zn2+, green), was the target of these
compounds. Within the active site is a zinc-binding site and two Asp residues (Asp801–Asp707). The
walls of the pocket are lined with hydrophobic residues (Pro667, Phe679, Phe737, Phe738, Pro809 and
Leu810), while other residues present include His709, His670, ARG547, Gly842 and others. Doted
lines (yellow) represents hydrogen bondings.
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2. Results and Discussion
2.1. Synthesis of Thiouracil Tethered Triazole/Isoxazole Analogues

The present work synthesized novel thiouracil-tethered triazole/isoxazole derivatives
and studied their anticancer activity. Triazole analogues (5a–l) were obtained by adding
CuI to a stirred solution of substituted azides and intermediates (4a–d) in THF under basic
conditions. Additionally, the synthesis of 1,2,3-triazoles was performed via electrochemical
oxidation of copper foil cells as the working electrode and platinum as the counter electrode
in tertiary butanol:water medium (1:1). The reaction gave a good yield in the presence of
an analytical amount of tetrabutylammonium tetrafluoroborate (TBATFB) within 60 min.
This method was highly useful for synthesizing 1,2,3-triazoles tethered with a bioactive
scaffold (Scheme 1).
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Scheme 1. Reagents and conditions: (a) propargyl bromide, KOH, EtOH:H2O (1:1), reflux at 50 ◦C,
45 min; (b) POCl3, reflux, 20 min; (c) substituted piperazines/morpholine/4-piperidinone, ace-
tone, Et3N, reflux, 8–10 h; (d) substituted phenyl azides, CuI, THF, Et3N, r.t., 3–5 h; (e) Cu foil
and Pt electrodes, tert-butyl alcohol/water (1:1), tetrabutylammonium tetrafluoroborate, electrol-
ysis; (f) N-hydroxy-(substituted) benzimidoyl chloride, DMF, Et3N, 0-r.t.; (g) Pt and Fe electrodes,
MeOH, electrolysis.

Isoxazole analogues (6a–l) were obtained via a cyclization reaction between N-hydroxy-
(substituted) benzimidoyl chloride and intermediates (4a–d) in DMF under basic conditions.
Moreover, the synthesis of isoxazole was conducted using the electrolysis method. Under
constant current supplying with a density of 5.0 mA/cm−2 into a beaker-type undivided
cell, N-hydroxy-(substituted) benzimidoyl chlorides and alkynes (4a–d) were reacted by
using Pt-plate as the working electrode and an iron rod as the cathode in methanolic
medium, and the desired isoxazoles were obtained in good yield when compared to the
abovementioned conventional method (Scheme 1).

Furthermore, the N-boc deprotection of compounds (5d–f/6d–f) was accomplished
upon treatment with trifluoroacetic acid in DCM to yield (7a–f) (Scheme 2). The ketone
group reduction in compounds (5j–l/6j–l) was made on treatment with sodium borohydride
in THF to yield (8a–f) (Scheme 3).
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2.2. Cytotoxicity of Thiouracil Tethered Triazole/Isoxazole Analogues on MCF-7 Cells

Initially, the novel thiouracil tethered triazole/isoxazole analogues were subjected
to cell viability studies against human breast cancer (BC) (MCF-7) cells (Table 1), using
the Alamar Blue assay [32–34]. For over four decades, numerous research groups have
extensively utilized MCF-7, a BC cell line exhibiting a well-characterized molecular profile
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and dependence on estrogen, in drug development research [35,36]. The assay was per-
formed at different concentrations (0, 0.01, 0.1, 1, 10, or 100 µM) for 72 h, and the positive
control Doxorubicin inhibited the viability of MCF-7 cells with an IC50 value of 0.71 µM.
The results of the assay displayed that compounds 5e, 5h, 6g, 6h, 6l, 7b, or 8f produced
loss of viability of MCF-7 cells with varied IC50 values of 5.85, 8.754, 10.84, 9.867, 11.71,
14.70, or 15.33 µM, respectively (Figure 3). In addition, the active compounds are non-toxic
to immortalized breast cancer cells (MCF-10A) (Supplementary Materials). Among the
tested isoxazole and triazole-tethered thiouracil molecules, triazole-based compounds
bearing 3,4-dichloro phenyl group in 5c, 5e, 5h, or 7b inhibited the human BC cells with
an IC50 value of 11.31, 5.85, 8.754, or 14.7 uM, respectively, when compared to less active
compounds that belonged to methoxy, methyl, or hydroxy-phenyl groups. Moreover, in
isoxazoles molecules, those bearing methoxyphenyl-substitution in compounds 6d, 6h, 6g,
or 7d were found to be cytotoxic to human BC cells, with IC50 values of 15.96, 10.84, 9.86,
or 14.8 µM, respectively. On the other hand, methylphenyl-substitution-to-isoxazole-based
compounds such as 6i, 6l, 7f, or 8f showed considerable IC50 values of 43.27, 11.71, 14.83,
or 15.33 µM, respectively. So, the SAR data revealed that the compounds having triazole
and 3,4-dichloro phenyl substitutions favored higher cytotoxicity. In contrast, the isoxazole
compound and methoxy or methyl-phenyl-substitution showed better bioactivity against
human BC cells.
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Figure 3. Effect of lead compounds 5e, 5h, 6g, 6h, 6l, 7b, and 8f on MCF7 cell viability (black line), as
determined by the Alamar Blue cell viability assay, with Doxorubicin as positive control (red line),
as described in the Materials and Methods section. Error bars represent SD, and points (0, 0.01, 0.1,
1, 10, or 100 µM) represent the mean of three independent measurements after 72 h incubation of
compounds. Error bars indicate an SD of 2.3. In Silico molecular interaction studies of compounds
bearing isoxazole (6l) and triazole (5h) on HDAC7.

We previously reported that the isoxazole-and-triazole-bearing group targets HDAC,
which showed a similar binding pattern of HDACis at the active site of an enzyme and
formed multiple molecular interactions in the hydrophobic region [26]. In continuation
of development of new HDACis, we carried out the molecular docking analysis of lead
structures (6l) 1-(2-(((3-(p-tolyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl) piperidin-4-one
and (5h) 4-(2-(((1-(3,4-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio) pyrimidin-4-yl)
morpholine, using the co-crystal structure of HDAC7 (PDB ID: 3ZNR), which bound to the
isoxazole and triazole ligands, respectively.
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Table 1. List of compounds synthesized.
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5c N,N,N 2,3-Cl2C6H3 4-OH 11.31

5d N,N,N COOC(CH3)3 4-OCH3 26.59

5e N,N,N COOC(CH3)3 3,4-Cl2 5.85

5f N,N,N COOC(CH3)3 4-OH 24.12

5g O,N,N - 4-OCH3 >100

5h O,N,N - 3,4-Cl2 8.754

5i O,N,N - 4-OH >100

5j C,N,N O 4-OCH3 16.14

5k C,N,N O 3,4-Cl2 30.10

5l C,N,N O 4-OH 23.20

6a N,O,C 2,3-Cl2C6H3 4-OCH3 66.09

6b N,O,C 2,3-Cl2C6H3 3,4-(OCH3)2 28.39

6c N,O,C 2,3-Cl2C6H3 4-CH3 >100

6d N,O,C COOC(CH3)3 4-OCH3 15.96

6e N,O,C COOC(CH3)3 3,4-(OCH3)2 >100

6f N,O,C COOC(CH3)3 4-CH3 19.84

6g O,O,C - 4-OCH3 10.84

6h O,O,C - 3,4-(OCH3)2 9.867

6i O,O,C - 4-CH3 43.27

6j C,O,C O 4-OCH3 26.90

6k C,O,C O 3,4-(OCH3)2 33.35

6l C,O,C O 4-CH3 11.71

7a N,N,N H 4-OCH3 >100

7b N,N,N H 3,4-Cl2 14.7

7c N,N,N H 4-OH >100

7d N,O,C H 4-OCH3 14.83

7e N,O,C H 3,4-(OCH3)2 >100

7f N,O,C H 4-CH3 28.94

8a C,N,N OH 4-OCH3 >100

8b C,N,N OH 3,4-Cl2 30.26

8c C,N,N OH 4-OH >100

8d C,O,C OH 4-OCH3 21.87

8e C,O,C OH 3,4-(OCH3)2 19.38

8f C,O,C OH 4-CH3 15.33

Doxorubicin 0.71
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We initially retrieved HDAC7 co-crystal structure from RCBS PDB (PDB ID: 3ZNR)
and used it for docking purposes [37]. The Scripps Research Institute’s Auto-Dock4 tools
(ADT)v1.5.6 was used for docking. The protein structure HDAC7, compounds 6l and 5h,
and co-crystal ligand (TMP269) were prepared using discovery studio BIOVIA Discovery
Studio 2021 client and Avogadro, and later it was docked using AutoDock tools (ADT).

The isoxazole derivative (6l) exhibited a binding energy of −6.60 kcal/mol, indicating
a strong affinity for the HDAC7 binding site. Similarly, the triazole derivative (5h) demon-
strated a slightly higher binding energy of−6.42 kcal/mol, suggesting an even more robust
interaction with the target protein. Both compounds displayed favourable binding energies,
indicating their potential as HDAC7 inhibitors, and cartoon representations of docked
compounds are depicted in Figure 4A,B. In comparison, the co-crystal ligand (TMP269)
exhibited a binding energy of −6.19 kcal/mol, which falls within the range of the isoxazole
and triazole compounds. This suggests that the co-crystal ligand also possesses a significant
binding affinity for HDAC7.
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active site of HDAC7.

An analysis of the binding pocket revealed critical interactions for the isoxazole,
triazole, and co-crystal ligands. The isoxazole compound (6l) formed hydrogen bonds with
residue PHE-738 with a bond distance of 1.83 Å, stabilizing its binding within the pocket
(Figure 5A). Moreover, 6l had π- sigma bond formation with the residue LEU-810 with
a bond distance of 3.65 Å, and π-π T-shaped bonds formed with residue PHE-738 with
a bond distance of 5.63 Å, and alkyl bond formed with residues LEU-810 and PRO-542,
respectively. The triazole compound (5h) displayed hydrogen bond interactions with
residue HIS-709 having a bond distance of 2.69 Å, and π-alkyl bonds were formed with
residues PRO-242, HIS-670, PHE-679, PHE-737, PRO-809, and LEU-810, contributing to
its strong binding (Figure 5B). The co-crystal ligand (TMP269) demonstrated hydrogen
bond interactions with residues PHE-738 with a bond distance of 2.36 Å, and a π-alkyl
bond formed with residues HIS-709 and PHE-738 with bond distances of 5.43 Å and 4.73 Å,
respectively. Furthermore, TMP269 had a π-sigma bond and salt bridge interactions with
residues LEU-810 and ASP-626, respectively (Figure 5C). These interactions play a crucial
role in maintaining the stability and specificity of the ligand–protein complex.

The results of the molecular docking study highlight the good binding affinity of both
the isoxazole (6l) and triazole (5h) compounds towards the HDAC7 binding site, with
binding energies of −6.60 and −6.42 kcal/mol, respectively. These findings suggest that
both compounds have the potential to be effective inhibitors of HDAC7. Furthermore,
the co-crystal ligand (TMP269) exhibited a favourable binding energy of −6.19 kcal/mol,
indicating its potency as an HDAC7 inhibitor. The critical interactions observed within
the binding pocket emphasize the role of specific residues in facilitating ligand–protein
interactions for all three compounds.
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Figure 5. Representation of 2D structures of compounds 6l (A), 5h (B), and co-crystal ligand (TMP269)
(C) interacting with the active site of HDAC7 (PDB ID: 3ZNR). Doted lines represents bond distances.

These results provide valuable insights into the potential therapeutic utility of the
isoxazole (6l) and triazole (5h) compounds as HDAC7 inhibitors—also, the 3D surface view
of 6l and 5h is represented in Figure 6.
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3. Materials and Methods

All chemicals and solvents were purchased from Sigma-Aldrich (Bangalore, India).
Pre-coated silica gel TLC plates monitored the completion of the reaction. An Agilent mass
spectrophotometer was used to record the mass of the synthesized compounds. 1H and 13C
NMR were recorded on Bruker (400 MHz) and Jeol NMR spectrophotometers (500 MHz).
TMS was used as an internal standard, and deuterated DMSO and chloroform were used
as solvents. Chemical shifts are expressed as ppm.

3.1. General Procedure for the Synthesis of Intermediates (4a–d)

Potassium hydroxide (1.4 mmol) was dissolved in ethanol:water (1:1) in an RB flask,
and 2-thiouracil (1) (1 mmol) was added. After 5 min, propargyl bromide (1.5 mmol) was
added and refluxed at 50 ◦C for 45 min. The completion of the reaction was monitored
by TLC (EtOAc:Hexane) (3:7), and ethanol was evaporated under high vacuum pressure.
The crude was washed with 10% bicarbonate solution, ethanol, and diethyl ether to yield
pure 2-(prop-2-yn-1-ylthio) pyrimidin-4-ol (2) [38]. Reactant (2) was refluxed in POCl3 for
20 min after completion of the reaction [TLC: (EtOAc:Hexane) (1:9)]; the reaction mixture
was quenched in ice-cold water and neutralized by potassium carbonate [39]. Then, the
reaction mass was extracted to the ethyl acetate layer and concentrated using a rotary
evaporator to afford 4-chloro-2-(prop-2-yn-1-ylthio)pyrimidine (3). For Compound (3)
(1 mmol), substituted piperazines/morpholine/4-piperidinone (1 mmol) were dissolved in
acetone and refluxed in the presence of base triethylamine (Et3N) (2 mmol) for 8–10 h [40].
TLC was monitored for the completion of the reaction, and the crude intermediates (4a–d)
were purified by column chromatography (EtOAc:Hexane) (2:8) (Scheme 1).

3.2. General Procedure for the Synthesis of Thiouracil Tethered Triazoles (5a–l)

A. Conventional method: To a stirred solution of substituted azides (1.2 mmol),
(4a–d) (1 mmol) in tetrahydrofuran (THF), CuI (20 mol%), and triethylamine (2.0 mmol)
was added, and the reaction mixture was stirred at room temperature for 3–5 h. After
completion of the reaction [TLC: (EtOAc:Hexane) (4:6)], THF was distilled off, and the crude
was purified by column chromatography to afford thiouracil tethered triazole derivatives
(5a–l) (Scheme 1) [41].

B. Electrochemical method: In the presence of copper (Cu) foil and platinum (Pt)
electrodes, the azides and alkynes dissolved in tert-butyl alcohol and water (1:1) medium
were subjected to a 0.3 voltage of current in the catalytic amount of TBATFB (0.1 mmol)
for 1 h. The reaction was monitored by TLC [(EtOAc:Hexane) (4:6)], and soon after the
completion of the reaction, the 1,2,3-triazoles were extracted in ethyl acetate and purified
using column chromatography (Scheme 1).
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3.3. General Procedure for the Synthesis of Thiouracil Tethered Isoxazoles (6a–l)

A. Conventional method: To a stirred solution of N-hydroxy-(substituted)benzimidoyl
chloride (1 mmol) in dimethylformamide (DMF), triethylamine (2.5 mmol) was added
slowly at 0–4 ◦C. After 10 min, compound (4a–d) was added and stirred overnight at room
temperature. After completion of the reaction TLC: (EtOAc:Hexane) (3:7)], water was
added to the above reaction mixture, and the crude obtained was filtered. The crude was
purified by column chromatography to yield pure thiouracil tethered isoxazole derivatives
(6a–l) (Scheme 1) [42].

B. Electrochemical method: Beaker-type undivided cells containing platinum (Pt)
and iron (Fe) rod as electrodes and methanol as media were kept at room temperature.
N-hydroxy-(substituted) benzimidoyl chlorides and alkynes were added to the solution,
and the current 5.0 mA/cm−2 was passed to the reaction mixture. The reaction was stirred
for 60 min under stirring, and the reaction was monitored by TLC [(EtOAc:Hexane) (3:7)]
and was terminated when the substrate was consumed. The products were isolated as
mentioned in the abovementioned procedure (Scheme 1).

3.4. General Procedure for the Synthesis of Compounds (7a–f)

To a stirred solution of compounds (5d–f/6d–f) in dichloromethane (DCM), 0.5 mL of
trifluoroacetic acid was added slowly at 0–4 ◦C, and the reaction mixture was stirred at
room temperature for 1 h [43]. After completion of the N-boc deprotection [TLC: (MeOH:
EtOAc) (1:9)], the solvent was distilled off using a rotary evaporator. The residues were
neutralized by a 20% K2CO3 solution, extracted with an ethyl acetate layer, and dried over
Na2SO4. Then, ethyl acetate was concentrated in a rotary evaporator and recrystallized
with the appropriate solvent to afford the target compounds (7a–f) (Scheme 2).

3.5. General Procedure for the Synthesis of Compounds (8a–f)

To a stirred solution of compounds (5j–l/6j–l) (1 mmol) in THF, sodium borohydride
(1.2 mmol) was added, and the reaction mass was stirred at room temperature for 1.5 h.
After completion of ketone group reduction [TLC: (EtOAc: Hexane) (7:3)], the solvent
was distilled off using a rotary evaporator. The residues were neutralized by the slow
addition of water, extracted with an ethyl acetate layer, and dried over Na2SO4. Then, ethyl
acetate was distilled off, and the crude was purified through column chromatography or
recrystallized with the appropriate solvents to afford the final compounds (8a–f) (Scheme 3).

3.6. 4-Chloro-2-(prop-2-yn-1-ylthio)pyrimidine (3)

LCMS (ESI): m/z calcd. for C7H5ClN2S: 184.6460, found = 185.0446 [M + H]+, 187.0405
[M + 2H]+.

3.7. 4-(4-(2,3-Dichlorophenyl) piperazin-1-yl)-2-(((1-(4-methoxyphenyl)-1H-1,2,3-triazol-4-
yl)methyl)thio) pyrimidine (5a)

Off-white solid; 55% yield; mp: 154–156 ◦C; 1H NMR (CDCl3, 500 MHz): δ 8.05 (d,
J = 6.0 Hz, 1H, pyrimidine-H), 7.87 (s, 1H, triazole-H), 7.56 (d, J = 9.0 Hz, 2H, -C6H4), 7.18
(dd, J = 8.0, 1.5 Hz, 1H, -C6H3), 7.13 (t, J = 8.0 Hz, 1H, -C6H3), 6.97 (d, J = 9.0 Hz, 2H, -C6H4),
6.88 (dd, J = 8.0, 1.5 Hz, 1H, pyrimidine-H), 6.24 (d, J = 6.0 Hz, 1H, -C6H3), 4.49 (s, 2H,
-CH2-), 3.83 (s, 3H, -OCH3), 3.79 (s, 4H, piperazine-H), 3.04 (t, J = 5.0 Hz, 4H, piperazine-H);
13C NMR (CDCl3, 126 MHz): δ 169.9, 161.2, 159.8, 156.1, 150.7, 146.7, 134.3, 130.6, 127.8,
127.7, 125.3, 122.1, 120.7, 118.8, 114.8, 99.1 (Ar-C), 55.7 (-OCH3), 51.1, 44.1 (piperazine-C),
25.8 (-CH2-).

3.8. 2-(((1-(3,4-Dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-4-(4-(2,3-
dichlorophenyl)piperazin-1-yl) pyrimidine (5b)

Light yellow solid; 44% yield; mp: 172–174 ◦C; 1H NMR (CDCl3, 500 MHz): δ 8.08 (d,
J = 6.0 Hz, 1H, pyrimidine-H), 7.97 (s, 1H, triazole-H), 7.91–7.81 (m, 1H, -C6H3-triazole),
7.58 (d, J = 1.0 Hz, 2H, -C6H3-triazole), 7.21 (dd, J = 8.0, 1.5 Hz, 1H, -C6H3-piperazine),
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7.16 (t, J = 8.0 Hz, 1H, -C6H3-piperazine), 6.91 (dd, J = 8.0, 1.5 Hz, 1H, pyrimidine-H),
6.27 (d, J = 6.0 Hz, 1H, -C6H3-piperazine), 4.50 (s, 2H, -CH2-), 3.81 (s, 4H, piperazine-H),
3.06 (t, J = 5.0 Hz, 4H, piperazine-H); 13C NMR (CDCl3, 126 MHz): δ 169.5, 161.1, 156.0,
150.5, 147.6, 136.0, 134.1, 133.8, 132.6, 131.4, 127.6, 127.5, 125.2, 122.0, 120.2, 119.2, 118.6, 99.0
(Ar-C), 50.9, 44.0 (piperazine-C), 25.5 (-CH2-).

3.9. 4-(4-(((4-(4-(2,3-Dichlorophenyl) piperazin-1-yl) pyrimidin-2-yl)thio)methyl)-1H-1,2,3-
triazol-1-yl)phenol (5c)

Brown solid; 48% yield; 1H NMR (DMSO, 500 MHz): 9.40 (s, 1H, -OH-C6H4), 8.27
(s, 1H, triazole-H), 8.08 (d, J = 6.0 Hz, 1H, pyrimidine-H), 7.57 (d, J = 8.5 Hz, 2H, -C6H4),
7.34–7.23 (m, 2H, -C6H3), 7.18–7.06 (m, 1H, -C6H3), 6.91 (d, J = 9.0 Hz, 2H, -C6H4), 6.55
(d, J = 6.0 Hz, 1H, pyrimidine-H), 4.46 (s, 2H, -CH2-), 3.86–3.74 (m, 4H, piperazine-H),
3.15–3.03 (m, 4H, piperazine-H); 13C NMR (DMSO, 126 MHz): δ 168.5, 160.7, 157.3, 155.4,
150.4, 144.4, 132.4, 128.6, 127.9, 126.0, 124.3, 121.5, 120.7, 119.4, 115.6, 99.2 (Ar-C), 50.2,
43.4 (piperazine-C), 24.6 (-CH2-); LCMS (ESI): m/z calcd. for C23H21Cl2N7OS: 514.4301,
found = 514.1631 [M + H]+, 516.1606 [M + 2H]+.

3.10. Tert-butyl 4-(2-(((1-(4-methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl)
piperazine-1-carboxylate (5d)

Yellow solid; 60% yield; mp: 94–96 ◦C; 1H NMR (CDCl3, 500 MHz): δ 8.02 (d,
J = 6.0 Hz, 1H, pyrimidine-H), 7.84 (s, 1H, triazole-H), 7.55 (d, J = 9.0 Hz, 2H, -C6H4),
6.96 (d, J = 9.0 Hz, 2H, -C6H4), 6.17 (d, J = 6.5 Hz, 1H, pyrimidine-H), 4.45 (s, 2H, -CH2-),
3.82 (s, 3H, -OCH3), 3.59 (s, 4H, piperazine-H), 3.45 (s, 4H, piperazine-H), 1.44 (s, 9H,
-(CH3)3); 13C NMR (CDCl3, 126 MHz): δ 169.8, 161.1, 159.8, 156.1, 154.7 (-COO), 146.6, 130.6,
122.2, 120.6, 114.8, 99.0 (Ar-C), 80.4 (-C-(CH3)3), 55.7 (-OCH3), 43.6 (piperazine-C), 28.5
(CH3)3, 25.8 (-CH2-).

3.11. Tert-butyl 4-(2-(((1-(3,4-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl)
piperazine-1-carboxylate (5e)

Yellow solid; 54% yield; mp: 153–155 ◦C; 1H NMR (CDCl3, 500 MHz): δ 8.04 (d,
J = 6.5 Hz, 1H, pyrimidine-H), 7.93 (s, 1H, triazole-H), 7.84 (d, J = 1.0 Hz, 1H, -C6H3),
7.56 (s, 2H, -C6H3), 6.19 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.46 (s, 2H, -CH2-), 3.60 (s, 4H,
piperazine-H), 3.47 (d, J = 4.5 Hz, 4H, piperazine-H), 1.46 (s, 9H, -(CH3)3); 13C NMR (CDCl3,
126 MHz): δ 169.6, 161.1, 156.1, 154.7 (-COO), 147.7, 136.1, 134.0, 132.8, 131.5, 122.2, 120.3,
119.4, 99.1 (Ar-C), 80.5 (-C-(CH3)3), 43.6 (piperazine-C), 28.5 (CH3)3, 25.6 (-CH2-).

3.12. Tert-butyl 4-(2-(((1-(4-hydroxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl)
piperazine-1-carboxylate (5f)

Pink solid; 52% yield; mp: 96–98 ◦C; 1H NMR (CDCl3, 500 MHz): δ 7.84 (d, J = 6.5 Hz,
1H, pyrimidine-H), 7.64 (s, 1H, OH, -OH-C6H4), 7.29 (d, J = 9.0 Hz, 2H, -C6H4), 7.07 (s,
1H, triazole-H), 6.76 (d, J = 9.0 Hz, 2H, -C6H4), 6.01 (d, J = 6.0 Hz, 1H, pyrimidine-H),
4.28 (s, 2H, (-CH2-)), 3.44 (s, 4H, piperazine-H), 3.36–3.24 (m, 4H, piperazine-H), 1.28 (s,
9H, -(CH3)3); 13C NMR (CDCl3, 126 MHz): δ 169.2, 160.7, 156.9, 155.4, 154.5 (-COO), 146.3,
129.7, 122.0, 120.4, 116.2, 98.8 (Ar-C), 80.3 (-C-(CH3)3), 43.4 (piperazine-C), 28.2 (CH3)3, 25.4
(-CH2-).

3.13. 4-(2-(((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-
yl)morpholine (5g)

Yellow solid; 60% yield; mp: 140–142 ◦C; 1H NMR (CDCl3, 500 MHz): δ 8.10–7.97 (m,
1H, pyrimidine-H), 7.85 (s, 1H, triazole-H), 7.62–7.50 (m, 2H, -C6H4), 6.97 (d, J = 8.5 Hz, 2H,
-C6H4), 6.17 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.47 (s, 2H, -CH2-), 3.84 (d, J = 0.5 Hz, 3H,
-OCH3), 3.78–3.66 (m, 4H, morpholine-H), 3.58 (s, 4H, morpholine-H); 13C NMR (CDCl3,
126 MHz): δ 169.9, 161.3, 159.8, 156.1, 146.7, 130.6, 122.2, 120.6, 114.8, 98.9 (Ar-C), 66.5
(morpholine-C), 55.7 (-OCH3), 44.1 (morpholine-C), 25.8 (-CH2-).
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3.14. 4-(2-(((1-(3,4-Dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)
pyrimidin-4-yl)morpholine (5h)

Off-white solid; 58% yield; mp: 158–160 ◦C; 1H NMR (CDCl3, 500 MHz): δ 7.80 (d,
J = 6.5 Hz, 1H, pyrimidine-H), 7.68 (s, 1H, triazole-H), 7.64–7.53 (m, 1H, -C6H3), 7.36–7.26
(m, 1H, -C6H3), 7.00 (s, 1H, -C6H3), 5.93 (d, J = 6.5 Hz, 1H), pyrimidine-H, 4.21 (d, J = 0.5 Hz,
2H, -CH2-), 3.53–3.42 (m, 4H, morpholine-H), 3.33 (s, 4H, morpholine-H); 13C NMR (CDCl3,
126 MHz): δ 169.5, 161.2, 155.9, 147.5, 136.0, 133.8, 132.6, 131.3, 122.0, 120.1, 119.2, 98.8
(Ar-C), 66.3, 43.9 (morpholine-C), 25.4 (-CH2-).

3.15. 4-(4-(((4-Morpholinopyrimidin-2-yl)thio)methyl)-1H-1,2,3-triazol-1-yl) phenol (5i)

Brown solid; 55% yield; mp: 216–218 ◦C; 1H NMR (DMSO, 500 MHz): δ 9.89 (s, 1H,
pyrimidine-H), 8.44 (s, 1H, triazole-H), 7.59 (d, J = 9.0 Hz, 2H, -C6H4), 6.86 (d, J = 9.0 Hz,
2H, -C6H4), 6.53 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.37 (s, 2H, -CH2-), 3.65–3.54 (m, 4H,
morpholine-H), 3.55 (d, J = 2.5 Hz, 4H, morpholine-H); 13C NMR (DMSO, 126 MHz): δ 169.2,
161.5, 158.2, 156.3, 145.4, 129.3, 122.4, 121.7, 116.5, 100.1 (Ar-C), 66.3, 44.2 (morpholine-C),
25.4 (-CH2-).

3.16. 1-(2-(((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl)piperidin-4
-one (5j)

Brown solid; 58% yield; mp: 99–101 ◦C; 1H NMR (DMSO, 400 MHz): δ 8.58 (s, 1H,
triazole-H), 8.11 (d, J = 6.0 Hz, 1H, pyrimidine-H), 7.78 (d, J = 8.8 Hz, 2H, -C6H4), 7.11 (d,
J = 9.2 Hz, 2H, -C6H4), 6.66 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.46 (s, 2H, -CH2-), 3.92 (s,
4H, piperidone-H), 3.82 (s, 3H, -OCH3), 2.50–2.37 (m, 4H, piperidone-H); 13C NMR (DMSO,
101 MHz): δ 207.9 (-CO), 169.2, 160.9, 159.6, 156.4, 145.6, 130.5, 122.1, 121.7, 115.3, 100.0
(Ar-C), 56.0 (-OCH3), 42.3 (piperidone-C), 25.4 (-CH2-).

3.17. 1-(2-(((1-(3,4-Dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-
yl)piperidin-4-one (5k)

Yellow solid; 56% yield; mp: 148–150 ◦C; 1H NMR (DMSO, 400 MHz): δ 8.80 (s,
1H, triazole-H), 8.25 (d, J = 2.0 Hz, 1H, -C6H3), 8.11 (d, J = 6.0 Hz, 1H, pyrimidine-H),
7.95 (dd, J = 8.8, 2.4 Hz, 1H, -C6H3), 7.84 (d, J = 8.8 Hz, 1H, -C6H3), 6.66 (d, J = 6.0 Hz,
1H, pyrimidine-H), 4.47 (s, 2H, -CH2-), 3.91 (s, 4H, piperidone-H), 2.43 (t, J = 6.0 Hz, 4H,
piperidone-H); 13C NMR (DMSO, 101 MHz): δ 207.8 (-CO), 169.1, 160.9, 156.4, 146.5, 136.6,
132.8, 132.2, 131.3, 122.1, 122.0, 120.4, 100.1 (Ar-C), 42.3 (piperidone-C), 25.2 (-CH2-).

3.18. 1-(2-(((1-(4-Hydroxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4
-yl)piperidin-4-one (5l)

Yellow solid; 55% yield; 1H NMR (DMSO, 400 MHz): δ 9.96 (s, 1H, -OH-C6H4), 8.49 (s,
1H, triazole-H), 8.11 (d, J = 6.0 Hz, 1H, pyrimidine-H), 7.63 (d, J = 8.8 Hz, 2H, -C6H4), 6.91
(d, J = 8.8 Hz, 2H, -C6H4), 6.66 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.44 (s, 2H, -CH2-), 3.92
(s, 4H, piperidone-H), 2.44 (t, J = 6.0 Hz, 4H, piperidone-H); 13C NMR (DMSO, 101 MHz):
δ 207.9 (-CO), 169.3, 160.9, 158.1, 156.4, 145.4, 129.2, 122.3, 121.6, 116.5, 100.1 (Ar-C), 42.3
(piperidone-C), 25.4 (-CH2-).

3.19. 5-(((4-(4-(2,3-Dichlorophenyl) piperazin-1-yl) pyrimidin-2-yl)thio)methyl)-3-
(4-methoxyphenyl) isoxazole (6a)

Yellow solid; 48% yield; mp: 134–136 ◦C; 1H NMR (CDCl3, 500 MHz): δ 8.04 (d,
J = 6.5 Hz, 1H, pyrimidine-H), 7.68 (d, J = 9.0 Hz, 2H, -C6H4), 7.17 (dd, J = 8.0, 1.0 Hz, 1H,
-C6H3), 7.10 (t, J = 8.0 Hz, 1H, -C6H3), 6.92 (d, J = 9.0 Hz, 2H, -C6H4), 6.83 (dd, J = 8.0, 1.0 Hz,
1H, -C6H3), 6.49 (s, 1H, isoxazole-H), 6.24 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.39 (s, 2H,
-CH2-), 3.82 (s, 3H, -OCH3), 3.77 (s, 4H, piperazine-H), 3.08–2.96 (m, 4H, piperazine-H); 13C
NMR (CDCl3, 126 MHz): δ 170.9, 168.9, 162.2, 161.2, 161.0, 156.1, 150.6, 134.2, 128.2, 127.8,
127.6, 125.3, 121.7, 118.8, 114.3, 100.2, 99.3 (Ar-C), 55.4 (-OCH3), 51.0, 44.2 (piperazine-C),
26.0 (-CH2-); LCMS (ESI): m/z calcd. for C25H23Cl2N5O2S: 528.4534, found = 528.2081
[M + H]+, 530.2043 [M + 2H]+.
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3.20. 5-(((4-(4-(2,3-Dichlorophenyl) piperazin-1-yl) pyrimidin-2-yl)thio)methyl)-3-(3,4-dimethoxy
phenyl)isoxazole (6b)

Yellow solid; 40% yield; mp: 126–128 ◦C; 1H NMR (CDCl3, 500 MHz): δ 8.04 (d,
J = 6.0 Hz, 1H, pyrimidine-H), 7.36 (d, J = 1.5 Hz, 1H, -C6H3-isoxazole), 7.17 (d, J = 8.0 Hz,
1H, -C6H3-isoxazole), 7.09 (t, J = 8.0 Hz, 1H, -C6H3-piperazine), 6.95–6.82 (m, 2H, -C6H3-
piperazine), 6.82 (d, J = 8.0 Hz, 1H, -C6H3-isoxazole), 6.51 (s, 1H, isoxazole-H), 6.24 (d,
J = 6.5 Hz, 1H, pyrimidine-H), 4.39 (s, 2H, -CH2-), 3.90 (s, 6H, (OCH3)2), 3.77 (s, 4H,
piperazine-H), 3.02 (t, J = 4.5 Hz, 4H, piperazine-H); 13C NMR (CDCl3, 126 MHz): δ 171.0,
168.9, 162.3, 161.2, 156.1, 150.6, 149.3, 134.3, 127.6, 125.3, 121.8, 120.0, 118.7, 113.5, 112.5,
111.0, 109.2, 100.3, 99.3 (Ar-C), 56.1, 56.0 (-OCH3), 51.0, 44.2 (piperazine-C), 26.0(-CH2-);
LCMS (ESI): m/z calcd. for C26H25Cl2N5O3S: 558.4794, found = 558.2141 [M + H]+, 560.2081
[M + 2H]+.

3.21. 5-(((4-(4-(2,3-Dichlorophenyl) piperazin-1-yl) pyrimidin-2-yl)thio)methyl)-3-(p-tolyl)
isoxazole (6c)

Yellow solid; 52% yield; mp: 98–100 ◦C; 1H NMR (CDCl3, 500 MHz): δ 7.78 (d,
J = 6.0 Hz, 1H, pyrimidine-H), 7.38 (d, J = 8.0 Hz, 2H, -C6H4), 6.95 (d, J = 7.5 Hz, 2H,
-C6H4), 6.97–6.86 (m, 1H, -C6H3), 6.84 (t, J = 8.0 Hz, 1H, -C6H3), 6.57 (dd, J = 8.0, 1.5 Hz, 1H,
-C6H3), 6.26 (s, 1H, isoxazole-H), 5.98 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.14 (s, 2H, -CH2-),
3.51 (s, 4H, piperazine-H), 2.76 (t, J = 5.0 Hz, 4H, piperazine-H), 2.10 (s, 3H, -CH3); 13C
NMR (CDCl3, 126 MHz): δ 170.7, 168.6, 162.3, 160.9, 155.9, 150.4, 139.9, 134.0, 129.4, 127.5,
127.3, 126.4, 126.0, 125.0, 118.5, 100.1, 99.0 (Ar-C), 50.7, 43.9 (piperazine-C), 25.7 (-CH2-),
21.2 (-CH3).

3.22. Tert-butyl4-(2-(((3-(4-methoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-
yl)piperazine-1-carboxylate (6d)

Yellow solid; 55% yield; mp: 120–122 ◦C; 1H NMR (CDCl3, 500 MHz): δ 8.03 (d,
J = 6.5 Hz, 1H, pyrimidine-H), 7.68 (d, J = 8.5 Hz, 2H, -C6H4), 6.93 (d, J = 8.5 Hz, 2H, -C6H4),
6.47 (s, 1H, isoxazole-H), 6.19 (d, J = 6.5 Hz, 1H, pyrimidine-H), 4.38 (s, 2H, -CH2-), 3.82
(s, 3H, -OCH3), 3.59 (s, 4H, piperazine-H), 3.47 (s, 4H, piperazine-H), 1.46 (s, 9H, -(CH3)3);
13C NMR (CDCl3, 126 MHz): δ 170.9, 168.9, 162.2, 161.1, 161.0, 156.2, 154.7 (-COO), 128.2,
121.7, 114.3, 100.3, 99.2 (Ar-C), 80.4 (-C-(CH3)3), 55.4 (-OCH3), 43.6 (piperazine-C), 28.5
(CH3)3, 25.9 (-CH2-); LCMS (ESI): m/z calcd. for C24H29N5O4S: 483.5832, found = 484.1700
[M + H]+.

3.23. Tert-butyl 4-(2-(((3-(3,4-dimethoxyphenyl) isoxazol-5-yl)methyl)thio)pyrimidin-4-yl) pipera
zine-1-carboxylate (6e)

Brown solid; 52% yield; mp: 85–87 ◦C; 1H NMR (DMSO, 400 MHz): δ 8.07 (d, J = 6.4 Hz,
1H, pyrimidine-H), 7.46–7.32 (m, 2H, -C6H3), 7.04 (d, J = 8.4 Hz, 1H, -C6H3), 6.92 (s, 1H,
isoxazole-H), 6.58 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.51 (s, 2H, -CH2-), 3.82 (s, 3H, -OCH3),
3.80 (s, 3H, -OCH3), 3.61 (s, 4H, piperazine-H), 3.44–3.32 (s, 4H, piperazine-H), 1.41 (s,
9H, -(CH3)3); 13C NMR (DMSO, 101 MHz): δ 171.1, 168.3, 162.3, 161.2, 156.4, 154.3, 150.8,
149.5, 121.5, 120.0, 112.3, 110.0, 100.9, 100.3 (Ar-C), 79.6 (-C-(CH3)3), 56.0, 56.0 (-OCH3),
43.5 (piperazine-C), 28.5 (CH3)3, 25.5 (-CH2-); LCMS (ESI): m/z calcd. for C25H31N5O5S:
513.6091, found = 514.2142 [M + H]+.

3.24. Tert-butyl 4-(2-(((3-(p-tolyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl)piperazine-1-
carbox-ylate (6f)

Off-white solid; 60% yield; mp: 141–143 ◦C; 1H NMR (CDCl3, 500 MHz): δ 7.83 (d,
J = 6.5 Hz, 1H, pyrimidine-H), 7.43 (d, J = 8.0 Hz, 2H, -C6H4), 7.01 (d, J = 8.0 Hz, 2H, -C6H4),
6.30 (s, 1H, isoxazole-H), 5.99 (d, J = 6.5 Hz, 1H, pyrimidine-H), 4.19 (s, 2H, -CH2-), 3.39 (s,
4H, piperazine-H), 3.27 (s, 4H, piperazine-H), 2.16 (s, 3H, -CH3), 1.26 (s, 9H, -(CH3)3); 13C
NMR (CDCl3, 126 MHz): δ 170.7, 168.7, 162.4, 160.9, 156.0, 154.5 (-COO), 140.0, 129.4, 126.5,
126.1, 100.2, 99.0 (Ar-C), 80.2 (-C-(CH3)3), 43.4 (piperazine-C), 28.3 (CH3)3, 25.7 (-CH2-),
21.3 (-CH3).
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3.25. 4-(2-(((3-(4-Methoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl)morpholine (6g)

Yellow solid; 54% yield; mp: 104–106 ◦C; 1H NMR (CDCl3, 500 MHz): δ 8.03 (d,
J = 6.5 Hz, 1H, pyrimidine-H), 7.68 (d, J = 9.0 Hz, 2H, -C6H4), 6.93 (d, J = 9.0 Hz, 2H, -C6H4),
6.47 (s, 1H, isoxazole-H), 6.17 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.38 (s, 2H, -CH2-), 3.82
(s, 3H, -OCH3), 3.78–3.66 (m, 4H, morpholine-H), 3.57 (s, 4H, morpholine-H); 13C NMR
(CDCl3, 126 MHz): δ 170.8, 168.9, 162.2, 161.3, 161.0, 156.1, 128.2, 121.7, 114.3, 100.3, 99.1
(Ar-C), 66.5 (morpholine-C), 55.4 (-OCH3), 44.1 (morpholine-C), 25.9 (-CH2-); LCMS (ESI):
m/z calcd. for C19H20N4O3S: 384.4521, found = 385.1061 [M + H]+.

3.26. 4-(2-(((3-(3,4-Dimethoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl)morpholine (6h)

Yellow solid; 48% yield; mp: 118–120 ◦C; 1H NMR (CDCl3, 500 MHz): δ 8.03 (d,
J = 6.0 Hz, 1H, pyrimidine-H), 7.35 (d, J = 1.0 Hz, 1H, -C6H3), 7.23 (dd, J = 8.5, 1.0 Hz,
1H, -C6H3), 6.88 (d, J = 8.5 Hz, 1H, -C6H3), 6.49 (s, 1H, isoxazole-H), 6.18 (d, J = 6.0 Hz,
1H, pyrimidine-H), 4.38 (s, 2H, -CH2-), 3.91 (s, 3H, -OCH3), 3.89 (s, 3H, -OCH3), 3.78–3.66
(m, 4H, morpholine-H), 3.57 (s, 4H, morpholine-H); 13C NMR (CDCl3, 126 MHz): δ 171.0,
168.9, 162.3, 161.4, 156.1, 150.6, 149.3, 121.8, 119.9, 111.1, 109.3, 100.3, 99.1 (Ar-C), 66.5
(morpholine-C), 56.1, 56.0 (-OCH3), 44.1 (morpholine-C), 25.9 (-CH2-); LCMS (ESI): m/z
calcd. for C20H22N4O4S: 414.4781, found = 415.1629 [M + H]+.

3.27. 4-(2-(((3-(p-tolyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl)morpholine (6i)

Off-white solid; 58% yield; mp: 128–130 ◦C; 1H NMR (CDCl3, 500 MHz): δ 8.04 (d,
J = 6.0 Hz, 1H, pyrimidine-H), 7.63 (d, J = 8.0 Hz, 2H, -C6H4), 7.22 (d, J = 8.0 Hz, 2H,
-C6H4), 6.50 (s, 1H, isoxazole-H), 6.18 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.39 (s, 2H, -CH2-),
3.78–3.66 (m, 4H, morpholine-H), 3.57 (s, 4H, morpholine-H), 2.37 (s, 3H, -CH3); 13C NMR
(CDCl3, 126 MHz): δ 170.9, 168.9, 162.6, 161.3, 156.1, 140.2, 129.6, 126.7, 126.3, 100.4, 99.1
(Ar-C), 66.5, 44.1 (morpholine-C), 25.9 (-CH2-), 21.5 (-CH3).

3.28. 1-(2-(((3-(4-methoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl) piperidin-4-one (6j)

Yellow solid; 50% yield; mp: 125–127 ◦C; 1H NMR (DMSO, 400 MHz): δ 8.11 (d,
J = 6.4 Hz, 1H, pyrimidine-H), 7.78 (d, J = 8.8 Hz, 2H, -C6H4), 7.03 (d, J = 8.8 Hz, 2H, -C6H4),
6.87 (s, 1H, isoxazole-H), 6.68 (d, J = 6.4 Hz, 1H, pyrimidine-H), 4.53 (s, 2H, -CH2-), 3.91 (s,
4H, piperidone-H), 3.81 (s, 3H, -OCH3), 2.49–2.36 (m, 4H, piperidone-H); 13C NMR (DMSO,
101 MHz): δ 207.8 (-CO), 171.2, 168.3, 162.0, 161.1, 160.9, 156.5, 128.5, 121.4, 114.9, 100.7,
100.3 (Ar-C), 55.7 (-OCH3), 42.2 (piperidone-C), 25.4 (-CH2-).

3.29. 1-(2-(((3-(3,4-dimethoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl) piperidin-4
-one (6k)

Yellow solid; 44% yield; mp: 104–106 ◦C; 1H NMR (DMSO, 400 MHz): δ 8.11 (d,
J = 6.0 Hz, 1H, pyrimidine-H), 7.39 (d, J = 8.4 Hz, 2H, -C6H3), 7.04 (d, J = 8.4 Hz,
1H, -C6H3), 6.92 (s, 1H, isoxazole-H), 6.67 (d, J = 6.4 Hz, 1H, pyrimidine-H), 4.53 (s,
2H, -CH2-), 3.91 (s, 4H, piperidone-H), 3.82 (s, 3H, -OCH3), 3.80 (s, 3H, -OCH3), 2.43 (t,
J = 6.0 Hz, 4H, piperidone-H); 13C NMR (DMSO, 101 MHz): δ 207.8 (-CO), 171.2, 168.4,
162.3, 160.9, 156.5, 150.8, 149.5, 121.5, 120.0, 112.3, 110.0, 100.9, 100.3 (Ar-C), 56.1, 56.0
(-OCH3), 42.2 (piperidone-C), 25.5 (-CH2-); LCMS (ESI): m/z calcd. for C21H22N4O4S:
426.4888, found = 427.2091 [M + H]+.

3.30. 1-(2-(((3-(p-tolyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl) piperidin-4-one (6l)

Light yellow solid; 56% yield; mp: 122–124 ◦C; 1H NMR (DMSO, 400 MHz): δ 8.11
(d, J = 6.0 Hz, 1H, pyrimidine-H), 7.73 (d, J = 8.0 Hz, 2H, -C6H4), 7.30 (d, J = 8.0 Hz, 2H,
-C6H4), 6.89 (s, 1H, isoxazole-H), 6.68 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.54 (s, 2H, -CH2-),
3.91 (s, 4H, piperidone-H), 2.43 (t, J = 6.0 Hz, 4H, piperidone-H), 2.35 (s, 3H, -CH3); 13C
NMR (DMSO, 101 MHz): δ 207.8 (-CO), 171.4, 168.3, 162.3, 160.9, 156.5, 140.4, 130.1, 126.9,
126.2, 100.9, 100.3 (Ar-C), 42.2 (piperidone-C), 25.4 (-CH2-), 21.4 (-CH3).
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3.31. 2-(((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-yl) methyl)thio)-4-(piperazin-1-yl)
pyrimidine (7a)

Thick brown mass; 70% yield; 1H NMR (CDCl3, 500 MHz): δ 8.00 (d, J = 6.0 Hz, 1H,
pyrimidine-H), 7.84 (s, 1H, triazole-H), 7.60–7.49 (m, 2H, -C6H4), 7.02–6.90 (m, 2H, -C6H4),
6.16 (d, J = 6.5 Hz, 1H, pyrimidine-H), 4.45 (s, 2H, -CH2-), 3.82 (s, 3H, -OCH3), 3.59 (s,
4H, piperazine-H), 2.95–2.83 (m, 4H, piperazine-H); 13C NMR (CDCl3, 126 MHz): δ 169.7,
161.1, 159.8, 155.9, 146.7, 130.6, 122.2, 120.7, 114.8, 98.9 (Ar-C), 55.7 (-OCH3), 45.5, 44.6
(piperazine-C), 25.7 (-CH2-).

3.32. 2-(((1-(3,4-Dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-4-(piperazin-1-
yl)pyrimidine (7b)

Thick brown mass; 50% yield; 1H NMR (CDCl3, 500 MHz): δ 7.79 (d, J = 6.0 Hz, 1H,
pyrimidine-H), 7.71 (s, 1H, triazole-H), 7.67–7.57 (m, 1H, -C6H3), 7.33 (d, J = 1.0 Hz, 2H,
-C6H3), 5.96 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.24 (s, 2H, -CH2-), 3.37 (s, 4H, piperazine-H),
2.73–2.61 (m, 4H, piperazine-H); 13C NMR (CDCl3, 126 MHz): δ 169.3, 161.0, 155.7, 147.5,
135.9, 133.8, 132.5, 131.3, 122.0, 120.1, 119.2, 98.8 (Ar-C), 45.5, 44.6 (piperazine-C), 25.4
(-CH2-).

3.33. 4-(4-(((4-(Piperazin-1-yl)pyrimidin-2-yl)thio)methyl)-1H-1,2,3-triazo1-1-yl)phenol (7c)

Yellow solid; 58% yield; mp: 204–206 ◦C; 1H NMR (DMSO, 500 MHz): δ 8.41 (s, 1H,
triazole-H), 7.97 (d, J = 6.0 Hz, 1H, pyrimidine-H), 7.56 (d, J = 8.5 Hz, 2H, -C6H4), 6.87 (d,
J = 9.0 Hz, 2H, -C6H4), 6.48 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.35 (s, 2H, -CH2-), 3.47 (s, 4H,
piperazine-H), 2.65 (s, 4H, piperazine-H); 13C NMR (DMSO, 126 MHz): δ 169.1, 161.2, 158.8,
156.1, 145.4, 128.9, 122.3, 121.7, 116.6, 99.9 (Ar-C), 45.8, 45.2 (piperazine-C), 25.3 (-CH2-).

3.34. 3-(4-Methoxyphenyl)-5-(((4-(piperazin-1-yl)pyrimidin-2-yl)thio)methyl)isoxazole (7d)

Yellow solid; 60% yield; mp: 88–90 ◦C; 1H NMR (CDCl3, 500 MHz): δ 8.02 (d, J = 4.5 Hz,
1H, pyrimidine-H), 7.70 (d, J = 7.5 Hz, 2H, -C6H4), 6.94 (d, J = 7.5 Hz, 2H, -C6H4), 6.49 (s,
1H, isoxazole-H), 6.20 (d, J = 4.5 Hz, 1H, pyrimidine-H), 4.40 (s, 2H, -CH2-), 3.84 (s, 3H,
-OCH3), 3.60 (s, 4H, piperazine-H), 2.91 (s, 4H, piperazine-H); 13C NMR (CDCl3, 126 MHz):
δ 172.9, 170.7, 164.2, 163.1, 162.9, 157.9, 130.2, 123.6, 116.3, 102.2, 101.0 (Ar-C), 57.4 (-OCH3),
47.6, 46.8 (piperazine-C), 27.8 (-CH2-); LCMS (ESI): m/z calcd. for C19H21N5O2S: 383.4673,
found = 384.2190 [M + H]+.

3.35. 3-(3,4-Dimethoxyphenyl)-5-(((4-(piperazin-1-yl)pyrimidin-2-yl)thio)methyl)isoxazole (7e)

Thick brown mass; 54% yield; 1H NMR (CDCl3, 500 MHz): δ 8.02 (d, J = 6.5 Hz, 1H,
pyrimidine-H), 7.37 (d, J = 2.0 Hz, 1H, -C6H3), 7.25 (dd, J = 8.0, 2.0 Hz, 1H, -C6H3), 6.90
(d, J = 8.0 Hz, 1H, -C6H3), 6.51 (s, 1H, isoxazole-H), 6.20 (d, J = 6.5 Hz, 1H, pyrimidine-H),
4.41 (s, 2H, -CH2-), 3.94 (s, 3H, -OCH3), 3.92 (s, 3H, -OCH3), 3.59 (s, 4H, piperazine-H), 2.90
(t, J = 5.0 Hz, 4H, piperazine-H); 13C NMR (CDCl3, 126 MHz): δ 171.0, 168.7, 162.3, 161.2,
155.9, 150.6, 149.3, 121.9, 119.9, 111.1, 109.3, 100.3, 99.1 (Ar-C), 56.1, 56.0 (-OCH3), 45.7, 44.9
(piperazine-C), 25.9 (-CH2-).

3.36. 5-(((4-(Piperazin-1-yl)pyrimidin-2-yl)thio)methyl)-3-(p-tolyl)isoxazole (7f)

Thick light brown mass; 64% yield; 1H NMR (CDCl3, 500 MHz): δ 8.02 (d, J = 6.5 Hz,
1H, pyrimidine-H), 7.65 (d, J = 8.0 Hz, 2H, -C6H4), 7.23 (d, J = 8.0 Hz, 2H, -C6H4), 6.52 (s,
1H, isoxazole-H), 6.19 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.40 (s, 2H, -CH2-), 3.61 (s, 4H,
piperazine-H), 2.92 (s, 4H, piperazine-H), 2.38 (s, 3H, -CH3); 13C NMR (CDCl3, 126 MHz):
δ 171.0, 168.8, 162.5, 161.1, 156.0, 140.1, 129.6, 126.7, 126.3, 100.4, 99.1 (Ar-C), 45.6, 44.7
(piperazine-C), 25.9 (-CH2-), 21.5 (-CH3).
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3.37. 1-(2-(((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl)piperidin-
4-ol (8a)

Thick off-white mass; 60% yield; 1H NMR (CDCl3, 500 MHz): δ 7.99 (d, J = 6.5 Hz, 1H,
pyrimidine-H), 7.85 (s, 1H, triazole-H), 7.56 (d, J = 9.0 Hz, 2H, -C6H4), 6.97 (d, J = 9.0 Hz,
2H, -C6H4), 6.21 (d, J = 6.5 Hz, 1H, pyrimidine-H), 4.47 (s, 2H, -CH2-), 4.06–3.88 (m,
4H, piperidine-H (3H) and OH (1H)), 3.83 (s, 3H, -OCH3), 3.35–3.20 (m, 2H, piperidine-
H), 1.96–1.82 (m, 2H, piperidine-H), 1.58–1.41 (m, 2H, piperidine-H); 13C NMR (CDCl3,
126 MHz): δ 169.7, 160.8, 159.8, 155.9, 146.7, 130.6, 122.2, 120.7, 114.8, 98.9 (Ar-C), 67.3
(piperidine-C (quaternary)), 55.7 (-OCH3), 41.3, 33.7 (piperidine-C), 25.8 (-CH2-).

3.38. 1-(2-(((1-(3,4-Dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-
yl)piperidin-4-ol (8b)

Thick pink mass; 55% yield; 1H NMR (CDCl3, 500 MHz): δ 7.97 (d, J = 6.5 Hz, 1H,
pyrimidine-H), 7.94 (s, 1H, triazole-H), 7.83 (t, J = 1.5 Hz, 1H, -C6H3), 7.54 (d, J = 1.5 Hz,
2H, -C6H3), 6.21 (d, J = 6.5 Hz, 1H, pyrimidine-H), 4.45 (s, 2H, -CH2-), 4.16–3.88 (m,
4H, piperidine-H (3H) and OH (1H)), 3.34–3.19 (m, 2H, piperidine-H), 1.95–1.81 (m, 2H,
piperidine-H), 1.58–1.41 (m, 2H, piperidine-H); 13C NMR (CDCl3, 126 MHz): δ 169.4, 160.8,
155.8, 147.7, 136.1, 134.0, 132.8, 131.5, 122.2, 120.4, 119.4, 99.0 (Ar-C), 67.1 (piperidine-C (qua-
ternary)), 41.4, 33.7 (piperidine-C), 25.6 (-CH2-); LCMS (ESI): m/z calcd. for C18H18Cl2N6OS:
437.3461, found = 437.1480 [M + H]+, 439.1444 [M + 2H]+.

3.39. 1-(2-(((1-(4-Hydroxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio) pyrimidin-4-yl)
piperidin-4-ol (8c)

Yellow solid; 58% yield; mp: 104–106 ◦C; 1H NMR (DMSO, 400 MHz): δ 9.94 (s, 1H,
-OH-C6H4), 8.47 (s, 1H, triazole-H), 8.01 (d, J = 6.0 Hz, 1H, pyrimidine-H), 7.63 (d, J = 8.8 Hz,
2H, -C6H4), 6.91 (d, J = 8.4 Hz, 2H, -C6H4), 6.57 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.77
(d, J = 3.2 Hz, 1H, piperidine-H), 4.41 (s, 2H, -CH2-), 4.01 (d, J = 6.8 Hz, 2H, piperidine-H
(1H) and OH (1H)), 3.74 (d, J = 3.2 Hz, 1H, piperidine-H), 3.31–3.16 (m, 2H, piperidine-H),
1.75 (d, J = 9.2 Hz, 2H, piperidine-H), 1.31 (d, J = 9.2 Hz, 2H, piperidine-H); 13C NMR
(DMSO, 101 MHz): δ 169.1, 160.9, 158.1, 156.1, 145.4, 129.2, 122.3, 121.6, 116.5, 99.9 (Ar-C),
66.0 (piperidine-C (quaternary)), 41.6, 34.1 (piperidine-C), 25.3 (-CH2-); LCMS (ESI): m/z
calcd. for C18H20N6O2S: 384.4554, found = 385.1543 [M + H]+.

3.40. 1-(2-(((3-(4-Methoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl) piperidin-4-ol (8d)

Yellow solid; 64% yield; mp: 98–100 ◦C; 1H NMR (CDCl3, 500 MHz): δ 7.98 (d,
J = 6.5 Hz, 1H, pyrimidine-H), 7.67 (d, J = 9.0 Hz, 2H, -C6H4), 6.92 (d, J = 8.5 Hz, 2H, -C6H4),
6.47 (s, 1H isoxazole-H), 6.21 (d, J = 6.0 Hz, 1H, pyrimidine-H), 4.38 (s, 2H, -CH2-), 4.02–3.86
(m, 4H piperidine-H (3H) and OH (1H)), 3.82 (s, 3H, -OCH3), 3.35–3.20 (m, 2H, piperidine-
H), 1.96–1.81 (m, 2H, piperidine-H), 1.58–1.41 (m, 2H, piperidine-H); 13C NMR (CDCl3,
126 MHz): δ 171.0, 168.8, 162.2, 161.0, 160.8, 155.9, 128.2, 121.7, 114.3, 100.3, 99.1 (Ar-C), 67.2
(piperidine-C (quaternary)), 55.4 (-OCH3), 41.3, 33.7 (piperidine-C), 25.9 (-CH2-); LCMS
(ESI): m/z calcd. for C20H22N4O3S: 398.4787, found = 399.1363 [M + H]+.

3.41. 1-(2-(((3-(3,4-Dimethoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl) piperidin-4
-ol (8e)

Thick off-white mass; 58% yield; 1H NMR (CDCl3, 500 MHz): δ 8.00 (d, J = 6.5 Hz, 1H
pyrimidine-H), 7.37 (d, J = 1.5 Hz, 1H, -C6H3), 7.25 (dd, J = 8.5, 1.5 Hz, 1H, -C6H3), 6.90 (d,
J = 8.5 Hz, 1H, -C6H3), 6.52 (s, 1H, isoxazole-H), 6.24 (d, J = 6.5 Hz, 1H, pyrimidine-H), 4.41
(s, 2H, -CH2-), 4.07–3.91 (m, 4H, piperidine-H (3H) and OH (1H)), 3.94 (s, 3H, -OCH3), 3.92
(s, 3H, -OCH3), 3.37–3.23 (m, 2H, piperidine-H), 1.99–1.85 (m, 2H, piperidine-H), 1.61–1.44
(m, 2H, piperidine-H); 13C NMR (CDCl3, 126 MHz): δ 171.1, 168.8, 162.3, 160.8, 155.9, 150.6,
149.3, 121.9, 119.9, 111.1, 109.3, 100.3, 99.1 (Ar-C), 67.2 (piperidine-C (quaternary)), 56.1,
56.0 (-OCH3), 41.3, 33.7 (piperidine-C), 25.9 (-CH2-).
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3.42. 1-(2-(((3-(p-tolyl)isoxazol-5-yl)methyl)thio)pyrimidin-4-yl) piperidin-4-ol (8f)

Thick yellow mass; 66% yield; 1H NMR (CDCl3, 500 MHz): δ 7.98 (d, J = 6.0 Hz,
1H, pyrimidine-H), 7.64 (d, J = 8.0 Hz, 2H, -C6H4), 7.23 (d, J = 8.0 Hz, 2H, -C6H4), 6.52
(s, 1H, isoxazole-H), 6.22 (d, J = 6.5 Hz, 1H, pyrimidine-H), 4.40 (s, 2H, -CH2-), 4.05–3.89
(m, 4H, piperidine-H (3H) and OH (1H)), 3.36–3.22 (m, 2H, piperidine-H), 2.37 (s, 3H,
-CH3), 1.97–1.83 (m, 2H, piperidine-H), 1.60–1.43 (m, 2H, piperidine-H); 13C NMR (CDCl3,
126 MHz): δ 171.0, 168.7, 162.6, 160.8, 155.9, 140.1, 129.6, 126.7, 126.3, 100.4, 99.1 (Ar-C), 67.2
(piperidine-C (quaternary)), 41.3, 33.7 (piperidine-C), 25.9 (-CH2-), 21.5 (-CH3); LCMS (ESI):
m/z calcd. for C20H22N4O2S: 382.4793, found = 383.1446 [M + H]+.

3.43. Cell Viability Assay

First, 2× 103 MCF-7 cells were cultured in MEM, or Leibovitz’s L-15 medium enriched
with 2% FBS, and maintained in a humidified atmosphere of 5% CO2 at 37 ◦C [44]. DMSO-
dissolved compounds were kept as a stock solution and diluted with a cell culture medium
to the desired concentration. Cancer cells (4 × 103) were grown overnight in 96-well
plates, cultured, and treated with triazoles/isoxazoles at 0, 0.01, 0.1, 10, 100, and 1000 µM
concentrations for 72 h. The inhibitory effect of the compounds was assessed using the
Alamar Blue reagent.

3.44. Molecular Docking Studies

The Scripps Research Institute’s AutoDock4 tools (ADT) v1.5.6 [45] were used to deter-
mine the docking studies. The co-crystal structure of HDAC7 (PDB ID: 3ZNR) was obtained
from the Protein Data Bank (PDB), and the structure was downloaded in PDB format for
further analysis. Then, ligand structures, including the novel isoxazole (7d), triazole (5h)
analogues, and the co-crystal ligand, were prepared. The ligand structures were built
and optimized using molecular modeling software (Discovery Studio & Avogadro) [46]
to ensure proper geometry and energy minimization [47–53]. The ligand structures were
saved in the appropriate file format (PDB) for AutoDock4 Tools. Later, the HDAC7 crystal
structure (PDB ID: 3ZNR) was loaded into AutoDock4 Tools, and water molecules, co-
factors, and other non-essential entities were removed to isolate the protein of interest. The
protein structure was prepared by adding polar hydrogen atoms and assigning Kollman
charges. A grid box was defined around the HDAC7 to guide the docking simulation
with dimensions 60Å × 60 Å × 70 Å with a spacing of 1Å. Then, docking was initiated by
selecting macromolecule (HDAC7) and ligand (7d) with a genetic algorithm as the search
parameter was set, and the output file was the Lamarckian default parameter file. Initially,
150 were randomly placed individually with a maximum number of 2.5 × 106 energy
evaluations having a mutation rate of 0.02 and crossover rate of 0.80, and 10 docking runs
were performed for compound 7d. Similarly, all steps were performed for the compound
5h and co-crystal ligand (TMP269). Visualization of docking results was examined using
Discovery Studio [54], pymol [55], and UCSF chimera 1.16 [56].

4. Conclusions

In conclusion, the novel thiouracil-tethered triazole-based compounds were synthe-
sized by both conventional and electrolytic methods. The synthesis of 1,2,3-triazoles via
electrochemical oxidation provided a good yield and was found to be highly useful for
synthesizing bioactive molecules based on triazoles. Moreover, the thiouracil-tethered
isoxazole-based compounds were synthesized and presented a better procedure to pre-
pare at a high yield. Additionally, we offered a unique green protocol for synthesizing
isoxazole- and triazole-based compounds in the presence of the thiouracil group. Herein,
in a target-based study, we further examined the discovered compound’s mode of action
in silico by considering the reference co-crystal structure of HDAC and its inhibitors and
showed that the newly synthesized compounds could mimic HDACis in BC cells. The
lead compound, such as 6l or 5h, could effectively inhibit BC cell proliferation with a
lower IC50 value. Furthermore, we discovered through an in silico investigation that these
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lead compounds could bind to the catalytic areas of HDAC. In conclusion, we provided a
new chemical entity bearing triazole, isoxazole, and thiouracil moiety, which might target
HDAC in BC cells.

Supplementary Materials: The following supporting information can be downloaded at https://www.
mdpi.com/article/10.3390/molecules28135254/s1. Supplementary data contains NMR, LCMS, and
IC50 values of newly synthesized compounds (5a–l), (6a–l), (7a–f), and (8a–f).
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35. Comşa, Ş.; Cîmpean, A.M.; Raica, M. The Story of MCF-7 Breast Cancer Cell Line: 40 Years of Experience in Research. Anticancer
Res. 2015, 35, 3147–3154.

36. Levenson, A.S.; Jordan, V.C. MCF-7: The first hormone-responsive breast cancer cell line. Cancer Res. 1997, 57, 3071–3078.
37. Lobera, M.; Madauss, K.P.; Pohlhaus, D.T.; Wright, Q.G.; Trocha, M.; Schmidt, D.R.; Baloglu, E.; Trump, R.P.; Head, M.S.;

Hofmann, G.A.; et al. Selective Class IIa Histone Deacetylase Inhibition via a Nonchelating Zinc-Binding Group. Nat. Chem. Biol.
2013, 9, 319–325. [CrossRef]

https://doi.org/10.1021/acsmedchemlett.6b00124
https://doi.org/10.1073/pnas.1801156115
https://doi.org/10.1080/13543784.2020.1761323
https://doi.org/10.1111/j.1582-4934.2009.00844.x
https://www.ncbi.nlm.nih.gov/pubmed/19583803
https://doi.org/10.1158/1078-0432.CCR-09-0547
https://www.ncbi.nlm.nih.gov/pubmed/19861438
https://doi.org/10.1021/jm401945k
https://www.ncbi.nlm.nih.gov/pubmed/24450497
https://www.ncbi.nlm.nih.gov/pubmed/23092175
https://doi.org/10.1002/onco.13673
https://doi.org/10.3390/molecules27238438
https://doi.org/10.1038/s41419-018-0543-8
https://doi.org/10.1016/j.bcp.2016.03.010
https://doi.org/10.3390/ijms21010238
https://doi.org/10.1016/j.bmc.2015.07.069
https://www.ncbi.nlm.nih.gov/pubmed/26299825
https://doi.org/10.1016/j.cclet.2017.01.003
https://doi.org/10.1021/jm0605536
https://patents.google.com/patent/EP2392677A2/en
https://doi.org/10.1021/acs.jmedchem.9b00946
https://www.ncbi.nlm.nih.gov/pubmed/31414801
https://patents.google.com/patent/WO2007078113A1/en
https://doi.org/10.1371/journal.pone.0139798
https://doi.org/10.1371/journal.pone.0039444
https://doi.org/10.1038/s41419-022-04982-8
https://doi.org/10.1038/nchembio.1223


Molecules 2023, 28, 5254 21 of 21

38. Kim, N.Y.; Vishwanath, D.; Xi, Z.; Nagaraja, O.; Swamynayaka, A.; Kumar Harish, K.; Basappa, S.; Madegowda, M.; Pandey, V.;
Sethi, G.; et al. Discovery of Pyrimidine- and Coumarin-Linked Hybrid Molecules as Inducers of JNK Phosphorylation through
ROS Generation in Breast Cancer Cells. Molecules 2023, 28, 3450. [CrossRef] [PubMed]

39. Pinheiro, L.C.S.; Feitosa, L.M.; Gandi, M.O.; Silveira, F.F.; Boechat, N. The Development of Novel Compounds against Malaria:
Quinolines, Triazolpyridines, Pyrazolopyridines and Pyrazolopyrimidines. Molecules 2019, 24, 4095. [CrossRef]

40. Khazir, J.; Pilcher, L.A.; Riley, D.L.; Chashoo, G. Design and Synthesis of Sulphonyl Acetamide Analogues of Quinazoline as
Anticancer Agents. Med. Chem. Res. 2020, 29, 916–925. [CrossRef]

41. He, H.; Wang, W.; Zhou, Y.; Xia, Q.; Ren, Y.; Feng, J.; Peng, H.; He, H.; Feng, L. Rational Design, Synthesis and Biological
Evaluation of 1,3,4-Oxadiazole Pyrimidine Derivatives as Novel Pyruvate Dehydrogenase Complex E1 Inhibitors. Bioorg. Med.
Chem. 2016, 24, 1879–1888. [CrossRef]

42. Shanmugasundaram, M.; Senthilvelan, A.; Kore, A.R. Highly Regioselective 1,3-Dipolar Cycloaddition of 3′-O-Propargyl
Guanosine with Nitrile Oxide: An Efficient Method for the Synthesis of Guanosine Containing Isoxazole Moiety. Tetrahedron Lett.
2020, 61, 152464. [CrossRef] [PubMed]

43. Chappie, T.A.; Helal, C.J.; Kormos, B.L.; Tuttle, J.B.; Verhoest, P.R. Imidazo-Triazine Derivatives as Pde10 Inhibitors,
WO2014177977A1, WIPO (PCT). Available online: https://patents.google.com/patent/WO2014177977A1/en (accessed on 22
February 2023).

44. Basappa, B.; Chumadathil Pookunoth, B.; Shinduvalli Kempasiddegowda, M.; Knchugarakoppal Subbegowda, R.; Lobie, P.E.;
Pandey, V. Novel Biphenyl Amines Inhibit Oestrogen Receptor (ER)-α in ER-Positive Mammary Carcinoma Cells. Molecules 2021,
26, 783. [CrossRef] [PubMed]

45. Huey, R.; Morris, G.M.; Olson, A.J.; Goodsell, D.S. A Semiempirical Free Energy Force Field with Charge-Based Desolvation. J.
Comput. Chem. 2007, 28, 1145–1152. [CrossRef] [PubMed]

46. Hanwell, M.D.; Curtis, D.E.; Lonie, D.C.; Vandermeersch, T.; Zurek, E.; Hutchison, G.R. Avogadro: An Advanced Semantic
Chemical Editor, Visualization, and Analysis Platform. J. Cheminform. 2012, 4, 17. [CrossRef]

47. Basappa; Kavitha, C.V.; Rangappa, K.S. Simple and an efficient method for the synthesis of 1-[2-dimethylamino-1-(4-methoxy-
phenyl)-ethyl]-cyclohexanol hydrochloride: (+/-) venlafaxine racemic mixtures. Bioorg. Med. Chem. Lett. 2004, 14, 3279–3281.
[CrossRef]

48. Kanchugarakoppal, S.R.; Basappa. New cholinesterase inhibitors: Synthesis and structure-activity relationship studies of
1,2-benzisoxazole series and novel imidazolyl-d 2-isoxazolines. J. Phys. Organ. Chem. 2005, 18, 773–778.

49. Fongmoon, D.; Shetty, A.K.; Basappa Yamada, S.; Sugiura, M.; Kongtawelert, P.; Sugahara, K. Chondroitinase-mediated
degradation of rare 3-O-sulfated glucuronic acid in functional oversulfated chondroitin sulfate K and E. J. Biol. Chem. 2007, 282,
36895–36904. [CrossRef]

50. Blanchard, V.; Chevalier, F.; Imberty, A.; Leeflang, B.R.; Basappa Sugahara, K.; Kamerling, J.P. Conformational studies on five
octasaccharides isolated from chondroitin sulfate using NMR spectroscopy and molecular modeling. Biochemistry 2007, 46,
1167–1175. [CrossRef]

51. Anusha, S.; Mohan, C.D.; Ananda, H.; Baburajeev, C.P.; Rangappa, S.; Mathai, J.; Fuchs, J.E.; Li, F.; Shanmugam, M.K.;
Bender, A.; et al. Adamantyl-tethered-biphenylic compounds induce apoptosis in cancer cells by targeting Bcl homologs. Bioorg.
Med. Chem. Lett. 2016, 26, 1056–1060. [CrossRef]

52. Sulaiman, N.B.; Mohan, C.D.; Basappa, S.; Pandey, V.; Rangappa, S.; Bharathkumar, H.; Kumar, A.P.; Lobie, P.E.; Rangappa, K.S.
An azaspirane derivative suppresses growth and induces apoptosis of ER-positive and ER-negative breast cancer cells through
the modulation of JAK2/STAT3 signaling pathway. Int. J. Oncol. 2016, 49, 1221–1229. [CrossRef]

53. Nirvanappa, A.C.; Mohan, C.D.; Rangappa, S.; Ananda, H.; Sukhorukov, A.Y.; Shanmugam, M.K.; Sundaram, M.S.; Nayaka, S.C.;
Girish, K.S.; Chinnathambi, A.; et al. Novel Synthetic Oxazines Target NF-κB in Colon Cancer In Vitro and Inflammatory Bowel
Disease In Vivo. PLoS ONE 2016, 11, e0163209, Erratum in PLoS ONE 2017, 12, e0175659. [CrossRef]

54. BIOVIA Dassault Systèmes. Discovery Studio Visualizer, 21.1.0.20298; Dassault Systèmes: San Diego, CA, USA, 2020.
55. Schrödinger, L.L.C.; DeLano, W. PyMOL. 2020. Available online: http://www.pymol.org/pymol (accessed on 15 February 2022).
56. Pettersen, E.F.; Goddard, T.D.; Huang, C.C.; Couch, G.S.; Greenblatt, D.M.; Meng, E.C.; Ferrin, T.E. UCSF Chimera—A Visualiza-

tion System for Exploratory Research and Analysis. J. Comput. Chem. 2004, 25, 1605–1612. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/molecules28083450
https://www.ncbi.nlm.nih.gov/pubmed/37110684
https://doi.org/10.3390/molecules24224095
https://doi.org/10.1007/s00044-020-02533-4
https://doi.org/10.1016/j.bmc.2016.03.011
https://doi.org/10.1016/j.tetlet.2020.152464
https://www.ncbi.nlm.nih.gov/pubmed/32981977
https://patents.google.com/patent/WO2014177977A1/en
https://doi.org/10.3390/molecules26040783
https://www.ncbi.nlm.nih.gov/pubmed/33546391
https://doi.org/10.1002/jcc.20634
https://www.ncbi.nlm.nih.gov/pubmed/17274016
https://doi.org/10.1186/1758-2946-4-17
https://doi.org/10.1016/j.bmcl.2004.03.098
https://doi.org/10.1074/jbc.M707082200
https://doi.org/10.1021/bi061971f
https://doi.org/10.1016/j.bmcl.2015.12.026
https://doi.org/10.3892/ijo.2016.3615
https://doi.org/10.1371/journal.pone.0175659
http://www.pymol.org/pymol
https://doi.org/10.1002/jcc.20084
https://www.ncbi.nlm.nih.gov/pubmed/15264254

	Introduction 
	Results and Discussion 
	Synthesis of Thiouracil Tethered Triazole/Isoxazole Analogues 
	Cytotoxicity of Thiouracil Tethered Triazole/Isoxazole Analogues on MCF-7 Cells 

	Materials and Methods 
	General Procedure for the Synthesis of Intermediates (4a–d) 
	General Procedure for the Synthesis of Thiouracil Tethered Triazoles (5a–l) 
	General Procedure for the Synthesis of Thiouracil Tethered Isoxazoles (6a–l) 
	General Procedure for the Synthesis of Compounds (7a–f) 
	General Procedure for the Synthesis of Compounds (8a–f) 
	4-Chloro-2-(prop-2-yn-1-ylthio)pyrimidine (3) 
	4-(4-(2,3-Dichlorophenyl) piperazin-1-yl)-2-(((1-(4-methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio) pyrimidine (5a) 
	2-(((1-(3,4-Dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-4-(4-(2,3-dichlorophenyl)piperazin-1-yl) pyrimidine (5b) 
	4-(4-(((4-(4-(2,3-Dichlorophenyl) piperazin-1-yl) pyrimidin-2-yl)thio)methyl)-1H-1,2,3-triazol-1-yl)phenol (5c) 
	Tert-butyl 4-(2-(((1-(4-methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl) piperazine-1-carboxylate (5d) 
	Tert-butyl 4-(2-(((1-(3,4-dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl) piperazine-1-carboxylate (5e) 
	Tert-butyl 4-(2-(((1-(4-hydroxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl) piperazine-1-carboxylate (5f) 
	4-(2-(((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl)morpholine (5g) 
	4-(2-(((1-(3,4-Dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio) pyrimidin-4-yl)morpholine (5h) 
	4-(4-(((4-Morpholinopyrimidin-2-yl)thio)methyl)-1H-1,2,3-triazol-1-yl) phenol (5i) 
	1-(2-(((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl)piperidin-4-one (5j) 
	1-(2-(((1-(3,4-Dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl)piperidin-4-one (5k) 
	1-(2-(((1-(4-Hydroxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl)piperidin-4-one (5l) 
	5-(((4-(4-(2,3-Dichlorophenyl) piperazin-1-yl) pyrimidin-2-yl)thio)methyl)-3-(4-methoxyphenyl) isoxazole (6a) 
	5-(((4-(4-(2,3-Dichlorophenyl) piperazin-1-yl) pyrimidin-2-yl)thio)methyl)-3-(3,4-dimethoxy phenyl)isoxazole (6b) 
	5-(((4-(4-(2,3-Dichlorophenyl) piperazin-1-yl) pyrimidin-2-yl)thio)methyl)-3-(p-tolyl) isoxazole (6c) 
	Tert-butyl4-(2-(((3-(4-methoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl)piperazine-1-carboxylate (6d) 
	Tert-butyl 4-(2-(((3-(3,4-dimethoxyphenyl) isoxazol-5-yl)methyl)thio)pyrimidin-4-yl) pipera zine-1-carboxylate (6e) 
	Tert-butyl 4-(2-(((3-(p-tolyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl)piperazine-1-carbox-ylate (6f) 
	4-(2-(((3-(4-Methoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl)morpholine (6g) 
	4-(2-(((3-(3,4-Dimethoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl)morpholine (6h) 
	4-(2-(((3-(p-tolyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl)morpholine (6i) 
	1-(2-(((3-(4-methoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl) piperidin-4-one (6j) 
	1-(2-(((3-(3,4-dimethoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl) piperidin-4-one (6k) 
	1-(2-(((3-(p-tolyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl) piperidin-4-one (6l) 
	2-(((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-yl) methyl)thio)-4-(piperazin-1-yl) pyrimidine (7a) 
	2-(((1-(3,4-Dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)-4-(piperazin-1-yl)pyrimidine (7b) 
	4-(4-(((4-(Piperazin-1-yl)pyrimidin-2-yl)thio)methyl)-1H-1,2,3-triazo1-1-yl)phenol (7c) 
	3-(4-Methoxyphenyl)-5-(((4-(piperazin-1-yl)pyrimidin-2-yl)thio)methyl)isoxazole (7d) 
	3-(3,4-Dimethoxyphenyl)-5-(((4-(piperazin-1-yl)pyrimidin-2-yl)thio)methyl)isoxazole (7e) 
	5-(((4-(Piperazin-1-yl)pyrimidin-2-yl)thio)methyl)-3-(p-tolyl)isoxazole (7f) 
	1-(2-(((1-(4-Methoxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl)piperidin-4-ol (8a) 
	1-(2-(((1-(3,4-Dichlorophenyl)-1H-1,2,3-triazol-4-yl)methyl)thio)pyrimidin-4-yl)piperidin-4-ol (8b) 
	1-(2-(((1-(4-Hydroxyphenyl)-1H-1,2,3-triazol-4-yl)methyl)thio) pyrimidin-4-yl) piperidin-4-ol (8c) 
	1-(2-(((3-(4-Methoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl) piperidin-4-ol (8d) 
	1-(2-(((3-(3,4-Dimethoxyphenyl) isoxazol-5-yl)methyl)thio) pyrimidin-4-yl) piperidin-4-ol (8e) 
	1-(2-(((3-(p-tolyl)isoxazol-5-yl)methyl)thio)pyrimidin-4-yl) piperidin-4-ol (8f) 
	Cell Viability Assay 
	Molecular Docking Studies 

	Conclusions 
	References

