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Abstract

In this study, we have reacted the mercapto-N-phenyl-1,2.4-triazolothiazolo derivative 1a with acetylated bromogalactose2a
to give the new O-acetylated N-phenyl-1,2,4-triazolo thiazolotetrahydropyranethioglycoside derivative 3a in a good yield.
Treatment of the acetylated thioglycoside derivative 3a with ammonia solution in methanol resulted in de-acetylation where
the corresponding free hydroxyl-tetrahydropyranethioglycoside derivative 4a has been formed. Similarly, reaction of the -N-
amino-1,2,4- triazolothiazolo derivative 1b with a five-membered ring glycoside derivative ,namely, acetylated bromo ribose
2b gave the corresponding new O-acetylated N-amino-1,2,4-triazolothiazolo- tetrahydrofuranethioglycoside derivative 3b.
Hydrolysis ofcompound 3b with ammonia in methanol yielded the corresponding free hydroxyltetrahydrofuranethioglycoside
derivative 4b. Structures of the new products were elucidated with compatible micro analytical and spectroscopic (FT-IR, 1H-
NMR, 13C-NMR ) measurements. The new synthesized 1,2,4-triazole glycoside derivatives 3a,b and 4a,b were found to
exhibit anticancer activity invitro against a number of human cancer cell lines, including MCF-7 and HCT-116. The structural
analysis of the KSHV thymidylate synthase (PDB ID: 5h38) and the crystal structure of the Ternary Complex of KRIT1
bound to the Rap1 GTPase and the Heart of Glass (HEG1) cytoplasmic tail (PDB ID: 4hdq) were both used to determine the
potential interactions of glycosyltriazoles. Additionally, the 1,2,4-triazole N-glycosides 3a, 3b, 4a, and 4b were proven to be
stable by employing the DFT/B3LYP/6-31G(d) basis set to explore and determine the physical descriptors of the existence of
the acetyl and hydroxy groups of the glycoside ring using FMO.

Keywords:1,2,4-triazole-N-glycosides; Docking simulation; Anti-proliferative action theoretical research.

1. Introduction

A glycosidic connection connects the 1,2,4-triazole
ring to a sugar moiety to form a class of substances
known as 1,2,4-triazole-N-glycosides.  These
compounds have drawn a lot of interest in the
domains of medicinal chemistry and chemical
biology because of their potential biological activity

increased activity, improved stability, and altered
pharmacokinetic properties compared to the parent
compound.[3-11]. Additionally, the presence of the
sugar moiety permits potential interactions with
biological targets, such as enzymes, receptors, and
transporters, as well as having an impact on the
solubility and bioavailability of the compound. There

and variety of uses. [1-3]. To make 1,2,4-triazole-N-
glycosides, click chemistry, or the copper(l)-
catalyzedazide-alkyne cycloaddition process, is
widely utilized. The 1,2,4-triazole ring can be
successfully created by joining an azide and an
alkyne functional group. Additionally, it is used in
biological activities like antimicrobial, antiviral,
anticancer, and antitumor properties. The union of the
sugar moiety with the 1,2,4-triazole ring can lead to

are several glycoside medications in her that are
utilized as anticancer and antiviral medications, such
as Vidarabine(I).[12], While gemcitabine (II) is used
to treat various cancers, including bladder cancer [13-
15] and breast cancer and Tobramycin(IIl) which
used as antibiotic for eye to treat bacterial infections
for eye [16-18]as displayed in Figure.1.
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Figure.1:Some drugs contain different glycoside
moieties

In this study, we created novel 1, 2, 4-triazole N-
glycosides by combining amino triazole with
acetylated bromogalactose and acetylated bromo
ribose to produce the thioglycosides3a and 3b, which
readily dehydrate in the presence of ammonia to
produce hydrated aminothiazoleglycoside derivatives
4a and 4b. Along with these glycosides, MCF-7 and
HCT-116 colon and breast cancer cell lines,
respectively, showed that the glycosides have
anticancer action. These findings were verified using
molecular docking simulation, the DFT/B3LYP/6-
31(G) basis set, and the physical descriptors and
FMO, which also verified the biological inquiry.

2. Results and Discussion

2.1.Chemistry:

When hydrazide was treated with phenyl
isothiocyanate, the corresponding aryl substituted
thiosemicarbazide derivative was formed in large
quantities; when it heterocyclized in sodium
hydroxide solution, it created the 1,2,4-triazolethiol
as in literature. [3]. The related 1,24-triazole
thioglycosides were created by glycolyzing the S-
triazole derivative with acetylated glycosyl halide of
the galactose and ribose moieties. In the current
study, the triazole derivative 1a was used to produce
the thioglycoside molecule, namely (3S,4R,5R)-2-
(acetoxymethyl)-6-((5-(5-0xo-1-(thiazol-2-yl)-4-
(thiazol-2-ylamino)-2,5-dihydro-1H-pyrrol-3-yl)-4-
phenyl-4H-1,2 4-triazol-3-yl)thio)tetrahydro-2H-
pyran-3,4,5-triyl triacetate(3a) by reacting with
acetylated bromogalactose2a in acetone. The
structure of these glycosyls is clarified by IR and 'H
NMR. Compound 3a's IR spectrum revealed
characteristic absorption bands at 3211 and 1728 cm’
corresponding to NH and C=0 groups, respectively,
and its '"H NMR revealed signals at 1.95-2.01 ppm
referring to CH; groups as well as the protons of
sugar and aromatic rings. It also revealed a signal at
9.12 ppm corresponding to NH group. Utilizing
methanol and an ammonia solution, the thioglycoside
molecule 3a was hydrated to produce the hydroxyl
compound, namely 4-(4-phenyl-5-((3S,4R,5R)-3,4,5-
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trihydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran-2-
ylthio)-4H-1,2,4-triazol-3-yl)-1-(thiazol-2-yl)-3-
(thiazol-2-ylamino)-1H-pyrrol-2(5H)-one (4a), its 'H
NMR revealed signals of OH groups at various
regions at 4.42, 4.69, and 4.90 ppm in addition to the
protons of the glycosyl and aromatic rings in the
compound. Its IR spectrum revealed absorption bands
at 3354 and 3240 cm’ according to OH and NH
groups, respectively as shown in Scheme 1.
Contrarily, the acetylated bromo ribose 2b was
reacted with the triazole derivative 1b, which was
produced from hydrazide with hydrochloric acid as
mentioned in the literature to produce the glycosyl
molecule, namely (2R,3R,4S,5R)-2-(acetoxymethyl)-
5-(4-amino-5-(5-0xo-1-(thiazol-2-yl)-4-(thiazol-2-
ylamino)-2,5-dihydro-1H-pyrrol-3-yl)-4H-1,2,4-
triazol-3-ylthio)tetrahydrofuran-3,4-diyldiacetate
(3b); the latter compound's characteristic absorption
bands at 3208 and 1705 cm’', which correspond to
NH and C=N groups, were seen in the compound's
infrared spectra; Its "H NMR displayed signals for the
methyl groups at 1.51-1.82 ppm as well as for the
other protons in the molecule and a broad signal for
the NH group at 9.29 ppm. Utilizing a solution of
methanol and ammonia to convert methyl groups to
hydroxyl groups, glycosyl3b was deacetylated to
produce compound 4-(4-amino-5-((2R,3S,4R,5R)-3,4-
dihydroxy-5-(hydroxymethyl) tetrahydro furan-2-
ylthio)-4H-1,2 4-triazol-3-yl)-1-(thiazol-2-yl)-3-
(thiazol-2-ylamino)-1H-pyrrol-2(5H)-one (4b). Its 'H
NMR spectrum revealed signals at 4.89, 5.22, and
6.89 ppm corresponding to OH groups, as well as the
protons of the sugar in this compound's structure, as
shown in Scheme 2. The IR spectrum of this formed
compound revealed the presence of hydroxyl groups
in its region instead of acetyl groups, and showed
absorption bands at 3460 cm' characteristics to OH
groups.

3.Biological evaluation:

3.1. Anti-tumor Activity:

In vitro anticancer efficiency against the tumor cells
HCT-116 and MCF-7: Using the sulforhodamine B
(SRB) colorimetric assay, Skehan et al. evaluated the
anti-proliferative  activity of the 1,2,4-triazole
acetylated N-glycoside derivatives 3a, 3b, 4a, and 4b
against two human cancer cell lines, including the
HCT-116 colon cancer cell lineand MCF-7 breast
cancer cell line[19, 20]. Doxorubicin served as a
reference cytotoxic substance in the experiments.
Growth inhibitory concentration (IC50) values were
used to express the results, which show the drug
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concentrations needed to result in a 50% inhibition of
cell growth after 72 hours of incubation compared to
untreated controls (Table 1).
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Scheme 1: Reaction of amino triazole with Bromogalactose derivatives
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Scheme 2: Reaction of amino triazole with Bromo Ribose derivatives
comparable to the noticed activities for the reference

According to the discovered results, the produced medication doxorubicin. Studies on the cytotoxic
compounds showed outstanding growth inhibitory activity against the two cell lines revealed that they
activity against the examined cancer cell lines are very comparable in terms of their receptivity to

Egypt. J. Chem. 67, No. 1 (2024)



322 H. E.M. Tolan et.al.

the effects of the chemicals under test.[18]. The
obtained results were interpreted to mean that the
synthesized triazole glycosides had outstanding
growth inhibitory action against the tested cancer cell
lines, HCT-116 and MCF-7, because these cells were
more sensitive to the effects of the tested compounds
[43-45]. For HCT-116, compounds 3a, 3b, 4a, and 4b
showed IC50 values of 23.3 £2.7,23.4 +3.1,38.7 £
4.1, and 27.0 + 2.6 pg/ml, respectively, whereas
MCF-7 showed IC50 values 0f22.9 £2.7,22.0 £ 2.3,
21.0 = 2.1, and 17.1 + 1.8 pg/ml, respectively,
against doxorubicin. Compound 4b is obviously more
effective against MCF-7 cell lines as it is of higher
activity comparable with doxorubicin and 4a showed
moderate activity. Furthermore, the glycosides 3a,
3b,4a and 4b have the less activity potent with HCT-
116 cell line compared with IC50 of doxorubicin
(12.3 + 1.9pg/ml).
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Figure.2. Plot concentration of tumor cells for 48 h
in the occurrence of aggregate concentrations of
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compounds 3a ,3b , 4a and 4b , in evaluation to
Doxorubicin against HCT-116 and MCF-7 tumor
cells

Table 1: In vitro cytotoxic activities of the newly
synthesized compounds against HCT-116 and MCF-7
cell lines.

Compound Code | ICsy (UM) £ SD

HCT-116 MCF-7
3a 233+2.7 22.9+27
3b 23.4+3.1 22.0+23
4a 38.7+4.1 21.0+2.1
4b 27.0+£2.6 17.1£1.8
Doxorubicin 123+1.9 20.5+2.1

®ICs, values are the mean + S.D. of three separate
experiments.

3.2. Structural Activity Relationship(SAR):

It's crucial to remember that sugars' SAR can be quite
complex and context-dependent since a variety of
factors, including stereochemistry, substituent
groups, and interactions with certain receptors or
enzymes, can affect how they behave. Additionally,
because there are numerous six-carbon and five-
carbon sugars with various modifications and
derivatives, the SAR can change for various glycoses.
We noticed that reactivity of five and six membered
glycoside due to their low angle, eclipsing strain and
presence of heteroatom in the glycoside ring which
inhibit the tumor cell comparable with Doxorubicin
drug according the Huckle rule with if a cyclic,
planar molecule has 4n+2 & electrons, it is considered
aromatic and refer to stability of six cyclic sugar but
the five cyclic sugar more active than six membered
ring and presence of OH, NH, and OAc increase
intramolecular hydrogen bond interactions.

3.3. Docking simulation:

The docking investigation of compounds 3a, 3b, 4a
and 4b with flexible docking of the compounds was
talented in the crystallographic structure of the
Ternary Complex of KRIT1 bound to both the Rapl
GTPase and the Heart of Glass (HEG1) cytoplasmic
tail PDBID:(4hdq)[21] and Structural analysis of
KSHV thymidylate synthase PDBID:5H38 using
MOE docking program [22]as displayed in Figure.3
and Table.2. Docking interaction with Crystal
Structure of the Ternary Complex of KRIT1 bound to
both the Rapl GTPase and the Heart of Glass
(HEG1) cytoplasmic tail (PDB ID: 4hdq), where its
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KRIT1 protein contains three NPX(Y/F) motifs, four
ankyrin repeats, and a C-terminal FERM domain. It
was first identified as a Rapl-binding protein by
yeast two-hybrid screen. The crystal structure of the
KRIT1 FERM domain in conjunction with Rapl
reveals that it interacts with the F1 lobe of KRIT1 in
a manner similar to a GTPase-ubiquitin fold
interaction, but it also binds the F2 lobe through a
unique interaction. KRIT1 binds to Rapl with a 10-
fold greater affinity than HRas, but it is unclear how
this exceptional Rapl-specificity is achieved. The
Ternary Complex of KRITI linked to the Rapl
GTPase and the Heart of Glass (HEG1) cytoplasmic
tail may be seen in the crystal structure (PDB:4hdq)
[23]interact with compounds 3a, 3b , 4a and 4b

containing the glycoside moieties, respectively. The
hydrogen  bond interaction  with  excellent
confirmation interaction energy of compound 4b with
energy affinity -12.235(kcal/mol), distance 2.67, 2.6,
2.93 A and interaction protein’s (Asn 496, Thr 695,
Lys 713, Thr 641, Gly 642, Gln 643, Thr 712, Phe
645, His 711),while the energy of compound 4a was -
11.621(kcal/mol) and bond distance 2.98 A with
different protein’s (Lys 720, Met 723, Trp 688, Met
687, Leu 690, Asp 694) and the compounds 3a, 3b
before hydration showed the less binding affinity
with-10.321 and -10.921; respectively as elucidated
in Table.2 and shown in Figure.3 and more correlated
with experimental results[24, 25].

Table 2. The molecular docking of glycoside derivatives with different proteins:

Rapl GTPase and the Heart of Glass (HEG1) cytoplasmic tail Structural analysis of KSHV thymidylate
PDBID: 4hdq synthase PDBID:5H38
Enerey Distance(A) | Amino acids Energy Distance(A) Amino
affinity(kcal/mol) affinity acids
(kcal/mol)
3a -10.321 2.85A Gln 696, 3a -10.231 3.07,2.63, Glu 63,
Asp 692, 1.47A Arg 67,
Cys 696, Arg 59,
His 711, Gln 86
Gln 689,
Thr 695,
Thr 693
3b -10.921 2.78A His 711, 3b -10.521 1.35,2.5,2.66A | Glu313,
Gln 643, Arg 164,
Asn 496, Lys 193,
Lys 713, Asp 190
Thr 712,
Gly 642
4a 4a
-11.621 2.98A Lys 720, -9.621 2.45A Ala 228,
Met 723, Glu 231,
Trp 688, Asp 229,
Met 687, Arg 92,
Leu 690, Tyr 226,
Asp 694 Arg 88,
Glu 271
4b 4b
-12.235 2.78A Asn 496, -8.325 2.66,2.5,1.35A | GIn313,
Thr 695, Lys 193,

Egypt. J. Chem. 67, No. 1 (2024)
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Lys 713,
Thr 641,
Gly 642,
Gln 643,
Thr 712,
Phe 645,
His 711

Arg 164,
Ser 186,
Asp 183

(B)5H38

Figure.3.Docking stimulation investigation of
synthesized compounds with PDBID:4hdq and

PDBID:5H38
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Interaction with docking KSHV (Kaposi's sarcoma-
related herpesvirus) is an oncovirus that is associated
with Kaposi's sarcoma in AIDS patients, primary
effusion lymphoma, and other kinds of multi-centric
Castleman's infections. Structural investigation of
KSHV thymidylate synthase (PDB ID: 5h38). The
useless thymidylate synthase (KTS) encoded by
KSHYV is 70% categorically similar to human TS
(hTS). Thymidylate synthase (TS) has been
characterized in its three-dimensional configurations
for many different organisms, with the exception of
E. coli, Lactobacilluscasei, Bacillus subtilis, rats, and
humans. A molecular modelling research was
conducted in an effort to explain the cytotoxic
activity profile displayed by the synthesized drugs.
The synthesized compounds were subjected to a
conformational search using an implicit solvent
model, which was followed by a quantum-
mechanical (QM) technique for fine-tuning the
geometry of local minima. The compounds were then
flexible docked in the crystal structure of the KSHV
thymidylate synthase with a native sulfonamide
obtained from the Protein Data Bank (PDB ID: 5h38)
to assess their potential ability to bind in the active
pocket of KSHV as a potential molecular target. Our
glycosides were found to bind to KSHV in poses that
resembled co-crystallized ligands. The compound 3a
and 3b showed the most potent activity with binding
energy -10.231 and -10.521; respectively and its
shortage bond length 3.07,2.63, 1.47 ,2.89, 2.84 A
with different amino acids (Glu 63, Arg 67, Arg 59,
Gln 86)(Arg 88, Glu 271, Glu 53, Pro 51, Arg 92)
and 4a, 4b showed -9.621 and -8.325kcal/mol, with
length 2.45, 1.8, 2.74,2.44 A, its interaction NH,,
C=0, OH which increased their stabilities[26, 27].

4. Computational Calculation’s:

4.1. Physical descriptors of synthesized compounds:
In this studies , we optimized the glycoside
derivatives utilized Gaussian(09)[28-30] through
DFT/B3LYP/6-311(G) basis set. Moreover, the
physical characteristics used in the optimization of
molecular structures of compounds 3a,3b,4a,4b
wereconcerning (o) absolute softness[31], (%)
electronegativities[32], (ANmax) electronic
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charge[33], () absolute hardness, (®)[34] global
electrophilicity[35], (S) global softness[36], and (P1)
chemical potential[37], from the equations [1-8]
which were scheduled in Table .3 and Figure.4

AE = Eyyyo — Byomo M y = —Sewozfmo) 2]

2

n= (B ymo —Enomo) 31 | o=1/q [4]
Pi=-X 5] S=ER Y 6]
o=Pi’/2 [71 | AN max=- Pi/n (8]

The optimized structures showed non planarity of
these glycoside due to presence of glycoside moiety
which make more electrostatic hydrogen interaction
which change of the confirmation of chain structure,
The potential activities presented in the precursor of
compounds 3b, 4b due to presence of amino group
which showed increased activity and more stability
rather than the glycoside 3a and 4a in which the
electrons are restricted in the ring and make more
hydrogen bonding interaction. The two p-
isoelectronic structures of compounds 4a and 4b
utilizing DFT/B3LYP/6-31G(d)[38-41] with the
same stability, even though the DFT/B3LYP/6-
31G(d) seems to be more stable for compound 4a
than 4b through (842.73702¢V) (=
19433.972kcal/mol). The dipole moment of
compound 4b showed that p of DFT/B3LYP/6-
31G(d)> p of DFT/B3LYP/6-31G(d) for 4a through
1.7713 as displayed in Table 3 due to presence of OH
group which gave its easily charge separation than
4a, while the energy of 3a and 4a showed less than
aminatedglycose due to absence of amino group and
difference between them in presence of acylated and
deacylated sugar showed (2437.869¢
V)(56218.58kcal/mol) and difference in dipole
moment with 1.0002 Debye which can be easily
make charge separation[42].

The energy gap of 1,24 -triazole glycoside
derivatives 3a, 3b, 4a and 4b possessing the

glycoside ring and its structural analogue
incorporating  the triazole  moiety  utilizing
DFT/B3LYP/6-31(G)-dbasis set showed
approximately same band energy gap with
3.3266181, 3.7279892, 3.78649414,

3.757377728 eV, respectively. And showed mostly
the distribution of electrons on the triazole ring which
increased its stabilities which attached to glycoside
ring and mainly oriented of atom which make
hydrogen interaction. Moreover, the () absolute

Egypt. J. Chem. 67, No. 1 (2024)

electronegativity’s which showed affinity of atom
interaction with mutual pair of electrons and they
showed approximately same value with 3.990
,3.761,3.916, 3.699 eV; respectively
which can easily make more interaction with each
other’s and the chemical hardness n(eV) indicates the
extent resistance of change of electron cloud density
in the system and showed same value with
1.663,1.864, 1.893, 1.880 e V, and the chemical
potential Pi showed its ability to react and absorb
more energy in different temperature range and they
same which can easily absorb more energy with same
sequence, The (ANmax) electronic charge for 3a
showed high value with 2.39927 e V due to presence
of Acetyl group to interact again[43] , while the same
value in 3b and 4a and then decresaed again 4b with
1.9675531 e V [23, 44-46]as dsipalyed in Table.3.

5. Experimental:

5.1.Instrument:

The Gallenkamp melting point apparatus was used
for measuring melting points. Moreover, Shimadzu
FT-IR 8101 PC infrared spectrophotometer recorded
the IR spectra. The 1H NMR and 13C NMR spectra
were determined in DMSO-d6 at 300 MHz on a
Varian Mercury VX 300 NMR spectrometer (1Hat
300 MHz,13Cat75MHz) exhausting trimethylsilane
as an internal typical. Shimadzu GCMS-QP 1000 EX
mass spectrometer at 70 €V was used to measure
mass spectra. Elemental analyses were approved out
at the MicroanalyticalCenter of Cairo University,
Giza Egypt.

5.2.Synthesis of 1,2,4-triazole
glycosides derivatives:
5.2.1.General procedure:

A solution of acetylated glycopyranosyl bromide (0.1
mol) (galactose or ribose) in acetone (30 ml) was
added to a well stirred mixture of
triazolederivativel1(10 mmol), potassium hydroxide
(10 mmol) and water (2 ml). The resulting mixture
was stirred at room temperature for 4 h followed
through filtration of the fine powder and evaporation
of the solvent under reduced pressure. The residue
was washed with distilled water then extracted with
ethyl acetate. The organic layer was washed with
water, dried and the solvent was evaporated to afford
compounds 3a and 3b, respectively.
(3S,4R,5R)-2-(acetoxymethyl)-6-((5-(5-0x0- -
(thiazol-2-yl)-4-(thiazol-2-ylamino)-2, 5-dihydro- 1 H-
pyrrol-3-yl)-4-phenyl-4H-1,2,4-triazol-3-
yhthio)tetrahydro-2H-pyran-3,4, 5-triyl
triacetate(3a):

acetylated S-
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Figure 4. Calculated structures with HOMO-LUMO energy gap of synthesized compounds.
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Table.3. Ground state energies of compound 3a,3b,4a,4b utilizing DFT/B3LYP/6-311G(d) with their physical

parameters:

DFT/B3LYP/6-311G(d)

3a 3b 4a 4b
E; (au) -5321.01 5231.42 -6452.22 ~6421.25

Enomo (6V) -5.65293 -5.6249008 -5.80913236 -5.5792895

ELumo (€ V) 22326319 -1.8969206 2.0226382 -1.81855122

E, (eV) 3.3266181 3.7279892 3.78649414 3.757377728

u (D) 5.353 6.3532 7464 9.2353

7 (eV) 3.990 3.761 3.916 3.699

n(eV) 1.663 1.864 1.893 1.880

a(eV) 0.601 0.536 0.528 0.532

Pi(eV) -3.990 3761 3916 -3.699

S(eV) 0.301 0.268 0.264 0.266

w(eV) 4.785 3.794 4.050 3.638

AN max 2.39927 2.0177038 2.0686740 1.9675531
Yield: 62%; m.p. 166-168°C; IR (KBr) cm™, v: 3211 169.8, 172.5, 176.1 (5C=0).  Anal. Cald. For

(NH), 1728(C=0);'"H NMR (DMSO-ds) &/ppm: 1.95,
1.96, 1.98, 2.01 (4s, 12H, 4CH3;), 3.58-3.62 (m, 1H,
H-5"), 3.83-3.94 (m, 3H, H-6", N-CH,), 4.14 (dd, 1H,
J =338, 10.2 Hz, H-6'), 4.57 (dd, 1H, J =8.4, 6.4 Hz,
H-4"), 5.18 (dd, 1H, J = 9.8, 7.8 Hz, H-2'), 5.34 (d,
1H, J = 9.8 Hz, H-1"), 5.61 (t, 1H, J = 7.8 Hz, H-3"),
6.91-7.13 (m, 3H, 2S-CH=, Ar-H); 7.21-7.33 (m, 3H,
N-CH=, Ar-H), 7.40-7,48 (m, 3H. Ar-H), 9.12 (br,
1H, NH)."”C NMR (DMSO-d,, & ppm): 18.7, 19.2,
20.4, 23.2 (4CHj3), 58.1 (CH,), 65.1 (C-6"), 66.9 (C-
4", 71.4 (C-3"), 76.6 (C-2"), 80.8 (C-5"), 94.2 (C-1"),
105.7, 110.2, 117.8, 131.1, 115.2, 119.1, 120.2,
123.5, 128.1, 131.9, 135.7, 138.5, 1459, 154.2,
157.4, 166.1 (thiazole-C, pyrrole-C, triazole-C),
167.5,168.9, 170.8, 171.5, 174.6 (5C=0). Anal. Cald.
For C32H3|N70]083 (76913) C, 4993, H, 406, N,
12.74. Found: C, 49.95; H, 4.08; N, 12.77 %.
(2R,3R,4S,5R)-2-(acetoxymethyl)-5-(4-amino-5-(5-
oxo-I-(thiazol-2-yl)-4-(thiazol-2-ylamino)-2, 5-
dihydro-1H-pyrrol-3-yl)-4H-1,2,4-triazol- 3-
ylthio)tetrahydrofuran-3,4-diyldiacetate  (3b):Yield:
70%; m.p. 141-143°C; IR (KBr) cm™, v: 3208(NH),
1705 (C=0);'H NMR (DMSO-d¢) &/ppm: 1.51, 1.53,
1.81 (3s, 9H, 3CHa3), 3.57-3.76 (m, 3H, H-5" and N-
CH,), 4.12 (dd, 1H, J = 6.7, 9.3 Hz, H-5'), 4.13 (dd,
1H, J =17.7, 9.8 Hz, H-4'), 5.31 (dd, 1H, J =9.5, 10.2
Hz, H-2"), 5.41 (brs, 2H, NH,), 5.52(d, 1H,J=11.2
Hz, H-1"), 5.69 (dd, 1H, J = 8.4, 6.8 Hz, H-3"), 6.52-
6.89 (m, 2H, 2S-CH=); 7.28-7.67 (m, 2H, 2N-CH=),
9.29 (brs, 1H, NH). > C NMR (DMSO-dq, & ppm) :
21.5, 22.2, 244, 26.1 (4CH3), 52.9 (CH,), 63.9 (C-
4", 69.7 (C-3"), 71.8, (C-2"), 78.9 (C-5"), 86.1 (C-1"),
90.7, 96.2, 98.7, 101.1, 114.5, 132.9, 144.5, 152.6,
161.8(thiazole-C, pyrrole-C, triazole-C), 163.5,166.3,
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Ca3H24N505S5(636.09): C, 43.39; H, 3.80; N, 17.60.
Found: C, 43.44; H, 3.88; N, 17.67 %.

5.3. Preparation of deacetylatedS-glycosides 4a,b:

A solution of the acetylated glycoside derivatives
(galactose or ribose)3aor 3b (0.5 g) in saturated
methanolic ammonia (20 mL) was stirred at room
temperature for 7 h. After completion of the
deacetylation process (TLC: petroleum ether/hexane,
2:1), the solvent was evaporated under reduced
pressure at 40 °C and the remaining residue was
triturated with diethyl ether (25 mL) with continues
stirring for 30 minutes to afford a solid which was
filtered, dried and crystallized from ethanol to give
compounds 4a or 4b respectively.
4-(4-phenyl-5-((3S,4R,5R)-3,4, 5-trinydroxy-6-
(hydroxymethyl)tetrahydro-2H-pyran-2-ylthio)-4H-
1,2,4-triazol-3-yl)-1-(thiazol-2-yl)-3-(thiazol-2-
ylamino)- 1 H-pyrrol-2(5H)-one(4a):Yield: 70%;
m.p.160-162°C; IR (KBr) cm™, v: 3240 (NH), 3354
(OH);'"H NMR (DMSO-dg) 8/ppm: 3.39-3.46 (m, 2H,
H-6',6"), 3.62-3.65 (m, 1H, H-5"), 3.96-4.21 (m, 4H,
N-CH,, H-4', H-3"), 4.42-4.47 (m, 1H, OH), 4.90-
5.07 (m, 2H, OH and H-2'), 4.69- 4.73 (br, 2H, 20H),
5.72 (d, 1H, J = 8.2 Hz, H-1"), 7.21 -7.34 (m, 4H, 2S-
CH=, 2Ar-H); 7.45-7.74 (m, 5H, 2N-CH= and 3 Ar-
H), 9.25(br, 1H, NH).’C NMR (DMSO-dg, & ppm ):
49.1 (CH,), 58.3 (C-6"), 62.9 (C-4"), 67.5 (C-3"), 69.5
(C-2"), 73.7 (C-5"), 81.9 (C-1'), 88.7, 91.2, 96.6, 99.4,
113.5, 119.9, 1242, 127.6, 130.1, 134.3, 139.2,
148.9, 152.1, 163.6 (thiazole-C, pyrrole-C, triazole-
C), 164.5, 166.9, 173.2, 176.1, 178.3 (5C=0). Anal.
Cald. For C24H23N706S3 (60109) C, 4791, H, 385,
N, 16.30. Found: C, 49.95; H, 3.87; N, 16.35 %.
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4-(4-amino-5-((2R,3S,4R,5R)-3,4-dihydroxy-5-
(hydroxymethyl)tetrahydrofuran-2-ylthio)-4H-1,2,4-
triazol-3-yl)- 1-(thiazol-2-yl)-3-(thiazol-2-ylamino)-
1H-pyrrol-2(5H)-one (4b): Yield: 63%; m.p. 205-
207°C; IR (KBr) cm™, v: 3220 (NH), 3460 (OH); 'H
NMR (DMSO-dg) &/ppm: 4.01-4.32 (m, 2H, N-CH,,
4.39-4.44 (m, 2H, H-5",5"), 4.51-4.60 (m, 4H, CH,,
H-4',3"), 4.89-5.01 (m, 4H, NH,, OH and H-2"), 5.12-
5.22 (br,2H, 20H), 5.84 (d, 1H, J = 9.4 Hz, H-1"),
6.89-7.05 (m, 2H, S-CH=); 7.31-7.52 (m, 2H, N-
CH=), 9.22 (br, 1H, NH).” C NMR (DMSO-d, &
ppm) : 42.9 (CH,), 45.8 (C-4'), 49.7 (C-3'), 56.7, (C-
2", 62.6 (C-5"), 69.1 (C-1"), 75.7, 89.2, 96.8, 112.5,
145.2, 155.3 (thiazole-C, pyrrole-C, triazole-C),
159.9, 161.1, 164.4, 170.5, 173.2 (5C=0). Anal.
calcd. For C7H13NgOsS; (51006) C, 39.99; H, 3.55;
N, 21.95. Found: C, 40.02; H, 3.58; N, 21.99 %.

5.4.In-vitro anticancer activity:

5.4.1 Cell propagation and maintenance:

MCF-7 human breast cancer cells and HCT-116
human liver cancer cells were obtained from ATCC
(American Type Culture Collection) and maintained
in the proper conditions. The cells were cultured in
Dulbecco’s modified Eagle’s Medium (DMEM)
(Lonza, Belgium) supplemented by 10 % fetal
bovine serum (FBS), 100 U/ml penicillin, and 100
pg/ml streptomycin sulfate at 37 °C in a humidified
incubator with 5 % CO,. The cells were harvested
after trypsinization (0.025 % trypsin and 0.02 %
EDTA) and washed twice with Dulbecco’s
phosphate-buffered saline (DPBS). When the cell
density reached approximately 80%, cells were split
for further culture. The experiments were made up
when the cells were in the logarithmic growth phase.
5.4.2 Cytotoxicity assay:

Cell viability was measured by MTT (3-[4,5-
dimethylthiazol-2-yl]-2,5 diphenyltetrazolium
bromide) assay[47]. MTT assay is based on the
conversion of MTT into formazan crystals by living
cells, which reflects cytotoxicity based on
mitochondrial activity[48]. The cytotoxic impact of
the tested compounds measured by MTT assay using
MCF-7 and HepG2 cells respectively. The cells were
incubated with various concentrations of the test
compounds (3.125,6.25, 12.5, 25uM) for 48 h at a
cell density of 104 cells/well of 96 well plate. After
24h incubation, MTT dissolved in PBS was added to
each well at a final concentration of 5 mg/ml, and the
samples were incubated at 37°C for 4 h. After 4
hours, the medium was decanted and dimethyl
sulfoxide (DMSQO) was added to each well and left
for 30 minutes to dissolve formazan crystals that
formed during MTT cleavage in actively
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metabolizing cells. The absorbance of formazan in
each plate was measured at 570 nm, using a
microplate reader (Model 500; BIORad Instrument
Inc., USA). Using the relation between the used
concentrations and the mitochondrial activity (%), the
IC50 of the tested compound was calculated. For the
untreated cells (negative control), the medium was
added instead of the test compound. A positive
control Doxorubicin (Dox, Mr= 543.5) was used as a
cytotoxic natural agent giving 100% inhibition.
Dimethyl sulfoxide (DMSO) was the vehicle used for
dissolution of the tested compound and its final
concentration on the cells was less than 0.2%. All
tests and analyses were done in triplicate and the
results were averaged. All the data are expressed as
Mean = SD. Data were calculated using Sigma plot
ver. 125. Analysis of the data was done using a
student t-test to detect the significant difference
among the studied compounds. Differences were
considered to be statistically significant when P
<0.05.

5.5. Molecular docking studies:

The molecular docking of novel compounds was
fabricated using standard bond lengths and angles,
with the MOE program and detected by Discovery
Studio Client (version4.2)[22]. Following geometry
optimization, a systematic conformational
examination was supported out to an RMS gradient
of 0.01 A, with energy minimization of the resultant
conformations  employing  the  Confirmation
Examination module implemented in Auto Dock
Vina. crystallographic structure of the Ternary
Complex of KRIT1 bound to both the Rapl GTPase
and the Heart of Glass (HEGI1) cytoplasmic tail
PDBID:(4hdq)[49] and Structural analysis of KSHV
thymidylate synthase PDBID:5H38[50].Nine
dispersed docking simulations were run via
defaulting parameters and the confirmations were
designated constructed on the arrangement of total
statistics, E conformation, and appropriate with the
relevant amino acids in the binding pocket for each
protein, separately

5.6. Computational procedures:

Calculations of DFT with a hybrid functional
B3LYP (Becke's three-parameter hybrid functional
using the BLYP correlation functional) with the 6
311G(d) basis set using the Berny method[51], were
performed with the Gaussian 09W program[28]. No
symmetry constraints were applied during the
geometry optimization. This method is often more
accurate than those calculated with other approaches
for the same basis set size and calculated the HOMO-
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LUMO band gap energy, and
descriptor’s[26, 52, 53, 54].

physical

Conclusion:

In this work, aminotriazole with bromogalactose and
amination in the presence of ammonia solution were
unique 1,2,4-triazole glycoside derivatives. In
comparison to the reference medication doxorubicin,
the derived triazole glycosides showed significant
anti-proliferative activity against the human tumor
cell lines HCT-116 and MCF-7. Additional research
into their expected mode of accomplishment by
analyzing molecular docking studies will give insight
into the manner of binding and interactions of
compounds 3a, 3b, 4a, and 4b with drug-binding
proteins. PDB identifiers 5H38 and 4hdq
demonstrated short bond distances and hydrogen
bond interactions with various amino acids, as well as
the stability of the chemicals in the protein's pocket.
Furthermore, the B3LYP/6-31G  basis sets
explanation of compounds 3a, 3b, 4a, and 4b
confirmed their stabilities because of their
geometrical parameters, low energies, and stability.
Additionally, the substituted 1,2,4- aminotriazole
glycoside derivatives with the HOMO-LUMO gap
symbolize stability and confirm the electron
distribution to glycoside, increasing their reactivity in
addition to the chemical reactivity for such
compounds.
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