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Synthesis, characterization and cytotoxicity appraisal of original
1, 2, 3-Triazole derivatives, against breast cancer cell lines
(MDA-MB-231)

Mohammed Khalaf Mohammed *, Zainab Al-Shuhaib and Ali A. A. Al-Shawi

Department of Chemistry, College of Education for pure sciences, University of Basrah, 61004 Basrah, Iraq

Abstract: The present study established the efficient separate synthesis of four unique 1, 2, 3-triazole derivatives
(M1, M2, M3, M4) via conducting 1,3-dipolar cycloaddition of N-((4-azidophenyl) sulfonyl) acetamide, with
substituted N-phenylmaleimide. FTIR, 1H NMR, 13C NMR, and mass spectra were utilized for the
characterization of the triazoles. The cytotoxic activities of these compounds, with regards to breast cancer cell
lines (MDA-MB-231), were then evaluated. The cytotoxicity pre-screening outcomes for 100 uM portrayed a
variety of actions, while the IC50 values with concentrations of 0-500 uM for 48 hours, the results are 2.542,
2.929, 2.429, and 2.864 uM for the compounds M1, M2, M3, and M4 respectively. Remarkably, the M2 and M4
para-substituted compounds exhibited superior IC50 values, in comparison to the M1 and M3 ortho-substituted
compounds. This suggests that the M1 and M3 compounds have the potential to perform as against breast cancer.
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1. Introduction

Triazole derivatives are most recommended
compounds in the field of medicinal chemistry and
drug discovery 2. Several studies grasped the route
of triazoles to reveal an innovative anti-inflam-
matory 2, antifungal #, anticancer °, inhibitor ¢ and
herbicidal 7. The antioxidant and free radical
scavenging activity of triazole derivatives are
reported 8° and there are indications that these
derivatives can influence the development of breast
cancer 11, Kassem A. F. et al. designed a sequence
of triazole glycosides that comes with appreciable
anti-breast cancer activities (MCF-7) 2. The
synthesis of a series of triazoles by Gilandous M. et
al. assisted in providing inhibition against the
progress of VEGFR1 . Rodarraju R. et al., utilized
nucleoside derivatives to elaborate a triazole that
comes with a cytotoxic impact on MCF-7 cells 4,
The purpose of the present work is to synthesize
some 1,2,3-triazole derivatives in order to evaluate
their action against MDA-MB231 breast cancer cells
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line Scheme 1 exhibits the chemical configuration of
the synthesized compounds.

2. Results and Discussion

2.1. Chemistry

Cycloaddition reactions are commonly utilized to
combine unsaturated molecules with the formation of
heterocyclic ~ compounds .  We  applied
1,3-cycloaddition reaction for a three-stage synthesis
of the compound derived from 1,2, 3-triazole. The
initial stage requires prepare of substituted azide
from N-((4-aminophenyl)sulfonyl)acetamide. The
following stage involves the preparation of N-phenyl
maleimide derivatives. Then last stage, M1, M2, M3
and M4 compounds are synthesised through
1,3-dipolar cycloaddition reaction of N-(4-Azido
phenyl sulfonyl)acetamide with N-phenyl maleimide
derivatives. Scheme 1 shows the three stages of this
synthesis process. FTIR, NMR and mass spectra
were utilized for the characterization of the four
compounds.
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Step three, cycloaddition reaction between N-(4-Azido phenyl sulfonyl) acetamide and N- maleimide derivatives

Scheme 1. exhibits the chemical configuration of the synthesized compounds

2.2. Cytotoxicity 100 pM for each compound, the M1, M2, M3 and
The efficiency of the synthesized triazole derivatives M4 compounds exhibited average performances
to frustration the expansion of MDA-MB231 human against cancer lines. We obtained the results, as
breast cancer cells was assessed via cell viability shown in Table 1.

screening, following 48 hours of treatment with

Table 1. Values of cell viability after 24h of treatment with 100uM for each 1,2,3-triazole derivatives.

Sample Viability%o (1) Viability % (2) Viability % (3) Average %

Control 100 100 100 100

M1 62.432916 39.35743 42.0704846 47.95361

M2 46.690519 59.036145 45.3744493 50.36704

M3 73.881932 48.995984 44.0528634 55.64359

M4 67.26297 48.594378 41.1894273 52.34892
2.3. MTT assay approximated 1C50 values for the 1,2,3-triazole
GraphPad Prism 8.1 software was utilized to analyse derivatives M1, M2, M3 and M4, were recorded as

the dose-response and computation IC50 values. The 2.541, 2.929, 2.429 and 2.864uM, respectively, as
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portrayed in Figure 1. The discrepancies in 1C50
values could be attributed to the mode of the
substituents, as well as their position 6. As can be
gathered from Figure 2, the M1 compound retains a
methyl group in the para-position, the M2 compound
retains a methyl group in the ortho-position, the M3
compound retains a methoxy group in the ortho-
position, and the M4 compound retains a carboxylic
group in the para-position. Our findings with regards
to the activities of the investigated compounds
indicate that: exceedingly active compounds are
associated with IC50 < 1, fairly active compounds
are associated with IC50 <10 and poorly active
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represented in the order M3 < M1 < M4 <M2. The
para-substituted compounds M1 and M3, displayed
inferior 1C50 values when compared to the ortho-
substituted compounds M2 and M4. As depicted in
Figure 1, the functional groups are namely the
methoxy group (compound M3), the methyl group
(compounds M1 and M2) and the carboxylic group
(compound M4). These functional groups may have
the capacity to influence the values of cytotoxicity
and 1C50. The more reduced IC50 value of the ortho-
methoxy group, in comparison to the other groups,
may be attributed to (a) its tendency to initiate
adverse steric activities, and (b) its pronounced

compounds are associated with 1C50 > 10 1718, The lipophilicity and membrane partitioning
IC50 values of the investigated compounds are inclinations *°2°,
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Figure 1. Show IC50 values of (M1, M2, M3, M4) compound for 48h against MDA-MB231 breast cancer cells

3. Experimental Section

3.1. Chemistry

The chemical materials and reagents required for this
study were sourced from Aldrich sigma. Thin-layer
chromatography was performed with the use of
0.20mm thick silica plates. A Varian 500 was

employed to identify 1H and 13C NMR, with the
chemical shifts (8) depicted in ppm utilizing TMS
as a standard reference. The mass spectra were
characterized on a JEOL JMS-5X 10217 in the El
genre. The molecular and parent ions (m/z) were
stated.
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N-(4-Azido phenyl sulfonyl) acetamide synthesis?
Initially, a dropwise addition of a solution
comprising 0.068 sodium nitrite (0.1 mmol) in 5 mL
water, to a stirred solution of 0.214 g sulfacetamide
(0.1 mmol), in 0.35 mL of concentrated hydrochloric
acid, and 10 mL of water at 0°C, was performed.
This was followed, thirty minutes later, by the
dropwise addition of a solution of 0.065 g sodium
azide (0.1 mmol) in 10 mL of water. During the
cooling phase, 10 mL of water was gradually
included in the mixture during 15 minutes of stirring.
The precipitate, which was accumulated through
suction filtration, was subsequently re-crystallized
from ethanol to produce white needle crystals. As
illustrated in Figure 1, the yield is 98%, while the
m.p. was 142-143°C.
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N-Arylmaleimides synthesis process 2%

(20 mmol) of maleic anhydride and 25 mL of diethyl
ether were introduced into a 100 mL two-neck flask.
This flask was equipped with a magnetic stirrer bar,
a reflux condenser, and a dropping funnel. 1
equivalent (20 mmol) of the aniline derivatives in
5 mL of diethyl ether was added to the solution of
maleic anhydride. The consequential dense
suspension was subjected to stirring at room
temperature for an hour. The N-substituted maleamic
acid was filtered, dried, and delivered to a flask
comprising a solution of anhydrous sodium acetate
(8 mmol) in acetic anhydride (6.7 mL). The mixture
was then stirred for 30 min over a steam bath. The
mixture left to cool at room temperature, and later it
was transferred into 100 mL of iced water. The
resulting precipitate was filtered, washed thrice with
30 mL of cold water. Eventually, the products were
acquired through the recrystallization of the crude
N-substituted maleimide from ethanol/water.

Table 2. Physical properties of some maleimide derivatives preparatory.

Name
MPM1 N-(2-Methylphenyl)maleimide
MPM2 N-(4-Methylphenyl)maleimide
MPM3 N-(2-Methoxyphenyl)maleimide
MBA 4-maleimidobenzoic acid

Synthesis of 1, 2, 3-triazoles derivatives (M1-4)

A general description of the process

N-substituted maleimide (1 mmol) was combined
with  N-((4-azidophenyl)  sulfonyl) acetamide
(Immol) before the mixture was subjected to heating
for 6 and 15 hours. The resulting precipitate was then
filtered and purified through re-crystallization in
chloroform and hexane.

N-((4-(4,6-dioxo-5-(o-tolyl)-4,5,6,6a-
tetrahydropyrrolo[3,4-d][1,2,3]triazol-1(3aH)-
yl)phenyl)sulfonyl)acetamide. M1

White solid; yield 62%, Rt 0.70, m.p. 153-155°C.
!H-NMR (DMSO, 500 MHz) &: 1.91 (1 (s), 3H),
2.33 (2 (s), 3H), 5.36 (3, d, Js4 = 10, 1H), 6.02
(4, d, Js3=10, 1H), 7.30-6.02 (5,6,7,8, (m),
4Haromatic), 7.79 (9, d, Jo10 = 10, 2H), 7.96 (10, d,
Jiog =10, 2H), 12.04 (11, s, H) .

13C-NMR (DMSO, 125 MHz) &: 21.91 (1, CHs),
23.66 (2, CHs), 56.85 (3, CH), 84.63 (4, CH),
100.82 (5, CH), 104.40 (6, CH), 113.63 (7, C),
129.60 (8, 2xCH), 124.43 (9, CH), 127.21 (10,
CH), 133.65 (11, C), 139.00 (12, C), 143.73 (13, C),
169.16 (14, CO), 169.69 (15, CO), 171.42 (16, CO)
MS [El+] m/z (%):427 [M]+, 399 [CisH17N3O6S],
188 [CioHsN20;]- (100), 83 [CsHsNOJ*, 69
[C4H7N]*, 57 [C3H/N]*, 43 [C2HsN]Y, as shown in
Figures 2, 6 and 10.

N-((4-(4,6-dioxo-5-(p-tolyl)-4,5,6,6a-
tetrahydropyrrolo[3,4-d][1,2,3]triazol-1(3aH)-
yl)phenyl)sulfonyl) acetamide. M2

White solid 50%, R; 0.66, m.p. 179-180°C.

mp ‘C color Yield%

47-48 Beige crystalline solid 77
158-160 Yellow powder 84
109-111 Brown crystalline solid.Yield 70
232-234 White crystalline 85

'H-NMR (DMSO, 500 MHz) &: 1.92 (1 (s), 3H),
2.34 (2 (s), 3H), 5.37 (3 (d), Jss =10, 1H), 6.02
(4 (d), Jaz = 10, 1H), 7.165 (5 (d), Js¢ = 5, 2H),
7.29 (6 (d), Js7 = 10, 2H), 7.79 (7 (d), J76 =10,
2H), 7.965 (8 (d), Js5 =5, 2H), 12.04 (9 (s), 1H).
B3C-NMR (DMSO, 125 MHz) §: 16.76 (1, CH3),
23.68 (2, CH3), 57.37 (3, CH), 85.03 (4, CH),
115.57 (5,6, 2xCH), 128.39 (9, C), 129.95 (7,8,
2xCH), 131.22 (10, C), 134.01 (11, C), 135.49
(12, C), 169.22 (13, CO), 169.47 (14, CO),
171.36 (15, CO).

MS m/z (%): 427 [M]+, 399 [Ci9H17N30sS]
(100), 276 [Ci7H1aN202]*, 223  [CiaH12N20]",
43 [CoHsN] (100), as shown in Figures 3, 7, and 11.

N-((4-(5-(2-methoxyphenyl)-4,6-dioxo-4,5,6,6a-
tetrahydropyrrolo[3,4-d][1,2,3]triazol-1(3aH)-
yl)phenyl) sulfonyl) acetamide. M3

White solid, yield 73% ; Rt 0.55; m.p. 164-165°C.
'H-NMR (DMSO, 500 MHz) &: 1.91 (1,5,3H),
3.595 (2, s, 3H), 5.38 (3, d, J34 = 10, 1H), 6.03
(4, dJsz = 10, H), 7.43-7.48 (5,6,7,8, m,
4Haromatic), 7.79 (9, d, Jo10=5, 2H), 7.96 (10, d,
Jig=5, 2H), 12.04 (11, s, H) . ®*C-NMR (DMSO,
125 MHz) 6:23.67 (1, CH3), 56.48 (2, OCH3),
57.15 (3, CH), 84.87 (4, CH), 112.92 (5,CH),
115.48 (6,2*CH), 121.12 (7, C), 130.01

(8, 2*CH), 129.43 (9, CH), 131.53 (10,CH),
133.86 (11, C), 143.64 (12, C), 154.80 (13, C),
169.10 (14,16, 2*CO), 154.3 (15, CO), 168.7 (186,
CO), 170.7 (17, CO). MS m/z (%): 443 [M]+,
415 [C19H17N306S]+, 384 [C13H15N3055]',
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69 [CsH7NT*, 57 [??], 43 [CoHsN]* (100), as shown
in Figures 4, 8 and 12.
4-(1-(4-(N-acetylsulfamoyl)phenyl)-4,6-dioxo-
3a,4,6,6a-tetrahydropyrrolo [3,4-d][1,2,3] triazol-
5(1H)-yl) benzoic acid. M4

White solid, yield 80 %; Rf 0.46; m.p. 173-175°C.
'H-NMR (DMSO, 500 MHz) &: 1.91 (1, s, 3H),
540 (2, d, J.3= 10, 1H), 6.05 (3, d, Js> = 10,
1H), 7.46 (4, d, Jas=5, 2H), 7.97 (5, d, Js4= 5,
2H), 8.04 (6, d, Js7=5, 2H), 8.06 (7, d, , J7s=5,
2H), 12.00 (8, s, NH). *¥*C-NMR (DMSO, 125
MHz) &: 23.79 (1, CHB3), 56.92 (2, CH), 84.63
(3, CH), 115.41 (4, 2xCH), 127.56 (5, 2xCH),
131.49 (6, C), 129.89 (7, 2xCH),130.40 (8, 2CH),
133.96 (9, C), 135.69 (10, C) 143.58 (11, C),
165.54 (12, CO), 166.99 (13, COzH), 169.37 (14,
CO), 171.03 (15, CO). MS m/z (%): 457 [M]+
(0,429 [CigH1sN3O7S]*, 217 [CiiH/NO4]*, 137
[C7TH7NO2]*, 109 [CsH3NO.]* (100), 69[CsH7NT,
43 [CzHs5N]*, as shown in Figures 5, 9 and 13.

3.2. Anti-breast cancer activity of 1, 2, 3-triazoles
derivatives

Cell culture

Human breast cancer MDA-MB231 cells were
growth in a 10 cm plate, holding DMEM fortified
with 10% FBS, 100 units/mL of penicillin and
100pg/mL of streptomycin. The temperature was
maintained at 37°C, while 5% of CO2 was applied to
humidify the atmosphere 227,

3.3. Cytotoxicity

The 24-hour development of MDA-MB231 cells, in
96 wells/plates, was followed by their treatment with
100 uM of each triazole compound (M1, M2, M3,
M4) for a 48-hour. A microplate reader was used to
measure the cell viability at 570 nm, this testing
procedure was repeated in three wells %,

3.4. MTT assay

The 48-hour development of MDA-MB231 cells, in
96 wells/ plates, was followed by their treatment
with (0-500) uM of each compound (M1, M2, M3,
M4) for a 48-hour period. was used to measure the
cell viability at 570 nm, this testing procedure was
repeated in three wells 2527,

3.5. Statics analysis

The GraphPad Prism 8.1 was used to estimate I1C50
value. P < 0.0001 were deemed statistically
significant. The experiments were repeated in 3 wells

4, Conclusions

The 1, 2, 3- triazole is a convincing chemical design
for the generation of innovative anti-cancer
mediators. The methoxy group has the potential to
play a significant cancer prevention role, while 1, 2,
3- triazole compounds, substituted with methoxy
groups, can pave the way towards the development
of innovative anti-cancer treatment agents.
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