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An efficient synthesis of novel difenoconazole analogues is described. The synthetic route involves a
Friedel-Crafts acylation on triclosan molecule followed by a sequential azide formation/CuAAC reaction
in a single synthetic operation leading to 1-(2-chloro-5-(2,4-dichlorophenoxy)-4-hydroxyphenyl)-2-(4-(1-
hydroxycyclohexyl)-1,2,3-triazol-1-yl)ethan-1-one derivatives in 50-96% yields. Synthesized 1,2,3-triazoles
were evaluated for activity against diverse strains including bacterial strains of Staphylococcus aureus
ATCC 29213, Escherichia coli ATCC 700891 and fungal strain Candida albicans ATCC 90028. A 1,2,3-triazole
derivative bearing a CH(OH)CH3 group displayed a selective activity against Methicillin-resistant Staphy-
lococcus aureus (MRSA) comparable to Gentamicin standard. This selectivity can be attributed to a con-
formation adopted by 5-chloro-2-(2,4-dichloro-phenoxy)-phenol core enabling non-covalent interactions

presenting a higher activity based on Fukui function on triazole ring.

© 2023 Elsevier B.V. All rights reserved.

1. Introduction

Azole antifungal group comprises a wide variety of molecules
with an imidazole/1,2,4-triazole core which include a high diversity
of functional groups used for modulating the well-known antimy-
cotic properties found in these compounds [1,2]. From this group,
Difenoconazole (molecule 1, Scheme 1) is used as fungicide to con-
trol a wide range of diseases in crops playing a prominent role in
pest control, in one of the few examples of clinically licensed tria-
zoles used for this purpose [3].
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Difenoconazole is a broad-spectrum fungicide with a recog-
nized activity against cultures of Acomycetes, Basidiomycetes and
Deuteromycetes [4,5], besides diverse species of the genus Alternaria
[6-8], Fusarium [9], Drechslera [10], and Gaeumannomyces [11].
These properties provide a protective and curative effect against
Venturia inaequalis, Cercospora arachidicola and Alternaria solani
[12]. However, extensive use of difenoconazole has caused an in-
creasing resistance to certain strains of Aspergillus [13-15], Venturia
[16] and Fusarium, enabling the formation of mycotoxins as afla-
toxins and deoxynivalenol which pollute and lessen the harvests
[17]. Hence, development of more active difenoconazole analogues
is highly desirable.

Difenoconazole antifungal activity is due in part to the appear-
ance of heterocyclic ring but also to 2-chloro-4-(4-chlorophenoxy)-
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Scheme 1. Structure of Difenoconazole 1 and general structure for molecules 2 pro-
posed in this work.

phenyl moiety present in Difenoconazole structure. This feature
triggered our curiosity, and we hypothesized that new antimicro-
bial molecules might be obtained by gathering chloro phenoxy
phenyl group and 1,2,3-triazole ring which, according to our ex-
perience [18,19], is easily available from CuAAC reaction through
the Click Chemistry approach.

On this subject, CuUAAC reaction has been thrivingly used for
the preparation of new azole drugs libraries, emerging as a pow-
erful synthetic tool through a strategy based on a heterocyclic
ring change where imidazole/1,2,4-triazole is substituted by 1,2,3-
triazole prepared from Click Chemistry obtaining derivatives with
remarkable antifungal activity [20-26].

Concerning the 2-chloro-4-(4-chlorophenoxy)-phenyl counter-
party in difenoconazole, a high similarity between this fragment
and triclosan molecule is perceived. This compound is an antimi-
crobial agent broadly used in health care industry by virtue of its
antimicrobial effectiveness and relatively harmlessness for humans
[27,28]. These characteristics prompted us to consider the use of
triclosan as a direct starting material in the design of a new sort
of difenoconazole analogues.

With this idea in mind, we proposed the synthesis of a novel
family of Difenoconazole analogues of type 2 (Scheme 1) with
the purpose of exploring the inhibitory effect of these compounds
on bacteria and fungi. Likewise, this paper discloses a theoretical
study to determine a plausible explanation to antimicrobial activ-
ity found in these compounds. Recently, some authors agree in the
importance of the DFT studies on this kind of molecules, where
the Frontier Molecular Orbital (FMO) have been analyzed [29]. The
FMO are directly related with the reactivity of this kind of com-
pounds [30], and by other reactivity descriptors such as the here-
employed Fukui’s Function, or the extraction of non-covalent inter-
actions, that in combination, gives and confirm the reaction mech-
anism of diverse molecules, and eventually related with the bio-
logical activity [31].

2. Experimental section
2.1. General remarks

The starting materials were purchased from Aldrich Chemical
Co. and were used without further purification. Solvents were dis-
tilled before use. Silica plates of 0.20 mm thickness were used for
thin layer chromatography. Melting points were determined with a
Kriiss Optronic melting point apparatus and they are uncorrected.
TH and 3C NMR spectra were recorded using a Bruker AVANCE
300; the chemical shifts (6) are given in ppm relative to TMS as
internal standard (0.00). For analytical purposes the mass spectra
were recorded on a Shimadzu GCMS-QP2010 Plus in the EI mode,
70 eV, 200 °C via direct inlet probe. Only the molecular and par-
ent ions (m/z) are reported. IR spectra were recorded on a Bruker
TENSOR 27 FT instrument.

2.2. Synthesis of 2—chloro-1-(2-chloro-5-(2,4-dichlorophenoxy)—4
hydroxyphenyl)ethan-1-one (3)

To a stirred solution of chloroacetyl chloride (0.112 g, 2 mmol)
in CH,Cl; (3 mL) at 0 °C was added aluminum chloride (0.263 g,
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2 mmol) portion wise for 15 min. The resulting mixture was
stirred for 30 min at 0 °C. Triclosan (0.288 g, 1 mmol) was
added portion wise for 15 min. The reaction mixture was stirred
for 12 h at 65 °C. The dark blue solution was cooled at room
temperature and carefully quenched with 3 mL of 30% HCIL. The
product was extracted with CH,Cl, (3 x 5 mlL), the organic
layers were joined, washed with a saturated NaHCO3 solution
of and brine and dried over Na,SO; and the solvent was re-
moved under reduced pressure. Purification by flash chromatog-
raphy (SiO,, hexane/AcOEt 8:2) afforded 2-chloro-1-(2-chloro-5-
(2,4-dichlorophenoxy)—4 hydroxyphenyl)ethan-1-one 3 as a pale
yellow solid (0.218 g, 60%).

2.3. General procedure for the synthesis of 1,2,3-triazolyl
difenoconazole analogues

Sodium azide (0.097 g, 1.5 mmol) was added to a stirred
solution of  2-chloro-1-(2-chloro-5-(2,4-dichlorophenoxy)—4
hydroxyphenyl)ethan-1-one 3 (0.364 g, 1 mmol) in a 2:1 solution
tBuOH-H,0 (5 mL) and the resulting mixture was stirred for 5 h
at 65 ° The appropriate alkyne (1 mmol) was added followed by
CuSO4 5H,0 (0.012 g, 0.05 mmol) and a solution of L-ascorbic acid
(0.044 g, 0.25 mmol) and NaHCO5 (0.021 g, 0.25 mmol) in H,0
(1.2 mL). The resulting mixture was stirred at room temperature
overnight. AcOEt (10 mL) was added, and the mixture was stirred
for additional 30 min. The mixture was filtered through celite,
and the product was extracted with ethyl acetate (3 x 5 mlL).
The organic layers were joined and dried over Na,SO4 and the
solvent was removed under reduced pressure to afford the cor-
responding 1,2,3-triazolyl Difenoconazole analogues which was
purified by flash column chromatography (SiO,, hexane/AcOEt
8:2). Compounds 4-17 are represented in Scheme 2 and typical
spectroscopic data are shown in Table 1.

2.4. In vitro antimicrobial activity

The antimicrobial activity of compounds 4-17 was screened fol-
lowing the standard procedure recommended by CLSI diffusimetric
method [32].

2.4.1. Antimicrobial agents

A stock solution of Gentamicin (8 mg/ml) was used as a positive
control for bacteria, whereas a solution of Fluconazole (5 mg/ml)
was used as a positive control for yeasts, and Cycloheximide solu-
tion (5 mg/ml) was used for filamentous fungi. DMSO discs (10 ul)
were used as negative control.

2.4.2. Media

The bacteria were slanted on Nutrient LB agar (Miller), yeasts
were slanted on 4% Sabouraud dextrose agar (Merck), and the fungi
were slanted on potato dextrose agar (Merck). Muller Hinton agar
(MHA) were purchased from Sigma-Aldrich Co. and were used fol-
lowing the manufacturer’s instructions for the antimicrobial assay.

2.4.3. Isolates

The following common pathogenic microorganisms were evalu-
ated: standard strains of Escherichia coli ATCC 700891, Staphylococ-
cus aureus ATCC 29213 and Candida albicans ATCC 90028, as well as
a Gram-negative organism isolate of Pseudomonas aeruginosa; two
Gram-positive isolates, namely, Bacillus subtilis, and methicillin-
resistant Staphylococcus aureus (MRSA); and two fungal isolates,
Aspergillus niger and Fusarium sp. and C. albicans. All the iso-
lates were obtained from the Maternal Perinatal Hospital Monica
Pretelini Sdenz, Toluca, Mexico.
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Scheme 2. Structure of 1,2,3-triazoles Difenoconazole analogues 4-17.

2.4.4. Culture conditions

For the tests against bacteria, Mueller Hinton agar was used as
culture medium. For tests against Candida albicans, Mueller Hin-
ton agar supplemented with 2% glucose and 0.5 pug/ml of methy-
lene blue was used. The tests against filamentous fungi were de-
termined on Sabouraud Agar (glucose 4%) agar.

2.4.5. Growth of the tested microorganisms

All inocula were prepared by resuspension or surface scraping
of colonies in 0.1% peptone water (with 0.1% v/v Tween 80 for fila-
mentous fungi) until reaching the desired microbial concentration.
The inocula were spread over the entire surface of the agar.

2.4.6. Disk diffusion assay

Bacterial and fungal suspensions were adjusted to a 0.5 McFar-
land standard corresponding to 1 x 108 CFU/mL. 10 pl of each iso-
late suspension were inoculated onto three, 5 mm diameter What-
man #1 filter paper disks. Bacterial and yeast cultures were incu-
bated at 37 °C for 24 h. Filamentous fungal cultures were incu-
bated at 25-30 °C for 5 days. Inhibition zones were determined

in mm. The Kruskal-Wallis test was used to compare k indepen-
dent samples. Statistical testing was performed with SPSS software
(SPSS Inc., Chicago, IIL.).

2.5. Computational details

All molecules were optimized in the framework of density func-
tional theory (DFT) within the Kohn-Sham formalism (KS). Despite
the exact formalism of the KS equations, only approximations of
the exchange-correlation potential of the mean-field are known. In
here, we use the hybrid functional B3LYP [33] which includes the
Becke’s three parameter non-local exchange functional [34], with
the non-local correlation functional of Lee [35]. Alongside the TZVP
[36,37] basis set in the ORCA 4.1.3 [38] and ADF 2014 [39] pack-
ages. The Fukui function values [40] were obtained via conceptual
DFT as implemented in ADF, as well as the relaxed scan over the
dihedral selected with step size of 20°. The ab-initio calculations
were done in the package ORCA with the basis set def2-SVP [41],
and the RHF level of theory. Non-covalent interactions were ex-
tracted with NCIPlot4 at promolecular level of theory [42].
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Table 1

Spectroscopic characterization of 1,2,3-triazoles Difenoconazole analogues.
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13C NMR (ppm)

7.85 (s, 1H), 7.63 (d, J = 8.1 Hz, 2H), 7.36 (d,
J = 2.6 Hz, 1H), 7.30 (s, 1H), 7.14 (d, J = 7.8 Hz,
2H), 7.10 - 7.04 (m, 2H), 6.73 (d, ] = 8.8 Hz, 1H),

8.05 (d, J = 8.0 Hz, 4H), 7.75 (d, ] = 8.1 Hz, 4H),
7.52 (d, ] = 2.4 Hz, 1H), 7.46 (d, | = 6.5 Hz, 2H),
7.24 (dd, J = 8.8, 2.5 Hz, 4H), 6.90 (d, J = 8.6 Hz,

10.61 (bs, 1H), 7.57 (s, 1H), 7.41 - 7.32 (m, 1H),
7.10 (dd, J = 8.8, 2.6 Hz, 1H), 7.06 (s, 1H), 6.73

9.15 (s, 1H), 8.53 (d, J = 8.1 Hz, 2H), 7.46 (d,
J = 2.6 Hz, 1H), 7.43 (s, 1H), 7.14 (d, ] = 7.8 Hz,
2H), 7.10 - 7.04 (m, 2H), 6.73 (d, ] = 8.8 Hz, 1H),

9.88 (s, 1H), 8.19 (s, 1H), 7.88 (d, J = 8.8 Hz, 2H),
7.83 (s, 1H), 7.72 (d, ] = 2.6 Hz, 1H), 7.34 (dd,

J =89, 2.6 Hz, 1H), 7.26 (d, J = 8.7 Hz, 2H), 7.15
(s, 1H), 6.83 (d, J = 8.9 Hz, 1H), 6.03 (s, 2H), 5.32

10.34 (s, 1H), 8.23 (s, 1H), 7.83 (s, 1H), 7.69 (m,
3H), 7.72 —7.67 (d, ] = 8.2 Hz, 1H), 7.34 (dd,

J = 7.5 Hz, 1H), 6.82 (d, ] = 8.8 Hz, 1H), 6.03 (s,

8.15 (s, 1H), 7.84 (s, 1H), 7.73 (d, ] = 2.5 Hz, 1H),
7.34 (dd, ] = 8.9, 1.5 Hz, 3H), 7.16 (s, 1H), 7.09
(dd, J = 9.0, 2.4 Hz, 2H), 6.83 (d, J = 8.9 Hz, 1H),

7.82 (s, 1H), 7.79 (s, 1H), 7.73 (d, J = 2.0 Hz, 1H),
7.34 (dd, J = 8.8, 2.2 Hz, 1H), 7.15 (s, 1H), 6.82
(d, J = 8.9 Hz, 1H), 5.93 (s, 2H), 4.89 (bs, 1H),
1.87 (t, J = 10.6 Hz, 2H), 1.75 - 1.58 (m, 4H), 1.51
(s, 1H), 1.47 - 1.34 (m, 2H), 1.32 - 1.25 (m, 1H)
7.81 (s, 1H), 7.75 (s, 1H), 7.73 (d, ] = 2.5 Hz, 1H),
7.34 (dd, J = 9.0, 2.5 Hz, 1H), 7.15 (s, 1H), 6.82

J = 6.3 Hz, 2H), 2.67 (t, ] = 7.6 Hz, 2H), 1.75 (q,

10.60 (bs, 1H), 7.95 (s, 1H), 7.83 (d, J = 7.4 Hz,
2H), 7.51 - 7.28 (m, 5H), 7.17 (d, ] = 6.5 Hz, 2H),

8.18 (s, 1H), 8.00 - 7.89 (m, 2H), 7.83 (s, 1H), 7.72
(d,J = 2.5 Hz, 1H), 7.34 (dd, J = 8.9, 2.6 Hz, 1H),

7.17 (dd, ] = 6.6, 2.3 Hz, 3H), 6.83 (d, J = 8.9 Hz,

1H), 6.03 (s, 2H), 5.29 (s, 2H), 2.52 (s, 3H)

8.17 (s, 1H), 7.82 (s, 1H), 7.71 (d, J = 2.2 Hz, 1H),

J = 7.5 Hz, 1H), 6.82 (d, ] = 8.8 Hz, 1H), 6.03 (s,
8.14 (s, 1H), 7.82 (s, 1H), 7.72 (d, J = 2.5 Hz, 1H),

7.54 - 7.41 (m, 2H), 7.34 (dd, J = 8.9, 2.5 Hz, 1H),
7.15 (s, 1H), 7.10 - 6.97 (m, 2H), 6.83 (d,

Com-pound IR (Vmax, cm~1) TH NMR (ppm)
4 3053, 2921, 2856, 1690, 1594, 1472, 1279,
1229, 1157, 798, 864
5.80 (s, 2H), 2.29 (s, 3H)
5 3064, 1231, 2000, 1678, 1472, 1279, 1156,
2930, 760, 1324 (C-F), 867
2H), 6.00 (s, 4H)
6 3053, 2921, 2856, 1594, 1472, 1279, 1157,
1229, 1472
(d, J = 8.8 Hz, 1H), 5.73 (s, 2H), 4.96 (q,
J = 6.5 Hz, 1H), 148 (d, ] = 6.5 Hz, 3H)
7 3053, 2921, 2856, 1690, 1594, 1471, 1274,
1229, 1157, 798, 864
5.80 (s, 2H), 5.39 (s, 2H)
8 3105, 2938, 2847, 1714, 1693, 1594, 1476,
1254
(s, 2H)
9 3160, 3074, 2926, 2876, 1702, 1678, 1596,
1476, 1379, 1279, 1188, 758
J =88, 2.0 Hz, 1H), 7.15 (s, 1H), 7.11 (t,
2H), 539 (s, 2H)
10 3057, 2925, 1711, 1664, 1596, 1492, 1474,
1280, 1159, 774
6.03 (s, 2H), 5.18 (s, 2H)
11 3167, 3089, 2932, 2857, 1708, 1601, 1576,
1499, 1474, 1268, 1192, 739
12 3150, 3098, 3030, 2967, 2942, 2752, 1737,
1707, 1602, 1556, 1474, 1276
(d, ] = 8.9 Hz, 1H), 5.92 (s, 2H), 3.4 (t,
] = 6.7 Hz, 2H)
13 3105, 2934, 1720, 1671, 1660, 1599, 1471,
1287
6.82 (d, J = 8.7 Hz, 1H), 5.89 (s, 2H)
14 3105, 2934, 1720, 1660, 1599, 1471,1282
15 3154, 3069, 2917, 1696, 1667, 1590, 1474,
1279 7.50 - 7.24 (m, 4H), 7.15 (s, 1H), 6.97 (t,
2H), 5.28 (s, 2H)
16 3068, 2918, 2724, 1712, 1664, 1594, 1474,
1379, 1278
J = 8.9 Hz, 1H), 6.02 (s, 2H), 5.18 (s, 2H)
17 3084, 2926, 1713, 1689, 1592, 1471, 1270

11.39 (bs, 1H), 8.29 - 8.15 (m, 3H), 7.84 (s, 1H),
7.72 (d, J = 1.5 Hz, 1H), 7.34 (dd, J = 8.5, 2 Hz,
1H), 7.29 (d, ] = 9 Hz, 2H), 7.16 (s, 1H), 6.83 (d,
J = 8.9 Hz, 1H), 6.04 (s, 2H), 5.36 (s, 2H)

189.3, 153.6, 150.9, 147.4, 142.4, 137.5, 130.0,
129.4, 129.1, 128.6, 127.8, 127.4, 125.3, 125.1,
121.9, 121.2, 119.4, 119.3, 58.1, 20.9

194.1, 158.8, 155.9, 150.9, 147.4, 138.9, 135.0,
132.8, 130.7 - 130.0 (m), 127.8 (d,
J = 5.1 Hz), 127.0, 1243 (d, J = 19.1 Hz), 82.5.

189.6, 153.7, 152.9, 150.9, 143.2, 130.6, 129.6,
129.5, 128.3, 125.7, 125.7, 122.3, 121.6, 120.2,
119.6, 63.0, 58.5, 23.3

183.9, 159.3, 150.9, 147.4, 142.4, 137.5, 130.0,
129.4, 129.8, 128.6, 127.8, 127.4, 125.3, 125.1,
121.9, 121.2, 119.4, 119.3, 58.1, 51.5

191.3, 190.2, 163.0, 153.7, 151.8, 141.9, 140.5,
131.8, 129.9, 129.8, 129.4, 128.4, 126.9, 126.5,
124.6, 124.4, 123.1, 119.6, 117.9, 115.2, 61.4,
57.4

190.2, 189.1, 189.1, 160.4, 153.8, 151.8, 142.2,
140.5, 136.3, 129.8, 129.4, 128.3, 127.7, 126.9,
126.2, 124.5, 124.5, 124.4, 123.1, 121.1, 119.6,
117.9, 114.2, 62.9, 57.4

190.2, 156.9, 153.6, 151.8, 142.3, 140.5, 129.8,
129.4, 129.2, 128.3, 126.9, 126.2, 124.65,
124.54, 124.38, 123.06, 119.4, 117.9, 116.5,
61.3, 57.3

190.6, 153.5, 151.8, 140.5, 129.9, 129.9, 129.8,
129.3, 128.6, 128.5, 128.4, 127.3, 126.86,
124.90, 124.25, 123.05, 122.5, 119.5, 119.3,
119.1, 118.9, 117.9, 68.0, 57.1, 37.8, 25.2,
25.2, 21.6, 21.6

190.5, 153.4, 151.7, 146.6, 140.5, 129.8, 129.3,
128.3, 126.9, 124.8, 124.2, 123.3, 123.1, 119.5,
117.9, 60.0, 57.12, 32.3, 21.6

189.4, 153.8, 150.9, 147.6, 142.8, 130.4, 130.3,
129.5, 128.9, 128.7, 128.0, 125.8, 125.6, 125.3,
125.2, 121.9, 121.7, 119.7, 119.5, 58.3

196.3, 190.2, 161.9, 153.7, 151.8, 142.1, 140.5,
130.5, 130.1, 129.8, 129.4, 128.4, 126.9, 126.4,
124.7, 124.4, 123.1, 119.6, 117.9, 114.5, 61.3,
57.4, 26.4

190.2, 153.7, 153.4, 151.8, 142.2, 140.6, 130.0,
129.8, 129.5, 128.4, 128.3, 126.9, 126.3, 124.7,
1244, 123.1, 121.9, 121.4, 119.6, 118.0, 114.4,
62.0, 57.4

190.2, 157.4, 153.7, 151.8, 142.3, 140.6, 132.2,
129.8, 129.5, 128.4, 126.9, 126.3, 124.6, 124.4,
123.1, 119.6, 118.0, 117.1, 112.3, 61.3, 57.4

190.1, 163.3, 153.6, 151.7, 141.6, 141.0, 140.5,
129.8, 129.4, 128.3, 126.9, 126.6, 125.8, 124.6,
124.4, 123.1, 119.6, 117.9, 115.3, 61.9, 57.4

3. Results and discussion

3.1. Chemistry

summarized in Table 2, showing yields in the last CuAAC reaction

step.

All 1,2,3-triazoles Difenoconazole analogues were fully charac-

Target triazoles 4-17 analogues to Difenoconazole were pre-
pared from a two-step synthetic route depicted in Scheme 3. The
chloroketone intermediate 3 was obtained from a Friedel-Crafts
acylation on triclosan with chloroacetyl chloride in 60% yield. The
synthesis of the respective dichlorophenoxy phenacyl triazoles 2
was achieved through a one-pot procedure by a consecutive azide
substitution - CuAAC reaction in 20-96% yields. These results are

terized by the conventional spectroscopic techniques, and some se-
lected spectral data of triazoles 4-17 are presented in Table 3 con-
firming the presence of 1,2,3-triazole ring. For example, IR spectra
of triazoles 4-17 exhibit an important aromatic N=N stretching vi-
bration band at 1470 cm! as well as an absorption band ranged
from 1270 to 1300 cm~! associated to a cyclic -N-N=N- configu-
ration present in 1,2,3-triazole core according to previous observa-
tions described by our group [43].
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Scheme 3. Reagents and conditions: (a) CICH,COCI, AlCl3, 1,2-dichloroethane, 0 °C to 65 °C. (b) NaN3, tBuOH-H,O0, 5 h, 65 °C. (c) Alkyne, CuSQy, ascorbic acid, NaHCOs, R.T.

Table 2
Synthesis of 1,2,3-triazole Difenoconazole analogues.
Compound R % Yield
4 4-CH;5CgHy 40
5 4-CF3CgHy 36
6 CH(OH)CH3; 45
7 CH,0(2,4-NO,)CeH3 20
8 CH,0(4-CHO)CgH4 79
9 CH,0(2-CHO)CgH4 72
10 CH,0(4-Cl)CgHy4 69
11 C(OH)(CH,CHy); CH, 92
12 CH,CH,CH,0H 67
13 Ph 50
14 CH,0(4-COCH3)CgHy4 67
15 CH,0(2-Cl)CgHy4 96
16 CH,0(4-Br)CgHy4 53
17 CH,0(4-NO; )CsHa4 52

Table 3
Selected spectral data of 4-(1,2,3-triazol-1-yl) salicylic acid derivatives.

IR (Vmax» cm~')  'H NMR (ppm) 13C NMR (ppm)

Comp d -
C=0 N=Ngom -N-N=N- Triazole C5-H (4 c5

4 1690 1472 1279 7.85 1474 119.2
5 1691 1472 1279 7.57 143.2  119.7
6 1690 1472 1279 7.43 1474 119.7
7 1693 1471 1274 7.83 151.7 119.2
8 1693 1476 1254 7.86 1419 119.6
9 1678 1476 1279 7.83 1429 119.6
10 1669 1474 1280 8.15 1423 119.6
11 1708 1474 1268 7.79 1405 1193
12 1707 1474 1276 7.81 146.6 119.5
13 1671 1471 1287 7.51 1476 119.5
14 1720 1471 1282 7.83 142.6 119.6
15 1696 1474 1279 7.82 1422 119.6
16 1712 1474 1278 7.82 1423 119.6
17 1689 1471 1270 7.84 1416 119.6

As also mentioned by our group [43], the presence of 1,2,3-
triazole ring in compounds 4-17 was entirely confirmed through
the NMR spectra analysis. A typical singlet signal at 7.51-8.15 ppm
is detected in 'H NMR spectra of compounds 4-17 which is at-
tributed to hydrogen on triazole C-5. In addition, two carbon sig-

nals at 147 and 119 ppm assigned to triazole C-4 and C-5 are ob-
served in the respective 13C NMR spectra. Some selected spectral
data of compounds triazoles 4-17 are summarized in Table 2.

3.2. Biological evaluation and antimicrobial activity

The antimicrobial activity of compounds 4-17 was evaluated
against a series of bacterial and fungal cultures which included
S. aureus, methicillin-resistant S. aureus (MRSA), E. coli, B. subtilis,
P. aeruginosa, K. pneumoniae and C. albicans. In general terms, tri-
azoles 4-17 exhibit activity against S. aureus and 12 compounds
from this group show activity against methicillin-resistant S. au-
reus (MRSA), as well as 8 compounds against B. subtilis, whereas
only 5 compounds (6, 10-12, and 17) show inhibition against E.
coli strains. Other observed overall trend is that S. aureus was more
sensitive to synthesized triazoles due to respective inhibition zones
(1Z) were the widest as seen in Fig. 1. In contrast, the growth of
Gram-negative bacteria P. aeruginosa and K. pneumoniae was not
inhibited by any tested compound, indicating that these microor-
ganisms probably are also resistant to referred compounds.

According to registered diameters of zone of inhibition (DIZ,
Table 4), and subsequent Shapiro Wilk statistic test (p<0.05), the
inhibition data for S. aureus, MRSA, B. subtilis and E. coli present a
non-normal distribution with a significance level of 0.05 through a
Kruskal Wallis test, agreeing to other similar studies [44-46] and
therefore demonstrating the growth inhibition of these pathogens.
As mentioned above, inhibition found for S. aureus was higher
than other assessed microorganisms. In particular, compounds 6
and 12, bearing a linear alcohol moiety at triazole C-4, displayed
a remarkable activity slightly below Gentamicin standard reference
antibiotic. On the other hand, compound 11 containing a cyclic
alcohol belongs to a second group in drecreasing order of an-
tibacterial activity, together to compounds 10 and 13 with a (p-
chlorophenoxy)methyl and phenyl groups respectively. Compounds
7, 9 and 14 showed the lowest inhibition against S. aureus (Fig. 2).

A noteworthy activity against MRSA cultures by entitled tri-
azoles was observed (Fig. 3). Indeed, activity found in com-
pound 6 (DIZ = 8.2 mm) is comparable to Gentamicin standard
(DIZ = 8.3 mm). Moreover, compounds 12 (DIZ = 7.8 mm) and 16

Fig. 1. Diameters of inhibition zones of S. aureus culture on inoculation of triazoles 4-17.
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Fig. 2. Diameters of inhibition zones of S. aureus culture on inoculation of triazoles 4-17.
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Fig. 3. Diameters of inhibition zones of MRSA culture on inoculation of triazoles 4-17.

Table 4
Values of diameter of the inhibition zone in mm for compounds 4-17.

Diameter of the Inhibition Zones (mm)

Compound - -
S. aureus E. coli ATCC C. albicans
ATCC 29213 MRSA 700891 ATCC 90028

4 2.5 2.2 - -

5 2.7 1.9 - -

6 9 8.2 3.8 -

7 1.8 1.7 - -

8 4 2.2 - -

9 1.5 - - -

10 5.8 4 3.5 -

11 53 - 13 -

12 8.2 7.8 2.7 -

13 6 5.8 - -

14 1.5 11 - -

15 3.8 6.3 - -

16 2.7 7.2 - -

17 2.8 3.5 13

Gentamicin 12 8.3 12 -

Fluconazole - - - 15.5

(DIZ = 7.2 mm) also exhibit an important activity against this kind
of strains.

Antibacterial activity of triazoles 4-17 against B. subtilis (Fig. 4)
and E. coli (Fig. 5) strains resulted lower than those observed for
S. aureus and MRSA. In this regard, compound 6 is the only com-
pound with the highest activity for the four bacteria that showed

inhibition, followed by compound 12 which also resulted active, al-
though in a smaller proportion.

In a similar fashion, antifungal activity was tested on com-
pounds 4-17 against strains of C. albicans, Fusarium sp. and A. niger.
While it is true that no significant inhibition was detected, a pig-
mentation reduction of the mycelium of Fusarium sp. was observed
(Fig. 6), which hints a kind of inhibition [47,48]. Likewise, sporu-
lation on A. niger cultures was affected as seen in Fig. 6. Conse-
quently, further studies are required to verify this activity.

3.3. Computational analysis

For computational analysis purposes, molecules 6, 12, 15 and 16
were selected due to these compounds resulted the most effective
against Methicillin-resistant Staphylococcus aureus (MRSA) strains.
A minimal geometric model was suggested as well as some con-
formers, based on its electronic energy. In the case of compound
6, 4-(1-hydroxy)ethyl substituent on triazole moiety was rotated
in two minimal positions in combination with the two minimal
positions on phenyl OH group. The resulting set of four conform-
ers is aligned based on the most stable one and presented in
Fig. 7 and represented with capital A and set as the zero energy
for comparison. Thus, subfigure (a) presents relative energies of
0.66 kcal/mol, 3.30 kcal/mol, and 4.66 kcal/mol, for conformers B,
C, and D, respectively. The subfigure (b) presents relative energies
of 3.12 kcal/mol, 3.24 kcal/mol, and 2.73 kcal/mol for conformers B,
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Fig. 4. Diameters of inhibition zones of B. subtilis culture on inoculation of triazoles 4-17.
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Fig. 5. Diameters of inhibition zones of E. coli culture on inoculation of triazoles 4-17.

C, and D, respectively. Showing that the most stable and probable ior based on Fukui’'s Function). This behavior is also observed in
geometrical configuration lies on A representation. compound 12, see Fig. 8. A plausible explanation of this activity

As observed in Fig. 7, the combination of both CH(OH)CH3 and lies on the conjugation through non-covalent interactions (NCI, hy-
OH groups is pointing out to same direction activating the triazole drogen bonding) in these molecules. The systems (a) and (b) from
ring, i.e., the triazole ring shows red zones (nucleophilicity behav- compound 12 present a higher activity based on Fukui function

Fig. 6. Left: pigmentation reduction of the mycelium of Fusarium sp. Right: sporulation reduction on A. niger.
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Fig. 7. RMSD and Fukui functions for (a) compound 6 and (b) compound 12.

over triazole ring. As illustrated in Fig. 8, there is an outer region
around aromatic rings with attractive NCI. This lack of interactions
in systems (c) and (d) would be responsible of the lack of activ-
ity on Fukui function in these triazole conformers. This shed light
to a bigger relation between biological activity and the NCI, than
biological activity and Fukui’s Function.

Furthermore, a relaxed scan over the potential energy surface
(PES) was determined, taking into account one dihedral bond of in-
terest. This allows to explore others possible and stable conformers
that could exist as local minima and possible geometrical confor-
mation with biological activity. In Fig. 9, a relaxed scan for com-
pound 6 systems is plotted, displaying different stable conformers
over the PES, where the most stable is the initial (a) system which

can be transformed to (b), whereas relaxed conformers d and ¢
once are converted into S or b.

On the flip side, compounds 15 and 16 have a lack of Fukui
function over the triazole as depicted in Fig. 10. This lack of activity
suggests that referred molecules might not present a high response
against MRSA. Nevertheless, the NCI reveals that weak hydrogen
bonds conjugations are still present in both systems (Fig. 11). Thus,
the inhibition activity is probably more related to the conjugation
of NCI in whole system than Fukui functions as depicted previ-
ously.

These elements give rise to infer the importance of a synergis-
tic behavior between the conformational structure and the non-
covalent interactions over the Fukui function activity and, in conse-
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Fig. 8. Non-covalent interactions for different conformers of compound 12. Green plateau reveals attractive and weak interactions while red ones to steric repulsive interac-

tions.
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Fig. 9. Relaxed scan for compound 6 system.

quence, antimicrobial activity in these molecules as experimentally
observed.

4. Conclusions

In summary, a small library of 1-(2-chloro-5-(2,4-
dichlorophenoxy)—4-hydroxyphenyl)—2-(1,2,3-triazolyl )ethan-1-
one derivatives analogues to Difenonazole was prepared using the
Click Chemistry approach as key reaction through a short synthetic
sequence, requiring two steps from commercially available starting
materials in yields up 96%. Spectroscopic analysis confirmed the
proposed structure for compounds 4-17 which were also screened
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Fig. 10. Fukui functions for (a) compound 15 and (b) compound 16 systems.
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Fig. 11. NCI for selected conformers of (a) compound 15 and (b) compound 16.

against strains of S. aureus, methicillin-resistant S. aureus (MRSA),
E. coli, B. subtilis, P. aeruginosa, K. pneumoniae and C. albicans. The
antimicrobial activities found in some synthesized compounds
hint promising applications as antibacterials, particularly triazole
derivatives 6 and 12 with hydroxy alkyl groups substituted at
triazole C-4, showed a potential antibacterial activity inhibiting
S. aureus and MRSA strains, which probably is related to a syn-
ergistic behavior between the conformational structure and the
non-covalent interactions over the Fukui function activity on tria-
zole ring assisted by the mentioned hydroxy alkyl groups. Based
upon the before mentioned observations, these products might be
appropriate candidates for further modifications to achieve potent
antimicrobial activities, driving to more studies about this topic.
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