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Synthesis of new series of 1,2,4-triazole with
1,2,3-triazole and piperidine ring using 2rO-
Cl,;8H,0 as a catalyst in ethanol has been
described. The yields obtained are in the range of
80-85%. All the synthesized compounds (3a-30)
are novel and were evaluated for their in vitro
antifungal activities using standard agar method.
Docking study of the newly synthesized com-
pounds was performed, and results showed that
all new compounds have similar binding mode in
the active site of fungal enzyme P450 cytochrome
lanosterol 14a-demethylase.
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1,2 A-triazole system and its analogs have been investigated as
therapeutically interesting drug candidates because of their varied
properties, such as selective COX-2 inhibitors (1), anti-acetylcholin-
esterase (2), and antimicrobial agents (3—6). The efficacy of anas-
trozole and letrozole as aromatase inhibitors and their use as non-
steroidal drugs for the treatment of estrogen-dependent cancer as
well as the anticancer properties of ribavirine led to the investiga-
tion of many 1,2,4-triazole derivatives in laboratorial conditions for
their antitumor activity (7,8). 1,2,4-triazole forms important part of
many currently used azole antifungal agents (9,10). The most com-
mon approach to synthesize 1,2,4-triazole nucleus is from acyl
hydrazide under basic or acidic condition.

In fungi, lanosterol 14o-demethylase (P450;4p0, CYP51), member of
cytochrome P450 superfamily, is essential requirement for fungal
viability (11). Lanosterol 14a-demethylase catalyzes removal of a
methyl group at position Cq4 in the sterol molecule, which is a key
step in ergosterol synthesis in fungi (12). Because CYP51s play a
key role in fungal sterol biosynthetic pathways, they have been
important targets for antifungal inhibitor design (9), such as CYP51s
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from Candida albicans (13,14), Mycobacterium tuberculosis (15-17),
and Penicillium digitatum (18). The azoles have been found as one
category of successful broad spectrum sterol 14a-demethylase inhib-
itors that selectively inhibit this enzyme causing depletion of ergos-
terol and accumulation of lanosterol and some other 14-methyl
sterols and results in growth inhibition of fungal cell (9,19,20). The
azole antifungal agents such as miconazole, fluconazole, and ketoco-
nazole (Figure 1) act by mechanism in which heterocyclic nitrogen
atom binds to heme iron atom in the active site of enzyme (21,22).

The series of antifungal agents containing 1,2,3-triazole and piperi-
dine ring with 1,2,4-oxadiazole ring and 1,2 A4-triazine ring were
designed and synthesized in our group (23,24). Several compounds
have been proved to have antifungal activity. Therefore, the chemi-
cal and biological features of the 1,2,3-triazole with piperidine
derivatives provoked our strong interest for a further structure-activ-
ity relationship (SAR) study. In this study, we retain both 1,2,3-triaz-
ole and piperidine ring and replaces the 1,2,4-oxadiazole and 1,2,4-
triazine ring with 1,2,4-triazole ring. On the basis of this strategy,
we report here the synthesis and antifungal activity of the new ser-
ies of 1,2,4-triazole derivatives coupled with 1,2,3-triazole ring. To
get insight into binding of these azole compounds to fungal enzyme
lanosterol 14a-demethylase, we carried out docking studies.

Experimental Section

General procedure for synthesis of 3a-30

To a stirred mixture of hydrazides 1a=1o (10 mmol), substituted
aldehydes (10 mmol), ammonium acetate (40 mmol) in 15 mL etha-
nol was added ZrOCl, (2 mmol). The reaction mixture was heated
under reflux for 12-13 h. After completion (Monitored by TLC), dis-
tilled water was added to the mixture and then extracted with
three portions of ethyl acetate. The combined organic layers were
washed with water. The organic layer on drying (Na,S0O,) and con-
centrating in vacuo gave the desired compounds 3a-3o0. The
experimental data showing period of reaction, % vyield, molecular
formula, and weight and elemental analysis of all synthesized com-
pounds are depicted in Table S1 in supporting information.

Tert-butyl-(4-(5-phenyl-4H-1,2,4-triazol-3-yl)-1H-
1,2,3-triazol-1-yl)piperidine-1-carboxylate (3a)
Off white solid; m. p. 201-202 °C.

"H NMR (400 MHz, CDC3): & = 8.20(s, TH), 7.80~7.48 (m, 5H), 7.35
(s, TH), 4.90-4.81 (m, 1H), 4.30-4.26 (m, 2H), 2.98-2.82 (m, 2H),
2.25-2.17 (m, 2H), 2.10-1.88 (m, 2H), 1.44 (s, 9H).
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Lanosterol

Figure 1: Chemical structures
of lanosterol, ketoconazole, fluco-
nazole, miconazole, and compound
3.

3C NMR (CDCl) & = 26.4, 288, 45.0, 605, 81.2, 126.3, 128.0,
130.4, 131.4, 133.2, 158.7, 162.5, 166.2

ES-MS: m/z = 397 [M+H]".

4-(4-(5-phenyl-4H-1,2,4-triazol-3-yl)-1H-1,2,3-
triazol-1-yl)piperidine (3b)
Brown colored liquid; b.p. 201-202 °C.

"H NMR (400 MHz, CDCl3): & = 9.15 (s, 1H), 8.2 (s, 1H), 7. 58-7.
35 (m, BH), 7.15 (s, TH), 4.76-4.617 (m, 1H), 4.53-4. 25 (m, 2H),
2.96-2.85 (m, 2H), 2.22-2.19 (m, 2H), 2.01-1.85 (m, 2H).

3C NMR (CDCly) & =29.8, 44.2, 60.2, 81.2, 126.0, 129.1, 132.1,
1332, 161.9, 165.4

ES-MS: m/z = 297[M+H]".
1-methyl-4-(4-(5-phenyl-4H-1,2,4-triazol-3-yl)-1H-
1,2,3-triazol-1-yl)piperidine (3c)

Yellow solid; m.p. 211-212 °C.

'H NMR (400 MHz, CDClg): & =7.90 (s, 1H), 7.78-7. 42 (m, 5H),
730 (s, 1H), 4.88-4.81 (m, TH), 4.32-4.28 (m, 2H), 3.25 (s, 3H),
2.90-2.84(m, 2H), 2. 65-2.30 (m, 2H), 2.12-1.92 (m, 2H).

SC NMR (CDCl3) & = 27.9, 49.1, 554, 60.7, 126.0, 129.1, 130.8,
132.1, 133.2, 160.8, 164.2

ES-MS: m/z = 310[M+H]".
1-ethyl-4-(4-(5-phenyl-4H-1,2,4-triazol-3-yl)-1 H-
1,2,3-triazol-1-yl)piperidine (3d)

Yellow solid; m.p. 189-190 °C.
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"H NMR (400 MHz, CDCl3): 6 = 7.95 (s, 1H), 7.71~7.41 (m, 5H), 7.34
(s, TH), 4.90-4.85 (m, TH), 4.44-4. 39 (q, 2H), 4.30-4.26 (m, 2H),
3.10-2.90 (m, 2H), 2.26-2.20 (m, 2H), 2.12-1.90 (m, 2H), 1.40-1.37
(t, 3H).

"C NMR (CDCly) & = 14.7, 26,5, 52.2, 54.4, 609, 126.0, 129.1,
130.5, 132.1, 133.2, 161.3, 163.6.

ES-MS: m/z = 324 [M+H]".
1-(methylsulfonyl)-4-(4-(5-phenyl-4H-1,2,4-
triazol-3-yl)-1H-1,2,3-triazol-1-yl)piperidine (3e)
Off white solid; m.p. 201-202 °C.

'H NMR (400 MHz, CDCls): & =8.15 (s, 1H), 7.79-7. 45 (m, SH),
7.35 (s, 1H), 4.89-4.80 (m, TH), 4.35-4.28 (m, 2H), 3.25 (s, 3H),
2.98-2.88 (m, 2H), 2.68-2.30 (m, 2H), 2.10-1.85 (m, 2H).

3C NMR (CDCls) & = 25.9, 42.2, 44.4, 60.1, 126.0, 129.1, 130.5,
1321, 135.2, 162.3, 166.4

ES-MS: m/z = 374 [M+H]".
Phenyl(4-(4-(5-phenyl-4H-1,2,4-triazol-3-yl)-1H-
1,2,3-triazol-1-yl)piperidine-1-yl)methanone (3f)
Off white solid; m.p. 209-211 °C.

'H NMR (400 MHz, CDCls): & =8.20 (s, 1H), 7.90-7.45(m, 10H),
7.30 (s, TH), 4.85-4.75(m, 1H), 4.15-4.05 (m, 2H), 2.95-2.84 (m, 2H),
2.19-2.12 (m, 2H), 1.88-1.80 (m, 2H).

3C NMR (CDCly) & = 26.8, 43.2, 59.8, 126.2,127.1, 128.6, 129.1,
130.6, 130.9, 131.8, 132.1, 137.4, 161.9, 165.3,173.2.

ES-MS: m/z = 400 [M+H]".
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(4-chlorophenyl)(4-(4-(5-phenyl-4H-1,2,4-triazol-
3-yl)-1H-1,2,3-triazol-1-yl)piperidine-1-
yl)methanone (3g)

Yellowish solid; m.p. 174-175 °C.

"H NMR (400 MHz, CDCl3): 6 = 8.15 (s, 1H), 7.85-7.36 (m, 9H), 7.29
(s, TH), 4.82-4.73(m, 1H), 410-4.00 (m, 2H), 2.90-2.82 (m, 2H),
2.10-2.05 (m, 2H), 1.84-1.80 (m, 2H).

3C NMR (CDCl3) & = 27.1, 42.9, 59.7, 126.6,128.2, 1287, 1292,
130.0, 130.8, 131.7, 132.4, 136.8, 161.9, 165.6,172.0.

ES-MS: m/z = 434[M+H]".

4-(4-(5-(4-chlorophenyl)-4H-1,2,4-triazol-3-
yl)-1H-1,2,3-triazol-1-yl)-1-methylpiperidine
(3h)

Yellowish solid; m.p. 224-226 °C.

"H NMR (400 MHz, CDCls): & = 8.10(s, 1H), 7. 80-7. 42 (m, 4H),
7.30 (s, 1H), 4.86-4.80 (m, 1H), 4.32-4.29 (m, ZH), 3.25 (s, 3H),
2.90-2.84 (m, 2H), 2. 60-2.32 (m, 2H), 2.10.1.90 (m, ZH).

C NMR (CDCly) & = 26.8, 46.2, 56.2, 62.3, 126.4, 127.2, 129.1,
129.9, 131.2, 132.8, 133.1, 133.8, 137.1,162.2, 164.8.

ES-MS: m/z = 344 [M+H]".

1-(4-(4-(5-(4-chlorophenyl)-4H-1,2,4-triazol-3-yl)-
1H-1,2,3-triazol-1-yl)piperidine-1-yl)ethanone
(3i)

White solid; m.p. 267-269 °C.

H NMR (400 MHz, CDCl): 6 = 7.95(s, 1H), 7.80-7.29 (m, 4H), 7.30
(s, TH), 4.96-4.84 (m, 1H), 4.35-4.24 (m, 2H), 3.32(s, 3H), 2.92-2.88
(m, 2H), 2.64-2.32 (m, 2H), 2.12-1.85 (m, 2H). ES-MS: m/z = 372
[M+HT".

3C NMR (CDCly) & = 23.2, 282, 44.4, 61.8, 128.2, 130.1, 131.1,
1322, 133.8, 134.3, 161.2, 173.8.

4-(4-(5-(4-chlorophenyl)-4H-1,2,4-triazol-3-yl)-1 H-
1,2,3-triazol-1-yl)-1-(methylsulfonyl)piperidine
(3j)

Off white solid; m.p. 201-203 °C.

'H NMR (400 MHz, CDCls): & = 8.19 (s, TH), 7.75-7.40 (m, 4H), 7.30
(s, 1H), 490482 (m, 1H), 430428 (m, 2H), 320 (s, 3H),
2.90-2.86 (m, 2H), 2.69-2.35 (m, 2H), 2.11-1.87 (m, 2H).

3C NMR (CDCls) & = 25.4, 42.7, 47.3, 60.4, 126.5, 129.6, 131.6,
132.4,132.9, 133.1, 1612, 165.7.

ES-MS: m/z = 409 [M+H]".
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4-(4-(5-(4-methoxyphenyl)-4H-1,2,4-triazol-3-yl)-
1H-1,2,3-triazol-1-yl)-1-methylpiperidine (3k)
Off white solid; m.p. 201-203 °C.

"H NMR (400 MHz, CDCls): 6 =7.90 (s, 1H), 7.70~7.42 (m, 4H),
7.30 (s, TH), 4.90-4.80 (m, TH), 4.35-4.30 (m, 2H), 3.24 (s, 3H),
3.12 (s, 3H), 2.90-2.88 (m, 2H), 2. 68-2.32 (m, 2H), 2.10-1.88 (m,
2H).

"3C NMR (CDCl3) 6 =278, 48.2, 56.1, 1154, 126.1, 129.1, 1312,
158.5, 162.1, 166.4.

ES-MS: m/z = 340[M+H]".

1-ethyl-4-(4-(5-(4-methoxyphenyl)-4H-1,2,4-
triazol-3-yl)-1H-1,2,3-triazol-1-yl)piperidine (3I)
Off white solid; m.p. 201-203 °C.

"H NMR (400 MHz, CDCl3): 6 = 8.10 (s, 1H), 7.80-7.42 (m, 4H), 7.35
(s, TH), 4.90-4.85 (m, 1H), 4.45-4. 38 (g, 2H), 4.35-4.25 (m, 2H),
3.28 (s, 3H) 2.98-2.86 (m, 2H), 2.22-2.18 (m, 2H), 2.11-1.90 (m,
2H), 1.45-1.40 (t, 3H).

C NMR (CDCl) & =14.2, 28.2, 49.4, 56.3, 62.6, 116.2, 126.4,
129.8, 132.1, 157.9, 160.8, 166.4.

ES-MS: m/z = 354 [M+H]".

1-(methylsulfonyl)-4-(4-(5-(4-nitrophenyl)-4H-
1,2,4-triazol-3-yl)-1H-1,2,3-triazol-1-yl)piperidine
(3m)

Yellow solid; m.p. —189-190 °C.

"H NMR (400 MHz, CDCls): & = 8.15 (s, 1H), 7 72-7. 38 (m, 4H),
7.37 (s, TH), 4.89-4.81 (m, TH), 4.32-4.28 (m, 2H), 3.24 (s, 3H),
2.92-2.86 (m, 2H), 2.69-2.32 (m, 2H), 2.10-1.85 (m, 2H).

3 NMR (CDCl;) & =268, 404, 443, 616, 1274, 1294,
131.1,138.2, 157.6, 164.2

ES-MS: m/z = 419 [M+H]".
1-(4-(4-(5-p-tolyl-4H-1,2,4-triazol-3-yl)-1H-1,2,3-
triazol-1-yl)piperidine-1-yl)ethanone (3n)

Off white solid; m.p. —201-202 °C.

'H NMR (400 MHz, CDCl5): & = 8.20 (s, TH), 7.80-7.35 (m, 4H), 7.30
(s, TH), 4.93-4.82 (m, 1H), 4.34-4.28 (m, 2H), 3.32 (s, 3H), 2.91-
2.87 (m, 2H), 2.87 (s, 3H), 2.65-2.35 (m, 2H), 2.10-1.90 (m, 2H).

5C NMR (CDCly) & =22.2,23.4, 266, 41.8, 62.1, 124.2, 129.1,
131.1,132.5, 164.0

ES-MS: m/z = 352 [M+H]".
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Phenyl(4-(4-(5-p-tolyl-4H-1,2,4-triazol-3-yl)-1H-
1,2,3-triazol-1-yl)piperidine-1-yl)methanone (30)
Yellow solid; m.p. —211-212 °C.

"H NMR (400 MHz, CDCl3): 6 = 8.20(s, 1H), 7.90-7.38 (m, 9H), 7.39
(s, TH), 4.80-4.75(m, TH), 4.10-4.05 (m, 2H), 3.32 (s, 3H), 2.95-
2.85(m, 2H), 2.20-2.11 (m, 2H), 1.84-1.80 (m, 2H).

C NMR (CDCl) o6=217, 263, 426, 612, 1247, 1264,
129.4,130.3, 131.41,132.7, 136.8, 158.5, 164.3,173.0.

ES-MS: m/z = 415 [M+H]".

Antifungal activity

The antifungal activity was evaluated against different fungal
strains, such as C. albicans, Fusarium oxysporum, Aspergillus flavus,
Aspergillus niger, and Cryptococcus neoforman. Minimum inhibitory
concentration (MIC) values were determined using standard agar
method (25-27). Miconazole and Fluconazole were used as a stan-
dard for the comparison of antifungal activity. Dimethyl sulfoxide
was used as solvent control.

Computational methods

The 3D model structure of cytochrome P450 lanosterol 14«-demeth-
ylase of C. albicans was built using homology modeling. Amino acid
sequence of enzyme was obtained from the Universal Protein
Resource (http://www.uniprot.org/) (Accession Code: P10613), and
sequence homologous was obtained from Protein Data Bank (PDB)
using Blast search. In literature, the structure of cytochrome P450
lanosterol 14a-demethylase was developed homologically using
crystal structure of lanosterol 14a-demethylase from M. tuberculosis
as template (5,28-31). Based on the result of blast search, we used
the crystal structure of human lanosterol 14- DM (CYP51) with
ketoconazole as a template for homology modeling (PDB ID. 3I3K).
A hidden Markov model (HMM) was generated from a sequence
alignment for the identification of sequence motifs and query fam-
ily, which provides the information about which residues are con-
served in the consensus sequence. This information was used as
constraints in the generation of the protein sequence alignment. In
addition, secondary structure prediction algorithms SSpro (32) were
used for alignment of C. albicans lanosterol 14x-demethylase to
human lanosterol 14o-demethylase enzyme. The combination of
sequence motifs and secondary structure provides accurate picture
of each helix. Alignment of C. albicans lanosterol 14«-demethylase
with human lanosterol 14¢-demethylase enzyme was carried out
using the automated alignment program in PrRiME v2.1 (Schrodinger,
LLC, New York, NY, USA). Following automated alignment, manual
inspection was made to ensure the conserved motifs, and loops
were correctly aligned. The final model of C. albicans lanosterol 14-
o DM enzyme was developed using PRIME v2.1. The binding sites
were generated using SiTEmMAP v2.3 (33) (Schrodinger), and side
chain and loops around active binding site (site with highest site-
map score) were refined using Prime refinement tool. The quality of
generated C. albicans lanosterol 14o-demethylase model was
assessed by using the well-validated programs PROCHECK (34) and
WHATIF (35).
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The developed protein was further preprocessed, optimized, and
minimized to 0.3 RMSD using ‘protein preparation wizard' in MAEs-
TR0 V.0 (Schrodinger). In the human lanosterol 14a-demethylase X-
ray structure, ketoconazole hinds with its azole ring perpendicular
to the heme porphyrin plane and with N-4 of the triazole co-ordi-
nated to the heme iron. Therefore, constraints were defined that
triazole rings of all synthesized compounds overlapped the ketoco-
nazole triazole. At last, grids were generated around active site of
enzyme by centering them on the ligand using default box size. The
structure of all compounds was built using Maestro build panel and
prepared by LiGPREP v2.3 (Schrddinger) module, which produces
lower energy conformers of all compounds using OPLS_2005 force
field. In Ligprep module, the Epik 2.0 program (36) was used for
generation of ionized state of all compounds at target pH 7.0 + 2.0.
The lower energy conformers were selected and docked into grid
generated from protein structure using Standard Precision (SP) dock-
ing mode in molecular docking tool, GuDbe v5.5 (37) (Schrédinger).
The final evaluation of ligand—protein binding was carried out with
Glide score (docking score).

G (GLIDE) score = a x vdW + b x Coul + Lipo + H bond + Metal +
BuryP + Rot B + Site

where vdW, van der Waals energy; Coul, Coulomb energy; Lipo,
Lipophilic contact term; HBond, Hydrogen-bonding term; Metal,
Metal-binding term; BuryP, Penalty for buried polar groups; RotB,
Penalty for freezing rotatable bonds; Site, Polar interactions at the
active site; and the coefficients of vdW and Coul are a = 0.065 and
b=0.130.

Results and discussion

Chemistry

The syntheses of compounds 3a-30 are outlined in Scheme 1.
Starting hydrazide compound has been prepared as reported in our
previous work (24). Corresponding hydrazide compounds 1a-1o,
ammonium acetate, and aromatic aldehydes were heated under
reflux in ethanol using 20 mol% ZrOCl,-8H,0 to get the target com-
pounds 3a-30 (Scheme 1). Catalytic property of ZrOCl, has been
studied considering synthesis of 3a. Effects of various solvents like
THF, acetonitrile, and ethanol have also been studied (Table 1).
Among the results obtained, use of 20-mol% ZrOCl; in ethanol gave
the better yield (85%) for the synthesis of 3a. The synthetic proce-
dure was extended for synthesis of all the compounds 3a-30 using
different hydrazides and aromatic aldehydes. The vyields were
obtained in the range of 80-85% (see Supporting Information). All
synthesized derivatives were characterized using mass and 'H NMR.

Antifungal activity and docking study

All the synthesized compounds were screened for in vitro antifungal
activity. The antifungal activity was evaluated against different fun-
gal strains. Minimum inhibitory concentration values of the tested
compounds are presented in Table 2.

We found that introduction of 1,2,4-triazole ring in place of
1,2,4-oxadiazole ring and 1,2,4-triazine ring (reported previously)
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3eR=80,CH; R;=H
3iR=COCH;R;=4Cl  3jR=SO,CH;R,=4Cl 3kR=CH;R,=40CH;
3mR =S0,CH; R;=4NO, 3nR=COCH, R,=4CH; 30 R = COC,H; R, = 4CH,

Table 1: Optimization of reaction conditions and the quantity of
Zr0Cl, for the synthesis of tert-butyl-(4-(5-phenyl-4H-1,2 4-triazol-3-
yl}-1H-1,2,3-triazol-1-yl) piperidine-1-carboxylate (3a)

Solvent Mol% of ZrQOCl, Reaction time (h) Yield® (%)
THF 20 24 58
Acetonitrile 20 24 60
Dichloromethane 20 20 55
Ethanol 20 12 85
Ethanol 10 12 74

?Yields refer to the isolated pure products.

maintains and increases the antifungal activity against all tested
organism except Cryptococcus neoformans. It was also observed
that orders of antifungal activity against all tested organism
appeared to be —S0,CH; > CH3 > C,Hs substitution on piperidine
ring, consistent with our previous observations.

3dRC,HsR,=H
3fR=COCHs R;=H 3gR=COCgHs4CIR;=H 3hR=CH,R,=4Cl
31R = C,H; R, = 40CH,4

Scheme 1: Synthesis of series
of new 1,2,4-triazole analogs. (a)
20 mol% ZrOCl,-8H,0, NH,;0Ac,
EtOH.

From the antifungal activity data (Table 2), it is observed that
compounds 3e, 3h, and 3j are the most active among all tested
compounds. N-protected compound with phenyl substituents at five
position (3a) shows diminished antifungal activity compared to
miconazole and fluconazole. Deprotected compound 3b shows sig-
nificant rise in activity compared to 3a. Substitution of methyl
group (3¢) on piperidine nitrogen increases the antifungal activity
compared with unsubstituted nitrogen (3b). Activity of compound
3c was comparable with miconazole against C. albicans and F. oxy-
sporum. Substitution of ethyl group (3d) on nitrogen reduces the
activity against all tested organisms except C. neoformans where it
shows slight increase in activity compared with methyl-substituted
analog. Introduction of mesyl group on nitrogen (3e) increases the
antifungal activity compared with unsubstituted piperidine against
all tested organisms. Compound 3e was more potent against
C. albicans compared with miconazole whereas equipotent with
miconazole against £ oxysporum. Introduction of benzoyl or p-chloro

Table 2: Antifungal activity and

MIC values in ug/mL Distance results of docking study of the syn-
between thesized compounds
. . . . N of azole
Caqd/da Fusarium Aspergillus A‘sperg///us Cryptococcus and Heme

Compound albicans ~ oxysporum  flavus niger neoformans Gscore ring { A)
3a 160 100 120 * * —6.60 29

3b 50 40 40 70 60 —-6.13 32

3c 30 30 30 50 150 —-6.30 30

3d 45 40 40 60 120 -7.18 33

3e 20 25 30 40 100 —6.88 3.2

3f 100 * 160 * 180 -7.78 37

3g 120 160 * * 100 —-8.01 33

3h 25 25 30 40 * —6.19 32

3i 30 40 50 50 * -6.34 32

3j 20 20 20 30 * —6.41 34

3k 30 30 40 20 150 —6.11 3.2

3l 60 70 70 50 * —6.71 34

3m 30 40 40 30 * —-5.60 -

3n 80 70 50 35 140 —6.11 32

30 160 * 180 * * —6.26 32
Miconazole 25 25 12.5 12.5 25 -7.33 24
Fluconazole 5 5 5 10 5 -5.02 21
Ketoconazole - - - - - —6.83 26

*No activity was observed up to 200 ug/mL.
*Values are the average of three readings.
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benzoyl group on nitrogen (3f, 3g) shows significant loss of activity
compared with unsubstituted nitrogen.

Introduction of -C/ group on 5-phenyl (3h=3j) shows increase in
activity against all tested organisms except C. neoformans com-
pared to compounds with unsubstituted 5-phenyl group. Compound
3h was equipotent with miconazole against F oxysporum and
C. albicans. Activity of Compound 3i was comparable with miconaz-
ole against C. albicans. Compound 3j with methyl sulfone group on
piperidine nitrogen and -C/ group on five phenyl substituents was
more potent against £ oxysporum and C. albicans than miconazole.
Introduction of -OCH; group on 5-phenyl (3k) with —CH; group on
piperidine does not affect the activity against C. albicans and
. oxysporum, whereas it increases against A. niger compared to
compounds with unsubstituted 5-phenyl group. Introduction of -NO,
group on b5-phenyl with -SO,CH; on piperidine (3m) shows
decrease in activity against all tested organisms compared to com-
pounds with unsubstituted 5-phenyl group. Introduction of CHj

-P10613
P10613 pfam

group on 5-phenyl (3n, 30) shows decrease in activity against all
tested organism compared to 3f and 3i. In conclusion, compounds
3e and 3j were the most potent compound from the series.

In addition, we developed the homology madel of cytochrome P450
lanosterol 14a-demethylase of C. albicans. The crystal structure of
human lanosterol 14a-demethylase with ketoconazole was used as
template for homology model, and sequence identity between
human and C. albicans lanosterol 14o-demethylase was found 34%.
Alignment of C. albicans lanosterol 14o-demethylase with human
lanosterol 14oa-demethylase enzyme is shown in Figure 2. The final
model was generated with Prime (Figure 3). The final statistical
analysis of the Ramachandra plot showed that 91.9% of the main
chain dihedral angles were found in the most favorable region, thus
confirming the good quality of the generated 3D model. The binding
sites in C. albicans lanosterol 14o-demethylase enzyme were inden-
tified using Sitemap. The binding cavity with best sitescore (Site-
score-1.122) containing hydrophobic, metal-binding, and hydrogen

e woa P e e a B asa ol o wa ol oaa el oo ol oaval oo weabasealawe sl oaasloaseleas
MAIVETVIDGINYFLSLSVTQQISILLGVEPEVYNLEWQYLYSLRKDRABLVYWEBWEESEAS o

L — — - —

3I3KA A ssa
JISKA A

— —_———
q(s ~~~~~~~~~ PEYINSPREF L Ih

-P10613

3I3KA A ssa

YIQQI‘I‘-F‘SCRQ-D-*-**--“-*-*-*'FM-KIHTVY LGPKGHEvaams.‘:s-a] Ls

Ty

T o ——
L

EETEEYFES~~~~ranms 183

II3KA A THUGKTFTY ~~~~~~~~ SDAAALL
S

-P10613 KH_I.::[{SRLH'J-FA[FA.TTDS-RY.PK.R ~~~~~~~~ EEILNYFUTD 173

P10613 pfam e e e e

El061s Sopro = - = =~ N - = = == === ======s - - SSEEESEses
3I3KA A ssa

3I3KA A~ SR

e T ol o e oMo Rl e ey R es [Seg g [RGBy e

-Pl0613 ESE‘KLKEKTH'JRH'IKTQPIITF_RS'FW.RIFDRSFIJ-S-K-I‘PINFVF. 136

P10613 pfam

P10613”SSpro _

3I3KA A ssa

IIZKATR.  wewwess WGESMEALS LI L
I |
-P10613 ~M
P10613_pfam ~ 1p

e
Er— ]

3I3KA ATssa
SI3KA A GW|

-P10613
P10613 pfam
Pl061l3 SSpro
3I3KA A ssa
3I3KA A

-P10613
P10&13

P10613_55pro ___
_——:._-_

3I3KA AT ssa

3I3KA A~

-P10613
P10613 pfam

c1 L e e E e s

3I3KA A s5a
JI3KA™A™

D ¥ Lt iea DNPA

-Pl0613
P10613 pfam + n ++
3I3KA A ssa

i e
3I3KA™A LRLYEFDLIDGYFETVNITTHIHT

+++1lp++

P1°513:§59r0 _

V‘INLRWTIDGYKU.DPD.SS.‘M’VLPTEPAEIIWEKRETCMF S s e SRR 2 e

Figure 2: Alignment of amino acid sequence of CA-CYP51 (P10613) and human CYP51 (3I3K_A). Key: pfam, predicted family by HMM con-
sensus sequence; capital letters, highly conserved region; lowercase letter, matches HMM:; (+) match is conservative according to HMM;
SSPro, Secondary structure prediction; H, alpha helix; E, beta strand; (—) loop; ssa, secondary structure assignment; red cylinder, alpha helix;

cyan arrow, beta strand; black line — loop.
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Figure 3: Structure of homology model of CA-CYP51. Helices
and strands are highlighted in red and cyan color. The heme cofac-
tor is highlighted in green.

acceptor region was obtained around position of ligand and heme
(Figure 4). A subunit above heme ring represents metal-binding

space and hydrophobic area. Hydrophobic scaffolds of the inhibitors
(such as the sterol group of the substrate) or groups that co-ordi-
nate with the heme (such as the triazole or imidazole group of the
azole inhibitors) are favorable in this pocket.

The docking study was also performed to study and predict the
binding mode of newly synthesized compounds with the target
enzyme cytochrome P450 lanosterol 14a-demethylase of C. albicans.
All compounds showed similar docking mode in the active site of
the enzyme. The 1,2,4-triazole ring (compounds 3a, 3d, 3e, 3g.
3i-3l, and 3n) or 1,2,3-triazole ring (compounds 3b, 3¢, 3f, 3h,
and 3o0) is positioned almost perpendicular to the porphyrin plane,
with a ring nitrogen atom co-ordinated to the heme iron (Figure 5).
The distance between nitrogen of azole ring in all compounds and
heme ring was measured and found in the range of 2.9-3.7 A and
was comparable with that found in the crystal structure of human
lanosterol  14a-demethylase complexed with azole inhibitors
(Table 2). In the most of the compounds, phenyl ring occupied the
same hydrophobic region above the heme ring and showed good
van der Waals interaction with heme and amino acids PHE126,
ILE131, LEU300, and ILE304, whereas piperidine ring of most of
compounds located in same hydrophobic region by making good van
der Waals interaction with TYR118, LEU121, PHEZ228, LEU376, and
METS508. In particular, all hydrophobic substituents find location in
a hydrophobic subsite above the heme ring.

Docking score (G-score) of all compounds are shown in Table 2. The
good in vitro activity of compounds 3e, 3j, 3h, 3¢, 3i, and 3k is
ascribed to their strong binding affinity for C. albicans lanosterol
140-demethylase enzyme shown by docking score. The higher dock-
ing score of compounds 3g, 3f, 30, 3a, and 3l is linked to
their long side chain that fits into the binding cavity of C. albicans

Figure 4: Site points, hydrophobic, and metal-binding region for enzyme. The protein is shown in wireframe.
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A
!lLE 131
mﬁi}

ILE 471

ViLE
ILE 471

SER 378

Figure 5: Binding mode of compounds (A) 3e and (B) 3g in
active site of cytochrome P450 lanosterol 14o-demethylase of Can-
dida albicans. The distance of nitrogen of azole ring and heme ring
is indicated in red dotted line. The hydrogen atoms are removed for
clarity.

lanosterol 14a-demethylase enzyme, but showed weak in vitro
activity. The low docking score of compounds 3b and 3n is associ-
ated with their bad van der Waals interaction with heme ring. The

Chem Biol Drug Des 2011; 78: 800-809

low docking score of compound 3m is linked with its pose, triazole
ring not perpendicular to heme iron.

Conclusion

Synthesis of a novel series of 1,2,4-triazole with 1,2,3-triazole and
piperidine ring has been demonstrated. Based on the activity data,
SAR for the series has been developed. From SAR, it can be said
that compounds 3e and 3j are most active compounds from the
series, thus suggesting that the present series containing 1,2,4-
triazole with 1,2,3-triazole and piperidine ring with methyl sulfone
group on piperidine nitrogen can serve as important pharmacophore
for the design of new antifungal agent with potent activity. Dacking
study of all compounds in active site of enzyme cytochrome P450
lanosterol 14a-demethylase of C. albicans has been carried out.
From their binding mode, it can be suggested that 1,2,4-triazole and
1,2,3-triazole rings in present series serve as necessary requirement
for good interaction with heme iron for inhibition of enzyme and
potential antifungal activity.
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