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Abstract: Background: Mycobacterium Tuberculosis (Mtb) is the causative pathogen of Tuberculosis
(TB) and outbreaks are more common among immunosuppressed persons infected with HIV. The cur-
rent treatment regimens are lengthy and toxic, yet the therapy has remained unchanged for many dec-
ades, so there is a need to find new structures with selective mechanism of action. Moreover, the in-
creased incidence of severe disseminated infections produced by undiagnosed Multidrug-resistant
(MDR), worsen clinical treatment and contribute the spread of the disease.

Objective: The aim of our study was to evaluate the potential of imidazole and triazole moieties for
antimycobacterial activity, by synthesizing some 1-(1-(aryl)-2-(2,6-dichlorophenyl)hydrazono)ethyl-
1 H-imidazole and 1H-1,2 4-triazole derivatives 2a-l.

Merthods: The title compounds were obtained via classical organic synthesis. The antimicrobial activity

was evaluated using the method of microdilution and the cytotoxicity assay was performed by MTT

method.
Accepted: August 31,2018 Results: The results indicated that the presence of both the imidazole ring and that of the 2.6-
dichlorosubstituted phenyl moiety, is more relevant for inhibitory activity against Mtb than the triazole
nucleus and the unsubstituted phenyl ring. Among the series, (E)-1-(2-(5-chlorothiophen-2-yl)-2-(2-
(2,6-dichlorophenyl)hydrazono)ethyl)-1 H-imidazole derivative 2f and (Z)-1-(2-([1,1’-biphenyl]-4-yl)-
2-(2-(2.6-dichlorophenyl)hydrazono)ethyl]-1 H-imidazole derivatives 2e exhibited a promising antimy-
cobacterial property and the latter also displayed a safe cytotoxic profile.
Conclusion: The synthesized compounds were studied for their antitubercular activity. Among the
series, the compounds 2e and 2f appeared to be the most promising agents and. according to the dock-
ing assessment, the compounds could be CYP51 inhibitors. These evidences could be useful for the
future development of new antimycobacterial derivatives targeting CYP51 with more specificity for the
mycobacterial cell enzyme.
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1. INTRODUCTION

Although the number of Tuberculosis (TB) deaths fell by
22% between 2000 and 2015, TB remained one of the top 10
causes of death worldwide in 2016 with 1.4 million deaths
estimated among HIV-negative people and 10.4 million new
TB cases worldwide [1].

treatment regimens are lengthy and toxic, yet the therapy has
remained unchanged for many decades, so there is a need to
find new structures with selective mechanism of action.
Moreover, the increased incidence of severe disseminated
infections produced by undiagnosed Multi-Drug-Resistance
(MDR), worsen clinical treatment and contribute to the
spread of the disease.

Mycobacterium Tuberculosis (Mtb) is the causative
pathogen of the TB and outbreaks are more common among
immunosuppressed persons infected with HIV. The current

In the field of antimycobacterial inhibitors, there are sev-
eral new classes of drugs proposed, i.e. chalcones [2] or -
pyrones [3], as well as new selective antimycobacterial tar-
gets like decaprenyl-phosphoryl-B-D-ribose2” epimerase
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(DprEl) [4] and Dihydrofolate Reductase (DHFR) [5].

It is also known that several imidazole derivatives show
both antimycobacterial and antifungal activities [6-12] due to



the common target. In effect, the inhibition of cytochrome
P450-dependent lanosterol 14a-demethylase (P450, CYP51)
is the target of the azole antifungal agents but it was estab-
lished, using genome DNA from M. tuberculosis (Mtb)
Hj;Rv strain, that a CYP51-like gene encodes a mycobacte-
rial sterol 14c-demethylase (Mtb 14DM) which acts on 140-
methyl sterols and binds antifungal azole inhibitors of 14DM

[13].

In our previous work [12], we already synthesized some
1-(2-aryl-2-phenylhydrazono)ethyl-1 H-imidazole and 1-(2-
aryl-2-phenylhydrazono)ethyl-1H-1,2 4-triazole ~ derivatives
gifted with moderate antifungal activity toward two Candida
spp. (MIC range 8-64 pg/ml) and rather low antimycobacte-
rial activity against Mtb Hj3;Rv strain (MIC range 16-128

Hg/ml).

In order to explore the chemical space around the azole
nucleus and the relevance of the aromatic elements for the
antimycobacterial activity, we chose to retain the original
structure of our previous derivatives and to replace the phen-
ylhydrazine group with the corresponding, more lipophilic,
2,6-dichlorophenylhydrazine moiety, the dichlorophenyl ring
is a key element not only in many well-known antifungal
drugs such as miconazole, ketoconazole and zinoconazole
[14], but also in some compounds gifted with antimycobac-
terial activity [15, 16], as depicted in Fig. (1).

By these assumptions we synthesized some new [-(1-
(aryl)-2-(2,6-dichlorophenyl)hydrazono)ethyl-1 H-imidazole
and 1H-1,2.4-triazole derivatives 2a-1 (Fig. 2).

2. EXPERIMENTAL
2.1. Chemistry, General Remarks

Commercially available chemicals were of reagents
grade and used as such. Melting points were determined with
a Stuart SMP30 capillary apparatus, and are uncorrected.
Reaction courses and product mixtures were routinely moni-
tored by Thin-layer Chromatography (TLC) on silica gel
precoated Fas4 Merck plates. Infrared spectra in nujol mulls
were recorded on a Jasko FT 200 spectrophotometer. Proton

0 e
N

nuclear magnetic resonance spectra ('H-NMR) and carbon
nuclear magnetic resonance spectra (°C-NMR) were ob-
tained on a Varian Gemini 200 MHz spectrometer, a Jeol
270 MHz or a Varian 400 MHz; chemical shifts are reported
in part per million (8,ppm) in CDCl; solution (0.05% v/v
TMS) or DMSO-dg; D,0 has been added (1 drop) to assign
NH protons. Coupling constants (J) are reported in Hz and
the splitting abbreviations used are: s, singlet; d, doublet; dd,
double doublet; t, triplet; dt, double triplet; q, quartet; m,
multiplet; br, broad. ESI-MS spectra were obtained on a PE-
API 1 spectrometer by infusion of a solution of the sample in
ultrapure MeOH. NMR sgectra are provided as Supplemen-
tary material. Chemdraw” software v. 12.0.3. was used for

the chemical graphics and Marvinsketch® v. 17.1.2
(chemaxon mode) was used for estimated solubility data.
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Fig. (2). The rationale for the synthesis of new 2,6-

dichlorophenylhydrazine derivatives 2a-l.

2.2. General Procedure for the Preparation of 2-(1H-
Imidazol-1-yl)-1-(Aryl)Ethanone 1a-f

2.2.1. Synthesis of 2-(1H-Imidazol-1-yl)-1-(Phenyl) Etha-
none la

In a 250 ml round bottom flask, 5.0 g of 2-bromo-1-
phenylethanone (25 mmol) and 5.1 g (75 mmol) of imidazole
in 100 ml of THF were left to react overnight at room tem-
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Fig. (1). Structures of some known antifungal and antimycobacterial compounds.



perature. The solvent was removed by rotary evaporation and
the solid residue was taken up with CH,Cl; and washed 3
times with distilled H,O. The organic phases were collected,
dried over anhydrous Na;SOy, filtered and evaporated under
vacuum. The residue was crystallized from absolute EtOH.

Yield: 2.3 g, 48%; m.p. 114-116°C (lit. [17]: 116-118
°C); LR. (nujol) ,m.x 1688 (C=0) cm’; '"H-NMR (CDCls,
200 MHz) &(ppm): 5,34 (s, 2H, CH,), 6.86 (s, 1H, imid.),
7.02 (s, 1H, imd.), 7.40-7.54 (m, 3H, arom. and 1H imid.),
7.87-7.80 (m, 2H, arom.).

2.2.2. Synthesis of 2-(1H-Imidazol-1-yl)-1-(4-Bromo-
phenyl)Ethanone 1b

Yield: 67%; m.p. 162-165°C (lit. [18]: 163-164°C); L.R.
(nujol) ymax 1693 (C=0) cm™; "H-NMR (CDCls, 200 MHz)
S(ppm): 5.34 (s, 2H, CH,), 6.89 (s, 1H, imid.), 7.09 (s, 1H,
imid.), 7.61-7.66 (m, 3H, 2H arom. and 1H imid.), 7.78-7.82
(m, 2H, arom.).

2.2.3. Synthesis
phenyl)Ethanone 1c

Yield: 77%; m.p. 150-156°C (lit. [17]: 152-156°C); L.R.
(nujol) ymax 1689 (C=0) cm™; 'TH-NMR (CDCls, 200 MHz)
S(ppm): 5.35 (s, 2H, CHy), 6.90 (s, 1H, imid.), 7.08 (s, 1H,
imid.), 7.45-7.51 (m, 3H, 1H imid. ¢ 2H arom.), 7.86-7.91
(m, 2H, arom.).

2.2.4. Synthesis of 2-(1H-Imidazol-1-yl)-1-(4-Tolyl) Etha-
none 1d

Yield: 79%; m.p. 118-123°C (lit. [17]: 133-137°C); LR.
(nujol) ymax 1694 (C=0) em™; 'H-NMR (CDCls, 200 MHz)
8(ppm): 2.41 (s, 3H, CHs), 5.35 (s, 2H, CH,), 6.91-7.82 (m,
5H, 2H arom. and 3H imid.), 7.86 (d, 2H, arom.).

2.2.5. Synthesis of 1-({1,1'-Biphenyl]-4-yl)-2-(1 H-Imidazol-
1-yl)Ethanone 1e

Yield: 50%; m.p. 162-168°C (lit. [19]: 164-166°C); L.R.
(nujol) ymax 1694 (C=0) em™; 'H-NMR (CDCls, 200 MHz)
8(ppm): 5.45 (s, 2H, CH,), 6.97 (s, 1H, imid.), 7.15 (s, 1H,
imid.), 7.40-8.06 (m, 10H, 9H arom. and |H imid.).

2.2.6. Synthesis of I1-(5-Chlorothiophen-2-yl)-2-(1H-
Imidazol-1-yl) Ethanone 1f

Yield: 96%; m.p. 162-168°C; LR. (nujol) ,pax 1672
(C=0) cm-'; "H-NMR (DMSO-d6, 200 MHz) 8(ppm): 5.90
(s, 2H, CH,), 7.43 (d, 1H, imid.), 7.69 (d, 2H, tiof.), 8.08 (d,
1H, imid.), 8.12 (s, 1H, imid.). 'C-NMR (DMSO-d6, 200
MHz) &(ppm): 52.9, 119.2, 127.6, 129.6, 133.0, 138.2,
139.4, 145.1, 194.3. MS (ESI'): m/z 227 [MH'] 229
[MH"+2].

of 2-(IH-Imidazol-1-yl)-1-(4-Chloro-

2.3. General Procedure for the Preparation of 2-(1H-
1,2,4-Triazol-1-yl)-1-(aryl)Ethanone 1g-1

2.3.1. Synthesis of 2-Phenyl-1-(1H-1,2,4-Triazol-1-yl) Etha-
none lg

To a solution of 1.20 g (17.5 mmol) of 1,2,4-triazole in
30 ml of THF, and equimolar amount of NaH was added and
the solution was left to stir for 30 minutes at room tempera-
ture; then 3.50 g (17.5 mmol) of 2-bromoacetophenone were
added and the mixture was stirred until the reaction was

completed. The solvent was removed by rotary evaporation
and the residue was poured into distilled water, extracted
with CH,Cl, (3x100 ml). The organic phase was dried
(Na;S0y), filtered and evaporated in vacuo to give a solid
which was crystallized from absolute EtOH.

Yield: 25%; m.p. 110-115°C (lit. [20]: 117-118.5°C);
LR.(nujol) ymax 1694 (C=0) em™; 'H-NMR (CDCl;, 200
MHz) &(ppm): 5.63 (s, 2H, CH;), 7.42-7.89 (m, 5H, arom.),
7.91 (s, 1H, triaz.), 8.18 (s, 1H, triaz.).

2.3.2. Synthesis of 2-(4-Bromophenyl)-1-(1H-1,2,4-Triazol-
I-yl)Ethanone 1h

Yield: 45%; m.p. 175-177°C (lit. [21]: 179-180°C); L.R.
(nujol) ymax 1688 (C=0) cm™; "H-NMR (CDCls, 200 MHz)
8(ppm): 5.62 (s, 2H, CH,), 7.64-7.68 (m, 2H, arom.), 7.80-
7.85 (m, 2H, arom.), 7.98 (s, 1H, triaz.) 8.22 (s, 1H, triaz.).

2.3.3. Synthesis of 2-(4-Chlorophenyl)-1-(1H-1,2,4-Triazol-
I-yl)Ethanone Ii

A slight modification of the above procedure was
adopted.

To a solution of 4.2 g (60.9 mmol) of 1,2.4-triazole in 30
ml of DMF in an ice-bath at 0°C, 2-bromo-I-(4-
chlorophenyl)-ethanone (12.2 mmol) dissolved in a mini-
mum amount of the same solvent was added in a dropwise
manner. After the reaction was completed, the solvent was
removed under vacuum and the residue was poured into ice-
water and extracted with CH,Cl, (3x) dried and filtered. The
solution was evaporated to afford a residue which was crys-
tallized from toluene.

Yield: 34%; m.p. 144-150°C (lit. [21]: 152-153°C); LR.
(nujol) ymax 1691 (C=0) ecm™; "H-NMR (CDCls, 200 MHz)
8(ppm): 5.96 (s, 2H, CH»), 7.61-7.65 (m, 2H, arom.), 8.00-
8.05 (m, 3H, 2H arom., e 1H triaz.), 8.48 (s, 1H, triaz.).

2.3.4. Synthesis of 2-(4-Tolyl)-1-(1H-1,2,4-Triazol-1-yl)
Ethanone Ij

The same procedure of 1g was adopted.

Yield: 54%; m.p. 82-85°C (lit. [22]: 61-63°C); L.R. (nu-
jol) ymax 1678 (C=0) cm™'; 'H-NMR (CDCl;, 200 MHz)
8(ppm): 2.41 (s, 3H, CHa), 5.82 (s, 2H, CH,), 7.28 (m, 2H,
arom.), 7.83-7.87 (s, 2H, arom.), 7.96 (s, 1H, triaz.), 8.21 (s,
1H, triaz.).

2.3.5. Synthesis
ethanone 1k

of I-({1,1'-Biphenyl|-4-yl)-2-Bromo-

The same procedure of 1i was adopted.

Yield: 30%; m.p. 159-162°C (lit. [21]: 172-173°C); L.R.
(nujol) ymax 1687 (C=0) em™; "TH-NMR (CDCls, 200 MHz)
S8(ppm): 5.69 (s, 2H, CH,), 7.24-7.74 (m, 7H, arom.), 8.00
(m, 2H, arom,), 8.04 (s, 1H, triaz.), 8.26 (s, 1H, triaz.).

2.3.6. Synthesis of 1-(5-Chlorothiophen-2-yl)-2-(1H-1,2,4-
triazol-1-yl) Ethanone 11

This compound was obtained following the same proce-
dure of 1g, but using NaOH (half equivalent) instead of NaH
as base.

Yield: 66%: m.p. 127-129°C; LR. (nujol) yme 1682
(C=0) em’'; "H-NMR (CDCls, 200 MHz) &(ppm): 7.07 (d,



1H, tioph. H-4, J= 3.66 Hz), 7.64 (d, 1H, tioph. H-3, J= 3.66
Hz), 8.03 (s, 1H, H-5 triaz.) 8.28 (s, 1H, H-3 triaz.). 'C-NMR
(DMSO0-d6, 200 MHz) 8(ppm): 51.1, 119.4, 127.4, 130.6,
139.1, 142.1, 143.4, 151.3, 192.3. MS (ESI'): m/z 228
[MH'] 230 [MH™+2].

2.4. General Procedure for the Synthesis of Derivatives
2a-1

A solution of [-phenyl-2-(1H-imidazol-1-yl)-ethanone
(1.0 g, 5.4 mmol) in 50 ml of ethanol, was treated with two
drops of acetic acid. To the stirred solution, 2.6-
dichlorophenylhydrazine hydrochloride (1.1 g, 6.4 mmol) in
50 ml of absolute ethanol was added dropwise and the reac-
tion mixture was heated at reflux (CaCl, trap) for 6 h.
Thereafter, the solvent was removed under reduced pressure
and the residue was taken up with CH,Cl, and washed with
distilled water (3x50 ml). The collected organic phases were
dried over anhydrous Na,SOy, filtered and evaporated under
reduced pressure. The residue was crystallized from absolute
ethanol.

2.4.1. Synthesis of (Z) 1-(2-(2-(2,6-Dichloro-
phenyl)Hydrazono)-2-Phenylethyl)-1H-Imidazole, Chloride
Salt 2a

This compound was obtained as hydrochloride directly
after the reaction was completed, by crystallization from
EtOH.

Ochre solid, yield: 45%; m.p. 107-109°C; LR. (nujol) ,max
3403, 2720, 2667 cm’'; '"H-NMR (DMSO-d6, 270 MHz)
S(ppm): 6.11 (s, 2H, CH; Z-isomer 90% and 5.85 CH; E-
isomer 10%), 7.24-8.10 (m, 11H, 3H imid., 8H arom.), 9.16
(s, 1H, NH D,O exchanged), 10.80 (broad peak, NH™ D,O
exchanged); MS (ESI"): m/z 383 [MH'] 385 [MH +2] [23].

2.4.2. Synthesis of (Z) I1-(2-(4-Bromophenyl)-2-(2-(2,6-
Dichlorophenyl) Hydrazone)-ethyl)-1H-Imidazoele, 2b

Yellow solid, yield: 32%; m.p. 220-220°C; 1.R. (nujol)
wmax 3450 em™; "H-NMR (DMSO-d6, 200 MHz) &(ppm):
5.80 (s, 2H, CHy), 7.19-7.81 (m, 9H, 2H imid., 7H arom.),
9.27 (s, 1H, H; imid.), 9.77 (s, 1H, NH D,0 exchanged); MS
(ESI"): m/z 425 [MH '], 427 [MH'+2] [23].

2.4.3. Synthesis of (Z) 1-(2-(4-Chorophenyl)-2-(2-(2,6-
Dichlorophenyl) Hydrazono)-ethyl)-1H-Imidazole, 2¢

Light-yellow solid, yield: 59%; m.p. 216-218°C; LR.
(nujol) yma 3430 cm’; '"H-NMR (DMSO-d6, 200 MHz)
&(ppm): 5.80 (s, 2H, CH,), 7.20-7.86 (m, 9H, 2H imid., 7H
arom.), 9.25 (s, 1H, H, imid.), 9.72 (s, 1H, NH, D,O ex-
changed); MS (ESI): m/z 381 [MH'], 383 [MH "+2] [23].

2.4.4. Synthesis of (E) 1-(2-(2-(2,6-Dichloro-
phenyl)Hydrazono)-2-(p-Tolyl) Ethyl)-1H-Imidazole, 2d

Ochre solid, yield: 50%; m.p. 158-160°C; LR. (nujol) ,max
3436 cm™”; "H-NMR (CDCls, 400 MHz) 8(ppm): 'H-NMR
(CDCI3-TMS) d(ppm): 2.37 (s, 3H, CH3), 4.95 (s, 2H, CH,
E-isomer 90% and 5.26 ppm CH; Z-isomer 10%), 6.91 (t,
1H, arom., J= 8.0 Hz), 6.99 (s, 1H, H, imidaz.), 7.08 (m, 2H,
arom.), 7.26 (m, 4H, arom.), 7.55 (s, 1H, Hs imid.), 7.61 (s,
1H, H, imid.), 8.94 (s, 1H, NH D,O exchanged); MS (ESI'):
m/z 360 [MH ], 362 [MH '+2] [23].

2.4.5. Synthesis of (Z)-1-(2-([1,1'-Biphenyl[-4-y])-2-(2-(2,6-
Dichlorophenyl)Hydrazono)ethyl)-1H-Imidazole, Chloride
Salt 2e

This compound was obtained as hydrochloride directly
after the reaction was completed, by spontaneous crystalliza-
tion from abs. EtOH.

Ochre solid, yield: 55%; m.p. 159-161°C; L.R. (nujol) ,max
3415, 2710, 2664 cm™; 'H-NMR (DMSO-d6, 270 MHz)
8(ppm): 6.14 (s, 2H, CH; Z-isomer 90% and 5.88 ppm CH;
E-isomer 10%), 7.28 (t, 2H, arom.), 7.50-7.85 (m, 8H, arom.
+imidaz.), 7.96 (d, 2H, arom, J= 8Hz), 8.16 (d, 2H, arom, J=
8Hz), 9.17 (s, 1H, H, imidaz.), 9.60 (s, 1H, NH D,0 ex-
changed), 10.70 (broad peak, NH' D,O exchanged); MS
(ESI'): m/z 459 [MH'], 461 [MH '+2].

2.4.6. Synthesis of (E)-1-(2-(5-Chlorothiophen-2-yl)-2-(2-
(2,6-Dichlorophenyl) Hydrazono)ethyl)-1H-Imidazole,
Chloride Salt 2f

This compound was obtained as hydrochloride directly
after the reaction was completed, by spontaneous crystalliza-
tion from abs. EtOH.

Light-yellow solid, yield: 65%; m.p. 200-208°C dec.; I.R.
(nujol) ymax 3447, 2723, 2672 cm™; 'H-NMR (DMSO-d6,
400 MHz) (ppm): 5.80 (s, 2H, CH3), 7.06 (d, 1H, tioph.-H,4,
J=4.0 Hz), 7.22 (t, 1H, arom. phenylhydr. J= 8.0 Hz), 7.43
(d, 1H, tioph.-Hs, J= 4.0 Hz), 7.49 (d, 2H, arom. phenyl-
hydr., J= 8.0 Hz), 7.61 (s, 1H, Hy imidaz.) 7.68 (s, 1H, Hs
imidaz.), 9.34 (s, 1H, H, imidaz.), 9.87 (s, 1H, NH, D>O ex-
changed); 14.9 (broad peak, NH', D,O exchanged); "*C-
NMR (DMSO-d6, 400 MHz): 42.2, 109.9, 120.8, 122.2,
125.3,127.7,127.9, 129.3, 129.6, 130.8, 134.4, 136.2, 138.3,
141.6, 157.4; MS (ESI"): m/z 423 [MH'], 425 [MH'+2]. [14]

2.4.7.  Synthesis of (Z/E)- 1-(2-(2-(2,6-Dichloro-
phenyl)Hydrazono)-2-Phenylethyl)-1H-1,2,4-Triazole 2g

Orange solid, yield: 25%; m.p. 110-112°C; LR. (nujol)
wmax 3420 cm™; "TH-NMR (CHCls, 200 MHz) &(ppm): 5.26 (s,
2H, CH, isomer E-minor-), 5.50 (s, 2H, CH; isomer Z-
major-), 6.90-8.30 (m, 10H, 2H triaz., 8H arom.), 9.35 (s,
1H, NH D,O exchanged); MS (ESI'): m/z 347[MH '], 349
[MH"+2].

2.4.8. Synthesis of (Z) 1-(2-(4-Bromophenyl)-2-(2-(2,6-
Dichlorophenyl) Hydrazono)-Ethyl)-1H-1,2,4-Triazole 2h

Light-orange solid, yield: 55%; m.p. 88-90°C; L.R. (nu-
jol) ymax 3435 ecm™; '"H-NMR (CDCl;, 400 MHz) 8(ppm):
5.45 (s, 2H, CH,), 6.97 (t, |H, arom., J= 8.0 Hz), 7.33 (d,
2H, arom., J= 8Hz), 7.52 (d, 2H, arom., J= 8 Hz), 7.66 (d,
2H, arom., J= 8 Hz), 8.05 (s, 1H, Hs triaz.), 8.27 (s, 1H, H;
triaz.), 9.31 (s, 1H, NH D,O exchanged); MS (ESI'): m/z
426[MH™], 428 [MH"+2].

2.4.9. Synthesis of (Z) I1-(2-(4-Chorophenyl)-2-(2-(2,6-
Dichlorophenyl) hydrazono)-Ethyl)-1H-1,2,4-Triazole 2i

Light-brown solid, yield: 33%; m.p. 105-107°C; L.R. (nu-
jol) ymax 3400 cm™; '"H-NMR (CHCl;, 200 MHz) 8(ppm):
5.67 (s, 2H, CH»), 6.92 (t, 1H, arom. phenylhydr. J= 8.0 Hz),
7.27 (d, 2H, arom. phenylhydr., J= 8.0 Hz), 7.54 (d, 2H,
arom. p-subs., J= 8.0 Hz), 7.95 (d, 2H, arom. p-subs., J= 8.0
Hz), 8.03 (s, 1H, Hs triaz.) 8.27 (s, 1H, H; triaz.), 9.37 (s,



IH, NH D,0 exchanged); MS (ESI"): m/z 382[MH], 384
[MH"+2].

2.4.10. Synthesis of (Z)-1-(2-(2-(2,6-Dichlorophenyl) Hy-
drazono)-2-(p-Tolyl) Ethyl)-1H-1,2,4-Triazole 2j

Dark-orange solid, yield:45%; m.p. 74-78°C; L.R. (nujol)
omax 3432 em™; "TH-NMR (CDCls, 200 MHz) 8(ppm): 2.47 (s,
3H, CHa), 5.68 (s, 2H, CH»), 6.92 (t, 1H, arom. phenylhyidr.
J=8.0 Hz), 7.29 (d, 2H, arom. phenylhyidr. J= 8.0 Hz), 7.35
(d, 2H, arom. p-subs., J= 8.0 Hz), 7.95 (d, 2H, arom. p-subs.,
J=8.0 Hz), 8.03 (s, 1H, H;s triaz.) 8.27 (s, 1H, Hj; triaz.), 9.25
(s, 1H, NH D,O exchanged); MS (ESI"): m/z 361 [MH'],
363 [MH+2].

2.4.11. Synthesis of (Z)-1-(2-({1,1'-Biphenyl]-4-yl)-2-(2-
(2,6-Dichlorophenyl) Hydrazono) Ethyl)-1H-1,2,4-Triazole
2k

Yellow solid, yield: 40%; m.p. 170-172°C; LR. (nujol)
max 3430 cm™; "TH-NMR (CDCls, 200 MHz) 8(ppm): 5.53 (s,
2H, CH,), 6.90-7.95 (m, 12H, arom.), 8.09 (s, 1H, Hs triaz.)
8.33 (s, 1H, H; imid.), 9.38 (s, IH, NH D,O exchanged); MS
(EST"): m/z 423 [MH '], 425 [MH ' +2].

2.4.12. Synthesis of (Z)-1-(2-(5-Chlorothiophen-2-yl)-2-(2-
(2,6-Dichlorophenyl) Hydrazono) Ethyl)-1H-1,2,4-Triazole
21

Yellow solid, yield: 34%; m.p. 175-177°C; LR. (nujol)
omax 3434 em™; "H-NMR (CDCls, 200 MHz) 8(ppm): 5.40 (s,
2H, CH,), 6.87 (d, 1H, tioph.-Hy4, J= 4.0 Hz), 6.96 (t, IH,
arom. phenylhydr. J= 8.0 Hz), 7.04 (d, IH, tioph.-H; , J= 4.0
Hz), 7.34 (d, 2H, arom. phenylhydr., J= 8.0 Hz), 8.06 (s, 1H,
Hs triaz.) 8.24 (s, 1H, Hj; triaz.), 9.47 (s, 1H, NH, D,0 ex-
changed); MS (ESI): m/z 388 [MH'], 390 [MH "+2].

2.5. Biological Evaluation
2.5.1. Antimycobacterial Studies

Mycobacterium tuberculosis Hy;Ra ATCC 25197 were
maintained on slants of Lowenstein-Jensen Medium (Difco,
Becton Dickinson, Sparks, MD, USA), at 37°C in an atmos-
phere of 5% CO,. An aliquot of these cultures transferred in
Middlebrook 7H9 broth (Difco), supplemented with 10%
ADC (albumin, dextrose, catalase, Difco) and 0.04% Tween
80 to avoid clump formation and incubated at 37°C in 5%
CO,. Cells were harvested by centrifugation, resuspended in
saline until a 1 McFarland density (1x10° cells/ml) was
reached, diluted 1:20 in Middlebrook 7H9 broth with 10%
ADC and 0.04% Tween 80, and sonicated in a bath-type
sonicator to disrupt the clumps. The absence of clumps was
also verified by a Zhiel-Neelsen staining. In order to confirm
the title of inoculum employed, the bacterial suspensions
were appropriately diluted and seeded on plates of Middle-
brook 7H11 agar supplemented with 10% OADC (oleic acid,
albumin, dextrose, catalase, Difco). The plates were incu-
bated at 37°C for 28 days and then was determined on the
number of colonies developed.

2.5.1.1. Staging of the Solutions of the Test Compounds

The test compounds were dissolved in DMSO at a con-
centration of 1-5 mg/ml, depending on their solubility and
stored at -20°C until use. Compounds were subsequently
diluted in Middlebrook 7H9 broth with ADC 10% to obtain a

final concentration of 128 pg/ml and further diluted 1:2 in
the same medium until the concentration of 0.25 pg/ml.

2.5.1.2. Determination of Antimycobacterial Activity

MIC of the tested compounds were determined against
Mycobacterium tuberculosis HysRa ATC 25197 by the resa-
zurin microtiter assay as previously described [24, 25] with
slights modifications. 50 UL of each solution of the tested
compounds prepared as described above, were transferred
into individual wells of 96-well plates and then 50 pL of the
suspensions of mycobacteria previously arranged were
added, in order to obtain a range of concentrations of the test
compounds between 0.125 and 64 pg/ml. Each concentration
was assayed in quadruplicate. The plates were incubated at
37°C in 5% CO,; for 7 days. 30 uL of resazurin (Sigma Ald-
rich Co., St. Louis, MO) solution prepared at 0.01% (wt/vol)
in distilled water, filter sterilized and stored at 4°C, was
added to each well, incubated 24-48 h at 37°C, and assessed
for color development. The change of color from blue to
pink indicates bacterial growth. Therefore, the minimum
inhibitory concentration (MIC) was attributed to the lower
concentration of the test compound to inhibit the color
change of resazurin. lsoniazid (INH, Sigma Aldrich) was
used as reference compound. Each determination was re-
peated twice under the conditions described.

2.5.2. Cytotoxicity Studies

Vero cells line used in this study were obtained from the
Biobanking of the Veterinary Resources (BVR, IZLER, Bre-
scia, Italy). Cells were grown and maintained in RMPI 1640
medium (Gibco, Thermo Fisher Scientific, Waltham, MA)
supplemented with 2mM I-glutamine (Gibco), penicillin 100
IU/ml (Gibco), streptomycin 100 pg/ml (Gibco), and 10%
fetal bovine serum (Gibeco). Cultures were maintained at
37°C in 5% CO,. For cytotoxicity experiments, cells were
seeded in 96-well plastic microtiter plates (Falcon, Becton
Dickinson) containing no antibiotics and the testing com-
pound, or INH as reference compound, at concentrations
ranging between 0.2 and 1000 pg/ml, depending on their
solubility in DMSQ, and incubated at 37°C in 5% CO,. Cells
were observed for morphological changes at 24, 48 and 72 h
of incubation. After 72 h the effects on the proliferation of
Vero cells were determined by the tetrazolium based col-
orimetric  3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetr-
azolium bromide (MTT, Sigma Aldrich) assay. The 50%
cell-inhibitory concentration (CCsg) reduced by 50% the op-
tical density values (ODs49600) With respect to control no-
treated cells, and was obtained using an automatic plate
reader.

2.6. Molecular Modeling

The optimized structure of 2e and 2f was docked into the
binding pockets of the 14DM by applying a consolidated
procedure [26] accordingly, it will be described here only
briefly. All docking experiments were performed with Auto-
dock 4.3/Autodock Tools 1.4.6 [27] on a win64 platform. DS
was employed to define the size of the binding site, using an
opening site of 10 A and a grid size of 0.7 A. The dimen-
sions of the Autodock grid box, based on the cavity
identified by DS, was large enough to cover all possible rota-
tions of each ligand. Van der Waals interactions were



modelled with the Amber 12-6 and 12-10 Lennard-Jones
parameters, respectively, while the distance-dependent rela-
tive permittivity of Mehler and Solmajer [28] was applied in
the generation of the electrostatic grid maps. A total of 300
Monte Carlo/simulated annealing (MC/SA) runs were per-
formed, with 100 constant-temperature cycles for simulated
annealing. The GB/SA implicit water model [29] was used in
these calculations to mimic the solvated environment. The
angles of the side chains and the rotation of the angles ¢ and
y were set free during the calculations, while all others pa-
rameters of the MC/SA algorithm were kept as default. The
structures of the two compounds were subjected to cluster
analysis with a 1 A tolerance for an all-atom root-mean-
square (rms) deviation from a lower energy structure repre-
senting each cluster family. The resulting docked conforma-
tions were clustered and visualized; then, for each com-
pound, only the molecular conformation satisfying the com-
bined criteria of having the lowest (i.e., more favorable)
Autodock energy and belonging to a highly populated cluster
was selected to carry for further modeling.

The ligand/protein complex obtained from the docking
procedure was further refined in Amber 14 [30] using the
Quenched Molecular Dynamics (QMD) method. According
to QMD, 1 ns MD simulations at 300 K were employed to
sample the conformational space of each ligand/protein
complex in the GB/SA continuum solvation environment
[25]. The integration step was equal to 1 fs. After each pico-
second, each system was cooled to 0 K, and the structure
was extensively minimized and stored. To prevent global
conformational changes of the protein, the backbone atoms
of the protein binding site were constrained by a harmonic
force constant of 100 kcal/A, whereas the amino acid side
chains and the ligands were allowed to move without any
constraint. The best energy configuration of each complex
resulting from the previous step was subsequently solvated
by a cubic box of TIP3P [31] water molecules extending at
least 10 A in each direction from the solute. The system was
neutralized and the solution ionic strength was adjusted to
the physiological value of 0.15 M by adding the required
amounts of Na” and CI ions. Each solvated system was re-
laxed by 500 steps of steepest descent followed by 500 other
conjugate-gradient minimization steps and then gradually
heated to a temperature of 300 K in intervals of 50 ps of
NVT MD, using a Verlet integration time step of 1.0 fs. The
Langevin thermostat was used to control temperature, with a
collision frequency of 2.0 ps-1. The SHAKE method [32]
was used to constrain all of the covalently bound hydrogen
atoms, while long-range nonbonded van der Waals interac-
tions were truncated by using dual cutoffs of 6 and 12 A.
The Particle Mesh Ewald (PME) method [33] was applied to
treat long-range electrostatic interactions. The protein was
restrained with a force constant of 2.0 kcal/ (mol A), and all
simulations were carried out with periodic boundary condi-
tions.

The density of the system was subsequently equilibrated
via MD runs in the isothermal — isobaric (NPT) ensemble,
with isotropic position scaling and a pressure relaxation time
of 1.0 ps, for 50 ps with a time step of 1 fs. All restraints on
the protein atoms were then removed, and each system was
further equilibrated using NPT MD runs at 300 K, with a
pressure relaxation time of 2.0 ps. Three equilibration steps

were performed, each 5 ns long and with a time step of 2.0
fs. To check the system stability, the fluctuations of the rmsd
of the simulated position of the backbone atoms of the ol
receptor with respect to those of the initial protein were
monitored. All chemicophysical parameters and rmsd values
showed very low fluctuations at the end of the equilibration
process, indicating that the systems reached a true equilib-
rium condition. The equilibration phase was followed by a
data production run consisting of 50 ns of MD simulations in
the canonical (NVT) ensemble. Only the last 25 ns of each
equilibrated MD trajectory were considered for statistical
data collections. A total of 1250 trajectory snapshots were
analyzed for each ligand/protein complex.

The binding free energy, AGbind, between the two com-
pounds and the 14DM was estimated by resorting to the
MM/PBSA approach implemented in Amber 14. According
to this well-validated methodology, [12, 34-36] the free en-
ergy was calculated for each molecular species (complex,
receptor, and ligand), and the binding free energy was com-
puted as the difference:

AGbind = Geomplex — (Greceptor + Gligand) = AEMM +
AGsol - TAS (Eq.1)

The molecular mechanics energy AEMM was calculated
as the sum of the van der Waals and electrostatic interac-
tions:

AEMM = AEVDW + AEELE  (Eq. 2)

The solvation free energy term AGsolv was composed of
the polar and nonpolar contributions:

AGsolv = AGPB + AGNP  (Eq. 3)

The conformational entropy (translation, rotation, and vi-
bration) upon ligand binding (—TAS in Eq. 1) was estimated
using normal-mode analysis [37] with the Nmode module of
Amber 14. To minimize the effects due to different confor-
mations adopted by individual snapshots, and due to the high
computational demand of this approach, we averaged the
estimation of entropy over MD 250 snapshots for each mo-
lecular complex that were evenly extracted from the last 25
ns of each corresponding MD trajectory.

The per residue binding free energy decomposition was
performed exploiting the MD trajectory of each given com-
pound/receptor complex, with the aim of identifying the key
residues involved in the ligand-receptor interaction. This
analysis was carried out using the MM/GBSA approach
[29a], and was based on the same snapshots used in the bind-
ing free energy calculation.

All simulations were carried out using Pmemd modules
of Amber 14, running on our own CPU/GPU calculation
cluster.

3. RESULTS AND DISCUSSION
3.1. Chemistry

Some new 1-(1-(aryl)-2-(2,6-dichlorophenyl)hydrazono)
ethyl-1H-imidazole and 1H-1,2,4-triazole derivatives 2a-1
including the zinoconazole, 1-(2-(5-chlorothiophen-2-yl)-2-
(2-(2,6-dichlorophenyl)hydrazono)ethyl)-1 H-imidazole ~ 2f
and its triazole analogue 1-(2-(5-chlorothiophen-2-yl)-2-(2-
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(2,6-dichlorophenyl)hydrazono)ethyl)-14-1,2,4-triazole 21
were synthesized as depicted in Scheme 1. The synthesis was
carried out by treating the corresponding substituted 2-
bromo-I-arylethanones, with an excess of imidazole or
1,2.4-triazole, in THF or DMF as solvent, to obtain the key
intermediates 1-aryl-2-(1H-imidazol-1-yl)ethanones la-f and
I-aryl-2-(1H-1,2,4-triazol-1-yl)ethanones 1g-1, respectively.
These intermediates were reacted with 2,6-dichlorophenyl
hydrazine in refluxing ethanol (H" cat.) to obtain the final
substituted 1-(1-(aryl)-2-(2,6-dichlorophenyl)hydrazono) et-
hyl-1H-imidazole and 1H-1,2,4-triazole derivatives 2a-l.

All the title compounds were characterized by IR, NMR,
mass spectral data (Table 1, experimental session and sup-
plementary material) and the results are consistent with the
proposed structures.

The compounds exist as possible Z and £ geometric iso-
mers. From 'H-NMR data and in accordance with the
literature [14] we assigned the Z/E configuration to the final
compounds. When the methylene protons appear as singlet,
at lower fields, the configuration corresponds to the Z geo-
metric isomer (E for 2f and 21), indeed, in this configuration
the CH, protons appear to be more deshielded by the closer
presence of the hydrazine nitrogen atom. In some cases, the
percentage of each isomer was calculated using the integral
values of each singlet pair.

3.2. Biological Activity
3.2.1. Antimycobacterial Activity

In order to evaluate the effect of the replacement of the
phenylhydrazine group of our previously synthesized com-
pounds, with the corresponding 2,6-dichlorophenylhydrazine
moiety on the antimycobacterial activity, we tested the de-
rivatives 2a-1 towards a strain of Mtb Hi;Rv and the MIC of
the titled compounds are reported in Table 2.

The data obtained for the imidazole sub-series 2a-f re-
vealed MIC values ranging from 4 to 32 pg/ml, with the best

values of 4 pg/ml for compound 2f (zinoconazole) and 8
pg/ml for the 4-methyl and 4-phenyl derivatives 2d and 2e.
Regarding the triazole derivative 2g-1 the MIC range turned
out to be 32 - >64 ug/ml, showing a moderate mycobacteria
growth inhibition.

The results indicate that the triazole ring lead to a low an-
timycobacterial activity compared to the imidazole series,
moreover, we can assert that the substitution of the phenyl-
hydrazine group of our original structure, with the more
lipophilic 2,6-dichlorophenylhydrazine, improve the antimy-
cobacterial activity as well as the electron donating substitu-
ents, methyl and phenyl, in the 4- position of the phenyl ring
(2d and 2e).

We can speculate that both the imidazole and 2.,6-
dichlorophenylhydrazine moieties are gifted with more lipo-
philic character than the corresponding triazole and phenyl-
hydrazine rings, with values greater than 1.0 point in terms
of cLogP, cLogD and cLogS, compared to the original des-
Cl compounds, as reported in Table 3. This increased lipo-
philicity could be responsible for better interaction of imida-
zole sub-series (2a-f) with the waxy layer of the mycobacte-
ria cell-wall and to penetrate more effectively into the cell to
reach the target.

3.2.2. Cytotoxicity Study

In order to evaluate the safe cytotoxic profile of the target
compounds 2a-l, we performed a cytotoxicity assay towards
mammalian Vero cells. We reported, in Table 2, the Selec-
tivity Index (S.I.) as an evaluation of the selectivity of our
molecules between eukaryotic and mycobacterial cells, thus
a value of safety of our titled compounds. According to a
study of Hartkoorn and coworkers [38], on the drug suscep-
tibility of TB, antimycobacterial activity is considered to be
specific when the selectivity index is >10. In the current re-
port, compound 2e exhibited the highest selectivity index of
15, indicating its potential as an antitubercular agent, and
thus it should be investigated further.



Table 1. Characterization of title compounds 2a-1.
Entry Het Ar Formula M.p. (°C)" Yield (%)°
2a ,/—-N Ph C7H,sCI3N,° 107-109 45
2b L » 4-BrPh Cy7H 3BrCLN, 220-222 32
N
2c H 4-CIPh CizH13CL:Ny 216-218 59
2d 4-CH;Ph CigHs ChNy 158-160 50
2e 4-PhPh C33H|9C13N4a 159-161 55
2f Cy H 4CIN, S 200-208 65
- /S\ cl 21H 16 14Ny
2g I_N Ph C7H3C1;N5 110-112 25
i\
2h N sg ) 4-BrPh C]yH]zBi’Clst 88-90 55
N
2i H 4-CIPh C7H2Cl3N5 105-107 33
2j 4-CHsPh CisHsCI:N5s 74-78 45
2k 4-PhPh Cy3H:CLN; 170-172 40
21 Co HisCL3NGS 175-177 34
- /S\ a 21H15C Ny
*Obtained as hydrochlorides; "EtOH,; “Yields of the products in final step.
Table2. Antimycobacterial activity and cytotoxicity of title compounds 2a-l.
Entry Het Ar MT H;/Rv VERO S.L.”
(MIC) (CCsp)
pg/ml
2a /— Ph 32 58 1.8
2b L » 4-BrPh 16 18 1.1
N
2 H 4-CIPh 16 19 it
2d 4-CH,Ph 8 <l15.6 1.9
2e 4-PhPh 8 115 15
2f S 4 <15.6 39
~— 7N _(l
2g —N Ph 32 35 1.1
ﬂj \
2h N_ ) 4-BrPh 32 368 12
N
2i H 4-CIPh 32 177 55
2j 4-CH;Ph >64 >500 >7.8
2k 4-PhPh 32 >500 15
2] S =04 =500 7.8
v
INH* - - 0.062 >7000

“Isoniazid as reference drug;

*Selectivity Index (CCsy/MIC).




Table 3.
17.1.2 chemaxon mode).

cLogP, cLogD,4 and cLogS,, of title compounds 2a-1, in comparison to des-Cl derivatives. (Marvinsketch® software v.

Entry cLogP cLogD5,4 cLogS-4
2a 4.18 4.71 -5.00
2b 4.98 5.47 -5.91
2¢ 4,70 5.18 -5.68
2d 4.65 5.15 -5.49
2e 5.87 6.38 721
2f 445 5.16 -6.37
2g 3.69 422 -5.34
2h 4.49 4.98 -6.25
2i 421 4.69 -6.02
2j 4.16 4.66 -5.83
2k 5.38 5.89 -7.55
21 3.96 4.71 -6.71

Des-Cl series 2.66 to 4.83 2.66 10 4.76° -3.58 to -6.21"

"
Range value.

3.3. Molecular Docking Study

Given the presence of the azole ring, able to positively
interact with a heme prosthetic group, we reasoned that the
cytochrome P450 14o-sterol demethylase from Mycobacte-
rium tuberculosis (Mtb 14DM) can be a plausible target for
our compounds for exerting their antimycobacterial activity.
Therefore, an extensive molecular modeling study has been
carried out with the aim to support binding mode, the Mtb
14DM inhibition mechanism, and identification of the struc-
tural features of the active molecules from series of synthe-
sized compounds. Accordingly, a well-validated Molecular
Dynamics approach [19, 34-36] was performed for the more
active compounds, 2e and 2f, with the aim to investigate the
possible interactions with Mtb 14DM. The available crystal-
lographic structure of the 14DM (pdb code 1EAL) in com-
plex with Fluconazole [39], was used for these computa-
tional studies.

To check whether our docking procedure complied with
the requirements of generating a correct docked conforma-
tion, we applied the same docking protocol to Fluconazole.
This basically consisted in removing Fluconazole from the
Mtb 14DM active site, ex novo building a molecular model
for this compound, applying a conformational search proce-
dure, and finally docking it back into the enzyme binding
pocket. The best-docked structure was then compared with
the binding pose of Fluconazole in the crystal structure. Fig.
(SI1) (Supporting Information) gives a graphic view of the
successful results of this comparison since the values of the
root-mean-square deviation (RMSD) between docked and
crystal structure is 0.26 A. Based on these results, and on the
fact that this approach was already successfully applied to
different protein/ligand complexes, [26-44] we continued by
applying the docking protocol for compounds 2e and 2f.

As a result of the applied docking procedure, we obtained
a common binding mode for both compounds analysed in the
14DM active site (Fig. 3A-C). The active site residues inter-
acting with the inhibitors consisted of the B1-5-N-terminus
of helix B* (residues 76-84), which constitutes the dome of
the active site, meander 1 (residues 87-94), the C-terminus of
helix F (residues 172-179), helix I (residues 249-261), p6-1
(residues 321-326), and B6-2 (residues 431-435). According
to the procedure adopted, the imidazole ring is positioned
almost perpendicular to the porphyrin plane, with a ring ni-
trogen atom coordinated to the haem iron. The analysis of
the MD trajectories revealed that the average distance be-
tween N3 of the azole ring and the haem iron is 2.03 + 0.05
A for 2e and 2.00 = 0.03 A for 2f, respectively, in good
agreement with that found in the crystal structure of 14DM
complexed with other azole inhibitors [45].

Moreover, the 2,4-dichlorophenyl ring, common for both
inhibitors, is perfectly nestled in a hydrophobic cavity of the
binding pocket spanning residues A73, A75, Y76, F78, and
L321 while the other aromatic moieties of the molecules, the
biphenyl group of 2e and the substituted thiophene ring of
2f, are aptly encased in the other hydrophobic cavity of the
14DM binding site and the protein residues lining this sub-
site are 182, F83, L172, F255, A256 and V434 (Fig. 3B and
30).

Deeper and more quantitative information about the
forces involved in substrate binding can be obtained by ana-
lyzing the values of the free energy of binding, AGy;,q and its
components (Fig. 3D). For both compounds, the intermo-
lecular van der Waals and the electrostatics (AEqw + AEc)
provided both important, favourable contribution to the bind-
ing (-55.71 kcal/mol for 2e and —56.34 kcal/mol for 2f),
while the solvation free energy (AGpg + AGyp) yielded an
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Details of the key interactions detected in the equilibrated Molecular Dynamics snapshots of 2f (B) and 2e (C) in complex with MT 14DM;
D) MM/PBSA values of the enthalpy (AE,qw + AE.. and AGpg + AGyp), entropy (-TAS), and free energy of binding (AGbind) for com-
pounds 2e and 2f; E) Per residue binding free energy decomposition (AHyydes) for MT 14DM protein in complex.

unfavourable net electrostatic contribution to the binding
(36.02 kcal/mol for 2e and 36.45 kcal/mol for 2f). Further-
more, as expected for a typical protein/small inhibitor sys-
tem, also the calculated changes in solute entropy, -TAS,
tend to oppose the binding with the 14DM (12.48 kcal/mol
for 2e and 12.41 kcal/mol for 2f). Despite the entropy contri-
bution and the somewhat larger unfavourable desolvation
energy, in harmony with their larger molecular polarity, the
enhanced electrostatic and van der Waals contribution make

these molecules tighter binders. In fact, the resulted AGyig
values are -7.21 kcal/mol for 2e and -7.48A kcal/mol for 2f,
respectively, proving a significant good binding affinity with
respect of 14DM in agreement with their inhibition activity
testified by their corresponding MIC.

A quantification of the single contribution of each 14DM
residue to inhibitors binding was further carried out through
a per-residue binding free energy decomposition (PRBFED)

of the enthalpic term (AHyingres) Of the binding free energy, 19



as shown in Fig. 3E and this analysis allowed us to better
discriminate the slight difference in the 14DM binding affin-
ity of 2e and 2f. The PRBFED analysis confirmed that the
network of favourable enthalpic interactions is substantially
afforded by the above mentioned 14DM residues. In particu-
lar, the network of hydrophobic interactions involving the
common 2,6-dichlorophenyl ring and the protein cavity gen-
erated by residues A73, A75, F78, and L321 considerably
concurs in stabilizing 14DM /inhibitor binding, with an
overall contribution of -5.36 kcal/mol for 2e and -5.33
kcal/mol for 2f. Contextually, the m-m interaction with the
same molecular region and the side chains of Y76 produce a
favourable contribution of -2.50 kcal/mol for 2e and -2.47
kcal/mol for 2f.

Lastly, the PRBFED further highlighted the importance
of the other aromatic ring of the molecules, denoting a small
preference of the 14DM to interact with the thiophene de-
rivative 2f. Indeed, the hydrophobic interactions with the
second binding cavity (residues 182, L172, F255, A256 and
V434) as well as the additional n-r interaction provided by
F83 resulted lightly more stabilizing for 2f compared to the
biphenyl derivative 2e (-9.11 kcal/mol for 2e and -9.84
kcal/mol for 2f).

CONCLUSION

In conclusion, this work highlights the importance of zi-
noconazole 2f and some of its analogues as potential antimy-
cobacterial drugs gifted with good antimycobacterial activity
towards Mtb (i.e. compounds 2d and 2e). All the synthetized
compounds were also tested for their toxicity towards mam-
malian cells (Vero). Interestingly, all the azole derivatives
revealed a significant cytotoxic but, among them, the 4-
phenyl derivatives (2e and 2k) resulted to be less toxic than
zinoconazole 2f, and compound 2e showing one of the best
MIC value against Mtb of 8 pug/ml and a selectivity index of
15.

From the data obtained the importance of the presence of
the imidazole ring is clear, in comparison with the triazole
nucleus, for the inhibitory activity towards Mtb, and that the
modulation of the aryl moiety can improve the effectiveness
of the inhibition, as well as the selectivity towards mycobac-
terial cell target. Moreover, the relevance of the
dichlorophenyl ring as a key element also for the antimyco-
bacterial activity was confirmed. In particular the (Z)-1-(2-
([1,1'-biphenyl]-4-y1)-2-(2-(2,6-dichlorophenyl)hydrazono)
ethyl)-1H-imidazole derivative, 2e, revealed a promising
antimycobacterial property and a safe cytotoxic profile.

These evidences could be useful for the future develop-
ment of new antimycobacterial derivatives targeting CYP51
with more specificity for the mycobacterial cell enzyme.
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