Monatsh Chem
DOI 10.1007/s00706-015-1612-7

@ CrossMark

ORIGINAL PAPER

Synthesis and biological activity of new metronidazole derivatives

Najim A. Al-Masoudi' - Zina A. A. Abbas'

Received: 5 August 2015/ Accepted: 19 November 2015
© Springer-Verlag Wien 2015

Abstract The development of new antimicrobial and
antiparasitic agents offers the possibility of generating
structures of increased potency. To this end, three sul-
phonate ester derivatives of metronidazole were
synthesized. Treatment of the tosylate analogue with
NaSPh and NaN; gave the thiophenolate and azide
derivatives, respectively. Oxidation of phenylthio deriva-
tive with mCPBA afforded the sulfonyl analogue.
Similarly, cycloaddition of azido-metronidazole with var-
ious symmetric acetylene compounds furnished the 1,2,3-
triazole analogues. Treatment of dimethyl dicarboxylate
metronidazole derivative with guanidine hydrochloride in
the presence of base resulted in the formation of the ring-
expanded (fat) derivative, triazolo-diazepam derivative of
metronidazole. Treatment of chlorometronidazole with
silylated quinolones gave the quinolone analogues of
metronidazole. The antigardiasis and antifungal activities
of the synthesized compounds were investigated. In addi-
tion, all synthesized compounds were evaluated for their
in vitro anti-HIV activity in MT-4 cells as non-nucleoside
reverse transcriptase inhibitors.
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Introduction

Nitroimidazoles have important pharmaceutical applica-
tions, particularly as anaerobic antibacterials and
antiprotozoal agents [1]. The antimicrobial activity of these
chemotherapeutic agents inhibits the growth of both
anaerobic bacteria and certain anaerobic protozoa such as
Trichomonas vaginalis, Entamoeba histolytica, and Giar-
dia lamblia [2]. Some nitroimidazoles were reported as
potent radiosensitizers in treatment of cancer [3-5], anti-
tubercular therapy [6, 7], control of fertility [8], and as anti-
Helicobacter pylori agents [9, 10]. H. pylori, a Gram-
negative microaerophilic spiral bacterium, is the major
factor in peptic ulcer diseases; highly effective treatment
for H. pylori infections includes a combination of antise-
cretory and antimicrobial agents such as metronidazole.
Furthermore, some 5-nitroimidazole have been tested in
cell-based assays and in enzyme assays against HIV-1
recombinant reverse transcriptase [11, 12] and as anti-
cancer agents [12]. In addition, others are under
investigation for their use as hypoxic cell cytotoxines [13].

Metronidazole, 2-(2-methyl-5-nitro- 1 H-imidazol-1-
yl)ethanol (Flagyl) [14-16] has been regarded as the drug
of choice that is commonly used for the treatment of
infections caused by Giardia lamblia and Trichomonas
vaginalis, and also acts as an amoebicidal in cases of
amoebiasis caused by Entamoeba histolytica; thus several
metronidazole derivatives were reported as potent
antiparasitic agents [17, 18]. In 2009, Mital [19] has
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reviewed a brief account of various biological activities
exhibited by synthetic nitroimidazole derivatives as well as
their  structure-mutagenicity relationships. Recently,
Mubarak et al. [20-23] have reported the synthesis of new
metronidazole derivatives with evaluation of their
antibacterial and antifungal activity.

Based on these pharmacological activities, and in con-
tinuation of our work on nitroimidazoles [24-29], we
report here the synthesis of new mitronidazole derivatives,
with the aim to develop new antifungal, antiparasitic and
anti-HIV agents.

Results and discussion
Chemistry

Prior studies on side chain modifications of metronidazole
did not show remarkable structural themes that could be
exploited to generate compounds with superior activity [30,
31]. However, the nitro group is critical for antimicrobial
activity. We decided here to design new structural diversity
of metronidazole, aiming for development of new
improved antiparasitic agents. Thus, sulfonylation of
metronidazole (1), with 4-bromobenzenesulfonyl, cam-
phorsulfonyl, and 4-methylsulfonyl chlorides in the
presence of dry pyridine afforded the sulfonate ester
derivatives 2-4 in 76, 69, and 82 % yield, respectively.
Displacement of the tosylate group at 4 [32], via SN,
mechanism, by treatment with sodium thiophenolate at
120 °C furnished the phenylthio analogue 5 (71 %).
Analogously, treatment of 4 with sodium azide in DMF
resulted in SN, displacement of the sulfonate ester group
by the azide residue 6 (89 %) (Scheme 1), which was
identical in the physical properties for those prepared
previously from the mesylate derivative [33]. The azide
alkyne cycloaddition reaction is used widely in synthesis of
various substituted 1,2,3-triazole derivatives [34], since
they are suitable for generating new antimicrobial drugs.
Thus, treatment of the azide 6 with three symmetrical
acetylene compounds: dimethyl acetylenedicarboxylate,
acetylene dicarboxylic acid, and diphenylacetylene in
toluene at 100-120 °C furnished, after purification, the
1,2,3-triazole analogues 7-9 in 43, 37, and 63 % yield
(Scheme 1).

Recently, Hosmane et al. [35-37] have reported
numerous papers concerning the chemical and biological
activity of ring-expanded (fat) heterocycles, containing the
imidazo[4,5-¢][1,3]diazepine ring system with their
potency as inhibitors of NTPases/helicases of flaviviridae
including the West Nile virus (WNV), hepatitis C virus
(HCV), hepatitis B virus (HBV), and Japanese encephalitis
virus (JEV). Accordingly, we have undertaken synthesis of
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new metronidazole with triazolo-diazepine moiety as a new
potential antiviral candidate. Treatment of 7 with guanidine
hydrochloride in the presence of sodium methoxide at
room temperature afforded 10 in 40 % yield (Scheme 1).

The structures of 2-10 were determined by their 4, 13C,
and 2D NMR spectra, since metronidazole backbone pro-
tons showed a similar pattern. H-4 of the imidazole ring
appeared as singlet in the region ¢ = 8.05-7.26 ppm,
whereas methyl protons at C-2 of the same ring resonated
as singlets in the region 2.52-2.41 ppm. NCH, protons
appeared as triplets (J ~ 5.1 Hz), multiplets, or broad
singlets at 4.65-3.68 ppm, while OCH, methylene protons
of compounds 2—4 resonated at 3.67 ppm (t, J = 5.0 Hz),
3.46 ppm (br s.), and 4.41 ppm (t, J = 5.1 Hz), respec-
tively. In addition, SCH, and N3-CH, protons of 5 and 6
appeared as triplets at 3.79, 3.67 ppm (J = 5.2, 5.1 Hz),
respectively. The methylene protons (N 01e-CH») of 7-10
appeared as triplets or broad singlets at the regions
4.34-3.38 ppm. The other aliphatic and aromatic protons
were fully analysed (cf. “Experimental”). The '*C NMR
spectra of 2—10 contained similar resonance signals of the
metronidazole carbon atoms. Carbon atoms 2, 4, and 5 of
the metronidazole scaffold resonated at the regions
152.7-149.6, 133.8-131.4, and 139.7-137.8 ppm, respec-
tively, whereas the carbonyl carbon atom of 3 appeared at
214.0 ppm. Signals at lower field of 164.4 and 161.7 and
167.7 ppm were assigned to C=0 carbon atoms of 7 and 8,
whereas the carbonyl carbon atoms at 8 and 6' of 10
appeared at 190.7 and 164.0 ppm, respectively. The
chemical shifts between 48.9 and 41.6 ppm were assigned
to the NimidazoleCH> carbon atom, except for those of 9,
which appeared at 59.7 ppm. The signals at 69.1, 68.1, and
68.3 ppm were assigned to CH,O carbon atom, while the
chemical shifts in the region 59.2-53.2 ppm were attrib-
uted t0 Nyja01eCH, carbon atom of 7-10. The signals of
other carbon atoms were fully analysed (cf.
“Experimental”).

Additionally, some quinolines are a family of synthetic
broad spectrum antibacterial drugs, for example cipro-
floxacin is an antibiotic that can treat a number of bacterial
infections [38]. This has attracted our attention towards the
synthesis of new metronidazole analogues conjugated with
the antibacterial quinolone bases, via silylation method
[39], aiming to evaluate their antimictobial and antiviral
activities. Thus, metronidazole (1) was converted first into
the chloro analogue 12 following Aita method [40].
Treatment of the silylated quinolones 14 and 16, prepared
by refluxing bases 13 and 15 in hexamethyldisilazane
(HMDS), with 12 in the presence of n-BuyNI as catalyst in
dry acetonitrile as solvent at 25 °C to give 17 (67 %) and
18 (64 %), respectively (Scheme 2).

Structures of 17 and 18 were confirmed from their IH,
3C NMR, and mass spectra. Compound 17 has been
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selected for further NMR studies. From the gradient
selected HMBC [41] spectrum of 17, H-2 of the quinolone
backbone at oy = 8.85 ppm showed a 3JC,H heteronuclear
correlation with CH, carbon atom at N-1" of imidazole ring
at c = 47.0 ppm. Two similar correlations between CH,
protons at N-1 of quinolone moiety at oy = 3.41 ppm and
C-2 at 5c = 143.7 ppm as well as with C-8a of quinolone
ring at dc = 137.7 ppm were observed (Fig. 1).

N
Antigiardiasis and antifungal activity MeZ'\( /7/N02

Compounds 2, 3, 5, 6, 8-11, 17, and 18 were screened for
their antimicrobial activity by use of in vitro bioassays and Fig. 1 Jcy correlations in the HMBC NMR spectrum of 17
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Table 1 Minimum inhibitory concentrations (MIC) of the tested
substances and reference drug against the tested microorganisms

Table 2 In vitro anti-HIV-1 and HIV-2 activity of some new
metronidazole analogues

Compd. MIC/uM Compd. Virus strain ECso/uM? CCso/pMP SI¢
G. intestinals C. tropicalis C. albicans 2 Il >19.92 19.92 <1
2 7.90 432 ~500 ROD >19.92 19.92 <1
3 10.24 ~500 ~500 3 Ilg >105.00 >105.00 X1
5 325 ~500 ~500 ROD >105.00 >105.00 X1
6 0.89 263 87 4 10 >95.70 95.70 <1
8 220 ~500 ~500 ROD >95.70 95.70 <1
9 285 ~500 ~500 5 Ilg >18.32 >18.32 X1
10 593 ~500 ~500 ROD >18.32 >18.32 X1
1 321 182 122 6 Il 2.23 24.75 11
17 8.31 182 122 ROD >24.75 24.75 <1
18 6.81 138 79 7 1IN >87.34 >87.34 X1
Metronidazole 5.03 128 64 ROD >87.34 >87.34 X1
8 LI >102.30 >102.30 X1
ROD >102.30 >102.30 X1
assessed as minimal inhibitory concentration (MIC) values. 9 Il >97.80 >97.80 X1
Results are summarised in Table 1, in which the data for ROD >97.80 >97.80 X1
metronidazole [42] was included for comparison. The 10 g >68.9 68.9 <1
fungal strains utilised in the assays were C. tropicalis ROD >68.9 68.9 <l
ATCC 13803 and C. albicans ATCC 40227. As shown in 11 - >7.28 29.12 4
Table 1, compound 6 was the most potent candidate ROD >29.12 29.12 <1
against Giardia, with an ICsy value of 0.89 uM compared 17 Mg =32.23 32.23 <1
with 5.03 puM for metronidazole. Table 1 revealed also that ROD ~32.23 2323 <1
all synthesized compounds were inactive or moderately 18 1 ~19.22 19.22 <1
active against C. tropicalis and C. albicans, with ICsq ROD ~19.22 19.22 <1
values ranging from >500 uM to 87 uM compared 0  Nevirapine N 0.05 ~4 ~80
metronidazole. ROD ~4 ~4 <1

On the contrary, structural modification of the hydroxyl
group of metronidazole into sulphonyl group positively
influenced the antigiardial activity, in addition to moderate
activity in antifungal potency against C. albicans.

In vitro anti-HIV activity

Compounds 2-11, 17, and 18 were tested for their anti-
HIV-1 activity in vitro, using Il strain in human MT-4
cells, based on a Microculture Tetrazolium (MTT) assay
[43, 44]. Cytotoxicity was also measured on MT-4 cells,
where results are summarized in Table 2, nevirapine (BOE/
BIRGS587) [45] was used as a reference drug. All com-
pounds were found to be inactive except compounds 6 and
11, which showed remarkable anti-HIV-1 activity with
ECsq values of >2.23 and >7.28 uM, and CCs, values of
24.75 and 29.12 pM, resulting in SI values of 11 and 4,
respectively.

With respect to SAR, derivatization of the hydroxyl
group of metronidazole with sulphonyl group (e.g. 6) or
triazolo-diazepam (e.g. 11) moieties has considerably
increased the anti-HIV activity compared for those with
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Anti-HIV-1 activity measured on strain Il
Anti-HIV-2 activity measured using strain ROD

* Compound concentration required to achieve 50 % protection of
MT-4 cells from HIV-1 and HIV-2 induced cytopathogenic effects

° Compound concentration that reduces the viability of mock-in-
fected MT-4 cells by 50 %

¢ Selectivity index (CCso/ECsg)

other functional groups. Based on the above data, com-
pounds 6 and 11 might be considered new promising anti-
HIV-1 agents to act as NNRTIs for further structural
modifications and pharmacological evaluation.

Conclusion

In conclusion, we have synthesized new metronidazole
analogues, including the derivatization of the hydroxyl
group with various potential groups. Some of these ana-
logues exhibited activity against Giardia and HIV-1 which
are considered as promising antiparasitic and anti-HIV



Synthesis and biological activity of new metronidazole derivatives

candidates for further structural development and phar-
macological study.

Experimental

Melting points were measured on a Biichi melting point
apparatus B-545 (BUCHI Labortechnik AG, Switzerland).
Elemental analyses (C, H, N, S) were conducted using a
Vario Elementar apparatus (Shimadzu, Japan), their results
were found to be in good agreement (£0.3 %) with the
calculated values. NMR spectra were recorded on 400 and
600 MHz ('H) and at 100 and 150.91 MHz ('*C) spec-
trometers (Bruker, Germany) with TMS as internal
standard and on J scale in ppm. Heteronuclear assignments
were verified by 'H-'C HMBC experiment. Metronidazole
tosylate (4) (m.p.: 152 °C; Ref. [32] 153 °C) and azide
analogue 7 (m.p.: 55-58 °C; Ref. [33] 56-58 °C) were
synthesized and purified according to published
procedures.

General procedure for the synthesis of the imidazole
arylsulfonate esters 2—4

A solution of arylsulphonyl chloride (2.00 mmol) in
10 cm® dichloromethane was added dropwise onto a stir-
red, cooled (~ 10 °C) solution of 342 mg metronidazole 1
(2.00 mmol) in 10 cm® dry pyridine. The mixture was
stirred at room temperature for 6-10 h and the progress of
reaction was followed by TLC. After completion of the
reaction, few drops of water were added and the mixture
was stirred for 1 h. Chloroform (20 cm®) was added and
the solution was portioned successively with 10 % sul-
phuric acid (3 x 20 cm®), 20 cm® 10 % NaHCOs, and
finally with water. The combined organic extracts was
dried (Na,SO,), filtered, and evaporated to dryness. The
crude product was recrystallized from EtOH to give the
desired sulfonate ester derivative.

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl
4-bromobenzenesulfonate (2, C;,H;>BrN3;05S)

From 511 mg 4-bromobenzenesulfonyl chloride. Yield:
580 mg (76 %) as colourless crystals; m.p.: 144-145 °C;
Ry = 0.48; '"H NMR (400 MHz, DMSO-dq): 6 = 7.94 (s,
1H, H-4), 7.51 (d, 2H, J» 3 = 8.2 Hz, Hyom--3'+Harom.
5", 7.21 (d, 2H, Js ¢ = 8.2 Hz, Hyrom.-2'+Harom.-6'), 4.35
(t, 2H, J=5.0 Hz, NCH,), 3.67 (t, 2H, J = 5.0 Hz,
OCH,), 2.50 (s, 3H, C,-Me) ppm; '*C NMR (150.91 MHz,
DMSO-dg): 0 = 151.6 (C-2), 145.2 (Cyrom-1), 138.2 (C-
5), 1329 (C4), 1329 (Caom-3 + Carom-5), 129.4
(Carom.~2" + Carom.-6), 129.2 (C-Br), 69.1 (OCH,), 44.9
(NCH,), 13.9 (C,-Me) ppm; MS (FAB): m/z = 312/314
([M+Na]™).

2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl (7,7-dimethyl-
2-oxobicylo[2.2.1 [heptan-1-yl)methanesulfonate

(3, C16H33N305S)

From 501 mg camphorsulphonyl chloride. Yield: 530 mg
(69 %) as colouirless crystals; m.p.: 135-137 °C;
R; = 0.62; '"H NMR (400 MHz, DMSO-dg): 0 = 7.94 (s,
1H, H-4), 4.65 (br s, 4H, NCH,+OCH,), 3.46 (d, 2H,
J = 6.5 Hz, CH,S0), 2.93 (m, 2H, CH,-2"), 2.52 (s, 3H,
C,-Me), 1.91 (m, 1H, H-4'), 1.45 (m, CH,-5'+CH,-6),
0.81 (s, 6H, Cy-Me,) ppm; *C NMR (150.91 MHz,
DMSO-dg): 6 = 214.5 (C=0), 151.4 (C-2), 138.2 (C-5),
133.0 (C-4), 68.5 (OCH,), 57.8 (C-4"), 48.2 (CH,SO,),
45.7 (CH,-2"), 42.6 (C-7"), 42.4 (NCH,), 35.2 (C-6'), 31.9
(C-5), 29.7 (C-7), 19.4 (C;-Me,), 14.1 (C,-Me) ppm; MS
(FAB): m/z = 408 ((M+Na]™).

2-Methyl-5-nitro-1-[2-(phenylthio)ethyl |- 1 H-imidazole

(5, C12H;3N305S)

To a solution of 650 mg 4 (2.00 mmol) in 10 cm®> DMF
was added 330 mg sodium thiophenolate (2.00 mmol) and
the mixture was stirred at 120 °C for 6 h. After cooling, the
mixture was evaporated to dryness and the residue was
partitioned between CHCIl; (3 x 15 cem?) and 15 cm?®
water. The combined organic extracts was dried (Na,SQOy),
filtered, and evaporated to dryness. The crude product was
purified on a short SiO, column (5 g), by elution in
gradient with MeOH (0-5 %) and chloroform as eluent to
give 5 (400 mg, 71 %) as colourless crystals. M.p.:
154-156 °C; Ry = 0.80; '"H NMR (400 MHz, DMSO-dy):
0 = 8.00 (s, 1H, H-4), 7.63-7.11 (m, 5H, Hyom), 4.34 (t,
2H, J = 5.2 Hz, NCH,), 3.40 (t, 2H, J = 5.2 Hz, OCH,),
245 (s, 3H, C,-Me), 7.92 (s, 1H, H-4), 7.60 (d, 2H,
Jyy =83 Hz, Huyom-3+Huom-5), 740 (d, 2H,
Jy¢ =83 Hz, Hyom-2'+Huom-6"), 4.57 (&, 2H,
J =5.0Hz, NCH,), 441 (t, 2H, J = 5.0 Hz, OCH,),
241 (s, 3H, C,-Me), 2.40 (s, 3H, Me-Ar) ppm; °C NMR
(150.91 MHz, DMSO-dg): 6 = 151.9 (C-2), 137.8 (C-
5+Carom.'1,)v 132.9 (C'4)’ 132.8 (Carom.'2/+carom.‘6/)7
1284  (Carom-34Carom-6), 1255 (Cuom-4), 59.7
(NCH,), 34.0 (SCH,), 14.1 (Cy-Me) ppm; MS (FAB):
m/z = 264 (IM+H]™).

2-Methyl-5-nitro-1-[2-(phenylsulfonyl)ethyl]- 1 H-imidazole
(6, C12H;3N30,S)

To a stirred cold solution of 74 mg 5 (0.28 mmol) in
10 cm® CH,Cl, was added 100 mg m-chloroperbenzoic
acid (mCPBA, 0.58 mmol). After stirring for 6 h at 25 °C,
the solution was evaporated to dryness and the residue was
partitioned between CHCl; (2 x 10 cm3) and 10 cm®
water. The combined organic extracts were dried (Na,.
SO,), filtered, and evaporated to dryness. The residue was
poured onto a SiO, column (10 g), with MeOH, in gradient
(0-10 %), and CHClI; as eluent to give 6 (60 mg, 73 %), as
white crystals. M.p.: 149-151 °C; R; = 0.8; '"H NMR
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(400 MHz, DMSO-dq): 6 = 8.11 (m, 2H, Hyom), 7.91 (s,
1H, H-4), 7.65-7.48 (m, 3H, Huom), 432 (t, 2H
J =5.1Hz, NCH,), 348 (t, 2H, J = 5.1 Hz, OCH,),
2.42 (s, 3H, C,-Me) ppm; °C NMR (150.91 MHz, DMSO-
de): 8 1513 (C-2), 138.0 (C-5+Cuom-1), 132.3 (C-
44Crom-4), 131.3 (Carom-2'+Carom-6"), 128.6 (Carom.-
34Carom -6, 125.5 (Carom -4"), 59.4 (SCH,), 35.1 (NCH,),
14.0 (C,-Me) ppm; MS (FAB): m/z = 296 (IM+H]").

General procedure of cycloaddition reaction
of metronidazole azide 7 with substituted acetylene
compounds

To a stirred solution of 392 mg 7 (2.00 mmol) in 10 cm’
dry toluene was added acetylene derivative (2.10 mmol)
and the mixture was heated, with stirring, at 100-120 °C
for 5-6 h. After cooling, the mixture was evaporated to
dryness and the residue was partitioned between CHCI;
(3x15 cm3) and 15 cm® water. The combined organic
extracts was dried (Na,SQO,), filtered, and evaporated to
dryness. The residue was purified on a short column of
silica gel (5 g) and elution, in gradient, with MeOH
(020 %) and CHCl; as eluent to afford the desired
1,2,3-triazole analogue.

Dimethyl 1-[2-(2-methyl-5-nitro-1H-imidazol-1-yl)ethyl]-
1,2,3-triazole-4,5-dicarboxylate (8, C;,H;4NsOg)

From 296 mg dimethyl acetylenedicarboxylate. Yield:
291 mg (43 %) as yellow powder. M.p.: 260-263 °C
(dec.); Ry=0.89; 'H NMR (600 MHz, DMSO-d;):
6 = 8.01 (s, 1H, H-4), 4.35 (m, 4H, NinidazoleCH2+Nuia.
201eCH2), 3.67, 3.36 (25, 6H, 2xCO,Me), 2.45 (C,-Me)
ppm; °C NMR (150.91 MHz, DMSO-dy): 6 = 164.4,
161.7 (CO,Me), 152.7 (C-2), 139.5 (C-5), 133.2 (C-4),
121.5 (Cyiazole-4), 117.7 (Cuiazole-S), 53.9 (CO,Me), 53.2
(Ntriazole'CH2)’ 41.6 (Nimidazole'CHZ)a 11.4 (CZ'Me) ppm;
MS (FAB): m/z = 339 ((M+H]™).

1-[2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl]-1,2,3-tria-

zole-4,5-dicarboxylic acid (9, C;9H;0NsOg)

From 240 mg acetylene dicarboxylic acid. Yield: 230 mg
(37 %) as yellow powder. M.p.: 290-294 °C (dec.);
Ry = 0.39; "H NMR (400 MHz, DMSO-dg): 6 = 8.02 (s,
1H, H-4), 4.35 (m, 4H, NimidazoleCH2+NyiazoleCHb), 2.46
(C,-Me) ppm; 'C NMR (150.91 MHz, DMSO-d):
0 = 167.7 (CO,H), 151.7 (C-2), 139.7 (Cyiazole-5), 138.2
(C-5), 132.8 (C-4+Cuyinzole4), 59.6 (Nijazole-CHo), 48.2
(Nimidazole-CH2), 14.1 (Cy-Me) ppm; MS (FAB): m/
z = 333 ((M+Na]™h).

1-[2-(2-Methyl-5-nitro-1H-imidazol-1-yl)ethyl]-4,5-
diphenyl-1H-1,2,3-triazole (10, C5oH;3NsO5)

From 374 mg diphenylacetylene. Yield: 472 mg (63 %) as
yellow powder. M.p.: 153-155 °C; R; = 0.64; 'H NMR
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(400 MHz, DMSO-dg): 6 = 8.01 (s, 1H, H-4), 7.48-7.10
(m, 10H, Hyom), 4.35 (t, 2H, J = 5.0 Hz, NinidazoleCH2),
3.67 (t, 2H, J = 5.0 Hz, Nyjiayo1eCHo), 2.45 (s, 3H, C,-Me)
ppm; *C NMR (150.91 MHz, DMSO-dy): § = 151.9 (C-
2)a 142.4 (Ctriazole'4)’ 139.7 (Ctriazole's)’ 137.0 (Cimidazole'
5), 133.8 (Cuinsore-d), 132.8, 127.9, 127.4, 125.4 (Cyrom)s
59.6 (Nuiazole"CHz), 48.1 (Nimidazole"CHo), 14.2 (C-Me)
ppm; MS (FAB): m/z = 375 ((IM+H]™).

6-Amino-8-hydroxy-3-[2(2-methyl-5-nitro-1H-imidazol-1-
yvl)ethyl]-[1,2,3]triazolo[4,5-e][ 1,3 ]diazepine-4-one

(11, C;;H;1NoOy)

To a cooled stirred solution of sodium methoxide (from
750 mg sodium and 15 cm® MeOH) was added 380 mg
guanidine hydrochloride (4.00 mmol) and the solution was
stirred at ice-bath for 30 min then filtered from sodium
chloride. The filtrate was added to a stirred cooled solution
of 332 mg 8 (1.00 mmol) in 20 cm® MeOH and the stirring
was continued at room temperature for 48 h. The mixture
was filtered and the filtrate was neutralised with 2 M
hydrochloric acid and the precipitate was filtered and dried,
followed by suspension with 20 cm® methanol. The
suspension was heated under reflux for 30 min and filtered
as a hot mixture. The filtrate was evaporated to dryness to
give 11 (133 mg, 40 %) as a yellow crystals. M.p.:
195-198 °C; Ry = 0.31; 'H NMR (600 MHz, DMSO-dy):
0 = 8.95 (brs, 2H, NH,), 7.26 (s, 1H, H-4), 5.50 (br s, 1H,
OH), 3.68 (s, 2H, NimidazoleCH>), 3.38 (s, 2H, Nisiaz01e CHo),
2.43 (s, 3H, C,-Me) ppm; '>C NMR (150.91 MHz, DMSO-
dg): 0 = 190.7 (Cg=0), 164.0 (C¢=0), 158.2 (C-4'), 149.6
(C-2), 139.5 (Cimidazole-3+C-82a’), 139.3 (C-3a’), 131.4
(Cimidazole'4)v 59.2 (Ntriazole'CHZ)’ 48.9 (Nimidazole'CHZ)a
11.3 (C,-Me) ppm; MS (FAB): m/z = 356 ([M+Na]™).

1-(2-Chloroethyl)-5-methyl-2-nitro-1H-imidazole (12)

This compound was prepared according to the procedure of
Atia [40] from 300 mg metronidazole (1, 1.75 mmol) and
240 mg thionyl chloride (2.00 mmol). Yield: 272 mg
(82 %); m.p.: 86-88 °C (Ref. [39] 85-87 °C).

6,7-Dihalo-1-[2-(2-methyl-5-nitro-1H-imidazol-1-

yl)ethyl ]-4-oxo- 1,4-dihydroquinoline-3-carboxylic acids
General procedure. A suspension of the quinolone bases 13
and 15 (0.76 mmol) in 20 cm® hexamethyldisilazane and a
few crystals of (NH4),SO,4 were heated under reflux for
10 h. After cooling, the solution was evaporated to dryness
and the residue was dissolved in 20 cm® dry acetonitrile to
give the silylated quinolones 14 and 16. Chloride 12
(100 mg, 0.53 mmol) in 10 cm® dry acetonitrile was added
dropwise followed by addition of 150 mg n-BuyNI. After
stirring at 25 °C for 5 h, the solution was evaporated to
dryness and the residue was partitioned between CHCl;
3 x 15 cm3) and 15 cm® water. The combined organic
extracts were dried (MgSO,) and evaporated to dryness.
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Crystallization from EtOH/hexane afforded the pure
desired product.

6,7-Dichloro-1-[2-(2-methyl-5-nitro-1H-imidazol-1-yl)
ethyl]-4-oxo-1,4-dihydroquinoline-3-carboxylic acid

(17, C16H12CLN4Os)

From 196 mg 13. Yield: 209 mg (67 %); m.p.: 188-200 °C
(dec.); Ry = 0.59; 'H (600 MHz, DMSO-dg) & = 8.85 (s,
1H, H-2), 8.58 (s, 1H, H-5), 8.01 (s, 1H, H-8), 7.24 (s, 1H,
H-4"), 3.89 (s, 2H, NimidazoleCH>), 3.41 (s, 2H, Nguinot CHa),
2.41 (s, 3H, C,-Me) ppm; '>C NMR (150.91 MHz, DMSO-
dg): 0 =177.2 (C-9), 165.0 (C-4), 151.9 (Cimigazor-2),
143.7 (C-2), 139.0 (C-7), 137.7 (C-8a), 137.0 (Cimidazole-
5", 131.9 (C-6), 128.5 (C-5), 125.6 (C-4a), 118.0 (C-3),
110.1 (C-3), 56.9 (Nguino1.-CH2), 47.0 (Nimidazole-CH>), 14.1
(Cy-Me) ppm; MS (FAB): m/z = 411/413 ((M+H]™).

7-Chloro-6-fluoro-1-[2-(2-methyl-5-nitro- 1 H-imidazol- I -
yl)ethyl]-4-oxo- 1,4-dihydroquinoline-3-carboxylic

acid (18, C;6H;,CIFN,Os)

From 196 mg 15. Yield: 209 mg (67 %); m.p.: 188-200 °C
(dec.); Ry = 0.53; '"H (600 MHz, DMSO-dg) § = 8.83 (s,
1H, H-2), 8.25 (d, 1H, Jg.sr = 8.5 Hz, H-5), 8.03 (d, 1H,
Jusr = 5.8 Hz, H-8), 7.23 (s, 1H, H-4'), 3.87 (s, 2H,
NimidazoleCHz2), 3.40 (s, 2H, Nguino.CHy), 2.43 (s, 3H, C»-
Me) ppm; °C NMR (150.91 MHz, DMSO-d): 6 = 177.8
(CO,H), 166.3 (C-4), 156.7 (d, Jcer = 248 Hz, C-6),
151.7 (Cimidazoi-2'), 148.3 (C-2), 137.2 (Cimidazore-d'), 136.6
(C-8a), 128.0 (d, Jcaar = 5.6 Hz, C-4a), 126.1 (d, Jc.
7F = 21 Hz, C-7), 120.2 (C-8), 119.5 (C-3), 113.2 (d, Jc.
5F = 23 HZ, C-S), 56.6 (Nquinol.'CHZ)r 47.5 (Nimidazole'
CH,), 14.0 (C,-Me) ppm; MS (FAB): m/z = 394/396
(IM+H]).

Antifungal and antigiadriasis activity

The antifungal activity of the synthesized compounds and
metronidazole, determined as MIC, was assessed using
microdilution method recommended by NCCLS [46]
against C. tropicalis ATCC 13803 and C. albicans ATCC
40227. Test compounds were dissolved in 10 % DMSO, to
produce a 2000 pg/cm® stock solution. These test tubes
were serially diluted to give a concentration of 100, 50, 25,
12.5, 6.25, 3.12, 1.56, and 0.78 ug/cm3. SDB (Sabouraud
Dextrose Broth) was used for fungus. The cell density of
each inoculum was adjusted in sterile water of a 0.5
McFarland standard. A final concentration of 106 CFU/
cm® was obtained for fungus, Microbial inocula were
added to the two fold diluted samples. The test tubes were
incubated 18-24 hat 37 &+ 1 °C for 2-5 days at 25 £ 1 °C
for fungus. Metronidazole was used as standard drug. The
highest dilution of the test compound that completely
inhibited the growth of test organism was considered as the

MIC value of the test compound and was expressed in pg/
cm’. Bach compound was assayed in duplicate in each of
three independent experiments. The antigiardial activity of
the prepared compounds and metronidazole as the standard
drug were tested as described elsewhere [47]. Briefly, the
tested compounds and metronidazole were dissolved in
DMSO then in medium and filter-sterilized. In a 15-cm®
glass tube, two fold dilutions starting at 15 mg/cm® were
prepared in a final volume of 15 cm® to exclude air from
the tube. Each tube was inoculated with 20,000 cells of the
parasite being tested (Giardia). Each compound was
assayed in duplicate in each of three independent experi-
ments. In each assay, the appropriate controls were
performed, including one without any compound and
another with metronidazole as the positive control. The
biological activity of the compounds was evaluated by
counting the parasites in each tube by use of a standard
haemocytometer. In each count, trypan blue was used to
distinguish live from dead parasite.

HIV-1 reverse transcriptase inhibition assay

Evaluation of the antiviral activity of compounds 2-11, 17,
and 18 against the HIV-1 strain (Illg) and the HIV-2 strain
(ROD) in MT-4 cells was performed using an MTT assay
as described previously [43, 44]. In brief, stock solutions
(10 times final concentration) of test compounds were
added in 25-mm> volumes to two series of triplicate wells
to allow simultaneous evaluation of their effects on mock
and HIV-infected cells at the beginning of each experi-
ment. Serial 5-fold dilutions of test compounds were made
directly in flat-bottomed 96-well microtiter trays using a
Biomek 3000 robot (Beckman instruments). Untreated
control, HIV and mock-infected cell samples, were inclu-
ded for each sample. HIV-1 (Illg) [48] or HIV-2 (ROD)
[49] stock (50 mm3) at 100-300 CCIDsq (50 % cell culture
infectious dose) or culture medium was added to either of
the infected or mock-infected wells of the microtiter tray.
Mock-infected cells were used to evaluate the effect of test
compound on uninfected cells to assess the cytotoxicity of
the test compounds. Exponentially growing MT-4 cells
[50] were centrifuged for 5 min at 1000 rpm, and the
supernatant was discarded. The MT-4 cells were resus-
pended at 6 x 105 cells per cm3, and 50-mm?> volumes
were transferred to the microtiter tray wells. Five days after
infection, the viability of the mock- and HIV-infected cells
was examined spectrophotometrically by the MTT assay.

Acknowledgements We thank Prof. C. Pannecouque of Rega
Institute for Medical Research, Katholieke Universiteit, Leuven,
Belgium, for the anti-HIV screening. Miss A. Friemel of the Chem-
istry Department, University of Konstanz, Germany, is highly
acknowledged for the NMR experiments.

@ Springer



N. A. Al-Masoudi, Z. A. A. Abbas

References

—

10.

11.

12.
13.
14.
15.
16.
17.
18.

19.
20.

21.

22.

23.

24.
25.

26.

27.

. Celik A, Aras Ates N (2006) Drug Chem Toxicol 29:85
. Upcroft JA, Campbell RW, Benakli K, Upcroft P, Vanelle P

(1999) Antimicrob Agents Chemother 43:73

. Adams GE (1992) Radiat Res 132:129
. Adams GE, Stratford IJ (1986) Biochem Pharmacol 35:71
. Adams GE, Stratford 1J (1994) Int J Radiat Oncol Biol Phys

29:231

. Nagarajan K, Shankar RG, Rajappa S, Shenoy ST, Costa-Pereira

R (1989) Eur ] Med Chem 24:631

. Gunay NS, Capan G, Ulusoy N, Ergenc N, Otuk G, Kaya D

(1999) Farmaco 54:826

. Kapoor VK, Chadha R, Venisetty PK, Prasanth S (2003) J Sci Ind

Res (India) 62:659

. Cavalcanti JCM, de Abreu FC, Oliveira NV, de Moura MABF,

Chaves JG, Alves RJ, Bertinaria M, Fruttero R, Goulart MOF
(2004) Bioelectrochem 63:353

Li HQ, Xu C, Cu C, Li HS, Xiao ZP, Shi L, Zhu HL (2007)
ChemMedChem 2:1361

Silvestri R, Artico M, De Martino G, Ragno R, Massa S, Loddo
R, Murgioni C, Loi AG, La Colla P, Pani A (2002) J Med Chem
45:1567

Silvestri R, Artico M, Massa S, Marceddu T, DeMontis F, La
Colla P (2000) Bioorg Med Chem Lett 10:253

Nunn A, Linder K, Strauss HW (1995) Eur J Nucl Med 22:265
Cosar C, Julou L (1959) Ann Inst Pasteur 96:238

Tally FP, Goldin BR, Sullivan N, Johnston J, Gorbach SL (1978)
Antimicr Agents Chemother 13:460

Busatti H, Alves R, Santana-Anjos K, Gil F, Cury M, Vannier-
Santos M, Gomes M (2013) Diagn Micr Infec Dis 75:160

Ross WJ, Jamieson WB, McCowen MC (1972) J Med Chem
15:1035

Ross WJ, Jamieson WB, McCowen MC (1973) J Med Chem
16:347

Metal A (2009) Sci Pharm 77:497

Al-Masri AT, Saadeh HA, Mosleh 1A, Mubarak MS (2012) Med
Chem Res 21:1700

Alawadi DY, Saadeh HA, Kaur H, Goyal K, Sehgal R, Ben
Hadda T, ElSawy NA, Mubarak MS (2015) Med Chem Res
24:1196

Al-Qtaitat MA, Saadeh HA, Al-Bakri AG, Kaur H, Goyal K,
Sehgal R, Mubarak MS (2015) Monatsh Chem 146:705

Kassan NE, Saadeh HA, Talib WH, Mahasneh AM, Kaur H,
Goyal K, Sehgal R, Mubarak MS (2014) Med Chem Res 23:4872
Al-Soud YA, Al-Masoudi NA (2005) Synth Commun 35:2258
Al-Soud YA, Al-Masoudi NA, Kalogerakis A, De Clercq E,
Pannecouque C (2006) Chem Biodiver 3:515

Al-Soud YA, Al-Sa’doni H, Amajaour HAS, Al-Masoudi NA
(2007) Z Naturforsch 62b:523

Al-Soud YA, Al-Masoudi NA, De Clercq E, Pannecouque C
(2007) Heteroatom Chem 18:333

@ Springer

28.

29.

30.

31.

32.
33.

34.
35.
36.
37.
38.
39.
40.
41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Al-Soud YA, Al-Masoudi NA, Hassan HG, De Clercq E, Pan-
necouque E (2007) Acta Pharm 57:379

Al-Soud YA, Al-Masoudi NA, De Clercq E, Pannecouque C
(2007) Antivir Chem Chemother 18:191

Valdez CA, Tripp JC, Miyamoto Y, Kalisiaki J, Hruz P, Ander-
son YS, Brown SE, Kangas K, Arzu LV, Davids BJ, Gillin FD,
Upcroft JA, Upcroft P, Fokin VV, Smith DK, Sharpless KB,
Eckmann L (2009) J] Med Chem 52:4038

Upcroft JA, Dunn LA, Wright JM, Benakli K, Upcroft P, Vanelle
P (2006) Antimicrob Agents Chemother 50:344

Clayton R, Ramsden A (2005) Synthesis 2695

Benkli K, Karaburun AC, Karaburun NG, Demirayak S, Guven K
(2003) Arch Pharm Res 10:773

Huisgen R (1963) Angew Chem 75:604

Zhang P, Chen HM, Koch V, Schmitz V, Liao CL, Bretner M,
Bhadti VS, Fattom AI, Naso RB, Hosmane RS, Borowski PJ
(2003) J Med Chem 46:4149

Zhang P, Zhang N, Buckwold VE, Hosmane RS (2007) Bioorg
Med Chem 15:4833

Zhang N, Chen H-M, Koch V, Schmitz H, Minczuk M, Stepien P,
Fattom Al, Naso RB, Kalicharran K, Borowski P, Hosemane RS
(2003) J Med Chem 46:4776

Ball P (2000) J Antimicrob Chemother 46:531

Niedballa U, Vorbruggen H (1974) J Org Chem 39:3654

Atia AJK (2009) Molecules 14:2431

Willker W, Leibfritz D, Kerssebaum R, Bermel W (1993) Magn
Reson Chem 31:287

Santos KKA, Matia EFF, Tintino SR, Souza CES, Braga MFB,
Guedes GMM, Costa JGM, Menezes IRA, Coutinho HDM (2001)
J Med Food 16:669

Pauwels R, Balzarini J, Baba M, Snoeck R, Schols D, Herdewijn
P, Desmyter J, De Clercq E (1988) J Virol Methods 20:309
Pannecouque C, Daelemans D, De Clercq E (2008) Nat Protoc
3:427

Hargrave KD, Proudfoot JR, Grozinger KG, Cullen E, Kapadia
SR, Patel UR, Fuchs VU, Mauldin SC, Vitous J (1991) J Med
Chem 34:2231

National Committee for Clinical Laboratory Standards (2000)
Method for dilution antimicrobial susceptibility tests for bacteria
that grow aerobically, 5th edn. Approved standard M7: AS.
Villanova, PA

Majewska AC, Kasprzak W, De Jonckheere JF, Kaczmarek E
(1991) Trans R Soc Trop Med Hyg 85:67

Popovic M, Sarngadharan MG, Read E, Gallo RC (1994) Science
224:497

Barré-Sinoussi F, Chermann JC, Rey F, Nugeyre MT, Chamaret
S, Gruest J, Dauguet C, Axler-Blin C, Vezinet-Brun F, Rouzioux
C, Rozenbaum W, Montagnier L (1983) Science 220:868
Miyoshi L, Taguchi H, Kubonishi I, Yoshimoto S, Otsuki Y,
Shiraishi Y, Akagi T (1982) Gann Monogr Cancer Res 28:219



	Synthesis and biological activity of new metronidazole derivatives
	Abstract
	Graphical abstract
	Introduction
	Results and discussion
	Chemistry
	Antigiardiasis and antifungal activity
	In vitro anti-HIV activity

	Conclusion
	Experimental
	General procedure for the synthesis of the imidazole arylsulfonate esters 2--4
	General procedure of cycloaddition reaction of metronidazole azide 7 with substituted acetylene compounds
	Antifungal and antigiadriasis activity
	HIV-1 reverse transcriptase inhibition assay

	Acknowledgements
	References




