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Reverse transcriptase enzyme (RT) is an attractive target for the development of new drugs useful
in AIDS therapy and HIV non-nucleoside reverse transcriptase inhibitors (NNRTIs), and offers the
possibility of generating structures of increased potency. On this basis, a series of 4-oxo-3-phenyl-2-
(phenylimino)thiazolidin-5-ylidene, 3-hydroxypropyl, 3-azidopropyl, and 3-aminopropyl derivatives
of 1-benzyl-2-ethyl-4-nitroimidazoles 6–8, as well as the substituted 1,2,3-triazolo analogs 12–14,
the diazepam 15 and carboxamide derivatives 16 and 17 were synthesized. All compounds have been
evaluated for their anti-HIV activity.
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Introduction

Since the time of their discovery, non-nucleoside re-
verse transcriptase inhibitors (NNRTIs) have been par-
ticularly attractive targets due to their low cytotoxic-
ity and high selectivity. Three NNRTIs, nevirapine [1],
delaviridine [2, 3] and efavirenz [4], have been ap-
proved by the Food and Drug Administration (FDA)
for the treatment of HIV infection. However, the rapid
emergence of resistant mutants against the NNRTIs al-
lowed only a few compounds to reach the stage of clin-
ical trials [5]. For this reason RT remains a central tar-
get in the development of anti-HIV-1 drugs and new
classes of NNRTIs having high potency as well as be-
ing effective against resistant mutants [6, 7].

Several potent heterocyclic NNRTIs have been
synthesized with high anti-HIV inhibitory activity,
some of which have an imidazole scaffold (for ex-
ample, capravirine; S-1153, 1) (Fig. 1) [8]. More-
over, numerous examples of nitroimidazoles have
been reported with a range of biological activi-
ties, including antibacterial agents [9 – 12], poten-
tial radiosensitizers [13], anticancer agents [14]
such as Dacarbazine R© (DTIC) [15] and misonida-
zole [16], fungicides and/or antiprotozoal agents such
as clotrinazole [1-(2-chlorotrityl)-1H-imidazole] [17],

metronidazole (Flagyl) [18, 19] and 2-styryl-5-nitro-
imidazoles [20, 21].

Some arylpiperazine derivatives possess enterovirus
activity [22, 23], such as atevirdine (2) (Fig. 1) [24]
and vicriviroc, which are currently in Phase II clinical
trials [25].

This work is a continuation of our investigation in
the field of 4-nitroimidazoles [26 – 31], some of which
represent a prototype with remarkable anti-HIV ac-
tivity [27, 31]. Other efforts have focused on the de-
velopment of new inhibitors based on novel scaffolds
by synthesis of new 4-nitroimidazoles bearing spacer-
piperazine residues at C-5 as new templates that might
lead to the opimization of HIV-1 RT inhibitory activity.

Results and Discussion

The potency of thiazolidine derivatives as a new
family of antiviral agents acting as NNRTIs with min-
imal cytotoxicity [32 – 36] has prompted us to syn-
thesize new models of nitroimidazoles carrying a 1,3-
thiazolidin-4-one moiety attached to the potent piper-
azine molecule. In the present work, compound 3
has been selected as a starting material for the syn-
thesis of new substituted imidazole analogs via the
nucleophilic displacement of the bromine atom ac-
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Fig. 1. Chemical sructures of capravirine
(1) and ateviridine (2).

tivated by an adjacent nitro function. Treatment of
3 with 1-formylpiperazine afforded the piperazine-
1-carbaldehyde 4 (85%) [29], which gave 5 in
59% yield, on reaction with chloroacetic acid and
1,3-diphenylthiourea under microwave irradiation at
110 ◦C for 20 min (Scheme 1).

The structure of 5 was identified by 1H and 13C
NMR, and mass spectra. In the 1H NMR spectrum
of 5, resonances of the piperazine moiety appeared
as two broad singlets at δ = 3.69 and 2.96 ppm, the
signal of the benzylic protons at δ = 5.20 ppm. The
singlet at δ = 6.26 ppm was attributed to the olefinic
proton (HC=C(1)thiazolidine). The 13C NMR spectrum

Scheme 1. Conditions and reagents. (i) 1-Formylpiperazine, 80 ◦C, 6 h; (ii) ClCH2CO2H, 1,3-diphenylthiourea, MWI,
20 min; (iii) 1-(3-hyroxypropyl)piperazine, DMF, K2CO3, KI, 120 ◦C, 6 h; (iv) Ph3P, bromotrichloromethane, toluene, re-
flux, 3 h; (v) Ph3P, CCl4-DMF (1 : 4), 90 ◦C, 5 h; (vi) 9, 10 or 11, toluene, 100 ◦C, 5 h.

of 5 showed a signal at δ = 165.7 ppm, attributed
to a carbonyl group. The carbon atoms C-2 and C-
5 of the thiazolidine ring resonated at δ = 159.2
and 101.1 ppm, respectively, while the olefinic carbon
(C=C(5)thiazolidine) appeared at δ = 154.9 ppm. The
piperazine carbon atoms resonated at δ = 49.9 and
46.0 ppm, whereas the signals of C-2, C-4 and C-5
of the imidazole ring resonated at δ = 141.3, 136.1
and 138.1 ppm, respectively. In the gradient-selected
HMBC [37] spectrum of 5, the olefinic proton at δ =
6.26 ppm showed a 2JC,H coupling with C(4)thiazolidine
at δ = 101.1 ppm, in addition to a 3JC,H coupling with
C(4)thiazolidine (C=O) at δ = 165.7 ppm.
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Further, other models of imidazole derivatives
bearing substituted piperazines were prepared. Thus,
treatment of 3 with 1-(3-hydroxypropyl)piperazine
in the presence of K2CO3 at 120 ◦C furnished
6 in 67% yield. A facile and one-pot conver-
sion of alcohol 6 into azide 7 (65%) was em-
ployed, following the Koziara’s method [38], by
treatment with Ph3P and bromotrichloromethane. By
following the one-pot methodology of Reddy et
al. [39], the alcohol 6 afforded smoothly the amine
8 (78%), on treatment with NaN3 and two equiv-
alents of PPh3 in CCl4-DMF (1 : 4) at 90 ◦C. Al-
ternatively, amine 8 had been prepared previously
in our laboratory by hydrazinolysis of the phthal-
imide analog (N-[3-[4-(1-benzyl-2-ethyl-4-nitro-1H-
imidazol-5-yl)piperazin-1-yl]propyl]phthalimide) [24]
(Scheme 1).

The structures of 6–8 were determined from their
NMR (1H, 13C) and mass spectra, since they showed
a similar pattern of the imidazole moiety and the aro-
matic protons (cf. Experimental Section). Compound
7 has been selected for further NMR studies, and the
HMBC spectrum revealed a 2JC,H coupling between
the methylene protons (CH2-1′) at δ = 2.43 ppm and
C-2′ at δ = 27.2 ppm, as well as the carbons of piper-
azine at δ = 50.1 ppm. Additionally, a 3JC,H coupling
between C-1′ at δ = 47.2 ppm and the CH2-3′ at δ =
1.47 ppm was observed.

Treatment of the azide 7 with three alkynes
– dimethyl acetylenedicarboxylate (DMAD) (9),
acetylenedicarboxylic acid (10) and 1,4-diphenylbut-

Scheme 2. Conditions and reagents. (i) Guanidine·HCl, NaOMe, then stirring at r. t., 48 h; (ii) 6-amino-1-hexanol or cyclo-
propylamine, r. t., 18 h.

2-yne-1,4-dione (11) – in refluxing toluene led to the
1,3-dipolar cycloaddition products 12–14 in 52, 49 and
65% yield, respectively (Scheme 1).

The structures of 12–14 were assigned on the ba-
sis of their 1H, 13C NMR and mass spectra which
showed a similar pattern of the imidazole unit and the
aromatic protons. In the 1H NMR spectra of 12–14,
CH2-1′ and CH2-2′ protons appeared as a multiplet in
the region δ = 2.38 – 2.45 ppm, while the CH2-3′ pro-
tons resonated at δ = 4.32 – 5.12 ppm. The 13C NMR
spectra of 12–14 revealed signals at δ = 53.2–53.9,
27.0–27.2 and 45.2 – 46.3 ppm, which were attributed
to C-1′, C-3′ and C-2′, respectively. The proton system
(NtriazoleCH2CH2CH2) was further identified from the
DFQ-COSY spectra [40].

Next, the triazole 12 was selected for further
treatment leading to a new cyclized product having
a spacer. In the present work, we have selected a spacer
of three carbon atoms due to the fact that the mutual
position of two pharmacophoric elements in flexible
biologically active molecules depends on the spacer
conformation. This is true even for a two-atomic chain
as a spacer [41]. Thus, reaction of 12 with guanidine,
generated freely in the presence of NaOMe, at room
temperature followed by neutralization with 1 N HCl
gave the crude product, which was purified by chro-
matography to give pure 1,2,3-triazolo-diazepam 15 in
42% yield (Scheme 2). The structure of 15 was estab-
lished by 1H, 13C, and HMBC NMR and mass spectral
data. In the 13C NMR spectrum, carbon atoms C=O,
C-6 and C-8 of the diazepam ring resonated at δ =
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Fig. 2. JC,H correlations in the HMBC NMR
spectrum of 16.

190.2, 164.1 and 158.1 ppm, respectively, while C-3a′′

and C-8a′′ of the diazepam ring appeared at δ = 133.9
and 139.4 ppm, respectively. In the gradient-selected
HMBC spectrum [34] of 15, the CH2-3′ methylene
protons at δ = 4.39 ppm showed a 3JC,H coupling to
C-5′′ of the triazole ring at δ = 139.2 ppm. It is ex-
pected that several tautomeric structures are possible
for 15, but only one of them is shown in Scheme 2.

Other amide derivatives having a spacer were pre-
pared. Compound 12 was converted to the carboxam-
ide derivatives 16 and 17 in 78 and 63% yield, respec-
tively, by direct treatment at room temperature with 1-
amino-6-hexanol and cyclopropylamine (Scheme 2).

The structures of 16 and 17 were determined on
the basis of their 1H, 13C NMR and mass spec-
tra, since they showed similar patterns of the imida-
zole unit and the aromatic protons (cf. Experimen-
tal Section). Compound 16 was selected for further
NMR (DFQ-COSY) [40] spectroscopic studies. The
multiplets of 2×CH2OH and 2×NCH2-1′′ of the
bis(6-hydroxyhexyl)carboxamide substituents at δ =
3.26 – 3.36 ppm were correlated to the singlets at δ =
38.5 and 60.2 ppm, repectively. The signals of (CH2-
2′′a,b), and (CH2-5′′a,b) were found as multiplets at
δ = 1.28 and 1.40 – 1.53 ppm, respectively, and cor-
related with the singlets at δC = 25.7, 24.8, 28.4, and
32.0 ppm, respectively. The gradient HMBC spectrum
of 16 showed a 3JCH coupling beween C=O at δ =
160.6 and 156.8 ppm with NCH2-1′′ at δ = 3.26 ppm.
Additionally, a 3JC,H coupling between the methylene
protons (CH2-3′) at δ = 4.36 ppm and C-5′′ of the tri-
azole ring at δ = 147.4 ppm was observed (Fig. 2).

In-vitro anti-HIV assay

Compounds 5–7 and 12–17 were tested for their
in vitro anti-HIV-1 (strain IIIB) and HIV-2 (strain
ROD) activity in human T-lymphocyte (MT-4) cells.
based on an MTT assay [42]. The results are sum-

Table 1. In-vitro anti-HIV-1a and HIV-2b activity of new 4-
nitroimidazoles 5–7 and 12–17.

Compound Virus EC50 CC50 SIe

strain (µg mL−1)c (µg mL−1)d

5 IIIB > 27.23 27.23 < 1
ROD > 27.23 27.23 < 1

6 IIIB > 66.41 66.41 < 1
ROD > 66.41 66.41 < 1

7 IIIB > 54.38 54.38 < 1
ROD > 54.38 54.38 < 1

12 IIIB > 79.45 79.45 < 1
ROD > 79.45 79.45 < 1

13 IIIB > 2.11 2.11 < 1
ROD > 2.11 2.11 < 1

14 IIIB > 60.26 60.26 < 1
ROD > 60.26 60.26 < 1

15 IIIB > 2.26 31.85 14
ROD > 2.26 2.26 < 1

16 IIIB > 8.02 8.02 < 1
ROD > 8.02 8.02 < 1

17 IIIB > 75.22 75.22 < 1
ROD > 75.22 75.22 < 1

AZT IIIB 0.0022 > 25 > 11 363
ROD 0.00094 > 25 > 26 596

Nevirapine IIIB 0.050 > 4.00 > 80
ROD > 4.00 > 4.00 < 1

a Anti-HIV-1 activity measured with strain IIIB; b anti-HIV-2 activ-
ity measured with strain ROD; c compound concentration required
to achieve 50% protection of MT-4 cells from the HIV-1- and 2-
induced cytopathogenic effect; d compound concentration that re-
duces the viability of mock-infected MT-4 cells by 50%; e SI: selec-
tivity index (CC50/EC50).

marized in Table 1, in which the data for nevi-
rapine (BOE/BIRG587) [43] and azidothymidine
(DDN/AZT) [44] were included for comparison. Com-
pounds 13 and 15 were found to be the only com-
pounds in the series inhibiting HIV-1 replication in cell
cultures with EC50 of > 4.11 µg mL−1 and > 2.26 of
a CC50 of 4.11 and 31.85 µg mL−1, resulting in a se-
lectivity index of < 1 and 14, respectively.

In conclusion, the structure-activity relationship
(SAR) suggested that the compounds with the 5-
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piperazino-nitroimidazole backbone bearing spacer
carbon atoms and carrying a diazepam moiety showed
higher activity than those of the corresponding sub-
stituted derivatives bearing a 1,2,4-triazole ring alone.
However, the anti-HIV activity and the selectivity of
these compounds are too limited to perform extensive
mode-of-action studies. Compound 15 might be con-
sidered as a new lead in the development of antivi-
ral agents as a non-nucleoside reverse transcriptase in-
hibitor.

Experimental Section

General

Melting points were measured on a Büchi melting point
apparatus B-545 (Büchi Labortechnik AG, Switzerland)
and are uncorrected. Microanalytical data were obtained
with a Vario Elemental apparatus (Shimadzu, Japan). NMR
spectra were recorded on 400 and 600 MHz (1H) and on
150.91 MHz (13C) spectrometers (Bruker, Germany) with
TMS as internal standard and on the δ scale in ppm. Sig-
nal assignments for protons were performed by selective pro-
ton decoupling or by COSY spectra. Heteronuclear assign-
ments were verified by 1H-13C COSY, or HMBC experi-
ments. Mass spectra (EI, 70 eV, and FAB) were recorded on
MAT 8200 spectrometers (Finnegan MAT, USA). TLC plates
60 F254 were purchased from Merck, Germany.

(4-(1-Benzyl)-2-ethyl-4-nitro-1H-imidazol-5-yl)piperazine-
1-carbaldehyde (4)

This compound was prepared according to the proce-
dure previously described [29] from 3 (618 mg, 2.00 mmol)
and 1-formylpiperazine (274 mg, 2.40 mmol). Yield: 570 mg
(83%); m. p. and mixed m. p. 296–299 ◦C.

(5-((4-(1-Benzyl)-2-ethyl-4-nitro-1H-imidazol-5-
yl)piperazin-1-yl)methylene)-3-phenyl-2-
(phenylimino)thiazolidin-4-one (5)

Aldehyde 4 (344 mg, 1.00 mmol), chloroacetic acid
(151 mg, 1.6 mmol), and 1,3-diphenylthiourea (228 mg,
1.00 mmol) were placed in a cylindrical quartz tube (∅ =
1.5 cm). Then the tube was introduced into the Synthwave R©
402 Prolabo microwave reactor and irradiated at 110 ◦C for
20 min. The microwave reactor was monitored by a com-
puter which allowed the temperature of the reaction mixture
to be adjusted. After cooling, the mixture was extracted with
CH2Cl2, filtered, and evaporated to dryness. Recrystalliza-
tion from EtOH gave 5 (350 mg, 59%); m. p. 231–234 ◦C
(dec.). – 1H NMR (CDCl3): δ = 7.47–7.04 (m, 15H, Ar-H),
6.26 (s, 1H, HC=Cthiazolidine), 5.20 (s, 2H, CH2Ph), 3.69,
2.96 (2× br s., 8H, Hpiperazine), 2.56 (q, 2H, J = 7.4 Hz,

CH2CH3), 1.13 (t, 3H, CH2CH3). – 13C NMR (CDCl3):
δ = 165.7 (C(4)thiazolidine =O), 159.2 (C(2)thiazolidine), 154.9
(C=C(5)thiazolidine), 146.3 (=N-C)(1)arom); 141.3 (C-2);
138.1 (C-5), 136.1 (C-4 + CH2-C(1)arom), 132.0–122.3
(16× Carom), 101.1 (C(5)thiazolidine), 49.9, 46.0 (Cpiperazine),
44.1 (CH2Ph), 20.8 (CH2CH3), 11.7 (CH2CH3). – MS ((+)-
FAB): m/z = 593 [M]+. – C32H31N7O3S (593.70): calcd. C
64.74, H 5.26, N 16.51; found C 64.49, H 5.11, N 16.68.

(3-(4-(1-Benzyl)-2-ethyl-4-nitro-1H-imidazol-5-
yl)piperazin-1-yl)propanol (6)

A mixture of 3 (309 mg, 1.00 mmol), 1-(3-hydroxy-
propyl)piperazine (2.00 mmol), anhydrous K2CO3 (415 mg,
3.00 mmol), and a catalytic amount of KI in DMF (15 mL)
was heated, with stirring, at 120 ◦C for 6 h. The solvent
was evaporated, and the residue was purified by column
chromatography (eluting with CHCl3-MeOH 95:5) to give
6 (208 mg, 67%); m. p. 135–138 ◦C. – 1H NMR (CDCl3):
δ = 7.36–7.18 (m, 5H, Ar-H), 5.18 (s, 2H, CH2Ph), 3.69,
3.01 (2× br s., 8H, Hpiperazine), 2.58 (q, 2H, J = 7.0 Hz,
CH2CH3), 3.42 (t, 2H, J = 7.0 Hz, CH2-3′), 2.54 (q, 2H,
J = 7.4 Hz, CH2CH3), 2.29 (d, 2H, J = 7.0 Hz, CH2-1′),
1.51 (m, 2H, CH2-2′), 1.14 (t, 3H, CH2CH3). – 13C NMR
(CDCl3): δ = 146.2 (C-2); 138.4 (C-5), 136.8 (C-4); 136.1
(CH2-C(1)arom), 129.1, 128.5, 127.2, 125.2 (Carom), 59.2
(C-3′); 56.8 (C-1′)); 46.8 (Cpiperazine), 46.0 (CH2Ph); 29.4
(C-2′), 20.9 (CH2CH3),11.8 (CH2CH3). – MS ((+)-FAB):
m/z = 374 [M+H]+. – C19H27N5O3 (373.45): calcd. C
61.11, H 7.29, N 18.75; found C 60.83, H 7.11, N 18.55.

(1-(3-Azidopropyl)-4-(1-benzyl)-2-ethyl-4-nitro-1H-
imidazol-5-yl)piperazine (7)

A mixture of 6 (373 mg, 1.00 mmol), triphenylphosphane
(281 mg, 1.10 mmol), bromotrichloromethane (210 mg,
1.10 mmol), and toluene (20 mL) was refluxed gently with
stirring for 3 h. After cooling, NaN3 (143 mg, 2.20 mmol),
tetrabutylammonium bromide (25 mg) and DMF (2 mL)
were added, and the mixture was refluxed again with stirring
for 6 h. The mixture was then poured into water (40 mL) and
extracted with toluene (2× 10 mL). The combined organic
extracts were dried (Na2SO4), filtered and evaporated to
dryness. The residue was placed on a short silica gel column
and eluted, in gradient, with MeOH (0% – 5%) and CHCl3
to give 7 (259 mg, 65%) as an oil. – 1H NMR (CDCl3):
δ = 7.32–7.21 (m, 5H, Ar-H), 5.22 (s, 2H, CH2Ph), 3.64,
3.20 (2× br s., 8H, Hpiperazine), 2.56 (q, 2H, J = 7.4 Hz,
CH2CH3), 2.43 (m, 2H, J = 6.4 Hz, CH2-3′), 1.47 (m, 4H,
CH2-2′ + CH2-3′); 1.13 (t, 3H, CH2CH3). – 13C NMR
(CDCl3): δ = 146.7 (C-2); 139.1 (C-4), 137.2 (C-5), 136.8
(CH2-C(1)arom), 129.2, 128.3, 126.8, 125.8 (Carom), 52.8
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(C-1′), 50.1 (Cpiperazine), 47.2 (C-3′), 45.5 (CH2Ph); 27.2 (C-
2′), 20.6 (CH2CH3), 11.4 (CH2CH3). – HRMS ((+)-ESI):
m/z = 398.2169 (calcd. 398.2187 for C19H26N8O2, [M]+).

(3-(1-(Benzyl)-2-ethyl-4-nitro-1H-imidazol-5-yl)piperazin-
1-yl)propan-1-amine (8)

A mixture of 6 (373 mg, 1.00 mmol), NaN3 (78 mg,
1.20 mmol) and PPh3 (550 mg, 2.10 mmol) in 10 mL of
CCl4-DMF (1:4) was warmed at 90 ◦C with stirring. After
5 h, the reaction mixture was cooled and quenched by adding
5 mL of water. After stirring for 10 min, the reaction mix-
ture was partitioned between CHCl3 (3× 20 mL) and water.
The combined organic layer was dried (Na2SO4), filtered,
and the filtrate was concentrated to afford the crude amine,
which was purified on a short column of silica gel (eluting
with CHCl3-MeOH 95:5) to give the pure amine 8 (291 mg,
78%) as an oil. All spectroscopic data were identical with
those of the same compound prepared previously in our lab-
oratory, via an alternative method in 57% yield [24].

General procedure for the preparation of
4,5-diacyl-1,2,3-triazoles 12–14

To a stirred solution of 7 (373 mg, 1.00 mmol) in toluene
was added an alkyne 9–11 (1.00 mmol), and the mixture was
heated under reflux for 5 h. After cooling, the mixture was
filtered and evaporated to dryness. The residue was placed
on a short silica gel column (5 g) and eluted, in gradient, with
MeOH (0 – 2%) and CHCl3 to give the pure product.

Dimethyl 1-(3(4-(1-benzyl-2-ethyl-4-nitro-1H-imidazol-5-
yl)piperazin-1-yl)propyl)-1,2,3-triazole-4,5-dicarboxylate
(12)

From dimethyl acetylenedicarboxylate (DMAD) (9)
(142 mg). Yield: 281 mg (52%); m. p. 164 – 167 ◦C. – 1H
NMR (CDCl3): δ = 7.31–7.19 (m, 5H, Ar-H), 5.27 (s,
2H, CH2Ph), 4.32 (m, 4H, CH2-3′), 3.70, 3.41 (2× s, 6H,
2×OMe), 3.60, 3.18 (2× br s., 8H, Hpiperazine), 2.59 (q,
2H, J = 7.4 Hz, CH2CH3), 2.44–2.38 (m, 4H, CH2-1′ +
CH2-2′), 1.13 (t, 3H, CH2CH3). – 13C NMR (CDCl3):
δ = 159.8 (C=O), 147.1 (C-2), 139.0 (C-5), 137.3 (C-4),
136.6 (CH2-C(1)arom), 129.0, 128.1, 127.0, 126.1 (Carom),
118.8 (C(4)triazole), 117.2 (C(5)triazole), 53.9 (C-1′), 50.9
(Cpiperazine), 46.3 (C-3′), 45.8 (CH2Ph), 27.1 (C-2′), 20.4
(CH2CH3), 11.3 (CH2CH3). – MS ((+)-FAB): m/z = 541
[M+H]+. – C25H32N8O6 (540.57): calcd. C 55.55, H 5.97,
N 20.73; found C 55.29, H 5.79, N 20.85.

1-(3(4-(1-Benzyl-2-ethyl-4-nitro-1H-imidazol-5-
yl)piperazin-1-yl)propyl)-1,2,3-triazole-4,5-dicarboxylic
acid (13)

From but-2-ynedioic acid (10) (142 mg). Yield: 255 mg
(49%); m. p. 184–187 ◦C. – 1H NMR (CDCl3): δ = 10.58,

10.38 (2× br s., 2H, CO2H),7.29–7.20 (m, 5H, Ar-H),
5.30 (s, 2H, CH2Ph), 4.38 (t, 2H, J = 7.0 Hz, CH2-3′),
3.56, 3.21 (2× br s., 8H, Hpiperazine), 2.62 (q, 2H, J =
7.5 Hz, CH2CH3), 2.42–2.38 (m, 4H, CH2-1′ + CH2-2′),
1.14 (t, 3H, CH2CH3). – 13C NMR (CDCl3): δ = 170.6
(CO2H), 147.5 (C-2), 140.4 (C(5)triazole), 139.1 (C-4), 137.1
(C-5), 136.5 (CH2-C(1)arom), 131.4 (C(4)triazole), 128.7,
128.2, 126.7, 125.6 (Carom), 53.2 (C-1′); 50.0 (Cpiperazine),
45.9 (C-3′); 45.4 (CH2Ph), 27.2 (C-2′), 20.3 (CH2CH3),
11.5 (CH2CH3). – MS ((+)-FAB): m/z = 512 [M]+. –
C23H28N8O6 (512.52): calcd. C 53.90, H 5.51, N 21.86;
found C 53.68, H 5.43, N 21.58.

1-(3-(4-(1-Benzyl-2-ethyl-4-nitro-1H-imidazol-5-
yl)piperazin-1-yl)propyl)-1H-1,2,3-triazol-4,5-diyl-
bis(phenylmethanone) (14)

From 1,4-diphenylbut-2-yne-1,4-dione (11) (234 mg).
Yield: 411 mg (65%); m. p. 151–154 ◦C. – 1H NMR
(CDCl3): δ = 7.87–7.47 (m, 10H, Ar-H), 7.31–7.22 (m,
5H, Ar-H), 5.35 (s, 2H, CH2Ph), 5.12 (t, 2H, J = 7.0 Hz,
CH2-3′), 3.54, 3.23 (2× br s., 8H, Hpiperazine), 2.68 (q, 2H,
J = 7.3 Hz, CH2CH3), 2.45–2.40 (m, 4H, CH2-1′ + CH2-2′),
1.13 (t, 3H, CH2CH3). – 13C NMR (CDCl3): δ = 147.1 (C-
2), 145.1 (C(4)triazole), 139.1 (C-4 + C(5)triazole), 137.0 (C-
5), 136.6 (CH2-C(1)arom), 131.2, 129.1, 129.0, 128.8, 128.5,
128.2, 127.8, 127.5, 127.1, 126.7, 125.3 (Carom), 53.5 (C-
1′), 50.3 (Cpiperazine), 45.2 (C-3′), 45.9 (CH2Ph), 27.0 (C-2′),
20.4 (CH2CH3), 11.3 (CH2CH3). – MS ((+)-FAB): m/z =
633 [M+H]+. – C35H36N8O4 (632.71): calcd. C 66.44, H
5.73, N 17.71; found C 66.19, H 5.62, N 17.51.

6-Amino-1-(3-(4-(1-benzyl-2-ethyl-4-nitro-1H-imidazol-5-
yl)piperazin-1-yl)-8-hydroxy-[1,2,3]triazolo[4,5-e][1,3]-
diazepine)-4-one (15)

Guanidine hydrochloride (60 mg, 2.00 mmol) was added
to a NaOMe solution (4 mL) [resulting from Na (350 mg)
dissolved in abs. MeOH (7 mL)]. After stirring in an ice
bath for 30 min, the precipitated NaCl was filtered off,
and the filtrate was added to a solution of the triazole
12 (270 mg, 0.50 mmol) in abs. MeOH (10 mL). The mix-
ture was stirred at room temperature for 48 h. After neu-
tralization wih 1 N HCl, the precipitate was filtered, and
the filtrate was evaporated to dryness. The residue was co-
evaporated with EtOH (4× 10 mL) to give a crude product
15. This product was placed on a short silica gel column
and eluted, in gradient, with MeOH (0 – 5%) and CHCl3
to give pure 15 (112 mg, 42%); m. p. 197–200 ◦C (dec.). –
1H NMR (CDCl3): δ = 8.94 (br s., 2H, NH2), 7.28–7.16
(m, 5H, Ar-H), 5.51 (br s., 1H, OH), 5.30 (s, 2H, CH2Ph),
4.39 (t, 2H, J = 6.9 Hz, CH2-3′), 3.57, 3.19 (2× br s., 8H,
Hpiperazine), 2.63 (q, 2H, J = 7.5 Hz, CH2CH3), 2.43 (m,
4H, CH2-1′ + CH2-2′), 1.13 (t, 3H, CH2CH3). – 13C NMR



N. A. Al-Masoudi et al. · Synthesis and Anti-HIV Activity of New 4-Nitroimidazole Derivatives 841

(CDCl3): δ = 190.2 (C(4′′)diazepam), 164.1 (C(6′′)diazepam),
158.1 (C(8′′)diazepam), 147.0 (C-2), 138.6 (C-4), 137.2 (C-
5), 139.4 (C(8a′′)diazepam), 136.6 (CH2-C(1)arom), 133.9
(C(3a′′)diazepam), 128.8, 127.5, 126.9, 125.8 (Carom), 53.8
(C-1′), 50.5 (Cpiperazine), 46.8 (C-3′), 45.2 (CH2Ph), 27.2
(C-2′), 20.1 (CH2CH3), 11.4 (CH2CH3). – MS ((+)-FAB):
m/z = 558 [M+Na]+. – C24H29N11O4 (535.56): calcd. C
53.82, H 5.46, N 28.77; found C 53.59, H 5.33, N 28.53.

1-(3(4-(1-Benzyl-2-ethyl-4-nitro-1H-imidazol-5-
yl)piperazin-1-yl)propyl)-N4,N5-bis(6-hydroxy-hexyl)-1,2,3-
triazole-4,5-dicarboxamide (16)

A solution of 12 (250 mg, 0.46 mmol) in 1-amino-6-
hexanol (269 mg, 2.30 mmol) was stirred at room tempera-
ture for 18 h, then the reaction mixture was evaporated to
dryness. The residue was dissolved in CHCl3 (2 mL) and
placed on a short silica gel column (5 g). Elution, in gra-
dient, with MeOH (0 – 5%) and CHCl3 afforded pure 16
(255 mg, 78%); m. p. 158–161 ◦C. – 1H NMR (CDCl3):
δ = 10.78 (t, 1H, J = 5.5 Hz, NH), 9.15 (t, 1H, J = 5.9 Hz,
NH), 7.32–7.21 (m, 5H, Ar-H), 5.29 (s, 2H, CH2Ph), 4.36
(t, 2H, J = 7.0 Hz, CH2-3′), 4.27 (dd, 2H, J = 1.4 Hz,
2×CH2OH), 3.62, 3.19 (2× br s., 8H, Hpiperazine), 3.36 (m,
4H, 2× CH2OH), 3.26 (m, 4H, 2×NCH2-1′′), 2.56 (q,
2H, J = 7.5 Hz, CH2CH3), 2.43 (m, 4H, CH2-1′ + CH2-
2′), 1.52 (m, 4H, CH2-4′′a,b), 1.39 (m, 4H, CH2-5′′a,b),
1.31 (m, 4H, CH2-3′′a,b), 1.28 (m, 4H, CH2-2′′a,b), 1.12
(t, 3H, CH2CH3). – 13C NMR (CDCl3): δ = 160.6, 156.8
(C=O), 147.4 (C-2 + C(5)triazole), 138.9 (C-5 + C(4)triazole),
137.2 (C-4), 136.8 (CH2-C(1)arom), 128.7, 128.3, 127.5,
127.3, 125.7 (Carom), 60.2 (2× CH2OH), 53.4 (C-1′), 50.1
(Cpiperazine), 46.0 (C-3′); 45.4 (CH2Ph), 38.5 (2×C-1′′a,b),

32.0 (C-5′′a,b), 28.4 (C-4′′a,b), 27.0 (C-2′), 25.7 (C-2′′a,b),
24.8 (C-3′′a,b), 20.2 (CH2CH3), 11.3 (CH2CH3). – MS ((+)-
FAB): m/z = 711 [M+H]+. – C35H54N10O6 (710.87): calcd.
C 59.14, H 7.66, N 19.70; found C 58.93, H 7.51, N 19.89.

1-(3(4-(1-Benzyl-2-ethyl-4-nitro-1H-imidazol-5-
yl)piperazin-1-yl)propyl)-N4,N5-bis(cyclopropyl)-1,2,3-
triazole-4,5-dicarboxamide (17)

The synthesis was analogous to the preceding proce-
dure, using cyclopropylamine (131 mg, 2.29 mmol). Yield:
171 mg (63%); m. p. 188–191 ◦C. – 1H NMR (CDCl3): δ =
10.72 (t, 1H, J = 4.0 Hz, NH), 9.17 (t, 1H, J = 4.4 Hz,
NH), 7.28–7.18 (m, 5H, Ar-H), 5.29 (s, 2H, CH2Ph), 4.38
(t, 2H, J = 7.1 Hz, CH2-3′), 3.58, 3.17 (2× br s., 8H,
Hpiperazine), 2.90–2.82 (m, 2H, Hcyclopropyl-1a,b), 2.54 (q,
2H, J = 7.3 Hz, CH2CH3), 2.42 (m, 4H, CH2-1′ + CH2-
2′), 1.13 (t, 3H, CH2CH3), 0.76–0.52 (m, 8H, Hcyclopropyl).
– 13C NMR (CDCl3): δ = 162.1, 157.5 (C=O), 147.5 (C-
2 + C(5)triazole),138.8 (C-5 + C(4)triazole), 137.0 (C-4),
136.5 (CH2-C(1)arom), 128.9, 128.4, 127.2, 127.3, 125.6
(Carom), 53.1 (C-1′), 50.0 (Cpiperazine), 46.2 (C-3′), 45.4
(CH2Ph), 27.2 (C-2′), 23.3, 23.0 (Ccyclopropyl-1a,b), 20.0
(CH2CH3), 11.2 (CH2CH3), 6.24, 6.10 (Ccyclopropyl-2a,b +
Ccyclopropyl-3a,b). – MS ((+)-FAB): m/z = 591 [M+H]+. –
C29H38N10O4 (590.68): calcd. C 58.97, H 6.48, N 23.71;
found C 58.69, H 6.33, N 23.50.
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