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A series of azole-containing piperazine derivatives have been designed and synthesized. The obtained compounds were
investigated in vitro for their antibacterial, antifungal and cytotoxic activities. The preliminary results showed that most
compounds exhibited moderate to significant antibacterial and antifungal activities in vitro. 1-(4-((4-chlorophenyl)
(phenyl)methyl)piperazin-1-yl)-2-(1H-imidazol-1-yl)ethanone and 1-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-
yl)-2-(2-phenyl-1H-imidazol-1-yl)ethanone gave remarkable and broad-spectrum antimicrobial efficacy against all
tested strains with MIC values ranging from 3.1 to 25 pg/mL, and exhibited comparable activities to the standard drugs
chloramphenicol and fluconazole in clinic. Moreover, 2-((4-((4-chlorophenyl)(phenyl)methyl)piperazin-1-yl)methyl)-
1H-benzo[d]imidazole was found to be the most effective in vitro against the PC-3 cell line, reaching growth inhibition
values (36.4, 60.1 and 76.5%) for each tested concentration: 25 uM, 50 uM and 100 pM in dose-dependent manner. The
results also showed that the azole ring had noticeable effect on their antimicrobial and cytotoxic activities, and imidazole
and benzimidazole moiety were much more favourable to biological activity than 1,2,4-triazole.
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Introduction

The number of patients suffering from cancer diseases or
some life-threatening infections has continued to rise rapidly
with years, though great progresses have been made in diagno-
sis, prevention, therapy and medicinal chemistry. Especially, the
alarming rates of emerging drug resistant strains and cancer
cell lines, leading to failure in therapy, continue to serve as im-
petus for the development of novel and more effective antimi-
crobial and anticancer agents.l'3

The piperazine-based research has attracted considerable
attention in recent years. Piperazine and substituted piperazine
nuclei had constituted an attractive pharmacological scaffold
present in various potent marketed drugs. The incorporation of
piperazine is an important synthetic strategy in drug discovery
due to its easy modificability, proper alkality, water solubility,
the capacity for the formation of hydrogen bonds and adjustment
of molecular physicochemical properties.*’ A broad range of
biological active compounds displaying antibacterial,”*"® anti-
fungal,g’10 anticancer, " antiparasitic,m’15 antihistamin, "® psy-
chotolytic,'” and antidepressive activities'® have been also found
to contain this versatile core. In particular, structurally simple 1-
(1-naphthylmethyl)-piperazine, as the efflux pump inhibitor,
could exert positive effect on tetracyclines and ciprofloxacin
against their resistant bacteria. %20 Moreover, benzotriazole-bas-
ed piperazine derivatives and N,N'-bis(alkyloxymethyl)pipera-
zines had moderate antibacterial and antifungal activities against
pathogenic bacterial strains and fungal strains.”"*> On the other
hand, a novel microtubule depolymerizing piperazine deriva-
tive, 1-(5-chloro-2-methoxybenzoyl)-4-(3-chlorophenyl) piper-
azine, caused inhibition of proliferation of a wide range of canc-
er cell lines including a multidrug-resistant cell line, with an
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Figure 1. Structures of some biological active piperazine derivatives.

average ICso of 85 nM.” These results once again highlighted
that piperazine core was an important backbone and prompted
us to design some active molecules with piperazine nucleus.
Several literatures provided evidence that the introduction
of such bulky groups like diphenyl could increase antimicrobial
activity by enhancing lipophilicity of the molecule, which may
result in more penetration into cells.”* Thus piperazine derivativ-
es bearing diphenyl substitution at N1 position also have been
introduced to design new antibacterial and antifungal agents,
though this moiety has wide application in antihistamine like
cetirizine, calcium antagonist (flunarizine) etc. Recently, Ran-
gappa et al. » reported the synthesis and in vitro antimicrobial
studies of medicinally important novel N-alkyl and N-sulfonyl
derivatives of 1-[bis(4-fluorophenyl)-methyl]piperazine 1a and
1b (Figure 1), which demonstrated potent inhibition against re-
presentative strains of Gram-positive and Gram-negative bac-
teria when compared to the standard drug streptomycin. Further-
more, novel 1-benzhydryl piperazine derivative 1¢ (Figure 1)
gave interesting growth inhibitory effects against one normal
cell line and four human cancer cell lines for the time period of
241 Consequently, the optimization of diphenyl piperazine
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derivatives may lead to a new route to potential pharmaceutical
molecules as antimicrobial and anticancer agents.

It is well-known that azole moieties, such as triazole, imida-
zole, benzimidazole ring, efc. as important pharmacophores are
present extensively in diverse types of drugs in clinical use.”” >
More importantly, azole derivatives as antimicrobial agents, es-
pecially as antifungal drugs represent a novel emerging major
chemical entity. For instance, ketoconazole, itraconazole, fluco-
nazole and its ester prodrug fosfluconazole, posaconazole and
ravuconazole are widely used in the treatment of systemic fungal
infections, and particularly, miconazole could exhibit remark-
able antibacterial activity against MRSA.” On the other hand,
the azole compounds also have attracted much attention due to
their prominent utilization as antitumor agents.31'33 Therefore,
these progressive findings about the biological activities of azole
derivatives led numerous efforts to develop some azole deriva-
tives as new antimicrobial and anticancer agents.

In view of this and in the continuation of previous resear-
ches on synthesis and antimicrobial studies of bioactive hetero-
cycles,34”35 it is worthwhile to synthesize new 1-((4-chlorophe-
nyl)(phenyl)methyl) piperazine derivatives bearing various
heterocyclic nuclei such as triazole, imidazole, benzimidazole
etc. and to evaluate for their antimicrobial activities against S.
aureus, Methicillin-resistant Staphylococcus aureus (MRSA),
B. subtilis, M. luteus, E. coli, P. vulgaris, P. aeruginosa, S. typhi,
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S. dysenteriae, C. albicans, S. cerevisiae and A. fumigatus as well
as antitumor activity against human prostatic carcinoma cell
(PC-3).

Results and Discussion

Chemistry. The general route for the synthesis of diphenyl-
attached piperazine derivatives is outlined in Scheme 1. The
intermediate 1-((4-chlorophenyl)(phenyl)methyl) piperazine
2 was prepared by a known procedure in three steps, including
NaBHj, reduction, chlorination and N-aralkylation from the com-
mercially available (4-chlorophenyl)(phenyl)methanone as start-
ing materials.”® The chloride 3 was obtained by the reaction of
2 with a large excess of 1,2-dichloroethane using triethylamine
as base.”” The reaction of 2 with 2-(chloromethyl)oxirane at
room temperature without base using anhydrous ethanol as
solvent produced another important chloride 4 with the yield
0f 40%.”® The key intermediate 5 was obtained in 45% yield by
the N-4 acylation of 2 with chloroacetyl chloride in the presence
of triethylamine in ice-bath.” The subsequent treatment of 3, 4
and 5 with a series of azole compounds such as triazole, imi-
dazole, substituted imidazole and benzimidazole efc in the pre-
sence of a mild base, anhydrous K,CO3 gave the azole 1-((4-
chlorophenyl)(phenyl)methyl) piperazine derivatives 7, 8a-b
9a-f, 10a-c and 11 in good yields after chromatographic purifica-
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Scheme 1. Synthetic route of azole-containing piperazine derivatives 6-11. Reagents and conditions: (I) CICH,CH,Cl, Et;N, reflux, 20 h. (II) 2-
(Chloromethyl)oxirane, CH;CH,OH, 1t, 24 h. (III) CICOCH,Cl, CH,Cl,, Et;N, 0 - 5 °C, 5 h. (IV) 2-(Chloromethyl)-1H-benzo[d]imidazole,

CH3;COCHj, 1t, 12 h. (V) Azoles, CH;CN, 45 - 70 °C.
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Table 1. Antibacterial activity of compounds 3-11 expressed as MIC (ng/mL)

Lin-Ling Gan et al.

Compd. S. aureus MRSA B. subtilis M. luteus E. coli P. vulgaris S. typhi S. dysenteriae
3 200 200 100 100 400 200 200 200
4 50 25 50 50 100 100 100 100
5 25 25 25 25 25 25 50 50
6 25 25 6.2 25 50 25 25 12.5
7 100 100 100 100 200 100 200 100
8a 100 100 100 100 200 100 200 100
8b 50 50 50 50 25 25 50 50
9a 200 200 50 100 400 100 100 50
9b 3.1 6.2 6.2 6.2 25 12.5 12.5 6.2
9¢ 50 50 25 50 100 50 25 6.2
9d 50 50 25 50 200 50 25 6.2
9e 6.2 12.5 12.5 6.2 25 25 12.5 6.2
of 50 50 25 12.5 50 25 50 25
10a 25 25 25 25 200 25 25 25
10b 50 50 25 25 200 50 25 25
10c > 400 > 400 > 400 > 400 > 400 > 400 > 400 > 400
11 > 400 > 400 > 400 > 400 > 400 > 400 > 400 > 400
Chl* 3.1 6.2 3.1 1.6 6.2 3.1 3.1 1.6
“chl, chloramphenicol.
Table 2. Antifungal activity of compounds 3-11 expressed as MIC (pug/mL)
Compd. C. albicans S. cerevisiae A. fumigatus Compd. C. albicans S.cerevisiae A. fumigatus
3 200 200 200 9¢ 25 25 50
4 100 100 100 9d 100 25 100
5 25 25 50 9e 12.5 3.1 25
6 25 25 50 of 25 25 50
7 100 100 200 10a 25 25 100
8a 100 100 200 10b 25 25 100
8b 25 25 50 10c > 400 > 400 > 400
9a 100 100 100 11 > 400 > 400 > 400
9b 6.2 12.5 25 flu* 0.8 1.6 256

“flu, fluconazole.

tion on silica gel. Besides, the compound 6 was synthesized
by direct reaction of intermediate 2 and 2-(chloromethyl)-1H-
benzo[d]imidazole in acetone at room temperature.

In the preparation of intermediate 5, the reaction was related
with the dropwise rate of chloroacetyl chloride. The slow drop-
wise addition of the chloroacetyl chloride instead of addition
at once would increase the yield and decrease the possibility of
decomposition. The nucleophilic substitution reactions of the
intermediate 4 or 5 with different azoles were found to depend
on the acidity of the azole rings and the reactivity of the interme-
diates to some extent. The azole rings with stronger acidity
(triazole, 4-nitro-imidazole, 2-methyl-5-nitro-imidazole) need
shorter reaction time and lower temperature than those with
weaker acidity (imidazole, benzimidazole and the electron-
donor group substituted imidazole), and compound 5 reacted
far more readily with azoles than 4 under the same conditions.
Furthermore, the presence of weak base potassium carbonate

rather than strong base such as NaH in the reaction of compound
5 with imidazole, 2-methyl, 2-phenyl imidazole and benzimida-
zole gave good yields of title compounds, which made the pro-
cedure more convenient and safe.

All the synthesized compounds were confirmed by MS, IR
and '"H NMR spectra as well as elemental analyses. The spectral
analyses were in accordance with the assigned structures, and
all the characterization data were given in the experimental
section. The mass spectra showed that compounds 6-11 gave a
[M]" or [M+Na]  peak, in agreement with their molecular for-
mula. Since NaBH4 used for the (4-chlorophenyl)(phenyl)me-
thanone reduction would in no way result in a stereochemical
preference on the formation of benzhydrol,40 the synthesized
piperazine derivatives were racemates, which were confirmed
by polarimeter.

Phamacology. The desired compounds 6-11 and the interme-
diates 3-5 were provided for their antibacterial and antifungal
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Figure 2. The cytotoxic activities of the tested compounds.

assaying as racemates against Gram positive, Gram negative
bacteria and fungi, in comparison with chloramphenicol and
fluconazole as standard drugs, and their antimicrobial results
were reported as minimal inhibitory concentrations (MICs, pg/
mL), and were shown in Table 1 and Table 2.

The newly synthesized compounds were also evaluated for
their cytotoxic activity towards human tumour cell line PC-3
(human, prostatic carcinoma cell) by MTT assay. Results of each
tested agents were reported as the growth inhibition percentage
of treated cells when compared to the untreated control ones.
The cell growth inhibition rates were summarized in Figure 2.

Antibacterial activity: The antibacterial tests indicated that
all the tested compounds were able to inhibit the growth of the
selected microorganisms in vitro, whereas the compounds 10¢
and 11 were inactive even at the highest tested concentration
against both Gram-negative and Gram-positive bacteria. In addi-
tion, it turned out that Gram-negative strain E. coli was less sen-
sitive to most azole-containing compounds compared to other
tested bacterial strains.

As was seen in Table 1, the three intermediates 3-5 showed
weak to moderate antibacterial activities, and the chloride 5
with amide linkage, which had been reported as hypocholestere-
mic agents at the first time in 1968, exhibited best antibacterial
activities among the three intermediates 3-5. The replacement
of chlorine atom with the different azole rings resulted in varia-
tion of the antibacterial activities. It was observed that the he-
terocyclic moiety had noticeable effect on the antibacterial acti-
vities. The biological activities of azole-containing piperazine
derivatives decreased as the following orders: imidazole and
substituted imidazoles 9b-f > benzimidazoles 6, 10a and 5,6-
dimethyl-benzimidazole 10b > triazoles 7, 8a and 9a > benzo-
triazole 10¢, 2-thiol benzimidazole 11. These facts suggested
that imidazole and benzimidazole residues should have the syn-
ergistic effect on biological activities, but the benzotriazole and
2-thiol benzimidazole nucleus may exert negative efficacy on
their activities.

For the tested imidazole and its substituted derivatives 9b-f,
all of them showed broad antibacterial spectrum. Especially,
compounds 9b and 9e with imidazole and 2-phenyl imidazole
ring, respectively, had the strongest antibacterial activities
against pathogenic bacterial strains with the MIC values in the
range of 3.1 - 25 pg/mL. Compound 9b exhibited significant ac-
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tivity against S. aureus with the MIC value of 3.1 pg/mL, which
was equivalent to that of chloramphenicol as the reference drug.
This compound also revealed good activity against MRSA, B.
subtilis, M.luteus and S. dysenteriae (MIC = 6.2 ug/mL), as well
as moderate activity against £. coli, P. vulgaris and S. typhi, with
the MIC values of 25, 12.5 and 12.5 pg/mL, respectively. The re-
sults suggested that it was the most active compound among the
azole-containing piperazine derivatives. Besides, compound 9e
also showed excellent activity against S. aureus, M. luteus and S.
dysenteriae, and it could effectively inhibit the growth of the
three strains at the same concentration of 6.2 pg/mL. Mean-
while, this compound also displayed moderate activity against
the rest tested strains. On the other hand, other compounds with
substitution on imidazole ring, such as 9¢ with 4-NO,, 9d with
2-CH3-4-NOg, 9f with 2-CHj3 group also gave moderate to ex-
cellent antibacterial activities with the MIC values ranging from
6.2 to 50 pg/mL, but poor activity against E. coli. Furthermore,
it’s noteworthy that the three compounds almost have the same
antibacterial potential against Gram positive bacterial strains,
whereas they had slight difference on their antibacterial activiti-
es against Gram negative bacterial strains. Compound 9f with
electron-donor methyl group exhibited best antibacterial activi-
ties against the four Gram negative bacterial strains among the
three compounds, the next one was the compound 9d with 2-
CH3-5-NO», and the lowest antibacterial activity was the com-
pound 9¢ with 4-NO,. These results suggested that their anti-
bacterial activities had been ascribed to the nature of the sub-
stituents to some extent.

Benzimidazoles bearing derivatives 6 and 10a-b gave rela-
tively good activities against most tested bacterial strains with
the MIC values ranging from 25 to 100 pg/mL. Additionally, we
can see from the data that the substitution with electron releasing
methyl group at the 5- and 6-position of benzimidazole nucleus
only result in a little decrease in potency.

Compared to imidazole derivatives, triazole ones 7, 8a and
9a gave weaker antibacterial activities against S. aureus, MRSA,
B. subtilis, M. luteus, E. coli, P. vulgaris, P. aeruginosa, S. typhi
and S. dysenteriae with the MIC values ranging from 50 to 400
pg/mL.

Antifungal activities: The antifungal evaluation exhibited that
the intermediates 3-5 and most of azole-containing compounds
showed antifungal efficacy against C. albicans and S. cerevisiae
to some extent. Unexpectedly, these compounds showed less
antifungal activities against 4. fumigatus, especially triazole
ones, which may be due to the intrinsic mechanism resistant to
triazole antifungal agents.41 Despite of this, title compounds 9b
and 9e showed desirable antifungal activities against C. albicans
and S. cerevisiae with the MIC values between 3.1 and 12.5 pg/
mL, which were nearly close to fluconazole being in clinical use.
Moreover, the two compounds also displayed excellent activity
against A. fumigatus (MIC =25 pg/mL), which were superior to
the first-line antifungal drug fluconazole. This suggested that it
is necessary to further investigate compounds 9b and 9e as anti-
fungal agents.

Invitro assay for cytotoxic activity: The results of preliminary
cytotoxic activity showed that several compounds exhibited low
growth inhibition against PC-3 cell line (Figure 2). Compounds
6 and 10a with benzimidazole were found to be most effective
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in vitro against the PC-3 cell line. The former compound 6 reach-
ed growth inhibition values (36.4, 60.1 and 76.5%) for each test-
ed concentration: 25 uM(10.4 pg/mL), 50 uM(20.8 pg/mL) and
100 uM (41.6 pg/mL), and the latter with growth inhibition valu-
es (31.5, 54 and 71.2%) for each tested concentration: 25 uM
(11.1 pg/mL), 50 uM (22.2 pg/mL) and 100 uM (44.4 pg/mL).
Compounds 8b, 9e, and 10b also showed comparative inhibitory
activity against PC-3 cell line at the concentration of 100 uM,
with the cell growth inhibition rate of 66.2%, 63.5% and 70.6%
respectively, and compound 10b also could effectively inhibit
the cell growth at the mediate dose (50 uM). In addition, com-
pounds 8a and 9f exhibited moderate inhibitory activity, and
the antiproliferative effect achieved at 46.7% and 42.7% at the
highest dose used. Compared to the good inhibitory activity of
above compounds, compounds 9b, 9¢ and 9d showed less anti-
proliferative activity, and compound 9a with triazole nearly
lost the antiproliferative properties. Therefore, it is rational to
deduce that the nature of the azole ring exerts an effect on the
antiproliferative activity. The presence of benzimidazole group
afforded a clear beneficial effect with regard to antiproliferative
properties. Meanwhile, the antiproliferative results indicated
that all the compounds showed dose-dependent antiproliferative
activity in the tested cell line. Further studies are in progress to
define the important mechanisms of action of the above men-
tioned compounds.

Conclusion

In conclusion, a series of azole-containing piperazine deri-
vatives were designed and synthesized by a convenient and effi-
cient method. All new compounds were characterized by MS,
IR, '"H NMR and elemental analyses. The assessment of in vitro
antibacterial and antifungal activities which were determined
against eight bacterial strains and three fungal strains showed
that some intermediates and target compounds exhibited signifi-
cant antibacterial and antifungal activities, especially imidazole
and 2-phenyl imidazole bearing compounds 9b and 9e presented
better antibacterial and antifungal activities than other com-
pounds against all tested bacterial strains. Moreover, the azole
ring had noticeable effect on their antimicrobial efficacy, and
imidazoles and benzimidazoles were much more favourable to
biological activity than 1,2.4-triazole. These preliminary results
suggested that the remarkable and broad-spectrum antibacterial
and antifungal efficacy made compounds 9b and 9e as promising
antimicrobial agents. Further evaluations are necessary on the
way to determine the antimicrobial activities of these title com-
pounds in vivo which will help us to optimize these new leading
compounds.

On the other hand, compounds 6 and 10a with benzimidazole
were found to be most effective in vitro against the PC-3 cell
line. Further studies are essential to define the important mecha-
nisms of action of the above mentioned compounds and to
deduce the structure-activity relationships.

Experimental Section

General. Melting points were determined on a X-6 melting
point apparatus and are uncorrected. Infrared (IR) spectra were
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recorded on a Bio-Rad FTS-185 (Bio-Rad, Cambridge, MA,
USA) by using KBr disks. NMR spectra were recorded by using
CDCls as solvent and TMS as an internal reference standard on
Varian 400 spectrometer or Bruker AV 300 spectrometer. Che-
mical shifts are reported in parts per million (ppm). Coupling
constants (J) are reported in hertz (Hz). The peak shapes are
denoted as follows: s, singlet; d, doublet; t, triplet; m, multiplet,
bs, broad singlet. The piperazine was abbreviated as pip. The
mass spectra were recorded on FINIGAN TRACE GC/MS.
Elemental analyses were carried out on a Carlo Erba model EA
1106 elemental analyzer. TLC analyses were done using pre-
coated silica gel plates. Column chromatographies were per-
formed onsilica gel (300 - 400 mesh) column. All chemicals and
solvents were of AR grade and, when necessary, were purified
and dried by standard methods.

1-(2-Chloroethyl)-4-[ (4-chlorophenyl)(phenyl)methyl] pi-
perazine (3): A mixture of 1-((4-chlorophenyl)(phenyl)methyl)
piperazine (7.0 g, 24.4 mmol), triethylamine (2.828 g, 28 mmol)
and a large excess of 1,2-dichloroethane was stirred at reflux for
20 h. The progress of the reaction was monitored by TLC. Upon
completion, the mixture was filtered to remove the salts. The fil-
trate was concentrated and then directly purified by chromato-
graphic column (petroleum ether/ethyl acetate, 5/1, v/v) to
afford intermediate 3 (2.6 g, 30% yield) as yellow oil. 'HNMR
(CDCls, 400 MHz) & 7.38-7.18 (m, 9H, Ar-H), 4.25 (s, 1H, Ar-
CH), 3.69 (t,/=6.8 Hz, 2H, CICH,CH>), 2.91 (t,/J=6.8 Hz, 2H,
CICH.CH,), 2.77 (bs, 4H, pip), 2.55 (bs, 4H, pip).

1-Chloro-3-(4-((4-chlorophenyl)(phenyl)methyl)piperazin-
1-yl)propan-2-ol (4): A mixture of 1-[(4-chlorophenyl)(phenyl)
methyl]piperazine (5.0 g, 17.4 mmol) and 2-(chloromethyl)oxi-
rane (4.8 g, 52.2 mmol) in anhydrous ethanol was stirred at room
temperature for 24 h. After the reaction completed (monitored
by TLC, eluent, petroleum ether/ethyl acetate, 5/1, v/v), the sol-
vent was removed by a rotary evaporator, and then the mixture
was cooled. Distilled water (30 mL) was added. The resulting
solution was extracted with CH,Cl, (30 mL x 3). The organic
layer was dried over anhydrous Na,SO;4 and then evaporated
under reduced pressure. The residue was purified via silica gel
column chromatography (petroleum ether/ethyl acetate, 5/1,
v/v) to give compound 4 (2.64 g) as white solid. Yield 40%;
mp 70 - 72 °C; '"H NMR (CDCls, 400 MHz) & 7.5-7.35 (m, 9H,
Ar-H),4.23 (s, 1H, Ar,CH), 3.65 (m, 2H), 2.91 (m, 2H), 2.74-
2.62 (m, 8H, pip).

2-Chloro-1-[4-((4-chlorophenyl)(phenyl)methyl)piperazin-
1-yl]ethanone (5): To a solution of 1-((4-chlorophenyl)(phenyl)
methyl)piperazine (7.0 g, 24.4 mmol) and triethylamine (2.828
g, 28 mmol) in dry dichloromethane at 0 °C was added 2-chloro-
acetyl chloride (6.00 g, 53.0 mmol) dropwise. The reaction
mixture was stirred at 0 °C about 2 h and the stirring was con-
tinued at room temperature for about 5 h. The progress of the
reaction was monitored by TLC. Upon completion, the reaction
was quenched with distilled water and extracted with chloro-
form (100 mL x 3). The organic layer was washed with 10%
ammonium chloride solution and then water and dried over
anhydrous Na;SO,4. Chromatographic purification (petroleum
ether/ethyl acetate, 4/1, v/v) afforded intermediate 5 (4.0 g,
45% yield) as yellow oil. 'H NMR (CDCls, 400 MHz) & 7.43-
7.22 (m, 9H, Ar-H), 4.33 (s, 1H, Ar,CH), 4.04 (s, 2H, COCH>),
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3.68 (bs, 2H, pip), 3.58 (bs, 2H, pip), 2.52-2.48 (bs, 4H, pip).
2-((4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)-
methyl)-1H-benzo[d]imidazole (6): To a stirred suspension of
potassium carbonate (96 mg, 0.70 mmol) in 5 mL of acetone was
added 1-((4-chlorophenyl)(phenyl)methyl)piperazine (200 mg,
0.70 mmol). The mixture was stirred at room temperature for
30 minutes, and then 2-(chloromethyl)-1H-benzo[d]|imidazole
(116 mg, 0.70 mmol) was added and the resulting mixture was
stirred after 12 h. After the reaction came to the end (monitored
by TLC, eluent, ethyl acetate/petroleum ether, 2/1, v/v), the sol-
vent was evaporated. The residue was diluted with water (30
mL), extracted with CH>Cl, (30 mL x 3), and the combined orga-
nic phase was dried over anhydrous Na,SO4 and then evaporated
under reduced pressure. The product was purified by silica gel
column chromatography (ethyl acetate/petroleum ether, 2/1,
v/v) to give the final compound 6 (180 mg, 61% yield) as
yellow solid; mp 109 - 110 °C; IR (KBr) 3419 (NH), 3085,
3059, 3026, 2956, 2927, 1487, 1453, 1427, 1405, 1134, 745
cm '; "HNMR (CDCls, 400 MHz) & 7.57 (s, 2H, benimidazole-
H), 7.37-7.19 (m, 11H, Ar-H, benimidazole-H), 4.28 (s, 1H,
Ar,CH), 3.90 (s, 2H, benimidazole-CH,), 2.67 (bs, 4H, pip),
2.49 (bs, 4H, pip); "C NMR (CDCls, 75 MHz) § 151.9, 141.7,
140.9, 132.7, 129.2, 128.7, 128.6, 127.8, 127.3, 122.5, 75.2,
56.4,53.7,51.6; MS (m/z) 417 [M]"; Anal. Calcd. for CosHys-
CIN4: C, 72.02; H, 6.04; N, 13.44; Found: C, 71.90; H, 5.96; N,
13.31.
1-(2-(1H-1,2,4-Triazol-1-yl)ethyl)-4-((4-chlorophenyl)(phe-
nyl)methyl)piperazine (7): To a stirred suspension of pota-
ssium carbonate (353 mg, 2.56 mmol) in 10 mL of acetonitrile
was added triazole (177 mg, 2.56 mmol). The mixture was stirr-
ed at45 °C for 1 h. After cooled to room temperature, the com-
pound 3 (891 mg, 2.04 mmol) was added and the mixture was
stirred at 45 - 70 °C after 24 h. After the reaction came to the end
(monitored by TLC, eluent, chloroform/methanol, 100/1, v/v),
the solvent was evaporated and then water (30 mL) was added.
The resulting mixture was extracted with CH,Cl, (30 mL x 3),
the combined organic phase was dried over anhydrous Na;SO4
and then evaporated under reduced pressure. The product was
purified by silica gel column chromatography (methanol/chlo-
roform, 1/150 - 1/100, v/v) to give the final compound 7 (466
mg, 60% yield) as yellow oil; IR (KBr) 3146, 3027, 2941, 2881,
1600, 1519, 1489, 1451, 1239, 855, 757, 701 ¢cm '; '"H NMR
(CDCl3, 400 MHz) 6 8.19 (s, 1H, triazole 3-H), 7.91 (s, 1H, tria-
zole 5-H), 7.36-7.17 (m, 9H, Ar-H), 4.32 (t, /= 6.4 Hz, 2H,
triazole-CH,CH>), 4.20 (s, 1H, Ar,CH), 2.87 (t,J= 6.4 Hz, 2H,
triazole-CH,CH,), 2.56 (s, 4H, pip), 2.42 (s, 4H, pip); MS (m/z)
405 [M+Na]’, 382 [M]"; Anal. Calcd. for C51HCINs: C, 66.04;
H, 6.33; N, 18.34; Found: C, 66.14; H, 6.30; N, 18.31.
1-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)-3-
(1H-1,2,4-triazol-1-yl)propan-2-ol (8a): Compound 8a was pre-
pared according to the procedure reported for 7, starting from
triazole (110 mg, 1.6 mmol), potassium carbonate (221 mg, 1.6
mmol) and compound 4 (529 mg, 1.4 mmol). The pure com-
pound 8a (345 mg, 60% yield) was obtained as yellow oil after
24 h. IR (KBr) 3417, 3119, 3026, 2941, 2860, 1600, 1540,
1519, 1489, 1451, 1404, 1238, 854, 760, 702 cm '; 'H NMR
(CDCl3, 400 MHz) & 8.17 (s, 1H, triazole 3-H), 7.88 (s, 1H, tria-
zole 5-H), 7.34-7.14 (m, 9H, Ar-H), 4.29-4.05 (m, SH), 2.59 (s,
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2H), 2.38-2.13 (m, 8H, pip); MS (m/z) 412 [M]; Anal. Calcd.
for Co,HysCINsO: C, 64.15; H, 6.36; N, 17.00; Found: C, 64.40;
H, 6.30; N, 16.89.
1-(4-((4-Chlorophenyl)(phenyl)methyl) piperazin-1-yl)-3-
(4-nitro-1H-imidazol-1-yl)propan-2-ol (8b): Compound 8b was
prepared according to the procedure reported for 7, starting
from 4-nitro-imidazole (147 mg, 1.3 mmol), potassium carbo-
nate (179 mg, 1.3 mmol) and compound 4 (529 mg, 1.4 mmol).
The pure compound 8b (296 mg, 50% yield) was obtained as
white solid after 24 h. mp 92 - 94 °C; IR (KBr) 3417, 3146,
3027,2941, 2881, 1620, 1543, 1519, 1489, 1451, 1404, 1238,
855,757,701 cm '; "HNMR (CDCls, 400 MHz) § 7.89 (d, J =
1.6 Hz, 1H, imidazole 5-H), 7.45 (d, /= 1.6 Hz, 1H, imidazole
2-H), 7.35-7.16 (m, 9H, Ar-H), 4.19 (s, 1H), 4.15-4.11 (m, 1H),
3.97-3.88 (m, 2H), 2.61 (m, 2H), 2.40-2.15 (m, 8H, pip); MS
(m/z) 478 [M+Na]’, 456 [M]"; Anal. Calcd. for C23H,6CIN5Os:
C, 60.59; H, 5.75; N, 15.36; Found: C, 60.40; H, 5.68; N, 15.29.
1-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)-2-
(1H-1,2,4-triazol-1-yl)ethanone (9a): Compound 9a was pre-
pared according to the procedure reported for 7, starting from
triazole (110 mg, 1.6 mmol), potassium carbonate (221 mg, 1.6
mmol) and compound 5 (471 mg, 1.3 mmol). The pure com-
pound 9a (308 mg, 60% yield) was obtained as white solid after
16 h.mp 112 - 113 °C; IR (KBr) 3119, 3060, 3026, 2960, 2920,
2857,1661 (C=0), 1511, 1488, 1469, 1451, 1239, 851, 760, 702
cm '; '"HNMR (CDCls, 400 MHz) & 8.22 (s, 1H, triazole 3-H),
7.94 (s, 1H, triazole 5-H), 7.36-7.26 (m, 9H, Ar-H), 5.01 (s, 2H,
COCH,), 4.23 (s, 1H, Ar,CH), 3.64 (bs, 2H, pip), 3.53 (bs, 2H,
pip), 2.40 (bs, 4H, pip); MS (m/z) 418 [M+Na]’, 396 [M]; Anal.
Calcd. for C;H,,CINsO: C, 63.71; H, 5.60; N, 17.69; Found: C,
63.54; H, 5.55; N, 17.55.
1-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)-2-
(1H-imidazol-1-yl)ethanone (9b): Compound 9b was prepared
according to the procedure reported for 7, starting from imi-
dazole (109 mg, 1.6 mmol), potassium carbonate (221 mg, 1.6
mmol) and compound 5 (471 mg, 1.3 mmol). The pure com-
pound 9b (380 mg, 74% yield) was obtained as yellow solid after
48 h. mp: 80 - 81 °C; IR (KBr) 3050, 3027, 2920, 2859, 1660
(C=0), 1540, 1490, 1452, 1426, 1408, 1238, 852, 756, 701 cm ;
"HNMR (CDCls, 400 MHz) 8 7.50 (s, 1H, imidazole 2-H), 7.35-
7.20 (m, 9H, Ar-H), 7.08 (s, 1H, imidazole 4-H), 6.92 (s, 1H,
imidazole 5-H), 4.74 (s, 2H, COCHy>), 4.24 (s, 1H, Ar.CH), 3.63
(bs, 2H, pip), 3.44 (bs, 2H, pip), 2.39 (bs, 4H, pip); "C NMR
(CDCls, 75 MHz) 6 164.4, 141.2, 140.4, 137.8, 132.9, 131.4,
129.1,128.9, 128.8,127.7,127.5,120.2, 75.1,51.5, 51.2,48.1,
45.2,42.4; MS (m/z) 417 [M+Na]’, 395 [M]"; Anal. Calcd. for
CoHo3CINGO: C, 66.91; H, 5.87; N, 14.19; Found: C, 66.71; H,
5.82; N, 14.11.
1-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)-2-
(4-nitro-1H-imidazol-1-yl)ethanone (9¢): Compound 9¢ was
prepared according to the procedure reported for 7, starting
from 4-nitro-1H-imidazole (147 mg, 1.3 mmol), potassium car-
bonate (179 mg, 1.3 mmol) and compound 5 (507 mg, 1.4 mmol).
The pure compound 9¢ (404 mg, 71% yield) was obtained as
white solid after 16 h. mp 150 - 152 °C; IR (KBr) 3061, 3027,
2961, 2920, 2859, 1661 (C=0), 1545, 1521, 1490, 1452, 1426,
1408, 1238, 851, 760, 702 cm '; 'H NMR (CDCls, 400 MHz)
6 7.80 (s, 1H, imidazole 5-H), 7.42 (s, 1H, imidazole 2-H), 7.35-
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7.23 (m, 9H, Ar-H), 4.81 (s, 2H, COCH>), 4.28 (s, 1H, Ar,.CH),
3.66 (bs, 2H, pip), 3.48 (bs, 2H, pip), 2.45 (d, /= 14 Hz, 4H, pip);
MS (m/z) 462 [M+Na]"; Anal. Calcd. for C2;H»CINsO5: C,
60.07; H, 5.04; N, 15.92; Found: C, 60.21; H, 5.00; N, 15.88.
1-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)-2-
(2-methyl-4-nitro-1H-imidazol-1-yl)et-hanone (9d): Compound
9d was prepared according to the procedure reported for 7,
starting from 2-methyl-5-nitro-1H-imidazole (165 mg, 1.3
mmol), potassium carbonate (179 mg, 1.3 mmol) and compound
5 (507 mg, 1.4 mmol). The pure compound 9d (312 mg, 53%
yield) was obtained as white solid after 16 h. mp 190 - 192 °C;
IR (KBr) 3145, 3061, 3026, 2963, 2925, 2862, 1662 (C=0),
1541, 1492, 1471, 1451, 1425, 1239, 835, 756, 701 cm '; 'H
NMR (CDCls, 400 MHz) 6 7.68 (s, 1H, imidazole 5-H), 7.35-
7.23 (m, 9H, Ar-H), 4.72 (s, 2H, COCH,), 4.28 (s, 1H, Ar,CH),
3.64 (bs, 2H, pip), 3.50 (bs, 2H, pip), 2.47 (bs, 2H, pip), 2.42 (bs,
2H, pip), 2.34 (s, 3H, CH;); MS (m/z) 476 [M+Na] ", 454 [M];
Anal. Calcd. for C23H24C1N503Z C, 6086, H, 5.33; N, 1543,
Found: C, 60.61; H, 5.29; N, 15.50.
1-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)-2-
(2-phenyl-1H-imidazol-1-yl)ethanone (9¢): Compound 9e was
prepared according to the procedure reported for 7, starting from
2-phenyl-1H-imidazole (187 mg, 1.3 mmol), potassium carbon-
ate (179 mg, 1.3 mmol) and compound 5 (507 mg, 1.4 mmol).
The pure compound 9e (415 mg, 68% yield) was obtained as
yellow solid after 48 h. mp 132 - 134 °C; IR (KBr) 3060, 3027,
2965, 2920, 2859, 1659 (C=0), 1477, 1450, 1413, 1237, 850,
758,701 cm '; "H NMR (CDCls, 400 MHz) § 7.48-7.21 (m, 14H,
Ar-H), 7.15 (s, 1H, imidazole 4-H), 7.00 (s, 1H, imidazole 5-H),
4.71 (s, 2H, COCH,), 4.23 (s, 1H, Ar,CH), 3.64 (bs, 2H, pip),
3.28 (bs, 2H, pip), 2.37 (bs, 2H, pip), 2.27 (bs, 2H, pip); "C
NMR (CDCls, 75 MHz) & 164.9, 148.0, 141.1, 140.3, 133.0,
129.1, 128.9, 128.8,128.7, 128.5, 127.7, 127.5, 122.0, 98 4,
75.0, 51.6, 51.3, 48.0, 45.1, 42.5; MS (m/z) 471 [M]"; Anal.
Calcd. for CosH,7CIN4O: C, 71.40; H, 5.78; N, 11.90; Found: C,
71.23; H, 5.26; N, 15.45.
1-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)-2-
(2-methyl-1H-imidazol-1-yl)ethanone (9f): Compound 9f was
prepared according to the procedure reported for 7, starting from
2-methyl-1H-imidazole (131 mg, 1.6 mmol), potassium carbon-
ate (221 mg, 1.6 mmol) and compound 5 (471 mg, 1.3 mmol).
The pure compound 9f (263 mg, 50% yield) was obtained as
yellow solid after 48 h. mp 115 - 116 °C; IR (KBr) 3027, 2964,
2922,2859, 1657 (C=0), 1531, 1487, 1471, 1422, 1237, 837,
759,701 cm '; "H NMR (CDCls, 400 MHz) & 7.35-7.21 (m, 9H,
Ar-H), 6.90 (s, 1H, imidazole 4-H), 6.76 (s, 1H, imidazole 5-H),
4.60 (s, 2H, COCH,), 4.23 (s, 1H, Ar,CH), 3.62 (bs, 2H, pip),
3.44 (bs, 2H, pip), 2.38 (bs, 4H, pip), 2.29 (s, 3H, CH3); MS
(m/z) 431 [M+Na]", 409 [M]"; Anal. Calcd. for C23H,sCIN,O:
C, 67.55; H, 6.16; N, 13.70; Found: C, 67.32; H, 5.22; N, 15.39.
2-(1H-Benzo|d]imidazol-1-yl)-1-(4-((4-chlorophenyl)(phe-
nyl)methyl)piperazin-1-yl)ethanone (10a): Compound 10a was
prepared according to the procedure reported for 7, starting
from benzimidazole (153 mg, 1.3 mmol), potassium carbonate
(179 mg, 1.3 mmol) and compound 5 (507 mg, 1.4 mmol). The
pure compound 10a (226 mg, 39% yield) was obtained as yellow
solid after 48 h. mp 156 - 157 °C; IR (KBr) 3059, 3027, 2967,
2921, 2860, 1658 (C=0), 1495, 1457, 1423, 1238, 850, 744, 702
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cm '; "H NMR (CDCls, 400 MHz) § 7.90 (s, 1H, benzimidazole
2-H), 7.80 (s, 1H, benzimidazole 4-H), 7.34-7.22 (m, 12H, Ar-
H), 4.92 (s,2H, COCHy>), 4.24 (s, 1H, Ar,CH), 3.65 (bs, 2H, pip),
3.52 (bs, 2H, pip), 2.40 (bs, 4H, pip); °C NMR (CDCls, 75 MHz)
5164.3,143.7,141.3,140.5,133.1, 129.2, 129.0, 128.9, 127.8,
127.6,123.3,122.4,120.5,109.4,75.1,51.7,51.3,45.9,45 4,
42.6; MS (m/z) 445 [M]"; Anal. Calcd. for CaHasCIN4O: C,
70.18; H, 5.66; N, 12.59; Found: C, 70.35; H, 5.72; N, 12.55.

1-(4-((4-Chlorophenyl)(phenyl)methyl)piperazin-1-yl)-2-
(5,6-dimethyl-1H-benzo[d]imidazol-1-yl)ethanone (10b): Com-
pound 10b was prepared according to the procedure reported
for 7, starting from benzimidazole (190 mg, 1.3 mmol), potas-
sium carbonate (179 mg, 1.3 mmol) and compound 5 (507 mg,
1.4 mmol). The pure compound 10b (166 mg, 27% yield) was
obtained as yellow solid after 48 h. mp 200 - 201 °C; IR (KBr)
3059, 3027,2967, 2921, 2860, 2680, 1659 (C=0), 1495, 1457,
1423, 1238, 852, 750, 702 cm '; 'H NMR (CDCls, 400 MHz) &
7.77 (s, 1H, benzimidazole-H), 7.55 (s, 1H, benzimidazole-H),
7.34-7.22 (m, 9H, Ar-H), 7.04 (s, 1H, benzimidazole-H), 4.86 (s,
2H, COCHy,), 4.23 (s, 1H, Ar,CH), 3.65 (bs, 2H, pip), 3.49 (bs,
2H, pip), 2.39 (bs, 4H, pip), 2.35 (s, 6H, CH3); MS (m/z) 473
[M]'; Anal. Calcd. for CosHaoCIN4O: C, 71.10; H, 6.18; N, 11.84;
Found: C, 70.90; H, 6.12; N, 12.00.

2-(1H-Benzold][1,2,3]triazol-1-yl)-1-(4-((4-chlorophenyl)-
(phenyl)methyl)piperazin-1-yl)ethanone (10c): Compound 10¢
was prepared according to the procedure reported for 7, starting
from benzotriazole (155 mg, 1.3 mmol), potassium carbonate
(179 mg, 1.3 mmol) and compound 5 (507 mg, 1.4 mmol). The
pure compound 10c¢ (465 mg, 80% yield) was obtained as white
solid after 48 h. mp 189 - 190 °C; IR (KBr) 3166, 3061, 3026,
2962,2921,2858, 1632 (C=0), 1448, 1439, 1403, 1224, 849,
758,701 cm '; 'H NMR (CDCl;, 400 MHz) 8 7.51-7.49 (m, 2H,
benzotriazole-H), 7.35-7.17 (m, 1 1H, Ar-H, benzotriazole-H),
4.24 (s, 1H, Ar,CH), 3.96 (s, 2H, COCH>), 3.71 (bs, 2H, pip),
3.60 (bs, 2H, pip), 2.45 (d, J=23.2 Hz, 4H, pip); MS (m/z) 468
[M+Na]', 446 [M]"; Anal. Calcd. for CosH4CINsO: C, 67.33;
H, 5.42; N, 15.70; Found: C, 67.60; H, 5.38; N, 15.60.

2-(1H-Benzo|d]imidazol-2-ylthio)-1-(4-((4-chlorophenyl)
(phenyl)methyl)piperazin-1-yl)ethanone (11): Compound 11
was prepared according to the procedure reported for 7, starting
from 1H-benzo[d]imidazole-2-thiol (127 mg, 0.847 mmol), po-
tassium carbonate (179 mg, 1.3 mmol) and compound 5 (217
mg, 0.598 mmol). The pure compound 11 (268 mg, 85% yield)
was obtained as white solid after 48 h. mp 185 - 187 °C; IR (KBr)
3425(NH), 3063, 3027, 2959, 2923, 2861, 1662 (C=0), 1454,
1405, 1234, 850, 747, 701 cm '; '"H NMR (CDCls, 400 MHz)
6 8.04 (d, J = 8.0 Hz, 1H, benzimidazole-H), 7.56 (d, J = 8.0
Hz, 1H, benzimidazole-H), 7.48 (t, J = 8.0 Hz, 1H, benzimi-
dazole-H), 7.38-7.20 (m, 10H, benzimidazole-H, Ar-H), 5.46
(s,2H, COCH,), 4.19 (s, 1H, Ar,CH), 3.61 (bs, 4H, pip), 2.33
(m, 4H, pip); MS (m/z) 477 [M]". Anal. Calcd. for CasHasCIN-
OS:C,65.46;H,5.28; N, 11.75; Found: C, 65.24; H, 5.20; N,
11.62.

Antibacterial and antifungal assays. The in vitro minimal
inhibitory concentrations (MICs) of the compounds 3-11 were
determined by the twofold broth dilution method against Gram-
positive bacteria (Staphylococcus aureus ATCC 25923, Methi-
cillin-resistant Staphylococcus aureus N315 (MRSA), Bacillus
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subtilis ATCC 6633 and Micrococcus luteus ATCC 4698),
Gram-negative bacteria (Escherichia coli ATCC 25922, Proteus
vulgaris ATCC 6896, Salmonella typhi ATCC 9484 and Shigella
dysenteriae) and fungi (Candida albicans ATCC 76615; Sacch-
aromyces cerevisiae ATCC 9763 and Aspergillus fumigatus
ATCC) 96918. The minimal inhibitory concentration (MIC, p
g/mL) was defined as the lowest concentration of compounds
that completely inhibited the growth of each strain.”® Antibact-
erial drug chloramphenicol and antifungal drug fluconazole
were used as standard drugs. Test compounds were dissolved in
H>O containing 1% DMSO and diluted into different concentra-
tions from 0.8 to 400 pg/mL with liquid medium. The bacterial
inocula was at the concentration of 1 x 10° CFU, and the fungi
spore 1 -5 % 10° spore/mL. These dilutions were inoculated and
incubated at 37 °C for 24 h for bacteria in Mueller-Hinton broth
and at 30 °C for 48 h for the fungi in improved Sabourasud me-
dium. Microbial growth was monitored visually and spectro-
photometrically. The H>O/1% DMSO was used as a blank, ino-
culation bacterial not medicine as positive control. All experi-
ments were performed in triplicate.

MTT assay for cytotoxic activity. The human prostatic car-
cinoma cell line (PC-3) was purchased from the Shanghai In-
stitutes for Biological Sciences, China. Ham’s F12 Nutrient Mix-
ture, enriched with 10% heat inactivated foetal bovine serum
(FBS) and 1% of penicillin-streptomycin was used for cell
cultivation and to perform the tests. The cytotoxic activity was
investigated using the MTT assay (3-(4,5-dimethylthiazole-2-
yl)-2,5-diphenyltetrazolium bromide).26 Stock solutions (100
mM) of tested compounds 6, 8a-b, 9a-f and 10a-b were prepared
in dimethylsulfoxide (DMSO) and stored at —20 °C prior to dilu-
tion into the biological assay. Cell suspensions were diluted to
10° cells/mL, suitably prepared and distributed in plates of cul-
ture with 96 wells (225 pL in each well), then incubated at 37 °C
in a humid atmosphere with 5% of CO,. After 24 h, 25 pL of the
test compounds were added to each well. The plates were incu-
bated again at 37 °C for 24 h. Then, 25 pL of MTT solution (5
mg/mL) was added to each well, and the mixture was incubated
at 37 °C for 2 h. At the end of this period, the culture medium
with the MTT excess was aspirated and after that, 100 pL of
DMSO was added to each well to dissolve the formazan crystals.
The optical density (OD) of the wells was measured at 490 nm.
Results were evaluated by comparing the absorbance of the
wells containing compound treated cells with the absorbance of
wells containing 0.1% DMSO alone (solvent control). Conven-
tionally, cell viability was estimated to be 100% in the solvent
control. All assays were performed in triplicate and mean = SD
values were used to estimate cell growth inhibition rate.

Acknowledgments. This work was partially supported by Na-
tural Science Foundation of Chongqing (CSCT: 2007BB5369,
2009BB5296) and Southwest University (SWUB2006018, XS-
GX0602).

References

1. Sojakova, M.; Liptajova, D.; Borovsky, M. Mycopathologia 2004,
157,163-169.

2. Lyman, C. A.; Walsh, T. J. Drugs 1992, 44, 9-35.

3. Phillips O. A.; Udo E. E.; Samuel S. M. Eur. J. Med. Chem. 2008,

10.

11.

12.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Bull. Korean Chem. Soc. 2010, Vol. 31, No. 12 3691

43,1095-1104.

. Foye, W. O.; Lemke, T. L.; William, D. A. Principles of Medicinal

Chemistry, 4th ed.; Williams and Wilkins: London, 1995.

. (@) Gan, L. L.; Lu, Y. H.; Zhou, C. H. Chin. J. Biochem. Pharma.

2009, 30, 127-131. (b) Cai, J. L.; Lu, Y. H.; Gan, L. L.; Zhou, C. H.
Chin. J. Antibiotics. 2009, 34, 454-462 (in Chinese); (c) Gan, L. L.;
Cai, J. L.; Zhou, C. H. Chin. Pharma. J. 2009, 44, 1361-1368 (in
Chinese).

. Foroumadi, A.; Emami, S.; Mansouri, S.; Javidnia, A.; Saeid-Adeli,

N.; Shirazi, F. H.; Shafiee, A. Eur. J. Med. Chem. 2007, 42, 985-
992.

. Lohray, B. B.; Lohray, V. B.; Srivastava, B. K.; Gupta, S.; Solanki,

M.; Pandya, P.; Kapadnis, P. Bioorg. Med. Chem. Lett. 2006, 16,
1557-1561.

. Foroumadi, A.; Ghodsi, S.; Emami, S.; Najjari, S.; Samadi, N.;

Faramarzi, M. A.; Beikmohammadi, L.; Shirazi, F. H.; Shafiee, A.
Bioorg. Med. Chem. Lett. 2006, 16, 3499-3503.

. Watkins, W. J.; Chong, L.; Cho, A.; Hilgenkamp, R.; Ludwikow,

M.; Garizi, N.; Igbal, N.; Barnard, J.; Singh, R.; Madsen, D.; Lo-
lans, K.; Lomovskaya, O.; Oza, U.; Kumaraswamy, P.; Blecken,
A.; Bai, S.; Loury, D. J.; Griffitha, D. C.; Dudley, M. N. Bioorg.
Med. Chem. Lett. 2007, 17, 2802-2806.

Upadhayaya, R. S.; Sinha, N.; Jain, S.; Kishore, N.; Chandra, R.;
Arora, S. K. Bioorg. Med. Chem. 2004, 12, 2225-2238.
Rokosz, L. L.; Huang, C. Y.; Reader, J. C.; Stauffer, T. M.; Chel-
sky, D.; Sigal, N. H.; Ganguly, A. K.; Baldwin, J. J. Bioorg. Med.
Chem. Lett. 2005, 15, 5537-5543.

Chen, J. J.; Lu, M.; Jing, Y. K.; Dong, J. H. Bioorg. Med. Chem.
20006, /4, 6539-6547.

. Shami, P. J.; Saavedra, J. E.; Bonifant, C. L.; Chu, J. X.; Udupi, V.;

Malaviya, S.; Carr, B. L.; Kar, S.; Wang, M. F.; Jia, L.; Ji, X. H.;
Keefer, L. K. J. Med. Chem. 2006, 49, 4356-4366.

Mayence, A.; Eynde, J. J. V.; LeCour, L.; Jr Walker, L. A.; Tek-
wani, B. L.; Huang, T. L. Eur. J. Med. Chem. 2004, 39, 547-553.
Cunico, W.; Gomes, C. R. B.; Moreth, M.; Manhanini, D. P.; Fig-
ueiredo, I. H.; Penido, C.; Henriques, M. G. M. O.; Varotti, F. P.;
Krettli, A. U. Eur. J. Med. Chem. 2009, 44, 1363-1368.

. Smits, R. A.; Lim, H. D.; Hanzer, A.; Zuiderveld, O. P.; Guaita, E.;

Adami, M.; Coruzzi, G.; Leurs, R.; Esch, I. J. P. J. Med. Chem.
2008, 51, 2457-2467.

Penjisevi¢, I.; Sukalovié, V.; Andri¢, D.; Kostié-Rajacié, S.; Sos-
ki¢, V.; Rogli¢, G. Arch. Pharm. Chem. Life Sci. 2007, 340, 456-
465.

Becker, O. M.; Dhanoa, D. S.; Marantz, Y.; Chen, D.; Shacham, S.;
Cheruku, S.; Heifetz, A.; Mohanty, P.; Fichman, M.; Sharadendu,
A.; Nudelman, R.; Kauffman, M.; Noiman, S. J. Med. Chem. 2006,
49,3116-3135.

Bean, D. C.; Wareham, D. W. J. Antimicrobl. Chemother. 2009, 63,
349-352.

Coban, A. Y.; Bayram, Z.; Sezgin, F. M.; Durupinar, B. Mikrobi-
yoloji. Bulteni. 2009, 43, 457-461.

Chaudhary, P.; Kumar, R.; Verma, A. K.; Singh, D.; Yadav, V.;
Chhillar, A. K.; Sharmab, G. L.; Chandraa, R. Bioorg. Med. Chem.
2006, /4, 1819-1826.

Farzaliev, V. M.; Abbasova, M. T.; Ashurova, A. A.; Babaeva, G.
B.; Ladokhina, N. P.; Kerimova, Y. M. Russian J. Appl. Chem.
2009, 82, 928-930.

Weiderhold, K. N.; Randall-Hlubek, D. A.; Polin, L. A.; Hamel, E.;
Mooberry, S. L. Int. J. Cancer 2006, 118, 1032-1040.
Senthilkumar, P.; Dinakaran, M.; Banerjee, D.; Devakaram, R. V.;
Yogeeswari, P.; China, A.; Nagaraja, V.; Sriram, D. Bioorg. Med.
Chem. 2008, 16, 2558-2569.

Narendra Sharath Chandra, J. N.; Sadashiva, C. T.; Kavitha, C. V_;
Rangappa, K. S. Bioorg. Med. Chem. 2006, 14, 6621-6627.
Ananda Kumar, C. S.; Benaka Prasad, S. B.; Vinaya, K.; Chandrap-
pa, S.; Thimmegowda, N. R.; Sunil Kumar, Y. C.; Sanjay, S.; Ran-
gappa, K. S. Eur. J. Med. Chem. 2009, 44, 1223-1229.

Huang, S.L.; Lin, R. H.; Yu, Y.; Lu, Y. H.; Connolly, P. J.; Chiu,



3692

28.
29.
30.
31.

32.
33.

34.

Bull. Korean Chem. Soc. 2010, Vol. 31, No. 12

G.; Li, S.J.; Emanuel, S. L.; Middleton, S. A. Bioorg. Med. Chem.
Lett. 2007, 17, 1243-1245.

Bellina, F.; Cauteruccio S.; Monti, S.; Rossi, R. Bioorg. Med.
Chem. Lett. 2006, 16, 5757-5762.

Wu, J.; Mi, J. L.; Zhou, C. H. Chin. Pharm. J. 2007, 46,404-409 (in
Chinese).

Giiven, O. O.; Erdogan, T.; Goker, H.; Yildiz, S. Bioorg. Med.
Chem. Lett. 2007, 17,2233-2236.

Mi, J. L.; Wu, J.; Zhou, C. H. West China J. Pharm. Sci. 2008,
23, 84-86 (in Chinese).

Zhou, C. H.; Hassner, A. Carbohydrates Res. 2001, 333, 313-326.
Cai,J. L.; Li, S.; Zhou, C. H.; Gan, L. L.; Wu, J. Chin. J. New Drugs
2009, /8, 598-608 (in Chinese).

Luo, Y.;Lu, Y. H.; Gan, L. L.; Zhou, C. H.; Wu, J.; Geng, R. X_;
Zhang, Y. Y. Arch. Pharm. Chem. Life Sci. 2009, 342, 386-393.

35.

36.

37.
38.

39.
40.

41.

Lin-Ling Gan et al.

Zhang, F. F.; Gan ,L. L.; Zhou, C. H. Bioorg. Med. Chem. Lett.
2010, 20, 1881-1884.

Ren, F.K.; He, X. Y.; Deng, F.; Li, B. H.; Shin, D. S.; Li, Z. B. Bull.
Korean Chem. Soc. 2009, 30, 687-690.

Hamied, Y. K.; Kulkarni, V. M. WO 2001079188, 2001.

(a) Press, J. B.; Hajos, Z. EP 0331510, 1989; (b) Press, J. B.; Falo-
tico, R.; Hajos, Z. G.; Sawyers, R. A.; Kanojia, R. M.; Williams, L.;
Haertlein, B.; Kauffman, J. A.; Lakas-Weiss, C.; Salata, J. J. J.
Med. Chem. 1992, 35, 4509-4515.

Wright, H. B.; Martin, D. L. J. Med. Chem. 1968, 11, 390-391.
McCalmont, W. F.; Heady, T. N.; Patterson, J. R.; Lindenmuth, M.
A.; Haverstick, D. M.; Gray, L. S.; Macdonald, T. L. Bioorg. Med.
Chem. Lett. 2004, 14, 3691-3695.

Chai, X. Y.; Zhang, J.; Hu, H. G.; Yu, S. C.; Sun, Q. Y.; Dan, Z. G.;
Jiang, Y. Y.; Wu, Q. Y. Eur. J. Med. Chem. 2009, 44, 1913-1920.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


