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Abstract Methyl 3,5-dimethyl pyrazole-1-dithioate (mdpa)
(1), benzyl 3,5-dimethyl pyrazole-1-dithioate (bdpa) (2),
3,5-dimethylpyrazole-1-(5Smethyl-1H-pyrazol-3-ylmethyl)-

1H-pyrazole (3), copper(Il)-mdpa (4), copper(Il)-bdpa (5),
cadmium(II)-mdpa (6), cadmium(I)-bdpa (7), Cu,S nano-
particles (8 and 9) derived from 4 and 5, respectively, CdS
nanoparticles (10 and 11) derived from 6 and 7, respec-
tively, were synthesized to screen their antimicrobial
activities. Prolonged reaction with CuCl,.2H,O and 3 fol-
lowed by addition of trace amount of pyridine furnished a
crystalline chloro bridged complex [Cu(u-Cl),(pyridine),],
and its structure was solved by single X-ray crystal-
lography. Antibacterial activities of all of the synthesized
materials (1-12) were evaluated against Gram positive
bacteria including Staphylococcus aureus and Bacillus
subtilis and Gram negative bacteria including Escherichia
coli, Pseudomonas aeruginosa, Klebsiella pneumoniae and
Proteus vulgaris. Fungi (Candida albicans, Aspergillus
flavus) were also used to test antifungal activities with the
compounds. Present study revealed that 8 shows best anti-
bacterial activity among the present reported compounds.
An excellent antifugal activity is shown by 12 emerging to
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be a better antibiotic than standard fluconazole. Besides
fungicidal effect, 12 has promising larvicidal effect. The
structure and activity relationship has been discussed.
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Pyrazole/Pyridine complexes * Nanoparticles

Introduction

Five member diazole viz. pyrazole, imidazole and benzi-
midazole are biologically very much significant. Extensive
biochemical and pharmacological studies have confirmed
that diazoles molecules are effective against various strains
of microorganisms (Kathiravan et al. 2012; Bansal and
Silakari 2012; Goker et al. 2002; Klimesova et al. 2002;
Pawar et al. 2004; Boiani and Gonzalez 2005; Desai and
Desai 2006; Mohammad et al. 2006; Guven et al. 2007).
These are all regarded as promising class of bioactive het-
erocyclic compounds. Among diazoles, the pyrazole deri-
vatives are found to be trendy scaffold used for finding of
drugs in the pharmaceutical and medicinal chemistry field.
The exclusive structural features of pyrazole and a vast
range of biological activities of its derivatives made it pri-
vileged structure in drug discovery (Baraldi et al. 2012).
The pyrazole ring systems are found in numerous anti-
oxidant (Gouda 2015), antiimflammatory (Rao and Knaus
2008, Bekhita and Abdel-Aziem 2004), antipyretic (Malvar
et al. 2014), antileishmanial (Mowbray et al. 2015), anti-
proliferative (Mert et al. 2014), anticonvulsant (Viveka et al.
2015), antihypertensive (Gombha et al. 2015), antineoplastic
(Gupta et al. 1996), antitriclinellosis (Mavrova et al. 2007)
etc. Nisha Chandna et al. prepared a series of pyrazolyl
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benzyltriazoles as celecoxib analogues, which lead to the
development of molecular probes for imaging of COX-2
and all the compounds were screened for in vitro and
in vivo cyclooxygenase (COX) assays to determine COX-1
and COX-2 inhibitory potency (Chandna et al. 2014).
Pyrazole scaffold has also emerged as a pharmacophore of
choice for designing biologically active on different clini-
cally approved targets (Camargo et al. 2015). Structural
modification with further introduction of sulphur atom(s) in
the pyrazole ring develops promising biological properties
(Sobiesiak et al. 2014).

Not only the organic compounds but also their metal
complexes sometime exhibited higher biological activities
than the parent molecules. The higher activities attributed to
the metal ligands interaction through several coordination and
non-covalent interactions (Mitic et al. 2009; Singh et al.
2012). Several pyrazole based complexes have been reported
with improved biological properties. Complexes of cobalt(II),
nickel(Il) and copper(Il) with 2-(3,5-dimethyl-1H-pyrazole-1-
yD)-4-phenyl-1,3-thiazole and 3,5-dimethyl-1H-pyrazole-1-
carbothioamide were reported where authors claimed three
fold higher cytotoxicity effect of the complexes against HL-
60, NALM-6 leukemia cells and the WM-115 melanoma cell
line than cis-platin (Sobiesiak et al. 2014).

Recent trends to develop compounds having improved
properties that can be used against several microorganism
bome diseases are encouraging. Besides several organic
compounds and the metal complexes, the research on anti-
biotic development has been focused on the identification of
more refined variants of existing drugs. In this context, several
nanoparticles have also been used as excellent antibacterial
agents (Parak et al. 2003; Tomalia 2009). Various synthetic
methods were developed for size tuning, architecture manip-
ulation and biocompatibility of nanoparticles to enhance the
performance (Gao et al. 2009). Nanoparticles capped with
different stabilizing agent have shown different biological
activities. In continuation of our extensive work on pyrazole
derivatives (Santra et al. 2016; Mondal et al. 2014; Mondal
et al. 2015a, b, we report herein the synthesis, characterization
and antimicrobial activities of eleven pyrazolyl compounds
and one copper-pyridine derivative which is recrystallized to
study the microbial activities. To our knowledge, anti-
microbial study of pyrazolyl/pyridinyl compounds including
their metal complexes and nanoparticles were not reported
earlier to correlate the structure and activity relationship.

Material and methods
General

Reagent grade CuCl,*2H,0, CdCl,*H,0, dimethyl sulf-
oxide (DMSO) and CS, were used without further
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purification. Benzyl chloride, hydrazine hydrate (HH) and
methyl iodide were purchased from Spectrochem chemical
company. Analytical grade methanol, ethylene diamine (EN)
and ethylene glycol (EG) were purchased from Himedia
chemical company and used without further purification.
Solvent ethanol (Changshu Yangyuan Chemical, China) was
dried and distilled before use in the experiments.

The elemental analysis (C, H, N, and S) of the ligand and
complexes were performed using FISONS EA-1108 CHN
analyzer. The IR spectra (4000-500 cm™") were recorded on
a Perkin Elmer Spectrum Two FT-IR Spectrophotometer
with sample prepare as KBr pellets. UV—visible absorption
spectra of the partitioned amount of samples were recorded
on a Perkin Elmer Lambda 35 spectrophotometer in the
wavelength range region 200—800 nm at room temperature.
"H-NMR of the compound 3 was measured by BRUKER
400 MHz instrument and mass spectrum was obtained using
a Waters HRMS XEVO-G2QTOF#YCA 351 instrument.
The single crystal X-ray diffraction (XRD) of 12 was car-
ried out on a Bruker SMART APEX II X-ray diffractometer
equipped with graphite-monochromatic Mo-Ka radiation (4
=0.71073 A) and 16 CCD area detector. The intensity data
were collected in the 7 and o scan mode, operating at S0kV,
30 mA at 296 K (Bruker et al. 2001). The data reduction
was performed using the SAINT and SADABS programs
(Bruker et al. 2001). All calculations in the structural
solution and refinement were performed using the Bruker
SHELXTL program (Sheldrick 2001). The structure was
solved by the heavy atom method and refined by full-matrix
least-squares methods. All the non-hydrogen atoms were
refined anisotropically; the hydrogen atoms were geome-
trically positioned and fixed with isotropic thermal para-
meters. The final electron density maps showed no
significant difference.

General procedure for the synthesis of 1-12

The compound 3, 8 and 12 are synthesized and character-
ized for the first time where remaining compounds re-
synthesized to evaluate their biological activity. Ligand 1
(methyl 3,5-dimethyl pyrazole-1-dithioate) and 2 (benzyl
3,5-dimethyl pyrazole-1-dithioate) were resynthesized
according to the earlier reported process (Mondal et al.
2014, Santra et al. 2016, Mondal et al. 2016). Scheme 1
represents the reactions steps associated in the formation of
the compounds (4-11) from the ligands. Complex 4 and 5
were obtained by the reaction of ethanolic solution of coper
(IT) chloride and ligand dissolved in acetonitrile in 1:2 molar
ratio (Mondal et al. 2014). Similarly complexes 6 and 7
were obtained by the reaction of cadmium(II) chloride and
ligand in ethanol with mole ration 1:2 (Mondal et al. 2015a,
2015b). The details of the synthesis and characterization of
ligands (1-2), complexes (4-7) and nanoparticles (9-11)



Med Chem Res

Scheme 1 Scheme for AR 5 CuCl,.2H-0 HH
formation of the compounds 1-2 e .y —> [Cu(mdpa),][CuCl,] lm)CuS (Nanoparticles)
and 4-11 (N.B. Dotted oval part 7 [\< / 4 ’ 8
represents 3,5-dimethyl pyrazole {hyc N e —
(dmpz): core unit of the Naee = EN )
compounds) (mdpa) L5 [Cd(mdpa),]Cl, —————>CdS (Nanoparticles)
] S CdCl,.2H,0 6 150°C, 60 min 10
il b, CuCl,.2H,0 :
e CHs\ s 9 [Cu(bdpa),][CuCl,] _E6  ,cus (Nanoparticles)
/ / £ =1 150°C, 60 min
S0 N\ 5 9
R EN
Neeeeee i ——— > CdS (Nanoparticles
s)\ (bdpa) m [Cd(bdpa),]Cl, 180°C, 60 min ( p )
2 SCH,Ph s 7 11
Scheme 2 Scheme for
formation of the compounds 3
and 12 (N.B. Dotted oval part
represents 3,5-dimethyl pyrazole
(dmpz): core unit of the CuCl,.2H,0 C al i
compounds) i Pyridine [ U(Hl'z )x(pyridine),],

were reported earlier by us (Santra et al. 2016; Mondal et al.
2014; Mondal et al. 2015a, 2015b).

CusS nanoparticles (8) were synthesized in a solvothermal
method taking a mixture of 4 (0.5 mmol, 0.285 g) and HH
(15mL) in a 50 mL two-necked round bottom flask equip-
ped with a condenser and thermocouple adaptor. The flask
was degassed at room temperature for 5 min and then filled
with inert nitrogen gas. The resulting solution was then
gradually heated to 180 °C and maintained the reaction
temperature for 60 min. The black precipitate formed was
collected through centrifugation and washed 4 to 5 times
with ethanol. Dry powder of copper sulfide nanocrystals
were collected by evaporating ethanol at 100 °C for 1h in
oven.

Compound 3 was synthesized by the condensation of
equimolecular amount of  5-methyl pyrazole-3-
carbohydrazide and acetyl acetone and is shown in
Scheme 2. Acetyl acetone (1.04 mL 10 mmol) is added to
the solution of 5-methyl pyrazole-3-carbohydrazide (Bera
et al. 2009) (1.40 g, 10 mmol) dissolved in 70 mL water
with constant stirring for 3 h. A white solid separates out
which is filtered off and washed with distilled water. Yield
90%. Mass spectrum: Molecular ion peak (m/z) 205 (Fig.
S1). Anal. calc. for C;oH;,N,4O,: C, 58.81, H, 5.92; N,
27.43; Found C, 58.68; H, 5.76; N, 26.91; IR/cm™": Vc=N)
1583, vin=n) 1427. NMR (CDCl3, 500 MHz): 6 12.41 (s,1
H), § 7.20 (s, 1 H), 6 7.00 (s, 1 H), 6 2.60 (s, 3 H), 6 2.30 (s,
3H), § 2.20 (s, 3 H) (Fig. S2).

The ethanolic solution of 3 (10 mmol) and CuCl,* 2H,O
(5 mmol) did not furnish any solid product on prolonged

reflux (30 h). But the compound 12 is obtained from the
resulting solution of 3 and CuCl,*2H,O on addition of
pyridine. The crude product was filtered off and washed
with methanol. Diffraction quality crystals are obtained
from the slow evaporation of the methanolic solution of the
crude product. Yield 75%. Anal. calc for CoH;oCl,CuNy:
C, 41.04; H, 3.44; N, 9.57. Observed: C, 41.09; H, 3.41; N,
9.82. IR (Cm_l): Vc=N) 1640, Vc-N) 1429, V#H20) 3480.

Determination of the logP by using the shake-flask
method

The logP values of ligands and complexes were determined
according to the shake-flask method [Kupcewicz et al.
2013]. Compounds under investigation were weighted out
accurately and partitioned between equal volumes of water
and l-octanol (5 mL each) by shaking for 30h at room
temperature to assure full partitioning of the analyzed
compounds between two water and 1-octanol phases. Then,
the solution was centrifuged at 3500 rpm for 10 min to
separate two layers. The concentration of the compounds in
different layers was measured by the optical density values
obtained from UV-vis spectroscopy.

Determination of antibacterial and antifungal activity
Antibacterial sensitivity is tested by the agar well diffusion
method using Mueller-Hilton agar media. The agar diffu-

sion method is employed for the determination of anti-
bacterial activities of twelve pyrazolyl compounds
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according to the method described by Vanden Berghe and
Vlietinck 1991. The compounds under investigation are
dissolved in DMSO to a final concentration 500 ug/mL. Six
species of pathogenic bacteria namely Escherichia coli,
Klebsiella pneumoniae, Staphylococcus aureus, Proteus
vulgaris, Pseudomonas aeruginous and Bacillus subtilis are
used to screen the antibacterial activity of the compounds
(Nostro 2000). Pathogenic bacterial strains are incubated in
sterile nutrient broth and incubated at 37 °C for 24 h. The
pathogen are swabbed (inoculums size was adjusted so as to
deliver a final inoculums of approximate 10° CFU/mL) on
the surface of Mueller-Hilton agar media. The petri dishes
containing 25 mL of Mueller—Hinton Agar with 100 pL
inoculums of bacterial strain and media are allowed to
solidify. Wells are cut into solidified agar media with the
help of sterilized cup-borer. A volume of 100 pL of each
sample solution is poured in the respective wells and the
plates are incubated overnight at 37 °C for bacteria. DMSO
and ethanol are used as control. The experiment is per-
formed in triplicate under strict aseptic conditions and the
antibacterial activity of each compound was expressed in
terms of the mean diameter of zone of inhibition (cm)
produced by the respective compound. The stock solution
for the determination of antibacterial activity was made by
dissolving the antibiotics in sterile water at a concentration
500 pg/mL. From this stock solution different concentration
of working solution (ranges from 200 to 0.1 pg/mL) was
prepared.

Similarly, antifungal sensitivity is tested by the agar well
diffusion method using PD agar media (Nostro 2000). Two
species of pathogenic fungi namely Aspergillus flavus and
Candida albicans are used to screen the antifungal activity
of the pyrazolyl compounds. Pathogenic fungal strain are
inoculated in sterile potato dextrose broth and incubated at
25°C for 48 to 72h. Petri dishes containing 25 mL of
Potato dextrose agar with 100 pL inoculums of fungal strain
and media is allowed to solidify. The remaining work off
processes is similar to that of antibacterial sensitivity test.
The stock solution for the determination of antifungal
activity was made by dissolving the antibiotic in sterile
distilled water with concentration 500 mg/mL. Different
concentrations ranging from 250 to 50 mg/mL were made
from the measured amount of stock solution.

Determination of minimum inhibitory concentration
(MIC) of sample

Minimum inhibitory concentration is determined using
inhibitory concentration in diffusion method (Guerin-Fau-
blee et al. 1996). The MIC values, which represent the
lowest concentration of the compound that completely
inhibits the growth of microorganisms, are determined by a
micro-well dilution method (Wade et al. 2001). The
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inoculums of each bacterium and fungus are prepared with
concentration of suspension 10° CFU/mL. To obtain the
dilution, pyrazolyl compounds are dissolved in DMSO at a
higher concentration and make it dilute with measured
amount of DMSO and/or ethanol to obtain concentration
200, 150, 100, 75, 50 pg/mL, 20, 15, 10, 5, 3mg/mL. A
volume of 100 pL of compound of different concentration is
poured in the respective wells and the plates are incubated
96 h at 28 °C for fungi and 24 h at 37 °C for bacteria. The
experiment is repeated three times under strict aseptic
conditions.

Determination of larvicidal activity of sample

The larvicidal bioassay follows the World Health Organi-
zation standard protocols (WHO, 1981) along with a set of
control containing distilled water without any test solution.
Required concentrations of different sample solutions are
prepared through the mixing of stock solution with variable
amount of DMSO. Each of the earlier prepared compounds
was transferred into the test tubes. The larvae of Culex
quinquefasciatus (Cx. quinquefasciatus) are separately
introduced into different test tubes containing appropriate
concentrations. Mortality rates are recorded after 24, 48 and
72 h of post-exposures. Dead larvae were identified when
they failed to move after probing with a needle in the siphon
or cervical region. All the data was analyzed statistically
using SPSS-10.0. Each sample was analyzed and data were
represented as mean + SD.

Results and discussion

As ligand, pyrazole derivatives have attracted considerable
interest mainly because of their variety of coordination
modes with metals and have effective interactions with
biological molecules like proteins, nucleic acids etc. (Castro
et al. 2011; Kaur et al. 2014; Blaszczak-Swiqtkiewicz and
Mikiciuk-Olasik 2015; Porcari et al. 1998). Sobiesiak et al.
reported that the presence of carbothio amide in the struc-
ture improved the activity of the compound significantly
(Sobiesiak et al. 2014). Mono dentate 3,5 dimethyl pyrazole
(dmpz) can be converted to a bidentate ligand (1 and 2) by
the addition of dithioate group in the N(1) position of dmpz
(Scheme 1). The ligands (1 and 2) act as NS chelator when
coordinate with metal ion. The detailed synthetic outlines of
all compounds are presented in Schemes 1 and 2. The
substitution of bulky keto (5-methyl pyrazole) group in N1
position of dmpz introduces two more coordination sites in
3 (Scheme 2) and additionally imparts steric congestion in
the structure. Further reaction of ligands with metal salt like
copper chloride and cadmium chloride produces metal
complexes of different structural compositions. It is
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Fig. 1 a XRD and b SEM images of the sample 8

observed that the metal complexes have lesser antimicrobial
activities than corresponding uncoordinated ligand. The
electron density of sulfur atom in the ligand molecule is
reduced on coordination with the metal and hence the
interacting tendency of sulfur with the protein molecules
reduces significantly.

Now-a-days, the nanoparticle synthesis using single-
source precursor (SP) has been popularized because the SP-
method is simple and ecofriendly, where solvothermal
decomposition of SP furnishes the desired nanoparticles.
Moreover, the above decomposition process can be done at
lower temperature than the available methods of nano-
particles synthesis (Malik et al. 2010; Nyamen et al. 2013).
We prepared copper sulfide and cadmium sulfide nano-
particles using SP 1 and 2 at different reaction conditions.
The details of synthesis and characterization of nano-
particles were reported earlier by us except 8. Figure la
shows the powder XRD pattern of sample 8 which matches
well with the standard sample of copper sulfide (JCPDS
card 26-1116). The XRD pattern reveals that the sample 8 is
microcrystalline chalcosite copper sulfide. Figure 1b shows
the SEM picture of 8. The 3D flower like architecture with
porosity is found in the structure of 8. The porous 3D
architecture of 8 may have active sites to exhibit higher
antibacterial and larvicidal activity. The same explanation
may holds good for sample 9, 10 and 11 (Fig. S3).

Unlike 1 and 2, ligand 3 did not furnish any solid with
CuCl,*H,0. However, the addition of pyridine to the
resulting refluxed solution of 3 and CuCl,*H,0 produced a
Cl-bridged polymeric complex, [Cu(u-Cl),(Pyridine);],
(12). The structure was solved by means of single X-ray
crystallography. The concomitant formation of pyridyl
bridged complex might be due to the favorable steric profile
of the complex. The possible mode of bindings of ligand 3
to the metal centre may occur either through ring nitrogen
of one pyrazole or by through NN atoms of both the pyr-
azoles. The later rendered high steric congestion in the
copper centre (atomic radius 75 pm) thus disfavor the

Fig. 2 Double chloride-bridged copper(I) chain structure of 12

complex formation with 3. Higher concentration of the
bulkier ligand (3) presence in the reaction solution may
stabilize the Cu,Cl, bridged structure only allowing rela-
tively small coordinating molecules e.g., pyridine to satisfy
the remaining secondary valences. Pyridine is a smaller
ligand and good electron donor than 3. Thus pyridine can
effectively coordinate and stabilize the bridged complex
(12) where bulky pyrazole derivative (3) fails to form such
bridged Cu(Il) complex. Therefore the substitution in N1
position of 3,5-dimethyl pyrazole (dmpz) with bulky group
as in 3 is inappropriate to form stable complex. The struc-
ture of 12 is solved by single X-ray crystallography. Lit-
erature survey showed that the reaction of CuCl, and
pyridine formed complex species that existed in solution
only (Roubaty et al. 1977). However, J. D. Dumitz reported
crystal structure of copper dipyridine dichloride with sym-
metric copper centre (Dumitz 1957).

Description of crystal structure
The structure of [Cu(u-Cl),(Pyridine),], (12) have been

determined by single crystal XRD method. The perspective
view of molecular structures of 12 is depicted in Fig. 2, and
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Table 1 Crystal data and refinement parameters of [Cu(u- Table 2 Selected bond length and bond angles of [Cu(u-
Cl)(pyridine),], (12) Cl)y(pyridine), ], (12)
Empirical formula Cio Hip Cpp Bond Angles (°) Bond Lengths (A)
Cu N 2
z Atom]l Atom2 Atom3 Angle (°) Atoml Atom2 Length(A)
Formula weight 292.65
Cul Cll1 Cul 91.17(1) Cll Cul 2.3065(3)
Temperature 100K
3 Cll1 Cul N1 90.42(33) Cll Cul 2.9585(3)
Dx (gecm™°) 1.777
. Cll Cul Cll1 180.00(1) Cul N1 2.009(1)
Crystal system Monoclinic
Cll1 Cul N1 89.58(3) Cul Cll 2.3065(3)
Volume 546.86(3)
Cll Cul Cll1 91.17(1)  Cul NI 2.009(1)
Space group P21/
o Cll Cul Cll1 88.83(1) Cul Cll 2.9585(3)
a (A) 3.7882(1)
. NI Cul Cll1 89.58(3) Cul Cll 2.9585(3)
b (A) 8.5078(3)
o N1 Cul N1 180.00(5) N1 Cl1 1.343(2)
c(A) 16.9770(6)
© %0 NI Cul Cll1 89.61(3) NI C5 1.345(2)
o
NI Cul Cll1 90.393) C2 Cl 1.384(2)
B 91.900(2)
© % Cll Cul NI 90.423) C2 C3 1.390(2)
; 5 Cl1 Cul Cl1 88.83(1) C2 H2 0.95(2)
1 Cll1 Cul Cll1 91.17(1) C1 HI 0.94(2)
Mu (mm™ ) 2.449
N1 Cul Cl1 90.393) C5 C4 1.384(2)
F000 294.0
, NI Cul Cll1 89.613) C5 H5 0.94(2)
F000 295.28
Cll1 Cul Cl1 180.00(1) C4 C3 1.386(2)
h.k,1 max 511,22
Cul N1 Cl 121.58(9) C4 H4 0.93(2)
Nref 1354
Cul N1 C5 120.03(9) C3 H3 0.94(2)
Theta (max) 28.340
R (reflections) 0.0179(1260)
wR2 (reflections) 0.0465(1351)

the crystal parameter and selected bond lengths and angles
are given in Table 1 and Table 2. The crystal structure of 12
is constructed 1D polymers consisting of doubly bridged
metal centers with Cl atoms. In the chain, Cu...Cu
separation is 3.788 A. The geometry of the complex is six
coordinated with somewhat distorted octahedral geometry
as reflected from the significant deviation of the cisoid and
transoid angles from the ideal values. The coordination
environment of Cu is completed by two pyridine ligands,
displayed in trans positions. Being the weaker field ligand
than the pyridine, chloride occupies the axially elongated
trans positions of Cu(Il) center. In the chain, Cu,Cl, brid-
ging unit lies in the same plane rendering the system to be
perfectly planer. In absence of conventional proton on N in
pyridine, the intra chain hydrogen bonding interactions
between bridging chlorides and ligand are absent. There-
fore, the arrangement of the chain structure is not energe-
tically favorable like other similar pyrazolyl based structure
(Santra et al. 2016, Albada et al. 2008) with hydrogen
bonding interactions. Therefore, the chain structure is sta-
bilized by the intermolecular hydrogen bonding and z—n
interactions. Due to the lack of conventional hydrogen
bonding ability of pyridine group it cannot stabilize the
helical chain structure rather prefer to yield straight chain
structure in order to minimize steric congestion. Thus it can
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be safely concluded that the linear chain structure of 12 has
more penetration to the folded protein in the biological
systems. This property may explain the good antimicrobial
activity of 12 (Table 3).

Antimicrobial activity

The efficiency of antibacterial and antifungal effects of any
compound (natural or synthetic) depends on the penetration
power of the compound to the organisms. The mechanism
of action of antifungal and antibacterial resistance to them is
limited by several factors (Tavares et al. 2013). The struc-
tures of fungi and bacteria differ in very significant ways
such as the diploid nature of most fungi and the longer
generation time of fungi compared to bacteria, and the
available antibacterial/antifungal agents target structures
and functions or both which are relevant to the inhibitory
activity of the organisms. For example, many antibacterial
agents inhibit the formation of peptidoglycan, the essential
component of the bacterial cell wall. For other types of
bacterial resistance where the comparisons are limited to the
antifungal analogue with respect to protein synthesis inhi-
bitors (amino glycosides, macrolides and tetracyclines),
topoisomerase inhibitors (fluoroquinolones) and metabolic
pathway inhibitors (trimethoprim-sulfamethoxazole). In
contrast, most antifungal compounds target the formation
and function of ergosterol (an important component of the
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fungal cell membrane). Understanding the mechanism(s) of
action of different antimicrobial agents is an important
prerequisite to understand mechanisms of resistance. In fact,
in many cases an elucidation of resistance mechanisms has
allowed or enhanced understanding of specific mechanisms

of action (Raman et al. 2006). The results in the present
in vitro antimicrobial activities of the ligands 1-3, the metal
complexes 4-7, 12 and nanoparticles 8-11 are presented in
Table 3, and the MIC values of 1, 3, 8 and 12 are given in
Table 4. The results of sensitivity test of some standard

Table 3 Antimicrobial activity of specific concentration (500 ug/mL) of different synthesized compounds and antibiotics with control by agar well

diffusion method

Sample Zone of inhibition (in cm) against

Bacteria Fungi

E. coli B. subtilis K. pneumoniae P. vulgaris S. aureus P. aeruginosa A. flavus C. albicans

Mean +SD Mean+SD  Mean + SD Mean + SD Mean+SD  Mean + SD mean + SD mean + SD
1 1.9+0.03 1.2+0.05 1.2+£0.05 1.5+0.05 1.3 £0.05 1.4 +£0.01 1.5+0.05 2.0+0.01
2 1.3+0.01 1.2+0.01 1.1 +0.05 1.2+0.05 1.3+0.01 1.1 +0.06 14+0.05 1.4+0.05
3 20+0.05 2.0+0.05 1.6 +0.01 1.1 +0.05 1.3+0.05 1.4 +0.05 14+0.01 1.4+0.05
4 14+0.03 1.2+0.05 1.2+0.01 1.2+0.01 1.2+0.01 1.2 +0.06 1.2+0.01 14+0.01
5 1.5+0.01 1.2+0.11 1.2+0.05 1.1 +0.05 1.2+0.05 1.2+0.06 1.2+0.05 1.1+0.05
6 1.3+0.01 1.2+0.01 1.2+0.05 1.2 +0.05 1.3+0.01 1.2 +0.06 1.2+0.03 1.5+0.05
7 1.3+0.05 1.2+0.05 1.2+0.01 1.2+0.01 1.6 +0.01 1.1 +0.01 1.3+0.01 1.6+0.05
8 30+0.05 1.2+0.05 3.0+0.01 2.5+0.05 1.3+0.05 1.2 +0.06 1.9+0.03 2.1+0.01
9 1.3+0.01 1.3+0.01 1.2+0.05 1.2+0.01 1.5+0.01 1.2+0.06 1.6+0.01 2.0+0.05
10 26+0.05 12+0.05 1.3+0.01 1.3 +0.01 1.3+0.01 1.2+0.01 14+0.05 15+0.01
11 1.3+0.01 1.2+0.05 1.5+0.05 1.2+0.01 1.3+0.01 1.0 +0.06 1.3+0.05 1.4+0.01
12 1.9+0.04 2.2+0.05 1.9 +0.05 1.9 +0.05 1.7+0.05 1.8 +0.01 26+0.05 3.0+0.05
Flucanazole 1.9+0.17 1.1 +£0.057
Griseofulvin 23402 2.1 £0.057
Control
DMSO 1.3+0.05 1.2+0.05 0.9+0.05 1.1 +£0.05 1.3 +0.05 1.2 +0.06 1.3+0.05 1.4+0.05
EtOH 1.2+0.05 1.2+0.05 0.9+0.05 1.2 +0.05 1.2+0.05 1.2 +0.06 1.2+0.05 1.0+0.05

N.B: 4 and 5 are soluble in ethanol and all other samples are soluble in dimethyl sulfoxide. SD- Standard deviation

Table 4 MIC (minimum inhibitory concentration) value of different compounds and antibiotics against different bacteria and fungi

Sample No MIC value of sample

Bacteria (ug/mL)

Fungi (mg/mL)

E. coli B. subtillis K. pneumoniae P. vulgaris S. aureus P. aeruginosa A. flavus C. albicans
100 Fungi (mg/mL) - 50 - - 5 3
75 75 100 - - 100 - -

8 150 - 75 50 - - 10 20

12 75 100 100 75 100 100 20 15

Azithromycin - 1 0.25 0.5 25

Amoxicillin 2 50 10 10 25 2

Ampicillin 20 40 10 5 - 8

Chloramphenicol ~— — 5 10 - 25

Ciprofloxacin 8 5 2 0.5 25 0.1

Cefuroxime - 1.5 - - 75

Doxycyclin - 3 - 5 3 2

Ofloxacin 8 3 - 3 5 8
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pathogenic bacteria and fungi against basic ligand dmpz
(500 pg/mL) and DMSO (control) are given in the Table 5.
Camera views of the experiments on agar are provided in
the supplementary data (Figs. S5-S12). The antimicrobial
activities of the ligands (1-2) are greater than the parent
ligand 3,5-dimethyl pyrazole (dmpz). This result indicates
that the dithioate group (—SR) of 1 and 2 hydrolyzes into
—SH group in the biological system. The —SH group can
increase the lipophilic property of the compound (Ansari
and Lal 2009a, 2009b). This lipophilicity of the molecules
plays an essential role in showing antimicrobial effect. This
property is observed as an important parameter related to
membrane permeation in biological system. Many of the
process of drug disposition depend on the capability to cross
membranes and hence there is a high correlation with
lipophilic character of the compound [Kupcewicz et al.
2013]. The logP values of some representative compounds
are given in Table 6. The general trend of the logP values
reveals that lipophilicity of ligand (1 and 2) is greater than
corresponding metal complexes (4-7). It is also found that
the sensitivities of the ligands (1-3) are greater than the
corresponding copper and cadmium complexes (4-7). This
fact can be explained by the reduction of the polarity of the
pyrazolyl ligands on bonding with metal centers which also

Table 5 Sensitivity test of some Pathogenic bacteria and fungi against
ligand 3,5-dimethyl pyrazole (dmpz) (500 ug/mL) and DMSO

is reflected by the logP value (Table 6). There are many
examples in literature where activities of many ligands
decrease on coordination (Roy et al. 2007; Roy et al. 2007).
However, the zone of inhibition of the investigated strains
of gram negative bacteria caused by the complexes are
compared in the order as follows: Cu(I)-complex (4 and 5)
> Cd(II)-complex (6 and 7). The copper complexes (4 and
5) contains easily oxidizable Cu(I) centers which might
have better ability to inhibit the synthesis of bacterial cell
wall than Cd(I) complexes. The opposite trend in the
antifungal activity was observed. The reason simply may be
the poisonous effect of cadmium ion to the synthesis of
ergosterol in the fungal cell membrane. It is to be noted that
copper, an essential trace element has no toxic effect but the
cadmium has toxic effect beyond certain limit. In our
experiment, trace amount of cadmium salt is used for the
preparation of stable cadmium complexes which are not
likely to be toxic enough. On the other hand, the tested
pyrazolyl compounds are expected to be nontoxic to the
living system as numerous pyrazole derivatives were used
as safe drugs against human diseases (Bekhita and Abdel-
Aziem 2004, Roy et al. 2007).

The best antifungal activity was shown by 12 among the
studied materials (Table 3). The best activity of 12 was

Table 7 MIC value of different antibiotics ranges from (25050 mg/mL)
against different pathogenic fungi

(control) Name of fungi Concentration Antimicrobial zone (cm)

Name of microorganism dmpz (cm) DMSO Griseofulvin Flucanazole

E. coli 1.3+0.05 1.3+0.05 Candida albicans 250 mg/mL 2.1 1.1

B. subtilis 1.2+0.05 1.2+0.05 150 mg/mL 1.5 -

K. pneumoniae 0.9+0.05 0.9+0.05 100 mg/mL 1.3 -

P. vulgaris 1.4 +0.05 1.1 +0.05 50 mg/mL - -

S. aureus 1.3+0.05 1.3 +0.05 Aspergillus flavus 250 mg/mL 2.3 1.9

P. aeruginosa 1.2+0.05 1.2 +0.05 150 mg/mL 1.9 1.2

A. flavus 1.3 +0.05 1.3 +0.05 100 mg/mL - -

C. albicans 1.4+0.05 1.4 +0.05 50 mg/mL - -

rTe?)lr)el:gefltalt?vg:c\;eg:)eosuzfissome Sample 1-Octanol Water logP

Concentration (g/L) Absorbance Concentration (g/L) Absorbance

dmpz 2.58 0.504 4.8 0.9664 —0.285
1 5.14 2.293 0.78 0.351 0.817
2 5.53 2.851 0.58 0.315 0.979
3 1.21 0.828 0.54 0.219 0.347
4 5.50 1.961 0.92 0.328 0.776
5 1.56 0.817 0.46 0.269 0.531
6 1.45 1.787 0.72 0.893 0.301
7 1.61 1.526 0.52 0.654 0.491
12 0.87 0.572 0.19 0.120 0.661
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Table 8 Shape and size of the

nanoparticles 811 Sample no. Nanoparticles (capping agent) Phase Shape Size (nm)
8 Copper sulfide (HH) Chalcosite Hexagonal 60
9 Copper sulfide (EN) Cuy oS Spherical 17
10 Cadmium sulfide (EG) CdS Spherical 10
11 Cadmium sulfide (EN) CdS Rod 80%/10°
Solvents act as capping agent
# Average length, b Average diameter
observed against the yeast A. flavous and C. albicans with ~ Table 9 Determination of antilarval activity of samples
the zones of inhibition 26 and 30 mm, respectively, which Sample  Concentration Rate of viability
are higher than the zone inhibition 19 and 11 mm, respec-  Name (ug /mL)
tively, of the standard drug fluconazole (Table 3). Chloro Oh% 24h% 48h% 72h %
bridged complex (12) shows excellent antifungal activity Viable  viable  viable  viable
against A. flavus and C. albicans with MIC value 20 and 15 1 500 100 90 10 0
mg/mL, respectively emerging to be a better antibiotic than 500 100 20 20 0
standard fluconazole which possesses the MIC value 150 5 500 100 100 0 0
a.nd 250 mg/mL against A ﬂavuts and C. albicans, respec- 3 500 100 100 0
tlvely'(Table 7). The straight 'ch'am structure of 'the compI.eX 12 500 100 20 0 0
12 with loosely bound pyridine molecules in the axial Control  — 100 100 100 100

position might have better penetration to the cell wall of
microorganism. The complex is expected to be labile with
respect to de-pyridination giving a straight chain structure
of bridged Cu,Cl, moiety. The Cu centres of Cu,Cl,
straight chain may now very much effective to reduce the
function of ergosterol where the free pyridine may act as
effective medium for copper and DNA interaction. The
relatively high logP value of 12 also attested the superiority
as an antifungal agent.

The nanoparticles (4—7) derived from the complexes are
also screened to check their antimicrobial activities. The
details of shape, size and phase of the reported nanoparticles
along with 8 are listed in Table 8 for ready reference. The
XRD and SEM images of 9, 10 and 11 are provided in Fig.
S3. All these nanoparticles show better activity than the
primary ligand dmpz. The Cu,S nanoparticles (8) synthe-
sized from 4 using HH solvent emerges as the best anti-
bacterial agents among the tested nanoparticles.
Nanoparticle 8 has maximum antibacterial activity against
E. coli 30 mm) and K. pneumonia (30 mm) (Table 3) at an
MIC of 150 and 75 pg/mL (Table 4), respectively which has
greater MIC values than the standard antibiotic cipro-
floxacin with values 8 ug/mL against E. coli and 2 pg/mL
against K. pneumonia (Table 4). The reason may be due to
the small size (60 nm) (Fig. S4), platelet morphology of the
particle and the shorter wettibility of HH than bivalent
solvent like EN and EG. The shorter wettibility also causes
anisotropic growth of NCs. The small sizes of the particles
enhance the permeability through the cell membrane of the
microorganisms where the short amine in the surface
enhances the solubility of the particles in the cell

membrane. Additionally, the platelet morphology can have
an easy access in the folded protein structure of the
microorganism to resist the normal functions of protein. The
result shows that the short ammine capped nanoparticles
have better antibacterial activity than ethylene glycol cap-
ped sample, e.g., 9. Now it can be argued that the
mechanism of action of organic compounds and their metal
complexes are different than that of nanoparticles. The
penetration of cells by the former largely depends upon the
lipophilicity where the small size of nanoparticles which
ensure the high surface energy, is the quality for cell
penetration.

From the result of the preliminary screening of the tested
compounds, we choose compound 1, 2, 3, 8, and 12 to
examine larvicidal activity against larvae of Cx. quinque-
fasciatus. The results are given in the Table 9. It was
interesting to note that the compound 12 shows best larvi-
cidal activity where the retention of larvae is 80 % and 0 %
after 24 and 48 h, respectively. Besides 12, Compound 8
has also comparable larvicidal effect where 0% retention of
larvae is also observed after 48 h.

Conclusion
Pyrazolyl and pyridinyl derivatives including ligands, metal

complexes and nanoparticles are evaluated with respect to
antibacterial, antifungal and larvicidal activities. All the
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synthesized compounds exhibit antimicrobial activities
towards selected bacteria and fungi. Substitution in N(1)
position of pyrazole with carbodithioate group increases the
lipophilicity which proportionately enhances the anti-
bacterial activities. The reduced antibacterial activities of
corresponding metal complexes is due to the reduction of
electron density on ‘S’ and ‘N’ atoms upon complexation.
The ammine capped metal sulfide nanoparticles (8) shows
maximum antibacterial activity. Linear chain compound
(12) with Cu,Cl, distorted ring unit exhibits excellent
antifungal and larvicidal effect emerging to be a better
antibiotic than standard fluconazole. The pyrazole based
ligands with N(1) substitution with sulfur as dithioate and
bridged Cu,Cl, moiety may be used as pharmacophore in
drug development. Further the complexes with bridged
Cu,Cl, moiety can be used to remove the epidemic culex
mosquito from environment.
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