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Abstract

The new mononuclear neutral metal complexes of the type [M(L),(H20).X,] (where n= 0,1,2...; X=.Cl; 5 SO,; CH3COO; Br) by
using the metal(ll/1ll) salts {M = Cu(ll), Co(ll), Ni(ll), Pd(ll) and Ru(lll)} with the Clomiphene.citrate (L) were synthesized. The
ligand and its complexes were characterized by elemental analysis, infrared, ESR, AH-NMR, electronic spectral studies and
magnetic susceptibility measurement, which reveals that L acts as a monodentate ligand: They simultaneously give
Thermogravimetric and Differential Thermal Analysis patterns of the complexes recorded at heating rate of 10 °C min™. The
antimicrobial activity of ligand and its metal complexes were evaluated against Gram positive and Gram negative bacteria.
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1. Introduction

The chemistry of transition metal complexes has received much attention in recent years on account of their
rational design and synthesis in coordination chemistry, also because of their potential applications as functional
materials [1], enzymatic reaction mechanism-[2] and in bioinorganic chemistry [3]. The transition metal complexes
with nitrogen donors are applied in various activities such as anticancer, antitubercular, antibiotic, antimicrobial
and antifungal agents [4, 5].

Clomiphene citrate (L), chemically (2:[4-(2-chloro-1, 2-diphenylethenyl)phenoxy]-N,N-diethyl ethanamine) is a
biologically active compound having vinyl aryl group to which an alkylic chain is attached with a donor nitrogen
atom, thus makinga cavity.to bind the metal ion. Clomiphene citrate (L) inhibits the negative feedback mechanism,
which suppresses release of gonadotropins-releasing hormone and gonadotropins themselves [6, 7]. Its synergistic
effects are in induction of ovulation. Sorbie and Perez-Marrero [8] have studied its use in male infertility. HPLC
method [9] for the determination of its isomers in human plasma is also reported. A detailed survey of literature
reveals that coordination chemistry of metal complexes with L has not been carried out yet.

Synthesis of dinuclear complexes using the bidentate ligands has been carried out by many authors [10, 11].Many
of the metals has found widespread application in organic synthesis and biology [12, 13]. Currently, the use of such
metal complexes is promising since they act as single-molecule magnets (SMMs) [14], as luminescent probes [15],
as catalysts for specific DNA [16] and RNA [17] cleavage reactions and some transition metal complexes (M%Cu,
Co, Ni, etc.) of Schiff base ligands with the potent inhibitory activities against urease have also been reported by us
[18]. Palladium (Pd) compounds provide useful catalysts for organic transformations to produce a wide range of
organic compounds such as pharmaceuticals, agrochemicals, and organic materials for various applications [19,
20]. Organopalladium compounds, typical intermediates in Pd-catalyzed organic transformations, generally prefer
low formal oxidation states such as 0 and +2. Due to these important applications, we became interested in the
synthesis of Pd(Il) and Ru(lll) complexes of biologically potent 2-[4-(2-chloro-1, 2-diphenylethenyl)phenoxy]-N,N-
diethyl ethanamine.
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The aim of the present study is to synthesize copper(ll)(1a-1c), cobalt(ll) (2a-2d), nickel(ll) (3a-3c), palladium(ll)
(4a) and ruthenium(lll) (5a) complexes with clomiphene citrate (L) as the ligand. The data obtained by elemental
analysis, spectroscopic, magnetic and thermal studies were correlated and used to elucidate the structural
formulae of the prepared complexes. Apart from this, the biological efficacy of the metal complexes was studied
against few bacteria and fungi.

2. Methods
2.1. Materials

Clomiphene citrate was received from Cipla Ltd., India and used as such. Among the solvents employed, dimethyl
formamide (DMF) and dimethyl sulfoxide (DMSO) were of spectroscopic grade and remaining solvents were of AR
grade purchased from commercial source. The commercial ethanol sample was refluxed over calcium oxide for 6 h,
distilled and used.

2.2. Instrumentation

Infrared spectral measurements for the free ligand and its metal complexes were recorded in"KBR pellets using a
Jasco FT-IR 4100 type double beam spectrophotometer. EPR spectra were recorded on a Varian E-12 spectrometer
equipped with a HP-5342A frequency meter and Bruker NMR gaussmeter. The ESR studies were performed by
using a spectroelectrochemical cell. 'H-NMR spectra were taken for the ligand and its complexes using AMX-400
FT-NMR spectrophotometer. The 'H-NMR spectra were recorded emplaying TMS as a reference and DMSO-dg as a
solvent at ambient temperature. Elemental analysis data (C, H; N).were obtained with a Elementarvario EL-III
instrument. Electronic spectra of the complexes in the UV-visible region (200-900 nm) were measured using a
Jasco UVIDEC-610 double beam spectrophotometer with quartz cells.

2.3. Synthesis of metal complexes
2.3.1. General procedure for the synthesis of 1a-1c, 2a-2d, 3a-3c, 4a and 5a {(a)Cl; (b) CH3;COO; (c) ¥ SO,; (d) Br}

A hot ethanol solution of L (2.99g, 5 mmol, 30 mL) was slowly added to each 15 mL of 2.5 mmol hot ethanol
solution of respective metal salt with continuous stirring. The reaction mixture was refluxed for 4 h. The colored
precipitates obtained in each case after cooling to room temperature was filtered off, washed several times with
ethanol and then with ether, finally dried in an evacuated desiccator over anhydrous silica gel. Sulphate complexes
were prepared in agueous media.

2.3.2. Molar conductance and magnetic susceptibility measurements

The conductance data were recorded in 10* M DMF solution at room temperature using an Elico CM-180
conductometer. The cell constant of the conductivity cell used was 0.5 cm™ The magnetic susceptibility
measurements of the complexes were carried out by using Gouy method at room temperature. The effective
magnetic moment per metal atom was calculated from the expression,

Hett = 2.84 [xm T]*2 B.M

where x, 1S the molar susceptibility of the complex obtained after applying the diamagnetic corrections by the use
of Pascal’s constant for other atoms and groups in the complex. Hg[Co(SCN),] was used as a calibrant.

2.3.3. Thermal analyses

Thermal analyses of the complexes were recorded on a Perkin Elmer, US TGA-7 analyzer in the atmosphere of air.
The temperature scale of the instrument was calibrated with high purity calcium oxalate. The operational range of
the instrument was from ambient to 900 °C. Accurately 5 mg of pure sample was subjected for dynamic TG scans
at heating rate of 10 °C min™.
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2.4. Antibacterial activity

Antibacterial activity of the ligand and its complexes was determined againstE.coliMTCC443, Staphylococcus
aureusMTCC737, Ralstoniasolanacearum NCIM5103 (NCL, Pune)and Xanthomonas vesicatoria(Danida lab, UOM,
Mysore) by Disk diffusion method [21]. The pure cultures of these organisms were obtained from the Department
of Biotechnology, Bapuji Institute of Engineering and Technology, Davangere. The organisms used in the
compounds were sub-cultured into sterile nutrient broth. After incubating the same at 37 °C for 3 h, the growth
thus obtained was used as inoculums for the tests. Nutrient agar (28 gL'l) and nutrient broth were sterilized in
conical flask of suitable capacity by autoclaving at 15 Ib pressure for 30 min. The agar medium was melted on
water bath and cooled to 45 °C. To the 20 to 25 mL molten agar 0.5 to 0.7 mL of 3 h old sub-culture was added
aseptically, mixed well by gentle shaking and allowed to attain room temperature in Petri dishes.

The sterilized filter paper disks (Whatmann 41) were loaded with known volume of the test'.compound of known
strength using micropipette, to get the disk of desired concentration. The disks are placed over the growth media
seeded with microorganisms, left for diffusion and incubated at 37 + 2 °C for 24 h. The experiment is carried out
with four replicates for each concentration. The antibiotic Chloramphenicol was also screened under similar
conditions for comparison as a standard and the solvent DMSO was also put to know the activity.

2.5. Antifungal activity

Antifungal activity of the test compounds was determined against two fungi,A. flavusand A. niger,by Batemann
poisoned food technique [22]. These fungi were cultured for seven days on Czapek’s agar in sterilized petri dishes
under 12/12 h light and darkness. The ligand and its metal complexes dissolved in DMSO were added to 10-15 mL
of sterilized media to achieve different concentrations at 35 £:2 °C and allowed the media for solidification. The
test fungi were taken as 2 mm disks from 10 days old pure colonies and placed in the petri plates containing
Czapek’s agar nutritive medium. The experiments were carried out in four replicates per treatment and incubation
was carried out at 22 + 2 °C under 12/12 light and darkness. The radical growth of the colony was recorded after
96 h of incubation.

3. Results and Discussion

To design novel structures of metal complexes, the ligand used in the preparation is important. In this article, the
author synthesized the complexes (as shown in Figure 3) in such a way that ligand Lcould coordinate to the metal
ions through the alkylic nitrogen atom. In this work, all complexes were synthesized using the same synthetic
procedure and exhibit octahedral geometry except palladium complexes, instead giving square planar geometry.

All the complexes are, soluble in. most polar organic solvents, such as DMSO and DMF. The elemental analyses are
in good agreement with the chemical formulae proposed for the compounds and spectral techniques viz."H-NMR,
IR, electronic spectra and thermal studies provided evidence for the proposed structures.

3.1. Molarconductance and magnetic susceptibility

The molar conductance data of the complexes in DMF at 10° M are presented in Table 1. The molar conductance
values lie in the range 12.7 — 30.7 Ohm™ cm? mol™ which indicates that the anions are coordinated to the central
metal ion. The slightly higher values than those expected for non-electrolytes in these cases are probably due to
partial replacement of the anion by the strong donor solvent molecule and the two species may exist in
equilibrium. Further, dissociation of coordinated halides in DMF leading to substantially high conductance has
been reported in literature [23, 24]. Therefore, the complexes may perhaps be considered as non-electrolytes.
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Table 1: Analytical and physical data of the metal complexes.

Molar
M % C% H % N % Conductance | peff(BM)
Compounds 0-1 cm2M-1
Obsd Calcd Obsd Calcd Obsd Calcd Obsd Calcd
la 6.38 6.47 63.39 63.60 6.12 6.11 2.77 2.85 18.7 1.86
1b 6.14 6.17 65.22 65.36 6.39 6.41 2.69 2.72 19.4 1.89
1c 6.25 6.31 61.7 62.02 5.93 5.95 2.79 2.78 21.1 1.94
2a 5.93 6.02 63.63 63.81 6.13 6.17 2.86 2.93 175 4,92
2b 5.76 5.77 65.51 65.66 6.42 6.44 2.68 2.73 18.2 5.24
2c 5.73 5.87 62.07 62.31 5.95 5.98 2.77 2.79 17.9 4.32
2d 5.53 5.52 58.17 58.49 5.59 5.62 2.83 2.86 19.7 4.89
3a 5.98 6.01 63.79 63.89 6.12 6.13 2.83 2.86 18.7 3.21
3b 5.62 5.72 65.23 65.58 6.43 6.44 2.70 2.73 194 3.36
3c 5.81 5.85 61.99 62.23 5.96 5.98 2.75 2.79 14.1 3.18
4a 10.57 10.75 62.86 63.07 5.65 5.66 2.80 2.83 23.5 Dia
5a 6.38 6.47 63.39 63.60 6.12 6.11 2.77 2.85 18.7 1.86

Dia = Diamagnetic; Obsd = Observed; Calcd = Calculated.

Among the studied complexes 4a.is found to be diamagnetic thus suggesting square planar arrangement of the
ligand molecules around the central metal ion. At room temperature, the magnetic moments of remaining
complexes were lies in the range 1.79 to 5.24 BM (Table 1). The lowering in magnetic moment may arise due to
lower symmetry ligand fields or electron delocalization [25] and suggests the low spin d5(t2g5) configuration in an
octahedral environment. The magnetic properties of high spin octahedral complexes are govermned by the orbital
degenerate ground term "Ty,, which arise from the t,,” e,” configuration.

3.2. ESR spectral studies

The ESR study is useful in understanding the geometry and state of electrons in metal ion of the complexes. In the
present study, the ESR spectra of the Cu(ll) complexes is recorded in a DMSO solution and related parameters are
given in ‘Tabler2. The solid-state ESR spectra of some of the complexes exhibit axially symmetric g-tensor
parameters with g;> g1>2.0023, indicating that the copper site has a dxz_y2 ground-state characteristic of
tetrahedral, square-planar, or octahedral stereochemistry. The g;,> g+ for synthesized Cu(ll) complexes, 1a and 1c
indicates a tetragonal distortion. In axial symmetry, the G-values are given by Eq. 1.

G=(9)-2)/(9-2)=4 >(1)

where G is the exchange interaction parameter, according to literature, for the considerable exchange interaction
process between Cu(ll) centers in the solid state the value of G < 4. The G values obtained for Cu(ll) complexes, 1a
and 1c are 2.11 and 2.08, respectively, which satisfy the above mentioned parameter. The g, values were
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evaluated by using the relation g, = 1/3 gy + 2/3 g1, and these calculated values are in agreement with an orbital
non-degenerate state [26].

Table 2: ESR data of Copper(ll) complexes in DMSO.

Complex g] gL G Oav
la 2.2369 2.1643 2.1146 2.0826
1c 2.1645 2.1548 2.0871 2.0718

3.3. Infrared spectra

The IR spectral data of L and its complexes are given in Table 3. The far IR spectra of the complexes provide a sharp
band at 320-385 cm™ and at 425-440 cm™ are assigned to u(M-X) (X=halide) and v(M-N), respectively. Therefore,
the IR spectra of L and its complexes show that ligand acts as a monodentate donor atom by coordination through
the quatemary nitrogen attached to alkyl group. In the spectra of all complexes, a broad band at-3500-3300 cm™®
may be assigned to u(OH) of the coordinated water [27].

Table 3: IR data of L and its complexes (in cm™).

Compounds u(OH) u(C-0-C) u(M-N) u(M-halide)
L - 1150 - -
la-1c 3469-3460 1150 432-426 366-323
2a-2d 3353-3313 1150 440-432 363-329
3a-3c 3496-3302 1150 439-425 381-372
4a - 1150 430 385
5a - 1150 429 357

3.4."H-NMR spectra

The *H-NMR spectra of L and its complex of Pd(ll) salt were discussed in this section. The 'H-NMR spectra of L
exhibits a signal at 6 1.0 ppm and:one multiplet centered around at & 7.0 ppm are assigned to alkyl and aromatic
protons, respectively. A sharp signal (singlet) at 6 2.78 ppm is due to tertiary nitrogen attached to the alkyl group.
In the *H-NMR spectra of the Pd(ll) complex (4a), resonance at & 1.0 ppm and 6 7.0 ppm were in the same position
as in the free ligand, but the signal around 6 2.96 ppm indicate a downfield shift of alkyl protons attached to the
tertiary nitrogen, thereby suggesting the involvement of tertiary nitrogen atom in coordination with metal ions.

3.5. Electronic spectra

The electronic spectra of la 1c complexes display two bands in the visible region, one at 10260- 11300 cm™ being
asslgned to "By A1y and By, By, transitions, while the second band around 18340-22788 cm™ attributed to
Blg - Eg transitions suggesting a distorted octahed ral configuration [28]. The solution of 2a — 2d exhibit three d-d
transition, one'in the region 14390-14530 cm ! which is assigned to “Tiy(F) > “Toq (F) (u) having high spin
octahedral geometry, another at 14850 cmtis assigned to Tlg F-> Azg (F) (u2) which in some cases not observed
at all, but the fine structure arises due to symmetry. Third transrtlon occurs at 16430 cm™ is attributed to Tlg (F)
-> Tlg (P) (u3). The more intense bands beyond 36500 em™ are charge transfer bands. The 3a-3calso show two
bands in the region 12830-16380 cm" ! due to Azge Tlg (F) and Azg - Tlg (P) transition. An intense band at
~30000 cm™ corresponds to intra ligand charge transfer transition within the ligand which are assigned to n = r*
transitions. The facts accompanied by magnetic moment and electronic spectra of la-1c, 2a 2d and 3a 3c
complexes suggest an octahedral arrangement.The ground state for low- sp|n PA(Il) ion is Alg(alg , eg , bag )The
electronic spectra of 4ashow a broad bandin the region 22222-23000 cm™ which is assigned to ‘Ajy > 'Byg
transition. This transition is a characteristic of square planar palladium complexes, while 5ashowed only charge
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transfer bands which masked the weak (spin forbidden as well as spin allowed) bands due to d-d transitions in the
visible region. The band in the range 25000-27120 cm™ may be assigned to 'Ay, 'T, and charge transfer
transition [33]. The bands in the range 34480-37045 cm™ can be assigned to m - 1t* transitions. Thus, the 5a is
attributed to octahedral stereochemistry.

3.6. Thermogravimetric analyses

The TGA and DTA curves show three decomposition steps for all complexes except 4a, which decompose in two
steps. In the three stepdecomposition, first degradation step occurs at the temperature range 128-245 °C
corresponds to the loss of two coordinated water molecules. The major weight loss occurs in second thermal
decomposition step at the temperature range 195-416 °C, this weight loss corresponds to the expulsion of two
molecules of L, while in 5a this step occurs at 205-426 °C (Table 4). The third thermal decomposition step occursin
the temperature range 305-640 °C corresponds to the loss of coordinated inorganic ligands. The final residue of
the decomposition at above 640 °C corresponds to metal(ll) oxide, which is in conformity with the observed and
calculated weights of pyrolysis products. The 4a is stable up to 224 °C, and then it undergoes decomposition in two
stages. The first degradation step occurs at the temperature range 225-425 °C corresponds to the loss of two
molecules of L. The second degradation step occurs at the temperature range 450-640 °C which corresponds to the
loss of coordinated inorganic ligand chloride. The percentage weight losses lie in the calculated range.

Table 4: Stepwise thermal degradation data obtained from TGA curves.

Complex Temp. range Degradation of % Weight loss No: % Residue (2)

(°C) products Calcd. Expt. of moles Calcd. Expt.

(1a) 174-218 2H,0 3.66 3.14 2
240-286 2L 82.65 80.56 2 8.09 7.90

310-580 2Cl 7.21 6.92 2

(1b) 170-210 2H,0 3.57 3.18 2
240-350 2L 80.59 78.95 2 7.89 7.33

380-640 S04 9.52 8.76 1

(1c) 128-185 2H,0 3.49 3.06 2
212-265 2L 78.86 76.68 2 7.27 7.27

306-400 2ac 11.46 10.66 2

(2a) 190-245 2H,0 3.68 3.89 2
260-410 2L 83.04 81.40 2 7.66 6.34

430-620 2¢l 7.25 6.52 2

(2b) 140-190 2H,0 3.58 3.20 2
215-330 2L 80.96 78.69 2 7.47 6.74

360-620 SO, 6,41 5.77 1

(2¢) 122:180 2H,0 3.51 3.18 2
200-330 2L 79.22 79.29 2 7.31 6.92

340-580 2ac 11.51 10.83 2

(2d) 176-225 2H,0 3.37 3.00 2
229-350 2L 76.11 74.56 2 7.02 6.82

370-555 2Br 14.98 13.89 2

(3a) 126-192 2H,0 3.68 3.18 2
210-265 2L 83.06 79.45 2 7.64 6.46

495-560 2Cl 7.25 6.68 2

(3b) 132-188 2H,0 3.60 3.25 2
198-356 2L 80.98 76.88 2 7.44 6.85

426-534 SO, 9.57 8.29 1

(3c) 116-178 2H,0 3.51 3.00 2
195-290 2L 79.29 76.45 2 11.46 10.69

330-540 2ac 11.23 10.86 2

(4a) 225-425 2L 82.7 79.92 2
450-640 2Cl 7.16 6.85 2 12.37 11.03

(5a) 168-202 H,0 1.73 2.43 1
205-426 2L 78.27 76.15 2 12.04 10.92

430-605 3Cl 10.25 9.22 3

L = Clomiphene citrate; ac = CH3COO.
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3.7. Antimicrobial studies

The in vitro antimicrobial screening effects of the ligand and its complexes were performed against bacteria viz.,
S.aureus, E.coli, R.solanacearumand X.vesicatoria by the disk diffusion method and against fungi viz., A.flavus and
A.niger by Batemann poisoned food technique. The activities of the compounds were compared with those of
standards such as Chloramphenicol for antibacterial and Griseoflavin for antifungal activity. Since DMSO was used
as a solvent, it was also screened against all organisms and no activity was found.The antimicrobial properties of
the L and its corresponding complexes are characterized determining the minimum inhibitory concentration (MIC),
represented in Figure 1 and Figure 2. As the MIC on the basis of mass, the results presented in Table 5 and Table 6
indicates that the compounds have both antibacterial and antifungal activities against the tested organisms. At30
Hg concentration the inhibition was very low compared to 60 pg concentration. It shows that.as the concentration
of the complexes increases, the inhibition of bacterial and fungal growth also increases. At-60 pg concentration for
a given metal ion, chloro, bromo, sulphate and acetate complexes are having the antimicrobial activity in the
order, acetate complex >sulphate complex >bromo complex >chloro complex. This indicates that in addition to
nature of metal ions, the nature of anion in the complex play significant role in antimicrobial activities. This would
suggest that the chelation could facilitate the ability of a complex to cross a cell membrane and can be explained
by Tweedy’s chelation theory [29]. All the test compounds show lesser activity than the standard antibiotics.

Table5: Antibacterial activity of L and its corresponding complexes, along with standard Chloramphenicol is
presented as percentage inhibition.

Inhibition zone in mm
Compound S. aureus E. coli R.solanacearum X.vesicatoria
30 ug 60 ug 30 ug 60 g 30ug 60 ug 30 g 60 ug
L 0 8 0 8 0 9 0 8
la 8 14 8 16 8 14 8 15
1b 8 15 8 16 8 15 7 14
1c 8 19 8 16 8 16 8 17
2a 8 13 8 15 8 15 7 14
2b 8 14 9 17 8 14 8 13
2c 9 17 9 18 9 17 8 15
2d 8 16 9 17 10 17 8 14
3a 9 17 9 17 10 18 8 15
3b 10 18 10 17 10 19 9 16
3c 10 19 9 20 9 19 10 17
da 10 20 12 22 11 21 11 20
5a 9 17 10 19 10 19 9 18
Chloramphenicol 25 44 30 52 28 54 27 50

DMSO showed no inhibition; each value is the average of four replicates.

Table6: Antifungal activity of L'and its corresponding complexes, along with standard Griseofulvin is presented as
percentage inhibition.

Percentage inhibition zone
Compound A. flavus A. niger
30 pg 60 pg 30 pg 60 pg
L 9 14 8 14
la 22 48 27 54
1b 31 50 33 56
1c 33 57 33 60
2a 27 38 28 39
2b 31 35 29 37
2c 32 38 32 39
2d 30 36 29 38
3a 30 58 30 62
3b 29 63 30 60
3c 32 70 32 71
4a 34 72 31 70
5a 34 68 30 67
Griseofulvin 100 100 100 100

DMSO showed no inhibition; each value is the average of four replicates.
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Figure 1: Representation of antibacterial activity of ligand and its complexes by inhibition zone in mm against,
(@) S. aureus, (b) E. coli,(c) P. aeraginosa, (d) B. subtilus.
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Figure 2: Representation of antifungal activity of ligand and its complexes by inhibition zone in mm against,
(@) A. flavus, (b) A. niger.
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4. Conclusion

The newly synthesized complexes were characterized using elemental analyses and spectroscopic methods. On the
basis of spectral data, 1:2 stoichiometry was found for the metal:ligand. Non-electrolytic nature of the studied
complexes showing the anions is coordinated to the central metal ion. The magnetic and electronic spectral
studies support an octahedral geometry for all the complexes except 4a which exhibit square planar geometry.
Based on the spectral data the proposed geometries of the studied complexes are depicted in Figure 3. The results
of in-vitro biocidal activities of the ligand and its metal complexes clearly show that the compounds have both
antibacterial and antifungal potency against the tested organisms. The complexes showed more activity than free
ligand.
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Figure 3: Suggested structure for (a) 1la-1c, 2a-2d, 3a-3c [M= Cu(ll), Co(ll), Ni(ll); X = Cl, CH3COO, NOg, %2 SO4],
(b) 44, (c) 5a.
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