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Abstract Mn(I1), Fe(Il), Co(ll), Ni(ll), Cu(ll) and Zn(Il) mixed ligand complexes of 1-phenyl-1,3-butanedione and
N,N'-dimethyldithiocarbamate have been synthesized. The complexes were characterized by elemental and
percentage metal analyses; magnetic moments, solubility and molar conductance measurements; and
spectrophotometrically, by infrared, electronic, ESI mass, *H and **C-NMR spectra studies. The percentage metal,
CHNS, magnetic moments, molar conductance, electronic, and IR data are corroborative of a non-electrolyte,
mononuclear octahedral geometry for Fe(ll), Co(ll), Ni(ll) and Cu(ll) complexes and four-coordinate tetrahedral
geometry for Mn(I1) and Zn(Il) complexes. The coordinations to the metal ions were found to be through the S,0,
chromophores, with the exception of Fe(ll) complex, which was via the O4 chromophores of bis(1-phenyl-1,3-
butanedione) ligand. The thermogravimetric analyses carried out revealed that the complexes are all thermally
degradable and support the proposed formulae and, as well the ESI mass data. The antioxidant studies show that the
Cu(ll) and Co(ll) complexes had higher percentage scavenging inhibition of 81.2 % and 71.9 % respectively,
compared to the positive standard, ascorbic acid with inhibitory activity of 56.2 %.
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Introduction

Some transition metals have been reported to be essential metallic elements in the biological systems or processes
[1-2]. Manganese and nickel are found to be the major essential elements that are active in the enzymes superoxide
dismutase and urease, responsible for ions storage and reactions that involves transfer of electrons [3-4], while iron
is essential for haemoglobin and myoglobin responsible for oxygen storage and transport in the body system [5].
Vitamin By, cobalamin coenzyme that works in the promotion of several molecular transformations in the human
body is activated by cobalt as its essential metal ion; while copper is important for the formation of melanin,
possesses antioxidant property which removes free radical from the body and prevents cell structure damage in the
mammalian body [5-7]. Zinc is an important essential trace metal found in enzymes such as carboxypepetidase,
which catalyses digestion process and carbonic anhydrase, which function in the catalysis of the reversible hydration
of carbon(IV) oxide [5].

Coordination complexes of mixed-ligand of two different functional groups/chromophores and varied
biological/biochemical importance, with first row transition metal elements have been of great interest due to their
variations in mode of formation and applications in various areas of life. They have been known to possess
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applications in chemical [8], biological [9-10], electrical/electrochemical [11], medical [12-13], agricultural [14],
environmental [15-16], biochemical [17-18] and catalytic [19-20] processes or fields. The choice of ligands in
forming mixed complexes depend on their adaptability in coordination with the metal ion, flexibility in forming
discrete configurations, possibility of tautomerism formation and the ease of reacting in neutral, anionic
(deprotonated) or cationic (protonated) forms to produce chelates of various geometries and diverse applications
[21].

Metal chelates of different ligands which contain oxygen and sulphur chromophores have been reported [22-25]. B-
diketones and dithiocarbamates have been part of captivating ligands found under this category. These two ligands
and their metal complexes have shown an interesting chemistry with chemical, biological, medical and industrial
applications.

B-diketones, its derivatives and their metal complexes were reported for their various usefulness/ applications in
biological [26-28], medical [29-30] and industrial [31-32] fields. In the same vein, dithiocarbamates and their metal
chelates have shown antimicrobial, anti-diabetic and anticancer [33-35] activities, as well as additional applications
in areas of environmental science, agriculture and industry. They have been used as chelating and analytical agents
for abstraction and determination of heavy metals in matters [36-38], fungicides and pesticides that improve the
biological activity of the soil and crops [39], and vulcanizers for the sulphur vulcanization of rubber [40-42] in the
rubber industry.

Interest has been on the studies of these oxygen and sulphur containing ligands, due to their interesting chemistry of
reactions, synthetic flexibility, different resonance forms, bidentate nature, possibility of stable chelates formation
and diverse application areas. Therefore, we aim to synthesize and characterize some new mixed ligands of d-block
metal(11) complexes of 1-phenyl-1,3-butanedione and N,N'-dimethyldithiocarbamate with a combined and improved
properties. Also, the coordination behaviour, magnetic properties in terms of spin cross-over, thermal stability and
antioxidant activities of these metal chelates were studied.

Materials and Methods

Materials

All the chemicals used were of AR (analytical reagent) grade from Sigma-Aldrich and BDH chemicals. They were
used as received and without further purification.

Physical Measurements and Analytical methods

The melting points/decomposition temperature were determined using Electrothermal (MEL -TEMP) machine, in
addition with thermometer and capillary tubes. The molar conductance in DMF (1 x 10 M solutions) were obtained
with Eutech instruments CON 510 conductivity meter. Elemental analysis (C, H, N, S percentages) were recorded
on Elementar Analysen Systeme GmbH Vario EL-111 instrument. UV-Visible spectra were recorded with a Perkin
Elmer LAMBDA 25 spectrophotometer, in the range 190-600 nm. Infrared spectra were recorded on a Perkin Elmer
FTIR C91719 with a Perkin Elmer spectrum-two spectrometer (Zn-Se ATR; 4000-600 cm™) or a SHIMADZU IR
Affinity-1S FTIR spectrophotometer in the range 4000-400 cm™; the magnetic susceptibilities were measured on
Sherwood Susceptibility Balance MSB Mark 1 at 29-31 °C and various diamagnetic corrections were calculated
using Pascal's constants [43]. High resolution mass spectra were recorded on an Agilent Technologies 6530
Accurate-Mass LC-HRMS (Q-TOF) system connected with HPLC Agilent technologies 1260 Infinity attached with
PC-using Mass Hunter software; the proton and carbon -13 Nuclear Magnetic Resonance (NMR) spectra were
recorded on JEOL (JNM-ECX400P) NMR spectrometer at a basic frequency of 400MHz, using tetra methyl silane
(TMS) as an internal standard and deuterated dimethylsulfoxide (de-DMSO) as a solvent. Thermogravimetric
analysis were carried out on a Perkin EImer Diamond TG/DTA-Thermogravimetric/Differential Thermal Analyzer,
Technology by SII or a Shimadzu DTG-60 instrument, in the range 30 °C-700/800 °C under nitrogen flow rate of
200 mL/min. and at a heating rate of 10 °C/min. The percentage metals were estimated volumetrically by
complexometric titration using standardized EDTA solution [44].
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Antioxidant Studies

The anti-oxidant properties of the mixed ligand metal(ll) complexes were determined through the ferrous-ion
chelating assay by the standard colorimetric method [45-46], using a single beam WPA colourwave CO7500
Colorimeter at wavelength 550 nm.

Ferrous ion chelating procedure
1 mL of 1, 10-Phenantroline solution (0.05 g in 100 mL DMSO), 1 mL of FeSO,.7H,0 solution (0.011 g in 100 mL
DMSO) and 1 mL of metal complex sample solution (stock solution = 0.001 g in 1 mL DMSO) were mixed together
thoroughly and mechanically stirred for about six minutes, while 2 mL of DMSO solvent was added. The resulting
homogenous solution was then stored in the dark cupboard (incubated) for 15 minutes, after which the absorbance of
the sample was observed at 550 nm spectrophotometrically. The control or the blank was made up of 1 mL of 1, 10-
Phenantroline solution, 1 mL of FeS0O,.7H,0 solution and 2 mL of DMSO solvent, while ascorbic acid was used as
the standard. The test was conducted in triplicate and percentage scavenging inhibition of ferrous ion-chelating
ability was expressed as:
Ac — As

% scavenging inhibition = VI X100
Where: Ac = Absorbance of control or blank solution,
As = Absorbance of sample solution and also
As = Absorbance of standard solution separately.

Synthesis

Preparation of the mixed ligand metal(ll) complexes

The hydrated metal(1l) salts (MnSO,4.H,0, FeS0O,4.7H,0, CuSO,4.5H,0, ZnS0O,.7H,0, CoCl,.6H,0 and NiCl,.6H,0),
in the range 0.71-1.20 g (4.189 x 10 moles), were added neat to a stirring 10 mL 50 % ethanolic solution of 0.60 g
(4.189 x 107 moles) sodium dimethyl dithiocarbamate, L, and 0.68 g (4.189 x 10” moles) of benzoyl acetone, L',
while stirring on a magnetic stirrer. The resulting coloured homogenous solution were left on stirring under reflux
for 6 hours at room temperature. The respective coloured precipitates formed were filtered under gravity, washed
with 50% ethanol, diethyl ether and further purified by re-crystallization. The products were weighed, stored in a
clean well-labeled sample containers, over silica gel in a desiccator. The yields are 0.99 g (67 %), 1.48 g (85 %),
1.15g (72 %), 1.02 g (67 %), 1.27 g (77 %), and 0.86 g (52 %) respectively.

Results and Discussions

Physical properties/ analytical data of the compounds

The ligand L, Mn(11) and Zn(l1) complexes were of various shades of yellow, Fe(l1) and Cu(Il) complexes were of
brown shades while Co(ll) and Ni(ll) complexes were of different shades of green. All these complexes, except
Zn(11) complex with a d*° configuration, were expectedly coloured, which might be due to d-d transition. The faint-
yellow colour of the Zn(Il) complex was attributed to metal-ligand charge transfer.

All the metal(11) complexes of the ligands L and L* have distinct higher melting points/ decomposition temperature
compared to the respective free ligands melting points. Furthermore, the percentage metal, as well as that of the C,
H, N, S analyses of all the metal(ll) complexes are very close to the calculated values corresponding to the
respective complexes. This distinction between the melting points of the ligands and that of their various metal(ll)
complexes, and the closeness of the experimental and theoretical values of the C, H, N, S and percentage metal data
are part of evidence of coordination. (Table 1 and Table 2).

All these metal(ll) complexes were obtained in a moderate to good yields as powder, and an attempt to grow crystal
of all the complexes were not successful as at the time of this research.

Solubility and Conductivity measurements
The compounds were insoluble in water except ligand L, which was soluble due to its electrolytic nature. All the
complexes were soluble in DMSO and DMF, but almost partially soluble in methanol and acetonitrile. The
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complexes solubility in an aprotic, polar solvent like DMSO has been attributed to its unique strength as strong
coordinating solvent [47-49], which can dissolves both polar and non-polar compounds.

The molar conductance values of the complexes in DMF (1 x 10 M solution) were in the range 11.28 - 18.24 Q
Yem?mol™ indicating their non-electrolytic nature, since the values were below 60 Q7 cm’mol™ reported for 1:1
electrolyte [50-52].

Table 1: Physical properties/analytical data of the ligands and their metal(Il) complexes.

Ligand/complexes Formula Yield Colour M.pt/ * % Metal M
(Molecular formulae) Weight (g) (% yield) (°C) Theo. (Exp)

BAC (LY 162.19 - Pale yellow  57-59 - - -
C1oH100,

SDTC (L) 143.21 - Off-White 116-118 - - -
C;3HgNS,Na

(1) [MnLL".H,0 354.34 0.99 (67) Greenish- 150* 15.50 12.26
C13H7N S,0sMn yellow (15.82)

(2) [Fe(L),(H,0),] 414.24 1.48 (85) Reddish- 188* 13.48 13.63
CyoH»,0O6Fe brown (1340)

(3) [CoLL'(H,0)Cl] 393.79 1.27 (77) Army-green  129-130 14.97 16.29
C13H17NO3S,CICo (15.08)

(4) [NiLL'(H,0)CI] 393.55 0.86 (52) Crocodile- 166* 14.92 18.24
C13H17NO3S,CINi green (15.02)

(5) [CuLL'(H,0),] 380.96 1.15 (72) Burgundy- 182* 16.68 11.28
C13H19NO,S,Cu brown (16.27)

(6) [ZnLL'.H,0 364.78 1.02(67)  Whitish- 158-160  17.92 14.26
C13H17NO3S,Zn yellow (17.78)

M.pt = Melting point, * = Decomposition temperature, % = percentage, Theo. = theoretical, Exp. = Experimental,
AM = molar conductance (Q*cm?mol™).

Table 2: Elemental analysis data of the metal complexes

Complexes % Calculated (% Found)

(Molecular formulae) Metal C H N S

(1) [MnLL"].H,0 15.50 44.07 4.84 3.95 18.10 (18.22)
Ci3H17N S,03Mn (15.82) (43.98) (4.80) (3.97)

(2) [Fe(L)2(H,0),] 13.48 57.99 5.35 - - (0.00)
CyoH2,06Fe (13.40) (58.03) (5.43) (0.00)

(3) [CoLL'(H,0)Cl] 14.97 39.65 4.35 3.56 16.28 (16.34)
C13H17NO;3S,CICo (15.08) (39.50) (4.29) (3.58)

(4) [NiLL'(H,0)CI] 14.92 39.68 4.35 3.56 16.29 (16.35)
C13H17NO3S,CINi (15.02) (39.64) (4.29) (3.66)

(5) [CuLL'(H,0),] 16.68 40.99 5.03 3.68 16.83 (16.85)
C13H1sNO,S,Cu (16.27) (40.72) (4.99) (3.65)

(6) [ZnLL'.H,0 17.92 42.80 470 3.84 17.58 (17.70)
C13H17NO3S,Zn (17.78) (43.12) (4.90) (3.89)

C = Carbon, H = Hydrogen, N = Nitrogen, S = Sulphur
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Figure 1: The proposed structures of the M(11) mixed ligands complexes in their assumed geometries. {(a): M = Mn
and Zn when n = 1; (b): M = Co and Ni when X = CI; M = Cu wheny = H,0}

Infrared spectra studies of the ligands and their metal(11) complexes

The selected IR data of the ligands L and L' and their complexes 1, 2, 3, 4, 5, and 6 are presented in Table 3.

The appearance of broad bands in the spectra of all the metal(ll) complexes in the range 3331-3548 cm™ were
attributed to the presence of coordinated/ crystallization water assigned as v(OH) of H,O. The observance of a weak,
broad band in the spectrum of ligand L*, at 3056 cm™has been assigned to the O-H stretching vibration in its enol
form [53]. This band shifted from 3056 cm™ to 3003-3055 cm™ in all the metal(IT) complexes. The v(C=0) and the
v(C-0) strong bands of the ligand L, suffered bathochromic shift from 1595 cm™ and 1256 cm™ to 1541- 1586 cm™
and 1227-1254 cm™ respectively, in all of the metal(I1) complexes due to coordination of the carbonyl oxygen atom
and C-3 enolic hydroxyl groups. This assignment is based on earlier report by Pavia et al., that a weak, broad O-H
stretch is observed for enol form of B-diketone at 3200 - 2400 cm™ and hydrogen bonded carbonyl groups in enol
forms are often observed in the region 1640 - 1570 cm™; and this intra-molecular hydrogen bonding effect was also
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established by other researchers [54-56]. Thus, ligand L* behaves as a bidentate ligand by complexation through the
carbonyl oxygen and C-3 enolic hydroxyl groups [57].

Furthermore, the appearance of a band at 1234 cm™ assigned as v(C-N) of the ligand L, overlapped with the v(C-O)
bands in the metal(I) complexes. The v(C=S) and v(C-S) in the ligand L at 960 cm™ and 845 cm™, experienced
hypsochromic shift to 965-998 cm™ and 764 - 847 cm™ in all the metal(I1) complexes due to the coordination of the
two sulphur atoms to the metal ion in a bidentate mode [58-59]. The bands present in the range 2848- 2927 cm™
were assigned due to v(C-H) stretching vibrations of the methyl group in the ligands and all the metal(Il) complexes.
The v(M-0), v(M-S) and v(M-CI) bands were absent in the ligands, but they appeared in the spectra of the
complexes at the range 515-581 cm™, 411-446 cm™, and <400 cm™ respectively, confirming coordination in all the
metal(IT) complexes. The actual values of v(M-Cl) were not observed, since it usually falls below 400 cm™, due to
the spectral range of our measurements. However, these bands, v(M-0), v(M-S) and v(M-CI) has been reported to
be found around 419-586 cm™, 365- 465 cm™, and 352-387 cm™ respectively [60-63].

Table 3: Infrared Spectra data of the ligands and the metal complexes

Ligands / v(OH) v(C=0) v(C-0)/ v(C=S) v(C-S) v(O-H)  v(C-H) v(M-0O) v(M-S)/
Complexes H,O v(C-N) enol Alkyl v(M-CI)
L' (BAC) 1595s 1256s - - 3056wb  2921s - -
L (SDTC) - - 1234s 960s 845s - 2923s - -
Complex 1 3331b 1584s 1227s 998s 846s 3055w 2912m 569s 417s
762s 519s
Complex 2 3514b 1584s 1277s - - 3052wh  2913s 575s -
2857m -
Complex 3 3403b 15865 1254s 977s 847s 3050w 2920m 581s 438s, 4225
7565 2848m 515s /
<400
Complex 4 3509b 1541s 1236s 969s 764s 3003w 2902m 569s 546s  440s, 411s
2854s /
<400
Complex 5 3548b 1586s 1240s 969s 847s 3039w 2920s 554s 4465
768s 2854m -
Complex 6 3437b 1577s 1239s 965s 838s 3054w 2927s 563s 442s
761s 2850m

s = sharp or strong, b = broad, m = medium, w = weak

Electronic spectra and magnetic moments of the complexes

The electronic spectra of the ligands and their metal(I1) complexes 1, 2, 3, 4, 5, and 6 were obtained in DMF. The
results are presented in Table 4.

The ultraviolet spectra of the compounds were characterized by strong absorption maxima between 330 - 267 nm
(30,303 - 37,453 cm™) and two shoulder bands at 356 nm (28,090 cm™) and 318 nm (31,446 cm™), assigned to m —
n* transitions. The two ligands L' and L, exhibited absorption bands at 310 nm, 300 nm and 267 nm; with the
energies of 32,258 cm™, 33,333 cm™, and 37,453 cm™ respectively, assigned to m — u* transitions. These bands
have been shifted to shorter and longer wavelengths, depending upon the central metal atom/ ion in all the metal(1l)
complexes due to coordination/ complexation [64].

The complex 1, [Mn(L)(LY].H,O showed one absorption band at 330 nm (30,303 ¢ = 850 Lcm™mol™). The
spectroscopic ground term symbol of Mn(ll) is °S and a “G upper term, with a d° electronic configuration. The
Mn(Il) complexes are characterized by weak spin forbidden transitions. These weak transitions for an octahedral
complex are assigned as: °Ajg—"Tyy(G), *Aig— “E4(G), and °Ay— *Ty4 transitions [65]. The °S orbital is non-
degenerate, being in a singlet state and cannot split by either a tetrahedral or an octahedral field [66], hence no d-d
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transition is expected in the visible spectrum of this complex. Therefore, the absorption peak at 330 nm (30,303 cm”
! & =8500 Lem™mol™) is assigned to m — m* transition. The effective magnetic moment of high spin Mn(11)
complexes are expected to be close to the spin-only value of 5.90 B.M., regardless of stereochemistry since the
ground term is 6A1g and thus, there is no orbital contribution [67-68]. However, the room temperature magnetic
moment of 4.77 B.M obtained in this study, indicating presumably a spin-free tetrahedral geometry [64, 69].

The electronic spectrum of complex 2, [Fe(L"),(H,0),] revealed three bands at 301 nm (33,222 cm™, & = 5200 Lcm’
'mol™ ), 404 nm (24,752 cm™, & = 1100 Lcm™mol™), 482 nm (20,747 cm™, ¢ = 500 Lcm™mol™) and a shoulder
band at 356 nm (28,090 cm™, ¢ = 1600 Lcm™mol™ ). The Fe(ll) has electronic configuration of d®, with a
spectroscopic ground term of °D. The band at 301 nm (33,222 cm™, & = 5200 Lcm™mol™) is assigned to 1 — n*
transition, while the bands at 482 nm (20,747 cm™, & = 500 Lcm™mol™) and 404 nm (24,752 cm™, & = 1100 Lcm®
'mol™) are d-d transitions, assignable to °T,; — °Ey and "A;, — 'T,, transitions respectively. These type of d-d
transitions have earlier been reported for a 6-coordinate, high spin and low spin octahedral geometry [70-71], with
an observed magnetic moment in between a moment of 5.0 - 5.5 B.M usually expected for high spin octahedral
Fe(Il) complexes and low spin octahedral complexes which are expected to be diamagnetic. In this study, a moment
of 5.02 B.M was observed for the Fe(ll) complex, indicative of a high spin octahedral geometry.

The complex 3, [CoLL*(H,0)CI] in its electronic spectrum exhibited three bands at 320 nm (31,152 cm-1, £ = 7400
Lem™mol™ ), assigned to m — m* transition; 405 nm (24,691 cm-1, € = 1200 Lcm™mol™), assigned to *Ty4(F) —
“T14 (P) (v3); and 479 nm (20,747 cm™, £ = 200 Lcm™*mol™), assigned to “T14(F) — *Toq (F) (v1) . The Co(ll) has a
d’ electronic configuration, and a ground term symbol of “F. It has been reported that the 6-coordinated octahedral
and pseudo-octahedral cobalt(I1) complexes typically display three transitions in the visible region as: 4Tlg,(F) —
“Tag (F) (vy), *T1(F) — *Agq (F) (v;) and *T14(F) — “Tyq (P) (vs) [72-74]. The (v,) transition is often not observed
but only occurs when the two states cross is very weak. Therefore, *T1o(F) — “Ty (F) (1) and *T1o(F) — “Ty4 (P)
(vs) transitions are usually observed in the visible region. Magnetic moments value in the range 4.7-5.2 B.M. and
1.9-2.4 B.M. are expected and have been reported for high and low spin octahedral cobalt (II) complexes
respectively [75-76]. The magnetic moment of 3.47 B.M. obtained for this complex, was indicative of spin
equilibrium between high spin and low spin octahedral geometry [77].

Similarly, the complex 4, [NiLL'(H,O)CI] showed three absorption bands at 324 nm (30,864 cm™, & = 7700 Lcm’
'mol™), 384 nm (26,042 cm™, £ = 1300 Lem™mol™ ) and 425 nm (23,529 cm™, £ = 300 Lcm™mol™). The Ni(Il) is a
transition metal with d® electronic configuration and a ground state term symbol *F. The band at 324 nm (30,864 cm’
1 &=7700 Lcm™mol™) is assigned to m — m* transition, while the other two bands; 425 nm (23,529 cm™, € = 300
Lem™mol™) and 384 nm (26,042 cm™, & = 1300 Lem™mol™ ) were assigned to *Ag, (F) — Ty (F) and *Agy (F) —
3Tlg (P) transitions respectively [78]. The room temperature magnetic moments expected for high spin octahedral
Ni(Il) complexes is in the range 2.9 - 3.3 B.M; while low spin octahedral Ni(ll) should be diamagnetic. However,
moment in the range 0.5 - 2.7 B.M were reported for Ni(Il) complexes with spin-equilibria [79-80]. Thus, an
observed moments of 2.55 B.M for this complex under study, corroborates the existence of spin-crossover and the
proposed octahedral geometry.

The complex 5, [CuLL(H,0),], gave two absorption bands at 327 nm (30,581 cm™, &= 3800 Lcm™mol™ ), 434 nm
(23,041 cm™, € =1500 Lcm™mol™ ). The electronic configuration of Cu(ll) is d° ; thus, a spectroscopic ground state
term symbol ?D. The absorption band at 327 nm (30,581 cm™, & =380 Lcm™mol™) is assigned to m — m* transition,
and an absorption band 434 nm (23,041 cm™, £ =1500 Lcm™mol™ ) at the visible region of the spectrum, assigned
to °Ey — “Ty, transition of an octahedral geometry. For mononuclear Cu(ll) complexes, a moment in the range 1.9-
2.3 B.M is usually observed, regardless of stereochemistry, expectedly higher than the spin - only value (P, = 1.73
B.M), due to orbital contribution and spin-orbit coupling. For this study, the Cu(ll) complex had a moment of 1.96
B.M, indicative of an octahedral geometry.

The complex 6, [ZnLL'].H,0, UV-visible spectrum had one band and a shoulder at 279 nm (35,842 cm™, & = 320
Lem™mol™), and 318 nm (31,446 cm™, £ = 2300 Lem™mol™). The Zn(l1) has a completely filled 3d orbital, that is,
d* electronic configuration and thus; no d-d transition is expected in the visible region of its spectrum. And if any
absorption band appears at this region, then it would be a metal-ligand charge transfer. Therefore, the bands at 279
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nm (35,842 cm™, & = 3200 Lcm™mol™), and 318 nm (31,446 cm™, & = 2300 Lecm™mol™) were assigned to MLCT
and m — m* transitions respectively. The Zinc(ll) metal complexes are expectedly diamagnetic in nature with a
magnetic moment less than zero Bohr Magneton and mostly adopt a four-coordinate tetrahedral geometry [81]. The
magnetic moment value obtained for this complex under study was negative, and tetrahedral geometry has been
proposed.

Table 4: Electronic Spectra data of the ligands and the metal(1l) complexes

Ligands /Complexes Absorption regions Assigned Geometry peff.

(nm)  (em?)  (9) Transitions (B.M)
BAC (L% 310 32,258 m— m* - -
ClOHlooZ
SDTC (L) 267 37,453 m— n* - -
CsHsNS;Na

300 33,333 n— *
(1) [MnLL'].H,0 330 30,303 8500 n—m* Tetrahedral 477
CisHi7N S,0;Mn
(2) [Fe(LY,(H,0),] 301 33,222 5200 1m—no* Octahedral 5.02
CooH2206Fe 356sh 28,090 1600 n—m*

404 24,752 1100 Ay — Ty

482 20,747 500  °T,—°E,
(3) [CoLL'(H,0)CI] 320 31,152 7400 1m—m* Octahedral 3.47
C13H17NO3S,CICo 405 24,691 1200 ‘Ty(F) — *Ty(P)

479 20,877 200  “Ty(F) — *Ty(F)
(4) [NIiLL*(H,0)CI] 324 30,864 7700 m—m* Octahedral 2.55
C1sH17NO3S,CINi 384 26,042 1300 3Ay — *Tyy(P)

425 23529 300 Ay — 1Ty
(5) [CuLL'(H,0),] 327 30,581 3800 o — m* Octahedral 1.96
C13H19NO,S,Cu 434 23,041 1500 Eg— Ty
(6) [ZnLL"].H,O 279 35,842 3200 MLCT Tetrahedral D
C13H17NO3S,Zn 318sh 31,446 2300 m—m*

nm = nanometer (unit of wavelength (1)), cm™ = per centimeter or reciprocal centimeter, (unit of wavenumber (%), &
= Molar absorptivity (Lecm™mol™), 1000cm™ = 1 kK, MLCT = Metal to Ligand Charge transfer, peff. = effective
magnetic moment, sh = shoulder, B.M. = Bohr Magnetons. D = Diamagnetic.

Mass Spectroscopic studies of the metal(11) complexes 1, 2, 3, 4,5 and 6

The relative molecular mass of the metal(Il) complexes 1, 2, 3, 4, 5 and 6 were determined by Liquid
Chromatography-High Resolution Mass Spectrometry with ElectroSpray lonization method {LC-HRMS (ESI)}.
The results are presented in Table 5.

The LC-HRMS (ESI) spectra of all the metal(I1) mixed-ligand complexes revealed the m/z value for their observed
masses (M+1) as single peaks. These were in close range to the m/z value for the calculated masses (M) of all the
complexes (Table 5). The complexes 1, 2, and 3 showed peak at m/z 355.0102 (found), 354.34 (calc.); 415.2720
(found), 414.24 (calc.) and 394.7602 (found), 393.79 (calc.) respectively.
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Furthermore, the m/z peak at 394.7297 (found), 393.55 (calc.); 381.9688 (found), 380.96 (calc.) and 365.8134
(found), 364.78 (calc.) were attributed to complexes 4, 5 and 6 respectively.
Thus, the mass spectral studies corroborate the formulae and the proposed structures of the complexes.

Table 5: Mass spectra data of the metal(ll) complexes 1, 2, 3,4,5and 6

Complexes/ Molecular Mass Observed Mass
Chemical formulae (Calculated) (Found) (M+1)
(1) [MnLL.H,0 354.34 355.0102
Cy3H7N S,05Mn

(2) [Fe(LY),(H,0),] 414.24 415.2720
CyoH,,06Fe

(3) [CoLL'(H,0)Cl] 393.79 394.7602
C13H17N0382C|C0

(4) [NiLL'(H,0)CI] 393.55 394.7297
C13H17NO;S,CINi

(5) [CuLL'(H,0),] 380.96 381.9688
C13H19NO,S,Cu

(6) [ZnLL"].H,0 364.78 365.8134
C13H17NO3S,Zn

Nuclear Magnetic Resonance spectra data of the mixed ligands complex

The proton NMR and carbon-13 NMR were recorded in deuterated DMSO and only the diamagnetic Zn(Il) mixed
ligand complex 6 was determined (Figure 2). The *H NMR spectra showed a sharp singlet characteristic peak at 2.20
ppm, corresponding to three protons directly attached to C-10 of the benzoyl acetone moiety of the complex.
Another singlet peak appeared at 2.53 ppm and was ascribed to the six protons of the di-methyl group attached to the
N atom of the dithiocarbamate moiety of the complex. Also, a singlet peak at 6.56 ppm in the spectra was assigned
to one proton attached to the C-8 contained in the benzoyl acetone moiety of the complex. The characteristic
multiplet and singlet peaks in the region 7.49-7.57 ppm and 7.87 ppm, were assigned to three protons and two
protons of the phenyl ring (CsHs) of the whole complex respectively.

The carbon-13 NMR spectra of the complex 6 revealed signals at 26.08 ppm and 45.21 ppm, assigned to C-10 of the
benzoyl acetone moiety and di-methyl group carbon atoms (-NC,Hs) of dithiocarbamate moiety respectively. Also,
the C-8 of the benzoyl acetone moiety appeared in the spectra at 97.41 ppm while the signals observed in the region
128.61-134.79 ppm were attributed to the carbons of the phenyl ring (C¢Hs) in the complex.

Furthermore, C-7 and C-9 of the benzoyl acetone moiety exhibited two different signals at 183.07 ppm and 195.23
ppm respectively, whereas, the C-11 (C-N) of the dithiocarbamate moiety showed up at a very high signal of 204.41
ppm.

Although, the actual structure of the complexes can be correctly deduced and confirmed by X-ray crystallographic
data, but no single crystal growth were successful for all the complexes.

Therefore, based on this information of the proton NMR and carbon-13 NMR assignments of the Zn(ll) mixed
ligands complex and some other spectroscopic measurements data, the structure or geometry was proposed.

Thermal analysis studies of the metal(l1) complexes 1, 2, 3, 4, 5 and 6

Thermo gravimetric analysis (TGA/DTA) provides useful information about the thermal stability of the metal
complexes at specific temperatures. A systematic order for the thermal degradation or decomposition of the
complexes, and the percentage or weight/mass loss of water molecules and other molecules attached to the central
metal ion, inside or outside the coordination sphere could also be determined.

The thermal gravimetric analysis (TGA) curves of the complexes 1, 2, 3, 4, 5 and 6 are presented in figures 3 and 4.
The heating rates were properly controlled at 10°C per minute under nitrogen atmosphere at a flow rate of 200 mL
per minute and the temperature range from 30°C - 700°C or 800°C.
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The thermal stability of the metal complexes at specific temperatures are greatly considered in this study. It is
evident from the thermogravimetric curves (Figure 3) that each of the complexes 1, 2, 3, 5 and 6 exhibit a three
steps decomposition pattern, while complex 4 only decomposes in two phases. The decomposition temperatures of
the complexes 1, 2, 3, 5 and 6 are 140 °C, 170 °C, less than 100 °C, 210 °C, 160 °C, and 150 °C respectively.
In all cases, the decomposition starts by the loss of coordinated / crystallized water molecule of the complexes alone
or with the other part of ligands moiety or molecule at a temperature range of 70 °C — 210 °C, which corroborate the

composition of the complexes. They are all thermally stable.

Thus, the comparative TGA curves (Figure 4) of the metal complexes reveal their thermal stability in the order:
Co(II) < Mn(II) < Zn(II) < Cu(Il) < Fe(II) < Ni(lIl). The Ni((ll) complex, being the most thermally stable with its

smaller ionic radius has been reported [82].
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Antioxidant studies of the metal(11) mixed ligands complexes of L and L*

Table 6: Antioxidant data of the mixed ligand metal(11) complexes of L and L*

Complexes/ Absorbance % Scavenging
Chemical formulae (Standard Deviation) Inhibition
(1) [MnLL"].H,0 0.09(+0.01) 42.2
Cy3H17N S,05Mn

(2) [Fe(LY),(H,0),] 0.06(0) 28.1
CyoH»,06Fe

(3) [CoLL'(H,0)CI] 0.153(+0.00577) 71.9
C13H17NO3SZC|CO

(4) [NiLL'(H,0)CI] 0.12(0) 56.3
C13H17NO3S,CINi

(5) [CuLL'(H,0),] 0.163(+0.01155) 81.2
C13H1sNO,S,Cu

(6) [ZnLL'.H,0 0.07(0) 32.8
C13H17NO3S,Zn

Ascorbic acid (standard) 0.12(x0.01) 56.2

The antioxidant studies of all the metal(11) complexes of dimethyldithiocarbamate, L and Benzoyl acetone, L* were
carried out by ferrous ion chelating assay. The tests were run in triplicate, while the mean absorbance alongside
standard deviation and the percentage scavenging inhibition results are presented in Table 6.
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The study shows that the Cu(ll) and Co(ll) complexes had higher percentage scavenging inhibition of 81.2 % and
71.9 % respectively, compared to the positive standard, ascorbic acid with inhibitory activity of 56.2 %. It was so
remarkable that the Ni(ll) complex and the positive standard had the same scavenging inhibition percentage of
approximately 56 %; while Mn(I1), Zn(11) and Fe(Il) complexes had inhibitory activities of 42.2 %, 32.1 % and 28.1
% respectively.

Thus, these complexes might find application in medical area as therapeutic agents in treatment of some
neurodegenerative or heart diseases and cancer. Also, they might be relevant in the food and pharmaceutical
industries as preventive agents against oxidation and damage of industrial materials that are exposed to light and
oxygen.

Conclusion

The mixed ligand metal(Il) complexes of iron, cobalt, nickel and copper assumed an octahedral geometry, while
Mn(Il) and Zn(Il) complexes exhibit a 4-coordinate tetrahedral geometry through the S,O,chromophores as
supported by electronic, infrared, and other spectral analyses. All the complexes were non-electrolytes and
mononuclear. However, the Co(ll) and Ni(ll) complexes show spin equilibrium between the high spin and low spin
octahedral geometry, while others are high spin paramagnetic in nature as corroborated by molar conductance and
magnetic moment measurements. The complexes were all thermally degradable, air-stable and followed a three
steps decomposition pattern, except Ni(ll) complex with a two step pattern. The presence of hydrated/coordinated
water molecules in the complexes, with their proposed structural/molecular formulae and compositions were
supported by the thermogravimetric analysis, IR and ESI mass spectra. The antioxidant studies show that the Cu(ll)
and Co(ll) complexes had higher percentage scavenging inhibition of 81.2 % and 71.9 % respectively, compared to
the positive standard, ascorbic acid with inhibitory activity of 56.2 %, proving them as potential therapeutic and
preventive agents against diseases and oxidation of some industrial materials respectively.

Acknowledgements

The authors appreciate the immense contribution of Professor Aderoju A. Osowole (deceased), University of Ibadan,
Ibadan, Nigeria. We are grateful to Professor Rajeev Gupta team, Chemistry Department and University Science
Instrumentation Center (USIC) Central Facility Laboratory, University of Delhi, Delhi, India, for the use of
laboratory facilities and characterization of all the complexes. Some machine operators such as Vijay (UV-Visible),
Himanshi (ESI Mass), Jainu (NMR), Mathpal, J.P Singh, Anamika, Ranjana, Jitendra (IR, TGA) etc. are also
acknowledged. Thanks to Bowen University, lwo, Nigeria for granting a year study leave for the trip to India.

Authors Contributions

AAO- the corresponding author, carried out the research, analyzed the data, funded the project, and wrote the
manuscript. FSF supervised the work, read through the manuscript and edited it. RG hosted, supervised, provided
some reagents and analytical tools used for the study, when AAO visited his laboratory and Chemistry Department,
University of Delhi, Delhi, India, as a doctoral candidate. EGK co-supervised the research.

Conflict of interest
The authors declare no conflict of interest

References
1. Choudhary, A., Sharma, R., & Nagar, M., (2011). Synthesis, characterization and antimicrobial activity of
mixed ligand complexes of Co(ll) and Cu(ll) with N, O/S donor ligands and amino acids. International
Research Journal of Pharmacy and Pharmacology, 1(6), 172-187.

2. Das, S., & Srivastava, M. N., (1990). Mixed ligand complexes of copper (lI), nickel (1), cobalt (1) and
zinc(I1) with nitrilotriacetic acid and iminodiacetic acid as primary ligands and 2-aminophenol as secondary
ligand. Indian J. Chem., 29A: 707-709.
4 :\R’:Q Chemistry Research Journal
A

115



Olanrewaju AA et al Chemistry Research Journal, 2018, 3(5):103-120

10.

11.

12.

13.

14.

15.

16.
17.

18.

SN

A

Albertin, G., Bordigon, E., & Orio, A. A., (1975). Five-coordinate copper(ll) complexes. Synthesis and
properties of [Cu(tren)L]* cations. Inorganic Chemistry, 14, 1411-1413.

Baran, E. J., (2000). Metal complexes of Carnosine. Biochemistry, 65(7), 789-797.

Housecroft, C. E., & Sharpe, A. G., (2005). Inorganic Chemistry. (Pearson Education Limited, England) 2"
Edition. 570-689.

Warad, D. U., Satish, C. D., & Chandrasekhar, S. B., (2000). Co(ll), Ni(ll) and Cu(ll) complexes of
bis(1,2-diphenyl-1-hydroxyimino-2-ethylidene)-1,5-carbohydrazone and bis(1,2-dimethyl-1-hydroxyimino-
2-ethylidene)-1,5-carbodihydrazoneN4-macrocycles as precursors for vitamin B12 and coenzyme B12
models. Proc. Indian Acad. Sci. 112, 400

Osowole, A. A., Kolawole, G. A., Kempe, R., & Fagade, O. E., (2009). Spectroscopic, magnetic and
biological studies on some metal(ll) complexes of 3-(4,6-dimethyl-2-  pyrimidinylamino)-1-phenyl-2-
butenone and their adducts with 2,2"-bipyridine and 1,10-phenanthroline. Synth. React. Inorg. Met. Org.
Chem & Nano-Met.Chem. 39(3), 165-174.

Fisher, J., Potter, R., & Barnard, C. (2004). Application of Coordination Complexes: Review. Platinum
Metals Rev., 48(3), 101-104.

Raos, J. T., & Williams, D. R., (2005). Synthesis and evaluation of several compounds with potential
antiviral activity. Journal of Inorganic Chemistry, 39, 127-129.

Siji, V. L., Sudarsanakumar, M. R., Suma, S., & Kurup, M. R. P., (2010). Synthesis, chracterization and
physicochemical information, along with antimicrobial studies of some metal complexes derived from an
ON donor semicarbazone ligand. Spectrochimica Acta A: Molecular and Biomolecular Spectroscopy,
76(1), 22-28.

Aydogdu, Y., Yakuphanoglu, E., Aydogdu, A., Tas, E., & Cukurovali, A., (2003). Solid state electrical
conductivity properties of copper complexes of novel oxime compounds containing oxolane ring. Materials
letters, 57( 24-25), 3755-3760.

Matsukura, T., Tanaka, H., 2000. Applicability of Zinc Complex of L-Carnosine for Medical Use.
Biochemistry (Moscow), 65(7), 817-823. Translated from Biokhimiya, 65(7), 961-968.

Chandra, S., & Gupta, L. K., (2005). Electronic, EPR, magnetic and mass spectral studies of mono and
homo-binuclear Co(ll) and Cu(ll) complexes with a novel macrocyclic ligand. Spectrochimica Acta Part
A: Molecular and Biomolecular Spectroscopy, 62(4-5), 1102-1106.

Ramadevi, A., & Srinivasan, K., (2005). Agricultural Solid Waste for the Removal of Inorganics:
Adsorption of Mercury (I1) from Aqueous Solution by Tamarind Nt Carbon. Res. J. Chem. Environ., 12(4),
407- 412.

Jona, E., Sapietov4, M., Pavlik, V., Rudinska, G., Ondruov4, D., Pajtasova, M., & Mojumdar, S.C., (2007).
Interaction of different heterocyclic compounds with monoionic forms of montmorillonite I11: Effects of
various substituents on the pyridine ring on the type of bonding with Cu(ll) montmorillonite. Res. J. Chem.
Environ., 11(1), 23-25.

Saleh, M. T., Mojumdar, S. C., & Amoureux, M. L., (2006). Res. J. Chem. Environ., 10, 14.
Krishnankutty, K., John, V. D., & Kuttan, G. J., (2002). Anti-tumor studies of metal chelates of synthetic
curcuminoids. J. Experimental & Clinical Cancer Research., 21(2), 219-224.

Halli, M. B., Patil, V. B., Sumathi, R. B., & Mallikarjun, K., (2012). Synthesis, characterization and
biological activity of mixed ligand metal (1) complexes derived from benzofuran- 2-carbohydrazide Schiff
base and malonyldihydrazide. Der Pharma Chemica, 4(6), 2360-2367.

Ashig, M., Danish, M., Mohsin, M.A., Bari, S., & Mukhtar, F., (2013). Chemistry of Platinum and
Palladium Metal Complexes in Homogeneous and Heterogeneous Catalysis: A Mini Review. International
Journal of Sciences: Basic and Applied Research, 7(1), 50-61.

Charleton, K.D.M., & Prokopchuk, E. M., (2011). Coordination Complexes as Catalysts: The Oxidation of
Anthracene by Hydrogen Peroxide in the Presence of VO(acac),. J. Chem. Educ., 88(8), 1155-1157.

Chemistry Research Journal

116



Olanrewaju AA et al Chemistry Research Journal, 2018, 3(5):103-120

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

N
)

\

B
)

o,

Hung, W. C., & Lin, C. C., (2009). Preparation, characterization, and catalytic studies of magnesium
complexes supported by NNO-tridentate Schiff base ligands. Inorganic Chemistry, 48(2), 728-734.
Ramzan, S., Saleem, S., Ali, S., Shahzadi, S., Sharma, S. K., Qunango, K., Mirza, B., & Ahmed F., (2017).
Synthesis, Characterization and Thermal Studies of Transition Metal Complexes with O-, S- Donor
Ligands. J. Anal. Pharm. Res. 5(6), 00160.

Osowole, A. A., Wakil, S. M., Okediran, E. Q., & Alao, O. K., (2016). Studies on some metal(ll)
complexes of mixed ligands- Benzoic and N,N'-dimethyldithiocarbamic acids. Chemistry Journal, 6(1),
27-31.

Ekennia, A. C., Onwudiwe, D. C., Olasunkanmi, L. O., Osowole, A. A., & Ebenso, E. E., (2015).
Synthesis, DFT Calculation, and Antimicrobial Studies of Novel Zn(ll), Co(ll), Cu(ll), and Mn(ll)
Heteroleptic Complexes Containing Benzoylacetone and Dithiocarbamate. Bioinorganic Chemistry and
Applications. Volume 2015, Article ID 789063, 12 pages. dx.doi.org/10.1155/2015/789063.

Khan, H., Badshah, A., Said, M., et al., (2013). Anticancer metallo-pharmaceutical agents based on mixed-
ligand palladium(ll) complexes with dithiocarbamates and tertiary organophosphine ligands. Applied
Organometallic Chemistry, 27(7), 387-395.

Kemp, K. C., Fourie, E., Conradie, J., & Swarts, J. C., (2008). Ruthenocene-containing B-diketones:
synthesis, pKa’ values, keto-enol isomerization kinetics, and electrochemical aspects. Organometallics, 27,
353-362.

Manuel, A., Silva, R., & Santos, M. L., (2005). Standard molar enthalpies of copper (11) p-diketonates and
monothio- B-diketonates, J. Chem. Thermodynamics, 38, 817.

Nishiyama, T., Shiotsu, S., Tsujita, H., 2002. Antioxidative activity and active site of 1,3- indandiones with
the P -diketone moiety, polymer degradation and stability, 76, 435-439.

Bennett, 1., Broom, J., Cassels, R., Elder, J., Masson, N., Hanlon, J., 1999. Synthesis and antibacterial
properties of B-diketone acrylate bioisosteres of pseudomonic acid A. Bioorganic and Medicinal Chemistry
Letters, 9, 1847-1852.

Tchertanov, L., & Mouscadet, J., (2007). Target Recognition by Catechols and -ketoenols: Potential
Contribution of Hydrogen Bonding and Mn/Mg Chelation to HIV-1 Integrase Inhibition. J. Med. Chem.,
50, 1133-1145.

Cullen, W. R., & Wickenheiser, E. B., (1989). Rhodium(l) complexes of B-diketonates and related ligands
as hydrosilylation catalysts. J. Organomet. Chem., 370, 141.

Sato, K., Yamazoe, S., Yamamoto, R., Ohata, S., & Ando, A., (2008). Direct Synthesis of 1,3-Diketones by
Rh- Catalyzed Reductive r-Acylation of Enones, Organic letters. 10, 2405-2408.

Yoshikawa, Y., Adachi, Y., & Sakurai, H., (2007). A new type of orally active anti-diabetic Zn(ll)-
dithiocarbamate complex. Life Sciences, 80(8), 759-766.

Manav, N., Mishra, A. K., & Kaushik, N. K., (2006). In vitro antitumour and antibacterial studies of some
Pt (IV) dithiocarbamate complexes. Spectrochim. Acta Part A., 65, 32- 35.

Monteiro, O. C., Trindade, T., Park, J.H., & O’Brien, P., (2000). The use of bismuth(III) dithiocarbamato
complexes as precursors for the low-pressure. MOCVD of Bi,Ss. Chem. Vap. Depos., 6, 230-232.

Thorn, G. D., & Ludwig, R. A., (1962). The dithiocarbamates and Related Compounds. Elsevier Publishing
Company: Amsterdam.

Say, R., Birlik, E., Erdemgil, Z., Denizli, A., & Ers’oz, A., (2008). Removal of mercury species with
dithiocarbamate-anchored polymer/organosmectite composites. Journal of Hazardous Materials, 150(3),
560-564.

Fu, F., Zeng, H., Cai, Qiu, Q., Yu, R. J., & Xiong, Y., (2007). Effective removal of coordinated copper
from wastewater using a new dithiocarbamate-type supramolecular heavy metal precipitant. Chemosphere,
69(11), 1783-1789.

N Chemistry Research Journal

117



Olanrewaju AA et al Chemistry Research Journal, 2018, 3(5):103-120

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

D

£

)

As

=

Ferreira, I. P., De-Lima, G. M., Paniago, E. B., Takahashi, J. A., & Pinheiro, C. B., (2014). Synthesis,
characterization and antifungal activity of new dithiocarbamate-based complexes of Ni(ll), Pd(ll) and
Pt(I1). Inorg. Chim. Acta Part A., 423, 443-449.

Nieuwenhuizen, P. J., (2001). Zinc accelerator complexes: versatile homogenous catalyst in sulfur
vulcanization. Applied Catalysis A: General. 207(1-2), 55-68.

Barone, G., Chaplin, T., Hibbert, T. G., Kana, A. T., Mahon, M. F., Molly, K. C., Worsley, I. D., Parkin, I.
P., & Louise, S. P., (2002). Synthesis and thermal decomposition studies of homo- and heteroleptic tin(1V)
thiolates and dithiocarbamates: molecular precursors for tin sulfides. J. Chem. Soc. Dalton Trans. 2002,
1085-1092.

Ondrusova, D., PajtaSova, M., Jona, E., Koman, M., (2003). Structural properties of Co(lll), Hg(ll) and
Pb(ll) N-Ethyl-N-Phenyl-Dithiocarbamates and their application in the rubber industry. Solid State
Phenom., 90-91, 383-388.

Earnshaw, A. (1980). The Introduction to Magnetochemistry. Academic Press, London, UK.

Basset, J., Denney, R.C., Jeffery, G.H., Mendham, J., 1978. Vogel's Textbook of Quantitative Inorganic
Analysis, ELBS, London, UK.

De Souza, R. F., & De Giovani, W. F., (2004). Antioxidant properties of complexes of flavonoids with
metal ions. Redox Report, 9, 97-104.

Osowole, A. A., Wakil, S. M., & Okediran, E. Q., (2015). Synthesis, characterization and antimicrobial
activities of some metal(I1) complexes of mixed ligands- dimethyl dithiocarbamic and para aminobenzoic.
Elixir Appl. Chem. 79 (2015) 30375-30378.

Wiktor, Z., & Timofei, P., (2005). A Theoretical Study of the Essential Role of DMSO as a
Solvent/Ligand in the Pd(OAc)2/DMSO Catalyst System for Aerobic Oxidation. Organometallics, 24,
6019-6028.

Lenice, L. M., Gelson, M. O., & Ernesto, S. L., (2006). Effects of Coordinating Solvents on the
Supramolecular Assembling of Tectons arised from the Metallation of Sulfamethoxazole: Synthesis and
Structural Characterization of Polymeric [Cd(sulfamethoxazolato),(L),], {L = N,N-dimethylformamide
(DMF); Dimethyl Sulfoxide (DMSO)} and [Cd(sulfamethoxazolato),(Py).],-n(Py) (Py = pyridine). Z.
Anorg. Allg. Chem. 632(14), 2310-2314.

Tianning, D., Paul, W., llia, G., & Shannon, S. S., (2012). Characterization of DMSO Coordination to
Palladium(Il) in Solution and Insights into the Aerobic Oxidation Catalyst, PA(DMSQ),(TFA),. Inorg.
Chem., 51, 11898-119009.

Geary, W. J., (1971). The use of conductivity measurements in organic solvents for the characterization of
coordination compounds. Coordination Chemistry Reviews, 7(1), 81-122.

Nagajothi, A., Kiruthika, A., Chitra, S., Parameswari, K., (2013). Fe(lll) Complexes with Schiff base
Ligands: Synthesis, Characterization, Antimicrobial Studies. Research Journal of Chemical Sciences, 3(2),
35-43.

Kane, C. H., Daniel, T., Farba, B. T., Ibrahima, E. T., Aliou, H. B., Mohamed, G., & Pascal R., (2016).
Synthesis and Characterization of Novel M(I1) (M = Mn(Il), Ni(ll), Cu(ll) Or Zn(ll)) Complexes With
Tridentate N2,0-Donor Ligand (E)-2-Amino-N’-[1- (Pyridin-2-YI)Ethylidene]Benzo hydrazide. Bull.
Chem. Soc. Ethiop, 30(1), 101-110.

Pavia, D. L., Lampman, G. M., Kriz, G. S., Vyvyan, J. R., (2011). Introduction to Spectroscopy. 4™ ed.
Brooks/Cole, 10 Davis Drive, Belmont, CA 94002-3098. USA. Pgs 62-63.

Tayyari, S. F., Milani-Nejad, F., & Rahemi, H., (2002). Structure and vibrational spectra of the enol form
of hexafluoro-acetylacetone. A density functional theoretical study. Spectrochimica Acta Part A, 58, 1669—
1679.

Tayyari, S. F., & Milani-nejad, F., (2000). Vibrational assignment of acetylacetone. Spectrochimica Acta
Part A, 56, 2679-2691.

Chemistry Research Journal

118



Olanrewaju AA et al Chemistry Research Journal, 2018, 3(5):103-120

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

~

N
)

\

B
)

o,

6.

Hansen, P. E., & Spanget-Larsen, J., (2017). NMR and IR Investigations of Strong Intramolecular
Hydrogen Bonds. Review: Molecules, 22, 552.

Anderson, G.B.M., Bellamy, L. J., & Williams, R. L., (1958). The infrared spectra of some gem dihydroxyl
compounds and their decorated derivatives. Spectrochim Acta, 12, 233-238.

Onwudiwe, D. C., & Ajibade, P. A., (2011). Synthesis and crystal structure of Bis(N-alkyl-N-
phenyldithiocarbamato)mercury(I1). Journal of Chemical Crystallography, 41(7), 980-985.

Bonati, F., & Ugo, R., (1967). Organotin(I1VV) N,N-disubstituted dithiocarbamates. J. Org. Met. Chem., 10,
257-268.

Bhagat, T. M., Swamy, D. K., & Deshpande, M. N., (2012). Synthesis and characterization of transition
metal complexes with newly synthesized substituted benzothiazole, J. Chem and Pharm. Research, 4, 100-
104.

Georgieva, |., & Trendafilova, N., (2007). Bonding analyses, formation energies, and vibrational properties
of MR2dtc complexes (M = Ag(l), Ni(Il), Cu(ll), or Zn(I1)). The Journal of Physical Chemistry A, 111(50),
13075-13087.

Ajibade, P. A., Omoruyi, G. I., & Okoh, A. I., (2013). Synthesis, characterization and antibacterial studies
of metal complexes of sulfadiazine with N-alkyl-N-phenyl dithiocarbamate. Bull. Chem. Soc. Ethiop.,
27(1), 77-84.

Obaleye, J. A., Caira, M. R., Tella, A. C., (2008). Crystal Structure of Dichlorobis(N-{4-[(2pyrimidinyl-
kN-amino)-sulfonyl]phenyl}acetamide)copper(ll). Analytical Sciences, 24, 63-64.

Kumar, S., & Kumar, N., (2013). Synthesis and biological activity of acetylacetone thiosemicarbazone and
their metallic complexes. International Current Pharmaceutical Journal, 2(4), 88-91.

Abu-el Wafa, S. M., & Issa, R. M., (1989). The preparation of a series of Mn(Il) complexes of the type
[Mn(SB)SO2]. Bulletin de la Soci“et’e Chimique de France. 5, 595-598.

Cotton, F. A., & Wilkinson, G., (1966). Advanced Inorganic Chemistry, 3™ edition, John Wiley and Sons,
London, 834 — 907.

Saha, A., Majumda, P., & Goswami, S., (2000). Low spin Mn(Il) and Co(ll) complexes of N-aryl-2-
pyridylazophenylamines; New tridentate N,N,N-donors derived from cobalt mediated aromatic ring
amination of 2-(phenylazo)pyridine. Crystal structure of manganese(ll) complex. J. Chem. Soc. (Dalton
Transactions), 11, 1703-1708.

Osowole, A. A., Wakil, S. M., & Malumi O. E., (2015). Synthesis, characterization, antioxidant and
antimicrobial activities of some Metal(I1) Complexes of the Mixed- Ligands, Vitamin B2 and Benzoic
acid. Elixir Appl. Chem, 79 (2015) 30370-30374.

Chohan, Z. H., Pervez, H., Khan, K. M., Rauf, A. G., Maharvi, M., & Supuran, C. T., (2004). Antifungal
cobalt(11), copper( 1), nickel(I) and zinc(11) complexes of furanyl- thiophenyl-, pyrrolyl- salicylyl- and
pyridyl- derived cephalexins. Journal of Enzyme Inhibition and Medicinal Chemistry, 19(1), 85-90.
Salmon, L., Molnar, G., Gobo, S., Oulie, P., Etienne, M., Mahfoud, T., Demont, P., Eguchi, A., Watanabe,
H., Tanaka, K., & Bousseksou, A., (2009). Re-investigation of the spin crossover phenomenon in the
ferrous complex [Fe(HB (pz)3)2]. New Journal of Chemistry, 33(6), 1283-1289.

Olguin, J., & Brooker, S., (2011). Spin crossover active iron(Il) complexes of selected pyrazole
pyridine/pyrazine ligands. Coordination Chemistry Reviews. 255(1-2), 203—40.

Lever, A. B. P. (1968). Inorganic Electronic spectroscopy; 1st ed; Elsevier: Amsterdam, PP 355-357.
Sharma, A., Mehta, T., & Shah, M. K., (2013). Synthesis and spectral studies of transition metal complexes
supported by NO-bidentate Schiff base ligand. Der Chem. Sin. 4, 141-146.

Anantha Lakshmi, P. V., Reddy, P. S., & Raju, V. J.,, (2009). Synthesis, characterization and antimicrobial
activity of 3D transition metal complexes of a bi-ambidentate ligand containing quinoxaline moiety,
Spectrochim. Acta A, 74, 52-57.

Earnshaw, A. (1980). The Introduction to Magnetochemistry. Academic Press, London, UK.

Goodwin, H. A., (2004). Spin Crossover in Cobalt(ll) Systems. Top Curr Chem. 234, 23- 27.

N Chemistry Research Journal

119



Olanrewaju AA et al Chemistry Research Journal, 2018, 3(5):103-120

77. Ekennia, A. C., Onwudiwe, D. C., Osowole, A. A., (2014). Spectral, thermal stability and antibacterial
studies of copper, nickel and cobalt complexes of N-methyl-N-phenyl dithiocarbamate. Journal of Sulfur
Chemistry, 36(1), 96-104.

78. Shirodkar, S. G., Mane, P. S., & Chondhekar, T. K., (2001). Synthesis and fungitoxic studies of Mn(ll),
Co(ll), Ni(Il), Cu(lIl) with some heterocyclic Schiff base ligands, Indian J. Chem. 40A 1114-1117.

79. Agbaje, O. B. A,, Osowole, A. A., Malumi, E. O., & Wakil, S. M., (2015). Synthesis, spectroscopic
characterization, antimicrobial and antioxidant properties of some metal(ll) complexes of mixed ligands-
Riboflavin and 4-aminobenzoic acid. Journal of Chemistry, 4(1), 1-7.

80. Ohtsu, H., & Tanaka, K., (2004). Equilibrium of low- and high-spin states of Ni(ll) complexes controlled
by the donor ability of the bidentate ligands. Inorganic Chemistry. 43, 3024-3030.

81. Rao, N. S. R, & Reddy, M. G. R., (1990). Studies on the synthesis, characterisation and antimicrobial
activity of new Co(ll), Ni(Il) and Zn(ll) complexes of Schiff base derived from ninhydrin and glycine.
Biology of Metals, 3(1), 19-23.

82. Breviglieri, S. T., Cavalheiro, E. T. G., & Chierice, G. O., (2000). Correlation between ionic radius and
thermal decomposition of Fe(Il), Co(ll), Ni(ll), Cu(ll) and Zn(ll) diethanoldithiocarbamates. Thermochim
Acta, 356, 79-84.

/@E Chemistry R hJ |
i‘F\“T emis ry esearc ournal
D
120



