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ABSTRACT

The 20-, 34- and 36-membered macrocyclic of bis (dithiodimine) Schiff base ligands, Bis-
N,N’(dithiocarbonyl) terephthliden (L1), Bis-N,N’[1,3(o-aminophenylthio)-propane] terephthylidene
(L2) and Bis-N,N-[1,4(o-amino phenylthio)-butane] terephthylidene (L3), have been prepared
by a (2+2) condensation of terephthaldehyde with dithiooxamide or 1,3-bis-(0-aminophnylthio)
propane,or1,4-bis-(0-aminophenylethio)-butane. Air stable dinuclear complexes of Co?, Ni?* and
Cu2* were obtained from reaction of metal salts with L1, L2 and L3 in tetrahydrofuran. Ligands
consist of two S2N2 donor sites coordinated with the metal ions. Also, adducts of the cobalt complex
with 1,4-phenelyene diamine was also presented. CHN elemental analysis, metal content, molar
conductivity,magnetic measurements, proton nuclear magnetic resonance, UV-visible and infrared
spectral studies have characterized the complexes and adducts. In addition to this, the DFT i.e. Density
Functional Theoretical calculations has been used for supporting experimental data. This process
used B3LYP functional method. It is the method which has been introduced due to Yang, Parr and
Lee. This method is comprised of 3-parameter functional because of the presence of Axel Becke.
It further incorporates the basis set of Los Alamos National Laboratory 2 double-zeta (LANL2DZ).
Furthermore, the calculation associated with the molecule’s vibrational frequencies was calculated
with the help of optimized geometry. Tetrahedral and square planar geometry around Co?,Ni?* and
Cu2* have been deduced on the basis of magnetic and spectra studies..

Key words: Dinuclear complexes, Schiff base, macrocyclicbis (dithiodimine),
density functional theory (DFT).

INTRODUCTION supra-molecular chemistry is emphasizing on the
study and designing of well arranged and well
Recent research in the field of modern  organized metal containing macro-cycle complexes'.
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Such complexes are of interest not merely for their
uncommon structures; rather, also for their unique
functional characteristics such as magnetism and
luminescence redox activity?*. The conformational
rigid, Ni2* based cationic molecular square planar
[Ni(HL)]44+ as well as Cu?* based natural molecular
rectangle [Cu,Cl L], have been attained with the
help of self-assembly from new stiff pentadentate,
N48S, ligand bis [phenyl(2-pyridyl) methanone)
thioscarbazone, [H2L]. Analyses of crystal structures
have depicted that the tetranuclear Ni?* cation
[Ni(HL)],* is situated over the center or inversion,
which contains four atoms of nickel within the
square’s corners, having Ni....Ni isca 4.8A° as the
edge length. Itis further Observed that center of each
metal is being octa-hedrally coordinated via pyridine
nitrogen, carbazone nitrogen atoms and sulfur
atoms, which are associated with 2 perpendicular
HLE Ligands?® studies.

Observed that center of each metal
is being octa-hedrally coordinated via pyridine
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nitrogen, carbazone nitrogen atoms and sulfur
atoms, which are associated with 2 perpendicular
HLE Ligands®. Chandra and Kumar®, reported the
preparation of the complexes of Mn,+ and Cr,+,
having the general formulae of [Cr(L)X,]x and
[Mn(L)X,],from N,O,,N,S, and N, donor macrocyclic
ligands; 2,3diphenyle, 1,4-diaza, 7,10-dioxo, 5,
6:11,12-dibenzo[e,k]-cyclododeca, 1,3diene[N,O,]
ane, 2,3-diphenyl, 1,4-diaza, 7,10-dithia, 5,6:11,12-
dibenzo[e,k]-cyclo dodeca-1,3 diene [N,S,]Jane,
and 2,3-diphenyl, 1,4,7,10-tetraaza, 5,6:11,12-
dibenzole,k]-cyclododeca 1,3-diene[n4] ane. The
complexes have been characterized with the help
of molar conductance measurements, elemental
analysis, mass, proton nuclear magnetic resonance
(1H-NMR), spectral method (infrared (IR)), electronic
spectra and electron paramagnetic resonance (EPR)
and magnetic measurements.

Amononuclear Cu+ complex [Cu(Ca,dapt)]
ClIO, and two dinuclear Cu+ complexes [{Cu(pph,)
(X)},(Ca,dapte)], where X = Br and I, of new
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Scheme 1: Preparation of the ligands and their suggested structures
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Ca,daote, tetradentate N,S, donor Schiff base ligand,
have been created, where Ca,dapte = N,N'-bis(trans-
cinnamaldehyde)-1,2-di(0-iminophenyl thioethane.
Characterization of these compounds has been
carried out with the help of IR, elemental analyses,
H-NMR and UV-visible spectroscopy. Moreover, the
method of single crystal X-ray diffraction has been
used for determining the crystal structures of all the
mentioned’.

New complexes of 2-aminoethyl pendant-
armed schiff base macrocyclic, [ML]?*,where
M=Mn2+, Mg?, Zn?*, and Cd?*, are produced with the
help of M2+ template [1+1] cyclocondensation of 2,6-
diacetyl pyridine, having newly branched hexamine,
N,N,N’,N’-tetrakis (2-aminoethyl)-2,2-dimethyl
propane-1,3-diamine. Furthermore, the X-ray
diffraction data has been deployed for determining
the crystal structures of [MgL]*? and [MnL]*? were
determined by X-ray diffraction data®.

The Schiff base bis[4-hydroxycuomarin-
3-yl]-'N,°N thiocarbohydrazone, has been
produced through carrying out the reaction of
thiocarbohydrazide with 4-hydroxy coumarine-3-
carbaldehyde, in the molar ration of 1:2, respectively.
Itis further identified that the binuclear complexes of
ligand as well as ligand itself, having Cr®*, Mn?*, Fe?*,
Cd?, Niz+, Cu?* and Zn?* ions are also characterized
with the help of 'THMR and mass spectrometry,
elemental analysis, magnetic measurements as well
as electronic and infrared spectra®.

In view of these results and in continuation
of our studies on Pd, Pt and Cu metal complexes with
macrocyclic Schiff-bases'® ", it can be reported that
the preparation of new, 20, 34, and 36 membered
macrocyclicbis(dithiodimine) Schiff base ligands of
L3, L1, and L2 derived from terephthaldehyde and
dithiooxamide or 1,3-bis-(0-aminophnylthio)propane,
or 1,4-bis-(0-aminophenylethio)-butaneScheme 1,
as well as their complexes and adduct with Co?,
Ni2* and Cu?* metal ions. The potential application of
the synthesized complexes is antibacterial against
some bacteria and many industrial and natural
applications.

Additionally, we may report the results of
the calculations of DFT for vibrational frequencies

as well as geometry optimization of the synthesized
molecules with the help of LANL2DZ basis set and
B3LYP functional.

EXPERIMENTAL

All of the chemicals have found to be
analytical reagent grade. Solvents were dried
over an appropriate reagent and distilled prior
to use. The chloride salts of Co?", Ni>* and Cu?*
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Fig. 1: The Suggested Structures for the
Synthesized Complexes



140

were obtained from BDH. The compounds 1,3-
bis-(o-aminophenylthio) butane and 1,4-bis(o-
aminophenylethio) butane were developed with the
help of the published method, Geary™.

Preparation of the compounds
Preparation of ligand (L1), Bis-N,N’(dithiocarbonyl)
terephthliden

A solution consists of 0.001 mol of
dithiooxamide in 15cm?® of methanol was added

AL-RAZAQ et al., Orient. J. Chem., Vol. 32(1), 137-148 (2016)

drop wise to a solution that consists of 0.002 mol of
terephth-aldehyde in 10cm?® of absolute ethanol at
the rate of approximately one drop every 20 seconds.
After addition was completed, the mixture was boiled
under reflux for 2 hours. Theorange solid product,
which was formed on cooling, has been filtered off.
It is further washed with diethyl ether and ethanol.
Afterwards, it has been dried through the vacuum for
a couple of hours.

Table 1: Physical properties, Elemental analysis, UV-Vis. and
'H-NMR measurements of the free ligands

Ligand Color m.p. (°C) %C %H %N %S 'HNMRsignal in UV/Vis
DMSO-dé(ppm) (cm™)
L1 Dark 200-204 55.3 2.64 13.02 29.22 6.5(m’), 30487,
orange (565.04)2  (2.75)2 (12.89)2  (29.34)2 8.0-10.2(m") 32467
L2 Dark 124-126 70.99 5.9 7.02 15.85 1.8-1.9(m"), 3246,
green 2.9-3.1(m"), 36764
(71.64)2  (5.47)2 (6.96)  (15.92)2 7.1-7.2(m’")
7.3-8.32(m’),
8.6-8.7(m’)
L3 Greenish 100-102 70.93 5.11 6.97 16.03 - 31055,
yellow (71.13)2  (5.15)2 (7.21)2  (16.49)2 32679
a: Calculated value, m*= multiplet
Table 2: Complex’s elemental analysis, molar conductance and magnetic data
S Colour m.p. %C %H %N %M M Aohm™ Yield
No. (°C) (B.M) .cm? (%)
mol~
1 Darkbrown 1209 34.3934.49® 1.691.75% 8.008.05% 16.8316.93° 4.20 12 85
2 Darkgreen 210¢ 34.4334.522 1.701.73* 8.018.05° 16.5816.872 3.90 9 83
3  Dark kaki 1729 34.0034.052 1.671.70*° 7.907.95° 18.2118.022 2.06 9 70
4 Darkgreen 178° 54.1054.152 4.104.14®> 5215262 11.3211.08% 4.50 22 77
5 Green 182- 54.1654.192 4.114.132 53.235.27¢ 11.7111.04® 3.71 36 60
184
6 Olive 110¢ 53.6153.68% 4.094.10° 5.205.222 11.7311.842 1.80 19 75
7 Darkgreen 227- 53.1953.29*° 3.813.86* 5.385.41% 11.5311.38* 2.15 60 75
229
8 Dark kaki 269¢ 53.3053.34* 3.803.86° 5.395.42@ 11.5811.38% Dia. 20 67
9 Darkgreen 244- 52.8052.83° 3.783.83® 5.425.36° 11.9612.16° 2.13 27 73
246

a: Calculated value;d: decomposition temperature; M:

corresponding transition metal
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Preparation of (L2), N,N’-Bis-{1,4-(o-
aminophenylthiol)-butane}tere- phthylidene)

A solution consists of 0.002 mol of
terephthaldehyde in 10 cm?3, having absolute
ethanol. This solution has been added gradually
in the boiling solution that consists of 0.002 mol
of 1,4-Bis(o-aminophenylthio)-butane in 20 cm?® of
tetrahydrofuran. This final mixture was then boiled
under reflux for the period of 2 hours. The solid
product was then filtered off. The filtered solution
was then washed with diethylether and ethanol. The
washed solution is then dried with the help of vacuum
for a couple of hours.

Preparation of (L3), N,N’-Bis-{1,3-(o-
aminophenylthio)-propane}tere- phthylidene

A solution consists of 0.002 mol of
terephthaldehyde and 10 cm? of absolute ethanol.
This solution has been included gently within
the boiling solution that consists of 0.002 mol of
1,3-Bis-(o-minophenylthio)-propane in 15 cm? of
tetrahydrofurane. The final mixture was boiled in the
presence of reflux for the period of 2 hours. Then,

Fig. 2: Optimized structures of 1,4 and 7
according to B3LYP/LANL2DZ level theory

the solid product, which formed on cooling, has been
filtered off. The filtered solution is then washed with
diethylethere and ethanol and it has been dried with
the help of vacuum for numerous hours.
Metal Complex’s Preparation

A general technique has been deployed in
order to prepare the binuclear complexes through
carrying out the reaction between the macrocyclic
Schiff base ligands and metal salts in 1:2, L:M molar
ratio. The solution of the metal salt was heated inside
the water bath for ensuring absolute dissolution of
all the present metal salts.

A solution of ligand that consists of 0.001
mol of (L1), or (L2) or (L3) in 10 cm? tetrahydrofuran
was added gradually to the solution of the metal
salt. The reaction mixture was refluxed for 3 hours
with constant stirring. The solid precipitated of the
complexes were filtered off, washed several times
with ethanol, and then washed with diethylether and
dried with the help of vacuum over CaCl,.

Fig. 3: Optimized structures of 2,5 and 8 in
accordance with LANL2DZ/B3LYP level of
theory
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Physical Measurements

IR spectra were recorded on Bruker Tensor
27 (FITR) spectrophotometer in the range of 4000-
250 cm™ with the help of the technique of Csl disc.
In addition to this, 1cm quartz cell has been used
in order to record electronic spectra over Shimadzu
UV160 spectrophotometer. It has been carried out
for complex’s 0.001 M solution, present in DMF (i.e.
dimethylformaamide). Furthermore, the complex’s
0.001 M solution present in DMF has been used
for carrying out conductivity measurements. These
measurements have been carried out at ambient
temperatures and it also made use of conductivity
meter 4070 Jenway. Additionally, Faraday’s method
has been deployed for carrying out magnetic
measurements at the temperature of 25°C over
the Solid state through the use of the instrument of

Fig. 4: Optimized structures of 3,6 and 9 in
accordance with LANL2DZ/B3LYP level of
theory
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Bruker BM6. Pye Unicam (SPG) atomic absorption
spectrophotometer has been used for carrying out
metal content analyses. The Micro analytical center
located in Al-Albait university of Jordan has been
used for carrying out the microanalyses of hydrogen,
sulfur, carbon and nitrogen. Varian 300 MHz NMR
spectrophotometer are used for carrying out ligand’s
1H-NMR spectra.

Computational Details

Gaussian03 suite of programs has been
deployed for carrying out all calculations and
evaluations of the study'®. Complete optimization of
all complex’s geometries at BALYP'*'6 [evel has been
carried out through the use of Los Alamos National
Laboratory 2 double-zeta basis set (i.e. LANL2DZ)""-
9. Such basis set is considered as the commonly
deployed ECP (i.e. Effective Core Potential) type of
basis set. Thus, it is deployed commonly along with
the methods of density functional for carrying out the
study of TM (Transition Metals) containing systems.
ECP has represented chemically inactive major
electrons. As a result of these electrons, the cost of
computation has been reduced because of the fact
that the increment in cost is resulted from ~N*, in
which N is the number of such electrons which are
treated explicitly. MOLDEN program and Gaussian,
Inc. provided GaussView 3.0. It has been deployed
to inspect the output as well as input files produced
by Gaussian03?. This program is deployed for the
purpose of structure modification, post processing
and preprocessing analyses of frequencies, forces
and structures. It has been further found that
for positively identifying most stable and steady
structure, the frequency and the minima analysis
were carried out for ever stationary point. Such
analysis allowed in ensuring that all of the minima did
not contain any kind of imaginary frequency within
the vibrational mode computations. It is due to the fact
that transition states encompass single imaginary
frequencies over the potential energy surface.

RESULTS AND DISCUSSION

The new Schiff base type macrocycle
ligands, i.e. L2, L3 and L1, with two S2N2 donor
sites as two linked compartments were prepared
by the [2+2] condensation of terephthaldehyde
with 1,3-Bis(o-aminophenylthio)- propane or 1,4-
bis(o-aminophenylthio)-butan in ethanol. These
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reactions proceed in high yields (>80%), and the
characterization of the products was carried out
with the help of 1H-NMR, UV-Vis, spectroscopy and
elemental analysis. Results are listed in table 1.

"H-NMR data for ligand (L1) showed that
H%CP%Nproton appears at 6.5 ppm as multiplet
signals. Moreover, the multiplet signals at 8.0-8.19
and 9.6-10.2 ppm are related to the protons of
phenyl groups. While ligand (L2) showed the CH2
proton at 1.8-1.9 ppm, with the signals of CH2%S
appeared at 2.9-3.1 ppm (m) and H%CP%N proton
as multiplet at 7.1-7.2 ppm and the signal at 7.3-
8.32 ppm for phenyl protons. These analyses have
found to be in good conformity along with the formula
proposed for L1, L2 and L3, as displayed in Scheme

143

1. The reactions of these macrocyclic Schiff base
ligands with the salts of MCI2.6H20, M= Co, Ni
and CuCI2.2H20 produce complexes of general
formula [M2CI4Ln], n= 1,2, or 3, with 2:1 molar ratio
of M:L.

The physical and chemical properties of
prepared complexes have been depicted in the
form of table 2. The complexes are all amorphous,
air-stable and soluble in most organic solvents
except DMF and DMSO. 10°M of DMF solution of
the complexes has the molar conductance in the
8 to 60 ohm'cm?mol range, which is indicating a
non-electrolyte nature'. It appeared to be constant
and lasting along with assumed the stoichiometry,
which was considered for the complexes based

Table 3: Calculated and experimental infrared
absorption (cm-1) data for all of the compounds

Compound Band assignment (cm™)
(CP%N) (CP%S) (C%S) (M%N) (M%S) (M%Cl)
L1 1600 836 - - - -
16272 8382
L2 1606 - 765 - - -
1639° 7662
L3 1637 - 727 - - -
16382 7332
Complex 1 1574 816 - 470 404 310
15822 8172 470° 4062 3132
Complex2 1575 816 - 475 381 283
15322 8412 4882 3642 2892
Complex3 1572 815 - 475 365 305
15302 8112 4722 3652 3082
Complex4 1652 - 700 477 402 287
16392 7052 4792 4032 2852
Complex5 1651 - 710 503 382 320
16432 7102 5012 3812 320°
Complex6 1614 - 718 500 400 281
16272 7212 4992 400 2842
Complex7 1625 - 674 413 381 320
16232 6782 4192 3882 3162
Complex8 1626 - 671 430 350 280
16312 6692 4352 3512 2792
Complex9 1620 - 689 432 391 305
16182 6932 429° 3912 3072

a; Calculated value according to B3LYP/LANL2DZ level
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on its analytical data. It is further identified that the
complex’s analytical data, as illustrated in table 1,
are in a good conformity with the proposed formula,
as displayed in figure 1.

Table 3 has listed down the most significant
diagnostic characteristics of the calculated as
well as recorded infrared spectra of synthesized
complexes and the ligands. Allocation of determined
vibrational modes, which are depicted in table 2,
has been carried out through different sources of
literature®'24. It is found that the L1 ligand’s infrared
spectrum demonstrates sharp bands of 836 cm-
and 1600 cm'. These bands have been allocated to
Y(CP%$S) and (CP%N), respectively. In complexation,
apparent differences have been observed between
the complexes 1, 2 and 3 and free L1 ligand’s
infrared spectra. The (CP%S) band is shifted to
lower region by about 25-28 cm™ in the complexes
of 1, 2 and 3. In addition to this, the (CP%N) band
has been transferred to low values, i.e. 20 to 21

AL-RAZAQ et al., Orient. J. Chem., Vol. 32(1), 137-148 (2016)

cm™, for similar complexes. Such type of shifting
has suggested a complex formation by means of the
co-ordination through S and N atoms of L1 ligand
2% The infrared spectra of L2 and L3, also, showed
notable differences from those for the 4, 5, 6, 7, 8
and 9 complexes. The (CP%N) band appeared at
1606 and 1637 cm™ in L2 and L3, respectively. This
band is shifted to higher values with 8 to 46 cm™ upon
complexation in the complexes of 4, 5 and 6. While,
in the complexes of 7, 8 and 9, the band has been
transferred to the lower region by 12to 17 cm™. These
results supported coordination through azomethine
8 in the complexes of 4, 5, 6, 7, 8 and 9. Also, the
(C-S) band was identified at low values in 4, 5, 6,
7, 8 and 9 complexes as compared to those of free
ligands, i.e. L1 and L2. These shifts are supporting,
also, a complex formation via co-ordination through
S atom. Furthermore, the IR spectra of the metal
complexes have shown new bands at 350 to 404
and 430 to 503 cm™, which have been assigned
to (M%S) and (M%N) [4, 27, 28]. Moreover, the

Table 4: Selected bond angles and bond distances (A) of optimized structure of 1,4 and 7 in accordance
with LANL2DZ /B3LYP level of theory

Bond Lengths (A) of complex 1

Bond Lengths (A) of complex 4

Bond Lengths (A) of complex 7

Co(44)-Cl(46) 2.1375 Cl(96)-Co(105) 2.2323 CI(98)-Co(99) 2.2122
Co(44)-Cl(45) 2.1594 Cl(95)-Co(105) 2.2750 CI(96)-Co(99) 2.0776
Co(41)-Cl(43) 2.1607 Cl(94)-Co(106) 2.1631 CI(95)-Co(100) 2.2124
Co(41)-Cl(42) 2.1052 Cl(93)-Co(106) 2.2126 Cl(94)-Co(100) 2.2250
N(40)-Co(44) 1.8565 N(78)-Co(105) 1.8549 N(79)-Co(100) 1.8871
N(15)-Co(41) 1.8639 N(34)-Co(106) 1.9290 S(60)-Co(100) 2.2178
S(24)-Co(44) 2.1593 S(60)-Co(105) 2.2488 S(37)-Co(99) 2.2709
S(21)-Co(41) 2.1992 S(87)-Co(106) 2.2678 N(34)-Co(99) 1.8814
Angels (°) of complex 1 Angels (°) of complex 4 Angels (°) of complex 7
Cl(46)-Co(44)-Cl(45) 76.6790 Cl(94)-Co(106)-CI(93) 85.2789 CI(95)-Co(100)-Cl(94) 88.5156
Cl(46)-Co(44)-N(40) 177.9092 Cl(94)-Co(106)-S(37) 93.6052 Cl(95)-Co(100)-N(79)  90.0063
Cl(46)-Co(44)-S(24) 103.3372 Cl(94)-Co(106)-N(34) 173.2601 Cl(95)-Co(100)-S(60) 164.8361
Cl(45)-Co(44)-N(40) 102.3861 Cl(93)-Co(106)-S(37) 164.6347  CI(94)-Co(100)-N(79) 170.1739
Cl(45)-Co(44)-S(24) 178.9599 Cl(93)-Co(106)-N(34) 89.0561 Cl(94)-Co(100)-S(60)  89.9333
N(40)-Co(44)-S(24) 77.6323 S(37)-Co(106)-N(34) 90.8899 N(79)-Co(100)-S(60)  93.9919
Cl(43)-Co(41)-Cl(42) 77.0505 Cl(96)-Co(105)-CI(95) 86.5497 Cl(98)-C0(99)-Cl(96)  85.5736
Cl(43)-Co(41)-S(21) 171.6496 Cl(96)-Co(105)-N(78) 170.6101 Cl(98)-C0(99)-S(37)  161.0497
Cl(43)-Co(41)-N(15) 104.0191 Cl(96)-Co(105)-S(60) 90.5867 CI(98)-C0(99)-N(34) 94.4459
Cl(42)-Co(41)-S(21) 104.7376 Cl(95)-Co(105)-N(78) 94.9985 Cl(96)-C0(99)-S(37) 92.6833
Cl(42)-Co(41)-N(15) 176.3511 CI(95)-Co(105)-S(60) 167.4939 Cl(96)-C0o(99)-N(34)  177.3902
S(21)-Co(41)-N(15) 74.7183 N(78)-Co(105)-S(60) 89.8078 S(37)-Co(99)-N(34) 88.1418




AL-RAZAQ et al., Orient. J. Chem., Vol. 32(1), 137-148 (2016)

complex’s IR spectra have shown another new band
in the region of 280 to 320 cm-', which may well be
due to (M%CI)29.

When the calculating values of vibrational
frequency are compared with the values of
experimental, then it is indicated that majority of the
calculated values of vibrational frequency are almost
same as the values of the experiment. However, the
largest error occurred at (CP%N) band, with the
largest deviation being 43 cm-1. Such deviations
have found to be pertinent to the truth that all of the
theoretical calculations have been carried out for an
isolated molecule within the gaseous phase. On the
other hand, the results of experiment are for single
molecule within the solid state. It is found that within
the solid phase, the intermolecular interactions exist.
Such interactions make a diversion or distraction of
electron clouds between the atoms that participated
in the interaction. These diversions in electron clouds
between atoms result in a shift in the bands that
corresponds to these atoms.
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The values of magnetic moments of the
Co?* complexes 1,4 and 7 are 4.20, 4.50 and 2.15
B.M., respectively, and the electronic spectrum of
the these complexes have shown broad bands at
14970 to 16835 cm™ which, are due to *A,—?Eg
transition and another band at 31250 and 36764
cm™ which corresponds to charge transfer, these
values suggested a square planer geometry around
the complexes of Co?. Such an experimental
data has been acquired with the help of magnetic
moments and electronic spectra values of 1,4 and 7
complexes, which appear to be in effective conformity
with the compound’s estimated geometries with the
help of LANL2DZ/ B3LYP level of theory (as depicted
in table 4 and figure 2). The estimated geometries
assist in confirming the bonding which is present
between S and N. It further helped in developing
the environment of square planar about the central
metal atom. However, the increment in the magnetic
moment values, having the complexes of 1 and 4,
are due to ferromagnetism and coupling between
the two cobalt atoms.

Table 5: Selected bond angles (°) and bond distances (A) of optimized
structure of 2, 5 and 8 in accordance with LANL2DZ/B3LYP level of theory

Bond Lengths (A) of complex 2

Bond Lengths (A) of complex 5

Bond Lengths (A) of complex 8

Cl(44)-Ni(46) 2.1739 CI(96)-Ni(105) 2.1763 CI(98)-Ni(100) 2.1918
Cl(43)-Ni(46) 2.1990 CI(95)-Ni(105) 2.1873 CI(96)-Ni(100) 2.1886
Cl(42)-Ni(45) 2.1989 CI(94)-Ni(104) 2.1818 CI(95)-Ni(99) 2.1841
Cl(41)-Ni(45) 2.1737 CI(93)-Ni(104) 2.1996 Cl(94)-Ni(99) 2.1667
N(40)-Ni(46) 1.8284 N(78)-Ni(105) 1.8911 N(79)-Ni(99) 1.8876
N(15)-Ni(45) 1.8283 N(34)-Ni(104) 1.8363 N(34)-Ni(100) 1.8400
S(24)-Ni(46) 2.1460 S(60)-Ni(105) 2.2320 S(60)-Ni(99) 2.2223
S(21)-Ni(45) 2.1448 S(37)-Ni(104) 2.1974 S(37)-Ni(100) 2.2200
Angels (°) of complex 2 Angels (°) of complex 5 Angels (°) of complex 8
Cl(44)-Ni(46)-Cl(43) 103.0099 Cl(96)-Ni(105)-CI(95) 116.3116 CI(98)-Ni(100)-Cl(96)  87.6530
Cl(44)-Ni(46)-N(40) 122.6283 CI(96)-Ni(105)-N(78)  110.0902  CI(98)-Ni(100)-S(37) 174.7213
Cl(44)-Ni(46)-S(24) 119.0861 CI(96)-Ni(105)-S(60) 108.3896 CI(98)-Ni(100)-N(34)  90.4409
Cl(43)-Ni(46)-N(40) 104.8691 CI(95)-Ni(105)-N(78) 116.7314 Cl(96)-Ni(100)-S(37)  91.3136
Cl(43)-Ni(46)-S(24) 128.7368 CI(95)-Ni(105)-S(60) 107.4809  CI(96)-Ni(100)-N(34)  177.2914
N(40)-Ni(46)-S(24) 76.9793 N(78)-Ni(105)-S(60) 95.4388 S(37)-Ni(100)-N(34)  90.4105
Cl(42)-Ni(45)-Cl(41) 114.8058 Cl(94)-Ni(104)-CI(93) 107.9996 Cl(95)-Ni(99)-Cl(94) 85.1419
Cl(42)-Ni(45)-S(21) 110.3776 Cl(94)-Ni(104)-S(37) 120.1720 Cl(95)-Ni(99)-N(79) 88.8503
Cl(42)-Ni(45)-N(15) 107.4802 CI(94)-Ni(104)-N(34) 118.0179 Cl(95)-Ni(99)-S(60)  166.9575
Cl(41)-Ni(45)-S(21) 125.9148 CI(93)-Ni(104)-S(37) 111.6502 ClI(94)-Ni(99)-N(79)  162.7330
Cl(41)-Ni(45)-N(15) 114.2594 CI(93)-Ni(104)-N(34) 101.8079 Cl(94)-Ni(99)-S(60) 84.9608
S(21)-Ni(45)-N(15) 76.9828 S(37)-Ni(104)-N(34) 95.4892 N(79)-Ni(99)-S(60) 98.1969
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Table 6: Selected bond angles and bond distances (A) of
optimized structure of 3, 6 and 9 in accordance with LANL2DZ/B3LYP level of theory

Bond Lengths (A) of complex 3 Bond Lengths (A) of complex 6

Bond Lengths (A) of complex 9

Cl(44)-Cu(46) 2.1487 Cl(96)-Cu(97) 2.2002 Cl(98)-Cu(99) 2.1695
Cl(43)-Cu(46) 2.1699 Cl(95)-Cu(97) 2.2608 CI(96)-Cu(99) 2.1621
Cl(42)-Cu(45) 2.1644 Cl(94)-Cu(98) 2.2036 Cl(95)-Cu(100) 2.2557
Cl(41)-Cu(45) 2.1475 CI(93)-Cu(98) 2.2427 Cl(94)-Cu(100) 2.2553
N(40)-Cu(46) 1.8756 N(78)-Cu(97) 1.9208 N(79)-Cu(100) 1.9256
N(15)-Cu(45) 1.8857 N(34)-Cu(98) 1.9332 N(34)-Cu(99) 1.8860
S(24)-Cu(46) 2.1130 S(60)-Cu(97) 2.1624 S(60)-Cu(100) 2.1609
S(21)-Cu(45) 2.1229 S(37)-Cu(98) 2.1434 S(37)-Cu(99) 2.1465
Angels (°) of complex 3 Angels (°) of complex 6 Angels (°) of complex 9
Cl(44)-Cu(46)-Cl(43) 107.0444 Cl(94)-Cu(98)-Cl(93) 94.2237 Cl(95)-Cu(100)-Cl(94) 111.6516
Cl(44)-Cu(46)-N(40) 136.7738 Cl(94)-Cu(98)-S(37) 123.0845  CI(95)-Cu(100)-N(79) 116.2349
Cl(44)-Cu(46)-S(24) 108.5211 Cl(94)-Cu(98)-N(34) 122.0508  CI(95)-Cu(100)-S(60) 112.0513
Cl(43)-Cu(46)-N(40) 110.6085 Cl(93)-Cu(98)-S(37) 114.4244  CI(94)-Cu(100)-N(79) 122.1245
Cl(43)-Cu(46)-S(24) 106.2486 Cl(93)-Cu(98)-N(34) 105.7720  CI(94)-Cu(100)-S(60)  98.9448
N(40)-Cu(46)-S(24) 80.5685 S(37)-Cu(98)-N(34) 97.0684 N(79)-Cu(100)-S(60)  91.6827
Cl(42)-Cu(45)-Cl(41) 108.0023 Cl(96)-Cu(97)-CI(95) 92.4978 Cl(98)-Cu(99)-Cl(96) 107.4811
Cl(42)-Cu(45)-S(21) 106.4291 Cl(96)-Cu(97)-N(78) 146.4797 Cl(98)-Cu(99)-S(37)  106.9605
Cl(42)-Cu(45)-N(15) 118.7392 Cl(96)-Cu(97)-S(60) 106.6459 Cl(98)-Cu(99)-N(34)  96.6227
Cl(41)-Cu(45)-S(21) 108.0709 Cl(95)-Cu(97)-N(78) 101.3583 Cl(96)-Cu(99)-S(37)  131.4611
Cl(41)-Cu(45)-N(15) 128.6082 Cl(95)-Cu(97)-S(60) 117.4770 Cl(96)-Cu(99)-N(34)  118.5486
S(21)-Cu(45)-N(15) 79.0023 N(78)-Cu(97)-S(60) 93.8427 S(37)-Cu(99)-N(34) 89.9591

The Ni?* complexes 2 and 5 showed
magnetic moments of 3.90 and 3.71 B.M. respectively.
These values agree with high spin configuration and
indicate presence of tetrahedral environment around
nickel ion ¥%. The electronic spectra of Ni?* complexes
have shown bands at 16168 and 16835 cm™', which
corresponds to the transition of 2T2(F)'12E(P) (y3)
in tetrahedral environment. The diamagnetic nature
in complex 8, together with the bands associated
with electronic spectral, indicate a square planar
geometry around the Ni?* ion. The appearance of
the band at 25252 (Yz)cm™ has been allocated
to 'A,g’!'A,g transition within a square planar
environment around nickel ion with D,h symmetry®'.
The calculated geometries of the complexes of 2,
5 and 8, in accordance with LANL2DZ/B3LYP level
of theory, are displayed in figure 3. A chosen bond
angles and distances of the optimized structures of
the complexes of 2, 5 and 8 are mentioned in table
5.The calculated geometries of figure 3 confirm that

the environment around nickel atomare tetrahedral
in the case of 2 and 5 complexes, and square planar
for the condition of complex 8

Magmatic moments of Cu?* complexes
3, 6 and 9 have been found to be 2.06, 1.80 and
2.13 B.M., which corresponds to the occurrence of
single unpaired electron in the complexes. All the
complexes are strongly colored since they have
highly intense absorption band in UV/Vis region.
In these complexes, charge transfer bands are
obscured on higher frequency side of the spectra.
Besides these weaker bands, other bands are
observed at 12345 to 14970 cm™, which are assigned
to 2T'I’E Transition in tetrahedral environment®23,
The calculated geometries of 1, 4 and 7 complexes
using the LANL2DZ/B3LYP level of theory (as shown
in table 6 and figure 4) are strongly supported by
the above mentioned results of magnetic moments
values and electronic spectra
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CONCLUSION

The macrocyclic Schift base ligands L1,
L2 and L3 which are used in this study coordinate
to the metal ions in tetradentate fashion from the
two S2N2sites of the ligand forming dinuclear
complexes, as shown in figure 1. All complexes
and ligands are air stable and colored compounds.
The Co-containing complexes adopted square
planar geometries around the central metal ion.
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The Ni-containing complexes of 2 and 5 adopted
tetrahedral geometries around Ni2+ion, while the
complex 8 adopted a square planar geometry. All
the Cu-complexes adopted tetrahedral geometries
around copper ion. The geometries of complexes
are estimated according to the physico-chemical
measurements which are supported by theoretical
calculations using DFT i.e. density functional theory
through the inclusion of the basis set of LANL2DZ
and B3LYP functional.
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