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Abstract:

The macrocyclic ligands, 2,3,5,8,9,11hexamethyl-1,4,7,10-tetraazacyclododeca-1,3,7,9 tetraene
(DADAP) and (4,5:10,11) Dibenzo(e,k)-2,13-dimethyl-3,12-diaza-6,9-dithiobicyclo(13,3,1)octadecenel-
(18),2,12,14,16-pentaene (DBMAS) were synthesized and used to react with transition metal ions to
synthesized the complexes of Cr(lll), Mn(ll), Fe(lll), Co(ll), Ni(ll), Cu(ll) and Pd(Il). which were
characterized by using elemental analysis, molar conductance, magnetic susceptibility measurements,
i.r., electronic, and e.p.r. spectral studies. Spectral analyses propose octahedral stereochemical
environment around Cr(lll), Mn(ll) and Co(ll), square-planar for Ni(ll) and Pd(ll), and tetragonal
stereochemical environment around Cu(ll) with DADAP. Whereas the complexes of DBMAS ligand
have a six-coordinate octahedral structures and are of a high spin kind.

Introduction:

In recent years, a key field of research has developed around the synthesis and characterization of
coordination molecules with aza macrocyclic ligands [1,2]. Aza-type ligands are considered as chelating
systems in the relevant literature [3, 4] and seem to be particularly promising for catalysis. For many
essential biological processes, like as photosynthesis and the transportation of oxygen in mammalian
and other respiratory systems, nature prefers macrocyclic derivatives.[5] The size of the macrocyclic
ring has a significant impact on the ability of polyaza macrocycles to complex [6]. In electrochemically
aided reactions with a variety of substrates, aza-macrocyclic ligands, as well as their coordination and
organometallic compounds, play significant roles in catalytically activating small molecules [7,8]. In this
study, we describe the synthesis and characterization of 2,3,5,8,9,11 hexamethyl-1,4,7,10
tetraazacyclododeca- 1,3,7,9 tetraene (DADAP) and a 15-membered [N3S2] ligands and their
complexes with chromium(lll), manganese(ll), cobalt(ll),nickel(ll),copper(ll), and palladium(Il).

Experimental
Physical measurements

The chemicals utilized were all of the highest quality. Spectroscopic grade DMSO was utilized for the
spectral and molar conductance studies. Using a Carlo-Erba 1106 elemental analyzer, C, H, and N
were examined. Using Perkin-Elmer 137 equipment, IR spectra were captured in KBr. On a Shimadzu
UV mini-1240 spectrophotometer, electronic spectra were captured in DMSO. On an ELICO
Conductivity Bridge (CM82T), molar conductance was measured. Using CuSO4_5H20 as a calibrant,
magnetic susceptibility measurements were performed at room temperature on a Gouy balance. On an
E4-e.p.r. spectrometer employing the DPPH as the g-marker, the complexes' e.p.r. spectra are captured
as powder samples at room temperature.

Synthesis of ligand (DADAP)

Concentrated (37%) HCI was added to an EtOH solution (20 cm3) containing 1,2-diaminopropane
(0.148 g, 0.002 mol). after the solution was cooled to around 5°C, 2,3-butanedione (diacetyl) (0.172 g,
0.002 mol) was added (scheme 1.), and the mixture was refluxed for 6 hours and the resulting solid
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was washed with ethanol, yield of 27% was obtained. (Found: C 67.9, H 9.4, and N 22.4; C 14H24N4;
calculated: C67.7 H 9.7, and N 22.6; m.p. 132-134°C.)
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Scheme 1.

Synthesis of ligand (DBMAS)

A solution of 1,2-di(o-aminophenylthio)ethane (4.14 g, 15 mmol) in absolute EtOH (50 cm3) was slowly
added to a boiling solution of 2,6-diacetylpyridine (2.44 g, 15 mmol) in absolute EtOH (50 cm3) with
constant stirring. The mixture was then boiled under reflux for 1 hour with a few drops of conc. HCI.
After cooling, a solid cream product formed, which was filtered off, washed with cold EtOH, and dried
over P4010 while under vacuum. (Yield: 80%) m.p. 178°C (Found: C, 68.5; H, 5.0; N, 10.3;
C23H21N3S2 calcd.: C, 68.6; H, 5.0; N, 10.4%). Scheme 2. shows the synthetic plan.
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Scheme 2.
Synthesis of complexes with DADAP

Since the ligand yield is so low, the template approach was used to prepare all of the complexes.
Concentrated (37%) HCI (0.002 mol) was added to an EtOH solution (20 cm?3) containing 1,2-
diaminopropane (0.148 g, 0.002 mol). After the liquid had cooled to around 5°C, 2,3-butanedione
(diacetyl) (0.172 g, 0.002 mol) was added, and the mixture was stirred for 30 minutes before being left
to stand at room temperature. The orange solution was then mixed with an EtOH solution of the
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corresponding metal salt (0.001 mol), stirred for 4—7 hours, and the colored precipitate was then washed
with EtOH and dried over silica gel. In DMSO, the complexes were discovered to be soluble.

Synthesis of complexes with DBMAS

An EtOH solution of the hydrated metal chloride (1.5 mmol) was slowly added with stirring to a boiling
solution of the ligand (0.603 g, approximately 1.5 mmol) in EtOH (20 cm3). Based on the type of chloride
employed, the mixture was refluxed for a specific amount of time. The colorful complexes that were
produced were filtered, washed with cold EtOH, and vacuum-dried on P4010.

Table 1. Molar conductance and elemental analysis data of the complexes

Mol.Cond.
) Found (Calcd.) %
0, -1 2
Complexes Yield % | Q _ cm? | colour c H N M
mol!

[Cr(DADAP)CI2]CI 41.1 565 [132 |123
CrC14H24N4CI3 60 87 Green | 41.4) (5.90) | (13.8) | (12.8)
[Mn(DADAP)CI2 . 0 Light | 44.65 6.3 148 | 14.4
MnC14H24N4CI2 brown | (44.90) |(6.4) | (15.0) |(14.7)
[Co(DADAP)CI2] 44.3 6.1 147 | 15.3
CoCl4H24N4Cl2 | 08 15 Brown | (44.4) 6.35) | (14.8) | (15.7)
mgﬁ)ﬁ;m%lzz 58 232 Light | 44.3 6.2 147 | 15.3

green | (44.5) 6.3) | (148) | (15.3)
[Cu(DADAP)CI2] o 155 Light | 43.7 6.2 144 | 16.4
CuC14H24N4CI2 ' blue | (43.9) 6.3) | (146) | (16.6)
[Pd(DADAP)|CI2 39.3 5.4 13.0 | 24.8
PdC14H24N4Cl2 | O° 250 Green | 395) 5.6) |(13.2) | (25.0)
[Cr(DBMAS)CICI2 60.7 4.4 9.4 11.6
CrC23N3s2H21CI3 | 1O 248 Green | 60.8) @4) |92 |14
[Mn(DBMAS)CI|CI 60.3 4.3 9.2 12.1
MnC23N3S2H21C12 | 0 12 Grey | (60.4) @3) |92 |(120)
[Fe(DBMAS)CIICI2 60.3 4.4 9.3 12.1
FeC23N3S2H21CI3 | O° 245 Black | (60.4) @3) |92 |(122)
[Co(DBMAS)CIICI 59.8 4.4 9.2 12.9
CoC23N3s2H21C12 | &2 15 Black | (59 7) @3) |@©1) |30
N(DBMAS)CIICI | o 0 aue | 598 4.4 9.2 12.8
NiC23N3S2H21CI2 (59.9) @3) @1 |27
[Cu(DBMAS)CIICI 59.3 4.2 9.1 13.5
CuC23N3s2H21CI2 | 7° 12 Black | (59.3) @3) | (9.0) |(136)

DADAP = 2,3,5,8,9,11hexamethyl-1,4,7,10-tetraazacyclododeca-1,3,7,9 tetraene
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DBMAS = (4,5:10,11) Dibenzo(e k)-2,13-dimethyl-3,12-diaza-6,9- dithiobicyclo(13,3,1)octadecenel-
(18),2,12,14,16-pentaene.

Table 2. Electronic and e.p.r. spectral data of the complexes

Complexes peff.(B.M.) Amax (cm-") giso
[Cr(DADAP)CI2]CI 3.72 18630,22340.25190,28810 1.98
[Mn(DADAP)CI2] 5.91 17800,24900,28700,31650 2.01
[Co(DADAP)CI2] 4.91 8772,18519 2.67
[Ni(DADAP)]CI2 Diamagnetic 15000,23500 -
[Cu(DADAP)CI2] 1.98 14085,16000 2.17
[Pd(DADAP)]CI2 Diamagnetic 21950,25915 -
[Cr(DBMAS)CIICI2 3.83 11236,18622,24038,25125 2.15
[Mn(DBMAS)CI]CI 5.94 11013,31446,31250,37878 2.01
[Fe(DBMAS)CIICI2 5.96 15723,32467,38168 -
[Co(DBMAS)CI|CI 4.86 11450,14947,18656

[Ni(DBMAS)CIICI 2.98 11001,14970,18622,32051,38910 -
[Cu(DBMAS)CIICI 1.89 9671,16077,31446 2.77

Table 3. Ligand field parameters of the complexes

Complexes Dq B B LFSE
(cm) (cm) (kjmol)
[Cr(DADAP)CI2]CI | 2234 330.0 0.36 320.29
[Mn(DADAP)CI2] 1780 551.0 0.70 -
[Co(DADAP)CI2] 1048 699.9 0.62 225.37
[Cr(DBMAS)CIICI2 | 1862 502.8 0.542 267
[Mn(DBMAS)CIICI | 284 946.8 0.97 -
[Co(DBMAS)CIICI | 1272 848 0.75 121.57
[Ni(DBMAS)CIICI 1101 934.5 0.89 157.84

Results and discussion

The complexes were given the composition listed in Table 1 based on elemental analysis. The
complexes with DADAP ligand were found to have molar conductance measurements that were
correspond to 1:1 electrolyte for the complexes with Cr(Ill), Mn(ll), Co(ll), and Cu(ll) metal ions and 1:2
electrolyte for the complexes with Ni(ll) and Pd(Il) metal ions. Moreover DBMAS complexes of Mn(ll),
Co(ll), Ni(ll), and Cu(ll) were 1:1 electrolytes whereas the complexes of Cr(lll) and Fe(lll) were 1:2
electrolytes. .In the i.r spectrum of DADAP ligand the absence of a band at about 3400 cm-' indicates
the absence of free amino groups. The absence of a band at 1700 cm-! denotes the removal of a water
molecule from the ligand. In the complexes, a new band for the C=N group that was previously identified
at 1620 cm! has been moved to a lower frequency (1560-1590 cm-', demonstrating that coordination
occurs through the nitrogen of the C=N group [9]. The ligand is tetradentate as a result. No band was
seen for the free carbonyl group or primary amino group in ir spectrum of DBMAS, showing complete
condensation had taken place. In the i.r. spectra of complexes with DBMAS ligand exhibit a moderate
intensity absorption in the 1600-1700 cm-' region attributable to the imine C=N group [10]. The
complexes appear to be of the high-spin type based on the magnetic moments. The two highest energy
pyridine ring vibrations are expected to produce medium-to-strong bands at about 1580 and 1480 cm-
1, which are present in all of the spectra. The 420-610 cm-! range of low frequency pyridine modes [11]
points to coordination of the pyridine ring. The complexes are the high-spin variety, according to the
magnetic moments.
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Complex of chromium(lll)

Measurements of molar conductance in DMSO reveal that the complex of DADAP ligand is a 1:1
electrolyte, whereas the complex of DBAMS is 1:2 electrolyte As a result, the general composition may
be represented as [CrLCI2]Cl and [CrLCI]CI2 respectively. This complex has a magnetic moment (Table
2) that is near to the spin-only value and corresponds to three unpaired electrons (i.e., 3.72-3.83 B.M.).
This suggests that the chromium ion is surrounded by an octahedral geometry [12]. Four bands are
visible in the electronic spectra of complex of DADAP ligand, which was recorded in DMSO, and they
are located at 18,630 cm! 22, 340 cm-' 25, 190 cm-', and 28,810 cm™' (Table 2). Three spin-allowed
bands with the greatest energy band corresponding to the *A2q—* T14(P) transition occurring above
30,000 cm-" are visible in the six-coordinate complex with Oh symmetry. Since there are four bands in
the spectrum below 30,000 cm-' it is impossible to explain it in terms of an idealized Oh symmetry. By
assuming that the complex contains a lower symmetry element, it can be explained. The effective
symmetry of these six-coordinate chromium complexes can be either D or Cav. The orbital triplet's
degeneracy was lifted in the order of increasing energy, resulting in the transitions *B1g—* E3(v1),
4B1g—* B2g(v2), “B1g—* EPg(v3) and 4B1g—* Axg(va)  and the assumption of the effective symmetry
around the metal ion of D4h. The electronic spectrum of Cr(lll) complex of DBMAS ligand was recorded
in DMSO displays three spin-allowed transitions at 25,125 cm- [*A2g — 4T1gP)]v3; 24,038 cm-! [*Azg —
4Tig (F)IV2; 18, 622 cm™ [*Ag —4*T2g (F)], v1; respectively Dqg, B, and b, among other ligand field
characteristics for both the complexes, have been estimated (Table 3). In case of DADAP complex
because there is less electron-electron attraction in the metal complex than in the free ion, there is a
greater gap between the electrons, effectively increasing the size of the orbitals. The value of b in the
complex drops with increasing delocalization and is discovered to be less than one. This value was
derived using the formula  =B(complex)/B(free ion), where B is equal to 918 cm for free ions. The
complex possesses a sizable amount of covalent character, according to the 3 value. The e.p.r.
spectrum of chromium complex with DADAP ligand displays is isotropic (giso = 1.98). According to Owen
[13], chromium(lIl)'s spin-orbit coupling constant can be used as a measure of metal-ligand covalency
by reducing it from its free ion value of 90 cm="' . A covalency parameter that is comparable to the
nephelauxetic parameter and is defined as the ratio of the spin-orbit coupling constants for the
complexes to those of the free chromium(lll) ion can be created. The e.p.r. spectrum of chromium
complex with DBMAS ligand was recorded using a polycrystalline sample at room temperature, and the
g-value was calculated using the expression: g = 2.0023 (1) 4k/10Dq), where k is the spin orbit coupling
constant for the metal ion in the complex. The g value is 2.1548.

Complex of Manganese(ll)

Molar conductance tests on the manganese(ll) complex of DADAP reveal that it is not an electrolyte
(Table 1). As a result, it is written as [Mn(DADAP)CI2]. It displays a magnetic moment (5.91 B.M.) at
room temperature, which is similar to the spin-only value (5.92 B.M.) and is equivalent to five unpaired
electrons. This object's electronic spectrum (Table 2) of complex exhibits modest absorption bands that
are indicative of octahedral geometry at 17,800 cm-'(v1), 24, 900 cm-(v2), 28, 700 cm-'(vs) and 31,650
cm (v4) [12]. You can label these bands as A1 — 4T14(*G), 6A1g— “Eg, (*G), “A14(4G) (10B + 5C), and
6A1g —*Eg(*D) (17B+ 5C) and ®A1g—*T14(*P), respectively. Calculations have been made for the various
ligand field parameters Dq, B, and B (Table 3). The energy due to transition 8A1g—*T14(*P) (*G) can be
used to calculate the Dq value using Orgel's curve transition energies vs Dq [13]. The earlier described
approach [14,15] was used to calculate parameter B. The low Racah B value of the manganese(ll)
chelate, 551, which is 70% lower than that of a free ion (786) and suggests a higher degree of
covalency. An example of a polycrystalline sample's e.p.r. spectrum a single, broad isotropic signal with
a centre around the Value of a free electron (g = 2.0023). The expansion of the spin relaxation is likely
the cause of the spectrum [16]. In Complex in DMSO solution produces an e.p.r. spectrum. including
six lines caused by the unpaired electrons' hyperfine interaction [17—-18] with the Mn (I = 5/2) The
nucleus. From low to high field, the nuclear magnetic quantum number MI that corresponds to the lines
is -5/2, -3/2, -1/2, +3/2, +5/2. The manganese(ll) complex of DBMAS has a magnetic moment of 5.94
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B.M. at room temperature, or five unpaired electrons. At 11,013, 31,446, 31,250, and 37,878 cm-1, the
electronic spectra showed four weak intensity absorption bands that may be attributed to A1y —
4T1g(*G), 6A1g— “Egq, (*G), *A19(4G) (10B + 5C), and 8A1g —*E4(*D) (17B+ 5C) and 8A1g—4T14(*P),
respectively. The transitions 6A1g— “Eq (*D), *A1g (*G), and 8A1g— *Eq4 (*D) were used to compute the B
and C values. This is because only the parameters B and C are reliant on these two transitions'
energies, which are independent of the crystal field splitting energy. 946.8 and 4356.4 cm-1,
respectively, are the B and C The curve transition energy versus Dq provided by Orgel can be used to
calculate the value of the parameter Dq by utilizing an energy level resulting from the transition 8A1g—
4T1g. The transitions 6A1g— 4Eg, 4A19(4G), and 6A1g— 4Eg(4D) cannot be used to determine the
value of the Dg parameter since they have practically zero slope and are therefore independent of the
Dq value. Table 3 provides the values of each ligand parameter. A polycrystalline sample's e.p.r.
spectrum exhibits a single, broad isotropic signal with a centre value of 2.0155, or roughly the free
electron g-value (g0 = 2.0023). Spin relaxation is the cause of the spectrum's enlargement [19].values.

Complex of cobalt (ll)

The complex of DADAP is likewise a non-electrolyte, according to molar conductance experiments
(Table 1). As a result, it might be written as [Co(DADAP)CI.]. At ambient temperature, it exhibits a
magnetic moment of 4.91 B.M. (Table 2), a value consistent with a high-spin configuration indicating
the presence of a deformed octahedral environment around the cobalt(ll) ion in the complex. Absorption
bands are visible in the complex's electronic spectra (Table 2) at 8772 and 18,519 cm-'. Electronic
spectrum analysis of this compound reveals that it has distorted octahedral geometry and may contain
Danh symmetry [20-21]. The spectral bands may be assigned as *T1g(F) — 4T2g(F) (v1), and 4T1g(F) —
4Azg(F) (vs)respectively. An intra-ligand charge-transfer may have caused the band above 30,000 cm1)
to form. The v2 band, which corresponds to the “T1g(F)— 4T14(P) transition and the v1 band overlap.
According to Lever [21], the complex's ligand-field parameters vs/vi, Dg/B, B, and 3 have been
determined (Table 3). The complex's e.p.r. spectrum was recorded at liquid nitrogen temperature since
the cobalt(ll)'s quick spin-lattice relaxation at higher temperatures (g1 = 3 012 and g1 = 2 504) widened
the lines. The significant angular orbital contribution is the cause of the g values' substantial departure
from the free electron value, which is g = 2.0023.

The cobalt(ll) complex of DBMAS shows magnetic moment at room temperature is 4.86 B.M. Bands at
10,500, 14,947, and 18,656 cm-' are visible in its electronic spectrum. Thus, the spectra may have Dan
symmetry and are similar to those of complexes with deformed octahedral geometry [ 22-24]. Assuming
that the effective symmetry is Dan, different bands can be attributed to the transitions 4T1g(F) — 4T2g(F)
(v1), 4T1g(F) — *A2g(F) (v3), and “T1g(F)— “T14(P) respectively. Table 3 lists the complex's ligand field
properties that have been calculated. The nephelauxetic value 3 suggests this compound has a sizable
amount of covalent character. The e.p.r. spectrum was recorded at the temperature of liquid nitrogen.
The expanded lines are at a higher temperature (g1 = 4.8195 and g1 = 2.547) due to the quick spin
lattice relaxation of cobalt(Il). The significant contribution of angular momentum accounts for the greater
departure of the g-values from the spin only value (g = 2.0023).

Complex of Nickel(ll)

Molar conductance tests on the nickel(ll) complex of DADAP ligand reveal that it is a 1:2 electrolyte
(Table 1). It can be made as [Ni(DADAP)]CIz, and the diamagnetic properties are demonstrated by the
moment of magnetism (Table 2). This suggests that the complex's geometry is square-planar. The two
prominent bands at 15,000 and 23,500 cm- in its electronic spectra (Table 2) are in agreement with the
reported values for square-planar nickel(ll) complexes [25-26]. These bands could be attributed to the
transitions 'B1g —'TB2g(v1) and 1B1g—"'Eg(v3), respectively.

At room temperature, the complex of DBMAS exhibits a 2.98 B.M. magnetic moment. Three spin-
allowed transitions, corresponding to 3Axg(F)— 3T2g(F); 3A2g(F)— *T1g(F), and 3Azq (F)— 3T1g(P), are
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seen in the electronic spectra of the nickel(ll) complex at 11,001, 14,970, and 32,501(cm-'). The
complex possesses octahedral geometry and may have Dsn symmetry, according to analyses of these
bands [27-29]. Several ligand field metrics show this compound to have a significant amount of covalent
character.

Complex of copper (ll)

According to molar conductance measurements, the complex (Table 1) can be formed as
[Cu(DADAP)CI2] and is not an electrolyte. The complex's magnetic moment is 1.98 B.M. (Table 2). The
Dan or Cav symmetry of the six-coordinate copper(ll) complexes causes the Eg and Tzg levels of the 2D
free ion to split into the B1g, A1g, B2g, and Eg levels, respectively. Three spin-allowed transitions are
therefore anticipated in the visible and near-infrared regions, although there are currently very few
complexes that have such resolved bands [24,25]. In order of increasing energy, these bands have
been attributed to the following transitions: 2B1g —2A1g (dx2-y? « dz?), 2B1g —?B2g (dx?-y? < dxy) and
?B1g —2Eg (dx?-y? « dxz,yz). The degree of tetragonal distortion brought on by ligand-field and Jahn-
Teller processes will determine the energy level sequence [26—28]. The complex's electronic spectrum
(Table 2) reveals a band at 14,085 cm-! and a distinct shoulder at 16,000 cm-' that can be attributed to
the 2B1g— 2A1g and 2B1g—2Eg Using examples, respectively. The current complex's e.p.r. spectrum [30-
31] shows well-resolved anisotropic signals in the parallel and perpendicular region. The observed data
demonstrate that the values of gi and g1 are closer to 2 and gi > g1 with gi=2.36 and gL = 2:08. This
shows that the copper(Il) complex has significant deformation from Oh symmetry.

At room temperature, the magnetic moment of the DBMAS complex is 1.89 B.M., or correspond to one
unpaired electron. One may say that the complex has tetragonal geometry. The Eg and T2q levels of the
2D free ion will split into B1g, A1g, B2g, and Egq levels, respectively, depending on the electronic symmetry
of the six coordinate copper(ll) complex, which has either Dan or Cav symmetry. In the visible and near
i.r. region, three spin-allowed transitions are therefore anticipated. However, there are only a small
number of complexes [32] known in which such bands are either resolved by "Gaussian Analysis" or
"Single Crystal Polarization studies." The following transitions, in order of increasing energy, have been
given these bands. 2B1g —2A1g (dx2-y? « dz?), 2B1g —?Bzg (dx?-y? < dxy) and 2B1g —2Eg (dx?-y? «
dxz,yz). The amount of tetragonal distortion brought on by the ligand field and Jahn-Teller effect will
determine the energy level sequence [33]. The complex has bands at 9671, 16,077, and 31,446 cm-’
in its electronic spectrum. The compound displays a tetragonal copper-specific anisotropic e.s.r.
spectrum. G-values of 2.1769 and 2.0637 have been observed. The anisotropic g-values have been
determined using Kneubuhl's techniques[34] and older methods[35]. The copper(ll) complex in solution
exhibits no change in its e.p.r. spectrum. It has been determined that the exchange interaction between
the copper centres in a polycrystalline solid is measured by G = (gi- 2)/(g1- 2). Hathaway [36-37] claims
that the exchange interaction is minimal if G > 4. Significant exchange interaction in the solid complexes
is indicated by a value of G< 4. There is a significant exchange interaction between the complex
molecules in the complex under study because G = 2.77.

Complex of palladium (ll)

The compound is a 1:2 electrolyte, according to tests of molar conductance (Table 1). Its magnetic
moment revealed that it was diamagnetic (Table 2). Positive confirmation of the existence of square-
planar geometry is provided by the complex's electronic spectrum [38-39]. It is possible to attribute the
electronic spectral bands seen at 21,950 cm-' in the palladium(ll) complex to the 'B1g— 'A1g transition.
Charge-transfer is responsible for other electronic spectral bands that emerge at 25,915 cm-1 and
above. It is possible to determine the value of A from the first spin permitted d-d transition by assuming
that the Slater-Condon inter-electronic repulsion parameters have a value of F2 = 10F4 = 600 [40].
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Complex of Iron (ll)

Iron(lll) complex has a 5.96 B.M. magnetic moment at ambient temperature. Bands are visible in the
complex at 15,723, 32,467, and 38,168 cm-[41] It is highly improbable that the spectra of the iron(lll)

derivatives, which are more covalent than those of manganese(ll), can be explained in terms of very
specific values of B and C.

- H,C CH3
H.C CH3
\' } \' }
cl
HSC o H C CH
- - 3 3
i H,C CH, ]
2Cl

M = Cr(lll), L = DADAP

H,C

H,C N>—)<}I
<

CH,

M = Mn(ll). Co(ll), L = DADAP

2Cr

N

H,C

OO

M= Ni(ll), Pd(ll), L = DADAP

\

X CH,

Cr

a

M = Cr(lll), Fe(lll), L = DBMAS M = Mn(ll), Co(ll), Ni(Il), Cu(ll), L = DBMAS

Scheme 3. Proposed Structures of the synthesized complexes.

Acknowledgment:

The author is thankful to Principal Janta Vedic College, Baraut (CCS University, Meerut) for providing

research facilities and also grateful to Indian Institute of Technology, Roorkee for the instrumentation
support.

References:

1. Sykes, A. G. (Ed.). (1986). Advances in inorganic and bioinorganic mechanisms (Vol. 4). Academic
Press,187.

959
https://rifanalitica.it



Rivista Italiana di Filosofia Analitica Junior Vol 14, No. 1 (2023)
ISSN: 2037-4445

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

Cameron, J. H., Harvey, H. B., & Soutar, I. (1992). Non-symmetrical tetraaza macrocyclic
complexes of nickel (II) and their binding to synthetic polymer supports. Journal of the Chemical
Society, Dalton Transactions, (4), 597-603.

Bligh, S. A., Choi, N., Geraldes, C. F., Knoke, S., McPartlin, M., Sanganee, M. J., & Woodroffe, T.
M. (1997). A novel hexaaza macrocycle with methylenephosphonate pendant arms: a potential
useful chelate for biomedical applications. Journal of the Chemical Society, Dalton Transactions,
(21), 4119-4126.

Bansal, A., & Singh, R. V. (2001). Template synthesis, spectroscopic studies and biological
screening of macrocyclic complexes of lead (ll).

Coughlin, P. K., & Lippard, S. J. (1984). Copper (II) chemistry in hexaaza binucleating macrocycles:
hydroxide and acetate derivatives. Journal of the American Chemical Society, 106(8), 2328-2336.
Basallote, M. G., Duran, J., Fernandez-Trujillo, M. J., & Mariez, M. A. (2001). Stability and kinetics
of decomposition of binuclear Cu (Il) complexes with a symmetrical hexaaza macrocycle: the effect
of SCN- as ancillary ligand. Polyhedron, 20(1-2), 75-82.

Choi, K. Y., Chun, K. M., & Suh, I. H. (2001). Synthesis and characterization of one-dimensional
nickel (Il) macrocyclic complexes with bridging organic ligands. Polyhedron, 20(1-2), 57-65.
Casellato, U., Vigato, P. A., Fenton, D. E., & Vidali, M. (1979). Compartmental ligands: routes to
homo-and hetero-dinuclear complexes. Chemical Society Reviews, 8(2), 199-220.

Cummings, S. C., & Busch, D. H. (1970). Geometric and optical isomers of cobalt (lll) complexes
containing two moles of the cyclic tridentate ligand derived from o-aminobenzaldehyde. Journal of
the American Chemical Society, 92(7), 1924-1929.

Cummings, S. C., & Busch, D. H. (1970). Geometric and optical isomers of cobalt (1) complexes
containing two moles of the cyclic tridentate ligand derived from o-aminobenzaldehyde. Journal of
the American Chemical Society, 92(7), 1924-1929.

Garrett, T. M., McMurry, T. J., Hosseini, M. W., Reyes, Z. E., Hahn, F. E., & Raymond, K. N. (1991).
Ferric ion sequestering agents. 22. Synthesis and characterization of macrobicyclic iron (lll)
sequestering agents. Journal of the American Chemical Society, 113(8), 2965-2977.

Figgis, B. N. (1966). Introduction to ligand fields. Interscience publishers.

Perumareddi, J. R. (1969). Electronic spectra of quadrate chromium (lll) complexes. Coordination
Chemistry Reviews, 4(1), 73-105.

Chandra, S., & Sharma, S. D. (2002). Chromium (lll), manganese (1), cobalt (ll), nickel (II), copper
(I1) and palladium (II) complexes of a 12-membered tetraaza [N 4] macrocyclic ligand. Transition
metal chemistry, 27, 732-735.

Lever, A. P. (1968). Inorganic electronic spectroscopy. Studies in physical and theoretical
chemistry, 249.

Hong, D. M., Wei, H. H., Gan, L. L., Lee, G. H., & Wang, Y. U. (1996). Synthesis, structure and
magnetic properties of mononuclear [Mn (2, 2'-bipyrimidine) 2 (H20) 2][CIO4] 2 and polynuclear
[Mn (2, 2'-bipyrimidine)(NO3) 2] complexes. Polyhedron, 15(14), 2335-2340.

Chandra, S., Gautam, A., & Tyagi, M. (2007). Synthesis and spectroscopic characterization of
transition metal complexes of a 12-membered tetraaza [N 4] macrocyclic ligand and their biological
activity. Transition Metal Chemistry, 32, 1079-1084.

Muller, J. G., Chen, X., Dadiz, A. C., Rokita, S. E., & Burrows, C. J. (1993). Macrocyclic nickel
complexes in DNA recognition and oxidation. Pure and applied chemistry, 65(3), 545-550.

Rana, V. B., Singh, D. P, Singh, P., & Teotia, M. P. (1981). Divalent nickel, cobalt and copper
complexes of a tetradentate N 6 macrocyclic ligand. Transition Metal Chemistry, 6, 36-39.

Lever, A. P. (1968). Inorganic electronic spectroscopy. Studies in physical and theoretical
chemistry, 320.

Hong, D. M., Wei, H. H., Gan, L. L., Lee, G. H., & Wang, Y. U. (1996). Synthesis, structure and
magnetic properties of mononuclear [Mn (2, 2'-bipyrimidine) 2 (H20) 2][CIO4] 2 and polynuclear
[Mn (2, 2'-bipyrimidine)(NO3) 2] complexes. Polyhedron, 15(14), 2335-2340.

960

https://rifanalitica.it



Rivista Italiana di Filosofia Analitica Junior Vol 14, No. 1 (2023)
ISSN: 2037-4445

22.

23.
24.

25.

26.

27.
28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

UnniaNair, B., & KumaraMandal, S. (1996). Synthesis, characterisation and superoxide dismutase
activity of a manganese (Il) complex. Journal of the Chemical Society, Dalton Transactions, (9),
2019-2021.

Figgis, B. N. (1964). Introduction to ligand fields. Interscience publishers,37.

De Santis, G., Fabbrizzi, L., Licchelli, M., Mangano, C., Pallavicini, P., & Poggi, A. (1993).
Ferrocene-metallocyclam conjugates: new redox systems whose two-electron activity can be
modulated through the medium. Inorganic Chemistry, 32(6), 854-860.

Chandra, S., Tyagi, M., & Sharma, K. (2009). Mn (Il), Co (Il), Ni (Il) and Cu (Il) complexes of a
tertraaza macrocyclic ligand: Synthesis, characterization and biological screening. Journal of the
Iranian Chemical Society, 6(2), 310-316.

Osunlaja, A. A., Ndahi, N. P., & Ameh, J. A. (2009). Synthesis, physico-chemical and antimicrobial
properties of Co (Il), Ni (Il) and Cu (II) mixed-ligand complexes of dimethylglyoxime-Part |. African
Journal of Biotechnology, 8(1).

Figgis, B. N., & Lewis, J. (1964). A review of magnetochemistry. Prog. Inorg. Chem, 6, 37.
Procter, I. M., Hathaway, B. J., & Nicholls, P. (1968). The electronic properties and stereochemistry
of the copper (Il) ion. Part I. Bis (ethylenediamine) copper (Il) complexes. Journal of the Chemical
Society A: Inorganic, Physical, Theoretical, 1678-1684.

Tomlinson, A. A. G., Hathaway, B. J., Billing, D. E., & Nichols, P. (1969). The electronic properties
and stereochemistry of the copper (ll) ion. Part V. The tetra-ammine complexes. Journal of the
Chemical Society A: Inorganic, Physical, Theoretical, 65-71.

Nikolov, G. S., & Atanasov, M. A. (1983). Electronic spectra of planar bis-acetylacetonato copper
(I complexes. Inorganica Chimica Acta, 72, 95-101.

Lever, A. P. (1968). Inorganic electronic spectroscopy. Studies in physical and theoretical
chemistry, 350.

Goggin, P. L., Goodfellow, R. J., & Reed, F. J. S. (1972). Trimethylamine complexes of platinum
(1) and palladium (1) and their vibrational and proton nuclear magnetic resonance spectra. Journal
of the Chemical Society, Dalton Transactions, (12), 1298-1303.

Kneubuhl, F. K. (1960). Line shapes of electron paramagnetic resonance signals produced by
powders, glasses, and viscous liquids. The Journal of Chemical Physics, 33(4), 1074-1078.
Hathaway, B. J. (1970). Struct. Bonding (Berlin), 14, 49 (1973); b) BJ Hathaway and DE
Billing. Coord. Chem. Rev, 5, 143.

Emsley, J., Ernst, R. D., Hathaway, B. J., Warren, K. D., & Hathaway, B. J. (1984). A new look at
the stereochemistry and electronic properties of complexes of the copper (Il) ion. In Complex
Chemistry (pp. 55-118). Springer Berlin Heidelberg.

Dudley, R. J., & Hathaway, B. J. (1970). Single-crystal electronic and esr spectra of bis-(aquo)
monoacetylacetonatocopper (ll) picrate. Journal of the Chemical Society A: Inorganic, Physical,
Theoretical, 1725-1728.

Lever, A. P. (1984). Inorganic electronic spectroscopy. Studies in physical and theoretical
chemistry, 350.

Goggin, P. L., Goodfellow, R. J., & Reed, F. J. S. (1972). Trimethylamine complexes of platinum
(I1) and palladium (1) and their vibrational and proton nuclear magnetic resonance spectra. Journal
of the Chemical Society, Dalton Transactions, (12), 1298-1303.

Black, D. S. C., & Hartshorn, A. J. (1973). Ligand design and synthesis. Coordination Chemistry
Reviews, 9(3-4), 219-274.

Riley, D. P., Merrell, P. H., Stone, J. A., & Busch, D. H. (1975). Five-and six-coordinate complexes
of iron (Il) and-(Ill) with a macrocyclic tetradentate ligand. Inorganic Chemistry, 14(3), 490-494.

961

https://rifanalitica.it



