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Abstract.

A host of new Fe(l1), Co(ll), Ni(ll), Ru(l11), Rh(I), Ir(H1), Cr(11), Pd(11), Cu(ll) and Mn(Il) complexes with
benzilmonoximehydrazide-o-chlorobenzaldehyde (HBMHO0CB) ligand have been prepared and characterised
through physicochemical and analytical data. The electronic and magnetic moment data studies classify the
reported as 5 or 6-membered coordinated geometry. The FT(IR) spectra scrutiny between the HBMHoCB
ligand and its bivalent and trivalent metal complexes and in analogy with the crystal structure analysis indicate
that the HBMHOCB ligand exercises neutral bidentate (N, N) behaviour through azomethine and oximino
group bind with central bivalent as well as trivalent metal ions.
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Introduction:

Due to their numerous bonding mechanisms,
oximes are crucial in advancing transition metal
coordination chemistry. Chelating compounds
known as benzolmonoximes are frequently
employed in analytical and extractive chemistry.
Atomic absorption spectroscopy, for instance, has
been used to determine the amount of copper in a
solution based on its benzilmonoxime complex®.
It is a well-known extractant for molybdenum,
tungsten, and vanadium, as well as for the
microgram-level detection of cobalt. Many of the
described benzilmonoximates exhibit intriguing
stereochemistry. Due to their biological activity
and semi-conducting qualities, benzilmonoximes
are particularly interesting®. The importance of
benzilmonoximes has been appreciated particularly
in relevance to the coordination chemistry, which
has their transition and inner transition metal
complexes®.  The biological activity of
benzilmonoxime and its various derivatives is well-
acclaimed; Benzilmonoximehydrazide, for
example, has a powerful stimulating action on the
central nervous systems and is found extensively
used as a respiratory stimulant®®. Given this and
our continuing interest in the synthesis of new
benzilmonoximes, the present communication
reports the preparation and characterisation of
Fe(ll), Co(ll), Ni(ll), Ru(l), Rh(H), Ir(H1),
Cr(111), Pd(I1), Cu(ll) and Mn(Il) complexes with
benzilmonoximehydrazide-o-chlorobenzaldehyde
(HBMHoCB) ligand.

HN—N N—OH

Conc. HCI
_— N—~N N—OH
A
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1. Experimental:

All the solvents and chemicals were used of AR
quality without further purification.

The HBMHoCB is with Fe(ll), Co(ll), Ni(ll),
Ru(l11), Rh(1), Tr(1), Cr(I11), Pd(I1), Cu(ll) and
Mn(ll) complexes were analysed at Thermo
Finning FLASH -1112 series analyser. The Fe(ll),
Co(ll), Ni(l1), Ru(ln), Rh(I), Ir(H), Cr(ll),
Pd(Il), Cu(ll) and Mn(Il) metal contents to as
determine gravimetrically. The trivalent metal
complex’s magnetic susceptibility measurements
were measured on a Gory balance using
[Co(Hg(SCN)4] as a standard at 301K. The UV
visible spectra recorded on JASCO uv-visible
spectrophotometer and FT(IR) spectra were
recorded on a Perkin-Elmer spectrum-100 model
FT-IR spectrophotometer in the solid state.

1.1. Synthesis of HBMHoCB Ligand:

To a solution of benzilmonoximehydrazide (23.9 g,
0.100mol) in warm methanol (100 mL) was added
a methanolic solution of o-chlorobenzladehyde
(17.50 mg, 0.0125 mmol) and conc. HCI (5ml). The
reaction mixture was refluxed for 3 hours. When
the solution was cooled, a yellow precipitate was
formed, filtered off and washed with hot water. The
crude material was then recrystallised from
methanol to give (27.04 g, 74.89%) pure
HBMHoCB.

=

Figure-1: Reaction scheme of HBMHoCB ligand

1.2. Synthesis of transition metal complexes:
An ag. Solution of metal (11/111) chloride (5mmol)
was added to the ethanol solution of HBMHoCB
ligand (10mmol), and pH was adjusted to 7. The
final reaction mixture was refluxed in a water bath
for 6-9h and cooled to 28°C; the solid-coloured
compounds were separated by filtration and
washed with hot distilled water dried over silica gel
at room temperature.

Antibacterial activity:

The paper disc diffusion method was used to
evaluate the antibacterial efficacy of HBMHoCB
and its complexes. Strains of G(+) Staphylococcus
aureus and G(-) Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, and

Eur. Chem. Bull. 2023, 12(Special Issue 5), 4176 — 4184

Staphylococcus epidermidis were selected. After
incubation for 24 hours, the diameter of the growth-
inhibitory zone around the disc was calculated.
Each treatment included four replicates, and the
values shown are the mean average.

2. Results and Discussion:

The reaction of metal (1I/111) chloride salts with
three equivalents of the HBMHoCB ligand in
alcohol affords the solid compounds with varying
colours better yield at 28-30°C. The reaction route
is stated as follows:

MCl; + 3HBHoCB — M(BMHo0CB); +3HCI and
MCI; + 2HBHoCB — M(BMHo0CB); +2HCI

All prepared metal complexes confirm the general
composition [M(BMHoCB)s] for Ru(lll), Rh(ll),
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Ir(111), Cr(lll), and [M(BMHo0CB),] for Fe(ll), recorded in nitrobenzene (Am0.53-3.68Q2*cm2mol)
Co(Il), Ni(11), Pd(1l), Cu(ll) and Mn(11) complexes indicate the non-electrolytic nature of all
as ascertained®!? from physicochemical and complexest®4,

analytical data (Table-1). The prepared metal

complexes molar conductance values (Table-1)

Table-1: Analytical and physical data of the HBMHO0oCB ligand and its metal complexes

Elemental Analysis

Compound Colour Yield |M.P. [/ Dec. M?nn:rﬂg Electrical Conductance
P % point°C %M %C |%H %N %0 |Cl% 10 M(in NB) mhos

Found |Found |Found |Found |Found |Found |(B-M.)
(Calcd)|(Calcd)|(Calcd)|(Calcd)|(Calcd)| (Calcd)

69.59 |4.43 11.60 (441 |9.80

HBMHoCB Yellow 84.54 1198 (69.71) |(4.46) |(11.61) |(4.42) |(9.80)

712 6491 (380 [1061 [4.09 [9.15
(7.20) |(64.96) |(3.87) |(10.83)|(4.12) |(9.15)

729 [6458 [365 |10.77 |403 [9.03
7.57) |(64.70) |(3.85) |(10.78) |(4.11) |(9.12)
: 748 6447 359 |10.67 |3.78 [9.10
[Ni(BMHoCB)] |Green 7890 218 (7.54) |(64.72) |3.85) |(10.79) |3.85) |0.12) |39° |08
1244 60.89 |351 |10.08 |351 [8.48
(12.83) |(61.02) |(3.63) |(10.17) |(3.87) |(8.60)
794 (6211 [358 1019 [4.05 [9.00
[Cu(BMHOCB);] |Green |77.64 |221 (11) |ters |ty |67 | aoey loos |18 [279
817 |6391 |3.74 |1060 [4.02 [9.01
(8.70) |(63.91) |(3.80) |(10.65) |(4.08) |(9.00)
910 |64.86 386 |10.68 |4.09 [9.15
[Mn(BMHoCB),] |Brown |78.96 (214 (9.16) |(65.04) |(3.87) |(10.84) |(4.13) |(9.16) 5.61 1.33

851 [63.90 |3.59 |10.37 |4.03 |9.00

[Fe(BMHOCB);] |Blue 81.19 |211 482 3.68

[Co(BMH0CB);] |Brown |80.00 (213 4.89 0.53

[Pd(BMH0CB),] |Brown |84.63 |213 1.99

[Rh(BMHOCB);] |Brown [80.99 |219 2.03 4.49

[RUBMHOCB)] |Red  |76.21 |218 (o) |(oaon |58 |(0.en | (aoe) |0z |36 [112
455 [6660 |391 1112 [421 |1108

[Cr(BMHO0CB)3] |Green 82.98 |213 4.59) |(66.78) |(3.97) |(11.13)|(4.24) |(11.13) 4.35 2.38

[I(BMHOCB)] |Brown |79.99 |225 15.08 1159.29 1345 1933 1372 1830 1) g5 |ig5

(15.09) |(59.43) [(3.54) |(9.91) |(3.77) |(8.37)

2.1. Electronic absorption spectra and with a high spin configuration and indicates that the

Magnetic moments:

In chloroform solvent, the electronic spectra of
transition metal complexes of HBMHoCB ligand
are obtained, and the band assignment is displayed
in Table-2. The energy of the metal d orbital,
degeneracy, and distribution of electrons all affect
the electronic spectrum. The geometry of the
complex, the amount and type of ligands, and the
metal’s oxidation state all impact these
characteristics. In the electronic spectra of the
Fe(ll) complex, which is attributed to the 5T»,—5Eq
transition and is consistent with octahedral
geometry*®, just one broadband is seen at 613nm.

The magnetic moment of the cobalt(l) complex is
4.89 BM, which corresponds to three unpaired
electrons (Table-1). Co(ll) complex's electronic
spectra show absorption in the ranges of 890
(e=91moletcm?), 696 (¢=547 moleicm™), and
550nm (£=938 mole*cm™), which is typical of an
octahedral geometry!5-1°. The transitions *T14(F) —
Tog(F) (V1), *T1g — *Tag (v2), “T1g(F) — *T2g(P) (vs),
respectively, may be attributed to the bands. The
magnetic moment of the Ni(ll) complex at room
temperature is 3.09 BM. This number is consistent
Eur. Chem. Bull. 2023, 12(Special Issue 5), 4176 — 4184

complex’s Ni(Il) ion is surrounded by an octahedral
environment?®. The complex's electronic spectra
show three absorption bands in the range of 978 nm
(e= 9 molelcm™), 685 nm (e= 62 molelcm™), and
530 nm (e= 657 mole*cm™). According to an
analysis of these bands, the complex may have Dan
symmetry and an octahedral geometry. Ni(ll) exists
in the ground state 3A2g in octahedral
coordination. The three spin-allowed transitions?,
*Aog(F) — *Tag(F) (V1), *Azg(F) — *Tig(F) (v2) and
3A2g(F) — 3T1g(P) (v3), may thus be attributed to
these bands, respectively. This supports an
octahedral geometry. Due to the n-r * and © —
n* transitions, the Pd(Il) complex's electronic
spectrum contained bands in the 326-245 nm
range. The overlap of the low energy = —
m* transitions, which are primarily concentrated
inside the azomethine group, and the LMCT
transitions from the lone pairs of the oximino donor
to Pd (1), led to the less intense and broad bands at
326 and 245 nm in the spectrum of the Pd(Il)
complex?,

The Cu(ll) complex's magnetic moment
measurement at room temperature is 1.98 BM,
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equal to one unpaired electron?*2?4. The electronic
spectra of the six-coordinate copper complex have
absorption bands in the ranges of 975nm (e=12
mole*cm?), 690nm (¢=103 mole*cm?), and
475nm (=196 mole*‘cm™). These bands could be
categorized as one of the three spin® permitted
transitions listed below: These transitions, 2By —
2A1(dxo—y2 — d? ) (V1), 2B1g — “Bog(dxa—y2 — dzy) (
V) and ZBlg - ZEg(dx27y2 —dyy, dyz) (v3) point to
Dan symmetry. The quantity of the tetragonal
distortion brought on by the ligand field and the
Jahn-Teller distortion effect will determine the
order of the energy levels.

The electronic spectrum of [Ru(BMHo0CB)s]
complex is located in bands at 625, 430 and 321nm,
which are assigned as 2Tog —*T1g, 2T2g —*T2g, and
2Toq —2Asg, 2T1g transitions respectively?®?’, The
[Rh(BMHOCB)3] complex electronic spectrum
exhibited bands at 550, 502 and 425nm due to
LA15—3T1g, 1A1g—>1T1g and 1A1g—>1Tog transitions,
respectively, for octahedral Rh(lll) complex-2°,

Section A-Research Pape

This observation confirms by the observed
magnetic moment at 2.03 B.M.

The electronic absorption spectrum of Ir(ll)
complex absorbs bands at 642, 470 and 391nm,
which may be assigned to the Aig—>3Tig, 2Tz
—%Tog, and 2Ty —2Ayq transitions, respectively®®-
32 At 4.35 BM, the magnetic moment of the
chromium(lll) complex was discovered. The
chromium (111) complex’s electronic spectrum has
984, 761, 570, 365, and 283nm bands. However, it
is possible to understand these spectral bands in
terms of the six coordinated environments
surrounding the metal atom®. Weak absorption
bands at 560 (v1), 399 (v2), 345 (v3), and 312nm (va)
of the Mn(ll) complex's electronic spectra (Table-
2) are indicative of the octahedral geometry3.
These bands can each be classified as 5Aig—*T1g
(*G), SA—>‘Egs (*G), “*Ay (*G) (10B+5C),
SAig—>*Eq  (*D), (17B+5C), SA—*Tiy (*P)
transitions respectively.

Table-2: Electronic absorption spectral data of HBMHoCB ligand and its Ln(l11) metal complexes

Compound Anm & (dm3mol/cm) Transition
322 8745 o>
HBMHoCB 253 | 9054 T
[Fe(BMHo0CB);] 618 234 5T2—5Eq
890 91 T1g(F) — *T2g(F) (V1)
[Co(BMHOCB),] 696 547 4T1g — *Tag (v2)
550 938 4T19(F) = “Toq(P) (v3)
978 91 Azg(F) — 3Tag(F) (V1)
[Ni(BMHo0CB);] 685 331 3A2q(F) — 3T1g(F) (v2)
530 657 3Azg(F) — 3Tig(P) (v3)
326 4589 MLCT
[PA(BMHOCB)] 1=z 7365 MLCT
875 12 2B1g — 2A1g(dey2 — d% ) (Vo)
[Cu(BMHOCB),] 690 103 *Big — *Bag(dxo-y2 — dzy) (V2)
475 196 2Blg — ZEg(dxz—yz —>dzy, dyz) (VS)
625 245 Tyy >*Tyg
[Ru(BMHoCB)3] 430 6945 2T,y >4 Tog
321 9784 2Tog >%Agg, “Tig
550 1065 LA1—3T g
[Rh(BMHO0CB)3] 502 7894 A1 Tig
425 8456 A1 Ty
642 106 1A15>%T g
[Ir(BMHOCB)3] 470 794 2Ty o Tog
391 7456 oy 5% Ay
570 1069 “Pog—*Tog
[Cr(BMHOCB)s] 365 5891 Aoy T1g(F)
560 978 ®A1g—>*T1g (*G) (v1)
399 2457 6A15>°Eq (“G) (v2)
[Mn(BMHoCB),] 345 3154 *A1q (“G) (10B+5C) 8A15>°E4 (“D) (v3)
312 7488 (17B+5C), ®A1g—>*T1q (*P) (va)

Eur. Chem. Bull. 2023, 12(Special Issue 5), 4176 — 4184
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2.2. ESR Spectra:

At ambient temperature, the Cu(ll) complex's EPR
spectra were captured on the X-Band at a frequency
of 9.1 GHz with a magnetic field strength of 3400
G scan rate 2000. Splitting occurs in the solution
phase, although the complex spectra only showed
one broad anisotropic signal. The idea that the
interaction between two paramagnetic centres is
minimal can be used to explain why the band for
the transition AMs = 2 is absent®®, The spectra
analysis yields two values for gj| and g.,2.1035 and
2.0383, respectively. The observed g, value for the
Cu(Il) complexes is less than 2.3, consistent with
the M-L bond's covalent nature. The unpaired
electron is concentrated in the dy.. orbital,
according to the ratio g > g, > 2.0023 determined
for Cu(ll) complexes, and the spectrum
characteristics are typical of axial and tetragonally
elongated geometry.

Section A-Research Pape

Table-3: EPR spectral data of the
[Cu(BMHO0CB).] complexes

ail 91 SO 9
2.1035 | 2.0383 | 2.0582 | 2.0709

2.3. The FT(IR) spectra:

The FT(IR) spectra of the HBMHoCB ligand and
its transition metal complexes scrutiny of observed
data observed broadband at 3239 cm™ due to the v(-
OH), of the HBMHoCB ligand, after complexation
this band disappeared, indicated that this group
participation in coordination®-*, The sharp bands
of HBMHoCB ligand observed at 1556 and 1614
cm™ were assigned to the oximino and azomethine
groups. These bands were shifted to lower sites
after complexation, suggesting that both groups
participated in coordination*®*, For FT(IR, data of
the transition metal complexes show non-ligand
bands which can be assigned to v(M-N) (oximino)
(475-499 cm™) and v(M—N) (azomethine) (501-
525cm™?) respectively*+°.

Table-3: FT(IR) spectral bands of the ligand (HBMHoCB) and its metal complexes (cm™):

Assignments OHCBE';"H Fe(l) | co(iy | Niiy | pdiny | cuqny | Ruginy | Rhamy | 1rqny | crany :\f)”(
VOH Oximino | 3378 | - - - i - i

VC=C Ar, 3022|3021 |3017 | 3023 |3020 |3023 |3016 |3017 [ 3021 |3026 |7
vC=NN 1614 | 1501 |1504 |1589 | 1505 | 1503 | 1596 | 1508 | 1501 | 1504 | °°
VC=NO 155 | 1530 |1533 | 1537 |1538 | 1540 | 1539 | 1538 | 1539 |1s40 | o>
WN-N 955 1001 | 1003 |1008 |1002 |1005 |1002 |1001 |1007 |1004 2%
W0 : 985 | 957 | 965 | 922 |96 |98 977 969 | 974 966
WM-N : 509 | 511|501 | 507 | 509 | 508 525 511 | 514 502
WSN - 483 | 477 | 475 | 475 | 479 | 499 493 475 | 491 493

2.4. PMR Spectra:

The PMR spectrum of ligand in ds DMSO solution
exhibits an acidic peak at 611.56ppm due to the -
OH proton of the oximino group. The PMR
spectrum of [Pd(BMHoCB);]Jcomplex reveals the
absence of the proton signal due to the N-OH
group, indicating that the proton signal due to
oximino N-OH group is replaced on complexation

with the Pd(I1) metal ion. The *H NMR spectrum
of HBMHoCB ligand and Pd(Il), in DMSO—dg
solvent, show a singlet signal at [18.54 ppm
equivalent to the first proton assigned to =CH-
group. The multiple signals at [17.27-7.70ppm are
due to aromatic hydrogen of carbon of ligand and
metal complexes.

Table-5: PMR spectral data of HBMHO0CB ligand and its Pd(I1) complexes

Compound NOH =CH- | Aromatic Proton
HBMHoCB 11.56 854 | 7.27-7.70
[Pd(BMHO0CB):] - 8.59 |7.27-7.70

Antibacterial activity

Evaluations have been conducted between Schiff
base HBMHo0CB and its metal(ll) complexes in
terms of their antibacterial efficacy against G(+)
and G(-) pathogens. The Minimal Inhibition
Concentration (MIC) and the growth inhibition

Eur. Chem. Bull. 2023, 12(Special Issue 5), 4176 — 4184

zone against test organisms were used to evaluate
bactericidal activities. Antibacterial activity against
Escherichia coli, Staphylococcus aureus, and
Klebsiella pneumoniae was observed in the new
metal complexes that were prepared. The nickel(ll)
compound has the highest bactericidal activity
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against S. aureus and E. coli (MIC of 17 ug/ml)
among the Schiff base coordination compounds
produced. With a MIC against E. coli between 12.5
and 25 pg/ml, all complexes performed better than
the gold standard, Streptomycin. Cobalt(ll) and
copper(Il) compounds exhibited modest activity,
but without significant MIC values, against Gram-
negative bacteria (P. aeruginosa and S.
epidermidis), while most of the other coordination
compounds showed little or no activity. In general,
chelation elevates the ligand's antibacterial
potency. Coordination has been shown to increase
the lipophilicity of the central metal atom in a
complex, which can increase the likelihood of the

)
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metal diffusing across the cell membrane and
disrupting metal-enzyme binding sites. However,
our findings suggest that factors apart from
membrane permeability must also play a role in
determining bactericidal action.

3. Conclusion:

Thus, in light of the discussion from spectral and
physicochemical analysis, the stereochemistry of
the HBMHoCB ligand about the central trivalent
metal ion is interesting and described in Figure-2.
Based on physicochemical, the HBMHoCB ligand
acts as a neutral bidentate coordinated through
nitrogen atoms of azomethine and oximino groups.

S
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CI°I/ by
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Where M = (a) Fe(l1), Co(ll), Ni(11), Cu(l1), Mn(I1) and (c) Rh(111), Ru(ll), Cr(I), Ir(111)
Figure-2: Tentatively structures of the metal complexes
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