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ARTICLE INFO ABSTRACT
N-[(2E)-2-{[(4-chlorophenyl)methylidene]hydrazinylidene}-1,2-
diphenylethylidene] hydroxylamine (HBMHpCB) is introduced as a
potential chelating agent for binding with Fe(II), Ni(II), Co(II), Zn(II) and
Cu(I1) metal ions. The synthesized HBMHpCB ligand and its resulting metal
complexes are characterized using various spectroscopic and analytical
techniques including UV-vis, IR, 'H NMR, powder XRD, ESR, magnetic, and
conductance measurement. Analysis of spectral data indicates that the ligand
coordinates to the metal ions in a tridentate manner through the oxygen and
nitrogen atoms of the oximino group and the azomethine moiety. Analytical
findings suggest a stoichiometry of 1:2 (metal: ligand) for all Cu(II) and
Ni(II) complexes. Additionally, the normal magnetic moments observed for
Fe(II), Co(II), Ni(II), and Cu(II) complexes support a high spin octahedral
structure, while the diamagnetic behavior of all Zn(IT) complex is consistent
with tetrahedral geometry. Conversely, the subnormal magnetic values
observed for Cu(I) complexes suggest a binuclear structural arrangement.
ESR spectra of the Cu(II) complexes further indicate a distorted octahedral
geometry with significant intrageneric spin-exchange interaction.
Furthermore, the synthesized compounds are screened for antibacterial, and
antifungal activities.

Keywords: Benzilmonoximehydrazide, octahedral structure, oximino
group, tetrahedral geometry, diamagnetic behavior

Introduction:

Benzilmonoximehydrazide, also known as 2-hydroxy-1,2-diphenylethanone oxime hydrazide, is a chemical
compound synthesized through the condensation reaction of benzil monoxime and hydrazine hydrate [1-5].
It is characterized by the presence of a hydrazide functional group (-CONHNH,) attached to the benzil
monoxime structure. This compound has attracted attention across various scientific domains including
organic synthesis, coordination chemistry, and medicinal chemistry due to its inherent biological activities
and reactivity [6-9]. Researchers explore its potential in diverse applications, from its utilization as a chelating
agent in metal complexes to its investigation as a pharmacophore for designing new therapeutic agents [10-
12]. The structural properties and chemical characteristics of benzilmonoximehydrazide make it a focal point
of scientific inquiry, particularly in drug discovery efforts and other related research fields.

In the literature, studies have explored the synthesis methods for benzilmonoximehydrazide, emphasizing its
potential as a versatile building block in organic synthesis. Researchers have investigated its reactivity towards
different chemical entities, highlighting its role as a precursor in the formation of various functionalized
compounds [13-15]. Moreover, benzilmonoximehydrazide has been extensively studied for its coordination
chemistry properties. Research in this area has focused on its ability to act as a chelating ligand for metal ions,
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leading to the formation of metal complexes with diverse structural and chemical characteristics.
Spectroscopic and analytical techniques have been employed to elucidate the coordination modes and
geometries of these complexes, providing insights into their potential applications in catalysis, materials
science, and bioinorganic chemistry.

In the realm of medicinal chemistry, benzilmonoximehydrazide has emerged as a promising scaffold for the
development of bioactive molecules. Studies have explored its pharmacological activities, including
antimicrobial, antifungal, anticancer, and antioxidant properties. Structure-activity relationship (SAR)
studies have been conducted to optimize its biological efficacy and selectivity, paving the way for the design
and synthesis of novel therapeutic agents based on benzilmonoximehydrazide scaffold. Considering the
aforementioned points, this paper focuses on the synthesis and spectroscopic characterization of complexes
involving Fe(I), Ni(II), Co(II), Zn(II), and Cu(II) ions in conjunction with N-[(2E)-2-{[(4-
chlorophenyl)methylidene]hydrazinylidene}-1,2-diphenylethylidene] hydroxylamine ligand as depicted in
Scheme 1. This investigation aims to provide a detailed analysis of the spectral properties and structural
features of these complexes. By examining the interactions between the metal ions and the ligands, valuable
insights can be gained into their coordination behavior and bonding modes.

1. Experimental:

1.1. Materials, instruments, and methodology:

a-Benzilmonoximehydrazide (HBMOH) was synthesized via the condensation reaction between a-
benzilmonoxime and hydrazine hydrate, following a previously reported protocol [16-18]. p-
Chlorobenzaldehyde was procured from Sigma-Aldrich. The metal salts used in the synthesis of the
complexes, including FeSO,, NiCl..6H.0, ZnCl,.7H.0, CoCl..7H.0, and CuCl..2H,0, were obtained from s. d.
fine chem. All chemicals and solvents employed were of analytical reagent grade and were used without
further purification. The melting points, recorded using a Digital Gallen-Kamp MFB-595 instrument, are
reported without correction. Infrared spectra of the ligand and its metal complexes were measured using a
Brucker FT-IR spectrometer with KBr discs, covering the range of 500—4000 cm. Electronic spectral data of
the solid complexes dissolved in DMF were obtained using a double-beam JASCO V650 UV-vis
spectrophotometer within the wavelength range of 200-1000 nm. The molar magnetic susceptibility (meff)
was determined at room temperature (296 K) using the Gouy method. Electron spin resonance (ESR) spectra
were recorded with a JES-FE2XG-ESR Spectrometer (JEOL) operating at 8.7 GHz in a cylindrical resonance
cavity with 100 kHz modulation. The g-values were determined by comparing them with the free radical
DPPH (2,2-diphenyl-1-picrylhydrazyl) signal (g = 2.0037) [19]. The *H NMR spectra were recorded using a
Bruker NMR 400 MHz Ultra ShieldTM in DMSO de. Chemical shifts are reported in parts per million (ppm)
units. Elemental analyses (carbon, hydrogen, nitrogen, and sulfur) were performed by the Microanalytical
Center, at Pune University.

1.1.1. Synthesis ofN-[(2E)-2-{[(4-chlorophenyl)methylidene]hydrazinylidene}-1,2-
diphenylethylidene] hydroxylamine (HBMHpCB):

A heated solution comprising 10 mmol of benzilmonoximehydrazide dissolved in 100 mL of ethanol was
supplemented with an ethanolic solution containing 12.50 mmol of p-chlorobenzaldehyde and 5 mL of
concentrated hydrochloric acid. Following the completion of the reaction, the mixture was refluxed for five
hours. Upon cooling, a yellow precipitate formed, which was subsequently filtered and washed with hot water.
The resulting crude material underwent recrystallization from methanol, resulting in the isolation of pure
HBMHpCB.
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Scheme 1: Reaction scheme of HBMHpCB ligand

1.1.2. Transition metal complex synthesis:
0.1 N NaOH

2HBMHPCB 4 MCl,.nH,0 —5=ts M(BMHPCB), 4+ 2HCI
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Scheme 2: Reaction scheme of metal complexes
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1.2. Antimicrobial activity:

Multiple bacterial species, including S. aureus, P. aeruginosa, B. subtilis, and E. coli, were subjected to testing
to characterize both the HBMHpCB ligand and its complexes. Additionally, the antifungal activity of the ligand
was assessed against C. albicans and S. cerevisiae. Fluconazole served as the standard antifungal agent, while
streptomycin was used as the common antibacterial agent [20]. Test solutions were prepared using dimethyl
sulfoxide (DMSO). The efficacy of the compounds against bacteria was determined using the disc diffusion
method. For each bacterial species under investigation, sterile agar medium was supplemented with 0.5 mL
of spore suspension (containing 10® to 107 spores mL-1) just before solidification. The mixture was then
transferred into sterile Petri dishes with a diameter of 9 cm and allowed to solidify. Wells with a diameter of
6 mm were created in each plate using a sterile corn borer. Subsequently, three wells were filled with 0.1 mL
of the tested substances dissolved in DMSO. The dishes were then incubated in an incubator set at 37°C for
48 hours (for bacteria) and 72 hours (for fungi) until clear or inhibitory zones formed around each well.

2. Results and Discussion:

The capacity of the synthesized HBMHpCB to engage in complex formation with various stoichiometric ratios
is examined through various physico-chemical investigations, facilitated by the presence of multiple
coordination sites. Table 1 compiles key analytical and physical properties observed for the synthesized metal
complexes. While certain organic solvents demonstrate insolubility in these compounds, they exhibit
solubility in DMF, nitrobenzene, and DMSO.

Table 1: The HBMHpCB ligand and its metal complexes: analytical and physical data

Elemental Analysis
. Electrical
NBP' / Iltll/lagn etic Conductance
Yield Jec. % M % C %H %N %0 Cl% oments| . niin NB)
Compound Colour % point°C Found | Found | Found | Found | Found | Found (B.M.) mbhos
(Caled) | (Caled)| (Caled)| (Caled)| (Caled)| (Caled)
69.69 4.42 11.59 4.41 9.70
HBMHpCB Yell 6. 88 - - -
P erow | 7655 | 1 (69.71) (4.46) | (11.61) | (442) | (0.80)
[Fe(BMHpCB)- 7.18 64.90 3.85 10.80 4.11 9.12
Bl 69.8 .6 18
1 ue 087 201 (7.20) | (64.96) | (3.87) | (10.83) (4.12) (9.15) 503 ot
[Co(BMHpCB) 7.45 64.63 3.82 10.74 4.09 9.06
B . . .
21 rown | 77541 209 (757) | (6470) | (3.85) | (1078) | (411) | (91 507 118
[Ni(BMHpCB)- 7.50 64.60 3.83 10.76 3.83 9.01
G .88 . .6
] reen 179 2 (7.54) (64.72) (3.85) (10.79) (3.85) (9.12) 319 169
[Cu(BMHpCB) 8.09 62.25 3.82 10.69 4.05 9.00
2 Green 7414 207 (8.11) (62.32) (3.83) (10.72) (4.08) (9.05) 1.94 2.00
[Zn(BMHpCB) 8.28 64.11 3.77 10.66 4.02 9.03
Yell . - .
21 ellow | 7136 | 208 (833) | (6417 | (3.82) | (1070) | (4.07) | (9.04) 033

2.1. FT(IR) spectra:

Table 2 presents the infrared spectral data. The free ligand displays a prominent broadband peak at 3047
cm?, attributed to the v(N-OH) vibration of the oxime group. The absence of this characteristic in the
complexes indicates deprotonation of the oxime hydroxyl group upon complex formation [21-23]. The distinct
bands of the HBMHpCB ligand detected at 1566 and 1620 cm- were attributed to the oximino and azomethine
groups, respectively. Upon complexation, these bands exhibited downward shifts, indicating the involvement
of both groups in coordination processes [24-25].

This observation is further supported by the appearance of new bands at 552-659 cm* and 516-562 cm in
the complexes, corresponding to the stretching vibrations of v(M-0) and v(M-N) bonds, respectively [25-
26]. Notably, there is no alteration in the absorption band of the ligand at 766-859 cm- associated with C-ClI,
indicating that this group is not involved in coordination [27].

Table 2: The FT(IR) spectral bands of the ligand (HBMHpCB) and its metal complexes (cm-1):
Assignments vOH Oximino | vC=CAr. | vC=NN | vC=NO VN-N c-cl vM-N "l‘l’fl—’
HBMHpCB 3047 2995 1620 1566 1008 859 - -
[Fe(BMHpCB):] - 3025 1595 1537 1073 766 53 524
[Co(BMHpCB):] - 3026 1597 1491 1091 819 659 516
[Ni(BMHpCB)-] - 3027 1593 1492 1039 822 558 540
[Cu(BMHpCB)-] - 2900 1595 1491 1089 821 620 562
[Zn(BMHpCB):] - 20941 1588 1488 1085 812 552 520

2.2, tH-NMR spectra:
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In the 'H-NMR spectra, the phenyl groups corresponding to the aromatic region at 7.377-8.090 ppm are
evident in both the HBMHpCB ligand and its Zn(II) complex. Notably, the singlet signal at 12.410 ppm,
attributed to the N-OH proton, is absent in the Zn(II) complex of the HBMHpCB ligand, suggesting
deprotonation of the oxime's hydroxyl group in the ligand [26].

Table 3: HBMHpCB ligand and complexes PMR spectrum

Compound N-OH | =CH- | Aromatic Proton
HBMHpCB 12.410 | 10.592 7.377-8.090
[PA(BMHmMCB).] - 10.398 7.370-8.116

2.3. Electronic spectra and magnetic moment:

The magnetic moments and electronic spectrum bands of the complexes are documented in Table 1 and
Table 4. Electronic spectra of HBMHpCB and its Fe(II), Co(II), Ni(II), Cu(II), and Zn(II) complexes in DMF
exhibit absorption bands at 253-304 nm and 313-435 nm with high molar extinction coefficients, indicative
of m—m* and n—o* intra-ligand charge transfer, respectively. These intense absorption bands satisfy Lapport
selection requirements. Notably, the Fe(IT) complex's electronic spectrum features broadband at 580 nm,
likely arising from the 5T,z — 5E, transition. The consistent observation of octahedral geometry in complexes
involving the ligand HBMHpCB and Fe(II) supports this finding.

The electronic spectra of the Co(II) complex in DMF reveal three medium-intensity bands at 900 nm, 610 nm,
and 525 nm, assigned to the transitions 4Tz — 4Tog(F), 4Tis — 4T1s(P), and 4T,y — 4As(F). These values are
explained using the effective symmetry of an octahedral environment. In the nickel(II) complex, the first and
second ligand field transitions, 3A.; — 3T, and 3A,; — 3T, respectively, are observed at 980 nm and 630 nm.
Using the Tanabe-Sugano diagram, parameters such as the Racah parameter, splitting energy, undetected
third transition, and nephelauxetic parameter were calculated. Cu(II) with a d9 structure anticipates an
electronic transition from type 2E; — 2T, The Cu(II) complex displays two Jahn-Teller distorted absorption
bands at 690 nm and 604 nm, corresponding to the 2B,; — 2B.; and 2B,z — 2E, transitions, respectively. The
observed magnetic moment of 1.94 B.M. in the Cu(II) complex aligns with that of octahedral Cu(II) complexes.
Oximino and azomethine transition bands are observed in the 253-380 nm region of the electronic spectrum
of the Zn(II) complex. Additionally, less intense and broader bands spanning 253-380 nm are attributed to
the overlap between low-energy m — n* transitions, primarily located within the azomethine group, and
ligand-to-metal charge transfer (LMCT) transitions originating from the lone pairs of the oximino oxygen
donor to Zn(II).

Table 4: HBMHpCB ligand electronic absorption spectrum data and its metal complexes

Compound | Anm | £ (dm3/mol/cm) Transition
HBMHpCB 373 20520 —> n*
280 21431 T—> 7T
580 129 5T2g—>5E,
[Fe(BMHpCB).] | 405 921 LMCT
360 4520 LMCT
900 6 4T1(F) — 4T25(F) (v1)
[Co(BMHpCB).] | 610 239 4T — 4Tag (Vo)
525 446 4T15(F) — 4T25(P) (v3)
980 12 3A0g(F) — 3T25(F) (v1)
[Ni(BMHpCB).] | 630 236 3A.F) — 3T, (F) (v2)
540 518 3A,0(F) — 3T1(P) (v3)
690 741 2Big — 2Asp(dxo-yo — d%) (v1)
[Cu(BMHpCB).] | 604 197 2Big — 2Bog(dyo-yo — dyy) (V)
510 2011 2Byg — 2Eg(dxo-ys —dgy, dys) (v5)
380 19521 LMCT
[Zn(BMHpCB).] | 304 21315 LMCT
253 18968 LMCT

2.4. ESR Spectrum:

The EPR spectra of the Cu(II) complex were acquired from both a polycrystalline sample and a DMF solution.
In both cases, the spectrum displays a distinctive anisotropic signal in both the parallel and perpendicular
63Cu regions. Recorded data indicate g, values ranging from 2.0026 to 2.1306 and gog values ranging from
2.0055 to 2.2301. According to [27], the copper(II) complex undergoes significant distortion from Oy
symmetry to D,h symmetry, as evidenced by g-values close to 2 and goo > g. > 2.0023. The exchange
interaction between copper centers in the polycrystalline solid was evaluated by computing a parameter G =
(goo - 2)/(g. — 2). As per Hathaway [28,29], a G value greater than 4 suggests minor exchange contact,
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whereas a G value less than 4 indicates a significant exchange interaction in solid complexes. The solid

complexes investigated in this study exhibit significant exchange contact, as evidenced by G values smaller
than 4.

2.5. Powder XRD:

X-ray diffraction patterns of the complexes were obtained in the 20 = 20-80° range. The lack of peaks observed
in the complexes indicates their amorphous nature [30].

2.6. Antimicrobial activity:

Table 5 presents the antibacterial and antifungal properties of the ligands and complexes. Enhanced activity
is observed with higher concentrations of the test solution containing the complexes [31]. The antibacterial
efficacy of the metal complexes surpasses that of the Schiff base ligands, as indicated in Table 6. Notably,
among the complexes, the Cu(II) complex exhibits superior efficacy against both gram-positive and gram-
negative bacteria. Furthermore, the fungicidal screening results in Table 5 demonstrate that the Cu(II) and
Ni(IT) complexes display moderate activity compared to the other complexes and the Schiff base ligand.

Table 5: Antibacterial data of HBMHpCB ligand and its metal complexes

Antibacterial Activity (zone of inhibition)
Compound . . .
S. aureus B. subtilis E. coli P. aeruginosa

HBMHpCB 6 8 6 8
[Fe(BMHpCB).] 12 13 14 6
[Co(BMHpCB)-] 15 12 15 13
[Ni(BMHpCB)-] 17 14 17 15
[Cu(BMHpCB),] 15 14 14 12
[Zn(BMHpCB).] 19 20 18 17
Streptomycin 10 7 13 8

Table 6: Antifungal data of HBMHpCB ligand and its metal complexes

Antifungal Activity (zone of inhibition)
Compound C Albican S.C.
HBMHpCB 6 7
[Fe(BMHpCB).] 14 14
[Co(BMHpCB).] 15 19
[Ni(BMHpCB),] 17 15
[Cu(BMHpCB)-] 12 10
[Zn(BMHpCB)-] 11 12
Fluconazole 10 8

3. Conclusion:

The Schiff base ligand HBMHpCB is represented as [ML.] in the compounds formed by transition metal
complexes. Based on the available data, L is confirmed to function as a tridentate ligand. The complexes
formed with Fe(II), Co(II), Cu(II), and Ni(II) display octahedral geometry, while those with Zn(II) exhibit
tetrahedral geometry. As per the results obtained from antibacterial assays, the Cu(II) complex demonstrates
the highest efficacy among the tested metal complexes.

Y

N r N

N » O

\/ a
°' [N\

o
Where M = Fe(II), Co(II), Ni(II), Cu(Il), and Zn(II)

Figure 1: Tentatively structures of the metal complexes
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