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Abstract:
In this study, a novel amide ligand was synthesized through the two steps. I) Ethyl 4-nitrobenzoate
was synthesized through a condensation reaction between p-nitrobenzoic acid and ethanol in the
presence of concentrated H2SO4. II) This compound was further transformed into N, N’-(1,2-
phenylene)bis(4-nitrobenzamide) through a chemical reaction with 1, 2-benzene diamine. Novel
chelating amide ligands were created using amide and its complexes with metal ions such as Pd (II),
Pt (IV), and Au (III). The structures of the new compounds were thoroughly analyzed in the solid
state using spectroscopy methods such as 1H NMR, UV-Vis, FT-IR, metals and elemental analyses,
magnetic sensitivity, and conductance tests at room temperature. The geometry of the resulting
complexes was determined to be octahedral for the (Pt-L) complex and square planar for the (Pd-L
and Au-L) complexes. The ligand was identified to act as a tetradentate chelate through (N2O2).
The Pd catalyst proved to be effective in the selective oxidation of benzylic alcohols to aldehydes
when used alongside pyridine and oxygen gas. The reactions primarily produced aldehydes, with
minimal conversion to carboxylic acids through further oxidation. Utilizing low catalyst loadings
of 1.6 mol% resulted in high conversion rates of up to 100% and remarkable selectivity of up to
97% for the carbonyl derivatives. The Pd-complex catalyst demonstrated effective catalytic activity
and maintained its performance over five cycles without any significant loss in activity, suggesting
potential economic benefits. Moreover, an in vitro toxicity bioassay was conducted to evaluate the
toxicity of the newly synthesized compounds against MDA cell lines, showing promising results
as potential novel anticancer candidates, especially in larger quantities.
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1. Introduction

Oxidation processes are widely utilized in industrial appli-
cations due to their practicality [1–5]. Nevertheless, they
are also recognized as some of the most environmentally
harmful and dangerous processes. These reactions often
result in a high E-factor, which measures the mass of waste
produced per mass unit of product. Additionally, signif-

icant quantities of toxic byproducts, such as metal salts,
are generated in reactions utilizing stoichiometric Cr (VI)
or Mn (VII) derivatives or nitrogen oxides in oxidations
conducted with HNO3. The conversion of primary and
secondary alcohols into their corresponding carbonyl com-
pounds through oxidation holds significant significance in
organic synthesis [6–12]. This is primarily due to the ex-
tensive applicability of these resultant products as crucial
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precursors and intermediates in the production of numerous
drugs [13], vitamins [14, 15], and fragrances [16, 17]. The
conversion of alcohols into carbonyl compounds plays a
crucial role in the fine chemicals sector [18, 19]. Conven-
tional approaches to alcohol oxidation involve the utilization
of stoichiometric quantities of inorganic oxidizing agents
(e.g., chromate) or organic oxidants (e.g., DMSO). The uti-
lization of these techniques results in environmental and,
consequently, economic issues as a result of the substantial
quantities of byproducts generated. However, an alternative
approach exists that is more ecologically sustainable. This
method involves employing molecular oxygen or hydrogen
peroxide alongside a catalyst, with water being the primary
co-product [20–24]. Various catalysts, both homogeneous
and heterogeneous, have been previously studied for the
oxidation of alcohols using molecular oxygen or hydrogen
peroxide in a liquid medium [25–29]. Effective catalysts
utilizing cobalt [30, 31], copper [32–34], palladium [35–
40], ruthenium [41, 42], and tungsten [43, 44] have been
documented in the case of homogeneous catalysts. Various
catalytic systems capable of oxidizing alcohols have been re-
ported for heterogeneous catalysts. In addition, throughout
history, the emphasis of research has predominantly been
on the utilization of Pt/C [45] or Pd/C [46–48]catalysts.
Nevertheless, an inherent limitation of employing Pd or Pt
catalysts in the liquid phase with oxygen as the oxidant is
their susceptibility to deactivation caused by over-oxidation
and poisoning from byproducts [49]. Gold has recently
been shown to act as a catalyst in the oxidation of alcohol
in the presence of O2 [50–58].
A comprehensive investigation has been conducted on the
crystal structure data of basic amides and metal complexes
that incorporate monodentate amide ligands [59–61]. The
degree of alkylation of the amide functional group, the
type of metal ion in the amide complex, and the manner in
which it binds to the metal ion are all factors that influence
the reported statistical analysis of structural features. The
characteristics of metal-ligand coordination compounds are
predominantly influenced by the type of ligands that are at-
tached to the metal ion. The field of coordination chemistry
has witnessed a significant increase in research focusing on
amide ligands, spanning both non-biological and biological
domains.
The study of complexes was conducted in order to deter-
mine the quantity of bonding and the energy associated with
the breast gene. Amides and their derivatives represent a
significant group of compounds within the field of organic
chemistry. These substances exhibit intriguing biological
characteristics, including analgesic, anti-inflammatory, anti-
tuberculous, anticonvulsant, antitumor, antimicrobial, and
anti-HIV properties. Amides play a crucial role in drug
design, serving as potential ligands for metal complexes,
facilitating organocatalysis, and enabling the synthesis of
heterocyclic compounds. Transition metal chemistry with
amide ligands has attracted attention from coordination and
bio-inorganic chemists because of the diverse bonding in-
teractions exhibited with electron-rich and electron-poor
metals. Breast cancer (BC) ranks as the second most preva-
lent cancer globally and is the most commonly diagnosed

cancer among women [62–64].
This paper presents a comprehensive investigation into the
oxidation of alcohols (benzylic) employing amide ligand
chelating Au, Pd, and Pt. To ensure a fair comparison,
monometallic Au, Pd, and Pt on amide ligands were utilized
following a consistent methodology for anticancer activity.

2. Experimental

Materials and Instruments
The reagents from Fluka, Sigma-Aldrich, and Merck were
utilized in their original form: p-nitro benzoic acid, DMSO,
methanol, hexane, ethyl acetate, 1, 2-benzene diamine, ab-
solute ethanol, and sulfuric acid, along with PdCl2, H2PtCl6,
and HAuCl4.H2O were employed in the experiment. The
melting points of the synthesized substances were deter-
mined using the Kamp m. p apparatus at the University of
Karbala. The Euro EA3000 was utilized by Babylon Uni-
versity for elemental microanalysis. Molar conductivity for
complexes at the University of Karbala was tested using the
Inluba WTW balance. At the University of Al-Nahrain, the
magnetic susceptibility balance was employed to ascertain
the magnetic susceptibility of the compounds synthesized.
The Varian Spectrometer Operating (Bruker) at 400/300
was utilized to perform the Fourier transform, acquiring
1H-NMR spectra. Dimethyl sulfoxide or chloroform served
as the solvent, while TMS was employed as the internal
standard. At the Laboratory of Tehran University in Iran,
measurements were conducted. The University of Bagdad
utilized a Schimadzu spectrophotometer, specifically the
FT.IR 8400s model to capture FT.IR spectra. These spectra
were subsequently analyzed within the wavenumber range
of 400-4000 cm−1 using a KBr disc. Additionally, the elec-
tronic spectra of the ligand and its metal complexes were
obtained in a liquid state using the Shimadzu spectropho-
tometer’s UV-Vis, which covered wavelengths from 190 to
1100 nm.

Synthesis of Ligand (N, N’-(1,2-phenylene) bis(4-
nitrobenzamide))
Please follow the instructions provided to prepare the ligand.
The synthesis of ethyl 4-nitrobenzoate involves dissolving
0.152 g (0.0018 mol) of p-nitro benzoic acid in 20 mL of
pure ethanol, adding 1 mL of concentrated H2SO4, and then
cooling the mixture to 25 oC after refluxing for three to five
hours. The resulting product is filtered, and the absolute
ethanol is used for recrystallization to purify it. 0.1 g (0.001
moles) of 1,2-benzene diamine was introduced to 0.33 g
(0.002 moles) of ethyl 4-nitrobenzoate in 25 mL of absolute
ethanol. Subsequently, the mixture was subjected to reflux
for a duration of three hours. The resulting precipitate
was filtered, rinsed with cooled ethanol, and subsequently
subjected to another round of crystallization using ethanol.

Synthesis of Metal complexes
A single mole of the identical metal (PdCl2, H2PtCl6,
HAuCl4.H2O) was dissolved in 5–10 mL of methanol and
then combined with one mole of a ligand solution in 30 mL
of methanol to form complexes. The reaction mixture was
refluxed and stirred at 60 to 65 oC for a duration of two
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hours. Subsequently, the products were dried, washed with
ethanol, and filtered.

General Procedure for the oxidation of benzylic alcohols
using Pd-complex
A typical procedure for the experiment involved combining
a Pd-complex (0.05 mmol, 60 mg, 1.6 mol%) and toluene (5
mL) in a 25 mL two-necked flask. To this mixture, pyridine
(0.2 mL or 5 mmol) was added, resulting in a transforma-
tion from a brown suspension to a yellow-white suspension.
Oxygen gas was then introduced into the flask from an
O2-balloon at atmospheric pressure, and the mixture was
heated to 80 oC for 10 minutes. Following this, alcohol
(3 mmol) in toluene (5 mL) was injected using a syringe,
and the mixture was stirred for an appropriate duration at
90 ◦C under oxygen gas. After the reaction, the mixture
was filtered through a sinter-glass grade with mesh-4. The
solvent was removed under reduced pressure, leaving be-
hind an oily residue. This residue was subjected to column
chromatography (using hexane: Et2O/EtOAC as eluents) to
obtain the desired product. The products obtained were ana-
lyzed using GC/MS, and the GLC yields were determined
using bibenzyl as an internal standard.

Cytotoxic assay of metal complexes
The cytotoxicity of the complexes with their ligand was
assessed using the colometric N, N’-(1,2-phenylene) bis(4-
nitrobenzamide) method. MDA-231 cell lines from the
biotechnology center of Al-Nahrain University were uti-
lized in this study. After exposure to different dosages of
chemicals, the cell lines were analyzed 24 hours later. The
results of the MTT assay, which involved dosages of 400,
200, 100, 50, and 25 g/mL of ligands and heavy metal com-
plexes, were compared to untreated negative controls in the
culture media [65].

Selected Spectroscopic and physical data

Benzaldehyde (Compound 2a): Colorless liquid, 93%, 1H
NMR (300 MHz, CDCl3, ppm): 7.2 (doublet, J = 5.6 Hz,
1H), 7.3-7.4 (doublet, J = 5.6 Hz, 1H), 7.8 (doublet, J = 5.6
Hz, 1H), 9.6 (singlet, 1H).

4-chloro-benzaldehyde (Compound 2b): Off-white solid,
90%, m. p. 49-51 oC. 1H NMR (300 MHz, CDCl3, ppm):
8.0 (doublet, J = 8.2 Hz, 2H), 8.3 (doublet, J = 8.2 Hz, 1H),
9.7 (singlet, 1H).
4-nitro-benzaldehyde (Compound 2g): Yellow solid, 86%,
m. p. 105-106 oC. 1H NMR (300 MHz, CDCl3, ppm): 8.1
(doublet, J = 8.5 Hz, 2H), 8.4 (doublet, J = 8.4 Hz, 2H),
10.2 (singlet, 1H).
Acetophenone (Compound 2i): Colorless liquid, 97%. 1H
NMR (300 MHz, CDCl3, ppm): 2.4 (singlet, 3H), 6.4-6.6
(multiplet, 3H), 7.7 (doublet, J = 8.0 Hz, 2H).
Benzophenone (Compound 2k): White crystalline solid,
89%, m. p. 49-51 oC. 1H NMR (300 MHz, CDCl3, ppm):
7.1-7.3 (multiplet, 10H).

3. Results and Discussion

Synthesis and characterization of metal complexes
The ligand, known as N, N’-(1,2-phenylene) bis(4-
nitrobenzamide), was easily synthesized via a two-step
process (Scheme 1). Initially, the production of ethyl 4-
nitrobenzoate entails the dissolution of p-nitrobenzoic acid
in 20 mL of ethanol, followed by the addition of 1 mL of
concentrated sulfuric acid. Subsequently, the mixture is
cooled to a temperature of 25 oC after undergoing reflux for
a duration of three to five hours. Next, 0.1 g of 1,2-benzene
diamine was added to 0.33 g of ethyl 4-nitrobenzoate in
a 25 mL solution of ethanol (EtOH). Following this, the
resulting mixture was refluxed for a period of three hours,
resulting in the formation of the desired ligand.
Following the synthesis of the ligand, one equivalent of the
same metal (PdCl2, H2PtCl6, HAuCl4.H2O) was dissolved
in 5–10 mL of CH3OH and mixed with one equivalent of
a ligand solution in 30 mL of CH3OH to create complexes.
The resulting mixture underwent reflux and stirring at 60
to 65 oC for a period of two hours. Afterward, the result-
ing products were dried, rinsed with ethanol, and filtered
(Scheme 2).
Table 1presents a comprehensive summary of the physical
characteristics and analytical information pertaining to the
microelements of the ligand and their corresponding com-
plexes. The results indicate that these observations were

Scheme 1. Preparation of amide ligand.
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Scheme 2. Preparation of metal complex.

not soluble in non-polar or organic solvents but exhibited
solubility in dimethyl formamide (DMF) and dimethyl sul-
foxide (DMSO), aligning with the anticipated formula.
The 1H-NMR spectra of the platinum complex and the
ligand were compared in figures 1and 2 using DMSO-d6
solvent. The free ligand’s spectra displayed two signals:

Figure 1. 1H NMR spectrum of ligand

one at δ = 9.351 ppm, corresponding to the amide group’s
proton, and another at δ= 7.212 - 7.589 ppm, attributed to
the protons of the benzene ring. In the complex’s spectrum,
coordination with the metal ion was evidenced by the chem-
ical shift at 8.526 ppm for the amide group’s proton.
Infrared spectroscopy research utilizing KBr discs allowed

Figure 2. 1H NMR spectrum of Pt-complex

Table 1. Physical and analytical data of ligand and metal complex.

Entry Com. Color M.Wt M.P Yield% Found in the elemental Metal Proposed
g/mole oC analysis (calc.) found% Molecular Formula

C% H% N%
59.02 3.31 13.27

1 L Yellow 406.35 325-327 94.3 - C20H14N4O6
(59.12) (3.47) (13.79)
47.01 2.15 10.19 20.36

2 [Pd-L] brown 583.66 122-124 78 C20H14Cl2N4O6Pd
(47.03) (2.37) (10.97) (20.84)
35.23 1.21 8.17 29.01

3 [Pt-L] Yellowish 743.22 132-134 80.1 C20H14Cl4N4O6Pt
orange (35.84) (1.80) (8.36) (29.10)

39.45 2.00 9.18 32.21
4 [Au-L] Orange 710.65 163-165 89.4 C20H14AuCl3N4O6

(39.95) (2.01) (9.32) (32.76)
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for the recording of solid-state spectra. By comparing the
results to existing data, FT-IR analysis offered valuable in-
sights into the coordination of the ligand (L) with various
heavy metal ions. The ligand’s infrared spectra exhibited
a peak at 1629.85 cm−1, corresponding to υ (carbonyl),
and another peak at 3155.15 cm−1 for υ (NH) [66]. The
complexes were characterized using FT-IR (figure 3). The
confirmation of coordination was supported by the obser-
vation of a shift towards higher frequencies for the amide
group compared to the free ligand, as well as a shift towards
lower frequencies for the carbonyl group. Additional evi-
dence for coordination was provided by the appearance of
new bands corresponding to υ(M-N) amide at (484-572)
cm−1 and υ(M-O) at (470 cm−1) in the spectra of the com-
plexes. The presence of a broad band between (3300 and
2800) cm−1 was attributed to moisture in certain samples
[67, 68]. Further details regarding the bands observed are
outlined in Table 2.
Furthermore, the solubility of the complexes in DMSO,
along with data obtained from electronic spectra and mag-
netic moments, was utilized as a means to confirm the geom-
etry of the produced complexes. UV-Vis spectra of both the
ligand and complexes were recorded within the wavelength
range of 190 to 1100 nm (refer to figure 4). In the UV-Vis
ligand spectra, depicted in Figure 4a, the (π → π ∗) results
in a wide peak observed at 45662-41841 cm−1, whereas the
(n→ π ∗) transition exhibits a broad peak at 37735 cm−1

[69]. The Brown Pd (II) complex exhibited two bands in
its UV-Vis spectra (see figure 4b). The absorption bands
corresponding to the spin-paired d8 square planar arrange-
ment were assigned to transitions, with a shoulder initially

Figure 3. FT-IR spectra of a) ligand b) Pd-complex c) Pt-
complex d) Au-complex

observed at 29411 cm−1 and more intense [70] bands at
36764 cm−1. The transitions 1A1g → 1B1g , with a value of
10 Dq, and 1A1g → 1Eg were also observed in figure 4b [71].
This investigation was conducted based on a comprehensive
understanding of square-planar palladium complexes and
was compared with existing literature. Further confirmation
of square planar stereochemistry was provided by magnetic
susceptibility studies, which supported the characterization
of the low-spin diamagnetic complex. Conductivity stud-
ies indicated that the substance functions as an electrolyte
[72, 73].
The electronic spectra of a yellowish-orange platinum (IV)
ion complex displayed two absorption bands corresponding
to the transitions 1A1g → T1g and 1A1g → T2g at 27027 and
36363 cm−1, respectively (figure 4c). Additionally, a band
at 9990 cm−1 was observed, indicating spin-prohibited tran-
sitions 1A1g → T3g and 3T1g, as shown in figure 4c. These
findings supported the notion of an octahedral geometry for
the complex. The magnetic moment of the solid complex
was determined to be (0 B.M.), indicating a t2g6 eg0 config-
uration consistent with spin pair octahedral stereochemistry.
The conductance behavior of this complex suggests its elec-
trolytic nature [74].
The gold (III) complex displayed two prominent bands at
23923 and 35842 cm−1 in its spectrum. These bands were
assigned to the transitions1A1g → B1g and 1A1g → 1Eg, re-
spectively. Another peak band, which appeared diamagnetic
with zero magnetic moment (0 B.M.), was believed to be as-
sociated with the charge transfer process occurring around
the square planar geometry, as depicted in figure 4d. Fur-
thermore, when the electrical conductivity of this compound
was measured in DMSO solvent at room temperature, it ex-
hibited ionic activity. Therefore, the spectroscopic methods

Figure 4. UV-Vis spectra of a) ligand b) Pd-complex c) Pt-
complex d) Au-complex

Table 2. displays the spectrum information of the synthesized compounds.

Entry Compound υ (NO2) υ (NH) υ (C=O) υ (C-H) υ (M-O) υ (M-N)
1 L 1448.54-1409.96 3155.15 1629.85 3008.95 - -
2 [Pd-L] 1477.47 3371.57 1610.65 2987.74 470.63 484.13
3 [Pt-L] 1435.04-1415.75 3199.91 1606.70 2958.80 470.63 530.42
4 [Au-L] 1444.68 3313.17 1651.07 2945.30 470.63 543.93
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Table 3. Electronic spectroscopic data, conducting measurements, moments of magnetism in a DMSO solvent, and intricate
structural insights.

Entry comp. Abs.cm−1 Assignments µeff µs.cm−1 Suggested
B.M

37735
1 L 39062 n → π ∗

42194 π→ π ∗

29411 1A1g → 1B1g
2 [Pd-L] 36764 1A1g → 1Eg 0.00 72.65 Square planer

27027 1A1g → 1T1g
3 [Pt-L] 36363 1A1g → 1T2g 0.00 75.77 Octahedral

9990 1A1g → 3T2g,3T1g
23923 1A1g → 1B1g

4 [Au-L] 35842 1A1g → 1Eg 0.00 86.62 Square planer
44052 Au→LCT

and analysis data presented in Table 3 support these findings
[75, 76].

Catalytic evaluation of Pd-complex

To assess the suitability of the Pd-complex, it was utilized
for the oxidation of benzylic alcohols, resulting in the for-
mation of corresponding carbonyl compounds. The oxida-
tion of benzyl alcohol to benzaldehyde using a Pd-complex
catalyst was first selected as the benchmark reaction for
optimizing different reaction conditions, such as catalyst
quantity, reaction temperature, base type, oxidant, and sol-
vent (see Table 4). The experimental procedure involved

conducting the model reaction with different solvents, in-
cluding water, ethanol, methanol, toluene, acetonitrile, and
benzene, as specified in Table 4 entries 1–6. Toluene was
recognized as the most efficient solvent among the choices
provided (Table 4, entry 4). Subsequently, the experimental
protocol was executed using different reaction temperatures
(Table 4, entries 7-9). It is evident that the optimal reaction
temperature was 90 oC, and altering the reaction temper-
ature either higher or lower did not have any impact on
the yield or duration of the reaction in order to achieve
successful results. The experimental procedure involved
conducting the model reaction with different bases, specif-

Table 4. Optimization of the model reaction.

Entry Catalyst(mg) Solvent T(oC) Base Oxidant Time (h) Yield (%)b

1 60 H2O 90 Pyridine O2 5 25
2 60 EtOH 90 Pyridine O2 5 30
3 60 MeOH 90 Pyridine O2 5 25
4 60 Toluene 90 Pyridine O2 2.5 93
5 60 CH3CN 90 Pyridine O2 3.5 50
6 60 Benzene 90 Pyridine O2 2.5 80
7 60 Toluene 70 Pyridine O2 5 80
8 60 Toluene 80 Pyridine O2 3 85
9 60 Toluene 100 Pyridine O2 2.5 90
10 60 Toluene 90 Et3N O2 6 20
11 60 Toluene 90 Ph3P O2 5 60
12 50 Toluene 90 Pyridine O2 4 60
13 70 Toluene 90 Pyridine O2 3 85
14 60 Toluene 90 Pyridine - 5 45
15 60 Toluene 90 Pyridine H2O2 5 80
16 No Cat. Toluene 90 Pyridine O2 12 15
17 No Cat. Toluene 90 Pyridine H2O2 12 10
18c No Cat. Toluene 90 Pyridine O2 24 18

a) Reaction conditions: alcohol (3.0 mmol), Solvent (5.0 mL), base (5.0 mmol) b), and GC yield. c) In this test, the higher pressure of O2 gas over
atmospheric pressure was used (p: 2 bar).
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ically triethylamine, pyridine, and triphenylphosphine, as
mentioned in Table 4, entries 10-11. Pyridine was identified
as the optimal base during our observation. Furthermore,
the experimental procedure was conducted in the absence
of an oxygen environment, leading to the discovery that
oxygen is indeed a necessary component for the reaction
to occur (Table 4 entry 14). To demonstrate the effective-
ness of the Pd-complex in the oxidation of benzyl alcohol
during the model reaction, the experiment was conducted
without the presence of the catalyst (Table 4, entries 16-18).
The absence of the catalyst results in the yield of the target
product not exceeding 15% after 12 hours, even when utiliz-
ing various oxidants such as oxygen or hydrogen peroxide.
Additionally, to examine the effect of oxygen gas pressure,
the model reaction was conducted at an oxygen pressure of
2 bar. Our findings indicate that the yield of benzaldehyde
did not surpass 18% after a duration of 24 hours.
The results listed in Table 5 demonstrate the extent of ap-
plicability of this enhanced method for oxidizing different
benzylic alcohols. Primary benzylic alcohols underwent a
transformation to form the corresponding aldehydes with
yields ranging from 86% to 96% in a time frame of 2 to
4 hours. This information can be found in Table 5, specif-
ically entries 1 to 8. The experiment illustrated that the
existence of electron-donating groups correlates with the
enhanced efficiency of the reaction. Secondary benzylic
alcohols were readily converted into the corresponding ke-
tones with high efficiency, as evidenced by the high yields
obtained (Table 5, entries 9-14). The oxidation of benzoin
proceeded at a moderate rate, resulting in the formation of
the corresponding diketone with an isolated yield of 83%
after 8 hours (refer to Table 5, entry 14).
All experiments were conducted in an oxygen atmosphere
due to variations in conversion observed when reactions
were performed under argon or nitrogen. This suggests
that O2 plays a crucial role in the oxidation process, while
palladium complexes remain stable in the absence of O2.
A potential mechanism has been outlined to explain these
findings (Scheme 3). The mechanistic investigations in-
dicate that initial carbonyl-bound palladium (IV) species

form upon reaction with O2, accompanied by the release of
pyridine-N-oxide molecules. The catalysts then regenerate,
leading to the commencement of a second catalytic cycle.

The reusability of the catalyst
The study also assessed the reusability and recoverability
of the Pd catalyst in the oxidation of 1-phenylethanol to its
corresponding product (Table 6). The reused catalyst was
collected at the conclusion of each run through straightfor-
ward filtration, thoroughly washed with water and ethanol,
and then dried at 60 oC. The results confirmed that the Pd
catalyst could be reused for five cycles without any notable
loss of palladium, as indicated by the ICP data. Interest-
ingly, the amide ligand inhibits the release of Pd ions in any
significant quantity.

Comparison Study
A comparison of the catalytic efficiency of the Pd-amide lig-
and complex against several documented Pd-based catalysts
is shown in Table 7. The findings indicate that the current
catalyst shows excellent catalytic activity and significant
conversion rates for the oxidation of benzyl alcohol in the
presence of oxygen gas, surpassing the results reported in
existing literature.

The cytotoxicity tests
Breast cancer is the most prevalent form of tumor among
women worldwide, constituting approximately 25% of all
malignant tumors affecting females. Its prevalence extends
to various nations, including those that are highly indus-
trialized. Despite the introduction of numerous alternative
medications, the response rate to treatment remains disap-
pointingly low. Consequently, there is an urgent imperative
to develop more potent anticancer drugs. The majority of
research teams are currently dedicated to the creation of an
efficacious anticancer drug capable of effectively treating
cancer in individuals. This study presents compelling evi-
dence that the synthesized ligand and its complexes exhibit
notable anti-breast cancer activity against MDA-MB-231
cell lines. A comprehensive summary of the data, along

Scheme 3. A plausible mechanism for the oxidation of benzyl alcohols to corresponding benzaldehyde catalyzed by Pd (II)
complex .
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Table 5. Pd-complex oxidation of benzylic alcoholsa

Entry Starting alcohol Product Conv.(%) Yield (%)b Time (h) TON TOF (h−1)

1 100 93 2.5 58 23.2

2 99 90 4.0 56 14.0

3 98 91 3.5 57 16.3

4 100 95 2.5 59 23.6

5 100 94 2.5 59 23.6

6 100 96 2.0 60 30.0

7 95 86 4.0 54 13.5

8 93 88 4.0 55 13.8

9 100 97 3.0 61 20.3

10 100 92 3.5 58 16.6

11 95 89 4.5 56 12.4

2252-0236[https://doi.org/10.57647/j.ijc.2024.1404.44]

https://doi.org/10.57647/j.ijc.2024.1404.44


Abdulameer et al. IJC14 (2024) -142444 9/14

Continue of Table 5

Entry Starting alcohol Product Conv.(%) Yield (%)b Time (h) TON TOF (h−1)

12 90 86 5.0 54 10.8

13 92 88 5.5 55 10.0

14 90 83 8.0 52 6.5

a)General reaction conditions: starting alcohols (3.0 mmol), Toluene (5.0 mL), Pyridine (5.0 mmol), catalyst: 60 mg (1.6 mol%), T: 90 oC, under O2
atmosphere. b) GC yields.

Table 6. Screening of the reusability of Pd-complex a

Run Conversion (%)b Yield (%)c Pd leaching (%)d Time (h) TON TOF (h−1)
1st 100 97 0.05% 3 60.6 20.2
2nd 100 96 0.04% 3 60.0 20.0
3rd 98 97 0.14% 3.5 60.6 17.3
4th 98 95 0.68% 4.0 59.4 14.8
5th 93 91 1.2% 4.5 56.9 12.6

a)a) Reaction conditions: 1-Phenylethanol: 3.0 mmol; Toluene: 5.0 mL; Pyridine: 5.0 mmol; T: 90 oC; Catalyst: 60 mg; P O2: atmospheric pressure. b)
GC yields based on the starting materials, c) GC Yields, d) Palladium leaching based on the ICP .

Table 7. A comparison study between the catalytic activity of different Pd based catalysts for the oxidation of benzyl
alcohols

Entry Catalyst Reaction conditions Conv.(%) Product Selec.(%) Ref.
1 Pd@U-E15 H2O, K2CO3, O2, 90 oC 90 90 [77]

Pd-NaX
2 Toluene, O2, 100 oC 66 97 [78]

Zeolite
3 Pd-SBA-15 p-Xylene, O2, 120 oC 99 90 [79]
4 Pd-Pol H2O, K2CO3, Air, 100 oC 98 >99 [80]
5 Pd/Al2O3 Solvent free, O2, 120 oC 80 94 [81]
6 Pd@Cu(II)-MOF Xylene, air, 130 oC 95 >99 [82]
7 CQDs-TPy/Pd NPs EtOH/H2O, K2CO3 air, 90 oC 85 >99 [38]
8 AuPd-PVA/TiO2 O2, 120 oC 72 69 [83]
9 Pd/MagSBA Solvent free, O2, 85 oC 83 80 [84]
10 Pd/CNTs Xylene, air, 90 oC 89 98 [? ]
11 Pd/HMSNs Pyra/Pd EtOH, H2O2, 60 oC 70 99 [85]
12 Pd-Amide ligand complex Toluene, Pyridine, T: 90 oC, under O2 atmosphere 100 93 This work

with the least significant difference (LSD Value), is pro-
vided in Table 8.
Following the treatment, the cells were subjected to incuba-

tion with MDA-MB-231 for a complete day. Subsequently,
the cells were exposed to different concentrations (25, 50,

100, 200, and 400 g/mL) of newly synthesized compounds.
To assess the cytotoxicity and viability of the cells, the
MTT test was employed, and the results were documented
in Table 8 and figure 5. Comparing the findings to the
untreated negative control cells, it was observed that both
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Table 8. The % inhibition rate on MDA cell lines is displayed

Entry Compound C400% C200% C100% C50% C25% LSD value
1 L 79 65 48 43 40 8.93 **

A a A ab B b A d A d
2 [Pd-L] 90 79 72 50 33 9.01 **

A a A a B b A c B d
3 [Pt-L] 93 82 75 57 43 8.47 **

A a A a A a B b A b
4 [Au-L] 97 88 85 61 48 8.52 **

A a A a B b A c A d
5 LSD value 5.04 NS 4.88 NS 6.92 ** 6.71 ** 7.36 ** —

Significant differences exist between means that have distinct capital letters in the same column and small characters in the same row. ** (P<0.01).

Figure 5. The inhibition rate on an MDA cell line as a
percentage following a 24-hour exposure to produced com-
pounds.

the free ligands and the metal complexes exhibited signifi-
cant suppression rates in the MTT experiment. Notably, at
high concentrations of 400 g/mL for each of [Pd-L], [Pt-L],
and [Au-L], respectively, all metal complexes demonstrated
considerable toxicity compared to the ligand, resulting in
high inhibition rates of 90, 93, and 97 percent. As the
concentrations gradually decreased from high to low, the
inhibition rates also decreased. The pharmacological effects
of these complexes can be attributed to various factors, in-
cluding their ability to mimic natural substances and hinder
the growth and activity of breast cancer cells through the
apoptosis and autophagy pathways.

Computational study of ligand and metal complexes
Due to the intricate nature of metal complexes, the ligand
structures and their corresponding metal complexes were
optimized using the 6-31++G** and 6-31G++ basis sets,
respectively (figure 6). Furthermore, Table 9 and figure 6

display the molecular orbitals of both the ligand and its
metal complexes (See supporting information data).

4. Conclusion
This study highlights the effectiveness of amide ligands
in chelating palladium (Pd), platinum (Pt), and gold
(Au), leading to the creation of highly efficient catalysts.
The structural configurations of the resulting complexes

Figure 6. Optimization structure using DFT calculation of
(a) Ligand (c) Pd-complex (e) Pt-complex (g) Au-complex
and molecular orbital (HOMO) of (b) Ligand (d) Pd-
complex (f) Pt-complex (h) Au-complex.

Table 9. More information for DFT calculation of ligand and Pd, Pt, and Au complexes

Entry Stretch Bend Stretch- Torsion Non-1,4 1,4 Charge Charge Dipole Total
Bend VDW VDW /Charge /Dipole /Dipole Energy

Ligand 1.5419 18.8215 0.2213 6.8467 -2.95 18.2514 0.0375 0.4641 -13.3535 29.8718
kcal/mol

Au- 19.0090 1784.5817 -10.749 107.5461 -4.72 19.4584 0.1547 1.9528 -4.8176 1912.4104
kcal/mol

Pd- 6.1949 1725.9631 -5.3427 104.0236 -4.79 20.6603 0.1918 2.0215 -4.7709 1844.1431
kcal/mol
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were analyzed using advanced techniques, including
amide and spectroscopy tests, elemental analysis (AA
and CHN), magnetic dipole moment measurements, and
complex conductivity assessments at room temperature.
The findings suggest that the Pt (IV) complex adopts an
octahedral geometry with six coordination sites, while
the Pd (II) and Au (III) complexes exhibit square planar
structures with four coordination sites in their solid states.
The Pd catalyst shows outstanding capabilities in the
selective oxidation of benzylic alcohols under oxygen
gas pressure, providing benefits such as easy recovery
and effective regeneration. Remarkably, the Pd catalyst
achieves up to 100% conversion rates and demonstrates
excellent selectivity for aldehydes, reaching up to 97%.
Additionally, the catalyst maintains favorable activity and
stability, as evidenced by successful recycling and reuse
over five cycles with minimal performance loss. Given the
impressive catalytic properties of the Pd amide complex,
it is anticipated to have significant potential for future
applications. Our ongoing research is dedicated to further
investigating catalytic systems for alcohol oxidation using
other metals, including Au and Pt complexes. Furthermore,
these compounds were tested against the anticancer MDA
cell line, showing that increased compound concentration
correlates with enhanced efficacy in killing cancer cells.
The synergistic effects of these complexes were found to
exert a more pronounced biological impact compared to the
free ligand.
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