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This review paper focuses on the development and applications of metal-based coordination 
compounds, particularly those involving N-ortho-hydroxymethyl benzyl valine (N-OHMBV) as a ligand. 
The ability of N-OHMBV to coordinate with transition metals such as ruthenium (Ru), rhodium (Rh), 
palladium (Pd), silver (Ag), and cadmium (Cd) results in the formation of complexes with notable 
biological activities, including anticancer, antibacterial, antioxidant, and enzyme-inhibitory effects. 
These complexes exhibit promising therapeutic potential, and their mechanisms of action are primarily 
influenced by the coordination environment and the interaction between the metal center and N-
OHMBV’s functional groups. Spectroscopic techniques, including infrared (IR) and nuclear magnetic 
resonance (NMR) spectroscopy, provide crucial insights into the structural features of these metal-
ligand complexes, which is important for understanding their biological efficacy. The paper reviews the 
synthesis, coordination properties, biological activities, and spectroscopic characterization of N-
OHMBV-metal complexes, underscoring their potential in drug design and therapeutic applications. 
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1. Introduction 

The development of metal-based coordination compounds has gained 
significant attention in medicinal chemistry due to their unique biological 
activities, such as anticancer, antibacterial, and enzyme-inhibiting effects 
[1]. N-Ortho-hydroxymethyl benzyl valind is an important ligand with 
both hydroxyl and amine functional groups, making it capable of forming 
stable complexes with 4d transition metals like ruthenium (Ru), rhodium 
(Rh), palladium (Pd), and silver (Ag) and cadmium (Cd) [2]. These metal 
complexes exhibit a range of promising biological activities due to the 
coordination [3].  Between the metal ion and the ligand’s functional 
groups, influencing their ability to interact with biomolecules such as DNA 
and proteins [4]. N-OHMBV-4d metal complexes have been found to 
exhibit notable anticancer and antibacterial properties, along with 
antioxidant effects and enzyme inhibition [5]. The coordination of metal 
ions enhances the ligand's stability and reactivity, facilitating targeted 
biological interactions [6]. Spectroscopic techniques like Infrared (IR) and 
Nuclear Magnetic Resonance (NMR) spectroscopy are crucial for 
characterizing the metal-ligand bonding and understanding the structural 
features that govern their biological activity [7]. This review focuses on the 
synthesis, coordination chemistry [8]. Biological activities, and 
spectroscopic characterization of N-OHMBV based metal complexes, 
providing insight into their potential as therapeutic agents [9]. Further 
research into these complexes could lead to the development of more 
effective metal-based drugs for treating diseases like cancer and bacterial 
infections [10]. 
 

2. Synthesis of Ligand N-Ortho-Hydroxymethyl Benzyl Valine 

N-OHMBV is synthesized by reacting benzyl alcohol derivatives with 
formaldehyde and the amino acid valine. The ligand’s structure includes 
an N-ortho-hydroxy group that can engage in hydrogen bonding and 
coordination to the metal, while the methyl group enhances the stability 
of the complex [10]. The amine group on the valine portion of the ligand is 
another crucial donor site for coordination. The synthesis involves simple 
condensation reactions, making N-OHMBV a versatile ligand for 
coordination chemistry. To prepare the ligand, we begin with N-[2-
hydroxy-3-methyl benzyl] valine. This process involved the utilization of 

ortho-cresol valine sodium acetate trihydrate, formalin, and glacial acetic 
acid. We initiated the synthesis by simultaneously mixing 0.5 moles of each 
component: ortho-cresol (54 g), valine (37 g), and sodium acetate 
trihydrate (68 g), along with 250 mL of formalin and glacial acetic acid 
until a homogeneous solution was achieved. Following this, authors 
introduced 40% of the formalin solution dropwise into the mixture on a 
water bath while maintaining a temperature range of 60 to 80 degrees 
Celsius for a duration of 2 to 3 hours. Subsequently, the entire solution was 
heated on a water bath for an additional 12 to 14 hours, with periodic 
stirring. Upon cooling, a yellowish viscous solution resembling wax was 
obtained (shown in Scheme 1). This wax, constituting the ligand, was then 
transferred into distilled water and subjected to filtration. A portion of the 
filtrate underwent recrystallization by treatment with NaOH and 50% HCl 
solution. The resulting precipitate was dried in an oven for 2 to 3 days at 
temperatures ranging from 20 to 30 degrees Celsius, yielding the pure 
form of our desired ligand [11]. 
 

 

Scheme 1 General synthesis of ligand N-OHMBV preparation 

 

3. Coordination Chemistry of 4d Metal Complexes with N-OHMBV 

The coordination chemistry of 4d metal complexes with the bidentate 
ligand N-OHMBV (O-hydroxy-α-methylbenzylamine) involves the 
formation of stable complexes through the coordination of the metal 
center to the ligand’s nitrogen and oxygen donor atoms [12]. The metal 
ions in question Ru (Ruthenium), Rh (Rhodium), Pd (Palladium), Ag 
(Silver), and Cd (Cadmium) each exhibit distinct behaviors when 
complexed with OHMBV [13]. 

 
3.1 Ru (Ruthenium) Complexes 

In Ru (Ruthenium) complexes, the metal typically adopts an octahedral 
geometry [14].  The bonding involves both electrostatic interactions and 
π-back donation from the metal’s d-orbitals. This results in strong metal-
ligand bonding, especially in the +2 oxidation state [15]. 
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3.2 Rh (Rhodium) Complexes 

For Rh (Rhodium), complexes usually adopt square planar or 
octahedral geometries, depending on the oxidation state [16]. Rhodium 
exhibits stronger metal-ligand π-back donation, especially in its +3 
oxidation state, which enhances the stability of the complex and influences 
its electronic properties [17]. 

 
3.3 Pd (Palladium) Complexes 

For Pd (Palladium) complexes, typically in the +2 oxidation state, tend 
to form octahedral structures with N-OHMBV. Similar to rhodium, the 
metal-ligand interactions are influenced by d-orbital overlap, leading to 
stable complexes with distinct spectroscopic properties [18]. 

 
3.4 Ag (Silver) Complexes 

For Ag (Silver) complexes, the metal typically adopts a linear or 
tetrahedral geometry due to the weaker metal-ligand interactions [19]. 
The bonding is mainly electrostatic, as silver does not effectively engage in 
π-back donation, resulting in less stable complexes compared to those of 
other 4d metals [20]. 

 
3.5 Cd (Cadmium) Complexes 

For Cd (Cadmium), which is a d10 metal in the +2 oxidation state, the 
coordination geometry is typically octahedral [21]. The bonding in these 
complexes is primarily electrostatic and covalent, as cadmium does not 
participate in π-back donation, making these complexes relatively stable 
but less electronically rich compared to other 4d metal complexes [22]. 
 

4. Biological Importance of N-Ortho-Hydroxymethyl Benzyl Valine 

The biological importance of N-ortho-hydroxymethyl benzyl valine 
stems from its unique structure, which combines a hydroxyl group and an 
aromatic ring [23]. These modifications enhance its ability to interact with 
enzymes and receptors, potentially influencing metabolic pathways where 
valine plays a role [24]. The hydroxyl group may contribute antioxidant 
properties, protecting cells from oxidative stress, while the aromatic 
functionality can aid in stabilizing protein structures and facilitating 
molecular recognition [25].  

This compound holds promise in drug development, particularly for 
creating enzyme inhibitors or therapeutic peptides, and in biotechnology 
as a precursor for bioactive molecules. Its role in improving protein 
stability and metabolic modulation highlights its significance in 
biochemical and pharmaceutical research. The compound you refer to, N-
ortho-hydroxymethyl benzyl valine, appears to describe a derivative of 
valine, an essential amino acid, potentially with an aromatic ring and 
hydroxymethyl group substitution. The biological importance of such a 
compound can be understood in several contexts [26]. 

 

4.1 Role in Biochemical Processes 

4.1.1 Precursor in Metabolic Pathways 

Valine, a branched-chain amino acid (BCAA), is essential for protein 
synthesis, tissue repair, and energy production. Derivatives like N-ortho-
hydroxymethyl benzyl valine, with modifications such as the 
hydroxymethyl group, may have altered biochemical roles, influencing 
these processes [27]. 

 
4.1.2 Hydroxy Substitution 

 The hydroxyl group (-OH) increases the compound's hydrophilicity, 
which can affect its solubility and interactions within biological systems. 
This change could lead to different behaviors compared to the unmodified 
amino acid [28]. 

 
4.1.3 Aromatic Functionality 

 The presence of an aromatic ring with N-ortho-hydroxymethyl 
substitution enhances the ability to form π-π interactions or hydrogen 
bonds. These interactions could influence protein-ligand binding, enzyme 
activity, and overall molecular stability [29]. 

 
 4.2 Potential Antioxidant Properties 

Hydroxyl groups on aromatic systems are well-known for their 
antioxidant activity. The compound may act as a free radical scavenger, 
reducing oxidative stress and potentially protecting cells from damage. 
This antioxidant property is crucial in preventing cellular degeneration 
and may have implications in cancer prevention and aging [30]. 

4.3 Pharmaceutical Relevance 

4.3.1 Drug Development 

 Modifying amino acids, such as valine, is a common strategy in drug 
design. The modifications in N-ortho-hydroxymethyl benzyl valine could 
enhance pharmacokinetic properties and increase specificity for certain 
biological targets, making it a promising candidate in drug development 
[31].  

 
4.3.2 Enzyme Inhibitors 

 The compound might mimic natural substrates or act as an enzyme 
inhibitor, making it valuable in treating conditions where enzyme activity 
is dysregulated, such as metabolic disorders or certain cancers. Its 
structural similarity to valine allows it to influence enzyme function by 
competing for binding sites [32]. 

 
4.4 Antioxidant Properties 

The hydroxyl group in N-Ortho-hydroxymethyl benzyl valine imparts 
strong antioxidant capabilities by scavenging free radicals and mitigating 
oxidative stress. This activity plays a critical role in protecting healthy cells 
from oxidative damage, a process closely linked to the initiation and 
progression of cancer [33]. 

 
 4.5 Anticancer-Potential 

The aromatic ring in the compound enhances its interaction with 
cancer-specific molecular targets, enabling it to disrupt pathways involved 
in tumor metabolism and proliferation. This unique structural feature 
positions it as a potential modulator of cancer-related mechanisms, 
targeting cellular processes essential for tumor growth [33]. 

 
 4.6 Therapeutic-Relevance 

Combining antioxidant and anticancer activities, N-ortho-
hydroxymethyl benzyl valine shows significant promise in drug 
development. Its dual functionality could be leveraged in therapies 
addressing oxidative stress-induced oncogenesis and metabolic 
dysregulation in cancer cells, paving the way for novel treatment 
strategies [34]. 

 
 4.7 Biochemical-Significance 

The compound’s ability to stabilize proteins and enhance molecular 
recognition makes it an attractive candidate for the synthesis of bioactive 
molecules. These properties further underscore its potential as a versatile 
agent in both antioxidant defense and anticancer therapy [35]. 
 

5.  Metal Complexes of N-Ortho-Hydroxymethyl Benzyl Valine 

The synthesis of metal complexes of N-ortho-hydroxymethyl benzyl 
valine involves reacting the ligand, which contains both an amino group (-
NH₂) and a hydroxyl group (-OH), with metal salts like [Ru(OAc)₂], 
[Rh(OAc)₂], [Pd(OAc)₂], [Ag(OAc)], or [Cd(OAc)₂] in a 1:1 molar ratio [35]. 
The reaction is carried out in solvents such as ethanol, acetonitrile, or 
water, where the ligand coordinates to the metal ion through its nitrogen 
and oxygen donor atoms, forming a stable bidentate chelate complex. The 
reaction mixture is stirred or heated gently to facilitate complexation, and 
the product is isolated by evaporating the solvent or filtration. Further 
purification, if needed, can be done by recrystallization or 
chromatography. These metal-ligand complexes are of interest for 
applications in bioinorganic chemistry, catalysis, and drug development 
due to their enhanced stability and reactivity [36]. 

 
6. Bidentate Metal Complexes of N-Ortho-Hydroxymethyl Benzyl 

Valine 

The ligand (which contains an amino group and a hydroxyl group) to a 
metal ion, such as Ru²⁺, Rh³⁺, Pd²⁺, Ag⁺, or Cd²⁺. The ligand binds to the 
metal at two sites, forming a stable chelated complex. The synthesis 
involves mixing the ligand with a metal acetate salt (e.g., [M(OAc)₂]) in a 
1:1 molar ratio, typically in a solvent like ethanol or acetonitrile, and 
heating or stirring to promote complexation. The result is a bidentate 
metal-ligand complex, which can be purified by filtration or 
recrystallization. These complexes have applications in catalysis, 
bioinorganic chemistry, and drug development [37]. The synthesis of 
bidentate metal complexes of N-ortho-hydroxymethyl benzyl valine can 
vary depending on the metal ion used. Each metal interacts with the ligand 
differently based on its electronic configuration and coordination 
preferences. 
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Scheme 2 General synthesis of 4d metal complexes with N-OHMBV 

 
6.1 Ruthenium (Ru) Complexes 

 Ruthenium complexes with N-ortho-hydroxymethyl benzyl valine are 
typically synthesized by reacting the ligand with [Ru(OAc)₂] in a 1:1 molar 
ratio. The ligand coordinates through the amino (-NH₂) and hydroxyl (-
OH) groups, forming a stable bidentate chelate. The Ru ion is often chosen 
for its versatility in catalysis and its ability to form stable complexes with 
a wide range of ligands [38]. 

 
6.2 Rhodium (Rh) Complexes 

 In the case of Rhodium complexes, [Rh(OAc)₂] reacts with the ligand, 
facilitating coordination through the nitrogen and oxygen donor atoms. 
Rhodium’s strong affinity for ligands with soft donor atoms makes it an 
ideal candidate for these types of bidentate complexes. The resulting 
complex is particularly useful in catalytic applications, such as 
hydrogenation reactions [38]. 

 
 6.3 Palladium (Pd) Complexes  

Palladium, [Pd(OAc)₂] is commonly used to form bidentate metal-ligand 
complexes with N-ortho-hydroxymethyl benzyl valine. Palladium's ability 
to coordinate with the ligand through both the amino and hydroxyl groups 
enhances. The stability of the complex, making it suitable for applications 
in cross-coupling reactions and catalysis in organic synthesis [39]. 

 
 6.4 Silver (Ag) Complexes 

When reacting with Silver salts such as [Ag(OAc)], N-ortho-
hydroxymethyl benzyl valine forms bidentate complexes by coordinating 
with the silver ion through the nitrogen and oxygen donor atoms. Silver 
complexes are often used in antimicrobial and catalytic processes, where 
the unique coordination chemistry with the ligand is beneficial [40]. 

 
6.5 Cadmium (Cd) Complexes 

Cadmium complexes, typically formed with [Cd(OAc)₂], coordinate with 
the ligand through the nitrogen and oxygen atoms to create a stable 
bidentate chelate. Cd complexes with N-ortho-hydroxymethyl benzyl 
valine can be useful in various fields, including environmental chemistry 
and the development of new materials [41]. 
 

7. DFT and Molecular Modeling of Metal Complex of N-Ortho-

Hydroxymethyl Benzyl Valine 

The N-ortho-hydroxymethyl benzyl valine ligand analyzed using DFT. 
This compound consists of a benzene ring (as indicated by the carbon 
atoms in the aromatic ring) attached to a hydroxy group (-OH) at the ortho 
position, a methyl group (-CH3), and a valine residue (Fig. 1).  
 

 
Fig. 1 Optmization   structure N-ortho-hydroxymethyl benzyl valine 

The valine moiety, an amino acid, includes a carbon backbone and an 
amino group. The DFT analysis would have optimized the geometry and 
determined the electronic properties of this ligand, which could be 
involved in coordination chemistry or serve as a complexing agent for 
metal ions. The DFT calculation provides insights into the molecule's 
stability, bond lengths, and energy, which are important for understanding 
its reactivity and interactions in various applications (Table 1) [42]. 
 
Table 1 Bond lengths and bond angles for metal complexs and ligand N-ortho-
hydroxymethyl benzyl valine 
 

Ligand  Bond Bond length (Å)   Angle Bond angle (θ) 

 

N-OHMBV 

 C16-N17 

N17-C18 

C18-C19 

C18-C26 

C26-C29 

C26-C28 

C19-O20 

C3-C16 

C4-O10 

C5-C12 

C1-C2 

C2-C3 

C3-C4 

C4-C5 

1.471 

1.457 

1.525 

1.568 

1.538 

1.541 

1.245 

1.526 

1.410 

1.50 

1.397 

1.404 

1.407 

1.403 

1.407 

C16-N17-C18 

C3-C4-O10 

C19-O21-O20 

C26-C28-C29 

N17-C16-C3 

C1-C2-C3 

C4-C5-C6 

C4-C5-C12 

119.915 

119.539 

62.681 

110.989 

118.713 

120.886 

118.164 

120.012 

 
7.1 Ru Complex (Ruthenium) 

The Ru complex with the N-ortho-hydroxymethyl benzyl valine ligand 
is expected to form strong bonds, especially due to Ru's ability to engage 
in both σ-donation and π-back-donation. DFT calculations would optimize 
the geometry, likely resulting in an octahedral or square planar structure 
depending on the oxidation state. The total energy of the complex would 
be relatively low, indicating a stable structure, particularly in its +2 or +3 
oxidation state. Due to Ru’s ability for π-back-donation, the HOMO-LUMO 
gap would be smaller, suggesting higher reactivity, and the binding energy 
between the metal and ligand would be strong, providing significant 
stability to the complex   [43].  

 
 7.2 Rh Complex (Rhodium) 

Rhodium forms similar types of bonds with the N-Ortho-hydroxymethyl 
benzyl valine ligand as Ru, with a preference for σ-donation and π-back-
donation. The geometry of the complex would likely be square planar or 
octahedral, particularly in the +1 or +3 oxidation states. The DFT-
optimized total energy for the Rh complex would indicate a stable 
complex, with a low energy configuration. Rh’s ability to engage in π-back-
donation would result in a flexible electronic structure, and the binding 
energy would be strong, contributing to the stability and reactivity of the 
complex, similar to that of Ru [43]. 

 
7.3 Pd Complex (Palladium) 

In the Pd complex, the bonding with the ligand will predominantly 
involve σ-donation, and also π-back-donation, particularly when Pd is in 
the +2 oxidation state. This would result in a square planar geometry, 
typical of Pd(II)-based complexes. The DFT-calculated total energy would 
indicate that the Pd complex is stable, with lower energy compared to less 
reactive metal complexes. The HOMO-LUMO gap would be moderate, 
reflecting a balance between stability and reactivity [44]. The binding 
energy would also be strong, as Pd’s d-orbitals can effectively interact with 
the ligand’s electron pairs, stabilizing the complex. 

 
7.4 Ag Complex (Silver) 

Silver forms weaker bonds with the N-ortho-hydroxymethyl benzyl 
valine ligand compared to Ru, Rh, or Pd. This is because Ag does not readily 
engage in π-back-donation, and the bonding is primarily governed by σ-
donation. The geometry of the complex would likely be linear or 
tetrahedral, particularly in the +1 oxidation state of Ag. DFT calculations 
would show a higher total energy for the Ag complex, indicating that it is 
less stable than those with transition metals like Ru or Rh. The HOMO-
LUMO gap may be wider, suggesting that the complex is less reactive, and 
the binding energy would be lower due to the weaker metal-ligand 
interactions [45]. 

 
7.5 Cd Complex (Cadmium) 

Cadmium forms the weakest bonds with the N-ortho-hydroxymethyl 
benzyl valine ligand due to its inability to engage in π-back-donation. The 
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bonding interaction with Cd is mainly dominated by σ-donation. The 
geometry of the Cd complex could be tetrahedral or octahedral depending 
on the oxidation state and coordination number. DFT calculations would 
reveal that the total energy of the Cd complex is higher compared to the 
other metal complexes, indicating lower stability. The HOMO-LUMO gap 
would likely be larger, suggesting lower reactivity, and the binding energy 
would be the lowest of all the metals discussed due to the weak metal-
ligand interaction [46]. 

 
7.6 Spectroscopy Analysis 

The FT-IR spectrum of the N-ortho-hydroxymethyl benzyl valine ligand 
and its metal complexes with Ru, Rh, Pd, Ag, and Cd reveals significant 
changes in the vibrational frequencies of the ligand's functional groups 
upon coordination (Table 2). The free ligand displays characteristic peaks 
such as a broad O-H stretch around 3200–3600 cm⁻¹, a sharp N-H stretch 
around 3300–3500 cm⁻¹, and a strong C=O stretch at 1700–1750 cm⁻¹. 
Upon complexation, these bands shift due to interactions with the metal 
centers. The O-H stretch shifts to lower wavenumbers or disappears if 
deprotonation occurs, while the C=O stretch shifts to 1600–1650 cm⁻¹, 
indicating coordination through the carboxyl oxygen. The N-H stretching 
frequency also shifts or reduces in intensity, reflecting coordination 
through the amino group. Aromatic C=C stretches in the 1400–1600 cm⁻¹ 
range may show minor shifts due to electronic effects. Metals like Ru, Rh, 
and Pd cause more pronounced shifts due to their strong σ-donation and 
π-back-donation capabilities, whereas Ag and Cd exhibit smaller shifts due 
to weaker bonding interactions. These spectral changes confirm the 
involvement of the hydroxy, carboxyl, and amino groups in metal 
coordination, highlighting the role of IR spectroscopy in elucidating the 
structure and bonding of these complexes [47]. 
 
Table 2 FT-IR spectral data ligand and metal complex 

Vibrational Mode Free Ligand (cm⁻¹) Metal Complex (cm⁻¹) 

O-H Stretch (Hydroxy 

Group 

3200–3600 3100–3400 or Disappears 

N-H Stretch (Amino 

Group) 

3300–3500 3200–3400 

C=O Stretch (Carboxyl 

Group 

1700–1750 1600–1650 

C-O Stretch (Carboxyl 

Group) 
1200–1300 

 

1150–1250 

Aromatic C=C Stretch 1400–1600 1380–1580 

C-H Stretch (Aromatic) 3000–3100 Slight shifts (unchanged) 

M-O Stretch (Metal-

Oxygen) 

- 450–600 

M-N Stretch (Metal-

Nitrogen) 

- 400–500 

 
Table 3 1H NMR spectral data for N-Ortho-Hydroxymethyl benzyl valine ligand and 
its metal complex 
 

Proton Group Free Ligand (ppm) Metal Complex (ppm) 

O-H (Hydroxy Group) 4–6 Downfield or Disappears 

N-H (Amino Group) 6–8 7–9 

C-H (Aromatic Protons) 6.5–8 7–9 

-CH₃ (Methyl Group) 0.8–1.5 Slight shifts 

-CH₂- (Methylene Group) 1.5–3 Slight shifts 

COOH (Carboxylic Acid) 10–12 Disappears or Shifts 

Downfield 

 
Table 4  13C NMR spectral data for N-Ortho-Hydroxymethyl benzyl valine ligand 
and its metal complex 
 

Carbon Group Free Ligand (ppm) Metal Complex (ppm) 

Aromatic Carbons (C=C) 110–160 115–165 

Ortho Carbon (-C-OH) 140–150 145–155 

Carbonyl Carbon (-COOH) 170–180 180–190 

Amino-bound Carbon (-CH-NH₂) 40–60 45-65 

Methyl Carbon (-CH₃) 10–25  

Methylene Carbon (-CH₂-) 20–40 22–42 

 
The ¹H NMR spectrum of the N-ortho-hydroxymethyl benzyl valine 

ligand and its complexes with Ru, Rh, Pd, Ag, and Cd provides critical 
information on the hydrogen environments and the functional groups 
involved in coordination (Table 3). In the free ligand, the hydroxy (-OH) 
proton appears as a broad singlet around 4–6 ppm, the aromatic protons 
resonate between 6.5–8 ppm, the methyl (-CH₃) and methylene (-CH₂-) 
groups appear between 0.8–3 ppm, the amino (-NH₂) protons resonate 
around 6–8 ppm, and the carboxylic acid (-COOH) proton appears as a 
broad peak at 10–12 ppm. Upon complexation, significant shifts occur due 

to changes in electron density. The O-H and COOH proton signals may 
disappear if deprotonation occurs, confirming their involvement in 
coordination. The N-H protons shift downfield to 7–9 ppm, indicating 
coordination with the metal. Aromatic protons also shift slightly 
downfield, typically to 7–9 ppm, due to the electron-withdrawing effect of 
the metal, with stronger shifts observed in complexes with Ru, Rh, and Pd 
due to their π-back-donation capabilities, compared to weaker 
interactions in Ag and Cd complexes. Additionally, methyl and methylene 
protons show minor shifts reflecting changes in the ligand's electronic 
environment. These shifts confirm the roles of the hydroxy, carboxylic, and 
amino groups in binding and highlight the structural changes induced by 
metal coordination [48]. 

The ¹³C NMR spectrum of the N-ortho-hydroxymethyl benzyl valine 
ligand and its metal complexes with Ru, Rh, Pd, Ag, and Cd reveals 
significant shifts in the chemical environments of the ligand's carbon 
atoms upon coordination (Table 4). In the free ligand, the aromatic 
carbons resonate between 110–160 ppm, with the ortho carbon (attached 
to the hydroxy group) appearing at a higher shift due to the electron-
withdrawing -OH group. The carbonyl carbon (-COOH) of the carboxylic 
acid shows a strong signal downfield at 170–180 ppm, while the amino-
bound carbon of the valine moiety resonates around 40–60 ppm, and 
aliphatic carbons (-CH₃ and -CH₂-) appear between 10–40 ppm. Upon 
complexation, the ortho carbon attached to the hydroxy group shifts 
downfield by 5–10 ppm, reflecting coordination through the -OH group. 
The carbonyl carbon shifts significantly to 180–190 ppm, indicating strong 
interaction with the metal through oxygen, while the amino-bound carbon 
shows a similar downfield shift due to nitrogen-metal bonding. Aromatic 
carbons also exhibit minor shifts due to electronic effects, with stronger 
changes observed for π-back-donating metals like Ru, Rh, and Pd 
compared to weaker interactions with Ag and Cd. Aliphatic carbons show 
minimal shifts (1–3 ppm), reflecting slight changes in the ligand's 
electronic environment. These spectral changes confirm the involvement 
of hydroxy, carboxyl, and amino groups in coordination and illustrate the 
electronic effects induced by metal binding [49]. 
 

8. Conclusion 

In conclusion, the metal-based coordination complexes of N-ortho-
hydroxymethyl benzyl valine (OHMBV) represent a significant 
advancement in the field of medicinal chemistry, with promising 
therapeutic properties. The ability of OHMBV to form stable complexes 
with various transition metals enhances the biological activities of these 
compounds, making them potential candidates for applications in treating 
cancer, bacterial infections, and other diseases. Spectroscopic techniques 
such as IR and NMR have provided valuable structural insights, allowing 
for a deeper understanding of the metal-ligand interactions that 
contribute to their biological efficacy. Future research should focus on 
further optimizing the synthesis and characterization of OHMBV-metal 
complexes, exploring their full therapeutic potential, and assessing their 
clinical viability. The continued study of metal-based coordination 
compounds is a promising avenue for developing novel therapeutic agents 
in the fight against various diseases. 
 

References  

[1] P. Ji, P. Wang, H. Chen, Y. Xu, J. Ge, Z. Tian, Z. Yan, Potential of copper and copper 
compounds for anticancer applications, Pharmaceuticals 16 (2023) 234:1-23. 

[2] R. Sahu, P. Sahu, Metal complexes: Environmental and biomedical applications, 
Bentham Science Publishers, UAE, 2024.  

[3] P. Ghanghas, A. Choudhary, D. Kumar, K. Poonia, Coordination metal complexes 
with Schiff bases: Useful pharmacophores with comprehensive biological 
applications, Inorg. Chem. Commun. 130 (2021) 108710. 

[4] H.A. Alhazmi, M. Al Bratty, A.M. Meraya, A. Najmi, M.S. Alam, S.A. Javed, W. 
Ahsan, Spectroscopic characterization of the interactions of bovine serum 
albumin with medicinally important metal ions: platinum (IV), iridium (III) and 
iron (II), Acta Biochim. Pol. 68(1) (2021) 99-107. 

[5] E. Pahonțu, C.E. Dinu Pîrvu, D.C. Vișan, L.I. Socea, T.V. Apostol, et al., Evaluation 
of antimicrobial, antitumor, antioxidant activities, and molecular docking 
studies of some Co(II), Cu(II), Mn(II), Ni(II), Pd(II), and Pt(II) complexes with a 
Schiff base derived from 2‐chloro‐5‐(trifluoromethyl)aniline, Appl. Organomet. 
Chem. 39(2)  (2024) e7829:1-22.  

[6] K.N. Aziz, K.M. Ahmed, R.A. Omer, A.F. Qader, E.I. Abdulkareem, A review of 
coordination compounds: structure, stability, and biological significance, Rev. 
Inorg. Chem. 44(4) (2024) 685-698. 

[7] G.G Mohamed, M.M. Omar, A.A Ibrahim, Biological activity studies on metal 
complexes of novel tridentate Schiff base ligand, spectroscopic and thermal 
characterization, Eur. J. Med. Chem. 44(12) (2009) 4801-4812. 

[8] C. Senthil, H.Y. Jung, Coordination engineering of single-atom catalysis derived 
from metal-organic and inorganic frameworks for advanced batteries, Coord. 
Chem. Rev. 500 (2024) 215493. 



831 
 

 https://doi.org/10.30799/jacs.269.25110102 

Mohd Shahzad, et al. / Journal of Advanced Chemical Sciences 11(1) (2025) 827–831 

Cite this Article as: Mohd Shahzad, Naman Chaudhary, Reema Chand, Mohseen Ahmed, Shasti Ballabh Mishra, A review on N-ortho-hydroxymethyl benzyl valine and its 4d metal complexes;  
      and their biological and spectroscopic properties, J. Adv. Chem. Sci. 11(1) (2025) 827–831. 

[9] M. El-Tanani, S.A. Rabbani, R. Babiker, I. Rangraze, S. Kapre, et al., Unraveling 
the tumor microenvironment: insights into cancer metastasis and therapeutic 
strategies, Cancer Lett. (2024) 216894. 

[10] A. Arjunan, A. Sebastian, Synthesis, crystal structure, biological and docking 
studies of 5-hydroxy-2-{[(2-methylpropyl)iminio]methyl}phenolate, Future 
Med. Chem. 16 (2024) 1983–1997. 

[11] T.H. Nguyen, K.Y. Chiang, Tailoring properties of PET-derived Sn-MOFs through 
efficiency structure defects using trifluoroacetic acid (TFA) with water-based 
facile and green synthesis route, J. Taiwan Inst. Chem. Eng. 165 (2024) 105754. 

[12] T. Arora, J. Devi, A. Boora, B. Taxak, S. Rani, Synthesis and characterization of 
hydrazones and their transition metal complexes: antimicrobial, 
antituberculosis and antioxidant activity, Res. Chem. Intermed. 49 (2023) 
4819-4843.  

[13] A. Hussain, M.F. Alajmi, M.A. Lone, W.A. Wani, Therapeutic rhodium complexes, 
Springer Nature, Switzerland, Cham, 2023.  

[14] P. Chauhan, K.C. Behera, M. Ravikanth, Synthesis, structure, spectral, 
electrochemical, and theoretical studies of Ru(II) complexes of 3-pyrrolyl 
bodipy-based ligands, Inorg. Chem. 62 (2023) 13919-13928.  

[15] P. Das, R. Saha, P.K. Chattaraj, Metal-metal bonds with unusual oxidation states 
in early s-block elements: A computational perspective, Polyhedron (2023) 
116661. 

[16] A. Kick, T. Weyhermüller, M. Hölscher, N. Kaeffer, W. Leitner, Understanding 
ligand effects on bielectronic transitions: Chemo‐ and electroreduction of 
rhodium bis(diphosphine) complexes to low oxidation states, Angew. Chem. 
136 (2024) e202408356. 

[17] C. Schweinzer, Redox promoted reactivity of bimetallic rhodium and iridium 
complexes with non-innocent ligands, Ph.D. Thesis, ETH Zurich, 2024.  

[18] M. Sarkar, Binuclear transition metal complexes containing metal–metal 
bonds: understanding the fundamental aspects and metal–metal cooperativity 
in catalysis, Inorganica Chim. Acta 572 (2024) 122275. 

[19] S. Ahmad, M. Hanif, M. Monim-ul-Mehboob, A.A. Isab, M.A. Alotaibi, T. Ahmad, 
Versatile coordination chemistry of mixed ligand silver (I) complexes of 
phosphanes and thioamides: Structural features and biological properties, 
Polyhedron 214 (2022) 115643. 

[20] A. Das, U. Das, A.K. Das, Relativistic effects on the chemical bonding properties 
of the heavier elements and their compounds, Coord. Chem. Rev. 479 (2023) 
215000. 

[21] Z. Akbari, M. Montazerozohori, S.J. Hoseini, R. Naghiha, P. Hayati, G. Bruno, A. 
Santoro, J.M. White, Synthesis, crystal structure, Hirshfeld surface analyses, 
antimicrobial activity, and thermal behavior of some novel nanostructure 
hexa‐coordinated Cd(II) complexes: Precursors for CdO nanostructure, Appl. 
Organomet. Chem. 35 (2021) e6181:1-25. 

[22] G. Ciancaleoni, L. Rocchigiani, Assessing the orbital contribution in the 
“spodium bond” by natural orbital for chemical valence–charge displacement 
analysis, Inorg. Chem. 60 (2021) 4683–4692.  

[23] K. Amr, N. Ibrahim, A.M. Elissawy, A.N.B. Singab, Unearthing the fungal 
endophyte Aspergillus terreus for chemodiversity and medicinal prospects: a 
comprehensive review, Fungal Biol. Biotechnol. 10 (2023) 6:1-33. 

[24] C. Wang, Y. Peng, Y. Zhang, J. Xu, S. Jiang, L. Wang, Y. Yin, The biological functions 
and metabolic pathways of valine in swine, J. Anim. Sci. Biotechnol. 14 (2023) 
135:1-15. 

[25] D. Šamec, E. Karalija, I. Šola, V. Vujčić Bok, B. Salopek-Sondi, The role of 
polyphenols in abiotic stress response: The influence of molecular structure, 
Plants 10 (2021) 118:1-24. 

[26] M. Mehdizadeh, M. Aguilar, E. Thorin, G. Ferbeyre, S. Nattel, The role of cellular 
senescence in cardiac disease: basic biology and clinical relevance, Nat. Rev. 
Cardiol. 19 (2022) 250-264. 

[27] E. Ermini, New reactions and substrates for orthogonal bioconjugation, (2022). 
https://usiena-air.unisi.it/handle/11365/1204485 (Accessed on: December 
12, 2024). 

[28] A.D. Pagar, M.D. Patil, D.T. Flood, T.H. Yoo, P.E. Dawson, H. Yun, Recent advances 
in biocatalysis with chemical modification and expanded amino acid alphabet, 
Chem. Rev. 121 (2021) 6173-6245. 

[29] R. Shukla, T. Tripathi, Molecular dynamics simulation of protein and protein– 

ligand complexes, in: D.B. Singh (Ed.), Comput.-Aided Drug Des., Springer 
Singapore, Singapore, 2020, pp.133–161. 

[30] M. Rudrapal, S.J. Khairnar, J. Khan, A.B. Dukhyil, M.A. Ansari, et al., Dietary 
polyphenols and their role in oxidative stress-induced human diseases: 
Insights into protective effects, antioxidant potentials and mechanism (s) of 
action, Front. Pharmacol. 13 (2022) 806470. 

[31] E. Ermini, New reactions and substrates for orthogonal bioconjugation, (2022). 
https://usiena-air.unisi.it/handle/11365/1204485 (Accessed on: December 
12, 2024). 

[32] Y. Zhao, F. Ye, Y. Fu, Herbicide Safeners: From molecular structure design to 
safener activity, J. Agric. Food Chem. 72 (2024) 2451–2466. 

[33] X. Shi, X. Wang, W. Yao, D. Shi, X. Shao, et al., Mechanism insights and 
therapeutic intervention of tumor metastasis: latest developments and 
perspectives, Signal Transduct. Target. Ther. 9 (2024) 192:1-46. 

[34] R. Singh, K. Jadhav, N. Rawat, R.K. Verma, J. Kumar, Current strategies for 
targeting autophagy and ros for cancer treatment, in: N. Mishra, R.K. Kaundal 
(Eds.), Role Autophagy React. Oxyg. Species Cancer Treat., Springer Nature 
Switzerland, Cham, 2024, pp.287–307. 

[35] G. Patel, V.R. Shah, T.A. Nguyen, K. Deshmukh, Spirooxindole: Chemistry, 
synthesis, characterization and biological significance, Elsevier, USA, 2024.  

[36] A. Levina, D.C. Crans, P.A. Lay, Advantageous reactivity of unstable metal 
complexes: Potential applications of metal-based anticancer drugs for 
intratumoral injections, Pharmaceutics 14 (2022) 790:1-22. 

[37] Z. Thompson, J.A. Cowan, Artificial Metalloenzymes: Recent developments and 
innovations in bioinorganic catalysis, Small 16 (2020) 2000392.  

[38] R. Nie, Y. Tao, Y. Nie, T. Lu, J. Wang, Y. Zhang, X. Lu, C.C. Xu, Recent advances in 
catalytic transfer hydrogenation with formic acid over heterogeneous 
transition metal catalysts, ACS Catal. 11 (2021) 1071–1095. 

[39] C.C. Malakar, L. Dell’Amico, W. Zhang, Dual catalysis in organic synthesis: 
Current challenges and new trends, Eur. J. Org. Chem. 26 (2023) e202201114.  

[40] W. Zhang, G. Ye, D. Liao, X. Chen, C. Lu, et al., Recent advances of silver-based 
coordination polymers on antibacterial applications, Molecules 27 (2022) 
7166. 

[41] E. Ermini, New reactions and substrates for orthogonal bioconjugation, (2022). 
https://usiena-air.unisi.it/handle/11365/1204485 (Accessed on: December 
12, 2024). 

[42] V.J. Reeda, S. Sakthivel, P. Divya, S. Javed, V.B. Jothy, Conformational stability, 
quantum computational (DFT), vibrational, electronic and non-covalent 
interactions (QTAIM, RDG and IGM) of antibacterial compound N-(1-naphthyl) 
ethylenediamine dihydrochloride, J. Mol. Struct. 1298 (2024) 137043. 

[43] C. Cai, K. Liu, Y. Zhu, P. Li, Q. Wang, et al., Optimizing hydrogen binding on Ru 
sites with RuCo alloy nanosheets for efficient alkaline hydrogen evolution, 
Angew. Chem. 134 (2022) e202113664. 

[44] M.E. Ayalew, DFT studies on molecular structure, thermodynamics 
parameters, HOMO-LUMO and spectral analysis of pharmaceuticals compound 
quinoline (Benzo [b] Pyridine), J. Biophys. Chem. 13 (2022) 29-42. 

[45] E.A. Eno, F.A. Patrick-Inezi, H. Louis, T.E. Gber, T.O. Unimuke, et al., Theoretical 
investigation and antineoplastic potential of Zn (II) and Pd (II) complexes of 6-
methylpyridine-2-carbaldehyde-N (4)-ethylthiosemicarbazone, Chem. Phys. 
Impact 5 (2022) 100094. 

[46] O.J. Jinarathne, M.K. Karunananda, Effects of metal–metal bonding in 
photosensitizers: red-shifted absorption and oscillator strength enhancement, 
Inorg. Chem. Front. 11 (2024) 7812-7821. 

[47] K.I. Hadjiivanov, D.A. Panayotov, M.Y. Mihaylov, E.Z. Ivanova, K.K. Chakarova, 
S.M. Andonova, N.L. Drenchev, Power of infrared and Raman spectroscopies to 
characterize metal-organic frameworks and investigate their interaction with 
guest molecules, Chem. Rev. 121 (2021) 1286-1424. 

[48] M. Ahmed, R. Chand, B.K. Singh, Synthesis, thermal and spectroscopic analysis, 
antimicrobial activities and molecular modeling of zinc(II) metal complex of 
benzoyl glycine, J. Coord. Chem. 77 (2024) 2217–2229. 

[49] R. Chand, M. Ahmed, B.K. Singh, A Review: Recent advances in chemistry and 
applications of 2, 4-dihydroxybenzaldehyde oxime and its transition metal 
complexes, J. Adv. Chem. Sci. 10(4) (2024) 808-812. 

 


