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Abstract

A novel Imidazole derivative, (E)-N-((1H-indol-7-yl) methylene)-5-phenyl-1H-imidazol-2-
amine (IPA), was synthesized and characterized by elemental analysis, FT-IR, NMR, UV-Vis,
and mass spectrometry. Spectral data confirmed the structure and purity of the compound. UV—
Vis analysis showed n—n* and n—n* transitions, indicating strong conjugation. The molecular
ion peak at m/z 286.12 verified its molecular weight. DFT study at the B3LYP/6-311G(d,p)
level exhibits a HOMO-LUMO gap of 2.80 eV, in good agreement with the experimental value
(2.70 eV), supporting its electronic structure and optoelectronic potential.
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Introduction

Heterocyclic compounds are of immense significance in medicinal and materials
chemistry due to their multifarious biological and physicochemical characteristics (Kabir et al.,
2022; Baranwal et al., 2023). Among these, imidazole derivatives hold a foremost place owing to
their vast applications in pharmaceuticals, agrochemicals, and functional materials. Imidazole, a
five-membered nitrogen-containing heterocycle, displays impressive biological actions,
including antifungal, antibacterial, anticancer, anti-inflammatory, and antiviral effects (Kabir et
al., 2022; Baranwal et al., 2023; Karthikeyan et a., 2023; Hossain et al., 2018). These
characteristics have made imidazole-based compounds a focal point of research in drug
discovery and chemical synthesis. The importance of imidazole derivatives extends beyond
biological applications (Zhang et al., 2014; Gaba et al., 2016; Tolomeu et al., 2023). They play a
vital role in coordination chemistry, catalysis, and polymer science, additionally improving their
synthetic and industrial applicability (Gaba et al., 2016; Tolomeu et al., 2023; Engel et al., 2020).
Their capacity to act as ligands for transition metal complexes and participate in hydrogen
bonding makes them valuable in supramolecular chemistry and material sciences (Engel et al.,
2020; Sauvage, 2008; Carboni et al., 2011). Thus, the synthesis and characterization of novel
imidazole derivatives remain a pivotal area of research, aspiring to examine their structural
diversity and functional properties (Kabir et al., 2022; Baranwal et al., 2023; Karthikeyan et a.,
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2023; Hossain et al., 2018; Zhang et al., 2014; Gaba et al., 2016; Tolomeu et al., 2023; Engel et
al., 2020; Sauvage, 2008; Carboni et al., 2011). Classic methods for imidazole synthesis typically
concern the condensation of 1,2-dicarbonyl compounds with aldehydes and amines under acidic
or basic conditions (Carboni et al., 2011; Shitole, 2020; Kumar et al., 2021; Mirallai, 2015).
Nevertheless, advancements in synthetic processes have introduced green chemistry procedures,
microwave-assisted synthesis, and solvent-free reactions, presenting improved yields, decreased
reaction times, and environmental sustainability. The incorporation of diverse substituents on the
imidazole ring improves the physicochemical effects of the resulting compounds, extending their
potential applications in medicinal chemistry and materials science. Recent focus in research has
highlighted the modification of imidazole derivatives to improve their pharmacological efficacy.
Modifying their structural composition, especially by introducing electron-donating or electron-
withdrawing groups, is pivotal in modulating their biological action.

Again, incorporating the imidazole framework with other pharmacophores, such as
quinoline, benzothiazole, or pyrimidine, has contributed to the development of novel therapeutic
agents with improved efficacy (Kabir et al., 2022; Baranwal et al., 2023; Karthikeyan et a., 2023;
Hossain et al., 2018; Zhang et al., 2014; Gaba et al., 2016; Tolomeu et al., 2023; Engel et al.,
2020; Sauvage, 2008; Carboni et al., 2011; Shitole, 2020; Kumar et al., 2021; Mirallai, 2015).
This study focuses on the synthesis and structural study of a new imidazole derivative ((E)-N-
((1H-indol-7-yl) methylene)-5-phenyl-1H-imidazol-2-amine (IPA)) utilizing a well-defined
synthetic method. Structural characterization of the synthesized compound is carried out
employing diverse spectroscopic approaches, including FT-IR (Fourier-transform infrared)
spectroscopy, UV-Vis spectroscopy, NMR (nuclear magnetic resonance) spectroscopy, and mass
spectrometry (MS). These analytical tools furnish vital understandings of the molecular
architecture, functional group exchanges, and purity of the compound, ensuring its structural
integrity. The synthesized imidazole derivative (IPA)) is expected to exhibit promising
pharmacological properties, warranting further biological evaluations. The results from this
investigation will contribute to the growing body of knowledge in imidazole chemistry and could
enable the design of new bioactive molecules. The rational effect of such heterocyclic
compounds enriches our comprehension of their chemical behavior and spreads the groundwork
for future innovations in drug development and material science.

Methods and Materials
Methods

The Fourier-transform infrared (FT-IR) spectrum of ((E)-N-((1H-indol-7-yl) methylene)-
5-phenyl-1H-imidazol-2-amine (IPA) was recorded at 25 °C using a Perkin-Elmer FT-IR
spectrometer to identify functional groups and analyze vibrational characteristics. The molecular
framework of carbon and hydrogen was examined through 3C and *H nuclear magnetic
resonance (NMR) spectroscopy using a Bruker AVANCE-I111 spectrometer. The electronic
absorption behavior of the compound was investigated via ultraviolet-visible (UV-Vis)
spectroscopy on a Perkin-Elmer Lambda 35 spectrometer, spanning the 200—750 nm wavelength
range with a 1 nm bandwidth. Electrospray ionization mass spectrometry (ESI-MS) was
conducted on a WATERS Q-ToF Premier Mass Spectrometer to determine the molecular ion and
fragmentation pattern. Additionally, the elemental composition of the compound was confirmed
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using a Perkin-Elmer 2400 Series Il CHNS/O Analyzer, ensuring consistency with theoretical
calculations.

Materials

For the synthesis of ((E)-N-((1H-indol-7-yl) methylene)-5-phenyl-1H-imidazol-2-amine
(IPA), all required chemicals were purchased from Sigma-Aldrich and utilized without
undergoing any purification process.

_Computational details

Theoretical studies were accomplished using Gaussian 09 (Frisch et al., 2010) and
GaussView (Dennington et al., 2007) software, employing the density functional theory (DFT)
approach with the B3LYP functional and the 6-311G(d,p) basis set (Jamal et al., 2024; 2025).

Results
Synthesis of (E)-N-((1H-indol-7-yl) methylene)-5-phenyl-1H-imidazol-2-amine (IPA)

The compound IPA was prepared through the reaction of 5-phenyl-1H-imidazol-2-amine
(2) with 1H-indole-7-carbaldehyde (1), as depicted in Scheme 1. Initially, 0.50 g (3.14 mmol) of
5-phenyl-1H-imidazol-2-amine was dissolved in 20 mL of methanol. To this solution, 0.45 g
(3.10 mmol) of 1H-indole-7-carbaldehyde was gradually introduced. The reaction mixture was
refluxed for 5 hours, resulting in the appearance of a light yellow precipitate, while the volume
of the solution was reduced to 10 mL. The solid outcome was collected via filtration, entirely
washed with 5 mL of cold methanol, followed by 10 mL of hexane, and recrystallized using
methanol. Finally, the purified compound, IPA, was dried in a vacuum desiccator, yielding 0.80
g of yellow solid with an 84% yield. The elemental analysis of (E)-N-((1H-indol-7-yl)
methylene)-5-phenyl-1H-imidazol-2-amine (IPA) (Chemical Formula: CisHi4N4) was
accomplished to ensure its composition. The calculated percentages for carbon, hydrogen, and
nitrogen were 75.50%, 4.93%, and 19.57%, respectively. The experimental values were found to
be 75.10% for carbon, 4.78% for hydrogen, and 19.23% for nitrogen. The close agreement
between the theoretical and experimental values confirms the molecular integrity and purity of
the synthesized compound. Moreover, Figure 1 presents the structure of IPA.
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Figure 1
Structure of IPA
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Scheme 1
NMR

The *H NMR spectrum (Figure 2) of (E)-N-((1H-indol-7-yl) methylene)-5-phenyl-1H-
imidazol-2-amine (IPA) exhibits characteristic proton signals corresponding to different
functional groups within the molecule. A singlet at & 10.0 ppm corresponds to the NH proton of
the indole ring, which is deshielded due to hydrogen bonding or aromatic effects (Pavia et al.,
2015; Pretsch et al., 2013; Sharma, 2007). In the region 6 9.0-8.0 ppm, three distinct peaks are
marked. A singlet in this region probably appears from the imine (-CH=N) proton (Pavia et al.,
2015; Sharma, 2007), while a doublet and a multiplet illustrate aromatic protons, perhaps from
the indole or imidazole ring system. Further downfield, another set of three peaks is noted in the
6 8.0—7.0 ppm range: a singlet, a triplet, and a doublet. These peaks are attributed to different
aromatic protons, most presumably from the phenyl and imidazole rings, with the triplet
exhibiting a proton experiencing equal coupling from adjacent protons (Pavia et al., 2015;
Pretsch et al., 2013; 2000; Sharma, 2007). In the & 7.0-6.0 ppm region, a doublet arises, which is
characteristic of an aromatic proton in an electron-rich environment, possibly from the imidazole
or phenyl system (Pavia et al., 2015; Pretsch et al., 2013; 2000). Further, a solvent (DMSO-ds)
peak is marked between the & 4.0-3.0 ppm. Overall, the *H NMR spectrum provides structural
insights into the molecular framework, confirming the presence of key functional groups through
distinct chemical shifts and coupling patterns.

The 13C NMR spectrum (Figure 2) of (E)-N-((1H-indol-7-yl) methylene)-5-phenyl-1H-
imidazol-2-amine (IPA) shows two peaks in the 6 160—-165 ppm region, corresponding to highly
deshielded imine and imidazole carbons (Pretsch et al., 2013; 2000; Sharma, 2007). Four peaks
appear in the & 140-130 ppm range, attributed to quaternary aromatic carbons from the indole,
imidazole, and phenyl rings. Five peaks are noticed within & 130-120 ppm range, with one
appearing broader, revealing overlapping signals from protonated aromatic carbons (Pavia et al.,
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2015; Pretsch et al., 2013; 2000; Sharma, 2007). Two different peaks correspond to additional
aromatic carbons in the 6 120110 ppm region. Another peak appears in the & 110-100 ppm
range, associated with a more shielded carbon (Pavia et al., 2015; Sharma, 2007). Finally, a
solvent peak at 6 40—30 ppm corresponds to DMSO-ds, usually utilized in NMR examination.
The overall spectral pattern demonstrates the existence of imine, indole, imidazole, and phenyl
carbons, supporting the structural identity of the compound.

Figure 2
NMR for IPA
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The FT-IR spectrum (Figure 3) of (E)-N-((1H-indol-7-yl) methylene)-5-phenyl-1H-
imidazol-2-amine furnishes essential details regarding the functional groups present in the
molecule, demonstrating its structural integrity. A broad and medium-intensity band observed at
3132 em™! is characteristic of the N—H stretching vibration, indicative of the indole and
imidazole NH groups (Pavia et al., 2015; Pretsch et al., 2013; 2000; Ahmad et al., 2018;
Socrates, 2004; Sharma, 2007). The peak at 3059 cm™! corresponds to aromatic C—H stretching
vibrations, which confirms the presence of multiple aromatic systems, including the phenyl,
indole, and imidazole rings (Pavia et al., 2015; Socrates, 2004; Sharma, 2007). A weak
absorption at 2772 cm™! is likely due to C—H stretching of the imine group or a weak overtone
band (Pavia et al., 2015; Socrates, 2004). A prominent band at 1674 cm™! is assigned to the C=N
stretching vibration of the imine (azomethine) linkage, a key feature of the Schiff base structure
(Pavia et al., 2015; Pretsch et al., 2013; 2000; Socrates, 2004). Additional bands observed at
1614, 1592, 1584, and 1528 cm ™ are attributed to C=C and C=N stretching vibrations in the
aromatic and heterocyclic systems, reflecting conjugation within the n-system of the molecule
(Pavia et al., 2015; Socrates, 2004; Sharma, 2007). The bands at 1488, 1482, and 1448 cm ™' are
due to C—H in-plane bending vibrations and aromatic ring skeletal motions. Absorptions at 1395,
1372, and 1351 cm ™ suggest the presence of C—N stretching vibrations and deformation modes
typical of substituted heterocycles such as imidazole and indole. Peaks at 1316, 1277, and 1251
cm ! are attributed to aromatic C—N stretching and in-plane C—H deformation vibrations. Further,
the bands at 1210, 1172, and 1131 cm™' support the presence of C—H wagging and skeletal
vibrational modes within the aromatic systems (Pavia et al., 2015; Socrates, 2004; Sharma,
2007). The region between 1102—-1009 cm™ shows bands at 1102, 1073, 1039, and 1009 cm™!,
which can be attributed to aromatic ring breathing and C—N skeletal vibrations (Pavia et al.,
2015; Pretsch et al., 2013; Socrates, 2004). The bands at 959, 917, 845, and 830 cm™" are
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consistent with C—H out-of-plane bending of mono- and disubstituted aromatic rings (Socrates,
2004; Sharma, 2007). Further support for aromatic substitution patterns is evident from the peaks
at 755, 729, 693, and 659 cm™!, which reflect out-of-plane deformations of the phenyl and indole
systems [19-23]. Finally, the low-frequency bands at 599, 557, and 455 cm™ are assigned to ring
deformation and skeletal torsional modes of the heterocyclic framework (Pavia et al., 2015;
Socrates, 2004; Sharma, 2007). Overall, the FT-IR data strongly support the proposed molecular
structure and successful formation of the Schiff base.

Figure 3
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UV-Vis

The UV-Vis spectrum (Figure 4) for (E)-N-((1H-indol-7-yl) methylene)-5-phenyl-1H-
imidazol-2-amine, recorded in DMSO displays two absorption bands that provide significant
insights into its electronic structure and conjugation. A small peak at 345 nm is designated to a
n—7* electronic transition (Pavia et al., 2015; Socrates, 2004; Sharma, 2007). This transition is
mainly localized within the aromatic moieties of the molecule, including the indole, imidazole,
and phenyl rings. These rings possess delocalized n-electrons, and their overlap leads to
electronic excitation within the n-system. This band's moderate intensity proposes a localized
excitation nature with limited charge transfer. A more intense and broader absorption band is
recorded at 459 nm, which is attributed to an n—r* transition (Pretsch et al., 2013; 2000;
Sharma, 2007). This transition affects the excitation of a non-bonding electron (n) from the
nitrogen atom of the azomethine (—-CH=N-) group to an antibonding n* orbital (Pavia et al.,
2015; Sharma, 2007). The existence of this peak at a longer wavelength (red-shifted) reflects the
influence of the extended conjugation in the molecule, spanning across the indole, imine, and
imidazole units (Pavia et al., 2015; Pretsch et al., 2013; 2000; Ahmad et al., 2018; Sharma,
2007). The intense absorption at this wavelength also suggests the occurrence of intramolecular
charge transfer (ICT), enabled by the conjugated m-system and the presence of electron-donating
and electron-withdrawing groups within the molecule (Pavia et al., 2015; Pretsch et al., 2013;
Sharma, 2007). The occurrence of the absorption band at 459 nm, which lies in the visible
region, provides the compound a potential for chromophoric and optoelectronic behavior,
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implying probable applications in photophysical systems. The bathochromic shift (longer
wavelength absorption) corresponded to simple Schiff bases, supporting the notion of enhanced
electron delocalization throughout the molecular scaffold (Pavia et al., 2015; Pretsch et al., 2013;
2000; Ahmad et al., 2018; Sharma, 2007). Overall, the UV—Vis spectrum demonstrates the
existence of conjugated m-systems and electronic transitions familiar with Schiff base derivatives
with heterocyclic aromatic systems, supporting the structure and purity of the synthesized
compound.

Figure 4
UV-Vis for IPA
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Mass Spectrometry (ESI-MS or EI-MS)

The mass spectrum for (E)-N-((1H-indol-7-yl) methylene)-5-phenyl-1H-imidazol-2-
amine indicates a molecular ion peak (M*) at m/z 286.12, which corresponds to the molecular
weight of the compound and confirms its molecular formula. This peak appears as the base peak
(100% relative intensity), indicating high stability and abundance of the parent ion under the
ionization conditions. In addition to the molecular ion, isotopic peaks are observed at m/z 287.13
(19.6%), m/z 288.13 (1.8%), and m/z 287.12 (1.5%), which correspond to the natural isotopic
distribution of the constituent elements, primarily due to '*C and 2H (D) or '*N isotopes. The
peak at m/z 287.13 represents the [M+1]" 1on and arises mainly from the presence of *C isotopes
in the molecule, with a relative abundance consistent with a compound containing approximately
18-20 carbon atoms. The minor peak at m/z 288.13 is attributed to the [M+2]" ion, likely
resulting from the presence of two 3C atoms or a combination of 13C and other heavier isotopes
(e.g., 2H, '*N) in the molecular ion. The low-intensity peak at m/z 287.12 (1.5%) may be a result
of a slight overlapping of isotope contributions or fragment ions formed under soft ionization
conditions. The absence of major fragment peaks and the dominance of the molecular ion peak
suggest that the compound remains largely intact, indicative of high molecular stability, typical
in Schiff bases and aromatic heterocycles under ESI or EI conditions. This mass spectral pattern
confirms the molecular mass and purity of the compound and supports the proposed molecular
structure based on its elemental composition and isotopic signature.
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HOMO-LUMO Energy Gap (Theoretical vs. Experimental)

The experimental energy gap, derived from the maximum absorption wavelength (Amax
=459 nm) in the UV—Vis spectrum, is around 2.70 eV, based on the relation AE = 1240/A (Pavia
et al., 2015; Atkins et al., 2023; Sharma, 2007). This value corresponds to the optical band gap,
indicating the electronic excitation from the ground state to the excited state, including solvent
and vibrational relaxation effects. The theoretical HOMO-LUMO gap (Figure 5) obtained from
DFT calculations is 2.80 eV, which designates the electronic energy difference between the
frontier molecular orbitals in the ground state geometry. The tiny overestimation of the
theoretical gap compared to the experimental value is normally observed and could be attributed
to the absence of solvent and vibronic interactions in the computational model, as well as the
limits of the functional and basis set used in DFT (Jamal et al., 2025; Medel et al., 2021). The
comparable agreement between the experimental (2.70 eV) and computed (2.80 eV) values
implies that the theoretical model is reliable and supports the existence of an extended =-
conjugated system with efficient intramolecular charge transfer (ICT). Such a gap magnitude
also proposes potential applications in optoelectronic and photophysical materials.

Figure 5
Calculated HOMO-LUMO gap for IPA
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Conclusions

This study reveals the successful synthesis and thorough characterization of a novel
Imidazole derivative, IPA. The integration of spectral techniques furnished a clear understanding
of its molecular structure, ensuring the successful formation of the imine linkage and the
presence of key functional groups. Notably, the UV—Vis and mass spectral data indicated
significant electronic effects and molecular stability. Theoretical DFT computations
complemented the experimental results, with the HOMO-LUMO gap proposing a well-
conjugated system capable for intramolecular charge transfer. These outcomes not only validate
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the molecular design but also highlight the potential of IPA for further investigation in materials
science and electronic applications.
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