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Abstract

In this work, we report the synthesis of the Schiff base compound, (Z2)-3-((2-(2,4-
dinitrophenyl)hydrazono)methyl)-4-methyl-1H-pyrrolo[2,3-b]pyridine, through the condensation reaction
between 4-methyl-1H-pyrrolo[2,3-b]pyridine-3-carbaldehyde and (2,4-dinitrophenyl)hydrazine. Elemental
analysis, FT-IR, NMR, and UV-Vis spectroscopic measurements confirmed the structural composition of
DMP. FT-IR and NMR measurements provided evidence for the formation of a hydrazone linkage with
nitro and aromatic functionalities. The UV-Vis and DFT results revealed a clear signature of intramolecular
charge transfer with an estimated HOMO-LUMO energy gap of 3.125 eV, which is in close agreement with
the experimental absorption at 390 nm. The molecular electrostatic potential (MEP) map displayed distinct
positive and negative potential regions indicating the probable reactive sites. These confirm the structural
veracity of the synthesized compound with promises for-applications in the area of optoelectronics and
sensing.
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1. Introduction

Nitrogen-containing heterocyclic compounds remain a cornerstone of medicinal chemistry due to their
exceptional reactivity, adjustable physicochemical characteristics, and wide range of biological activities
[1,2]. Of these, the pyrrolo[2,3-b]pyridine framework, a fused bicyclic system joining pyrrole and pyridine
rings, has emerged as one of the important structural motifs in pharmacophore design exhibiting a variety of
biological activities like antitumor, anti-inflammatory, antimicrobial, and enzyme inhibitory activities [3-5].
Strategic substitution in this heterocyclic core allows modulation of its electronic properties and
optimization of its affinity for specific biological targets [5-7].

A specific route for the derivatization of such frameworks in a flexible and handy manner is the synthesis of
Schiff bases, hydrazone derivatives in particular, which are generally obtained by condensation reactions

from hydrazines with carbonyl compounds such as aldehydes or ketones [8-10]. These derivatives are
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known for extended m-conjugation, structural rigidity, and efficient electron delocalization [11,12]. The
presence of a 2,4-dinitrophenyl group is particularly useful, since its strong electron-withdrawing effect may
alter the electronic landscape of the molecule, enhance electrophilicity, and give rise to favorable
intermolecular interactions, particularly in biological contexts [13,14].

In this work, we report the synthesis of a novel Schiff base, namely, (2)-3-((2-(2,4-
dinitrophenyl)hydrazono)methyl)-4-methyl-1H-pyrrolo[2,3-b]pyridine, which incorporates the biologically
important pyrrolo[2,3-b]pyridine skeleton with the electron-deficient dinitrophenyl hydrazone moiety. The
title compound was fully characterized by means of elemental analysis, FT-IR, 1H NMR, and UV-Vis
spectroscopy, which verified its composition and the presence of the main functional groups intact.

In order to further support the experimental results and also explore the electronic behavior of the molecule,
density functional theory computations at the B3LYP/6-311++G(d,p) level of theory were carried out. The
frontier molecular orbital analysis (HOMO-LUMO) explained the electronic transitions and chemical
reactivity, and MEP mapping showed the regions of electron density that can act as active sites for
molecular interactions.

This experimental and theoretical investigation allows for a detailed correlation between the structural
framework and electronic features of the synthesized Schiff base and therefore provides a sound basis for its
possible development in biological and material science applications.

2. Materials and Methods
2.1 Materials

All chemicals required for the synthesis of (Z)-3-((2-(2,4-dinitrophenyl)hydrazono)methyl)-4-methyl-1H-
pyrrolo[2,3-b]pyridine (DMP) have been procured from Sigma-Aldrich and used as received, without any
further purification.

2.2. Methods

A wide range of analytical techniques was applied, which gave enough information on structural and
physicochemical properties of (Z)-3-((2-(2,4-dinitrophenyl)hydrazono)methyl)-4-methyl-1H-pyrrolo[2,3-
b]pyridine. The FT-IR spectrum was recorded at room temperature (25 °C) with a Perkin-Elmer FT-IR
spectrometer, which enabled the identification of the most important vibrational modes related to functional
groups in the molecule. Nuclear magnetic resonance spectra, including “"1H NMR, were recorded on a
Bruker AVANCE-III spectrometer. To investigate the electronic transitions of the compound, UV-Vis
spectra were recorded on a Perkin-Elmer Lambda 35 spectrophotometer in the 200-800 nm wavelength
region with a 1 nm spectral bandwidth. The above measurements gave information about the chromophoric
character of the compound. Elemental analysis was performed with a Perkin-Elmer 2400 Series 1l CHNS/O
Analyzer. The elemental percentages observed were in good agreement with the theoretical values

calculated, and this confirmed the purity and the elemental accuracy of the targeted compound, DMP.
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2.3 Computation

Theoretical calculations were completed using the Gaussian 09 software package [15], with molecular
visualization and analysis conducted through the GaussView interface [16]. The DFT (density functional
theory) method was employed using the B3LYP/6-311G(d,p) level of theory.

3. Results

3.1 Synthesis of (2)-3-((2-(2,4-dinitrophenyl)hydrazono)methyl)-4-methyl-1H-pyrrolo[2,3-b]pyridine
(DMP),

The Schiff base compound DMP was prepared by the condensation reaction of 4-methyl-1H-pyrrolo[2,3-
b]pyridine-3-carbaldehyde (1) with (2,4-dinitrophenyl)hydrazine (2) according to Scheme 1. A typical
synthesis involves the dissolution of 0.74 g (3.73 mmol) of (2,4-dinitrophenyl)hydrazine in 20 mL of DMF
under constant stirring. To this stirred solution, 0.60 g of the aldehyde (3.74 mmol) was added slowly. This
reaction mixture was refluxed for 10 h, during which a pale yellow precipitate appeared gradually when the
volume of the solvent reduced to about 10 mL. The reaction was then complete, after which the solid
product was separated by filtration and washed thoroughly with 5 mL of cold methanol followed by 10 mL
of hexane and finally purified by recrystallization from DMF. The pure compound DMP was collected as
yellow crystalline material, dried under vacuum, and yielded 1.10 g (82%) of the expected product.
Elemental Analysis; Elemental analysis of (Z)-3-((2-(2,4-dinitrophenyl)hydrazono)methyl)-4-methyl-1H-
pyrrolo[2,3-b]pyridine (DMP) was conducted to confirm its elemental composition and correspondence to
the proposed molecular formula, CisHi12N«Oa. The calculated elemental percentages for this formula are:
carbon (C), 52.94%; hydrogen (H), 3.55%; and nitrogen (N), 24.70%. These values showed excellent
correspondence with the experimentally obtained results-C, 52.80%; H, 3.45%; N, 24.60%-thereby
confirming the correctness of the proposed structure. The analysis, being carried out in CHN mode on a
Perkin-Elmer 2400 Series Il CHNS/O Analyzer, did not measure oxygen content directly but obtained it by
difference. The calculated proportion of oxygen is in good accord with the molecular formula, further
confirming the composition of the compound. This close correspondence between the theoretical and

experimental values ensures successful synthesis with high elemental purity of DMP.
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3.2 NMR Study

The "1H NMR of DMP acquired in DMSO-ds (Figure 2) showed proton signals in agreement with the
postulated molecular structure. The azomethine proton (-CH=N-) of the hydrazone linkage, as expected,
appeared as a sharp singlet at 6 8.85 ppm due to an isolated environment devoid of coupling interactions
[17,18,22]. In the aromatic region, it resonated as a doublet at 6 8.40 ppm which may be assigned to one
proton on the pyrrolo[2,3-b]pyridine ring with typical ortho coupling [17,19]. Two additional doublets
centered at & 7.97 ppm and 6 7.22 ppm were assignable to aromatic protons of the 2,4-dinitrophenyl moiety
and were consistent with substitution effects and coupling patterns anticipated for electron-deficient
aromatic rings.

A singlet at 6 6.60 ppm was assigned to the proton located on the pyrrole ring, reflecting its distinct
electronic environment in the fused heterocyclic system [17,20,22]. The hydrazone —NH proton appeared as
a small singlet at & 5.00 ppm, often showing broadening or reduced intensity due to hydrogen bonding and
solvent exchange phenomena [17,18]. Finally, a singlet at 6 2.61 ppm corresponded to the methyl group
attached at the 4-position of the pyrrolo[2,3-b]pyridine nucleus [17,19]. The integration value for all peaks
was as theoretically expected, confirming that the synthesized Schiff base had structural integrity and the

formation of the hydrazone linkage was appropriate.
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Figure 2 NMR for DMP

3.3 FT-IR Study

The FT-IR spectrum of (2)-3-((2-(2,4-dinitrophenyl)hydrazono)methyl)-4-methyl-1H-pyrrolo[2,3-
b]pyridine (DMP) affords necessary information about the functional groups incorporated into the molecule.
A broad absorption band at 3286 cm™! is assigned to the N—H stretching vibration, which indeed reflects the
presence of a hydrazone or secondary amine group [21]. The absorption at 3101 cm™ is attributed to
aromatic C—H stretching modes, further authenticating the nature of aromaticity in the compound [17,21].
Strong bands at 1619 and 1586 cm™ can be assigned to the C=N and C=C stretching vibrations,
respectively, characteristic of the hydrazone (imine) linkage and aromatic ring system. The nitro
functionalities are reflected by strong absorptions at 1508, 1330, and 1312 cm™, which are assigned to
asymmetric and symmetric NO: stretching modes. Further, aromatic skeletal vibrations were observed at

1447 and 1417 cm™ [17,19,21].
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The C—N stretching vibrations of the pyrrolo[2,3-b]pyridine core and hydrazone segment appear at 1261 and
1222 cm™, respectively. The bands at 1134, 1090, and 1073 cm™! correspond to the in-plane bending of the
C—H and C-N bonds. Out-of-plane C—H bending vibrations, characteristic for substituted aromatic systems,
are recorded at 922, 894, 834, and 764 cm™' [21,17].

Further characteristic absorptions at 742, 722, 694, 645, and 600 cm™ are indicative of out-of-plane
deformation and ring-breathing modes. Bands detected at 523, 507, and 421 cm™ are associated with
skeletal deformations involving heavier atoms within the nitro groups and the fused heteroaromatic ring
framework [21].

The overall spectral profile clearly establishes the presence of hydrazone, nitroaromatic, and heteroaromatic

functionalities fully consistent with the proposed structure for DMP.
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Figure 3 IR for DMP

3.4 UV-Vis Study

Figure 4: The UV-Vis absorption spectrum of (Z)-3-((2-(2,4-dinitrophenyl)hydrazono)methyl)-4-methyl-
1H-pyrrolo[2,3-b]pyridine, DMP, exhibits distinct electronic transitions due to its highly conjugated
aromatic structure. A strong absorption band appears at 390 nm, assignable to a n—n* transition, due to the
extended conjugation between the pyrrolo[2,3-b]pyridine core and the dinitrophenyl-substituted hydrazone
segment [17,18]. The intensity of this band reveals a pronounced intramolecular charge transfer ICT process
promoted by the electron-rich pyrrolo[2,3-b]pyridine ring and the electrondeficient nitro groups.

A weaker absorption feature at 499 nm is attributed to an n—=n* transition, originating from the non-
bonding electrons of nitrogen atoms within the hydrazone and nitro functionalities that participate in
delocalization over the m-conjugated system. The appearance of this transition at a longer wavelength
supports the presence of extended m-conjugation and partial charge separation within the molecule [17-19].
The red shift in the absorption maxima (bathochromic shift) is indicative of strong electron delocalization
and increased conjugation across the molecular framework, due to electron-donating and electron-

withdrawing substituents acting in concert [17,19,23]. These spectral features confirm the conjugated nature
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and electronic complexity of the compound and make DMP a promising candidate for optoelectronic or

photochemical applications using intramolecular charge transfer processes.
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Figure 4 UV-Vis for DMP

3.5 Frontier Molecular Orbital (FMO)

FMO analysis of DMP provides key information on its electronic structure and optical properties [24—26].
According to DFT calculations, HOMO and LUMO energies of DMP were obtained [24,25]. The calculated
HOMO and LUMO energies are —6.237 eV and —3.112 eV, respectively, with a gap energy of 3.125 eV.
This bandgap energy represents an important parameter for the investigation of molecular reactivity and the
probability of electronic transition [24,25,27].

The moderate value of AE reveals that DMP maintains a proper balance between stability and reactivity, in
agreement with its conjugated structure that favors charge transfer interactions. Molecular-orbital
visualization demonstrates that the HOMO is fully delocalized over the whole molecule, while the LUMO
density is mainly concentrated over the electron-withdrawing dinitrophenyl-hydrazone segment, indicating
an effective intra-molecular charge transfer channel.

Experimentally, the UV-Vis spectrum of DMP exhibits an intense absorption peak at 390 nm, which
corresponds to an excitation energy of approximately 3.18 eV as calculated from E = 1240/A [17,28]. The
experimental finding is in close proximity to the theoretical HOMO-LUMO gap of 3.125 eV, confirming
the strong agreement that exists between DFT predictions and spectroscopic observations.

The good agreement between computational and experimental results confirms the reliability of the DFT
method to describe the optoelectronic properties of DMP. These findings enforce its potential applicability
in the design of optoelectronic and sensing materials that use intramolecular charge transfer mechanisms. In
Figure 5, the HOMO and LUMO orbitals' spatial distributions are presented.

[JCRT2511215 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] b703


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 11 November 2025 | ISSN: 2320-2882

o

J/‘}LUMO=-3.112 eV

HOMO-LUMO=-3.125 eV

S

HOMO=-6.237 eV
Figure 5 FMO for DMP

3.6 MEP

The MEP map of DMP (Figure 6) was generated within an electrostatic potential range from —7.13 x 102 to
+7.13 x 102 a.u., yielding a clear visualization of charge distribution across the molecular surface. The map
reveals that most carbon and hydrogen atoms are enveloped by blue and white regions, corresponding to
zones of lower electron density and positive potential, indicating a reduced tendency for these atoms to
participate in electrophilic interactions [24—26].

The imine group (C=N) linking the dinitrophenyl and pyrrolopyridine fragments appears within the same
white to light-blue regions, indicating moderate electron deficiency. This may also contribute to the
stabilization of the molecular conformation and the ease of interaction with nucleophilic species [24,25,29].
In contrast, nitro (-NO-) substituents and nitrogen atoms in the aromatic framework are indicated in red and
yellow regions which correspond to higher electron density and negative potential. These sites are likely to
be more favorable for electrophilic attack, hydrogen bonding, or possible coordination with metal ions
[26,30].

Overall, the MEP surface clearly distinguishes between the electron-rich and electron-poor regions in DMP,
thus reflecting its reactive behavior and probable binding sites from both a chemical reactivity and

biological standpoint.
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Figure 6 MEP for DMP

4 Conclusion

The synthesis and full characterization of (Z)-3-((2-(2,4-dinitrophenyl)hydrazono)methyl)-4-methyl-1H-
pyrrolo[2,3-b]pyridine (DMP) were successfully carried out and verified by elemental analysis and
spectroscopic techniques like FT-IR, NMR, and UV-Vis. It was observed that the spectral data confirm the
formation of a hydrazone linkage, the presence of aromatic and nitro functionalities, and extended
conjugation within the molecule. In addition, theoretical studies by using DFT, including FMO and MEP
analyses, supported the experimental results by showing intense intramolecular charge transfer and locating
possible reactive sites. The correspondence between experimental results and the computational study
ascertains the veracity of the proposed molecular structure and stresses the favorable electronic properties
that make DMP a promising molecule for future applications in optoelectronic or molecular sensing areas.
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