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Abstract:
Aims: To synthesize isoniazid-derived imines by condensing isoniazid (INH) with sub-

stituted benzaldehydes and pyridine carboxaldehydes, and to determine their structures us-
ing spectroscopic methods. 

Methodology: Isoniazid was mixed with equimolar amounts of substituted benzalde-
hydes and pyridine carboxaldehydes, and the mixture was refluxed for 4-7 hours.

Results: Elemental analyses and IR spectroscopy confirmed the synthesis and charac-
terization of ten Schiff bases.

Conclusion: The analysis of the energies of the highest occupied molecular orbital 
(HOMO) and lowest unoccupied molecular orbital (LUMO) suggests that compounds M1-
M10 are stable. Hardness data indicate that molecule M8 exhibits a higher aromatic charac-
ter than the other compounds.
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تحضير وتوصيف ودراسات نظرية باستخدام نظرية الكثافة الوظيفية 
)DFT( لبعض الهيدرازونات المشتقة من الأيزونيازيد
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مستخلص:

الأهــداف: تمثلــت الأهــداف في تحضــر إيمينــات مشــتقة مــن الأيزونيازيــد عــن طريــق تكثيــف الأيزونيازيــد 
)INH( مــع بنزالديهايــدات ومشــتقات بيريديــن كربوكســالديهيد، وتحديــد تراكيبهــا باســتخدام الطــرق الطيفية.

بيريديــن  ومشــتقات  بنزالديهايــدات  مــن  متكافئــة  كميــات  مــع  الأيزونيازيــد  خلــط  تــم  المنهجيــة: 
7 ســاعات. إلى   4 بــن  تــراوح  لمــدة  الارتــداد  مــع  المزيــج  تــم غــي  ثــم  كربوكســالديهيد، 

ــف  ــر والتوصي ــة التحض ــراء )IR( عملي ــت الحم ــعة تح ــف الأش ــة وطي ــل الأولي ــدت التحالي ــج: أك النتائ
ــيف. ــد ش ــرة قواع لع

ــر  ــي غ ــدار جزيئ ــى م ــغول )HOMO( وأدن ــي مش ــدار جزيئ ــى م ــات أع ــل طاق ــر تحالي ــتنتاج: تش الاس
مشــغول )LUMO( إلى أن المركبــات M1-M10 مســتقرة. كــا تشــر بيانــات الصلابــة إلى أن المركــب M8 يتمتــع 

بطابــع عطــري أعــى مقارنــةً ببقيــة المركبــات.
.)DFT( الكلمات المفتاحية: أيزونيازيد؛ هيدرازونات؛ قواعد شيف؛ نظرية الكثافة الوظيفية
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1. INTRODUCTION
Isoniazid, a pro-drug with recog-

nized therapeutic uses, has been clin-
ically employed for over five decades 
as a first-line medication in the preven-
tion and treatment of tuberculosis[1], 
[2]. Structurally, isoniazid is a nicotin-
amide analog, consisting of a pyridine 
ring and a hydrazide moiety[3]. The 
reactivity of the free -NH2 group in 
hydrazine allows its condensation with 
various carbonyl compounds, forming 
hydrazones. These hydrazones, partic-
ularly those incorporating aldehydes 
and ketones, exhibit distinct chemical 
and biological properties[4]. Schiff 
bases, derived from hydrazones, are 
notable for their characteristic -C=N- 
linkage. [5]Several Schiff bases have 
demonstrated significant pharmaceu-
tical applications, including antibac-
terial[6], antitumor[7], antifungal[8], 
antioxidant[9], and antitubercular ac-
tivities[10]. [11]From a computation-
al perspective, Density Functional 
Theory (DFT) plays a pivotal role in 
elucidating the electronic structures 
and chemical reactivity of such com-
pounds[12]. By analyzing frontier mo-
lecular orbitals, namely the highest 

occupied molecular orbital (HOMO) 
and the lowest unoccupied molecular 
orbital (LUMO), researchers can pre-
dict reactivity patterns and optimize 
compound design[13]. The integration 
of these experimental and computa-
tional approaches is essential for the 
development of novel, more effective 
therapeutic agents[14]. This study fo-
cuses on the synthesis, characteriza-
tion, and DFT theoretical analysis of 
isoniazid-derived Schiff bases, aiming 
to explore their potential as innovative 
antitubercular agents and their broad-
er pharmaceutical applications[15]. 
By modifying the hydrazine group of 
isoniazid with functional groups that 
inhibit acetylation, this research seeks 
to overcome drug resistance and en-
hance biological activity, contributing 
to advancements in therapeutic strate-
gies[16].

2. EXPERIMENTAL
2.1. Materials
All the compounds used in this study 

were analytical grade (Sigma Aldrich) 
and were used as received, without any 
further purification.

2.2. Physical Measurements
Spectra were recorded using a Per-
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kin-Elmer FT-IR 100 spectrometer. 
The attenuated total reflectance (ATR) 
mode was employed to measure spec-
tra in the range of   4000 to 600 cm-1.

2.3. Synthesis of the Schiff Bases
To synthesize the Schiff bases, equal 

amounts of isoniazid and aldehydes 
were heated in methanol at 70°C with 
continuous agitation for 4–7 hours, as 
shown in Scheme 1. The first step in 
Scheme 1 involved dissolving isonia-
zid (0.274 g, 2.0 mmol) in 5.0 mL of 
warm methanol, followed by dissolv-
ing 0.258 g (2.0 mmol) of 4-(dime-
thylamino) benzaldehyde in 5.0 mL of 
warm methanol. The mixture was heat-
ed to 70°C and agitated continuously 
for 4 hours in a water bath, resulting 
in the formation of a yellow solution. 
Thin-layer chromatography (TLC) was 

employed to monitor the progression 
of the reaction using a solvent mix-
ture consisting of 40% isopropyl al-
cohol and 60% hexane. Upon cooling, 
the solution underwent solvent evap-
oration, resulting in the formation of 
yellow crystals after two days[4] [17]
[18]. The resultant product was fil-
tered, treated with cold methanol, and 
desiccated in a desiccator utilizing an-
hydrous CaCl2. The compound was 
synthesized by subjecting isonicotinic 
acid hydrazide salt to reflux in an etha-
nol/water solvent mixture for 24 hours 
[17]. The purity of the compounds was 
assessed using analytical HPLC and 
measurement of melting temperature 
(Table 2). The aldehydes commonly 
employed in the synthesis of Schiff 
bases are shown in Table 1.
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Scheme 1. General method of synthesis of Schiff bases
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Table (2-1): Chemical properties of prepared hydrazones (M1-M11)

General structural formula
Comp. -Ar M.F. M.Wt. M.P.°C Yield%

M1 O
C13H11N3O 225.25 171 -169 97%

M2 O

ON2

C13H10N5O2 268.26 280 -283 90%

M3 O

Cl

C13H10N3O 259.69 225 -230 79%

M4 O

Br

C13H10BrN3O 304.15 230 -234 87%

M5 O

O

C14H13N3O 255.28 182 -186 80%

M6

O

OO

C15H15N3O3 285.30 131 -134 89%

M7 O

HO

C13H13N3O2 241.25  310-308 87%

M8 O

OH

C13H13N3O2 241.25  210-207 76%

M9
O

Cl

C13H10N3O 259.69 224-222 92%

M10
O

Br

C13H10BrN3O 304.15 248-245 89%

M11
O

N

C15H16N4O 268.32 219-216 87%
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2.4. Computational Study
Molecular characteristics of pro-

duced M1-M10 compounds, such as 
dipole moment, HOMO, LUMO, HO-
MO-LUMO gap, and certain electron-
ic properties, were calculated using 
density functional theory (DFT) with 
(B3LYP) as a functional and the def 
2-SVP as a basis set using the ORCA 
software program.

3. RESULTS AND DISCUSSION
3.1. Elemental Analysis
Table (2-1) presents the physical 

characteristics of the Schiff bases orig-
inating from isoniazid, which include 
their molecular weight, melting point, 
and elemental analysis. Elemental 
analysis values exhibit a high degree 
of agreement between experimental 
and theoretical data. The compounds 
exhibited distinct melting points that 
deviated from those of the parent mate-
rials, therefore verifying the formation 
of novel compounds. The high melt-
ing temperatures seen suggest that the 
molecules are bound together in a lat-
tice structure by robust intermolecular 
hydrogen bonds.

3.2. Infrared
The compounds have an average 

stretching frequency of the N-H band 
ranging from 3139 to 3296 cm-1. The 
distinctive peak of C=N (imine) fluc-
tuates between 1603 and 1550 cm-1. 
Resonance effects cause a little rise in 
the NH band of monosubstituted me-
thoxy-aldehydes, with the substitut-
ed Schiff base exhibiting the greatest 
frequency and the m-substituted iso-
mer the lowest. The compounds ex-
hibit clustering of prominent bands 
within the 1500 cm-1 range, which 
can be attributed to the C=N and C=C 
bonds present in the pyridine/aromatic 
rings[19].

3.3. Computed Density Function-
al Theory

In general, molecules with small 
HOMO-LUMO gaps are reactive, 
while those with large gaps are stable 
and unreactive. Higher HOMO ener-
gies indicate easier electron donation 
for HOMO, while lower LUMO ener-
gies indicate easier electron acceptance 
for LUMO. Theoretical investigation 
revealed that generated M1–M10 with 
halogen substitution had minimal ef-
fects, except for M, which raised the 
LUMO energy level and made the 
molecule more stable in comparison 
to other compounds. The energy gap 
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between the HOMO and LUMO orbit-
als in compounds M1–M10. The fol-
lowing formulas were used to compute 
the electronic characteristics, which 
include electron affinity A, Ionization 

potential I, absolute electronegativity 
μ, absolute hardness η, and electro-
philicity ω. The findings are shown in 
Table 3.

3.4. The border molecular orbit-
als

Frontier molecular orbitals include 
both the highest occupied molecular or-
bitals (HOMO) and the lowest unoccu-
pied molecular orbitals (LUMO). The 
HOMO can give an electron, whereas 
the LUMO indicates the ability to ab-
sorb electrons. These orbitals are vital 
in determining the stability of a chem-
ical molecule. The HOMO and LUMO 
energy levels were computed using the 
DFT technique at the B3LYP/def2-

SVP level of theory, as indicated in 
the table2. One electron is transferred 
from the highest occupied molecular 
orbitals to the lowest empty molecular 
orbitals to mark the transition from the 
ground state to the excited state. The 
figure displays a schematic of the HO-
MO-LUMO energy values. The energy 
gap between HOMO and LUMO pro-
vides detailed interaction between the 
molecules and chemical stability. The 
HOMO electronic density distribution 
for Schiff bases is plotted in Fig. 3.
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Code HOMO LUMO

M1

M2

M3

M4

M5
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Code HOMO LUMO

M6

M7

M8

M9

M0
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4. Conclusion
In this study, isoniazid-derived 

Schiff bases were successfully synthe-
sized, characterized, and analyzed us-
ing both experimental techniques and 
DFT theoretical calculations. The ele-
mental analysis, IR spectroscopy, and 
computational studies confirmed the 
structure and stability of the synthe-
sized compounds. The results showed 
that the Schiff bases exhibit significant 
electronic properties, as evidenced by 
the HOMO-LUMO energy gap, indi-
cating their potential for chemical re-
activity and biological activity.

These findings suggest that the syn-
thesized Schiff bases could serve as 
promising candidates for applications 
in pharmaceutical and material scienc-
es. Future research should focus on ex-
ploring their biological activities and 
potential to enhance therapeutic prop-
erties, thereby contributing to advance-
ments in drug design and development.
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