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Abstract

Isonicotinylhydrazine (INH), also known as isoniazid, was attached with an alcohol active group at C1, C2, C4, C5, and N atoms to
form INHOH1, INHOH2, INHOH4, INHOHS, and INHOHN molecules. From our result, we observed that the absorption wave-
length of INH was extended remarkably, 295 nm and 547 nm in INHOH2 and INHOHN, respectively. C=C stretching vibrations
were observed at 1604.88 cm ™", 1618.98 cm ™', 1601.69 cm ™', 1607.23 cm ™', 1621.00 cm™ " and 1652.89cm ™" for INH, INHOH 1,
INHOH2, INHOH4, INHOHS5 and INHOHN respectively. NH, bending vibrations was observed at 1686.55 cm ™!, 1686.55 cm™!,
1683.04cm™", 1688.49 cm ™', 1685.26 cm™" and 1676.35 cm™"' for INH, INHOHI, INHOH2, INHOH4, INHOH5 and INHOHN
respectively. C=O stretching vibrations for INH were observed at 1778.91 cm ™! while for INHOH1, INHOH2, INHOH4, INHOHS5
and INHOHN they were observed at 1777.07 cm™', 1732.58 cm™', 1769.27 cm™", 1781.81 cm™', 1732.57 cm™', respectively.
Quantum chemical descriptors calculation shows that the interaction of the OH group with INH lowered the energy gap in all
molecules, with the lowest energy gap (0.131 eV) observed for INHOHN, which suggests high interaction and reactivity. Natural
bond orbital (NBO) analysis reveals that the transition from 7t*-7t* had a major contribution to the electron transition. The posi-
tive binding energies calculated for the different molecules were 317.988 kcal/mol, 315.633 kcal/mol, 321.002 kcal/mol, 319.036
kcal/mol, and 2.0877 kcal/mol for INHOHI1, INHOH2, INHOH4, INHOHS, and INHOHN, respectively. The positive binding
energies indicate that alcohol binding to isoniazid is less favourable.
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|. Introduction lion cases of TB were reported, with approximately 4.7%
associated with excessive alcohol use [9-12]. Alcohol
misuse significantly hinders TB treatment, leading to se-
vere health complications. Chronic alcoholics experience

delayed culture conversion and are at higher risk of treat-

Isonicotinylhydrazine (INH), also known as isoniazid, is
an antibiotic used for the treatment of tuberculosis and
other typical types of mycobacteria, such as Mycobac-

terium avium, Mycobacterium kansasii, and Mycobac-
terium xenopi [1-8]. The INH molecule has ligand prop-
erties that enable it to form complexes via its nitrogen and
oxygen atoms. The NH, group exhibits electron-donating
properties, while its nitrogen and oxygen atoms act as elec-
tron acceptors. Tuberculosis (TB) is known to contribute
to a high percentage of deaths globally, which is attributed
to its infectious nature. In 2016, an estimated 10.4 mil-

ment failure, relapse, or even death [ 13—15]. Alcohol is an
organic compound containing a hydroxyl (OH) group at-
tached to an aliphatic carbon atom [16]. It belongs to the
family of organics with the general molecular formulae
ROH, where R is an alkyl group. The simplest members of
the alcohol homologous series are methanol and ethanol.
The hydroxyl group of alcohols differs from alkyl halides
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because it contains two reactive covalent bonds: the C-O
bond and the O—H bond [16].

Oxygen (O) has higher electronegativity than carbon
(C) and hydrogen (H), which leads to the polarized nature
of the covalent bonds in the hydroxyl group, making oxy-
gen electron-rich and both carbon and hydrogen electron-
deficient [16]. The hydroxyl (OH) group is the most reac-
tive site in an alcohol molecule, despite the fact that the
O-H bond is stronger than the C—C, C—H, and C—O bonds,
demonstrating that thermodynamic stability does not nec-
essarily correlate with chemical reactivity [16]. In the hu-
man body, ethanol is metabolized into acetaldehyde by the
action of alcohol dehydrogenase and then into acetic acid
by the action of acetaldehyde dehydrogenase [17]. The
first product of this metabolic process is acetaldehyde,
which is more toxic than ethanol. Acetaldehyde is re-
sponsible for the majority of the clinical malfunctions
of alcohol [17,18]. Alcohol-medication interactions are
classified into pharmacokinetic and pharmacodynamic
interactions [17]. Alcohol-medication pharmacokinetic
interactions refer to alcohol induced changes in biolog-
ical activities like absorption, distribution, metabolism,
and excretion of a medication [18]. Alcohol-medication
pharmacodynamic interactions are classified into two cat-
egories. One involves alcohol’s pharmacodynamic effects
on medications, referring to the influence of excessive or
chronic alcohol use on a drug’s binding site(s), altering
its expected outcome [18]. The second category involves
pharmacodynamic effects of the medication on alcohol,
which refers to the effects of one-time or repeated use of
a medication on alcohol at its binding site(s), modifying
alcohol’s mechanical and behavioural effects [16,17,19].
It is a common observation that antibiotic usage accom-
panied by alcohol consumption poses severe health con-
sequences [20]. Patients who consume alcohol during
treatment are at risk of experiencing disulfiram-like reac-
tions. This has been reported for certain antibiotics, such
as beta-lactams [21,22] and the cephalosporin ceftriax-
one, with the latter occurring in very rare cases [23]. It
is being reported that Isoniazid, an anti-tubercular drug,
metabolizes rapidly in excessive alcoholic consumption,
a situation leading to radical reduction in the overall per-
formance of the drug [21]. Moreover, alcohol-isoniazid
mixture is linked to isoniazid-related hepatotoxicity with
the risk of disulfiram-like reactions [21,24]. Wendel and
David (2012) reported clinical pharmacokinetics of isoni-
azid [25]. Ameeruddin et al. 2016 reported mechanisms
of isoniazid action and resistance in mycobacterium tu-
berculosis [7]. Katiyar et al. reported a randomized
controlled trial of high-dose isoniazid adjuvant therapy
for multidrug-resistant tuberculosis [26]. Korarakin et al.
studied the pharmacokinetics of isoniazid in patients with

pulmonary tuberculosis and alcohol [27]. Lester reported
the acetylation of isoniazid in alcohols [28]. Wilcke et al.
reported unchanged acetylation of isoniazid by alcohol
intake [29]. Anoop et al. reported a quantum chemical
study of structural, electronic, and vibrational properties
of isoniazid and its derivative [30]. Hajar and co-workers
reported a Crystal Structure and Density Functional The-
ory Study on Structural Properties and Energies of an
Isonicotinohydrazide Compound [31]. In all the reported
studies on isoniazid, none have been directed towards the
effect of alcohol on the structure and molecular proper-
ties of isoniazid. Here, we report the effect of alcohol on
the structure, band-gap, optical properties, and reactivity
of isoniazid. This could provide insights that may guide
improved handling of drug disorders, enhance drug effec-
tiveness, mitigate disulfiram-like reactions and hepatotox-
icity associated with alcohol-isoniazid interactions, and
inform better administration or modification of isoniazid,
or the development of alternative drugs.

2. Computational Details

The molecular structure of isoniazid, an anti-tubercular
drug extracted from literature, and its OH functionalized
analogues were sketched with Gauss View 6.0 [32]. All
calculations in this work were performed with the Gaus-
sian 09W [33] package. Density functional theory (DFT)
[34] with Becke’s three-parameter exchange-functional
combined with corrected correlation Lee, Yang, and Parr
functional (B3LYP) [35,36] methods and 6-31+G (d,p)
basis set were combined for geometry optimization at
a minimum. Geometry optimization ensures that bond
lengths and angles are adjusted to minimize the forces
that pull atoms together or push them apart [37]. Plane
or ordinary 6-31G basis set usually gives poor geometries
when applied to molecules beyond the first row. This chal-
lenge can be addressed by introducing diffused (d) func-
tions, called polarization functions, into the 6-31G basis
set. The idea stems from the knowledge that the func-
tions allow electronic distribution to be polarized along a
specific direction [38]. Applying large basis sets with ad-
ditional diffuse functions is critical for systems with large
electron-nucleus distances. A typical example of a diffuse
basis function is the 6-31+G (d, p) basis set, which was
used in this work. The vibrational analysis was done at the
same theory level, and optical performance in water was
investigated with Time-dependent Self-Consistent Field
(TD-SCF) and Integral Equation Formalism Polarized
Continuum Model (IEF-PCM), which is useful in studying
vibrational circular dichroism and molecular properties in
solution. Natural bond orbital (NBO) version 3.1, which
is embedded in the optimization file, was used to inves-
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tigate charge transfer patterns, bonding interactions, and
electronic transitions.

3. Results and Discussion

3.1. Geometrical Parameters

The optimized structures, bond lengths, bond angles, and
dihedral angles calculated using Gaussian 09 at B3LYP
6-31+G (d, p) are presented in Figure 1 and Tables 1-3.
The results show that the geometrical parameters (bond
lengths, bond angles, and dihedral angles) of INH were al-
tered by the alcohol group, which could be the reason for
the changes observed in its properties. C1-C2, which was
calculated to be 1.394 A in INH, was 1.403 A, 1.412 A,
1.391 A, 1.392 A, and 1.364 A in INHOH1, INHOH2, IN-
HOH4, INHOHS, and INHOHN, respectively. A similar
trend was observed in the bond angles, where C1-C2-C3
(118.82°) for INH was calculated as 118.39°, 118.36°,
120.62°, 118.05°, and 121.45° for INHOHI1, INHOH2,
INHOH4, INHOHS, and INHOHN, respectively. Cl1-
C2-C3-C10 was 179.40° for INH, and for INHOH1, IN-
HOH2, INHOH4, INHOHS, and INHOHN, it was 179.9°,
—178.58°, —179.99°, 179.37°, and —179.35°, respec-
tively. The details of the changes in geometrical parame-
ters are provided in the tables stated above.

3.2. Frontier Molecular Orbitals

The atomic orbital composition of the frontier molecular
orbital for the studied molecules is shown in Figure 2. The
frontier orbital, HOMO, and LUMO, determine the way
the molecule interacts with other species. It is observed
from the figure that HOMOs with high electron density
are found to be close to the pyridyl ring nitrogen atom,
the two ring carbon atoms meta to the nitrogen atom, and
the secondary amine nitrogen atom. Whereas LUMOs
are seen near all atoms except the primary amine nitrogen
atom. The HOMO—LUMO transition shows that elec-
trons were transferred to the aromatic part of the molecule.
In the INHOH molecules, the HOMO orbitals, which are
electron dense, are located near all the aromatic ring car-
bon atoms, the second-degree and third-degree amine ni-
trogen atoms, as well as the carbonyl oxygen atom. The
LUMO orbitals are located at the second and third-degree
amine nitrogen atoms, the carbon atoms of the aromatic
ring where the cyano groups are attached, and the cyano
nitrogen atoms. This shows that there is electronic interac-
tion between the carbonyl oxygen atom and the aromatic
ring directed towards the cyano nitrogen atoms, which rep-
resents HOMO—LUMO electronic transfers.

3.3. Quantum Chemical Descriptors

The energies of frontier molecular orbital (eHOMO,
eLUMO), energy band gap (eHOMO - eLUMO), elec-
tronegativity (x = (IP + EA)/2.), chemical potential (1
= —(IP + EA)/2 ), global hardness (n = (IP — EA)/2),
global softness (S = 1/21) and global electrophilicity in-
dex (w = w/2n) of the studied molecules were calculated
using the famous Koopmans [39] equations above and re-
sults are presented in Table 4. Our result showed that the
HOMO and LUMO energies were small, ranging from
—0.26 and —0.16 and —0.07 and —0.03 eV, respectively,
which highlights the existence of weak electron bonds in
the molecules. Due to a small energy gap, rapid electron
transfers and exchange occurred to the same degree, mak-
ing these molecules very reactive. The energy gap for the
studied molecules was observed in the following order:
INHOHN (0.131 eV) < INHOH2 (0.171 eV) < INHOH1
(0.190 eV) <INHOHS (0.191 eV) < INHOH4 (0.195 eV)
< INH (0.198 eV). From our result, the interaction of al-
cohol with INH lowered its energy gap in all molecules,
with the lowest energy gap (0.131 eV) observed in INH
OHN, which shows that the highest change in reactivity
of INH is when the OH group of alcohol attacks the ni-
trogen atom of the pyridyl ring. Lower kinetic stability
is a function of a small energy gap due to the low activa-
tion energy of the system. Consequently, such molecules
may experience adjustments in the charge density distribu-
tion via radical electron movements between the HOMO
and LUMO orbitals and so react rapidly [40]. This could
be the reason for the quick metabolism of INH in alco-
holics and eventually decreased drug effectiveness. The
calculated global quantum descriptors play a vital role in
giving useful information about the electronic network
and charge transfer behaviour of molecules. Chemical
hardness (1) represents the resistance of atoms or atom
groups to charge transfer [41]. From our results, alcohol
lowered the resistance of INH to charge transfer. This
could affect drug absorption and distribution, which is a
major cause of treatment failure in INH—alcohol interac-
tion. Electronegativity (x) defines the ability of an atom
group to attract electrons [42]. From our results, alcohol
decreased the ability of INH to attract electrons, which
could lead to delayed culture conversion. The measure
of the ability of an atom or set of atoms to escape their
ground/non-excited state is known as chemical potential
(). It is an effective technique for studying molecules
because it provides information about their solvation and
transport properties. From our results, alcohol reduced the
chemical potential of INH, which suggests that the ease of
solvation and transport of INH may be hampered, which
could be the reason for delayed absorption, distribution,
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Figure |: Optimized structures of INH (a), INH OH1 (b), INH OH2 (c), INH OH4 (d), INH OH5 (e), and INH OHN (f).

Table I: Bond Length of Studied Molecules.

BONDLENGTH(A) INH INHOHI INH OH 2 INH OH 4 INH OH 5 INHOHN
Cl1-C2 1.394 1.403 1.412 1.391 1.392 1.364
C2-C3 1.398 1.392 1.414 1.401 1.400 1.429
C3-C4 1.400 1.403 1.407 1.404 1.396 1.425
C4-C5 1.397 1.394 1.388 1.401 1.406 1.367
C5-Cé 1.338 1.338 1.346 1.331 1.326 1.394
C1-N6 1.345 1.329 1.326 1.341 1.341 1.399
C3-C11 1.511 1.512 1.494 1.522 1.510 1.478
C10--011 1.220 1.220 1.288 1.222 1.219 1.228
C10-N12 1.378 1.376 1.367 1.369 1.380 1.396
N12-N13 1.397 1.397 1.397 1.400 1.392 1.402

Table 2: Bond Angles of Studied Molecules.

BOND ANGLES INH INHOH I INH OH 2 INH OH 4 INH OH 5 INHOH N
C1-C2-C3 118.82 118.39 118.36 120.62 118.05 121.45
C2-C3-C4 117.84 118.50 116.86 115.98 118.53 116.42
C3-C4-C5 118.75 117.99 120.12 119.33 118.16 121.19
CI1-N6-C5 117.08 117.33 117.96 117.15 117.43 118.63
C2-C1-N6 123.74 123.68 123.80 122.93 124.02 120.54
C2-C3-C11 118.13 117.21 118.13 115.91 118.46 118.20
C3-C11-012 121.54 121.52 120.83 119.95 121.67 122.25
C3-C11-N13 114.05 114.07 116.96 115.89 113.81 114.98
C11-N13-N14 120.28 120.44 120.61 120.17 120.03 118.55
C4-C3-C11 123.99 124.27 125.00 128.09 122.87 125.29

and metabolism of INH in alcoholic patients. The elec- electron pair from a nucleophile. From our result, the
trophilicity index (w) is a measure of a chemical species’ electrophilicity index of INH was increased in INHOH?2,
ability to function as an electrophile, that is, to accept an  which means that its propensity to accept an electron pair

Anyama et al. Molecular Modeling Connect


https://scifiniti.com/
https://scifiniti.com/journals/molecular-modeling-connect

CS)) SCIFINITI

2025, Vol. 2, Article ID. 2025.0010
https://doi.org/10.69709/MolModC.2025.112309

Table 3: Dihedral Angles of Studied Molecules.

DIHEDRAL ANGLES INH INHOH I INH OH 2 INH OH 4 INH OH 5 INH OH N
C1-C2-C3-C10 179.40 179.79 —178.58 —179.99 179.37 —179.35
C2-C3-C11-N13 151.54 153.73 172.71 —179.96 146.62 168.33
C3-C11-N12-N13 —179.19 —179.38 —179.86 179.99 —178.57 —178.23
C4-C3-C11-012 149.66 152.83 172.92 —179.92 144.72 164.54
C5-C4-C3-Cl11 —-178.75  —179.33 179.06 179.99 —178.50 179.92

from a nucleophile was increased. Chemical softness (o)
characterizes an atom’s propensity to accept an electron
or electrons. The chemical softness of INH was increased
in all molecules, which suggests an increase in reactivity
upon interaction with alcohol.

o y
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(© ,'9 ' ’Q
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@ v 6 s“‘.

(e)

.
® 4."9
J
J

Figure 2: Orbitals involved in the electronic transition of INH (a),
INH OH1 (b), INH OH2 (c), INH OH4 (d), INH OH5 (e) and INH
OHN (f) for the Highest Occupied Molecular Orbital (HOMO)
and Lowest Unoccupied Molecular Orbital (LUMO) respectively.

3.4. Vibrational Analysis

The infrared spectra of the studied molecules are presented
in Figure 3, while the frequencies, intensities, and loca-
tions are listed in Table S1. C-C vibration occurred at
1300 cm™ ', 1334 cm™', 1357 cm™', 1325 cm™!, 1329
cm~! and 1323 cm~! for INH, INHOH1, INHOH2, IN-
HOH4, INHOHS5 and INHOHN respectively. C=C stretch-
ing vibrations was observed at 1604.88 cm~!, 1618.98
cm~!, 1601.69 cm~', 1607.23 cm™', 1621.00 cm ™! and

1652.89cm~! for INH, INHOH1, INHOH2, INHOH4,
INHOHS and INHOHN respectively. NH, bending vi-
brations was observed at 1686.55 cm™!, 1686.55 cm™!,
1683.04cm™!,1688.49 cm™', 1685.26 cm ™! and 1676.35

cm~! for INH, INHOHI1, INHOH2, INHOH4, INHOHS5

and INHOHN respectively. C=O stretching vibrations

for INH was observed at 1778 91 cm™! while for IN-
HOH1, INHOH2, INHOH4, INHOHS5 and INHOHN it

was observed at 1777.07 cm™!, 1732.58 cm™!, 1769.27

em~!, 1781.81 cm™!, 1732.57 cm™!, respectively. C-
H stretch is observed at 3171.21cm~!, 3174.84 cm™!,
3178.63 ecm™!, 3126.87 ecm~!, 3180.12 cm~!, 3207.26

cm~!, for INH, INHOH1, INHOH2, INHOH4, INHOH5

and INHOHN respectively. NH, symmetric stretching vi-
brations occurred at 3505.31 cm ™!, 3505.20cm ™!, 3508.25
cm~!, 3500.83 cm~!, 3505.00 cm~! and 3490.89 cm~!,
for INH, INHOH1, INHOH2, INHOH4, INHOHS and IN-
HOHN respectively. N-H stretch was observed at 3564.99

em~!, 357042 cm~!, 3600.75 cm~!, 3583.45 cm~',
3555.42 cm™! and 3537.94 cm~! for INH, INHOH], IN-
HOH2, INHOH4, INHOHS and INHOHN respectively.
NH2 asymmetric stretch was observed at 3614.16 cm™!,
3612.39cm™!,3613.64cm™",3601.12cm ™! and 3616.01

em~!, 3616.87 cm~! for INH, INHOHI, INHOH2, IN-
HOH4, INHOHS and INHOHN respectively. While O-H

stretch was observed at 3827 37 cm™ ', 3291. 51 cm™!,
3812.46 cm~!, 3831.46 cm~! and 3775.37 cm~! for IN-
HOHI1, INHOH2, INHOH4, INHOHS5 and INHOHN re-
spectively.

3.5. UV-vis Spectroscopic Analysis

The UV-vis analysis was studied by TD-SCF/IEF-PCM/
B3LYP 6-311+G (d,p). The resulting UV-visible spectra
of the studied molecules in aqueous medium are shown
in Figure 4, while the wavelengths (Ayax), €xcitation en-
ergy (E), and oscillator strengths are listed in Table S2.
From our result, INH was observed to have an oscillator
strength of 0.0045 and a wavelength of 279 nm, while IN-
HOHI1, INHOH2, INHOH4, INHOHS, and INHOHN had
0.0554 and 275 nm, 0.1443 and 295 nm, 0.1047 and 273
nm, 0.0636 and 274 nm, 0.0015 and 547 nm, respectively.
These transitions corresponding to 7T—7r" transition are
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Table 4: Quantum Chemical Descriptors of Studied Molecules.

INH INHOH1 INHOH2 INHOH4 INHOHS INHOHN
Enomo (eV) —0.266 —0.257 —0.246 —0.262 —0.257 —0.161
ErLumo (eV) —0.068 —0.067 —0.074 —0.071 —0.066 —0.036
AEg, (eV) 0.198 0.190 0.171 0.195 0.191 0.131
IP (eV) 0.266 0.257 0.246 0.262 0.257 0.161
EA (eV) 0.068 0.067 0.074 0.071 0.066 0.036
u(eV) —0.167 —0.162 —0.160 —0.166 —0.161 —0.098
X (eV) 0.167 0.162 0.160 0.166 0.161 0.098
n(eV) 0.099 0.095 0.086 0.096 0.095 0.063
o (eV) 5.05 5.26 5.81 5.20 5.26 7.94
o (eV) 0.140 0.137 0.148 0.143 0.136 0.076
——INHOH 5 INHOH N
- e
3 0 :-:’u\ 400
E 500 1 E 300
2 2
E 400 E 200
200 A - 100
0] 0
0 50 100 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
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Figure 3: Simulated IR spectra of studied INH molecule with -OH at Carbon 2, 4 and 5 atoms (a), INH molecule and INH with -OH

at N atom (b).

governed by HOMO—LUMO excitation. From our re-
sults, we observe that the absorption wavelength of INH
was extended remarkably from 278 nm to 295 nm and 547
nm in INHOH2 and INHOHN, respectively. On the other
hand, it was lowered in others. The red and blue shift ob-
served shows that the optical property of INH was altered
by alcohol interaction with the N atom of the pyridyl ring
and the carbon atoms of INH. These extensions increase
as the band gap decreases.

INH OHN|
INH OH 5
E o INTT O 4
fome INH OH 2
feme INH OH1
feme INTT

A T

I

)
0
2
5
8
8
i

INTENSITY (a. u..

T T T T T
100 150 200 250 300 350 400
WAVELENGTH (NM)

Figure 4: Simulated UV-Vis spectra of the studied molecules in
water.

3.6. Natural Bonding Orbital (NBO)
Analysis

Natural bond orbital (NBO) analysis is a suitable method
for understanding the nature of intra- and intermolecular
bonding interactions existing in bonds. It also establishes
a fair ground for studying charge transfer or closed-shell
interactions in molecules [43]. The greater the perturba-
tion energy value, the stronger the interaction between the
electron donors and the more the conjugation of the sys-
tem [44]. The second-order perturbation energy values of
INH, INHOH1, INHOH2, INHOH4, INHOHS, and IN-
HOHN were identified from the second-order Fock ma-
trix perturbation theory using DFT/B3LYP/6-31+G (d, p)
functional. The most interacting NBOs are presented in
Tables S3—S8 for INH, INHOH1, INHOH2, INHOH4,
INHOHS, and INHOHN, respectively. From our result,
the transition from 7t*-7t* had a major contribution to the
electron transition. Hyper intra-molecular conjugative in-
teractions in the molecules are formed by the orbital over-
lap between 7t*C5-N6 and 7t*C3-C4 for INH, n*C1-N6
and 7*C2-C3 for INHOHI1, ©*C10-O11 and m*C2-C3
for INHOH2, w*C5-N6 and w*C3-C4 for INHOH4 and
INHOHS, LP (1) C3 and 7t*C11-O12 for INH OH1. Per-
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turbation energies of 236.93 kcal/mol, 180.40 kcal/mol,
141.83 kcal/mol, 282.82 kcal/mol, 245.78 kcal/mol, and
31.23 kcal/mol were obtained for INH, INHOHI, IN-
HOH2, INHOH4, INHOHS, and INHOHN, respectively.
This shows that donor-acceptor interaction was strongest
in INHOH4 and lowest in INHOHN.

3.7. Binding Energy and Dipole Moment

The binding energies are 317. 988 kcal/mol, 315.633
kcal/mol, 321.002 kcal/mol, 319.036 kcal/mol, and 2.0877
kcal/mol were calculated for INHOH1, INHOH2, IN-
HOH4, INHOHS, and INHOHN, respectively (Table S9).
These positive binding energies suggest that alcohol bind-
ing to INH is less favourable. Dipole moments were cal-
culated as 6.128 debye, 5.512 debye, 5.972 debye, 5.911
debye, and 4.622 debye for INHOH1, INHOH2, INHOHA4,
INHOHS, and INHOHN, respectively (Table S10). High
binding energies, small energy gaps, and large dipole mo-
ments favour active interactions. This correlates with the
narrow band gaps calculated for the molecules, which all
suggest high interactions and reactivity between alcohol
and isoniazid.

4. Conclusions

This research aimed to establish the possible effect of al-
cohol active group on the structure, molecular properties,
and reactivity of isoniazid. The results suggest that the
geometrical parameters (bond lengths, bond angles, and
dihedral angles) of INH were slightly adjusted by the OH
attached to its carbon atoms. These changes are suspected
to be responsible for the overall changes observed in its
properties. The C1-C2 bond length, calculated as 1.394
A in INH, was found to be 1.403 A, 1.412 A, 1.391 A,
1.392 A, and 1.364 A in INHOH1, INHOH2, INHOH4,
INHOHS, and INHOHN, respectively.From our result, the
molecules possessed small values of both the HOMO and
LUMO energies, ranging between —0.26 and —0.16 and
—0.07 and —0.03 eV, respectively, informing us that elec-
trons are loosely bound. Due to a small energy gap, quick
electron transfers and exchange occurred to the same de-
gree, making these molecules very reactive. The energy
gap for the studied molecules was observed in the fol-
lowing order: INHOHN (0.131 eV) < INHOH2 (0.171
eV) <INHOHI (0.190 eV) < INHOHS (0.191 eV) < IN-
HOH4 (0.195 eV) < INH (0.198 eV). From our results,
the interaction of alcohol with INH lowered its energy
gap, with the lowest energy gap (0.131 eV) observed in
INHOHN. This suggests that the greatest change in INH
reactivity occurs when the OH group of alcohol attacks
the nitrogen atom of the pyridyl ring. From our results,

we observed that the absorption wavelength of INH was
extended remarkably from 278 nm to 295 nm and 547 nm
in INHOH2 and INHOHN, respectively. This red shift ob-
served shows that the optical property of INH was tuned
by alcohol interaction with the N atom of the pyridyl ring
and the carbon atoms of INH. The binding energies are
317 Kcal/mol. 988 Kcal/mol, 315.633 kcal/mol, 321.002
kcal/mol, 319.036 kcal/mol, and 2.0877 kcal/mol were
calculated for INH, INHOH1, INHOH2, INHOH4, IN-
HOHS, and INH OHN, respectively. These positive bind-
ing energies suggest that alcohol binding to INH is less
favourable. Dipole moments were calculated as 6.128 de-
bye, 5.512 debye, 5.972 debye, 5.911 debye, and 4.622
debye for INH, INHOH1, INHOH2, INHOH4, INHOHS,
and INHOHN, respectively. High binding energies, small
energy gaps, and large dipole moments favour active in-
teractions. This is in good agreement with the narrow
energy gaps calculated for the molecules. These observed
changes in molecular properties could be useful in under-
standing alcohol/isoniazid interaction, handling adverse
cases in alcoholic patients, better drug administration, and
new alternative drug development.
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