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KEYWORDS ABSTRACT:

Nieitoel ((0NTED) Isoniazid LC derivative is a synthetic antimicrobial and one of the most important first-line drugs
Anti tuberculosi; used in the treatment of tuberculosis since 1952. One new mesogenic homologous series of isoniazid

with Schiff’s base ester having Alkyl 4-[(E)-{4-[(pyridin-4-

Drug, Schiff’s .
ylcarbonyl)hydrazono]methyl} phenoxy]benzoate have been synthesized & molecular structures

base method ) ) ) o )
were characterized by the standard spectroscopic methods and elemental analysis. Isoniazid Schiff’s

base ester synthesized by condensing 4-n alkoxy benzoyloxy benzaldehyde [A] with isoniazid [B] by
Schiff’s base method [B] synthesized by condensing in the presence of an alcoholic acidic medium.
All members in series is exhibiting nematic-mesophase..

Introduction liquid crystal characteristics. [6-9] Standard anti-TB
therapy consists of multi-drug formulations that
includes isoniazid (INH), rifampicin (RIF), ethambutol
(EMB), and pyrazinamide (PZA) in combinations. It has
been demonstrated that the formulation of anti-TB drugs

Tuberculosis (TB) is currently the most severe infectious
illness, accounting for more deaths than the human
immunodeficiency virus (HIV).[1] According to the
World Health Organization's (WHO) most recent

o o as fixed-dose combinations (FDCs) improves patient
surveys, 1.3 million TB-related deaths and 10 million

comfort and reduces gastrointestinal (GIT) adverse
effects [10,11]. Within two months of treatment, INH and
RIF, the two most efficient anti-TB medications,
eradicate about 99% of tubercular bacilli. INH & RIF
are in combination in FDC pills. The duration of
treatment can be prolonged by 18 to 6 months through
the utilization of both-medications [12,13]. The synthetic
novel homologous series of compounds' general
structural formula is displayed in Scheme 1.

new cases worldwide.[2] Various cases were documented
in Brazil, according to statistics from the National Health
Department. [3-4] The basic chemical structure of
isoniazid, frequently referred to as is nicotinic acid
hydrazide (INH), is made up of a pyridine ring and a
hydrazine group that is linked to the pyridine
(N) nitrogen. 4-cyanopyridine and hydrazine hydrate
activate in an aqueous alkaline environment at 100°C
under reflux for 7 hours to yield isoniazid, which then
crystallizes in ethanol and exhibits LC properties.|[5]
Synthesizing new crystalline forms of active
pharmaceutical ingredients (APIs) and enhancing their
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Scheme 1: Synthesize of compounds Series 1
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Experimental

Synthesis

P-hydroxy benzoic acid, p- hydroxy benzaldehyde, n-
alkyl halides, 1-bromoalkanes, isoniazide, DCC
[dicyclohexyl carbodiimide], DMAP [dimethyl amino
pyridine], potassium hydroxide, methanol, and ethanol
were used exactly as supplied. Prior to usage, the
solvents were distilled and dried. Using a Coleman
carbon-hydrogen analyser, the compounds were
microanalyzer, and the results closely match the
calculated values. KBr pellets were used to determine the
IR spectra using a Shimadzu IR-408 spectrophotometer.
Tetramethyl silane (TMS) was used as the terminal
reference standard in order to generate 1H NMR spectra
using a Perkin-Elmer R-32 instrument. All of the
compounds were dissolved in CDCls, and the chemical
alterations are expressed as & (parts per million)
downfield from the standard. Thermal polarized light
microscopy was utilized to govern the phase assignments
and transition temperatures utilizing a polarizing
microscope (LeitzLaborlux 12 POL) with a heating
stage. The enthalpies of transition, denoted by means of
Jg-!, were measured at a scanning rate of 10° C min-1
using a Mettler TA-4000 system. Pure indium served as
the reference for calibrating the device.

Alkyl 4-[(E)-{4-[(pyridin-4-
ylcarbonyl)hydrazono]methyl}phenoxy]benzoate

4-n-Alkoxybenzoic acids [A]:

Para-anisic acid, B. D. H., or para-methoxybenzoic acid,
was employed. There are several recognized techniques
for alkylating para-hydroxybenzoic acid [14, 15]

Nonetheless, Dave and Vora's [16] Methodology was
used in this investigation.
After dissolving 0.1 moles of para-hydroxybenzoic acid,
0.12 moles of suitable n-bromoalkane, and 0.25 moles of
potassium hydroxide (KOH) in 100 milliliters of ethanol,
the mixture was refluxed for seven to eight hours. After
adding 25 milliliters of a 10% aqueous potassium
hydroxide (aq. KOH) solution, reflux was maintained for
two to three hours in order to hydrolyze any ester that
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might have developed. After being dissolved in 100
milliliters of ethanol, 0.1 moles of para-hydroxybenzoic
acid, 0.12 moles of suitable n-bromoalkane, and 0.25
moles of potassium hydroxide (KOH) were refluxed for
seven to eight hours. For two to three hours, reflux was
maintained while 25 milliliters of a 10% aqueous
potassium hydroxide (aq. KOH) solution was added in
order to hydrolyze any ester that might have developed.
50% cold aqueous hydrochloric acid (HCI1) was added to
the solution after it had cooled, resulting in a white
precipitate. A constant transition temperature was
achieved by crystallizing the alkoxy [RO-] acids from
methanol or acetic acid one or two times, depending on
the higher member. There is a good agreement between
the transition temps and the literature review.

Synthesis of 4-n alkoxy benzoyloxy benzaldehyde
[B]

The process for creating involves 4-n alkoxy benzoyloxy
benzaldehyde [B] dissolving 0.1 mole of p- hydroxy
benzaldehyde in 50 milliliters of dry tetrahydrofuran
(THF), adding the required 4-n-Alkoxybenzoic acids
(0.1mole) and DMAP (0.1mole), and stirring at room
temperature. Dropwise additions of DCC [17] (0.1mole)
dissolved in 10 ml of dry tetrahydrofuran (THF) were
made to the mixture, which was then constantly swirled
for 12 hours at room temperature. Ultimately, the mixture
was filtered, and slow evaporation was used to extract the
solvent. The resulting yellow solid was recrystallized
twice using ethanol, yielding the pure chemical. All of
the compounds' purity was examined using thin-layer
chromatography (Merck 60 F254) and seen under short-
wave UV light.

Synthesis of Alkyl 4-[(E)-{4-[(pyridin-4-
ylcarbonyl)hydrazono]methyl}phenoxy|benzoate [C]
In a 60 ml solution of dry ethanol (C,HsOH), isoniazid
[C] (0.1mole) and 4-n alkoxy benzoyloxy benzaldehyde
(0.1mole) were refluxed for three hours after a few drops
of glacial acetic acid (CH3COOH) were added. The
filtrate was then allowed to evaporate in the fume hood
at ambient temperature after the reaction mixture had
been filtered. Before being employed in a subsequent
procedure [18]
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Table 1: Phase transition temperatures (°C) of series I compounds

Q0L ) 0004 )-00-0-00-00 P

O = Carbon, O = Hydrogen, O = Oxgyen, O = Nitrogen, O= R(alkyl group)

1Szfnpound EZ -CnH2n+1 Cr N |
1 ] . 200 . 222 y
2 2 . 185 . 221 y
3 3 . 133 . 219 y
4 4 . 160 . 178 *
5 5 . 137 . 209 ’
6 6 : 135 : 205 :
7 7 . 131 . 201 .
8 8 . 118 . 199 .
9 10 . 122 . 185 .
10 12 . 158 . 178 .
1 14 . 136 . 166 .
12 16 . 108 . 154 .

Cr=crystalline solid; N=nematic phase; I=isotropic liquid phase; e=phase exists
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Table 2: Elemental Analysis

Q0L ) 0004 )-00-0-00-00 P

Comp( - Garbop i@ Mitjsrogans s Oxaven. (o = Nigan (32 Realkyt group)

No n= = = =
1 1 CothrONs 67.19(67.15)  456(452) 1119 (1L.15)
2 ’ GOy 67.86 (67.84)  4.92(495)  10.79(10.77) 6847
3 3 CasHaOsN; (68.48) 5.25(527)  10.42(10.45)
4 4 CauHrsOsNs 69.05(69.08)  5.55(552)  10.07(10.09)
5 5 CorthsOuNs 69.59 (69.57)  5.84(5.83)  9.74(9.77)
6 6 ol OuNs 70.07 (70.09)  6.11(6.02)  9.43(9.45)
7 7 CarHagOsNs 70.57(70.59)  636(634)  9.14(9.12)
8 8 ot OuNs 71.02(71.03)  6.60(6.63)  8.87(8.90)
9 10 CaoHasOuNs 71.83 (71.85) 7.07 (7.04) 8.38 (8.40)
10 12 C12H3904N; 72.56 (72.57)  7.42(743)  7.93(7.95)
11 14 CaaHa:04N5 73.22 (73.25) 7.77 (7.99) 7.53 (7.52)
12 16 C36H4704N5 73.81 (73.85) 8.09 (8.07) 7.17 (7.18)

Table 2 shows that the elemental analysis of every chemical in the series was deemed adequate. The spectrum data of series
I's representative members, some derivatives of n-butyloxy, n-octyloxy, n-dodecyloxy and tetradecyloxy are provided

below.

Table 3: Phase transition temperatures (°C), enthalpy change, entropy change and normalised entropy of the series by DSC

and POM measurement.

Compound Transition Peak temp./°C AH/Jmol! AS/kJmol! K!
I Cr-N 200.1 33.73 0.0000712
N-I 222.5 11.78 0.0000237
I Cr-N 132.99 26.71 0.000065
N-1 219.9 29.16 0.0000591
160.06 21.58
v Cr-N 178.66 54.98
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N-I 0.00004983
0.0001217
158.13 13.15
XII Cr-N 177.58 33.18
N-I 0.0000304
0.0000736

Spectral Data:

H /_>:
C4HQOOCOOOCH=N-N—Q
o

4-((2-isonicotinoylhydrazineylidene)methyl)phenyl 4-butoxybenzoate

Figure:1 IR Graph
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IR spectrum (KBr) vpa/cm': 3321(-NH-), 3054, 2927, 1703 (-COO0-), 1653, 1597 (-HC=N-), 1552, 1364, 1291,1270, 839.
4-((2-isonicotinoylhydrazineylidene)methyl)phenyl 4-butoxybenzoate
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H
CSH17O—@COO@CH=N—N—Q\
O

4-((2-isonicotinoylhydrazineylidene)methyl)phenyl 4-(octyloxy)benzoate

Figure:2 IR Graph
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IR spectrum (KBr) Via/cm™: 3323(-NH-), 3054, 2927, 1703 (-COO-), 1653, 1598 (-HC=N-), 1553, 1364, 1291,1270, 839.

H
C12H25OOCOO@CH=N'N_Q\
O

4-((2-isonicotinoylhydrazineylidene)methyl)phenyl 4-(dodecyloxy)benzoate
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Figure:3 IR Graph

Transmittance [%)]
40 50 60 70 80 90

3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1

IR spectrum (KBr) vpa/cm™': 3179 (-NH-), 1724 (-CO0-), 1601 (-HC=N-), 1553, 1364, 1291,1270, 839.

H
C3H7O—©—COO—©—CH=N—N—C\
0

4-((2-isonicotinoylhydrazineylidene)methyl)phenyl 4-propoxybenzoate

Figure:4 NMR Graph
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1H NMR (500 MHz, CDCl5) & 11.57 (s, 1H), 7.12(s, 1H),8.81 — 8.07 (m, 2H), 8.07 — 8.00 (m, 2H), 7.96 —
7.40 (m, 4H), 7.38 — 7.14 (m4H), 7.21 — 7.12 (m, 2H), 4.08 — 3.32 (m, 2H),) 1.09 — 1.02 (m, 2H), 0.99 (m, 3H)
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H
CBH17OOCOOOCH=N—N—Q\
0

4-((2-isonicotinoylhydrazineylidene)methyl)phenyl 4-(octyloxy)benzoate
Figure:5 NMR Graph

1H NMR (500 MHz, CDCl5) § 12.10 (s, 1H), 10.03 (s, 1H),8.81 — 8.79 (m, 2H), 8.07 — 8.00 (m, 2H), 7.96 —
7.40 (m, 4H), 7.38 — 7.14 (m4H), 7.21 — 7.12 (m, 2H), 4.11 — 4.08(m, 2H),) 2.95 — 1.24 (m, 12H), 0.858 (m, 3H)
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4-((2-isonicotinoylhydrazineylidene)methyl)phenyl 4-(tetradecyloxy)benzoate

Figure:6 NMR Graph

1H NMR (500 MHz, CDCls) & 12.11(s, 1H),8.8 1 (s, 1H),8.81 — 8.79 (m, 2H), 8.78 — 8.51(m, 2H), 8.08 — 7.54
(m, 4H), 7.45 — 7.12 (m4H), 7.21 — 7.12 (m, 2H), 4.11 — 4.08(m, 2H),) 2.51 — 1.03 (m, 24H), 0.86 (m, 3H)
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Result And Discussion

Optical microscopy studies

As a first step, the optical microscopic examinations
were used to determine the mesophases that compounds

of series I displayed. Isotropic liquids of series I, All the
members exhibited enantiotropic schlieren nematic
phase. n-methoxy

to n-hexadecyloxy derivatives,
exhibited enantiotropic nematic phase's characteristic
schileren texture was formed by the derivatives [Figure
14-17] POM Study:

Figure 14. Microphotograph nematic mesophase (Series I; n=4) at 172 °C on cooling
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Figure 16. Microphotograph nematic mesophase (Series I; n=12) at 170 °C on cooling
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Figure 17. Microphotograph nematic mesophase (Series I; n=14) at 160 °C on cooling

Table 1 contains information about the transition
temperatures. Figure 1-3 displays the IR graphs & 'H
NMR Figure 4-6
Calorimetric studies

Phase transitions can be detected with the use of
calorimetry. We can make inferences about the
characteristics of the phases that take place during the

transitions since it produces quantifiable results. The
enthalpies of derivative of series I (n = 1,3,4,5,8,12) and
(n = 16) were determined in the current investigation
using differential scanning calorimetry. The information
is documented in Table 3. There are thermograms in
[Figures 7-13] DSC:

4

5

'“s? 50
0

Figure: 7 DSC data - thermogram of compound 1

1764


http://www.jchr.org/

Journal of Chemical Health Risks
www.jchr.org

JCHR (2025) 15(6), 1753-1772 | ISSN:2251-6727

Syncl [
4
\\
e
5 \
4 \\\
\\
J
54,98 Jg*1
8 169.99C

17866 °C
165.24°C

normalized  -21.58 Jg*1
= 186.13°C

Onset 156.31°C

Peak
Lot Limit
Right Limit

160.06°C
14989°C
16470°C

10

-4,.

50 60 70 L] 90 100 110 120 130 140 150 160 170 180 180 200 210 220

20 240 250 260 270 280

+

I R e RS B S s

o 1 2 3 4 6§ 6 71 8 9 10 M 12 13 14 15 6 4 8 49 2 A 2 7

2% *C

Figure: 8 DSC data - thermogram of compound 3

Thermal Analysis Result
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Figure: 9 DSC data - thermogram of compound 4
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Thermal Analysis Result
DSC-"
Peak 137.8C Peak 209.7C
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Endset 140.2C Endsst 211.8C
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Figure: 10 DSC data - thermogram of compound 5
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Figure: 11 DSC data - thermogram of compound 8

1766



http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(6), 1753-1772 | ISSN:2251-6727

24
.z.si
‘ -zsl‘ '
304 &
> AN |
U,
A4 ‘\; ’
| N “ "
361 ‘~_: PT-\
'“j | Il \ ll ',m::)) ’
‘ ol nommalized 2671 Jg* Y
i3 Onsst  11210°C (]l ’
| Poak 13299°C ! "
el LotLimt  107.35°C R
| Right Limit  144.70°C Ul '.”r'r,w = _
441 > | \W“‘ T
i nommalized  -29.16 Jg*1 ‘ | g
|45] Onset  19965°C 111 -
‘ Peak 219.90°C I ‘
4381 LotLimt  186.04°C (Y
1 Right Limit 22653 °C | j} ‘: |
50! Al !
{
[ 521
5 60 0 80 00 Mo 0 10 W 1w e D O o O D AU, OO o
5‘0;2145; 7 8 9 10 1 12 13 1 15 16 1 18 19 min
Figure: 12 DSC data - thermogram of compound 12
1 -5 \ W’
~
1.8 i\f Iso
Cr,
0.5
=
=
0.0
-
-0.5 N
-1.0
-1.5
40 60 80 100 120 140 160 180
Temperature (°C)

Figure: 13 DSC data - thermogram of compound 16
Docking Study:

To analyze the potency of these molecules various
receptor proteins were selected for docking studies.
Applying Schrodinger software, molecular research was
performed to check the binding interaction between INH
compounds (1 to 12, A to L, and A to K) and active sites
of the receptor proteins. To perform preparations of
proteins “protein preparation” module of Schrodinger
software version 13.4 was used using default parameters.

1767

Then for ligand preparation “Ligprep” module was
utilized with default setting. The receptor grid was also
prepared with default setting. The ligands were
molecularly docked to the receptor in the glide Extra
precision (XP) mode using the default settings. These
studies were done to know the effective binding
interactions between the INH molecules and the receptor
proteins. [19-23] Figure [18] Docking, Table- [4-6]
indicates computational work.
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Figure 18 .3D interaction pose of VSBs with PDB ID: 4TZK, PDB ID: 2V2E and PDB ID: 316N

Comparing the nematic mesophase range, transition
temperature, and molecular structure of representative
compound of series 1 (n=6) of the current series 16 with
structurally related other compounds A [24]
summarized in Table 7

is
The N-I transition temperature and nematic mesophase

range of compound Is are 70°C and compound Ag 46°C

Table:4 Docking score of INH Compounds

PDB: 4TZK Mycobacterium tuberculosis enoyl
reductase

COMPOUND
INH COMP -1

INH COMP -2
INH COMP -3
INH COMP -4
INH COMP -5

INH COMP -6

1768

lower, correspondingly, than those of compound As.
There is only one terminal where compound Is molecular
structure differs from compound A's. Compound Ie
contains a terminal (-N-) at the same end as compound
A, while compound has an (-H-) connection. The length
in addition to overall Ability of the rod-shaped molecules
to be polarized are increased when added to the system,
as indicated by Gray [25].

GLIDE SCORE

-7.665

-7.249

-7.173

-7.108

-7.096

-6.795
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INH COMP -7 -6.667
INH COMP -8 -6.454
INH COMP -9 -6.395
INH COMP -10 -6.306
INH COMP -11 -6.288
INH COMP -12 -6.222

Table:5 Docking score of INH Compounds

PDB: 2V2E Mycobacterium tuberculosis

COMPOUND GLIDE SCORE
INH COMP -1 -8.282
INH COMP -2 -7.526
INH COMP -3 -7.271
INH COMP -4 -7.208
INH COMP -5 -6.504
INH COMP -6 -6.416
INH COMP -7 -5.790
INH COMP -8 -4.933
INH COMP -9 -4.306
INH COMP -10 -4.125
INH COMP -11 -4.060
INH COMP -12 -3.411

Table:6 Docking score of INH Compounds

PDB: 316N Mycobacterium tuberculosis
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COMPOUND GLIDE SCORE
INH COMP -1 -4.146
INH COMP -2 -4.100
INH COMP -3 -3.590
INH COMP -4 -3.264
INH COMP -5 -3.144
INH COMP -6 -2.970
INH COMP -7 -2.866
INH COMP -8 -2.859
INH COMP -9 -2.466
INH COMP -10 -1.822
INH COMP -11 -1.595

Table-7 Comparison of the phase transition temperatures, nematic mesophase range and comparative molecular structures

of compounds of Series I and Series A

Nematic range Isotropic Mesophase Commencement of
Compound . .
range range/ °C nematic phase
Series 1 135 205 70 Ci
Series A 110.8 156.8 46 Cs
H ;
C6H1304©*COO‘©*CH=N-N—C\\
© Series 1
oo -sw0-{ -
Series A

Conclusion:

The stability and development of mesophases were
examined in a new family of Schiff base ester liquid
crystal compounds, Alkyl 4-[(E)-{4-[(pyridin-4-
ylcarbonyl) hydrazono] methyl} phenoxy] benzoates.
The following was found by the study:

1770

(1) It was discovered that all Schiff base group
compounds, regardless of the length of the alkoxy chain
or the polarity of the terminal substituent N, are
mesomorphic with nematic phases; homologues are
exclusively nematogenic.

(2) In comparison to the azo ester analogue, the Schiff
base ester series exhibits high mesophase stability.
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(3) N substituents' polarity and electrical interactions
with the entire molecule have a greater impact on
mesophase stability. It was discovered that the nematic
range shrank for electron-releasing substituents N and
expanded for electron-donating substituents N. This
suggests that an additional factor of polarizability, which
is crucial for stability and mesophase formation types, is
provided by the increase in electron density on the ester
linkage.

(4) The ligands were molecularly docked to the receptor
in the glide Extra precision (XP) mode using the default
settings. These studies were done to know the effective
binding interactions between the INH molecules and the
receptor proteins.
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