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6.1. Introduction

In medicinal chemistry, heterocyclic molecules showing biological activities are
extremely important. Many physiologically active compounds have cyclic organic
frameworks, particularly heterocyclic frameworks. These compounds have been synthesized
or extracted from plants and have shown antifungal, anti-inflammatory, and other biological
activities [1]. Heterocycles are utilized in the pesticide, medicinal, and veterinary industries, as
well as for corrosion inhibition, antioxidants, dyestuffs, copolymers etc. [2]. For medicinal
chemists, heterocycles are crucial because they can expand the chemical space that can be used
to make a variety of biologically active heterocycles having wide range of activities, including
anti-cancer, anti-depressant, anxiolytic, anti-microbial, anti-oxidant enzyme inhibition, anti-

inflammatory, and many more.
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Figure 6.1: Some commercially available drugs containing thiazole moiety
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Heterocycles can be utilized to alter characteristics including solubility, lipophilicity,
polarity, and hydrogen bonding capability of physiologically active compounds, enhances the
ADME/Tox properties of drugs or potential therapeutic candidates [3]. Heterocyclic
compounds containing nitrogen atoms are widely acknowledged as the most abundant category
of chemical constituents comprising biologically active complexes, natural products, and
chemicals often utilized in medicinal chemistry [4,5].

In addition to studying nitrogen heteroatom-based heterocycles extensively, scientists
have also demonstrated a significant interest in other heterocycles, such as sulphur-containing
heterocyclic molecules. [6,7]. These chemicals have demonstrated a diverse range of biological
actions. Sulphur-containing heterocycles are found in several FDA-approved medications,
including clopidogrel and ticlopidine for the prevention of blood clots, raloxifene to treat breast
cancer, and rosiglitazone and pioglitazone in the treatment of diabetes, etc. [8]. Similarly,
Ritonavir is an antiviral that is an HIV protease inhibitor [9]. Tolnaftate is a squalene epoxidase
inhibitor used topically to treat fungal infections [10].

Thiazoles have significant biological uses, initially documented by Hantzsch and
Weber in 1887 [11]. They have analogous chemical and physical characteristics to pyridine as
well as pyrimidine, with some derivatives bearing resemblance to thiophene and furan.
Nitrogen is identified as the most negatively polarized atom in molecular electrostatic potential
(MEP) study, whereas carbon and sulfur are seen to stay electrically neutral [12]. In number of
studies thiazole-based compounds have shown to possess good anti-microbial, anti-HIV, anti-
inflammatory, anti-neoplastic, anti-ulcer etc. [13]. Amino thiazole and Schiff’s base derived
from amino-thiazole have shown promising results for new biologically active compounds
(Figure 6.1) [14]. Thaizole based liquid crystalline derivatives have been studied but to a
limited amount. Despite the fact that thiazoles are commonly found in published works, the
scope of structural modifications that have been examined is still rather limited. A limited

amount of work has been done on thiazole-based liquid crystalline compounds.

N /{j H@NH

/ N
N
1,3/1,4-disubstitutes X \
where; R=-OH, -OCHj, -CHj;
and X=0and S R
(b)

Figure 6.2 (a): Molecular structure of 1,3-thiazole based LC
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T. K. Ibraheem et. al.[15] (Figure 6.2 (a)), have synthesized oxazole and 1,3-thiazole
based liquid crystals, where the oxazole derivatives displayed purely smectic A mesophases in

contrast to the thiazole which exhibited enantiotropic nematic mesophases.

RO where R= (S)-C,H,C*H(CH;)CH,

and R=-C,H,,,,; n= 6,8,10,12,14

@)
Figure 6.2 (b): Molecular structure of 1,3-thiazole based LC with terminal alkyl chains

C.H. Lee et al. [16] (Figure 6.2 (b)), reported bent core thiazole derivatives with
terminal alkyl chains, exhibiting nematic and smectic A mesophases. Also, in one compound,
the terminal alkyl chain was substituted with a chiral chain, and it was found that the compound
exhibited a smectic C* phase.

Also, some other thiazole-based LCs have been synthesized showing variety of
mesophases and fluorescent behaviour [17-19].

Cholesterol derivatives have strong antimicrobial properties as well as other biological
properties including anti-cancer and antioxidant effects. Cholesterol-based compounds have
several applications such as in liquid crystal, drug delivery, gelators and other synthetic uses
[20].

This study describes the synthesis and analysis of some Schiff's base compounds
derived from amino thiazole and various substituted formyl phenyl cholesteryl carbonates. We
have also investigated their mesomorphic as well as photoluminescence properties and
evaluated their biological activities. Also, DFT studies have been carried out including frontier
MOs and MEP analysis.

6.2. Experimental details

6.2.1. Materials

Cholesteryl chloroformate and 2-amino thiazole was purchased from Sigma-Aldrich
Chemicals, USA. 1,1-Diphenyl-2-picrylhydrazyl (for antioxidant assay) was purchase from
TCIl chemicals, Japan. 4-Hydroxybenzaldehyde, salicylaldehyde, 4-hydroxy-3-
methoxybenzaldehyde, 4-hydroxy-3-ethoxybenzaldehyde, anhydrous pyridine, glacial acetic
acid, chloroform, ethyl acetate, n-hexane and other reagents were procured from “Loba Chemie

Pvt. Ltd., India”. Tetrahydrofuran and methanol were subjected to drying treatment using

Ph.D. Thesis/ Sagar K. Bairwa



;v ‘%’;‘
CHAPTER 06 gi@

standard techniques. All the other solvents and reagents were of analytical reagent grade and

were used as received.

Scheme 6.1: Synthetic pathway for synthesizing the final Schiff's bases. (7a-c) and (8).
Reagents and conditions; (i) dry tetrahydrofuran, anhy. pyridine, continuous stirring at 38-
40°C, 3-4 h; (ii) (3a-c), CHCIz: MeOH (1:1), glacial HAc, 10-12 h; (iii) (5), CHCl3: MeOH
(1:1), glacial HAc, 10-12 h.

6.2.2. Techniques and measurements

The synthetic pathway used is shown in Scheme 6.1. The compounds' structures were
identified by conventional spectroscopic techniques. TLC was conducted using silica gel plates
from Merck. FT-IR spectra were obtained using a Bruker spectrometer with KBr Pellets. H-
NMR and *C-NMR spectra were obtained using a 400 MHz Avance Bruker spectrometer.

Ph.D. Thesis/ Sagar K. Bairwa



5”» "‘r‘»z
CHAPTER 06 si@

Deuterated chloroform (CDClIz) was used as the solvent, while TMS served as the internal
standard. The polarised optical microscopy (POM) study was observed with a Nikon Eclipse
Ci-Pol microscope equipped with a Linkam (Linkam, Surrey, England) heating stage. Phase
transition temperatures and thermodynamic parameters were determined by using differential
scanning calorimetry (DSC-822, Mettler Toledo, having Stare software). The heating as well
as cooling rates were 10°C min™. The compounds' thermal stability was assessed using a
thermogravimetry analyzer (TGA-50, Shimadzu, Japan) with 3-7 mg of the sample in a
platinum pan, heated at a rate of 10°C mint. An elemental analysis was conducted using
Thermo Finnigan's CHN analyzer using the Flash 1112 series EA. The absorbance was
measured using a Shimadzu UV-1800 spectrophotometer from Japan. Photoluminescence and
quantum yields (®pL) were measured using a Shimadzu RF 6000 Spectrofluorophotometer
(Japan). Gaussian 09, revision A.02 software was utilized for DFT calculations.

6.2.3. Synthesis and characterization

6.2.3.1. General procedure for the synthesis of formyl phenyl cholesteryl

carbonates (3a-c/5)

Formyl phenyl cholesteryl carbonates were synthesized using previously reported
method [21]. Cholesteryl chloroformate (2) (0.01 mol) and 50 ml dry THF were added to RBF.
The contents were rapidly mixed with 4-hydroxy-3-substituted benzaldehyde (1a-c) /
salicylaldehyde (4) (0.012 mol), 4.0 ml of anhy. pyridine as proton scavenger and an additional
40 ml dry THF was added to the reaction mixture and stirring was continued for 3-4 h at about
38-40 °C. Thereafter, mixture was filtered to isolated the precipitates of pyridinium chloride as
well as other insoluble materials. The filtrate was concentrated using a vacuum in order to
remove extra THF, then n-hexane was added to precipitate the product, filtered and
recrystallized from ethyl acetate-methanol mixture till constant transition temperature were
obtained.

Compound 3a: White crystalline solid, yield 66%; phase transition temperatures: Cr
139.0 °C N* 188.9 °C Iso 171.8 °C N* 116 °C Cr; IR (KBr, v max, cm™): 3034, 2943, 2888,
2868, 2851, 2790, 2720, 1755, 1703, 1600, 1502, 839; *H-NMR (CDCls, 400 MHz): § (ppm)
=9.91 (s, 1H, -CHO), 7.94-7.92 (d, 2H, J = 8.8 Hz, Ar-H), 7.32-7.30 (d, 2H, J = 8.8 Hz, Ar-
H), 5.46-5.44 (m, 1H, -C=CH-), 4.66-4.58 (m, 1H, -OCH-CH>-), 2.52-2.50 (¢, 2H, -OCH-CH>-
), 2.05-0.70 (M, 41H, -CH, -CH, and -CH3); 1*C NMR (CDCls, 400MHz): 5(ppm) = 191.20 (-
CHO), 158.36, 150.10 (-O-COO-), 158.36, 139.08, 134.19, 129.75, 122.22, 121.44, 79.13,
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56.69, 56.13, 49.98, 42.33, 39.71, 39.53, 37.94, 36.84, 36.57, 36.19, 35.81, 31.92, 31.84, 28.24,
28.04, 27.65, 24.30, 23.84, 22.85, 22.58, 21.06, 19.30, 18.72, 11.83; Elemental analysis:
calculated for C3sHs004 (%): C, 78.61; H, 9.42; found: C, 78.58, H; 9.46.

Compound 3b: White crystalline solid, yield 72%; phase transition temperatures: Cr
204.3 °C 1s0 175.4 °C N* 78.2 °C; IR (KBr, v max, cm™): 3039, 2943, 2889, 2868, 2851, 2793,
2736, 1763, 1701, 1602, 1504, 842; *H-NMR (CDCls, 400 MHz): & (ppm) = 9.84 (s, 1H, -
CHO), 7.34-7.32 (d, 1H, J = 8.8 Hz, Ar-H), 7.26-7.24 (d, 1H, J = 8.8 Hz, Ar-H), 6.29 (s, 1H,
Ar-H), 5.46-5.44 (m, 1H, -C=CH-), 4.64-4.56 (m, 1H, -OCH-CH,-), 3.87 (s, 3H, -OCH3), 2.52-
2.49 (g, 2H, -OCH-CH>-), 2.05-0.70 (m, 41H, -CH, -CH, and -CHjs); **C NMR (CDClIs,
400MHz): 3(ppm) = 190.8 (-CHO), 154.45, 152.20 (-O-COO-), 144.51, 139.04, 134.19,
129.78, 124.40, 122.40, 121.28, 114.05, 79.01, 58.20, 56.60, 56.14, 49.98, 42.32, 39.74, 39.57,
37.94, 36.88, 36.56, 36.18, 35.81, 31.94, 31.88, 28.29, 28.08, 27.65, 24.30, 23.84, 22.90, 22.55,
21.06, 19.31, 18.73, 11.82; Elemental analysis calculated for C3sHs205 (%): C, 76.56; H, 9.28;
found: C, 76.51, H; 9.23.

Compound 3c: White-crystalline solid, yield 76%; melting point (m.p.) = 144.5 °C; IR
(KBr, v max, cm™): 3036, 2947, 2902, 2868, 2850, 2789, 2733, 1763, 1703, 1600, 1506, 839;
!H-NMR (CDCl3, 400 MHz): § (ppm) = 9.66 (s, 1H, -CHO), 7.37-7.35 (d, 1H, J = 8.6 Hz, Ar-
H), 7.25-7.23 (d, 1H, J = 8.6 Hz, Ar-H), 7.01 (s, 1H, Ar-H), 5.46-5.44 (m, 1H, -C=CH-), 4.64-
4.56 (m, 1H, -OCH-CHz>-), 4.13 (q, 2H, -OCH.-CHj3), 2.52-2.49 (q, 2H, -OCH-CH>-), 2.08-
0.70 (m, 44H, -CH, -CH; and -CHs); 3C NMR (CDCls, 400MHz): §(ppm) = 191.0 (-CHO),
154.42, 150.0 (-O-COO0-), 139.81, 134.22, 124.16, 123.32, 121.8, 113.20, 78.20, 64.06, 52.51,
51.80, 42.34, 39.78, 39.50, 37.90, 36.82, 36.53, 36.18, 35.81, 31.92, 31.80, 28.34, 28.13, 27.65,
24.34, 23.80, 22.90, 22.55, 21.06, 19.33, 18.76, 11.82; Elemental analysis: calculated for
C37H5405 (%): C, 76.78; H, 9.40; found: C, 78.72, H; 9.46.

Compound 5: White-crystalline solid, yield 62%; melting point (m.p.) = 166.0 °C, IR
(KBr, v max, cm™): 3079, 2952, 2933, 2868, 2852, 2768, 2722, 1791, 1732, 1604, 1511, 846;
'H-NMR (CDCls, 400 MHz): & (ppm) = 10.16 (s, 1H, -CHO), 7.91 (t, 1H, Ar-H), 7.52 (d, 1H,
J =18 Hz, Ar-H), 7.42 (d, 1H, J = 20 Hz, Ar-H), 7.12 (d, 1H, 20 Hz, Ar-H), 5.46-5.44 (m, 1H,
-C=CH-), 4.64-4.56 (m, 1H, -OCH-CH>-), 2.53-2.50 (q, 2H, -OCH-CH2>-), 2.08-0.70 (m, 44H,
-CH, -CH: and -CHjs); °C NMR (CDCls, 400MHz): (ppm) = 191.04 (-CHO), 153.62, 150.02
(-O-CO0-), 139.80, 134.94, 130.36, 126.03, 121.85, 120.54, 78.24, 52.55, 51.78, 42.34, 39.71,
39.54, 37.84, 36.74, 36.47, 36.09, 35.71, 31.84, 31.75, 28.23, 28.14, 27.65, 24.32, 23.84, 22.85,
22.58,22.50, 21.06, 19.31, 18.98, 14.14, 11.88; Elemental analysis: calculated for CzsHs004
(%): C, 78.61; H, 9.42; found: C, 78.70, H; 9.44.
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6.2.3.2. General procedure for the synthesis of 1,3-thiazole-2-benzylidene amino

cholesteryl carbonate derivatives (7a-c/8) (Final Schiff’s base derivatives)

In 20 ml of methanol/chloroform (v: v=1:1), a mixture of compound (3a-c/5) (0.002 mol) and
2-amino-1,3-thiazole (6) (0.002 mol) was refluxed for 10-12 h. Few drops of glac. HAc was
used as catalyst. The reaction’s progress was monitored by TLC. The reaction mixture was left
overnight, resulting in a pale yellow-green product. The product thus obtained was filtered and
subsequently recrystallized from a mixture of chloroform and methanol until consistent
transition temperatures were achieved, resulting in the formation of pale greenish-yellow
crystals.

Compound 7a: Pale yellow crystalline solid, yield 78%; IR (KBr, v max, cm™): 3035,
2948, 2896, 2847, 1754, 1623, 1605, 1506, 838; *H-NMR (CDCls, 400 MHz): § (ppm) = 9.08
(s, 1H, -CH=N-), 8.01 (d, 1H, J = 3.6 Hz, C4-thiazole), 7.67 (d, 2H, J = 8.6 Hz, Ar-H), 7.33 (d,
1H, J = 4 Hz, Cs-thiazole), 7.26 (d, 2H, J = 8.8 Hz, Ar-H), 5.42 (m, 1H, -C=CH-), 4.60 (m, 1H,
-OCH-CHy-), 2.49 (g, 2H, -OCH-CH,-), 2.03-0.68 (m, 47H, -CH, -CH. and -CHz); *°C NMR
(CDCls, 400MHz): &(ppm) = 171.80, 160.02 (-CH=N-), 153.62, 150.00 (-O-COO-), 143.56,
139.82,132.58, 121.77,121.68, 118.48, 79.48, 56.14, 49.99, 39.71, 37.91, 36.81, 35.79, 31.91,
31.84, 28.02, 27.61, 24.28, 23.82, 22.82, 22.20, 21.05, 19.28, 18.71; Elemental analysis:
calculated for C41HssN203S (%): C, 74.73; H, 8.87; N, 4.25: found: C, 74.66; H, 8.79; N, 4.20.
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Figure 6.3 (a): IR Spectra of compound 7a
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Compound 7b: Pale yellow crystalline solid, yield 74%; IR (KBr, v max, cm™):3037,
2949, 2868, 2850, 1757, 1626, 1508, 844; *H-NMR (CDCls, 400 MHz): & (ppm) = 9.00 (s, 1H,
-CH=N-), 7.87 (d, 1H, J = 2.8 Hz, Cs-thiazole), 7.65 (s, 1H, Ar-H), 7.48 (d, 1H, J = 3.6 Hz, Cs-
thiazole), 7.21 (d, 1H, J = 8.7 Hz, Ar-H), 7.01 (d, 1H, J = 8.8 Hz, Ar-H), 5.42 (m, 1H, -C=CH-
), 4.60 (m, 1H, -OCH-CH>-),3.87 (s, 3H, -OCHa), 2.48 (q, 2H, -OCH-CH>-), 2.03-0.68 (m,
47H, -CH, -CH; and -CHs); **C NMR (CDCls, 400MHz): 8(ppm) = 171.80, 160.06 (-CH=N-),
151.71, 150.04 (-O-COO-), 140.01, 139.79, 123.43, 121.77, 120.83, 111.10, 79.46, 56.69,
56.14,52.63,49.99, 42.32, 39.71, 39.52, 37.93, 36.83, 36.56, 36.18, 35.79, 31.91, 31.84, 28.22,
28.02, 27.63, 24.28, 23.82, 22.82, 22.56, 21.05, 19.38, 18.77, 11.89; Elemental analysis:
calculated for C42HeoN204S (%): C, 73.22; H, 8.78; N, 4.07: found: C, 73.12; H, 8.67; N, 3.91.
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Figure 6.3 (b): '"H-NMR spectra of compound 7a

Compound 7c: Pale yellow crystalline solid, yield 83%; IR (KBr, v max, cm™):3036,
2951, 2868, 2852, 1757, 1624, 1508, 842; 'H-NMR (CDCls, 400 MHz): & (ppm) = 8.95 (s, 1H,
-CH=N-), 7.72 (d, 1H, J = 3.2 Hz, Cs-thiazole), 7.67 (s, 1H, Ar-H), 7.41 (d, 1H, J = 3.6 Hz, Cs-
thiazole), 7.40 (d, 1H, J = 8.8 Hz, Ar-H), 7.22 (d, 1H, J = 8.6 Hz, Ar-H), 5.42 (m, 1H, -C=CH-
), 4.60 (m, 1H, -OCH-CH>-), 4.18 (q, 2H, -OCH>-CHj3), 2.48 (q, 2H, -OCH-CH>-), 2.03-0.68
(m, 50H, -CH, -CH: and -CHs); **C NMR (CDCls, 400MHz): &(ppm) = 172.89, 162.36 (-
CH=N-), 152.06, 151.39 (-O-COO-), 144.05, 141.47, 139.18, 133.86, 124.44, 123.22, 122.62,
118.27, 111.81, 79.18, 64.69, 56.69, 56.14, 49.99, 42.32, 39.72, 39.52, 37.88, 36,83, 36.57,
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36.19, 35.79, 31.91, 31.85, 28.13, 28.02, 27.56, 24.29, 23.83, 22.83, 22,57, 21.06, 19.30, 18.72,
14.70, 14.63, 11.87; Elemental analysis: calculated for C43Hs2N204S (%): C, 73.46; H, 8.89;
N, 3.98: found: C, 73.28; H, 8.74; N, 3.82.
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Figure 6.3 (c): *C-NMR spectra of compound 7a
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Figure 6.4 (a): IR Spectra of compound 8
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Figure 6.4 (c): 3*C-NMR spectra of compound 8
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Compound 8: Pale yellow crystalline solid, yield 80%; IR (KBr, v max, cm™): 3036,
2953, 2868, 2852, 1759, 1624, 1508, 842; *H-NMR (CDCls, 400 MHz): § (ppm) = 8.99 (s, 1H,
-CH=N-), 7.89 (d, 1H, J = 0.8 Hz, Cs-thiazole), 7.67 (d, 1H, J = 22 Hz, Ar-H), 7.42 (d, 1H, J =
1.6 Hz, Cs-thiazole), 7.33 (d, 1H, J = 18 Hz, Ar-H), 7.19 (d, 1H, J = 20 Hz, Ar-H), 6.88 (d,1H,
J=20Hz, Ar-H) 5.42 (m, 1H, -C=CH-), 4.60 (m, 1H, -OCH-CH>-), 4.18 (q, 2H, -OCH,-CH3),
2.48 (g, 2H, -OCH-CH>-), 2.03-0.68 (m, 50H, -CH, -CHz and -CH3); **C NMR (CDCls,
400MHz): 6(ppm) = 171.58, 160.01 (-CH=N-), 154.08, 150.40 (-O-COO-), 140.80, 139.18,
134.10,131.12,123.12,121.24, 112,51, 76.26, 56.69, 56.15, 50.00, 42.33, 39.72, 39.52, 38.40,
36.92, 36.58, 36.18, 35.80, 31.86, 28.11, 28.02, 24.28, 23.84, 22.82, 22.56, 21.05, 19.36, 18.71,
11.87. Elemental analysis: calculated for C41HssN203S (%): C, 74.73; H, 8.87; N, 4.25: found:
C,7459; H,8.74; N, 4.13.

6.2.4. General procedure for in vitro anti-microbial evaluation

In vitro anti-microbial activities were studied with the well diffusion method. The
samples were dissolved in DMF. For the antibacterial and antifungal assay, positive controls
used were amoxicillin and ketoconazole solutions, respectively. Both experiments used DMF
solvent as a negative control. After incubation, inhibition zones were measured to determine
activity.

The stock solution of agar media was made by dissolving 30 gm agar and 13.6 gm
nutrition broth in 1000 ml sterile water. Agar medium was placed into sterilized petri plates to
solidify. After solidification, 100 ul of bacterial culture was evenly distributed on the agar
surface for the antibacterial investigation, and 100 pl of fungal inoculum was spread for the
antifungal study, using a spreader until the inoculum dried. Subsequently, sterile cork borers
were used to create wells in the petri dishes containing the respective inoculums.

Next, 100 ul of each sample, as well as the positive and negative control solutions, were
added to separate wells in the petri dishes. The positive control (Amoxicillin/Ketoconazole)
was used to verify the experimental setup's ability to detect antibacterial and antifungal activity,
given its well-established effects. The negative control (DMF) was used to confirm that any
observed activity was specific to the samples being tested and not a result of the solvent.

The petri dishes were incubated at 37°C for 18-24 hrs for the antibacterial study and
48-72 hours for the antifungal study. After the incubation period, the antibacterial and
antifungal activity were evaluated by measuring the diameter of the inhibitory zone around

each well. Larger inhibition zones indicated stronger antibacterial or antifungal activity against

Ph.D. Thesis/ Sagar K. Bairwa



5@ "‘r‘»z
CHAPTER 06 gi@

the tested microorganisms. By performing these experiments, the potential antibacterial and

antifungal properties of the samples were evaluated.

6.2.5. General procedure for anti-oxidant assay

The synthesized compounds were tested for their in vitro antioxidant properties using
the method provided in literature. [22]. In short, 0.01 mg/mL (0.001% (w/v)) DPPH solution
using methanol as solvent was prepared. Drug stock solution (1 mg/mL) was made upto the
final concentrations of 25, 50, 100, 150 and 200 pg/mL using DMSO solvent. The control
consists of 1 mL of DPPH solution diluted with 4 mL of DMSO. Absorbance was measured
against blank at Amax Of 517 nm using UV—Visible Spectrophotometer (Shimadzu UV-1800
spectrophotometer- Japan) [23]. The % inhibition against DPPH for all the compounds were
calculated using [24].

“% Inhibition = [(Acontrol — Asample) / Acontrot] X 100”
where Acontrol = abs. of control, Asampie = abs. of test compounds.

6.2.6. Computational methods

The compounds' 2D structures were drawn on online platform of Molinspiration

(https://www.molinspiration.com/cgi-bin/properties ) and the physiochemical parameters were

determined for each structure separately.

DFT study were conducted using the Gaussian 09, release A.02 software program [25],
B3LYP method and 6-31G (d, p) basis set were used for geometry optimization. The “frontier
molecular orbitals analysis” (FMQOs) and “molecular electrostatic potential” (MEP) surfaces
for compounds 7a-c and 8 were calculated at the same level of theory and visualized with the
graphical interface Gauss View 05 (Gaussian Inc., Wallingford, CT, USA). Various chemical

reactivity descriptors were also calculated [26,27].
6.3. Results and discussion

6.3.1. Chemistry

The synthetic approach for the synthesis of all thiazole derivatives (7a-c and 8) (Final
Schiff’s base derivatives) is depicted in Scheme 6.1. The cholesteryl chloroformate (2) was
employed as the precursor material in an efficient synthesis of all the compounds. The essential
intermediates, substituted formyl phenyl cholesteryl carbonates (3a-c and 5), were synthesised
by a one-step procedure that involves reacting cholesteryl chloroformates with different
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substituted hydroxy benzaldehyde (1a-c and 4) in presence of anhydrous pyridine as proton
scavenger in good yields.

Finally, the target compounds (7a-c and 8) were obtained in good yields (75-80%) by
simple condensation of 2-amino-1,3-thiazole (6) with equimolar quantities of four different
substituted formyl phenyl cholesteryl carbonates.

All the newly synthesized 1,3-thiazole-2-benzylideneamino cholesteryl carbonate
derivatives (7a-c and 8) were characterized using elemental analysis and spectral techniques
such as FT-IR, *H-NMR and *C-NMR analysis. In FT-IR, the aldehyde derivative 4-formyl
phenyl cholesteryl carbonate (3a) displayed exhibited obvious bands (v max, cm™) at 2942,
2878, 2862, 2850 v (-CH aliphatic), 2721 (-CH stretch -CHO group),1756 (-C=0 of carbonate),
1704 (-CH stretch -CHO group), 1450-1500 (-CH ar.), 1576 cm™ (-C-C ar.) stretch. (7a)
displays prominent IR bands at 2945, 2846 (-CH aliphatic), 1754 (-C=0 carbonate), and 1626
cm* (-CH=N- imine) after condensation with 2-amino-1,3-thiazole (6). The disappearance of
bands at 1704 and 2721 cm of aldehyde group (-CHO) and the emergence of peak at 1626
cm™ due to azomethine group (-CH=N-) indicates condensation to form final Schiff base,
thereby confirming structure of 1,3-thiazole-2-benzylideneamino-4'-cholesterylcarbonate (7a).

The 'H NMR of (3a) displayed an evident signal at § 9.91 ppm due to aldehyde group
(s, 1H, -CHO). The proton NMR of the final Schiff’s base 1,3-thiazole-2-benzylideneamino-
4'-cholesteryl carbonate (7a) depicts signals at 69.02 (s, 1H, -CH=N-), 6 8.01-7.26 (m, 6H, Ar-
H and H-thiazole), 6 5.42 (d, 1H, olefinic H in cholesterol), 6 4.64 (m, 1H, H of cholesterol
near carbonate linkage), 6 2.49 (d, 2H, -OCH-CH>), 6 2.05-0.70 (m, 41H, -CH,-CH. and -CHjs
of cholesterol) ppm, respectively. The presence of an imine linkage-induced signal at 9.02 ppm
and the dissipation of the singlet at 9.91 ppm indicate that 1,3-thiazole-2-benzylideneamino-
4'-cholesteryl carbonate has been formed (7a). The *C NMR spectra of (3a) exhibit significant
peaks at 6 191.2 of aldehyde group (-CHO) and 6 150.1 carbonyl (-O-COO-) ppm, whereas
(7a) displays signal at 8 173.5 (C>-thiazole), 6 162.5 (azomethine -CH=N-), 5 152.56 (carbonyl
carbon -O-COO-), and 6 131.29-118.48 (C from ar. rings) ppm. The presence of the imine
carbon (-CH=N-) at a chemical shift of 6162.5 ppm indicates the synthesis of final compound
(7a).

The rest of the series members (7a-c and 8) show almost identical IR, NMR (*H and

13C) bands and are included in the synthesis.
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6.3.2. In-vitro anti-microbial evaluation

All of the compounds were tested for in-vitro antibacterial and antifungal activity. The
investigated compounds were in-vitro evaluated for antibacterial activity against S Aureus, E
Coli, and A Niger and C Albicans. Standard control drugs for antibacterial and antifungal
assays included amoxicillin and ketoconazole. Table 6.1 and Table 6.2 shows antibacterial
and antifungal zone of inhibition (mm) and % activity index data respectively.

Results indicated that all the synthesized derivatives show significant antibacterial
activity as shown in Figure 6.5 against both bacterial strains when compared with standard
amoxycillin (Table 6.1). Compound 7a and 8 were most potent towards the S. aureus with
percentage activity index of 90% and 87.5% respectively, compared to standard. Against E.
coli, compounds 7a, 7c, and 8 showed high bacteriostatic activity, surpassing the control drug
with percentage activity index of 105 %, 100% and 104.58 % respectively. The synthesized

compounds were less active against Gram-positive rather than Gram-negative bacteria.

Table 6.1: Anti-bacterial assay of compounds 7a-c and 82

Compound S. aureus E. coli
code Gram positive bacteria Gram negative bacteria
Zone (mm) % activity Zone (mm) % activity
7a 18 90 25.5 106.25
7b 15.5 77.5 22 91.67
Tc 16 80 24 100
8 17.5 87.5 25 104.17
Amoxyecillin 20 100 24 100
(STD)
Control P - - - -

2 Concentration for all the compounds as well as amoxycillin (STD) was 200ug/ml
b Control - DMF; No inhibition

The antifungal evaluation results presented in Table 6.2 showed that derivatives 7a, 7c,
and 8 demonstrated moderate activity against A. Niger, with percentage activity indexes of
94.45%, 72.22%, and 77.78%, respectively, compared to the reference drug ketoconazole.
Additionally, compounds 7a and 8 exhibited noteworthy activity against C. albicans,

surpassing effectiveness of the control drug (Figure 6.5).
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Table 6.2: Anti-fungal assay of compounds 7a-c and 82

Compound Aspergillus niger Candida albicans
code Zone (mm) % activity Zone (mm) % activity
Ta 17.5 97.22 22.5 107.14
7b 8 44.45 12 57.14
Tc 13.5 75 10 47.61
8 14 77.78 24.5 116.67
Ketoconazole 18 100 21 100
(STD)
Control - - - -

2 Concentration for all the compounds as well as amoxycillin (STD) was 200pg/ml
b Control - DMF; No inhibition

30
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S. aureus E. coli A. niger C. albicans

Microbial strains
Figure 6.5: Graphical representation of zone of inhibition for compounds 7a-c and 8 against
different microbial stains
The compounds' strong antibacterial action is likely due to their large dipole moment,
which is brought by the Schiff's base linkage in the molecules [28,29]. This dipole moment
contributes to improved interactions with microbial cells, potentially leading to higher
antimicrobial agent efficiency. The electron-donating methoxy and ethoxy substituents in the
core ring reduce the reactivity of compounds 7b and 7c¢ by increasing the electron density of

the molecule, potentially decreasing the overall electrophilicity of the compound.
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Antimicrobial activity is often related with the ability to interact with specific nucleophilic

centres in microbial cells. A decrease in electrophilicity may hinder these interactions.

6.3.3. Invitro anti-oxidant assay

DPPH assay was used to measure radical scavenging activity of synthesized
compounds. The percentage of inhibition and ICso indicate antioxidant activity. It was
compared to ascorbic acid.

Table 6.3 shows that all synthesised derivatives showed comparable radical scavenging
activity, with 7c having the lowest activity at 200 pg/mL (57.97+0.15%). The ICso value of
138.73 pg/mL was also the lowest for this compound. Compounds 7a and 8 showed superior
scavenging activity, with 1Cso values of 108.08 and 101.32 pg/mL. Notably, the antioxidant
efficacy of compounds 7b and 7c is adversely affected by the addition of electron-donating
groups to the phenyl ring in the lateral position.

Overall, the compounds exhibited lower potency compared to the reference compound.
Compounds 7a and 8 demonstrated a slightly superior antioxidant activity compared to the

other synthesized compounds, as illustrated in Figure 6.6.

Table 6.3: Antioxidant activity: % inhibition and ICso values of compounds 7a-c and 8

Sample % Inhibition? (at different pg/mL) ICso
0 25 50 100 150 200 (ug/mL)
Ta 0  36.08£0.10 48.07+0.40 58.02+0.11 58.54+0.20 66.71+0.27  108.08
7b 0  29.1740.37 39.48+0.25 41.98+0.06 56.81+£0.15 63.40+0.62 130.81
Te 0  27.65£0.20 31.824+0.16 48.08+0.17 55.24+0.09 57.97+0.15 138.73
8 0  39.16£0.15 47.01+0.27 51.76£0.20 66.08+0.19 71.84+0.43 101.32
STDY 0  45.1740.15 61.26+0.15 77.52+0.06 88.55+0.08 97.36+0.10  59.48
Control® - - - - - - -

2Values represent the mean + standard error mean (SEM) of three experiments.

b Ascorbic acid used as standard

¢No inhibition
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Figure 6.6: Graphical representation of DPPH radical scavenging activities of compounds

7a-cand 8

6.3.4. Texture analysis / Liquid crystal properties

Liquid crystals exhibit properties of both solid crystals and conventional liquids. They
frequently appear in the temperature range that exists between the crystal and isotropic liquid
phase and are defined by having properties that are anisotropic without a 3-D crystal structure
[30]. Although the molecules of liquid crystals can be arranged to resemble crystals, they can
still flow like liquids.

Researchers are interested in cholesterol-based liquid crystals because of its natural and
commercial availability, as well as their distinctive optical properties. LC based on cholesterols
shows circular dichroism, selective reflection, electrooptic effects and specific rotations, due
to their helical super structure. Researchers are interested in these properties [31].

Polarizing optical microscopes were used to study the LC properties of all synthesised
compounds in heating as well as cooling cycles at 5 °C per minute. From all the synthesized
compounds only compound 7a possesses mesomorphic property showing enantiotropic chiral
nematic (N*) phase. It showed vibrant colours in the N* phase at different temperatures,
possibly due to helical pitch unwinding [32].

As observed, compound 7a shows the textures resembling oily streaks of cholesteric
Figure 6.7 (a) mesophase at 210.6 °C and clears at 229.7 °C. When transitioning from the

isotropic phase to a lower temperature at 213.7 °C, the droplet-shaped nematic texture
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reappeared, gradually combined, and transformed into the nematic schlieren texture Figure 6.7
(b), that appears like the Smectic A phase that turns into Grandjean planar upon shearing under

crossed polarizers prior to crystallization at 100.9 °C.

Figure 6.7: Microphotographs of the optical textures (a) oily streaks texture of cholesteric

phase/chiral nematic (N*) of 7a on heating at 210.6 °C, (b) nematic schlieren texture (N*) of
7a on cooling at 213.7 °C

The other derivatives of the series namely 7b,7c and 8 are non-mesogenic in character.
In the compound 7b and 7c lateral substitution of the central core with bulky methoxy(-OCHz)
and ethoxy(-OC2Hs) groups plays important role in destroying the mesomorphic character by
disrupting the alignment of the molecule [33,34]. Also, the lateral substitution shields the
substituent from the rest of the molecule, which may decrease mesogenic character [35].
Ahmed et.al., suggests that a lateral substituent in a nematogenic molecule can decrease
thermal stability LC phase due to steric hindrance [36]. Every lateral substitution increases the
molecules breadth, resulting in decreased “length-to-breadth” ratio, according to molecular
statistical theory, which generally lowered clearing temperatures as observed in the compounds
7a-c [37]. The non-mesomorphic character of the compound 8 can be ascribed to steric
hindrance of the molecule and also its shape which resembles a bent rod unlike the compound
7a which has a rod like shape [38].

6.3.5. Thermal properties

The mesophase observed under the polarising optical microscope was further
confirmed by DSC. Table 6.4 shows mesomorphic transition temperatures and related AH
values (indicated in parentheses) for the mesogen 7a. Representative DSC thermograms for the

synthesised compound 7a is presented in Figure 6.8.
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The DSC thermograms of the derivative 7a exhibited an enantiotropic mesophase
transition. Compound 7a shows sharp exothermic peak at 210.12°C (AH = 16.1 kJ/mol)
corresponding to the Cr-N* phase transition and shows cholesteric to isotropic at 228.70°C
(AH = 1.38 kJ/mol) in the heating scan. In the cooling scan the peak at 213.71°C (AH = 1.04
kJ/mol) corresponds to the N* mesophase till the crystallization at 98.86°C (15.7 kJ/mol). As
observed, the enthalpy change (AH) is minimum in the nematic-to-isotropic transition because
the molecules are already partially disordered in the nematic phase and do not need to break

strong intermolecular forces as in the crystal-to-nematic transition.

Table 6.4: Phase-transition temperature in °C and enthalpy changes [kJ mol™] data for

compounds 7a-c and 8

Compound Phase? transition temperature (°C)? and Enthalpy change [kJ mol!|
7a Cr210.1 [16.1] N*228.7 [1.38] 1 213.7 [1.04] N* 98.8 [15.7] Cr
7b Cr209.51
Tc Cr165.71
8 Cr296.31

aCr : Crystal, N* : cholesteric mesophase, | : Isotropic
b Obtained/confirmed using POM as well as DSC
¢ Obtained from DSC

104 TEXO

a5 Cooling
Z
~ Cr I7* I
E 0.0
% .
o
== Cr T* I

-054 Heating

-—
-10 T T T T T T T
50 100 150 200

Temperature (°C)

Figure 6.8: DSC thermogram of compound 7a
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TGA was used to assess the thermal stability of all the synthesised derivatives. This
was crucial particularly for 7a which shows mesomorphic transitions. This was particularly
essential for 7a, which displays phase transitions. The thermogram of 7a shows decomposition
starting at approximately 264 °C, with 74% of the compound decomposing close to 351 °C.
The mesogen 7a was found to be stable at N*-I transition temperatures. The compound exhibits
LC property prior to undergoing thermal decomposition. Additionally, TGA results indicate
that the framework of 7b, 7c and 8 are stable up to 264 °C, 223 °C and 363 °C respectively
Figure 6.9. The superior thermal stability of the 8 is due to the core ortho substitution which
can lead to steric hindrance. Because the substituents are so close together, they might establish
repulsive interactions, making it energetically unfavourable for the molecule to adopt certain
conformations. As a result, the rotational freedom around the C-C single bonds is reduced,
resulting in a greater energy barrier for thermal rearrangement or isomerization reactions.
Therefore, 8 exhibits greater thermal stability due to its reduced susceptibility to undergo
structural modifications.

120

100

80 -

60

Weight (%)

T T T T T
200 400 600
Temperature (°C)

Figure 6.9: TGA thermogram of compounds 7a-c and 8

6.3.6. Optical properties

The UV-visible spectra of 7a-c and 8 recorded in chloroform and are given in Figure
6.10 with relevant photo-physical data displayed in Table 6.5. The absorption spectra’s of 7a-
c were all relatively comparable due to their structural similarities except compound 8 which

has ortho substitution. The Amax Of 7a-c were approximately near to 334-338 nm. These were
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also the maximum absorption peaks for 7a-c. The peak around 270 nm is caused by the n- ©*
transition of the aromatic ring [39], and the peak around 337 nm is caused by n- * transition
of the azomethine (CH=N) group, involving the n-electron system of the entire mesogenic
moiety, with considerable charge transfer characteristic [40]. Compound 7b and 7c exhibit a
little red shift in comparison to 7a. This may be due to the changes in the electronic structure
due to methoxy and ethoxy group substitution, which in turn affect the delocalization of

electrons within the molecule, causing a bathochromic shift in absorption spectrum.
1

Absorbance (au)

360 I 460 I 500
Wavelength (nm)
Figure 6.10: UV-vis spectra of compounds 7a-c and 8

The reduction of UV absorbance shift of 8 as compared to 7a-c is primarily due to the
influence of steric hindrance and the resulting impact on the electronic distribution within the
molecule. In compound 8, the substituents are positioned on adjacent carbon atoms of the
aromatic ring, leading to steric hindrance, which can affect the arrangement of the substituents
and the electronic structure of the molecule. The steric hindrance in 8 can disrupt the
conjugation and electronic distribution within the molecule, reducing the extent of
delocalization of m-electrons. This reduction in m-electron delocalization weakens the
electronic transitions responsible for UV absorbance and leads to a smaller shift in the
absorption wavelength compared to 7a-c.

Photoluminescence (PL) plays an important role in liquid crystalline materials [41,42],
biochemical and biomedical research [43], molecular biology and genetics [44], medical
diagnostics [45], material sciences and nanotechnology [46], optics and photonics [47,48], etc.
The PL spectra of compounds were carried out in CHCIs (1x10° M) at wavelengths 300-700
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nm and an excitation wavelength set to 340 nm for compounds 7a-c and 300 nm for compound
8 to explore the relationship between their structures and spectral properties. The emission as
well as excitation bandwidths for all studies were fixed at 5 nm. The PL spectra of 7b,7c and
8 are all similar in nature. However, for compounds 7a, the curve is of a distinct pattern and
the maxima shifted to a lower wavelength. As seen in the spectra Figure 6.11 the derivatives
7b and 7c shows enhanced PL intensity, this may be due to the electron donating group
substituted laterally to the core ring. Electron donating groups tend to promote more efficient
fluorescence emission. Comprehensive photophysical data are displayed in Table 6.5.

Table 6.5: UV and PL spectral data for compounds 7a-c and 8

Compound UV(nm) Fluorescence(nm) Stokes shift(nm) ®pL?
7a 268, 334 412 78 0.11
7b 261, 339 396,430,456 57 0.23
Te 264, 341 415,433,463 74 0.22
8 250, 300 412,434,461 112 0.14

aDetermined with quinine sulphate as STD (®p. = 0.546 in 1 N H2SO4)
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2000

1000
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Figure 6.11: PL spectra of compounds 7a-c and 8
The examination of fluorescence quantum yields in CHCIs (1 x 10°° M) solution shows
that all the compounds show photoluminescence quantum yield ranging between 0.11 to 0.23

when in comparison to the reference (quinine sulphate in 1 N sulfuric acid; ®p. = 0.546). This
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highlights their unique molecular behavior and suggests their considerable promise in
optoelectronics and photonics applications. Compounds 7a and 7b exhibits a more intense
emission, leading to an increased PL quantum vyield. The stokes shifts displayed by all
compounds are given in Table 6.5.

The photoluminescence spectra of all the synthesised compounds exhibit emission in
the blue region (420-500 nm), indicating that all of the materials have blue light emission
characteristics that can be used in potential applications such as, biotags for biological sensing
applications, OLED materials and fluorescent probes in biological applications [49,50].

6.3.7. Drug-likeness and bioactivity score/ADME analysis

Drug-likeness and molecular characteristics are essential ideas in drug design. Drug-
likeness is a qualitative concept that describes how "druglike™ a substance is in terms of aspects
such as bioavailability [51]. The pharmacokinetic properties of the synthesized thiazole
cholesteryl carbonate derivatives were assessed using “Lipinski’s Rule of Five” [52]. These
qualities filter drugs likeness and reflect physicochemical features of compounds, including
“absorption, distribution, metabolism, and excretion” [53]. This criterion is extensively used to
filter drug-likeness of a molecule. Absorption % is computed using the method [54].

“% ABS = 109-0.345 x (TPSA)”
Table 6.6 contains calculated Lipinski parameter as well as %ABS of the synthesised

compounds (7a-c and 8).

Table 6.6: Physicochemical properties of compounds 7a-c and 8

Sample Mw  miLogP HBA HBD TPSA N Volume % ABS
Code (g/mol) violations
7a 602.88 9.14 5 0 60.8 2 588.11 88.024
7b 632.91 9 6 0 70.03 2 613.65 84.83965
Te 646.94 9.13 6 0 70.03 2 630.46 84.83965
8 602.88 9.12 5 0 60.8 2 588.11 88.024

As indicated in Table 6.6, all the synthesised compounds have a relatively low number
of H bond donors but a significant number of acceptors. The TPSA values of studied
compounds are below threshold (82 A), suggesting that the compounds have good drug
permeability in cellular plasma membranes. Compounds 7a and 8 have the highest absorption

(88.02%) because they have the least topological polar surface area. In general, all synthesised
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compounds 7a-c and 8 were found to violate the Lipinski rule of five. However, current drugs
like doxorubicin and erythromycin that are used to treat a number diseases also fail these
requirements [55,56].

The bioactivity scores for 7a-c & 8 were also determined for six criteria as shown in
Table 6.7. A compound is active if its bioactivity score is above 0.00, moderately active if
between -0.50 and 0.00, and inert if <-0.50 [57]. The result in Table 6.7, predicted good
bioactivity score for all the synthesised compounds. Some of the compounds under
investigation have high activity, while others show moderate activity. Expect compound 8, all
the other derivatives i.e., 7a-7c scored -0.77, -1.02 and 1.15 for ion channel modulator,
respectively, and thus were considered inactive. All the derivatives were inactive against kinase
inhibitor. Also, derivatives 7b and 7c were considered inactive against nuclear receptor ligand.
Nevertheless, the other data for all derivatives showed favourable to moderate activity, having
score that ranged from -0.49 to -0.04.

Table 6.7: Bioactivity scores of compounds 7a-c and 8

Sample GPCR Ion- Kinase Nuclear Protease Enzyme
ligand Channel inhibitor  receptor  inhibitor inhibitor
Modulator ligand
7a -0.28 -0.77 -0.73 -0.31 -0.21 0.04
7b -0.41 -1.02 -0.89 -0.53 -0.3 -0.15
Tc -0.49 -1.15 -1.01 -0.63 -0.35 -0.27
8 -0.27 -0.48 -0.74 -0.31 -0.2 0.03

6.3.8. DFT calculations

6.3.8.1. Optimized Molecular Structures and HOMO-LUMO Energies

DFT analysis was performed to explore the molecular conformation, Frontier MOs, and
electrostatic potential distribution of cholesterol derivatives 7a-c and 8. The Gaussian 09,
revision A.02 software package [25] was employed, utilizing the B3LYP “(Becke3-Lee—
Yang-Parr hybrid functional)” method with 6-31G (d, p) basis set for full geometry
optimization. We employed the B3LYP functional paired with the 6-31G std basis set, which
has demonstrated its effective application in larger organic compounds and H bond systems in
previous studies [58,59]. Optimized structures of all the compounds are depicted using the ball
and stick model (Figure 6.12). The spheres show atoms—oxygen red, nitrogen blue, hydrogen
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white, sulphur yellow, and carbon as grey coloured. The sticks interconnecting atoms depict
their bonding arrangement. The optimized energy minima for 7a-c and 8 are shown in Table
6.8.

7c 8

Figure 6.12: Optimized molecular structures of 7a-c and 8

Table 6.8: Optimized energies (Hartree) for compounds 7a-c and 8

Sample Energy Minima

(Hartree)
Ta -2211.086
7b -2325.551
Te -2364.509
8 -2211.037

The molecular frontier orbitals offer valuable insights into the chemical reactivity of
molecules. Enomo quantifies the electron-donating capacity of the molecule, while ELumo
denotes its ability to accept electrons [60]. Therefore, a larger Enomo Signifies greater electron-
donating capability, and a smaller ELumo indicates lower resistance to accepting electrons.
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According to Pearson's “Hard and Soft Acids and Bases” concept, soft molecules have lower

energy gap values (AEgap = ELumo — Enomo), are more stable, and are more reactive. [61].
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Figure 6.13: FMO contours of structures 7a-c and 8
Figure 6.13 displays the 3D iso surface plots of HOMO as well as LUMO, which
clearly depict the composition of their atomic orbits. These plots highlight the parts of higher
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and lower electron densities to provide visual illustration of the molecule's electron density
distribution. The majority of electron density in the Highest Occupied Molecular Orbital
(HOMO) was situated above the iso-octyl side chain of cholesterol moiety, while that of
LUMO was on Schiff’s base group, aromatic rings and also on thiazole ring except for molecule
7¢ in which it was mainly focused on the laterally substituted ethoxy group of central phenyl
ring. As shown in Table 6.9, the ranking of the compounds (7a-c and 8) with respect to their
electron-accepting capability: 7c > 8 > 7a > 7b, respectively. Also, from Table 6.9 calculations
it was concluded that the reactivity of the compounds (7a-c and 8) decreased in the following
order: 7c > 8 > 7a > 7b, respectively. The corresponding energy gap as well as E_umo for the
compound 7c was 1.400 and -2.575 eV, respectively.

Frontier MO energies and other chemical reactivity values of the optimized molecular
structures are presented in Table 6.9 [26].

Table 6.9: Molecular properties calculated using DFT for compounds 7a-c and 8

Sample  Enomo ELumo AE ] 0=1/m Mel [0)
(eV) (eV) (eV) Global Global (eV) Electrophilicity
hardness softness index
Ta -3.920 -1.508 2.412 1.20 0.83 -2.71 6.11
7b -3.947 -1.480 2.466 1.23 0.81 -2.71 5.97
Tc -3.975 -2.575 1.400 0.70 1.43 -3.28 15.32
8 -3.769 -1.970 1.799 0.90 1.12 -2.87 9.15

As evident from Table 6.9, compounds exhibit chemical potentials spanning between
-2.71 and -3.28 eV with highest pe for 7c and hardness values between 0.70 to 1.23 eV, lowest
for 7c. Therefore, the compound 7c is softer and more reactive than the other compounds of
the series. Compounds' biological activity may be influenced by a significant charge-
transferring interactions. The electrophilicity index measures a species' electron-accepting
tendency [27]. A higher index suggests a greater attraction for electrons from a donor, with
good nucleophiles having low o values and good electrophiles possessing high ® values. It is
clear from Table 6.9 that the molecule 7c had highest electrophilicity index values showing its

good electrophilic nature.
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Table 6.10: Dipole moment for 7a-c and 8

Sample Px Ry Nz Dipole Moment
ndip (Debye)
7a -2.0016 0.4330 0.1829 2.0560
7b -2.2967 1.6478 -0.6326 2.8966
Tc 3.6932 1.1555 1.0875 4.0197
8 1.5736 -0.1724 -0.7418 1.7482

The dipole moment components (ix, Ly, Hz) and modulus (pdip) for either compound
estimated in three cartesian vectors are displayed in Table 6.10. The ranges of “ux, py, and
uz” were determined to lie between 1.5-3.6 D, 0.1-1.6 D, and 0.7-1.0 D, respectively. Based
on their estimated values, the molecules appear to align with longer axis lying parallel to the
mesophase director, since the X-axis dipole moment component is larger than the transverse

axis.

6.3.8.2. Molecular Electrostatic Potential (MEP)

8

/c

Figure 6.14: Molecular electrostatic potentials (MEP) for the compounds 7a-c and 8
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“Molecular electrostatic potential” (MEP) maps are an advantageous tool designed for
understanding intermolecular interactions, sites of electrophilic attack and nucleophilic
reactions, and values for iso-surface with the site of positive as well as negative electrostatic
potentials [62]. For drug design, MEP maps are useful for assessing binding locations
depending on how a particular molecule recognizes another [63]. In order to determine the
most likely sites for the interaction of molecules with both electrophilic and nucleophilic
species, MEP was computed at the optimised geometry of B3LYP-6-31G (d, p). Different
colours indicated surface electrostatic potential levels. In Figure 6.14, the red represents the
highest electronegative electrostatic potential, blue the most positive, and green zero potential.
The N atoms of thiazole and Schiff’s base have a larger negatively charged surface; expect for
compound 7c in which it was intensive over the laterally substituted ethoxy group of central
phenyl ring. Thus, electrophilic attack may be easier on these sites and should bind to active

drug-receptor sites.
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Figure 6.15: Mulliken charges of compound 7a
The greater positive and negative atomic charge values in 7a indicates a higher tendency
for LC nature of the molecule. [64]. Thus, the distribution of mulliken’s atomic charge in 7a is
critical in establishing its mesomorphic nature, The distribution of Mulliken's atomic charge in

7a is crucial in determining its LC nature, where oxygen atoms carry a greater negative charge
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and hydrogen, carbon, and sulphur atoms possessing a stronger positive charge. Figure 6.15

illustrates the atomic charge distribution of 7a.

6.4. Conclusion

In conclusion, four new Schiff’s bases were synthesised by condensing 2-amino-1,3-
thiazole with four different substituted formyl phenyl cholesteryl carbonates and were
investigated for their anti-microbial, anti-oxidant, mesogenic, optical and thermal properties as
well. While the compounds did not exhibit better radical scavenging activity as compared to
standard, all the derivatives demonstrated significant to moderate levels of antibacterial and
antifungal activities. Out of the four derivatives only one derivative 7a (without substituted
core) was shown to possess mesogenic property showing chiral nematic mesophase (N*). All
the derivatives were UV active and also exhibit photoluminescence in blue emission spectrum
as well. Thermal analysis result indicates that slight change in molecular structures, changes
the overall thermal stability of resultant molecule. The derivatives show moderate drug-
likeness and bioactivity score. Theoretical chemical reactivity studies, considering the Frontier
MOs and MEP mapping, predicted the high and low electron density areas highlighting the
potential interacting sites of molecules for biological activity and the higher value of positive

and negative atomic charge for confirming the liquid crystalline property.
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