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Abstract

Thiazole, the heterocyclic compound is an important scaffold of azaheterocycles family.
Heterocyclic nucleus containing thiazole Schiff bases imparts an important function in
medicinal chemistry and serves as a key template for the development of various
therapeutic agents. In our present work, three thiazole Schiff base derivatives containing
quinoline moieties 1b-3b were synthesized by two step reactions. Firstly, three
thiosemicarbazone derivatives la-3a were synthesized using aldehydes substituted
quinoline and thiosemicarbazide. Cyclization of la-3a with 3-chloroacetylacetone
afforded the corresponding thiazoles Schiff bases 1b-3b. The synthesized analogs
characterization was elucidated by spectral analyses (IR, 'H NMR, "C NMR, COSY,
HSQC and HMBC). All the synthesized compounds were screened for their antimicrobial
activity towards three gram-positive bacteria Bacillus Cereus, Staphylococcus aureus and
Bacillus magaterium, three gram-negative bacteria Klebsiella pneumonia, Pseudomonas
aeruginosa and Escherichia coli and two fungal strains Trichoderma harzianum and
Aspergillus niger were used in this study revealed that some compounds displayed
moderate to good antimicrobial activities compared to standard Ampicillin &
Amphotericin B in Agar disc diffusion technique. Compounds 1b & 3b revealed
comparable antibacterial activities against S. aureus, B. Cereus, K. pneumonia and E. coli,
compound 2b showed potential antibacterial activities against S. aureus, K. pneumonia,
and E. coli with standard ampicillin. In antifungal screening, compounds 1b & 3b showed
moderate to potential antifungal activities against the fungi Aspergillus niger with
standard amphotericin b. From our research, we observed that compounds 1b & 3b might

be used as potential antibacterial and antifungal drugs in future.
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Chapter - 1
Introduction
1.1 General

(a) Heterocyclic Compounds

Molecules containing nitrogen, oxygen or sulfur atoms in a ring structure of carbon are
called heterocyclic compounds. The hetero-atoms in the carbon cycle are caused for
increasing large number of organic compounds and most of the heterocyclic molecules
are considered as very valuable and useful for human being due to presence of their

biological activities.

Heterocyclic compounds are two types such as aliphatic and aromatic heterocyclic
compounds. (1) aziridine, (2) thiirane, (3) oxetane, (4) thietane, (5) tetrahydrofuran
(THF), (6) pyrrolidine, (7) piperidine etc. are the some examples of aliphatic heterocyclic
compounds and the aromatic heterocyclic compounds are (8) furan, (9) pyrrole, (10)
pyridine, (11) indole, (12) quinoline, (13) isoquinoline, (14) imidazole, (15) oxazole, (16)
pyrazole, (17) purine etc. (Quin and Louis D. 2010).

Many heterocyclic compounds are observed in biological molecules. For examples,
purine and pyrimidine bases are found in DNA (Alberts B et al. 2002), indoles and
pyrolidine moieties present in tryptophan and proline which are very essential to human’s
life (Konopelski P and Ufnal M. 2018). In fact, medicinal chemistry, biochemistry,
agricultural science etc. life science fields are based on heterocyclic compounds and these
compounds have been observed showing greater activity as antibacterial, antifungal,
anticancer, anti-inflammatory, antimalarial, antiviral, anti-diabetic etc. (Gupta and
Monika 2015). A variety of natural occurred drugs such as quinine, codeine, emetine,
atropine, reserpine, theophylline and vice versa are heterocyclic compounds. Practically,
the most synthetic drugs such as sunitinib, eribulin, citalopram, dasatinib etc. contains

pyrrole, furan, benzofuran, thiazole, pyrazole respectively (Wu and Yong-Jin 2012).

HNA SA _\ 1

—O

(1) Aziridine (2) Thiirane (3) Oxetane (4) Thietane
0 NH
$ g G

(5) Tetrahydrofuran  (6) Pyrrolidine  (7) Piperidine

Figure 1.1 : Aliphatic heterocyclic compounds

1



(8) Furan (9) Pyrrole (10) Pyridine (11) Indole
N Z N HN
0 3
N N
(12) Quinoline (13) Isoquinoline (14) Imidazole
0 N N
[} F <1
>
N 7 i
(15) Oxazole (16) Pyrazole (17) Purine

(b) Thiazole

Figure 1.2: Aromatic Heterocyclic Compounds

Among the heterocyclic compounds, thiazoles occupy an important place of interest to
researchers and scientists for their biological activity. Basically, thiazole contains three
carbons, nitrogen and sulfur in five-membered ring (Figure 1.3). It was first discovered by
Hantzschand and Weber in 1887. The Physical properties of thiazole are boiling point
116-118 °C, pale yellow color, liquid, sparingly soluble in H,O and specific gravity 1.2

(Eicher et al. 2012).

N
()

Figure 1.3: 5-Membered ring skeleton of Thiazole

Thiazoles are the member of azole family which also includes imidazoles and oxazoles.
The thiazole ring is planar. Delocalization of lone pair’s pi-electrons of sulfur and four pi-
bonding electrons in the ring structure satisfies the Huckel’s rule. The presence of the

delocalization of such lone pair and pi-bonding electrons reveals thiazole compound as

aromatic in nature (Ji Ram and Vishnu 2019).
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Figure 1.4: Resonating structure of Thiazole

Thiazoles are generally basic compound. But it is greatly affected by substituting electron
donating groups or withdrawing groups at 2, 4 and 5 number carbons to arise acidic or
basic strength. The basicity of thiazole increases with introducing electron donating group
such as -CH3, CI', F, OH", CN". Maximum effect of adding substituent is observed
when -CH3 is placed at carbon-2 position of thiazole ring. It might be occurred due to the
center positioned carbon between N and S heteroatoms. Again, when strong electron
withdrawing group i.e. NO; is introduced the basicity or nucleophilicity of the thiazole

ring is decreases (Dong Chan Kim et al. 1997).

The heterocyclic ring of thiazole is very significant as a part of pharmacologically active
drugs that makes the thiazole as widely studied heterocyclic compounds (Nadeem
Siddiqui et al. 2009). Having pharmacologically active properties most uses drugs contain
thiazole moiety, for examples (18) sulfathiazol as antimicrobial drug (David et al 2009),
(19) nitazoxanide as antiparasitic agent (Leanne M. and Louis 2005), (20) ravuconazole
as anti-fungal (A. C Pasqualotto and K O Thiele 2010), (21) thiamethoxam as insecticide
(Maienfisch and Peter 2006), (22) ritonavir as anti-HIV (Hull MW and Montaner JS
2011), (23) meloxicam as antiinflammatory (Barnette, Dustyn A et al. 2021) etc.

Thiazole moiety in natural products are found in vitamin B1 (thiamin), erythrazole B,
firefly luciferin, marine natural products and other various compounds (Jacques-Henry
Julliard & Roland Douce 1991, Sunil Kumar and Ranjana Aggarwal 2019, Jin, Zhong).
Thiazole and its derivatives exhibit wide range and important bioactivities i.e.
antioxidant, antibacterial, anticancer, antifungal, anti-HIV, anti-inflammatory effects
(Anthi Petrou & et al. 2021, V. Jaishree & et al. 2012, El-Gamal & Kamal M. 2017).
Thiazole moiety has vital roles utilizing in leading identification and optimization as it
contains pharmacophoric and bioisosteric components. Drugs containing thiazole moiety

can be considered as determinant for its physiochemical and pharmacokinetic properties.
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Figure 1.5: Some examples of commercial drugs containing thiazole ring

(¢) Quinoline

Quinoline, another type of heterocyclic compounds consisting of the composition of
benzene and pyridine rings as a double-ring structure that have the molecular formula
CoH7N, the simplest member of the series.

N
=

N

Figure 1.6: Structural formula of Quinoline

It is also known as benzopyridine or benzazine. It is yellowish color, oily like liquid,
hygroscopic, soluble in many organic solvents such as water, alcohol and ether. Quinoline
alkaloids extracted from natural products show observable and distinctive biological
activities and due to its simple structure and their significant properties, researchers have
great interest to extract or synthesize quinoline and its derivatives (Michael and Joseph P.

2008).

Quinoline alkaloids are observed and derived from many organism i.e. animals and plants
(Attygalle et al., Guaman Ortiz et al. 2014) those have numerous pharmacological and
biological activities such as antibacterial effects against bacterial infections, antifungal
effects against fungal infections, antitumor, anti-inflammatory, antioxidant, antiviral

activities (Shang et al. 2018).




(d) Thiazole and Quinoline: Biological Importance

In the 21" century, antibiotic resistance (ABR) occurred by most of the microorganisms
i.e. virus and bacteria is widely recognized as a threat to human health around the world.
Due to expansive and repeated uses of antibiotics, drug-resistant and multidrug resistant
viral and bacterial infections are increasing in alarming rate that have brought out difficult
to treat using previous antibiotic and take much time to cure (Shankar and
Balasubramanium 2014). Multidrug resistant grown up by accumulating multiple genes in
bacteria and virus cell that code resistance to the drug or increasing the expression of
genes coding for multidrug efflux (Nikaido and Hiroshi 2009). This multidrug resistance
caused by bacteria and virus accumulated genes drives the researchers to improve new
and potential antibiotic agents to specific target. The synthesis of thiazole derivatives
containing quinoline moiety is an attractive field in synthetic organic chemistry and
therapeutic science. Thiazole and quinoline nuclei are exist in many natural products and
both of them have significant biological activities as antimicrobial agents that already
reported separately. The combination of two or more bioactive molecules i.e. thiazole and
quinoline moiety in a molecular scaffold shows good antimicrobial activity (Eissa et al.
2021). Moreover, in the research, has been found that thiazole and quinoline moieties

have minimum cytotoxicity to hepatocyte cells (Sheng-Feng et al. 2016).

Again, the compounds those contain imine or azomethine functional group (-C=N-) are
called Schiff bases. Azomethine (-C=N-) group is obtained by condensation of 1° amine
(R-NH;) with carbonyl (= CO) compounds that was first reported by Hugo Schiff.
Because of antioxidant, analgesic, anti-inflammatory, antimicrobial, anticancer, anti-
tubercular and anthelmintic activities, these bases have important applications in

pharmaceutical fields (Brodowska et al. 2014, Anouar et al. 2013 and Shaikh et al. 2016).

It has been also studied that, in human respiration process, reactive oxygen species (ROS)
is generated in presence of free radicals that leads to damage bacteria and human cells
and caused for several diseases like autoimmune, inflammatory, cardiovascular
neurodegenerative, diabeties and cancer diseases (H. Nohl et al. 2003, Sahdeo Prasad et
al. 2017, H Kaneto et al. 2010). Antioxidants are found as neutralizing free radicals to
protect the cells and tissues from fatal diseases. Thiazole Schiff bases are evaluated as
important antioxidant agents that protect tissues from DNA oxidative damage and
produce stable DPPH fragments by free-radical scavenging (E.N. Bentz et al. 2017,
Aswathanarayanappa et al. 2013).



Considering above biological significance as core structure of several drugs, preventing
capability of reactive oxygen species (ROS) formation, antibacterial and antifungal
activities of thiazole containing quinoline moiety, a new series of thiazole Schiff base
derivatives containing quinoline Schiff bases were synthesized and characterized. All
synthesized quinolinothiazole derivatives were evaluated antibacterial and antifungal
effects using agar disc diffusion method (N. G. Heatley, 1944). In these experiments,
gram-positive bacteria called S. aureus, B. Cereus and B. magaterium, gram-negative
bacteria called E. coli, K. pneumonia and P. aeruginosa and fungal strains called T.

harzianum and A. niger were used in the experiments.



1.2 Literature Review

In 2018, Mickevicius et al. synthesized a new series of bis(thiazol-5-yl)methane
derivatives and they evaluated the antibacterial, antioxidant activities of the synthesized
products. The antioxidant evaluation of 3,3'-((Methylenebis(4-(4-
bromophenyl)thiazole-5,2-diyl))bis((4-hydroxyphenyl) azanediyl)) bis(2-methyl-
propanoic acid) compound by free-radical scavenging method was found highly
scavenging abilities (80.12%). All of the synthesized thiazole derivatives were screened
antibacterial activities by diffusion method against Escherichia coli, Xanthomonas
campestris, Rhizobium radiobacter comparing to ampicillin (50pg/mL). Several
derivatives showed most active against the tested bacteria (Mickevicius et al. 2018).

N C Desai et al. synthesized 2-(5-(2-chloro-6-methylquinolin-3- yl)-3-aryl-4,5-
dihydro-1H-pyrazol-1-yl) thiazol-4(SH)ones derivatives. The synthesized compounds
were characterized by using '"H NMR, ”C NMR, IR & mass spectroscopy. Then
antimicrobial activities of synthesized thiazolinone derivatives were tested against
Escherichia coli and et al. The antimicrobial study showed that some of synthesized
thiazolinone derivatives were identified as remarkable results against E. coli (N. C. Desai

et al. 2013).

Kamal M. and El-Gamal evaluated the anticancer activity of some new heterocyclic
compounds containing pyrimido [4, 5-b] quinoline moiety against breast cancer cell
(MCF-7). Several compounds were found potential cancer activity (ICso= 48.54 uM) as
compared to reference drug doxorubicin (ICso= 71.80 uM) (El-Gamal and Kamal 2017).

Noor Barak Almandila et al. developed a series of thiadiazole containing quinoline those
were characterized by 'H NMR, "*C NMR and MS. From the antileishmanial activity
studies of synthesized compounds it had been found that, some compounds showed
excellent antileishmanial activities in presence of hydroxyl groups in phenyl ring with the
values ICsp ranged from 0.04 + 0.01 - 3.60 £ 0.20uM as compared to pentamidine
(standard drug, 7.02 £ 0.09uM) (N. Barak et al. 2018).

Sally I. Fissa et al. evaluated a series of hybrid quinoline and thiazole moieties as
antifungal and antibacterial activities by in vitro process. The evaluation studies reported
that several synthesized compounds were found minimum inhibitory concentrations
(MIC) against experimental fungal and bacterial strains and the significant inhibition of

the growth of such experimental strains. From the study, they suggested that hybrid



quinoline and thiazole moieties are interesting scaffolds for improvements of novel

antifungal and antibacterial agents (Sally I. Eissa et al. 2021).

Samir Bondock et al. reported thiazole derivatives as new and potential anti-microbial
agents those were characterized by 'H NMR, 3C NMR and IR. By evaluating in vitro
antimicrobial activity, the studies had been confirmed that 5-acetyl-4-methyl-2-(3-
pyridyl) thiazole compound among the developed compounds showed as good inhibitor
to grow up S. epidermidis. The studies of structure-activity relationship (SAR) were also
found that the increase of the substituents in thiazole at position 4 or 5 decreased the

antimicrobial activities (Samir Bondock et al. 2013).

S.A. Khan et al. Synthesized Quinoline-3-carbonitrile derivatives and observed potential
antibacterial activities. They observed that, synthesized compound [4-(furan-2-yl)-8-
methoxy-2-0x0-1,2,5,6-tetrahydrobenzo[h]quinoline-3-carbonitrile] among the others
showed better antibacterial activities. The studies also reported that the synthesized
compound had low lying LUMO and band gap energy of 3.40 eV that increased
antibacterial activity by interacting with target (S.A. Khan et al. 2019).

Guofan Jin et al. characterized a series of quinoline derivatives by Bc NMR, 'H NMR,
HR-mass Spectroscopy and IR spectroscopy. They also studied anticancer properties,
cytotoxicity, antibacterial effects against S. aureus and E. coli bacteria. 8-((4-
(benzyloxy) phenyl) amino)-7-(ethoxycarbonyl)-5-propyl- [1,3]dioxolo[4,5-
glquinolin-5-ium compound was observed as comparatively potential active antibacterial
agents than other synthesized compounds. The compound was observed MIC value 3.125
mmol-mL", lower than amoxicillin and ciprofloxacin (reference agents) and 1Csy values
4.45+0.88, 4.74+£0.42, 14.54£1.96, and 32.12+3.66 against human cancer cells (Guofan
Jin et. al. 2020).



1.3 Objectives of this research work:

Epidemiological analysis reported that the diseases infected by microorganisms are
mentioned as the cause of death from known periods. At present, the increasing rate of
drug resistance by microorganism to antibiotics is being a threat to human health that
drives researchers to improve new and effective antibiotics against such strains of
microorganisms. Our research work focused on synthesize of thiazole containing
quinoline moiety which is pharmacologically interesting heterocyclic compound. Aims

and objectives of this research works are summarized as below:

(a) Synthesis of thiosemicarbazone and thiazole derivatives containing quinoline

moieties.

(b) Characterization of thiosemicarbazones and thiazole derivatives by IR, 'H NMR,

BC NMR, COSY, HSQC and HMBC spectroscopy,
(c) Studies of anti-fungal and anti-bacterial activities of the synthesized analogs.

(d) Studies of ADMET, pharmacokinetic prediction and also the molecular docking.



Chapter - 2

Experimental
Part A: Chemical Studies
2.1 Reagents and solvents
(i) 4-quinolinecarboxylaldehyde
(i1) 2-quinolinecarboxylaldehyde
(iii) 2-chloro-3-quinolinecarboxylaldehyde
(iv) Thiosemicarbazide
(v) 3-chloroacetylacetone
(vi) Ethanol
(vii) Methanol
(viii) Acetone

(ix) Ethyl acetate

2.2 Synthesis of thiazole derivatives

Step-1: Synthesis of thiosemicarbazone derivatives

3 mmol of thiosemicarbazide was taken in a 250 mL two neck flask and dissolved in 10

mL ethanol. 3 mmol of respective quinolinealdehyde was dissolved in 5 mL ethanol and

the solution was added drop wise to thiosemicarbazide solution. The mixture was

refluxed with stirring for six to eight hours at 78-80°C. Continuous stirring was

maintained until the reaction complete. TLC was used to visualize the reaction progress

using ultraviolet light. Then, a crude product was obtained by cooling and filtering the

reaction mixture. The crude precipitate was recrystallized from ethanol (99%) to afford

intermediate thiosemicarbazone analogs 1a-3a.

NH, ——— ®» Ar—CH=N—NH—C—NH,

S
Ar—CHO + HN__ J\ ETOH
N
H

Reflux

CHO
Ar = —
N7 N~ ~cHO N >a

Figure 2.1: Procedure for thiosemicabazone synthesis
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Step-2: Synthesis of thiazole derivatives

550 mg of 3-chloroacetyleacetone was dissolved in 10 mL of acetone at 0°C in an ice
bath. On the other hand, 3 mmol of thiosemicarbazone dissolved in 10 mL of absolute
acetone in 250 mL two neck flask. Ice cooled 3-chloroacetyleacetone solution was then
added to thiosemicarbazone solution at room temperature. The mixture was kept stirred
for twenty four hours and followed by reflux for three hours at 60°C. Then the mixture
was poured to a conical flask and kept in ice cold water for precipitation. The crude

precipitate was recrystallized from ethanol (99%) to afford thiazole derivatives 1b- 3b.

S
[ I I
Ar—CH=N—NH-C—NH, + CH;—C—CH—C—CH;

Cl
Acetone | Reflux

CH;
N
Ar—CH=N__ /L N cn,
NH S
(0]
CHO
@ﬁ ., o’
Ar=
N/ N/ CHO N/ Cl

Figure 2.2: Procedure for hydrazinylthiazole synthesis

2.3 Purification Technique
2.3.1 Purification of the reagents and solvents

Distillation method was applied to purify solvent that used in during investigation at the
boiling point of the respective solvents. After distillation had been done, the solvent was

removed from the media using vacuum rotary evaporator.
2.3.2 Glassware cleaning, washing and drying procedure

Glassware was carefully washed and cleaned before employing in laboratory and specific

purpose used glassware was dried in oven. Detergent and washing powder i.e. Wheel
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Powder, VIM Liquid (those not affect glass) were used for washing purposes. The
detergent powder was used by moistening with a little water or directly introduced into
the glassware or applied to the dirty area with a test-tube brush that dipped into the
moistened powder. Then the apparatus was rinsed with dist. water thoroughly. If
necessary, the operation was performed repeatedly. Finally, dilute acetone was used for
proper cleaning. For 1-3 hours, all types of glassware were dried in electrical oven

maintaining temperature at 100-120°C.
2.4 Experimental techniques employed
2.4.1 Chromatographic techniques

Chromatography is a separation technique depending on distributions of components
from mixture solution into differential concentrations. The technique is formulated on the
basis of that, the relative amounts of solutes in mobile phase are distributed when it
passed through stationary phase. The chromatographic techniques are used for separating
and purifying the components in the mixture. The following chromatographic techniques

were used for the separation and purification of compounds
2.4.2 Thin layer chromatographic (TLC) technique

TLC is a chromatographic technique used to identify substances from mixtures of non-
volatile compounds after separation and test purity of the compounds. The Separation
technique on TLC involves the distribution of two or more substances from the mixture
between a mobile phase (solvent) and a stationary phase (sample mixture) that is carried
out by plastic or aluminium foil or glass plate which is coated with a fine and thin layer of
aluminium oxide (alumina ) or silica gel or cellulose adsorbent materials. This layer of
adsorbent coated on the sheet is called the stationary phase. A drop of sample taken with
capillary tube has been applied on the sheet and kept in a solvent or solvent mixture
(mobile phase) so that the mobile phase can drew up the sheet via capillary action. If
there are present different analytes, they ascend on the TLC plate at different rates. This
technique is very simple, quick in use and in fact, inexpensive procedure. Organic
researchers and chemists get answer quickly as to how many compounds are there in
experimental mixture. Unknown compounds can be identified in a mixture by

determining R¢ value compared with known compound’s Ry value. The progress of a
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reaction is most easily and efficiently followed by this technique. Again, a single and

round spot in TLC plate indicates the purity of a compound.

[\ Cover

I& Glass Tank

< TLC plate
Distance travelled by solvent

< Distance travelled by sample

< Distance travelled by product

< Origin

Solvent

Figure 2.3: TLC Determination Technique
2.4.3 Steps involved in TLC
(i) Sample application on TLC plates

A drop of sample was applied on TLC plate by capillary tube with intense care to avoid

the creation of a hole on the film.
(ii) Development of plates

After spotting the sample on the plate (stationary phase, it was placed in solvent tank at a
time. The plate was put in the solvent tank in such a way that the spotting point was

somewhat upper than solvent and kept for solvent risen up on the TLC plate.
(iii) Location of spots

The spots on the plates were located by placing it in ultraviolet light or an iodine chamber

and marked by pencil.
(iv) R¢ value determination on TLC plate

R¢ value means retardation factor value of any compound is calculated from TLC plate

according to the equation as fallow:

Distance travelled by the solute

Distance travelled by the solvent
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2.4.4 Column chromatography

Column chromatography is also very important separation technique that is used to
separate into different compounds from the mixture. This technique also involves mobile
phase (sample mixture) and stationary phase as adsorbent i.e. silica. Small or large scale

of chemical compounds can be used in this technique.
2.4.5 Principle of column chromatography

Mobile phase containing sample mixture is allowed to flow through stationary phase in a
vertically kept column. The compounds in the mixture flow in different rates according to
their affinity to stationary phase in where higher affinity component to stationary phase
travel slow and lower affinity component fast one. Finally, the components can be

separated out in different concentrations.

Figure 2.4: Column Chromatography

2.5 Recrystallization techniques

Solid organic compounds are seldom pure, because of some other compounds in small
amount are also produced at the time of isolated from organic reactions. The purification

desired products is carried out through crystallization process.
The crystallization process is given in following:

(a) Impure products are dissolved with suitable solvent in a suitable vial or a conical
flask; heat is applied if required.
(b) Filtered out Dust and insoluble materials from the solution to obtain the clear solution.

(c) The hot solution is to be cooled and dissolved substance is allowed to recrystallize out.
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(d) The crystals are separated from the mother liquor.
(e) The resulting crystal products are dried and tested for to determine purity. The purity
tests are usually performed by determining melting point and observing behavior in the

thin layer chromatography.
2.6 Determination of melting points (m.p.)

All melting points were recorded in m.p. apparatus of Fisher John (Model no. 1A 9000)
and were uncorrected. The heating was done carefully in order to maintain a uniform and

a steady temperature.
2.7 Characterization of Products (Spectroscopic methods)

i) Infrared (IR) spectroscopy: Infrared spectra were measured in KBr disk on FTIR
spectrophotometer (Model FTIR- IR Affinity-1) and printed in cm™. Spectra were
recorded at WazedMiah Scientific Research Centre, Jahangirnagar University, Savar,

Dhaka,

ii) Nuclear magnetic resonance (NMR) spectroscopy: 'H-NMR,"*C-NMR, DEPT-135,
COSY, HSQC and HMBC spectra of the samples were recorded on a BRUKER
Advance-III HD spectrometer operating at 400 MHz and 100 MHz at WazedMiah
Scientific Research Centre, Jahangirnagar University, Savar, Dhaka, Bangladesh.
Chemical shifts (O values) are recorded in ppm that is relative to TMS and J values are
recorded in hertz (Hz) unit. The multiplicities of spins were expressed as singlet (s),

doublet (d), double doublet (dd), triplet (t), quartet (q) and multiplet (m).
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2.8 Physical properties of compound la

Physical appearance: Yellow cotton like solid

Solubility: Soluble in methanol and DMSO

Melting point: 260-263°C

TLC: Single spot with R¢ value 0.57 in n-CgHj4 : EtOAc (1:1) solvent system

Amount: 940 mg

Yield: 76% (on dry weight basis)

IR: Dy (KBr) 3439 cm™ (N-H stretching), 1610cm™ (N-H bending)

'"H NMR (DMSO) 8: 8.94 (1H, d, J = 4.4 Hz, H2", 8.19 (1H, d, J = 4.4 Hz, H3'), 8.09
(1H, d, J = 8.0 Hz, H5"),7.72 (1H, t, J = 7.2 Hz, H6"), 7.82 (1H, t, J = 7.2 Hz, H7"), 8.31
(1H, d, J = 8.4 Hz, H8'"), 8.88 (1H, s, H11), 11.70 (1H, s, H-N) and 8.48 (2H, s, H>-N)

BC NMR (DMSO) & 150.5(C2), 118.3(C3"), 125.4(C4"), 130.2(C5'), 127.8(C6"),
130.0(C7"), 123.4(C8"), 148.7(C9"), 137.7(C10"), 138.2(CH=N), 178.9(C=S).

2.9 Physical properties of the compound 1b

Physical appearance: Reddish orange crystal

Solubility: Soluble in acetone, methanol and DMSO

Melting point: 275-278°C

TLC: Single spot with R value 0.63 in n-CgHj4 : EtOAc (2:3) solvent system

Amount: 288 mg

Yield: 68% (on dry weight basis)

IR: Dmax (KBr) 3430 cm™ (N-H stretching), 1627cm™ (N-H bending)

'"H NMR(DMSO) &: 9.04 (1H, d, J = 2.0 Hz, H2'), 8.42 (1H, d, J = 4.4 Hz, H3"), 8.16
(1H,d, J=28.0Hz, HS"), 7.85 (1H, t, J = 6.8 Hz, H6"), 7.96 (1H, t, J = 7.2 Hz, HT'), 8.36
(1H, d, J = 8.4 Hz, HS"), 8.92 (1H, s, CH=N), 11.85 (1H, s, H-N), 82.55 (3H, s, CO-CH3)
and 2.46 (3H, s, CHa).

BC NMR (DMSO) &: 148.3(C2), 118.1(C3"), 125.6(C4"), 127.4(C5'), 128.7(C6"),
131.7(C7"), 123.8(C8'"), 148.3(C9"), 136.9(C10"), 137.0(CH=N), 179.0(C2"), 128.8(C4"),
168.1(C5"), 189.7(C=0), 29.9(CO-CH3), 19.5(CH3).
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2.10 Physical properties of the compound 2a

Physical appearance: Yellow powder

Solubility: Highly Soluble in methanol and DMSO

Melting point: 217-220°C

TLC: Single spot with R¢ value 0.75 in n-CgHj4 : EtOAc (1:1) solvent system

Amount: 440 mg

Yield: 70% (on dry weight basis)

IR: Doy (KBr) 3394 cm™ (N-H stretching), 1605¢cm™ (N-H bending)

'"H NMR (DMSO) §: 8.44 (1H, d, J = 8.8 Hz, H3'), 8.35 (1H, d, J = 8.4 Hz, H4"), 8.00
(1H,d, J=4.8Hz, HS"), 7.61 (1H, t, J =7.2 Hz, H6"), 7.77 (1H, t, J = 7.2 Hz, HT"), 7.99
(1H, t, J = 8.0 Hz, HY"), 8.24 (1H, s, CH=N), 11.79 (1H, s, H-N) and 8.32 (2H, s, H>-N).

BC NMR (DMSO) &: 154.3(C2), 118.5(C3"), 136.7(C4"), 129.2(C5'), 127.6(C6)),
130.3(C7"), 128.3(C8"), 147.7(C9"), 128.2(C10"), 143.0(CH=N), 178.9(C=S).

2.11 Physical properties of the compound 2b

Physical appearance: Reddish orange crystal

Solubility: Soluble in methanol and DMSO

Melting point: 222-225°C

TLC: Single spot with R¢ value 0.56 in n-CgHy4 : EtOAc (1:1) solvent system

Amount: 361 mg

Yield: 71% (on dry weight basis)

IR: Doy (KBr) 3445 cm™ & 3285 cm™ (N-H stretching), 1635¢cm™ (N-H bending)

'"H NMR (DMSO) &: 8.14 (1H, d, J = 8.0 Hz, H3'), 7.92 (1H, d, J = 7.6 Hz, H4'), 8.18
(1H,d, J=6.4Hz, HS"),7.74 (1H,t, J=7.6 Hz, H6'"), 7.92 (1H, t, J = 7.6 Hz, HT'), 8.18
(1H, d, J = 6.4 Hz, H8'), 8.86 (1H, s, CH=N), 12.16 (1H, s, H-N), 2.53 (3H, s, CO-CH3)
and 2.45 (3H, s, CHa).

BC NMR (DMSO) &: 152.0(C2), 118.0(C3"), 132.5(C4"), 128.9(C5'), 128.6(C6"),
132.3(C7"), 128.9(C8'"), 140.5(C9"), 128.3(C10"), 141.7(CH=N), 169.8(C2"), 128.2(C4"),
168.3(C5"), 189.7(C=0), 29.9(CO-CH3), 18.1(CHz)
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2.12 Physical properties of the compound 3a

Physical appearance: Yellow powder

Solubility: Soluble in methanol, ethanol and acetone

Melting point: 209-212°C

TLC: Single spot with R¢ value 0.56 in n-CgHy4 : EtOAc (1:1) solvent system
Amount: 388 mg

Yield: 69% (on dry weight basis)

IR: v, (KBr) 3392 and 3261 cm! (N-H stretching), 1602cm™ (N-H bending)

"H NMR (DMSO) &: 8.51 (1H, s, H4"), 7.94 (1H, d, J = 8.4 Hz, H5"), 7.70 (1H, t, J = 6.8
Hz, H6'), 7.84 (1H, t, J = 7.2 Hz, H7"), 7.99 (1H, d, J = 8.0 Hz, H8"), 8.27 (1H, s, CH=N),
11.81 (1H, s, H-N) and 8.47 (2H, s, H»-N)

BC NMR (DMSO0) 8: 148.8(C2"), 126.6(C3"), 137.2(C4"), 128.3(C5"), 128.2(C6"),
132.0(C7"), 128.9(C8"), 147.3(C9"), 127.4(C10"), 136.5(CH=N), 178.8(C=S).

2.13 Physical properties of the compound 3b

Physical appearance: Brown powder

Solubility: Soluble in methanol and acetone

Melting point: 232-235°C

TLC: Single spot with R value 0.63 in n-CgHj4 : EtOAc (1:1) solvent system

Amount: 302 mg

Yield: 62% (on dry weight basis)

IR: Dmax (KBr) 3439 cm™ (N-H stretching), 1616cm™ (N-H bending)

"H NMR (DMSO) &: 8.50 (1H, s, H4"), 7.84 (1H, d, J = 8.4 Hz, H5'), 7.20 (1H,t, J=6.8
Hz, H6"), 7.32 (1H, t, J = 7.2 Hz, H7') and 7.52 (1H, d, J = 8.0 Hz, HS"), 8.35 (1H, s,
CH=N), 12.06 (1H, s, H-N), 2.50 (3H, s, CO-CH3) and 2.42 (3H, s, CH3).

BC NMR (DMSO) &: 147.5(C2), 125.6(C3"), 136.1(C4"), 128.1(C5"), 128.0(C6"),
131.3(C7"), 127.8(C8'"), 146.9(C9"), 127.7(C10"), 136.3(CH=N), 178.2(C2"), 127.6(C4"),
168.5(C5"), 189.1(C=0), 29.3(CO-CH3), 19.3(CHj).
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Part B: Biological Studies

2.14 Antimicrobial activity assay

All the synthesized thiazole derivatives were tested In vitro anti-bacterial and anti-fungal
effects by Agar disc diffusion method (N. G. Heatley, 1944). The media of Potato
Dextrose Agar (PDA) (HIMEDIA, India) and Mueller Hinton Agar (MHA) (HIMEDIA,
India) were taken as basal media for antimicrobial screening of experimental bacterial and

fungal strains.

Following steps are involved in the experiments:

(1) In this method, the incubations of PDA and MHA were done for twenty four hours
and then the contaminations were observed.

(2) After incubation, the bacterial and fungal strains were inoculated on media with sterile
cotton bar.

(3) Then, the sample disc was put very carefully on agar medium that was pre-inoculated.
(4) The agar plates were aerobically incubated for twenty four hours at 37°C for
antibacterial and for forty eight hours at 26°C for antifungal screening.

(5) The media were controlled by adding Dimethyl sulfoxide (DMSO). 25uL of sample
solution in DMSO were added each disc that contain 300 pg of thiazole derivatives.

(6) 25uL of Ciprofloxacin and iconazole solution in DMSO was added on per disc as
positive control of antibacterial and antifungal screening respectively.

(7) Finally, after 24 h incubation, the inhibition zone’s diameter was measured by circling

the disc.

All the tests were performed for three times according to above steps. In the study, gram-
positive bacterial strains Bacillus cereus, Staphylococcus aureus and Bacillus magaterium,
gram-negative bacterial strains Klebsiella pneumonia, Pseudomonas aeruginosa and
Escherichia coli and Trichoderma harzianum and Aspergillus niger fungal strains were

used.
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Part C: Docking Studies

2.15 Molecular docking studies

In silico molecular docking studies is conducted to support the design and invention of
new drug molecule for the effective inhibition of target protein of disease development.
Molecular docking studies of thiazole analogs were carried out by Gaussian 09, PyRx 0.8,
and Pymol software package. Structure optimization of the synthesized analogs were
performed by Gaussian 09 software based on B3LYP/6- 31G (+, d, p) basis set up in the
DFT method. Hetero atoms, water molecules, and unwanted chain were removed from
the protein chain by utilizing PyMOL (Version 1.7.4) software package and energy
minimization of the protein structure were performed to remove bad contacts of the
protein atoms utilizing Swiss-PdbViewer (Version 4.1.0) software. Finally, using the
PyRx-Virtual Screening Tool (Version 0.8) followed by auto dock wizard. Further,
Biovia Discovery Studio (Version 4.1) was used for performing the calculation of

nonbonding interaction and to display and analyze the docking results.

2.16 In silico ADMET Prediction

Pharmacokinetic properties of synthesized thiazole compounds were studied by In silico
ADMET Prediction method. ADMET stands for Absorption, Distribution, Metabolism,
Excretion and Toxicity. Absorption, Distribution, Metabolism and Excretion are the four
steps of Pharmacokinetic properties. Toxicity studies are also performed as a part of

pharmacokinetic properties where acronym stands ADMET prediction.

The mode of entry of a chemical substance into the body is described by absorption. It
indicates the chemical moving from the administration site to the blood stream.
Administrations are mainly performed by digestive tract ingestion, respiratory tract
inhalation, dermal application and direct injection into the bloodstream. These mediums
affect bioavailability that measures how much of a drug is absorbed in an unchanged
form. Only intravenous injection was observed in 100% where other routes of
administration reduce bioavailability. After absorption of drugs into the bloodstream, it is

distributed to tissues around the body. This distribution of drug is typically accomplished
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by bloodstream and transfer in cell-to-cell. Metabolism or biotransformation is the
process of chemically converting pro-drugs or drugs into metabolites that occurs before or
after the drugs reached to the site of action. Metabolism can inactivate a drug or convert a
pharmacologically inactive pro-drug into an active drug. The process of elimination of
metabolized drug compound from the body is called excretion. Most of the drugs are
excreted as feces or urine. It may be excreted through lungs or sweat too. Molecular size

and charge of metabolized drugs influence the excretion process.

Toxicity determines how toxic or harmful a chemical is to the body. Toxicity of a drug
occurs when a person accumulates an excess amount in his blood that causes a negative
effect on the body. Usually after high absorption of a drug, if the kidney or liver is not
able to excrete all the metabolites, it accumulates in the blood causing toxicity. In this
case, even a much-needed drug can have harmful and unintended side effects due to

overdose or toxicity.

The pharmacokinetic properties of synthesized thiazole derivatives were assessed by
ADME online tool SwissADME (http://www.swissadme.ch). In the ADME study,
numerous parameters have been calculated including molecular weight, hydrogen bond
donor and acceptor, blood brain barrier, human intestinal absorption, central nerve

system, P-glycoprotein inhibitor, oral rat acute toxicity, hERG etc.
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Chapter - 3
Results and discussions

Part A : Chemical Studies

3.1 Characterizations of compounds 1a and 1b:

Compound 1a (940 mg) was yellow amorphous solid, m.p 260-263°C. The IR spectra of
compound la showed sharp absorptions at Umax 3439 cm” and 1610 cm™ for N-H
stretching and bending respectively. The *C NMR spectra of compound 1a showed that
11 carbons are present in the molecule (Table 3.1). The C DEPT spectrum of la
revealed the presence of no methylene carbons in the compound. The absorption positions
of all 11 carbons in *C NMR spectrum are given in Table 3.1. The 'H NMR spectrum of
la showed the presence of 6 aromatic protons at 6 8.94 (1H, d, J = 4.4 Hz, H2"), 8.19 (1H,
d, J=4.4 Hz, H3'), 8.09 (1H, d, J = 8.0 Hz, HS"), 7.72 (1H, t, J = 7.2 Hz, H6"), 7.82 (1H,
t, J = 7.2 Hz, H7') and 8.31 (1H, d, J = 8.4 Hz, H8'). The absorption positions of one
olifinic proton attached to carbon H-C=N is at 6 8.88 (1H, s, H-C=N), one NH proton &
11.70 and two NH, protons o 8.48 are appeared in 'H NMR spectrum. The important
homo-nuclear correlations (H-H) in 2D COSY spectrum and hetero-nuclear (H-C)
correlations in HMBC spectrum are presented in Figure 3.1 and Table 3.1. On the basis of
IR, '"H NMR and C NMR spectra, structure 1 was confirm to the compound la.
Compound 1la is characterized as 2-(4'-quinolinylmethylene) hydrazine
carbathioamide (1).

Compound 1b (288 mg) was reddish orange amorphous solid, m.p. 275-278°C. The IR
spectra of compound 1b showed sharp absorptions at U pmax 3430 cm’ for N-H stretching
and for N-H bending at ¥ . 1627 cm™. The *C NMR spectra of compound 1b showed
that 16 carbons are present in the molecule (Table 3.1). The absorption positions of 16
carbons in °C NMR spectrum are given in Table 3.1. The 'H NMR spectrum of 1b
showed the presence of 6 aromatic protons at 6 9.04 (1H, d, J = 2.0 Hz, H-2"), 8.42 (1H,
d, J =4.4 Hz, H-3"), 8.16 (1H, d, J = 8.0 Hz, H-5"), 7.85 (1H, t, J = 6.8 Hz, H-6"), 7.96
(1H, t, J = 7.2 Hz, H-7") and 8.36 (1H, d, J = 8.4 Hz, H-8") in the molecule. The
absorption positions of one olifinic proton attached to carbon H-C=N appeared at 6 8.92
(1H, s, H-C=N) and one NH proton appeared at 6 11.85 (1H, s, H-N) and two sets methyl
protons appeared at 6 2.55 (3H, s, CO-CHj3) and 2.46 (3H, s, CH3). The important homo-

nuclear correlations (H-H) in 2D COSY spectrum and hetero-nuclear (H-C) correlations
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in HMBC spectrum are presented in Figure 3.1 and Table 3.1. Thus on the basis of IR, 'H
NMR and "*C NMR spectra, structure 2 was confirm to the compound 1b. Compound 1b
is thus characterized as 5''-aceto-4''-methyl-2''-(2-(4'-quinolinylmethylene) hydrazine)

thiazole (2).

HC ——N——NH——C——NH, o

la 1b
= COSY —» HMBC
Figure 3.1: Important COSY and HMBC correlations of compound 1a and 1b

Table 3.1: °C NMR and '"H NMR data of compounds 1a & 1b (DMSO, &, ppm, J/Hz)*

Catom | °C,6 | 'H,6 | cosy |[HMBC]| “C,6 | 'H,6 | COSY | HMBC

2 150.5 8.94,d,J=4.4 H3' C4'.9' 148.3  9.04,d,J=2.0 H3' C4'.9'

, 8.19, d, , C10, 8.42.d, , C10,
3 1183 ) HY oy s d H2 CH=N
4 125.4 125.6

5 1302 8.09.d,/=8.0 H6'  C7.9 1274 8.16dJ=8.0 H6 C7.9'

6' 127.8  7.72,t,J=7.2 HS5,7" C8.,10' 128.7 7.85tJ=6.8 H5.7 C8,10'
7 130.0 7.82,t,J=7.2 H6.8 C5.9' 131.7 7.96,,J=7.2 H6.8 C5.9'
8 1234 8.31.d,J=8.4 HT C6,100 123.8 8.36.,d,J=8.4 HT Co',10’

9 148.7 148.3
10' 137.7 136.9
CH=N 1382 8.88,s C3,10" 137.0 8.92,s C3',10'
2" 179.0
C=S 178.9
4" 128.8
5" 168.1
C=0 189.7
CO-CH; 29.9 2.55,s C=0
CH; 19.5 2.46,s
NH 11.70,s 11.85,s
NH, 8.48,s

*The assignment was based on DEPT (135), COSY, HSQC and HMBC experiments.

23



T — i
B —— 0L vor
g e e < QT ORY
e — 90655
=Y
o
= wwu;.rn%l -0 128
T —ocem
/,

> P L
T e 098
e e e e {5 VYO8

e ——G8 #W0L

— e e e =28 §00}
e R 1 (47

St m— 0 I P}

o >
i
o
<
<
M,..,w.
).
b
\
Y
i,
{
\
\
ol
<
\
-
"
/l/,
691882
TN e Eice
TR0 280C
[ 1 S 1Y
P——— ] VT
e = RP REZT
Mo i
— B e eSS ~—508EYE

24

a———— g T

1200

1400

T
2800

3200

Figure 3.2 IR Spectrum of compound 1a



94

6 5 4 3 2 1 ppm

Figure 3.3 '"H NMR Spectrum of compound 1a



9¢

226

—8.882
—8.489
—8.095

_—8.315
—~——18.294
_—8.
—8.191
T~~5.180
—~——2.075
e

—
7.8
/_7
i
\

T ! I i I i I : | I ! I I T ’ | T T N I

e ——
9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 ppm

Figure 3.3a '"H NMR Spectrum (Expd.) of compound 1a



LT

178,911

| .
20 ppm

T T i "
80 60 40

T
120 100

T N T
200 180 160 140

Figure 3.4 BC NMR Spectrum of compound 1a



8¢

@ At
- O w o
N O o -~ -
o o ™ (<]
o~ -t

—150.592
—138.290
13
3

s 3 N

T e [r e [ e e e [ e e [ e prre [ [ e
180 170 160 150 140 130 120 110 100 90 80 70 60 50 ppm

Figure 3.5 DEPT-135 Spectrum of compound 1la



n (@]

5
() (@) @]
al Ll

AP I I

- 11.0
- 11.5

— 12 .0

i

A
peEmSRE AU 35 ) O
A/mm., K@D o W v

e

Ppm

—TTT

11

29

Figure 3.6 2D COSY Spectrum of compound 1a



Juk

0¢

q =
f/;’j\ﬁﬁ)\
"’7’[//;5?(,/;%52 =
r N\~
(&)=

=
©
w4
I . : | ) | | |
0 8.8 8.6 8.4 =5 -

Figure 3.6a 2D COSY Spectrum (Expd.) of compound la




1€

Ppm

T ==
(@) ) &2

- 135
= ;-140
:_—145

= :—-150

r I I 1 | L I I -
9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 PP

Figure 3.7 HSQC Spectrum of compound 1a



[43

I

! ] IU | {
‘ | i g
A e ‘ULLJUL__-_ ppm
- g }120
o o)
0 @o@ 0 !
Q L
o N (o) .
° ° 140
1 :
= © 150
160
- 170
- i‘ O 180
U
120 145 110 105 100 S5 90 85 80 7.5 ppm

Figure 3.8 HMBC Spectrum of compound 1a



€¢

Al LA L

- 120
@) O ® = 125
- o - 130
- 135
> °CD :
- »—140
- 145
150
OSSN S SO S ———
9.1 9.0 89 88 8.7 86 85 8.4 83 82 81 80 7.9 7.8 7.7 ppm

Figure 3.8a HMBC Spectrum(Expd.) of compound 1a



123

%T

250

~
=
<

150

100

W

2228

Ky
'
|
! a
i <
-
i -
r s
o
-
>
o
a

4000 Kiss) 2200 2800 2400 2000 1800 1600
1

Figure 3.9 IR Spectrum of compound 1b

“inn

1361 74

138103

1400

1oee7

1247 54

1176 <n

1200

1151 6

w7e 08

Ve 2

taz e

80

Te8 02

©
800 X
tom



S¢

-
™~

o o
'z} e Cl O — N WO .—4 (=2} (0 p o ™ o~ o
@ a (‘J m w ™ ™ W OO

. ’)‘\ ~ ™ m — ‘—« ® - 0 <
B . s e s
— ™ N~

\\\\\VW

Figure 3.10 "H NMR Spectrum of compound 1b



9¢

: 2_! (?l (9) :; I‘.:,l '&U\ ] ~ Oy o 0w O OO WO
= n O O @ O D~ O W)

\; (). C\- C: r : l’\- uw = (4] o & o O C.‘: P
O&?’n ul') '.'K|7 C\\) 73 @ w o @ o "_('! U; < r: r . r: 5 l’\. l’\'

Y

T T T it ki i T ‘
9.4 83 9.2 91 90 8.9 8.8 87 86 85 84 83 82 81 80 79 78 77 76 ppm

Wﬁﬁfﬁf\lfﬁf Wfﬁf

Figure 3.10a 'H NMR Spectrum(Expd.) of compound 1b

0.78



M o~

MW WO w O o

S D N O O et

N OV~ U O
S OV O O OY O
= ™ M) )

EvE Oy
0G5S 0¥
098°0F

8T°8T1

l

€EC 61T
wwm.mmﬂ/
€66°1Z1
owo.mmﬁ/
89 ST —~=
81y LCT
o\a.\.mﬁ\

06L°321

508°8Z1
T6L°TET
$66°9€T

ob
che gl —

G80°6LT—

10L°68T —

37

180 160 140 120 100 80 60 40 20 ppm

200

Figure 3.11 *C NMR Spectrum of compound 1b



8¢

N
2]
©
=
-

\

e} ot O e w N MO
S (=3 O W~ 0 \O @ =r
N = @~ 0 o< O O Oy @
© — @ @ ~ ~ N W) <r M
™ ™ AN N®™N NN
—t — e — o

—119.583

—118.181

150

e
145

T T M T
140 135 130 125

Figure 3.11a C NMR Spectrum (Expd.) of compound 1b

]
120

=]
~ 115

ppm



6¢

RN\ N\
T T T T v T : | " T T T T T
200 180 160 140 120 100 80 60 40 20 ppm

Figure 3.12 DEPT-135 Spectrum of compound 1b



-10.5

-11.0

—~11.5

—-12.0

—12 .5
Ppm

40

Figure 3.13 2D COSY Spectrum of compound 1b



I

7.6
N\ Z\ (f”jﬁ’%‘i\m))
(o) @ ~ ) L.
\(. () = 1=(CO)}))
- \ ) @ ) tlg((?;&) /f(// 2 /LJ/
\\\\\\ \ \\—7 —8.0
/’ N (
/ 8.2
-8.4
-8.6
8.8
- 9.0
—9.2
I 1 I v I T Ll - L I
9.2 9.0 8.8 8.6 8.4 8.2 8.0 7.8 ppm

Figure 13a 2D COSY Spectrum(Expd.) of compound 1b



(44

PpPm

— 100

— 120

— 140

Figure 3.14 HSQC Spectrum of compound 1b

T

pPpm



ey

PpPm

(-?\
< @)
@
(@)
D =
(@)

E—-115
5—120
3—125
3—130
5—135
3—140

L 150

Figure 3.14a HSQC Spectrum(Expd.) of compound 1b

PpPm



144

_ pPpm
—120

G; }130

. 2140
;150

}170

— 180

° =190

= 200

'rvT ----- .vyuvl T v,l"vl'v'1w-v- vl'r'v‘vvv ll"""ll"l"i"‘l’YT"Yl

10 9 8 7 6 5 4 3 2

ppm

Figure 3.15 HMBC Spectrum of compound 1b



3.2 Characterization of compound 2a and 2b:

Compound 2a (440 mg) was yellow amorphous solid, m.p 217-220°C. The IR spectrum
of compound 2a showed sharp absorptions at Dma 3349 cm ™ for N-H stretching and 1605
cm'for N-H bending. The BC NMR spectrum of compound 2a showed that 11 carbons
are present in the molecule (Table 3.1). The '>C DEPT spectrum of 2a revealed that there
is no methylene carbons present in the molecule. The absorption positions of all 11
carbons in °C NMR spectrum are given in Table 3.2. The 'H NMR spectrum of 2a
showed the presence of 6 aromatic protons at 6 8.44 (1H, d, J = 8.8 Hz, H3"), 8.35 (1H, d,
J =8.4Hz, H4"), 8.00 (1H, d, J=4.8 Hz, H5"), 7.61 (1H, t,J =7.2 Hz, H6"), 7.77 (1H, t,
J =72 Hz, H7") and 7.99 (1H, t, J = 8.0 Hz, H8'"). The absorption positions of one
olifinic proton attached to carbon H-C=N is at 6 8.24 (1H, s, H-C=N), one NH proton at 6
11.79s and two NH, protons at & 8.32s appeared in '"H NMR spectrum. The important
homo-nuclear correlations (H-H) in 2D COSY spectrum and hetero-nuclear (H-C)
correlations in HMBC spectrum are presented in Figure 3.16 and Table 3.2. On the basis
of IR, '"H NMR and *C NMR spectra, structure 3 was confirm to the compound 2a.
Compound 2a is thus characterized as 2-(2'-quinolinylmethylene) hydrazine

carbathioamide (3).

Compound 2b (361 mg) was reddish orange amorphous solid, m.p 222-225°C. The IR
spectra of compound 2b showed sharp absorptions for N-H stretching at Dya, 3445 cm™
and for N-H bending at Opax 1635 cm™. The *C NMR spectra of compound 2b showed 16
carbons are present in the molecule (Table 3.2). The C DEPT spectrum of 2b revealed
that there is no methylene carbon present in the molecule. The absorption positions of all
16 carbons in *C NMR spectrum are given in Table 3.2. The 'H NMR spectrum of 2b
showed the presence of 6 aromatic protons at é 8.14 (1H, d, J = 8.0 Hz, H3"), 7.92 (1H, d,
J=17.6Hz, H4"), 8.18 (1H, d, J=6.4 Hz, H5"), 7.74 (1H, t, J = 7.6 Hz, H6"), 7.92 (1H, t,
J =7.6 Hz, H7") and 8.18 (1H, d, J = 6.4 Hz, H8') in the molecule. The absorption
positions of one olifinic proton attached to carbon H-C=N appeared at 6 8.86 (1H, s, H-
C=N) and one NH proton appeared at 6 12.16 (1H, s, H-N) and two sets of methyl
protons appeared at & 2.53 (3H, s, CO=CHj3) and 2.45 (3H, s, CH3). The important homo-
nuclear (H-H) correlations in 2D COSY spectrum and hetero-nuclear (H-C) correlations
in HMBC spectrum are presented in Figure 3.16 and Table 3.2. On the basis of IR, 'H
NMR and "*C NMR spectra, structure 4 was confirm to the compound 2b. Compound 2b
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is thus characterized as 5'"'-aceto-4''-methyl-2''-(2-(2'-quinolinylmethylene) hydrazine)

thiazole (4).

2a

2 1

[
=N—NH—C~NH2

= COSY

— HMBC

Figure 3.16: Important COSY and HMBC correlations of compound 2a and 2b

Table 3.2:"°C NMR and 'H NMR data for compounds 2a and 2b (DMSO, 3, ppm, J/Hz)*

Catom | °C, 5 | 'H, 5 | cosy | HMBC | °C, 5 | 'H, 5 | cosy | HMBC
2 1543 152.0
, , C10', , C10',

3 118.5 8.44,d,7=88 H4 CHen 1180 814480  H4 CH=N
4 136.7 8.35.d,J=8.4 H3' 1325 7.92t,J=7.6 H3
5 129.2 8.00,d,J=4.8 H6 C7,9° 1289 8.18d,J=64 H6 C7.,9'
6' 127.6 7.61t,J=72 H57 C8,10 1286 7.74tJ=7.6 H5,7 C8,10
7 1303 7.77,t,J=72 H68 C5,9 1323 792t J=7.6 H6.8 C5.9
8 1283 7.99,t,J=8.0 H7  C6,10' 1289 8.18d,J=64 H7  C6,10
9 147.7 140.5
10 128.2 128.3

CH=N 1430 8245 C2,3 1417 8.86.s C2',3'
2" 169.8

C=S 1789
4" 128.2
5" 168.3

C=0 189.7

CO-CH, 299 2535 C=0
CH; 18.1 245

NH, 8.32,s

NH 11.79,s 12.16,s

*The assignment was based on DEPT (135), COSY, HSQC and HMBC experiments
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3.3 Characterization of compound 3a and 3b:

Compound 3a (388 mg) was yellow amorphous solid, m.p 209-212°C. The IR spectra of
compound 3a showed sharp absorptions at Dmax 3392 cm'for N-H stretching and 1602
cm™ for N-H bending. The ?C NMR spectrum of compound 3a showed 11 carbons are
present in the molecule (Table 3.3). The >C DEPT spectrum of 3a revealed that there is
no methylene carbons present in the molecule. The absorption positions of all 11 carbons
in C NMR spectrum are given in Table 3.3. The 'H NMR spectrum of 2a showed the
presence of 5 aromatic protons at 6 8.51 (1H, s, H4"), 7.94 (1H, d, J = 8.4 Hz, HS"), 7.70
(1H,t, J =6.8 Hz, H6"), 7.84 (1H, t, J = 7.2 Hz, H7') and 7.99 (1H, d, J = 8.0 Hz, HS").
The absorption positions of one olifinic proton attached to carbon H-C=N is at § 8.27
(1H, s, H-C=N), one NH proton at 6 11.81s and two NH, protons at & 8.47 are appeared
in '"H NMR spectrum. The important homo-nuclear (H-H) correlations in 2D COSY
spectrum and hetero-nuclear (H-C) correlations in HMBC spectrum are presented in
Figure 3.31 and Table 3.3. On the basis of IR, '"H NMR and *C NMR spectra, structure 5
was confirm to the compound 3a. Compound 3a is thus characterized as 2-(2'-chloro-

quinolinyl-3'-methylene) hydrazine carbathioamide (5).

Compound 3b (302 mg) was brown amorphous solid, m.p 232-235°C. The IR spectra of
compound 3b showed sharp absorptions for N-H stretching at ¥y, 3439 cm'and for N-H
bending at Dpax 1616 cm™. The *C NMR spectrum of compound 3b showed the presence
of 16 carbons in the molecule (Table 3.3). The 3C DEPT spectrum of 3b revealed that
there is no methylene carbons present in the molecule. The absorption positions of all 16
carbons in °C NMR spectrum are given in Table 3.3. The 'H NMR spectrum of 3b
showed the presence of 5 aromatic protons at 6 8.50 (1H, s, H4"), 7.84 (1H, d, J = 8.4 Hz,
HS5"), 7.20 (1H, t, J = 6.8 Hz, H6"), 7.32 (1H, t, J = 7.2 Hz, H7') and 7.52 (1H, d, J = 8.0
Hz, H8'). in the molecule. The absorption positions of one olifinic proton attached to
carbon H-C=N appeared at 6 8.35 (1H, s, H-C=N) and one NH proton appeared at 6 12.06
(1H, s, H-N) and two sets of methyl protons appeared at & 2.50 (3H, s, CO-CHj3) and 2.42
(3H, s, CH3). The important homo-nuclear (H-H) correlations in 2D COSY spectrum and
hetero-nuclear (H-C) correlations in HMBC spectrum are presented in Figure 3.31 and
Table 3.3. On the basis of IR, '"H NMR and *C NMR spectra, structure 6 was confirm to
the compound 3b. Compound 6 is thus characterized as 5''-aceto-4''-methyl-2"-(2-(2'-

chloro-quinolinyl-3’-methylene) hydrazine) thiazole (6).
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3a(5) 3b (6)

S

l
CH=N—NH—C—NH,
2 1

3a

= COSY —» HMBC

Figure 3.31: Important COSY and HMBC correlations of compound 3a and 3b

Table 3.3: °C NMR and 'H NMR data for compounds 3a and 3b (DMSO, 8, ppm, J/Hz)*

C atom | °C, 5 | 'H, 5 | COSY | HMBC | °C, 5 | 'H, 6 | COSY | HMBC
2 148.8 1475
3 126.6 125.6
4 137.2 851, C2,3 1361 850,s c2',3'
5 1283 7.94,d,J=84  H6 9,100  128.1 7.84,d,J=84 H6 Cc7.9

6' 128.2 7.70,t,J=6.8 H5,7"  C8,10' 128.0 7.20,t,J=6.8 H5', 7' C8',10'
7 132.0 7.84,t,J=7.2 H6'.8'  C5.9 131.3  7.32,t,J=7.2 H6'.8' 5.9

8 128.9 7.99,d,J=8.0 HT' C9,10' 127.8 7.52,d,J=8.0 H7' Co6',10'
9 147.3 146.9
10’ 127.4 127.7
CH=N 136.5 8.27,S c2' 4 136.3 8.35,s c2'4'
2" 178.2
C=S 178.8
4" 127.6
5" 168.5
C=0 189.1
CO-CH;, 29.3  2.50,s C=0
CH3; 193 2425
NH2 8.47,8
NH 11.81,s 12.06,s

*The assignment was based on DEPT (135), COSY, HSQC and HMBC experiments
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Part B: Biological Studies
3.4 Antibacterial activities assay

Antibacterial activities of the concerned thiazole derivatives have not been studied so far.
So it is noteworthy to examine whether these compounds show any such activity or not.
For the purpose, investigation on the antibacterial activities of these newly synthesized
thiazole derivatives have been carried out against three gram-positive and three gram-
negative bacteria which cause different fatal disease. These selected bacteria can cause
different fatal diseases. These compounds were found to exhibit different activities
against the selected bacteria. All the compounds showed remarkable antibacterial
activities against gram-positive bacteria B. cereus and S. aureus and gram-negative
bacteria K. pneumonia and E. coli. Moreover the compound 1b revealed comparable
antibacterial activities against S. aureus, B. cereus, K. pneumonia and E .coli, 2b revealed
comparable antibacterial activities against S. aureus and K. pneumonia and 3b revealed
comparable antibacterial activities against S. aureus and E. coli with standard. In this
study the antibacterial activities of the DMSO as control and Ampicillin as standard have
been studied for the comparison. The inhibition zones by different compounds are shown

in the Table 3.4. The results are also shown by graphical representation in Figure 3.46.

Table 3.4: Antibacterial activity of the compounds 1b, 2b and 3b

Test Zone of inhibition in mm
Samples Gram positive bacteria Gram negative bacteria
Bacillus  Staphylococcus Bacillus Klebsiella ~ Pseudomonas  Escherichia
Cereus Aureus magaterium pheumonia aeruginosa Coli
1b 20 21 8 22 9 20
2b 16 24 0 24 7 22
3b 18 23 7 21 0 24
DMSO 0 0 0 0 0 0
Ampicillin 32 29 32 34 29 28
40
35
30
3
§ = = 1b
% 20 = 2b
.,"‘s 15 -
N s
B | | m Ampicillin
«qy‘, k"'\\? «\\\'& 04‘\0 (\o';b
< 2D & A
%‘c ‘-)"b ° 6\?&? *-‘Q(\o}’é\ < :z,Q}ooo
Bacteria

Figure3.46 : Graphical representation of antibacterial activities of compounds 1b - 3b

93



3.5 Antifungal activities

To investigate the actual biological activities of these new thiazole derivatives antifungal
activities of the concerned thiazole derivatives have also been studied along with the
antibacterial activities. In this context, the antifungal activities of these newly prepared
thiazole derivatives have been investigated against two selected fungi Aspergillus niger
and Trichoderma harzianum. Most of the compounds were found to inhibit the mycelial
growth. All the test samples exhibited significant antifungal activities against the fungi
Aspergillus niger but compounds 1b & 3b showed moderate to potential antifungal
activities against the fungi Aspergillus niger and compound 2b showed moderate
antifungal activities against the fungi Trichoderma harzianum. However antifungal
activities of the solvent DMSO and amphotericin b as standard have also been studies for
the comparison. The inhibitions of mycelial growth by different test samples are shown in

the Table 3.5 and also shown by a graphical representation in Figure 3.47.

Table 3.5: Antifungal activities of the compounds 1b, 2b and 3b

Test % Inhibition of mycelialgrowth
Samples
P Aspergillusniger Trichodermaharzianum

1b 20 0

2b 16 15

3b 18 0

DMSO 0 0
Amphotericin B 23 24

30

25
=
S 20 4
=
E 15
b 10 - M A. niger
§ M T. harzianum
N S5 1

O T T T 1
NS N o >
~S AS 5 S @69 &
<
Q\,\\o"'
Comounds ?‘é\

Figure 3.47 : Graphical representation of antifungal activities of compounds 1b - 3b.
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Part C: Docking studies

3.6 Molecular docking studies

In silico molecular docking studies of synthesized compounds 1b - 3b were conducted to
support the design and invention of new drug molecule for the effective inhibition of
target protein of disease development. The non-covalent interactions between the
synthesized analogs and target receptors (2D and 3D) are illustrated in Figure 3.49 &
Figure 3.50 where poses with the highest negative docking scores were chosen for the
ultimate presentation. When docked against 2BTF, compound 1b and 3b showed binding

score of -7.6 Kcal/mole and -7.9 Kcal/mole.

Figure 3.48 : Optimized molecular structures of the synthesized derivatives 1b-3b.
Structure optimization was carried out applying DFT/ B3LYP/6-31G(+, d,p) basis setup

Name | Binding affinity | Residue in Interaction type Bond
(kcal/mol) contact distance (f&)

ASP157 Attractive charge 5.27822

GLU214 Attractive charge 4.83023

ASP157 Attractive charge 4.40079

GLU214 Attractive charge 4.44543

1b -7.6 GLY156 Conventional hydrogen 2.14822
bond

GLY302 Conventional hydrogen 2.78748
bond

MET305 Pi- Alkyl 4.71525
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Interactions
D Attractive Charge

- Conventional Hydrogen Bond

E] Carbon Hydrogen Bond

[:] Pi-Alkyl

Figure 3.49 : Molecular docking studies of 1b against receptor 2BTF. (A) 3D docking
predictions. (B) 2D interaction sketches.

Name Binding affinity | Residue in Interaction tvpe Bond
(kcal/mol) contact yp distance (A)

PHE375  Salt bridge attractive charge 2.92903

PHE375 Attractive charge 5.57027

TYR133  Conventional hydrogen bond 2.16462

LYS373  Conventional hydrogen bond 2.53984

3b 79 MET355 Carbon Hydrogen bond 2.59947
' LYS373 Carbon Hydrogen bond 2.88734
ALA135 Pi- Alkyl 4.9566

VAL139 Pi- Alkyl 4.70596

LEU140 Pi- Alkyl 5.41948

LEU346 Pi- Alkyl 4.14628

: A:373
al
’/_\\ S "H P o* F
| ’;/\ AN />" ‘l\ i
LEU b
A:140 |
K155
Interactions AM3EST5 :] Carbon Hydrogen Bond
I seteridge ' e rogen

- Unfavorable Donor-Donor

:] Pi-Akyl

Figure 3.50 : Molecular docking studies of 3b against receptor 2BTF. (A) 3D docking
predictions. (B) 2D interaction sketches.

D Attractive Charge
- Conventional Hydrogen Bond
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3.7 In silico ADMET prediction

The pharmacokinetic properties of synthesized compounds were determined using
SwissADME online tool. The determined molecular properties and pharmacokinetic
properties are summarized in table 3.6 and table 3.7.

Table 3.6: Molecular properties of synthesized thiazole derivatives

Name Molecular LogP Rotatable H-Bonds H-Bonds Surface
Weight H-Bonds Acceptors Donors Area
1b 310.382 3.64832 4 1 131.286
2b 310.382 3.64832 4 1 131.286
3b 344.827 430172 4 1 141.590
Ampicillin 349.412 0.3181 4 3 143.121
Table 3.7: Pharmacokinetic Properties
P-GI1I
Name S:l‘::::iel:ty ( ‘173 IS)S inhibit ]?1135 ((:ll:)lgs ,hE,R G I hERG 1 (2?)?(;
(log mol/L)  orbed) or BB) PS) inhibitor inhibitor (mol/kg)
1b -4.038 93.099 No 0.168 -2.078 No Yes 2.407
2b -3.974 92.875 No 0295 -2.112 No Yes 2.417
3b -5.018 91.204 Yes 0202 -1.949 No Yes 2.358
Ampicillin -2.396 43.034 No -0.767  -3.166 No No 1.637

BBB= Blood brain barrier, HIA= Human intestinal absorption, CNS=Central nerve

system, P-GI= P-

glycoprotein inhibitor, ORAT = oral Rat acute toxicity, hERG = human Ether-a- go-go Related Gene
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Chapter — 4
Conclusion and Future plan
4.1 Conclusion

Schiff base derivatives and their complexes are the most significant and valuable
compounds which have many useful applications because of their chemical versatility,
vast synthetic way to different molecular structures and usually these compounds are easy
to prepare. Most of the Schiff base thiazole compounds were used as active medicinal
agents. As a consequence, the present study focused on the synthesis and characterization
of new thiosemicarbazones, thiazole derivatives containing quinolone moieties and
screening their antibacterial and antifungal activities. First step newly syntheses
compounds la - 3a; thiosemicarbazone derivatives and second step newly syntheses
compounds 1b - 3b thiazole derivatives were characterized by IR, 'H NMR, "*C NMR,
DEPT, COSY, HSQC and HMBC spectral analysis. It was visualized that compounds 1b and
3b significantly exhibited antibacterial activities and moderate to potential antifungal
activities. In the docking studies, compounds 1b and 3b showed binding score of -7.6

Kcal/mol and -7.9 Kcal/mol respectively.

4.2 Future plan

In our study three thiazole derivatives were synthesized and characterized by
spectroscopic methods. In silico antibacterial and antifungal screening the synthesized
compounds showed moderate to good antibacterial and antifungal activities. The studies
of antibacterial and antifungal effects are likely to aid the development of new therapeutic
agents for diseases caused by microorganisms. Therefore, in the future, more research on
thiazole derivatives will play an important role in the synthesis of better quality

antibacterial and antifungal drugs against multidrug resistance of microorganisms.
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