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ABSTRACT

The heterocyclic fused ring of the aceteamide derivatives of thiazole have drawn a huge
consideration owing to their expanded applications in the field of pharmaceutical chemistry.
Thiazole derivatives (acetamido thiazole) reveal various medicinal properties such as
analgestic, antiinflammatory, anticancer and antimicrobial activities. Various synthesis
approaches leading to thiazoleacetamide scaffold have been reported such as, metal catalyzed
reduction of p-nitroacetophenone, from 2-amino thiazole and phenyl deriveatives of 2-amino
thiazole,. Currently, synthetic modification of acetamido thiazole derivatives at their 2 position
of thiazole ring become an interesting approach to tune their biological properties in line with
their applications. As a result, these classes of organic compounds become good candidate and
play an important role towards medicinal chemistry. In present study, novel acetamido thiazole
derivative (100b) was synthesized with 86% vyield. The synthesized compounds were fully
characterized mainly using NMR (*H-NMR, ®*C-NMR and DEPT). Furthermore, the
synthesized compounds were evaluated for their in vitro antibacterial activity against two
Gram-negative bacterial strains (Escherichia coli, and Pseudomonas aurogonosa) and two
Gram-positive bacteria (Streptococcus payogens and Staphylococcus aureus) by disk diffusion
method. Among synthesized compounds, compound 100c and 100d showed medium inhibitory
activity against Gram-positive, Staphylococcus aureus with 25+0.0 and 18 + 2.82 mm zone of
inhibition, respectively compared to standard drug Ceftazidime (13.5+£0.707 mm) at 100
mg/mL. The radical scavenging activities of these compounds were evaluated using DPPH
radical assay and of the synthesized compounds, compound 100c and 100b were showed the
strongest activity with 1Cso values of 1.67 and 1.59 ug/mL, respectively compared to the
standard 1Cso value of 1.57 ug/mL. The synthesized compounds were evaluated for their
insilico molecular docking analysis using tyrosyl-tRNA synthetase because the antibacterial
activity was higher on it and were found to have minimum binding energy. The drug likeness
of the synthesized compound was performed and satisfies the Lipinski's rule of five with zero
violations. In this study different bio-active acetamido thiazole derivatives were successfully
synthesized and these compounds may serve as lead compound for further development of novel

antibacterial and anticancer agents.

Key words: Thiazole, acetamide, Antibacterial, Antioxidant, molecular docking
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CHAPTER 1
INTRODUCTION

1.1. Background

Active heterocyclic compounds are one of the main topics of interest for the medicinal chemists
as they display a number of pharmacological activities. Nitrogen, sulfur, and oxygen containing
five- and six-membered heterocyclic compounds have occupied enormous significance in the
field of medicinal chemistry [1].The biological activity of compounds mainly depends on their
molecular structures [2]. Heterocycles, such as azoles occupy a prominent place in current
medicinal chemistry due to their wide range of applications in the fields of drug design and

discovery[3].

Thiazoles are five-member aromatic ring heterocyclic compounds containing nitrogen and
sulfur atoms. Thiazoles (1) are structurally similar to imidazole and oxazole with the thiazole

sulfur replaced by nitrogen in imidazole and oxygen in oxazole as shown in the Figure 1.

s\/:?
1

Figure 1: Structure of thiazole compound

It is a pale-yellow flammable liquid, with a pyridine-like odor and a boiling point in the range
of 116-118 °C. It has an aromatic character, due to the delocalization of a lone pair of electrons
from the sulfur atom, resulting in a 6z-electron system. The resonance structures of thiazole

are illustrated in Figure 2

N A\ N \ — ) - N= - —N_/
L k\; @ A\; Q
1a 1b 1c 1d

Figure 2: Resonance structures of thiazole

The development of simple and general synthetic routes for widely used organic compounds
from readily available reagents is one of the major challenges in organic chemistry. Therefore

to meet the facile results of these tough challenges thiazole nucleus was being considered.
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Thiazole moiety is one of the organic heterocyclic rings that comprises nitrogen and sulphur
atoms. Its derivatives are the most bioactive important compounds in pharmacological field
that plays a major role in designing new pharmacologically active drugs and to develop the
existed ones, which are extensively exploited in the medicinal chemistry with versatile
activities like: anti-oxidant, antipsychotic [4], antibacterial [5], antitumor and [6]anti-

inflammatory[7].

Thiazole is an important structural scaffold present in a variety of natural products. Several
drugs and active natural molecules such as epothilones (2) (cancer drugs), vitamin thiamine
(3), dasatinib (4) (used for treatment of leukemia), sulfathiazole (5) (antimicrobial drug),
cefdaloxime (6) (cephalosporin antibiotic), Sodelglitazar (7), tiazofurin (8) and nitazoxanide

(9) (antineoplastic drug) have thiazole moiety Figure 3 [8]

N__N
2 3 OH
o)
NH
S\l/ 2 O
9 OH
N
(l? F S
S—NH = S
I 1 @ F S
O )<n HO L L N
=L
° R N 0 !
o = >
6 0 Q
0 N-o
SM S/\g
NH -
HO\\SO/\K:N 2 i \/”\N/LN
H
OH o

(o]
©

Figure 3: Natural compounds containing thiazole moiety

In addition, compounds with an amide structure Figure 3 have revealed various activities as
antimicrobial [9],[10] and nematicidal agents[11], [12]. Based on the reported good
performance of derivatives containing thiazole or amide groups, splicing them to get new

antibacterial structures was presumed to be a reasonable and promising approach.
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Figure 4: Structures of acetamide derivatives of thiazole

Since more than two decades, the researchers and pharmacists have focused on the synthesis
and development of the thiazole derivatives as anti-inflammatory agents. Pawan K. Sharma et
al. (1997) prepared a series of 1,2-benzisothiazole compounds with thiazolyl-acetic acid moiety

(acetamido thiazole) and evaluated the anti-inflammation activity [13].

1.2. Statement of problem

Recent reports from the World Health Organization (WHO) state that public health has become
a major concern due an increase in different diseases. Treatment of microbial infection is a
major emerging health issue. In spite the existence of a number of drugs that are used for the
treatment of bacterial infections in human beings, the mortality and morbidity caused by
microbes have an alarming worldwide impact on the human population due to the increasing
number of multidrug-resistant and the upsurge of multidrug resistant had made the treatment
of microbial infections complicated. Genomic studies on various microorganisms indicate that
the prolonged use of antimicrobials makes these microorganisms more resistant to them. New
infectious diseases are discovered every year, including an increase in the numbers of

antibiotic-resistant pathogens.

It has been demonstrated that the design and synthesis of organic compounds containing a
thiazole ring have different therapeutic activities. Thus, many researchers have become
interested in the synthesis of molecules containing thiazole moiety. Also, as a result of
persistent microbial resistance to antibiotics, chemical and pharmaceutical researchers are
constantly seeking to discover and synthesize alternatives to known antibiotics. Thus, from
viewpoint of the promising antimicrobial activity of thiazoles and in continuation to our efforts
concerning the synthesis of bioactive heterocyclic compounds, herein, we aimed to synthesize
a new series of compounds having a thiazole ring. This study is intended towards design,

synthesis and characterization of antibacterial and of acetamido thiazole derivatives.
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1.3. Objective of the Study

1.3.1. General objective

The overall objective of this study was to synthesize and conduct In silico molecular docking,

Pharmacokinetics, DFT studies, antibacterial and antioxidant activities of acetamido thiazole

derivatives.

1.3.2. Specific objectives

v
v

v

To synthesize acetamido thiazole derivatives.

To characterize the synthesized compounds using NMR (*H-NMR, 2C-NMR and
DEPT 135).

To evaluate antibacterial activity of the synthesized compounds using disk diffusion
method against S. aureus and E. coli, P. aeruginosa, and S. pyogenes.

To examine molecular docking study of synthesized compounds using AutoDoc
version 4.2

To conduct Pharmacokinetics and DFT Studies.

1.4. Significance of the Study

This study is expected to provide important information on the synthesis and properties of

thiazole derivatives (acetamido) along with antibacterial activities of the targeted scaffold that

can be attract the pharmaceutical companies for further research in the development of new

drug entities. Moreover, the results of the study could also lead researchers from related field

of work to look for potentially active lead compounds in the search of new antimicrobial agents.
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CHAPTER 2
LITERATURE REVIEW

2.1. Synthesis of acetamido thiazole and its derivatives

In recent years, several new methods for the synthesis of 2-aminothiazole derivatives
andreactions have been reported, including waste-free techniques. 2-Amino-4-substituted-1,3-
thiazoles, in the presence of various reagents, undergo different types of reactions to yield other
heterocyclic compounds like thiazolo[3,2-a]pyrimidine-5-ones, thiazolo[3,2-a]-pyrimidine-7-
ones, imidazo[2,1-b]thiazoles, thiazolo[3,2-a]benzimidazoles in addition to those of amide
derivative [14].

For the synthesis of acetamido thiazole the 2-amino thiazole is the core starting material and it
can be synthesized through different paths. Many 2-amino-4-substituted thiazoles are generally
synthesized by Hantzsch thiazole synthesis from a-haloketones and thioureas (or thioamides)
in polar solvents[15] by using halogens, oxidizing agent, iodide catalyst, sodium fluoride
catalyst, from amidine derivatives and from various acetophenones it can be synthesized [16]

and can be used for further synthesis (Scheme 1-5).
R

X, E‘N
+ /A
RCOCH, 2 H,NCSNH, o )\NHZ + HX
12 2 S
13 14

Scheme 1: Synthesis of thiazole by using halogens

3 R
¢ Refl N
RCOCH; + +H,N"°NH, + I, X, Z»\
> 13 "

Scheme 2: Synthesis of thiazole by using iodine

R

I N

-H,0 E

RCOCH,X +  H,N"“"NH, + X - /S»\NHz
12 13 14

R= 3-cooumarinyl, 3-endolyl, pyridyl, quinolyl, Phenyl

Scheme 3: Synthesis of thiazole by using catalyst
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R
NH, H,0 N
RCOCH,X + —tS— c= NH,X/, / >\NH +
S 2
14

12 15

formamidine disulfide
dihydrobromide

Scheme 4: Synthesis of thiazole from amide derivatives

O=»n

' Reflux N
PhCOCHNZ + HZN/ \NHZ ® / »\
16 S NH,

Scheme 5: Synthesis of thiazole by using acetophenone derivative

NH2
—S— C NH, . HX

N, + H),O

Acetamido thiazole can be synthesized starting from p-phenylenediamine (PPD)(16),

according to the literature[17] the synthesis involves firstly aniline protection, amide formation

Oalnd deprotection to the 4-amino-N-phenylacetamide (18) intermediates which were then
turned into isothiocyanates (19) and converted to thioureas (20). Finally, (21) were condensed

with different-halocarbonyl compounds to give the target derivatives (22). The steps for each

reaction described in (Scheme 6)

NH, NHBOC

/@ BOC,0(0.5eq /@ CICORDCM
—_—

HoN H,N HCI Jice bath

DCM
18
17
=
H N :_R 0
NS
N Br H
O \</ / R_' N (e} N
P s P i
N - )J\ S
H N
H
22 21
R=H R=4-Br
R=CHj3 R=3-Br
R=4-F R=4-CF;
R=3-F R=3-CF;

R=34diF R=4-Cl
R=34diCl R=3-Cl

O

CS,, Et;N, BOC,0
EtOH | pMAP 0.03eqv.

NCS
o /©/
NH
M

EtOH H
20

Scheme 6: Synthesis of thiazole acetamide by using p-phenylenediamine

Hussien et al.,[5] also synthesize another derivative of acetamido thiazole. According to the
study, synthesis of 2-(phenoxy)-N-(4-(4-chlorophenyl) thiazol-2-yl) acetamide derivatives
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were implemented (Scheme 7) initially with the dry acetone as the solvent obtained ethyl 2-
phenoxyacetate, which has been hydrolyzed with the solution of sodium hydroxide to provide
2-phenoxyacetic acid, the esterification of phenols with ethylchloroacetate are done with
anhydrous potassium carbonate. The final compounds were synthesized by reacting 2-
phenoxyacetic acid with 4-(4-chlorophenyl) thiazol-2- amine by using dichloromethane as a
solvent and 2,6-lutidine as a base as well as o-(benzotriazol-1-yl)-N,N,N,N- tetra methyl

uranium tetra fluoro borate as coupling agent.

0 o o OH
R j/
OH 0 0 0
Anhy. K,CO R
i + C|QJ\O/\ y. KoLUs R R, NaCOH R,

1 R, Dry acetone Ethanol
24
23 25 R
Ry 2
/ S>\ R 0 S
7~ NH, lutidine \
(0]
+ N TBTU QJ\NAN
26 _— H
cl DCM Ry R, . cl
27
R=H, Br
Rl: CH3vph
R2: H, cl

Scheme 7: Synthesis of N-(4-(4-chlorophenyl)thiazole-2-yl)-2-(mesityloxy)acetamide

Gabriel et al[18] also synthesized acetamido thiazole derivativesynthesized 5-nitrothiazol and
6-nitrobenzothiazole acetamides using an easy two step synthetic route (Scheme 8).
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Scheme 8: Synthesis of 5-nitrothiazol and 6-nitrobenzothiazole acetamides

The preliminary key intermediates 2-amino-4-(substituted)-thiazoles (37) are attained via
Hantzsch reaction of ahalocarbonylderivatives (36) with thiourea(13) in refluxing ethanol [19].
The aminothiazole derivatives (38) were easily converted to the corresponding
chloroacetamide derivatives in excellent yield by reaction with chloroacetyl chloride in

dimethylformamide (DMF) at room temperature (Scheme 9).

0
R)K/ Br(Ch o

R
36 . N R
+ (i) EtOH I N, CloHcoC IN\>_ N>HJ
(i) NaHCO; S DMF S
H,N NH,
13

Scheme 9: Synthesis of derivatives of acetamido thiazole Hantzsch reaction of a halocarbonyl

derivatives

On the other hand, reaction of 2-chloro-N-(4-substituted-thiazol-2-yl)acetamide (38) with
sulfonamide derivatives (39a) and (39b) in ethanol under refluxing conditions afforded the
target compounds N-(4-substituted-thiazol-2-yl)-2-(4-(piperidin- 1-ylsulfonyl) phenylamino)
acetamides (40) and 2-(4-(morpholi nesulfonyl)phenylamino)-N-(4-substituted-thiazol-2-
yl)acetamides, respectively, in excellent yields (75-98%)(Scheme 10) [20]. The reactions were
accomplished in the presence of triethylamine as a basic catalyst and reaction period of 5-9 h
[19].
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X

3

38

X=CH,
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Scheme 10: Synthesis of N-(4-substituted-thiazol-2-yl)-2-(4-(piperidin- 1-ylsulfonyl)

phenylamino)acetamides

On the other hand Jing-Ran et al.,[21]. also synthesized on their study by using carboxylic
derivatives as a starting material. The different substituted a-bromo-acetophenones (42) were
synthesized by adding bromine (Brz) in the presence of aluminum chloride (AICl3) as catalyst
in THF liquid containing acetophenone (41) or 1-(4 bromophenyl)ethanone. Then, treatment
of freshly prepared compound (42) with thiourea in EtOH produced the 4- phenyl-1,3-thiazol-
2-amine (43) and 4-(4-bromo-phenyl)-1,3- thiazol-2-amine in 52% and 47% yields,

respectively. Accordingly, the acetyl chloride was synthesized according to (Scheme 11).

0 42 43
41
R R
Q iii i N i O>_
iv
N, — X v, N Ry
R” “OH R™ “Cl | U NH | S—NH
44 45 S
43 46 S

R=H, Br
(i) Bry, AICl3, THF, 0°C; (iii) SOCI,, 7080 °C, reflux, 3 h; (iv) acetone/K,COj, ice-bath, reflux for 5 h.

(ii) thiourea, EtOH, reflux.

Scheme 11: Synthesis of N-(4-p-tolylthiazol-2-yl) acetamideby using AICI3 as a catalyst

Also Abdel-Sattar and his co-workers[22] synthesized these thiazole derivatives. In their study,
2- aminothiazole was used as a key starting material. Reaction of 47 with chloro-N-(4-

sulfamoylphenyl) acetamide (48) afforded the amide derivative. In addition, thiourea
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derivative52 were obtained from the reaction of the aminothiazole with phenyl isothiocyanate
(scheme 12).

SO,NH,
48 0
N N »—NH
[ S—NH, + NHCH,COCI - [ S—NH
S DMF/anhydrous S 49
47 K,COs / 5hr.
SO,NH,
N N
[ S—NH, CICH,COOEt [ H—NHCH,COOEt
S DMF/anhydrous S 5
47 K2CO3 / 8hr.
PAN=C=0
N o1 | N\>— NHCONHPh
>—NH > [
[ S>_ 2 DMF/anhydrous S
K2CO3 [ 7hr. 52

Scheme 12: Synthesis of acetamide derivatives of thiazole by using 2- aminothiazole

Another approach for the synthesis of thiazoleacetamide was done by Zafer and his co-
workers[23]. In the study, some acetamide derivatives were synthesized and their potential
analgesic activities were investigated. N-(benzothiazol-2-yl)-2-[(1-substituted-1H-tetrazol-5-
yl)thio]acetamide derivatives were obtained by the nucleophilic substitution reaction of 2-
chloro-N-(benzothiazole-2-yl)acetamides with appropriate tetrazol-5 thioles. Initially, 2-
chloro-N-(benzothiazol-2-yl)acetamides  (54) were obtained by reacting 2-
aminobenzothiazoles with chloroacetyl chloride in the presence of triethylamine, which was
responsible for the removal of hydrogen chloride from the reaction mixture. The desired
compounds (56) were prepared by reacting 2-chloro-N-(benzothiazol-2 yl)acetamides with
appropriate tetrazol-5-thioles. This nucleophilic substitution reaction was carried out in the

presence of potassium carbonate (Scheme 13).
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R= H, CHa, Cl, OCHg, OC,Hs 56

R2: CH3, CGHS

Scheme 13: Synthesis of 2-(1-methyl-1H-tetrazol-5-ylthio)-N-(benzothiazol-2-yl) acetamide

Uma et al.,[24] also synthesised some of the acetamido derivatives in their study of the
synthesis and activity of azoles. The combination of two potential heterocyclic units by a
pharmacophoric group may alter the biopotency which can accommodate to multiple biological
targets.In fact, researchers have prepared different azoles linked by a variety of
pharmacophores and studied their bioassay[25]. In continuation of an ongoing multifaceted
program aimed towards the synthesis and study of structure-activity relationship of
heteroaromatics linked by different pharmacophoric units were used[26].

According to the study substitution reaction of N-methyl pyrrole (57) with oxalyl chloride in
the presence of KOH in CH2Cl; resulted in 2-(1- methyl-1H-pyrrol-2-yl)-2-oxoacetic acid (58).
Wolf-Kishner reduction of 58 afforded 2-(1-methyl-1H-pyrrol-2-yl) acetic acid (59).
Esterification of 59 with dimethyl sulfate gave methyl 2-(1-methyl-1H pyrrol-2- yl) acetate
(60). Treatment of 60 with benzoyl chloride afforded (5-benzoyl-1- methyl-1H-pyrrol-2-yl)
acetic acid methyl ester (61). The base hydrolysis of 61 resulted in (5-benzoyl-1-methyl-1H-
pyrrol-2-yl) acetic acid (62) (Scheme 15).
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57
iv
A | i
Cl N Ph v MeO /\
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62 Me O 61 . O

i. Oxalyl chloride, 25% KOH, CH,Cl,, ii. NH,NH, H,0, 20% KOH, iii. (CH3),SO,4, K,CO3, CH,Cl,
iv. N,N -DMAPA, CsH5COCI, o -Xylene v. dil. NaOH, THF

Scheme 14: Synthesis of (5-benzoyl-1-methyl-1H-pyrrol-2-yl) acetic acid

The compound 4-arylthiazol- 2-amine (63) was prepared from urea/thiourea as per the
literature procedure [27]. The reaction between compounds 62 and 63 in the presence of O-
(Benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium tetrafluoroborate (TBTU) in
dimethylformamide (DMF) yielded 2-(5-benzoyl-1-methyl- 1H-pyrrol-2-yl)-N-(4'-
arylthiazol-2'-yl)acetamide (64) and 2- (5-benzoyl-1-methyl-1H-pyrrol-2-yl)-N-(4'-aryl-1H-
imidazol- 2'-yl)acetamide 62[24] (Scheme 15).

Ar
N (0]
0 Ar Z\
MeO / \_ ph E'\\l ! S% N W i
N e \
62 N/Ie O 63

o)
64 M€

i. TBTU, DMF, DIPEA Ar=a, Ph
b,4-Me.Ph
c, 4-OMe.Ph
d,4-Cl.Ph
e, 4-Br.Ph
f, 4-NO,.Ph

Scheme 15: Synthesis of 2-(5-benzoyl-1-methyl- 1H-pyrrol-2-yl)-N-(4'-arylthiazol-2'-yl)
acetamide

Majo et al.,[28] reported low to moderate yielding one-step Suzuki cross coupling reactions
using various boronic acids/ester with 2-bromobenzothiazole under thermal conditions. Based
Gull and his co-workers[29] have reported Pd(0)-catalyzed reactions of 2-amino-6-
bromobenzothiazole(65) with different arylboronic pinacol esters/arylboronic acids using
Suzuki cross coupling methodology with moderate yields [30].In order to achieve high yields,
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the amino group was protected via acylation, which led to substantially enhanced yields of the

products (Scheme 16).
)
0}
N> o N, —
/E:[ \>—NH Acetic Anhydride \>—NH Aryl Boronic Acid/Esters : S>—N|-|
Br Acetonitrile, 60°C  Br S K3F’004y Pd(PPhs),, Ar
65 66 907C,30h 67
B(OH
Do), B(OH), B(OH), B(OH),
e
Cl
CHs OCH, F
2 b
c d
00 Q0 0 0 B(OH),
: : % jo
CFg CF,
e
f g

Scheme 16: Synthesis of target derivatives by using Suzuki cross coupling methodology
2.2. Biological Activities of acetamido thiazole Derivatives

Natural and synthetic molecules containing thiazole scaffold play a significant role in
pharmaceutical industry due to their anti-inflammatory and antimicrobial[25] activities. There
are drugs those contain acetamido thiazole Thiazole as nucleus or fused ring is an essential part
of the natural penicillin drug nucleus known as antibiotic [31] (Figure 5). These group of
antibacterial drugs that attack a wide range of Gram positive bacteria, it was discovered by
Alexander Fleming in 1928 [32].Tiazofurin, Cefdinir and Meloxicam are drugs those contain

thiazole acetamide moiety [33-35]
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Figure 5: Drugs containing acetamide moiety

2.2.1. Antibacterial Activity of acetamidothiazole Derivatives

The synthesized benzothiazole derivatives (67a-h) by Gull et al.,[29] were examined for their
anti-bacterial activity against two Gram positive-bacterial strains (Baccilus subtiles,
Staphylococcus aureus) and four Gram-negative strains (E.coli, Psuedomonas aeruginosa,
Shigella dysenteriae, Salmonella typhae) at concentrations of 40 and 80 pg/mL. It was
concluded that the potent antibacterial activities of these compounds might be due to electron
withdrawing groups present on the aryl moiety in N-protected benzothiazole molecule[29].
Similar observations are also reported by other groups which suggest that the presence of
electron releasing and electron withdrawing groups substantially affects the antibacterial
activity [33].

Narendra et.al,.[34] were evaluate the synthesized compound (72a,b) for the in-vitro
antibacterial activity against microorganism strains Bacillus subtilus (MTCC-441), E.coli
(NCTC 10418) by Cup-plate agar diffusion method using nutrient agar on Zone of inhibition
50-100ug/mL.

P.Uma et al[24] studied the antimicrobial activity of the synthesized acetamido thiazole
compound (62, 64) at three different concentrations 50, 75, and 100 pg/mL well in order to
ascertain the effect of substituents and linkage. The perusal of data presented revealed that
Gram-negative bacteria were more susceptible towards the tested compounds than Gram-

positive ones (Figure 6).
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Figure 6: Some acetamidothiazoles with Anti-bacterial activity

2.2.2. Antifungal Activity of acetamidothiazole Derivatives

Hussein et al., [19] tested 3 fungal strains (A. flavus, A. niger and C. albicans)). Screening the

antimicrobial activity for the newly synthesized amide derivatives was done by agar well

diffusion assay [35]using a concentration of 500 mg/mL. It is obviously observed from the

obtained data that some of the newly synthesized amide derivatives showed comparatively high

antimicrobial activity compared to the positive reference drugs, vancomycin for Gram-positive

bacteria, gentamicin for Gram-negative bacteria, and fluconazole for fungi. Compounds 38, 73

and 76 showed low activity against fungal strains with ZOI value 4 mm, 5 mm and 7 mm

against A. Flavus and 3 mm, 4 mm and 5 mm against C. albicans. A. niger showed low

sensitivity for compound 8h with ZOI value 6 mm, therefore these derivatives have prospective

for further inclusive studies (Figure 7).
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Figure 7: Acetamidothiazoles with anti-fungal activity

2.2.3. Anti-inflammatory activity

One of the main biological activity of thiazole derivative is their ability to act as anti-

inflammatory agent. Khamees et al.,[4] evaluated the anti-inflamatory activities of the

synthesized compounds (77 and 78). The inhibitory activity of synthesized compounds and

standard compounds diclofenac were expressed with ICso values. The results of COX inhibition

assay indicated that the tested compounds had a reasonable potent inhibitory activity against
COX-2 with IC50=9.11 mM & 3.1 mM respectively. Further, these compounds exhibited COX-
1 inhibition with 1Cso values of 10.2 mM & 18.2 mM, respectively (Figure 8). Deb et al.,[36]
investigated that the compound synthesized (79, 80) on their study has good anti-inflammatory

activity.
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Figure 8: Some derivatives that have anti-inflammatory activity

2.2.4. Anti-cancer activity (cyclooxygenase (COX) inhibition)

Other researchers reported that aminothiazole derivatives, as compound (93) [37], exhibited
remarkable anticancer activity against leukemia cell line. According to the study made by
Alizadeh and Hashemi [38] compound 83 exhibited the most potential inhibitory activity
against Bcr-Abl with an ICs of 17.8 nM. In cellular assays, compound 83a and 83b as dualBcr-
AbI/HDAC inhibitors displayed high anti-proliferative activities against human leukemia cell
line (K562) and prostate cancer cell line (DU145) [39]. Compound 84 (ST-1803) exhibited the
most promising inhibition with 1Cso values of 7.3 and 6.5 uM towards SphK1 and SphK2,
respectively. These desirable properties were qualified compound 84 for further
physicochemical studies Figure 9.

Among other tested derivatives, compounds 85, 86, 87, and 88 were found as in vivo potent
and selective PI3Ka inhibitor. Pharmacokinetic and pharmacodynamic studies for analogues
in the mouse displayed that they were capable of inhibiting signaling via the PI3K pathway for
higher than 8 h, showing their potential in vivo PI3Ka inhibitory activity [40].
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On the other hand compounds 81 and 82 have shown an interesting and unexpected in vitro
activity; 100and 85% inhibition, respectively. Presence of chlorine and nitrogen functional
groups was known as necessary for their anticancer activity. Amine group performed the better
activity than azide in the side chain. Also, 1’-hydroxy and 2-amino groups must be
protected.Introducing an ortho-fluoro atom at the pyridyl group increased the activity of
compound 89 with ICso value of 16.3-42.7 nM[41]. Compounds 90-92 displayed a selective
inhibition against CA XII that showing some heterocyclic moieties could be utilized for
designing effective transmembrane tumor-associated HCA XII inhibitors, with high selectivity
and activity[42].
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Figure 9: Thiazole acetamide derivatives with anti-cancer activity

2.2.5. Anticonvulsant activity

Ahmad et al., [43] synthesized derivatives of acetamido thiazole and test their anti-covulsant

activity. The compounds were administered intraperitoneally (ip) indifferent doses of 30,100

and 300 mg and end points were recorded at two different time intervals of 0.5 h and 4 h

(Figure 10).

Mariia Mishchenko with his co-workers synthesized anticonvulsant derivative of thiazole

acetamide. The synthesized compound significantly reduced (by 3.3 times) the duration of the

convulsive period (2.93 _ 1.99 min vs. 9.68 _ 1.96 min, p < 0.05) and the level of mortality by
2.5 times (33.33% vs. 83.33%, p < 0.05). The latent period, the proportion of animals with

clonic seizures and severity of convulsion were decreased, but the compound’s effect was

inferior to the sodium valproate [44].
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Figure 10: Derivatives of thiazole acetamide that reflect anticonvulsant

19| Page



CHAPTER 3
MATERIALS AND METHODS

3.1. General Description

Melting points were recorded in a digital melting point apparatus and expressed in °C. Column
chromatography was performed on normal phase TLC. Thin Layer Chromatography (TLC)
was done to check the progress of reaction using silica gel 60 F254 (Merck) precoated plates.
Physical constants and percent yield of the synthesized compounds and Rf values for each are
presented in Table 1. The spots on the TLC plate were visualized using UV lamp at 254 nm

and are detected as dark violet spots on a bright green background.

UV analyses were done to visualize the spot using UV lamp at 254nm and NMR analyses was
carried out on Bruker avance 400 MHz spectrometer using DMSO-de as a solvent with
tetramethylsilane (TMS) as the internal standard and the values are expressed in ¢ ppm..

Purification process was done using recrystallization.
3.2. Chemicals and Equipment

The chemicals used in this study were thiourea(99%), acetophenone, p-nitro
acetophenone(98%), p-amino acetophenone, acetic anhydride(97%), acetic acid, iodine,
hydrochloric acid(37%), dichloromethane(99.5%), n-hexane(99%), ethyl acetate(99.5%),
ethanol(97%), methanol(99%), sodium thiosulfate(99%), diethyl ether(99%), distilled water

and sodium carbonate(99.5%).

The apparatus used in this study were funnels, round bottom flasks, vials, refrigerator, hot plate
with magnetic stirrer, condenser, thermometer, electronic digital balance, filter papers,

aluminum foil, oven, measuring cylinders, beakers, TLC Chamber and capillary tubes.
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3.3. Method

3.3.1. Synthesis of p-amino acetophenone (97)

Synthesis of p-amino acetophenone (97) was done based on the method stated by M. Orlandi
and his coworkers [45]. P-nitro acetophenone (96) (5 g, 0.03 mol) was placed in into three
necked round bottom flask and ethyl alcohol (30 mL) was then added into the flask. Iron
powder (6.7 g, 0.12 mol), and HCI (1 mL) were added and the reaction mixture was refluxed
at 60°C on oil bath. The progress of the reaction was monitored using TLC in n-hexane/ethyl
acetate (3:2) solvent system. After completion of the reaction, the reaction mixture was filtered
to remove the iron residues, which were washed with EtOAc (3 x 40 mL). The organic extracts
were washed with H>O (3 x 30 mL), brine (2 x 30 mL), dried over anhydrous Na>SOs, filtered
and concentrated under reduced pressure using rotary evaporator (Scheme 17).

3.3.2. Synthesis of 2-amino-4-(substituted)-1, 3-thiazoles

The 2-amino-4-(substituted)-1, 3-thiazoles (98) was synthesized according protocol developed
Abedi-Jazin et al.,[46]. A precursor thiourea (13) (3.04 g, 40 mmol), the substituted
acetophenone (3.3 g for p-nitroacetophenone or 2.7 g for p-aminoacetophenone (20 mmol)),
iodine (5.08 g, 20 mmol) and pyridine (2 drops) were mixed together and refluxed in ethanol
(10 mL) at 100°C for 8 hr. The progress of the reaction was monitored using TLC in n-
hexane/ethyl acetate (3:2) solvent system. After completion of the reaction, the mixture was
cooled, extracted with diethyl ether to remove excess of acetophenone, and then washed with
aqueous sodium thiosulfate to remove excess iodine and later with cold water. The crude
product was dissolved in hot water, filtered and the filtrate was basified with aqueous Na>,CO3
to yield the corresponding 2-amino-4-(substituted)-1, 3-thiazole (98). The crude product is

purified by recrystallization from ethanol (Scheme 18, 19).

3.3.3. Synthesis of target Compound (100)

These target compounds (acetamido thiazole) were synthesized by following the protocols
designed by R. Gupta, et al., [47, 48]. It was synthesized from the intermediate 2-amino-4-
(substituted)-1, 3-thiazoles (19) and acetic anhydride (99). The 2-amino-4-(substituted-
phenyl) thiazole (98) (0.01mol) was refluxed with acetic anhydride (99) (0.01mol) for 5hrs at
70°C as depicted in (scheme 18). The progress of the reaction was monitored using TLC in n-
hexane/ethyl acetate (2:3) solvent system. After completion of the reaction, the mixture was

poured in to crushed ice, then the product filtered and dried at room temperature. This led to
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the formation of N-(4-(substituted-phenyl) thiazol-2-yl) acetamide (100). This final products
were purified by recrystallization from ethanol. The pure synthesized derivatives of thiazole
acetamide derivatives were fully characterized with the help of melting points and
spectroscopic techniques UV, *H NMR and *C NMR.

3.3.4. Synthesis of targeted compound (102)

The synthesis of target compound thiazoleacetamide hybrid derivatives (102) were synthesized
according to protocol developed by B.Sutriya et al., [47]. A mixture of p-aminoacetophenone
(0.022mole) and acetic anhydride (5mL) was taken in a beaker. The reaction mixture was
heated on oil-bath for 5 hr and allowed to stand for 2 hr. Then after the product obtained on
(101) dried, mixture of iodine (3.8mmol) and thiourea (7.6mmol) was triturated and the mixture
poured into a conical flask containing p-acetamidoacetophenone (3.8mmol). The reaction
mixture was heated for 8hr on a water bath with occasional stirring. The solid obtained was
washed with diethyl ether to remove any unreacted p-acetamidoacetophenone, after which it
was washed with sodium thiosulfate to remove unreacted iodine. Finally, it was washed with
water and the residue filtered and dried. These leads to the product named N-(4(2-
aminothiazole-4-yi) phenyl) acetamide (114). The dry solid obtained was purified by

recrystallization from ethanol (Scheme 19).

3.4. Antibacterial Testing

3.4.1. Preparation of inoculums

The test bacterial species were transferred from the stock cultures and streaked on Mueller
Hinton plates and incubated for 24 h at 37 °C. Well-separated bacterial colonies were then used
as inoculums [49]. Bacteria was transferred using bacterio- logical loop to autoclaved Mueller
Hinton agar that was cooled to about 45 °C in a water bath and mixed by gently swirling the
flasks. The medium was then poured to sterile Petri dishes, allowed to solidify and used for the
bio test [50].

The antibacterial activities of synthesized compounds were done in collaboration with the

Oromia Public Health Research, Capacity building and Quality Assurance Laboratory.
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3.4.2. Preparation of Discs Containing Synthesized Compounds

Different concentrations were prepared from each synthesized compounds by dissolving 10 mg
of each synthetic compounds in 1 mL of DMSO. The concentrations were incorporated into
sterile blank paper discs and were dried at 37°C. The paper discs were weighed carefully for

confirming exact amount of the synthesized compounds being incorporated.

3.4.2. Determination of Antibacterial Activity by Disk Diffusion Method

Antibacterial activity of the prepared synthetic compounds against E.coli, S. aureus, P.
aurogenosa and S. Payogene was examined by disk diffusion assay. Isolated pure colonies
from new grown bacteria were transferred from the plates into sterile normal saline solution
and vortexes to make bacterial homogenous suspensions. The turbidity was then adjusted to
0.5 McFarland standard units and the suspensions will be poured over Mueller—Hinton agar
(MHA) plates. Sterile paper disks with a diameter of 6 mm were placed over these plates. The
sterile disks were soaked with 20 pL of the tested compounds (10 mg/mL dissolved in DMSO).
Finally, the plates were incubated at 37°C for 24 hr. The inhibition zones were measured with
a ruler, compared with ceftazidime as reference drug and expressed in mm[ 52].

3.5. Antioxidant Activities of Acetamido thiazole Derivatives

The free radical scavenging activities of the synthesized compound were measured by 1,1-
diphenyl-2-picryl-hydrazyl (DPPH) method. With this method, it is possible to determine the
radical scavenging power of an antioxidant by measuring the decrease in the absorbance of
DPPH at 517 nm. As a result of the color changing from purple to yellow, the absorbance was
decreased when the DPPH radical is scavenged by an antioxidant through donation of hydrogen
to form a stable DPPH molecule). Lower absorbance of the reaction mixture indicated higher

free radical scavenging activity [52].

All synthesized compounds and ascorbic acid were dissolved in DMSO to give 10 mg/mL; the
solutions were serially diluted to give concentration of 100, 50, 25 and 12.5 pg/mL. To 1 mL
of each concentration, 1 mL DPPH (0.04 mg DPPH in 1mL of methanol) was added. Then all
the prepared samples and standard were incubated in an oven at 37°C for 30 min and then
absorbance was recorded at 517 nm using double beam UV-Vis spectrophotometer. Ascorbic
acid was used as standard. The percentage inhibition was calculated using the following

formula:
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1
% of radical scavenging activity = ————— %100 ................... eqgn.1

Where, Ao is the absorbance of control reaction and Al is the absorbance of analyte.

ICso was determined from excel curve after plotting % radical scavenging activities and
concentration (pg/ml) respectively in excel. The % radical scavenging activity of synthesized
compounds data were entered into excel sheet in adjacent columns and then the graph was
plotted with a scatter diagram. From the plotted curve, 1Cso was determined by using the

equation below;

Where, Y is % inhibition, x is Concentration of compound and m is slope of line

3.6. In silico Molecular Docking Study of Synthesized Compounds

Molecular docking is a method which predicts the preferred orientation of one molecule to a
second when bound to each other to form a stable complex. The 2D structures of all synthesized
compounds (100a-d, 102) were drawn and each individual structure was analyzed by using
Chem Draw 16.0. The selected molecules were treated quantum mechanically by applying DFT
method using the Gaussian 09 program suite at the Becke-3-Lee-YangPar (B3LYP) level
combined with the standard 6-31G (d,p) basis set. During the optimization procedure all the
parameters were set in order to obtain a stable structure with minimum energy. The global
minimum energy of the title compound was determined from the structure optimization
procedure. The 3D coordinates (PDB) of each molecule were obtained through optimized

structure.

The crystal structures of receptor molecules Staphylococcus aureus tyrosyl-tRNA synthetase
(PDB ID: 1J1J) and Human myeloperoxidase (PDB ID 1DNU) were downloaded from protein
data bank. The protein preparation was done using the reported standard protocol by removing
the co-crystallized ligand, selected water molecules and cofactors, the target protein file was
prepared by leaving the associated residue with protein by using Auto Preparation of target
protein file Auto Dock 4.2.6 (MGL tools 1.5.6).
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The graphical user interface program Auto Dock 4.2.6 was used to set the grid box for docking
simulations. The grid was set so that it surrounds the region of interest in the macromolecule.
The docking algorithm provided with Auto Dock Vina was used to search for the best docked
conformation between ligand and protein. During the docking process, a maximum of nine
conformers were considered for each ligand. The conformations with the most favorable (least)
free binding energy were selected for analyzing the interactions between the target receptor

and ligands by Discovery studio visualizer.

AutoDock Vina with standard protocol was used to dock the proteins Staphylococcus aureus
tyrosyl-tRNA synthetase (PDB ID: 1J1J) and Human myeloperoxidase (PDB ID: 1DNU) and
synthesized new ligands (100a-d, 102) into the active site of proteins. The molecular docking
studies were carried out using AutoDockTools (ADT), which is a free graphic user interface
(GUI) for the AutoDock Vina program. The grid box was constructed using 20x20x20, pointing
in X, y, and z directions, respectively, with a grid point spacing of 0.375 A. The center grid box
is of 62x30x62 A for 1J1J. The grid box was constructed using 20x20x20, pointing in X, y, and
z directions, respectively, with a grid point spacing of 0.475 A. The center grid box is of
60x32x60 A for 1DNU. Nine different conformations were generated for each ligand scored
using AutoDock Vina functions and were ranked according to their binding energies. The
ligands are represented in different color, H-bonds and the interacting residues are represented
in stick model representation.

3.7. In silico Pharmacokinetics (Drug-likeness), ADME, and Toxicity

analysis

Drug-likeness is a prediction that determines whether a particular pharmacological agent has
properties consistent with being an orally active drug. The chemical structure of the
compounds (100a-d, 102) was converted to their canonical simplified molecular input line
entry system (SMILE) and submitted to SwissADME tool to estimate in silico pharmacokinetic
parameters. SwisSADME predictor provides information on the number of hydrogen donors,
hydrogen acceptors and rotatable bonds, and total polar surface area of a compound. The
ligands were also subjected to Lipinski et al, screened using SwissADME and PreADMET
predictors. The organ toxicities and toxicological endpoints of the ligands and their LDso were
predicted using Pro Tox Il and OSIRIS Property Explorer. The analyses of the compounds
were compared with that of a standard drug.
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3.8. DFT Study

The selected molecules were treated quantum mechanically by applying DFT method using the
Gaussian 09 program suite at the Becke-3-Lee-YangPar (B3LYP) level combined with the
standard 6-31G (d,p) basis set. During the optimization procedure all the parameters were set
in order to obtain a stable structure with minimum energy. The global minimum energy of the

title compound was determined from the structure optimization procedure.
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CHAPTER 4
RESULTS AND DISCUSSION

4.1. Proposed mechanisms of reactions and physical properties of synthesized

compounds

Intermediate compound (97) was synthesized according to the method developed by Orlandi et al., [45].
Starting material p-nitro acetophenone was reduced by Fe powder/ HCl in ethanol solvent under reflux
for 7 hrs to synthesize intermediate compound p-amino acetophenone (97) with 81% yield. The

plausible mechanism of the reduction of p-nitro acetophenone by iron was shown in the (Scheme 18).

Scheme 17: Preparation of p-amino acetophenone

Reaction mechanism,
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The target compounds (acetamido thiazole)100a-d were synthesized by following the protocols
designed by R. Gupta, et al., [47, 48]. It was synthesized from the intermediate 2-amino-4-
(substituted)-1, 3-thiazoles (98) and acetic anhydride (99) with 56%, 84%, 79% and 94 % yield
respectively.
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The plausible mechanism of the reaction starts with nucleophilic substitution reaction of

substituted amino thiazole with aceticanhydride as shown in the following mechanism
(Scheme 18).

O O

)J\ )k
0 r 1 0

R™ "CHj H,N~ “NH, EtOH NH, N
96 13 98 CH30H, pyridine

100

Scheme 18: Synthesis of compounds 100(a-d)
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Scheme 19: Synthesis of the compound 102
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Table 1: Physical characterization and % yield of the synthesized compounds.

Compound | Molecular Color M.p (°C) | Rf. EtOAc/n-hexane Yield
formula (%)
(2:3) (3,2)
97 CgHgNO Dark brown 107-110°C | 0.48 81
100a C11H10N20S | Pale yellow powder | 140-143°C | 0.53 56
100b C13H13N302S | Yellow powder 274-278°C | 0.58 84
100c C11H9N30O3S | Dark yellow powder | 270-274°C | 0.64 79
100d C11H10N202s | Dark grey powder | 156-158°C 0.8 94
102 C11H11N3OS | Pale yellow powder | 223-226°C | 0.75 62

4.2. Characterization of Compounds

Structures of the synthesized compounds were characterized by using NMR (*H NMR, *3C
NMR and DEPT) as depicited in this section.

N-(4-phenylthiazol-2-yl) acetamide (100a)

This Compound (100a) was obtained as pale yellow powder and obtained in 56%, yield and
MP 140-143°C). The spot on TLC was obtained at Rf= 0.53 (ethyl acetate/n-hexane, (2:3) as
eluent). The *H NMR (400 MHz, DMSO) the spectrum displayed three peak at 7.42 (dd, J=8.2,
6.9 Hz, 2H, H-3’ and 5°), 7.36 — 7.27 (m, Hz, 1H, H-4>) and 7.92 — 7.85 (m, Hz, 2H, H-2’ and
6’) which indicate the aromatic proton. In addition it contains three singlet picks; the peak at
6 12.25 (s, 1H, NH), indicates the proton of amide, the peak at 7.58 (s, 1H), and 2.17 (s, 3H)
revealed that the proton of thiazole and methyl group respectively (Appendix 1). The 3C NMR
(100 MHz, DMSO) spectrum of this compound possessed 9 carbons signals, including four
methines and four quaternary carbons (Appendix 2). Peak at 3C NMR (100 MHz,) & 170.1
(C-17), 169.1 (C-2), 142.9 (C-4), 140.1 (C-1") shown quaternary carbons and peak at 127.4
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(C-3’and 57), 126.7 (C-4), 119.5 (C-2’ and 6”) are shown methine carbons and peak at 100.1
and 24.5 shows (thiazole, C-3) and (methyl C-1"") respectively. DEPT-135 (100 MHz, DMSO)
spectrum of compound 100a showed 5 carbon signals (Appendix 3).

N-(4-(4-acetamidophenyl)thiazol-2-yl)acetamide (100b)

Compound 100b was obtained as pale yellow powder in 84% yield, MP 274-278°C). The
retention factor (Rf) was obtained as 0.58 (ethyl acetate/n-hexane, (2:3) as eluent). The 'H
NMR (400 MHz, DMSO) the spectrum displayed two peaks at 7.93 (dd, J = 7.4, 2.1 Hz, 2H,
H-3’ and 5°), 7.39 — 7.36 (m, Hz, 2H, H-2’ and 6°), which indicate the aromatic proton. In
addition it contains three singlet peaks; the peak at 6 12.20 (s, 2H, NH), indicates the proton of
amide, the peak at 7.18 (s, 1H), and 2.33 (s, 6H) revealed that the proton of thiazole and methyl
group respectively (Appendix 4). The ¥C NMR (100 MHz, DMSO) spectrum of this
compound possessed 9 carbons signals, including three methines and four quaternary carbons
(Appendix 5). Peak at *C NMR (100 MHz,) § 169.2 (C-1°), 157.8 (C-2), 147.9 (C-4), 144.8
(C-4’) and 127.7 (C-1"), shown quaternary carbons and peak at 124.1 (C-3’ and 5°), 126.7 (C-
2’ and 6) are shown methine carbons and peak at 111.7 and 22.9 shows (thiazole, C-3) and
(methyl C-2") respectively. DEPT-135 (100 MHz, DMSO) spectrum of compound 100b
showed 4 carbon signals (Appendix 6). 3C NMR (100 MHz,) 127.3, 125.2, 100.8 and 22.9.

N-(4-(4-nitrophenylthiazol-2-yl)acetamide (100c)

Compound 100c was obtained as dark yellow powder with79%, melting point of 270-274°C).
And its spot on TLC was R =0.64 (ethyl acetate/n-hexane, (2:3) as eluent). The *H NMR (400
MHz, DMSO) showed a singlet peak at 6 7.92 (s, 1H, thiazole-H-3) and 2.17 (s, 3H, H-2"").
The presence of aromatic ring was confirmed on basis of peaks observed at ¢ 8.27 (d, J = 8.4
Hz, 2H, H-3’ and 5°), 8.12 (d, J = 7.7 Hz, 2H, H-2’ and 6°), and at § 12.34 (s, 1H, NH) are
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observed (Appendix 7). The **C NMR (100 MHz, DMSO) spectrum of compound 100c shown
9 carbons signals including, three methines and five quaternary carbons and one methyl. Peak
at 6 169.4 (C-1""), 158.9 (C-2), 147.0 (C-4’), 146.8 (C-4), 140.7 (C-17), 126.9 (C-2’ and 6°),
124.6 (C-3* and 5°), 112.8 (C-3) thiazole carbon, 22.94 (C-2"*). (Appendix 8).

N-(4-(2-hydroxyphenyl)thiazol-2-yl)acetamide (100d)

3 2
1 4/ @)
*Nk

OH

Compound 100d was obtained as dark grey like fine dust prepared in yield of 94% (melting
point of 156-158 °C) and its retention factor (Ry) value was 0.8 (ethyl acetate/n-hexane, (3:2)
as eluent). The 'H NMR (400 MHz, DMSO) spectrum (Appendix 9) at 7.86 (d, J = 8.3 Hz,
1H, H-2"), 7.55 - 7.50 (m, 1H, H-4"), 7.23 (d, J = 8.3 Hz, 1H, H-5"), 7.69 — 7.65 (m, 1H, H-
3”) show aromatic proton. The peaks at 6 6.48 (s, 1H), 5.18 (s, 1H), 2.39 (s, 3H) are indicators
of protons present on thizole, the hydroxy (OHy and methyl groups respectively. The 3C NMR
(Appendix 10) of this compound contain 11 carbons signals including five quaternary carbons,
five methines and single methyl at 6 169.7, 169.2, 157.8, 147.9, 126.7, 129.8, 129.2, 127.7,
124.1, 111.7 and 22.9 respectively. The DEPT-135 NMR (Appendix 11) spectrum of
compound 100d show 6 peaks that belongs to aromatic ring, thiazole methines and the methyl
groups at 8 129.8,129.17, 126.7, 124.1, 111.7 and 22.9 respectively.

N-(4-(2-aminothiazol-4-yl)phenyl)acetamide (102)

Compound 102 was obtained as pale yellow like fine dust prepared in yield of 62% (melting
point of 223-226°C) and its retention factor (Ry) value was 0.75 (ethyl acetate/n-hexane, (2:3)
as eluent). The 'H NMR (400 MHz, DMSO) spectrum (Appendix 4) at 7.57 (d, J = 8.6 Hz,
2H, H-3°, H-5") and 6.93 (m, J=7.8 Hz, 3H, H-2’, H-6") show aromatic proton. The peak
appeared at 6 10.10 (s, 1H, NH) indicate amide proton, also the peaks at 6 7.03 (s, 1H, H-3),
4.07 (s, 2H), 2.06 (s, 3H, H-2"’) are indicators of protons present on thizole, the amino (NHpy)
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and methyl groups respectively (Appendix 12). The ¥C NMR (Appendix 13) of this
compound contain 9 carbons signals including five quaternary carbons, three methines and
single methyl at § 169.2 (C-2), 158.4 (C-1""), 149.2 (C-4), 134.8 (C-4"), 129.2 (C-1°), 128.2
(C-2>and 6°), 126.1 (C-3” and 5°), 108.3 (C-3 thiazole), 22.9 (C-2"") respectively. The DEPT-
135 NMR (Appendix 14) spectrum of compound 114 show 4 peaks that belongs to aromatic
ring, thiazole methines and the methyl groups at 6 128.2, 126.1, 108.3 and 22.9 respectively.

4.3. Antibacterial Activity of Synthesized Compounds

The synthesized compounds were tested for their in-vitro antibacterial activity against Gram-
positive bacteria (S.payogens and S.aureus) and Gram-negative bacterial species (E.coli, and
P.aurogonosa) by disk diffusion assay at different concentration (100, 50 and 25 mg/mL).
Ceftazidime was used as a reference drug. The zone of inhibition values indicated that all the
synthesized compounds at three different concentration exhibited a varied range of 6.0-25.0
mm of antibacterial activities against all the tested bacterial strains (Table 2). Among
synthesized compounds, compound 100d and 100b showed moderate inhibitory activity
against Gram-negative, E.coli with 15+£0.414 and 12.5+£0.707mm zone of inhibition compared
to standard drug Ceftazidime (26.5+0.707mm) at 100 mg/mL. Compound 100b, 100c and 100d
showed higher inhibitory activity against E.coli and S.aureus with17.1+1.41, 25.0+0 and
18+2.82 mm zone of inhibition respectively at 100 mg/mL. Compound 100c (50 mg/mL)
showed moderate antibacterial activity with 20.5+0 against S.aureus. All Compounds showed
less antibacterial activity against P.aurogenosa strain. Due to the luck of beta lactam unlike the
standard drug all synthesized compounds possess less activity against Gram negative bacteria.
Beta-lactam antibiotics are one of the most commonly prescribed drug classes with numerous
clinical indications. Their advent starting from the 30s of the twentieth century drastically
changed the scenario of the fight against bacterial infectious diseases. In addition, all the
synthesized compounds showed less antibacterial activity at 25 mg/mL with 6.0-12.141 mm

zone of inhibition against tested bacterial strains.
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Table 2: Anti-bacterial activities (inhibition zone) of synthesized compounds

Compounds Conc. Inhibition diameter (mm)+SD
E. coli P. aurogonosa | S. payogens | S. aureus
100a 100 mg/mL 9+1.414 N.A 7.60%0.05 13.5+2.12
50 mg/mL 6.7£0.707 | N.A 6.56+0.414 | 10.5+0.7
25 mg/mL 6.6+0 N.A N.A 9.0+0
100b 100 mg/mL | 12.5+£0.707 | N.A 6.8+0.707 17.1+1.41
50 mg/mL 9.5+0.707 | N.A 6.6+£0.07 13.5+0.70
25 mg/mL 6.5£0.707 | N.A N.A 11.414
100c 100 mg/mL | 8+0.414 N.A 12.0+0 20.5+0
50 mg/mL N.A N.A 11.5+0.707 | 25.0+0
25 mg/mL N.A N.A 10.5+0.707 | 130
100d 100 mg/mL 15+0.414 N.A 13.5+1.41 19.5+0.707
50 mg/mL 13+0.414 N.A 9+242 18+2.82
25 mg/mL 9.5+0.707 | N.A 8.5+0.707 14.5+0.707
100 mg/mL | 9.5+£0.707 | N.A 6.8+0.07 15+0
102 50 mg/mL 7.5+£0.707 | N.A 6.1+0.05 13.5+0.707
25 mg/mL N.A N.A N.A 12+1.41
ceftazidime 31.7ug/mL 26.5+0.707 | 23.5+£1.14 18.3+0.414 | 13.5+0.707

N.A= no activity
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Figure 11: Graphical representation for anti-bacterial activities

4.4. Antioxidant activity

DPPH is a simple method and used to determine the free radical scavenging activity of
synthesized compounds. This antioxidant assay is based on the ability of DPPH (1,1-diphenyl-
2-picryl-hydrazyl), a stable free radical to delocalization the presence of antioxidant.The
electron present on DPPH is responsible for the absorbance at 517 nm. In this case a decrease
in the absorbance of a reaction mixture shows a significant free radical scavenging activities of
the compound under analysis. The synthesized compounds significantly reduced the DPPH.
The DPPH (1,1-diphenyl-2-picryl-hydrazyl) radical scavenging activities (%) of all
synthesized compounds were found to be 91.3 %, 96.1 % 93.66 %, 92 %, and 87.8
respectively at 100 pg/ml (Table 3) and Ascorbic acid was found to be 97.8. It was observed
that as the concentration of our sample compound increase the DPPH scavenging activity also
increased. From those synthesized compounds, compound 100b possess slightly highest
percent inhibition of the DPPH with ICso of 1.59 as compared to the other synthesized
compounds. The positive control, ascorbic acid showed maximum scavenging effect at very

high concentration with 1Cso of 1.57 (Figure 10).
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Table 3: the Radical scavenging activities of synthesized thiazole acetamide derivatives

Conc. Compound Compound Compound Compound Compound Standard
(Hg/m 100a 100b 100c 100d 102

: A %R.S. A %R.S. | A %R.S. A %RSA | A %RSA | A % R.S.A

A A A

125 0.175 | 73.8 0.241 | 70.06 0.191 | 76.27 0.155 | 81.8 0.239 | 70.3 0.08 90.06
25 0.145 | 82.2 0.204 | 74.6 0.120 | 85.09 0.049 | 93.9 023 | 714 0.07 91
50 0.1 87.5 0.199 | 87.6 0.064 | 92.04 0.038 | 95 0.19 | 76.3 0.03 96
100 0.068 | 92 0.17 | 913 0.051 | 93.66 0.037 | 96.1 0.098 | 87.8 0.025 |97.8
ICso 1.72 1.77 1.67 1.59 1.89 1.57

A= Absorbance, %R.S.A= Radical scavenging activity, Conc. = Concentration
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Figure 12: DPPH scavenging activity (%) of the synthesized compounds and a positive

control or standard (Ascorbic acid).

4.5. In silico Molecular Docking study

Molecular docking studies are generally employed to investigate the binding energy and to
further validate the molecular mechanisms for ligands at the active site of a protein. To
understand the binding mode of the ligands, all the synthesized compounds were subjected to
molecular docking studied against selected proteins viz. S. aureus tyrosyl-tRNA synthetase
(PDB ID 1J1J) and Human myeloperoxidase (PDB 1D 1DNU) using Auto-dock Version 4.2.6
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In this study, the molecular docking analysis of the synthesized compounds 100a-d, 102 was
carried out to investigate their binding interaction within the binding sites of S. aureus tyrosyl-
tRNA synthetase and the results were compared with standard anti-bacterial agent Ceftazidime.
The synthesized compounds 100a-d, 102 were found to have minimum binding energy ranging
from — 7.4 to — 8.2 kcal/mol (Table 4). Comparing with Ceftazidime (— 8.8 kcal/mol), the
synthesized compounds 100a-d, 102 have shown comparable binding affinity and similar
residual interaction profile with many amino acid residues (Figure 14-19). The in silico
interaction results have shown that the synthesized compounds, 100a-d, 102 have comparable
binding affinity, among them 100d has shown the best binding score (— 8.2 kcal/mol). Based
on the molecular docking analysis results, all the synthesized compounds have shown
comparable residual interactions, as well as all the docking results are in good agreement with
in-vitro analysis. Hence, these compounds might prove to be comparable anti-bacterial agents
with Ceftazidime. The binding affinity, H-bond and residual interaction of all the synthesized

compounds are summarized in (Table 4).

Table 4: Molecular docking results of synthesized compounds against Staphylococcus aureus
tyrosyl-tRNA synthetase (PDB ID 1J1J)

Residual interactions
S. Bindin H-bond -
aing Hydrophobic, Van der Waals
No. . Affinity ;
Ligands Electrostatic and
(kcal/mo
) Others
100a C11H10N-OS ASP-40, TYR-170,
ALA-39, THR-75,
i s ASN-124, GLN-
LYS-84:HZ1, LYS- Electrostatic-Pi-anion- '
7.4 84:HZ2 ASP-80:0D2 174, LEU-70, ASP-
177, TYR-36, GLY-
38, GLN-196, THR-
42, ARG-88
100b | Ci13H13N30,S . ASP-195, ALA-39,
THR-42:HG1, GLN- Electrostatic-Pi-cation- | GLN-196, GLY-38
-7.8 174:HE22, HIS-47:NE2, LYS-84:NZ ' :
HIS-50:NE2, ASP-40:0D1 : ' TRP-241, ALA-43,
: ' : Pi-Sulfur-HIS-50 ASP-80
100c C11H9N303S HIS-50, GLY-192,
ASN-124:HD22, GLN- CYS-37, GLN-196,
. _ GLY-38, THR-75,
-8.0 174:HE21, GLY-193:HN, i
ASP-195-OD1 ASP-177, ALA-39,
' LEU-70, TYR-170,
ASP-40, GLY-72
100d | Ci1H1oN202S ASP-40:HN, TYR- L ASN-124, GLN-
- ! Electrostatic-Pi-anion-
8.2 170:HH, THR-75:0G1 ASP-80:0D2 174, LYS-84, ARG-
' 88, THR-42, ASP-
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Hydrophobic-Pi-Alkyl-
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102 C11H1:N30S HIS-50, ALA-39,
GLY-193:HN, ASP- Electrostatic-Pi-anion- %'(—g;gkggfg
-74 195:0D2, GLN-174:0E1, ASP-195:0D1 SER _1941 PR(S 53’
GLN-190:0E1 Hydrophobic-Pi-Alkyl- —LI%h 99,
; GLN-196, GLY-
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Ceftazidime Electrostatic-Attractive
(C22H2NsO7S _ Charge-LYS-84:NZ
2) ASP_'40'HN' ARG- Electrostatic-Attractive | ALA-39, ASP-80,
88:HHI11, ARG- Charge-ARG-88:NH1 | ASN-124, LEU-70,
88:HH12(DHA = Pi-Sulfur-HIS-47 TYR-170, THR-75,
197'246)’ ARG'_ Pi-Sulfur-HIS-50 GLY-72, GLN-174,
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Figure 13:The 2D and 3D binding interactions of compound 100a against Staphylococcus
aureus tyrosyl-tRNA synthetase (PDB ID: 1J1J).

The Hydrogen bond between compounds and amino acids are shown as green dash lines, Pi-
anion interactions are shown as orange lines.
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Figure 14: The 2D and 3D binding interactions of compound 100b against Staphylococcus
aureus tyrosyl-tRNA synthetase (PDB ID: 1J1J).

The Hydrogen bond between compounds and amino acids are shown as green dash lines, Pi-
cation/Pi-sulfur interactions are shown as orange lines.
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Figure 15: The 2D and 3D binding interactions of compound 100c against Staphylococcus
aureus tyrosyl-tRNA synthetase (PDB ID: 1J1J).

Hydrogen bond between compounds and amino acids are shown as green dash lines
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Figure 16: The 2D and 3D binding interactions of compound 100d against Staphylococcus
aureus tyrosyl-tRNA synthetase (PDB ID: 1J1J).

Hydrogen bond between compounds and amino acids are shown as green dash lines, Pi-anion
interactions are shown as orange lines. Hydrophobic interactions are shown as pink lines.
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Figure 17: The 2D and 3D binding interactions of compound 102 against Staphylococcus
aureus tyrosyl-tRNA synthetase (PDB ID: 1J1J).

Hydrogen bond between compounds and amino acids are shown as green dash lines, Pi-anion
interactions are shown as orange lines. Hydrophobic interactions are shown as pink lines.
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Figure 18: The 2D and 3D binding interactions of standard drug Ceftazidime against
Staphylococcus aureus tyrosyl-tRNA synthetase (PDB ID: 1J1J).

Hydrogen bond between compounds and amino acids are shown as green dash lines,
Electrostatic interactions are shown as orange lines. Hydrophobic interactions are shown as
pink  lines.

To understand the binding mode of the ligands, all the synthesized compounds were subjected
to molecular docking studied against selected protein Human myeloperoxidase (PDB ID
1DNU) using Auto-dock Version 4.2.6.

In this study, the molecular docking analysis of the synthesized compounds 100a-d, 102 was
carried out to investigate their binding interaction within the binding sites of Human
myeloperoxidase and the results were compared with standard anti-bacterial agent Ceftazidime
and antioxidant agent ascorbic acid. The synthesized compounds 100a-d, 102 were found to
have minimum binding energy ranging from — 7.5 to — 8.2 kcal/mol (Table 5). Comparing with
Ceftazidime (— 9.4 kcal/mol) and ascorbic acid (- 8.1 Kcal/mol) the synthesized compounds
100a-d, 102 have shown comparable binding affinity and similar residual interaction profile
with many amino acid residues (Figure 20-26). The in silico interaction results have shown
that the synthesized compounds, 100a-d, 102 have comparable binding affinity, among them
100b has shown the best binding score (— 8.2 kcal/mol). Based on the molecular docking
analysis results, all the synthesized compounds have shown comparable residual interactions,
as well as all the docking results are in good agreement with in-vitro analysis. Hence, these

compounds might prove to be comparable anti-oxidant agents with Ceftazidime and ascorbic
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acid. The binding affinity, H-bond and residual interaction of all the synthesized compounds

are summarized in (Table 5).

Table 5: Molecular docking results of novel synthesized compounds against Human
myeloperoxidase (PDB ID 1DNU)

Residual interactions

S. Binding H-bond Hydrophobic, Van der Waals
No. Ligands Affinity Electrostatic and Others
(kcal/mo
)
100 | CuaHioN
a 208 Electrostatic-Pi-cation-
ARG-333:NH1
ARG- Electrostatic-Pi-anion-ASP-
333:HH12, 94:0D?2 LEU-417, LEU-420,
75 | ARG Hydrophobic-Pi-Pi T- GLN-91, HIS-95,
333:HH22, Shaped-HIS-336 ARG-239
ARG-424:HE Hydrophobic-Pi-Alkyl-
ARG-333
100 | CisHisN _ Electrostatic-Pi-cation-
b | 30.8 THR-100:HN, ARG-239:NH2
ARG- Electrostatic-Pi-anion-ASP- HIS-95, HIS-336,
-8.2 239:HH21, 94:0D1 GLN-91, GLY-QO,
PHE-332:0, Hydrophobic-Pi-Alkyl- PHE-99
GLY-335:.CA ARG-333
100 | Ci11HoN3 VAL-58:HN,
c O3S ALAG61:HN,
LYS-129:HN,
GLN-423:HE22 Hydrophobic-Pi-Sigma- PRO-49, GLY-50,
! PRO-57, LYS-52
8.1 ARG- LEU-60:CD1 0 4
426:HH21, Hydrophobic-Pi-Alkyl- VAL-51, GLY-46,
ARG- LYS-129 ALA-59
426:HH22,
LEU-128:CA
100 | C11HioN Electrostatic-Pi-cation-
d 202S _ ARG-239:NH2
ASP'94:OD1’ Electrostatic-Pi-cation- THR-329, THR-100,
7.7 ASP'94'_OD22’ ARG-333:NH1 PHE-99, PHE-332,
HIS-336:NE2, Electrostatic-Pi-anion-ASP- GLY-335
GLN-91:CA 94:0D2

Pi-Sulfur-HIS-95
Pi-Sulfur-HI1S-336
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Hydrophobic-Amide-Pi
Stacked-ASP-98:C,0; PHE-

99:N
Hydrophobic-Pi-Alkyl-
ARG-333
102 | CitHuN Sulfur-X-MET-87:SD
30S Electrostatic-Pi-anion-ASP-
94:0D2
ARG- Pi-Sulfur-MET-87 ILE-339, HIS-95,
8.0 333ZHH11, Pi-Sulfur-HIS-336 GLN-91, LEU-338,
MET-87:0, Hydrophobic-Amide-Pi ARG-239, GLY-335,
ASP-94:0D2 Stacked-GLY-QO:C,O; TYR-296, ASP-98
GLN-91:N
Hydrophobic-Pi-Alkyl-
ARG-333
Ceftazi ASN-
dime 162:HD21, Hydrophobic-Alkyl-ALA-
(Ca2H22 ARG-31:HN, vdronh b'28AIk ALA
N6O7S2) ARCEE)BﬁiH:le ydropho |1C52 y LEU-33, ASN-162,
145.523), ARG- | Hydrophobic-Alkyl-Cys- | ILE-160, PRO-34,
9.4 323:HH12 153 ALA-35, VAL-30,
(DHA = Hydrophobic-Pi-Alkyl- ARG-31, PHE-29,
104.557), ARG- VAL-30 THR-159, ILE-160,
323:HH22, Hyd. Bond; Electrostatic- CYS-153
ASP-321:0D1, Salt Bridge-Attractive
VAL-30:CA, Charge-ARG-323:HH22
ILE-160:0
Ascorbi GLN-91:HE21,
¢ Acid THR-100:HN,
(CeHsO ARG- Electrostatic-Pi-anion-ASP-
6) 239:HH21, 94:0D2 H|S-336, PHE-332,
-8.1 ARG-333:HE, Hydrophobic-Pi-Alkyl- PHE-99, THR-329,
ARG- ARG-333 HIS-95, ASP-98
333:HH11,
ARG-239:CD,
ARG-333:CA
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Figure 19: The 2D and 3D binding interactions of compound 100a against Human
myeloperoxidase (PDB ID: 1DNU).

Hydrogen bond between compounds and amino acids are shown as green dash lines, Pi-
cation/Pi-anion interactions are shown as orange lines. Hydrophobic interactions are shown as
pink lines.
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Figure 20: The 2D and 3D binding interactions of compound 100b against Human
myeloperoxidase (PDB ID: 1DNU).

Hydrogen bond between compounds and amino acids are shown as green dash lines, Pi-
cation/Pi-anion interactions are shown as orange lines. Hydrophobic interactions are shown as
pink lines.
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Figure 21: The 2D and 3D binding interactions of compound 100c against Human
myeloperoxidase (PDB I1D: 1DNU).
Hydrogen bond between compounds and amino acids are shown as green dash lines, Pi-sigma
interactions are shown as purple lines. Hydrophobic interactions are shown as pink lines.
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Figure 22: The 2D and 3D binding interactions of compound 100d against Human
myeloperoxidase (PDB ID: 1DNU).

Hydrogen bond between compounds and amino acids are shown as green dash lines, Pi-

cation/Pi-anion/Pi-sulfur interactions are shown as orange lines. Hydrophobic interactions are
shown as pink lines.
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Figure 23: The 2D and 3D binding interactions of compound 102 against Human
myeloperoxidase (PDB ID: 1DNU).
Hydrogen bond between compounds and amino acids are shown as green dash lines, Pi-
cation/Pi-sulfur/Sulfur-X interactions are shown as orange lines. Hydrophobic interactions are
shown as pink lines.
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Figure 24: The 2D and 3D binding interactions of standard drug Ceftazidime against Human

myeloperoxidase (PDB I1D: 1DNU).

Hydrogen bond between compounds and amino acids are shown as green dash lines,
Electrostatic interactions are shown as orange lines. Hydrophobic interactions are shown as

pink lines.
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Figure 25: The 2D and 3D binding interactions of standard drug Ascorbic Acid against Human
myeloperoxidase (PDB I1D: 1DNU).

Hydrogen bond between compounds and amino acids are shown as green dash lines, Pi-anion
interactions are shown as orange lines. Hydrophobic interactions are shown as pink lines.

4.7. In Silico Pharmacokinetics (Drug-likeness), ADMET and Toxicity

analysis

The drug likeness of the synthesized compounds was characterized according to ‘Lipinski’s
rule of five’. As per the Lipinski’s rule, the potential molecules should have the
physicochemical properties like, (i) less than 5 hydrogen-bond donors (HBDs), (ii) less than
10 hydrogen-bond acceptors (HBAS), (iii) a molecular mass less than 500 Da and (iv) log P not
greater than 5 and (v) total polar surface area (TPSA) should not be > 140 A. The SwissADME
computed results showed that all the synthesized compounds 100a-d, 102 in the present study
are satisfying the Lipinski's rule of five with zero violations (Table 6). Hence, all the

synthesized compounds might be candidates for further in-vivo antibacterial studies.
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Table 6: Drug-likeness predictions of compounds, computed by SwissADME.

S. Ligands Mol. NH | NH | NR | TPS | LogP LogS | Synth | Lipinski
No. Wi. D A B A (iLOG | (ESOL) | etic ’s rule
(9/mol) (A™) P) Water | Acces | of five
Lipoph | Solubilit | sibilit with
ilicity y y Zero
violatio
ns
100 | CuH10N20S 218.27 1 2 3 70.23 1.70 -2.87 2.38 0
a
100 | C13H13N3O2S | 275.33 2 3 5 99.33 1.71 -2.46 2.52 0
b
100 | Ci1HgNsOsS 263.27 1 4 4 116.0 111 -2.89 2.49 0
c 5
100 | CuH1N20,S | 234.27 2 3 3 90.46 1.58 -2.72 2.46 0
d
102 | CuH1N3OS 233.29 2 2 3 96.25 1.72 -2.50 211
Ceftazidime 546.58 3 9 10 244.7 -2.68 -1.37 5.25
(C22H22N6O7 6
Sz)
Ascorbic 176.12 4 6 2 107.2 -0.31 0.23 3.47 0
Acid 2
(CeHsOs)

NHD = number of hydrogen donors, NHA = number of hydrogen acceptors,
NRB = number of rotatable bonds, and TPSA = total polar surface area.

The evaluation of ADMET properties of newly synthesized compounds is pivotal in drug
discovery. The skin absorption of molecules is indicated by skin permeability value (Kp) in
cm/s. The more negative the value of logKp the less the skin absorption. The skin permeability,
Kp, values of all molecules (-6.13 to -7.06 cm/s) comparable to ascorbic acid (- 8.54 cm/s) and
Ceftazidime (-11.23 cm/s) inferring low skin permeability. In addition to that, Absorption and
distribution of drug molecules are measured by gastrointestinal (GI) and Blood brain barrier
(BBB) permeation. The Swiss ADME prediction parameters have shown that none of the
compounds has Blood brain barrier (BBB) permeation except 100a. Drug metabolism has been
mainly governed by a range of cytochromes (CYP’s). Among them CYP1A2, CYP2CI19,
CYP2C9, CYP2D6 and CYP3A4 are paramount for biotransformation of drug molecules. The
in silico computed results of Absorption, Distribution, Metabolism, and Excretion (ADME) for

synthesized compounds 100a-d, 102, Ceftazidime and ascorbic acid are given in (Table 7).

48 |Page




Acute toxicity predictions result such as LDsp values and toxicity class classification [1 (toxic)

to 6 (non-toxic)] reveals that none of the ligands has shown acute toxicity. Synthesized

compounds 100a-d have shown toxicity class classification 4 (harmful if swallowed), 102 has

shown class 3. The toxicological prediction gives results of endpoints such as Hepatotoxicity,

Carcinogenicity, mutagenicity, immunogenicity, and cytotoxicity. Pro-Tox Il and OSIRIS

property explorer prediction analysis have shown in Table 5. Hence, based on ADMET

prediction analysis, compounds 100a-d, 102 have shown good toxicity predictions.

Table 7: ADME predictions of compounds, computed by SwissADME and PreADMET.

Skin Gl BBB Inhibitor Interaction
S. Ligands Permea | Absor | Perme
No. tion ption | ability | pgp | CYP | CYP | CYP | CYP | CYP
Value substrat | 1A2 | 2C19 | 2C9 | 2D6 | 3A4
(Log e inhib | inhib | inhib | inhib | inhib
Kp) itor | itor | itor | itor | itor
cm/s
100a C11H10N20S -6.13 High Yes No Yes Yes No No No
100b Ci13H13N302S -7.06 High No No Yes No No No No
100c C11HyN305S -6.52 High No No Yes No No No No
100d C1:H10N202S -6.47 High No No Yes No No No No
102 CuHuN3OS -6.70 High No No Yes | Yes No No No
Ceftazidime -11.23 Low No No No No No No No
(C22H2N60+Sy)
Ascorbic Acid -8.54 High No No No No No No No
(CeHsOs)
Gl = Gastrointestinal, BBB = blood brain barrier, P-gp = P-glycoprotein, and CYP =

cytochrome-P
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Table 8: Toxicity prediction of compounds, computed by ProTox-1l and OSIRIS property
explorer.

S. Ligands LDso | Toxi Organ Toxicity
No. (mg/kg | city . - -
epato arcinog mmunoto utagen ytotoxi | Irrita
s | toxicity | enicity xicity icity city nt
100a | Ci1H10N2OS 1000 4 Active Active Inactive Inactive Inactive No
100 | CizHi13N3O,S 1000 4 Active Inactive Inactive Inactive Inactive No
b
100c | Ci11HgN3OsS 1000 4 Active Active Inactive Active Inactive No
100 | Ci1HioN202S 1000 4 Active Active Inactive Inactive Inactive No
d
102 | CuH11N3OS 300 3 Active Inactive Inactive Active Inactive No
Ceftazidime
(C22H2NsO;S | 10000 6 Inactiv | Inactive Inactive Inactive | Inactive No
2) e
Ascorbic
Acid 3367 5 Inactiv Inactive Inactive Inactive Inactive No
(CeHsOs) e

4.8. DFT Study

4.8.1. Molecular geometry

The optimized structures of the title compounds 100a-d, 102 along with force on nucleus i.e.
0.000 are shown in (Figure 27). The global minimum energy obtained by the DFT structure
optimization procedure for the investigated compounds is summarized in (Table 9). The bond
lengths, Mulliken Charges, Electrostatic Potential Surface, 2D Contour and HOMO-LUMO

Structures are shown in (Figure 28-33).

4.8.2. Frontier Molecular Orbital Analysis

The excitation energy of a molecule can be calculated by finding the energy difference between
the Highest Occupied Molecular Orbital (HOMO) and the Lowest Unoccupied Molecular
Orbital (LUMO), and it is an excellent indicator of electronic transition absorption in the
molecular systems. These molecular orbitals provide insight into the reactivity nature and the
physical and structural properties of molecules. The positive and negative phase was

represented in red and green colour in the figures. The HOMO, LUMO energies and the energy
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gap for the investigated compounds were calculated using B3LYP/6-31G (d,p) method. Owing
to the HOMO-LUMO orbital interaction, LP-LP, and LP-bond pair type interactions were
observed to be predominant in the investigated compounds according to the molecular orbital
theory. The calculated HOMO, LUMO energies, the energy gap and dipole moment are shown
in (Table 9). The molecular orbital analysis for the investigated compounds based on their
optimized geometry indicates that the frontier molecular orbitals are mainly composed of =
type-atomic orbitals. An electronic system with larger HOMO-LUMO gap should be less
reactive than one with a smaller gap. Moreover, the HOMO-LUMO energy gap clearly
explains the eventual charge transfer taking place within the molecule. The power of an
electronegative atom in a compound to attract an electron towards it was introduced by Pauling.
The parameters such as hardness (n), ionization potential (I), electronegativity (y), chemical
potential (u), electron affinity (A), global softness (o) and global electrophilicity (m) are

calculated.

The ionization energy (IE) can be expressed through HOMO orbital energies, and electron
affinity (EA) can be expressed through LUMO orbital energies. The hardness (n) corresponds
to the gap between HOMO and LUMO orbital energies. The hardness has been associated with
the stability of the chemical system. All the calculated values of quantum chemical parameters
of the investigated molecules using the B3LYP method with 6-31G (d,p) basis set are

summarized in Table 9.

From the results in Table 1 it is clear that for the molecules investigated 100c has the minimum
energy gap of 3.84228 eV and 100a has the maximum energy gap of 4.65413 eV. These facts

further indicate that 100c would be highly reactive among all the synthesized compounds.

4.8.3. Mulliken Population Analysis

The Mulliken population analysis of the title compounds was performed at DFT-B3LYP/6-
31G (d,p) level to obtain the values of the atomic charges and the results are shown in (Figure
29). All calculated values indicate the extensive charge delocalization in the investigated
molecules. The positive charges are localized over the hydrogen atoms.
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Table 9: The various Quantum chemical parameters of synthesized compounds

Optimize Pauli | Global | Global | Dipole
Com | denergy Energy | Electro | ng | Softnes | Electro | Moment
poun | (Hartree) | Evovo | Euwo | Gap | negativ | Hard s | philicit | (Debye)
S.No. ds (eV) (eV) AE ity ness | g (ev- y
ev) | x(eV) n D)
(eV) o (eV)
100a | CuH: | -1008.13 3.81369
oN20 -5.65 | -0.99 | 4.6541 | 3.3264 2321 | 0.4297 2.3775
S 07 26
100b | Cy3Hs | - 6.97595
- 2.197 | 0.4549
3N;Oz 1216.154 | -5.563 1167 4.3956 | 3.3656 82 97 2.5769
100c CuHo | - 9.39070
- 1.921 | 0.5205
N3803 1212.636 | -6.224 2382 3.8422 | 4.3035 14 26 4.8201
100d | CuHi | - 4.68814
- 2.274 | 0.4395
0N§Oz 1083.355 | -5.692 1142 45499 | 3.4175 97 67 2.5669 6
102 | CuH: | - 5.04813
- 2.222 | 0.4499
1ng0 1063.501 | -5.429 0.984 4.4452 | 3.2067 64 15 2.3133
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Figure 26: Optimized Structures of Compounds (100a-d, 102) depicting force on nucleus.
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Figure 27: Optimized Structures of Compounds (100a-d, 102) depicting Bond Length.
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Figure 28: Optimized Structures of Compounds (100a-d, 102) depicting Mulliken Charges.
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Compound 100d

Figure 29: Optimized Structures of Compounds (100a-d, 102) depicting Molecular
Electrostatic Potential Surface.
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mpounds (100a-d, 102) depicting 2D Contour
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Figure 31: HOMO-LUMO Structures of Compounds (100a-c).
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Figure 32: HOMO-LUMO Structures of Compound (100d, 102).
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5. CONCLUSION AND RECOMMENDATION

5.1 Conclusion

Finally out of those synthesized compounds one novel acetamido thiazole derivative (100b)
were successfully synthesized with 84% vyield through substitution reaction. The synthesized
compounds were fully characterized using NMR. The in-vitro antibacterial activities of
synthesized compounds were evaluated against different bacterial strains like E. coli, P.
aurogonosa, S. pyogenes and S. aureus with the best activity displayed by compound 100c
against S. aureus. Also this synthesized compounds showed no inhibition for P. aurogenosa
strain. Antioxidant activity of synthesized compounds were examined and of all synthesized
compounds, compound 100c and 100d showed better % radical scavenging activity. The
synthesized compounds were evaluated for their insilico molecular docking analysis using
tyrosyl-tRNA synthetase and were found to have minimum binding energy ranging from-7.4
to —8.2kcal/mol. Compound 100b and 100c scored better docking efficiency with binding
affinity of -8.2 kcal/mol and 8.1 kcal/mol respectively. The results of insilico molecular
docking study of the synthetized compounds have shown comparable residual interactions and
good docking scores compared to Ceftazidime, as well as all the docking results are in good
agreement with invitro analysis. The results of this study suggest that these new acetamido
thiazole derivatives can serve as a good starting point for drug discovery research. Further
chemical improvement and biological investigation could be helpful in designing new potent

antimicrobial agents.

5.2 Recommendation

On the bases of our study we recommend that:

v' The Synthesis of more derivatives of acetamido thiazole like schif bases by using
derivatives of aldehyde should be carried out.

v The antibacterial activity should be carried out on other bacterial strains out of those
four we have used.

v The antibacterial activity was carried out using disc diffusion method and should be
evaluated by using MIC assay to get better antibacterial result.

v Itis necessary to evaluate other activities like anticancer, antifungal and anti-
inflammatory activities of these synthesized compounds
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'H-NMR (400 MHz, DMSO) of N-(4-phenylthiazol-2-yl) acetamide (100a)
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Appendix 2:
13C-NMR (100 MHz, DMSO) of N-(4-phenylthiazol-2-yl) acetamide (100a)
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Appendix 3:
DEPT-135 (100 MHz, DMSO) of N-(4-phenylthiazol-2-yl) acetamide (100a)
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Appendix 4:

'H-NMR (400 MHz, DMSO) of N-(4-(4-nitrophenyl) thiazol-2-yl) acetamide (100b)
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Appendix 5:
13C-NMR (100 MHz, DMSO) of N-(4-(4-nitrophenyl) thiazol-2-yl) acetamide (100b)
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Appendix 6:

DEPT-135 (100 MHz, DMSO) of N-(4-(4-nitrophenyl) thiazol-2-yl) acetamide (100b)
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Appendix 7:
'H-NMR (400 MHz, DMSO) of N-(4-(4-nitrophenyl) thiazol-2-yl)acetamide (100c)
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Appendix 8:
13C-NMR (100 MHz, DMSO) of N-(4-(4-nitrophenyl) thiazol-2-yl) acetamide (100c)
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Appendix 9:

!H-NMR (400 MHz, DMSO) of N-(4-(2-hydroxyphenyl) thiazol-2-yl) acetamide (100d)
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Appendix 10:
13C-NMR (100 MHz, DMSO) of N-(4-(2-hydroxyphenyl) thiazol-2-yl) acetamide (100d)
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Appendix 11:
DEPT-135 (100 MHz, DMSOQO) of N-(4-(2-hydroxyphenyl) thiazol-2-yl) acetamide (100d)
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Appendix 12:

'H-NMR (400 MHz, DMSO) of N-(4-(2-aminothiazol-4-yl) phenyl)acetamide (102)
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Appendix 13:
13C-NMR (100 MHz, DMSO) of N-(4-(2-aminothiazol-4-yl) phenyl) acetamide (102)
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Appendix 14:
DEPT 135 (100 MHz, DMSO) of N-(4-(2-aminothiazol-4-yl) phenyl) acetamide (102)
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Appendix 15: Mean inhibition zone of bacterial growth (mm)
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