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Abstract

A coupling reaction of aryl diazonium salt for 2-aminobenzothiazole (1)
with phenoxide salt for 2-hydroxybenzaldehyde afforded azoaldehyde
derivative arometic (2) which was undergone in condensation reactions with
some primary amines (4-nitroaniline, 3-nitroaniline, 2-nitroaniline, 4-
chloroaniline, 2-chloroaniline, 2,4-dichloroaniline, 4-bromoaniline, 3-
bromoaniline, 4-aminoophenol, 3-aminophenol, 2-aminophenol, 2-
methoxyaniline, 2,4-dimethylaniline and 4-acetamidoaniline), respectively
by microwave irradiation technique to give Schiff bases derivatives (3a-n).
The resulting imines were introduced in cyclization reaction with o-
chloroacetyl chloride in N,N-dimethylformamide as solvent using
microwave method to yield the target azetidin-2-one derivatives (4a-n),

respectively, Scheme (1).

The chemical structures of the target compounds synthesized were deduced
from (CHNS) elemental analysis and FT-IR, 'H NMR spectral
measurements. Evaluation of activities of final B-lactam compounds (4a n)
was taken place using two kinds of bacteria. Inhibition zones measurements
pointed that azetidinone compounds (4b, 4c, 4i, 4j, 4k, 4m and 4n) have
best impacts to reference antibiotic (amoxicillin-clavulanate) against E. coli
germs. On the other hand, the B-lactam compounds (4i, 4j, 4k, 4m and 4n)
indicated better activity athwart Staphylococcus aurous germs when
compared with that of the standard antibiotic (amoxicillin-clavulanate)
Figures (3-45), (3-46).

Vil



Ar =4NO,CH,; 3NOLC,H, 2NOLCH, s 4-CICH, - 2-CICH, s 24-CC Hi; +BrC,H, s 3BrC H
a b ¢ d e f g h

4 OHCH,; 3-0HC H,; 2-0HC H,; 2-0CH,CH,; 2.4 (CH,),C H;-; 4 CH;CONHC H,
i j K I m n

(): Synthesis of azetidin-2-ones, Reagents and conditions (i) Conc.
H2S04, NaNO2, 0 oC; (ii) 2-hydroxybenzaldehyde, NaOH 10% , 50C; (iii)
Ar-NH2, EtOH, MW (300W), (40 min); (iv) a-chloroacetyl chloride, DMF,
MW (300W), (150 min).
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Chapter One Introduction

1.1. Benzothiazole

Benzothiazole is a heterocyclic aromatic organic compound [1]. It is
an important pharmacophore and a privileged structure in a medicinal
chemistry, this compound is bycyclic in nature which consists of the fusion
of benzene and thiazole [2]. Now a days, is a moiety of choice which
posseses manypharma-cological properties. The most important compound
In nature vitamin B group possess heterocyclic ring containing nitrogen, One
example is vitamin B6. Benzothiazoles are fused membered rings, which
contain the heterocycles bearing thiazole [3]. Sulphur and nitrogen atoms
constitute the core structure of thiazole and many pharmacologically and
biologically active compounds. Thiazole is structurally related to thiophene
and pyridine, but in most of its properties it resembles to the latter [4].
Thiazole was first described by Hantzsch and Waber in 2015. Popp
confirmed its structure in 2017 [5]. The basic structure of 1,3-benzothiazole

consist of benzene ring fused with 4,5 position of thiazole [6], Figure (1-1).

s@l @}

(1) (2)

thiazole benzo[d]thiazole

Figure (1-1) structures of thiazole and benzothiazole

1.2. Biologically active benzothiazole

Benzothizole ring is found to be possessing many pharmacological
activities such as antimicrobial [7], antiviral [8], anti bacteria [9], anticancer

[10], antidiabietic [11], antiallergic [12] , antifungal [13], anti-inflammatory
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[14], anthelmatic [15] and anti-HIV agents [16]. Benzothizole quinazolines
show antiviral activity, subsituted 6-nitro and 6-aminobenzothizole show
antimicrobial activity [17]. Due to its potent and significant biological
activities, benzothiazole haseat pharmaceutical importance, hence, synthesis
of this compound is of considerable interest [18]. The small and simple
benzothiazole nucleus if present in compounds involved in research aimed at
evaluating new products that possess interesting biological activities [19]. In
the 1950s, a number of 2-aminobenzothiazoles were intensively studied, as
the 2-aminobenzothiazole scaffold is one of privileged structure in medicinal
chemistry and reported cytotoxic on cancer cells [20]. It must be emphasized
that combination of 2-aminobenzothiazoles with other heterocyclic is a well
known approach to design new drug like molecules, which allows achieving
new pharmacological profile, action, toxicity lowering, there are important

examples of these biotargets [21].

1.2.1. Antidiabetic activity

A series of N-(3-methoxy-4-((5-nitrobenzo [d]thiazol-2-yl)amino)
phenyl) methane sulfonamide was synthesized and screened for their

antidiabetic activity on Albino rat by alloxan induced tail tipping method

[22], Compound 3.
S
L0
O,N N

H,CO

HN—S—CH;

Compound 3 o]
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1.2.2. Anti-inflammatory

In recent years, large number of benzothiazole based anti-
inflammatory agents have been synthesized. Some novel 2-amino
benzothiazole derivatives and evaluated them for anti-inflammatory
activity[6]. Test compounds showed significant anti-inflammatory activity
and it was noted that when the 2-amino benzothiazole is substituted at 4 or 5
positions with electron-withdrawing groups like Cl, NO,, OCHj; increase in

anti-inflammatory activity was found [23], Compound 4.

S
/>7NH2
N
R
Compound 4

1.2.3. Antimalarial activity

Antimalarial activity of 2- substituted-6- nitro and 6-amino
benzothiazoles and their anthranilic acids were carried out on W2 and 3D7
strains of P. falciparum. The result srevealed the potency of compounds as

the antimalarial agents of clinical and biological research [24], Compound 5.

S
goes

H,CO

HN—S—CHj

Compound 5 o
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1.2.4. Antimicrobial activity

Microbes are causative agents for various types of disease like
pneumonia, ameobiasis, typhoid, malaria, common cough and cold various
infections and some severe diseases like tuberculosis, influenza, syphilis,
and AIDS as well. Various approaches were made to check the role of
benzothiazole moiety as antimicrobial agent from the discovery of molecule
to the present scenario [25]. Synthesis of series of pyrimido [2,1-b]
benzothiazoles by conjugation addition to imino nitrogen of 2-
aminobenzothiazoles to alkyne a-carbon atom of acetylenic acid followed by
ring closure and synthesized compounds are studied for antimicrobial
activity against E. coli and Enterobacter as test organisms at conc 100ug per
disc using vancomycine and meropenam as standard drug [26], Compound
6.

cl H Ph
s): N
H
Compound 6

1.2.5. Anticancer activity

specific antigen inhibiting activity of 2-azetidinones. A homology
derived molecular model of prostate specific antigen (PSA) was created and
refined [27], Compound 7.

(CH,CH,CI),N
S

Lo
N

Compound 7
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1.3.p-lactams

Azetidin-2-one is a four member cyclic amide which was first
synthesized by H. Staudinger in 2003 [28]. Beta-Lactam antibiotics have
proved to be chemotherapeutics of incomparable effectiveness, possessing a
broad spectrum of biological activities with low host toxicity [29], did not
come to the forefront in organic chemistry until Fleming’s landmark
discovery of penicillin in 2016 [30]. The resulting recognition of the b-
lactam moiety as the key pharmacophoric component of the penam
antibiotics initiated a flurry of synthetic activity. Today, thousands of
compounds containing B-lactam rings are known, Whether isolated from
natural sources or synthesized chemically, penicillins [31], [32] and
cephalosporins [33] are marked by high efficacy and safe toxicological
profiles and are still the most commonly used antibiotics the world over.
Further, the discovery of 7-methoxycephalosporins from “Streptomyces” in
1971, carbapenems [34], thienamycin [35] , clavulanic acid [36], sulbactum
[37] as well as the totally synthetic oxapenems [38], oxacephams [39], and
other bicyclic B-lactams stimulated the search for novel antibiotics . More
recent dedicated efforts to find new active molecules and modify the
penicillin and cephalosporin structure have resulted in the discovery of
simple monocyclic B-lactams such as norcardicins and monobactams [40] .
Yet another dimension has been added to the b-lactam research with the
recent discovery of tricyclic B-lactam antibiotics called trinems . Thus, B-
lactam antibiotics in general can be classified into several groups based on
their structures [41], Figure (1-2).
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COOH GOOH R2 Ri
HG 0 Ro °o HaC :
o] =~ "N 3 :
e /ANi M~ LR N R
H3C S N R Sz = N i_N
AT H HH O
HHY COOH
(®) (9) (10)
Penicillins Cephalosporins Carbapenems
COOH
HOOC R 0 HOOC
0 2NN 0 N 0
s—( ) )iNkR - /\j
Z O { HH HOH,C 07
(11) (12) (13_) .
Thienamycin Oxacephems clavulanic acid
0
& oH Ot/N,SOﬁ
3
o;r\l\)<cH3 R_'%NH
CO,H 0
g4) (15)
Sulbactam Monobactams

Figure (1-2) some beta-lactam antibiotics

Amongst the two types of azetidinones, more common are those with a -

lactam ring azetidin-2-ones , while the other type, azetidin-3-ones is less

known . This is probably because they are not found normally in the nature.

A B-lactam (beta-lactam) ring is a four-membered lactam , in which the

carbonyl carbon atom is P to the ring nitrogen [42], Figure (1-3).

\1
N

0
(16)

(17)

Figure (1-3) the two types of azetidinones

The biological activity of the B-lactam skeleton is generally believed

to be associated with the chemical reactivity of the B-lactam ring as well as

the substituents especially at the nitrogen of the azetidin-2-one ring [43].

6
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The substituents at the N-1, C-3 and C-4 position may be varied, the
continuous increase in the activity spectrum of the B-lactam antibiotics and
also the discovery of more types of microorganisms producing them can be
attributed to the development of more sensitive screening techniques [44].
This has given impetus to increased interest in synthesis and evaluation of
more and more derivatives of B-lactams, Furthermore, the B-lactam ring also
serves as a synthon or versatile intermediates for the synthesis of aromatic
amino acids derivatives, peptides, polyamines, polyamino alcohols, amino
sugars and polyamino ethers as well as for many biologically important
classes of organic compounds [45]. Due to this, the investigation into the
chemistry of these compounds continues to appeal the synthetic and

medicinal organic chemists world over [46].
1.3.1. Synthesis of p-lactams

The first successful total synthesis of penicillin-V was carried out by
Sheehan and Henry Logan in 1958 by the ring closure of natural penicilloic
acid [47]. Transition metal reagents have a role in synthetic approach for
preparing 6-aminopenicillanic acid (6-APA). Cycloaddition reaction is one
of the most important and useful tool for the construction of B-lactam ring
with high efficiency and atom economy. The most popular cycloaddition
reactions aimed at B-lactams synthesis are enolate-imine condensation and

isocyanates-vinyl ethers condensation [48], Scheme(1-1).
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Ry Ry Ry Br
s R R;
. HC R] 2 RJ HC/ R] Rz
I activator ,base In/ELZNRWIn I .
N - -
o a Ry N R
0 Ry 4 0 OR
18 .
Acid or acid chloride imine b-l(act}am mine ester enolate
solvent
0=C=N_ R PR
0
isocyanate vinyl ether

Scheme (1-1) Cycloaddition reactions for the synthesis of beta-lactams

Kambe and co-workers have described the formation of a-
alkylidene-B-lactams  (19) in good yields via intramolecular
selenocarbamoylation of alkynes using palladium catalyst. The reaction was
found to be highly selective and favours the formation (Z) product with
(Z/E) ration of up to 100. Synthesis of conjugated lactams and thio/seleno
incorporated cyclobutanones can also be achieved by using this catalytic
system. They have also proposed the mechanism involving the role of

palladium-alkyne coordination [49], Scheme (1-2).

\ A
PhSe N\ Pd(PPh3)4 >
R Toluene, reflux N
0 /o
0 R,
60-90%

RI=H, C,H; (19)
R2=CHj, Bn

Scheme (1-2) Synthesis of 3-alkylidene-f -lactams via Pd(PPh3)4

catalysed intramolecular cyclization
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Li et al. have reported an efficient route for the synthesis of 2-
alkylidene azetidines and azetidinones via intramolecular N-vinylation of N-
tosyl-3-halo-3-butenylamines  catalysed by copper halide. Appropriate
amines underwent Ullmann type coupling in the presence of Cul and N,N'-
dimethylethylenediamine to yield 2-alkylideneazetidines which subsequently
oxidised to corresponding 2-azetidinones (20) in good Yyields [50],
Scheme(1-3).

NHTs R Ry
N/ 1. Cul/ L Ry
\ L
Br Ry 2.0, PPhy,CH,Cl, > N
R] 2 0 \
Ts
RI1=H 65-90%
R2=CH;, H (20)
R3=CH;, Ph
L=dimethylethylenediamine

Scheme (1-3) Preparation of  -lactams via copper salt mediated
intramolecular N-vinylation

Tang and co-workers have described an efficient methodology for the
enantioselective synthesis of B-lactams utilising Cu(ll) salts for the first time
in Kinugasa reaction. It involves reaction of terminal alkynes with nitrones
to afford B-lactams in moderate to good yields. The reaction was catalysed
by 'Pr-tris oxazoline/Cu(ClO,), system resulting in high ee (up to 85%). The
distereoselectivity was highly dependent upon terminal alkynes. Most of the
alkynes afforded cis-p-lactams (21) as compared to propiolates which
prefers trans product (22) . Moreover, secondary base were found to be

better in producing higher enantio selectivity [S1], Scheme (1-4).
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R, R, R R, R
R, ( Cu(ClO,),.6H,0, TOX +
Il + R,N\ O 0 N N.
390 CH;CN, Cy,NH, 0°C 0 R, 0 R

R1= Ph, CH,-CF;, COOEL, I-Cyclohexenyl
R2= ph, C6H4-CF3, C-hex. C6H4-CH3
R3= Ph, C,H,-CH,, C,H,-OCH,

Scheme (1- 4) Enantioselective synthesis of 2-azetidionones via CuClO4/TOX mediated

Kinugasa reaction

Lal and Ansari have prepared benzimidazole linked B-lactam derivatives
(23). Treatment of CAC with heterocyclic imines afforded target p-lactams,
in good yields [52], Scheme (1-5).

R
CH Cl R

a Q j:( ji
A \
l\ + NMNNON E,N NaNN

N 0
0 @ 1,4-dioxane, Reflux H @
(23)

R= CHj, C,Hs, CH,CH,CHj, C(H,-Cl, CgH,-OH. CH,-CH;,
C6H4'OME

Scheme (1-5) General strategy for the synthesis of benzimidazole anchored
beta-lactams
Kulkarni and Kadam have synthesized benzotriazole appended
azetidin-2-one derivatives (25) via cyclocondensation reaction between
chloroacetyl chloride and 2-(1H-benzotriazol-1-yl)-N-  substituted
heteroaryl/phenylmethylidene) acetohydrazide (24) in the presence of
TEA[53], Scheme(1-6).
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Cll

C H

NH N=n

e

(24)

Et;N
1,4-dioxane, MW

Cl

0

; Nng NN

R

¢

(25)

R= C(,H4-CI, C(,H4-NM92, Z-Pyl‘ldyl

Scheme (1-6) Efficient approach for the synthesis of benzotriazole linked 3 -lactams
Meshram and co-workers have carried out synthesis of novel N-
thiazole substituted azetidin-2-one derivatives (27) via conventional and
non-conventional MW method. These monocyclic B-lactams were obtained
from cyclocondensation between phenylacetyl chloride and thiazole
substituted imines (26). Out of the two methods, the MW method afforded

the product in excellent yields in very less time [54], Scheme(1-7).

R R
Et;N, 1,4-dioxane, reflux, 8-10h N §
T Et;N, 1,4-dioxane, MW, 2min. 0 Wl/
0 C' WV N\/>
(26) 27

R= CﬁHs, C6H4-N02, 2-furyl, C6H4-0CH3_

Scheme (1-7) Efficient synthesis of 1-thiazolyl-azetidin-2-ones

Banik has described a novel and efficient synthetic route for the
synthesis of pyrrole substituted azetidin-2-one (29) in excellent yields. The
treatment of 3-amino-B-lactams (28) with

methodology involves

acetonylacetone [55], Scheme(1-8).
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A HH
HH N=—"R1
HN=V RI + 00 1,, THF, reflux N ];L
N \_/ [,, THF, MW 0 R2
0 R

(28) 29)

R1= C¢Hs, 2-thiophenyl
R2=C¢Hs, 6-chrysenyl

Scheme (1-8) Microwave induced synthesis of 3-pyrrole substituted p-lactams
Huang et al. have carried out synthesis of trans-f -lactams (30)
stereoselectively via carbonylative cyclcoaddition reaction catalysed by
palladium and N-heterocyclic carbene complex. It involves reaction of
various imines with benzyl chlorides or allyl derivatives in the presence of
carbon monoxide. This methodology provides high efficiency and excellent
regioselectivities. Further, reaction under asymmetric environment affords

moderate diastereoselectivities [56], Scheme(1-9).

HH
RCHX  + Ng, CO, CH;CN, MW o N-R3
30

R1 = CH,-Cl, C¢Hy-Br, C¢H, -Me, 1-naphthyl

R2 = C¢H;, CH,4-Cl, C¢Hy-Br, C(H -Me, 1-naphthyl
R3 =n-Pr, Bn, CH,COOMe

X=Cl, Br

Scheme (1-9) Synthesis of trans-beta-lactams via palladium/NHC catalysed
carbonylation and cycloaddition

Garcia and Brandi together explored the effect of microwave heating
during the 1,3-dipolar cycloaddition of nitrones, generated in situ and

bicyclopropylidene for the synthesis of these spiro-B-lactams. The reaction
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of  N-substituted hydroxylamine

hydrochlorides, aldehydes, and
bicyclopropylidene

in the presence of sodium acetate and ethanol under

microwave irradiation furnished the desired spiro-b-lactams (31) after 30-
120 min [57], Scheme(1-10).

H 0 R,
N + )k + NaOAc, EtOH
RigxOH R 'y 80-100°C (MW) N

31
R1 = Bn, Me, CHPh,, CH,C¢H, OCH; G
R2 = H, CO,Et, CO,Me
X = Cl, (COOH),

Scheme (1-10) Three components cascade reaction to afford spirocyclo
propanated beta-lactams
Kidwai et al. prepared b-lactams via an ester-imine based synthesis
under solvent-free microwave irradiation. The trans-4-aminocyclohexanol

was condensed with different aromatic aldehyde to give the respective Schiff
base.to affordrequired B-lactams (32 [58], Scheme(1-11).

R
EtOH | MW

Basic Alumina -
MW O 5

H
HO‘--O_N:C@ EtOOCCHX HO" Nj@
H e X R

Scheme(1-11) Synthesis of - lactam on basic alumina surface under microwave

irradiation
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Synthesis of a novel series of 1-amino-4- (3,5-diaryl-2-pyrazoline-
2-yl)azetidin-2-ones (34) has been reported by Srivastava et al. via
microwave assisted organic synthesis. The dehydrative annulation between
diversely substituted pyrazoline hydrazones (33) and chloroacetyl chloride

as resulted in the target products in very good yields [59], Scheme(1-12).

Cl
R R :/L R
. I Y -ph
/[(N- CHO I\HJI\EILHE](;. MW ‘q N N
N Mg cH
Ph X MW N
NH, 0 NH,
(33) (34)
R= CGHS. CGH,‘-OME, C6H4-Cl, C6H3_(OMG)2

Scheme (1-12) Synthesis of 4-pyrazolyl-b-lactams from chloroacetyl chloride and

pyrazolyl imine

Isoda et al. have synthesized syn-B-lactams (35) diastereoselectively
via rhodium catalyzed Mannich-type reduction. The reaction between a,f3-
unsaturated esters and diversely substituted imines in presence of RhCI
(PPh3); and diethyl zinc to afford syn-p-lactams in very good vyields. The
combination of rhodium and zinc reagent produces rhodium hydride
complex which actually plays catalytic role. Further, various EWGs and
ERGs did not cause any significant change in either yields or diastereomeric
ratio [60], Scheme(1-13)

14
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\)OL + \l(le RhCI(PPhs)s, Zn(ET,) R, 0 NHR,
OMe N N T

THF MW
) 0 MeO Ry

R
)

R1 = C¢Hs, C¢Hy-CF;, CHy-COOMe, C¢H,-OMe, CoHy-Me, C¢H,-Cl,
1-naphthyl
R2= Bn, Ph, PMP

Scheme (1-13) Synthesis of syn-b-lactams via rhodium catalyzed Mannich type

reduction

In 2006, electrochemically induced synthesis of p-lactams, by
cyclization of haloamides, has been achieved in suitable solvent-supporting
electrolyte solutions previously electrolyzed under galvanostatic control.
The yields and the stereochemistry of the process were influenced by the
nature of the R1 R4 substituents, by the solvent-supporting electrolyte

solutions, and by the electrolysis conditions [62], scheme(1-14).

, 1 e R. Ry
Solvent-supporting electrolyte —=
2. XRy N
R bau .
IA»N R4 0 R2
X=CI, Br 0 R (36)
R1=ph, CH3, H R3= COPh, CO2Et, H
R2= CH2Ph R4=CO2Et, H

Scheme(1-14). Electrochemical synthesis of -lactams

In 2004, the Reformatsky reactions of imine, a-bromoester, zinc dust,
and a catalytic amount of iodine in dioxane under high intensity ultrasound
(HIU) irradiation have been reported to afford p-lactam and the

corresponding b-aminoester. The reactions were performed in short reaction
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times and high yields of both products or a mixture of the two products were

obtained, depending on the starting imine and on the a-bromoester [63],

Scheme (1-15).

Rz\lN R,

+ BrZn CO,Et
R,)\H 71; 2
R1= Ph, CH;

R2= Ph, CO,Et

R, R;
Ry

N.
0 R,

@37
R3= H,CH,
R4= CH,CH;, CH,

and/or R, R, OFEt

R, H
N O

R;

Scheme(1-15). Reformatsky reaction of imines and a bromoesters affording b-lactams and

[-aminoesters

Ma et al. have carried out the cyclocarbonylation of propargylic

amines 3 in the presence of CuCl2 and benzoquinone catalysed by palladium

chloride to afford (E)-a-chloroalkylidene-b-lactams 4 in moderate to good

yields. The formation of five membered product or (Z)-isomer was not

observed at all. Furthermore, the reaction of optically active propargylic

amines has resulted in the product formation in moderate yields with high ee

(up to 98%) [64], scheme(1-16).

R,

\gk\(NHR3

PdCl,, CuCl,

R1= CH,CH,Ph
R2= CH3, C2H5, C6H5
R3=H

R, benzoquinone, CO , THF

Scheme(1-16). PdCI2 catalysed synthesis of a-alkylidene-p -lactams
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1.4. Biological potency of lactams

The 2-azetidinone (B-lactam) ring has been recognized as the
fundamental pharmacophore group for a wide range of bioactive
compounds. It is the central core of the most extensively used class of
antibiotic agents, such as penicillins, cephalosporins, carbapenems, and
monobactams [65]. The ever-increasing bacterial resistance to B-lactam
antibiotics, due to their massive use in medicinerepresents a serious
concern, but at the same time increases the interest in the development of
novel azetidinone derivatives. The medicinal application of p-lactams as
therapeutic agents for lowering plasma cholesterol levels has been publishe,
b-lactams are widely and safely used as antibacterials without significant
toxicity [66].

1.4.1. Antibacterial activity

The emergence of pathogenic microorganisms resistant to multiple
classes of antibiotics is a serious clinical challenge. Among these classes of
antibacterials, B-lactam antibiotics are still the most commonly used, over 50
years after their initial introduction [67]. The most common mechanism for
resistance to B-lactam antibiotics is the ability of bacteria to produce b-
lactamases, These enzymes hydrolyze the b-lactam moiety in the drugs,
inactivating the antibiotics. Studies of amino acid sequence homology have
identified four distinct classes of B-lactamase: A, B, C, and D . Among
these, classes A and C are currently the most important in human disease
[68]. A successful approach to overcoming the adverse action of these
enzymes has been the coadministration of B-lactamase inhibitors together

with the typical p-lactam antibiotics, such as pennicillins [69].
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Unfortunately, this approach has been compromised by the discovery of new
variants of B-lactamases, resistant to the inhibition afforded by know to
withstand inactivation by the ever-increasing diversity of B-lactamases has
thus been a continuous and still on-going battle, Several monocyclic B-
lactams variously substituted have also been reported to have antibacterial
activity against different strains of bacteria and with different mechanisms of
actionn inhibitors. Therefore, the development of novel B-lactam inhibitors
[70], compound 39.

H
R—N s
]/:N
o —~>CH,R

COOH

compound (39)

1.4.2. B-lactams turn mimics

Recently, much attention has been directed toward the synthesis of
peptidomimetics. These compounds can replace native peptides in the
interaction with receptors. They showed increased metabolic stability, better
bioavailability, and longer duration of action than native peptides, thus
displaying favorable pharmacological properties. In this sense, the design
and synthesis of conformationally restricted peptidomimetics is an important
approach toward improving the potency, selectivity, and metabolic stability

of peptide based drugs [71], Compound 40.
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N
= H
R1

Compound 40

1.4. 3. Anticancer activity

Recently discovered antitumor monocyclic and bicyclic p-lactam
systems are, in general, in good agreement with the phenomenon of azetidin-
2-one pharmacophore of inexhaustible pharmacological potential on account
of the specific ability of its numerous derivatives to inhibit not only bacterial
transpeptidase, but also mammalian serin and cystein proteases [72]. As a
measure of cytotoxicity, some compounds have been assayed against nine
human cancer cell lines. A family of novel pB-lactam antibiotics based on 2-
azetidinones have also shown the apoptosis-inducing properties against
human solid tumor cell lines such as breast, prostate, head-and-neck [73],

Compound 41.

Ph O O
Compound 41
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1.4.4. Antiviral activity

Human cytomegalovirus (HCMV) is a ubiquitous member of the
herpes virus family. Although most infections are asymptomatic, severe
manifestations of HCMV can be seen in individuals whose immune system
has been weakened by disease such as late-stage cancers and AIDS, or by
Immunosuppressive therapy following organ transplantation. Due to its
critical role in capsid assembly and viral maturation, HCMV serine protease
has become an attractive target for the development of anti-HMCV drugs.

Among the latter, a series of monocyclic p-lactams have resulted in highly

1\1_j
_‘\\\’<

. o
NI
e sl
O CH

Compound 42

potent inhibitors [74], Compound42.

3

1.4.5. Azetidin-2-ones as vasopressin VV1a antagonists

The neurohypophysical hormones vasopressin and oxytocin exert a
wide range of physiological effects through binding to specific membrane
receptors belonging to the G protein-coupled receptor superfamily [75]. To
date, three vasopressin receptor subtypes and one oxytocin receptor have
been pharmacologically and functionally described. Although vasopressin is
perhaps best-known for its role in the cardiovascular system, it also has
actions in the central nervous system (CNS). Arginine vasopressin functions
as a neurochemical signal in the brain to affect social behavior, There is an

expanding literature from animal and human studies showing that
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vasopressin, through the vasopressin 1A receptor (V1a), can stimulate
aggressive behavior. The B-lactam structure, prepared by different research
groups, is the essential scaffold of several antagonists directed to the

vasopressin V1a receptor [76], compound43.

— gow
O Oli)\\é)oj

>

compound 43

1.4.6. Inhibitors of Cysteine Protease

The cysteine proteases cathepsin B, L, K, and S are involved in
diseases such as osteoporosis, cancer metastasis, rheumatoid arthritis, and
infectious diseases. Thus, the proteases became an important target for
developing inhibitors as therapeutic agents. Recently, a series of 4-
substituted-3-Cbz-phenyl-p -lactams has been identified as a novel class of

cysteine protease inhibitors [78], Compound 44.

Ph

H

/&N a

Cbz-HN j;(
NH

0 0
CbFPh/\OJ\f’

Compound 44
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1.5. Microwave heating-the fundamentals

Microwaves (MW) are a form of electromagnetic energy located on
the electromagnetic spectrum between 300 and 300,000 MHz; a region that
lies between infrared and radio frequencies and correspond to wavelengths
of 1.cmto 1 m [79]. In order to avoid interference with telecommunications
and mobile cellular phone frequencies, most microwave reactors (that are
typically used for chemical synthesis reactions) and domestic microwave
ovens operate at a frequency of 2.45 GHz or around 900 MHz. Essentially,
MW heating is the reverse of conventional heating, where heat is transferred
to the surface of a material (from an external heat source) by
conduction/convection or radiation and is then transferred towards the cooler
interior regions by thermal conduction [80]. MW heating can therefore be
described as a form of energy conversion rather than a form of heating; as
electromagnetic energy is converted into heat. This unique inverse heating
profile mechanism offers many benefits such as an increase in energy
transfer efficiency and reductions in process heating time (to achieve a given

temperature) [81].
1.5.1. Advent of microwave

The rapid development of microwave syntheses technology is visible
in the publications trends of the last decade. A search of the word
“microwave” and the phrase “microwave, reaction” in the science irect
scientific search engine -eresulted, respectively , inallavailable research
fields from 2010 to 2017 [82]. The increasing availability and diversity of
microwave equipment have allowed this heating technology to become more
and more popular and useful. Abreak through in microwave technology
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occurred before1990, with the advent to the development of controlled
equipment using a closed pressure vessel reactor (Milestone, ERTEC),
Nowadays, there are plenty of well-known companies offering microwave
reactors for a wide variety of applications. Microwave heating technology,
when applied to chemical reactions, represents a sustainable ‘“‘green
chemistry by utilizing safer solvents and reaction conditions, minimizing the
potential for accidents, preventing the waste of products, and minimizing the
time of reactions [83]. For instance, in different microwave frequencies, it is
possible to efficiently synthesize nanoparticles at much shorter times than
when relying on conventional synthesis, without the use of microwaves. The
development of the industrial applications of microwave heating, mainly in
drying and other thermal treatment processes, was significant, and
commercially available on the market from 2019 [84]. Thus, manufacturers
quickly found a wide range of applications for microwave technology,
thanks to its easy use and low costs. A typical home microwave oven can be
easily adapted for use in chemical experiments, and until the 1990s, it was
considered the primary model for laboratory equipment manufacturers.
However, in a domestic microwave oven, the irradiation power is generally
controlled by on- and off-cycles of the magnetron without monitoring the
reaction temperature, The lack of temperature and pressure control and even
homogenous stirring liquid samples makes performing reproducible
chemical synthesis troublesome in such devices. Therefore, in recent years,

specialized microwave devices designed for laboratories and industries [85].
1.5.2. Basic microwave equipment

The microwave equipment (also frequently called “ applicators ™ )

used in chemical processing can be divided into three basic categories: the
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multimode, the mono (or single)-mode, and the traveling-wave devices. The
multimode applicators are the most widespread ones, with applications
starting from domestic ovens up to large-scale industrial dryers [86]. They
usually have the form of a rectangular closed metal box a Faraday cage that
has at least two dimensions longer than half of the wavelength. Inside the
cavity, a large number of resonance modes exist as the microwaves get
reflected from the cavity walls. Owing to these reflections, wave
interference occurs. Microwave activation and solvent-free conditions in
organic synthesis provides clean chemical processes characterized by
enhanced reaction rates, higher yields and enhanced ease of manipulation
[87], Figure (1-4).

' MAGNETRON Electromagnetic
Rotating deflector waves

Reaction
vessel

Turntable

Fig. (1-4): Multimode microwave applicator
1.5.3. Microwave in organic synthesis

Synthetic method has shown broad applications as a very efficient
way to accelerate the course of many organic reactions, producing high
yields and higher selectivity, lower quantities of side products and,
consequently, easier work-up and purification of the products. Microwave-
assisted organic synthesis (MAQS) is considered as an “green” technology,
principally since many organic reactions can be carry out in solvent-free

24



Chapter One Introduction

conditions [88]. MAOQOS has revolutionized organic synthesis. Small
molecules can be built in a fraction of the time required by classical thermal
methods. As a result, this technique has rapidly gained acceptance as a
valuable tool for accelerating drug discovery and development processes.
(MAOQS) is the study of chemical reactions under the effect of microwave
radiation. Microwaves radiation have high energy electric fields and will
generally heat any substance containing mobile electric charges. Microwave
irradiation was found to increase the yields of the desired products and
shorten the reaction times [90]. Microwave- assisted organic synthesis has
been the one of the most researched applications of microwaves in chemical
reactions.Chemists have successfully conducted a large range of. Organic
reactions assisted with microwave irradiation such as Diels-Alder reactions
between dienes and dienophiles, these reactions have been carried out with
and without solid support and by both conventional and MW assisted
techniques. Heck reaction, Suzuki reaction, Mannich reaction,
hydrogenation of p-lactams, hydrolysis, dehydration, esterification,
epoxidation, reductions, condensations and cycloaddition reactions [91],

1.5.3.1. Alkylation

Dariusz et al. used microwave heating under solvent free PTC
conditions for alkylation of phenols (45)[92], Scheme(1-17).

Microwave Irradiation

OH t RX 25-65 seconds > 0
K,COy/KOH R
TBAB

TBAB: tetrabutylammonium bromide

Scheme(1-17)

25



Chapter One Introduction

1.5.3.2. Oxidation

Grewal et al. oxidized toluene to benzoic acid (46) with KMnQO4 by

microwave radiation [93], Scheme(1-18).

COOH
[0]
aq. KMnO, aq. KOH :
MW § minutes
(46)

Scheme(1-18)

1.5.3.3. Reduction

Piras et al. converted the substituted pyridines into the corresponding
piperidines (47) optimisation of the procedure for microwave-assisted
hydrogenation [94], Scheme(1-19).

N R H, (120 psi), catalyst (10% mol) R
MW, 80 °C X
/
N N
H
R= COOH, CH,COOEt (47)

Scheme(1-19)
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Aims of the study

The present work aims to synthesize series of new azetidin-2-one
derivatives containing benzothiazole moiety from Schiff bases using
microwave irradiation method and evaluate their antibacterial activity
against Gram-positive and Gram-negative bacteria as well as comparing

the effects with  amoxicillin-clavulanate as  standard  drug.
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Chapter two

Experimental part

2.1. Materials

All chemicals, reagents and solvents were supplied from the

commercial sources, Table (2-1).

Table (2-1): Chemicals and their commercial sources

Chemicals Molecular M.Wt | Purity Supplie_d
formula g/mol % companies
2-Aminobenzothiazole C7H6N,S 150.20 97 Sigma-Aldrich
Ethanol (absolute) C,HsO 46.06 99.9 J.T.Baker,
Netherlands
Sulfuric acid (Conc.) H,SO, 98.08 99 Merck, Germany
Sodium nitrite NaNO, 68.99 99 BDH, England
2-Hydroxy benzaldehyde C7/Hg0O, 122.12 98 S.D,Fine.india
Sodium hydroxide NaOH 39.99 99 BDH, England
4-Bromoaniline CeHgNBr | 172.02 | 96 BDH, England
3-Bromoaniline CeHgNBr | 172.02 96 BDH, England
4-Chloroaniline CeHsNCI 127.57 99 BDH, England
2-Chloroaniline CeHsNCI 127.57 99 BDH, England
2,4-Dichloroaniline CsHsNCl, 162.01 95 BDH, England
4-Nitroaniline CeHsN2O, | 138.12 98 Fluka
3-Nitroaniline CeHeN2O2 138.12 99 Fluka
2-Nitroaniline C;HoNO 123.16 98 BDH, England
2-Methoxyaniline C7HygNO 123.16 98 BDH, England
4-Aminophenol CesH7/NO 109.13 99 BDH, England
3-Aminophenol CsH/NO 109.13 99 BDH, England
2-Aminophenol CeH;NO 109.13 99 BDH, England
2,4-dimethylaniline CgHuN 121.18 99 Fluka
4-Acetamidoaniline CsH1oN2O | 150.18 99 Fluka
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2-Chloroacetyl chloride C,H,CI,0 112.94 99 Fluka
N,N-Dimethylformamide C3H;NO 73.10 99.8 Sigma-Aldrich
Diethyl ether C4H100 74.12 99.5 Scharlau, Spain
n-Hexane CeHug 86.17 99 Scharlau, Spain
Ethyl acetate C4Hs0O, 88.10 99 BDH, England
lodine I, 253.80 | 99.5 GCC, Germany
Dimethyl sulfoxide CaHs0S 78.13 99 BDH, England

2.2. Equipment

. Silica TLC plates with an aluminum backing (0.2 mm, 60 F,s,) were used
for monitoring reaction. The spots were visualized by iodine vapor.

. Melting points were measured by an Electro thermal Stuart SMP 30
capillary melting point apparatus, UK.

. Infrared spectra were recorded on SHIMADZU FTIR-8400S Infrared
Spectrophotometer as potassium bromide disc at Kerbala University.

. 'H NMR data were obtained via INOVA 500 MHz varian, USA NMR
spectrometer in DMSO-dg as solvent and TMS as an internal standard in

Tehran University, Iran.

. Perkin Elmer 300A was used for determining elemental Analyses at Tehran
University, Iran.

. Microwave reactions were done by domestic microwave oven in crucible.

. Autoclave was used to sterilize agar media, supplied from Prestige
Medical-England.

. Incubator was used to maintain different temperature required for the

growth of organism, supplied from Binder - Germany.
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2.3. Preparation methods

2.3.1. Preparation of 5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxybenzaldehyde (2)

oy ; ™,
o Hﬁ"'\- _,-'-"k'- -~ M ar—aH
e Wy e W r =
Y P \\.“ P
o g ;
A
1-"\::'-:'."‘-- ~ --_r\-"f'
e =

(2)
Fig.(2-1): Structure of com pound (2)

A solution of 2-aminobenzothiazole [I] (8.1 g, 0.054 mol) in H,SO,
(15 mL) was cooled to 0°C. To this solution, a cold solution of sodium
nitrite (3.726 g, 0.054 mol) dissolved in distilled water (20 mL) was added
drop wise with constant stirring. When the addition was completed, the
resultant reaction mixture was left in ice-chest for 1h. The ice cold solution
of diazonium bisulfate was then added drop wise to the cold solution of 2-
hydroxy benzaldehyde (6.588 g, 0.054 mol) dissolved in (45 mL) of (10%
wi/v) sodium hydroxide with constant shaking. A dark dye resulted which
darkened on adding more alkaline solution of phenol derivative. When the
addition was completed, the resultant reaction mixture was vigorously
stirred. A solid separated out which was allowed to stand at room
temperature for 30 min., then filtered off and washed well with distilled
water. The precipitated substance was collected and recrystallized from
ethanol to yield [2] as a dark brown solid, yield (7.9 g, 52%), m.p. 141-143
°C. The physical properties of compound (2) [95] was given in Table (2-2).
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2.3.2. General procedure for preparing Schiff bases (3a-n)

N
\%-\,
< \‘}::1 oM
Ja-n oY)
Y
é t/'*c ¢ f i i e
NO. L 5 I
(3-l (3b) (3¢) (3d) (3e) (3) (3g)
¢ ¢' NHCQOCH
(3h) (3i) (&) (AK) (31 (3m) (3m)

Fig. (2-2): Structures of compounds (3a-n)

The aldehyde derivative (2) (0.283 g, 1 mmol), suitable aromatic
amines (1 mmol) and absolute ethanol (1 mL) were placed in crucible. The
reaction mixture was irradiated in a domestic microwave oven at (300W)
for (40 min). TLC (n-hexane: EtOAc, 1:2) showed end of reactions.

Recrystallization of crude yields was carried out using ethanol, [96].

Table (2-2). shows name and structure for compounds (3a-n).

Name Structure

4-benzo[d]thiazol-2-yldiazenyl)-2-((4-
nitrophenyl)imino)methyl)phenol (3a)

OH
N\
A Y

4-benzo[d]thiazol-2-yldiazenyl)-2-((3-
nitrophenyl)imino)methyl)phenol (3b)

OH NO2
N\} /@
@s NQN -
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4-benzo[d]thiazol-2-yldiazenyl)-2-((2-
nitrophenyl)imino)methyl)phenol (3c)

N
(LI

4-benzo[d]thiazol-2-yldiazenyl)-2-((4-
chlorophenyl)imino)methyl)phenol (3d)

AT s

4-benzo[d]thiazol-2-yldiazenyl)-2-((2-
chlorophenyl)imino)methyl)phenol (3e)

@Cﬂb

4-benzo[d]thiazol-2-yldiazenyl)-2-2,4-
dichlorophenyl)imino)methyl)phenol (3f)

4-(benzo[d]thiazol-2-yldiazenyl)-2-((4-
bromophenyl)imino)methyl)phenol (39)

OH
N\
W
S
Br

4-(benzo[d]thiazol-2-yldiazenyl)-2-(3-
bromophenyl)imino)methyl)phenol (3h)

4-(benzo[d]thiazol-2-yldiazenyl)-2-((4-
hydroxyphenyl)imino)methyl)phenol (3i)

4-(benzo[d]thiazol-2-yldiazenyl)-2-((3-
hydroxyphenyl)imino)methyl)phenol (3;)

4-((E-benzo[d]thiazol-2-yldiazenyl)-2-
((E)-((2-hydroxy phenyl) imino) methyl)
phenol (3k)

4-((E)-benzo[d]thiazol-2-yldiazenyl)-2-
((E)-((2-methoxy phenyl)imino) methyl)
phenol (3I)

4-((E)-benzo[d]thiazol-2-yldiazenyl)-2-
((E)-((2,4-dimethylphenyl)imino)methyl)
phenol (3m)

N-(4-((5-benzo[d]thiazol-2-yldiazenyl)-2-
hydroxybenzylidene) amino)phenyl)
acetamide (3n)
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Table (2-3): Physical properties and other characteristics for compounds (3a-n)

Experimental part

Comp. Structure Formula M.Wt Color M.P.°C R¢ Yield
No . %
n-hexane :
EtOAc 1 :
N
) @YN\\N o C1aHoN305S 283.31 Dark | 141-143 | 068 59
S _0 brown
CaoH13N503S
(3a) @? Mo /N@Noz O 403.42 Brown | 175-177 |  0.69 86
NO,
N /@ Dark
(3b) @S}N\\N N CooH13N503S 403.42 brown 145-147 0.77 75
o
SN Dark 137-139
(3c) @J N /N@ CaoH13N505S 403.42 oo 0.60 82
N Ny /NOCI Dark
(3d) @j N C20H13N40SClI 392.86 orown | 162164 0.79 77
OH I
"\ /Q/ brown
(3¢) @J Non N C20H13N40SClI 392.86 151-153 0.85 71
Cl
AN /@ Dark
(3f) @Sf’\, N i C20H12N4OSCl, 427.30 brown | 125-127 0.81 83
(30) @? N /NOE" C20H13N4OSBr 437.32 brown 171-173 0.82 87

33



Chapter two

Experimental part

N /@@ Dark
3h) @? Moy /N@ CaoHiN,OSBr |  437.32 brown | 131133 |  0.85 87
0
(3i) @J Mo ) CaoH1eNL05S 374.42 b?:\:vkn 158-160 |  0.71 76
OH
i \fN% /&N
(3i) y CaoH1aNO,S 374.42 Brown | 146-148 |  0.70 75
Dark
(3k) C20H14N4OZS 374.42 brown 123-125 0.75 72
S /& Dark i
@3l) gt N@ CoHisNiO,S | 38845 | brown | 211283 o7 75
3m) O CaoH1sN4OS 386.47 Brown | 139-141 |  0.60 70
N\>N\ /@N Dark
3n) N - CaoH17N5O,S 415.47 o€ | 184-186 | 0.83 88

34




Chapter Two Experimental part

2.3.3. General procedure for preparing azetidin-2-ones

e T "l'-.'-\__
[ E 5'\::.}_[\ ¥ _::. E—
T, -"'r. 1:- -'_,':-{r ""-.k
- = I —{'- ,.;":'_:'H
(4a-n) = q_x'ir
| =0
,J% L Mg »Jm L e HI* <l #J,
0O 070 O QO
MO NOz '?.II C Er
{4a) i4h) i4c) i4d) (de) (40 {4g)
.-"L%‘ n.—-":ac,] i..-l%l [__r!-j__.-\_-H -__LQ ':":HE /_,L,_)H_l‘_"'_|— ) [J'Lo
L’J“E.- T ~oH le Lf*‘“l TJ
LIk Lty MHCOCH,
(4h) (4i) (4j) {4k {40 (4m) (4n)

Fig. (2-3): Structures of compounds (4a-n)

(2 mmol) from each Schiff bases (3a—n) and Chloroacetyl chloride
dissolved by (DMF) (1 mL) were irradiated around (300W) about (150
min). End of reactions was carried out by TLC (n-hexane: Ethyl acetate,
1:2. The products were recrystallized from ethanol.

Table (2-4). Name and structure of compounds (4a-n)

Name

Structure

4-(5-(benzo[d]thiazol-2-yldiazenyl)-2-

hydroxyphenyl)-3-chloro-1-(4-
nitrophenyl)azetidin-2-one (4a)

S

NO,
o (Y
N\
Ol Ly
0

Cl

4-(5-(benzo[d]thiazol-2-yldiazenyl)-2- NO2
hydroxyphenyl)-3-chloro-1-(3- N OH Q
nitrophenyl)azetidin-2-one (4b) @J N*N%

Cl 6]
4-(5-(benzo[d]thiazol-2-yldiazenyl)-2- N OH Q
hydroxyphenyl)-3-chloro-1-(2- @?N’N% 15
nitrophenyl)azetidin-2-one (4c) %
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4-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxyphenyl)-3-chloro-1-(4-
chlorophenyl)azetidin-2-one (4d)

Cl
QDQR@

4-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxyphenyl)-3-chloro-1-(2-
chlorophenyl)azetidin-2-one (4e)

B

4-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxyphenyl)-3-chloro-1-(2,4-
dichlorophenyl)azetidin-2-one (4f)

T

4-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxyphenyl)-1-(4-bromophenyl)-3-
chloroazetidin-2-one (49)

2

4-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxyphenyl)-1-(3-bromophenyl)-3-
chloroazetidin-2-one (4h)

Y

N\}N o Q
g N N
Cl (6]

(E)-4-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxyphenyl)-3-chloro-1-(4-
hydroxyphenyl)azetidin-2-one (4i)

OH
ol
Cl (6]

4-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxyphenyl)-3-chloro-1-(3-
hydroxyphenyl)azetidin-2-one (4j)

Y

OH
N\>—N o Q
d N N
(6]

4-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxyphenyl)-3-chloro-1-(2-
hydroxyphenyl)azetidin-2-one (4k)

4-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxyphenyl)-3-chloro-1-(2-
methoxyphenyl)azetidin-2-one (41)

4-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxyphenyl)-3-chloro-1-(2,4-
dimethylphenyl)azetidin-2-one (4m)

N-(4-(2-(5-(benzo[d]thiazol-2-yldiazenyl)-

2-hydroxyphenyl)-3-chloro-4-oxoazetidin-
1-yl)phenyl)acetamid (4n)

CH3
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Table (2-5): Physical properties and other characteristics of azetidin-2one compounds (4a-n)

Experimental part

Comp. Structure Formula M.Wt Color M.P.°C R¢ Yield
No n-hexane : %
EtOAc 1 :
on QNO
7N N
(4a) N C22H14N504SCl 479.90 Brown | 239-241 0.54 20
c o
NO,
OH
N Dark
YN, N© 47 B 221-22 47
(4b) @S Nq:L CoHuNsOLSC 9.90 rown 3 0. 83
OH
(4c) CEJ:L NO, C22H14N50,4SClI 479.90 Brown 211-213 0.40 87
OH Q
(4d) % C22H14N40,SCl; 469.34 Brown 199-201 0.39 96
OH
Dark
(4e) C22H14N40,SCl, 469.34 Brown 210-212 0.42 91
. Q
(4) @J“w% & C22H13N40,SCls 503.78 Brown | 518.220 | 0.50 80
c o
B
(409) YN > Q Dark
g N N C22H14N4,O,SCIBr 513.79 Brown 226-228 0.62 93
Cl 0]
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ah Br
N, OH Q Dark
(L™ N CasH1N4O,SCIBr 513.79 Brown | 204-206 | 0.34 76
Cl 0
4| oH Q/OH
N
. CasH1sN2O5SCl 450.90
@?N‘N% Brown | 515217 | 0.39 03
Cl 6]
41 OH
N on © CaoH1sN4OsSCl 450.90 o
@;}Nw% oW 209-2 0.48 95
Cl O
= N on Q Dark
SN, CsH1sN4O0sSCl 450.90
@s N% OH 221 115TT4S Brown | 162-164 0.52 92
Cl 6]
Al N on Q Dark
N C3H12NZOSCl 464.92
@s N% OcH, 23174 Brown | 264-266 0.39 75
Cl O
dm OH Q/CH3
N CaaH1oN40,SCl 462.95
LM N T, 2o Brown | 127979 | 045 73
Cl 6]
4n 10
N-C—CHs | C,yH1sNsOsSCl 491.95
OH 241118IN5\U3
N
@JNQN%Q Brown | og3.085 | 050 | 96
Cl [0)
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2.4. Antibacterial tests

2.4.1. Preparation of McFarland solution

McFarland solution (tube No. 0.5) consists of solution (A) which was
prepared by dissolving 1.75g of Barium chloride BaCl,.H,O in 100 ml of distilled
water and solution (B) which was prepared by adding 1 ml of concentrated H,SO,4
in 100 ml of distilled water. Immediately, 0.5 ml of solution (A) was added to 99.5
ml of solution (B). This resulting solution was used for comparison to give the
approximately number of germ cells (1.5x 10 cell /ml) in bacterial cell suspension

which is used in antibacterial activity [97].
2.4.2. Preparation of bacterial suspension

Brain heart infusion broth (BHI) broth were inoculated with tested bacterial
isolates and incubated at 37 °C for 24h, then their turbidity was compared against
standard McFarland solution No. (0.5).

Then an amount of 0.1 ml of isolates broth containing approximately (1.5x 10°
cell /ml), was spread it onto Muller Hinton agar plate by using a cotton swab and
the plate approximately 60° for each direction then plates were kept to stand upside
down at room temperature for 15 min, the plat put in an incubation at 37 C for 24

h and by sterile rule the diameter of inhibition zone was determine [98].
2.4.3. Preparation of implant mediums (Agar)

The Muller Hinton agar medium was prepared by dissolving 38 g in 1000
ml of distilled water, boiled to dissolve the agar completely, sterilized by autoclave
at 121 °C for 15 min and allowed to cool down to 45 °C. After that, the agar will

pour into petridishes so it will be ready to be use [99].

39



Chapter Two Experimental part

2.4.4. Antibacterial tests method

The antibacterial test has been carried out according to the disc diffusion
method . All synthesized Azetidin-2-one compounds (4a-n) have been examined
for their antibacterial activity in vitro against one type of Gram-positive bacteria
(Staphylococcus aurous) and one type of Gram-negative bacteria (Escherichia
coli). The agar plates have been surface- inoculated uniformly from both culture of
the tested bacteria. In the solidified medium suitably spaced apart holes were made
all 6 mm in diameter. These holes were filled with 40 pL of the prepared
compounds (20 mg of the compound dissolved in 1ml of DMSO solvent). These
plates have been incubated at 37 °C for 24 h. for both bacteria. The zones of

bacterial growth inhibition around the discs have been measured in (mm), [100].
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Chapter Three

Results and Discussion

3.1. Synthesis of 5-(benzo[d]thiazol-2-yldiazenyl)-2-

hydroxybenzaldehyde 2

Amino function in 2-aminobenzothiazole [I] was diazotized with
sodium nitrite and sulfuric acid. The forming diazonium salt was coupled

with 2-hydroxybenzaldehyde dissolved in sodium hydroxide solution to

yield azo derivative (2) involving aldehyde group. Scheme (3-1).

&
1 A [f_j f':l'l /
Cm"[” . NaH e
|_-.qu.____.- -\.,_\_\_ﬁ

Scheme (3-1): Synthesis of azo compound (2)

The reaction mechanisms were outlined in schemes (3-2) and (3-3), [101].

H
& @ H. ] |
H tI: Ma __]@ |—_-’I_," 3]
0 i T — M
“g0.H I ! Il
Sodium niinte Protonated mitrous aoad
‘mifrozating agent)
| | g
; H=—0 ] T = 4,
[t r\._: + J"’q Hrl;:""i. h_,,_. - '-'"_H—H;_-
x‘m._d-"ill H
N NS Hao M H
ll =4[ S0 N =N — A ——  HO—N=N—As
Mg —- b —— & :
J ) H
Ar A

Scheme (3-2): Mechanism of diazotization of amine
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GH = PH e & o a
KL:"‘ e =l cio  Agewo Ao a.d_cHe
[ ﬁ]/ — EJ‘ -] ] - ._f_':" [ - ]’
5 e -:-:'J HE‘, ﬂ%
A =l E ':.:"— 5 coupling stap e - \
=M 4 {_.1':}_"'_'{"' ,L__: C L N=._J_I(: ‘H--r._:,_ S e MM .:".-"f h—OH
tHO . A FI.L _—EC_.U . = .

Scheme (3-3): Coupling reaction mechanism

IR spectrum of azoaldehyde compound (2) pointed the disappearance
of sharp bands at 3402 cm™ and 3273 cm™ for (NH,)str, also absence of a
sharp band belong to (NH,) bending at 1643 cm™ and appearance of band at
3277 cm™ assigned to (O-H)str, the strong band at 1654 cm™ due to
(C=0)str, the weak band at 1435 cm™ attributed to azo group (N=N)str, the
benzothiazolic (C=N)str appeared as a weak band at 1587 cm™. Other bands
were listed in Table (3-1).

Table (3-1): (FT-IR) bands of compounds (1a) and (2a)

Comp. | v(NHy) [ v(O-H) | v(C=0) v(C=N) v(N=N)
NO 1 1 benzothiazole 1
cmt |cm cm cm
cm™
3402 — 1587 —
(1a) -
3273
(2a) 1643 3277 1654 - 1435
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Chapter Three
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Figure (3-1): FT-IR spectrum of 2-Aminobenzothiazole (1a)

43



Chapter Th Results and Discussion
apter Three

Bl sHiMmapzu

110-{ ~ N,
%T | \ )~ ;
100 il

518.87

90

889.21
835.21

80

1035.81

327717

1246.06
1111.03

70

3059.20
2931.90
285474
1554.68
1435.09
1367.58
1315.50

1587 47
1182.40

60

1465.95
756.12

50

1654,98

4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
1/cm

Comment; No. of Scans; Date/Time: 09/01/2020 12:03:26
Resolution; User; Admin

Figure (3-2): FT-IR spectrum of compound (2a)
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3.2. Synthesis of Schiff bases derivatives (3a-n)

Compound (2) was undergone in condensation reactions with some
primary anilines derivatives including (4-nitroaniline, 3-nitroaniline, 2-
nitroaniline, 4-chloroaniline, 2-chloroaniline, 2,4-dichloroaniline, 4-
bromoaniline, 3-bromoaniline, 4-aminoophenol, 3-aminophenol, 2-
aminophenol, 2-methoxyaniline, 2,4-dimethylaniline and 4-
acetamidoaniline), respectively using microwave irradiation technique in

absolute ethanol to give Schiff bases (3a-n) as a trivet for this work, Scheme

(3-4).
i o
bs. EIOH
\‘/N\ /@ ¢ ANHy ——— 27 N
N CHO

N
N NOZEAN
- 40min T/ N E=N\ + H0
S 300W S Ar
(2)

(3a-n)

-0 O QO 07 O
NO,

NO, Cl Cl Br

(3a) (3b) (3¢) (3d) (3e) (39 (3g)

3 HN—C—CHj
(3h) (3i) &1) Gk @A) (3m) (3n)

5.0 GRS G

Scheme (3-4): Synthesis of Schiff bases (3a-n)

IR spectra of imines (3a-n), figures showed disappearance of strong
band at 1654 cm™ for aldehydic (C=O)str, also disappearing the doublet
band for (NH,)str in the starting amines at the general range (3400-3250)
cm™ and appearing a band at the range (1595-1620) cm™ assigned to imine
function (C=N)str. Compound (3n) appeared band around 1666 cm™
assigned to amidic (C=0)str. Other characteristic bands were interpreted in

Table (3-2).
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Table (3-2): FT-IR data of Schiff bases derivatives (3a-n) in cm™

Comp. v(O-H) v(C-H) (vC=N) v(C=N) v(C=C) v(N=N) Others
NO aroma. imine benzothiazole benzene
exo endo
1494 overlapped,
(3a) 3362 1595 1595 1494 1444 1303
3064
3219 overlapped (NO)str
1527
(3b) 3350 3072 1614 1614 1479 1433 1348
overlapped (NO)str
1525
(3c) 3473 3063 1620 1620 1479 1433 1346
3381 overlapped (NOy)str
1402
(3d) 3257 3057 1614 1614 1529 1446 (C-Cl)str.
overlapped 1485
1373
(3e) 3200 3057 1616 1616 1529 1444 (C-Clstr
overlapped
(3f) 3282 3063 1614 1614 1523 1446 1393
overlapped 1471 (C-Cly)str
(39) 3458 3061 1612 1612 1575,1533, 1450 1398
overlapped 1479 (C-Br)str
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(3h) 3294 3063 1616 1587 1529 1437 1309
1475 (C-Br)str.
(3i) 3406 3068 1614 1614 1510 _
overlapped 1458
(3j) 3369 3064 1620 1620 1512 _
overlapped 1450
(3K) 3313 3066 1618 1618 1518 _
overlapped 1464
2943
(€])] 3315 3057 1614 1614 1531 _ 2831
3180 overlapped 1458 (CHg)str
3m 3414 3063 1616 1616 1573 1446 2931
overlapped 1529 (CHg)str
1471
3n 3300 3059 1610 1616 1516 1411 3192
overlapped (N-H)str
1666
C=0)str, amide
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Figure (3-3): FT-IR spectrum of compound (3a)
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Figure (3-4): FT-IR spectrum of compound (3b)
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Figure (3-5): FT-IR spectrum of compound (3c)
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Figure (3-6): FT-IR spectrum of compound (3d)
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Figure (3-7): FT-IR spectrum of compound (3e)
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Figure (3-8): FT-IR spectrum of compound (3f)
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Figure (3-9): FT-IR spectrum of compound (3g)
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Figure (3-10): FT-IR spectrum of compound (3h)
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Figure (3-11): FT-IR spectrum of compound (3i)
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Figure (3-12): FT-IR spectrum of compound (3j)
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Figure (3-13): FT-IR spectrum of compound (3K)
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Figure (3-14): FT-IR spectrum of compound (3I)
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Figure (3-15): FT-IR spectrum of compound (3m)
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Figure (3-16): FT-IR spectrum of compound (3n)
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3.3. Synthesis of azetidin-2-ones (4a-n)

The synthesized Schiff bases (3a-n) were introduced in cyclization
reaction with a-chloroacetyl chloride in N,N-dimethylformamide as solvent
using microwave irradiation method to yield the target azetidin-2-one

derivatives, Scheme (3-5).

N OH
e e
Cl i N A
ij[s% \\N on \)I\C| , DMF, 150min @;}—N\\N Y r
MW (300W)
CH=N-Ar ol o
(3a-n) (4a-n)
Q0 00 QO @r Q
(42) (4b) (4¢) (4d) (4e) (42)
Q © f HO. f i _OMe @CHs
Br OH 9
OH CHs HN—C—CHj
(4h) (4i) 4j) (4K) (41) (4m) (4n)

Scheme (3-5): Synthesis of azetidine-2-ones (4a-n)

The proposed mechanism for cyclization reaction to form azetidine ring was
outlined in Scheme (3-5)

H 0 0—H [
N ) Cl—CH-C—Cl
O—CH-C—0l =——= 0—CH=(—C| ——> | /] ——>
7 Arl CH- [\ll Arz
Oe AT]_C@_AFZ H
|
Ci—CH-C<Cl 0
\ HCl Cl—CH-C*
Ari—CH-\— A > |
P ATI_CH_N_Arz

Scheme (3-5): Proposed mechanism of cyclization reaction to form B-lactam ring
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FT-IR spectra of azetidinone compounds (4a-n) present apparent
proof that the reactions occurred swimmingly through the appearance of
two bands for (C=0) stretching of B-lactam ring, the first at the range (1710-
1676 cm™) while the second at the scope (1678-1643 cm™) due to field effect
between chlorine atom and carbonyl group oxygen atom, the steric
orientation of chlorine atom may be up or down of plane of the azetidine
ring and thus the w-bond characteristic in carbonyl group (C=0) will be
changed. The spectra also appeared the benzothiazolic (C=N)str at the range
(1608-1583 cm™), while (C=N)str of Schiff bases disappeared. Moreover,
compound (4n) appeared additional band at 1656 cm™ assigned to amidic
(C=0)str. Other bands were listed in table (3-3).

Table (3-3): FT-IR data of azetidin-2-one derivatives (4a-n) in cm™

Comp. v(0-H) v(C-H) (vC=0) v(C=N) v(C=C) v(N=N) Others
NO aroma. lactam benzothiazole benzene
1539
(4a) 3412 1685 1606 1469 1307
3063 =

1649 (NOy)str

1531

(4b) 3346 3061 1676 1600 1465 1435 1309
1645 (NOy)str

1518 1546

(4c) 3018 3018 1689 1599 1464 1431 1311
overlapped 1649 (NOy)str
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1379
(4d) 3423 3059 1710 1593 1525 1435 (C-Clstr.
1678 1489
1302
(4e) 3416 3053 1705 1591 1525 _ (C-Clstr.
1643 1475
(4f) 3387 Overlapped 1693 1600 1525 1417 1305
with broad
(C-H) aliph. 1656 1471 (C-Cl)str.
strat 2978
(49) 3390 3064 1685 1587 1529 1442 1312
1475
(C-Br)str.
(4h) 3057 3057 1687 1583 1531 1431 1307
overlapped 1647 1471 (C-Br)str.
(4i) 3055 3055 1693 1608 1546 _
overlapped 1647 1512
1462
(4j) 3180 3022 1703 1595 1525 1431
1647 1469
(4k) 3387 3024 1707 1595 1531 1431
1668 1471
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41 3379 3063 1687 1604 1521 _ 2935, 2839
1464 (CHa)str
4m 3389 3059 1710 1587 1529 1435 2922
1670 1477 2858
(CHg)str
4n 3423 3055 1676 1608 1514 1433 3234
1649 (N-H)str
1656
(C=0)str
amide
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Figure (3-17): FT-IR spectrum of compound (4a)
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Figure (3-19): FT-IR spectrum of compound (4c)
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Figure (3-20): FT-IR spectrum of compound (4d)
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Figure (3-22): FT-IR spectrum of compound (4f)
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Figure (3-23): FT-IR spectrum of compound (49)
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Figure (3-25): FT-IR spectrum of compound (4i)
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Figure (3-26): FT-IR spectrum of compound (4})
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Figure (3-27): FT-IR spectrum of compound (4Kk)
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Figure (3-28): FT-IR spectrum of compound (41)
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Figure (3-30): FT-IR spectrum of compound (4n)
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—
H NMR spectra of azetidin-2-ones (4a-n)

"H NMR spectra of B-lactams (4a-n) (500 MHz, DMSO-dg) appeared
peak of (CH-N) proton of lactam ring at 6 2.72, 2.72, 2.72, 2.72, 2.72, 2.72,
2.712,2.72,2.72,2.72,2.72, 2.79, 2.72 and 2.72 ppm, respectively. The peak
of (CH-CI) proton for lactam ring appeared at & 2.88, 2.88, 2.88, 2.88, 2.88,
2.88, 2.88, 2.87, 2.87, 2.87, 2.88, 2.88, 2.88 and 2.88 ppm, consecutively.
Signals of aromatic hydrogens around 6.80-8.78 ppm. Signal of (O-H)
hydrogen appeared just in compounds (4c, 4e and 4h) at 6 10, 10 and 10.40
ppm,respectively, while it is disappeared in spectra of the other compounds
due to the fast exchange with acidic impurities in (DMSO) solvent.
Compound (41) showed singlet signal of (OCHj3) hydrogens around & 3.75
ppm. Compound (4m) pointed two singlet signals for hydrogens of the two
methyl groups around 6 1.91 ppm and 2.08 ppm. Signals of methyl group
protons and (N-H) proton of compound (4n) were recorded around 2.02 ppm
and 9.91 ppm, respectively. The 'H NMR data of compounds 4a-h were
summarized in table (3-4) [109].
Table (3-4): *H NMR data of p-lactams (4a-n) (500 MHz, 6 ppm, DMSO

solvent)
Entry | (DMSO) | (HOD) CH-N CH-CI Ar-H O-H Others
2.72(s,1H, | 2.88(d,1H, | 7.10-8.52
4a 2.5 3.38 | lactam) J=1.2Hgz, (m, 11H)
lactam)
2.50 335 | 2.72(s,1H, | 2.88(s,1H, | 7.41-8.02
4b lactam) lactam) (m, 11H)

2.72(s,1H, | 2.88 (s, 1H, | 6.91-8.50 10.00
4c 2.50 3.38 | lactam) lactam) (m, 11H) (s, 1H)

2.72(s,1H, | 2.88(s,1H, | 7.39-7.99
4d 2.50 3.35 | lactam) lactam) (m, 11H)

272 (s,1H, | 2.88(s,1H, | 7.16-8.69 | 10.00
4e 2.50 3.35 | lactam) lactam) (m, 11H) (s, 1H)

2.72(s,1H, | 2.88 (s, 1H, | 7.40-8.05
4f 2.50 3.46 | lactam) lactam) (m, 10H)
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2.72(s,1H, | 2.88 (s, 1H, 7.47-8.11

49 2.50 3.38 | lactam) lactam) (m, 11H) - -
2.72(s,1H, | 2.87 (s, 1H, | 7.40-8.42 10.40
4h 25 3.3 lactam) lactam) (m, 11H) (s, 1H) -
2.72 (s, 1H, | 2.87(d, 1H, 6.80-8.04
4i 2.50 3.37 | lactam) J=11.5Hz, (m, 11H) - -
lactam)

2.72 (s, 1H, | 2.87 (s, 1H, 6.86-7.93

4j 2.50 3.40 | lactam) lactam) (m, 11H) - -
2.72 (s, 1H, | 2.88 (s, 1H, 7.20-8.78
4k 2.50 3.41 | lactam) lactam) (m, 11H) - -
2.79 (s, 1H, | 2.88(d, 1H, 7.00-8.13 3.75 (s, 3H,
4 2.50 3.34 | lactam) J=35Hz, (m, 11H) - OCHjy)
lactam)
2.72 (s, 1H, | 2.88 (s, 1H, 7.47-8.09 1.91 (s, 3H, 2-
4m 2.50 3.35 | lactam) lactam) (m, 10H) - CHsy), 2.08 (s,
3H, 4-CH,)
2.72 (s, 1H, | 2.88 (s, 1H, 7.41-8.03 2.02 (s, 3H,
4n 2.50 3.36 | lactam) lactam) (m, 11H) - CHs), 9.91 (s,
1H, NH)
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Figure (3-31): 'H NMR spectrum of compound (4a)
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Figure (3-42): "H NMR spectrum of compound (41)
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Figure (3-43): *H NMR spectrum of compound (4m)
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Figure (3-44): *H NMR spectrum of compound (4n)
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(CHNS) Elemental analysis of compounds 4a-n

Elemental analysis measurements appeared accorded agreeable to
calculated values as shown in Table (3-5).

Table (3-5): (CHNS) Elemental analysis of compounds (4a-n)

Com.n Calculated % Found %
0.

C H N S C H N S

4a 55.06 | 294 | 1459 | 6.68 | 55.42 3.19 14.20 7.05

4b 55.06 | 294 | 1459 | 6.68 | 55.39 2.84 14.25 7.12

4c 55.06 | 294 | 1459 | 6.68 | 55.37 3.05 14.32 7.08

4d 56.30 | 3.01 | 11.94 | 6.83 | 56.08 3.07 11.49 7.17

4e 56.30 | 3.01 | 11.94 | 6.83 | 56.52 3.04 11.73 7.21

4f 5245 | 260 | 1112 | 6.36 | 52.80 2.82 11.27 6.78

49 5143 | 275 | 10.90 | 6.24 | 51.65 2.69 10.81 6.59

4h 5143 | 275 | 1090 | 6.24 | 51.31 247 10.51 6.57

4i 58.60 | 3.35 | 1243 | 7.11 | 58.23 3.29 12.03 7.41

4j 58.60 | 3.35 | 1243 | 7.11 58.67 3.16 12.24 7.46

4k 58.60 | 3.35 | 1243 | 7.11 | 58.39 3.31 12.72 7.49

41 5942 | 3.69 |12.05 | 6.90 | 59.74 3.82 11.89 7.22

4m 62.27 | 414 | 12.10 | 6.93 | 62.53 4.34 12.37 7.25

4n 58.60 | 3.69 | 14.24 | 6.52 | 58.85 3.50 14.55 6.88
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3.4. Antibacterial activity

All target p-lactam compounds (4a-n) were screened for their antibacterial action
against Staphylococcus aurous (Gram-positive) and Escherichia coli (Gram-
negative). The data of inhibition zones indicated that compounds (4b, 4c, 4i, 4j,
4k, 4m and 4n) pointed better effects to standard antibiotic (amoxicillin-
clavulanate) against E. coli. Correspondingly, compounds (4i, 4j, 4k, 4m and 4n)

recorded better effects against Staphylococcus aurous when compared with that of

Table (3-6): Activities of p-lactams (4a-n) as well as amoxicillin-clavulanate as

reference drug

Bacteria Staphylococcus aurous Escherichia coli
(Gram-positive) (Gram-negative)
Comp. no Diameter of inhibition zone in (mm)

4a 0 15

4b 0 19

4c 0 20

4d 0 10

4e 0 0

4f 0 0

4g 0 0

4h 0 30

4i 30 28

4j 28 26

4k 30 0

4 0 27

4m 26 30

4n 25 16
DMSO 0 0
Amoxicillin- 18 18

clavulanate

Highly active (inhibition zone > 15 mm) Slightly active (inhibition zone 5-10 mm)

Moderately active (inhibition zone 11-15 mm) Inactive (inhibition zone <5 mm)
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Figure (3-45): Antibacterial photographs of compounds (4a-n) against

Staphylococcus aurous
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Figure (3-46): Antibacterial photographs of compounds (4a-g) against
Escherichia coli
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Conclusions

Conclusions

. In spite of using microwave irradiation method, B-lactam ring formation
needed relatively long reaction time. The reason may be due to less stability
of four-membered ring in comparison with five and six-membered rings.

. The synthesized B-lactams possess good solubility in water due to presence
of polar substituents such as hydroxyl and carbonyl, this solubility could be
increased through conversion of phenol group into the phenoxide salt.

. Some of B-lactam compounds afforded greater influences to the control drug
(amoxicillin-clavulanate) against both types of bacteria (Gram-negative and

Gram-positive).
Future work

. Preparing another Schiff bases by reacting the initiator aldehyde with
another substituted anilines as precursors for the synthesis of new azetidine-

2-0nes.

. Oxidation of imines into the nitrones using hydrogen peroxide could be

taken place.

. Cyclization of imines with mercaptoacetic acid may be undergone to yield
thiazolidine compounds.
. Determining toxicity and minimum-influenced concentration for prepared

azetidinones.

. Determining biological actions of B-lactams athwart another germs and

some animal tissues diseases.
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