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Abstract

Abstract

2-Aminobenzothiazole 1 was converted to the corresponding diazonium
salt which was introduced in coupling reaction with alkaline solution of 2-
hydroxybenzaldehyde as coupling reagent to give azo-benzothiazole
derivative 2 bearing aldehyde group. The resulting aldehyde 2 was
introduced in condensation reactions with the primary aromatic amines
including  (4-nitroaniline,  3-nitroaniline,  4-hydroxyaniline,  4-
methoxyaniline, 2-methoxyaniline, 4-bromoaniline, 4-chloroaniline and
2,4-dichloroaniline) using microwave irradiation technique in absolute
ethanol to produce eight imine derivatives of benzothiazole 3a-h,
respectively. The resulting imines 3a-h were treated with both glycine and
L-alanine using microwave irradiation in tetrahydrofuran afforded sixteen
new imidazolidines 4a-h and 5a-h substituted with benzothiazole moiety,
respectively, Scheme (1).

The chemical structures of the target compounds synthesized were
deduced from (CHNS) elemental analysis and FT-IR, *H NMR spectral
measurements. Preliminary in vitro antibacterial activity of the target
compounds were investigated using two types of bacteria, Staphylococcus
aureus (Gram-positive) and Escherichia coli (Gram-negative). The results
indicated that the newly synthesized imidazolidines (compounds 4a, 4b, 4c,
4d, 4e, 4g, 4h, 5c, 5d, 5f, 5g, and 5h) exhibited greater activities than
gentamycin against Gram-positive bacteria. On the other hand, compounds
4d, 4h, 5c, and 5f also showed better activities against Gram-negative
bacteria when compared with that of the control drug (Gentamycin),
Figures (3-43)-(3-47).
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Chapter One Introduction

1.1. Benzothiazoles

Benzothiazoles heterocyclic systems fused with benzene rings are now
popular scaffolding for inclusion in drug design®. The most imperative is a
bicyclic system where the benzene ring is fused to the 4,5 position of

thiazole ring", Structure (1-1).

7 1 7 1

S
6 S 6 \

2 N2
5 /> 5 J
N
4 3 4 3
Benzothiazole Benzoisothiazole
(1) (2)
Structure (1-1)

Benzothiazoles are the important pharmacophore and privileged sub-
structures in medicinal chemistry owing to their involvement as a key
component for various biological activities* such as antifungal® and
antibacterial agents®. Benzothiazole nucleus containing molecules are also

reported as antidiabetic®, antitumor activity® and anti-inflammation’.
1.1.1. The biological activity of Benzothiazoles

Benzothiazoles compounds are further studied heterocyclic due to their
wide spectrum of bioactivities. Among them, the benzothiazole derivatives
are pharmacologically important because of their immunostimulant, anti-
inflammatory, antifungal, antimicrobial, antitumor, and other activities®.
Benzothiazole ring is a requirement for high schistosomicidal activity”.
Benzothiazole derivatives of biological interest were synthesized and

Ill

showed antimicrobial, anti-proliferative™, antileishmanial™, anticancer*
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anthelmintic®® and antiviral activities'. Table (1-1) shows biological

activities for some benzothiazole derivatives.

Table (1-1): The biological activities for some benzothiazole derivatives

Com. Structure Biological activity Ref.

15

(3)

Antitumor activity.

) | L
Q/\ N@-N;_/CI

0
F N
4) F \>—NH ) Anticonvulsant,anxiolytic 10
F g effects and neuroprotective.
O

Riluzole

N g N O .
(5) \%N*N/ The synthesized compounds
g — give anti-bacterial activities
against B.subtilis, S.aureusand
R E.coli and for anti-fungal
activities against Candida

N P ' albicans.
R= N N
slololi®

CHs

17

(6)

18

Anti-inflammatory activity.

R=-Cl, 3,4,5-OCHjg

N
(7) \>7NH
" S Anti- inflammatory activity. 19
0

\

A

0 CHs HO
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Com. Structure Biological activity Refe.
no.
H
N O ..
8) Anti-inflammatory drugs,
N Fatty acid amide hydrolase 20
= (FAAH) inhibitor.
S
|
0=s=0
</ ;s
N . . 5 .. 21
9) \ Anti-Alzheimer’s activity.
F
S
0 N
(10) \ \>7NH Antitumor activity against 2
N anLLC xenograft model.
S
N/ I b
\
NO,
N " R
(11) N R 2
Antidiabetic activity.
Cl S R,
o
N
(12) H2N</
S O_(CHz)n

n= 1-6

Anti-bacterial activity and anti-
fungal activity.

24
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1.2. Imidazolidines

Imidazolidines (saturated imidazoles), also known as
tetrahydroimidazoles are biologically active nitrogen containing
heterocyclic moiety which have been reported to show wide array of
significant bioactivities®®, Imidazolidine-2,4-diones (or hydantoins) are
well known compounds since their discovery over a century ago.
Hydantoins have found therapeutic applications in drugs such as the well
established phenytoin®®, The derivatives of imidazolidine have an important
role in medicinal chemistry owing to their wide application as drugs and
drug-intermediates”’, Imidazolidines and their derivatives have shown
anticonvulsive and  antiarrhythmic  pharmacological  activities®,
Imidazolidine derivatives, or hydantoins, are synthetic compounds with
different therapeutic applications. Many imidazolidine derivatives have
psychopharmacological properties, such as phenytoin, famous for its
anticonvulsant efficacy, but also effective in the treatment of neuropathic
pain®®, Imidazolidine derivatives are found in many area of medicinal
chemistry (serotonin and fibrinogen receptor antagonists, inhibitors of the
glycine binding site of the NMDA receptor, antagonists of leukocyte cell
adhesion, acting as allosteric inhibitors of the protein—protein interaction®.
There are two structural isomers (1,2) and (1,3) imidazolidine, Structure (1-
2).

NH
/ NH
(13) (14)
1,2-pyrazolidine 1,3-imidazolidine
Structure (1-2)

( , 1
L 4 )
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1.2.1 Synthesis of imidazolidines

A considerable number of methods towards the formation of

imidazolidine ring have been reported in recent years.

Short® et al. Synthesis of hydantoin 4-imides (15) , by immobilization
of the isocyanide componen the desired product is then released from the

support upon treatment with 20% trifluoroacetic acid-CH,Cl,, Scheme (1-1)

H

R2 Rl
R NC idine, Hel, KOCN, H,0 g N i
\/O pyridmne, ricl, s 112 ___R \/0 \
0 CHCl;, MeOH, 24h A /k
0 0 N o]
H
20% TFA-CH,CL,
R'=NH, 0
R2= CHO )K
HN NR!
Vi 2
R
P
R N H
(15)

Scheme (1-1)

Several chiral imidazolidine disulfides (16) derived from L-cysteine

have been synthesized®, Scheme (1-2).




Chapter One Introduction

0
A BN
. (i) (i), (iii), (iv) (v)
L-cystine —— [ HO s A ARG
y R—N S _— R—T S
HNCO,Et
2 H HNCOEt VR 7

2 2

\[/ T
N\/N\
2

(16)
(1) 1 M ag. NaOH, ethyl chloroformate; (ii) N-methylmorpholine, CHCIs; (iii) ethyl chloroformate; (iv)
RNH; (a:R=(R)-methylbenzyl; b:R=(S)methylbenzyl; c:R=phenethyl; d:R=r+butyl); (v) LiAIH,, reflux
in THF; (vi) (CH.0)n , reflux in benzene.

Scheme (1-2)

Muccioli® et al. Synthesized 5,5’-Diphenylimidazolidine-2,4-dione) and
5,5'-Diphenyl-2-thioxoimidazolidin-4-one derivatives (17), using the

microwave, Equation (1-1).

X
o o
OO ales
X c—cC X Iii!llll
DMSO/aq KOH

+
(0]

« NH
N
. A~
N X

NH NH,
a7

Equation (1-1)

Brouillette? et al. prepared series of twenty optically pure 3-(thien-3-
yl)imidazolidine-2,4-dione (18) derivatives have been synthesized in 41—
89% vyield with all natural amino acids in a quick one-pot microwave-
assisted, Scheme (1-3).
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HN/< A
HN COoH, EtgN

0
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. o H
COH AcOH, 72h N

H 2 R
HN—<N_<R O{j
0
> — N

H,0, Smin

| \

S

R:CH 3

- \ 5
COH \
S ’
| Method B

HCI 10% M.W10-20 min S
(18)

Scheme (1-3)

Caterina® et al. synthesized the (bis(3-arylimidazolidinyl-1) methanes)

(19) by a condensation reaction between N-arylethylenediamines with an

excess of formaldehyde, Equation (1-2).

[\

>
R!”

1 N N_ N N
RIHN AN
R2
R'=0Me
R%=Me (19)
Equation (1-2)
Entezari®’ et al. synthesied imidazolidine-2-thione (20) as a in the

presence of ultrasound (sono-synthesis) and in the absence of ultrasound

(conventional method).

Scheme (1-4).

Instead of reflux in the conventional method,

NH,

NH,

N—/—O—/—w»

[ OSH

Scheme (1-4)

(20)

( . )

\ J
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Reddy™® et al. Synthesized (2)-5-(N-benzylindol-3-

ylmethylene)imidazolidine-2,4-diones (21) under microwave irradiation

and conventional heating methods. Scheme (1-5).

A

0]
NH
CHO
; —
CHO R \ R!
N
H 0
\ \
a
N b(or)e
’ N
RS
2 @RS
R

R2
21

(a) appropriate benzyl halide, aqueous NaOH solution, triethylbenzylammonium chloride, DCM,
rt; (b) Method-A: hydantoin, ammonium acetate in acetic acid, microwave irradiation, 40-60 s, 80—
85% yield; (c) Method-B: hydantoin, ammonium acetate in acetic acid, 115-116 C, 8-12 h, 74—
85% yield.

I=

Scheme (1-5)

Luis® et al. synthesized 2,4-dione and 2-thioxo-4-one imidazolidinic
derivatives (22) by reaction of amino acids with C-phenylglycine, phenyl

isocyanate and phenyl isothiocyanate, Scheme (1-6).

HCl,,

HoN-C"H-COOH

+
@ e X CNH
N
)\ HC1,,,
N
= ~N = N

X= 0O or S

Scheme (1-6)
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de Carvalho® et al. prepared N,N’-disubstituted ethylenediamine and
imidazolidine derivatives (23) and their in vitro biological activities,
Scheme (1-7).

CHO / OMe
_/_N
N
EtOH, sh, 1t Ve Y
+ NH,CH,CH,NH, ——— >

OMe
oMe R-CHO or HCHO
N aqueous (37%, excess)
H >

H
MeOH, 2h, 1t N—/_ EtOH, 1h, 700C
> MeO
NaBH,
N/_—\N
MeO \/ OMe
R

(23)
Scheme (1-7)

1-(aryl)-3-[(R)-1-(6-fluorobenzo[d]thiazol-2-yl)ethyl]imidazolidine-
2,4,5-triones (24) were synthesized and determined by single-crystal X-ray

diffraction was accomplished®®, Scheme (1-8).
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0
\\
N
\>—( Ve NaOH/TOL \
NH,
F : \//
HN (CHy)y
R
N 0
oxalyl chloride, 0-5 °C, \ R
DCM/hexane i
: g —(CHah

Scheme (1-8)

Soueidan® et al. synthesied vicinal diamines or imidazolidines (25) under mild

conditions in good yields with high diastereoselectivity, Equation (1-3).

R;

H N
1) La, THF, 10 min, 50°C R H
Cp,ZrCl, - > 2
~ 1 THF, 0.5-12 h, 50°C R,
2) N H N
R2

A

R, H R,
3) HC1 0.1 M ’s
R,~ph (25)
R,=CsHy,

Equation (1-3)

10

—
| —
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6-Aminocoumarin on treatment with oxalyl chloride gave coumarinyl-6-
isocynate which was reacted with glycine to yield 1H-3-[2i-0x0-2iH-
benzopyran-6i-yl]-5-imidazolidine-2,4-dione (26)*°, Scheme (1-9).

0
0 Ry 0 0 R, i 0 R, .
oxalyl chloride ycine )K
Toluene EtOH N
N NH, N N=C=0 N MM
R >_/

R1 R1
) °
R2:CH3 R;=H

Scheme (1-9)

2-aryl iminoimidazolidines (27) and 1-aryl-2-iminoimidazolidines (28) were
prepared in good yields via the cyclization of (2-hydroxyethyl)guanidines at 0
c*, Equation (1-4).

R1
HN
NBoc R ab N -
J /k/OH > +
N N Y
H H N NR?
NH
R1
H'Et3N/CH2C12
b-HCI/1,4-dioxan (27) (28)

Equation (1-4)

Liu** et al. synthesis of (Z)-2-substituted-5-(4-((2-substitued-5-
oxoimidazolidin-4-ylidene)methyl)benzamido)benzoic acid
derivatives(29), Scheme (1-10).

11

—
| —
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COOCH; COOCH; COOCH;

@ 0L f)

s(0)

S(o)

COOCH; COOH

s(o)

(29)

S(O)

(i) RBr, K,CO3, DMF; (ii) SnCl,,H20, C,HsOH; (iii) CH;COOH, CH;COONa; (iv) EDC HOBT, DIEA, DMF;

(v) LIOH, CH30H, THF, H,0.
Scheme (1-10)

Khan® et al. synthesis of 4-(1,3-bis(benzo[d][1,3]dioxol-5- yImethyl)-4-
methylimidazolidin-2-yl)-N,N-diethyl aniline (30) by reacting different
tetrahydro-di-Schiff bases with dimethylaminobenzaldehyde. Scheme (1-

11).

12

—
| —
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A
/
2 CHO + HZT_CH
NH, NH,
Dry benzene
O, /A O
g rT y
© C=—N N=——cCH o
H
Na-Borohydride
Y A
O O
i e ]

C —NH HN—/—CH;

' A
o : )
CHZ_CH
5 2 5
N
A= -CH3
R1=-CH3
R2=-OCH3
30)
N
/7 \
R2 R1

Scheme (1-11)
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Substituted-imidazolidine derivatives (31) were synthesized and assayed
in vivo to investigate their biological activity™, Scheme (1-12).

R
CHO - \ /\(N\
) 1 Dry benzene R N C,H;0H, CH,Cl, -
*F ' HZN\)\NHz N NaBH, -
R
N N
R C,H:OH
»> R R
t @CHO
ol
H
R R‘_W
Ry
R,=H (31)
R,=CH,§ RW/Nsz
Scheme (1-12)

Naeimi* et al. prepared the imidazolidine derivatives (32) from
reaction of different aromatic ketones with 1,2-ethanediamine in the
presence of LiClO,4, Equation (1-5).

0 HN NH
R, .
+ / \ L]CIO4 > Rg
HoN NH; MeOH, heat
R 3
RIZCH3 (32)
Ry=CyHs

Equation (1-5)

Safari®® et al. synthesis of 5,5-disubstituted hydantoins (33) by using
magnetic Fe;O, nanoparticles under solvent-free condition, Scheme (1-13).

()
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0

Fe;0, nanoparticles o
)k + KON+ (CH),C0, —= >
R' R
R1:OCH3 R1
R2:CH3

Scheme (1-13)

=T

Marinov”’ et al. synthesized two imidazolidine compounds, 2,5- dione
derivatives (35) and (36) from the imidazolidine compound (34), Scheme

(1-14).
H
N\TO
N\
. H>NNH,.H,0 4 NH,
N—_O
0 \f (35)
NaCN. (NH4),COs, C;HsOH_ NH OH
NH;, HCI i o : o N 0
CH,0. K,CO \r
\ / 2 23 N\l
(34) 0 OH
(36)
Scheme (1-14)
1-(Arylidene)amino-2-thioxo-imidazolidine-4-ones (37) have been

synthesized via cyclization of 1-(arylidene)amino-3 (chloroacetyl)thiourea
(38) in ethanol in presence of fused sodium acetate under heating®,
Scheme (1-15).
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R
*\ NH NH; CICH,COOEt )\\ NH - NH AcONa/EtOH
Y Y\Cl —_—

'U
=,
=
\
-
=,
=

(38)
0
/k\N N NH
h Y R=CH,€

@y O

Scheme (1-15)

1,3-bis ((2-aminopropyl) amino) methyl)-5-methylimidazolidine-2,4-
dione (BAMMD) (39) was synthesized as sand then studied as corrosion
inhibitor for carbon steel and brass alloys at 0.2M sodium chloride. The
optimal concentration of BAMMD is 50ppm*®, Structure (1-3).

N
< ©
NH (39)
&CHE,
HoN

Structure (1-3)

Wrébel®® et al. synthesized and tested the biological activity of
Imidazoline derivative N-cyclohexyl-2-imino-3-(4-
nitrophenyl)imidazolidine-1-carboxamide (40), Scheme (1-16).
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0
g

pe

NH
, , N™ “NH
NH,CH,CH,NH,, reflux; R 1.BrCN, iPrOH, reflux; 2. NaOH
NO, NO, (40)
ON
Scheme (1-16)

Tabarki® et al. used aziridine-2-carboxylates as starting materials In the
reaction synthesis of imidazolidine-2 thiones (41), Equation (1-6).

Rz :{5 r

Ar,, N\ \

7, N
; ; CO,Et + R, —N=—C=—s toluene . CO,Et
N ’ reflux

I S N
i R, =CH \R
1 —H3 1

R,=H (1)
Equation (1-6)

Laha> et al. Synthesis of Imidazolidine Fused Sulfamidates (42) by
[3+2]-Cycloaddition and benzosultams bearing a quaternary center,
Scheme (1-17).

0 0 0 O
\\S// TMS TMS \\S//
O/ \N

K ) O/ \N/\
+ \ \
1 " At > R?
3 3
R Anhy, THF R
ice-bath to [h @)
R1

Scheme (1-17)
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1-2-2.Biological Activity of Imidazolidines.

Tetrahydroimidazoles (imidazolidines) result interesting compounds due
to their bioactivity, such as strogenic activity®®, anticancer™, antifungal®,
antinociceptive activity®®, antiproliferative activity®’, antimicrobials®, anti-
tumor activity>, anti- inflammatory®, Anti-leishmanial®, antiarrhythmic®,
anti-convulsant®®, angiotensin-antagonists, anticoagulants, and gastric
proton-pump inhibitor®, antidepressant®™, antiepileptic®, antidiabetic®’,
anti-hypertensive®.

The phenytoin (43) used as a potential inhibitor of neuropathic pain®,
Structure (1-4).

O

HN%

NH

(43)
Structure (1-4)

The imidazolidines (44) and (45) are high-effective compounds and
used in antispasmodics and anti-epilepsy’, Structure (1-5).

R4
O
O
Rz
(@) HN
HN Y NH
%NRS O
@)
(44) (45)
Structure (1-5)
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Albuquerque™ et al. prepared and observed the biological activity of
some imidazolidine compounds. They found that compound 3-benzyl-5-
(4-fluoro-benzylidene)-1-methyl-2-thioxo-imidazolidin-4-one  (46) has
schistosomiasis effect, Structure (1-6).

(46)

Structure (1-6)

The imidazolidine derivative (47) 5,5-diphenylimidazolidine-2,4- dione
possesses pharmacological activities such as anti-inflammatory and
analgesic™, Structure (1-7).

(47)

Structure (1-7)

The imidazolidine derivative (48) 1-methyl-3-(4-chlorobenzyl)-5-(3,4-
dichlorobenzylidene)imidazolidine-2,4-dione appeared antimicrobial
activity”, Structure (1-8).
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Cl

0 CH,
/
cl \
cl HC *
0
|
C

H
(48)

Structure (1-8)

A series of novel sulphamethoxazole-based urea and imidazolidine-
2,4,5-triones (49) have been designed and synthesised. The urea derivatives
were obtained by the reaction of sulphamethoxazole and isocyanates, and
their cyclisation to imidazolidine-2,4,5-triones was per-formed via oxalyl
chloride. All synthesised derivatives were evaluated in vitro to determine
their activity against gram-positive and gram-negative bacteria, fungi,

mycobacterium tuberculosis™, Structure (1-9).

(49) N CH,

Structure (1-9)

Methoxyphenylpiperazinpropyl derivatives of imidazolidine-2,4-dione
(50) acted as antinociceptive agents in several rodent models of acute
pain’, Structure (1-10).
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R, 0 )\
5 N N
N \_/
HN
(50)
0

Structure(1-10)

R3

The imidazolidine compound (51) 1,3-dibenzyl-2-(3-
(benzyloxy)phenyl)imidazolidine showed biological activity as anti-

aggregatory Alzheimer’s disease’®. Structure (1-11).

L/N

€20

Structure (1-11)

1.3. Microwave assisted organic reactions

Microwaves have been used to speed up chemical reactions in the
laboratory, which led scientists to investigate the mechanism of microwave
dielectric heating and to identify the advantages of the technique for
chemical synthesis.The first recorded application of microwave (MW)
energy in organic synthesis is the aqueous emulsion polymerization of
butyl acrylate, acrylic acid and methacrylic acid using pulsed
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electromagnetic radiation. The start of the rapid growth of microwave-
assisted procedures in organic synthesis was ignited in 1986 by pioneering
papers by Gedye and co-workers and Giguere and co-workers”.

The organic synthesis is one of the major role of research in chemistry,
from plastics to medication it participates in the improvements of everyone
life. Over the past few decades, many significant advances in practical
aspects of organic chemistry have included novel synthetic strategies and
methods as well as advent of a vast array of analytical techniques. In these
environmentally conscious days, the developments in the technology are
directed towards environmentally sound and cleaner procedures’.

In the last decades the MW technique has been intensively used to carry
out organic reactions of almost all kinds, and has become a useful non-
conventional means of performing organic syntheses”.

Microwave-assisted synthesis is green chemical method, the application
of microwave-assisted is useful technology in organic synthesis because it
Is simple, sensitive, reducing the hazard, often possible to reduce reaction
times to a few minutes under solvent free or lower solvent and increase the
yields and easier work up as compared to conventional methods®*®".

Microwave irradiation can be used instead of thermal heating.
Furthermore, at the beginning of this century, green chemistry attracted
considerable interest in the development of environmentally benign routes
to numerous materials. Among these routes, microwave irradiation has
effective tool in organic syntheses. Using metal catalysts in conjunction
with microwaves may have significant advantages over classical heating
methods since the inverted temperature gradient under microwave
conditions may lead to increased lifetime of the catalyst®.

1.3.1. Basic microwave equipment

The microwave equipment (also frequently called “ appli- cators )
used in chemical processing can be divided into three basic categories: the
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. 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
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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®, Figure (1-1).

) MAGNETRON Electromagnetic
Rotating deflector waves

Reaction
vessel

Turntable

Fig. (1-1): Multimode microwave applicator

1.3.2. 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 (MAOS) is considered as an “green” technology,
principally since many organic reactions can be carry out in solvent-free
conditions®.

(MAOS) 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®”.

(MAOS) 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
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products and shorten the reaction times®,

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 ®.

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™.

1.3.2.1. Alkylation

Dariusz™ et al. used microwave heating under solvent free PTC
conditions for o-alkylation of phenols, Equation (1-7).

Microwave Irradiation

OoH T RX 25-65 seconds > 0

K,CO4/KOH R
TBAB

TBAB:tetrabutyl ammonium bromide (32)

Equation (1-7)

1.3.2.2. Oxidation

Grewal®® et al. Oxidized toluene to benzoic acid (53) with KMnO, by

microwave radiation, Equation (1-8).

COOH
(O]
-
aq. KMnO4, aq. KOH
MW 5 minutes
(33)

Equation (1-8)

( 54 )
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1.3.2.3. Reductions

Piras™ et al. converted the substituted pyridines into the corresponding

piperidines (54) optimisation of the procedure for microwave-assisted

hydrogenation, Equation (1-9).

N R H, (120 psi), catalyst (10% mol) R
MW, 80 °C, 2 cycles of 20 min each
' ot
N N
H
R= COOH, CH,COOEt (54)
Equation (1-9)
1.3.2.4. Condensations
Self-condensation of 1,3,5-trihydroxybenzene and 3,5-dimethoxyphenol
using solid acid catalysts and microwave irradiation produces polyhydroxy-
substituted biphenyl derivatives (55) and (56) in moderate to good yields*,
Equations (1-10) and (1-11).
OH OH OH
Solid Acid or Si(M) -
2 HO -
30 min, 240W Ho \ /
OH OH OH
Equation (1-10) (3
OCH3 OCH, OH
) Solid Acid or Si(M) o
MO 25 min, 180W ™ HeCO \ /
OH OH OCHj4
(56)

M=ALZn,Ti
Equation (1-11)

[ 5 )
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1.3.2.5. Cycloaddition

Ermolat™ et al. synthesized 4,5-disubstituted-2-aminoimidazoles (57)
has been developed starting from the readily available 2-aminopyrimidines
and a-bromocarbonyl compounds using conventional heating or microwave

irradiation, Scheme (1-18).

Ry A
Ny R ’ N
0 y 64%, N2H4 / \
> > NHR,
) MeON, ISOW30min o N N="R MeON, 150W \
N HNR Br )\< 10 min N
R, . 57)

Scheme (1-18)

1.3.2.6. Diels-Alder reactions

The reactions between isoprene and a series of dienophiles have been
carried out with and without solid support and by both conventional and
MW assisted techniques produced Tetrahydro-2-benzofuran-1,3- dione®
(58). Equation (1-12).

o) 0
AlICl, 5
+ 0 MW
\
O 0
(58)
Equation (1-12)
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Aim of The Study

The present work aims to synthesize of two series of new imidazolidine
derivatives containing benzothiazole moiety using microwave irradiation
which might have some antibacterial activities.
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Chapter Two

2.1. Materials

Experimental part

All chemicals, reagents and solvents were provided from the commercial
sources summarized in table (2-1).

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

Chemicals Molecular | M.Wt. | Purity Supplie_d
formula g/mol % companies
2-Aminobenzothiazole C7HgN2S 150.20 97 Sigma Aldrich
Ethanol (absolute) C,HgO 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/H6O, 122.12 98 S.D.Fine.india
Sodium hydroxide NaOH 39.99 99 BDH, England
4-Bromoaniline CeHgNBr | 172.02 96 BDH, England
4-Chloroaniline CeHsNCI 127.57 99 BDH, England
2,4-Dichloroaniline CsHsNCl, 162.01 95 BDH, England
4-Nitroaniline CsHsN2O» 138.12 98 Fluka
3-Nitroaniline CsHsN2O» 138.12 99 Fluka
4-Methoxyaniline CsHgNO 123.16 98 BDH, England
2-Methoxyaniline CsHgNO 123.16 98 BDH, England
4-Hydroxyaniline CsH/NO 109.13 99 BDH, England
Glycine C2HsNO; 75.05 99 Fluka
Alanine C3H/NO, 88.99 99 Fluka
THF C4HgO 72.10 99.7 J.T.Baker
Diethyl ether C4H100 74.12 99.5 Scharlau, Spain
n-Hexane CeH14 86.17 99 Scharlau, Spain
Ethyl acetate C4Hs0O, 88.10 99 BDH, England
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lodine I, 253.80 | 99.5 GCC, Germany

Dimethyl sulfoxide C,Hs0S 78.13 99 BDH, England

2.2. Instrumentations

1.

Silica TLC plates were used with an aluminum backing (0.2 mm, 60
F,s4). The reactions were monitored by TLC and visualized by
development of the TLC plates with lodine vapor.

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

Infrared spectra were recorded on SHIMADZU FTIR-8400S Infrared
Spectrophotometer as potassium bromide discs in Kerbala University.
'H NMR spectra was collected on NMR spectrometer 500 MHz,
Ascennd ™ 500 Bruker, Germany at 500 MHz in DMSO-d; as solvent
and TMS as an internal standard at a Faculty of Science, University of
Tarbeat Modares, Iran.

Elemental Analysis (CHNS) was carried out with Perkin EImer 300 A
Elemental Analyzer at a Faculty of Science, University of Tarbeat
Modares, Iran.

Microwave reactions were performed on 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 (E)-5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxybenzaldehyde 2 *

N\: N/N OH
S

2

Fig. (2-1): Structure of compound 2

A solution of 2-aminobenzothiazole (8.1 g, 0.054 mol) in H,SO,
(12mL) 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 (44 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 and filtered off. A saturated solution of the last compound in water
was neutralized with concentrated hydrochloric acid. 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
(9.1692 g, 60%). The physical properties of compound 2 was given in table
(2-2).%
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2.3.2. General procedure for the preparation of imine

derivatives 3a-h

@:3*\ N

3a-h HC——N
Ar
OMe cl
Ar —_ . . . R . . . N
NO
NO, % OH OMe Br Cl Cl
3a 3b 3¢ 3d 3e 3f 3g 3h

Fia. (2-2): Structure of compounds 3a-h

All reactions were carried out on Domestic microwave oven in crucible.
Reactions contained the azoaldehyde derivative 2 (0.283 g, 1 mmol),
equimolar amount (1 mmol) of aniline derivatives (4-nitroaniline, 3-
nitroaniline, 4-hydroxyaniline, 4-methoxyaniline, 2-methoxyaniline, 4-
bromoaniline, 4-chloroaniline and 2,4-dichloroaniline respectively) and
absolute ethanol (1 mL). The crucible was introduced to the center of a
Domestic microwave oven and then heated (300-350W) for 25-30 minutes.
TLC (n-hexane: EtOAc) showed that the reactions were completed. The
products were washed with diethyl ether and recrystallized from ethanol.
Table (2-2) shows physical properties and other characteristics for the

synthesized compounds 3a-h.

31



Chapter TWO ....oooiiecie et

...Experimental part

Table (2-2): Some physical properties and other characteristics for the synthesized imine derivatives 3a-h

MW [Reaction .
Com. Structure Molecular Color M/Wf (W) time Y:)eld M.P.°C Ry
no. formula g/mo (min) %
N\ 0.68
5 g Y CiHoN;O,S | Dark brown | 28331 | . 60 | 141-143 | shexane: EtOAC
S o) 1:2
N o 0.78
3a g\ﬁ'“ /@/N Q C20H13N505S Brown | 40342 | gz 30 78 | 221223 | rhexane: EtOAC
d :
oH 0.73
0 N @/VN @ CaoHisNsOsS | o brown | 40342 | ao9 28 75 184-186 | phexane : EtOAG
g N 1:2
N P - n-hexane : EtOAC
I et ) CaoH1N4OS | Dark Brown | 37442 | 300 | 27 | 79 | 176-178 e
N OH 0.88
3d Q\}N*N ,@;/N {pow | CatuNiOS Brown | 38845 | 300 26 73| 195197 | phene EOAC
0.7
3e g /@/ @ C21H16N405S Dark brown | 388.45 310 30 77 199.201 r-hexane ; EtOAC
1:2
0.83
3f g @; { e | CabuNiOSBr | parcbrown | 43732 | 320 30 60 | 173175 | rhexane: EtOAC
N 0.75
3 Q\V“\*N /@A Q CaoHiN;OSCI | Brown | 392.86 | g9 28 76 | 206-208 | rhexane: EtOAC
S :
on © 0.7
3h gﬁl\}NQN/Q/\%N@* CooH12N4OSCl, Brown 427.30 310 30 77 163-165 n-hexafe.:ZEtOAc
o :

33




Chapter TWO.....veciiecc et Experimental part

2.3.3. General procedure for the synthesis of imidazolidine
derivatives 4a-h

N
\
@:%N\\
S N OH

Ar
/
N

4a-h HN\/K
o)

OMe Cl
Ar= . , . . . , . .
NO
NO; * on Br i cl
4a 4b 4c 4e 4f 4g 4h

OMe
4d

Fig. (2-3): Structure of compounds 4a-h

A mixture of equimolar amounts of imine derivatives 3a-h (1 mmol)
and glycine (0.075 g, 1 mmol) in tetrahydrofuran (1 mL) was heated (550-
610W) in microwave oven for 20-25 min. TLC (n-hexane: EtOAc) showed
that the reactions were completed. The products were washed with diethyl
ether and recrystallized from ethanol. Table (2-3) shows physical properties

and other characteristics for the synthesized compounds 4a-h.
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Table (2-3): Some physical properties and other characteristics for the synthesized imidazolidine derivatives 4a-h

Com. Structure Molecular formula Colour M.Wit. MW  |Reaction |Yield | M.P.°C Ry
no. g/mol (W) time % n-hexane:
(min) EtOAC
1:2
4a N CyoH1sNgO4S Orange 460.47 600 24 75 | 281(dec.) 0.69
A - ‘
HN\)\O
4b N [ “02 Yellow 460.47 600 23 78 | 322-324 0.71
(‘)—7; M ‘“‘/& C22H16N6O4S
)eb‘
4c - N ; o H C22H17N503S Dark 431.47 550 23 75 | 219-221 0.71
i S N“NL;%_N@/ orange
4d L N ~" oMe C23H19N503S Dark 445.50 550 22 78 | 134-136 0.69
() >_ o Q@ f Orange

4e Yellow 445.50 570 24 74 | 198-200 0.68
g T Ney /@ Ca3H19N505S

4f Orange 494.37 500 | 25 | 79 | 228230 | 0.73
g;}m«q«@/ C22H16N502SBr
vago

4 Yellow 449.92 600 25 78 | 180-182 0.74
] Q%N\NQ ,©/ Ca2H16N50,SCl

4h Dark 484,36 610 23 76 | 233-235 0.72
Q C22H15N502SC|2 brown
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2.3.4. General procedure for the synthesis of imidazolidine
derivatives 5a-h

N
\
Q%"'\\
S N OH

Ar

e
N
Sa-h HN
0
Hs;C
OMe Cl
Ar= , . . . . , , .
NO

N02 2 OH OMe Br cl Cl
5a 5b Sc¢ 5d Se 5f Sg 5h

Fig. (2-4): Structure of compounds 5a-h

A mixture of equimolar amounts of imine derivatives 3a-h (1 mmol)
and L-alanine (0.089 g, 1 mmol) in tetrahydrofuran (1 mL) was heated
(550-610W) in microwave oven for 20-25 min. TLC (n- hexane: EtOAc)
showed that the reactions were completed. The products were washed with
diethyl ether and recrystallized from ethanol. Table (2-4) shows physical

properties and other characteristics for the synthesized compounds 5a-h.
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Table (2-4): Some physical properties and other characteristics for the synthesized imidazolidine derivatives 5a-h

Com. Structure Molecular formula Colour M.Wt. MW  [Reaction | Yield M.P.°C R+
no. g/mol (W) time % n-hexane:
(min) EtOACc
1:2
s5a @Nj"‘m /CCTN /©/N°2 C23H1sN6O4S Yellow 474.50 610 24 74 247-249 0.69
5b N oH L2 C23H18N6O4S Dark 474.50 600 23 73 241-243 0.71
il S Ve C;:)N;@ orange
R @OH C2sH1oN5035 Dark | 44550 | 600 | 22 70 | 297299 | 0.71
< N T \()N\O orange
5d @N\}N\ /Cgoj ] oMe C24H21N505S Orange 459.53 560 21 74 232-234 0.69
oe @NS\?‘”%N/C@O:NQ C24H21N503S Orange 459.53 550 20 77 202-204 0.68
5f NG on Br C23H18NsO,SBr Dark 508.40 570 24 76 279-281 0.73
@J N : >;/NQ©/ orange
59 @N;}N*N/CQTNQCI C23H1sN50,SCl Yellow 463.94 600 22 78 318(dec) 0.74
5h ] : C23H17Ns0,SCl, | Dark brown | 498.39 600 22 79 286-288 0.72

OoH
N <
iy o
s N ClI
HN
o
CHs
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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, 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®.

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 (1.5%
108 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’®,

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'™.
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2.4.4. Antibacterial tests method

The antibacterial test has been carried out according to the disc diffusion
method'®. All synthesized imidazolidine 4a-h and 5a-h 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 (10 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).
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3.1. Synthesis of (E)-5-(benzo[d]thiazol-2-yldiazenyl)-2-
hydroxybenzaldehyde 2
A coupling reaction between the diazonium salt of 2-aminobenzothiazole

generated using H,SO, and 2-hydroxybenzaldehyde dissolved in NaOH
solution at (0-5) °C afforded azoaldehyde derivative 2. Scheme (3-1).

®0
NH, )N\—N SO4H
N/AS NT s 0
N3N02/H2804 - i
L N
0-5°C P N< ;—OH
1 N > @: >
o ® / 0-5°C S
O Na

0 OH Q 2
N NaOH \[ )
J—

Scheme (3-1)

The coupling reaction is an electrophilic substitution reaction in aromatic
systems proceeds according to the mechanism'® described in Schemes (3-2
and 3-2a).

H
o ® H |
H O Na \<|3 @ H—<|)®
(Ij + N ——» N —m» N
AN Il | Il
SO;H o) o) o}
Sodium nitrite Protonated nitrous acid
(nitrosating agent)
H
| H H@ H
— - /‘\
Ar NHy + " ?—9 - > Ar—®N—N=O —_— > Ar—r!l—NgO
- N
’ T
N N® o M N
',L'@ - > ,l\llj - QO—N=N—Ar <—— HO—N=N—Ar
| I
Ar Ar H
Aryl diazonium cation
Scheme (3-2)

40



Chapter Three Results and Discussion

-oe 0o 0o 0

OH
° ¢
CHO OH CHO Q.CHO CHO ) CHO
E— e B e

@ (O@ ling st
Ar—N=N: 4 L Coup ing step :EE P T. N=N OH

0-5 “C

CH

CHO 0

Scheme (3-2a)

FT-IR spectrum of azoaldehyde derivative 2, fig. (3-2) showed
disappearance of the sharp bands at 3375 cm™ and 3306 cm™ attributed to
asymmetric and symmetric stretching vibrations of (NH,;) group in
benzothiazole, fig. (3-1), and appearance of absorption band at 1375 cm™
attributed to the stretching vibration of azo group (N=N). The band of (C=0)
group stretching appeared at 1645 cm™. The (O-H) stretching appeared as a
broad band at 3429 cm™. Other bands were listed in Table (3-1).

3.2. Synthesis of imine derivatives 3a-h

Aldehyde group in azoaldehyde derivative 2 was condensed with amino
group of eight primary aromatic amines including (4-nitroaniline, 3-
nitroaniline, 4-hydroxyaniline, 4-methoxyaniline, 2-methoxyaniline, 4-
bromoaniline, 4-chloroaniline and 2,4-dichloroaniline, respectively) under
microwave irradiation in absolute ethanol to produce eight imine derivatives
3a-h, respectively, in short reaction time and good yields as the platforms for
this work, Scheme (3-3).
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FT-IR spectra, figures (3-3)-(3-10) at v (cm™) (KBr) of the synthesized
imines 3a-h illustrate good evidence that the reactions happened
successfully by disappearing the strong band at 1645 cm™ belong to the
stretching vibration of (C=0) group and appearing medium-strong band at
lower frequency at the range 1604-1633 cm™ attributed to the stretching
vibration of imine group (C=N). The benzothiazolic (C=N)str appeared at
the range 1589-1610 cm™. Also, the spectra were devoid of the sharp bands
for asymmetric and symmetric stretching vibrations of (NH,) group at the
general range 3400-3250 cm™. Other characteristic bands with their

interpretation were summarized in Table (3-1).
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Table (3-1): FT-IR data of imine derivatives 3a-h in cm™

Com.

no.

FT-IR bands

2

3429,, (vO-H), 3068 (vC-H, benzene), 2856 and 2715 (vC-H,
aldehyde), 1645 (vC=0, aldehyde), 1610 (vC=N, benzothiazole),
1502 and 1475 (vC=C, benzene), 1375 (vN=N), 759 (d0.0.p.C-H,
benzene).

3a

3371 (vO-H), 3064 (vC-H, benzene), 1608 (vC=N, imine), 1589
(vC=N, benzothiazole), 1514 (vas.NQO,), 1448 (vC=C, benzene), 1404
(VN=N), 1336 (vs.NO,), 758 (80.0.p.C-H, benzene).

3b

3246 (vO-H), 3088 (vC-H, benzene), 1604 (vC=N, imine and vC=N,
benzothiazole, vib. coupling), 1573 and 1502 and 1444 (vC=C,
benzene), 1525 (vas.NO;), 1396 (VN=N), 1354 (vs.NO,), 758
(60.0.p.C-H, benzene).

3c

3369 and 3298 (vO-H), 3032 (vC-H, benzene), 1610 (vC=N, imine
and vC=N, benzothiazole, vib. coupling), 1514 and 1460 (vC=C,
benzene), 1379 (VN=N), 827 (80.0.p.C-H, benzene).

3d

3371 and 3298 (vO-H), 3037 (vC-H, benzene), 2949 (vas.CH3), 1622
(vC=N, imine), 1595 (vC=N, benzothiazole), 1512 and 1456 (vC=C,
benzene), 1392 (VN=N), 821 (d0.0.p.C-H, benzene).

3e

3462 and 3265 (vO-H), 3064 (vC-H, benzene), 2968 (vas.CHs3), 2870
(vs.CH3), 1633 (vC=N, imine), 1608 (vC=N, benzothiazole), 1533,
1504 and 1444 (vC=C, benzene), 1363 (vN=N), 831 (60.0.p.C-H,
benzene).

3f

3369 and 3261 (vO-H), 3066 (vC-H, benzene), 1633 (vC=N,
imine), 1608 (vC=N, benzothiazole), 1506 and 1489 (vC=C,
benzene), 1363 (VN=N), 821 (80.0.p.C-H, benzene).

3369 and 3263 (vO-H), 3064 (vC-H, benzene), 1633 (vC=N, imine),
1606 (vC=N, benzothiazole), 1537, 1496 and 1442 (vC=C, benzene),
1367 (vN=N), 821 (60.0.p.C-H, benzene).

3h

3470 and 3265 (vO-H), 3061 (vC-H, benzene), 1633 (vC=N, imine),
1608 (vC=N, benzothiazole), 1570, 1533, 1500 and 1444 (vC=C,
benzene), 1363 (VN=N), 831 (50.0.p.C-H, benzene).
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3.3. Synthesis of imidazolidines 4a-h
This series of imidazolidine derivatives was obtained in good yields and
short reaction time via reaction of glycine with the synthesized imines 3a-h

using microwave irradiation in tetrahydrofuran, Scheme (3-4).
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Scheme (3-4)

The reaction mechanism for formation of imidazolidine ring was

described in Scheme (3-5)*.
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TLC technique showed that the rate of reaction is relatively increased in
presence of electron-withdrawing groups substituted in benzene ring which
Is directly bonded with imine group nitrogen atom, the reason is due to the

increasing the electrophilicity on the imine group carbon atom.

FT-IR spectra, Figures (3-11)-(3-18) of compounds 4a-h provide good
evidence that the reactions happened successfully through appearing a
strong band at the range 1666-1710 cm™ attributed to the (C=0)str of the
imidazolidine ring. The spectra also showed the appearance of absorption
band at the range 1653-1683 cm™ assigned to the (N-H)bend of the
imidazolidine ring. The benzothiazolic (C=N)str appeared at the range 1602-
1616 cm™. Other characteristic bands with their interpretation were

summarized in table (3-2).

Table (3-2): FT-IR data of imidazolidine derivatives 4a-h in cm™

Com. FT-IR bands
no.
4a | 3365, (vO-H and vN-H, imidazolidine, vib. coupling), 3074 (vC-H, benzene),

1708 (vC=0, imidazolidine), 1680 (6N-H, imidazolidine), 1539 and 1456 (vC=C,
benzene), 1516 (vas.NO,), 1419 (vN=N), 1321 (vs.NOp), 756 (60.0.p.C-H,
benzene).

4b

3402, (vO-H and vN-H, imidazolidine, vib. coupling), 3074 (vC-H, benzene),
1710 (vC=0, imidazolidine), 1683 (6N-H, imidazolidine), 1604 (vC=N,
benzothiazole), 1508 (vas.NO,), 1456 and 1421 (vC=C, benzene), 1384 (VN=N),
1323 (vs.NOy), 759 (0.0.p.C-H, benzene).

4c

3200y (vO-H and vN-H, imidazolidine, vib. coupling), 3080 (vC-H, benzene),
1670 (vC=0 and 8N-H, imidazolidine, vib. coupling), 1616 (vC=N, benzothiazole),
1539, 1514 and 1454 (vC=C, benzene), 1417 (vN=N), 893 (60.0.p.C-H, benzene).

4d

3250y (vO-H and vN-H, imidazolidine, vib. coupling), 3074 (vC-H, benzene),
2964 (vas.CH3z) 1670 (vC=0O and O6N-H, imidazolidine, vib. coupling), 1602
(vC=N, benzothiazole), 1514 and 1458 (vC=C, benzene), 1421 (vN=N), 829

(60.0.p.C-H, benzene).
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Com. FT-IR bands
no.
4e | 3192, (vO-H and vN-H, imidazolidine, vib. coupling), 3072 (vC-H, benzene),
1681 (vC=0, imidazolidine), 1653 (8N-H, imidazolidine), 1610 (vC=N,
benzothiazole), 1558, 1541 and 1456 (vC=C, benzene), 1423 (VN=N), 823
(60.0.p.C-H, benzene).
A4f | 3176, (vO-H and vN-H, imidazolidine, vib. coupling), 3063 (vC-H, benzene),
1666 (vC=0 and 6N-H, imidazolidine, vib. coupling), 1610 (vC=N, benzothiazole),
1508 (vC=C, benzene), 1415 (vN=N), 823 (d0.0.p.C-H, benzene).
4q | 3184y (vO-H and vN-H, imidazolidine, vib. coupling), 3066 (vC-H, benzene),
1670 (vC=0 and 6N-H, imidazolidine, vib. coupling), 1610 (vC=N, benzothiazole),
1523 and 1508 (vC=C, benzene), 1417 (vN=N), 893 (d0.0.p.C-H, benzene).
3232y (vO-H and vN-H, imidazolidine, vib. coupling), 3082 (vC-H, benzene),
1681 (vC=0, imidazolidine), 1653 (dN-H, imidazolidine, vib. coupling), 1608
4h

(vC=N, benzothiazole), 1554, 1541 and 1508 (vC=C, benzene), 1423 (vN=N), 819
(60.0.p.C-H, benzene).

'H NMR spectra of imidazolidines 4a-h

The structures of imidazolidine compounds 4a-h, Figures (3-27)-(3-34)

were proven by their *"H NMR spectra (500 MHz, DMSO-ds) which showed

the peak for the methylene protons (CH,) of imidazolidine ring as a doublet

at 0 3.68-3.74 ppm. The (N-CH-N) proton of imidazolidine ring appeared as
a doublet at 6.52—6.78 ppm. The (Ar-H) protons at 6 6.67-8.14 ppm, the (N-
H) proton of imidazolidine ring as a singlet at 8.12-9.29 ppm. The (O-H)

proton as a singlet at 9.17-9.64 ppm. The methoxy protons (O-CHs) in

compounds 4d and 4e appeared as a singlet at & 3.94 and 3.83 ppm,

respectively. The singlet signals around 2.49 ppm and 3.35-3.51 ppm
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attributed to DMSO and absorbed H,O in DMSO, respectively. The 'H

NMR data of compounds 4a-h were summarized in table (3-3).

Table (3-3): *H NMR data of compounds 4a-h in ppm

Com. '"H NMR & (ppm)

no.

4a |3.69 (d, J =6.5Hz, 2H, CH,, imidazolidine), 6.63 (d, J = 8.1 Hz, 1H,
CH, imidazolidine), 7.37-7.96 (11H, Ar-H), 8.14 (s, 1H, N-H,
imidazolidine), 9.48 (s, 1H, O—H).

4b |3.69 (d, J = 20.0 Hz, 2H, CH,, imidazolidine), 6.62 (s, 1H, CH,
imidazolidine), 6.92-7.97 (11H, Ar-H), 8.12 (s, 1H, N-H,
imidazolidine), 9.56 (s, 1H, O—H).

4c | 3.69 (d, J=11.3 Hz, 2H, CH,, imidazolidine), 6.63 (d, J = 7.3 Hz, 1H,
CH, imidazolidine), 6.89-7.99 (11H, Ar-H), 8.12 (s, 1H, N-H,
imidazolidine), 9.53 (s, 2H, 2x0—H).

4d |3.69 (d, J = 12.8 Hz, 2H, CH,, imidazolidine), 3.94 (s, 3H, O-CH3),
6.63 (d, J = 8.3 Hz, 1H, CH, imidazolidine), 6.79-7.98 (11H, Ar-H),
8.15 (s, 1H, N-H, imidazolidine), 9.52 (s, 1H, O—H).

4e |3.69 (d, J =12.8 Hz, 2H, CH,, imidazolidine), 3.83 (s, 3H, O—CH3),
6.77 (d, J = 8.3 Hz, 1H, CH, imidazolidine), 7.01-7.99 (11H, Ar-H),
8.15 (s, 1H, N-H, imidazolidine), 9.62 (s, 1H, O—H).

4f | 3.69 (d, J = 23.8 Hz 2H, CH,, imidazolidine), 6.54 (d, J = 8.0 Hz, 1H,
CH, imidazolidine), 6.67-8.00 (11H, Ar-H), 8.15 (s, 1H, N-H,
imidazolidine), 9.64 (s, 1H, O—H).

49 |3.69 (d, J=23.8 Hz, 2H, CH,, imidazolidine), 6.52 (d, J = 8.0 Hz, 1H,
CH, imidazolidine), 6.67-7.99 (11H, Ar-H), 8.15 (s, 1H, N-H,
imidazolidine), 9.17 (s, 1H, O—H).

4h |3.68 (d, J=7.4 Hz, 2H, CH,, imidazolidine), 6.74 (d, J = 8.3 Hz, 1H,

CH, imidazolidine), 7.01-8.14 (10H, Ar-H), 9.29 (s, 1H, N-H,
imidazolidine), 9.62 (s, 1H, O—H).
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3.4. Synthesis of imidazolidines 5a-h
The reaction of imine group of imines 3a-h with L-alanine using
microwave irradiation in tetrahydrofuran produced the imidazolidine

derivatives of benzothiazole 5a-h in good yields and short reaction time.
Scheme (3-6).
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Scheme (3-6)

FT-IR spectra, Figures (3-19)-(3-26) of compounds 5a-h afford good
evidence that the reactions happened successfully through appearing a
strong band at the range 1664-1710 cm™ attributed to the (C=O)str of the
Imidazolidine ring. The spectra also showed the appearance of absorption
band at the range 1651-1668 cm™ belong to the (N-H) bend of the
imidazolidine ring. The benzothiazolic (C=N)str. appeared at the range
1597-1618 cm™. Other characteristic bands with their interpretation were
summarized in table (3-4).
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Table (3-4): FT-IR data of imidazolidine derivatives 5a-h in cm™

Com.

no.

FT-IR bands

5a

3234y, (vO-H and vN-H, imidazolidine, vib. coupling), 3057 (vC-H, benzene),
1664 (vC=0 and 6N-H, imidazolidine, vib. coupling), 1597 (vC=N, benzothiazole),
1510 (vas.NOp), 1452 (vC=C, benzene), 1421 (vN=N), 1286 (vs.NO,), 754
(60.0.p.C-H, benzene).

5b

3203y (vO-H and vN-H, imidazolidine, vib. coupling), 3064 (vC-H, benzene),
1668 (vC=0, imidazolidine), 1653 (6N-H, imidazolidine), 1604 (vC=N,
benzothiazole), 1558 and 1454 (vC=C, benzene), 1510 (vas.NO,), 1423 (vN=N),
1288 (vs.NO>), 825 (0.0.p.C-H, benzene).

5¢

3209, (vO-H and vN-H, imidazolidine, vib. coupling), 3093 (vC-H, benzene),
2987 (vas.C-Hs), 1668 (vC=0O and S&N-H, imidazolidine, vib. coupling), 1599
(vC=N, benzothiazole), 1514 and 1456 (vC=C, benzene), 1413 (vN=N), 823
(60.0.p.C-H, benzene).

5d

3203 (vO-H), 3171 (vN-H, imidazolidine), 3070 (vC-H, benzene), 2943 (vas.CHzs)
1674 (vC=0, imidazolidine), 1658 (SN-H, imidazolidine), 1606 (vC=N,
benzothiazole), 1516 and 1454 (vC=C, benzene), 1427 (vN=N), 827 (80.0.p.C-H,
benzene).

5e

3196y, (vO-H and vN-H, imidazolidine, vib. coupling), 3059 (vC-H, benzene),
1674 (vC=0, imidazolidine), 1660 (SN-H, imidazolidine), 1612 (vC=N,
benzothiazole), 1548, 1512 and 1452 (vC=C, benzene), 1425 (VN=N), 821
(60.0.p.C-H, benzene).

5f

3188, (vO-H and vN-H, imidazolidine, vib. coupling), 3061 (vC-H, benzene),
2943 (vCHj3), 1668 (vC=0 and 8N-H, imidazolidine, vib. coupling), 1604 (vC=N,
benzothiazole), 1504 and 1452 (vC=C, benzene), 1425 (vN=N), 823 (d0.0.p.C-H,
benzene).

59

3419, (vO-H and vN-H, imidazolidine, vib. coupling), 3063 (vC-H, benzene),
1680 (vC=0O, imidazolidine) 1651 (6N-H, imidazolidine), 1618 (vC=N,
benzothiazole), 1558, 1539, 1512 and 1454 (vC=C, benzene), 1421 (VN=N), 817
(60.0.p.C-H, benzene).

5h

3443y, (vO-H), 3213 (vN-H, imidazolidine), 3064 (vC-H, benzene), 1681 (vC=0,
imidazolidine), 1651 (8N-H, imidazolidine, vib. coupling), 1610 (vC=N,
benzothiazole), 1556, 1539, 1510 and 1456 (vC=C, benzene), 1423 (VN=N), 823
(60.0.p.C-H, benzene).
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'H NMR spectra of imidazolidines 5a-h

The structures of imidazolidine compounds 5a-h, Figures (3-35)-(3-42)
were deduced by their "H NMR spectra which appeared doublet signal at &
1.23-1.24 ppm, respectively belong to the methyl (CHs) protons, the peak
for the methine proton (CH-CHs) of imidazolidine ring as a quartet at 3.78—
3.85 ppm, respectively. The (N-CH-N) proton of imidazolidine appeared as
a doublet at 6.51-6.64 ppm, respectively. The (Ar-H) protons at 6 6.66 —7.73
ppm, the (N-H) proton of imidazolidine ring as a singlet at 8.06-8.07 ppm,
respectively. The (O-H) proton as a singlet at 9.49-10.12 ppm, respectively.
The methoxy protons (O-CHs) in compounds 5d and 5e appeared as a
singlet at 6 3.61 and 4.16 ppm, respectively. The singlet signals around 2.49
ppm and 3.33-3.42 ppm attributed to DMSO and absorbed H,O in DMSO,
respectively. The *H NMR data of compounds 5a-h were summarized in
table (3-5).

50



Chapter Three Results and Discussion

Table (3-5): '"H NMR data of compounds 5a-h in ppm

Com. 'H NMR & (ppm)

no.

5a | 1.24 (d, /J=6.7 Hz, 3H, CH3), 3.84 (q, /= 6.7 Hz, 1H, CH-CHg3s, imidazolidine),
6.52 (d, /= 7.8 Hz, 1H, N-CH-N, imidazolidine), 6.67-7.61 (11H, Ar-H), 8.07
(s, 1H, N-H, imidazolidine), 9.51 (s, 1H, O—H).

5b 1.24 (d, /= 6.7 Hz, 3H, CH3), 3.78 (g, /= 7.0 Hz, 1H, CH-CHg3;, imidazolidine),
6.52 (d, /= 8.1 Hz, 1H, N-CH-N, imidazolidine), 6.66-7.61 (11H, Ar-H), 8.06
(s, 1H, N-H, imidazolidine), 9.49 (s, 1H, O-H).

5¢ 1.24 (d, /= 6.9 Hz, 3H, CH3), 3.84 (g, /= 7.0 Hz, 1H, CH-CHg3, imidazolidine),
6.51 (d, /= 8.1 Hz, 1H, N-CH-N, imidazolidine), 6.66-7.66 (11H, Ar-H), 8.07
(s, 1H, N-H, imidazolidine), 10.12 (s, 2H, 2x0O—H).

5d 1.23 (d, J = 6.7 Hz, 3H, CHj3), 3.61 (s, 1H, O-CHj3), 3.85 (g, J = 6.6 Hz, 1H,
CH-CHjs, imidazolidine), 6.52 (d, J = 8.0 Hz, 1H, N-CH-N, imidazolidine),
6.74-7.60 (11H, Ar-H), 8.06 (s, 1H, N-H, imidazolidine), 9.51 (s, 1H, O-H).

Se 1.24 (d, /= 6.7 Hz, 3H, CH3), 3.84 (g, /= 6.8 Hz, 1H, CH-CHg3;, imidazolidine),
4.16 (s, 1H, O-CHg), 6.53 (d, J = 8.1 Hz, 1H, N-CH-N, imidazolidine), 6.70—
7.73 (11H, Ar—H), 8.06 (s, 1H, N—H, imidazolidine), 9.64 (s, 1H, O—H).

5f 1.24 (d, /= 6.8 Hz, 3H, CH3), 3.84 (g, /= 7.0 Hz, 1H, CH-CHg3s, imidazolidine),
6.64 (d, /= 8.0 Hz, 1H, N-CH-N, imidazolidine), 7.00-7.61 (11H, Ar—H), 8.06
(s, 1H, N-H, imidazolidine), 9.50 (s, 1H, O—H).

59 1.24 (d, /= 6.7 Hz, 3H, CH3), 3.84 (q, /= 6.8 Hz, 1H, CH-CH3;, imidazolidine),
6.59 (d, /= 7.5 Hz, 1H, N-CH-N, imidazolidine), 7.02-7.61 (11H, Ar-H), 8.06
(s, 1H, N-H, imidazolidine), 9.53 (s, 1H, O—H).

5h 1.23 (d, /= 6.8 Hz, 3H, CH3), 3.84 (g, /= 7.0 Hz, 1H, CH-CHg3s, imidazolidine),

6.59 (d, J= 7.1 Hz, 1H, N-CH-N, imidazolidine), 6.81-7.73 (10H, Ar—H), 8.06
(s, 1H, N-H, imidazolidine), 9.65 (s, 1H, O—H).

(CHNS) Elemental analysis of compounds 4a-h and 5a-h

The (CHNS) elemental analysis results were all in good agreement with

the proposed chemical structures for compounds 4a-h and 5a-h and given in
Table (3-6).
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Table (3-6): (CHNS) Elemental analysis of compounds 4a-h and 5a-h

Com. Calculated % Found %

no.

C H N S C H N S

4a | 57.38 |3.50|18.25 696 |56.97 | 3.45 | 18.02 | 6.96

4b | 57.38 | 3.50 | 18.25 | 6.96 [57.01 | 3.45 | 18.12 | 6.37

4c | 61.24 | 397 |16.23 | 7.43 |60.79 | 3.61 | 16.30 | 7.33

4d | 62.01 {430 | 1572 |7.20 {6188 | 426 | 1551 | 7.01

4e | 6201 4301572 |7.20 [62.67 | 421 | 1506 | 7.11

Af | 5345 3621417 649 |52.69 | 359 | 1399 | 6.45

4g | 58.72 | 3.58 | 15.56 | 7.13 |58.64 | 3.59 | 1488 | 7.08

4h | 5454 | 3.12 | 1446 | 6.61 |[53.98 | 3.05 | 1430 | 6.54

5a | 5822 |382|17.71 |6.76 |[57.16 | 3.44 | 1742 | 6.67

5b | 5822 382 |17.71 |6.76 | 5888 | 352 | 17.35 | 6.62

5¢c | 62.01 |430| 1572|720 |6131 | 416 | 1559 | 6.91

5d | 62.73 |4.61 |15.24 | 6.98 |62.44 | 432 | 1521 | 6.75

S5e |[62.73 4611524698 62.16 | 435 | 1515 | 6.81

5f | 54.33 | 3.57 | 13.77 | 6.03 |53.66 | 3.33 | 13.43 | 6.10

5g | 5954 1391|1509 691 |58.88 | 3.90 | 15.01 | 6.41

5h | 5541 | 3.43 | 14.09 | 6.43 |54.96 | 3.29 | 13.94 | 6.43
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3.5. Antibacterial activity

The antibacterial activity of all synthesized imidazolidines has been
tested against Staphylococcus aurous (Gram-positive) and Escherichia coli
(Gram-negative). The results of antibacterial action have been described in
table (3-7) and photographs of growth inhibition zones have been illustrated
in figures (3-43)-(3-47).

Table (3-7): The antibacterial activity of compounds 4a-h , 5a-h and

Gentamycin as control drug

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

4a 22 0

4b 18 15

4c 19 0

4d 16 16

4e 20 0

4f 0 10

4g 22 0

4h 21 17

5a 0 0

5b 11 0

5¢ 20 17

5d 19 0

5e 12 0

5f 20 16

59 18 0

5h 22 0
DMSO 0 0
Gentamycin 15 15

Highly active (inhibition zone > 15 mm)

Moderately active  (inhibition zone 11-15 mm)
Slightly active (inhibition zone 5-10 mm)

Inactive (inhibition zone < 5 mm)
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From the data observed, it is found that Imidazolidine compounds 4a, 4b,
4c, 4d, 4e, 49, 4h, 5c¢, 5d, 5f, 5g, and 5h were found to be of greater activity
than gentamycin against Gram-positive bacteria. Moreover, compounds 4d,
4h, 5c¢, and 5f were also showed better activity to the control drug against

Gram-negative bacteria.
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Table (3-8): Names of the synthesized compounds

Comp. Structure Name
no
3a N OH 4-((E)-benzo[d]thiazol-2-yldiazenyl)-2-((E)-)
@YNQN /N<:>No2 ((4-nitrophenyl)imino)methyl)phenol.
s
3b OH NO; | ) 4-((E)-benzo[d]thiazol-2-yldiazenyl)-2-((E)-
N o S
@»N*N/Q/\/NO ((3-nitrophenyl)imino)methyl)phenol.
s
3c N OH )4-((E)-benzo[d]thiazol-2-yldiazenyl)-2-((E)-
@»N*N /&N OOH ((4-hydroxyphenyl)imino)methyl)phenol.
S
3d N OH )4-((E)-benzo[d]thiazol-2-yldiazenyl)-2-((E)-
@YNQN /CL/N OOMG ((4-methoxyphenyl)imino)methyl)phenol.
S
3e OH ) 4-((E)-benzo[d]thiazol-2-yldiazenyl)-2-((E)-
N\ N /@/ ((2-methoxyphenyl)imino)methyl)phenol.
(L
S
MeO
3f N OH )4-((E)-benzo[d]thiazol-2-yldiazenyl)-2-((E)-
@\}N*N/@/N@*Br ((4-bromophenyl)imino)methyl)phenol.
S
39 N OH )4-((E)-benzo[d]thiazol-2-yldiazenyl)-2-((E)-
@\}N%N/@%N@im ((4-chlorophenyl)imino)methyl)phenol.
S
3h N OH ) 4-((E)-benzo[d]thiazol-2-yldiazenyl)-2-((E)-
@\}N*N/@%NQC' ((2,4-dichlorophenyl)imino)methyl)phenol.
S
Cl
4da OH NO, | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-

oys:

HN\/g
o

hydroxyphenyl)-3-(4-nitrophenyl)imidazolidin-
4-one.
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4b NO, | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
N OH hydroxyphenyl)-3-(3-nitrophenyl)imidazolidin-
@YN 4-one.
SN
S N
HN
(@)
4c N OH OH (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
\>,N% hydroxyphenyl)-3-(4-
g N N hydroxyphenyl)imidazolidin-4-one.
HN
4d N OH oMe | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
\>,N§ hydroxyphenyl)-3-(4-
g N N methoxyphenyl)imidazolidin-4-one.
HN
o)
4e N OH (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
\77N hydroxyphenyl)-3-(2-
g SN N methoxyphenyl)imidazolidin-4-one.
HN\/\\O OMe
4Af N OH gr | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
\\\fN\ hydroxyphenyl)-3-(4-
Jd N N bromophenyl)imidazolidin-4-one.
HN
@)
49 N OH cl | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
\\\fN\ hydroxyphenyl)-3-(4-
Jd N N chlorophenyl)imidazolidin-4-one.
HN
0
4h N OH c | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
\\7,,\,\ hydroxyphenyl)-3-(2,4-
Jd N N dichlorophenyl)imidazolidin-4-one.
HN of
o)
5a N OH No, | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
\>_N\ /O/ hydroxyphenyl)-5-methyl-3-(4-
d N N nitrophenyl)imidazolidin-4-one.
HN
o)
CHs
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5b NO, | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
N OH hydroxyphenyl)-5-methyl-3-(3-
@YN\ nitrophenyl)imidazolidin-4-one.
N
S N
HNw/k
O
CHs
5¢C N OH oH | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
\7,,\,\ hydroxyphenyl)-3-(4-hydroxyphenyl)-5-
d N \ methylimidazolidin-4-one.
HNw/K
o)
CHs
5d N OH oMe | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
\>_N\ /O/ hydroxyphenyl)-3-(4-methoxyphenyl)-5-
g N N methylimidazolidin-4-one.
HN
CHs
5e OH (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
N\\\7,N hydroxyphenyl)-3-(2-methoxyphenyl)-5-
d N N methylimidazolidin-4-one.
HN OMe
0
CHs
5f N OH gr | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
\\\fN hydroxyphenyl)-3-(4-bromophenyl)-5-
d N N methylimidazolidin-4-one.
HN
o]
CHs
5q N OH cl | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
\7,,\, hydroxyphenyl)-3-(4-chlorophenyl)-5-
d °N N methylimidazolidin-4-one.
HN
o)
CHs
5h N OH c1 | (E)-2-(5-(benzo[d]thiazol-2-yldiazenyl)-2-
\>,N hydroxyphenyl)-3-(2,4-dichlorophenyl)-5-
d N N methylimidazolidin-4-one.
HN of
o)
CHs
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Conclusions

1. The microwave irradiation is a efficient technique including short
reaction time and high yield in comparison with the classical thermal
method.

2. The rates of reactions of imines with glycine and alanine for formation
of imidazolidines are approximately equal.

3. All synthesized imidazolidines could be converted to the
corresponding phenol salts which are completely soluble in water.

4. The synthesized imidazolidines appeared higher biological action
against Gram-positive bacteria than that of Gram-negative bacteria.

5. Imidazolidine compounds 4a, 4b, 4c, 4d, 4e, 49, 4h, 5c, 5d, 5f, 5g,
and 5h were found to be of greater activity than gentamycin against
Gram-positive bacteria, while compounds 4d, 4h, 5c, and 5f showed

better activity to the control drug against Gram-negative bacteria.

Future work

1. Synthesis of different azoimines via introducing the synthesized
azoaldehyde in a condensation reactions with other primary amines
which could be used as platforms for the synthesis of new
imidazolidines.

2. Using the synthesized azoimines as precursors for the synthesis of [3-
Lactam derivatives via reaction with chloroacetyl chloride.

3. Treatment of the synthesized azoimines with cyclic anhydrides like
maleic and succinic to obtained 1,3-oxazepines and 1,3-0xazepanes.

4. Evaluation the toxicity and minimum-influenced concentration for the

synthesized imidazolidines.

58



Chapter Three Results and Discussion

5. Study the biological activity of the synthesized imidazolidines against
other types of bacteria in addition to fungi, virus and some animal

tissues diseases.

59






References

1. Amir, M.; Hassan, M.Z., Mini-Reviews in Medicinal Chemistry, 2013,
13, 2060-2075.

N

. Bandyopadhyay, P.; Sathe, M.; Ponmariappan, S.; Sharma, A,
Sharma, P.; Srivastava, A.K.; Kaushik, M.P., Bioorganic and
Medicinal Chemistry Letters, 2011, 21, 7306—7309.

3. Wang, M.-Y.; Jin, Y.-Y.; Wei, H.-Y.; Zhang, L.-S.; Sun, S.-X.; Chen,
X.-B.; Dong, W.-L.; Xu, W.-R.; Cheng, X.-C.; Wang, R.-L.,
European journal of medicinal chemistry, 2015, 103, 91-104.

4. Abarca, A.; Ballesteros, R.; Chadlaoui, M.; Miralles, J.; Farmacia, F.
De; Valencia, U. De; Andre, A.V., Organic communications, 2001,
57,10111-10117.

5. Yadav, P.S.; P, S.G., International Journal of Pharmaceutical Sciences
and Drug Research, 2011, 3, 1-7.

6. Saeed, S.; Rashid, N.; Jones, P.G.; Ali, M.; Hussain, R., European
Journal of Medicinal Chemistry, 2010, 45, 1323-1331.

7. Rouf, A.; Tanyeli, C., European Journal of Medicinal Chemistry,
2015, 97, 911-927.

8. Palkar, M.; Noolvi, M.; Sankangoud, R.; Maddi, V.; Gadad, A;
Nargund, L.V.G., Archiv der Pharmazie, 2010, 343, 353-359.

9. Mahran, M.A.; El-Nassry, S.M.F.; Allam, S.R.; El-Zawawy, L.A.,
Pharmazie, 2003, 58, 527-530.

10. Vicini, P.; Geronikaki, A.; Incerti, M.; Busonera, B.; Poni, G,;
Cabras, C.A.; La Colla, P., Bioorganic and Medicinal Chemistry,
2003, 11, 4785-47809.

11. Charde, M..; Shinde, M..; Welankiwar, A..; Jitendra, K., International
Journal of Pharmaceutical Chemistry, 2015, 5, 104-114.

12. Liu, D.C.; Zhang, H.J.; Jin, C.M.; Quan, Z.S., Molecules, 2016, 21,
164.

13. Gill, R.K.; Rawal, R.K.; Bariwal, J., Archiv der Pharmazie, 2015,
348, 155-178.

14. Matloubi Moghaddam, F.; Rezanejade Bardajee, G.; Ismaili, H.;
Maryam Dokht Taimoory, S., Synthetic Communications, 2006, 36,
2543-2548.

15. Peng, X.; Xie, G.; Wang, Z.; Lin, H.; Zhou, T.; Xiang, P.; Jiang, Y.;

60



References

Yang, S.; Wei, Y.; Yu, L.; Zhao, Y., Cell Death and Disease, 2014,
5, 1-10.

16. Sarl, C.P., "Nda 20599 S-013", 2009, p.

17. Activity, M.; Some, O.F.; Compounds, H.; Benzothiazole, C., Journal
of Drug Discovery and Therapeutics, 2013, 1, 29-36.

18. Yadav, M., Journal of Pharmacy Research, 2015, 9, 12-20.

19. Nadendla, G.N.R. and R.R., European Journal of Biomedical and
Pharmaceutical Sciences, 2015, 2, 149-162.

20. Wang, X.; Sarris, K.; Kage, K.; Zhang, D.; Brown, S.P.; Kolasa, T.;
Surowy, C.; ElI Kouhen, O.F.; Muchmore, S.W.; Brioni, J.D;
Stewart, A.O., Journal of Medicinal Chemistry, 2009, 52, 170-180.

21. Vladimir N. Bulavka*, T.N.B. and 1.1.B.; Technologist Co., Ltd., M.
sq, Synthetic Organic Chemistry, 1999, 3, 1879-1880.

22. Masao Yoshida, a Ichiro Hayakawa, b Noriyuki Hayashi, b Toshinori
Agatsuma, ¢ Youko Oda, ¢ Fumie Tanzawa, d Shiho lwasaki, d
Kumiko Koyama, e Hidehiko Furukawa, ¢ S.K. and Y.S;
AMedicinal, Bioorganic & Medicinal Chemistry Letters, 2005, 15,
3328-3332.

23. Mariappan, G.; Prabhat, P.; Sutharson, L.; Banerjee, J.; Patangia, U.;
Nath, S., Journal of the Korean Chemical Society, 2012, 56, 251—
256.

24. Chua, M.; Kashiyama, E.; Bradshaw, T.D.; Stinson, S.F.; Brantley,
E.; Sausville, E.A.; Stevens, M.F.G., CANCER RESEARCH, 2000,
60, 5196-5203.

25. Husain, A.; Ahmad, A.; Khan, S.A.; Asif, M.; Bhutani, R.; Al-
Abbasi, F.A., Saudi Pharmaceutical Journal, 2016, 24, 104-114.

26. Brouillette, Y.; Lisowski, V.; Guillon, J.; Massip, S.; Martinez, J.,
Tetrahedron, 2007, 63, 7538—7544.

27. Entezari, M.H.; Asghari, A.; Hadizadeh, F., Ultrasonics
Sonochemistry, 2008, 15, 119-123.

28. Kelle, J.; Lemoine, D.A.; Paula, S.; Botelho, S., Parasitol Res, 2010,
107, 531-538.

29. De Queiroz, R.B.; De Carvalho, F.L.; Da Fonséca, D.V.; Barbosa-
Filho, J.M.; Salgado, P.R.R.; Paulo, L.L.; De Queiroz, A.B.M.; De

61



30.

31.

32.

33.

34.

35.

36.

37.

38.

39

40.

41

42

References

Morais Pordeus, L.C.; De Souza, S.A.; Da Silva Souza, H.D.; Lira,
B.F.; De Athayde-Filho, P.F., Molecules, 2015, 20, 974-986.

Trviéovié, N.; Bozi¢, B.; Obradovi¢, A.; Stefanovi¢, O.; Markovi¢, S.;
Comi¢, L.; Bozi¢, B.; Us¢éumli¢, G., Journal of the Serbian
Chemical Society, 2011, 76, 1597-1606.

Short, K.M.; Ching, B.W.; Mijalli, A.M.M., Tetrahedron Letters,
1996, 37, 74897492,

Braga, A.L.; Vargas, F.; Silveira, C.C.; De Andrade, L.H.,
Tetrahedron Letters, 2002, 43, 2335-2337.

Muccioli, G.G.; Fazio, N.; Scriba, G.K.E.; Poppitz, W.; Cannata, F.;
Poupaert, J.H.; Wouters, J.; Lambert, D.M., J. Med. Chem, 2006, 49,
417-425.

Caterina, M.C.; Perillo, I.A.; Boiani, L.; Pezaroglo, H.; Cerecetto, H.;
Gonzlez, M.; Salerno, A., Bioorganic and Medicinal Chemistry,
2008, 16, 2226-2234.

Thirupathi Reddy, Y.; Narsimha Reddy, P.; Koduru, S.; Damodaran,
C.; Crooks, P.A., Bioorganic and Medicinal Chemistry, 2010, 18,
3570-3574.

De Sousa Luis, J.A.; Barbosa Filho, J.M.: Lira, B.F.; Medeiros, |.A.;
De Morais, L.C.S.L.; Dos Santos, A.F.; De Oliveira, C.S.; De
Athayde-Filho, P.F., Molecules, 2010, 15, 128-137.

de Carvalho, G.S.G.; Machado, P. a; de Paula, D.T.S.; Coimbra, E.S.;
da Silva, A.D., The Scientific World Journal, 2010, 10, 1723-1730.

Pejchal, V.; Stepankova, S.; Padelkova, Z.; Imramovsky, A.;
Jampilek, J., Molecules, 2011, 16, 7565-7582.

. Soueidan, M.; Hlion, F.; Namy, J.L.; Szymoniak, J., Tetrahedron
Letters, 2011, 52, 1348-1350.

Mulwad, V. V.; Langi, B.P.; Chaskar, A.C., Acta Poloniae
Pharmaceutica - Drug Research, 2011, 68, 39-47.

. Donovan, D.H.O.; Rozas, |., Tetrahedron Letters, 2012, 53, 4532—
4535.

. Liu, Y.; Zhong, W.; Li, S., Chinese Chemical Letters, 2012, 23, 133—
136.

43. Khan, M.S.Y.; Husain, A.; Sharma, S.; Rashid, M., Indian journal of

62



References

pharmaceutical sciences, 2012, 74, 80-83.

44. Asif Husain*, Rubina Bhutani, Deepak Kumar+, and D.-S.S., Journal
of the Korean Chemical Society, 2013, 57, 227-233.

45. Naeimi, H.; Salimi, F., Chemija, 2013, 24, 245-249.

46. Safari, J.; Javadian, L., Comptes Rendus Chimie, 2013, 16, 1165—
1171.

47. Marinov, M.; Marinova, P.; Stoyanov, N.; Markova, N.; Enchev, V.,
Acta Chim. Slov, 2014, 61, 420-424.

48. Elhady, H.A., International Journal of Advanced Research, 2015, 3,
2340-2351.

49. Al-sawaad, H.Z., International Journal of Advanced Research, 2015,
3, 343-361.

50. Wrobel, T.; Kosikowska, U.; Kaczor, A.; Andrzejczuk, S.;
Karczmarzyk, Z.; Wysocki, W.; Urbanczyk-Lipkowska, Z.;
Morawiak, M.; Matosiuk, D., Molecules, 2015, 20, 14761-14776.

51. Tabarki, M.A.; Beshes, R., Tetrahedron Letters, 2016, 57, 3832—
3836.

52. Laha, J.K.; Jethava, K.P., The Journal of Organic Chemistry, 2017,
10, 1-31.

53. Perillo, I.; Repetto, E.; Caterina, M.C.; Massa, R.; Gutkind, G.;
Salerno, A., European Journal of Medicinal Chemistry, 2005, 40,
811-815.

54. Matys, A.; Podlewska, S.; Witek, K.; Witek, J.; Bojarski, A.J.;
Schabikowski, J.; Otrbska-Machaj, E.; Latacz, G.; Szyma??ska, E.;
Kie??-Kononowicz, K.; Molnar, J.; Amaral, L.; Handzlik, J.,
European Journal of Medicinal Chemistry, 2015, 101, 313-325.

55. Da Silva Guerra, A.S.H.; Do Nascimento Malta, D.J.; Morais
Laranjeira, L.P.; Souza Maia, M.B.; Cavalcanti Colago, N.; Do
Carmo Alves De Lima, M.; Galdino, S.L.; Da Rocha Pitta, I.;
Gongalves-Silva, T., International Immunopharmacology, 2011, 11,
1816-1822.

56. Sztanke, K.; Fidecka, S.; Kedzierska, E.; Karczmarzyk, Z.; Pihlaja,
K.; Matosiuk, D., European journal of medicinal chemistry, 2005,

63



References

40, 127-134.

57. Bolognese, A.; Correale, G.; Manfra, M.; Esposito, A.; Novellino, E.;
Lavecchia, A., Medicinal Chemistry, 2008, 3, 8148-8157.

58. Abdulrahman, L.K.; Al-Mously, M.M.; Al-Mosuli, M.L.; Al-Azzawii,
K.K., International Journal of Pharmacy and Pharmaceutical
Sciences, 2013, 5, 494-504.

59. Abdel-Aziz, A, A.M.; El-Azab, A.S.; El-Subbagh, H.l.; Al-Obaid,
AM.; Alanazi, A.M.; Al-Omar, M.A., Bioorganic and Medicinal
Chemistry Letters, 2012, 22, 2008-2014.

60. Anastasiadou, D.; Psomas, G.; Lalia-Kantouri, M.; Hatzidimitriou,
A.G.; Aslanidis, P., Materials Science and Engineering C, 2016, 68,
241-250.

61. de Carvalho, G.S.; Dias, R.M.; Pavan, F.R.; Leite, C.Q.; Silva, V.L.;
Diniz, C.G.; de Paula, D.T.; Coimbra, E.S.; Retailleau, P.; da Silva,
A.D., Med Chem, 2013, 9, 351-359.

62. Neves, J.; Sarinho, S.; Melo, C. de; Pereira, V.; Lima, M. de; Pitta, I.;
Albuquerque, M.; Galdino, S., The Journal of Venomous Animals
and Toxins including Tropical Diseases, 2011, 17, 277-286.

63. Lee, Y.; Yoon, J.; Kim, J.; Song, J.; Kim, Y.; Jong, D.; Hahn, J.,
Asian Journal of Chemistry, 2012, 24, 129-132.

64. Dadiboyena, S.; Nefzi, A., Tetrahedron Letters, 2011, 52, 7030-7033.

65. Czopek, A.; Byrtus, H.; Kotaczkowski, M.; Pawlowski, M.; Dybata,
M.; Nowak, G.; Tatarczynska, E.; Wesotowska, A.; Chojnacka-
Wojcik, E., European Journal of Medicinal Chemistry, 2010, 45,
1295-1303.

66. Marinova, P.; Marinov, M.; Feodorova, Y.; Maria Kazakova;
Slavchev, A.; Blazheva, D.; Sarafian, V.; Nikolova, I.; Stoyanov, N.,
Science and Technologies, 2014, 1V, 112-117.

67. Rmedi, H.; Baklouti, A., Tetrahedron Letters, 2014, 4, 1-6.

68. Smarandache, A.; Pascu, A.; Andrei, |.R.; Handzlik, J.; Kiec-
Kononowicz, K.; Staicu, A.; Pascu, M.L., Romanian Reports in
Physics, 2016, 68, 673-683.

69. Walls, T.H.; Grindrod, S.C.; Beraud, D.; Zhang, L.; Baheti, A.R.;
Dakshanamurthy, S.; Patel, M.K.; Brown, M.L.; MacArthur, L.H.,
Bioorganic and Medicinal Chemistry, 2012, 20, 5269-5276.

64



References

70. Sadarangani, I.R.; Bhatia, S.; Amarante, D.; Lengyel, I.; Stephani,
R.A., Bioorg Med Chem Lett, 2012, 22, 2507-2509.

71. Albuquerque, M.C.P.A.; Silva, T.G.; Pitta, M.G.R.; Silva, A.C.A;;
Silva, P.G.; Malagueiio, E.; Santana, J. V.; Wanderley, A.G.; Lima,
M.C.A.; Galdino, S.L.; Barbe, J.; Pitta, I.R., Pharmazie, 2005, 60,
13-17.

72. Abdel-Aziz, A.A.M.; El-Azab, A.S.; Abou-Zeid, L.A.; Eltahir,
K.E.H.; Abdel-Aziz, N.l.; Ayyad, R.R.; Al-Obaid, A.M., "Synthesis,
anti-inflammatory, analgesic and COX-1/2 inhibition activities of
anilides based on 5,5-diphenylimidazolidine-2,4-dione scaffold:
Molecular docking studies", Elsevier Ltd, 2016, p.

73. Albuquerque, J.F.; Rocha Filho, J. a; Brandao, S.S.; Lima, M.C;
Ximenes, E. a; Galdino, S.L.; Pitta, I.R.; Chantegrel, J.; Perrissin,
M.; Luu-Duc, C., Il Farmaco, 1999, 54, 77-82.

74. Kratky, M.; Mandikova, J.; Trejtnar, F.; Buchta, V.; Stolafikova, J.;
VinSova, J., Chemical Papers, 2015, 69, 1108-1117.

75. Czopek, A.; Satat, K.; Byrtus, H.; Rychtyk, J.; Pawlowski, M.; Siwek,
A.; Soluch, J.; Mureddu, V.; Filipek, B., Pharmacological reports :
PR, 2016, 68, 529-535.

76. Das, S.; Smid, S.D., European Journal of Medicinal Chemistry, 2017,
130, 354-364.

77. Gupta, M.; Paul, S.; Gupta, R., Acta Chim. Slov, 2009, 56, 749-764.

78. Surati, M.A.; Jauhari, S.; Desai, K.R., Archives of Applied Science
Research, 2012, 4, 645-661.

79. Kiss, Zs, N.; Erika, B.; Keglevich, G., "Microwave-Assisted
Syntheses in Organic Chemistry", 2016, p.

80. Shntaif, A.H.; Rashid, Z.M., Journal of Chemical and
Pharmaceutical Science The, 2016, 9, 1066-1068.

81. Shah, J.J.; Mohanraj, K., Indian J Pharm Sci, 2014, 76, 46-53.

82. Kucukbay, H.; Yilmiz, U.; Yarus, K., Turk J Chem, 2015, 39, 1265—
1278.

83. Stefanidis, G.D.; Navarrete, A.; Sturm, G.S.J., Rev Chem Eng, 2014,
33, 1-28.

84. Gude, V.G.; Patil, P.; Martinez-guerra, E.; Deng, S., Sustainable

65



85.

86.
87.
88.

89.
90.

91.

92.

93.

94.
95.

96.

97

References

Chemical Processes, 2013, 1, 2-31.

Calce, P. by M.1.E.; Bugatti, V.; Vittoria, V.; Luca, S. De, Molecules,
2012, 17, 1223412242,

Tierney, J.; Westman, J., Tetrahedron, 2001, 57, 9225-9283.
Ravichandran, S.; Karthikeyan, E., ChemTech Res, 2011, 3, 466-470.

Hill, M.D.; Movassaghi, M., Tetrahedron Letters, 2008, 49, 4286—
4288.

Gaba, M.; Dhingra, N., Ind J Pharm Edu Res, 2011, 45, 175-183.

Grygorieva, 0.0.; Berezovsjka, M.A.; Dacenko, O.l., NUSANTARA
BIOSCIENCE, 2015, 7, 38-42.

Bogdal, D.; Pielichowski, J.A.N., SYNTHETIC COMMUNICATIONS,
1998, 28, 3029-3039.

Grewal, A.S.; Kumar, K.; Redhu, S.; Bhardwaj, S., Int. Res J Pharm.
App Sci, 2013, 3, 278-285.

Leonarda Piras, a Eva Genesio, b Chiara Ghiron, b M.T., Synlett,
2008, 8, 1125-1128.

Aranda, A.l., ARKIVOC, 2010, 3, 264-273.

Ermolat, D.S.; Eycken, E.V. Van Der; Leu, V.; V, B.-L.; May, R. V,
J. Org. Chem, 2008, 73, 6691-6697.

Rajendran, A.; Kumar, G.V., Indian Journal of Advances in Chemical
Science, 2015, 3, 133-140.

.Joo, Y. H.; Shreeve, J. M. Org. Lett. 2008, 10, 4665- 4667.

98. Kumar, P.; Kriplani, S. P.; Gupta, G. N.; Ojha. K.G. E-Journal of

99

Chemistry 2007, 4, 14-20.

. Seijas, J.; Vazquez-Tato, M.; Martinez, M. and Corredoira, G., J.
Chem. Res., 1999, 27, 420-425.

100. Katritzky, A.; Zhang, Y.; Singh, S. and Steel, P., Arkivoc, 2003, 17,

47-64.

101. Yong, R. W. and Wood, K. H., J. Am. Chem. Soc., 1955, 77, 400-

403.

102. Acton, Q.A., "Azo Compounds: Advances in Research and

Application, Scholarly Paper Edition, Atlanta”, 2011, PP. 42-117.

66



References
103. Sykes, P.; “A Guidebook to Mechanism in Organic Chemistry”, 6th
Ed., Longman, 1985. pp.115-134.

104. Ahluwalia, V.K. and Parashar, R.K., “Organic Reaction
Mechanisms” 4th Ed., Narosa Publishing House Pvt. Ltd., New
Delhi, 2011, p.603.

67



\J’—-——



Appendix

A. Spectroscopic figures
A.l. FT-IR spectra

A.1.1. FT-IR spectra of 2-aminobenzothiazole 1 and azoaldehyde derivative 2
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Fig. (3-1): FT-IR spectrum of 2-Aminobenzothiazole
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A.1.2. FT-IR spectra of azoimine derivatives 3a-h
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A.1.3. FT-IR spectra of imidazolidins 4a-h
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A.1.4. FT-IR spectra of imidazolidines 5a-h
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Fig. (3-19): FT-IR spectrum of compound 5a
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Fig. (3-20): FT-IR spectrum of compound 5b
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Fig. (3-21): FT-IR spectrum of compound 5¢
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Fig. (3-24): FT-IR spectrum of compound 5f
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Fig. (3-26): FT-IR spectrum of compound 5h
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A.2.'H NMR spectra
A.2.1. "H NMR spectra of imidazolidins 4a-h
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Fig. (3-27): 'H NMR spectrum of compound 4a in Hz
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Fig. (3-29): 'H NMR spectrum of compound 4c in Hz
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Fig. (3-30): "H NMR spectrum of compound 4d in Hz
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99



Appendix

—80TL
.

W kLg'e
\owa

V249
—8pi'e
\eeﬁ:
— 18K

S—y
—091'8
T8
V8L

;—__

. JJLMML J

LN

Fig. (3-33): 'H NMR spectrum of compound 4g in ppm
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Fig. (3-33): "H NMR spectrum of compound 4g in Hz
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Fig. (3-34): 'H NMR spectrum of compound 4h in Hz
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A.2.2. "H NMR spectra of imidazolidins 5a-h
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Fig. (3-35): 'H NMR spectrum of compound 5a in ppm
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Fig. (3-35): 'H NMR spectrum of compound 5a in Hz
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Fig. (3-36): 'H NMR spectrum of compound 5b in ppm
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Fig. (3-36): "H NMR spectrum of compound 5b in Hz
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Fig. (3-37): 'H NMR spectrum of compound 5c¢ in ppm
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Fig. (3-37): "H NMR spectrum of compound 5c¢ in Hz
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Fig. (3-38): 'H NMR spectrum of compound 5d in ppm
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Fig. (3-38): "H NMR spectrum of compound 5d in Hz
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Fig. (3-39): 'H NMR spectrum of compound 5e in ppm
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Fig. (3-39): 'H NMR spectrum of compound 5e in Hz
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Fig. (3-40): 'H NMR spectrum of compound 5f in ppm
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Fig. (3-41): 'H NMR spectrum of compound 5g in ppm
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Fig. (3-41): "H NMR spectrum of compound 5g in Hz
108

LI I
)]



Appendix

—— 1906
180'8
?m L
/1?0! I3
e 10
LS00
th‘a
,ésaa'e
\sse G
—08b'Z

T T T T T T T T T T T
00 aD oo

I P - N G @ @ W T e S—— o
@ o o @D O @ (" o A ~
» © @ O > O O L$ ﬁﬂh »
o @ b N = @ @ ~ L @ o ™ T
3 =RE22338e 88883 3 2

\\N\V//~ N\ 4 /

\%QQ

BT 'S

Fig. (3-42): '"H NMR specltggm of compound 5h in Hz



Appendix

B. Antibacterial photographs

B.1. Antibacterial photographs of imidazolidine 4a-h against
Staphylococcus aurous

Fig.(3-43): Antibacterial activity of imidazolidine 4a-h against Staphylococcus

aurous
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B.2. Antibacterial photographs of imidazolidine 5a-h against

Staphylococcus aurous

Fig. (3-44): Antibacterial activity of imidazolidine 5a-h against Staphylococcus
aurous
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B.3 Antibacterial photographs of imidazolidine 4a-h against

Escherichia coli
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Fig. (3-45): Antibacterial activity of imidazolidine 4a-h aginst
Escherichia coli
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B.4. Antibacterial photographs of imidazolidine 5a-h against

Escherichia coli

o

Fig. (3-46: Antibacterial activity of imidazoldine 5a-h against Escherichia coli
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B.5. Antibacterial photographs of Gentamycin against Staphylococcus

aurous and Escherichia coli

Fig. (3-47): Antibacterial activity of Gentamycin against Staphylococcus aurous
and Escherichia coli.
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