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Abstract

New compounds were synthesized from isatin and 1H-indene 1,2,3-trione in
this thesis, and their purity was validated using thin layer chromatography(TLC)
. Using spectroscopy techniques such as [FT-IR,"H-NMR and**C-NMR], the

chemical structures of the produced compounds (Z,-Z1;) were determined.

Compound Z;; was utilized as a ligand in the creation of new complexes by
reacting with transition metal salts like(NiCl,.6H,0,CuCl,.2H,0, CdCl,.H,0O
and ZnCl,). UV-Vis, FT-IR, atomic absorption spectroscopy, magnetic
susceptibility, conductivity and studies were used to distinguish the novel

complexes.

Melting points measurements using to characterize of prepared complexes.

The following steps were included in the current research:

1.  Synthesis of 6-H indolo[2,3-b]quinoxaline-2-carboxylic acide [Z,], from
the reaction of Isatin with 3,4-diamino benzoic acid.

2. Synthesis of 6H-indolo [2,3-b] quinoxaline-2-carbonyl chloride [Z,] by
the reaction of [Z;] compound with thionyl chioride.Then allowed the
second compound to react with potassium thiocyanate to synthesis 6H-
indolo[2,3-b]quinoxaline-2-carbonyl iso thiocyanate[Zs].

3. Synthesis of thiourea derivitives [Z4-Zg] by the reaction of [Z3] compound
with aniline and substituted aniline.

4.  Synthesis 6-(Phenyl carbamo thioyl)- 6H- indolo [2,3-b] quinoxaline- 2-
carbonyl chloride[Zg] by the reaction of Z, compound with isothiocyanate

benzene to get new and effective replacement reaction compound.



Synthesis 6-(naphthalene-1-ylcarbamoyl)-6H-indolo[2,3-b]quinoxaline-2-
carbonyl chloride (Z,4) by the reaction of Z, compound with 1-naphthyl
Isocyanate to get new and effective replacement reaction compound.
Reaction of 1H-indene 1,2,3-trione with 4-methyl benzene-1,2-diamine
to produce a new compound 7-methyl-11H-indene[1,2-b]quinoxaline-11-
one [Zi], and its complexes [Ni(Z11).Cl;].6H,0,[Cu(Z11).Cl,].6H,0
[Cd(Z11),Cl,].6H,0 and [Zn(Z;1),Cl,].6H,0 .

Finally, the biological activity of several produced compounds was tested
against two species of bacteria (E.Colias and S. Aureus). When tested
against two strains of bacteria, the majority of these compounds showed

good to acceptable antibacterial activity.
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1.1. Preface

Heterocyclic chemistry is an essential field in the chemical sciences, and
it accounts for a significant portion of current global research [1]. Heterocyclic
compounds are cyclic organic compounds with at least one heteroatom; the
most common heteroatoms are (N, O, S), but heterocyclic rings containing
additional heteroatoms are also well-known[2,3]. Because of their usefulness in
treating a variety of diseases, these chemicals are crucial and widely used in a
variety of biological processes. The heterocyclic ring can be found in biological
compounds such as RNA and DNA, chlorophyll, vitamins, and hemoglobin.
Triazine derivatives, which are utilized as herbicides, antimicrobials, urinary
antiseptics, and anti-inflammatory medicines, are examples of heterocyclic

chemicals employed in a variety of diseases. [4,5].

Indole has a bicyclic structure and is an aromatic heterocyclic molecule.
Many important biological molecules contain indoles. Melatonin and Serotonin
are biochemically active indole compounds, whereas tryptophan is a significant
indole derivative. In nature, there are several indole alkaloid derivatives. Indigo-
3-acetic acid is present in the plant hormone Auxin. In addition, a variety of
important indole derivatives are used in treatment. Indole derivatives include the
anti-inflammatory medicine indomethacin, the betablocker pindolol, and the

hallucinogen dimethyltryptamine [6].

Quinoxaline and their derivatives are a significant class of heterocyclic
compounds that have attracted a lot of attention over the years because of their
intriguing biological properties and pharmaceutical like anticancer, insecticidal,
anthelmintic, antifungal, antibacterial, and antiviral properties. Apart from their
therapeutic uses, they also have a wide range of other uses. These compounds
have found widespread wuse as dyes, electroluminescent materials,

photoinitiators, and organic semiconductors. Recently, there has been a lot more
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focus on developing sustainable and efficient methods for synthesis of

quinoxaline derivatives[7].

Thiourea (NH,CSNH,),a sulfur-containing compound,is of high industrial
potential. Thiourea and its derivatives are used as corrosion inhibitors[8]. In
industrial equipment such as boilers, which develop scales due to corrosion[9].
Thioureas are useful compounds as precursors for the synthesis of different

classes of a cyclic and heterocyclic compounds [10].

1.2. Literature review

Murthy Y. L. N. et al.(2011) synthesized and characterized of six
compounds 6-sub, 2,3-diphenyl quinoxalines by the condensation of substituted
o-phenylene diamines with benzyl. Further these compounds were reacted with
m-chloro per benzoic acid (m- CPBA)/dichloro methylene (DCM) to form their
corresponding 1,4-di-N-oxides. Antimicrobial activity of these compounds were
screened in vitro. According to the findings, antimicrobial data for synthesized
compounds have significant activity[11]. scheme(1.1) illustrate equation for

synthesis of derivatives [2,3-diphenyl quinoxaline 1,4-di-Noxide].
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€]
Ry (?
MeOH m- CPBA
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b) R-COOH,R=H
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Scheme(1.1): Synthesis of [2,3-diphenyl quinoxaline 1,4-di-N-oxide derivatives]

Dowlatabadi R. et al.(2011) Studied the reaction of orthophenylene
diamine with several substituted isatin in acetic acid. While electron-donor
substituents on isatin shifting the reaction toward classical 6H-indolo[2,3-b]
quinoxaline ring closure and electron-withdrawing groups favor the formation
of 3.(2’-amino-5"-substituted)- quinoxaline-2(1h)ones[12]. As shown in scheme
(1.2)

R=NO,,Br,F

Scheme(1.2): reaction of ortho-phenylenediamine with substituted isatin
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Shibinskaya M. O. et al. (2012) synthesized 6-(3-chloropropyl)- 6H-
indolo-[2,3-b]quinoxaline with 80% vyield via indolo quinoxaline alkylation by

1-bromo-3- chloro propane. Alkylation of 6H-indolo-[2,3-b] quinoxaline was

carried out in DMF when sodium methylate is present in an equimolar amount at
room temperature[13]. As shown in scheme(1.3)

Br cl N

NH2 7N
N =N

? ©: / N 3 N

NH2 _ > |

o - N  DMF,CH;ONa
o,

N CH,COOH N rt,2h,80% VA%

boil,2h,85%

Scheme(1.3): synthesis of 6-(3-chloropropyl)-6H-indolo[2,3-b]quinoxalines

Khazaei A. et al. (2014) synthesized bisindolylindeno[1,2-b] quinoxaline
derivatives from condensation reaction of indole, indanel,2,3-trione, and
diamine aromatic compounds by PBNS= Poly(N,N-dibromo-N-ethylnaphthyl-
2,7-disulfonamide) under solvent-free conditions at 80°C in a simple procedure,

short reaction times, good to excellent yields for new derivatives [14].As shown
in Scheme(1.4)

R N PBNS
° 2 solvent-free, 80 °C

\

L~ R'( 2a-2d)
H2
( 4a-41)
( 3a-3c)

4a: 1+ 2a (R'=R2=R3¥=H) + 3a( R*=H) 4f: 1+ 2d (R'=R2=H, R*=Br) + 3c
4b: 1+ 2a + 3b( R*=NO,) 4g: 1+ 2d + 3b

4c: 1+ 2a + 3c( R*=Me) 4h: 143a

4d: 1+ 2b (R!'= R3*=H, R?=Me¢) + 3¢ 4i: 1+3b

4c¢: 1+ 2c(R'=Mc, RZ=R3=H) + 3¢ 4j: 1+3c

Schem Scheme (1.4):Synthesis of bisindolylindeno[1,2-b] quinoxaline derivatives
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Sarhan B. M. et al. (2016) synthesized a new ligand [N-(3-

acetylphenylcarbamothioyl)-4-methoxybenzamide] via the reaction of 4-

methoxybenzoylisothiocyanate with 3-aminoacetophenone as illustrated in the
Scheme (1.5). The results indicated that the proposed structure for all

complexes was octahedral[15].As illustrated in the Figure(1.1)

H;CO H;CO
NH,SCN 4 \©\? ___acetone \©\9
C—ClI C-N—C—S

reflux,3hrs + NH,4CI

4-methoxybenzoyl isothiocyanate

COCH;

o, " 1140
H,N COCH; * \©\g N—C—Ss acetone Q)(H NH
-N—C—s —— >
3HCO

reflux,6hrs

3-aminoacetophenone 4., i i
P 4-methoxybenzoyl isothiocyanate N-((3-acetylphenyl)carbamothioyl)-4-methoxybenzamide

Scheme(1.5): synthesis [N-(3-acetylphenylcarbamothioyl)-4-methoxy benzamide]

—, oo ] o = Fm— 1

OCH,
l NH
it g Cls
J— ——— NH -
S o
e $

H,O

| OCH —
H.COC

"2 —[Mn, Co. Ni, Cu, Zn, Cd .Hg]

Figure(1.1): The proposed structure formula of the complexes

Ahmed N. K. et al. (2016) prepared the ligand [1-phenyl-3naphthoyl-2-
thiourea] by three steps, the first steep preparation of 2naphthoyl chloride, the
second step preparation of naphthalene -2carbonyl isothiocyanate and the third
step including reaction of naphthalene -2-carbonyl isothiocyanate with

aniline.The suggested geometry of all complexes was octahedral.The
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antibacterial activity in-vitro was scrutinized for the compounds against three

types of pathogenic bacteria: Bacillus and Staphylococcusaureus as gram-
positive and Escherichia Colias gramnegative. The synthesized compounds
were active against Bacillus as gram-positive only[16].As illustrated in the
Scheme (1.6)

COOH COCI
SOCl;, C;H,4Cls
o
reflux for 3h
2=naphthoic acid 2-naphthoyl chloride
0
COcCl —N=C=
—'.
reflux for 1h
2-naphthoyl chloride naphthalene -2-carbonyl isothiocyanate
o] (o] S
Il NH, I Il
C—N=C=8 C—N—C-—N—Q
) 1
reflux for 1h
naphthalene -2-carbonyl isothiocyanate Aniline [1-phenyl-3-naphthoyl-2-thiourea)

Scheme(1.6): synthesis [1-phenyl-3-naphthoyl-2-thiourea]

Raheel A. et al. (2016) Synthesized five new bromobenzoyl thiourea
derivatives attached with unlike amino acids through the reaction of
bromobenzoyl chloride with potassium thiocyanide and the corresponding
amines .These compounds were tested for antibacterial and antifungal activity
against different types of bacteria and fungi [17]. As illustrated in the Scheme
(1.7)
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Scheme(1.7): synthesis bromobenzoyl thiourea and amino acids derivatives

Bajpai S. et al.(2017) used isatin derivatives with o-phenylene diamine
for the synthesis of quinoxaline derivatives under microwave irradiation in
xylene. The method given is mild, environmentally friendly, inexpensive and
highly effective to give the products in good to excellent yields [18]. As

illustrate in Scheme(1.8)

R
0 N
Ry N AN
@ 0o + “W o500 W N
N 35 min N
|
R R,

Ri= H, I, R= COCH3, CH2CH.CH3, CHaPH

Scheme(1.8): Synthesis of quinoxaline derivatives under controlled microwave

irradiation
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Ngah F. A. A. et al. (2017) synthesized a new thiourea derivatives 1-

(2-aminophenyl)-3-(naphthlene-1-yl)thiourea,N-(2-aminophenyl)-N-(1-

naphthalenyl)thiourea,1-(3-aminophenyl)-3-(naphthalene-1yl)thiourea, and
1,4-phenylene-bis[3-(a-naphthyl) thiourea] by the reaction of 1-naphthyl
isothiocyanate with 1,2-phenylenediamine,1,3- phenylenediamine and 1,4-

phenylenediamine[19]. As illustrated in the Scheme (1.9)

N=C=8

L
"

Scheme(1.9): synthesis of thiourea derivatives

Fayomi O. M. et al. (2018) synthesized a series of nitrosubstituted
N-(benzoylcarbamothioyl)-amino  acids by condensing 3- or 4-nitro-
benzoyl isothiocyanate with amino acids (glycine and histidine). N-(3-nitro-
benzoylcarbamothioyl)-glycine.The precursor antibacterial experiments of the
compounds have good activity[20]. As illustrated in the Scheme(1.10)
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Scheme(1.10):synthesis a series of nitro-substitutedN- (benzoylcarbamothioyl)amino

acids
Ismail K. A. et al.(2020) prepared 2-methyl-6H-indolo [2,3-b]

quinoxaline through the reaction of isatin with 4-methyl-o-phenylene diamine,
and the product was reacted with chloroacetyl chloride to produce 2-chloro-1-
(2-methyl- indolo [2,3-b] quinoxalin-6-yl)ethanone, which was treated with
hydrazine hydrate to give 2hydrazino-1-(2-methyl-indolo[2,3-b]quinoxalin-6-
yl)-ethanone. The Schiff bases were synthesized by the condensation of
compounds 2hydrazino-1-(2-methyl-indolo[2,3-b]quinoxalin-6-yl)-ethanone
with many aromatic aldehydes .Antifungal activity of prepared compounds was
studied[21]. As illustrated in the Scheme(1.11)
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: synthesis of indolo [2,3-b] quinoxaline derivatives




y E. s Preface& Literature review
@ Chapter One 3

1.3. The aim of the study

The major objectives of the present study are :

1. Synthesize a new chain of quinoxaline derivatives and quinoxaline
complexes.

2. Characterization of the synthesized quinoxaline derivatives by was a
chived by (FT-IR and 'H- NMR™C-NMR) spectroscopy.

3. Characterization of the quinoxaline complexes by using FT-IR, UV-Vis
spectroscopy, metal analysis, magnetic susceptibility, and conductivity
measurements.

4. Finally,measure the biological activity of some of the prepared compounds
and determine their efficacy against bacteria of both positive and negative

gram Kkinds.




s

Chapter Two
(Theoretical Part)
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2.1. Heterocyclic compounds.

Heterocyclic compounds in which one or more of the ring atoms are
different atom other than carbon are called heterocyclic compounds. The
heteroatom is a Greek word which means different [22-25]. Common rings of
five-membered heterocyclic compounds containing a single heteroatom are 1H-

pyrrole, thiophene, and furan. As shown in Figure (2.1)

e
— — =
1H-pyrrole thiophene furan

Figure (2.1): The chemical structures of 1H-pyrrole, thiophene, and furan.

While five-membered rings containing two heteroatoms (same kind of

atoms) are pyrazoline and pyrazole Figure (2.2).

—
E\/NH E\/NH
N

N

Pyrazoline Pyrazole

Figure (2. 2): The chemical structures of pyrazoline and pyrazole

Five-membered rings contain two or three heteroatoms (different kind of
atoms) such as oxazole, thiazole, isoxazole and isothiazole, etc[26-29]. Figure
(2.3)

(o [y Ly D

oxazole thiazole isoxazole isothiazole

Figure (2.3): The chemical structures of oxazole, thiazole, isoxazole, and isothiazole.




y B Theoretical Part
% Chapter Two @

Most of medications and physiologically active agrochemicals are
heterocyclic, as are several additives and modifiers used in industrial
applications such as cosmetics, reprography, plastics and data storage [30-31].
The ability of heterocycles to express substituents around a core scaffold in
defined three-dimensional representations is a striking structural property
intrinsic to heterocycles that the pharma industry continues to exploit to great
effect. Throughout the decades of historical development of organic synthesis,
nitrogen and sulfur-containing heterocyclic molecules have piqued chemists'

curiosity [32].

Five and six-membered heterocyclic are abundant in nature and great
significance to life because of many natural products contains many subunits in
their structure such as hormones, vitamins, and antibiotics. Therefore, they have
attracted significant attention in the composition of many important biological
molecules. Synthetic organic chemistry is a very interesting in finding a feasible
way for making these molecules. Among the all heterocyclic, pyrazole and
pyrazoline are a class of compounds with biological activities, such as
antioxidant, antitumor, antipyretic , antimicrobial, and calcium channel
modulators [33]. Heterocyclic compounds include more than one nitrogen atom
have great biological activity that have piqued the interest of many researchers
over time. Because of their anti-cancer[34], cardiotonic, and anti-inflammatory
characteristics[35], these chemicals, like those from the benzodiazepine family,

have been widely used as therapeutic agents [36].

2.2. Indole.

Indole is an example of an aromatic heterocyclic organic compound [37-
38]. A six-membered benzene ring is fused to a five-membered nitrogen-
containing pyrrole ring Figure (2. 4), Knop and Baeyer published their work in
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1866[39]. In the course of a study of the structure of indigo, reduced isatin and
obtained two products, CgH;NO and CgH;NO, (oxindole and dioxindole), which

they considered as hydroxyl derivatives of CgH;N; they named the latter indole.
Baeyer and Emmerling continued the work, proposing the formula that is now

widely recognized in 1869[40].

Il z (ﬁ>=c @:\FD
0‘9 Oxmcoie

Dxmrdae

Figure (2. 4): The chemical structure of indole, oxindole, and dioxindole.

Indole chemistry began to develop with the study of the dye indigo.
Indigo, a blue dye imported from India, is the source of the word indole. Indigo
can be turned to isatin and then to oxindole. In 1866, Adolf von Baeyer used
zinc dust to convert oxindole to indole. In 1869, he proposed an indole formula.
[41]. The indole alkaloids are a class of chemical compounds with an indole or
dihydroindole (Indoline) nucleus that exist naturally. Approximately 800 indole
alkaloids have been isolated to date, with the majority of their structures known.
This amount number to nearly one-fifth of all the known nitrogen containing
plant bases (alkaloids). The first discoveries of indole alkaloids were the results
of chemical studies on folk medicines or crude drugs used in various parts of the
world, such as, Europe countries, India, and Japan. This approach proved to be a
very effective one for natural product chemists. They includes such

physiologically active compounds as strychnine[42].
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2.3.1satin

Isatin, also known as indoline-2,3-dione [43] or indole-1H-2,3-
dione [44], is an indole derivative with keto (C=0) groups at positions 2
and 3 of the ring [45-46]. As shown in Figure (1.3). Isatin ring system
consists of pyrrole ring fused with benzene ring [47]. which can be
found in a variety of plants [48]. It was found 150 years ago [49] and is
currently referred to as oxindole and Endogenous polyfunctional
heterocyclic compounds [50]. Erdman [51] and Laurent [52] discovered
the chemical in 1841 as a byproduct of the oxidation of indigo dye with
nitric acid and chromic acide [53-54].

.

H

indoline-2,3-dione

Figure (2.5): 1H-Indole-2,3-dione

Isatins are synthetically versatile substrates that may be utilized
to make a variety of heterocyclic compounds like indoles and quinolines
[55]. Previously, the study of isatin derivatives was linked to dye
synthesis, but more recently, these heterocycles have been shown to
have antiprotozoal [56], antifungal [57-58], antiviral [59-60],
anticonvulsant [61], anti-inflammatory [62-63], anti-tubercular [64-65],
antitumor [66-67], antimicrobial [68], antimalarial [69], antihelminthic
[70] and anti-Furthermore, they have an impact on neurological
ilinesses, participate in  metabolism, act as acetylcholinesterase
inhibitors, and encourage plant development [71].Drugs containing the
isatin skeleton are used to treat diseases such as eplilepsy , and bulimia .
Therefore the need to create novel isatin derivatives for emerging
drug targets is apromising area in medical chemistry [72]. Isatin is an
endogenous compound identified in humans that possesses a wide range
of biological activities [73-74]. Isatin has anticonvulsant activities and
acts as a potent antagonist on a trial natriuretic peptide receptors in vitro
Recently, a number of researchers have been studying the use of isatin
in the fight against phytopathogens and as potential herbicides [75] .
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2.3.1 Study of the reactivity of isatin

Isatin will mainly react at three different sites, N-alkylation,
namely aromatic substitution at C-5, and carbonyl reactions at C-3. If
the system carry electron-withdrawing groups in the benzene ring or at

the nitrogen attack at C-2 can also occur[76]. As illustrate in Figure(1.4)

Figure (2.6): Reactivity of isatin

2.3.2 Application of Isatins in Organic Synthesis

Many synthetic [77] methodologies have been described for the
conversion of isatins to other heterocyclic systems. This type of
chemistry can be generalized as one of the following strategies:

-Partial or total reduction of the heterocyclic ring, leading to indoles and
derivatives.

-Oxydation reaction .

-Nucleophilic addition at position C-3, which may be further followed
by a cyclization process.

-Nucleophilic substitution at position C-2, leading to the opening of the
heterocyclic.
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2.4. Quinoxaline.

Quinoxaline 1 is a nitrogen-containing benzoheterocycle with
antitumor, antibacterial, antiviral, anticonvulsant, antifungal,
antimicrobial,  anticancer, antitubercular, antimalarial, and anti-
inflammatory  properties [78].Quinoxaline  derivatives are used in
Pesticides, fungicides, herbicides, anthelmintics, and other applications
include dyes, fluorescent materials, semiconductors in  organic
photovoltaic (OPV) cells, pesticides, fungicides, herbicides, and
anthelmintics. [79]. Quinoxaline, also known as benzopyazine, is a
fused heterocyclic molecule with benzene and pyrazine rings fused
together. Phthalazines 2, quinoazoline 3, and cinnolenes are isomeric
with quinoxline. The fusion of the diazine 5 and benzene 6 rings
produces quinoxaline [80]. Figure(2.9) explain structures of quinoxaline
and related heterocycles compounds.

N\ NN NN N N\
— /fll /) N [ /] ©
N N N~ N
1 2

3 4 6

Figure (2.7): Structures of quinoxaline and related heterocycles.

Quinnoxaline is also known as benzopyrazine and
diazanaphthalene.The number of resonance structures of quinoxaline
are increased by the fusion of one or more benzene rings to quinoxaline

and phenazine rings and the dipole moment of quinoxaline is zero[81] .
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2.4.1. Synthesis of quinoxaline derivatives

2.4.1.1. Synthesis of quinoxaline derivatives by catalytic strategies

Alkynes can be oxidized with O-phenylene diamine (OPD) in the
presence of a catalyst to produce substituted quinoxaline di-ketones [82] . As
illustrated in Scheme (2.1)

N. R,
OPD,PEG/H,O N~ R,

Ry and R, alkyl or aryl
Scheme (2.1): Synthesis of substituted quinoxaline di-ketones.

On the other hand, OPD can react with 2-bromo acetophenone in an
aqueous medium for 5 h at 80°C to give quinoxaline derivatives[83]. As shown
in Scheme (2.2)

o)
NH2 & Br
Chm - O oy
'
NH2 80C,5h @N/

Scheme (2.2): Preparation of quinoxaline derivatives.
Another method to acquire substituted quinoxaline derivatives. This

method was to react substituted OPD with di-ketone with the existence of
dimethyl sulfoxide (DMSO) as a solvent and catalyst at room temperature[84].
As illustrated in Scheme (2.3)

R O

R NH; DMSO,rt R__N_ R
Lo + X - T
R (o] NH, 1,(10 mol%) R N/

R=alkyl or aryl

Scheme (2.3): Preparation of substituted quinoxaline derivatives from di-ketone.
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Also can be synthesized N-Cyclohexyl-3-aryl-quinoxaline-2-amines in

good vyields via the condensation reaction of o-phenylene diamine , aldehyde

and cyclohexyl isocyanide [85]. As shown in Scheme (2.4)

NH R Ne )
SO CRN R e ®
'
NH, reflux -
R=alkyl or aryl

Scheme (2.4): Synthesis of N-cyclohexyl-3-aryl-quinoxaline-2-amines.

2.4.1.2. Synthesis of quinoxaline derivatives by non-catalytic strategies

The reaction of O-phenylene diamine with benzil in ethanol and heating
for 1.5 hours can produce 2,3-diphenyl quinoxaline (DPQ) [86]. As illustrated
in the Scheme (2.5)

o
NH, N_ _Ph
Ph
@ + \[HJ\Ph Ethanol @ \ji
—
NH, fo) Heat,1.5h N Ph

Scheme (2.5): Synthesis of (DPQ)
Also O-phenylene diamine can be reacted with ethyl pyruvate to

produced 2-Hydroxy-3-methylquinoxaline in n-butanol[87]. As illustrated in
the Scheme (2.6)
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@ + CH,COCOOC,H, __ "Butanol = @ j[
NH2 N/ CH,

Scheme (2.6): Synthesis of 2-hydroxy-3-methylquinoxaline.

As well as that, quinoxaline derivatives can be synthesized from the
reaction a-haloketones with 2-amino-3-quinoxalinethiol in glacial acetic
acid .The reaction mixture was heated to reflux and product was acquired after

recrystallization in ethanol [88]. As shown in Scheme(2.7)

H
N SH o N S
AN
CI o el o | (0T
N NH2 Br N H R

R= CHj,Ph,P-C4H,-Me,P-C¢H,-OMe,P-CgH,-Ph,P-CH,-Br,P-C¢H,-NO,

Scheme (2.7): Reaction of 2-amino-3-quinoxalinethiol with a-haloketones

2.4.1.3. Synthesis of quinoxaline derivatives using microwave radiation
Quinoxaline derivative can be synthesized by the reaction of OPD with
oxalic acid in the existence of (DMF) and iron(lll) chloride . The reaction

mixture was heated in the microwave [89]. And Scheme (2.8) shown that

NH, OH

H
o N__O
NH, HO FeCly,DMF @ I
+
MW,800W N No
o H

Scheme (2.8): Synthesis derivatives of quinoxaline using the microwave method
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2.5. Thiourea and its derivatives .

Thiourea (TU) is the analogue compound to urea with replacement of
oxygen atom in urea by sulphur atom, the properties of urea and thiourea differ
significantly because of the difference in electronegativity between sulfur and
oxygen atoms[90]. The name thiourea according to IUPAC system is 2-
thiourea; also known as thiocarbamide or sulfaurea. Thiourea (CH4N,S) is
a white crystalline solid and occurs in two tautomeric forms as shown in
Figure (2.10).

H-oN S HoN SH
| —
NH- NH

thiourca isothiourca

Figure (2.10): The tautomeric forms of thiourea

Therefor it has three functional groups: amino, imino, and thiol[91] .
Due to its wide range of applications in sectors such as medicine, agriculture,
coordination, and analytical chemistry. Thiourea and its derivatives are a well-
known important category of organic compounds[92]. Thioureas are useful
compounds as precursors for the synthesis of different classes of a cyclic
and heterocyclic compounds[93]. Thiourea and urea derivatives have been used
to purify organic and inorganic effluents, industrial, agricultural, and mining
wastes, spinning mixtures, paper, and paints, as well as wrinkle proofing agents
for cotton and cotton polyester fabrics, where these compounds could also be

used to detoxify super antigens from body fluids[94].
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Experimental Part

3.1. Chemicals

As mentioned in Table (3.1), the chemicals, solvents utilized in this

research and their supplies are listed. These materials have not been purified or

modified in any way.

Table 3.1: Chemicals and solvents used

No. | Chemicals Chemical Supplied | Purity
formula from %
1 | Aceton (CH,),CO Alpha 99.9
2 | 1,2-dichloro ethane C,H,Cl, Alpha 99
3 | 1-Isocyanatonaphthalene C;1H/NO Aldrich 98
4 | Isothiocyanatobenzene C,Hs;NO Merck 97
5 | Cobalt chloride hexahydrate CoCl,.6H,O | Aldrich 96
6 | Cupric chloride dehydrate CuCl,.2H,O | ACS 99
7 | 3,4-Diaminobenzoic acid C,HsN,0, Aldrich 97
8 | Thionyl chloride SOCl, BDH 95
9 | Aniline CsH7N Thomas 98
Baker
10 | Dimethyl sulfoxide (DMSQO) | C,H¢SO. BDH 98
11 | Ethanol C,HgsO Scharlu 99.9
12 | Ethylacetate C4Hs0, Aldrich 99
13 | Potassium hydroxide KOH BDH 99.9
14 | Hexane CeHia BDH 99
15 | Isatin CgHsNO, Aldrich 99
16 | Potassium thiocyanate KSCN Alpha 98
17 | Nickel chloride hexahydrate NiCl,.6H20 | CDH 99
18 | 2-Amino phenol CsH;/NO Aldrich 98
19 | Potassium carbonate K,CO; BDH 96
20 | Sodium bicarbonate NaHCO; BDH 96
21 | Cdmium chloride CdCl,.H,0 Merck 98
monohydrate
22 | Zinc chloride anhydrous ZnCl, SCRC 99.9
23 | Methanol CH;OH Scharlu 98
24 | 4-amino phenol CeH/NO Alpha 95
25 | 1H-indene-1,2,3-trion .H,O CoH,05.H,O | BDH 99
26 | 4-Methyl benzene-1,2-diamine | C;H;oN, Merck 97
27 | 4-Methoxyaniline C/HgNO Hopkin 95
&willia
28 | 4-Bromo aniline CsHeNBr Merck 96

22

2
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3. 2. Instruments

-FT-IR Spectra: Infrared spectra of the prepared compounds were recorded in
(KBr) disc by using PERKIN ELMER SPEACTRUM-65 / Germany at
Chemistry Department, College of Science, Diyala University and FT-IR
Spectra: Infrared spectra of the prepared complexes were recorded in (Csl) disc
by using Shimadzu FT-IR spectrophotometer at the Chemistry department /

College of education for pure science/ University of Diyala.

-Ultraviolet Cabinet: Thin Layer Chromatography (TLC) for organic
compounds was performed by using CM-10A /SPECTROLINE /USA and
mixture of solvents (Ethyl acetate and n-hexane) at Chemistry Department,

College of Science, University of Diyala

-Melting Points: The melting points of the compounds and the metal-
complexes was determined by open capillary tube in the Stuartsmplo electronic
apparatus, at the Department of Chemistry, College of Science, University of

Diyala.

-Antibacterial Activity: The antibacterial activity of compound was evaluated

in the laboratory of General Baquba Hospital .

-Nuclear Magnetic Resonance Spectrometer (NMR): 'H NMR the spectra
were recorded on a Bruke 400 MHz spectrometer in Jordan, University of

Science and Technology, College of Science, Tehran, Iran.

-Electronic Spectra (UV-Vis): The electronic spectra of the ligand and its
complexes were obtained by using UV-Vis (V-650) JAPAN spectrophotometer
type Cary 100 at range (800-200) nm, with quartz cell of (1.0 cm) length and
the concentration of (1x 10° M), at Department of Chemistry, College of
Science, University of Diyala.
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-Atomic Absorption: The metals percentage of the complexes was measured

using atomic absorption technique by Shimadzu Atomic Absorption 680 Flam
Spectrophotometer for the determination of (Ni**, Cu ?*, Zn*", and Cd**) metal

ions.

- Conductivity measurements: Electrical measurements conductivity (Am) of
the complexes were registered at (25°C) for (0.001 Molar) solution of the
samples in Ethanol by using (conductivity meter, inolab / Germany) at
Chemistry Department ,College of Science , University of Diyala and the

determination of cell constant was made using the following relationship:
[A;, = 1000k/c]

Where, (Am) =molar conductance (Q™* cm? mol™ ), (C )= concentration (mol™)

and ( K )= specific conductance (Q cm™).

-Magnetic Susceptibility: The magnetic susceptibility in the complexes was
measured by using (Balance Johnson Mattey). The peff was determined in the
solid state by Faraday's method at Department of Chemistry , College of
Science , Mustansiriyah University. Using only spin magnetic moment

according to the following equation.

neff=2.82 \| Xp T B.M

XA = X M-(-D)

XM = Xg *M.Wt

Where, T= Room temperature in degree K, XA= Atomic susceptibility,

XM = Molar susceptibility, Xg = Gramic susceptibility, D = Diamagnetic

correction factor.
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3. 3. Synthetic methods of the compounds[95-97]

3. 3. 1. Synthesis of 6H-indolo[2,3-b]quinoxaline-2-carboxylic acid (Z,)

Indoline-2,3-dione (1.70 gm , 11.6 m mol ) was dissolved in aqueous
sodium bicarbonate solution (3.32 gm, 39.5mmol in 160 ml water), 3,4-
diamino benzoic acid (2.20 gm , 13.2 mmol ) was added and the mixture was
refluxed for (20 h) . The completion of the reaction was checked by using
T.L.C, mobile phase (ethyl acetate : hexane 1:3). After cooling down to the
room temperature the solutions was acidified with acetic acid and left to stay
overnight .The precipitate was filter, washed with water and dried in air .The
physical properties of compound are listed in Table (4.3 ). Scheme (3.1)
demonstrate the synthetic path way of (Z,)

COOH
o]

N
HoN COOH , ‘@
0 * Water =N
N HN — >
H

2 20 h,100C N

i ine-2.3-di 3,4-diaminobenzoic acid
indoline-2,3-dione 6H-indolo[2,3-b]quinoxaline-2-

carboxylic acid

Scheme (3.1): The synthetic pathway of (Z;).
3. 3. 2. Synthesis of 6H-indolo[2,3-b]quinoxaline-2-carbonyl chloride (Z,)

A thionyl chloride (0.7 ml,10 mmol) was added to the solution of 6H-
indol[1,3-b] quinoxaline - 2 carboxylic acid (1.316 gm, 4.99 mmol ) in
anhydride 1.2-dichloroethane (11 ml). In around bottom flask equipped with
condense -and-drying tube the mixture is refluxed for (3h). The completion of
the reaction was checked by using T.L.C, mobile phase (ethyl acetate : hexane
1:3). The solvent and the excess thionyl chloride are removed under vacuum
distillation. The reaction was shown in Scheme (3.2) and the physical properties

of compound are registered in Table (4.3).
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COOH
A
N SOCl,, C,H,Cl, 4
% —
! reflux for 3h, 84C
y H

H

6H-indolo[2,3-b]quinoxaline-2-
carboxylic acid

6H-indolo[2,3-b]quinoxaline-2-carbonyl chloride

Scheme (3.2): The synthetic pathway of (Z,)

3.3.3. Synthesis of 6H-indolo[2,3-b]quinoxaline-2-carbonyl isothiocyanate
(Zs)-

6Hindolo [2,3-b] quinaxaline-2- carbonyl chloride (0.6 gm, 2.129 mmole)
was dissolved in acetone (15 ml) which added to a solution of potassium
thiocyanate (0.2 gm, 2.05 mmole ) in dry acetone (10 ml). The reaction mixture
was refluxed for (8h) around bottom flask equipped with condenser and drying
tube. The completion of the reaction was checked by using T.L.C, mobile
phase (ethyl acetate : hexane 1:3). The product was filtered washed in the
acetone and left over night in the desiccator that contain silica gel. The reaction
was shown in Scheme (3.3) and the physical properties of compound are
registered in Table (4.3).

(o]

N=\\
s
cocl
N
N KSCN/ acetone 4
7N —_— =N
[:::I:AS*‘ reflux 8h, 56C N
N N
N
H

6H-indolo[2,3-b]quinoxaline-2- 6H-indolo[2,3-b]quinoxaline-2-carbonyl isothiocyanate

carbonyl chloride

Scheme (3.3): The synthetic pathway of (Z3)
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3. 3. 4. Synthesis of N-(phenylcarbamothioyl)-6H-indolo[2,3-b] quinoxaline-

2-carboxamide (Z,).

A solution of aniline (0.5 ml ,6 mmole ) was dissolved in acetone (10 ml)
which was added with stirring to 6H-indolo [2,3-b]quinoxaline - 2-carbonyl
isothiocyanate solution (1.825 gm, 5.996 mmole) in (15 ml) of acetone the
mixture was heated under reflux for (10 h). The completion of the reaction was
checked by using T.L.C, mobile phase (ethyl acetate : hexane 1:3) and after
wards-foured into (5ml) of cold water. The product was washed in ethanol . The
reaction was shown in Scheme(3.4) and Table (4.3) explain the physical

properties of this compound.

S

- <)
NH H
5 © acetone ;“d
—N

reflux 10h,56C

ili N
aniline H

6H-indolo[2, ? b]quinoxaline-2- N-(phenylcarbamothioyl)-6H-indolo[2,3-
carbonyl isothiocyanate b]quinoxaline-2-carboxamide

Scheme (3.4): The synthetic pathway of (Z,)

3. 3. 5. Synthesis of N-(4-hydroxy phenyl )carbamothioyl-6H-indolo [2,3-

b]quinoxaline-2-carboxamide(Zs).

A solution of the 4-aminophenol (0.65gm, 6mmole) was dissolved in
acetone (10 ml) which was added with stirring to 6H-indolo[2,3-b]quinoxaline-
2-carbonyl isothiocyanate solution (1.826 gm , 6mmole) in (15 ml) of acetone.
The mixture was reflux for (12h). The completion of the reaction was checked
by using T.L.C, mobile phase (ethyl acetate : hexane 1:3) , after wards poured
into (5ml) of cold water. The product was washed in ethanol. The reaction was
shown in Scheme (3.5) and Table (4.3) explain the physical properties of this

compound.
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0 //——S 0O H S
N ", O)on
N <> acetone 5“ A
+ —_—

!
=N reflux 12h, 56C =N
N OH N
H H

6H-indolo[2,3-b]quinoxaline-2- 4-aminophenol N~((4-hydroxyphenyl)carbamothioyl)-6H-
carbonyl isothiocyanate indolo[2,3-b]quinoxaline-2-carboxamide

Scheme (3.5): The synthetic pathway of (Zs)

3. 3. 6. Synthesis of N-(2-hydroxy phenyl)carbamothioyl-6H-indolo [2,3-

b]quinoxaline-2-carboxamide (Zg).

A solution of the 2-aminophenol (0.65 gm, 6 mmol ) was dissolve in
acetone (10 ml) which was added with stirring to 6H-indolo[2,3-b]quinoxaline-
2-carbonyt isothiocyanate solution (1.826 gm, 6mmol) in (15ml) of acetone.
The mixture was reflux for (12h) .The completion of the reaction was checked
by using T.L.C, mobile phase (ethyl acetate : hexane 1:3) and after wards
poured into (5ml)of cold water. The product was washed in ethanol . The
reaction was shown in Scheme(3.6) and the physical properties of compound

are registered in Table (4.3).

e
reflux 12h,56C

o S
N= NH
{ ; NH { ;
N 2 N
/ \ + OH acetone / \
=N =N

N N
H

) N-((2-hydroxyphenyl)carbamothioyl)-6 H-
6H-indolo[2,3-b]quinoxaline-2- 2-aminophenol indolo[2,3-b]quinoxaline-2-carboxamide
carbonyl isothiocyanate

Scheme (3.6): The synthetic pathway of (Zg)

3. 3. 7. synthesis of N-(4- bromo phenyl) carbamo thioyl-6H-indolo[2,3-b]

quinoxaline-2-carboxamide(Z;).

A solution of 4-bromo aniline (1.03 gm, 6 mmol) was dissolved in
acetone (10 ml) which was added with stirring to 6H-indolo[2,3-b]quinoxaline -

2-carbonyl isothiocyanate solution (1.826 gm, 6 mmol ) in (15 ml) of acetone.
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The mixture was reflux for (11 h). The completion of the reaction was checked

by using T.L.C, mobile phase (ethyl acetate : hexane 1:3) , after words poured
into (5ml) of cold water. The product was washed in ethanol. The reaction was
shown in Scheme (3.7) and the physical properties of compound are listed in
Table (4.3).

o /8
N
NH
2 A \
;‘l Q . acetone ©[$:N
4>
©[$:N reflux 11h, 56C N
H Br

4-bromoaniline N-((4-bromophenyl)carbamothioyl)-6 H-

6H-indolo[2,3-b]quinoxaline-2- indolo[2,3-b]quinoxaline-2-carboxamide

carbonyl isothiocyanate

Scheme (3.7): The synthetic pathway of (Z7)

3. 3. 8. Synthesis of N - (4-methoxy Phenyl )carbamo thioyl- 6H- indolo

[2,3-b]quinoxaline-2-carboxamide (Zg).

A solution of the 4-methoxy aniline (0.74 gm, 6mmol) in (10 ml) of
acetone, was added to solution of 6H-indolo[2,3-b]quinoxaline -2-carbonyl
isothiocyanate (1.826 gm, 6mmol) in(15 ml) of acetone .The mixture was
reflux for (12 h). The completion of the reaction was checked by using T.L.C,
mobile phase (ethyl acetate : hexane 1:3). The product was filtered and washed
in ethanol. The reaction was shown in Scheme(3.8) and the physical properties
of compound are listed in Table (4.3).

O H S
) S N~
N//: HNOOCH3
NH, N
7N
N acetone
7\ + — =N
—N reflux 12h,56C N
N H
N OCH;
6H-indolo[2,3-b]quinoxaline-2- 4-methoxyaniline N-((4-methoxyphenyl)carbamothioyl)-6 H-

carbonyl isothiocyanate indolo[2,3-b]quinoxaline-2-carboxamide

Scheme (3.8): The synthetic pathway of (Zs)
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3. 3. 9. Synthesis of 6-( phenyl carbamo thioyl)- 6H- indolo [2,3-b]

quinoxaline-2- carbonyl chloride(Zy).

A solution of (0.2817 gm, 1mmol ) of 6H-indolo[2,3-b] quinoxaline-2-
carbonyl chloride in (20ml) ethanol, was added to isothiocyanatobenzene
(0.13519 gm,1mmol). The mixture is refluxed with stirring for (15 h ) in water
bath.The completion of the reaction was checked by using T.L.C, mobile phase
(ethyl acetate : hexane 1:3). The precipitate was filtered, washed with hexane
and dried . The reaction was shown in Scheme(3.9) and the physical properties

of compound are illustrate in Table (4.3).

cocl cocl

N S N
/ O N//: ethanol / O
=N + —N
N reflux 15h,78C

H |

6H-indolo[2,3-b]quinoxaline- iSothiocyanatobenzene

2-carbony! chloride 6-(phenylcarbamothioyl)-6 H-indolo[2,3-

b]quinoxaline-2-carbonyl chloride

Scheme (3.9): The synthetic pathway of (Zo)

3. 3.10. Synthesis of 6-(naphthalene-1-ylcarbamoyl)-6H-indolo[2,3-b]

quinoxaline-2-carbonyl chloride (Z,0).

A solution of (0.28 gm ,1mmol ) of 6H-indolo[2,3-b]quinoxaline-2-
carbonyl chloride in (20 ml) ethanol was added to 1-isocyanatonaphthalene
(0.1269gm,1mmol). The mixture is refluxed with stirring for (17 h) in water bath.
The completion of the reaction was checked by using T.L.C, mobile phase
(ethyl acetate : hexane 1:3). The products was filtered, washed with ethanol,
and dried. The reaction was shown in Scheme (3.10) and the physical properties

of compound are illustrate in Table (4.3).
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cocli

o

cocl
7—© ¢=o
NH

N
y ’C} + ethanol “
- —_———
N D
N reflux 17h,78C
H

6H-indolo[2,3-b]quinoxaline-2- 1-isocyanatonaphthalene 6-(nathh_aIen-1|:ylca2rbant1)oyl)-Iebrll-linc!(c;lo[z,&
carbonyl chloride ]quinoxaline-2-carbonyl chloride

Scheme (3.10): The synthetic pathway of (Z1)
3. 3.11. Synthesis of 7-methyl-11indeno[1,2-b]quinoxalin-11-one(Z;,).

1H-indene-1,2,3-trione (2gm , 11.6 mmol ) was dissolved in aqueous
sodium bicarbonate solution (3.32 gm, 39.5mmol in 160 ml water), 4-
methylbenzene-1,2-diamine (1.6 gm, 13.2 mmol ) was added and the mixture
was refluxed for (10 h) . The completion of the reaction was checked by using
T.L.C, mobile phase (ethyl acetate : hexane 1:3). The precipitate was filtered,
washed with water and dried in the air. The reaction was shown in Scheme

(3.11) and the physical properties of compound are illustrate in Table (4.3).

CH,
N—’< />
water / D
- H20 + —N
NH, reﬂux 10h,100c @E\}
(o)
1H- mg?::; 2,3 4-methylbenzene-1,2-diamine 7-methyl-11H-indeno[1,2-b]quinoxalin-11-one

Scheme (3.11): The synthetic pathway of (Z11)
3.3.12. SynthESiS of Complexes [M(ClGHloNQO)ZCIZ]

( 0.4 mmol) of metal chloride such as (NiCl,.6H,0, CuCl,.2H,0, ZnCl,
and CdCl,.H,0) was dissolved in (25 ml) of methanol. Then the solution added
into a solution of ligand (Z;;) (0.2 gm, 0.81 mmol) in the same solvent (25ml).

The mixture was placed in (100 ml) round bottom flask, and a few drops of
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potassium hydroxide were added and the mixture was refluxed on a water bath

at 64°C. The refluxing was continued for (2h), then cooled at room teperature.

The solid precipitate was filtered, washed with water, and dried in an oven at
50°C. Scheme (3.12) demonstrates the synthetic pathway of (Z.;) and the

physical properties of compound are illustrate in Table (4.3 ).

CHj;

CHg O
N
I/\I‘Q +  MCl,.nH20 methanol —N
o reflux 2h \
N 0—» M‘—
Do) 1equ N
2equ -
f=s

H;C

M= Ni(ll), Cu(ll), Zn(ll), Cd(ll)

Scheme (3.12): The synthetic pathway of complexes with Z; ligand.
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Table 3.2: The structures and nomenclatures of the synthesized compounds

Comp Molecular
Comp. Structure Comp. name
. No. Formula
/N:©/C00H S 6H-indolo[2,3-
X (Il NI\N Z: b]quinoxaline -2-
H L .
5 carboxylic acid
COCI S 6H-indolo[2,3-
R '/\l@ (Z% b]quinoxaline-2-
m:N T carbonyl chloride
H $)
0 6H-indolo[2,3-
N=\ W . .
S Q b]quinoxaline-2-
™ N Zoo
N @E%:N T carbonyl
N $) isothiocyanate
s N-
o O -
NH H 8 (phenylcarbamothioyl)
< Zm - -i -
3 5" { ILQ 6H-indolo[2.3
©\/g:N 5 b]quinoxaline-2-
N carboxamide
o} H S N-(4-hydroxyphenyl)
HN@OH @ carbamothioyl-6H-
& M z; indolo [2,3-b]
©\/N8:N jé quinoxaline-2-
H O .
carboxamide
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HO N-(2-hydroxyphenyl)
s
o %HG 0, carbamothioyl-6H-
NH o) .
- z: indolo[2,3-b]
M T quinoxaline-2-
©\/Ng:” © carboxamide
H
N-(4-bromophenyl)
o_H S é carbamothioyl-6H-
i S S
N 4 pd indolo[2,3-b]
4 3
ek I quinoxaline-2-
) © carboxamide
N ML N-(4-methoxyphenyl)
y (oo R carbamothioyl-6H-
N o
e @(NK;N z indolo[2,3-b]
" Ig,° quinoxaline-2-
O -
carboxamide
cocl 6-
?'4@ % (phenylcarbamothioyl)
5 %N = -6H-indolo[2,3-
N 3
,/c':—“@ % b]quinoxaline-2-
S
© carbonyl chloride
cocl 6-(naphthalene-1-
DTN ylcarbamoyl)-6H-
(I%,N _
N Q indolo[2,3-
¢=o <
& NH z b]quinoxaline-2-
= carbonylchloride
@)
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Zn
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I

C16H10N20

7-methyl-11H-
indeno[1,2-

b]quinoxalin-11-one

[M(Z11), C1,].6H,0
0
®\
0
Z~ \

M= Ni(ll), Cu(ll), Zn(ll), Cd(ll)

[M(C46H10N,0), Cl,].6H,0

1
>
= ]
= I
(D) —_— —
E o 2@ T
1 1 o= >
~ N Q@ <
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3.4. Biological activity

3.4.1. Material and Methods.

Staphylococcus aureus isolate was cultured on blood agar and mannitol

salt agar. Escherichia coli isolate was cultured on MacCkonky agar and Eosin

methylene blue.

MacFarland turbidity standard.

The preparing solution from the company (Biomeriex) was used in

calibrating the number of bacterial cells, as it gives an approximate number of

cells 1.5 x 108 cells/ml.

Muller Hinton agar.

This medium was prepared by dissolving 38 gm in 1L of distillated water

and sterilized by autoclave at 121°C and under pressure 15 pounds for 15
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minutes cooled and poured into sterile dishes and kept in the refrigerator until

use.

Determination of the antimicrobial activity of synthesized compounds by

the agar well diffusion method.

1. A number of bacteria colonies were transported by loop to prepare the
suspended bacteria and put it in tubes contain brain heart infusion broth to
activate the bacteria. The tubes were incubated for (18 - 24) h at 37 °C. The
suspended bacteria was compared to the standard MacFarland solution (1.5 x
108) cells/ml. After that the bacteria suspended was spread by Sterile Swab, it
was spread on the plates containing Muller Hinton agar and then left the plate

for a while to dry.

2. A holes were made with a diameter of 5 mm in the culture media by using

sterilized a cork borer
3. 100 pl of the material were added to each hole individually by micropipette.

4.The effectiveness of each concentration was determined by measuring the

diameter of the inhibition zone around each hole.
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4.1.Introduction

A new series of quinoxaline derivatives has been synthesized by the
reaction of isatin with 3,4-diaminobenzoic acid, 1H-indenel,2,3-trion with 4-
methyl benzene-1,2-diamine and the complexes prepared from it, which

exhibited biological activity against two type of bacteria(E.coli and S.aureus).

4.2. Synthesis and identification of 6H-indolo [2,3-b] quinoxaline-2-
carboxylic acid [Z,].

Isatin was combined with 3,4-di aminobenzoic acid to produce compound

(Z1), which had the structure shown in Figure (4. 1).

COOH
N
/O
@f%“
N
H

Figure (4. 1): The chemical structure of compound[ Z,].

The suggested mechanism of the closure ring reaction is explains in the
scheme(4.1).

o R
H
((; H,N R L
TR+ s TJ—Cr L
N () 2
N %
R
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The structure of the compound Z, was confirmed by FT-IR and*HNMR

spectroscopy. A peak at (3476 cm™ ) is accounted to O-H group[98-100]. The
stretching vibration of C=0 caused an absorption band at 1640 cm™. Also, the
absorption band at 3352cm™due to N-H group. C=N stretching vibrations
produced a new distinct absorption band at 1614 cm™ [101] as shown in Figure
(4.2) and Table (4.1).

v LA AAmEmasae s COOH
{

2, =\
102 N\

100 //- —v,\ N )
95 = A A
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4,. . L = 190N e = L
4000 3500 3000 2600 2000 1750 . 1500 1250 1000 750 500 400
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Figure (4. 2): FT-IR spectrum in of (Z;) compound
The 'H-NMR spectra of the compound (Z), Figure (4.3) shows the

following chemical shifts (DMSO-d6, ppm): 12.69 (s,1H, COOH), 12.38
(s,AH,NH), 7.75 - 6.47 (m.7H,Ar-H)[102].

18
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s 3 ~~~~~~~~~~~~~ ~ ~ A DD D WD v e
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,/:< 11
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N /
\ 7/ >
N 7 8 |
/'-N L4
- ~N g o
H s
a
3
2
L 1
e — " A o
|8 - -1
33 3383 )
13 12 11 10 9 B8 7 6 S 4 3 2 1 0 -1
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Figure (4. 3): *H NMR spectrum of compound (Z,).
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4.3. Synthesis and identification of (6H-indolo[2,3-b]quinoxaline-2-
carbonylchloride[Z,].

The Compound (Z,) was synthesized through the reaction of 6H-indolo
[2,3-b]quinoxaline-2-carboxylic acid (Z;) with thionylchlorid, a structure

appears in Figure (4.4).

CcocCli

)
(L o~

N

H

Figure (4. 4): The chemical structure of compound Z,

The suggested mechanism for the formation of(Z,) as shown in
Scheme(4.2)
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The FT-IR spectrum of compound Z,, Figure (4. 5) and Table (4. 1) was
indicated the absorption band at 3418 cm™ was attributed to stretching vibration
of N-H[103]. A peak at (1749 cm™ ) is accounted to the (C=0) group[104].
Whereas absorption band at 1691cm™and1618cm™ was due to C=N stretching

vibration. The bands at 1512 cm™® and 1487cm™ were due to the C=C
aromatic[105].
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Figure(4. 5): FT-IR spectrum in of (Z,) compound

The 'H-NMR spectra of the compound (Z,), Figure (4.6) shows the

following chemical shifts (DMSO-d6, ppm):12.38 (s,1H, N-H), 8.33-6.50
(m,7H, Ar-H).
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4.4. Synthesis and identification of (6H-indolo[2,3-b]quinoxaline-2-
carbonylisothiocyanate[Z;].

The compound (Z3) was synthesized through the reaction of 6H-indolo
[2,3-b] quinoxaline-2-carbonyl chloride (Z,) with potassium thiocyanate, with a

structure appears in Figure (4.7).

o

=\
_\S

N
/
=N
N
H

Figure (4. 7): The chemical structure of compound (Z3)

The FT-IR spectrum of compound Z; Figure (4. 8) and Table (4. 1)
shows absorption band at 3200 cm™ was attributed to stretching vibration of N-
H. Also, the absorption band at 1701 cm™ was due to C=0. Whereas absorption
band at 1618cm™ was due to C=N stretching vibration. Absorption band at 1232
cm™ was due to C=S[106-107]. The C=C aromatic is responsible for the bands
at 1516 cm™ and 1443 cm™,
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The Figure (4.9 ) shows *H-NMR spectrum of compound (Zs) and the
chemical shifts (DMSO-d6, ppm): 12.82 (s,1H, N-H), 8.62-6.84 (m,7H, Ar-H).

GAREESANSNrARACES

{11

44

Figure (4. 9): *H NMR spectrum of compound (Zs).

4.5. Synthesis and identification of N-(phenyl carbamothioyl)-6H-indolo
[2,3-b] quinoxaline-2- carboxamide[Z,].

Compound (Z,) was synthesized through the reaction of compound (Z3)

with aniline, with a structure appears in Figure (4.10).

Figure (4. 10): The chemical structure of compound( Zs)
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The mechanisms for the formation of(Z3-Zg) is proposed by [108] as shown in
Scheme (4.3).

Cl (
/ /\G%) dry acetone /CI

C\ + K NCS ——» A— C—N—Cc——s

(4 Qe

Ar

H Ar
(& o
eN_ / \H /NTC—S + 2

dry acetone

/ \ - Ar c\\

C S
".]» ¢}
\ NH——Ar'
NH—C/
N\

Ar C

o

N

NH, NH, NH, NH, NH,
0.0 500
OH Br OCHs

Scheme (4. 3): The mechanism for the synthesis of (Zs. Zg ) compound.

The FT-IR spectrum of compound (Z,), Figure (4.11 ) and Table (4.1)
shows bond absorption at 3345 cm™ was due to N-H[109] and 1618cm™ for the
C=N group. Absorption at 1651 cm™ was due to C=0[110].The new compounds
(Z4- Zs) showed absorption bands at 2200 cm™was attributed to (SH) group. As
well known, organic compounds containing thiourea group of -NH-C=S-NH-
can exist in two tautomeric forms thione and thiol,-NH (SH)-N=C-.
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Figure (4. 11): FT-IR spectrum in of (Z,) compound

The Figure (4.12) pointing to *H-NMR spectrum of compound (Z,) and
the chemical shifts (DMSO-d6, ppm): 12.10 (s,1H, SH), 10.13 (s,1H, N-H),
8.17(s,1H,CONH), 8.06 -6.82 (m,12H, Ar-H)and 5.84(s,1H,CSNH)[111].
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Figure (4. 12): "H NMR spectrum of compound (Z,).
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4.6. Synthesis and identification of N-((4-hydroxy phenyl)carbamothioyl)-
6H-indolo[2,3-b]quinoxaline-2-carboxamide[Zs].

The structure of compound (Zs) was obtained by reacting compound (Z5)
with 4-aminophenol, as shown in Figure (4. 13).

H S
N4
HNOOH

(0]

A
(L -

N

H

Figure (4. 13): The chemical structure of compound( Zs).

The FT-IR spectrum of compound (Zs), Figure (4. 14) indicated the
appearance peak at (3425 cm™ ) is accounted to OH group. Also, (1774 cm™)
for the (C=0) group. Absorption band at 3061cm™due to C-H aromatic[112].

Bond absorption at 1632 cm™ was due to C=N stretching vibration as listed in

Table (4. 1).

|
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Figure (4. 14): FT-IR spectrum in of (Zs) compound
The 'H-NMR spectra of the compound (Zs), Figure (4. 15) shows the

following chemical shifts.(DMSO-d6, ppm): 12.29 (s,1H, SH), 12.25 (s,1H, N-
H),8.96(s,1H,CONH), 8.17 -6.41 (m,11H, Ar-H)and 5.84(s,1H,CSNH)
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Figure (4. 15): *H NMR spectrum of compound (Zs).
4.7 Synthesis7 and identification of N-((2-hydroxy phenyl) carbamothioyl)

-6H-indolo[2,3-b] quinoxaline-2-carboxamide [Zs].

The compound (Zs) was made by reacting compound (Z3) with 2-

aminophenol, and its structure is shown in Figure (4. 16).

HO

o 34

NH

Figure (4. 16): The chemical structure of compound( Zs).

The FT-IR spectrum of compound (Zs) Figure (4. 17 ) and Table (4. 1)
shows absorption band at 3303 cm™ was due to N-H aromatic. Bond absorption
at 3373 cm™ was due to OH stretching vibration . Bond absorption at 1699cm™
was due to C=0. Absorption band at 1598cm™due to C=N. The bands at 1511
cm™ and 1461cm™ were due to the C=C aromatic.
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Figure (4. 17): FT-IR spectrum in of (Zs) compound

4.8 Synthesis and identification of N-((4-bromo phenyl) carbamothioyl) -

6H-indolo[2,3-b] quinoxaline-2-carboxamide [Z].

Compound (Z7) was synthesized through the reaction of compound (Z5)

with 4-bromo aniline, with a structure appears in Figure (4. 18).

O H S
1
HN@Br
N
7 N
Crp
N
H

Figure (4. 18): The chemical structure of compound( Z).

The structure of the compound (Z7) was confirmed by FT-IR spectrum as
illustrated in Figure (4.19). The FT-IR spectrum shows an absorption band at
(3447 cm™) which referred to N-H group. Absorption band at 1676 cm™ was
due to C=0 group. Also, (3076 cm™) for the (C-H) aromatic. A peak at( 1618
cm™) is accounted to the C=N stretching vibration. Also, the absorption band at
(618 cm ™) is assigned to C-Br. As listed in Table (4. 1).
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Figure (4. 19): FT-IR spectrum in of (Z7) compound

4.9 Synthesis and identification of N-((4-methoxy phenyl) carbamothioyl) -

6H-indolo[2,3-b] quinoxaline-2-carboxamide [Zg].

The interaction of compound (Z3) with 4-methoxy aniline yielded

compound (Zg), which has the structure shown in Figure (4. 20).

O H S
N—4

Figure (4. 20): The chemical structure of compound( Zs).

The FT-IR spectrum of compound (Zg) Figure (4. 21 ) and Table (4. 1)
shows absorption band at 3236 cm™ was due to N-H. Also, (1614 cm™ ) for the
(C=N) group. Absorption band at 1672 cm™ was due to C=0. The C=C

aromatic was responsible for the bands at 1512 cm-1 and 1458 cm™.
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Figure (4. 21): FT-IR spectrum in of (Zg) compound
The 'H-NMR spectra of the compound (Zg), shows the following
chemical shifts.(DMSO-d6, ppm): 12.20 (s,1H, SH),9.95 (s,1H, N-H),
8.86(s,1H,CONH), 8.33 -6.65 (m,11H, Ar-H), 5.82(s,1H,CSNH) and 3.83
(s,3H, OCHy)

4.10 Synthesis and identification of 6-(Phenyl carbamo thioyl)- 6H- indole
[2,3-b] quinoxaline- 2- Carbonyl chloride [Zs].

Compound (Zy) was synthesized through the reaction of compound (Z,)

with isothiocyanatobenzene, with a structure appears in Figure (4.22).

COCI

Figure (4. 22): The chemical structure of compound( Z).

The FT-IR spectrum of compound (Zg) Figure (4. 23) indicated the
appearance a peak at( 3214 cm™) is accounted to the N-H group. Absorption
bands at 1683 cm™ and 1618 cm™ were due to C=0 and C=N stretching
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vibration, respectively. Absorption band at 3061cm™due to C-H aromatic as
listed in Table (4. 1).
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Figure (4. 23): FT-IR spectrum in of (Zg) compound

Figure (4. 24) shows the chemical shifts in the *H-NMR spectra of the

compound (Z,),(DMSO-d6, ppm): 9.21 (s,1H,CSNH), and 8.45 -6.82 (m,12H,
Ar-H).

..............................

n

Figure (4. 24): *H NMR spectrum of compound (Zs).

4.11 Synthesis and identification of 6-(naphthalene-1-ylcarbamoyl)-6H-
indolo[2,3-b]quinoxaline-2-carbonyl chloride[Z,(].
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Compound (Z4) was synthesized through the reaction of compound (Z,)
withl-isocyanatonaphthalene, with a structure appears in Figure (4.25).

cocCli

e

(?:O
NH

Figure (4. 25): The chemical structure of compound( Zp).

The structure of the compound (Zy,) was confirmed by FT-IR spectrum as
illustrated in Figure (4.26). The FT-IR spectrum shows an absorption band at
(3287cm™) which referred to N-H group. Absorption band at 1694cm™ was due
to C=0 group. Also, (3054cm™) for the (C-H) aromatic. Bond absorption at

1621 cm™ was due to C=N stretching vibration. Also, the absorption bands at
(1541cm™ ,1443cm™) are assigned to C=C aromatic. as listed in Table (4. 1).
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Figure (4. 26): FT-IR spectrum in of (Z15) compound

The 'H-NMR spectra of the compound (Zi), Figure (4. 27) shows the

following chemical shifts.(DMSO-d6, ppm): 11.08 (s,1H,CONH), and 8.80 -
6.95(m,14H, Ar-H).
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Figure (4. 27): *H NMR spectrum of compound (Z1).

4.12. Synthesis and identification of compound 7-methyl-11H-indenol[1,2-

b]quinoxaline-11-one [Z;;] and its complexes .

Compound (Zy;) synthesized through the reaction of (1H-indene-1,2,3-
trionemonohydrate) with 4-methylbenzenel,2-diamine, and Figure (4.28)

appears structure of this compound.

Figure (4. 28): The chemical structure of compound( Z11).
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Scheme (4. 4): The mechanism for the synthesis of (Z;1) compound.

Then, this compound was used as a ligand to synthesize complexes from
the reaction of the ligand with salts of metals chlorides such as nickel chloride
hexahydrate, copper chloride dihydrate, cadmium chloride monohydrate and

anhydrous zinc chloride, the Figure (4. 29) appears structure of the complexes.
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. 6H,0

M= Ni(ll), Cu(ll), Zn(ll), Cd(ll)

Figure (4. 29): The chemical structure of [M(C16H10N20).Cl,].6H,0 complexes.
4.13. Identification of [Z;1] and its complexes.
4.13.1. *H-NMR spectrum of compound (Z1,)

The *H-NMR spectrum of compound 7-methyl-11H-indeno[1,2-
b]qguinoxaline-11-one (Z,,) Figure (4. 30) shows the chemical shifts (DMSO-d6,
ppm): 7.64-8.02 (m,7H, Ar-H), 2.55(S,3H,CH3)[113-114].
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Figure (4. 30): *"H NMR spectrum of compound(Zy).
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B3C-NMR spectra of the same compound (Z;,),(Figure 4.31 ) showed the
following signals (DMSO-d6, ppm): 21.87 (Ci), 122.47-
143.67(C3,C4,Cs5,C6,C10,C11,C12,C13,C14,C15), 149.94-149.15(C4,Cy7), 156.13-
156.92(Cg,Co), 189.84(C).

EREEERE

"
CHy

10,11,12,19,14,25 1
o
* 1

? 89 171 aal ]l |

30 220 210 200 190 180 170 160 150 140 130 120 110 00 OO0 " 70 00 50 40 16 0 10 0 10
1 (ppem)

ke

Figure (4.31): The *C-NMR spectra of the compound (Z11)
4.13.2 FT-IR of compound (Z;;) and its Complexes.

The FT-IR spectra of compound (Zy;) Figure (4. 32) show absorption
bands at 3061 cm™ and 3037 cm™ were due to C-H aromatic ring. Bond
absorption at 1729 cm™ was due to C=0 group .Absorption bands at 1625 cm™
and 1607 cm™ were due to C=N groups[115-117]. All these absorption bands an
evidence to the formation of this compound (Zy,). Table (4. 1)explain the FT-IR

spectra data of compound (Z3,).
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The FT-IR spectrum of nickel, copper , zinc and cadmium complexes
Figures (4.33) — (4.36) exhibited occurrence shifting in stretching vibration of
the carbonyl C=0 and C=N groups values with respect to free ligand, was
good evidence of the coordination through the nitrogen atoms of quinoxaline
ring, oxygen atoms of carbonyl groups of (Z,;) compound to the metal ion. In
the other hand appeared new bands of weak intensity at (320, 317, 322, and
338) cm™ which indicates vibration of M-CI. for, Ni(ll), Cu(ll), Zn(ll) and
Cd(1l) complexes respectively. In complexes appeared bands at (3432, 3491,

338land 3469) cm'1 which referred to stretching band of H,O uncoordination

or out of sphere [118]. The FT-IR spectra data of ligand and its complexes were

listed in Table (4.1).
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Figure (4. 32):

2000

FT-IR spectrum of compound(Z1)
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Figure (4.36): FT-IR spectrum of [Cd(C15H10N20),Cl,].6H,0O

4.13.3. The electronic spectrum and magnetic susceptibility of complexes.

The electronic spectrum of compound CH1oN,O (Z14)in (UV-Vis) region
in dimethyl sulfoxide solvent exhibited two bands as shown in Figure (4.37 )
and Table (4.3). The first absorption band attributed to m1 —n* electronic
transition which appeared at (311.4 nm, 32113 cm™), and second absorption
band at (393.4 nm, 25419 cm™) assigned to n—x* transition. [119- 120 ].

The electronic spectrum of [Ni(C.sHoN,0),Cl,].6H,0O complex Figure
(4.38) was appeared two absorption bands at (304.4 nm, 32851 cm™) and
(389.2 nm, 25693 cm™) were refers to intra ligand transitions, also the low
intensity band was showed at (735.8 nm, 13590 cm™) assigned to d-d
transitions 3Azg(F)—> 3Tlg(F). The observed magnetic moment value for this

complex was (ueff= 3.1 B.M), indicating paramagnetic nature and octahedral

geometry.
In the present work, the electronic spectrum of [Cu(C.H1oN,0),Cl,].

6H,0 complex Figure (4.39) gave two bands at (304.2 nm, 32873 cm'l) and
(402.8 nm, 24826 cm'l) were assigned to intra ligand transitions and new

peak at (349.2 nm, 28636 cm™ 1) and(371.6 nm, 26910 cm’)
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refers to charge transfer (C.T) transition. As well as the complex
shows one broad band at (685.2 nm, 14594 cm™ attributed to electronic transition
?Eg(p)—"T.0(0), Which is in conformity with the octahedral configuration around
the copper ion[121- 122]. The value of (ls) that measured for this complex is
(1.7 B.M), indicating paramagnetic nature and octahedral geometry [123].
The ultra violet-visible spectra of [Zn(CyH1oN,0),Cl;].6H,0 and
[Cd(C1cH1oN>0),Cl,].6H,0O complexes in Figure (4.40) and Figure (4.41) show
no absorption band at (400-900) nm. That indicates no (d-d) electronic transition
happened d*° system in the visible region and relative change in the bands
position compared to that of the free ligand due to charge transfer between Zn, Cd
ions and ligand. The prepared complex was diamagnetic which was expected for
d* jon[124 -125].

00
Wasioogn [nm}

Figure (4.37): Electronic Spectrum of compound (Z;1)
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Figure (4.38): Electronic Spectrum of [Ni(C16H10N20),Cl,].6H,O
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Figure (4.40): Electronic Spectrum of [Zn(C1sH10N,0),Cl;].6H,O
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4.13.4.Physical properties and atomic absorption of the synthesized
compound and the complexes.

The metal percentage of prepared complexes showed the calculated
and found percentage values of metal was good agreement and was
consistent with the structure of the synthesized complexes as shown in
Table (4.3). In addition that, the physical properties of synthesized
compounds and complexes were illustrated in Table (4.3).

4.13.5. Molar conductance of complexes[M(C¢H1,N,0),Cl,].6H,0

The molar conductance of all synthesized complexes was
measured in EtOH at room temperature. The values obtained in the
range (1.83 -18.53) Cm?.ohm™. mol™, evidence that the complexes
were non-ionic as illustrated in Table (3.2).

Table (4. 1): The most diagnostic FT-IR bands of the compounds (Z;- Z;,)
and the complexes in (cm ™).

VEH 1 o | YEC v C=N Others
Comp.No. aromatic aromatic
v (NH) 3352
Z; 1640 | 1556-1418 1614 v (OH)3476
Z, | - 1749 | 1512-1487 | 1691-1619 | v (NH) 3418
v (NH) 3200
Z3 3069 1701 | 1516-1443 1618 v(S=C)1232
Zy, | - 1651 | 1563-1461 1618 v (NH)3345
Zs 3061 1691 | 1589-1491 1632 v (NH)3425
v (NH)3303
Zs 1699 | 1511-1461 1598 v (OH)3373
v (NH)3447
Z7 3076 1676 | 1500-1487 1618 v (C-B)618
v (N-H) 3236
Zg | - 1672 | 1512-1458 1614 v(C-H)aliphatic
2923
Zy 3061 1683 | 1596-1444 1618 v (N-H) 3214
VAL 3054 1694 | 1541-1443 1621 v (N-H) 3287
3061 v(C-H)aliphatic
Z11 3037 1729 | 1558-1466 | 1625-1607 2912
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[Ni(Z11),Cl2].6H,0

3050
3033

1739

1567-1469

1633- 1606

M-CI=320
Broad band
(H,O hydrate)
M-N=511
M-0=603

[CU(211)2C|2].6H20

3093

1726

1564-1469

1620-1601

M-Cl=317
Broad band
(H,O hydrate)
M-N=434
M-0=526

[Zn(Z11).C15].6H,0

3048
3060

1738

1567-1469

1634-1607

M-Cl=322
Broad band
(H,O hydrate)
M-N=460
M-0=520

[Cd(Z11).Cl,].6H,0

3069

1738

1567-1469

1637-1604

M-CI=338
Broad band
(H,O hydrate)
M-N=450
M-0=501

Table(4.2): Electronic spectra ,conductance in ethanol solvent and magnetic

moment for compound Z,; and its metal complexes.
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Ca16H10N20 393.4 25419 nom* | | | T
IL
. 304.4 32851
g\"(ClﬁHloNzo)zc'Z]ﬁHz 3802 | 25693 | 3, 'L_>T 31 | 183 | Oh
7358 | 13590 29— 11
9
IL
304.2 32873 n
402.8 24826
[Cu(C16H10N20):Clz]. H, 349.2 28636 CT 1.7 1853 | Oh
o) CT
371.6 26910 | 2o ot
685.2 14594 dor— 120(
D)
301.3 33189 IL
[Zn(C16H10N20),Cl,].6H,0 2805 25673 " 0.00 1.91 Oh
306.4 32637 IL
[Cd(C16H10N,0),Cl,].6H,0 | 390.6 26948 IL 0.00 4.35 Oh
371.1 25601 CT
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Table(4.3): Physical Properties for-new compounds Z; to Z;;, complexes
and atomic absorption data for new prepared metal complexes

|-
1] e
g 3 = 35 55 s o S 88g
EE 8 E SE | 8 | = B 228
° & 22 ) p ~ =
Z; C15HgN;0; 263.26 | Black 299-298 92 -—--
Z> C1sHgN;OCI 281.70 | dark- 281-280 12 -—--
Brown
Z3 C16HsN4,OS 304.33 | Light 288-287 81 -——-
brown
Z, C2H15Ns0S 397.46 |[Brown —| 291-290 90 -—-
black
Zs C2H15N50,S 413.46 | Brown 297-296 62 -—-
Zg C22H15N50,S 413.46 | Light 290-289 | 64 -—--
Green
Z7 C2,H14BrNsOS 476.35 | Brown 298-297 60 ———
Zg C23H17N50,S 427.48 | Green 294-293 69 -—-
Zy C,,H13CIN,OS 416.88 | Green 291-292 78
le C26H15C|N402 45088 nght 296'297 60 I
green
246.27 | Brown 176-177 90 -——-
Zn CisH1oN20 yellow
Ni-complex [Ni(CeH:oN>0),Clo].6H;0 730.189| Green |190-191 Dec, 66 (;ggé_)
735.042| Dark (185-186 Dec| 71 8.198
Cu-Comp|EX [CU(C16H10N20)2C|2].6H20 green (8645)
Zn-complex |[Zn(CusH1oN;0),Cl,].6H,0 736.906| Orange |220-221 Dec, 59 (gg?g)
Cd-complex [Cd(C1sH:oN>0),Cl5].6H,0 783.906/ Brown |200-201 Dec| 80 (1]2{33%99)

4. 14 Biological activity

The disk diffusion method was used to test the antibacterial activity of
most of the target compounds against one gram-negative bacteria (E.coli) and
one gram-positive bacteria (S. aureus). DMSO was used to dissolve the test
substances. As a comparative benchmark, two conventional antibiotics
(STREPTOMTCIN) were utilized. The compounds' zones of inhibition were
measured in Figure (4. 42). Table (4. 4) lists the antibacterial activity data of the
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produced compounds. The test chemicals' antibacterial properties are briefly
displayed here. The compounds [Cu(Z;1),Cl,],[Zn(Z11),Cly]Jand [Cd(Z11).Cl5]

showed high activity against E. coli bacteria while the compounds (Z11), (Zs)

and [Ni(Z11).Cl;] showed moderate activity against E. coli bacteria, but
compound (Z3) don’t appear any activity against E. coli bacteria. The
compounds (Z3), [Ni(Z11).Cly], [Zn(Z.1).ClJand [Cd(Z11).C,]  showed
moderate activity against S. aureus bacteria whereas the compounds (Zs),( Z11)

and [Cu(Z11),Cl,] showed no any activity against the same type of bacteria.

Table 4. 4 : The inhibition zones of the compounds

Microorganism E. coli S. aureus

100 | 75 50 25 100 75 50 | 25
Tested materials
Z3 R R R R 15 15 14 14
Zs 14 13 13 13
Z1 15 14 12 11
[Zn(Z11).Cl;] .6H,0 21 20 20 20 13 12 14 | 16
[Cd(Z11), Cl,] .6H0 21 20 21 20 16 13 12 | 13
[Cu(Z11): Cl,] .6H,0 23 23 22 20 R R R R
[Ni(Z11)2 Cl5].6H,0 16 | 11 10 10 14 14 | 12 | 12
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Figure (4. 42): Effects of the tested compounds (Z3,Z5,Z11 and it complexes) against S.
aureus and E. coil.
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Conclusion

According to the findings of this study:

1. Synthesis of ten new indole derivatives (Z;-Z,o) from the reaction of isatin,
they identified by FT-IR, "HNMR and *C-NMR spectroscopy techniques.

2. Synthesis of a new compound (Zy;) from 1H-indene-1,2,3-trione and its
complexes and characterize them by using conventional techniques (FT-IR,

UV-Vis, metal analysis, magnetic susceptibility and molar conductivity).

3. The ligand (Z;;) act like a bidentate ligand through coordination with
nitrogen atom of a quinoxaline ring, oxygen atom of carbonyl group with
Ni(Il), Cu (1), Zn (11),and Cd(Il)) ions.

4. Conductivity measurements showed that all the synthesized complexes were

non-ionic.

5. According to the data obtained the proposal structures for complexes were

octahedral geometry.

6. Some of the synthesized compounds were examined for their antibacterial
activities toward two strains of bacteria (E.colias) and (S. Aureus). The result
indicated that the activity against(E.colias) bacteria was high for [Zn(Z,),Cl],
[Cd(Z11).Cl3]and [Cu(Z11),Cl,] moderate for (Z;1), [Ni (Z11)2Cl;], and (Zs) and
no apparent activity for (Z3), Also the data proved the activity against (S.
aureus) bacteria for compounds [Ni (Z11),Cl5], [Cd (Z11).Cl,], [Zn
(Z11).Cl,]Jand(Z3) was moderate, whereas compounds

[Cu(Z11).Cl,],(Z11)and(Zs) showed no activity against this type of bacteria.
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Suggestions for future work:

1. Synthesis a new chain of quinoxaline derivatives and determined their
biological activities and industrial applications.

2. Synthesis a new chain of thiourea derivatives and determined their biological
activities and industrial applications.

3. Synthesis a series of a new complexes for synthesized thiourea derivatives

with different transition metal ions and evaluate their biological activities.
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