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Abstract
In the present research, new indole schiff bases have been successful
synthesized from one of indole derivatives.

The chemical structures of all new compounds have been
characterized and confirmed by some spectroscopic techniques such as, (
FT-IR, 'H-NMR, and APT *C-NMR ), their purities tested by thin layer
chromatography (TLC). four new synthesized compounds evaluated for
their cytotoxicity activity against HepG2 and SK-GT2 cell line of cancer
and revealed good results compare to the control.

The indolic aldehyde 2-(5-Fluror -3,3-dimethyl-1,3-dihydro-indol-2

ylidene)-malonaldehyde (2) was prepared by Vilsmier- Haack
reaction through the reaction of 5-Fluoro-2,3,3-trimethyl-3H-indole (1)
with Phosphoryl chloride (POCI;) in the present of dimethyl formamide

(DMF) as a reactant and solvent as shown below.

F\@ﬁgi POCI, / DMF F /=0
/ + >

N 1h stirring in ice bath =0

3h reflux

(1) (2)

Iz

Compound (2) was considered as a precursor to synthesis various kinds
of imines by reaction with different substituted anilines as shown in the
scheme below

The cytotoxicity of the synthesized derivatives were screened against
HepG2 and SK-GT2 cancer cell line with seven different concentrations
15.1, 31.2, 62.5, 125, 250, 400 and 500) pg\ml .studying the effect of the
tested compounds in inhibitory of the HepG2 and SK-GT2 cell line with
24 h exposure time. Most of the tested derivatives exhibited acceptable

inhibition rates against used cell line.
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Chapter One: Introduction

Heterocyclic compounds are organic compounds that contain at
least one carbon atom and at least one difference element carbon, such as
sulfur, oxygen and nitrogen isinside the ring structure. While cyclic
organic compounds all atoms in the ring are same kind. The most
common heterocyclic loops are those that have five- or six-membered
rings . It contains heterocyclic atoms of nitrogen (N), oxygen (O), or
sulfur (S) in their chemical structures . Heterocyclic compounds have a
role at plurality fields of sciences such as medicinal chemistry,
biochemistry as well as another fieled of sciences®”. Among the various
clinical applications, heterocyclic compounds contain significant active
role as anti-bacterial, antiviral, anti-fungal, anti-inflammatory and anti-
tumor drug . Heterocyclic compounds considered one of the biological
classes of organic compounds, which are used in many biological fields,
given that it is of activity in multiple diseases.

Heterocyclic nitrogen is of special importance because it is an
important type of natural and unnatural products, Many exhibit beneficial
biological activities, and some heterocyclic derivatives, It may allow the
development of new therapies for epilepsy, pain and other neurological
disorders ©.

Indole is a significant class of organic heterocyclic compounds
which it has a two-ring structures, consisting of a six-membered benzene
ring embedded in a five-pyrrole rings containing nitrogenindole is a
common ingredient in perfumes and a precursor to many drugs.The
Compounds that contain an indole ring are called indoles.  While, a
tryptophan is amino acid which contains indole ring in its structure is the
precursor of the neurotransmitter serotonin®. Tryptophan plays a
substantial role as a building synthesis in protein biosynthesis. Proteins
containing tryptophan have a reducing effect on hormone-related

depression and insomnia .




Chapter One: Introduction

In addition, the indole ring is found in many marines or terrestrial natural
compounds, which has beneficial biological properties. In anotherfew
years it was reported that indole.

Vilsmeier Reaction:

The use of Vilsmeier-Haack reagent (PoCl; / DMF) has been
documented to form a variety of aromatic and heterocyclic substrates well
®) . It can be applied to enter an aldehyde group to Aromatic compounds,
but many other transformations can be achieved using this technique ©.
The reagent has also been widely used to induce various chemical
conversions of another classes of compounds. Many of these reactions
lead to new and convenient methods of synthesizing various heterocyclic
compounds 9.

Schiff Base:

Schiff bases also called imines are characterized by the azomethine
(-C=N-) group and are It usually consists of condensation of an aldehyde
or ketone with a primary amine (Graham and Fryhle, 2004). This
condensation reaction between a carbonyl compound and primary amine
leading to the configure of schiff base. Schiff's rules are generally
excellent chelating agents especially when they are a functional groups
such as —OH or —SH . It is located near the isomethene groups to form a
five or six-membered rings with the metal ion "

Ghaidan, A. F et al synthesized 2-(5-Chloro-3,3-dimethyl- 1,3-
dihydro - indol - 2- ylidene)- 3 - (2,4 - disubstituted phenylimino)-
propionaldehyde derivatives figure 1.1 and were appraisal for their in
vitro against— AMJ breast cancer cell line. The appeared data showed that
compounds have promising anticancer activity toward AMJ13 cell line at

low concentrations®?,
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cl 5
=N R,
R1:H.CH3 @
R2:H,Br,CH3

Figure 1. 1: 2-(5-Chloro-3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-(2,4- disubstituted
phenylimino)-propionaldehyde derivatives

Mohammad Zamir et al reponted A series of new -1 H-indole aryl
derivatives were synthesized 2-replaced by the Phenylhydrazine reaction
with different acetophenones derivatives in the presence of sulfuric acid
from good to excellent yield Equtionl.1. This transformation is

dependent on the Fisher-indole reaction ®?.

R1 R1 R2
©\ o R, Conce H,SO, R3
+ >
NH_NH2 R3 ETOH s reflux H
R4
R4

Equtionl. 1: Synthesis of substituted 2-aryl-1H-indoles

Also some of an important heterocyclic compounds such as tryptophan
and serotonin contain indole rings have been synthesized by Nagendra
Kumar Kaushik at el. Figure 1. 3.

CO,H
NH, HO NH,
N N\
N
H N
tryptophan serotonin

Figure 1. 2. Structures of some naturally occurring indoles.
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Mohd Javed Naim at el. Extensive research has been carried out on
indole and its derivatives, which led to the presence of many indole-
containing drugs approved in the global market in addition to many of
them in the preparation stages. They were synthesized many heterocyclic
compounds contain indole rings which have biological activity against

cancer, some examples of them as shown in figure 1. 4®°.

H
H2N N O-CHg
0

5
2-(6-bromo-2-oxo-2H-chromen-3-yl)-1H- methyl 6-amino-4-cyclohexylmethoxy-
indole-3-carbaldehyde 1Hindole-2-carboxylate

Figure 1. 3. Some examples of anti-cancer compounds

This review focused on recent developments of indole derivatives
that have different pharmacological characteristics as well as different
perspectives on how to use this indole fraction as a franchise structures in
the near future. Its also covers some related and recent achievements in
biological, chemical and pharmacological activity of indole derivatives
that are important in the fields of drug discovery and analysis. For the
above reasons related to the importance of the heterocyclic compounds
especially containing the indole ring in synthesizing and biological
activities , and continuing with the efforts of the previous researchers, we
focused on synthesizing a series of heterocyclic compounds containing

the indole ring and conducting biological applications on them.
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Aim of the work
The main objectives of the present study are :
1. Synthesis new derivatives of indole based Schiff bases.
2. Characterization the chemical structure of the synthsized compounds
by spectral techniques ( FT-IR, *H, APT *C NMR).
3. Evaluating anticancer activity of the synthesized derivatives against
HepG2 and Sk-GT2 cancer cell line.
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Chapter Two: Theoretical Part

2. INTRODUCTION
2.1. Review on Indole
Indole ring is a typical example of the aromatic heterocyclic compounds
which has a two-ring Structure, consisting of a five-pointed pyrrole ring

embedded in a hexagonal benzene ring figure 2.1

N,

Figure 2. 1: the chemical structure of Indole ring
In fact, the most effective anticancer and anti-HIV drugs are derived from
the indole basic structure, with substituents in both the aromatic and
heterocyclic rings @°. It has been proven that indole alkaloids .Clinically
important natural compounds. Indole compounds include the phyto-
hormone auxin, the anti-inflammatory drug indomethacin, beta-pendulum
blockers, and the natural hallucinogen dimethyltryptamine @7,
Derivatives of 2-phenyl-1-H- Indole has been found to inhibit the growth
of human breast cancer cells through various mechanisms depending on
the type and location of the alternatives . Substituted methane with two
units of indole is ommonly known as di (indolyl) methane (BIM) or
diindolyl methane (DIM), it is found in many natural products that have
predictable carcinogenic activity. DIMs induction of apoptosis in many
cancer cells by sending signals to different precursor genes and proteins
18) Because of the de-locating of the excessive electrons, the indole
readily undergoes electrophysiological substitution reactions similar to a

benzene ring @9

. Indole shows a high reactivity to EAS, which is
estimated in greater numbers than benzene. This is due to the electron-
rich nature of the indole, and the high electron density in its third position
Is responsible for the selectivity of the indole for EAS reactions. Scheme

2.1
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Scheme (2. 1): Possible regioisomers in_the electrophilic attack on the indole ring

2.1.1 Physical Properties of Indole

Indole is a white color solid that melts at 52-54 ° C, boils at 253-
254 ° C, 0.19 g of insoluble indole in 100 ml of hot water . Indole is
soluble in alcohol, ethyl acetate etc. Indole has a planar molecular shape,
a density of 1.22 g / cm3 and a dipole moment of 2.11 D in gasoline. All
common indole derivatives, such as Indole, form crystal clear bikes, from
yellow to red Cylinder molding is usually a convenient procedure for
identificaton and purificaton “°. Indole is a non-polar isotope of purine
found in some important biochemical molecules such as tryptophan,
serotonin and melatonin. .
2. 1. 2. Indole Derivatives

Indole derivatives represent one of the most important
heterogeneous nitrogen cycles due to their widespread and interesting
biological activities. “?. Tryptophan is one of the most important indole
derivatives and is an essential amino acid, and it is one of the 22 natural
8
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amino acids. This amino acid cannot be synthesized by living organisms
but must be in their daily diet.

Tryptophan is a biochemical precursor to the tryptamine family,
as Is serotonin (5-hydroxytryptamine) and melatonin figure 2.2.
Serotonin it is a major a neurotransmitter in a central nervous system, and
melatonin is a hormone that regulates smooth muscle function in the

cardiovascular and digestive systems. ¢

NHAc NH,
HO HO
N N
N
H b
serotonin melatonin

Figure 2. 2: the chemical structures of serotonin and melatonin

2. 1. 3. Pharmacological importance of Indole

Indole possesses the following activities that are shown in Eqgation 2. 1
(24).

Anti-viral
Insecticidal Anti-fungal
Anti HIV

// Anti-inflammatory

Anti-histamine
A .
Anti cancer

Anti -microbial \\
N
H
/ [H-indol
Anti oxident
Anti Hypertensive

Insecticidal activity
Photo chemotherapeutic
Anti diabetic

Anti-tubercular

Anti-depresent,tranqullizing,anti-convoulsan
Eagtion 2. 1: the biological activities of indole ring
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2. 1. 4. Synthesis of Indole Derivatives
2. 1. 4. 1. Fischer Indole Synthesis

Indole derivatives can be synthesized by many pathways, the main
methods are reported by ( Kapti, 2013). Some of indole synthesis
methods were illustrated below:
The Fischer-indole synthesis, first discovered by German chemist
Hermann Emil Fischer in 1883, is the most widely used method among
all other indole synthesis the basic principle of the Fisher indole circuit
reaction is that, under acidic conditions, aryl hydrazonesate (C), which
can be easily synthesized by ketone condensation (B) or an aldehyde with
phenylhydrazine (A), converted to substituted indoles (D) with ammonia

loss Scheme?2. 2.

+

R ® Re
L L, Ol = O
—_— N= 1
NHNH; *+ 7R, NH Ry NH; N
B C

A D

Scheme 2. 2: Fischer indole synthesis

The mechanism includes the (3,3)-sigmatropic rearrangment of the ene-
hydrazine isomers of aryl hydrazone, with the NN bond split and the CC
bond formed . After aromatization, imine form converts into the
intermediate, Then the results from the completion of cyclic aminoacetal
rings. The aroma provides by loss of ammonia due to the substituted

indoles Scheme 2. 3 @,

10
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2 R2

R2
&/ H R'l
\' (T\le —
: NH : K, :émH'iH

Scheme 2. 3: Mechanism of Fischer Indole Synthesis

2. 1. 4. 2. Bischler Synthesis

In 1892, Bischler et al, put forwarded a simple method affording a
2-aryl-indole froms an -bromo-acetophenone and excess aniline equation
2. 2.

. . Q&
@ BrQK@ NH,HBr
NH, * ~

Iz /E

Equation 2. 2: Synthesis of 2-aryl indole from -bromo acetophenone and excess aniline
2. 1. 4. 3. Bartoli indole synthesis

In Bartoli, andole, the indole synthesis of indoles substitution (13)
are obtained by the reaction of o-substituted nitroarenes with Grignard
vinyl reagents. In absence of o0- substitution on nitro arene, reaction

fails equation 2. 3

11
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R? 0
THF, 40 C
3 b
NO, . MgBr)\/R

R1 aq. NH,CI

Izz
v
w
o)
N

Equation 2. 3: Bartoli indole synthesis

2. 1. 4. 4. Leimgruber-Batcho Indole Synthesis

Leimgruber et al, investigated the synthesis of indole from o-
nitrotoluenes. In the first step, enamine is generated using N,N-dimethyl
formamide dimethyl acetal and pyrrolidine which upon reductive

cyclisation afforded indole in the subsequent step Scheme 2. 4 ).

MnO>_/ Q
N
N
o | >
© QT :
NH

2

Scheme 2. 4: Leimgruber—Batchosynthesis of indole

2. 2. Review on Vilsmeier Reaction:

Vilsmeier's reagent is not limited to the interaction of the aromatic
formula alone. A varety of alkene derivatives, activated methyl and
methylene groups demonstrate a reaction with Vilsmeier's reagent.

. In addition to the carbon core, some oxygen and nitrogen nuclei also

react with vilsmeier's reagent ( (27)'

Vilsmeier-Haack reaction procedure
for seven derivatves of 2’-aminochalcones (Ar = phenyl, p-chlorophenyl,
ptolyl, p-anesyl, o-chlorophnyl, o-tolyl, m-chlorophenyl). The reactions
proceeded similarly to the observations reported providing the equation

2-aryl / hetryl-4-chloro-N-formyl-1,2-dihydroquinolnes. 2. 4@ .

12
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QHO
NH, Ar N Ar
| POCI; /DMF
— =
2.5 eq. 90 C° =
(@] Cl

Equation 2. 4: 2-aryl/hetryl-4-chloro-N-formyl-1,2-dihydroquinolines

Generally speaking, N, N-dimthylformamide (DMF), and POCI3
phosphorus oxychloride . It is used to generate the halomethyleniminium
salt used in the synthesis of a large number of heterocyclic compounds
@) The reaction of an N,N-disubstituted formamide, like di
methylformamide (DMF) or N-methylformanilide, with acid chlorides,
such as phosphoryl chloride or phosgene, leads to the formation of
adducts. These adducts which are usually referred to as the Vilsmeier-
Haack reagent findimportant applications in synthetic organic chemistry
specially in the formylation of electron rich aromatic compounds or
alkenes. In the present time it is well established that the reaction
proceeds by the attack of the carbonyl oxygen of the amide to form the
adduct at first which reacts further to give chloromethylene iminium salt
scheme (1.5)%?.

13
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2. 3. Review on Schiff Base:

Schiff bases also called imines are characterized by the azomethine
(-C= N-) group and are it is usually formed through condensation of an
aldehyde or ketone with a primary amine (Graham and Fryhle, 2004).
This condensation reaction between a carbonyl compound and an amine
leads to the formaton of a Schiff base. It is an easy reaction due to good
electrophilicity. V. The first researcher who reported Schiff bases is
Hugo Schiff in 1864 (1). The common synthetic characteristic of these
compounds is the azomethane group with the general formula R1R2C =
N-R3, where R1 and R2 are alkyl, aryl, or alkyl cyclo groups or
heterocyclic groups that can be substituted differently. R3 is any alkyl, aryl

group but not hydrogen atom figure 2.3 .

Figure 2.3: General structure of Schiff bases

Schiff's bases are in general deem excellent chelating agents
especially when a functional group like —OH or —SH is in close proximity
to the isomethene group to form a five or six-membered ring with the
metal ion. ®? Schiff base may obtained by either aliphatic or aromatic
aldehyde ©® Schiff's bases are generally double or triple-ligandsbonds
capable of forming highly stable complexes with transition metals % .
chelation tends to make the ligand act as a more potent and effective
germicidal agent .®*® Schiff’s bases have a multiple using; Some are the
basic units in specific pigments, while others are used as liquid crystals.
In organic synthesis, the reactions of Schiff's bases are useful in making

the carbon-nitrogen bond equation 2. 5 ©®.
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(0]
o HeNCH: 10ml /Ethanol ©i£N iHZ
OH : |C'_|2 Stlrrlng Ha
HN 1.5-2hrs LH
2
Salicalaldehyde Ethylene Schiff,s Base
diamin
0]
10ml /Ethanol X~ NH2
dLH + HzN/\/NHz > ©/\N
OH 1.5-2hrs
Stirring
Salicalaldehyde Ethylene Schiff’s Base
diamin

Equation 2. 5: Synthetic pathway of Schiff bse

Azomethene or imine groups are found in many natural derivatives and
unnatural compounds. The azomethene group presence in such

compounds has been shown to be important for their biological activities

2.4%7
CH
O —_—
0]
H X
—o | N
N OH
CH
R
N-(Salicylidene)-2-hydroxaniline
Ancistrocladaceae (Antibacterial activity)
(Antimalarial activity)
Natural product Chitosan-derived schiff base Non-natural compound

[R=H (2) or OH (3)]
Antifungle activity

Natural product -derived
compound

figure (2. 4): Example of bioactive Schiff bases

Imine complexes of 2-(2-ydroxybenzylidene) amino phenol as
ligand figure 2.5 has active against mycobacterium tuberculosis as well as
have a broad range of biological properties: antitumor, antiviral,

antifungal, antibacterial ©®
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o

OH
OH

Figure 2. 5: 2- (2-hydroxybenzylidene) amino phenol as the example of bioactive Schiff

base

Schiff's bases were found to have more inhibition efficiency than
the carbonyl compounds and their constituent amines. Some authors have
attributed the stronger inhibition efficiency largely to the existens of
unoccupied p * -orbitals in Schiff base molecules, which enables the
electron to be donated again from the transition metal d-orbitals thus
stabilizing the current metal inhibitor bond.This is not possible with the
component amines ©? . Schiff's bases belong to a widely used group of
organic intermediates used in the manufacture of pharmaceutical or
rubber additives. In organic synthesis, the amino protective group,
different formulations occupy an important role in medicinal chemistry
(40).

2. 3. 1. Mechanism of Schiff bases formation

He general concept of the Schiff base formation mechanism, as
demonstrated in scheme (2.6) is the addition of nucleophilic to the
carbonyl group. During formation of the Schiff base, the primary amine is
the nucleophileln the first part of the mechanism, a single pair of
electrons, a nitrogen amine, attacks an aldehyde or a ketone to give an

unstable addition compound called (carbenolamine). “V

17
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OH

NH,

Carbinolamine

J

1,3-H shift

R N -H R N -H,0 }
H N
w XR

scheme (2. 6): Mechanism of Schiff base formation

General preparation of Schiff base

The Schiff base is commonly prepared via condensation reaction of
aldehyde with amine in alcohol. The reaction is straight forward and
usually can be conducted under open air condition. Condensation
between aldehydes and amines was found in dissimilar reaction
conditions and solvents Since the water is the by-product from the
reaction, the formation of Schiff base is favored at the prsence of MgSQy,
which is a dehydrating agent for the reaction “?"
Green methods
Green methods in organic synthesis have several advantages: reduced
pollution, low costs, simplicity in handling. Mechanical chemistry can be
as simple as grinding two reactants in a mortar and mortar pestle or more

complicated , as with the use of commercially available ball mills.
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Some new azo Schiff bases have been previously reported in organic
solvents . According to the facts mentioned above and in adopting the
principles of green chemistry, we here mention two clean, simple and
versatile methods for mono and bis azo Schiff in water or by grinding “*"
2. 4. Cancer

Abnormal and disorganized proliferation (growth) of cells, Stems
from the cells of a particular organ the general name of a group of more
than 100 diseases despite many types, it all starts because abnormal cells
grow (proliferate). Uncontrolled cancer cells have the ability to make
their own blood supply, break away from the original organ, and travel.,
Also it spreads to other parts of the body “* In order for the cells in our
bodies to have certain functions to perform normal cells that divide in an
orderly manner, and die when they are shabby or damaged, and are
replaced by new cells. In cancer, cells continue to grow and make new
cells. They push off normal cells and this causes problems in the part of
the body where the cancer started and it can spread to other parts of the
body “ There are several causes of cancer: family history, age, bacterial
infection, viral infection, smoking, contact to radiation and chemicals,
alcohol use and drinking, eating, touching or breathing harmful materials,
these cancer causing are called —carcinogensl and contact to these
carcinogen does not mean you will get cancer but depends on how many
times you are exposed to it ““Cancer considered to be one of the major
reasons of deaths in the 20st century and increasing occurrence in 21st
century. This represents main world health problem. Almost 7.6 million
deaths are usually caused by cancer which represents (13%) of all
deaths)“”
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2. 4. 1. Liver Cancer

Hepatocellular carcinoma (HCC) is the most common malignancy
tumor of the liver. and among the world's top five causes of cancer death.
Almost all cases of chronic viral liver cancer associated with hepatitis B
virus (HBV) or hepatitis C virus infection (Beasley, 1988; Hasan et al.,
1990), But the molecular nature of this relationship is not well
understood, and HCC treatment cucumberare still finite. Only surgical
excision is considered "curative treatment™ (Lynn et al. 1987), but 80% of
patients have extensive Liver cancer at the time of diagnosis and are not
nominee for surgical treatment.. Among patients with localized HCC who
underwent surgery, 50% had a repetition (Okuda et al., 1984) “®" Liver
cancer is the sixth most propagation cancer worldwide, with 1,2 cancers
accounting for 5.7% of all cancers. here is wide geographical variation in
incidence with the majority of cases occurring in developing countries
(82%, 366,000 newcondition were estimated in males in 2002, 147,000 in
women) comparison to developed countries (74,000 new cases in men
and 36,000 women). “? Since 1980, HCC surgery Dramatically changed
with the establishment of methods for early detection of small HCC, and
many of these cancers are now surgically treated. Among the various
surgical techniques, intraoperative ultrasound (IOUS), which was first
introduced to liver surgery by Makuuchi et al. New surgical procedures
are made possible using IOUS guidelines, and vaso-occlusive techniques
are now routinely implementation for patients with cirrhosis ©® - The
metabolism of the drug in the liver can be divided tome two stages
(Williams, 1971). The first stage is charactrized by oxidative, reductive
and hydrolytic pathways that add a functional group (for examples, OH,
SH, or NH,) to the substrate. In the second stage, the recently introduced
functional group was amendment into O- and N-glucuronides, sulfate

esters, various carboxyamides, and glutathioneil nodes, all with
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increasing polarity relative to unpaired molecules (Parkinson, 1996). This
two-step transformtion should make the substrates more soluble in water,
so that they can be excreted more easily, it should lead to detoxification..
However, many promotagens are inactive as mutagen prior to this
biological transformation.
2. 4. 2. Esophageal cancer

Esophageal cancer (Esc), including squamous cell carcinoma
(SCC) and adenocarcinoma, is a serious malignancy with regard to
diagnosis and its result fatal in the vast majority of cases.. Esophageal
cancerl Inffects more than 450,000 people worldwide and the incidence is
fast increasing. presently, EsC is the eighth most common type of cancer
in the world insmuch to its extremely aggressive nature and poor
permanence rate.. ESC shows an epidemiological pattern distinct from all
other types of cancer ©®» - Cancers that emerge from the esophagus,
including the gastrosophageal junction, are relatively uncommon in the
United States, with 13,900 new condition and 13,000 expected deaths in
2003. he lifetime risk of developing this cancer is 0.8 percent about men
and 0.3 percent about women. The danger increases with age, and the
average age at diagnosis is 67 years. Esophageal cancer is the seventh
leading cause of death from cancer with in American men, mostly black
men, who have a higher incidence of the disease (13 cases per 100,000
people) compared to men in other racial or ethnic groups.. Esophageal

cancer is the sixth main reason of cancer death worldwide®?:

21




]

rrrrrrrrrrrrrrrrrrrrrrbrrrrrrrrrr e e ey

3

CHAPTER THREE

rrrrrrrrrrrrrrrrrrrrrrrrbrrrrrrLrLR L




Chapter Three:

Experimental Part

3. EXPERIMENTAL SECTION

3. 1. Chemistry part:
3. 1. 1. Materials

Table (3. 1). Chemicals and solvents used in the chemistry part

Materials and chemicals Molecular formula Company
4-Florophenylhydrazinhydrochloride CgHsFN, Sigma-Aldrich
Dimethyl formamide C;H;NO Romil

Methyl isopropyl ketone CsH,,,0 Merck
Phosphoryl chloride POCl, Merck
4-Chloroaniline CsHeCIN BDH
2,4-dichloroaniline CsHsCILN Fulka
2,3- dimethyl aniline CgHi1N Merck
Sodium hydroxide NaOH Thomas Baker
Sodium sulfate Na,SO, Loba chemie
4-Hydroxy aniline CgHgNO Merck
Ethanol CH;CH,0OH Scharlaw
Ethyl acetate C4H30, Himedia
Glacial acetic acid CH3;COOH BDH
Hexane CeHua Sigma Aldrich
Methyl isobutyl ketone CsH,0,0 Aldrich
4-Methoxy aniline C;HyNO Hopkin and Williams
2-Methyl aniline C;HgN Merck
2-Hydroxy aniline CsHgNO Merck
3-Hydroxy aniline CsHyNO Merck
Phosphoryl chloride POCl, Merck
Sulfuric acid H,S0, Scharlaw
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3. 1. 2. Instruments

3. 1. 2. 1. Fourier Transform Infrared Spectroscope (FTIR):

IR spectra, registered on a Perkin-Elmer.Spectrum version 10.02 by using
a disk of KBr for solid material in the Department of Chemistry, College
of Science, University of Diyala.

3. 1. 2. 2. Nuclear Magnetic Resonance Spectrometer (NMR):

'H and APT *C NMR spectra offered to a Bruker 400 MHz Spectroscope
in College of science University of Science and technology, Irbid city
Jordan.

3. 1. 2. 3. Thin Layer Chromatography (TLC):

The purification of the new synthesized compounds was obtained by
using silica gel sheets and the spots of the starting materials and the
products were detected by using a fluorescence analysis cabinet model
CM-10. In the Department of Chemistry, College of Science, University
of Diyala.

3. 1. 2. 4. Melting Point:

The melting points of the compounds prepared in with open capillary
tubes were determined using the Stuart SMP10 UK Melting Point
Instrument in the Department of Chemistry, College of Science,
University of Diyala.

3.1. 2. 5. Rotary Evaporator:

The solvents were evaporated by using Heldove apparatus, HeiVAP,
Germany in the Department of Chemistry, College of Science, University

of Diyala.
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3. 1. 3. Synthetic methods:
3. 1. 3. 1. Synthesis of 5-Fluror -2,3,3-trimethyl-3H-indole (1) as
elucidated in Equation (3. 1)

NHNH,HCI .

@ n ko CH;COOH w
20 h reflux at 117 c0 N
F (1)
Equation (3. 1): the synthetic pathway of 5-Fluoro-2,3,3-trimethyl-3H-indole (1)
A mixture of (3g, 17 mmol) of (4-Fluoro-phenylhydrazin hydrochloride
and (1.76 g, 25.5 mmol) of isopropyl methyl ketone as dissolved with in
(40 ml) of glacial acetic acid and the mixture was refluxed in oil path at
117 °C for 20h. Then the product was cooled by adding it in the icy
distilled water, and neutralized with aqueous solution of 25 % NaOH,
then it was extract with ethyl acetate and water (3x25ml). The organic
layer was dry over Na,SO, and the solvent was vaporize. The product is
red oily of 5-Fluoro-2,3,3-trimethyl-3H-indole (1)®2. Yield: (2.57g, 87%)
'H-NMR (400MHz, DMSO, § in ppm):6.71-7.57 (m, 3H, Ar-H), 2.17 (s,
3H, CHj), 1.40 (s, 6H, 2XCHj).
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3. 1. 3. 2. Synthesis of 2-(5-Fluoro -3,3-dimethyl-1,3-dihydro-indol-2-
ylidene) malonaldehyde (2) as elucidated in Equation (3. 2)

F
w PoCl, / DMF F /=0
P +
N 1h stirring in ice bath N =0
3h reflux H
(1) (2)
Equation

(3. 2): the synthetic pathway of 2-(5-Fluror -3,3-dimethyl-1,3-dihydro-indol-2- ylidene)-

malonaldehyde (2)
8.6ml of N,N-dimethyl formamide (DMF)it was cooled with in an

ice bath then added dropwise from (4.4ml, 48 mmol) of Phosphoryl
chloride (POCI3) with stirring for awhile 10 minutes at 5°C, then a
solution (3g, 16mmol) of 5-Fluoro-2,3,3-trimethyl-3H-indole (1) in DMF
(8.6ml) was added drop by drop for 10 minutes at 5°C , the reaction
mixture was stirred in ice path for 1h 5°C. Then reflux for 3h at 85-90°C.
The resulting solution was added to icy distill water and neutralized with
aqueous solution of 25 % NaOH, the brown precipitate is formed filtrated
off, wash through hot distillation water and dry up in oven at 78 °C then
recrystallized from ethanol to give Pure of 2-(5-Fluoro -3,3-dimethyl-1,3-
dihydro-indol-2 ylidene)malonaldehyde (2). The purity of this compound
was determined by using TLC (4:1) hexane: ethyl acetate as an particular
with pre-coated silica gel, which gave one spot. Yield: (2.89, 71%),
m.p.178-180 °C. FT-IR data (cml): 3201, 3042, 2983, 2854, 1657.4,
1616.3,1534, 1469.4, 1372, 1275.5, 1178, 814. 1H-NMR (400MHz,
DMSO, & in ppm): 6= 13,13 (s, 1H, NH indole ring), 9.75 (s, 2H,CHO )
7.12-7.62 (m, 3H, Ar-H), and 1.67 (s, 6H, 2xCHy).
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3. 1. 3. 3. Synthesis of 2-(5-Fluoro -3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(4-chloro-phenylimino)-propionaldehyde (3) as shown in
the Equation(3.3)

NH, F ~ /=0
F =0 EtOH N
[ + - H N/
” =0 reflux 10h
Cl 1lml CH;COOH
1equ. 1equ. 3) Cl

Equation (3. 3): The synthetic pathway of 2-(5- Fluoro -3,3-dimethyl-1,3-dihydro-indol-
2-ylidene)-3-(4-chloro-phenylimino)-propionaldehyde (3)

A solution of (0.25g, 1mmol) of 2-(4-Fluoro-3,3-dimethyl-1,3-dihydro-
indol-2-ylidene)-malonaldehyde as dissolved in ethanol 10ml and (0.136g,
1mmol) of 4-Chloro-aniline was dissolved in ethanol 5ml and then added
glacial acetic acid 1ml to the solution. The mixture was refluxed with in
water bath at 78°C during 10h. A solvent was reduced to one quarter;
yellow precipitate is formed, filtrated off, washed with ethanol and dry up
in an oven with a 78 °C. The purity of this compound was determined by
using TLC (4:2) hexane: ethyl acetate with pre-coated silica gel, which
gave one spot. Yield (0.25g 75.9%), m.p.189-190°C. IR data in (cm™):
3069 v(CH aromatic), 2967 v(CH aliphatic), 2725 v(CHaldehyde), 1663
v(CH=0), 1652 v(CHN), 1579 v(C=C), 1396 v(CH3), 1267 v(C-N),
813 v(C-Cl), 773 v(C-H bending), ;H NMR (400 MHz, DMSO, ¢ in ppm):
0 = 13.96 (s, 1H, NH), 9.38 (s, 1H, HCO), 8.62 (s, 1H, HCN), 8.59-7.08
(7H, Ar-H), and 2.49 (s, 3H, CHg), 1.56 (s, 3H, CH3). APT ;3C NMR
shown signals for CH and CH; appear in the negative part (below
fundamental streak of the spectrum) 188.25, 156.52, 129.45, 119.44,
113.93, 109.08, 108.41 and 21.51. Whereas quaternary carbons, CH,
carbons and carbons deuterated DMSO solvent were observed at positive
side (above fundamental line of the spectrum) 182.73, 161.67, 159.28,
147.53, 147.44, 138.70, 129.00, 108.83, 54.29 and 38.71.
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3. 1. 3. 4. Synthesis of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(2,4-dichloro-phenylimino)-propionaldehyde 4 as
elucidated in Equation (3. 4)

NH, F ~ /=9°
F
- =0 Cl methanol N
+ - H 7

N —0 - N Cl
H reflux 10h

Cl 2drops of H,SO,4
1equ. 1equ. 4) Cl

Equation (3. 4): Synthetic pathway of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(2,4-dichloro-phenylimino)-propionaldehyde (4)

A solution of (0.259, 1mmol) of 2-(5-Fluoro-3,3-dimethyl-1,3-
dihydro-indol-2-ylidene)-malonaldehyde as dissolved in methanol 10ml
and (0.173g, 1mmol) of 1,4-dichloro aniline was dissolved in methanol 5
mL and then added 3 drops from 20% H2SO4 to the solution. The
mixture was refluxed with in water bath at 65 °C during 5h. Then stirring
within room temperature for 3h. Yellow precipitate is formed, filtrated
off, washed with methanol and dry up in oven at 65 °C. The purity of this
compound was determined by using TLC (4:2) hexane: ethyl acetate with
pre-coated silica gel, which gave one spot. Yield (0,3g 91%), m.p.189-
190°C. IR data in (cm™): 3055 v (CH aromatic), 2923 v (CH aliphatic),
2725 v (CH aldehyde), 1663u(CH=0), 1626 v(CHN), 1579 v(C=C), 1396
v(CHz), 1286 v(C-N), 813 v(C-Cl) and 766 v(C-H bending),
1HNMR(400MHz, DMSO, oJppm): 13.96(s,1H,NH), 9.38(s,1H,HCO),
8.63(s,1H,HCN), 8.60-7.08 (6H,Ar-H), and 1.57(s,6H,2x CH3);. APT 15C
NMR shown signals for CH and CH; appear in the negative part (below
fundamental streak of the spectrum) 188.20, 156.49, 129.45, 119.72,
119.41, 113.92, 109.07, 108.42 and 21.56. Whereas quaternary carbons,
CH, carbons and carbons deuterated DMSO solvent were observed at
positive side (above fundamental line of the spectrum) 182.72, 161.69,
159.29, 147.53, 146.34, 138.77, 129.01, 108.83, 54.28 and 40.21.
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3. 1. 3. 5. Synthesis of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-
2-ylidene)-3-(2,3-dimethyl-phenylimino)-propionaldehyde (5) ashown
in the Equation (3. 5)

NH, _
F
__ /=0 CHsy methanol N
* HoN cn
H =0 CHs reflux ,5 h 8
2 drops of H,SO, CH,

lequ. 1equ. 5)

Equation (3. 5): the synthetic pathway of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-
2-ylidene)-3-2,3-dimethyl-phenylimino -propionaldehyde (5)

A solution of (0.25g, 1mmol) of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-
indol-2-ylidene)-malonaldehyde as dissolved in methanol 10ml and
(0.130g, 1mmol) of 2,3-dimethyl aniline was dissolved in methanol 5ml
and then added 2 drops of 20% H,SO, to the solution. The mixture was
stirring with in water bath at 65 °C during 5h. A solvent was reduced to
one quarter, orange precipitate is formed, filtrated off, washed with
methanol and dry up in oven at 65 °C. The purity of this compound was
determined by using TLC (4:1) hexane: ethyl acetate with pre-coated
silica gel, which gave one spot. Yield (0,29g 80%), m.p.287-288 °C. IR
data in (cm™): 3069 v(CH aromatic), 2960 v(CH aliphatic), 2769 v(CH
aldehyde), 1633 v(CH=0), 1608 v(CHN), 1582 v(C=C), 1396 v(CHy),
1267 v(C-N), and 769 v(C-H bending), ;H NMR (400 MHz, DMSO, ¢ in
ppm): 14.17 (1H,s,NH), 6 =9.40 (s, 1H, HCO), 8.71 (1H, s, HCN), 7.73-
7.12(7H Ar-H), and 1.58 (6H, s, 2x CH3).. APT 13CNMR shown signals
for CH and CHjs appear in the negative part (below fundamental streak of
the spectrum) 128.15, 124.89, 120.18, 113.82, 21.42, 17.66, and 17.04.
Whereas quaternary carbons, CH, carbons and carbons deuterated DMSO

solvent were observed at positive side (above fundamental line of the
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spectrum) 136.70, 135.28, 134.93, 128.15, 124.66, 39.37, 40.00, and
38.75ppm.

3. 1. 3. 6. Synthesis of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(2-methyl anilin)-propionaldehyde (6) as demonstrated in
Equation (3. 6)

NH, F ~ /=9
F
ﬁi{o CHj, methanol N
+ - H 4
N =0 N' CH,
’ @

stirring 10.5h
2 drops of H,SO,

lequ lequ 6)
Equation (3. 6): the synthetic pathway of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-2-methyl anilin -propionaldehyde (6)

A solution of (0.25g, 1mmol) of 2-(5-Fluoro-3,3-dimethyl-1,3-
dihydro-indol-2-ylidene)-malonaldehyde as dissolved in methanol 30ml
and (0.114g, 1mmol) of 2-methyl anilin was dissolved in methanol 5mi
and then added 2 drops of 20% H2SO4 to the solution. The mixture was
stirring with in water bath at 65 °C during 5h. A solvent was reduced to
one quarter; orange precipitate isformed, filtrated off, washed with
methanol and dry up in oven at 65 °C ©*. The purity of this compound
was determined by using TLC (4:1) hexane: ethyl acetate with pre-coated
silica gel, which gave one spot. Yield (0,299 84%), m.p.130-131°C. IR
data in (cm™): 3062 v(CH aromatic), 2967 v(CH aliphatic), 2703 v(CH
aldehyde), 1656 v(CH=0), 1630 v(CHN), 1586 u(C=C), 1374 v(CHs),
1271 o(C-N), and 733 v(C-H bending), {HNMR(400MHz, DMSO, ¢ in
ppm): 6 = 14.15 (s,1H,NH), 9.37 (s,1H,HCO), 8.62(s,1H,HCN), 8.59-
7.03(6H,Ar-H), 2.49 and 2.26(s, 6H, 2x CHs) and 1.58(s,6H, 2x CHs).
APT ;3CNMR shown signals for CH and CHs appear in the negative part
(below fundamental streak of the spectrum) 188.08, 156.49,126.45,
118.81, 113.75, 109.20 and108.96 whereas quaternary carbons, CH,
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carbons and carbons deuterated DMSO solvent were observed at positive
side (above fundamental line of the spectrum) 183.29, 161.67, 159.27,
147.74,137.91, 125.88,108.96,54.49 and 40.03.

3. 1. 3. 7. Synthesis of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(4-methoxy-phenylimino)-propionaldehyde (7) as

demonstrated in Equation (3. 7)

NH, F - /=0
F
_ =0 toluene N
+ - H N/
H =0 reflux 30h
Tequ. 1equ. OCH;,4

7

Equation (3. 7): The synthetic pathway of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(4-methoxy-phenylimino)-propionaldehyde (7)

A solution of (0.25g, 1mmol) of 2-(5-Fluoro-3,3-dimethyl-1,3-
dihydro-indol-2-ylidene)-malonaldehyde as dissolved in toluene 10ml
and (0.098g, 1mmol) of 4-methoxy aniline was dissolved in toluene 30ml
and then added glacial acetic acid 2ml to the solution. The mixture was
refluxed in water a bath at 111°C during 30h. Solvent was reduced to one
quarter; yellow precipitate is formed, filtrated off, washed with toluene
and dry up in oven at 111°C. The purity of compound was determined by
using TLC (4:2) hexane : ethyl acetate with pre-coated silica gel, which
gave one spot. Yield (0,3g 82.8%), m.p.145-146 °C. IR data in (cm™):
3113 (CH aromatic) 2974v (CH aliphatic), 2747v (CH aldehyde), 1648v
(CH=0), 1626 v(CHN), 1597 v(C=C), 1366 v(CHz), 1271 v(C-N), and
733 v(C-H bending). ;{H NMR (400 MHz, DMSO, ¢ in ppm): 6 = 13.23
(s, 1H, NH), 9.80s, 1H, HCO), 7. 65 (s, 1H, HCN), 7.56-6.60 (7H, Ar-H),
4.32 (s, 3H, OCHj3), and 1.63 (6H, s, 2x CHs.
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3. 1. 3. 8. Synthesis of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(2-hydroxy-phenylimino)-propionaldehyde (8) as shown
in the Equation (3. 8)

NH, _
F OH
~ /=0 EtOH N
+ H 7
N —0 N OH
H reflux 10h 3 f

|

2ml CH;COOH
1equ. Tequ. (8)
Equation (3. 8): The synthetic pathway of: 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-
2-ylidene)-3-(2-hydroxy-phenylimino)-propionaldehyde (8)

A solution of (0.25g, 1mmol) of 2-(5-Fluoro-3,3-dimethyl-1,3-
dihydro-indol-2-ylidene)-malonaldehyde was dissolved in ethanol 10ml
with heating and (0.167g, 1mmol) of 2-hydroxy aniline was dissolved in
ethanol 10ml and then added glacial acetic acid 2ml to the solution. The
mixture was refluxed with in water bath at 78°C during 10h. A solvent
was reduced to one quarter; brown precipitate is formed, filtrated off,
washed with ethanol and dry up in oven at 78°C. The purity of this
compound was determined by using TLC(4:1) hexane : ethyl acetate
with, which gave one spot. Yield (0.3g, 86%), m.p 210-211 °C. IR data in
(cm-1): 3633 v(0O-H), 3062 (CH aromatic) 2982 v(CH aliphatic), 2703v
(CH aldehyde), 1619 v(CHN), 1506 v(C=C), , 1348 v(CHz), 1228 v(C-N),
and 751 v(C-H bending). '"H NMR (400 MHz, DMSO, ¢ in ppm): § =
14.04 (s, 1H, NH), 9.80 (s, 1H, HCO), 8.69 (s, 1H, HC=N), 7.87-6.96
(7H, Ar-H), and 1.63 (6H, s, 2x CHj3); APT 13CNMR shown signals for
CH and CHjs appear in the negative part (below fundamental streak of the
spectrum) 187.95, 147.80,125.38, 119.57, 118.73, 115.38,113.80,109.03
and 21.22 whereas quaternary carbons, CH, carbons and carbons
deuterated DMSO solvent were observed at positive side (above
fundamental line of the spectrum) 182.95, 161.41, 159.02, 147.72,
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127.06, ,108.78,54.41,39.87 and 40.03

3. 1. 3. 9. Synthesis of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(4-hydroxy-phenylimino)-propionaldehyde (9) as shown in
the Equation (3. 9)

NH, F ~ /=0
F
— /=0 EtOH N
+ - H N/
H =0 reflux 7h
OH 2 ml CH;COOH
1equ. 1equ. 9) OH

Equation (3. 9): The synthetic pathway of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro indol-2-
ylidene)-3-(4-hydroxy-phenylimino)-propionaldehyde (9)

A solution of (0.25g, 1mmol) of 2-(5-Fluror-3,3-dimethyl-1,3-
dihydro-indol-2-ylidene)-malonaldehyde as dissolved in ethanol 10ml
with heating and (0.167g, 1mmol) of 4-hydroxy-aniline was dissolved in
ethanol 5ml and then added glacial acetic acid 2ml to the solution. The
mixture was refluxed in a water bath at 78°C during7h. A solvent was
reduced to one quarter; dark brown precipitate is formed, filtrated off,
washed with water and dry up in oven at 78 °C. The purity of this
compound was determined by using TLC (3:1) hexane: ethyl acetate,
which gave one spot. Yield (0,28g 80,6%), m.p 209-210°C. IR data in
(cm-1): 3524 v(O-H), 2967 (CH aromatic) 2755 v(CH aliphatic), 1641
v(C=0), 1601 v(CH=N), 1557 v(C=C), 1374 v(CH3), 1282 v(C-N), and
714 v(C-H bending). 1H NMR (400 MHz, DMSO, ¢ in ppm): ¢ = 13.98
(s, 1H, NH),9.39 (s, 1H, HC=0), 8.73 (s, 1H, HC=N), 7.59-6.88 (7H, Ar-
H), and 1.62 (6H, s, 2x CH3); APT 13C NMR shown signals for CH and
CH3 appear in the negative part (below fundamental streak of the
spectrum) 120.18, 118.61, 116.11, 113.90, 109.00,25.24 and 21.00
whereas quaternary carbons, CH, carbons and carbons deuterated DMSO

solvent were observed at positive side (above fundamental line of the
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spectrum) 182.44, 172.03, 160.90, 158.52, 155.02, 101.73,52,59 and
40.05 .

3. 1. 3. 10. Synthesis of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-
2ylidene)-3-(3-hydroxy-phenylimino)-propionaldehyde (10) as shown
in the Equation (3. 10)

NH, _
F
+ H N/
N =0 OH reflux 20h
2 ml CH,COOH OH

1equ. 1equ_ (10)

\

Equation (3. 10): The synthetic pathway of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro indol-

2-ylidene)-3-(3-hydroxy-phenylimino)-propionaldehyde (10)
A solution of (0.25g, Immol) of 2-(5-Fluoro-3,3-dimethyl-1,3- dihydro-
indol-2-ylidene)-malonaldehyde as dissolved in ethanol 10ml and
(0.116g, 1.2mmol) of 3-hydroxy aniline was dissolved in ethanol 10mi
and then added glacial acetic acid 2ml to the solution. The mixture was
refluxed in a water bath at 78°C during 20h. A solvent was reduced to one
quarter; dark brown precipitate is formed, filtrated off, washed with water
and dry up in oven in 78 °C. The purity of this compound was determined
by using TLC (3:1) hexane: ethyl acetate, which gave one spot. Yield
(0,329 92%), m.p 242-243°C. IR data in (cm-1): 3049 v(N-H), 3049 (CH
aromatic) 2974 v(CH aliphatic), 2718 v(CH aldehyde), 1625 v(C=0 ),
1601 v(CH=N), 1524M v(C=C), 1410 v(C-C), 1337 v(CH3z), 1267 v(C-
N), , and 751 v(C-H bending). ‘H NMR (400 MHz, DMSO, d in ppm): ¢
= 9.67 (s, 1H, HC=0), 8.95 (s, 1H, HC=N), 8.16-7.09 (7H, Ar-H), and
1.67 (6H, s, 2x CHa.

34




Chapter Three:

Experimental Part

Table (3. 2): Physical properties of the synthesized compounds (1-10)

Comp. No. Molecular Molecular | Percentage | Melting
formula weight Yield Point °C Rf

1 C1iHiFN 177.22 87% - -

2 Ci13H1,FNO, 233.24 71% 178-180 0.46
3 C19H16CIFN,O 342.79 75.9% 189-190 0.47
4 C1oH15CLFNO 377.24 91% 189-190 0.44
5 C,1H2:FN,O 336.41 80% 130-131 0.48
6 CyoH1oFN,O 322.38 84% 287-288 0.31
7 CooH19FN,O, 338.38 82.8% 145-146 0.46
8 C19H17FN,0, 324.35 86% 210-211 0.45
9 C19H17FN,0O, 324.35 80.6% 209-210 0.37
10 C19H17FN,0, 324.35 92% 242-243 0.49

3. 2. Biological part:
3. 2. 1. Materials
All chemicals used in the biological part were obtained from different

company suppliers as registered in table (3. 3).
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Table (3. 3): Biological and Chemical Materials are used in the biological part.

Materials and chemicals Company Manufacturer
RPMI-1640 Sigma USA
Trypsin\Versine Sigma US.A
Ascorbic acid Sigma US.A
MTT Dye Sigma Aldrich Sluka Germany
Crystal violate BDH England
DPPH Sigma US.A
DMSO Sigma US.A
Fetal Bovine Serum Sigma U.S.A
Giemsa stain Thomas Baker India

3. 2. 2. Instruments:-

The instruments used on this study are found in Iragi Center for Cancer

and Medical Genetics Research (ICCMGR) / University of Mustansiriya,

with their Manufacturers are listed in table (3. 4).

Table (3. 4) : Materials Equipment's and Apparatuses used in the biological part.

Equipment’ Company Manufacturer
96 — well Microtiter Plate SantaCruz U.S.A
ELISA Quik Fit Germany
Micro Centrifuge Hermle Germany
Incubator Memert Germany
CO2 Incubator Gallenkamp England
Shaker Incubator Selecta Spain
Water Bath Gallenkamp England
Oven Memaret Germany
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Plastic Flasic For Tissue Culture Falcon U.S.A

Laminar Flow Hood K&K Korea
Vortex Griffin England
Micropipette Volac England

Deep Freezer The Electro Cotporation U.S.A

Inverted Microscope Oltmpus Japan
pH-Meter Radiometer Denmark

Autoclave Gallenkamp U.K
Sensitive Balance Sartorius Germany

Filter unit 0.22 pum Millipore Spain

3. 2. 3. Preparation methods

Media and solutions for tissue culture were prepared according to
the method(Freshney, 2012) and as explained in the following paragraphs
mentioned:
3. 2. 3. 1. Antibiotics
Penicillin, Benzyl Pencillin

The contents of a package containing one million international
units were dissolved in (5) ml of sterile distilled water, and a storage
solution of (200,000) 1U / ml was prepared, kept at a temperature of (-20)
°C.
Streptomycin

The contents of a package containing one gram were dissolved in
(5) ml of sterile distilled water, and a storage solution of (200,000)
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micrograms / ml was prepared at a temperature of (-20) ° C.

3. 2. 3. 2. Phosphate buffered saline (PBS) (pH 7.2)

NaCl 8 gm

KCI 0.2gm

Na,HPO, 0.15

KH,PO, 0.2

The materials were dissolved in (1000) ml of distilled water and
sterilized by autoclaving at a temperature of (121) C for 15 minutes, then
it was kept at a temperature of (4) Celsius.
3. 2. 3. 3. Trypsin solution

Dissolve one gram of trypsin powder in (100) mL of PBS solution,
sterilize with a filter (0.23 [Im) and keep at (4) c.
3. 2. 3. 4. Versine solution

It was prepared by dissolving one gram of (EDTA) powder in
(100) ml of distilled water and sterilizing it at a temperature of (121) for
(10) minutes and storing it at a temperature of (4) C.
3. 2. 3. 5.Trypsin-Versine solution

Prepare by mixing (20) ml of trypsin solution, (10) ml of alfresin
solution, and (370) ml of (PBS) solution before use in aseptic conditions
and kept at (4) C.
3. 2. 3. 6. Hanks balanced salt solution (HBSS)

10X off-the-shelf solution from Flow laboratories, Irvine, Scotland.
3. 2. 3. 7. Trypan blue stain solution

One gram of dye was dissolved in (100) ml of Hanks' solution

(HBSS), then filtered using (Whatman No. 1) filter paper and kept at a

temperature of (4) C, and upon use it was diluted simultaneously with a
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ratio of (10: 1) with the solution Himself.
3. 2. 3. 8. Crystal violet stain solution
was prepared by dissolving five grams of dye powder in (200) ml of
methyl alcohol absolute and filtered using (Whatman No. 1) filter paper
and then adding (50) ml of formalin at a concentration of (40%) and
completed the volume To (1000) ml with distilled water and keep in a
sterile vial at room temperature.
RPMI-1640 median (Roswell park memorial institute)

This median has been used in the cultivation and growth of cancer
cell lines and is called Complete Growth Media.

RPMI-1640 with hepes buffer, L-glutamin 10.4 gm

NaHCO3 (4.4%) 15mi

Fetal Calf serum (% 10) 100ml
Benzyl penicillin 0.5ml
Streptomycin 0.5ml

Complete to a volume of (1) liter by adding distilled water and
adjust the pH to (pH 7.2), then sterilize using membrane filters (0.22 [1m)
and distribute in sterile containers and keep at a temperature
(4) M until use.

3. 2.3.9. DMSO solution

Prepare by mixing 0.2 ml of DMSO with 100 ml of distilled water,

then sterilize using a perforated filter with a diameter of 0.22 microns,

and keep at 4 C until use. Use to dissolve the crude alkaline extract.

39




Chapter Three: Experimental Part

using the crystal violate stain the cytotoxic assay was measured
(Freshney, 2012). at brief, the extract was dissolved at DMSO then mixed
by serum free media (SFM) and (15.1, 31.2, 62.5, 125, 250, 400 and 500)
Hg\ml concentrations, seeded in 96-well microplate than planted cells
were and incubated for 24 hours at 37°C, then changed old media was
alteration with new media SFM containing the serial concentrations of
each extract, and then incubated plate at 37°C for 24 hours contanining
5%CO0O2 of all cell lines and moisturizer incubator at 37°C. After finshing
the exposur time were completed, the media was eluted and the wells
treated with 100 pl\well of crystal violate dye and incubated the plate for
20 min, at 37°C, the wells were washed with phosphate-buffered saline
(PBS), and the plates left for 15 min in room temperature and then the
absorbenc (O.D.) of wells measured by ELISA reader at 492 nm wave
length ©)
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4. RESULTS AND DISCUSSION

4. 1. Chemistry part

4. 1. 1. Methodology

A series of new compounds have been synthesized from 2-(5-Fluoro-3,3-
dimethyl-1,3-dihydro-indol-2-ylidene)-malonaldehyde (2) through the
condensation reaction of this compound with substited aniline according
to synthetic pathway as shown in Scheme (4. 1).

NHNH,HCI

O  CHsCOOH F\Cfi POCI;/ DMF
+ > y) >
20h reflux at 117¢° N
F

1

NH,
F —0 R1
— —_ >
+
N —0 R2
H R
(2) 3

R1=C|,CH3,0H
R, = CH; , OH

R;=Cl, CH; ,0H ,0CH;

Compound ( 3) R1=H, R2=H, R3=CI
Compound ( 4) R1=Cl R2=H, R3=Cl
Compound ( 5) R1=CH, R2=CH, R3=H
Compound ( 6) R1=CH, R2=H R3=H
Compound ( 7) RI=H R2=H, R3=0CHj;
Compound (8) R1=OH R2=H R3=H
Compound (9) R1=H R2=H R3=0OH

Compound ( 10) R1=H R2=0OH R3=H
Scheme (4. 1): synthetic pathway of compounds (3-10)
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The mechanism for the formation of the synthesized compounds are

illustrated in the scheme (4. 2).¢°).

:/\ R

+ CH3;COOH ——

R, =0

P.T.

\Q R1
R, Ry

-H,0

P.T. = proton transfer

scheme (4. 2): Mechanism of the synthesized compounds
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Compound 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-ylidene) -
malonaldehyde (2) was synthesized in two steps:
First step: synthesis of 2,3,3-trimethyl-3H-indole (indoline) at a perfect

yield by Fischer indole synthesis as shown in Equation (4. 1)

NHNH, HC1
F
CH,COOH \©\/i
+ > /
0 20 h reflux at 117°C N
F
4-Fluoro-phenyl 3-Methyl-butan-2-one 5-Fluoro- 2,3,3-trimethyl-3H-indole (1)

hydrazinehydrochloride

Equation (4. 1): Synthetic pathway of compound (1)

The suggested mechanism to the formation of  5- Fluoro -2,3,3-

trimethyl-3H-indole as suggested by ©” as shown in Scheme (4. 3)
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H_

) 1 H OH Ca

o . - /A . oH
W, | ) J\V
S >‘>Y —’Qlﬂ"i‘g N Non

H o H

F\©\ . (@) ‘%)\ (b)

N R
\_/\
B P
H H
O\/H H,0 F <

|/) \@&
. NH
N+N+‘H NN

(D (© )

Scheme (4. 3): Mechanism of Fischer reaction to form 2,3,3-trimethyl-3H-indole(1)

The ayrlhydrazone (c) as formed from condensation reaction of 4-Fluoro-
phenyl hydrazine hydrochloride and 3-Methyl-butan-2-one in presence of
acid, then the arylhydrazone rearranges to form (d) compound, and this
intermediate was rearrange again to form a new C-C bond to form
compound (e).

A final rearrangement takes place to repair the benzene ring and at
the same time close the five member ring with loss of ammonia to give

the final indole product (g).
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Second step: Vilsmier Haack reaction, the reaction of indoline (1) with
Phosphoryl chloride (PoCls) in a presence of N,N-dimethyl formamide
(DMF) to form the starting material 2-(5-Fluoro-3,3- dimethyl-1,3-
dihydro-indol-2-ylidene)malonaldehyde (2) in a good yield, ®® as shown
in Equation(4.2), which was reacted with different Substituted Aniline in

ratio (1:1) to form our new compound (3- 10) by the condensation

reaction..
F
F POCI; / DMF /70
/) ... >
N 1h stirring in ice bath N =0
3h reflux H
5-Fluoro-2,3,3-trimethyl-3H-indole compound (2)

Equation (4. 2): Synthetic pathway of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)malonaldehyde (2)

suggested mechanism of the formation of 2-(5-Fluoro-3,3-dimethyl-1,3-
dihydro-indol-2-ylidene)malonaldehyde (2) involves three steps a
proposed by ©% as shown in Scheme (4. 4).

In the first step: combination of DMF with POCI; to formation of
chloroiminium ion A.

In the second step: the reaction of chloroiminium ion A with 5-Fluoro-
2,3,3-trimethyl-3H-indole (indoline) B, that going to be in the equilibrium
with enamine tautomer C. latter the chloroiminium ion from the first step
was attacks, to create the intermediate D.

In the third step hydrolysis of intermediate D, to produce E, 2-(5-Fluoro -
3,3-dimethyl-1,3-dihydro-indol-2-ylidene)malonaldehyde (2).
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M-\ O ||/C| @
Cl ( ~cl crCl
~ J\ ||:I>/ - H
| 4) @N
|
@/
F F /—\CL) , F =N— _©
) . _N? . Ky 2CI
N H CI@ N N\
B C A D
@/
@ -
H N OH H
E

Scheme (4. 4): Mechanism of Vilsmier reaction to form the compound (2)

Compound (2) was found as ketoamine-enolimine tautomer forms

) as shown in Figure (4.1)

Ketoamine Enolimine

Figure (4.1): Tautomer forms of, 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)malonaldehyde (2)

last new synthesized compound (1) was used to synthesize new
compounds, all new synthesized compounds are colored, stable in the air
and not soluble in water and hexane. Their purities have been tested by
TLC and their chemical structures have been confirmed by spectroscopic
technique such as FT-IR and '"HNMR, APT *C NMR as well as their

physical properties like, melting points were determenined.
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4. 1. 2. Spectral study of the new synthesized compounds (2-10)
4.1.2.1. FT-IR Study

The results of the FTIR Spectrum for the new synthesized compounds
displayed absorption bands in range between 400 - 4000 cm™.

The new compounds (2-10) showed disappeared the absorption
bands of (NH,) group which belonged to substituted anilines and showed
new absorption bands of imine groups (CH=N) so that approved to
formation of these new compounds. Also some of these new compounds
(2-10) don‘t showed absorption bands was attributed to (NH) group for
indole ring because of these new compounds are stabilize through
intramolcular N-H...N and N-H...O hydrogen bonds.

FT-IR for compound 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(2,3-dimethyl-phenylimino)-propionaldehyde (5)

This compound was synthesized by reaction of compound 2-(5-Fluoro-
3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-malonaldehyde  and  2,3-
dimethylaniline in ethanol with glacial acetic acid as a cataleptic .

FT-IR spectra to this synthesized compound, figure (4. 2) display
absorption band into 3165 cm™ was belonged within (N-H), 3069 cm™
was belonged aromatic (C-H), 2960 and 2923 cm™ were belonged and
aliphatic (C-H) ©*) Jalso absorption bands at 2864and 2696 cm™ were
belonged to (C-H) aldehyde, the strong absorption band at 1663cm™ was
belonged at the carbonyl group (C=0). ® and at 1608 cm™ for
azomethine group (CH=N), the new functional group which was
indicated and approved to the formation of this compound®® As well as
stretching frequency at 1582cm™ was referred to(C=C) group ©¥, at the
same time the absorption bands was appeared at 1392cm™ was belonged

(65)

to the CH; group , also The absorptione band at 1267cm™ which

63belonged to (C-N) groups © | and finely A sharp peak at 769cm™ is

attributed to out -of-plane group (C-H) . ©”
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Figure (4. 2): The FTIR spectra of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(2,3-dimethyl-phenylimino)-propionaldehyde (5)
FT-IR for the compound 2-(5-Fluoro -3,3-dimethyl-1,3-dihydro-
indol-2-ylidene)-3-(4-chloro-phenylimino)-propionaldehyde (3)

This compound was synthesized by reaction of 2-(5-Fluoro-3,3-
dimethyl-1,3-dihydro-indol-2-ylidene)-malonaldehyde and 4-Chloro-
phenylamine at ethanol with glacial acetic acid as a cataleptic. The FT-IR
spectra to this synthesized compound, figure (4. 3) display absorption
band into 3318 cm™ was belonged within (N-H), 3069 cm™ was assigned
for aromatic (C-H), 2967 and 2930 cm™ for aliphatic (C-H), also
absorption bands into 2857 and 2725 cm™ were belonged to (C-H)
aldehyde, the strong absorption band at 1663cm™ was belonged at the
carbonyl group (C=0) and at 1652 cm™ for azomethine group (CH=N),
the new functional group which was indicated and approved to the
1

formation of this compound. As well as stretching frequency at 1579 cm’

was referred to(C=C) group, at the same time the absorption bands was
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appeared at 1396 cm™ was belonged to the CHs; group, also The
absorption band into 1267 cm™ which belonged to (C-N) group. , a peak
at 813 cm™ was attributed for (C-CI) group. And finally, a sharp peak at
773 cm™ is attributed onto out -of-plane group (C-H) of aromatic ring.
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Figure (4. 3): The FTIR spectra of 2-(5-Fluoro -3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(4-chloro-phenylimino)-propionaldehyde (3)

FT-IR for the compound 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-
2-ylidene)-3-(2,4-dichloro-phenylimino)-propionaldehyde (6)

This compound was synthesized by reaction of 2-(5-Fluoro-3,3-
dimethyl-1,3-dihydro-indol-2-ylidene)-malonaldehyde and 2,4-diChloro-
phenylamine in ethanol with glacial acetic acid as a cataleptic.

FT-IR spectra to this synthesized compound, figure (4. 4) display
absorption band into 3091 cm™ was belonged to (N-H), 3055 cm™ was
assigned aromatic (C-H), 2982 and 2923 cm™ for aliphatic (C-H), also
absorption bands into 2864 and 2725 cm™ were belonged to (C-H)
aldehyde, the strong absorption band at 1663cm™ was belonged at the
carbonyl group (C=0) and at 1626 cm™ for azomethine group (CH=N),
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the new functional group which was indicated and approved to the
formation of this compound. As well as stretching frequency at 1579 cm™
was referred to(C=C) group, at the same time the absorption bands was
appeared at 1396 cm™ was belonged to the CH; group, also The
absorption band into 1286 cm™ which attributed for (C-N) group. , a peak
at 813 cm™ was attributed to (C-CI) group. And finely A sharp peak at

766cm™ is attributed to out -of-plane group (C-H) of aromatic ring.
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Figure (4. 4): The FTIR spectra of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(2,4-dichloro-phenylimino)-propionaldehyde (6)
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The FTIR values of compounds (2-10) are listed in table (4. 1) and their figures are

attached as appendixes frome 4. 1 t0 4.5
Table (4. 1).The FTIR values of compounds (2-10)

Com.
No. 4ACharacteristic band of (FT- IR) spectra (cm™)
CH| CH | CcH | | | c-
N-H | G | Aon, | Al | C=0 | €=N | €=C | CHa | CN | | Others
2083 | 2850
2 3201|3042 | and | and | 1657 | 1616 | 1534 | 1372 | 1275 | 750 | -
2854 | 2728
2030 | 20 e
3 3318|3069 | and 1663 | 1652 | 1579 | 1396 | 1267 | 773
2725 813
2067
2923 | 2864 el
4 3091|3055 | and | and | 1663 | 1626 | 1579 | 1396 | 1286 | 766 | =
2082 | 2725
5 | 3165|3060 | 2960 | 2864 | 1663 | 1608 | 1582 | 1392 | 1267 | 769 | -
6 | 3450 | 3062 | 2967 | 2703 | 1656 | 1630 | 1586 | 1374 | 1271 | 736 | -
7 13326 | 3113 | 2074 | 2747 | 1648 | 1626 | 1597 | 1366 | 1271 | 733 | -
8 | 3487 | 3062 | 2082 | 2703 | 1619 | - | 1506 | 1348 | 1238 | 751 gg;;
9 | 3443|3182 | 2067 | 2755 | 1641 | 1601 | 1557 | 1374 | 1282 | 714 gggl
10 | 3524 | 3049 | 2074 | 2718 | 1625 | 1601 | 1524 | 1337 | 1267 | 751 g?:;

4.1.2.2. NMR Study
'H-NMR and APT ™C-NMR spectra reported in duterated
dimethyl sulfuxide (DMSOdg) together with chemical shifts in ppm and

using TMS (tetramethylsilane) as standard.

'H-NMR results of the newly synthesized compounds (3-10)

showed disappearance signals and appearance of new signals. Such as

disappearance of one proton atom of the carbonyl

group and

disappearance a signal of NH, group on spectrum of substituted anilines
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and appearance new signal of one proton atom of imine group. This is
approval to the formation of the new compounds. Also the signals of
protons of aromatic ring were represented the number of protons that
belong for each new compound.

4.1.2.2.1.*H-NMR and APT “*C-NMR results of the compound 2-
(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-(2,3-dimethyl-
phenylimino)-propionaldehyde (5).

The *H-NMR results for compound (5) figure (4. 5) displayed
single signal at 14.15 ppm was belonged to proton of (NH) of indole ring
©8) A singlet signal at 9.37 ppm was referred to the one proton atom of
carbonyl group (C=0) and single signal at 8.62 ppm was attributed to
proton of Schiff base group (CH=N) “®*A signals were appeared in the
region between (8.59-7.03) ppm were belonged to six protons of aromatic
ring for compound (5) ° ™Y A signal at (2.49 and 2.26) ppm which
attributed to two CH; group. And finally signal at 1.58 ppm was belonged
to six protons of two methyl groups 2"

l [_J_JM) J jw@_v,*

T T T T
16 15 14 13 12 11 10 9

[=] || |
< Q@ |
o - e

Figure (4. 5): *H-NMR spectrum of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(2,3-dimethyl-phenylimino)-propionaldehyde (5).
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APT™C-NMR results were used to characterize this new
compound and support the results of *H-NMR, figure (4. 6) displayed
signals for the quaternary carbons and methylene CH, group appeared at
a positive side (above of the spectrum). While carbons of CH and CH;
groups observed at a negative side (below of the spectrum). A signal at
188.08 ppm and 182.73 ppm were assigned to the carbonyl group C=0
and to NH-C=C group respectively “® while a signal of CH=N group
detected at 161.67 ppm. ¥ The signals were appear in the range between
159.27-108.96 ppm were belonged to the carbon atoms of aromatic rings.
(™) In addition, two signals appeared at 108.47 ppm and 54.49 ppm were
assigned to O=C-C and CH;-C-CHj; groups respectively. “®Signals at
(21.41 and 20.02) ppm belongs to two methyl groups at positions ortho
and meta of benzene ring. Finally, signal at 13.28 ppm was belongs to the
two methyl groups 7"

All these results found the 'H-NMR and APT™C-NMR spectrum
matched well with the expected signals and was regular with the

formation of this new compound.
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Figure (4. 6): APT ®C-NMR spectrum of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(2,3-dimethyl-phenylimino)-propionaldehyde (5).
4.1.2.2.2.*H-NMR and APT “*C-NMR results of the compound 2-
(5-Fluoro -3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-(4-chloro-
phenylimino)-propionaldehyde (3)
The 'H-NMR results for compound (3) figure (4. 7) displayed single
signal at 13.96 ppm was belonged to proton of (NH) of indole ring. A
singlet signal at 9.38 ppm was referred to the one proton atom of carbonyl
group (C=0) and single signal at 8.62 ppm was attributed to proton of
Schiff base group (CH=N). A signals were appeared in the region
between (8.59-7.08) ppm were belonged to nine protons of aromatic ring
for compound (3) ™ And finally signal at 1.56 ppm was belonged to six

protons of two methyl groups.
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Figure (4. 7): *H-NMR spectrum of 2-(5-Fluoro -3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(4-chloro-phenylimino)-propionaldehyde (3)

APT"™C-NMR results were supported the *H NMR results figure
(4. 8). This compound show a signal at 188.25 ppm and 182.73 ppm were
assigned to the carbonyl group C=0 and to NH-C=C group respectively,
while a signal of CH=N group" detected at 161.67 ppm. The signals were
appear in the range between 147.53-109.02 ppm were belonged to the
carbon atoms of aromatic rings. In addition, two signals appeared at
108.47ppm and 54.29 ppm were assigned to O=C-C and CH;-C-CHj;
groups respectively. Also a signal at 21.51 ppm was belongs to the two

methyl groups.
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Figure (4. 8): APT *C NMR spectrum of 2-(5-Fluoro -3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(4-chloro-phenylimino)-propionaldehyde (3)

4.1.2.2.3. 1H-NMR and APT 13C-NMR results of the compound 2-
(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-(2,4-dichloro-

phenylimino)-propionaldehyde (4)

The 'H-NMR results for compound (4) figure (4. 9) displayed single
signal at 13.96 ppm was belonged to proton of (NH) of indole ring.A
singlet signal at 9.38 ppm was referred to the one proton atom of carbonyl
group (C=0) and single signal at 8.63 ppm was attributed to proton of
Schiff base group (CH=N).A signals were appeared in the region between
(8.60-7.08) ppm were belonged to nine protons of aromatic ring for
compound (4). And finally signal at 1.57 ppm was belonged to six

protons of two methyl groups.
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Figure (4. 9): *H-NMR spectrum of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-
ylidene)-3-(2,4-dichloro-phenylimino)-propionaldehyde (4)
APT™C-NMR results were used to characterize this new compound and
support the results of *H-NMR . figure (4. 10) displayed signals for the
quaternary carbons and methylene CH? group appeared at a positive side
(above of the spectrum). While carbons of CH and CH; groups observed
at a negative side (below of the spectrum). A signal at 188.20 ppm and
182.72 ppm were assigned to the carbonyl group C=0 and to NH-C=C
group respectively, while a signal of CH=N group detected at 161.69
ppm. The signals were appear in the range between 159.29-108.83 ppm
were belonged to the carbon atoms of aromatic rings.In addition, two
signals appeared at 108.42 ppm and 54.28 ppm were assigned to O=C-C
and CH;-C-CHs; groups respectively.. Finally, signal at 21.56 ppm was
belongs to the two methyl groups. All these results found the *H-NMR
and APT**C-NMR spectrum matched well with the expected signals and
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was regular with the formation of this new compound.
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Figure (4. 10): APT C-NMR spectrum of 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-
2-ylidene)-3-(2,4-dichloro-phenylimino)-propionaldehyde (4)
The '"H-NMR results of the synthetic other new compounds are listed in table

(4. 2) and their figures attached as appendixes from 4.6 to 4. 15
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Table (4. 2): The chemical shift in ppm to *H NMR results for the synthesized compounds

Com.N
other
0. NH- Cc=0 CH=N Ar-H 6H,2xCHj;
Ortho CHj4
1 - - - 6.71-7.57 1.40
2.17
2 13.14 9.75 - 7.12-7.62 1.67 -
CHs
3 13.96 9.38 8.62 8.59-7.08 1.56
2.49
CH;
4 13.96 9.38 8.63 8.63-7.08 1.54
2.49
Ortho and
5 14.15 9.37 8.62 8.59-7.03 1.58 meta CHj
2.49,2.26
6 - 9.40 8.71 7.73-7.12 1.58
OCHj;
7 13.23 9.80 7.65 7.56-6.60 1.63
4.32
OH
8 14.04 9.80 8.69 7.87-6.96 1.63
11.15
OH
9 13.98 9.39 8.73 7.59-6.88 1.62
9.68
OH
10 14.1 9.67 8.95 8.16-7.09 1.67
10.56
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compounds are discussed and recorded in table (4. 3).

Compounds

The APT *C-NMR results of the others new synthesized

Table (4. 3): chemicl shift in ppm to theAPT**CNMR for the other synthetic

above of the spectrum

below of the spectrum

Com
. No.
NH- O=C- | CH;-C- | CH= 0- M- P-
CH=N 2X_ CHs
CH=C | C=C CH; @) CH; | CH; | CHs
188.2
3 182.73 | 108.47 54.29 . 161.67 - - - 21.51
188.2
4 182.72 | 108.42 54.28 0 161.69 - - - 21,56
188.0
5 182.73 | 108.47 54.49 g 161.67 | 21.41 | 20.02 - 13.28
6 182.94 | 108.17 53.99 188.0 | 156.58 - - - 12.19
8 183,29 | 108.73 54.08 187.9 | 157.17 - - - 21.25
9 183.51 | 108.48 53.35 187.0 | 152.22 | 18.14 - - 23.39
10 183.74 | 108.26 54.42 187.0 | 150.05 | 20.59 | 13.9 - 23.36

4. 2. Biological part
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4. 2. 1. Cytotoxicity assay

In this study was investigated the effect of compound of compound 1234
for cytotoxicity and anti-cancer effect in different concentrations for
HepG2, SK_GT2 compounds with normal WRL68 cell line concent. The
all four investigated compounds were revealed anti-cancer activity in
dose dependent manner for both HepG2, SK_GT2 cell line, while low
toxicity effect for WRLG68 cell line. The result for this study was conclude
the anti-cancer activity for new Synthesis Schiff bases compounds that

may he usual as anti-cancer dray in the future

90 -
80
70
60
50
40 B WRL68 cell line
30
20
10

0

B hepG2 cell line

Inhibition of the cell

SK-GT2 cell line

15.1 31.2 62.5 125 250 400 500
ug/ml  ug/ml ug/ml ug/ml ug/ml ug/ml ug/ml
Concetration

Figure 4. 11(: Showed the inhibition of HepG2 cell line and SK-GT?2 cell line compared

with WRL68 cell line when treated with different dose from compound 1
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Figure 4. 12: Showed the morphology of cell after treated with compound 1 in 24 hours
as presented: (A1) WRL68 cell exposed to composite 1 in concentration 15.1 pg/mL,
(A2) WRL68 cell exposed to compound 1 in concentration 500 pg/mL (B1) HepG2 cell
exposed to compound 1 in concentration 15.1 pug/mL, (B2) HepG2 cell exposed to
compound 1 in concentration 500 pg/mL . (C1) SK-GT2 cell exposed to compound 1 in
concentration 15.1 pg/mL, (C2) SK-GT2 cell exposed to compound 1 in concentration
500 pg/mL
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inhbition of the cell

15.1 31.2 62.5 125 250 400 500

ug/ml ug/ml  ug/ml ug/ml ug/ml

Concetration
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B WRL68 cell line
B hepG2 cell line
1 SK-GT2 cell line

Figure 4. 13: Showed the inhibition of HepG2 cell line and SK-GT2 cell line compared

with WRLG68 cell line when treated with different dose from
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Figure 4. 14Showed the morphology of cell after treated with compound 2 in 24 hours as
presented: (Al) WRL68 cell exposed to compound 2 at concentration 15.1 ug/mL, (A2)
WRL68 cell exposed to compound 2 in concentration 500 pg/mL . (B1) HepG2 cell
exposed to compound 2 in concentration 15.1 pg/mL, (B2) HepG2 cell exposed to
compound 3 in concentration 500 pg/mL . (C1) SK-GT2 cell exposed to compound 2 in
concentration 15.1 pg/mL, (C2) SK-GT2 cell exposed to compound 2 in concentration
500 pg/mL
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Figure 4. 15): Showed the inhibition of HepG2 cell line and SK-GT?2 cell line compared

with WRL68 cell line when treated with different dose from compound 3
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Figure 4. 16: Showed the morphology of cell after treated with compound 3 in 24 hours
as presented: (Al) WRL68 cell exposed to compound 3 in concentration 15.1 pg/mL,
(A2) WRL68 cell exposed to compound 3 at concentration 500 pg/mL . (B1) HepG2 cell
exposed to compound 3 in concentration 15.1 pg/mL, (B2) HepG2 cell exposed to
compound 3 in concentration 500 pg/mL . (C1) SK-GT2 cell exposed to compound 3 in
concentration 15.1 pg/mL, (C2) SK-GT2 cell exposed to compound 3 in concentration
500 pg/mL .

m WRL6S cell line

B hepG2 cell line

Inhibition of the cell

SK-GT2 cell line

15.1 31.2 62.5 125 250 400 500
ug/ml ug/ml ug/ml ug/ml ug/ml ug/ml ug/ml

Concetration

Figure 4. 17: Showed the inhibition of HepG2 cell line and SK-GT2 cell line compared
with WRL68 cell line when treated with different dose from compound 4
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Figure 4. 18: Showed the morphology of cell after treated with compound 4 in 24 hours
as presented: (Al) WRL68 cell exposed to compound 4 at concentration 15.1 pg/mL,
(A2) WRL68 cell exposed to compound 4 in concentration 500 pg/mL . (B1) HepG2 cell
exposed to compound 4 in concentration 15.1 pg/mL, (B2) HepG2 cell exposed to
compound 4 in concentration 500 pg/mL . (C1) SK-GT2 cell exposed to compound 4 in
concentration 15.1 ug/mL, (C2) SK-GT2 cell exposed to compound 4 in concentration
500 pg/mL
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Conclusion

In the present work. New derivatives indole based Schiff bases
were synthesized and identified by some spectral methods like, (FT-IR,
'H, APT *C-NMR). The synthesized compounds are:
1- 5-Fluoro-2,3,3-trimethyl-3H-indole
2- 2-(5-Fluror -3,3-dimethyl-1,3-dihydro-indol-2- ylidene)-
malonaldehyde
3-2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-(4-chloro-
phenylimino)-propionaldehyde
4- 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-(2,4-
dichloro-phenylimino)-propionaldehyde
5- 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-o-tolylimino-
propionaldehyde
6- 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-o-tolylimino-
propionaldehyde
7- 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-(4-methoxy-
phenylimino)-propionaldehyde
8- 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro-indol-2-ylidene)-3-(2-hydroxy-
phenylimino)-propionaldehyde
9- 2-(5-Fluoro-3,3-dimethyl-1,3-dihydro indol-2-ylidene)-3-(4-hydroxy-
phenylimino)-propionaldehyde
Four of the synthesized compounds with different concentrations 15.1,
31.2, 62.5, 125, 250, 400 and 500) pg\ml were evaluated for their
anticancer activity against HepG2 and SK-GT2 cancer cell line. Most of

the tested showed good results
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2-Recommendations and future work:

1. Synthesizing a series of new complexes from the new synthesized
compounds (3-10) by their reaction with different transition metal
ions and evaluate their biological activities.

2. Evaluating the biological activities for all the new synthesized
compounds (3-10) against other cancer cell line such as, breast

cancer, colon cancer and cervical cancer.
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Appendix (4. 1): The FTIR spectra of the compound (6)
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Appendix (4. 2): The FTIR spectra of the compound (7)
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Appendix (4. 3): The FTIR spectra of the compound (8)

74




P v Spacier Uardor 12232
130000 5000 b s

Arniyrt darrinyan
O 12, AR TN Wl ok

532-

500+

F. —
450 =/
N
0 HW

= W ¥ U S|
Y o
# |50
25604 "
| 3 I A
200 RS < M R
e 7 O / \ (O 254 1237
199 | [T wze
A ~ L 71
1001 NS {45 By
1 —~ ‘ : iy s
= (AIRE " SR
50 m.’a:x s s e
P 0 e —— v T T TS —T
!41100 1500 3000 2500 2000 1750 1500 1280 1000 T80

s A pdrzoon b Sarrpée 023 By Admirksrene Tede T ) oA 03 0

Appendix (4. 4): The FTIR spectra of the compound (9)
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Appendix (4. 5): The FTIR spectra of the compound (10)
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Appendix (4. 6): "H-NMR spectrum of the compound (6)
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Appendix (4. 7): *H-NMR spectrum of the compound (7)
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Appendix (4. 9): 'H-NMR spectrum of the compound (9)
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80




RN

?
|
%

SEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE



1.

2.

10.

11.

REFERENCES
Jaiswal, S. (2019). Five and Six Membered Heterocyclic

Compound with Antimicrobial Activity. Journal for Modern
Trends in Science and Technology, 5(06), 36-39.

Shaikh, A. R., Farooqui, M., Satpute, R. H., & Abed, S. (2018).
Overview on Nitrogen containing compounds and their
assessment based on ‘International Regulatory Standards’.
Journal of Drug Delivery and Therapeutics, 8(6-s), 424-428.
Martins, P., Jesus, J., Santos, S., Raposo, L. R., Roma-
Rodrigues, C., Baptista, P. V., & Fernandes, A. R. (2015).
Heterocyclic anticancer compounds: recent advances and the
paradigm shift towards the use of nanomedicine’s tool box.
Molecules, 20(9), 16852-16891.

Zoobia, Jamal S.(2017).A Review on Medicinally Important
Heterocyclic Compounds Derived from Schiff Bases.
International Journal of Science and Research (IJSR). 2319-
7064.

Al-Zobaydi, S. F., & Hassan, E. M. (2013). Synthesis Some
Heterocyclic Compound based on 2, 5-disubsituted Pyridine.
Al-Nahrain Journal of Science, 16(1), 60-70.

Biswal, S., Sahoo, U., Sethy, S., Kumar, H. K. S., & Banerjee,
M. (2012). Indole: the molecule of diverse biological activities.
Asian J. Pharm. Clin. Res, 5(1), 1-6.

Kapti, T. (2013). Synthesis of indole fused heterocyclic
compounds (Master's thesis).

Rajput, AP, & Girase, PD (2013). Review Article on Vilsmeier
— Haack Reaction. ChemInform , 44 (21), no-no.

Bollyn, M. (2005). Thermal Hazards of the Vilsmeier— Haack
Reaction on N, N-Dimethylaniline. Organic process research &
development, 9(6), 982-996.

Seema ,K. Yogesh.(2016).study of vilsmeier — hack reagent.
International journal for research publication & seminar. 2278-
6848 .

Grace, EI (2015). Synthesis, characterization and antimicrobial
studies of Mn (I1), Co (II), and Zn (Il) Schiff base complexes
derived from glycine and 2-hydroxy-1-napthaldehyde.

82




12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

International Journal of Innovation and Scientific Research , 18
(1), 1-3.

Ghaidan, A. F., Faraj, F. L., & Abdulghany, Z. S. (2018).
Synthesis, Characterization and Cytotoxic Activity of new
Indole Schiff Bases Derived from 2-(5-Chloro-3, 3-Dimethyl-1,
3-Dihydro-Indol-2-Ylidene)-Malonaldehyde ~ with  Aniline
Substituted. Oriental Journal of Chemistry, 34(1), 169-181.
Shaikh, S. H. A. H. I. D., Shaikh, N. A. Z. I. A.B.E. G. U. M.,
Zamir, M. O. H. A. M. M. A. D., Salunke, S. D., & Baseer, M.
A. (2013). Synthesis of new 2-substituted phenyl-1H-indoles via
Fischer indole reaction. Chemical Science Transactions, 2(2),
584-588.

Kaushik, N. K., Kaushik, N., Attri, P., Kumar, N., Kim, C. H.,
Verma, A. K., & Choi, E. H. (2013). Biomedical importance of
indoles. Molecules, 18(6), 6620-6662.

Scaffold, p. s. recent review on indole: a privileged structure
scaffold.

Akeng’a, T. O., & Read, R. W. (2007). Synthesis of Imidazol
[1, 5-a] indole-1, 3-diones from Imidazolidene-2, 4-diones.
South African Journal of Chemistry, 60, 11-16.

Raju, G. N., Sai, K. B., Meghana, M. S., Chandana, K., Suresh,
P. V., & Nadendla, R. R. (2015). Synthesis, characterization and
biological activity of indole-2-carboxylic acid derivatives.
International Journal of Pharmaceutical Chemistry, 5, 202-206.
Shaikh, 1., Farooqui, M., Sanap, G., & Abed, S. (2018). Study of
Antimicrobial and Antifungal Activity of the Bis-Indole
Derivatives of 2-Phenyl-1-H-Indole.

Sinha, A. K., Equbal, D., & Uttam, M. R. (2018). Metal-
catalyzed privileged 2-and 3-functionalized indole synthesis.
Chemistry of Heterocyclic Compounds, 54(3), 292-301.
Joshipura, Dhawal N.(2009).Synthesis and Biological Profile of
some Novel Heterocyclic Moieties Bearing Nitrogen, Sulphur
and Oxygen ATOMS. Thesis PhD, Saurashtra University.

Ali, W. B. (2018). Synthesis, Characterization and Theoretical
Study of Some Pyrazole Compounds Derived From 1, 1, 2-
Trimethylbenz [e] Indole. Diyala Journal For Pure Science,
14(03), 206-2109.

83




22,

23.

24,

25.

26.

27,

28.

29.

30.

31.

32.

Yousif, M. N., Hussein, H. A., Yousif, N. M., EI-Manawaty, M.
A., & EIl-Sayed, W. A. (2019). Synthesis and Anticancer
Activity of Novel 2-Phenylindole Linked Imidazolothiazole,
Thiazolo-s-triazine and Imidazolyl-Sugar Systems. Journal of
Applied Pharmaceutical Science, 9(01), 006-014.

tolga, k.(2013).synthesis of indole fused heterocyclic
compounds.

Dhani, R., Avinash, A., Salenaagina, S. K., Teja, M. S,
Masthanaiah, P., Rathnam, P. R., & Silpa, V. C. (2011). Indole:
The molecule of diverse pharmacological activities. J. Chem.
Pharm. Res, 3(5), 519-523.

Pathak, T. P., Gligorich, K. M., Welm, B. E., & Sigman, M. S.
(2010). Synthesis and preliminary biological studies of 3-
substituted indoles accessed by a palladium-catalyzed
enantioselective alkene difunctionalization reaction. Journal of
the American Chemical Society, 132(23), 7870-7871.

Bidylo, T. I, & Yurovskaya, M. A. (2008). Synthesis of
tryptamines by the Fischer method using synthetic precursors
and latent forms of amino-butanal. Chemistry of heterocyclic
compounds, 44(4), 379.

perumal, p. t. synthesis of novel heterocylic compounds using
vilsmeier reagent. chennal-600 020.

Deepak, Sh. Rajiv G, G.(2014). Behaviour of 2’-
Aminochalcones Towards Vilsmeier-Haack Reagent: Synthesis
of Some New N-Formyl-2-Aryl/Hetryl-4-Chloro-1,2- Dihydro-
4(1h)-Quinilonies. ISSN No. : 2394-0344

Beniwal, M., & Jain, N. (2015). Review article on Vilsmeier
Haack reaction and its applications. Eur. J. Biomed. Pharm. Sci
, 2 (3), 1340-1374.

vilsmeier,A.,Haack, A. Ber. Dtsch. (1927) Chem. Ges.60, 119-
120.

Ashraf, M. A., Mahmood, K., Wajid, A., Maah, M. J., &
Yusoff, I. (2011). Synthesis, characterization and biological
activity of Schiff bases. IPCBEE, 10, 1-7.

Rafiq, Z.(2017) .A mini Review of Complexes of Schiff Base
and their Biological Activities Inas Ahmed Mohammed Saif.

84




33.

34,

35.

36.

37,

38.

39.

40.

41.

42.

Journal of Medicinal Chemistry and Drug Discovery. 93-107 ,
2347-902.

Arulmurugan, S., Kavitha, H. P., & Venkatraman, B. R. (2010).
Biological activities of Schiff base and its complexes: a review.
Rasayan J Chem, 3(3), 385-410.

Arulmurugan, S., Kavitha, H. P., & Venkatraman, B. R. (2010).
Biological activities of Schiff base and its complexes: a review.
Rasayan J Chem, 3(3), 385-410.

Naila,A ,S., Rashmi ,Sh., Rahul ,G., Shankardutt, P.,Kabita ,S.,
RP Chavan.,, Satu T Chavhan.(2015).Synthesis and
characterization of novel Schiff’s base Ni (II) and Fe(Ill) & its
complexes with its anti-bacterial activity. International Journal
of Chemical Studies. 3(4): 39-41.

Guo, Z., Xing, R,, Liu, S., Zhong, Z., Ji, X., Wang, L., & Li, P.
(2007). Antifungal properties of Schiff bases of chitosan, N-
substituted chitosan and quaternized chitosan. Carbohydrate
Research, 342(10), 1329-1332.

Brodowska, K., & Lodyga - Chruscinska, E. (2015). Schiff
bases — interesting range of applications in various fields of
science. ChemlInform , 46 (11), no-no.

Chitra, S., Parameswari, K., & Selvaraj, A. (2010). Dianiline
Schiff bases as inhibitors of mild steel corrosion in acid media.
Int. J. Electrochem. Sci, 5, 1675-1697.

Chavan, SB, Zangade, SB, VIbhute, AY, & Vibhute, YB
(2012). Synthesis and evaluation of antimicrobial activity of
some new Schiff bases and formazans. Res J Pharm Biol Chem
Sci, 3 (1), 262-269.

Sayer, J. M., Pinsky, B., Schonbrunn, A., & Washtien, W.
(1974). Mechanism of carbinolamine formation. Journal of the
American Chemical Society, 96(26), 7998-80009.

Ping, L. (2012). Modification Structure of Schiff base
Compounds (Doctoral dissertation, Universiti Malaysia
Sarawak).

Zarei, M., and Jarrahpour, A. (2011). Green and efficient
synthesis of azo Schiff bases. Iranian Journal of Science and
Technology (Sciences), 35(3): 235-242.

85




43.

44,

45.

46.

47.

48.

49.

50.

o1,

52,

Marc, B. (2002). An Introduction to Cancer and Basic Cancer
Vocabulary. Beth publication , 58-72.

Marc B. Garnick, MD. An Introduction to Cancer and Basic
Cancer Vocabulary

Pandey, M. K., Gupta, S. C., Nabavizadeh, A., & Aggarwal, B.
B. (2017, October). Regulation of cell signaling pathways by
dietary agents for cancer prevention and treatment. In Seminars
in cancer biology, 46, 158-181. Academic Press.

Padma, V. V. (2015). An overview of targeted cancer therapy.
BioMedicine, 5(4).

Chen, X., Cheung, S. T., So, S., Fan, S. T., Barry, C., Higgins,
J., ... & Van De Rijn, M. (2002). Gene expression patterns in
human liver cancers. Molecular biology of the cell, 13(6), 1929-
1939.

Chen, X., Cheung, S. T., So, S., Fan, S. T., Barry, C., Higgins,
J., ... & Van De Rijn, M. (2002). Gene expression patterns in
human liver cancers. Molecular biology of the cell, 13(6), 1929-
1939.

Makuuchi, M., Kosuge, T., Takayama, T., Yamazaki, S.,
Kakazu, T., Miyagawa, S., & Kawasaki, S. (1993, July).
Surgery for small liver cancers. In Seminars in surgical
oncology (Vol. 9, No. 4, pp. 298-304). New York: John Wiley
& Sons, Inc..

Westerink, W. M., & Schoonen, W. G. (2007). Phase Il enzyme
levels in HepG2 cells and cryopreserved primary human
hepatocytes and their induction in HepG2 cells. Toxicology in
vitro, 21(8), 1592-1602.

Wilkening, S., Stahl, F., & Bader, A. (2003). Comparison of
primary human hepatocytes and hepatoma cell line Hepg2 with
regard to their biotransformation properties. Drug metabolism
and disposition, 31(8), 1035-1042.

Enzinger, P. C., & Mayer, R. J. (2003). Esophageal cancer. New
England Journal of Medicine, 349(23), 2241-2252.

53. Punzi, A., Capozzi, M. A. M., Fino, V., Carlucci, C., Suriano,

M., Mesto, E., ... & Farinola, G. M. (2016). Croconaines as
molecular materials for organic electronics: synthesis, solid

86




state structure and use in transistor devices. Journal of Materials
Chemistry C, 4(15), 3138-3142.

54.Faraj, F. L, Ali W. B, & Ali, T. R. (2017). Synthesis,
Characterization And Theoretical Study Of Zn (Ii) Complex
With New Schiff Base. Diyala Journal For Pure Science, 13(2-
part1),262-277..

55.Freshney R (2012) Culture of animal cell. Sixth edition. Wily
liss, New York

56.Dalya, , P. (2020). Synthesis and Characterization of New Organic

Compounds Derived from  2-(1,1-dimethyl-1,3-dihydro-2H-

benzo[e]indol-2-ylidene)malonaldehyde and Evaluation their

Biological Activity.

57.Alj, T, Ibrahim, M ., ElI-Amin, E., and El-Gendy, Z. (2012). 4, 6-
diacetyl resorcinol in heterocyclic synthesis Part I. Vilsmeier-
Haack reactions of 4, 6 diacetylresorcinol and its Schiff bases
and hydrazones to construct of new linearly and angularly
substituted pyrano [3, 2-g] chromenes. Electronic
Conference on Synthetic Organic Chemistry,: 1-30.

58.Rajput, A, and Rajput, S. (2011). A novel method for the
synthesis of formyl pyrazoles using Vilsmeier-Haack
reaction. Int ] Pharm Pharm Sci, 3: 346-351.

59.Khaledi, H., Olmstead, M., Mohd Ali, H., and Thomas, N.
(2013). Indolenine meso-substituted dibenzotetraaza [14]
annulene and its coordination chemistry toward the
transition metal ions Mnlll, Felll, Coll, Nill, Cull, and PdILI.
Inorganic chemistry, 52(4): 1926- 1941

60.Zbacnik, M., & Kaitner, B. (2016). Supramolecular Influence
on Keto-Enol Tautomerism and Thermochromic Properties
of o-Hydroxy Schiff Bases. Croatica Chemica Acta, 89(1),
125-132.

61.Kenawy, E. R., Azaam, M., Saad-Allah, K., & El-Abd, A. (2016).
Preparation of organophilic  montmorillonite-based
dimethylamino benzaldehyde-Schiff-base as antibacterial
agents. Arabian journal of chemistry, 12, 405-412.

62.Ngan, N. K, Lo, K. M,, & Wong, C. S. R. (2011). Synthesis,
structure studies and electrochemistry of molybdenum (VI)

87




Schiff base complexes in the presence of different donor
solvent molecules. Polyhedron, 30(17), 2922-2932.

63. Montazerozohori, M. Musavi, S. A. Masoudi-asl, A,
Mohammadi, H., Naghiha, R., & Assoud, A. (2014). Synthesis,
spectral, crystal structural, antimicrobial, DNA interaction
and thermal behavior of some new zinc halide complexes:
3D supramolecular structure of zinc bromide complex.
Arabian Journal of Chemistry.

64.Aghdam, R,, Baradarani, M., & Afghan, A. (2013). Synthesis of
new heterocyclic compounds using 2-(4, 7-dichloro-3, 3-
dimethyl-indolin-2-ylidene) malonaldehyde. Current
Chemistry Letters, 2(1), 13-20.

65. Sheikh, R. A, Wani, M. Y., Shreaz, S., & Hashmi, A. A. (2016).
Synthesis, characterization and biological screening of some
Schiff base macrocyclic ligand based transition metal
complexes as antifungal agents. Arabian Journal of
Chemistry, 9, S743-S751.

66. Hajiaghaalipour, F., Faraj, F. L., Bagheri, E., Ali, H. M., Abdulla,
M. A, & Majid, N. A. (2017). Synthesis and Characterization
of a New Benzoindole Derivative with Apoptotic Activity
Against Colon Cancer Cells. Current pharmaceutical design,
23(41), 6358-6365.

67.Faraj, F. L., Khaledi, H., Morimoto, Y., Itoh, S., Olmstead, M.
M., & Ali, H. M. (2014). A Tetradentate -Diiminato Ligand
Containing Phenolate Substituents: Flexivalent Coordination
to MnllI, Colll, Nill, and Cull. European Journal of Inorganic
Chemistry, 2014(33),5752-5759.

68. Matar, S. A, Talib, W. H., Mustafa, M. S., Mubarak, M. S., &
AlDamen, M. A. (2015). Synthesis, characterization, and
antimicrobial activity of Schiff bases derived from
benzaldehydes and 3, 3’-diaminodipropylamine. Arabian
Journal of Chemistry, 8(6), 850-857.

69.Swaroop, T. R. Sharath Kumar, K. S. Palanivelu, M.,
Chaitanya, S., & Rangappa, K. S. (2014). A Catalyst-free Green
Protocol for the Synthesis of Pyranopyrazoles Using Room
Temperature Ionic Liquid Choline Chloride-urea. Journal of
Heterocyclic Chemistry, 51(6), 1866-1870.

88




70.

71.

72.

73.

Flefel, E., Tantawy, W., El-Sofany, W., El-Shahat, M., El-Sayed,
A, & Abd-Elshafy, D. (2017). Synthesis of Some New
Pyridazine Derivatives for Anti-HAV Evaluation. Molecules,
22(1), 148.

Ghashang, M., Mansoor, S. S., & Aswin, K. (2015). Use of silica
gel-supported aluminium chloride as reusable catalyst for
expeditious synthesis of a novel series of 11-amino-12-aryl-
hexahydro-5-oxa-6, 13-diaza-indeno [1, 2-b] anthracene
derivatives. Research on Chemical Intermediates, 41(9),
6665-6686.

Ngan, N. K,, Lo, K. M., & Wong, C. S. R. (2011). Synthesis,
structure studies and electrochemistry of molybdenum (VI)
Schiff base complexes in the presence of different donor
solvent molecules. Polyhedron, 30(17), 2922-2932.
Ortegon-Reyna, D., Garcias-Morales, C., Padilla-Martinez, I.,
Garcia-Baez, E., Ariza-Castolo, A. Peraza-Campos, A. &
Martinez-Martinez, F. (2014). NMR structural study of the
prototropic equilibrium in solution of Schiff bases as model
compounds. Molecules, 19(1), 459-481.

74. Ashraf, M. A., Mahmood, K., Wajid, A., Maah, M. ]., & Yusoff, 1.

75.

76.

78.

(2011). Synthesis, characterization and biological activity of
Schiff bases. IPCBEE, 10, 1-7.

Chamberlain, P. H. (2013). Identification of an Alcohol with
13C NMR Spectroscopy. Journal of Chemical Education,
90(10), 1365-1367.

Spirtovi¢-Halilovi¢, S., Salihovic, M., Trifunovié, S. S., Roca, S.,
Veljovi¢, E., Osmanovi¢, A, ... & Zavrsnik, D. (2014). Density
functional theory: H-1-and C-13-NMR spectra of some
coumarin derivatives. Journal of the functional theory: H-1-
and C-13-NMR spectra of some coumarin derivatives.
Journal of the Serbian Serbian Chemica

89




Pharmaceutical Molecules by NMR and Molecular Modeling.
Journal of the Brazilian Chemical Society, 28(6), 975-984.
79. Abdelrazek, F. M., Fadda, A. A., & Elsayed, A. N. (2011). Novel
synthesis of some new pyridazine and pyridazino [4, 5-d]
pyridazine derivatives. Synthetic Communications, 41(8),

1119-1126.

90




-

duadal)
GlEide aal (e zlady Ccand acledl sas lShe jcasd o5 daball 22a &
. Jeaty)
wldly aandi & syl Buandl) Gl aual (sslasl Syl
Sosill Cpipll (g FTIR ¢hyaall il 4V Canle Jie dapdall colusiill (jany
lgaslisy ('H-NMR and °C— NMR APT) (5)Sll5 ¢ysi55ull sendaliadll
Spanall LSl sl L(TLC) &)l Gl Lilesiley € by it
2 Gy il Glaje WA 2 aglenll Lydl duhy & saaall
Bus il Ciyghaly dpanbll WIAL ae 4iijlae 39 HepG2 and SK-GT2
5- 2-(5-Fluror -3,3-dimethyl-1,3-dihydro-indol-2- ylidene)- «S »ll & laq
Fluoro-2,3,3-trimethyl-3H-indole (1)
Qe iy ghasill 2)5lS DB ae Jelin (o yrarcld Jelis Lilay yuma

1ol ringe LaS ulaa 5

F
@\)gf POCI3 / DMF F /=0
/) +
N 1h stirring in ice bath ” =0

™) 3h reflux )

aclsd) clive¥) e dalite il juaaatl (el saleS el Lia (2) Sl
JSal B s LS Lgliidie (e Gamag pli) ae Jelitll DA (e (i
HepG2 and )il i aca sycanall chliiiiall (e dany) il Ay caa solia)
15.1, 31.2, 62.5, 125, 250, 400 &abise 315 oladialy Gl el SK-GT2
GLSHall oda cuyglal el 24 (et 8y DA Je [ a9 Sl and 500)
ca2iiall Badll aia Aaalgg S Janii o



NHNH,HCI

o  CH;COOH \©\/i
+
20 h reflux at 117¢°
F POCI; / DMF W
N/ 1h stirring in ice bath

3h reflux H (2)

11
|
o)
T
o
Z
I
N
.
|
|
o
|
|
o

N H
4 NH (5)
N HO (2) ’ CH
N H,C  CH 3
(9) NH, ’ ’
H,N
o )¢
F
H,CO HsC =0

F —0 —
_ N
N N CHs
8
o @ SN

lajrcaat Al sl GlSHall ale alads



alal) Gally Mal) el 55
aglad) A< [ AL dasls

slal) acd
O Oudeldd wil 6|0l wmaali
Wt i i 3029 J i | it
iy G bl
) dasia Al

b daals [ aslal) 4ulS (ulaa
asle (B yimalal Balgd Ao Jguand) clidkaia (s gia Ay
¢ laassl)
llal) J& (e
Cs el 3lae
YoV Al daals [ slaaS agle (g il

iyl

a¥ e ¥y K21¢6¢Y



