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Summary

The present study describes synthesis of some new Luminol derivatives. This
work includes two lines:

First route: Involves reaction of Luminol compound with different carboxylic
drugs such as (Naproxin, Mefenamic Acid, Ibuprofen, Diclofenac Acid,
Ampicillin, Ciproflaxine, Cefotaxime, Ceftriaxone, Cephalxine). Synthesis
processes were conducted by converting carboxylic group in the investigated
drugs into acid chloride group by reacting with SOCI, .Then the synthesized
chloride drug derivatives (T1-T9) were reacted with luminol in presences of
DMSO and TEA to yield the final target molecules(TH1-TH9).
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Equation (2):General equation for preparation compounds (TH1-TH9)
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Scheme (1): Schematic description for the synthesis of the derivatives ( T1-T9)
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Second route: This involves reaction of luminol with succinic anhydride by
adding DMSO and then Converting the obtained mixtures into acid chloride by
SOCI, after that added DMSO for mixture and added the amino drugs
(Cephalexin, Mefenamic , Paracetamol ,Theophylline , Amoxicillin , Ampicillin )
to reaction in presences of TEA to yield the final target molecules(TH10-TH15).
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Scheme(3):Schematic description for the synthesis of the derivatives (TH10-
TH15)
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The synthesized compounds were characterized by using FTIR, 'HNMR ,"C-
NMR and CHNS elemental analysis techniques. Besides that, their melting point
and solubility were also investigated. All prepared derivatives were study as
antibacterial reagents versus Staphylococcus aureus as (gram positive) and
Escherichia coli (E. coli) as (gram negative) and most of the study compounds
showed activity toward one or both classes of bacteria. Some of prepared
derivatives were study as photolysis with UV illumination at different temperatures
and also tested of photocatalytic degradation over cobalt oxide applied different
reaction conditions and parameters.
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Chapter one Introduction

1.Introduction
1.1. Luminol:

Light emission occurrences have been described and connected to
mythological and cultural events since the dawn of humanity. The first time
luminol was produced in 1928 AD by to Albrecht's [1]. Luminol is a powerful
chemiluminescent substance that emits blue light under oxidative conditions (the
energy produced as a photon comes directly from a powerful exothermic reaction).
Particularly for analytical applications, the method itself is highly beneficial and
appealing. Additionally to heavy metal measurement (copper, for example, can be
found in amounts as low as nm[2]. Chemiluminescence analysis accounts for in
vivo analytical chemistry and biosensors with simple instrumentation, low
detection limits, a wide calibration range, and quick analysis times[3]. As a result,
chemiluminescence has been extensively used in sectors like life sciences,
pharmaceuticals and the environment [4]. It is important to remember that luminol
Is most commonly utilized in crime scene investigations to distinguish items with
cleansed bloodstains (residuals of haemic iron). Television programs like "Crime
Scene Investigation,” or "CSI," frequently use this technology.

NH, O

NH
NH

O

Figure 1. The molecular structure of the Luminol.

Luminol (CgH;N30O,) , is a chemical that exhibits chemiluminescence, with a blue
glow. Luminol is a white-to-pale-yellow crystalline solid that is soluble in most
polar organic solvents, but insoluble in water [5].
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Forensic investigators use luminol to detect trace amounts of blood at crime
scenes, as it reacts with the iron in hemoglobin. Biologists use it in cellular assays
to detect copper, iron, cyanides, as well as specific proteins via western blotting
[6]. When luminol is sprayed evenly across an area, trace amounts of an activating
oxidant make the luminol emit a blue glow that can be seen in a darkened room.
The glow only lasts about 30 seconds, but can be documented photographically.
The glow is stronger in areas receiving more spray; the intensity of the glow does
not indicate the amount of blood or other activator present.

1.2.Chemiluminescence

Chemiluminescence refers to the emission of light from a chemical reaction,
which can occur in solid, liquid or gas systems[7]. The fundamentals of
chemiluminescence have been comprehensively reviewed in a number of textbooks
and articles in recent years [8-11]. Two main categories of chemiluminescent
reaction have been described in the literature, direct and indirect. Direct
chemiluminescence can be represented by:

A +B — [I]* = PRODUCTS + LIGHT

where A and B are reactants and [I]* is an excited state intermediate. The luminol
reaction is an example of this form of chemiluminescence. In certain cases where
the excited state is an inefficient emitter, its energy may be passed on to another
species (a sensitizer, F) for light emission to be observed. This is called “indirect
chemiluminescence” and is exemplified by the peroxyoxalate (light stick)
reaction:

A+B —[I]*+ F — [F]* — F + LIGHT

Once a molecule has been converted to a metastable intermediate in an excited
state there are a number of routes by which it can return to the ground state. These
routes can be displayed diagrammatically, as in Figure 2. by an “energy well”
diagram, or more simply by the Jablonski diagram, first introduced in the 1930s.
The light emission can either be fluorescence or chemiluminescence, if from a
single state, or phosphorescence if from a triplet state. The light emitted from
chemiluminescent reactions has differing degrees of intensity, lifetime and
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wavelength with the latter parameter covering the spectrum from near ultraviolet,
through the visible and into the near infrared.

For emission to be observed from a chemical reaction, three essential energetic
requirements need to be met:

1. There should be an energetically favorable reaction pathway for the production
of the excited state species. Of the total number of molecules participating in the
reaction a significant number should reach the excited state.

2. The reaction is required to be exothermic, with the free energy change being in
the range 170-300 kJ mol .

3. There should be a favorable deactivation pathway for chemiluminescence
emission, with other competitive non radiative processes such as intra- or
intermolecular energy transfer, molecular dissociation, isomerization or physical
guenching kept to a minimum.

= cD <
d p: — T
s, o = E———
e - — ra
s b o
S — =T
I' -\J
/
Photoexcitation or 0 >
chemiexcitation FiC P [+ -, P
K‘.- u_,
Ir" .
p, >
{. {
N \
P ‘.\
s, =
=
3 <

Figure 2. Jablonski energetic diagram showing energy levels and transitions
in a molecular compound: C, chemiluminescence; F, fluorescence; P,
phosphorescence; CD, collisional deactivation; IC, internal conversion; ISC,
intersystem crossing; Sy, ground singlet state; S;, S,, excited singlet states;T;,
T,, excited triplet states; —, radiative transition; , non-radiative transition.
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Luminol chemiluminescence has been reviewed by Barnett and Francis [11]. The
light-producing pathway for the oxidation of luminol is a complex multi-step
process and is dependent on several factors including pH, temperature and ionic
strength of the reaction medium and reactive species that can be present in solution
and interact with luminol, metal catalyst or hydroxide ions [11]. White et al. [12—
14] observed that the fluorescence spectrum of an intermediate molecule in the
luminol oxidation process named 3-aminophthalate in an electronically excited
state (3-APA*) perfectly matched the chemiluminescence spectrum of luminol,
thus they concluded that this excited intermediate could be considered the light
emitting species upon excitation to the ground state (3-APA). This was confirmed
in 1965 by Gundermann [15]. In dipolar aprotic solvents such as dimethylsulfoxide
(DMSO) containing O,, or in moderate-strong alkaline protic solvents (pH ~ 8-11)
such as water or lower alcohols and in presence of a strong-mild oxidant (in most
cases H,0,) and a suitable catalyst such as a metal ion or some kind of
oxidoreductase enzyme, the excited 3-aminophthalate di anion (3-APA*) returns to
the ground state (3-APA) by releasing energy in the form of light (Figure 3). When
the reaction occurs in protic media, the 3-aminophthalate di anion is produced in
almost gquantitative fashion [16-20].

*k

(@] o o
NH -
| H,0, , OH o * NH
NH - o Nyl ILH + light
NH, O NH, O NH, O
Luminol (3-APA)* (3-APA)

Figure 3. Luminol chemiluminescence reaction.

In aqueous solutions the light observed ranges between blue violet and blue-green
Figure 4, although the spectral range of emission is often rather broad and the
observed maximum is dependent on several parameters of the reaction [13-18],
such as the presence of blood itself which strongly absorbs at 420 nm and may
provide an inner-filter effect, thus shifting the observed maximum emission of
luminol chemiluminescence to about 455 nm[21].
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For the luminol reaction the exact role of the catalyst, which is required when the
reaction is carried out in basic aqueous solution, and the reaction intermediates are
not completely characterized. It is known that a wide range of other transition
metal catalysts and metal-complexes catalyze the reaction and that the optimum
conditions of pH for the reaction depends on the identity of the catalyst used and
varies between pH ( 8 and 11) [22]. thus suggesting a multiplicity of potential
catalysis mechanisms.

Chemiluminescence Intensity

1 1
400 450 500 550 600
Wavelength (nm)

Figure 4. Typical chemiluminescence emission spectrum for the reaction of
luminol with hydrogen peroxide in the presence of hematin.

1.3.Preparation of luminol

Albertin et al. [23] observed that light emission is associated with 3-
nitrophthalic conversion to 3-aminophthalate. They explained the mechanism of
the reaction from two steps to the formation of Luminol as shown in Figure 5 and
Figure 6 .
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NO, OH NO, O NH, O
sodium
(0] NH, 110-130°C NH hydrosulfite NH
T T |
OH NH, NH NH
© (0] (0]
3-Nitro-Phthalic Acid Hydrazine Luminol

Figure 5. Synthesis of Luminol.
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Figure 6. Synthesis of luminol compound.
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The methods of preparation and purification of luminol and its derivatives are
very expensive on the one hand, and on the other hand difficult because, of the use
of very high purity reagents when preparing, because any impurities can affect the
manufacture of the material, or may lead to chemical reactions side, in addition to
the impact on the reactions generated by light where the luminol exists in the form
of isomers and as shown in Figure 7[24].

NH; O NH O
|
—
e | N—NH;
NH
c./ \ C-
Il 1
O (@]
I 11

Figure 7. Structure of Luminol isomers.

1.4. Reactions of luminol

It has been observed that nanoparticles can enhance the chemical fusion
strength of the citron-bound luminol-KI1O, with the presence of a carbon dioxide
root, giving more intense signals with nanoparticles for silver and a 22 nm
diameter. Ultraviolet spectra and fusion strength spectra have been measured to
determine the mechanism of enhancing the potential fusion force. In addition, 17
amino acids and 25 organic compounds with luminol-K10,4 were studied through a
flow injection of the citric acid which gave an effective method for detecting acid
acids As shown in figure 8 [25,26].
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Figure 8. Proposed mechanism of Luminol with KIO,

Beneficial effects of catalysis of dinuclear compounds (I1) on the chemical reaction
of the luminol (CL) were found. copper compounds (Il), The luminol-H,0, CL
reaction of the biodegradable catalyst is the optimal level observed by the
researcher, especially when the pH is high (at least 10). Since the work of
biological media, it is necessary to reduce pH values. Therefore, the experiment
found that the two-core copper nuclei (I1) affect different pH values from 6.5 to 11.

Where the measurements were made and compared in the case of copper
stimulation (I1) once, and in the absence of copper compounds (Il) again And
comparing the values of PH meter . PH was found to have a radical effect on the
promotion of CL values. Interestingly, an enhancement of the CL signal occurred
in the presence of clear copper complexes (Il). However, in the absence of the
catalyst CL was observed neutral. After the reaction of Luminol with the H,0, in
solution mentioned in the absence of the Ultra weak CL catalyst, it is assumed that
the nucleic acid (di nuclear) Il may interact with the reactants or the medium of the
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luminol reaction with H,O, . It was expected that these complex mineral-free
materials (L = N, N--dibenylethylenediamine, (L = N, N-dimethyl-N -
Benzylethylenediamine and TAE) would have no catalytic effect. The Dynamic
Copper Compounds (I1), which have been found to have strong catalytic action,
have a co-ordination of the copper with four residues. It is clear that the
composition is sufficient to make the material active in a potential catalyst and
other factors (side chains, ligament structure) also affect the movement and density
of the CL chromium, the dynamic copper complexes (Il) have a unique and
powerful ability to promote Luminol CI emission, Even in the absence of H,0, in
the primary media. This is useful in investigating new and effective molecules as
an artificial peroxidase model to produce luminol efficiency [27] As shown Figure
9.

(a H H b) H
»— y—o(
- *
-'-'-_'l""'-.. —— —— £
_._--':U"-.“_..--'cu‘_“‘-. ___..-'CIJ--._____..--FH__‘-‘:;
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H H

(C)
H20:2y pH 7.5 IH:O+ 03"

o COOH
HH = N E I
I'I'-IH Dinselear ll'npplr{ll] 2 ¥ COOH
Complex
COQH
hv
COOH

NHgy

NH; O

Figure 9. proposed mechanism of luminol-H,O, CL system with di nuclear
copper (I1).

3-Aminophthalacidhydrazid alkaline hydrogen peroxide works on Luminol
according to nitrogen oxidation N, is released free of Luminol .The reaction is
stimulated by potassium hexacyanoferrat now for a long time, chemical weakness
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can still be seen not the full mechanism of interaction well known [28], as
illustrated in Figure 10.

iz :0: NH,
G“NH COO™Na*
I'*|~IH + 2 NaOH + 2 H,05 > + No + 4 H-0
O COO Na*

1]
O

Figure 10. Mechanism of interaction luminol with peroxide and sodium
hydroxide.

The researchers note that the use of luminol DPPH chemiluminescence (CL)
system, better than the use of luminol solution stored in the dark for one weak,
which needs to rebalance because of the free radicals formed and play an important
role in the generation of a new luminol CL system. This study provided a new
perspective on the process of chemiluminscence.

The technique was developed using FL-CL methods and was considered an easy
and rapid method of using inhibitors on the luminol system and could be applied in
several areas. The accuracy, restoration and stability of the verified method were
acceptable for estimating scutellarin in both mice injected with drugs and plasma.
Figure 11 illustrates the formation of diazaquinone as intermediate products using
two methods of reacting once with oxygen and hydroxide, and again with
hydroxide only [29].
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NH; O
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Q

1.5. Luminol derivatives

Figure 11. Luminol reaction with DPPH.

Abeer and et al. [30] reported synthesis eight new Azodyes , derived of Luminol
L1 = 5- [(phthalyl hydrazide) azo]-6-amino indzole, L2= 2- [(phthaly hydrazide)
azo] phenylephrine, L3 = 3-[( phthalyihydrazide)azo]-2-Hydroxy indole Figure 12.

| H-N N
HN 2 H

0 HN—NZNAQ\\\
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N=N

HN—NH
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Figure 12. Luminol derivatives.
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Anna pantelia et al. [31] reported the synthesis and chemiluminescence properties
of eight novel phosphonium-functionalized amino-acylated luminol and isoluminol
derivatives, designed as mitochondriotropic chemiluminescence reactive oxygen
species trackers. Three different phosphonium cationic moieties were employed
(phenyl, p-tolyl, and cyclohexyl), as well as two alkanoyl chains (hexanoyl and
undecanoyl) as bridges/linkers. Synthesis is accomplished via the acylation of the
corresponding phthalimides, as phthalhydrazide precursors, followed by
hydrazinolysis. As depicted in Figure 13:

Br
7a(n=3)

7b (n=8}
RaP\/ﬁ\)I\NH
- 5
Br NH {iii)

o]

Figure 13. Synthesis of phosphonium bearing phthalhydrazides.

Luminol derivatives' chemical compositions (LC11, TF46) were prepared by : Jiao
et al.[32].

Q
HMN
ar. | LCl1
o H
[ o
o] :
HN TF46
HHN T\d/—\o;_\b/_\) {ncnnn
OCq1Hys

Figure 14 : Luminol derivatives (LC11, TF46).
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Jiao et al. [33,34] produced some functional luminol derivatives with cholesteryl or
aromatic substituted groups where designed and synthesized from the reaction of
the corresponding aromatic acyl chloride precursors with luminol.

o O

O
NH i
?H f!.lH o 0 MH
N o /I'I_Q_"\
i NH O T Hoo°
Y "
Lu-Ben g@ Lu-Np HN Lu-p-Een
Q
Nyt

LHy
CHy

CH3 HiC

o

HH'JLU

1]

HH
H

o Lu-Ch

Figure 15 :Chemical structures and abbreviations luminol derivatives.

A symmetrical azo-based Luminol derivative in Figure 16 was synthesized using
catalytic dehydrogenative coupling reaction procedure. This symmetrical molecule
shows blue fluorescence in polar aprotic solvents (Amax =450 nm) [35].

0
T,JL NH
NH, O —~~__NH
L 'H""NH 10 mol% CuBr YOI
| /“r - 0.3mmol AIBY N O
~—~~__NH N O
i 1.2mmol DMAP gt
0 DMF-3 ml at 50 °C 5" ~NH
Yield 92% ~ NH
|
0

Figure 16 :Synthesis of Luminol azo derivative.
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A new luminol imide derivatives with different alkyl substituent chains were
designed and synthesized by Jiao and co-authors [36].

Their gelation behaviours in 26 solvents were tested as novel low molecular mass

organic gelators Figure 17.

(@]
R)
HN P
HIl\I 0C,¢H3;
OC)gH3y
0] NH
ocC
N < 16H33
0C, Hyy
\ OCraH s
RZ Rz
R

OCygH 3,
OC,y4H ;3
0C4Hyp

0Cy,H;s

SC16-Lu
TC18-Lu
> TC16-Lu

TCl4-Lu

TC12-Lu

Figure 17: Molecular structures and abbreviations of these luminol imide
derivatives.

A diaminophthalic hydrazide has been synthesized in seven steps from
chloronitrophthalimide. The compound proved to be only about one third as
efficient in light production as luminol [37]Figure 18.

CH,

Figurel8: Diaminophthalic hydrazide created in seven steps

Tyrosine-specific chemical modification was achieved using in situ hemin-
activated luminol derivatives. Tyrosine residues in peptide and protein were
modified effectively with N-methylated luminol derivatives under oxidative
conditions in the presence of hemin and H,0,[38] Figure 19.
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R N N‘H 2 activation b= OH
O NH, O
N Tyrosine-selective modification
N
0
R=H, R'=5-NH,
intermediate of
luminol reaction

Figure 19: In situ activation of luminol derivatives .

Shibata et al. [39], synthesized a series of luminol derivatives having a
hydrazide group by an easy derivatization method. Each reaction was simple
and each purification was not laborious, and the reaction yields were
satisfactory. The luminol hydrazide containing a dimethylene linker, could be
useful for the labelling of macromolecules in the sensitive bioassay such as
chemiluminescence immunoassay (Figure 20 ).

0 0 0 0
0 NH, ov\i?,o ijo 0 HNMOH EDC 0 HN%H—NHZ
or
HN HN

then
| j;{j HoNNH, HO HN
LA A )
HN ° HN HN
60 C, o/n ) rt., on L.2H (n=9)
0 n=2or3 0

0 L3H (n=3)
luminol

Figure 20 : Synthetic Route to Luminol Derivatives Having a Hydrazide
Group.

Recently, Ewies et al [40] reacted of Luminol with various phosphorus and thiating
reagents indicated the creation of distinct compounds depending on the type of the
reagents (Figure 21). The less steric carbonyl group of Luminol is the favored
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attack site. The antibacterial activity of the produced compounds were tested. Most
of the novel chemicals' antibacterial action was highly selective against fungus.
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Figure 21: Reaction of Luminol with various phosphorus.

Fahad et al. [41, 42], reported that using acetylacetone to create the two new azo
dyes luminol. To create complexes of metals (II) with a general stoichiometry,
CuL, and NiL,, these new dyes were combined in a 1:2 molar ratio with Copper
and Nickel ions (Figure 22). Both gram positive and gram-negative bacteria were

tested and both the ligand and their complexes were confirmed to exhibit
antibacterial action.
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I
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Figure 22: Creation the two new azo dyes luminol.
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1.6.Applications of luminol

Over the last 30 years luminol has become one of the widest used
chemiluminescent reagents for application to molecular biology and analytical
chemistry. It has been used as the basis for a multitude of sensitive and selective
detection methods including high performance liquid chromatography (HPLC),
immunoassay, DNA probes, DNA typing and as substrate in western blot
detection. More recently, also historical and archaeological studies using luminol
have been successfully carried out disclosing an interesting new application field
for luminol-based assays[43].

Ajiyama  and  Gleu and
Pfannstiel observed the

enhanaing effeot of hemtin: on [1961: White and co-workers discovered 1990: Merényi and co-workers
luminol chemiluminescence | that 3—aminophthalate in an electronically presented the currently accepted
|exited state (3-APA%) is the photon mechanism for luminel
| emitting species chemiluminescence in the
Tl presence of heme

|¥ééé"£rh"19éé- Tamamushi and

1942. McGrath evaluated the
specificity of the luminol test on
several  bodily fluids  in
comparison with bloodstains

1834: Huntress and co-workers
| coined the term “luminol®

1980

1940 1950 1960 1970 1990 2000

1939: Proesher and Moody
investigated both chemical
structure  and  reaction
perties of luminol

1928: Albrecht's discovery
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properties

19880s and nowadays: wide
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its derived compounds in
molecular biclogy and
analytical chemistry

| 1966: Weber proposed the 1985  Thomton  and
|other most widely diffused | | Maloney described &
| luminel formulation refiable  lumincl reaction
e " | mechanism  model in
11951: Grodsky and presence of bloodstains

| collaborators proposed one

(of the most used luminol

prep ions

i19@7: Specht first studied the role of
| hemin in luminol reaction and its
| application in blood detection

Figure 23. Luminol timeline from its discovery to the most recent
developments.

Luminol is commonly used in forensics as a diagnostic tool for the detection of
bloodstains. Most crime scene investigation, known as criminalistics, is based on
the fact that nothing vanishes without a trace and minute particles of blood will
adhere to most surfaces for years. The basic idea of luminol is to reveal these
traces with a light-producing chemical reaction between several chemicals and
hemoglobin , an oxygen-carrying protein in the blood. The presence of unnoticed,
minute, or hidden blood stains diluted to a level of 1x10° (1 pL of
blood in 1 L of solution) can be detected using luminol [44, 45], disclosing the
distribution of bloodstains and allowing easy evaluation of their patterns.
Investigators are then able to reconstruct the source of the events of a crime by
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visualizing and analyzing these patterns [46,47]. Another technique based on CL,
optically pumped CL, was used in clinical laboratories for diagnostic purposes. In
this technique, luminol was oxidized by pulsed laser light in an excited state with
or without the participation of oxygen [48]. A relatively simple CL assay was also
developed for antioxidants (e.g., vitamins C and E and proteins)[49]. based on the
abolition of light emission from the enhanced CL reaction between HRP—luminol
and 4-iodophenol caused by an antioxidant. The CL emission resumed after
consumption of the antioxidant and duration of delay was proportional to the
antioxidant [50].

CL reactions are also useful as detection reactions for components of mixtures
separated by HPLC [51], flow injection and capillary electrophoresis [52, 53].
These techniques are useful in the detection of polymerase chain amplified
hepatitis C DNA [54] separated by capillary electrophoresis and post-column
detection (peroxyoxalate reaction) of phosphatidyl-choline and phosphatidyl
ethanolamine hydroperoxides in red blood cells [55]. A method for simultaneous
monitoring and identification of antioxidants in Fructus sp. Has been used by
coupling  high-performance liquid chromatography-diode array detector-
electrospray ionization-ion trap-time of flight-mass spectrometry with post-column
derivatization and luminol-potassium ferricyanide CL.

HPLC fingerprint, structural identification, and radical scavenging profile were
rapidly obtained by online assay using ultraviolet absorption ,Mass spectrometry,
and luminol-potassium ferricyanide CL. This method is precise, rapid, sensitive,
and effective for quality analysis of medical samples and foods [56]. Nucleic acid
and protein microarrays are important tools in genomic and proteomic
investigations, respectively.

Although fluorescence is the dominant detection technique, CL imaging with
charged, coupled detection device cameras could be used to detect molecules
bound to arrays [57-61]. This technology is used for the detection of allergen-
specific ige [57], cytokines [62], and differential gene expression profiling [63].
Another emerging application of imaging coupled with CL is in microscopy [64]
and monitoring assays in high-density micro well plates for drug assays [65].
Another successful research application for CL is detecting the expressed products
of reporter genes developed as alternatives to the traditional chloramphenicol
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acetyl transferase gene[66]. Chemiluminescent dioxetane, luminol derivative-type
substrates are also available to detect and quantitate expression products of genes
for placental alkaline phosphatase, P-galactosidase, and B-glucuronidase [67].
These assays are sensitive and have a linear range over several orders of
magnitude.

The nanomaterial-based ECL detection system has become an important subject in
biosensor applications. Chai et al. [68] reported a novel strategy for the ECL
detection of specific DNA sequences by combining luminol-functionalized gold
nanoparticle (luminol-AuNPs) labeling and amplification of AuNPs with the
biotin—streptavidin(SA)system. With the help of a novel approach, networked gold
nanoparticles were prepared, along with nonionic fluoro surfactant
assistance.

A strong oxidizing agent is attached to the surface of the networked gold
nanoparticles that causes emission of CL from luminol without the addition of
H,0,.These networked gold nanoparticles have been used for ultrasensitive
detection of aminthiols in human plasma and urine samples [69]. A very sensitive
and simple LCL method using DNA-stabilized gold nanoparticle has been used for
the detection of Hg®* ions in aqueous solutions [70]. Non-
enzymatic determination of sugars like glucose, fructose, and other hydrolysable
sugars was possible by analyzing CL emission from a luminol-tetrachloroaurate
system on amicrofluidic chip [71].

1.7. General introduction to photochemistry

Photochemistry is a branch of physical chemistry that deals with the interaction of
light with the matters in the UV-Vis region of the solar spectrum, normally (400 -
800 nm). When absorbing light with a sufficient energy, that is comparable to the
band gap (Eg) energy of the absorbing species. This process leads to produce
excited state of the absorbing species as a result of transfer electron from ground
state(E,) into the excited state (E*) of the absorbing species as follows [72—73]:

A+ hv A*

Whereas, A is the absorbing species, h is a Blank constant, v is the frequency of
the incident light, and A* is the excited state of absorbing species.Upon absorbing
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light, each of physical and chemical properties of the excited state (A*) will be
different from its corresponding ground state(A). In this manner, it can be
concluded that, photoreaction is a reaction that is activated by the energy of the
absorbed light(E=hv).

Total energy of photons of light (E) can be calculated as follows:
E=hv,

Whereas, h is a Blank constant (6.62 x 10 J.sec) and v, is the frequency of light
that is calculated by the relation of v= C/A, C is a speed of light =3x10° m/sec,
and A is the wavelength of the absorbed light.

Generally, in recent years photochemistry play a significant role in many
applications  including chemical, biological, environmental and industrial
applications [74]. Too recent applications of photochemistry include developed
applications that are related to more complicated issues such as classical fuel
problems and these are seen in applications such as clean fuel production, solar cell
and other photosensitive system [75-78].

1.7.1. Photophysical and photochemical processes

When a substance particles absorb light, this results in occurrence of some
processes such as transfer energy, reflection, scattering and absorbing of light.
According to Law of photochemistry, only absorbing species can undergo
photochemical change. In this observation, only absorbing photons of light would
contribute in this process, while other part of the incident light would dissipate out
of the system as a thermal or photo energy. In this case, photochemical reactions
depend mainly on the energy and the intensity of the absorbing light, while normal
thermal reactions depend mainly on activation energy for the formed activated
complex, and on the reaction temperature. Activation of photoreaction can be
presented as follows [79,80]:

A+ hv A* (Ea herein is derived from hv)

Generally, absorbing species can lose its photo-excitation energy in different
ways , these involve chemical and physical routes. These routes can be
summarized in the following Figure 24.
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Chemical reactions

Intersystem crossing (ISC)
Fluorescence

Radiation < M* > Radiationless

Phosphorescenc processes |nternal conversion (IC)

Figure 24: Fates of lose energy from photoexcited molecule(M*)
1.7.2. Photolysis processes

Photolysis reactions are a type of photochemical reactions that are initiated by
absorption of radiation with a proper energy that is comparable to the Eg of the
absorbing species. For example, decomposition of ozone into oxygen is
performed by absorption UV light at the upper atmosphere. Synthesis of
chloromethane from CH, and Cl,, which is initiated by absorption of radiation
according to the following reaction and the overall reaction is as follows

CHa(g) + Cly(g) + hv — CH3CI(g) + HCI(g),

Photolysis (also called photo dissociation and photodecomposition), is a chemical
reaction in which the bonds in organic or inorganic molecules(absorbing species)
are broken down to yield new formed species. The photolysis reaction is not
limited to the effects of visible light but any photon with sufficient energy can
cause the chemical transformation of the inorganic bonds of a chemical.

Since the energy of a photon is inversely proportional to the wavelength,
electromagnetic waves with the energy of visible light or higher such as visible
and ultraviolet light can initiate photolysis reactions.

Photolysis also can be defined as the decomposition of absorbing species by
absorption of solar spectrum or artificial light of a chemical mixture composed of
direct and indirect photolysis. The organic compounds absorb UV rays in the direct
photolysis process, while photosensitizers such as oxygen and hydroxyl or
peroxide radicals do the disintegration of light in indirect photolysis. If the organic
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compounds are light sensitive, the main method of elimination will be optical
dispersion. The photolysis method is common in surface water, which plays an
important role in surface water or wastewater management as an additional step of
elimination [81]. The strength and frequency of light are based on photochemical
decomposition. Several studies investigated tetracycline optical disintegration (a
category of antibiotics that are very light sensitive) and found that their efficiency
of removal was about 80%, and the efficiency of removal of for total organic
carbon was about 14%, reflecting the development of intermediate compounds.
Wastewater treated was more toxic than the wastewater input. In the case of
antibiotics, the proportions of direct and indirect photolysis for different
compounds in the water system are different [82].

1.7.3. Photoctalytic reactions

The photocatalysis process is a type of photochemical reactions that requires
presence of a solid photocatalyst suspended in reaction mixture with irradiation
with light. Excellent properties of photoctalytic nanoparticles have been applied
in a wide range of applications such as treatment of pollutants in wastewaters, soil
and air. These materials are also used in producing of energy as in fuel cells and
solar cells. Some nanomaterials such as oxides [83-85], Due to their improved and
tunable optical properties, semiconductors [86, 87], metals [88, 89], and graphene
[90, 91] have demonstrated a significant impact on photocatalysis processes [92,
93]. due to their enhanced and controllable optical properties, which makes them
excellent photocatalysts.

In general, photocatalysis can be defined as a series of chemical reactions that are
initiated by absorption of electromagnetic radiation by the reacting species. This
will cause excitation of atoms or molecules of the irradiated materials that results
in radicals that affect as scavenger [83]. Photocatalysis process can be divided into
two main stages: reduction and oxidation [94]. When a material is irradiated with
photons with energy equal to or higher than its bandgap (Eg), electrons in the
valence band (VB) would transfer to the conduction band (CB) leaving positive
holes(h®) in the valence band. The generated electrons and holes lead to the
formation of reactive oxygen spices such as O > and OH The kind of produced
reactive species depends on the type of materials that are adsorbed on the surface
of the photocatalyst and irradiated photons.
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The formation of reactive species is an important role photocatalysis processes as
it can cause various effects such as degradation of dyes and other organic
molecules [92] and antibacterial activity [95].

1.7.4. Homogeneous and Heterogeneous catalytic processes

In homogeneous photocatalysis, catalyst and reactants have same phases (single-
phase) under visible and UV irradiation with production OH' radicals that play
an important role in damage of organic pollutants commonly in water such as
textile dyes and other organic molecules. The first applications concerned the use
UV/ ozone and UV/Hydrogen peroxide.

The usages of UV light in the photodecomposition of organic contaminants can be
classified into two main areas

1- Photooxidation, which deals with the employment of UV light plus an oxidant
to generate hydroxyl radicals, that attack the organic pollutants.

2- Direct photo degradation depends on direct excitation of the organic
contaminant by UV light.

For homogeneous photocatalysis system, all the reacting species are present in the
same physical state, this type of photoreactions is carried out by mixing reacting
species with irradiation using a light with energy that is comparable to the Eg of
absorbing species. This type of reactions is very important from environmental
and industrial view. For example, the use of UV light and UV/H,0, was applied
in purification of water from some toxic organic materials, removing of organic
pollutants from air, water, and soil , also many industrial applications are
conducted using this phenomenon [96]. For heterogeneous photocatalytic
reactions, the used photocatalyst is normally found in different phase from other
reaction mixture (solid), and the other components of reaction mixture are present
in liquid phase. Irradiation of reaction mixture is performed using either normal
sunlight (solar radiation), or using artificial radiation from different sources such as
mercury vapor lamp, xenon lamp and tungsten lamp [97,98]. For this system,
illumination of reaction mixture with light leads to absorb photons of light by
particles of the used solid photocatalyst. This process leads to produce valence
band hole(h+) at the valence band hole of the particle (VB), with conduction band
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electron (e-) at the conduction band (CB). These redox species would contribute in
oxidation/reduction reaction for the pre-adsorbed species at the surface of the
photocatalyst particles, normally these adsorbed species will be oxygen, reacting
species molecules and water molecules [98].These events are presented in Figure
25.

A= electron acceptor

D = electron donor
f\ conduction band e —
~ Phntu reduction

D+
alence band ht — (

Figure 25: Events upon photo excitation of particle of a desired photocatalyst

Photo-oxdation

The result of these redox reactions is the formation of some reactive species such
as O, 0%, OH , OH and H,0, [99,100]. Now, these reactive species would
contribute in reaction with reacting species that are adsorbed at the surface of the
used photocatalyst. The result of the later step is the destruction or fragmentation
and/or other type of chemical reactions.

1-7-5. Semiconducting photocatalysts
1.7.5.1. Semiconductors

Semiconductors are crystalline or amorphous solid materials, which have different
values of electrical conductivity. The intermediate values for its bandgap (EQ) is
varied between a metal (Eg< 2) and an insulator (Eg > 4), its band gap can be
altered by introducing some impurities or by surface modification , or size in
quantum dot or by illumination with light [101].
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According to band theory, at zero Kelvin (0 K), a perfect crystal of semiconductor
materials (SC) consists of group of very close and filled electronic states, fill with
electrons and this is valence band (VB) of the SC and no electrons in the
conductive band, the region between valence band and conductive band is called
band gap [102]. Semiconductors are particularly useful as photo catalysts such as
Zn0O, CdS, TiO,, CoO, NiO, and Cr,03) because these  semiconductors can
absorb photon with a proper energy with high efficiency. As a result of this
absorption, both of conduction band electrons and valence band holes are
generated. After that, these produced redox species would contribute in redox
reactions at the surface of the used photocatalyst [103—-108]. In recent years, more
interest was directed towards developing catalytic properties of photocatalysts,
especially the concern of its photo response in the visible region of the solar
spectrum to avoid all aspects that are dealing with use artificial light.

An important deal with the photocatalysts includes inorganic molecular, and
hybrid organic/inorganic materials incorporation of these materials within
photocatalyst. This modification of the photocatalyst can lead to  reach specific
requirements that can enhance the efficiency of the used photocatalyst such as
achieving a red shift in absorption towards visible region of solar spectrum, photo
induced charge separation, and a faster photocatalytic reaction. Generally,
semiconducting materials are used widely in wide range of applications and this is
due to their low cost, high photocatalytic activity, chemical and photochemical
stability , nontoxicity, high thermal and photo stability [109,110].

1.7.5.2. Cobalt oxide as a photocatalyst

The degradation of the synthetic dyes and other organic species can be achieved in
the presence of photocatalysts such as zinc oxide, cobalt oxide (Co30,4), nickel
oxide (NizO,) and TiO, and other photocatalysts. These photocatalysts can be used
effectively in treatment of pollution of water, air and soil with the polluted dyes
[111]. Different methods can be applied in pollution treatment and among these
methods, photocatalytic degradation methods seems to be an interesting
alternative method that can be used effectively in the removal of these dyes from
textile effluents. According to this method, semiconductors photocatalysts play an
important role in dyes removal from their waste waters.
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These photocatalysts have large surface area, chemically inert, low cost, thermally
and photos table stable, easy to synthesis and they are easy to be recycled for
mulyusages [112,113].

Generally, cobalt oxide (Cos04) has important catalytic properties which enable it
to be used for many environmental applications.

Recently, Co304-NPs have gained considerable attention due to their unique and
important applications. These NPs have applications in gas sensors, lithium ion
batteries, solar selective absorbers, capacitors, field emission materials, energy
storage systems, eletrochromic thin films, magneto resistive devices and catalysis
[114]. In recent years, graphene and Cos;O, composites have been reported in
which cobalt oxide helps in increasing the dimensional stability of substrate [115].
cobalt oxide (Cos0O4) NPs have been used widely as a photocatalyst due to its
excellent catalytic properties including its moderate band gap energy, high thermal
stability, nontoxicity, low cost of synthesis and its eco-friendly properties.
applications [116]. Cos;0, is an antiferromagnetic p-type semiconductor with a Eg
2.19eV [117,118]. Generally, cobalt oxide consider as a multifunctional material
and can be used in wide range of applications such as biomedical applications
(antibacterial, antiviral, antifungal, therapeutic agents, anticancer, and drug
delivery), gas sensors, solar selective absorbers, anode materials in lithium-ion
batteries, energy storage, pigments and dyes, field emission materials, capacitors,
heterogeneous catalysis, magneto-resistive devices, and electronic thin films .The
oxides of cobalt are abundant in nature, as only the Co3O4 and CoO are stable ,
with Cos0,4 possessing the highest stability [119,120].
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The aims of study:

» Synthesis of new functional derivatives based on luminol and different
carboxyl drugs and different amino drugs and characterization by FT-IR, *H
NMR ,”*C-NMR and CHNS .

» Study of different physical properties and the solubility for the synthesized
compounds in different solvents .

+ Study anti—bacterial activity for drugs and prepared compounds.

« Study photolysis and photocatalytic degradation of some of these
synthesized compounds.
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2. Experimental part
2.1. Chemicals

The chemicals used are of the highest purity available. The chemicals, supplier,
and purity were recorded in Table 1.

Table 1: Supplier and Purity for used chemicals

Chemicals Supplier Purity%
Acetone Fluka 99.9
Chloroform Fluka 99.9
Dichloromethane Fluka 99.7
Diethyl ether Fluka 99.9
Dimethylsulfoxide | Fluka 99.5
Ethanol absolute CDH 99.9
Ethyl acetate CDH 99.9
n-Hexane Fluka 99.7
Petroleum ether Fluka 99.9
Triethylamine Fluka 99.9
Methanol Fluka 99.9
Thionyl chloride Fluka 99.9
3-nitrophthalic acid | Sigma-Aldrich 99.8
hydrazine Fluka 99.9
diethylene glycol CDH 99.7
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Sodium dithionite Fluka 99.9
Ceftriaxone Samarra comp. 99.8
Ibuprofen Samarra comp. 99.9
Naproxen Samarra Comp. 99.9
Mefenamic acid Samarra Comp. 99.9
Sodium hydroxide Fluka 99.9
ampicillin Samarra Comp. 99.9
Diclofenac acid Samarra Comp. 99.9
Ciprofloxacin Samarra Comp. 99.9
Cephalexin Samarra Comp. 99.9
Cefotaxime Samarra Comp. 99.9
theophylline Samarra Comp. 99.9
Paracetamol Samarra Comp. 99.9
Theophylline Samarra Comp. 99.9
Amoxicillin Samarra Comp. 99.9
Succinic anhydride | Sigma-Aldrich 99.8

29



Chapter two Experimental part

2.2. Instruments:

2.2.1. Fourier Transformation Infrared spectrophotometer FTIR
FT-IR spectra for the synthesized compounds were recorded on a Bruker, in the
Chemistry Department, College of Science, University of Babylon ,Iraq.

2.2.2. Melting point apparatus
SMP30-Melting point apparatus, melting points for prepared derivatives were
determined ; Chemistry Department, College of Science, Babylon University, Irag.

2.2.3. Nuclear magnetic resonance spectrophotometer

'HNMR and **C-NMR were recorded on an Innova , model Innova 5-oxford 500
Magnet NMR spectrophotometer, operating at (500MHz) for *"HNMR and (125
MHz) for ®*CNMR. The chemical-shifts (§) were measured in ppm in the
University of Tehran's Central lab, Iran .with TMS as a standard (6=0.0ppm).

2.2.4. Elemental Analysis (CHNS)

Euro EA3000Elemental Analyzes in the central laboratory of the University of
Tehran, the analysis of the microelements carbon, hydrogen, nitrogen, and sulfur
was carried out ,Iran.

2-2-5.Thin layer chromatography (TLC)
Aluminum plates covered in a 0.25mm layer of silica-gel underwent TLC.
2.2.6. UV-Visible spectrophotometer

UV-absorptivity’s were recorded with double beam PG CECILCE7200
Spectrophotometer, using quartz cells with a light path of (1cm) in two pre-
prepared puffer solutions (pH= 2 and 8), at University of Babylon, College of
Science.

2.2.7. Optical irradiation system

Irradiation for some prepared derivatives were determined on optical irradiation
system ; Chemistry Department, College of Science, Babylon University
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2.2.8. Field emission scanning electron microscopy
FE-SEM, Zeiss , Germany Tehran University, IRAN.
2.2.9. X- Ray Diffract meter

Philips pw 1730, Tehran University, IRAN.
2.2.10. Centrifuge

Laboratory R8C,REMI-Germany,Babylon University/Chemistry Department
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2.3. Preparations:
2.3.1. Synthesis of luminol

A 20x150-mm test tube was heated using a bunsen burner, after mixing 1g of 3-
nitrophthalic acid and 2 mL of an 8% aqueous solution of hydrazine until the solid
Is dissolved. Exact 3 mL of diethylene glycol (D-E. G) was transferred to the tube
and clamp vertically on a bunsen burner.The solution has been forcefully boiled to
remove any remaining water (110-130) °C. The temperature was allowed to
rapidly climb until it reaches 215 °C for 3-4 minutes. The temperature of this
reaction was determined using a thermometer.The heat was turned off, then the
time was recorded, and a temperature was maintained of ( 215-220) °C for 2
minutes using occasional mild heating. The tube of reaction was removed from the
burner, then was cooled to about 100 °C (crystals of the product frequently form).
The 15 mL of hot water was added, chilled under running water, and collected the
light yellow granular nitro compound. A 3 M NaOH solution was added
immediately to the uncleaned test tube, which the nitro compound produced inside
it, and stirred using a glasses rod, then added 3g of sodium hydrosulfide hydrate
(Na,S,0, . H,0) that leads to form a deep brown-red solution. Wash the edges of
the tube with a little water. The solution was heated to the boiling point, stirred,
and kept the mixture hot for 5 min, during which time some of the reduction
products may separate. 2 mL of acetic acid was added to the solution. Then below,
the tap cools and mixes. Gather the resultant yellow luminol was precipitated,
filtered more than once, and washed with ethanol.
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2.3.2. Synthesis of acid chloride (T1-T9)

In a fume hood ,in a beaker 100 mL, an excess of thionyl chloride was added
to (1.0 mmol) of carboxylic drugs ((0.34 g.) ampicillin, (0.24 g.) Mefenamic acid,
Diclofenac acid (0.29 g.), Ibuprofen (0.21 g.) , Naproxen (0.23 g.) , Cephalexin
(0.35 g.) , Ceftriaxone (0.55 g.) , Ciprofloxacin (0.33 g.) , Cefotaxime (0.46 g.))
respectively and left at room temperature for 30 min with stirring, after that the
mixture was separated by diethyl ether and then the precipitates were filtered. The
reaction of this preparation as shown in the following equation 1[121] .

0 O

SoCl, * *
> + +HCl
0.5 hr. , rt. 30,

OH Cl

carboxylic acid drugs acid chloride drugs

Equation 1 : synthesis of acid chloride drugs (T1-T9)
2.3.3. Synthesis of derivatives (TH1-TH9)

Synthesis of LM derivatives TH1-TH9 were synthesized as follows :
(0.29.,2dmmol) of luminol was dissolved in 10 ml of DMSO and then added to the
beaker containing (1mmol) of acid chloride : ampicillin (0.37 g.), Mefenamic acid
(0.26 g.), Diclofenac acid (0.31g.), lbuprofen (0.22 g.), Naproxen (0.25 g.),
Cephalexin (0.36 g.), Ceftriaxone (0.57 g.) , Ciprofloxacin (0.34 g.), Cefotaxime
(0.47 g. ) dissolved in (10 ml) of DMSO. The mixture was heated at 60 °C for 3
hr. , After that,( 0.087 g., 3.0 mmol) of triethylamine was added to the mixture and
the obtained mixture was kept under these conditions for 30 min. Then, the
mixture was cooled by ice bath until the precipitate was appeared, filtered and
dried.The product as shown in equation 2 [122].
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o o
O 1DMSO
NH NH
+ | 2TEA | 4 HCI
NH 60°C,3hrs. NH
NH; O %NH O
acid chloride drugs luminol O

Equation 2: General equation for synthesis (TH1-TH9).

2.3.4. Chemical structure and physical data for prepared compounds (TH1-
TH9).

Compound TH1:

The Molecular formula of TH1 (CH19sN3;0,4) and molecule weight was 389.41,
Dark brawn solid , the percentage of obtained was 89% and melting point was
observed between 210-213 °C . the solvent of system in TLC was (9:1)(acetone
/hexane ) and the Ry was 0.76 .

O
NH
_ NH
NH @]
~0 O

Compound TH2:

The Molecular formula of TH2 (C,;H»3N303) and molecule weight was 365.43 ,
Light Green , the percentage of obtained was 87% and melting point was observed
between283-286 °C . the solvent of system in TLC was (7:3) (acetone /hexane )
and the Ry was 0.78 .
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Compound THa3:

The Molecular formula of TH3 (C,,HCI,N,O53) and molecule weight was 455.30
, orange solid, the percentage of obtained was 92% and melting point was observed
between 264-266 °C . the solvent of system in TLC was (8:2) (acetone /hexane )

and the Rwas 0.71 .
O
Cl NH O
@NH NH
Cl NH

O

Compound TH4:

The Molecular formula of TH4 ( C,4H»NsOsS ) and molecule weight was 506.54,
orange solid , the percentage of obtained was 85% and melting point was observed

between105-107 °C . the solvent of system in TLC was (9:1) (acetone /hexane )
and the Rswas 0.68 .

H2l\l
H =
H
O
N N
(@)
(@) NH (@)
ITIH
NH
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Compound TH5:

The Molecular formula of TH5 (CxH,3FNgO,4) and molecule weight was 490.18,
Reddish brawn solid , the percentage of obtained was 93% and melting point was
observed between104-107 °C . the solvent of system in TLC was (9:1) (acetone
/hexane ) and the Ry was 0.72 .

Compound TH6:

The Molecular formula of TH6 (C,3H»N4O3) and molecule weight was 400.44
dark brawn solid , the percentage of obtained was 87% and melting point was

observed between 215-217 °C . the solvent of system in TLC was (9:1) (acetone
/hexane ) and the Ry was 0.46 .

N
H i
O” NH O
NH
NH

o)
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Compound TH7:

The Molecular formula of TH7 (CxH,3N1:05S3) and molecule weight was 713.09,
Brawn solid , the percentage of obtained was 78% and melting point was observed

between 245-246 °C. the solvent of system in TLC was (9:1) (acetone /hexane )
and the R; was 0.65.

HoN
7/—8
N _~
H H s O
O O N~ N-N” O
o NH ~H
o) e)
NH
NH
e}

Compound THS8:

The Molecular formula of TH8 (Cy;H,4N¢OsS) and molecule weight was 508.55 ,
Brawn solid , the percentage of obtained was 83% and melting point was observed

between 249-252 % .the solvent of system in TLC was (9:1) (acetone /hexane ) and
the RF was 0.63.

H
Ng Ijl S
I X
o =
/=©
O HN
HN
HN
O
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Compound THO9:

The Molecular formula of TH9 (CxH,,NgOsS,) and molecule weight was 614.10,
dark brawn solid , the percentage of obtained was 91 % and melting point was
observed between 231-234 °C .the solvent of system in TLC was (9:1) (acetone
/hexane ) and the Ry was 0.77.

H,N

)/—s
N -~
H H s
Y o~
0O O N~ o)
NH

(@) 0]

NH

0]

2
7

2.3.5. Synthesis of derivatives (TH10-TH15)

Luminol (2mmol ,0.2 g.) and (Immol ,0.1g.) of succinic anhydride were dissolved
in(10 ml)of DMSO .The mixture was left at 50 °C for (2 hrs. ) with stirring. after
that, The mixture of the reaction was added thionyl chloride (0.12g,1mmol) at
room temperature for ( 30 min.) . Immol of amino drugs: cephalexin (0.32 g),
Mefenamic acid (0.26 g), paracetamol(0.15 g), theophylline(0.18 g), amoxicillin
(0.36 g), ampicillin (0.34 g) dissolved in 10ml of DMSO were added to the above
the mixtures and heated for (3hrs.) at ( 50-60 °C ) with stirring . Triethylamine
(TEA)( 0.087 g., 3.0 mmol) was added and the mixtures were heated again for (30
min ). The progress of reactions was monitored by TLC. Then, the mixture was
cooled by ice bath until the precipitate was appeared, filtered and dried the
product[123].
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DMSO

50°C ,2hrs.

Y

HN
HN

O
OH
O HN
o

succinic anhydride 0

30mins, r.t. | SOCI,

O -

0 2-TEA

[}
Hl\ll 50-60°C , 3hrs. HN

HN

0] Cl
A0 0 i~
O HN 1-DMSO \O E :l o)
HN
+

Amino drugs

Equation 3: Schematic description for synthesis compounds (TH10-TH15)

2.3.6. Chemical structure and physical data for prepared compounds(TH10-
TH15).

Compound TH10:

The Molecular formula of TH10 (CxH2sNgOgS) and molecule weight was 620.64,
Brawn solid , the percentage of obtained was 90 % and melting point was observed
between 260-263 °C .the solvent of system in TLC was (9:1) (acetone /hexane )
and the R; was 0.62.

0 L2 Hs
N/\II/\)LN
H H/\"/ N7
HN. el 0
N0 g
H OH
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Compound TH11:

The Molecular formula of TH11 (C»;H,4N,Og) and molecule weight was 500.51,
light Brawn solid , the percentage of obtained was 85 % and melting point was
observed between 210-212 °C . The solvent of system in TLC was (8:2) (acetone
/hexane ) and the Rf was 0.75.

0]
OH NH
NH
s
N

Compound TH12:

The Molecular formula of TH12 (CxH1sN4Og) and molecule weight was 410.39,
dark Brawn solid , the percentage of obtained was 90 % and melting point was
observed between 223-225 °C. The solvent of system in TLC was (8:2) (acetone
/hexane ) and the Ry was 0.69.

OH

0
\H’NNNH 0
0O O

NH
NH

@)
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Compound TH13:

The Molecular formula of TH13 (C19H17N;Og) and molecule weight was 439.39,
Brawn solid , the percentage of obtained was 82 % and melting point was observed

between 110-113°C . The solvent of system in TLC was (9:1) (acetone /hexane )
and the Ry was 0.74.

Compound TH14:

The Molecular formula of TH14 (CysH2sNgOS) and molecule weight was 624.63,
dark Brawn solid , the percentage of obtained was 88 % and melting point was

observed between245-247 °C . the solvent of system in TLC was (9:1) (acetone
/hexane ) and the Rf was 0.61.
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compound TH15:

The Molecular formula of TH15 (CxsH23N¢OsS) and molecule weight was 608.63 ,
Brawn solid , the percentage of obtained was 93 % and melting point was observed
between 122-125°C . The solvent of system in TLC was (9:1) (acetone /hexane )
and the R; was 0.79.

é 0O O HO
" HNL&N \\‘\\§O
S
H S
(0] H\ Sjv
o)
NH
o)
HN,
HN
o)

The solubility in different solvents (Water, DMSO, Ethanol, Acetone,
Dichloromethane (DCM) , petroleum ether, diethyl ether, and ethyl acetate) for all
synthesized derivatives was studied at room temperature and the results were
recorded in a Table 3 page 94.

2.4. The solubility:

2.5 Biological activity:
Anti-bacterial activity:

For each of the synthesized compounds , biological activity was investigated using
diffusion agar method for each of positive gram bacteria and negative gram
bacteria. The antibacterial activity of these materials was performed using agar
diffusion method. Both pathologic isolates E. coli and Staphylococcus aureus were
employed in the current study and provided by biology department, University of
Babylon, Iraq. The method used to estimate the inhibitory effect of prepared
compounds on these types of bacteria is agar diffusion method; it includes the
work of drilling in the dishes planted with bacteria to put the prepared derivatives
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in the excavation of cultivars planted with bacteria in concentrations (1
mg/mL).The dishes were put in an incubator at temperature of (37 °C) for 24
hours, and then the inhibition zone was measured for each case. All samples were
dissolved in DMSO. The results of the antibacterial activity test were recorded in
Table 4 page 96.

2.6. Photolysis reactions

At room temperature, a volume of (100 ml) and a concentration of (80 ppm) of the
two solutions: (TH2,TH11) were taken and exposed to ultraviolet irradiation with
stirring at 25,30 and 35 °C after that a volume of (3 ml ) were taken after every half
hour for (250 min) , A max was measured and UV were also taken . Photoreaction
unit is shown in Figure 26 .

Figure 26 : Photoreaction unit setup.

2.7. Photo catalytic breakdown of the material

0.1 g of cobalt oxide is added to the sample solution in a volume of (100 ml) and a
concentration of (80 ppm) from TH2 and TH11 with continuous stirring of the A
suspension and irradiation at 25 ,30 and 35 °C after that were taken (3 ml) of the
reaction mixture is withdrawn at times (0,15,30,60,90,120 min) , a centrifuge is
made For drawn samples, taking the tracer and measuring its absorbance . This
experiment was repeated with different weight of cobalt oxide( 0.15 g. ) and (0.20

g.).
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3. Results and Discussion

Synthesis of new compounds based on luminol and its interaction with amino-
containing drugs, and carboxyl-containing drugs were synthesized by formation of
amide bonds and modulating the properties of luminol . The LM compound was
synthesized by reacting of 3-nitro-phthalic acid with hydrazine in the presence of
diethylene glycol and sodium dithionate. Synthesis of LM compound is shown in
the following Scheme:-

N* OH N* fe)
(@) NH> 215 °C NH
+ —
OH NH, D-E-G NH
@) (@]
3-Nitro-Phthalic Acid 3-Nitro Phthalhydrazide
NH, o
1- Na,S,0, ,NaOH ,100°C
NH
2-CH3;COOH
NH

O

luminol 73%

Scheme 1: Schematic description of synthesis of LM compound

The FT-IR spectrum of Luminol showed the following values (Vmax in cm™):3466-
3329 ( N-H str. groups ) , 3161 (CH str. Ar.) , 1653-1647 (C=0 str. amid ) ,
1492(C=C str. Ar. ), 1323 (C-N ) Figure 27 .
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BsHMvanzu

NHz O

100

Figure 27 : FT-IR spectrum for Luminol

The compound LM was used as a starting material for synthesis of derivatives
(TH1-TH9) by reacting of LM with different carboxyl drugs (Naproxen,
Ibuprofen, Diclofenac Acid, Cephalexin, Ciprofloxacin, Mefenamic Acid ,
Ceftriaxone, Ampicillin , Cefotaxime ) respectively. On another hand, the (LM)
was used as starting material with succinic anhydride to produced (LS) and the last
one was reacted with different amino drugs (cephalexin, Mefenamic acid |,
paracetamol , theophylline , amoxicillin , ampicillin ) to synthesis (TH10-TH15).
All synthesized derivatives were characterized and confirmed with FT-IR,
'HNMR, ®*CNMR, and C.H.N.S.

3.1. Synthesis of acid chloride :

Acid chloride derivatives of (T1-T9) were synthesized by reacting of the
carboxyl-containing drugs with Thionyl chloride . The FT-IR spectrum of (T1-T9)
showed completely absence of hydroxyl group of carboxyl drugs as shown in
Figures 28 to 36.
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The compound T1 was synthesized from a reaction of Naproxin with Thionyl
chloride as shown in equation 4.

DOREE -~ 0OR S
~o 6] 0.5 hr. r.t. ~o 0

Naproxin T1

The equation 4: Synthesis for T1 .

The FT-IR spectrum of T1 showed the following values (Vmax in cm™ ):3167 (CH
str. Ar.), 2939 (CH str. Al.), 1668 (C=0 str. acid chloride ), 1486 ( C=C str. Ar.)
,1323 (CH3) , 1011 (C-O str. ketone ), 767 (C-Cl str. ) Figure 28.
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Figure 28: FT-IR spectrum for T1

Ibuprofen was reacted with Thionyl chloride to produced T2 as explained in
equation 5.
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Ibuprofen T2

The equation 5: Synthesis for T2 .

The FT-IR spectrum of T2 showed the following values (Vma in cm™) : 3012 (CH
str. Ar.), 2920 ; 2956 (CH str. Al.), 1718 (C=0 str. acid chloride ), 1491-160( C=C
str. Ar. ), 1323;1379 (CHs), 700 (C-Cl str. ) Figure 29.
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Figure 29: FT-IR spectrum for T2

The T3 was synthesized by reacting Diclofenac acid with Thionyl chloride as
explained in the equation 6.
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NH
@: o @:NH
—_—
cl 0.5 hr. ,r.t.

Diclofenac acid T3

The equation 6 : Synthesis for T3.

The FT-IR spectrum of T3 showed the following values (Vima in cm™ ):3394 (NH
str.) , 3074 (CH str. Ar.), 1707 (C=0 str. acid chloride) , 1600 ( C=C str. Ar. )
,1465 (CH,), 1301, 1361 (C-N) , 786 (C-Cl str.) figure 30.
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Figure 30: FT-IR spectrum for T3

T4 was prepared by the reaction of cephalxine with Thionyl chloride as shown in
the following equation.
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HaN HoN
H -
H H
PR b
SOCI1 N
O 2 » o
0.5 hr. ,r.t.
Cephalxine T4

The equation 7: Synthesis for T4 .

The FT-IR spectrum of T4 shows the following values (Vmax in cm™ ):3178 (NH
str.) , 2978, 2939 (CH str. Al. ), 3111 (CH str. Ar.), 1828 (C=0 str. acid chloride
), 1678 ( C=0 str. B-lactam ring ) ,1653 (C=0 str. amide ) , 1506 ( C=C str. Ar. ) ,
1396 (C-N) , 698 (C-Cl str.) Figure 31 .
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Figure 31: FT-IR spectrum for T4 derivative

To synthesis T5 , ciproflaxine was reacted with Thionyl chloride as showed in
equation 8.
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Tk Tk
| SOCl, |
e
F OH 0.5 hr. rt. F cl
O O O O
Ciproflaxine T5

The equation 8: Synthesis for T5.

The FT-IR spectrum of T5 shows the following values (Vmax in cm™ ): 3399(NH
str.), 3010 (CH str. Ar.), 2928 (CH str. Al. ), 1716 (C=0 str. acid chloride ) ,

1628 ( C=0O str. ), 1516 ( C=C str. Ar. ), 1034-1203 (C-N) , 669 (C-CI str. )
Figure 32 .
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Figure 32: FT-IR spectrum for T5 derivative

The T6 produced by reacted Mefenamic acid with Thionyl chloride as explained in
the equation 9.
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05hr L.t
(0] Cl

Mefenamic acid T6

The equation 9: Synthesis for T6.

The FT-IR spectrum of T6 shows the following values (Vmax in cm™ ): 3335(NH
str.) , 3060 (CH str. Ar.), 2850 - 2919 (CH str. Al.) , 1710,1761 (C=0O str. acid
chloride ) , 1607 ( C=C str. Ar. ), 1375 (CH3) ,1304 ,1325 (C-N) , 557-668 (C-CI
str. ). This spectrum is presented in Figure 33.
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Figure 33: FT-IR spectrum for compound T6.

Ceftriaxone was reacted Thionyl chloride to produced T7 as explained in equation
10.
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NN —_— N-N
OH H 0.5 hr. It

Ceftriaxone

The equation 10: Synthesis for T7.

The FT-IR spectrum of T7 shows the following values (Vimax in cm™ ): 3446 (NH
str. Amid ) , 3290 (NH str.) , 3028 (=CH str.), 2945 (CH str. Al.), 1772 (C = O str.
B-lactam ring), 1712 (C=0 acid chloride ) , 1631-1680 (C = O str. amid ) , 1560 (C
= N str.), 1456 (C = C str.), 1045 (C-N) , 690 (C-Cl ). This spectrum is presented

in Figure 34 .
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Figure 34: FT-IR spectrum for T7.

T8 was synthesized by the reaction of Ampicillin with Thionyl chloride as shown
in equation 11.
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Ampicilline T8

The equation 11: Synthesis of compound T8.

The FT-IR spectrum of T8 shows the following values (Vmax in cm™): 3392 -3198
(NH str. Amid ), 3009-3053 (CH str. Ar.), 2970 (CH str. alkane), 1735 (C = O str.
B-lactam ring),1699 (C=0 acid chloride ) , 1604 (C = O str. Amide ), 1462 (C=C
str. Ar.), 1195 (C - N str.) , 580-698 (C-Cl ). This spectrum is presented in Figure
35.
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Figure 35: FT-IR spectrum for compound T8.

Cefotaxime was reacted with Thionyl chloride to form T9, the chemical equation
for the preparation of T9 is explaining in the equation 12.
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HoN
rs s
N A N__~
H H s
NZ N/, O
\ N_/ SOC12 N_/
A0 © O oshn ot
© OH 0
O
Cefotaxime TO9

The equation 12: Synthesis for T9.

The FT-IR spectrum of T9 shows the following values (Vmax in cm™ ): 3137 (NH
amid str. ) , 3076 (=CH str. ), 2943 (CH str. alkane), 1752 (C = O str. B-lactam ring
, C=0 acid chloride and C=0 ester ) (overlap), 1631 (C = O str. amid ) , 1426 (C =
C str. Ar.), 1530 (C = N str.) , 1036 - 1153 (C-N str.), 566-716 (C=Cl) This
spectrum is presented in Figure 36 .
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Figure 36: FT-IR spectrum for T9
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3.2 synthesis of Compounds (TH1-TH9) :

These compounds were synthesized from the reaction of Luminol (LM) with acid
chloride for drugs that Prepared in advance (T1-T9) respectively as shown in

Figures (37) and (38). Reaction mechanism of this reaction is shown in Figure
39.
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HoN

T1 T2 T3 T4

+ + + +

NH

NH
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H =
sy i)
(0]
O3, &Nlo
NH

NH
e% X ©¢ 39
NH cl ©¢NH

NH
H o]

TH1 TH2 TH3 TH4

Figure 37: Schematic description for Synthesis of Compounds (TH1-TH4).
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Figure 38: schematic description for synthesis of Compounds (TH5-TH9).
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Figure 39: A general mechanism for producing the compounds (TH1-TH9).
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The equation 13 represents the synthesis equation for TH1.

0O
O

B IDMSO NH

cl *
2TEA NH
+ ’\IIH e - + HCl
\O o) NH  60°C,3hrs. ~_NH O
NH, O \O/“DO 0o

T1 LUMINOL TH1

The equation 13: synthesis for TH1 .

Figure 40, showed the FT-IR spectrum for TH1 [(S)-N-(1,4-dioxo-1,2,3,4-
tetrahydrophthalazin-5-yl)-2-(6-methoxynaphthalen-2-yl)propanamide] (Vmax
incm™): 3169 -3439 ( NH str. amid) , 3012 (CH str. Ar.), 2972 (C-H str. alkane),
1647 (C=0 str. amide), 1537 -1566 ( C=C str. Ar.), 1321 (C-N str. ), 1053-1222
(C-O str.) . "H-NMR (500 MH, & ppm): 10.79 ; 9.92 (N-H, sec. amide), 8.07-6.82
(C-H, benzene) , 3.79 (C-H, methyl), 3.61 (C-H, methine) , 2.49 (DMSO) , 1.19
(C-H methyl) Figure 41.
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Figure 40: FT-IR spectrum for TH1
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Figure 41: *H-NMR spectrum for TH1

Ibuprofen acid chloride was reacted with luminol to produce new derivative TH2
as explained in equation 14.

o T A ¢
+ HCl
60°C, 3hr§ NH
NH

NH, O

LUMINOL TH2

The equation 14 : Synthesis for TH2 .

FTIR spectrum for TH2 [N-(1,4-dioxo-1,2,3,4-tetrahydrophthalazin-5-yl)-2-(4-
iIsobutylphenyl)propanamide] presented in Figure 42, this spectrum shows the
following values ((Vmax in cm™): 3454 (NH) , 3014-3161 (CH aromatics), 2918-
2962 (CH str.), 1654 (C=0 amid ), 1496 (C=C aromatics) , 1296 1323 (C-N).'H
NMR (500 MH, & ppm) : 0.84-1.78 (CHj3), 2.38 (CH aliphatic ), 2.49 (DMSO),
3.6 (CH, aliphatic ) , 6.87 -8.05 (CH benzene), 10.02 ; 11.31(NH amid) Figure 43.
3C NMR (125 MH, & ppm): 15.4 22.8 (CHs), 29.0 42.5 (CH), 40.3 (DMSO),
44.5(CH,), 119.3 140.3 (benzene), 167.3-172.2 (C=0 amid ). This spectrum is
presented in Figure 44.
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Figure 43: 'H-NMR spectrum for TH2
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Figure 44: *C-NMR spectrum for TH2

The derivative TH3 was synthesized by reacting Diclofenac acid chloride with
luminol as explained in the equation 15.

s ;
1DMSO
cl cl NH o
. + 2TEA NH " HCl
60°C, 3hrs
cl
Cl

NH, O

T3 LUMINOL
The equation 15 : Synthesis for TH3.

FTIR spectrum for TH3[2-(2-((2,6-dichlorophenyl)amino)phenyl)-N-(1,4-dioxo-
1,2,3,4-tetrahydrophthalazin-5-yl)acetamide] derivative shows the following
values (Vmax In cm? ) : 3340-3471 (NH amine and amide ), 3028-3167 (CH
aromatics), 2918-2968 (CH str.), 1654 (C=0 str.), 1492 (C=C aromatics), 1240-
1321 (C-N str.), 609 (C- Cl) Figure 45. '"H NMR (500 MH, & ppm): 11.63,10.33
(NH amide ), 9.22(NH amine), 7.73-6.37(CH benzene), 3.86(CH ,) , 2.49 (DMSO)
Figure 46."*C NMR : (125 MH, & ppm): 167.88-163.02 (C=0 amide ), 148.46 (C-
N amide), 143.32(C-Cl benzene), 134.89-108.95(1benzene), 39.89(DMSO),
35.53(CH,). This spectrum is presented in Figure 47.

61



Chapter three

Results and Discussion

40 |

20

1 T L B s B

3200 2800 2400

Ty e

1800

L e i

[
1600 1400

T

2000 1200 1000

1

800

Bl sHiMADZU

vl J‘\f
| f

400
1fcm

600

Figure 45: FT-IR spectrum for TH3.
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Figure 47: *C-NMR spectrum for TH3

TH4 was synthesized by the reaction of cephalxine acid chloride with luminol as
shown in the following equation.

HoN HHZI\l
Ho N/ o s¢' Ny}
S N (0]
3 1IDMSO SN T
N + NHo_2TRA © +HCI
o] NH  60°C,3hrs. O0”NH O
©) Cl NH, O NH
NH
o]
T4 LUMINOL TH 4

The equation 16: Synthesis for TH4 .

The FT-IR spectrum of TH4 [(6R,7R)-7-((R)-2-amino-2-phenylacetamido)-N-
(1,4-dioxo-1,2,3,4-tetrahydrophthalazin-5-yl)-3-methyl-8-oxo-5-thia-1-

azabicyclo[4.2.0]oct-2-ene-2-carboxamide]showed the following values (V max
in cm-1):3394 (NH str. amine and NH amide) , 3074 (CH str. Ar. ), 2920 ; 2956
(CH str. Al.), 1772; 1751 ( C=0 str. B-lactam ring ) ,1683 (C=0 str. amide ) ,
1670 ( C=C str. Ar. ), 1496 (C-N) Figure 48 . 1H-NMR (500 MH, 6 ppm) : 10.45
; 9.95; 9.53 (NH, sec. amide), 8.73-6.88 (CH, benzene) , 5.68 (CH, propiolactam)
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, 5.53 (H, propiolactam) , 4.97 (NH, amine) , 3.77 ; 3.40 (CH2, methylene) , 2.53
(DMSO) , 2.33 (CH ,methine) , 1.96 (CH, methyl). This spectrum is presented in
Figure 49 .
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Figure 48: FT-IR spectrum for TH4

— 1st'01
— 5566
— 1£5°6
615
T
£€6°
S8
g
£
—6L6F
—GLLE
— 00F'E
— ££5°C
— ZEEC
— 0961

73 Spectral Width 7oG44 0" TNH O

PPM 11 9 7 5 3 1

Figure 49: *H-NMR spectrum for TH4
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To synthesize THD5, ciproflaxine acid chloride was reacted with luminol as shown
in equation 17.

(0]
HU Y vso HNTY Y NH
| + LN N NH 4 HCl
cl NH  60°C 3hrs. |
F E NH O
NH, O

o O

T5 LUMINOL THS
The equation 17: Synthetic route for compound TH5

The FT-IR spectrum for THS5 [1-cyclopropyl-N-(1,4-dioxo-1,2,3,4-
tetrahydrophthalazin-5-yl)-6-fluoro-4-oxo-7-(piperazin-1-yl)-1,4-
dihydroquinoline-3-carboxamide] showed the following values (V max. cm-1):
3439 ; 3479 ( NH str. amine and amide ) overlap, 3020 (CH str., Ar.), 2916 (CH
str., alkane), 1651 ; 1626 (C=0 str., ketone, amide), 1454-1560 (C=C str., Ar.),
1440 (C-F str.), 1261 (C-N str. ar.) ,1008 (C-N str., alkyl) Figure 50. 1H-NMR
(500 MH, 6 ppm): 10.81 , 10.50 , 10.26 (N-H, sec. amide), 8.86 (C-H, ethylene),
8.11- 6.92 (C-H, benzene) , 4.65 (N-H, aromatic amine), 4.06 (C-H,
cyclopropane), 3.80 ,2.72 (CH2, methylene), 1.22 (CH2, cyclopropane), 2.49
(DMSO). This spectrum is presented in Figure 51.
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Figure 50: FT-IR spectrum for TH5
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Figure 51: *H-NMR spectrum for TH5

Compound TH6 prepared from the reaction of Mefenamic acid chloride and

luminol as the following equation 18.
1DMSO /9
R g &
60C3hrs
qe:

NH

O
LUMINOL THG6

The equation 18 : Synthesis of TH6 .

FTIR spectrum for the derivative TH6 [ 2-((2,3-dimethylphenyl)amino)-N-(1,4-
dioxo-1,2,3,4-tetrahydrophthalazin-5-yl)benzamide ] shows the following
values (V max., cm-1 ):3163.36-3443.05(NH amine and amid ), 3012.91 (CH
aromatic) , 1656.91(C=0 amid),1498.74(C=C  aromatic),1323.21(CH5),
1240.27(C-N str.) Figure 52 .*HNMR (500 MHz, & ppm) for the derivative shows
the following chemical shifts:11.83-11.51(NH amid ),9.83(NH amine),8.92-
6.69(CH benzene) ,2.49(DMSO0),2.09-1.19(CHj3). This spectrum is presented in
Figure 53.2°C NMR spectrum for the derivative shows the following chemical
shifts: (125 MHz, & ppm):168.64-167.18(C=0 amide),155.90-144.41(C-N amide )
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143.39-109.95(1-benzene),39.94(DMS0),21.27-15.68(CHs).

Results and Discussion

presented in figure 54.
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Figure 53: "H-NMR spectrum for TH6.
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Figure 54: *C-NMR spectrum for TH6

Ceftriaxone acid chloride was reacted with luminol for producing TH7 as
explaining in equation .

HoN

HoN 73
2 N~
r Q fﬂﬂ S N
N IDMSO N7 N P S
o O NN

/O

s
Y
s N 2R, - o +HC1T
X § {2\/ < 1 + NH  60°C,3hrs. o NH oM
o)
g NH, O @f;
T7 LUMINOL

The equation 19: Synthesis of TH7 .

FTIR  spectrum for TH7 [(6R,7R)-7-((2)-2-(2-aminothiazol-4-yl)-2-
(methoxyimino)acetamido)-N-(1,4-dioxo-1,2,3,4-tetrahydrophthalazin-5-yl)-3-
(((2-methyl-5,6-dioxo-1,2,5,6-tetrahydro-1,2,4-triazin-3-yl)thio)methyl)-8-oxo-
5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxamide] showed the following
values (V max., cm-1): 3444-3119 ( NH groups str. ) , 3067; 3030 (CH str. Ar.),
2987 ; 2939 (CH str. alkane), 1768 (C = O str. B-lactam ring), 1678; 1600 (C =0
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str., C = C str.), 1581, 1489 (C = C str. Ar.) , 1506 (C = N str.), 1319 (C-N str.
aryl), 1035 (C-O str.) . This spectrum is presented in Figure 55 .1H-NMR (500
MH, 6 ppm):10.74; 9.58 ; 9.28 (NH, sec. amide), 8.07 (CH,thiazole) , 7.44-6.94
(CH, benzene), 5.12 (CH, propiolactam), 5.03 (H, propiolactam ) 4.26 (CH,,
methylene), 3.80 (NH, Aromatic amine),3.38 (CH,, methylene ), 2.53 (DMSO),
2.06 ;1.88 (CH, methyl) Figure 56 .
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Figure 55: FT-IR spectrum for TH7

69



Chapter three Results and Discussion

— 9pL'0T
— £BS'6
— 882'6
— TL0'8
— bbP'L
— B6T'Z
— EP6'Q
£21
9£0
— 19Z'r
— 908'E
— E£8BL'E
— £EST
— 690°C
= £B8'T

T T T T T T
PPM 11 9 7 5 3 1

Figure 56: "H-NMR spectrum for TH7

TH8 was synthesized by the reaction of luminol with ampicillin acid chloride as
shown in equation 20.

NE —s
NH: Q 0 J;r\h/
HHH s 1DMSO o] %5
s 2TEA
+ R o HNF *HCIT
o N NH  60°C,3hrs.
o B} HN
/\o NH, O HN
Cl
o
T8 LUMINOL THS

The equation 20 : Synthesis of THS .

FT IR spectrum for the derivative TH8 [(2S,5R,6R)-6-((R)-2-amino-2-
phenylacetamido)-N-(1,4-dioxo-1,2,3,4-tetrahydrophthalazin-5-yl)-3,3-

dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxamide] shows the
following values (V max., cm-1):3161.43 ,3329.25(NH amine and amid ),3010.98
(CH aromatics ) , 2964.69(CH aliphatic) , 2582.77(S-H str., mercaptans)
,1647.26(C=0 str., amid ), 1600.97(C=C str., aromatic),1379.15 (CH,), 1321.28
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(C-N str.) Figure 57. "H NMR (500 MH, & ppm) for the derivative shows the
following chemical shifts:11.44,10.37,8.05 (NH amide ),8.27 (NH amine),7.87-
6.88(1benzene), 3.35(H propiolactam) , 2.47(DMSO), 2.33-1.89(CH
methine),0.87(CH;) Figure 58. *C NMR (125 MH, & ppm) spectrum for the
derivative  shows the following chemical shifts:174.80-166.21(C=0
amide),153.32(C-N amide),136.48-111.96(1benzene) ,82.50-71.60 (CH aliphatic),

62.36-57.15(CH, aliphatic),42.12(DNSO) , 29.58(CH;). This spectrum is
presented in Figure 59.
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Figure 57: FT-IR spectrum for TH8
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Figure 59: **C-NMR spectrum for THS .

Cefotaxime acid chloride was reacted with luminol to form TH9, the chemical
equation for the preparation is explaining in equation 21.
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The equation 21 : Synthesis for TH9 .

FTIR  spectrum for TH9  [((6S,7S)-7-((Z)-2-(2-aminothiazol-4-yl)-2-
(methoxyimino) acetamido)-2-((1,4-dioxo-1,2,3,4-tetrahydrophthalazin-5-
yl)carbamoyl)-8-oxo0-5-thia-1-azabicyclo[4.2.0]oct-2-en-3-yl)methyl  acetate]
showed the following values (V max., cm-1): 3317 ( NH groups str. ) , 3171 (CH
str. Ar.), 2939 (CH str. alkane), 1751 (C = O str. B-lactam ring , C=0 str. ester ),
1647;1637 (C = O str., C = C str.), 1606 (C = C str. Ar.) , 1537-1504 (C=N str.) ,
1325 (C-N str. aryl), 1221 (C-O str.) , 1031 ( C-N str. alkyl ) Figure 60 .*H NMR
(500 MH, 6 ppm) for the derivative shows the following chemical shifts : 9.60
;9.30 ;9.03;8.69 (NH, sec. amide), 8.07 (CH, thiazole), 7.88-7.21 (CH, benzene),
5.12 (CH, propiolactam), 5.04 (H, propiolactam ) 4.27 (CH,, methylene) , 4.09
(NH, Aromatic amine),3.80 (CH,, methylene ),3.65 (CH, methyl), 2.49 (DMSO),
1.90(CH, methyl). This spectrum is presented in Figure 61.

73



Chapter three

Results and Discussion

i‘

B sHiMapzU

e

90 NW
| 1’\
g |
75 5 M h}
/o |
60— lg 2
- = E B | g
g g | 8§ 8 |
45 - Hah ) =
s = i
& N <
NE . 0
% S0 N%Qg lﬁ,ﬂg
S
SHEL L S L28 Egﬁ
S SET
15?J_ﬁ EEmee 53 -
I~ I‘i‘r Jii‘l"\ \'_|'—|—I_F'I LI I R | " L R B I \"'I"T_V_f 1T ‘ T \'l 17T I T T 1
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 800 400
1/em
Figure 60: FT-IR spectrum for TH9
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3.3 synthesis of Compounds (TH10-TH15) :

LS was prepared by reaction luminol with succinic anhydride, Equation 22 is
illustrated the preparation reaction for LS .

O
,}jH + o o DMSO HN o
NH S0°C 2hrs. HN
NH, O

luminol succinic anhydride LS

The equation 22 : Synthesis of LS

FTIR spectrum for LS [ 4-((1,4-dioxo-1,2,3,4-tetrahydrophthalazin-5-
yl)amino)-4-oxobutanoic acid ] showed the following values (V ., cm-1 ): 3452-
2679 (OH, carboxylic acid) , 3331;3159 (NH str. amide ) overlap, 3012 (CH str.
Ar.), 2960,2914 (CH str. alkane), 1656(C=0 str. carboxyl ), 1610 (C = O str.
amide ), 1599 (C = C str. Ar.) , 1491,1446 (C = N str.), 1321 (C-N str. ), 1091 (C-
O str. carboxyl). This spectrum is presented in Figure 62.
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Figure 62 : FT-IR spectrum for LS
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Then LS-carboxylic group was converted to chloride after that ,the last one was
reacted with different amino-containing drugs ( Cephalxine , Mefenamic |,
Paracetamol ,Theophylline ,Amoxicillin ,Ampicillin ) to produce the compounds
(TH10-TH15) respectively as shown in the general equation 23. The mechanism
for the equation 23 is illustrated in Figure 63.

0] 0 0 ‘:P
OH
Cos N Con il P oS

0 0 1-DMSO 0
HN SOCl,  HN N 2-TEA HN
) ) ] - .
HN 30mins, r.t. HN 2 50-60°C, 3hrs. HN

0 0 0
LS Amino drugs

Equation 23 : general equation for synthesis (TH10-TH15).
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Figure 63 : Mechanism for synthesis of compounds (TH10-TH15)
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Figure 64 : Synthesis of compounds (TH10-TH15).

Equation 24 shows the reaction that happened between the Cephalexin and LS to
form TH10.
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OH
o

HO =
N
OH o
0 o ¢ 2\(& © D%
o} mo s_N Oy NH
HN HN S o) é:DMS()
30mins, r.t. (@) HN H
(o) eat, 3hrs. o
HN HN °
HN HN H2N HN” o
o o]
NH
NH
o
LS cephalexin TH10

The equation 24 : Synthesis of TH10

FTIR  spectrum for TH10 [(6R,7R)-7-((R)-2-(5-((1,4-dioxo0-1,2,3,4-
tetrahydrophthalazin-5-yl)amino)-4-oxopentanamido)-2-phenylacetamido)-3-
methyl-8-0x0-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid]  showed
the following values (V max., cm-1 ): 3390-2924 (OH, str. carboxylic acid ) ,
3390 -3182 ( NH ,str. groups), 3061-3032 (CH str. Ar.), 2978 (CH str. alkane),
1836(C = O str. B-lactam ring ), 1622-1610 (C=0 str. groups), 1575 -1404 (C=C
str. Ar.), 1298 (C-N str. aryl), 1259 (C-O str. carboxyl) , 1109 ( C-N str. alkyl
)Figure 65. "H NMR (500 MH, & ppm) for the derivative shows the following
chemical shifts:12.89 (OH ,carboxylic acid ) , 10.0-8.87 (NH, sec. amide), 8.11-
7.12 (CH, benzene), 5.73 (CH ,methine ), 5.52 (CH, propiolactam ), 5.30 (H,
propiolactam), 4.93 (NH ,amine ), 4.65- 2.64 (CH,, methylene) , 2.53 (DMSO),
2.01 (CH, methyl)Figure 66. > CNMR (125 MH, & ppm) : 195.18 (C, carbonyl ),
175.29 (C=0 ,carboxyl) , 170.42 ;163.89 (C=0 amide) , 138.08 ;120.19 (CH-
benzene), 63.91 — 59.59. (CH, aliphatic) , 39.51 (DMSO), 31.63-25.82 (CH,,
aliphatic), 18.86 (CHg). This spectrum is presented in Figure 67.
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Figure 66: "H-NMR spectrum for TH10.
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Figure 67 : *C-NMR spectrum for TH10

TH11 was synthesized from the reaction of mefenamic acid with LS as shown in
equation 25 .

(e} 0}
OH cl OH NH
o HNJJ\/\[f o HNJJ\/\[r d 1-DMSO % @::NH
(6] (0] " N 2-TEA

HN SOCl, HN N
H N
HN r.t, 0.5hr. HN 0”"0OH Heat, 3hrs. Jl\/\for
° ° b

LS Mefenamic acid THI11

Equation 25 : Synthesis of TH11

FTIR spectrum for TH11 [2-(N-(2,3-dimethylphenyl)-4-((1,4-dioxo-1,2,3,4-
tetrahydrophthalazin-5-yl)amino)-4-oxobutanamido)benzoic acid ] showed the
following values (V max., cm-1): 2640- 3344 (OH ,carboxylic acid ), 3061;3005
(CH str. Ar.), 2939-2916 (CH str. alkane), 1722 (C=0 str. carboxyl ), 1651 (C=0
str. amid ), 1437-1610 (C = C str. Ar.), 1329(C-N str.), 1247 (C-O str. carboxyl)
Figure 68 . "THNMR (500 MHz, & ppm) for the derivative shows the following
chemical shifts:13.81 (OH, carboxylic acid ), 10.66-10.00(NH amide ) , 8.50-6.83
(CH, benzene) , 2.73 (CH;, methylene ), 2.53 (DMSO), 2.38 -2.20 (CH3,methyl )
Figure 69. ®*CNMR (125 MH, & ppm) : 179.47 (C=0O ,carboxyl) , 170.84- 160.11
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(C=0 amide) , 140.56- 115.65 (CH-benzene) , 39.56 (DMSO), 33.81;29.60
(CH,, aliphatic), 16.76;13.88(CHpg aliphatic). This spectrum is presented in Figure
70.
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Figure 70: *C-NMR spectrum for TH11.

The paracetamol was reacted with LS to form TH12, the equation 26 explaining
how this reaction happened.

0 0
0 HNZ SN O 0 HNS NS o OOH © o

HN O  soch nN o M S SNy~ NHo

HN rt, 0.5hr. HN H Heat, 3hrs. NH

o NH
(0] 0 5
LS paracetamol TH12

The equation 26: Synthesis for TH12 .

FTIR  spectrum  for TH12 [  Nl-acetyl-N4-(1,4-dioxo-1,2,3,4-
tetrahydrophthalazin-5-yl)-N1-(4-hydroxyphenyl)succinamide]  showed the
following values (V max., cm-1): 3406;3394 (OH groups ,NH groups ) overlap ,
3014 (CH str. Ar.), 2931 (CH str. alkane), 1722 (C=0 str. carboxyl ), 1649 (C=0
str. amide ), 1606-1423 (C = C str. Ar.), 1294(C-N str.), 1203 (C-O str. carboxyl)
Figure71 . 'THNMR (500 MHz, & ppm) for the derivative shows the following
chemical shifts: 9.14 ;8.21 (NH amide ) ,7.99 (OH, alcohol ), 7.65-5.56 (CH,
benzene) , 2.50 (DMSO), 2.10 (CH, methylene ), 1.26 (CH3, methyl ) Figure 72.
BCNMR (125 MH, & ppm) : 177.22- 162.08 (C=0 amide) , 149.80- 120.44 (CH-

83



Chapter three Results and Discussion

benzene) , 39.57(DMSO), 35.42;31.27 (CH,, aliphatic), 26.17(CHs aliphatic).
This spectrum is presented in Figure 73.
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Figure 73: *C-NMR spectrum for TH12

TH13 was prepared by the reaction of theophylline with LS as shown in the
equation .

0]

o (I :NH
NH
o) HNJJ\/\[fOH OH

1-DMSO 0 NH ¢
HN O  soch,_ py O + oX ﬁ‘SH 2-TEA mo
HN rt, 0.5hr. HN Heat, 3hrs. ; '\i
(0] 0 /N N/
LS Theophyline TH13

The equation 27: Synthesis for TH13 .

FTIR spectrum for TH13 [ 4-(1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7H-
purin-7-yl)-N-(1,4-dioxo-1,2,3,4-tetrahydrophthalazin-5-yl)-4-oxobutanamide]
showed the following values (V max., cm-1): 3333;3302 ( NH groups ) , 3080
(CH str. Ar.), 2918 (CH str. alkane), 1654 (C = O str. amide ), 1612 (C = C str.
Ar.) , 1454 (C=N), 1394;1301(C-N str.) Figure 74 . "HNMR (500 MHz, & ppm) for
the derivative shows the following chemical shifts: 9.62 ;9.24 (NH, amide ) ,8.19
(CH, imidazole ), 8.01-7.73 (CH, benzene) , 3.28;2.77 (CHs, methyl ), 2.62
(DMSO), 2.50;2.42 (CH,, methylene ) Figure 75.
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BCNMR (125 MH, & ppm) : 174.16 -154.04 (C=0 amide) , 147.90 (N, urea )
,138.51-132.38 (CH , imidazole ) , 131.42-122.03  (CH-benzene) , 39.62
(DMSO0), 36.17 ,33.49 (CHj,, aliphatic), 26.17(CHg aliphatic). This spectrum is
presented in Figure 76.
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Figure 75: '"H-NMR spectrum for TH13
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Figure 76: *C-NMR spectrum for TH13

Amoxicillin was reacted with LS to form TH14 as shown in the following
equation.

OH N
Q HNJ\/\W oINS YO YN _o 1-DMSO s N Q
HN O soch . o ., S$f 5 STEA HNNNHO
HN rt, 0.5hr. HN HuN Heat, 3hrs. 0O NH
(6]
LS Amoxicilin TH14

The equation 27 : Synthesis for TH14.

FTIR  spectrum for TH14 [ (2S,5R,6R)-6-(2-(4-((1,4-dioxo-1,2,3,4-
tetrahydrophthalazin-5-yl)amino)-4-oxobutanamido)-2-(4-hydroxyphenyl)
acetamido)-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid] showed the following values (V max., cm-1): 3454-2690(OH, carboxylic ) ,
3454 -3230 ( NH ,amine ) , 3086 (CH str. Ar.), 2931 (CH str. alkane) , 1720(C =0
str. B-lactam ring ,C=0 str. carboxylic acid ) overlap , 1602 (C = O str. amide ),
1508;1462 (C = Cstr. Ar.), 1390 (C-N str. ), 1267;1224 (C-O str. carboxyl)
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Figure 77 . '"HNMR (500 MHz, & ppm) for the derivative shows the following
chemical shifts:13.86 (OH, carboxylic acid), 10.78-8.23 (NH, amide ) ,8.0-6.85
(CH, benzene) , 5.73 (OH ,alcohol ), 5.47 (CH, propiolactam ) ,5.23 (H,
propiolactam ) , 4.35 ;4.08 (CH, methine), 2.54 (DMSO), 2.09 , (CH,, methylene )
,1.37(CHj, methyl ) Figure 78. *CNMR (125 MH, & ppm) : 177.28 (C ,carboxyl) ,
173.33- 164.66 (C=0 amide) , 139.71-128.0 (CH-benzene) , 78.10 -64.11 (CH
,aliphatic) , 39.46 (DMSO), 34.50 (CH, aliphatic), 25.47(CHs aliphatic). This
spectrum is presented in Figure 79 .
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Figure 77: FT-IR spectrum for TH14
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Figure 79: *C-NMR spectrum for TH14.

Ampicillin was reacted with LS to produce TH15 , the equation 28 shows how the

preparation reaction occurs.
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The equation 28: Synthesis for TH15 .

FTIR spectrum for TH15] (2R,5S,6S)-6-((S)-2-(4-((1,4-dioxo-1,2,3,4-
tetrahydrophthalazin-5-yl)amino)-4-oxobutanamido)-2-phenylacetamido)-3,3-
dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid] showed
the following values (V max., cm-1 ): 3269;3207 (OH groups, NH groups str. )
overlap, 3070 (CH str. Ar.), 2966 (CH str. alkane), 2557 (S-H str. mercaptans),
1776(C = O str. B-lactam ring ), 1718 (C=0 str. carboxyl ), 1645 (C = O str. amide
), 1602 (C = C str. Ar.), 1516 (C = N str.), 1392 (C-N str. aryl), 1224 (C-O str.
carboxyl) , 1045 ( C-N str. alkyl ) Figure 80. "H NMR (500 MH, & ppm):11.87 (OH
,carboxylic acid ) , 9.96 ;8.27;8.12 ;8.04 (NH, sec. amide), 7.98-6.85 (CH,
benzene), 5.49 (CH ,methine ), 5.11 ;4.52 (H, propiolactam ) , 3.48, 3.14 (CH,,
methylene) , 2.58 (DMSO), 2.21 ;2.11 (CH, methyl) Figure 81. ®*CNMR (125
MH, & ppm): 175.02 (C=0O ,carboxyl) , 172.0 ;165.16 (C=O amide) , 140.21
;125.11 (CH-benzene), 78.82 — 67.55 (CH, aliphatic) , 39.58 (DMSO), 32.74
(CH,, aliphatic), 26.10 (CHz3). This spectrum is presented in Figure 82 .

90



Chapter three Results and Discussion

HsHIMADZU

— - s - 2Shiniils BN, el o o

100 -
%T |
80— -
=4
y g
[
60 —
40-- |
' 8
o
8
20— |
b3 | . 1 !
gc S 8 8 | b 18
%5 4 Bl V& ‘§s §E
2 gl s &5 ¥
® ol b o
Eody T
1 | i 1 . 1] 1 I J 1l 171 i J"r'|"|"|"""|"1'r I'l'”'l [ ] 1 | [ LI B R I R A | T 1} I il [ | | 1 [} 1 |'|'I T '|'I 1) 1 i i
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400
1fem
Figure 80: FT-IR spectrum for TH15
Pararea Bhe
Pome anpuename = 10 QOANNNNNNOR ;& Ww N NN
86 ¥ ZBEC01 0211 [+ Y] N =OWO MG UT-O 0 H = o o= U N
3 ot . e o 3 g SUGRNILHNSE 8K B & 358
= (e 1 )Y otz xR N T R I A I '
& Instrument speck
7 Author
B Solent M0
9 Temperature 24
W0 Puka Sy e B
11 Expenment n
12 Probe SO 1H LS DG
31P 2002/ D108
10 humber of Scans 04
M Recebey Ghin 1140
15 ReRaatianesy  1.0000
36 Puks Wakn 10,5000
AT Presaburaton
Frequency
13 AcquihbnTime L&D

1 AcquslibnDete

2T 4IOTLL 4500

X Mecification Date 2127 055 1TD&: 31:08
21 Oms

1 Specrometer 500.13
Prequency

T Spectmiwitth WIS

M Lowed Frequeny 20348

5 Nihs [

2 Acqured Sue Ll

T7 SpecradSie 65536

é 00 HO
N HM;&N -“‘ko
W3
e
o
NH
0 —
HN 3
HN
s}

PPM

13

Figure 81: 'H-NMR spectrum for TH15

91




Chapter three

Results and Discussion

O rurterof S0

14 Facenes @0

15 Felnzion tear

16 Fukia Watth

17 Fresatiralen
requency

18 Acquistion Tme
19 drueTion Kata
20 Mol Fcation Cate
21dass

Vahe
Guestldrl. 1 LAd

BLR (7) I3CTA N DS
o at Z9BK 01 LL

o0

w
SRMOND 1! 5K/ L)
2UF 2000/ 03158

a0z

SIE0.6

Lewa

121250

o012
FUL-04-30T2 57810
202-0511 TS 092 R

PR Lo ot vl e ot v el
~INIGh O En PUWWLWWWWNNN e T W woN
i Lachin SNOR W OOGN OO N Rl
[=T=T0 13 NS S = O = [ Te YO TR ] n N e
NO@NQ ROONOULANR N0~ © B~ O
®@ON® RUONNROEON ouIba® & = O
é 0o HO
" HN_&(N x‘go
AR
et
o}
NH
o]
HN
HN
o]
I T I T I I I
PPM 200 160 120 80 40

Figure 82 : *C-NMR spectrum for TH15.

92




Chapter three Results and Discussion

Table 2: C.H.N.S Elementary analysis for the synthesized derivatives .

COMP. Calculated % Found values %

SYM.
C H N S C H N S

TH1 67.86 4.92 10.79 65.44 4.60 9.85
TH2 69.02 6.34 11.50 68.10 6.11 10.12
TH3 58.04 3.54 12.31 56.50 3.33 111
TH4 56.91 4.38 16.59 6.33 55.57 421 15.65 5.87
THS 61.22 4.73 17.13 60.90 4.54 16.90
THG6 68.99 5.03 13.99 67.66 4.88 13.77
TH7 43.75 3.25 21.59 1348 4122 3.11 2053 11.78
THS8 56.68 4.76 16.53 6.30 56.15 4.44 1562 6.13
TH9 46.90 3.61 18.23 10.43 4593 3.48 17.98 10.20
Bl g (O 56.12 4.55 13.54 5.17 55.77 4.22 1295 4.98
THI1 Nz 4.83 11.19 64.14 4.59 10.84
TH12 RerRr 4.42 13.65 57.718 4.11 12.81
Bl 51.94 3.90 22.31 51.66 3.79 22.10
BT 53.84 4.52 13.45 5.13 5334 4.44 13.11 4.87
THIS  EEWA 4.64 13.81 5.27 54.75 4.49 1326 5.12
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3.4. The solubility of the synthesized:

The solubility for synthesized compounds was studied by using different
polarity solvents, all prepared compounds are partially soluble in water due to
relatively high molecular weight and they are completely soluble in each of
DMSO, and DMF. All synthesized compounds are insoluble in each hexane and
petroleum ether, and because the polarity for prepared compounds is higher than
the polarity of these solvents.

Table 3: Solubility of prepared derivatives in different solvents.

Ethyl Acetone | Di Water | Hexane | Ethanol
acetate ethyl
ether

DMSO | DMF | DCM | Petroleum

+ + - - Partial - Partial - =
(TH2 B + + - - - - Partial - Partial
(TH3 [ + - - - - - Partial - +

+ + - - - - - Partial - Partial
(THS K& + : : - + - Partial - Partial
- + + Partial - Partial ~ Partial Partial Partial - Partial

+ + - - - Partial - Partial - -

+ + Partial - Partial ~ Partial - Partial - Partial
+ + Partial - - - Partial Partial - -
- + + Partial - Partial ~ Partial - Partial - Partial
- + + Partial - partial  + Partial Partial - -
(TH1I2 | + - - - - - Partial - -
[ TH13 B3 + Partial - - + Partial Partial - -
- + + Partial - - - - Partial - +
- + + - - - Partial - Partial - Partial
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3.5. Antibacterial activity:

The results of the antibacterial activity test for new derivatives (TH1-TH15)
were recorded in the Table 4 , these derivatives have the ability to prevent the
diffusion of bacteria more than LUMINOL and the other medicines that are
utilized in the synthesis of these new derivatives (TH1-TH15). Dimethylsulfoxide
was used to dissolve compounds. agar disc- diffusion method was used to
determine the biological activity for prepared compounds versus two classes of
bacteria; Staphylococcus aureus (Staph. aureus) (gram +ve), and Escherichia (E.
coli) (gram -ve) .

Figure 83: Inhibition zones in Petri dishes used in study of anti-bacterial activity
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Table 4: anti-bacterial activity for prepared compounds and other drugs that are
used in preparations at 1mg/mL concentration.

Gram +ve Gram-ve Puredrug Gram +ve Gram -ve
(Staphylococcus (E-coli) (Staphyloco (E- coli)

aureus)(mm) (mm) CCUsS aureus)

TH1 Ibuprofen

TH2 0 0 Diclofenac 6 0
sodium
TH3 0 20 Mefenamic acid 0 8
TH4 30 20 Ampicillin 35 26
TH5 30 16 Naproxen 32 30
TH6 0 15 Cephalexin 30 15
TH7 0 15 Ciprofloxacin 30 22
TH8 10 15 Ceftriaxone 12 33
TH9 0 15 Cefotaxime 20 35
TH10 0 15 Cephalexin 30 15
TH11 0 15 Mefenamic 0 8
TH12 0 15 Paracetamol 13 4
TH13 0 20 Theophylline 0 10
TH14 0 15 Amoxicillin 9 10
TH15 0 15 Ampicillin 35 26
LUMINOL ¥ 10
DMSO 0 0
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3.6. X-rays Patterns for CoO
3.6.1. X-rays Analysis of CoO.

X-ray diffraction technique was used to study the crystallization state and
determine the particles size of the used cobalt oxide . From the analysis of X-rays
diffraction patterns the average particle size (D) was estimated by applying Scherer
equation. These patterns are shown in Figure 84. From these patterns it can be
seen that, main peaks of CoO were appeared at 20= 18, 33, 37, 39, 43, 45, 56, 59,
62, 65, 74, 78, 79 [124]. These diffraction peaks are assigned to this oxide and its
average particle size can be calculated

using Scherer equation:
D= kx)\/ Bxcos6

From this equation, the particle size for cobalt oxide was around 10 nm.

y y Wy Vo yoooy vy VoY

co
600

400

L LUl

0 r—r—r—r—r—r—r-r-r T T T T T T
10 20 30 40 50 60 70 80

Position [*2Theta] (Copper (Cu))

Figure 84: XRD patterns for cobalt oxide NPs
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3.6.2. Scanning Electron Microscopy for CoO (SEM)

This technique is used to investigate Morphology of the solid surface. The
obtained results are presented in Figure 85. From these images, it can be seen
that, surface of CoO shows a relative homogeneity of this material with some
aggregation, this aggregation can be related to different attraction forces that may
occur among CoO particles and the average particle size from SEM images was
around 27 nm. This result is reasonable In comparison with that obtained from
XRD patterns applying Scherer equation.

SEM MAG: 135 kx WD: 5.98 mm
Det: SE SEM HV: 30.0kV | 200 nm
Date(mdly): 09/03/22

SEM MAG: 20.0 kx WD: 5.98 mm Ll
Det: SE SEMHV: 30.0kV  2pm
Date(m/dly): 09/03/22

. B i b
MIRA3 TESCAN SEM MAG: 70.0 kx WD: 5.98 mm MIRA3 TESCAN SEM MAG: 10.00 kx WD: 5.98 mm

Det: SE SEMHV: 30.0kV | 500 nm Det: SE SEMHV: 30.0kV | 5pm
Date(m/dly): 09/03/22 Date(m/dly): 09/03/22

J 5 2n L -~ -
MIRAS TESCAN SEM MAG: 35.0 kx WD: 5.98 mm Lilitey MIRA3 TESCAN|MAD2ST EARIM mm 8e.2 :awW x4 00.2 :0AM M32
Det: SE SEM HV: 30.0kV | 1pm myor | VA 0.0¢ :VH M32 32190

Date(m/dly): 09/03/22 SS1£0\00 :(y\b\m)etsQ

Figure 85 : FE-SEM images of CoO
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3.7. Photolysis and photocatalytic reactions

3.7.1. Effect of temperature on photolysis of the compounds TH2 and TH11
compounds

In order to screen photolysis of TH2 and TH11 under illumination with UV light.
A series of experiments were performed using solutions with a concentration of
80 ppm from compounds TH2 and TH11 with illumination with UV radiation
from Xenon lamp. At First at a temperature of 25 °C , 30 °C and at 35 °C , the
photolysis of molecules of these compounds was followed by withdrawing samples
of irradiated system at interval times with measuring the absorbance’s at
wavelength of 356 nm. The obtained results are presented as C4/C, against
irradiation time in minute. These results are presented in Table 5 . From obtained
results of the effect of temperature on photolysis process, it was found that, the
photolysis activity for these compounds was  decreased with increasing
temperature. The best photolysis result was recorded at 25 °C. The reason for this
is probably due to the increase in the mobility of molecules inside the solution with
increasing temperature which leads to increase scattering of the incident photons,
This observation can lead to decreases the efficiency of photolysis process with
the increase in reaction temperature.

Table 5: Photolysis of TH2 (80 ppm) under illumination with UV radiation only at
25°C ,30°C and 35°C.

Time | Abs. | Abs. | Abs.
at at at

25°C | 30°C |35°C
0 3.175|2.723 | 2.483
30 2.805|2.659 | 2.312
60 2.063|2.474 | 2.169
90 1.752 | 2.334 | 1.882
120 |1.546|2.281 | 1.798
150 [1.308|2.175|1.632
180 |1.268|2.066 |1.576
210 |1.172|1.984|1.511
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Figure 86: Photolysis of TH2 (80 ppm) under illumination with UV radiation only
at 25°C , 30°C and 35°C .

Table 6: Photolysis of TH2 (80 ppm) under illumination with UV radiation at
25°C,30°C and 35°C are presented as Ct\Co against time irradiation in minute.

Time C/C,

(min) [25°Cc  [30°C  [35°C
0 1 1 1

30 |0.88346|0.9765 |0.93113
60 |0.64976|0.90856 | 0.87354
90 |0.55181 |0.85714 | 0.75795
120 |0.48693 | 0.83768 | 0.72412
150 |0.41197]0.79875 | 0.65727
180 |0.39937 | 0.75872 | 0.63472
210 |0.36913|0.72861 | 0.60854
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Figure 87:Photolysis of TH2 (80 ppm) under illumination with UV radiation
at 25°C ,30°C and 35 °C are presented as C,/C, against time of irradiation in
minute.

From above results, there was a decrease in the efficiency of photolysis upon the
increase in temperature from 25 °C_30 °C, then a slight improvement occurs in the
photolysis of this compound upon increase reaction temperature from 30 °C to 35
°C under these conditions. The reason for that can be argued to scattering of
photons if the incident light in the solution and then when a relatively high
temperature is reached 35 °C we find that there is a relative improvement in
photolysis at this degree compared to the temperature of 30 °C and this may be
caused by a decrease in the viscosity of the solution with the increase in
temperature and this factor leads to a decrease in scattering of photons of light as
well as the possibility of their penetration and access to all parts of the solution and
thus the largest possible number of molecules of the compound TH2 exposed to
collision with the photons. This can lead to degrade and break down more number
of molecules of this compound [125,126]. The obtained results are presented in
Figure 86 and Table 5. The same arrangements were followed in case of
photolysis of the compound TH11 and the obtained results are shown in Table 7
and Figure 88. Same observations exactly were found in this case, these can be
argued as it was mentioned above in concern with photolysis of compound TH2.
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Table 7 : Photolysis of TH11 (80 ppm) under illumination with UV radiation only
at 25 °C .

Time Abs.
0 2.246
30 1.99
60 1.618
90 1.301
120 1.249
150 1.14
180 1.033
210 0.853

Abs e

0 50 100 150 200 250
Time (Min)

Figure 88 : Photolysis of TH11 (80 ppm) under illumination with UV radiation
only at 25°C. .

Table 8 : Photolysis of TH11 (80 ppm) under illumination with UV radiation at
25°C are presented as C/C, against time irradiation in minute.

Time | Abs.
0 1.00000
30 0.88602
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60 0.720392
90 0.579252
120 0.5561

150 0.507569
180 0.459929
210 0.379786
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Figure 89: Photolysis of TH11 (80 ppm) under illumination with UV radiation at
25°C are presented as C/C, against time of irradiation in minute.

Table 9: Photolysis of TH11 (80 ppm) under illumination with UV radiation at
25°C was presented as C/C, against time irradiation in minute.

Time |25°C
Abs.

0 1.0000

30 0.88602

60 0.720392
90 0.579252
120 0.5561

150 0.507569
180 0.459929
210 0.379786
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From the results included in the table and drawn in the figure related to TH11
photolysis at a temperature of 25°C by ultraviolet irradiation, we find that there is
a direct relationship regarding the efficiency of the photolysis of the compound
with the progression of the reaction time and this is consistent with the first law of
photochemistry, which states that the occurrence of chemical change The
photosynthesis of the reactive species requires that they be absorbed by a photon of
an appropriate energy. Therefore, the progression of the reaction time gives a
greater chance for a large number of molecules to absorb a large number of
molecules of the TH11 compound for the photons, and therefore we find that there
IS an improvement in the efficiency of the photolysis of the dye with the
progression of time.

3.7.2. Photo catalytic degradation of the compounds TH2 and TH11 over
CoO

Photocatalytic degradation of compounds TH2 and TH11 was investigated over a
suspension of cobalt oxide under illumination with UV radiation for a period of
210 minute. In this case irradiation of CoO particles with light of energy that is
comparable to its band gap energy (Eg) generates valence band holes and
conduction band electrons. These species would involve in generation of some
reactive species such as OH' radical and O*" , these redox species would
participate in redox reactions for the adsorbed species at the surface of the
photocatalyst, these reactive species react with adsorbed molecules of compound
TH2 and leads to breakdown some of these molecules which leads to
fragmentation or formation of new smaller molecules. From the obtained results,
it can be seen that, the efficiency of photoctalytic degradation of these compounds
was enhanced with elevation in reaction temperature from 25 °C to 30 C° and then
it was reduced at 35 °C. These observations can be related to the effect of
temperature on other processes that are accompanied with photocatalytic processes
such as diffusion of reacting species from bulk on to the surface of the
photocatalyst and reduction in the viscosity of the solution. At high temperature
(more than 25 °C), there was reduction in the efficiency of photocatalytic
degradation of compound TH2, this is due to the increase in kinetic energy of
adsorbed molecules and these then diffuse away from active sites to the bulk of
solution[127,128].
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3.7.2.1. The effect of weight of the used CoO on photocatalytic degradation of
the compound TH2

In photocatalytic reactions, the main effect is the concentration of redox species
(valence band hole and conduction band electron) , these species are produced
upon irradiation of photocatalyst particles with radiation with proper energy. So
that variation in the mass of the used catalyst leads to variation in concentration of
the redox species directly. In this manner increase weight of the used photocatalyst
leads to produce more redox species which leads to formation of more reactive
hydroxyl and superoxide radicals. These radicals lead to breakdown adsorbed
molecules of TH2 compound. To investigate this parameter a series of experiments
were conducted under fixed reaction conditions with change only on the mass of
the used CoO, 0.1 g, 0.15 g., and 0.20 g.. Photocatalytic activity was investigated
by measuring the absorbance for the reacted samples at interval reaction period.
The obtained results are presented in Table 10 and Figure 90 . From these results it
was found that, there was improvement in the efficiency of the photocatalytic
degradation of molecules of compound TH2 when increasing weight of the used
CoO from 0.1 to 0.15 g., this can be attributed to increasing absorbing particles of
CoO to the incident photons which leads to increase concentration of redox
species. On the other hand, when increasing the weight from 0.15 to 0.20 g., of the
used CoO, there was decline in the efficiency of the photocatalytic degradation,
this probably due to formation of aggregation and/or inner filter of CoO particles in
the bulk solution. These filters or aggregations can prevent photons to pass to
another parts of the reacting mixture which leads to reduce in concentration of
redox species[129-131].

Table 10: The effect of weight of CoO on the efficiency of photocatalytic
degradation of TH2 compounds.

Abs.
Time(min). |0.1g |0.15g |0.20g
0 3.202 |3.024 |2.874
15 3.19 [3.014 |[2.856
30 3.135 [2.985 [2.8
60 3.087 |2.922 |2.786
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Figure 90 : The effect of weight of CoO on the efficiency of photocatalytic
degradation of TH2(80 ppm) over CoO.

Table 11: Photocatalytic degradation of TH2 (80 ppm) under illumination with
UV radiation at different weights of CoO.

CJ/C,

Time(min) | 0.1¢g 0.15¢g 0.20g

0 1 1 1

15 0.996252 | 0.996693 | 0.993737
30 0.979076 | 0.987103 | 0.974252
60 0.964085 | 0.96627 | 0.969381
90 0.838851 | 0.950397 | 0.925887
120 0.80356 |0.927579 | 0.909882
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Figure 91 :Photocatalytic degradation of TH2 (80 ppm) under illumination with
UV radiation at different weights of CoO.

The same arrangements were conducted for photocatalytic degradation of
compounds TH11 over a suspension of CoO as a photocatalyst using different

weights of CoO0 0.10g,0.15g,and 0.20g .

The obtained results are presented in Table 12 and Figure 92 .These results show
same finding that are regarding to the compound TH2 and same observations were
found for this case exactly and same arguments can be considered.

Table 12 : Photocatalytic degradation of TH11 (80 ppm) under illumination with
UV radiation at different weights of CoO

Time(min) Abs.

0.1g 0.15g | 0.20g
0 2.26 2.069 |2.107
15 2.142 |2.039 |2.088
30 1.962 |1.979 |1.982
60 1.732 |1.924 |1.957
90 1.59 1.75 1.92
120 1.332 |1.62 1.852
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Figure 92 : The effect of weight of CoO on the efficiency of photocatalytic

degradation of TH11 over CoO.

Table 13 : Relation of C,/C, against time in minute, the effect of the weight of
CoO on the efficiency of photocatalytic degradation of TH11 over CoO.

Time(min) Ci/C,
0.1g 0.15¢g 0.20g

0 1 1 1

15 0.947788 | 0.9855 | 0.990982
30 0.868142 | 0.956501 | 0.940674
60 0.766372 | 0.929918 | 0.928809
90 0.70354 |0.845819 | 0.911248
120 0.589381 | 0.782987 | 0.878975
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Figure 93: Relation of C/C, against time in minute, the effect of the weight of
CoO on the efficiency of photocatalytic degradation of TH11 over CoO.

3.7.2.2. The effect of reaction temperature on the efficiency of photocatalytic
degradation.

In order to investigate effect of temperature of reaction mixture on the efficiency of
photocatalytic degradation of compound TH2 over a suspension of CoO under
irradiation with UV light. A series of experiments were conducted under a fixed
reaction conditions exactly with change reaction temperature only. In this case,
three reaction temperature were carried out, 25 °C , 30 °C and 35 °C .Reaction
progress was followed via measuring absorbance of samples of supernatant liquids
of reaction mixture at periodically interval time by measuring absorbance at
365nm. The obtained results are presented in Table 14 and Figure 94. From these
results it can be seen that, there was enhancement in the activity of photocatalytic
degradation of compound TH2 with elevation of reaction temperature from 25 °C,
30 °C and 35 °C. This improvement in efficiency of photoctalytic degradation of
compound TH2 with increase of temperature is due to role of temperature
elevation in increasing mobility of molecules with reduction in viscosity of the
reaction mixture[132,133].
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Table 14 : The effect of temperature 25 °C , 30 °C ,35 °C of on the efficiency of
photocatalytic degradation of TH2 compounds over CoO.

Time Abs.
25°C 30°C 35°C
0 3.202 2.856 2.819
30 3.135 2.819 2.713
60 3.087 2.729 2.593
90 2.686 2.49 2.34
120 2.573 2.37 2.117
3.5
3 — —
2.5 o 25°C == Abs
2 30 °C == Abs.
Abs. 15 35°C Abs.
1
0.5
0 T T )
0 50 100 150
Time

Figure 94 :The effect of temperature 25 °C , 30 °C ,35 °C of on the efficiency of
photocatalytic degradation of TH2 compounds over CoO.
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Table 15: Relation of Cy/C, against time in minute,

Results and Discussion

the effect of different

temperature on the efficiency of photocatalytic degradation of TH2 over CoO.

Time Abs.

25°C 30 °C 35°C
0 1 1 1
30 0.979076 | 0.987045 | 0.962398
60 0.964085 | 0.955532 | 0.91983
90 0.838851 | 0.871849 | 0.830082
120 0.80356 |0.829832 | 0.750976

1.2

0.8

Abs. 06

0.4

0.2

1F

25 oC == Abs.

30 °C == Abs.
35°C Abs.

0 20

40

60 80 100 120 140

Time

Figure 95: Relation of Cy/C, against time in minute,

the effect of different

temperature on the efficiency of photocatalytic degradation of TH2 over CoO.
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Chapter three Results and Discussion

Conclusions:

» T1-T9 and TH1-TH15 compounds were successfully synthesized based on
Luminol with amino and carboxylic drugs.

» The structures of the synthesized targeted molecules were confirmed and
characterized by FT-IR , 'H-NMR, *C-NMR spectra and CHNS .

» TLC and M.P. were used in confirmation of the synthesized derivatives.

» Most of the synthesized derivatives showed a good anti-bacterial activity
toward staphylococcus and E-coli bacteria more than Luminol and some of
pure drugs .

» From photo experiments, it can be reported that, the compound TH2
showed photolysis degradation behavior more than that in case of
photocatalytic degradation over cobalt oxide under the same reaction
conditions.

» Photolysis effect was increased with increase of irradiation period.

> In case of photocatalytic degradation experiments, it was found that
increasing mass of the used cobalt oxide does not lead to increase efficiency
of the photocatalytic process under the applied reaction conditions,

> In photocatalytic reactions there was enhancement in efficiency of
photocatalytic degradation of compound TH2 with elevation in reaction
temperature.

> In general the investigated TH2 and TH11 compounds showed a good
resistance against both photolysis and photocatalytic behavior, this a good
property as these derivatives can be used in synthesis of some
pharmaceutical materials.
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Chapter three Results and Discussion

Recommendations and future works :

Due to the significance of Luminol derivatives in numerous industries,
including the medical, pharmaceutical, and industrial, we advised:

e Researching the therapeutic applications of the produced chemicals.

e Researching the mechanism of the prepared food's bacterial inhibition
compounds.

e Making pharmaceutical compounds from the processed
As a starting point, compounds.
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