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Abstract

A series of novel biologically active hydrazides -hydrazone Schiff base
were synthesized from various types of heterocyclic carbonyl compounds

and amino groups of heterocyclic hydrazides using ethanol as a solvent.

Such Schiff bases have general formula: R{N=CHR,. In which R; and R;
are: 2-amino-3-methylpyridine, nicotinic hydrazide, 2-furoic hydrazide, 2-
amino-5-bromopyridine, salicoylhydrazides, dipyridyl ketone, pyridin-2-
carbaldehyde, furfural, 2-thiophene-carbaldehyde, 5-bromo-2-thiophene-
carboxaldehyde, respectively. Such compounds were characterized by
various physiochemical techniques such as melting point, elemental

analysis, FT- IR, UV-visible, TG/DTG, 'H and *C NMR spectroscopy.
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Chapter One
Introduction

1.1.Definition and History of Schiff Bases

A Schiff base is a nitrogen analog of an aldehyde or ketone in which the
C=0 group is replaced by C=N-R group(azomethine). It is usually formed
by condensation of an aldehyde or ketone with a primary amine and they

were first reported by Schiff in 1864 as shown in the following equation:

O NR
I o )

~C. + RNH; —————» _C._ + H,O

Schiff base (imine)

The common structural feature of these compounds is the azomethine
group with a general formula RHC=N-R’, where R and R’ are alkyl, aryl,
cycloalkyl or heterocyclic groups which may be variously substituted.

These compounds are also known as anils, imines or azomethines[1].

Schiff bases that contain aryl substituents are substantially more stable and
more readily synthesized, while those which contain alkyl substituents are
relatively unstable[2]. Schiff bases of aliphatic aldehydes are relatively
unstable and readily polymerizable while those of aromatic aldehydes,

having effective conjugation, are more stable[3-5].

The formation of a Schiff base from an aldehydes or ketones is a reversible

reaction and generally takes place under acid or base catalysis, or upon
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heating, as shown in Scheme 1.1. The formation of the Schiff base is

generally driven to completion by separation of the product or removal of

water, or both. Many Schiff bases can be hydrolyzed back to their

aldehydes or ketones and amines by aqueous acid or base[6].

0 OH

R—C—R + R—NH, =—= R—C—R

NHR

Aldehyde Primary Carbinolamine
or kelone amine ]

NR

N-substituted Water
imine

Scheme 1.1: Formation of the Schiff base

Several studies showed that the presence of a lone pair of electrons in an
sp® hybridized orbital of nitrogen atom of the azomethine group is of
considerable chemical application and biological importance[7-13], such
activities including antibacterial[14-20], antifungal[21-24], antimalarial,
antiproliferative, anti-inflammatory, antiviral, and antipyretic properties.

As an example they have shown activities against wide range of organisms
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as : Candida Albicans, Escherichia coli, Staphylococcus aureus, Bacillus
licheniformis, Paenibacillus polymyxa, Trychophyton  gypseum,

Mycobacteria, Erysiphe graminis and Plasmopora viticola [14-25].

Schiff bases have also shown clinical properties ,antiviral, anti-HIV,
antiprotozoal and anthelmintic activities [26]. They also exhibit significant

anticonvulsant activity, apart from other pharmacological properties [27].

Schiff bases derived from 4-dimethylaminobenzaldehyde,o-
phenylenediamine have also shown antibacterial activity, since they have

been used as antibodies and anti-inflammatory agents [28-32].

Schiff bases appear to be an important intermediates in a number of
enzymatic reactions involving interaction of an enzyme with an amino or a
carbonyl group of the substrate. One of the most important types of
catalytic mechanism is the biochemical process which involves the
condensation of a primary amine in an enzyme usually that of a lysine
residue, with a carbonyl group of the substrate to form an imine, or Schiff

base[33].

Stereochemical investigation, carried out with the aid of molecular model,
showed that Schiff base formed between methylglyoxal and the amino
group of the lysine side chains of proteins can bent back in such a way
towards the nitrogen atom of peptide groups that a charge transfer can

occur between these groups and oxygen atoms of the Schiff bases[34].
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1.2 Mechanism of Schiff Bases Formation

The formation of Schiff base is a good example of nucleophilic addition
reaction of nucleophilic amine to the carbonyl group. In the first part of the
mechanism, the amine reacts with the aldehyde or ketone to give an
unstable addition compound called carbinolamine. The carbinolamine loses
water by either acid or base catalyzed pathways. Since the carbinolamine is

an alcohol, it undergoes acid catalyzed dehydration[35]. (Scheme 1.2)

vkl
0 H 0: H (
- ‘ I Q 0 .
T ‘ — R)—C—N—R — » ‘ /R
R R
2 1 Ry—C—N
R] H \"z\
H
1
OH O’H2
& N T
RC—N—R e R,C—N—R
lT (acid-catalyzed dehydration)
%\ +
R C—T —% 3 Ho
1 H
R R H;(s
gy

Scheme 1.2: Mechanism of formation of Schiff bases

Typically, the dehydration of the carbinolamine is the rate-determining
step of Schiff base formation and that is why the reaction is catalyzed by

acids. Yet the acid concentration cannot be too high because amines are
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basic compounds. If the amine is protonated and becomes non-
nucleophilic, equilibrium is pulled to the left and carbinolamine formation
cannot occur. Therefore, many Schiff bases synthesis are best carried out at

mildly acidic conditions.

The dehydration of carbinolamine is also catalyzed by base. This reaction
Is somewhat analogous to the E2 elimination of alkyl halides except that it
IS not a concerted reaction. It proceeds in two steps through an anionic
intermediate, the Schiff base formation is really a sequence of two types of
reactions, i.e. addition followed by elimination. In our present work ,we
have synthesized new heterocyclic Schiff bases by utilizing hydrazides that
contain the amino group that acts as the nucleophile which attacks the
carbonyl group of the heterocyclic carbonyl compounds to produce
heterocyclic Schiff bases. The following equation is an example of our

present work (Scheme 1.3).

OH 0]
OH 0]

Salicoyl hydrazide Di(pyridin-2-yl)methanone N'-(di(pyridin-2-yl)methylidene)-2-

hydroxybenzohydrazide S
cheme 1.3: (Synthesis of N'-  (di (pyridine-2-yl) methylidene) -2-
hydroxybenzoylhydrazide ).



1.3.Biological Activities
1.3.1Biological Activity of Some Modified Compound

Biological activity refers to substances having or producing an effect on the

living tissue or its ability to effect a change in a biological process.

The relation between the molecular entity and the biological activity can
be tested by answering the following questions: (1) What is it? (2) What
does it do? and (3) How much of it is present? These questions can express
the activity of the compound. The importance of biological processes refers
to the description of functional relationships between biological activities

and the chemical substances that express them [36].
1.3.2 Anti-microbial (antibacterial)

Microbes are tiny organisms seen by a microscope. These microbes are
found in air, soil, rock, plants, bodies and water. Microbes are known to
replicate and spread rapidly. Microbial organisms include bacteria, viruses,
fungi, and protozoa. Some microbes cause disease and are called parasites.
However, many others exist in the body as normal flora without causing

harm and may be beneficial[37].

Antimicrobial drugs are synthesized to inhibit the microbe without any side
effects on the patients[38]. Antibiotics are one of the most important

weapons we have in the fight against bacterial infections, and the
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manufacture of these antibiotics has a strong relationship with the nature of

life associated with human health[39].

1.3.3 Anti-microbial (antifungal activities)

An antifungal medicine is a drug that works selectively to eliminate fungal
pathogens from a host with minimal toxicity to the host [40].Unlike
bacterial disease, fungal diseases are more difficult to treat. Topical and
oral treatments are long term and partially successful in controlling the

fungus.

Fungal infections of the skin are the most abundant and widespread group
of all mycoses. Skin mycoses affect more than 20-25% of the world’s
population, which makes them one of the most frequent forms of

infections. [41].

The presentations of tinea infections range and its causative species are

shown in the Table 1.1[42].

1.3.4 Anti-oxidants

Anti-oxidant “free radical scavengers” are substances that may prevent or
delay some types of cell damage by reacting with and blocking the activity
of free radicals and preventing them from causing the damage of
scavengers so as to prevent/delay different diseased states. These free
radicals are considered as highly reactive species that have an odd number

of electrons, which gives them high potentials to cause damage to cells



8
called cellular pathologies. Some of these damages may lead to cancer. In
the biological system, oxygen gives rise to a large number of free radicals

and other reactive species collectively known as ‘reactive oxygen species’

(ROS).‘Reactive nitrogen species’ (RNS) are another group of reactive
species that play a dual role as both deleterious and beneficial species [43,

44, 45).

Antioxidants are very important organic compounds especially in designing
new novel drugs. Two types of free radicals exist. The first type is
synthesized naturally by the body. The second type is introduced to our
bodies through external sources. Sources of radicals are tobacco smoke,
exposure to the sun, and other pollution forms of the body. This makes
endogenous antioxidants, which are used to neutralize free radicals.
However, the body also needs external sources of antioxidants called
(exogenous) sources or dietary antioxidants like fruits and vegetables [46].
The high potential of free radicals gives them the high reactivity which
harms the cells. They are created when an atom or a molecule either gains
or loses an electron (a small negatively charged particle found in

atoms)[48].

As the concentrations of free radicals increase, their hazard on the body
increases and causes the damage to all major components of cells,
including proteins, DNA, and cell membranes. Many of these mutagens

and carcinogens may act through the generation of oxygen radicals, as a


http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000044030&version=Patient&language=English
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result of the damage of DNA. Such conditions are suitable environments

for the establishment and progression of cancer [49, 50].

Plants convert the solar energy into chemical energy so there’s a hazard
due to the excess energy and due to fear of oxidative damage of the plant
cell. Nonetheless, the presence of antioxidant in plants will prevent the
oxidative damage. Many of such compounds that protect plant cells are

also found in human and protect human cells [51].
1.4 Aim of the study
The main objectives of this study are the following :

1- Synthesis of several heterocyclic Schiff bases using various types of

carbonyl compounds .

2- Characterization of the synthesized compounds by elemental analysis,

IR, NMR &UV spectroscopy.

3- Evaluate the biological activities of the synthesized Schiff bases

including (antimicrobial, antifungal, antibacterial activities).
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Table 1.1: Tinea Infections Range and its Causative Species

Tinea Infections- Type Common Causative Species

Microsporum canis

Tinea corporis
(arms, legs and trunk) | Trichophyton rubrum M. Canis

Tinea cruris (gorin) T. rubrum
Tineapedis (feet) Trichophyton mentagrophytes
T. rubrum

Tinea manuum(hand) T. rubrum

Tinea unguium T. rubrum

(finger,nails,and toe

nails)

Tinea unguium Trichophyton mentagrophytes

(finger,nails,and toe

nails)
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Chapter Two

Experimental

All chemicals were purchased from Sigma-Aldrich Chemical Company
and used without further purification unless otherwise specified. Ethyl
acetate, diethyl ether, ethanol, cyclohexane, methanol and dichloromethane

were purchased from Chemical Science Company (CS company ).

All prepared Schiff bases were characterized by IR , 'H NMR ,**C NMR
and UV- visible spectroscopy. Nuclear magnetic resonance spectra were
recorded on Bruker 500MHz-Avance Il at the Chemistry Department at

the University of Jordan.

Infrared spectroscopy were recorded on Fourier transform infrared

spectrophotometer (Nicolet 1s5 —1d3).

All *C NMR and '"H NMR were reported in & units, parts per million
(ppm) downfield from tetramethylsilane (TMS). TLC analysis was
performed on silica gel plates pre-coated with Merck kieselgel 60 F254
(purchased from Aldrich Chemical Company ) and visualization was done
using UV lamp. Sample purifications were performed by crystallization.
Melting points were measured using Stuart melting point apparatus

,R00102618.

The antibacterial activity of the synthesized compounds was determined
against the following microorganisms: Staphylococcus aureus (ATCC

25923), Salmonella, Klebsiella pneumonia (ATCC 13883), Proteus
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vulgaris (ATCC 13315), and Pseudomonas aeruginosa (ATCC 27853). On
the other hand, the antifungal activity test was done against the following
dermatophytes: Trichophyton rubrum (CBS 392.58), Trichophyton
mentagophytes (CBS 106.67 and Microsporum canis (CBS 132.88). All the
isolates were purchased from Biodiversity & Environmental Research

Center BERC /Til Village-Nablus.

2.1 General procedure for synthesis of Schiff Base

Compounds

The compounds were prepared by the Hugo method, in which the amine
and aldehyde or ketone are mixed in round bottomed flask(RBF) and

dissolved in absolute ethanol according to the following general equation:

R—NH, + R R > c—N——R + H,O
R
Primary amine Aldehyde or ketone Schiff base

2.1.1 : Synthesis of N'-(di(pyridin-2-yl)methylene)-2-hydroxybenzoylhydrazide 1

OH o}
OH o]

Salicoyl hydrazide Di(pyridin-2-yl)methanone N'-(di(pyridin-2-yl)methylidene)-2-
hydroxybenzohydrazide
Equation 2.1: Synthesis of Compound 1
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A mixture of salicoylhydrazide (0.323 g, 2.00 mmol) and dipyridyl ketone
(0.368 g, 2.00mmol) in 50 mL absolute ethanol containing few drops of
concentrated sulphuric acid were placed in 100 mL RBF. The reaction
mixture was refluxed for 4 hours. The reaction was monitored by TLC and
then cooled to room temperature after completion. The solid product was
filtered, washed with diethyl ether to remove sulphuric acid, dried and
recrystallized from ethanol to afford 0.532 g ,(83.6%) of a white powder,
m.p.(142-147°C).

IR: 3202.27; 2574.37; 1656.46; 1601.37; 1515.48; 1482.58; 1447.35;
1378.10; 1266.20; 118.54; 127.55; 1047.54 cm™.

'"H NMR ppm: & =8.880 (1H, d, J =5.057 Hz); 8.298 (1H, t, J =7.049 Hz);
7.944 (1H, d, J =4.870 Hz); 7.599 (1H, d, J =4.106 Hz); 7.402 (1H, t, J
=3.248 Hz); 7.180 (1H, t, J =1.701 Hz); 6.948 (1H, d, J =2.926 Hz) ppm.

BC NMR ppm:s= 117.334, 118.014, 120.296, 125.528, 125.774, 126.435,
131.710, 134.579, 142.344, 146.455, 149.940, 156.857, 162.993 ppm.

Molecular ion [M*] m/z = 318.1 (M. Wt = 318.3 theoretical). (Calcd. for
CisH1aN4O,:C, 67.91; H, 4.43; N, 17.60. Found: C, 67.75; H, 4.21; N,
17.35).
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The UV-visible Electronic Absorption Spectroscopy

The electronic absorption of the starting materials and prepared compound
in EtOH was monitored before and after refluxing by UV- Visible, as seen
in Fig.1. Before refluxing , a) salicoyl hydrazide which revealed two
electron transition maxima at Anax = 265 and 300 nm, b) di(pyridin-2-
yl)methanone with four electron transition maxima at 4. = 208, 223, 243
and 273 nm, after refluxed, c¢) only two new electron transfer maxima at
Amax = 273 and 330 nm were observed due to formation of N'-(di(pyridin-
2-yl)methylidene)-2-hydroxybenzohydrazide. All electron absorbance in
both starting and product material were resonated n- n* or n- n* electron

transition.

Abs.

1.8+

0.9+

0.0

240 320 400
Wavelength (nm)

Fig.1. UV—Vis spectra of a) salicoyl hydrazide b) di(pyridin-2-yl)methanone and c) N'-
(di(pyridin-2-yl)methylidene)-2-hydroxybenzohydrazidein EtOH at RT.
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The Geometrical Structure of the Desired Hydrazide

The molecular structure geometry of the desired compound on ground-state
was first optimized in gaseous state without symmetry constraints at

B3LYP level. The optimized geometry is illustrated in Fig.2

Fig. 2. Optimized geometrical structure of N'-(di(pyridin-2-yl)methylene)-2-
hydroxybenzohydrazide.

The optimized structure revealed two important points: two intramolecular
hydrogen-bonds per molecule were detected in the structure O-H....O with
bond length = 2.2 A and N-H....Npy with bond length = 2.4 A, as labeled
in Fig. 2, such H-bonds stabilized the compound in two semi-hexacyclic
heteroatomic rings and effected the physical properties, phenyl occupied
semi-perpendicular plane to the two pyridine ring planes and this is due to

minimized the internal repulsion.
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The frontier molecular orbital’s HOMO-LUMO energies and their
corresponding density of state of the desired product are shown in Fig. 3.

The HOMO-LUMO gap in vacuum is 0.390 au. DFT 6-31++g(d,p).

Fig. 3. HOMO and LUMO Plots of the Prepared Hydrazide.
TDSCF-DFT Electronic Absorption Spectra
The time dependence electronic absorption spectra of the desired hydrazide

in gaseous state were performed using TDSCF-DFT (B3LYP and HF)/at
different level of calculations. The results are reported in Fig. 4. It is
observed for the molecule at each level that the absorption in the visible
region is much weaker than that in the UV region. The maximum value of
the oscillator strength is reached for 0.035at a wavelength of around 398
nm using B3LYP 3-31 level (as in Fig. 5a) and 0.045 at the same wave
length using B3LYP 6-31++g(d,p) level (as in Fig. 5b). The maximum
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value of the oscillator strength is reached for 0.007at a wavelength of
around 280 nm using HF 3-31 level (as in Fig. 5¢) and 0.45 at wave length
around 250 nm using HF 6-31++g(d,p) level (as in Fig. 5d). Experimental
measurements of electronic absorption are performed in water and revealed
two maxima at 1.« = 273 and 330 nm. The TD-DFT B3LYPcalculations
have an appreciable red-shift, while TD-DFT HF calculation revealed blue-
shift compared by experimental result in water. The discrepancy between
experimental and TD-DFT theoretical may result due to two reasons:
solvent effects, i.e. polar solvent. could affect the electronic structure and
the geometry through the expected interaction between solute and solvent
molecules. The smaller HOMO-LUMO gap of compound induced smaller

excited energies.

UV-VIS Spectrum
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UV-VIS Spectrum
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Fig. 4. TD-DFT UV/Vis electronic absorption spectra of the titled compound at different levels
of calculations a)B3LYP 3-31, b) B3LYP 6-31++g(d,p), c)HF 3-31 and d) HF 6-31++g(d,p) .
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TG/DTG thermal analysis

The thermal properties TG/DTG of the N'-(di(pyridin-2-yl)methylene)-2-
hydroxybenzohydrazide was investigated under an open atmosphere in the
range of 0—700 °C and heating rate of 10 °C/min. Fig.5 showed simple
decomposition process with one broad step typical decomposition, started

from 160 °C and ended at 280 °C with weight loss 99%.

110 02
Wit% 00 0

0 02

Al 04

30 06

10 08
10 1

30 12

.50 " 1,4

0 100 200 300 400 500 600 700
Temperature °C

Fig. 5. TG/DTG thermal curve of the desired compound at heating rate of 10 °C/min
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2.1.2 Synthesis of 2-hydroxy-N-(pyridine-ylmethylene) benzohydrazid

OH O e}
OH o)
NH, H

v ’ N

| + | N

H \ N - > / \

2 N
/

(2)-2-hydroxy-N'-(pyridin-2-

Salicoyl hydrazide Pyridine-2-carbaldehyde . :
ylmethylidene)benzohydrazide

Equation 2.2: Synthesis of Compound 2

A mixture of salicoylhydrazide (0.300 g, 2.00 mmol) and pyridine-2-
carbaldehyde (0.368 g 3.400 mmol) in 50 mL absolute ethanol were placed
in 100 mL RBF under acidic conditions. The reaction mixture was refluxed
for 9 hours. The reaction was monitored by TLC and then cooled to room
temperature after completion. The solid product was filtered, washed with
diethyl ether to remove sulphuric acid, dried and recrystallized from

ethanol to afford 0.276 g, ( 58%) of bright brown solid, m.p.( 259-265°C).

IR: 3235.87: 2544.41: 2353.23: 1612.45; 1519.67; 1481.89; 1290.81:
1147.79 cm™.

'H NMR ppm: & = 8.725 (1H, d, J =6.090 Hz); 8.168 (1H, s); 7.911 (1H,
d, J =7.668 Hz); 7.815(1H, s, J =811.041 Hz); 7.734 (1H, t, J =12.984 Hz);
7.435 (1H, t, J =10.439 Hz); 7.251 (1H, t, J =8.07 Hz); 7.201 (1H, t, J
=5.128 Hz); 6.995 (1H, d, J =7.964 Hz) ppm.

3C NMR ppm: & 117.180, 117.635, 119.622, 121.327, 126.369, 129.597,
134.502, 142.624, 143.881, 146.283, 149.891, 158.784, 165.366 ppm.
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UV A max =302, 487 nm.

2.1.3 Synthesis of (Z)-N'-(furan-2-yImethylene)nicotinoylhydrazide 3

QAU @J Y [\

nmicotmoylhydrazide furan-2-carbaldehyde (2)-N'-(furan-2-ylmethylene)nicotinoylhydrazide

Equation 2.3: Synthesis of Compound 3

A mixture of furfural (0.122 g 2.00mmol) and nicotinoylhydrazide ( 0.274
g, 2.00mmol) in 50 mL absolute ethanol containing a few drops of
concentrated sulphuric acid were placed in 100 mL RBF. The reaction
mixture was refluxed for 10 hours. The reaction was monitored by TLC
and then cooled to room temperature after completion. The solid product
was cooled to room temperature. The separated Schiff base was filtered,
washed with diethyl ether to remove sulphuric acid, dried and recrystallized

from ethanol to afford 0.562 g, (65%) of white crystals,m.p.(193-196°C).

IR: 3219.52; 3070.58; 1647.98; 1613.83; 1559.79; 1538.59; 1471.33;
141.28; 1332.22; 1291.83; 1146.47; 963.28; 936.37; 897.29; 783.68;
748.32; 731.22; 701.32; 616.35; 589.50; 518.05; 504.06 cm™.

'H NMR ppm:§ = 9.017 (1H, s, J =5.509Hz); 8.729 (1H, d, J =4.610Hz);
8.297 (1H, s, J =15.968Hz); 8.211 (1H, d, J =7.152Hz); 7.831 (1H, t, J
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=3.437 Hz); 7.525 (1H, t, J =8.061 Hz); 6.930 (1H, s, J =4.330H2);
6.161 (H, t, J =10.439Hz); ppm.

BC NMR ppm: 8= 112.724, 114.289, 124.079, 129.079, 134.866, 135.875,
145.572, 148.002, 149.433, 149.722, 162.071ppm.

UV A max = 250, 340 nm.

2.1.4 Synthesis of N'- ((5-bromothiophen-2yl)  methylene)

nicotinoylhydrazide 4

oL o*@

nicotinylhydrazide 5-bromothiophene-2-carbaldehyde

N -((5-bromothiophen-2-
yl)methylene)nicotinylhydrazide

Scheme 2.4:Synthesis of Compound 4

A mixture of 5-bromothiophene-2-carbaldehyde (0.100 g, 0.5mmol) and
nicotinoylhydrazide (0.0700 g, 0.5mmol) in 50 mL absolute ethanol
containing few drops of concentrated sulphuric acid were placed in 100
mL RBF. The reaction mixture was refluxed for 11 hours. The reaction was
monitored by TLC and then cooled to room temperature after completion.
The solid product was filtered, washed with diethyl ether to remove
sulphuric acid, dried and recrystallized from ethanol to afford 0.313 g,

(66%) as a bright brown crystals, m.p.(216-219°C).
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IR: 3225.76: 3065.31: 1638.16: 1586.43: 1555.14; 1473.43; 1427.59:
1412.52; 1344.99: 1290.69: 1242.16; 1209.37: 1153.49: 1067.06:
1050.93; 1035.66 cm™.

'H NMR ppm:&= 8.998 (1H,s, J =5.428Hz); 8.720 (1H,d, J =4.690Hz);
8.546 (1H, s, J = 7.398Hz) 8.194(1H, d, J =6.408Hz); 7.320 (1H, d, J
=4.512Hz); 7.530 (1H,t, J =4.253Hz); 7.255(1H, d, J =3.447Hz)ppm.

BC NMR ppm: & = 115.535, 124.090, 129.529, 131.839, 132.321,
135.881, 141.265, 143.182, 149.00, 152.809, 162.091ppm.

UV : A max = 329, 446 nm.

2.1.5 Synthesis of N'-(thiophen-2-yImethylene)nicotinoylhydrazide 5

0 H
N o 0 “J
NZ s yZ 5
N - —

(Z)-N'-(thiophen-2
mcotmoylhydrazide thiophene-2-carbaldehyde ylmethylene)nicotinoylhydrazide

Equation 2.5: Synthesis of Compound 5

A mixture of 2-thiophene-carbaldehyde (0.100 g, 0.9 mmol) and

nicotinoylhydrazide (0.122 g, 0.9mmol) in 50 mL absolute ethanol in 100
mL RBF without adding any acid, was refluxed for 11 hours. The reaction
was monitored by TLC and then cooled to room temperature after

completion. The light brown solid was filtered, washed with diethyl ether
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to remove sulphuric acid, dried and recrystallized from ethanol to afford

0.205 g, (82.9%),m.p.(221-224°C).

IR: 3229.36; 2963.20; 2836.88; 1672.27; 1643.87; 1593.25;
1557.38;  1481.53; 1416.52; 1363.35; 1315.06; 1282.47;
1092.73; 1025.31 cm™.

'H NMR ppm: &= 8.998 (1H, s); 8.729 (1H,d, J =4.846Hz); 8.546(1H, s, J
=3.850Hz); 8.178 (1H, d, J =7.280Hz); 7.568 (1H, t, J =4.485 Hz);
7.530(1H, d,J =4.176 Hz); 7.328(1H, t, J =4.171 Hz); 7.240(1H, t, J
=3.954)ppm.

C NMR ppm: 8= 124.691, 129.528, 130.008, 131.697, 131.881, 132.318,
135.831, 143.284, 149.639, 153.350, 162.1486.

UV A max= 321, 755 nm

2.1.6 Synthesis of (Z)-N'-(pyridin-2-ylmethylene) nicotinoylhydrazide 6

0 0 n

AN e g AN NN:/
OO
A — & ] S |

(2)-N'-(pyndin-2
mcotmoylhydrazide pvridine-2-carbaldehyde ylmethylene)nicotinoylhydrazide

Scheme 2.6: Synthesis of Compound 6

A mixture of pyridine-2-carbaldehyde (0.107 g, 0.1mmol) and

nicotinoylhydrazide (0.137 g, 0.1mmol) in 50 mL absolute ethanol were
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placed in 100 mL RBF without adding any acid. The reaction mixture was
refluxed for 8 hours. The reaction was monitored by TLC and then cooled
to room temperature after completion. The solid product was filtered,
washed with diethyl ether, dried and recrystallized from ethanol to afford

0.29 g, (67%) as bright yellow crystals, m.p.(118-122°C).

IR: 3216.45; 1634.10; 1600.20; 1556.60; 1528.53; 1438.32; 1415.04;
1288.15; 1144.35; 1093.16; 1058.70; 1025.73 cm™.

'H NMR ppm:s = 9.025 (1H, s,J =7.177Hz); 8.706 (1H, d, J =5.414Hz2);
8.255 (1H, d, J =3.679Hz); 8.215 (1H, d, J =5.762Hz); 7.955 (1H, t,
J=8.098Hz); 7.514 (1H, t, J =4.176Hz); 6.899 (1H, s, J =7.119Hz); 6.479
(1H, t, J =7.864Hz); 6.114 (1H, d, J = 4.883Hz)ppm.

BC NMR ppm: & = 118.820, 122.868, 124.175, 127.322, 132.301,
135.869, 142.964, 145.450, 148.837, 148.778, 152.560, 161.646 ppm.

UV : A max =332, 575 nm.

2.2.7 Synthesis of N'-((1H-pyrrol-2-yl)methylene)nicotinoylhydrazide

0 0 H
2 0 \ / AN
D v ' ﬂ'& — ; @NH
A \N’/ o =
N7 H N / —

(Z2)-N'-((1H-pyrrol-2-

micotmoylhydrazide 1H-pyrrole-2-carbaldehyde yl)methylene)nicotinoylhydrazide

Scheme 2.7: Synthesis of Compound 7
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A mixture of nicotinoylhydrazide (0.19 g, 0.1mmol) and pyrrole-2-
carbaldehyde(0.274 g, 0.3 mmol) in 50 mL absolute ethanol was placed in
100 mL RBF without adding any acid. The reaction mixture was refluxed
for 14 hours. The reaction was monitored by TLC and then cooled to room
temperature after completion. The solid product was filtered, washed with
diethyl ether, dried and recrystallized from ethanol to afford 0.29 g,(49%)

as bright yellow crystals, m.p.(120-122C°).

IR: 3330.85; 2973.98; 2889.75; 1637.22; 1602.69; 1525.53; 1415.59;
1274.04; 1087.99; 1046.47 cm™,

'H NMR ppm:d =9.037 (1H, s, J =5.179Hz); 8.705 (1H, d , J =4.724 Hz);
8.215 (1H, d, J =5.580Hz); 7.515 (1H, t, J =4.330 Hz); 7.418 (1H, s, J
=3.945 Hz); 6.906 (1H, d, J =7.339 Hz); 6.481 (1H, t, J =8.036 Hz);
6.119 (1H, d, J =4.909 Hz)ppm.

BC NMR ppm: & 109.758, 114.082, 123.259, 124.002, 130.243, 131.035,
132.281, 135.794, 141.973, 149.141, 152.348, 162.011 ppm.

UV : A nax=512, 581 nm.
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Chapter Three

Results and Discussion

3.1 Physical Data of the New Schiff Bases

All the physical data of new Schiff bases compounds were listed in Table

3.1.

Table3.1:Physical and Elemental Analysis of New Synthesized

Schiff bases.

Compound | Molecular Color Yield % M.P. M.wt.

Formula g/mol

1 C13H14N402 White 83.6 142-147 318
powder

2 C13H11N30; Bright 58% 259-265 227
brown

3 C11HgN30, White 65% 193-196 215
crystals

4 C11HgBrN;OS | Bright 66% 216-219 294
brown
crystals

5 C11H9N30S Light 82.9% | 221-224 231
brown
solid

6 C1,H1oN4O Bright 67% 118-122 218
yellow
crystals

7 C11H1oN4O Bright 49% 120-122 206
yellow
crystals
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3.2.1dentification of New Synthetic Schiff Bases Compounds:

The structures of products were determined by their melting point,

elemental analysis, FT-IR, UV-visible, 'H and *C NMR spectral data.

3.2.1 Synthesis of compound (1)
I. [N'-(di(pyridin-2-yl)methylidene)-2-hydroxybenzoylhydrazide] was

prepared by condensation of salicoyl hydrazide (0.323 g, 2.00 mmol) and
dipyridyl ketone (0.368 g, 2.00 mmol) in 50 mL absolute ethanol in
(83.6%) vyield, the structure was determined by IR, 'H and *C NMR

spectroscopy.

Compound (1).

Il.  Light yellow solid product was collected, and recrystalized several
time with ethanol, normal hexane, ether and distilled water, where the

product still in solid form.

I11. The synthesized Schiff base is stable in air and completely soluble in
chlorinated solvent, DMSO and DMF and partially soluble in ROH. The

product is insoluble in non-polar like n-hexane and polar solvent like water.
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3.2.2 Synthesis of Compound (2)
I. [2-hydroxy-N-(pyridine-ylmethylidene)benzohydrazid] was prepared

by condensation of salicoyl hydrazide (0.300 g, 2.00 mmol) and pyridine-
2- carbaldehyde (0.368 g 3.400 mmol) in 50 mL absolute ethanol in (58%)

yield, the structure was determined by IR, 'H and *C NMR spectroscopy.

OH 0 H

Compound (2).
Il. The bright brown solid product was collected, and purified by washing
it with ether and set aside to give pure solid compound

1. The synthesized Schiff base is stable in air and soluble in organic
solvents such as methanol, ethanol, and dimethyl sulfoxide and insoluble in

dichloromethane and n-hexane.
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3.2.3 Synthesis of Compound (3)
I. [(Z)-N'-(furan-2-ylmethylene)nicotinoylhydrazide] was prepared by
condensation of furfural (0.122 g 2.00 mmol) and nicotinoylhydrazide

(0.274 g, 2.00 mmol) in 50 mL absolute ethanol in (65%) yield, the

structure was determined by IR, *H and **C NMR spectroscopy.

Compound (3).

Il. The product was collected and purified by washing it with distilled
water, and n-hexane, a small quantity of CH,Cl, was added to the product
and set aside at room temperature to give pure solid compound,then

recrystallized from ethanol (99%) to produce white crystalline product.

1. The synthesized Schiff base is stable in air and soluble in organic
solvents such as methanol, ethanol, and dimethyl sulfoxide and insoluble in

dichloromethane and n-hexane.
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3.2.4 Synthesis of Compound (4)
I. [N'-((5-bromothiophen-2yl)methylene)nicotinoylhydrazide] was

prepared by condensation of 5-bromothiophene-2-carbaldehyde (0.100 g,
0.5mmol) and nicotinoylhydrazide (0.0700 g, 0.5mmol) in small amount of
absolute ethanol in (66%) yield. The structure was determined by IR, *H

and °C NMR spectroscopy.

“Br

Compound (4).

Il. The product was collected and purified by washing it with distilled
water, and n-hexane, then 5 mL of CH,CI, was added to the product and set
aside at room temperature to produce pure solid compound, then

recrystalized from ethanol (99%) to produce bright brown crystals.

1. The synthesized Schiff base is stable in air and soluble in organic
solvents such as methanol, ethanol, and dimethyl sulfoxide and insoluble in

dichloromethane and n-hexane.
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3.2.5 Synthesis of Compound (5)

I. [N'-(thiophen-2-ylmethylene)nicotinoylhydrazide] was

prepared by condensation of 2-thiophene-carbaldehyde (0.100 g, 0.9
mmol) and nicotinoylhydrazide (0.122 g, 0.9mmol) in 50 mL absolute
ethanol in (82.9%) vyield. The structure was determined by IR, *H and *C

NMR spectroscopy.

Compound (5).

Il. The light brown solid product was collected, and recrystallized several
times with ethanol, normal hexane, ether and distilled water, where the

product was still in solid form.

I11. The synthesized Schiff base is stable in air and soluble in organic
solvents such as methanol, ethanol, and dimethyl sulfoxide and insoluble in

dichloromethane and n-hexane.
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3.2.6 Synthesis of Compound (6)
I. [(Z)-N'-(pyridin-2-ylmethylene)nicotinoylhydrazide] was prepared by

condensation of pyridine-2-carbaldehyde (0.107 g, 0.1 mmol) and
nicotinoylhydrazide (0.137 g, 0.1mmol) in 50 mL absolute ethanol in
(67%) yield, the structure was determined by IR, 'H and *C NMR

spectroscopy.

Compound (6).

Il. The product was collected and purified by washing it with distilled
water, and n-hexane, then 5 mL of CH,Cl, was added to the product and set
aside at room temperature to produce pure solid compound, then

recrystallized from ethanol (99%) to produce bright yellow crystals.

1. The synthesized Schiff base is stable in air and soluble in organic
solvents such as methanol, ethanol, and dimethyl sulfoxide and insoluble in

dichloromethane and n-hexane.
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3.2.7 Synthesis of Compound (7)

I. [N'-((1H-pyrrol-2-yl)methylene)nicotinoylhydrazide] was prepared

by condensation of nicotinoylhydrazide (0.19 g, 0.1 mmol) and pyrrole-
2-carbaldehyde (0.274 g, 0.3 mmol) in 50 mL absolute ethanol in (49%)

yield, the structure was determined by IR, 'H and **C NMR  spectroscopy.

Compound (7).

Il. The prepared compound was collected and purified by washing it with
distilled water, and n-hexane, then 5 mL of CH,CIl, was added to the
product and set aside at room temperature to produce pure solid compound,

then recrystallized from ethanol (99%) to produce bright yellow crystals.

1. The synthesized Schiff base is stable in air and soluble in organic
solvents such as methanol, ethanol, and dimethyl sulfoxide and insoluble in

dichloromethane and n-hexane.



35

3.3 Spectroscopic Analysis
3.3.1 IR Spectra Investigations

The IR spectra of Schiff bases displayed more or less strong bands in the

4,000 - 400 cm™ range.

The IR spectra of the corresponding Schiff bases have been examined in
comparison with the spectra of the starting materials ( 1° amine, and

carbonyl compound).

The spectra of the desired compound in particular show three main sets of

characteristic absorptions, v C=N, v N-H, and v C-H aromatic.

The IR spectra of the synthesized compounds were recorded by using FT-
IR Fourier Transform Infrared Spectrophotometer (Necolet Is5 - 1d3) at

room temperature.
3.3.2 The General Observation about Schiff Bases IR Spectra :

* The vibration of carbonyl group (v C=0O) in the spectra of aldehyde
compound shifted to less frequency which means the formation of

azomethine group (C=N).

* The vibration of N-H in the spectra of 1° amine appears in the spectra of

Schiff bases.

* The vibration of C=C of aromatic system shifted to less frequency in the

Schiff bases spectra.
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* The vibration of C-H shifted to less frequency in the Schiff bases spectra.

3.3.2.1 IR Spectrum of Compound 1

¢ In the spectrum of dipyridyl ketone the major band appears at 1678.09
cm™ that is related to vibration of C=0, (this low value due to the
conjugation of C=0 with aromatic rings, (while normal ketone appears at
1715 cm™), and there is a small peak as an overtone at 3414 cm™ ; a

frequency of about twice of v C=0 vibration.
« (C-H) vibration of aromatic rings appears at 3052.14 cm™.
« (C=C) vibration of the ring appears at 1577.83 cm™.

¢ In the spectrum of salicoyl hydrazide, the major peak appears at 3317.12
cm™, which is related to (N-H) bond vibration, and at 1581.52 cm™ for
(C=C) vibration.

* 1652.54 cm™ is related to (C=0).

* 3258.65 cm™ is related to (O-H).
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¢ In the spectrum of Schiff base 1, a major peak observed at 1656.46 cm™
which is related to azomethine group (C=N), and disappearance of (N-H)
peak of amine.

%T ] Schiff base 1

ﬁ 3202.37cm-1

1656.46cm-1

1 amine

-W
3317.12cm-1
i ﬁ3258.65cm—1
[ —_J
- 1652.54cm-1 ﬁ

1581.52cm-1

- carbonvl A
i ﬁ3052_14cm—1 —— |/
1678.09cm-1
L] ¥ L] b L] .2 L] .2 v L L]
4000 3500 3000 2500 2000 1500 1000

Wavenumber(em-1)

Fig.3.1 IR spectra (4000-1000 cm™) of: 1 amine = (salicoyl hydrazide), carbonyl = (di (pyridin-
2-yl) methanone) and Schiff base 1 = ( N'- (di (pyridin-2-yl) methylidene)-2-
hydroxybenzohydrazide).



38

3.3.2.2 IR Spectrum of 2

OH 0 H

¢ In the spectrum of salicoyl hydrazide, the major peak appears at 3317.12
cm™, which is related to (N-H) bond vibration, and at 1581.52 cm™ for
(C=C) vibration.

* 1652.54 cm™ is related to (C=0).
* 3258.65 cm™ is related to (O-H).

¢ In the spectrum of pyridine-2-carbaldehyde the major peak of carbonyl

vibration observed at 1707.44 cm™.

« The (C-H) vibration of aromatic ring appears at 3055.59 cm™.
« 2821.00 cm ™ indicates aldehyde (C-H) vibration.

« The (C=C) vibration of ring appears at 1583.57 cm™.

¢ In the spectrum of Schiff base 2, a major peak observed at 1612.45 cm™
which is related to azomethine group (C=N), and there is disappearance of

(N-H) peak of amine.
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o741 Schiff base 2
=
1612 45¢m-1
1 amine
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3317.12em-1
3258.65em-1
I I
(—— 2
1652.54cm-1
- Ii} 1581.52¢m-1
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i 3055 590m- 1 ﬁ 2821.00c-1 X L |
(—-
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Figure 3.2 IR spectra (4000-1000 cm™) of: 1 amine = (salicoyl hydrazide), carbonyl =

(pyridine-2-carbaldehyde) and Schiff base 2 =

ylmethylidene)benzohydrazide).

(2-hydroxy-N-(pyridine-
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3.3.2.3 IR Spectrum of 3

¢ In the spectrum of furfural, the major peak appears at 1658.34 cm™,
which is related to (C=0) bond vibration, and at 1563.93 cm™ for (C=C)

vibration.

¢ In the spectrum of nicotinoylhydrazide, the major peak of carbonyl
vibration observed at 1664.97 cm™, while (N-H) vibration appears at

3321.11 cm™.
« The (C-H) vibration of pyridine ring appears at 3007.18 cm™.
« The (C=C) vibration of ring appears at 1558.56 cm™.

¢ In the spectrum of Schiff base 3, the major peak observed at 1647.98 cm™
which is related to azomethine group (C=N), and there is disappearance of

(N-H) peak of amine.
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Schiff base 3
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Figure 3.3 IR spectra (4000-1000 cm™) of: 1 amine = (nicotinoylhydrazide), carbonyl =
(furfural) and Schiff base 3 = ((Z)-N'-(furan-2-ylmethylene)nicotinoylhydrazide).
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3.3.2.4 IR Spectrum of 4

Br

¢ In the spectrum of 5-Bromo-2-thiophenecarbaldehyde, the major peak
must appear at 1710 cm™, which is related to (C=0) bond, due to the

conjugation with aromatic ring the frequency decreases to 1658.8 cm™.
« The aromatic (C-H) vibration observed at 3091.99 cm™.

» Aldehyde (C-H) vibration appears at 2830.57 cm™, 2777.22 cm™.
*1521.06 cm™ is related to ring C=C vibration.

¢ In the spectrum of nicotinoylhydrazide, the major peak of carbonyl
vibration observed at 1664.97 cm™, while (N-H) vibration appears at

3321.11 cm™.
« The (C-H) vibration of pyridine ring appears at 3007.18 cm™.

« The (C=C) vibration of ring appears at 1558.56 cm™.

¢ In the spectrum of Schiff base 4, the major peak observed at 1538.16 cm™

which is related to azomethine group (C=N), and disappearance of (N-H)

peak of amine.
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Figure 3.4 IR spectra (4000-1000 cm™) of: 1 amine = (nicotinoylhydrazide), carbonyl = (5-
bromothiophene-2-carbaldehyde) and  Schiff base 4 = (N'-((5-bromothiophen-
2yl)methylidene)nicotinoylhydrazide).
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3.3.2.5 IR Spectrum of 5

¢ In the spectrum of 2-thiophenecarbaldehyde, the major peak must appear
at 1710 cm™, which is related to (C=0) bond, due to the conjugation with

aromatic ring the frequency decreases to 1657.69 cm™.

« The aromatic (C-H) vibration observed at 3092.62 cm™.
« Aldehyde (C-H) vibration appears at 2823.50 cm™.
*1515.48 cm™ is related to ring C=C vibration.

¢ In the spectrum of nicotinoylhydrazide, the major peak of carbonyl
vibration observed at 1664.97 cm™, while (N-H) vibration appears at

3321.11 cm™.
« The (C-H) vibration of pyridine ring appears at 3007.18 cm™.
« The (C=C) vibration of ring appears at 1558.56 cm™.

¢ In the spectrum of Schiff base 5, the major peak observed at 1672.27 cm™
which is related to azomethine group (C=N), and there is disappearance of

(N-H) peak of amine.



45

%T Schiff base 5
| 3092.62cm-1
‘ 2886.88cm-1
>
i 1672.27cm-1
1 amine
PTS— w-—m
- == Wh,
3321.11cm-1 ﬁ
| 3204.99cm-1 ==}
2864.97cm-1  1664.97cm-1
| carbonyl 3007.57cm-1
M 3091.99cm-1 ﬁ ﬁ
[ ——pon—
1 2830.57cm-1 1655.47cm-1
5 T ¥ T L T v T v T v ]
4000 3500 3000 2500 2000 1500 1000

Wavenumber(cm-1)

Figure 3.5 IR spectra (4000-1000 cm™) of: 1 amine = (nicotinoylhydrazide), carbonyl = (2-
thiophene-carbaldehyde) and Schiff base 5 = (N'-(thiophen-2-ylmethylene)nicotinohydrazide).
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3.3.2.6 IR Spectrum of 6

¢ In the spectrum of pyridine-2-carbaldehyde, the major peak of carbonyl

vibration is observed at 1707.44 cm™.

« The (C-H) vibration of aromatic ring appears at 3055.59 cm™.
« 2821.00 cm™ is related to aldehyde (C-H) vibration.

« The (C=C) vibration of ring appears at 1583.57 cm™.

¢ In the spectrum of nicotinoylhydrazide, the major peak of carbonyl
vibration observed at 1664.97 cm™, while (N-H) vibration appears at

3321.11 cm™.
« The (C-H) vibration of pyridine ring appears at 3007.18 cm™.
* The (C=C) vibration of ring appears at 1558.56 cm™.

¢ In the spectrum of Schiff base 6, the major peak is observed at 1634.10
cm™® which is related to azomethine group (C=N), and there is

disappearance of (N-H) peak of amine.
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Figure 3.6 IR spectra (4000-1000 cm™) of: 1 amine = (nicotinoylhydrazide), carbonyl =
(pyridine-2-carbaldehyde) and Schiff base 6 = ((Z2)-N'-(pyridin-2-
ylmethylene)nicotinoylhydrazide).
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3.3.2.7 IR Spectrum of 7

¢ In the spectrum of pyrrole-2-carbaldehyde, the major peak of carbonyl

vibration is observed at 1715.65 cm™.
* (C-H) vibration of aldehyde appears at 2825.07 cm-1 and 2730.15cm-1

¢ In the spectrum of nicotinoylhydrazide, the major peak of carbonyl
vibration is observed at 1664.97 cm™, while (N-H) vibration appears at

3321.11 cm™,
« The (C-H) vibration of pyridine ring appears at 3007.18 cm™.
« The (C=C) vibration of ring appears at 1558.56 cm™.

¢ In the spectrum of Schiff base 7, the major peak is observed at 1647.98
cm™ which is for azomethine group (C=N), and there is disappearance of

(N-H) peak of amine.
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Figure 3.7 IR spectra (4000-1000 cm™) of: 1 amine = (nicotinoylhydrazide), carbonyl =
(pyrrole-2-carbaldehyde) and Schiff base 7 (N'-((1H-pyrrol-2-
yl)methylene)nicotinoylhydrazide).

3.4 'H-NMR Investigations of Schiff's Bases

The *H-NMR spectra of Schiff bases were recorded at room temperature by

using DMSO as a solvent.
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In general, the spectrum is divided for two regions ; 7-8 ppm for aromatic

and 8-12 ppm for aldehyde protons.
3.4.1 '"H-NMR Spectra of 1

The *H-NMR spectrum of Schiff base 1 is shown in Fig 3.4.1. The signals
in 6.9480-8.8805 ppm were related to the aromatic protons, in which (H, ,d
=6.948), (Hp ,t=7.402), (H. ,t = 7.180), (Hg ,d = 7.944), (H. ,d = 7.599),
(H¢ ,t = 8.298), (Hy ,d = 8.880) ppm.

ppm
Figure 3.4.1 : *"H-NMR Spectrum of 1

3.4.2 "H-NMR Spectra of 2

The *H-NMR spectrum of Schiff base 2 is shown in Figure 3.4.2. The

signals in 6.995-8.725 ppm were related to the aromatic protons, in which
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(Ha ,d = 7.911), (Hy ,t = 7.734), (Hc ,t = 7.201), (Hq ,d = 8.725), (He ,$ =
8.168), (Hy ,s = 7.815), (H, ,t = 7.251), (Hn .t = 7.435), (H; ,d = 6.995)

ppm.
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Figure 3.4.2 : *H-NMR Spectrum of 2
3.4.3 'H-NMR Spectra of 3

The 'H-NMR spectrum of Schiff base 3 is shown in Figure 3.4.3. The

signals in 6.614-9.017 ppm were related to the aromatic protons, in which

(Ha ,d = 6.614), (H, ,t = 7.831), (H. ,d = 6.930), (Hg ,5 =8.297), (He ,s =
9.017), (H¢,d =8.729), (Hg ,t = 7.525), (Hy ,d = 8.211) ppm.
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Figure 3.4.3 : '"H-NMR Spectrum of 3
3.4.3 "H-NMR Spectra of 4

The 'H-NMR spectrum of Schiff base 4 is shown in Figure 3.4.4. The
signals in 7.255-8.998 ppm were related to the aromatic protons, in which
(H, ,d = 7.255), (H, ,d = 7.320), (H. ,s = 8.546), (Hq ,s = 8.998), (He ,d =
8.720), (H¢ ,t =7.530), (Hy ,d = 8.194) ppm.
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Figure 3.4.4 : '"H-NMR Spectrum of 4
3.4.4 "H-NMR Spectra of 5

The 'H-NMR spectrum of Schiff base 5 is shown in Figure 3.4.5. The
signals in 7.240-8.998 ppm were related to the aromatic protons, in which
(H, ,d = 7.328), (Hp ,t = 7.240), (H, ,d = 7.530), (Hq ,5 = 8.546), (He ,s =
8.998), (H¢,d =8.178), (Hy ,t = 7.568), (H ,d = 8.729) ppm.
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Figure 3.4.5 : 'H-NMR Spectrum of 5
3.4.6 'H-NMR Spectra of 6

The 'H-NMR spectrum of Schiff base 6 is shown in Figure 3.4.6. The
signals in 6.114-9.025 ppm were related to the aromatic protons, in which
(H, ,d = 8.706), (H, ,t = 6.479), (H. ,t = 7.514), (Hq ,d = 6.114), (H, ,s =
6.899), (Hr ,s = 9.025), (Hy ,d = 8.215), (Hy ,t = 7.955), (H; ,d = 8.255)

ppm.
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Figure 3.4.6 : '"H-NMR Spectrum of 6
3.4.7 *H-NMR Spectra of 7

The 'H-NMR spectrum of Schiff base 7 is shown in Figure 3.4.7. The
signals in 6.119-9.037 ppm were related to the aromatic protons, in which
(H, ,d = 6.119), (Hp ,t = 6.481), (H. ,d = 6.906), (Hq ,5 = 7.418), (He ,s =
9.037), (Hf,d =8.705), (Hg ,t = 7.515), (Hy ,d = 8.215) ppm.
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ppm

Figure 3.4.7 : *H-NMR Spectrum of 7
3.5 ¥C-NMR Investigation of Schiff's Bases

The *C-NMR spectra of the designed Schiff bases 1-8 have been recorded
in DMSO solvent at room temperature. The spectral data confirms the *H-
NMR spectral results. In all *C-NMR, the number of signals corresponds
to the number of magnetically non-equivalent carbon atoms in the Schiff
bases. In *C-NMR spectra, the state of hybridization is the dominating
factor in determining the chemical shift of a carbon atom sp* -hybrid
carbon atoms absorb up field while sp” carbon atoms absorbs at lower field

strength i.e. sp®>sp>sp®.
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3.5.1 ®*C-NMR Spectrum of 1

The signal of carbon (Cg) atom of azomethine group (C=N) appeared at
149.940 ppm. The signal of carbon atoms of aromatic ring (C;-Cg)
appeared in (117.334-156.575) ppm range, while the signal at 162.993 ppm
is related to the carbon (C-) of carbonyl group (C=0).

The signals of carbon atoms of pyridine rings appeared in (120.296-
149.940) ppm range, in which the signals at 146.455, 142.344 ppm,
125.774 ppm, 134.579 ppm and 120.296 ppm are related to (Cgy, Cyo, Cyy,

C12, Cy3) respectively, as shown in Figure 3.5.1.
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Figure 3.5.1 : ®C-NMR Spectrum of 1

3.5.2 ®*C-NMR Spectrum of 2

The signal of (C¢) carbon atom of azomethine group (C=N) appeared at

143.881ppm. The signal of carbon atoms (C,-Cs) of aromatic ring appeared
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in (117.180 - 149.891) ppm range. while the signal at 165.366 ppm is

related to the carbon of carbonyl group (C-).

The signals of carbon atoms of pyridine rings appeared in (117.635-
158.784) ppm range, in which the signals at 117.635 ppm, 158.784 ppm,
117.180 ppm, 134.502 ppm, 121.327 ppm, and 129.597 ppm are related to

(Cs, Cy, C1g, Cy1, Cy1z, Cy3) respectively, as shown in Figure 3.5.2.

13

160 150 140 130 120 110

ppm

Figure 3.5.2 : ®C-NMR Spectrum of 2
3.5.3 ®*C-NMR Spectrum of 3

The signals of (Cs) carbon atom of azomethine group (C=N) appeared at
134.866 ppm. The signal of carbon atoms of aromatic ring (C;-C,)
appeared in (112.724- 149.433) ppm range, while the signal at 162.071

ppm is related to the carbon of carbonyl group (Cs).

The signals of carbon atoms of pyridine rings appeared in (124.079-
149.722) ppm range, in which the signals at 129.079 ppm, 148.002 ppm,
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149.722 ppm, 124.079 ppm, 135.875ppm are related to (C;, Cg, Cq, Cyo,

C,1) respectively, as shown in Figure 3.5.3.
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Figure 3.5.3 : ®C-NMR Spectrum of 3

3.5.4 *C-NMR Spectrum of 4

ppm

The signal of carbon atom (Cs) of azomethine group (C=N) appeared at

135.881 ppm. The signals of carbon atoms of aromatic ring (C;-C,)

appeared in (115.535 - 143.182) ppm, while the signal at 162.091 ppm is

related to the carbon of carbonyl group (Cs).

The signals of carbon atoms of pyridine ring appeared in (124.095-

152.809) ppm range, in which the signals at 132.321 ppm, 149.00 ppm,

152.809 ppm, 124.095 ppm, 141.265 ppm are related to (C;, Cg, Cqy, Cyg,

Cy1) respectively, as shown in Figure 3.5.4.
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Figure 3.5.4 : ®C-NMR Spectrum of 4
3.5.5 ®*C-NMR Spectrum of 5

The signal of carbon atom (Cs) of azomethine group (C=N) appeared at
132.318 ppm. The signals of carbon atoms of aromatic ring (C;-C,)
appeared in (129.528- 143.284) ppm range, while the signal at 162.146

ppm is related to the carbon of carbonyl group (Ce).

The signals of carbon atoms of pyridine ring appeared in (124.691-
153.350) ppm range, in which the signals at 131.697 ppm, 149.639 ppm,
153.350 ppm, 124.691 ppm, 135.831 ppm are related to (C;, Cg, Cq, Cio,

Cyy) respectively, as shown in Figure 3.5.5.
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Figure 3.5.5 : ®C-NMR Spectrum of 5
3.5.6 *C-NMR Spectrum of 6

The signal of carbon atom (Cg¢) of azomethine group (C=N) appeared at
145.450 ppm. The signals of carbon atoms of pyridine ring (C;-Cs)
appeared in (118.820- 152.560) ppm range, while the signal at 161.646

ppm indicate the carbon of carbonyl group (C-).

The signals of carbon atoms of pyridine ring appeared in (124.175-
148.837) ppm range, in which the signals at 124.175 ppm, 142.964 ppm,
148.837 ppm, 127.322 ppm, 132.301 ppm are related to (Cg, Cq, C1g, Cyy,

Cy,) respectively, as shown on Figure 3.5.6.
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Figure 3.5.6 : ®C-NMR Spectrum of 6

3.5.7 ®*C-NMR Spectrum of 7

The signal of carbon atom (Cs) of azomethine group (C=N) appeared at
131.035 ppm. The signals of carbon atoms of pyridine ring (C;-Cy)
appeared in (109.758- 141.973) ppm range, while the signal at 162.011

ppm is related to the carbon of carbonyl group (Ce).

The carbon atoms of pyridine ring appeared in (124.002-152.348) ppm
range, in which the signals at 130.243ppm, 149.141 ppm, 152.348 ppm,
124.002 ppm, 132.281 ppm are related to (C;, Cg, Cg, Cyo, C11) respectively,

as shown in Figure 3.5.7.
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Chapter Four
Conclusion

Seven of Schiff' bases were synthesized and characterized of heterocyclic
hydrazides and the selected carbonyl compounds. Such bases were
identified and determined by various spectral analysis (IR, ‘H-NMR,*C-
NMR). Some Schiff bases were tested for their biological activities. It has
been found that some of our synthesized Schiff bases have shown
promising biological activities. in this project, seven Schiff bases were

synthesized and characterized by various analytical and spectral techniques.
¢ Schiff base 1

[N*-(di(pyridin-2-yl)methylene)-2-hydroxybenzoylhydrazide] = formed
readily in 83.6% vyield. The structure was identified by IR, *H-NMR,"C-

NMR spectroscopy.

4 Schiff base 2

[2-hydroxy-N-(pyridine-ylmethylene)benzohydrazide] formed readily in
58% yield. The structure was identified by IR, 'H-NMR and *C-NMR

spectroscopy.

4 Schiff base 3

[(Z2)-N'-(furan-2-yImethylene)nicotinoylhydrazide] formed readily in
65% vyield. The structure was identified by IR, 'H-NMR and “*C-NMR

spectroscopy.
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4 Schiff base 4

[N*-((5-bromothiophen-2yl)methylene)nicotinoylhydrazide] was
synthesized in 66% yield. And the structure was identified by IR, *H-NMR

and "*C-NMR spectroscopy.
¢ Schiff base 5

[N*-(thiophen-2-ylImethylene)nicotinoylhydrazide] formed readily in
82.9% yield. And the structure was identified by IR, ‘H-NMR and **C-

NMR spectroscopy.
4 Schiff base 6

[(Z2)-N'-(pyridin-2-ylmethylene)nicotinoylhydrazide] was synthesized in
67% yield. The structure was identified by IR, 'H-NMR and *C-NMR

spectroscopy.
¢ Schiff base 7

[N*-((1H-pyrrol-2-yl)methylene)nicotinoylhydrazide] was in 49% vyield.
The structure was identified by IR, "H-NMR and **C-NMR spectroscopy.
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Chapter Five

Biological activities
5.1 General procedure of anti-fungal test for Schiff bases

5.1.1 Preparation of samples for testing

Each compound (50 mg) was dissolved in 10 mL of mixed solution (7 ml
ethanol and 3 ml ethyl acetate), and the solution was sterilized using

membrane filtration (0.45 um millipore filters) for all of the following tests.

5.1.2 Antifungal testing

All Schiff bases compounds were tested at different concentrations (Table
5.1.) for their antifungal activities against the test pathogens by a modified
“poisoned food” technique. Different amounts of each compound were
incorporated in pre-sterilized SDA medium to prepare a series of
concentrations of the compound (0.6, 1.2, 2.4pg/ml). A mycelial agar disk of
5 mm diameter was cut out of 12 days old culture of the test fungus and
inoculated on to the freshly prepared agar plates. In controls, sterile distilled
water was used in place of the tested sample. Four replicate plates were used

for each treatment (concentration).The inoculated plates were incubated in
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the dark at 24°C and the observations were recorded after 10 days.

Percentage of mycelial inhibition was calculated using the following
formula:

dc—-ds
dc

% mycelial inhibition = ) x100%

where,

dc: colony diameter of the control

ds: colony diameter of the sample

As already introduced in the previous section, the seven samples are listed in
Table 5.1. The three mentioned fungi underwent the seven different tests for
the efficiency of Schiff bases compounds, namely Trichophyton
mentagrophytes Table 5.2, Trychophyton rubrum Table 5.3.and

Microsporum canis Table 5.4

Table 5.1 Schiff Bases Compounds

Sample Number Name of Compound
I N'-(di(pyridin-2-yl)methylene)-2-
hydroxybenzoylhydrazide
I 2-hydroxy-N-(pyridine-
ylmethylidene)benzohydrazid
III (Z)-N‘-(furan-Z-
ylmethylene)nicotinoylhydrazide
I\Y% N'-((5-bromothiophen-
2yl)methylene)nicotinoylhydrazide
AV N'-(thiophen-2-
ylmethylene)nicotinoylhydrazide
VI (Z)-N'-(pyridin-2-
ylmethylene)nicotinoylhydrazide
VII N'-(( 1 H-pyrrol-2-
yl)methylene)nicotinoylhydrazide
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Table 5.2 Diameter zone (mm) of 7. mentagrophytes against three

different concentration (cy,c, and c3).

Control | Diameter zone (mm) = 45,44,41,42,43
Compound | C1=0.6ug/ml | Mean | C2=1.2ug/ml Mean C3=2.4ug/ml Mean
I 15,14,15,16 15 no growth no growth no growth no growth
1 31,32,33,31 31.75 15,16,14,15 15 9,10,8,10 9.25
1l 30,31,21,20 25.5 21,22,21,20 21 7,6,7,7 6.75
[\ 22,23,23,22 22.5 18,20,19,22 19.75 15,14,15,13 14.25
Vv 11,12,13,14 125 10,11,10,12 10.75 6,7,6,7 6.5
VI 2526,25,23 24.75 22,18,20,19 19.75 6,7,6,7 6.5
il 30,31,32,29 30.5 25,26,25,23 24.75 15,14,15,13 14.25

Table 5.3 Diameter zone (mm) of 7. rubrum CBS 392.58 against three
different concentration (cy,c; and c3)

Control | Diameter zone (mm) = 45,44,41,42,43
Compound | C1=0.6ug/ml | Mean | C2=1.2ug/ml Mean C3=2.4ug/ml Mean
I 7,8,7,6 7 no growth no growth no growth no growth
I 21,22,21,20 21 15,16,14,15 15 7,8,8,8 7.75
11 15,14,15,13 14.25 7,8,8,8 7.75 no growth no growth
\Y 11,12,13,14 12,5 10,9,11,10 10 45,46,47,45 55
V 6,7,6,7 6.5 no growth no growth no growth no growth
VI 45,46,47,45 5.5 no growth no growth no growth no growth
VIl 11,12,13,14 12.5 10,11,10,7 10.75 6,7,6,7 6.5

Table 5.4 Diameter zone (mm) of 3. canis CBS 132.88 against three
different concentration (cy,c; and c3)

Control Diameter zone (mm) = 45,44,41,42,43
Compound | C1=0.6ug/ml | Mean C2=1.2ug/ml Mean | C3=2.4ug/ml Mean
I 30,31,21,20 25.5 0,0,11,11 5.5 0,0,11,11 5.5
1 37,36,38,37 37 18,20,19,22 19.75 7,8,7,6 7
i 30,31,32,29 30.5 7,8,8,8 7.75 7,8,8,8 7.75
v 25,26,24,25 25 10,11,10,12 10.75 8,9,8,7 26
V 32,33,31,30 31,5 15,16,14,15 15 0,0,11,11 55
VI 21,22,21,20 21 15,16,14,15 15 7,8,8,8 7.75
VII 37,36,38,37 37 15,14,15,13 14.25 7,8,8,8 7.75
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5.2 General procedure of anti-oxidant test for Schiff bases

compounds.

The hydrogen atom or electron donation abilities of the corresponding
compounds were measured from the bleaching of the purple-colored
methanolic solution of DPPH (1,1-Diphenyl-2-picryl-hydrazyl). This
spectrophotometric assay uses the stable radical DPPH as a reagent.

One mL of various concentrations of the compounds (10,20,30,40,50 ug/ml)
in ethanol was added to 4 mL of 0.004% methanol solution of DPPH (OD=
1.1128). Gallic acid (0.25mg/ml) used as standard. After 30 minutes of an

incubation period at room temperature, the absorbance was read against a
blank at 517 nm. The percent Inhibition I (%) of free radical by DPPH was

calculated as follows:

I(%)Z((Ablank—Asamplc)/ Aplank)X 100% Equation (1)

Compounds concentrations providing 50% inhibition (ICsy) were calculated
from the plot of inhibition (%) against compound concentration. The control

1s Galic acid as Shown in Table 5.2.1

Table 5.2.1 Absorbance for Blank at Different Concentrations

Concentration ug/ml Abs % inhibition

C1 12.5 0.87 20.79
C2 25 0.679 38.18
C3 375 0.579 47.28
C4 50 0.411 62.58
C5 62.5 0.385 64.94




Table 5.2.2 Absorbance for

Concentrations
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the Samples

at Different

Sample Sample Name Absorbance Concentration | % inhibition
Number (Mean) ug/ml
N'-(di(pyridin-2-yl)methylene)-2-
| hydroxybenzoylhydrazide 1.0579 10 3.68
1.0851 20 121
0.9888 30 9.97
1.0277 40 6.43
1.0399 50 5.32
2-hydroxy-N-(pyridine-
I ylmyethyli)(/jene()%)énzohydrazide 1.0804 10 1.63
1.0414 20 5.18
1.056 30 3.86
1.0472 40 4.66
1.0563 50 3.83
(Z2)-N'-(furan-2-
1 ylmethylene)nicotinoylhydrazide 1.0619 10 3.32
1.031 20 6.13
1.0034 30 8.64
0.9901 40 9.85
1.0216 50 6.99
N'-((5-bromothiophen-
v 2yl)methylene)nicotinoylhydrazide 1.0452 10 3.323
1.0385 20 6.13
1.0357 30 8.64
1.0319 40 9.85
1.0378 50 6.99
\% N'-(thiophen-2-
ylmethylene)nicotinoylhydrazide 1.0347 10 4.84
1.0301 20 5.45
0.9665 30 5.70
0.9751 40 6.05
1.0016 50 5.51
(Z2)-N'-(pyridin-2-
ylmethylene)nicotinoylhydrazide
Vi 1.0438 10 5.79
1.0438 20 6.21
1.0333 30 1221
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1.0472 40 11.22
1.0472 50 8.81
N'-((1H-pyrrol-2-
VII yl)methylene)nicotinoylhydrazide 1.0624 10 4.97
1.0443 20 4.97
1.0491 30 5.92
1.0362 40 4.66
1.0481 50 5.13

5.3 General Procedure of Anti-bacterial Test for Schiff Bases

Compounds

5.3.1 Antibacterial activity

The antibacterial activity of the synthesized compounds was determined
against the following microorganisms: Escherichia coli Staphylococcus
aureus (ATCC 25923), Salmonella, Klebsiella, pneumonia (ATCC

13883), Proteus vulgaris (ATCC 13315), and Pseudomonas

aeruginosa (ATCC 27853), All the isolates were purchased from BERC /Til
Village. Solutions of each synthetic compound (5.0 mg/mL) in ethanol

were sterilized by filtration through a 0.45 mm membrane filter.

Antibacterial tests were then carried out by disc diffusion method.

Compounds were investigated by the disc diffusion using 6 mm filter discs
prepared from Whatman paper 3. Bacteria were cultured overnight at 28°C
in LB medium and then adjusted with sterile saline to a concentration of
1.0x105 CFU mL'. The suspension was swapped on the top of Muller—
Hinton agar plates (20 mL agar/1 plate).

Discs were flooded with the 10ul top of Muller—Hinton agar plates

compounds (5.0 mg mL™) and placed on the inoculated agar. (4 discs per
agar plate). After 24 hrs of incubation at 37°C for bacteria, the diameter of

the growth inhibition zones was measured. Gentamycin was as a positive
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control and 10pL was applied to the discs from stock solution ( 1 mg mL™).

All tests were done in duplicate. (Sokovic et al., 2008).
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Chapter Six

Results and Discussion
6.1 Antifungal test

Our compounds were tested for their antifungal activities against T.
mentagrophytes, T. rubrum , M. canis, . Tables 6.1, 6.2 and 6.3 |,

respectively.

The seven tested compounds showed results as shown below. N'-
(di(pyridin-2-yl)methylene)-2-hydroxybenzoylhydrazide showed complete
inhibition against T. mentagrophet at 1.2 pg/ml and at 2.4 pg/ml, while the
other compounds showed excellent significant activity. (Z) - N'- (pyridin-
2- ylmethylene) nicotinoyl hydrazide, N'- (thiophen -2- ylmethylene)
nicotinoyl hydrazide and N'-(di(pyridin-2-yl)methylene)-2-
hydroxybenzoylhydrazide shows complete inhibition at 1.2 and 2.4
png/mla gainst T. rubrum. On the other hand the seven compounds showed
different inhibition at 0.2, 1.6 and 2.4 pg/ml against M. canis. as shown in

Figure : 6.4, 6.5 and 6.6



Figure 1: Anti-fungal Testing of Compound Number 5 against T. mentagrophytes

Figure 2: Anti-fungal Testing of Compound Number 3 against T. rubrum



75

Figure 3: Anti-fungal Testing of Compound Number 7 against M. canis
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Table 6.1 Anti-fungal activity of Schiff bases compounds against T.

mentagrophyt at three concentrations

T. mentagrophyt

1.2 2.4
NX | no. Compound 0.6 pg/mi pg/ml pg/ml
N'-(di(pyridin-2-yl)methylene)-2-
N1 | 1 | hydroxybenzoylhydrazide 65 100 100
N2 2-hydroxy-N-(pyridine-
2 | ylmethylidene)benzohydrazide 26.2 67.2 78.5
N3 (2)-N'-(furan-2-
3 | ylmethylene)nicotinoylhydrazide 44.3 51.2 84.3
N'-((5-bromothiophen-
N4 | 4 | 2yl)methylene)nicotinoylhydrazide 47.7 56.8 68.9
N5 N'-(thiophen-2-
5 | ylmethylene)nicotinoylhydrazide 63.2 75 84.9
N6 (2)-N'-(pyridin-2-
6 | ylmethylene)nicotinoylhydrazide 42.4 54.1 84.9
N7 N'-((1H-pyrrol-2-
7 | yl)methylene)nicotinoylhydrazide 33.3 42.4 66.9

Table 6.2 Anti-fungal activity of Schiff bases against T. rubrum at three

concentrations

T. rubrum
0.6 1.6 2.4
Nx | No. Compound pg/ml pg/ml pg/ml
N'-(di(pyridin-2-yl)methylene)-2-
N1 | 1 | hydroxybenzoylhydrazide 79.4 100 100
2-hydroxy-N-(pyridine-
N2 | 2 | ylmethylene)benzohydrazide 51.2 67.2 83.1
N3 | 3 | (2)-N'-(furan-2-ylmethylene)nicotinoylhydrazide 66.9 78.5 100
N'-((5-bromothiophen-
N4 | 4 | 2yl)methylene)nicotinoylhydrazide 63.2 70.6 88
NS | 5 | N'-(thiophen-2-ylmethylene)nicotinoylhydrazide 84.9 100 100
(2)-N'-(pyridin-2-
N6 | 6 | ylmethylene)nicotinoylhydrazide 88 100 100
N'-((1H-pyrrol-2-
N7 | 7 | yl)methylene)nicotinoylhydrazide 63.2 75 89.9
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Table 6.3 Anti-fungal activity of Schiff bases against M. canis at three

concentration

M. canis
NX | no. Compound 0.6pg/ml | 1.2 pg/ml | 2.4 pg/ml
N'-(di(pyridin-2-yl)methylene)-2-
N1 | 1 | hydroxybenzoylhydrazide 44.3 88 88
2-hydroxy-N-(pyridine-
N2 | 2 | ylmethylidene)benzohydrazide 19.1 56.8 79.4
N3 (2)-N'-(furan-2-
3 | ylmethylene)nicotinoylhydrazide 33.3 83.1 83.1
N'-((5-bromothiophen-
N4 | 4 | 2yl)methylene)nicotinoylhydrazide 45.4 75 84.1
N5 N'-(thiophen-2-
5 | ylmethylene)nicotinoylhydrazide 31.1 67.2 88
N6 (2)-N'-(pyridin-2-
6 | ylmethylene)nicotinoylhydrazide 51.2 67 83
N7 N'-((1H-pyrrol-2-
7 | yl)methylene)nicotinoylhydrazide 19.1 66.9 83.1
% Inhibition at 2.4ug/ml
120
100 -
80 - -
60 - ——  HET.rubrum
a0 - . B T. menta
M. canis
20 - -
0 _
NL N2 N3 N4 N5 N6 N7
Compounds

Figure 6.4 : % Inhibition of Schiff bases compounds against three fungus at 2.4 pg/m
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% inhibition at 1.2ug/ml

120
100
80
60 B T. mentagrophyt
40 B T. rubrum
= M. canis

20

N1 N2 N3 N4 N5 N6 N7

compounds

Figure 6.5: % Inhibition of Schiff bases compounds against three fungus at 1.2ug/mi

%Inhibition at 0.6ug/ml
120

100

80

60 HT. rubrum

40 ET. menta

™ M. canis
20

N1 N2 N3 N4 NS N6 N7
Compounds

Figure 6.6 : % Inhibition of Schiff bases compounds against three fungus at 0.6ug/ml
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6.2 Antioxidant Test

The compounds did not show any antioxidant activity at the concentration
(10-50 pg/ml) compared with Gallic acid which have (ICsp= 1.6 pg/ml)
Fig. 6.7

70

50 / e | 2
40 —N3
% Inhibition / -

Concentration pg/ml

Figure 6.7 : % inhibition of Gallic acid Compared with Schiff Bases Compounds
versus ConcentrationWhere :

N1 = Gallic acid

N2 = N'-(di(pyridin-2-yl)methylidene)-2-hydroxybenzoylhydrazide
N3= 2-hydroxy-N-(pyridine-2-ylmethylene)benzohydrazid

N4 = (Z)-N'-(furan-2-ylmethylene)nicotinoylhydrazide

N5 = N'-((5-bromothiophen-2-yl)methylene)nicotinoylhydrazide
N6 = N'-(thiophen-2-ylmethylene)nicotinoylhydrazide

N7 = (Z)-N'-(pyridin-2-ylmethylene)nicotinoylhydrazide

N8 = N'-((1H-pyrrol-2-yl)methylene)nicotinoylhydrazide
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6.3 Antibacterial Test

The Schiff bases compounds were tested against five type of bacteria that
cause dermic and mucosal infections . Results were negative and there was

no activity against any of the tested types of bacteria at the concentration

(5mg/ml) when compared with gentamicin Fig 6.8, 6.9

Figure 6.8 : Anti-bacterial Testing of Schiff Base N1, N2, N3 against Staphylococcus aureus



Figure 6.9: Anti-bacterial Testing of Schiff Base N4, N5, N6, N7 against Escherichia coli
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Chapter Seven
Conclusion

Antifungal test :

*  N'-(dipyridin-2-yl)methylene)-2-hydroxybenzoylhydrazide ~ showed
complete inhibition against T. mentagrophytes at 1.2 pg/ml and at 2.4

pg/ml.

*  (2)-N'-(pyridin-2-ylmethylene)nicotinoylhydrazide,  N'-(thiophen-2-
ylmethylene)nicotinoylhydrazide and N'-(di(pyridin-2-yl)methylene)-2-
hydroxybenzoylhydrazide shows complete inhibition at 1.2 and 2.4 pg/ml

against T. rubrum.

* In general the seven compounds showed different inhibition at 0.6, 1.2

2.4 pg/ml against M. cains, T. rubrum and T. mentagrophet.
Antioxidant test :

For our synthesized Schiff bases compounds there is no antioxidant effects
comparing with Gallic acid, because our compounds are stable and

unreactive to radicals such as "OH.
Antibacterial Test :

The Schiff bases compounds were tested, the results were negative and
there was no activity against any of the tested types of bacteria when

compared with gentamicin
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