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Summary

The present work includes the synthesis of different Schiff’s bases [3(A-C)] by
the reaction of 2-Aminopyridine [2] with benzaldehyde and its derivatives
[L(A-C)]. These Schiff’s bases react with benzoyl chloride [4] to yield
benzamide derivatives [5(A-C)]. The synthesis of L-amino acid derivatives
[6(A-C)-10(A-C)] has been performed by the reaction of benzamide derivatives
[5(A-C)] with (Glycine, L-Alanine, L-Phenylalanine, L-Asparatic acid and
L-Asparagine). FTIR, 'H-NMR and *C-NMR spectroscopy were used to
characterize the prepared compounds. The biological activity of compounds
were evaluated toward gram negative bacteria (Klebsiella pneumoniae) and
gram positive bacteria (Staphylococcus aureus).

The synthesized compounds [6(A-C) — 10(A-C)] showed a lower anti-bacterial
activity compared with Meropenem as a reference against both (Staphylococcus
aureus) and (Klebsiella pneumoniae).

The compounds 6A, 7B and 8C were found as the best anti-bacterial activity
among the synthesized compounds against both bacteria at the concentration of
50 (ug/ml).
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Scheme 1: Synthetic route of N-[chloro-(4-monosubstituted-phenyl) methyl]-N-
(pyridin-2-yl) benzamide.
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Chapter One Introduction

1.1 Schiff’s bases

A Schiff’s base (imine or azomethine), named after Hugo Schiff, contains a
carbon-nitrogen double bond with the nitrogen connected to an aryl or alkyl but
not hydrogen. Schiff bases are of general formula R;R,C=NR3, where Rz is an
aryl or alkyl group that makes the Schiff’s bases a stable imine &, Fig (1-1).

A Schiff’s base derived from aniline, where Rj is a phenyl or a substituted
phenyl, can be called an anil @. Schiff’s bases that contain aryl substituents are
substantially more stable and more readily synthesized, while those which have
alkyl substituents are relatively unstable. Schiff’s bases of aliphatic aldehydes
are relatively unstable and readily polymerizable whereas those of aromatic

aldehydes containing effective conjugation are more stable ©.

R

1
\
C—N—R,
/
R>
R1, Ry, Rs: Aryl or Alkyl group.
Fig (1-1): Structure of Schiff base.

The formation of a Schiff’s base from aldehydes (or) ketones is a reversible
reaction and usually takes place under acid (or) base catalysis, or upon heating.
The formation is usually driven to the completion by split-up of the product or
removal of water, or both. Many Schiff’s bases can be hydrolyzed back to their
aldehydes or ketones and amines by aqueous acid or base ), Scheme (1-1).

The dehydration of carbinolamine is also catalyzed by a base. This reaction
Is somewhat analogous to the E, elimination of alkyl halides except that it is not
a concerted reaction. It proceeds in two steps through an anionic intermediate.
The Schiff’s base formation is really a sequence of two types of reactions, i.e.

addition followed by elimination .
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O <|3H
R—C——R + R—NH, = R (‘3 R
Ketone (or) Primary NHR
Aldehyde amine Carbinolamine

4
'
NR

R—C—R + H,0

Imine

R: Aryl or Alkyl group.

Scheme (1-1): The chemical equations of Schiff’s base formation.

However the acid concentration cannot be too high because amines are basic
compounds. If the amine is protonated and grow into non-nucleophilic,
equilibrium is pulled to the left and carbinolamine formation cannot occur.
Therefore, many Schiff’s bases synthesis are best carried out at mild acidic pH.
The mechanism of Schiff’s base formation 1s another variation on the theme of
nucleophilic addition to the carbonyl group. In this case, the nucleophile is the
amine. 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 ),
Scheme (1-2).

Schiff’s bases are considered as starting materials for synthesis of
heterocyclic compounds ©, and metal complexes ©. Also Schiff’s bases are as
important organic compounds for polymerization reactions ), wherever they

considered as catalyst of reaction ©.
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R, R1, Ry: Aryl or Alkyl group.

Scheme (1-2): The mechanism of Schiff’s base formation.

Schiff’s bases show  good anti-proliferative ©,  antiviral “9,
antimicrobial Y, anti-inflammatory ®?, activities and play as  antimalarial ),
anticancer ¥, antibacterial **, antifungal “®, and  anti-tubercular *".

Schiff bases have two geometric isomers result from stereo distribution of
groups attached to double bond which known as cis-trans isomerism. One of
these isomers is more stable than the other result from type of group’s

distribution about carbon and nitrogen atom ™®, Scheme (1-3).

R R R R
1 \ / 2 1 \ / 2
C C
| = = l
N\ N
Rs R3
Trans Cis

R1, Ry, Rs: Aryl or Alkyl group.

Scheme (1-3): geometric isomer of Schiff’s bases.
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Chapter One Introduction

1.1.1 Schiff’s base of 2-Aminopyridine

In 2013 Vinita et al. ™, prepared 2-Aminopyridine Schiff’s bases [1] by the
reaction of 2-aminopyridine with substituted Salicylaldehyde and showed that
they capable to prevent the growth of S. aureus and E. coli in different

concentrations.

HO
N NH HO
| N 2 D\ Ethanol, H N\ N\\C:©\R
— || H

R RT,24h =

R: H, NO,, Br, OCHs.

Scheme (1-4): The formation of compounds [1].

In 2015 Hamdan et al. ®, Synthesized complexes of Fe (11) and Cu (1)
with a tridentate Schiff 's base [2], 2-((z)-(pyridine-2-ylimino)methyl)
naphthalene-1-ol resulting from 2-hydroxy-1-napthaldehyde and 2-Amino
pyridine and evaluated the Antibacterial and antifungal activities in vitro
against three types of G+ and G- bacteria, Escherichia coli, Pseudomonas
aeruginosa, Staphylococcus aureus and three types of fungi, Aspergillus
flavus, Trichophyton rubrum and Candida albicans with determination of

minimum inhibitory concentrations of ligand and metal complexes.

! H
é | N=
\ N  reflux, Ethanol c N
T @ — A\
Y
OH H,N N oH

70°C
2

Scheme (1-5): The formation of compound [2].
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In 2016 Ramachandran et al. ®, Synthesized a new series (Z)-2-(pyridine-
2-ylimino) methyl phenol derivative [3] by the reaction of 2-aminopyridine with
2-Hydroxybenzaldehyde. This compound showed mild antibacterial activity

against Staphylococcus aureus and Escherichia coli.

HO
Q HO;(:| Etharnol @_ 4@
D R A
= 3hrs -
N NH,  OHC N
3

Scheme (1-6): The formation of compound [3].

In 2016 Santhoshkumar et al. ®®, have synthesized and studied the selective
fluorescent probe for Fe?* of naphthalene pyridine Schiff’s base [6] derived from

1-Naphthaldehyde and 2-aminopyridine.

[
_—=N
NH
CcCHO =
| = EtOH
+ _ RT
N NH,
4

Scheme (1-7): The formation of compound [4].

1.1.2 Reactions of Schiff’s base

Aromatic Schiff’s bases are weak bases and weak nucleophiles.  This is
supported by the fact that they do not react with simple alkyl halides, allyl
halides or benzyl halides but they react with the relatively more reactive acid
halides. Acetyl chloride, for example, react with N-Benzylideneaniline to give
N-[chloro(phenyl)methyl]-N-acetanilide [7] “®, Scheme (1-8).
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COCHj,

Benzene

C6H5N:CHC6H5 + CH,COCI C6H5N—CHC6H5

45 min
Cl

5

Scheme (1-8): The formation of compound [5].

Grignard reagent reacts with azomethine compounds to form product which
on hydrolysis result secondary amines. The reaction is usually applied to the

Schiff bases which are prepared from aryl aldehydes ®®, Scheme (1-9).

R4 MgX R4
H,0
ArHC—NR + R MgX —> CH—NR —_— CH——NHR
Ar Ar

R, Ry: Aryl or Alkyl group.

Scheme (1-9): The formation of secondary amines.

Schiff’s bases can be hydrogenated in the presence of catalyst to give the

corresponding secondary amines “®, Scheme (1-10).

H H, H H
Ni

Secondary amine

Scheme (1-10): The formation of secondary amines.

In 2006 Desai et al. ®, synthesized 4-thiazolidinones [6] in a good yields
from the heterocyclization reaction of 2-(benzothiazol-2-ylthio)-N'-
benzylideneacetohydrazide with mercaptoacetic acid in DMF in the presence of
catalytic amount of anhydrous ZnCl, under microwave irradiation and compared

with conventional methods, Scheme (1-11).
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—_— R

]

DMF | SHCH2COOH

N Y R

6

R: 4-NO,, CHs.

Scheme (1-11): The formation of compounds [6].

In 2006 Sahu et al. ® reported that condensation of substituted
benzaldehydes with primary aryl amines gave a series of Schiff bases which, on
reaction with mercaptoacetic acid, resulted in the formation of the corresponding
4-thiazoldinones [7], Scheme (1-12).

C/}__. gp==.
R% R%

HSCH,COOH
— Y
\ E—N—Ar
A / /J\
R S
0

7

Ar=4-NO, , Phenyl, 4-Cl and Naphthyl, R=2-OH, 4-N(CHs), , 4-NO,,
4-Cl and 4-OCHs.

Scheme (1-12): The formation of compounds [7].
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1.2 Amino acid derivatives

Amino acids play central parts both as construction blocks of proteins and as
intermediates in metabolism. The 20 amino acids that are originate within
proteins carry a vast array of chemical adaptability. The precise amino acid
content, and the sequence of those amino acids, of a specific protein, is
determined by the sequence of the bases in the gene that encodes that protein.
The chemical properties of proteins amino acids determine the biological
activity of the protein. Proteins not only catalyze all (or most) of the reactions in
living cells, they control virtually all cellular process. In addition, proteins
contain within their amino acid sequences the necessary information to
determine how that protein will fold into a three dimensional structure, and the
stability of the resulting structure .

Humans can produce 10 of the 20 amino acids. The others must be supplied
by food. Failure to obtain enough of even 1 of the 10 essential amino acids,
those that we cannot make, results in degradation of the body’s proteins—
muscle and so forth—to obtain the one amino acid that is needed. Unlike fat and
starch, the human body does not store excess amino acids for later use, the
amino acids must be in the food every day “®.

The 10 amino acids that produce are alanine, asparagine, aspartic acid,
cysteine, glutamic acid, glutamine, glycine, proline, serine and tyrosine.
Tyrosine is produced from phenylalanine, so if the diet is deficient in
phenylalanine, tyrosine will be required as well. The essential amino acids are
arginine, histidine, isoleucine, leucine, lysine, methionine, phenylalanine,

threonine, tryptophan, and valine ®”. The general structure of an amino acid is:
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aC.
R/ '””INHZ

COOH
R: Side chain group

Fig (1-2): General structure of amino acid.

With the R group indicating the side chain ®”. All amino acids having a free
a-amino group except proline, the structure differs slightly from general formula
because the amino group and (R) group are part of ring, and this give strength to
the proline in peptides that contain it ®, Fig (1-3).

Amino

group

1 /-\Carboxyl
HN—CH—CO00  9roup
H,C  CHy

CH,

Fig (1-3): Structure of Proline.

All amino acids in nature except glycine contain an asymmetric carbon
(chiral carbon) and so amino acids are optically active. There are two possible
arrangements for molecules with chiral carbon. Molecules that have only in
special arrangement of their atoms are called (stereoisomer). There are two types
of stereoisomer of molecules with chiral carbon, D-isomers, L-isomers. The
atoms of two isomers are bonded together in the same pattern except for position
of amino group and hydrogen atom &
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Careful examination reveals that the two isomers in Fig (1-4) are mirror
images to each other, such molecules called (enantiomers), cannot be

superimposed on each other *©.

(|3H3 i (|3H3
C., i e
N \ “H ; n \\NH2
COOH i COOH
L-Alanine : D-Alanine

Fig (1-4): The structural formula (L, D) for alanine.

Some of amino acids contain equal quantity from (D) and (L) and this
mixture called (Racemic Mixture). The genetic code use only (L-amino acids) in
constructing proteins, although (D-amino acids) may occur as a modification
after the genetic code has been transcribed into proteins, or they are formed by
nongenatically directed processes into (D-amino acids) occur mainly in the
lower organisms such as bacteria *®.

Bjerrume suggest that nearly the whole of neutral aliphatic amino acid is
present in solution in the form of the dipolar ion (Zwitter ion), as shown in
figure (1- 4) that carries both a positive and negative charge as result of internal

acid-base reaction in amino acid molecules *®.

o) O
H // + H // -
H,N C—C—OH <= = H;N T c—~oO
| )
non ionized form Zwitter ion present in
dos not exist soilds state and solution

Scheme (1-13): The Zwitter ion for Amino Acid.
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A solution of glycine, for example, i.e., NH,CH,CO,H is compared with one
of ammonium acetate; if a strong acid is added to the latter, the reaction is with
basic CHsCO, ion and CHs;CO,H is formed, but a strong base reacts with the
acidic *NHs ion to yield NH, *®.

In the same way, the addition of strong acid to glycine consisting mainly of

the dual ion "NH3CH,CO,", result in the reaction (18),

"NH3CH,CO, + Hz0" == = "NH;CH,CO,H -+ H,O

While reaction with alkali is:

"NH;CH,CO,~ + OH == NH,CH,CO, -+ H,O

There are several other properties of amino acids which are in agreement
with the dipolar ion type of structure. These are the high melting point, the
sparing solubility in alcohol and acetone, and increased solubility in presence of
natural salts, all of these properties associated with ionized substance ®.

Amino acids have long played an important role in both human and animal
nutrition and health maintenance. On account of its functionality and the special
features arising from chirality, this class of compounds is biochemically
extremely important and of great interest for the chemical industry ©®.

In this industry, amino acids are also used to chelate metal cations in order to
improve the absorption of minerals from supplements, which may be required

to improve the health or production of these animals “°.

The most closely studied flavor enhancer is monosodium glutamate, the
sodium salt of glutamic acid. Glutamate is a frequently used as flavor enhancer
in foods, enhances the savory flavors imparted by glutamic acid, which occurs
naturally in proteinaceous foods e.g. meats, seafood, stews, soups, sauces,®” and
aspartame (aspartyl-phenylalanine-1-methyl ester) is considered to be the first
generation of sweeteners ©%.

The remaining proteinogenic amino acids are required in the pharmaceutical

and cosmetics industries and are also ideal raw materials for synthesis of chiral
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active ingredients, which in turn find application in such sectors as
pharmaceuticals, cosmetics, and agriculture ©®,

Include 5-HTP (5-hydroxytryptophan) used for experimental treatment of
depression ©?, L-DOPA (L-dihydroxyphenylalanine) for Parkinson's treatment
®3) " and eflornithine drug that inhibits ornithine decarboxylase and used in the

treatment of sleeping sickness ®.

Amino acid derivatives were also used in production of drugs for
antimicrobial ®® antifungal ®®, anticancer ®”, antibodies ©®.
The compounds a-Aminoadipic acid [8], L-cysteine [9] and L-Valine [10]

were used in biosynthesis of penicillin and cephalosporin ©9.

Fig (1-5): The structure of compounds [8], [9], [10].

1.2.1 Chemical synthesis of Amino acids
The a-amino-acid grouping, —NH—CHR—CO—O—, can be built up from
its components through the Strecker synthesis “%:

NH,

NH,
NaCN | H,80,(aq) |
RCHO — > C- - .
C-
NH,C1 R/ \ CN reflux R/ \ “~COOH
-H,0 H H

Scheme (1-14): The formation by Strecker synthesis.

Or by the Bucherer—Bergs synthesis “°:
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RCHO , NH4CN - HI|\I (|?HR > D, L-a- amino acid
C C
= NS
07 Ny~ o
H

Scheme (1-15): The formation by Bucherer—Bergs synthesis.

An even simpler synthesis, the Miller—Urey experiment in which some of the
presumed atmospheric components in prebiotic eras were shown to combine, is
not of practical interest since it gives mixtures with low yields and it cannot be

directed towards a predominant target amino acid “°.

energy source
N, + CH, + H,0 > Mixture of amino acids (mostly a-amino acids)

Scheme (1-16): The formation by Miller—Urey experiment

Further general syntheses such as carboxylation or carbonylation of
(40)

alkylamide

catalyst
R'CONH,+ R*CHO+ CO —— R'CONHCHR’CO,H

Scheme (1-17): The formation by carboxylation of alkylamide..

And the Ugi ‘four-component condensation “°.
RINC+ RIR’CO+ R'NH,+ R°CO,H — > R*CONR‘CR’R*CONHR!

Scheme (1-18): The formation by Ugi.

These are useful methods capable of development in certain cases for large-

scale syntheses of simple amino acids “°.
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In 2012 AL-Haidery “Y, synthesized a new series of N-[(sebacoylamino)
thioxomethyl]-amino acid [11] were prepared by the reaction of
sebacoylisothiocyanate with various amino acids namely L-histidine, L-
glutamic acid, L-tryptophan, L-lysine.

0 0 acetone 0 (‘)

| |
- 0—C—(CH)—C—a + MHSN ———— S=(=N—C—(CHj—C—N=C=S

(H) ! acetone C‘OOH ﬁ ﬁ (H) ﬁ C‘OOH

b §=(=N-C—(H oyt
(= Jy-C-N=C=$ + HOOC—C-Nly ——>HC ¢ € C C HC
AN
l‘l reflux R/ \N/ \N/\CH/ \N/ \N/ R
po (CHyg p

N-[(Sebacoylamino)thioxomethyl]-amino acid

11

R: L-Histidine, L-Glutamic acid, L-Tryptophan, L-Lysine.

Scheme (1-19): The formation of compounds [11].

In 2014 Busch et.al “?, synthesized L-tryptophan [12] from O-phospho-L-
serine and indole by using TrpB2 Enzymes.

COOH
COOH NH,
2 N
N NH, ) H
HPO ~
4
Indole O-phospho-L-serine

L-tryptophan

12

Scheme (1-20): The formation of compound [12] “2.
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In 2014 Eldridge et.al *¥, Synthesized six amino acid ester prodrugs. A
small library of amino acid ester prodrugs of 6-B-naltrexol (NTXOL, 1) [13] was
prepared in order to investigate the candidacy of these prodrugs for

microneedle-enhanced transdermal delivery.

R: CH(CHg)NHZ
CH[CH(CHz),;]NH,
CH[CH,CH(CHz3),]NH,
CH[CH(CHj3)(CH,CHgz)]NH,
CH,CH,;NH;

Scheme (1-21): The formation of compounds [13].

1.3 Biological activity
1.3.1 Antimicrobials “¥

In recent years, drug resistance by human pathogenic bacteria is being
commonly reported from all over the world. However, the situation is alarming
in developing as well as developed countries due to indiscriminate use of
antibiotics, although pharmacological industries have produced large number of
newer antibiotics in the last three decades. Reason behind this is that
microorganisms are becoming resistant to both older and newer antibiotics. In
addition, bacteria have the genetic ability to transmit and acquire resistance to
drugs which are utilized as therapeutic agents and transferring the resistance
from one bacteria to another. Antibiotics provide the main basis for the therapy
of microbial infections. Since the discovery of these antibiotics and their uses as
chemotherapeutic agents there was a belief in the medical fraternity that this
would lead to the eventual era dictation of infectious diseases. However, overuse

of antibiotics has become the major factor for the emergence and dissemination
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of multidrug resistant strains of several groups of microorganisms. The
antimicrobial agents are of great value for devising curative measures against
bacterial infections. The indiscriminate use of antibiotics has led to the
emergence of antimicrobial resistance in various isolates of bacteria.

Resistant bacteria impacts the public health in such a way that it increases
morbidity and mortality from treatment failures and increases healthcare costs as
newer and more expensive antibiotics are needed to treat infections. Resistant
bacteria are emerging worldwide as a threat to the favorable outcome of
common infections in community and hospital settings. Staphylococcus aureus
showed resistant due to the production of penicillinase with the ability to
hydrolyze penicillin; first generation resistant due to B-lactamases and third-
generation cephalosporins are resistant due to the production of extended-
spectrum B-lactamases (ESBLs). Microorganisms are the concealed enemies to
the mankind and cause a very profound damage in human body as well as other
living organism. The agents, which have the capacity to kill the microbes or
arrest the multiplication, are called the antimicrobial agents or drugs. There are a

lot of antimicrobial drugs of which some are discovered or established.

1.3.2 Staphylococcus aureus™

They are gram positive spherical cell. Usually arranged in grape like
irregular clusters. They grow readily on many types of media and are active
metabolically, fermenting carbohydrates and producing pigments that vary from
white to deep yellow. Some are members of normal flora of skin and mucous
membranes of humans, a variety of pyogenic infections, and even fatal
septicemia.

The pathogenic staphylococci often hemolyse blood, coagulate plasma and
produce a variety of extra cellular enzymes and toxins. The most common type
of food poisoning is caused by a heat-stable staphylococci rapidly develop

resistance to many antimicrobial agents and present difficult therapeutic
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problems. S. aureus is a major pathogen for human. Almost every person will
have some type of S. aureus infection during a poisoning or minor skin infection
to serve life threatening infections. S. aureus infection can also result from direct

contamination and a wound like the post-operative staphylococcoal.

Fig (1-6): Colorized scanning electron micrograph (SEM) depicted numerous

clumps of Staphylococcus aureus bacteria “?.

1.3.3 Klebsiella pneumoniae®”

Klebsiella is a gram negative, non-motile, encapsulated, lactose fermenting,
facultative anaerobe belonging to the Enterobacteriaceae family. It is the second
most popular member of the aerobic bacterial flora of the human intestine. It is
the most common causative agent of nosocomial and community acquired
infections.

It causes pneumonia, urinary tract infection, other pyogenic infections,

septicemia and rarely diarrhea. Biochemically typical strains of Klebsiella
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pneumoniae are resistant to a wider range of antibiotics than are most
Escherichia coli strains. They are nearly always naturally resistant to ampicillin.
Resistance of Klebsiella to previously sensitive antibiotics is also increasing in
the recent years due to overuse and misuse of antimicrobial agents and or natural
causes, of particular concern is the Extended Spectrum Beta Lactamase (ESBL)
producing Klebsiella pneumoniae that have been steadily increasing over the
past years and rapidly spreading worldwide that pose a serious threat for
healthcare associated infections.

Increasingly the ESBL Klebsiella pneumoniae are also showing co-
resistance to other antimicrobial agents like quinolones and aminoglycoside
antibiotics. Both morbidity and mortality is increased when infection is caused
by these drug resistant organisms. Antibiotic sensitivity pattern may change

from time to time and place to place.

Fig (1-7): Colorized scanning electron micrograph (SEM) depicted a blue-

colored of Klebsiella pneumoniae bacteria 2.
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1.4 The aims of the present work

Amino acid derivatives are of great importance because many of these
compounds have been found to show biological active, chemotherapeutic and
antibiotic.

Schiff’s base derivatives are considered as important class of compounds

having a wide spectrum of biological activity.

This work was designed to inquire the following targets:
1. Synthesis of amino acid derivatives via Schiff’s bases starting from
benzaldehyde derivatives and 2-Aminopyridine.
2. Characterization of the products by using melting points, FTIR, *H-NMR
and *C-NMR spectroscopy.
3. Exploration the biological activity of synthesized compounds aganist two

kinds of Bacteria Staphylococcus aureus and Klebsiella pneumoniae.
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Chapter Two

Experimental part

2.1 Chemicals

The following table shows the chemicals with their purity and companies.

Table (2-1) showed all the used chemicals

Chemicals purity Supplied from
2-Aminopyridine 99% GPR
Benzaldehyde 99% BDH
Benzene 99.7% ROMIL
Benzoyl chloride 98% SYNCHEMICA
Calcium chloride BDH
1,4-Dioxane 99% Thomas Baker
DMSO 99.58% POISON
Ethanol absolute 99.9% Scharlau
Hydrochloric acid 37% CDH
L-Alanine 99.9% AAG
L-Aspartic acid 99% Fluka
L-Asparagine - -
L-Phenyl alanine 99% Fluka-Garantie
P-Bromobenzaldehyde 98% Himedia
P-Chlorobenzaldehyde 98% Himedia
Glacial acetic acid 90% Hopkins &
Williams
Glycine 99.5% ROMIL
Sodium carbonate 99% GPR
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2.2 Apparatus

The following apparatus were mainly used in this work:

1. Melting points were determined on electro thermal capillary apparatus,
Chachan, MLP-01, and were uncorrected.

2. Fourier Transform Infrared Spectroscopy (FT-IR) spectra in the range of
(400-4000) cm™ were recorded by KBr disc on FT-IR, 8300 Shimadzu
Spectrophotometer, (Ibn-Sena, Ministry of Industry).

3. Nuclear Magnetic Resonance spectroscopy (NMR), *H NMR and **C NMR
by using DMSO as solvent in NMR Spectrometer 400 MHz, Avance 111 400,
Bruker, Germany, (Isfahan University, Isfahan, Iran).

4. Autoclave, Fanem MOD. 415 (Sao Paulo - Brazil). Biotechnology
Department, College of Science, Baghdad University.

5. Incubator, Memmert (Germany). Biotechnology Department, College of

Science, Baghdad University.
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2.3 Procedures
2.3.1 Synthesis of N-(4-monosubstituted benzylidene)-pyridin-2-amine
3(A-C) ¥

A mixture (0.01 mol) of the Benzaldehyde derivatives and (0,01 mol, 0.94
gm) of 2-aminopyridine was dissolved in 15 mL absolute ethanol containing a
drop of glacial acetic acid and refluxed for 10 hrs. The reaction mixture was
then allowed to cool to room temperature, the solid was filtered, washed with
(2%) HCI solution then with distilled water, recrystallized from ethanol to yield

colored crystals.

X: H, CI, Br.

Table (2-2) Physical properties of 3(A-C)

Comp. | X Formula | Yield% | Melting Point Color

3A H | CoHpoN; 67% 89-91 °C Pale yellow
3B Cl | CoHgNLCl | 64% 78-80 °C Pale yellow
3C Br | CoHyNLBr| 84% 43-45 °C Pale yellow

Page 22



Chapter Two Experimental part

2.3.2 Synthesis of N-[chloro (4-monosubstituted phenyl) methyl]-N-
(pyridine-2-yl) benzamide 5(A-C) “9

In a 50 mL round bottom flask equipped with a magnetic stirrer bar, was
dissolved (0.005 mol) of Shiff 's bases 3(A-C) in 10 ml of dry benzene. In the
dropping funnel (0.005 mol, 0.6 ml) of benzoyl chloride was placed in 10 ml of
dry benzene. The benzoyl chloride solution was added dropwise to the reaction
mixture and refluxed for 1hr. The solvent was evaporated and the precipitated
colored product was filtered, washed with dilute solution of sodium carbonate

(2%) then with distilled water, and recrystallized from ethanol and dried.

X O*C
H N
c” | X
S N
Cl =
X: H. Cl. Br.

Table (2-3) Physical properties of 5(A-C)

Comp.| X Formula Yield% | Melting Point Color
5A H C19H14 N,OCI 63% 99-101 °C White
oB Cl C19H13N,OCl, 74% 115-117 °C White
5C Br | CioHisN,O,BrCl | 55% 84-86 °C Pale yellow
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2.3.3 Synthesis of N-[(benzoyl-pyridin-2-yl-amino)-(4-mono substituted
phenyl)-methyl]-L-Amino acid [6(A-C) — 10(A-C)] ®
A mixture of (0.005 mol) acid halide 5(A-C) and (0.005 mol) amino acid

were dissolved in 10 ml (2:1) 1, 4-dioxane-water, and was refluxed with stirring

for 4 hrs. The resulting mixture was cooled and a few drops of distilled water

were added, the crystals were separated out, filtered, washed with distilled

water. The product was recrystallized from (2:1) 1, 4-dioxane: water and dried.

Table (2-4) Physical properties of 6(A-C)

Comp. | X Formula Yield% | Melting Point Color
6A H C21H19 N3O3 2% 73-75°C Pale white
6B Cl | C;1HigCIN3Os | 72% 75-77 °C White
6C | Br | C;HisBrN:;O; | 68% 72-74 °C White
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X:H,Cl, Br.

Table (2-5) Physical properties of 7 (A-C)

Comp. | X Formula Yield% | Melting Point Color
7A | H | CyHyi N3O3 72% 74-76 °C Pale white
7B | Cl | CxHyCIN3Os | 72% 71-73 °C Pale white
7C Br | C,HBrNs;O; 77% 70-72 °C White

X:H,Cl, Br.
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Table (2-6) Physical properties of 8(A-C)

Comp. Formula Yield% | Melting Point Color
8A H CogHas N3O3 68% 69-71 °C Pale white
8B Cl | CxsHyCIN3O5; | 71% 72-74 °C Pale yellow
8C Br | CyH24BrN;O; 7% 76-78 °C Pale yellow

52 A
Ho—& \/C—OH
HN
7200 N
—N =0
X: H, Cl, Br.
Table (2-7) Physical properties of 9(A-C)

Comp. Formula Yield% | Melting Point Color
9A H C23H21N305 12% 76-78 °C Pale white
9B Cl | Cyx3H2CIN3Os 72% 75-77 °C Pale white
9C Br Cy3H0BrN3;O5 80% 68-70 °C White
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X: H, ClI, Br.

Table (2-8) Physical properties of 10(A-C)

Comp.| X Formula Yield% | Melting Point Color
10A | H Ca3H24 N4O3 72% 75-77 °C Pale white
10B | Cl | C;3HxCINGO; | 75% 70-72°C Pale white
10C | Br | CyHx»BrN4O3 81% 76-78 °C White

2.4 Biological Activity
2.4.1 Antimicrobial Activity

In this study, the synthesized compounds were evaluated for their invitro
antimicrobial activity against the gram negative bacteria and gram positive
bacteria. The microorganism was supplied as ready bacterial cultures by
Biotechnology Department, College of Science, Baghdad University.

Well diffusion method ®” was used to determine the inhibiting potential of
the prepared compounds against two strains of bacteria, one of them was gram
negative (Klebsiella pneumoniae) and the other was gram positive
(Staphylococcus aureus). Meropenem was used to compare the power of

inhibition, by using the following steps:
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1. Bacterial media was prepared by using a touch of bacterial culture to a test
tube contains (5 mL) of the sterilized distilled water.

2. Mueller Hinton (MH.) was prepared by dissolving (38 g) MH. in (1000 mL)
distilled water and sterilized by autoclave at 121°C, 1.5 atmosphere for 15
min., then cooled to (40-45) min.

3. In each (25 mL) MH., (250 uL) of bacterial media (Staphylococcus aureus
or Klebsiella pneumoniae) was added and mixed gently, then it has been
poured into a Petri dish and wait till solidification.

In each medium, five pores were made by the use of a sterile dry rod with a
diameter of 5 mm. The inhibition zones test “’ was applied by using solutions of
prepared compounds dissolved in DMSQO. These solutions were added using
fixed amount (50 pL) of each compound with concentrations of (5, 10, 25, 50)
ug/mL in pores. The control (DMSO) was added to the fifth pore. The plates
were incubated at 37 °C for 24 hrs,

Finally the inhibition diameter was measured for each pore using a ruler.
The translucent area which surrounds the disc (including the diameter of the disc

that lacks bacterial growth) considered as the zone of inhibition.
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Table (2-9) Compilation of compounds with their IUPAC names and
structures synthesized in this work:

NO. Name structure
N
3A N-4-benzylidenepyridin- / \
2-amine
N
3B N-(4-ch_|o_robenzy_|idene) / \ N—C cl
pyridin-2-amine H
N
N-(4-bromobenzylidene) / A\
3C pyridin-2-amine N=—F o
s
g
N-[chloro(phenyl)
5A -
thyl]-N dine-2-
methyl]-N(pyridine F
yl)benzamide ’
X
I
N-[chloro(4- Ca, 4
chlorophenyl) methyl]- N
5B N(pyridine-2-
yl)benzamide N Cl
X
(0] Cl
|
N-[chloro(4- M ~H
5C bromophenyl) methyl]-
N(pyridine-2-
yl)benzamide N ‘ B
X
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N-[(benzoyl-pyridin-2-

- i -(A4- O
6B yl-amino)-(4 |

chlorophenyl)-methyl]- Cu, M, O
Glycine ©/ H ﬂ
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(2S)-2-N-[(benzoyl- o Chy
pyridin-2-yl-amino)- ||
A Cq’ln HC,L_‘A C OH
(phenyl)-methyl]-L- N H/ N
Alanine |Cl
()
=
Cl
/
(25)-2-N-[(benzoyl- |
7B pyridin-2-yl-amino)-(4- ﬁ CHj
chlorophenyl)-methyl]- Cu, A, R "
L-Alanine ; |
D
/
Br
(2S)-2-N-[(benzoyl-
7C pyridin-2-yl-amino)-(4- o CHy
bromophenyl)-methyl]- Cl ! ! .
H H
L-Alanine N %H/H\i/
o
(]
=
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(2S)-2-N-[(benzoyl- /@
pyridin-2-yl-amino)-(4- H,C

chlorophenyl)-methyl]-

!
N N N
L-Phenylalanine H ”
o
NF |

8B
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TH
C
(25)-2-N-[(benzoyl- <|>| Hz;/ o
ridin-2-yl-amino)-
9A Py y ) CLQAN/HCQQAN/CH;\C/OH
(phenyl)-methyl]-L- H ”
A ic acid o
sparatic aci o
\
Cl
(25)-2-N-[(benzoyl- TH
. . C
9B pyridin-2-yl-amino)-(4- ° HZC/ X0
chlorophenyl)-methyl]- ﬂ% b /!\ e
L-Asparatic acid N N H ci,
(e}
N
X
Br
OH
(2S)-2-N-[(benzoyl- |
9C pyridin-2-yl-amino)-(4- o e C\O
bromophenyl)-methyl]- | !
P y), _ 4 “un, SO0, AN T
L-Asparatic acid H |
(@)
N
\
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(25)-2-N-[(benzoyl-
pyridin-2-yl-amino)-(4-
chlorophenyl)-methyl]-

L-Asparagine

Experimental part
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Chapter Three Results and discussion

3 Results and discussion
3.1 Synthesis

Schiff 's bases of N-(4-monosubstituted benzylidene) pyridin-2-amine are
synthesized through acid catalyzed condensation reaction of Benzaldehyde
derivatives and 2-aminopyridine in ethanol. The formed Schiffs base may be a
mixture of cis and trans isomers. The reaction follows an addition-elimination
mechanism described below “9).

+
\ \
H H H
L |

NH, _
"
i o
%} ) @ =
-H,0
@@,_@:@ + B
H N=
N4

X:H,Cl, Br.
Scheme (3-1): The reaction mechanism for the synthesis of 3(A-C).
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It is found that Schiff 's bases are nucleophiles and weak bases, so they do
not react with simple allyl, alkyl or benzyl halides, but they react smoothly with
the relatively more reactive acid halides such as benzoyl chloride to give
5(A-C) “9. The saturation of the double bond produce a new asymmetric carbon
atom (stereogenic center) and the product might be a racemic mixture of the two

enantiomers. Nucleophilic addition mechanism can be described as

follows ©Y ©2).

H

‘ lﬁ“ \ —’X@H;Zf\_/

C o Cl 0

| —
—>» X C—N \ /

ca c=oN

X: H, Cl, Br.

Scheme (3-2): The reaction mechanism for the synthesis of 5(A-C).
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[6(A-C) — 10(A-C)] have been synthesized by the reaction of L-amino acid
with N-[Chloro-(4-monosubstituted-phenyl)-methyl]-N-pyridin-2-yl-benzamide
in 2:1 of 1, 4-dioxane-water as a solvent “®. The product contains two chiral
centers, the original carbon and the new coming carbon atom resulted from

amino acid. The product is a mixture of diasteriomers. The mechanism of this

Results and discussion

reaction follows Sy2 mechanism as described below ©V ©2),

) TN

HOOC—Cl)—NHz + H—C—<CLA

R N

o=c"

H H

|
HOOC—G—N-—C---Cf

[ Hy |

R N

_
O=C \

Transition State
X: H,. ClI, Br.

\

\ o

N
S

Z

X
0oy
- HOOC—(,:—N—(ll—H
R
/N N\

R: H, CH3, CH,CgHs5, CH,COOH, CH,CONH..

Scheme (3-3): The reaction mechanism for the synthesis of [6(A-C)-10(A-C)].
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3.2 FT-IR spectrum of prepared compounds

3.2.1 Characterization of N-(4-monosubstituted benzylidene) pyridin-2-
amine 3(A-C)

The Schiff 's bases were characterized by FT-IR spectra fig (3-1), (3-2), (3-
3), which showed disappearance of —NH, absorption band at 3300 cm™ for
symmetric and 3443 cm™ for asymmetric band in 2-Aminopyridine,
disappearance of carbonyl aldehyde absorption bands was seen in the range of
(1689-1699) cm™ and the appearance of the stretching vibration of C=N band at
1678 cm™ indicates the formation of Schiff base. The other informative bands
are listed in Table (3-1).

Table (3-1) FT-IR spectral data for Synthesized 3(A-C)

Comp. | X |vN=C-H |vC-H| vC-H [vC=N |vC=C | Para
NO. arom. | arom. | aliph. | imine | arom. | sub.
3A H 3209 3082 | as3024 | 1678 | 1597 -
sy 2970

3B Cl 3147 3086 | as2962 | 1678 | 1585 | 767
sy 2931

3C |Br 3240 3066 |as2970 | 1678 | 1581 | 779
sy 2935
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Chapter Three Results and discussion

3.2.2 Characterization of N-[chloro-(4-monosubstitutedphenyl) methyl]-N-
(pyridin-2-yl) benzamide 5(A-C)

The FT-IR spectra fig (3-4), (3-5), (3-6) show appearance of carbonyl amid
absorption band at range (1681-1685) cm™, and disappearance of C=N
absorption band at 1678 cm™. The bands at range (659-705) cm™ are attributed
to stretching vibration of C-Cl band, the other informative bands are listed in
Table (3-2).

Table (3-2) FT-IR spectral data for synthesized 5(A-C)

Comp. | X [vC-H| vC-H |vC=0| vN=C-H | vC-N | vC-CI
NO. arom. | aliph. | amide arom. arom. | aliph.
5A H | 3062 | as2927 | 1685 3240 as 1296 | 659
Sy 2843 Sy 1242

5B Cl | 3070 | as 3005 | 1681 - as 1296 | 705
sy 2885 sy 1242

5C |Br| 3074 | as3008 | 1685 - as 1296 | 705
sy 2951 sy 1242
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3.2.3 Characterization of (2S)-2-N-[(benzoyl-pyridin-2-yl-amino) (4-

monosubstituted-phenyl)-methyl]-L-Amino acid [6(A-C)-10(A-C)]
The structure of [6(A-B)-10(A-B)] compounds have been confirmed by the

appearance of the band at 1678 cm™ and a band at 3275 cm™ and a band at

(3294-3302) which were referred to the amide carbonyl overlapped with the

carboxylic acid carbonyl, N-H and hydroxyl group. Also the disappearance of

band at range (659-705) cm™ confirms the substitution of Chloride with the
Amino acid in fig [(3-7)-(3-21)].

Table (3-3) FT-IR spectral data for synthesized 6(A-C)

Comp. | X [ vN=C-H | vC-H | vC-H | vC=0 overlap | vYNH | vOH

NO. arom. arom. | aliph. | between acid carb.

and amide acid

6A H 3136 3074 | as 2927 1678 3275 | ~3300
sy 2850

6B Cl 3132 3062 | as 2927 1678 3275 | 3300
sy 2850

6C | Br 3136 3062 | as 2970 1678 3275 | 3294
sy 2877
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Table (3-4) FT-IR spectral data for synthesized 7(A-C)

Comp. | X | oN=C-H [ vC-H | vC-H | vC=0 overlap | vNH | vOH

NO. arom. | arom. | aliph. | between acid carb.

and amide acid

7A | H 3116 3062 | as 2935 1678 3275 | 3294
sy 2850

7B | CI 3136 3062 | as 2931 1678 3275 | 3298
sy 2858

7C |Br| 3132 3066 | as 3005 1678 3275 | ~3300
sy 2858

Table (3-5) FT-IR spectral data for synthesized 8(A-C)

Comp. | X | vN=C-H [ vC-H | vC-H | vC=0 overlap | vyNH | vOH

NO. arom. | arom. | aliph. | between acid carb.

and amide acid

8A H 3116 3074 | as 2931 1678 3275 | 3298
sy 2843

8B | ClI 3136 3074 | as 2927 1678 3275 | 3298
sy 2854

8C |Br| 3132 3070 | as 2927 1678 3275 | 3298
sy 2854
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Table (3-6) FT-IR spectral data for synthesized 9(A-C)

Comp. | X [ vN=C-H | vC-H | vC-H | vC=0 overlap | vWNH | vVOH

NO. arom. | arom. | aliph. | between acid carb.

and amide acid

9A H 3132 3070 | as 2950 1678 3275 | 3298
sy 2839

9B Cl 3130 3062 | as 2927 1678 3275 | 3298
sy 2854

9C Br 3132 3070 | as 2935 1678 3275 | 3298
sy 2839

Table (3-7) FT-IR spectral data for synthesized 10(A-C)

Comp. | X [ vN=C-H | vC-H | vC-H | vC=0 overlap | vyNH | vOH | vNH; overlap
NO. arom. | arom. | aliph. | between acid carb. | with vNH
and amide acid and vOH
10A | H 3136 3062 | as 3005 1678 3275 | 3298 as 3298
sy 2839 sy 3275
108 | CI 3132 3074 | as 2927 1678 3275 | 3298 as 3298
sy 2873 sy 3275
10C |Br| 3136 3074 | as 3005 1678 3275 | 3302 as 3298
sy 2839 sy 3275

Page 48
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3.3 'H-NMR and “C-NMR spectrum of [6(A-B)-10(A-B)]
compounds

'H-NMR and *C-NMR spectroscopy are also used to elucidate the structure
of synthesized L-amino acid derivatives [6(A-B)-10(A-B)]. Table (3-8) shows
the characteristic chemical shifts (ppm) for L-amino acid derivatives [6(A-B)-
10(A-B)]. DMSO was used as a solvent.
For NMR spectra the following notes must be taken in consideration:
Note (1): For all *H-NMR spectra, signals at 2.509 ppm are due to the solvent
(DMSO0) ©¥,
Note (2): For all *C-NMR spectra, signals at (38.796-40.067) ppm are due to
the solvent (DMSO) ©2.
Note (3): (s = singlet, d = doublet, trp = triplet, q = quartet and m = multiplet).
In the *H-NMR spectra, Fig [(3-22)-(3-35)] the following signals can be seen:

1- The signals with the chemical shifts 6 between 1- 4.5 ppm are referred to

aliphatic protons.

N
1

The signals at about 1.2 ppm are referred to the 1H - NH proton.
3- The signals at about 11 ppm are referred to the 1H - OH proton.
4- The signals with the chemical shifts 6 between 7.0- 8.5 ppm are referred
to aromatic protons derived from the three or four aromatic rings.
In the *C-NMR spectra, Fig [(3-26)-(3-39)] the following signals can be seen:
1- The signals with the chemical shifts 6 between 36.3- 72.4 ppm are
referred to aliphatic carbons.
2- The signals at about 165.9 ppm are referred to the C — amide carbonyl.
3- The signals at about 167.3 ppm are referred to the C —carboxylic acid
carbonyl.
4- The signals with the chemical shifts 6 between 7.0- 8.5 ppm are referred

to aromatic carbons derived from the three or four aromatic rings.
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Table (3-8): *H-NMR and *C-NMR spectra of [6(A-C)-10(A-C)]

Comp. | X Amino "H NMR Spectra C NMR Spectra
NO. acid group (ppm) (ppm)
~1.25 (1H, s, NH),
~3.45 (2H, s, CH,),
~ 4.15 (1H, s, CH),
6A H Gly. ~7.2-8.4 (14H, m,
CH of three aromatic
rings),
~ 11 (1H, s, OH).
~1.2 (1H, s, NH), 60.134 (1C, CHy,),
3.442 (2H, s, CH,), 72.395 (1C, CH),
4.649 (1H, s, CH), 114.702-152.165
6B Cl Gly. 7.14-8.395 (13H, m, (17C, 3 aromatic
CH of three aromatic | rings), 165.959 (1C,
rings), C=0 amid), 167.316
~11 (1H, s, OH). (1C, C=0 acid).
1.415 (3H, d, CHy), ~20 (1C, CHy),
1.433 (1H, s, NH), 60.156 (1C, CH),
3.524-3.536 (1H, q, 72.417 (1C, CH),
CH), 4.053 (1H, s, | 114.69-152.17 (17C,
TA H Ala. CH), 7.142-8.391 3 aromatic rings),
(14H, m, CH of three | 165.964 (1C, C=0
aromatic rings), amid), 167.322 (1C,
10.787 (1H, s, OH). C =0 acid).
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B

Cl

Ala.

~1 (3H, d, CHy),
~ 1.3 (1H, s, NH),

3.527-3.554 (1H, q,

CH),

4.062 (1H, s, CH),
7.135-8.386 (13H, m,
CH of three aromatic

rings),

10.794 (1H, s, OH).

8A

Phe.

1.201 (1H, s, NH),
3.102-3.128 (2H, d,
CH,),
3.510-3.526 (1H, trp,
CH),

4.026 (1H, s, CH),
7.150-8.396 (19H, m,
CH of four aromatic
rings),

10.790 (H, s, OH).

36.307 (1C, CHy),
54.327 (1C, CH),
114.702-166.273
(23C, 4 aromatic
rings),
167.374 (1C, C =0
amid), 173.255 (1C,
C=0 acid).

8B

Cl

Phe.

1.211 (1H, s, NH),
~3.2 (2H, d, CH,),
3.502-3.520 (1H, trp,
CH),

4.028 (1H, s, CH),
7.153-8.398 (18H, m,
CH of three aromatic
rings),

10.782 (1H, s, OH).
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9A

Asp.

~1.1 (1H, s, NH),

3.423 (2H, d, CH,),
3.521-3.529 (1H, trp,

CH),

3.562 (1H, s, CH),
7.148-8.394 (14H, m,
CH of three aromatic

rings),

10.789 (2H, s, OH).

9B

Cl

Asp.

~1.1(1H, s, NH),
3.386-3.435 (2H, d,
CH,),
3.525-3.558 (1H, trp,
CH),

4.052 (1H, s, CH),
7.142-8.390 (13H, m,
CH of three aromatic

rings),

~11 (2H, s, OH).
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10A

Asn.

0.998-1.045 (1H, s,
NH),
~3.3(2H, d, CHy),
~ 3.5 (1H, trp, CH),
~4 (1H, s, CH),
7.023 (2H, s, NH,)
7.002-8.238 (14H, m,
CH of three aromatic
rings),

10.645 (1H, s, OH).

36.307 (1C, CHy),
54.327 (1C, CH),
114.702-166.273
(17C, 3 aromatic
rings),
167.374 (2C, C=0
amid), 173.255 (1C,
C=0 acid).

10B

Cl

Asn.

~ 1 (1H, s, NH),
~3.3(2H, d, CHy),
3.529-3.557 (1H, trp,
CH),
~4 (1H, s, CH),
7.168 (2H, s, NH,),
7.139-8.389 (13H, m,
CH of three aromatic
rings),
10.795 (1H, s, OH).
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Chapter Three

Date:

10 Sep 2016
Document’s Title:
ir

Spectrum Title:
6A
H1 DMSO D\ Administrator 39

Frequency (MHMHz):

(1) 400.130

Original Points Count:
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Fig (3-22): 'H-NMR (ppm) spectrum of [6A].
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Fig (3-24): *C-NMR (ppm) spectrum of [6B].
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Fig (3-31): *H-NMR (ppm) spectrum of [9A].
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3.4 Biological Studies

3.4.1 Antibacterial Studies

The inhibition zones caused by the various compounds against two types of
bacteria with concentrations (5, 10, 25, 50) pg/ml for all compounds were
examined.

The results were listed in Table (3-9), and shown in Fig [(3-38) - (3-45)],

including the reference drug (Meropenem).

Table (3-9): The inhibition zones in (mm) and Minimum inhibition zones
(MIC) in (ng/mL) for compounds [6(A-C) — 10(A-C)] and Meropenem

against Staphylococcus aureus and Klebsiella pneumoniae

Inhibition Zone in (mm)
Comp. | Concentration [ Gram Positive Gram Negative
No. (ng/mL) (Staphylococcus (Klebsiella
aureus) pneumoniae)
5 10 26
10 11 26
6A 25 15 27
50 18 28
5 - 11
10 - 12
1A 25 14 12
50 15 12
5 12 -
10 14 11
8A 25 16 12
50 17 13
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S) - 12
10 - 13
9A 25 13 13
50 16 13
3) 11 -
10 12 11
10A 25 15 12
50 15 17
5 - -
10 10 15
6B 25 11 17
50 14 18
5 - -
10 11 -
7B 25 14 14
50 33 24
5 12 13
8B 10 13 14
25 14 15
50 15 16
5 - 10
9B 10 10 11
25 13 12
50 15 13
5 - 11
10 10 12
10B 25 14 14
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50 16 15

5 11 11

10 12 12

6C 25 13 12
50 14 13

5 10 -

10 11 -

7C 25 15 12
50 17 14

5 - 11

10 - 12

8C 25 13 14
50 14 20

5 - 11

10 - 11

9C 25 12 13
50 14 14

5 - -

10 11 -

10C 25 13 10
50 17 12

5 34 38

10 36 40

Mero. 25 42 44
50 44 48

DMSO - - -
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The synthesized compounds [6(A-C) — 10(A-C)] showed a lower anti-
bacterial activity compared with Meropenem as a reference against both
(S. aureus) and (K. pneumoniae).

From the obtained data in table (3-9), it was found clearly that L-Alanine
derivative (7B) has the highest activity against S. aureus at Concentration 50
(ng/mL). All other L-Amino acid derivatives have a moderate activity against S.
aurous.

It was found clearly that Glycine derivative (6A), L-Alanine derivative (7B)
and L-Phenylalanine derivative (8C) have the highest activity against K.
pneumonia at Concentration 50 (ug/mL). All L-Amino acid derivatives have a
moderate activity against K. pneumoniae.

The synthesized compounds [6(A-C) — 10(A-C)] could destroy the bacteria
cell wall. This can be explained by covalently binding to penicillin-binding
proteins (PBPSs) involved in the biosynthesis of mucopeptides in bacterial cell
walls and this lead to rapid bacterial cell death. Bactericidal effects result
through inhibition of cellular growth and division and the loss of cell wall

integrity, eventually causing cell wall lysis ©¥.
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45 -

40 A

35 A

30 -+
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25 A

(ififiieiie i

6A 7A 8A OA 10A 6B 7B 8B 9B 10B 6C 7C 8C 9C 10C M. DMSO

m10

m25

50

Fig (3-36): The effect of compounds [6(A-C) — 10(A-C)] and Meropenem (M.)
on Staphylococcus aureus in concentration of 5, 10, 25, 50 (ug/mL) dissolved in
DMSO at 37 °C for 24 hrs.

50 1

45 A
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35 A
30 m5

m10

w25
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L T
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Fig (3-37): The effect of compounds [6(A-C) — 10(A-C)] and Meropenem (M.)
on Klebsiella pneumoniae in concentration of 5, 10, 25, 50 (ug/mL) dissolved in
DMSO at 37 °C for 24 hrs.

Page 87



Chapter Three Results and discussion

Fig (3-38): Inhibition zones of Meropenem (Mero.) and compound (6A) with
concentrations (5, 10, 25, 50) ug/ml against staphylococcus aureus (L) and
Klebsiella pneumoniae (R), with control (DMSO).
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Fig (3-39): Inhibition zones of compounds (7A) and (8A) with concentrations
(5, 10, 25, 50) pug/ml against staphylococcus aureus (L) and Klebsiella
pneumoniae (R), with control (DMSO).
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Fig (3-40): Inhibition zones of compounds (9A) and (10A) with concentrations
(5, 10, 25, 50) ug/ml against staphylococcus aureus (L) and Klebsiella
pneumoniae (R), with control (DMSO).
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Fig (3-45): Inhibition zones of compounds (6B) and (7B) with concentrations
(5, 10, 25, 50) pug/ml against staphylococcus aureus (L) and Klebsiella
pneumoniae (R), with control (DMSO).
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Fig (3-42): Inhibition zones of compounds (8B) and (9B) with concentrations
(5, 10, 25, 50) ug/ml against staphylococcus aureus (L) and Klebsiella
pneumoniae (R), with control (DMSO).
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Fig (3-43): Inhibition zones of compounds (10B) and (6C) with concentrations
(5, 10, 25, 50) pug/ml against staphylococcus aureus (L) and Klebsiella
pneumoniae (R), with control (DMSO).
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Fig (3-44): Inhibition zones of compounds (7C) and (8C) with concentrations
(5, 10, 25, 50) pug/ml against staphylococcus aureus (L) and Klebsiella
pneumoniae (R), with control (DMSO).
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Fig (3-45): Inhibition zones of compounds (9C) and (10C) with concentrations
(5, 10, 25, 50) ug/ml against staphylococcus aureus (L) and Klebsiella
pneumoniae (R), with control (DMSO).
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3.5 Conclusion

Synthesized amino acid derivatives 6A, 7B, and 8C with glycine, L-alanine
and L-phenyl alanine, respectively, were the best biological active compounds.
It appears that glycine flexibility, and the amino acid side chains: methyl and
phenyl were important for their function as biological active compounds.
Fundamentally, structural variation and substitution were important factors to be
effective on weather Gram positive or negative tested bacteria. Furthermore, it
IS considerable that more structural substitution and variation will be
investigated to reach more favorable results.
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3.6 Suggestions for further work

1- Derivatives with other L-amino acids and with other benzaldehyde derivatives
can be synthesized and tested for their biological activity.

2-Synthesized L-Amino acid derivatives [6(A-C)-10(A-C)] can further react
with suitable reagents to obtain different heterocyclic compounds and study
their antibacterial, antifungal, or antioxidant activities.

3- Study the antibacterial activity of synthesized compound on other kinds of
bacteria.

4- Evaluation the cytotoxicity of the synthesized compounds In Vvitro.

Page 97






Reference

References

1. W. alzoubi, (2013). Solvent extraction of metal ions by use of Schiff bases, J.
Coordin. Chem., 66:13, 2264-2289.

2. R. Sahu, D.S. Thakur and P. Kashyap, (2012). Schiff base: an overview of
its medicinal chemistry potential for new drug molecules, Int. J. Pharm. Sci.
Nanotech., 5, 1757-1764.

3. P. Deivanayagam, (2014). Synthesis, characterization, antimicrobial, CNS
and analgesic studies of 2-[n-(4-chloro-2-{[1-(2-hydroxyphenyl) ethylidene]
amino} phenyl) ethanimidoyl] phenol and its complexes, PhD. M.Sc, Periyar

University Salem, Tamil Nadu, India.

4. A. Xavier and N. Srividhya, (2014). Synthesis and Study of Schiff base
Ligands, IOSR-JAC, 7(11), 6-15.

5. A. K. Jain, A. Vaidya, V. Ravichandran, S. K. Kashaw, R. K. Agrawal,
(2012). Recent developments and biological activities of thiazolidinone
derivatives: A review, Bioorgan. Med. Chem., 20, 3378-3395.

6. L.P. Nitha, R. Aswathy, Niecy Elsa Mathews, B. Sindhu kumari, K.
Mohanan, (2014). Synthesis, spectroscopic characterisation, DNA cleavage,
superoxidase dismutase activity and antibacterial properties of some transition
metal complexes of a novel bidentate Schiff base derived from isatin and 2-

aminopyrimidine, Spectrochim. Acta A, 118, 154-161.

Page 98



Reference

7. H. Ou, K. Lo, W. Du, W. Lu, W. Chuang, B. Huang, H. Chen and C. Lin,
(2016). Synthesis of Sodium Complexes Supported with NNO-Tridentate Schiff
Base Ligands and Their Applications in the Ring-Opening Polymerization of L -
Lactide, Inorg. Chem., 55 (4), 1423-1432.

8. P. Das, W. Linert, (2016). Schiff base-derived homogeneous and
heterogeneous palladium catalysts for the Suzuki—-Miyaura reaction,
Coordin.Chem. Rev., 311, 1-23.

9. C. Chao-yue, S.Jian-guo, H. Zhi-zhen, K.Tim-tak, F. Kwok-pui,

W. Ping, L. Fei-yan, (2011). Synthesis and Antiproliferative Activities of Novel
5'-Schiff-base Group Substituted Psoralen Derivatives, Acta Pharmaceutica
Sinica, 46 (1), 64-69.

10. A. Prakash, D. Adhikari, (2011). Application of Schiff Bases and their Metal
Complexes-A Review, Int. J. ChemTech Res., 3 (4), 1891-1896.

11. M. A. Mughal, A. Mughal, Z. M. Ali, G. Z. Memon, M. Y. Khuhawar and
H. Saleem, (2013). New Antimicrobial Schiff base Polymers derived from 6, 6-
Methylenebis (1-Napthaldehyde), 1JSER, 4, 120-128.

12. A. Pandey, D. Dewangan, S. Verma, A. Mishra, R. D. Dubey, (2011).
Synthesis of Schiff Bases of 2-Amino-5-aryl-1,3,4-thiadiazole and Its Analgesic,
Anti-Inflammatory,Anti-Bacterial and Anti-Tubercular Activity, Int. J.
ChemTech Res., 3(1), 178-184.

Page 99


http://www.sciencedirect.com/science/article/pii/S0010854515300448
http://www.sciencedirect.com/science/article/pii/S0010854515300448

Reference

13. G. Garg, A. Acharya, K. Patel, (2013). Design, Synthesis and Biological
Evaluation of Some Schiff Base Ligand as Antimalarial Agents, 1JBR, 04 (03),
137-144.

14. S. Y. Ebrahimipour, I. Sheikhshoaie, A. C. Kautz, M.Ameri, H. Pasban, H.
A. Rudbari, G. Bruno and C. Janiak, (2015). Mono- and dioxido-vanadium(V)
complexes of a tridentate ONO Schiff base ligand: Synthesis, spectral
characterization, X-ray crystal structure and anticancer activity, Polyhedron, 93,
99-105.

15. X. Wang, J. Yin, Li Shi, G. Zhang, B. Song, (2014). Design, synthesis, and
antibacterial activity of novel Schiff base derivatives of quinazolin-4(3H)-one,
Eur. J. Med. Chem., 77, 65-74.

16. L. A. Banu, M. S. Islam, M. A. Al-Bari, and M. d. Kudrat-E-Zahan, (2015).
synthesis and characterization with antibacterial, antifungal, cytotoxicity studies
on the Co (ii), Ni (ii) and Cu (ii) complexes of tridentate ono coordinating schiff
bases and heterocyclic amines, IJIRAMR, 2(1), 145-148.

17. R. S. Hunoor, B. R. Patil, D. S. Badiger, R. S. Vadavi, K. B. Gudasi, V.M.
Chandrashekhar and 1.S. Muchchandi, (2010). Spectroscopic, magnetic and
thermal studies of Co(ll), Ni(ll), Cu(ll) and Zn(Il) complexes of 3-
acetylcoumarin—isonicotinoylhydrazone and their antimicrobial and anti-

tubercular activity evaluation, Spectrochim. Acta A, 77, 838-844.
18. A. A. Numan, (2008). Synthesis and biological activity of Some amino acid

and Barbituric acid derivatives via Schiff’s bases. M.Sc. Thesis, Al-Nahrain

University, Baghdad.

Page 100


http://www.sciencedirect.com/science/article/pii/S0277538715001758
http://www.sciencedirect.com/science/article/pii/S0277538715001758
http://www.sciencedirect.com/science/article/pii/S0277538715001758
http://www.sciencedirect.com/science/article/pii/S0277538715001758
http://www.sciencedirect.com/science/article/pii/S0277538715001758
http://www.sciencedirect.com/science/article/pii/S0277538715001758
http://www.sciencedirect.com/science/article/pii/S0277538715001758
http://www.sciencedirect.com/science/article/pii/S0277538715001758
http://www.sciencedirect.com/science/article/pii/S0277538715001758

Reference

19. G. Vinita, S. Sanchita and Y. K. Gupta, (2013). Synthesis and Antimicrobial
Activity of some Salicylaldehyde Schiff bases of 2-amino pyridine, Res. J.
Chem. Sci., 3(9), 26-29.

20. L. H. Abdel Rahman, A. M. Abu-Dief, S. K. Hamdan and A. A. Seleem,
(2015), Nano Structure Iron (1) and Copper (1) Schiff Base Complexes of a
NNO-Tridentate Ligand as New Antibiotic Agents: Spectral, Thermal Behaviors
and DNA Binding Ability, Int. J. Nano. Chem. 1, 2, 65-77.

21. S. Ramachandran, M. F. Z. Aysha, R. Sudha, A. S. Path, J. Z. Banu and R.
Sundhararajan, (2016), synthesis, characterisation, antimicrobial evaluation of
phenolic schiff base derivative, Wjpps, 5, 7, 611-616.

22. S. Santhoshkumar, K. Velmurugan, J. Prabhu, G. Radhakrishnan and R.
Nandhakumar, (2016). A naphthalene derived Schiff base as a selective
fluorescent probe for Fe**, Inorg. Chim. Acta, 439, 1-7.

23. K. Desal, J. P. Raval and K. R. Desai, (2006). Neat reaction technology for
the synthesis of 4-Oxo-thiazolidines derived from 2-SH-benzothiazole and
antimicrobial screening of some synthesized 4-thiazolidinones, J IRAN CHEM
SOC, 3, 3, 233-241.

24. S. K. Sahu, S. K. Mishra, R. K. Mohanta, S. P. Pattanayak and C. S. Panda,
(2006). ynthesis and antibacterial activity of 2-(2,4-dinitrophenyl)-3,5-diphenyl
(substituted)-6-aryl-3,3a,5,6-tetrahydro-2H-pyrazolo[3,4-d] thiazoles, Indian J.
Pharm. Sci., 68, 3, 377-380.

Page 101


http://www.sciencedirect.com/science/journal/00201693/439/supp/C

Reference

25. S. Saha and P. Chatterjee, (2014). protein function prediction from protein
interaction network using physico-chemical properties of amino acids, 1JPBS,
4(2), 55-65.

26. M. Mobarraz, M. R. Ganjali, M. J. Chaichi and P. Norouzi, (2012).
Functionalized ZnS quantum dots as luminescent probes for detection
of amino acids, Spectrochim. Acta A, 96, 801-804.

27. A. K. Cobb and R. E. Pudritz, (2014). Nature’s starships. 1. observed
abundances and relative frequencies of amino acids in meteorites, APJ, 783(2),
1-12.

28. W. Leuchtenberger, K. Huthmacher and K. Drauz, (2005). Biotechnological
production of amino acids and derivatives: current status and prospects, Appl.
Microbiol. Biotechnol., 69, 1-8.

29. P. Singh, (2011). Kinetic investigations on PD(Il) catalyzed oxidation of
some amino acids by acid bromate, sineT: Ethiop. J. Sci., 34(2), 133-138.

30. S. Jinap, P. Hajeb, (2010). Glutamate. Its applications in food and
contribution to health, Appetite, 55, 1-10.

31. E. Demir, F. Turna, S. Aksakal, B. Kaya and R. Marcos, (2014).

Genotoxicity of different sweeteners in drosophila, Fresen Environ Bull,
23(12c), 3426- 3432.

Page 102



Reference

32. E. H. Turner, J. M. Loftis, A. D. Blackwe, (2006). Serotonin a la carte:
Supplementation with the serotonin precursor 5-hydroxytryptophan, Pharmacol.
Therapeut., 109, 325 — 338.

33. R. M. Kostrzewa, P. Nowak, J. P. Kostrzewa, R. A. Kostrzewa and R. Brus,
(2005). Peculiarities of L-DOPA treatment of Parkinson’s disease, Amino
Acids, 28, 157-164.

34. O. Heby, L. Persson, and M. Rentala, (2007). Targeting the polyamine
biosynthetic enzymes: a promising approach to therapy of African sleeping

sickness, Chagas’ disease, and leishmaniasis, Amino Acids, 33, 359-366.

35. L. H. Abdel-Rahman, R. M. El-Khatib, L. A. E. Nassr , A. M. Abu-Dief , M.
Ismael and A. A. Seleem, (2014). Metal based pharmacologically active agents:
Synthesis, structural characterization, molecular modeling, CT-DNA binding
studies and in vitro antimicrobial screening of iron(ll) bromosalicylidene amino
acid chelates, Spectrochim. Acta A, 117, 366-378.

36. L. H. Abdel-Rahman , R. M. El-Khatib, L. A.E. Nassr, A. M. Abu Dief, F.
El-Din Lashin, (2013). Design, characterization, teratogenicity testing,
antibacterial, antifungal and DNA interaction of few high spin Fe(ll) Schiff base
amino acid complexes, Spectrochim. Acta A, 111, 266-276.

37. D. Ausbacher, G. Svineng, T. Hansen and M. B. Strem , (2012). Anticancer

mechanisms of action of two small amphipathic 2,2-amino acid derivatives

derived fr

Page 103



Reference

38. J. Y. Axup, K. M. Bajjuri, M. Ritland, B. M. Hutchins, C. H. Kim, S. A.
Kazane, R. Halder, J. S. Forsyth, A. F. Santidrian, K. Stafin, Y. Lu, H. Tran, A.
J. Seller, S. L. Biroc, A. Szydlik, J. K. Pinkstaff,F. Tian, S. C. Sinha, B. Felding-
Habermann, V. V. Smider,and P. G. Schultz, (2012). Synthesis of site-specific
antibody-drug conjugates using unnatural amino acids, P. Natl. Acad. Sci. USA,
109(40), 16101-16106.

39. G. Ozcengiz and A. L. Demain, (2013). Recent advances in the biosynthesis
of penicillins, cephalosporins and clavams and its regulation, Biotechnol. Adv.,
31(2), 287-311.

40. G. C. Barrett and D. T. Elmore, (2004). Amino acids and peptides,
Cambridge University Press, United Kingdom.

41. N. H. AL-Haidery, (2012). Synthesis of some Metal Complexes of N-
[(sebacoylAmino)thioxmethyl]- AminoAcid, J. of Basrah Res. Sci., 38(1A), 99-
105.

42. F. Busch, C. Rajendran, O. Mayans, P. Lo ffler, R. Merkl and R. Sterner,
(2014). TrpB2 Enzymes are O-Phospho-I-serine Dependent Tryptophan
Synthases, Biochemistry, 53 (38), 6078-6083.

43. J.A. Eldridge, M. Milewski, A. L. Stinchcomb and P. A. Crooks, (2014).
Synthesis and in vitro stability of amino acid prodrugs of 6-B-naltrexol for
microneedle-enhanced transdermal delivery, Bioorg. Med. Chem. Lett., 24(22),
5212-5215.

Page 104



Reference

44. A. R. Kumar, (2013). Antimicrobial sensitivity pattern of Klebsiella
pneumonia isolated from pus from tertiary care hospital and issues related to the

rational selection of antimicrobials, J. Chem. Pharm. Res., 5(11), 326-331.

45. G. Brooks, K. C .Carroll, J .Butel, S. Morse, T. Mietzner, G. F. Brooks, J. S.
Butel, S. A. Morse and T. A. Mietzner, (2010). Medical Microbiology (25th
ed.), United States: Mcgraw-Hill Medical Publishing.

46. Photo Credit: J. H. Carr, (2005). Centers for Disease Control and Prevention.

47. K. N. Ravichitra, P. H. Prakash, S. Subbarayudu and U. S. Rao, (2014).
Isolation and antibiotic sensitivity of Klebsiella pneumonia from pus, sputum
and urine samples, Int.J.Curr.Microbiol.App.Sci , 3(3), 115-119.

48. Photo Credit: D. Dorward, (2014). Centers for Disease Control and

Prevention.

49. M. H. Al-Douhl, A. A. Al-Fatlawy, and O. H. Abid, (2004). Synthesis and
Characterization of Some  2-(N-benzoyl-N-pyrid-2-yl  aminobenzyl)-
aminobarbituric acids via N-benzylidene pyridine-2-amines, Univ. Aden. J. Nat.
Appl. Sci., 8(1), 181-194.

50. J. Bakht, A. Islam and M. Shafi, (2011). Antimicrobial Potential of Eclipta
Alba by Well Diffusion Method, Pak. J. Bot., 43, 169-174.

51. J. March and M. B. Smith, (2007). Advanced Organic Chemistry (6th ed.),
United States: John Wiley & Sons, Inc.

Page 105



Reference

Az paall dra) pall QUS 50al) 4 guaedl eLiasSll deal (3150 2o daal 3 il aBIS M ga 5 52
Losm - Bheasanaall el jladasdas (Y4O1)

53. Y. Ning and R. Ernst, Interpretation of Organic Spectra, Wiley; 1% edition,
2011.

54. C. N. Wivagg, R. P. Bhattacharyya and D. T. Hung, (2014). Mechanisms of

b-lactam killing and resistance in the context of Mycobacterium tuberculosis,
The Journal of Antibiotics, 67, 645-654.

Page 106



uadlall

& [2] sl 2 Jelsi 0o [3(A-C)] Ailine i el jpmad sl Geusd
o leliila o5 [4] 21,508 il s 5 g Leilelie Caai A [1(A-C)] 4dliida s sl 5l
Lo di L oY) oL DS ) [B(A-C)-10(A-C)]  4dlise ayisal (mleal-|
5 FT-IR slyeall cnd &l il oldic) &5 (cpalmll oL @lijbu) (adls
&5 5 panall LS ) pasiil BC-NMR , 'H-NMR shliaa) s 550l o)1) Cala
AL.L\.AS]\) \Jﬂ\é\_ﬂ\.ub).us.\l\ um“aw\mw\uﬁfﬂd#\km‘em
(A dll 4 gaiall &l ) oSall) al jall das ga g (A 50

Janivsall ain g jaally 43 )l8a J8 Allad [6(A-C)-10(A-C)] 3anall Gl yall JS & yelil
A5l ALKl 5 Al Ay ) saiall Sl Sl L S (e S 2 A Bl jaass

3 panall LS yall G (e L Sl am Allad Jiadl Ll 8C 5 7B ,6A S jall 028 ) 2a
(Jale) 2 5 80k) 50 S il vie b il (e e 6il) IS

e A

1(A,B,C)

+
EtOH/ H l -H,O

X
\©\C¢N —
A

N~
3(A.B,O)

Ox—C

Dry Benzene
Reflux 1hr.

5(A.B,O)

X: H, ClI, Br.

N-[chloro-(4-monosubstituted-benzyl)]-N-pyridin-2-yl-benzamide.



O\?/C\”MS\N \N
OH 2
©/ \O
H I AB OH
|-|2N\C/C2 \OH 6 ( s aC) O*C\)/ X
I HC
o) HN ) P2 Sy
i%\ X é’ % H3C %CH
CH 21 \
A N © JﬁN o
, ¢ °=c
=N c=0 \‘7@ /
-
<2, 5% \?»“
40 \6*/ , o2
10 (A,B,C) o N 7 (A,B,C)

i

X: H, ClI, Br.

I: Dioxan / H,O, reflux 4hr.

S e ypaniAg Hha 2 aladll

8 (A,B,C)

(2S)-2-N-[(benzoyl-pyridin-2-yl-amino)-(4-monosubstituted-phenyl)-methyl]-L-

amino acid

N-[chloro-(4-monosubstituted-benzyl)]-N-pyridin-2-yl-benzamide ¢~



Gl 4y ) sean

el Gl 5 al) aladl) 550 5
Gl dzala

pslall 4K

sasl) o

LY () gal) ciliiia Gy (andlds g (§ulis
L€l dalaal) Z\,,Jl.aﬁ\ 2\“\)45

Al
e Axals / o shell 208 ) Fasie
sbasll o gle 8 jinalall da jy i cilllie (e ¢ oS

J8 (e
aald Al 5 Liga
2014 seso S

il )
3o Loall i)
O alBlS 31 g 0

2017 21438



