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Abstract

Azo compounds or azo dyes are characterized by the presence of the azo moiety (-N=N-) in
their structure conjugated with two distinct or identical mono or polycyclic aromatic or
heteroaromatic systems. Because of their specific physico-chemical properties and biological
activities, they have a broad spectrum of application in the field of pharmaceutical, textile
industry, and in analytical chemistry. However the most typical and popular field of utility
remains as their coloring function. The Azo compounds are applicable for biocidal treatment
of textile materials because they exhibit biological activity. Azo compound are well known for
their medicinal importance and are recognized for their applications as anti-diabetics,
antiseptics, anti-neoplastics, antibacterial and anti-tumor. They are also involved in many
biological reactions such as inhibitions of DNA and RNA, carcinogenesis, protein synthesis
and nitrogen fixation. The azo-imine linkage is responsible for the biological activities are
displayed by some Schiff bases. On the other hand, the 1, 3, 4-thiadiazole nucleus is one of the
most important and well-known heterocyclic nuclei, which is a common and integral feature
of a variety of natural products and medicinal compounds. Thiadiazole nucleus is present as a
core structural component in an array of drug categories such as anti-microbial, anti-
inflammatory, anticancer, antiviral and anti-tubercular agents. The broad and potent activity of
thiadiazole and their derivatives have established them as pharmacologically significant
scaffolds. Therefore, the combination of bis-azo and thiadiazole has received considerable

attention to synthesize bis-azo-schiff bases containing thiadiazole moiety.

The thiadiazole derivatives were synthesized from aromatic aldehydes and thiosemicarbazide.
Then azo compounds were prepared by the conventional diazocoupling reaction using
diazonium salts and salicyldehyde. Finally the bis-azo-imine compounds were synthesized
from thiadiazole and bis-azo compounds. Synthesized compounds were characterized by FT-
IR, 'H NMR and *C NMR. The newly synthesized compounds showed moderate to good

antibacterial property against S. aureus, B. cereus and E.coli.
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Azo compounds are compounds bearing the functional group R—N=N—R’, in which R and R’ can
be either aryl or alkyl. IUPAC defines azo compounds as the derivatives of diazene (diimide),
HN=NH, where in both hydrogens are substituted by hydrocarbyl groups, e.g.
PhN=NPh azobenzene or diphenyldiazene. The more stable derivatives contain two aryl groups.

The N=N group is called an azo group. The name azo comes from the Greek word azote.

R
"N=N.
Rl

General chemical formula of azo compounds
HONO @@

Ar—NH, + NaNO, + 2HX »  Ar—N=N:X + NaX + 2H,0
H,O

General reaction of diazonium salt formation.

Azo compounds or azo dyes are characterized by the presence of the azo moiety (-N=N-) in their
structure conjugated with two distinct or identical mono or polycyclic aromatic or heteroaromatic
systems. Because of their specific physico-chemical properties and biological activities, they
have a broad spectrum application in the field of pharmaceutical [1], textile industry [2], and in
analytical chemistry [3]. However, the most typical and popular field of utility remains as their
coloring function. The Azo compounds are applicable for biocidal treatment of textile materials
because they exhibit biological activity [4]. Azo compound are well known for their medicinal
importance and are recognized for their applications as anti-diabetics [5], antiseptics [6],
antineoplastics [7], antibacterial [8] and antitumor [9]. They are also involved in many biological
reactions such as inhibition of DNA, RNA, carcinogenesis, protein synthesis and nitrogen
fixation [10-11]. Probably the azo-imine linkage is responsible for the biological activities

displayed by some Schiff bases [12-13]

The azo compounds viz. Evans blue, 1 and Congo red, 2 are being studied as HIV inhibitors of
viral replications [19].The existence of azo moiety show antibacterial and pesticidal activities.

Recently, azo group containing compounds as antimicrobial agents has been the subject of study
11
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reported by H. N. Chopde [20], A. H. Shridhari [21] and C. J. Patil [22-24]. Synthesis of most
azo compounds involves diazotization of a primary aromatic amine, followed by coupling with
one or more nucleophiles. Thus, benzoic, phenolic, salicylic and naphtholic compounds
undergoes diazotization reactions. Because of multiple applications of azo compounds, it has
been grown interest azo compounds and their derivatives in order to explore the newer potential
derivatives to synthesize. Azo compounds are often described as chromogen [25]. The amino and
hydroxyl groups are commonly used coupling components [26]. The emergence of diverse
classes of synthetic dyes including azo dyes now available due to constant effort to find specific
dye for application in diverse materials of industrial importance which include, but not limited to
textile fabric [27], ink-jet printer, paper, leather and aluminium sheet [28]. Furthermore, azo
compounds also have a many applications in photo industry such as photodynamic therapy,
photographic or electro-photographic systems and are dominant organic photo conductives [9,

21].

4 Na+

1. Structure of Evans Blue
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2. Structure of Congo Red

Nowadays, synthetic azo compounds are widely used in different applied fields, such as
medicines, cosmetics, food, paints, plastics, shipbuilding, automobile industry, cable
manufacture, etc [29-47].

However, the traditional applied field of the synthetic azo dyes still remains the textile industry,
and the finishing of fibrous materials in order to impart simultaneously with coloration,

antimicrobial properties is of great interest.

This is due to the fact that textile materials undergo biological degradation, and it seems that
about 40 % of the damage is due to the effect of microorganisms. The activity of fungi and
bacteria results in the reduction of mechanical strength of a material, color change, stains and
stale odor. In this regard, the use of materials with antimicrobial properties extends the service

life of these materials, and avoids damage caused by biological degradation.

The manufacture of biologically active materials can be performed either by impregnation with
antimicrobial compounds, or by chemical reaction (adding antimicrobial compounds by means of
chemical bonding to functional groups of the fiber-forming polymers).

Dyes are among the compounds which are suitable for biocidal treatment of textile materials due
to the fact that some of them exhibit biological activity, resulting from the presence in their
molecule of some antiseptic groups that form a definite type of bonding with the molecules of
the fibrous material.

Synthesis of two new diazo compounds with structure 3 (derived from 4, 4’-diaminostilbene 2,
2’ -disulfonic acid) and structure 4 (derived from 4, 4’-diaminobenzanilide) have been reported

by simu et, al [4].

13



HO N:NQCH:CHQN:NQOH
C|~®—C0NH SOsH  HO,S CONH—@—Q

HO N:N@NH—COQN:NQOH
c|~®—CONH CONH—@»Q

4

The synthesis of the azo compounds 3 and 4 were performed by a two step process. The
preparation procedure involved the bis-diazotization of the corresponding diamine
(4,4°diaminostilbene-2,2’-disulfonic acid and 4,4’-diaminobenzanilide respectively) and there
after the coupling reaction (in a 1:2 molar ratio) of the resulting bis-diazonium salt with 4-
chlorosalicylanilide.

The bis-diazotization of the two diamines was carried out by the direct method, in an HCI
aqueous solution. In the case of 4, 4’-diaminostilbene-2,2 -disulfonic acid, the resulting bis-
diazonium salt was separated by filtration for the complete removal of the salts, unlike the
classical method. The coupling reactions were performed in an alkaline aqueous medium (pH
around 8), in presence of NaCOs at a temperature around 10°C, and a 3% excess of coupling
component. It was noticed that the direct adding of the alkaline solution of the coupling
components to the acid suspension of the bis-diazonium salts of both 4, 4'-diaminostilbene-2,2'-
disulphonic acid and 4,4’diaminobenzanilide, was optimum for the synthesis of the disazo

compounds 3 and 4.

The coloristic and the application properties of the disazo compounds 3 and 4 were determined
and compared to those exhibited by a classical direct dye, with quite close chemical structure

(e.g. C. 1. Direct Orange 1).
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In the case of the azo compound 3, the untreated dyeing on cotton was reddish-orange; the dye
had good migration and good leveling properties. The percentage uptake on cotton was found to
be 68 %. In the case of 4, the untreated dyeing on cotton was orange and the migration was good,
Compound 4 exhibited fair leveling properties and the percentage uptake on cotton was 75 %.
The obtained results are presented in Table 1. As it can be seen in Table 1, the application
properties of the disazo dye [3] are quite similar to the reference dye Direct Orange 1. Moreover,
the after-treatment of the dyed samples with CuSO4 shows improvements in the case of the wet

fastness of dye [3]. The obtained results indicate that the synthesized dye can be ranged as a

direct dye.
Table 1
Application properties on cotton of dye [3] and of C. I. Direct Orange 1 (C. 1. 22.250).
Disazo dye 3 Disazo dye 4 C. I Direct
Orange
E
(C.1.22.430)
Fastness: Direct After Direct After Direct
dyeing treatment dyeing treatment dyeing
with CuSO4 with CuSO4
Light 2-3 3 3 3 2
Water 3-4 4 3-4 4 34
Wash 40 oC 2-3 3 2-3 3 1-2
Perspiration 2-3 3 2-3 3 2
(alkaline)
Perspiration 2-3 3 2-3 3 4
(acid)
Hot pressing 3 3 3 3 3

Further, the azo compounds 3 and 4 were subjected to in vivo imagistic skin evaluation tests.

The possibilities of apparition of adverse effect were monitored with an imagistic skin
15



evaluation, in vivo, daily after each application [48-50]. For all the volunteers involved in this
study, and for all concentrations applied, any pathological sign were registered. Concerning to
skin coloration, no modification was noticed, excepting the transitory color of the studied dyes.
As to the skin texture, no peeling effect was registered, and the epidermal desquamative
registrations were no more different than the blank skin areas. Moreover, during all the period of
skin determination, no case of contact dermatitis was registered. The results of screening
antimicrobial activity are given in Table 2. The disazo compounds 3 and 4 were subjected to
antibacterial activity screening against two grampositive bacteria (Staphylococcus aureus and
Streptococcus pyogenes) and three gram-negative bacteria (Pseudomonas aeruginosa, Proteus
vulgaris and Escherichia coli) employing the disk diffusion technique. The results showed that
the studied compounds showed antimicrobial activity against most of all the tested species,

especially against Staphylococcusaureus and Escheria coli.

Table 2

Antimicrobial activities of compounds

Compound Diameter of zone of inhibition in mm
Staphylococcus | Streptococcus | Escherichia | Pseudomonas Proteus
aureus Pyogenes coli aeruginosa vulgaris
3 18 10 17 16 14
4 20 18 20 13 15
Septonex 18 17 14 19 16

In vivo skin evaluation

The evaluation of the possible skin adverse effects of the disazo compounds 3 and 4 was
performed on a study group of 45 healthy volunteers, all women, aged between 25 — 51 years.
The disazo compounds 3 and 4 were applied as dilute aqueous solution of 5 %, 2.5 %, 1 % and
0.5 %, on 4 areas of forearms, for 30 days, daily, 1 time a day. In the volunteer selection, the
subjects presenting skin pathologic signs (seborrhea dermatitis, psoriasis lesions) were

eliminated. However, physiological signs, like photo aging signs, dilatation of sebaceous channel
16




glands, or other physiological signs were admitted. No restrictions regarding to the human skin
photo type were considered. For all volunteers, a blank skin area was also chosen, on which we
applied distilled water. The possibilities of apparition of adverse effect were monitorized with an
imagistic skin evaluation, in vivo, daily after the previous application. The tests were performed
using a ProDerm II Skin Analyzer. The following parameters were evaluated: the skin coloration
(normal or the apparition of a rush); the skin texture (preservation of the normal skin
quadrilagde, and eventually irritation signs — a peeling effect), and the possible skin dryness,
eventually induced by the disazo compounds (involution of density of sebaceous glands

channels).

In vitro antimicrobial investigations

The disazo compounds 3 and 4 were tested for their antimicrobial activity against the micro-
organisms: Staphylococcus aureus, Streptococcus pyogenes, Pseudomonasaeruginosa, Proteus
vulgaris and Escherichia coli, using the cup plate diffusion method [51]. The bacterial organisms
were isolated from human being with characteristic infections and diseases. The disazo
compounds 3 and 4 were dissolved in ethanol, yielding solutions of 0.2% concentration. Wells
(diameter 6 mm) were loaded with 0, 1 mL solution of the studied disazo compounds. The
bacterial suspensions were inoculated on sterile Mueller Hinton agar, in each Petri dish with 9
cm diameter. After 24 hours of incubation, the diameters of the inhibition zones were measured
(including the 6 mm diameter of the disc). The results were compared with [1- (ethoxycarbonyl)
-pentadecyl] -trimethylammonium bromide (Septonex), a commercial antiseptic agent. Inhibitory

effect of the compounds was established at zones greater than 12 mm.

SCHIFF’S BASE

A Condensation product of aromatic amines and aldehydes forming azomethine is called as
Schiff’s base. They have general formula R'R"C=NR™, where R is aryl or alkyl group. Schiff
Hugo Josef in 1864 discovered Schiff’s base [52].

Importance of Schiff’s Base
Schiff’s bases are some of the most widely used organic compounds. They are used as pigments

and dyes, catalysts, intermediatesin organic synthesis, and as polymer stabilizers [53]. Schiff’s

17



bases have also been shown to exhibit a broad range of biological activities, including antifungal,
antibacterial, antimalarial, antiproliferative, anti-inflammatory, antiviral, and antipyretic
properties [53, 54]. Imine or azomethine groups are present in various natural, natural-derived,
and non-natural compounds see (Fig. 1 for some examples). The imine grouppresent in such

compounds has been shown to be critical to their biological activities [55-57].

OH
O__
OH ©
— O \\\
N

R
Chitosan-derived Schiff base Ancistrocladidine (5)
[R=H (6) or OH (7) (Antimalarial activity)
(Antifungal activity) Natural Product

Natural Product-derived

Compound

\Q

N

@ L
OH

N-(Salicylidene)-2-hydroxyaniline (8)
(Antibacterial activity)
Non-natural Compound
Fig: 1-Struture 5,6,7,8 Examples of bioactive Schiff bases. The imine or azomethine group

present in each molecular structure is shaded
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Formation of Schiff’s Bases
A Schiff’s base or azomethine, is nitrogen analog of an aldehyde or a Ketone in which the C=0
group is replaced by a C=N-R group. It is usually formed by condensation of an aldehyde or a

ketone with a primary amine according to the following Scheme

Primary Amine  Aldehyde or Ketone Schiff's base

R =H, alkyl or aryl group. Schiff’s bases, which contain aryl substituents, are substantially more
stable and more readily synthesized. While those, which contain alkyl substituents are relatively
unstable and readily polymerizable, the aromatic aldehydes having effective configuration are
more stable The formation of the Schiff’s bases from an aldehyde or a ketone is a reversible

reaction and generally takes place under acid or base catalysis.

o) QH
R-C-R + R-NH, = ~ R-C—R
NHR
Aldehyd
o? yae Carbinolamine
Ketone

NR
R-C—R + H,0

N-Substituted
imine

19



The formation of Schiff’s base is generally driven to completion by separation 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. The mechanism of Schiff’s base formation is
another variation on the theme of nucleophilc addition to 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 and this subsequently
loses water by acid or base catalyzed pathways. Since the carbinolamine is an alcohol, it

undergoes acid catalyzed dehydration.

20



R—NH,
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Ketone

OH
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+

R—C—R ———®  C=N—R 4+ HO

OH
RNH, = =~ R-C—R
NHR

Carbinolamine

NR
R-C—R + H,0

N-Substituted
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+
OH,
[ ] H+ (N}
I?J—R' ~ = CR, I}I—R‘
H H
]
(acid catalysed dehydration)
/
R
+
\C—N—R‘ + HO
2
R H
R
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\C_N/ + H3O+
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Typically the dehydration of the carbinolamine is the rate determing step of Schiff’s base
formation and this is why acids catalyze the reaction. Yet the acid concentration cannot be too
high, because amines are basic compounds. If the amine is protonated and becomes non
nucleophilic, equilibrium is pulled to the left and carbinolamine cannot occur. Therefore many

Schiff’s base synthesis is best carried out at mildly acidic pH.

The dehydration of carbinolamine is also catalyzed by base. The reaction is somewhat analogous
to E2 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.

General method for the preparation of Schiff’s Bases

The Schiff’s base can be prepared by refluxing equimolar quantities of any primary amine and
the aldehyde or ketone on a water bath for 2-5 hrs. Schiff’s base thus obtained, is filtered and
purified by recrystallisation from the appropriate solvents (Yield 70-80%). A few examples are

given below:

Condensation reaction between salicyladehyde and aniline gives Schiff’s base namely 2-(phenyl

imino methyl) phenol.

& O QO

OH OH

Salicyladehyde Aniline 2-(phenyl imino methyl) Phenol

Condensation reaction between salicyladehyde and 2-aminobenzothiazole yields 2-

hydroxybenzylidine-2-aminobenzothiazole Schiff’s base.

22



OH

GH s
N—\
N

2-Hydroxybenzylidine-2-aminobenzothiazole

Condensation reaction between 2-amino benzothiazole and derivatives of benzaldehyde gives the

Schiff's base.

STy

X=H, p-N (CHa)2, p-OH, 0-OH, p-Cl, m-Cl, p-Br, p-NO2

Condensation reaction of 2-hydroxyacetophenone with 1, 2" diamino cyclohexane, 1,2-diphenyl

ethylene diamine and 2,2'-diamino-1,1" bi naphthalene gives the Schiff’s bases of (I), (II) and

(I1T) respectively
2
W H
=N N—c”
(I




Condensing 2-amino benzothiazole with 2-hydroxy-1-naphthaldehyde, 2-hydroxy benzaldehyde,
4-methoxy benzaldehyde, 4-hydroxy benzaldehyde, and benzaldehyde (a) and 2-amino-3-
hydroxypyridine with 2-hydroxy-1- naphthaldehyde and 2-hydroxy benzaldehyde (b) gives the
Schiff’s bases.

| x-OoH
N R R
/ - /
(e vl
S H H
(@) (b)

(a) R=2-OH-1-naphthaldehyde, O-OH-Ph, P-OCH;3-Ph andP-N(CH3).-Ph.

(b) R=2-OH-1-naphthaldehyde and O-OH-Ph

SCHIFF’S BASES AS LIGANDS

Ligands which posses two or more donating groups may share more than one pair of electrons
with a single metal ion by coordinating around the central metal ion. These ligands, generally
known as multidentate ligands, are specifically called bidentate, tridentate etc. Multidentate
ligands, which coordinate with metal ions to form complexes, are also called chelates. Instead of
a linear structure, they have a chelate ring structure.

A common case is where the chelating ligand has at least one acidic group (-CO2H or -OH) or
donor atom, as well as one or more basic atoms like nitrogen. During the chelation, the acidic
group loses a proton and becomes anionic donor, thus resulting in charge neutralization. The
basic nitrogen donates a pair of electrons to the metal ion. A chelate ligand must possess two
acidic or two coordinating groups or one acidic and one coordinating group. Almost all organic
compounds contain —OH, -SH or —NH groups in some form. Molecules containing Nitrogen,
Oxygen, and Sulphur atoms frequently form coordinate bonds with metal ions in forming chelate
rings. These groups must be located in the molecule in such positions that, the metal ion will be
involved in the ring formation of five or six atoms. An organic compound containing more than
twoDonor groups is capable of forming multiple rings with the metal ion resulting in more stable

chelate structure. The Schiff’s base act as a bidentate monobasic donor for Cu (II), Co (II), N1

24



(IT), Mn (II) and Fe (IT) and prominent sites of coordination are nitrogen ofazomethine group and

oxygen of the hydroxyl group.

Monodentate Schiff’s Bases as Ligands

Ligands having one atom, which can be an electron donor often, function as monodentate
ligands. Schiff’s base ligand of bis [4-(4-Pyridyl methylene amino) phenyl] ether (L') and N,N'-
bis (3-pyridyl methyl)-diphthalic diimide) (L?) act as monodentate ligands. These ligands are
used in the preparation of two supramolecular coordination polymers. Ligand L' forms an
interestingly infinite cross-linked double helical structure, whereas (L*) forms the one-
dimensional zig-zag chains, which are parallel with each other. Each ligand coordinates to two
Hg (II) ions and each Hg (II) ion is coordinated by two L? to generate the 1D zig-zag chains,

which are parallel with each other.

N=CH
,CH,
/N
H,C CHy
(@]
o=C C=0
z B AN
N=CH N,
CH,
o \
/ / N
\ N .
L1 L2

Bis [4-(4-Pyridyl methylene amino) phenyl] ether (L")
N, N'-bis(3-Pyridyl methyl)-diphthalic diimide) (L?)

A long, bis (monodentate), linking Schiff’s base ligand L (Py-CH=N-C¢Hs-N=CH-Py) (N! E, N4
E)-N'N*  (Pyridin-3-yl methylene) benzene-1, 4-diamine was prepared from 1, 4-
phenylenediamine and 3-pyridine carboxaldehyde by the Schiff’s base condensation. Ligand L
has two terminal pyridyl groups capable of coordinating to metals through their nitrogen atoms.

The Schiff’s base was used to prepare Zinc coordination polymers. X-ray crystallographic
25



studies proved that the Zinc metal chelate is coordinated by two Schiff’s base ligands (L) and
four aqua ligands. The geometry of the Zinc metal chelate can be described as adistorted

octahedron, in which the aqua ligands form an equatorial plane.

L= (N1 E, N4 E)-N1 N4- (Pyridin-3-yl methylene) benzene-1, 4-diamine.

Few examples of monodentate Schiffs bases

H;0C

s

C(CHa)s
(E)-4-[(2,5-di-tert-butyl phenylimino) methyl]-2-methoxy
Phenol

H
e
\\
N—<: :>
R

R=H, 2Me, 3Me, 4Me, 2, 3 Me, 2, 4 Me
(E)-N-benzylidenebenzenamine, (E)-N-benzylidene-2-
methyl benzenamine, (E)-N-benzylidene-3-methyl
benzenamine, (E)-N-benzylidene-4-methyl benzenamine,

(E)-N-benzylidene-2, 4-dimethylbenzenamine
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c—s N

/ .

H,CS

(E)-Methyl-2- (2-(pyridin-2-yl methyleneamino) cyclopent-1-
Enecarbodithioate

Bidentate Schiff’s Bases as Ligands

Ligands having more than one atom, which can be an electron donor often functions as bidentate
ligands. The bis-bidentate ligands were prepared by condensation reaction between
salicylaldehyde and 4,4'-diaminodiphenyl ether. Complexation of a new bis-bidentate schiff's
base, 2-[{{4-[{3-{[(2)-1-(2-hydroxyphenyl) methylidene] amino} phenyl) oxy] phenyl} imino)
methyl]-1-benzenol (APOPIB) with some mono, di and trivalent metal ions were investigated by
the theoretical calculations and conductance studies. Since APOPIB was able to form a selective
complex with Sm(III) ion (Kf =5.23+ 0.24), it was applied as a sensing material in a poly vinyl

chloride (PVC) membrane sensor for determination of Sm (III) ions.

I I
OH HO

2-[{{4-[{3-{[(Z2)-1-(2-hydroxy phenyl) methylidene] amino} phenyl) oxy] phenyl} imino) methyl] -
1-benzenol (APOPIB)
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Few examples of bidentate Schiff’s bases

I
v e ()
N\
C—=N,
C6H5_C \\H
N\
N—O

(E)-benzyl-2- [(Z)-2-hydroxyimino)-1, 2-
diphenylethylidene] hydrazine carbodithioate

OH

—N
AN
H3C Rne
3 [R=Ph, 2-MeC6H4, 4-MeC6H4]
(E)-2-[1-(o-tolyl imino) ethyl] phenol, (E)-2-[1-(phenyl

imino) ethyl] phenol, (E)-2-[ 1-(p-tolyl imino) ethyl] phenol

O H CHs

(-
D
O 0]
HO

N'- (1-(2-hydroxy phenyl) ethylidene)-2-oxo-2Hchromene-
3-carbohydrazide
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S N N COOH
\

2-Hydroxy-4- {[2-0x0-2-(thiophen-2-yl)
ethylidene] amino}benzoic acid [TEAB]

s

[N- [2-0x0-2- (thiophen-2-yl) ethylidene] pyridine-3-
carboxamide] (TEPC)

Multidentate Schiff’s Bases as Ligands
Ligands having more than two atoms, which can be electron donors often, function as
multidentate ligands. They are specifically called as tridentate, tetradentate, pentadentate,

hexadentate, heptadentate ligands.

Tridentate Schiff’s Base
Triaquotribenzo- [b, f, j] [1,5,9]triazacyclodecine Nickel (II) commonly called (TRI)Ni(OH2)3%**

is an example of tridentate Schiff’s base complex .
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Tridentate Schiff’s base Ni (II) complex

Tetradentate Schiff’s Base

A tetradentate Schiff’s base was prepared by the condensation reaction between ethylenediamine
and 2-hydroxy-4-methoxybenzophenone. This Schiff’s base coordinates via the imine nitrogen
and enolic oxygen atoms. Their Ni(Il) and Cu(Il) complexes adopt a four coordinate square
planar geometry, the Vo(IV) complex is five coordinate square pyramidal and the heteroleptic

complexes are 6-coordinate, octahedral geometry.

OH HO OCHj

Tetradentate Schiff’s base
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SCHIFF’S BASE METAL COMPLEXES

Schiff’s base metal complexes are very important in coordination chemistry due to their facial
synthesis, involvement in catalytic processes and discovery that the proteins and enzymes require
two or more metal ions for their activity. Schiff’s bases have remarkable property of forming
complexes. Several reports are available only for the synthesis, characterization of Schiff’s bases
and their metal complexes. Schiff’s base derived from the self-condensation of o-

aminobenzaldehyde was used for the preparation of Nickel (II) complex.

R
N L _H
Ni/N C

_ AN
C—/N N
H |
C\

H

Nickel complex of Schiff's base derived from self-condensation of
o-amino benzaldehyde
Synthesized and studied the structural features of Co (II), Ni (II), Cu (II) and Zn (II) complexes

of Schiff’s bases derived from 4-aryl-2-aminothiazoles and salicyladehyde.

M=Co (II), Ni (II), Cu (II), Zn (II), R=H, Cl, CHs, OCH3, C2Hs
Schiff's base metal complexes derived from 4-aryl-2-aminothiazoles and

Salicyladehyde
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Schiff’s bases synthesized by condensation of salicyladehyde and 2-amino-4-phenyl-5-
arylazothiazoles and their metal complexes with Pd(II), Rh(IIl), Ru(Ill), Fe(Ill) were
characterized and their structural studies were reported. Ligand 5-bromo-2-hydroxy benzylidine-
2-amino benzothiazole and its complexes with Co(II), Cu(Il) and Ni(Il) were synthesized and
characterized. It was suggested that, two ligands with water molecules coordinate to each metal
atom by hydroxyl oxygen and imino nitrogen to form high spin distorted octahedral complexes

with Co (II), Ni (1), and Cu (1I).

H H

P ' X Me
N
<A

| o)
Ph\N/K)\Me

H
M=Cu (II), Ni (II), Mn (II), Zn (IT)
Schiff’s base metal complexes derived from o-phenylendiamine and
Acetoaetanilide
Cu(Il), Co(Il) and Mn(Il) complexes of Schiff’s base ligand derived from 2,2'-bis(p-
methoxyphenylamine) and salicyladehyde were synthesized and spectral properties and

electrochemical behaviors investigated.

@N\ /N/D
o 7 M\ o
M=Cu (II), Co (II), Mn (II)

Metal complexes of Schiff’s base ligand derived from 2-2'-bis (p-methoxy
phenylamine) and salicyladehyde
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Cu (II), Mn (II), Ni (IT) and Zn (II) metal complexes with novel heterocyclic Schiff’s bases
derived from 5-Phenyl azo-salicyladehyde and o-amino benzoic acid were synthesized,
characterized. These Schiff’s bases behave as neutral tri dentate ligands forming chelates with

(1:1) metal ligand stoichiometry.

SCHIFF’S BASES AS ANALYTICAL REAGENTS

Schiff’s bases chelate with many transition metals either in weakly acidic medium or in weakly
alkaline medium to form either 1:1 (metal: ligand) or 1:2 (metal: ligand) complexes. Hence
Schiff’s bases derived from aromatic amines and aromatic aldehydes have wide variety of
applications in many fields. Schiff’s bases are attractive as analytical reagents because, they
enable simple and inexpensive determination of various organic and inorganic substances. In
general, there are two principal ways of their analytical applications: first determination of
organic compounds bearing an amino or an active carbonyl group by the formation of coloured
(Chromophore containing), fluorescent or insoluble Schiff’s bases and secondly, the
determination of various metal ions as well as amino and carbonyl compounds, using complex
formation reactions. The analytical methods based on complex formation are used more
frequently. Owing to the relatively simple preparation procedures of Schiff’s bases, it is possible
to obtain ligands of different design and characteristics by selecting appropriate
reactants.Glyoxal bis(2-hydroxyanil) was used as a sensitive reagent for the determination of
calcium and also used as metal indicator in the chelatometric titration of Calcium. The reagent

behaves as quadridentate ligand, forming a 1:1 chelate.

O\M/O
<N
|

CH—CH

Glyoxal bis (2-hydroxyanil)

Schiff’s base reagents derived from pyridinaldehyde, pyridine -2-aldehyde- 2'-pyridyl hydrazone

and pyridine-2-aldehyde-2'-quinolylhydrazone were used as extraction photometric reagents for
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the determination of Pd (II) and for Cu (II). The only disadvantage of this reagent in comparison
with cuprion reagent was the lack of selectivity. Schiff’s bases of o-hydroxy aromatic aldehyde
(salicyladehyde) with aliphatic and aromatic mono and diamines (1,2-benzene diamine, aniline,
2-aminophenol and their derivatives) which were used in the determination of Cu (II), Be (II),
Mg (1), Ca (II), Al (IIT), Ga (III), Sc (IIT), Mn (II), Fe (III), U (VI). These Schiff’s bases are used
as volumetric, gravimetric, fluorimetric, spectrophotometric reagents. Schiff’s base of
salicylidene-o-aminophenol and Schiff’s base 2-hydroxyaniline-N-salicylidene were used to

study the fluorescence properties of some metal complexes of Zinc, Tin, Scandium, Aluminium,

34

and Galium.

2-Hydroxyaniline-N-salicylidene

Aromatic 2-hydroxy aldehyde was condensed with a number of aliphatic and aromatic amines to
form a series of bi, tri and tetra dentate Schiff’s bases like bis-salicylidene-o-phenylenediamine,
salicylidene ethylimine, N, N'-bis (salicylidene)-2,3-diamino benzofuran and salicylidene
anthranilic acid. These were used as highly sensitive extraction photometric reagents for Cu (II)
(extraction with chloroform, methyl isobutyl ketone and toluene). 3-Hydroxy picolinaldehyde
Azine was used as photometric reagent for Ag (I), Cu (II), Hg (II), Pt (IV), Co (II), Ni (II), Zn
(ID), Pd (II), Cd (II), Mn (II) and Fe (11, III).

)
OH
N
OH
N =~

3-Hydroxypicolinaldehyde Azine
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N,N'-bis (3-carboxysalicylidene) trimethylenediamine was used for the determination of trace
amounts of Mercury by anode stripping voltammetry method and the method was used for the
determination of mercury in natural water samples. Heteroaromatic Schiff’s bases, 2-(3-pyridyl
methyl iminomethyl) phenol, 2-(2-pyridyl iminomethyl) phenol, 2-(2-amino-3-pyridyl
iminomethyl) phenol, N,N’-bis (salicylidene)-2,6-pyridine diamine and 2-(2-amino-4-
methoxymethyl-6-methyl-3-pyridyl methyl imino methyl) phenol were used as reagents for the
spectrophotometric and spectrofluorimetric determination of Copper by extraction method. The
spectrophotometric determination of Cu(l) after extraction was very sensitive and selective with
regard to Cd(Il) and Pb(Il). Highest sensitivity was achieved with compound 2-(2-amino-4-
methoxy methyl-6-methyl-3-pyridyl methyl imino methyl) phenol.

OH
OH = |
NN X N
\N N N
‘ NH,
—
N

2-(3-pyridyl methyl imino methyl) phenol, 2-(2-amino-3-pyridyl imino methyl) phenol
7 N\
OH -
) @
N \ OH
W
2-(2-pyridyl imino methyl) phenol, N, N'-bis (salicylidene)-2, 3-pyridinediamine
CH,OCH3
= | OH
AR A?@
SOAS
H P

N,N'-bis(salicylidene)-2,6-pyridinediamine, 2-(2-amino-4-methoxy methyl-6-methyl-3-
pyridyl methyl imino methyl) phenol
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Schiff’s base of N-furoylphenyl hydroxyl amine forms complexes with Co (II), Cu (II), Zn (II)
and Fe (II). The reagent is used for the gravimetric determination of Co (II), Cu (II), Zn (II) and
Fe (IT) through the precipitation of their complexes.

The Schiff’s base 2-(2-pyridyl methylene amino) phenol (PMAP) was investigated as a
spectrophotometric reagent for the determination of Iron in caustic soda, cotton yarn and fabric,

woolen fabric and industrial water.

OH

2-(2-pyridyl methylen amino) phenol
Nickel was determined by flow injection spectrophotometry at 370 nm after extraction of Nickel
(IT)bis(acetylacetone)ethylenediaminate chelate into chloroform using phosphate buffer (pH 7).
Calibration graph was linear up to 25ug mL-1 Nickel. The system was applied to the
determination of Nickel in Nickel-Copper alloys and in synthetic electroplating solutions
[Chimpalee N.et al., 2000]. Salicylhydrazidone-2'-Hydroxy acetophenone was used as the
spectrophotometric reagent for the determination of Al(III) at pH 4.6 and was also used for the

determination of microgram quantities of sulfanilamide.

Schiff’s base metal complexes of N,N'-cis-1,2-cyclohexylene bis (salicylideneaminato)
Cobalt(Il),[Co(IT)(c-Salcn)] andN'-(+)-trans-1,2-cyclohexylene
bis(salicylideneaminato)Cobalt(Il), [Co(II)(t-Salcn)] were synthesized and characterized by
elemental analysis, Melting points, IR, electronic, and {H and 13C NMR spectra. Their thermo

gravimetric studies were also discussed.

Salen-type Schiff’s base is obtained by condensing ethyl-o-hydroxybenzene with ethylene
diamine and 1-ethyl-salicylidene bis ethylene diamine. This reagent was wused as
spectrophotometric reagent for the determination of Mn (II) to a concentration range of 10-70

pug/mL. This method was successfully applied for the determination of to Mn (II) present in
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pharmaceutical products.

Schiff’s bases synthesized by the condensation reaction between 5-[3-(1, 2, 4— triazolyl-azo]-2,4-
dihydroxy benzaldehyde with 1,3-diaminopropane and 1,6-diaminohexane were used for the
spectrophotometric determination of Cobalt (II).

Sensitive chromogenic reagent N, N'-bis(3-methylsalicylidene)-ortho phenylene diamine was
used in the spectrophotometric determination of Nickel. At pH 8 the ligand reacts with Nickel to
form 1:1 complex. The method was successfully applied for the determination of trace amounts

of Nickel in some natural food samples.

H4C
HO
N7
N
2
HsC OH

N, N'-bis (3-methyl salicylidene)-ortho phenylene diamine
Schiff’s bases derived from 2-thiophene carbaldehyde with 2-aminothiazoleWere used for the
spectrophotometric determination of Ni (II). The method was applied for the determination of

Ni(II) in various synthetic and natural samples.

2-Ethanolimino-2-pentylidino-4-one Schiff’s base derived from monoethanolamine and acetyl
acetone was used as spectrophotometric reagent for the determination of Fe (III), Cu (II), and
UO2 (IT). Fe (IIT) complex was detected at Amax 440 nm, (pH 3.5), Cu (II) complex at Amax 340 nm
(pH 6) and UO2 complex at Amax 370 nm (pH 4). Beer Lambert’s law obeyed in a concentration
range of 0.5 to 3.0 x10-4.

N, N’ bis-salicylidene-o-phenylene di imine was used as analytical reagent to determine trace

concentration of metal ions like Fe (II), V (II) and Co (II) by spectrophotometric method.

Two new chemically modified silica gel covalently bonded with 4,4'- diaminodiphenyl ether

(DDE), 4,4'-diaminodiphenyl sulfone salicyladehyde Schiff’s bases were synthesized and were
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characterized by FTIR and BET surface area measurement techniques. These synthesized
chelating materials were tested for the pre concentration of metal ions like Zn (II), Mn (II), Cr
(III) in batch and column techniques with variation in parameter in competitive and non
competitive conditions. The method was found very useful in recovery of the metal ions from

dilute aqueous solutions.

Schiff’s bases prepared by the condensation of aromatic mono and diamines derivatives and

were used as fluorometric analytical reagents.

Extractive spectrophotometric determination of Ca (II), Mg (II), Cr (II), Fe (II), Zn (II), Cd (ID),
Ni (IT), Mn (II), and Co (II) were done using some chiral Schiff’s bases Benzaldehydene-(S)-2-
amino-3-phenyl propanol (I), o-hydroxy benzaldehydene-(S)-2-amino-3-phenyl-propanol (II),
Benzaldehydene-(S)-2- amino-3-methylbutanol (IIT) as complexing agents.

OH

(11D

Schiff’s bases derived from aromatic aldehydes namely Vanillin and p-dimethyl amino

benzaldehyde were used for the spectrophotometric determination of metronidazole in tablets.
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Biological activities of schiff bases

Antimalarial activity

Malaria i1s a neglected disease that still causes serious public health problems. Every year,
approximately 500 million people are afflicted by the disease, of whom around 1-3 million die,
90% of who in sub-Sahara Africa are primarily children [58]. Malaria is currently found in more
than 100 countries throughout Africa, Latin America, Asia, and Oceania. Human malaria is
mainly caused by four species of Plasmodium (P. falciparum, P. vivax, P. ovale, and P.
malariae). The female mosquito of the Anopheles genus is the vector of Plasmodium [59]. The
search for new drugs, vaccines, and insecticides to prevent or treat this disease is clearly a

priority.

Schiff bases have been shown to be interesting moieties for the design of antimalarial agents.
Ancistrocladidine [5] is a secondary metabolite produced by plants from the families
Ancistrocladaceae and Dioncophyllaceae that present an imine group in its molecular scaffold.
Compound 5 has been shown to be active against P. falciparum K1 and 3D7. The minimum
inhibitory concentrations (MIC values) of ancistrocladidine necessary to completely abolish P.
falciparum K1 and 3D7growth were 0.3 and 1.9 1g/mL, respectively. Interestingly, compound 1
was 90- and 10-fold more selective to P. falciparum K1 and 3D7, respectively than to rat skeletal
myoblast L-6 cells [55]. Rathelot et al. [60] described the synthesis of Schiff base-functionalized
S-nitroisoquinolines and investigated the in vitro activity of these compounds against an ACC
Niger chloroquine resistant P. falciparum strain. Schiff base 9 was the most effective antimalarial
agent among the synthesised 5-nitroisoquinoline derivatives. The concentration of compound 5
necessary to inhibit P. falciparum growth by 50% (IC50) was 0.71 g/mL. Under the same

experimental conditions the IC50 value for chloroquine was 0.1 1 g/mL [60].

Antibacterial activity

The increase in the mortality rate associated with infectious diseases is directly related to bacteria
that exhibit multiple resistances to antibiotics. The lack of effective treatments is the main cause
of this problem [61, 62]. The development of new antibacterial agents with novel and more

efficient mechanisms of action is definitely an urgent medical need [63].
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Schiff bases have been pointed to as promising antibacterial agents. For example, N-
(salicylidene)-2-hydroxyaniline (8) is effective against Mycobacterium tuberculosisH37Ryv,
exhibiting an MIC value of 8 lg/mL [56]. The selectivity of compound 8 was checked by
performing experiments with J774 macrophages. No cytotoxic effect on J774 macrophages was
observed for compound 8, even when it was tested at concentrations as high as 1000 Ig/mL.
More than 80% of macrophage cells were viable at such experimental conditions, demonstrating
the high selectivity of compound 8. The synthesis and antimicrobial activity of a series of Schiff
bases derived from the condensation of 5-chloro-salicylaldehyde and primary amines has
recently been reported [64]. The 5-chloro-salicylaldehyde-Shiff base derivatives 10-19 were
most active against at least one of the evaluated bacterial species. Pseudomonas fluorescence was
the strain most sensitive to compounds 10-15 and 17-19, with MIC values ranging from 2.5 to
5.2 lg/mL. The MIC value for the reference drug kanamycin against the same bacterial strain was
3.9 lg/mL. The Schiff bases 10, 11, 13-15, 18, and 19 presented MIC values in the range of 1.6—
5.7 1g/mL against Escherichia coli, while the MIC value for kanamycin was 3.9 lg/mL. Bacillus
subtilis was sensitive to the Schiff base 18 only (MIC= 1.8 lg/mL). The MIC values for

compounds 10 and 11 against Staphylococcus aureus were, respectively, 3.1 and 1.6 1g/mL [64].

NS
N CFs
(9)
Cl N
@\N Ry = Ry =
OH F
(10-16) (10) (11)
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Fig. 2 Chemical structure of some synthetic antibacterial Schiff bases *Compound 5 is an

antimalarial agent
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Rs=O-Cland Rs=H[22] R;=0-OH and Ry = H[23]

R3 = P-OH and R4 = H [24]

Fig. 3 Chemical structure of some synthetic antibacterial Schiff bases
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Fig. 4 Chemical structure of some synthetic antibacterial Schiff bases

Isatin-derived Schiff bases have also been reported to possess antibacterial activity [65]. Twenty-
eight bacteria of clinical interest were used in the studies performed by Pandeya and colleagues.
The authors disclosed the isatin-derived Schiff base 20 (Fig. 3) as the most potent compound

amongst those synthesized against all the pathogenic bacteria studied.

The MIC values for compound 20 against E. coli NCTC 10418, Vibrio cholerae non-01,
Enterococcus faecalis, Proteus shigelloides were 2.4, 0.3, 1.2, and 4.9 Ig/mL, respectively, while
the MIC values for sulfamethoxazole (reference drug) against the same bacterial strains were in
the range of 312-5000 lg/mL. Thus compound 20 was notably 1040-, 1040-, 4160-, and 1020-
fold more potent than sulphamethoxazole. Other isatinderived Schiff bases have been described

in the literature, but with no expressive antibacterial activities [66, 67].

The isoniazid-derived Schiff base 21 was active against M. tuberculosis H37Rv, exhibiting an
MIC value of 0.03 mg/L [68]. In this respect, compound 21 was slightly more potent than

isoniazid, its immediate synthetic precursor. Additionally, the isoniazid-derived Schiff base 21
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was not toxic against the cell line VERO (epithelial cells from healthy monkey kidney). The
IC50 for compound 21 against VERO cells was as high as 1 g/mL, indicating that this isoniazid-
derived Schiff base is selective for bacterial cells. The therapeutic safety and effectiveness for
compound 21 is higher than 40,000, making this Schiff base an excellent lead for the
development of antitubercular agents [68].

In 2005, Panneerselvam et al. [69] described the synthesis and in vitro antibacterial activity of
eleven morpholine-derived Schiff bases. Shows the chemical structure of three of them
(compounds 22-24). The authors found that S. aureus and Micrococcus luteus were the bacteria
most sensitive to the morpholine-derived Schiff base 22 (MIC= 20 and 32 lg/mL, respectively).
Streptococcus epidermidis was more sensitiveto the morpholine-derived Schiff base 23 (MIC
=17 Ig/mL) and Bacillus cereus and E. coli were more sensitive to compound 24 (MIC= 21 and

16lg/mL, respectively).

Schiff bases with a 2, 4-dichloro-5-fluorophenyl moiety are also effective in the inhibition of
bacterial growth. Schiff bases from this class (compounds 25-28 in Fig. 4) completely inhibited
the growth of S. aureus, E. coli, Pseudomonas aeruginosa, and Klebsiella pneumoniae [70]. MIC
values for these compounds varied from 6.3 to 12.51 g/mL, which are comparable to those

obtained for the reference drug ciprofloxacin [70].

Madurahydroxylactone  Schiff bases are imines derived from natural products.
Madurahydroxylactones are secondary metabolites produced by the plant Actinomadura rubra
[71]. The imines 29-34 are examples of Schiff bases belonging to this class. With the exception
of compounds 29 and 34, all madurahydroxylactone-derived compounds were effective in the in
vitro inhibition of B. subtilis, Micrococcus flavus, Sarcinalutea, and S. aureus growth, with MIC
values varying from 0.2 to 3.11 g/mL [72]. These same compounds (28—33) presented very low
activity against Mycobacterium phlei or Proteus vulgaris (MIC values higher than >50.0 Ig/mL)
[72]. Other molecules of natural or non-natural origin that are platforms for the synthesis of
Schiff bases for antibacterial activities include amino acids, coumarins, sulfonamides, or
resacetophenones, aminothiazolyl bromocoumarins, crown ethers, O-phthaldehyde, or 2-
aminophenol and 1,2,4-triazoles[73-80]. The antibacterial property of compounds representative
of these classes was examined. However, they did not exhibit any notable activity.
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Antifungal activity

Fungal infections are not usually limited to the superficial tissues; indeed, a significant increase
in life threatening systemic fungal infections has been reported [81]. The fundamental reason for
this is the increasing number of patients at risk, including those with advanced age, major
surgery, immunosuppressive therapy, acquired immunodeficiency syndrome (AIDS), cancer
treatment, and solid-organ and hematopoietic stem cell transplantation [82]. The search and
development of more effective antifungal agents are mandatory [83, 84] and some Schiff bases

are known to be promising antifungal agents.

Alternaria brassicae and Alternaria brassicicola are phytopathogenic fungi that severely affect
the production of most cruciferous crops (broccoli, cauliflower, mustard, turnip, cabbage, rape,
and radish). N-(Salicylidene)-2-hydroxyaniline 5 at the concentration of 500 ppm inhibited the
growth of these fungi by 67-68% [85]. Compounds 6 and 7 are examples of chitosan-derived
Schiff bases with antifungal activity. They inhibited the growth of Botrytis cinerea and
Colletotrichum lagenarium by 26—33% and 35-38% when used at 1000 ppm, respectively [57].
Overall, studies evaluating the effect of Schiff bases on phytopathogenic fungal growth have

been modest and deserve more investigation.

Schiff bases with a 2, 4-dichloro-5-fluorophenyl moiety, such as compounds 20 and 35-38 have
been demonstrated to inhibit the growth of fungi of clinical interest, such as Aspergillus
fumigatus, Aspergillus flavus, Trichophyton mentagrophytes, and Penicillium marneffei. The
MIC values for these compounds were in the range of 6.3—12.5 Ig/mL, indicating that they are as

potent as the reference fluconazole [70].

Piperonyl-derived Schiff bases (39-44) were active against some fungi at micromolar
concentrations. They inhibited the growth of Trichophyton rubrum (MIC= 820-980 IM) and
Epidermophyton floccosum (MIC =200-930 IM) [86]. The isatin-derived Schiff bases 29 and
45-54 were considerably active against Microsporum audouinii (MIC values ranging from 2.4 to
9.7 1g/mL) and Microsporum gypseum (MIC values ranging from 1.2 to 9.7 lg/mL) [66].
Compounds 20 and 45-54 also inhibited the growth of Candida albicans, Aspergillus niger,

Cryptococcus neoformans, T.mentagrophytes, E. floccosum, and Histoplasma capsulatum at
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MIC values higher than 10 lg/mL and lower than 79 lg/mL [66]. In another study,
Panneerselvam et al. [69] showed that the growth of both C. albicans and A.niger was

compromised by treatment with compound 24 at 20 1 g/mL or compound 55 at 301 g/mL.
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Fig. 5 Examples of antibacterial Schiff bases derived from plant natural products
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R4=Cland Rs=H (48) Rs4=Cland Rs= CHZ-N(CH3)2(49)

a2 O
N N O
R4 =Cland Rg = R4 =Cland R5= /
(50) (47) Rs=BrandRs=H

(51)
Rs=Brand Rs= CH2-N(CH3)2 (52)
)
N N O
R, = Brand Rg = Eﬁ R4 = Brand Rg = E/7 _/
(53) (54)

Fig. 6 Chemical structure of some antifungal Schiff bases derived from natural or non-

natural compounds
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Nystatin-dextran-derived Schiff base (56)
Fig. 7 Chemical structure of some antifungal Schiff bases derived from natural or non-

natural compounds
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OH
R; =H and Ry = 2-NO,-CsH4 (58)

Ri =H and R, =4-CHj3.CsH4 (59)
R1 =H and R, = 4-(CH3):N-CsHs4 (60)

R; =H and R, = 4-NO»-CcHy (61)

Ri1=H and R, =4-OCH3-CsH4(62)
Ri=H and R, = 4-OCH3-2-OH-C¢H3 (63)

Ri = CH3s and R> = 4-OH-CsHy4 (64)

R;1 = C¢Hg and Rz = 4-Br-CsHa (65)
Fig. 8 Examples of antiviral synthetic Schiff bases
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Fig. 9 Examples of antiviral synthetic Schiff bases

As for antibacterial activity, natural product-derived Schiff bases are also promising for the
design of new antifungalagents. Domb and colleagues have described an interesting approach to
synthesize a nystatin-dextran-derived Schiff base (56). This approach dramatically improved
nystatin solubility in water [87]. Compound 56 completely inhibited the growth of C. albicans
and C. neoformans at 20 1g/mL, while a concentration of 10 Ig/mL was required for free nystatin
to have a similar effect. Although the nystatin-dextran-derived Schiff base 56 was less active

than nystatin itself, the former was shown to be much less toxic to normal cells [87].

Antiviral activity

The use of vaccines may lead to the eradication of viral pathogens, such as smallpox, polio, and
rubella. However, virus-related and hepatitis C human immunodeficiency diseases have been the
drawback of vaccine approaches [88]. Viral diseases are life-threatening for immune
compromised patients and a prompt treatment is required to overcome this problem. Although
there are many therapeutic options for viral infections, currently available antiviral agents are not
yet fully effective, probably due to the high rate of virus mutation. They may also present any of
a number of side effects.

Salicylaldehyde Schiff bases of 1-amino-3-hydroxyguanidine tosylate are a good platform for the
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design of new antiviral agents [89, 90]. In fact, from a set of different 1-amino-3-
hydroxyguanidine tosylate-derived Schiff bases, compound 57 was shown to be very effective
against mouse hepatitis virus (MHV), inhibiting its growth by 50% when employed at

concentrations as low as 3.2 IM [90].

Recently, Sriram and colleagues [90] reported the synthesis and antiviral activity of the abacavir-
derived Schiff bases 58-68 these compounds are a new series of abacavir prodrugs. Abacavir is a
nucleoside analogue capable of inhibiting the activity of reverse transcriptase. It is used to treat
human immunodeficiency virus (HIV) and AIDS, and is available under the trade name Ziagen
(GlaxoSmithKline). Compounds 58-68 were significantly effective against the human
immunodeficiency virus-type 1 (HIV-1). The effective concentration (EC50) of these abacavir-
derived Schiff bases necessary to achieve 50% protection of human leukemic cells (CEM)
against the cytopathic effect of HIV-1 was lower than 6 1 M [90]. Notably, compound 60 was the
most potent Schiff base, being effective at 50 nM. This compound is only toxic to CEM cells at
concentrations higher than 100 1M, indicating its potential as a lead compound for the design of

new anti-HIV-1 [90].

Schiff bases have been widely explored for industrial applications. However, the biological
activity of this class of compounds deserves further investigation. This becomes clear when plant
pathogens are considered. Although the research on this subject is incipient, a number of reports
disclosing the effects of the Schiff bases on the pathogens of clinical interest have recently been
increasing. Schiff base compounds have been shown to be promising leads for the design of

more efficiency
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Thiadiazole

Firstly, Fischer introduced 1, 3, 4-thiadiazole in 1882, whereas Freund and Kuh45 described the
true nature of the ring. In addition, thiadiazole is a widespread and important five-member
heterocyclic system which contains two nitrogen atoms and a sulfur atom. 1,2,3-Thiadiazole,

1,2,4-thiadiazole, 1,2,5-thiadiazole, and 1,3,4-thiadiazole are the isomer of thiadiazole.

SIS RS

1 2 3 4
1, 2, 3-Thiadiazole 1, 2, 4-Thiadiazole 1, 2, 5-Thiadiazole 1, 3, 4-Thiadiazole

Figure 10: Structural formulae of the isomers of thiadiazole.
1, 3, 4-Thiadiazole have been the most promised isomer than the other. Due to the inductive

effect of sulfur atom of 1, 3, 4-thiadiazole ring. It shows very weak base property and possesses

relatively high aromaticity [91-97].

4 3
a
e N N
A\
5 2
d
S

Figure 11: Numbering of the 1, 3, 4-thiadiazole ring system

In addition, the nitrogen atoms of 1, 3, 4-thiadiazole ring is also shown to be very electron
underprovided due to the electron-withdrawing effect and comparatively still toward
electrophilic substitution, but susceptible to nucleophilic attack. Thus, possessing the substitution
into the 2" or a 5° position of this ring and these substitutions involves highly activating reaction.

Till date many 1, 3, 4-thiadiazole nucleus containing drugs are available in the market such as
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acetazolamide, methazolamide, megazol and whereas 1,2,4-thiadiazole ring containing drug is

the antibiotic cefozopran [98,99].

Aeadge L g ol L

69 70 71

Acetazolamide Methazolamide Megazol
Figure 12: Structural formula of 1, 3, 4-thiadiazole containing marketed drugs.

Among their isomers, particularly the 1, 3, 4-thiadiazoles possessed a broad spectrum of
biological activities including antimicrobial [100] antituberculosis [101] antioxidant [102] anti-
inflammatory [103] anticonvulsants [104] antidepressant and anxiolytic [105] antihypertensive

[106] anticancer [107] and antifungal activity [108].

The 1, 3, 4-thiadiazole nucleus is one of the most important and well-known heterocyclic nuclei,
which is a common and integral feature of a variety of natural products and medicinal agents.
Thiadiazole nucleus is present as a core structural component in an array of drug categories such
as antimicrobial, anti-inflammatory, analgesic, antiepileptic, antiviral, antineoplastic, and
antitubercular agents. The broad and potent activity of thiadiazole and their derivatives has
established them as pharmacologically significant scaffolds.

1, 3, 4-Thiadazoles have become an important class of heterocycles and a great interest of
researches because of their broad types of biological activity. Thiadiazole is a 5- membered ring
system containing hydrogen-binding domain, sulfur atom, and two-electron donor nitrogen
system that exhibit a wide variety of biological activity. They occur in four isomeric forms in the

nature viz. 1,2,3-thiadiazole; 1,2,5-thiadiazole; 1,2,4-thiadiazole; and 1,3,4-thiadiazole.
Many drugs containing 1, 3, 4-thiadiazole nucleus such as acetazolamide 1, methazolamide 2

megazol 3 are available in the market, although the only commercial 1, 2, 4-thiadiazole drug is

the antibiotic cefozopram [109,110].
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Antibacterial and Antifungal activity

1, 3, 4-Thiadiazole has shown a broad spectrum of activity against various pathogens, and
extensive research has been performed on the synthesis of new potent antibacterial and
antifungal agents. A new series of 2-[[1(2H)-phthalazinone- 2-yl] methyl/ethyl]-5-arylamino-
1,3,4-thiadiazole derivatives (72) have been evaluated in vitro antimicrobial activity against
bacteria and fungal species. The results showed that the tested compounds possessed weak
antibacterial and antifungal activity compared with standard drugs chloramphenicol and
rifampicin [111]. A number of S5-substituted 2-(2, 4-dihydroxyphenyl)-1, 3, 4-thiadiazole
derivatives (73) have been evaluated for antifungal activity against several clinical isolates of
Candida albicans. The compounds with methyl, phenyl, 4-ethoxyphenyl, and halogenophenyl
groups at C-2 of thiadiazole ring showed higher antifungal activity [111].

%ﬂ Sy QQ'N}N .

72 73

Tomi et al. [112] reported azo derivatives of aminothiadiazole derived from nicotinic and
isonicotinic acid by cyclization, diazotization, and etherification, and evaluated them for in vitro
antimicrobial activity against several microbes like: E. coli, K. pneumonia, P. aeruginosa and S.
aureus. All the synthesized compounds showed good activity against E. coli. Compounds having
3-pyridyl group C-2 of thiadiazole were found to exhibit good activity against K. pneumonia
(Scheme 1)
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Scheme 1
Demirbas et al. [113] synthesized four different derivatives of 4-Amino-2-[(5-arylamino-4,5-
dihydro-1,3,4-thiadiazol-2-yl) methyl]-5-(4-methylphenyl)-2,4-dihydro-3H-1,2,4-triazol-3-ones
and investigated its antimicrobial activity. Thiadiazole (74) with 2-({5-[(4-methoxyphenyl)
amino] group was found to possess highest antibacterial activity, whereas N-alkylation at C-5 of
thiadiazole ring did not resulted in improved antibacterial activity. An attempt to prepare active
compounds in the series of thiadiazolyl derivatives of antipyrine turned up unsuccessful. All the
synthesized derivatives bared weak growth inhibitory activity against the tested Gram-positive

bacteria (MIC 100 lg/mL) [114].
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1,3,4-Thiadiazole and 2-azetidinones derivatives of 2-methyl-1H-benzimidazoles were tested for
antibacterial, antifungal activity and some of the tested compounds had comparable activity
against B. subtilis and E. coli with reference to amphicillin (25 Ig/mL). Compounds having
o-chloro, o-methyl, p-methoxy, o-hydroxy, and p-amino group in phenyl ring showed good
antibacterial activity. Antifungal activity data indicated that some of the derivatives revealed a
broad spectrum of activity against tested fungi; however, none of the derivatives showed a better

spectrum of activity when compared to the reference drug [115].

A recently published article reported the antibacterial and antifungal activity of 1, 3, 4
thiadiazoles bearing imidazo [2,1-b]thiazole moiety [75] against S. aureus, P. aeruginosa, E. coli,
and T. tonsurans with MIC of 64, 32, and 8lg/mL, respectively [116]. Applying QSAR study, it
has been observed that positions-2 or position-3 of benzene attached with thiadiazole ring where
as electron-donating and bulky group would be favorable for higher antifungal activity. On the

basis of COMFA findings, Liu et al. [117] designed a compound which was found to display a

[\
S
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2-(N-acetyl-N-m-trifluoromethylphenylamino)-5-(3-acetyloxy-2-naphthyl)-1, 3, 4-thiadiazole

good antifungal activity (79.38%).

was found to possess good activity against P. aeruginosa and equally active, comparable with the

standard drug penicillin [39]. A novel series of 2, 5-disubstituted-1,3,4-thiadiazoles derivatives
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[76] have been synthesized and showed good inhibition against both Gram-(+) and Gram-(-)
bacterial strains at 6.25 lg/mL concentration.The hydroxyalkenyl chain at 5th position and
internal double bond in the long alkenyl substituent of synthesized thiadiazoles [77] were found
to be more active against S. pyogenes, S. aureus, P. aeruginosa, K. pneumoniae, and E. coli

[118].

76 77

Antibacterial activity is strongly dependent on the nature of the substituents at 5-arylamino-
1,3,4-thiadiazoles in a series of 2-[[1(2H)-phthalazinone-2-yl|methyl/ethyl]-5-arylamino-1,3,4-
thiadiazole derivatives. Unsubstituted compound showed 50% inhibition against B. subtilis with
respect to ampicillin [119]. Compound having chloro group at para-position of
Arylsulfonylmethane moiety attached with thiadiazole ring exhibited higher antimicrobial
activity [120].The antifungal activity of 1, 2, 4-triazolylmercaptomethyl- 1,3,4-thiadiazoles has
been tested against M. gypseum (NCPF-580), M. canis, T. mentagrophytes, T. rubrum, and C.
albicans. Of the five synthesized compounds screened against fungal strains, four compounds
showed measurable activity against T. mentagrophytes [121].

Ranjina et al. [122] synthesized a number of aminothiadiazole derivatives containing 4-pyridyl
and oxothiazolidin moieties in the same molecules. All the compounds had good antimicrobial
activity but the compounds having a nitro group were present at the -m and -p position of the aryl
ring, respectively, possessed stronger antibacterial activity than others.

Camoutsis ef al. [123] synthesized a series of N-{5-[2- (N-substituted sulfamoyl)-4, 5-dimethoxy
benzyl]-1, 3, 4-thiadiazole- 2-yl}-N-arylamines. All the newly sulfonamide- 1, 2, 4-thiadiazoles
were assayed in vitro for their growth inhibitory activity against panel of selected Gram—positive
bacteria, Gram-negative bacteria, and fungi and compared with reference drug ampicillin,
streptomycin, bifonazole, and ketoconazole, respectively. The results of antimicrobial screening
clearly indicated that the nature of substituents and their position on 1, 3, 4-thiadiazole nucleus

affected the in vitro activity. SAR of the compounds revealed that pyrrolidine substituted
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compounds were found to be more potent than piperidine-, methylpiperazine-, and
dimethylamino- containing compounds. Thus, it can be said that introduction of -CF3 moiety and
chloro atom in the para position of the benzene ring of pyrrolidine substituted compound is an
essential part for improving antibacterial activity.

Anticancer activity

Kumar et al. [124] reported the synthesis of 5-(3-indolyl) - 1, 3, 4-thiadiazoles and evaluated for
anticancer activity. Primary screening was performed at a concentration ranging from 100 nM to
1 mM. Change in cell number and cell morphology in 96-well plates was observed at 24 and 48
h had been detected. Compounds that exhibited toxicity to cancer cell lines but not to normal
cells were selected for the secondary confirmation assays. For secondary screening, the same
concentration which was previously used in the primary screening was used and compounds
were screened in triplicate. As a result, eight compounds were identified as potent agents for
inducing cytoselective toxicity. It was found that substitution on C-2 position of the 1, 3, 4-

thiadiazole ring plays an important role in imparting the cytotoxic activity to the compound.

Replacement of phenyl ring at C-2 position with benzyl, 4-(dimethylamino) phenyl, 3, 4
dimethoxyphenyl and 4-benzyloxy group enhanced the antiproliferative activity, while
replacement of the phenyl group with p-chlorophenyl and introduction of third methoxy group
reduced the biological activity. Compound 2-(4-(Benzyloxy)-5-(5-bromo-3-indolyl) - 3-
methoxyphenyl)-1, 3, 4-thiadiazole (78) with 4-benzyloxy- 3-methoxyphenyl at C-2 position and
S-bromoindole at C-5 position was found to be the most potent compound of the series.
Compound  (4-hydroxyphenyl)[5-(2,6-dichloro)-  2-thioxo-1,3,4-thiadiazol-3-yl]Jmethanone
showed broad spectrum of growth inhibition activity against human tumor cells and remarkable
cytotoxic activity on nonsmall lung cancer (HOP 92) having log GI50 value at -6.49, colon
cancer (HCC-2998) at GIS0 value 5.31 and significant cytotoxic activity on prostate cancer
(PC-3) having GI50 value 5.48. SAR study revealed that electron withdrawing group at position
C-5 of thiadiazol was favorable for activity [125].

OCH,CH,CH,CHs



New derivatives of 2-arylamino-5-aryl-1, 3, 4-thiadiazoles were synthesized by refluxing aryl
aldehydes, hydrazine hydrate, and aryl isothiocyanates in methanol followed by oxidative
cyclization with ferric ammonium sulfate. Study of in vitro cytotoxic activity revealed a
cytotoxic effect of individual compounds on cancer cells of prostate (PC3, DU145, and LnCaP),
breast (MCF7 and MDA-MB-231), and pancrease (PaCa2). The SAR study showed that the 3, 4,
5-(OCH3)3C6H2 at C-5 position was responsible for binding to the Colchicine siteon tubulin
and found to be favorable for activity. Further variation of C-2 arylamino group was associated
with lesser degree of effect on the activity of 1, 3, 4-thiadiazoles. Most of the synthesized
compounds were moderate in activity and compound displayed a greater potency toward
pancreatic (PaCa2) cancer cell lines (IC50 = 4.3 IM) [126]. Marganakop et al. [127] synthesized
quinolines derivatized with 1, 3, 4-thiadiazole via cyclization of quinoline thiosemicarbazones in
a single step and investigated for their primary cytotoxic activity against cervical cancer cell
lines (Hela). Compounds with methoxy at C- 6, 7, 8 of quinoline showed the potent anticancer
activity and the cell lyses occurred only atl0 Ig/mL. Zheng et al. [128] prepared several N1-
acetylamino- (5-alkyl/ aryl-1, 3, 4-thiadiazole-2-yl)-5-fluorouracil derivatives. These compounds
were evaluated for their anticancer activity onA-549 (human lung cancer cell), Bcap-37 (human
breast cancer cell) by MTT assay. Compound with electron with-drawing group attached to
benzene ring was found to have activity against tested cell lines and possessed more potent
antitumor inhibitory activity than S5-fluorouracil. Compound (E, E)-2,5-bis[4-(3-dimethyl-
aminopropoxy)styryl]- 1,3,4-thiadiazole was found to be the most potent one by the MTT assay
against A549, PC-3, and HA22T [129]. A number of N-substituted 2-amino-5-(2, 4
dihydroxyphenyl)- 1,3,4-thiadiazole derivatives were investigated as antiproliferative agent, their
in vitro cytotoxicity against the four human cell lines: SW707 (rectal), HCV29T (bladder), A549
(lung), and T47D (breast) suggested their potential as novel anticancer agents. Compound 2-(2,
4- dichlorophenylamino)- 5-(2,4-dihydroxyphenyl)-1,3,4-thiadiazole , with ID50 two times
lower (SW707, T47D) than that of cisplatin displayed the highest cytotoxicty. It was noticed that
the compounds with electron donating groups at C-terminal of the phenyl ring did not increased
its cytoselective toxicity and the compounds with electron withdrawing groups (Cl, F) resulted in
an increased activity by inducing cell death [130]. Compound 2-(4-fluorophenylamino)-5-(2,4-
dihydroxyphenyl)-1,3,4-thiadiazole inhibited proliferation of tumor cells derived from cancers of

nervous system (medulloblastoma/rhabdosarcoma, neuroblastoma, and glioma) and peripheral
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cancers including colon adenocarcinoma and lung carcinoma [131]. Matysiak et al. [132]
examined the effect of various substitution at 5-position of 2-(2, 4 dihydroxy-phenyl)-1,3,4-
thiadiazoles on antiproliferative activity against different human tumor cell lines. 2-(2,4-
Dihydroxyphenyl)-5-(4- methoxybenzyloxy)-1,3,4-thiadiazole showed ID50 of 1.1 lg/mL against
HCV29T bladder cancer cell line and found to be significantly lower (T47D) than that of
cisplatin, used as the reference compound. In a series of chiral 2, 5- disubstituted 1, 3, 4-
thiadiazoles possessing c-butenolide moiety, compound 50 was screened against Hela cell lines

by MTT assay and exhibited IC50 of 0.9 IM [133].

Focal adhesion kinase (FAK) is a 125 kDa protein that was involved in multiple cellular
functions like cell proliferation, survival, motility, invasion, metastasis, and angiogenesis. The
inhibition of FAK plays an important role in cancer therapy through decreased cellular viability,
growth inhibition, or apoptosis. Recently, FAK was proposed to be a new potential therapeutic
target in cancer. Sun et al. [134] had designed a series of novel 1, 3, 4-thiadiazole derivatives
containing 1,4-benzodioxan and evaluated their activity as FAK inhibitors. The results of the
inhibitory activity of the designed compounds showed that compound 51 possessed high potency
against FAK (EC50 = 10.79 IM). EC 50 values of 14.21-32.451 g/mL against HEPG2, HELA,
SWI1116 and BGC823 cell lines. The SAR study suggested that substitution with different acids
led to different antitumor activity, and the potency order was phenylpropinic acid >phenylacetic
acid >benzoic acid. Compounds with substituted Cl group on benzene ring showed better
antitumor activity than substitution with Br group. Replacement of -Cl with —CH3 group,

however, led to decrease in cytotoxic activity against all cell lines [135].

Thiadiazoles as miscellaneous agents

Vergne et al. [136] discussed the synthesis and SAR studies of a series of novel small
thiadiazoles as inhibitors of PDE7. Out of the synthesized compounds, derivatives with 4-
CONH2 on benzene ring (79), 4-aminoquinazoline and 2-methyl-4-aminoquinazoline on C-5 of
thiadiazole ring exhibited high PDE4 inhibitory activity with an IC50 value of 0.061, 0.027, and
0.0039 1M, respectively. From SAR studies, they concluded that the 4-aminoquinazoline
derivatives along with hydrophobic steric bulk attached with nitrogen of C-2 of thiadiazole

showed an increase in activity because of its structural similarity with the adenine part of cAMP.
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Replacement of the cyclohexyl moiety with smaller ring was not as selective and found to be

detrimental to the enzymatic activity.

79
Introduction of an OH group on 3rd position of cyclohexyl group of represented IC50 of 0.088
nM toward PDE7. Modification of 4-CONH2 group with sulfonamide significantly improved the
pharmacokinetic profile and binding affinity for PDE7 [137].

De et al. [138] reported novel small molecules thiadiazole derivatives as c-Jun N-terminal kinase
inhibitors. On the basis of a lead structure from high throughput screening, they identified that
substitution on 2nd-position with either 2-methoxyethyl group, sec-butyl group or n-propyl
group improved the pepJIP1 displacement (DELFIA) and the kinase activity (LANTHA) assays.
Out of the synthesized compounds, an IC50 of 4.8 IM in the kinase assay substrate and it
displaced pepJIP1 with an IC50 of 158 nM. Modification on 4-(2,3 dihydrobenzo[b][1,4]dioxin-
6-yl)-5-(5-nitrothiazol-2-ylthio)-4H-1,2,4-triazol-3-0l which showed competitive inhibition of
the interactions between JNK and pepJIP1 with an IC50 of 280 nM resulted the discovery of
which could bind at the JIP site with the nitrothiazol group crossing the ridge close to residues
Argl27 and Cys163 of enzyme side with an IC50 of 239 nM [139]. Xiao ef al. [140] discovered
the 2-piperidinopiperidine-5-arylthiadiazoles as H3 antagonists which lead to increase histamine
levels by blocking the histaminergic neurons irreversibly and may be useful in treating obesity,
diabetes as well as other CNS disorders such as cognitive disorders like Alzheimer“s and
Parkinson®s disease. SAR investigations revealed that o, m and p substituent such as polar
groups OMe, CN, and COCH3 on phenyl ring increases the H3 receptor antagonistic activity.
Further replacement of phenyl ring with 2-pyridyl was found to be favorable, while pyrimidine
and pyrazole offered less activity. Compound (80) with 3-methoxy group at 2-pyridyl ring

substituted on C-5 of thiadiazole was found to be the most active.
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Thiadiazole contains the five-membered diunsaturated ring structure having molecular structure
formula C2H3N3S containing a two carbon atom, three hydrogen, three nitrogen and one
sulphur. Thiadiazole and its derivatives are used for biological activities such as antiviral,
antibacterial, antifungal and antitubercular. It is a clear to yellowish liquid with a pyridine like
odor. It is soluble in alcohol and ether and slightly soluble in water. It is parent material for
numerous of chemical compounds including sulfur drugs, biocides, fungicides, dyes, chemical
reaction accelerators. Thiadiazoles carrying mercapto, hydroxyl and amino substituent™s can
exist in many tautomeric forms and this property is being intensively studied using modern
instrumental methods. Two azo-derivatives have been prepared containing the 1, 3, 4-thiadiazole
system starting from the heterocyclic 2-amino-5-mercapto-1, 3, 4- thiadiazole system. These two
azo compounds form complexes in a powder form with aluminum salts. The synthesis of the azo-
derivatives gave an average yield of 50%. Heterocyclic with the molecular formula C2H3S3N2
present various isomers, among which may be cited bismuthiol, xanthan and perthiocyanic acid,
which have many industrial applications and surprising chemical properties among which are
included their capacity of forming complexes with metals. One derivative which merits special
mention is 2-amino-5- mercapto-1, 3, 4-thiodiazole due to its properties in forming well-known
azo dyes. These compounds will be used to evaluate their potential for coating metal surfaces in
processes of corrosion inhibition. Thiadiazole and its derivatives are used for biological activities
such as antiviral, antibacterial, antifungal and antitubercular 10. The antileukemic action and
host toxicity of the thiadiazoles were blocked by administration of nicotinamide. 1, 3, 4 -
Thiadiazole are diversified biocidal activities probably by virtue of a toxophoric — N=C-S-
Grouping. A large number of 4-thiazolidinones have been reported to be antifungal, antibacterial
and antileukemic properties. These observations prompted us to synthesis the title compound
with a presumption that incorporation thiadizole and thiazolidinones wound produce new
compound with significant fungicidal properties. A series of 2-aryl-5-hydrizino-1, 3, 4-

thiadiazole exemplified by the structure designed as analogue of the known vasodilator
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hydrazine and pyridazinyl hydrazine. Subsequent evaluation of this series showed that some
analogue possessed both antihypertensive activity and anticonvulsant activity. Furthermore it
found that particular substitution in the 2-position of aromatic ring to produced compound
reduced with antihypertensive activity with desirable anticonvulsant activity. It was found that
methylation of the a-nitrogen of the hydrazine group in the o-tolyl series decrease vasodilator
activity without concurrent decrease in anticonvulsant activity Thus a combination of the
preferred aromatic substituted units in the 2-position coupled with various alkyl and aryl
substitution on the hydrazine moiety was a objective in this work. 1,3,4-thiadiazole confirmed on
the corresponding thiadiazole hydrazine the best combination of potency and lack of toxicity.
1,3,4- thiadiazole was started first synthesized by Goerdereler, ohm, and Tegtmeyer who used a
four stage process that started from thiosemicarbazide. Jensen and Pedersen obtained the
heterocycle from hydrazine and potassium dithiformate.The synthesis which quite large number
of thiadiazole can be obtained starts from N,N-dimethylormamide azine dihydrochloide which is
found to good yield from dimethylfrmamidoyl and N,N-dimethyhydazine and hydrazine
hydrochloride methyl azine. Sodium ethoxide converted into compound into the free
dimethylazine this react with H2S in methanol in the presence of sodium methoxide, the

hydrochloride give products.

Further developments
Novel substituted 1, 3, 4-thiadiazoles were synthesized under both sonication and classical
conditions. Generally, improvements in rates and yield of reactions were observed when

reactions were carried out under sonication compared with classical condition.

Diabetes is a group of diseases characterized by high blood glucose level. When a person has
diabetes, the body either does not produce enough insulin or is unable to use its own insulin
effectively. Glucose builds up in the blood and causes a condition that, if not controlled, Can
lead to serious health complications and even death. The risk of death for a person with diabetes
is twice the risk of a person of similar age who does not have diabetes. Diabetes mellitus is a
heterogeneous clinical disorder with numerous causes. Two main classifications of diabetes
mellitus exist, idiopathic and secondary. Idiopathic diabetes is divided into two main types:

Insulin dependent and Non-insulin dependent. Non insulin dependent diabetes mellitus (NIDDM
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or type 2 diabetes) is characterized by milder hyperglycemia and rarely leads to ketoacidosis. It
leads to nephropathy, neuropathy, and retinopathy. Diabetes mellitus, long considered a disease
of minor significance to world health, is now taking its place as one of the main threats to human
health in the 21st century. The incidence of the disease currently is estimated to reach 210
million by the year 2010 and 300 million by the year 2025 [141]. Most cases will be of type 2
diabetes, which is strongly associated with a sedentary life style and obesity. Nowadays diabetes
is becoming a leading cause of death in most nations. 1,3,4-thiadiazole and its derivatives
possesses wide range of therapeutic activities like activities like antimicrobial [142], antifungal,
diuretics, antiulcer [143], antimycobacterial [144], antioxidant/radio-protective [145], anti
inflammatory, anticonvulsant, antidepressant, anticancer, anti-leshmanial [146-147], carbonic
anhydrase inhibitors [148] and antidiabetic [149]. Due to presently known limitations of liver
toxicity in the use of thiazolidinediones, it is necessary to find new heterocyclic compounds with
equivalent potency as that of thiazolidinedione. Thiadiazole compounds are known to bind
peroxisome proliferator activating receptor (PPAR) effectively [50]. Therefore present study
involves design of thiadiazole compounds on the basis of docking studies on peroxisome
proliferator activating receptor (PPAR) effectively and to find important binding residues. The
knowledge of binding residues would help in design of novelthiadiazole molecules as
antidiabetic agents.

Designing of new molecules was done with help of docking. Virtual screening has emerged as a
reliable, cost-effective and time-saving technique for the discovery of lead compounds. The
virtual screening approach for docking small molecules into a known protein structure is a
powerful tool for drug design that has become an integral part of the drug discovery process in
recent years. Theoretically the application of virtual screening is constrained only by the
chemical compounds features that can be calculated and the relation between these features and
the targeted protein can be established. Practical implementation of virtual screening application
requires some considerations. If the site geometry is not known, as is often the case, the design
should be based on other ligand molecules that bind well to the site. If the molecules are rigid,
the problem becomes one of identifying the substructures or active groups that contribute to the
fit. If the site geometry is known, molecules with good affinity for the site can be built by joining
the groups with alternative molecular scaffolding. In present study, thiadiazole scaffold was
considered as replacement to thiazolidinedione while considering its expected interaction with
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PPARgamma receptor as per the previous literature reports [151]. Thiazolidinediones belongs to
a chemical class that has a different pharmacological action than the sulfonylureas, biguanides,
or the (alpha)-glucosidase inhibitors. Synthesized thiadiazole compounds were tested for alpha-
glucosidase inhibition to verify whether these compounds work by mechanism similar to
thiazolidinediones or else. In vivo study was carried out on alloxan induced diabetes rat model
for all the synthesized molecules using glibenclamide, a second generation sulphonylurea as
standard since it was used as a reference standard compound in the study of reference analogous
compounds [152,153]. Molecular docking studies were performed by using Glide v5.6
(Schrodinger, LLC) [154]. The X-ray crystal of peroxisome proliferator-activated receptor
gamma (PPARgamma) in complex with rosiglitazone (PDB id. 1FM6) was obtained from the
RCSB protein Data Bank (PDB) and utilized in order to get the detailed insights of ligand-

protein structure in this study.

Protein structure was added with hydrogens and then only hydrogens were energetically
optimized. In case of docking poses showing high score, some manual adjustment were done to
remove large steric hindrance and final complex structures were subjected to energy
minimization using OPLS force field in Schrodinger software. During the energy minimization
procedure firstly whole protein structure was fixed and secondly that amino acid residues within
3.5 A from the each ligand were relaxed. Rosiglitazone was removed from the complex and the
reported thiadiazole compounds were docked in PPARgamma protein and their binding
interaction was validated with previously reported binding residues. These binding residues were
used as reference guide. Several thiadiazole compounds have been reported for their antidiabetic
effect by acting as agonist at PPAR gamma [155,156]. Docking was performed selectively on
reported thiadiazole analogues for which antidiabetic activity is known to be potent and

comparable to standard.

A major review which covers the synthetic chemistry of the ring system up to 2002 has also
appeared [157]. Since 1991 advances in the chemistry of 1, 3, 4-thiadiazole has been annually
reviewed in Progress in Heterocyclic Chemistry [158]. The numbering of the 1, 3, 4-thiadiazole
ring is given below. The present chapter is intended to update the previous work on the aromatic

1, 3, 4-thiadiazole (81), the nonaromatic 2-thiadiazolines (82), 3-thiadiazolines (83), the
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thiadiazolidines (84), the tautomeric forms (85) and (86), and the mesoionic systems (87).
Reference is made to earlier chapters of CHEC (1984) and CHEC-II (1996) where appropriate.

4 3
—N
N—NH N—N HN—NH .
5/ \24) 4) 4) ii HN—NH
s x
81 82 83 85 86
+
\
N—N

QX
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Chapter 2

Experimental
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2.0 a) Purification of solvents and chemicals

All the commercial grade solvents such as n-hexane, ethyl acetate, diethyl ether, acetone,
ethanol, and methanol were purified by distillation. All the liquid samples such as benzaldehyde,
p-hydroxy benzaldehyde, anisaldehyde, p-choloro benzaldehyde were also purified by

distillation. The solid samples were purified by recrystallizing in different solvents.

b) Determination of melting points
Melting points of different synthesized compounds were determined on Gallenkamp melting

point apparatus are uncorrected.

¢) Infra-red (IR) spectra
The infra-red spectra were recorded on KBr pellet for films with a Shimadzu FTIR
spectrophotometer from the department of chemistry, BUET, Dhaka, Bangladesh.

d) Nuclear Magnetic Resonance (NMR) spectra

The 'H NMR (400MHz) and '*C NMR spectra were recorded in deuterated dimethyl sulfoxide
(DMSO) and (CDCI3) with a Bruker BPX- 400 spectrophotometer using tetramethylsilane
(TMS) as internal standard at the Wazed Miah Science Research Center - Jahangirnagar

University, Saver, Dhaka, Bangladesh.

e) Drying
All the synthesized compounds were dried over anhydrous silica gel under vacuum desiccator

after and before recrystallization.
f) Evaporation

The solvents were evaporated under reduced pressure in Buchi rotatory evaporator (West

Germany) with a bath temperature below 40 ° C.
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2.1 Synthesis of 5, 5°-(1, 4-phenylenebis (diasene-2, 1-diyl)) bis (2-hydroxybenzaldehyde)

NaNO,/HCI

o © ® 0O
HoN NH, - C|N5N©—NENC|

(0-5)°C

OH
HOL O~ Q
Q
OHC <
\
HO@—N:NON:NQ—OH
OHC CHO

1
P-Phenylidendiamine (0.01 mol, 1.08g) was dissolved in 20 ml (1:1) aqueous solution of
concentrated hydrochloric acid in a small beaker. The mixture was allowed to cool at 0° C in an
ice bath. Then a cold saturated aqueous solution of sodium nitrite (0.04 mol, 2.76 g) was added
drop wise to the mixture at the same temperature. A solution of 2-hydroxy benzaldehyde (2.44 g,
0.02 mol) in 10% sodium hydroxide (20 ml) was prepared and cold separately to 0° C and stirred
for 20 minutes at the same temperature. Then the diazonium salt solution was added very
slowly to the aldehydic solution and was allowed of stand in an ice bath for at least one hour

with occasional stirring. The reaction mixture was then filtered, washed with distilled water and

dried. A reddish semi solid (1.50g) was collected.

IR (KBr, em™, Fig 1): 3450-3350 (O-H, Phenolic), 3054 (C-H, aromatic), 2980 (C-H, -CHO),
1625 (C=0 of H- bonded aldehyde group - CHO), 1573, 1490,1460 (C=C, aromatic),1520 (-
N=N-, weak absorption), 1405(O-H in plane), 750 (O-H, out of plane).
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Fig - 1: IR Spectrum of Compound 1
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2.2. Synthesis of 5, 5’-(1, 3- Phenylenebis (diazene-2, 1-diyl)) bis (2-hydroxybenzaldehyde)

HoN
_| o
o | =
L | ©
ol
4
4]
4
~ | _
® o
o ®
CIN=N
OH

o

I =

@) O
(0-5),C

CHO
2
m- Phenylidendiamine (0.01 mol, 1.08 g) was dissolved in 20 ml (1:1) aqueous of concentrated
hydrochloric acid in a small beaker. The mixture was allowed to cool at 0° C in an ice bath, then
a cold saturated aqueous solution of sodium nitrite (0.04 mol, 2.76 g) was added drop wises to
the mixture at the same temperature. A solution of 2-hydroxy benzaldehyde (2.44 g, 0.02 mol) in
10% sodium hydroxide (20 ml) was prepared and cold separately to 0° C and stirred for 20
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minute at the same temperature. Then the diazonium salt solution was added very slowly to the
aldehydic solution and was allowed of stand in an ice bath for at least one hour with occasional
stirring. The reaction mixture was then filtered, washed with distilled water and dried. A reddish

semisolid (1.50g) was collected.
IR (KBr, em™, Fig 2): 3400-3305 (O-H, Phenolic), 3192, 3063(C-H, aromatic), 2854 (C-H,

aldehyde group -CHO), 1665 (C=0 of H- bonded aldehyde group - CHO), 1606, 1578, 1474
(C=C, aromatic), 1381(O-H in plane), 842 (O-H, out of plane).
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Fig - 1: IR Spectrum of Compound 2
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2.3. Synthesis of 2-(4-nitrobenzylidene) hydrazine-1-carbothioamide

S CH3COONa 2
OZNOCHO + H,N-NH-C-NH, OZNOCH=N—NH—C—NH2
Methonal

3 4 5

Aqueous solution of thiosemicarbazide (0.02 mol, 1.82 g), crystalline sodium acetate (0.04 mol,
3.28 g) and nitro- benzaldehyde (0.02 mol, 3.02 g) were taken in round bottom flask. To this
mixture, the solvent methanol was added until clear the turbidity of the mixture. The reaction
mixture was then mildly warmed and stirred for three hours. The reaction mixture was then
poured into crushed ice. The solid precipitate was filtered, washed and dried. The yellow solid
product was then recystallized with ethanol, found 78% yield and the melting point was recorded

as 221-223°C.

2.4. Synthesis of 2-benzylidenehydrazine-1-carbothioamide

S CH;COONa S
@CHO + HyN-NH—C-NH, @CHZN—NH—C—NHZ
Methonal

6 7

Aqueous solution of thiosemicarbazide (0.02 mol, 1.82g), crystalline sodium acetate (0.04 mol,
3.28g) and benzaldehyde (0.02 mol, 2.12g) were taken in round bottom flask. To this mixture,
the solvent methanol was added until clear the turbidity of the mixture. The reaction mixture was
then mildly warmed and stirred for three hours. The reaction mixture was then poured into
crushed ice. The solid precipitate was filtered, washed and dried. The white solid product was
then recystallized with ethanol, found 85% yield and the melting point was recorded as 154 -

156° C.
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2.5. Synthesis of 2-(4-chlorobenzylidene) hydrazine-1-carbothioamide

S CH;COONa S
CIOCHO +  Hy;N-NH—C—NH, CIOCHZN—NH—C—NHZ
Methonal

Aqueous solution of thiosemicarbazide (0.02 mol, 1.82g), crystalline sodium acetate (0.04 mol,
3.28g) and chloro- benzaldehyde (0.02 mol, 2.82 g) were taken in round bottom flask. To this
mixture, the solvent methanol was added until clear the turbidity of the mixture. The reaction
mixture was then mildly warmed and stirred for three hours. The reaction mixture was then
poured into crushed ice. The solid precipitate was filtered, washed and dried. The white solid

product was then recystallized with ethanol, found 67% yield and the melting point was recorded

as 202-204° C.

2.6. Synthesis of 2-(2-hydroxybenzylidene) hydrazine-1-carbothioamide

S CH3COONa S
CHO + H,N-NH—C-NH, QCHZN—NH—C—NHz
Methonal

OH OH

10 11

Aqueous solution of thiosemicarbazide (0.02 mol, 1.82g), crystalline sodium acetate (0.04 mol,
3.28g) and 2-hydroxy benzaldehyde (0.02 mol, 2.44 g) were taken in round bottom flask. To this
mixture, the solvent methanol was added until clear the turbidity of the mixture. The reaction
mixture was then mildly warmed and stirred for three hours. The reaction mixture was then
poured into crushed ice. The solid precipitate was filtered, washed and dried. The white solid
product was then recystallized with ethanol, found 72% yield and the melting point was recorded

as 216- 218 ° C.
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2.7. Synthesis of 5-(4-nitrophenyl)-1, 3, 4-thiadiazol-2-amine

Br2
o _ﬁ_ CH3COOH r\/H\{)\
O3N CH=N-NH—C—NH, O,N & ONH,
CH3COONa
5 12

A mixture of thiosemicarbazone 5 (0.01 mol, 1.92 g), sodium acetate (0.02 mol, 1.64 g) and
glacial acetic acid 30 ml was taken in a round bottomed flask equipped with a separating funnel.
To this mixture, 5 ml glacial acetic acid containing 0.7 ml bromine was added slowly and stirred
continuously for three hours. After completion of the reaction, the reaction mixture was poured
into crushed ice. The resulting solid was separated, dried and recrystallized from ethanol. The

melting point was recorded as 240-242°C.

IR (KBr, cm’, Fig.3) 3493 (N-H sym, NH), 3365 (N-H asym, NH,), 3145, 3050 (C-H,
aromatic), 1578 (C=N), 1526, 1516, 1453 (C=C, aromatic), 1099 (N-N, inside thiadiazole ring),
820 (C-S-C linkage).
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Fig - 3: IR Spectrum of Compound 12
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2.8. Synthesis of S-phenyl-1, 3, 4-thiadiazol-2-amine

BI'Z
—N
B S CH;COOH '71 IS
CH;COONa
7 13

A mixture of thiosemicarbazone7(0.01 mol, 1.63g), sodium acetate (0.02 mol, 1.64g) and glacial
acetic acid 30 ml was taken in a round bottomed flask equipped with a separating funnel. To this
mixture, 5 ml glacial acetic acid containing 0.7 ml bromine was added slowly and stirred
continuously for three hours. After completion of the reaction, the reaction mixture was poured
into crushed ice. The resulting solid was separated, dried and recrystallized from ethanol. The

melting point was recorded as 223-225°C.

IR (KBr, em’, Fig 4)3281 (N-H, wide, NH>), 3089 (C-H, aromatic) 1635 (C=N), 1518, 1469
(C=C, aromatic), 1059 (N-N inside thiadiazole ring), 780 (C-S-C, linkage).
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Fig - 4: IR Spectrum of Compound 13
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2.9. Synthesis of 5-(4-chlorophenyl)-1, 3, 4-thiadiazol-2-amine

Br2
B S CH3COOH r\/l—'j)\
cl CH=N—-NH—C—NH, o] s NH,
CH3COONa
9 14

A mixture of thiosemicarbazone 9 (0.01 mol, 1.98 g) sodium acetate (0.02 mol, 1.64 g) and
glacial acetic acid 30 ml was taken in a round bottomed flask equipped with a separating funnel.
To this mixture, 5 ml glacial acetic acid containing 0.7 ml bromine was added slowly and stirred
continuously for three hours. After completion of the reaction, the reaction mixture was poured
into crushed ice. The resulting solid was separated, dried and recrystallized from ethanol. The

melting point was recorded as 230- 232°C.
IR (KBr, em™, Fig.5)3440 (N-H, sym, NH>), 3280 (N-H asym, NH»), 3170 (C-H, aromatic),

1600 (C=N), 1530, 1490, 1455 (C=C, aromatic), 1091 (N-N, inside thiadiazole ring), 816 (C-S-C
linkage).
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Fig — 5: IR Spectrum of Compound 14
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2.10. Synthesis of 5-(2-hydroxyphenyl)-1, 3, 4-thiadiazol-2-amine

Br2
N—N
B S CH;COOH . ) )\
CH=N—NH—C-NH, s~ NH,
CH;COONa
OH OH
11 15

A mixture of thiosemicarbazone 11(0.01 mol, 1.79g) sodium acetate (0.02 mol, 1.64g) and
glacial acetic acid 30 ml was taken in a round bottomed flask equipped with a separating funnel.
To this mixture, 5 ml glacial acetic acid containing 0.7 ml bromine was added slowly and stirred
continuously for three hours. After completion of the reaction, the reaction mixture was poured
into crushed ice. The resulting solid was separated dried and recrystallized from ethanol. The

melting point was recorded as 186- 188°C.
IR (KBr, em™, Fig 6) 3444 (O-H, phenolic), 3322 (N-H, sym, NH>), 3176 (N-H, asym), 3037

(C-H, aromatic), 1620 (C=N), 1535, 1491, 1450 (C=C, aromatic), 1111 (N-N str.), 831 (C-S-C,
linkage).
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Fig — 6: IR Spectrum of Compound 15
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2.11. Synthesis of 4,4’-((1E,1’E)-1,4-phenylenebis(diazene-2,1-diyl)bis(2-((E)-((5-(4-
nitrophenyl)-1,3,4-thiadiazol-2-yl)imino)methyl)phenol)

N N—N
OHC N OH U
+ NHz g NO,
CHO
1 12

Reflux 8hr. in ethanol Few drops of glacial acetic acid

NO,
16
5, 5’-(1, 4-phenylenebis (diasene-2, 1-diyl)) bis (2-hydroxybenzaldehyde) 1 (0.001 mol, 0.374 g)
and 5-(4-nitrophenyl)-1, 3, 4-thiadiazol-2-amine 12 (0.002 mol, 0.412 g) were separately
dissolved in ethanol and combined together in a round bottomed flask. To this mixture, a few
drops of glacial acetic acid were added as catalyst. Then the reaction mixture was stirred under
reflux condition for eight hours. The progress of the reaction was monitored by TLC. After
completion of the reaction, the mixture was stored in refrigerator overnight. The reddish
precipitate was filtered. The crude product was then purified by column chromatography. A
reddish crystalline product with 70% yield was isolated and the melting point was recorded as
188-192°C
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IR (KBr, em’!, Fig.7) 3405(0-H, sym), 3252(0-H, asym), 3151(C-H, aromatic), 1600 (C=N),
1599, 1542, 1489, (C=C, aromatic), 952(C-N, Ar-NO,), 828 (C-S-C, linkage).

'H NMR (400 MHz, DMSO-ds, Fig 8-9) 5 6.81 (t,2H,C- 8, C- 8,” J=8.0,J=4.0), 6.87 (d, 2H,C-
12,C- 12,’ J=8.0),7.21 (t, 2H, C- 9, C- 9", J=8.0, J=4.0), 7.90 (s, 2H, HC=N), 7.91 (bd,s, 4H, C -
17, C- 17" C-21,C- 21" ), 8.10 (bd, s, 4H, C-18,C-18',C-20,C-20"), 8.39 (s, 4H, C-2,C-3,C-5,C-
6), 9.39 and 11.38 (s, 2H, OH)

13C NMR (100 MHz, DMSO-ds, Fig 10-11) § 178 (C-13,C-13"),165 (C-15,C-15), 156 (C-14,C-
14,144 (C-10,C-10"), 144(C-19,C-19"), 140 (C-1,C-4), 131.57 (C-11,C-11"), 131.50 (C-17,C-
177, 130 (C-16,C-16"),129 (C-7,C-7"), 128 (C-8,C-8"), 127 (C-9,C-9),124 (C-2,C-6), 120 (C-
18,C-18"), 119(C-21,C-21"), 116.53(C-20,C20"), 116.15(C-3,C-5).
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2.13. Synthesis of 4,4’-((1E,1’E)-1,4-phenylenebis(diazene-2,1-diyl)bis(2-((E)-((5-phenyl-
1,3,4-thiadiazol-2-yl)imino)methyl)phenol)

CHO

Reflux 10hr. in ethanol Few drops of glacial acetic acid

17

5, 5°~(1, 4-phenylenebis (diasene-2, 1-diyl)) bis (2-hydroxybenzaldehyde) 1 (0.374 g, 0.001 mol)
and 5-phenyl-1, 3, 4-thiadiazol-2-amine 13 (0.322 g, 0.002 mole) were separately dissolved in
ethanol and combined together in a round bottomed flask. To this mixture, a few drops of glacial
acetic acid were added as catalyst. Then the reaction mixture was stirred under reflux condition
for ten hours. The progress of the reaction was monitored by TLC. After completion of the
reaction, the mixture was stored in refrigerator overnight. The reddish precipitate was filtered.
The crude product was then purified by column chromatography. A reddish crystalline product

with 53% yield was isolated and the melting point was recorded as 168-174°C.
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IR (KBr, cm’, Fig.12)3300-3470 (O-H, str.), 3064 (C-H, aromatic), 1620 (C=N), 1575, 1554,
1418 (C=C, aromatic), 754 (C-S-C linkage).

'H NMR (400 MHz, CDCL, Fig 13-14) § 6.85 (bd, s, 4H, C-18, C-18",C-20,C-20"), 6.90 (bd, s,
4H, C-17, C-17', C-21, C-21"), 7.20 (bd, s, 2H, C-20, C-20"), 7.92 (s, 2H , C-2, C-6), 7.38 (s, 2H
C-3, C-5), 7.59 ( bd, s, 4H, C-8, C-8, C-9, C-97), 8.02(bd, s, 2H, C-12, C-12), 8.21 (s, 1H, C-
13), 8.32 (s, 1H, C-13"),9.92 (s, 1H, C-10), 9.75 (s, 1H, C-10").

13C NMR (100 MHz, CDCls, Fig 15-16) § 157.76 (C-13, C-13"), 157.56 (C-15, C-15"),151 (C-
14, C-14%), 137 (C-10, C-10"), 133 (C-7, C-7"), 131.57 (C-1, C-4), 131.15 (C-2, C-6), 130 (C-
3,C-5), 129.77 (C-8, C-8), 129.04 (C-9, C-9°), 128.85 (C-11, C-11'), 128.80 (C-12, C-12°),
128.23(C-16, C-16'), 127.59 (C-17, C-17", C-21, C-21"), 127.18 (C-18, C-18’, C-20, C-20"), 126
(C-19, C-19").
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2.13.

Synthesis of 4,4’-((1E,1’E)-1,4-phenylenebis(diazene-2,1-diyl)bis(2-((E)-((5-(4-
chlorophenyl)-1,3,4-thiadiazol-2-yl)imino)methyl)phenol)

OHC . NH; S)—@—u
CHO

Reflux 14hr. in ethanol Few drops of glacial acetic acid

OH

Cl

18

5, 5°~(1, 4-phenylenebis (diasene-2, 1-diyl)) bis (2-hydroxybenzaldehyde) 1 (0.374g, 0.001 mol)
and 5-(4-chlorophenyl)-1, 3, 4-thiadiazol-2-amine 14 (0.391g, 0.002 mole) were separately

dissolved in ethanol and combined together in a round bottomed flask. To this mixture, a few

drops of glacial acetic acid were added as catalyst. Then the reaction mixture was stirred under

reflux condition for fourteen hours. The progress of the reaction was monitored by TLC. After

completion of the reaction, the mixture was stored in refrigerator overnight. The pale yellow

precipitate was filtered. The crude product was then purified by column chromatography. A

yellow crystalline product with 62% yield was isolated and the melting point was recorded as

195-199°C.
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IR (KBr, cm™, Figl17) 3443(0-H, sym), 3175 (O-H, asym), 3114 (C-H aromatic), 1600 (C=N,
exo and endo) 1575, 1550, 1480 (C=C, aromatic), 826(C-S-C, linkage), 750 (C-Cl, Ar-Cl).

'H NMR (400 MHz, DMSO-ds, Fig 18-19) 56.80 (t, 2H, C-8, C-8,J = 4.0, = 8.0 ), 6.88 (d,
2H, C-12, C-12', ) = 8.0), 7.18 (t, 2H, C- 9, C- 9, J = 8.0), 7.88 (bd, s, 6H, C- 17, C-17" C-21, C-
21, C-13, C-13), 8.06 (bd, s, 4H, C- 18, C-18’, C- 20, C- 20", 8.38 (s, 4H, C- 2, C- 3, C- 5, C-
6), 10.23 (s, 1H, O-H, C-10), 11.36 (s, IH, O-H, C-10") .
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2.14. Synthesis of 4,4’-((1E,1’E)-1,4-phenylenebis(diazene-2,1-diyl)bis(2-((E)-((5-(2-
hydroxyphenyl)-1,3,4-thiadiazol-2-yl)imino)methyl)phenol)

OO
N OH /QHII
OHC s NH3 g
CHO
HO

1 15

Reflux 12hr. in ethanol Few drops of glacial acetic acid

OH N,
N

19
5, 5°~(1, 4-phenylenebis (diasene-2, 1-diyl)) bis (2-hydroxybenzaldehyde) 1 (0.374g, 0.001 mol)
and 5-(2-hydroxyphenyl)-1, 3, 4-thiadiazol-2-amine 15 (0.354 g, 0.002 mole) were separately
dissolved in ethanol and combined together in a round bottomed flask. To this mixture a few
drops of glacial acetic acid was added as catalyst. Then the reaction mixture was stirred under
reflux condition for twelve hours. The progress of the reaction was monitored by TLC. After
completion of the reaction, the mixture was stored in refrigerator overnight. The yellow
precipitate was filtered. The crude product was then purified by column chromatography. A
yellow crystalline product with 75% yield was isolated and the melting point was recorded as

199-202°C.
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IR (KBr, cm’, Fig 20)3450(0-H, sym), 3325(0-H, asym), 3180 (O-H, phenolic), 3125 (O-H,
Phenolic), 3036(C-H aromatic), 1615 (C=N),1540, 1490, 1450 (C=C, aromatic),830(C-S-C,
linkage).

'H NMR (400 MHz, DMSO-ds, Fig 21-22) 56.89 (d, 1H, C-12, 7 = 8.0 ), 6.95 (d, 1H, C-12', ) =
8.0), 7.46 (d, 2H, C-2, C- 6, ] = 8.0),7.48 (d, 2H, C- 3, C- 5, ] =4.0), 7.52 (d, 2H, C-9, C-9", J
=18.0),7.60 (d, 2H, C- 8, C-8',J = 8.0),7.70 (d, 2H, C-17, C - 21, J = 8.0), 7.84 (d, 2H, C- 17', C-
20,7 =8.0), "), 8.02(d, 2H, C- 18, C- 20, J = 8.0), 8.05 (d, 2H, C- 18", C- 20", J = 8.0), 8.21
(bd, s, 1H, C-13), 8.24 (bd, s, 1H, C- 1311.27 (s, 1H, C- 10, O-H), 11.29 (1H, C- 10', O-H),
11.42 (s, 1H, O-H, C- 21),11.46 (s, 1H, O-H, C - 21").
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2.15. Synthesis of 4,4’-((1E,1’E)-1,3-phenylenebis(diazene-2,1-diyl)bis(2-((E)-((5-(4-
nitrophenyl)-1,3,4-thiadiazol-2-yl)imino)methyl)phenol)

CHO
N,
N-N
/
* NH;<S)L—<C:>>—N02
O CHO 12
2

reflux 8 hr. ethanol Few drops of glacial acetic acid

CH
1
N, N
7S]
N\ —
N
OH CH NG,
1
N
N\Q\S
N=
NO,
20

5, 5’-(1, 3- Phenylenebis (diazene-2, 1-diyl)) bis (2-hydroxybenzaldehyde) 2 (0.001 mol, 0.374
g) and5-(4-nitrophenyl)-1, 3, 4-thiadiazol-2-amine 12 (0.002 mole, 0.412 g ) were separately
dissolved in ethanol and combined together in a round bottomed flask. To this mixture, a few

drops of glacial acetic acid were added as catalyst. Then the reaction mixture was stirred under
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reflux condition for eight hours. The progress of the reaction was monitored by TLC. After
completion of the reaction, the mixture was stored in refrigerator overnight. The yellow
precipitate was filtered. The crude product was then purified by column chromatography. A
yellow crystalline product with 70% yield was isolated and the melting point was recorded as

166-168°C.

IR (KBr, em™, Fig 23)3445(0-H, sym), 3325(0-H asym), 3150 (C-H, aromatic), 1614 (C=N),
1590, 1530, 1490 (C=C, aromatic), 830 (C-S-C, linkage), 752 (C-N, NO»).

'H NMR (400 MHz, DMSO-ds, Fig 24-25) 5 6.81 (d, 4H, C-16, C-17, C-16", C- 17°, J =
8.0),6.83 (d, 4H, C-18, C-18', C- 20, C- 20, J = 8.0), 7.21 (t, 1H, C-3, ] = 8.0), 7.42(bd, s, 2H,
C- 4, C-2),7.98 (bd, d, 4H, C-8, C- 8', C- 9, C- 9’, J = 8.0), 8.05 (bd, s, 2H, C-12, C - 12/),8.08
(bd, s, 1H, C- 6), 8.37 (s, 2H, HC=N), 9.89 (s, H, -OH, C- 10), 11.36 (s, 1H, OH, C- 10").
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2.16. Synthesis of 4,4’-((1E,1’E)-1,3-phenylenebis(diazene-2,1-diyl)bis(2-((E)-((S-phenyl-
1,3,4-thiadiazol-2-yl)imino)methyl)phenol)

CHO
N,
N-N
o\
OH CHO 12
2

reflux 12 hr. in ethanol Few drops of glacial acetic acid

oy
CH
N\\
N
N\ —
N \[ j

21

5, 5°-(1, 3- Phenylenebis (diazene-2, 1-diyl)) bis (2-hydroxybenzaldehyde) 2 (0.001 mol, 0.374
g) and 5-phenyl-1, 3, 4-thiadiazol-2-amine 13 (0.002 mole, 0.322 g) were separately dissolved in
ethanol and combined together in a round bottomed flask. To this mixture, a few drops of glacial
acetic acid were added as catalyst. Then the reaction mixture was stirred under reflux condition

for eight hours. The progress of the reaction was monitored by TLC. After completion of the
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reaction, the mixture was stored in refrigerator overnight. The brown precipitate was filtered.
The crude product was then purified by column chromatography. A brown crystalline product

with 75% yield was isolated and the melting point was recorded as 172-173°C.
IR (KBr, em’, Fig 26) 3313(0-H, sym), 3244 (O-H, asym), 3050 (C-H, aromatic), 1610 (C=N),

1550, 1491, 1449 (C=C, aromatic), 758 (C-S-C, linkage).

'H NMR (400 MHz, DMSO-ds, Fig 27-28) § 10.01 (s, 1H, O-H), 9.02 (s, 1H, O-H), 8.52 (bd, s,
4H, C-16, C- 16", C - 17, C- 17"), 8.45 (bd, s, 4H, C- 18, C- 18", C- 20, C- 20"), 8.43 (s, 2H,
HC=N)), 7.95 (m, 4H, aromatic), 7.89 (m, 2H, aromatic),7.5 (m, 6H, aromatic).
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Chapter 3

Results and Discussion
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3.1. Characterization of the compound 16 (4,4’-((1E,1’E)-1,4-phenylenebis(diazene-2,1-
diyl)bis(2-((E)-((5-(4-nitrophenyl)-1,3,4-thiadiazol-2-yl)imino)methyl)phenol))

The compound 16 was synthesized by refluxing 1: 2 molar ethanolic solution of 1 (5, 5°~(1, 4-
phenylenebis (diasene-2, 1-diyl)) bis (2-hydroxybenzaldehyde)) and 12 (5-(4-nitrophenyl)-1, 3,
4-thiadiazol-2-amine) for eight hours in presence of catalytic amount of glacial acetic acid. The
progress of the reaction was monitored by TLC. After purification a reddish crystalline product

was obtained and found 70% yield. The melting point was recorded as 188-192° C.

o
N N—N
OHC N OH U
+ NHz g NO,
CHO

1 12
Reflux 8hr. in ethanol Few drops of glacial acetic acid
\
OH N,
Oy
CH N OH
N
NS N

NO,

16
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The IR spectra (Fig. 7) of the compound 16 showed a broad absorption band at 3405 cm™' for
phenolic O-H group. The broad absorption band at 3252 ¢cm™ was attributed for asymmetric
stretching vibration of phenolic O-H group. The wide characteristic stretching frequency of
aromatic C-H was observed at 3151 cm™. The sharp peak at 1600 cm™ was detected for C=N
moiety. The peak at 1599, 1542 and 1489 cm™! were distinguished for aromatic C=C bonds. The
weak C-N absorption frequency of Ar-NO was detected at 952 cm™! The C-S-C linkage was
designated at 828 cm.

The 'H NMR spectra (Fig. 8-9) of the compound 16 showed triplet at 6.8 for two equivalent
protons at C-8 and C-8" with the coupling constant J = 8.0 and J = 4.0. These coupling constants
were indicative for short and long range couplings with the nearby proton and axial proton. The
doublet at 6.87 was designated for two equivalent protons at C-12 and C-12'" with the coupling
constant J = 8.0. The sharp triplet at 7.21 was attributed for the two equivalent protons of C-9, C-
9" with coupling constant J = 8.0 and J = 4.0. These coupling constants were distinctive for short
and long range coupling with the nearby proton and axial proton. The singlet at 7.90 was
indicative for two equivalent N=C-H protons. The broad singlet at 7.91 was designated for four
protons at C-17, C-17, C-21’, and C- 21. The broad singlet at 8.10 was ascribed for four protons
at C-18, C-18’, C-20 and C-20'. The sharp singlet at 8.39 was distinctive for four protons at C-2,
C-3, C-5, and C-6. The singletsat 9.39 and 11.38 were assigned for two phenolic-OH protons.

The *C NMR spectra (Fig. 10-11) of the compound 16 showed a signal 178 for two equivalent
carbons of N=C-H, outside the ring. The signal at 165 was designated for two carbons of C=N
inside the thiadiazole ring. The two equivalent C=N carbons inside the thiadiazole ring was
designated at 156. The signal at 144 was ascribed for two carbons of C-10 and C-10". Two
equivalent carbons of C-19 and C-19’ were detectable at 144. The signal at 140 was designated
for two equivalent carbons of C-1 and C-4. The signal at 131.57 was distinctive for two carbons
of C-11 and C-11". Another two carbons of C-17 and C-17'were distinguished at 131.50. The
signal at 130 was attributable for two identical carbons of C-16 and C-16". Two carbons of C-7
and C-7" were identified at 129. The signal at 128 was detectable for two identical carbons of C-8
and C-8'. Two carbons of C-9 and C-9" were designated at 127. The signal at 124 was assignable
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for two equivalent carbons of C-2 and C-6. The two carbons of C-18 and C-18" were detected at

120. The signal at 119 was identifiable for two identical carbons of C-21 and C-21". The two

carbons of C-20 and C-20" were indicative at 116.53. The rest two carbons of C-3 and C-5 were

assigned at 116.15.

All the spectral evidences expressed harmony with the structure of the compound 16 as

11" 12'
10 . 2 3
OH 1 4
’ 8 NON\\
13 C':!
N 6 5
N= 14'
i
N~ S
16 15
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17"
' 20
18 19'
NO,
16
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Fig — 7: IR Spectrum of Compound 16
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Fig — 8: 'H NMR Spectrum of Compound 16
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Fig — 9: Extended 'H NMR Spectrum of Compound 16
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Fig — 10: *C- NMR Spectrum of Compound 16
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Fig — 11: Extended *C- NMR Spectrum of Compound 16
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3.2. Characterization of the compound 17 (4,4’-((1E,1’E)-1,4-phenylenebis(diazene-2,1-
diyl)bis(2-((E)-((5-phenyl-1,3,4-thiadiazol-2-yl)imino)methyl)phenol))

The compound 17 was synthesized by refluxing 1: 2 molar ethanolic solution of 1 (5, 5’~(1, 4-
phenylenebis (diasene-2, 1-diyl))bis(2-hydroxybenzaldehyde)) and 13 (5-phenyl-1, 3, 4-
thiadiazol-2-amine) for eight hours in presence of catalytic amount of glacial acetic acid. The
progress of the reaction was monitored by TLC. After purification a reddish crystalline product

was obtained and found 53% yield. The melting point was recorded as 168-174° C.

D Oy

N OH /QHII

OHC s NH3 g
CHO

Reflux 10hr. in ethanol Few drops of glacial acetic acid

17
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The IR spectra (Fig. 12) of the compound 17 showed a broad band at 3300-3470 cm™ for
phenolic O-H group. The aromatic C-H stretching frequency was observed at 3064 cm™'. The
peak at 1620 cm™ was detected for C=N moiety. The characteristic peaks at 1575, 1554 and 1418
cm’! were distinguished for aromatic C=C bonds. The weak C-S-C linkage peak was assigned at

754 cm.

The '"H NMR spectra (Fig. 13-14) of the compound 17 showed broad singlet for four identical
protons of C-18, C-18’, C-20 and C-20" at 6.85. The broad singlet at 6.90 was identified for four
equivalent protons of C-17, C-17', C-21 and C-21". The weak broad signal at 7.20 was attributed
for two protons of C-20 and C-20". The wide singlet at 7.38 was ascribable for two equivalent
protons of C-3 and C-5. The broad signal of four protons of C-8, C-8°, C-9 and C-9' were
assigned at 7.59. The weak singlet at 7.92 was ascribed for two protons of C-2 and C-6. The
broad singlet for two protons of C-12 and C-12" was assigned at 8.02. The single protonic singlet
was detectable at 8.21 for the proton C-13. Another single protonic singlet was distinctive at 8.32
for C-13'. The characteristic phenolic proton singlet signals were identified at 9.92 and 9.75 for
C-10 and C-10" respectively.

The *C NMR spectra (Fig. 15-16) of the compound 17 showed signal at 157.76 for two
equivalent carbons forC-13 and C-13'". The signals were assigned at 157.56for two identical
carbons for C-15 and C-15", two carbons for C-14 and C-14" at 151, two carbons at 137 for C-10
and C-10’, two identical carbons at 133 for C-7 and C-7', two equivalent carbons at 131.57 for
C-1 and C-4, two carbons at 131.15 for C-2 and C-6, two carbons at 130 for C-3 and C-5, two
identical carbons at 129.77 for C-8 and C-8’, two equivalent carbons at 129.04 for C-9 and C-9,
two carbons at 128.85 for C-11 and C-11', two carbons at 128.80 for C-12 and C-12', two
equivalent at 128.13 for C-16 and C-16", four identical carbons at 127.549 for C-17, C-17', C-21
and C-21", four equivalent carbons 127.18 for C-18, C-18’, C-20 and C-20" and two carbons at
126 for C-19 and C-19".
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All the spectral evidences supported the structure of the 17 as

19

5 12 11
13 CH
N 14
S5 17
N\N/ 18
16 19
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20
17
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Fig — 12: IR Spectrum of Compound 17
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Fig — 13: '"H- NMR Spectrum of Compound 17
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Fig — 14: Extended 'H- NMR Spectrum of Compound 17
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Fig — 15: 3C-NMR Spectrum of Compound 17
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Fig — 16: Extended *C-NMR Spectrum of Compound 17
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3.3. Characterization of the compound 18 (4,4’-((1E,1’E)-1,4-phenylenebis(diazene-2,1-
diyl)bis(2-((E)-((5-(4-chlorophenyl)-1,3,4-thiadiazol-2-yl)imino)methyl)phenol))

The compound 18 was synthesized by refluxing 1: 2 molar ethanolic solution of 1 (5, 5’~(1, 4-
phenylenebis (diasene-2, 1-diyl)) bis (2-hydroxybenzaldehyde)) and 14 (5-(4-chlorophenyl)-1, 3,
4-thiadiazol-2-amine) for fourteen hours in presence catalytic amount of glacial acetic acid. The
progress of the reaction was monitored by TLC. After completion of the reaction, a yellow

product was obtained and found 62% yield. The melting point was recorded as 195-199° C.

HO—<§ N,
\N@N\\ NﬁN
OHC < 2 . NH; S)—@—m
CHO

1 14
Reflux 14hr. in ethanol Few drops of glacial acetic acid
OH N,
O
CH N OH
N
N= CH
NS N

Cl

18

The IR spectrum (Fig. 17) of the compound 18 showed symmetric absorption band at 3443 cm’!

for phenolic O-H group. Theasymmetric O-H vibration was observed at 3175 cm™'. The aromatic
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C-H stretching frequency was identified at 3114 cm™. The band at 1600 cm™ was detectable for
C=N moiety. The characteristic peaks at 1575, 1550 and 1480 cm™ were distinguished for
aromatic C=C bonds. The C-S-C linkage was assignable at 826 cm™.

The 'H NMR spectra (Fig. 18-19) of the compound 18showed triplet at 6.80 for two equivalent
protons at C-8 and C-8” with the short and long range coupling constant J = 8.0 at J = 4.0
respectively. The doublet for two protons at C-12 and C-12" with the coupling constant J = 8.0
was detectable at 6.88. The triplet for the two protons of C-9, C-9” was assignable at 7.18. The
broad singlet at 7.88 was designated for four protons of C-17, C-17, C- 21, C-21" and two
protons of C-13 and C-13". The other broad singletwas ascribed for four protons of C-18, C-18’,
C-20 and C-20" at 8.06. The sharp singlet at 8.38 was distinctive for four protons of C-2, C-3, C-
5, and C-6. The singlet at 10.23 for one proton was distinguishable for phenolic O-H. The other
O-H proton was identifiable at 11.36.

All the spectral evidences expressed harmony with the structure of the compound 18 as

N 14
16" 15 7S s 17
17 . = 18
2 N~ 16
20 18 21 Cl
19' 20 19
Cl

18
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Fig — 17: IR Spectrum of Compound 18
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Fig — 18: '"H- NMR Spectrum of Compound 18
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Fig — 19: Extended 'H- NMR Spectrum of Compound 18
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3.4. Characterization of the compound 19 (4,4’-((1E,1’E)-1,4-phenylenebis(diazene-2,1-
diyD)bis(2-((E)-((5-(2-hydroxyphenyl)-1,3,4-thiadiazol-2-yl)imino)methyl)phenol))

The compound 19 was synthesized by refluxing 1: 2 molar ethanolic solution of 1 (5, 5’~(1, 4-
phenylenebis (diasene-2, 1-diyl)) bis (2-hydroxybenzaldehyde)) and 15 (5-(2-hydroxyphenyl)-1,
3, 4-thiadiazol-2-amine) for twelve hours in presence catalytic amount of glacial acetic acid. The
progress of the reaction was monitored by TLC. After completion of the reaction, a yellow
crystalline product was obtained and found 75% yield. The melting point was recorded as 199-

202°C.

HO N.
Dy,
OHC & NHZ
CHO HO

1 15
Reflux 12hr. in ethanol Few drops of glacial acetic acid
Y
OH N
CH N OH
N
N= CH
NS N

OH N.
N

19
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The IR spectra (Fig. 20) of the compound 19 showed broad absorption band at 3450 cm™ for
symmetric stretching of phenolic O-H group. Theasymmetric vibration of O-H band was found
at 3325 cm™!. The other phenolic O-H absorption bands were distinctive at 3180 cm™ and 3125

! respectively. The aromatic C-H stretching frequency was assigned at 3036 cm™'. The

cm’
characteristic band at 1615cm™ was detectable for C=N moiety. The peaks at 1540, 1490 and
1450 cm™ were distinguished for aromatic C=C bonds. The C-S-C linkage was identified at 830
cm™.
The 'H NMR spectra (Fig. 21-22& 23) of the compound 19showed doublet at 6.89 for one
proton of C-12 with the coupling constant J = 8.0. Another doublet at 6.95 was attributable for
one proton of C-12’ with coupling constant J = 8.0. The doublet at 7.46 was ascribed for two
protons of C-2 and C-6 with coupling constant J = 8.0. The signal at 7.48 showed a doublet for
two protons of C-3 and C-5 with the long range coupling constant J = 4.0. The doublet at 7.52
was assigned for two protons of C-9 and C-9” with coupling constant J = 8.0. The signal at 7.60
was designated as doublet for two protons of C-8 and C-8' with the coupling constant J = 8.0.
The signal at 7.70 showed a doublet for two protons of C-17 and C-21 with the coupling constant
J =8.0. The doublet at 7.84 was distinctive for two protons of C-17" and C-20’ with the coupling
constant J = 8.0. The doublet at 8.02 was indicative for two protons of C-18" and C-20" with the
coupling constant J = 8.0. The signal at 8.05 showed a doublet for two protons of C-18 and C-20
with the coupling constant J = 8.0. The broad singlet at 8.21 was ascribable for one proton of C-
13 (HC=N). Another broad singlet for one proton C-13" was designated for (HC=N) at 8.24. The
downfield singlet signals at 11.27, 11.29, 11.42 and 11.46 were distinguished for four O-H
protons of C-10, C-10, C-21 and C-21" respectively. The presence of four O-H protons in the 1H
NMR spectrum clearly indicates that all the aromatic protons of the two sides of the P-
Phenylene diamine not equivalent. This may be due to the hydrogen bonding of the O-H group

with the sulphur atom of thiadiazole ring.
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All the spectral evidences expressed harmony with the structure of the compound 19 as
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Fig — 20: IR Spectrum of Compound 19
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Fig — 21: '"H- NMR Spectrum of Compound 19
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Fig — 22: Extended 'H- NMR Spectrum of Compound 19
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Fig — 23: Extended 'H- NMR Spectrum of Compound 19
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3.5. Characterization of the compound 20 (4,4’-((1E,1’E)-1,3-phenylenebis(diazene-2,1-
diyl)bis(2-((E)-((5-(4-nitrophenyl)-1,3,4-thiadiazol-2-yl)imino)methyl)phenol))

The compound 20 was synthesized by refluxing 1: 2 molar ethanolic solution of 2 (5, 5’~(1, 3-
Phenylenebis(diazene-2,1-diyl)) bis (2-hydroxybenzaldehyde)) and 12 (5-(4-nitrophenyl)-1, 3, 4-
thiadiazol-2-amine) for eight hours in presence of catalytic amount of glacial acetic acid. The
progress of the reaction was monitored by TLC. After completion of the reaction, a yellow
crystalline product was isolated and found 70% yield. The melting point was recorded as 166-

168° C.
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reflux 8 hr.
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The IR spectra (Fig. 23) of the compound 20 showed symmetric absorption band at 3445 cm™!
for phenolic O-H group. Theasymmetric vibration of the O-H was observed at 3325 cm™. The
aromatic C-H stretching was identified at 3150 cm™'. The absorption peak of C=N moiety was
designated at 1614cm™. The characteristic band at 1590, 1530 and 1490 cm™! were distinguished
for aromatic C=C bonds. The weak absorption band at 830 cm™'was attributed for C-S-C linkage.
The 'H NMR spectra (Fig. 24-25) of the compound 20 showed a doublet at 6.81 for four protons
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of C-16, C-17, C-16" and C-17' with the coupling constant J = 8.0. The doublet at 6.83 was
attributed for four protons of C-18, C-18", C-20 and C-20', with the coupling constant J = 8.0.
The triplet at 7.21 was ascribable for one proton of C-3 with the coupling constant J = 8.0. The
broad singlet at 7.42 was distinctive for two protons of C-4 and C-2. The broad doublet at 7.98
was designated for four protons of C-8, C-8’, C-9 and C-9’ with coupling constant J = 8.0. The
broad singlet at 8.05 was indicative for two protons of C- 12 and C-12". The broad singlet for
one proton of C-6 was assigned at 8.08. The singlet signal for two protons of HC=N moiety was
attributed at 8.37. The two down fielded singlet were characterized for two protons of two O-H

groups at 9.89 and 11.36 respectively.

All the spectral evidences supported the structure of the compound 20 as
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Fig — 24: IR Spectrum of Compound 20
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Fig — 25: "TH NMR of Compound 20
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Fig — 26: Extended 'H NMR Spectrum of Compound 20
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3.6. Characterization of the compound 21 (4,4’-((1E,1’E)-1,3-phenylenebis(diazene-2,1-
diyl)bis(2-((E)-((5-phenyl-1,3,4-thiadiazol-2-yl)imino)methyl)phenol))

The compound 21 was synthesized by refluxing 1: 2 molar ethanolic solution of 2 (5, 5’~(1, 3-
Phenylenebis(diazene-2,1-diyl))bis(2-hydroxybenzaldehyde)) and 13 (5-phenyl-1, 3, 4-
thiadiazol-2-amine) for eight hours in presence of catalytic amount of glacial acetic acid. The
progress of the reaction was monitored by TLC. After completion of the reaction, the brown

solid product was isolated and found 75% yield. The melting point was recorded as 172-173° C.
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The IR spectra (Fig. 26) of the compound 21 showed wide symmetric absorption band at 3313
cm’! for phenolic O-H group. Theasymmetric absorption peak at 3244 cm™ was distinctive for
O-H group. The aromatic C-H stretching vibration was detectable at 3050 cm™. The absorption
peak of C=N moiety was assigned at 1610 cm™. The characteristic bands at of 1550, 1491 and
1449 cm! were distinguished for aromatic C=C bonds. The peak at 758 cm™ was designated for
C-S-C linkage.

The 'H NMR spectra (Fig. 27-28) of the compound 21 showed down fielded singlet at 10.01 and
9.02 for two phenolic protons. The singlet at 8.43 was attributable for two protons of HC=N. All
other protons distinguished as aromatic, because the signals were in aromatic protonic range. The

structure of the compound21 was suggested as
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Fig — 26: IR Spectrum of Compound 21
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Fig — 27: 'H Spectrum of Compound 21
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Fig — 28: Extended "H NMR of Compound 21
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Chapter 4
Biological Activity
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Principle

An antibiotic refers to a substance produced by a microorganism or to a similar substance
produced wholly or partly by Chemical synthesis, which in low concentration inhibit the growth
of other microorganisms. Many antibiotics are used as chemotherapeutic agent but other is too
highly toxic for use. In case of chemotherapeutic use, an antibiotic should, ideally be toxic only
for pathogenic microorganisms and should be harmless to the host. Assay of antibiotics include
certain methods such as microbiological assays, radio enzymatic assays, high performance of
high-pressure liquid chromatography (HPLC), immunoassay etc. There are three main methods
of microbiological assay by which the potency of an antibiotic can be compared with that of a

standard antibiotic.

A. Dilution method
B. Diffusion method

C. Turbidimetric, titrimetric and gravimetric methods.

Among these methods the agar diffusion method is most commonly used to assay the potency of
an antibiotic. In agar diffusion assays, the response of a growing population of microorganism to
the antimicrobial agent is measured. Potency is a term used to express the strength of chemical.
Antibiotics, originated from microorganism, also undergo chemical formulation and thereby
need to be evaluated in terms of potency for clinical use as well as for market value. While
assaying the potency of an antibiotic, proper calibration is essential to express the result in terms
of absolute units. Thus a pure sample of the drug or a sample of known potency is required for

the preparation of calibrator solutions.

The agar diffusion assay may be one dimensional, two- dimensional or three-dimensional. Two
or three-dimensional assay is the commonest form of microbiological assay. This experiment
employs the three-dimensional agar diffusion assay. In this system samples are applied in
reservoir (well) to a thin layer of agar seeded with indicator organism. The drug diffuses in to the
medium. After incubation a zone of growth inhibition forms (a circle around the reservoir). The

diameter of the zone is related to the concentration of antibiotic in the reservoir.
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The edge of a zone is formed when the minimum concentration of antibiotic which will inhibit
the growth of the organism on plate (Critical Concentration) reaches for the first time (when the
population density is too great for the antibiotic to inhibit). The position of the zone edge is thus

determined by.

1. The initial population density.
Growth rate of the organism.

The rate of diffusion of antibiotic.

Eal

Agar thickness.

A balance design is one in which all controllable variables have been accommodated and such
design is called “Latin square design”. A Latin square arrangement is acceptable for
pharmacokinetic or clinical assays. In situations where the concentration range of tests will lie in
anarrow range and where high precision is sought, a Latin square design with tests and
calibrators at two or three levels of concentration may be used. As a result this assay ensures
maximum precision. Different types of Latin square designs are known. In this experiment, the
potency of the supplied antibiotic was determined by three-dimensional agar diffusion assay

using 4*4 (2+2) Latin square design.

The 4*4 (2+2) Latin square design is used for the assay of one sample and one standard at two
concentrations each and allows four zones for each concentration in a true Latin square design
where each treatment appears once in every row and in every column. The plate size was

(20*20) inches.

Material and Method
Sample

Supplied 6 synthesized sample
Culture

S.aureus, B.cereus, E.coli
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Medium

Nutrient agar

Reagents
Phosphate buffer and 0.1 N HCl

Equipment

Large Petri-dish, micropipette, electric balance, pipette, puller, conical, flask, borer, incubator,

inoculating loop, burner and test tubes.

Procedure

1.

Preparation of test sample: 0.01mg of sample dissolves in 0.9 ml of solvent; prepare
total 1ml stock sample. This experiment employs the three- dimensional agar diffusion
assay. In this system samples are applied in reservoir (well) to thin layer of ager seeded
with indicator organism. The drug diffuses in to the medium. After incubation a zone of
growth inhibition forms (a circle around the reservoir). The diameter of the zone is

related to the concentration of antibiotic in the reservoir.

After finishing all these preparations, 0.75 ml bacterial suspension was added to 150 ml
nutrient agar media (in liquid state) in conical flask and by swivel to avoid bubble.

The petri-plates were placed on a level bench and precaution was taken to keep the plate
sterile. Then media seeded with bacterial suspension was poured in the petri-plate using a
circular motion to ensure the even distribution of medium over the plate and allowed to
stand for a few minutes for solidification.

Then using a sterile borer, well were designed in such a way that every well is apart from
another by the same distance.

Two drops of each of the standard and the test solutions were dropped in wells.

After dropping the plate was kept undisturbed for about half an hour and then incubated
at 37° ¢ for 24 h.
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7. After overnight incubation, formation of any zone of growth inhibition was monitored.
8. The diameter of zone of inhibition was then measured and the potency of drug was

calculated as below.

Biological Activity

It was judicious to investigate the synthesis of new Azo Schiff bases and studied their anti-
bacterial activity against three strains of bacteria (S.aureus, B.cereus, and E.coli) (diagram 1 &
2). The volume used for the screened compounds are 50 pl and 100 pl. The sample was prepare
by 0.01 mg of sample dissolves in 0.9 ml DMSO solvent; prepare total 1ml stock solution.
Azithromycin was used as reference standard while DMSO as control and inhibition zones is
measured in mm. The new compounds were tested against one strain each of a gram negative
and two gram positive. The test results presence in Table (1). All new compounds were active

against tested in 100 pl but in 50 pl compounds not shown activity aginist E.coli.
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Diagram — 1: Biological activity Chart of 50 pl Sample

Diagram — 2: Biological activity Chart of 100 pl Sample
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Table 1: Effect of new azo Schiff bases on the growth of tested bacteria

Gram positive

Gram negative

S.aureus B.cereus E.coli
Sample SOpl | 100l | S0pl | 100pnl | 50ul 100 ul
Compound 8 mm I3mm | 13mm | 15 mm 0 mm 11 mm
16
Compound I3mm | 16 mm | 13.5 16 mm 0 mm 10 mm
17 mm
Compound 6 mm I0mm | 13mm | 16 mm 0 mm 9 mm
18
Compound 6 mm I[4mm | 13mm | 20 mm 0 mm 13 mm
19
Compound I3mm |20mm |20 mm | 23 mm 0 mm 10 mm
20
Compound Ilmm |15mm |13.5 22 mm 0 mm 17 mm
21 mm
Satandard I9mm |23mm |20 mm | 25 mm 12 mm 22 mm
Azithromycin
Control Omm | 0mm 0 mm 0 mm 0 mm 0 mm
DMSO
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Pic: New Schiff’s Base Compounds Dissolve in DMSO Solvent for Biological Activity Test

Pic: Biological activity of 6 Compounds new azo schiff’s base against B.cereus Becteria in

100 pl sample
142



Pic: Biological activity of 6 new azo schiff’s base Compounds against B.cereus Becteria in

S50ul sample
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Pic: Biological Activity of Standard Azithromycin (white colour) Compare to Compound

20

Pic: Biological Activity of Standard Azithromycin (white colour) Compare to Compound
17
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CONCLUSION

During the last two or three decades, attention has been increasingly paid to the synthesis of Azo
Schiff bases which exhibits various biological activities including antibacterial, fungicidal,
tuberculostatic and plant growth regulative properties. The (16, 17, 18, 19, 20, 21) compounds
are new and were prepared for the first time. The new compounds were identified by IR, 'H
NMR, *C NMR spectral methods. Some of the prepared compounds have been biologically
screened i.e. studying their effects against two gram-positive, one gram-negative bacteria. The

results show that their activities were found to vary from moderate to very strong.
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