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ABSTRACT

Multi-component reaction allow the creation of several bonds in a single operation and are
attracting increasing attention as one of the most powerful emerging synthetic tools for the
reaction of molecular diversity and complexity . Multi-component one-pot reaction is the
simplest and the most economical methods for the synthesis of biologically important and
pharmacologically useful dihydro-thiadiazol quinozoline derivatives . Without using catalyst
under thermal condition is proven efficient method for a one-pot synthesis of dihydro-
thiadiazole-quinazolin derivatives in excellent yields from thiadiazole , dimedone and
aldehydes in presence of ethanol solvent . The present environmentally benign procedure for
the synthesis of dihydro-thiadiazole-quinazolin derivatives is suitable for library synthesis
and it will find application in the synthesis of biologically active molecules . The process
presented here in operationally simple environmentally benign and has excellent yield .
Furthermore , the reaction time is very short within an hour under steam bath reflux

condition .
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NH, 0 CH;
1 hiEtOH
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/:\r OH
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R4©—</ /I\ CHj
S N CH,
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R =NO,, Cl R’ =H, NO,, Cl, OH, OCH,

Reaction scheme



In Vitro Bactericidal Profiles of compounds in Terms of Zone of Inhibition

The P-2 compound showed bactericidal moderate activity against S . aureus, B . subtilis, P.
aeruginosa . Noticeably , all the compounds showed the antibacterial activity against B .
subtilis . P . aeruginosa E . coli, S. aureus, C . freundii . Among them P-1 showed very
good activity against B . subtilis , P . aeruginosa, E . coli, S . aureus . P-3 compound
showed very good activity against C . freundii .

P-1, P-2 and P-3 compounds showed the antifungal activity against both T . harzianum and

A . niger .
Comp. | Bacterial species Fungal Species
Gram Gram negative
positive
S.a B.s E.c P.a S.t C.f T.h A.n
P-1 25 23 26 22 18 32 9 7
p-2 11 15 10 9 13 15 6 13
P-3 20 20 15 7 10 25 13 7
Antibacterial activity against S .a Antibacterial activity against P. a

25 25
Inhibitio Inhibitio
n zone n zone
(mm) 15

10 I owHfb———
. [ . ;ﬂ:l]:
0 0

p-3

p-1 p-2 p-1 p-2 p-3

(mm) 15

Compounds no Compounds no

Antifungal activity aganist T. h

20 1
Inhibition =

zone 10 1
om0

0 ‘ ‘
p-1 p-2 p-3

Compounds no
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Multi-component reactions (MCRs) are one-pot processes in which three or more reactants
come together in a single reaction vessel to give a final product. Currently , multi-component
reactions are an important part of numerous research work involved in the drug discoveries
to achieve synthetic targets in effective way , because they are easy to carryout and provide

rapid access to libraries of organic compounds with diverse substitution patterns [1-3] .

One pot reactions where several reaction sequences are conducted in the same reaction flask
are one of the methods that can be used in order to conduct synthesis in a greener fashion .
The chemistry is greener due to the reduction of work-up procedures and purification steps
required compared to a more stepwise approach . In catalytic reaction it is possible to

combine several catalytic processes in the same reaction vessel .

The most significant advantage , in the synthetic point of view is that it is less likely to lose
material that would otherwise be lost during work up and purification .

The second advantage is the economy of utilizing chemicals and solvents . To work up the
reaction at each step , it always need to use some sort of solvents that would come to waste
eventually . One-flask reaction , multicenter involving multiple steps would only requires

final workup at the final step .

The third advantage is the minimal amount of work required , instead of working up each

step of the synthesis involving , say , three steps, it only need to do one work up at the end.

In chemistry a one-pot synthesis is a strategy to improve the efficiency of a chemical
reaction whereby a reactant is subjected to successive chemical reactions in just one reactor .
This is much desired by chemists because avoiding a lengthy separation
process and purification of the intermediate chemical compounds would save time and

resources while increasing chemical yield .

An example of a one-pot synthesis is the total synthesis of tropinone or the Gassman indole
synthesis . Sequential one-pot synthesis can be used to generate even complex targets with
multiple stereocentres , such as oseltamivir [4] , which may significantly shorten the number

of steps required overall and have important commercial implications . A sequential one-pot
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synthesis with reagents added to a reactor one at a time and without work-up is also called a
telescoping synthesis . In one such procedure [5] the reaction of 3-N-
tosylaminophenol I with acrolein Il affords a hydroxyl substituted quinoline 111 through 4
sequential steps without workup of the intermediate products (Scheme 1) .

N H \EtOH
HO ITIH =
, HO N
ts
1 11-7°C, 4hrs §)
2] 6N HCI I
20°C
0 3] KOH, reflux ‘ 4]
24 hrs
. 4] 5N HCl to pH=7,0 °C
0
HO N
és H
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HO N
Ic
- Et s
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Ib H 2]
_>
HO N

|
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S H \

= Ic
HO N

Scheme 1 (Synthesis of tropinone)



Multicomponent reactions are convergent reactions , in which three or more starting materials
react to form a product , where basically all or most of the atoms contribute to the newly
formed product . In an MCR , a product is assembled according to a cascade of elementary
chemical reactions . Thus , there is a network of reaction equilibria , which all finally flow
into an irreversible step yielding the product . The challenge is to conduct an MCR in such a
way that the network of pre-equilibrated reactions channel into the main product and do not
yield side products. The result is clearly dependent on the reaction conditions : solvent ,

temperature , catalyst , concentration , the kind of starting materials and functional groups .

In chemistry , a multi-component reaction (or MCR) , sometimes referred to as a "Multi-
Component Assembly Process” (or MCAP) , is achemical reaction where three or
more compounds react to form a single product . By definition , multicomponent reactions
are those reactions whereby more than two reactants combine in a sequential manner to give

highly selective products that retain majority of the atoms of the starting material .

Multicomponent reactions have been known for over 150 years . First documented
multicomponent reaction was the Strecker synthesis of a-amino cyanides in 1850 from which
a-amino acids could be derived . A multitude of MCRs exist today , of which the isocyanide
based MCRs are the most documented . Other MCRs include free-radical mediated MCRs ,

MCRs based on organoboron compounds and metal-catalyzed MCRs .

Multicomponent reaction (MCR) is a synthetic methodology in which three or more reactants
come together in a single reaction vessel to form a new product . The characteristic aspect of
MCRs is that the final products contain almost all portions of substrates , generating almost
no by-products . That makes MCRs an extremely ideal and eco-friendly reaction system .
Target compounds can be obtained in one pot with much fewer steps . Therefore , MCRs
have been paid much attention in various research fields , such as discovery of lead
compounds in medicinal chemistry or combinatorial chemistry . There have been a number of

reports on MCRs so far , and typical examples are described as below .



Strecker reaction
(Three-component reaction: 3CR)

Strecker reaction (Amino acid synthesis)

0 NH, NH,

H;0*
NaCN,NH;
N COOH

Scheme 2 ( Synthesis of a amino acid )

This reaction was reported by A . Strecker in 1850 , and is extremely famous as the synthesis
of a-amino acids . This reaction is an MCR which comprises three components , aldehydes ,

hydrogen cyanide , and ammonia as substrates , and is recognized as the world’s first MCR

6] .

Hantzsch dihydropyridine synthesis (3CR)

o 0 R3 0
0o
R20 2
)iﬂ\_, T
R3
R! 6)

R! N R!
H

Scheme 3 ( Synthesis of dihydropyridine )

This reaction was reported by A. R. Hantzsch in 1881 , and is the best-known three-
component MCR , which affords 1,4-dihydropyridine derivatives using B-keto esters ,
aldehydes , and ammonia [7] . For an example , a calcium channel blocker “Nifedipine” is
also synthesized by this reaction [8] .

CHO @\
NO,
MM + + NHy ——3»
CO,Me CO,Me
0 NO,

=z

Scheme 4 ( Synthesis of Nifedipine)



Biginelli reaction (3CR)

0
X
R3 4 )}\ 5
R R
R20 + + ~ -
H H
NH 0
R! 6}
X=0orS
H* ¢
0 R3
4
R20 | NR
R! X

Scheme 5 ( Synthesis of dihydropyrimidinone )

In 1891 , an Italian chemist , P. Biginelli has reported the three component MCR using -keto
esters such as ethyl acetoacetate , aromatic aldehydes such as benzaldehyde , and ureas (or
thioureas) in the presence of acid catalyst (Bronsted or Lewis acids) , affording
dihydropyrimidinone derivaties [9] . Dihydropyrimidinones have been paid much attention
because of their various bioactivities such as antiinflammatory or anti-bacterial activities .
For an example of pharmaceuticals developed by using the reaction , several antitubercular

agents have been reported .

Passerini reaction (3CR)

RZ

R!ICOOH + RXCHO + R3NC —3» R! o .

Scheme 6 ( Synthesis of o — acyloxy amides )

In 1921 , an Italian chemist , M. Passerini et al. have reported the three-component reaction
using carboxylic acids , aldehydes , and isonitriles , affording a-acyloxy amides [10] . The

Passerini reaction also has been applied into pharmaceutical research , for example , Hulme et
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al. have reported the library synthesis of novel norstatine derivatives bearing benzimidazole

moieties [11] .

Grobcke-Blackburn-Bienaymé reaction [12]
3

H\N

R
/
— 1
N R H N~ O\ _R!
| + R>CHO + R™NC — g g2
—
N

Scheme 7 ( Synthesis of fused nitrogen — containing aromatic compounds )

H,N

This reaction is a three-component MCR using aldehydes , isonitriles , and a-aminoazines
such as 2-aminoimidazole or 2-aminopyridine in the presence of acid catalyst . The reaction

is applicable for the synthesis of fused nitrogen-containing aromatic compounds as below .

Kabachnik-Fields reaction (3CR)

0 O H R?

” \N/

R>NH, + | i

* o RN, H-\J—OR3 H OR’
H —
R e

3 1/\})

OR R |
OR?

Scheme 8 ( Synthesis of o aminophosphonates )

In 1952 , M. I. Kabachinik et al. have reported the three component MCR using aldehydes ,
amines , and dialkyl phosphites in the presence of acid catalyst (Brgnsted or Lewis acids) ,

afforded a-aminophosphonates [13] .

In recent years , much attention has been paid to a-aminophoshonates since they can be
considered as structural analogues of the corresponding a-amino acids and transition state
mimics of peptide hydrolysis . Thus , a-aminophoshonates have been applied into several

research areas , such as development of renin inhibitors or HIV protease inhibitors [14] .
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Ugi reaction (4CR)

)L + R*NH, + RMNC +  R%-COOH
H

0 Tz
3 4
R\N/\k(N\H/R
H R! 0

Scheme 9 ( Synthesis of Bis-amide )

This reaction is the four-component MCR reported by 1. K. Ugi et al. in 1962 for the first
time . It enables one-pot condensation of four components (aldehydes , amines , isonitriles ,
and carboxylic acids) , thus , it can be said that the Ugi reaction is the most versatile among
MCRs.

Other examples of MCR
MCR using p-toluenesulfonylmethyl isocyanide
(TosMIC) (3CR)

p-Toluenesulfonylmethyl isocyanide (TosMIC) (T1046) is a synthetic reagent , developed by
Leusen et al., and has both an isonitrile group and a tosyl group (leaving group) in one
molecule , [15] . Different from other isonitrile compounds with odor character , TosMIC is
an odorless and solid compound . Because of its easy-handling property , TosMIC has been
widely used for the synthesis of nitrogen-containing aromatic heterocyclic compounds , such
as oxazoles [16] . TosMIC also has been used for MCRs , for example , Tsoleridis et al.
reported the synthesis of quinoxaline derivatives via the three-component condensation of o-
phenylenediamines , aromatic aldehydes and TosMIC [17] .

12



1

R NH, | |
Di + Ar-CHO * CH; |si ——CH,NC
R? NH, 0

T1046 (TosMIC)

Base Toluene, reflux, 4h

R! N Ar
]@[ T
R? N/

Scheme 10 ( Synthesis of quinoxaline )

Entry R? R? Ar Base Quinoxaline(Y.%)
1 H H Phenyl DABCO 91%
2 H H 2,4- DABCO 81%

dimethylphenyl

3 H H 4-chlorophenyl | DABCO 84%
4 Me Me Phenyl DBU 86%
5 Me Me 2- DBU 85%

methylphenyl

MCR using benzynes (3CR)

Recently , there also have been several reports on MCRs using benzynes . For example ,
Yoshida et al. have reported the three-component MCR using in situ generated benzynes ,

imines , and carbon dioxide , affording benzoxadinones [18] .

Recently , much attention has been paid on organic synthesis using carbon dioxide as a
carbon source from the ecological point of view , thus , the reaction above is an extremely

useful and eco-friendly MCR .
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TMS

/ NMe
R—— ‘ + o Co
\ OTI Ar H
KF 0
THEF, O°C
18-Crown-6
Me
/ N Ar
) ‘ Y
\ (0]
(0]

Ar = 2,4,6 — trimethylphenyl

Scheme 11 ( Synthesis of benzoxadinones )

Thus, MCR is a strong synthetic methodology to enable condension of various substrates in
one pot , however , in some cases , reactions require long times for completion or result in
undesired side reactions even after optimization of reaction conditions such as solvents or
Lewis acid catalysts . For resolving these problems , there have been successful reports on
accelerating MCRs . For example , Shaabani et al. have reported the ionic liquid promoted
Grobcke — Blackburn — Bienayme reaction . As indicated in the table below , in the case of
using ionic liquids as solvents , reactions proceed smoothly to afford the desired products in
excellent yields . On the other hand , the yield of product is poor even in the prolonged
reaction time . Moreover , as indicated in Entry 1, the ionic liquid can be reused for the same

reactions but maintain the high yields .
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O

NH
Z SN \
N Xy

RZ

A

+

N

(CH,);CH;

Scheme 12 ( Example of undesired side reaction )

Entry R? R? Yield(%)
1 Br Ph 98
2 Me Ph 98
3 Me Ph 25
4 Me 4-CH3CeH4 99
5 Me 4-O2NCeH4 92
6 Me 4-Pyridly 97

All of the newly synthesized compounds were evaluated for their in vitro growth inhibitory
activities against a panel of standard strains of pathogenic microorganisms including three
Gram-positive bacteria , three Gram-negative bacteria , and three strains of fungi . The
antimicrobial studies were assessed by minimum inhibitory concentration (MIC) using the

broth dilution method [19 , 20] . MIC is the highest dilution of a compound which shows

clear fluid with no development of turbidity .

Multi-component reactions (MCRs) are convergent reactions , in which three or more starting

materials react to form a product , where basically all or most of the atoms contribute to the

15




newly formed product . In an MCR , a product is assembled according to a cascade of
elementary chemical reactions . Thus, there is a network of reaction equilibria , which finally
flow into an irreversible step yielding the product . The challenge is to conduct an MCR in
such a way that the network of pre-equilibrated reactions channel into the main product and
do not yield side products . The result is clearly dependent on the reaction conditions :
solvent , temperature , catalyst , concentration , the kind of starting materials and functional
groups . Such considerations are of particular importance in connection with the design and
discovery of novel MCRs . In the drug discovery process, MCR offers many advantages over
traditional approaches . With only a limited number of chemists and technicians , more
scaffold synthesis programs can be achieved within a shorter time . With one pot reactions ,
each synthetic procedure (weighing of reagents , addition of reagents , reaction time , control)
and work-up procedure (quenching , extraction , distillation , chromatography , weighing ,
and analysis) needs to be performed only once , in contrast to multistep synthesis . MCRs are
compatible with a solution phase approach , thus enabling a simple monitoring and they are
easily amenable to automation . Moreover , each scaffold is expandable from a low number
of compounds (scouting library) to a larger library. Thus, "hit-to lead" transitions are
normally accomplished easily and promptly . Certain physicochemical properties can be built
into a library , e.g. lipophilicity and aqueous solubility , molecular weight , numbers of
hydrogen donors and acceptors and the number of rotatable bonds , as well as the polar
surface area . Finally , scale-up is often possible from a preclinical lab-scale (mg, gram) to
clinical exploratory amounts (kg) using the same type of chemistry [21] . Drug molecules
derived from MCR are very cost effective which , is the need of the hour . MCRs have
received considerable attention because of the complexity of the molecules that can be easily
achieved from readily available starting materials in one reaction sequence [22] . MCRs
generally occur in one pot and exhibit high atom economy and product selectivity . In most of
the cases , they yield a single product and thus MCRs are advantageous over linear stepwise
synthesis because of operational simplicity , reduction in reaction time , ecological
friendliness , saving of money and raw materials , inexpensive purification , and avoidance of

protection and deprotection processes [23] .

A simple , economical and one-pot protocol is developed for construction of multiple
carbon—carbon bonds having C(sp2)-C(sp2) and C(sp2)-C(sp) hybridization , as these
intriguing molecular architectures exhibit significant optoelectronic and medicinal properties.
To this end , a sequential reaction is devised that allows one-pot three-component reactions of

16



hydroxybenzaldehydes (Ce—C1 unit) , halo-phenylacetic acids (Cs—C2 unit) and arylacetylenes
(C6—Cs unit) resulting in the formation of highly m-conjugated complex arylethenyl-
arylethynyl-arenes (Cs—C>—Cs—C2—Cs unit) bearing a hydroxyl group via sequential perkin
condensation—decarboxylation—Sonogashira coupling in polyethylene glycol with microwave
irradiation . The process avoids protection—deprotection manipulations , generates CO, and
H2O as by-products and is successfully extended for the efficient construction of a wide
series of novel aliphatic/alicyclic/hetero/aromatic arylethenyl-arylethynyl-arenes with
pendant hydroxy functionality , which could undergo further chemical modification to

achieve target biological and physical properties .

Synthetic methods that rapidly generate molecular complexity from simple starting materials
in a tandem (consecutive or sequential) manner are highly attractive for the pot-economic
synthesis of bioactive organic molecules , natural products and functional materials . Such
methods preclude the isolation or purification of intermediates and are more efficient and
sustainable . Thus , one-pot tandem [24] reactions have become innovative protocols for the
construction of several bonds, including carbon—carbon bonds . In this way , construction of
multiple carbon—carbon single bonds with double and triple bonds in one pot for the synthesis
of privileged arylethenyl-arylethynylarenes with C(sp2)-C(sp2) and C(sp2)-C(sp) hybrid
orbitals would be highly advantageous because such extended p-conjugated [25,26] scaffolds
(with enyne bonds) are of considerable interest for their wide range of optoelectronic and

medicinal properties .

Conventionally , construction [27] of these highly significant C(sp2)-C(sp2) and C(sp2)-
C(sp) hybridized molecules has been mainly achieved either by Sonogashira coupling
between halostilbenes and phenylacetylenes or by Cadiot—-Chodkiewicz [28] coupling .
Furthermore , Heck—Sonogashira sequences or the Suzuki—Miyaura [29] reaction (between
potassium alkynyl-aryltrifluoroborates and aryl halides) are also useful for synthesizing such
p-conjugated molecules . The synthesis of similar polyaromatic molecules can also be
achieved by Sonogashira coupling followed by Wadsworth—Emmons reaction using diethyl
(4-cyanobenzyl) phosphonate [30] . The Heck—Sonogashira reaction sequence has also been
reported but this yielded only non-hydroxylated arylethenyl-arylethynyl-arene products [31] .
Furthermore , use of expensive and unstable substrates , multistep synthesis and generation of
waste , as well as protecting group manipulations [32] in the case of hydroxy-substituted
arylethenyl-arylethynyl-arenes are of concern from green chemistry and economical

17



perspectives . Highly p-conjugated hydroxylated aromatic molecules [33] have gained
importance for their biological activities and applications as advanced materials , as the
presence of hydroxy groups allows further chemical modification to achieve desired

properties .

In recent years , dihydropyrimidine-2 (1H) one derivatives have gained much interest for
their biological and pharmaceuticals properties such as HIV gp-120-CD4 inhibitors [34] ,
calcium channel blockers [35] , a-adrenergic and neuropeptide Y antagonists [36] , as well as
antihypertensive , antitumor , antibacterial , anti-inflammatory [37] agent . The scope of this
pharmacophore has been further increased by the identification of the Monostrol a novel as a
cell-permeable lead compound for the development of the new anticancer drugs [38] bearing
the dihydropyrimidones core . Thus the development of facile and environmental friendly
synthetic method towards dihydropyrimidines constitute active area of investigation of in
organic synthesis , the first synthetic method for the preparation of dihydropyrimidine-2(1H)
ones (DHPMs) was recorded by Biginelli [39] , that involves the one pot three component
condensation of aldehyde, 1, 3-dicarbonyl compounds and urea or thiourea in ethanol under
strongly acidic conditions producing DHPMs , albeit in low yields . In the view of the
pharmaceuticals importance of these compounds many improved catalytic methods have been
developed [40-44] . Although these methods have their long reaction time , harsh reaction

conditions , unsatisfactory yield and use of large quantity of catalyst .

Dihydropyrimidine dehydrogenase (DPD) IS an enzyme that IS involved
in pyrimidine degradation that in humans is encoded by the DPYD gene [45-46] . It is the
initial and rate-limiting step in pyrimidine catabolism . It catalyzes the reduction
of uracil and thymine [47] . It is also involved in the degradation of the chemotherapeutic

drugs 5-fluorouracil and tegafur [48] .

The protein is a pyrimidine catabolic enzyme and the initial and rate-limiting factor in the
pathway of uracil and thymidine catabolism . Genetic deficiency of this enzyme results in an
error in pyrimidine metabolism associated with thymine-uraciluria and an increased risk of

toxicity in cancer patients receiving 5-fluorouracil chemotherapy [49] .

Dihydropyridine is a molecule based upon pyridine , and the parent of a class

of molecules that have been semi-saturated with two substituents replacing one double bond.
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They are particularly well known in pharmacology as L-type calcium channel blockers , used
in the treatment of hypertension . Compared with certain other L-type calcium channel
blockers (for example those of the phenylalkylamine class such as verapamil) that have
significant action at the heart, they are relatively vascular selective in their mechanism of

action in lowering blood pressure .

Dihydropyridine  (DHP) calcium  channel blockers are derived from the
molecule dihydropyridine and often used to reduce systemic vascular resistance and arterial
pressure . Sometimes when they are used to treat angina , the vasodilation and hypotension
can lead to reflex tachycardia , which can be detrimental for patients with ischemic symptoms
because of the resulting increase in myocardial oxygen demand . Dihydropyridine calcium
channel blockers can worsen proteinuria in patients with nephropathy [50] .

DHP act by binding to a site that is formed by amino acid residues in two adjacent S6

segments plus the intervening S5 segment .

They gain access to this site from the extracellular side of the membrane , possibly via a
sidewalk pathway similar to that postulated for local anesthetics . DHP bind preferentially to
the open/inactivated state of the VGCC and binding results in modification of channel gating.
All DHP used clinically act by promoting transition of VGCC into a nonconducting
inactivated state as envisaged by the “modulated receptor” hypothesis . Agonist forms of
DHP also exist , although they have no clinical role . Agonist DHP bind to the same region of
the VGCC as antagonist DHP (although they may not have identical molecular targets) and
increase the likelihood of the channel adopting a long open state that occurs only rarely under
normal conditions . In some cases enantiomers of the same chemical entity act as agonist and
antagonist , respectively , and agonists can be converted to antagonists or vice versa

following site-specific mutation of the channel or by modified experimental conditions .

The mechanism by which DHP reduce Ca?* entry has been studied extensively . A recent
model suggests that DHP stabilize an impermeable state which binds a single Ca?* ion . The
preferential binding of DHP to channels in the open or inactivated state means that the
affinity of DHP is influenced by the membrane potential (i.e., voltage dependence) . DHP
show higher affinity for VGCC under more depolarized conditions because in these

conditions the probability of the open or inactivated state is favored . The voltage-dependence
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of DHP partially explains why these drugs act preferentially on VGCC in vascular smooth
muscle compared with cardiac muscle because vascular smooth muscle cells generally
maintain a more depolarized membrane potential than cardiac myocytes . However , other
factors also contribute to the preferential action of DHP on the vasculature . These factors
include the lower DHP sensitivity of Cav1.3 and Cav1.4 subtypes in the heart , and the higher
expression of splice variants of Cay1.2 in vascular smooth muscle that show greater affinity
for DHP .

DHP can be further subclassified into first- , second- , and third-generation agents . Initially
this was based on the sequence of drug development , however just because a drug is
developed later does not necessarily imply superiority . A more recent and persuasive
classification is based on the pharmacokinetic and pharmacodynamic properties of
DHP. Other classifications based on vascular: cardiac selectivity and duration of action have

also been proposed .

Dihydropyridines (DHPs) have attracted increasing interest due to their diverse therapeutic
and pharmacological properties such as insecticidal , bactericidal and herbicidal effects [51] .
DHP drugs , namely nifedipine , nicardipine and amlodipine, are cardiovascular agents for
the treatment of hypertension [52] . A number of DHP calcium antagonists have been
introduced as potential drugs for the treatment of congestive heart failure [53] . In addition ,
dihydropyridines find applications in stereo specific hydrogen transfer reduction of
phenylglyoxylic and pyruvic acid to biomimetic models of lactase dehydrogenase [54] .
Recently , DHPs are used as organocatalysts for asymmetric reactions such as hydrogenation
of quinolines in the synthesis of alkaloids [55] , asymmetric reductive amination of aldehydes
[56] and hydrogenation of a, B-unsaturated aldehydes and ketones [57] .

Additionally , dihydropyrimidinones (DHPMs) have exhibited important therapeutic and
pharmacological properties as the integral backbone of several calcium channel blockers [58],
antihypertensive agents [59] , and ala-antagonists [60] . A broad range of biological effects
including antiviral , antitumor , antibacterial and anti-inflammatory activities has been
described for these compounds [61-63] . Some of the representative compounds of this class
possess antiviral , antibacterial , antihypertensive and antitumor activities [64 , 65] . Several
alkaloids isolated from marine sources also exhibit interesting biological activities |,
molecular structures of which contain the dihydropyrimidinone moiety [66] . Therefore ,
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their synthesis has been the focus of great interest for organic and medicinal chemists [67] .
The original Biginelli protocol for the preparation of DHPMs consisted of heating a mixture
of three components which included - ketoester , aldehyde and urea in ethanol containing a
catalytic amount of HCI [68] .

The treatment of infectious disease caused by bacteria , fungi and viruses still remains an
important and challenging problem because of a combination factors including newly
emerging infectious diseases and increasing number of multi-drug resistant gram-positive
pathogens [69] , such as methicillin-resistant Staphylococcus aureus (MRSA) , penicillin
resistant Streptococcus pneumoniae (PRSP) , and vancomycin-resistant Enterrococci (VRE) ,
compounded problems in the therapeutics [70] . Thus it is still necessary to search for new

antimicrobial agents .

In chemistry thiadiazoles are a sub-family of azole compounds . Structurally they are five-
membered heterocyclic compounds containing two nitrogen and a sulfur atoms , and
two double bonds , to give an aromatic ring ; with the name thiadiazole originating from
the Hantzsch-Widman nomenclature . Four possible structures exist depending on the
relative positions of the heteroatoms ; these forms do not interconvert and hence are structural
isomers and not tautomers . The compounds themselves are rarely synthesized and possess no
particular application , however compounds bearing them as a structural motif are fairly

common in pharmacology [71-73] .

Five membered aromatic systems having three hetero atoms at symmetrical position have
interesting physiological properties [74] . During recent years there has been intense
investigation of different classes of thiadiazole compounds , many of which known to
possess interesting biological properties such as antimicrobial [75-77] , anti-inflammatory
[78 , 79-81] , anticonvulsants [82 , 83-86] , antioxidant [87] , anticancer [88] and antifungal
[89] activities . The activity of 1,3,4- thiadiazoles is possibly due to the presence of the, N—
C-S moiety [90] . In view of these facts , synthesized several new 1,3,4-thiadiazole
derivatives of 2-(4-formyl-2-methoxyphenoxy) acetic acid moiety in order to study their

biodynamic behavior [91] .

Derivatives of 1,2,3-thiadiazoles is known to exhibit antiviral [92 , 93] , analgesic [94 , 95]
and antidepressant activity [96] . Among the pharmacological profiles of 1,2,3-thiadiazoles
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and derivatives , their antimicrobial , anticonvulsant and antidepressant properties seem to be
the best documented. 1,2,3-thiadiazoles and related compounds are of great interest in
chemistry owing to their bioactivity of certain plant growth regulating effect as well as
antimicrobial activity [97 , 98] . In spite of the obvious attraction of P and Sheterocycles ,
only a few preparative routes have been described . Antitubercular activities of thiadiazoles
linked with aromatic cycles through the methyleneoxy group have also been reported and
compounds of this type have shown inhibition on both cycloxygenase and 5-lipoxygenase
activities [99] . Lee and coworkers have synthesized some thiadiazoles with antihelminthic
activities [100] . More recently , sulfonamide derivatives of 1,3,4-thiadiazoles have been
reported to behave as a modulator of anticancer therapies in combination with some cytotoxic
compounds [101-104] . Lalezari et al. [105-107] . were the first to report the synthesis of
1,2,3-thiadiazole system , which had been prepared previously by Hurd and Mori .

Aromatic five-membered nitrogen heterocycles have been potential targets of investigations
by several research groups owing to their interesting biological activities and medicinal
properties [108 , 109] . Furthermore , 1,3,4-thiadiazoles is also important classes of azoles
endowed with significant biological properties as there are several examples in the literature
including antifungal [110 , 111] , anti-inflammatory [112 , 113], antimicrobial [114 , 115] ,
antiviral [116 , 117] and anticancer [118 , 119] activities . Additionally , many investigations
showed that the clubbing of two or three heterocyclic units may significantly potentiate the
antimicrobial activities [120-122] . In addition , Schiff bases have been the focus of
numerous studies due to their wide spectrum of biological activities [123] . Moreover |,
thiosemicarbazaide Schiff bases linkages , as attractive connecting units that could bind two
pharmacophores to generate an innovative bifunctional drugs , have rapidly emerge as one of
the most challenging and attractive topics in drug design for the constructing of novel
bioactive molecules . Based on all above considerations and as an extension of our studies on
the developments of novel azoles antimicrobial agents [124 , 125] , The synthesis of new
polyheterocyclic ring systems with anticipated antimicrobial and antiproliferative activities ,
by clubbing 1,3,4-thiadiazole with Schiff base moiety in one frame work . Cancer is a leading
cause of death worldwide . Lung , stomach , liver , colon and breast cancer cause the most
cancer deaths each year [126] . Based on type and stage of cancer , treatments include
surgery, radiation therapy , chemotherapy and targeted therapies [127] . Management of
cancer still represents a major challenge in medicine despite of significant progress achieved
in anticancer therapy . Therefore , the development of novel effective anticancer drugs and
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strategies is eagerly being pursued . 1,3,4-Thiadiazole derivatives possessed a wide range of
therapeutic activities like antimycobacterial [128] , antileshmanial [129] , analgesic ,
antipsychotic [130] and anticonvulsant [131 , 132] . 1,3,4-Thiadiazole derivatives exhibited
interesting in vitro [133-136] and in vivo [137-139] antitumor activities. Different
mechanisms of action were attributed to antitumor activity of 1,3,4-thiadiazole ring such as
inhibited DNA and RNA syntheses specifically without appreciably affecting protein
synthesis [140] , inhibition of carbonic anhydrase [141] , phosphodiesterase-7 (PDE7) [142] ,
histone deacetylase [143] or as adenosine Az receptor antagonists [144] . 2-Amino-1,3,4-
thiadiazole and structurally related compounds had antitumor and uricogenic activity that can
be prevented or reversed by nicotinamide [145-149] . In addition , phenyl-1,3,4-thiadiazole
derivatives were found to have anticancer activity against different human cell lines [150 ,
151] . Substitution of 1,3,4- thiadiazole ring with both amino and phenyl groups resulted in
compounds with promising anticancer activity against several cell lines [152 , 153] . 2-(4-
Fluorophenylamino)-5-(2,4-dihydroxyphenyl)-1,3,4-thiadiazole (FABT) , lla , is one of the
most promising derivatives [154] , in addition to FABT lla were not toxic to normal cells
[155, 156] .

In view of the above mentioned facts , the 1,3,4-thiadiazole scaffold is selected as a building
block for the design and synthesis of new potent antitumor agents . All the newly synthesized
compounds were evaluated for the antitumor properties of the prepared compounds against

human tumor cell line A549 “Non-small cell lung cancer cell line” [157] .

A survey of the literature revealed that differently substituted 1,3,4-thiadiazoles and
annelated 1,3,4-thiadiazoles have wide range of pharmacological activities such as
antibacterial , antifungal , antituberculosis , antihepatitis B viral , antileishmanial , anti-
inflammatory , analgesic , CNS depressant , anticancer , antioxidant , antidiabetic ,
molluscicidal , antihypertensive , diuretic , analgesic , antimicrobial , antitubercular , and
anticonvulsant activities [158-168] . These important biological activities encouraged several
research groups to find out different methods for synthesis of new thiadiazoles using different
synthones , such as thiosemicarbazides , thiocarbazides , dithiocarbazates |,

thioacylhydrazines , acylhydrazines and bithioureas [161 , 164] .
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Many of the thiadiazole derivatives that have been prepared by the foregoing reactions ,
proved to possess wide range of pharmaceutical activities like antimicrobial , antivirus |,

anticancer , and molluscicidal effectiveness .

Thiadiazole and its derivatives are important organic reaction intermediates and they have
been widely used as anticonvulsant , antidepressant , analgesic , anti-inflammatory |,
antiplatelet , antimalarial , antimicrobial , antimycobacterial , antitumoral , antiviral , diuretic
and muscles relaxant activity . Generally , synthesis of the thiadiazole derivations needs high
temperature (= 1000C) or low temperature (< 00C) or high pressure (at least higher than 1
atmospheric pressure) , and the yields of those reactions are low . Otherwise , they could be

synthesized by reacting thiocarbonyl dichloride with dithizone .

The resistance towards available drugs is rapidly becoming a major worldwide problem . The
need to design new compounds to deal with this resistance has become one of the most
important areas of research today . Thiadiazole is a versatile moiety that exhibits a wide
variety of biological activities . Thiadiazole moiety acts as “hydrogen binding domain” and
“two-electron donor system”. It also acts as a constrained pharmacophore . Many drugs
containing thiadiazole nucleus are available in the market such as acetazolamide ,
methazolamide , sulfamethazole , etc . Thiadiazole can act as the bio-isosteric replacement of
the thiazole moiety . So it acts like third and fourth generation cephalosporins , hence can be
used in antibiotic preparations . Thiadiazole is a 5-membered ring system containing two
nitrogen and one sulphur atom. They occur in nature in four isomeric forms viz. 1,2,3-
thiadiazole ; 1,2,5-thiadiazole; 1,2,4-thiadiazole and 1,3,4-thiadiazole . Thiadiazole
derivatives possess interesting biological activity probably conferred to them by the strong
aromaticity of this ring system , which leads to great in vivo stability and generally , a lack of
toxicity for higher vertebrates , including humans . When diverse functional groups that
interact with biological receptors are attached to this ring , compounds possessing
outstanding properties are obtained .

Chemistry of Thiadiazole moiety :

A series of thiadiazole have been synthesized using an appropriate synthetic route and
characterized by elemental analysis and spectral data. There are various types of thiadiazole

rings are present :
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1, 2, 4-Thiadizole moiety
1,2,4 — Thiadiazole moiety contain sulfur at position-1 , and two nitrogen atom at position-2

and position-4 .

1,2, 4 thiadiazole
The photochemistry of 1,2,4-thiadiazoles is of interest because the ring system can be viewed

as a combination of a thiazole and isothiazole .
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s— N s—

Isothiazole 1,2,4-thiadiazole

T

thiazole

1, 3, 4-Thiadizole moiety
1,3,4- Thiadiazole moiety contain a heterocyclic nucleus in which sulfur present at position -

1 and two nitrogen atom at position-3 and position-4 .

N
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1,3, 4 - thiadiazole
1, 2, 5-Thiadizole moiety

1,2,5- Thiadiazole moiety contain a heterocyclic nucleus in which sulfur present at position -

1, and two nitrogen atom at position -2 & position -5 .
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1,2,5-thiadiazole
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1, 2, 3-Thiadizole moiety
1,2,3- Thiadiazole moiety contain a heterocyclic nucleus in which sulfur present at position -

1, and two nitrogen atom at position -2 & position -3 .
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1,2, 3 Thiadizole moiety

Heterocyclic compounds are acquiring more importance in recent years because of their

pharmacological activities .

All of the newly synthesized compounds were evaluated for their in vitro growth inhibitory
activities against a panel of standard strains of pathogenic microorganisms including three
Gram-positive bacteria , three Gram-negative bacteria , and three strains of fungi . The
antimicrobial studies were assessed by minimum inhibitory concentration (MIC) using the
broth dilution method . MIC is the highest dilution of a compound which shows clear fluid
with no development of turbidity . Antibacterial and antifungal screening revealed that some
of the tested compounds exhibited good to excellent activities at concentrations ranging
between 4-62.5 pg/mL. Diethyl 4,4'-[(1,3,4-thiadiazol-2,5-diyl) bis (sulfanediyl)] dibutanoate
and its hydrazide derivative displayed good activity against Gram-positive and Gram-
negative bacterial strains at MIC 16-31.25 pg/mL and moderate activity towards fungal
strains at MIC 31.25-62.5 ug/mL . Evaluating the antimicrobial activity of the synthesized
2,2'-(2,2'- (3,3'- ( 1,3,4- thiadiazol — 2 , 5 — diyl ) bis - (sulfanediyl)bis-(propane-3,1-diyl)bis-
(hydrazine-2,1-diyl)bis-(N-aryl/alkyl-2-oxoethanethioamide) , revealed that compounds
exhibited good to moderate antibacterial activity at 16-31.25 pg/mL while their antifungal
activity was significantly diminished . On other hand , the antimicrobial activity of the
thiadiazoles 2,5-Bis[(2-phenylamino-1,3,4-thiadiazol-5-yl)propylthio]-1,3,4-thiadiazole, 2,5-
Bis[(2-methylamino-1,3,4-thiadiazol-5-yl)propylthio]-1,3,4-thiadiazole  and  2,5-Bis[(2-
ethylamino-1,3,4-thiadiazol-5-yl)propylthio]-1,3,4-thiadiazole revealed that all the tested
compounds showed comparatively good activity against all bacterial and fungal strains at 8—
31.25 pg/mL . Moreover , 2-amino-1,3,4-oxadiazole derivatives 2,5-Bis[(2-phenylamino-
1,3,4-oxadiazol-5-yl)propylthio]-1,3,4-thiadiazole , 2,5-Bis[(2-methylamino-1,3,4-oxadiazol-
5 - yl) propylthio] - 1, 3, 4 - thiadiazole and 2 , 5 — Bis [ ( 2 — ethylamino - 1,3,4-oxadiazol-
5-yl) propylthio]-1,3,4-thiadiazole showed good and greater antibacterial activity against
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Gram-positive at MIC 8-16 ug/mL . Furthermore , compounds exhibited moderate
antifungal activity at MIC 31.25-62.5 pug/mL . Among the oxadiazoles 2,5-Bis[(3H-1,3,4-
oxadiazole-2-thione-5-yl)propylthio]-1,3,4-thiadiazole , oxadiazole functionalized with thiol
group at position 2 exhibited excellent antibacterial activities against all bacterial strains at
MIC 4-8 pg/mL and good activity towards fungal strains at MIC 16-31.28 pug/mL . The
incorporation of amino and thiol group into 1,2,4-triazole ring as 2,5-bis[(4-amino-2,4-
dihydrol,2,4-triazol-3-thione-5-yl)propylthio]-1,3,4-thiadiazole  resulted in enhancing the
antimicrobial activities against all examined bacterial and fungal strains at MIC 4-16
ug/mL.Epilepsy is a common neurological disorder and a collective term given to a group of
syndromes that involve spontaneous, intermittent , abnormal electrical activity in the brain .
The pharmacotherapy of epilepsy has been archived during the last decade. Furthermore ,
although for the last twenty years new antiepileptic drugs have been introduced into clinical
practice , the maximal electroshock (MES) test and the subcutaneous pentylenetetrazole
(scPTZ) test are the most widely used animal models of epilepsy to characterize the
anticonvulsant activity . A series of 5-[2-(phenylthio) phenyl] - 1, 3, 4-thiadiazole derivatives
were synthesized . Compounds were evaluated in vivo for their anticonvulsant and muscle
relaxant activities using PTZ and rotarod tests , ED50 of this synthesized compound was

found to be greater than 100 .

5- [ 2- (phenylthio ) phenyl ] -1, 3, 4 — Thiadiazole derivatives

Derivatives of 1,2/4-triazole and 1,3,4-thiadiazole condensed nucleus system
(triazolothiadiazoles) were found to have diverse pharmacological activities such as
fungicidal , bactericidal , insecticidal , herbicidal , anticancer , antiinflammatory and CNS
stimulant properties . They also find application as dyes , lubricants and analytical reagents .

The compounds that exhibited the most potent anti-MES activity included which have a
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thiadiazole with styryl and quinazoline are reported to exhibit wide range of anticonvulsant ,
sedative , tranquilizer , analgesic , antimicrobial , anesthetic , anticancer , antihypertensive ,
anti-inflammatory , diuretic and muscle relaxant propertictivity comparable with phenytoin
and carbamazepine .

N\N
R—</ J\
T S
Rl
triazolothiadiazoles

R= CeHsCH2 CsHsOCH>, 2-OHCeHa4
R1= CeHsCONHCH?2, 2-BrCsHa, 3-BrCesH4,4-BrCsHas

(6] N—N

AN

S

N)\/\C(,HSAr

thiadiazole with styryl and quinazolin
R= N(CHa)3, p-F,3-NO2,4-OH,
Ar = 3-NO2 N(CHz3)3,4-Br,4-FCg¢Ha.

Anticonvulsant Sulfonamides Incorporating Valproyl and Other Lipophilic Moieties

The wvalproyl derivative of acetazolamide (5-valproylamido-1, 3, 4-thiadiazole-2-
sulfonamide) was one of the best CA | and CA Il inhibitor in the series and exhibited very
strong anticonvulsant properties in an MES test in mice . In consequence , other 1,3,4-
thiadiazolesulfonamide derivatives possessing potent CA inhibitory properties and substituted
with different alkyl/ arylcarboxamido/sulfonamido/ureido moieties in the 5 position have
been investigated for their anticonvulsant effects in the same animal model . It was observed
that some lipophilic derivatives , such as 5- benzoylamido-, 5-toluenesulfonylamido-, 5-
adamantylcarboxamido, and 5 — pivaloylamido — 1, 3, 4 - thiadiazole -2- sulfonamide , show
promising in vivo anticonvulsant properties and that these compounds may be considered as

interesting leads for developing anticonvulsant or selective cerebrovasodilator drugs .
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Series of 5- cyclohexylamino -1, 3, 4 —thiadiazole (i, ii, iii)

Recently , compound containing thiourea and urea groups have emerged as structurally novel
anticonvulsants . Thus , a series of novel thiourea derivatives carrying the 5-
cyclohexylamino-1, 3, 4-thiadiazole moiety were synthesized and their anticonvulsant
activity was evaluated [165] . A series of 3-aryl amino/amino-4-aryl-5-imino-Delta (2)-1, 2,
4-thiadiazoline compounds was evaluated against maximal electroshock induced seizures

(MES) and subcutaneous pentylenetetrazole (ScPTZ) induced seizure models in mice [166] .
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3 aryl amino
Antidepressant agent

A series of novel 3-[5-substituted phenyl-1, 3, 4-thiadiazole-2-yl]-2-styryl quinazoline-4(3H)-
ones were synthesized and evaluated for anticonvulsant , sedative-hypnotic and CNS
depressant activities [167] .

3 — [ 5- substitudes phenyl — 1, 3, 4 thiadiazolo -2 yl ] -2 styryl quinazoline

Anti- microbial agent

Synthetic antibacterial compounds are divided into two major classes, topical agents and
systemic agents . The topical agents or local anti-infective agents may be classified as
antiseptics and disinfectants and constitute as important , if under appreciated , group of
drugs . The topical are termed as disinfectants , antiseptics and preservatives based on how
they are used . Several five member aromatic systems having three hetero atoms at
symmetrical position have been studied because of their interesting physiological properties .
It is also well established that various derivatives of 1,2 4-triazole, 1,3,4-thiadiazole exhibit
broad spectrum of pharmacological properties such as antibacterial and antifungal activities .
The available therapeutically important medicines are terconazole , itraconazole |,
fluconazole, cefazoline and ribavirin etc. are some of the examples which contain one of

these heterocyclic nucleus [168] .
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Schiff bases of Thiadiazole

Replacement of the morpholine C-ring of linezolid with a 1,3,4- thiadiazolyl ring leads to
oxazolidinone analogues having potent antibacterial activity against both gram-positive and
gram-negative organism Conversion of the C5 acetamide group to a thioacetamide further

increases the potency of these compounds [169] .

N—N

A A

S
1,3, 4 -thiodiazoly ring

Various 4-amino-2-{5-[(4- substituted phenyl) amino]-1, 3, 4- thiadiazole-2-yl} phenol were
synthesized and evaluated for their antibacterial and antifungal activity . The compounds
showed significant antibacterial activity against S. aureus (gram-positive) and E.coli (gram-
negative) bacteria and antifungal activity against A. niger fungi using cup plate technique .
Compounds were found to be very good antibacterial activity against S. aureus (gram-
positive) and E.coli (gram-negative) bacteria and antifungal activity against A. niger (MIC
value 25ug/ml) [169] .

31



[N>\NH-Ar

NH,

" OCH3 OOMC

H;C
H,C

4—amino — 2- { 5- [ 4- substituted phenyl ) amino] - 1, 3, 4 — thiadiazole — 2- yl } phenol
Potent Antimicrobial agent

A variety of azetidine derivatives have been successfully synthesized in appreciable yields
and screened in vitro for their antimicrobial activities against both strains of Gram-positive
and Gram-negative bacteria . Good antibacterial activity was observed in below compound
against B. Subtilis compounds showed good activity against S. aureus compounds showed

significant activity against A. niger.
Cl N
\
N :: :: Ar
\
e \(s cl
N
)
(@)

Azetidine derivatives
Ar= a. 2-hydroxy-4-methoxy, b. 4-clorophenyl, c. 2-nitrophenyl, d. 4-nitrophenyl, e. 4-
chloro-2-nitrophenyl, f. 2- ethoxyphenyl, g. 4-ethoxyphenyl, h. 2, 4-diclorophenyl, i. 2-
clorophenyl, j. phenyl, k. 2-hydroxyphenyl, I. 4- methoxyphenyl, m. 4-hydroxyphenyl.

The antimicrobial activity of synthesized compound was determined by paper disc method .
The organisms selected for antimicrobial activity were Bacillus substilis , Escherichia coli ,

Sachromyces cerviceae , Staphylococcus aureus , Pseudomonas aeruginosa
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Corynebacteriun diphtheria , Bacillus megaterium . The synthesized compound give good

antimicrobial response against the selected organisms .

T ﬁ
R'00C —C ——NH ——C ——NH P
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Alkyl {5-imino—4-aryl-4,5-dihydro-1,2,4-thiadiazol-3-yl)carbonyl] amino} acetate

Ar R R/
CsHsNH; CHs CHs
p-Cl-CeHsNH; CHs CHs
p-NO2-CsHa-NH; CHs CHs
p-CH3-CsHa-NH; CHs CHs

Anti-tubercular agents

7-[4-(5-amino-[1,3,4] thiadiazole-2-sulfonyl)-piperazin-1-yl] fluoroquinolones have been
synthesized by the reaction of appropriate N-piprazinyl FQs and 5-acetylamino-[1,3,4]
thiadiazole-2-sulfonyl chloride . Compound tested exhibited pronounced antibacterial activity
against the Gram-(+) ve bacteria atrimethoxyphenyl , 0. dimethylaminophenyl and moderate
poor activity against Gram-(-)ve bacteria and Mycobacterium tuberculosis strain H37Rv .

NH,

R=Cyclopropyl/Ethyl
R1=H.H.NH2H. R;=H.H.RCOCHj3
Rs=H.H.CHs3H, Rs=H.H CH.CH3

7-[4-(5-amino-[1,3,4]thiadiazole-2sulfonyl)-piperazin-1-yl]fluoroquinolones
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Anti-tumor agents

5-amino-1,3,4-thiadiazole-derivatives such as the thiol a compound used as radioprotective
agent , as well as an investigational antitumor and gastroprotective drug ; acetazolamide
which was the first nonmercurial diuretic drug , used clinically thereafter as antiglaucoma ,
antiepileptic or antiulcer drug , together with a large series of its congeners derived from 5-

amino-1,3,4-thiadiazole-2-sulfonamide .

RNH/Z‘)I{\Z
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L
HN s (CH,),NH,

5—amino —1,3,4 — thiadiazole derivatives
Analgesic and anti-inflammatory activity

Non-steroidal anti-inflammatory drugs (NSAIDs) have a wide clinical use for the treatment
of inflammatory and painful conditions including rheumatoid arthiritis , soft tissue and oral
cavity lesions , respiratory tract infections and fever . The two isoforms of cyclooxygenase
(COX) are poorly distinguishable by most of the classical NSAIDs and these agents actually
inhibit COX-1 extensively , besides COX-2 , leading to gastrointestinal injury , suppression
of TXA2 formation and platelet aggregation . The combination of these interactions is
probably the reason for gastrointestinal bleeding as the most serious complication of these
drugs . Some evidences suggest that the thiadiazole moiety present in some compounds
possess a pharmacophoric character for the inhibition of COX. More recently , researchers
reported 1, 3, 4-thiadiazole derivatives that exhibited analgesic and anti-inflammatory
activities . 5-Arylamino substituted 3-nicotinoyl/isonicotinoyl-1,3,4-thiadiazol-2(3H)-one, 5-
arylamino-1,3,4-thiadiazol-2(3H)-one,3-(5-bromo-2-thienyl)-1-phenyl-4-[ 3-acetyl-5-(N-

substitutedacetamido) - 2 , 3 — dihydro—1, 3, 4 —thiadiazol — 2 — yl ] - 1H — pyrazol , and 2-
(2 naphthyloxymethyl) -5 - substituted amino-1, 3, 4 - thiadiazole derivatives showed anti-

inflammatory and analgesic activities .
2-Amino-5-sulfanyl-1, 3, 4-thiadiazoles

A series of diaryl substituted 2-amino-5-sulfanyl-1, 3, 4-thiadiazole derivatives , and perform

their pharmacological testing .
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R
Di aryl substituted 2-amino — 5 sulfonyl — 1, 3, 4 - thiadiazole
Anti-diabetic agent
1, 2, 4- thiadiazole compound for the treatment of type-1l diabetes mellitus Orally
administrate pharmaceutical compositions in the form of tablets, comprising glibenclamide
and metformin, or pharmaceutically acceptable salts thereof , as active ingredients ,
maintained separate from one another within the same composition , are described for the

treatment of type-11 diabetes mellitus .

OR!

Ps

1,2, 4 —thiadiazole compound

Where in, R1 represents C3-C7 alkynyl that may he substituted with halogen ; R2 represents
C3-C8 cycloalkyl which may be substituted with C1-C4 alkyl , halogen atom and
tritluoromethyl or the like ; Al represents a single bond , C1-C2 alkylene or C2-C3
alkylidene . The 1, 2, 4-thiadiazole compound has an excellent arthropod controlling activity ,
and can effectively control an arthropod pests such as insect pests , acarine pests and the like.
Sulfonylureas are the most widely used antidiabetic agents . These agents act on pancreatic 13-
cells stimulating insulin secretion. 1, 3, 4-Thiadiazole , is a versatile pharmacophore which
exhibits a wide variety of biological activities . A few of them which are worthy of mention
are diuretic , CNS depressants , hypoglycemic , anti-inflammatory , and anti-microbial
activities . It was planned to suitably incorporate the sulfonylurea moiety into the 1, 3, 4-
thiadiazole ring system and to explore the possibilities of some altered biological action;
hence , the following sulfonylurea derivatives were synthesized and screened for antidiabetic

and antibacterial activity .
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Diuretic agents

Reaction of 3- and 4-carboxybenzenesulfonyl chloride with 5-amino-1,3,4-thiadiazole-2-
sulfonamide/5- imino-4-methyl-2-1,3,4-thiadiazoline-2-sulfonamide afforded two series of
benzolamide analogues to which the carboxyl moiety has been derivatized as esters or
amides, in order to reduce their very polar character . The new derivatives showed low
nanomolar affinity for three carbonic anhydrase (CA) isozymes , CA I, Il and IV, and were
effective as topical antiglaucoma agents in normotensive rabbits . Efficacy of several of the
new sulfonamides reported was better than that of the standard drugs dorzolamide and
brinzolamide , whereas their duration of action was prolonged as compared to that of the
clinically used drugs . Schiff base metal chelates are widely applicable because of their

industrial and biological importance .

HZN/ \o

acetazolamide

O\S /ES >\NHCOCH3

~
CH/ \O

OH

Schiff base

Thiadiazole compounds useful as Pesticides

N/N

M/L%Y
X . I S

iv
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ST

R= CHs was found to be most active against Tetranychus uriticase.

[

N
o |

vi

X= Cl was found to be most active against Tetranychus urticae.

Cl

Cl

Y= CF3CF.CF3,(CF2).CF3 was found to be most active against Tetranychus urticase.

Thiadiazole compounds use for various pesticides (iv, v, vi, vii )

}/
Tt

Dendrodoine

Antioxidant

O——0O

H;

Dendrodoine (5-[(3-N-dimethylamino)-1, 2, 4- thiadiazolyl]-3-indanyl methanone) is an
alkaloid extracted from the marine algae Dendrodoa grossularia . It possesses a 1, 2, 4-
thiadiazole unit , a rarity among natural products . It is use as antioxidant . Some novel 5-[(2-
(substituted phenyl)-1H-benzimidazole-1-yl) methyl]-N-methyl-1, 3, 4- thiadiazole-2- amines
were synthesized and tested for antioxidant properties by using various invitro systems .
Compound which is the most active derivative inhibited lipid peroxidation slightly at 10-3 M

concentration .
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)
C6H5OCHN/< J\
S SAr

Ar = 4-C¢H4sSOLCI, Ar = 4-CsH4SO2NH:
Ar = 4-CeH4CFs.

[ 1, 3, 4] thiadiazole derivatives

Thiol and aminothiol compounds are among the most efficient chemical radioprotectors
[184] . Synthesized thiol and aminothiol compounds derived from thiadiazole structures .
They examined them for their ability to scavenge free radicals (DPPH-, ABTS-+, -OH). Thiol
derivatives with a thiadiazole structure are the most active compounds scavenging DPPH-
and ABTS-+ free radicals, with an IC50 of 0.053 = 0.006 and 0.023 + 0.002 mM,
respectively , for the derivative . Moreover compound at 60 mM gave 83% protection against
2- deoxyribose degradation by -OH . In both the test thiol derivatives were most efficient .

Compound totally inhibits DNA strand breaks at the concentration of 50 mM .

R= -SCH>CH3.CH,CHs , R'= -SH,-NHCH>CH,SH
/CHZCHZS-R/
NH

R/<N\N

R=-SCH2CH3-CH2CH3

S

R’ = -SO3H, -PO(OH).
Amino thiol compounds
Antihistaminic agents

2-Oxobenzothiazoline derivatives bearing substituents at position 3 with thiadiazole moiety
have reported to exhibit antihistaminic activity . Compounds were more potent than others

and the standards in tail flick test .
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2- oxobenzothiazoline derivatives

Antiplatelet agents

Twenty 1, 3, 4-thiadiazole-2-nitrosimines and two 1, 2, 4-thiadiazole-5-nitrosimines were
synthesized and assayed in the Born-test for their antiplatelet activity . Only two 1, 3, 4-
thiadiazoles inhibited the aggregation at IC50 < 10 mumol/L . In an in vivo thrombosis model
only in arterioles a small inhibition of thrombus formation was observed . The poor test
results correspond to a very high chemical stability of the titel nitrosamines .
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AIM OF THE PROJECT

Thiadiazole based synthetic organic compounds display a broad spectrum application in the
field of synthetic organic chemistry and also immence importance in medicinal chemistry .
Recently , some literature reported the potential anti-microbial agents of certain thiodiazole
derivatives . Drugs which are based on dihydropyromidine , have also been used clinically to
treat patient of HIV and antitumor conditions . Very recently some researcher reported that
the dihydropyrimidine derivatives is the causative agent for antihypertensive , antitumor ,
antibacterial , anti-inflammatory . Since synthetic thiadiazole based organic compounds are
being widely designed now a days in parallel with the development of combinatorial
chemistry and compound libraries , they could be exploited for the development of new
drugs. This factor has attracted researchers to evaluate thiodiazole based compounds for their

safety point of view and potential medical properties .

The proposed research project is undertaken with the following objectives

a) To prepare 1,3,4-thiadiazole precursor .

b) To develop a method for the synthesis of fused pyrimido-thiadiazole compounds .

c) To optimize the reaction condition to get the target compounds .

d) To establish the structures of the fused pyrimido-thiadiazole products by different
physical , chemical and spectroscopic methods .

e) To evaluate the antibacterial property of the synthesized products .
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EXPERIMENTAL

Chapter 2
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2.1 Synthesis of [5-amino-1,3,4-thiadiazol-2-yl]4-nitro benzene

N\N
Ethanol
NO, COOH + H,N-NH-C-NH,
H Conc H2SO4
S

[5-amino-1,3,4, thiodiazol-2-yl] 4-nitro benzene

A mixture of thiosemicarbazide (0.01 mol), para nitrobenzoic acid (0.01 mol) and
concentrated sulphuric acid 1 ml in 10 ml ethanol was taken in a round bottomed flux . The
flux was then placed on water-bath with constant stirring for one and half hour under reflux
condition . The progress of the reaction was monitored by TLC . Reaction mixture was then
kept on ice bath . The solid product was separated out by filtration . After filtration a white
crude product was obtained . The crude product was separated out by filtration . The crude
product was then purified by recrystallization from 10% aqueous ethanol to yield 81% as a

white solid . The melting point was recorded as 220-222 °C .

IR (KBr, cm®, Fig. 1) : 3394 (N-H, symmetric stretching) , 3290 (N-H, asymmetric
stretching) , 3193 (C-H, aromatic) , 1621 (C=N) , 1600 , 1580 , 1536 (C=C , aromatic) ,719
(C-S-C linkage of thiadiazole) .
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2.2 Synthesis of [5-amino-1,3,4-thiadiazol-2-yl] 4-chloro benzene

m—@—coona + HzN-NH-ﬁ-NHz
S

Conc H,S0O, Ethanol

[5-amino-1,3,4 thiodiazol-2-yl] 4-chloro benzene

A mixture of thiosemicarbazide (0.01 mol, 0.912 gm) , para chloro benzoic acid (0.01 mol,
1.221gm) and concentrated sulfuric acid 1 ml in 10 ml ethanol was taken in a round
bottomed flux . The flux was then placed on water-bath with constant stirring for two hours
and 45 minutes under reflux condition . The progress of the reaction was monitored by TLC .
Reaction mixture was then kept on ice bath . The solid product was separated out by
filtration . After filtration a white crude product was obtained. The crude product was then
purified by recrystallization from 10% aqueous ethanol to yield 78% as white solid. The

melting point was recorded as 210-215°C .

IR (KBr, cm?, Fig.2) : 3391 (N-H , symmetric stretching) , 3292 (N-H , asymmetric
stretching) , 3190 (C-H , aromatic) , 1620 (C=N), 1600, 1570, 1530 (C=C , aromatic) ,720
(C-S-C linkage of thiadiazole) .
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Mechanism

Scheme 13 Mechanism for the formation of dihydro-pyrimido thiadiazole.
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2.3 Synthesis of 5-(phenyl)- 8,8-dimethyl-2-(4-nitrophenyl)-10, 10a-dihydro-

8H-[1,3,4]thiadiazolo[2,3-b]quinazolin-6-ol. (1)

0
N
7 )
NO, Jl\ + Ar-CHO + CH,
s
o CH
NH, 3
lhiEtOH
Ar OH
C
N
/ 7 XX
NO, J\ CH,
S N

CH,

H
Compound 1
A mixture of [5-amino-1,3,4-thiadiazol-2-yl] 4-nitro benzene (0.01 mol , 2.22 gm) ,
dimedone (0.0 mol , 1.4 gm) and benzaldehyde (0.01 mol , 1.0613 gm) in 5 ml of ethanol was
taken in a round bottomed flux . The flux was then placed on water-bath with constant
stirring for one hour under reflux condition . The progress of the reaction was monitored by
TLC . Reaction mixture was then kept on ice bath . The solid product was separated out by
filtration . After filtration an orange crude product was obtained . The crude product was then
purified by recrystallization from absolute ethanol to yield 75% as orange solid . The melting

point was recorded as 195-198 °C .

IR (KBr, cm, Fig. 3) : 3400-3475 (O-H) , 3346 (N-H) , 3123 (C-H , aromatic) , 2975 (C-H,
aliphatic) , 1600 (C=N), 1572, 1540, 1520 (C=C , aromatic and aliphatic) , 693 (C-S-C) .

IH NMR (400 MH; , DMSO-ds , & ppm , fig. 4-5) : 1.051(s , 6H , 2CHs) , 6.90 (d , 1H ,
J=8.00 Hz , =CH) , 7.18 (bd , s, 1H , SCHN) , 7.27 (m , 5H , Ar-H) , 7.43 (m ,4H , Ar-H) ,
7.71(d, 1H, J=8 Hz , C=CH), 8.120 (s ,1H , O-H) , 11.651 (s, 1H , N-H) .
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13C NMR (100 MHz, DMSO-ds ,  ppm , fig. 6-8) : 176.86 (1C , C=N) , 143.31, 142.50
(2C, C=C) , 134.57 , 130.46 (2C, C=C), 129.39, 129.11 (2C, C=C), 128.45 (4C , Ar),
127.33 (2C , Ar) , 126.77 (1C, Ar) , 126.39 (5C , Ar) , 113.79 (1C, S-C-N) , 51.48 (1C,
aliphatic) , 32.35 (1C , aliphatic) , 28.31 (1C, aliphatic) .
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2.4 Synthesis of 5-(4-nitrophenyl)-8,8-dimethyl-2-(4-nitrophenyl)-10, 10a-dihydro-8H-
[1,3,4]thiadiazolo[2,3-b]quinazolin-6-ol. (2)

CHO
0
N
72
NO, X + cH,
S
NH, o) CH,
NO,
1h | EtOH
NO,
Ar
C
N
y 7 X
NO,
8 N
o

H

OH

Q

Hs

H

Compound 2

A mixture of [5-amino-1,3,4-thiodiazol-2-yl] 4-nitro benzene (0.01 mol , 2.22 gm) ,
dimedone (0.0 mol , 1.4 gm) and para nitro bezaldehyde (0.01 mol , 1.511 gm) in 5 ml of
ethanol was taken in a round bottomed flux . The flux was then placed on water-bath with
constant stirring for one hour under reflux condition . The progress of the reaction was
monitored by TLC . Reaction mixture was then kept on ice bath . The solid product was
separated out by filtration . After filtration a yellow crude product was obtained . The crude
product was then purified by recrystallization from absolute ethanol to yield 73% as yellow
solid . The melting point was recorded as 198 — 200 °C .

IR (KBr, cm?, fig. 9) : 3450-3500 (O-H) , 3337 (N-H) , 3085 (C-H , Ar) , 2963 (C-H ,
aliphatic) , 1607 (C=N) , 1604 ,1580 ,1527 ,1510 (C=C , Aromatic and aliphatic) , 720 (C-S-
C).

IH NMR (400 MH., CDCl3, & ppm , fig.10-11) : 1.013 (s, 3H, CH3) , 1.096 (s, 3H , CHa),

7.49(d, 1H,J=8.0 Hz ,=CH), 8.11 (m, 2H, -CH, O-H) , 8.246 (m , 4H , Ar-H) , 8.297 (m,
4H , Ar-H) , 8.42 (d ,1H , J=8.0 Hz , C=H), 10.185 (s, 1H , N-H) .
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2.5 Synthesis of 5-(4-chlorophenyl)- 8,8-dimethyl-2-(4-nitrophenyl)-10,10a-dihydro-
8H-[1,3,4]thiadiazolo[2,3-b]quinazolin-6-ol. (3)

CHO
0
N
72
N
N02 J\ + CH3
s
NH, 0 CH,
cl
1h | EtOH
cl
Ar
C
N
Y 7 XX
NO,
8 N
"

H

OH

jus)

Q

Hs

H

Compound 3
A mixture of [5-amino-1,3,4-thiadiazol-2-yl] 4-nitro benzene (0.01mol , 2.22 gm) , dimedone
(0.0 mol , 1.4 gm) and para chloro bezaldehyde (0.01 mol , 1.4 gm) in 5 ml of ethanol was
taken in a round bottomed flux . The flux was then placed on water-bath with constant
stirring for one hour under reflux condition . The progress of the reaction was monitored by
TLC . Reaction mixture was then kept on ice bath . The solid product was separated out by
filtration . After filtration a yellow crude product was obtained . The crude product was then
purified by recrystallization from absolute ethanol to yield 74% as a light yellow solid . The

melting point was recorded as 194-195 °C .

IR (KBr, cm™, fig. 12) : 3446 (O-H) , 3288 (N-H) , 3150 (C-H , Ar), 2997 (C-H , aliphatic),
1601 (C=N), 1525, 1490, 1450 (C=C , Aromatic and aliphatic) , 816 (C-S-C) .

IH NMR (400 MH;, CDCls, & ppm , fig.13-14) : 1.136 (s, 3H, CHs) , 1.654 (s, 3H , CH3),
6.388 (bd , s, 1H, =CH), 7.212 (bd , s, 1H, =CH) , 7.414 (d , 4H , J=8.0 Hz , Ar-H) , 7.61
(d,4H,J=8.0Hz, Ar-H), 7.842 (s ,1H , S-CH) , 9.400 (s, 1H , O-H) , 10.012 (s, 1H , N-
H) .
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2.6 Synthesis of 5-(4-hydroxyphenyl)- 8,8-dimethyl-2-(4-nitrophenyl)-10, 10a-dihydro-
8H-[1,3,4]thiadiazolo[2,3-b]quinazolin-6-ol. (4)

CHO
0
N
/N
NO, J\ + " CH,
S
NH, 0 CH,4
OH
1h | EtOH
(|)H
1|\r
C
N
/ \N/ \
NO,
§ N
"

H

OH

just

Q

Hs

H

Compound 4
A mixture of [5-amino-1,3,4-thiadiazol-2-yl] 4-nitro benzene (0.01 mol , 2.22 gm) ,
dimedone (0.0 mol , 1.4 gm) and para hydroxy bezaldehyde (0.01 mol , 1.0613 gm) in 5 ml of
ethanol was taken in a round bottomed flux . The flux was then placed on water-bath with
constant stirring for one hour under reflux condition . The progress of the reaction was
monitored by TLC . Reaction mixture was then kept on ice bath . The solid product was
separated out by filtration . After filtration an orange crude product was obtained . The crude
product was then purified by recrytallization from absolute ethanol to yield 73% as orange

solid . The melting point was recorded as 201-204 °C .

IR (KBr, cm?, fig.15) : 3400-3460 (O-H , phenolic) , 3340-3360 (O-H , enolic) , 3100 (C-
H, Ar), 2961 (C-H , aliphatic) , 1609 (C=N) , 1590, 1550, 1511, 1490 (C=C , Aromatic and
aliphatic) , 850 (C-S-C) .

IH NMR (400 MH., CDCl3, & ppm , fig.16) : 1.12 (d, 6H , J=2.0 Hz , 2CHs) , 7.44 (d , 4H,

J=12.0 Hz , Ar), 7.83(d , 4H , J=8.0 Hz , Ar) , 8.032(s , 2H , =CH) , 8.066 (bd , s , 1H , O-H ,
enolic) , 8.029 (bd,s,1H, OH , phenolic) , 11.407 (s, 1H , NH) .
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2.7 Synthesis of 5-(4-methoxyphenyl)- 8,8-dimethyl-2-(4-nitrophenyl)-10,10a-dihydro-
8H-[1,3,4]thiadiazolo[2,3-b]quinazolin-6-ol. (5)

CHO
(¢}

N
J N
NO, /|k+ + cH,
S
0 CH,4
1 h | EtOH
OCH,

/|\r OH
/N\N/C\ H
N02—< >—< CH,
S/)\N CH,
"
H
H
Compound 5
A mixture of [5-amino-1,3,4-thiadiazol-2-yl] 4-nitro benzene (0.01 mol , 2.22 gm) ,
dimedone (0.0 mol , 1.4 gm) and para methoxy bezaldehyde (0.01 mol , 1.36gm) in 5 ml of
ethanol was taken in a round bottomed flux . The flux was then placed on water-bath with
constant stirring for one hour under reflux condition . The progress of the reaction was
monitored by TLC . Reaction mixture was then kept on ice bath . The solid product was
separated out by filtration . After filtration a yellow crude product was obtained . The crude

product was then purified by recrystallization from absolute ethanol to yield 72% as a yellow

solid . The melting point was recorded as 190-195 °C .

IR (KBr, cm?, fig. 17) : 3400-3410 (O-H) , 3293 (N-H) , 3159 (C-H, Ar) , 2961 (C-H ,
aliphatic) , 1607 (C=N), 1595, 1510, 1450, 1452 (C=C , Aromatic and aliphatic) , 842 (C-
S-C).

IH NMR (400 MH; , CDCl3, & ppm , fig.18-19) : 1.103 (s, 3H , -CHs) , 1.117 (s, 3H , -
CHs), 3.375 (s, 3H, OCHs) , 6.76 (d, 2H , J=8.0 Hz , Ar-H) , 6.91 (d , 1H , J=8.0 Hz , C=C-
H),7.02(d, 1H , J=8.0 Hz , C=C-H) , 7.24 (d , 2H ,J =8.0 Hz , Ar-H) , 7.61 (bd , s , 1H - S-
CH), 7.875(d, 1H, J=8.0 Hz , O-H) , 8.243 , 8.332 (M, 4H , Ar-H) .
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13C NMR (100 MH;, DMSO-ds, & ppm , fig. 20) : 162.183(1C , C=N) , 158.00 (1C, SCN) ,
136.459 , 135.184 , 132.360 , 132.024 , 131.217 (6C , Aromatic) , 130.665 , 129.315
129.202 , 125.588 , 123.567 , 123.494 (6C , C=C) , 115.840 , 114.425 , 114.351 , 113.800 ,
113.012 (6C , Ar), 50.766 (1C , NCS) , 40.898 (1C , OCHs) , 32.195 (1C , -CCHs) , 30.969 ,
27.349 (2C , C(CHs)2) .
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2.8 Synthesis of 5-(4-nitrophenyl)- 8,8-dimethyl-2-(4-chlorophenyl)-10,10a-dihydro-
8H-[1,3,4]thiadiazolo[2,3-b]quinazolin-6-ol. (6)

CHO
0
N
7 0
S
NH, o) CH,
NO,
1h | EtOH
Tr OH
C H
/N\N/ X
cl CH,
8 N
o

CHj;

H
H

Compound 6
A mixture of [5-amino-1,3,4- thiadiazol-2-yl] 4-chloro benzene (0.01mol , 2.22 gm) ,
dimedone (0.0 mol , 1.4 gm) and para nitro bezaldehyde (0.01 mol , 1.511gm) in 5 ml of
ethanol was taken in a round bottomed flux . The flux was then placed on water-bath with
constant stirring for one hour under reflux condition . The progress of the reaction was
monitored by TLC . Reaction mixture was then kept on ice bath . The solid product was
separated out by filtration . After filtration a orange crude product was obtained . The crude
product was then purified by recrystallization from absolute ethanol to yield 73% as a orange

solid . The melting point was recorded as 210-212 °C .

IR (KBr , cm'?, fig. 21) : 3500-3510 (O-H) , 3386 (N-H) , 3145 , 3096 (Ar -H) , 2996 (C-H ,
aliphatic) , 1600 (C=N) , 1590 , 1540 , 1452 (C=C , Aromatic) , 820 (C-S-C) .

IH NMR (400 MHz, CDCls, & ppm , fig.22) : 1.266 (s, 3H , -CHs) , 1.283 (s, 3H , -CH3) ,

6.75 (IH, S-CH) , 6.90 (1H , C=C) , 7.02 (IH , C=C) , 7.24 (2H , Ar-H) , 7.62 (2H , Ar-H) ,
7.87 (2H, Ar-H) , 8.06 (2H , Ar-H) , 8.2 (1H, O-H) , 9.96 (1H , NH) .
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2.9 Synthesis of 5-(4-chlorophenyl)- 8,8-dimethyl-2-(4-chlororophenyl)-10, 10a-dihydro-
8H-[1,3,4]thiadiazolo[2,3-b]quinazolin-6-ol . (7)

o)
N
2
S
NH, 9) CH,4

Tr OH
N\N/C\ " hydrolysied ﬁ
Cl—@—{ CH; —3»Cl CH=N—C-NH—NH,
R N CH,
"
H
H
Compound 7 7a

A mixture of [5-amino-1,3,4-thiadiazol-2-yl] 4-chloro benzene (0.01 mol , 2.22 gm) ,
dimedone (0.0 mol ,1.4 gm) and para chloro bezaldehyde (0.01 mol , 1.405 gm) in 5 ml of
ethanol was taken in a round bottomed flux . The flux was then placed on water-bath with
constant stirring for one hour under reflux condition . The progress of the reaction was
monitored by TLC . Reaction mixture was then kept on ice bath . The solid product was
separated out by filtration . After filtration a white crude product was obtained . The crude
product was then purified by recrystallization from absolute ethanol to yield 60% as a white

solid . The melting point was recorded as 150-152 °C .
IR (KBr, cm?, fig. 23) : 3445 (N-H) , 3300 (NH>) , 3122 (C-H, Ar), 1600 (C=N) , 1550,

1502 , 1455 (C=C) , 1283 (C=S) .

IH NMR (400 MH;, DMSO-ds , & ppm , fig. 24-25) : 7.45 (d , 2H , J=8.0 Hz , Ar-H) , 7.83
(d,2H,J=8.0 Hz , Ar-H) , 8.032 (s, 1H, C=C-H) , 8.066 (bd , s, 1H , NH,) , 8.229 (bd , s,
1H, NHy) , 11.477 (s ,1H , N-H) .
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2.10 Synthesis of 5-(4-hydroxyphenyl)- 8,8-dimethyl-2-(4-chlorophenyl)-10, 10a-
dihydro-8H-[1,3,4]thiadiazolo[2,3-b]quinazolin-6-ol . (8)

CHO
0
/)

cl J\* * CHj

S

NH, o CH,
OH
1.5h | EtOH
TH

Tr OH
N /C\ H
CI—©—</ 1 CH,4
5 N CH,
"
H
H
Compound 8

A mixture of [5-amino-1,3,4- thiadiazol-2-yl] 4-chloro benzene (0.01mol , 2.22 gm) ,
dimedone (0.0 mol , 1.4 gm) and para hydroxy bezaldehyde (0.01 mol , 1.22gm) in 5 ml of
ethanol was taken in a round bottomed flux . The flux was then placed on water-bath with
constant stirring for one hour under reflux condition . The progress of the reaction was
monitored by TLC . Reaction mixture was then kept on ice bath . The solid product separated
out by filtration . After filtration a white crude product was obtained . The crude product was

not possible to purify .

IR (KBr , cm™, fig. 26) : 3400-3450 (N-H) , 3275-3315 (NH2) , 3190 (C-H , Ar) , 1611
(C=N), 1610, 1563 , 1515 (C=C , aromatic) , 1225 (C=S) .
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RESULTS AND DISCUSSION

Chapter 3
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3.1 Characterization of the compound 5-(phenyl)-8,8-dimethyl-2-(4-nitrophenyl)-
10,10a-dihydro-8H [1,3,4] thiadiazolo [2,3-b] quinazolin-6-ol . (1)

The desired product 1 was synthesized by the three component one-pot reaction process from
a mixture of [5-amino-1,3,4-thiadiazol-2-yl] 4-nitro benzene (0.01 mol) , dimedone (0.01
mol) and benzaldehyde (0.01 mol) in ethanol under reflux condition . The progress of the
reaction was monitored by TLC . Reaction mixture was then kept on ice bath . The soild
product was separated out by filtration . After filtration an orange crude product was
obtained . The crude product was then purified by recrystallisation from ethanol to yield 75%
as orange solid . The melting point was recorded as 195-198 °C .

(0)

N
7 0
NO, J\ + Ar-CHO + cH,
S
0 CH
NH, 3
1h¢EtOH

Ar OH
!
/N N7 XX
NO, J\ CH;
§ N CH,
H
Compound 1

The IR spectra (Fig.3) of the compound 1 showed a wide absorption band at the range 3400-
3475 cm™ for enolic O-H group . The peak at 3346 cm™ was designated for N-H . The
aromatic C-H stretching was assigned at 3123 cm™. The aliphatic C-H stretching band was
indicative at 2975 cm™ . The characteristic C=N moiety was distinctive at 1600 cm™ . The
peaks at 1572 , 1540 and 1520 cm™* were distinguished for aromatic and aliphatic C=C bonds.
The C-S-C linkage was identified at 693 cm™.

The *H NMR spectra (Fig. 4-5) of the compound 1 showed a sharp singlet for six protons of
two gem dimethyl group at 1.051 . The doublet with the coupling constant J=8.0 Hz at 6.90
was designated for olefinic one proton . The broad singlet at 7.18 was assigned for single

proton of S-CH-N . The multiplet at 7.27 was distinguished for five aromatic protons . The
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second multiplet was altributed for four aromatic protons at 7.43 . The doublet with the
coupling constant J=8.0 Hz was ascribed for one olefinic proton at 7.71 . The sharp singlet at
8.120 was assigned for one enolic O-H proton . The sharp downfielded singlet at 11.651 was
characterized for one N-H proton .

The 3C NMR spectra (Fig. 6-8) of the compound 1 showed a signal at 176.86 for 1C of
C=N. The signals 143.31 , 142,50 , 134.57 , 130.46 , 129.39 and 129.11 were distinctive for
six olefinic protons . The aromatic 12C showed the characteristics signals at 128.45 , 127.33 ,
126.77 and 126.39 . The signal at 113.79 was identified for 1C of S-C-N . The aliphatic three
carbons were ascribed at 51.48 , 32.35 and 28.31 .

All the spectral evidences express harmony with the structure of the compound 1 as

Ar oH
C
N
Y 7 XX
NO, J\ CH;
S N CH,

H

Compound 1

59



Figure-3

) sHIMADZU

BT LT G ad o I
70 T T ot = Bl e e A N
%T ] ” i ”
R e I
,, : “ “ S0
¢ i i i
S e R A R FS Az ko Al e PR e
1 1 1 1
S B I R SRR el e S L s SAERIE EESC Lt e L LS O Nl Y el 2 | S
30—t - IR e S o S o ol ICIS AR (G S Y e SR, (O
" ) A | ‘ :
N it [ e : :
PR ) s { i
o R ; "
f,k:, R SRRl SSRGS R SR e
R s
_ ‘ 4y ” ! :
o : : :
3 | 8 18 I | i
10 seps e e s e e B e et e e S T S g e et S Dl o P B e e T
il ¥ 1 1 1
S | ﬂ ¥ T m | (T T @ Ken 100 s o w m LT S § VAR LR BT | 2 BTN _ T
3250 3000 2750 2500 2250 2000 1250 1000 500
1/em
Comment; No. of Scans; 45 Date/Time; 4/11/2017 10:48:51 AM

SM-01

Resolution; 2 [1/cm]

User; dhaka

60



11.651

Figure-4

Wazed Miah Science Research Centre
Jahangirnagar University

Sample: SM1
Operated by: Md. Emdad Hossain,

(WMSRC)

Scientist

CONNOMOE- VWO ww!wN O OV i O
N NOWNMO M W I — OV @ WO g
HOCE T TTNNNA A ® [SESRSW-
@O~~~ M~\Ww o - O

—2.508
=—=2.355

S

14

13

o
o
—

SEERe &

sl
~
o

ppm

Current
NAME
EXPNO
PROCNO

F2 - Acquisi

P2 =

Data Parameter:

BUET SMi

201°

5 nm PABBC

8012
0% A
4.0894465

CHANNEL f£1
400.2320011
1H
14.75
12.0000000¢

tion Paramet

ers

usec

w

61



8.120

Figure-5

Wazed Miah Science Research Centre (WMSRC)
Jahangirnagar University
Sample: SM1
Operated by: Md. Emdad Hossain, Scientist

——— 72022
1705

——7.450
S 433
== 1400
277
T=ai] 9256

w08
e .180
7174

——6.915
——16.892

ABARARARAS ARARARARAN ARARARAR

2 s 8

1
.0

AR RARARARRAS AN T |BARARARRAS AR T AABRS ARARARRASE b S DRSS R A A A AR AR A

A3 T 2

7.9 .6

T8 s T

7(:

0 6.9

6.8 ppm

g e )
BRUKER
e

Current Data Parameters

NAME BUET SM1
EXPNO ik
PROCNO 1

F2 - Acquisition Parameters
Date 20170615

Time 12.22
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg

TD 65536
SOLVENT DMSO

NS 16

DS 0

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 22°.53

DW 62.400 usec
DE 6.50 usec
TE 298.7 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.2320011 MHz
NUC1 1H

Pl 14.75 usec
PLW1 12.00000000 W

F2 - Processing parameters
ST 131072

SF 400.2300000 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.00

62



Figure-6
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Figure -7
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Figure - 8
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3.2. Characterization of the compound 5-(4-nitrophenyl)-8,8-dimethyl-2-(4-
nitrophenyl)-10,10a-dihydro-8H-[1,3,4] thiadiazole [2,3-b] quinazolin-6-ol . (2)

CHO
o}
N
7 )
NO, X + CH,4
S
NH, o} CH,
NO,
1h | EtOH
NO,
Ar OH
C
N
/ 7 XX
NO, CH,
§ N
"

H

=

H
Compound 2

The desired product 2 was synthesized by the three component one-pot reaction process from
a mixture of [5-amino-1,3,4-thiadiazol-2-yl] 4-nitro benzene (0.01 mol) , dimedone (0.01
mol) and para nitro benzaldehyde (0.01 mol) in ethanol under reflux condition . The progress
of the reaction was monitored by TLC . Reaction mixture was then kept on ice bath . The
soild product was separated out by filtration . After filtration a yellow crude product was
obtained . The crude product was then purified by recrystallisation from ethanol to yield 73%

as yellow solid . The melting point was recorded as 198-200 °C .

The IR spectra (Fig.9) of the compound 2 showed a very weak absorption broad band at
3450-3500 cm™ for enolic O-H . The peak at 3337 cm™ was assigned for N-H . The aromatic
C-H stretching was designated at 3085 cm™ . The peak at 2963 cm™ was distinctive for
aliphatic C-H stretching . The band at 1607 cm™ was distinctive for C=N . The characteristic
peaks at 1604 , 1580 , 1527 at 1510 cm™* were assigned for C=C of aliphatic and aromatic .
The C-S-C bridge was identified at 720 cm™.

The 'H NMR spectra (Fig. 10-11) of the compound 2 showed a sharp singlet at 1.013 for
three protons of one of the gem methyl group . The another sharp singlet for the rest of the
three protons of methyl was ascribed at 1.096 . The doublet with the coupling constant J=8.0
Hz for one olefinic proton was identified at 7.490 . The multiplet at 8.11 was for one proton
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of S-CHN and another one proton for enolic O-H . The multiplet for four aromatic protons
was distinguished at 8.246 . The another multiplet at 8.297 was attributed for four aromatic
protons . The doublet with the coupling constant J=8.0 Hz at 8.42 was distinctive for another
olefinic proton . The sharp downfielded singlet at 10.185 was designated for one proton of N-
H.

All the spectral evidences support in favour of the structure of the compound 2 as

I
li;r OH
C H
AN
NO, / CH,
S N CHj4
"
H
H
Compound 2
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Figure - 10
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Figure -11
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3.3. Characterization of the compound 5-(4-chlorophenyl)-8,8-dimethyl-2-(4-
nitrophenyl)-10 , 10a-dihydro-8H-[1,3,4] thiadiazole [2,3-b] quinazolin-6-ol . (3)

The desired product 3 was synthesized by the three component one-pot reaction process from
a mixture of [5-amino-1,3,4-thiadiazol-2-yl]4-nitro benzene (0.01 mol) , dimedone (0.01 mol)
and para chloro benzaldehyde (0.01 mol) in ethanol under reflux condition . The progress of
the reaction was monitored by TLC . Reaction mixture was then kept on ice bath . The soild
product was separated out by filtration . After filtration an yellow crude product was
obtained . The crude product was then purified by recrystallisation from ethanol to yield 74%
as light yellow solid . The melting point was recorded as 194-195 °C .

CHO
0
N
72
.
N02 J\ + CH3
S
NH, 0 CH,
cl
1h | EtOH
cl
Ar
C
N
Y 7 XX
NO,
S N
o

H

OH

T

Q

Hs

H

Compound 3

The IR spectra (Fig . 12) of the compound 3 showed a peak at 3446 cm™ for enolic O-H .
The peak at 3288 cm™ was assigned for N-H . The aromatic C-H stretching was designated at
3150 cm™ . The aliphatic C-H stretching was indicative at 2997 cm™ . A distinctive peak at
1601 cm™ was assigned for C=N moiety . The characteristics peaks at 1525 , 1490 and 1450
cm* were distinguished for C=C . A weak peak at 816 cm™ was identified for bridge C-S-C .

The *H NMR spectra (Fig 13-14) of the compound 3 showed a sharp singlet at 1.136 for three
protons of gem methyl and another sharp singlet at 1.654 was distinguished for three protons
of gem methyl group . The broad singlet at 6.388 was designated for one olefinic proton . The
another olefinic proton was assigned at 7.212 . The doublet with the coupling contant J=8.0

Hz at 7.414 was attributed for four aromatic protons, the another doublet with the coupling
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constant J=8.0 Hz was ascribed for four aromatic protons at 7.61 . The sharp singlet at 7.842
was distinctive for one proton of S-C-H . The sharp singlet at 9.400 was indicative for one
proton of enolic O-H. The downfielded sharp singlet at 10.012 was identified for one proton
of N-H .

All the spectral evidences express harmony with the structure of the compound 3 as

?r OH
N\N/C\ H
NO, / CH;
S N CH,
"
H
H
Compound 3
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Figure - 12
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Figure - 14
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3.4 Characterization of the compound 5-(4-hydroxyphenyl)-8,8-dimethyl-2-(4-
nitrophenyl)-10,10a-dihydro-8H-[1,3,4] thiadiazole [2,3-b] quinazolin-6-ol . (4)

CHO
0
N
/ 0
NO, /|k + * CH;4
S
NH2 (0] CH3
OH
1 h | EtOH
(|)H
Tr OH
C
N
/ \N/ AN
NO, CH,
s N
"

H

jan)

H
Compound 4

The desired product 4 was synthesized by the three component one-pot reaction process from
a mixture of [5-amino-1,3,4-thiadiazol-2-yl]4-nitro benzene (0.01 mol) , dimedone (0.01 mol)
and para hydroxy benzaldehyde (0.01 mol) in ethanol under reflux condition . The progress
of the reaction was monitored by TLC . Reaction mixture was then kept on ice bath . The
soild product was separated out by filtration . After filtration an orange crude product was
obtained . The crude product was then purified by recrystallisation from ethanol to yield 73%

as orange solid . The melting point was recorded as 201-204 °C .

The IR spectra (Fig. 15) of the compound 4 showed a wide absorption band at 3400-3460
cm* for phenolic OH group . The band at 3340-3380 cm™ was identified for enolic O-H . The
aromatic and aliphatic C-H stretching were distinctive at 3100 and 2961 cm™ respectively .
The peak at 1609 cm™ was designated for C=N . The characteristics peaks at 1590 , 1550 ,
1511 and 1490 cm™ were distinguished for aromatic and aliphatic C=C .The peak at 850 cm™
was identified for C-S-C bridge linkage .

The 'H NMR spectra (Fig 16) of the compound 4 showed a doublet with the coupling
constant J=2.0 Hz for six proton of two methyl groups . The doublet with the coupling
constant J=12.0 Hz at 7.44 was assigned for four aromatic protons . The other aromatic four

protons showed as doublet with the coupling constant J=8.0 Hz at 7.83 . The singlet at 8.037
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was assigned for two olefinic protons . The broad singlet at 8.066 was designated for one
proton of enolic O-H. The other singlet of one phenolic proton was attributed at 8.029 . The

sharp downfielded singlet was distinctive for one proton of N-H at 11.407 .

All the spectral evidences support in favour of the structure of the compound 4 as

OH

.'lAr OH
N\N/C\ H
N024©_</ CH3
s N CH,
"
H
H
Compound 4
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Figure - 16
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3.5. Characterization of the compound 5-(4-methoxyxyphenyl)-8,8-dimethyl-2-(4-
nitrophenyl)-10,10a-dihydro-8H-[1,3,4] thiadiazole [2,3-b] quinazolin-6-ol . (5)

The desired product 5 was synthesized by the three component one-pot reaction process from
a mixture of [5-amino-1,3,4-thiadiazol-2-yl]4-nitro benzene (0.01 mol) , dimedone (0.01 mol)
and para methoxy benzaldehyde (0.01 mol) in ethanol under reflux condition . The progress
of the reaction was monitored by TLC . Reaction mixture was then kept on ice bath . The
soild product was separated out by filtration . After filtration a yellow crude product was
obtained . The crude product was then purified by recrystallisation from ethanol to yield 72%
as yellow solid . The melting point was recorded as 190-195°C .

CHO
0
N
2
NO, /|K+ * CH;
S
NH, o) CH,
OCH,4
1h | EtOH
(|)CH3
Tr OH
C H
N
NO, CH;
S N CH,
"
H
H
Compound 5

The IR spectra (Fig .17) of the compound 5 showed an absorption band at 3400-3410 cm™
for OH . The peak at 3293 cm™ was identified for N-H . The aromatic and aliphatic C-H
stretching vibrations were assigned at 3159 cm™ and 2961 cm™ respectively . The C=N
moiety was observed at 1607 cm™. The characteristics peaks at 1595 , 1510 , 1450 and 1452
cm* were distinguished for aliphatic and aromatic C=C . The peak at 842 cm™ was identified
for C-S-C bridge linkage .

The 'H NMR spectra (Fig. 18-19) of the compound 5 showed a sharp singlet for three

protons of CHs . The sharp singlet at 1.117 was assigned for three protons of another methyl
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group. The OCH3s three protons was designated by the sharp singlet at 3.375 . The doublet
with the coupling constant J=8.0 Hz at 6.76 was distinguished for two aromatic protons . The
another doublet with the the coupling constant J=8.0 Hz at 6.91 was characterized for one
olefinic proton . The broad singlet at 7.61 was distinctive for one proton of —S-CH . The

doublet with the coupling constant J=8.0 Hz at 7.875 was ascribed for one hydroxyl proton .

The doublet with coupling constant J=8.0 Hz at 7.02 was identified for one olefinic proton .
The doublet with the coupling constant J=8.0 Hz was distinctive for two aromatic protons at
7.24 . The multiplet at 8.243-8.332 was designated for four aromatic protons .

The *C NMR spectra (Fig. 20) of the compound 5 showed a signal at 162.183 for one
carbon of C=N . The signal at 158.0 was indicative for one carbon of SCN . The signals at
136.459 , 135.184 , 132.360 , 132.024 and 131.217 were distinctive for six aromatic carbons .
The signals at 130.665 , 129.315 , 129.202 , 125.588 , 123.507 , 123.494 were assigned for
six aliphatic C=C . The signals at 115.840 , 114.425 , 114.351 , 113.800 and 113.012 were
assigned for six aromatic carbons . The signals at 50.766 was identified for one carbon of
NCS at 40.898 for one carbon of OCHs, at 32.195 for one carbon of CCHz and the signals
at 30.969 and 27.349 were for two carbons of gem dimethyl group .

All the spectral evidences express harmony with the structure of the compound 5 as

(l)CH3
A|r OH
C H
/N\N/ \
NO, CH,
S N CH,
"
H
H
Compound 5
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Figure - 19
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3.6 Characterizatio of the compound 5-(4-nitrophenyl)-8,8-dimethyl-2-(4-chlorophenyl)-
10,10a-dihydro-8H-[1,3,4] thiadiazole [2,3-b] quinazolin-6-ol . (6)

CHO
0
N
J N

cl /‘k + + CH,

S
NH, o CH;4

NO,
1h | EtOH

Tr OH
C H
N
/ \N/ \
cl CH,
5 N CH,4
.

H
H

Compound 6

The desired product 6 was synthesized by the three component one-pot reaction process from
a mixture of [5-amino-1,3,4-thiadiazol-2-yl]4-chloro benzene (0.01 mol) , dimedone (0.01
mol) and para nitro benzaldehyde (0.01 mol) in ethanol under reflux condition . The progress
of the reaction was monitored by TLC . Reaction mixture was then kept on ice bath . The
soild product was separated out by filtration . After filtration an orange crude product was
obtained . The crude product was then purified by recrystallisation from ethanol to yield 73%

as orange solid . The melting point was recorded as 210-212 °C .

The IR spectra (Fig. 21) of the compound of the compound 6 showed a band at 3500-3510
cm for O-H . The peak at 3386 cm™ was assigned for N-H . The aromatic and aliphatic C-H
stretching were designated at 3096 cm™ and 2996 cm respectively . The peak at 1600 cm™
was identified for C=N . The characteristic absorptions at 1590 , 1540 , 1452 cm™ were
designated for C=C . The bridge linkages of C-S-C was observed at 820 cm™ .

The *H NMR spectra (Fig. 22) of the compound 6 showed singlet at 1.266 for three protons
of CHsz and another singlet at 1.283 was assigned for gem CHs . The signal at 6.75 was
detectable for one proton of S-CH . The olefinic two protons were designated at 690 and at

7.02 . The aromatic two protons were attributed at 7.24 , two protons at 7.62 , two protons at
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7.87 and two protons at 8.06 . The one enolic proton and one N-H proton were designated at

8.2 at 9.96 respectively .

All the spectral evidences support in favour of the structure of the compound 6 as

NO,
Tr OH
N\N/C\ H
Cl 4 CH;
s N CH,
"
H
H
Compound 6
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Figure - 21
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Figure - 22
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3.7. Characterization of the compound 5-(4-chlorophenyl)-8,8-dimethyl-2-(4-
chlorophenyl)-10,10a-dihydro-8H-[1,3,4] thiadiazole [2,3-b] quinazolin-6-ol . (7)

CHO

N
7
cl J\* + CH;4
S
NH, o) CH,
cl
1h | EtOH
cl

Ar OH
N\N/ X H hydrolysied ﬁ
CI—@—{/)\ CH, —»a’@—cr{—N—C—NH—NHZ
s N CH,
"
H
H
Compound 7 Compound 7a

The desired product 7 was attempted to synthesized by the three component one-pot reaction
process from a mixture of [5-amino-1,3,4-thiadiazol-2-yl]4-chloro benzene (0.01 mol),
dimedone (0.01 mol) and para nitro benzaldehyde (0.01 mol) in ethanol under reflux
condition. The progress of the reaction was monitored by TLC. Reaction mixture was then
kept on ice bath. The soild product was separated out by filtration. After filtration a white
crude product was obtained. The crude product was then purified by recrystallisation from

ethanol to yield 60% as white solid. The melting point was recorded as 150-152 °C.

The IR spectrum (Fig .23) of the compound 7a showed a band at 3445 cm™ for N-H , the
peak at 3300 cm™* was assigned for NH.. The aromatic C-H stretching was identified at 3122
cm™. The C=N moiety was designed at 1600 cm™. The characteristic peaks at 1550, 1502,
1455 were distinguished for C=C. The peak at 1283 cm™ was distinctive for C=S.

The *H NMR spectra (Fig. 24-25) of the compound 7a showed a doublet with the coupling
constant J=8.0 Hz at 7.45 for two aromatic protons. The another doublet with the coupling
constant J=8.0 Hz at 7.83 was designated for two aromatic protons. The singlet at 8.032 was
distinctive for one olifinic proton. The broad singlet for two protons of NH;was attributed at
8.066 and 8.229. The downfielded singlet at 11.477 was assigned for one proton of N-H.

90



All the spectral evidences support the structure of the compound as 7a but not 7. Probably

initially formed 7 was hydrolysed to 7a.

S

CIOCHN—H—NH—NHZ

Compund 7a
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Figure - 23
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Figure - 24
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Figure - 25
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3.8  Synthesis of 5-(4-hydroxyphenyl)- 8,8-dimethyl-2-(4-chlorophenyl)-10, 10a-
dihydro-8H-[1,3,4]thiadiazolo[2,3-b]quinazolin-6-ol . (8)

CHO
N
2
S
NH2 (0]
OH
1.5h | EtOH
(‘)H
1|\r OH
C
N
/ \N/ AN
Cl CH,
S N
"

H

=

H

Compound 8

The desired product 8 was synthesized by the three component one-pot reaction process from
a mixture of [5-amino-1,3,4-thiadiazol-2-yl]4-chloro benzene (0.01 mol), dimedone (0.01
mol) and para hydroxy benzaldehyde (0.01 mol) in ethanol under reflux condition. The
progress of the reaction was monitored by TLC. Reaction mixture was then kept on ice bath.
The soild product was separated out by filtration. After filtration a white crude product was

obtained. The crude product was not possible to purify.

The IR spectra (Fig-26) of the crude 8 showed an wide absorption band at 3400-3450 cm™
for N-H and O-H groups. The band at 3275-3315 cm™ was assigned for NH.. The peak at
3190 cm™ was designated for aromatic C-H stretching. The C=N moiety was observed at
1611 cm™. The characterizatized peaks at 1610, 1563 and 1515 cm™ were observed for C=C.
It was not possible to characterize the structure of the compound as 8.
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Figure - 26
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ANTIMICROBIAL

Chapter 4
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4.1 Introduction

The evolution and spread of antibiotic resistance, as well as the evolution of new strains of
diseases causing agents , is of great concern to the global health community . Our ability to
effectively treat disease is dependent on the development of new pharmaceuticals , and one
potential source of novel drugs is traditional medicine . This study explores the antibacterial
properties of fungal extracts of medicinal plants . Bacteria are responsible for many infectious
diseases . The increasing clinical importance of drug resistant bacteria pathogens has lent
additional urgency to antibacterial research . The antibacterial screening which is the first
stage of antibacterial research is performed to ascertain the susceptibility of various bacteria
to any agent . This test measures the ability of each antibacterial agent to inhibit the in vitro
bacterial growth. This ability may be estimated by any of the following three methods .

e Disc diffusion method

e Serial dilution method

e Bio-autographic method
In serial dilution method the original culture suspension is diluted more one time , in tubes or
in appropriate medium . Because of the reduction in the number of bacteria due to dilution
isolation is obtained . When greatly diluted the specimen contains only few organisms of only
one species . The cultured obtained is conserved by the spread plate or streak plate method .
The disc diffusion technique [170] is a widely accepted in vitro investigation for preliminary
screening of agents which may possess any antibacterial activity . It is essentially a
quantitative or qualitative test indicating the sensitivity or resistance of the microorganisms to
the test materials . However , no distinction between bacteriostatic or bactericidal activity can
be made by this method [171] .

Fungi are responsible for many infectious diseases. Infectious diseases are caused by living
organisms called pathogens . World health problems caused by drug resistant fungi are
increasing . Invasive fungal infections have not only increased in frequency but also new
fungal species have been reported to cause infection , especially in immune compromized
patients . Concurrent with the increase in fungal infections , a large variety of antifungal
drugs are available with different which give results that correspond to the clinical outcome
of spectrum of activity . Our ability to effectively treat disease is dependent on the
development of new pharmaceuticals , and one potential source of novel drugs is traditional

medicine .
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The increasing clinical importance of drug resistant fungal pathogens has lent additional
urgency to antifungal research . The antifungal screening which is the first stage of antifungal
research is performed to ascertain the susceptibility of various fungi to any agent . This test
measures the ability of each antifungal agent to inhibit the in vitro fungal growth . This
ability may be estimated by any of the following three methods such as disc diffusion

method, serial dilution method and bio-autographic method .

4.2 Principle of disc diffusion method

Solutions of known concentration (pg/ml) of the test samples are made by dissolving
measured amount of the samples in definite volume of solvents . Dried and sterilized filter
paper discs (6 mm diameter) are then impregnated with known amounts of the test substances
using micropipette . Discs containing the test material are placed on nutrient agar medium
uniformly seeded with the test microorganisms . Standard antibiotic discs and blank discs
(impregnated with solvents) are used as positive and negative control . These plates are then
kept at low temperature (4 °C) for 24 hours to allow maximum diffusion . During this time
dried discs absorb water from the surrounding media and then the test materials are dissolved
and diffused out of the media . The diffusion occurs according to the physical law that
controls the diffusion of molecules through agar gel [172] . As a result , there is a gradual
change of test materials concentration in the media surrounding the discs . The plates are then
incubated at 37 °C for 24 hours to allow maximum growth of the organisms . If the test
materials have any antibacterial activity , it will inhibit the growth of the microorganisms
giving a clear , distinct zone called “Zone of Inhibition”. The antibacterial activity of the test
agent is determined by measuring the diameter of zone of inhibition expressed in millimeter .
The experiment is carried out more than once and the mean of the readings is required [173] .
In the present study synthesized compounds were tested for antibacterial activity by disc

diffusion method .
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4.3 Determination of antimicrobial activity by the zone of inhibition

The antibacterial potency of the test agents is measured by their activity to prevent the growth
of the microorganisms surrounding the discs which gives clear zone of inhibition . After
incubation , the antibacterial activities of the test materials were determined by measuring the

diameter of the zones of inhibition in millimeter with a transparent scale .

A SENSITIVITY TEST

Culture plate Bacteria growing

on medium
\ A
Sensitivity 0 /

discs
\; ®
¢ Zone of inhibition.
.‘ ~— Nogrowth
D ’ Q
Zone of inhibition.

No growth

Bacteria are sensitive to antibictics C and D
but are resistant to A, B and E.

Figd3a)

Figure 27 : Inhibition Zone measurement .

In the present study synthesized compounds were tested for antibacterial activity by disc

diffusion method .

4.4 Antimicrobial Screening
4.4.1 Disc diffusion methods

The Kirby-Bauer and Stokes' methods are usually used for antibacterial susceptibility testing,
with the Kirby-Bauer method being recommended by the NCCLS. The accuracy and
reproducibility of this test are dependent on maintaining a standard set of procedures as

described here.
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4.4.2 Materials used

a) Test Organisms: Both gram positive and gram-negative organisms were taken for the test

and they are listed in the Table.

Gram positive Bacteria Gram negative Bacteria

Staphylococcus aureus Salmonella typhimurium

Escherichia coli

Pseudomonas aeruginosa

Bacillus subtilis

Citrobacterfreundii

The fungal strains used for the experiment were collected as pure cultures and two organisms

were taken for the test.

Aspergillusniger Tricodarmaharzianum

a) Growth Media: The activity was conducted on the Nutrient Agar Media produced from
TSA (Tryptone Soya Agar) .

Composition :

Pancreatic digest of casein 15.0 g/L
Enzymatic digest of soya bean 5.09/L
Sodium chloride 50¢/L
Agar 15.0 g/L

a) Apparatus Used:

e Petri plate : Plastic plate, which was previously sterilized.
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e Pipette : Micropipette was used for adding the required concentration of sample to
the plates.

e Blank discs : Susceptible blank discs were used, which was stored in 20°C to 8°C.

e Glasswares : 500 ml conical flask and test tubes were used.

e Compounds Screened : All the synthesized compounds.

e Solvent Used : Dimethyl sulfoxide.

e Standard Used : Ciprofloxacin for bacteria and Michanazole for fungi.

a) Test materials
P-1,P-2,P-3

4.5 Procedure for Performing the Disc Diffusion Test
Inoculums Preparation

4.5.1 Growth Method

The growth method is performed as follows

At least three to five well-isolated colonies of the same morphological type were selected
from an agar plate culture. The top of each colony was touched with a loop.

a) Growth was transferred into a tube containing 4 to 5 ml of a suitable broth medium, such
as tryptic soy broth.

b) The broth culture was incubated at 37°C until it achieved or exceed the turbidity of the 0.5
McFarland standard (usually 2 to 6 hours) .

¢) The turbidity of the actively growing broth culture was adjusted with sterile saline or broth
to obtain a turbidity optically comparable to that of the 0.5 McFarland standard .

4.5.2 Inoculation of Test Plates

a) Media was prepared by adding 40.0 gm of Nutrient agar to 1L of distilled water . Then it was
sterilized by autoclaving at 15 Ib/inch and at 210°C temperatures for two hours .

b) Media was cooled to the temperature of approximately 40°C and microorganisms were
inoculated to the media. 25ml was transferred to a petriplate. Two such plates were prepared for
each organism. Plates were allowed to cool for 20 minutes .

c) Optimally , within 15 minutes after adjusting the turbidity of the inoculum suspension , a

sterile cotton swab was dipped into the adjusted suspension . The swab should be rotated
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several times and pressed firmly on the inside wall of the tube above the fluid level . This will

remove excess inoculum from the swab .

d) The dried surface of a TSA plate is inoculated by streaking the swab over the entire sterile
agar surface . This procedure was repeated by streaking two more times , rotating the plate
approximately 60 °C each time to ensure an even distribution of inoculums . As a final step , the
rim of the agar was swabbed .

e) The lid may be left the plate for 3 to 5 minutes , but no more than 15 minutes , to allow for

any excess surface moisture to be absorbed before applying the drug impregnated disks .

4.5.3 Application of Discs to Inoculated Agar Plates

The predetermined battery of antibacterial discs was dispensed onto the surface of the

inoculated agar plate . Each disc was pressed down to ensure complete .

a) contact with the agar surface. The discs were placed such a way so that they were no

closer than 24 mm from center to center .

b) The plates are inverted and placed in an incubator set to 37 °C within 15 minutes after the

discs were applied .

4.5.4 Application of Samples on the discs

a) Crude fungal extract was dissolved in DMSO and diluted to get concentration of 300

pa/disc .

b) Four blank discs were placed in the petri plates . Reference standard Tetracycline was
impregnated on one of the discs , and only solvent as a blank was impregnated on one of the
discs , and others experimental solutions were impregnated on others discs . Each disc was
marked by a marker as a small symbol so that each of the discs could be easily identified .

25l of solution was injected on each disc .
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Figure 28 : Application of Samples on the discs.

4.5.5 Reading Plates and Interpreting Results

The above culture plates were incubated at 37°C for 24 hours. The zones of inhibition

produced by compounds and Ciprofloxacin for bacteria and Michanazole for fungi were

recorded in mm and compared.

4.6 Determination of antimicrobial activity by measuring the Zone of Inhibition

After incubation, the antimicrobial activities of the test materials were determined by
measuring the diameter of the zones of inhibition in millimeter with transparent scale.
Synthesized compounds were tested for antibacterial activity against eight bacteria and
antifungal activity against two fungi. All compounds were tested at 300 pg/disc

concentration.

Table 2: In Vitro Bactericidal Profiles of compounds in terms of Zone of Inhibition

Comp. | Bacterial species Fungal Species

Comp. | Gram Gram negative Fungal Species
positive

Comp. | S.a B.s E.c P.a St C.f T.h An

P-1 |25 23 26 22 18 32 9 7

P-2 |11 15 10 9 13 15 6 13

P-3 |20 20 15 7 10 25 13 7
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* 50 pL dose used & concentration was 300 pg disc. The observed zone of inhibition is
indicated by diameters (in mm) and (-) representsnn no activity. S.a., Staphylococcus aureus
(cars-2), B.s., Bacillus subtilis, (carsgp-3), E.c., Escherichia coli, (carsgn-2), P.a.,
Pseudomonas aeruginosa , (carsgn-3) , S.t., Salmonella typhimurium, (JCM-1652) , C.f.,
Citrobacterfreundii, (JCM-1657) , T.h., Tricodarmaharzianum, (carsm-2) , A.n.,
Aspergillusniger.  (carsm-3) .Michonazole (Mc) used as Standard antifungal agent &

Ciprofloxacin (Cp) as standard antibacterial agent .
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Figure 29 : Antibacterial activity of synthesized compounds against S.a
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Figure 30 : Antibacterial activity of synthesized compounds against P.a
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Figure 31 : Antibacterial activity of synthesized compounds against T.h
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Figure 32 : Effect of activity of P1, P2, PsonS.a,E.c,P.a,Bs.[(a), (b), (c), (d)]
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(9)

Figure 33 : Effect of activity of P-1,P-2,P-3on C.f,S.t, T.h.(e,f,g)
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4.7 Comparatively study of the three compounds

The tested compounds showed activities at a dose of 300 pg disc! comparable to

Ciprofloxacin for bacteria and Michonazole for fungi (standard) at 300 pg disc™.

The P-2 compound showed bactericidal moderate activity against S. aureus , B. subtilis , P.
aeruginosa.Noticeably,all the compounds showed the antibacterial activity against B. subtilis.
P. aeruginosa E. coli, S. aureus, C. freundii . Among them P -1 showed very good activity
against B. subtilis, P. aeruginosa, E. coli , S. aureus. P-3 compound showed very good

activity against C. freundii.

P-1, P-2 and P-3 compounds showed the antifungal activity against both T. harzianum and
A. niger .
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Conclusion

We have synthesized a novel dihydro - thiadiazole quinozoline derivatives . The products
were synthesized by multi — component one — pot process in which three reactants come
together in a single reaction vessel gave a final product . Multi — component one — pot
synthetic method is very easy to carry out and provide rapid access to libraries of organic
compounds with diverse substitution patterns . Multi — component one — pot methods
eliminate the isolation of intermedials , thereby reduces the reaction time and increases the
yield than the normal multistep methods . Multi — component one — pot method is the
simplest and most straight forward procedure involves three components one — pot cyclo
conduction of aldehydes , thiadiazole and dimedone . The synthesized dihydro — thiadiazole
quinozolino showed moderate to good antibacterial and antifungal activity .
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