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Abstract

In the present series, two series of compounds (84 compounds), 1,3 thiazines and 1,4
thiazine were designed and synthesized by simple and commercially feasible methods.
Purity of the synthesized compounds were ascertained by TLC and their structures were
elucidated by spectral (IR and NMR) and elemental analysis. The synthesized compounds
were evaluated for in vitro antimicrobial activity against MTB and cytotoxicity. One of
the compound [N-(2-(4-(benzyloxy) phenyl)-4-oxo- 1, 3-thiazinan-3-yl) isonicotinamide
— “Compound 17”] from the 1,3 thiazine series was found to be very active so evaluated
for pharmacokinetic, tissue distribution, excretion and interaction with other marketed
drugs. One compound from 1,4 thiazine series possessed in-vitro dormant
antimycobacterial activity and structure activity relation of this series correlated well with

the 3D- QSAR studies.
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Tuberculosis is a common, lethal, infectious disease caused by various strains of
mycobacteria, usually Mycobacterium tuberculosis. Tuberculosis attacks the lungs but
can also affect other parts of the body. It is spread through the air when people who have
an active TB infection cough, sneeze, or otherwise transmit their saliva through the air.
Most infections are asymptomatic and latent, but about one in ten latent infections
eventually progresses to active disease which, if left untreated, kills more than 50% of

those so infected [1].

In 1882, Robert Koch identified Mycobacterium tuberculosis as the causative agent of
TB, but since his discovery the global TB epidemic seems unabated. Tuberculosis is
estimated about 1-7 million deaths each year. Worldwide numbers of new cases (more
than 9.8 million) are quite high (Figure 1.1) [2]. Low-income and middle-income
countries account for more than 80% of the active cases in the world. Due to the
devastating effect of HIV on susceptibility to tuberculosis, sub-Saharan Africa has been
disproportionately affected and accounts for four of every five cases of HIV-associated

tuberculosis.

Tuberculosis notification rates, 2011

Figurel.1: TB incidence per 100,000 inhabitants [2]
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Diagnosis continues to rely on century-old sputum microscopy; there is no vaccine with
adequate effectiveness and tuberculosis treatment regimens are protracted and have a risk

of toxic effects.

Increasing rates of drug-resistant tuberculosis in Eastern Europe, Asia, and sub-Saharan
Africa now threaten to undermine the gains made by worldwide tuberculosis control
programs [3]. Moreover, our fundamental understanding of the pathogenesis of this
disease is inadequate. However, increased investment has allowed basic, translational and
applied research to produce new data, leading to promising progress in the development
of improved tuberculosis diagnostics, biomarkers of disease activity, drugs, and vaccines.
The growing scientific momentum must be accompanied by much greater investment and

political commitment to meet this huge persisting challenge to public.

Equally important, especially in the highest-burden countries of India, China, and Russia,
will be a commitment to tuberculosis control including improvements in national policies
and health systems that remove financial barriers to treatment, encourage rational drug
use, and create the infrastructure necessary to manage multi drug resistant (MDR-TB)
tuberculosis.The world’s two most populous countries, India and China, account for more
than 50% of the world’s MDR-TB cases and as such these countries are encountering a
high and increasing TB disease burden. However, due to the size of the population and
the number of TB cases reported annually, India ranks second among the 27 MDR-TB

high-burden countries worldwide after China [4, 6].

The WHO figures that put the number of Multi-Drug Resistant Tuberculosis (MDR-TB)
cases in India at 63,000, saying there were only 10,267. As many as 38,287 suspected
cases were examined till the end of 2011 and of them, 10,267 have been diagnosed with
MDR-TB and 6,994 put on treatment, according to TB India - 2012 - the annual status
report of the Revised National TB Control Programme (RNCTP) brought out by the
Health Ministry [4].
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But the RNCTP report points out that most studies on drug resistant TB in India were
undertaken using non-standardised methodologies with bias and small samples usually
from tertiary level care facilities. To obtain a more precise estimate of MDR-TB burden,
the RNTCP carried out drug resistance surveillance (DRS) in accordance with global
guidelines in selected States — Gujarat, Maharashtra, Andhra Pradesh — which
indicated that the prevalence of MDR-TB was low, less than 3 per cent among new cases
and 12-17 per cent in re-treatment cases. To substantiate the findings, two more DRS
surveys are being carried out in western Uttar Pradesh and Tamil Nadu and two more are
planned in Rajasthan and Madhya Pradesh. The surveys will be undertaken to

periodically monitor and study the trend of MDR prevalence.

On Extensive Drug Resistant TB (XDR-TB), a subset of MDR-TB with resistance to
second line drugs and injectable drugs, the report says the extent and magnitude of this
problem is yet to be determined. No separate DRS surveys have been undertaken to
estimate the burden of XDR-TB in the country. However, DRS surveys in Gujarat and
Andhra Pradesh reported 14 XDR-TB cases and 112 XDR-TB patients were diagnosed at
the National Reference Laboratories as reported by the States from 2008 to September
2011.

1.1. Tuberculosis

In 1898, Harvard pathologist Theobald Smith demonstrated that tubercle bacilli isolated
from humans differed significantly from bacilli isolated from cattle in their capacity to
cause disease in different animal species. Eventually, the two bacilli were granted
separate species status, with M. tuberculosis designating the typical human pathogen, and
Mycobacterium bovis referring to the bovine form. Because M. bovis has the capacity to
cause disease in a variety of animal species, including humans, it was originally thought

to exhibit a much broader host range than M. tuberculosis [7-8].

The genus of Mycobacterium tuberculosis consists of aerobic acid-fast bacillus, rod

shaped organism (Figure 1.2a) [9]. The cell wall complex contains peptidoglycan, but
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otherwise it is composed of complex lipids. Over 60% of the mycobacterial cell wall is
lipid. The lipid fraction of M. tuberculosis's cell wall consists of three major components,
mycolic acids, cord factor, and wax-D.Mycolic acids, the major lipid of the

Mycobacterium tuberculosis cell wall (Figure 1.2b).

M. tuberculosis produces three main types of mycolic acids: alpha-, methoxy-, and keto-.
Alpha-mycolic acids comprise at least 70% of the mycolic acids present in the organism
and contain several cyclopropane rings. Methoxy-mycolic acids, which contain several
methoxy groups, comprise between 10% and 15% of the mycolic acids in the organism.
The remaining 10% to 15% of the mycolic acids are keto-mycolic acids, which contain
several ketone groups [10-11].Mycolic acids are modified by cyclopropane rings, methyl
branches, and oxygenation through the action of eight S-adenosy | methionine (SAM) -
dependent mycolic acid methyltransferases (MAMTs), encoded at four genetic loci.
Mycolic acid modification has been shown to be important for M.tuberculosis
pathogenesis, in part through effects on the inflammatory activity of trehalose dimycolate

(cord factor).

Free lipids

* Branched and
capped portion
AM

lic acids
binan portion
AM

Peptaarabinosyl
motifs

portion of LAM
-/ Arabinan
Linker

- Galactan
~ Peptidoglycan

Associated
_ plasma-membrane
proteins

- PIMs
—————— Polyprenyl sugars

Flagella

(@) (b)
Figure 1.2 :( a) Mycobacterium tuberculosis scanning electron micrograph and

prokaryotic cell structure. (b) Cell wall structure. [9]
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1.2. Latent Tuberculosis

The pathogen responsible for TB uses diverse strategies to survive in a variety of host
lesions and to evade immune surveillance. This situation highlights the relative short
comings of the current treatment strategies for TB and the limited effectiveness of public
health systems, particularly in resource-poor countries where the main TB burden lies.
The ease with which TB infection spreads (for example, by inhalation of a few droplet
nuclei 2-5 mm in diameter containing as few as 1-3 bacilli), has helped to sustain this
scourge. In spite of half a century of anti-TB chemotherapy, one-third of the world’s
population asymptomatically still harbor a dormant or latent form of M. tuberculosis with

a life long risk of disease reactivation (Figure 1.3) [12].

/3
N

M. tuberculasis
asrosal

(o600

Figure 1.3: Stages of M. tuberculosis infection [12].

M. tuberculosis is an aerosol transmission and progression to infectious TB or non-
infectious (latent) disease [13-17]. A sizeable pool of latently infected people may relapse
into active TB, years after their first exposure to the bacterium. Latent TB is commonly

activated by immune suppression, as in the case of HIV. In cases of drug-susceptible
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(DS)-TB, 95% of patients recover upon treatment, whereas 5% relapse. If untreated high

mortality results.

Reactivation of latent TB, even after decades of subclinical persistence, is a high risk
factor for disease development particularly in immune compromised individuals such as
those co-infected with HIV, an anti-tumors necrosis factor therapy or with

diabetes.Figure 1.4 illustrates the spread of TB at the cellular level [17].

Infected macrophage i may be indicators of early treatment effect
W * Markers associated with baseline extent of
| disease may predict subsequent relapse

(

Clinical cure {sterilizing cure) Clinical cure (quiescent phase)

granuloma

4 Pro-inflammatary markers, T immunoregulation J

| Persistence of Ty, cells and
“latent” infection markers

‘Conmtinued absence of Ty, cells
but persistence of T, cells

Persistence of Ty, cells and
Tatent’ infection markers

Figure 1.4: Spread of TB at the molecular level. [17]
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1.3. Current TB Drugs

Modern TB chemotherapy started with the discovery of streptomycin (SM) in 1944 by
Schatz, Bugie and Waksman. Two years later, para-amino-salicylate (PAS) was
discovered by Lehmann based on a previous observation by Bernheim that salicylate
uniquely stimulated oxygen consumption in tubercle bacillus [18-19]. In 1952,
twoimportant front-line TB drugs, isoniazid (INH) Zhang et al.and pyrazinamide (PZA),
both of which were discovered based on the weak activity of nicotinamide against
tubercle bacilli, were introduced in the clinicaltreatment of TB. Despite their structural
similarity (Figurel.5) and their nicotinamide origin, INH and PZA have very different
mechanisms of action (Table 1.1). Ethambutol (EMB), a synthetic antitubercular, was
discovered in 1961, followed by the introduction of rifampin (RIF) in 1967; both
compounds are effective TB drugs. Various other drugs such as kanamycin, amikacin,
capreomycin, cycloserine, ethionamide, thiacetazone, were mainly used as second-line
drugs in the treatment of relapsed or drug-resistant cases. An important observation in the
early days of TB chemotherapy was that use of single drugs invariably led to selection of
drug-resistant bacilli buta combination of two or more drugs greatly reduced emergence
of drug resistance [20-22]. The course of treatment between the 1950s and 70s was
typically 12-24 months, but through the efforts of the British Medical Research Council
in the 1970s and early 1980s, it was found that inclusion of RIF and PZA greatly reduced
the treatment duration from 12-24 months to 6 months. This was the beginning of short

course chemotherapy and is the basis for the current TB therapy (Table 1.2).

Current TB drugs can be divided into first-line drugs isoniazid (INH), rifampin (RIF),
pyrazinamide (PZA), Ethambutol, Streptomycin, and second-line drugs para-amino-
salicylate (PAS), kanamycin, cycloserine (CS), ethionamide (ETA), amikacin,
capreomycin, thiacetazone, and fluoroquinolones. TB drugs can also be classified
according to their specificity into TBspecific drugs (INH, PZA, EMB, PAS, CS, ETA,
thiacetazone etc.) and broad-spectrum drugs (RIF, SM, kanamycin, amikacin,
capreomycin, fluoroquinolones).While mechanisms of resistance to TB specific drugs are

specific to M. tuberculosis, mechanisms of resistance to the broad-spectrum drugs are the

26



same as in other bacterial species such as E. coli. First-line and second-line TB drugs,

their structures and targets of inhibition are shown in Tablel.1, Figure 1.5 and1.6 [23-27].
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Figure 1.5.Structures of a list of first-line and second-line TB drugs [23]

27



Table 1.1: Current TB Drugs and their Targets

Genes
Drugs Mechanisms of action ;Evolved Targets
resistance
Inhibition of cell wall Multiple targets
mycolic acid synthesis, lfatG* including acyl carrier
Isoniazid andother potential inhA protein reductase
multiple effects on DNA, kasA (InhA),B-ketoacyl
lipids, carbohydrates, and ndh synthase (KasA)
NAD metabolism
Inhibition of RNA
Rifampin . rpoB RNA polymerase B
synthesis subunit
DlSI'llPthIl of membrane pncA* Membrane function
Pyrazinamide function and energy ) and eneray
metabolism, Inhibition of fasI? )
i i metabolism, FasI?
fatty acid synthesis?
Ethambutol Inhibition of cell wall - »,pCAB  Arabinosyl transferase
arabinogalactan synthesis
Streptomycin Inhibition of protein RpsL Ribosomal S12
synthesis rrs protein and 16S rRNA
Amikacin/Kanamycin - [phibition of protein rs 16S TRNA
/Capreomycin synthesis
Fluoroquinolones Inhibition of DNA gyrase g?;’? DNA gyrase
Ethionamide Inhibition of mycolic acid InhA Acyl carrier protein
synthesis etaA™ reductase (InhA)
Cycloserine Inhibition of . alrA/daap D-alanine
peptidoglycan synthesis racemase/synthase
PAS Inhibition of folic acid unknown  unknown

synthesis and iron uptake?

*KatG, PncA and EtaA are not targets of inhibition but enzymes involved in the activation of prodrugs INH, PZA and

ETA, respectively
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SIGNAL TRANSDUCTION

Adenylyl cyclase,
TRANSCRIPTION Protein Kinase (8,G,HJ),
RNA pol @ subunit, Tyrosine phosphatases, DevR
SigA, SigB, SigF, OrfX, OrfY, /
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! VIRULENCE

¢, Rv2623, a Cry, Icl,

AhpC, AhpD, Lpd, SucB,
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Streptomycin
CELL
ENVELOPE
abA, EmbCAB TRANSLATION
MACE, AlrA Isoleucyl tRNA synthase,
Methionyl tRNAsynthase,
Serylt RNA synthase
CELLULAR METABOLISM
Proteasome associated genes and DNA repair genes,
Arylamine N-acetyl transferase,
Acetolactate synthase and ketol acid reducto isomerase, | 0>  Patented drug targets
Thymidylate synthase > First line drugs

Figure 1.6: An outline of Patent Protected drug targets of
M. tuberculosis [26]

1.4. Drug Resistance

Drug resistance in tuberculosis (TB) is a matter of great concern for TB control programs

since there is no cure for some multidrug-resistant TB (MDR-TB) strains of M.

tuberculosis. There is concern that these strains could spread around the world, stressing

the need for additional control measures, such as new diagnostic methods, better drugs

for treatment, and a more effective vaccine. MDR-TB, defined as resistance to at least
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rifampicin (RIF) and isoniazid (INH), is a compounding factor for the control of the
disease, since patients harboring MDR strains of M. tuberculosis need to be entered into
alternative treatment regimens involving second-line drugs that are more costly, more

toxic, and less effective.

Moreover, the problem of extensively drug resistant (XDR) strains has recently been
introduced. These strains, in addition to being MDR, were initially defined as having
resistance to at least three of the six main classes of second-line drugs (aminoglycosides,
polypeptides, fluoroquinolones, thioamides, cycloserine, and paraaminosalicylic acid).
More recently, at a consultation meeting of the World Health Organization (WHO)
Global Task Force on XDR-TB, held in Geneva, a revised laboratory case definition was
agreed: “XDR-TB is TB showing resistance to at least rifampicin and isoniazid, which is
the definition of MDR-TB, in addition to any fluoroquinolone, and to at least 1 of the 3
following injectable drugs used in anti-TB treatment: capreomycin, kanamycin and
amikacin.” XDR-TB now constitutes an emerging threat for the control of the disease and
the further spread of drug resistance, especially in HIV-infected patients, as was recently
reported. For this reason, rapid detection of drug resistance to both first- and second line
anti-tuberculosis drugs has become a key component of TB control programs. Current
regimen for treatment of drug susceptible tuberculosis is illustrated in Table 1.2 and the

illustration of resistance at cellular level is seen in figure 1.4 [28].

Table 1.2: Current regimens for treatment of drug susceptible tuberculosis

Regimen Initial phase Continuation phase
T . . 4 months of
- 2 months of isoniazid, rifampicin, and [+ mo t 50
Daily . . ! . isoniazid and
pyrazinamide, with or without ethambutol . . .
rifampicin

24 weeks of twice
weekly isoniazid
and rifampicin
18 weeks of thrice
weekly isoniazid
and rifampicin
*The daily regimen is used when patients self-administer their drugs. There is enough redundancy that, if patients

miss some of their doses, the outcome will remain acceptable
+The intermittent regimens are intended for directly observed therapy

2 weeks of daily isoniazid, rifampicin,
. . ; pyrazinamide and streptomycin or ethambutol
ntermittent
8 weeks of thrice weekly isoniazid, rifampicin,
pyrazinamide and streptomycin orethambutol
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The last drug with a new mechanism of action approved for TB was rifampicin
(discovered in 1963). Further complicating the situation are drug—drug interactions that
preclude the co-administration of some available TB drugs with certain anti-HIV
treatments or other chronic disease medications, such as those used in diabetics. To
achieve global control of this epidemic, and there is an urgent need for new TB drugs

with the features described in Table 1.3.

Table 1.3 Desired target product profile for a new TB drug

Desired target Biological characteristics
product
profile

Treat MDR-TB and  New chemical class with a new mechanism of action
XDR-TB Existing chemical class covering resistant isolates
Drugs with low toxicity issues, like hepatotoxicity
Shorten treatment Strongly bactericidal activity
duration Good activity on latent or dormant or heterogeneous populations

More potent and safer regimens of a novel drug and its

combinations
Lower dosing Good pharmacokinetics including longer half-life and target
frequency tissue levels

Retain potency when administered intermittently (for example, 1—
3 times a week)
Novel fixed-dose formulations and delivery technologies
Reducing pill Combinations of more efficacious drugs to reduce number of pills
burden taken
Child-friendly formulation of newer drugs
Drug—drug No cytochrome P450 induction liabilities
interactions Minimal drug—drug induction particularly with antiretrovirals or

oral diabetics

Each target product profile feature is accompanied by the biological characteristics needed to accomplish that

respective feature
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The challenge of meeting the expectations of this desired target product profile
complicates drug discovery efforts. Considering how few drugs from the discovery stage
successfully enter the TB clinical pipeline, an increased understanding of the drug
discovery hurdles should facilitate development of novel intervention strategies. The
situation is further hampered by the unfavourable economics of TB drug development

and the lack of proper policy incentives.
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Figure 1.7: Incidence of tuberculosis, 1990-2004, also includes the targets for 2015[29].

WHO-led global control programs aim to reverse the rise in TB incidence by 2015 and to
halve the 1990 prevalence and morbidity rates globally. The costs of reaching these
targets will be substantial: the WHO estimates a total cost of $56 billion over 10 years to
implement its global plan to stop TB, but anticipates that funding of only around 45% of

this total will be available.
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Despite the relative efficacy of current treatment, the various antibiotics that constitute
first and second-line drugs for TB therapy target only a small number of core metabolic
processes such as DNA and RNA synthesis, cell wall synthesis, and energy metabolism
pathways [30]. New classes of drugs with additional drug targets that are difficult to
overcome by mutation are urgently needed [31]. Desirable new targets should be
involved in vital aspects of bacterial growth, metabolism and viability whose inactivation
would lead to bacterial death or aninability to persist, thus therapy could be shortened and
drug resistant strains could be eliminated or drastically reduced [32,33]. Moreover,
targets involved in the pathogenesis of the disease process should also be considered for

drug development [34, 35].

The discovery of the complete genome sequence of TB bacteria helped to identify several
important drug targets [36]. Various groups have used this genomic information to
identify and validate targets as the basis for development of new Anti-TB agents.
Besides, mycobacterial genetic tools, such as transpose on mutagenesis, gene knockout,

and gene transfer, greatly facilitate target identification.

2.1. Drug targets

2.1.1. Cell wall biosynthesis related targets

Cell wall biosynthesis is a particularly good source of molecular targets because the
biosynthetic enzymes do not have homologues in the mammalian system [32]. The cell
wall of M. tuberculosis is very important for its survival within constrained conditions
such as those inside of human macrophages. The biosynthesis of the cell wall
components involves many important stages and different enzymes that are absent in

mammals and could be attractive drug targets [37-39]. Few such targets are as follows:

Isoprenoid precursors, which are a large group of natural products and play key roles in
many biological pathways, can only be biosynthesized by the 2-C-methyl-D-erythritol 4-
phosphate pathway in M. tuberculosis [40-42]. The 4-diphosphocytidyl-2-C-methyl D-
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erythritol kinase (IspE), which is an essential enzyme in the isoprenoid precursor
biosynthesis pathway, catalyzes ATP-dependent phosphorylation of 4-diphosphocytidyl-
2-C-methyl-D-erythritol (CDP-ME) to 4-diphospho cytidyl-2C-methyl-D-erythritol-2-
phosphate and plays a crucial role in M. tuberculosis survival. Therefore, IspE is
characterized as an attractive and potential target for antimicrobial drug discovery.
However, no experimental structure of M. tuberculosis IspE has been reported, which has
hindered our understanding of its structural details and mechanism of action. Here, the
expression and purification of fully active full-length M. tuberculosis. IspE and solve the
high-resolution crystal structures of IspE alone and in complex with either the substrate
CDP-ME or non hydrolyzable ATP analog or ADP. The structures present a
characteristic galactose /homoserine /mevalonate /phosphor mevalonate kinase
superfamily o/ -fold with a catalytic center located in a cleft between 2 domains and
display clear substrate and ATP binding pockets. Distinct differences in ligand binding of
M. tuberculosis IspE with other reported IspEs. Combined with the results of mutagenesis
and enzymatic studies, our results provide useful information on the structural basis of

IspE for future anti-tubercular drug discovery targeting this kinase.

Peptidoglycan biosynthesis (Figure 2.1) [44] is another source of potential drug targets.
For instance, alanine racemase and D-Ala-D-Ala-ligase catalyze the first and second

committed steps in bacteria and are good drug targets.

N-Acetylglucosamine
(GIcNAS) 5 cetylmuramic

Pentaglycine cross-link

Figure. 2.1(a) Structure of peptidoglycan [44]
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Both alanine racemase and D-Ala-D-Ala ligase are inhibited by D-cycloserine, a second

line anti-TB drug [45-46].

Another good drug target is the pyridoxal 5’-phosphate containing enzyme Alr that
catalyzes the racemization of L-Alanine into D-Alanine, a major component in the

biosynthesis of peptidoglycan [47].

Arabinogalactan biosynthesis, (Figure. 2.2) a novel arabionofuranosyltransferase that
catalyzes the addition of the first key arabino furanosyl residue of the galactan core, is not
sensitive to EMB, but is essential for viability [48]. The first committed step in the
synthesis of decaprenyl phosphoryl-D-arabinose, the lipid donor of mycobacterial D-
arabino furanosyl residues during arabinogalactan biosynthesis, is the transfer of a 5-
phosphoribosyl residue from phosphoribose diphosphate to decaprenyl phosphate to form
decaprenylphosphoryl-5-phosphoribose. The ribosyltransferase that catalyzes the first
committed step in the synthesis of decaprenyl-phosphoryl-D-arabinose, the lipid donor of
mycobacterial d-arabinofuranosyl residues, has also recently been characterized and

shown essential for growth [50].

N-Terminus

O D-Galactose

O L-Arabinose
C-Terminus

o D-Glucuronic acid
. L-Rhamnose

Figure. 2.2: AG structure of an AGP molecule [50].

Studies into the mechanism of action of ethambutol in M. avium identified a gene cluster

that conferred resistance to this antibiotic when overexpressed [51]. Further studies
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showed that the products of this gene cluster - EmbA, EmbB and EmbC - are involved in
the formation of the terminal hexaarabino furanoside portion of arabinogalactan, where

mycolic acids are attached [52].

Other enzymes essential for arabinogalactan biosynthesis have been identified, including
UDP-galactopyranosemutase (encoded by the M. tuberculosis glf gene) [53],
galactofuranosyltransferase [54] and dTDP-6-deoxy-Llyxo-4-hexulose reductase, the
enzyme that catalyzes the final step in the formation of dTDP-rhamnose. dTDP-rhamnose
is a product of four enzymes, RmlA-D, and a recent report has demonstrated that both

RmlIB and RmlIC are essential for mycobacterial growth [55].

2.1.2. Mycolic acid biosynthesis related targets

Within the mycobacteria lipid metabolism, mycolic acids are essential structural
components of the mycobacterial cell wall [56]. The early stage of fatty acid
biosynthesis, which generates the precursors of mycolic acids, is a rich source of
antibacterial targets [57]. Mycolic acids (Figure 2.3), which are key components of the
mycobacterial cell wall, are alpha-alkyl, beta-hydroxy fatty acids, with a species-
dependent saturated "short" arm of 20-26 carbon atoms and a "long" mero mycolic acid
arm of 50-60 carbon atoms. The latter arm is functionalized at regular intervals by
cyclopropyl, alpha-methyl ketone, or alpha-methyl methyl ethers groups. The mycolic
acid biosynthetic pathway has been proposed to involve five distinct stages: (i) synthesis
of C20 to C26 straight-chain saturated fatty acids to provide the alpha-alkyl branch; (ii)
synthesis of the mero mycolic acid chain to provide the main carbon backbone, (iii)
modification of this backbone to introduce other functional groups; (iv) the final Claisen-
type condensation step followed by reduction; and (v) various mycolyl transferase

processes to cellular lipids [58].

It is also the site of action of INH and ethionamide. M. tuberculosis has both types of
fatty acids synthase (FAS) systems found in nature, FAS-I and FAS-II. FAS-I is the
system responsible for de novo synthesis of C16-C26 fatty acids and the FAS-II system
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extends these fatty acids up to C56 chains to make precursors of mycolic acids, which are
essential for growth. Since enoil-ACP reductase (InhA) is the target of INH, it is
reasonable to assume that all steps in the FAS-II pathway will be essential for the
viability of M. tuberculosis. Many of the individual enzymes of the FAS-II system have
been expressed, purified and characterized this is proven target for new antibacterial

drugs.
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Figure 2.3: A typical arabinogalactan molecule from M. Tuberculosis [53]

2.1.3. Energy production related targets

All bacteria require energy to remain viable. Although the energy production pathways in
M. tuberculosis are not well characterized, their importance as drug targets is
demonstrated by the recent finding that PZA (a frontline TB drug that is more active

against non-growing persistent bacilli than growing bacilli and shortens TB therapy) acts
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by disrupting membrane potential and depleting energy in M. tuberculosis. This study
implies that energy production or maintenance is important for the viability of persistent
non-growing tubercle bacilli in vivo. The recent discovery of the highly effective TB
drug diaryl quinoline also highlights the importance of energy production pathways for
mycobacteria. It is likely that energy production pathways, such as the electron transport
chain, glycolytic pathways (like the Embden—Meyerhof pathway) and fermentation
pathways, could be good targets for TB drug development.

Isocitrate lyase (ICL) is an important enzyme in this category and also an important drug
target. ICL is involved in energy production via the metabolism of acetyl-CoA and
propionial CoA of the glyoxylate pathway. The enzyme isocitrate lyase (ICL) is jointly
required for fatty acid catabolism and virulence in Mycobacterium tuberculosis [59, 60].
Although deletion of icll or icl2, the genes that encode ICL1 and ICL2, respectively, had
little effect on bacterial growth in macrophages and mice, deletion of both genes resulted
in complete impairment of intracellular replication and rapid elimination from the lungs.
The feasibility of targeting ICL1 and ICL2 for chemical inhibition was shown using a
dual-specific ICL inhibitor, which blocked growth of M. tuberculosis on fatty acids and
in macrophages. The absence of ICL orthologs in mammals should facilitate the

development of glyoxylate cycle inhibitors as new drugs for the treatment of tuberculosis.

2.1.4. Amino acid biosynthesis related drug targets

Amino acid biosynthesis is another important target for developing anti-TB drugs. The
shikimate pathway is very important and is involved in the synthesis of aromatic amino
acids in algae, fungi, bacteria, and higher plants; however, it is absent in the mammalian
system. The final product of the shikimate pathway, chorismate, is a key biosynthetic
intermediate involved in generating aromatic amino acids and other metabolites. The
entire pathway is essential in M. tuberculosis [39, 61]. This feature makes the pathway an
attractive target for developing anti-TB drugs with minimum cross reactivity [62]. Other
enzymes of this pathway are also likely to be essential and shikimate dehydrogenase [63]

and 5-enol pyruvyl shikimate 3-phosphate synthase [64] have been characterized in
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detail. The biosynthesis of non-aromatic amino acids is also emerging as a potential drug
target. The impact of amino acids such as lysine [65], proline, tryptophan and leucine
[66] is evident from the fact that knocked out M.tuberculosis strains of the genes required
for amino acid biosynthesis showed less virulence [65,67]. Another attractive target of
the lysine biosynthesis pathway is the enzyme dihydro dipicolinate reductase, for which

potent inhibitors have been identified [68].

2.1.5. Cofactor-related drug targets

Several cofactor biosynthetic pathways and pathways requiring some cofactors are good
candidates for identification of new drug targets. Folate derivatives are cofactors utilized
in the biosynthesis of essential molecules including purines, pyrimidines, and amino
acids. While bacteria synthesize folate de novo, mammals must assimilate preformed
folate derivatives through an active transport system [32]. Dihydrofolate reductase, which
catalyses the reduction of dihydrofolate to tetrahydrofolate, a key enzyme in folate
utilization whose inhibition may affect the growth of M. tuberculosis [69] and
dehydropteroate synthase are validated targets of the widely used antibacterial

sulfonamide, trimethoprim [70].

Two enzymes involved in the de novo biosynthesis of NAD that affects the
NADH/NAD+ ratio upon which M. tuberculosis is dependent, have been studied as
possible drug targets [71]. Maintaining redox balance and shuttling reducing equivalents
with NAD/NADH is important to all cells, but especially for hypoxic MTB, where
alternative electron acceptors must be used. Boshoff et al performed a careful analysis of
the salvage versus de novo synthesis pathway for these nicotinamide cofactors [72]. The
salvage pathway was upregulated and functionally active under in vitro hypoxia, and in
vivo. The conclusion for therapeutic intervention is that an inhibitor must target NAD
synthesis after the two pathways have converged, since either pathway alone is capable of
maintaining homeostasis. Genomic analysis studies have suggested that the riboflavin
biosynthesis pathway is essential in M. tuberculosis [73] and the lumazine synthase

pathway has been validated as a target for anti-TB drug discovery.
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2.1.6. DNA metabolism

Differences in mammalian and mycobacterial thymidin monophosphate kinase have been
studied and exploited in an attempt to find selective inhibitors for this drug target [74,
75]. Other targets are ribonucleotide reductases that catalyze the first committed step in
DNA synthesis and have differences with corresponding mammalian enzymes [76, 77];
DNA ligases, that play animportant role in the replication and repair of DNA, are
classified as NAD+ or ATP dependent. NAD+ dependent ligases are only found in some
viruses and eubacteria. LigA is essential for growth of M. tuberculosis [78] and inhibitors
that distinguish between the two types of ligases and have anti-TB activity have been
identified [79]. DNA gyrase has also been validated as a target for M. tuberculosis, since
this is the only type II topoisomerase [36] that it possesses. Its inhibition by

fluoroquinolones results in highly mycobactericidal activity.

2.1.7. Menaquinone biosynthesis

It appears that menaquinone is the only quinone in mycobacterial electron transport chain
and, since the pathway leading to the biosynthesis of menaquinone is absent in humans,
the bacterial enzymes catalyzing the synthesis of menaquinone from chorismate are
potential novel targets for drug discovery [80]. The bacterial homologues of MenA-E and
MenH have been described in M. tuberculosis. Since latent MTB must presumably
respire at some low rate in order to remain viable; compounds that target respiration have

the potential to be active against non-replicating MTB.

2.1.8. Other potential drug targets in M. tuberculosis

The tubercle bacillus produces no less than 20 cythochrome p450 enzymes, some of
which appear to play essential roles [81]. Antifungal azole drugs target these enzymes

and the cytochrome p450 homologues in the bacteria. Drugs like miconazole and

clotrimazole are active against M. tuberculosis [82]. Subsequent crystallization studies of
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the M. tuberculosis cytochrome p450 enzyme system evoked studies to evaluate new

drugs [83].

Peptide deformylase inhibitors may be effective against M. tuberculosis since peptide
deformylase catalyzes the hydrolytic removal of the B-terminal formyl group from
nascent proteins. It is a metallo protease essential for maturation of nascent polypeptides
in bacteria but not essential for humans, making it an attractive target for antibacterial

drug development; however, it has little effect on slow growing TB bacteria [84, 85].

Another important set of emerging drug targets are the components of the siderophore
biosynthesis of M. tuberculosis [86]. Upon infection, as a part of the defense mechanism,
the host has several mechanisms to withdraw or control the free extracellular, as well as
intracellular, iron concentration [87, 88]. Mycobacteria have an unusual reliance on
serine/threonine protein kinases as the main component of signal transduction pathways
[89], and there is considerable activity around this transduction system since some of
these enzymes are essential for growth [90]. M. tuberculosis synthesizes mycothiol in a
multistep process involving four enzymatic reactions for protection against the damaging
effects of reactive oxygen species. This pathway is absent in humans, and it has been

shown to be essential to M. Tuberculosis [91].

2.2. Rational drug design

One of the design strategies for new anti-TB compounds (Figure 2.4) is based on the
development of analogs of first-line and/or second line drugs. In this section we review
the strategies employed and analyze structure-activity relationships (SAR), which have
led to the development of new anti-TB agents. In addition, we review new
pharmacophore groups. One problem that must be considered in the design of anti-TB
compounds is that there is a subpopulation of bacteria in a persistent non-replicating
state. This is considered a major contributing factor to long drug treatments for TB. For
this reason, it is important to determine if compounds have potential activity against these

bacteria at the onset of design. We should also consider the physicochemical properties
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that directly affect the pharmacokinetics and pharmacodynamics of drugs. An example of
this is the influence of stereoisomers on biological activity, because individual
enantiomers have significant differences in activity, although sometimes the activity of

some enantiomers cannot be explained.
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Figure 2.4. Tuberculosis drugs-and their mechanism of action

2.2.1. Isoniazid derivatives

One of the strategies frequently used in medicinal chemistry to develop new drugs is
“hybridization”, a method that has been proposed particularly for new anti-TB drugs. An
example is the design of molecules based on INH or PZA, incorporating NR1R2 groups
derived from a second anti-TB molecule or possibly other nucleophilic groups to provide

anti-TB activity. With special interest compounds 1 and 2 (figure 2.5.) were obtained.
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These could be considered prodrugs because they contain two conventional drugs that are
bound by a CH fragment. Although the results of activity are very similar to those
presented by INH and PZA, the hydrolysis of new compounds ensures prolonged release

of the active drugs [92].

A variety of compounds derived from INH that include mostly a hydrazine fragment have
been determined. Following this strategy and considering the inclusion of an oxadiazole
moiety, Navarrete et al, developed new agents with high anti-TB activity (3, figure 2.5).
Due to the substitution in 5-position on the oxadiazole ring, the compounds obtained
showed high lipophilicity, hypothesizing that this lipophilicity could facilitate passage of
these compounds through the M. tuberculosis bacterial membrane [93]. Also, structural
modification of the hydrazide moiety on INH (4, figure 2.5) provided lipophilic
adaptations of the drug that blocked the N-acetylation process, obtained high levels of in
vitro activity against M. tuberculosis and macrophages infected, as well as low toxicity

[94].
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Figure 2.5. Structure of compounds derivatives of anti-TB first line drugs.

Another strategy in drug design is the formation of molecules that mimic the natural
substrate of an enzyme. Delaine et al designed a new series of bi-substrate-type inhibitors
based on a covalent association between molecules mimicking the INH substrate and the
NAD cofactor that could provide compounds with a high affinity and selectivity for the
INH catalytic site (5 and 6, figure 2.5). In these compounds, the authors determined that
incorporating a lipophilic component into the nicotinamide hemiamidal frame work

provides more active derivatives [95].

2.2.2. Ethambutol derivatives

Amino alcohols that include EMB, which is used for pharmacological TB treatment, are
an important class of compounds with various applications. This compound has been
widely studied determining that the 1, 2-ethylenediamine moiety is the EMB
pharmacophore, possibility due to chelate bond formation with divalent metal ions such
as copper. Based on EMB, a second-generation agent has been developed, a compound
called SQ109 (7, figure 2.6), which is being tested in clinical trials. It is a drug that
exhibits potent activity against M.tuberculosis strains, including multidrug resistant
strains in vitro and in vivo. Unfortunately, SQ109 has poor bioavailability of only 12%
and 3.8% in rats and dogs, respectively. Studies indicate that this compound undergoes

oxidation, epoxidation and N-dealkylation, which cause its low bioavailability; therefore
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strategies have been designed to improve its bioavailability minimizing this first-pass
effect. Prodrugs based on carbamate groups are a good option for reducing this effect.
Considering this Meng and colleagues developed a new series of analogues based on
carbamate prodrugs of SQ109 (8, figure 2.6) that provide good chemical stability as
substrates of plasma esterase. The results of bioavailability of these compounds show a

five-fold increase of the SQ109 reference compound [96].

Alternatively, Zhang has carried out the synthesis of new analogues of S2824 (9, figure
2.6), a second-generation compound derived from EMB. The results show that new
analogues with a homopiperazine ring (10, figure 2.6) have high in vitro activity against

both sensitive and drug-resistant M. tuberculosis strains [97].
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Figure 2.6. Structure of SQ109 and analogs
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In the design of new 1, 2-diamine derivatives (11, figure 2.7) compounds with 35 times
more activity than EMB have been synthesized. Interestingly, studies show that they do
not have the same target as EMB. An SAR analysis has determined that the presence of a
B-hydroxy group on the amine increases anti-TB activity; however, the distance between
oxygen and nitrogen atoms in EMB are the same as between both atoms in the hydroxyl
ethyl amine suggesting a good relationship between both structures (12, figure 2.7). In a
new series of EMB analogs obtained by Cunico et al, it was determined that the
sulfonamide moiety reducesactivity against M. tuberculosis, and that the amino alcohol
moiety on hydroxy ethyl sulfonamide is crucial for anti-TB activity, where the presence
of a carbamate moiety leads to a loss of activity. Consistent with this, it has been reported
that if compounds lose the basicity of the amino group (12, figure 2.7); this results in a
loss of activity [98]. Finally, EMB has served as a proposal for tripartite hybridization
(chloroquine, isoxyl and ethambutol) for the development of new anti-TB agents (13,

figure 2.7), which exhibit high activity against M. tuberculosis [99].
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Figure 2.7. Ethambutol analogs as anti-TB agents
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2.2.3. Salicylanilides derivatives

Salicylanilides (SAL) derivatives have been of great interest in medicinal chemistry,
although their mechanism of action still unknown. It is postulated that they serve as
epidermal growth factor receptor protein kinase (EGFR PTK) inhibitors. Such compound
shave generally been designed to compete with adenosine triphosphate (ATP) in binding
with the catalytic domain of tyrosine kinase. Recent studies specify that selective
inhibitors of interleukin-12 p40 production also have a specific role in the initiation,
expansion, and control of the cellular response to TB. Following the development of SAL
derivatives, Imramovsky’s group obtained a series of compounds (14, figure 2.8) with
activity similar to INH. Through a SAR study, they established that positions R1 and R2
showed Cl and Br atoms that are necessary for high activity against TB and that the

benzyl and isopropyl substituent at R3 increases activity [100].

In addition, in various SAL derivatives that have been developed it has been shown that
electron withdrawing groups on the salicyloyl ring and hydrophobic groups on the
anilidering, as well as the 2-hydroxy group, are essential for optimal antimicrobial effect.
Halogen substituted SAL in both parties maintains the requirements and forms of more
active derivatives that show anti-TB activity. However, its unsuitable physical properties
led to the generation of prodrugs of SAL derivatives with better bioavailability, and due
to a high degree of lipophilicity, more efficient transport through M. tuberculosis cell

membranes.

Considering this, Imramovsky and colleagues obtained compounds (15, figure 2.8) with
interesting activity against M. tuberculosis. They showed a level of inhibition of 89% -
99% and an MIC of 3.13pg/mL. Although, they demonstrated that lipophilicity is a
secondary parameter in anti-TB activity, they also demonstrated that in these compounds
the stereo isomer effect is important for anti-TB activity; however, in this case the

difference is not determined for individual R/S isomers [92].

49



Using the hybridization strategy, Ferriz et al obtained a new series of derivatives with
SAL and carbamate groups, which have been used as antibacterial and antiviral agents.
Thus the hybridization of two moieties could produce a new series with changes in their
pharmacokinetic and pharmacodynamic properties. Ferriz et al postulated that carbamate
could be protecting these molecules against first-pass metabolism, increasing their
activity profile. The series obtained show that Cl atoms at 3 and 4-position on the aniline
ring increase M. tuberculosis biological activity. Interestingly, the presence of an alkyl
chain also increases the biological activity of these compounds, which suggests the
importance of carbamate group (16, figure 2.8). Although these kinds of compounds are
consistent with the Lipinski rules, it is speculated that due to their high lipophilicity, these
molecules have high permeability, making their release more effective [101]. Another
strategy using SAL derivatives has been the formation of cyclic derivatives, which could
serve as antibacterial agents with a dual inhibition system. Thus, following this design
strategy a new series of benzoxazinediones derivatives was obtained, where a thioxo

group replaced one or two oxo groups. The substitution of an oxo group by the thioxo
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Figure 2.8. General structure of salicylanilides derivatives
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Figure 2.9. General structure of 1, 3-benzoxazine derivatives.

group (17, figure 2.9) strongly increased anti-TB activity, although a second substitution

with the thioxo group had only a small effect on activity (18, figure 2.9) [102].
2.2.4. Quinoline derivatives

A quinoline ring is one of the moieties frequently used in new drug design. It has been
considered a pharmacophore for the design of anti-TB agents. Diarilquinoline,
denominated TMC207 (19, figure 2.10), is an adenosine ATP synthase inhibitor that is
one of the most important quinoline derivatives with anti-TB activity. TMC207 is
currently in Phase II clinical trials. Also, butanamide has been established as an important
pharmacophore with good antibacterial activity and the carbohydrazone moiety is also
known as a pharmacophore group. Based on the above, the design of new quinoline
derivatives with active carbohydrazine and butanamide moieties in 3 and 4-position,
respectively, has been carried out. The SAR study of these compounds shows that the
presence of a trifluoromethyl group at 8-position increases activity; however, the
introduction of a fluoro group in 6-position partially decreases activity (20, figure 2.10)
considering these type of compounds nontoxic [103]. Following the development of
mefloquine analogs (21, figure 2.10) in a series of compounds (22, figure 2.10), good
anti-TB activity has been attributed to the presence of pharmacologically active

heterocyclic groups such as pyrazole, imidazole, and indole rings on the quinoline ring.
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Surprisingly, compounds with a hetoaromatic pyrazole ring have activity against resistant
strains, which can be attributed to the presence of substituents (electron donating groups)

that stabilize the pyrazole ring, making the quinoline ring a more active entity [104].

The conformational restriction-like strategy in flexible drugs is extensively used in
medicinal chemistry. This helped determine steric requirements of receptor-drug
interaction and identification of new structures with high efficiency and selectivity. Based
on this, Goncalves et al studied the conformational restriction of the piperidinyl ring of
mefloquine through the construction of an oxazolidine ring and different substituents on

the phenyl ring (23, figure 2.10).

Conformational restriction showed that the introduction of an oxazolidine core in
themefloquine structure enhances anti-TB activity. Although, the activity of these
compounds are affected by substituents on the aromatic ring bound to C-17 of the

oxazolidenyl nucleus.

Compounds that show hydroxyl or methoxyl groups, which are both electron donators
and capable of forming strong hydrogen bonds, in general are active. In contrast, with
one exception, compounds with nitro or halogenated groups (electron withdrawing
groups and capable of forming only weak hydrogen bonds), are inactive [105]. Thus,
mefloquine has been used to design anti-TB agents. Modifications in previous reports
included introduction of a hydrazone linker into mefloquine at 4-position, substitution of
a piperidine with a piperazine ring and extension of the basic terminus of the piperazine

ring at 4-position.

Additionally, isoxazole is emerging as one of the most powerful hits in high-through put
screening (HTS) against M. tuberculosis. Both types of compounds show an aromatic
ring, a two-atom linker and a five or six member ring. Hybridization strategies have been
the basis for the design of new chemical entities by Mao et al (24, figure 2.10). One
problem that has been detected in this type of compounds is poor penetration of acid

derivatives through the M.tuberculosis cell wall. It is suggested that these compounds
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may act as prodrugs when ester derivatives generate acid derivatives (24, figure 2.10).
SAR studies of these compounds show that when a methyl group replaces a
trifluoromethyl group, it is 10 times less active, suggesting that electronic effects may
play an important role in anti-TB activity. Additionally, steric effects can affect anti-TB
activity. Subsequently, making use of drug design strategies, the authors included ester
bioisosteres, such as amides and oxadiazole, although none of these bioisosteres showed

better activity than ester derivatives.

It was determined that 2 and 8-trifluoromethyl groups on quinoline ring (24, figure 2.10)
are essential for anti-TB activity against replicative bacteria [106]. Isoxazole derivatives
have also been reported as anti-TB agents, in particular compound 25 (figure 2.11) with
an activity of 2.9 uM, which is comparable to INH and (RIF) [107]. Thus, quinoline and
oxazole ring hybridization has been used to develop a series of new anti-TB agents (26,
figure 2.11) which have good activity due to the presence of arylsubstituents at 2-
position on quinoline ring. SAR studies show that the introduction of a 1, 3-oxazole ring
significantly increases activity, obtaining compounds that are more potent than INH
[108]. In search of a new moiety that confers anti-TB activity with low cytotoxicity,
Yang and colleagues reported methoxybenzofuro (2, 3-b) quinoline derivatives (27,
figure 2.11), compounds that have a potent M. tuberculosis growth inhibition of 99% at
low concentrations (0.20 pg/mL) and very low cytotoxicity against VERO cells with an

Inhibitor concentration 50 (ICsp) value of > 30.00 pg/mL [110].
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Figure 2.10. Quinoline as scaffold for designing new anti-TB agents

Several studies have analyzed modifications in the quinolone ring, mainly at 3, 6 and 7-
position. Wube et al proposed a new strategy for anti-TB agent development. They made
a modification in the 2-position, including an aliphatic side chain with various degrees of
unsaturation, lengths chains, and double bond positions (28, figure 2.11). Their results
showed that increasing the chain length enhances anti-TB activity, showing optimal
activity with 14C atoms. If there is an increase of more carbon atoms in the chain,
activity decreases dramatically. This behavior has also been described for ciprofloxacin
derivatives where lipophilicity could play an important role in anti-TB activity. Other

research has determined that the saturated aliphatic chain has less activity than

54



unsaturated analogues. This means that unsaturation of an aliphatic chain is an essential

structure for in vitro anti-TB activity [111].
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Figure 2.11. Quinoline and oxazole derivatives as anti-TB agents

On the other hand, both phenazine and quinoxaline rings are considered bioisosteres of
the quinoline ring. In this focus, phenazine derivatives are a class of useful compounds
for new anti-TB agent development, particularly Tubermicyn B and Clofazimine
(phenazine derivatives). Likewise, De Logu et al developed new agents that show activity
(29, figure 2.12) in a concentration range of 0.19 to 3.12 mg/L against M. tuberculosis-
resistant clinical isolates. Interestingly, they found that this series of compounds were
ineffective in inhibiting the growth of INH resistant strains. Compounds that had
exocyclic groups, which confer different lipophilic and electronic properties, but with a
size similar to INH, such as the phenylamide methyl lipophilic group in 4-position, were
the most active. In contrast, the same group at 3-position reduced activity 100-fold. Also,
phenazine derivatives with electron withdrawing groups in 2 and 3-position have values

with similar biological activity.
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Figure 2.12. General structure of phenazine-1-carboxamides, quinoline and quinoxaline

derivatives.

These results show the importance of the arylic moiety as a pharmacophore for phenazine
carboxamide anti-TB agents. While phenazine’s mechanism of action is still unknown, it

is hypothesized that it could act as a cellular superoxide bismutase inhibitor.

We know that the compound Lomofungin (1-carbomethoxy-5-formyl-4, 6, 8-
trihydroxyphenazine) is capable of inhibiting DNA-dependent RNA polymerase, with
both options being possible mechanisms of action of phenazine derivatives [112].
Quinoxalines are compounds with a broad spectrum of biological activities. Quinoxaline-
N oxide derivatives are known as M. tuberculosis bioreductor agents. In this type of
compounds missing N-oxide groups have led to the loss of anti-TB activity. In this sense,
Monge’s group developed over 500 derivatives of quinoxaline (30, figure 2.12),
demonstrating the importance of this group for generating a new class of anti-TB drugs.
Interestingly, this research group determined that the quinoxaline compounds obtained
have activity on non-replicating bacteria, which could lead to shorter anti-TB therapies

[113].
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Finally, a compound denominated ER-2 is a new analogue of quinoline derivatives
(31,figure 2.12) that is a gyrase supercoiling inhibitor that has potency similar to

Ciprofloxacin with a minimum inhibitory concentration 90 (MIC90) of 0.5 ug/mL [114].

2.2.5. Azoles derivatives

One of the most important strategies for effective anti-TB agent design has been the
development of cell wall biosynthesis inhibitors. Azole derivatives have shown
interesting anti-TB antimicrobial activity, inhibiting the bacteria by blocking lipid
biosynthesis and/or additional mechanisms. Thus, by hybridization of 1, 2, 4-triazoles
and a thiazole moiety, new anti-TB agents were discovered (32, figure 2.13). These
molecules with a highly electronegative part at the sulfhydryl groups have emerged as
new anti-TB compounds. Particularly, Schiff bases derivatives probably due to its ability

to increase penetration into the bacterial cell [115].

Benzimidazole is an important pharmacophore in drug discovery. Gill et al propose 1,2,3-
triazole and benzimidazole ring hybridization as design strategies of new anti-TB
agents.They have also considered the use of electron withdrawing groups in the
benzimidazole ring, which are present in molecules with anti-TB activity. They obtained
compound 33 (figure 2.13) that could be considered a lead series. Their optimization led
to determine that substitutions with electron withdrawing groups produce a loss of anti-
TB activity [116]. A new strategy of hybridization between benzimidazole and a 1, 2, 4-
triazole ring has obtained a series of compounds (34, figure 2.13). Using a SAR study, it
was determined that these compounds enhance biological activity by increasing
electronegativity of the molecule, but surprisingly when a trifluoromethyl group (high
electronegativity) was introduced, it produced a substantial loss of activity, which could
be due to a delay in intracellular transport [117]. Following with the use of a
benzimidazole ring as a drug design, KlimeSova and cols replaced a nitrogen atom with a
corresponding oxygen atom (isosteric) (35, figure 2.13) to obtain a series of benzyl
sulfanyl benzoxazole derivatives. They consider alkyl sulfanyl derivatives of pyridine,

benzimidazole and tetrazole as new anti-TB agents, which present anti-TB activity due to
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the presence of the alkyl sulfanyl group bound to an electron deficient carbon atom in the
heterocycle ring. Thus, a SAR study of these compounds indicates that anti-TB activity is
attributed to the presence of a benzyl moiety at 2-position on the benzoxazole ring,
denoting that anti-TB activity is not affected by electron withdrawing or electron
donating susbstituents on the benzyl moiety. It is important to note that the presence of
two nitro groups on benzyl led to the most active compound (MIC 2umol/L), which may
be related to compounds such as PA-824 and OPC-67683, that also show nitro groups.
Research postulated as a mechanism of action the generation of active species that act on
biochemical targets. Additionally, regression coefficient values for log P show that anti-

TB activity increases when lipophilicity decreases [117].
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Figure 2.13. Triazole and benzimidazole scaffold for designing new anti-TB agents

Another strategy using 1, 2, 4-triazole and 1, 3, 4-thiadiazole rings, led to the
development ofnew anti-TB agents (36, figure 2.13). Guzeldemerci et al obtained
compounds that inhibit 90% M. tuberculosis with a concentration greater than 6.25

pg/mL. In addition, the benzothiazole moiety has been recognized for anti-TB design.
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Both benzothiazole and 1, 2, 4-triazole moiety were considered to obtain new structures
based on hybridization (37, figure 2.13). Benzothiazole derivatives with 4-methoxy
groups showed the best anti-TB activity; however, compounds obtained by hybridization
with the 1, 2, 4-triazole-benzothiazole moiety with the best activity were those with an

electron withdrawing substituent (Cl) on the benzothiazole ring [119].

Another moiety considered in anti-TB agent design has been isopropylthiazole. Based on
this a series of isopropylthiazole derived triazolothiadiazoles, triazolo thidiazines
derivatives, and mannich bases were developed. The SAR study of the thiadiazoles series
(38, figure 2.13) shows that these compounds have excellent activity against M.
tuberculosis when they have fluorinated (highly electronegative) substituents that
increase molecule lipophilicity, producing hydrophobic molecule interactions with

specific binding sites on either receptors or enzymes [120].
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Figure 2.14. Triazole derivatives as anti-TB agents
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One of the strategies employed in the development of new drugs is in silico screening
based on drug structure, structural data of protein and a virtual library of compounds.
With this strategy Izumizono et al identified 5 classes of compounds that have an affinity
for the active site of enoyl-acyl carrier protein reductase. They determined that these
compounds shave a structural skeleton of dibenzofuran, acetoamide, triazole, furyl and
methoxy phenyl groups (figure 2.14) that completely inhibit M. vanbaalenii growth with
no toxic effect on mammalian cells. Binding mode prediction determined that compounds
39, 40 and 41 form common hydrogen bonds with amino acid Lys 165 of the active site
of the reductase protein. Lys 165 is an amino acid residue that is known to form hydrogen
bonds with INH. This shows that hydrogen bond formation with Lys 165 tends to be
effective in the design of new drugs. In drug-interaction, the triazole group of compound
39 forms hydrogen binds withthe active side, and the methoxy and sulfonyl groups in
compound 40 and the sulfonyl group in compound 41, respectively, form hydrogen bonds

with Lys 165 [121].
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Figure 2.15: Dibenzofurane, triazole, methylphenyl and acetamide moiety in compounds

with anti-TB activity.
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Other derivatives of azoles are pyrazoles. Their activity has been tested against M.
tuberculosis. SAR studies show that the presence of a para-chloro benzoyl moiety in C4-
position on the pyrazole ring is essential for anti-TB activity. Results of a series of
pyrazole derivatives, generally show that cyclohexylthio substituted pyrazole derivatives
are more active than aryl thio substituted systems. An excellent activity is presented when

a para-nitro phenilthio ring is incorporated on a pyrazole ring (42, figure 2.15) [122].

Thiazoles are compounds that contains sulfur and nitrogen atom in its structure, and have
been the basis of clinically used compounds. Therefore Samadhiya and colleagues
consider it a basis of anti-TB agent design. In one study, which synthesized a series of
new thiazoles (43, figure 2.15), it was demonstrated through SAR analysis that
compounds with nitro groups show greater biological activity on M. tuberculosis than
compounds with Cl and Br atoms, although these derivatives (Cl and Br) have better

activity than other compounds.

Figure 2.16. General structure of pyrazoles and thiazoles derivatives as anti-TB agents

Finally, they found that the activity of the compound depends on the nature of the
substituent groups (electron withdrawing) with the following sequence NO2 >CI> Br
>0OCH3 < OH > CH3 [123]. On the other hand, hybridization of Spiro compound and
pyrrolo (2,1-b) thiazole, an unusual ring with different biological properties, particularly
permitted the obtention of pyrrolothiazoles derivatives (44, figure 2.16) that present a
MIC of 0.007 uM against M.tuberculosis, being more potent than INH and Ciprofloxacin
[124].
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Figure 2.17. Spiro-pyrrolothiazoles derivative with anti-TB activity

2.2.6. Hydrazides/hydrazones derivatives

Hydrazide/hydrazone is a class of compounds that have been considered for new anti-TB
drug design. An example is diflunisal, a hydrazide/hydrazone derivative, which has dual
effect acting with antimicrobial/anti-inflammatory properties. Furthermore, in thiazolyl
hydrazone derivatives, SAR studies have found that substitutions on the phenyl ring
affect anti-TB activity (45, figure 2.17) [125]. Another example of a thiazolyl hydrazine
is compound 46 (figure 2.17), which has high anti-TB activity with an ICsy of 6.22
pg/mL and low toxicity (CC50> 40 pg/mL). Here, a pyridyl moiety plays a directrole
related to anti-TB activity [126]. Pyridine is a moiety known in the design of anti-TB
agents. Considering this, and using hybridization technique, Sankar et al developed a
series of compounds with potential anti-TB activity (47, figure 2.17), although in many
cases as this, the use of this technique did not produce any agent with excellent activity

against M. tuberculosis [127].
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Figure 2.18. Hydrazone derivatives as anti-TB agents

New designs have been made by molecular hybridization of E-cinamic acid and guanyl
hydrazones. Based on an empirical analysis of SAR, Bairwa and colleagues determined
that electronic and steric parameters have an important role in the activity of these
compounds on M. tuberculosis (48, figure 2.17). They remain the basis of new anti-TB

agents [128].

2.2.7. Nitrogen heterocyclic derivatives

Purines are an important group in the design of anti-TB agents. In these compounds (49,
figure 2.18), activity depends on the substituents present in C2, C6 and N9 of the purine
ring [129]. In 6, 9-disubtituted purine derivatives, activity increases substantially when a

Cl atom is introduced in the 2-position. Interestingly, purine derivatives with thienyl
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substituents exhibit better activity in non-replicating bacteria, although in these
compounds a Cl atom in 2-position is not beneficial for activity. Additionally, it has been
determined that purine N-9 is important for activity, in the case of purine C-8, an atom
can be exchanged without losing activity and a change in purine N-7 results in a loss of
activity, although there are 7-deazapurines derivatives (50, figure 2.18) that could be

compared with RIF [130].
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Figure 2.19. Purine derivatives as anti-TB agents

Heterocycles with one nitrogen atom, especially pyrimidines have potential therapeutic
applications as anti-TB agents, but there are few reports. For this reason, the design of
new pyrimidine derivatives is a viable option (51, figure 2.19). However, neither
compound has an activity comparable to reference drugs, although it has been described

that the substituent nature in 2-position can modulate cytotoxic activity [131].

On the other hand, thymidine monophosphate kinase of M. tuberculosis (TMPKmt) is a
prominent target for the development of anti-TB drugs. TMPK is the last specific enzyme
ford TTP synthesis and is a key enzyme in M. tuberculosis metabolism. This enzyme is
different from human enzyme analogs (22% homology). TMPK inhibitors have been
developed with single or multiple chemical modifications of the pyrimidine moiety and
thymidylate sugar. In particular benzyl-thymine derivatives have been remarkable TMPK
inhibitors, which has led to the proposal of new modifications such as: chain length in
para-position on the benzyl ring, saturation of the alkyl chain, functionalization of the

chain group and substitution at 5-position of the core base. This has led to more selective
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compounds on TMKP that correspond to benzyl-pyrimidines substituted by a chain
length of 4 carbons and a terminal carboxylic acid function. Docking of molecule 52
(figure 2.19) on TMPKmt showed that the hydrogen of the thymine and acid group can
interact with Arg95 [132].
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Figure 2.20 .General structures of pyrimidine derivatives as anti-TB agents.

Pyridine derivatives have also been described as anti-TB agents, an example is compound
53 (figure 2. 20), which presents inhibitory activity with an ICsy value of 0.38 uM,
suggesting that its possible mechanism of action is through glutamine synthetase
inhibition. This would be the first inhibitor compound not derived from amino acids
[133]. Another series of pyridine derivatives were developed by Fassihi et al who
synthesized compound 54 (figure 2.20), a potent anti-TB agent with activity similar to
RIF. The results of these compounds showed that an imidazole group as a substituent is
equivalent to a nitro phenyl group, which has been reported in anti-TB agents derived

from 1, 4-dihydropyridinecarboxamides [134].

Another important heterocyclic for the design of anti-TB agents is the pyridazine moiety.
In these compounds a relationship between Br, Cl and CH3 substituents, respectively,
with Brand vinyl has been found with a favorable anti-TB activity. In these compounds
there is an influence of the substituents X in para-position on the aromatic ring, where
the activity is increased in the following order: CH3 < Cl < Br with the activity being
affected by the R1 substituents, where the most active compounds have a CH3 group (55,
figure 2.21) [135]

65



Cle_ /;‘x| 5 {\\x\:fﬂ S ”A\H’/CI
“‘Q:_,.J\_N, A . T
H ‘ | H
-
N
23 H
o4

Figure 2.21. Pyridine derivatives with potential activity anti-TB
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Figure 2.22. N-substituted-pyridazinones derivatives
2.2.8. Thiazine derivatives

Indumathi et al [136] synthesized a facile (L)-proline-catalysed green synthesis of highly
functionalized [1, 4]-thiazines demonstrated good antimycobacterial activity (Figure
2.22). It was reported that ng MeN-thiazines, and PhCH,N-thiazines series, showed an
equal activity. HN-thiazines showed a higher activity than MeN-thiazines, and PhCH2N.

A general trend emerges, the order of activity being: HN-thiazines>MeN-thiazines>
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PhCH,N-thiazines. This can probably be ascribed to enhancement of the activity of the
thiazine pharmacophore by either the hydrogen donor property of the thiazines which is
available only in NH thiazines or accessibility of lone pair of electrons on the nitrogen for
hydrogen bonding interactions or both. The enhanced steric congestion at nitrogen in
MeN- and PhCH;N-thiazines could also diminish the accessibility of lone pair of
electrons on the nitrogen lowering their activity relative to the HN-thiazines. General

structure is as shown below.
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Figure 2.23. N-substituted- thiazines derivatives

The HN-thiazines with para-methoxy and para-nitro phenyl group showed the highest
activity against MTB. When the nitro group is either at the ortho- or meta- position of the
phenyl ring of HN-thiazines, the activity is diminished relative to the para-nitro analog,
showing that the activity is sensitive to the position of the substituent in the aryl ring. The
HN-thiazine with para-NMe, group showed much less activity than that with either para-
NO; or para-MeO group, suggesting that besides electronic effects other factors also
influence the activity. Among the halogenated HN-thiazines, it is found that the order of
activity is: 2, 4-dichloro > 4-chloro > 3-fluoro. Among the heteroaryl compounds, the
[1, 4]-thiazine with 2-furyl group is found to be twice as active as the 2-thienyl group.
When the aryl ring in HN-thiazine is phenyl, 1-naphthyl or para-dimethyaminophenyl,
the activity is diminished. The most active thiazine against MTB is 11 and 75 times more
active than ethambutol and pyrazinamide respectively, while its activity is 2 and 6 times

less than that of isoniazid and rifampicin respectively.
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These compounds also exhibited MDR —TB activity. The thiazine with para-nitro group
showed the highest activity against MDR-TB, being 67, 6, and 90, 597 times higher than
that of isoniazid, rifampicin, ethambutol and pyrazinamide respectively. The activity of
the compounds against MDR-TB is significantly influenced by the substituent in the aryl
ring of the thiazines, the order of activity being: (4-O,NCgHy) > (4-H3COC¢Hy) > (4-
H3CCgHy4) > (4-CIC¢Hy).

2.2.9. Other derivatives

Several studies indicate that thiosemicarbazone derivatives can be used in TB therapy
andprophylaxis. Previous studies of 1H-2-thiosemicarbazone indolinone derivatives
indicate that halogenation of R1, elongation of the alkyl chain in R2, substitutions of the
alkyl chain in R2 with cyclohexyl or phenyl, and the presence of a substituent in R3, are
more efficient for increasing anti-TB activity, while R1 substitutions with a nitro group
produce the most active compounds. The presence of a morpholine ring in Schiff bases
substituted in R1 with a nitro group also has a significant impact on anti-TB activity. The
results of biological activity of this new series indicate that the elongation of the alkyl

chain increases activity.

This enhanced activity is related to lipophilicity properties and confirmed by values of
LogP compounds. Also, replacement of the alkyl chain in R2 and phenyl unsubstituted
cyclohexyl has led to more active compounds (56, figure 2.23). The absence of
substitutions at N1 on the indole ring and increased lipophilicity appear to be responsible
for high activity against M. tuberculosis [137]. An example of thiosemicarbazone-derived
compounds that have exhibited important anti-TB activity with an ICsy value of 2.59

uM/mL is compound 57 (figure 2.23) [138].
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Figure 2.24. General structure of 1H-indole-2, 3-dione 3-thiosemicarbazone with anti-TB

activity

Other moieties used in the design of anti-TB agents are phenazine and benzothidiazine. In
particular, benzothidiazine 1, 1-dioxide constituents are an important class of anti-TB
agents (58, figure 2.24). A SAR study of this series of compounds indicates that the
furan/thiophene group linked to benzothidiazine through a methylene bridge exhibits
good activity against TB. It is important to point out that a conjugated thiophene
derivative shows moderate activity and is enhanced when it presents a nitrofuran group.
However, elimination of the methylene group with a carbonyl group leads to a dramatic
loss of activity. Finally, Kamalet al postulated piperazine-benzothidiazine with methylene

linkage (59, figure 2.24) as an attractive moiety for the design of anti-TB agents [139].

@U\ D @ixb

58 59

I

Figure 2.25. Benzothiadiazine derivatives as anti-TB agents
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The creation of a hybrid compound has been a frequent strategy for the design of anti-TB
agents. One example is compound 60 (figure 2.25), formed from dibenzofuran and 2, 2-
dimethylpyran subunits. SAR studies and modifications of benzofurobenzopyran have
demonstrated less active compounds such as compound 61(figure 2.25), where the furan
B ring is replacedby an ether linker, a single carbon-carbon bond, a carbonyl group, a
hydroxymethylene or a methylene group. Even modifications such as acylation and
bromination in 5-position on the C ring have produced inactive compounds, thus, it has
been suggested as a basis for the pharmacophore structure of compound 60. In this sense,
Termenzi et al has carried out the synthesis of more derivatives of compound 60, finding
that substitutions with a hydroxy, methoxy, or halogen group on benzofurobenzopyran
increases anti-TB activity. Although, hydroxy compounds with good activity showed,
unfortunately, cytotoxic activity on VERO cells. Halogenated compounds with a Cl or Br
atom in 8, 9 and 11-position, exhibit increased potency compared with compound 60.
SAR analysis shows that electronic effects of substituents on the A ring play a dramatic
role in anti-TB activity. In addition, potency was significantly decreased when the A ring
was substituted by an electron withdrawing group. In contrast, electron donating group
substitutions such as hydroxy or methoxy show a significant increase in activity (62,
figure 2.25). While all compounds showed a possible mechanism of action of interaction
with lipid biosynthesis of the M. tuberculosis cell wall, a specific compound was an

epoxy-mycolate synthesis inhibitor [140].
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Figure 2.26. Structure of benzofurobenzopyrane as anti-TB agents
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Other compounds containing a phthalimide moiety have been described as biophoroto
design new prototypes of drug candidates with different biological activities. It has been
shown that hybridization of both phthalimide (Thalidomide) and sulfonamide (Dapsone)
moiety leads to compounds with activity against M. leprae. In this sense, the design of
new products such as anti-TB agents is interesting. SAR study of a series of derivatives
showed that if the pyrimidine ring is substituted in any position or changed by an
isosteric, this decreases activity on M. tuberculosis. Amino group substitutions by another
phthalimide ring also lead to a decrease in anti-TB activity (63, figure 2.26).
Modifications in the pyridine ring decrease anti-TB activity. Introduction of a
phthalimide group by molecular hybridization did not produce compounds with an
activity similar to INH; however, itallows for compounds with MIC values similar to

PZA [141].

63

Figure 2.27. Phthalimide derivatives as anti-TB agent

Among families of compounds that act as inhibitors of the FAS-II system we can mention
diphenyl ether systems that interact with enzyme-cofactor binary complex, but, recently
new compounds such as indols, benzofuran and cinnamic acid derivatives have been
reported. Development of new cinnamic acid derivatives would focus on more specific
FAS-II inhibitors. From a series of compounds developed (figure 2.27) it was determined
that addition of an alkyl chain increases anti-TB activity. The best results are associated
with an acceptable lipophilicity parameter that appears when a geranyl chain is
incorporated. This led to compound 64, the most active substance with an MIC of
0.1pg/mL [142]. It has also been shown that amide derivatives of fatty acids have anti-TB

activity.
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Figure 2.28.Cinnamic derivatives

Due to their nature these compounds are designed to penetrate bacterial cells, which can
be useful for studying the mechanism of INH resistance as this can also be due to factors

such as mutations in unknown genes, decreased permeability, or increased efflux [143].

2.3. Drugs in clinical trials

In drug design, bicyclic nitroimidazofurane derivatives that have anti-TB activity, such as
CGI-17341 (65, figure 2.28) have been developed; however, this compound is
mutagenic.This has led to the development of PA-824 (66, figure 2.28) [144-146], which
is currently in phase II clinical studies and has a long half-life [147]. Its mechanism of
action is to inhibit M. tuberculosis cell wall lipids and protein synthesis; however, it also

inhibits non-replicating bacteria.

Additionally, it was reported that PA-824 is a prodrug that is metabolized by
M.tuberculosis before exercising its effect and may involve bioreduction of aromatic
nitro groups to generate a radical intermediate nitro [148-150]. Drug resistance has been
shown to be mediated by the loss of a specific glucose-6-phosphate dehydrogenase
enzyme or of its deazaflavin cofactor F420, which may provide electrons for the

reductive reaction. SAR of nitroimidazo [2, 1-b] oxazine series is found in fig. 2.28[147].
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Figure 2.29. In vitro anti-TB structure activity relationships (SAR) of the nitroimidazo [2,

1-b] oxazine series

The interest in derived oxazoles as anti-TB compounds led to the development of OPC-
67683 (67, figure 2.29)[151], which has excellent activity in vitro in sensitive and
resistant M.tuberculosis strains and does not show cross-resistance to any current first-
line drugs, with the evidence that infrequent and low dosing may be effective. The long
half-life of OPC-67683, the lack of metabolisation by CYP enzymes and its efficacy in
immune compromised mice suggest that this drug may be useful for the treatment of co-

infected TB/HIV patients [151,152].
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Its mechanism of action involves inhibition of the synthesis of keto-mycolic, and
methoxy-mycolic acid, although is possible another possible mechanism of action or
interaction with another drug target in M. tuberculosis. OPC-67683 also acts as a
prodrug, since M. tuberculosis metabolizes it and produces as a product desnitro-

imidazooxazole metabolite.

O N
OPC-67683 (67 \{h /
CF.,0

2 NO,

Hydrophilic group to improve bioavailability,

CF, or OCF, also active
Lipophilic phenoxy to Phenyl directly attached to hetero atom best
improve potency

Methyl prefered over H

Para substituent l / R configuration more active
best in vivo and O N (o) = /
in vitro activity Nt
\ 0 N -«—— From the original lead CGI17341
Hetero atom \< /f
N

eliminates mutagenicit
CF,0 genicity

T NO,

OCF, preferred can be
CF,, ForCl

Figure 2.30. Summary of the SAR in the nitroimidazo [2, 1-b] oxazole series

TMC207 (68, figure 2.30) is a quinoline derivative with potent anti-TB activity in
susceptible, MDR and XDR strains, with no cross-resistance to current first-line drugs

[153-156]. It appears that TMC207 has greater potency against mutated drug resistant
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strains than to fully susceptible isolates. Whilst TMC207-resistant M.tb strains have
appeared, they remain fully susceptible to other anti-TB drugs such as RIF, INH, SM and
EMB. The use of TMC207 alone appears to be at least as effective as a combination of
RIF, INH and PZA and more effective than RIF alone in mouse models. TMC207 has a
potent sterilising ability in guinea pigs, being 100 times more effective than the
conventional combination of RIF, INH and PZA. TMC207 has been determined to be
well absorbed orally in humans, with a long half-life, which explains the effectiveness of
single weekly dosing in mice. TMC207 is metabolised by CYP3A4 and, therefore, when
it is administered with RIF its levels decrease significantly, making TMC207 likely to be

incompatible with anti-retrovirals.

TMC- 207 (68)

a-subunit
Arg-186

ATP synthase
binding pocket

TMC207 enters

ATP synthase

and unfolds
—_—

preventing

Arg-186 from Br

transferring a

proton to Glu-61

i L Van der waals forces

c-subunit

— H-bonding

Figure 2.31. Diagram showing the interactions between TMC207 and the binding site of
M.tb ATP synthase
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It is well absorbed in humans with a long half-life and is currently in phase II clinical
studies. Phasella clinical trails have demonstrated that TMC207 is well tolerated in
patients, with an appropriate activity against M.tb. although lower than RIF or INH
monotherapy. Its mechanism of action involves inhibition of ATP synthase that binds the

M. tuberculosis membrane and there is a synergistic effect between TMC207 and PZA.

Other compounds with very promising anti-TB activity are LL-3858 and OPC-37306 (69
and 70, figure 2.31) [157-160]. Some other examples of anti-TB compounds in clinical
trials are showed in table 1 [161-162].
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LL- 3858(69) OPC-37306 (70)
Figure 2.32. Structures of few promising anti-TB

Many new antibiotic candidates are chemical molecules reengineered from old drug
classes discovered decades ago. This approach has identified new TB drugs from existing
antibacterial drug classes and either involved there design of accessible scaffolds to
improve their antimycobacterial potencies or, more directly, the repositioning of known
antibacterial drugs with good antimycobacterial activity for testing in TB clinical trials
(Table 2.1 & 2.2). During re-engineering of known scaffolds, chemical modifications are

introduced into the core structure that may lead to improved bactericidal activities, better
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resistance profiles, safety, tolerability or superior pharmacokinetic/ pharmacodynamic
properties. Figure 2.32 depicts the existing drugs and NCE’s at various stages of

development.

Parent scaffold Derivatized scaffolds

Table 2.1: Remodelling the existing antibacterial drug classes.
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Figure 2.34. A bull’s-eye representation of thecurrent clinical pipeline for TB

Each drug candidate is shown with its current clinical phase of development along with
the target family. TMC207 is in phase IIb trials for MDR-TB and in phase Ila trials for
drug-Susceptible TB. The structure of AZD-5847 has not been disclosed. NDA is a new

drug application (for regulatory approval).
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Table 2.2: Some compounds under clinical trials along with the funding agencies

Compound Funding | Target Mechanism of | Resistance Clinical
action mechanisms | trial
phase
a) Nitroimidazoxacines
PA-824 GATB F420 Inhibition of | Rv0407, I
dependent proteins and | Rv3547,
nitroreductase | cellwall Rv3261 and
biosynthesis | Rv3262
mutations
OPC-67683 | Otsuka | Nitroreductase | Inhibition of | Rv3547 II
mycolic acid | mutations
andcell wall
biosynthesis
b) Fluoroquinolones
Moxifloxacin | Bayer, DNA gyrase Inhibition of | gyrA M1
CDC, DNA mutations
NIH, biosynthesis
FDA
Gatifloxacine | NIH DNA gyrase Inhibition of | gyrA M1
DNA mutations
biosynthesis
¢) Diarilquinolines
TMC207 Tibotec | F1IFO ATP Inhibition of | atpE 111
sintetase ATPsynthesis | mutations
anddisruption
ofmembrane
potential
d) Oxazolidinones
Linezolid NIH, Ribosome Inhibition of | rRNA 23S Pre-trial
Pfizer protein mutations
biosynthesis
e) Dietilamins
SQ109 Sequella | Unknown Inhibition of | Unknown /1I
cellwall
biosynthesis
f) Pirrols
13858 | Lupin | Unknown | Unknown | Unknown |

Chemical tailoring of existing drugs or drug classes has led to the identification of new

molecules with potent antimycobacterial activities. The oxazolidinones also include the
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recently discovered AZD-5847, the structure of which has not been disclosed yet and is
therefore not listed here. SQ109, an orally active cell-wall-targeting diamine antibiotic,

identified via combinatorial chemistry approaches, is currently being tested in humans.
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Figure 2.34. Representative underexplored and new chemical scaffolds.

Some of the chemical structures shown are mentioned in the text. CPZEN-45,
astreptomyces-derived natural product, is a semi-synthetic nucleoside antibiotic from the
caprazamycin family with TB activity. Re-engineering of riminophenazine’s chemical
scaffold can lead to interesting energy metabolism inhibitors with the potential to kill
non-replicating bacilli. Azamethylquinolones have demonstrated activity on
mycobacteria and further chemical optimization may lead to interesting lead candidates
hopefully with better resistance profiles. However, a recent kinase library screen in
E. coli led to the identification of a pyrido pyrimidine scaffold as a competitive inhibitor
of the ATP binding site of acetyl-coenzyme-A carboxylase. For mycobacteria, the search

for kinase inhibitors with potent in vitro bactericidal activity has not been successful,
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although chemical optimization towards the uniquely conserved ATP-binding pockets of
protein kinaseG did identify a new chemical scaffold, tetra-hydro-benzothiophene
(AX20017), but with activity restricted to infected macrophages (Figure 2.34). A related
concept within bacterial research is to identify inhibitors of bacterial virulence factors or
host targets that can modulate pathogen survival inside the infected cells. Recently, it was
revealed that the innate immune response within macrophages can be modulated by
specifically inhibiting the mycobacterial tyrosine phosphatase (mptpB), which blocks

host ERK1/2 and P38 signalling and promotes intramacrophage survival of mycobacteria.
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Cliapter 5 -
Obective and plan of work



3.1 Objective and Rationale for the design of proposed compounds

The main objective of the proposed work is to design and synthesize novel 1, 3 and 1, 4-
thiazine derivatives for the treatment of tuberculosis and also evaluate the possible

pharmacokinetic properties.

The incidence of TB infection has steadily risen in the past decade, and this increase can
be attributed to a similar increase in human immunodeficiency virus (HIV) infection
[163]. The association of TB and HIV infections is so dramatic that in some cases nearly
two-thirds of the patients diagnosed with TB are also HIV-1 seropositive [164].
Furthermore, numerous studies have shown that TB is a cofactor in the progression of
HIV infection [165]. The reemergence of TB infection is further complicated by an
increase in cases that are resistant to conventional antitubercular drug therapy. Not only
does the increasing rate of multidrug-resistant TB create problems for the treatment but
also the costs are exploding. Thus, new drugs are necessary to overcome the current

problems of therapy.

3.2 Plan of work
Various substituted Thiazines have been synthesized and tested for their antitubercular

activity. The present work comprises of the synthesis of the following

3.2.1. [1, 3]-Thiazine derivatives
3.2.1.1. Design and synthesis of 1, 3-Thiazine derivatives [166]

HS oH NN
O.__NH-NH, \/\( o

o 0)
N + Ar—CHO >

EDC, THF
N PY

\

R= (sub) heteroaryl; Ar= (sub) phenyl, heteroaryl; R;= H, alkyl, halogen etc.
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3.2.1.2. 1, 3-Thiazine derivatives were evaluated for the following tests

1. In vitro antimycobacterial activity against M. tuberculosis H37RV

2. Cytotoxicity

3. Pharmacokinetics, tissue distribution and excretion of compound most active
compound.

4. Interaction of most active compound with other drugs

3.2.2. [1, 4]-Thiazine derivatives
3.2.2.1. Design and synthesis of 1, 4-Thiazine derivatives [136]

Earlier we reported anti-tubercular ethyl 6-(4-chlorobenzoyl)-3, 5-di (4-nitrophenyl)-1, 1-
dioxo-1, 4-thiazinane-2-carboxylate, which inhibited in vitro M. tuberculosis H37Rv

(MTB) with minimum inhibitory concentration of 0.68 uM [136].

Cl

o o0 o
\/
o) 0/\
N
H
0 o
Sy N

MIC: 0.68 micro M against MTB and MDR-TB
In the course of screening to discover new compounds employed in the chemotherapy of

tuberculosis, in this proposal we are planning to synthesize some novel 1, 3 and 1, 4-

thiazine derivatives for the treatment of TB.
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QJ\ J 2 Ar-CHO CIHLO 'S — R
— 2 2-R1NH 27 \_7
CH3COOH ' Proline Ar N Ar
Rl

R=H, Cl, CHj, etc.; Ar= (sub) phenyl, heteroary]; R'= (sub) heteroaryl

3.2.2.2. 1, 4-Thiazine derivatives were evaluated for the following tests

1. In vitro antimycobacterial activity against M. tuberculosis H3;RV
2. In-vitro enzyme assay (chorismate mutase)

3. Cytotoxicity assay

4. In-vitro dormant antimycobacterial activity

5. 3D QSAR models generation and PLS analysis

86



Chapren 4
l, 3-Thinzine derivatives ae anti-

87



Crapten 4.1
Syuthesis and bislosieal .

88



This chapter illustrates the novel INH analogs being incorporated in the 1, 3-thiazinan
scaffold T. Srivastava et al have earlier reported the dicyclohexylcarbodiimide mediated
synthesis of 4-thiazolidinones and metathiazanones, by one-pot three component
condensation of amine, bezaldehyde, mercaptopropinoic acid in the ratio of 1:2:3 to give
the desired product in quantitative yield [166]. In continuation of our efforts in
discovering new leads for antimycobacterial activities, we tried to extend the above work
by replacing the amine with isoniazid. Though reaction went smoothly for simple amines,
our initial effort to synthesize the isoniazid analog of metathiazanones resulted in very
poor yield as majority of the product was found in the filtered residue along with
dicyclohexyl urea formed as the side product of the reaction. Purification of the resultant

residue by column chromatography gave the desired product in very low yield.
4.1.1. Chemistry

A series of 32 molecules were synthesized. The synthesis of the target molecules were

achieved as illustrated in Scheme 1.

Synthesis of N (Aryl-4-oxo-1, 3-thiazinan-3yl) isonicotinamide:

HS OH SN
O.__NH-NH, \/\H/ |
0

(0) 0 Z
Ar—CHO >
X + r N/NH
= EDC, THF )\
S Ar

Scheme 4.1.1. Formation of [1, 3]-thiazines

As previously reported, the reaction involves the addition of sulfur nucleophile to the
imine centre followed by attack of the nitrogen on the carboxylic moiety with the
expulsion of water giving the cyclized product. In N, N’-Dicyclohexylcarbodiimide

(DCC) [166] mediated synthesis of thiazolidinones, carbodiimide enhances the activation
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of the carboxyl group of an adduct obtained by the sulfur addition to the imine thereby
facilitating cyclization. Keeping this in mind we decided to set a trial with 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide (EDC) as the activating carbodiimide for the
synthesis of metathiazanones, as the corresponding urea formed as side product during
the course of the reaction would be highly water soluble and can be easily eliminated by
simple workup. The reaction not only gave the desired product in quantitative yield but
also with desired purity. It was observed that as reported in the case of DCC mediated
cyclization, addition of EDC in ice cold conditions gives better yields as compared with

the reaction carried out at ambient temperature.

SN

N ‘
. . Ar (0] =
(0) NH-NH, (0] NH-N HS o
_NH
Ar—CHO+ ‘ N —_— X + HO — > N + H,0
N/ N/ o S/KAr

Scheme 4.1.2. Mechanism for the formation of [1, 3]-thiazines

To explore the scope and limitations of these conditions a series of 32 aromatic and
heterocyclic aldehydes containing electron-withdrawing groups (such as nitro, halogens)
or electron-donating groups (such as methoxy, methyl etc) were employed and as
apparent from the Table 4.1.1, they were found to react well to give the corresponding N-

aryl-4-oxo-1, 3-thiazinan-3-yl) isonicotinamide in good to excellent yields (50- 95%).

INH was dissolved in THF and the reaction mixture was cooled to 0°C, the corresponding
aldehyde was then added drop wise, followed by 3-mercaptopropionic acid and 1-ethyl-3-
(3-dimethylaminopropyl) carbodiimide, the reaction mixture was then slowly warmed to
room temperature and stirred at room temperature for another 5-6 hours (monitored by
TLC for completion), it was then quenched with water and worked up to give the desired

metathiazanones in quantitative yield.
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4.1.2. Methodology

All commercially available chemicals and solvents were used without further
purification. TLC experiments were performed on alumina-backed silica gel 40 F254
plates (Merck, Darmstadt, Germany). The plates were illuminated under UV (254 nm)
and molybidinic acid. Melting points were determined using Buchi B-540 and are
uncorrected. Elemental analyses were carried out on an automatic Flash EA 1112 Series,
CHN Analyzer (Thermo). All 1H and 13C NMR spectra were recorded on a Bruker AM-
300 (300.12 MHz, 75.12 MHz), BrukerBioSpin Corp, Germany. Molecular weights of
unknown compounds were checked by LCMS 6100B series Agilent Technology.

In a typical procedure, the corresponding aldehyde (2.0 mmol) was added to an ice cold
solution of Isoniazid (1.0 mmol) in THF. The reaction mixture was stirred at 0°C for
another 5-10 min. Mercaptopropoinic acid (3.0 mmol) was then added drop wise to the
reaction mixture while maintaining the temperature at 0°C, followed by the addition of 1-
Ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC) (1.3 mmol). The reaction mixture
was then slowly warmed to room temperature and stirred at room temperature for 5-6
hours (monitored by TLC for completion). The reaction mixture was evaporated to
dryness; water (10 ml) was added to the residue and extracted with dichloromethane (2 x
15 ml). The combined organic layer was then successively washed with 5% agq. citric acid
(2x10 ml), water (1x10 ml), 5% aq. sodium hydrogen carbonate (1x15 ml) and finally
washed with brine (1x15 ml), dried over anhydrous Na,SO, and evaporated under
reduced pressure to give the desired product. The crude product was then further purified
either by recrystallisation from ethanol- ethyl acetate mixture (7:3 v/v) or by column

chromatography.

4.1.3. Characterization of Compounds

The purity of compounds 1-32 was checked by TLC and elemental analysis. Both
analytical and spectral data (1H NMR, 13C NMR, and mass spectra) of all the
synthesized compounds were in full agreement with the proposed structures [173].

Lipophilicity of the synthesized derivatives and that of the parent compound, INH, are
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expressed in terms of their logP values (Table 4.1.1). These values were computed with a
routine method called calculated logP (ClogP) using ChemBioDraw Ultra 11.0 software.
Chemical shifts are reported in ppm (8) with reference to internal standard TMS. The
signals are designated as follows: s, singlet; d, doublet; dd, doublet of doublets; t, triplet;

m, multiplet.

N-(4-oxo0-2-phenyl-1, 3-thiazinan-3-yl) isonicotinamide (1):

White solid; M.P - 146-148; Yield (87%); Anal.Calcd for C;¢H5sN30,S: C, 61.32; H,
4.82; N, 13.41. Found: C, 60.93 H, 4.87; N, 13.79. '"H NMR (300 MHz, CDCl3): & 2.78-
2.96 (m, 4H, CH,CH,), 5.73 (s, 1H, CH), 7.09-7.23 (m, 5H, ArH of phenyl), 7.72 -
8.81(m, 4H, ArH of pyridyl), 8.19 (s, IH, NH). *C NMR (75MHz, CDCI3): & 170.9,
163.8, 149.8, 140.2, 138.6, 128.7, 127.9, 126.3, 122.9, 63.7, 38.6, 31.9. MS m/z: 313.09
[M].

N-(4-0x0-2-0-tolyl-1, 3-thiazinan-3-yl) isonicotinamide (2):

White solid;M.P - 111-113; Yield (83%);Anal.Calcd for C;7H17N350,S: C, 62.36; H, 5.23;
N, 12.83 Found: C, 62.56; H, 5.06; N, 12.61. "H NMR (300 MHz, CDCls): & 2.31(s, 3H,
CHs), 2.74-2.94 (m, 4H, CH,CH)), 5.79 (s, 1H, CH), 6.99-7.11 (m, 4H, ArH of phenyl),
7.79 - 8.91(m, 4H, ArH of pyridyl), 8.31 (s, IH, NH). °C NMR (75MHz, CDCI3): § 171,
163.9, 149.7, 140.3, 139, 136.6, 128.9, 126.9, 125.1, 122.8, 57.4, 38.2, 31.8, 18.3.MS
mlz: 327.10 [M"].

N-(4-ox0-2-m-tolyl-1, 3-thiazinan-3-yl) isonicotinamide (3):

White solid;M.P - 170-172; Yield (69%);Anal.Calcd for C;7H17N30,S: C, 62.36; H, 5.23;
N, 12.83 Found: C, 62.46; H, 5.63; N, 12.69. "H NMR (300 MHz, CDCl5): & 2.33 (s, 3H,
CHs), 2.71-2.89 (m, 4H, CH,CH,), 5.76 (s, 1H, CH), 6.85-7.21 (m, 4H, ArH of phenyl),
7.73 - 8.89(m, 4H, ArH of pyridyl), 8.17 (s, IH, NH)"*C NMR (75MHz, CDCI3): § 171.1,
163.8, 149.6, 140.1, 138.8, 137.9, 130.4,128.6, 127.9, 125.4, 122.6, 64.5, 38.4, 31.7,
25.1.MS m/z: 327.10 [M"].
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N-(4-0x0-2-p-tolyl-1, 3-thiazinan-3-yl) isonicotinamide (4);

White solid;M.P — 126--128; Yield (71%);Anal.Calcd for C7H;7N30,S: C, 62.36; H,
5.23; N, 12.83 Found: C, 62.21; H, 5.69; N, 12.49. '"H NMR (300 MHz, CDCl3): & 2.34(s,
3H, CHs3), 2.73-2.94 (m, 4H, CH,CH,), 5.77 (s, 1H, CH), 6.91-7.09 (m, 4H, ArH of
phenyl), 7.79 - 8.91(m, 4H, ArH of pyridyl),8.19 (s, IH, NH). *C NMR (75MHz,
CDCl3): 6 171.2, 164, 149.7, 140.4, 137.2, 136.8, 128.9, 128.6, 122.9, 63.9, 38.5, 31.7,
24.3MS m/z: 327.10 [M"].

N-(2-(4-methoxyphenyl)-4-0xo0-1, 3-thiazinan-3-yl) isonicotinamide (7):

White solid; M.P - 166-168; Yield (84%); Anal.Calcd for C;7H;7N305S: C, 59.46; H,
4.99; N, 12.24. Found: C, 59.39; H, 4.93; N, 12.21. "H NMR (300 MHz, CDCl5): 2.69—
2.83 (m, 4H, CH,CH,), 3.71(s, 3H, OCHj3) 5.74 (s, 1H, CH), 6.71-7.03 (m, 4H, ArH of
phenyl), 7.89 - 8.97(m, 4H, ArH of pyridyl), 8.13 (s, IH, NH) *C NMR (75MHz,
CDCl3): 6 171.4, 164.2, 159.3, 149.9, 140.7, 131.5, 129.7, 122.6, 113.9, 64.1, 56.1, 38.4,
31.6.MS m/z: 343.10 [M"].

N-(2-(3, 4, 5-trimethoxyphenyl)-4-0xo0-1, 3-thiazinan-3-yl) isonicotinamide (8):

Off White solid; M.P - 176-178; Yield (81%); Anal.Calcd for C;9H2;N30sS: C, 56.56; H,
5.25; N, 10.42. Found: C, 56.69; H, 5.1; N, 10.24. "H NMR (300 MHz, CDCl3): 2.71-
2.85 (m, 4H, CH,CH»), 3.79 (s, 3H, OCH3), 3.82 (s, 6H, 2-OCH3), 5.81 (s, 1H, CH), 6.16
(d, 1H, ArH of phenyl), 6.18 (d, 1H, ArH of phenyl), 7.85 - 8.93(m, 4H, ArH of pyridyl),
8.21 (s, IH, NH). °C NMR (75MHz, CDCI3): § 171.4, 164.3, 150.8, 149.9, 140.8, 137.3,
133.1, 122.6, 105.9, 64.7, 56.7, 56.5, 38.3, 31.7.MS m/z: 403.12 [M"].

N-(2-(4-hydroxy-3-methoxyphenyl)-4-oxo-1, 3-thiazinan-3-yl) isonicotinamide (9):
Yellow solid: M.P - 133-135; Yield (75%); Anal. Calcd for C;7H;7N304S: C, 56.81; H,
4.77; N, 11.69. Found: C, 56.87; H, 4.67; N, 11.21. '"H NMR (300 MHz, CDCl): 2.78-
291 (m, 4H, CH,CH>»), 3.7 (s, 3H, OCH3), 5.83 (s, 1H, CH), 6.5-6.74 (m, 3H, ArH of
phenyl), 7.89 - 8.95 (m, 4H, ArH of pyridyl), 8.23 (s, IH, NH). °C NMR (75MHz,
CDCl3): 0 171.1, 163.9, 152.1, 149.9, 144.6, 140.9, 132.5, 122.7, 122.1, 116.4, 113.9,
64.3, 56.3, 38.1, 31.8.MS m/z: 359.09 [M"].

93



N-(2-(3-hydroxyphenyl)-4-0xo0-1, 3-thiazinan-3-yl) isonicotinamide (11):

Off white solid; M.P - 107-109; Yield (74%); Anal.Calcd for C;sH 5N305S: C, 58.34; H,
4.59; N, 12.76. Found: C, 58.14; H, 4.79; N, 12.71. 'H NMR (300 MHz, CDCls): 2.75—
291 (m, 4H, CH,CHy), 5.85 (s, IH, CH), 6.59-6.92 (m, 4H, ArH of phenyl), 7.89 - 8.95
(m, 4H, ArH of pyridyl), 8.30 (s, IH, NH). °C NMR (75MHz, CDCI3): & 171.3, 164.1,
158.1, 149.7, 141.1, 140.6, 131.1, 122.7, 121.7, 114.1, 64.4, 38.3, 31.9.MS m/z: 329.08
M™].

N-(2-(3-(dimethylamino) phenyl)-4-0xo0-1, 3-thiazinan-3-yl) isonicotinamide (13):
Pale yellow solid; M.P - 148-150; Yield (80%); Anal.Calcd for C;sHy)N4O,S: C, 60.65;
H, 5.66; N, 15.72. Found: C, 60.5; H, 5.86; N, 15.89. '"H NMR (300 MHz, CDCl3): 2.73-
2.89 (m, 4H, CH,CH,), 3.1 (s, 6H, 2:N-CHj3) 5.82 (s, 1H, CH), 6.54-6.92 (m, 4H, ArH of
phenyl), 7.81 - 8.86 (m, 4H, ArH of pyridyl), 8.24 (s, IH, NH). ). °C NMR (75MHz,
CDCIl3): 6 171.3, 164, 149.7, 148.9, 141.1, 140.7, 129.6, 122.8, 118.3, 113.5, 112.1, 63.8,
41.2,38.1, 31.6.MS m/z: 356.13 [M"].

N-(2-(4-isopropylphenyl)-4-oxo0-1, 3-thiazinan-3-yl) isonicotinamide (14):

White solid; M.P - 123-125; Yield (91%); Anal.Calcd for C;oH,1N30,S: C, 64.20; H,
5.95; N, 11.82. Found: C, 64.30; H, 6.01; N, 11.91. '"H NMR (300 MHz, CDCls): 1.36-
1.41 (d, 6H, 2+:CHj3), 2.69-2.87 (m, 4H, CH,CH,), 3.26-3.35 (m, 1H, CH), 5.81 (s, 1H,
CH), 6.91-7.09 (m, 4H, ArH of phenyl), 7.79 - 8.91(m, 4H, ArH of pyridyl),8.19 (s, IH,
NH). >C NMR (75MHz, CDCI3): & 171.4, 164.1, 149.1, 147.1, 140.6, 135.9, 129.1,
126.1, 123.1, 63.8, 38.6, 36.2, 31.4, 24.1.MS m/z: 355.14 [M"].

N-(2-(4-(benzyloxy) phenyl)-4-o0xo0-1, 3-thiazinan-3-yl) isonicotinamide (17):

White solid; M.P - 189-190; Yield (84%); Anal.Calcd for Cp3H,1N305S: C, 65.85; H,
5.05; N, 10.02. Found: C, 65.89; H, 4.99.; N, 9.97. 'H NMR (300 MHz, CDCls): & 2.79-
2.87 (m, 4H, CH,CH,), 5.21(s, 2H, CH,) 5.80 (s, 1H, CH), 6.8-7.01(m, 4H, ArH of
phenyl), 7.43-7.54 (m, SH, ArH Of benzyl), 7.91-8.87(m, 4H, ArHofpyridyl), 8.3 (s, IH,
NH, D,0 exchangeable). °C NMR (75MHz, CDCI3): 3171.1, 163.9, 158.3, 148.9, 141.1,
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138.8, 130.3, 128.2, 127.1, 125.2, 124.1, 120.8, 114.12, 70.1, 63.7, 38.2, 31.5MS m/z:
419.13 [M"].

N-(2-(3-nitrophenyl)-4-oxo-1, 3-thiazinan-3-yl) isonicotinamide (19):

Pale yellow solid; M.P - 186-188; Yield (71%); Anal.Calcd for C;¢H4N4O4S: C, 53.62;
H, 3.94; N, 15.63. Found: C, 53.39; H, 3.69; N, 15.73. '"H NMR (300 MHz, CDCls): &
2.71-2.88 (m, 4H, CH,CH,), 5.83 (s, 1H, CH), 7.4-8.84 (m, 8H, ArH of phenyl
&pyridyl), *C NMR (75MHz, CDCI3): & 171.2, 164.1, 149.3, 148.7, 141.1, 140.7, 134.9,
129.8, 124.3, 122.9, 119.3, 62.9, 38.4, and 31.7.MS m/z: 358.07 [M"].

N-(2-(4-chlorophenyl)-4-oxo-1, 3-thiazinan-3-yl) isonicotinamide (21):

White solid; M.P-161-163; Yield (65%); Anal.Calcd for C;¢H;4CIN3O,S: C, 55.25; H,
4.06; N, 12.08. Found: C, 55.32; H, 4.13; N, 12.34. "H NMR (300 MHz, CDCl5): & 2.76—
291 (m, 4H, CH,CH,), 5.84 (s, 1H, CH), 7.01-7.26 (m, 4H, ArH of phenyl), 7.8 - 8.91
(m, 4H, ArH of pyridyl), 8.31 (s, IH, NH). >*C NMR (75MHz, CDCI3): § 171.4, 164.1,
149.6, 140.7, 137.5, 131.9, 130.1, 128.3, 123.1, 63.8, 38.1, 31.4.MS m/z: Found [M+H
mlz: %] 347.5, 100; 349.05, 37.2

N-(2-(2-bromophenyl)-4-oxo-1, 3-thiazinan-3-yl) isonicotinamide (23):

White solid; M.P-157-159; yield (67%); Anal.Calcd for C;¢H;4BrN3O,S: C, 48.99; H,
3.60; N, 10.71. Found: C, 49.12; H, 3.63; N, 10.9. '"H NMR (300 MHz, CDCl;): 2.71-
291 (m, 4H, CH,CH,), 5.85 (s, 1H, CH), 6.99-7.33 (m, 4H, ArH of phenyl), 7.81 -
8.89(m, 4H, ArH of pyridyl), 8.25 (s, IH, NH). *C NMR (75MHz, CDCI3): 171.3, 163.9,
149.6, 142.1, 141, 131.8,131, 129.5, 127.7, 123.6, 122.4, 55.9, 38.1, 31.6.MS m/z: Found
[M+H m/z: %] 391.00, 100; 393.05, 98.

N-(2-(4-fluorophenyl)-4-oxo-1, 3-thiazinan-3-yl) isonicotinamide (27):

White solid; M.P-183-185; Yield (60%); Anal.Calcd for Ci¢H4FN3O,S: C, 57.99; H,
4.26; N, 12.68. Found: C, 58.13; H, 4.29; N, 12.78. "H NMR (300 MHz, CDCl5): & 2.78-
2.94 (m, 4H, CH,CH»), 5.81 (s, 1H, CH), 6.91-7.13 (m, 4H, ArH of phenyl), 7.86 - 8.89
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(m, 4H, ArH of pyridyl), 8.29 (s, IH, NH). °C NMR (75MHz, CDCI3): 171.3, 164.2,
161.6, 149.8, 141.1, 134.8, 130.9, 123.1, 116.4, 63.7, 38.3, 31.8MS m/z: 331.08 [M"].

N-(2-(4-(trifluoromethyl) phenyl)-4-oxo-1, 3-thiazinan-3-yl) isonicotinamide (30):
White solid; M.P-199-201; Yield (66%); Anal.Calcd for C;H;4F3N30,S: C, 53.54; H,
3.70; N, 11.02. Found: C, 66.01; H, 4.89.; N, 9.37. '"H NMR (300 MHz, CDCl5):  2.81-
2.97 (m, 4H, CH,CH,), 5.82 (s, 1H, CH), 7.03-7.33 (m, 4H,Ar), 7.89-8.91 (m, 4H, ArH
of pyridyl) 8.3 (s, IH, NH) C NMR (75MHz, CDCI3): 171.2, 164.2, 149.7, 141.3,
140.2,129.8, 128.7, 125.1, 124.3, 122.2, 63.6, 38.2, 31.8.MS m/z: 381.08 [M"].

N-(2-(5-nitrofuran-2-yl)-4-oxo-1, 3-thiazinan-3-yl) isonicotinamide (32):

Brown solid; M.P-179-181; Yield (89%); Anal.Calcd for Ci4H;2N4O5S: C, 48.27; H,
3.47;N, 16.08. Found: C, 48.21; H, 3.43; N, 16.12. "H NMR (300 MHz, CDCl5): & 2.81-
2.93 (m, 4H, CH,CH,), 6.01 (s, 1H, CH), 6.81 (d, 1H, furfuryl), 7.61 (d, 1H, furfuryl)
7.91-9.01(m, 4H,ArH of pyridyl) 8.4 (s, IH, NH) *C NMR (75MHz, CDCI3): 171.2,
164.1, 156.1, 151.5, 149.8,140.9, 123.1,115.4, 109.6, 63.9, 37.2, 27.8.MS m/z: 348.05
[M].

4.1.2. Biological Screening and results
4.1.2.1 In vitro antimycobacterical Screening

All the compounds were screened for their in vitro antimycobacterial activity against log-
phase cultures of MTB Middle brook 7H11 agar medium supplemented with OADC by
agar dilution method similar to that recommended by the National Committee for Clinical
Laboratory Standards for the determination of MIC in triplicate [167]. The MIC is
defined as the minimum concentration of a compound required to completely inhibit the

bacterial growth.
Test Protocol: Micro-organism: Mycobacterium tuberculosis H3;Rv ATCC 27294 was
obtained from tuberculosis Research Centre, Chennai, India. Culture Media: Middle

brook 7H11 agar with OADC growth supplement
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Composition:
Middle brook 7H9 broth base
Distilled Water
Glycerol
Tween 80
OADC growth supplement
Bovine albumin fraction V
Oleic acid
Dextrose
Sodium Chloride
Distilled Water

Method (Agar dilution method)

047 ¢g

90 mL
0.4 mL
0.2 mL

05¢g
0.02 mL
02¢g
0.085 g
10 mL

1. 2 fold serial dilutions of each test compound were dissolved in DMSO

incorporated into Middlebrook 7H11 agar medium with OADC growth

Supplement.

2. Inoculum of M. tuberculosis H3;Rv were prepared from fresh Middlebrook

7H11 agar slants with OADC growth supplement adjusted to 1mg/mL (wet

weight) in Tween 80 (0.05%) saline diluted to 102 to give a concentration of

approximately 10’cfu/mL.

3. A 5 uL amount of bacterial suspension was spotted into 7H11 agar tubes

containing 10- fold serial diultions of drugs per mL.

4. The tubes were incubated at 37°C and final readings were recorded after 28

days.

The MIC’s of the synthesized compounds along with the standard drug INH for

comparison are reported in Table 4.1.1.
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4.1.2.2. Cytotoxicity evaluation

The safety profile of compounds 1-32 was tested on human cancer cell lines HepG2 at
the concentration of 25 pM using the MTT method. Briefly, cells (2500/well) were
seeded in 96-well plates and cultured for 24 hrs, followed by treatment with the
compounds 1-32 for another 48 hrs. 20 puL of 5 mg/ml MTT was added per well and
incubated for another 2.5 hrs at 37°C. Then the supernatant fluid was removed and MTT
formazan precipitate was dissolved in 150 pL. of DMSO, shaken mechanically for 15-20
min. The optical density of each well was measured at 570 nm, using a Perkin Elmer
Victor 3 microplate spectrophotometer. The inhibitory rates at 20 pM are given in Table
4.1.1, all the active compounds showed low toxicity in this assay and the most potent

compound 17 exhibited good safety profile with inhibitory rates as low as 8.8%.
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Table.4.1.1. Physical constants, anti-tubercular activity & cytotoxicity of the compounds

|
0 (0]
EM NH
N
S)\Ar

N

N
=

Comp Ar Yield Melting ClogP* MIC HepG2

No. (%) range uM®  cell line
C) %

cytotox.

1 phenyl 87 146-148  2.56 9.9 10.6

2 o -methyl phenyl 83 111-113  3.01 9.56 12.6

3 m- methyl phenyl 69 170-172  3.06 9.56 8.6

4 p - methyl phenyl 71 126-128  3.06 9.56 124

5 o -methoxy phenyl 89 151-153 245 9.08 15.2

6 m - methoxy phenyl 93 129-131 248 9.08 104

7 p -methoxy phenyl 84 166-168 2.48 454 12.6

8 m,m',p -trimethoxy phenyl 81 176-178 1.86 7.76 8.6

9 p -hydroxy-3-methoxy-phenyl 75 133-135 1.74 8.7 16.11

10 o - hydroxyl phenyl 72 98-100 1.84 1898 8.6

11 m -hydroxyl phenyl 74 107-109 1.89 949 82

12 p - hydroxyl phenyl 76 121-123 1.89 18.9  10.7

13 p -dimethylamino phenyl 80 148-150 2.70 8.78 4.6

14 p -isopropyl phenyl 91 123-125  3.99 2.138 19

15 o - benzyloxy phenyl 84 181-183 2.25 0.24  10.6

16 m - benzyloxy phenyl 62 163-165 4.25 024 12.6

17 p - benzyloxy phenyl 84 189-190 4.25 0.12 8.8

18 o - nitro phenyl 68 169-171 222 212 28.8

19 m - nitro phenyl 71 186-188  2.30 0.56 28.6

20 p -nitro phenyl 53 194-196 2.30 .11 32

21 o - chloro phenyl 61 155-157 3.27 1.15  20.6
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22 p - chloro phenyl 65 161-163  3.27 0.575 26.8

23 o - bromo phenyl 67 157-159 3.42 025 222
24 p - bromo phenyl 81 142-144 342 0.50 18.4
25 o - fluoro phenyl 91 102-104 2.70 0.60 18.6
26 m - fluoro phenyl 71 131-133  4.25 0.60 164
27 p - fluoro phenyl 60 183-185 2.70 030 18.6

28 o ~(trifluoromethyl) phenyl 74 191-193  3.42 0.52 242
29 m -(trifluoromethly) phenyl 62 197-199 3.44 0.52 264
30 p -(trifluoromethyl) phenyl 66 199-201 3.44 0.13  20.6

31 o - furfuryl 70 172-174 1.74 412  18.6
32 m’-nitro furfur-2-yl 89 179-181 1.74 448  38.6
Isoniazid - - -0.66 0.36 10.0

*CLog P was obtained from ChemBioDraw Ultra 11.0; "MIC- Minimum inhibitory concentration ICs, was

determined at 20 uM

4.1.3. Discussion

Thirty two novel isoniazid analogues were prepared by one-pot three component
condensations of isoniazid (INH), 3-mercaptopropionic acid and various aryl/heteroaryl
aldyhydes. The yields range from 52-93% and the purity of compounds was checked by
TLC and elemental analysis. Log P values ranged from 1.74-4.25, lowest being comp 9

and highest being comp. 17 & 18. Because the later bears a bulky aromatic group.

In the MTB screening, all the compounds showed in vitro activity against MTB with
MIC ranging from 0.12-41.2 uM. Thirteen compounds (15-17, 19, 22-30) inhibited MTB
with less than 1 uM. When compared to standard first line drug INH (MIC of 0.36 uM);
six compounds (15-17, 23, 27, 30) were more potent with MIC less than 0.36 pM.
Compound N-(2-(4-(benzyloxy) phenyl)-4-oxo-1, 3-thiazinan-3-yl) isonicotinamide (17)
inhibited MTB with MIC of 0.12 uM and was three times more potent than INH. The
enhanced activity might be due to its hydrophobicity, ClogP of this compound 17 was
4.25 whereas parent compound INH was -0.66. With respect to structure anti-TB activity,
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Compound 1, without any substituent on the phenyl rings, displayed an MIC of 9.9 uM
and serves as the standard for potency comparison. Introduction of smaller electron
donating groups in the phenyl ring 2-13 not alter the activity much; MIC ranging from
4.54-18.98 uM. Among them only 4-methoxy group (7) group enhances the activity
twice and introduction of hydroxyl group is detrimental to activity. Introduction bulky
groups like benzyloxy on the phenyl ring enhances the activity to 39-92 times with MIC
of less than <1 pM. The enhanced activity might be due to its hydrophobicity, ClogP of
this compounds 15-17 was 4.25 whereas standard compound 1 is 2.56. Introduction of
electron withdrawing groups like nitro, halogen, and triflouromethyl enhances the
potency with MIC ranging from 0.13-2.12 uM. The order of activity among the electron
withdrawing groups CF3>Br>F>CI>NO2. Replacement of phenyl with furan ring makes
the compound less active but introduction of nitro group in the furan ring makes the

compound 10 times more active with MIC of 4.48 uM.

Compound N-(2-(4-(benzyloxy) phenyl)-4-oxo-1, 3-thiazinan-3-yl) isonicotinamide —
“Compound 17 inhibited MTB with MIC of 0.12 uM and was three times more potent
than INH was selected for further studies. The most potent compound 17 was selected

and assessed for its basic pharmacokinetic, tissue distribution and interaction studies.
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4.2. Pharmacolsinetice,
and exenetion of compound
N~ (2- (8- (Beupgllory) plhenyt) - &-ox0-
|, 5-thiaginan-5-yl) csonicotinamide
“Compound 17"
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Compound N-(2-(4-(benzyloxy) phenyl)-4-oxo-1, 3-thiazinan-3-yl) isonicotinamide —
“compound -17.” (Figure 4.2.1) inhibited MTB with MIC of 0.12 uM and was three
times more potent than INH was selected for further studies. The most potent compound
compound 17 was selected and assessed for its basic pharmacokinetic and tissue

distribution.
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Figure: 4.2.1 Structure of compound 17.

Measurement of drug concentrations in biological matrices is an important aspect of
discovery and development for those products containing new active substances. Such
data may be required to support new applications in toxicokinetic, pharmacokinetic and
distribution studies to make critical decisions supporting the safety and efficacy of a
compound. It is therefore paramount that the applied bioanalytical methods used are well
characterised, fully validated and documented to a satisfactory standard in order to yield
reliable result. The main objective of method validation is to demonstrate the reliability
of a particular method for the determination of an analyte concentration in a specific
biological matrix, such as blood, plasma, tissue, accurately either in-vitro or in-vivo

studies.

In the present chapter, a simple, robust and reproducible method has been developed and
validated to estimate compound 17 concentrations in rat plasma. This method meets the
requirements and provides high degree of accuracy, sensitivity and specificity by simple

extraction using high performance liquid chromatography and detection by ultraviolet -
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visible spectroscopy [174-177]. The applicability of the method has extended to
quantitate compound 17 in various tissues. In addition, certain key validation
experiments, such as accuracy, precision, recovery, stability studies (freeze— thaw, bench-

top, in-injector and long-term), that were performed with each tissue matrix are reported.

4.2.1. Method Validation in plasma and tissue homogenates

A simple, robust and reproducible method has been developed and validated to estimate
compound 17 concentrations in rat plasma. This method meets the requirements and
provides high degree of accuracy, sensitivity and specificity by simple extraction using
high performance liquid chromatography and detection by ultraviolet - visible

spectroscopy.

4.2.1.1 Experimental Conditions:

A. Chemicals and reagents:
Test substance compound 17(Figure: 4.2.1) was synthesized at Drug research laboratory,
BITS PILANI Hyderabad Campus. -naphthol, Phosphated buffer saline and Ammonium
acetate were supplied by Sigma Chemicals. Acetonitrile (HPLC grade) and Methanol
(HPLC grade) were supplied by Sigma-Aldrich. The reagents Glacial acetic acid and
ethyl acetate were of HPLC grade.

B. Instrumentation and Chromatographic conditions
Analyses were performed on a reverse phase HPLC (Perkin Elmer LC system equipped
with Flexar quarternary pump along with peltier controlled Flexar auto-sampler and
Flexar PDA) on Brownlee Analytical C18 column (4.6 x 150 mm, 3 pm, Perkin Elmer
Corporation, U.S.A) column. The mobile phase used is a mixture of 0.01 M ammonium
acetate (pH = 4.5) and acetonitrile mixture (62:38, v/v) delivered at 1 mL/min. Plasma
concentration time data of the analyte were analyzed by non-compartmental method

using WinNonlin Version 5.1 (Pharsight Corporation, Mountain View, CA).
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C. Preparation of stocks and standard
Primary stock solutions of compound 17 and IS for preparation of standard and quality
control (QC) samples were prepared by weighing separately. The primary stock solutions
(1.0 mg/mL) of the analyte and IS were prepared in methanol and stored at -20°C, which

were found to be stable for one month (data not shown).

D. Preparation of calibration and quality control samples
Appropriate dilutions were made in methanol for compound 17 to produce working stock
solutions of 2.5, 4.0, 6.0, 8.0, 10, 20, 40, 60 ug/ml on the day of analysis and these stocks
were used to obtain a calibration curve (CC). Another set of working stock solutions was
made in methanol (from primary stock) at 50, 9, 3 and 2.5 pg/mL, of which 50 and 9
ug/mL were used for QC high and QC medium respectively. Whereas working stock
solutions at 3 and 2.5 pg/mL were used for QC low and lower limit of quantitation
(LLOQ) of compound 17, respectively. A working solution of IS (100 ug/mL) was also
prepared in methanol. Calibration samples were prepared by spiking 100 uL of control
rat plasma with the appropriate amount of analyte (10 uL) and IS (20 uL) on the day of
analysis. Samples for the determination of recovery, precision and accuracy were
prepared by spiking control rat plasma in bulk at appropriate concentrations (0.25, 0.3,
0.9 and 5 pg/mL as LLOQ, LQC, MQC and HQC for compound 17). Aliquots of 100 uL.
volumes were taken into different tubes and depending on the nature of experiment,

samples were stored at -80 + 10°C until analysis.

E. Extraction procedure for biosamples
The recovery of compound 17 and IS from plasma and various tissue homogenates was
determined by comparing the responses of the analytes extracted from replicate QC
samples (n = 4) with the response of analyte from the neat samples at equivalent
concentrations. Recoveries was determined at low and high quality control
concentrations, whereas the recovery of the IS was determined at a single concentration

of 20.0 pg/mL.
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Following removal of each tissue from the second group of dissected rat, the tissues were
put into the physiological saline to exclude the remaining blood stain. Tissues were dried
using fibreless tissue paper, weighed and cut into small pieces using a surgical blade.
Tissue homogenate was made using phosphate buffer saline (pH 7.4) under ice with a

homogenizer. All tissues were diluted five times with phosphate buffer saline.

Liquid - liquid extraction method was used for the extraction of compound 17 in
biosamples. To each of plasma and tissue samples, IS solution (20 puL) equivalent to 20
ug was added mixed for 15 sec on a cyclomixer; followed by extraction with 1.7 ml of
suitable extraction solvent viz. plasma with ethyl acetate, stomach and blood with
mixture of an equivolume mixture of ethyl acetate and dichloromethane. The mixture was
vortexed for 2 min and centrifugated for 4 min at 3200 rpm. The organic layer (1.4 mL)
was separated and evaporated to dryness at 50°C using a gentle stream of nitrogen. The
residue was reconstituted in 150 uL of the reconstitution solvent (0.01M ammonium
acetate: acetonitrile: 62:38, v/v) and 10 pL was injected onto HPLC system at 315 nm
(Amax of the analyte). From rest of the tissues the analyte and IS was recovered by

simple protein precipitation process.

F. Specificity and selectivity
The specificity of the method was evaluated by analyzing rat plasma and tissue from six
different batches of rat to demonstrate the potential interferences at LC peak region at for

the IS and analyte.

G. Calibration curve
Calibration curves were acquired by plotting the peak area ratio of the compound 17 to
that of IS against the nominal concentration of calibration standards. Plasma samples
were (0.25, 0.4, 0.6, 0.8, 1, 2, 4 and 6 pg/ml) prepared by spiking 100 uL of blank plasma
with 10 pL of standard stock solution and 10 pL of IS 200 pg/mL. Standard tissue
samples were prepared in similar manner with appropriate blank tissues. The acceptance
criterion for each back-calculated standard concentration was + 15% deviation from the

nominal value except at LLOQ, which was set at + 20%.
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H. Precision and accuracy
Inter / intra assay precision and accuracy was determined by analyzing six replicates at
four different QC levels as described above on four different days. The criteria for
acceptability of the data included accuracy within £ 15% deviation (S.D) from the
nominal values and a precision of within £ 15% relative standard deviation (R.S.D),

except for LLOQ, where it should not exceed + 20% of S.D.

I. Stability experiments
The stability of compound 17 and IS in the injection solvent was determined periodically
by injecting replicate preparations of processed samples up to 24 h (in auto-sampler at
4°C) after the initial injection. The ratio of peak-areas of the compound 17 and IS
obtained at initial cycle were used as the reference to determine the relative stability of
the compound 17 at subsequent points. Stability of compound 17 in the biomatrix after 10
h (bench top) exposure at ambient temperature (25 + 2°C) was determined at two
concentrations in six replicates. Freezer stability of the compound 17 in biomatrix was
assessed by analyzing the low and high QC samples stored at -80 £ 10°C for at least 30
days. The stability of compound 17 in biomatrix following repeated three freeze-thaw
cycles (stored at -80 + 10°C between cycles) was assessed using QC samples spiked with
analyte. Samples were processed as described above. Samples were considered to be
stable if assay values were within the acceptable limits of accuracy (i.e., = 15% S.D) and

precision (i.e., £15% R.S.D).

4.2.1.2 Results and discussion

A. Specificity and selectivity
A typical chromatogram for the biomatrix (free of analyte and IS) and spiked with
analyte at LLOQ and IS are shown in the Figure 4.2.2 to 4.2.5. No interfering peaks from
endogenous compounds are observed at the retention times of analyte and IS. The
retention time of compound 17 and IS were 10.5 and 8.5 min, respectively. The total

chromatographic run time was only 13 mins.
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B. Recovery

The extraction recoveries of the compound 17 from biomatrix were calculated by

comparing the response of biological samples spiked with the analyte and extracted with

a suitable solvent to that of standard solutions of equivalent concentration. The results of

the comparison of neat standards vs biological samples extracted standards were

estimated for compound 17 at low, mid, high QC concentrations and peak area ratios

(analyte/internal standard) were used for the calculations. The mean recovery of > 91%

was found in plasma and >75% in other tissue homogenates. The recovery of IS at 20.0

ug/mL was 96.5%.

Comp. 17

Figure 4.2.2. Standard chromatogram
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Figure 4.2.3.Specificity chromatogram in plasma

Comp. 17 at LLOQ

Figure 4.2.4.Quality control standards in plasma
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Figure 4.2.5. Blank tissue (A); Blank tissue spiked with compound 17 and IS (B); Rat
liver tissue sample obtained after 2 h after 50 mg/kg oral dose of compound 17 (C); Rat
lung tissue sample obtained after 2 h after 50 mg/kg oral dose of compound 17 (D)

C. Calibration curve
The calibration curve was prepared by determining the best fit of peak-area ratios (peak
area analyte/peak area IS) versus concentration, and fitted to the equation y = mx + c.
The average regression (n = 4) for compound 17 was found to be >0.99. Calibration
curve were obtained without weighing factor. The linearity range, regression equation,
percent accuracy observed for the mean and back calculated concentrations for BITS -17

in each of the matrix is given in Table 4.2.1.

D. Precision and accuracy

The method provides accuracy and precision for the determination of compound 17. The

accuracy, intra- and inter-assay precision was determined by analyzing six replicates of
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QC samples at four concentrations. Table 4.2.2 gives a summary of the recoveries for rat
biological samples spiked with different concentrations of compound 17. The intra day
precision ranged from 0.86 to 6.22 and inter day precision ranges from 0.71 to 4.83 for all
the biological samples. The results demonstrated the reproducibility of the devised

method.

E. Stability

The stability was predicted at LQC and HQC concentrations in a battery of stability tests
viz., in-injector, bench-top, repeated three freeze/thaw cycles and at -80 + 10°C for 20
days (Table 4.2.3 to 4.2.5). These results indicate that the analyte was stable in-injector
(24 h), bench top (room temperature for 10 h), after freeze thaw condition (3 cycles). The

results were also proved that the analyte are stable for 20 days in biological samples.

Table 4.2.1. Linear regression of peak areas and concentration for compound 17 in
biological sample

Sample Linearity Slope Intercept r* Accuracy
range range
pg/ml
Plasma 025-6 0273  0.0101 0.9995  99.59 - 101.90
Blood 0.25-4 0.458  0.0226 0.9993  98.18-101.19
Lung 0.4 -4 0.415  0.0210 0.9999  99.37 - 100.01
Liver 0.6-5 0274  0.0510 0.9990  99.48 - 101.77
Heart 04-6 0317  0.0060 0.9988  98.34-101.89
Small 0.6-6 0273 00541 09991  99.22-101.03
ntestine
Large 0.25-2 0.430  0.0218 0.99890  96.75-99.95
ntestine
Brain 0.25-2 0.408  0.0700 0.9991  99.33-99.82
Stomach 0.25-2 0.521  0.0220 0.9994  97.92-101.19
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Table 4.2.2. Intra day and inter day precision and accuracy of compound 17 from

Biological samples

Intra day Inter day
Biological
sample Nominal Obtained  Accuracy % CV  Obtained  Accuracy % CV
(ug/ml) (ug/md (%) (ug/md (%)
Plasma LLOQ 025 0.259 103.71 186  0.256 102.51 3.33
LQC 030 0318 105.89 297 0312 104.07 3.61
MQC 090  0.967 107.40 195  0.920 102.23 3.80
HQC 500 4792 95.84 1.48  4.987 100.00 3.05
Blood LLOQ 025 0.48 99.15 090  0.251 100.21 1.22
LQC 030 0296 98.77 150  0.299 99.53 2.57
MQC 070  0.698 99.69 091  0.700 100.07 0.94
HQC 300 3.045 101.50 158  3.023 100.92 1.38
Lung LLOQ 040  0.407 101.70 1.60  0.400 100.12 221
LQC 050  0.500 100.06 125 0502 100.36 1.15
MQC 090  0.901 100.09 1.83  0.902 100.20 1.00
HQC 300 3.022 100.73 1.68  3.044 101.40 1.39
Liver LLOQ 060 0.618 103.08 123 0.604 100.59 1.92
LQC 070  0.691 98.74 139  0.699 99.83 1.14
MQC 150 1502 100.11 142 1501 100.03 0.71
HQC 500 4.976 99.53 121 5012 100.43 1.15
Heart LLOQ 040  0.399 99.84 126  0.402 100.42 1.62
LQC 050 0492 98.46 144  0.496 99.23 2.14
MQC 150 1.499 99.94 1.14 1500 100.00 0.90
HQC 500 4.922 98.44 204 4.949 99.21 1.57
Small LLOQ 060  0.608 101.39 125 0592 98.67 2.95
Intestine LQC 070  0.681 97.31 141 0.688 98.34 1.83
MQC 150 1.493 99.55 143 1.493 99.51 1.16
HQC 500 4975 99.50 121 5.029 100.69 1.13
Large LLOQ 025 0.261 103.71 0.86  0.251 100.05 2.78
intestine LQC 030 0309 103.01 1.94 0301 100.26 2.98
MQC 070 0752 107.48 090 0717 102.40 4.46
HQC 300 3.071 103.66 125  3.038 101.61 1.78
Brain LLOQ 025 0.238 95.29 130 0.246 98.23 2.88
LQC 030 0303 101.05 622  0.298 99.36 4.83
MQC 070  0.697 99.60 175 0.699 99.87 2.16
HQC 150 1.497 99.81 3.69  1.498 99.99 2.09
Stomach LLOQ 025 0.48 99.15 0.90  0.250 99.97 1.61
LQC 030 0.296 98.77 150 0.299 99.66 2.25
MQC 070  0.698 99.69 091  0.701 100.11 0.93
HQC 300 3.045 101.50 158  3.010 100.16 1.97

Accuracy (%), [(Obtained concentration/nominal concentration) x 100]; CV (%), coefficient of variation [(S.D./mean)

x 100].
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Table 4.2.3. Stability data of compound 17 quality controls in Plasma

Mean + SD* Accuracy®

(ug/ml) (%)
Low QC
Third freeze thaw 97.34 £2.65 97.34
10 h (bench top) 96.49 £+ 3.509 96.49
24 h (in injector) 100.32 +0.317 100.17
Dry Extract (12 h) 97.51 £2.486 97.51
60 days at-80°C 94.68 + 5.322 94.68
High QC
Third freeze thaw 99.41 £0.59 99.41
10 h (bench top) 98.17 £1.830 98.17
24 h (in injector) 99.98 £0.018 99.98
Dry Extract (12 h) 97.98 +0.021 97.98
60 days at-80°C 99.87 +0.132 99.87

QC, quality Control
“Back —Calculated plasma concentrations
P(Mean assayed concentration/ mean assayed concentration at 0 h i.e., fresh samples) x 100
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Table 4.2.4. Stability data of compound 17 quality controls in Liver, lungs, heart and brain*

Biological Sample Liver Lung Heart Brain
Mean + SD* Accuracy’ Mean + SD* Accuracy’ Mean + SD* Accuracy’  Mean + SD* Accuracy”
(ng/ml) (%) (ng/ml) (%) (ug/ml) (%) (ug/ml) (%)
Low QC
Third freeze thaw  0.699 £0.005  99.24 0.501 £0.008  99.59 0.502+£0.010  100.16 0.302£0.007  104.12
8 h (bench top) 0.704 £0.004  100.17 0.504 £0.008  99.79 0.506 £0.003  101.15 0.303 £0.007  98.29
24 h (ininjector)  0.703 £0.004  99.88 0.503 £0.905  99.54 0.498 £0.005  100.63 0.292 £0.009  94.88
?goféys al 0.695 £0.005  98.89 0.500 £0.006  99.07 0.504 £0.003  101.85 0.295 £0.005  95.62
High QC
Third freeze thaw ~ 5.006+0.062  101.39 3.089 £0.002  101.79 5.089+£0.108  102.65 1.559+0.019  103.54
8 h (bench top) 5.084 £0.058  100.43 3.039 £0.042  98.79 5.085+£0.072  102.34 1.523+0.029  99.33
24 h (ininjector)  5.094 £0.056  100.61 3.035 £0.035  98.63 4922+£0.139  99.06 1491 £0.005  97.24
?goféys al 5.066 £0.062  98.94 3.083+£0.021  100.20 5.050 £0.065  101.64 1.527+0.042  99.62

QC, quality Control

*Back —Calculated plasma concentrations
®(Mean assayed concentration/ mean assayed concentration at 0 h i.e., fresh samples) x 100
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Table 4.2.5. Stability data of compound 17 quality controls in stomach, blood, large intestine, small intestine

Biological Stomach Blood Large intestine Small intestine
Sample
Mean + SD*  Accuracy’ Mean + SDa Accuracy’ Mean + SD*  Accuracy’ Mean + SD* Accuracy’
(ng/ml) (%) (ng/ml) (%) (ng/ml) (%) (ng/ml) (%)
Low QC
Third freeze thaw 0.298 £ 0.006 97.76 0.304 £0.002  104.04 0.308 £0.010 103.03 0.699 +£0.005 102.98
8 h (bench top) 0.302 £0.004 99.13 0.297 £0.006  97.69 0.308 £0.008 103.75 0.704 £0.004  103.66
24 h (in injector)  0.300 £ 0.005 98.48 0.300 £0.005  98.48 0.290 £ 0.007 97.66 0.678 +£0.004  99.87
20 days at
_80°C 0.305+£0.003 101.49 0.295 +£0.005  96.80 0.310 £0.005 103.40 0.695 +0.005 100.94
High QC
Third freeze thaw 3.214 £0.056 106.56 3.095+0.052 102.83 3.070 £0.052 103.03 5.009 £0.047 99.76
8 h (bench top) 3.095+0.113 102.62 3.046 £0.050  101.02 3.071 £0.063 100.23 5.084 £0.058 101.27
24 h (in injector) 2.938 £0.047 97.43 2938 +£0.047 9743 3.089 £0.051 100.81 5.052+0.056 100.62
?goféys at 2.969 £0.046 97.48 3.028£0.054 10040  3.113£0.049 101.60  5.066£0.062 100.10

QC, quality Control

“Back —Calculated plasma concentrations

P(Mean assayed concentration/ mean assayed concentration at O h i.e., fresh samples) x 100 Parameter
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4.2.2. Pharmacokinetic Study

Pharmacokinetics is the study of the way the body deals with the absorption, distribution,
metabolism, and excretion of drugs under investigation expressed in mathematical terms.
Absorption, distribution, metabolism, and excretion (ADME) studies in discovery and
exploratory development stages of drugs are conducted to assess the metabolism and
excretion of a radiolabeled drug following a single administration (intravenous or oral) to
rodents (rats or mice), nonrodents (dogs or monkeys), special species such as rabbits, and
humans. These studies will evaluate the exposures of the parent compound and its
metabolites in animals and humans for validation of toxicological species, (2) identify the
major metabolic pathways in humans to support drug—drug interaction studies and (3)
establish the rate and route of excretion of a drug candidate, and in addition, (4) provide

metabolism data of drugs for regulatory filing.

In this present chapter basic pharmacokinetic parameters have been established in rats
using a previous validated method as described in section 5.1. The drug is administered
by oral and iv routes and the bioavailability is established. The bioavailability is a
pharmacokinetic term that describes the rate and extent to which the active drug
ingredient is absorbed from a drug product and becomes available at the site of drug
action. However, drug concentrations usually cannot be readily measured directly at the
site of action. Therefore, most bioavailability studies involve the determination of drug
concentration in the blood. The bioavailability of a drug product often determines the
therapeutic efficacy of that product since it affects the onset, intensity and duration of

therapeutic response of the drug

4.2.2.1. Experimental Conditions:

Male Wistar rats, ~3 months of age and weighing between 200-250 g were used in this
study following the approval from ethics committee for animal use. The two oral
formulations (50mg/kg) constituted of a suspension of drug firstly, in sodium CMC and

tween 80. Second formulation constituted of cremophore ELP, sodium CMC and SLS.
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The animals were fasted overnight (~14 h) and had free access to water throughout the
experimental period. Animals were provided with standard diet 3 h post-dosing. The
formulation for intravenous administration (10 mg/kg) was prepared with propylene
glycol, cremophore ELP, N-methyl-pyrollidone in normal saline. The rats were
anaesthetized in ether and blood samples (~0.5mL, were collected from retro-orbital
plexus into microfuge tube (containing 20 puL of saturated EDTA) at 0.5, 1, 1.5, 2, 3, 5, 8,
10 and 24 h post-dosing. Plasma was harvested by centrifuging the blood using micro
centrifuge at 6000 rpm for 5 min. Rat plasma (100 uL) samples were spiked with IS and

processed as described in section 4.2.1.

Pharmacokinetic parameters [168,170,171,178] were calculated by employing a non-
compartmental analysis (Gibaldi and Perrier, 1982). The peak plasma concentrations
(Cmax) and the corresponding time (Tmax) were directly obtained from the raw data.
The area under the plasma concentration vs. time curve upto the last quantifiable time
point, AUC (0-t) was obtained by a linear and log-linear trapezoidal summation. The
AUC (0-t) extrapolated to infinity (i.e. AUC (0-o0)) by adding the quotient of Clast/Kel,
where Clast represents the last measurable time concentration and Kel represents the
apparent terminal rate constant. Kel was calculated by the linear regression of the log-
transformed concentrations of the drug in the terminal phase. The half-life (t1/2) of the
terminal elimination phase was obtained using the relationship t1/2 = 0.693/Kel by non-

compartmental method were evaluated by using WinNonlin™ Enterprise, Version: 5.3.

4.2.2.2. Results and discussion

The concentration of compound 17 in a plasma sample was determined by the same
method as described in section 4.2.1. Plasma concentration time data of the analyte were
analyzed by non-compartmental method. The basic pharmacokinetic parameters assessed
were half life (t%2), elimination rate constant (Kel), mean plasma clearance (CL) and
mean volume of distribution (Vd) as reported in Table 4.2.6. After a single i.v. bolus dose
of 10 mg/kg body weight, compound 17 has a low elimination half life of 1.14 h in

systemic circulation. The drug is cleared from the body at a rate of 22.48 ml/kg/min

116



which indicates the rate of clearance is medium (calculated based on the overall body

extraction ratio). The volume of distribution (1.99 L) was found to be moderate.

Post oral administration of a single dose of 50 mg/kg body weight the peak concentration

was achieved in 1.31 + 0.06 and 1.0 £ 0.12 pg/mL with formulation one and two,

respectively. The plasma levels then declined rapidly with formulation one and the levels

sustained with the second one (Fig 4.2.6).

Table 4.2.6. Pharmacokinetic parameters of compound 17 following oral and intravenous

administration

Compound 17 Isoniazid
Oral
Form 1* Form 2° Intravenous® Oral Intravenous
Dose (mg/kg) 50 50 10 50 10
AUCov
587+£0.24 11.61+£0.28 7.50+094 197.09+£7.99 684+5.5

(ug.hr/mL)
c_/C,

e 1.31 £0.06 1.0+£0.12 529+1.41 5233+£1.28 298.2+3.18
(ug/mL)
T (hr) 3.00 2.00 - 2.00 -
Kel (1/hr) - - 0.62 £0.10 - 0.24 £ 0.002
t ,(hr) - - 1.14 £0.20 - 2.88+0.13
V (itkg) - - 1.99 +0.49 - 0.026 + 0.002
Cl(ml/kg/min) i i 22.48 +0.16 i 0.21 £0.001
Bioavailability

16.7 33.02 17.36

(%)

# Formulation 1- sodium CMC and tween 80;

® Formulation 2- cremophore ELP, sodium CMC and SLS

“propylene glycol, cremophore ELP, N-methyl-pyrollidone in normal saline
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Figure 4.2.6. Concentration time profile of compound 17 after oral and intravenous

administration

The oral bioavailability also increased from 16.7% to 33%. The concentration time
profiles of both the formulations were well above the levels the MIC values of the
compound (Figure 4.2.6). The low systemic bioavailability of the compound can be
attributed to its very poor aqueous solubility in the gastrointestinal fluids, therefore low

and delayed absorption.
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4.2.3. Tissue Distribution Study

Tissue distribution studies are essential in providing information on distribution and
accumulation of the compound and/or metabolites, especially in relation to potential sites
of action; this information may be useful for designing toxicology and pharmacology
studies and for interpreting the results of these experiments. Consideration should be
given to measuring unchanged compound and/or metabolites in organs and tissues in
which extensive accumulation occurs or if it is believed that such data may clarify

mechanisms of organ toxicity.

A tissue distribution study performed after oral administration will provide the
concentration of an NCE in various tissues relative to the circulatory levels of the NCE,
and this aids in mapping tissue to plasma ratios during drug absorptive, distributive and
elimination phases. The outcome of such key experiments will provide information
regarding the propensity (or lack of it) to accumulate in tissue (s). By estimating the
concentrations in plasma and other tissues, one can establish the tissue/plasma ratio,
which will help the researcher to use plasma as a surrogate to assess the levels in other
tissues during pharmacology, PK/PD, toxicokinetic studies, etc. In the present section the

tissue distribution was established after oral administration of compound -17.

4.2.3.1. Experimental Conditions:

The tissue distribution study was performed in overnight (~12 h) fasted healthy male
Wistar rats (n = 6, weight range 200-240 g) following the approval from the ethics
committee for animal use [179-182]. During the fasting time animals had free access to
water. Compound -17 was administered to rats by oral administration at a dose of 50
mg/kg (in the form of a suspension, prepared using cremophore ELP, sodium CMC and
SLS). At each time point, viz. 1 h (during the initial absorption phase), 2 h (around
Cmax) and 5 and 8 h (elimination phase), two rats were sacrificed and various tissues
(heart, lung, liver, stomach, small intestine, large intestine and brain along with blood and

plasma) were collected separately from each animal. These were dried and weighed
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accurately. Individual tissues were cut into small pieces and homogenized using optimum

volume of chilled phosphated buffer saline by tissue homogenizer.

Tissue homogenate samples (50 mL) were spiked with IS solution and processed as
described in the ‘extraction procedure for biosamples’ section. The standard curve was
generated using individual tissue homogenates. Along with respective samples, QC
samples at low, medium and high concentrations spiked in respective blank tissue
homogenates were assayed in duplicate and were randomly distributed among standard
calibrators and unknown samples in the analytical run; not more than 33% of the QC

samples were greater than +15% of the nominal concentration.

4.2.3.2 Results and discussion

There is a wide tissue distribution of compound 17 in rats after oral administration,
shown in Figure 4.2.7. Drug concentrations in highly perfused tissues were highest after 2
hours post dosing except for stomach Table 4.2.7. Comprises of the tissue to plasma
ratios, assessing the tissue—plasma ratio, the plasma could be used as a surrogate to
determine the concentrations of compound 17 in other tissues in a pharmacodynamic and
toxicokinetic study. Comparing the distribution profiles, the maximum concentration was
in intestine as the drug has low absorption due to its poor solubility. Presence of drug
concentrations significantly above MIC levels (Figure 4.2.8) in brain till 5 hours and in
lungs at 2 hours post administration signifies that brain and lungs could be good

therapeutic targets for the drug.
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Figure 4.2.7. Pie chart representation of drug distribution at different time points after

oral administration of compound 17(50mg/kg)
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Table 4.2.7: Biological sample concentrations (ug/ml) of compound 17 at various time

points along with ratios (tissue to plasma)

Sample 1h Ratio  2h Ratio  5h ratio 10h ratio
Plasma 0.80 NA 1.50 NA 0.70 NA 0.50 NA

Blood 0.20 NA 0.40 NA 0.00 NA 0.00 NA

Lung 0.00 0.00 0.90 0.60 0.00 0.00 0.00 0.00
Liver 1.20 1.50 1.70 1.10 0.00 0.00 0.00 0.00
Heart 0.30 0.40 0.50 0.30 0.20 0.30 0.20 0.40
Small intestine  2.00 2.60 2.90 1.90 1.20 1.60 0.80 1.60
Large intestine  0.80 1.00 1.50 1.00 0.70 1.00 0.50 1.00
Brain 0.20 0.20 0.60 0.40 0.10 0.10 0.00 0.00
Stomach 0.70 0.90 0.60 0.40 0.40 0.50 0.30 0.50
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Figure 4.2.8. Bar graph representation of drug distribution after oral administration of compound 17(50mg/kg)
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4.2.4. Excretion

Excretion is the process of eliminating waste metabolic products, the major route of
which is renal (urinary) excretion via the kidneys. The major non-metabolic routes of
clearance (CLy) include bile and urinary elimination of unchanged compounds. The
excretion with sweat, faeces and expired air as well as the ability of compounds to be
excreted into breast milk and transferred to neonates may also be significant. Different
routes of excretion and the organs include Bile through the liver, urine through the
kidneys, feces through the intestines, expired air through the lungs, sweat through the
skin, saliva through the mouth, milk through breasts and hair. The major routes of

excretion are by renal and faecal excretion.

Elimination of substances by the kidneys into the urine is the primary route of excretion
of drugs. The primary function of the kidney is the excretion of body wastes and harmful
chemicals. Three processes are involved in urinary excretion: filtration, secretion, and
reabsorption. Approximately one-fourth of the cardiac output circulates through the
kidney, the greatest rate of blood flow for any organ. A considerable amount of the blood
plasma filters through the glomerulus into the nephron tubule. This results from the large
amount of blood flow through the glomerulus, the relatively large pores (40 angstrom, an
angstrom is one one-hundred millionth of a centimeter) in the glomerular capillaries, and
the hydrostatic pressure of the blood. Small molecules, including water, readily pass
through the sieve-like filter into the nephron tubule. Both lipid-soluble and polar
substances will pass through the glomerulus into the tubule filtrate. Binding to plasma
proteins will influence urinary excretion. Polar substances usually do not bind with the
plasma proteins and thus can be filtered out of the blood into the tubule filtrate. In
contrast, substances extensively bound to plasma proteins remain in the blood. Secretion,
which occurs in the proximal tubule section of the nephron, is responsible for the
transport of certain molecules out of the blood and into the urine. Secretion occurs by
active transport mechanisms that are capable of differentiating among compounds on the

basis of polarity.
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Elimination of toxicants in the faeces occurs from two processes: excretion in bile, which
then enters the intestine, and direct excretion into the lumen of the gastrointestinal tract.
The biliary route is an important mechanism for fecal excretion of xenobiotics and is
even more important for the excretion of their metabolites. This route generally involves
active secretion rather than passive diffusion. However, the most likely substances to be
excreted via the bile are comparatively large, ionized molecules, such as large molecular
weight (greater than 300) conjugates.nce a substance has been excreted by the liver into
the bile, and subsequently into the intestinal tract, it can then be eliminated from the body
in the faeces, or it may be reabsorbed. Since most of the substances excreted in the bile
are water-soluble, they are not likely to be reabsorbed as such. However, enzymes in the
intestinal flora are capable of hydrolyzing some glucuronide and sulfate conjugates,

which can release the less-polar compounds that may then be reabsorbed.

Another way that xenobiotics can be eliminated via the faeces is by direct intestinal
excretion. While this is not a major route of elimination, a large number of substances
can be excreted into the intestinal tract and eliminated via faeces. Some substances,
especially those which are poorly ionized in plasma (such as weak bases), may passively
diffuse through the walls of the capillaries, intestinal submucosa and into the intestinal
lumen to be eliminated in the faeces. Intestinal excretion is a relatively slow process and
is therefore an important elimination route only for those xenobiotics that have slow
biotransformation, or slow urinary or biliary excretion. Increasing the lipid content of the

intestinal tract can enhance intestinal excretion of some lipophilic substances.

Excretion studies are essential in providing information on estimating the excretion
pattern of the compound and/or metabolites, this information may be useful for designing
toxicological and pharmacological studies and for interpreting the results of these
experiments. Consideration should be given to measuring unchanged compound and/or
metabolites in the body by which extensive accumulation occurs or if it is believed that

such data may clarify mechanisms of organ toxicity.
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4.2.4.1. Experimentation

A. Collection of Excreta [4]
Blank samples of male Wistar Rats were kept in metabolic cage (figure 4.2.9) which is
specially designed for the collection of urine and faeces separately. The urine was
collected for every 12 hours in a day, measured and stored in a freezer at -80 °C. The
pellets of faeces were collected for every 12 hours in a day in a petridish carefully. The
pellets were freeze dried in a lyophilizer at a temperature of -80 °C. Then the dried feaces

was weighed accurately and stored in freezer at -80 °C.

Figure 4.2.9. Metabolic cage

Drug samples of male Wistar rats, ~3 months of age and weighing between 190-200 g
were used in this study. The animals were fasted overnight (~12 h) and had free access to
water throughout the experimental period. BITS17 was dosed at a dose of 50 mg/kg body
weight through oral route. The formulation was prepared using 0.25% sodium CMC, 5%
Sodium Lauryl sulphate, and 10% Cremophore ELP. The urine and feaces were collected
separately for every 12 hours in a day. Urine was measured and stored in a freezer at

-80 °C. Feases was liophilised as describe above before transferring into the freezer.
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B. Instrumentation and Chromatographic conditions

Analyses were performed on a reverse phase HPLC (Perkin Elmer LC system equipped
with Flexar quarternary pump along with peltier controlled Flexar auto-sampler and
Flexar PDA) on Brownlee Analytical C18 column (4.6 x 150 mm, 3 pm, Perkin Elmer
Corporation, U.S.A) column. The mobile phase used is a mixture of 0.01 M ammonium

acetate (pH = 4.5) and acetonitrile mixture (62:38, v/v) delivered at 1 mL/min.

4.2.4.2. Results and Discussion

Following a single oral dose, a total of 51.51 % of the dose was excreted over a period of
24 hr post-dose. The majority (50.54 %) was recovered in faeces within 24 hr following
dose administration. Only less was recovered from urine accounting for 1.01 % of the
dose administered. The individual and mean recovery (expressed as a percent of the dose
administered) in urine, feaces, are presented in Tables 4.2.8. Corresponding graphical

representations are presented in Figures 4.2.10.

Table 4.2.8: Cumulative Individual and Mean Recovery in Excreta of Male Wistar Rats
Following Oral Administration of compound 17 at 50 mg/kg

Sample | Time(hrs) |[Rat1 |Rat2 |Rat3 |Rat4 |Mean |SD % CV

0-12 1.06 1.05 0.88 1.03 1.01 0.08 8.38
Urine 12 224 _ R _ _ _ _ _

Subtotal 1.06 1.05 0.88 1.03 1.01 0.08 8.38

0-12 52.86 |43.38 |5545 |47.3 49.75 | 5.44 10.93

Feaces |12 .24 0.97 0.64 1.17 0.4 0.80 0.34 43.04
Subtotal 53.83 [44.02 |56.62 |47.7 50.54 |5.73 11.33
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Figure 4.2.10. Mean Cumulative Recovery in Excreta Following a Single dose

administration of compound 17 to Male Wistar Rats at a Target Dose of 50 mg/kg

4.2.5. CONCLUSION

It can be inferred from the excretion data that approximately 50-60 % of the drug
administered orally is excreted unchanged in the faeces. The results of tissue distribution
studies provided supportive evidence as equivalent amounts of drug was recovered from
the large intestine in unchanged form. There is likelihood that the drug did not undergo
enterohepatic recirculation as the corresponding pattern was neither observed in plasma
levels nor the tissue levels. Very less amount of drug was recovered from urine which
indicates that either the urinary excretion in the unchanged form is low or the drug might
have undergone extensive metabolism in the body (Study of metabolites yet to be

performed).
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Drug-drug interactions occur when one therapeutic agent either alters the concentration
(pharmacokinetic  interactions) or the biological effect of another agent
(pharmacodynamics interactions). Pharmacokinetic drug-drug interactions can occur at
the level of absorption, distribution, or clearance of the affected agent. Many drugs are
eliminated by metabolism. The microsomal reactions that have been studied the most
involve cytochrome P (CYP) 450 family of enzymes, of which a few are responsible for
the majority of metabolic reactions involving drugs. These include the isoforms

CYP1A2, CYP2C9, CYP2C19, CYP2D6, and CYP3A4 [183,184].

4.3.1. DISTRIBUTION OF CYP ENZYMES

Cytochrome P450 enzymes are found in practically all tissues, with highest abundance
and largest number of individual CYP forms present in the liver. CYPs reside also in the
intestine, lung, kidney, brain, adrenal gland, gonads, heart, nasal and tracheal mucosa,
and skin. (Figure.4.3.1) The content of drug-metabolizing CYPs is much lower in other
tissues. Extra hepatic metabolism may have clinically significant local effects, systemic
metabolic clearance of drugs occurs in the liver with a significant contribution by the gut
wall in special cases. P450 enzymes can be found throughout the body, particularly at
interfaces, such as the intestine, nasal epithelia, and skin. The liver and the intestinal
epithelia are the predominant sites for P450-mediated drug elimination and are also the

sites worth considering in most detail with respect to drug-drug interactions.

Figure.4.3.1. Relative abundance of CYP450 enzymes in liver
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Although P450 enzymes have been well characterized in many other tissues, it is unlikely

that these play a significant role in the overall elimination of drugs [185].

4.3.2. MECHANISM OF PHARMA COKINETIC DRUG-DRUG INTERACTION

Enzyme inhibition refers to the decrease in metabolic enzyme activity due to the presence
of an inhibitor. Drug metabolism by CYP450 can be inhibited by any of the following
three mechanisms: competitive inhibition, noncompetitive inhibition and uncompetitive
inhibition. Inhibition of enzyme activity may result in higher concentrations and/or
prolonged half-life of the substrate drug, which enhances the potential for toxic side
effects. The clinical significance of a specific drug-drug interaction depends on the

degree of accumulation of the substrate and the therapeutic window of the substrate.

Competitive
inhibitor
interferes with
active site of
enzyme so
substrate
cannot bind

Noncompetitive inhibitor
changes shape of
enzyme so it cannot
bind to substrate

{a) Competitive inhibition (b} Moncompetitive inhibition

Figure.4.3.2. Mechanisms of enzyme Inhibition

Enzyme induction is associated with an increase in enzyme activity thus speed up the
oxidation and clearance of a drug. For drugs that are substrates of the isoenzyme induced,
the effect is to lower the concentration of these substrates. The clinical consequence of
the presence of an inducing agent and the resultant decrease in concentration of the

substrate may mean a loss of efficacy. It is rather difficult to predict the time-course of
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enzyme induction because of several factors, including the drug half-life and enzyme
turnover, which determine the time-course of induction. These include inducer-specific
aspects such as the potency of the inducer, the dose and the concentration of the inducer
needed for the induction to occur, the duration of the exposure needed for the induction to
happen, the metabolic properties of the inducer, the length of the exposure to the inducer,
the duration of the induction once the inducer is withdrawn, the route of the exposure
(e.g. orally, topically or by inhalation), and the anatomical location of the CYP enzymes

induced (e.g. intestine, skin or lung) [186,187] .

The enzymatic induction
xenobiotic + receptor \
Sl - i : |+ carrier
. 1°®

= ..
promoter DNA

transduction transcription

L
C )
\ heme

Figure.4.3.3. Mechanism of enzyme induction

4.3.3. ROLE OF IN VIVO ANIMAL STUDIES

Whenever feasible, drug metabolism should be investigated in human tissues, cells, or
subcellular fractions as interspecies and intraspecies differences in drug-metabolizing
enzymes limit the ability to extrapolate between experimental animals and humans.
However, animal species may provide useful models in which to determine whether a
new chemical species generated in vitro by human liver microsomes produces
pharmacological or toxicological effects in vivo and how these compare with the effects

of the parent compound. Knowledge of comparative drug metabolism in humans and
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animals can play a useful role in the rational selection of animal models for toxicology
studies. Major discrepancies in the metabolism of a drug between laboratory test species
and humans diminish the predictive value of toxicology data obtained from these animals

[188].

CYP isoforms catalyze the oxidation and reduction of a variety of endogenous
compounds and these facilitate the excretion of xenobiotics. Approximately 40 genes
code for specific isoforms in the rat genome with four major subfamilies of CYP
isoforms in rat liver exhibiting different but somewhat overlapping substrate specificities.
The CYP isoforms in rats are mainly CYP2C11 and CYP3A2. Although the composition
and relative proportions of specific CYP isoforms are different in humans and rats, there
is strong catalytic and regulatory conservation of the subfamilies among the rat isoforms

and their human orthologs.

Anti-tubercular drugs are never used alone but are often given concomitantly with drugs
prescribed for other diseases. We have therefore reviewed the potential interactions of
compound 17 important metabolizing enzymes and with other drugs which interact with
CYP450 enzymes [189,190]. These interaction studies have been performed in animals to
check the possible drug drug interactions and the alterations in the pharmacokinetic
parameters can be used to interpret the study. Usually such parameters include Cmax,
Tmax and AUC, CL and the terminal half-life. The Cmin has been found to be closely
related to clinical efficacy or safety. Cmin determination and interpretation based on this
data becomes significantly important. So the animals were dose with NCE and the drugs

under investigation alterations in the pharmacokinetic parameters were determined.

4.3.4. General methodology adopted for experimentation

A. Administration of compound 17 and test compound
Male Wistar rats, ~3 months of age and weighing between 190-200 g were used in this
study. For Oral pharmacokinetic study, the animals were fasted overnight (~14 h) and

had free access to water throughout the experimental period. The formulation was
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prepared using 0.25% sodium CMC, 5% Sodium Lauryl sulphate, and 10% Cremophore
ELP. The rats were anaesthetized in ether and blood samples (~1.00 mL) were collected
from retro-orbital plexus into microfuge tube (containing 10 UL of saturated EDTA) at 0,

5,1,1.5,2.0,2.0 3.0, 5.0, 8.0, 10 and 24 hours post-dosing.

Animals were grouped into 3 groups with n = 4 in first two groups and last group n = 8
animals each. First group received only compound 17, second received only the test drug
(drug used to study the drug - drug interaction) and the third group received the
combination of both compound 17 and the test drug. The third group animals were bled
using sparsing technique (Table: 4.3.1) so as to facilitate the volume of sample required
for analysis. All the animals receiving compound 17 were tested at 50 mg/kg body
weight. Dose used for the test was simple scaled down to the animal dose from the

marketed dose.

Table.4.3.1. Sparsing for pharmacokinetic study of Test Drug + compound 17

Time(hr) | Ratl | Rat2 | Rat3 | Rat4 | Rat5 | Rat6 | Rat7 | Rat8
0.5 X X X X

1 X X X X

1.5 X X X X

2 X X X X

3 X X X X

5 X X X X

8 X X X X

10 X X X X
24 X X X X

B. Chemicals and reagents:
Test substance compound 17 was synthesized at Drug research laboratory, BITS PILANI

Hyderabad Campus. B-naphthol, and Ammonium acetate were supplied by Sigma
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Chemicals. Acetonitrile (HPLC grade) and Methanol (HPLC grade) were supplied by
Sigma-Aldrich. The reagents Glacial acetic acid and ethyl acetate were of HPLC grade.

C. Instrumentation and Chromatographic conditions

Analyses were performed on a reverse phase HPLC (Perkin Elmer LC system equipped
with Flexar quarternary pump along with peltier controlled Flexar auto-sampler and
Flexar PDA) on Brownlee Analytical C18 column (4.6 x 150 mm, 3 pm, Perkin Elmer
Corporation, U.S.A) column. The mobile phase used is a mixture of 0.01M ammonium
acetate (pH = 4.5) and acetonitrile mixture (62:38, v/v) delivered at 1 mL/min. This
above method was used to detect compound 17 and method used to detect is described
under individual sections. Plasma concentration time data of the analyte were analyzed
by non-compartmental method using WinNonlin Version 5.1 (Pharsight Corporation,

Mountain View, CA).

D. Extraction procedure for biosamples

Liquid - liquid extraction method was used for the extraction of compound 17 from
plasma. To the plasma, IS solution (20 puL) equivalent to 20 ug was added mixed for 15
sec on a cyclomixer; followed by extraction with 1.7 ml of ethyl acetate. The mixture was
vortexed for 2 min and centrifugated for 4 min at 3200 rpm. Supernatant solvent of 1.4
ml was collected and kept in lyophiliser for evaporation of recovery solvent. The residue
was reconstituted in 150 uL of the reconstitution solvent (0.01M ammonium acetate:
acetonitrile: 62:38, v/v) and 10 uL was injected onto HPLC system at 315 nm (Amax of
the analyte). Chromatographic conditions and extraction procedure for biosamples was
modified according to test drug used and are discussed under respective individual

sections.

IS COMP. 17

LR haia bt K I A P MR

Figure.4.3.4. Chromatogram of compound 17and IS
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4.3.5. CYP 1A

CYP1A is expressed mainly in the liver and is not or weakly expressed in
extrahepatictissues in human, rat and mouse. The human cytochrome P450 enzyme
CYPI1A plays an important role in the metabolism of several clinically used drugs. It has
to be emphasized that, besides smoking, concomitant intake of drugs which are
inhibitors, inducers or even merely competing substrates for CYP1A represents one of

the most prominent and frequent factors of influence on CYPIA activity [191-192].

4.3.5.1. ONDANSETRON (SUBSTRATE)

Figure.4.3.5. Ondansetron

Ondansetron is a selective 5-HT3 receptor antagonist. Serotonin receptors of the 5-HT3
type are present both peripherally on vagal nerve terminals and centrally in the
chemoreceptor trigger zone of the area postrema because of which it is effectively used as
an antiemetic (to treat nausea and vomiting). Nausea and vomiting symptoms are
predominant during initial phases of anti-tubercular therapy which demands
administration of anti emetics like Ondansetron. Therefore it is important to study the

possible drug interactions when Ondansetron and compound 17 are co-administered.

A. Ondansetron metabolism:

Ondansetron is extensively metabolized in humans, with approximately 5% of a

radio labeled dose recovered as the parent compound from the urine. The primary
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metabolic pathway is hydroxylation on the indole ring followed by glucuronide or sulfate
conjugation.Hepatic oxidative metabolism accounts for more than 95% of Ondansetron
clearance from the body. The major excreted metabolites are conjugates of 7-hydroxy or
8-hydroxyondansetron, which appear to contribute little to the activity of the parent drug.
Because of large intersubject variability in clearance and the relative safety of
Ondansetron, adjustments in Ondansetron dosing based on age or gender alone are not
recommended.Although some nonconjugated metabolites have pharmacologic activity,
these are not found in plasma at concentrations likely to significantly contribute to the
biological activity of Ondansetron. Ondansetron is a substrate for human hepatic

cytochrome P-450 enzymes CYPIA [192].

B. Bioanalytical method for Ondansetron:

Themobile phase used in the method was Acetonitrile and ammonium acetate (pH = 4.0)
asnon-polar and polar phases respectively in proportions using reverse phase HPLC at
310nm (Amax of Ondansetron).The finally developed gradient method consisted of %
change in Acetonitrile with respect to time (0.01—10 min: 27%; 10.01—20.00 min:
40%; 20.01—25 min: 27%). Ondansetron, IS and compound 17 were eluted at 6.4, 16.2

and 20.1 mins respectively.

For the purpose of analysis, a validated method has been taken from the literature and
required modifications have been done to suit the specifications of the analysis for
combination samples. This method has been confirmed for by repeated linearity range.
Accuracy and precision for the newly developed method have been established at

0.5ug/ml.

Table.4.3.2. Mini Validation of Ondansetron

LINEARITY RANGE (ug/ml) 0.5 - 20 (r* = 0.9989)
ACCURACY (n=6) 102.42%
PRECISION (n=6) 1.36%
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Figure.4.3.6. A typical chromatogram of Ondansetron, IS and compound 17.

Table.4.3.3. Pharmacokinetic parameters of compound 17 administered with ondansetron

p value Significant
Parametres Comp. 17 Comp. 17 with | (Unpaired difference
(n=4) alone” ondansetron” t-test) Between the
a =0.05 parametres
AUC(O_Q
11.61 £0.28 | 9.35+£0.85 5.54 Yes
ug.hr/ml
Cmax
1.03+0.07 |2.59+0.17 8.64 Yes
(ug/ml)
Tmax
2.00£0.00 |2.00+£0.00 - -
(hr)

Note: t = "24h *10h
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Table.4.3.4. Pharmacokinetic parameters of ondansetron administered with compound 17

p value Significant
ondansetron
Parametres | Ondansetron | " (Unpaired difference
wit
(n=4) Alone” t-test) Between the
Comp.17*
a =0.05 parametres
AUC(O_Q
13.22 +0.44 | 5.78 £ 0.69 17.46 Yes
pg.hr/ml
Cmax
272+£0.03 |1.43+0.31 7.80 Yes
(ug/ml)
Tmax
2.00 £ 00 3.00 =00 - -
(hr)

Note: t="10h *8h

10

Mean plasma concentration + SD (ug/ml)
|

Mean plasma concentration + SD (ug/ml)
|
f

0.1 T

Effect of Comp-17 on Ondansetron pharmacokinetic profile
in male rats

=@— Ondansetron
- Ondansetron + Comp-17

Effect of Ondansetron on Comp-17 pharmacokinetic profile

in male rats

10 ~

0.1

—@— Comp-17
- Comp-17+ Ondansetron

T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24

Time (h)

Figure 4.3.7. Log linear Concentration time profile of Ondansetronand in combination

with compound 17

139



C.Results

Both the compounds were well tolerated by the animals. The pharmacokinetic parameters
are listed in table 4.3.3 & 4.3.4. The difference between mean values for the parameters
which charectrise the AUC, Cmax, were significant when compound 17 was
administered with/without ondansetraone. AUC values (11.61 £ 0.28 vs 9.35 + 0.85
pg.hr/ml), Cmax values of compound 17 (1.03 + 0.07 vs 2.59 £+ 0.17 pg/ml) before and
after the ondansetraone treatment had a significant effect (p= 0.05). Time to attain peak

plasma concentrations (Tmax) remained unchanged.

The difference between mean values for the parameters which charectrise the AUC,
Cmax, were significant when ondansetraone was administered with/without compound
17. AUC values (13.22 + 0.44 vs 5.78 + 0.69 pg.hr/ml), Cmax values were (2.73 + 0.03
vs 1.43 £ 0.31 pg/ml) before and after the compound 17 treatment had a significant effect
(p= 0.05). Time to attain peak plasma concentration (Tmax) was also prolonged (2.00 vs

3.00hr).

4.3.5.2. CIPROFLOXACIN (INHIBITOR)

OH

Figure 4.3.8.Ciprofloxacin

Ciprofloxacin is an antimicrobial broad-spectrum antibiotic which belongs to
fluoroquinolone group. It is a second-generation fluoroquinolone antibacterial. It kills
bacteria by interfering with the enzymes that cause DNA to rewind after being copied,
which stops synthesis of DNA and of protein. Ciprofloxacin can alter and be altered by

the metabolism and effects of other drugs, resulting in some significant drug-drug
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interactions that may affect the musculoskeletal, central nervous, renal, and other
systems. For this reason, it has been selected for studying its interactions with compound

17.

A. Ciprofloxacin Metabolism:

An alternative explanation for the 'loss' of ciprofloxacin from the systemic site may be an
extensivemetabolism of the drug. The piperazinyl ring seems to be the centre of

metabolism; the ring may become oxidized (M2), opened (MI), formylated or sulphated.

B. Bio analytical method development:

Themobile phase used in the method was Acetonitrile, methanol and 0.25%
orthophosphoric acid adjusted to pH = 3 with TEA. The finally developed gradient
method consistedof % change in B as acetonitrile, Cas methanol with respect to time
(0.01—1 min: 0% B, 10% C; 1.01—4.5 min: 20% B, 30%C; 4.51—6.0 min: 25% B,
25%C 6.01—12.50 min: 50% B, 20% C; 12.51—17.5 min: 85% B, 5% C, 17.51—-20
min: 0% B, 0% C).The analysis was performed using reverse phase HPLC at 340nm
(Amax of Ciprofloxacin). Ciprofloxacin, IS and compound 17 were eluted at 5.9, 10.1 and
11.5 respectively. For the purpose of analysis, a validated method has been taken from
the literature and required modifications have been done to suit the specifications of the
analysis for combination samples. This method has been confirmed for by repeated
linearity range. Accuracy and precision for the newly developed method have been

established at 0.5ug/ml.

Table.4.3.5. Mini Validation of Ciprofloxacin

LINEARITY RANGE (ug/ml) 0.5-20 (r"=0.9991)
ACCURACY (n=6) 101.273
PRECISION (n=6) 1.70
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Ciprofloxacin ‘r| M

Column: Brownlee
Analytical C18 column (4.6 x
150 mm, 3 pm)

Mobile Phase:

A: 0.25% orthophosphoric
acid adjusted to pH = 3 with
TEA

B: Acetonitrile

C: Methanol

Flow Rate: 1 mL/min
Detector: UV 340 nm

Figure 4.3.9.A typical chromatogram of Ciprofloxacin, IS and compound 17

Table.4.3.6. Pharmacokinetic parameters of compound 17 with Ciprofloxacin

p value Significant
Parametres 4 | Comp. 17 with | (Unpaired | difference
Comp.17 alone
(n=4) Ciprofloxacin* | t-test) Between the
a =0.05 parameters
AUC .
11.61 £0.28 13.41 £0.61 6.29 Yes
pg.hr/ml
Cmax
1.03 £ 0.07 2.99 +0.09 38.19 Yes
(ng/ml)
Tmax
2.00 £ 0.00 2.00 £0.00 - -
(hr)

Note: t = "24h *8h
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Table.4.3.7. Pharmacokinetic parameters of Ciprofloxacin with compound 17

t value Significant
Parametres | Ciprofloxacin | Ciprofloxacin | (Unpaired | difference
(n=4) Alone” with Comp.17%* | t-test) Between the
a =0.05 parameters
AUC .
11.36 £0.16 6.35 +0.66 18.11 Yes
pg.hr/ml
Cmax
1.05 +0.02 1.08 £ 0.07 38.19 Yes
(ug/ml)
Tmax
2.00 £0.00 3.00 £ 0.00 - -
(hr)

Note: t="28h *10h

Effect of Comp-17 on Ciprofloxacin pharmacokinetic profile
in male rats
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Effect of Ciprofloxacin on Comp-17 pharmacokinetic profile
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Figure 4.3.10. Log linear Concentration time profile of ciprofloxacin and compound 17
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C. Results

Both the compounds were well tolerated by the animals. The pharmacokinetic parameters
are listed in table 4.3.7 & 4.3.8. The difference between mean values for the parameters
which charectrise the AUC, Cmax, were significant when compound 17 was
administered with/without Ciprofloxacin. AUC values (11.61 + 0.28 vs 13.41 + 0.61
pg.hr/ml), Cmax values of compound 17 (1.03 + 0.07 vs 2.99 £+ 0.09 ug/ml) before and
after the Ciprofloxacin treatment had a significant effect (p= 0.05). Time to attain peak

plasma concentrations (Tmax) remained unchanged.

The difference between mean values for the parameters which charectrise the AUC,
Cmax, were significant when Ciprofloxacin was administered with/without compound
17. AUC values (11.36 = 0.16 vs 6.35 = 0.66 pg.hr/ml), Cmax values were (1.05 + 0.02
vs 1.08 + 0.07ug/ml) before and after the compound 17 treatment had a significant effect

(p= 0.05). Time to attain peak plasma concentration (Tmax) was also prolonged (2.00 vs

3.00 hr).
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4.3.6. CYP2C

The CYP2C subfamily is the most complex subfamily of the P450s found in human
andanimal species with several different isoforms. In human, the CYP2C family is
involved in the metabolism of about 16% of drugs currently on the market. CYP2C9 is
the major form, accounting 60% of total human CYP2C. In addition to liver, CYP2C
mRNA is also detected in the kidney, testes, adrenal gland, prostate, ovary and

duodenum. CYP2C9 metabolizes many clinically important drugs [193,194].

4.3.6.1. GLIPIZIDE (SUBSTRATE)

Figure 4.3.11.Glipizide

Glipizide is an oral medium-to-long acting anti-diabetic drug from the sulfonylurea class.
It is classified as a second generation sulfonylurea, which means that it undergoes
enterohepatic circulation. Mechanism of action is produced by blocking potassium
channels in the beta cells of the islets of Langerhans. By partially blocking the potassium
channels, it will increase the time the cell spends in the calcium release stage of cell
signaling leading to an increase in calcium. The increase in calcium will initiate more
insulin release from each beta cell. Since diabetes is a common disease found in majority
of the population, co administration of anti-diabetic drugs with tuberculosis therapy is
very frequent. Therefore it has been selected to study the drug interactions with

compound 17.
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A. Metabolism of Glipizide

Metabolites are mainly represented by hydroxy-cyclohexyl derivatives and are eliminated
predominantly in the urine. The major metabolites of glipizide are products of aromatic
hydroxylation and have no hypoglycemic activity. A minor metabolite which accounts
for less than 2% of a dose, an acetylaminoethyl benzenederivatives which are reported to

have 1/10 to 1/3 as much hypoglycemic activities as the parent compound.

B. Bio analytical method development

Themobile phase used in the method was Methanol and ammonium formate (pH = 3) as
non polar and polar phases respectively.The finally developed gradient method consisted
of % change in Methanol with respect to time ((0.01—12 min: 55%; 12.01—17.00 min:
80%; 17.01—22.5 min: 55%).Analysis was performed using reverse phase HPLC at
230nm (Amax of Glipizide). Glipizide, IS and compound 17 were eluted at 6.6, 8.2 and

15.2mins, respectively.

For the purpose of analysis, a validated method has been taken from the literature and
required modifications have been done to suit the specifications of the analysis for
combination samples. Thus a linearity range, accuracy and precision for the newly

developed method have been established.

Table 4.3.8. Mini Validation of Glipizide

LINEARITY RANGE 0.8-20 (r*=0.993)
ACCURACY (n=6) 101.63%
PRECISION (n=6) 0.68%
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Glipizide

COMP. 17

Column: Brownlee
Analytical C18 column
(4.6 x 150 mm, 3 pm)
Mobile Phase:

A: 95% Ammonium
acetate (pH 3.0), 5%
MeOH

B: 5% H,0, 95% MeOH
Flow Rate: 1 mL/min
Detector: UV 230 nm

Figure 4.3.12. A typical chromatogram of Glipizide, IS and compound 17.

Table 4.3.9. Pharmacokinetic parameters of compound 17 with Glipizide

p value Significant
Parametres | Comp.17 Comp. 17 with (Unpaired | difference
(n=4) alone” Glipizide* t-test) Between the
a =0.05 parameters
AUC .
11.61 £0.28 | 8.40+3.42 1.868 No
pg.hr/ml
Cmax
1.03 £0.07 297 +0.62 6.30 Yes
(ug/ml)
Tmax
2.00 £0.00 1.00 £ 0.00 - -
(hr)

Note: t ="24h #5h
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Table 4.3.10. Pharmacokinetic parameters of Glipizide with compound 17

t value Significant
Parametres Glipizide Glipizide with | (Unpaired difference
(n=4) Alone” Comp. 17* t-test) Between the
a =0.05 parameters
AUC(O_Q 462.19 +
73.82 £3.60 8.086 Yes
pg.hr/ml 95.99
Cmax
7.53 £0.28 45.57 £ 14.06 | 5.41 Yes
(ng/ml)
Tmax
3.00 £0.00 5.00 £ 0.00 - -
(hr)

Note: t = "24h #24h

Effect of Comp-17 on Glipizide pharmacokinetic profile
in male rats

100 -

!

Mean plasma concentration + SD (ug/ml)
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y
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- Glipizide + Comp 17
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Time (h)

Mean plasma concentration + SD (ug/ml)
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Effect of Glipizide on Comp-17 pharmacokinetic profile

—@— Comp-17
- Comp-17+ Glipizide

in male rats
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Figure 4.3.13. Log linear Concentration time profiles of glipizide and compound 17
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C. Results

Both the compounds were well tolerated by the animals. The pharmacokinetic parameters
are listed in table 4.3.11 & 4.3.12. The difference between mean values for the Cmax was
significant and mean exposure values (AUC) were not significant when compound 17
was administered with/without glipizide. AUC values (11.61 £ 0.28 vs 8.40 + 3.42
pg.hr/ml), Cmax values of compound 17 (1.03 + 0.07 vs 2.97 £ 0.62 ug/ml) before and
after the glipizide treatment was tested at 95% confidence limits. Time to attain peak

plasma concentrations (Tmax) remained unchanged.

The difference between mean values for the parameters which charectrise the AUC,
Cmax, were significant when glipizide was administered with/without compound 17.
AUC values (73.82 £ 3.60 vs 462.19 + 95.99 ug.hr/ml), Cmax values were (7.53 + 0.28
vs 45.57 £ 14.06 pg/ml) before and after the compound 17 treatment had a significant
effect (p = 0.05). Time to attain peak plasma concentration (Tmax) was also prolonged

(3.00 vs 5.00 hr).

4.3.6.2. RANITIDINE (INHIBITOR)
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Figure 4.3.14. Ranitidine

It is a histamine Hj-receptor antagonist that inhibits stomach acid production. It is
commonly used in treatment of peptic ulcer disease (PUD) and gastro-esophageal reflux
disease (GERD). Ranitidine is also used along side fexofenadine and other antihistamines

for the treatment of skin conditions such as hives. Ranitidine, like other drugs that reduce
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stomach acid, may interfere with the absorption of drugs. Thus the study of interaction

with compound 17 is very important [195, 196]

A. Metabolism of ranitidine:

Ranitidine is metabolized to the N-oxide, S-oxide, and N-desmethyl metabolites,

accounting for approximately 4%, 1%, and 1% of the dose, respectively.

B. Bio analytical method development:

Themobile phase used in the method was acetonitrile and potassium dihydrogen
phosphate at pH=6.5 as non polar and polar phases respectively.The finally developed
gradient method was consist of % change in Acetonitrile with respect to time (0.01—4.00
min: 15%; 4.01—13.00 min: 47%; 13.01—16 min: 15%). Analysis was performed using
reverse phase HPLC at 330 nm (Amax of Ranitidine). Ranitidine, IS and compound 17

were eluted at 4.2mins, 12mins and 13.6 mins respectively.

For the purpose of analysis, a validated method has been taken from the literature and
required modifications have been done to suit the specifications of the analysis for
combination samples. Thus a linearity range, accuracy and precision for the newly

developed method have been established.

Table.4.3.11. Mini Validation of Ranitidine

LINEARITY RANGE 0.25 -6 (> = 0.9997)
ACCURACY (n=6) 102.12
PRECISION (n=6) 1.33
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00000

Ranitidine

Column: Brownlee
Analytical C18 column (4.6
x 150 mm, 3 um)

Mobile Phase:

A: 95% potassium
dihydrogen phosphate
(pH=6.5), 5% ACN

B: 5% H,0, 95% ACN
Flow Rate: 1 mL/min
Detector: UV 330 nm

BITS 17

Figure 4.3.15.A typical chromatogram of Ranitidine, IS and compound 17

Table.4.3.12. Pharmacokinetic parameters of compound 17 with Ranitidine

p value Significant
Parametres Comp.17 Comp. 17 with | (Unpaired | difference
(n=4) alone” Ranitidine* t-test) Between the
a =0.05 parametres
AUC .
11.61 £0.28 | 14.32 +0.77 6.626 Yes
pg.hr/ml
Cmax
1.03 £ 0.07 237+0.18 5.83 Yes
(ug/ml)
Tmax
2.00£00 3.00£00 - -
(hr)

Note: t="24h *10h
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Table.4.3.13. Pharmacokinetic parameters of Ranitidine with compound 17.

t value Significant
Parametres | Ranitidine Ranitidine with | (Unpaired difference
(n=4) Alone® Comp.17* t-test) Between the
a =0.05 parametres
AUC(O_Q
5.14+0.17 |3.92+0.16 2.325 No
pg.hr/ml
Cmax
0.8 +£0.07 1.04 £ 0.06 541 Yes
(ng/ml)
Tmax
2.00 3.00 - -
(hr)

Note: t="8h *8h

Effect of Comp-17 on Ranitidine pharmacokinetic profile

in male rats
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Effect of Ranitidine on Comp-17 pharmacokinetic profile
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Figure 4.3.16.Log linear concentration time profile of ranitidine and compound 17
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C. Results

Both the compounds were well tolerated by the animals. The pharmacokinetic parameters
are listed in table 4.3.15 & 4.3.16. The difference between mean values for the
parameters which charectrise the AUC, Cmax, were significant when ranitidine was
administered with/without compound 17. AUC values (11.61 + 0.28 vs 14.32 + 0.77
ug.hr/ml), Cmax values were (1.03 = 0.07 vs 2.37 = 0.18 pg/ml) before and after the
ranitidine treatment had a significant effect (p= 0.05). Time to attain peak plasma

concentration (Tmax) was also prolonged (2.00 vs 3.00 hr).

The difference between mean values for the Cmax was significant and mean exposure
values (AUC) were not significant when ranitidine was administered with/without
compound 17. AUC values (5.14 + 0.17 vs 3.92 + 0.16 pg.hr/ml), Cmax values of
compound 17 (0.8 £ 0.07 vs 1.04 = 0.06 pg/ml) before and after the ranitidine treatment
was tested at 95% confidence limits. Time to attain peak plasma concentrations (Tmax)

was also prolonged (2.00 vs 3.00 hr).
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4.3.7. CYP3A

CYP3A is involved in the oxidation of the largest range of substrates of all the CYPs. As
a result, CYP3A is present in the largest quantity of all the CYPs in the liver. Most drugs
undergo deactivation by CYP3A, either directly or by facilitated excretion from the body.
Also, many substances are bioactivated by CYP3A to form their active compounds, and
many protoxins being toxicated into their toxic forms.The P450 3A subfamily is highly
inducible and can be inhibited by numerous drugs [196]. It has been estimated that
CYP3A metabolizes about half of all drugs on the market. Because many other
commonly used drugs are moderate-to-potent inhibitors of CYP3A, it is not surprising
that drug toxicity of CYP3A substrates due to inhibition of CYP3A is relatively
common.CYP3A also is sensitive to enzyme induction, and a number of drugs are known
to be CYP3A inducers.The enzyme is involved in the biotransformation of approximately
50% of therapeutic drugs currently on the market, although its content in the liver is only
30% of total P450. CYP3A is expressed in liver, stomach, lung, intestine and renal tissue

[198, 199].

4.3.7.2. ATORVASTATIN (SUBSTRATE)
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Figure 4.3.17.Atorvastatin

Atorvastatin is a member of the drug class known as statins, used for lowering blood
cholesterol. It also stabilizes plaque and prevents strokes through anti-inflammatory and

other mechanisms. Like all statins, atorvastatin works by inhibiting HMG-CoA reductase,
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an enzyme found in liver tissue that plays a key role in production of cholesterol in the
body. Statins, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors, are extremely effective in the treatment of dyslipidemia. They have been
shown to reduce the risk of major coronary outcomes and all cause mortality. Statins that
undergo phase I metabolism by the CYP3A4 isoenzyme are referred to as statin 3A
substrates. Following hepatocyte entry and metabolism (phase I and II), statins exert their
cholesterol inhibitory effect and are subsequently eliminated. For most statins,
elimination occurs through biliary excretion, PV is partially eliminated by renal
excretion. Inhibition of statin metabolism (phase I or II) and/or active membrane
transporters (influx or efflux) may result in elevated plasma concentrations and has the
potential to increase the risk for statin-related adverse events. Coronary diseases are are
very frequent in most of the patients taking anti tubercular therapy. Therefore the

interaction of compound 17 with atorvastatin has been studied.

A. Metabolism of atorvastatin:

Atorvastatin undergo significant metabolism via the cytochrome P450 3A4 (CYP3A4)
isozymes. Bile is the major route of drug-derived excretion, accounting for 73% of the
oral dose, respectively. The remaining drug can be recovered in the feces; only trace
amounts are excreted in urine. Major forms were the para- and ortho-hydroxy
metabolites, a glucuronide conjugate of ortho-hydroxy atorvastatin, and unchanged

atorvastatin. Two minor metabolites are 3-oxidation products.

B. Bio analytical method development:

Themobile phase used in the method was Acetonitrile, methanol and ammonium acetate
(pH = 5) as non polar and polar phases respectively.The finally developed gradient
method consisted of % change in B as Buffer : acetonitrile in the ratio 5:95, C as buffer :
methanol in the ratio 10 : 90 and D as water with respect to time (0.01—2 min: 0% B, 0%
C, 0% D; 2.01—-6 min: 0% B, 10% C, 0% D; 6.01—9 min: 20% B, 30% C, 0% D;
9.01—-12 min: 20% B, 25% C, 5% D; 12.01—14 min: 50% B, 20% C, 0% D,
14.01—18 min: 85% B, 5% C, 0% D, 18.01—21 min: 0% B, 0% C, 0% D). Analysis was
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performed using reverse phase HPLC at 241nm (Amax of atorvastatin). Atorvastatin, IS

and compound 17 were eluted at 17.2, 8 and 12 mins.

For the purpose of analysis, a validated method has been taken from the literature and
required modifications have been done to suit the specifications of the analysis for
combination samples. Thus a linearity range, accuracy and precision at 10ug/ml for the

newly developed method have been established.

Table.4.3.14. Mini Validation of Atorvastatin

LINEARITY RANGE (ug/ml) 10 — 250 ("= 0.9997)
ACCURACY (n=6) 105.27%
PRECISION (n=6) 1.58%

Column: Brownlee Analytical C18
column (4.6 x 150 mm, 3 um)

o Atorvastati IS Comp.17 Mobile Phase:
. A: 95% Ammonium acetate
(pH=5.0), 5% ACN
- B: 5% Ammonium acetate
- (pH=5.0), 95% ACN
o C: 10% Ammonium acetate
Coas 2 (pH=5.0), 95% MeOH
: /" D:H,0
1 T T T T ™ ™ AR LA L s B Flow Rate: 1 mL/min

Detector: UV 241 nm

Figure 4.3.18. A typical chromatogram of Atorvastatin, IS and compound 17.

156



Table.4.3.15. Pharmacokinetic parameters of compound 17 with Atorvastatin

p value Significant
Parametres Comp.17 Comp. 17 with | (unpaired t- | difference
(n=4) alone” Atorvastatin® test) Between the
a =0.05 parametres
AUC .
11.61 £0.28 10.08 £0.32 7.23 Yes
pg.hr/ml
Cmax
1.03 £0.07 2.35+0.04 32.70 Yes
(ug/ml)
Tmax
2.00£00 3.00£00 - -
(hr)

Note: t = "24h *8h

Table.4.3.16. Pharmacokinetic parameters of Atorvastatin with compound 17

t value Significant
Atorvastatin
Parametres Atorvastatin . (Unpaired | difference
4 with Comp.
(n=4) Alone 17 t-test) Between the
a =0.05 parameters
AUC 0.
100.31 £7.23 | 309.73 +13.51 | 27.32 Yes
ug.hr/ml
Cmax
21.07 £0.13 62.53 +2.22 37.70 Yes
(ug/ml)
Tmax
3.00 3.00 - -
(hr)

Note: t="8h *10h
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Effect of Comp-17 on Atorvastation pharmacokinetic profile Effect of Atorvastatin on Comp-17 pharmacokinetic profile
in male rats in male rats
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Figure 4.3.19. Log linear Concentration time profiles of atorvastatin and compound 17

C. Results

Both the compounds were well tolerated by the animals. The pharmacokinetic parameters
are listed in table 4.3.19 & 4.3.20. The difference between mean values for the
parameters which characterize the AUC, Cmax, were significant when compound 17 was
administered with/without atorvastatin. AUC values (11.61 + 0.28 vs 10.08 + 0.32
ug.hr/ml), Cmax values of compound 17 (1.03 + 0.07 vs 2.35 £ 0.14 ug/ml) before and
after the atorvastatin treatment had a significant effect (p = 0.05). Time to attain peak

plasma concentration (Tmax) was also prolonged (2.00 vs 3.00 hr).

The differences between mean values for the parameters which characterize the AUC,
Cmax, were significant when atorvastatin was administered with/without compound 17.
AUC values (100.31 £7.23 vs 309.73 £ 13.51pug.hr/ml), Cmax values were (21.07 £ 0.13
vs 62.53 + 2.22 ug/ml) before and after the compound 17 treatment had a significant

effect (p = 0.05). Time to attain peak plasma concentration (Tmax) remained unchanged.
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4.3.7.2. KETOCONAZOLE (INHIBITOR)
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Figure 4.3.20. Ketoconazole
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Ketoconazole is an antifungal drug with therapeutic efficacy in prostate cancer and other
benign and malignant neoplastic conditions. Ketoconazole inhibits cytochrome P450
dependent enzyme 11-hydroxylase activity, which suppresses testosterone production
leading to inhibition of testosterone-dependent prostate cancer cell growth. Intriguingly,
the receptors that are affected by ketoconazole are phylogenetically related and all are
involved in xenobiotic metabolism indicating that perhaps there is subclass specificity

with which ketoconazole mediates its activity.

A. Metabolism of ketoconazole:

N-deacetyl ketoconazole (DAK) is a major initial metabolite in mice, which, like
lipophilic 4-alkylpiperazines, is susceptible to successive oxidative attacks on the N-1
position producing ring-opened dialdehydes. Deactivation of KT yields a major product,
DAK, for further metabolism by microsomal monooxygenases that seem to be Flavin

Mono Oxidase related.

Mechanism of inhibition by ketoconazole:

Drug metabolism is controlled by a class of orphan nuclear receptors (NRs), which

regulate expression of genes such as CYP (cytochrome) 3A4 and MDR-1 (multi-drug
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resistance-1), that are involved in this process. Xenobiotic-mediated induction of
CYP3A4 and MDR-1 gene transcription is inhibited by ketoconazole. Ketoconazole
mediates its effect by inhibiting the activation of NRs, human pregnenolone X receptor
and constitutive androstene receptor, involved in regulation of CYP3A4 and MDR-1.
Ketoconazole represses the coordinated activation of genes involved in drug metabolism,
by blocking activation of aspecific subset of NRs [200]. Due to its nonspecific interaction
with various xenobiotics, this drug has been selected to study the drug interactions with

compound 17.

B. Bio analytical method development:

The mobile phase used in the method was Acetonitrile and ammonium acetate pH 6.8 as
non-polar and polar phases respectively in the ratio of 50:50 using reverse phase HPLC at
231 nm (Amax of Ketoconazole). Ketoconazole and IS were eluted at 5.2 mins and 8.5

mins respectively.

For the purpose of analysis, a validated method has been taken from the literature and
required modifications have been done to suit the specifications of the analysis for
combination samples. Thus a linearity range, accuracy and precision for the newly

developed method have been established.

Table.4.3.17. Linearity and precision of Ketoconazole

LINEARITY RANGE (ug/ml) 0.25-6 (*=0.999)
ACCURACY (n=6) 102.47
PRECISION (n=6) 1.50
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- L Column: Brownlee Analytical C18 column
7 (4.6 x 150 mm, 3 pm)
zam__ Mobile Phase:
- COMP. 17 A: 62% 0.01M ammonium acetate (pH 6.5)
] B: 38% ACN
20.00—| Flow Rate: 1 mL/min
- Detector: UV 315 nm
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18,00 /‘\
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Figure 4.3.21. Atypical chromatograms of Ketoconazole, IS and Compound 17.
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Table.4.3.18. Pharmacokinetic parameters of Compound 17 with Ketoconazole

p value Significant
Parametres Comp.17 Comp. 17 with | (Unpaired | difference
(n=4) alone” Ketoconazole* | t-test) Between the
a =0.05 parametres
AUC(O_Q
11.61 £0.28 11.75 £0.47 0.527 No
pg.hr/ml
Cmax
1.03 +0.07 2.25+0.15 14.07 Yes
(ug/ml)
Tmax
2.00 £ 00 3.00 =00 - -
(hr)

Note: t="24h *10h

Table.4.3.19. Pharmacokinetic parameters of Ketoconazole with Compound 17

t value Significant
Ketoconazole
Parametres Ketoconazole . (Unpaired | difference
4 with  Comp.
(n=4) Alone 17 t-test) Between the
a =0.05 parameters
AUC(O_Q
12.87 £1.88 11.03 £0.56 1.85 No
ug.hr/ml
Cmax
2.67+£0.36 3.39+£0.62 1.99 No
(ug/ml)
Tmax
3.00 2.00 - -
(hr)

Note: t="10h *8h
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Effect of Comp-17 on Ketoconazole pharmacokinetic profile Effect of Ketoconazole on Comp-17 pharmacokinetic profile
in male rats in male rats
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Figure 4.3.22. Log linear Concentration time profiles of ketoconazole and Compound 17

C. Results:

Both the compounds were well tolerated by the animals. The pharmacokinetic parameters
are listed in table 4.3.22 & 4.3.23. The difference between mean values for the
parameters which charectrise the AUC, Cmax, were significant when ketoconazole was
administered with/without compound 17. AUC values (11.61 + 0.28 vs 11.75 £ 0.47
ug.hr/ml), Cmax values were (1.03 = 0.07 vs 2.25 = 0.15 pg/ml) before and after the
ketoconazole treatment had a significant effect (p= 0.05). Time to attain peak plasma

concentration (Tmax) was also prolonged (2.00 vs 3.00 hr).

The difference between mean values for the Cmax was significant and mean exposure
values (AUC) were not significant when ketoconazole was administered with/without
compound 17. AUC values (12.87 = 1.88 vs 11.03 + 0.56 pg.hr/ml), Cmax values of
compound 17 (2.67 + 0.36 vs 3.39 + 0.62 ug/ml) before and after the ketoconazole
treatment was tested at 95% confidence limits. Time to attain peak plasma concentrations

(Tmax) was also prolonged (3.00 vs 2.00 hr).
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4.3.8. Discussion:

The plasma concentrations of compound 17 were altered by the administration of
ondansetron (substrate) and ciprofloxacin (inhibitor) indicating that the metabolism of
compound 17 is mediated through 1A enzyme. There is a slight decrease in compound 17
levels and 2 fold decrease in the ondansetron levels indicating that the deactivation being
increased by compound 17 (hetero activation of compound 17(?) and/or any increase in
the free fraction). It was also seen that the metabolism of compound 17 may be
suppressed by a ciprofloxacin, thereby increased plasma concentrations of compound 17,
possibly by inhibition of the enzyme CYPIA. This could probably lead to clinically
significant adverse events of the coadministered drug concomitant use of compound 17
and ciprofloxacin in rats, a similar drug-drug interaction may occur in human, although
the isoforms of CYP enzymes are different. Caution should be exercised about the dose

of compound 17 when treated with CYP 1A inhibitors.

There is a marked increase (six fold) in the glipizide levels in presence of compound 17
showing that CYP2C levels can affect the metabolism of sulfonylureas, showing that
compound 17 inhibits 2C9 metabolism. Results suggest that increased levels of glipizide
can induce hypoglycemia. Caution should be exercised about the dose of glipizide when
treated with compound 17. Though the plasma concentration of compound 17 was not
altered in the presence of glipizide and ranitidine but there was two fold increase in the
peak plasma concentration with ranitidine. The ranitidine (metabolism - N-oxide (66-
76%) and S-oxide (13-18%) by FMO and desmethylranitidine by CYP2C19, 1A2 and

2D6,) levels were unaltered with compound 17.

The present study clearly showed that the plasma concentrations of compound 17 were
unaltered by the administration of atorvastatin and ketoconazole indicating that the
metabolism of compound 17 is not a mediated through 3A enzyme. But the plasma
concentrations of atorvastatin were enhanced with the concomitant administration of

compound 17. Lypophilic HMG-CoA reductase inhibitors, such as simvastatin,
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lovastatin, and atorvastatin, are metabolized by CYP3A4 in the liver or small intestine.
Increase in plasma concentration of HMG-CoA reductase inhibitor indicates the possibly
of inhibition of the enzyme CYP3A.In present study, it is possible to consider that the
metabolism of atorvastatin may be suppressed by a compound 17, possibly by inhibition
of the enzyme CYP3A by later. These results suggest that the increased HMG-CoA
reductase inhibitors increase the incidence of rhabdomyolysis in patients. Levels of
ketoconazole (metabolized by FMO’s to N-deacetylated product) are unaltered indicating

that compound 17 does not interfere with its metabolism.

There is a difference in CYP isoforms that exist in humans and rats. Rats do not possess
CYP3A4, but CYP3A1, 3A2, 3A9, and 3A18 as the CYP3A subfamily. CYP3A2 plays
an important role in drug metabolism in rats, and may metabolize atrovostatin. However,
it is uncertain whether HMGCoA reductase inhibitors can be metabolized by CYP3A2 in

rats. Other enzyme 1A, 2C are present in rats.

4.3.9 Conclusion

A major component of the safety assessment process is to identify, at the earliest stage
possible, the potential for toxicity in humans. Though human CYPs differ from rodent
CYPs in both isoform composition and catalytic activities, xenobiotic metabolism by
male rats can reflect human metabolism. Because concomitant use of xenobiotics which
are either substrates or inhibitors of the CYP 450 enzymes studied in specific with that of
compound-17 showed alterations in their metabolism in male Wistar rats as discussed
above, a similar drug-drug interaction between them may occur in human, although the
isoforms of CYP are different. We should use caution about the dose of these drugs in
patients when co administered with compound 17. Thus, understanding the mechanism
underlying drug interactions is useful, not only in preventing drug toxicity or adverse

effects, but also in devising safer therapies for disease.
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Earlier in this lab (L)-proline-catalysed green synthesis of highly functionalized [1, 4]-
thiazines and the results of their evaluation for in vitro antimycobacterial activity against
M. tuberculosis H37Rv (MTB). The choice of (L)-proline as catalyst in this
transformation is based on the fact that, besides being an abundant and inexpensive
amino acid, it is known to catalyse diverse organic transformations, both enantio- and
non enantioselective ones such as aldol [201], Mannich [202], Michael [203], Diels
Alder/Knoevenagel [204], unsymmetric Biginelli [205] and tandem [206] reactions. The
efficiency of (L)-proline in diverse organic transformations is ascribable to multiple
catalytic roles it can play, such as an acid or a base and both, as a nucleophile and its
ability to form enamine/enaminium intermediates upon reaction with carbonyl/a & B-
unsaturated carbonyl compounds. This work is a continuation to design newer
antibacterial agents to obtain a lead series for 1, 4-thiazines with tractable SAR and

potencies better than the previously reported derivatives.

5.1. Chemistry

The target compounds synthesized in this study were designed for a SAR study. It was
understood that retaining the thiazine pharmacophore was very important for activity and
any modification there resulted in either reduced or no activity [126]. In the light of these
findings, it was decided to extend the previously reported thiazines by converting into
their corresponding amides, which was achieved by treating the scaffold moiety with
various acid chlorides in presence of a suitable base. This would give a clear
understanding on the influence of various substituents in determining the anti-tubercular
activity; viz hydrophilicity, lipophilicity electron withdrawing, electron donation
properties and also steric factors were taken into consideration. Also an effort has been
made to study the role of substituent on acetophenone part of the thiazine moiety in
activity determination, by using chloro, methyl and unsubstituent acetophenone as
precursor for synthesis. Thus the following library (Scheme 5.1) was designed for the

study.
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The synthetic sequence used to prepare the title compound is outlined in Scheme 1. The
sulfone was achieved in three steps as previously reported by Reddy et al [207] from
commercially available substituted acetophenone, by first converting them into the
corresponding phenacyl bromide with bromine/acetic acid, followed by alkylation with
ethylthioglycolate in presence of a base. The sulfide formed was further oxidized to the
corresponding sulfone using excess of hydrogen peroxide at ambient temperature. All the
steps went smoothly giving the desired product in quantitative yield. The sulfone was
further converted into the corresponding thiazine by a protocol involving L-Proline-
catalyzed one pot three component reactions of the sulphone, corresponding aldehyde and
ammonia as previously reported by us [136]. This facile transformation presumably
occurs via a one-pot domino sequence of enamine formation/iminium intermediate/
Michael addition which ultimately forms thiazines in good yields via the intra-molecular
Mannich type reaction. The mechanism for the formation of [1, 4]-thiazines derivatives is

described in Scheme 5.2.

Though the L- proline catalysed cyclisation is essentially non-enantioselective, but a
chiral HPLC analysis of a representative final molecule ‘7’ revealed a very low
enantiomeric excess of 4.9 %. The non enantioselectivity as explained in our previous
work is probably due to the existence of the eniminium intermediate in two
conformations and each of which probably facilitates subsequent Michael addition of the
amine on opposite faces of the eniminium functionality, from the side opposite to that of
the carboxyl group of proline due to steric interaction with the incoming Michael donor,
the amine. The final library was achieved by converting the thiazine into the
corresponding amides by treating the scaffold moiety with appropriate acid chlorides in
presence of either sodium hydride or DIPEA as base. All the reaction in the final step
were monitored at regular intervals by LC-MS and immediately purified by preparative
HPLC, as it was observed that the leaving the reaction mixture for longer intervals led to
the decomposition of products or too many side products, especially when sodium
hydride was used as base. Though the final reactions were very tricky and required
repeated trials and purification but we could achieve all the compounds with desired

purity. Libraries of 52 amide derivatives were prepared using the above method for the
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present study; further optimization of these hits is in progress. Both analytical and
spectral data (‘"H NMR, ">C NMR, and mass spectra) of all the synthesized compounds

were in full agreement with the proposed structures.

5.1.1. Methodology

All the reagents were purchased from Aldrich. All the solvents were freshly distilled
before use. Melting points were determined using Buchi B-540 and are uncorrected. The
homogeneity of the compounds was monitored by thin layer chromatography (TLC) on
silica gel 40 F254 (Merck, Darmstadt, Germany) coated on aluminum plates, visualized
by UV light and KMnO4 solution. Elemental analyses were carried out on an automatic
Flash EA 1112 Series, CHN Analyzer (Thermo). All 1H and 13C NMR spectra were
recorded on a Bruker AM-300 (300.12 MHz, 75.12 MHz), Bruker Bio Spin Corp,
Germany. Molecular weights of unknown compounds were checked by LCMS 6100B

series Agilent Technology. Chemical shifts are reported in ppm (8) with reference to.

(0) (0] (0]
1. Br,/ CHCI H,0 0O o, O
2 3. S 22 5 2
2. Ethyl thioglycolate 3

K,CO3/CHCl4
0°C to rt
Ar'=4-CIC(H,, C,H;, 4-CH;C,H,
NH3, | Ar-cHO,
C,H.OH L-Proline

0 o, O
S '
Ar N Ar NaH or DIPEA

/& 0°C to rt, THF

R 0]

Scheme 5.1: Synthesis of [1,4]-thiazines derivatives
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32a 32b
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0 02 (0} (0} H (S)Z
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A N Ar Ar/§1¢1 Ar
R
3-29 34

Scheme 5.2. Mechanism for the formation of [1,4]-thiazines

internal standard TMS. The signals are designated as follows: s, singlet; d, doublet; dd,
doublet of doublets; t, triplet; m, multiplet
General procedure for the synthesis of target molecule:

The target molecule was achieved in a five step process from commercially available

substituted acetophenone or phenacyl bromide as depicted in Scheme 1.

5.1.2. Synthesis of Ethyl-2-(2-0x0-2-Aryl ethylthio) acetate:

Bromine (1mmol) was added drop wise to a vigorously stirred ice cold solution of the

substituted acetophenone (1mmol) in acetic acid (40 ml) while marinating the internal
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temperature of the reaction below 20°C. The reaction mixture was then stirred at 0°C for
another 2-3 hour (monitored by TLC for completion). The solid obtained was then
filtered, washed with aqueous ethanol and dried. The crude product was further purified
by recyrstaliisation from ethanol, to give the corresponding phenacyl bromide as white

solid.

Ethyl thioglycolate (1 mmol) in chloroform was added drop wise to a solution of the
above obtained phenacyl bromide and K2CO3 (50 mol %) in chloroform at 0°C. The
reaction mixture was slowly warmed to room temperature (rt) and stirred at rt (monitored
by TLC for completion). The reaction mixture was then filtered; the organic phase was
washed successively with water (25 mL), dried over anhydrous Na2SO4 and

concentrated in vacuum to afford the desired sulphide in quantitative yield.

0 1.Bry/ CHCI,

Ar')k

(0] (0]
2. Ethylthioglycolate
K,CO4/CHCl;

0°C tort

Ar' =4-CIC¢H,, C¢Hs, 4-CH;C(H,

5.1.3. Synthesis of ethyl 2-[(2-ox0-2-arylethyl) sulfonyl] acetate:

To the above obtained sulphide in acetic acid, was added H,O, (50%) in excess amount.
The reaction mixture was then stirred at rt for 24 hours (monitored by TLC for
completion). The reaction mixture was poured into ice-water and the solid separated was

filtered, led to the sulfone.

0 0 0 o O

EtOJ\/ S\)J\Ar' HZ—OZ> EtOJ\/ R Ar'

CH,COOH
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5.1.4. Synthesis of ethyl 6- (sub: benzoyl)-1, 1-dioxo-3, 5-diaryl-1, 4-thiazinane-2-
carboxylates:

The synthesis was achieved by a one pot three component reaction of the corresponding
sulfone, aldehyde and ammonia in ratio 1:2:1 in presence of green catalyst L-proline as

previously reported by our group. In a typical procedure to a solution of ethyl 2-[(2-oxo-
2-arylethyl) sulfonyl] acetate (1.6 mmol) in ethanol at rt was added L-proline (30 mol%),
and ammonia (1.6mmol). The reaction mixture was then allowed to stand at rt for about
3-4 hrs wherein the product start precipitating out. The solid thus obtained was filtered
and the crude re-crystallised from ethanol: ethylacetate mixture (7:3) to afford the desired

product as white to off white solid in quantitative yield.

(0]

O X (0] NH;, 0O 0, (0]
S C,H.OH
EtO)J\/ \)J\Ar' 2 > EtO S Ar'
Proline N
H

Ethyl 6-(4-chlorobenzoyl)-3,5 di(4-nitrophenyl)-1,1-dioxo-1,4-thiazinane-2-
carboxylate:

Pale yellow solid; M.P 173°C; Yield (90%). '"H NMR (300 MHz, DMSO-d6) §H1.09 (t,
3H, J = 7.2Hz -CH3s of COOCH,CH3), 2.79 (s, NH, br), 4.02-4.16 (m, 2H,-CH, of
COOCH,CH3),4.90 (d, 1H, J=10.5 Hz, H2), 5.01 (d, 1H, J=10.5 Hz, H3), 5.10 (d, 1H,
J=10.3 Hz, HS), 6.01 (d, 1H, J=10.3 Hz, H6), 7.42-8.29 (m, 12H, ArH). 13CNMR
(75MHz, DMSO-d6) dc 186.3, 160.5, 146.8, 146.6, 144.5, 140.0, 134.2, 129.8, 129.6,
128.5, 128.2, 128.1, 126.8, 122.6, 69.3, 68.7, 61.6, 60.7, 60.3, 12.8. Anal.Calcd for
CacH2oCIN3OoS: C, 53.11; H, 3.77; N, 7.15. Found: C, 53.16 H, 3.82; N, 7.21MS m/z:
587.08 (100%) [M+1] 587.08, [M+2] 589.07, [M+3] 588.08.
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Ethyl 6-(4-chlorobenzoyl) -1,1-dioxo0-3,5 diphenyl-1,4-thiazinane-2-carboxylate:
White solid; M.P 140°C; Yield (90%). '"H NMR (300 MHz, CDCls): 8H1.06 (t, 3H,
J=7.1Hz -CH; of COOCH,CHj), 2.01 (s, NH, br), 4.05-4.12 (m,2H,-CH, of
COOCH,CH3),4.37 (d, 1H, J=10.7 Hz, H2), 4.80 (d, 1H, J=10.7 Hz, H3), 5.01 (d, 1H,
J=10.2 Hz, H5), 5.23 (d, 1H, J=10.2 Hz, H6), 7.18-7.81 (m, 14H, ArH). CNMR
(75MHz, CDCl3): o6c 187.0, 161.5, 141.2, 138.3, 138.2, 136.0, 130.7, 129.6, 129.4,
129.3, 128.4, 128.3, 73.6, 73.0, 63.1, 62.8, 62.3, 14.2.

Anal.Calcd for CosH,4CINOsS: C, 62.71; H, 4.86; N, 2.81. Found: C, 62.77 H, 4.91; N,
2.79 MS m/z: 497.11 (100%) [M+1] 497.11, [M+2] 499.10, [M+3] 498.11.

Ethyl 6-(4-chlorobenzoyl)-3,5 di (4-methylphenyl) -1,1- dioxo- 1,4 -thiazinane -2-
carboxylate:

White solid; M.P153°C; Yield (87%). "H NMR (300 MHz, DMSO-d6) §H1.10 (t, 3H,
J=7.1Hz -CH3 of COOCH,CH3), 2.06 (s, NH, br), 2.26 (s, 3H, -CHs), ), 2.34 (s, 3H, -
CH3), 4.07-4.16 (m,2H,-CH, of COOCH,CHj3),4.37 (d, 1H, J=10.6 Hz, H2), 4.69 (d, 1H,
J=10.6 Hz, H3), 4.91 (d, 1H, J=10.3 Hz, H5), 5.28 (d, 1H, J=10.3 Hz, H6), 7.02-7.89 (m,
12H, ArH). "CNMR (75MHz, CDCls): &c 187.0, 161.3, 140.9, 138.4, 138.1, 135.6,
135.2, 134.9, 130.4, 129.3, 129.1, 128.9, 128.8, 127.6, 73.0, 71.9, 64.6, 63.7, 62.4, 21.6,
21.3, 13.9. Anal.Calcd for CgH»3CINOsS: C, 63.93; H, 5.37; N, 2.66. Found: C, 64.01 H,
5.36; N, 2.68MS m/z: 525.14 (100%) [M+1] 525.14, [M+2] 527.13, [M+3] 526.14.

Ethyl 6-(benzoyl)-3,5 di(4-nitrophenyl)-1,1-dioxo-1,4-thiazinane-2-carboxylate:
Yellow solid; M.P 155°C; Yield (83%). 'H NMR (300 MHz, DMSO-d6) 8H0.98 (t, 3H,
J=6.9Hz -CH; of COOCH,CHj3), 2.37 (s, NH, br), 3.97-4.08 (m, 2H, -CH, of
COOCH,CH3), 4.69 (d, 1H, J=10.2 Hz, H2), 4.87 (d, 1H, J=10.3 Hz, H3), 5.02 (d, 1H,
J=10.0 Hz, H5), 5.79 (d, 1H, J=10.1 Hz, H6), 7.39-8.27 (m, 13H, ArH). *CNMR
(75MHz, DMSO-d6) &c 185.9, 160.2, 146.7, 146.5, 144.0, 137.9, 133.2, 128.4, 128.2,
127.7, 127.6, 125.8, 125.9, 122.4, 69.1 68.6, 61.3, 60.3, 60.0, 12.9. Anal.Calcd for
CosH23N300S: C, 56.41; H, 4.19; N, 7.59. Found: C, 56.37; H, 4.13; N, 7.57. MS m/z:
553.11[M+].
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Ethyl 6-(benzoyl) -1,1-dioxo-3,5 diphenyl-1,4-thiazinane-2-carboxylate:

White solid;M.P 157°C; Yield (87%). 1H NMR (300 MHz, CDCl3): 8H1.04 (t, 3H,
J=7.2Hz -CHs of COOCH,CHj3), 2.10 (s, NH, br), 3.96-4.06 (m, 2H, -CH, of
COOCH,CHy), 4.32 (d, 1H, J=10.7 Hz, H2), 4.69 (d, 1H, J=10.7 Hz, H3), 491 (d, 1H,
J=10.3 Hz, H5), 5.10 (d, 1H, J=10.2 HzH6), 7.16-7.93 (m, 15H, ArH). *CNMR
(75MHz, CDCl3): o6c 186.7, 161.1, 138.2, 138.1, 137.4, 133.4, 129.7, 129.5, 129.3,
129.2, 128.5, 128.3, 73.7, 72.9, 63.0, 62.5, 62.1, 13.9. Anal.Calcd for CysH5sNOsS: C,
67.37; H, 5.44; N, 3.02. Found: C, 67.33; H, 5.40; N, 3.00. MS m/z: 463.15 [M+].

Ethyl 6-(benzoyl)-3,5 di(4-methylphenyl)-1,1-dioxo-1,4-thiazinane-2-carboxylate:
Pale white solid; M.P 157°C; Yield (85%).1H NMR (300 MHz, DMSO-d6) 6H1.09 (t,
3H, J=7.1Hz -CH3 of COOCH,CH3), 2.11 (s, NH, br), 2.24 (s, 3H, -CH3), ), 2.35 (s, 3H,
-CH3), 4.03-4.10 (m,2H,-CH, of COOCH,CH3),4.41 (d, 1H, J=10.7 Hz, H2), 4.74 (d, 1H,
J=10.7 Hz, H3), 4.93 (d, 1H, J=10.2 Hz, HS), 5.32 (d, 1H, J=10.2 Hz, H6), 6.99-7.93 (m,
13H, ArH). CNMR (75MHz, CDCls): 8¢ 186.9, 161.4, 138.5, 138.2, 137.9, 135.5,
135.1, 133.4, 129.2, 129.0, 128.9, 128.5, 127.7, 72.9, 71.0, 64.8, 63.6, 62.5, 21.5, 21.3,
14.0. Anal.Calcd for CosH29NOsS: C, 68.41; H, 5.95; N, 2.85. Found: C, 68.39; H, 5.91;
N, 2.83. MS m/z: 491.18 [M+].

Ethyl 6-(4-toluoyl)-3,5 di(4-nitrophenyl)-1,1-dioxo-1,4-thiazinane-2-carboxylate:
Pale yellow solid; M.P 155°C; Yield (79%);. 'H NMR (300 MHz, CDCl3) H1.0 (t, 3H,
J=7.1Hz -CH; of COOCH,CH3), 2.29 (s, 3H,-CH3), 2.67 (s, NH, br), 4.02-4.12 (m, 2H, -
CH, of COOCH,CH3), 4.78 (d, 1H, J=10.4 Hz, H2), 4.95 (d, 1H, J=10.3 Hz, H3), 5.09 (d,
1H, J=10.3 Hz, H5), 5.87 (d, 1H, J=10.2 Hz, H6), 6.87-8.24 (m, 12H, ArH). "CNMR
(75MHz, CDCl3) oc 186.3, 160.5, 146.7, 146.5, 144.4, 142.7, 133.7, 128.3, 128.1, 127.8,
127.7, 126.1, 126.6, 122.9, 69.0, 68.5, 61.4, 60.7, 60.1, 23.8, 13.1. Anal.Calcd for
Cy7Hy5N5300S: C, 57.14; H, 4.44; N, 7.40. Found: C, 57.12; H, 4.39; N, 7.37. MS m/z:
567.13 [M+].
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Ethyl 6-(4-toluoyl) -1,1-dioxo-3,5 diphenyl-1,4-thiazinane-2-carboxylate:

White solid; M.P 157°C; Yield (83%). '"H NMR (300 MHz, CDCls): 8H1.03 (t, 3H,
J=7.1Hz -CH; of COOCH,CH3), 2.16 (s, NH, br), 2.33 (s, 3H —CH3), 3.99-4.10 (m,2H,-
CH,; of COOCH,CHs), 4.31 (d, 1H, J=10.7 Hz, H2), 4.72 (d, 1H, J=10.8 Hz, H3), 4.94 (d,
1H, J=10.3 Hz, H5), 5.15 (d, 1H, J=10.3 Hz,H6), 6.93-7.56 (m, 14H, ArH). *CNMR
(75MHz, CDCls): oc 186.9, 161.4, 143.2, 138.3, 138.2, 134.3, 129.9, 129.6, 129.4, 129.3,
128.5, 128.4, 73.6, 73.1, 63.0, 62.7, 62.1, 22.9, 14.0. Anal.Calcd for C»7H»7NOsS: C,
67.90; H, 5.70; N, 2.93. Found: C, 67.93; H, 5.72; N, 2.91. MS m/z: 477.16 [M+].

Ethyl 6-(4-toluoyl)-3,5 di(4-methylphenyl)-1,1-dioxo-1,4-thiazinane-2-carboxylate:
White solid;M.P 157°C; Yield (87%)."H NMR (300 MHz, DMSO-d6) &H1.10 (t, 3H,
J=7.1Hz -CH3 of COOCH,CH3), 2.09 (s, NH, br), 2.27 (s, 3H, -CHa), ), 2.33 (s, 3H, -
CHs), 2.37 (s, 3H, —-CH3), 4.10-4.18 (m, 2H,-CH, of COOCH,CH3), 4.39 (d, 1H, J=10.6
Hz, H2), 4.73 (d, 1H, J=10.6 Hz, H3), 4.97 (d, 1H, J=10.3 Hz, HS), 5.39 (d, 1H, J=10.3
Hz, H6), 6.83-7.47 (m, 12H, ArH). "CNMR (75MHz, CDCls): 8¢ 187.0, 161.1, 143.2,
138.3, 138.0, 135.4, 135.2, 134.0, 129.5, 129.3, 128.9, 128.7, 127.8, 73.0, 72.0, 64.5,
63.2,62.5,21.7,21.4,21.2, 13.7. Anal.Calcd for C9H3NOsS: C, 68.89; H, 6.18; N, 2.77.
Found: C, 68.92; H, 6.178; N, 2.80. MS m/z: 505.19 [M+].

5.1.5. Final Library:

The final library (Table 5.1) was achieved by either using Method A or Method B. All the
reactions were regularly monitored by LCMS and immediately purified in order to avoid

decomposition of the product/ reduce the side products.

Method A: To solution of the corresponding thiazine (1 mmol) in dry dichloromethane at
0'C was added drop wise DIPEA (2 mmol) and stirred for 5-7 mins. Acid chloride (1.2
mmol) was then added to the reaction mixture at 0°C. The reaction mixture was slowly
warmed to room temperature (rt) and stirred at rt (monitored by LCMS). Water was

added to the reaction mixture and the layers separated, the organic layer was washed with

175



brine, dried over anhydrous Na,SO,4 and evaporated in vacuo. The crude was immediately

purified by preparative HPLC to get the desired product.

Method B: To a suspension of sodium hydride (Immol) in dry THF was added drop wise
a solution of the corresponding thiazine in THF at 0'C. The reaction mixture was slowly
warmed to rt and stirred at rt for 30 min. Acid chloride (1.2mmol) was then added to the
reaction mixture at 0°C and the reaction mixture was stirred at rt (monitored by LCMS ).
The reaction mixture was quenched with saturated ammonium chloride, extracted with
dichloromethane, washed with brine, dried over anhydrous Na,SO, and evaporated in

vacuo. The crude was immediately purified by preparative HPLC to get the desired

product.
(0] 02 (0} (0] 02 (0]
EtO S A R-COCI . EtO S A
NaH or DIPEA
Ar” N° TAr 0°C to rt, THF Ar /IL Ar
H
R (6]
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Table 5.1. Structure and Physical constants, of [1, 4]-thiazines

% Melting

Comp.No Ar' Ar R Formula yield LogP* Mol. Wt range
O

1 p-tolyl phenyl cyclohexyl C34H30CINOgS 57 5.61 587.23 136-138
2 p-tolyl phenyl phenyl Cs4H51NOgS 53 5.53 581.19 122-124
3 phenyl phenyl p-tolyl C34H3:NO6S 56 5.53 581.19 177-179
4 phenyl p -nitrophenyl cyclohexyl Cs3H33N5040S 48 ND 663.19 134-136
5 p -chlorophenyl phenyl phenyl C33Hp3CINOgS 57 5.60 601.09 116-118
6 phenyl phenyl phenyl C33H29NOgS 67 5.04 567.17 162-164
7 p -chlorophenyl p -nitrophenyl p-tolyl Cs4HogCIN3O1pS 59 ND 705.12 200-202
8 p -chlorophenyl p -nitrophenyl phenyl Cs3Hy6CIN3O oS 67 ND 691.10 226-228
9 p -chlorophenyl p -nitrophenyl methyl CysH,4CIN3O10S 41 ND 629.09 187-159
10 p-tolyl p -nitrophenyl cyclohexyl Cs4H35N5040S 50 ND 677.18 127-129
11 phenyl phenyl cyclohexyl Cs3H35NO6S 55 5.12 573.22 151-153
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% Melting

Comp.No Ar' Ar R Formula yield LogP* Mol. Wt range
O

12 phenyl phenyl methyl CasH27NO6S 40 3.15 505.58 130-132
13 phenyl phenyl p -nitrophenyl  Cs3HsN»OgS 51 ND 612.16 118-120
14 phenyl phenyl p -chlorophenyl  Ci33Hy3CINOgS 60 5.60 601.13 146-148
15 phenyl p-tolyl p-tolyl C36H3sNO6S 49 650 60922  174-176
16 phenyl p-tolyl phenyl C35H33NO6S 53 6.02 595.20 159-161
17 phenyl p-tolyl cyclohexyl CssH39NOgS 41 6.09 601.25 148-150
18 phenyl p-tolyl methyl C30H3NOgS 47 412 533.19  148-150
19 phenyl p-tolyl p -chlorophenyl  C3sH3,CINOgS 56 ND 629.16 203-205
20 phenyl p -nitrophenyl p-tolyl C34H29N3040S 66 ND 671.10 110-112
21 phenyl p -nitrophenyl phenyl Cs3Ho7N5040S 73 ND 657.14 156-158
22 phenyl p -nitrophenyl p -nitrophenyl  C33H6N4O1,S 66 ND 702.10 184-186
23 phenyl p -nitrophenyl p -chlorophenyl Cs3H6CIN3O;0S 62 ND 691.10 214-216
24 phenyl p-tolyl p -nitrophenyl C55H3,N,08S 54 ND 640.19 153-155
25 p -chlorophenyl phenyl p-tolyl C34H30CINOgS 55 6.09 615.13 120-122
26 p -chlorophenyl phenyl methyl CogHosCINOgS 43 3.70 539.21 126-128
27 p -chlorophenyl phenyl cyclohexyl C33H34CINOgS 51 5.68 607.18 124-126
28 p -chlorophenyl p -nitrophenyl cyclohexyl C33H3,CIN3O1pS 53 ND 697.15 191-193
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Comp.No

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Ar'

p-chlorophenyl
p-chlorophenyl

p-chlorophenyl
p-tolyl
p-tolyl
p-tolyl
p-tolyl
p-tolyl
p-tolyl
p-tolyl
p-tolyl
p-tolyl
p-tolyl
p-tolyl
p -chlorophenyl
p -chlorophenyl
p -chlorophenyl

Ar

p -nitrophenyl
p-tolyl
phenyl
phenyl
p-tolyl
phenyl

phenyl
p-tolyl

p-tolyl
p-tolyl
phenyl
p -nitrophenyl
p-tolyl

p -nitrophenyl
p-tolyl
p-tolyl

4-tolyl

R

p -chlorophenyl
cyclohexyl

p -nitrophenyl
p -nitrophenyl
cyclohexyl

p -chlorophenyl
p-tolyl

phenyl

p -chlorophenyl
methyl

methyl

p -chlorophenyl
p-tolyl

p -nitrophenyl
methyl

p-tolyl

phenyl

Formula

C33H25CbN3010S
C35H33CINO6S
C33H,7CIN,OgS
C34H30N205S
C36H41NO6S
C34H30CINOgS
C35H33NO6S
C36H3sNOgS
C36H34CINO6S
C31H33NO6S
Cr9H29NOgS
C34HosCIN3O10S
C35H37NO6S
C34H2sN4012S
C30H30CINO6S
C136H34CINOgS
C35H3,CINO6S

%
yield
63
51
57
57
46
62
57
55
50
44
42
59
63
61
40
63
51

LogP?

ND

6.65
ND

ND

6.58
6.09
6.02
6.50
7.06
4.61
3.63
ND

6.99
ND

4.68
7.06
6.58

Mol. Wt

725.06
635.21
646.17
626.17
615.27
615.15
595.20
609.22
643.18
547.20
519.17
705.12
623.23
716.14
567.15
643.18
629.16

Melting
range
0)
168-170
164-166
131-133
151-153
211-213
164-166
97-99
124-126
174-176
211-215
142-144
191-194
168-171
165-168
131-133
171-174
187-190
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Comp.No Ar'

46 phenyl

47 p -chlorophenyl
48 p-tolyl

49 p-tolyl

50 p-tolyl

51 p-tolyl

52 p -chlorophenyl

Ar

p-nitrophenyl
p-tolyl
p -nitrophenyl
p-tolyl
p -nitrophenyl
p -nitrophenyl
phenyl

R

methyl
p -nitrophenyl
phenyl
p -nitrophenyl
methyl
p-tolyl

p -chlorophenyl

Formula

CasHasN3010S
C35H3,CIN,OgS
C34H29N3010S
C56H34N>05S
C29H27N3010S
C35H31N3010S
Ci3H7CILbNOgS

%
yield
40
57
67
54
43
67
57

LogP

ND
ND
ND
ND
ND
ND
6.16

Mol. Wt

595.10
674.15
671.16
654.20
609.23
685.17
635.11

Melting
range
0)
151-153
191-194
188-191
146-149
150-153
171-173

169-171

*CLog P was obtained from ChemBioDraw Ultra 11.0; ND: not determined
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5.1.6. Characterization of the Compounds

Ethyl 4-(cyclohexoyl)-6-(4-toluoyl) - 3, 5-phenyl-1, 1-dioxo-1, 4,-thiazinane-2-
carboxylate (1)

White solid; M.P: 137°C; Yield (57%). '"H NMR (300 MHz, CDCl3): 8H 1.06 (t, 3H, J=
7.1Hz -CH3; of COOCH,CHj3), 1.27-1.69 (m,10H, -CH, of cyclohexoyl), 2.21-2.23
(m,1H,-CH of cyclohexoyl), 2.35 (s, 3H, —CHj3 of toluoyl), 4.01-4.04 (m,2H,-CH, of
COOCH,CH3), 4.77 (d, 1H, J=10.6 Hz, H»), 5.09 (d, 1H, J=10.6 Hz, Hs), 5.21 (d, 1H,
J=10.2 Hz, Hs), 5.34 (d, 1H, J=10.2 Hz,He), 6.89-7.83 (m, 14H, ArH). "CNMR (75MHz,
CDCl3): oc 186.9, 170.2, 161.4, 143.4, 138.3, 138.1, 134.3, 129.8, 129.6, 129.4, 129.2,
128.5, 128.1, 65.7, 63.7, 63.0, 55.4, 54.6, 33.0, 28.4, 26.1, 23.2, 14.0. Anal.Calcd for
C34H30CINOGS: C, 69.48; H, 6.35; N, 2.38. Found: C, 69.50; H, 6.34; N, 2.40. MS m/z:
587.23 [M+].

Ethyl 4-(4-toluoyl)-6-(benzoyl) - 3, 5-diphenyl-1, 1-dioxo-1, 4,-thiazinane-2-
carboxylate (3)

White solid; M.P: 178°C; Yield (56%). '"H NMR (300 MHz, CDCls): H 1.06 (t, 3H,
J=7.2Hz -CH; of COOCH,CH3), 2.31 (s, 3H, -CH3 of toluoyl), 4.05-4.13 (m,2H,-CH, of
COOCH,CH3), 4.73 (d, 1H, J=10.7 Hz, H2), 5.03 (d, 1H, J=10.6 Hz, H3), 5.17 (d, 1H,
J=10.3 Hz, HS), 5.33 (d, 1H, J=10.3 Hz, H6), 7.26 — 7.73 (m, 20H, ArH). "CNMR
(75MHz, CDCl3): éc 187.0, 167.3, 161.5, 141.9, 138.5, 138.4, 137.9, 133.7, 132.3, 130.4,
129.6, 129.5, 129.3, 129.2, 129.1, 128.6, 128.3, 128.1, 66.3, 63.9, 63.2, 57.4, 54.5, 23.1,
14.1. Anal.Calcd for C34H3NOgS: C, 70.20; H, 5.37; N, 2.41. Found: C, 70.17; H, 5.33;
N, 2.39. MS m/z: 581.19 [M+].

Ethyl 4-(cyclohexoyl)-6-(benzoyl) - 3, 5-di (4-nitrophenyl)-1, 1-dioxo-1, 4,-
thiazinane-2-carboxylate (4)

Pale yellow solid; M.P: 135°C; Yield (48%) '"H NMR (300 MHz, CDCls): 6H 1.04 (t,
3H, J=7.2Hz -CH3 of COOCH,CH3), 1.33-1.69 (m,10H, -CH, of cyclohexoyl), 2.29-2.34
(m, 1H,-CH of cyclohexoyl) 4.04-4.13 (m,2H,-CH, of COOCH,CHj3), 5.07-5.21 (m, 3H,
H2, H3, H5) 5.79 (d, 1H, J=10.3 Hz, H6), 7.31-8.16 (m, 12H, ArH). "CNMR (75MHz,
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CDCly): oc 186.1, 170.7, 160.1, 146.8, 146.7, 144.2, 138.3, 133.4, 128.4, 128.1, 126.4,
123.0, 66.1, 64.3, 60.1, 56.0, 55.1, 54.6, 33.9, 30.1, 26.2, 12.9. Anal.Calcd for
Cs3H33N50¢0S: C, 59.72; H, 5.01; N, 6.33. Found: C, 59.77; H, 4.99; N, 6.31. MS m/z:
663.19 [M+].

Ethyl 4-(benzoyl)-6-(4-chlorobenzoyl) - 3, 5-diphenyl-1, 1-dioxo-1, 4,-thiazinane-2-
carboxylate (5)

Pale whites solid; M.P: 117°C; Yield (57%). '"H NMR (300 MHz, CDCls): 8H 1.06 (t,
3H, J=7.1Hz -CH3 of COOCH,CH3), 4.01-4.09 (m,2H,-CH, of COOCH,CH3), 4.67 (d,
1H, J=10.6 Hz, H2), 4.89 (d, 1H, J=10.6 Hz, H3), 5.03 (d, 1H, J=10.3 Hz, HS), 5.27 (d,
1H, J=10.4 Hz, H6), 7.27 — 7.87 (m, 19H, ArH). "CNMR (75MHz, CDCl3): 5¢c 187.0,
167.2, 161.5, 141.2, 138.4, 138.3, 137.2, 135.7, 130.6, 130.3, 129.6, 129.4, 129.3, 129.2,
128.6, 128.4, 128.3, 66.4, 64.2, 63.0, 57.3, 54.6, 14.0. Anal.Calcd for C33HsCINO,S: C,
65.83; H, 4.69; N, 2.33. Found: C, 65.81 H, 4.71; N, 2.29 MS m/z: 601.09 (100%) [M+1]
601.13, [M+2] 603.13, [M+3] 602.14.

Ethyl 4-(cyclohexoyl)-6-(4-toluoyl) - 3, 5-di (4-nitrophenyl)-1, 1-dioxo-1, 4,-
thiazinane-2-carboxylate (10)

Orange solid; M.P: 128°C; Yield (50%)."H NMR (300 MHz, CDCl3): 8H 1.07 (t, 3H,
J=7.2Hz -CH; of COOCH,CH3), 1.34-1.72 (m,10H, -CH; of cyclohexoyl), 2.31-2.37 (m,
4H,-CH of cyclohexoyl& -CHj of toluoyl) 4.05-4.15 (m,2H,-CH, of COOCH,CHj3), 5.10
(d, 1H, J=10.5 Hz, H2), 5.18 (d, 1H, J=10.5 Hz, H3), 5.23 (d, 1H, J=10.2 Hz, HS), 5.86
(d, 1H, J=10.2 Hz, H6), 6.89-8.15,(m, 12H, ArH). "CNMR (75MHz, CDCls): &c 186.3,
170.8, 160.3, 147.0, 146.9, 144.1, 142.8, 134.1, 128.5, 128.2, 126.7, 123.2, 66.3, 64.5,
60.1, 56.0, 55.2, 54.9, 34.0, 30.2, 26.3, 23.6, 13.1. Anal.Calcd for C34H35N30,0S: C,
60.26; H, 5.21; N, 6.20. Found: C, 60.23; H, 5.19; N, 6.19. MS m/z: 677.18 [M+].

Ethyl 4-(acetyl)-6-(benzoyl) - 3, 5-diphenyl-1, 1-dioxo-1, 4,-thiazinane-2-carboxylate
(12)

Pale brown solid; M.P: 131°C; Yield (29%).1H NMR (300 MHz, CDCls): 6H 1.07 (t, 3H,
J=7.1Hz -CHj3; of COOCH,CH3), 2.34 (s, 3H, -CH3 of acetyl), 4.03-4.09 (m, 2H,-CH,
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of COOCH,CH3), 4.75 (d, 1H, J=10.6 Hz, H2), 5.21 (d, 1H, J=10.6 Hz, H3), 5.34 (d,
1H, J=10.4 Hz, H5), 5.43 (d, 1H, J=10.3 Hz, H6), 7.30 — 7.79 (m, 15H, ArH). "CNMR
(75MHz, CDCls): 6c 187.0, 167.1, 161.3, 138.4, 138.3, 137.7, 133.6, 129.6, 129.3, 129.1,
129.0, 128.5, 128.1, 66.0, 63.7, 63.0, 54.8, 52.3, 24.4, 14.1. Anal.Calcd for C,3H»7NOeS:
C, 66.52; H, 5.38; N, 2.77. Found: C, 66.57; H, 5.33; N, 2.78. MS m/z: 505.58[M"].

Ethyl 4-(4-nitrobenzoyl)-6-(benzoyl) - 3, 5-diphenyl-1, 1-dioxo-1, 4,-thiazinane-2-
carboxylate (13)

Yellow solid; M.P: 119°C; Yield (51%)."H NMR (300 MHz, CDCl3): 8H 1.06 (t, 3H,
J=7.1Hz -CH;3 of COOCH,CH3), 4.06-4.14 (m,2H,-CH, of COOCH,CH3), 4.79 (d, 1H,
J=10.7 Hz, H2), 5.24-5.37 (m, 2H, H3 & H5), 5.69 (d, 1H, J=10.3 Hz, H6), 7.29 — 8.21
(m, 19H, ArH). "CNMR (75MHz, CDCls): &c 186.9, 167.3, 161.3, 151.4, 142.9, 138.5,
138.4, 137.8, 133.6, 130.2, 129.7, 129.5, 129.3, 129.2, 128.5, 128.2, 123.9, 66.3, 64.0,
63.0, 57.5, 54.5 14.1. Anal.Calcd for C33HsN2OsS: C, 64.69; H, 4.61; N, 4.57. Found: C,
64.71; H, 4.59; N, 4.54. MS m/z: 612.16 [M+].

Ethyl 4-(4-toluoyl)-6-(benzoyl) - 3, 5- di (4-methylphenyl)-1, 1-dioxo-1, 4,-thiazinane-
2-carboxylate (15)

White solid; M.P: 175°C; Yield (49%). '"H NMR (300 MHz, DMSO-d6) 8H 1.07 (t, 3H,
J=7.0 Hz -CH3 of COOCH,CH3), 2.26 (s, 3H, -CH3), ), 2.33 (s, 3H, -CH3), 2.36 (s, 3H, -
CH3), 4.04-4.13 (m,2H,-CH, of COOCH,CH3), 4.66 (d, 1H, J=10.9 Hz, H2), 4.89 (d, 1H,
J=10.9 Hz, H3), 5.13 (d, 1H, J=10.3 Hz, HS), 5.47 (d, 1H, J=10.4 Hz, H6), 7.32 — 791
(m, 17H, ArH). "CNMR (75MHz, CDCls): &c 187.2, 167.4, 161.3, 142.3, 137.8, 137.6,
135.8, 135.6, 135.3, 133.5, 132.3, 129.3, 129.0, 128.6, 127.78, 127.7, 70.5, 69.4, 63.4,
62.5, 62.2, 21.7, 21.4, 21.3, 14.0. Anal.Calcd for: CscH3sNOgS: C, 70.91; H, 5.79; N,
2.30. Found: C, 70.93; H, 5.78; N, 2.32. MS m/z: 609.22 [M+].01.13 [M+]. Found: C,
66.57; H, 5.33; N, 2.78. MS m/z: 505.58 [M+].
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Ethyl 4, 6-(benzoyl) - 3, 5-di (4-methylphenyl)-1, 1-dioxo-1, 4,-thiazinane-2-
carboxylate (16)

Colourless solid; M.P 160°C; Yield (53%). '"H NMR (300 MHz, DMSO-d6) 6H 1H NMR
(300 MHz, DMSO-d6) dH 1.06 (t, 3H, J=6.9 Hz -CH3; of COOCH,CH3), 2.24 (s, 3H, -
CHs), 2.32 (s, 3H, -CH3), 4.01-4.09 (m,2H,-CH, of COOCH,CH3), 4.63 (d, 1H, J=10.9
Hz, H2), 4.86 (d, 1H, J=10.9 Hz, H3), 5.09 (d, 1H, J=10.4 Hz, HS), 5.37 (d, 1H, J=10.4
Hz, H6), 7.30 — 7.96 (m, 18H, ArH). >*CNMR (75MHz, CDCl;): &c 187.2, 167.1, 161.4,
137.8, 137.6, 137.5, 135.6, 135.4, 135.2, 133.4, 130.4, 129.2, 129.0, 128.9, 128.6, 128.5,
128.4, 128.1, 1274, 70.1, 67.9, 63.6, 62.5, 62.1, 21.7, 21.4, 13.9. Anal.Calcd for:
C3sH3NOgS: C, 70.57; H, 5.58; N, 2.35. Found: C, 70.61; H, 5.59; N, 2.37. MS m/z:
595.20 [M+].

Ethyl 4-(4-chlorobenzoyl)-6-(benzoyl) - 3, 5-di (4-methylphenyl)-1, 1-dioxo-1, 4,-
thiazinane-2-carboxylate (19)

White solid; M.P: 204°C; Yield (56%). "H NMR (300 MHz, CDCl3): 8H 1.10 (t, 3H,
J=7.2Hz -CH3; of COOCH,CH3), 2.24 (s, 3H, -CH3), 2.34 (s, 3H, -CH3), 3.99 - 4.08 (m,
2H,-CH; of COOCH,CH3), 4.73 (d, 1H, J=10.8 Hz, H2), 5.09-5.17 (m, 2H, H3 & HS),
5.73 (d, 1H, J=10.3 Hz, H6), 7.29 — 8.07 (m, 17H, ArH). "CNMR (75MHz, CDCls): &c
187.0, 167.2, 161.3, 137.7, 137.5, 137.3, 135.8, 135.7, 135.6, 133.8, 133.5, 130.4, 129.3,
129.1, 128.7, 128.5, 127.3, 70.0, 68.3, 63.4, 62.7, 62.2, 21.5, 21.2, 13.5 .Anal. Calcd for:
C3sH3CINOGS: C, 66.71; H, 5.12; N, 2.22. Found: C, 66.69; H, 5.10; N, 2.21. MS m/z:
629.16 (100%) [M+1] 629.16, [M+2] 630.17, [M+3] 631.16.

Ethyl 4-(4-toluoyl)-6-(benzoyl) - 3, 5-di (4-nitrophenyl)-1, 1-dioxo-1, 4,-thiazinane-2-
carboxylate (20)

Pale yellow solid; M.P: 111°C; Yield (66%). '"H NMR (300 MHz, CDCls) 6H 1.04 (t,
3H, J=7.2Hz -CH; of COOCH,CH3), 2.26 (s, 3H, -CHj3 of toluoyl), 4.01-4.09 (m,2H.-
CH; of COOCH,CHj3),5.10 (d, 1H, J=10.4 Hz, H2), 5.18 (d, 1H, J=10.7 Hz, H3), 5.26 (d,
1H, J=10.2 Hz, H5), 6.01 (d, 1H, J=10.4 Hz, H6), 7.36-8.19 (m, 17H, ArH). >*CNMR
(75MHz, CDCls) oc 186.3, 165.3, 160.2, 147.1, 146.9, 144.2, 141.7, 138.2, 133.5, 131.9,
128.4, 128.3, 128.2, 127.3, 126.2, 123.0, 65.5, 63.2, 60.1, 55.1, 53.4, 24.0, 13.0.
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Anal.Calcd for C34H29N30,0S: C, 60.80; H, 4.35; N, 6.26. Found: C, 60.83; H, 4.37; N,
6.23. MS m/z: 671.10 [M+].

Ethyl 4, 6-di (benzoyl)-3, 5-di (4-nitrophenyl)-1, 1-dioxo-1, 4,-thiazinane-2-
carboxylate (21)

Pale yellow solid; M.P: 157°C; Yield (73%). '"H NMR (300 MHz, CDCls) H 0.99 (t,
3H, J=7.0Hz -CH3 of COOCH,CH3), 3.99-4.06 (m,2H,-CH, of COOCH,CH3), 5.21 (d,
1H, J=10.6 Hz, H2), 5.27 (d, 1H, J=10.3 Hz, H3), 5.34 (d, 1H, J=10.2 Hz, HS), 6.07 (d,
1H, J=9.8 Hz,H6), 7.29-8.12,(m, 18H, ArH). "CNMR (75MHz, CDCl3) éc 186.1, 164.9,
160.1, 146.8, 146.7, 144.2, 138.1, 137.0, 133.4, 129.0, 128.4, 128.2, 128.0, 127.3, 126.2,
123.0, 65.5, 63.2, 60.1, 55.1, 53.4, 13.0. Anal.Calcd for C33H»7N3040S: C, 60.27; H,
4.14; N, 6.39. Found: C, 60.31; H, 4.09; N, 6.37 MS m/z: 657.14 [M+].

Ethyl 4-(4-nitrobenzoyl)-6-(benzoyl) - 3, 5-di (4-methylphenyl)-1, 1-dioxo-1, 4,-
thiazinane-2-carboxylate (24)

White solid; M.P: 154°C; Yield (54%). '"H NMR (300 MHz, CDCl;) : 8H 1.10 (t, 3H,
J=7.1Hz -CH;3 of COOCH,CHs), 2.25 (s, 3H, -CHj3), 2.35 (s, 3H, -CH3), 4.06-4.14 (m,
2H,-CH, of COOCH,CHj3), 4.72 (d, 1H, J=10.6 Hz, H2), 5.09-5.17 (m, 2H, H3 & H5),
5.68 (d, 1H, J=10.3 Hz, H6), 7.29 — 8.21 (m, 17H, ArH). "CNMR (75MHz, CDCl;): 5¢
187.1, 167.2, 161.3, 151.4, 142.8, 137.8, 137.6, 137.5, 135.7, 135.5, 133.5, 129.9, 129.3,
129.0, 128.7, 127.6, 124.4, 70.2, 69.5, 63.7, 62.6, 62.3, 21.7, 21.5, 13.9. Anal.Calcd for:
CssH3N20sS: C, 65.61; H, 5.03; N, 4.37. Found: C, 65.65; H, 5.05; N, 4.39 MS m/z:
640.19 [M+].

Ethyl 4-(4-toluoyl)-6-(4-chlorobenzoyl) - 3, S-diphenyl-1, 1-dioxo-1, 4,-thiazinane-2-
carboxylate (25)

White solid; M.P: 121°C; Yield (55%). |H NMR (300 MHz, CDCI3) : H 1.06 (t, 3H,
J=7.1Hz -CH; of COOCH,CH3), 2.25 (s, 3H, -CHj3 of toluoyl), 4.03-4.11 (m, 2H, -CH2
of COOCH,CH3), 4.71 (d, 1H, J=10.7 Hz, H2), 5.08 (d, 1H, J=10.8 Hz, H3), 5.18 (d, 1H,
J=10.4 Hz, H5), 5.31 (d, 1H, J=10.3Hz, H6), 7.23 — 7.69 (m, 19H, ArH). >CNMR
(75MHz, CDCl3): éc 187.1, 167.4, 161.6, 142.1, 141.3, 138.4, 138.3, 135.9, 132.4, 130.6,
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129.6, 129.4, 129.2, 129.0, 128.5, 128.3, 128.0, 66.5, 64.0, 63.1, 57.2, 54.3, 22.9, 13.9.
Anal.Calcd for C34H30CINOgS: C, 66.28; H, 4.91; N, 2.27. Found: C, 66.31 H, 4.89; N,
2.23 MS m/z: 615.15 (100%) [M+1] 615.15, [M+2] 617.15, [M+3] 616.15.

Ethyl 4-(cyclohexoyl)-6-(4-chlorobenzoyl) - 3, 5-di (4-nitrophenyl)-1, 1-dioxo-1, 4,-
thiazinane-2-carboxylate (28)

Pale yellow solid; M.P: 192°C; Yield (53%). 'H NMR (300 MHz, CDCl5): 6H 1.05 (t,
3H, J=7.2Hz -CH3; of COOCH,CH3), 1.36-1.76 (m,10H, -CH; of cyclohexoyl), 2.31-2.36
(m, 1H,-CH of cyclohexoyl) 4.07-4.16 (m,2H,-CH, of COOCH,CH3), 5.09 (d, 1H,
J=10.5 Hz, H2), 5.16 (d, 1H, J=10.5 Hz, H3), 5.24 (d, 1H, J=10.3 Hz, HS), 5.92 (d, 1H,
J=10.3 Hz, H6), 7.33-8.18,(m, 12H, ArH)."CNMR (75MHz, CDCl;): 3¢ 186.4, 170.9,
160.3, 146.9, 146.8, 144.1, 139.9, 134.5, 129.8, 129.6, 128.2, 126.7, 123.1, 66.3, 64.7,
60.2, 56.1, 55.3, 54.9, 34.2, 30.3, 26.4, 13.0. Anal.Calcd for C33H3,CIN30,0S: C, 56.77,
H, 4.62; N, 6.02. Found: C, 56.69 H, 4.61; N, 6.07 MS m/z: 697.15 (100%) [M+1]
697.15, [M+2] 699.15, [M+3] 698.15.

Ethyl 4-(4-chlorobenzoyl)-6-(4-chlorobenzoyl) - 3, 5-di (4-nitrophenyl)-1, 1-dioxo-1,
4,-thiazinane-2-carboxylate (29)

Pale yellow solid; M.P: 169°C; Yield (63%).1H NMR (300 MHz, CDCls): 611.07 (t, 3H,
J=7.2Hz -CH3 of COOCH,CHj3), 4.05-4.16 (m,2H,-CH, of COOCH,CH3), 5.13 (d, 1H,
J=10.5 Hz, H,), 5.23-5.35 (m, 2H, H3 and Hs), 6.06 (d, 1H, J=10.3 Hz, Hg), 7.35-8.19 (m,
16H, ArH). "CNMR (75MHz, CDCls): 186.3, 165.1, 160.4, 147.2, 147.0, 144.4, 140.3,
137.5, 134.6, 133.8, 129.8, 129.7, 129.5, 128.3, 128.1, 128.0, 126.6, 123.4, 68.1, 67.3,
61.5, 61.0, 60.3, 13.3. Anal.Calcd for Cs3HysCloN3040S: C, 54.55; H, 3.47; N, 5.78
Found: C, 54.59 H, 3.51; N, 5.71 MS m/z: 725.06 (100%) [M+1] 725.06, [M+2] 727.06,
[M+3] 726.07.

Ethyl 4-(cyclohexoyl)-6-(4-toluoyl) - 3, 5-di (4-methylphenyl)-1, 1-dioxo-1, 4,-
thiazinane-2-carboxylate (33)

Brown solid; M.P: 212°C; Yield (46%). '"H NMR (300 MHz, CDCls): H 1.11 (t, 3H, J=
7.2Hz -CH3; of COOCH,CH3), 1.27-1.63 (m, 10H, -CH; of cyclohexoyl), 2.24-2.36 (m,
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10H, (1H -CH of cyclohexoyl& 6H —CHj of tolyl& 3H -CHj; of toluoyl)) ) 3.99-4.10
(m,2H,-CH, of COOCH,CHj), 4.74 (d, 1H, J=10.8 Hz, H2), 5.17 (d, 1H, J=10.8 Hz, H3),
5.29 (d, 1H, J=10.3 Hz, H5), 5.61 (d, 1H, J=10.3 Hz,H6), 6.83-7.54 (m, 12H, ArH).
BCNMR (75MHz, CDCLy): 8¢ 187.0, 170.2, 161.2, 143.3, 141.0, 137.7, 137.5, 135.8,
135.6, 134.0, 129.5, 129.2, 128.8, 127.7, 69.8, 68.5, 62.5, 62.0, 61.5, 48.0, 32.4, 28.0,
25.7, 21.7, 21.5, 21.4, 13.9. Anal.Calcd for: C3sHyNOgS: C, 70.22; H, 6.71; N, 2.27.
Found: C, 70.26; H, 6.73; N, 2.31. MS m/z: 615.27 [M+].

Ethyl 4-(4-chlorobenzoyl)-6-(4-toluoyl) - 3, S-diphenyl-1, 1-dioxo-1, 4,-thiazinane-2-
carboxylate (34)

Off white solid; M.P: 165°C; Yield (62%). "H NMR (300 MHz, CDCls): 8H 1.06 (t, 3H,
J=7.1Hz -CH3 of COOCH,CH3), ), 2.35 (s, 3H, —CH3 of toluoyl), 4.07- 4.14 (m, 2H, -
CH, of COOCH,CH3), 4.77 (d, 1H, J=10.6 Hz, H2), 5.27-5.44 (m, 2H, H3 and H5), 5.72
(d, 1H, J=10.4 Hz,H6), 6.89 -7.87 (m, 18H, ArH). >CNMR (75MHz, CDCls): 8¢ 187.0,
167.1, 161.3, 143.5, 138.4, 138.3, 137.5, 134.2, 133.6, 130.4, 129.8, 129.6, 129.5, 129.4,
129.3, 128.5, 128.0, 66.5, 64.3, 62.9, 57.2, 54.3, 23.3, 14.1. Anal.Calcd for
C34H30CINOGS: C, 66.28; H, 4.91; N, 2.27. Found: C, 66.31; H, 4.93; N, 2.28. MS m/z:
615.15 (100%) [M+1] 615.15, [M+2] 617.15, [M+3] 616.15

Ethyl 4, 6-(4-toluoyl) - 3, 5-diphenyl-1, 1-dioxo-1, 4,-thiazinane-2-carboxylate (35)
White solid; M.P: 98°C; Yield (57%). '"H NMR (300 MHz, CDCls): 8H 1.06 (t, 3H,
J=7.1Hz -CH; of COOCH,CH3), 2.29 (s, 3H, -CHj of toluoyl), 2.36 (s, 3H, —CHj3 of
toluoyl), 4.06-4.15 (m,2H,-CH, of COOCH,CH3), 4.69 (d, 1H, J=10.7 Hz, H2), 4.93 (d,
1H, J=10.7 Hz, H3), 5.06 (d, 1H, J=10.3 Hz, HS), 5.28 (d, 1H, J=10.2 Hz, H6), 6.89 —
7.71 (m, 19H, ArH). "CNMR (75MHz, CDCls): &c 187.0, 167.3, 161.4, 143.6, 142.2,
138.4, 138.3, 134.3, 132.4, 129.9, 129.6, 129.5, 128.6, 128.3, 128.1, 66.6, 64.1, 63.1,
57.5, 54.5, 23.6, 23.2, 14.0. Anal.Calcd for C35H33NOg6S: C, 70.57; H, 5.58; N, 2.35.
Found: C, 70.61; H, 5.59; N, 2.34. MS m/z: 595.20 [M+].
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Ethyl 4-(4-chlorobenzoyl)-6-(4-toluoyl) - 3, 5-di (4-nitrophenyl)-1, 1-dioxo-1, 4,-
thiazinane-2-carboxylate (40)

Yellow solid;M.P: 192°C; Yield (59 %). '"H NMR (300 MHz, CDCls): 841.07 (t, 3H,
J=7.1Hz -CH; of COOCH,CHj), 2.33 (s, 3H,-CHj;) 4.02-4.12 (m,2H,-CH, of
COOCH,CH3), 5.11 (d, 1H, J=10.4 Hz, Hy), 5.17-5.28 (m, 2H, H; and Hs), 6.03 (d, 1H,
J=10.2 Hz, Hg), 6.89-8.17 (m, 16H, ArH).”CNMR (75MHz, CDCls): 186.2, 165.1,
160.4, 147.2, 147.0, 144.4, 142.8, 137.4, 134.2, 133.8, 129.5, 128.5, 128.3, 128.2, 128.0,
126.6 ,123.3, 67.8, 67.1, 61.4, 61.0, 60.3, 23.7, 13.3 Anal. Calcd for C34H23CIN30,0S: C,
57.83; H, 4.00; N, 5.95. Found: C, 57.79; H, 3.7; N, 591. MS m/z: 705.12 (100%)
[M+1] 705.12, [M+2] 706.12, [M+3] 707.12.

Ethyl 4-(4-nitrobenzoyl)-6-(4-toluoyl) - 3, 5-di (4-nitrophenyl)-1, 1-dioxo-1, 4,-
thiazinane-2-carboxylate (42)

Orange solid; M.P: 167°C; Yield (61%)."H NMR (300 MHz, CDCls): 841.08 (t, 3H,
J=72Hz -CH; of COOCH)CHs), 2.36 (s, 3H,-CH3) 4.08-4.18 (m,2H,-CH, of
COOCH,CH3),5.21 (d, 1H, J=10.6 Hz, H,), 5.35 (d, 1H, J=10.5 Hz, Hs), 5.47 (d, 1H,
J=10.3 Hz, Hs), 6.15 (d, 1H, J=10.3 HzHe), 6.92 - 8.29,(m, 16H, ArH). *CNMR
(75MHz, CDCl3): éc 186.4, 165.3, 160.2, 150.2, 147.2, 147.0, 144.4, 142.9, 141.7, 134.2,
129.3, 128.5, 128.4, 128.2, 126.7, 123.6, 123.3, 123.2, 68.8, 67.5, 61.6, 60.5, 60.2, 23.8,
13.3. Anal.Calcd for C34sHosN4O15S: C, 56.98; H, 3.94; N, 7.82. Found: C, 57.03; H,
3.91; N, 7.76 MS m/z: 716.14 [M"].

Ethyl 4-(acetyl)-6-(4-chlorobenzoyl) - 3, 5-di (4-methylphenyl)-1, 1-dioxo-1, 4,-
thiazinane-2-carboxylate (43)

White solid; M.P: 132°C; Yield (39%). "H NMR (300 MHz, DMSO-ds) 841.07 (t, 3H,
J=7.1Hz -CHj3 of COOCH,CH3), 2.21 (s, 3H, -CHj3 of acetyl), 2.28 (s, 3H, -CHj3), 2.33 (s,
3H, -CH3), 4.05-4.13 (m,2H,-CH; of COOCH,CH3), 4.63 (d, 1H, J=11.0 Hz, H,), 4.82 (d,
1H, J=11.0 Hz, H3), 5.11 (d, 1H, J=10.5 Hz, Hs), 5.39 (d, 1H, J=10.6 Hz, Hg), 7.18-7.89
(m, 12H, ArH).CNMR (75MHz, CDCls): ¢ 187.0, 167.4, 161.3, 141.0, 137.7, 137.5,
135.6, 135.3, 134.6, 130.5, 129.3, 129.1, 128.8, 127.6, 70.0, 68.9, 62.4, 61.9, 60.9, 22.3,
21.6, 21.3, 13.9. Anal.Calcd for C3;oH3oCINOgS: C, 63.43; H, 5.32; N, 2.47. Found: C,
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63.47; H, 5.33; N, 2.43. MS m/z: 567.15 (100%) [M+1] 567.15, [M+2] 569.15, [M+3]
568.15

Ethyl 4-(acetyl)-6-(benzoyl) - 3, 5-di (4-nitrophenyl)-1, 1-dioxo-1, 4,-thiazinane-2-
carboxylate (46)

Yellow solid; M.P: 152 °C; Yield (39%). '"H NMR (300 MHz, , CDCls): 8y1.07 (t, 3H,
J=7.1Hz ,CH; of COOCH,CHj3), 2.26 (s, -CHj, acetyl), 4.03-4.12 (m,2H,-CH, of
COOCH,CH3), 5.08 (d, 1H, J=10.3 Hz, H»), 5.17 (d, 1H, J=10.5 Hz, Hs), 5.29 (d, 1H,
J=10.3 Hz, Hs), 6.01 (d, 1H, J=10.3 Hz,He), 7.29-8.13 (m, 13H, ArH). "CNMR (75MHz,
CDCl3) dc 185.6, 165.3, 160.1, 147.2, 147.1, 144.2, 138.3, 133.5, 128.4, 128.1, 126.4,
123.0, 65.7, 63.8, 60.3, 53.7, 53.0 24.1, 13.0. Anal.Calcd for C»3H»5N3040S: C, 56.47; H,
4.23; N, 7.06. Found: C, 56.51; H, 4.22; N, 7.02. MS m/z: 595.10 [M"].

Ethyl 4-(4-nitrobenzoyl)-6-(4-chlorobenzoyl) - 3, 5-di (4-methylphenyl)-1, 1-dioxo-1,
4,-thiazinane-2-carboxylate (47)

White solid; M.P: 192°C ; Yield (57%). 'H NMR (300 MHz, DMSO-dg) 841.09 (t, 3H,
J=7.0Hz -CH3; of COOCH,CH3), 2.27 (s, 3H, -CHs3), 2.33 (s, 3H, -CH3), 4.08-4.17 (m,
2H,-CH, of COOCH,CH3), 4.68 (d, 1H, J=10.6 Hz, H,), 4.93 (d, 1H, J=10.6 Hz, Hj3),
5.19 (d, 1H, J=10.3 Hz, Hs), 5.63 (d, 1H, J=10.3 Hz, He), 7.31-8.29 (m, 16H, ArH).
PCNMR (75MHz, CDCly): 3¢ 187.0, 167.3, 161.3, 151.6, 142.9, 141.0, 137.6, 137.4,
135.6, 135.4, 134.8, 130.6, 130.0, 129.3, 129.0, 128.8, 127.7, 124.2, 70.4, 69.3, 63.5,
62.7, 62.2, 21.6, 21.3, 13.9. Anal.Calcd for: C35H3,CIN,OsS: C, 62.26; H, 4.63; N, 4.15.
Found: C, 62.31; H, 4.67; N, 4.14. MS m/z: 674.15 (100%) [M+1] 674.15, [M+2] 675.15,
[M+3] 676.15

Ethyl 4-(acetyl)-6-(4-toluoyl) - 3, 5-di (4-nitrophenyl)-1, 1-dioxo-1, 4,-thiazinane-2-
carboxylate (50)

Orange solid; M.P: 151°C; Yield (43%). "H NMR (300 MHz, , CDCl3): 641.09 (t, 3H,
J=7.1Hz ,CH; of COOCH,CHs), 2.29 (s, -CHj3, acetyl), 2.32 (s, 3H,-CH3) 4.06-4.14
(m,2H,-CH; of COOCH,CH3), 5.11 (d, 1H, J=10.5 Hz, H»), 5.27 (d, 1H, J=10.5 Hz, Hj3),
5.36 (d, 1H, J=10.4 Hz, Hs), 6.01 (d, 1H, J=10.4 Hz,H), 6.94-8.18 (m, 12H, ArH).
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BCNMR (75MHz, CDCls) dc 187.1, 166.0, 160.4, 147.3, 147.2, 144.3, 142.8, 134.2,
128.5, 128.2, 126.9, 123.3, 65.9, 63.8, 60.3, 53.9, 53.0, 23.7, 24.4, 13.2. Anal.Calcd for
CyoHy7N301¢0S: C, 57.14; H, 4.46; N, 6.89. Found: C, 57.17; H, 4.43; N, 6.90. MS m/z:
609.23 [M"].

Ethyl 4-(4-chlorobenzoyl)-6-(4-chlorobenzoyl) - 3, S5-diphenyl-1, 1-dioxo-1, 4,-
thiazinane-2-carboxylate (52)

Off white solid; M.P°C; Yield (57%)."H NMR (300 MHz, CDCls): 841.06 (t, 3H,
J=7.1Hz -CH; of COOCH,CHj3), 4.04 - 4.10 (m,2H,-CH, of COOCH,CH3), 4.78 (d, 1H,
J=10.6 Hz, H,), 5.23-5.37 (m, 2H, Hs and Hs), 5.59 (d, 1H, J=10.3 Hz,Hg), 7.26-7.93 (m,
18H, ArH). "CNMR (75MHz, CDCls): &c 187.1, 167.1, 161.3, 141.1, 138.3, 138.1,
137.5, 135.8, 133.8, 130.7, 130.4, 129.6, 129.5, 129.4, 129.3, 128.4, 128.1, 66.3, 64.0,
63.0, 56.9, 54.2, 14.2. Anal.Calcd for C33H;C1LNOGS: C, 62.27; H, 4.28; N, 2.20. Found:
C, 62.23 H, 4.31; N, 2.24 MS m/z: 635.11 (100%) [M+1] 635.09, [M+2] 637.09, [M+3]
636.10

5.2. In-vitro biological activity:

5.2.1. In-vitro antimycobacterial activity

All compounds were screened for their in vitro antimycobacterial activity against log-
phase cultures of M. tuberculosis H37Rv (ATCC27294) in Middle brook 7HI11 agar
medium supplemented with OADC by agar dilution method similar to that recommended
by the National Committee for Clinical Laboratory Standards for the determination of
MIC in triplicate [208]. The minimum inhibitory concentration (MIC) is defined as the
minimum concentration of compound required to give complete inhibition of bacterial
growth. The MIC’s of the synthesized compounds along with the standard drugs for

comparison are reported in Table 5.2.
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Table 5.2. In-vitro antimycobacterial activity

Comp. No. MTE
MIC (pM)

1 10.63
2 85.96
3 21.49
4 2.35
5 20.76
6 88.08
7 0.57
8 72.24
9 79.36
10 2.3

11 43.58
12 98.9
13 10.2
14 10.38
15 20.5
16 20.98
17 41.55
18 93.7
19 9.92
20 37.22
21 38.01
22 8.9
23 18.06
24 19.51
25 81.15
26 46.29
27 82.22
28 17.9
29 8.6

MTB :M.Tuberculosis

Comp.No. MTE
MIC (uM)

30 39.3
31 19.32
32 39.92
33 40.6
34 20.29
35 41.97
36 82

37 9.7
38 91.3
39 96.23
40 4.42
41 40.08
42 34.88
43 39.3
44 38.81
45 39.67
46 20.99
47 9.26
48 9.31
49 19.09
50 20.51
51 9.11
52 19.32
Isoniazid 0.36
Rifampicin 0.12
Ethambutol 7.64

Pyrazinamide 50.77

Ciproflaxacin 9.41
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5.2.2. In-vitro enzyme assay:

The amino acid biosynthesis sequence provides important antibiotic targets if the
organism is unable to scavenge for nutrients from the human host. A branching of this
“shikimate pathway” occurs after the formation of chorismate; indeed, the name of this
compound (suggested by an ecclesiastical authority) is derived from the Greek, meaning
fork and its partitioning towards the individual aromatic products. This process is
controlled by the activities of several chorismate-metabolizing enzymes. The whole
shikimate pathway is essential for the in vitro viability of M.tuberculosis cell [209,210].
The chorismatemutase or CM (EC 5.4.99.5) catalyses the conversion of chorismate into
prephenate and plays a key role in the biosynthesis of the essential aromatic amino acids
such as tyrosine and phenylalanine. The catalyzed reaction is unique in nature because it
is the only example of a pericyclic process i.e. a Claisen rearrangement in the primary
metabolism step [211]. As only few enzymes are known to catalyze a pericyclic process,
CM has generated considerable interest among enzymologists as well as bioorganic,
medicinal and computational chemists, specifically with respect to the origins of its

catalytic efficiency.

Protein expression and isolation:

The vetor pET15 (b) / Rv1885c was transformed into BL21 (DE3) bacterial strain. For
protein production, the transformed strain in LB media supplemented with 100 mg/ml
ampicillin incubated at 37°C for 2-4 hrs at 120 rpm until OD reaches 0.6 at 600 nm. Now
the culture was induced by 30 uM IPTG and incubated at 18°C overnight at 120 rpm.
Pellet down the bacterial cells and suspend in lysis buffer (20% sucrose, 30 mM Tris pH-
8.0, ImM EDTA, 1 mM PMSF, 1 mM DTT). Shake this suspension at 150 rpm, 24°C for
10 mins. Centrifuge the suspension at 12000 rpm, 4°C for 15 mins. Resuspend the pellet
in ice cold 5 mM MgSO, by shaking at 150 rpm, 4°C for 10 mins. Centrifuge at 12000
rpm, 4°C for 15 mins. The supernatant was buffered with 30 mM Tris pH-8.0 and store at
-80°C.
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Chorismate mutase activity was assayed for synthesized compounds at a concentration of
50 uM by monitoring formation of phenylpyruvate by conversion of chorismate to
prephenate plus phenyl pyruvate according to the method described previously with little
modifications. Briefly the reaction mixture in a final volume of 50 pl, 200 ng of enzyme
in 50 mM Tris-HCI (pH 7.5), 0.5 mM EDTA, 0.1 mg/ml bovine serum albumin, and 10
mM mercaptoethanol along with and without test compound were incubated at 37°C for
15 min. Then reaction was initiated by adding 4 pl of chorismic acid in order to get final
concentration of 1 mM (sigma, C1761). The reaction was allowed to proceed at 37°C for
10 min and was terminated with 40ul of 1 N HCI. After a further incubation at 37°C for
10 min, 40ul of 2.5 N NaOH was added to convert prephenate to phenylpyruvate, which
is formed in the enzymatic reaction. The absorbance of the phenylpyruvate was read at
320 nm. Non enzymatic conversion of chorismate to prephenate was recorded by
measuring absorbance at 320 nm without enzyme for each reaction. Percent inhibition

was calculated by following formula and is results are displayed in Table 5.3.

100 x (C-T) +C

where C- control and T- test compounds
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Table 5.3. In-vitro enzyme assay

Comp. Enzyme
No. inhibition*
1 58.9
2 NT
3 88

4 43.8
5 42.6
6 NT
7 54.5
8 NT
9 NT
10 48.2
11 NT
12 NT
13 42.1
14 41.9
15 46.3
16 52.4
17 NT
18 NT
19 36.5
20 NT
21 NT
22 48.6
23 42.1
24 51.6
25 NT
26 NT

Comp. Enzyme
No. inhibition*
27 NT
28 36.8
29 47.8
30 NT
31 46.8
32 NT
33 NT
34 56.7
35 NT
36 NT
37 42.1
38 NT
39 NT
40 36.5
41 NT
42 NT
43 NT
44 NT
45 NT
46 53
47 50.6
48 533
49 53.5
50 54.2
51 52.4
52 50

*Enzyme inhibition studies were performed at 50 uM concentration

194



5.2.3. Cytotoxicity assay:

Human embryonic kidney cells, HEK293T cells were procured from National Center for
Cell Sciences, Pune, India. Cells were grown in DMEM, Supplemented with 10% heat
inactivated fetal bovine serum (FBS), 100 IU/ml penicillin, 100 mg/ml streptomycin and
2 mM-glutamine and 20 ng/ml Amphotericin B. Cultures were maintained in a
humidified atmosphere with 5% CO, at 37°C. The cells were subcultured twice each
week, seeding at a density of about 2*103 cells/ml. cell viability was determined by the

trypan blue dye exclusion method.

The cells were treated with the synthesized compounds at different 5, 10, 25 uM
concentrations. Control cells were supplemented with complete tissue culture medium
containing the diluents control, that is, DMSO. This diluent was never present at > 0.1%
final concentration and did not show any detectable effect. Cells were grown in a 96 well
plate by seeding 5*103 cells/ml and incubated at 37°C, 5% CO, for 24 h in a final
volume of 200 pl. At 21 h, the medium was removed and 20 pl of MTT (5 mg/ml in PBS)
was added. After 2 h incubation at 37°C, the plates were centrifuged at 2000 rpm, 2 min
and the supernatant was removed without disturbing the formazan crystals. The crystals
were dissolved in 100 pl of DMSO in each well and the plates were agitated for 1 min.
This assay is based on the ability of metabolic active cells to reduce the tetrazolium salt
MTT to water-soluble purple colored formazan compounds. The intensity of the formed
dye, proportional to the number of metabolic active cells, was read at 590 nm using the

Perkin Elmer victor TM3 multi plate reader. The results are shown in figure 5.1.
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Figure.5.1: In-vitro cytotoxicity studies on HEK293T cell lines.

5.2.4. In-vitro dormant antimycobacterial activity

Latent TB infection is traditionally associated with the transition of bacilli to dormant
state in response to non-optimal growth conditions in vivo and killing of dormant M.
tuberculosis cells is a big challenge for the modern TB therapy. As non-replicating
bacteria in vivo are less susceptible to antibiotics then actively growing bacteria,

therefore the time needed for elimination of the pathogen is much longer.

The compound which showed good activity in the actively replicative MTB was also
tested for their ability to affect viability of dormant ‘non-culturable’ M. tuberculosis cells
and results are shown in Figure 5.2 with comparison of Isoniazid and Rifampicin. These
‘non-culturable’ cells possess a decreased ability to form colonies on standard solid
media but they are potentially viable and may be transferred from dormant to active
growing state by the special procedure of resuscitation. It was found that after treatment
by several compounds cells were less able to recover from dormancy. The most
prominent effect had the compound 7 which caused a ~2-log decrease in the viability of
dormant cells after incubation with 10 pg/ml for 7 days. Although this compound may be
regarded as the prominent compound for the development of derivatives which are more

effective for dormant M. tuberculosis cells and latent. Latent TB infection is traditionally
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associated with the transition of bacilli to dormant state in response to non-optimal
growth conditions in vivo and killing of dormant M. tuberculosis cells is a big challenge
for the modern TB therapy. As non-replicating bacteria in vivo are less susceptible to
antibiotics then actively growing bacteria, therefore the time needed for elimination of
the pathogen is much longer. This resistance to current available drugs is not conferred
by genetic mechanisms and takes place due to changes in the physiological state of
mycobacteria. Because of the absence of specific and high effective anti-latent TB drugs,
traditional antibiotics such as isoniazid and rifampin are currently being used for latent
TB curing but the effectiveness of such treatment of latent TB infection is controversial.

To obtain dormant ‘non-culturable’ cells, M. tuberculosis bacilli were grown in
potassium-deficient Sauton’s medium supplemented with ADC and 0.05% of Tween-80
(37°C, 200 rpm). ‘Non-culturability’ was detected by inability of the cells to form
colonies onto agar solidified Sauton’s medium. Resuscitation of both treated and
untreated NC cells was performed in liquid Sauton’s medium, with the concentration of
cells recovered from non-culturability being estimated by Most Probable Numbers

(MPN) assay and with the use of statistical approaches [212].

The compound which showed good activity in the actively replicative MTB was also
tested for their ability to affect viability of dormant ‘non-culturable’ M. tuberculosis cells
and results are shown in figure 5.4 with comparison of Isoniazid and Rifampicin. These
‘non-culturable’ cells possess a decreased ability to form colonies on standard solid
media but they are potentially viable and may be transferred from dormant to active
growing state by the special procedure of resuscitation. It was found that after treatment
by several compounds cells were less able to recover from dormancy. The most
prominent effect had the compound 7 which caused a ~2-log decrease in the viability of
dormant cells after incubation with 10 pg/ml for 7 days. Although this compound may be
regarded as the prominent compound for the development of derivatives which are more
effective for dormant M. tuberculosis cells and latent. Latent TB infection is traditionally
associated with the transition of bacilli to dormant state in response to non-optimal
growth conditions in vivo and killing of dormant M. tuberculosis cells is a big challenge

for the modern TB therapy. As non-replicating bacteria in vivo are less susceptible to
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antibiotics then actively growing bacteria, therefore the time needed for elimination of
the pathogen is much longer. This resistance to current available drugs is not conferred
by genetic mechanisms and takes place due to changes in the physiological state of
mycobacteria. Because of the absence of specific and high effective anti-latent TB drugs,
traditional antibiotics such as isoniazid and rifampin are currently being used for latent

TB curing but the effectiveness of such treatment of latent TB infection is controversial.

1 O0E +07 -

1 JOOE +06

1 OOE +05 —

1 O0E+04 I—
cells/ml
1 O0E +03 I—

1 O0E +02 I

1 00E+M1 I

1 JOOE +00

control #7,10 poml Rif, 10 pg/m Ink, 10 pohfml

Figure 5.2. The effectiveness of the compound 7 for killing M. tuberculosis ‘non-

culturable’ cells.

5.3. Atom based 3D QSAR methods

All computations for 3D QSAR development was carried out with PHASE 3.3
implemented in the Maestro 9.2 software package [213-215] (Schrodinger, LLC). Data
set of synthesized compounds comprising of 41 molecules were collected and the
respective MIC values were noted which further were converted into PMIC (-log MIC)
values for QSAR development. All structures were drawn using 2D sketcher tab on

Maestro graphical user interface. The LigPrep 2.5 [216] application from Schrodinger
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software package was utilized to build and energetically minimize structures and to add
hydrogens and generate stereoisomers at neutral pH 7 using ionizer subprogram. In the
development of individual 3D QSAR approach, statistical analyses were performed using
PHASE [217]. From the total 41 molecules, 28 of these were randomly chosen for
training set and 13 (Table 5.4) were selected as test set, by using the ‘“Automated
Random Selection” option present in the PHASE application. For QSAR development,
training set molecules were placed into regular grid of cubes, with each cube allotted zero
or more “bits’ to account for the different type of pharmacophore features in the training
set that occupy the cube (1A°). This representation gives rise to binary-valued occupation
patterns that can be used as independent variables to create partial least-squares (PLS)

factors 3D QSAR models.

5.3.1. 3D QSAR models generation, PLS and contour analysis

To provide superlative QSAR models and to exhibit reliable predictions for structure
based activity, the generated 3D model should obey the limitations of internal statistical
validation parameter boundaries [217]. Internal statistical validation by PLS analysis
conferred important parameters obtained through LOO method. Individual 3D QSAR
model developed has shown a good R? (LOO-cross validated value of training set) value
of 0.981 which should be greater than 0.6. Model also displayed good predictive power
with value of Q2 LOO-cross validated value for test set) of 0.68 which should be greater
than 0.55. Standard deviation (SD) value of aligned compounds was shown lowest value
0.08 which should be below 0.3, with minimum root mean square error (RMSE) value of
0.24, and high value of variance ratio (F) 180. Predicted activities of each aligned
compound versus experimental activities are presented in a scatter plot for both training
and test sets (Figure 5.3) and the values are mentioned in table 2. In summary, all these
values obtained were obeying the minimum limitations and demonstrated that the model
generated was possessing good predictive capacity, which can be further correlated with

the biological activity of individual compounds by using contour maps.
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Contour maps obtained from the 3D QSAR model outlined the positions of important
atoms that could enhance the bioactivity. By visualization of the 3D QSAR model in the
context of most active and least active compounds, a clear correlation of the important
moieties for activity are shown in Figure 5.4. In these representations, electron
withdrawing favored red cube regions indicated the importance of p-nitro phenyl groups
at position C-3 and C5 which is commonly present in all four most active compounds (4,
7, 10, and 40) as illustrated in figure 5.4al. Absence of electron withdrawing groups at
position C-3 and CS5 in all the three least active ligands (12, 18, 39) with no overlapping
of favored red cubes was observed, which indicated that the additional electron
withdrawing groups could possibly increase the activity (figure 4bl). Overlapping of
hydrophobic favored green cubes on bulky aryl groups at N-4 position (figure 5.4a2) of
the four most active compounds (4, 7, 10, 40) was compared with the less overlapping of
hydrophobic cubes (figure 5.4b2) on simple non bulky groups at N-4 position of least
active compounds (12, 18, 39). These observations indicated that bulky hydrophobic or
non-polar groups at N-4 position may increase activity. Negative ionic and positive ionic
favored contour maps at C-3 and C5 positions are represented in cyan and purple cubes
respectively (figure 5.4a3, b3) in the four most active compounds and 3 least active
compounds indicating that p-NO, benzyl moieties were important in binding to the
particular targets, absence and reduction of these groups at C-3 and C5 position showed

decrease in activity.
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Table 5.4. Aligned compounds for 3D QSAR study and their experimental and

predicted biological activity

No Comp. No. | pMIC pMIC Data set
Experimental | Predicted
1 3 4.668 4.674 training
2 4 5.629 5.739 training
3 5 4.683 4.656 training
4 6 4.055 4.050 training
5 7 6.244 6.090 training
6 9 4.100 4.212 test
7 10 5.638 5.201 test
8 11 4.361 4.386 training
9 12 4.005 3.980 training
10 13 4.991 4.996 training
11 15 4.688 4.451 test
12 16 4.678 4.415 test
13 17 4.381 4.420 training
14 18 4.028 4.006 training
15 21 4.419 4.367 training
16 22 5.051 4.789 test
17 23 4.743 4.651 training
18 24 4.71 4.729 training
19 25 4.091 4.125 training
20 26 4.335 4.167 test
21 28 4.747 4.755 training
22 29 5.066 5.424 test
23 30 4.406 4.581 test
24 32 4.399 4.719 test
13 17 4.381 4.420 training
14 18 4.028 4.006 training
15 21 4.419 4.367 training
16 22 5.051 4.789 test
17 23 4.743 4.651 training
18 24 4.71 4.729 training
19 25 4.091 4.125 training
20 26 4.335 4.167 test
21 28 4.747 4.755 training
22 29 5.066 5.424 test
23 30 4.406 4.581 test
24 32 4.399 4.719 test
25 33 4.391 4.375 training
26 34 4.693 4.567 training
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27 35 4.377 4.401 training
28 36 4.086 4.074 training
29 38 4.040 4.123 test

30 39 4.017 4.070 training
31 40 5.355 5.348 training
32 41 4.397 4.419 test

33 42 4.457 4.528 training
34 44 4411 4.569 test

35 45 4.402 4.406 training
36 46 4.678 4,721 training
37 47 5.033 5.004 training
38 48 5.031 4.972 training
39 49 4.719 4.876 test

40 51 5.04 5.266 training
41 52 4.714 4.663 training
25 33 4.391 4.375 training
26 34 4.693 4.567 training
27 35 4.377 4.401 training
28 36 4.086 4.074 training
29 38 4.040 4.123 test

30 39 4.017 4.070 training
31 40 5.355 5.348 training
32 41 4.397 4.419 test

33 42 4.457 4.528 training
34 44 4411 4.569 test

35 45 4.402 4.406 training
36 46 4.678 4.721 training
37 47 5.033 5.004 training
38 48 5.031 4.972 training
39 49 4.719 4.876 test

40 51 5.04 5.266 training
41 52 4.714 4.663 training

202



Figure 5.3. Scatter plots plotted between Predicted vs. Observed activity of MTB

inhibition by the best model obtained using 41 compounds
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Figure.5.4 Illustration of the Phase QSAR map visualization on most active / inactive

molecules

X
K

Legend: active compounds 4, 7, 10, 40 with their respective mapping of Electron withdrawing (al)
Hydrophobic (a2) combined positive and negative (a3). Secondly, least active compounds 12, 18, and 39
with their respective mapping of Electron withdrawing (b1) Hydrophobic (b2) combined positive and
negative (b3).The visualization cubes are color coded as follows: red cubes are favored regions for electron
withdrawing groups (al, bl) blue cubes are disfavored regions (al, bl). Hydrophobic favored green cubes
(a2), and disfavored yellow cubes (b2). Negative ionic favored shown by cyan cubes (a3), positive ionic
favored by purple cubes (b3). Most active compounds at al, a2, a3 shown with orange carbons is
compound 4, green is 7, yellow is 10, cyan is 40. Least active compounds at b1, b2, b3 shown with orange
carbons is compound 12, green is 18, cyan is 39.

204



5.4. Discussion:

Encouraged by the promising results of the previous work on 1, 4 Thiazines by our
group, further work was initiated in our lab with the goal of obtaining a lead series with
tractable SAR and potencies better than the previously reported series. Considering the
SAR inputs from the previous work, it was decided to modify the previously reported
scaffold by substituting the N4 position of the thiazine scaffold by either alkylation or
acylation with various alkyl/aryl halides or by converting into their corresponding amides
by treatment with various acid chlorides. An attempt to prepare the corresponding urea,

thiourea and sulphonamide was also designed.

Hence a library was designed and chemistry was taken for validation. First it was decided
to synthesise the sulphone, which would be acting as scaffold template. The synthesis
was achieved staring from acetophenone by first converting them to the corresponding
phenacyl bromide with bromine and acetic acid. It was decided to start with
acetophenone’s having an electron withdrawing, electron donating and also without any
substituent, which would help us in understanding the role of these substitution with
respect to the activity. The so obtained phenacyl bromide was then alkylated with
ethylthioglycolate in presence of a suitable base and then oxidising the alkylated product
to their sulphone using excess of hydrogen peroxide. All the reaction went smoothly
giving the desired products in quantitative yields. Our next attempt was the L-proline
catalysed cyclisation using alkyl, aryl and heteroaryl amines to give the final product by
the previously reported procedure from our group. Though the reaction went smoothly
for aliphatic amines but the reaction was very sluggish with aromatic and hetroaryl amine
resulting in a very messy TLC. Furthur analysis by LCMS revealed the absence of the
desired mass. The one probable explanation which came in was the relatively low
nucleophilicity of the aromatic amines especially the heteroaryl moieties would be the
hindering the progress of the reaction. Also the heteroaryl moieties groups used in the
synthesis (viz 2-amino-5-nitro thiazole, 2-amino-6-nitrobenzothiazole) had very low

solubility which again didn’t help in the progress of the reaction. Considering these
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factors various trials were planned using various combination of base and solvents at

various temperatures as mentioned below.

1. The first trial was performed using the previously reported procedure of L-proline

catalysed reaction at room temperature using ethanol as solvent.

The TLC was very messy and LCMS revealed the absence of the desired mass. So it was
decided to attempt various trials by replacing the catalyst L-proline with various other
bases, while keeping the other conditions constant. Trials were performed by replacing L-
proline with the following bases - Piperidine, pyridine, 4-dimethyl amino pyridine,
piperizine, triethyl amine and diisopropyl amine. Though LCMS revealed the presence of
the product in few cases but either the TLC was very messy or the product ratio was too

low to be isolated, to proceed further.

0 0 (0] (0]
0._0 0.0
g7 P S
/\O)J\/ ()
Ar

Ethanol/various other solvents, L-Proline/other reagents, ArNH,, R,CHO

2. To understand the effect of solvents in driving the reactions forward various trials were
also performed with the above mentioned bases in various solvents like Tetrahydrofuran,
DMSO, Methanol, Dimethyl formamide, Dimethyl acetamide, and also a combination of

these solvents. Again these trials also didn’t give us any conclusive results.

3. An attempt was also made to perform the reaction under catalytic amount of various

Bronsted and Lewis acids, which also didn’t help.

4. A thorough understanding of the mechanism of the reactions reveals that the facile

transformation presumably occurs via a one-pot domino sequence of enamine formation/
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iminium intermediate/ Michael addition which ultimately forms thiazines via the
intramolecular Mannich type reaction. It was decided to perform this sequence once by
one to understand the limiting factors. So first a imminium intermediate of the
corresponding amine and aldehyde was prepared, which went smoothly. This
intermediate was then allowed to react with scaffold (sulfone) to give the final product.
Though the reactions worked for aliphatic amines, but didn’t afford the desired product
when aromatic/hetrocyclic amines were used, which again helped us in understanding

that the steric effect plays a very important role in driving/limiting the reaction forward.

zm

(0} o o (0
N
/\O)K/ + N ‘R % No Product
3

Ethanol, AcOH(cat), R;NHNH,, R,CHO

5. An attempt was also performed by converting the corresponding sulphone into the
thiazine by following the previously reported L-proline catalyzed cyclisation using
ammonia as the amine source, which went smoothly as expected and the alkylating the
N4 position so formed thiazine with various aromatic halides (synthesised via the
diazotisation of various available amines, if it was not commercially available), which

gave us the desired product but in very low yield (5-10%). Hence had to be dropped.
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a. L-Proline, ethanol. R,CHO, NH; b. base, DMF or THF
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6. Considering all these factors into mind, a modification was suggested into the scheme
by replacing the amine source in the cyclisation step with Boc protected hydrazine
instead of ammonia/aliphatic amines to give modified thiazine (as shown in fig), and then
deprotecing the Boc from the so formed thiazine, which could then be coupled with
various groups to give a library of thiazine derivatives. But surprisingly the reaction

didn’t give us the desired product.
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a. L-Proline, R;CHO, ethanol. b. HCI In dioxane ¢c.R,COOH, EDCI.HC], HOBT, DCM

The final library was achieved by converting the thiazine into the corresponding the
amides by treating the scaffold moiety with appropriate acid chlorides in presence of
either sodium hydride or DIPEA as base. The yields range from 40-73% and the purity of

compounds was checked by TLC and elemental analysis. Log P values ranged from 3.15-
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70.6. Analytical and spectral data (1IH NMR, 13C NMR, and massspectra) of all the

synthesized compounds were in full agreement with the proposed structures.

All the 52 compounds screened showed promising in vitro activity against MTB with
MIC ranging from 0.57-98.90 uM. Four compounds (4, 7, 10 & 40) inhibited MTB with
less than 5 uM. Compound 7 (ethyl 4-(4-toluoyl)-6-(4-chlorobenzoyl) - 3, 5-di (4-
nitrophenyl)-1, 1-dioxo-1, 4,-thiazinane-2-carboxylate) was found to be the most active
compound in-vitro with MIC of 0.57 uM against log-phase culture of MTB, which is
comparable to that of standard first line drug INH (MIC of 0.36 uM) and was thirteen
times more potent than Ethambutol, sixteen times more potent than Ciprofloxacin and
eighty nine times more potent than Pyrazinamide. In addition, four compounds (4, 7, 10
& 40) were found to be more active than Ethambutol (MIC of 7.64 uM) and eight
compounds (4, 7, 10, 22, 29, 40, 48, & 51) were more potent than Ciprofloxacin (MIC of
9.41 uM). Among the 52 derivatives screened, forty one compounds had more promising

MIC than the first line drug Pyrazinamide with an MIC of 50.77 uM.

With respect to structure-TB activity relationship, the substitution at the phenyl ring
attached to the C-6 of the thiazine ring did not have any significant influence in
enhancing the activity. Whereas the substitution of electron withdrawing group (4, 7, 10,
and 40) to phenyl ring attached to the C-3 and C-5 of thiazine systems did significantly
increase the activity as compared to the absence of any modifying group or electron
donating groups. The influence of the groups attached to nitrogen (N-4) of the thiazines,
viz. p-toluyl amide (3, §, 6, 7, 15, 20, 25, 26, 36, 46 and 53), benzoyl amide (2, 8, 16, 21,
37, 47 and 50), cyclo hexyl amide(1, 4, 11, 17, 28, 29, 31, 34 and 41), acetoyl (9, 12, 18,
27, 39, 40, 44, 45, 48 and 52) p-nitro benzoyl amide (13, 22 ,32, 33, 43, 49 and 51) and
p-chloro benzoyl amide (4, 10, 14, 19, 30, 38, 23, 24, 42 and 52) on the anti-
mycobacterial activity against MTB deserves comment. Compound 7 with a substitution
of p-toluyl amide at N-4 and nitro substitution at C-3 /C-5 position exhibited maximum
activity with a MIC of 0.57 uM. Compound 4, 10 of cyclo hexyl amide series displayed a
MIC of 2.35 and 2.30 uM respectively. Among the p-chloro benzoyl amide series, only
one compound (40) (MIC = 4.42 uM) showed excellent activity. All the most active
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compounds have different substitutions at N-4 position of thiazines namely p-toluyl
amide, cyclo hexyl amide and p-chloro benzoyl amide but have common nitro group at
C-3 /C-5 of thiazine system. Remaining compounds were moderately active. Benzoyl
amide, p-nitro benzoyl amide showed moderate and acetyl series showed least activity
(12, 18, 38 and 39. Overall increase in the activity may be attributed to the lipophilic
moiety at N-4 position of thiazines, as this would have increased the permeability across
the microbial membrane. This also explains why acetoyl series has low activity probably
due to decreased penetrability. Interestingly p-chloro benzoyl amide derivative showed

better activity than p-nitro benzoyl one.

Few molecules of the series of substituted 1, 4-thiazine derivatives were tested for CM
enzyme inhibition. The best molecular interaction with the CM enzyme inhibition was
with a combination of benzyl substitution at C-6 and C-3/C-5 positions and p-toluoyl
substitution at C-4 position of thiazine ring (compound 3). The enzyme inhibitory activity
brought by these structural modification, also correlated with an increase in the inhibition
of the growth of M. tuberculosis. This is best explained with the compound 7 which
showed moderate inhibitory property against CM and best inhibitory activity against M.
tuberculli growth. Both these compounds had a common substituent of p-toluoyl at C4
position of thiazine ring. Compounds 1 & 34 also exhibited moderate inhibitory property

and good MIC.

The cytotoxic effect of selected compounds on human embryonic kidney cells (HEK293)
was evaluated by MTT assay using three different concentrations of molecules. there is
not much significant difference in the growth of HEK293 cells with increasing dose.
Substituting C-3 and C-5 position by —CHjs_-NO, groups along with various substitutions
like —benzoyl, p-chloro benzoyl, p- nitro benzoyl, cyclohexoyl and p-toluoyl at N-4
position of thiazines did not show any significant cytotoxicity. Overall all the compounds

did not exert any significant cytotoxicity.

The compound which showed good activity in the actively replicative MTB was also

tested for their ability to affect viability of dormant ‘non-culturable’ M. tuberculosis cells
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and results were compared with Isoniazid and Rifampicin. These ‘non-culturable’ cells
possess a decreased ability to form colonies on standard solid media but they are
potentially viable and may be transferred from dormant to active growing state by the
special procedure of resuscitation. It was found that after treatment by several compounds
cells were less able to recover from dormancy. The most prominent effect had the
compound 7 which caused a ~2-log decrease in the viability of dormant cells after
incubation with 10 pg/ml for 7 days. Although this compound may be regarded as the
prominent compound for the development of derivatives which are more effective for

dormant M. tuberculosis cells and latent forms.

Structure activity relationship reveals that the presence of electron withdrawing groups at
C-3 /C-5 position of thiazine moiety brought about an increase in the activity and these
results are well supported by 3D QSAR contour maps. 3D QSAR studies indicated that
bulky hydrophobic or non-polar groups at N-4 position may increase activity. The
negative ionic and the positive ionic contour maps show that p-NO; benzyl moieties were
important in binding to the particular targets, absence and reduction of these groups at C-

3 and CS5 position showed decrease in activity.

5.5. Conclusion

In the present study, a series of 52 substituted1, 4-thiazine derivatives with variations at
N-4, C-6, C-3 and C-5 were synthesized and the structure—activity relationship was
carried out around the parent compound. The most promising compound 7 is quite a
modest candidate for the development of derivatives which are more effective for
dormant M. tuberculosis cells and latent tuberculosis. The QSAR studies supported by

the contour maps are also in line with the structure—activity relationship.
Although the strategy of targeting different substituents for better activity against

M.tuberculosis and inhibitory property for CM, their cytotoxicity towards HEK293 cells

precludes their development. With the contribution of molecular modeling we plan to
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modify the chemical structure in order to gain more inhibitory activity against

M.tuberculosis growth and CM, thereby compensate for the toxicity.
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Clapten 6-
Summarny and conclusion
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¢ Totally 2 series of 84 compounds were synthesized out of which 32 compounds were
from 1, 4-Thiazine derivatives and 52 compounds were from 1, 3-Thiazine
derivatives.

¢ [,3-Thiazine derivatives were prepared using one-pot three component condensations
of isoniazid (INH), 3-mercaptopropionic acid and various aryl/heteroaryl aldyhydes
in the presence of EDC

e The purity of the compounds was ascertained by TLC, elemental analysis and their
structures were elucidated by spectral data.

e All the compounds showed in vitro activity against MTB with MIC ranging from 0.12-
41.2 uM

¢ The synthesized compounds were evaluated for cytotoxicity against human cancer cell
lines HepG2. All the active compounds showed low toxicity and the most potent
compound 17 exhibited good safety profile with inhibitory rates as low as 8.8%.

¢ Compound 17- N-(2-(4-(benzyloxy) phenyl-4-oxo-1, 3-thiazinan-3-yl)
isonicotinamide inhibited MTB with MIC of 0.12 uM and was three times more
potent than INH.

e

0
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¢ The pharmacokinetic studies of compound 17 in male wistar rats were found to be t'2,
Kel, mean plasma clearance and mean volume of distribution 1.14 + 0.20 h, 0.62 +
0.10 h-1, 1.35 £ 0.16 mg/h and 1.99 + 0.49 L respectively. The bioavailability was
found to be 33.02%.
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¢ Tissue distribution studies revels that compound 17 concentrations are significantly
above MIC levels in brain till 5 hours and in lungs at 2 hours post administration
signifies that brain and lungs could be good therapeutic targets for this compound.
e Approximately 50-60% of the compound 17 administered orally is excreted unchanged
in the faeces and very less amount of drug is excreted from urine in unchanged form
¢ Interaction of compound 17 with other drugs indicate the following
(1) Presence of substrate and inhibitor of CYP 1A enzyme change the plasma
concentrations of compound 17 probably indicates that the metabolism of
compound 17 may be mediated through CYP 1A enzyme.
(i1) Change in the plasma concentrations of substrate of CYP 2C enzyme and
CYP 3A, indicates that compound 17 may be inhibiting both the enzymes
¢ 1,4-thiazines derivatives were synthesized via one pot domino sequence in presence of
green catalyst (L) proline
® The purity of the compounds was ascertained by TLC, elemental analysis and their
structures were elucidated by spectral data.
¢ All the compounds showed in vitro activity against MTB with MIC ranging from 0.57-
98.9 uM. The most active compound being compound 7
¢ Cytotoxicity evaluations of these compounds on HEK 293T cells showed that none of
them were significantly cytotoxic
e Compound 7 also have the ability to affects the viability of dormant 'non-culturable' M.
tuberculosis cells.
* 3D QSAR contour map supported the structure activity relationship of thiazine moiety
revealing that the electron withdrawing group at the C-3 and C-4 positions resulted in

increased activity.
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Future perspectives

The present thesis work has given rise to novel 1, 3 and 1, 4 thiazine derivatives
possessing antimicrobial activities in invitro models. Although all the synthesized have
been found to process promising antitubercular activity, extensive studies have to be
performed to prove the invivo efficacy, metabolism, formulation and toxicity. Further,
with the help of molecular modeling the chemical structure should be modified in order
to gain more inhibitory activity against M.tuberculosis growth thereby compensate for the

toxicity and more permeable to the resistant strains.
We should shift our focus on, integration of in silico and traditional wet lab drug

discovery techniques, applying chemical biology and rational drug design strategies to

new biochemical key targets.
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