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Abstract

Abstract:

The majority of pharmaceuticals and biologicallytiae agrochemicals are heterocyclic
compounds; it represents their immense importamaiving mankind. The purpose of this
thesis was to investigate feasibility of makingegudtal biological active noval heterocyclic
compounds designed based on lead molecules. THeagoomplished in this thesis includes
five different chapters to explain importance, aeki simple and fused-ring heteropolicyclic
systems having potential pharmacological properties

The first chapter briefly explains importance of heterocyclic compds and research

objective.

The second chapter of thesis concerns with target-oriented synthésisccess complex
dehydro shikimate analogues containing a pyridsogfiinoline unit with antitubercular
activities with MIC: 4-10uMThird chapter deals with study of novel synthetic approach to
the one pot synthesis oHZbenzop] [1,4]oxazines with anti inflammatory activites.

In the fourth chapter is presented as a series of functionalized phergkole derivatives
were designed, synthesized and screanedtro for their activities against LSD1 and for
effects on viability of cervical and breast cancelts (1G,: 1-10 nM), andn vivo for effects
using zebrafish embryos. Indeed it also explaires dbsigning and cost effective route to
synthesis of LSD1 inhibitors. Finallyifth one is related to the intramolecular 1,3-dipolar
cycloaddition of isovanillin derivedN-aryl hydroxylamines possessingrtho-allylic
dipolarophiles affords novel benzo analogues a@lytlic isoxazolidines that can be readily
transformed into functionalized lactanysaminoalcohols and oxazepines. The corresponding
N-unsubstituted hydroxylamines give rise to tetrabigbquinolines. Anxiogenic properties

of these compounds were tested in zebrafish.

Moreover, in all chapters in silico docking studies were perfed to predict binding
interactions of the most potent scaffolds synthegsiand reported inhibitors with the selected
targets. At the end of each chapter are drawn a series atlagsions, concerning the
investigations performed and the results obtaifedt. Dr. Oliver Reiser (advisor), Prof. Dr.
Javed Igbal (advisor), Prof. Joachim Wegener, Prof. Dr. Robert Wolf (Committee Members).
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List of Abbreviations

Abs absolute M molar / metal

AIDS acquired immunodeficiency sgomde | Me methyl

aqg aqueous uM micro molar
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Chapter 1

General Introduction
1.1 Pharmacological Significance of Heterocycle Scaffolds

A heterocyclic compound is a cyclic compound that has atoms of at least two different
elements as members of its ring(s). Heterocyclic chemistry is the branch of chemistry dealing
with synthesis, properties, and applications of heterocycles. The IUPAC recommends the
Hantzsch-Widman nomenclature for naming heterocyclic compounds.' Heterocycles form by
far the largest of the classical divisions of organic chemistry and the majority of
pharmaceuticals and biologically active agrochemicals are heterocyclic, as are countless
additives and modifiers used in industries as varied as cosmetics, reprography, information
storage, and plastics indeed to understanding of life process and to the efforts to improve the

quality of life.”

Many natural drugs [5-8]3 such as atropine (1), codeine (2), emetine (3), morphine (4),
papaverine (5), procaine (6), quinine (7), theobromine (8), and theophylline (9) are
heterocycles. Most of the synthetic drugs such as antipyrine (10), azidothymidine (11),
barbiturates (12), chlorpromazine (13), isoniazid (14), diazepam (15), and metronidazole (16)
are also heterocycles (Figure 1). Since almost all biological process are chemical in nature
and as heterocycles are able to get involved in an extraordinarily wide range of reactions
these natural and synthetic heterocyclic compounds can and do participate in chemical

reactions in human body.

Synthetic heterocycles have wide spread therapeutic uses such as antibacterial, antifungal,
antimycobacterial, trypanocidal, anti-HIV activity, antileishmanial agents, genotoxic,
antitubercular, antimalarial, herbicidal, analgesic, anti-inflammatory, muscle relaxants,
anticonvulsant, anticancer and lipid peroxidation inhibitor, hypnotics, antidepressant,

antitumor, anthelmintic and insecticidal agents.*

B.Dulla, PhD thesis (2013) Page 1
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Figure 1: Few natural, synthetic drugs consisting of heterocyclic rings

Prompted by these observations it is clear that heterocycles playing a vital role in serving
mankind. But nowadays due to increasing costs of research, development and a simultaneous
stagnating number of new chemical entities (NCEs) the entire pharmaceutical industry is
facing with the challenge of increasing productivity and innovation. The cause of this
innovation deficit is definitively not the biology, because literature precedents showing that
1,000 genes are significantly involved in the emergence and course of disease out of 30000
human genes. Furthermore, because each of these genes is linked to the function of between
five and ten proteins, the conclusion is that there might be 5,000 — 10,000 targets for new
drugs. 3 Hence, the most challenging thing is not only to select drugable targets, but also find
corresponding drug-like candidates, substances with specific pharmacokinetic and

toxicological properties, that allow them to be developed as a drug.

Even though medicinal chemistry as a scientific discipline has introduced several new
techniques to speed up the drug discovery process, such as combinatorial chemistry,
microwave-assisted organic synthesis, and high-throughput purification the number of NCEs
reaching the market has actually decreased dramatically.” This is probably due to improper

selection of drug like molecules.

It has been estimated that the number of possible molecules with a molecular weight of less
than 500 Da (Lipinski rule) is 10**, of which only 10°° may possess drug-like properties. The
issue is therefore the selection of new molecules from this vast universe that have the

potential to be biologically active.” The possible options to find biologically active molecules

B.Dulla, PhD thesis (2013) Page 2



Chapter 1

(drug like candidates) are obtaining hits via virtual screening approach (and high-throughput
screening) or can be copied from scientific or patent literature. As the main interest of the
Laboratory of Medicinal Chemistry lays in the synthesis and biological evaluation of novel
heterocycles, we have chosen the later approach of selecting lead molecules of particular
target for different diseases from scientific or patent literature and making analogues of that
lead molecule without changing pharmacophore responsible for interaction with the specific

target to improve potency, selectivity or pharmacokinetic parameters.

In order to improve the hit rate in high-throughput screening campaigns, privileged structures
provide an ideal source of lead compounds. A single library based upon privileged
substructures® can lead to active compounds in variety of biological assays. Several research
groups have utilized these structures in such a manner. For example, Nicolau and co-workers
constructed a library based on the benzopyran (17) privileged scaffold,” whereas Schultz and

co-workers made use of the purine (18) scaffold® (Figure 2).

N XN

SOERSS

0 NT N
17 18

Figure 2: The benzopyran and purine privileged scaffold

1.2 Research Objective

Our interest behind the design of novel heterocyclic compounds based on lead compounds,
synthesis and biological evaluation is that all of these compounds are not frequently used (1-
hydroxy-2-oxo-1,2-dihydropyridine-4-carboxylicacids (19a), 1-hydroxy-2-oxo-1,2-dihydro
quinoline-4-carboxylic acids (19b), 7-chloro-2,4-dioxo-1,2,3,4,4a,8a-hexahydropyrido [2,3-
d]pyrimidine-5-carboxylicacid(19¢), 1-(3-(4-methyl-5-(2-(methyl thio)ethyl)oxazol-2-yl)
phenyl)  guanidine  (20),  7-hydroxy-8-methoxy-1-phenyl-5,5a,6,10b-tetrahydro-1H-
indeno[ 1,2-¢][1,4]oxazepin-2(3H)-one (21) and 2H-Benzo[b][1,4]oxazines (22) and are
totally absent in commercial compound libraries, and having similar pharmacological
features as lead compounds, prompted us to elaborate this type of medicinal chemistry
approach and to synthesize different novel heterocyclic scaffolds having potential biological

activities (Figure 3).

B.Dulla, PhD thesis (2013) Page 3
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Figure 3: Generalized structures of synthesized novel heterocyclic scaffolds. Highlighted

areas of the above novel scaffolds were taken from lead molecules.
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Chapter 2

2. Design, synthesis & pharmacological evolution oflehydro

shikimate analogues as potential antitubercular agés

1 Introduction:

1.1 Definition:

Tuberculosis is an infectious disease charactetizetthe growth of nodules (tubercles) in
the tissues, especially in the lungs. Bacilligobacterium tuberculosis is the etiological
agent of TB belonging to the genMycobacterium, which is presumed to have originated
more than 150 million years ago. Tuberculosis (l&Byne of the leading causes of death
due to a single infectious organism in the wortdypically affects the lungs (pulmonary
TB) but can affect other sites as well (extrapulargrTB)* The probability of developing
TB is much higher among people infected with themidn Immunodeficiency Virus
(HIV).

1.2 Pathogenesis of tuberculosis

The primary mode of transmission bf. tuberculosis (Mtb) is through the air in an
aerosolized form, most commonly when pulmonary H8téria are expelled via a cough
or sneeze from people who are sick with ?TBhe infective droplet nuclei trapped in
nasopharynx and the upper respiratory tract emberslveoli, whereby they are ingested
by the alveolar macrophages through the procepbadocytosis. In this early stage of the
infection, Mtb is able to replicate within non-aetied macrophagésdowever the body
subsequently mounts a cell-mediated immune responge growing mycobacterium via
the activation of macrophages with interfefonvhich controls Mtb infection, but not
wiped out the bacteria from the hdst.In fact, the remaining mycobacterium will enter
into the non-replicating persistence phase (lattade of the infection). Mtb can reside in
alveolar macrophages, avoiding the host immuneorespfor an indefinite period of time.
Such latent mycobacterium can get activated anytatex, especially when the host has

immune deficiency.

1.3 Overview of TB infection and host defence:

There are three potential outcomes of infectiothethhuman host iM. tuberculosis.
a The frequency of spontaneous healing is unkndwi,is assumed to bare.

b) Disease progression immediately after infectiothe immunocompromised host.

B.Dulla, PhD Thesis (2013) Page 5
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O In the majority ofcasesmycobacteria are initially contained and the diseas

progresses later due to reactivation.

Phagolysosome fusion
Acidification
RHNI Iron restriction ROI
S-nitrosgtheols  Mifrogen Hycrouyl and
dinirasy! diguica fermd radicals
fror complenes * f
Hydrogen peroxida
Paroxyritrita +
Mitrix owicie 1 f

Mature Reviews | Immunelogy

Figure 1: Overview of TB infection and host defence.

The granuloma is thenajor site of infection, which develops from infedt = macrophages and becomes
surrounded by lymphocytes. Effector T cells (C+IIDD8+ T cells, and double-negative or CD4/CD8 single-
positive T cells that recognize antigen presentgdCB1) and macrophages participate in the contfol®.
Crucial macrophage activators interferpnflIFN-y) and tumor-necrosis factar- (TNF-o) are produced
by T cell and macrophages respectively. Matage activation permits phagosomal maturation dred t
production of antimicrobial molecules such as reactitrogen intermediates (RNI) and reactive oxyge
intermediates (ROI). Extracted fromMature Reviews Immunology 1, 20-30 (October 2001)

with licence.

1.4 Epidemiology of tuberculosis

The burden of disease caused by TB can be measutedms of incidence, prevalence,
and mortality. Globally, the absolute number ofident TB cases per year has been
falling since 2006, if these trends are sustairted; MDG (Millennium Development
Goals) target that TB incidence should be falligg2B15 will be achieved.

B.Dulla, PhD Thesis (2013) Page 6



Chapter 2

1.5 Structure and Mechanism of action of anti tubecular drugs
The available chemotherapies fdr tuberculosis are mainly relies on drugs which inhibit

bacterial metabolism with a special significancerdmbitors of the cell wall synthesis.

Table 1: Example ofanti TB drugs and their mode of action

Drug Drug mechanisnof action
Isoniazid (INH) (1952) Inhibition of mycolic acid biosynthesisand other
OsNHNH, multiple effects onDNA, lipids, carbohydrateand
% NAD metabolism
I
N
Ethionamide (ETH) (1956 Inhibition of mycolic acid biosynthesis
HoN~ S
®
N
Ethambutol (EMB) (1961) Inhibition of cellwall arabinogalactan (AG)

OH biosynthesis
VENNHJA

H
HO

Rifampicin (RIF) (1966) o o
. Inhibition of transcription

Pyrazinamide (PYR) (1952 Acidification of cytoplasm andle-energisingthe

membrane
N
“\/ X7 NH;
=
N

Streptomycin (STREP) (194%

b & 'CZ NCOH,

(HoN),CN

Inhibition of protein synthesis

HO NHCH3

The currently available first and second line TBugl can be grouped as cell wall

B.Dulla, PhD Thesis (2013) Page 7
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inhibitors (isonizid (INH), ethambutol, ethionam)denucleic acid synthesis inhibitors
(rifampicin (RIF), quinolones), protein syntheamibitors (streptomycin, kanamycin) and

inhibitors of membrane energy metabolism (pyraziian

1.6 Classification of antitubercular drugs:

Tuberculosis treatment includes three basic coscepich are as follows: (1) Regimens
must contain multiple drugs to which the organisnsusceptible. (2) Drugs must be taken
regularly. (3) Drug therapy must continue for a fisignt time. Traditionally,
antituberculosis drugs are classified as first inegs are superior in efficacy and posses an
acceptable degree of toxicity. If the M. tubercidosrganisms are resistant to the first line
drugs, second-line drugs will be preferred whioh more toxic and less effective and they

are indicated only agents.

Table 2: Examples of T line and 2% line drugs with characteristics

Characteristics Drugs
First line drugs High anti TB effect, Isoniazid, Ethambutol
(Essential anti TB drugs) acceptable degree of Rifampicin, Pyrazinamide,
toxicity, used routinely Streptomycin
Second line drugs Low anti TBeffect, high PAS, Amikacin,
(Reserved anti TB drugs)degree of toxicity, used in | Capreomycin, Ethionamide,
special circumstances Kanamycin, Cycloserine

The common side effects to these antituberculosigysd include hepatitis, cutaneous
reactions, gastrointestinal intolerance, haemaicédgeactions and renal failure which must

be adverse effects must be recognised early, tecesgssociated morbidity and mortality.

1.3 TB Drug resistance

This disease is complicated by the human immunoiéeity virus (HIV), TB turns out to be
most opportunistic co-infection which is growing at alarming rate with the increase of
world human populatio”® The disease poses a major threat to the humawitifiethe recent
emergence of multidrug-resistant (MDR) and extezlgidrug resistant (XDR)-TB. Because

of its increasing prevalence MDR-TB is now subdeddinto ‘basic’ MDR-TB, with

B.Dulla, PhD Thesis (2013) Page 8



Chapter 2

resistance only to rifampicin and isoniazid, andDRFTB-plus’, with a similar resistance
pattern but with resistance to one or more addiidimst- and/or second-line drugs. The
most effective drug regimen is endorsed by the W&t is called Directly Observed
Treatment, Short-course (DOTS), developed to fallpervise those patients deemed high-
risk for non-drug adherendéeSince this disease poses a major threat to the muifeait
requires an immediate attention for the identifmatind development of novel antitubercular

drugs®

2. Shikimate pathway:

The shikimate pathway plays a pivotal role in th@spnthesis of precursors for aromatic
amino acids, vitamins, quinones, and a variety toeloaromatic compounds in bacteria,
plants, fungi, and apicomplexa parasiteBhe end product of the shikimate pathway is
chorismate, which is converted to precursors obst lof secondary metabolities essential
for the survival of these organisms. (Figure 2)k8hate is the first intermediate identified,
isolated from fruit oflllicium religiosum (commonly known as the Japanese star anise,

shikimi) which gave the name to this pathway.

@ o0H
OH H.O b HO, ,COOH p, HO,,COOH H,ONADPHNADP*
Y00 g 90 S o
OH DAHP ®o " YOH 0° Y YoH HOY Y~ “OH
Synthase z = COOH z
CH OH OH OH
i @ oD Lot
(®P” “cooH
0" I ©OH
OH
"
ADp T
P
OOH OOH P OOH
P1 1
Amino acids CHZ GH2 e
Vitamins o o COOH -
: O COOH H (é)o Y “OH
C-)H @o OH PEP OH

@ Shikimate 3-
phosphate

Figure 2: Shikimate pathwa§ (self drawn)

1% step: The shikimate pathway begins with the aldohdensation of two
phosphorylated 'household metabolites’, phogpludpyruvate (PEP) and D-erythrose 4-
phosphate (E4P) catalyzed by 3-deoxy-D-arabinothegpdnate-7-phosphate (DAHP)

synthase. Based on sequence similarity, DAHP sgethare classified into two types. Type

B.Dulla, PhD Thesis (2013) Page 9
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I DAHP synthases are found in plants and some ob&s (e.g., Mycobacterium
tuberculosis).

2" step: 3-Deoxy-D-arabino-heptulosonate-7-phosphate umderg five consecutive
chemical reactions: alcohol oxidatiofi;elimination of inorganic phosphate, carbonyl
reduction, ring opening, and intramolecular aldohdensation performed by 3-dehydro
quinate synthase (DHQS) in one active site usidivalent cation (e.g., G and NAD'

cofactors to form 3-dehydro quinate.

3 step: The third enzymatic reaction include the dehydratbf 3-dehydroquinate to 3-
dehydroshikimate to introduce the first double bog8-dehydro dehydratase (DHD).

4™ step: Shikimate dehydrogenase plays an important roleatalyzing the fourth step in
the shikimate pathway involving the reversible cension of 3-dehydro shikimate (DHS)
and NADPH to yield shikimate, a 3,4,5-trihydroxytmftexene-1-carboxylic acid and
NADP".

5™ step: Shikimate kinase (SK) phosphorylates the C3 hydrgryup of Shikimate using
ATP as a co substrate to yield shikimate 3-phogphat

6™ step: 5-Enolpyruvylshikimate-3-phosphate synthase (ER@®lyzes the penultimate
step of the shikimate pathway, the addition of pyalvyl moiety of phospho enolpyruvate
(PEP) to the 5-hydroxyl group of shikimate-3-pbioste.

7" step: The last step of the synthesis of aromatic namacids, vitamins and quinones
catalyzed by chorismate synthase (CS) involae$,4-trans elimination of phosphoric
acid from 5-enolpyruvylshikimate 3-phosphateadticing the second double bond in
the ring to produce chorismate.

Importantly the shikimate pathway has been showmdoessential for the viability of

Mycobacterium tuberculosis.*”> The absence of the shikimate pathway in humansitand
indispensible importance in algae, higher plangstdria, and fungi makes it a potential

target for the development of novel antitubercaigents-?
3. Design of new and potential antitubercular agentsrbm known DHS analogues:

Shikimate dehydrogenase was chosen as the tangetisoccurs early in the pathway and

also due to easy accessibility of its synthetidamee.

a. In 1961, D. Balinskyet al. reported studies on shikimate dehydrogenase tndnbi
with a variety of substituted phenols. They disetbthat both dehydroshikimic acit)

B.Dulla, PhD Thesis (2013) Page 10
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and shikimic acid?) (figure 3) bind to the enzyme by means of H&OH andOH

groups atC4, C5 respectively™

COOH COOH
2 6 2 6
?\’\
o o OH HO" %" “OH
OH OH
2

Figure 3: Structures of dehydro shikimic acid, shikimic acid

b. In 1972, A. C Balllieet al. reported active site directed inhibitors based oB&insky.
et al results. They have designed a novel dehydroshikimaalogue 1, 6-dihydroxy-2-
oxoinicotinic acid 8; R =H) [a tautomeric form of citrazinic acid 1-dei @)] (figure 4)
in which the amide carbonyl should be less sudkepto enzyme reduction than the

keto carbonyl of the natural substrate.

COOH COOH
37 N 3 | X
2 | 2 —
(0] N OR HO 1 T OR
OH o
R=alkyl
3 4 aryl

Figure 4: Structures of dehydro shikimate analogues
They found that a hydrophobic area exists neaathige site of the enzyme, since a
series of 6-O-alkyl derivatives of compouBthound almost similarly like the parent
compoundL. Maximum binding was obtained with the isopropyles.*
In 1972, Flos%t al. demonstrated that the substituent on C-6 of 3-dehgdinate 5)

C.
are not directly involved in any reaction until cisoate synthase step. This was further

supported by S. Bornemargt.al. in 1995,

HO, ,COO" 00 coor
F F
LI = X ==e (Y]
: — A
o” T OH PO Y "O" "COOH ¥ 'O COOH
OH OH OH
7

5 6

EPSP: 5-Enolpyruvylshikimate-3-phosphate synthaS8; chorismate synthase

Figure 5: Synthesis of 6-fluoro chorismic acid
Page 11
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through enzymatic conversion oé-Bluoro-5-enolpyruvylshikimate-3-phosphaté) to
6-fluorochorismic acid?) at 0.3% rate with the normal substréte.

d. In 1988, A. B. Chriset al. discussed about the specificity of shikimate debgdnase
towards analogues of 3-dehydroshikimc acid. Treatroé (8) with DHS (Shikimate
dehydrogenase) and NADPH rapidly gave (3R, 4S)-2lihgdroxycyclohex-1-

enecarboxylic acid9). *’

COOH COOH
2 ° DHS, NADPH 2 6
5 — a s
o HO %
OH OH
8 9

Figure 6: Synthesis of (3R, 4S)-3, 4-dihydroxycyclohex-kearboxylic acid

Moreover, the results indicate that for thes Qwdroxyl group the apparent binding
energy AGuyy) is 1.8 kJ motl, whereas for the C-4 hydroxyl groufGap= 29 kJ
mol®. This demonstrates that removal of the @Gy&lroxyl group has little effect
on specificity, but removal of the C-4 hydybxgroup is very significant. The
observed loss of specificity on removal diet C-4 hydroxyl group suggests
removal of a hydrogen bonding interactionwssin substrate and a charged group
at the enzyme active site.

Prompted by these observations and due to ourmtongj interest in the identification of

novel small molecules as potential antitubercu¢gmas we became interested in evaluating

1, 6-dihydroxy-2-oxoinicotinic acid A) and a series of pyridine-4-carboxylic acid

derivatives B andC, Figure 7) for their potential antitubercular peoipes.

CO,H CoyY Coy
.-~ R! ~“">,R! X=cCl,OR3
= = R 3 P '
m Eﬁ\ | @m /Y =OH,OR3 NHNH,
X S _ )
07 NTTOH  xTONT g2 07 N7 T Xg2 Z=OH,0
OH Z
A B C

Figure 7: Design pyridine-4-carboxylic acid derivatives franknown DHS analogu&

The target compounds were achieved by introducirfgsad ring with or without any
substituent at C-5 an@d-6 positions into the 2-pyridone moiety Afand/or converting the

carboxylate group into an ester or carbohydrazideety (Figure 7).
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4. Results and discussion:

4.1 Chemistry: The synthesisf our target molecules based BrandC primarily consisting

of three different classes of protocols known terature.

4.11.Synthesis of substituted 3-cyano-2-pyridone derreat from appropriate methyl
ketones followed by converting them into correspogdl-hydroxy-2-pyridone
derivativesvia 5 steps.

4.1.2 Synthesis of 2-oxo-1, 2-dihydroquinoline-4-carbagylacids from appropriate
indoline-2, 3-diones were converted to the corredpay 1-hydroxy-2-oxo-1, 2-
dihydroquinoline-4-carboxylic acid derivatives irst&ps.

4.1.3 Construction of 1-hydroxy 2-pyridone 4-carboxylicich ring fused with different

substituted uracil derivatives in 5 steps.

4.1.1 Synthesis of 1-hydroxy-2-oxo-1,2-dihydropyride-4-carboxylic acid derivatives

The 3-cyano-2-pyridone derivatives prepared byating appropriate ketones with
cyanoacetamide in the presence of NaOEt, wereetted/to 2-pyridonecarboxylic acids and
subsequently to 2-chloro ester derivatives (Sch&m&The acid {23 was also converted to
the corresponding estet3g (synthesized to explore chemistry at C5-C6 douloledblike
cyclopropanation, epoxidation, which was howevesussessfyl as shown in Scheme™.
Treating the compound43a-d) with mCPBA provided the correspondimgoxidesl14a-d
that were converted to 1-hydroxy-2-pyridone dematl5a or 2-ethoxy pyridineN-oxides
15b-c depending on the reaction conditions empldied! Finally, the esterl5a was
hydrolyzed to the corresponding acléa and the acidd5b-c was transformed into the

corresponding 1-hydroxy 2-pyridone derivatii&&a-h %% %3

0 COOC,Hsg COOH COOCH;
1) NaOEt - 3
rt) 12h NC~~# ) HClorHzS04 = ) Reflux, 18h = )
. > n —» n —— | | n
n  2) 2-cyanoacetamide o~ N 24 h,reflux o7 N 2.MeOH ClI N
80 °C; 6h H 75-91% H rt, 24 h
- 0,
n=0, 1000 % n=0,11a n=0,12a— 65-75%  n=0,13a
2. 10b 2'11b 2.12b g %gb
3,10c 3,11c 3,12c , 1oC
5, 10d 5, 11d ¢OOPrn 5, 12d 5,13d

4
37 | 5 DMF, 0 °C,
1 A6 Cs,COg, 1h, 1t
o) ZH
n-Prl, 60 °C, 12 h
13e 60 %
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COOH
COOCH; Na COOCH; OOH
mCPBA MeOH = ) ENHCI Z )
CH,Cl, = ) or EtOH = q I[ 'J'n Reflux | n
— T | n —  » | an W@ —_—
48 h, 1t ©® E0” N N
't c” N 100°c,2h O N o 57-60% OH
o) 0°C,HCI1h OH &)
- 0, - 0,
60 -75% © 60-72% - N - o155  COOH n=2 17a
n=0, l4a 3,15¢  ~ 3170
2,14b LiOH.H,0 |
3, l4c N
5,14d THF + H,0 (1:3 )
20 (1:3) OH
63% 16
Scheme 1Synthesis of 1-Hydroxy-2-o0xo-1,2-dihydropyridinezdrboxylic acid derivatives
(B)

The dehydro shikimate analogée (or 21) was prepared according to a known method as
shown in Scheme 2. Initially the N-oxid® was synthesized fro8 usingm-CPBA, DCM

at rt for 36 h affords 40% of yields. Similarly stitution of chlorides inl9 with NaOEt
(commercially available) affording0 in 35% vyield according to the literature protoédls
Yields

however did not exceed 30% even after 5 timesatdm of experiments using above

protocols which could be improved to 66% by follagiithe reaction protocol of Zhai. al.
24

OOCH3 Dry CHsCN, To0cHs oo ?Qf'ﬁfx:" OoH
_ Na,CO3,1.5 H,0, = | Na, EtOH = | 12 h =
< . TSN al 1000, 2 o SN o 0 |
c” N el thfZ%r? C1h S 0°C HClah o g Be% 0 (";IH or
oo S} 66% o
18 19 20 21

Scheme 2.Synthesis of 1, 6-dihydroxy-2-oxoisonicotinic i (11).%2
4.1.2 Synthesis of 1-hydroxy-2-o0xo-1, 2-dihydroquailine-4-carboxylic acid derivatives

The synthesis of other target molecules baseB @shown in Scheme 3. The 2-oxo0-1,2-

dihydroquinoline-4-carboxylic acid derivative23a-d) 2

prepared from appropriate
indoline-2, 3-diones22a-d) were converted to the corresponding 2-chlororeftevatives
(24a-d).*" Treating these compounds with®3 provided the correspondimroxides @5a-
c) that were converted to the desired 1-hydroxy-8-b)2-dihydroquinoline-4-

carboxylicacidderivative26a-9.%*
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Na>COg3,

1
Q  CHyCOoH)y,  [OOF Lo GOOR 1.5 H,0,
R eflux
o —> —=1 > = -
N Reflux o“ >N 2.50Cl, a” SN Tf,0, 0°C, 1h
12 h H Reflux, 2 h rt, 16 h
ROH, EtgN
68-80 % » H3 70 - 75 %
R= H 22a R=H, 23 Reflux,2h ~ R=H, 24a ’
CHs, 22b CHs, 23b 65-70 % CHs, 24b
F, 22 F, 23c F, 24c
NO,, 22d NO,, 23d NO,, 24d
R= CH3, C,Hs
COOR?
| R _Na,R'OH RIOH
\@
100°C 2h
0°c,Hclih ©
@ 60-68%
R=H, 25a R=H, 26a
CHj, 25b CHs 26b
F,  25c £ ee

Scheme 3Synthesis of 1-hydroxy-2-oxo-1, 2-dihydroquinolfearboxylic acid derivatives

Synthesis of 2-chloro acid derivatives

2-chloro acid derivatives2{a-d), (28a-9 were synthesized from precursdrda-d 25a-c
respectively as shown in Scheme 4. The reaction® warried out in the presence of
LiOH*H0 in these case$’

]
COOCH, OOH 1 COOCH, COOH
' - R
= ) LIOH.H,0 = ) o RLiOH.H,0
[ o0 o T T [y et 7]
@ @ , @ N
CI” °N THF, H,O  CI” N + CI” N THF, H,O ClI
S 0°C 2 h 5 ! S 0°C2h i
&) 60-80 % o : o 70-80 % &)
]
n =0, 14a n=0,27a ' R=H 25a R=H 28a
2, 14b 2, 27b : CH, 25b Ch 28
3, l4c 3, 27¢ ! e CHa 250
5, 14d 5, 27d ;
]

Scheme 4.Synthesis of 2-chloro acid derivativd$)

Synthesis of 2-oxo-1, 2-dihydropyridine/quinoline-4&arbohydrazide derivatives:

The ethyl-2-oxo-1, 2-dihydropyridine-4-carboxyladerivatives 29a-c and 31a-d 2° were
prepared from the appropriate 2-oxo-1, 2-dihydrogline-4-carboxylic acid derivatives
(12b-dand23a-d. The resulting ethyl esters were treated withragihe hydrate to afford 2-
oxo-1, 2-dihydropyridine-4-carbohydrazide derivagy30a-band32a-d).?’
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COOH COOC2H5 CONHNH,
m EtOH,AcCl NHZNHZ-HZO m
H H 85°C, 4h
- 0,
= 2,12b 74-82 % = 2,29 60-75 % n= 2 30a
3,12c 3, 2% 3, 30b

Scheme 5Synthesis of 2-oxo-1, 2-dihydroquinoline-4-carpdtazide derivatives

OOH COOC,Hs CONHNH,
I JR | IR EtOH 85 °C | IR
0 >N Z 12 hReflux O H 4h ) H
H 70-80 %
R= H, 23a R=H, 3la 66-75 % R=H,  32a
CHg, 23b CHg, 31b CHs, 32b
F, 23c F, 3lc F, 32c

Scheme 6 Synthesis of 2-oxo-1, 2-dihydropyridine-4-carbdtazide derivatives

4.1.3 Synthesis of 7-chloro-2, 4-dioxo-1-propyl-12, 3, 4-tetrahydropyrido [2, 3d]
pyrimidine derivatives
The 4-methylcarboxylate-2-pyridone derivativ@eld, 34 were synthesized by refluxing
uracil derivatives with dimethyl acetylenedicarplate in MeOH ?® which were on
hydrolysis converted to 2-pyridone carboxylic aci@®a, 350 and subsequently to 2-
chloro ester derivatives3fa, 360 (Scheme 7). Treating the compour@Ba, 36bwith

several per acids did not provide the correspondingxides. Hydrolysis of36a with

LiOH*H,0O providedthe compoun@6c.

O COOCHs COOH  poc
a 3
DMAD R.
)\ _MeOH N)‘\/lf\l 1N NaOH N)k/(i _80°C,18h
4'\ > b) R10H

80 °c o N9 wec rt, 24 h
1-2h H 2h 65 - 75 %
60 - 70 % 50 - 60 %
R=H, 33a R=H, 34a R= H, 35a
= n-propyl 33b = n-propyl 34b =n-propyl 35b
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H,CO O
RlO.__O 3 0 HO- 20
R
P R 7 N = N R
| /’L N-Oxide formation @ | /g
- n >
c” N N o c g N O o O'?'H N 0
R=H, 36a R=H, 37a

=n-propyl 36b =n-propyl 37b
R=R!=H, 36¢

Scheme 7.Synthesis o¥-chloro-2,4-dioxo-1-propyl-1, 2, 3, 4-tetrahydrojop[2, 3]
pyrimidine derivatives.

ORTEP diagrams:

While all the compounds synthesized were charaeery spectral (NMR, IR and MS) data
the molecular structure of few representative cample for examplel3e 15a and 15b
were confirmed unambiguously by single crystal }-d#fraction (Fig 8, 9 and 10).

HN COOC3H,.

Q

Figure 8: ORTEP representation of th8e(C;0H13NOs). (Thermal ellipsoids are drawn at
50% probability level).

HO~

Y/
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Figure 9: ORTEP representation of th&a (CgHgNO,). (Thermal ellipsoids are drawn at
50% probability level).

Figure 10: ORTEP representation of th&b (C;,H13NO,4.H,0). (Thermal ellipsoids are
drawn at 50% probability level).

4.2 Pharmacology:

Pharmacological testing was performed at the litstitor Tuberculosis Research, College of
Pharmacyin the group of Prof. Scott G. Franzblau, Universit Illinois at Chicago.

All the compounds synthesized initially were tedi@dtheir activity againsyl. tuberculosis
Hs7Rv, which was determined by using fluorescenceaetih the Microplate Alamar Blue
Assay (MABA)?° The compounds found promising in this assay weee tested for their
activity against non-replicatiniyl. tuberculosis, which was determined by using the Low-
Oxygen Recovery Assay (LORAJ. The well-known agents such as rifampicin
(asemisynthetic bactericidal antibiotic drug), isade (or isonicotinylhydrazine, an
antitubercular agent) and moxifloxacin (a fluoragplone antibacterial agent) were used as
reference compounds in these assays. Finally, ytwoxicity assay of the most active
compound was carried out using Vero cells.

Among all the compounds tested quinoline-1-oxide2ba, 25b, and25cwere found to be
promising in MABA assay (Table 3). Indeed, compo@ath showed the lowest MIC i.e.
4.33 ng/mL among them. This compound also showedawest MIC i.e. 3.65 pg/mL in
LORA assay (Table 3). Finally, this compound shov@&egh value < 8.0 pg/mL in the
cytotoxicity assay in Vero cells. Among the othempoundsl2a-d 16, 15a-¢c and23a-d
showed MIC ~ 50 pg/mL whereas rest of the compowhdsved MIC ~ 100 pug/mL (see
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page 35) when tested in MABA assay. Notably, MICQhs known inhibitor of shikimate
dehydrogenas21?® and citrazinic acid were found to be >50 and100mi, respectively,
in the same assay.

Table 3. Invitro assay results of selected compounds.

MIC (ug/mL)y*C IC /mL)®
Compound (Lg/mL) 50 (Lg/mL)
MABA LORA Vero Cell

25a 92 73 n.d.

25b 4.33 3.65 < 8.0 (96%)

25¢ 10.9 13.1 n.d.

21 > 50 n.d. n.d.
Citrazinic acid > 100 n.d. n.d.
Rifampicin 0.05 1.47 n.d.
Isoniazide 0.33 > 128 n.d.

(84%)
Moxifloxacin 0.39 15.93 n.d.

n.d. = not determined.MIC value obtained was defined as the lowest coimagan inhibiting recovery of
luciferase signal, greater or equal to 90% relativeacteria-only control81Csrepresent the concentration of
compound that causes a 50% growth inhibition toaatéd cells using the MABA assay.

Nevertheless, the compourgbb though found to be less effective than the refezen
compounds employed in MABA assay but was comparabldetter than rifampicin,
isoniazide and moxifloxacin in LORA assay. Overdlge compound25b appeared as
attractive new chemical entity due to its interggtnd novel structural features.

4.2 Molecular docking studies

Molecular docking studies were done by K. Ravi Kumtalnstitute of Life Sciences, India.
To understand the nature of interactions of theselecnles with the shikimate

dehydrogenase protein of Mycobacterium tubercul¢SIBHmt), in silico docking studies
were performed using compoun@ba—c along with the known inhibitor of shikimate
dehydrogenas# 21. An SDHmt protein homology model was developed ased for this
purpose. The dock scores obtained after dockingeth@lecules into the SDHmt protein are
summarized in Table 4. It is evident from Tablehdttin compared to compourd these
molecules 25a—Q bind better with SDHmt the compou2%b being the best among them.

The ligand interaction and binding pose of compo&ba-cwith SDHmt protein is shown in
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Figs. 12-14. All these molecules were found toradewith the SDHmt protein through H-
bonding. For example, compou2&a with Arg 29 or25b with Lys69 or25c with Arg29
residue of the protein used. Additionally, the filisimg (introduced by drug design approach,
see Figure 14) that is, the benzene ring fused thighpyridine moiety participated well in

hydrophobic interactions in all these cases.

gand fryrecepioe
BApaALTE = WU

Figure 11: (a) Interaction mode of compour@ba with SHMDt showing H-bonding (pink dotted
line) with Arg 29. (b) Binding pose of compound 26a&5HMDt protein represented in electrostatic
potential solid surface. (c) 2D interaction diagraihtompound 25a with SHMDt protein
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Figure 12: (a) Interaction mode of compou@8b with SHMDt showing H-bonding (pink

dottedline) with Arg 29. (b) Binding pose of compa25b in SHMDt protein represented in
electrostatic potential solid surface. (c) 2D iat#on diagram of compourfbb with SHMDt

protein

c

Q poiar

O aoidic 4

'O basc - *hack

Q greasy
prgamity » bgand CIIEG!{;I-.' B+ arene-cation
COnour BADOSUIE EXposre

Figure 13: (a) Interaction mode of compoubc with SHMDt showing H-bonding (pink dotted
line) with Arg 29. (b) Binding pose of compoug8cin SHMDt protein represented in electrostatic

potential solid surface. (c) 2D interaction diagraihtompound®5cwith SHMDt protein
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Overall, the docking studies indicated that thespne N-oxides® 25a—ccould be potential
inhibitors of shikimate dehydrogenase and are dhér interest.

Docking study
The molecular docking simulation was performed gs@hemical Computing Group’s

Molecular Operating Environment (MOE) software 20@Version, "DOCK” application
Module. The molecule25a 25b and 25c were docked into the Shikimate Dehydrogenase
Protein of Mycobacterium tuberculosis (SDHmt) ahdiit respective docking scores (Table

1) and interactions were observed.

Table 4. Dock scores obtained after docking the moleculesthe SDHmt protein

Molecules MOE Dock score (K.cal/mol)
25a -10.03
25b -12.84
25¢ -10.93
21 -8.87

The purpose of the dock application was to seaochfavorable binding configurations in
macromolecular target, which is usually a protelfor each ligand, a number of
configurations callegoses were generated and scored in an effort to deterrfanorable

binding modes. For all scoring functions, lowerresandicated more favorable poses

5. Summary

Based on the reported assay results of a novel BH&8ogue i.e. 1, 6-dihydroxy-2-

oxoisonicotinic acid against shikimate dehydrogenasseries of fused and functionalized
pyridine derivatives were designed, synthesized tastéd for their potential antitubercular
properties. All these pyridine based compounds vpeepared by using multistep methods
involving the construction of pyridine ring as aykeynthetic step followed by further

functionalization reactiong.he single crystal X-ray diffraction study was usedtmfirm the
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molecular structure of three representative comgsumambiguously. To the best of our
knowledge synthesis of the class of designed comg®uvas not known in the literature.
Few of these compounds were found to be interestimgn tested in vitro. Based amvivo
(LORA assay) studies indicated ti#&ib better than rifampicin, isoniazide and moxifloxaci
Overall, compoun®5b appeared as an attractive and potential antitutsragent and its

strong binding witltSDHmt proteinwas supported by docking studies.

6. Experimental section

6.1 Chemistry - General methods

All reactions were carried out in oven dried glaassvunder atmospheric conditions unless
otherwise stated. Commercially available chemicaése used as received, without any
further purification. The following solvents andagents were purified prior to use:
Dichloromethane (DCM) was distilled from Ca@hd stored over molecular sievdsA).

Dimethylformamide (DMF) dried with Calldistilled and stored over molecular sieves (4
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A). Ethyl acetate (EA) and hexanes (PE) for chramtphic separations were distilled prior
to use.

Chromatography

Analytical thin layer chromatography was perforneedMerck TLC aluminium sheets silica
gel 60 ks4 Visualization was accomplished with UV light£ 254 nm). Vaniline, ninhydrin,
mostain and permanganate solutions followed byimgair iodine were used for staining.
Liquid chromatography was performed using Merckcailgel 60 (0.063 - 0.200 mm) and
flash silica gel 60 (0.040 - 0.063 mm).

NM R-Spectr oscopy

'H- and™*C-NMR spectra were recorded on a Bruker Avance(300 MHz for'H, 75 MHz

for 13C), Bruker Avance Il 400 “Nanobay” (400 MHz foH, 101 MHz for'3C) or Avance

1l 600 (600 MHz for'H, 151 MHz for**C) FT-NMR-Spectrometer at ambient temperature.
Data are given as follows fdH-NMR: Chemical shift in ppm from internal CH{(7.27
ppm) or CHOH (3.31 ppm) as standard on thecale, multiplicity (br = broad, s = singlet, d
= doublet, t = triplet, q = quartet, dd = doubldtdoublet, ddd = doublet of doublet of
doublet, dt = doublet of triplet, qd = quartet afuthlet, sept = septet and m = multiplet),
integration and coupling constant (Hz). Data aréoliews for **C-NMR: Chemical shift in

ppm from internal CHGI(77 ppm) or CHOH (49 ppm) as standard on thecale.

Mass spectrometry & IR spectroscopy and melting points

Mass spectrometry was performed using Varian MAT1A1 Finnigan MAT 95,
Thermoquest Finnigan TSQ 7000 or Agilent Techn@s@540 UHD Accurate-Mass Q-TOF
LC/MS at the analytical department of the Universift Regensburg. The percentage set in
brackets gives the peak intensity related to trechaeak (I = 100%). High resolution mass
spectrometry (HRMS): The molecular formula was proby the calculated precise mass.
ATR-IR spectroscopy was carried out on a Biorad dlikar FTS 3000 spectrometer,
equipped with a Specac Golden Gate Diamond Singfee&ion ATR-System.The melting
points were measured on a Bichi SMP-20 apparatus silicon oil bath. Values thus

obtained were not corrected.

Syntheses of literature-known compounds and reagents
Methyl 2-chloro-6-methyl isonicotinatd3a)'® Methyl 2-chloro-6,7-dihydro-5H-cyclopenta
[b] pyridine-4-carboxylate1@b)*® Methyl 2-chloro-5,6,7,8-tetrahydroquinoline-4carbtate
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(13c)*° Methyl-2, 6-dichloroisonicotinate 18)>> Ethyl 2-chloroquinoline-4-carboxylate
(24a)'® Ethyl 2-chloro-6-methylquinoline-4-carboxylate24p)*®*  Ethyl 2-chloro-6-
nitroquinoline-4-carboxylat@dd)****
(32a)'91° 6-Methyl-2-oxo-1,2-dihydroquinoline-4-carbohydragi@®2b) *°*° 6-Nitro-2-oxo-
1,2-dihydroquinoline-4-carbohydrazide  326)'**® 2,4 7-Trioxo-1-propyl-1,2,3,4,7,8-
hexahydropyrido [2,2] pyrimidine-5-carboxylicacid 35a)*° Methyl-2,4,7-trioxo-1,3-
dipropyl-1,2,3,4,7,8-hexahydropyrido[2¢dBeyrimidine-5-carboxylategsb) ™. These
compounds physical data matching with the liteettgports and used as precursors for

2-0Ox0-1,2-dihydroquinoline-4-carbohydrazide

synthesis of the targeted molecules.
6.2 Syntheses

Ethyl-3-cyano-2-oxo0-1,2,5,6,7,8,9,10-octahydr ocycloocta[ b] pyridine-4-car boxylate (11d):
The compound was prepared in 75% vyield accordingepmrted procedure for methyl 2-
chloro-6-methyl isonicotinatel8a)'®. Mp 278 °C, R (silica gel, 6%

COOC2H
\C 2% | MeOH in CHCI,): 0.60; IR (crif): 3444, 2858, 2228 (CN), 1740 (CO
=
| ester), 1656 (CO amide), 124H NMR (300 MHz, CDCJ) § 1.29 -
(@] N

H 1.36 (m, 7H), 1.54 -1.67 (m, 4H), 2.44-2.45 (m, 2R)72-2.76 (m,
2H), 4.41 (g, 2H), 12.85 (s, 1HYC NMR (75 MHz, CROD) § 11.6, 23.9, 24.1, 24.3, 28.0,
28.2, 29.2, 60.2, 114.2, 114.8, 121.68, 145.4,68,4162.2, 165.2; MS (El, 70ev) m/z (%)
[M]* 274.2 (27.56), 245.1 (100%); HRMS [M]Calcd. for GsH1gNsOs 274.1313; Found:
274:1313.

2-0Oxo0-1,2,5,6,7,8,9,10-octahydr ocycloocta[ b pyridine-4-car boxylic acid (12d):

The title compound was prepared in 75% vyield adogrdo the

COOH
_ procedure described for Methyl 2-chloro-6-methylonigotinate
| (13a)'® Ry 0.6 (CHCIly MeOH 1:1), mp 250 °C; IR (ct): 3388,

o0~ N

H 2995, 2915, 1715 (CO acid), 1625 (CO amide), 14228;'H NMR
(300 MHz, DMSO#dg) & 1.30-1.60 (m. 8H), 2.55-2.65 (m, 4H), 6.37 (s, 11D.50 (bs, 1H),
13.00 (bs, 1H)*C NMR (75MHz, CQOD) & 23.9, 24.1, 24.3, 28.2, 29.2, 116.8, 118.4,
134.3, 136.8, 163.2, 166.3; MS (El, 70emiz (%) [M+H]"266.6 (100).

M ethyl2-chlor0-5,6,7,8,9,10-hexahydr ocycloocta[ b] pyridine-4-

COOCH,CH
2.7 carboxylate (13d):
| X
| N/ The title compound was prepared in 70% yield adogrtb the general
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procedure as described above for Methyl 2-chloroeBhyl isonicotinate 18a)'®; R:: 0.8
(CH.Cl,), mp150 °C; IR (cnl): 3050, 2944, 1721 (CO ester), 1557, 1458, 122801'H
NMR (300MHz, CDC}) & 1.28 -1.47(m, 7H), 1.73 -1.84 (m, 4H), 3.00J(5 6.4 Hz, 4H),
3.91 (s, 3H), 4.38 (q] = 4.6 Hz, 2H), 7.46 (s, 1H}*C NMR (75MHz, CDC}) § 14.2, 25.8,
26.48, 27.1, 30.7, 31.0, 35.4, 61.9, 121.5, 13B4D,8, 148.2, 164.5, 165.9; MS (EI, 70ev)
m/z (%) [M]". 253.1 (100), 238.1 (88.95); HRMS [Mgalcd. for GsH16CINO, 253.0870;
found: 253. 087.

2-Chloro-4 (methoxycar bonyl)-6-methylpyridine-1- oxides (14a):

- v A mixture of (0.5g, 2.7mmol) of 3-chloro-1-methyiguinoline (2a),
GOOCHs (0.8 g, 4.6mmol) of m-chloro per benzoic acid, &edzene (8 mL) was
| @; stirred until a solution formed and was allowed stand at room
Cl N temperature for 2 days. Treatment of the reactioture with sodium
L 8 ) carbonate solution followed by extraction with dadomethane

afforded 0.35 g (60% vyield) of crude product. &4 (30% EtOAc in Petroleum Ether), mp
120 °C; IR (cri): 3066, 2928, 1716 (CO ester), 1527, 1439, 1235§N1176, 935(N-O);
'H NMR (300 MHz, CDCY) § 2.50 (s, 3H), 3.87 (s, 3H), 7.73 (= 2.4 Hz, 1H), 7.93 (dJ

= 2.4 Hz, 1H) ;*C NMR (75 MHz, CDCJ) § 18.7, 52.9, 124.0, 124.6, 125.1, 142.4, 151.0,
163.6; MS (EI, 70ev) m/z (%) [M]"201(98.75), 184 (100).

2-Chlor 0-4-(methoxycar bonyl)-6,7-dihydr o-5H-cyclopenta[ b]pyridinel-oxide(14b):

( COOCH 1 The title compound was prepared in 70% yield adogrdo the
3
N general procedure as described (da); R 0.38 (30% EtOAc in
| @ Petroleum Ether), mp 180 °C; IR (&n 3072, 2958, 1718 (CO ester),
cl ('}') 1536, 1439, 1225(N-O), 1136, 940 (N-O)4 NMR (300 MHz,
L S ) CDCl) 8 2.16-2.27 (m, 2H), 3.19 (§ = 7.8 Hz, 2H), 3.35 (1) = 7.8

Hz, 2H), 3.92 (s, 1H), 7.92 (s, 1HYC NMR (75 MHz, CDCY) § 22.0, 30.4, 32.9, 52.6,
123.1, 125.4, 140.0, 141.2, 155.5, 164.0; MS (B&v}: m/z (% ) [M] . 227.03(100).

2-Chlor 0-4-(methoxycar bonyl)-5,6,7,8-tetr ahydroquinoline 1-oxide (14c):

( COOCH; The title compound was prepared in 75% yield adogrdo the
N general procedure as described f4a); R 0.35 (30% EtOAC in
| @ Petroleum Ether), mp 123 °C; IR (dn 3082, 2968, 1720 (CO
N ester), 1526, 1429, 1238 (N-O), 1166, 936 (N-8): NMR (300
\ 8 J MHz, CDCh) & 1.73 -1.77 (m. 2H), 1.86 -1.89 (m. 2H), 2.97J(&
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6.8 Hz, 2H), 3.09 (&) = 6.9 Hz, 2H), 3.90 (s, 3H), 7.92 (s, 1H}C NMR (75 MHz, CDCY)
5 21.1, 21.4, 26.4, 27.2, 52.6, 124.4, 125.1, 1353B,9, 151.7, 164.5; MS (El, 70ew/z
(%) [M]*241.1(37.85), 192.1 (100).

2-Chlor 0-4-(methoxycar bonyl)-5,6,7,8,9,10-hexahydr ocycloocta[ b] pyridinel-oxide(14d):

The title compound was prepared in 72% yield adogrdo the general procedure as

r

COOCH;

X

Lo

N

@)
L S)

C

~

J

described for(14a); Ry 0.4 (30% Et OAc in petroleum ether), mp
110 °C; IR (cr): 3076, 2966, 1717 (CO ester), 1546, 1419, 1240(N-
0), 1166, 948 (N-O)'H NMR (300MHz, CDC}) & 1.32 -1.47 (m.
4H), 1.81 -1.85 (m, 4H), 3.12-3.30 (m, 4H), 3.90 ¥8l), 7.88 (s,
1H); *C NMR (75MHz, CDC}) § 26.0, 26.7, 26.8, 26.9, 28.3, 30.9,

52.7, 125.1, 138.7, 145.8, 155.0, 158.6, 164.8:(FIS70ev) m/z (%) [M]" 269.1(22.96),
252.1 (194.87), 220.1(100); HRMS [M]+ calcd. fors8:16CINO; 269.081, found: 269.0816.

M ethyl-1-hydr oxy-6-methyl-2-oxo-1,2-dihydr opyridine-4-car boxylate (15a):

-

COOCH;

N

To a solution of (50 mg, 2.17 mmol) of sodium medasolved in
Methanol (5 ml) was added (200 mg, 0.99mol) of Metzhydroxy-

6-methyl-2-oxo-1, 2-dihydropyridine-4-carboxylaféhe solution was
heated at reflux for 3 h. The solution was cooled diluted with Con

HCI. Filtered the solid; concentrate the filtrat#ldwed by triturate

the filtrate with ether. 100 mg (60 % vyield) protlobtained. R 0.5 (10% MeOH in EtOAc);
'H NMR (300 Hz,CDCl) & 2.53 (s, 3H), 3.90 (s, 3H), 6.75 (s, 1H), 7.201¢8); *°*C NMR
(75Hz,CDCls) 6 22.7, 52.9, 105.5, 114.1, 137.4, 142.4, 157.5,864S (El, 70ev)m/z (%)
[M] *183.05 (100); HRMS [M] calcd. for GHINO4 183.0532, found: 183.0530.

4-Car boxy-2-ethoxy-6,7-dihydr o-5H-cyclopenta[ b]pyridine 1-oxide (15b):

COOH

X

|®/

N
|

/\O

o)
L S

The title compound was prepared in 72% yield adogrdo the
general procedure as described fBa); R:: 0.4 (50% MeOH in
EtOAc); '"H NMR (250 Hz, CROD) & 1.57 (t,J = 6.5 Hz, 3H),
2.24-2.35 (m, 2H), 3.35 (§,=7.8 Hz, 4H), 4.55 (q] = 6.5 Hz, 2H),

(% ) [M]"223.08.
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7.65 (s, 1H);*C NMR (75Hz, CRQOD) § 14.5, 23.4, 31.5, 33.3,
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4-Car boxy-2-ethoxy-5,6,7,8-tetr ahydr oquinoline 1-oxide (15c): °

procedure as described f(i5a); Ry 0.4 (50% MeOH in EtOAc)H

NMR (300 MHz, CDC}) § 1.57 (t,J = 6.5 Hz, 3H)1.70-1.89 (m. 4H),

2.9-2.93 (m, 4H), 4.55 (¢, = 6.5 Hz, 2H)7.10 (s, 1H), 11.30 (bs, 1H);

¥%Cc NMR (75 MHz, CROD) 6 14.2, 20.52, 20.9, 26.2, 68.9, 107.7,
128.1, 142.7, 152.6, 156.3, 165.1; MS (El, 70ew)z (%) [M]"223.08

Son The title compound was prepared in 66% yield adogrtb the general
X
Lo
Y
o)
Q

1-Hydr oxy-6-methyl-2-oxo-1,2-dihydr opyridine-4-carboxylic acid (16):

To a solution of 1-hydroxy-6-methyl-2-oxo-1,2-diggyridine-4-

GOOH carboxylic acid(15a) (100 mg, 0.54 mmol) in THF (2.5 mL) was added a
== . . :
m solution of LIOH.HO (26 mg, 1.08 mmol) in $© (7.5 mL) at 0 °C. The
0" N reaction was stirred at 23 °C for 2.5 h. After cdémtipn of the reaction,
OH

solvent was removed under a low vacuum. The solutias cooled in an
ice bath and neutralized with HCI (aq). The exadsdC| was distilled off and CKCN was
added. The CECN layer was collected and concentrated to givegtidike product (58 mg,
63 % yield). R 0.38 (50% MeOH in EtOAc); IR (ci): 3414, 3080, 2956, 1730 (CO acid),
1650 (CO amide), 1556, 1429, 1230(N-O), 1188;NMR (300MHz, CROD) § 2.49 (s,
3H), 6.80 (s, 1H), 7.07 (s, 1H}*C NMR (75MHz, CQOD) & 17.6, 107.2, 111.3, 136.4,
146.6, 154.0, 167.2; MS (El, 70euwn/z (%) [M]" 169.03(100); HRMS [M] calcd. for
C/H/NO, 169.0380, found: 169.0380.

1-Hydroxy-2-0x0-2,5,6,7-tetr ahydr o-1H-cyclopenta[b] pyridine-4-carboxylic acid (17a):

. x 1-Hydroxy-2-ox0-2,5,6,7-tetrahydrd-tcyclopenta[b]pyridine-4-
OOH carboxylic acid (200 mg, 0.9 m mol) was taken inlH& mL of 10%
~ | HCI) and refluxed for 10 h. After completion of theaction, the excess
o" N of HCI was distilled off. The residue was washedhwtHCk and dried
L OH )

under high vacuum to give the desired product (h@0 57 % yield) as a
gel like material. R: 0.28 (50% MeOH in EtOAc)H NMR (300MHz, CQOD) § 2.14-2.21
(m, 2H), 3.06-3.13 (mJ = 7.8 Hz, 4H), 6.95 (s, 1H}’C NMR (75MHz, CQOD) § 23.5,
31.0, 32.5, 116.7, 122.0, 139.8, 147.0, 151.1,6:68S (EI, 70ev):m/z (%) [M+H]" 196.03
(14.54); HRMS [MT calcd. for GHgNO, 195.0532, Found: 195.0532.
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1-Hydroxy-2-0x0-1,2,5,6,7,8-hexahydr oquinoline-4-car boxylic acid (17b):

COOH

0"y

OH

i\

J

H]" 208.1(10); HRMS [M] calcd. for GoH1:NO4209.0632, Found: 209.0631.

2, 6-Dichlor 0-4-(methoxycar bonyl) pyridine 1-oxide (19):

COOCH;

X
|@/
N

Cl |

Cl

@)
L S)

N

J

The title compound was prepared in 60% yield adogrtb the general
procedure as described above Ida; R+: 0.3 (50% MeOH in EtOAc);
'H NMR (300MHz, CROD) § 1.72 -1.82 (m, 4H), 2.75-2.85 (m, 4H),
6.86 (s, 1H);**C NMR (75MHz, CROD) & 22.1, 22.7, 26.0, 26.5,
115.1, 117.7, 143.4, 146.3, 158.5, 168.3; MS (BeV]: m/z (%) [M-

A mixture of methyl 2,6-dichloroisonicotinat€200 mg, 1.0 mmol),
sodium per carbonate (157 mg, 1.0 equaryd anhydrous Ci€N (5

mL) was cooled to -10 °C and trifluoromethanesutfoanhydride

(0.339 ml, 2 equiv) was added drop wise to it. Toenations of

bubbles were observed during addition. The mixtuas stirred at the

same temperature for 1 h, then at room temperdtured4 h. Most of the sodium per

carbonate disappeared after 4h. The reaction neixtais poured onto mixture of crushed ice

and saturated sodium carbonate. After stirred fbrthe mixture was extracted with EtOAcC.

The organic layers were collected, combined, washigd 10% NaS,0Os anddried over
anhydrous Nz8O, to give the title compound (180 mg, 81% yield).NMR (300MHz,
CDCly) & 3.90 (s, 3H), 7.98 (s, 2H3*C NMR (75MHz, CDC}) & 53.3, 124.9, 125.4, 143.7,

162.6; MS (El, 70ev)m/z (%) [M-H] 220.9 (100).

4-Carboxy-2,6-diethoxypyridine 1-oxide (20):

-

|\
@
Y

O]
L S)

COOH

~

N

J

-

COOH

O N OH

OH

general procedure as described for

The title compound was prepared in 66% yield adogrtb the
general procedure as described abovelta R ¢ 0.3 (50%
MeOH in EtOAc);*H NMR (300MHz, CQOD) & 1.58 (t,J =
7.0 Hz, 6H), 4.62 (q) = 7.0 Hz, 4H), 7.47(s, 2H)*C NMR
(75MHz, CD;OD) 5 14.5, 71.0, 101.9, 146.5, 159.2, 164.7; MS
(El, 70ev): m/z (%) [M]"228(100).

Y 1,6-Dihydroxy-2-oxo-1,2-dihydropyridine-4-car boxylic acid (21):

The title compound was prepared in 65% yield adogrdo the
1-hydroxy-2-%06,7-
tetrahydro-H-cyclopentap]pyridine-4-carboxylic acid ¥7a). *H

B. Dulla, PhD thesis (2013)
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NMR (300 MHz, CROD) § 6.71(s, 1H), 12.92 (bs, 3HY*C NMR (75 MHz, CROD) &
130.5, 141.7, 168.4, 169.2, 173.9; MS (EIl, 70wz (%) 171.07 (M+H).

M ethyl 2-chloro-6-fluor oquinoline-4-car boxylate (24c):

CoOCH,CH,| The title compound was prepared in 75% yield adogrdo the

A F | literature procedure fq24a). Ri: 0.9 (CHCl,), mp 120 °C; IR (cm):
o N 3090, 2914, 2842, 1710 (CO ester), 1567, 1468, 1P2B0;'"H NMR
(300 MHz, CDC}) & 1.47 (t,J = 7.2 Hz, 3H), 4.5 (@) = 7.2 Hz, 2H),
7.52-7.59 (m, 1H), 7.98 (s, 1H), 8.05- 8.09 (d05.4 Hz,J = 9.3 Hz, 1H), 8.47- 8.52 (dd,
Jt =2.7 Hz,J ?>=10.4Hz, 1H):™*C NMR (75MHz, CDC}) § 14.3, 62.3, 111.5, 120.6, 122.8,
126.9, 128.0, 137.0, 140.3, 161.7, and 163.5, 1642 (El, 70ev): m/z (%) [M]" 239.1
(100).

2-Chlor o-4 (ethoxycarbonyl) quinoline 1- oxides (25a):

COOCHs | The title compound was prepared in 75% yield adogrtb the general

| ®\ procedure as described for 2,6-dichloro-4-(methaxyonyl) pyridine-
L
c~ N 1-oxide (19). R: 0.5 (10% EtOAc in petroleum ether), mp 170 °C; IR

2 (cm™): 3072, 2968, 1720 (CO ester), 1526, 1429, 123D§N1166, 930
(N-O); '"H NMR (300 MHz, CDCJ) 5 1.46 (t,J = 7.2 Hz, 3H), 4.50 (] = 7.2 Hz, 2H),
7.7-7.83 (m, 2H), 8.17 (s, 1H), 8.76 (dd} =1.1 Hz, J* = 8.7 Hz, 1H), 9.03 (dd* = 1.1
Hz, J* =8.7 Hz, 1H):**C NMR (75 MHz, CDCJ) § 14.3, 62.1, 119.9, 123.3, 125.7, 126.5,
127.0, 129.9, 131.1, 137.4, and 143.2, 163.9; MS7EV): m/z (%) [M]"249.1 (100).

2-Chlor 0-4 (ethoxycar bonyl)-6-methylquinoline 1-oxides (25b):

COOC,Hs Y The title compound was prepared in 72% vyield adogrdo the
N general procedure as described for 2,6-dichloroydtjoxycarbonyl)
| @ pyridine-1-oxide 19). R: 0.48 (10% EtOAc in Petroleum Ether), mp
c (N) 135 °C; IR (crit): 3082, 2968, 1720 (CO ester), 1526, 1429, 1238
. © ) (N-0), 1166, 936 (N-O)'H NMR (300MHz, CDC}) & 1.46 (t,J =

7.2 Hz, 3H), 2.56 (s, 1H), 4.48 (@= 7.2 Hz, 2H), 7.64 (d] = 8.8 Hz, 1H), 8.13(s, 1H), 8.63
(d,J = 8.8 Hz, 1H), 8.79(s, 1H}*C NMR (75Hz, CDCJ)) § 14.3, 22.9, 62.0, 119.7, 122.8,
125.6, 125.9, 126.6, 133.1, 140.5, 141.7, 164.& (K, 70ev):m/z (%) [M]" 265.1 (100).
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2-Chlor o-6-fluor o-4-(ethoxycar bonyl) quinoline 1-oxide (25c):

The title compound was prepared in 70% vyield adogrdo the

COOCH,CH;)
F | general procedure as described for 2, 6-dichlo(mdthoxycarbonyl)

| pyridine-1-oxide 19). R: 0.6 (10% EtOAc in Petroleum Ether), mp
120 °C; IR (crif): 3086, 2988, 1717 (CO ester), 1546, 1447, 1291,
1211(N-O), 1136, 933 (N-OfH NMR (300MHz, CDC}) & 1.47 (t,J

= 7.2 Hz, 3H), 4.50 (o) = 7.2 Hz, 2H), 7.51-7.58 (m, 1H), 8.25(s, 1H), 8.88B0(m, 2H);
13C NMR (75MHz, CDCY) § 14.3, 62.3, 111.5, 120.6, 122.2, 122.8, 123.0,9,2628.1,
137.0, 140.3, 161.0, 163.5; MS (EIl, 70awz (%) [M]" 255 (46.72), 239.1(100).

Cl

@O—z(/B \

1-Hydr oxy-2-oxo-1,2-dihydroquinoline-4-car boxylic acid (26a):

cooH | The title compound was prepared in 68% vyield adogrdo the general
f\/(j procedure as described for 1-hydroxy-2-oxo-2,5tétiahydro-H-
o N cyclopenta[b]pyridine-4-carboxylic acidl{a); Ry 0.4 (50% MeOH in
| C')H EtOAc); IR (cm): 3424, 3090, 2966, 1732 (CO acid), 1645 (CO ajnide

1546, 1419, 1240 (N-O), 11784 NMR (300 MHz, CROD) § 7.25 (s, 1H), 7.35 (1 = 7.5

Hz, 1H), 7.7 (tJ =7.5 Hz, 1H), 7.89 (d] = 8.2 Hz, 1H), 8.45 (d] = 8.2 Hz, 1H);**C NMR

(75 MHz, CQOD) & 114.2, 118.3, 123.6, 124.6, 128.1, 132.8, 140,11, 167.8; MS (EI):
m/z (%) [M]"205.1(100); HRMS [M] calcd. for GoH;NO4205.0375, found: 205.0374.

1-Hydr oxy-6-methyl-2-oxo-1,2-dihydr oquinoline-4-car boxylic acid (26b):

The title compound was prepared in 60% vyield adogrdb the general

COOH
_ procedure as described for 1-hydroxy-2-oxo-2, 57-@etrahydro-H-
PN cyclopenta[b]pyridine-4-carboxylic acid{a). R: 0.4 (50% MeOH in
OH EtOAc); 'H NMR (300MHz, CROD) & 2.42 (s, 3H), 7.21 (s, 1H),

7.65(d, 2H), 8.22 (s, 1H)*C NMR (250 Hz, CROD) § 21.5, 114.1, 118.3, 123.4, 127.5,
134.1, 134.6, 145.8, 158.8, 167.9; MS (El, 70en)z (%) [M]" 219.1 (100); HRMS [M]
calcd. For GiHgNO,219.0526, found 219.0532.

6-Fluor o-1-hydr oxy-2-oxo-1,2-dihydroquinoline-4-car boxylic acid (26c¢):

r COOH N The title compound was prepared in, 60% yield atiogr to the
_ F| general procedure as described for 1-hydroxy-2-2%06,7-

| tetrahydro-H-cyclopentap]pyridine-4-carboxylic acidX7a); R:: 0.4

o CN)H (50% MeOH in EtOAc), mp 266 °CH NMR (300MHz, CROD) §
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7.25(s, 1H), 7.59-7.65 (m, 1H), 7.79-7.84 (#d=5.4 Hz,J >= 9.3 Hz, 1H), 8.16-8.2 (dd’ =
2.7 Hz,J?= 10.4 Hz, 1H)}*C NMR (75MHz, CROD) § 113.1, 116.4, 120.6, 121.0, 126.0,
136.9, 138.4, 147.5, 158.6, 161.6, 167.2; MS (Elir@,70ev): m/z ( % ) [M]"223.1(100);
HRMS [M]* calcd. for GoHsFNO, 223.0277, found: 223.028.

4-Carboxy-2-chlor o-6-methylpyridine 1-oxide (27a):

( cooH | The title compound was prepared in 60% yield adogrdo the general
N procedure as described for 1-hydroxy-6-methyl-2-tixo 2-
| @ dihydropyridine-4-carboxylic acid1); mp 215 °C: IR (cril): 3390,

cl 6N 3076, 2968, 1737 (CO acid), 1546, 1447, 1291, 1), 1136, 940
\ S J(N-0); 'H NMR (300MHz, DMSOd) & 2.45 (s, 3H), 7.95(d] = 2.0 Hz,

1H), 7.99 (d,J = 2.0 Hz, 1H);"*C NMR (75Hz, DMSOdg) & 17.9, 124.3, 124.3, 125.7,
140.6, 150.4, 164.2; MS (El, 70evin/z (%), 229([M+H]" + CHsCN, 100), 188 (MH, 35);
HRMS [M]* calcd. for GHgCINO;187.0036, Found: 187.0038.

4-Car boxy-2-chloro-6,7-dihydro-5H-cyclopenta[b]pyridine 1-oxide (27b):

COOH  The title compound was prepared in 80&dyaccording to the general
m procedure as described for 1-hydroxy-6-methyl-2-txo 2-
clI” N dihydropyridine-4- carboxylic acidl6); mp 140 °C; IR:(cm™): 3440,
\ Q 3090} 2968, 1737 (CO acid), 1556, 1437, 1281, {RA40D), 1136, 918 (N-O)H
NMR (300MHz, CROD) § 2.23 (t,J = 7.8 Hz , 2H), 3.15 (t) = 7.8 Hz , 2H), 3.37 (] =
7.8 Hz, 2H), 7.98 (s, 1H}*C NMR (75 MHz, CQOD) § 23.1, 31., 33.9, 126.9, 128.7, 140.8,
143.4, 157.4, 166.5; MS (El, 70ev)m/z (%) [M]" 213.1(100);HRMS [M]" calcd. for

CoHsCINO3213.0193, Found: 213.0196.

4-Carboxy-2-chloro-5,6,7,8-tetrahydroquinoline 1-oxide (27c):

- oon ) The title compound was prepared in 70% yield adogrtb the general
procedure as described for 1-hydroxy-6-methyl-2-dxo 2-
| @; dihydropyridine-4-carboxylic acidl); mp 190 °C; IR{cm™): 3380,

Cl A 3086, 2958, 1727 (CO acid), 1546, 1437, 1291, 1232), 1136, 928
| % J (N-O); *H NMR (300Hz, DMSOds) & 1.62-1.82 (m. 4H), 2.77(8 =

6.8 Hz, 2H), 2.99 (tJ = 6.8 Hz, 2H), 7.5(s, 1H), 13.57(s, 1HIE NMR (75MHz, DMSO¢)
5 20.5, 20.7, 25.9, 26.6, 123.9, 125.8, 134.9, 1360.5, 165.4; El Mas®27.03 (M+, 49).
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4-Carboxy-2-chloro-5,6,7,8,9,10-hexahydr ocycloocta[ b pyridine 1-oxide (27d):

-

Cl

.

COOH

X

3

N
|

)
S)

N

The title compound was prepared in 68% vyield adogrdo the
general procedure as described for 1-hydroxy-6-yhttoxo-1, 2-
dihydropyridine-4-carboxylic acid16); mp 219 °C; IR: (cri):
3400, 3056, 2960, 1740 (CO acid), 1566, 1437, 12241(N-O),

J

1126, 945 (N-O);'H NMR (300 MHz, CROD) § 1.35 -1.49 (m,

4H), 1.77 -1.87 (m, 4H), 3.19-3.34 (m, 4H), 8.00(d); *C NMR (75 MHz, CROD) § 27.1,
27.7, 27.9, 28.1, 29.1, 32.1, 126.5, 130.6, 13640,22, 156.5, 167.2; MS (EIl, 70evjn/z
(%), 255.1([M]" 102.88), 238.1(85.97), 196.1(100); HRMS [Mialcd. for GH14CINO;
255.0662, Found: 255.0655.

4-Carboxy-2-chloroquinoline 1-oxide (28a):

Cl

.

COOH

=
\@'

N
[

@)
S

J

The title compound was prepared in 72% yield adogrtb the general
1-hydroxy-6-methyl-2-bhy®
dihydropyridine-4-carboxylic acidéf; mp 197 °C; IR: (cn): 3414,
3056, 1730 (CO acid), 1556, 1427, 1281, 1231(N1d}6, 935 (N-O);
'H NMR (300MHz, DMSO-@) 6 7.83-7.93 (m, 2H), 8.24(s, 1H), 8.57-
8.60 (dd,J* =1.1Hz,J ? = 7.3 Hz, 1H), 8.97-8.90 (dd! =2.1Hz,J*=

procedure as described for

7.3 Hz, 1H), 13.95 (s, 1H)}*C NMR (75MHz, DMSO-¢) § 119.2, 123.7, 125.7, 126.2,
126.9, 129.9, 131.2, 136.6, 142.4, 165.3; MS (BEV}: m/z (%) [M]" 223.1(100); HRMS
[M]* calcd. for GoHeCINOs 223.0036, found: 223.0032.

4-Car boxy-2-chlor o-6-methylquinoline 1-oxide (28b):

-

Cl

.

COOH

=
)

N
|

@)
©

J

The title compound was prepared in 80% vyield adogrdo the
general procedure as described for 1-hydroxy-6-yhettoxo-1,2-
dihydropyridine-4-carboxylic acidsf; mp 172 °C; IR: (cil): 3414,
3086, 1736 (CO acid), 1536, 1437, 1271, 1238(N1@26, 929 (N-
0) ; *H NMR (300 MHz, DMSO€g) & 2.47 (s, 3H), 7.7- 7.74 (d,=

9 Hz, 1H), 8.18 (s, 1H), 8.46(d,= 9 Hz, 1H), 8.74 (s, 1H), 13.75 (s, 1 NMR (75Hz,
DMSO-ds) & 21.4, 119.1, 123.18, 125.6, 125.7, 126.2, 13189,7, 139.9, 141.0, 165.4; MS
(El, 70ev): m/z (%) [M]" 237.1(23.52), 221.1(68.33); HRMS [Mtalcd. for GHsCINO;
237.019, found: 237.0187.
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4-Car boxy-2-chlor o-6-fluor oquinoline 1-oxide (28c):

( COOH Y\ The title compound was prepared in 70% yield adogrdo the

_ F| general procedure as described for 1-hydroxy-6-ph&toxo-1,2-

@ dihydropyridine-4-carboxylic acicf; mp 222 °C; IR: (cnl): 3394,

cl ON 3076, 1728 (CO acid), 1576, 1467, 1261, 1234(N1@},6, 937 (N-
L © J 0); '"H NMR (300MHz, DMSO¢€g) & 7.79-7.84 (m, 1H), 8.29 (s,

1H), 8.61-8.65 (ddJ* = 2.9Hz,J 2= 10.2Hz, 1H), 8.73-8.77 (dd} = 2.9Hz,J = 10.2Hz,
1H); **C NMR (75Hz, DMSOdg) & 111.1, 120.5, 122.6, 127.0, 127.7,136.3, 13868,5,
162.9, 165.1; MS (El, 70ev): m/z (%) [M]" 241.1(100); HRMS [M] calcd. for
Ci10HsFCINO; 240.9942, Found: 240.9943.

Ethyl 2-ox0-1,2,5,6,7,8-hexahydroquinoline-4-car boxylate (29a):

Acetyl chloride (2mL) was added slowly to ethandd (mL) at room

COOC,Hs
_ temperature, stirred it for 10 minutes. To this wadded 2-oxo-
| 1,2,5,6,7,8-hexahydroquinoline-4-carboxylic aci@g6ng, 3.59 mmol)
© H and the reaction mixture was heated to reflux fgerpight. The

reaction mixture was cooled to room temperature extdacted with CHGI The organic
layer was collected, washed with 5% NaH{@ried over anhydrous MNaQ,, filtered and
concentrated under low vacuum to give the titleodprct (650 mg, 82 % vyieldfH NMR

(300 MHz, DMSO#g)  1.27 (t,J = 7.1 Hz, 3H), 1.63-1.67 (m, 4H), 2.43-2.49 (m, A#P5
(q,J = 7.1 Hz, 2H), 6.37 (s, 1H), 11.9 (bs, 1HC NMR (75 MHz, DMSOds) 5 13.8, 20.7,
21.9, 23.7, 61.2, 111.9, 116.9, 133.8, 144.5, 16165.9; MS (El, 70ev):m/z (%) [M]"

221.1 (41.08), 192.1(100).

2-0x0-1,2,5,6,7,8-hexahydr oquinoline-4-car bohydrazide (30a):

A mixture of ethyl 2-oxo0-1,2,5,6,7,8-hexahydroquinoline-4-

CONHNH,
y carboxylate (71 mg, 0.32 mmol) andHN.H>O (0.1 mL) in ethanol (10
| mL) was refluxed for 10 h. after completion of tleaction most of the
S H solvent was evaporated. The solid separated wasefil, washed with

ether and dried to afford 2-oxo-1,2,5,6,7,8-hexabgdinoline-4-carbohydrazidéOm g,
75% vyield) as a pale yellow solid; mp 258 °C; IRnf): 3348, 2985, 2865, 1685 (CO
amide), 1645 (CO amide), 1442, 1238.NMR (300 MHz, CROD) & 1.73-1.82 (m, 4H),
2.49-2.53 (tJ = 5.9 Hz, 2H), 2.6-2.64 (1) = 5.9 Hz, 2H), 6.35 (s, 1H)*C NMR (75Hz,
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CD;OD) § 22.6, 23.3, 24.8, 25.2, 113.7, 116.1, 146.0, 15168.8, 164.8, 166.1; MS (El,
70ev): m/z (%) [M]"207.1(100).

Ethyl 6-fluor o-2-oxo-1,2-dihydroquinoline-4-car boxylate (31c):

The title compound was prepared in 72% vyield adogrdo the

COOC,Hs
= F| general procedure as described for ethyl 2-oxd&¥BZ,8-
hexahydroquinoline-4-carboxylate29). mp 222 °C; IR: (cri):
O N
H 3394, 3076, 1728 (CO acid), 1576, 1467, 1261, 1233), 1116,

937 (N-O);*H NMR (300MHz, DMSO#dg) & 1.35(t,J = 7.2 Hz, 3H), 4.40 (¢J = 7.2 Hz,

2H), 7.02(s, 1H), 7.38-7.50 (m, 2H), 7.9-7.95(@=2.7 Hz,d >= 7.7 Hz, 1H), 12.4 (bs, 1H):
3¢ NMR (75Hz, DMSO-¢) 6 13.8, 61.9, 111.1, 116.5, 117.6, 119.1, 136.2,3,3868.6,

160.6, 166.2; MS (El, 70ev): m/z (%) [M]" 241.1(100); HRMS [M] calcd. for

C10HsFCING; 240.9942, found: 240.9943.

6-Fluor 0-2-ox0-1,2-dihydr oquinoline-4-car bohydrazide (32¢):

The title compound was prepared according to tmeige procedure

CONHNHz | a5 described in  2-Oxo-1,2,5,6,7,8-hexahydroquieslin
F
= carbohydrazide30a) in 70% vyield. The physical properties of this
o7 N material are consistent with previously reportethdmp 321°C; IR
A H J

(cm®): 3407, 3265, 3164, 2865, 1661 (CO amide), 1642 &ide),

1430, 1252; 'H NMR (300 MHz, DMSO¢e) 8 4.62 (s, 2H), 7.34 - 7.57 (m, 4H), 9.90 (s,
1H), 12.03 (s, 1H) ¥*C NMR (75MHz, DMSO-g) § 110.7, 116.8, 117.4, 119.1, 121.4,
135.8, 143.8, 155.3, 160.8, 164.6; MS (El, 70enjz (%) [M]" 221.1(72.88), 134.1(100);

HRMS [M]" calcd. for GoHsFNsO, 221.0601, found: 221.0596.

2,4,7-Trioxo-1-propyl-1,2,3,4,7,8-hexahydr opyrido[ 2,3-d]pyrimidine-5-car boxylicacid

(35a):
( 0 COOH Y A mixture of methyl-2,4,7-trioxo-1-propyl-1,2,3,43¢
N N hexahydropyrido[2,2pyrimidine-5-carboxylate (22b) (100 mg,
0.36 mmol) and 1IN NaOH (3mL) was refluxed for 2 After
o N H © completion of the reaction the mixture was cooledOt °C and
H acidified with 6N HCI. The solid separated wasefiéid, washed with

.

J

cold water and dried to give the desired produbtr(igj, 79%). mp 284 °C; IR (chx 3404,
3097, 2962, 2853, 1710 (CO Acid), 1640 (CO amid&p9;'H NMR (300MHz, DMSO-g)
§ 0.89 (t,J = 7.3 Hz, 3H), 1.59-1.67 (m, 2H), 4.03 Jt= 7.8 Hz, 2H), 6.4 (s, 1H), 11.50 (s,
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1H), 12.31 (s, 1H), 13.45 (s, 1HYC NMR (75MHz, DMSOdg) 5 10.9, 20.5, 42.5, 102.3,
115.6, 147.7, 150.2, 152.2, 159.5, 166.5, 167.8;(HIS 70ev):m/z (%) [M+H]" 266(100);
HRMS [M]" calcd. for GiH11N30s 265.0699, Found: 265.0700.

M ethyl-7-chlor 0-2,4-dioxo-1-propyl-1,2,3,4-tetr ahydr opyrido[ 2,3-d]pyrimidine-5-
carboxylate (36a): The title compound was prepared in 60% yielbading to the general

o cooch procedure as described for methyl-2-chloro-6-metisgnicotinate
NS (33). Ri: 0.7 (50% EtOAc in Petroleum Ether); mp 217 °C;(tRiY):
o N 3234, 2945, 28513, 1720 (CO ester), 1665 (CO amik50, 1420,

H 1303, 1258, 1166'H NMR (300 MHz, DMSO€g) § 0.89 (t,J = 7.3

Hz, 3H), 1.57-1.67 (m, 2H), 3.85 (s, 3H), 4.03)(§ 7.8Hz, 2H), 7.53
(s, 1H), 11.93(s, 1H)-*C NMR (75 MHz, DMSOdg) & 10.9, 20.3, 40.3, 52.5, 106.4, 115.8,
145.4, 149.8, 152.2, 153.9, 165.7; MS (El, 70evk (%) [M+H]"298(100).

7-Chloro-2,4-dioxo-1-propyl-1,2,3,4-tetrahydropyrido[ 2,3-d] pyr imidine-5-car boxylic
acid (36¢):

0 Y The title compound was prepared in 60% yield adogrtb the general
procedure as described for methyl-2-chloro-6-metsghicotinate ).
Ri: 0.7 (50% EtOAc in Petroleum Ether). mp 217 °C;(¢Ri%): 3234,

2945, 28513, 1720 (CO ester), 1665(CO amide), 13820, 1303,
H 1258, 1166:H NMR (300MHz, DMSOsdg)  0.86 (t,J = 7.3 Hz, 3H),
1.50-1.60 (m, 2H), 4. 20 (] = 7.3 Hz, 2H), 7.50 (s, 1H), 11.00 (s,
1H); **C NMR (75MHz, DMSOdg) & 10.9, 20.2, 30, 42.5, 112.3, 115.6, 147.7, 151562,2,
159.5, 166.5, 167.8; MS (El, 70ewvz (%) [M+H]" 284.04 (100); HRMS [M]calcd. for
C11H10CIN30,4283.114, Found: 283.104.

1-Ethyl-2,4,7-trioxo-3-propyl-1,2,3,4,7,8-hexahydropyrido[2,3-d] pyr imidine-5-
carboxylic acid (35b):

\L OOH The title compound was prepared in 60% yield adogrdo the
X
)N\ | procedure as described for 2,4,7-trioxo-1-propgl3,4,7,8-
© NH H © hexahydropyrido[2,3f]pyrimidine-5-carboxylic acid.
mp 226 °C; IR (crf):3414, 3047, 2972, 2803, 1698 (CO Acid), 1610

(CO amide), 1209'*H NMR (300MHz, DMSO#gg) § 0.83-0.91 (m, 6H), 1.52-1.67 (m, 4H),
3.81 (t,J = 7.4 Hz, 2H), 4.10 (t) = 7.8 Hz, 2H), 6.51 (s, 1H), 12.53 (s, 1H), 13(461H);
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%C NMR (75 Hz, DMSOde) & 10.9, 11.2, 20.5, 20.5, 42.2, 43.3, 106.5, 11742,7, 150.3,
158.7, 166.7, 167.9; MS (El, 70ewn/z (%) [M+H]294.1 (100).

6.3. Single crystal X-ray data for compound 13e, 15a and 15b.

Single crystals suitable for X-ray diffraction @Be and 15a, 15b, were grown from 8:2
hexane-ethylacetate and the compoaBd from MeOH. The crystals were chosen using a
stereo zoom microscope supported by a rotatablripimlg stage. The dataas collected at
room temperature on CrysAlisPro, Oxford Diffractibtd, Version 1.171.33.55 with graphite
monochromated Cu-Kradiation (1.54814 A)The crystals were glued to a thin glass fibre
using FOMBLIN immersion oil and mounted on the ditftometer. The crystal structure was
solved by direct methods using SHELXS-97 and tha eas refined by full matrix least-
squares refinement dff with anisotropic displacement parameters for noatéms, using
SHELXL-97

Crystal data of 13e: Molecularformula = GoH13NOs, Formula weight = 195.21, Crystal
system =Monoclinic, space group = P2(1)/a,= 8.918 (11) Ap = 7.969 (7)Ac = 14.721
(18)A, V = 1009.73 (2)A T = 296 K,Z = 4,D, = 1.284 Mg m°, u(Mo-Ka) = 0.79 mm?,
5081 reflections measured, 1808 independent taftes; 1612 observed reflections [I > 2.0
o (1)], Ry_obs= 0.009, Goodness of fit1=081. Crystallographic data (excluding structure
factors) for13e have been deposited with the Cambridge CrystalfdgcaData Center as
supplementary publication number CCDC 871206.

Crystal data of 15a: Molecularformula = GHgNO,4, Formula weight = 183.16, Crystal
system =Orthorhombig space group Pna2, a = 23.033 (6) Ap = 4.038 (10)Ac = 18.018
(5)A, V = 1676.2 (8)& T =296 K,Z = 8,D. = 1.456 Mg m"°, u(Mo-Ko) = 1.01 mm?, 5768
reflections measured, 2506 independent reflectid®81 observed reflections [I > 200(1)],
R1_obs= 0.026, Goodness of fit £.05. Crystallographic data (excluding structure factors
for 15a have been deposited with the Cambridge Crystajgyc Data Center as
supplementary publication number CCDC 871207.

Crystal data of 15b: Molecular formula = GH;13NO4,H,O, Formula weight = 241.24,
Crystal system = Monoclinic, space group2(1)/n a = 10.413 (19) A, b = 19.895 (3)A, ¢ =
11.164 (2)A, V = 2256.54 (7YAT = 296 K, Z = 8, Dc = 1.387 Mg ™h p(Mo-Ka) = 0.95
mm, 17064 reflections measured, 4439 independergatihs, 3792 observed reflections

[ >2.00 (I)], R1_obs = 0.031, Goodness of fit = 1.05. @aifegraphic data (excluding
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structure factors) fod5b have been deposited with the Cambridge Crystajdgc Data
Center as supplementary publication nun®E&DC 871209.

6.4 Phar macology methods

MABA and L ORA assay:

Activity against replicatingM. tuberculosis Hz7/Rv (ATCC 27294, American Type Culture
Collection, Rockville, MD) was determined using laofescence readout in the Microplate
Alamar Blue Assay (MABA) following incubation forne week with test compounds in
glycerol-alanine-salts medium (GAS) as well as ediom without added iron but with Tween
80 (GAST). The MIC was defined as the minimum comicdion inhibiting fluorescence by
90% relative to bacteria-only controls. Activity aagst non-replicatingVl. tuberculosis was
determined using the Low-Oxygen Recovery Assay (ADBy exposing low-oxygen adapted
M. tuberculosis containing a luciferase gene to test compoundgmadaerobic conditions for
10 days. After a 28 h recovery in air, the lucifEaignal was measured. MIC was defined as
the lowest concentration inhibiting recovery of ifacase signal, greater or equal to 90%

relative to bacteria-only controls.

Briefly, the test compound MICs against TB wereeassd by the MABA using INH,
Moxifloxacin and SM as positive controls. Compoustibck solutions were prepared in
DMSO at a concentration of 12.8 mM, and the firglt tconcentrations ranged from 100 to
0.5uM. 2-fold dilutions of compounds were prepared imddebrook 7H12 medium (7H9
broth containing 0.1% w/v casitone, @/mL palmitic acid, 5 mg/mL bovine serum
albumin, 4 mg/mL catalase, filter-sterilized) invalume of 10QuL in 96-well microplates
(black viewplates)Mtb H37RV (100uL inoculum of 2 x 105 cfu/mL) was added, yielding a
final testing volume of 20QL. The plates were incubated at 37 °C. On the @i df
incubation 12.5uL of 20% Tween 80 and 2L of Alamar Blue (Trek Diagnostic, Westlake,
OH) were added to the test plate. After incubatb®7 °C for 16—24 h, fluorescence of the
wells was measured (ex 530, em 590 nm). The MICsewdefined as the lowest
concentration effecting a reduction in fluoresceate90% relative to the mean of replicate

bacteria-only controls.
Cytotoxicity assay:

Vero cells (ATCC CRL-1586) were cultured in 10%afebovine serum (FBS) in minimum
essential medium Eagle. J774A.1 cells were cultimeti0o% FBS in Dulbecco’s modified
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Eagle’s medium (DMEM). The cells were incubate®at’C under 5% Cg@until confluent
and then diluted with phosphate-buffered salinel@ cells/mL. In a transparent 96-well
plate (Falcon Microtest 96), threefold serial dous of the macrolide stock solutions
resulted in final concentrations of 102.4 to Qw2 in a final volume of 20QL. After
incubation at 37 °C for 72 h, medium was removed monolayers were washed twice with
100uL of warm Hanks’ balanced salt solution (HBSS). Gnmdred microliters of warm
medium and 2@l of freshly made MTS-PMS [3-(4,5-dimethylthiazolyD-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2-tetramati and phenylmethasulfazone]
(100:20) (Promega) were added to each well, platre incubated for 3 h, and absorbance

was determined at 490 nm.

COOH COOCH;4 OOCHs OOH COOH
% ) z ) Z > %
] []'n | | |
D
0”7 N oI’ Y 7N o” "N” ToH
H 0 OH OH OH

©
n=0,12a >50 (8%) n=3,14c >100(53%) 15a > 100 (10%) 16 >50 (2%) 21 > 100 (10%)
2,12b > 50 (4%) 5, 14d > 50 (19%)
3,12c > 50 (6%)
5,12d > 50 (8%)
COOH COOH O COOCH; O COOH
R
= R =~ | HN™ S HN S
) P P
o~ N Cl N o N N O N N I
H 0
o
R=H, 23a >50(23%) R=H, 28a >100(34%) 36a>100 (41%) MIC
CHa, 23b > 50 (15%) CHa, 28b > 100 (14%) 36e =91.7 ug/ml (MABA)
F,  23c > 50 (17%) 99.5 ug/ml (LORA)

Foot note: In vitro data generated for all the compounds using MiatepAlamar Blue
Assay (MABA) with 50pug/mL, 100 pg/mL concentratiooisthe compounds. Percentage of
inhibition was mentioned in brackets. For potentivaec molecules MIC values were

calculated.

6.5 Docking procedure: The SDHmt Protein Homology Model was used as thept®r for
docking. SDHmt Protein was protonated (AdditiorHyldrogen atoms) with protonation 3D
application in MOE, Connolly Molecular surface wgenerated around the ligand site of the
protein, Gasteiger Partial charges was added terbiein and finally energy minimization
was performed to relieve the bad crystallograploistacts. “Active site finder” function of
the MOE software was used to denote potential agckiockets within the protein crystal

structure. All the molecules were placed in theivacsite pocket of the protein by the
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“Triangle Matcher” method, which generates posesaligning the ligand triplet of atoms
with the triplet of alpha spheres in cavities aghti atomic packing. The dock scoring was
performed with London dG method and then finallaiing and scoring the best 10 poses
of molecules. The preparation of ligands for dogkisimulation involved the energy
minimization with Molecular Mechanics Force-field MiFF94x (Merck Molecular Force
Field ) and then molecules were subjected to comdtional search in MOE using the
Conformations Stochastic search module to findlidiaeest Energy Conformers.The docking
results were appear as docking score in which thekidg poses were ranked by the
Molecular Mechanics and Generalized Born solvatioodel (MM/GBVI) binding free
energy. RMSD of the docking pose compares the dgckoses to the ligand in the co-

crystallized structuré® 3%
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3. Novd synthesis of 2H-benzo[b][1,4]oxazines via sequential C-N
and C-O bond formation in single pot & their phar macological

evaluation as anti inflammatory agents

3.1 Introduction

1,4-Benzoxazine is a heterocyclic ftdfof paramount importance to human race.
Several 1,4-Benzoxazine derivatives isolated fratural resources or prepared synthetically
are significant with respect to medicinal chemisagd biomedical use. Indeed, 1,4-
Benzoxazines have been part of molecular skelefimnghe design of biologically active
compounds, ranging from herbicides and fungicidetherapeutically usable drugs (Figure
1)1 A literature survey provided/identified several-bgnhzoxazine compounds (Fig. 1) in the
development phase as potential new drugs. Novebdn#oxazine derivativé® possesses
peroxisome proliferator activated receptaiPPARa) and PPARy agonist activity and could
be used in treating diabetes, hyperlipidemia angerotdiabetic complications. French
investigators recently introduced new 8-arylalkylaoal,4-benzoxazine neuro-protectats
3 and4.?® Schering has disclosed 1,4-benzoxaziésand6 ° as inhibitors of nitric oxide
synthase (NOS) which are potential drugs for tngptheurodegenerative, inflammatory,
autoimmune and cardio-vascular disorders. 1,4-Beazne 7 ° inhibits the coagulation
serine proteases factor Xad-benzop] [1,4] oxazine8 ’ as hypoxia targeted compounds for

a,
SeNepa %@J@Cﬁ%
N 02 O o | O 0 4

The research results suggested that 1,4-Benzoxaniiaelated compounds are a plentiful

cancer therapeutics.

source of potential anti-cancer, anti diabetici enfitammatory drugs deserving further study.
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rdeeaeively

HN\/\/\NH

O i/\ -
§
5 6 7 W 8
Figurel: Therapeutically usable drugs with 1,4-benzoxazore structures

3.2 Literaturereportsfor synthesisof 1,4-benzoxazines

Substituted 2-aminophenols are classical startmgpounds for the synthesis of 3, 4-
dihydro-2H-1,4-benzoxazines.

J. Y. Me'rour et al. described an environmentalignidly and highly efficient
procedure for the synthesis of substituted 3,4dtitn?H-1,4-benzoxazines as shown in
Scheme 1. The reaction of substituted 2-aminopkéhulith ethyl 2,3-dibromopropionate
(10) affords, depending on the substituent’s on tloenatic ring, ethyl 3,4-dihydro#2-1,4-
benzoxazine-2-carboxylate$lj as the main, and ethyl 3,4-dihydrb4,4-benzoxazine-3-
carboxylates¥2) as the minor, isomers. In the case of the unguted 2-aminophenol, the

ratio between the isomers is 268:1.

0
0
OH  Br O._COOEt N
R X . j)kOEt K,COg, acetone R1{j j/ R1—:(/>[ j\
]
Z>NH, Br Reflux 2NN N COOEt
H

9 10 " 0

Scheme 1
J. Y. Merour et al. demonstrated that 2-cyano-3heto-2H-1,4-benzoxazine$4’
can be obtained by a ring-closure reaction follgnmine pathway presented in Scheme 2.
The reaction of substituted 2-aminophen®land 2-chloroacrylonitrile (13) under reflux
in acetonitrile for 18 h in the presence ofGQO; provided 2-cyano-3,4-dihydro-21,4-
benzoxazine derivatived4) in good yield®

~OH CI\_CN CN
11 K2C03 MeCN Rl—
R _ +
NH2>

Reflux, 75-90%

Scheme 2
M. Varasi et al. reported synthesis of integrin eggor antagonists; the key
intermediatel 7*° was prepared in a reaction of methyE)2-bromobut-2-enoatei §)
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COOCH3
OH | ¢) OCHjy
/@ ' NaHCO3, MeOH /@ ]/\g
0N NHz  Br rt, 4h, 90% OaN N
15 16 17
Scheme 3

with 2-amino-phenol5 via an intramolecular Michael addition (Scheme 3).

In the recent times several 2-Nitro Phenols haenlseiccessfully used for ring closure to 3,

4-dihydro-H-1,4-benzoxazines by a reductive amination reaction

T. Fujikura et al. reported that, 2-bromo-2-methgpanal {9) can be used for O-
alkylation of 2-nitrophenolsi@) to give the phenolic ether2Q) which are reduced, with
concomitant intermolecular reductive amination,|diieg 3,4-dihydro-2#-1,4-benzoxazines
21 (Scheme 4§}

Me
OH _ e
Rz@[ .\ Br><CHO NazCOg, MeOH (I \éMe Ra Ni, R Me
NO, Me ME  t 12h 90% o, 1O EtOH, 36% N
18 19 20 21
Scheme 4

1-(3,4-Dihydro-H-1,4-benzoxazin-3-yl) methanami?® is used as intermediate in
the synthesis of pyrazino [2,1-c]-1,4-benzoxazidgmnds for theos-adrenergic receptor
reported by Minneman, K. P and co-workEr&poxide 22 is opened by Pthallimidé3,
giving the alcohol, which is oxidized by the Dessathih reagent to the ketoi2d. Reduction
of the nitro group o024 and concomitant cyclization by reductive aminatsubsequently
deprotection by hydrazinolysis to afford the an?bgScheme 5).

1. Py, butanol
\/A  reflux, 39% \)J\/ \/\& L. Hp, Pd, 90% ©: LNH
2
2 Dess-Martin 2 NH,NH,.H
CH,Cl,, 87%

24 25

Scheme5
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A novel synthesis of 2-phenoxymethyl-8idydro-2H-1,4-benzoxazine29; Rz = Bn,
Ph), through formation of the C-O and C—N bondglwves ring-opening of glycidd7 with
the N-nucleophile formed from 2-fluomg-tosylaniline 26) under phase-transfer catalysis,
and subsequent intramolecular nucleophilic suligiituof fluoride promoted by a non-
nucleophilic strong base. Cleavage of tietosyl protecting group of28 with
sodium/naphthalene in dimethyl ether (DME) affotde 2-substituted 1,4-benzoxaziriés
(Scheme 6§3

F +
1. K,CO3, BNnEtzN"CI
o) 2C03, 3 3 o]
©: + 90 °C, 94% ©: j/\OR Na naphthalene j/\ORs
NHTs

R30 2.tBuOK, THF, 75 °C DME, -78°C, 77% H

0,
26 27 92% 28 29

R3 = Ph, Bn
Scheme 6

G. E. Zurenko and co workers disclosed that O-alikyh of the 2,5-diaminophenol
derivative 80) with 1-chloroacetone affords the phenoxyacetata#rmediate in which the
protecting groups are removed by hydrazinolysis &nel obtained phenylenediamine
intermediate undergoes cyclization, yielding thé24-benzoxazine derivatiy@l), which
was reduced to 3-methyl-3, 4-dihydrbta,4-benzoxazin-7-amine3%), an intermediate in

the synthesis of antibacterial ageffts.

ﬁ cony e L e ML

2. NHZNHZ MeOH

70-80 % 5%
a1 32

Scheme 7

More recently, the formation of aryl C-X bonds (XN; O, S, etc) by metal mediated

coupling was successfully extended to the pregaraif many such heterocycles.

S. L. Buchwald and co workers demonstrated Pd-mediatethesgis of B-1,4-
benzoxazines. 3,4-Dihydra-21,4-benzoxazines34)'* were synthesized by intramolecular
C—-0 bond formation using palladium-catalyzed intéoular etherification of aryl halides

(33) employing ditert-butyl phospho biaryl ligands (L) and palladium) @cetate(Scheme 8).
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o o (D
E:[ Pd(OAc),, L~ ©i ]’ = P(1BU),
5
N/\;/R Cs,COg, toluene N
R* OH 60-75% R OO
33 34

Scheme 8

Y. Fort. et al. reported that Nickel-mediated intdecular amination of aryl
chlorides35 yields 3,4-dihydro-BI-1,4-benzoxazine36 as shown in Scheme 9 by the in situ-
generated Ni (0) catalyst associated with 2,2’-bigige

O
O~">\nRré 5 mol% Ni(0), 15mol% 2,2'-biPy,
10 mol% NaOtBu, 95 mol% NaH,
cl 5 mol% styrene, THF N
R6

70-80%
35 36

Scheme9

A series of functionalized 2,3-dihydro-1,4-benzdrasz were obtained in moderate to

excellent yieldsia domino [5 + 1] annulations.

W. D. Zhu and co workers revealed the domme- [1] annulations of imine37 with 2-
halo-1,3-dicarbonyl compound8 under mild conditions (scheme 10). They have agpli
this method in the synthesis of bioactive analogsash as functionalized tetracyclic-1,4-
benzoxazines39) which contain two new heterocyclic rings and guaary carbon centers
has also been developéd.

HO
4 H H
NS R (@) . N
% COOEt [5+1] annulation N TsOH
B — >
2 — - COOEt o
OH COOEt 100 mol% KOH o EtOOC
0]
39

1 ) 20 mol% TBAB COOEt
37 38

(a) Mannich reaction; (b) Alkylation; R : 2-hydroxy phenol

Scheme 10
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3.3 Dearomatization of arenes
Despite the high resonance energy of the benzemg @& number of examples of
dearomatization by microorganisms either throughdaion (oxygenases) or reduction

(reductases) exist in naturé.

\Y

R

AN <
e(«\ XN f

.“(\‘\0‘00 Transitjon metal
]

Figure 2: Back ground of dearomatization reactions

Upon dearomatization of aromatic and toatematic derivatives, highly reactive
intermediates are generally produced leading talefaormation of carbon—carbon and
carbon—heteroatom bonds, spontaneous cycloadditzms cascade reactions. As shown in
figure 2, a number of strategies for dearomatinatiave been utilized by organic chemists
during the course of complex total syntheses.

Myers and co-workers applied a chemo eratic method for arene dearomatization
by the dihydroxylation of benzoic acid() using the bacterium Aeutrophus affording 1, 2-
dihydroxycyclohexadiene4q) with high enantioselectivity (Scheme 1%)The simple,
dearomatized dihydroxycyclohexadien&l)( was parlayed into a number of useful chiral
building blocks (e.g42 and43) for use in total synthesis and demonstrates thiey Lof

enzymatic dearomatization.
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A. eutrophus B9 - . "y
©\ s @COOH — _.COOMe  OF ‘Q\O
D¢ o) TBSO

COOH : OH BOM I COOMe
OH 9 OTBS
40 41 42 43
Scheme 11

Schultz and co-workers, pioneers of the diasteteosee Birch reduction/alkylative

dearomatization process, reported the first enseligative synthesis of the alkaloid (+) -
Cepharamine4; scheme 12)° Their route employed a diastereoselective Birclucddn of
chiral benzamidd4 to access a chiral enolate intermediate which alladated in situ with
iodide 45 to afford 1, 4-cyclohexadiert in 95% yield as a single diastereomer.

OMe
MOMO
MeO HO
0N K, NHj, tBUOH,
MeO f -78 °C, LiBr 0 ,
MeO MeO N
= .
OPMP  MOMO

44 45 OPMP 47

Scheme 12
M J. Gaunt et al discussed a process that direotlyerts a para-substituted phertd)(to

(+)-Cepharamine

a highly functionalized chiral molecule via oxidegtidearomatization and amine-catalyzed
enantioselective desymmetrizing Michael reactiochéne 13). This one-step transformation
reveals a complex structurd9j formed with control of three new stereogenic eentand an

array of exploitable orthogonal functionality ditlgcfrom a flat molecule that is devoid of

Z 3 . (10 mol%)
leAr

OTMS
PhI(OAc)2 (100 mol%)
MeOH

architectural complexit§®

OH

y: 75% 99% ee >20/1 dr

48
Scheme 13
F. Christopher Pigge and co workers reported alibet transition metal mediated
dearomatization reactions dearomatization throg@lecoordination. Gratifyingly, treatment
of 50 in THF (or DMF) with excess NaH at room temperatéor 30 min followed by

addition of aldehyde afforded the desired azaspaioxruthenium complexes. Deprotonation
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of the activated methylene group in the arene nitime side chain presumably leads to rapid
spirocyclization with nucleophilic aromatic addiicoccurring exclusively from the face
opposite the RuCp fragmefit.

0O

0 N\

)J\f\;j/oa
©/\’}' \OEt NaH, acetaldehyde - NMe M, "///NMe+ CpRu(CO),Br

Me .
Y: 70% \ MeOH, . CO OMe Y: 55%
RuCp RuCp
50 51 52
Scheme 14

Danishefsky and co-workers employed a dearomatizasirategy involving arortho-
Claisen rearrangement (Scheme 15). The rearrangemasnconducted using the reverse O-
prenylated derivative53 to furnish the desired dearomatized cyclohexadien®4, a
precursor of the natural product of tricycloillicime 65).%2

O
TBDPSO o O
TBDPSO o } )
> toluene, 100 °C - o)
B ———— O
(0] 95% -
~ 0 7 Mé
X\ I e
Me  Me (2) - tricycloillicinone
53 54 55

Scheme 15
Finally, an impressive example of pyridm dearomatization was reported in the
early 1990s by Magnus and co-workers in their tetaithesis of the pentacyclic alkaloid
nirurine 8; scheme 165 Synthesis of the azabicyclo-[2.2.2] octane (isngaiidine) core
of 58 commenced with the alkylative dearomatizatiorhat®@ position of an acylpyridinium
derived from pyridine56 to introduce an allyl side chaffi.Further desilylation generated
allenoate intermediatg” which participated in intramolecular [4+2] cycldehtion to furnish

the nirurine core structure in two steps as showsdheme 16.

0 O
~O0~_0 1)CIco,Me | o 9
| CHZZCHCstnBU3 WO/ - ﬁ? ~
P Y —
N I 2) KF, MeOH, AcOH N N
36% (2steps) MeO,C~ o
T™MS (%) - Nirurine
56 57 58

Scheme 16
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Oxidative dearomatization has been previously athpd nitrogen-tethered ortho-
quinol acetates6(Q) from biphenyl59 for azacyclization reactions (Scheme 17) for the
synthesis of Phenanthridine Alkaloid Motifdj. %°

OMe MeO. OAc OMe

OBn o) OH
O _PDA_ O ‘
< O NH o ongl <O O NH-/° ;:;F’ . <o O \N
78°C,90% O \( o} =

o)
(i- Pr)3S| (i-Pr)sSi”
59 60 61
Scheme 17

Prompted by above observations it is evident tbatdative dearomatization of
phenols has been long perceived as an attractote ta the design of the syntheses of
complex natural products of various kinds. Nevdeb® several previous reports highlighted
dearomatization as a powerful strategy for thelteyethesis of architecturally complex
molecules wherein planar, aromatic scaffolds ameveded to three dimensional molecular

architectureg®

3.4.1 Our approach for synthesis of 2H-benzo[b][1,4] oxazines via one pot sequential C-N,

C-0O bond for mation:

In the light of above classical and elaborated gtas) the present report puts forward an
application of oxidative dearomatization of 2,53ydllhoxy carbonyl compounds using silver
oxide ? for synthesis of B-benzop][1,4]oxazinesthat provides an easy access to nitrogen—
carbon (N-Cx) and Oxygen—carbon (O-Cy) strategimlisan a single operation.

In an experiment designed to synthesize tapththoxazine cycloadducé4 by
intramolecular Diels-Alder cyclisation from an imgin precursor of 2,5-dihydroxy
benzaldehyde6@) and O-allyl serine ester derivativ@3], we observed thatt2benzop][1,

4]oxazine 65 was obtained as the only product, in good yigl@sheme 18).
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OH o OH Ig
\/\o Ag,0 \/\o o
R /N\‘) """ - /N\H e N\‘)
O ! OH COOCH,; o} COOCH,; OH COOCH,
OH L |
HaN 63COOCH3 Imine intermediate Expected product (64)
Ag20,
CHO
MgSO, SNEO NN
OH CH,Cl,, rt I N
—
62 HO N~ "COOCH;
- CHO

Observed product (65)

Scheme 18: Noval approach for synthesis oHz2enzop][1,4]oxazines

This new finding lead us to apply the similar réactconditions to esters of other natural
amino acids@6) which contain g-aryl substituent like phenylalanine and tryptopleaters.
We were pleased to obtaitdzbenzop][1,4] oxazines in good to excellent yields in tide

cases (Table 1).

R8
OH J\/
H:N" "COORs 46 OIRS
—
CHO Ag20, MgSOy, CH,Cly, HO N~ “COOR,
OH 12h, rt CHO
62 67

RB = AryI; Rg = CH3 or C2H5

Scheme 19: Generalised scheme for synthesis éf-t#£nzo[b][1,4] oxazines

However tyrosine ester did not cyclize to a simpaoduct (entry 1, Table 2). We have
attributed this observation to oxidation of hydrbryoiety in tyrosine in presence of silver
oxide. Thus we chose to prepare different deriestiof tyrosine with an electron-releasing
and electron withdrawing groups and apply the seeaetion conditions. Quantitative yields
of 2H-benzop][1,4]oxazines were obtained from aminoester déifrea possessing electron
donating groups (entry 2, Table 2) and no such ymbevas observed with the electron
withdrawing counterparts (entry 3, Table 2). Tiemre we presumed that the reaction
mechanism is influenced by the electronic factdrdhe B-aryl ring which merits further

validation.

B. Dulla, PhD thesis, (2013) Page 51



Results & discussion — Chapter 3

Table 1. Synthesis of 1,4- benzoxazines from quinol andnahamino acid derivatives

Entry R® product yield (%)
o) o/\/
1 O-CH,-CH=CH, HO/Q:N COOCHS3 52
CHO
2 3"-indolyl 70
HO” : :N COOCH;3
CHO
3 phenyl r@
HO” : :N COOCH;3
CHO

Table 2. Synthesis BI-benzop][1,4]oxazine from quinol and tyrosine derivatives

Entry R® product yield (%)
NR?
1 p-OH CgHy, o
OCH;
o)
-H3CO CgHa, %
2 P-A3 614 HO N” COOCH3;
CHO ™
, p- HsCOCCgHa, NR
OCH,Ph
o)
2 10
4 p- PhCH,0 CgHy, HO N COOCH3
CHO 72
OCOPh
o)
L
5 p-OCOPh CgHa, HO N" COOCH; 50

CHO 73

& No reaction in acetonitrile, methanol and 10%dyiel THF with 4 equiv silver oxide; product obtaiha

70% yield with THF and 2 equiv silver oxide.NIR: No Reaction
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The initial cyclization studies using 4 equiv olver oxide and dichloromethane as solvent
provided the BI-benzop][1,4]oxazines in good vyields. We then attemptedthier
optimization of the reaction conditions using 2 igglents of silver oxide and Ggl,, which
failed to afford products, except in the case oémpth alanine (footnote, Table 1). Further,
methanol, acetonitrile and THF too have either el@sed the yield drastically or failed to
afford products. Therefore, we continued using @ivejents of silver oxide for the synthesis
of 2H-benzop][1,4]oxazines.

We then attempted further optimizatiorired reaction conditions using 2 equivalents of
silver oxide and CKCl,, which failed to afford products, except in theeaf phenyl alanine
(footnote, Table 1). Further, methanol, acetomitahd THF too have either decreased the

yield drastically or failed to afford products. ériefore, we continued using 2 equivalents of

silver oxide for the synthesis oH2Zbenzop][1,4]oxazines. After these optimization studies,
we now set out to validate our results using estérsamino acids having withdrawing
groupshave been synthesized using the method bedcin Aldrich?® These unnatural
aminoesters were also subjected to similar reactowlitions and the results are summarized
in Table 3.

The observations demonstrated a striking influesfoglectronic factors in aryl moiety on this
transformation. 1,4-benzoxazines were obtainedoimdgyields from aminoesters containing
electron-donating moieties (entries 9-14, Table Ajninoesters withp-CF and p-NO;

substituents on phenyl did not afford the desired-benzoxazines, thus validating our
assumption. We have further observed that 4'-azggdlanine ester too did not result in 1,4-

benzoxazine formation (footnote, Table 3).
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Table 3. Synthesis of B-benzop][1,4]oxazines from unnatural amino acid derivasive

Entry R® product yield (%)
1 p-Br C6H4, j\/©/ 66
N COOCH;
CHO 74
58
2 p-FCaH, I :
COOCH;3;
CHO 75
47°
3 p-CHz CgHg,
N COOCH;
CHO 76
4 O OO 70
1-napthyl,
HO N” COOCH3
CHO 77
72
5 P-CH(CH3),CeHy,
COOCH;
CHO 78
6 p- NO, CgHy, -— NRY
d
7 p- CF3CgHy, —— NR
8 4'-CgHyN. — NRY

2 equiv silver oxide in CkCl, resulted in only 10% yield,no Reaction

3.4.2 Plausible mechanism:

The most plausible mechanistic pathway delirkdte the reaction to account for the
formation of the product, is shown in Figure 3. Tih#ial event may be considered as the
nucleophilic attack of amine§) in a Michael fashion on the transient enone toegate an
intermediater9. The intermediatg9 may undergo benzylic oxidation leading&b whichon
dearomatisation provides eno82and subsequent electrocyclization of the latter @rentual
re-aromatisation leads t83 via 82 which further undergoes oxidation to final prod@at
(Figure 3).
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R o
O OH O OH OH OH

OH H/COORg (
CHO 66 = . = " =
©/ NH, @\) H transfer H” transfer
NH NH NH

OH A8.0 o OH FH OH

(ﬂj\)\ COOR' @%COOR' Z > COOoR

- R

80

8 RS
81

O3H (6] IO OH O

4 I
A0 _ 7 , @5) ., ©\) AgO @{
NH NH NH N
@ %\ COOR! O\H\COOR' O\H\COOR' O\f\COOR'
R

H
R® R® Re
82 83 84

Figure 3. Plausible mechanism for oxidative-dehydrogenatitiN and C-O bond generation

An electron-rich aryl group can significantly enbanthe yield of B-benzop][1,4]
oxazines by an apparent stabilization of benzyition @0) that may be destabilized by
electron-withdrawing substituents og. Rhe mechanism (formation &1) further supported
by formation of racemic compounds which is evidehftem the optical rotatioru] value of
one of the derivative i.69 found to be zero.

3.4.3Thesinglecrystal X-ray study of 2H-benzo[b][1,4] oxazine 69 :

While all the eleven noval Hbenzop][1,4] oxazines synthesized were characterized by
spectral (NMR, IR, MS and HRMS) data the molecusaucture of one of the 2
benzop][1,4]oxazines69 was isolated as bright yellow solid that crystat well, whose

structure was solved by single crystal X-ray diffran studies (Figure 4).
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T

wsas

l-..,_ . é\{- o, JNH
02 [ HO C|_|ON/6gcoocH3

Figure4. The ORTEP diagram oft2benzop][1,4]oxazine69
3.4.4 Phar macology:

Pharmacological testing was performed at the litstibf Life Sciences, in the group of Dr.
Kishore V.L. Parsa, University of Hyderabad, India.

All the compounds synthesized were tested for tRBIE4B inhibitory activity in vitro’® In
inflammatory and immune cells, the inhibition oflakar responses, including the production
and/or release of proinflammatory mediators, cyteki and active oxygen species, is
associated with elevated levels of cAMP. Since P[tB4t exists in four different isoforms
e.g., PDE4A, B, C and D) plays a key role in therofysis of cAMP to AMP? hence
inhibition of PDE4 should result in elevated levefscAMP in the air-way tissues and cells
thereby suppressing inflammatory cell function. sTie supported by the fact that PDE4
inhibitors have been found to be beneficial for ttreatment of inflammatory and
immunological diseases including asthma and chraviistructive pulmonary disease
(COPD).

Notably, rolipram® the first-generation PDE4 inhibitor showed advee$fects such as
nausea and vomiting. More recently, cardiovascaféects of PDE4 inhibitors have been
reported. 3" While these dose-limiting side effects were reduds second generation

inhibitors like cilomilast®® (Ariflo) and roflumilast, their therapeutic indehxas delayed
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market launch so far. It is therefore necessamgetmte a continuing effort in exploring new

class of compounds for their PDE4 inhibitory potaint

Moreover, identification of novel small moleculegsgessing balanced inhibitory properties
could be useful in minimizing the adverse side @ffe Accordingly, our compounds were
evaluated against PDE4B by using PDE4B enzymeteblom Sf9 cells. Rolipram, a well
known inhibitor of PDE4 was used as a referencepmmd.*® Among all compound34
showed significant inhibition of PDE4B in comparedother molecules when tested at 30
UM (Table 4).

Table4: % of inhibition of PDE4B by compounds at 30 uM

% PDEA4B Inhibition

Compound (30 uM) Expl Exp2 Exp3 Average % Luciferase Iniahit

68 4753 5850 30.25 4542 11.64
69 76.72 70.65 73.68 34.52 28.07
70 70.48 58.70 32.25 53.81 16.13
71 51.87 43.34 47.60 47.58 17.04
72 43.92 78.69 32.37 51.66 13.61
74 65.49 65.64 6556 65.56 13.55

3.4. 5 Molecular docking studies

Molecular docking studies were done by D. Giridisangh at Institute of Life Sciences,
India. The docking studies were performed to ptetie interactions and binding mode of
synthesized molecules with the binding site of harRdosphodiesterase (PDB ID: 300J)
enzyme. The docking results obtained after dockinthese molecules with PDE4B protein

is summarized in Table 5 which clearly suggeststtiese molecules bind well with PDE4B.
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Table5: Glide XP-Parameter contribution to docking score.

Molecule  GScore LipophilicEvdW HBond Electro PhobEn LowMW

69 -7.1 -3.9 -0.7 -0.9 -1.3 -0.3
71 -7.0 -4.2 -0.9 -0.6 -1.0 -0.4
74 -7.1 -4.3 -0.9 -0.5 -1.2 -0.2

Figure 11: (a) Interaction mode of compouff at the binding site of human Phosphodiesterasgnaaz
showing H-bonding (pink dotted line) with threoniB45. (b) 2D interaction diagram of compow&iwith
PDEA4B. (c) Binding pose of compouf#l at the binding site of PDE4B protein representeddbon form.
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Figure 12: (a) Interaction mode of compourl at the binding site of human Phosphodiesterasgnemz
showing H-bonding (pink dotted line) with tyrosi@83. (b) 2D interaction diagram of compouitl with
PDEA4B. (c) Binding pose of compouiidl at the binding site of PDE4B protein representedhbbon form

Figure 13: (a) Interaction mode of compountd at the binding site of human Phosphodiesterasgnesz
showing H-bonding (pink dotted line) with tyrosi@83. (b) 2D interaction diagram of compouid with

PDEA4B. (c) Binding pose of compouiid at the binding site of PDE4B protein represeiitaibbon form.
Page 59
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In case 069 hydroxyl group of B-1,4-benzoxazine ring is making perfect H-Bonding
with threonine-345 (figure 11). In both the molexulf1 and74) oxygen atom of carbonyl-
group is well interacting by H-Bonding with tyros#233 and histidine-234 (figure 12 and
13). We also docked the S-isomer$9f71land74 and the glide docking score (GScore) was
found to be -6.9, -6.4 and -5.0, respectively.

3.5 Summary

In conclusion we have demonstrated a facile swmihef 2H-benzop][1,4]oxazines by
sequential generation of C-N, C-O bonds in a simgtvia oxidative dearomatization of
quinols in presence of functionalized amino estivatives. Further mechanistic studies of
this reaction are underway. All the compoundssgsized were tested for PDE4B inhibitory
properties in vitro and many of them showed sigaiiit inhibition. The docking results
suggested that these mole-cules interact well WIIE4AB protein where the ester moiety
played a key role in all cases, while the OH6®fvas extended into a hydrophobic pocket.

Overall, noval method for synthesis dfl-benzop][1,4]oxazines has been identified and
further H-benzop][1,4]oxazines proved as a new template for thentifleation of small
molecule based novel inhibitors of PDE4B.

3.6. Experimental section

3.6.1 Chemistry - General methods

All reactions were carried out under an inert atph@se with dry solvents, unless otherwise
stated. Reactions were monitored by thin layer iatography (TLC) on silica gel plates (60
F254), using UV light detection. Visualization thfe spots on TLC plates was achieved
either by UV light or by staining the plates in2Dinitro phenyl hydrazine and Ninhydrin
stains charring on hot plate. Flash chromatographg performed on silica gel (230-400
mesh) using distilled hexane, ethyl acetate, drcime@thane.

NM R-Spectr oscopy

'H NMR and**C NMR spectra were recorded in CR@Ir acetonads solution by using
VARIAN 400 MHz spectrometers. Deuterium exchangedits were done in GOD,
DMSO-ds and BO. Chemical shifts are reporteddasalues relative to internal CD£d 7.26

or TMS 8 0.0 DMSO#ds & 2.50 and CBOD & 3.34 for'H NMR and CDC} & 77.0 and
CD;OD & 49.05 for*®*C NMR. 'H NMR data was recorded as follows: chemical shift
[multiplicity, coupling constant(s) (Hz), relative integral] where multiplicity is deéd as: s
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(singlet), d (doublet), t (triplet), g (quartetd ¢doublet of doublet), m (multiplet), bs (broad
singlet).

IR spectroscopy, mass spectrometry and melting points

FTIR spectra were recorded on Bruker (Alpha) specéter. Mass spectra were recorded on
Micro Mass VG-7070H mass spectrometer for ESI amdgiven in mass units (m/z). High
resolution mass spectra (HRMS) [ESI+] were obtainsthg either a TOF or a double
focusing spectrometer. Melting points were deteadiby using a Buchi melting point B-540
apparatus. Values thus obtained were not corrected.

3.6.2 Syntheses
Typical experimental procedure for synthesis ldf2enzo p][1,4]oxazines:
R
OH 8
H,N~ "COORy 66 Q[OIRS
CHO Ag,0, MgSO,, CH,Cl,, HO N~ "COORq
OH 12h, rt CHO
62 67

R8: phenyl, p-BrC6H4, p-FC6H4, p-CH3C6H4, p-CH3(CHCH3)CGH4, p-OCH3CGH4,
p-OCOPhCgH,, OCH,PhCgH,, O-allyl, 3-indolyl, 1-naphthyl

A suspension 066 (0.179 g, 1 mmol) in anhydrous dichloromethaneosled in ice bath
to 0 °C and neutralised with 1 equiv. triethylam{ifeamino acid is HCI salt) (0.15mL, 1
mmol) under constant stirring. 2, 5 dihydroxy bddeaye 62) (0.138 g, 1 mmol) and
Ag,O (0.924 g, 4 mmol) and anhydrous MgS@.120g, 1 mmol), were added
consecutively, and stirred at rt for 12h. The migtwas filtered through celite and
washed with CHCIl,. Removal of the solvent under reduced pressutevield by column

chromatography (10% EtOAc/Hexane) yielded pureliznzop][1,4]oxazines.

2) SPECTRAL DATA FOR NEW COMPOUNDS:

M ethyl5-for myl-6-hydr oxy-2-phenyl-2H-benzo[b][ 1,4] oxazine-3-car boxylate (68):

Yellow oil, Yield(75%), R = 0.5 (10% EtOAc/Hexane)}H
NMR (400 MHz, CDC}): 6 3.93 (s, 3H), 6.31 (s, 1H), 6.89 (d,

@]
/E;[ _ J = 8.8Hz, 1H), 7.09 (dJ = 9Hz, 1H), 7.29-7.33 (m, 5H),
HO N* COOCHy 10.81(s, 1H), 11.46 (s, 1H}*C NMR (100 MHz, CDGJ): &

CHO
53.24, 71.87, 114.29, 121.10, 126.10, 127.25, B28.99.58,
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131.59, 134.66, 137.31, 152.88, 157.53, 162.95,8793R (neat, ci): 3426, 2952, 2925,
2855, 1742, 1644, 1251, 1024. Mass (ES) m/z 33@MENa, 100%); HRMS (ESI): calcd
for C;7H13NOsNa (M+Na)* 334.0691 found 334.0679.

Methyl 5-for myl-6-hydr oxy-2-(1H-indol-3-yl)-2H-benzo[b][ 1,4] oxazine-3-car boxylate

(69):

nn | Light yellow solid (mp: 186 0 °C), Yield (70%JR: = 0.48
o ’ (10% EtOAc/Hexane)*H NMR (400 MHz, CDCJ): § 3.90
s, 3H), 6.71 (s, 1H), 6.81 (s, 1H), 6.83 (s, 16195 (d,J =
HO/(;EN/ COOCH, ( ) ( ) ( ) ( 25 (
CHO 2.4Hz, 1H), 7.09 (dJ = 8Hz, 1H), 7.22 (dJ = 2.4Hz, 1H),

7.32 (d,J = 2.4Hz, 1H), 7.8% (d) = 2.4Hz, 1H), 8.15 (bs, 1H), 10.88 (s, 1H), 11(461H);
13C NMR (100 MHz, CDGJ): 6 53.22, 65.67, 111.48, 119.24, 120.58, 123.17,924
126.73, 132.23, 136.57, 152.68, 157.46, 162.34,9799R (neat, ci): 3402, 3049, 2923,
2851, 1737, 1649, 1262, 1021. Mass (ES) m/z 37@WMa, 100%); HRMS (ESI): calcd
for C1gH14N-OsNa (M+Na)* 373.0800 found 373.0788.

Methyl 2-(allyloxy)-5-for myl-6-hydroxy-2H-benzo[b][1,4]oxazine-3-car boxylate (70):

Colorless oil, Yield (52%), R = 042 (10%
© O\/\ EtOAc/Hexane)H NMR (400 MHz, CDCY): & 3.98 (s,

~ — - -

HO N~ CooCHs, 3H), 4.28 (d,J = 5.6 Hz, 2H), 5.24-5.33 (m, 2H), 5.81
CHO 5.91(m, 1H), 6.04 (s, 1H), 7.04 (d, J=8.8Hz, 1H} [,

J=8.8Hz, 1H), 10.83 (s, 1H), 11.59 (s, 1H}C NMR (100 MHz, CDGJ): § 53.19, 69.83,
118.97, 121.27, 126.19, 131.75, 132.74, 136.19,4p47158.11, 162.68, 195.85. IR (neat,
cm?): 3421, 3078, 2923, 2854, 1723, 1654, 1294, 1088ss (ES) m/z 292.08 (M+H,
100%); HRMS (ESI): calcd for GH14NOg (M+H) * 292.0821, found 292.0818.

Methyl 5-for myl-6-hydr oxy-2-(4-methoxyphenyl)-2H-benzo[b][1,4] oxazine-3-

carboxylate (71):
- ~ Colorless resin, Yield (92%)R = 0.46 (10%
OCHs EtOAc/Hexane)'H NMR (400 MHz, CDGJ): 5 3.76
© (s, 3H), 3.9 (s, 3H), 6.24 (s, 1H), 6.88 (= 9.2Hz,
Ho/(;[N/ COOCH; 2H), 6.91 (dJ = 9Hz, 1H), 7.06 (dJ = 9Hz, 1H), 7.20
CHO (d, J = 10Hz, 2H), 10.83 (s, 1H), 11.46 (s, 1H}*C

NMR (100 MHz, CDCY): 6 53.22, 55.23, 71.72, 114.39, 120.98, 126.24,9728131.65,

137.30, 153.05, 157.48, 160.61, 162.91, 195.91(nkkat, crit): 3398, 2924, 2855, 1711,
1649, 1291, 1012. Mass (ES) m/z 364.07 (M+Na, 10Q0¢4RMS (ESI): calcd for

CigH15sNOgNa (M+Na)* 364.0797, found 364.0796.
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Methyl 2-(4-(benzyloxy) phenyl)-5-for myl-6-hydroxy-2H-benzo[b][1,4] oxazine-3-

carboxylate (72):

O]
7
HO N

CHO

s

O

COOCH;

Light brown resin, Yield (10%),R 0.4 (15%
EtOAc/Hexane)!H NMR (400 MHz, CDCJ): & 4.2 (s,
3H), 5.05 (s, 2H), 6.94 (d = 8.4Hz, 2H), 7.13 (d) =
9.2Hz, 1H), 7.3-7.4 (m, 9H), 10.84 (s, 1H), 11.82 (
1H): *C NMR (100 MHz, CDGJ): § 39.81, 70.02,
115.08, 115.13, 121.08, 125.14, 126.93, 127.44,9627
128.57, 130.74, 131.98, 136.87, 138.82, 152.28,56,8

159.99, 195.63. IR (neat, ¢ 3441, 2924, 2855, 1734, 1649, 1601, 1257, 1M&s (ES)
m/z 418.14 (M+H, 100%).
M ethyl2-(4-(benzoyloxy)-phenyl)-5-for myl-6-hydr oxy-2H-benzo[b][1,4] oxazine-3-

carboxylate (73):

(0]
—
HO N

CHO

COOCH;Z

0

o

Colorless resin, Yield (50%),Rx = 0.5 (10%
EtOAc/Hexane);'H NMR (400 MHz, CDC)): & 3.9 (s,
3H), 6.34 (s, 1H), 7.14-7.2 (m, 1H), 7.35-7.65 @h]),
8.17(m, 2H), 10.85 (s, 1H), 11.48 (s, 1HJC NMR (100
MHz, CDCk): & 54.47, 69.96, 115.50, 121.08, 125.05,

127.50, 128.03, 128.57, 128.62, 130.38, 136.65,6148

158.61, 164.47, 169.31, 191.63. IR (neat;'En3433, 3070, 2943, 2844, 1723, 1654, 1620,
1284, 1080. Mass (ES) m/z: 432.10 (M+H, 100%); HRKESI): calcd for G4H1sNO;
(M+H) * 432.1083, found 432.1065.

Methyl
(74):

o
Z
HO N

CHO

Br

COOCH;Z

Light
EtOAc/Hexane)'H NMR (CDCk): & *H NMR (400 MHz,
CDCly): & 3.95 (s, 3H), 6.26 (s, 1H), 6.91 (M= 9.2 Hz, 1H),
7.1 (d,J = 9.2 Hz, 1H), 7.15 (d] = 7.6 Hz, 2H), 7.46 (d] = 8
Hz,

2-(4-bromophenyl)-5-for myl-6-hydr oxy-2H-benzo[ b][ 1,4] oxazine-3-car boxylate

brown oil, Yield (66%), R 0.48 (10%

2H), 10.79 (s, 1H), 11.47 (s, 1HC NMR (100 MHz,

CDCl): 6 53.35, 71.18, 121.39, 123.91, 126.02, 128.87,2182132.40, 133.68, 138.72,
152.24, 157.70, 162.85, 195.71. IR (neat',l):r13364, 2957, 2860, 1722, 1684, 1641, 1311,
1285, 1123. Mass (ES) m/z: 389.99 (M+H, 100%); HRESI): calcd for GHi1sNOsBr
(M+H) * 389.9977, found 389.9964.
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M ethyl2-(4-fluor ophenyl)-5-for myl-6-hydr oxy-2H-benzo[b][ 1,4] oxazine-3-car boxylate
(75):

Light vyellow oil, Yield (58%), R = 0.46 (10%
o EtOAc/Hexane)!H NMR (400 MHz, CDCJ1[1): & 3.93 (s,

/E;[ _ 3H), 6.27 (s, 1H), 6.9 (dl = 9.2 Hz, 1H), 7.08 (m, 2H), 7.11
HO L N COOCHs | (d,J=09.2 Hz, 1H), 7.28 (dd} = 7.46, 4.19 Hz, 2H), 10.81 (s,
) "~ 1H), 11.47 (s, 1H)*C NMR (100 MHz, CDGJ): § 53.30,
71.20, 115.97, 116.18, 117.53, 119.12, 121.28,0B26129.25, 129.35, 135.65, 137.02,
152.57, 157.63, 162.85, 164.56, 195.76. IR (neat)c3430, 2924, 2856, 1718, 1648, 1289,
1010. Mass (ES) m/z 352.05 (M+Na, 100%); HRMS (ES8lcd for G/HiNOsFNa
(M+Na)* 352.0597, found 352.0587.
Ethyl 5-for myl-6-hydr oxy-2-p-tolyl-2H-benzo[b][ 1,4] oxazine-3-car boxylate (76):
Colourless oil, Yield (47%), R = 05 (10%
EtOAc/Hexane)'H NMR (400 MHz, CDCJ): & 1.36 (t,J

° = 7.12 Hz , 3H), 2.3 (s, 3H), 4.37 @= 7.12 Hz, 2H),
HO/QiN/ COOCH,CH,| 6.26 (s, 1H), 6.87 (d] = 9.09 Hz, 1H), 7.18-7.06 (m, 5H),
cHO 10.83 (s, 1H), 11.45 (s, 1HJC NMR (100 MHz, CDG)):

5 14.03, 21.19, 62.56, 71.92, 114.31, 120.82, 126.21.28, 129.65, 131.73, 137.34, 139.66,
153.48, 157.44, 162.47, 196.04. IR (neat;'kn2954, 2854, 1729, 1651, 1641, 1261, 1123.

Mass (ES) m/z: 340.11 (M+H, 100%); HRMS (ESI): dalor CigH1gNOs (M+H) "340.1184,
found 340.1182.

CHj

M ethyl5-for myl-6-hydr oxy-2-(naphthalen-2-yl)-2H-benzo[ b][ 1,4] oxazine-3-car boxylate

(77):
Colourless resin, Yield (70%),R = 05 (20%
o EtOAc/Hexane);’H NMR (400 MHz, CDCY): & 3.90 (s,
HO/©iN/ COOCH, 3H), 6.84-6.69 (m, 1H), 6.92 (d, = 9.11 Hz, 1H), 7.09
CHO (s,1H), 7.15 (s) = 7.2 Hz, 1H), 7.36-7.21 (m, 1H), 7.58 (t,
J=7.2Hz,1H), 7.69 (1] = 7.2 Hz, 1H), 7.87 (ddl = 16.19, 8.21 Hz, 2H), 8.47 (d~= 8.53
Hz, 1H), 10.92 (s, 1H), 11.46 (s, 1#C NMR (100 MHz, CDG)): § 53.30, 68.97, 117.55,
119.14, 120.87, 123.92 124.76, 125.91, 126.31,1927128.47, 128.89, 130.85, 131.99,
134.35, 137.07, 152.90, 157.63, 162.78, 195.87(niat, crit); 3636, 3053, 2922, 2853,
1724, 1652, 1287, 1051. Mass (ES) m/z 384.08 (M+MN#®%); HRMS (ESI): calcd for
C21H1sNOsNa (M+Na)* 384.0847, found 384.0847.
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Ethyl5-for myl-6-hydr oxy-2-(4-isopr opylphenyl)-2H-benzo[b][1,4] oxazine-3-car boxylate
(78):
Yellow resin, Yield (72%), R = 05 (10%
EtOAc/Hexane);'H NMR (400 MHz, CDC} ppm): &
o 1.18(d,J = 6.8Hz, 6H), 1.37 (t) = 7.2Hz, 3H), 2.90-2.79
/E;E _ (m, 1H), 4.37 (9 = 7.2 Hz, 2H), 6.27 (s, 1H), 6.9-6.86
HO CHO N COOCHLH, (m, 1H), 7. 2-7.15 (m, 2H), 7.45 @d,= 8 Hz, 1H), 7.84
(d, J = 7.90 Hz, 1H), 10.75 (s, 1H), 11.45 (s, 1ML
NMR (100 MHz, CDC}): 6 14.03, 23.72, 33.82, 62.55, 71.91, 120.80, 1261P3,.05,
127.28, 131.70, 132.10, 137.43, 150.40, 153.45,4P57162.53, 196.06. IR (neat, ¢jn
3311, 2960, 2863, 1722, 1652, 1254, 1020. Mass (&3) 368.14 (M+H, 100%); HRMS
(ESI): calcd for GH2:NOs (M+H) *368.1497, found 368.1512.

3) EXPERIMENTAL PROCEDURE FOR SYNTHESIS OF UNNATURAMINOACID
ESTERS

Ethyl 2-amino-3-(4-isopropylphenyl) propanoate (82)

Benzophenone7Q) (29.0 g, 0.16 mol), glycine ethyl ester hydrocide 80) (11.0g, 0.08
mol) and toluene (50 mL) were charged in a 250 @necked round bottomed flask
equipped with a Dean-Stark apparatus, heated ltoxrigfr 30 min. DIEA (28 mL, 0.159 mol)
was added drop wise over three hours using a digdpnnel at same temperature. Solution
was refluxed the pale yellow color solution untilturns to brownish color (3h). After
completion of reaction, the mixture was cooleddom temperature followed by addition of
water. The layers were separated and the orgahiicsowas washed with water (50 mL)
and concentrated in vacuum at 45-50 °C to give ZBgdrylideneamino)-acetic acid ethyl
ester (409).

A solution ofN-(diphenylmethylene) glycine ethyl ester (0.800gni®ol) in dimethyl
sulfoxide (5 mL) was cooled to 0 °C, potassium loydte (0.505g, 9 mmol) was added and
stirred for 5 min then treated wititisopropyl benzyl halide (0.636g, 3 mmol) at 0 “@la
stirred for 60 min at room temperature. The reactioixture was neutralized with 1 N
hydrochloric acid and extracted with EtOAc sevéiraks. The combined organic layers were

washed with water and brine, dried over MgSiitered and concentrated to obt&h
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A solution of above imin81 (1 mmol) in tetrahydrofuran (10mL) was adjustegko
~ 4 with 10mL 4N hydrochloric acid and stirred fah. DCM was added to remove
benzophenone, neutralize with 1N sodium hydroxaleten and extracted with ethyl acetate
several times. The combined organic layers werenadsvith water and brine, dried over
MgSQ, filtered and concentrated to affo8@ asracemic amino estérThe amino ester83,
84, 85 and86 wereobtained by similar procedure from the correspogdinitably substituted

benzyl halides.

i L Joluene, reflx
min
THF, 4N HCI,
O O 3h, reflux 0+C. IN NaOH
79
N COOC,Hs5

+ 2.DMSO, 0 °C HoN COOC>Hs

P 3.KOH, 4 - Isopropyl
CIH. HoN COOC3Hsg Benzyl Bromide 82
80 0 °C, 60min

Ethyl 2-(diphenyl methylene amino)-3-(4-isopropylphenyl) propanoate (81):

Colorless resin, Yield (80%), R = 0.8 (10%

EtOAc/Hexane)H NMR (400 MHz, CDCY) : § 1.25 (m,

9H), 2.84 (Septet, 1H), 3.18 (dd,= 13.33, 6.73 Hz, 1H),

S cooc,h, | 328 (ddJ = 13.33, 6.73 Hz, 1H), 4.2 (d,= 7.16 Hz, 1H),

6.94 (d,J = 7.6 Hz, 2H), 7.25 (m, 2H), 7.599 (m, 4H), 7.81
(d,J = 7.37 Hz, 4H).

Ethyl 2-amino-3-(4-isopropylphenyl) propanoate (82):

Light brown resin, Yield (80%), /&= 0.4 (40% EtOAc/Hexane}H
NMR (400 MHz, CDCJ): & 1.24 (m, 9H), 2.61 (bs, 1H), 2.83 (m,
1H), 3.03-3.08 (m, 1H), 3.74 (m, 1H), 4.17 Jc5 7.16 Hz, 2H), 7.1-

H2N COOC2H5 7'22 (ml 4H)'

Ethyl 2-amino-3-p-tolylpropanoate (83):

The title compound was synthesized as colourlesia 18 88% yield

according to general procedure as described alm@2f R = 0.5
H,N~ “COOCH,CH4 (40% EtOAc/Hexane)!H NMR (400 MHz, CDCJ): & 1.19 (t,J =

7.08 Hz , 3H), 2.30 (s, 3H), 2.73-2.64 (m, 1H),2306 (m, 1H), 3.66-3.7 (m, 1H), 4.16 (q,

J=7.16 Hz, 2H), 7.1-7.19 (m,4H).
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Ethyl 2-amino-3-(4-nitrophenyl) propanoate (84):

No,| The title compound was synthesized as light yellesin in 70%
yield according to general procedure as descriledeafor82, R =
0.4 (30% EtOAc/Hexane)'H NMR (400 MHz, CDCJ): & 1.25 (t,J =
7.08 Hz, 3H), 2.98 (dd] = 13.61, 7.78 Hz, 1H), 3.17 (dd,= 13.63,
5.45 Hz, 1H), 3.74 (dd] = 7.59, 5.69 Hz, 1H), 4.18 (d4,= 7.16 Hz, 2H), 7.47-7.08 (m, 2H),
8.17 (d,J = 8.43 Hz, 2H).

H.N" “COOC,Hs

Ethyl 2-amino-3-(4-(trifluoromethyl) phenyl) propanoate (85):

CF, The title compound was synthesized as yellow 0il80% vyield
according to general procedure as described abmve2f Ry = 0.4
(40% EtOAc/Hexane)'H NMR (400 MHz, CDCY): 6 1.24 (t,J =
7.13 Hz, 3H), 2.07 (bs, 2H), 2.95 (d#i= 13.59 , 7.6 Hz, 1H), 3.14
(dd,J = 13.53, 7.6 Hz, 1H), 3.75 (m, 1H), 4.17 Jos 7.13 Hz, 2H), 7.33 (dl = 8.4Hz, 2H),
7.565 (dJ = 8.2 Hz, 2H).

H,N~ ~COOC,Hs

Ethyl 2-amino-3-(pyridin-4-yl) propanoate (86):

- ~ The title compound was synthesized as colourlds Gi0% vyield
N

| N
=

according to general procedure as described almm\82fR: = 0.35
(40% EtOAc/Hexane)*H NMR (400 MHz, CDCJ): & 1.24 (t,J =
H,N~ “COOC,Hs 7-13 Hz, 3H), 2.86 (dd] = 13.8 , 7.6 Hz, 1H), 3.08 (dd,= 13.8,

" 7.6 Hz, 1H), 3.73 (m, 1H), 4.17 (4,= 7.13 Hz, 2H), 7.15 (d] =
5.6 Hz, 2H), 8.52(d] = 6 Hz, 2H).

(.

The following amino ester derivatives have beempared from tyrosine by methods reported
in literature®*

Methyl 2-amino-3-(4-hydroxyphenyl) propanoate hydvoride @7), 4-(2-Amino-3-
methoxy-3-oxopropyl) phenyl benzoate88), Methyl 2-amino-3-(4-methoxyphenyl)
propanoate (23), Methyl 2-amino-3-(4-(benzyloxyepil) propanoate8Q). The following
amino ester derivatives have been prepared by siegikrification from the corresponding
commercially available amino acidsEthyl 2-amino-3-(4-bromophenyl) propanoaf®)(
Ethyl2-amino-3-(4-fluorophenyl) propanoat®1] Methyl 2-amino-3-(4-(naphthalen-1-yl)
phenyl) propanoate©p).
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3.6.3 Single crystal X-ray data for compound 69

Single crystals suitable for X-ray diffraction 6 were grown from 2:8 hexane-ethylacetate.
The crystals were carefully chosen using a steoeonzmicroscope supported by a rotatable
polarizing stage. X-ray data was collected at raemperature using a Bruker Smart Apex
CCD diffractometer with graphite monochromated Mokadiation A=0.71073A) withe-
scan method. Integration and scaling of intensity data wereoauglished using SAINT
program>° The structures were solved by Direct Methods uSHELXS97° and refinement
was carried out by full-matrix least-squares tegbaiusing SHELXL97.

FormulaC1oH14N,0s, M = 350.32, monoclinic, space groupi2a = 9.0334(6) A, b
=7.3253(5) A, c = 23.9981(15) R,= 99.161(1) °, V = 1567.76(18)°AZ = 4, Dc = 1.484 g
cm®, w(Mo K) = 0.109 mn, F(000) = 728, T = 294(2) K, R1(I>@)) = 0.0335, wR2(all
data) = 0.0937 for 2535 independent reflections @iggoodness-of-fit of 1.058.

3.6.4 Phar macology methods:
Materialsand Methods

Cells and Reagents. HEK 293 and Sf9 cells were obtained from ATCC (Whagton D.C.,
USA). HEK 293 cells were cultured in DMEM supplerrezhwith 10% fetal bovine serum
(Invitrogen Inc., San Diego, CA, USA). Sf9 cells reeroutinely maintained in Grace’s
supplemented medium (Invitrogen) with 10% FBS. RRBA.7 cells (murine macrophage
cell line) were obtained from ATCC and routinelyjtated in RPMI 1640 medium with 10%
fetal bovine serum (Invitrogen Inc.). cAMP was phased from SISCO Research
Laboratories (Mumbai, India). PDElight HTS cAMP pghbodiesterase assay kit was
procured from Lonza (Basel, Switzerland). PDEIGAIS cAMP phosphodiesterase assay kit
was procured from Lonza (Basel, Switzerland). PDE4BDE4A4 and PDE4D3 cDNA
clones were from OriGene Technologies (RockvilleD MJUSA). PDE4D2 enzyme was
purchased from BPS Bioscience (San Diego, CA, U&ippolysaccharide (LPS) was from
Escherichia coli strain 0127:B8 obtained from Sigma (St. Louis, MEA). Mouse TNFe
ELISA kit was procured from R&D Systems (MinneagpMN, USA).
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PDE4B protein production and purification

PDE4B cDNA was sub-cloned into pFAST Bac HTB vedtiowitrogen) and transformed
into DH10Bac (Invitrogen) competent cells. Reconabinbacmids were tested for integration
by PCR analysis. Sf9 cells were transfected witltnbd using Lipofectamine 2000
(Invitrogen) according to manufacturer's instrungo Subsequently, P3 viral titer was
amplified, cells were infected and 48 h post intectells were lysed in lysis buffer (50 mM
Tris-HCI pH 8.5, 10 mM 2-Mercaptoethanol, 1 % peste inhibitor cocktail (Roche), 1 %
NP40). Recombinant His-tagged PDE4B protein wasfipdr as previously described
elsewhere (Wang et al., 1997). Briefly, lysate wastrifuged at 10,000 rpm for 10 min at 4
°C and supernatant was collected. Supernatant wesdnwith Ni-NTA resin (GE Life
Sciences) in a ratio of 4:1 (v/v) and equilibrateith binding buffer (20 mM Tris-HCI pH
8.0, 500 mM-KCI, 5 mM imidazole, 10 mM 2-mercaptoatol and 10 % glycerol) in a ratio
of 2:1 (v/v) and mixed gently on rotary shaker fonour at 4°C. After incubation, lysate-Ni-
NTA mixture was centrifuged at 4,500 rpm for 5 mdh 4°C and the supernatant was
collected as the flow-through fraction. Resin waashed twice with wash buffer (20 mM
Tris-HCI pH 8.5, 1 M KCI, 10 mM 2-Mercaptoethanaical0% glycerol). Protein was eluted
sequentially twice using elution buffers (Buffer20 mM Tris-HCI pH 8.5, 100 mM KCl,
250 mM imidazole, 10 mM 2-mercaptoethanol, 10% efgt, Buffer II: 20 mM Tris-HCI pH
8.5, 100 mM KCI, 500 mM imidazole, 10 mM 2-mercagitwanol, 10% glycerol). Eluates
were collected in four fractions and analyzed bySSPAGE. Eluates containing PDE4B
protein were pooled and stored at -80°C in 50%egiylcuntil further use.

PDE4B enzymatic assay

The inhibition of PDE4B enzyme was measured usinBEIRght HTS CcAMP
phosphodiesterase assay kit (Lonza) according twfaeturer's recommendations. Briefly,
10 ng of PDE4B enzyme was pre-incubated either VbSO (vehicle control) or
compound for 15 min before incubation with the s$tdie cAMP (5 uM) for 1 h. The
reaction was halted with stop solution followedibgubation with detection reagent for 10
minutes in dark. Luminescence values (RLUs) werasueed by a Multilabel plate reader
(Perklin ElImer 1420 Multilabel counter). The peragge of inhibition was calculated using

the following formula:

(RLU of vehicle control — RLU of inhibitor)
X 100

% inhibition —
%o inhibition RLU of vehicle control
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3.6.5 Docking study

Method: We docked all the molecules by using schrodingdrl2€oftware. The results are
compared with the cocrystal ligand and In vitronatst. The PDB ID 300J was used for the
docking study. The protein was prepared by givingliminary treatment like adding
hydrogen, adding missing residues, refining thelagath prime and finally minimized by
using OPLS 2005 force field. The search grid wasegated by picking the cocrystal ligand

upto 20 A search area. The hydroxyl groups of $earea were allowed to move.

All the molecules were minimized by using macronledapplication. We used 1000

iteration for minimization using OPLS 2005 forceldi and charges were also added from
force field only. The PRCG (Polak-Ribier conjugageadient) method was used for

minimization. All the molecules were docked by gsiglide XP (extra precision) dock

application. We performed flexible docking by aliogg sample ring conformations and

sample nitrogens to move to possible extent in ithgcklO poses were generated for each
ligand. The docking results are documented and/aedl
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4. Synthesis & pharmacological evolution of substituted phenyl
oxazolesasanovel class of LSD1 inhibitors with anti-
proliferative properties

4.1 Introduction

Cancer is traditionally viewed as a primarily gemetlisorder. However, it is now
increasingly apparent that epigenetic abnormalifdegsy a fundamental role in cancer
development. Cancer may affect people at all ages, even fetusasrisk for the more

common varieties tends to increase with age. Cazaxeses about 13% of all deaths.
4.2 Epigenetics

Epigenetics is defined as heritable changes in getigity and expression that occur without
alteration in DNA sequence. Examples of such charage DNA methylation and histone
modification, both of which serve to regulate gempression without altering the basic DNA
sequence. Epigenetic changes are preserved whésm dielde? Thus, epigenetic is
considered a bridge between genotype and phendtypéfferent epigenetic phenomena are
linked by the fact that DNA exist as an intimatengex with histones and other chromatin
remodeling proteins. Mainly, epigenetic informatisnstored as chemical modifications to
cytosine bases and to the histones prctéiffi®

4.2.1 Epigenetic alterationsin the genesis of cancer

DNA methylation and cancer

The first epigenetic alteration to be observed ancer cellsis DNA methylation
Hypermethylation of CpG islands at tumour suppregsoes switches off these genes, where
as global hypomethylation leads to genome instgb#ind inappropriate activation of
oncogenes. The genomic DNA methylation levels am@ntained by DNMT enzymes
(Figurel), are delicately balanced within cells;e®expression of DNMTs is linked to
cancer in humans, and their deletion from animalsable of causing death. Since, DNA
exists as an intimate complex with histones in sfatin, most of the factors that affect DNA
methylation levels will also affect histone modéimns. For example, methylation of DNA,
H3K9 is linked and interruption of DNA methylatiors linked to loss of H4K20

methylation*®
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Figurel: Epigenetic mechanism1- DNA methylation

Histone modifications and cancer

Histones are proteins which bind to DNA and faatbt efficient ‘packing’ of DNA in

eukaryotic cells (Figure 2). Histones are highlysibain nature due to the presence of

positively charged amino acids, and this allowsrthie associate well with DNA and cause

the DNA to fold around them into compact structupescleosomes).The unwound DNA in

chromosomes would be very long (1.8 meters), butndoon the histones it has about 90

micrometers (0.09 mm) of chromatin.

DNA methylation
Mathyl morks sdded 10 coertain
DMA bases ropress gena activily,

Histone modification
A combination of different
mclecules can attach to the “talls’
of proteins called histanes, These
altar the activity of tha DMNA
weapped arcund them

The two main components
of the epigenetic code

Figure 2: Components of epigenetic code (Taken fidature 2006, 441, 143-5 with licence)
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Five major families of histones exist: H1/H5 (limk@stones), H2A, H2B, H3, and H4 (core
histones): 13 “The ability of histones to regulate gene expresssoregulated by post-
translational modifications on the N-terminal (alikkly C-terminal) “tails” of the core
histones which project out of the nucleosome (Fgw®). Modifications including
phosphorylation, acetylation, methylation, ubiquation, sumoylation and biotinylation have
been identified on the histone tails.

» Acetylation: Histone acetylation tends to open up chromatinctiire. Accordingly,
histone acetyltransferase (HATS) tend to be trapisonal activators whereas histone
deacetylases (HDACSs) tend to be repressors. MahV Henes are altered in some
way in a variety of cancers. For instance, theOpd@T gene is mutated in a number
of gastrointestinal tumors. On the other hancgration of HDAC genes in cancer
seems to be far less common. However, despitéawisncidence of genetic mutation
in cancer, HDAC inhibitors are performing well lmetclinic as anti-cancer drugs.

« Methylation: All lysine methyltransferases that target mstdN-terminal tails contain
a so-called SET domain. This domain possessaselysethyltransferase activity and
numerous SET domain-containing proteins are inwbivecancer. One example is the
Suv39 family of enzymes that catalyse methylatibRl8K9. Although there are clear
links to disease™® the role of histone methylation is much less weltlerstood and
appears to be context dependent.

« Phosphorylation: H3S10 and H3S28 are phosphorylated at mitoaisrucial part of
the cell cycle; misregulation here is often asdedavith cancers. Indeed, the Aurora
kinases that perform this H3 phosphorylation arglicated in cancer.

The large-scale development of small molecule iidri® of DNA and histone-modifying
enzymes is now in full swing. In the clinic, thacsess of HDAC inhibitors and DNA
demethylating agents like aza cytidine as anti-eadcugs demonstrates 'proof of principle'
of this approach and provides great hope for theeldpment of a more comprehensive

portfolio of ‘epigenetic drugs' in the future.

4.2.2 Lysine-specific histone demethylase 1 (L SD1)

LSD1 (Lysine Specific Demethylase 1) was the fiistone demethylase identifiédLSD1
is highly conserved in organisms ranging fr&amizosaccharomyces pombe to human and
consists of three major domains: an N-terminal SM/I®wi3p/Rsc8p/Moira) domain, a C-
terminal AOL (amine oxidase-like) domain, and atcarnprotruding Tower domain. The C-

terminal catalytic domain reveals high sequencediogy to amine oxidases that belong to
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the flavin adenine dinucleotide (FAD)-dependentyemz family including mono- and
polyaminoxidase. The N-terminal SWIRM domain sedmsbe important for chromatin
binding? The Tower domain, inserted into the AOL domainnfe a long helix-turn-helix
structure and serves as a platform for binding 8DIL partner proteins such as corepresser
element silencing factor, COREST (Figure 3).

A

[ [ T

1 165 260280 a9 20 852

B

SWIRM

domain

Figure 3: Structure of human LSD1 (A) Domain structure. (BuSture of LSD1 in complex
with COREST and a peptide substrate.

Its discovery significantly advanced the undersitagdof epigenetic regulation of gene
expression; changing the paradigm that methyldgamnon-reversible feature of historiés.
Histone methylation/demethylation has since beamdoto be an important epigenetic

modification linked to activation as well as regmies of transcription.

Two types of histone demethylases have been disedvé&he flavin-dependent demethylase
LSD1 acts on lysine 4 and lysine 9 of histone H3KM and H3K9). LSD1 acts on mono-
and dimethylated H3K4 through a flavin-dependentimaaism. The reaction results in a
hybrid transfer with reduction of FAD to FADH2 whigs reoxidized by molecular oxygen,
producing hydrogen peroxide. The resulting imintermediate is hydrolyzed to generate the
demethylated H3 tail and formaldehyde (Figure 4).
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Figure 4: Demethylation of K4H3Me2 by LSD1

LSD1 cannot demethylate trimethylated lysine resgjsince a lone pair of electrons in the
unprotonated state of N of methylated lysine isunegl in FAD-mediated reaction. LSD1
requires the first 20 N-terminal amino acids of fietone tail for productive binding in the
vitro enzymatic assay.

The other major class are Jumonji domain-contaihistpne demethylases which are Fe(ll)
and 2-oxoglutarate dependent oxygenases that,nactomo-, di- and trimethylated Lys and
methylated Arg residues depending on the partieiaymes? Histone demethylase activity
is associated with several pathological stategeased LSD1 expression in prostate tumors
correlates significantly with relapse during therdh % Suppressed LSD1 expression is
associated with vascular smooth muscle cell inflatoany damage in a mouse model of
diabete®. Demethylation of p53 (tumor suppressor) by LSDlvpnés p53 interaction with
its co-activator 53BP1* Activation of the telomerase reverse transcrip(adéeERT) gene is
known to be dependent on LSD1 levels and recruitiitetne hTERT promoter.

4.3 Design of novel LSD1 inhibitors:

Studies on LSD1 have identified a few classes ofemues that exhibit inhibitory
activity. Several Monoamine oxidase inhibitors (MK more commonly used as
antidepressants, inhibit LSD1, indicating one passiirection for small molecule desigh.
Biguanide and bisguanidine polyamine analogs amthan class of molecules that was
identified for this process (Figure 5). These moles have been used in cultured colon

cancer cells to demonstrate LSD1 inhibition andiltast activation of silenced gen&s.
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Peptides containing methionine as the key structetament also showed LSD1
inhibition. However, none of these molecules akelli to be selective for LSD1 or are
druggable. Small molecules which can selectivelydatate the activity of LSD1 should
therefore hold great promise in two main areas)-H(laboratory experiments to understand
the cellular and physiological effects of LSD1 iniibn and the interaction of histone H3K4
methylation with other epigenetic modifications Isuas histone acetylation, histone
phosphorylation and DNA methylation, (2) in aninstidies aimed at defining the potential
of clinical therapy as LSD1 inhibitors for the the#nt of chronic conditions such as cancer,
diabetes and obesity. Herein, we report the syigta®l biological study of a novel class of
molecules as probes of LSD1 function, as possibigeaetic modulators or as potential anti-

cancer agents.
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Figure 5: Design of novel LSD1 inhibitors based on pharmacoe similarity with reported

inhibitors.
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Using the available X-ray diffraction crystal sttue of LSD1 as a starting poifitwe
designed a series of small molecules as potemtiabitors taking the key pharmacophore
features identified for the MAO-, the polyamine/githne and methionine based peptide
inhibitors into account (Figure being linked through an oxazole moiety.?” 29 2834rhe
Schrodinger molecular modelling suite was usedigaalize the three-dimensional structure
of LSD1 and predict the docking sites, inhibitorgteractions and the theoretical

effectiveness of small molecules.

4.4 Results and discussion:

4.4.1 Chemistry:

The synthesis of target compouraidsd their derivatives was efficiently performedngsthe
reaction sequence as shown in Scheme 1.

3-nitrobenzamide derivative@***° were readily obtained by reacting appropriate 3-
nitrobenzoic acids1l@-c) with methionine methyl ester hydrochloride in tpheesence of
HBTU, followed by treatment with LiIOH«kD, to give rise to the corresponding carboxylic
acids 3.3 Those were subsequently converted to keto-amiddis the presence of acetic
anhydride and pyridineia a Dakin-West type reactiofi.After refluxing with POCJ, the
keto-amides4 cyclized spontaneously to produce the 3-nitro ghernxazole derivatives

5a-c*® which on reduction with Sn@RH,0 afforded 3-amino phenyl oxazole derivatié$

s
o LiOH*H,0
HBTU,TEA
« DM Ny g X N O~ THE 1,0 (1 1)
10 O o)
CIHH,N O~ 0°CRT,24h 0°CtoRT, 1h
Oz NO2
R= H, 1a R= H, 2a R = H, 3a
2Cl, 1b 2.0 2b 2-Cl, 3b
3-NO, 1c 3-NO, 2¢ 3-NO, 3¢

/ /
S S
—N SnC|2 2H20 =N
AC2O Py, POCI3;, DMF, X 12N HCI X
——— > R—; _— R—
110°c 2h 90 °C, 30 min Z 65°C - 85 °C &

NO, 5-9 min NH>
R= H 4a R= H, 5a R= H 6a
2-Cl, 4b 2-Cl, 5b 2-Cl, 6b
3-NO, 4c 3-NO, 5¢ 3-NH, 6c
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A _
)N )o i N
R A
7 Dry DCM, TFA (4:1) =
> O:\\ ___NH >
HgCl,, TEA, DMF N—< 0°CtoRT, 2h :<NH
NH HN
12h o= NH.
0
R'= H, 8a R'= H, %
2-Cl, 8b 2-Cl, 9b
H H 3-Guanidine 9c¢
N N
- \lf Boc
_N 8c

Scheme 1: Synthesis of substituted 3-guanidine phenyl oxazole

S/
/
s 5 o oA
cl N N\
79 R3cocl, Q _ R2S0,ClI, ~
=N DCM, TEA N DCM, DMAP N
- —_—
0°C-RT TEA, 0 °C-RT o
2h 3h HN 4

HN_ _R® NH, 6b ,
S.
T e
o
KgCO3 CHjl,
0,

R® = Me, 10 (90%) dry DMF |0 “C-RT R? = Me, 12 (90%)

=Ph 11(86%) 12h = Tolp, 13 (81%)

/

S

cl o/\é\)
&

0,
N 165%)

Scheme 2: Synthesis of analogud$-14 of 6b

The installation of a bis-BOC protected 3-guanidgneup was achieved by treatiBgwith
N N%-bis-(tert-butoxycarbonyl)-S-methylisothiourea?)(** to give the corresponding 3-
guanidine phenyl oxazole derivativBsFinally, on deprotection with trifluoroacetic ecB-
guanidine phenyl oxazole derivativesvere obtained. A number dFsubstituted derivatives
(10-14) were also prepared vidacylation,N-sulfonation omMN-alkylation of6b (Scheme 2).
All synthesized compounds were fully characteribgdspectroscopic methods (NMR, IR,
MS and HRMS).
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4.4.2 Phar macology:

4.4.2.1 Cél viability

Having synthesized the desired target molec6 and9 along with10-14 we performed their
pharmacological evaluatian vitro determining cell viability by MTT assa. Initially, these
compounds were subjecteddervical cancer cell line HeLa and breast canciktice MDA -
MB-231 with concentrationsanging from 0.5 nM to 3.AM (log concentrations) for 3.
.Among the compoundssted6a, 6b, 9a and9c showedsignificant inhibitory effects on ce
at 1 nM (Table 1)The data was plotted with log (compound concemmaton the -axis and
% viability of cells on the yaxis (Figure 6-10).

y=-22.589x+79.175 y=-22.97x+80.513

2 fig 2
2 100 R?=0.9639 R2=0.9857
4 90
3 80
o 70
4 60
@ 50
; o —+—HELA CELLS
2 30 —8—MDA-MB231
10 —Linear (HELA CELLS)
0 T T ] Linear (MDA-MB231)
0 1 2 3
LOG CONCENTRATION (nM)

Figure 6: Log Concentration Vs % Viable Cellsfor Compound 6a against HeLa and MDA-MB231 Cellsby MTT assay

V= -22.450x+ 78.616y = -20.984x+ 75.241
100 R2=0.9673 R2=0.9771
9 80
|
m
O 60
u
m 40
<
S 50 —+—HELA CELLS
3_2

0 . . | efll=|IDA-MB231

0 1 2 3
LOG CONCENTRATION (nM)

Figure 7: Log Concentration Vs % Viable Cellsfor Compound 6b against HeLaand MDA-MB231 Cellsby MTT assay
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Figure 8: Log Concentration Vs % Viable Cellsfor Compound %9a against HeLa and MDA-MB231 Cellsby MTT assay
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Figure 9: Log Concentration Vs % Viable Cellsfor Compound 9c against HeLaand MDA-MB231 Cellsby MTT assay
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Figure 10: Log Concentration Vs% Viable Célsfor 10% DM SO Control against HeLa and MDA-MB231 Cellsby MTT assay

From these data it was evident thatguanidine moietydid not offer any significar

advantages over an amino group (€9a and 9c vs 6a and 6b) with respect tcin vitro

activities. 1Go values were calculated for all test compounds are shown in tablel. s

values foréa were 1.29nm for HelLa and 1.328 nm for M-MB-231 cells,6b were 1.22nm
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for HeLa and 1.202nm for MDA-MB-231 cell9a were 1.48nm for HeLa and 1.328nm for
MDA-MB-231 cells,9¢c were 2.14nm for HeLa and 1.035nm for MDA-MB-231lce

4.4.2.2 In vitro L SD1 activity

Thein vitro LSD1 activity assays showed that compouéalséb and9a showed detectable
inhibition of in vitro LSD1 activity at a concentration of {M whereas all the other
compounds showed no detectable inhibition. A cotraéion response study of the above
compounds was performed using concentrations oftNIQ 1 uM, 0.1 uM, 0.01 uM and
0.001pM. ICs values were then calculated with compoéadghowing 16.[uM, 6b showing

10.2uM and9a showing 9.5M IC5p values. The data is summarized in table 1.
4.4.2.3 Zebrafish embryo toxicity and apoptosis

Developing embryos of the zebrafiftanio rerio are excellent animal models for studying
specific developmental effects of small molecutkas allowing effectiven vivo evaluations

of potential drugs before embarking on highly e>gies studies on mice and humd&fiehe
histone demethylase LSD1 is known to be encodedhbyzebrafish genorffe and the
protein sequence has 85% sequence identity withofhuman LSD1 protein. This makes
the zebrafish embryo an attractivevivo model to evaluate the effects of small molecukes a
LSD1 inhibitors as well as vivo toxicity-related effects.

ICso values calculated using non-linear regressionyaisain the software GraphPad Prism.
The data was plotted with log (compound concemmnton the x-axis and % initial activity

on the y-axis (Figurell).

1501 150+
2 2
2 1004 l 1 2 1004 I
Q l Q
< S <
s ] IS | [ ]
€ 501 £ 501
X X
C L] L] L] L] 1 C L] L] L] L] 1
0 1 2 3 4 5 0 1 2 3 4 5
log (concentration) log (concentration)
6a Estimated | Cs:16.1uM 9a Estimated | Csp: 9.5uM
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1001

% Initial Activity
B D
o o
1 1

C Ll Ll Ll Ll
0 1 2 3 4 5

log (concentration)

6b Estimated | Cso: 10.2 uM

Figure11: Log Concentration Vs % Initial aactivity for comynds6a, 6b and9a against LSD1

Compoundsbc, 5b and9b showed general toxicity-related effects in zelstagmbryos, with
death resulting after 24h of treatment au¥0 Compoundsb, 9a and9c showed increased
apoptosis at 1M with no general toxicity-related effects eveneaff2h of treatment. The
data is summarized in table 1 and the microscomgen of treated embryos are shown in
figure 2. The data clearly show increased apoptesisindicated by acridine orange
fluorescence, especially in the area of the brEinms observation is consistent with reported
brain-related effects of LSD1 inhibitidr.

Table 1: Summary of the pharmacological evaluation of conmaisu

/ / /
S S O’é_\é}
Ph logical 0@ 8 /
armacologica OJ_%) \N\ \ T Q
Activity ©/LN g Q/g\N\
HN NH
NH, NH, T\l/Hz H2N\H/NH
NH
6a 6b %9a 9c
HeLa cell viability 1.29 nm 1.22 nm 1.48 nm 2.14 nm
(ICs0)
MDA-MB-231 cell 1.328 nm 1.202 nm 1.328 nm 1.035 nm
viability (ICsq)
Invitro LSD1 16.1uM 10.1uM 9.5uM >50uM
inhibition (1Csg)
Zebrafish embryo Insignificant  Yes (10uM) Yes (10uM) Yes (10uM)
apoptosis
Zebrafish embryo  None None Not done None
toxicity
B.Dulla, PhD thesis (2013) Page 85



Results & discussio— Chapter 4

Our results indicate that compour6a, 6b, 9a and9c possess biological activity related
mechanisms involved in cell viability. The datam in vitro LSD1 inhibition is consister
with compoundsta, 6b and 9a possessing LSD1 inhibition properties, although [z
values are higher by an order of*. This suggests that the activity of the compournishe
cells tested is mediated by addiial effects apart from LSD1 inhibition. Possibleeets
include those on epigenetic modifications othemthastone methylation, such as histc
acetylation and DNA methylation leading to a sigmiht suppression of cell viability. Su
non-specific epignetic effects are plausil because the compounds were designed bas
structural features of the LSD1 protein and thattber known inhibitors of LSD!

The data from studies with zebrafish embryos s that compound&b, 9a and9c result in a
significant increase in apopto (Figure 12), with no general toxicitglated effects. Th
treatment was done at a concentration ofuM, which is in the range cin vitro LSD1
inhibition 1Cso values. The significant difference in activity sholy the compounds in ce
and in zebrafish embryos suggests that the camdlsr used may possess features (suc
specific mutations or epigetic targets) which make them more sensitive &dfiects o
LSD1 inhibition, compared to the developing zelstafembryos which represent a -
diseased, living organism. This is plausible siceacer cells are known to have sev
accumulated defestcompared to normal cells. Our data thus supperpbssibility that th
compounds are selective for cancer cells over nloceis. Overall, the results of our detalil
pharmacological analysis suggest that compol6b and 9a possess biological actiy

consistent across vitro, cell culture andn vivo systems.

Untreated
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Compound 6b 10 uM

Compound 9a 10 pM

Compound 9¢ 10 uM

Figure 12: Zebrafish embryos treated with compounds and slawi¢h acridine orange
Brightly stained spots, highlighted with a circlepresent apoptotic cells with fragmen

nuclei.

4.4.3 Molecular modeling
To understand theinding mode and stabilitof ligand receptor complees we performed
molecular modelingstudies (Docking analysis and Molecular dynamiesugations)using
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6a, 6b and 9a against LSD (Figure 13-15). Dockingstudies predicted good bindii
interaction with the LSD1 enzyme. The amino grodipnolecule9a was perfectly locked
with Thr-335, Tyr671 and Hi-812 by hydrogen bonding whereihe oxazole ring
participated in a stacking with Ty-761. The sulfur atom of molecuf® was involved in H-
bonding with Met332 and Ve-333. In case of moleculgs, theoxazole anthe phenyl ring
showed a goodr stacking with Ty-761 and Trp-751, respectivelyhe docking score ar

LSD1 inhibition data has a nice correlatiorth each other.

Table 2: Contribution of glide XP termsin docking score

Comp. GScore | LipophilicEvdW | HBond | Electro | PhobEn | LowMW
6a -5.43 -3.9 -0.7 -0.2 -0.5 -0.5
6b -6.50 -4.8 -0.8 -0.4 -0.3 -0.5
%9a -6.74 -5.0 -0.7 -0.5 -0.5 -0.5

LipophilicEvdW: Chemsore lipophilic pair term and fraction of the topabteir-ligand vdw energ
HBond: Rewards for hydrogen bonding interaction betwegand and prote

Electro: Electrostatic reward

PhobEn: Hydrophobic enclosure rews

LowMW:Reward for ligands with low olecular weight

Leu
i 659
661
H2N
Ser
760
Tyr
761
Trp
Ala O 751
33 |
Ala \ N
809
Thr i
val 317
810 11
Glu Arg
S 801 316
Ala
814

B.Dulla, PhD thesis (2013) Page 88



Results & discussion — Chapter 4

HID 812

LEU 659

Figure 13: Binding orientation and interactions @d at the LSD1linhibitors binding site.

2 “\ 751
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NH>
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Thr
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i 316
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Figure 14: Binding orientation and interactions 6b at the LSD1linhibitors binding si
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Figure 15: Binding orientation and intertions of9a at the LSD1inhibitors binding si

Furthermore, the olecular dynamics (MD) simulations 9a at the binding site cprotein

were alsoperformed using the Desmond

package incorporateMaestro. To evalual

stability of the MD trajectorieand the differences in the stabilidy the MD simulations, th

total energy of ligangirotein complex and RMSD values for the proteinkbace atom:

relative to the initial minimized structure throutjte phase of the simulation were calcula

There wasno significant change irthe total energy of system observed during er

simulation period. ThR&MSD values remaed within 6.0 A for the system after reaching

equilibrium, which demonstred the conformational stabilities of the protein stuwes.

Throughout MD simulations the studied compound ta@ned binding pose in the expec

orientation.
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4.5 Summary:

In summary, we have designed, synthesized andrpegtbdetailed pharmacological analysis
of 3-amino / guanidine substituted phenyl oxaza@ss novel class of LSD1 inhibitors and
likely epigenetic modulators. These molecules waeveniently prepared via a multistep
sequence involving an amide bond formation, coottrn of oxazole ring and introduction
of quanidine moiety as key steps. Among all the poumds testeéa, 6b and9a showed
promising activities against LSD1 and cancer aellgitro. Additionally, the compoundéb
and 9a were found to increase apoptosis in zebrafish gosbin the brain area when
evaluated in a phenotype-based zebrafish assayh@ge compounds showed good binding
interactions with the LSD1 enzyma silico as indicated by docking studies. Overall, our
study provides the basis for future research whambe directed at elucidating the details of
the mechanisms of action of the compounds preseted the contribution of specific

structural features to their activity.

4.6 Experimental section

4.6.1 Chemistry - General methods

All reactions were carried out under an inert ajph@se with dry solvents, unless otherwise
stated. Reactions were monitored by thin layer iatography (TLC) on silica gel plates (60
F254), using UV light detection. Visualization thfe spots on TLC plates was achieved
either by UV light or by staining the plates in2Dinitro phenyl hydrazine and Ninhydrin
stains charring on hot plate. Flash chromatographyg performed on silica gel (230-400
mesh) using distilled hexane, ethyl acetate, drcime@thane.

NMR-Spectroscopy

'H NMR and**C NMR spectra were recorded in CR@Ir acetonads solution by using
VARIAN 400 MHz spectrometers. Deuterium exchangedigs were done in GOD,
DMSO-ds and BDO. Chemical shifts are reportedasalues relative to internal CD£d 7.26

or TMS & 0.0 DMSO#d;s & 2.50 and CBOD & 3.34 for’'H NMR and CDC} & 77.0 and
CD;OD & 49.05 for*®*C NMR. 'H NMR data was recorded as follows: chemical shift
[multiplicity, coupling constant(s) (Hz), relative integral] where multiplicity is deéd as: s
(singlet), d (doublet), t (triplet), g (quartetd ¢doublet of doublet), m (multiplet), bs (broad
singlet).

IR spectroscopy, mass spectrometry and melting padis

FTIR spectra were recorded on Bruker (Alpha) specéter. Mass spectra were recorded on

Micro Mass VG-7070H mass spectrometer for ESI amdgiven in mass units (m/z). High
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resolution mass spectra (HRMS) [ESI+] were obtainethg either a TOF or a double
focusing spectrometer. Melting points were deteadiby using a Buchi melting point B-540
apparatus. Values thus obtained were not corrected.

4.6.2 Synthesis:
la, 1b, 1cwere commercially available, whereas methionirter¢sd) was synthesized from
natural amino acid methionine ai@drom thiourea using literature protocols in quaattite

yield.

General procedure for synthesis of 2a-c:

e
Q S HBTU,TEA
|
_
CIHH,N O\ 0°C-RT, 24h

N02 (@)

HBTU (1.5 mmol) was added to a mixture of benzaic (La, 1b, 1¢ (1 mmol), methionine
methyl ester hydrochloride (1.2 mmol) in dry DCM)(fnL) at O °C. The reaction mixture
was stirred for 1 hr followed by drop wise additiohdry triethylamine (10.0 mmol) at O °C
and stirring was continued at room temperaturelfdh. A clear solution of the reaction
mixture was cooled in an ice bath and acidifiechvN HCI. The residue was dissolved in
ethyl acetate (750 mL), washed with water (2 x 280, brine (1 x 100 mL), dried over
NaSQy, filtered and the solvent evaporated. The residuas purified by flash
chromatography (n-hexane/ ethylacetate 4:1) tadtfive desired produc{ga, 2b, 23.

(S)-Methyl 4-(methylthio)-2-(3-nitrobenzamido) butanoate (2a):
White semi solid; yield (87 % R = 0.60 (30% EtOAc-n-Hexane);

e
(@] S
Q)kN/goc:Hg IR (cm?): 3325, 3056, 2956, 2876, 1735 (C=O of ester),0169
H
(@]
NO

(C=0 of amide), 1540, 1346H NMR (300 MHz, CDC}) & 2.13

(s, 3H), 2.16 -2.22 (m, 1H), 2.27 -2.34 (m, 1H)62(t,J = 7.2 Hz,
1H), 3.81 (s, 3H), 4.92- 4.97 (m, 1H), 7.33J¢d; 7.6 Hz, 1H), 7.66 (d] = 8.0 Hz, 1H), 8.17-
8.22 (dd,J'= 7.4 Hz,J*= 1.6 Hz, 1H), 8.36- 8.39 (dd'= 7.4 Hz,J°= 1.6 Hz, 1H), 8.67 (s,
1H); **C NMR (75 MHz, CDC}) § 15.5, 30.2, 31.1, 52.4, 52.8, 122.1, 126.3, 126238,
133.2, 135.2, 148.2, 164.7 ; MS (El, 70emiz (%) [M]" 311.1 (100%).
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(S)-Methyl 2-(2-chloro-5-nitrobenzamido)-4-(methylhio) butanoate(2b):
The title compound was prepared in 80% vyield adogrdo the

~
cl 0 S
©)LN /quCHs general procedure as described above; Brown d&li0.55 (30%
H -
o)

EtOAc-n-Hexane); mp 265-267 °C; IR (ém 3295, 3042, 2955,

2865, 1728 (C=0 of ester), 1678 (C=0 of amide),018334;'H
NMR (300 MHz, CDC}) § 2.13-2.2 (m, 4H), 2.31-2.38 (m, 1H), 2.56-2.67 @Hl), 3.82 (s,
3H), 4.93- 4.98 (m, 1H), 7.02 (A= 7.2 Hz, 1H), 7.62 (d] = 8.8 Hz, 1H), 8.22-8.25 (dd'=
8.8 Hz,J*= 2.6 Hz, 1H), 8.53 (dJ = 3.2 Hz, 1H):"*C NMR (75 MHz, CDC}) 5 15.5, 29.9,
31.3, 52.3, 52.8, 125.2, 125.8, 131.4, 135.7, 13146.4, 163.8, 171.6; MS (El, 70evin/z
(%) [M]* 347.1 (100%).

(S)-Methyl 2-(3, 5-dinitrobenzamido)-4-(methylthiojputanoate (2c):
The title compound was prepared in 82% yield adogrdo

-
N i QECH the general procedure as described above and edoks
2 3
\Q)LH o yellow solid; R = 0.7 (30% EtOAc-n-Hexane); mp 285-288
NO,

°C; IR (cm?): 3310, 3010, 2975, 2855, 1732 (C=0 of ester),
1660 (C=O of amide), 1515, 1324'*H NMR (300 MHz,
CDCly) & 2.16 (s, 3H), 2.17- 2.37 (m, 2H), 2.6-2.68 (m,)2Bi84 (s, 3H), 4.99 (tdl'= 7.2
Hz, J*= 4.8 Hz, 1H), 7.56 (dJ = 7.2 Hz, 1H), 9.00(dJ = 2.0 Hz, 1H), 9.18 (d) = 2.0 Hz,
1H). *C NMR (75MHz, CDC}) & 15.5, 30.2, 30.7, 38.6, 52.8, 52.9, 121.3, 1213..0,
148.6, 162.4, 172.2; MS (El, 70ewn/z (%) [M]" 358.2 (100%).

General procedure for synthesis of 3a-c:

e
S
0
LiOH.H,0
THF: HZO (1:1) N N O-
R H
°c toRT, 1h = o
NO,

LIOH-H,O (1.5 mmol) was added to the solution &)-Methyl 4-(methylthio)-2-(3-
nitrobenzamido) butanoa®a (1.0 mmol) in THF (6 mL), KO (5 mL) at 0 °C. The reaction
was stirred at 23 °C for 1 h. After completion bktreaction, the reaction mixture was
concentrated to remove THF. The solution was cowoleah ice bath and acidified with 2N
HCI, extracted with EtOAc, followed by brine wadheh dried over anhydrous p&EO,,
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filtered and the solvent evaporated. The residus puaified by flash chromatography (n-
hexane/ ethylacetate 3:2) to afford the desiredytBa

(S)-4-(Methylthio)-2-(3-nitrobenzamido) butanoic ad (3a):
White solid; yield (88 % )R = 0.4 (30% EtOAc-n-Hexane); mp

-
O S
/g;OH 276-278 °C;IR (cm'): 3302, 2989, 2866, 1712 (C=0 of acid),
H O
NO, )

1650 (C=O of amide), 1525, 1314+ NMR (300 MHz, CDC}) §

2.12 (s, 3H), 2.15 -2.34 (m, 2H), 2.65 Jt= 7.2 Hz, 1H), 4.92-
4.97 (m, 1H), 7.28 (bs, 1H), 7.61-7.69 (m, 2H)}58(d,J = 7.8

Hz, 1H), 8.33 (dJ= 7.8 Hz, 1H), 8.65 (s, 1H)Y’C NMR (75 MHz, CDCJ) § 15.4, 30.2, 30.6,
52.5, 122.2, 126.5, 129.9, 133.4, 134.9, 148.1,6,6575.3; MS (El, 70ev):m/z (%) [M]"

297.0 (100%)

(S)-2-(2-chloro-5-nitrobenzamido)-4-(methylthio) buanoic acid (3b):
The title compound was synthesized in 94% vyieldoediag to the

cl o /qs/ general procedure as described above3foand isolated as brown

©/”\H I o solid; Ry = 0.42 (30% EtOAc-n-Hexane); mp 231-235 °C; IR {¢m
3299, 3050, 2979, 2856, 1722 (C=0 of acid), 1656q®f amide),

MO, 1515, 1324 'H NMR (300 MHz, CDCJ) & 2.14 (s, 3H), 2.16-2.4
(m, 2H), 2.65-2.69 (m, 4H), 4.13-5.11 (m, 3H), 7(80J = 7.6 Hz, 1H), 7.62 (d] = 8.4 Hz,
1H), 8.22-8.25 (ddJ'= 8.4 Hz,J’= 2.8 Hz, 1H), 8.53 (d] = 2.4 Hz, 1H);*C NMR (75 MHz,
CDCl) 6 15.5, 29.7, 30.1, 30.9, 52.4, 125.3, 126.0, 13135,4, 137.7, 146.5, 164.4, 175.2
MS (El, 70ev): m/z (%) [M]" 333.1 (100%).

(S)-2-(3, 5-dinitrobenzamido)-4-(methyl thio) butamic acid (3c):

( ) The title compound was synthesized in 90% yieldbediag to
O,N l N/Q;(S)H the general procedure as described3mas light brown solid;
H 5 R = 0.42 (30% EtOAc-n-Hexane); mp 268-270 °C; IR {m
\ NO, 3301, 3060, 2985, 2862, 1718 (C=0 of acid), 1666Q®f
amide), 1525, 1334H NMR (300 MHz, DMSOdg) § 2.12 (s,
3H), 2.13- 2.33 (m, 2H), 2.57-2.70 (m, 2H), 4.8864(m, 2H), 9.11(dJ= 2.0 Hz, 1H), 9.21

(d,J = 7.6 Hz, 1H), 9.31(d] = 2.0 Hz, 2H)*3C NMR (75MHz, DMSO#€g) 5 15.3, 30.4, 30.9,
52.6, 120.8, 127.8, 137.4, 148.3, 162.6, 173.3;(EIS70ev): m/z (%) [M]" 344.1 (100%).
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General procedure for synthesis of 4a-c:

S
0
O Ac20, Py,
o NN 110°C,2h_
A " o
NO,

To a solution of(S)-4-(Methylthio)-2-(3-nitrobenzamido) butanoicid8a (4.9 mmol) in acetic
anhydride (30.4 mmol, 3 mL), pyridine (58.8 mmomnk) was added and heated at 90 °C for
2 h. The reaction mixture was concentrated to reveicess acidic anhydride and pyridine,
extracted with EtOAc (150 mL). EtOAc layer was wedlsuccessively with 1.0 N HCI (50
mL), water (50 mL) and brine then dried over anlydr NaSOy, filtered and the solvent
evaporated. The residue was purified by column rolatography (EtOAc/hexanes) to
provide of the desired produgh.

N-(1-(Methyl thio)-4-oxopentan-3-yl)-3-nitrobenzamice (4a):
— Light brown semi solidR; = 0.6 (30% EtOAc-n-Hexane); IR (Cm
i /@S 1): 3100, 3060, 2985, 2862, 1720 (C=0 of ketonef516C=0 of
©)‘\H o amide), 1515, 1314;'H NMR (300 MHz, CDC}) & 2.13 (s, 3H),
2.14 -2.17 (m, 2H), 2.34 (s, 3H), 2.41 -2.64 (m,),2H4.96 - 4.99
(m, 1H), 7.35 (dJ= 6.4 Hz, 1H), 7.67 ()= 7.8 Hz, 1H), 8.17 (d]
= 7.8 Hz, 1H), 8.37- 8.39 (dd'= 8.0 Hz,J’= 1.6 Hz, 1H), 8.67 (s, 1H)*C NMR (75 MHz,

CDCl) § 15.7, 27.3, 30.1, 30.5, 58.9, 122.1, 126.4, 12888,1, 135.4, 148.3, 164.8, 205.7;
MS (EI, 70ev): m/z (%) [M]" 295.0 (100%).

2-chloro-N-(1-(methylthio)-4-oxopentan-3-yl)-5-nitrobenzamidg4b):
— The title compound was synthesized as yellow seafid sn 78%
¢ 9 /QS yield according to the general procedure as desdrdbove forla;
©/mH o R = 0.65 (30% EtOAc-n-Hexane)R (cm’): 3200, 3050, 2976,
2862, 1710 (C=0 of ketone), 1655 (C=0 of amide),8.8.323; *H
NMR (300 MHz, CDC})) : 2.00- 2.07 (m, 1H), 2.13 (s, 3H), 2.34 (s,

3H), 2.39- 2.46 (m, 1H), 2.53-2.61 (m, 2H), 4.966(m, 1H), 7.16 (d] = 4.8 Hz, 1H), 7.62
(d,J = 7.2 Hz, 1H), 8.22-8.25 (dd'= 7.2 Hz,J’= 2.4 Hz, 1H), 8.51 (d] = 2.8 Hz, 1H);*C
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NMR (75 MHz, CDC}):15.5, 25.0, 30.9, 33.3, 126.7, 128.2, 131.7, 23340.2, 146.9,
156.4, 208.2 ; MS (EI, 70ev)n/z (%) [M]"" 333.1 (100%).

N-(1-(methylthio)-4-oxopentan-3-yl)-3,5-dinitrobenzanide (4c):

The title compound was synthesized as colorless seln in

f ~
/qs 74% vyield according to the general procedure asrites
O,N
? N above for 4a;R = 0.7 (30% EtOAc-n-Hexane); IR (¢
o]
NO,

3233, 3040, 2978, 2872, 1718 (C=0 of ketone), 1580 of
amide), 1520, 1327H NMR (300 MHz, CDC}) § 2.03- 2.19
(m, 5H), 2.25-2.36 (m, 2H), 2.55-2.64 (m, 2H), 4800 (m, 1H), 7.85 (bs, 1H), 9.03 (&
1.6 Hz, 2H), 9.17 (dJ = 1.6 Hz, 1H).**C NMR (75MHz, CDC}) § 15.7, 27.3, 29.6, 59.1,
121.2, 127.5, 137.1, 148.5, 162.6, 205.6; MS (Bé&V): m/z (%) [M]" 288.4 (100%).

General procedure for synthesis of 5a-c:
/

L
AN
POCI3; DMF, O_N

-
(e}
TN N 90°C, 30 min N
Ry H R
= (@) =
NO,

NO,
Phosphorus oxychloride (1 mL, 10 mmol) was addeopwise to a solution ofN-(1-
(Methylthio)-4-oxopentan-3-yl)-3-nitrobenzamide (3.3 mmol) in DMF (10 mL) at &C.
The mixture was heated to 90°C for 45 min and msied to (°C before being quenching

with water and extracted with EtOAc. The combineganmic phases were washed with water
and brine (15 mL), dried over anhydrous,8@, filtered and the solvent evaporated. The
residue was purified by column chromatography (Et&xanes) to provide of the desired

products.

5-Methyl-4-(2-(methylthio) ethyl)-2-(3-nitrophenyl) oxazole (5a):
— Brownish semi solidR; = 0.7 (30% EtOAc-n-HexaneYield 84 % ;
Q IR (cm™): 3060, 2955, 2862, 1520, 132H NMR (300 MHz, CDC}))
i 8 2.15 (s, 3H), 2.39 (s, 3H), 2.78 -2.87 (m, 4H)597- 7.63 (tJ= 8.0
Hz, 1H), 8.23 (dJ= 8.0 Hz, 1H), 8.25 (dJ= 1.6 Hz, 1H), 8.8 (s, 1H)
: C NMR (75 MHz, CDCJ) § 10.3, 15.7, 26.1, 33.5, 1207, 124.0,

N
N

NO,

B. Dulla, PhD thesis (2013) Page 97



Experimental section — Chapter 4

129.3, 129.8, 131.4, 135.4, 145.5, 148.6, 157.1;(KIS70ev): m/z (%) [M]" 279.0 (100%).
2-(2-chloro-5-nitrophenyl)-5-methyl-4-(2-(methylthio) ethyl) oxazoleg(5b):
a The title compound was synthesized as brown c@wi solid in 80%
- o@ yield according to the general procedure as desgridtove foba; R
= 0.7 (30% EtOAc-n-Hexane)R (cm™): 3070, 2978, 2856, 1510,

1318;'H NMR (300 MHz, CDCJ) § 2.15 (s, 3H), 2.41(s, 3H), 2.80-
NO, 2.89 (m, 4H), 7.65 (d] = 8.4 Hz, 1H), 8.14-8.16 (dd'= 8.4 Hz,J*=

28 Hz, 1H), 8.85 (dJ = 2.8 Hz, 1H)*C NMR (75 MHz, CDC}) §
10.3, 15.7, 26.0, 33.5, 124.3, 125.8, 127.7, 13P33.5, 138.4, 145.9, 146.4, 155.1MS (El,
70ev): m/z (%) [M]" 313.1 (100%).

N
N

2-(3,5-Dinitrophenyl)-5-methyl-4-(2-(methylthio) ehyl) oxazole (5c¢):

/) The title compound was synthesized as brown caari solid
o@ in 88% yield according to the general proceduralescribed
O2N =\ above for5a; R = 0.72 (30% EtOAc-n-Hexane)R (cmil):
3048, 2978, 2856, 1530, 132%4 NMR (300 MHz, CDCJ) &
NO, 2.15 (s, 3H), 2.43 (s, 3H), 2.80-2.89 (m, 4H), 9(62J = 2.0
Hz, 1H), 9.10 (dJ= 2.0 Hz, 2H)*C NMR (75MHz, CDC}) 5 10.4, 15.7, 25.9, 33.5, 118.6,
125.3, 130.9, 136.4, 146.9, 148.9, 155.2; MS (Blev]: m/z (%) [M]" 324.2 (96%),
294.2(100%).

General procedure for synthesis of 6a-c:

/ /
S S
SnCly* 2H,0
%) oo L5
Op 12N HCl O_N
| N N R_' A
R 65 °C - 85°C L
5-9 min

NO, NH

To a solution of5-Methyl-4-(2-(methylthio) ethyl)-2-(3-nitrophenybxazole(5a) (2.5 mmol) in
36% HCI (6 mL), stannouschloride monohydrate (IBrol) was added. The mixture was
heated to 100 °C for 15min, cooled t&O the aqueous solution was basified with 2N NaOH
and extracted three times with dichloromethane. diiganic layers were combined, washed
with brine solution and dried over anhydrous8l&,and concentrated to give desired product
6a
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3-(5-Methyl-4-(2-(methylthio) ethyl) oxazol-2-yl) ailine (6a):

Brown solid; Ry = 0.4 (30% EtOAc-n-Hexane); mp 292-294 °C;
Q Yield (65 %); IR (crit): 3390, 3350 (Nh), 3020, 2910, 2858, 1650,
@ 1110;*H NMR (300 MHz, CDG})  2.12 (s, 3H), 2.33 (s, 3H), 2.74
-2.85 (m, 4H), 6.70 - 6.73 (dd'= 7.8 Hz,J’= 2.2 Hz, 1H), 7.18 —
NH, 7.22 (m, 2H), 7.31 (t)= 1.6 Hz, 1H), 7.32 - 7.37 (df'= 8.6 Hz,

" = 1.2 Hz, 1H), 8.8 (s, 1H)C NMR (75 MHz, CDC}) & 10.2,
15.7, 26.1, 33.7, 112.1, 116.6, 116.9, 128.3, 12%87%.2, 144.4, 146.2, 159.6; MS (EI, 70ev):
miz (%) [M]" 249.3 (100%). HRMS [M]" Calcd. for GsH17N,0sS 249.1062; Found:
249.1056.

N

4-chloro-3-(5-methyl-4-(2-(methylthio) ethyl) oxazt2-yl) aniline (6b):

/1 The title compound was synthesized as yellow cedoni solid in 76%
cl @ yield according to the general procedure as desdrdbove foba; R
SN = 0.42 (30% EtOAc-n-Hexane); IR (¢t 3400, 3375 (Nb), 3010,
2962, 2892, 1620, 12264 NMR (300 MHz, CDCY) & 2.14 (s, 3H),
. NH, 2.36 (s, 3H), 2.77-2.86 (m, 4H), 3.5 (bs, 2H), 66586 (dd,J'= 8. Hz,
J*= 2.8 Hz, 1H), 7.22-7.26 (dd’= 8.0 Hz,J’= 2.8 Hz, 2H. *C NMR (75MHz, CDCI3)s
10.23, 15.6, 26.1, 33.6, 116.5, 117.6, 121.2, 1238.6, 134.3, 144.7, 157.6; MS (EI, 70ev):
m/z (%) [M]" 283.1 (100%). HRMS [M] Calcd. for GsH1gN.OSCI 283.0672; Found:
283.0675.

5-(5-Methyl-4-(2-(methylthio) ethyl) oxazol-2-yl) kenzene-1,3-diamine (6c):

S/ The title compound was synthesized as dark browar cemi
é\) solid in 76% yield according to the general procedas
SN described above fd@a;, R = 0.2 (30% EtOAc-n-Hexane); IR (Em
y: 3425, 3396 (N, 3030, 2954, 2892, 1600, 1550, 119@;
NH> J  NMR (300 MHz, CDCJ) 8 2.12 (s, 3H), 2.32 (s, 3H), 2.73-2.83
(m, 4H), 3.69-3.78 (bs, 4H), 6.07 (t= 2.0 Hz, 1H), 6.74 (dJ = 2.0 Hz, 2H).**C NMR
(75MHz, CDC§) 6 15.7, 26.2, 29.7, 33.7, 40.9, 58.8, 71.63, 870B.1, 103.6, 125.9, 128.4,
128.5, 129.4, 134.3, 143.8, 147.7, 159.7; MS (B&VJ: m/z (%) [M]" 264.1 (100%), 216.2
(78%) HRMS [M]* Calcd. for GaH1gNzOS 264.1171; Found: 264.1174.
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General procedure for synthesis of 8a-c:

To a solution of 3-(5-Methyl-4-(2-(methylthio) ethyoxazol-2-yl) aniline6a (0.4 mmol) in
dryDMF (6 mL), N1, Nz-bis (ert-butoxycarbonyl)-S-methylisothiourea (0.45 mmol),
triethylamine (0.1 mL, 0.4 mmol) and HgC{or AgNGs) (0.48 mmol) was added. The
suspension was stirred at room temperature for ff2h concentrated in vacuo. The crude
reaction mixture was taken up in DCM (20 mL), fitd through a pad of celite on a sintered
glass funnel, washed with saturated aqueousQ\ib mL) and organic layer was washed
with brine (50 mL), and dried over B8O, filtered and concentrated to give desired product
(8a).

d -
j\/\/ .Boc =N
O&) Boc~ H R

N
_
b .
Rou HgCl,, TEA, DMF N_<NH
12 h Boc” NH
NH2 é
(0]

(E)-tert-butyl (tert-butoxycarbonylamino) (3-(5-methyl-4-(2-(methylthig ethyl) oxazol-2-
yl) phenylamino) methylenecarbamate (8a):
/) Colorless semi solid;R = 0.8 (30% EtOAc-n-Hexane); Yield
o@ (78%); IR (cn): 3261(NH), 3154, 2978, 2926, 1721(amide),
= 1644 (C=N);'H NMR (300 MHz, CDC)) & 1.52(s, 9H),
1.53(s, 9H), 2.14 (s, 3H), 2.35 (s, 3H), 2.75 -85 4H), 7.40
BOC/HTNH (t, J=8.0 Hz, 1H), 7.71(d)= 8.0 Hz, 1H ), 7.92 (1= 2.2 Hz,
Nepo 1H), 8.06 (s, 1H), 10.45(bs, 1H), 11.63(bs, 1C; NMR (75
MHz, CDCk) 5 10.2, 15.7, 26.2, 33.7, 112.3, 116.3, 116.6, 1289.6, 134.4, 143.9, 146.5,
159.6; MS (El, 70ev):m/z (%) [M]" 491.23 (100%). HRMS [M] Calcd. for G4HzsN4OsS
491.2328; Found: 491.2316.
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(E)-tert-butyl (tert-butoxycarbonylamino) (4-chloro-3-(5-methyl-4-(2 (nethylthio) ethyl)
oxazol-2-yl) phenylamino) methylenecarbamate (8b):

The title compound was synthesized as colorless sol

o OQ 72% yield according to the general procedure asrites

SN above for8a; R = 0.8 (30% EtOAc-n-Hexane); mp 310-

\F " 312 °C IR (cm™): 3321(NH), 3124, 2978, 2862, 1700
R e e (amide), 1665 (C=N)*H NMR (300 MHz, CDC}) & 1.51
° Nfo (s, 9H), 1.53 (s, 9H), 2.14 (s, 3H), 2.37 (s, 3MB0-2.86
Af (m, 4H), 7.43 (d,) = 8.8 Hz, 1H), 7.87-7.90 (dd,'= 8.8

Hz, J*= 2.4 Hz, 1H), 8.04 (d] = 2.4 Hz, 1H)C NMR (75MHz, CDC}) § 10.3, 15.7, 26.2,
28.0, 28.1, 29.7, 33.6, 79.9, 84.0, 123.2, 1242K.7, 127.4, 131.6, 134.7, 135.8, 144.9,
153.2, 153.4, 156.9, 163.2; MS (El, 70emiz (%) [M]" 542.3 (10%), 525.3 (100%) HRMS
[M] * Calcd. for GsH3N4OsSCl 541.1874; Found: 541.1865.

Tert-butyl(5-(5-methyl-4-(2-(methylthio)ethyl)oxazol-2yl)-1,3-phenylene)bis(azanediyl)

bis ((tert-butoxycarbonylamino) methan-1-yl-1-ylidene) dicartamate (8c):

The title compound was synthesized as colorless ol

Boc / . ) )
. /NY’{IH S S 80% vyield according to the general procedure asries
HN - N above for8a; R = 0.85 (30% EtOAc-n-Hexane); mp 369-

372 °C - IR (cm?): 3361(NH), 3133, 2958, 2862,
1710(amide), 1660 (C=N}H NMR (300 MHz, CDCJ):
Boc” \Nlr 1.52 (s, 3H), 2.13 (s, 3H), 2.34 (s, 3H), 2.74-AB5 4H),

Boc 8.12 (d,J= 1.6 Hz, 2H), 8.16 (s, 1H), 10.48 (s, 2H), 11.54
(bs, 2H).**C NMR (75MHz, CDC}): 10.1, 15.7, 26.2, 28.1, 33.6, 79.6, 83.8, 11514.5,
128.7, 134.7, 137.9, 144.3, 153.3, 158.8, 163.2;(MIS70ev): m/z (%) [M]" 748.36 (68%),
348.15 (100%).
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General procedure for synthesis of 9a-c:

/
S
A0

N
R ~ Dry DCM, TFA (4:1)
=
Boc 0°C toRT, 2 h
\ NH NH
N=( HN=(
NH NH,

Boc”
A solution containing(E)-Tert-butyl (tert-butoxycarbonylamino) (3-(5-methyl-4-(2-(methylthio
ethyl) oxazol-2-yl) phenylamino) methylenecarban@&i€0.023 mmoljn DCM (1 ml),1mL of TFA
was added at 6C, and then stirred at RT for 1 h. The solvent wemoved under high
vacuum to generate the trifluoroacetate salt. $aiswas redissolved in 20 mL of an aqueous
solution of NaHC@ and washed with DCM (8 15 mL). The organic layer was washed with
water (2x 10 mL), followed by brine wash, dried over anhydrdieSO, and concentrated to

give the corresponding free guanidifa)(

1-(3-(5-Methyl-4-(2-(methylthio) ethyl) oxazol-2-y) phenyl) guanidine (9a):
) Color less semi solidR = 0.3 (5% MeOH-CKCL); Yield
Q (85%); IR (cm'): 3340(NH), 3178, 2963, 2854, 1680 (C=NH
\N\ NMR (300 MHz, CDC)) 6 2.15 (s, 3H), 2.33 (s, 3H), 2.74 -2.84
(m, 4H), 2.86- 3.40(bs, 4H), 6.98 (@@= 8.0 Hz, 1H ), 7.33 (1
HoN_NH = 8.0 Hz, 1H), 7.56 (s, 1H),7.61 (d= 8.0 Hz, 1H);°C NMR
\,[\II/H | (75 MHz, CDC}) 6 8.6, 14.3, 29.3, 33.1, 122.2, 124.4, 126.6,
128.7, 130.4, 134.5, 135.7, 145.7, 156.6, 158.6;(KIS70ev): m/z (%) [M]" 291.3 (100%).
HRMS [M] * Calcd. for GsH1gN4OS 291.3228; Found: 291.3216.

1-(4-chloro-3-(5-methyl-4-(2-(methylthio)ethyl)oxapl-2-yl)phenyl)guanidine (9b):

7 The title compound was synthesized as colorless sehd in

| @ 80% vyield according to the general procedure asritbes
S above for9a; R = 0.3 (5% MeOH-CKCl,); Yield (74%); IR

N
(cmY): 3420(NH), 3178, 2978, 2921, 2834, 1690 (C=RY;
HZN\H/NH NMR (300 MHz, CDCY) § 2.18 (s, 3H), 2.38 (s, 3H), 2.71 -2.89
NH (m, 4H), 7.10-7.30 (m, 2H ), 7.52 (dz= 8.0 Hz, 1H), 7.78 (s,
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1H), 10.00 (s, 1H), 10.29 (bs, 2H}*C NMR (75 MHz, CDCJ) § 10.2, 15.5, 29.7, 33.4,
126.7, 127.2, 128.2, 131.7, 132.9, 133.2, 146.8,443MS (EI, 70ev):m/z (%) [M]" 291.3
(100%). MS (El, 70ev): miz (%) [M]" 324.3 (100%). HRMS [M]* Calcd. for
C14H17CINJOS 324.3134; Found: 324.3146.

1,1’-(5-(5-methyl-4-(2-(methylthio)ethyl) oxazol-2yl)-1,3-phenylene)diguanidine (9c):

( /)| The title compound was synthesized as white cobtid sn

HN\\I/NHZ @ 80% vyield according to the general procedure asritesl

HN Y above for9a; mp 308-311 °CR; = 0.3 (15% MeOH-CbLCly);
Yield (80%); IR (cnt): 3390 (NH), 3156, 2985, 2911, 2865,

HoN<_NH 1676 (C=N); *H NMR (300 MHz, CRQOD) § 2.06 (s, 3H),

\,LrH 2.33 (s, 3H), 2.74-2.77 (m, 4H), 7.24 (s, 1H), 7(§92H);C

NMR (75MHz, CQyOD) 6 10.1, 15.5, 26.6, 34.4, 121.7, 124.0, 131.8, 13638.7, 147.6,
158.1, 158.9; MS (El, 70ev)m/z (%) [M]" 348.1 (100%) %) HRMS [M] Calcd. for
C15H22N7OS 348.1607; Found: 348.1612.

N-(4-chloro-3-(5-methyl-4-(2-(methylthio)ethyl)oxazé 2-yl)phenyl)acetamide (10):

/ /

IS S
CH,COCI, Gl N\
Cl O =~

DCM, TEA N

N P ——
0°%CtoRT 2hr

NH, HNW/

o

Acetyl chloride (1.2 mmol) was added to a mixtufré-ahloro-3-(5-methyl-4-(2-(methylthio)
ethyl)oxazol-2-yl) aniline §b) (1 mmol), triethylamine (2.4 mmol) in dry dichtomethane
(10 mL) at O °C. The reaction mixture was stirred 2 hr followed by drop wise addition of
2N HCI. The residue was dissolved in dichloromeéhé0 mL), washed with water (2 x 250
mL), brine (1 x 100 mL), dried over MNaQ,, filtered and the solvent evaporated. The residue
was purified by flash chromatography (n-hexane/ atieghte 4:1) to afford the desired
product(10) as yellow colour semi solid in 90% vyield; = 0.42 (30% EtOAc-n-Hexane); IR
(cm™): 3345, 3066, 2966, 2866, 1685 (C=0 of amide),0134 NMR (300 MHz, CDCJ) &
1.88 (s, 3H), 2.15 (s, 3H), 2.50 (s, 3H), 2.8782A®, 4H), 7.12 (dJ)= 8.1 Hz, 1H), 7.64 (dd,
J'= 8.1 Hz,J*= 2.8 Hz, 2H, 7.82 (s, 1H), 9.86 (bs, 1H)*C NMR (75MHz, CDCI3) 10.3,
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15.6, 23.6, 29.6, 33.6, 119.8, 127.6, 131.8, 13134,9, 138.0, 145.3, 156.1, 169.6; MS (EI,
70ev):m/z (%) [M] 323.15 (100%).

N-(4-chloro-3-(5-methyl-4-(2-(methyl thio)ethyl)oxapl-2-yl)phenyl)benzamide (11):

/
cl o@ The title compound was synthesized as colourlessi solid in
SN 86% vyield according to the procedure as descritimxe for 10 (
instead of acetyl chloride benzoyl chloride wasetgk Ry = 0.42
HNp (10% EtOAc-n-Hexane); IR (cM): 3195, 3052, 2965, 2875, 1679
0 (C=0 of amide), 1314;*H NMR (300 MHz, CDC}) § 2.16 (s, 3H),

2.48 (s, 3H), 2.96-3.08 (m, 4H), 7.36 (& 8.2 Hz, 1H), 7.47-7.52 (m, 2H), 7.63-7.74 (m,
2H), 8.06 (d,J= 7.2 Hz, 1H),8.85 (bs, 1H)}*C NMR (75MHz, CDCI3) 11.2, 15.1, 29.8,
33.8, 121.1, 125.1, 126.9, 127.9, 128.6, 130.7,01.3236.9, 138.8, 158.6, 166.6; MS (ElI,
70ev):m/z (%) [M]" 385.27 (100%).

N-(4-chloro-3-(5-methyl-4-(2-(methylthio)ethyl)oxazé 2-yl)phenyl)methane sulfonamide
(12):

/ /
CH.SO,CI cl \\
N 3 2%h
¢! Op DCM, DMAP, SN
N
TEA, 0°C to RT
3hr HN. 2
NH2 /77N
o)

Methane sulfonyl chloride (1.2 mmol) was added tmiature of 4-chloro-3-(5-methyl-4-(2-
(methylthio) ethyl) oxazol-2-yl) anilinesp) (1 mmol), triethylamine (2.4 mmol) and DMAP
(0.1 mmol) in dry dichloromethane (10 mL) at O “@e reaction mixture was stirred for 3 hr
followed by drop wise addition of 2N HCI. The ras@dwas dissolved in dichloromethane (50
mL), washed with water (2 x 150 mL), brine (1 xrBQ), dried over NgSQ,, filtered and the
solvent evaporated. The residue was purified by ftasbmatography (n-hexane/ ethylacetate
3.5:1.5) to afford the desired prodyt®) as brown colour semi solid in 90% yiek;= 0.30
(30% EtOAc-n-Hexane); IR (cth: 3290, 3050, 2985, 2865, 1680 (C=0 of amide),613H
NMR (300 MHz, CDC}) & 2.25 (s, 3H), 2.35 (s, 3H), 2.75 (s, 3H), 2.8723(M, 4H), 5.96
(bs, 1H), 6.85 (dJ= 8.4 Hz,1H), 7.13 (dJ= 8.6 Hz,1H), 7.40-7.46 (m, JHC NMR
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(75MHz, CDCI3)$ 11.5, 15.6, 28.6, 36.6, 39.3, 115.5, 121.1, 1253M.4, 136.7, 138.6,
144.5, 158.6; MS (El, 70evin/z (%) [M]" 360.97 (100%).

N-(4-chloro-3-(5-methyl-4-(2-(methylthio)ethyl)oxazé 2-yl)phenyl)-4-methylbenzene
sulphonamide (13):

7 The title compound was synthesized as yellow colour

| o@ semi solid in 86% yield according to the procedase
described above fofl2 ( instead of methane sulfonyl

N
chloride 4-toluene sulfonyl chloride was takeR);= 0.6
Oy _NH (10% EtOAc-n-Hexane); IR (cth: 3210, 3010, 2965,
/©/ o 2875, 1690 (C=0 of amide), 131% NMR (300 MHz,

CDCl) § 2.20 (s, 3H), 2.32 (s, 3H), 2.41(s, 3H), 2.85-2.96
(m, 4H), 6.15 (bs, 1H), 6.91 (d= 8.4 Hz, 1H), 6.98 (dJ= 7.2 Hz, 1H), 7.21-7.26 (m, 1H),
7.41 (d,J= 8.2 Hz, 2H), 7.62 (dJ= 8.2 Hz, 1H).2*C NMR (75MHz, CDCI3)5 10.3, 15.6,
20.9, 25.9, 35.9,110.5, 121.7, 124.5, 128.7, 13180,9, 136.2, 136.9, 139.9, 157.7; MS (EI,
70ev):m/z (%) [M]" 437.23 (100%).

4-chloro-N,N-dimethyl-3-(5-methyl-4-(2-(methylthio)ethyl)oxazol2-yl)aniline (14):

/ /
S S
o o )
o) K2C03, dry DMF, ~
— N

N

CHjal, 0 °C to RT
12 hr N
NH,

Methyl iodide (6.0 mmol) was added to a mixturedethloro-3-(5-methyl-4-(2-(methylthio)
ethyl) oxazol-2-yl) aniline@b) (1 mmol), anhydrous #C0Os; (6.0 mmol) in dry dimethyl form
amide (10 mL) at 0 °C. The reaction mixture wasredti for 12 hr followed by drop wise
addition of 1N HCI at 0 °C. The residue was disedlvin dichloromethane (2 x 50 mL),
washed with water (2 x 150 mL), brine (1 x 50 mdjied over NaSQO,, filtered and the
solvent evaporated. The residue was purified by fthsbmatography (n-hexane/ ethylacetate
3:2) to afford the desired produi4) as brown colour semi solid in 65% vyield = 0.20
(40% EtOAc-n-Hexane); IR (cM): 3050, 2972, 2872, 1630, 12984 NMR (300 MHz,
CDCly) 6 2.14 (s, 3H), 2.45 (s, 3H), 3.05-3.16 (m, 4H),53(5, 6H), 6.82 (dJ= 8.4 Hz, 1H),
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6.96 (d,J= 7.8 Hz, 1H),7.15 (m,1H).**C NMR (75MHz, CDCI3)5 10.3, 15.6, 26.0, 31.8,
45.9, 111.7, 117.5, 124.5, 125.2, 128.7, 136.9,314B48.2, 155.6; MS (EIl, 70ewn/z (%)
[M]*311.17 (100%).

4.6.3 Pharmacology

4.6.3.1 Evaluation of cell viability

The MTT assay was used for evaluating the effechefcompounds on cell viability. RPMI
medium supplemented with 10% FBS and antibiotics wsed to culture HeLa and MDA-
MB-231 cells. MTT dye prepared in 1X PBS was usaddell viability assays. HelLa and
MDA-MB-231 cells in monolayer were trypsinised athé cell count was adjusted to 3%10
cells/ml using medium containing 10% fetal calf ser Cells were pre-incubated at a
concentration of 1xT0cells/ml in culture medium for 3h at 37°C and 6.68%2. Cells were
then seeded at a concentration of 5xd@lls/well in 100ul culture medium and the plates
incubated at 37 °C in 5% GGncubator for 24 h. After 24h, 10@ of previously diluted
compounds of different concentrations of test conmois in media were added and incubated
at 37 °C in 5% Cofor 72h and cells were periodically checked famgrarity, shrinkage and
swelling. After 72h, 10ml of MTT dye was added #&xle well. The plates were gently shaken
and incubated for 4h at 3T in 5% CQ. The supernatant was removed and gDof 1:1
DMSO: Ethanol was added and the plates were gesfithken to solubilize the formed
formazan. The absorbance was measured using aplitgaeader at a wavelength of 550
nm.

4.6.3.2 Evaluation ofin vitro LSD1 activity

The effect of the compounds was evaluated iniranitro LSD1 enzyme assay. The
compounds were dissolved in 100% DMSO to a stodceotration of 10mM and used in the
assay as per the manufacturer’s instructions (Cay8tamical Company, LSD1 screening
kit Catalog # 700120). Briefly, the assay is basedhe generation of the product Resorufin
by the enzyme Horse radish peroxidase in the pecesen hydrogen peroxide, which is
produced by the demethylation of a methylated histd3K4 peptide by LSD1. The amount
of Resorufin generated is measured spectrophotaalgtrat 595/60 nm and is an indicator
of LSD1 activity.

The assay was performed in a 96-well plate formtt teiplicates of all samples. Absorbance
values were normalized to background (lacking tifesgate peptide) and % initial activity

was calculated using the formula 100-[(I-S)/S)*1,0@here | was the absorbance of the Initial
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activity samples (without inhibition) and S was thbsorbance of the test samples (with

various compounds).

4.6.3.3 Evaluation ofin vivo apoptosis and toxicity using zebrafish embryd$

All procedures using zebrafish were in accordanitk @thical guidelines for animal use and
followed those published by the NIH. An indigenoutid type adult zebrafish strain from
India was used for this study (obtained from VikrAguaculture, Mumbai, India). They were
maintained in a recirculation system using purifieldX System (Millipore, Billerica, US)
grade water containing 200mg/l sea salt al@8&inder a 14:10 h light and dark cycle. Fish
were fed three times daily with a combination @sfily hatched live brine shrimp and dry
food. Males and females were kept in separate tamkeur days before they were allowed to
spawn. On day five, 300-400 embryos were obtaineddiural mating of both adult sexes
(3:2 female and male ratios) in a breeding tankgseEmbryos were collected and raised in
60 mm Petri dishes containing E3 medium (5 mM N&ay mM KCI, 0.33 mM CacCl2, and
0.33 mM MgSQ) for 24h. Compound stocks were diluted in E3 medito obtain final
concentrations of 1M in 0.1% DMSO. Zebrafish embryos at 24h post liegtion were
dechorionated with 500pug/ml Pronase K for 10 miau&x embryos per well were placed in
24-well plates containing E3 medium and compounltied to a final concentration of 10uM
(in 0.1% DMSO). The embryos were grown in the pmeseof the compounds for 24h, 48h
and 72h. Control embryos were incubated in 0.1% DMBpoptosis was assessed at the
respective time points using acridine orange stginBriefly, embryos were washed twice
with 1X PBS (phosphate buffer saline) for 5min eafclowed by incubation in acridine
orange solution (5pg/ml in E3 medium) for 1h atmotemperature. Embryos were then
washed with 1X PBS three times for 5min each asdalized under an upright fluorescence
microscope (Zeiss Axioscope) at an excitation wawvgih of 502nm and an emission
wavelength of 525nm. Acridine orange is a fluoresakye that binds to DNA and exhibits
increased fluorescence in fragmented nuclei, arfaek of apoptosi§ . Embryos were also
observed using visible light microscopy at regulatervals after compound treatment to
document general toxicity-related effects suchesbpmental delays, deformations, edema
and death.
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4.6.4Molecular Modeling Studies

4.6.4.1 Docking method

We carried out Molecular modeling (Docking analysnl Molecular dynamics sirlations)
studies to reveals the binding mode and ligand ptececomplex stability. The dockir
studies of most potent molecules were performedigushe Schrodinger software su
(Maestro, version 9.2, Schrodinger, LLC: New Yoiky 2012). The compoundwere
sketched in 3D format using build panel and werepared for docking using ligpre
application. The Protein (PDB ID: 223 * for docking study was retrieved from protein d
bank (PDB). The protein was prepared by givingiprielary treatment likeadding hydrogen,
adding missing residues, refining the loop withmmiand finally minimized by using OPIL
2005 force field. Grids for molecular docking wegenerated with bound -crystallized
ligand. Compounds were docked using Glide (Glidesioa 5.7 Schrodinger, LLC: Nev

York, NY 2012) in extrgarecision mode, with up to three poses saved pézaule

4.6.42 Molecular Dynamics Simulations Protocols

Molecular dynamics (MD) simulations Qa at the binding site of protein were perforn
using theDesmond package incorporated in the Mae*. The system was built by applyil
OPLS-AA force field in an explicit solvent with the silggpoint charges (SPC) water mo
(OPLSAA/SPC). The initial coordinates for the MD caldibms were taken from tr
docking experiments. The SPC water molecules weare #uded and system was neutrali
by adding Na+ countdon to balance the net charges of the system. Alfieiconstruction c
the solvent environment, the complex system wasposed of approximately 126117 ator
Before equilibration and long production MD simigats, the systems were minimized ¢

pre-gquilibrated using the default relaxation routingolemented in Desmor
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RMSD Backbone Unnamed (Angstror

Teme (ps)

Figure 16: Time dependence of the total enerA) and protein backbone RMSIB) relative

to the initial minimised complex Qaduring MD simulations.

The MD simulations wereun for 5 ns and during the MD simulations, the amns of
motion were integrated with a 2 fs time step in T ensemble. The SHAKE algorith
was applied to all hydrogen atoms; the van der ¥&4DW) cutoff was set to 9 °. The
temperature was mainteed at 300 K, employing the N-—Hoover thermostat method witt
relaxation time of 1ps. The trajectory recordintgimal was kept for every 10 ps during en
MD runs.
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5. Design, synthesis & phar macological evolution of isovanillin
derived | soxazolidines as potential vanilloid receptors

5.1 Introduction:

5.1.1 Importance for Noval Scaffoldsto Treat Pain:

International Association for the Study of PaiA$P) define pain as unpleasant
sensory and emotional experience associated withalaor potential tissue damage. It has
been observ as a major symptom in many diseasaticosgd which can lead to significant
changes in a patient’s lifestyle, functional abilénd overall quality of life. Based on the
nature of impact on body, pain has been classifitdl two types acute pain that stops
without a major treatment pain that is no longarstdered a symptom but an illness by itself
termed as chronic pain (Figure 1), latter is a magalth problem for both individuals and
society. Nociception (sensation of pain) can beilegd by a number of chemical (e.g. low
pH) or physical stimuli (e.g. mechanical, thermixt have the potential to damage tissue.
The receptors (sensory neurons) which can detettresponse to these harmful stimuli
above a set of threshold are known as “nocicept@tsb called pain receptors) which are
found in many areas of the body like skin, cormaacosa, muscle, joint, bladder, gut and
along the digestive track that can sense pain reigixéernally or internally. As soon as
nociceptor stimulated it will transmits a signabragj the spinal cord, to the brain thereby

triggering a variety of autonomic responses folldveg pain.

|

Acute pain

- <1 month
- Usually tissue damage

- Increased nervous system activity
- Pain resolves upon heating
- Serves a protective function

Chronic pain

- > 3-6 months

- Pain beyond expected period of
healing

- No protective function

- Degrades health and function

Nociceptive pain

- Caused by mechanical, thermal or
chemical stimuli resulting in injury
to body tissues

- Warns against injury

- Subsides over time

Acute pain

- Caused by damaging the sensory
nerves of the peripheral and central

nervous system
- May be treated with NSAIDs but with
limited successs

Figure 1: Classification of pain
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There is often no satisfactory treatment for cheopain whereas neuropathic pain, in
particular, poorly standard therapies such as NSAtpioids, and tricyclic antidepressants,
which reduce approximately 30-50% pain in about 5@ffatients, along with producing

undesired side effects such as dizziness and semo®lin some patients. Thus, there

remains a great medical need for new medicines#d pain.

Neuropathic pain affecting 26 million patients Wievide resulting healthcare cost
over $ 3 billion per year. While little is known @it the proteins that detect noxious stimuli
(especially those of a physical nature), vanili@deptor, an excitatory ion channel expressed
by nociceptors, has been identified as moleculagetafor thedevelopment of recent

therapies to treat pain.

5.1.2 The Transient Receptor Potential (TRP) Super family:

The vanilloid receptor subtype 1 (VR1) or transiegteptor potential vanilloid 1 (TRPV1,
also as cation channel on C-fiber sensory neutoaisstimulate many organs, including the
skin, bladder and gut), can found in the peripharal central nervous system. TRPV1 not
only involved in the transmission and modulationpain, but also act as the integration of

diverse painful stimuli.

Y

Y y Y y l Y

TRPV1 I TRPVZI TRPV3I TRPV4I Tva5I TRPV6 I

N J
g

Heigh activated receptors & non selective for Heigh Cd?, Na? selectivity & low

cations Ca*2, Na*2 also temparature sensitivity

Figure 2: Classification of transient receptor potential P)Ruper family

The TRPV1 is a member of the transient receptoeng@t! (TRP) super family, a group of
ion channels currently containing >30 members wiagh widely expressed in mammalian
tissues and playing a vital role in sensory proes<sBased on sequences homology and

functional behaviour the TRP family believed to siitute six different subfamilies: C
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(canonical or classical), M (melastatin-relatedPRD type), ML (mu-colipin), A (ankyrin)
and V (vanilloid)?b It is important to notice that this classificatimnot based on activating
stimuli because both V and M subfamilies have memlibat respond to temperature.
TRPV1 was the first and best characterized memibeth® transient receptor potential
vanilloid receptor, while the physiological funat® of most of these channels were
unrevealed. This receptor is a nonspecific catltamael which can be activated by a variety
of exogenous and endogenous physical and chentioallis Exogenous stimuli are protons
(pH 5, chemical stimuli), heat (> 42 °C, physidainsili), where as endogeneous substances,
such as endocannabinoid anadamide, lipoxygenaseéhidonic acid metabolites etc. can

stimulate it.

Inflammation
Infury

Heat /-I:r:;;::’# \ \
+ E‘1 Bradykinin

\ Prostaglandins

Protein
kinase(s)

Figure 3: TRPV1 is an integer of inflammatory pain path ways. The figure shows a schematic of TRPV1 and its
activators. It is directly activated by a multiptic of stimuli including vanilloids, such as capsai low pH, elevated
temperature and arachidonic acid metabolites sscanandamide. It can also indirectly activate bgstaglandin and
bradykinin receptors via protein kinase activitylldd circles represents amino acids required T&RPV1 activation, red
circles corresponds to residues important for dajpsactivation, green circles for low pH and bkiecles for protein kinase

phosphorylation sites.

Activation of TRPV1 can also be achieved by somwnaé ligands such as capsaicin (the
pungent principle of chili peppers) and other Mardks (a group of compounds, structurally
related to capsaicin) and resiniferatoxin (RTX, extreme irritant and natural diterpene
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isolated from the sap of Euphorbia resinifera) aedce, it has been classified as a ligand-

gated ion channél®

5.1.2.1 Physiological functions of TRPV1:

As soon as the TRPV1 stimulated, it results inuxfdbf calcium in to cells and also releases
calcium from the endoplasmic reticulum to a lessetent. Due to high permeability of
calcium, the extracellular calcium (and also sodiuenters through the channel pore,
resulting in depolarization of cell membrane. Timsreases excitation of primary sensory
neurons, leading to action of potential firing @arhsmission of a noxious nerve impulse to
the spinal cord, thereby increase the perceptigraif* ° Besides this the process can lead to
release of a short chain poly peptide P that fonstias a neurotransmitter and as a neuro
modulator and CGRP, resulting to enhanced periphsgasitization of tissue. It also
observed that TRPV1 can following inflammation amaive damage which directly confirms
TRPV1 as a key regulator of pain respohsddence, a clinically effective therapeutic
method to treat pain can b blockade of the TRPV1 thereby inhibiting the trarssion of
painful signals from periphery to the CNS.

5.1.2.2 TRPV1 Agonists:

A chemical substrate or scaffold which can bindsame receptor of a cell and triggers a
response by that cell known as Agonists. In geragahists mimic the action of a naturally
occurring substance. The vanilloid receptors wermed after the presence of vanillyl (i.e. 4-
hydroxy-3-methoxybenzyl) moiety in capsaicirl) (& resiniferatoxin 2), which is
responsible for the interactions with the recefsee Figure 4).

resinfer . Pl ”
( ———

atoxin)

\ (i.e. 4-hydroxy-3-methoxy benzyl) J

Vanillyl

~

Vanilloids

Figure4: TRPV1 agonists with vanillyl moiety
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Pz 0 NH,

OMe H
But 0
J/NH ;@\/\/H \Ej\/H H\/@
N e OMe
HO
(@] O

3 (anandamide) 4 5
Figure5: TRPV1 agonists with lack of vanillyl moiety

However, there several reports of vanilloid receptgonists which lacked any recognizable
vanillyl moiety e.g. 8-5). Nevertheless, compour2dshowed binding potency (Ki = 0.13 nM
in CHO/VR1) approximately 4 orders of magnitudeagee than that of (Ki = 1,700 nM in
CHO/VR1). Vanilloid agonist such ds has an analgesic effect, due to the rapid calcium
influx leads to stimulation of the sensory neuramsl release of neurotransmitter such as
substance P. Upon continued stimulation, the neansinitters undergo depletion leads to
selective damage of the nerves and, thereby, dégengsthem toward further stimulations.
There by TRPV1 receptors become less sensitivalisesjuent application of painful stimuli
including noxious stimuli such as heat and acitbaadditional agonist challenges. Therefore
repeated exposure to large amounts of capsaicuttsda insensitivity to further activation
by this agent. BothL and 2 have been used to treat the pain associated wihetic
neuropathy and arthritfWhile a number of agonists e4jand5 (see Figure 5) along with
progressed into clinical trials, these agonistsewlanited due to side effects of a burning
sensation, irritation and neurotoxicityl.o avoid this persisting side effect found in TRPV1
agonists, the focus of drug discovery research shafied towards the development of
competitive antagonists which can be obtained tjmoblockade of the pain-signalling

pathway.

5.1.2.3 TRPV1 Antagonists:

Antagonist is defined as an inverse agonist caaseaction opposite to that of the agonist.
Capsazepine 6] was the first antagonist of TRPV1 and was disoededuring the
investigation of structure activity relationshipa#psaicin 1), in order to predict the effect of

conformational constraint on lipophilic C-regioreésFigure 4)It hasblocked the capsaicin-
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induced uptake of G&n neonatal rat dorsal root ganglion (DRG) witheparted 1C50=

0.420 (x0.046) uM. And also has shown anti-hypeasilg effects not only against capsaicin
challenge but also against other inflammatory sliimmalicating that analgesic effects were
common to both TRPV1 agonists and antagorist©ther classes of TRPV1 antagonists
structurally unrelated to the exogenous agonissaiam have been discovered during the

past few years, some of them are listed in figute 6
NHAC

H° éﬁa S

6 (capsazepine)

Figure 6: Few examples ofRPV1 antagonists

5.2 Resear ch objective:

In view of the therapeutic value of such vaniliids a part of our drug discovery
program we were interested in generation of novelepular scaffolds from vanilloid
precursors. In this context, Isoxazolidinds Fig. 7) are important heterocyctésommonly
found in a diverse array of bioactive natural prtdu(e.g. cycloserin, acivicine). They are
also valuable intermediates in organic synthEs@@ompounds such as capsaicin, the main
capsaicinoid in chili peppers containing a vaniltybiety 8, Fig. 7) on the other hand have
attracted considerable interest as they target TIR@¥nsient receptor potential vanilloid 1),
a molecular integrator for a broad variety of seegtyi unrelated noxious stimuif. This and
our longstanding interest on bioactive fused hetgies prompted us to design novel
molecular scaffolds by combining the isovanillyl iety and isoxazolidine ring in a single
frameworkC (Fig. 1). We anticipated that isovanilloid basedytlic drug-like molecules
derived fromC might show pharmacological properties similar &pgaicin as well as

vanilloid receptors.

VW .N‘N .
| Isoxazolidine \ Isovanillyl
N P, moiety N moiety
0 s S &
o OMe OMe
A v ¢ OH B OH

Figure 7: Design ofC by combiningA andB
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While several methods have been reported for yhéhesis of isoxazolidines, the dipolar
cycloaddition of nitrile oxides/hydroxylamines tadlya dipolarophiles appears to be
attractive®® The intramolecular version of 1,-3-dipolar cycldiibns of hydroxylamines to
simple allylic or N/O-allylic dipolarophiles hassal been reportelf. For example benzo
analogues of tricyclic isoxazolidines have beerpared by using this strategy#{Scheme
1). While all these methods were not preciselyatlié for our purpose these findings
however provided a valuable lead to develop aesjraally related but unique approachGo
(Scheme 1).

Previous work.

Ph
//
CHO PhCH,NHOH N,
5 o}
CgH,OMe-m
OMe CgH,OMe-m 0|v| ee 4
Y Weinreb et al, 2006

X CHO R3NHOH =
// \//

Zhong et al, 2010

Present work )
CHO  ArNHOH
x> Z
MeO MeO
OTBS OTBS
Ar = Ph, CgHsMe-p, C¢H4CN-p, CgH4CN-0, CgH4,NHSO,Me-m
Z = H, CO,Et

Scheme 1. Synthesis of benzo analogues of tricyclic isakdme

Herein we report the intramolecular 1-3-dipolar logddition of isovanillin derived\-
substituted hydroxylamines possessing allylic dipmbhiles at the-position. In extension of
this approach the correspondinil-unsubstituted hydroxyl amines give rise to
tetrahydroisoquinolines. Further synthetic applwa and pharmacological properties of

some of these compounds synthesized are presented.
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5.3 Results and Discussion:

5.3.1 Chemistry

As a starting point th@-allyl isovanillin 9a was prepared by sequenti@tallylation of
isovanillin followed by Claisen rearrangeméhtin an experiment designed to synthesize
isoxazolidines by 1,3 dipolar cycloaddition of tinérones obtained from unsubstituted
hydroxylamine hydrochloride on allylic dipolarophiln the adjacent position, we observed
the formation of tetrahydroisoquinoliri& as the only product in 88% vyield. We visualized
this possibility through the formation of nitron&l by an apparently favourable
intramolecular aza-Michael addition over the expddB8+2] cycloaddition. The formation of
11 was further supported by the generation of twdoiegmersl2a and 12b obtained as
major productsvia intermolecular [3+2] cycloaddition with ethyl atate. There was no
noticeable change in conversions in the presenceaddiitives like sodium acetate or

triethylamine or higher temperatures (Scheme 2).

0
! l NH,OH-HCI, EtOH Sy
- o 2 ) 1
(i) Et;NPh, 180 °C « 7z  additive, rt/80°C .7
H ) HsCO 88% HyCO
3CO (ii) TBDMSCI, TEA, OTBS 9 OTBS
O~ DryDCM,0°C,
b 9a z=H L Z=H, COOEt _|
9b, Z= COOEt
10
S
DO NH
N Zn/AcOH
MeO t, 60% MeO
OTBS OTBS
» Z= COOEt 13
_ ,COOEt|
EtOH, 80 °C
80% z,

MeO

12a, 50% 12b, 20%

Scheme 2. Formation of tetrahydroisoquinolingsa intramolecular aza-michael addition on
allyl carboxylate
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However when the same reaction conditions wereiegpgb phenyl hydroxylamine, we
observed intramolecular cyclization to form isodatines with both simple and activated
allyl dipolarophiles (Scheme 3; entry 1, Table de $ootnote). We were pleased to find that
stirring an equimolar mixture of phenyl hydroxylamaiand aldehyd® in the presence of
magnesium sulphate in ethanol under reflux conditiafforded a 1:2 mixture of the two
regioisomersl6 and17 each one in racemic forma an apparent formation of nitrone. The
structure of one of the isomet6a was unequivocally characterized by single crystabX
diffraction studies (See supporting information).

S)
Ar®.0 Ar,
aryl |N N- Ar
CHO hydroxylamine (14), N C o N 7
MgSO,, EtOH @e ;7 &
e 7
H,CO N2 80°C H;CO x HsCO HsCO
OTBS 90% OR OTBS OTBS
0 15¢ 16 17
9a, Z=H
9b, Z= COOEt QCN
NH
“COOEt
H,CO OH
oTBs 18

Scheme 3. Intramolecular 1,3-dipolar cyclo additions on sisphd activated allyl
dipolaraphiles

We then focused our attention to the influenceletteonic factors of the phenyl ring. For
this, a range of substituted phenyl hydroxyl amimeth electron-donating and electron-
withdrawing groups were synthesiZé@nd were applied under similar reaction conditions
The observations demonstrated that there is agielglinfluence of electronic factors on the

favorability of cycloaddition (Table 1).
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Table 1. Influence of electronic factors of the aryl sulhsditt on reaction mechanism

Entry14; Ar = 9 Z Products Yield® (%)
1 14a; Ph 9a; H 16a:17a (1:2)° 96
2 14b; 4-MeGsH,4 9a; H 16b:17b (1:2f 100
3 14c; 4-NCGH4 9a; H 16¢:17¢ (1:2) 94
4 14d; 3-(MeSQNH)CeH, 9a; H 16d:17d (1:2) 95
5 14e; 2-NCGHg4 9a; H 15e 88
6 l4a 9b; COEt  16f 78
7 1lde 9b; CO,Et 18 58

a) At 80 °C, the ratios dif6a: 17a, 16b: 17b, 16¢: 17c and16d:17d were 1: 2 where as at 130 °C, the ratios6af 17a,
16b: 17b, 16¢: 17c and16d:17d were 2:1 b). Regioisomer$§, 17) cannot be separable without TBS protection on
column chromatography

The reaction well accommodated both electron wéiving and electron releasing
substituent on N-phenyl moiety. The presence ohgiend cyano groups para position of
N-phenyl substituent led to the formation of iscdaines 16b and 16¢ respectively with
simple allyl dipolarophiles (entries 2 and 3, Talile An electron withdrawing group -
NHSO,CHgs in meta-position had no significant effect on the yielésitfy 4). The presence
of cyano substituent irortho-position did not afford isoxazolidine with simplallyl
dipolarophile and nitron&5e was recovered. While the reason for this obseymatras not
clear an intramolecular interaction between thé-ONmoiety and —CN group could prevent
the reaction to proceed further. However, the presef ethyl carboxylate was sufficient to
make the reaction facile and affordsf as a major product. The oxime not only cycliset bu
also underwent further cleavage to afford the epoading amino alcohdl8 in 58% vyield,

in a single pot (entry 4). In all the cases, theamolecular 1, 3-dipolar cycloaddition of
nitrones and allylic dipolarophiles was observeteédacile and in many cases preceded with
remarkable acceleration. The favorability and origi the acceleration could be attributed to
proximity of the functionalities within the cycliian precursor.
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16f Jpc=7.6 Hz
Joa=6.0Hz
no J,gcoupling

Figure 7. Endo approach of the C=C moiety to tBenitrone leading tal6f with trans-
relationship of H with Hg and K from NOESY spectrum.

The regiochemistry of all the four pairs of regmisers was deduced from NMR spectra. X-
ray diffraction analysis confirmed trees-fusion (Hs and H) of rings A and B inl6a (see
Figure 8). The proton KHcoupled with the vicinal protondtut no long range coupling with
the H; was observed in the NOESY spectrum thus confirniegrelativetrans-relationship

of Ha with Hg and K in 16f. An endo approach of the C=C moiety to Zheitrone aided by
the secondary orbital interactions between theomérnitrogenp orbitals and the —C=0

groug*® possibly favored the formation of this particuléestereomer (Figure 7).

The presence of electron withdrawing group in tivenfof ethyl carboxylate ester on the allyl
moiety of aldehyd® led to complete stereo selectivity to affdéf in quantitative yields.
The polycyclic lactam20 was also accessible from isoxazolidibéf on treatment with
Zn/acetic acid. Interestinglyl6f afforded an amino alcohd9 on treatment with Pd/C
(Scheme 3).

5% Pd/C

Zn/AcOH THF:H,0 H,, MeOH, /@j_\
R Rl :
H4CO H4CO “C00Et ¢ yco H COOEt
OTBS 60% OTBS 80%
16f ’ 19

Scheme 3. Exposing thd_atent functionalities of isoxazolidines

Finally we were inclined to create further moleculomplexity from the synthesized
isoxazole derived amino alcohols. Simple transtdiroms were carried out on each
regioisomer to construct viable highly functibp@d tricyclic scaffold containing
oxazepine core. The amino and hydroxyl appendagesamino alcohol2l obtained on

reductive cleavage df6a respectively was readily elaborated. Tjhamino alcohol21 on
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stirring with ethylboromoacetate in DMF in presenogé potassium carbonate afforded
oxazepine22 (Scheme 4).

E O
N~g 5% Pd/C, Hz, NH BrCH,COOEt N J\
MeOH, rt, _— o
—_— K2CO3/ DMF,
HsCO 6h,80%  ,co OH 100°C, 36h

5 H3CO
OTBS 0TBS 60%
16f 21

OTBS
22

Scheme 4. Synthesis oDxazepine containing tricyclic scaffold

Finally —OTBS in all the compounds was deprotectgdgtetra-butyl ammonium iodide
(TBAF) in presence of THF at® afforded the required compouri:36.

ORTEP diagrams:

While all the compounds synthesized were charagtérby spectral (NMR, IR, MS and
HRMS) data the molecular structure of one of theresentative compounds for example,
16a was confirmed unambiguously by single crystal X-d&fraction (Figure 8).

H : :\( 'OCHj

QTBS

Figure 8: ORTEP representation of théa (C,3H31:NOsSi). (Thermal ellipsoids are drawn at
50% probability level).
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5.3.2 Phar macology

EVALUATION OF TEST COMPOUNDSFOR CAPSAICIN LIKE ACTIVITY IN ZEBRAFISH M ODEL OF
ANXIETY

The compounds synthesised were inspired from Capsand hence were assessed to
evaluate their Capsaicin like activity (after rerabvof TBS protecting group, see
Experimental section). Capsaicin is known to sheowi@genic activity in various animal
models?® and therefore, was expected to show the samebirafish model of anxiety. We
used the adult zebrafish model of light/dark boxialy test to assess the activity This
method was used as it is simple and does not equiasive procedures or euthand$iaVe
first tested the hypothesis that Capsaicin adnmatisih results in anxiogenic behaviour in
adult zebrafish. Thereafter, test compounds westedein this model to identify the most

potent anxiogenic compounds.

Light/Dark Box Aquarium Normal Zebrafish Movement Anxiety Behaviour of Zebrafish
(With Adult Zebrafish) (Freely Across both Light & Dark Box) (Maximum Time in Dark Box)

Figure 9: The figure shows the evaluation of anxiety likénd&ours in the adult zebrafish using light/dark bo
paradigm. Normal fish move across freely in boghtiand dark environments, however, when anxioes th

movements and higher in the dark environment agpeoad to light.

Results:

Capsaicin when tested in the adult zebrafish madednxiety using the dark light box
paradigm showed clear anxiogenic behaviour, whi@s wvident from the fact that the
percentage time spent in light box was significaihdwer in the Capsaicin treated fish as
compared to control at 10 pg/kg dose and the evffast dose dependent (Figure 10 A). The
erratic movement (number and duration) were alssended and they increased in a dose
dependent manner in Capsaicin treated fish (FigreB & 10 C). This concludes that
Capsaicin shows anxiogenic effect in adult zebhatiat is similar to the effect seen in other
mammalian species. Screening of test compoundsimgle dose screening was performed
and screening suggested that compou2fl was the most potent anxiogenic compound
(Figure 11). Multi-dose evaluation of Compou2liconfirmed the anxiogenic activity as the
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fish administered with this compound showed sigalifit reduction in the percentage time

spent in the light as compared to control fish (iFégl0 A).

Figure 10: Multi-dose

A. Percentage time spentin light B. Duration of Erratic Movements
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The erratic movement (number and duration) were alserved and there is dose-dependent
increase in Compoun2B group (Figure 10 B & 10 C). This verifies that Qooand 23 has

anxiogenic activity which is an activity similar @apsaicin.

5.3.2.1 Video for anxiogenic activity of compound 23

This study was done by Swapna Yellanki, RaghaveNtatishetti, and Pushkar Kulkarni at
ZephaseTherapeutics, Dr Reddy’s Institute of Life Sciencémiversity of Hyderabad
Campus, and Hyderabad. Video was recorded for mixeogenic activity of compoun@3

(Video attached to this thesis as separate file).
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Figure 11: Screening of compounds for anxiolytic activityféet of compounds was
assessed at 10 mg/kg) in the light/dark box pamadmevaluate the parameter of percentage
time spent in light. Compoun2B was found have maximum effect in this study.

SCREENING OF TEST COMPOUNDS FOR ANXIOGENIC ACTIVITY

T
NI I

L L
O A S AR S L S G I G

% Time in light

Treatment

5.3.3 Molecular docking studies

Molecular docking studies were done by K. Lalithnikar at Institute of Life Sciences, India.
To understand the nature of interactions of thesdecnles with the TRPV1(Transient
receptor potential vanilloid 1) in silico dockintudies were performed with compouri

24 and 35 along with the known inhibitor of TRPV1 using 8ex-Dock (SFXC) programme
of Sybyl software.

Till date, the complete crystal structure of thensient receptor potential vanilloid subtypel
(TRPV1) is not reported. Therefore a TRPV1 homolagydel was developed and used for
this purpose. The docking results for capsaicinewer close relevance with the earlier
reported docking studies. As reported earlier tarillyl moiety of capsaicin occupied the
deep pocket surrounded by Tyr511, Tyr565, and L¥$57The hydrophobic tail region
occupied the upper hydrophobic pocket formed airiteeface of two monomefSigure 12.
Using the above docking parameters we performedoeking study of synthesized

compound®3, 24 and 35. The dock scores and their contributing factoesrapresented in
Table 2.
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Table 2: Surflex dock score of the compounds

Compound Total Score® Crash®  Polar® Strain® Total®
Capsaicin 5.9 -14 0 2.2 3.74
23 5.8 -0.7 1.1 0.28 5.6
24 5.0 -1.7 0.98 1.57 3.5
35 4.6 -1.8 1.1 1.6 3.0

®The total Surflex-Dock score

® The degree of inappropriate penetration by thanliin to protein.
¢ Contributions of polar interactions to the totabse

4 Normal ligand strain relative to the local minimum

® Ligands score corrected for strain energy
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Figure 12: a) Binding mode of capsaicin in rTRPV1 b) MOLCAD suwréeof rTRPV1 with solid and mesh type

representation of two monomers forming active agteupied by capsaicin.
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Figure 13: a) Binding mode 023 in rTRPV1 b) MOLCAD surface of rTRPV1 with solid dmesh type

representation of two monomers forming active aiteupied by23.
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Figure 14: a) Binding mode o224 in rTRPV1 b) MOLCAD surface of rTRPV1 with solid dmesh type
representation of two monomers forming active aiteupied by24.
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Figure 15: a) Binding mode of85in rTRPV1 b) MOLCAD surface of rTRPV1 with solid @mesh type

representation of two monomers forming active aiteupied by35.

As shown in Figure 12, the vanillyl moiety 28 has also occupied close to the binding site
where capsaicin vanillyl moiety interacts. The 4y phenyl substituent @B replaces the
lipophilic tail of capsaicin and occupies the uppgdrophobic pocket. Also, the nitrogen of
the cyano group makes hydrogen bond interactioh thi¢ side chain hydroxyl group of Thr
670 from the adjacent ‘C’ chain. Removal of thisuey group ir24 resulted slight decrease
in the dock score (Figure 14). Whereas, introducihigydrophobicity through ring extension

(from oxazole to oxazepine) in the compowadchas increased the dock score (Figure 15).

5.4 Summary:

In conclusion, we have demonstrated an intramcéecul,3-dipolar cycloaddition of
isovanillin derived nitrones to activated and imzatied allylic dipolarophiles. The reaction
was highly regioselective, afforded highly functdimed tricyclic isoxazolidines and
tolerated electronically different N-substituentsliw The utility of the reported methodology
was also demonstrated by exploiting the latent tianality of resulting isoxazolidines to
unique tricyclic system with an oxazepine cofée single crystal X-ray diffraction study

was used to confirm the molecular structure of @inte representative compounds
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unambiguously. To the best of our knowledge symshefthe class of designed compounds
was not known in the literature. Few of these conmpls were found to be interesting when
tested for anxiogenicity. Based amvivo (anxiogenic assay) studies indicated 2@&found

to be similar activity with capsaicin. Moreover, rogfforts to elucidate the biological
activities of all these vanilloid scaffolds contaig isoxazolidine, amino alcohol and

oxazepine core against the vanilloid receptorsiacerway.

5.5 Experimental Sections:

5.5.1 Chemistry - General methods

All reactions were carried out under an inert ajph@se with dry solvents, unless otherwise
stated. Reactions were monitored by thin layer iatography (TLC) on silica gel plates (60
F254), using UV light detection. Visualization thfe spots on TLC plates was achieved
either by UV light or by staining the plates ind2Di-Nitro Phenyl hydrazine stain, Ninhydrin
stain and charring on hot plate. Flash chromatdgrapas performed on silica gel (230-400
mesh) using distilled hexane, ethyl acetate, dicimhethaneH NMR, **C NMR, 1D NOE,
and 2D-NOE spectra were recorded in CPGoblution by using VARIAN 400 MHz
spectrometers. Chemical shifts are reported aalues relative to internal CDLd 7.26 or
TMS § 0.0 for '"H NMR and CDC} s 77.0 for'®*C NMR. 'H NMR data is furnished as
follows: chemical shift [multiplicity, coupling catant(s)J (Hz), relative integral] where
multiplicity is defined as: s (singlet), d (doublet (triplet), q (quartet), dd (doublet of
doublet), m (multiplet), bs (broad singlet). FTIBestra were recorded on Bruker (Alpha)
spectrometer. Mass spectra were recorded on MiassWG-7070H mass spectrometer for
ESI and are given in mass units (m/z). High resmtutnass spectra (HRMS) [ESI+] were

obtained using either a TOF or a double focusireggspmeter.

5.5.2 Synthesis

General procedurefor 1,3 dipolar Cyclo addition

To a solution of aldehyde (1 mmol) in ethanol (5)msubstituted phenyl hydroxyl amine (2
mmol), MgSQ (5 mmol) were added. The reaction mixture wasuxeftl for 3-5 h (for
inversion in the yields of regio isomers reacticeated at 130C for 12 h); ethanol was
removed under high vacuum followed by column chrmm@phy on silica gel yields the

products. The yields are observed af@0
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2-Allyl-3-(tert-butyldimethylsilyloxy)-4-methoxybenzaldehyde (9a):

To a solution of 2-allyl-3-hydroxy-4-methoxybenzelhgde (1.92 g,

0
| 10 mmo) and imidazole (1.36 g, 20 mmol) iMN,N-
x| dimethylformamide (6 mLjert-butyldimethylsilyl chloride (3 g, 20
H3CO
OTBS mmol) was added under;Nand the solution was stirred for

overnight. The resulting mixture was diluted withtigated NHCI solution and extracted
with CH,Cl,. The organiclayer was collected, washed with saturated aquemasum
bicarbonate solution and water, dried over,®@, filtered and concentrated under low
vacuum to give the desired product (2.99 g, 98%¥. ®R7 (1:9 EtOAc : Hex)*H NMR (400
MHz, CDCk) & 10.10 (s, 1H), 7.52 (dl = 14.6 Hz, 1H), 6.87 (dJ = 14.6 Hz, 1H), 6.10-
5.92 (m, 1H), 4.99 (d] = 10.2 Hz, 1H), 4.86 (d] = 17.2 Hz, 1H), 3.95 (s, 3H), 1.07 (s, 9H),
0.18 (s, 6H)*CNMR (100 MHz, CDCJ) 5191.3, 154.5, 143.1, 136.8, 133.1, 128.2, 126.1,
115.3, 108.9, 54.8, 28.6, 26.1 (3C), 18.9, -3Q)(2Mass (ES): m/z 307.05 (M+H, 100%).

(E)-Ethyl4-(2-(tert-butyldimethylsilyloxy)-6-for myl-3-methoxyphenyl)but-2-enoate (9b):

An oven dried round bottomed flask fitted with dloer

0
| o septum containing a stir bar was charged with @-8H
HaCO A OCH,CH (tert-butyldimethylsilyloxy)-4-methoxybenzaldehyde
OTBS (0.95 g, 3.10 mmol), ethyl acrylate (0.99 mL, 9.10

mmol), freshly distilled CKCI, (25 mL), Grubbs-2 catalyst (0.079 g, 9.4®@ol), and Cul
(0.011 g, 9.1Qumol) under an Bl atmosphere. The rubber septum was then repladtdawi
reflux condenser under an, Mtmosphere. The solution was then heateBO4C (oil bath
temperature) for 3h. After cooling to room temperat the reaction mixture was
concentrated under vacuum and the residue wasquuby using column chromatography on
silica gel (eluting with 30% EtOAc/Hexanes) to affdhe desired product as a colorless oil
(1.0 g, 86%); R= 0.3 (1:9 EtOAc: Hex); IR (cH): 3010, 2957, 2858, 2720 (CH aldehyde),
1720 (CO aldehyde), 1700 (CO ester), 1600, 1247NMR (400 MHz, CDC}) 59.93 (s,
1H), 7.45 (dJ = 8.5 Hz, 1H), 7.15-7.05 (td,= 15.7, 5.8 Hz, 1H), 6.90 (d,= 8.5 Hz, 1H),
5.59 (d,J = 15.6 Hz, 1H), 4.12 (q] = 7.2 Hz, 3H), 4.09-4.01 (m, 2H), 3.90 (s, 3H), 1(26

= 7.2 Hz, 4H), 1.03 (s, 9H), 0.20 (s, 6H5C NMR (100 MHz, CDG)) 5 191.3, 166.5, 154.5,
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147.0, 143.6, 130.4, 128.6, 128.1, 121.6, 109.2),68.9, 27.6, 26.0 (3C), 18.9, 14.2, -3.7
(2C); Mass (ES): m/z 379.15 (M+H, 100%).

(E)-2-allyl-3-(tert-butyldimethylsilyloxy)-4-methoxybenzal dehyde oxime (10):

To a solution of 2-allyl-3tért-butyldimethylsilyloxy)-4-
methoxybenzaldehyde (0.612 g, 2 mmol) in MeOH (5) mias

H3CO Jn | added NHOH-HCI (0.207 g, 3 mmol) and NaOAc (0.246 g, 3

X, -OH
N

mmol) and the mixture was refluxed for 1.0 h. Aftempletion of
the reaction, MeOH was removed using high vacuudithe residue was treated with water.
The mixture was extracted with ethyl acetate. Trhgaoic layer was collected, dried over
anhydrous Ng5Q,, filtered, and concentrated to afford the despesbuct as a light yellow
oil (0.60 g, 88%); R= 0.75 (1:9 EtOAc: Hex); IR (ct): 3430, 3029, 2975, 2852, 1728 (CO,
ester), 1612, 1583, 1456, 1256t NMR (400 MHz, CDCJ) & 8.30 (s, 1H), 7.62 (dl = 14.8
Hz, 1H), 6.90 (dJ = 14.8 Hz, 1H), 6.14-5.94 (m, 1H), 5.01 (& 10.4 Hz, 1H), 4.92 (d] =
17.2 Hz, 1H), 3.96 (s, 3H), 1.08 (s, 9H), 0.196(d); *CNMR (100 MHz, CDGJ) 5 154.7,
148.1, 143.1, 136.9, 133.1, 128.3, 126.0, 11%8,8, 56.7, 28.7, 26.1 (3C), 18.9, -3.5 (2C);
Mass (ES): m/z 322.08 (M+H, 100%).

5-(tert-butyldimethylsilyloxy)-3-(2-ethoxy-2-oxoethyl)-6-methoxy-3,4 dihydro
isoquinoline 2-oxide (11):

© 8 To a solution of [)-ethyl-4-(2-tert-

SN butyldimethylsilyloxy)-6-formyl-3-methoxyphenyl) -
chomcooczHS enoate (0.758 g, 2 mmol) in MeOH (5 mL) was added
OTBS NH,OH-HCI (0.207 g, 3 mmol) and NaOAc (0.246 g, 3

mmol) and the mixture was refluxed for 1.0 h. Aftempletion of the reaction MeOH was
removed using high vacuum and the residue wasetteatth water. The mixture was
extracted with ethyl acetate. The organic layer e@kected, dried over anhydrous JS&,
filtered and concentrated. The residue was purifigadtolumn chromatography on silica gel
(eluting with 100% EtOAC) to afford the desired giot as a colorless oil (0.69 g, 88%)=R
0.7 (8:2 EtOAc: Hex)iR (cm™): 3030, 2965, 2862, 1728 (CO, ester), 1610, 13388,
1247;*H NMR (400 MHz, CDC}) 5 7.67 (s, 1H), 6.75 (s, 2H), 4.50-4.60 (m, 1H), 44281
(m, 2H), 3.82 (s, 3H), 3.35-3.05 (m, 4H), 2.55-2(68,J = 16.3, 9.3 Hz, 1H), 1.33 (4 =
7.4 Hz, 3H), 1.03 (s, 9H), 0.17 (s, 6H¥C NMR (100 MHz, CDGJ) 5 170.2, 151.8, 142.5,
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134.0, 121.5, 119.9, 119. 1, 110.1, 63.5, 60.9,53b.6, 29.6, 27.1, 25.9 (3C), 18.7, 14.1, -
3.9, -4.0; Mass (ES): m/z 394.20 (M+H, 10%), 192(190%); HRMS (ESI): calcd for
CooH3oNO5Si (M+H)+ 394.2049 found 394.2035.

Procedurefor 1,3 dipolar addition on 11:

To a solution of 54ert-butyldimethylsilyloxy)-3-(2-ethoxy-2-oxoethyl)-6-@thoxy-3,4
dihydroisoquinoline 2-oxide (0.393 g, 1 mmol) irhatol (5 mL) was added ethylacrylate
(0.5 g, 5 mmol) and the mixture was refluxed fds B. After completion of the reaction,
solvent was removed under high vacuum and the uesidas purified by column
chromatography on silica gel (eluting with 10% Et}Aexanes) to afford the desired
product(s).

Ethyl7-(tert-butyldimethylsilyloxy)-5-(2-ethoxy-2-oxoethyl)-8-methoxy-2,5,6,10b-

tetrahydro-1H-isoxazolo [3,2-a] isoquinoline-1-car boxylate (12a):

[ c.Hs00C 1 Colorless viscous oil; Yield: 50%;:R 0.6 (2:8 EtOAc:
0 Hex); IR (cm"): 3050, 2966, 2862, 1735 (CO ester), 1725

i COOC,He (CO ester), 1620;'H NMR (400 MHz, CDC}) 56.76 (s,

LHBCO OTBS 2H), 4.76 (dJ = 8.9 Hz, 1H), 4.40-4.35 (dd,= 9.7, 8.4

" Hz, 1H), 4.32-4.23 (m, 2H), 4.22-4.11 (m, 2H), 44.06
(dd,J = 8.1, 6.4 Hz, 1H), 3.77 (s, 3H), 3.44-3.33 (m, 281),7-3.12 (dd,) = 16.7, 3.7 Hz,
1H), 2.95-2.89 (ddJ = 15.4, 6.5 Hz, 1H), 2.54-2.41 (dddi= 21.1, 16.0, 8.5 Hz, 2H), 1.30
(m, 6H), 0.99 (s, 9H), 0.20 (s, 3H), 0.14 (s, 3¢ NMR (100 MHz, CDGJ) 5172.7, 172.1,
148.6, 141.6, 126.6, 124.4, 119.3, 110.2, 69.34,691.3, 60.5, 55.0, 54.9, 53.0, 39.5, 30.6,
26.0 (3C), 18.8, 14.2, 14.2, -3.8, -4.0; Mass (ES) 494.25 (M+H, 100%); HRMS (ESI):
calcd for GsHaoNO;Si (M+H)* 494.2574 found 494.2595.
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Ethyl7-(tert-butyldimethylsilyloxy)-5-(2-ethoxy-2-oxoethyl)-8-methoxy-2,5,6,10b-
tetrahydro-1H-isoxazolo [3,2-a] isoquinoline-2-car boxylate (12b):

[ COOC,H; | Colorless viscous oil; Yield: 20%; ;R 0.6 (2:8 EtOAc:
o Hex); IR (cm"): 3050, 2966, 2862, 1735 (CO ester), 1725
)\ COOC,H, (CO ester), 16207H NMR (400 MHz, CDCJ) 5 6.75 (t,J
LHgCO OTBS = 7.4 Hz, 1H), 6.69 (dJ = 8.4 Hz, 1H), 4.75 (dd] =

’ 10.0, 3.4 Hz, 1H), 4.63 (dd,= 10.6, 7.5 Hz, 1H), 4.29-
4.12 (m, 4H), 3.78 (s, 3H), 3.45-3.37 (m, 1H), 3(dd,J = 16.7, 3.5 Hz, 1H), 2.98 (dd,=
15.5, 6.75 Hz, 1H), 2.83-2.75 (m, 1H), 2.62-2.41 &), 1.34-1.27 (m, 7H), 0.99 (s, 9H),
0.21 (s, 3H), 0.15 (s, 3H}*C NMR (100 MHz, CDGJ) 5172.3, 171.3, 148.3, 141.7, 127.3,
124.5,119.3, 110.3, 75.7, 63.1, 61.4, 60.5, 5BRB, 40.8, 39.5, 30.8, 26.0 (3C), 18.8, 14.2,
14.1, -3.8, -4.0; Mass (ES): m/z 494.25 (M+H, 100PHRMS (ESI): calcd for egH4oNO;Si
(M+H)" 494.2574 found 494.2595.

Ethyl 2-(5-(tert-butyldimethylsilyloxy)-6-methoxy-1,2,3,4 tetr ahydr oisoquinolin-3-yl)
acetate (13):

To a solution of 5iért-butyldimethylsilyloxy)-3-(2-
NH
mcooc ,Hg| ethoxy-2-oxoethyl)-6-methoxy-3,4 dihydroisoquinelirg-
H3CO

OTBS oxide (0.393 g, 1 mmol) in acetic acid (5 mL) wakled

activated zinc (0.64 g, 10 mmol) and the mixtures\stirred at room temperature for 0.5 h.
After completion of the reaction NaOAc,®l was added followed by water. The mixture was
extracted with ethyl acetate. The organic layer wiasd over anhydrous NaQ,, filtered,
and concentrated. The residue was purified by colahmomatography on silica gel (eluting
with 100% EtOAc) to afford the desired product asoborless oil (0.228 g, 60%);:R 0.5
(8:2 EtOAc: Hex); IR (cnt): 3300, 3040, 2956, 2872, 1740 (CO ester), 1620NMR (400
MHz, CDCk) 6 6.68 (d,J = 8.3 Hz, 1H), 6.59 (d) = 8.3 Hz, 1H), 4.17 (q) = 7.1 Hz, 2H),
3.99 (q,J = 15.4 Hz, 2H), 3.75 (s, 3H), 3.32-3.18 (m, 1H), 22086 (dd,J = 16.7, 4.1 Hz,
1H), 2.64-2.51 (m, 2H), 2.37-2.30 (dii= 16.6, 10.5 Hz, 1H), 2.00 (s, 1H), 1.27J& 7.2
Hz, 3H), 0.99 (s, 9H), 0.16 (d,= 20.0 Hz, 6H);"*C NMR (100 MHz, CDGJ) 172.2, 147.8,
142.3, 128.0, 125.9, 118.2, 109.3, 60.5, 54.9,,507/42, 40.9, 30.5, 26.1 (3C), 18.9, 14.2,
-3.8, -3.9; Mass (ES): m/z 380.22 (M+H, 100%); HRNESI): calcd for GoH3sNO,4Si
(M+H) " 380.2257 found 380.2249.
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General procedurefor 1,3 dipolar Cyclo addition

To a solution of aldehyde (1 mmol) in ethanol (5)mas added aryl hydroxyl amine (2
mmol) and MgSQ@ (5 mmol) under Blatmosphere. The reaction mixture was refluxe®for
5 h (for inversion in the yields of regio isomelng treaction mixture was heated at 2G0for

12 h). After completion of the reaction, ethanolswamoved under high vacuum and the

residue was purified by column chromatography toasgel to give the desired product.

(E)-N-(2-allyl-3-(tert-butyldimethylsilyloxy)-4-methoxybenzylidene)-2-cyanoaniline
oxide (15e):

r on The title compound was synthesized by using thegmprocedure;
©[+ 5 colorless solid; m.p : 176-178; Yield (88%), R= 0.5 (2:8 EtOAc:
N Hex); IR (cm): 3277, 2935, 2857, 2120 (CN), 1725, 1662, 1600,

1247;*H NMR (400 MHz, CDCY) & 7.96 (d,J = 8.6 Hz, 1H), 7.36
LH3CO . \, (d, J = 8.6 Hz, 1H), 7.34-7.28 (m, 1H), 6.88 &= 7.5 Hz, 1H),
6.84 (1,J= 6.6 Hz, 1H), 6.62 (d] = 8.0 Hz, 1H), 6.06-5.93 (m, 2H), 5.06-5.03 (d& 10.2,
1.5 Hz, 1H), 4.84-4.78 (dd, = 17.2, 1.6 Hz, 1H), 3.82 (s, 3H), 3.69-3.51 (M, 2H}P4 (s,
9H), 0.19 (s, 6H)XCNMR (100 MHz, CDG)) 165.0, 150.2, 147.5, 142.9, 137.4, 133.7
(2C), 129.5, 128.9, 128.5, 120.2, 119.1, 115.5,21514.4, 109.6, 54.5, 29.7, 26.1 (3C),
18.8, -3.8, -3.82; Mass (ES): m/z 423.2 (M+H, 100%)

5-(tert-butyldimethylsilyloxy)-6-methoxy-1-phenyl-3,3a,4,8b-tetr ahydr o-1H-indeno[ 1,
2-c] isoxazole (16a):

The title compound was synthesized by using thegmprocedure;
Q colorless solid; m.p : 210-21Z; Yield (36%), R= 0.7(1:9 EtOAc:

N~o| Hex); IR (cni): 3050, 2967, 2847, 1620, 1575, 1465, 1280;

m NMR (400 MHz, CDC}) §7.34 (t,J = 7.6 Hz, 2H), 7.20 (dJ = 7.9
H3CO . Hz, 2H), 7.06 (dJ = 8.1 Hz, 1H), 7.02 (dd] = 17.3, 10.1 Hz, 1H),
6.85 (d,J = 8.2 Hz, 1H), 5.36 (dJ = 7.5 Hz, 1H), 4.18 () = 7.9

Hz, 1H), 3.89-3.77 (m, 4H), 3.49-3.38 (m, 1H), 32%8 (dd,J = 16.8, 8.6 Hz, 1H), 3.08-
2.98 (m, 1H), 1.03 (s, 9H), 0.20 (= 5.6 Hz, 6H); *C NMR (100MHz, CDCJ) & 150.9,

150.1, 1406, 1351, 1344, 1289 (2C), 1216, @17. (20C),
114.6, 111.8, 76.3, 74.1, 55.4, 46.4, 35.6, 25.9 (2C), 18.6, —4.1, —4.15; Mass  (ES):  m/z
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398.21 (M+H, 100%), 292.13 (30%); HRMS (ESI): caléor CodHzoNOsSi (M+H)*
398.2151 found 398.2165.

5-(tert-butyldimethylsilyloxy)-6-methoxy-1-p-tolyl-3,3a,4,8b-tetr ahydr o-1H-indeno[ 1,2-
c] isoxazole (16b):

[ 1\

The title compound was synthesized by using theggmprocedure;
yellow color solid; mp: 180-183C; Yield (32%), R= 0.9 (1:9
EtOAc: Hex); IR (cnT): 3030, 2953, 2868, 1609, 1576, 1456, 1278;
'H NMR (400 MHz, CDCJ) 5 7.13 (m, 4H), 7.09-7.01 (m, 1H), 6.85
HCO (d,J = 8.2 Hz, 1H), 5.32 (dJ = 7.5 Hz, 1H), 4.19 (tJ = 8.0 Hz,

| OTBS ) 1H), 3.87-3.78 (m, 4H), 3.48-3.36 (m, 1H), 3.2583(tid,J = 16.8,

8.5 Hz, 1H), 3.05-2.95 (dd,= 16.8, 2.7 Hz, 1H), 2.34 (s, 3H), 1.09 (s, 9H), 0(d = 5.1

Hz, 6H); *CNMR (100 MHz, CDGJ) 5150.2, 148.7, 140.7, 135.2, 134.4, 131.1, 129.5,
117.7, 114.9 (2C), 111.9, 76.5, 74.2, 55.5, 46547,325.9 (3C), 20.6, 18.7, -4.1, -4.0. Mass

(ES): m/z 412.22 (M+H 100%): HRMS (ESI): calcd 05H3NOsSi (M+H) * 412.2307
found 412.2297.

4-(5-(tert-butyldimethylsilyloxy)-6-methoxy-3,3a,4,8b-tetr ahydr o-1H-indeno[ 1,2-c]
isoxazol-1-yl)benzonitrile (16c):

[ NG \ The title compound was synthesized by using theiggmprocedure;
white color solid; mp: 210-214C; Yield (32%), R = 0.9(1:9

EtOAc: Hex): IR (cmf): 3050, 2967, 2847, 2220, 1615, 1565,
N~o | 1477, 1269H NMR (400 MHz, CDC}) 3 7.57 (d,J = 8.9 Hz,
/@) 2H), 7.18 (d,J = 8.9 Hz, 2H), 6.98 (d] = 8.2 Hz, 1H), 6.83 (dJ =
HsCO 8.2 Hz, 1H), 5.33 (dJ = 7.6 Hz, 1H), 4.12-4.01 (m, 1H), 3.89- 3.86
(dd,J = 8.3, 2.6 Hz, 1H), 3.80 (s, 3H), 3.61-3.49 (m, 18{83-3.15
(dd,J = 16.9, 8.7 Hz, 1H), 3.11-2.99 (ddi= 16.9, 3.1 Hz, 1H), 1.07 (s, 9H), 0.18 (d= 6.4
Hz, 6H): *CNMR (100 MHz, CDGJ) & 154.1, 150.4, 140.8, 134.5, 133.9 (2C), 133.4,5,19
117.5, 114.0 (2C), 111.9, 103.7, 75.2, 74.5, 58646, 35.4, 25.9 (2C), 18.6, -4.0, -4.1; Mass

(ES):m/z 423.20 (M+H 80%), 307.16 (100%); HRMS (E8&lcd for G4HziN,0sSi (M+H)
* 423.2103 found 423.2093.

OTBS

J
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N-(3-(5-(tert-butyldimethylsilyloxy)-6-methoxy-3,3a,4,8b-tetr ahydr o-1H-indeno[ 1,2-c]
isoxazol-1-yl) phenyl)methanesulfonamide (16d):

[ N\

The title compound was synthesized by using theeigén
NH/\\S\(\)/ procedure; yellow color solid; mp: 190-18G; Yield (30%),
Ri= 0.2 (1:9 EtOAc: Hex); IR (ci): 3247, 3078, 2928, 2856,
Q 1713, 1598, 1489, 1320, 1277H NMR (400 MHz,
N0 CDCl3) 6 7.28-7.24 (dd,) = 9.21, 6.90 Hz, 1H), 7.09-6.93 (m,
Hscom 3H), 6.87-6.78 (m, 2H), 6.64 (s, 1H), 5.30 = 7.53 Hz,
| OTBS J 1H), 4.13 (t,J = 7.96 Hz, 1H), 3.91-3.74 (m, 5H), 3.48-3.38
(m, 1H), 3.22-3.16 (dd] = 16.8, 8.6 Hz, 1H), 3.01 (s, 3H), 1.03 (s, 10H)90d,J = 8.8 Hz,
6H); *CNMR (100 MHz, CDGJ) 5152.4, 150.2, 140.7, 137.6, 134.5, 130.2 (2C), 8,17.
113.3, 111.8 (2C), 111.4, 106.5, 76.11, 74.2, 58645, 39.3, 35.4, 25.9 (2C), 18.6, -4.1;
Mass (ES): m/z 513.18 (M+Na, 100%), 491.20 (M+H 90HWRMS (ESI): calcd for
C24H3sN-05SiS (M+H)" 491.2035 found 491.2021.

Ethyl5-(tert-butyldimethylsilyloxy)-6-methoxy-1-phenyl-3,3a,4,8b-tetr anydro-1H-
indeno[ 1,2-c]isoxazole-3-car boxylate (16f):

r 1 The title compound was synthesized by using thesiggn

Q procedure; Colorless oil: yield (78%),s R 0.6 (1: 9
N~o EtOAc: Hex); IR (Crﬁl): 3011, 2925, 2854, 1737, 1610,
/@A 1578, 1449, 1247:H NMR (400 MHz, CDCJ) 5 7.36-
COOCHs
H3CO 7.22 (m, 4H), 7.07-6.96 (m, 1H), 6.89 (= 8.2 Hz, 1H),
OTBS
- © 6.78 (t,J = 6.6 Hz, 1H), 5.37 (d] = 7.2 Hz, 1H), 4.31 (d,

J=5.9 Hz, 1H), 4.18 (o) = 7.1 Hz, 2H), 3.79 (s, 3H), 3.74-3.63 (m, 1H), 3(@5J = 3.8
Hz, 2H), 1.27 (gJ = 7.2, 3H), 1.05 (s, 9H), 0.19 (d,= 9.5 Hz, 6H);**C NMR (100 MHz,
CDCls)d 170.7, 150.6, 150.5, 141.3, 134.3, 133.2, 128.6, 122.2, 117.8, 115.8 (2C), 111.7, 83.
4,75.4,61.4,55.4,50.1, 33.2, 29.7, 25.9 (3C), 18.6, 14.0, 4.0, 4.1, Mass (ES): m/z
470.23 (M+H, 100%), 366.18 (40%); LC Mass: 470.2.18B% at 9.067 rt, 72.3% at 9.213
RT respectively. We failed to isolate minor isomehere as major isomet6f was well

characterised as mentioned above); HRMS (ESI)dcfaic GgHzsNOsSi (M+H)" 470.2362
found 470.2348.
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Compound (17a):
[ Q ) The title compound was synthesized by using theiggmprocedure;

Color less oil; yield (60%), R 0.5 (1:9 EtOAc: Hex); IR (cil):

N~ 3060, 2977, 2857, 1610, 1567, 1455, 1284;NMR (400 MHz,
CDCl3) 67.26 ( m, 3H), 7.13 (d) = 7.6 Hz, 2H), 6.97 (dJ = 7.3
Hz, 1H), 6.84 (d,J = 8.2 Hz, 1H), 6.70 (d) = 8.2 Hz, 1H), 5.12-
5.03 (m, 1H), 4.59 (d] = 4.2 Hz, 1H), 3.77 (s, 3H), 3.09 @@= 2.4
Hz, 1H), 2.83- 2.78 (ddl= 17.8, 1.8 Hz, 1H), 2.31 (m, 1H), 1.99 (t5 11.1 Hz, 2H), 1.00
(s, 9H), 0.18 (dJ = 9.6 Hz, 6H);*CNMR (100 MHz, CDCJ) & 151.6, 149.2, 143.2, 130.4,
128.1 124.9, 121.9, 119.4, 116.2 (2C), 108.8, 78671, 54.5, 34.3, 32.6, 25.8 (3C), 25.3,
18.5, -3.9, -4.2,; Mass (ES):m/z 398.21 (M+H, 100282.13 (30%); HRMS (ESI): calcd for
Co3H3NOsSi (M+H) + 398.2151 found 398.2152.

H,CO

OTBS

L J

Compound (17b):

s 1\

The title compound was synthesized by using thegmprocedure;
Light yellow oil; yield (68%), R= 0.6 (1:9 EtOAc: Hex); IR (ci:
3025, 2978, 2856, 1580, 1495, 12684 NMR (400 MHz,
N>ol cDCl) 57.15-7.01 (m, 4H), 6.86 (d = 8.2 Hz, 1H), 6.72 (dJ =
/QO/ 8.2 Hz, 1H), 5.14-5.02 (m, 1H), 4.55 @= 4.2 Hz, 1H), 3.87 (s,
LHSCO OTBS | 3H), 3.22-3.06 (m, 1H), 2.81 (d,= 17.7 Hz, 1H), 2.38-2.23 (m,
4H), 1.98 (dJ = 11.1 Hz, 1H), 1.05 (s, 9H), 0.20 @z 10.9 Hz, 6H);"*CNMR (100 MHz,
CDCl;) 5149.6, 149.4, 143.5, 131.5, 130.8, 128.9 (2C), 2,2519.6, 116.6 (2C), 109.1,

73.9, 66.6, 54.7, 34.6, 32.6, 26.0 (3C), 20.5, 18 -3.9; Mass (ES): m/z 412.23 (M+H
100%); HRMS (ESI): calcd for GH3sNOsSi (M+H)* 412.2307 found 412.2309.

Compound (17¢):

[ \

NC The title compound was synthesized by using thegmprocedure;
Colorless oil; yield (62%), R= 0.55 (1:9 EtOAc: Hex); IR (cih):
3060, 2987, 2869, 2198, 1605, 1545, 1487, B/ NMR (400
N0l MHz, CDCE) 57.49 (d,J = 8.8 Hz, 2H), 7.09 (dJ = 8.8 Hz, 2H),
Hscom 6.76 (d,J = 8.2 Hz, 1H), 6.65 (dJ = 8.3 Hz, 1H), 5.12-5.01 (m,
| OTBS J 1H), 4.76 (dJ = 4.4 Hz, 1H), 3.75 (s, 3H), 3.15-3.05 (dds 18.1,

1.9 Hz, 1H), 2.90-2.80 (dd,= 18.0, 2.2 Hz, 1H), 2.37 (td,= 10.7, 5.4 Hz, 1H), 2.15 (d,
= 8.8 Hz, 1H), 0.99 (s, 9H), 0.17 (@= 4.9 Hz, 6H);"*CNMR (100 MHz, CDCJ) & 154.2,
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149.7, 143.6, 132.8 (2C), 129.3, 124.7, 119.8,4,1915.8 (2C), 108.9, 103.81, 74.3, 64.5,
54.8, 34.6, 34.6, 26.1 (3C), 18.9, -3.7, -3.8; MAES): m/z 445.18 (M+Na 100%), 423.20
(M+H 80%), 307.16 (100%); HRMS (ESI): calcd fosa83:N-05Si (M+H) * 423.2103 found
423.2085.

Compound (17d):

{ N\

: ~NHSO,CH3

N~

o)
HzCO ; j

OTBS

The title compound was synthesized by using thesgén
procedure; Brown color oil; yield (65%),sR 0.2 (1:9
EtOAc: Hex); IR (crf): 3233, 3063, 2954, 2854, 1713,
1595, 1479, 1310, 1257H NMR (400 MHz,
CDCl) 6 7.17 (t,J = 8.0 Hz, 1H), 6.88-6.98 (dd,= 8.0,

L 6.0 Hz, 1H), 6.91-6.83 (m, 2H), 6.82-6.74 (m, 284
(d,J=8.2 Hz, 1H), 5.03 (dd] = 5.9, 2.5 Hz, 1H), 4.63 (d,= 4.2 Hz, 1H), 3.75 (d) = 15.5
Hz, 3H), 3.14-3.00 (m, 1H), 3.00-2.88 (m, 3H), 2Z81 (dd,J = 17.9, 1.9 Hz, 1H), 2.30-
2.35 (td,J = 10.7, 5.3 Hz, 1H), 0.97 (s, 9H), 0.23 (s, 6HENMR (100 MHz, CDCJ) 152.8,
149.6, 143.5, 137.2, 130.1, 129.7 (2C), 125.0,@,2014.00, 113.4, 108.9, 106.6, 74.1, 65.8,
54.8, 39.0, 34.7, 26.1 (3C), 18.9, -3.70, -3.77sME&S): m/z 513.18 (M+Na, 100%), 491.20
(M+H 90%); HRMS (ESI): calcd for GH3sN-0sSiS (M+H)* 491.2035 found 491.2015.

Ethyl 5-(tert-butyldimethylsilyloxy)-1-(2-cyanophenylamino)-3-hydr oxy-6-methoxy-1,2,
3 4-tetrahydronaphthalene-2-carboxylate (18):

[ \

The title compound was synthesized by using theeigén
procedure; white color solid; mp: 180-18€, Yield

L,
NH O

H3CO

OTBS

|

OCH,CH,

OH

(58%), R = 0.4 (2:8 EtOAc: Hex); IR (ci): 3311, 2934,
2856, 2140 (CN), 1729, 1620, 1600, 1489, 124H
NMR (400 MHz, CDC4) §7.99 (d,J = 7.9 Hz, 1H), 7.32

’ (d,J = 7.5 Hz, 1H), 6.94 () = 8.1 Hz, 2H), 6.86 (d] =

8.3 Hz, 1H), 6.76 (dJ = 7.9 Hz, 1H), 5.83 (s, 1H), 5.46 (d= 5.9 Hz, 1H), 4.27 (s, 1H),
4.16-4.02 (m, 2H), 3.83 (s, 3H), 3.20 (= 16.3 Hz, 1H), 2.94 (d] = 5.4 Hz, 1H), 2.45 (d,
J= 6.8 Hz, 1H), 2.35 (dJ = 7.9 Hz, 1H), 1.22 (tJ = 8.4 Hz, 3H), 1.00 (s, 9H), 0.22 (s, 3H),
0.14 (s, 3H); **CNMR (100 MHz, CDCJ) 5 170.8, 163.8, 149.9, 146.8, 142.9, 133.1, 129.0,
124.9, 124.8, 119.9, 118.5, 117.8, 115.2, 110.5,68D.6, 54.8, 44.2, 36.4, 27.3, 25.8 (3C),
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18.7, 13.9, -3.9, -4.2; Mass (ES): m/z 519.22 (M;+Ma@0%), 497.24 (M+H, 80%); HRMS
(ESI): calcd for G;H37/N-05Si (M+H) * 497.2471 found 497.2459.

(R)-Ethyl2-((1R,2R)-4-(tert-butyldimethylsilyloxy)-5-methoxy-1-(phenylamino)-2,3-
dihydro-1H-inden-2-yl)-2-hydr oxyacetate (19):

r Y To a solution of (3R,3aR,8bR)-ethyl  tert-
Q butyldimethylsilyloxy)-6-methoxy-1-phenyl-3, 3a,68
NH tetrahydro-H-indeno [1,2-c] isoxazole-3-carboxylate3f)Y

OH
COOET (0.470 g, 1.0 mmol) in MeOH (5 mL) was added 5%CPd/
H3CO (47 mg) under balloon pressure of H.C shows completion

S OTBS “of reaction after 6h. The Pd was filtered througlite, and

the filtrate was concentrated under high vacuume Tésidue was purified by column
chromatography with EtOAc/Hexane (2:8) as eluentyi®ld the desired product; yield
(80%). R = 0.4 (2:8 EtOAc: Hex)IR (cm®): 3340, 3079, 2930, 2847, 1681, 1650, 1585;
NMR (400 MHz, CDC}) 67.18 (t,J = 7.93 Hz, 2H), 6.82-6.65 (m, 5H), 7H), 5.15 {d+
7.3 Hz, 1H), 4.34 (d) = 4.7 Hz, 1H), 3.96 (dd] = 10.7, 7.2 Hz, 1H), 3.77 (s, 3H), 3.63 (dd,
J=10.7, 7.1 Hz, 1H), 3.28-2.96 (tdd= 37.6, 16.4, 6.3 Hz, 4H), 1.11 @= 7.1 Hz, 3H),
1.01 (s, 9H), 0.17 (dl= 6.3 Hz);**C NMR (100 MHz, CDGJ) 5 172.7, 150.8, 141.2, 136.6,
135.9, 132.7, 128.8 (2C), 126.7, 125.3 (2C), 1180B.9 (2C), 71.1, 65.6, 55.1, 42.7, 28.2,
25.9 (3C), 18.6, 14.4, -4.1 (2C); Mass (ES): m/4.29 (M+Na, 100%), 379.19 (100%);
HRMS (ESI): calcd for ggHs/NOsSiNa (M+Na) 494.2338 found 494.2341.

(3S,3aR,8bR)-5-(tert-butyldimethylsilyloxy)-3-hydr oxy-6-methoxy-1-phenyl-1,3a,4,8b-
tetrahydroindeno[1,2-b]pyrrol-2(3H)-one (20):

f Y To a solution of (3R,3aR,8bR)-ethyl tert-
Q butyldimethylsilyloxy)-6-methoxy-1-phenyl-3, 3a,48
N tetrahydro-H-indeno [1,2-c] isoxazole-3-carboxylate (0.470 g,
1.0 mmol) in AcOH: THF:HO (2:1:1, 40 mL) was added Zn
H3CO o" dust (0.4 g, 6.1 mmol) at 6C. The reaction mixture was stirred
L OTBS )

for 5h. After completion of the reaction the mixurvas cooled
to room temperature and Zn was filtered off. THeafie was concentrated to remove THF,

and neutralized with saturated NaH{$olution. The reaction mixture was extracted with
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CH.Cl,. The organic layer was washed with brirdrjed over NaSQ,, filtered and
concentrated. The residue was purified by columrordatography using EtOAc/Hexane
(3:7) as eluent to yield a colorless solid (0.25560%); mp: 160-163C R = 0.4 (3:7
EtOAc: Hex); IR (cn): 3450, 3088, 2965, 2874, 1700, 1630, 15%5:NMR (400 MHz,
CDCl3) 6 7.40-7.33 (m, 2H), 7.26-7.20 (m, 3H), 6.46 Jogs 8.2 Hz, 2H), 5.30 (dJ = 6.30
Hz, 1H), 4.73 (dJ = 8.3 Hz, 1H), 3.70 (s, 3H), 3.59-3.50 (m, 1H), 3(801H), 3.24-3.03
(m, 2H), 1.00 (s, 9H), 0.15 (d,= 1.5 Hz, 6H):"*CNMR (100 MHz, CDC}) 5 173.3, 150.7,
141.2, 136.6, 132.8, 128.8 (2C), 126.7, 125.4 (2€B.7, 109.9, 71.0, 65.6, 55.1, 42.6, 28.3,
26.0 (3C), 18.6, -4.04, -4.07; Mass (ES): m/z 28§M+Na, 20%), 371.23 (40%), 313.19
(100%); HRMS (ESI): calcd for £H31NO,SiNa (M+Na)™ 448.1920 found 448.19009.

(4-(tert-butyldimethylsilyloxy)-5-methoxy-1-(phenylamino)-2,3-dihydr o-1H-inden-2-
yl)methanol (21):

[ 1 The title compound was synthesized by using a phaeesimilar
Q to synthesis ofl1; brown viscous oll, yield (88%),{R 0.4 (1.9
NH EtOAc: Hex); IR (cn): 3373, 3079, 2930, 2854, 1600, 1494,

/©:§/\OH 1443;'H NMR (400 MHz, CDC{) §7.27-7.22 (m, 1H), 6.89-
LHscO . | 6.80 (M, 3H), 6.73 (q] = 8.1 Hz, 2H), 5.06 (d] = 6.6 Hz, 1H),
3.84-3.77 (m, 4H), 3.72 (dd,= 11.2, 4.6 Hz, 1H), 3.40-3.27 (bs,
1H), 3.05-2.86 (m, 3H), 1.02 (s, 9H), 0.19J¢ 12.2 Hz, 6H);"*CNMR (100 MHz, CDC}J)
5150.1, 148.0, 141.1, 137.3, 133.1, 129.4 (2C), 1,1B16.1, 113.6 (2C), 110.8, 63.4, 61.0,
55.3, 44.5, 31.1, 25.9 (3C), 18.6, -4.0, -4.2; MEBS): m/z 422.21 (M+H, 40%), 400.23

(35%), 307.17 (100%); HRMS (ESI): calcd fora8aNOsSi (M+H)" 400.2307 found
400.2313.

7-(tert-butyldimethylsilyloxy)-8-methoxy-1-phenyl-5,5a,6,10b-tetr anydro-1H-
indeno[1,2-€][1,4] oxazepin-2(3H)-one (22):

f Y To a solution of (4tert-butyldimethylsilyloxy)-5-methoxy-1-
@ j\ (phenylamino)-2,3-dihydroH-inden-2-yl)methano(0.422 g, 1.0

N 5 mmol) in dry DMF (10 mL), was added ethylbromo atet(0.2 g,
/@@_/ 1.2 mmol) and oven dried ,KO; (0.548 g, 4.0 mmol). The
H;CO
° OTBS mixture was refluxed for 36 h. After completion thie reaction,

u J

the mixture was diluted with saturated MH solution and extracted with GHl,. The
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organic layer was collected, washed with 2N HCI avater, then dried over anhydrous
NaSQy, filtered and concentrated. The residue was mariby column chromatography on
silica gel using EtOAc/Hexane (3:7) as eluent fordfthe desired product as a brown solid
(0.228 g, 60%); mp: 280-28X; Yield (60%), R= 0.4 (3:7 EtOAc: Hex); IR (cf): 3021,
2973, 2877, 1720, 1615, 1585) NMR (400 MHz, CDCG)) & 7.41 (t,J= 7.7 Hz, 2H), 7.34
(d,J = 7.3 Hz, 2H), 7.31-7.23 (m, 1H), 6.92 @= 8.0 Hz, 1H), 6.75 (dJ = 8.0 Hz, 1H),
5.30 (d,J= 7.1 Hz, 1H), 4.34 (d] = 15.5 Hz, 1H), 4.11 (ddl = 12.6, 3.9 Hz, 1H), 3.91 (4,

= 15.5 Hz, 1H), 3.79 (s, 3H), 3.72 (dii= 12.7, 4.8 Hz, 1H), 2.94 (dd,= 20.0, 13.3 Hz,
3H), 1.00 (s, 9H), 0.20 (s, 3H), 0.13 (s, 3H)CNMR (100 MHz, CDGJ) 172.6, 150.2,
144.5, 141.3, 134.8, 131.8, 129.2 (2C), 126.9,828C), 114.7, 110.5, 72.5, 71.7, 68.8,
55.2, 43.5, 32.0, 25.8 (3C), 18.5, -4.2, -4.4; M@sS): m/z 462.20 (M+Na, 100%), 440.22
(M+H, 10%), 289.16 (80%); HRMS (ESI): calcd fopsB3sNO, NaSi (M+Naj 462.2076
found 462.2060.

A typical procedure for the deprotection of tert-butyldimethylsilyloxy group of

compound 16c:

To a solution of 4-(5-(ert-butyldimethylsilyloxy)-6-methoxy-3,3a,4,8b-tetradrp-1H-
indeno[1,2¢] isoxazol-1-yl) benzonitrile 16¢) (1 mmol) in dry THF (5 mL), was added
tetra-butyl ammonium iodide (1.5 mmol) at . The reaction mixture was stirred at the
same temperature for 0.5 h, THF was removed unidgr yacuum followed by extraction
with DCM. The DCM layer was collected, dried ovemhgdrous NgSO,, filtered and
concentrated. The residue was purified by usingral chromatography over silica gel to
give the product 4-(5-hydroxy-6-methoxy-3,3a,4,8tv@hydro-H-indeno[1,2-c]isoxazol-1-
yh)benzonitrile 23).

[ N 1 White color solid; m.p: 186C; Yield (88%), R= 0.2 (1:9 EtOAc:
Hex); IR (cm): 3430, 3256, 3060, 2973, 2868, 2205, 1620, 1555,
1486, 1276;'"H NMR (400 MHz, CDGCJ) 57.58 (d,J = 8.9 Hz,
N-g 2H), 7.19 (dJ = 8.9 Hz, 2H), 6.93 (dJ = 8.1 Hz, 1H), 6.84 (d] =
] CO/@S) 8.2 Hz, 1H), 5.67 (s, 1H), 5.35 (d,= 7.6 Hz, 1H), 4.10-4.05 (m,
3

1H), 3.98-3.85 (m, 4H), 3.56-3.48 (m, 1H), 3.303(#, 1H), 3.03
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(dd,J = 16.9, 3.1 Hz, 1H)**CNMR (100 MHz, CDCJ) 5154.0, 146.6, 141.4, 134.5 (2C),
133.4, 128.6, 119.5, 116.1, 114.0 (2C), 110.7,8,085.0, 74.6, 56.4, 46.7, 34.2, 29.7; Mass
(ES): m/z 309.13 (M+H 100%).

6-methoxy-1-phenyl-3,3a,4,8b-tetr ahydr o-1H-indeno[ 1,2-c]isoxazol-5-ol (24):

The title compound was synthesized by following ttypical
Q procedure for synthesis of compoub® colorless solid; m.p: 180
N~~| °C; Yield (90%), R= 0.2 (1:9 EtOAc: Hex); IR (ct): 3360, 3040,
2957, 2832, 1620, 1565, 1445, 129tH NMR (400 MHz,
H3CO 8 CDCly) 87.34 (t,J = 7.6 Hz, 2H), 7.20 (d) = 7.9 Hz, 2H), 7.03 (d,
J= 8.1 Hz, 2H), 6.83 (d) = 8.1 Hz, 1H), 5.65 (s, 1H), 5.35 (@~
7.5 Hz, 1H), 4.17 (tJ = 7.9 Hz, 1H), 3.83 (s, 3H), 3.84-3.82 (m, 1H), 33182 (m, 1H),
3.25-3.18 (dd,J = 16.8, 8.6 Hz, 1H), 3.08-2.98 (m, 1HY’C NMR (100 MHz,
CDCl) 6 148.1, 145.0, 141.6, 135.1, 134.4, 1289 (2C), 621117.6 (2C),

114.6, 111.8, 76.3, 74.1, 55.4, 46.4, 25.9; Mass (ES): m/z 284.21 (M+H, 100%).

6-M ethoxy-1-p-tolyl-3,3a,4,8b-tetrahydro-1H-indeno [1, 2-c] isoxazol-5-0l (25):

s N\

The title compound was synthesized by following ttypical
procedure for synthesis of compouf8; light yellow solid; m.p:
170°C; Yield (86%), R= 0.2 (1:9 EtOAc: Hex); IR (ci: 3296,
N0 3050, 2963, 2878, 1619, 1567, 1476, 1286;NMR (400 MHz,
Hﬂ)m CDCly) 7.19-7.09 (mJ = 8.7 Hz, 4H), 6.97 (dJ = 8.2 Hz, 1H),
\ OH ) 6.81 (d,J = 8.2 Hz, 1H), 5.30 (dJ = 7.5 Hz, 1H), 4.16 (tJ = 8.0
Hz, 1H), 3.85 (s, 3H), 3.79-3.68 (di#l= 8.4, 2.7 Hz, 1H), 3.47-3.37 (m, 1H), 3.19 (dds
16.8, 8.6 Hz, 1H), 2.99 (dd,= 16.8, 2.6 Hz, 1H), 2.30 (s, 3H}CNMR (100 MHz, CDCJ)

0148.6, 146.4, 141.4, 135.9, 131.21, 129.5, 11612,91(2C), 110.7, 76.3, 74.2, 56.4, 46.6,
34.4, 20.5. Mass (ES): m/z 298.13 (M+H 100%).
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N-(3-(5-(tert-butyldimethylsilyloxy)-6-methoxy-3,3a,4,8b-tetr ahydr o-1H-indeno[ 1,2-c]
isoxazol-1-yl) phenyl) methanesulfonamide (26):

[ o | The title compound was synthesized by following tyeical
NH/S\\/ procedure for synthesis of compout8; yellow solid; mp:
o}

Q 190-193°C; Yield (70%), R= 0.2 (3:7 EtOAc: Hex); IR (cin
1): 3437, 3068, 2948, 2856, 1711, 1588, 1482, 132687;'H
e NMR (400 MHz, CDC}) 6 7.25-7.21 (ddJ = 9.21, 6.90 Hz,
cho/©:§) 1H), 7.11-6.95 (m, 3H), 6.89-6.79 (m, 2H), 6.54 k), 5.32
L OH ) (d,J=7.5 Hz, 1H), 4.15 (tJ = 7.9 Hz, 1H), 3.93-3.77 (m,
5H), 3.51-3.41 (m, 1H), 3.24-3.19 (ddi= 16.8, 8.6 Hz, 1H), 3.09 (s, 3HY>CNMR (100
MHz, CDCk) 6153.4, 151.2, 141.2, 138.2, 135.1, 130.9 (2C),3,1813.6, 112.2, 111.9
(2C), 105.7, 77.41, 75.2, 56.4, 47.5, 39.8, 36649;2Mass (ES): m/z 377.10 (M+H 100%).

Compound 27:

4 N\

oN The title compound was synthesized by following the
typical procedure for synthesis of compouti] colorless
Q/ viscous oil; Yield (72%), R= 0.15 (1.9 EtOAc: Hex); IR
(cm'l): 3423, 3070, 2992, 2876, 2198, 1615, 1565, 1497,
H,CO 1287;*H NMR (400 MHz, CDCY}) 57.48 (d,J = 8.8 Hz,
L OH J 2H), 7.09 (d,J = 8.8 Hz, 2H), 6.72 (dJ = 8.1 Hz, 1H),
6.66 (d,J = 8.1 Hz, 1H), 5.72 (s, 1H), 5.11-5.02 (m, 1H), 4@8J = 4.40 Hz, 1H), 3.84 (s,
3H), 3.11 (dd,) = 18.0, 1.8 Hz, 1H), 2.88 (dd,= 18.0, 2.2 Hz, 1H), 2.47-2.31 (m, 1H), 2.17
(d,J = 11.1 Hz, 1H);*CNMR (100 MHz, CDGJ)  154.3, 149.7, 143.6, 140.3, 132.8 (2C),

124.7 (2C), 119.7, 119.6, 115.8, 108.9, 103.6, 76425, 54.8, 41.0, 24.3; Mass (ES): m/z
309.16 (M+H 100%).

N\O

Compound (28):
[ Q 1 The title compound was synthesized by following ttypical

procedure for synthesis of compoubs brown semi solid, Yield
N~ (80%), R = 0.2 (1:9 EtOAc: Hex); IR (ci): 3345, 3050, 2967,
2875, 1620, 1566, 1465, 1298 NMR (400 MHz, CDCJ) 57.24
(t, J= 7.9 Hz, 2H), 7.12 (d) = 7.7 Hz, 2H), 6.93 (tJ = 7.3 Hz,
1H), 6.76 (dJ = 8.1 Hz, 1H), 6.67 (d) = 8.1 Hz, 1H), 5.79 (s, 1H),
5.12-5.00 (m, 1H), 4.59 (d,= 4.3 Hz, 1H), 3.84-3.74 (m, 3H), 3.10 (db= 17.7, 2.0 Hz,

HCO
| OH

J

B. Dulla, PhD thesis (2013) Page 145



Experimental section - Chapter 5

1H), 2.80 (ddJ = 17.8, 1.7 Hz, 1H), 2.32 (td} = 10.9, 5.3 Hz, 1H), 2.04-1.96 (m, 1H);
SCNMR (100 MHz, CDCJ) & 153.6, 146.7, 141.8, 132.8, 129.3, 124.7, 119.8,6,1115.9,
108.9, 103.8, 74.2, 64.5, 54.8, 48.9, 34.6, 26 4sMES): m/z 284.21 (M+H, 100%).

Compound 29:

[ \

The title compound was synthesized by following ttypical
procedure for synthesis of compoutt colorless semi solid; Yield
(90%), R = 0.8 (1:9 EtOAc: Hex); IR (cih): 3346, 3053, 2987,
N~o 2867, 1590, 1505, 1286H NMR (400 MHz, CDC}) 7.07-7.01
(m, 4H), 6.77 (dJ = 8.1Hz, 1H), 6.69 (d) = 8.1 Hz, 1H), 5.12-4.98

L OH ] (m, 1H), 5.98-5.45 (m, 1H), 4.53 (@= 4.3 Hz, 1H), 3.82 (s, 3H),
3.10 (ddJ = 17.7, 1.8 Hz, 1H), 2.80 (dd,= 17.7, 1.6 Hz, 1H), 2.38-2.29 (m, 1H), 2.29 {d,
= 11.0 Hz, 3H), 1.99 (dJ = 11.1 Hz, 1H);"*CNMR (100 MHz, CDGJ) & 149.6, 146.1,
144.1, 131.7, 131.2 (2C), 129.1, 119.8, 118.4,1(8C), 108.3, 73.9, 66.6, 56.1, 33.2, 33.0,
20.6; Mass (ES): m/z 298.13 (M+H 100%).

HzCO

Compound (30):

( N\

The title compound was synthesized by following the

NHSO,CH3
Q/ typical procedure for synthesis of compouti colorless
semi solid; yield (85%), R= 0.2 (3:7 EtOAc: Hex); IR

N~
0 (cmi®): 3420, 3253, 3083, 2965, 2874, 1713, 1585, 1489,
o 1320, 1267*H NMR (400 MHz, CDCY) 57.20 (t,J = 8.0
3
\ OH J Hz, 1H), 6.97 (s, 1H), 6.90 (d,= 8.1 Hz, 1H), 6.80-6.73

(m, 2H), 6.67 (dJ = 8.2 Hz, 1H), 5.12-5.03 (m, 1H), 4.66 (5 4.3 Hz, 1H), 5.93-5.46 (m,
1H), 3.85 (s, 3H), 3.11 (dd,= 17.9, 1.7 Hz, 1H), 2.95 (s, 3H), 2.85 (dds 17.8, 1.8 Hz,
1H), 2.45-2.35 (m, 1H), 2.10 (d,= 11.2 Hz, 1H);*CNMR (100 MHz, CDGJ) 152.8, 146.1,
144.0, 137.1, 130.4, 129.7 (2C), 119.5, 118.6 (2@R.9, 113.4, 108.6, 108.1, 74.0, 65.6,
56.0, 39.1, 33.9; Mass (ES): m/z 513.18 (M+Na, 1)®%7.20 (M+H 90%).

Ethyl-5-hydr oxy-6-methoxy-1-phenyl-3,3a,4,8b-tetr ahydr o-1H-indeno[ 1,2-c]isoxazol e-3-

[ 1 carboxylate (31):
Q The title compound was synthesized by following the
N~ typical procedure for synthesis of compoub® Light

o}
il; i Y — . . .
mcoocsz yellow color oil; yield (88%), R= 0.2 (1:9 EtOAc: Hex);
FsCO IR (cm™): 3367, 3067, 2954, 2874, 1742, 1620, 1565,
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1435, 1255;'H NMR (400 MHz, CDC}) 8 7.33-7.23 (m, 4H), 7.00 (ddd= 8.3, 6.9, 3.6
Hz, 1H), 6.84-6.73 (m, 2H), 5.70 (s, 1H), 5.37J¢ 7.3 Hz, 1H), 4.33 (dJ = 5.8 Hz, 1H),
4.17 (9,d = 7.1 Hz, 2H), 3.85 (dJ = 11.8 Hz, 4H), 3.73 (ddd] = 13.4, 6.4, 3.4 Hz, 1H),
3.23-3.08 (m, 2H), 1.25 t J =7.14Hz, 4H); 3¢
NMR(100MHz,CDC})3 170.7, 150.4, 146.2, 141.9, 134.8, 128.6 (2C), 127.4, 122.2, 116.3,
115.9 (2C), 110.5, 83.4, 75.1, 61.4, 56.3, 50.2, 32.2, 14.0; Mass (ES): m/z 355.24 (M+H,
100%).

2-(Hydroxyl methyl)-5-methoxy-1-(phenylamino)-2,3-dihydro-1H-inden-4-ol (32):
i Q 1 The title compound was synthesized by following tipical
NH
OH

procedure for synthesis of compouh®& yellow color viscous
oil, Yield (88%), R = 0.3 (3:7 EtOAc: Hex); IR (cif): 3383,
3089, 2950, 2864, 1610, 1534, 1484, 1458NMR (400 MHz,
CDCly) 87.27-7.12 (m, 2H), 6.80-6.69 (m, 5H), 5.05 Jd&; 6.8
Hz, 1H), 3.83 (s, 3H), 3.79-3.72 (m, 1H), 3.65 (dd&; 11.2, 4.8
Hz, 1H), 3.04-2.92 (m, 2H), 2.87 (@= 12.2 Hz, 1H);**CNMR (100 MHz, CDGJ) 5 148.0,
146.4, 141.8, 137.9, 129.4 (2C), 127.4, 118.2,5,1213.7 (2C), 109.8, 63.4, 61.0, 56.3,
44.6, 29.9; Mass (ES): m/z 285.21 (M+H, 100%).

H,CO
| OH

2-M ethoxy-5-(phenylamino)-5,6,7,8-tetr ahydr onaphthalene-1,7-diol (33):

procedure for synthesis of compoubs yellow color viscous
oil, Yield (88%), R= 0.3 (3:7 EtOAc: Hex); IR (cil): 3383,
3089, 2950, 2864, 1610, 1534, 1484, 1483; NMR (400
\ o0 oH on | MHz, CDCk) §7.25-7.15 (m, 2H), 6.95 (d = 8.5 Hz, 1H),
6.77-6.68 (m, 4H), 6.16-6.15 (m, 1H), 6.13-5.50 (i), 4.66 (tJ = 5.9 Hz, 1H), 4.33-4.19
(m, 1H), 3.85 (s, 3H), 3.03 (dd,= 17.1, 4.9 Hz, 1H), 2.83 (dd,= 17.1, 6.4 Hz, 1H), 2.28-
2.20 (m, 1H), 2.06-1.95 (m, 1H°*CNMR (100 MHz, CDGJ) 5147.0, 145.4, 143.1, 131.0,
129.4 (2C), 121.0, 118.9, 117.9, 113.6 (2C), 10839, 56.1, 36.4, 32.4; Mass (ES): m/z
285.21 (M+H, 100%).

( Y\ The title compound was synthesized by following tieical
: NH
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3-(2-Ethoxy-2-oxoethyl)-5-hydr oxy-6-methoxy-3,4-dihydr oisoquinoline-2-oxide (34):

@8 The title compound was synthesized by following the
SN typical procedure for synthesis of compouiti colorless
chom COOCHs| il (88%); R = 0.4 (8:2 EtOAC: Hex)JR (cmi®): 3326,
OH 3060, 2985, 2872, 1720 (CO, ester), 1621, 15754147
1257;'H NMR (400 MHz, CDCJ) 3 7.66 (s, 1H), 6.75 (s, 1H), 6.70 (s, 1H), 6.12-580
1H), 4.53-4.48 (m, 1H), 4.22-4.15 (m, 2H), 3.92%kl), 3.20-3.13 (m, 3H), 3.12-3.06 (m,
1H), 2.65-2.56 (m, 1H), 1.28 (d,= 7.1 Hz, 4H);"*CNMR (100 MHz, CDCJ) 5 173.8,

152.0, 142.5, 135.1, 121.3, 119.9, 109. 8, 63.9,685.0, 35.8, 27.1, 14.1; Mass (ES): m/z
280.20 (M+H, 100%).

7-Hydr oxy-8-methoxy-1-phenyl-5,5a,6,10b-tetr ahydr o-1H-indeno[ 1,2-€] [ 1,4] oxazepin-
2(3H)-one ( 35):
[ @\ 1 The title compound was synthesized by following tiypical

j\ procedure for synthesis of compoutts] Brown solid (90%); mp:

N || 250°C; Yield (90%), R= 0.2 (3:7 EtOAc: Hex); IR (cih): 3345,
m 3051, 2983, 2867, 1710, 1625, 1575 NMR (400 MHz,
LH?’CO on | CDC)57.42 (t,0= 7.7 Hz, 2H), 7.35 (d) = 7.6 Hz, 2H), 7.27
(dd,J = 12.8, 4.8 Hz, 1H), 6.88 (d,= 8.0 Hz, 1H), 6.75 (dJ = 8.0 Hz, 1H), 5.82 (s, 1H),
5.29 (d,J = 6.9 Hz, 1H), 4.33 (d) = 15.7 Hz, 1H), 4.11 (dd} = 12.6, 3.2 Hz, 1H), 3.93 (d,
= 15.7 Hz, 1H), 3.89 (dJ = 18.5 Hz, 3H), 3.79 (dd] = 12.6, 3.3 Hz, 1H), 3.08-2.89 (m,
3H); ““CNMR (100 MHz, CDGJ) 172.3, 146.4, 144.9, 141.9, 136.0, 129.3 (2C),.2ZC),
126.6 (2C), 112.9, 109.4, 72.7, 72.1, 68.8, 5638,81.2; Mass (ES): m/z 326.20.

3,5-Dihydr oxy-6-methoxy-1-phenyl-1,3a,4,8b-tetr ahydr oindeno[ 1,2-b] pyrrol-2(3H)-one
(36):

i Y\ The title compound was synthesized by following tpical
Q procedure for synthesis of compoutt] Colorless solid (80%);
N mp: 168°C R = 0.25 (3:7 EtOAc: Hex); IR (ct): 3434, 3085,
on 2975, 2864, 1718, 1628, 1576'H NMR (400 MHz,
H;CO CDCl) 6 7.40-7.33 (m, 2H), 7.26-7.20 (m, 3H), 6.46 Jg; 8.2
L OH )

Hz, 2H), 5.30 (dJ = 6.3 Hz, 1H), 4.73 (d] = 8.3 Hz, 1H), 3.70
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(s, 3H), 3.59-3.50 (m, 1H), 3.30 (s, 1H), 3.2433(fn, 2H); *CNMR (100 MHz, CDC})
5173.3, 146.5, 144.7, 141.2, 136.6, 136.0, 132.8,8172C), 126.7, 125.4 (2C), 118.7,
109.9, 71.0, 65.6, 55.1, 42.6, 28.3, 26.0; Masy:(B% 312.18 (M+H, 100%).

5.5.3 X-ray crystallographic studies

Crystal data for 16a; C3H3:NOsSi, M = 397.58, colorless block, 0.15 x 0.08 x 0.05Inm
monoclinic, space group2:/c (No. 14),a = 12.368(12)b = 13.474(14)¢ = 13.097(13) AS

= 102.866(17)°V = 2128(4) R, Z = 4,D. = 1.241 glcry Fooo = 856, CCD Area Detector,
MoKa radiation,y = 0.71073 A, T = 294(2)K, 26,., = 50.0°, 19940 reflections collected,
3744 unique (R = 0.0237). FinalGooF = 1.033,R1 = 0.0506,wR2 = 0.1381,R indices
based on 3243 reflections with ) (refinement orF?), 259 parameters, 0 restrainss
0.134 mnt. CCDC 909838 contains the supplementary crystallographic dataHis paper.
These data can be obtained free of charge at wwa.eam.ac.uk/conts/retrieving.html [or
from the Cambridge Crystallographic Data Centre DC(, 12 Union Road, Cambridge CB2
1EZ, UK; fax: +44(0) 1223 336 033; emaikposit@ccdc.cam.acuk

5.5.4 Phar macology methods

Materialsand Methods:

Wild type Zebrafish Danio rerio) were maintained as per the procedure mentioned in
Zebrafish Book?® The studies on anxiety assessment using thedithtbox paradigm were
conducted based on a published protoéblDrug administration was carried out by a
procedure reported earliéf. Clonidine, an anxiolytic agent was used as a jesiontrol to

ascertain the validity of the experiments.

5.5.5 Molecular docking studies:

Till date, the complete crystal structure of trensient receptor potential vanilloid subtype

1 (TRPV1) is not reported. However, many homologydeling studies were performed to
explore the three dimensional structure of TRPA" As reported earlier by Autieret al.,
the modeling of transmembrane regions (that accamates capsaicin binding site) of rat
TRPV1 (rTRPV1) was performed using MODELLER prograen®® ?° This model was used
to perform molecular docking studies of the synidexs molecules by using Surflex-dock

module implemented in the Sybyl prograth.
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5.5.5.1 Homology modeling of catalytic site of rat TRPV1 receptor: The homology
modeling of catalytic site of rTRPV1 was performasidiscussed earli€r. The amino acid
sequence of rTRPV1 (Uniprot ID: 035433) was obtdinffom Uniprot protein
knowledgebase. The sequence corresponding to xh&asismembrane regions (431-690)
were considered and a three dimensional model veaglaped based on the procedure
reported previously?” As TRPV1 belongs to class of voltage gated ionnokss, the
sequence similarity of its transmembrane regionsosipared with the other ion gated
channels under the same class. With the criterithefpresence of crystallized structure
voltage-dependent shaker family khannel (PDB ID: 2R9R) was chosen as a tempfate.
The sequences are aligned by CLUSTALW?2 algorithnsecified in the reference article
(Figure 16). MODELLER version 9.1% #* was used to build homology models based on
specified sequence alignment and template.

Homology modeling studies:. The homology model of rTRPV1 containing all the six
transmembrane regions was developed by employmgritcedure as reported earlier by Lee
et al.”’
and 10 models of the rTRPV1 were developed usindBOLER 9v11.?® ? The best model

with lowest PDF score was selected for further rotation and validation studies. The

The sequence alignment of rTRPV1 with 2R9R wasetbas represented in figure 1.

stereochemical quality of the final model was assésy PDBsum, a web based tool for
Procheck3? The homology model shows 85% residues are in riaestured region which
could be taken as a parameter to perform furthekidg studies (Figure 17).

aln.pos 10 20 30 40 50 60
2R9R B SSGPARITAIVSVMVILISIVSFC- LETLPIFRDENEDMHGGGVTFHTYSOSTIGYQQS
035433 KRIFYFNFFVYCLYMIIFTAAAYYRPVEGLPPYKLKN-------ccumuun-- TVG- -

consrvd * * k¥ * * k

aln.p 70 80 90 100 110 120

2R9R B TSFTDPFFIVETLCIIWFSFEFLVRFFACPSKAGFF--TN-IMNIIDIVAIIPYYVTIFL
035433 DYFR-VTGEILSVSGGVYFFFRGIQYFLQRRPSLKSLFVDSYSEILFFVQSLFMLVSVVL

consrvd * * ¥ ¥ * *
_aln.pos 130 140 150 160 170 180
2R9R B TESNKSVLQFQNVRRVVQIFRIMRI-LR-IFKLSRHSKGLQILGQTLKASMRELGLLIFF
035433 YFSQRKE- - - - - YVASMVFSLAMGWTNMLYYTRGFQQMGIYAVMIEKMILRDLCRFMFVY

_consrvd * *

_aln.pos 190 200 210 220 230 240
2R9R B LFIGVILFSSAVYFAEADERDS- - --QFP-------- SIPD ===~ AFWWAVVSMTTVGY
035433 LVFLFGFSTAVVTLIEDGKNNSLPMESTPHKCRGSACKPGNSYNSLYSTCLELFKFTIGM

consrvd * * * * * * %
aln.pos 250 260

2R9R_B GDMVPTTIGG-KIVGSLCAIAGY-LTIALPVPVIVSNFNYFYHRET
035433 GDLEFTENYDFKAVFIILLLAYVILTYILLLNMLIALMGETVNKIA
consrvd * Xk * E I 3 * * % *

Figure 16: Sequence alignment of rat TRPV1 and the voltagem#gnt shaker family K+ channel (PDBID:
2R9R).
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The final monomer model was duplicated in to foatries and superimposed with the
reported tetramer moded? The generated tetramer model was energy minimizéd the
gradient convergence of 0.05 K. cal. To check thshes from atom contacts, the quality of
tetramer structure was evaluated through MolPrdBityMolprobity evaluates the
stereochemical quality of the model and providetaah score from the all atom (including
Hydrogen) contact analysis. The final model hasrg least clash score of 1.49 and occupies
99th percentile for PDB structures with same resmhu Molprobity also determines
backbone bonds and angles, for which our tetranoeteirhas none of them. The molprobity

results are detailed ihable 3.

&
SER 826 (D) ~b !

(=

Psi (degrees)

- |
.p‘

I—I:E"LJE:-'P B) W

T T

a5 90 135 180

Phi (degrees)

Figure 17. Ramachandran plot of the-y distribution of rTRPV1 produced by PROCHECK aftermology
modeling. Red [A, B, L] most favored regions; Dgdlow [a, b, I, p] additional allowed regions; lhigyellow

[~ a, ~ b, ~ 1, ~ p] generously allowed regionsjtelareas are disallowed regions.
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Table 3: Molprobity results of the rTRPV1 homology model

Model Favored® Outliers’ CB-dev. Bond length® Bond angle® Clash-score’ Percentile®

rTRPV1 85.6 1.07 10 0 0 15 99

® percentage of residues in favourable region of Ramachandran plot
b . . . .
percentage of residues in disallowed region of Ramachandran plot.
° Number of residues with CB deviation 20.25 A
d Percentage of backbone bond lengths >4 standard deviations from the accepted values
¢ Percentage of backbone bond angles >4 standard deviations from the accepted value
" Number of atomic clashes per 1000 atoms.
& Percentile rank compared to structures in the PDB within a similar resolution range

5.5.5.2 Docking Procedure:

The docking analysis of molecules was performedguSiybyl, version 1.3 implemented from
Tripos package. Synthesized compounds were sketol#id format using build module and
minimized with gradient convergence of 0.001 K..CHhe protomol (grid) for molecular
docking was generated from the centroid of amirdsa@iccomodating vanilloid (capsaicin)
binding site. Molecules were docked using Surflexidmodule.*® The ligands were kept
flexible by producing the ring conformations and pgnalizing non-polar amide bond
conformations, whereas the receptor was kept tigidughout the docking studies. The most

stable pose was selected and the ligand interactutth target protein were determined.

Based on the mutational studies at the vanilloiding site- LEU515, THR550, SER512,
TYR511, MET547, PHE543 and LYS571 are reported &s &mino acid residue&’ From
the centroid of these aminoacids to 10 angstrom®wwuding was considered as a grid for
docking studies. To understand the binding modthefcompounds synthesized, molecular
docking studies were performeding Surflex-Dock (SFXC) programme of Sybyl softeca
The docking results for capsaicin were in closevahce with the earlier reported docking
studies. As reported earlier the vanillyl moiety cdpsaicin occupied the deep pocket
surrounded by Tyr511, Tyr565, and Lys571.The hydrophobic tail region occupied the
upper hydrophobic pocket formed at the interfacawsd monomersFigure 3. Using the
above docking parameters we performed a dockindystai synthesized compounds,
24and 35.
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2. Design, synthesis & pharmacological evolution of dehydro shikimate

analogues as potential antituber cular agents
'H & C NMR of Selected Compounds:

Ethyl -3-cyano-2-ox0-1,2,5,6,7,8,9,10-octahydr ocycloocta[ b] pyridine-4-car boxylate
(12d):
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2-0Oxo0-1,2,5,6,7,8,9,10-octahydr ocycloocta[ b]pyridine-4-car boxylic acid (12d):
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Methyl 2-chloro-5,6,7,8,9,10-hexahydr ocycloocta[b]pyridine-4-car boxylate (13d):
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2-Chlor o-4 (methoxycar bonyl)-6-methylpyridine-1-oxides (14a):
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2-Chlor 0-4-(methoxycar bonyl)-6,7-dihydr o-5H-cyclopenta[ b pyridinel-oxide(14b):
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2-Chlor 0-4-(methoxycar bonyl)-5,6,7,8-tetr ahydr oquinoline-1-oxide (14c):
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2-Chlor 0-4-(methoxycar bonyl)-5,6,7,8,9,10-hexahydr ocycloocta[ b] pyridinel-oxide
(14d):
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M ethyl-1-hydr oxy-6-methyl-2-oxo-1,2-dihydropyridine-4-car boxylate (15a):
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4-Car boxy-2-ethoxy-6,7-dihydr o-5H-cyclopenta[b]pyridine-1-oxide (15b):
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4-Car boxy-2-ethoxy-5,6,7,8-tetrahydroquinoline-1-oxide (15c):
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1-Hydr oxy-6-methyl-2-oxo-1,2-dihydr opyridine-4-carboxylic acid (16):
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1-Hydroxy-2-0x0-2,5,6,7-tetr ahydr o-1H-cyclopenta[b] pyridine-4-carboxylic acid (17a):
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4-Carboxy-2,6-diethoxypyridine-1-oxide (20):
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2-Chlor o-4 (ethoxycar bonyl quinoline 1-oxides (25a):

COOC,Hs
A
P
II\I Cl
(@)
©
oy oy L i
i 2N N w
28 g 3 N &
| T T T | I |
10.0 5.0 0.0
ppm (f1)
'H NMR (300 MHz, CDCl5)
o 0o 0w - M oM
3 NE-iaBRSS 235 & 3
) O =0 NOWUO “’FD‘Q. ¥ M
© T8 QU Mol i R =
|
L i [ |
| |
|
|
|
) ' | ! | ! | |
ppm (f1) 150 100 50 0

3C NMR (75 MHz, CDCl5)

B.Dulla, PhD thesis (2013) Page 170



6. Appendix NMR Spectra — Chapter 2

2-Chlor 0-4 (ethoxycar bonyl)-6-methylquinoline 1-oxides (25b):
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2-Chlor o-6-fluor 0-4-(ethoxycar bonyl) quinoline 1-oxide (25c):
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1-Hydr oxy-2-oxo-1,2-dihydr oquinoline-4-car boxylic acid (26a):
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1-Hydr oxy-6-methyl-2-oxo-1,2-dihydr oquinoline-4-car boxylic acid (26b):
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6-Fluor o-1-hydr oxy-2-oxo-1,2-dihydr oquinoline-4-car boxylic acid (26c¢):
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Methyl -7-chlor 0-2,4-dioxo-1-propyl-1,2,3,4-tetrahydropyrido [2, 3-d] pyrimidine-5-
carboxylate (36a):
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7-Chlor 0-2,4-dioxo-1-propyl-1,2,3,4-tetr anydropyrido[ 2,3-d] pyrimidine-5-car boxylic
acid (36c¢):
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3. Novel synthesis of 2H-benzo[b][1,4]oxazines via sequential C-N and C-O
bond formation in single pot & their pharmacological evaluation as anti

inflammatory agents

Methyl 2-(allyloxy)-5-for myl-6-hydr oxy-2H-benzo[ b][1,4] oxazine-3-car boxylate (68):
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Methyl 5-for myl-6-hydr oxy-2-(1H-indol-3-yl)-2H-benzo[ b][ 1,4] oxazine-3-car boxylate
(69):
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Methyl 5-for myl-6-hydr oxy-2-phenyl-2H-benzo[b][1,4] oxazine-3-car boxylate (70):
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M ethyl 5-for myl-6-hydr oxy-2-(4-methoxyphenyl)-2H-benzo[b][1,4]oxazine-3-
carboxylate (71):
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Methyl 2-(4-(benzyloxy) phenyl)-5-for myl-6-hydr oxy-2H-benzo[b][1,4] oxazine-3-

carboxylate (72):
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M ethyl 2-(4-(benzoyloxy)phenyl)-5-for myl-6-hydr oxy-2H-benzo[b][1,4] oxazine-3-
carboxylate (73):
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M ethyl2-(4-br omophenyl)-5-for myl-6-hydr oxy-2H-benzo[b][1,4] oxazine-3-car boxylate
(74):
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M ethyl2-(4-fluor ophenyl)-5-for myl-6-hydr oxy-2H-benzo[ b][ 1,4] oxazine-3 car boxylate
(75):
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Ethyl 5-for myl-6-hydr oxy-2-p-tolyl-2H-benzo[ b][ 1,4] oxazine-3-car boxylate (76):
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DMSO-d; + D,O
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Methyl 5-for myl-6-hydr oxy-2-(naphthalen-2-yl)-2H-benzo[b][1,4] oxazine-3 car boxylate
(77)

N COOCH;

Yy YR
N 2@ a0
oRe © e ou

L60 = p———
TT

£8°0 =
29t = ¢

oL =

T I l T T |
ppm (t1) 10.0 5.0 0.0

'H NMR (300 MHz, CDCl5)

© 2 s Ny RLLE e ® oo I~

r~ @ MmOk B BH~ D = = N =< B ul~ o -
@ N Q8 GO MO DUT MO RO @ W s 8 =
[t} S RS = R I IR - B = ] et =
@» © W wm Mo ONN NN NN e = r~f~ © o
- e L LR R R L R0 R B == = e

T 68.971

A\

A

200 150 100 50 0
ppm (1)

3C NMR (75 MHz, CDCl5)

B. Dulla, PhD thesis (2013) Page 188



6. Appendix NMR Spectra - Chapter 3

Ethyl 5-for myl-6-hydr oxy-2-(4-isopropylphenyl)-2H-benzo[b][ 1,4] oxazine-3-car boxylate
(78):
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72 h after the addition of CDs0OD:
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Ethyl 2-(di phenyl methylene amino)-3-(4-isopropylphenyl)propanoate (81):
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4. Synthesis & pharmacological evolution of substited phenyl oxazoles as
a novel class of LSD1 inhibitors with anti-prolierative properties

Methyl 4-(methylthio)-2-(3-nitrobenzamido)butanoate(2a):
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(S)-Methyl 2-(2-chloro-5-nitrobenzamido)-4-(methylthio)butanoate (2b):
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(S)-Methyl 2-(3,5-dinitrobenzamido)-4-(methylthio)butanoate (2c):
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4-(Methylthio)-2-(3-nitrobenzamido)butanoic acid @a):
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(S)-2-(2-chloro-5-nitrobenzamido)-4-(methylthio)butaroic acid (3b):
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(9)-2-(3, 5-dinitrobenzamido)-4-(methylthio)butanoicacid (3c):
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N-(1-(Methylthio)-4-oxopentan-3-yl)-3-nitrobenzamidg4a):
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NMR Spectra — Chapter 4

(S)-2-chloro-N-(1-(methylthio)-4-oxopentan-3-yl)-5-nirobenzamide (4b):
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(S)-N-(1-(methylthio)-4-oxopentan-3-yl)-3,5-dinitrobenzamide (4c):
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5-Methyl-4-(2-(methylthio) ethyl)-2-(3-nitrophenyl) oxazole (5a):
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2-(2-chloro-5-nitrophenyl)-5-methyl-4-(2-(methyl tho) ethyl oxazole(5b):
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2-(3,5-dinitrophenyl)-5-methyl-4-(2-(methylthio) etyl) oxazole (5c¢):
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3-(5-Methyl-4-(2-(methylthio) ethyl) oxazol-2-yl) ailine (6a):
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4-chloro-3-(5-methyl-4-(2-(methylthio)ethyl)oxazol2-yl)aniline (6b):
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5-(5-methyl-4-(2-(methyl thio) ethyl) oxazol-2-yl)lenzene-1,3-diamine (6¢):
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(E)-tert-butyl (tert-butoxycarbonylamino) (3-(5-methyl-4-(2-(methylthigethyl)oxazol-2-
yl)phenylamino)methylenecarbamate ( 8a):
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(E)-tert-butyl (tert-butoxycarbonylamino)(4-chloro-3-(5-methyl-4-(2-(methylthio) ethyl)
oxazol-2-yl) phenyl amino) methylene carbamate (8b)
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Tert-butyl (5-(5-methyl-4-(2-(methylthio) ethyl) oxazol2-yl)-1, 3-phenylene) bis
(azanediyl) bis (tert-butoxycarbonylamino) methan-1-yl-1-ylidene) dicartamate (8c):
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1-(3-(5-Methyl-4-(2-(methylthio) ethyl) oxazol-2-yJ phenyl) guanidine (9a):
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1-(4-chloro-3-(5-methyl-4-(2-(methyl thio) ethyl) ®azol-2-yl) phenyl) guanidine (9b):
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1,1'-(5-(5-methyl-4-(2-(methylthio) ethyl) oxazol-2yl)-1,3-phenylene) diguanidine (9c):
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N-(4-chloro-3-(5-methyl-4-(2-(methylthio) ethyl) oxaol-2-yl) phenyl) acetamide (10):
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N-(4-chloro-3-(5-methyl-4-(2-(methylthio)ethyl)oxazt-2-yl)phenyl)benzamide (11):
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N-(4-chloro-3-(5-methyl-4-(2-(methylthio)ethyl)oxazb 2-yl)phenyl)methanesulfonamide
(12)
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N-(4-chloro-3-(5-methyl-4-(2-(methyl thio) ethyl) oxazol-2-yl) phenyl)-4-methyl benzene
sulphonamide (13):
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4-chloro-N,N-dimethyl-3-(5-methyl-4-(2-(methylthio) ethyl)oxazd-2-yl)aniline (14):
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5. Design, synthesis & phar macological evolution of isovanillin derived
| soxazolidines as potential vanilloid receptors

2-Allyl-3-(tert-butyldimethylsilyloxy)-4-methoxybenzaldehyde (9a):
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(E)-Ethyl 4-(2-(tert-butyldimethylsilyloxy)-6-for myl-3-methoxyphenyl)but-2-enoate (9b):

o)
I
0
N
HzCO OCH,CHs
OTBS

IIrIIII‘IIIIrIIIIlIIIIrIIIIlIIIIIIIII|IIII|IIII|

7.70 7.60 7.50 7.40 7.30 7.20 7.10 7.00 6.90
ppm (1)

11
i
o=

[in]
L=}

voe 1
626 L
009 L

860 71—
L
i .

L60 —[ =l

66'0 L

10.0 5.0 0.0
ppm (f1)

'H NMR (400 MHz, CDCl5)

191.359
166.513
154.523
147.024
130.449
128.608
128.104
100.225
77.345
77.027
76.708
60.056
54.924
27,671

TN 6073
3676

T——— 143625
S~ 121651
T—— 18916
T——— 14.188

-

200 150 100 50 0

3C NMR (100 MHz, CDCl3)

B.Dulla, PhD thesis (2013) Page 219



6. Appendix NMR Spectra — Chapter 5

(E)-2-allyl-3-(tert-butyldimethylsilyloxy)-4-methoxybenzal dehyde oxime (10):
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5-(tert-butyldimethylsilyloxy)-3-(2-ethoxy-2-oxoethyl)-6-methoxy-3,4 dihydr o isoquinoline
2-oxide (11):
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Ethyl7-(tert-butyldimethylsilyloxy)-5-(2-ethoxy-2-oxoethyl)-8-methoxy-2,5,6,10b-
tetrahydro-1H-isoxazolo [3,2-a] isoquinoline-1-car boxylate (12a):
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(4-(tert-butyldimethylsilyloxy)-5-methoxy-1-(phenylamino)-2,3-dihydr o-1H-inden-2-yl)
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Ethyl 5-hydroxy-6-methoxy-1-phenyl-3,3a,4,8b-tetrahydro-1H-indeno[ 1,2-c]isoxazol e-3-

carboxylate (30):
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7-hydr oxy-8-methoxy-1-phenyl-5,5a,6,10b-tetr ahydr o-1H-indeno[ 1,2-€][ 1,4] oxazepin-
2(3H)-one (34):
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3,5-dihydroxy-6-methoxy-1-phenyl-1,3a,4,8b-tetr ahydr oindeno[ 1,2-b] pyrrol-2(3H)-one

(35):
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