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ABBREVIATIONS

[a]*°p = optical specific rotation

AAG* = quantity of the transition state
stabilization

o = chemical shifts

& = cyclic peptides

A = wavelength

hem = emission wavelength

hex = eXcitation wavelength

Amax = Maximum wavelength

7TM = seven-trans membrane

AP = p-amyloid peptide

APAc = Alzheimer's f-amyloidogenic conformer

aa = amino acid

Ab = antibody

Ab.TS = antibody-bound transition state

Ac = annexin-1-derived peptide(s)

AcOH = acetic acid

Agr = agr = accessory gene regulator(s)

AIP(s) = autoinducing (oligo)peptide(s)

Alloc = allyloxycarbonyl group

ALX = lipoxin A4 receptor

an. = anhydrous

ANXA1 = annexin Al

aq. = aqueous

Ar = aromatic ring

Asu = aspartimide (aminosuccinimide, 3-amino-
pyirolidine-2.5-dione)

Bn = benzyl

Boc = tert-butoxycarbonyl group

¢ = concentration

C5a = complement component 5a

caled. = calculated

cAMP = cyclic adenosine monophosphate

CAN = ceric ammonium nitrate

CD = circular dichroism

CD4+ =T helper cells

CD8+ = cytotoxic T cells

CDCA = chenodeoxycholic acid

cDNA = complementary deoxyribonucleic acid

CHIPS = chemotaxis inhibitory protein of S.
aureus

CHX = cyclohexane

CI = chemical 1onisation

CM = complex mixture

CSP(s) = chiral stationary phase(s)

CsH = cyclosporin H

c-suPAR = cleaved soluble uPAR

CTC = chlorotrityl chloride polystyrene resin
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d = day(s)

DCA = deoxycholic acid

DCC = dicyclohexylcarbodiimide

DCP = diethyl cyanophosphonate

DC(s) = dendritic cell(s)

DIC = duisopropylcarbodiimide

DIPEA = DIEA = N,N-Diisopropylethylamine or
Hiinig's base

DKP = diketopiperazine

DMAP = 4-dimethylaminopyridine

DMF = dimethylformamide

DMSO = dimethyl sulfoxide

EC5, = half maximal effective concentration

E. coli = escherichia coli

EDC = 1-ethyl-3-(3’-dimethylaminopropyl)
carbodiimide hydrochloride

EDTA = ethylenediaminetetraacetic acid

ee = enantiomeric excess

EI = electron ionisation

equiv = equivalent(s)

EMRSA-16 = Epidemic methicillin-resistant
Staphylococcus aureus 16

ERK = extracellular regulated kinase

ESI = electrospray ionisation

EtOAc = ethyl acetate

F2L = peptide derived from heme-binding
protein

FAB (LSIMIS) = fast atom bombardment
(liquid secondary ion mass spectrometry)

FBS= fetal bovine serum

Fe(acac); = wron(III) acetylacetonate

FLIPR = fluorometric imaging plate reader

FLIPr = FPRLI mbhibitory protein

fMLF = N-formyl-methionine-leucine-
phenylalanine

FMLPR(s) = formil-metinine-leucine-
phenilalanine receptor(s)

Fmoc = Fluorenylmethyloxycarbonyl group

FPR(s) = formyl peptide receptor(s)

FPRHI1= formyl peptide receptor-homolog 1

FPRH2= formyl peptide receptor-homolog 2

FPRL1= formyl peptide receptor likel

FPRL2= formyl peptide receptor-like 2

FT-IR = Fourier Transform Infrared
Spectroscopy

G-CSF = granulocyte macrophage-colony-
stimulating factor

gp41 = envelope glycoprotein 41 of HIV-1



GPCR(s) = G-protein-coupled receptor(s)

GTPase(s) = enzymes that bind GTP (guanine
triphosphate)

h = houi(s)

HATU = 1-[bis(dimethylamino)methylene]-1H-
1.2.3-triazolo-[4.5-b]pyridinium
hexafluoro-phosphate 3-oxide

HBA= hydrogen bond acceptor

HBD= hydrogen bond donor

HBSS = Hanks' Balanced Salt Solution

HEPES = 4-(2-hydroxyethyl)-1-piperazine
ethanesulfonic acid

Hex = hexane

HIV = Human immunodeficiency virus

HIV-1 = Human immunodeficiency virus type 1

HK= histidine kinase

HL-60= Human promyelocytic leukemia 60 cell
line

HMG63 = FPR2 antibody

'HNMR = proton nuclear magnetic resonance

HOATt = 7-aza-1-hydroxybenzotriazole

HOBt = 1-hydroxybenzotriazole

HPLC = high-performance liquid
chromatography

HSV-2= herpes simplex virus type 2

ICsp = half maximal inhibitory concentration

L.D. = internal diameter

[FN-y = interferon gamma

IgE = immunoglobulin E

IL = interleukin

IPA = isopropanol

IR = Infrared spectroscopy

TUPAC = International Union of Pure and
Applied Chemistry

J = coupling constants

Kd = dissociation constant

kDa = kilodalton

Ki = mnhibition constant

KTS = transition state (TS) dissociation constant

LC-MS = LCMS = liquid chromatography-mass
spectrometry

LL-37 = a Cathelicidin-derived peptide

LPS = lipopolysaccharide

LTB4 = leucotriene B4

LXA4, LXB4 = lipoxin A4, lipoxin B4

LXA4R= lipoxine A4 receptor

MALDI = matrix-assisted laser desorption
/1onisation

MAPK = mitogen-activated protein kinase

TBHP = tert-butyl hydroperoxide

m-CPBA = meta-chloroperbenzoic acid

mdeg = millidegrees (for the angle of
polarization in CD spactra)

MHC= major histocompatibility complex
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mp = melting point

MRSA = Methicillin-resistant strains of
Staphylococcus aureus
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MS = mass spectrometry

N.A.=no activity

NADPH = nicotinamide adenine dinucleotide
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NF-kB = eukaryotic transcription factor

NK= natural killer cells

NMR = nuclear magnetic resonance
spectroscopy

NO = nitric oxide

o/n = overnight

P = product

PAF = platelet-activating factor

PGE2 = prostaglandin E2

pKa = -log(acidity constant)

PKC(s) = protein kinase C(s)

PMN(s) = polymorphonuclear leukocyte(s)
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PrP = prion protein
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QS = quorum sensing
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Q-ToF = Quadrupole-Time of Flight
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rt = room temperature
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SAR(s) = structure-activity relationship(s)
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TFA = trifluoroacetic acid

THF = tetrahydrofuran

TLC = thin layer chromatography

TLR(s) = toll-like receptor(s)

TNF-o = tumor necrosis factor alpha

fg = retention time (in min)

TS = Transition-State

uPA= urokinase-type plasminogen
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Table of the amino acids and their abbreviations.
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COOH
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Small
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1. INTRODUCTION






1. Introduction

1.1 Inflammation and infection: an overview
Inflammation is the first response of the immunstem to infection or irritation. Through this prese
the white blood cells and chemicals released froemt protect human organism against exogenous
substances and pathogenic microorganisms suchcéaribaand virusesNevertheless, if the injurious
agent continues or the control of cellular recreitinbreaks down, both acute and chronic inflamnyator
disorders will ensu@.
Innate immunity is a very important mechanism ifedding humans against infectious microbes but in
some diseases the immune system inappropriatglyetts an inflammatory response when there are no
foreign substances to fight offin these cases, the decompensations are callédirtanune diseases”
and the body responds as if normal tissues aretedeor somehow abnormal: as result of this resggons
the normal protective immune system of the bodyseaudamage to its own tissues. Thus, immune
dysregulation exposes patients to life-threatenitgks. As known, infection and inappropriate
inflammatory processes play a central role in mdisgases such as asthma, rheumatoid arthritis and
multiple sclerosis. Moreover, as consequence of itleeeasing aging of the population, in more
developed countries it was observed that older [peexhibit a natural immune function dysregulation,
which may be exacerbated in chronic stress comdifiin addition, the ongoing emergence of resistant
bacterial and viral strains to multiple classescloémotherapeutics increases morbidity, mortalibgd a
costs associated with nosocomial infections.
Nowadays there is a large number of treatmentinfammatory diseases and many anti-inflammatory
therapeutic agents have been developed. Unludkig/,most part of currently used anti-inflammatory
drugs has some limitations due to their interfeeemith pro-inflammatory mediators, whereas less is
understood about the biochemical processes thalveesflammation. Principally, selective activatio
of such a pathway might lead to an alternativettneat for inflammatiorf. Moreover, identification of
immunomodulatory agents enhancing innate immunporeses represents a promising strategy for
combating inflammation and infectious diseasesdawtlopment of bioactive molecules that selectively

stimulate the innate immune response is an impbctzailenge both for biologists and chem/sts.

1.2  White blood cells or leukocytes
White blood cells (WBCs), or leukocytes, are immsgstem cells delegated to defend the body against
both infectious disease and foreign matefialfiere are several different types of white bloetiscand
they all derive from a multipotent cell in the bonearrow, known as a hematopoietic stem cell.
Leukocytes are found throughout the body, includimg blood and lymphatic systerfigire 1.1).° A
major distinguishing feature of some leukocytethespresence of granules, so that white blood eedls

often characterized as granulocytes or agranulec@eanulocytes (neutrophils, basophils, eosinsphil
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are polymorphonuclear leukocytes and they are chenmased by the presence in their cytoplasm of
differently staining granules visible under lighticnescopy. These granules are membrane-bound

enzymes which primarily act in the digestion of eytosed particles through the action of lysosomes.

Fromonacyls Frolymphocyte

- N

Eosinophilic Meulrophilie  Basophilic
myekicyte  myelocyle myalocyte

L K
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Eos+nnphillc Meutrophilic El-mphilc
bandoalls bal cals-

r

Baiophlls I_ymphncytaa

: | ” .

3 KN
\'“"‘" ' Agranular leukocytes  Plasma cells
Granular leukocytes (some becoma) \
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-
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{a) N

Figure 1.1.The different types of white blood cells and hewpaietic cells from which they derive.

Agranulocytes (lymphocytes, monocytes, macrophages) mononuclear leucocytes and they are
characterized by the apparent absence of gramuléeir cytoplasm. Although the name implies a latk
granules, these cells contain lysosorfe8ome leukocytes migrate into the tissues of thiy/ o take up

a permanent residence at that location rather tdaaining in the blood. Often these cells have ifipec
names depending on the tissue in which they skttleut, generically, they are well-known as “fixed

macrophages” and dendritic cells.

1.2.1 Neutrophils
Neutrophils are the most abundant type of white@dtlcells in mammals and form an essential patef t
innate immune system. They belong to polymorphararcleukocytes (PMNs) together with basophils
and eosinophils (in fact, technically, PMN refeesdll granulocytes). Normally found in the blood,
neutrophils are usually the first responders toromi@l infection, defending against bacteria, fuagd

other inflammatory process Being highly motile, they quickly congregate at focus of inflammation.



1. Introduction

Thus, neutrophils are the most common cells resuluit acute phase of inflammation, coming in and
destroying foreign organisms or substanée&**Considering their ability to migrate toward theespf
inflammation, through the blood vessels and therstitial tissue, following “chemical signals” ihg
process of chemotaxis, neutrophils are recruitetiersite of injury within few minutes from trauraad
they should be considered as the hallmark of amflammation’® Cell surface receptors allow
neutrophils to detect chemical gradients of mokeswduch as interleukin-8 (IL-8), interferon gamma
(IFN-gamma) and complement component 5a (C5a,) lwthiese cells use to direct the path of their
migration. They are very active in phagocytosingtbaa and are able to release soluble anti-mialob
proteins'®!” As a consequence of their activity and death Usuhley determine pus formation.
Moreover, neutrophils expreassd release cytokiné8 which, in turn, amplify inflammatory reactions

through several other cell types.

1.2.2 Basophils
Basophils appear in many specific kinds of inflantmnareactions, particularly those that cause giter
symptoms. They can be found in unusually high nusiaé sites of infection and play a crucial role in
both parasitic infections and allergi€sBasophils are usually chiefly responsible for rafie and
antigenic response by releasing histamine, proyeagk (e.g. heparin and chondroitin), proteolytic
enzymes (e.g. elastase and lysophospholipasejnganfiammation and contributing in this manner to
the severity of the allergic response. When aaiyathey also secrete lipid mediators like leulentes
and several cytokines. Histamine and proteoglyeaaspre-stored in the cell's granules while thesioth
secreted substances are newly generated. Eactesé gubstances contributes to inflammatfoA.
specific receptor on basophilic cell surface isoimed in the IgE binding and the interaction wilfist
immunoglobulin involved in parasite defense andrgly confers to the basophils a selective resptinse
environmental substances, such as pollen proteihelminth antigenskRecent studies in mice suggest
that basophils may also regulate the behavior aklls and mediate the magnitude of the secondary

immune responsg.

1.2.3 Eosinophils
Among the immune system components, eosinophilsvaiige blood cells responsible for combating
multicellular parasites and certain infectiGAsUsually they fight viral infections and helminth
colonization, being slightly elevated in the preseof certain parasites. Eosinophils are also itapbr
mediators involved in the control of allergy andhasa and are closely associated with the sevefity o
disease. In addition, the are frequently involvednany other biological processes, including abdigr

rejection and neoplasfa After maturation in bone marrow, eosinophils ciate in blood and migrate to
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inflamed tissues in response to chemokines anaindeukotrienes (e.g. leukotriene B4)Following
activation by an immune stimulus, eosinophils deglae and release an array of cytotoxic granule
cationic proteins that are capable to induce tisfaraage and dysfunctiGn® Their effector functions
include also production of reactive oxygen spe¢gsgh as superoxide, peroxide, and hypobromite),
lipid mediators like the eicosanoids (leukotriersesl prostaglandingy, growth factor$®# cytokines
and TNFe.”

1.2.4 Lymphocytes
Also lymphocytes are white blood cells of the vier&e immune system and they are much more
common in the lymphatic system. All lymphocytesgorate during haematopoiesis process and, after
maturation, enter in the circulation and periphéyaiphoid organs (e.g. the spleen and lymph nodes)
where they survey for invading pathogens and/orotucells. The three major types of lymphocyte are
natural killer (NK) cells, T cells and B cefiS.
NK cells are a part of the innate immune system@ag a fundamental role in defending the host from
both tumors and viral infected cells. They distisuinfected cells and tumors from normal and
uninfected cells by recognizing changes of the llesfe a surface molecule called MHC (major
histocompatibility complex) class I. NK cells aretimated in response to a family of cytokines aille
interferons and they release cytotoxic granuleshvaie able to destroy the altered c&lls.
T and B cells are the major cellular componentthefadaptive immune response. T cells are invaived
cell-mediated immunity whereas B cells are prinyargésponsible for humoral immunity (relating to
antibodies). B cells mature into B lymphocyteshat level of the bone marrow, while T cells migrette
and mature in a distinct organ, called thymughe function of T cells and B cells is to recogniz
specific “non-self” antigens, during a process knoas “antigen presentation”. Once these cells have
identified an invader, they generate specific resps that are tailored to maximally eliminate sjpeci
pathogens or pathogen infected cells. B cells m$go pathogens by producing large quantities of
antibodies which neutralize foreign organism lileeteria and viruses. Always in response to pathggen
some T cells, called T helper cells (CD4+), prodogekines that direct the immune respoffsehile
other T cells, called cytotoxic T cells (CD8+), guze toxic granules which induce the death of
pathogen infected and tumor cells. Following adiorg B cells and T cells leave a lasting legacyhaf
antigens they have encountered, in the form of “orgneells”. During all the host life, these memory
cells will “remember” each specific pathogen endewed, and will be able to determine a strong

response if the pathogen will be detected atfain.
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1.2.5 Monocytes

Monocytes are white blood cells that develop in boae marrow and then go into blood, where they
circulate for few days to finally migrate into tigss. In response to inflammation signals, theymane
quickly to the sites of infection and differentiat¢o resident macrophages and dendritic cellditdt an
immune respons€. Monocytes are responsible for phagocytosis ofidorsubstances in the body and
this action is performed by using intermediary pnaé such as antibodies or complement factors. In
addition, they are able to directly bind the mi@slvia pattern-recognition receptors which recagniz
pathogens. Finally, monocytes are also capabldltmiected host cells through antibody recogmnitiio

a process called “antibody-mediated cellular cytisity”. >**°

1.2.6 Macrophages
Macrophages are mononuclear leucocytes resporisilpietect tissues from foreign substances. When a
leukocyte enters injured tissues attracted by geaf various stimuli in the process of chemotaitis,
undergoes a series of changes to become a macephag majority of macrophages migrate into the
tissues of the body to take up a permanent resedanthat location (“fixed macrophages”), rathearth
remain in the blood. Each type of macrophage hapegific name determined by its location. Some
examples of this differentiation are the Kupffetlcdin the liver), the histiocytes (in the conneet
tissue), the microglia (in the neural tissue), tiesangial cells (in the kidney), sinusoidal linog]ls (in
the spleen), the osteoclasts (in the bone) anditise cells (in the lungf’ As a consequence of their
different fixed location, macrophages are versatdids that play many roles. They act as phagoaytes
both non-specific defense (innate immunity) anccgfgeadaptive immunity. Their main roles consist t
phagocytize necrotic tissues and pathogens, e#hestationary or as mobile cells, and to stimulate

lymphocytes and other immune cells to respondegtthogen.

1.2.7 Dendritic cells
Dendritic cells (DCs) are immune cells that, aslwaslmacrophages do, migrate into the tissueseof th
body to take up a permanent residence at thatibmcahs mentioned above, these cells always arise
from monocytes that depending on the specific $jgraam became either dendritic cells or macrophages
respectively. Dendritic cells can also be foundramature form in the blootf, but they are usually
found in lung, stomach, intestine and, in small antpin tissues that are in contact with the exkern
environment, such as the skin. Langerhans cellsnai®ed a specialized kind of dendritic cells. Thei
main function is to process antigen material andrasent it on the surface to other cells of thenime

system®’ They are the most potent of all the “antigen-pnéisg cells” and, once activated, they migrate
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to the lymphoid tissues where they interact witle€lls and B cells to initiate and shape the adaptiv

immune response.

1.3 Leukocytes: involvement in inflammation and inéction
The host defense response of humans is complexmariileveled, involving many cell types with
distinct but overlapping roles. Leukocyte infilicat is an important feature in host response arfieinde
to invading potentially pathogenic organisms and fight a variety of inflammation processes.
Phagocytic leukocytes are one of the earliesttgpls responding to an inflammatory stimulus ar&y th
are key participants in innate immune respofidesukocytes accumulate at sites of inflammation and
microbial infection as response to locally produ¢etlemical signals®® In fact their recruitment is
strictly dependent on the presence of a gradierthefotactic factors. In response to inflammatory
challenges, phagocytes such as neutrophils, moe®eytd macrophages migrate to the site of infection
in a process of adhesion and transmigration thrdalgbd-vessel walls, where they engulf and destroy
bacteria or other damage stimtfliThey are usually activated by a wide variety dfaimmatory stimuli,
including cytokines and other endogenous chemicalssengers, pathogen-associated molecular
structures and oligopeptides derived from varioash@gens or endogenously produdetf. After
phagocytosis of microorganisms or other particutaestances, leukocytes secrete a variety of noediat
that possess potent proinflammatory and antimietolctivities. These mediators include antibiotic
peptides and proteases which are sometimes storgchinules and are released during the process of
degranulatioff® Leukocytes perform as well a variety of other cerpnicrobicidal functions, including
chemotaxis (migration to site of inflammation), iaation (rolling and adhesion to vessel walls),

diapedesis (transmigration across the endothel@tids)?**’

phagocytosis of foreign particles,
destruction of targeted organisms and reactiveridieals productior®

In this scenario, more detailed signalling studredeukocytes may help to identify new targets for
potential therapeutic interventions. In additiomufe combinatorial therapies with higher seletfivor
certain leukocyte subsets promise improved appesadbr treating acute and chronic inflammatory

disorders.

1.4  Formyl Peptide Receptors (FPRS) role in inflamiation and infection
Formyl peptide receptors (FPRs) are a small faraflichemoattractant receptors and they play an
essential role in host defense mechanisms agaatisogen infection and trauma. In addition, they are
involved at different levels in the regulation offlammatory reactions and sensing cellular
dysfunction?® These receptors belong to the seven transmembi@main G-protein-coupled receptor

(GPCR) family which are expressed in the majorityvbite blood cells and are known to be important
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in host defense and inflammatiGhAll major neutrophil functions stimulated towar§®Rs can be
inhibited by treatment of the cells with pertugsisin,***°indicating that the G proteins coupled to them
belong to the Gi family of heterotrimeric protefisSeveral studies conducted throughout the 1980s led
to the identification of the formyl peptide receptas highly promiscuous receptors that can bgatet

by a wide range of structurally unrelated non-pptnd peptide agonists, including synthetic, ahbo
host-derived and pathogen-derived agéht&>*°>>*3Further investigations resulted in the identificat

of different chemotactic factors derived from baeteas low-molecular weight peptides having a
blocked amino terminus group, which were able todband activate FPRs. Because prokaryotes initiate
protein synthesis with-formyl methionine, short peptides starting witformyl methionine (CHOMet)
were chemically synthesized and testett.was found a potent chemotactic activity for mephils in
many of the synthetidN-formyl peptides tested, especially peptides caoimgi N-formyl-methionyl-

leucine and\-formyl-methionyl-phenylalaning® The above findings led Freetr al>®

to propose that the
N-formyl group is essential for the bioactivity dfese chemotactic peptides through interaction with
FPRs.These studies resulted in identificationNsformyl-methionine-leucine-phenylalanine (fMet-Leu-
Phe, or fMLF) as the most potent agonist amongy2dhetic peptides tested in neutrophil chemotaxis
assays’

Owing to its ability to bind and activate the G f@io-coupled formyl peptide receptors (FPRs), the
tripeptide fMLF became a prototype of formylatedectotactic peptides for neutrophils able to act
through FPRs activation. At subnanomolar to nanamobncentrations, this binding event translates
into directional movement of neutrophils, whilehagher concentrations (> 100 nM), the same peptide
also stimulates bactericidal functions includingsdgomal enzyme relea¥e,degranulation and
production of superoxid®:°®° Because these peptides are derived from bacteriahitochondrial
proteins-® it has been proposed that a primary FPR functiotoipromote trafficking of phagocytic
myeloid cells to sites of infection and tissue dgejavhere they exert antibacterial effector funwio
and clear cell debris. In support of this hypotbesiice lacking a known murine FPR variant wereemor
susceptible to bacterial infectioffs. Intriguingly, the bactericidal activities triggereby these
chemotactic peptides contribute to tissue damagenwieutrophils are activated in certain different
pathological conditions. Therefore, an understagaihthe pharmacological basis of FPR binding and
signaling has the potential to enhance anti infectictivity as well as to reduce unwanted neutidophi

activation and the resulting tissue dam&ge.

1.5 Formyl Peptide Receptors (FPRs) localization ahclassification
Three FPR subtypes have been identified till nolmumans (FPR1, FPR2/ALX , FPR3), whereas eight

FPR-related receptors have been discovered in (fiiree 1.2).*® Activation of FPRs induces a variety
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of responses, which depend on the agonist, cel,typceptor subtype and species involved. The
receptors of the FPR gene family are primarily fbun myeloid cells, but the distribution changes
within myeloid cell subsets. Indeed, the threealéht FPRs display a quite different expressioffilpro
on phagocytic leukocytesfigure 1.2). For example, neutrophils express functional FP&id
FPR2/ALX, while monocytes express all the threeeptars at their surface. Differently, monocyte-
derived DCs express FPR1 and FPR3 when immaturemlgdetain FPR3 after maturati8h®® Many
studies also indicate the presence of formyl peptgteptors in non-myeloid cells. In this contdstre

is evidence that FPRs might play different key sale the activation of the immune system cells and

functions in different body districts.
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Figure 1.2. Sequence homology between the FPR family membretdheeir tissue distribution. The predicted
protein sequences of the three human (h) FPR gémegight mouse (m) Fpr genes, and the rabbERR1
gene were compared. Based on sequence homology-BiR1l, mFprl, and rFPR1 are in the same clust#de N
that some of these genes are not expressed inophilsr and monocytes. The tissue expression psofibe
mFpr-rs4, mFpr-rs5, and mFpr-rs8 have not beenrméied. Mo, monocytes; PMN, polymorphnuclear
leukocytes; iDC, immature dendritic cells; astrstracytes; T, T lymphocytes. Adapted from Ye e(2009)°

1.5.1 Formyl Peptide Receptor 1 (FPR1)
Human FPRL1 is a relatively abundant chemoattraa@egptor on phagocytic cells and it was first
defined biochemically in 1978, as a high affinity binding site on the surfaceneiutrophils for the
prototypic peptide fMLF. Other names used in therditure to define FPR1 include FPR (“classic FPR”)
and FMLPR (formil-metinine-leucine-phenilalanineceptor)*® Biochemical studies indicated that the
receptor is a glycoprotein of 55-70 kDa that fuoicéilly couples to G proteins for transmembrane
signalling®® It was then cloned in 1990 by Boul@y al®® from a differentiated HL-60 myeloid
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leukemia-cell cDNA library. Cloning of the cDNA fdfFPR1 identified the receptor to be a single
polypeptide of 350 amino acids with a typical hymhthy plot pattern for a seven transmembrane
domain structur€°®|n transfected cell lines, FPR1 binds fMLF with higffinity (Kd < 1 nM) and it is
activated by picomolar to low nanomolar concentragiof fMLF in chemotaxis assa{fsBesides being
expressed on phagocytes (e.g. neutrophils and nges)cand a small number of non-phagocytic cells
(e.g. hepatocytes, immature dendritic cells, agtas; microglial cells§? FPR1 has been identified also
in the tunica media of coronary arterf@4Jsing an antibody recognizing the carboxyl territlaamino
acids of FPR1Becker et al’found immunoreactivity for this subtype of recepitomultiple organs and
tissues, including epithelial cells in organs wsttretary functions, endocrine cells (includindic¢alar
cells of the thyroid and cortical cells of the athkgland), liver hepatocytes and Kupffer cellspsth

muscle cells and endothelial cells, brain, spimati@and both motor and sensory neurths.

1.5.2 Formyl Peptide Receptor 2 (FPR2 or FPR2/ALX)
In 1990s several laboratories reported the ideation of a cDNA and a ged&/* coding for a putative
seven transmambrane receptor that shares signifssgjuence homology to human FPR1. Different
names were given to the gene product, including FREX for its low-affinity binding of fMLF,"
FPRL1 (formyl peptide receptor likel)FPRH1 (formyl peptide receptor-homolog’d)and “receptor
related to formyl peptide receptor” based on igusace homology to the human FPRDther names
used in the literature include HM63and FMLF-related receptor 41.Pharmacological characterization
has led to the identification of the eicosanoidim A4 (LXA4),"®"" of aspirin-triggered lipoxin&"®
and of a variety of peptidé§,as ligands for this receptdt?® Therefore, in addition to FPRL1, which
frequently appears in the literature, the name AloX LXA4R, “Lipoxine A4 receptor”) has been
introduced to convey the ability of the receptoiirteract with LXA4 and aspirin-triggered lipoxiffs.
FPR2/ALX is a 7TM receptor with 351 amino acids ahdres 69% of amino acidic identity with human
FPR1. Despite the relatively high level of sequenomology with FPR1, FPR2/ALX is a low-affinity
receptor for fMLF, with aKd of 430 nM ®""*"3|t has been reported that mitochondria-derivednfor
peptides are more potent agonists for FPR2/ALX o, % suggesting that its primary function may
be to recognize host-driven mitochondrial peptidepossibly other bacterially derived formyl peptd
Human FPR2/ALX has a tissue distribution similathat of FPR1, but FPR2/ALX is expressed also in
other cell types, including phagocytic leukocytdgpatocytes, epithelial cells, T lymphocytes,
neuroblastoma cells, astrocytoma cells and micmuas endothelial cell® These patterns of tissue
expression suggest that FPR1/FPR2/ALX may alsacgaate in a number of functions other than host
defense. In addition to formyl peptides and LXARR2/ALX is also able to interact with non
formylated peptides. Compared with FPR1, FPR2/AkKileits a high level of ligand promiscuity and it
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is activated by numerous and chemically unrelaigdnts, including synthetic peptides, pathogen
derived peptides, host-derived peptides, lifi@and small synthetic compounds.

1.5.3 Formyl Peptide Receptor 3 (FPR3)
A second gene with significant sequence homologyhuman FPRIwas identified using a similar
cloning strategy used to discover FPR2/ALX. Thisgencodes for FPR3a putative 7TM receptor of
352 amino acids initially named FPRI[2(formyl peptide receptor-like 2) and FPR¥f2armyl peptide
receptor-homolog 2¥* taking into account the sequence homology to FFERR3 shares 56% and 83%
sequence identity with human FPR1 and FPR2/ALX eesply. FPR3 does not bind N-formyl
peptide$?® such as fMLF, but it responds to some non fornegdathemotactic peptides identified for
FPR2/ALX3*® Migeotte et af® recently reported that a naturally occurring endogs acylated
peptide, derived from the N-terminal sequence ahdwdinding protein, is a potent agonist for FPR3.
Unlike FPR1 and FPR2/ALX, FPR3 had been not founddutrophils’* This receptor is characterized
by its specific expression on monocytes and EfCAs already seen, monocytes express the three
receptors at their surface, whereas monocyte-dkid@s express FPR1 and FPR3 when immature and
only retain FPR3 after maturati6h® In particular, in the process of monocyte difféi@ion into
immature dendritic cells (DCs), the cellular exgien of FPR2/ALX progressively declin&swhereas
FPR2/ALX expression remains unchanged during mamodifferentiation into macrophages. There is
also a progressive loss of FPR1 during differeiatiabf immature DC to mature DC, such that FPR3
becomes the predominant human formyl peptide recéptmature DC>2° The biological significance
of differential expression of formyl peptide reaastin monocytes, macrophages and DCs has not yet
been clearly defined, but it seems that the theeeptors might play key role in the differentialgnaition

pattern of these antigen presenting c&lls.

1.6  FPRs activation and cell functions

The stimulation of FPRs is regulated at the lewdlseceptor by G protein activation, transductionl a
amplification of signals through various effectarg;luding kinases and small GTPaskgufe 1.3), and
integration of effector signals leading to phagecfunctions such as chemotaxis, degranulation, and
superoxide generation. Regulation of FPRs at tbepter level concern mainly three different proesss
desensitization, phosphorilation and interactionhwi-arrestins, which in turn involve the following
uncoupling of G proteins and internalization of theeptorsfigure 1.4). It is noteworthy that, although
there are many similarities between FPR1 and FPR2/£and, perhaps, also FPR%)major differences

exist between these receptors in signalling.
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Figure 1.3.Signaling pathways of an activated FPR. On agdniigting, trimeric Gi-proteins are uncoupled and
a series of signal transduction events ensue #sattrin cell activation and protein kinase C (PKigpendent
desensitization of unrelated chemotactic recep®B38 induces the conversion of NAB cyclic ADP-ribose
(cADPR), which acts at ryanodine receptors to ssezalcium ions (G4 from intracellular stores. This results
in a sustained influx of extracellular €aequired for fMLF-induced neutrophil migration. & chemokine
receptor; DAG, diacylglycerol; IP, inositol phospiéia MAPK, mitogen-activated protein kinase; PI3K,
phosphatidylinositol 3-kinase; PiPphosphatidylinositol diphosphate; BlPhosphatidylinositol trisphosphate;
PKC, protein kinase C; PLA, phospholipase A; PL@pgpholipase C; PLD, phospholipase D; RAC, Rac
guanine triphosphatase family; SRC, Src-like tymesiinases. Adapted from Le et al. (208f2).

Evidence also suggests that the basic mechaniswhimh these receptors trigger a transient incréase

intracellular C&" may be differentfigure 1.4).%°

Lo 10 BeateR - etachment

Activation/Adhesion

% \ Transmigration Cascade

Figure 1.4.Leukocyte migration cascade via the FPRs famiBRE is activated at low concentration of formyl
peptide (yellow). With increasing concentrationfofmyl peptide (orange) can also instigate FPR2aling.
FPR activation of leukocytes, results in integriRpmssion and activation. Adherent leukocytes ame a
interesting therapeutic target for FPR2: interactwith endogenous ligands can lead to either leytieoc
detachment (AnxA1/LXA4) or tissue accumulation (SARNigh concentration (red) or repeated stimulatign
formyl peptide can lead to receptor desensitisatieARs play distinct role in myeloid cell primingnch
macrophage phagocytosis, mast cell membrane sttiolh. Adapted from Dufton and Perretti (20£0).
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1.6.1 Chemotaxis
FPR1, along with the receptor for C5a, was the filentified phagocyte chemoattractant receptor.
Chemotaxis is a multistep process, induced by uarichemoattractants such as PAETB4,% C5a
anaphylotoxir’> and different chemokines such as the £8In comparison with “classic
chemoattractants”, fMLF has predominant propeitiegoss-desensitization of other receptBrand it is
a potent agonist for stimulating bactericidal fumes such as superoxide generation. Once estathlishe
that its responses are induced by activation otiBpeG-protein-coupled receptors (FPRs) which are
expressed on target cells, several N-formyl peptlthe/e been extensively studied due to their sdsilib
induce directional migration of neutrophi®®’ Indeed, human neutrophils are able to detect a
chemotactic gradient of subnanomolar concentratdidILF.>®>" Therefore, exposure of neutrophils to
a chemotactic agent creates an intracellular gnadiesignalling molecules that defines the leadidge
as well as the direction of cell migration. In adxh, several exogenously and endogenously produced
leukocyte chemoattractants that initiate leukocytegration and activation have been identified.
Migrating neutrophils in tissues are then exposednultiple chemoattractants so that different and
sometimes conflicting signals can sort out. In gtenario, that “navigation” of neutrophils is colesed
as a multistep process, and a migrating cell nbt detects multiple chemoattractants but also irateg
these different signaf§:*®
A hierarchy in chemotactic signalling, determinitige direction of migrating cells in opposing
chemotactic gradients, have been identified and ineights into the molecular mechanisms that allow
neutrophils to prioritize chemotactic signals haeen provided® It resulted evident that “end-target
chemoattractants” such as fMLF, dominate over theefmediary chemoattractants” as IL-8 and LTB4.
The ability of neutrophils to distinguish betwedrese chemoattractants is crucial for their optimal
migration toward bacteria with minimal interferenog the “intermediary chemoattractants” which are
also present in the inflammatory stté Considering all these evidences, it stands to reesassume that
net result of cell migration is determined by tlipet of orienting signals, the strength of the slgrend

the time sequence in which they appear.

1.6.2 Superoxide generation
Stimulation of neutrophils with fMLF, at concenirats higher than those required for chemotaxisjdea
to generation of superoxide. In most publishedisgjdMLF concentrations of 50 to 100 nM are regdir
for the induction of superoxide production by humaeutrophils in suspensidff'®* Superoxide
production in neutrophils results from membraneaddy and activation of NADPH oxidase, which is a
multicomponent enzyme complex for electron trandieading to one-electron reduction of molecular

oxygen:®® The different concentrations required for chemistaand superoxide generation, effectively

14



1. Introduction

prevent oxidant-mediated tissue injury that magdesed by migrating neutrophils. It is not entirelyar
why neutrophils require a 50- to 100-fold highenoentration of fMLF for superoxide production with
respect to chemotaxis, but a high signalling stifemg probably necessary for simultaneous activadib
multiple pathways leading to NADPH oxidase actiwatiin phagocytes. However, several studies
reported in literature suggest that there are pialtmechanisms for the potentiation of the same
enzyme® It is noteworthy that, when used at low conceitret (e.g., 5 nM), fMLF is unable to
stimulate neutrophil superoxide production butahcsynergize with other neutrophils activators dor

more robust responsad®

1.6.3 Degranulation
In addition to the induction of superoxide genenatiat higher concentrations (usually 10-50 timighér
than the optimal concentration for chemotaxis) fgrrpeptides stimulate the release of granule
constituents from neutrophité!®’ The fMLF-induced mobilization of granules producesariety of
effects, including proteolytic cleavage of membréoealized adhesion molecules such as L-selectih, ¢
surface expression of new adhesion molecules dedse of proinflammatory proteins and enzymes that
can cause tissue degradation and killing of baxt&wr instance, neutrophil myeloperoxidases, selda
from the azurophil granules, help to convert hyeérogeroxide to hypochlorous acff,a metabolite
important both for killing invading microbes and fihe resolution of inflammation. Moreover, most of
the membrane associated with NADPH oxidase compsraga localized on mobilizable granules which,
if activated, become more available for the assgmbINADPH oxidase it self. Last but not the least,
there are intracellular pools of FPR1 as well aFBR2/ALX that are up-regulated to the cell surface
when cells are stimulated with inflammatory medistthat mobilize the granulé®*'°Degranulation in
fMLF-stimulated neutrophils involves the second seeger diacylglycerol and PKCs which are
activated by diacylglycerol and €d** However, fMLF is still able to induce secretoryagule release
when extracellular and intracellular €ais chelated, suggesting the presence of" Gadependent
pathways for degranulation? Further investigations will be necessary to deteenthe cross-talk
between FPRs and other components taking placeoaegs and their roles in regulating vesiculardusi

during degranulation.

1.6.4 Transcriptional regulation and anti-inflammatory functions
Although neutrophils are terminally differentiatetyeloid cells with special bactericidal functiotisese
cells retain the ability to synthesize selectedtgins, including certain cytokiné$® fMLF has been
found to stimulate neutrophil transcriptional reggidn and cytokine production? fMLF-induced IL-8
secretion is accompanied by the activation ofKBE-a nuclear factor for transcription of a largener
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of proinflammatory gene’s? In addition NFkB activation is also mediated by FPR2/ALX, in resge to
SAA (serum amyloid A) stimulation, which leads 108 secretiont*® These results are consistent with
the ability of certain GPCRs to regulate transaipdl activation that contributes to the proinflaatory
activities of the respective ligands.In contrast, FPR2/ALX ligands such as LXA4 (lipoxh4) and
ANXAL1 (annexin Al) exhibit anti-inflammatory acttiés’®’® ANXA1 has been shown to cause
detachment of leukocytes and prevent transendathmlgration (diapedesis}® In comparison, the anti-
inflammatory effect of LXA4 is shown to involve suession of proinflammatory gene expressiont

is not entirely clear if this action of LXA4 is miated through FPR2/ALX-dependent negative signgllin
or blockade of FPR2/ALX binding and activation by endogenous, proinflammatory agonist for this
receptor?’ even if it is known that LXA4 can compete off thénding of FPR2/ALX agonists®
However, LXA4 stimulation does not lead to calcimmobilization in several types of transfected cells
neither induce neutrophil degranulation and supdexeneration®™? In contrast, LXA4 has been
shown to activate monocyt&s. The discrepancy suggests that signaling moleassential for certain
LXA4-induced functions might be missing in neutrdptand epithelial cells. It also reflects that LXA
lacks full agonistic activities at FPR2/ALX.

1.6.5 Neutrophil apoptosis

Neutrophils released to blood circulation have H-lifa of 8 to 10 h. If not activated, these celise
destined for apoptostd® Stimulation of neutrophils with proinflammatory tokines such as G-CSF
(granulocyte macrophage-colony-stimulating factand IL-13, but not with fMLF, C5a, or IL-8,
prolongs the lifespan of neutrophtfS. Other reports have shown that stimulation of rwhils with
fMLF can induce apoptosis and this process reqsivperoxide generatid’ Neutrophil apoptosis and
phagocytosis of apoptotic neutrophils are relatedesolution of inflammation. Several ligands fbet
formyl peptide receptors are found to play différeales in neutrophil apoptosis. The underlying
mechanism has not been fully identified, howevesghresults suggest a potential role of FPRs, gnainl
FPR2/ALX;* in the regulation of neutrophil apoptosis, butestreceptors may be involved as well and in
the future it will be important to determine hovgiagle class of receptors mediates different fmstiin

cell survival and apoptosis when stimulated wittfiedent ligands.

1.7  FPRsinvolvement in several diseases
Till now, a part from the clear involvement of FPRsinflammation, host defense against bacterial
infection and as well as in the clearance of damiagsls, additional and more complex physiological

functions have been proposed for FPRs.

16



1. Introduction

Receptor Disease pathology Mechanism
FPRI1 Periodontitis Functicnal polymorphisms
FPRZ /ALY Alzheimer's disease Cellular infiltration and amvloidosis
Asthma Decreased expression in BALF samples and on peripheral blood granulocytes
Increase FPR2/ALX expression
Rheumatoid arthritis Regulating extracellular matrix turmover
Increased expression in synovial tissues
Acute ischemic stroke Increased expression in peripheral blood mononuclear cells

Table 1.1.FPR1 and FPR2/ALX receptor associations with hudliaaase. Adapted from Dufton and Perretti
(2010)%¥"
Indeed these receptors have been found to intertice menagerie of structurally different pro- aardi-
inflammatory ligands associated with different dises tgble 1.1and 1.2), including amyloidosis and
Alzheimer's diseas€® some kinds of cancers and related alopecia indumedmost anticancer

§29,130 V, 32135 3nd stomach ulcér®*®’In addition, it is has been demonstrated

agent prion diseasé&® HI
that exogenously administered fMLF as well as othBRs agonists can peripherally and centrally
inhibit the nociceptive transmission associatechwiitflammatory processes through a mechanism that

involves formyl peptide receptot®

Ligand Disease pathology Mechanism
AnxAl Alzheimer's disease Decreased expression following proteomic analysis of peripheral leukocytes
Coronary artery disease Augmented levels in circulating neutrophils.
Cystic fibrosis Higher proteolysis in BAL
Absence in epithelial cells (proteomic study)
Rheumatoid arthritis Higher expression in circulating T cells upon GC treatment
[MAy Severe asthma Decreased levels in BALF samples
Rheumatoid arthritis Elevated levels in synovial fluid
SAA Coronary artery disease Increased systemic levels as a diagnostic marker of prevalents
Promotes monoecyte tissue factor and TNF induction from mononuclear cells
Crohn's disease Close correlation with IL-6 production
Rheumatoid arthritis Systemic disease progression and secondary amyloidosis

Inducing IL-6 in synoviocytes
Table 1.2.FPR2/ALX ligand association with human diseaseaptdd from Dufton and Perretti (2010).

Moreover, these receptors have been proposed apgutove targets for therapeutic intervention agfain
malignant gliomas>® How these receptors recognize so different ligamud how they contribute to

disease pathogenesis and host defense, are bastoogs currently under investigation.

1.8 FPRsligands
Ligand diversity is a prominent and unusual feanfr¢he FPRstable 1.3. With the exception of the
eicosanoid LXA4, all known FPR family ligands areppides. More recently, small synthetic molecules
have emerged from a number of compound library engeas ligands for the formyl peptide

0

receptors®*®® Whereas many of the natural agonists and antagofis FPRs are identified and

purified from living organisms, a lot of peptideseasynthesized based on the sequences of known
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proteins of microbe and host originsifle 1.3. Whether these peptides are present in vivo aw h

physiological functions has yet to be determinedtie most part of them.

Ligand

OnginDescription Potency

Belectivity

N-formyl peptides
fMLF and other bacterial formyl
peptides®
Mitochondrial formyl peptides®
N-formyl-Nle-Leu-Phe-Nle-Tyr-Lys
Microbe-derived nonformyl peptides
Tzo (DP178)
Hp (2-20)
Tz21 (DP107)
V3 peptide
N36 peptide
F peptide

Hozt-derived peptides

Bacteria

Mitochondria
Synthetic

HIV-1 gp41 aa. 643678
H. pylori

HIV-1 gp41 aa. 568595
HIV-1 gp120, V3 loop
HIV-1 gp41 aa. 546581
HIV-1 gp120 as. 414434

FFR1 = FPRZ/ALX

FPR1 =~ FPRZ/ALX
FPR1 = FPRZ/ALX

FPR1

FPRZ/ALX == FFR3
FPR2/ALX
FPRZ/ALX
FFRZ/ALX
FPRZ/ALX

CER8-1 (human CCL23)* Chemokine FPR2Z/ALX = CCR1

SHAAGtide™ CCL23 N-terminal 18 aa. FPRZALY = CCR1

Humanin* Neuroprotective peptide FPRAALX

Fa2L* Heme binding protein FPR3 = FPRZ/ALX

SAA* Acute-phase protein FPRZ/ALX, others

Anmnexin 1 / lipocortin 1% A FFR1

Ap2-26* Annexin 1 pEC;; = 6.05-5.77 FPRI1, FPRZALX

Ap0 25 Annexin 1 pEC;, = 4.70 FPR1, FPR2Z/ALX

AR (142)® Amyloid precursor pEC;, = 7.00 FPRZ/ALX

D2Dg* uPAR (83-274) pECs, = 7.08 FPRV/ALX

LL-37* Cathelicidin pEC:y = 6.00 FPR2/ALX

PrP (106-126) Prion protein pEC;, = 460 FPR2Z/ALX

Temporin (from Rana temporariai* Anti-microbial peptide pEC;, = 6.60 FPRZ/ALX
Pituitary adenylate cyclaze activating polypeptide pEC, = 6.00 FFRAZALX

Hoat-derived nonpoptide agonists
Lipoxin A4 and aspirin-triggered Eicosanoids pK, = B.97 FPRZ/ALX, AhR
lipoxins*
Agonists from peptide bibrary

WEYMVm Peptide library pEC,, = 10.13 FPRZ/ALX > FPR = FPR3

WEKYMVM Peptide library pEC,, = 870 FPR2/ALX == FPR3

MME-1 Peptide library s FPR2Z/ALX

MMWLL, formyl-MMWLL Peptide library C FPR1

Agonists from nonpeptide library
Quinazolinone derivative (Quin-C1)
Pyrazolone, 4-indo-substituted, no. 43
AG-14

FPR2/ALX = FPR1
FPR2/ALY = FPR1
FFR1

Combinatorial library
Combinatorial library
Dirug-like molecule library

Table 1.3.Agonists for the human FPRs.The agonists are listed in the order of their poyewithin each group. The
mitochondrialN-formylated peptides, listed in the first groupe also host-derived peptides and their potencypsessed in
table 1.4 as well as the potency of other bactefbformylated peptides. Ligands that have been iedldtom living
organisms in the forms listed, and those generayethe actions of physiologically relevant enzyme® indicated with an
asterisk (*). aa., amino acid; p§ negative logarithm of the kg pEGy, negative logarithm of the Eg pKd, negative
logarithm ofkd. Adapted from Ye et al. (200%).

1.8.1 FPRs natural agonists
A) N-Formyl Peptides.The E. coliderived tripeptide fMLF figure 1.5, table 1.4 is the most widely
used chemotactic peptide for several reasons. dtama of the first characterized synthetic chemitac
peptides and has been extensively studied becausehe smallest formyl peptide that displays full
agonistic activities. Its potency and efficacy ictigating major bactericidal functions of neutrdghi
equals that of C5a. Whereas fMLF is by far the niesjuently used chemotactic peptide in studies of
neutrophil functions, this prototypic formyl peptidhould not be taken as the sole standard inngdbe
presence of functional formyl peptide recepfSrs.

g
2N H\j\ OH
o° N Y N

H o ‘\(H o)

fMLF
Figure 1.5.Chemical structures of fMLF, a FPR1 selective agfon
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Because bacterial protein synthesis starts wittNdarmyl methionine, formyl peptides released from
bacteria can be considered a type of microbe-assacmolecular pattern, recognizable by specialized
receptors in the innate immune cells of the hogthsas the Toll-like receptors (TLRS). These non
rearranging innate receptors have evolved to a@l hibst in detecting nonself such as bacterial
products**® Ample evidence shows that the formyl peptide remspcan detect not only tHe. colr
derived fMLF but also formyl peptides from othercteia strains and from mitochondria of the host
cells. Table 1.4lists selected bacterial and mitochondrial Forpgptides that have been characterized
for their bioactivities. Given the variety of foringeptides from both bacteria and mitochondt&able
1.4), it is worthwhile to revisit some previous stuglieonducted with the use of fMLF and determine
whether the receptors of interest are, at the pteseore selective for formyl peptides of different
sequences. For example, differently to FPR1, FPRZMas first identified as a low affinity recepttor
fMLF,%% but it is always able to detect and respond tcerséwdifferent formyl peptides. Moreover
FPR2/ALX is able to discriminate between N-formyptides of different sizes, hydrophobicities, and
charges?! The biological relevance of this property of teeeaptor is not yet entirely understood but it is
evident that several N-formyl peptides other thiatLF should demonstrate more selective for certain
receptors t@ble 1.4. Indeed, although N-formyl peptides are a clasigands representing a pattern
recognized by the FPR3there are important differences in potency aneéptar selectivity among the
individual peptides.

Ligand Origin Assay Potency
N-formyl-Met-Leu-Phe E. coli Chemotaxis pEC,; = 10,15
Lvsnzryme pEC., = 7.49
rolease
0 production pEC., = 7.00
Binding pk, = 9.28-7.61
pK, = 6.37
N-formyl-Maet-Tle-Phe-Lau 8. aureus Chemotaxis pEC., = 7.61
Competitive plC,, = 8.01
binding
07 production pEC,, = 8.00
N-formyl-Met-Tle-Val-Tle-Lon L. monncytogenses Ca** flux pEC,_, = B.66
pEC,, = 6.80
05 production pEC,, = 7.82
N-formyl-Met-Tle-Gly-Trp-Ile L. monocytogenes Ca** flux pEC,, = 7.7
pEC,, = 6.68
N-formyl-Met-Tle-Val-Thr-Leu-Phe L. monocvtogenies Ca** flux pEC,_, = 8.57
pEC,_, = 6.70
N-formyl-Met-Tle-Gly-Trp-lle-Tle L. monocytogenes Ca** flux pEC,, = 7.40
N-formyl-Met-Phy-Glu-Asp-Ala-Val-Ala-Trp-Phy M. avium Chemotaxis pEC,, = 6.00
N-formyl-Met-Met-Tyr-Ala-Lou-Phe Mitochondria, ND& Ca*" flux pEC, = 7.02
pEC_, = 7.82
N-formyl-Met-Leu-Lys-Leu-Tle-Val Mitochondria, ND4 Ca** flux pEC,, = 7.92
pEC,, = 726
N-formyl-Met-Tyr-Phe-Tle-Azn-Tle-Leu-Thr-Leu Mitochondria, ND1 Binding pK, = 9.00
N-formyl-Met-Phe-Ala-Asp-Arg-Trp Cytochrome ¢ oxidase subunit  Ca®* flux pEC,, = 6.80
pEC,, = 6.68

Table 1.4.Binding affinity and potency of bacterial and mitochondf@amyl peptidespEG, is defined as the
negative logarithm of the Egand plG, as the negative logarithm of the}CHL-60 cells transfected to
express FPR1 or FPR2/ALX, and Chinese hamster axally transfected to express FPR1 were used ire som
studies. Adapted from Ye et al. (2009).
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Furthermore, there are several examples in whichtiad of an N-formyl group increases agonistic
activity of the peptide}’? Humanin is an endogenous peptide with neuropiigtecictivity that also
binds to FPR2/ALX and FPR3>'**For example, when humanin is N-formylated becameee potent
agonist for these receptdfS,in comparison to its non formilated form. In tiagtér example, although the
primary sequences of FPR2/ALX and FPR3 differ adegibly from those of FPR1, especially in the
ligand binding domain&’® these two receptors seem to retain the abilitprederentially interact with
formylated peptides. Despite their evident impaream FPRs binding, it is not yet known whetheisthe

peptides are produced in vivo and whether they nabelinflammation.

B) Microbe-derived non-formyl peptides. Despite the absence of Bformyl group, several different
peptides have been found as FPRs full agoniatde( 1.3.28%*" In this context, it is well known that
HIV-1 envelope proteins, such us several fragmel@gved from gp4l, contain peptide sequences
capable of interacting with either or both FPR1 &RR2/ALX***° V3 peptide is another peptide
derived from HIV-1 strain that showed to interadthWFPRs™* The existence of these peptides in vivo
and their biological significance are not knownpagsent. In addition to HIV-1 proteins, other viral
proteins contain sequences that can work as ligdmd$PRs when tested in the form of synthetic
peptides. gG-2p20, is a peptide present in Henpasleax virus type 2 (HSV-2), activates neutroplaisl
monocytes via FPR®? In addition, the same peptide activates phagodyte®lease reactive oxygen
species that inhibit NK cell cytotoxicity and acaelte apoptotic cell death. Recently, additionaitides
from coronavirus have been identified as FPR1 tigar?

It will be interesting to understand whether anavitbese peptides are generated during viral irdacti

and as well the functional consequences of phagaegiponse to these peptides.

C) Host-derived peptides.n addition to mitochondrial formyl peptides dissad above, a large number
of endogenous peptides of various composititaisié 1.3, often without arN-formyl group, have been
identified as agonists for the formyl peptide reoep especially FPR2/ALX. Of particular interese a
peptides associated with amyloidogenic diseasgsides associated with inflammatory and antibaateri
responses, and a peptide derived from heme-bingliotein which acts as a potent endogenous FPR3
agonist?®

At least three amyloidogenic polypeptides, assediatith chronic inflammation and amyloidosis, have
been identified as FPR2/ALX agonists. Serum amyRi(BEAA) is an acute-phase protein whose serum
concentration is increased by as much as 1000#leksponse to trauma, acute infection and other
environmental stress causing acute-phase respbfigisdies with recombinant human SAA identified it
as the first mammalian hostderived chemotacticigepigand for FPR2/ALX?! SAA, acting through
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FPR2/ALX, is chemotactic for monocytes, neutrophiteast cells, and T lymphocytes. In addition this
protein stimulates production of metalloproteased aytokines and increases expression of cytokine
receptors. In neutrophils, SAA activates FPR2/ALn¢ dnduces IL-8 secretioft® In monocytes, SAA
shows a peculiar pattern of cytokine induction #HRR2/ALX. Moreover, the cells respond to low
concentrations of SAA by producing TNFwhile releasing IL-10 in response to high concatidns of
SAA.**® The synovial tissues of patients with inflammatanyhritis express high levels of SAA and
FPR2/ALX and the protein induces the expressiomafrix metalloproteinase-1 and -3 in fibroblaselik
synoviocytes>®**" Furthermore, SAA promotes synovial hyperplasia amiogenesis through
activation of FPR2/ALX and®® in addition to using the formyl peptide receptoBAA activates
neutrophil NADPH oxidase through a different recept’

Another peptide, the 42-amino acid formpeamyloid peptide (B42), which is a cleavage product of the
amyloid precursor protein in the brain and a patyial protein in Alzheimer’s disease, was also fotmd
activate FPR2/ALX®%'! An additional amyloidogenic disease-associated ZREX agonist is
represented by the prion protein fragment PrP(1R6);which is produced in human brains with prion
diseasé® FPR2/ALX mediates the migration and activation mbnocytic phagocytes, including
macrophages and brain microglia, inducedpkgmyloid (AB).**%®® Moreover, prolonged exposure of
FPR2/ALX to this fragment peptide results in acclatian of the A4, and culminates in progressive
fibrillary aggregation of B84, and macrophage dedtHf. Therefore, FPR2/ALX not only mediates the
proinflammatory activity of the peptide agonists@sated with amyloidogenic diseases, but it also
participates to the regulation of fibrillary pepifbrmation and deposition, which contribute tsuis and
organ destructiof?® The in vivo significance of this action for thetipagenesis of Alzheimer’s disease is
not yet known.

Humanin is a peptide encoded by a cDNA cloned feomelatively healthy region of an Alzheimer’s
disease braif® Both secreted and synthetic humanin peptides groteuronal cells from damage by
ABs2. Humanin uses human FPR2/ALX and FPR3 as fundtioe@eptors to induce chemotaxis of
mononuclear phagocyté®'” In addition, humanin reduces aggregation and lfiiioyi formation by
suppressing the interaction offA with mononuclear phagocytes through FPR2/ALX. Meex, human
neuroblastoma cell lines express functional FPRX/Alut not FPR1. In these cells, although humanin
and A4, both activate FPR2/ALX, only B, causes apoptotic death of the cells, a proceskduoby
humanin. These observations suggest that humanjrer&t its neuroprotective effects by competityvel
inhibiting the access of fy,.*%’

Urokinase-type plasminogen activator (uPA) is aingemprotease known for its ability to regulate
fibrinolysis binding to a specific high affinity gace receptor (UPAR). In addition to this actidime
uPA-uPAR system is crucial for cell adhesion, ntigra and tissue repair. A cleaved soluble uPAR
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fragment (D2D388-274) binds and activates FPR2/AhXnonocytes, inducing cell migratidh.The
ability of cleaved soluble uPAR (c-suPAR) to actevather members of the FPR family has been
reported. For instance, a peptide correspondingesaues 88 to 92 of uPAR, binds to and activates
FPR1'%® Another fragment induces basophil migration byivating both FPR2/ALX and FPRS?
Recent studies showed that pretreatment of mon®cyiieh the FPR2/ALX agonist D2D388-274
strongly decreases chemokine-induced integrin-c#grenrapidcell adhesidf} indicating that FPRs
regulate leukocyte chemotaxis at multiple leveld ather than mediate cell migration, they may seppr
cell responses to chemokines by desensitizing ckis@oeceptors.

Furthermore, FPRs interact with several bacterigigtides contained in human neutrophil granules.
LL-37, an enzymatic cleavage fragment of the nguilogranule protein cathelicidin, is an agonist fo
FPR2/ALXPLL-37 is expressed by leukocytes and epithelialscehd secreted into wounds and into
the airway surface. In addition to its microbici@ativity, LL-37 induces directional migration ofiman
monocytes, neutrophils, and T lymphocytes, a fencthediated by FPR2/ALX. Recent studies showed
that LL-37-induced angiogenesis is mediated by FRR® in vascular endothelial celfS* LL-37 seems

to be a multifunctional peptide with a central rmlennate immunity against bacterial infection andhe
induction of arteriogenesis.

Another antibacterial granule protein, cathepsinv@ich is a serine protease and participates inndou
healing, is identified as a specific FPR1 agonmst & is considered responsible for chemotactio/agt

in phagocytes’?

Annexin Al (ANXA1l) and its N-terminal peptides have interegtiproperties in activating formyl
peptide receptors by playing a dual role in inflaatony host responses. ANXAL (also termed lipocortin
) is a glucocorticoid-regulated, phospholipid-tbimgl protein of 37 kDa that possesses both pro-asmtid
inflammatory activity, in part mediated by FPRE.Expressed in a variety of cell types, ANXAL is
particularly abundant in neutrophils. The protesnprimarily cytosolic, but it may also be secreted
through a non classic secretory process and foarttleouter cell surface, causing leukocyte detactim
and thereby inhibiting their transendothelial mtgma. At low concentrations, both ANXA1 holoprotein
and its N-terminal peptides (Ac2—26 and Ac9-25}ielC&” transients through FPR1 without fully
activating the MAPK pathway, causing neutrophil etestization and inhibition of transendothelial
migration induced by other chemoattractants suchthe&s chemokine IL-8. In contrast, at high
concentrations, the ANXA1l peptides fully activateutrophils in vitro and they become potent
proinflammatory stimulants. The antimigratory ait{ivof exogenous and endogenous ANXA1 has been
shown in both acute and chronic models of inflaniomat*® Other studies have shown that the ANXA1
N-terminal peptides use FPR2/ALX for its anti-imfimatory actiond® These peptides are also ligands
for FPR3!"® The utilization of the FPRs by ANXA1 and its amiterminal peptides for their various
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function is a complex issue. To this end, one @held report demonstrates that Ac9-25 stimulates
neutrophil NADPH oxidase activation through FPRf Is inhibitory effect is mediated through a
receptor other than FPR1 or FPR2/AEX suggesting the presence of additional receptar&\fXAl

and its peptides.

F2L is a highly potent and efficacious human FPB@nist peptidé® It is an amino-terminally acetylated
peptide resulting from the natural cleavage of huin@me-binding protein, an intracellular tetraple+o
binding protein. The peptide binds and activateR¥ i the low nanomolar range, triggering typical G
protein-mediated intracellular calcium releasejbitton of CAMP accumulation and phosphorylation of
the ERK 1/2MAPKs. F2L also chemoattracts and at#svanonocyte-derived DCs. Thus, F2L seems to
be a novel and unique natural chemotactic peptdd-PR3 in DCs and monocytes, in agreement with
the selective expression of FPR3 in these €elR2L may play a role in linking innate and adaptive

immune responses by activating antigen-presenting, Wvhich express little FPR1 and FPR2/ALX.

D) Host-derived nonpeptide agonistsLXA4 (5S6R,155trihydroxy-7,9,13trans-11-eicosatetraenoic
acid, figure 1.6) is a potent mediator biosynthesized from araahiclacid. It is a small molecule with
physical and chemical properties that differ frame tmost part of lipids: it has a unique structund a
belongs to a class of conjugated tetraene contaigicosanoids that display stereoselective andlyhigh
potent anti-inflammatory effects in vivo, togethwith pro-resolving activities in many mammalian

systems.’®

| OH

lipoxin A4
Figure 1.6.Chemical structures of LXA4, a highly selectiveoaigt for FPR2/ALX.

This aspect is unusual since the most part of ammds are pro-inflammatory. As an endogenous
mediator, LXA4 displays multilevel control of rel@wt processes in acute inflammation through specifi
and selective actions on multiple cell types viadific receptors’® In particular, LXA4 has been
reported to directly interact with human FPR2/ALXdain addition it is the first identified endogersou
ligand for this receptortgble 1.3. LXA4 has showed to be responsible for the spetikKA4 functions

in neutrophilst’” In fact, it stimulates rapid (within seconds) ppleslipase activation in these cells and
this event directly correlates with the inductiime course of specific LXA4 binding®*"In cell line
HL-60, when differentiated into neutrophils, LXA4vgs high-affinity binding with FPR2/ALX as well
as ligand selectivity, compared with other eicosamancluding LXB4, leukotriene B4, leucotriene D4,

and PGE2. Each of the actions of LXA4 proved tstegeoselective, because double bond isomerization
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and alcohol chiralityR or §), as well as dehydrogenation of alcohols and recluof double bonds, are
associated with changes in potency. Eliminatiothefcarbon 15 position alcohol from LXA4, denoted
15-deoxy-LXA4, is essentially inactive in vivo amlbes not stop either neutrophil transmigration or
reduce adhesioH> Moreover, several in vivo studies have shown tazatogram amounts of LXA4 stops
neutrophil infiltration and blocks human neutroptidnsmigration across mucosal epithelial cells and
vascular endothelial cell&€*®'%0ne of the mechanisms by which it inhibits neutibjmfiltration is the
induction of NO production, which suppresses leyk®@ndothelial cell interactioff’ LXA4 inhibits as
well TNFo-induced production of cytokines (ILgland IL-6)*28 chemokines (IL-8}%° and consequently
decreases LPS induced secretion of B,-1L-6, and IL-8°° Dendritic cell production of the
immunomodulatory cytokine IL-12 is also regulateg IbXA4.'%1% |n addition to its inhibition of
proinflammatory cytokine production, LXA4 plays ale in regulating inflammation-induced pdti.
This function is probably mediated through altenatiof spinal nociceptive processing via astrocyte
activation. LXA4 also stimulates non phlogistic ghaytosis of apoptotic neutrophils, which acceksat
the clearance of neutrophils and promotes reselutioinflammation:® These examples show that, in
general terms, LXA4 actively inhibits many endogemgorocesses which can amplify local acute
inflammation, leading to potent anti-inflammatoy/\sell as pro-resolving actions in vivo. The melil
control by LXA4 on relevant processes of acuteamfination raises the intriguing question of how
LXA4, binding to FPR2/ALX, might translate into tlaati-inflammatory and pro-resolving activities and

whether other receptors contribute to these aietsAt

1.8.2 Agonists from peptide library
Using combinatorial peptide library screens, a neindd peptides have been identified as potent agoni
for the formyl peptide receptorgable 1.3). WKYMVm, a hexapeptide representing a modifiedusnce
isolated from a random peptide library, was fouadbe a highly efficacious stimulant for human B
lymphocytes, monocytic cell lines and blood neutitsp'®> WKYMVm binds to FPR1, FPR2/ALX, and
FPRS3 for activation of human phagocytic céf'*’WKYMVm is by far the most potent peptide agonist
for FPR2/ALX, with an EGy well within the picomolar range in chemotaxis gssaVKYMVM, a
derivative of WKYMVm with a L-methionine at the ¢erxyl terminus, is a highly selective agonist for
FPR2/ALX and it is also a weaker activator of FPRA recent study investigated the relationship
between FPR1 and FPR2/ALX, both found in neutrgphih mediating the WKYMVm-stimulated
cellular functions. It was found that WKMYVm actites neutrophils through FPR1 only when the signal
through FPR2/ALX is blocketf® suggesting its affinity for one type of receptesgite the presence of
two different types of receptors in neutrophils. WMVm also inhibits LPS-induced maturation of

human monocyte-derived dendritic cells via FPR1 BR&3’
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The peptide MMK-1 was identified from a library sen and it was found to be a highly selective
FPR2/ALX chemotactic agonist’®?° Furthemore, an additional peptide FPR1 agonist isestified
from a library based on the activation mechanisnthef thrombin receptor PAR?* This peptide
becomes 1000 times more potent when N-formylatedfirtning the preferential recognition -

formylmethionine-containing peptides by FPR1.

1.8.3 Agonists from nonpeptide library: synthetic mall molecules
Several laboratories have recently identified lggfor the FPRs through the screening of combiredtor
libraries consisting of synthetic, non-peptide comonmpds. These synthetic small molecules belong to
different chemical classefidure 1.7) and are highly selective for either FPR1 or FPRX/, providing
useful tools for the characterization of formyl pdp receptors. A small molecule named Quin-C1
(figure 1.7) with a quinazolinone scaffold was the first répdr as a highly selective FPR2/ALX
agonist®  Quin-C1  (4-butoxy- N-[2-(4-methoxy-phenyl)-4-oxo-1,4-dihydrd=@juinazolin-3-yl]-
benzamide) induces chemotaxis and secretigsrglticuronidase in peripheral blood neutrophils wath
potency approximately 1000 fold lower in compariseith WKYMVm, which is the most potent
FPR2/ALX agonist identified till now. However, uké most FPR2/ALX peptidic agonists, Quin-C1 did
not induce substantial neutrophil superoxide gdimraeven at high concentrations (up to 100). The
structural basis for this particular agonistic watyi is still unknown but it appeared attractiver fits
potential use as a therapeutic agent.
A series of pyrazolone compounds were initiallynitieed from a cell-based assay for high-throughput
screening and subsequently modifféd?® These ligands are also highly selective for FPRX//&nd
exhibit anti-inflammatory properties in mouse. Sopyeazolones belonging to this series were able to
stimulate calcium flux in transfected cells expmegsFPR2/ALX and the most interesting term,
compound 43 téble 1.3 and figure 1.7), was formulated for oral administration and wasind to

significantly reduce inflammation in a mice mods$ay.

S0 KA e

O~ Quin-C1 Compd 43 AG-14

Figure 1.7. Chemical structures of selected small-moleculanis for the formyl peptide receptors. Despite
their abilities to bind to FPR1 and/or FPR2/ALXesle ligands have quite different structures. Quin-&hd
compound 43 are highly selective agonists for FRRX/ whereas AG-14 is selective for FPRL1.

Using a strategy combining computer model-basetualirscreening and high-throughput no-wash

cytometry screenindgrom an initial pool of 480,000 compounds, 30 leagse identified as FPR1 partial
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agonists or antagonists’ The pharmacophore model for FPR1 developed insthidy may be useful in
future identification of agonists and antagonisisthis class of receptors.

Starting from a neutrophil superoxide productiosags combined with substructure screen, fragment
focusing and structure-activity relationship anak;s-butyl benzene and thiophene-2-amide-3-carboxylic
ester derivatives were identified as potential @serfor neutrophil chemoattractant recepfSfsAmong
these compounds it emerged AG-Igure 1.7 andtable 1.3 which was found to be able to activate
neutrophils at nanomolar concentrations. Based esermkitization and antagonist inhibition data, the
investigators concluded that AG-14 is a FPR1 agonis

Arylcarboxylic acid hydrazide derivatives were itldad by the same investigators as agonists for
FPR2/ALX that induce de novo production of TNEhrough activation of macrophag@s.

All these studies further demonstrate that agowsEPR1/FPR2 include compounds with wide chemical
diversity. The computational studies regarding bttke pharmacophore models of FRRs and the
structure-activity relationships analysi®2°’widely confirm the hypothesis that analysis offsdiverse
compounds can help to better understand the ligacelstor interaction features.

1.8.4 FPRs antagonists
Early studies showed that replacing the formyl grofl fMLF with tertiary butyloxycarbonyl groug-(
Boc) renders the peptide of antagonistic activiable 1.5. t-Boc-Met-Leu-Phe (Bocl) andBoc-Phe-
D-Leu-Phe-DLeu-Phe (Boc2) are two frequently usethgonists for FPR1, with pIC50 values of 6.19
and 6.59 respectiveR?.In several recent studies, Boc2 was used at lighentrations (e.g., 1QM) for
inhibition of FPR2/ALX?*®%%° A different study has shown that, when used at lmicromolar
concentrations, both Bocl and Boc2 are selectivielF&ntagonists; at high micromolar concentrations,
Boc2 partially inhibits FPR2/ALX in addition to FRR' Therefore, the antagonistic effect of Boc2 at
high concentrations is not specific for FPR2/ALX.
Cyclosporin H (CsH) is a cyclic undecapeptide prmtliby fungi and it displays selective antagonistic
activity at human FPR%! Studies have shown that CsH is 14-fold more pothan the tertiary
butyloxycarbonyl analogs of formyl peptides suctBas2 in FPR1 binding assays, and approximately 5-
fold more potent than Boc2 in the inhibition of fidtinduced calcium flux and enzyme rele&¥eCsH is
an inverse agonist (negative antagonist) that sgses the constitutive activity of FPRi.The
biological significance of constitutive activity foFPR is not established. Both Boc2 and CsH
competitively displace FPR1-bound fMLF, indicatititat its antagonistic activity is mediated through
inhibition of fMLF binding. CsH did not displays wyndetectable inhibitory effect on FPR2/ALX-

mediated cellular functions.
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Ligand Asaay Potency Selectivity
Chemotaxiz inhibitory protein of Binding pR,; = T.46 FPR1
8. aurens (CHIPS)
FPRL1-inhibitor protein (FLIPr) Binding, Ca®* N.D. FPRZALX = FPR1
fluax
Trp-Arg-Trp-Trp-Trp-Trp Ca®" flux plC., = 6.64 FPRZ/ALX = FPR1 =~ FPR3
(WRW
CsH Binding pK, = 7.00 FPR1
Cad Enzyme pk, = 6.22 FPR1
release
i-Boe-Meot-Leu-Pho 0 goneration plC;, = 6.60 FPR1
t-Boc-Met-Leu-Phe Enzyme plC., = 6.19 FPR1
release
{-Boc-Phe-Leu-Phe-Leu-Phe Enzyme plC., = 6.59 FPR1 == FPR¥ALX
release
Quin-C7 Binding pK,= 5.19 FPR2/ALX
CDCA Binding pK, = 4.76-4.52 FPR1 = FPRZ/ALX
DCA Binding pk, = 4.00 FPR1
Spinorphin (), peneration plCy, = 4.30 FPR1

Table 1.5. Antagonists for the human formyl peptidereceptors. Antagonists for the FPRs are listed in the
order of their approximate potency, except thatgonists of same types are listed togeth@®oc, N-tert-
butoxycarbonyl groupj-Boc, -butoxycarbonyl group; pkg negative logarithm of the kg pKi, negative
logarithm ofKi; N.D., binding affinity or potency was not deténed. Adapted from Ye et al. (2009).

Endogenous FPR1 antagonists have been as welifideéntSpinorphin, an opioid, is an endogenous
peptide antagonist for FPR1 with a pd®f 4.30%**?™ The bile acids deoxycholic acid (DCA) and
chenodeoxycholic acid (CDCA) are two other ideatfifPR1 antagonists>#’ Chemotaxis inhibitory
protein ofS. aureugCHIPS) is a bacteria-derived protein of 14.1 kidand in more than half of the
clinical strains ofS. aureus CHIPS showed antagonistic activity for FPR3The identification of a
bacteria-derived FPR1 antagonist suggests a mexharsed by microorganisms to thwart host defenses.
Indeed, the same researchers in a subsequent refpoited the identification fror8. aureusof a 105-
amino acid protein, termed FPRL1 inhibitory prot@hiIPr), that selectively inhibits the binding and
activation by FPR2/ALX agonists including MMK-1, WHVIVM, the prion fragement PrP106-126, and
amyloid peptide 8142123 At higher concentrations, FLIPr also inhibits fMibnding to FPR1. FLIPr
was found to bind directly FPR2/ALX and FPR1, bat RPR3. The biological function of this inhibition
has not been identified.

Quin-C7 able 1.5andfigure 1.8) is a synthetic, nonpeptide FPR2/ALX antagonist/edoped through
chemical modification of the FPR2/ALX agonist Qu@i-**°

(P\KO [;\ _0
HN Nuj\@ HN N\Nj\©\
H
O/\/\ O/\/\
o) O~

H
Quin-C7 Quin-C1

Figure 1.8. Chemical structures of Quin-C7 and Quin-C1, a lsgtit pair of antagonist/agonist ligands for
FPR2/ALX.
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In binding assays, Quin-C7 inhibited iodinated WKVM binding to FPR2/ALX. This antagonist
showed to be highly selective for FPR2/ALX. In suamym several FPR1 and FPR2/ALX antagonists
have been identified and characterized. It is notdw that, in most cases, these antagonists differ
considerably from the identified FPR1 and FPR2/A4gonists. The observation thaBoc peptides are
antagonists whildN-formyl peptides of the same or similar compositave agonists may be helpful to
define the binding pocket of these peptides in EPRir the same reason, the synthetic nonpeptide
antagonist Quin-C7igure 1.8), differing from the agonist Quin-Ciigure 1.7) only in thepara position

of the phenyl ring*® provides a potentially useful tool in study thading properties of FPR2/ALX.

1.9 FPRs: future
It is clear that FPR family can convey a large efgriof signals, thereby affecting an ever-incregsin
number of biological functions. The study of endoges ligands for FPRs provides evidence of both
activatory and inhibitory responses in experimestitings and validate endogenous anti-inflammation
for successful drug discovery programs. Howeves,daracterisation of the pharmacological propertie
of synthetic agonists for these receptors stroeghgests a prominent role in inflammation and imegal
in host defence context. The overarching hypothissibat compounds that are able to mime specific
pathways operative in the host to down-regulatammation could present beneficial reductions desi
effects of potential therapeutics.
In this scenario, the identification and developmehsmall-molecules represent an ideal strategy to
clarify FPR structures and functions, since suckemdes are well defined and can be easily modiied
structure-activity relationships (SAR) analysis. mglover, this approach may provide a basis for
construction of useful pharmacophore models of FiB&ds and contribute to the development of an

innovative approach to modulate host defence lanmiatory pathologies.
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2. Background and Aims of the Project

The overall aim of this project is to exploit thersatility and usefulness of heterocyclic chemistry
generate a library of compounds able to act as F@j@nists. Over the past thirty years, Prof. DakzPi
and co-workers have shown that heterocyclic comgswwuch as isoxazoles, pyridazines, pyridazinones,
pyrimidines, phtalazinones and pyrazoles, are gaodlidates to develop small molecules which achieve
a high interaction with different biological systefi®?**Taking advantage of these previous experiences
acquired in these researches, a similar approashumwdertaken to generate a number of FPRs agonists.
To achieve this goal, it was initially necessarydentify in literature a lead compound workingF3Rs
agonist, and then to synthesize some differenéserfi heterocyclic compounds.

o '

H H

HN N« Q _ N N
¥ e

> Quin-C1 Pyrazolone derivatives

Figure 2.1.The key reference molecules used as leads indipased drug design approach for the synthesis of
FPRs agonists.

Thus, in the first instance, our project was basethe structural analysis of “Quin-C(figure 2.1),%>%
the first synthetic compound reported in literatae FPR2 selective ligand; moreover, we took into
account also some pyrazolone derivatives, whictevaenong the most potent small molecules discovered

as FPRs agonistfigure 2.1).2922%3
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Figure 2.2. Some examples of compounds designed and syntbeswsiag different nitrogen heterocyclic
scaffold and bearing the functional groups strictlgiuired for the activity of the reference molesul

Thus, following a ligand-based drug design apprpask synthesized several series of nitrogen
heterocyclic derivatives figure 2.2) characterized by geometric, electronic, sterid dipophilic

properties similar to that of the reference compmsurihe aim of this approach was to allow the rapid
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2. Background and Aims of the Project

identification of the appropriate scaffold bearthg suitable substituents able to interact with ER&s
system. Thus the activity of the synthesized comdswas tested on HL-60 cells transfected with EPR1
FPR2 and FPR3 respectively. The biological testeevperformed by Prof. Quinn and co-workers of
Veterinary Molecular Biology Department, Montanat8tUniversity. In this initial screening we lugkil
were able to identify compourba (scheme 124n section 3andtable 4.1in section 4, a potent mixed
FPR1/FPR2 agoniét® Thus,46abecame our lead compound, on which we planneeétiomn extensive
structure-activity relationship (SAR) studies bydifging the nature and the length of the functidred
side chain and by changing as well the substituentstheir position on the pyridazinone ririmgre
2.3). Moreover, several groups were introduced toaaplBr and OCEon both the aromatic systems of

the lead compound.

/ introduction of
o different cycloalkyl
modification of the and aryl
linker length and substituents

fu nctionalization

}H

X ) O

N—N < _(

o \ transfer of the (\ S elimination or

— linker N—N introduction of different
2 N = alkyl, aryl and heteroaryl
/ 3 6, groups

introduction of alkyl substituents
46a, lead compound

ECg =3.4 yM FPR1 o = elimination or introduction

ECsp = 3.8 IM FPR2 ehmﬂqanon Of“ée / == o different heteroaryl and
__methylenean substituted aryl
introduction of different

functions such as
amides, amines, ureas,

ketones
o

Figure 2.3.Modification performed on the lead compoud®4 scheme 12table 4.1).

Once the reactions on the pyridazinone ring hawen baptimized, a small library of analogues was
designed and synthesized in order to achieve aeroent chemical diversity on this scaffofiy(re 2.3).

The introduction of a chiral center on the phengtamide linker at N-2 position of the lead compound
(figure 2.4), represent an additional project which led to deselopment of a new series of chiral and

branched derivatives.

N—N R=H, CHs
o \
Rl CH3 CzH5 n- C3H7
/ i-C3H;, n-C4Hy, CgHs
o}
46a, lead compound chiral derivatives

Figure 2.4.Homologue series of chiral derivatives.
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During this research, the preliminary biologicadukts prompted us to prepare and test as well tine p
enantiomers in order to see if the enantioselagtiwould produce an increase of the activity and/or
selectivity. Since asymmetric synthesis did nobwallus to obtain the pure enantiomers, chiral HPLC
purification was performed to obtain both enantiaoaly pure compounds. The analytical work was
carried out in collaboration with Dr. Bartoluccicano-workers of Pharmaceutical Sciences Department,
University of Florence.

In the present thesis are reported the resulteesfet chemical efforts as well as the biologicalagtof

the novel synthesized molecules.
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3. Chemistry

Initial investigations in the FPRs agonists fielavl been focused on the synthesis of small molgcule
based on different heterocyclic scaffolds, such iadole, indazole, quinoline, naphtyridone,
phthalazinone, phthalhydrazide and pyridazin@eetfon3.1). Using this approach a relevant number of
functionalised aryl-substituted heterocycles wereppred in moderate to good yields. Among them a
pyridazinone derivative46a scheme 1P was found to be an interesting FPR1/FPR2 mixeohiag
(section 3.2.2*3 Therefore, the next progress of the project, corexk the optimization of the selected
lead compound by modifying the position of the sitssnts on the pyridazinone ring and the natui an

the length of the functionalized side chaedtion 3.3.

3.1 Investigating different heterocyclic scaffolds

3.1.1 Synthesis of indole and indazole derivatives
Indoles and indazole2a-d and 3a-h can be easily prepared in two steps using resmbgtithe
commercially available indole-3-carboxylic acid amtlazole-3-carboxylic acid as starting material
(scheme ) These compounds were first treated with SO@ presence of BN, to afford the
intermediate acid chlorides. Addition of 4-butoxifere generated the corresponding amidag which
in turn were transformed into the final compoudsd, under coupling conditions with the appropriate
phenylboronic acid in presence of Cu(OAckinally, the target compound®a-h were prepared by

classical alkylation with the opportune benzyl dali

[} H H
OH O N o N
N\ \ B N
N N O-n.CsH N O-n.CsHg
N N n.CaHg

1a (X = N), 1b (X = CH)

X R, Cj 2a-d
O A N L x__®
3c N Cl (m
3d N 3,4-methy(|er)1edioxy (jjz; Q %g N OOCC:HH33 ((rg))
3e CH OCH3 (m) N — 0-n.C4Hg
AR G EIE S
3h CH  3,4-methylenedioxy

3a-h

Scheme 1. Reagents and conditions: AOCL (27 equiv), EIN (catalytic), 1 h, 60 °C, then dbutoxyaniline
(2 equiv), anhydrous THF, 12 h, B) 3- or 4-methoxy-phenylboronic acid (2 equiv), CAE. (1.5 equiv),
EtN (2 equiv), CHCI,, 5-12 h, rt;C) substituted benzyl halide (1.1 equiv),GO; (2 equiv), anhydrous
acetone, 2-10 h, reflux.

In schemes 2and3 are depicted the synthetic pathways to prepare“imammethacin-like” analogues.
The amide intermediat¢ was obtained by coupling the 3-indoleacetic aditth @-bromoanilin€>* both
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3. Chemistry

commercially available, using DCC to activate tlaeboxylic group. The following alkylation with 3-

o o
HN HN
OH A o B o)
ool b
N N
H H

4 5

/O

methoxybenyl chloride gave the final compouind

Scheme 2. Reagents and conditions: A}bromoaniline (1 equiv), DCC (1 equiv), anhydr@ild,Cl,, 24 h, rt;
B) 3-methoxybenzyl chloride (1.5 equiv),;®O; (2 equiv), anhydrous acetone, 4 h, reflux.

The same coupling reaction with 4-bromoaniline waiae carried out on indomethacin to give the final

o) o)
Br
OH N’@
o o)
N N
6

compoundb.

Scheme 3. Reagents and conditions: A}Bromoaniline (1 equiv), DCC (1 equiv), anhydr@tid,Cl, , 24 h, rt.

3.1.2 Synthesis of quinoline derivatives
Final compound8a-d with quinoline scaffold were prepared in two stépsheme 4 the commercially
available 3-aminoquinoline was firstly alkylatedtivithe suitable substituted benzyl halide in stashda
conditions to give intermediatéa-d which, in turn, by treatment with therndbutoxyphenyl isocyanate

afforded the desired urea derivatiBzsd.

¢! Q_R | "

“
H
- NH2 SN R N N\(o
A B
Z _— Z —_— =z
N N N

7.8a OCH; (M)
HN 7,8b OCH3 (p)
\©\ 7.8c | 3,4-methylenedioxy
7,8d cl (m)

7a-d 8a-d 0-n.CaHg

Scheme 4. Reagents and conditions: Agubstituted benzyl halide (2 equiv),®0; (2 equiv), anhydrous
acetone, 3-7 h, 60 °®) 4-n.butoxyphenyl isocyanate (1.1 equiv), anhydrous@} 3-8 h, rt.

3.1.3 Synthesis of naphtyridone derivatives

23% \was performed starting from commercially

The synthesis of naphtyridone scaffdl@ (scheme %,
available 2-amino-6-methylpyridine and diethyl-2h@ymethylene)malonate, followed by thermal ring
closure of the diethyl-(6-methyl-2-pyridylaminomgléne)malonat®.?%° To prepare the final compounds

14a,band16a,h the intermediat&0 was coupled with the appropriate phenylboronid atipresence of
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3. Chemistry

Cu(OAc). An alkaline hydrolysis of the ester group affadée carboxylic acidd2a,b which were
converted in the acid chlorides using S@@}Butoxyaniline was then added to intermedidi®a,b to

give the final amide&4a,h

N o o N o 0o
o
)I\/:L + o/\L/O\ =B Y O (Y o 2 (Y Y om
N~ “NH | N NTY o P P 2
O/\ H N N
Ot H

10 R7‘ 1ly REJ
C D C—

19a-c 18a-c 17a-c 5a,b 13a,b
H} |
0O-n.CsHo

| " Q
11-19a OCH; (p) ] /(Iﬁ]i
11-19b OCHj (m)

17-19c | 3 4-methylenedioxy ) |

0O-n.C4Hg

Q

\

Z

| |
A >

16a,b : 14a,b

Scheme 5. Reagents and conditions: A§ h, 100 °C;B) diphenyl ether, 0.5 h, 270 °G}) 3- or 4-
methoxyphenylboronic acid (2 equiv), Cu(OA€).5 equiv), EIN (2 equiv), CHCl,, 15-20 h, rtD) NaOH 6N,
EtOH, 0.5-1 h, rtE) SOC} (27 equiv), EiN (catalytic), 2-3 h, rtf) 4-n.butoxyaniline (2 equiv), anhydrous
THF, 2 h, rt;G) SOC} (27 equiv), EIN (catalytic), 2-3 h, 60 °CH) see F;l) substituted benzyl halide (1.1
equiv), KCO; (2 equiv), anhydrous acetone, 5-7 h, 60 JCsee D;K) 4-nbutoxyaniline (1 equiv), DCP (4
equiv), EtN (catalytic), anhydrous DMF, 15 h, rt.

It is worth noting that treatment of the aciidza,bwith SOC}, followed by heating at 60 °C afforded the
corresponding trichloromethyl acid chloridé$a,b Indeed, it is well known in the literature that
compounds such as 2-methylpyridifés,2-methylquinoline$®® 2-methyl-4(H)-quinolones™>® react
with different chlorinating agents to give the @sponding trichloromethyl derivativé® In our case,
15a,h were transformed into the findba,b (scheme % in moderate yields, monitoring the reactions by
TLC, and the products were characterizedtyNMR and MS spectroscopy. The synthesis of thal fin
compoundsl9a-c was performed in standard condition starting frdme intermediatelQO, through
alkylation and alkaline hydrolysis, to give thelwaxylic acidsl8a-c In the last ste@8a-cwere treated
with the appropriate amine at room temperaturentmydrous DMF, using a catalytic amount ofNEand
diethyl cyanophosphonate (DCRY activate the carboxylic groupaheme %.

In scheme Gt is showed the synthetic pathway to preparemaidixic acid derivatives. The treatment of
nalidixic acid with ethyl chloroformate, in THF anih presence of triethylamine, afforded the

intermediate mixed anhydride, which was transformeid the final amide20. On the contrary,
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compound21 was obtained using the same reaction sequencermped for the trichloromethyl
analogued.6a,b(scheme %.

anig oo n i —

N N

20 21
Scheme 6. Reagents and conditions: Athyl chloroformate (1.1 equiv), f& (3.5 equiv), 4-bromoaniline (2

equiv), anhydrous THF, 12 h, -5 °G rt; B) SOCL (27 equiv), EN (catalytic), 2 h, 60 °C, then 4-
n.butoxyaniline (2 equiv), anhydrous THF, 2 h, rt.

3.1.4 Synthesis of phthalazinone derivative
The synthetic route employed to obtain the phthatawe derivative23 is depicted irscheme 7 The 4-
bromoaniline was converted in good yield to the vwnophenylamide intermediat2 following a

procedure reported in literatut&. Alkylation in standard conditions of the phthata{2H)-one with
compound2 gave rise the final compoura3.

O = oo,

NH2 HN\“/\CI

22 23

Scheme 7. Reagents and conditions: Achloroacetyl chloride (1.2 equiv), KCO; (1.2 equiv), anhydrous
CH,CI,, 2 h, reflux;B) 1-(2H)-phthalazinone(0.9 equiv), KCO; (1.8 equiv), anhydrous GBN, 3 h, reflux.

3.1.5 Synthesis of phthalhydrazidelerivatives
Scheme &utlines the synthetic procedyserformed to get the final compour2sa-cand26.

24a-c On.C4Hg
r 25a-c
for 24b
| R
C HNT(\CI
0 24,25a OCHg3 (p)
22 3 (P
24,25b | OCHz (m)
@/0\ 24,25¢c H
Br
N
(ﬁm@
Io) H
26

Scheme 8. Reagents and conditions: Aubstituted benzyl halide (1.1 equiv);GOs (2 equiv), anhydrous
DMF, 2-4 h, 80 °CB) 4-n.butoxyphenyl isocyanate (2 equiv), anhydrous,Cli} 14 h, 0 °C— rt; C) 22 (1.5
equiv), KCOs (2 equiv), anhydrous GEN, 3 h, reflux.
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The first step is the alkylation in standard coiodi$s of the commercially available 2,3-diidrophtmah-
1,4-dione with the suitable benzyl halide. For ti@action, anhydrous DMF gave the best resulterims
of mono- and bi-alkylated ratio, although tracegrdduct alkylated at both nitrogens were recovemed
all reactions, as showed by chromatographic aHd NMR analysis. The previously described

intermediate24¢,*?

and the new24a,b were converted in the final urea derivati&sa-c using 4n-
butoxyphenyl isocyanate in anhydrous £OH. The final compoun@6 was instead synthesized through

the further alkylation of compouriiib, using the previously described intermed22¢scheme 7.

3.1.6 Synthesis oN-2-benzyl pyridazinone derivatives

In scheme 9is depicted the synthesis of final compou28s,b and30a,b starting from the cheap and
commercially availabld,5-dichloro-3(2H)-pyridazinone. Following a procedure dfi-benzylation at 2-
position of the pyridazinone ring reported in thétdrature?*® N-2-benzyl derivatives27a,b were
prepared in good yields by treatment with 3- or dtmoxybenzyl bromide in anhydrous acetonitrileha t
presence of potassium carbonate and tetrabutylaimmobromide?** To synthesize final compounds
30a,b starting from the4,5-dichloro-3(2H)-pyridazinone it was not possible to obtain selective
monoarylation under Suzuky conditions. Interesyinglselective C-5 coupling with 4-
buthoxyphenyloronic acid was achieved using trankldrobis(triethylphosphine)palladium (1) as
catalist and 1M N#ZO; as base in DMF at room temperature, as reportethenliteraturé®® An
important strategy to achieve high mono- (versuy slibstitution is the use of a two fold excess of

pyridazin-3(2)-one versus boronic acid.

/\ /\\ /\\
S LB L

Cl Cl Cl /O
27a,b 28a,b
n.C4Hg9-O
D
7\
~SL

| R

27-30a | OCH;3 (p)
27-30b | OCH; (m)

0O-n.CaHg

30a,b

Scheme9. Reagents and conditions: AB or 4-methoxybenzyl chloride (1.5 equiv);G0s (2 equiv), BUNBr
(0.1 equiv), anhydrous GEBN, 5-7 h, reflux;B) NaOCH (2 equiv), anhydrous GJ@H, 1 h, rt;C) 4-
n.butoxyphenylboronic acid (3 equiv), Pd(BRH0.03 equiv), NgCO; 2M in H,O (1 equiv), toluene, 5-8 h,
reflux; D) 4-n.butoxyphenylboronic acid (0.5 equiv), PQC,Hs)sP], (0.1 equiv), NaCO; 1M in H,O (1
equiv), DMF, 6-12 h, rt.
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The final compound&9a,bwere instead obtained in two steps starting f&a,b (scheme 9 where the
first nucleophilic reaction involved a selectivesplacement of the chlorine at C-5 of the pyridaaano
ring,2*® using sodium methoxide in anhydrous methanol;sibeond step was an oxidative addition to
tetrakis(triphenylphosphine)palladium(0) catalisi give, in good vyields, the final 4-arylated-5-
methoxypyridazinones using the 4-butoxyphenylbaramid under classical Suzuki conditidhs.

3.1.7 Synthesis oN-2-phenyl pyridazinone derivative$>
The synthetic pathway affording the final compou8s37 and 38a-cis depicted inscheme 10 The
isoxazole 31, the isoxazolo[3,4]-pyridazinone 32 and the pyridazinone83,34 were synthesized
following the procedures previously descriB&>! Subsequently, the ami®s was obtained from the
primary amine34 by treatment with the opportune aroylchloridedtuéne at reflux, while coupling G4

with 4-butoxyphenylboronic acid in GBI, in presence of Cu(Aggave derivativ&6.

BJ 04
%_.om&ﬁo%

N—
o%}

_R =
I ’\>—NH

Br o)
Cl
O spac

R

Scheme 10. Reagents and conditions: AaOEt (1 equiv), anhydrous EtOH, 2 h, -5 2€rt; B) NH,-NH-
CeHs (2 equiv), PPA, anhydrous EtOH, 3.5 h, refl@ HCOONH, (2.5 equiv), Pd/C 10% (catalytic),
anhydrous EtOH, 1.5 h, refluid) HBr 48%, 1 h, 140 °CE) 4-n.butoxybenzoyl chloride (0.9 equiv), Et3N (4.1
equiv), anhydrous toluene, 4 h, refli®; 4-n.butoxyphenylboronic acid (2 equiv), Cu(OAg€1.5 equiv), EN

(2 equiv), CHCI,, 12 h, rt;G) NaOAc (2.4 equiv), CO(OCg} (3.5 equiv), anhydrous THF, 2 h, reflux, then 4-
n.butoxyaniline (2.4 equiv), 12 h, i) substituted aryl isocyanate (1.1 equiv), anhydtoligene, 4-7 h, reflux.
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Compound34 in anhydrous toluene was refluxed with the appaderaryl isocyanate to afford the urea
derivatives38a-c The 4-butoxy analogu87 was synthesized with an alternative proceduserting
from the same precurs®4 and using triphosgene in anhydrous THF, followgdtieatment with the

appropriate aniline.
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3.2  6-Methyl-2,4-Disubstituted Pyridazin-§2H)-ones: synthesis of the lead compound 483

3.2.1 Synthesis of dihydropyridazinone scaffolds
The dihydropyridazinoneg2a-m (scheme 1) are the key building blocks for the synthesistloé
pyridazinone class of compounds examined insthetions 3.2and 3.3 As extensively reported in the
literature, they-keto acids are the common starting material tilyeashieve thenf>*?**Some of the-
keto acids useful for the synthesis of the dihygirm@zinone scaffold are not commercially available
Thus, the first goal for this second part of thejgct was the development of an efficient synthedigte

to obtain this starting material.

[éo _A, Rj\/\gcm .D_ %%géio/\ < X K e XOUOX

~. 0O
o)
41a-c
40a,b 39
| R
40a,41a| CH,CH,4 E
41b | CH(CHs),

40b, 41c| CgHyy R R,
_ 42a CH,CHj H
AN 420 CH(CH3), H
Ozg_)’R 42c CeHiy H
42d CH3 H
R1 42e CeHs H
42a-m 42f 2-thienyl H
429 CsHs-CHz (p)  H
42h CgH4-OCH3 (p) H
42i CgH4-Cl (p) H
42 CeHsF (p) H
= 42k COOH H
42 H H
(H-42m CgHs CHs

Scheme 11. Reagents and conditions: Ae(acag (3 equiv),iPrMgCl (for compoundilb) 2M in diethyl ether
(3 equiv), anhydrous THF, 12 h, B) NaH 60% in mineral oil (1.3 equiv), ethyl bromotate (1 equiv),
anhydrous THF, 15 h, rtC) propionyl chloride (for compoundlad or cyclohexylcarbonyl chloride (for
compound41¢ (1 equiv), NaH 60% in mineral oil (1.05 equivphhgdrous THF, 3 h, rtD) p-toluenesulfonic
acid « HO (0.1 equiv), anhydrous toluene, 2.5 h, refluentietOH, NaOH 1N, 4 h, rE&) NH,NH, « H,O (1
equiv), EtOH, 1-3 h, 60 °(%) 0.5 h, 160 °C.

The synthesis of the-keto acid41b was achieved following a procedure reported inlitleeature A in
schemell) starting from the cheap and commercially avadatlccinic anhydride which was reacted
with isopropyl magnesium chloride in anhydrous Tatf °C in presence of iron(lll) acetylaceton@fe.
Since the obtained yields were lower compared & thported in literature, to prepare quickly and
efficiently the key starting materials another sutas explored, in which the di-tert-butyl malonafzs
firstly alkylated with ethyl bromoacetate in theepence of NaH and the following acylation3& with

the appropriate acid chlorides gave intermedid@sh These intermediates were not isolated and were
directly decarboxylated in presence mftoluenesulfonic acid as catalist. Hydrolysis o ththyl esters

under basic conditions afforded the previously dbed y-keto acids4la,cin good yields>*?" This

43
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route resulted amenable for the synthesis of a&latgnber ofy-keto acid analogues, using a wide range
of cheap and commercially available acid chlorides.
The following condensation of both commercially itadlgle and synthesizegketo acids witthydrazine

252,258-264and

hydrate afforded the previously described C-6 substitudérydropyridazinoneg2a-i,k,m,
the new42j in good vyields. A further synthetic step was regdito obtain the compourt?| generated

by melting and spontaneous decarboxylation of #tbaxylic acid42k at 160° C>*°

3.2.2 Synthesis of substitutetl-arylacetamide pyridazinone$*
In scheme 12is depicted the synthesis of compoudd@s-s The dihydropyridazinond2d was firstly
converted into the 4-benzyl derivatid® by Knoevenagel condensation using the appropasienatic
aldehyde in the presence of KOH and then alkylatgth ethyl bromoacetate to givé4. Alkaline
hydrolysis of the ester afforded the carboxyliddath, which is the key intermediate for the synthesgia o
range ofsubstituted N-phenylacetamide pyridazinones. Indesstment with ethyl chloroformate in THF
in presence of triethylamine, afforded the interra@mixed anhydrous, which was transformed in good

yields into the final amides by treatment with #pgropriate aryl46a-r) or cycloalkyl amine469.

re :
o NN 46a NH-CeH-Br (p)
ANTN _ 46b NH-CgH.-Br (m)
o 46¢ NH-CgHgs-Br (0)
46d NH-C,H,-F (p)
42d o 46e NH-CgH,-Cl (p)
46f NH-CgHa-1 (p)
43 44
469 NH-CgHs
46h NH-CgHy-CH3 (p)
c 46i NH-C4H,-C(CH>); (p)
46 NH-CsHy-OCH3 (p)
Q 46k NH-CgH4-O-n.C4Hg ()
R OH 46l NH-CsHs-(OCH;s)> (M, p)
46m NH-CgH3-3,4-methylenedioxy
NN D NN
e} . «— 0 . 46n NH'CGH4'CF3 (p)
460 NH-C4H,-OCF; (p)
46p NH-CgH4-SCH;3 (p)
o\ o\ 46q NH-C¢H,-CN (p)
2? NH-CgHy-NO, (p)
46a-s 45 S 1-methylpiperazine

Scheme 12. Reagents and conditions: Armethoxybenzaldehyd@é equiv), KOH 5% (w/v) in anhydrous
EtOH, 3 h, reflux;B) ethyl bromoacetate (3 equiv),8O; (2 equiv), anhydrous GEN, 6 h, reflux;C) NaOH
6N, EtOH, 1 h, refluxD) ethyl chloroformate (1.1 equiv), &t (3.5 equiv), substituted aryl(cycloalkyl)-amine
(2 equiv), anhydrous THF, 12 h, -5 °Grt.

3.3  Optimization of the lead: 2,3,4,5,6-substitute@dyridazinones
3.3.1 Synthesis of C-6 modifietN-arylacetamide pyridazinones
The C-6 modified pyridazinoneSOa-v (scheme 13 were prepared in four steps starting from the

dihydropyridazinonesi2a-c,e-j,| synthesized as shown stheme 1land using the same procedure
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already described to get the final compoud@sa-s (scheme 12 Through Knoevenagel condensation
with the commercially available 3- or 4-methoxybalehyde, the previously described derivatives
47h,j,1,%°® and the newt7a-g,i,k,m-owere obtainedh good yields. The following alkylation and alkai
hydrolysis were performed in standard conditiorfse Teaction of the carboxylic acid9a-owith ethyl
chloroformate, to give the anhydride intermediated then with the appropriate aryl amines, furrdshe

the final compoundSOa-v.

HN—
Ly

42a-c,e-j|
R Rl Ar
50a CH,CH3 OCH; (m) CsHa-l (p)
R 50b CH(CH), ~ OCHg(m) CeHa-Br ()
47-49a CH,CH3 OCH3 (m) 50¢ CeHus OCHs (m) CeHa-Br (p)
47-49b CH(CHs) OCHs (m) 50d H OCH, (m) CeH4-Br (p)
47-49c CeHn OCHs (m) 50e CeHs OCH3 (m) CeH,-Br (p)
50f CeHs OCH3 (m) CeHs-3,4-methylenedioxy
47-49d H OCHg (m) 50g CeHs OCH3 (m) CeHaF(p)
47-49e CeHs OCHz (m) 50h 2-thienyl OCHs (p) CeHa-Br (p)
47-49f 2 thienyl OCH; (0) 50i 2-thienyl OCH3 (m) CeH3-3,4-methylenedioxy
- 3 (P, 50 2-thienyl OCH3 (m CeHys-F
47-499 2thienyl  OCHa (m) o ienyl 3 (m) eHaF (p)
50k CsHs-OCH3 (p)  OCH; (p) CeH4-Br (p)
47-49h CsHs-OCHz (p)  OCHs (p) Dl 50l CeHs-OCH5 (p) OCHz (M)  CgHg-3,4-methylenedioxy
47-49i CeHs-OCHz (p) OCH3 (M) 50m | CgHs-OCH5(p) OCH3(m) CeHaF (D)
47-49 CeHaCl(p) ~ OCH; (p) 50n CoHy-Cl ( OCH -
41-Cl (p) 5 () CeH4-Br (p)
47-49 CsHa-Cl (p) OCHgz (m) 500 CsH,-Cl (p) OCHz(m)  CgHs-3,4-methylenedioxy
50 H,-Cl OCH3z (m CeH,-F
47-49 CoHaCHa () OCHs (b) p CgH,-Cl (p) 3(m) eHa-F (D)
47-49m CeHaCHz (p)  OCHz (M) 50q CsHsCHz (p)  OCH; (p) CeH4-Br (p)
50r CsH,CH; (p)  OCHz (m) CgH3-3,4-methylenedioxy
47-49n CeHaF ()  OCHs (p) 50s H4-CH OCH CeHyF
47-490 C6H4-F (p) OCH3 (m) CB & 3 (p) 3 (m) (SURY/) (p)
S0t CeHaF (p) OCH; (p) CeHa-Br (p)
50u CeHa-F (p) OCH3 (m) CgH3-3,4-methylenedioxy
50a-v v CeHa-F (p) OCHgz (m) CeHs-F (p)

Scheme 13. Reagents and conditions: 8)or 4-methoxybenzaldehyd& equiv), KOH 5% (w/v) in anhydrous
EtOH, 1-3 h, refluxB) ethyl bromoacetate (1.5 equiv),®0; (2 equiv), anhydrous GE&N, 1-3 h, reflux;C)
NaOH 6N, 1-2 h, 60-80 °A)) ethyl chloroformate (1.1 equiv), §& (3.5 equiv), substituted aniline (2 equiv),
anhydrous THF, 12 h, -5 °Gs rt.

3.3.2 Synthesis of C-4 modifietN-arylacetamide pyridazinones
The C-4 modified dihydropyridazinon&8a-d (scheme 13 were obtained in good yields carrying out the
same reaction sequence (alkylation/hydrolysis/antided formation) shown irschemes 12and 13

starting from compound&d-m whose synthesis is reportedsicheme 11
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O,

O

O,

%Q OH N-Ar
R s
42d,(£)-m 5la,(+)-b 52a,(+)-b 53a,(+)-b-d
|_R R1 Ar
| R R
53a | CH; H CsHarl (p)
42d and 51,52a CHg H
(#)-42mand (+)-51,52b | CgHs CHs (#)-53b | CgHs CHj CeH4-Br (p)
(¥)-53c | CeHs CHs CeHsF (p)

(#)-53d| CgHs; CH;  CgHjs-3,4-methylenedioxy

Scheme 14. Reagents and conditions: &jhyl bromoacetate (1.5 equiv),®0; (2 equiv), anhydrous GJEN,
2-3 h, reflux;B) NaOH 6N, 3-5 h, 80 °CC) ethyl chloroformate (1.1 equiv), £ (3.5 equiv), substituted
aniline (2 equiv), anhydrous THF, 12 h, -52€rt.

In scheme 15is depicted the synthesis of compouada-f, where the starting dihydropyridazinines
42c,d,(x)-m(scheme 1) were, as first step, converted in the previougcribed pyridazinonésia-c

The reaction was carried out using selenium dioxate bromine in acetic acid as oxidizing
agents$®2672% Then  the alkylation in standard condition withyétbromoacetate afforded the known
55¢°°° and the nevB5a,bwhich were subjected to the usual hydrolysis anitla bond formation steps,

performed as already describedi{emes 12,13

H
o M—oH »N-Ar
HN— HN- N— N—N N—N
\ A \ B, \ _C, \ _Db. \
o R —— o R o R o R o R
R1 R1 R1 R1 R1

42c,d,(£)-m 54a-c 55a-c 56a-c 57a-f
R Ry Ar
| R R,
57a CeH11 H CeHsF(p)
42¢ and 54-56a CeH11 H 57b CeHus H CeH3-3,4-methylenedioxy
42d and 54-56b CHs H
(H-42m and 54-56c | CeHs  CHs 57c CHs H CeHa1(p)
57d CeHs CHs CgH4-Br (p)
57e CeHs CHs CeHsF (p)
57t CeHs CH3 CgHs-3,4-methylenedioxy

Scheme 15. Reagents and conditions: &Jr compoundb4c Br, (4 equiv), CHCOOH 100%, 4-5 h, reflux; for
compunds4a,li SeQ (3 equiv), anhydrous EtOH, 5-7 h, refllB) ethyl bromoacetate (1.5 equiv),®0; (2
equiv), anhydrous C¥N, 2-3 h, refluxC) NaOH 6N, 2 h, 80 °Q)) ethyl chloroformate (1.1 equiv), §&t (3.5
equiv), substituted aniline (2 equiv), anhydrous—TH2 h, -5 °C— rt.

The synthesis of final compound&la-p where the 4-methoxybenzyl at the C-4 positionthod
pyridazinone ring was replaced with several hetgkc or substituted benzyl moieties, is shown in
scheme 16 The dihydropyridazinond2d (scheme 1) was converted into the previously described

derivatives58b-e,i?’*?"* and the newb8a,f-h,j-m by Knoevenagel condensation with the appropriate
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aromatic aldehyde in the presence of KOH. Compolws&ism in turn, were alkylated with ethyl
bromoacetate to give the estéf9a-m whose 59d,e,i were previously reported™?%?"*Alkaline

27% and the new carboxylic acid derivativé@a-h,j-

hydrolysis of compounds9a-m gave the knows0i,
m. These compounds were treated with ethyl chloroéde in THF in presence of triethylamine,
affording the mixed anhydrides, which in turn waansformed into the final amidéda-p by treatment

with the appropriate aryl amine.

Q
Q
b
HN™ HN™ N—N,
o= N AL 023} _B Ov
— = R
R R

58-60a 3-furylmethyl
42d 58a-m 59a-m 58-60b 3-thienylmethy
58-60c 2-thienylmethyl
CJ 58-60d 1-naphthylmethy!
R R, 58-60e CHy-CsH,-OCHj3 (p)
58-60f | CH,-CeHa-(OCHj), (M, m)
6la 3-furylmethyl Br (p) OH _ i _
61b 3-thienylmethyl Br (p) NN ggg% g:Z gfi':"l 5 ((mm))
6lc 2-thienylmethyl Br (p) o \ 58-60i CHZ-CZH4 i)
61d 1-naphthylmethy!| Br (p) _ 58-60) CH22-C6H;-Br (m)
6le CH2-CgHy-OCHg (p) Br () R
61f | CHp-CeHa-(OCHa)z (M, m Br 98-60k CHp-CeH4-SCH ()
2-6l3 ( 3)2 ( ) (p) 60a'm 58-60I CHZ'C6H4'CF3 (p)
61 CHp-CsHy-F () Br (p)
61% CHy-CgH,-Cl (m) Br (p) D 58-60m CHy-CeHs
61i CH,-CgH,-Br (m) Br (p)
61] CH2-CGH4-SCH3 (p) Br (p) 0. H —
61k |  CH,CoHyCFs (P) Br () QLN@
7 R1
61l CH,-CgHs Br (p) N-N
61m CHZ'CGH5 F (p) o) \
61n CH,-CgHs 3,4-methylenedioxy —
R
610 CH2-06H4'C| (p) O-n.C4Hg (p)
61p CH3-CgH,-OCH3 (p) O-n.C4Hy (p) 6la-p

Scheme 16. Reagents and conditions: Aubstituted benzaldehyd& equiv), KOH 5% (w/v) in anhydrous
EtOH, 3-5 h, refluxB) ethyl bromoacetate (1.5 equiv),®0O; (2 equiv), anhydrous GEE&N, 2-4 h, reflux;C)
NaOH 6N, 1-2 h, 80 °CD) ethyl chloroformate (1.1 equiv), §& (3.5 equiv), substituted aniline (2 equiv),
anhydrous THF, 12 h, -5 °G rt.

In scheme 17s shown the synthesis of final compour®a-c modified at the C-4 of the pyridazinone
ring and bearing a 4-iodophenylacetamide chainoattipn 2. To get this compounds, the Koevenagel
condensation with the appropriate aromatic aldehyde performed on the intermedidi8a (scheme
14).

| R

? H <:> C? H
N I N—< >—|
N—N, -N
3\ A \
O=§_)_ O:§=)7 62a
62b

R 62¢
53a 62a-c

CH,-CgH4-SCH; (p)
CHaz-CeH3-(OCHs), (m, m)
CHy-CHy-Cl (m)

Scheme 17. Reagents and conditions: Aubstituted benzaldehydé& equiv), KOH 5% (w/v) in anhydrous
EtOH, 1-5 h, reflux.
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This alternative methodology was chosen over tlevipus synthetic pathwaydhemel?® due to the
exciting possibility to synthesize the suitablelthnig block 63a schemel4) and then to condensate it
with the convenient aromatic aldehyde. Despite fhet that Knoevenagel condensation appeared
relatively simple and high-yielding on the C-4 bktpyridazinone ringschemesl2 and 13), the N-
(phenylacetamido)pyridazinonB3a didn’t result suitable for the synthesis of a wad range of
compounds, probably due to the instability of tiemylacetamido moiety. Indeed, in this conditioas,
mixture of products resulted and just three aromalilehydes were able to react in low to moderate
yields. For these reasons the alternative route neasefficient for the preparation of analogueswas
supposed.

Moreover, a further procedure was required to lgetfinal compound§6a-c(scheme 18 Intermediates

63 and64 were obtained by Knovenagel condensation in theeseonditions already describestijeme
12), using the commercially available 3-pyridinecatdldehyde and 4-cyanobenzaldehyde respectively.
Compound65 was instead prepared frodd by dehydration of the amide with phosphorus oxyat
Due to their instability to strong base treatméhég intermediate§3-65 were directly converted in the

final compound$6a-cby alkylation in standard condition with compowfi(scheme 7.

HN™N —

o ) — 0 )
NH2 CN
o
63 64 65
I | |
r
D é
HN\n/\CI

22

¢}
s e
N Br
B N

66a | CH2-CeHys-CONH; (p)

66b CH,-CgH4-CN (p)
o0=__ 66¢C

3-pyridylmethyl
R
66a-c

Scheme 18. Reagents and conditions: A)pyridinecarboxaldehyde (1 equiv), KOH 5% (w/v)anhydrous
EtOH, 5 h, reflux;B) 4-cyanobenzaldehyde (2 equiv), KOH 5% (w/v) inyarous EtOH, 4 h, refluxC)
POCE, 3 h, 60 °CD) 22 (1.5 equiv), KCOs (2 equiv), anhydrous GJEN, 2-3 h, refluxE) ethyl bromoacetate
(1.5 equiv), KCGO; (2 equiv), anhydrous GJEN, 2 h, reflux;F) NaOH 6N, 2 h, 60 °C3) ethyl chloroformate
(1.1 equiv), EN (3.5 equiv), 4-bromoaniline (2 equiv), anhydrdi$F, 12 h, -5 °G— rt.
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To get the pyridazinon9 (schemel8), the intermediat®&4 was alkylated with ethyl bromoacetate to
give 67 which, after alkaline hydrolysis of the ester ntpiafforded the bicarboxylic acé8. Treating68
firslty with ethyl chloroformate and then with 4dmnoaniline, in the usual conditionscheme 12, it was
possible to obtain in good yields compouwd8] bearing two amide functions.

In scheme 19s depicted the synthesis of the 4-arylketone @ditre 71 prepared frond4 (scheme 12 by
oxidation of the benzylic methylene’r@) with cerium ammonium nitrate (CAN) and subsequent

alkylation in standard conditions with the previgusescribed intermedia2 (scheme 7.

H

ﬁig_:g

43 HN\(IDI/\G

Scheme 19. Reagents and conditions: AN (3 equiv), CHCOOH 50%, 1.5 h, 60 °@) 22 (1.5 equiv),
K,CGO; (2 equiv), anhydrous GIEN, 6 h, reflux.

The synthesis of compound7 whit the 4-methoxyphenyl group directly bondedth® C-4 of the
pyridazinone ring is shown ischeme 20As reported in literaturé;’ the commercially available methyl
4-methoxyphenylacetate can be easily converteldempteviously described keto este?’® by oxidation
with tert-butyl hydroperoxide (TBHP) and a catatygimount of iron trichloride in pyridine at 85 “The

278

intermediate72 was then processed to Wittig reactfdh?’®using dimethyl acetylmethylphosphonate as

phosphonium ylide source and sodium methoxyde itham®l at O °C, to afford the knowmrketo ester
732" Condensation with hydrazine hydrate afforded thiermediate74, which as usual, was subjected
to alkylation with ethyl bromoacetate, alkaline tolgsis and finally coupling with 4-bromoaniline,

through the intermediate mixed anhydride to givefthal amidez7 in good yield.

|
o~ A o< j\f\\ .0 B o =
— + R _
N _
\O (o] o o (0] (0]

72 73
O\
C
—< >—Br }OH (}*o\_
. NN, E | NN D, HN=N
76 - 75 -5 74

Scheme 20. Reagents and conditions: ABHP (3 equiv), FeGk 6 H,O, pyridine, 8 h, 85 °CB) NaOCH; (2
equiv), anhydrous C¥DH, 3.5 h, 0 °C— rt; C) NH,NH, « H,O (2 equiv), anhydrous toluene, 2 h, reflid);
ethyl bromoacetate (1.5 equiv),®0O; (2 equiv), anhydrous GJ&N, 1.5 h, refluxg) NaOH 6N, 0.5 h, 60 °C;
F) ethyl chloroformate (1.1 equiv), & (3.5 equiv), 4-Bromoaniline (2 equiv), anhydrdudF, 12 h, -5 °C—
rt.
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The synthetic pathway affording the final compouB8s 87-89and 92 is depicted inscheme 21 The
isoxazoles31 (scheme 1P and the isoxazolo[3,d}pyridazinones78 were previously described’ 2%
Reductive opening of the isoxazole ring carried muthe intermediaté8 with ammonium formate and a
catalytic amount of carbon-supported palladium lgata(Pd/C) in anhydrous ethanol at reflux, affatde
the known 4-amino-5-acetyl pyridazinone derivativ®*® Performing the usual alkylation/alkaline
hydrolysis/amide bond formation reaction sequensehdmes 12and 13) the final amide83 was
synthesized in good yields. The already descrilméermediateB4 was obtained by deacetylation 9
using 48% hydrobromic acid under pressure at legiperature (140 °CGy*

O HN™N HN™ HN™
% o B o ) cC o ) D. o ) A ANTN
4 = — —
N\\ N{\ HoN H2N
o
31 78 79 84 54b
i |
Q o)
?‘OH }o\_ (}o\_ QLO\_ }o\_
o= H— C o= Y e oY 023’\‘:\}* O;%’\:N>7
— — — P .
/OONH ] /OONH o H2N o H2N ~ /OON
85
82 81 80 Q
:
HJ 90 F
Q o)
4O HO~ Y
r
N— N—N
-y o< ) M O=$=>, O?~0H
O\ gt HN N~

89a [X = Br (p)] 92 P
89b [x = OCH; (m)]

Scheme 21. Reagents and conditions: A)JH,NH, « H,O, 4 h, 180 °CB) NH,-NH2 « H,O (2 equiv), EtOH, 10
min, rt; C) HCOONH, (2.5 equiv), Pd/C 10% (catalytic), anhydrous EtQk5 h, reflux;D) HBr 48%, 1 h, 140
°C; E) ethyl bromoacetate (1.5 equiv),,80; (2 equiv), anhydrous GEN, 3 h, reflux; F) 4-
methoxyphenylboronic acid (2 equiv), Cu(OA€).5 equiv), BN (2 equiv), CHCI,, 12 h, rt;G) NaOH 6N, 1.5
h, 80 °C;H) ethyl chloroformate (1.1 equiv), & (3.5 equiv), 4-bromoaniline (2 equiv), anhydrdusF, 12 h,
-5 °C—rt; 1) see EL) see GM) see H;N) 4-methoxyphenylboronic acid (1 equiv), Cu(OA€).5 equiv),
EtN (2 equiv), CHCI,, 12 h, rt;O) substituted benzoyl chlorid€.4 equiv), EiN (catalytic), anhydrous
CH,CIy, 16 h, 0 °C— rt; P) see FQ) see GR) see H.
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To get84 in high vyields, a previously described procedusatsg from 54b (scheme 1% and using
hydrazine hydrate at 180 °C was as well tAi€dThe high temperature of reaction afforded a mixtur
difficult to purify and the resulting yield was l@wthan that stated in the literature. Thus, trevipus
methodology based on deacetylation78fwas elected to get the intermedi&#& This compound was
processed to standard alkylation, hydrolysis anddamon reactions to generate the final 4-amino
pyridazinone87. Subsequently, the coupling of the amine grouf7ifvith 4-methoxyphenylboronic acid
in presence of Cu(Ag)in CH,Cl, gave the 4-arylamin88, while the 4-arylamide analogu89a,b were
obtained from87 by treatment with the opportune aroylchloride amethylamine in CHCI, at 0 °C. To
synthesize the biarylamin®0 the intermediate85 was coupled with a two-fold amount of 4-
methoxyphenylboronic acid in usual conditions ameht after hydrolysis of the ester group and foitmwv

usual amidation, the final compouf@d was obtained in good yields.

3.3.3 Synthesis oN-arylacetamide modified pyridazinone derivatives
Scheme22 depict the synthetic procedure for compou8897 The precurso#43 was alkylated with the
appropriate bromo ester to give compouf@s,h which, in turn, were converted in the correspagdi
acids94a,b The final step was the transformation of thesamaunds into the final amid&ba,b using

the same procedure extensively described in treeptesection of the thesis.

YN o

ANTR 93-95a | CH,CH,
#)-93-9%b | CH(CHs)

o !
N—N
Y\N‘N © —\
o _\
O,
. \ 97a [R = CONHCgH4-Br (p)]
\

97b [R= COCgH,-Br (p)]

96a (Y = CHz)
96b (Y = CH,CO)

Scheme 22. Reagents and conditions: Agthyl 3-bromopropionate (for compouriBa) or (x)-ethyl-2-
bromopropionate (for compourtiBb) (1.5 equiv), KCO; (2 equiv), anhydrous GEN, 6 h, reflux;B) NaOH

6N, 1 h, 80 °C(C) ethyl chloroformate (1.1 equiv), & (3.5 equiv), 4-Bromoaniline (2 equiv), anhydrausF,

12 h, -5 °C— rt; D) alkyl halide (1.5 equiv), ¥CO; (2 equiv), anhydrous GiN, 6 h, reflux;E) CH,O 40%,
NH; 33%, dioxane, 1 h, 50 °C, then 4-bromophenyl isoeye (for compoun®78) (1.1 equiv) or 4-
bromobenzoyl chloride (for compouBdb) (1.5 equiv), CHCI,, 6-12 h, rt §7a), 0 °C @7h).
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On the other hand, compounél§a,b were obtained by alkylation @3 with the appropriate halide in
standard conditions¢heme 22 Moreover the precursd3 was converted into the finflra,bthrough a
multicomponent Mannich reaction (GBl + NH).?®2 The intermediate amine was not isolated and it was
converted one-pot into the ur@@a by treatment with 4-bromophenyl isocyanate and the amide7b

with 4-bromobenzoyl chloride.

The final compound$00, 101and103a,bwere synthesized as shownsitheme 23The intermediatd4

was reduced with sodium borohydride in THF/MeOHyémerate the primary alcoh@8. This compound
was the starting material for the synthesis botkthefetherl01, through a coupling reaction with the 4-
bromophenylboronic acid in presence of CugA@nd of compound00, through the mesylat89,2%
which, in turn, was then converted into the finampound100 by nucleophilic replacement with 4-
bromo aniline. Treatment &9 with ammonia gave the intermedidt@2, from which the ured03aand
the amidel03bwere obtained using 4-bromophenyl isocyanate arofiabbenzoyl chloride respectively

in CH2C|2.

44 100

101 102 103a [R = CONHCsH,-Br (p)]
103b [R = COCgH4-Br (p)]

Scheme 23. Reagents and conditions: AJaBH, (5.6 equiv), anhydrous THF, anhydrous{OH, 1 h, 60 °C;
B) methanesulfonyl chloride (1.5 equiv), pyridine 1(lequiv), anhydrous Ci&€l,, 4 h, 0 °C— rt; C) 4-
bromoaniline (2 equiv), 2-propanol, 6 h, 60 1@);4-bromophenylboronic acid (2 equiv), Cu(OA€).5 equiv),
EtN (2 equiv), CHCI,, 12 h, rt;E) NH3 33%, 2-propanol, 3 h, 60 °G) 4-bromophenyl isocyanate (for
compound103g (1.1 equiv) or 4-bromobenzoyl chloride (for compd 103b) (1.1 equiv), BN (2 equiv),
anhydrous CkCl,, 6 h, 0 °C.

To obtain the analogud®94a-c(scheme 2% the mixed anhydride generated as usual by teatof the
intermediate45 (scheme 12 with ethyl chloroformate was transformed in gogdlds into the final
compounds by treatment respectively with commdyciavailable 4-bromobenzylamine (fa0439, 4-
bromophenol (fod04b) andN-methyl-4-bromobenzylamine (fd04q9.

52



3. Chemistry

o N AL, N
_ _ | R
104a| NHCH,-CgH4-Br (p)
Q o 104b O-CeHa-Br (p)
104c | N(CH3)-CeHa-Br (p)
45 104a-c

Scheme 24. Reagents and conditions: Agthyl chloroformate (1.1 equiv), & (3.5 equiv), 4-
bromobenzylamine or 4-bromg-methylaniline or 4-bromophenol (2 equiv), anhydrdiHF, 12 h, -5 °G- rt.

In scheme 25s shown the synthesis of the thioamide analdglsdirectly generated from6a (scheme

12) using Lawesson’s reagent in toluene at 8G%C.

Scheme 25. Reagents and conditions: Apwesson’s Reagent (2 equiv), anhydrous toluete 88 °C.

There are two possible achievable mono-tioderiestivom this reaction: the first one, where thg@lksuf
replace the oxygen of carbonyl group at C-3 offijledazinone ring, and the second, where the sulphu
replaced the oxygen of CO in the exocyclic amidde sthain {05. Thus, the relative position of
tionation needed to be attributed, and the strecdfil05was confirmed by botftH NMR and MS(ESI)
analysis.'H NMR experiments showed a clear difference indhemical shift between the methylene
bonded to the carbonyl group46aand that bonded to the thiocarbonyl groug® In addition, LCMS
experiments showed that it is evident a correlabietween the fragments generated during the asalysi
and the structur&05. Indeed, leaving aside the fact that the exacsmass exactly the one expected for
105, it resulted evident the presence of the pyridazenfragment without thi-phenylacetamide or the
N-phenylethanethioamide moiety. This result wasaobthat the pyridazinone ring was unchanged and
the sulphur is on the side chain as drasgchéme 25k Thus, it is reasonable to presume that reactian

sulphur substitution by Lawesson’s reagent is fa@dwn the carbonyl group of the side chain.

3.3.4 Synthesis of N-2/C-4 inverted pyridazinone ahogues
In scheme 26s depicted the synthesis of compoud@8 and109. Alkylation in standard condition of
the 6-methylpyridazinon®4b (scheme 1% with 3-methoxybenzyl chloride in acetonitrile uéed in
compoundLO6 which gave the corresponding 4-amino derivaliO& by heating with bH4 - H,O in hard
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conditions. The amid&08 and the ured 09 were obtained froni07 by treatment with the opportune
aroyl chloride or the aryl isocyanate following tb@me conditions reported f88a,b (scheme 2} and
38a-c(scheme 1D

Scheme 26. Reagents and conditions: Aymethoxybenzyl chloride (1.5 equiv),®O; (2 equiv), anhydrous
CH3CN, 6 h, reflux;B) NH,NH, « H,O, 12 h, 180 °CC) 4-bromobenzoyl chloride (2.4 equiv) sHt(catalytic),
anhydrous CkCl,, 10 h, 0 °CD) 4-bromophenyl isocyanate (2.2 equiv), anhydrolsetee, 7 h, reflux.

3.3.5 Synthesis of C-3 susbstituted pyridazine ar@ajue
Scheme 27utlines the synthetic procedure for compoadd Using Lawesson’s reagent, as previously
described, the precurséBe (scheme 1% was transformed into intermediat&0 (scheme 2% which, in

turn, was alkylated in standard condition usk&yscheme 7 to afford the corresponding analogli,

having the phenylacetamide moiety at the C-3 opyr@azinone ring.

HNTN HN—
o s ) HS
A
o)
L /

58e 110

111

Scheme 27. Reagents and conditions: Apwesson’s Reagent (1 equiv), anhydrous toluere,80 °C;B) 22
(1.5 equiv), KCO; (2 equiv), anhydrous GIEN, 3 h, reflux.

3.3.6 Synthesis of chiral pyridazinone analogues
A further development of the project was the intrcitbn of stereogenic center on tkgphenylacetamide
linker of the lead compoundi6a (scheme 12 The modification introduces stereochemical caxripy
into the products and, at the same time, it shddnteresting to see the effect of the presenca of
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stereogenic center on the biological activity, neimng however the essential conformational shape
the molecules. The development of an homologousessasf chiral compounds, possibly through
enantioselective reaction, would be particularlgidle in the case of the synthesis of a group of
biologically-useful small molecules due to the weilbwn advantages of chirality when considering the

interactions of small-molecules with biological ®ymss.

3.3.6.1 Enantioselective synthesis of tiNearylpropanamide analogue
In the first instance, the asymmetric synthesisr@ntiomerg+)-113and(-)-113 had been triedsE¢heme
28). Commercially available R-(+)- and S-(-)-bromogpianic acids were firstly treated with SQCI
affording the intermediate acid chlorides whichitum were transformed in the amideg+)-112 andS-
(-)-112 using 4-bromoanilin® As expected and as confirmed by chiral HPLC anthrpgraphic
analysis, the amide bond formation occurred bynt&e of the relative configuration of the starting
carboxylic acids due to the missing participatidrihe chiral center in the reaction and to the lvexic
reaction condition$®®?®” The amidesR-(+)-112 and S-(-)-112were then used to alkylate in standard
conditions the intermediaté3 (scheme 1) to give respectively the two pure enantiomerecBdent
literature described the alkylation on the N-2 loé pyridazinone ring as a classicaRSeactiort®® so
that this methodology could be theoretically applie the synthesis of both enantiomers113 and(-)-
113 with complete inversion of the configuration tdrsing amides. Despite the fact that this reactson

simple and well knowA292%?

it was found that it is not suitable for asymnuatisynthesis because the
inversion of configuration was not complete andssmuent racemization occurred. Inspection by chiral
HPLC analysis of the chromatographically pure coumats showed the achievement of a mixture 70:30
starting fromS-(-)-112and a mixture 60:40 frorR-(+)-112 All attempts at doing this stereoselective

alkylation reaction proved unsuccessful.
Q H <:>
_>—N Br
HNj\/ e
" OH _A> = B N \
BrY k'( Br HN-I O\ _

R-(+) or S-(-) Br
R-(+)-112, Q
S-(-)-112 43 (+)-113, rac 70:30 from S-(-)-112
(-)-113, rac 60:40 from R-(+)-112

Scheme 28. Reagents and conditions: S0C} (6 equiv), anhydrous C&l,, 4 h, reflux, then 4-bromoaniline
(2 equiv), anhydrous THF, 4 h, B) 43 (0.9 equiv), KCO; (1.8 equiv), anhydrous GBN, 2 h, reflux.

3.3.6.2 Synthesis of the homologous seried\baryl-(alkyl)-amide derivatives
To get the chiral compoundg)-117a-f as racemates and the dimethyl analogu8 not optically
active, the same synthetic pathway used9+113/(-)-113(scheme 28 has been performed as shown
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in scheme 29For the synthesis of the compou@g-117f it was previously required the preparation of
the starting bromo-derivativig)-114, not commercially available and obtained as regubim literature
by treatment withN-bromosuccinimide in CGlat reflux®®® After treatment with SOGI of the
appropriate chiral carboxylic acidscheme 29the commercially available 4-bromophenyl ami@gs
115a, the already describdd)-115e,f 1162°*?°®and the new+)-115b,dwere obtained in low yields
as useful intermediates for the synthesis of thal tompoundét)-117a-fand118

/§<’(OH A /}Q(OH
H Br
o) 0

) #)-114

Q,
H

R~ NOBr R R

R1™¢,
R - #)115117a | CHs H
1 HN R o ) (£)-115,117b n-CqHH7 E

" —- ' < = (#)-115,117c i-CgH,
__c ,
She > HN- (#-115117d | n-CyHy H
° oX_ #)-115117e | CeHs H
— #)-115117f | CHs CHa
(*) Br Q

CH; CH
(#)-115a-f, Q @)-117a, 116,118 5 s

116 43 118
Scheme 29. Reagents and conditions: AIBS (1.05 equiv), CGJ N, 8 h, reflux; B) SOC} (6 equiv),

anhydrous CKCly, 4 h, reflux, then 4-bromoaniline (2 equiv), anfous THF, 4 h, rtC) 43 (0.9 equiv), KCO;
(1.8 equiv), anhydrous GEN, 4-5 h, reflux.

3.3.6.3 Chiral Chromatographic resolution of raemates (+)-95b and (+)-117a-f
Due to the significant racemization during nuclabptdisplacement of bromide with the pyridazinone
intermediate43 (scheme28, section 3.3.6.2 an alternative strategy was required to get phee
enantiomers of+)-95b and(z)-117a-f (schemes 2%nd 30). Chiral HPLC is one of the most valid and
efficient methods for obtaining both enantiomersaothiral compound in high optical purity [> 97%
enantiomeric excess (ee)]. This approach has nogonbe an established procedure far vitro
comparative biological testing, where few milligrarof both enantiomers are required. In additios, th
isolation of single enantiomers represents a gjyat®r rational drug design due to the role of
stereochemistry in molecular interactions involvinglogical macromolecules.
Compoundg+)-95b and(x)-117a-f (scheme 3D were then isolated as pure (ee = 97.4-99.9%)elyi-s
preparative chiral HPLCs€heme 3D and two distinct polysaccharide based chirali®tary phases
(CSPs) had to be employed to separate the differacemates. Indeed in the early stage of the
chromatographic resolution a Chiralcel ®Eolumn]cellulose tris(3,5-dimethylphenylcarbamate)] was
used to separate racemafey95b and(+)-117a (table 3.1), according to the literature for a series of
pyridazinone like compoundé' An isocratic elution mode was employed and detacby UV was

carried out at 250 nm.
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R R,

(+)-95b CHs H

(-)-95b CHs H

— ) R - (+)117a | CHs H

Rli}L § o Rli} N Br (J117a | CHs H

o NN chiral HPLC o NN (#)-117b | n-CGsH, H

— — (9-117b | n-CgH;  H

(#-117c | i-CH;  H

o\ o\ ()-117c i-C5H; H

( ) 95b ( ) 95b (+)-117d n'C4H9 H

- . . +)-95b, (-)- ()-117d | n-CyHy H

+ +

(£)-95b, (x)-117ad (+)-117a-f, (-)-117a-f

(+)-117e CeHs H

()-117e | CgHs H

(+)-117f CHs CH,

()-117f C,Hs CHs

Scheme 30.Chromatographic resolution using Chiralcel @Blumn for (+)-95b and (+)-117a (eluent: n-
hexane/2-propanol 95:)ux Amylose-2 column for(+)-117b-f (eluent:n-hexane/2-propanol 60:40).

Unexpectedly, during the analytical work resultethek of selectivity of

the Chiralcel Jbcolumn by

increasing the steric hindrance on the chiral gemteleed, already the resolution of racem@ajell7b,

having a propyl group on the chiral centesulted not possible due

enantiomergfigure 3.1).

(+)-95b (3-95b

to poor resolution betwme

{(+-117a {(3-117a

30

26 a8

{3-117b

30

Figure 3.1.Chiral semi-preparative HPLC resolution of racermé&tg-95b and(1)-

30

117a Conditions: Chiralcel

OD column (1Qum, 4.6 mm |.D. X250 mm),n-hexane/IPA 95:5 (v/v) as eluent, flow rate 1.2 mid, detection

by UV at 250 nm, temperature 25 °C, . At the botibia shown the lack of sele
OD column in the same conditions to separate rate@@p117b.

ctivity resulted usidbiralcel
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Enantiomer | Stationary Eluent Flow rate | Temperature | Retention Time
Phase (n-hexane/IPA) | (mL/min) (°C) (tz, Min)
((J_'))_'ggg Chiralcel OD 955 1.2 25 ;g;
((+))111177: Chiralcel OD 95:5 1.2 25 13:3
((+))111177£’ Amylose-2 60:40 1.5 40 g: 411
((+))111177§ Amylose-2 60:40 15 40 136?1
((+))1111773 Amylose-2 60:40 15 40 g‘;
((+))111177 =— Amylose-2 60:40 15 40 123
((+))111177: Amylose-2 60:40 15 40 gs

Table 3.1.Data of thechiral HPLC separations for the different racemdt§s95b and (+)-117a-f related to
semi-preparative conditions, column types (250 miéxmm 1.D.), mobile phases, flow rates, tempeeatind
retention timestg) detected by UV at 250 nm.

In order to develop the semi-preparative resoluitiovas required to find another chiral stationphase.
As it shown intable 3.1and infigure 3.2 a very good separation of the (+) and (-) enantrsrél17b-f
was achieved using Lux Amylosé&-2olumn [amylose tris(5-chloro-2-methylphenyl-carizde)] and the
optically pure compounds were obtained as requlredll cases, an isocratic elution mode was enguloy

and detection by UV was carried out at 250 nm.

(+)-117b (+H-117d

)17 ()-117e
{-)-117c &117?
0 z 4 L] 8 0w 12 " 1% L z 4 L] 8 L 12 " 1%
(117 (#1170

min

Figure 3.2. Chiral semi-preparative HPLC resolution of racemdtg-117b-f. Conditions: Lux Amylose-2
column (5um, 4.6 mm [.D. X250 mm),n-hexane/IPA 60:40 (v/v) as eluent, flow rate 1.5/min, detection by
UV at 250 nm, temperature 40 °C.
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After semipreparative HPLC the fractions collecteere dried under nitrogen and analyzed on chiral

analytical Lux Amylose-2 (3 um, 4.6 mm 1.D. x 50 mm) column to determine theiastiomeric excess

(ee) figure 3.3 andtable 3.2.

. (H)-117c |
(+)-95b | (H)-95b
2.6%
| (=)-117c
N — —_— _.r’w. - —
0 1 z 3 4 5 0 1 -3 3 4 3
min min
(+)»-117a ,
(+)-117d
117
2.0% © .
[N\ (1174
.l '
P S — — A " — ————
0 1 3 ] 4 5 0 1 2 3 4 5
min min
+)-117b !
) {)-117e
NS (D117
:'_‘\ /
A = ol R S, WP iy TR
0 1 2 3 4 5 L] 1 z 3 4 5
min min
(--117F ¢
[\e17r

0.7%

min

Figure 3.3. Chiral analytical HPLC analysis of the chromatgudpiaally resolved enantiome(s)-95b/(-)-95b
and (+)-117a-f/(-)-117a Conditions: Lux Amylose-2 column (3um, 4.6 mm |.D. x 50 mm)n-hexane/IPA
60:40 (v/v) as eluent, flow rate 1.0 mL/min, deiectby UV at 250 nm, temperature 40 °C, injectiaiuwme of

10 pL. For

analytical enantioseparations a standafdtiea was prepared by dissolving 0.1 mg of each

enantiomer into 1 mL of ethanol. The ee values vealeulated from relative peak aredable 3.2. Arrows
indicate the percentage of the enantiomeric imjgsrifor (+)-95b, (-)-117g (+)-117f whereas all the other
enantiomers were obtained with a purity > 99.9%.

Polarimetric analysis were as well performed bysalgng 20 mg of pure compounds into 2 mL of

chloroform € = 1) to establish the specific rotations]{fp) of enantiomerstéble 3.9. The signal was

measured at 589 nm using a polarimeter equippddania lamp.
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Enantiomer [a]*% Enantiomeric
(CHClz c=1) | excess (ee, %)

(+H)-95b + 80° >09.9
(-)-95b -78° 97.4

(H)-117a +129° >99.9
(-)-117a -129° 98.0

(+)-117b + 139° >99.9
(-)-117b - 137° >99.9
(H)-117c + 99° >09.9
(-)-117c -97° >99.9
(+)-117d +111° >99.9
(-)-117d -110° >99.9
(H)-117e + 16° >09.9
(-)-117e -17° >99.9
(+H)-117f +17° 99.3

(-)-117f -18° >99.9

Table 3.2. Data for the different racematgs)-95b and (¥)-117a-f of specific rotation factor %),
determined by polarimeter in CHEE = 1 mg/1 mL), and enantiomeric excess, determimedhiral analytical
HPLC separations.

Chiral HPLC and polarimetric analysis indicatedttfa racemateg+)-95b and (+)-117a-d the first
eluted enantiomers using both Chiralcel OD or Luxylose-2 columns rotated polarized light in the
positive direction, accordingly to the comparab&tune of substituents on the stereogenic center (R
alkyl, Ry = H, schemes 2%nd 30). Oppositely, the elution sequence was reversethéncase of
racemateq+)-117e,f where the enantiomers)-117e,feluted faster then the corresponding (+)-forms
during the separating process. Enantiomer elutrderas a very important topic in the determinatain
enantiomeric purity of chiral compounds as wellrathe study of enantiorecognition mechanfSiiThe
polysaccharide-type CSPs are based on natural ialatand are available only in one configuration.
Although it is difficult to control the enantiometution order with these CSPs, examples of invarsio
enantiomer retention order have been reported bgraibn of the mobile phase composition or
enantioseparation temperatdf®In our case, these results appear to be consisiémthe assumption
that structural differences on the chiral centeetwleen the analytes determined the reversal of the
enantiomer elution order. Probably the bigger lande of the phenyl group (&)-117eand the absence
of H on the chiral center it)117f are the key determinants in this inversion of antographic elution.
Thus, from seven separated compounds fi¢e35b and(+)-117a-d exhibited higher affinity of the (-)-
form for the stationary phase over the (+)-form &rdhe remaining two(f)-117e,} it was the opposite.

It is as well interesting to note that enantiometien order was not influenced by changing the anto

of alcohol (2-propanol) used in the mobile phaskath colums.

3.3.6.4 Assignment of the absolute configuratis
To assign the absolute configuration to the pusngoamerg+)-95b, (-)-95b, (+)-117a-fand(-)-117a-f
we made several attempts to get crystals suitallsifigle crystal X-ray analysis but, unluckily,nsoof
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these analogues were amenable for configuratiorady/sis by crystallization. Since this approacthefhi

for the configurational assignment we took intoast the methodology based on the comparison of CD
curve analysis of the unknown enantiomers and tDeptfile of commercially available molecules or
well known compounds whose absolute configuratioms valready been established. Examples of
assignment of the absolute configuration using #pproach have been extensively reported in the

literature3913%8

_>_O H similar
z CD profile
NH i{)

N-Acetyl-S-(-)-alanine (+)-117a, (9-117a (R = CH,CH;)

(+)-117b, (-)-117b (R = CH ,CH,CH3)
(+)-95b, ()-95b (R = CH,)
(+)-117¢, (9-117¢ (R = CH(CH,),)

(+)-117d, (-}-117d (R = CH,CH,CH3CHy)

Br

Q similar
OH
@j A CD groflle
NH2 NH g

o)
R-(-)-2-phenylglycine
R-(-)-119

(+)-117e, ()-117e

Br

O E
NH
similar /A?L
>& >j CD profile NN
z (@] )
NH2 N __

S-(-)-a-Methylvaline
S- ( )-120

O\

(+)-117f, (9-117f

Scheme 31N-Acetyl-S-(-)-alanine and acetyl derivatives of R-(24phenylglycine R-(-)-119 and S-(-)e-
Methylvaline [B-(-)-12Q used as reference compounds in CD experimentsrimparison to enantiomeric pairs
(+)-95b/(-)-95h (+)-117e/(-)-117¢e(+)-117f/(-)-117f due to their comparable substituents on the gsperdo

center. The result obtained fdr)-95k/(-)-95b can be extended as well for enantiom(efs117a-d/(-)-117a-d
Reagents and conditions: Apcetic anhydride (7.5 equiv) 8, 0.5 h, 70 °C.

Commercially availableN-acetyl-S-(-)-alanine, R-(-2-phenylglycine and S-(-)e-methylvaline were

chosen as reference molecules considering thatatreegharacterized by comparable substituents @n th
stereogenic centre. Indeed, as it showsdheme 31N-acetyl-S-(-)-alanine bearing a methyl group on
the chiral center, an hydrogen, a carboxylic CO andamidic NH can be used in CD analysis as
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reference for(+)-95b/(-)-95b and the result can be extended as well )-117a-d/(-)-117a-d
enantiomeric pairs. R-(3-phenylglycineand S-(-)e-methylvaline were instead firstly converted into
their acetyl derivative®R-(-)-119 [commercially availableN-acetyl-R-(-)-phenylglycine] an&-(-)-120
[N-acetyl-S-(-)e-methylvaline] to make the chiral center more samiio that of(+)-117e/(-) -117eand
(+)-117f/(-)-117frespectively §cheme 3L The acetylation reaction was performed yOHusIng acetic
anhydride at 70 °C and it occurred by completenteia of the absolute configuration as reported in
literature3®® Both enantiomers of+)-95b were analyzed in comparison wifli-acetyl-S-(-)-alanine
([0]*35— 62° € = 1, HO) (scheme 3landfigure 3.4). The solutions of+)-95b and(-)-95b in methanol
(concentration about 0.25 mg/mL, optical pathwaly édn) and ofN-acetyl-S-(-)-alanine (concentration
about 1 mg/mL, optical pathway 0.1 cm) were anadym nitrogen atmosphere. CD spectra were
scanned at 50nm/min with a spectral band width wfland data resolution of 0.2 nm. The spectra were
averaged over five instrumental scans and the sittea are presented in terms of ellipticity values
(mdeg) tigure 3.4). The CD spectrum of th@)-95b enantiomerfigure 3.4) displays a broad positive
Cotton effect around 300 nm. Tkg-95b enantiomer exhibited the corresponding mirror-im&p. In
comparison, the positive Cotton effect of t@cetyl-S-(-)-alanine is in the range of wavelenggtiween
215 and 250 nm. Therefore, (S)-absolute configomatif the reference compounthy also be assigned
to (+)-95b and (R)-absolute configuration {g)-95b that oppositely showed a negative Cotton effect
around 300 nm. The differences in the profile of turves could depend on the different type of
chromophore betwedn)-95b/(-)-95band theN-acetyl-S-(-)-alanine without any aromatic substitt

200 N-Acetyl-S-(-)-alanine 200 200 S.120
__5-(H)-95bh — S-(H)-117¢ a
100 P - 100 = S 100 SN S-(H)-117F
-~ n g / "\ -~ b
¥ e N 5 N E s
E of— e — E o e E s e I
8 29/ oy sbe w0 35 oo 5 2. j20 /S 28" 20 315 34D 8 25 " 240 NS S M5 340
E ‘ 2 (nm) t il oF * (nm) 5 e RUO-11TE ) (am)
100 ~K)-95h 100 ot “Re()-117¢ 100 )
-200 -200 R-(-)-119 -200

Figure 3.4. Experimental Circular dichroism (CD) spectra recorded in methaab 25 °C of the pure
enantiomeric pairé+)-95b/(-)-95h (+)-117e/(-)-117¢e(+)-117f/(-)-117fand the reference compoundsacetyl-
S-(-)alaning R-(-)-119, S-(-)-120(scheme 3). In each spectra black traces refers to the eaéer compounds,
whereas solid and dashed red traces correspongctagly to the (S)- and (R)-enantiomers analyzed.

Due to the similarity on the chiral center betweampoundsS-(+)-95b/R-(-)-95b and enantiomeric
pairs (+)-117a-d/(-)-117a-d(scheme 3}, it seems then possible that enantiomers of #meessign of
optical rotation may have the same absolute cordigan. Some support for such a reasoning is in the
fact that a correlation between the absolute candigon of these optically active analogues coudd b
deduced as well from the same elution order shaeithg chiral HPLC analysiséction 3.3.6.3figure

3.2and3.3. Indeed analoguds)-117a-d(-)-117a-dexhibited same-sense chiral recognition mechanism

62



3. Chemistry

and, consequently, the same enantiomer elutiorr @miédoth stationary phases used (Chiralcel OD and
Lux Amylose-2) with preferential retention of thé)-enantiomer. These data support the presumption
that all the enantiomergt)-117a-d possess the same absolute (S)-configuration amdpusly, the
absolute (R)-configuration is for levorotatory isens(-)-117a-d

Similarity of CD spectra of reference molec(R)-(-)-119 and (-)-117e(figure 3.4) is certainly in line
with the rule that enantiomers with the same signCotton effect may have the same absolute
configuration. Enantiomers)-117e/(+)-117eaisplay the Cotton effects between 230 and 270antha
maximum around 250 nm. Also in this case, it isemairthy that differences in the profile of the cesv
could depend from different type of chromophorewssn (-)-117e/(+)-117eand the(R)-(-)-119 CD
spectra of(-)-117e and (+)-117e¢ recorded in methanol, clearly are mirror imagégufe 3.4),
demonstrating again the enantiomeric relationshifg negative Cotton effect ¢f)-117eis in agreement
with negative Cotton effects of the previously dism (R)-(-)-1193'°3?supporting the absolute R-(-)-
configuration assigned to this enantiomsaheme 31

The configurational assignment for the last enaméioc pair (-)-117f/(+)-117f was performed by
comparing their circular dichroism spectra withttb&S-(-)-120(scheme 3}, always characterized by
similar substituents on the stereogenic centars élkyl groups, a carboxylic CO and an amidic NH),
whose configuration was already established. Treetsp showed once more analogous profiles and
comparable Cotton effects betwe®if-)-120and(+)-117fin the spectral region between 215 and 300 nm
(figure 3.4). The bathochromic shift of th®-(-)-120curve could depend on the differences between the
different chromophores. Therefore the absolute igarditions ofS-(-)-120 may be proposed also for
(+)117fand, consequently, the absolute R-configuratios agsigned t¢-)-117f (scheme 3}

In conclusion, on the basis of combined chromatdgm and chiroptical studies, the absolute
configuration assignment was unambiguously comgledad configurations were assigned as follow to
the seven enantiomeric pairs synthesiZgt+)-95b/R-(-)-95bandS-(+)-117a-f/R-(-)-117a-f Due to the
comparable chiral centers in this group of homotoguolecules, the results showed as well that (S)-
absolute configuration is for all dextrorotatoryaetiomers of the series and (R)-absolute configuras

for the corresponding levorotatory isomers.
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4 Results and Conclusions

41  Results
In the present study, we synthesized a library @ heterocyclic compounds which were screened in
order to identify novel molecules able to activatenan neutrophil through FPRs interaction. Thus the
final compounds were evaluated for their abilityitoluce intracellular G4 flux in HL-60 (Human
promyelocytic leukemia) cells transfected with FPRPR2, or FPR3. In fact it is well known thatst i
possible to estimate FPRs affinity by means of wtion in C4" flux changing®*>* All compounds
were also evaluated in WT (wild-type non-transfddtd_-60 cells) and they where inactive. Moreover,
both EG, values and relative efficacy, compared to the idepagonists fMLF and WKYMVm, were
determined. Finally, the compounds that showedbtst activity profile were selected to evaluate the
activity as chemotactic agents and the capacitydbilize C&* in human neutrophils.

4.1.1 Screening different nitrogen heterocyclic dévatives as FPRs agonists
In the early phase of our project, we synthesizaceial compounds where functionalized side chains
similar to that of the references compounds (Quin&hd pyrazolone derivatives figure 2.1) are
bonded to different heterocyclic scaffolds such iaslazole, indole, quinoline, naphtyridone,
phthalazinone and phthalhydrazidsctiemes 1-8 section 3.). Any activity was found for these
compounds towards the three FPR subtypes. Somiegenf showed low activity as chemotactic agent
(data not shown) probably due to the interactioth\ai different biological system or other receptors
the neutrophils. Likewise pyridazin-3(2H)-ones liega methoxybenzyl or a phenyl group at position 2
and a functionalized side chain at positions 4 d¢schemes 9,10section 3.} were inactive as FPRs
agonists. Performing further modifications on tlaens scaffold as the insertion of substituted beatyl
position 4 together with a functionalized chaiNa® (scheme 12section 3.}, we identified compound
46a (table 4.1), as a potent mixed FPR1 and FPR2 agdtisthus, this first active compourntba was
selected as lead and extensive structure-actiatgtionship (SAR) studies on this prototype were

performed.

During the development of the project, it becameessary to replace the initial cell line RBL-2H3a(R
basophilic leukemia) cells, used to test agoniatitivity of the compounds, with HL-60 cells, having
higher expression of FPRs and as well higher respdo reference molecule fMLF. In the meantime
some modifications of the lead compound had besrady performed, such as the introduction of a
phenyl group in the position C-6 of the pyridazia@nd a iodine on the phenyl of the acetamidicepac
The biological tests carried out on the first dale (RBL-2H3) showed for these compounds a very
interesting activity and, thus, several analoguesewdesigned and synthesized on the basis of this

evidence. Unluckily, the same results were noticowd by testing the same molecules in HL-60 cell.
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4.1.2 EGpand efficacy ofN-arylacetamide pyridazinones
The nature and the position of the substituenthenphenyl group of the side chain proved to play a
crucial role in ligand activity as it is showntable 4.1 Moving Br of lead compound6afrom position
para to meta46b) and ortho 46¢ resulted in a complete loss of FPR1/FPR2 activijnong halo-
derivatives, the 4-chloro analogdée exhibited the same profile 46a while the corresponding 4-iodo
derivative46f was two times less potent for FPR2. For this caimpo a weak effect at FPR3 was also
observed. The 4-fluoro analogdéd was less potent compared 46a but specificity for FPR1 was

demonstrated.

Table 4.1 Activity of the compoundd6a-s (scheme 12in HL-60 cells expressing human FPR1, FPR2, ®RFP
7~

Ca”* Mobilization EC 5o (uM) and Efficacy (%)?
compd R FPR1 FPR2 FPR3
462 NH-CoH4-Br (p) 3.4+16 (75| 3.8+L15(70) N.A.
46b NH-CeH,-Br (m) NA. NA. NA.
46¢ NH-CeH-Br (0) N.A. NA. NA.
46d NH-CeHaF (p) 7.6 +0.2 (40) NA. N.A.
46e NH-CsH.-CI (p) 2.6+ 0.3 (110] 4.0 % 1.6 (35) NA.
46f NH-CeHa-l (p) 28+0.2(90)| 6.8+2.2(40) 13.0%3.1)3
469 NH-CgH5 N.A. N.A. N.A.
46h NH-CeHa-CHs (p) 72+2.2(120] 10.9 3.4 (50) NA.
46i NH-CeH4tCaHs (p) N.A. NA. NA.
46] NH-CoH,-OCH; (p) 77+25(65)| 144+20(35) NA.
46k NH-CsH,-OCiH, (p) N.A. NA. NA.
46 NH-CoHs-(OCHy),(3, 4) | 15.5+2.9 (25) 16.8 + 3.2 (2b) NA.
46m NH-C¢Hz-3,4-methylenedioxy 2.3 + 1.1 (50) N.A. N.A.
46n NH-CoH4-CF; (p) 57+18(50)] 8.8z23(95 NA.
460 NH-CoH,-OCF; (p) N.A. NA. NA.
46p NH-CoH,-SCH; (p) 26.4 14.7 NA.
46q NH-CoH.CN (p) N.A. N.A. NA.
461 NH-CsH,-NO, (p) 105+ 2.9 (60) 12.3 +2.5 (58) NA.
46s 1-methylpiperazine N.A. N.A. N.A.
fMLF 0.01 20.4 1.9
WKYMVm 0.5 0.001 0.01

®N.A., no activity was observed (no response wagmlesl during first 2 min after addition of composnthder
investigation) considering the limits of efficacy2® % and Eg < 50uM. The EGpvalues are presented as the
mean = S.D. of three independent experiments, iitlwmedian effective concentratimalues (EGy) were
determined by nonlinear regression analgéithe dose-response curves (5-6 points) genetsied) GraphPad
Prism 5 with 95% confidential intervab & 0.05). Efficacy (in bracket) is expressed as @etrof the response
induced by 5 nM fMLF (FPR1) or 5 nM WKYMVm (FPR2&RFPR3).
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The elimination of Br (compound6g was associated with a complete loss of actiWgplacement of
Br in 46a with substituents having similar steric propertisgsch ag-But (46i), OCFK (460, and CN
(460), led to loss of activity at both FPR1 and FPRRe B-trifluoromethyl and the 4-nitro analogues
(46n and46r, respectively) as well as compouhBh, bearing a methyl group at position 4, had redyiv
low activity. Introduction of alkoxy groups gaveenesting results: the 4-methoxy derivatd& and the
3,4-dimethoxy derivative46l had low activity at both receptors, whereas of &#é-methylendioxy
derivative46m showed specificity for FPR1. Differently compou#@p, with a methylthio group in the
para position of the phenyl group showed a drald@ease of activity. It is worth noting that corapds
46k, where Br in the para position is substituted vatbuthoxy, andlés where the amidic nitrogen is
included in a piperazine nucleus, were found tadrapletely devoid of activity.

4.1.3 EGoand efficacy of C-6 modifiedN-arylacetamide pyridazinones
SAR studies at position 6 of the pyridazinone nwmgre planned by modifying the methyl group of the
lead compound46a (table 4.1 as follow: elimination or replacement with superihomologues,
cyclohexyl group, thiophene and (substituted)aftgble 4.2.
As it is possible to see from the biological resuthe ethyl analoguesQb) displayed a very similar
behaviour with respect to the lead compou#@a, whereas the isopropyl derivativB0g) resulted a
mixed agonist for FPR1, FPR2 and FPR3. On the apptthe introduction of a cyclohexyl at position C
6 (500 was associated with FPR1 selectivity. The elimamaof the methyl group50d) led to a quite
potent but not selective compound, since it wase #édblactivate all the three receptor subtypes. Agnon
compounds having a phenyl group at C-6 ddg bearing Br in the phenylacetamide chain showed a
relevant activity, mainly at FPR1 level. The 2-tiyederivativess0h-j were completely inactive, as well
as all compounds bearing OgKb0k-m), Cl (50n-p), CH; (509-9, F (B0t-v), in para position of the
phenyl at C-6 of pyridazinone nucleous. It is wortbthing the inactivity of 4-F analogue0t, in
comparison with the above sed&®e unsubstituted analogue. This finding suggest fioat these

compounds electronic features play a more importaatthan steric properties.
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Table 4.2 Activity of the compoundS0a-v (scheme 18in HL-60 cells expressing human FPR1, FPR2, R¥P

R

R
AN N7 | ] L
2L

o

Ca”* Mobilization EC s, (uM) and
compd R R Ar Efficacy (%)
FPR1 FPR2 FPR3
50a CH,CH;z OCH; (m) NH-CsH4-l (p) 5.0 (95) 7.2 (75) N.A.
50b CH(CHy), OCH; (m) NH-CsH4-Br (p) 4.5 (135) 7.2 (90) 17.4 (30)
50c CeH11 OCH; (m) NH-GsH4-Br (p) 10.8 (80) N.A. N.A.
50d H OCH; (m) NH-CsH4-Br (p) 6.1 (125) 7.7 (60) 14.6 (25)
50e CeHs OCH; (m) NH-CsH4-Br (p) 9.0 (110) 4.3 (25) N.A.
50f CgHs OCH;(m) | NH-CgHz-3,4-methylenedioxy N.A. N.A. N.A.
50g CeHs OCH;(m) NH-CeH,4-F (p) N.A. N.A. N.A.
50h 2-thienyl OCH (p) NH-CsH4-Br (p) N.A. N.A. N.A.
50i 2-thienyl OCH(m) | NH-CgHs-3,4-methylenedioxy N.A. N.A. N.A.
50j 2-thienyl OCH (m) NH-CeH,4-F (p) N.A. N.A. N.A.
50k CeH4-OCH; | OCH;(p) NH-CsH4-Br (p) N.A. N.A. N.A.
50l CsH4-OCH; OCH;(m) | NH-CgHz-3,4-methylenedioxy N.A. N.A. N.A.
50m CeH4-OCH; | OCH;(m) NH-CH,-F (p) N.A. N.A. N.A.
50n CeH,4-Cl OCH; (p) NH-CsH4-Br (p) N.A. N.A. N.A.
500 CeH,s-Cl OCH;(m) | NH-CgHz-3,4-methylenedioxy N.A. N.A. N.A.
50p CeH,4-Cl OCH; (m) NH-CeH,4-F (p) N.A. N.A. N.A.
50q CeH4-CH3 OCH: (p) NH-CsH4-Br (p) N.A. N.A. N.A.
50r CgH4-CH3 OCH;(m) | NH-CgHz-3,4-methylenedioxy N.A. N.A. N.A.
50s CeH4-CH3 OCH; (m) NH-CeH,4-F (p) N.A. N.A. N.A.
50t CeH4-F OCH; (p) NH-CsH4-Br (p) N.A. N.A. N.A.
50u CeHa-F OCH;(m) | NH-CgHs-3,4-methylenedioxy N.A. N.A. N.A.
50v CeH4-F OCH; (m) NH-CeH,4-F (p) N.A. N.A. N.A.
46a 3.4 (75) 3.8 (70) N.A.
fMLF 0.01 20.4 1.9
WKYMVm 0.5 0.001 0.01

®N.A., no activity was observed (no response wagmiesl during first 2 min after addition of composnchder
investigation) considering the limits of efficacy?® % and Eg, < 50uM. The EGpvalues are presented as the
mean of three independent experiments, in whichiamegiffective concentratioralues (EGg) were determined
by nonlinear regression analysisthe dose-response curves (5-6 points) geneteiead GraphPad Prism 5 with
95% confidential intervalp(< 0.05). Efficacy (in bracket) is expressed as @erof the response induced by 5
nM fMLF (FPR1) or 5 nM WKYMVm (FPR2 and FPR3).

4.1.4 EGoand efficacy of C-4 modifiedN-arylacetamide pyridazinones

SAR studies at position 4 were performed on thel leempound46a (table 4.1) as function of the
following criteria:
a) complete elimination of the substituents of the Zy¢ror replacement with a methyl group
(table 4.3;
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b) replacement of the methoxyphenyl in benzyl groughwieterocycles or different aromatic
groups (able 4.4);

c) introduction of different substituents in metaigos of the benzyl grouptdble 4.9);

d) introduction of substituents in para position & tienzyl grouptéble 4.4);

e) elimination of OCHon the benzyl grougdble 4.4);

f) elimination of the Chlspacernf the benzyl group or introduction of differentnfitionalized
linkers table 4.5.

a) With the exception of low active agonigig-53b and57c,d (table 4.3, the derivatives in which the
methoxybenzyl is eliminated or replaced by a metrglup were completely devoid of activity and this
behaviour is evident in both series of 4,5-dihygragazinones%3a-d and pyridazinone${a-1).

Table 4.3 Activity of compound$3a-dand57a-f(schemes 14,15n HL-60 cells expressing human FPR1, FPR2, RFP

-
o YR

Q_H H
?‘N‘Ar N—Ar
N—N,
ozg_yR

R1 53a-d R1 57a-f

Ca”* Mobilization EC 5o (uM) and
compd R R Ar Efficacy (%)

FPR1 FPR2 FPR3

53a CH; H NH-CsH4-l (p) N.A. N.A. N.A.
(#)-53b CeHs CH; NH-CsH4-Br (p) 23.5 (55) 7.0 (65) N.A.
(#)-53c CeHs CH; NH-C¢H4-F (p) N.A. N.A. N.A.
(£)-53d CeHs CH; NH-CsHs-3,4-methylenedioxy N.A. N.A. N.A.

57a CeH11 H NH-CsH4-F (p) N.A. N.A. N.A.
57b CeH1s H NH-CgH3-3,4-methylenedioxy N.A. N.A. N.A.
57c CH; H NH-CsH4-l (p) 30.4 (45) 19.7 N.A.
57d CeHs CH; NH-CsH4-Br (p) 21.5 (50) 10.1 (45) N.A.

57e CeHs CH; NH-C¢H4-F (p) N.A. N.A. N.A.
57f CeHs CH; NH-CsHs-3,4-methylenedioxy N.A. N.A. N.A.
46a 3.4 (75) 3.8 (70) N.A.
fMLF 0.01 20.4 1.9
WKYMVm 0.5 0.001 0.01

®N.A., no activity was observed (no response wagmlesl during first 2 min after addition of composnthder
investigation) considering the limits of efficacy2® % and Eg < 50uM. The EGpvalues are presented as the
mean of three independent experiments, in whichiamegiffective concentratioralues (EGg) were determined
by nonlinear regression analysisthe dose-response curves (5-6 points) geneteiead GraphPad Prism 5 with
95% confidential intervalp(< 0.05). Efficacy (in bracket) is expressed as @erof the response induced by 5

nM fMLF (FPR1) or 5 nM WKYMVm (FPR2 and FPR3).

b) Useful informations originated by replacement oéthoxyphenyl group whit 5- and 6-membered
heterocyclestéble 4.4. Indeed, both thienyl derivative61(b,9 showed an interesting level of potency
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but a weak selectivity for FPR1, as well as fugld and piridyl 660 analogues which had a similar
profile of activity without relevant subtype-seledty. On the contrary, the insertion of a naphtghmyl
(61d) and a 3,5 dimethoxybenzyb1f, 62b) groups in the position 4 was associated with ekes® or

complete loss of the activity.

Table 4.4 Activity of compound$1la-p, 62a-cand66a-c(schemes 16-18in HL-60 cells expressing human FPR1, FPR2, or

FPRS3.
o0 )
1 )Vﬁy
compd R R, Ca“ Mobilization Iioc/;)sg(uM) and Efficacy
FPR1 FPR2 FPR3
6la 3-furyl Br (p) 5.8 (100) 6.3 (75) N.A.
61b 3-thienyl Br (p) 4.5 (100) 14.1 (65) N.A.
61c 2-thienyl Br (p) 8.1 (140) 11.4 (60) 10.2 (25
61d 1-naphthyl Br (p) 13.8 (20) N.A. N.A.
66¢C 3-pyridyl Br (p) 9.3 (85) 2.8 (90) N.A.
6le CeHs-OCH; (p) Br (p) N.A. 2.4+0.9 (70) N.A.
61f CeHs-(OCH), (3,5) Br (p) N.A. N.A. N.A.
62b CeHs-(OCH), (3,5) | (p) 11.1 (90) 9.7 N.A.
61g CgHy-F (m) Br (p) 6.6 (110) N.A. N.A.
61h CeHs-Cl (m) Br (p) 10.5 (100) N.A. N.A.
62c CeHs-Cl (m) I (p) 6.8 (65) 10.6 (30) N.A.
61i CeHy-Br (m) Br (p) N.A. N.A. N.A.
61] CeHs-SCH; (p) Br (p) N.A. N.A. N.A.
62a CeHs-SCH; (p) I (p) 19.7 (60) 15.9 (90) 30.1
61k CeHs-CFs (p) Br (p) N.A. N.A. N.A.
66a CgH4-CN (p) Br (p) N.A. N.A. N.A.
66b CsHs-CONH; (p) Br (p) 29.3 (40) 27.2 (80) N.A.
611 CeHs Br (p) 5.5 (50) 11.6 (20) N.A.
61m CeHs F (p) N.A. N.A. N.A.
61n CeHs 3,4-methylenedioxy 6.9 (55) N.A. N.A.
6l1o C6H4'C| (p) O-CHgn (p) N.A. N.A. N.A.
46a 3.4+1.6(75) | 3.81.5(70) N.A.
fMLF 0.01 20.4 1.9
WKYMVm 0.5 0.001 0.01

®N.A., no activity was observed (no response wagmlesl during first 2 min after addition of composnthder
investigation) considering the limits of efficacy28 % and Eg, < 50uM. The EGpvalues are presented as the
mean = S.D. of three independent experiments, iitlwmedian effective concentratimalues (EGy) were
determined by nonlinear regression analgéithe dose-response curves (5-6 points) genetaied) GraphPad
Prism 5 with 95% confidential intervab & 0.05). Efficacy (in bracket) is expressed as @etrof the response
induced by 5 nM fMLF (FPR1) or 5 nM WKYMVm (FPR2&RFPR3).

c) Replacement of 3-methoxy group, on the benzybatitipn 4 of the pyridazinone nucleous of the lead

compound46a with different substituents showed as well ativac results fable 4.4. In fact,
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introduction of F in meta position gave compouid) which is a selective FPR1 agonist and a similar
behaviour was evident for compound with 61lj). Differently, analogu&2c bearing a 4-iodophenyl in
the acetamidic spacer was a mixed FPR1/FPR2 agdmtisiduction of a Br@li) in the place of OCH
group of lead compourdbawas associated with loss of activity. All thes¢éadsuggest that the presence
of a substituents of limited hindrance in the mm@iaition is an essential requirement for bindinRR1
and FPR2.

d) Moving OCH; from the meta to the para positiddiL@ surprisingly resulted in high activity (&=
2.4uM) and selectivity for FPR24ble 4.4. Oppositely, introduction of SGH61j, 623, CF; (61k), CN
(668 and CONH (66b) in the para position was generally detrimentalwdver compoun@2a bearing
a 4-iodophenyl moiety on the acetamidic linker, #melbenzamide derivativdsb showed a weak mixed
agonistic activity. These data confirmed that thethraxy group is the optimum for steric and eledtron
properties in the aromatic moiety at position 4h@ pyridazinone nucleous, as both biological tesof
old (464 table 4.1 and new §1lg table 4.4 lead compounds showed. On the contrary, compo6hds
and61p where a 4-Cl or a 4-OCHvere introduced in the benzyl group and bearibgthoxy group on

the phenylacetamide spacer were completely deviadtovity.

e) In comparison to lead compoud@a (table 4.1, when OCH group was eliminated from the benzyl
fragment at position 4 of the pyridazinone scaff@d [) the activity lowered particularly as FPR2
agonist {able 4.4, while the concomitant presence of an unsubstitltenzyl at C-4 and F6Im) or
methylenedioxy §1n) in the aryl acetamide side chain was associatetia first case with a complete
loss of activity and in the second with a weak agfimFPR1 activity.

f) Introduction of carbonyl group as spacer in thacelof CH of the benzyl group at position 4 of the
pyridazinone ring resulted in compouid which is a potent mixed agonist of both FPR1 aRiRE
(table 4.9, while elimination of the methylenic linker orgited a very selective ligan@7) at FPR1.
When CH was replaced by NH8@) an interesting activity was found mainly at FP&%® the same
behaviour was shown by the 5-acetyl analog®®, (whereas the synthetic precur®¥ resulted less
potent as FPR2 ligand. Substitution of £Wlith an amidic group was detrimental for activigince
compoundd9awas totally inactive and the 3-methoxy analo§8b showed low activity as FPR1/FPR2
agonist. Lastly, when more hindered substituentsewatroduced in the position 4, the activity

disappeared completely, being compo68and the biaryl derivativB2 completely devoid of activity.
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FPR2, or FPR3.

Br\O\
NHoNT ] Re
SN
o

Table 4.5 Activity of compound$9, 71, 77, 83, 87-89a,band92 (schemes 18-21in HL-60 cells expressing human FPR1,

Ca”* Mobilization EC 5o (pM)
compd R Ry and Efficacy (%)

FPR1 FPR2 | FPR3

69 CH,-C¢H4-CONH(p)-GH.-Br (p) H N.A. N.A. N.A.
71 CO-GH4-OCH; (m) H 3.0 (140) [ 1.4(100) N.A.
77 CeHs-OCH; (p) H 11.2 (55) N.A. N.A.
83 NH-C¢H,-OCH; (p) COCH | 135(75) | 2.3(80)] N.A.
87 NH, H 8.1(115) | 29.4(85) N.A.
88 NH-C¢H,-OCH; (p) H 12.8 (100)| 3.8(85)| N.A.

89a NHCO-GH,-Br (p) H N.A. N.A. N.A.
89b NHCO-GH,-OCH; (m) H 9.3(120) | 6.4 (70)] N.A.

92 N-(CgH4-OCHy(p))2 H N.A. N.A. N.A.
46a 3.4 (75) 3.8(70)| N.A.
fMLF 0.01 20.4 1.9
WKYMVm 0.5 0.001 0.01

®N.A., no activity was observed (no response wagmiesl during first 2 min after addition of composnchder
investigation) considering the limits of efficacy2® % and Egy < 50uM. The EGpvalues are presented as the
mean of three independent experiments, in whichiamegiffective concentratioralues (EGg) were determined
by nonlinear regression analysisthe dose-response curves (5-6 points) geneteiead GraphPad Prism 5 with
95% confidential intervalp(< 0.05). Efficacy (in bracket) is expressed as @erof the response induced by 5
nM fMLF (FPR1) or 5 nM WKYMVm (FPR2 and FPR3).

415 EGo and efficacy of N-arylacetamide modified pyridazinones, N-2/C-4 inveed
pyridazinones and C-3 substituted pyridazine analoge
Elongation of carbon chain from one to two methglgnoups, at the level of aryl acetamide side cbéin
lead compoundi6a gave95a which resulted less potent of the lead compoun&RR1/FPR2 ligand
(table 4.69. More substantial modifications of the functidmatl chain were obtained with compounds
96a,b and were completely detrimental. Further inacteenpounds were the urea derivat@éa the
inverse amid®7hb, as well as their superior homologud33a,bh Replacement of C}£ONH of the lead
compound46a with a secondary amine and an ether group gaveaonus100 and 101 respectively,
which also resulted inactive. Other unproductivedifications of the functionalized chain were
performed with the synthesis of compouridgla,¢ and replacement of CONH with COQ04b) gave
the same effect. Differently when the amidic graafpthe lead compound6a was changed into the
corresponding thioamidel@5) a low activity toward FPR2 is retained. Moreovesmpoundsl08 and

109, in which the substituents at position 2 and 4eneterchanged, were inactive. Finally, moving4he
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bromo phenylacetamidmoiety from the N-2 to the C-3 of the pyridazinded to a decrease of activity,
being the pyridazine derivativel 1 a selective but weak FPR2 agonist.

Table 4.6 Activity of compound®95-97a,hh 100-102 103a,h 104a-¢ 105 108 109(structureA) and111(schemes 22-2)7in
HL-60 cells expressing human FPR1, FPR2, or FPR3.

@\ NZ | //rl N7 | /@Rl
— | |
R . R
A v N X N @iN X X
(¢] A A st 111

Ca”" Mobilization EC 5, (pM) and Efficacy
Compd Y R X Ry (%)?
FPR1 FPR2 FPR3
95a (CH,),CONH Br (p) CH, OCH, (m) | 9.7 2.7 (30)| 5.4=1.2 (25 N.A.
96a CH, Br (p) CH, OCH; (m) NA. N.A. N.A.
96b CH,CO Br (p) CH, OCH, (m) N.A. N.A. N.A.
97a CH,NHCONH Br (p) CH, OCH, (m) NA. NA. NA.
97b CH,NHCO Br (p) CH, OCH, (m) N.A. N.A. N.A.
103a (CH,),NHCONH | _ Br (p) CH, OCH, (m) N.A. N.A. N.A.
103b (CH,),NHCO Br (p) CH, OCH, (m) N.A. N.A. N.A.
N.A.
100 (CH),NH Br (p) CH, OCH, (m) NA. NA.
101 (CHy),® Br (p) CH, OCH; (m) N.A. N.A. NA.
104a CH,CONHCH, Br (p) CH, OCH, (m) NA. NA. NA.
104b CH,COO Br (p) CH, OCH; (m) N.A. N.A. N.A.
104c CH,CON(CHy) Br (p) CH, OCH, (m) N.A. N.A. N.A.
105 CH,CSNH Br (p) CH, OCH; (m) N.A. 8.3 (< 25) NA.
108 CH, OCH, (m) | NHCO Br (p) NA. NA. NA.
109 CH, OCH, (m) | NHCONH | _ Br (p) N.A. N.A. N.A.
111 CH,CONH Br (p) Ch OCHs (D) NA. 14.7 (< 25) N.A.
46a 3.4 (75) 3.8 (70) NA.
fMLF 0.01 20.4 1.9
WKYMVm 0.5 0.001 0.01

®N.A., no activity was observed (no response waemiesl during first 2 min after addition of composnchder
investigation) considering the limits of efficacy?® % and Egy < 50uM. The EGpvalues are presented as the
mean = S.D. of three independent experiments, iitlwmedian effective concentratimalues (EGy) were
determined by nonlinear regression analgéithe dose-response curves (5-6 points) generetied) GraphPad
Prism 5 with 95% confidential intervab & 0.05). Efficacy (in bracket) is expressed as @earof the response
induced by 5 nM fMLF (FPR1) or 5 nM WKYMVm (FPR2&FPR3).
4.1.6 EGpand efficacy of chiral pyridazinone analogues
The insertion of alkyl or aryl groups at the lee¢lthe methylene spacer in the acetamide side abfain
the lead compound6a (table 4.1, scheme 12 led to series of branched and chiral compoundgtwh
were tested both as racemates and as pure enargiddtarting from compoun()-95b, data showed
that the racemate did not activate FPR2 but redaaotivity for FPR1 similar to that ef6a (table 4.7).

As soon as the biological tests on the pure enaati® were ongoing, the higher activity of the R-(-)
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forms of the alkyl derivatives was evident from tieginning. Indeed, the first tested enantionfie(s)-
95b andR-(-)-117ashowed to be more active at both FPR1 and FPR2 ai@uto the corresponding S-
(+)-forms [S-(+)-95bandS-(+)-1174.

Table 4.7. Activity of racemates and pure enantiomers9&l; (+)-117a-fand non chiral homologuEl8 (schemes 22, 29,
30) in HL-60 cells expressing human FPR1, FPR2, REP

Br e
L ?
NH ll\l/ |
LN

o

R R1 0
2+ s A n
compd R R, Ca“"Mobilization Iioc/i)sg(uM) and Efficacy
FPR1 FPR2 FPR3
(#)-95b H CHs 3.2+ 1.5(90) N.A. N.A.
S-(+)-95b H CH; 17.9 (35) N.A. N.A.
R-(-)-95b H CH; 8.4 (80) 14.4 (70) N.A.
(3)-117a H C,Hs 1.4 (160) 1.2 (100) N.A.
S-(+)-117a H C,Hs 15.7 (130) 23.1 (55) N.A.
R-(-)-117a H C,Hs 2.8 (135) 3.0 (70) N.A.
(3)-117b H n-C3H; 2.8 (75) 2.3 (60) N.A.
S-(+)-117b H n-CzH-, N.A. N.A. N.A.
R-(-)-117b H n-C3H; 0.5 (90) 0.6 (90) N.A.
(3)-117c H i-CsH7 2.0 (75) 13.5 (30) N.A.
S-(+)-117¢ H i-CsH7 N.A. N.A. N.A.
R-(-)-117c H i-CsH7 1.9 (95) 3.9 (70) N.A.
()-117d H n-C4Hg 1.1 (110) 0.20 (110) N.A.
S-(+)-117d H n-C4Hg 21.8 (40) 15.2 (45) N.A.
R-(-)-117d H n-C4Hyg 0.7 (120) 0.10 (110) N.A.
(3)-117e H CsHs 0.26 (80) 0.24 (45) N.A.
S-(+)-117e H CsHs 0.16 (120) 0.18 (50) N.A.
R-(-)-117e H CsHs N.A. N.A. N.A.
(#)-117f CH; CHs 1.5 (70) N.A. N.A.
S-(+)-117f | CH; CHs 2.1 (80) N.A. N.A.
R-(-)-117f | CH; CHs 4.8 (50) N.A. N.A.
118 CH; CH; 3.7 (50) N.A. N.A.
46a 34+1.6(75)| 3.8+15(70 N.A.
fMLF 0.01 20.4 1.9
WKYMVm 0.5 0.001 0.01

®N.A., no activity was observed (no response wagmlesl during first 2 min after addition of composnthder
investigation) considering the limits of efficacy?® % and Eg < 50uM. The EGpvalues are presented as the
mean = S.D. of three independent experiments, iitlwmedian effective concentratimalues (EGy) were
determined by nonlinear regression analgéithe dose-response curves (5-6 points) genetsied) GraphPad
Prism 5 with 95% confidential intervab & 0.05). Efficacy (in bracket) is expressed as @etrof the response
induced by 5 nM fMLF (FPR1) or 5 nM WKYMVm (FPR2&RFPR3).

This behaviour was mainly confirmed by testmgropyl andi-propyl derivativeg+)-117band(zx)-117c
In this case the (+)-forms were completely inactiwhile enantiomerdR-(-)-117b and R-(-)-117c
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showed an increase of activity being theirsE@ the sub-micromolar and low micromolar range
respectively table 4.7). Elongation of carbon chain on the chiral ceg@ven-butyl derivative(x)-117d
which, even if it showed less stereoselectivityhis (-)-form resulted the most potent FPR1/FPRZechi
agonist of the series (6= 100 nM for FPR2). Introduction of a phenyl granghe chiral center gave
racematd+)-117ehaving an activity in the sub-micromolar rangetHis case, enantiom&-(+)-117eis
more potent of its racemate, whiRe(-)-117eis completely devoid of activity. This is a sugang result

in terms of stereoselectivity, also taking into@aut that the previously discussed alkyl derivaithave
always in their R-(-)-forms the most potent compasiof each pair (see enantioméfs95b and (-)-
117a-d table 4.7). Introduction of an additional alkyl group on ttieiral center raised a complete loss of
stereoselectivity and a total shift of activity @t FPR1. Indeed compoun)-117f and (-)-117f,
bering on the chiral center a methyl and an ethgig, are selective agonists of FPR1 and theimate
(£)-117f resulted more potent than the pure enantiomerth®rsame receptor. In this case the sterical
hindrance on the chiral center seemed to be tha determinant for the activity and the selectivapd
this result was confirmed again by testing the obmal analoguet18 which is as well a selective and

relatively potent FPR1 agonist.

4.1.7 Evaluation of chemotactic activity and C& mobilization
Compounds that showed the best agonistic profilreas well selected to evaluate their activity as

chemotactic agents and their ability to producé @ebilization in human neutrophils.

or WKYMVm-induced
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Figure 4.1. Analysis of C&" mobilization in phagocytes treated with compouié HL-60-FPR1 and HL-60-
FPR2 cells (A) or human neutrophils (B) were loadétth FLIPR calcium 3 dye, and €alux was analyzed, as
described irsection 6 Responses were normalized to the response indyc&dM fMLF for HL-60-FPR1 cells
and neutrophils, or 5 nM WKYMVm for HL-60-FPR2 cgllwhich were assigned a value of 100%. (C)
Representative kinetics of €amobilization after treatment with compouséa or fMLF. Human neutrophils
were treated with the compoudda (1.5 and 3uM), 5 nM fMLF (positive control), or 1% DMSO (nedat
control), and C& flux was monitored for the indicated times. Theadare from one experiment that is
representative of three independent experiments.
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Table 4.8.C&* mobilization and chemotactic activity in human mephils treated with selected FPR1/FPRL1 agonists.

ECso(rM)

Compd Ca”* mobilization | Chemotaxis
46a 26+0.3 2.1+0.8
46d 39+0.6 82+14
46e 6.7+1.1 1.6+0.2
46f 32+1.2 1.8+0.3
46h 3.2+0.3 0.6+0.3
46] 1.6+0.8 0.9+0.2
46l 1.1+0.6 1.1+0.6
46m 36+1.0 1.2+0.6
46n 3.6+0.8 4525
46r 21.7+£4.2 1.9+0.6
6le 43+1.1 13.1+23
95a 11.3+2.8 11.8+2.6

(#)-95b 0.8+0.2 0.6+04

The data are presented as the mean + S.D. of ittdlependent experiments with cells from differeanalrs, in
which median effective concentratiealues (EG,) were determined by nonlinear regression analysithe
dose-response curves (5-6 points) generated useggh8ad Prism 5 with 95% confidential interyak(0.05).

Some of these FPRs agonists proved to be ablaralate chemotaxis at sub-micromolar concentrations
(table 4.8. Furthermore, the effect of selected agonistsCafi flux in human neutrophils was also
determined to verify if the results coming from 18D-tests were confirmed in primary phagocytablé
4.8). We usually found that both selective and nortdle agonists identified in HL-60 cell assays also
induced C&' flux in human neutrophils, with Egvalues in the range 0.8-21uM. Among compounds
tested to evaluate the chemotactic activity, thetrpotent resulted6h (EGso = 0.6uM) and46j (EGso =

0.9 uM), which were both FPR1/FPR2 nonselective agonists noteworthy that the FPR2-selective
agonist 61¢ showed lower potency (€= 13.1uM) as chemotactic agent.

For lead compound6awere also calculated dose-response curves as shdigare 4.1.

4.2  Conclusions
In conclusion, the data acquired and processedaill showed that we have identified a novel chepmty
endowed with interesting selective or mixed FPRRERgonistic activity in human neutrophils. From
biological tests it resulted evident that, by maaging the chemical structure of a series Nof
arylacetamide pyridazinoneglGa-s scheme 12 table 4.1, it is possible to achieve potency and
selectivity towards FPR1 and FPR2 subtype receptors
Going to analyse the data in our hands, we canredskat regarding the aromatic system at the énd o
the functionalized chain in position 2cheme 12 table 4.1), the presence of a lipophilic and/or
electronegative substituent, such as F, Br, | or,Gh position para is an essential requirement for

potency and/or selectivity.
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The position 6 table 4.2 of the pyridazinone ring resulted poorly tolerémtmodifications. A methyl
group is the substituent that gives the best resafjarding the activity as agonist, while its @hation or
substitution with more hindered moiety produce epdiess of activity.

Likewise, the presence of an acetamide spacerzabf\the pyridazinone ring also plays a cruciaériol
specificity and potencytdble 4.9. The role of both CO and NH in the side chaims®é&o indicate that a
hydrogen bond donor (HBD) neighbouring an acce@®A) system is also an essential requirement for
binding at FPRs. Moreover, this HBD\HBA system ministplaced at an appropriate distance from both
the aromatic and the heterocyclic scaffdlthe very low activity of the thioamide analogl@5 (table

4.6) further support this hypothesis.

Differently, the position 4tébles 4.3-4.% resulted more amenable to chemical manipulatiodeed
heterocycles (e.g. thienyl, piridyl, furyl) or stibisted benzyl groups and functionalised spacers (€O,
NH) can be productively introduced at this levetaining a good agonistic activity.

Lastly, the chiral compounds reported in this wdtible 4.7 represent a series of homologues
differently hindered at stereocenter level andadlthem show a different affinity for the three FPR
isoforms. Enantioselectivity showed from the Rdrantiomers, among the alkyl derivatives, may be
related to the ability of these compounds to esthld better interaction with the receptors, coragao

the respective S-(+)-forms. On the other handegf@ntiomers $+)-117eandR-(-)-117ethe activity of
the pure enantiomers resulted exactly the oppgmitdably due to the high hindrance and lipophifiof

the phenyl group. Furthermore, in contrast with poonds having just one alkyl group on the chiral
center, dialkylated enantiomers @f)-117f did not show enantioselectivity and in additiomhjrality
doesn’t seem crucial for the activity. This resulis evident testing non chiral dimethyl analoddg
however both dimethyl and chiral ethyl-methyl datives showed selectivity for FPR1.

Work is underway and further modification have bptanned to develop new FPRs agonists hoping they
may be useful to gain further structure-activityatenships in this class of compounds in order to
optimize the potency and selectivity and to inceeth® knowledge of the pharmacological basis of9~PR
binding and signalling.
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5.1 Materials and Methods
Reagents and starting materials were obtained fcommercial sources. Extracts were dried over
NaSO;, and the solvents were removed under reducedyseesall reactions were monitored by thin
layer chromatography (TLC) using commercial plapgecoated with Merck silica gel 60 F-254.
Visualization was performed by UV fluorescengga( = 254 nm) or by staining with iodine or potassium
permanganate. Chromatographic separations wereorpexfl on a silica gel column by gravity
chromatography (Kieselgel 40, 0.063-0.200 mm; Mgrélash chromatography (Kieselgel 40, 0.040-
0.063 mm; Merck), silica gel preparative TLC (Kilege 60 Fss, 20 x 20 cm, 2 mm), or CombiFId5Rf
System (using RediS8pRf Silica Columns, Teledyne Isco, Lincoln, NebmskiSA). Yields refer to
chromatographically and spectroscopically pure cmumpls, unless otherwise stated. When reactions
were performed in anhydrous conditions, the mixduwere maintained under nitrogen atmosphere.
Compounds were named following IUPAC rules as a&pplby Beilstein-Institut AutoNom 2000
(4.01.305) or CA Index Name.
The identity and purity of intermediates and fisampounds was ascertained through NMR and TLC
chromatography. All melting points were determimgda microscope hot stage Biichi apparatus and are
uncorrected.
'H NMR spectra were recorded with Avance 400 insemts (Bruker Biospin Version 002 with SGU).
Chemical shiftsd) are reported in ppm to the nearest 0.01 ppmgusia solvent as internal standard.
Coupling constantsl(values) are given in Hz and were calculated usligpSpin 1.3'software rounded
to the nearest 0.1 Hz. Data are reported as follolemical shift, multiplicity [exch, exchange; brpad,;
s, singlet; d, doublet; t, triplet; q, quartet; muquintet; sext, sextet; sept, septet; m, muliple as a
combination of these (e.g. dd, €ltc)], integration, assignment and coupling consgniastereotopic
protons are assigned as CH-Mass spectra (m/z) were recorded on a ESI-TOFsmspsctrometer
(Bruker Micro TOF) and reported mass values ardiwithe error limits of + 5 ppm mass units. IR
spectra were measured as Nujol mulls for solidsraead for liquids with a PerkinElmer Spectrum (RX |
FT-IR, Spectrum 1000) spectrometer. Absorption max{.a,) are reported in wavenumbers (m
Semi-preparative HPLC enantioseparations were peed using stainless-steel Chiralcel ©@250 mm
X 4.6 mm 1.D., 10um particle size, Chiral Technologies Europe, IBkir France) and Lux Amylose22
(250 mm x 4.6 mm 1.D., pm particle size, Phenomenex, Bologna, Italy) calanThe HPLC apparatus
consisted of a Perkin-Elmer (Norwalk, CT) serie® 2@mposed by quaternary pump, autosampler,
Peltier column oven and UV-VIS detector coupledhv@tBiologic BioFrac fraction collector (from Bio-
Rad, Milan, Italy). UV detector wavelength was fixat 250 nm. HPLC-grade solvents were supplied by
Sigma-Aldrich (Milan, Italy). The mobile phases wea mixtures ofn-hexane/IPA and they were

degassed by sonication just before use. The swgaslacquired and processed by Totalchrom 6.3.1.0504
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software. The values of retention timg) (are given in minutes. After semipreparative sapan, the
collected fractions were analyzed on the same Hirs@ument by chiral Lux Amylose®2(50 mm x 4.6
mm [.D., 3um particle size, Phenomenex, Bologna, Italy) columdetermine their enantiomeric excess
(ee). The ee values were calculated from relateek@reas of enatiomeric pairs. The mobile phase wa
n-hexane/IPA 60:40. In analytical enantioseparatianstandard solution was prepared by dilutingn@yl

of compounds into 1 mL of ethanol. The injectionwone was 10uL, the flow rate 1.0 mL/min, the
temperature of column was 40 °C and UV detectoralemgth was fixed at 250 nm.

Specific rotations of enantiomers were measurégBatnm with a Perkin-Elmer polarimeter model 241
equipped with a Na lamp. The volume of the cell @asL, and the optical path was 10 cm. A standard
solution was prepared by dissolving 20 mg of conmaisunto 2 mL of CHGI(c = 1). The system was set
at a temperature of 20 °C using a Neslab RTE 7yi@stat.

The circular dichroism (CD) spectra of enantiomdissolved in methanol (concentrations are abdi O.
mg/mL for analytes and 1 mg/mL for reference makesuin a quartz cell (0.1 cm-path length) at 25 °C
were measured using a Jasco model J-810 spectrnopeter (Jasco, Ishikawa-cho, Hachioji City, Tokyo,
Japan). The spectra were averaged over five insmtah scans from 350 to 215 nm at 50nm/min
scanning speed, acquired and processed with Specalgsis software and the intensities are presente

in terms of ellipticity values (mdeg).

5.2  Experimental

General Procedure for 1a,b.To a cooled (0 °C) and stirred suspension of coroiaiéy available
indazole-3-carboxylic or indole-3-carboxylic acitl.§5 mmol) in SOGI (3 mL), EgN (0.2 mL) was
added. After 1 h at 60 °C, the mixture was cooled tne excess of SOQWas removed in vacuo. The
residue was then dissolved in anhydrous THF (1.5 rahd cooled at O °C. A solution of 4-
n.butoxyaniline (3.10 mmol) in anhydrous THF (1 mLasvadded dropwise and the reaction was carried
out at room temperature for 12 h. The mixture wascentrated in vacuo, diluted with ice-cold watEd (
mL) and kept under stirring at 0 °C for 0.5 h; thiwe precipitate was filtered off and purified by
crystallization from ethanol to afford intermedia@mpoundda,b.

5.2.1 N-(4-Butoxyphenyl)-1H-indazole-3-carboxamide(la)

O, H
N
o Q)
N
N N

Yield = 97 %; mp = 157-159 °C (EtOH)H NMR (CDCk) ¢ 1.01 (t, 3H, CHCHs, J = 6.7 Hz), 1.52
(sext, 2H,CH,CHs, J = 7.4 Hz), 1.80 (quin, 2H, GI&H,CH,, J = 6.9 Hz), 4.00 (t, 2H, OCHJ = 6.6
Hz), 6.94 (d, 2H, ArJ = 8.3 Hz), 7.36 (t, 1H, Ar) = 8.0 Hz), 7.50 (t, 1H, A = 8.4 Hz), 7.57 (d, 1H,
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Ar, J= 8.4 Hz), 7.67 (d, 2H, A = 8.3 Hz), 8.49 (d, 1H, At = 8.2 Hz), 8.85 (exch br s, 1H, NH), 10.42
(exch br s, 1H, NH).
5.2.2 N-(4-Butoxyphenyl)-1H-indole-3-carboxamide(1b)

©\/§ Q0/\/\

Yield = 94 %; mp = 181-182 °C (EtOH)H NMR (CDCk) ¢ 1.01 (t, 3H, CHCHs, J = 7.3 Hz), 1.52
(sext, 2H,CH,CHs, J = 7.5 Hz), 1.79 (quin, 2H, Ci€H,CH,, J = 6.7 Hz), 3.97 (t, 2H, OCHJ = 6.4

Hz), 6.93 (d, 2H, ArJ = 8.4 Hz), 7.31 (t, 2H, ArJ = 3.2 Hz), 7.48 (d, 1H, AJ = 5.9 Hz), 7.56 (d, 2H,
Ar, J=8.5 Hz), 7.86 (s, 1H, Ar), 8.06 (d, 1H, Ar= 3.7 Hz), 8.78 (exch br s, 1H, NH), 9.21 (exclspr
1H, NH).

General Procedure for 2a-d.To the suspension dfa or 1b (0.32 mmol), copper acetate (0.48
mmol) and 3- or 4-methoxyphenylboronic acid (0.6shal) in CHCl, (2 mL), EEN (0.96 mmol) was
added and the mixture was stirred at room temperdtr 5-12 h. The suspension was extracted with
15% aqueous ammonia (10 mL), and the organic hayesrwashed with 10 mL of water and dried over
NaSQ,. After removal of the solvent under reduced presstine residue was purified by flash column
chromatography using as eluentssCH for 2a,b and CHCIl,/MeOH 99:1 for2c,d.

5.2.3 N-(4-Butoxyphenyl)-1-(3-methoxyphenyl)-H-indazole-3-carboxamide (2a)

Q& g
N N
—0 (e} \©\O/\/\

Yield = 46 %; colorless-yellowish oitH NMR (CDCk) ¢ 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.53 (sext,
2H, CH,CHs, J = 7.4 Hz), 1.80 (quin, 2H, Gi€H,CH,, J = 8.1 Hz), 3.94 (s, 3H, OGH 4.00 (t, 2H,
OCH,, J= 6.5 Hz), 6.95 (d, 2H, A = 7.9 Hz), 7.03 (dd, 1H, Ad = 6.1 Hz,J = 2.2 Hz), 7.36 (s, 1H,
Ar), 7.38 (dd, 1H, ArJ=1.0 Hz,J = 1.0 Hz), 7.42 (d, 1H, A = 7.9 Hz) 7.52 (t, 2H, ArJ = 8.2 Hz),
7.68 (d, 2H, ArJ = 8.9 Hz), 7.77 (d, 1H, A) = 8.6 Hz), 8.56 (d, 1H, Ar) = 8.1 Hz), 8.86 (exch br s,
1H, NH).

5.2.4 N-(4-Butoxyphenyl)-1-(4-methoxyphenyl)-H-indazole-3-carboxamide (2b)

N /i H
/O‘Q— N N\©\
o o>

Yield = 60 %; colorless-yellowish oitH NMR (CDCk) 6 1.01 (t, 3H, CHCHs, J = 7.5 Hz), 1.53 (sext,
2H, CH,CHg, J = 7.4 Hz), 1.80 (quin, 2H, CGI€H,CH,, J = 8.0 Hz), 3.94 (s, 3H, OGH 4.00 (t, 2H,
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OCH,, J = 6.6 Hz), 6.94 (d, 2H, Ar] = 8.8 Hz), 7.13 (d, 2H, Ad = 9.0 Hz), 7.39 (t, 1H, Ar) = 7.0 Hz),
7.49 (t, 1H, ArJ = 8.4 Hz), 7.63-7.70 (m, 5H, Ar), 8.55 (d, 1H, Ar 8.1 Hz), 8.85 (exch br s, 1H, NH).
5.2.5 N-(4-Butoxyphenyl)-1-(3-methoxyphenyl)-H-indole-3-carboxamide (2c)

oL
-0 o \©\O/\/\

Yield = 23 %; colorless-yellowish oitH NMR (CDCk) 6 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.53 (sext,
2H, CH,CHa, J = 7.4 Hz), 1.80 (quin, 2H, Gi€H,CH,, J = 7.8 Hz), 3.90 (s, 3H, OG}H 4.00 (t, 2H,

OCH,, J = 6.6 Hz), 6.94 (d, 2H, A) = 6.5 Hz), 7.01 (d, 1H, A = 8.2 Hz), 7.06 (s, 1H, Ar), 7.12 (d,
1H, Ar, J = 7.4 Hz), 7.36 (quin, 2H, Ad = 7.3 Hz), 7.48 (t, 1H, ArJ = 8.0 Hz), 7.56-1.62 (m, 3H, Ar),
7.94 (br s, 1H, Ar), 8.15 (d, 2H, Al,=7.2 Hz), 9.72 (exch br s, 1H, NH).

5.2.6 N-(4-Butoxyphenyl)-1-(4-methoxyphenyl)-H-indole-3-carboxamide (2d)

/O‘QPNE/iI/HTO
o O/\/\

Yield = 15 %; colorless-yellowish oitH NMR (CDCk) ¢ 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.48 (sext,
2H, CH,CHs, J = 7.4 Hz), 1.80 (quin, 2H, Gi€H,CH,, J = 7.8 Hz), 3.92 (s, 3H, OG}H 4.00 (t, 2H,

OCH,, J=6.5 Hz), 6.94 (d, 2H, AJ = 8.9 Hz), 7.08 (d, 2H, Ad = 8.8 Hz), 7.33 (quin, 2H, Ad = 8.1

Hz), 7.42 (d, 2H, ArJ = 8.7 Hz), 7.47 (d, 1H, A = 8.3 Hz), 7.57(d, 2H, A =8.9 Hz ), 7.88 (br s,
1H, Ar), 8.14 (d, 1H, Ar) = 7.2 Hz).

General Procedure for 3a-h.Compoundsa-h were obtained starting froda for 3a-d and from
1b for 3e-h respectively. A mixture ota or 1b (0.32 mmol), KCO; (0.65 mmol), and the appropriate
substituted benzyl halide (0.36 mmol) in anhydraastone (2 mL) was refluxed under stirring for 2-10
h. The mixture was then concentrated in vacuotetillwith cold water, and extracted with &H, (3 x
15 mL). The organic layer was dried with JS&y, evaporated in vacuo, and compourddsh were
purified by column chromatography using alterndiveH,Cl, (for 3a-d,g or CH.Cl,/MeOH 99:1 (for
3e,f,h) as eluent.

5.2.7 N-(4-Butoxyphenyl)-1-(3-methoxybenzyl)-H-indazole-3-carboxamide (3a)

PO 5
O

Yield = 65 %; colorless-yellowish oitH NMR (CDCk) 6 1.00 (t, 3H, CHCHs, J = 7.4 Hz), 1.52 (sext,
2H, CH,CHs, J = 5.4 Hz), 1.79 (quin, 2H, GI€H,CH,, J = 6.4 Hz), 3.63 (s, 3H, OGH 4.00 (t, 2H,
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OCH,, J=6.5 Hz), 5.74 (s, 2H, GN)), 6.29 (s, 1H, Ar), 6.80 (d, 1H, Al,= 8.8 Hz), 6.94 (d, 2H, Al =
9.0 Hz), 7.29 (s, 1H, Ar), 7.36 (d, 2H, At~ 8.8 Hz), 7.44 (t, 2H, Ar) = 8.2 Hz), 7.66 (d, 2H, A =
9.0 Hz), 8.49 (d, 1H, ArJ = 8.2 Hz), 8.77 (exch br s, 1H, NH).

5.2.8 N-(4-Butoxyphenyl)-1-(4-methoxybenzyl)-H-indazole-3-carboxamide (3b)

—~0
Qo

Yield = 73 %; mp = 115-16 °C (EtOHY NMR (CDCk) ¢ 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.53 (sext,
2H, CH,CHg, J = 7.4 Hz), 1.78 (quin, 2H, GI€H,CH,, J = 8.0 Hz), 3.79 (s, 3H, OGH 3.99 (t, 2H,
OCH,, J=6.5 Hz), 5.60 (s, 2H, G, 6.87 (d, 2H, ArJ = 8.5 Hz), 6.94 (d, 2H, Ad = 8.9 Hz), 7.19 (d,
2H, Ar, J=8.6 Hz), 7.30-7.34 (m, 1H, Ar), 7.40 (s, 2H, Af)67 (d, 2H, ArJ = 8.9 Hz), 8.47 (d, 1H, Ar,
J=8.2 Hz), 8.80 (exch br s, 1H, NH).

5.2.9 N-(4-Butoxyphenyl)-1-(3-chlorobenzyl)-H-indazole-3-carboxamide (3c)

C’Q%H\D\O S

Yield = 86 %; mp = 119-20 °C (EtOHY NMR (CDCk) ¢ 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.52 (sext,
2H, CH,CHgz, J = 7.6 Hz), 1.81 (quin, 2H, Gi€H,CH,, J= 6.6 Hz), 4.00 (t, 2H, OCHJ = 6.5 Hz), 5.63
(s, 2H, CHN), 6.94 (d, 2H, ArJ = 9.0 Hz), 7.08 (d, 2H, Ad = 6.7 Hz), 7.24 (s, 1H, Ar), 7.30-7.27 (m,
1H, Ar), 7.33-7.39 (m, 2H, Ar), 7.43-7.47 (m, 1H)A7.67 (d, 2H, ArJ = 9.0 Hz), 8.49 (d, 1H, Ad =
8.1 Hz), 8.76 (exch br s, 1H, NH).

5.2.10 1-(1,3-Benzodioxol-5-yImethylN-(4-butoxyphenyl)-1H-indazole-3-carboxamide (3d)

SRS ERPR

Yield = 78 %; mp = 134-35 °C (EtOHY NMR (CDCk) ¢ 1.01 (t, 3H, CHCHs, J = 7.3 Hz), 1.53 (sext,
2H, CH,CHs, J = 7.4 Hz), 1.76-1.83 (m, 2H, GBH,CH,), 4.00 (t, 2H, OCH} J = 6.5 Hz), 5.56 (s, 2H,
CH.N), 5.95 (s, 2H, OCD), 6.72 (s, 1H, Ar), 6.78 (s, 2H, Ar), 6.94 (d, 2&t, J = 8.9 Hz), 7.30-7.34
(m, 1H, Ar), 7.42 (s, 2H, Ar), 7.67 (d, 2H, At= 8.9 Hz), 8.47 (d, 1H, A = 8.1 Hz), 8.78 (exch br s,
1H, NH).

5.2.11 N-(4-Butoxyphenyl)-1-(3-methoxybenzyl)-H-indole-3-carboxamide (3e)

PQ@THOON\

Yield = 58 %; mp = 166-67 °C (EtOH} NMR (CDCk) § 1.01 (t, 3H, CHCHs, J = 7.3 Hz), 1.52 (sext,
2H, CH,CHs, J = 7.6 Hz), 1.80 (quin, 2H, GI€H,CH,, J = 7.0 Hz), 3.77 (s, 3H, OG}H 3.99 (t, 2H,
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OCH,, J= 6.5 Hz), 5.31 (s, 2H, Gi), 6.71 (s, 1H, Ar), 6.75 (d, 1H, Aj,= 7.5 Hz), 6.85 (d, 1H, A =
8.3 Hz), 6.92 (d, 2H, ArJ = 8.8 Hz) 7.25 (d, 1H, A = 7.8 Hz), 7.29-7.33 (m, 2H, Ar), 7.38 (d, 1H, Ar,
J=28.0Hz), 7.53 (d, 2H, A= 8.3 Hz), 7.73 (br s, 1H, Ar), 8.10 (d, 1H, A 7.1 Hz).

5.2.12 N-(4-Butoxyphenyl)-1-(4-methoxybenzyl)-H-indole-3-carboxamide (3f)

—0.
A o

Yield = 29 %; mp = 160-62 °C (EtOH) NMR (CDCk) 6 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.52 (sext,
2H, CH,CHs, J = 7.6 Hz), 1.79 (quin, 2H, G#€H,CH,, J = 7.1 Hz), 3.81 (s, 3H, OGH 3.98 (t, 2H,
OCH,, J = 6.6 Hz), 5.28 (s, 2H, GiN)), 6.89 (q, 4H, ArJ = 8.4 Hz), 7.13 (d, 2H, Ar] = 8.7 Hz), 7.29-
7.34 (m, 2H, Ar), 7.40 (d, 1H, Ad = 8.8 Hz), 7.53 (d, 2H, A = 8.9 Hz), 7.73 (br s, 1H, Ar), 8.10 (d,
1H, Ar,J=12.1 Hz).

5.2.13 N-(4-Butoxyphenyl)-1-(3-chlorobenzyl)-H-indole-3-carboxamide (3g)

QY 0~

Yield = 51 %; mp = 136-37 °C (EtOH)H NMR (CDCk) 6 1.01 (t, 3H, CHCHs, J = 7.3 Hz), 1.52 (sext,
2H, CH,CHs, J = 7.6 Hz), 1.80 (quin, 2H, C}€H,CH,, J = 7.0 Hz), 3.99 (t, 2H, OCHJ = 6.5 Hz), 5.32
(s, 2H, CHN), 6.92 (d, 2H, ArJ = 8.9 Hz), 7.02 (d, 1H, A = 7.1 Hz), 7.17 (s, 1H, Ar), 7.25-7.34 (m,
5H, Ar), 7.53 (d, 2H, ArJ) = 8.3 Hz), 7.75 (br s, 1H, Ar), 8.10 (d, 1H, Ars 8.4 Hz).

5.2.14 1-(1,3-Benzodioxol-5-yImethyN-(4-butoxyphenyl)-1H-indole-3-carboxamide (3h)

%Q&HOJ\/\

Yield = 42 %; mp = 165-67 °C (EtOH¥ NMR (CDCk) & 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.52 (sext,
2H, CH,CHs, J = 7.4 Hz), 1.80 (quin, 2H, G}&€H,CH,, J = 6.8 Hz), 3.99 (t, 2H, OCHJ = 6.6 Hz), 5.23

(s, 2H, CHN), 5.96 (s, 2H, OChD), 6.64 (s, 1H, Ar) = 8.4 Hz), 6.71 (d, 1H, Ad = 7.9 Hz), 6.78 (d,

1H, Ar,J = 7.9 Hz), 6.92 (d, 2H, Ar, J = 8.9 Hz), 7.31-7(88, 2H, Ar), 7.40 (m, 1H, Ar), 7.53 (d, 2H,
Ar, J=8.2 Hz), 7.71 (br s, 1H, Ar), 8.09 (d, 1H, Ars 7.7 Hz).

5.2.15 N-(4-Bromophenyl)-2-(1-(3-methoxybenzyl)-H-indol-3-yl)acetamide (5)
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A mixture of 4 (0.46 mmol), KCO; (0.92 mmol) and 3-methoxybenzyl chloride (0.69 mMma
anhydrous acetone (3 mL) was refluxed under sgjrfor 4 h and then concentrated in vacuo. After
dilution with cold water, it was extracted with @&, (3 x 15 mL) and the solvent was evaporated in
vacuo to afford the crud® which was purified by column chromatography using toldetiny! acetate
7:3 as eluent. Yield = 29 %; mp = 153-55 °C (EtOH).NMR (CDCL) ¢ 3,77 (s, 3H, OCH); 3,90 (s,
2H, COCH); 5,33 (s, 2H, CkN); 6,68 (s, 1H, CH); 6,76 (d, 1H, Al,= 7.1 Hz); 7,84 (dd, 1H, Ad =
8.5Hz,J=1.9Hz);7,17-7,30 (m, 5H, Ar); 7,36-7,41 (n,4Ar); 7,63 (d, 1H, ArJ = 8.2 Hz).

5.2.16 N-(4-Bromophenyl)-2-[1-(4-chlorobenzoyl)-5-methoxy-znethyl-1H-indol-3-
yl]acetamide (6)

o
o
N
/O \ H
N
O)\Q\m

To a solution of indomethacin (0.28 mmol) in antogds CHCI, (5 ml) were added DCC (0.28 mmol)
and 4-Bromoaniline (0.28 mmol). The reaction migtuvas stirred at room temperature for 24 h. The
solid residue was filtered off in vacuo and theusoh was washed with HCl 2 N (2 x 10 mL) and with
H.O (10 mL). The organic phase was dried over Na&@ concentrated under reduce pressure. The
resulting residue was purified by flash column chatography using CiCl,/MeOH 99:1 as eluent to
furnish6 as a white solid. Yield = 35 %; mp = 200-01 °C@H). *H NMR (CDCk) 6 2,48 (s, 3H, Ch);

3,83 (s, 5H, OCEl+ COCH,); 6,74 (dd, 1H, ArJ = 6.6 Hz,J = 2.5 Hz); 6,88 (d, 1H, ArJ = 9.1 Hz);
6,94 (d, 1H, ArJ = 2.3 Hz); 7,25 (exch, br, s, 1H, NH); 7,31 (d,, 24, J = 8.8 Hz); 7,41 (d, 2H, Ad =

8.7 Hz); 7,52 (d, 2H, ArJ = 8.4 Hz); 7,71 (d, 2H, Ad = 8.4 Hz).

General Procedure for 7a-d.A mixture of 3-aminoquinoline (0.69 mmol),,€0; (1.38 mmol)
and the appropriate substituted benzyl halide (@®8ol) in anhydrous acetone (3 mL) was refluxed
under stirring for 1-3 h. Extra benzyl halide (0:®®o0l) was added and the reaction was kept reftuxin
for additional 2-4 h. The mixture was then concatetrl in vacuo, diluted with cold water and extrdcte
with CH,Cl, (3 x 15 mL). The organic layer was dried ovep8l@&, and evaporated in vacuo to afford the
crude compoundga-d which were purified by column chromatography ustyglohexane/ethyl acetate
1:2 (for7a,b,d) or 2:1 (for7c) respectively as eluent.

5.2.17 N-(3-Methoxybenzyl)quinolin-3-amine (7a)
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Yield = 49 %; clear oil'H NMR (CDCk) 6 3.82 (s, 3H, OCH), 4.44 (s, 2H, CbN), 4.67 (exch br s, 1H,
NH), 6.86 (dd, 1H, ArJ = 8.2 Hz,J = 2.5 Hz), 6.98 (s, 1H, Ar), 7.02 (d, 1H, Ar= 7.6 Hz), 7.07 (d, 1H,
Ar, J =27 Hz), 7.31 (t, 1H, AlJ = 7.9 Hz), 7.43-7.45 (m, 2H, Ar), 7.59-7.61 (m,,2k), 7.98-8.01 (m,
1H, Ar), 8.59 (d, 1H, ArJ = 2.8 Hz).
5.2.18 N-(4-Methoxybenzyl)quinolin-3-amine (7b)
o<
mnﬁ
N
Yield = 60 %; mp = 80-82 °C (EtOH)H NMR (CDCk) ¢ 3.83 (s, 3H, OCH), 4.37 (s, 2H, ChkN), 4.43
(exch br s, 1H, NH), 6.92 (d, 2H, A},= 8.7 Hz), 7.05 (d, 1H, A = 2.7 Hz), 7.34 (d, 2H, AlJ = 8.6
Hz), 7.42-7.44 (m, 2H, Ar), 7.59-7.63 (m, 1H, AF)95-7.98 (m, 1H, Ar), 8.50 (d, 1H, Al = 2.8 Hz).
5.2.19 N-(1,3-Benzodioxol-5-ylmethyl)quinolin-3-amine (7c)

Yield = 26 %: brown oil'H NMR (CDCk) d 4.40 (s, 2H, ChN), 5.21 (exch br s, 1H, NH), 5.97 (s, 3H,
OCH;0), 6.81 (d, 1H, ArJ = 7.8 Hz), 6.91 (d, 1H, Ad = 11.2 Hz), 7.13 (s, 1H, Ar), 7.46-7.49 (m, 2H,
Ar), 7.62-7.65 (m, 1H, Ar), 8.06-8.09 (m, 1H, A8.78 (s, 1H, Ar).

5.2.20 N-(3-Chlorobenzyl)quinolin-3-amine (7d)

N
Yield = 22 %:; clear oil'H NMR (CDCk) § 4.51 (d, 2H, CkN, J = 4.5 Hz), 5.73 (exch br s, 1H, NH),
7.13 (d, 1H, ArJ = 2.6 Hz), 7.29-7.34 (m, 3H, Ar), 7.44 (s, 1H, AF)49-7.52 (m, 2H, Ar), 7.63-7.65 (m,
1H, Ar), 8.13 (t, 1H, ArJ = 6.3 Hz), 8.94 (s, 1H, Ar).

General Procedure for 8a-d.The appropriate amine of tyge(7a-d) (0.34 mmol) was dissolved
in 2 mL of anhydrous CHCl, and 4n.butoxyphenyl isocyanate (0.37 mmol) was added ustiging.
The reaction was carried out at room temperatur@4® h, then the solid residue was filtered offi &ime
solution was evaporated in vacuo to afford compsuald, which were purified by flash column
chromatography using cyclohexane/ethyl acetatéf@rl/a,b) or 2:1 (for7c,d) respectively as eluent.

5.2.21 3-(4-Butoxyphenyl)-1-(3-methoxybenzyl)-(gquinolin-3-yl)urea (8a)

Q,
COT O

90



5. Experimental Chemistry

Yield = 58 %; clear oil'H NMR (CDCh) 6 0.98 (t, 3H, CHCHs, J = 7.4 Hz), 1.48 (sext, 2HGH,CHs, J
= 7.6 Hz), 1.75 (quin, 2H, GI&H,CH,, J = 7.0 Hz), 3.77 (s, 3H, OG} 3.93 (t, 2H, OChl J = 6.5 Hz),
5.04 (s, 2H, ChN), 6.10 (exch br s, 1H, NH), 6.81-6.84 (m, 3H,,/A)388 (d, 2H, ArJ = 7.4 Hz), 7.19-
7.25 (m, 3H, Ar), 7.63 (t, 1H, Ad = 8.2 Hz), 7.78-7.82 (m, 2H, Ar), 8.01 (s, 1H, A8)18 (d, 1H, ArJ
= 8.7 Hz), 8.79 (d, 1H, A = 2.4 Hz).

5.2.22 3-(4-Butoxyphenyl)-1-(4-methoxybenzyl)-(guinolin-3-yl)urea (8b)

(©/o\
SORAb!
N/ o O/\/\

Yield = 47 %; clear oil'H NMR (CDCk) 6 0.97 (t, 3H, CHCHs, J = 7.4 Hz), 1.48 (sext, 2HGH,CHs, J

= 7.6 Hz), 1.74 (quin, 2H, GI&H,CH,, J = 7.0 Hz), 3.79 (s, 3H, OG}] 3.92 (t, 2H, OChl J = 6.5 Hz),
4.97 (s, 2H, ChkN), 6.18 (exch br s, 1H, NH), 6.81 (dd, 4H, Ar 2.0 Hz,J = 6.6 Hz), 7.21 (dd, 4H, A,
J=6.4HzJ=2.1Hz), 7.62 (t, 1H, AJ=7.0 Hz), 7.78 (t, 2H, A = 7.2 Hz), 7.97 (s, 1H, Ar), 8.14 (d,
1H, Ar,J=8.0 Hz), 8.71 (d, 1H, Ad = 2.3 Hz).

5.2.23 1-(1,3-Benzodioxol-5-yImethyl)-3-(4-butgphenyl)-1-(quinolin-3-yl)urea (8c)

S
NN
T
Yield = 36 %; brown oil'H NMR (CDCk) 6 0.97 (t, 3H, CHCHz, J = 7.4 Hz), 1.48 (sext, 2HGH,CHs,
J = 7.6 Hz), 1.75 (quin, 2H, G&H,CH,, J = 7.0 Hz), 3.92 (t, 2H, OCHJ = 6.6 Hz), 4.96 (s, 2H,
CHzN), 5.96 (s, 3H, OCHJ, 6.20 (exch br s, 1H, NH), 6.65-6-71 (m, 2H, A)31 (d, 2H, ArJ = 9.0
Hz), 6.91 (s, 1H, Ar), 7.21 (d, 2H, A3,= 9.0 Hz), 7.66 (t, 1H, ArJ = 7.2 Hz), 7.82 (q, 2H, AJ = 6.7
Hz), 8.06 (s, 1H, Ar), 8.21 (d, 1H, A¥,= 8.5 Hz), 8.75 (d, 1H, Ad = 2.4 Hz).
5.2.24  3-(4-Butoxyphenyl)-1-(3-chlorobenzyl)-1g@inolin-3-yl)urea (8d)

e
N N
SOR R OWN

Yield = 44 %; colorless oil'H NMR (CDCk) 6 0.98 (t, 3H, CHCHs, J = 7.4 Hz), 1.48 (sext, 2H,
CH,CHs, J = 7.6 Hz), 1.75 (quin, 2H, GIEH,CH,, J = 7.1 Hz), 3.93 (t, 2H, OCHJ = 6.6 Hz), 5.03 (s,
2H, CHN), 6.33 (exch br s, 1H, NH), 6.82 (d, 2H, Ar= 9.0 Hz), 7.17-7.26 (m, 5H, Ar), 7.35 (s, 1H,
Ar), 7.67 (t, 1H, Ar,J = 7.8 Hz), 7.79-7.85 (m, 2H, Ar), 8.06 (s, 1H, A8)19 (d, 1H, ArJ = 8.4 Hz),
8.77 (d, 1H, ArJ = 2.4 Hz).
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General Procedure for 11a,b.To a suspension df0 (0.86 mmol), copper acetate (1.29 mmol)
and the appropriate butoxyphenylboronic acid (In#ol) in CHCl, (2 mL), EgN (1.72 mmol) was
added. The mixture was stirred at room temperdarré5-20 h. The suspension was extracted with 33%
agueous ammonia/saturated aqueous EDTA 1:1 sol(Bien10 mL) and the organic layer was washed
with 10 mL of water and dried over p&0,. After removal of the solvent, the residue wasifiad by
flash column chromatography using as eluent cyalahe/ethyl acetate 1:3.

5.2.25 Ethyl-1-(4-methoxyphenyl)-7-methyl-4-oxo-4;dihydro-1,8-naphthyridine-3-

carboxylate (11a)
feesa
N/<N)

SN
Yield = 34 %:; mp = 146-47 °C (EtOH)H NMR (CDCk) 6 1.42 (t, 3H, CHCHs, J = 7.1 Hz), 2.52 (s,
3H, CHC=N), 3.92 (s, 3H, OCH), 4.41 (q, 2H, OCH J = 7.1 Hz), 7.06 (d, 2H, A = 9.0 Hz), 7.25 (d,
1H, Ar,J = 8.1 Hz), 7.35 (d, 2H, Ad = 8.9 Hz), 8.67 (s, 1H, Ar), 8.69 (d, 1H, Ar= 8.1 Hz).
5.2.26 Ethyl-1-(3-methoxyphenyl)-7-methyl-4-oxo-4;dihydro-1,8-naphthyridine-3-

carboxylate (11b)
I\Iﬁfi 0“
N/ N
.,
Yield = 14 %; mp = 165-66 °C (EtOH)H NMR (CDCLk) 6 1.43 (t, 3H, CHCHs, J = 7.1 Hz), 2.54 (s,
3H, CHC=N), 3.89 (s, 3H, OC¥), 4.42 (g, 2H, OChK J = 7.1 Hz), 6.99 (t, 1H, ArJ = 2.2 Hz), 7.03 (d,

1H, Ar, J = 7.8 Hz), 7.08 (d, 1H, A = 7.7 Hz), 7.27 (d, 1H, Ad = 8.5 Hz), 7.48 (t, 1H, ArJ = 8.1
Hz), 8.69 (s, 1H, Ar), 8.70 (d, 1H, Aj,= 8.1 Hz).

General Procedure for 12a,b A suspension of the appropriate derivatldea or 11b respectively
(0.29 mmol), and 6 N NaOH (3 mL) in ethanol (3 migs stirred at rt for 0.5-1 h. The mixture was then
concentrated in vacuo, diluted with cold water aondlified with 6 N HCI. The final product was fite

off by suction and recrystallized from ethanol.
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5.2.27 1-(4-Methoxyphenyl)-7-methyl-4-oxo-1,4-dildro-1,8-naphthyridine-3-
carboxylic acid (12a)

Yield = ~ 100 %; mp = 268-70 °C (EtOHY NMR (CDChk) 6 2.61 (s, 3H, CKC=N), 3.94 (s, 3H,
OCH), 7.08 (d, 2H, ArJ = 9.0 Hz), 7.35 (d, 2H, ArJ = 9.0 Hz), 7.41 (d, 1H, Ad = 8.2 Hz), 8.73 (d,
1H, Ar,J =8.2 Hz), 8.97 (s, 1H, Ar), 14.60 (exch br s, GYOH).

5.2.28 1-(3-Methoxyphenyl)-7-methyl-4-oxo-1,4-dildro-1,8-naphthyridine-3-
carboxylic acid (12b)

Yield = 80 %; mp = 217-19 °C (EtOH)H NMR (CDCk) & 2.61 (s, 3H, ChC=N), 3.90 (s, 3H, OCH),
6.97 (t, 1H, ArJ = 2.2 Hz), 7.01 (d, 1H, Ad = 7.8 Hz), 7.12 (d, 1H, Ad = 6.0 Hz), 7.42 (d, 1H, Ad =
8.2 Hz), 7.50 (t, 1H, Arj = 8.1 Hz), 8.74 (d, 1H, Ad = 8.2 Hz), 8.98 (s, 1H, Ar), 14.58 (exch br s, 1H,
COOH).

General Procedure for 14a,b.To cooled (0 °C) and stirred suspensionl@t or 12b (0.19
mmol) in SOC} (1.5 mL), EtN (0.2 mL) was added. After 2-3 h at room tempemtie excess of
SOCL was removed in vacuo. Due to their instabilitye thtermediated3a,b obtained were not isolated
and characterized. Thus, the residue was dissotvethhydrous THF (2 mL) and cooled to 0 °C. A
solution of 4n.butoxyaniline (0.38 mmol) in anhydrous THF (1 mLasvadded dropwise to the mixture
and the reaction was carried out at room temperatowr 2 h. The mixture was concentrated under
reduced pressure and, after dilution with ice-ootter (10 mL), the precipitate was then filteredl an
purified by flash column chromatography using chelvane/ethyl acetate 2:1 (foid4a) or
cyclohexane/ethyl acetate 1:1 (fiotb) as eluent.
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5.2.29 N-(4-Butoxyphenyl)-1-(4-methoxyphenyl)-7-methyl-4-o&-1,4-dihydro-1,8-
naphthyridine-3-carboxamide (14a)

oY
<

o<

Yield = 35 %; mp = 154-55 °C (EtOH)H NMR (CDCk) 6 1.00 (t, 3H, CHCHs, J = 7.4 Hz), 1.52 (sext,
2H, CH,CHs, J = 7.6 Hz), 1.79 (quin, 2H, GI&H,CH,, J = 7.9 Hz), 2.58 (s, 3H, GJ&=N), 3.94 (s, 3H,
OCHg), 3.99 (t, 2H, OCH J = 6.5 Hz), 6.92 (d, 2H, Ad = 9.0 Hz), 7.07 (d, 2H, Ad = 8.9 Hz), 7.35 (d,
1H, Ar,J = 8.2 Hz), 7.38 (d, 2H, AJ = 8.9 Hz), 7.70 (d, 2H, A = 9.0 Hz), 8.74 (d, 1H, AlJ = 8.2
Hz), 9.08 (s, 1H, Ar), 11.97 (exch br s, 1H, NH).

5.2.30 N-(4-Butoxyphenyl)-1-(3-methoxyphenyl)-7-methyl-4-o&-1,4-dihydro-1,8-
naphthyridine-3-carboxamide (14b)

/©/o\/\/

N N

oW

Yield = 44 %; mp = 203-05 °C (EtOH)Y NMR (CDCk) 6 1.00 (t, 3H, CHCHs, J = 7.4 Hz), 1.52 (sext,
2H, CH,CHs, J = 7.6 Hz), 1.79 (quin, 2H, GI&H,CH,, J = 7.1 Hz), 2.59 (s, 3H, Gi&=N), 3.89 (s, 3H,
OCHg), 3.99 (t, 2H, OCH J = 6.5 Hz), 6.92 (d, 2H, Ad = 9.0 Hz), 7.01 (s, 1H, Ar), 7.05 (d, 1H, Arz
7.8 Hz), 7.10 (d, 1H, ArJ = 7.7 Hz), 7.35 (d, 1H, AJ = 8.2 Hz), 7.48 (t, 1H, ArJ = 8.1 Hz), 7.70 (d,
2H, Ar,J = 9.0 Hz), 8.74 (d, 1H, Ad = 8.2 Hz), 9.09 (s, 1H, Ar), 11.95 (exch br s, NH).

General Procedure for 16a,b.To cooled (0 °C) and stirred suspensionsl®a or 12b (0.29
mmol) in SOC} (1.5 mL), EtN (0.2 mL) was added. After 2-3 h at 60 °C, the tomi& was allowed to
cool down and the excess of S@@las removed in vacuo. Due to their instabilitye ihtermediates
15a,bobtained were not isolated and characterized. ,Tthesresidue was dissolved in anhydrous THF (1
mL) and cooled to 0 °C. A solution of MButoxyaniline (0.58 mmol) in anhydrous THF (1 mLasv
added dropwise to the mixture and the reactioncaased out at room temperature for 2 h. The mixtur
was then concentrated in vacuo and diluted witkcadd water (10 mL). The precipitate was filterdtl o
and purified by flash column chromatography usitpCl, (for 158) or CH:Cl,/MeOH 99:1 (forl5b) as

eluent.
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5.2.31 N-(4-Butoxyphenyl)-1-(4-methoxyphenyl)-4-oxo-7-trickoromethyl-1,4-
dihydro-1,8-naphthyridine-3-carboxamide (16a)

Yield = 49 %; mp = 289-91 °C (EtOH)Y NMR (CDCk) 6 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.52 (sext,
2H, CH,CHs, J = 7.6 Hz), 1.81 (quin, 2H, GI&H,CH,, J = 6.6 Hz), 3.94 (s, 3H, OG}H 4.00 (t, 2H,
OCH,, J = 6.5 Hz), 6.93 (d, 2H, ArJ = 9.0 Hz), 7.07 (d, 2H, Al = 8.9 Hz), 7.44 (d, 2H, ArJ = 8.9
Hz), 7.70 (d, 2H, ArJ = 9.00 Hz), 8.15 (d, 1H, Ad = 8.4 Hz), 9.02 (d, 1H, Ad = 8.4 Hz), 9.20 (s, 1H,
Ar), 11.75 (exch br s, 1H, NH). MS (ESI), calcd.r F2»7H24Cl3N3O4, 560,86. Foundm/z560.36 [M],
562.36 [M + HT.

5.2.32 N-(4-Butoxyphenyl)-1-(3-methoxyphenyl)-4-oxo-7-trickoromethyl-1,4-
dihydro-1,8-naphthyridine-3-carboxamide (16b)

/@/O\/\/
N N

a L L I

N N

Cl cl
e

o
Yield = 54 %; mp = 148-50 °C (EtOH)} NMR (CDCk) 6 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.52 (sext,
2H, CH,CHs, J = 7.6 Hz), 1.80 (quin, 2H, GI&H,CH,, J = 6.8 Hz), 3.88 (s, 3H, OG}H 3.99 (t, 2H,

OCH,, J = 6.5 Hz), 6.93 (d, 2H, Ar] = 8.9 Hz), 7.08 (s, 1H, Ar), 7.10 (d, 2H, Ar= 8.1 Hz), 7.49 (t,
1H, Ar,J = 8.1 Hz), 7.70 (d, 2H, AJ = 8.9 Hz), 8.15 (d, 1H, Ad = 8.4 Hz), 9.02 (d, 1H, AJ = 8.4

Hz), 9.23 (s, 1H, Ar), 11.73 (exch br s, 1H, NH)SMESI), calcd. For £H24CIsN3O,4, 560,86. Found:
m/z560.36 [M[, 562.36 [M + HJ, 584.18 [M + Nal.

General Procedure for 17a-c.A mixture of 10 (0.65 mmol), KCO; (1.30 mmol), and the
appropriate substituted benzyl halide (0.71 mmol)anhydrous acetone (3 mL) was refluxed under
stirring for 5-7 h. The mixture was then concemdain vacuo, diluted with cold water and extracigith
CH.CI, (3 x 15 mL). The organic layer was dried over3la, evaporated in vacuo and compounds
17a-c were purified by column chromatography using alively cyclohexane/ethyl acetate 1:6 (for

17a,b or cyclohexane/ethyl acetate 1:9 (1afc) as eluent.
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5.2.33 Ethyl-1-(4-methoxybenzyl)-7-methyl-4-oxo0-4;dihydro-1,8-naphthyridine-3-
carboxylate (17a)

Yield = 35 %; mp = 107-09 °C (EtOH)H NMR (CDCk) 6 1.41 (t, 3H, CHCHs, J = 7.1 Hz), 2.69 (s,
3H, CHC=N), 3.80 (s, 3H, OC¥J, 4.40 (g, 2H, OCH J = 7.1 Hz), 5.59 (s, 2H, NG} 6.88 (d, 2H, Ar,
J=8.6 Hz), 7.26 (d, 1H, Ad = 8.1 Hz), 7.32 (d, 2H, Ad = 8.1 Hz), 8.66 (d, 1H, Ad = 8.1 Hz), 8.71
(s, 1H, Ar).

5.2.34 Ethyl-1-(3-methoxybenzyl)-7-methyl-4-oxo0-4;dihydro-1,8-naphthyridine-3-
carboxylate (17b)

o™

”\OO\
Yield = 18 %; colorless oitH NMR (CDCh) 6 1.43 (t, 3H, CHCHs, J = 7.0 Hz), 2.69 (s, 3H, Gj&=N),
3.80 (s, 3H, OCh), 4.43 (q, 2H, OCH J = 7.1 Hz), 5.69 (s, 2H, NG} 6.87 (d, 1H, ArJ = 8.5 Hz),
6.92 (s, 1H, Ar), 6.93 (d, 1H, Ajd,= 8.2 Hz), 7.26-7.31 (m, 2H, Ar), 8.68 (d, 1H, Ars 8.0 Hz), 8.71 (s,
1H, Ar).

5.2.35 Ethyl-1-(1,3-benzodioxol-5-ylmethyl)-7-meti-4-oxo-1,4-dihydro-1,8-

naphthyridine-3-carboxylate (17¢)
feesa
N/ N
O,
ﬁ >
(o]
Yield = 70 %; mp = 152-54 °C (EtOH)H NMR (CDCk) 6 1.42 (t, 3H, CHCHs, J = 7.1 Hz), 2.69 (s,

3H, CHC=N), 4.40 (q, 2H, OCH J = 7.1 Hz), 5.54 (s, 2H, NG} 5.96 (s, 2H, OCbD), 6.78 (d, 1H,
Ar, J=7.7 Hz), 6.87 (d, 2H, Ad = 8.2 Hz), 7.28 (d, 1H, Ad = 3.0 Hz), 8.66 (d, 2H, Ad = 7.3 Hz).

X
Pz
N

General Procedure for 18a-cA suspension of the appropriate derivativa-c(0.65 mmol), and
6 N NaOH (6 mL) in ethanol (5 mL) was stirred aRrh. The mixture was then concentrated in vacuo,
diluted with cold water and acidified with 6 N HQlhe pure final compound of tyde was filtered off
by suction and recrystallized from ethanol.
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5.2.36 1-(4-Methoxybenzyl)-7-methyl-4-oxo0-1,4-dildyo-1,8-naphthyridine-3-
carboxylic acid (18a)

Yield = 67 %; mp = 215-17 °C (EtOH)H NMR (CDCk) 6 2.79 (s, 3H, CKC=N), 3.81 (s, 3H, OCH),
5.69 (s, 2H, NCh), 6.89 (d, 2H, ArJ = 8.5 Hz), 7.36 (d, 2H, Ar] = 8.5 Hz), 7.42 (d, 1H, Ar) = 8.2
Hz), 8.70 (d, 1H, ArJ = 8.2 Hz), 8.97 (s, 1H, Ar), 14.63 (exch br s, OH).

5.2.37 1-(3-Methoxybenzyl)-7-methyl-4-oxo0-1,4-dildyo-1,8-naphthyridine-3-
carboxylic acid (18b)

| \/ [ or
hen

Yield = 77 %; mp = 244-46 °C (EtOH)H NMR (CDCk) § 2.77 (s, 3H, CHC=N), 3.80 (s, 3H, OCH),
5.73 (s, 2H, NCH), 6.87-6.91 (m, 2H, Ar), 6.93 (d, 1H, Ar= 7.7 Hz), 7.29 (t, 2H, AiJ= 8.1 Hz), 7.42
(d, 1H, Ar,J=8.2 Hz), 8.71 (d, 1H, Ad = 8.2 Hz), 8.97 (s, 1H, Ar), 14.60 (exch br s, OH).

5.2.38 1-(1,3-Benzodioxol-5-yImethyl)-7-methyl-4x@-1,4-dihydro-1,8-naphthyridine-

3-carboxylic acid (18c)
N/ N
K@[">
(6]
Yield = 68 %; mp = 237-39 °C (EtOH)H NMR (CDCk) § 2.79 (s, 3H, CHC=N), 5.66 (s, 2H, NCB),

5.98 (s, 2H, OCHD), 6.80 (d, 1H, A = 7.9 Hz), 6.88 (s, 1H, Ar), 6.90 (d, 1H, Ar= 7.9 Hz), 7.43 (d,
1H, Ar,J = 8.2 Hz), 8.70 (d, 1H, Ad = 8.2 Hz), 8.95 (s, 1H, Ar).

General Procedure for 19a-c.To a cooled (0 °C) and stirred solution of compbuwh type18
(18a-9 (0.17 mmol) in anhydrous DMF (1 mL), 48k (5 drops) diethyl cyanophosphonate (0.68 mmol)
and 4-n.Butoxyaniline (0.17 mmol) were added. After 0.5 th0Oa°C, the reaction was keept at room
temperature for 15 h. The mixture was then dilwetth ice-cold water (10 mL) and kept under stirring
for 0.5 h at 0 °C. The precipitate was filtered affd purified by flash column chromatography using

cyclohexane/ethyl acetate 2:1 as eluent.
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5.2.39 N-(4-Butoxyphenyl)-1-(4-methoxybenzyl)-7-methyl-4-oa-1,4-dihydro-1,8-
naphthyridine-3-carboxamide (19a)

Juer
o

-
(6]

Yield = 75 %; mp = 190-91 °C (EtOH)Y NMR (CDCk) 6 1.00 (t, 3H, CHCHs, J = 7.4 Hz), 1.51 (sext,
2H, CH,CHs, J = 7.6 Hz), 1.79 (quin, 2H, GI&H,CH,, J = 7.0 Hz), 2.75 (s, 3H, GJ&=N), 3.80 (s, 3H,
OCHg), 3.98 (t, 2H, OCH J = 6.5 Hz), 5.68 (s, 2H, NG} 6.89 (qd, 4H, ArJ = 3.5 Hz,J = 9.0 Hz),
7.34-7.37 (m, 3H, Ar), 7.68 (d, 2H, Al,= 7.9 Hz), 8.69 (d, 1H, A = 8.1 Hz), 9.08 (s, 1H, Ar), 11.97
(exch br s, 1H, NH).

5.2.40 N-(4-Butoxyphenyl)-1-(3-methoxybenzyl)-7-methyl-4-oa-1,4-dihydro-1,8-
naphthyridine-3-carboxamide (19b)

/@/O\/\/
N N
O TN
N N
UO\

Yield = 71 %; mp = 145-47 °C (EtOHY NMR (CDCk) ¢ 1.00 (t, 3H, CHCHs, J = 7.4 Hz), 1.51 (sext,
2H, CH,CHgs, J = 7.6 Hz), 1.79 (quin, 2H, GI&H,CH,, J = 6.9 Hz), 2.74 (s, 3H, G4&=N), 3.80 (s, 3H,
OCHg), 3.98 (t, 2H, OChH J= 6.5 Hz), 5.72 (s, 2H, NG} 6.86 (d, 1H, ArJ = 8.5 Hz), 6.91 (d, 2H, Ar,
J=8.9 Hz), 6.95-7.02 (m, 2H, Ar), 7.27 (t, 1H, Ars 7.9 Hz), 7.37 (d, 1H, Ad = 7.0 Hz), 7.69 (d, 2H,
Ar, J=8.2 Hz), 8.71 (d, 1H, Ad = 8.2 Hz), 9.08 (s, 1H, Ar), 11.97 (exch br s, NH).

5.241 1-(1,3-Benzodioxol-5-yImethylN-(4-butoxyphenyl)-7-methyl-4-oxo-1,4-
dihydro-1,8-naphthyridine-3-carboxamide (19c)

el
o

o
Yield = 62 %; mp = 181-83 °C (EtOHY NMR (CDCk) ¢ 1.00 (t, 3H, CHCHs, J = 7.3 Hz), 1.51 (sext,
2H, CH,CHjs, J = 7.8 Hz), 1.79 (quin, 2H, GI&H,CH,, J = 6.8 Hz), 2.77 (s, 3H, G4&=N), 3.98 (t, 2H,
OCH,, J = 6.4 Hz), 5.65 (s, 2H, NG 5.96 (s, 2H, OCKD), 6.79 (d, 1H, Ar,) = 7.8 Hz), 6.91 (d, 4H,
Ar, J=8.5 Hz), 7.38 (d, 1H, Ad = 6.7 Hz), 7.69 (d, 2H, AJ = 5.6 Hz), 8.71 (d, 1H, A = 8.0 Hz),

9.06 (s, 1H, Ar), 11.97 (exch br s, 1H, NH).
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5.2.42 N-(4-Bromophenyl)-1-ethyl-7-methyl-4-oxo-1,4-dihydrel,8-naphthyridine-3-

carboxamide (20)
/©/Br
N N
N

To a cooled (-5 °C) and stirred solution of nalidiacid (0.43 mmol) in anhydrous tetrahydrofuran (3
mL), EtN (1.50 mmol) was added. After 30 min, the mixtwas allowed to warm up to 0 °C, and ethyl
chloroformate (0.47 mmol) was added. After 1 h dabo aniline was added and the reaction was carried
out at room temperature for 12 h. The mixture westconcentrated in vacuo, diluted with cold water
(20 mL) and extracted with GBI, (3 x 15 mL). The solvent was evaporated to affianel compound

20, which was purified by two consecutive flash chabagraphy using firstly cyclohexane/ethyl acetate
2:1 and then CKCl, as eluents. Yield = 18 %; mp = 290-92 °C (EtO#).NMR (CDCk) 6 1.56 (t, 3H,
CH,CHs, J = 7.2 Hz), 2.74 (s, 3H, G&=N), 4.62 (q, 2H, NChK J = 7.2 Hz), 7.97 (d, 1H, AiJ = 8.2

Hz), 7.48 (d, 2H, ArJ =8.7 Hz ), 7.70 (d, 2H, Ad = 8.8 Hz), 8.70 (d, 1H, Ad = 8.1 Hz), 9.00 (s, 1H,
Ar), 12.24 (exch br s, 1H, NH).

5.2.43 N-(4-Butoxyphenyl)-1-ethyl-4-oxo-7-trichloromethyl-14-dihydro-1,8-

/@/O\/\/
N N
a I J I H
N N
a’y, §

To a cooled (0 °C) and stirred suspension of natidicid (0.43 mmol) in SOg(1.5 mL), EtN (0.2 mL)
was added. After 2 h at 60 °C, the mixture wasvatid to cool down and the excess of SO®aS

naphthyridine-3-carboxamide (21)

removed in vacuo. The residue was dissolved in d@muws THF (3 mL) and cooled again to 0 °C. A
solution of 4n.butoxyaniline (0.86 mmol) in anhydrous THF (2 mLasthen added dropwise to the
mixture. Finally, the reaction was carried out@m temperature for 2 h. The mixture was concesrat
under reduced pressure and diluted with ice-coleem@0 mL). The precipitate was then filtered afid
purified by flash column chromatography usingCH/MeOH/CH;COOH 99:1:0.1 as eluent.

Yield = 15 %; mp = 162-63 °C (EtOH)H NMR (CDCk) § 1.01 (t, 3H, CHCH,CHs, J = 7.4 Hz), 1.52
(sext, 2H, CHCH,CHs, J = 7.6 Hz), 1.62 (t, 3H, NCK¥H3, J = 7.2 Hz), 1.80 (quin, 2H, GI&H,CH,, J

= 7.1 Hz), 4.00 (t, 2H, OCHJ = 6.6 Hz), 4.64 (q, 2H, NCHJ = 7.2 Hz), 6.93 (d, 2H, A = 9.0 Hz),
7.69 (d, 2H, ArJd = 9.0 Hz), 8.15 (d, 1H, Ad = 8.4 Hz), 8.99 (d, 1H, Ad=8.4 Hz ), 9.12 (s, 1H, Ar),
11.76 (exch br s, 1H, NH).
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5.2.44 N-(4-Bromophenyl)-2-(1-oxophthalazin-2(H)-yl)acetamide (23)

Y

A solution of 22 (1.54 mmol) in anhydrous acetonitrile (1 ml) wasled dropwise to a stirred solution of
commercially available 12{H)-phthalazinone (1.03 mmol) in anhydrous acetdai{® mL). KCO; (2.06
mmol) was added and the reaction was carried o8 foat reflux. Removal of the solvent gave adesi
which was poured into ice-cold water and afterstiting in ice-bath the final product was filtereft by
suction and recrystallized from ethanol. Yield =%45mp = 245-46 °C (EtOH}H NMR (CDCk) ¢ 4.97
(s, 2H, NCHCO), 7.53 (qd, 4H, Ar) = 13.9 Hz,J = 8.3 Hz), 7.91 (m, 1H, Ar), 7.99 (d, 2H, Ar= 5.8
Hz), 8.26 (d, 1H, ArJ = 8.0 Hz), 8.48 (s, 1H, Ar), 10.46 (exch br s, Ni).

General Procedure for 24a-c.Commercially available 2,3-diidrophthalazin-1,4w0 (4.93
mmol), K2COs; (9.80 mmol) and the suitable benzyl halide (5.48at) were stirred in anhydrous DMF
(5 mL) for 2-4 h at 80 °C. The mixture was therutib with ice-cold water and extracted with L} (3
x 15 mL). The organic layer was dried over,8@, and evaporated in vacuo. Compouzds-c were
then purified by flash column chromatography usigglohexane/ethyl acetate 1:1 as eluent.

5.2.45 2-(4-Methoxybenzyl)-2,3-dihydrophthalaziné-,4-dione (24a)

o}
’.\‘/\©\
~
NH o
¢}

Yield = 23 %; mp = 150-52 °C (EtOH)Yd NMR (CDCk) 6 3.86 (s, 3H, OCH), 5.31 (s, 2H, NCbh), 6.96
(d, 2H, Ar,J = 8.6 Hz), 7.44 (d, 2H, Ad = 8.5 Hz), 7.83 (quin, 2H, Ad = 3.7 Hz), 8.07 (dd, 1H, Ad =
3.1 Hz,J=3.5 Hz), 8.41 (dd, 1H, Ad=2.4 Hz,J = 2.8 Hz), 9.98 (exch br s, 1H, NH).

5.2.46 2-(3-Methoxybenzyl)-2,3-dihydrophthalazind-,4-dione (24b)

N
NH

Yield = 18 %; mp = 184-86 °C (EtOHY NMR (CDCkL) 6 3.87 (s, 3H, OCH), 5.36 (s, 2H, NCh), 6.93
(dd, 1H, Ar,J=5.8 Hz,J= 2.4 Hz), 7.06 (s, 1H, Ar), 7.09 (d, 1H, Ars= 7.6 Hz), 7.36 (t, 1H, AJ=7.9
Hz), 7.82-7.89 (m, 2H, Ar), 8.09 (dd, 1H, Ar= 6.9 Hz,J = 1.9 Hz), 8.44 (dd, 1H, Ad = 4.0 Hz,J =
2.1 Hz), 9.94 (exch br s, 1H, NH).

General Procedure for 25a-c.The appropriate derivative of ty@l (24a-9 (1.10 mmol) was

dissolved in 3 mL of anhydrous GEl, and 4-butoxyphenyl isocyanate (2.20 mmol) was dddaler
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stirring at 0 °C. The reaction was carried out &C(or 2 h and subsequently at room temperaturé2o
h. The solid residue was filtered off and the solutvas evaporated in vacuo to afford compouzisis-G
which were purified by flash column chromatograpising CHCI, as eluent.

5.2.47 N-(4-Butoxyphenyl)-3-(4-methoxybenzyl)-1,4-dioxo-3:dlihydro-phthalazine-
2(1H)-carboxamide (25a)

TOM

Yield = 53 %; mp = 117-19 °C (EtOH)} NMR (CDCk) 6 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.52 (sext,
2H, CH,CHg, J = 7.5 Hz), 1.80 (quin, 2H, GI&H,CH,, J = 6.8 Hz), 3.84 (s, 3H, OG}H 3.99 (t, 2H,
OCH,, J = 6.5 Hz), 5.51 (s, 2H, NG} 6.95 (t, 4H, ArJ = 8.7 Hz), 7.56 (d, 2H, Ad = 8.5 Hz), 7.62 (d,
2H, Ar,J = 8.9 Hz), 7.86 (quin, 2H, Ad = 7.8 Hz), 8.06 (d, 1H, Ad = 7.8 Hz), 8.47 (d, 1H, Ad=7.6
Hz), 11.86 (exch br s, 1H, NH).

5.2.48 N-(4-Butoxyphenyl)-3-(3-methoxybenzyl)-1,4-dioxo-3:4lihydro-phthalazine-

2(1H)-carboxamide (25b)
GJ/O\
O

S

Yield = 75 %; mp = 104-06 °C (EtOH)H NMR (CDCk) 6 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.52 (sext,
2H, CH,CHg, J = 7.6 Hz), 1.80 (quin, 2H, GI&H,CH,, J = 7.0 Hz), 3.87 (s, 3H, OGH 3.99 (t, 2H,
OCH,, J=6.5 Hz), 5.56 (s, 2H, NG} 6.93 (dd, 3H, ArJ =4.6 Hz,J = 3.2 Hz), 7.18 (d, 1H, Ad=7.0
Hz), 7.19 (s, 1H, Ar), 7.35 (t, 1H, A8,= 7.7 Hz), 7.61 (d, 2H, A} = 9.0 Hz), 7.84-7.92 (m, 2H, Ar),
8.10 (d, 1H, ArJ=7.1 Hz), 8.49 (d, 1H, Ad = 7.2 Hz), 11.84 (exch br s, 1H, NH).

5.2.49 3-BenzyN-(4-butoxyphenyl)-1,4-dioxo-3,4-dihydrophthalazine2(1H)-

carboxamide (25c)
&

S

Yield = 86 %; mp = 117-19 °C (EtOH} NMR (CDCk) & 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.52 (sext,
2H, CH,CHs, J = 7.6 Hz), 1.80 (quin, 2H, GI&H,CH,, J = 6.9 Hz), 3.99 (t, 2H, OCHJ = 6.5 Hz), 5.59
(s, 2H, NCH), 6.94 (d, 2H, Ar,) = 8.9 Hz), 7.37-7.46 (m, 3H, Ar), 7.62 (dd, 4H, A= 1.3 Hz,J = 5.3
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Hz), 7.84-7.92 (m, 2H, Ar), 8.09 (d, 1H, At= 7.8 Hz), 8.49 (d, 1H, A = 7.5 Hz), 11.85 (exch br s,
1H, NH).

5.2.50 N-(4-Bromophenyl)-2-(3-(3-methoxybenzyl)-1,4-dioxo-3-dihydro-phthalazin-

2(1H)-ylhacetamide (26)
O O

A suspension of the intermediadb (0.18 mmol), KCO; (0.36 mmol) and amid22 (0.27 mmol) in
anhydrous acetonitrile (1 mL) was stirred at reflax3 h. The solvent was then evaporated in vaoub
the mixture was puored into ice-cold water. Afteln &tirring in ice-bath, the precipitate was fiétdroff
and purified through two consecutive crystallizatisom ethanol. Yield = 45 %; mp = 178-80 °C
(EtOH).*H NMR (CDCk) 6 3.85 (s, 3H, OCH), 4.95 (s, 2H, I€H,-CsHs), 5.39 (s, 2H, NCBCO), 6.91
(d, 1H, Ar,J =8.5 Hz), 7.06 (s, 1H, Ar), 7.09 (d, 1H, Ars= 6.7 Hz), 7.34 (t, 1H, AJ = 7.6 Hz), 7.43 (s,
4H, Ar), 7.78 (t, 2H, ArJ = 4.8 Hz), 8.09-8.12 (m, 1H, Ar), 8.45-8.48 (m,,1&t), 8.80 (exch br s, 1H,
NH).

General Procedure for 27a,b.K,CO; (6.06 mmol) and tetrabutylammonium bromide (0.30
mmol) were added to a srirred solution4p®-dichloro-3(2H)-pyridazinone (3.03 mmol) in anhydrous
acetonitrile (3 mL). The appropriate benzyl chleri@- or 4-methoxybenzyl chloride) (4.54 mmol) was
added and the reaction was carried out at reflus{o h. The mixture was then allowed to cool damd
the solvent was evaporated in vacuo. Ice-cold wagsr added to the residue and after 1 h stirringan
bath, compound&7a,bwere filtered off and recrystallized from ethanol.

5.2.51 4,5-Dichloro-2-(4-methoxybenzyl)pyridazi3(2H)-one (27a)

\
o]

e

N—
o \

Cl Cl
Yield = 81 %; mp = 116-17 °C (EtOHH NMR (CDCk) ¢ 3.81 (s, 3H, OCH), 5.28 (s, 2H, NCh), 6.88
(d, 2H, Ar,J = 8.6 Hz), 7.42 (d, 2H, Ad = 8.5 Hz), 7.79 (s, 1H, Ar).
5.2.52 4,5-Dichloro-2-(3-methoxybenzyl)pyridazi3(2H)-one (27b)

Q(\

N—
o \

Cl Cl
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Yield = 60 %: mp = 80-82 °C (EtOHJH NMR (CDCk) & 3.82 (s, 3H, OCH), 5.31 (s, 2H, NCh), 6.87
(dd, 1H, Ar,J = 5.6 Hz,J = 2.6 Hz), 6.99-7.05 (m, 2H, Ar), 7.27 (t, 1H, Ar= 3.6 Hz), 7.80 (s, 1H, Ar).

General Procedure for 28a,bCompound7aor 27b (0.88 mmol) was added to a stirred solution
of Na° (1.76 mmol) in 3 mL of anhydrous methandheTreaction mixture was stirred for 1 h at room
temperature. After removal of the solvent in vacioe-cold water was added to the residue and the
precipitate was filtered off by suction and pufiey crystallization from ethanol.

5.2.53 4-Chloro-5-methoxy-2-(4-methoxybenzyl)pydazin-3(2H)-one (28a)

\
o]

o

Cl (o]
/

Yield = 53 %; mp = 135-37 °C (EtOH) NMR (CDCk) 6 3.80 (s, 3H, @H4-OCHs), 4.06 (s, 3H, OCH
pyridaz.), 5.31 (s, 2H, NCHl 6.87 (d, 2H, ArJ = 8.6 Hz), 7.42 (d, 2H, Ad = 8.6 Hz), 7.80 (s, 1H, Ar).
5.2.54  4-Chloro-5-methoxy-2-(3-methoxybenzyl)pydazin-3(2H)-one (28b)

Qo\
Oﬁ
Cl /O

Yield = 60 %; mp = 80-82 °C (EtOHJH NMR (CDCk) 6 3.81 (s, 3H, @Hs-OCHs), 4.07 (s, 3H, OCH
pyridaz.), 5.34 (s, 2H, NCH| 6.85 (dd, 1H, ArJ = 6.2 Hz,J = 1.89 Hz), 6.99 (s, 1H, Ar), 7.03 (d, 1H,
Ar, J=7.3 Hz), 7.26 (t, 1H, Ad = 7.9 Hz), 7.83 (s, 1H, Ar).

General Procedure for 29a,b.To the suspension a28a or 28b (0.71 mmol), Pd(PRy
[tetrakis(triphenylphosphine)palladium(0), 0.02 nmijremd 4-butoxyphenylboronic acid (1.07 mmol) in
toluene (2 mL), NgCOs; (1.42 mmol, 2 M in KO) was added and the mixture was stirred at retu2
h. Extra 4-butoxyphenylboronic acid (1.07 mmol) vaalsled and the reaction was refluxed for additional
3-6 h. The solvent was evaporated under vacuo, tleesuspension was diluted with ice-cold water and
extracted with CHCl,. The organic layer was dried over S, and the residue was purified by flash
column chromatography using cyclohexane/ethyl &e&4. as eluent.
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5.2.55 4-(4-Butoxyphenyl)-5-methoxy-2-(4-methokenzyl)pyridazin-3(2H)-one (29a)

Yield = 82 %; colorless oil'H NMR (CDCk) ¢ 0.99 (t, 2H, CHCHs, J = 7.4 Hz), 1.51 (sext, 2H,
CH,CHs, J = 7.6 Hz), 1.79 (quin, 2H, G&H,CH,, J = 6.9 Hz), 3.80 (s, 3H, E1,-OCHs), 3.89 (s, 3H,
OCH; pyridaz.), 4.01 (t, 2H, OCHlJ = 6.5 Hz), 5.31 (s, 2H, NG} 6.87 (d, 2H, ArJ = 8.6 Hz), 6.94 (d,
2H, Ar,J = 8.8 Hz), 7.48 (q, 4H, A = 8.0 Hz), 7.89 (s, 1H, Ar).

5.2.56 4-(4-Butoxyphenyl)-5-methoxy-2-(3-methokenzyl)pyridazin-3(2H)-one (29b)

Yield = 28 %; colorless oil'H NMR (CDCk) ¢ 0.99 (t, 2H, CHCHs, J = 7.4 Hz), 1.51 (sext, 2H,
CH,CHj3, J = 7.4 Hz), 1.79 (quin, 2H, GI&H,CH,, J = 6.9 Hz), 3.81 (s, 3H, dEl,-OCHj3), 3.90 (s, 3H,
OCH; pyridaz.), 4.00 (t, 2H, OCHJ = 6.5 Hz), 5.35 (s, 2H, NG} 6.84 (dd, 1H, ArJ=6.0 Hz,J= 2.3
Hz), 6.94 (d, 2H, ArJ = 8.7 Hz), 7.02 (s, 1H, Ar), 7.06 (d, 1H, Ar= 7.6 Hz), 7.26 (t, 1H, ArJ = 8.0
Hz), 7.51 (d, 2H, ArJ = 8.7 Hz), 7.91 (s, 1H, Ar).

General Procedure for 30a,b.To a suspension &7aor 27b (0.53 mmol), P@Il,[(C.Hs)sP]»
[trans-dichlorobis(triethylphosphine)palladium(11).05 mmol] and 4-butoxyphenylboronic acid (0.26
mmol) in DMF (2 mL), NaCO; (0.53 mmol, 1 M in KO) was added and the mixture was stirred at room
temperature for 6-12 h. The suspension was dilutiéid ice-cold water and extracted with gE,. The
organic layer was dried over p&0, and the residue was purified by flash column clatmgraphy using
CH.CI; (for 308 and CHCI,/MeOH/NH,OH 99:1:0.1 (for30b) as eluents.
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5.2.57 5-(4-Butoxyphenyl)-4-chloro-2-(4-methoxymzyl)pyridazin-3(2H)-one (30a)

Yield = 22 %; mp = 84-85 °C (EtOHJH NMR (CDChk) 6 1.01 (t, 2H, CHCHs, J = 7.4 Hz), 1.53 (sext,
2H, CH,CHg, J = 7.6 Hz), 1.82 (quin, 2H, GI&H,CH,, J = 6.8 Hz), 3.81 (s, 3H, OGH 4.03 (t, 2H,
OCH,, J = 6.5 Hz), 5.34 (s, 2H, NG} 6.90 (d, 2H, ArJ = 8.4 Hz), 7.01 (d, 2H, A = 8.6 Hz), 7.48
(dd, 4H, Ar,J = 5.9 Hz,J = 8.6 Hz), 7.78 (s, 1H, Ar).

5.2.58 5-(4-Butoxyphenyl)-4-chloro-2-(3-methoxynzyl)pyridazin-3(2H)-one (30b)

Yield = 14 %; mp = 73-75 °C (EtOH)H NMR (CDCk)  1.01 (t, 2H, CHCHs, J = 7.4 Hz), 1.53 (sext,
2H, CH,CHs, J = 7.5 Hz), 1.82 (quin, 2H, GI&H,CH,, J = 7.0 Hz), 3.83 (s, 3H, OG} 4.04 (t, 2H,
OCHp, J = 6.5 Hz), 5.38 (s, 2H, NGHi 6.88 (dd, 1H, Ar) = 5.7 Hz,J = 2.6 Hz), 7.02 (d, 2H, A = 8.8
Hz), 7.07 (s, 1H,Ar), 7.10 (d, 1H, AJ,= 7.6 Hz), 7.29 (t, 1H, Ar) = 8.0 Hz), 7.47 (d, 2H, Ad = 8.7
Hz), 7.79 (s, 1H, Ar).

5.2.59 4-ButoxyN-(6-methyl-3-oxo-2-phenyl-2,3-dihydropyridazin-4-y)benzamide (35)

9

o~y

H: C O/_/_
4-Butoxybenzoic acid (0.36 mmol) was converted itite corresponding chloride as follows: S@CI
(20.7 mmol) was added and the stirred suspensienca@led to 0 °C and treated withylEt(0.99 mmol).
After 4 h of reflux, the mixture was evaporatedratuo and the residue was washed with cyclohexane (
X 5 mL). The residue was dissolved in anhydrouseimé (5 mL), then added of compouddl (0.40
mmol) dissolved in anhydrous toluene (1 mL) angNHtL.48 mmol). After 4 h of reflux the solvent was

removed in vacuo, cold water was added and theoaiguayer was extracted with @€, (3 x 20 mL).

105



5. Experimental Chemistry

Evaporation of the organic solvent in vacuo gavesadue that was purified by column chromatography
(eluent: cyclohexane/ethyl acetate 3:1). Yield 287mp = 95-97 °C (EtOH). IR (cth 3269 (NH), 1682
(CO), 1644 (CO)H NMR (CDCk) ¢ 1.01 (t, 3H,CHCHs, J = 7.4 Hz), 1.53 (sext, 2H;H,CHs, J = 7.5
Hz), 1.82 (quin, 2H, CBCH,CH,, J = 7.0 Hz), 2.45 (s, 3H, 6-GH 4.06 (t, 2H, CHO, J = 6.5 Hz), 6.99
(d, 2H, Ar,J = 8.8 Hz), 7.43 (t, 1H, ArJ = 7.4 Hz), 7.52 (t, 2H, Ar) = 7.8 Hz), 7.65 (d, 2H, A = 7.7
Hz), 7.91 (d, 2H, ArJd = 8.8 Hz), 8.24 (s, 1H, Ar), 9.46 (exch br s, I¥4). MS (ESI) calcd. For
C2oH23N303, 377,44, Foundn/z378.18 [M + HJ.

5.2.60 4-(4-Butoxyphenylamino)-6-methyl-2-phengyridazin-3(2H)-one (36)

o

Q

To a suspension @4 (0.55 mmol), copper acetate (0.82 mmol) and 4bytbenylboronic acid (1.08
mmol) in CHCl, (2 mL), EgN (1.08 mmol) was added and the mixture was stiatedom temperature
for 12 h. The suspension was extracted with 15%aigsl ammonia (10 mL), and the organic layer was
washed with 10 mL of water and dried over,8@,. After removal of the solvent, the residue was
purified by column chromatography using as elugtahexane/ethyl acetate 3:1. The analytical sample
was obtained through a further purification perfednon silica gel preparative TLC (eluent:
cyclohexane/ethyl acetate 3:1). Yield = 16 %; mA37-139 °C (EtOH). IR (cf) 3275 (NH), 1633
(CO).'™H NMR (CDCk) 6 1.02 (t, 3H, CHCHs, J = 7.4 Hz), 1.54 (sext, 2HGH,CHs, J = 7.0 Hz), 1.81
(quin, 2H, CHCH,CH,), 2.31 (s, 3H, 6-Chj, 4.01 (t, 2H, CHO, J = 6.5 Hz), 6.40 (s, 1H, Ar), 6.97 (d,
2H, Ar,J = 8.9 Hz), 7.20 (d, 2H, Ad = 8.8 Hz), 7.41 (t, 1H, A = 7.4 Hz), 7.51 (t, 3H, Ar) = 7.7 Hz),
7.64 (d, 2H, ArJ = 8.0 Hz). MS (ESI) calcd. For,@423N30,, 349.43. Foundn/z350.19 [M + HJ.

5.2.61 1-(4-Butoxyphenyl)-3-(6-methyl-3-oxo-2-pingl-2,3-dihydro pyridazin-4-yl)urea (37)

H’\>—NH
0 Q
O‘/_/
To a cooled and stirred suspension3df(0.50 mmol) and anhydrous sodium acetate (1.20 ljnimo

anhydrous THF (5 mL), triphosgene (1.75 mmol) wddeal. The mixture was stirred for additional 10
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min at 0 °C and refluxed for 2 h. The solvent wasioved in vacuo, and the residue was dissolved in
anhydrous THF (2 mL). 4-Butoxyaniline (1.20 mmolasvadded and the mixture was stirred at room
temperature for 12 h. After dilution with ice-caldater, the suspension was extracted with@lE(3 x

20 mL). Removal of the solvent in vacuo affordectrade residue which was purified by column
chromatography using absolute EtOHACH/petroleum ether/toluene/33% ammonia 3.3:19.7:6:8.3

as eluent. Yield = 31 %; mp =189-191 °C (EtOH).(tR?) 3270 (NH), 3255 (NH), 1705 (CO), 1625
(CO).'™H NMR (CDCk) 6 1.01 (t, 3H, CHCHs, J = 7.4 Hz), 1.52 (sext, 2HCH,CHs, J = 7.4 Hz), 1.79
(quin, 2H, CHCH,CH,, J = 7.0 Hz), 2.40 (s, 3H, 6-G}) 3.95 (t, 2H, OCH J = 6.6 Hz), 6.70 (s, 4H,
Ar), 7.17 (t, 1H, ArJ = 7.5 Hz), 7.32 (t, 2H, AJ = 7.8 Hz), 7.61 (d, 2H, Ad =7.9 Hz), 8.11 (exch br s,
1H, NH), 8.14 (s, 1H, Ar), 9.33 (exch br s, 1H, NWN)S (ESI) calcd. For £H24N403, 392.45. Found:
m/z393.19 [M + HT.

General Procedure for 38a-c.To a stirred solution of compourgd (0.35 mmol) in anhydrous
toluene (2 mL), the proper aryl isocyanate (0.40atyrwas added. The mixture was refluxed for 4-7 h.
After cooling, the precipitate was collected bytsut and purified by crystallization from toluengsb
and 380). In the case 0B8a after cooling, cold water was added and the méxtuas extracted with
CH.CI; (3 x 20 mL). Removal of the solvent gave a resithat was purified by column chromatography
using CHCI,/CH3zOH 9.9:0.1 as eluent.

5.2.62 1-(4-lodophenyl)-3-(6-methyl-3-oxo-2-@myl-2,3-dihydropyridazin-4-yl)urea (38a)

Yield = 45 %; mp = 264-265 °C (EtOH/toluene). IR 3270 (NH), 3256 (NH), 1708 (CO), 1627
(CO).*H NMR (CDCk) ¢ 2.44 (s, 3H,Ch), 6.50 (d, 2H, ArJ = 8.7 Hz), 7.21 (t, 1H, Ar) = 7.5 Hz),
7.36-7.41 (m, 4H, Ar), 7.68 (d, 2H, A¥= 7.7 Hz), 8.15 (s, 1H, Ar), 8.41 (exch br s, N#{), 9.38 (exch
br s, 1H, NH). MS (ESI) calcd. For§15IN40,, 446.24. Foundn/z447.03 [M + HJ.

5.2.63 1-(4-Bromophenyl)-3-(6-methyl-3-oxo-2-phgh2,3-dihydropyridazin-4-yl)urea (38b)

O

—N,
o A

N
H
NH
(6]

Q

Br
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Yield = 50 %; mp = 263-265 °C (toluene). IR (&r8271 (NH), 3250 (NH), 1704 (CO), 1625 (Ch
NMR (CDChk) ¢ 2.43 (s, 3H,Ch), 6.60 (d, 2H, ArJ = 8.6 Hz), 7.19-7.22 (m, 3H, Ar), 7.38 (t, 2H, Ar,
= 7.8 Hz), 7.69 (d, 2H, AlJ = 7.9 Hz), 8.16 (s, 1H, Ar), 8.44 (exch, br, s,, NHH), 9.40 (exch br s, 1H,
NH). MS (ESI) calcd. For gH1sBrN4O», 399.24. Foundn/z399.05 [M].

5.2.64 1-(4-Chlorophenyl)-3-(6-methyl-3-oxo-2-pimgl-2,3-dihydropyridazin-4-yl)urea (38c)

Yield = 85 %; mp = 274-276 °C (toluene). IR (8269 (NH), 3255 (NH), 1705 (CO), 1626 (CEH
NMR (CDCk) ¢ 2.44 (s, 3H, Ch), 6.65 (d, 2H, Ar,J = 8.8 Hz), 7.07 (d, 2H, Ad = 8.8 Hz), 7.21 (t, 1H,
Ar, J=7.5Hz), 7.38 (t, 2H, ArJ = 7.9 Hz), 7.69 (d, 2H, Ad = 7.6 Hz), 8.16 (s, 1H, Ar), 8.43 (exch br
s, 1H, NH), 9.40 (exch br s, 1H, NH). MS (ESI) chlEor GgH15CIN4O,, 354.79. Foundn/z355.10 [M

+ HJ".

General Procedure for 42a-m.To a stirred solution of the suitable commerciabailable or
synthesizedy-keto acid (1.00 mmol) in EtOH (2 mL), hydrazinedmgte (1.00 mmol) was added
dropwise. The mixture was heated at 60 °C for 1-&fter cooling, the precipitate was collected by
suction and purified by recrystallization altermaty from toluene or ethanol.

5.2.65 6-(4-Fluorophenyl)-4,5-dihydropyridazin-8H)-one (42j)

HN—
o ) F

Yield = 95 %; mp = 192-93 °C (EtOH)H NMR (CDCk) 6 2.64 (dd, 2H, COH,CHy, J = 1.2 Hz,J =
7.9 Hz), 3.00 (dd, 2H, COGBH,, J = 1.2 Hz,J = 7.3 Hz), 7.13 (qd, 2H, Ad = 1.8 Hz,J = 4.7 Hz),
7.72-7.76 (qd, 2H, ArJ = 0.4 Hz,J = 3.1 Hz), 8.51 (exch br s, 1H, NH).

5.2.66 4-(3-Methoxybenzyl)-6-methylpyridazin-3#)-one (43)

To 7 mL of KOH in absolute EtOH (5%, w/v}2d (1.79 mmol) and 3-methoxybenzaldehyde (1.79
mmol) were added. The reaction was carried out wstlging for 3 h. After cooling, the mixture was

concentrated in vacuo, diluted with cold water (B)mL) and acidified with 2 N HCI. The suspension
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was extracted with C}l, (3 x 15 mL). The organic phase was dried @) and evaporated in vacuo
to afford compoundt3, which was purified by flash column chromatograptsing cyclohexane/ethyl
acetate 1:1 as eluent. Yield = 61 %; mp =133-134FEtOH). *H NMR (CDCk) 6 2.26 (s, 3H, 6-Ch),
3.82 (s, 3H, OCH), 3.90 (s, 2HCH,-Ar), 6.73 (s, 1H, Ar), 6.82-6.86 (m, 3H, Ar), 7&7.28 (m, 1H,
Ar).

5.2.67 [5-(3-Methoxybenzyl)-3-methyl-6-oxo+é-pyridazin-1-yl]-acetic acid ethyl ester (44)

Q

jas
N—N

o A

RN

A mixture of43 (1.13 mmol), KCO; (2.26 mmol), and ethyl bromoacetate (3.40 mmolCH;CN (3
mL) was refluxed under stirring for 6 h. The mixwvas then concentrated in vacuo, diluted with cold
water, and extracted with GAl, (3 x 15 mL). The solvent was evaporated in vaau @ompoundi4
was purified by column chromatography using cyckame/ethyl acetate 1:1 as eluent. Yield = 98 %; oil
'H NMR (CDCh) 6 1.29 (t, 3H, CHCHs, J = 7.1 Hz), 2.22 (s, 3H, 3-G{ 3.80 (s, 3H, OCH), 3.86 (s,
2H, CHz-Ar), 4.22-4.25 (m, 2H, GH,CHs), 4.85 (s, 2H, NCKCO), 6.67 (s, 1H, Ar), 6.78-6.82 (m, 3H,
Ar), 7.26 (t, 1H, ArJ =7.8 Hz).

5.2.68 [5-(3-Methoxybenzyl)-3-methyl-6-oxo+s-pyridazin-1-yl]-acetic Acid (45)

A suspension o#4 (0.5 mmol), 6 N NaOH (6 mL) and ethanol (2 mL) vesisred at rt to 80 °C for 1 h.
The mixture was then concentrated in vacuo, dilwtgt cold water and acidified with 6 N HCI. The
final product45 was filtered off with suction and recrystallizedrh ethanol. Yield = 97 %; mp =194-195
°C (EtOH).'H NMR (DMSO-a) § 2.21 (s, 3H, 3-Ch), 3.72 (s, 3H, OCH), 3.76 (s, 2HCH-Ar), 4.69
(s, 2H, NCHCO), 6.79-6.85 (m, 3H, Ar), 7.07 (s, 1H, Ar), 7@21H, Ar,J = 7.8 Hz).

General Procedure for 46a-s.To a cooled (-5 °C) and stirred solution of compabd5 (0.35
mmol) in anhydrous tetrahydrofuran (3-5 mL)gMEt(1.22 mmol) was added. After 30 min, the mixture
was allowed to warm up to 0 °C and ethyl chlorofaten (0.38 mmol) was added. After 1 h, the
appropriate substituted aryl(cycloalkyl)amine (timhol), was added and the reaction was carried tout a

room temperature for 12 h. The mixture was thercentrated in vacuo, diluted with cold water (20-30
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mL) and extracted with Ci€l, (3 x 15 mL). The solvent was evaporated to affordl compoundgi6a-
s, which were purified by column chromatography gstyclohexane/ethyl acetate 1:1 as eluent for
compounds46a,d,e,g-m,p,q toluene/NHOH/EtOH/CHCl,/petroleum ether 7:0.05:0.30:2: 0.65 for
compounds46b,G cyclohexane/ethyl acetate 1:2 for compoud€@gn,o,r, CH,Cl/ CH3;OH 9.5:0.5 for
compound46s

5.2.69 N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxo-6H-pyridazin-1-
yl]-acetamide (46a)

ot N\

Q
Yield = 86 %; mp = 171-172 °C (EtOH). IR (3300 (NH), 1708 (CO), 1644 (COH NMR (CDCk)
0 2.20 (s, 3H, 3-Ch), 3.70 (s, 3H, OCH), 3.73 (s, 2HCH,-Ar), 4.80 (s, 2H,NCHCO), 6.77-6.82 (m,
3H, Ar), 7.13 (s, 1H, Ar), 7.20 (t, 1H, A = 8.0 Hz), 7.47 (s, 4H, Ar). MS (ESI) calcd. For
C21H20BrNsOs, 442.31. Foundn/z442.08 [MT.

5.2.70 N-(3-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxo-6H-pyridazin-1-
yl]-acetamide (46b)

Yield = 85 %; mp = 73-75 °C (EtOH). IR (¢}h3295 (NH), 1708 (CO), 1642 (COH NMR (CDCk) &
2.30 (s, 3H, 3-CHh), 3.80 (s, 3H, OCH, 3.92 (s, 2HCH,-Ar), 4.95 (s, 2H, NCKCO), 6.80-6.86 (m, 4H,
Ar), 7.14 (t, 1H, ArJ = 8.0 Hz), 7.22 (m, 1H, Ad = 8.2 Hz), 7.27- 7.31 (m, 1H, Ar), 7.39 (d, 1H, Ar
= 8.0 Hz), 7.77 (s, 1H, Ar), 9.05 (exch br s, 1HHNMS (ESI) calcd. For £H2,0BrN3;O3, 442.31. Found:
m/z441.11. [M - HJ.

5.2.71 N-(2-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxo-6H-pyridazin-1-
yl]-acetamide (46c¢)
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Yield = 80 %; oil. IR (crit) 3300 (NH), 1708 (CO), 1644 (COH NMR (CDCh) ¢ 2.30 (s, 3H, 3-Ch),
3.82 (s, 3H, OCh), 3.92 (s, 2HCH,-Ar), 5.00 (s, 2H, NChKCO), 6.76 (s, 1H, Ar), 6.80-6.86 (m, 3H,
Ar), 7.00 (t, 1H, ArJ = 7.7 Hz), 7.27-7.34 (m, 2H, Ar), 7.52 (d, 1H, Ars 8.0 Hz), 8.36 (d, 1H, Ad =
8.2 Hz), 8.54 (exch br s, 1H, NH). MS (ESI) calEdr GiH20BrN3;Os, 442.31. Foundn/z443.08. [M +
H]™.

5.2.72 N-(4-Fluorophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-60xo-6H-pyridazin-1-
yl]-acetamide (46d)

Yield = 97 %; mp = 145-147 °C (EtOH). IR (n3300 (NH), 1707 (CO), 1643 (COH NMR (CDCk)
0 2.30 (s, 3H, 3-Ck), 3.80 (s, 3H, OCH), 3.90 (s, 2HCH,-Ar), 4.95 (s, 2H, NChKCO), 6.80-6.84 (m,
4H, Ar), 6.90 (t, 2H, ArJ = 8.7 Hz), 7.25-7.29 (m, 1H, Ar), 7.39-7.42 (m,,2kt), 9.21 (exch br s, 1H,
NH). MS (ESI) calcd. For §H,0FNzOs, 381.40. Foundn/z382.16 [M + HJ.

5.2.73 N-(4-Chlorophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-6oxo0-6H-pyridazin-1-
yl]-acetamide (46€)

H
(e

N—N.

o N\

Q
\

Yield = 86 %; mp = 170-171 °C (EtOH). IR (€n3296 (NH), 1705 (CO), 1644 (COH NMR (CDCk)
0 2.30 (s, 3H, 3-C#), 3.80 (s, 3H, OCH, 3.90 (s, 2HCH,-Ar), 4.95 (s, 2H, NCHCO), 6.79 (s, 1H, Ar),
6.80-6.85 (m, 3H, Ar), 7.16 (d, 2H, A},= 8.8 Hz), 7.25-7.29 (m, 1H, Ar), 7.38 (d, 2H, Ars 8.8 Hz),
9.28 (exch br s, 1H, NH). MS (ESI) calcd. ForzCIN3Os, 397.85. Foundmn/z398.13 [M + HJ.

5.2.74 N-(4-lodophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-6-g0o-6H-pyridazin-1-yl]-
acetamide(46f)

Yield = 99 %; mp = 179-180 °C (EtOH). IR (3300 (NH), 1707 (CO), 1645 (COH NMR (CDCk)
0 2.30 (s, 3H, 3-Ch), 3.79 (s, 3H, OCH), 3.88 (s, 2HCH,-Ar), 4.95 (s, 2H, NChLCO), 6.78-6.84 (m,
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4H, Ar), 7.17 (d, 2H, ArJ = 8.7 Hz), 7.24-7.28 (m, 1H, Ar), 7.45 (d, 2H, A 8.7 Hz), 9.41 (exch br s,
1H, NH). MS (ESI) calcd. For GH20IN30s, 489.31. Foundn/z490.06 [M + HJ.

5.2.75 2-[5-(3-Methoxybenzyl)-3-methyl-6-oxo#b-pyridazin-1-yl]- N-phenyl-
acetamide(469)

:
>—N
N—N

o \

(o]
\

Yield = 97 %; oil. IR (crit) 3295 (NH), 1708 (CO), 1644 (COH NMR (CDCk) 6 2.28 (s, 3H, 3-Ch),
3.81 (s, 3H, OCH), 3.91 (s, 2HCH,-Ar), 4.96 (s, 2H, NCHKCO), 6.78-6.86 (m, 4H, Ar), 7.08 (t, 1H, Ar,
J = 7.4 Hz), 7.26-7.30 (m, 3H, Ar), 7.50 (d, 2H, Ar= 8.0Hz), 8.93 (exch br s, 1H, NH). MS (ESI)
calcd. For GiH,1N3Os, 363.41. Foundm/z364.16 [M + HT.

5.2.76 2-[5-(3-Methoxybenzyl)-3-methyl-6-oxo#b-pyridazin-1-yl]- N-4-tolyl-
acetamide(46h)

Yield = 78 %; mp =142-144 °C (EtOH). IR (€n3300 (NH), 1708 (CO), 1644 (COH NMR (CDCk)
0 2.28 (s, 3H, 3-Ch), 2.30 (s, 3H,CHs-Ar), 3.81 (s, 3H, OCH), 3.90 (s, 2H,CH,-Ar), 4.94 (s, 2H,
NCH,CO), 6.76 (s, 1H, Ar), 6.80-6.86 (m, 3H, Ar), 7.@B 2H, Ar,J = 8.3 Hz), 7.26-7.30 (m, 1H, Ar),
7.38 (d, 2H, ArJd = 8.4 Hz), 8.82 (exch br s, 1H, NH). MS (ESI) chlEor G,H23N30s, 377.44. Found:
m/z378.18 [M + HJ.

5.2.77 N-(4-tert-Butylphenyl)-2-[5-(3-methoxybenzyl)-3-metlyl-6-oxo-6H-pyridazin-
1-yl]-acetamide(46i)

:
>‘—N
N—N

o N

o]
\

Yield = 95 %; mp = 54-56 °C (EtOH). IR (¢h3296 (NH), 1705 (CO), 1644 (COH NMR (CDCk) 6
1.30 (s, 9H, QCHa)s), 2.27 (s, 3H, 3-CH), 3.81 (s, 3H, OCH), 3.90 (s, 2HCH-Ar), 4.96 (s, 2H,
NCH,CO), 6.76 (s, 1H, Ar), 6.80 (s, 1H, Ar), 6.81-686, 2H, Ar), 7.26-7.30 (m, 3H, Ar), 7.43 (d, 2H,
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Ar, J = 8.6 Hz), 8.88 (exch br s, 1H, NH). MS (ESI) chl&or GsHzgN303, 419.52. Foundm/z420.22
[M + H]".

5.2.78 2-[5-(3-Methoxybenzyl)-3-methyl-6-oxotb-pyridazin-1-yl]- N-(4-
methoxyphenyl)-acetamidg46j)

}H /
N—< >—o
N—
\

Yield = 75 %; mp = 65-67 °C (EtOH). IR (¢}h3300 (NH), 1705 (CO), 1644 (COH NMR (CDCk) &
2.28 (s, 3H, 3-Ch), 3.80 (s, 3H, OCkJ, 3.81 (s, 3H, OCH), 3.91 (s, 2H,CHx-Ar), 4.94 (s, 2H,
NCH,CO), 6.77 (s, 1H, Ar), 6.80 (s, 1H, Ar), 6.81-6@6, 4H, Ar), 7.27-7.30 (m, 1H, Ar), 7.42 (d, 2H,
Ar, J=8.9 Hz), 8.71 (exch br s, 1H, NH). MS (ESI) chl&or G,;H23N30,, 393.44. Foundm/z394.18
[M + H]".

5.2.79 N-(4-Butoxyphenyl)-2-[5-(3-methoxybenzyl)-3-methyl-6xo-6H-pyridazin-1-
yl]-acetamide (46Kk)

Yield = 73 %:; oil. IR (cri) 3300 (NH), 1708 (CO), 1645 (COJH NMR (CDCk) § 0.99 (t, 3H,
O(CH,)3CHa, J = 7.5 Hz), 1.50 (sext, 2H, OGHH,CH,, J = 7.5 Hz), 1.76 (quin, 2H, OGBH,CH,, J =
7.0 Hz), 2.28 (s, 3H, 3-CH) 3.81 (s, 3H, OCHJ, 3.90 (s, 2HCH,-Ar), 3.93 (t, 2H, @H,CH,CH,, J =
6.5 Hz), 4.94 (s, 2H, NCILO), 6.76 (s, 1H, Ar), 6.80-6.86 (m, 5H, Ar), 7.280 (m, 1H, Ar), 7.40 (d,
2H, Ar,J = 8.9 Hz), 8.76 (exch br s, 1H, NH). MS (ESI) chl€or GsHzgN30,4, 435.52. Foundm/z
436.23 [M + HJ.

5.2.80 N-(3,4-Dimethoxyphenyl)-2-[5-(3-methoxybenzyl)-3-méiyl-6-0x0-6H-

pyridazin-1-yl]-acetamide (46 I)
ot
N (e]
N—N o—
o A\

C\
Yield = 74 %; mp = 57-59 °C (EtOH). IR (¢h3298 (NH), 1708 (CO), 1640 (COH NMR (CDCk) &
2.29 (s, 3H, 3-Ch), 3.80 (s, 3H, OCH), 3.83 (s, 3H, OCH), 3.84 (s, 3H, OCH, 3.90 (s, 2HCH,-A),
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4.95 (s, 2H, NCHCO), 6.72 (d, 1H, ArJ = 8.6 Hz), 6.78 (s, 2H, Ar), 6.82-6.88 (m, 3H, Ar)25-7.29
(m, 1H, Ar), 7.32 (d, 1H, ArJ = 2.2 Hz), 8.93 (exch br s, 1H, NH). MS (ESI) chl€or G3H25N30s,
423.46. Foundm/z424.19 [M + HJ.

5.2.81 N-Benzo-1,3-dioxol-5-yl-2-[5-(3-methoxybenzyl)-3-mhayl-6-oxo-6H-pyridazin-

jsgee

1-yl]-acetamide(46m)

qQ
Yield = 98 %; oil. IR (cri) 3300 (NH), 1707 (CO), 1643 (COH NMR (CDCk) 6 2.28 (s, 3H, 3-Ch),
3.81 (s, 3H, OCh), 3.89 (s, 2HCH,-Ar), 4.93 (s, 2H, NCHKCO), 5.92 (s, 2H, O-CHO), 6.65 (d, 1H,
Ar, J=8.3 Hz), 6.77-6.85 (m, 5H, Ar), 7.21 (d, 1H, Arx 2.0 Hz), 7.25-7.29 (m, 1H, Ar), 9.04 (exch br
s, 1H, NH). MS (ESI) calcd. ForsgH21N3sOs, 407.42. Foundm/z408.16 [M + HJ.

5.2.82 2-[5-(3-Methoxybenzyl)-3-methyl-6-ox0-6H-pydazin-1-yl]- N-(4-trifluoro
methylphenyl)-acetamide(46n)

Q H F
N F
E
3

Yield = 80 %; mp = 175-176 °C (EtOH). IR (&€n3297 (NH), 1708 (CO), 1646 (COH NMR (CDCk)
0 2.33 (s, 3H, 3-CH), 3.79 (s, 3H, OCHj, 3.91 (s, 2HCH,-Ar), 5.00 (s, 2H, NChKCO), 6.81-6.85 (m,
3H, Ar), 6.89 (s, 1H, Ar), 7.25-7.29 (m, 1H, Ar).38 (d, 2H, Ar,J = 8.7 Hz), 7.47 (d, 2H, ArJ = 8.7
Hz), 9.62 (exch br s, 1H, NH). MS (ESI) calcd. EagHo0F3Nz03, 431.41. Foundm/z432.16 [M + HJ.

5.2.83 2-[5-(3-Methoxybenzyl)-3-methyl-6-oxo#b-pyridazin-1-yl]- N-(4-trifluoro
methoxyphenyl)-acetamide (460)

Yield = 87 %; mp = 168-169 °C (EtOH). IR (&n3300 (NH), 1708 (CO), 1644 (COH NMR (CDCk)
0 2.31 (s, 3H, 3-Ch), 3.78 (s, 3H, OCH), 3.89 (s, 2HCH,-Ar), 5.00 (s, 2H, NChLCO), 6.79-6.83 (m,
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3H, Ar), 6.87 (s, 1H, Ar), 7.00 (d, 2H, Al,= 8.6 Hz), 7.24- 7.28 (m, 1H, Ar), 7.41 (d, 2H, Ar= 9.0
Hz), 9.54 (exch br s, 1H, NH). MS (ESI) calcd. EagHo0F3N3O,, 447.41. Foundm/z448.15 [M + HJ.

5.2.84 2-[5-(3-Methoxybenzyl)-3-methyl-6-oxopyridan-1(6H)-yl]- N-[4-(methylthio)
phenyl]lacetamide(46p)

}H /
N—< >—s
N—
\

Yield = ~ 100 %; mp = 166-167 °C (EtOH). IR (¢n3285 (NH), 1720 (CO), 1634 (COM NMR
(CDCl) ¢ 2.28 (s, 3H, 3-Ch), 2.45 (s, 3H, SC¥), 3.80 (s, 3H, OCBHJ, 3.89 (s, 2HCH,-Ar), 4.958 (s,
2H, NCH,CO), 6.79-6.85 (m, 4H, Ar), 7.12-7.15 (m, 1H, AF)27 (t, 1H, ArJ = 7.8 Hz), 7.39 (dd, 2H,
Ar, J=5.0 Hz), 9.13 (exch br s, 1H, NH).

5.2.85 N-(4-Cyanophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-&xo-6H-pyridazin-1-
yl]-acetamide (46q)

O,
e
o \

q
Yield = 55 %; mp = 156-158 °C (EtOH). IR (€n3285 (NH), 2221 (CN), 1716 (CO), 1644 (CEH
NMR (CDCk) ¢ 2.32 (s, 3H, 3-Ck), 3.80 (s, 3H, OCHJ, 3.91 (s, 2HCH,-Ar), 4.98 (s, 2H, ITH,CO),
6.80-6.88 (m, 4H, Ar), 7.26-7.30 (m, 1H, Ar), 7.3G%7 (m, 4H, Ar), 9.60 (exch br s, 1H, NH). MS (ESI
calcd. For GoHooN4Os, 388.42. Foundm/z389.16 [M + HT.

5.2.86 2-[5-(3-Methoxybenzyl)-3-methyl-6-oxo+b-pyridazin-1-yl]- N-(4-nitrophenyl)-

acetamide(46r)

H
YD
-
N\

Yield = 49 %; mp = 165-166 °C (EtOH). IR (€n3298 (NH), 1708 (CO), 1644 (COH NMR (CDCk)

0 2.34 (s, 3H, 3-CH), 3.79 (s, 3H, OCHj, 3.92 (s, 2HCH,-Ar), 5.01 (s, 2H, NCKCO), 6.80-6.84 (m,
3H, Ar), 6.94 (s, 1H, Ar), 7.25-7.28 (m, 1H, An.49 (d, 2H, Ar,J = 9.2 Hz), 7.99 (d, 2H, AJ = 9.2

Hz), 9.92 (exch br s, 1H, NH). MS (ESI) calcd. B3tH20N40s, 408.41. Foundn/z409.15 [M + HJ.
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5.2.87 4-(3-Methoxybenzyl)-6-methyl-2-[2-(4-methpiperazin-1-yl)-2-oxo-ethyl]-
pyridazin-3(2H)-one (46s)
/ N\
?L'\_/N_

Yield = 62 %; oil. IR (crt) 1673 (CO), 1644 (CO¥H NMR (CDCh) J 2.25 (s, 3H, 3-CH), 2.55 (s, 3H,
CHsN), 2.74-2.81 (m, 4H, Ar), 3.77-3.82 (m, 7H (4H,;AH, OCH)), 3.87 (s, 2HCH,-Ar), 4.96 (s, 2H,
NCH,CO), 6.69 (s, 1H, Ar), 6.80 (s, 1H, Ar), 6.82-6.8B, 2H, Ar), 7.26-7.30 (m, 1H, Ar). MS (ESI)
calcd. For GoHo6N4Os, 370.45. Foundm/z371.21 [M + HI.

General procedure for 47a-0.To 8 mL of KOH in absolute EtOH (5%, w/v), the appriate
compound of typet2 (42a-c,e-j,) (1.39 mmol) and 3- or 4-methoxybenzaldehyde (In88ol) were
added. The mixture was refluxed under stirring¥e8 h. After cooling, the mixture was concentraited
vacuo, diluted with cold water (10-15 mL) and aftetl with 2 N HCIl. For compoundg7a-e the
suspension was extracted with £H (3 x 15 mL). Removal of the solvent afforded theaf
compounds, which were purified by column chromadpbsy using respectively cyclohexane/ethyl acetate
1:1 (for47a,9, 2:1 (for47b,g and 1:3 (ford7d) as eluent. On the contrary, compoudds$-o, after 1 h
stirring in ice-bath, were filtered off by suctimom the acidic solutions and recrystallized frotnamol.

5.2.88 6-Ethyl-4-(3-methoxybenzyl)pyridazin-3()-one (47a)

Yield = 20 %; colorless oitH NMR (CDCk) 6 1.18 (t, 3H, CHCHs, J = 7.5 Hz), 2.55 (g, 2HCH,CHs,
J=17.6 Hz), 3.83 (s, 3H, OG}H 3.90 (s, 2H, eHs-CHy), 6.75 (s, 1H, Ar), 6.82-6.86 (m, 3H, Ar), 7.29 (t
1H, Ar,J=7.8 Hz), 11.12 (exch br s, 1H, NH).

5.2.89 6-Isopropyl-4-(3-methoxybenzyl)pyridazir8(2H)-one (47b)

Yield = 44 %; colorless oil'H NMR (CDCk) ¢ 1.19 (d, 6H, CKCHs),, J = 8.3 Hz), 2.83 (sept, 1H,
CH(CHgs)2, J = 8.3 Hz), 3.83 (s, 3H, OGH 3.91 (s, 2H, €Hs-CH,), 6.83-6.87 (m, 4H, Ar), 7.29 (t, 1H,
Ar, J=8.0 Hz).
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5.2.90 6-Cyclohexyl-4-(3-methoxybenzyl)pyridaz#3(2H)-one (47¢)

Yield = 96 %; colorless oil*H NMR (CDCk) ¢ 1.28-1.37 (m, 4H, 2 x CHcyclohexyl), 1.62-1.83 (m,
6H, 3 x CH cyclohexyl), 2.35-2.45 (m, 1H, CH cyclohexyl), 3.8, 3H, OCH), 3.88 (s, 2H, €Hs-
CHy), 6.34-6.88 (m, 2H, Ar), 6.97 (d, 2H, Ar= 7.3 Hz), 7.30 (t, 1H, AJ = 8.0 Hz).

5.2.91 4-(3-Methoxybenzyl)pyridazin-3(R)-one (47d)

Yield = 27 %; colorless oiltH NMR (CDCk) 6 3.83 (s, 3H, OCH), 3.92 (s, 2H, €Hs-CH,), 6.81-6.89
(m, 4H, Ar), 7.29 (t, 2H, Ar) = 8.1 Hz), 7.77 (d, 1H, Ad = 4.0 Hz).
5.2.92 4-(3-Methoxybenzyl)-6-phenylpyridazin-3@)-one (47¢€)

HN™N

Yield = 45 %; mp = 103-05 °C (EtOH)H NMR (CDCh) 6 3.84 (s, 3H, OCH), 4.00 (s, 2H, €Hs4-CHy),
6.85-6.92 (m, 3H, Ar), 6.96 (d, 2H, A= 8.5 Hz), 7.28-7.38 (m, 2H, Ar), 7.43-7.45 (m,, ), 7.69-
7.71 (m, 1H, Ar).
5.2.93 4-(4-Methoxybenzyl)-6-(thiophen-2-yl)pydazin-3(2H)-one (47f)
HN™

s
o U

je
Yield = 97 %; mp = 125-26 °C (EtOH) NMR (CDCkL) ¢ 3.84 (s, 3H, OCH), 3.94 (s, 2H, gHs-CHy),
6.91-6.98 (m, 3H, Ar), 7.03-7.08 (m, 1H, Ar), 7.225 (m, 2H, Ar), 7.31-7.33 (m, 1H, Ar), 7.36 (4,2
Ar, J=6.5 Hz).

5.2.94 4-(3-Methoxybenzyl)-6-(thiophen-2-yl)pydazin-3(2H)-one (479)
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Yield = 97 %; mp = 132-34 °C (EtOH) NMR (CDCkL) ¢ 3.84 (s, 3H, OCH), 3.97 (s, 2H, gHs-CHy),
6.86-6.90 (m, 3H, Ar), 7.05 (dd, 1H, Ar= 1.1 Hz,J = 3.8 Hz), 7.24-7.33 (m, 3H, Ar), 7.37 (d, 2H, Ar,
=5.1 Hz).

5.2.95 4-(3-Methoxybenzyl)-6-(4-methoxyphenyl)piazin-3(2H)-one (47i)

Yield = 99 %; mp = 150-152 °C (EtOHH NMR (CDCk) ¢ 3.83 (s, 3H, €Hs-OCHs), 3.86 (s, 3H, Cht
CeH4-OCHg), 3.98 (s, 2H, €H4-CHy), 6.86 (d, 1H, ArJ = 7.0 Hz), 6.95 (d, 2H, AiJ = 7.6 Hz), 7.30-
7.32 (m, 2H, Ar), 7.62 (d, 2H, Ad,= 8.8 Hz).

5.2.96 6-(4-Chlorophenyl)-4-(3-methoxybenzyl)pydazin-3(2H)-one (47k)

Yield ~ 100 %; mp = 164-166 °C (EtOH} NMR (CDCk) 6 3.83 (s, 3H, OCH), 3.98 (s, 2H, ¢Hs-
CHy), 6.86-6.90 (m, 3H, Ar), 7.29-7.33 (m, 2H, Ar)4@.(d, 2H, Ar,J = 8.6 Hz), 7.62 (d, 2H, AJ = 8.8
Hz).

5.2.97 4-(3-Methoxybenzyl)-g-tolylpyridazin-3(2H)-one (47m)

Yield = 98 %; mp = 138-140 °C (EtOHJH NMR (CDCk) ¢ 2.40 (s, 3H, @H,-CHs), 3.83 (s, 3H,
OCHg), 3.98 (s, 2H, €H4-CHy), 6.86 (d, 2H, ArJ = 6.7 Hz), 6.91 (s, 1H, Ar), 7.24 (d, 2H, Ar= 8.0
Hz), 7.30-7.33 (m, 1H, Ar), 7.35 (s, 1H, Ar), 7.68 2H, Ar,J = 8.3 Hz).

5.2.98 6-(4-Fluorophenyl)-4-(4-methoxybenzyl)pydazin-3(2H)-one (47n)

Yield = 70 %; mp = 106-108 °C (EtOH}H NMR (CDCk) 6 3.84 (s, 3H, OCH), 3.94 (s, 2H, ¢Hq-
CHy), 6.92 (d, 2H, ArJ = 5.0 Hz), 7.12 (d, 2H, A = 8.4 Hz), 7.22 (d, 2H, AJ = 8.4 Hz), 7.65-7.69
(m, 2H, Ar).
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5.2.99 6-(4-Fluorophenyl)-4-(3-methoxybenzyl)pydazin-3(2H)-one (470)

Yield = 70 %; mp = 106-108 °C (EtOH)H NMR (CDCk)  3.83 (s, 3H, OCH), 3.98 (s, 2H, ¢Hs
CH,), 6.86-6.91 (m, 3H, Ar), 7.12 (t, 2H, Al= 8.5 Hz), 7.29-7.33 (m, 2H, Ar), 7.66-7.69 (m,, 2).

General procedure for 48a-0 A mixture of the appropriate intermediaé (47a-9 (1.34 mmol),
K2COs (2.68 mmol), and ethyl bromoacetate (2.01 mmolEHCN (8 mL) was refluxed under stirring
for 1-3 h. The mixture was then concentrated irueadiluted with cold water and extracted with £CiH
(3 x 15 mL). The solvent was evaporated in vacud emmpounds48a-o were purified by column
chromatography using cyclohexane/ethyl acetata2 dluent.

5.2.100 Ethyl-2-[3-ethyl-5-(3-methoxybenzyl)-6-oxgpidazin-1(6H)-yl]acetate (48a)

Yield = 98 %:; oil.'H NMR (CDCk) 6 1.15 (t, 3H, CHCHs, J = 4.1 Hz), 1.30 (t, 3H, OCi€Hs, J = 6.9
Hz), 2.53 (q, 2H,CH,CHs, J = 7.6 Hz), 3.82 (s, 3H, OG} 3.88 (s, 2H,CHx-Ar), 4.26 (q, 2H,
OCH,CHs, J = 7.1 Hz), 4.87 (s, 2H, NGI€0), 6.72 (s, 1H, Ar), 6.80-6.85 (m, 3H, Ar), 7.@81H, Ar,J
= 6.2 Hz).

5.2.101 Ethyl-2-[3-isopropyl-5-(3-methoxybeyl)-6-oxopyridazin-1(6H)-yl]acetate (48b)

Yield = 93 %; oil.'H NMR (CDCE) § 1.15 (d, 6H, CKCHs),, J = 6.9 Hz), 1.28-1.32 (m, 3H, OGEHs),
2.73-2.83 (M, IHCH(CHs)y), 3.81 (s, 3H, OCH), 3.89 (s, 2HCH,-Ar), 4.23-4.28 (m, 2H, OH,CH),
4.86 (s, 2H, NCHCO), 6.77 (s, 1H, Ar), 6.80-6.84 (m, 3H, Ar), 7@71H, Ar,J = 7.8 Hz).
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5.2.102 Ethyl-2-[3-cyclohexyl-5-(3-methoxybexl)-6-oxopyridazin-1(6H)-yl]acetate (48c)

Yield = 58 %; oil."H NMR (CDCk) ¢ 1.28-1.34 (m, 9H, 3 x Crtyclohexyl + OCHCHz), 1.70-1.82 (m,
4H, 2 x CH cyclohexyl), 2.42-2.51 (m, 1H, CH cyclohexyl), 3.8, 3H, OCH), 3.89 (s, 2HCH,-Ar),
4.23-4.29 (m, 2H, OH,CHj3), 4.87 (s, 2H, NCKCO), 6.76 (s, 1H, Ar), 6.80-6.95 (m, 3H, Ar), 7.@it,
1H, Ar,J=11.7 HzJ = 2.0 Hz).

5.2.103 Ethyl-2-[5-(3-methoxybenzyl)-6-oxopyridazifl(6H)-yl]acetate (48d)

o /—
2¥o

N—N
o \

/
o

Yield = 47 %; oil.'"H NMR (CDCk) § 1.31 (t, 3H, CHCHs, J = 7.1 Hz), 3.82 (s, 3H, OGH 3.91 (s, 2H,
CHz-Ar), 4.27 (q, 2H, @H,CHs, J = 7.2 Hz), 4.92 (s, 2H, NGI€0), 6.79-6.80 (m, 2H, Ar), 6.83 (d, 2H,
Ar, J=7.8 Hz), 7.28 (t, 1H, A = 8.0 Hz), 7.67 (d, 1H, Ad = 4.1 Hz).

5.2.104 Ethyl-2-[5-(3-methoxybenzyl)-6-oxo-3-phenyyridazin-1(6H)-yl]acetate (48e)

Yield = 47 %; oil.'H NMR (CDCk) ¢ 1.29-1.33 (td, 3H, CkCHs, J = 6.8 Hz,J = 1.9 Hz), 3.80 (s, 3H,
OCHg), 3.95 (s, 2HCH,-Ar), 4.27 (q, 2H, @H,CH3, J = 7.1 Hz), 4.99 (s, 2H, NGI€O), 6.81-6.89 (m,
3H, Ar), 6.92-94 (m, 2H, Ar), 7.24-7.31 (m, 2H, AP.40-7.42 (m, 2H, Ar), 7.66-7.68 (m, 1H, Ar).

5.2.105 Ethyl-2-[5-(4-methoxybenzyl)-6-oxo-3-(thidpen-2-yl)pyridazin-1(6H)-
ylJacetate (48f)
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Yield = 91 %:; mp = 127-29 °C (EtOH)H NMR (CDCk) 6 1.32 (t, 3H, CHCHs, J = 6.9 Hz), 3.84 (s,
3H, OCH), 3.93 (s, 2HCH,-Ar), 4.28 (q, 2H, @H,CH3, J = 7.1 Hz), 4.94 (s, 2H, NGI€O), 6.92 (d,
2H, Ar,J=8.0 Hz), 7.03 (t, 1H, A = 4.0 Hz), 7.20-7.28 (m, 4H, Ar), 7.35 (d, 1H, A 4.4 Hz).

5.2.106 Ethyl-2-[5-(3-methoxybenzyl)-6-oxo-3-(thidpen-2-yl)pyridazin-1(6H)-
yllacetate (489)

Q
Yield ~ 100 %; mp = 149-51 °C (EtOH}H NMR (CDCk) 6 1.32 (t, 3H, CHCHs, J = 7.0 Hz), 3.84 (s,
3H, OCH), 3.96 (s, 2HCH,-Ar), 4.28 (q, 2H, @H,CHj3, J = 7.1 Hz), 4.94 (s, 2H, NGEO), 6.87 (t,
3H, Ar, J = 8.4 Hz), 7.03-7.05 (m, 1H, Ar), 7.23-7.40 (m,,4kt).
5.2.107 Ethyl-2-[5-(4-methoxybenzyl)-3-(4-methoxy@nyl)-6-oxopyridazin-1(&H)-
yllacetate (48h)
T
N

Yield ~ 100 %; oil."H NMR (CDChk) 6 1.31 (t, 3H, CHCHs, J = 3.9 Hz), 3.82 (s, 3H, GHCeH4-OCHs),
3.84 (s, 3H, GHs-OCHj3), 3.88 (s, 2H,CH,-Ar), 4.26 (q, 2H, @H,CH3, J = 7.1 Hz), 4.97 (s, 2H,
NCH,CO), 6.88-6.99 (m, 5H, Ar), 7.21 (q, 2H, Ar= 6.7 Hz), 7.60 (d, 2H, Ad = 8.8 Hz).

5.2.108 Ethyl-2-[5-(3-methoxybenzyl)-3-(4-methoxy@nyl)-6-oxopyridazin-1(&H)-
yllacetate (48i)

Yield ~ 100 %: oil.*H NMR (CDCk) 6 1.32 (t, 3H, CHCHs, J = 7.2 Hz), 3.82 (s, 3H, GHCgH4-OCH),
3.84 (s, 3H, @Hs-OCHs), 3.97 (s, 2H,CHy-Ar), 4.28 (g, 2H, @H,CHs, J = 7.1 Hz), 4.98 (s, 2H,
NCH,CO), 6.84-6.95 (m, 6H, Ar), 7.27-7.31 (m, 1H, Af)61 (dd, 2H, ArJ = 4.8 Hz,J = 2.0 Hz).
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5.2.109 Ethyl-2-[3-(4-chlorophenyl)-5-(4-methoxybezyl)-6-oxopyridazin-1(6H)-
yllacetate (48))
?L S
o
o~ )re

o—
Yield ~ 100 %; oil.*H NMR (CDCk) 6 1.31 (t, 3H, CHCHs, J = 7.1 Hz), 3.82 (s, 3H, GHCgH4-OCHg),
3.87 (s, 2HCH,-Ar), 4.24 (q, 2H, @H,CHgz, J = 6.2 Hz), 4.98 (s, 2H, NGI€O), 6.90 (d, 2H, ArJ =
8.5 Hz), 7.21 (t, 2H, Ar) = 7.4 Hz), 7.35-7.39 (m, 3H, Ar), 7.60 (d, 2H, Ar 8.6 Hz).

5.2.110 Ethyl-2-[3-(4-chlorophenyl)-5-(3-methoxybezyl)-6-oxopyridazin-1(6H)-
yllacetate (48k)

Yield ~ 100 %:; oil.*H NMR (CDCk) ¢ 1.32 (t, 3H, CHCHs, J = 7.2 Hz), 3.82 (s, 3H, OGH 3.97 (s,
2H, CHx-Ar), 4.27 (q, 2H, @H,CHj3, J = 4.0 Hz), 4.99 (s, 2H, NGI€0O), 6.84-6.86 (m, 3H, Ar), 7.26-
7.32 (m, 2H, Ar), 7.38 (d, 2H, Ad,= 8.6 Hz), 7.61 (d, 2H, Al = 8.6 Hz).
5.2.111 Ethyl-2-[5-(4-methoxybenzyl)-6-oxo-3pftolyl)pyridazin-1(6 H)-yllacetate (48l)
o
N-N

Yield = 98 %; oil."H NMR (CDCk) 6 1.31 (t, 3H, CHCHs, J = 7.1 Hz), 2.38 (s, 3H, dEl,-CHs), 3.83 (s,
3H, OCH), 3.93 (s, 2HCH,-Ar), 4.27 (q, 2H, @H,CH3, J = 7.1 Hz), 4.83 (s, 2H, NGIEO), 6.88-6.97
(m, 5H, Ar), 7.27 (d, 2H, Ar) = 8.5 Hz), 8.07 (d, 2H, Ad = 9.0 Hz).

5.2.112 Ethyl-2-[5-(3-methoxybenzyl)-6-0x®-(p-tolyl)pyridazin-1(6 H)-yl]acetate (48m)

ol
(0]
N—N
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Yield = 97 %; oil.'H NMR (CDCk) 6 1.31 (t, 3H, CHCHs, J = 7.1 Hz), 2.39 (s, 3H, ¢El4-CHs), 3.82 (s,
3H, CH,-CgH4-OCHs), 3.97 (s, 2HCH,-Ar), 4.27 (q, 2H, @H,CHs, J = 7.2 Hz), 4.99 (s, 2H, NGEO),
6.84-6.89 (m, 3H, Ar), 6.95-6.97 (m, 1H, Ar), 7.@2 2H, Ar,J = 7.9 Hz), 7.27-7.31 (m, 1H, Ar), 8.07
(d, 2H, Ar,J = 6.6 Hz).
5.2.113 Ethyl-2-[3-(4-fluorophenyl)-5-(4-methoxyberyl)-6-oxopyridazin-1(6H)-
yllacetate (48n)
o
o N_N\

O
&

o—
Yield = 92 %; oil."H NMR (CDCk) § 1.32 (t, 3H, CHCHs, J = 7.1 Hz), 3.84 (s, 3H, OG} 3.94 (s, 2H,
CH-Ar), 4.27 (q, 2H, @H,CH3, J = 7.1 Hz), 4.99 (s, 2H, NGIE€O), 6.92 (d, 3H, Ar) = 8.6 Hz), 7.10
(t, 2H, Ar,J=8.5 Hz), 7.21 (d, 2H, Ad = 9.9 Hz), 7.63-7.67 (m, 3H, Ar).

5.2.114 Ethyl-2-[3-(4-fluorophenyl)-5-(3-methoxybezyl)-6-oxopyridazin-1(6H)-
yllacetate (480)

Yield = 88 %: oil.'H NMR (CDCk) ¢ 1.32 (td, 3H, CbHCHs, J = 5.9 Hz,J = 1.3 Hz), 3.82 (s, 3H, OG}
3.98 (s, 2HCH,-Ar), 4.27 (g, 2H, @H,CHs, J = 7.1 Hz), 4.99 (s, 2H, NGIEO), 6.84-6.89 (m, 3H, Ar),
7.10 (t, 2H, ArJ = 8.6 Hz), 7.25-7.30 (m, 2H, Ar), 7.63-7.67 (m, 3k).

General procedure for 49a-0.A suspension of the appropriate compound ¢¥®&8a-9 (1.33
mmol) in 6 N NaOH (10 mL) was stirred at rt to 80 for 1-2 h. The mixture was diluted with cold wate
and acidified with 6 N HCI. After 1 h stirring ice-bath, the produc#a-owere filtered off by suction
and recrystallized from ethanol.

5.2.115 2-[3-Ethyl-5-(3-methoxybenzyl)-6-oxopyridarm-1(6H)-yl]acetic acid (49a)
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Yield ~ 100 %; mp = 117-19 °C (EtOHH NMR (CDCk) 6 1.17 (t, 3H, CHCHs, J = 7.5 Hz), 2.55 (q,
2H, CH,CHs, J = 7.5 Hz), 3.82 (s, 3H, OGH 3.91 (s, 2HCH,-Ar), 4.94 (s, 2H, NCKHCO), 6.75 (s, 1H,
Ar), 6.79 (s, 1H, Ar), 6.82-6.85 (m, 2H, Ar), 7.281H, Ar,J = 7.2 Hz).

5.2.116 2-[3-Isopropyl-5-(3-methoxybenzyl)-6-oxopyaazin-1(6H)-yl]acetic acid (49b)

O,

2¥0H

Yield = 69 %; oil."H NMR (CDCk) § 1.16 (d, 6H, CKCHs),, J = 6.9 Hz), 2.75-2.85 (m, 1HGH(CHs),),
3.81 (s, 3H, OCh), 3.91 (s, 2HCH-Ar), 4.93 (s, 2H, NCHCO), 6.70 (exch br s, 1H, OH), 6.82 (t, 4H,
Ar, J=8.0 Hz), 7.27 (t, 1H, A = 4.2 Hz).

5.2.117 2-[3-Cyclohexyl-5-(3-methoxybenzyl)-6-oxopdazin-1(6H)-yl]acetic acid (49c)

O,

2¥0H

Yield = 70 %; oil."H NMR (CDCk) ¢ 1.21-1.40 (m, 6H, 3 x Cttyclohexyl), 1.70-1.82 (m, 4H, 2 x GH
cyclohexyl), 2.41-2.50 (m, 1H, CH cyclohexyl), 3.83 3H, OCH), 3.88 (s, 2HCH,-Ar), 4.65 (s, 2H,
NCH,CO), 6.79 (s, 1H, Ar), 6.81-6.98 (m, 3H, Ar), 7@01H, Ar,J = 7.1 Hz).

5.2.118 2-[5-(3-Methoxybenzyl)-6-oxopyridazin-1¢8)-yl]acetic acid (49d)

O,

2¥0H

N—N
o A\

/
o)

Yield ~ 100 %:; oil.'"H NMR (CDCk) ¢ 3.81 (s, 3H, OCH), 3.91 (s, 2H,CH,-Ar), 4.98 (s, 2H,
NCH,CO), 6.49 (exch br s, 1H, OH), 6.78 (s, 1H, Arg166.85 (m, 3H, Ar), 7.28 (t, 1H, Ad,= 4.6 Hz),
7.72 (d, 1H, ArJ = 4.1 Hz).

5.2.119 2-[5-(3-Methoxybenzyl)-6-o0xo-3-phenylpyridan-1(6H)-yl]acetic acid (49e)
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Yield = 60 %:; mp = 173-75 °C (EtOH}H NMR (CDCk) 6 3.79 (s, 3H, OCH), 3.93 (s, 2HCH,-Ar),
5.03 (s, 2H, NChKICO), 5.57 (exch br s, 1H, OH), 6.82-6.84 (m, 3H),A.93 (t, 2H, ArJ = 4.16 Hz),
7.24-7.31 (m, 2H, Ar), 7.41 (t, 2H, A3,= 3.84 Hz), 7.66-7.68 (m, 1H, Ar).

5.2.120 2-[5-(4-Methoxybenzyl)-6-oxo-3-(thiophen-2hpyridazin-1(6H)-yllacetic acid
(49f)

Yield = 89 %; mp = 159-61 °C (EtOHJH NMR (CDCL) & 3.84 (s, 3H, OCH), 3.94 (s, 2HCH,-Ar),
5.01 (s, 2H, NCKCO), 6.92 (dd, 2H, ArJ =9.2 Hz,J = 1.4 Hz), 7.04 (dd, 1H, Ad =1.4 Hz,J=6.0
Hz), 7.20-7.23 (m, 3H, Ar), 7.25 (dd, 1BI= 6.4 Hz,J = 1.0 Hz), 7.37 (dd, 1H, Ad = 6.4 Hz,J = 1.1
Hz).

5.2.121 2-[5-(3-Methoxybenzyl)-6-oxo-3-(thiophen-ghpyridazin-1(6H)-yllacetic acid
(499)

Yield ~ 100 %; mp = 185-87 °C (EtOHH NMR (CDCE) 6 3.82 (s, 3H, OCH), 3.97 (s, 2HCH,-Ar),
5.01 (s, 2H, NCLCO), 6.84-6.88 (m, 3H, Ar), 7.03 (t, 1H, At= 4.8 Hz), 7.23 (t, 2H, ArJ = 3.2 Hz),
7.28 (t, 1H, ArJ = 4.4 Hz), 7.36 (d, 1H, Ad = 5.0 Hz).

5.2.122 2-[5-(4-Methoxybenzyl)-3-(4-methoxyphenyhb-oxopyridazin-1(6H)-yl]acetic
acid (49h)
}OH
<)

Yield = 99 %:; mp = 115-17 °C (EtOH}JH NMR (CDCk) d 3.64 (s, 3H, Ch#CeHs-OCHs), 3.66 (s, 3H,
CeHa-OCHs), 3.79 (s, 2HCH,-Ar), 4.88 (s, 2H, NCHCO), 6.65-6.75 (m, 4H, Ar), 6.90-7.01 (m, 1H,
Ar), 7.05-7.15 (m, 1H, Ar), 7.28-7.37 (m, 3H, Ar).
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5.2.123 2-[5-(3-Methoxybenzyl)-3-(4-methoxyphenyg-oxopyridazin-1(6H)-yllacetic acid
(49i)

Yield = 98 %; 110-12 °C (EtOHJH NMR (CDCk) J 3.82 (s, 3H, ChtCsHs-OCHs), 3.84 (s, 3H, GHy-
OCHj3), 3.88 (s, 2HCH>-Ar), 5.03 (s, 2H, NCHCO), 6.89-6.94 (m, 4H, Ar), 7.19 (d, 2H, Ar= 8.6 Hz),
7.24 (s, 1H, Ar), 7.60 (d, 2H, Aj,= 8.8 Hz).

5.2.124 2-[3-(4-Chlorophenyl)-5-(4-methoxybenzyl)-6xopyridazin-1(6H)-yl]acetic
acid (49))

Yield ~ 100 %; mp = 147-49 °C (EtOHH NMR (CDCk) ¢ 3.83 (s, 3H, Ch+CsH4-OCHs), 3.92 (s, 2H,
CH,-Ar), 5.05 (s, 2H, NCHCO), 6.92 (d, 2H, ArJ = 8.5 Hz), 7.20 (d, 2H, A = 8.5 Hz), 7.25 (s, 1H,
Ar), 7.39 (d, 2H, ArJ = 8.5 Hz), 7.61 (d, 2H, Ad = 8.6 Hz).

5.2.125 2-[3-(4-Chlorophenyl)-5-(3-methoxybenzyl)-6xopyridazin-1(6H)-ylJacetic
acid (49Kk)

Yield ~ 100 %; mp = 142-44 °C (EtOHH NMR (CDCk) J 3.81 (s, 3H, OCH, 3.97 (s, 2HCH,-Ar),
5.04 (s, 2H, NCKLCO), 6.83-6.87 (m, 3H, Ar), 7.28 (d, 2H, Ar= 7.8 Hz), 7.38 (d, 2H, At = 8.7 Hz),
7.60 (d, 2H, ArJ = 8.7 Hz).
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5.2.126 2-[5-(4-Methoxybenzyl)-6-oxo-3pftolyl)pyridazin-1(6 H)-yl]acetic acid (49l)

Yield = 98 %; mp = 158-60 °C (EtOH)H NMR (CDCk) 6 2.39 (s, 3H, gHs-CHs), 3.83 (s, 3H, OCH),
3.95 (s, 2HCH,-Ar), 5.05 (s, 2H, NCHCO), 6.89-6.97 (m, 4H, Ar), 7.21 (dd, 2H, Ars 1.9 Hz2,J=6.3
Hz), 7.29 (s, 1H, Ar), 7.56 (d, 2H, Al,= 8.1 Hz).

5.2.127 2-[5-(3-Methoxybenzyl)-6-oxo-3pftolyl)pyridazin-1(6 H)-yl]acetic acid (49m)

Yield = 97 %; mp = 150-52 °C (EtOH)H NMR (CDCk) J 2.26 (s, 3H, @Hs-CHs), 3.66 (s, 3H, Cht
CeHa-OCHs), 3.82 (s, 2HCH,-Ar), 4.85 (s, 2H, NCHCO), 6.70 (d, 2H, Ar) = 5.3 Hz), 6.95 (s, 1H, Ar),
7.03-7.12 (m, 3H, Ar), 7.28 (t, 1H, Al,= 7.9 Hz), 7.40 (d, 2H, Ad = 7.8 Hz).

5.2.128 2-[3-(4-Fluorophenyl)-5-(4-methoxybenzyl)-6xopyridazin-1(6H)-ylJacetic
acid (49n)
[}*OH
O

Yield = 57 %; mp = 82-84 °C (EtOHJH NMR (CDCk) 6 3.83 (s, 3H, OCH), 3.93 (s, 2HCH,-Ar),
5.03 (s, 2H, NCHCO), 6.91 (d, 2H, Ar) = 7.8 Hz), 7.10 (t, 2H, ArJ = 8.4 Hz), 7.14-7.23 (m, 3H, Ar),
7.65 (t, 2H, ArJ = 5.2 Hz).

5.2.129 2-[3-(4-Fluorophenyl)-5-(3-methoxybenzyl)-6xopyridazin-1(6H)-ylJacetic
acid (490)
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Yield = 75 %: mp = 103-05 °C (EtOH} NMR (CDCE) § 3.81 (s, 3H, OCH), 3.97 (s, 2HCH,-Ar),
5.03 (s, 2H, CKCO), 6.83-6.87 (m, 3H, Ar), 7.10 (t, 2H, A¥= 6.6 Hz), 7.27-7.31 (m, 2H, Ar), 7.63-
7.67 (m, 3H, Ar).

General procedure for 50a-v.To a cooled (-5 °C) and stirred solution of compbuppe 49
(49a-9 (0.60 mmol) in anhydrous tetrahydrofuran (6 mE}N (2.10 mmol) was added. After 30 min,
the mixture was allowed to warm up to 0 °C and letijoroformate (0.66 mmol) was added. After 1 h,
the commercially available substituted arylamin@Immol) was added. The reaction was carried out a
room temperature for 12 h, then the mixture wascentrated in vacuo, diluted with cold water (20-30
mL) and extracted with Ci€l, (3 x 15 mL). The solvent was evaporated to affordl compoundsgi6a-

s, which were purified by column chromatography gsayclohexane/ethyl acetate 2:1 for compounds
50a,g cyclohexane/ethyl acetate 3:1 for compourkid,e CH,Cl/ CH3OH/NH,OH 96:4:0.4 for
compounds0¢ cyclohexane/ethyl acetate 1:1 for compoud@g,f,i,j and n-hexane/ethyl acetate 3:2 for
compoundb0h,k-v as eluents.

5.2.130 N-(4-Bromophenyl)-2-[3-ethyl-5-(3-methoxybenzyl)-6-wopyridazin-1(6H)-
ylJacetamide (50a)

Yield = 61 %; mp = 150-52 °C (EtOH}H NMR (CDCk) ¢ 1.20 (t, 3H, CHCHs, J = 7.6 Hz), 2.59 (q,
2H, CH,CHs, J = 7.6 Hz), 3.81 (s, 3H, OGH 3.91 (s, 2HCH,-Ar), 4.95 (s, 2H, NCHCO), 6.80-6.86
(m, 4H, Ar), 7.24-7.30 (m, 3H, Ar), 7.55 (d, 2H,,Ar= 8.7 Hz), 9.18 (exch br s, 1H, NH).

5.2.131 N-(4-Bromophenyl)-2-[3-isopropyl-5-(3-methoxybenzyhs-oxopyridazin-
1(6H)-yllacetamide (50b)

Q H

?‘N Br
N-N
\

Yield = 67 %; mp = 60-62 °C (EtOHJH NMR (CDCk) ¢ 1.20 (d, 6H, CKCHa),, J = 6.9 Hz), 2.82-2.90
(m, 1H,CH(CHs),), 3.81 (s, 3H, OCH), 3.92 (s, 2HCH,-Ar), 4.95 (s, 2H, NCRHCO), 6.82-6.85 (m, 3H,
AR, 6.92 (s, 1H Ar), 7.28 (t, 1H, Ad = 7.8 Hz), 7.37 (s, 4H, Ar), 9.23 (exch br s, N).
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5.2.132 N-(4-Bromophenyl)-2-[3-cyclohexyl-5-(3-methoxybenzyi6-oxopyridazin-
1(6H)-yl]acetamide (50c)

O\ H
(O
\

Yield = 36 %; colorless oil*H NMR (CDCk) ¢ 1.30-1.35 (m, 6H, 3 x CHcyclohexyl), 1.70-1.82 (m,
4H, 2 x CH cyclohexyl), 2.45-2.55 (m, 1H, CH cyclohexyl),83.(s, 3H, OCH), 3.92 (s, 2HCH-Ar),
4.95 (s, 2H, NCHKCO), 6.81-6.88 (m, 4H, Ar), 7.28 (t, 1H, Ar= 9.4 Hz), 7.41 (s, 4H, Ar), 9.15 (exch br
s, 1H, NH).

5.2.133 N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-6-oxopyridain-1(6H)-
yllacetamide (50d)

Yield = 70 %; mp = 138-40 °C (EtOH}H NMR (DMSO-d) 6 3.73 (s, 3H, OCH), 3.79 (s, 2HCH,-
Ar), 4.90 (s, 2H, NCKCO), 6.83 (t, 3H, ArJ=9.5 Hz), 7.14 (d, 1H, Ad = 3.8 Hz), 7.23 (t, 1H, A =
7.7 Hz), 7.53 (q, 4H, ArJ = 8.2 Hz), 7.85 (d, 1H, A = 3.9 Hz), 10.47 (exch br s, 1H, NH).

5.2.134 N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-6-oxo-3-pheyl-pyridazin-1(6H)-
ylJacetamide (50e)

Yield = 56 %; mp = 85-87 °C (EtOH)H NMR (DMSO-d;) 6 3.73 (s, 3H, OCH), 3.89 (s, 2HCH,-Ar),
4.99 (s, 2H, NCHCO), 6.80 (d, 1H, ArJ = 8.0 Hz), 7.93 (d, 2H, A= 9.1 Hz), 7.23 (t, 1H, AlJ=7.9
Hz), 7.45-7.51 (m, 5H, Ar), 7.56 (d, 2H, At= 8.9 Hz), 7.83 (d, 2H, ArJ = 7.1 Hz), 7.86 (s, 1H, Ar),
10.51 (exch br s, 1H, NH).
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5.2.135 N-(1,3-Benzodioxol-5-yl)-2-[5-(3-methoxybenzyl)-6-ax3-phenylpyridazin-
1(6H)-yl]acetamide (50f)

Yield = 41 %; mp = 201-03 °C (EtOH}H NMR (DMSO-d) 6 3.73 (s, 3H, OCH), 3.88 (s, 2HCH,-
Ar), 4.95 (s, 2H, NCHCO), 5.99 (s, 2H, OC}D), 6.80 (d, 1H, ArJ = 6.0 Hz), 6.87 (d, 1H, ArJ= 8.3
Hz), 6.92-6.97 (m, 3H, Ar), 7.23 (t, 1H, Al,= 7.8 Hz), 7.28 (s, 1H, Ar), 7.44-7.52 (m, 3H, Ar)83 (d,
2H, Ar,J=6.8 Hz), 7.95 (s, 1H, Ar), 10.27 (exch br s, NiH).

5.2.136 N-(4-Fluorophenyl)-2-[5-(3-methoxybenzyl)-6-oxo-3-panyl-pyridazin-1(6H)-
yl]acetamide (509)

Yield = 78 %; mp = colorless oitH NMR (CDCk) ¢ 3.81 (s, 3H, OCH), 4.01 (s, 2HCH,-Ar), 5.10 (s,
2H, NCHCO), 6.85-6.90 (m, 3H, Ar), 6.96-7.04 (m, 2H, Ar)29-7.34 (m, 1H, Ar), 7.43-7.49 (m, 6H,
Ar), 7.71-7.74 (m, 2H, Ar), 8.95 (exch br s, 1H, NH

5.2.137 N-(4-Bromophenyl)-2-[5-(4-methoxybenzyl)-6-oxo-3-(ttophen-2-yl)pyridazin-
1(6H)-yl]acetamide (50h)

H
W
o A\

U

/O

Yield = 77 %; mp = 193-94 °C (EtOH)H NMR (CDCk) ¢ 3.83 (s, 3H, OCH), 3.95 (s, 2HCH-Ar),
5.02 (s, 2H, NCKCO), 6.91 (dd, 2H, Ar) = 4.6 Hz,J = 2.0 Hz), 7.06 (dd, 1H, Ad = 1.4 Hz,J = 3.9
Hz), 7.21 (d, 2H, ArJ = 6.7 Hz), 7.30 (dd, 1H, Ad = 2.6 Hz,J = 1.0 Hz), 7.32-7.38 (m, 5H, Ar), 7.83
(dd, 1H, Ar,d = 4.0 Hz,J = 1.1 Hz), 9.00 (exch br s, 1H, NH).
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5.2.138 N-(1,3-Benzodioxol-5-yl)-2-[5-(3-methoxybenzyl)-6-a«3-(thiophen-2-

yl)pyridazin-1(6H)-yllacetamide (50i)
O
‘}Ln{ﬂ
N—N
o< __ |

\

\

q
Yield = 41 %:; mp = 192-94 °C (EtOH}H NMR (CDCk) 6 3.82 (s, 3H, OCH), 3.98 (s, 2HCH,-Ar),
5.02 (s, 2H, NCHCO), 5.94 (s, 2H, OCHD), 6.71 (d, 1H, ArJ = 8.3 Hz), 6.81-6.89 (m, 4H, Ar), 7.05
(dd, 1H, Ar,J = 1.3 Hz,J = 3.7 Hz), 7.23 (d, 1H, A = 1.9 Hz), 7.28-7.32 (m, 3H, Ar), 7.38 (dd, 1H,
Ar, J=4.2 HzJ=0.9 Hz), 8.71 (exch br s, 1H, NH).

5.2.139 N-(4-Fluorophenyl)-2-[5-(3-methoxybenzyl)-6-oxo-3-(tiophen-2-yl)pyridazin-
1(6H)-yl]acetamide (50j)

>;H
N F
N~ \ S |

Yield = 37 %:; mp = 187-89 °C (EtOH}H NMR (CDCkL) 6 3.81 (s, 3H, OCH), 3.99 (s, 2HCH,-Ar),
5.03 (s, 2H, NCKHCO), 6.85-6.89 (m, 3H, Ar), 6.96 (t, 2H, Ar= 8.6 Hz), 7.05 (dd, 1H, Ad = 1.4 Hz,
J=3.7 Hz), 7.27-7.30 (m, 2H, Ar), 7.32 (s, 1H, AF)39 (dd, 1H, ArJ=4.0 Hz,J = 1.1 Hz), 7.43 (m,
2H, Ar), 8.89 (exch br s, 1H, NH).

5.2.140 N-(4-Bromophenyl)-2-[5-(4-methoxybenzyl)-3-(4-methoxphenyl)-6-
oxopyridazin-1(6H)-yljacetamide (50k)

Q4 H
?‘N Br
N—N /

&

O
/

Yield = 32 %; mp = 203-04 °C (EtOH}H NMR (CDCk) 6 3.83 (s, 3H, ChCeHs-OCH), 3.86 (s, 3H,
CeHa-OCHs), 3.97 (s, 2HCH,-Ar), 5.07 (s, 2H, NCHCO), 6.90-6.96 (m, 4H, Ar), 7.22 (d, 2H, At =
8.6 Hz), 7.36-7.38 (m, 5H, Ar), 7.67 (d, 1H, Ar= 8.8 Hz), 9.14 (exch br s, 1H, NH).
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5.2.141 N-(1,3-Benzodioxol-5-yl)-2-[5-(3-methoxybenzyl)-3-(nethoxy-phenyl)-6-
oxopyridazin-1(6H)-yllacetamide (50I)

Yield = 89 %; mp = 184-85 °C (EtOH}H NMR (CDCk) ¢ 3.81 (s, 3H, ChCsHs-OCHs), 3.85 (s, 3H,
CeH4-OCH), 3.99 (s, 2HCH,-Ar), 5.05 (s, 2H, NCKCO), 5.93 (s, 2H, OC#D), 6.68 (d, 1H, ArJ=8.3
Hz), 6.79 (dd, 1H, ArJ = 6.2 Hz,J = 2.1 Hz), 6.84-6.90 (m, 3H, Ar), 6.94 (dd, 2H, A= 4.9 Hz,J =
2.0 Hz), 7.22 (d, 1H, Ar) = 2.0 Hz), 7.27-7.31 (m, 1H, Ar), 7.38 (s, 1H)AF.66 (d, 2H, ArJ=1.9
Hz), 8.95 (exch br s, 1H, NH).

5.2.142 N-(4-Fluorophenyl)-2-[5-(3-methoxybenzyl)-3-(4-methryphenyl)-6-
oxopyridazin-1(6H)-yljacetamide (50m)

Yield = 84 %; mp = 164-65 °C (EtOH}H NMR (CDCk) ¢ 3.80 (s, 3H, ChCsHs-OCHs), 3.86 (s, 3H,
CeH4-OCH), 3.99 (s, 2HCH,-Ar), 5.07 (s, 2H, NCHCO), 6.83-6.96 (m, 7H, Ar), 7.29 (t, 1H, Al=
1.8 Hz), 7.40-7.45 (m, 3H, Ar), 7.67 (d, 2H, Ar= 7.5 Hz), 9.17 (exch br s, 1H, NH).

5.2.143 N-(4-Bromophenyl)-2-[3-(4-chlorophenyl)-5-(4-methoxipenzyl)-6-
oxopyridazin-1(6H)-yljacetamide (50n)

Q H
?‘N Br
N—N
Lo

Q

O
/

Yield = 27 %; mp = 219-21 °C (EtOH)H NMR (CDCk) § 3.82 (s, 3H, OCH), 3.97 (s, 2HCH,-Ar),
5.08 (s, 2H, NCRLCO), 6.91 (d, 2H, ArJ = 8.7 Hz), 7.21 (d, 2H, Ad = 8.7 Hz), 7.32-7.37 (m, 5H, Ar),
7.41 (d, 2H, ArJ = 8.8 Hz), 7.66 (d, 2H, A = 8.7 Hz), 9.12 (exch br s, 1H, NH).
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5.2.144 N-(1,3-Benzodioxol-5-yl)-2-[3-(4-chlorophenyl)-5-(3nethoxy-benzyl)-6-
oxopyridazin-1(6H)-ylJacetamide (500)

Yield = 99 %; mp = 202-203 °C (EtOHH NMR (CDCk) ¢ 3.82 (s, 3H, OCH), 4.01 (s, 2HCH,-Ar),
5.05 (s, 2H, NCHCO), 5.95 (s, 2H, OCH#D), 6.73 (d, 1H, ArJ = 8.4 Hz), 6.80-6.90 (m, 4H, Ar), 7.23
(d, 1H, Ar,J = 1.8 Hz), 7.30 (t, 1H, ArJ = 8.2 Hz), 7.36 (s, 1H, Ar), 7.41 (d, 2H, Ar= 8.5 Hz), 7.66
(d, 2H, Ar,J = 8.5 Hz), 8.70 (exch br s, 1H, NH).

5.2.145 N-(4-Fluorophenyl)-2-[3-(4-chlorophenyl)-5-(3-methoxbenzyl)-6-
oxopyridazin-1(6H)-ylJacetamide (50p)

Yield = 63 %:; mp = 143-45 °C (EtOH}H NMR (CDCkL) 6 3.80 (s, 3H, OCH), 4.00 (s, 2HCH,-Ar),
5.08 (s, 2H, NCKCO), 6.84-6.95 (m, 5H, Ar), 7.27-7.31 (m, 1H, AF)39-7.44 (m, 5H, Ar), 7.66 (d, 2H,
Ar, J=8.5 Hz), 9.06 (exch br s, 1H, NH).

5.2.146 N-(4-Bromophenyl)-2-[5-(4-methoxybenzyl)-6-oxo-3g-tolyl) pyridazin-1(6H)-
yllacetamide (50q)

Yield = 58 %; mp = 273-274 °C (EtOHJH NMR (CDCk) & 2.40 (s, 3H, @Hs-CHa), 3.81 (s, 3H,
OCHs), 3.95 (s, 2HCH,-Ar), 5.09 (s, 2H, NCHCO), 6.89 (d, 2H, ArJ = 8.1 Hz), 7.20-7.33 (m, 8H, Ar),
7.41 (s, 1H, Ar), 7.62 (d, 2H, Ad,= 7.7 Hz), 9.38 (exch br s, 1H, NH).
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5.2.147 N-(1,3-Benzodioxol-5-yl)-2-[5-(3-methoxybenzyl)-6-ax3-(p-tolyl)  pyridazin-
1(6H)-yl]acetamide (50r)

Yield = 66 %; mp = 198-99 °C (EtOH)H NMR (CDCh) 6 2.40 (s, 3H, gHs-CHs), 3.81 (s, 3H, OCH),
4.00 (s, 2HCH,-Ar), 5.06 (s, 2H, NCKCO), 5.94 (s, 2H, OCH#D), 6.70 (d, 1H, ArJ = 8.4 Hz), 6.79-
6.90 (m, 4H, Ar), 7.24 (d, 3H, Ad = 8.0 Hz), 7.29 (t, 1H, AlJ = 7.8 Hz), 7.40 (s, 1H, Ar), 7.61 (d, 2H,
Ar, J=8.1 Hz), 8.84 (exch br s, 1H, NH).

5.2.148 N-(4-Fluorophenyl)-2-[5-(3-methoxybenzyl)-6-oxo-3g-tolyl) pyridazin-1(6H)-
yllacetamide (50s)

Yield = 54 %; mp = 173-74 °C (EtOH)H NMR (CDCk) ¢ 2.40 (s, 3H, gHs-CHs), 3.80 (s, 3H, OCH),
3.99 (s, 2HCH,-Ar), 5.08 (s, 2H, NCHCO), 6.83-6.95 (m, 5H, Ar), 7.23-7.26 (m, 2H, A28 (t, 1H,
Ar, J=5.3 Hz), 7.42-7.45 (m, 3H, Ar), 7.61 (d, 2H, Ars 8.2 Hz), 9.11 (exch br s, 1H, NH).

5.2.149 N-(4-Bromophenyl)-2-[3-(4-fluorophenyl)-5-(4-methoxypenzyl)-6-
oxopyridazin-1(6H)-yllacetamide (50t)

Yield = 75 %:; mp = 188-90 °C (EtOH}H NMR (CDCL) & 3.82 (s, 3H, OCH), 3.97 (s, 2HCH,-Ar),
5.07 (s, 2H, NCKCO), 6.91 (dd, 2H, ArJ=4.6 Hz,J= 2.0 Hz ), 7.12 (t, 2H, ArJ = 6.7 Hz), 7.21 (d,
2H, Ar,J = 8.6 Hz), 7.30-7-40 (m, 5H, Ar), 7.69-7.73 (m,,2ki), 9.15 (exch br s, 1H, NH).
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5.2.150 N-(1,3-Benzodioxol-5-yl)-2-[3-(4-fluorophenyl)-5-(3nethoxy-benzyl)-6-
oxopyridazin-1(6H)-ylJacetamide (50u)

Yield = 75 %:; mp = 188-90 °C (EtOH}H NMR (CDCkL) 6 3.82 (s, 3H, OCH), 4.00 (s, 2HCH,-Ar),
5.05 (s, 2H, NCKCO), 5.95 (s, 2H, OCHD), 6.72 (d, 1H, ArJ = 8.3 Hz), 6.80-6.90 (m, 4H, Ar), 7.12 (t,
2H, Ar,J= 8.8 Hz), 7.23 (s, 1H, Ar), 7.30 (t, 1H, Ar= 8.8 Hz), 7.36 (s, 1H, Ar), 7.71 (dd, 2H, Arz
2.4 Hz,J = 5.3 Hz), 8.74 (exch br s, 1H, NH).

5.2.151 N-(4-Fluorophenyl)-2-[3-(4-fluorophenyl)-5-(3-methoybenzyl)-6-
oxopyridazin-1(6H)-yljacetamide (50v)

Q\ H
?‘N F

N-N

\

Yield = 58 %; mp = 152-53 °C (EtOH)H NMR (CDCk) J 3.81 (s, 3H, OCH), 4.00 (s, 2HCH-Ar),
5.08 (s, 2H, NChLCO), 6.85-6.89 (m, 3H, Ar), 6.92-6.96 (m, 2H, AT)10-7.15 (m, 2H, Ar), 7.28-7.32
(m, 1H, Ar), 7.39 (s, 1H, Ar), 7.42-7.46 (m, 2H,)A7.69-7.73 (m, 2H, Ar), 9.02 (exch br s, 1H, NH).

General procedure for 51a,(x)-51bA mixture of42d or (£)-42m (7.41 mmol), KCOs (14.82
mmol) and ethyl bromoacetate (11.12 mmol) ingCN (5 mL) was refluxed under stirring for 2-3 h.erTh
mixture was then concentrated in vacuo, dilutedhwald water, and extracted with @&, (3 x 15 mL).
The organic layer was evaporated in vacuo, anditkaécompound$la,(x)-b were purified by column
chromatography using cyclohexane/ethyl acetatad dluent.

5.2.152 Ethyl-2-[3-Methyl-6-0x0-5,6-dihydropyridazin-1(4H)-yl]acetate (51a)

o
Yield = 98 %: oil.'"H NMR (CDCk) 6 1.22 (t, 3H, CHCHs, J = 7.1 Hz), 2.01 (s, 3H, 3-G} 2.48 (qd,
2H, CH,CH, pyridaz.,J = 7.9 Hz,J = 5.0 Hz), 4.15 (q, 2HZH,CHs, J = 7.1 Hz), 4.40 (s, 2H, NGI€O).
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5.2.153 (x)-Ethyl-2-[5-methyl-6-0x0-3-phenyl-5,6-tydropyridazin-1(4H)-yllacetate

[(+)-51b]
e
N™N
=
Yield ~ 100 %; oil.'H NMR (CDCk) ¢ 1.28 (m, 6H, CHCHCH; + CH,CHs), 2.67-2.79 (m, 2H,

CH,CHCHp), 3.07-3.14 (m, 1H, CHCHCHs), 4.24 (q, 2HCH,CHs, J = 6.9 Hz), 4.59 (d, 2HNCH,CO,
J=8.0 Hz), 7.40-7.43 (m, 3H, Ar), 7.72-7.75 (m,, Z).

General procedure for 52a,(z)-52bA suspension oblaor (+)-52b (7.29 mmol) in 6 N NaOH
(10 mL) was stirred at rt to 80 °C for 3-5 h. Th&ture was then diluted with cold water and acttifi
with 6 N HCI. Product®2aand(x)-52b were filtered off by suction and recrystallizedrfr cyclohexane
(528 or ethanol (x)-52b].

5.2.154 2-[3-Methyl-6-0x0-5,6-dihydropyridazin-1(4H)-yllacdic acid (52a)

Q

?OH
Yield = 86 %; mp = 171-73 °C (EtOH)H NMR (CDCk) J 1.96 (s, 3H, 3-CH), 2.35-2.39 (m, 2H, CH
pyridaz.), 2.40-2.49 (m, 2H, Ghbyridaz.), 4.23 (s, 2H, NCI&O).
5.2.155 (2)-2-[5-Methyl-6-0x0-3-phenyl-5,6-dihydropyridazin-1(4H)-yl]acetic acid [(z)-

52b]
(}LOH
.
e Oaw
Yield ~ 100 %; mp = 87-89 °C (EtOH}H NMR (CDCk) ¢ 1.31 (d, 3H, CHCHCHs, J = 6.7 Hz), 2.68-

2.78 (m, 2H,CH,CHCHs), 3.04-3.16 (m, 1H, CHCHCHs), 4.64 (s, 2H, NCLCO), 6.98 (exch br s, 1H,
OH), 7.41-7.43 (m, 3H, Ar), 7.73-7.75 (m, 2H, Ar).

General procedure for 53a,(£)-53b-dTo a cooled (-5 °C) and stirred solution of therapriate
derivative 52 [52a,(x)-528 (2.06 mmol) in anhydrous tetrahydrofuran (6 mEjzN (7.21 mmol) was
added. After 30 min, the mixture was allowed tomwarp to 0 °C and ethyl chloroformate (2.27 mmol)
was added. After 1 h, the appropriately substit@gdamine (4.12 mmol) was added. The reaction was
carried out at room temperature for 12 h. The m&twuas then concentrated in vacuo, diluted withl col
water (20-30 mL) and extracted with &, (3 x 15 mL). The solvent was evaporated to affiomell
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compounds53a,(x)-53b-d which were purified by column chromatography gsityclohexane/ethyl
acetate 1:3 (for compoun83a), cyclohexane/ethyl acetate 2:1 (for compoufg-53b) and n-
hexane/ethyl acetate 3:2 (for compou(ts53c,d as eluents.

5.2.156 N-(4-lodophenyl)-2-[3-methyl-6-0x0-5,6-dihydropyridain-1(4H)-yllacetamide
(53a)
Yield = 98 %:; mp = 174-76 °C (EtOHJH NMR (CDCk) ¢ 2.11 (s, 3H, 3-Ch), 2.55-2.60 (m, 4H,
CH,CH, pyridaz.), 4.52 (s, 2H, NCi€0O), 7.31 (d, 2H, ArJ = 8.8 Hz), 7.62 (d, 2H, A = 8.8 Hz), 8.11
(exch br s, 1H, NH).

5.2.157 (x)-N-(4-Bromophenyl)-2-[5-methyl-6-0x0-3-phenyl-5,6-dilidropyridazin-
1(4H)-yllacetamide [(x)-53Db]

Yield = 23 %; mp = 148-149 °C (EtOHH NMR (CDCk) § 1.37 (d, 3H, CHCHCHs, J = 6.3 Hz), 2.74-
2.81 (m, 2H,CH,CHCH), 3.14-3.22 (quin, 1H, CKHCHs;, J = 11.6 Hz), 4.68 (s, 2H, NGEO), 7.28
(d, 2H, Ar,J=10.1 Hz), 7.44 (t, 4H, Ad = 7.0 Hz), 7.60 (d, 1H, Ad = 3.9 Hz), 7.77-7.79 (m, 2H, Ar),
8.15 (exch, br, s, 1H, NH).

5.2.158 (¥)-N-(4-Fluorophenyl)-2-[5-methyl-6-0x0-3-phenyl-5,6-diydropyridazin-
1(4H)-yllacetamide [(£)-53c]

Q H
QLN F
N-N
o 3
0

Yield = 61 %; mp = 164-165 °C (EtOHH NMR (CDCk) 6 1,35 (d, 3H, CHCHCH;, J = 6.4 Hz), 2,69-
2.80 (m, 2H,CH,CHCHg), 3,11-3,20 (m, 1H, CHCHCHs), 4,68 (s, 2H, NCKLCO), 6.98 (t, 2H, ArJ =
8.8 Hz), 7,42-7.49 (m, 5H, Ar), 7,76-7.78 (m, 2H),/8.25 (exch, br, s, 1H, NH).
5.2.159 (¥)-N-(1,3-Benzodioxol-5-yl)-2-[5-methyl-6-ox0-3-phenyb, 6-dihydro
pyridazin-1(4H)-yllacetamide [(+)-53d]
N
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Yield = 88 %; mp = 170-171 °C (EtOHH NMR (CDCk) 6 1.35 (d, 3H, CHCHCHs, J = 6.4 Hz), 2.69-
2.80 (M, 2H,CH,CHCHg), 3.16 (g, 1H, CHCHCHs, J = 10.1 Hz), 4.66 (s, 2H, NGBO), 5.94 (s, 2H,
OCH;0), 6.72 (d, 1H, Ar,J = 8.3 Hz), 6.80 (dd, 1H, Ad = 6.2 Hz,J = 2.1 Hz), 7.24 (s, 1H, Ar), 7.44 (1,
3H, Ar,J = 2.8 Hz), 7.77-7.79 (m, 2H, Ar), 8.01 (exch, &rlH, NH).

General procedure for 55a-c A mixture of compound typé2 [42c,dand(£)-42m] (2.27 mmol),
K2COs (4.54 mmol), and ethyl bromoacetate (3.41 mmolCHCN (3 mL) was refluxed under stirring
for 2-3 h. The mixture was then concentrated irueadiluted with cold water and extracted with £CiH
(3 x 15 mL). The organic layer was evaporated inuea and compoundS5a-c were used for the
following reactions without further purification.

5.2.160 Ethyl-2-[3-cyclohexyl-6-oxopyridazin-1(61)-yl]acetate (55a)

T

=<

Yield ~ 100 %; oil."H NMR (CDCk) ¢ 1.28-1.46 (m, 8H, (2 x CH+ CH-H) cyclohexyl + CHCHj),

1.71-1.86 (m, 5H, 2 x CH+ CH-H cyclohexyl), 2.51-2.60 (m, 1H, CH, cyclohexyl)23. (dt, 2H,

CH,CHs3, J=4.3 Hz,J = 1.4 Hz), 4.83 (s, 2H, NGI€O), 6.90 (d, 1H, ArJ =9.0 Hz), 7.17 (d, 1H, A
= 9.6 Hz).

5.2.161 Ethyl-2-[3-methyl-6-oxopyridazin-1(6H)-yl]acetate (55b)

Yield ~ 100 %:; oil.'*H NMR (CDCk) ¢ 1.30 (t, 3H, CHCHs, J = 7.1 Hz), 2.37 (s, 3H, 3-Gj 4.26 (q,
2H, CH,CHs, J = 7.1 Hz), 4.87 (s, 2H, NGIE0), 7.02 (d, 1H, ArJ) = 9.4 Hz), 7.20 (d, 1H, A) = 9.4
Hz).

General procedure for 56a-cA suspension of derivative5 (55a-9 (0.91 mmol) in 6 N NaOH
(4 mL) was stirred at rt to 80 °C for 2 h. The mpd was then diluted with cold water and acidifieth
6 N HCI. Product®6a,cwere filtered off by suction and recrystallizedrfr ethanol.

5.2.162 2-[3-Cyclohexyl-6-oxopyridazin-1(61)-yl]acetic acid (56a)

C}*OH
X
Yield = 82 %; mp = 195-97 °C (EtOH)H NMR (CDCk) 6 1.25-1.34 (m, 1H, CHH cyclohexyl), 1.37-
1.46 (m, 4H, 2 x CH cyclohexyl), 1.76 (m, 1H, CHH cyclohexyl), 1.79-1.93 (m, 4H, 2 x GH
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cyclohexyl), 2.50-2.60 (m, 1H, CH cyclohexyl), 4.84 2H, NCHCO), 6.99 (d, 1H, ArJ=9.5 Hz), 7.24
(d, 1H, Ar,J = 9.6 Hz).
5.2.163 2-[3-Methyl-6-oxopyridazin-1(61)-yl]acetic acid (56b)
?‘OH
Yield = 72 %; mp = 247-49 °C (EtOH)H NMR (CDCk) 6 2.37 (s, 3H, 3-Ch), 4.94 (s, 2H, NChCO),
6.97 (d, 1H, ArJ=9.5 Hz), 7.19 (d, 1H, A = 9.6 Hz).
5.2.164 2-[5-Methyl-6-0x0-3-phenylpyridazin-1(B)-yl]acetic acid (56c¢)

}OH

N—
o \

Yield = 90 %; mp = 92-94 °C (EtOHIH NMR (CDCk) 6 2.34 (s, 3H, Ch), 3.48 (exch br s, 1H, OH),
5.05 (s, 2H, CHCOO), 7.45-7.50 (m, 3H, Ar), 7.63 (s, 1H, Ar), 7(B 2H, Ar,J = 4.5 Hz).

General procedure for 57a-f. To a cooled (-5 °C) and stirred solution of theprapriate
compound56 (56a-9 (0.59 mmol) in anhydrous tetrahydrofuran (3 mLENE{2.06 mmol) was added.
After 30 min, the mixture was allowed to warm up&dC and ethyl chloroformate (0.65 mmol) was
added. After 1 h, the appropriately substitutedasnyne (1.18 mmol) was added. The reaction was
carried out at room temperature for 12 h. The nm&tuas then concentrated in vacuo, diluted withl col
water (10-15 mL), and extracted with &€, (3 x 15 mL). The solvent was evaporated to affiomell
compoundss7a-f, which were purified by column chromatography gsayclohexane/ethyl acetate 1:1
(for compounds7a,d-f), cyclohexane/ethyl acetate 1:2 (for compobit) and CHCI/CH3;OH 9.9:0.1
(for compoundb 79 as eluents.

5.2.165 N-(4-Fluorophenyl)-2-[3-cyclohexyl-6-oxopyridazin-16H)-ylJacetamide (57a)

. N;N\ :
Yield = 98 %; mp = 149-51 °C (EtOH)H NMR (CDCk) ¢ 1.21-1.30 (m, 1H, CHH cyclohexyl), 1.39-
1.48 (m, 4H, 2 x Chklicyclohexyl), 1.77 (d, 1H, CH# cyclohexyl,J = 12.6 Hz), 1.85-1.93 (m, 4H, 2 X

CH; cyclohexyl), 2.56-2.63 (m, 1H, CH cyclohexyl), 8.&, 2H, NCHCO), 6.94-7.02 (m, 3H, Ar), 7.27
(d, 1H, Ar,J=9.7 Hz), 7.46-7.49 (m, 2H, Ar), 9.10 (exch bikl, NH).
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5.2.166 N-(1,3-Benzodioxol-5-yl)-2-[3-cyclohexyl-6-oxopyridan-1(6H)-yl]lacetamide (57b)
ave
Yield ~ 100 %; mp = 185-87 °C (EtOHH NMR (CDCk) § 1.20-1.28 (m, 1H, CHH cyclohexyl), 1.30-
1.48 (m, 4H, 2 x Chklicyclohexyl), 1.76 (d, 1H, CH# cyclohexyl,J = 12.8 Hz), 1.85-1.93 (m, 4H, 2 X
CH; cyclohexyl), 2.59-2.61 (m, 1H, CH cyclohexyl), 8.6s, 2H, NCHCO), 5.94 (s, 2H, OC}D), 6.72
(d, 1H, Ar,J = 8.4 Hz), 6.81 (dd, 1H, Ad = 6.3 Hz,J = 2.1 Hz), 7.00 (d, 1H, Ad = 9.5 Hz), 7.25-7.28

(m, 2H, Ar), 8.86 (exch br s, 1H, NH).

5.2.167 N-(4-lodophenyl)-2-[3-methyl-6-oxopyridazin-1(61)-ylJacetamide (57c¢)
-
Yield ~ 100 %; mp = 160-61 °C (EtOHH NMR (CDCLk) 6 2.39 (s, 3H, 3-Ch}, 4.96 (s, 2H, NCKLCO),
6.97 (d, 1H, ArJ = 9.5 Hz), 7.20-7.26 (m, 3H, Ar), 7.50 (dt, 2H,, Ar= 5.2 Hz,J = 1.8 Hz), 9.27 (exch

br s, 1H, NH).
5.2.168 N-(4-Bromophenyl)-2-[5-methyl-6-ox0-3-phenylpyridazn-1(6H)-yllacetamide (57d)

C}*H‘@*Br
Yield = 38 %; mp = 149-51 °C (EtOHJH NMR (CDCk) & 2.37 (s, 3H, Ch), 5.08 (s, 2H, ChCO),
7.40-7.49 (m, 7H, Ar), 7.68 (s, 1H, Ar), 7.82 (&@H, Ar, J = 5.8 Hz,J = 1.4 Hz), 9.02 (exch br s, 1H,

NH).
5.2.169 N-(4-Fluorophenyl)-2-[5-methyl-6-ox0-3-phenylpyridam-1(6H)-yllacetamide (57¢e)

oj)@

Yield = 45 %; mp = 117-19 °C (EtOHJH NMR (CDCk) ¢ 2.34 (s, 3H, Ch), 5.11 (s, 2H, CbCO),

6.89-6.93 (td, 2H, Ar) = 3.7 Hz,J = 2.1 Hz), 7.44-7.49 (m, 5H, Ar), 7.65 (s, 1H, AF)79-7.82 (dd, 2H,
Ar, J=3.1 HzJ=1.9 Hz), 9.21 (exch br s, 1H, NH).
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5.2.170 N-(1,3-Benzodioxol-5-yl)-2-[5-methyl-6-0x0-3-phenyhridazin-1(6H)-

yllacetamide (57f)
O
C}Ln{ﬂ
N—N
pSaY;
Yield = 25 %:; mp = 215-17 °C (EtOH)H NMR (DMSO-d) J 2.19 (s, 3H, Ch), 4.95 (s, 2H, OChD),

5.99 (s, 2H, CHCO), 6.87 (d, 1H, ArJ = 8.3 Hz), 6.96 (d, 1H, Ad = 8.5 Hz), 7.29 (s, 1H, Ar), 7.49 (q,
3H, Ar,J = 7.5 Hz), 7.89 (d, 2H, Ad = 7.1 Hz), 8.04 (s, 1H, Ar), 10.26 (exch br s, NH).

General Procedure for 58a-mTo 12 mL of KOH in absolute EtOH (5%, w/\j)2d (4.46 mmol)
and the appropriate substituted aromatic aldehyd& (mmol) were added. The mixture was refluxed
under stirring for 3-5 h. After cooling, it was a@ntrated in vacuo, diluted with ice-cold water-Z8
mL) and acidified with 2 N HCI. The suspension wagracted with CkCl, (3 x 25 mL). Removal of the
solvent afforded compound@8a-m, which were purified by crystallization in ethanBbr compoundb8f
was necessary to perform an additional purificatgisp by flash column chromatography using
cyclohexane/ethyl acetate 2:1 as eluent.

5.2.171 4-(Furan-3-ylmethyl)-6-methylpyridazin-3(2H)-one (58a)

HN™N
o \

/|

O
Yield = 24 %; mp = 137-39 °C (EtOHYH NMR (CDCk) d 2.29 (s, 3H, Ck), 3.74 (s, 2H, Ch), 6.33 (s,
1H, Ar), 6.86 (s, 1H, Ar), 7.39 (s, 1H, Ar), 7.4§ @H, Ar).
5.2.172 4-(3,5-Dimethoxybenzyl)-6-methylpyridazin-3(2)-one (58f)

HN™N
o N

J
-0
Yield = 56 %; mp = 167-69 °C (EtOH}H NMR (CDCk) 6 2.27 (s, 3H, Ch), 3.81 (s, 6H, 2 x OCH),
3.85 (s, 2H, CH), 6.41 (s, 3H, Ar), 6.77 (s, 1H, Ar).
5.2.173 4-(3-Fluorobenzyl)-6-methylpyridazin-3(2H)-one (589)

HN—N
o \
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Yield = 95 %; mp = 114-16 °C (EtOHY NMR (CDCk) d 2.28 (s, 3H, Ch), 3.91 (s, 2H, Ch), 6.75 (s,
1H, Ar), 6.98-7.07 (m, 3H, Ar), 7.30-7.36 (m, 1H;)A11.31 (exch br s, 1H, NH).
5.2.174 4-(3-Chlorobenzyl)-6-methylpyridazin-3(2H)-one (58h)

HN™
o N

C

Yield = 81 %; mp = 124-26 °C (EtOHY NMR (CDCk) J 2.28 (s, 3H, Ck), 3.89 (s, 2H, Ch), 6.75 (s,
1H, Ar), 7.16-7.18 (m, 1H, Ar), 7.26-7.31 (m, 3H;)A11.09 (exch br s, 1H, NH).
5.2.175 4-(3-Bromobenzyl)-6-methylpyridazin-3(2H)-one (58))

HN—N
\

o

Br
Yield = 28 %; mp = 147-49 °C (EtOH)} NMR (CDCk) 6 2.28 (s, 3H, Ch), 3.88 (s, 2H, Ch), 6.75 (s,
1H, Ar), 7.24 (d, 2H, ArJ =5.2 Hz), 7.45 (d, 2H, Ad = 9.1 Hz), 10.82 (exch br s, 1H, NH).
5.2.176 6-Methyl-4-[4-(methylthio)benzyl]pyridazin-3(2H)-one (58k)

Yield = 46 %: mp = 151-53 °C (EtOH)H NMR (CDCk) 6 2.,26 (s, 3H, Ch), 2.51 (s, 3H, SCh), 3.87
(s, 2H, CH), 6.71 (s, 1H, Ar), 7.18 (d, 2H, Al,= 8.2 Hz), 7.27 (dd, 3H, Ag = 9.3 Hz,J = 1.8 Hz).
5.2.177 6-Methyl-4-[4-(trifluoromethyl)benzyl]pyridazin-3(2 H)-one (58l)

HN™N
N

Yield = 94 %; mp = 153-55 °C (EtOHY NMR (CDCk) ¢ 2.29 (s, 3H, Ch), 3.97 (s, 2H, Ch), 6.77 (s,
1H, Ar), 7.40 (d, 2H, ArJ = 8.0 Hz), 7.62 (d, 2H, Ad = 8.1 Hz), 11.19 (exch br s, 1H, NH).
5.2.178 4-Benzyl-6-methylpyridazin-3(2H)-one (58m)

HN™
o \
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Yield ~ 100 %; mp = 113-15 °C (EtOH)H NMR (CDCk) 6 2.26 (s, 3H, Ch), 3.92 (s, 2H, Ch), 6.73
(s, 1H, Ar), 7.26-7.33 (m, 3H, Ar), 7.28 (t, 2H,,Ar= 6.9 Hz).

General Procedure for 59a-m.A mixture of the suitable intermediate typ8 (58a-m) (4.50
mmol), KxCO; (9.00 mmol) and ethyl bromoacetate (6.75 mmolLksCN (10 mL) was refluxed under
stirring for 2-4 h. The mixture was then concemdain vacuo, diluted with cold water and extraciegith
CH.Cl; (3 x 15 mL). The solvent was evaporated in vacnd eompound$9a-m were purified by
crystallization from ethanol (compounds9a,g,h,j,Q or by flash column chromatography using
cyclohexane/ethyl acetate 2:1 (88b-€ and cyclohexane/ethyl acetate 1:1 §6f,i,I,m) as eluents.

5.2.179 Ethyl-2-[5-(furan-3-yImethyl)-3-methyl-6-oxopyridazin-1(6H)-yl]acetate (59a)

}O\_
o A\

/|

o
Yield = 69 %; mp = 61-67 °C (EtOH)H NMR (CDCk) ¢ 1.31 (t, 3H, CHCHs, J = 7.1 Hz), 2.27 (s, 3H,
3-CHg), 3.73 (s, 2H, CHCHy,), 4.27 (g, 2H, @H,CHs, J = 7.1 Hz), 4.87 (s, 2H, NGIE0O), 6.32 (s, 1H,
Ar), 6.82 (s, 1H, Ar), 7.37 (s, 1H, Ar), 7.45 ($1,1Ar).

5.2.180 Ethyl-2-[3-methyl-6-0x0-5-(thiophen-3-yImethyl)pyridazin-1(6H)-ylJacetate (59b)

Q

e
N—N,

o _\

/|

S
Yield = 91 %; oil.'H NMR (CDCk) 6 1.31 (t, 3H, CHCHs, J = 7.1 Hz), 2.25 (s, 3H, 3-Gj 3.93 (s, 2H,
CHCCH,), 4.25 (q, 2HCH,CHs, J = 5.8 Hz), 4.86 (s, 1H, NGIEO), 6.72 (s, 1H, Ar), 6.97 (dd, 1H, Atr,
J=3.64 HzJ=1.2 Hz), 7.11 (s, 1H, Ar), 7.33 (dd, 1H, A= 2.0 Hz,J = 4.6 Hz).
5.2.181  Ethyl-2-[3-methyl-6-0x0-5-(thiophen-2-ylmethyl)pyridazin-1(6H)-yl]acetate (59c¢)
O,
b
N—N,
o N\

S\ A
Yield ~ 100 %; oil.'H NMR (CDCk) 6 1.30 (t, 3H, CHCHs, J = 7.1 Hz), 2.26 (s, 3H, 3-Gj 4.11 (s,
2H, CHQCHy), 4.25 (g, 2HCH,CHs, J = 7.1 Hz), 4.86 (s, 2H, NGIEO), 6.82 (s, 1H, Ar), 6.92 (d, 1H,
Ar, J= 3.3 Hz), 7.00 (t, 1H, A = 3.9 Hz), 7.22 (d, 1H, Ad = 5.1 Hz).

143



5. Experimental Chemistry

5.2.182 Ethyl-2-[5-(3,5-dimethoxybenzyl)-3-athyl-6-oxopyridazin-1(6H)-yl]acetate (59f)

Yield = 95 %:; brown oil*H NMR (CDCk) ¢ 1.31 (t, 3H, CHCHs), 2.24 (s, 3H, 3-Ch), 3.79 (s, 6H, 2 x
OCHg), 3.84 (s, 2H, CHCHy,), 4.24 (q, 2H, @H,CHs, J = 7.1 Hz), 4.86 (s, 2H, NGIEO), 6.39 (s, 3H,
Ar), 6.70 (s, 1H, Ar).

5.2.183 Ethyl-2-[5-(3-fluorobenzyl)-3-methyl-6-oxopridazin-1(6H)-yllacetate (599)

o]

e
N—N,

o _\

.
Yield = 89 %; mp = 74-76 °C (EtOH)H NMR (CDCk) ¢ 1.31 (t, 3H, CHCHs, J = 7.2 Hz), 2.26 (s, 3H,
3-CHg), 3.91 (s, 2H, CHCH,), 4.26 (q, 2H, @H,CH3, J = 7.2 Hz), 4.87 (s, 2H, NGI€O), 6.71 (s, 1H,
Ar), 6.95-7.05 (m, 3H, Ar), 7.30 (q, 1H, Ai= 6.5 Hz).
5.2.184 Ethyl-2-[5-(3-chlorobenzyl)-3-methyl-6-oxogridazin-1(6H)-yl]acetate (59h)
oS
o N \

Cl

Yield ~ 100 %; mp = 89-91 °C (EtOH)H NMR (CDCk) 6 1.31 (t, 3H, CHCHs, J = 7.2 Hz), 2.27 (s,
3H, 3-CH), 3.88 (s, 2H, CHCHy), 4.27 (q, 2H, @H,CHs, J = 7.2 Hz), 4.86 (s, 2H, NGI€O), 6.71 (s,
1H, Ar), 7.15 (dd, 1H, ArJ = 4.5 Hz,J = 1.8 Hz), 7.24-7.30 (m, 3H, Ar).

5.2.185 Ethyl-2-[5-(3-bromobenzyl)-3-methyl-6-oxopydazin-1(6H)-yl]acetate (59j)

Yield = 82 %; mp = 98-100 °C (EtOH)H NMR (CDCk) ¢ 1.31 (t, 3H, CHCHs, J = 7.0 Hz), 2.27 (s,
3H, 3-CHy), 3.88 (s, 2H, CHCH,), 4.27 (q, 2H, @H,CHs, J = 7.0 Hz), 4.86 (s, 2H, NGIEO), 6.71 (s,
1H, Ar), 7.21-7.25 (m, 2H, Ar), 7.42 (d, 2H, Ar= 11.9 Hz).
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5.2.186 Ethyl-2-{3-methyl-5-[4-(methylthio)benzyl]-6-oxopyridazin-1(6H)-yl}acetate (59k)

Yield ~ 100 %; mp = 129-31 °C (EtOHH NMR (CDCk) 6 1.31 (t, 3H, CHCHs, J = 6.8 Hz), 2.24 (s,
3H, 3-CH), 2.51 (s, 3H, SC¥), 3.87 (s, 2H, CHCH,), 4.27 (q, 2H, @H,CHj3, J = 6.8 Hz), 4.86 (s, 2H,
NCH,CO), 6.68 (s, 1H, Ar), 7.17 (d, 2H, Ar= 7.3 Hz), 7.25-7.29 (m, 2H, Ar).

5.2.187 Ethyl-2-{3-methyl-6-0x0-5-[4-(trifluoromethyl)benzyl]pyridazin-1(6 H)-
yllacetate (59I)

Yield ~ 100 %; brown oil*H NMR (CDCk) 6 1.30 (t, 3H, CHCHs, J = 7.0 Hz), 2.27 (s, 3H, 3-Gj
3.96 (s, 2H, CHCHy,), 4.26 (q, 2H, @H,CHs, J = 7.1 Hz), 4.86 (s, 2H, NGIEO), 6.73 (s, 1H, Ar), 7.38
(d, 2H, Ar,J = 8.0 Hz), 7.60 (d, 2H, A = 8.0 Hz).

5.2.188 Ethyl-2-[5-benzyl-3-methyl-6-oxopyridazin-1(64)-yl]acetate (59m)

Yield = 98 %; oil.'H NMR (CDCk) 6 1.31 (t, 3H, CHCHs, J = 7.1 Hz), 2.22 (s, 3H, 3-Gj 3.90 (s, 2H,
CHCCHy), 4.24 (g, 2HCH,CHs, J = 7.1 Hz), 4.85 (s, 2H, NG&O), 6.66 (s, 1H, Ar), 7.23-7.28 (m, 3H,
Ar), 7.33-7.37 (m, 2H, Ar).

General Procedure for 60a-m.A suspension of the suitable intermediate tgpg59a-m) (4.4
mmol) in 6 N NaOH (10 mL) was stirred at rt to 80 for 1-2 h. The mixture was firstly diluted witbe+
cold water and then acidified with 6 N HCIl. Produ&0a-m were filtered off by suction and

recrystallized from ethanol.
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5.2.189 2-[5-(Furan-3-ylmethyl)-3-methyl-6-oxopyridazin-1(&H)-yl]acetic acid (60a)

Yield = 69 %; mp = 62-64 °C (EtOH}H NMR (CDCk) 6 2.29 (s, 3H, 3-Ch), 3.46 (exch br s, 1H, OH),
3.75 (s, 2H, CHCH,), 4.93 (s, 2H, NChLCO), 6.31 (s, 1H, Ar), 6.86 (s, 1H, Ar), 7.37 (81,1Ar), 7.45
(s, 1H, Ar).

5.2.190 2-[3-Methyl-6-0x0-5-(thiophen-3-ylmethyl)pyridazin-1(6H)-yl]acetic acid (60b)

?LOH

N—N,
N

O

/)

s
Yield ~ 100 %; mp = 123-25 °C (EtOHH NMR (CDCk) 6 2.27 (s, 3H, 3-Ch), 3.95 (s, 2H, CHCH,),
4.93 (s, 2H, NCKCO), 5.21 (exch br s, 1H, OH), 6.76 (s, 1H, ArR®(d, 1H, Ar,J = 4.8 Hz), 7.12 (s,
1H, Ar), 7.35 (t, 1H, Ar]) = 4.4 Hz).

5.2.191 2-[3-Methyl-6-o0x0-5-(thiophen-2-ylmethyl)pyridazin-1(6H)-yl]acetic acid (60c)

Yield = 88 %; mp = 123-25 °C (EtOH)H NMR (CDCk) § 2.28 (s, 3H, 3-Ch), 4.13 (s, 2H, CHCH,),
4.93 (s, 2H, NCHCO), 6.85 (s, 1H, Ar), 6.94 (d, 1H, Al,= 3.4 Hz), 7.01 (dd, 1H, Ad = 1.6 Hz,J =
3.4 Hz), 7.24 (dd, 1H, AJ=4.0 Hz,J = 1.0 Hz), 8.41 (exch br s, 1H, OH).

5.2.192  2-[3-Methyl-5-(naphthalen-1-ylmethyl)-6-oxopyridazn-1(6H)-yl]acetic acid (60d)

?LOH

N—N
\

Yield = 98 %; mp = 198-200 °C (EtOH} NMR (CDCk) 6 2.11 (s, 3H, 3-Ch}, 4.39 (s, 2H, CHCHY),

5.01 (s, 2H, NCHCO), 5.83 (exch br s, 1H, OH), 6.42 (s, 1H, AMI7(d, 1H, Ar,J = 6.8 Hz), 7.47-7.54
(m, 3H, Ar), 7.79 (d, 1H, A = 7.4 Hz), 7.86 (d, 1H, A = 8.2 Hz), 7.91 (d, 1H, Ad = 7.3 Hz).

(0]
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5.2.193 2-[5-(4-Methoxybenzyl)-3-methyl-6-oxopyridazin-1(61)-yl]lacetic acid (60e)

Yield = 96 %; mp = 144-45 °C (EtOHJH NMR (CDCk) 6 2.26 (s, 3H, 3-Ch), 3.84 (s, 3H, OCH),
3.87 (s, 2H, CHCHy), 4.93 (s, 2H, NCLCO), 6.69 (s, 1H, Ar), 6.91 (d, 2H, At= 8.5 Hz), 7.16 (d, 2H,
Ar, J=8.5 Hz).

5.2.194 2-[5-(3,5-Dimethoxybenzyl)-3-methyl-6-oxopyridazint(6H)-yl]acetic acid (60f)

2¥0H

=

Yield = 76 %; mp = 112-14 °C (EtOHJH NMR (CDCk) § 2.26 (s, 3H, 3-Ch), 3.37 (exch br s, 1H,
OH), 3.80 (s, 6H, 2 x OCH), 3.85 (s, 2H, CHCH,), 4.93 (s, 2H, NChLCO), 6.40 (s, 3H, Ar), 6.75 (s,
1H, Ar).

5.2.195 2-[5-(3-Fluorobenzyl)-3-methyl-6-oxopyridazin-1(&1)-yl]acetic acid (609)

‘}LOH

N—N
o A\

.
Yield = 82 %; mp = 124-26 °C (EtOH)H NMR (CDCk) ¢ 2.27 (s, 3H, 3-Ch), 3.92 (s, 2H, CHCH,),
4.92 (s, 2H, NChKCO), 6.35 (exch br s, 1H, OH), 6.72 (s, 1H, ArR%7.04 (m, 3H, Ar), 7.30-7.36 (q,
1H, Ar,J = 6.1 Hz).

5.2.196 2-[5-(3-Chlorobenzyl)-3-methyl-6-oxopyridan-1(6H)-yl]acetic acid (60h)

}OH

N—N
o N\

Cl

Yield = 75 %; mp = 162-64 °C (EtOH)H NMR (CDCk) & 2.28 (s, 3H, 3-CH), 3.90 (s, 2H, CHCHy),
4.93 (s, 2H, NCHCO), 6.72 (s, 1H, Ar), 7.14 (d, 1H, At = 5.6 Hz), 7.23-7.45 (m, 1H, Ar).
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5.2.197 2-[5-(3-Bromobenzyl)-3-methyl-6-oxopyridan-1(6H)-yl]acetic acid (60j)

}OH

Yield = 89 %; mp = 173-75 °C (EtOH)H NMR (CDCk) d 2.29 (s, 3H, 3-Ch), 3.90 (s, 2H, CHCH,),
4.92 (s, 2H, NCHCO), 6.74 (s, 1H, Ar), 7.19-7.26 (m, 2H, Ar), 7@432H, Ar,J = 7.4 Hz).
5.2.198 2-{3-Methyl-5-[4-(methylthio)benzyl]-6-oxopyridazin-1(6H)-yl}acetic acid (60k)

Q

?OH

N—N
o \

S
Yield ~ 100 %; mp = 87-89 °C (EtOH}H NMR (CDCk) 6 2.25 (s, 3H, 3-Ch), 2.51 (s, 3H, SCh), 3.87
(s, 2H, CHCHy), 4.91 (s, 2H, NCKCO), 6.69 (s, 1H, Ar), 7.16 (d, 2H, Ar¥= 7.6 Hz), 7.25 (d, 2H, Ar,
J=7.6 Hz).

5.2.199 2-{3-Methyl-6-0x0-5-[4-(trifluoromethylpenzyl]pyridazin-1(6H)-yl}acetic acid (60I)

Yield = 82 %; mp = 127-29 °C (EtOH)H NMR (CDCk) ¢ 2.28 (s, 3H, 3-Ch), 3.98 (s, 2H, CHCH,),
4.93 (s, 2H, NCHCO), 6.74 (s, 1H, Ar), 7.37 (d, 2H, At= 8.0 Hz), 7.61 (d, 2H, Ad = 8.0 Hz).
5.2.200 2-[5-Benzyl-3-methyl-6-oxopyridazin-1(®1)-yl]acetic acid (60m)

}OH

Yield = 92 %; mp = 120-22 °C (EtOH)H NMR (CDCh) 6 2.25 (s, 3H, 3-Ch), 3.93 (s, 2H, CHCHy),
4.94 (s, 2H, NCHCO), 5.50 (exch br s, 1H, OH), 6.70 (s, 1H, ArR4£7.32 (m, 3H, Ar), 7.35-7.39 (m,
2H, Ar).
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General Procedure for 6la-p.To a cooled (-5 °C) and stirred solution of theprapriate
compounds0 (60a-m) (0.90 mmol), in anhydrous tetrahydrofuran (6 mEgN (3.15 mmol) was added.
After 30 min, the mixture was allowed to warm up&dC and ethyl chloroformate (0.99 mmol) was
added. After 1 h, the appropriately substitutedasnyne (1.80 mmol) was added. The reaction was
carried out at room temperature for 12 h. The nm&tuas then concentrated in vacuo, diluted witl col
water (10-15 mL), and extracted with &, (3 x 15 mL). The solvent was evaporated to affiomell
compoundsla-p, which were purified by column chromatography gsayclohexane/ethyl acetate 1:1
for compoundsla,b,f,j,n,q CH,CI,/CH3;OH 9.8:0.2 for compound8c cyclohexane/ethyl acetate 2:1
for compounds 61d,g-i,I,m toluene/NHOH/EtOH/CHCl,/petroleum ether 7:0.05:0.30:2:0.65 for
compoundleand cyclohexane/ethyl acetate 1:2 for compow@idisp.

5.2.201 N-(4-Bromophenyl)-2-[5-(furan-3-ylmethyl)-3-methyl-6-0xo-pyridazin-1(6H)-
yllacetamide (61a)

H
O
N—N,
\

(e}

/

o
Yield = 50 %; mp = 67-69 °C (EtOHIH NMR (CDCk) ¢ 2.32 (s, 3H, 3-Ch), 3.76 (s, 2H, CHCH,),
4.96 (s, 2H, NCKCO), 6.31 (s, 1H, Ar), 6.91 (s, 1H, Ar), 7.38-7.40, 5H, Ar), 7.46 (s, 1H, Ar), 9.05
(exch br s, 1H, NH).

5.2.202 N-(4-Bromophenyl)-2-[3-methyl-6-0x0-5-(thiophen-3-yhethyl)- pyridazin-
1(6H)-yllacetamide (61b)

Q H

?ﬂ\l Br
NN
\

O

/)

S
Yield = 24 %; mp = 93-95 °C (EtOHJH NMR (CDCh) ¢ 2.31 (s, 3H, 3-Ch), 3.96 (s, 2H, CHCH,),
4.95 (s, 2H, NCHCO), 6.84 (s, 1H, Ar), 6.97 (d, 1H, A¥= 1.9 Hz), 7.12 (s, 1H, Ar), 7.35 (q, 1H, Ar,
= 4.8 Hz), 7.39 (s, 4H, Ar), 9.04 (exch br s, 1H{)N
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5.2.203 N-(4-Bromophenyl)-2-[3-methyl-6-0x0-5-(thiophen-2-yhethyl)-pyridazin-
1(6H)-yl]acetamide (61c)

Yield = 80 %; colorless oitH NMR (CDCE) ¢ 2.32 (s, 3H, 3-Ch), 4.14 (s, 2H, CHCH,), 4.97 (s, 2H,
NCH,CO), 6.93-6.95 (m, 2H, Ar), 6.99-7.01 (m, 1H, AF)24 (dd, 1H, ArJ = 4.0 Hz,J = 1.0 Hz), 7.33
(g, 4H, Ar,J = 4.2 Hz), 9.25 (exch br s, 1H, NH).

5.2.204 N-(4-Bromophenyl)-2-[3-methyl-5-(naphthalen-1-ylmetlyl)-6-oxo-pyridazin-
1(6H)-yllacetamide (61d)

2y
Yield = 77 %; mp = 208-09 °C (EtOH)H NMR (CDCh) 6 2.16 (s, 3H, 3-Ch), 4.39 (s, 2H, CHCHy),
5.04 (s, 2H, NCKHCO), 6.54 (s, 1H, Ar), 7.33 (d, 2H, At,= 8.8 Hz), 7.39 (d, 3H, Ad = 9.2 Hz), 7.45-
7.54 (m, 3H, Ar), 7.80 (d, 1H, Ad = 8.2 Hz), 7.86 (d, 1H, Af = 8.2 Hz), 7.92 (d, 1H, Ad = 7.8 Hz),
9.38 (exch br s, 1H, NH).
5.2.205 N-(4-Bromophenyl)-2-[5-(4-methoxybenzyl)-3-methyl-G@xo-pyridazin-1(6H)-
yllacetamide (61e)

Yield = 73 %; mp = 139-141 °C (EtOH). IR (3300 (NH), 1709 (CO), 1644 (COH NMR (CDCk)
8 2.29 (s, 3H, 3-Ch), 3.83 (s, 3H, OCHJ, 3.88 (s, 2H, CHAr), 4.94 (s, 2H, NCHCO), 6.78 (s, 1H, Ar),
6.90 (d, 2H, ArJ = 8.6 Hz), 7.17 (d, 2H, Ad = 8.6 Hz), 7.40 (s, 4H, Ar), 9.01 (exch br s, NH). MS
(ESI) calcd. For GH20BrNzOs, 442,31. Foundn/z442.08 [M].
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5.2.206 N-(4-Bromophenyl)-2-[5-(3,5-dimethoxybenzyl)-3-methly6-oxo-pyridazin-
1(6H)-yl]acetamide (61f)

O H
gLN Br

N—N

o N

-0
Yield = 62 %; mp = 87-89 °C (EtOH)H NMR (CDCk) 6 2.29 (s, 3H, 3-Ch), 3.77 (s, 6H, 2 x OCH),
3.83 (s, 2H, CHCH,), 4.94 (s, 2H, NCKCO), 6.37 (s, 3H, Ar), 6.85 (s, 1H, Ar), 7.27 (d,4Ar, J =
11.4 Hz), 9.49 (exch br s, 1H, NH).

5.2.207 N-(4-Bromophenyl)-2-[5-(3-fluorobenzyl)-3-methyl-6-xopyridazin-1(6H)-
yllacetamide (619)

H
Wi

N—N

o N\

E

Yield = 47 %; mp = 88-89 °C (EtOHJH NMR (CDCk) ¢ 2.32 (s, 3H, 3-Ch), 3.93 (s, 2H, CHCH,),
4.95 (s, 2H, NCHCO), 6.85 (s, 1H, Ar), 6.97-7.05 (m, 3H, Ar), 7.284 (m, 5H, Ar), 9.14 (exch br s,
1H, NH).

5.2.208 N-(4-Bromophenyl)-2-[5-(3-chlorobenzyl)-3-methyl-6-&opyridazin-1(6H)-
yl]acetamide (61h)

H
N Br
N—N
o A\

Cl
Yield = 26 %; mp = 185-187 °C (EtOH} NMR (CDChk) § 2.33 (s, 3H, 3-Ch), 3.89 (s, 2H, CHCH,),
4.94 (s, 2H, NCHCO), 6.86 (s, 1H, Ar), 7.14 (s, 1H, Ar), 7.28 (ddd, Ar,J = 1.3 Hz,J =5.4 Hz), 9.26
(exch br s, 1H, NH).
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5.2.209 N-(4-Bromophenyl)-2-[5-(3-bromobenzyl)-3-methyl-6-orpyridazin-1(6H)-
yllacetamide (61i)

H
N Br
N—N,
o N

Br

Yield = 47 %; mp = 99-101 °C (EtOHH NMR (CDCk) ¢ 2.33 (s, 3H, 3-Ch), 3.90 (s, 2H, CHCH,),
4.94 (s, 2H, NCHCO), 6.85 (s, 1H, Ar), 7.19-7.23 (m, 2H, Ar), 7.380 (m, 4H, Ar), 7.43 (t, 2H, Ad
= 3.6 Hz), 9.00 (exch br s, 1H, NH).

5.2.210 N-(4-Bromophenyl)-2-{3-methyl-5-[4-(methylthio)benzy]-6-oxo-pyridazin-
1(6H)-yltacetamide (61j)

Q H

?‘N Br
NN
\

O

/S

Yield = 10 %; mp = 97-99 °C (EtOH)H NMR (CDCk) ¢ 2.30 (s, 3H, 3-Ch), 2.50 (s, 3H, SCh), 3.89
(s, 2H, CHCH,), 4.94 (s, 2H, NCKCO), 6.80 (s, 1H, Ar), 7.17 (d, 2H, At= 8.2 Hz), 7.24 (d, 2H, Al
= 8.2 Hz), 7.39 (dd, 4H, Ad = 2.6 Hz,J = 5.7 Hz), 9.01 (exch br s, 1H, NH).

5.2.211 N-(4-Bromophenyl)-2-{3-methyl-6-oxo0-5-[4-(trifluoromethyl) benzyl]pyridazin
-1(6H)-yl}acetamide (61k)

Yield = 44 %; mp = 81-83 °C (EtOHJH NMR (CDCh) ¢ 2.32 (s, 3H, 3-Ch), 3.99 (s, 2H, CHCH,),
4.94 (s, 2H, NCKCO), 6.84 (s, 1H, Ar), 7.32-7.40 (m, 6H, Ar), 7.@l 2H, Ar,J = 8.1 Hz), 8.99 (exch
br s, 1H, NH).
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5.2.212 2-[5-Benzyl-3-methyl-6-oxopyridazin-1{&)-yl]- N-(4-bromophenyl) acetamide(61 1)

Yield = 47 %:; colorless oitH NMR (CDCE) ¢ 2.30 (s, 3H, 3-Ch), 3.93 (s, 2H, CHCH,), 4.94 (s, 2H,
NCH,CO), 6.82 (s, 1H, Ar), 7.24-7.28 (m, 2H, Ar), 7.3(38 (m, 7H, Ar), 9.18 (exch br s, 1H, NH).
5.2.213 N-(4-Fluorophenyl)-2-[5-benzyl-3-methyl-6-oxopyridam-1(6H)-yllacetamide (61m)

H
N F
N™N
o \

Yield = 53 %; mp = 175-76 °C (EtOH)H NMR (CDCk) d 2.29 (s, 3H, 3-Ch), 3.94 (s, 2H, CHCH,),
4.95 (s, 2H, NChKCO), 6.80 (s, 1H, Ar), 6.97 (t, 2H, Aj,= 8.7 Hz), 7.25-7.28 (m, 2H, Ar), 7.30-7.38
(m, 3H, Ar), 7.41-7.44 (m, 2H, Ar), 9.05 (exch brisi, NH).

5.2.214 N-(1,3-Benzodioxol-5-yl)-2-[5-benzyl-3-methyl-6-oxopidazin-1(6H)-

yl]acetamide (61n)
O
s
N—N
o N\

Yield = 26 %; mp = 63-65 °C (EtOHJH NMR (CDCk) ¢ 2.22 (s, 3H, 3-Ch), 3.80 (s, 2H, CHCH,),
4.79 (s, 2H, NChLCO), 5.99 (s, 2H, OC¥D), 6.86 (d, 1H, ArJ = 8.4 Hz), 6.93-6.95 (m, 1H, Ar), 7.08 (s,
1H, Ar), 7.22-7.34 (m, 7H, Ar), 10.19 (exch br &{, NH).

5.2.215 N-(4-Butoxyphenyl)-2-[5-(4-chlorobenzyl)-3-methyl-6exopyridazin-1(6H)-

yllacetamide (610)
O
O

Cl
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Yield = 70 %. mp =146-147 °C (EtOH). IR (3298 (NH), 1708 (CO), 1642 (COH NMR (CDCk)
8 0.99 (t, 3H, O(CH)3CHs, J = 7.4 Hz), 1.49 (sext, 2H, OGBH,CH,CHs, J = 7.5 Hz), 1.76 (quint, 2H,
OCH,CH,CH,CHjs, J = 7.0 Hz), 2.29 (s, 3H, 3-G}H 3.88 (s, 2H, CHCH,), 3.93 (t, 2H, OCKH J = 6.5
Hz), 4.94 (s, 2H, NCKCO), 6.76 (s, 1H, Ar), 6.81 (d, 2H, At,= 9.0 Hz), 7.18 (d, 2H, Ad = 8.4 Hz),
7.32 (d, 2H, ArJ = 8.4 Hz), 7.38 (d, 2H, A = 9.0 Hz), 8.69 (exch br s, 1H, NH). MS (ESI) chlEor
C24H26CIN303, 439,93. Foundm/z440.17 [M + HJ.

5.2.216 N-(4-Butoxyphenyl)-2-[5-(4-methoxybenzyl)-3-methyl-6xo-pyridazin-1(6H)-

yllacetamide (61p)
H
N—< >—O
C};N\ N
o

O
/

Yield = 60 %; mp = 160-161 °C (EtOH). IR (3300 (NH), 1707 (CO), 1644 (COH NMR (CDCk)

5 0.98 (t, 3H, O(CH)sCHs, J = 7.4 Hz), 1.45-1.54 (m, 2H, OGEH,CH,CHs), 1.77(quint, 2H,
OCH,CH,CH,CH;z, J = 7.1 Hz), 2.28 (s, 3H, 3-G)j 3.83 (s, 3H, OCH), 3.88 (s, 2H, CHCH,), 3.94 (t,
2H, OCH, J = 6.5 Hz), 4.93 (s, 2H, NGIEO), 6.74 (s, 1H, Ar), 6.82 (d, 2H, A},= 9.0 Hz), 6.90 (d,
2H, Ar,J = 8.6 Hz), 7.17 (d, 2H, A = 8.5 Hz), 7.39 (d, 2H, A = 9.0 Hz), 8.67 (exch br s, 1H, NH).
MS (ESI) calcd. For &H2oN304, 435,52. Foundn/z436.23 [M + HI.

General Procedure for 62a-cTo 5 mL of KOH in absolute EtOH (5%, w/\j3a (0.13 mmol)
and the appropriate substituted aromatic aldeh@dE3(mmol) were added. The mixture was refluxed
under stirring for 1-5 h. After cooling, the susp®m was concentrated in vacuo, diluted with icketco
water (5-10 mL), acidified with 2 N HCI and extradtwith CHCI, (3 x 25 mL). Removal of the solvent
afforded compounds62a-¢ which were purified by flash column chromatognaptusing
cyclohexane/ethyl acetate 2:1 (28 and cyclohexane/ethyl acetate 1:1 @8b,0 as eluents.

5.2.217 N-(4-lodophenyl)-2-{3-methyl-5-[4-(methylthio)benzy]-6-oxo-pyridazin-
1(6H)-yl}acetamide (62a)

H
N |
N—N
o N
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Yield = 46 %; mp = 68-70 °C (EtOH)H NMR (CDCk) ¢ 2.30 (s, 3H, 3-Ch), 2.51 (s, 3H, SCh), 3.89
(s, 2H, CHCH,), 4.93 (s, 2H, NCKCO), 6.80 (s, 1H, Ar), 7.18 (d, 2H, Al,= 8.4 Hz), 7.24-7.28 (m,
4H, Ar), 7.61 (d, 2H, ArJ = 8.8 Hz), 8.92 (exch br s, 1H, NH).

5.2.218 N-(4-lodophenyl)-2-[5-(3,5-dimethoxybenzyl)-3-methyb-oxo pyridazin-1(6H)-
yl]- acetamide(62b)

Q H

?‘N |
N-N
\

o}

—o
Yield = 30 %; mp = 63-65 °C (EtOH)H NMR (CDCk) § 2.30 (s, 3H, 3-Ch), 3.79 (s, 6H, 2 x OCH),
3.87 (s, 2H, CHCHy), 4.94 (s, 2H, NCKCO), 6.40 (s, 3H, Ar), 6.82 (s, 1H, Ar), 7.28 (¢H,2Ar, J = 5.7
Hz), 7.58 (d, 2H, ArJ = 8.6 Hz), 9.01 (exch br s, 1H, NH).

5.2.219 N-(4-lodophenyl)-2-[5-(3-chlorobenzyl)-3-methyl-6-ompyridazin-1(6H)-
yllacetamide (62c)

Yield = 25 %; mp = 58-60 °C (EtOHJH NMR (CDCk) & 2.33 (s, 3H, 3-Ch), 3.90 (s, 2H, CHCH)),
4.94 (s, 2H, NCHCO), 6.86 (s, 1H, Ar), 7.13-7.16 (m, 1H, Ar), 7.@D 2H, Ar,J = 7.0 Hz), 7.28 (d, 3H,
Ar, J=4.2 Hz), 7.52 (d, 2H, Ad = 8.7 Hz), 9.14 (exch br s, 1H, NH).

5.2.220 6-Methyl-4-(pyridin-3-ylmethyl)pyridazin-3(2 H)-one (63)

To 6 mL of KOH in absolute EtOH (5%, w/\42d (1.78 mmol) and commercially available pyridine-3-
carbaldehyde (1.78 mmol) were added. The mixture nefluxed under stirring for 5 h. After coolinggt
suspension was concentrated in vacuo, diluted wtfcold water (10 mL), acidified with 2 N HCI and
extracted with CBHICl, (3 x 25 mL). Removal of the solvent afforded conmmpd63, which was purified
by flash column chromatography using MMH/EtOH/CHCl,/petroleum ether 4:25:150:50 as eluents.
Yield = 53 %; mp = 181-183 °C (EtOH} NMR (CDCk) 6 2.28 (s, 3H, 6-Ch), 3.93 (s, 2H, CHCH,),
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6.80 (s, 1H, Ar), 7.33 (dd, 1H, Al,= 2.7 Hz,J = 5.0 Hz), 7.70 (dd, 1H, Ad = 6.1 Hz,J = 1.8 Hz), 8.57
(s, 2H, Ar), 11.53 (exch br s, 1H, NH).

5.2.221 4-[(6-Methyl-3-0x0-2,3-dihydropyridzin-4-yl)methyl]benzamide(64)

HN™N

NH2
o

To 6 mL of KOH in absolute EtOH (5%, w/vi2d (1.78 mmol) and commercially available 4
cyanobenzaldehyd€3.56 mmol) were added. The mixture was refluxedeurstirring for 4 h. After
cooling, the suspension was concentrated in vatilided with ice-cold water (10 mL) and acidifiedthv
2 N HCI. After 1 h stirring in ice-bath, the preitgie was filtered off and purified by crystalligat in
ethanol. Yield = 70 %; mp = 164-166 °C (EtOH). I&n(*) 3300 (NH), 3200 (Nk), 1649 (CO), 1608
(CO).’™H NMR (CDCk) 6 2.18 (s, 3H, 6-C¥), 3.80 (s, 2H, CHCH,), 7.06 (s, 1H, Ar), 7.33 (d, 2H, AJ,
=8.2 Hz), 7.80 (d, 2H, Al = 8.1 Hz), 12.72 (exch br s, 1H, NH

5.2.222  4-[(6-Methyl-3-ox0-2,3-dihydropyridazin-4-yl)methyllbenzonitrile (65)

HN™
o \)

CN

A suspension 084 (0.82 mmol) in 5 mL of POGlwas stirred at 60 °C for 3 h. After cooling, th&xtare
was concentrated in vacuo, diluted with ice-coldeng10 mL) and extracted with GEI, (3 x 15 mL).
The organic layer was dried (p&0;) and concentrated in vacuo, to afford a yellowidsethich was
purified by flash column chromatography usingJCH/CH3;OH 7:3 as eluent. Yield = 60 %; mp = 213-
215 °C (EtOH). IR (cnt) 2225 (CN), 1649 (CO), 1609 (COH NMR (CDCk) 6 2.29 (s, 3H, 6-Ch),
3.96 (s, 2H, CHCH,), 6.79 (s, 1H, Ar), 7.41 (d, 2H, A3,= 7.0 Hz), 7.65 (d, 2H, Ad = 6.9 Hz), 10.61
(exch br s, 1H, NH). MS (ESI) calcd. Foss8,9N204, 435,52. Foundn/z436.23 [M + HJ.

General Procedure for 66a-c A mixture of compound3, 64 or 65 (0.79 mmol), KCO; (1.58
mmol) andN-(4-bromophenyl)-2-chloroacetami@@ (1.19 mmol) in CHCN (2 mL), was refluxed under
stirring for 2-3 h. The mixture was then concemttain vacuo and diluted with cold water. After 1 h

stirring in ice-bath, the precipitate was filteresff by suction and purified by flash column
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chromatography using alternatively gH,/CH3;OH 9.5:05 (for66a), CH,CIl,/CH3;OH 9.9:0.1 (for66b) or
CH,CI,/CH30OH/NH,OH 9.5:0.5:0.05 (fo66¢) as eluents.

5.2.223 4-{2-[(4-Bromophenycarbamoyl)methyl]-6-methyl-3-0xe2,3-dihydropyridazin-
4-ylmethyl}benzamide(66a)

Q H

?ﬂ\l Br
NN
\

o}

NH>
(0]

Yield = 59 %; mp = 168-171 °C (EtOH). IR (€n3200 (NH), 1654 (CO), 1609 (COYH NMR
(CDCl3) 6 2.31 (s, 3H, 6-Ch), 3.99 (s, 2H, CHCH,), 4.93 (s, 2H, NCbLCO), 6.81 (s, 1H, Ar), 7.34-7.41
(m, 6H, Ar), 7.80 (d, 2H, ArJ = 8.1 Hz), 8.89 (exch br s, 1H, NH).

5.2.224 N-(4-Bromophenyl)-2-[5-(4-cyanobenzyl)-3-methyl-6-axpyridazin-1(6H)-
yl])acetamide (66b)

Q4 H
?‘N Br

N—N,

\

o

CcN
Yield = 19 %; mp = 210-211 °C (EtOH). IR (€n2225 (CN), 1650 (CO), 1598 (CGH NMR (CDCk)
0 2.33 (s, 3H, 3-Ch), 3.99 (s, 2H, CHCHy,), 4.93 (s, 2H, NCKCO), 6.85 (s, 1H, Ar), 7.39 (q, 6H, AT,
= 8.3 Hz), 7.65 (d, 2H, Al = 8.2 Hz), 8.77 (exch br s, 1H, NH).

5.2.225 N-(4-Bromophenyl)-2-[3-methyl-6-0x0-5-(pyridin-3-ylmethyl)-pyridazin-
1(6H)-yl]acetamide(66c¢)

O\ H
?‘N Br
N\

Yield = 61 %; mp = 216-218 °C (EtOHH NMR (CDCk) ¢ 2.30 (s, 3H, 3-Ch), 3.92 (s, 2H, CHCH,),
4.93 (s, 2H, NCKCO), 6.86 (s, 1H, Ar), 7.27-7.33 (m, 5H, Ar), 7@l 1H, Ar,J = 7.8 Hz), 8.54 (d, 2H,
Ar, J=6.2 Hz), 9.29 (exch br s, 1H, NH).
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5.2.226 Ethyl-2-[5-(4-carbamoylbenzyl)-3-methyl-6-x0pyridazin-1(6H)-yllacetate (67)

?LO\_
N—N,
o A\

NH2
(e}

A mixture of compound4 (1.56 mmol), kCO; (3.12 mmol) and ethyl bromoacetate (2.34 mmol) in
CH3CN (6 mL), was refluxed under stirring for 2 h. Thexture was then concentrated in vacuo and
diluted with cold water. After 1h stirring in iceath, the yellow precipitate was filtered off by san and
purified by recrystallization in ethanol. Yield 8 %6; mp = 174-76 °C (EtOHJH NMR (CDCk) § 1.31

(t, 3H, CHCHg), 2.25 (s, 3H, 3-Ch), 3.96 (s, 2H, CHCH,), 4.26 (g, 2HCH,CH3, J = 7.2 Hz), 4.86 (s,
2H, NCH,CO), 6.70 (s, 1H, Ar), 7.34 (d, 2H, Al = 7.7 Hz), 7.80 (d, 2H, Ad = 7.7 Hz).

5.2.227  4-{[2-(Carboxymethyl)-6-methyl-3-ox0-3-dihydropyridazin-4-yljmethyl} benzoic
acid (68)

OH

A suspension of the intermedi&@& (1.22 mmol) in 6 N NaOH (5 mL) was stirred at €D for 2 h. The
mixture was diluted with ice-cold water (3 mL), dified with 6 N HCI and the final produé8 was then
filtered off by suction and recrystallized from attol. Yield = 76 %; mp = 225-27 °C (EtOHH NMR
(CDCl) 6 2.22 (s, 3H, 6-Ch), 3.87 (s, 2H, CHCH,), 4.69 (s, 2H, NCKCO), 7.15 (s, 1H, Ar), 7.39 (d,
2H, Ar,J = 8.0 Hz), 7.88 (d, 2H, A = 8.0 Hz), 13.01 (exch br s, 1H, OH).

5.2.228 N-(4-Bromophenyl)-4-{2-[(4-bromophenylcarbamoyl)metlyl]-6-methyl-3-oxo-
2,3-dihydropyridazin-4-ylmethyl}benzamide (69)

A H
?‘N Br
o \

H
N Br

(0]
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To a cooled (-5 °C) and stirred solution of compb®8 (0.93 mmol) in anhydrous tetrahydrofuran (7
mL), EtN (3.26 mmol) was added. After 30 min, the mixtwas allowed to warm up to 0 °C and ethyl
chloroformate (1.02 mmol) was added. After 1 h,rdao aniline (1.86 mmol) was added. The reaction
was carried out at room temperature for 12 h. Thaure was then concentrated in vacuo, diluted with
cold water (15 mL) and extracted with & (3 x 15 mL). After removal of the solvent, theidee was
purified by column chromatography using §&H/CH3;OH/NH,OH 9.5:0.5:0.05 as eluent. The analytical
sample of compoun@9 was obtained from a further purification througlsiéca gel preparative TLC
(eluent: CHCI/CH3OH/NH,OH 9.5:0.5:0.05). Yield = 10 %; mp = 226-228 °C QHE). 'H NMR
(CDCl3) 6 2.31 (s, 3H, 6-CHh), 4.00 (s, 2H, CHCH,), 4.93 (s, 2H, NChCO), 6.83 (s, 1H, Ar), 7.40 (t,
6H, Ar, J = 8.4 Hz), 7.51 (d, 2H, A = 8.7 Hz), 7.57 (d, 2H, A = 8.9 Hz), 7.84 (d, 2H, AJ = 7.7
Hz), 8.67 (exch br s, 1H, NH). MS (ESI) calcd. ErH2:BroN4O3, 610.30. Foundm/z609 [M - HJ,
611.2 [M + HJ.

5.2.229 4-(3-Methoxybenzoyl)-6-methylpyridazin-3(2)-one (70)

To a stirred and heated (60 °C) suspension of camg43 (2.39 mmol) in 15 mL of 50 % (v/v) acetic
acid, Ce(NH)2(NOz3)s (7.17 mmol) was slowly added over 0.5 h and thetrea is carried out at 60 °C
for additional 1 h. The mixture was then dilutedhnice-cold water (10 mL) and extracted with i3
(15 mL). After washing with BD (3 x 10 mL), the organic layer was evaporatedeundcuo and the
residue was purified by CombyFldsteluent: cyclohexane/ethyl acetate, gradientd:1:3). Yield = 17
%; oil. 'H NMR (CDCk) 6 2.25 (s, 3H, 6-Ch), 3.92 (s, 3H, OCH), 6.74-6.95 (m, 4H, Ar), 7.31 (t, 1H,
Ar, J=7.8 Hz), 11.32 (exch br s, 1H, NH).

5.2.230 N-(4-Bromophenyl)-2-[5-(3-methoxybenzoyl)-3-methyl-@xopyridazin-1(6H)-
yllacetamide (71)

H
a9t
N—N
\

(0]
(0]

N

A mixture of intermediate70 (0.41 mmol), kKCO; (0.82 mmol) and N-(4-bromophenyl)-2-
chloroacetamid@2 (0.61 mmol) in CHCN (5 mL), was refluxed under stirring for 6 h. Timéture was
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then concentrated in vacuo and extracted with@H3 x 15 mL). After removal of the solvent under
vacuo the residue was purified by flash column gtatmgraphy using N¥OH/EtOH/CHCl./petroleum
ether 4:25:150:269 as eluent. Yield = 10 %; mp 6-177 °C (EtOH)H NMR (CDCk) § 2.32 (s, 3H, 3-
CHj3), 3.82 (s, 3H, OCH), 4.92 (s, 2H, NCKCO), 6.62 (s, 1H, Ar), 6.69 (t, 1H, As,= 2.1 Hz), 6.74 (d,
1H, Ar,J=7.5 Hz), 6.85 (dd, 1H, Ad = 6.3 Hz,J = 2.0 Hz), 7.29 (t, 1H, AJ = 8.2 Hz), 7.38-7.46 (m,
4H, Ar), 9.10 (exch br s, 1H, NH). MS (ESI) caléthr G1H1gBrN3O4, 456,29. Foundm/z457.20 [M +
H]".

5.2.231 4-(4-Methoxyphenyl)-6-methylpyridazin-3(R)-one (74)

To an ice-cold solution ofH)-methyl 2-(4-methoxyphenyl)-4-oxopent-2-enod® (0.34 mmol) in dry
toluene (3 mL), hydrazine hydrate (0.68 mmol) wddeal drop-wise. The solution was stirred at reflux
temperature for 2 h. The solvent was evaporatedadold water (5 mL) was added to the residue Th
aqueous layer was extracted with £ (3 x 15 mL) and the combined organic layers weateddover
N&SO, and evaporated in vacuo. The crude product wasiquuiby flash column chromatography
(eluent: cyclohexane/ethyl acetate 1:3) to yiddas an amorphous white solid. Yield = 55 %; mp =-155
158 °C (EtOH).*H NMR (CDCk) ¢ 2.39 (s, 3H, 6-Ch), 3.88 (s, 3H, OCH), 6.99 (d, 2H, ArJ = 8.9
Hz), 7.24 (s, 1H, Ar), 7.86 (d, 2H, Al,= 8.9 Hz), 10.51 (exch br s, 1H, NH).

5.2.233 Ethyl-2-[5-(4-methoxyphenyl)-3-methyl-6-oxayridazin-1(6H)-yl]acetate (75)

Q.
(o]
?‘ N
N—N
o A\

—o
A mixture of the intermediaté4 (0.18 mmol), KCO; (0.36 mmol) and ethyl bromoacetate (0.28 mmol)
in CH3CN (2 mL), was refluxed under stirring for 1.5 thelmixture was then concentrated in vacuo and
extracted with ChCl, (3 x 10 mL). After removal of the solvent under vadhe residue was purified by
flash column chromatography using cyclohexaneletbgtate 1:1 as eluent. Yield ~ 100 %; colorleks o
'H NMR (CDCh) 6 1.30 (t, 3H, CHCHs, J = 7.0 Hz), 2.37 (s, 3H, 3-G} 3.92 (s, 3H, OCH), 4.23 (q,
2H, CH,CHj3, J = 7.0 Hz), 4.89 (s, 2H, NG€O), 6.94 (d, 2H, ArJ = 8.8 Hz), 7.21 (s, 1H, Ar), 7.81 (d,
2H, Ar,J = 8.8 Hz).
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5.2.234 2-[5-(4-Methoxyphenyl)-3-methyl-6-oxopyridain-1(6H)-ylJacetic acid (76)

A suspension of the intermediat® (0.20 mmol) in 6 N NaOH (1.5 mL) was stirred at @D for 0.5 h.
The mixture was diluted with ice-cold water (1 magidified with 6 N HCI and the final produé8 was
then filtered off by suction and recrystallizedrfr@thanol. Yield ~ 100 %; mp = 202-203 °C (EtOH.
NMR (CDCk) ¢ 2.41 (s, 3H, 3-CH), 3.87 (s, 3H, OCBHJ, 4.99 (s, 2H, NCKCO), 6.98 (d, 2H, ArJ = 8.8
Hz), 7.26 (s, 1H, Ar), 7.82 (d, 2H, Al = 8.8 Hz).

5.2.235 N-(4-Bromophenyl)-2-[5-(4-methoxyphenyl)-3-methyl-6axo-pyridazin-1(6H)-
yllacetamide (77)

To a cooled (-5 °C) and stirred solutions of commpb@d6 (0.20 mmol) in anhydrous tetrahydrofuran (2
mL), EsN (0.70 mmol) was added. After 30 min, the mixtwas allowed to warm up to 0 °C and ethyl
chloroformate (0.22 mmol) was added. After 1 hrdnaoaniline (0.40 mmol) was added and the reaction
was carried out at room temperature for 12 h. Theéure was then concentrated in vacuo, diluted with
cold water (5 mL) and extracted with gEl, (3 x 10 mL). After removal of the solvent, theidee was
purified by column chromatography using cyclohexXatig/l acetate 2:1 as eluent. Yield = 35 %; mp =
251-253 °C (EtOH)*H NMR (CDCk) 6 2.43 (s, 3H, 6-Ch), 3.88 (s, 3H, OCH), 5.00 (s, 2H, NCLCO),
7.00 (d, 2H, ArJ = 8.7 Hz), 7.27 (s, 1H, Ar), 7.40 (g, 4H, Ar= 9.2 Hz), 7.80 (d, 2H, A = 8.7 Hz),
9.07 (exch br s, 1H, NH).

5.2.236 Ethyl-2-[4-acetyl-5-amino-3-methyl-6-oxopydazin-1(6H)-ylJacetate (80)
O,
ba
-
\

o
HoN (@]
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A mixture of the intermediaté9 (0.99 mmol), KCO; (1.98 mmol), and ethyl bromoacetate (1.34 mmol)
in CHsCN (3 mL) was refluxed under stirring for 3 h. Thexture was then concentrated in vacuo,
diluted with cold water, and extracted with &H, (3 x 15 mL). The solvent was evaporated in vacuo,
and compoun®0 was purified by recrystallization from ethanole¥ = 44 %; mp = 145-46 °C (EtOH).
'H NMR (CDCk) 6 1.32 (t, 3H, CHCHz, J = 7.2 Hz), 2.53 (s, 3H, 3-G{ 2.60 (s, 3H, COCH), 4.27 (q,
2H, OCH,CHs, J = 7.1 Hz), 4.83 (s, 2H, NGIEO), 7.75 (exch br s, 1H, NH).

5.2.237 Ethyl-2-[4-acetyl-5-(4-methoxyphenylamino3-methyl-6-oxopyridazin-1(6H)-
yllacetate (81)

To the suspension @0 (0.91 mmol), copper acetate (1.36 mmol) and 4-metphenylboronic acid
(2.82 mmol) in CHCI, (4 mL), EgN (1.82 mmol) was added and the mixture was stiakdoom
temperature for 12 h. The suspension was extraetid15% agueous ammonia (3 x 10 mL), then the
organic layer was washed with water (10 mL) an@diover NaSQO,. After removal of the solvent in
vacuo, the residue was purified by flash columrootatography using cyclohexane/ethyl acetate 1:3 as
eluent. Yield = 61 %; mp = 115-17 °C (EtOHH NMR (CDCk) 6 1.34 (t, 3H, CHCHs, J = 7.2 Hz),
1.88 (s, 3H, COCEj, 2.14 (s, 3H, 3-ChJ, 3.81 (s, 3H, OCBH), 4.29 (g, 2H, @H,CH3, J = 7.2 Hz), 4.88

(s, 2H, COCHN), 6.85 (d, 2H, ArJ = 6.7 Hz), 7.04 (d, 2H, A= 8.9 Hz), 7.62 (exch br s, 1H, NH).

5.2.238 2-[4-Acetyl-5-(4-methoxyphenylamino)-3-me-6-oxopyridazin-1(6H)-

‘}LOH

N—N
\

yl]acetic acid (82)

O

o) Y=o
A suspension of the intermedi&# (0.39 mmol) in 6 N NaOH (10 mL) was stirred atat80 °C for 1.5
h. The mixture was diluted with cold water and d@d with 6 N HCI. After 1 h stirring in ice-bathhe
product82 was filtered off by suction and recrystallizedrfreethanol. Yield = 76 %; mp = 104-06 °C
(EtOH).*H NMR (CDCh) 6 1.88 (s, 3H, COCH), 2.10 (exch br s, 1H, OH), 2.16 (s, 3H, 348.82 (s,
3H, OCH), 4.95 (s, 2H, COCHN), 6.86 (d, 2H, ArJ = 8.6 Hz), 7.05 (d, 2H, A = 8.6 Hz), 7.62 (exch
br's, 1H, NH).
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5.2.239 N-(4-Bromophenyl)-2-[4-acetyl-5-(4-methoxyphenylamin)-3-methyl-6-
oxopyridazin-1(6H)-yljacetamide (83)

A\ H
%N Br
3

o=§=?;
et

To a cooled (-5 °C) and stirred solution&% (0.30 mmol) in anhydrous tetrahydrofuran (3 mLi)zNE
(1.06 mmol) was added. After 30 min, the mixtureswallowed to warm up to 0 °C and ethyl
chloroformate (0.33 mmol) was added. After 1 h,rdaio aniline (0.60 mmol) was added and the
reaction was carried out at room temperature fohlZhe mixture was then concentrated in vacuo,
diluted with cold water (10 mL), and extracted wiiit,Cl, (3 x 15 mL). The organic layer was dried
over NaSQ, and the solvent was evaporated to afford final monmd83, which was purified by flash
column chromatography using cyclohexane/ethyl aeetal as eluent. Yield = 62 %; mp = 210-11 °C
(EtOH).*H NMR (CDCk) 6 1.88 (s, 3H, COCH), 2.19 (s, 3H, 3-Ch}, 3.83 (s, 3H, OCH), 4.97 (s, 2H,
COCHN), 6.87 (d, 2H, ArJ = 8.9 Hz), 7.05 (d, 2H, A = 8.9 Hz), 7.44 (td, 4H, Ad=2.8 HzJ=6.5
Hz), 7.65 (exch br s, 1H, NH), 8.64 (exch br s, NHl).

5.2.240 Ethyl-2-[5-amino-3-methyl-6-oxopyridazin-1§H)-yl]acetate (85)
O,

I

o=®*

HoN
A mixture of84 (0.80 mmol), KCO; (1.60 mmol) and ethyl bromoacetate (1.20 mmoyCN (5 mL)

was refluxed under stirring for 3 h. The solventswamoved under reduced pressure, then the crude
mixture was diluted with cold water (10 mL) andrexted with CHCI, (3 x 15 mL). The organic layer
was dried over N&O, and evaporated in vacuo; finally compouB8 was purified by column
chromatography using GBIl,/CH;OH 95:5 as eluent. Yield = 71 %; otH NMR (CDCk) ¢ 1.30 (t, 3H,
CH,CHs, J = 7.1 Hz), 2.22 (s, 3H, 3-G}{ 4.25 (qd, 2H, @H,CH3, J = 4.1 Hz,J = 3.0 Hz), 4.84 (s, 2H,
NCH,CO), 6.17 (s, 1H, Ar).

5.2.241 2-[5-Amino-3-methyl-6-oxopyridazin-1(H)-yl]acetic acid (86)

C}LOH
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A suspension of compour®b (0.28 mmol) in 6 NaOH (2 mL) was stirred at rt83 °C for 2 h. The
mixture was diluted with ice-cold water (1 mL), @ified with 6 N HCI| and the aqueous phase was
evaporated in vacuo. The crude residue was dissdlveethanol and the precipitate was filered off.
Finally, evaporation of the solvent afforded compd@6, which was purified by crystallization from
cyclohexane. Yield ~ 100 %; mp = 234-36 °C (cychdree)."H NMR (CDCk) 6 2.09 (s, 3H, 3-Ch),
4.62 (s, 2H, NChKCO), 6.13 (s, 1H, Ar), 6.37 (exch br s, 2H, NIH6.55 (exch br s, 1H, OH).

5.2.242  N-(4-Bromophenyl)-2-[5-amino-3-methyl-6-oxopyridazinl(6H)-yl]lacetamide (87)
N

To a cooled (-5 °C) and stirred solution of compb@6 (0.33 mmol), in anhydrous tetrahydrofuran (3
mL), EN (1.15 mmol) was added. After 30 min, the mixtwas allowed to warm up to 0 °C and ethyl
chloroformate (0.36 mmol) was added. After 1 h drabo aniline (0.66 mmol) was added and the reaction
was carried out at room temperature for 12 h. Theéure was then concentrated in vacuo, diluted with
ice-cold water (10 mL) and extracted with §€Hp (3 x 15 mL). The solvent was evaporated to afford
final compound7, which was purified by flash column chromatograpisyng cyclohexane/ethyl acetate
1:1 as eluent. Yield = 50 %; mp = 244-45 °C (EtOH).NMR (CDCk) 6 2.27 (s, 3H, 3-Ch), 4.93 (s,
2H, COCHN), 6.24 (s, 1H, Ar), 7.42 (s, 4H, Ar), 8.83 (exmhs, 1H, NH), 8.64 (exch br s, 1H, NH).

5.2.243 N-(4-Bromophenyl)-2-[5-(4-methoxyphenylamino)-3-metil-6-oxopyridazin-
1(6H)-yllacetamide (88)
C}*H‘@*Br

HN,

Q

/O

To a suspension &7 (0.36 mmol), copper acetate (0.53 mmol) and 4-methhenylboronic acid (0.36
mmol) in CHCl, (3 mL), EgN (0.72 mmol) was added and the mixture was stiatedbom temperature
for 12 h. The suspension was extracted with 15%aggl ammonia (3 x 10 mL), and the organic layer
was washed with 10 mL of water and dried oves3@. After removal of the solvent under reduced
pressure, the residue was purified by flash coluhromatography using GBI,/CH;OH 9.5:0.5 as

eluent. The analytical sample of compow&was obtained from a further purification througkikca
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gel preparative TLC (eluent: GBI/CH;OH 9.5:0.5). Yield = 10 %; mp = 249-51 °C (EtOf) NMR
(CDCls) 6 2.26 (s, 3H, 3-CH), 3.86 (s, 3H, OCH}, 4.97 (s, 2H, COCHN), 6.38 (s, 1H, Ar), 6.97 (d, 2H,
Ar, J=8.9 Hz), 7.18 (d, 2H, A = 8.9 Hz), 7.35 (exch br s, 1H, NH), 7.44 (dd, #i,J=5.5 Hz,J =
9.1 Hz), 8.77 (exch br s, 1H, NH).

General Procedure for 89a,b A solution of compoun@7 (0.21 mmol), EiN (5 drops) and the
appropriate substituted benzoyl chloride (0.25 mymoldry CHCI, (5 mL), was stirred at 0 °C for 1 h.
Extra benzoyl chloride (0.25 mmol) was added. Tdaetion was carried out always at 0 °C for add#ion
3 h and then, 12 h at room temperature. The mixta® extracted with 6 N NaOH (3 x 10 mL), then the
organic layer was washed with water (10 mL) anedlover NaSQ,. After removal of the solvent in
vacuo, compoun@9a was purified by two consecutive silica gel prepigea TLC using in both cases
cyclohexane/ethyl acetate 1:2 as eluent. Diffeyeilthe case of compour@®b the residue was purified
by flash column chromatography using cyclohexahgletcetate 1:3 as eluent.

5.2.244 4-BromoN-{2-[2-(4-bromophenylcarbamoyl)methyl]-6-methyl-3-xo-2,3-
dihydropyridazin-4-yl}benzamide (89a)

e

o
Yield = 10 %; colorless oitH NMR (CDCLk) & 2.43 (s, 3H, 6-CH), 4.98 (s, 2H, COCHN), 7.44 (s, 4H,
Ar), 7.69 (d, 2H, ArJ = 8.6 Hz), 7.82 (d, 2H, Ad = 8.6 Hz), 8.24 (s, 1H, Ar).

5.2.245 3-MetoxyN-{2-[(4-bromophenylcarbamoyl)methyl]-6-methyl-3-ox02,3-
dihydropyridazin-4-yl}benzamide (89b)
H — o
O
Yield = 13 %; mp = 226-28 °C (EtOHJH NMR (CDCk) 6 2.27 (s, 3H, 6-Ch), 3.89 (s, 3H, OCH),
4.93 (s, 2H, COCBN), 4.98 (exch br s, 1H, NH), 6.24 (s, 1H, Ar), 6119 (m, 1H, Ar), 7.39-7.45 (m,
5H, Ar), 7.63 (t, 1H, ArJ=2.5 Hz), 7.73 (dd, 1H, Ag=5.3 Hz,J = 1.0 Hz), 8.83 (exch br s, 1H, Ar).

165



5. Experimental Chemistry

5.2.246 Ethyl-2-{5-[bis(4-methoxyphenyl)amino]-3-mthyl-6-oxopyridazin-1(6H)-
yllacetate (90)

‘}_CL
o

Q

pe
To a suspension of compouB# (0.57 mmol), copper acetate (0.85 mmol) and 4-mefphenylboronic
acid (1.14 mmol) in CkCl, (3 mL), EEN (0.64 mmol) was added and the mixture was stiatetbom
temperature for 14 h. The mixture was extracteti W% aqueous ammonia (3 x 10 mL) and the organic
layer was washed with 10 mL of water and dried diN&SQ,. After removal of the solvent in vacuo, the
residue was purified by flash column chromatograpbking cyclohexane/ethyl acetate 1:3 as eluent.
Yield = 21 %; colorless oittH NMR (CDCk) § 1.28 (t, 3H,CH,CHs, J = 7.2 Hz), 2.18 (s, 3H, 3-GH

3.81 (s, 6H, 2 x OC#), 4.21 (q, 2HCH,CHs, J = 7.2 Hz), 4.83 (s, 2H, NGI€0), 6.32 (s, 1H, Ar), 6.86
(dd, 4H, Ar,J=3.4 Hz,J = 2.3 Hz), 6.99 (dd, 4H, Ad = 4.5 Hz,J = 2.3 Hz).

5.2.247 2-{5-[Bis-(4-methoxyphenyl)amino]-3-methy-oxopyridazin-1(6H)-yl}acetic
acid (91)

Q,

e
P °’§=>‘
3

A suspension of the intermedi&@ (0.12 mmol), 6 NaOH (10 mL) and EtOH (3 mL) wasretl at rt 12

h. After removal of the solvent under vacuo, thetore was diluted with ice-cold water and acidified
with 6 N HCI. After 1 h stirring in ice-bath, thequuct91 was filtered off by suction and recrystallized
from ethanol. Yield = 84 %; mp = 192-93 °C (EtOEHl NMR (CDCk) & 2.20 (s, 3H, 3-Ch), 3.82 (s,
6H, 2 x OCH), 4.88 (s, 2H, NCKCO), 6.34 (s, 1H, Ar), 6.86 (d, 4H, Ar=8.8 Hz), 6.99 (d, 4H, Ad =
8.8 Hz).
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5.2.248  N-(4-Bromophenyl)-2-{5-[bis(4-methoxyphenyl)amino]-3methyl-6-oxopyridazin-
1(6H)-yl}acetamide (92)
p@b
P
To a cooled (-5 °C) and stirred solution of compb@d (0.10 mmol) in anhydrous tetrahydrofuran (4
mL), EN (0.35 mmol) was added. After 30 min, the mixtwas allowed to warm up to 0 °C and ethyl
chloroformate (0.11 mmol) was added. After 1 h drabo aniline (0.20 mmol) was added and the reaction
was carried out at room temperature for 12 h. Theéure was then concentrated in vacuo, diluted with
cold water (10 mL) and extracted with &k (3 x 15 mL). The solvent was evaporated to affianell
compoundd2, which was purified by flash column chromatograpising cyclohexane/ethyl acetate 1:1
as eluent. Yield = 55 %; mp = 244-245 °C (EtOHJ.NMR (CDCk) 6 2.23 (s, 3H, 3-Ch), 3.79 (s, 6H,
2 X OCH), 4.81 (s, 2H, NCKCO), 6.39 (s, 1H, Ar), 6.84 (dd, 4H, Ar= 4.6 Hz,J = 2.2 Hz), 6.99 (dd,
4H, Ar,J = 2.2 Hz,J = 3.4 Hz), 7.25-7.38 (m, 4H, Ar), 9.00 (exch bis, NH).

General Procedure for 93a,b.A mixture of 43 (1.13 mmol), KCO; (2.26 mmol), and the
appropriate alkyl halide (1.70 mmol) in @EN (3 mL) was refluxed under stirring for 6 h. Timéxture
was then concentrated in vacuo, diluted with coltew and extracted with GBI, (3 x 15 mL). The
solvent was evaporated in vacuo and compo@3a@sb were purified by column chromatography using
cyclohexane/ethyl acetate 1:1 as eluent.

5.2.249 Ethyl-3-[5-(3-methoxybenzyl)-3-methyl-6-oxwyridazin-1(6H)-yl]propanoate
(93a)

(o]

<.

N—N
o \

Q

Yield = 86 %; oil."H NMR (CDCE) 6 1.26 (t, 3H, OCHCHs, J = 7.1 Hz), 2.22 (s, 3H, 3-G} 2.84 (t,
2H, NCH.CH,CO, J = 7.2 Hz), 3.83 (s, 3H, OG} 3.87 (s, 2HCH,-Ar), 4.17 (g, 2H, @H,CHg, J= 7.1
Hz), 4.45 (t, 2H, CH,CH,COO0,J = 7.3 Hz), 6.64 (s, 1H, Ar), 6.80 (s, 1H, Ar), B.81, 2H, Ar,J = 7.9
Hz), 7.26-7.30 (m, 1H, Ar).
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5.2.250 Ethyl-2-[5-(3-methoxybenzyl)-3-methyl-6-oxopyridazn-1(6H)-yl]propanoate (93b)

Yield = 85 %; oil.'H NMR (CDCk) § 1.22 (t, 3H, OCHCHs, J = 7.1 Hz), 1.65 (d, 3t&H;CHN, J = 7.2
Hz), 2.21 (s, 3H, 3-CH), 3.78 (s, 3H, OCH), 3.84 (s, 2HCH,-Ar), 4.19 (g, 2H, @H,CHs, J = 6.7 Hz),
5.51 (g, 1H, CHCHN, J = 7.2 Hz), 6.64 (s, 1H, Ar), 6.77-6.81 (m, 3H, AF)22-7.26 (m, 1H, Ar).

General Procedure for 94a,b A suspension of the appropriate intermediate 8%63a,b) (0.5
mmol), and 6 N NaOH (6 mL) in ethanol (2 mL) waisret at rt to 80 °C for 1 h. The mixture was then
concentrated in vacuo, diluted with cold water acdlified with 6 N HCl. Compouné4a was filtered
off by suction and recrystallized from ethanol. Eompoun®4b differently, after acidification with 6 N
HCI, the mixture was extracted with @El, (3 x 15 mL) and the solvent was evaporated in douwjive
the pure compound as an oil.

5.2.251 3-[5-(3-Methoxybenzyl)-3-methyl-6-oxopyridazin-1(&1)-yl]propanoic acid (94a)

o]

Y

N—N
o \

o
Yield = 96 %; mp = 86-88 °C (EtOH)YH NMR (CDCk) 6 2.22 (s, 3H, 3-Ch), 2.89 (t, 2H,
NCH,CH,CO, J = 7.2 Hz), 3.81 (s, 3H, OGH 3.87 (s, 2HCH,-Ar), 4.46 (t, 2H, CH,CH,CO,J=7.2
Hz), 6.66 (s, 1H, Ar), 6.78 (s, 1H, Ar), 6.81-6.@8b, 2H, Ar), 7.25-7.29 (m, 1H, Ar), 9.99 (exch brisd,
OH).

5.2.252 2-[5-(3-Methoxybenzyl)-3-methyl-6xopyridazin-1(6H)-yl]propanoic acid (94b)

jm

Yield = 85 %; oil."H NMR (CDCk) 6 1.71 (d, 3HCHsCHN, J = 7.2 Hz), 2.25 (s, 3H, 3-Gj 3.81 (s,
3H, OCH), 3.88 (s, 2ZHCH,-Ar), 5.54 (q, 1H, CHCHN, J = 7.2 Hz), 6.67 (s, 1H, Ar), 6.79-6.85 (m, 3H,
Ar), 7.26-7.29 (m, 1H, Ar).
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General Procedure for 95a,b.To a cooled (-5 °C) and stirred solution of commpidb@4a or 94b
(0.35 mmol), in anhydrous tetrahydrofuran (3-5 mEEN (1.22 mmol) was added. After 30 min, the
mixture was allowed to warm up to 0 °C and ethybabformate (0.38 mmol) was added. After 1 h, 4-
bromoaniline (0.7 mmol) was added and the reactias carried out at room temperature for 12 h. The
mixture was then concentrated in vacuo, dilutedhwdld water (20-30 mL) and extracted with £LH (3
x 15 mL). The solvent was evaporated to afford fihal compounds95a,bb which were purified by
column chromatography using cyclohexane/ethyl &eetd:2 as eluent for compoun®5a,
cyclohexane/ethyl acetate 2:1 for compo@bb.

5.2.253 N-(4-Bromophenyl)-3-[5-(3-methoxybenzyl)-3-methyl-Gxo-pyridazin-1(6H)-
yl]propanamide (95a)

o
€ HNOBr
N—N
o \

o
Yield = 82 %; mp = 123-125 °C (EtOH). IR (€n3297 (NH), 1710 (CO), 1644 (COH NMR (CDCk)
0 2.27 (s, 3H, 3-Ch), 3.00 (t, 2H, NCHCH,CO,J = 6.3 Hz), 3.80 (s, 3H, OGH 3.88 (s, 2HCH,-Ar),
4.54 (t, 2H, NCH,CH,COO,J = 6.3 Hz), 6.76-6.84 (m, 4H, Ar), 7.25 (t, 1H, Ar= 7.9 Hz), 7.40 (d, 2H,
Ar, J = 8.8 Hz), 7.50 (d, 2H, Ar) = 8.8 Hz), 9.29 (exch br s, 1H, NH). MS (ESI) chald-or
C2oH22BrN3O3s, 456.33. Foundn/z456.09 [M].

5.2.254 (¥)-N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxo-pyridazin-
1(6H)-yllpropanamide (95b)

Q H
4?‘N Br

N

o \

Q
Yield = 53 %; oil; IR (cn) 3300 (NH), 1709 (CO), 1643 (COH NMR (CDCk) 6 1.71 (d, 3H,
CHsCHN, J = 7.1 Hz), 2.31 (s, 3H, 3-G} 3.80 (s, 3H, OCH), 3.90 (s, 2HCH,-Ar), 5.71 (g, 1H,
CHsCHN, J = 7.0 Hz), 6.79-6.85 (m, 4H, Ar), 7.25-7.29 (m,,1&), 7.35-7.36 (m, 4H, Ar), 9.18 (exch
br s, 1H, NH). MS (ESI) calcd. For&,,BrN;Os, 456.33. Foundn/z456.09 [M].

General Procedure for 96a,b. A mixture of 43 (1.13 mmol), KCO; (2.26 mmol), and

appropriate alkyl halide (1.70 mmol) in @EN (3 mL) was refluxed under stirring for 6 h. Timéxture

was then concentrated in vacuo, diluted with coltew and extracted with GBI, (3 x 15 mL). The
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solvent was evaporated in vacuo and compo@éasb were purified by column chromatography using
cyclohexane/ethyl acetate 2:1 fiaand cyclohexane/ethyl acetate 1:196b as eluents.
5.2.255 2-(4-Bromobenzyl)-4-(3-methoxybenzyl)-6-methyl-pydazin-3(2H)-one (96a)

Yield = 68 %; mp = 112-114 °C (EtOH). IR (61638 (CO)H NMR (CDCk) ¢ 2.23 (s, 3H, 6-CH),
3.81 (s, 3H, OC#h), 3.86 (s, 2HCH,-Ar), 5.25 (s, 2H, NCHAr), 6.64 (s, 1H, Ar), 6.78-6.85 (m, 3H, Ar),
7.26-7.30 (m, 1H, Ar), 7.35 (d, 2H, Ad = 8.4 Hz), 7.45-7.47 (m, 2H, Ar). MS (ESI) caldgor
Ca0H19BrN,0,, 399.28. Foundn/z399.07 [M].

5.2.256 2-[2-(4-Bromophenyl)-2-oxo-ethyl]-4-(3-methoxybengd)-6-methyl-pyridazin-
3(2H)-one (96b)

Yield = 95 %; oil. IR (crif) 1715 (CO), 1644 (COH NMR (CDCk) 6 2.25 (s, 3H, 6-CH), 3.83 (s, 3H,
OCHg), 3.89 (s, 2H, CHAr), 5.52 (s, 2H, NChKCO), 6.72 (s, 1H, Ar), 6.80 (s, 1H, Ar), 6.84 (¢4,Ar, J
= 7.9 Hz), 7.27-7.31 (m, 1H, Ar), 7.66 (d, 2H, Ar= 8.6 Hz), 7.88 (d, 2H, A} = 8.5 Hz). MS (ESI)
calcd. For GiH19BrN,Os, 427.29. Foundm/z427.07 [M].

General Procedure for 97a,b.A mixture of43a (0.32 mmol), 40% formaldehyde (3 mL) and
33% NH; (1.5 mL) in dioxane (1.5-2 mL) was heated at 5G6CL h. The solvent was then evaporated in
vacuo, and the residue was extracted with@H(3 x 15 mL). The organic layer was dried with,S@y
and evaporated to afford an oil. For compo8id, the residual oil was dissolved in 2 mL of anhydro
CH,CIl, and 4-bromophenyl isocyanate (0.35 mmol) was addéd mixture was stirred at room
temperature for 12 h, then the solid residue wigsréd off and the solution was evaporated in vacuo
afford compoun®7a which was purified by flash chromatography usoyglohexane/ethyl acetate 3:1
as eluent. For compour@lb, the residual oil was dissolved in 3 mL of anhydrdCHCI, and, after
cooling (0 °C), 4-bromobenzoyl chloride (0.44 mmeBs added and the mixture was stirred at 0 °® for
h. Finally, the residue was washed with cold 0.Bl&DH (3 x 10 mL) and with cold water (2 x 10 mL).
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Evaporation of the organic layer afforded compo8it, which was purified by flash chromatography
using cyclohexane/ethyl acetate 3:1 as eluent.

5.2.257 1-(4-Bromophenyl)-3-[5-(3-methoxybenzyl)-3-methyl-@&xo0-6H-pyridazin-1-
ylmethyl]-urea (97a)
HN—()
( _:N—< >—Br

o \

qQ
Yield = 27 %; mp = 112- 114 °C (EtOH). IR (3270 (NH), 3265 (NH), 1708 (CO), 1630 (CGH
NMR (CDCk) ¢ 2.25 (s, 3H, 3-Ch), 3.82 (s, 3H, OCHj, 3.88 (s, 2HCH,-Ar), 6.13 (s, 2H,NChN),
6.68 (s, 1H, Ar), 6.78-6.81 (m, 1H, Ar), 6.83-6.86, 2H, Ar), 6.99 (exch br s, 1H, NH), 7.27-7.31,(m
3H, Ar), 7.41 (m, 2H, ArJ = 8.8 Hz). MS (ESI) calcd. For,@1,1BrN4O3, 457.32. Foundm/z458.07 [M
+ HJ".

5.2.258 4-Bromo-N-[5-(3-methoxybenzyl)-3-methyl-6-oxo-Bl-pyridazin-1-ylmethyl]-
benzamide(97b)

Yield = 30 %; oil. IR (crit) 3290 (NH), 1708 (CO), 1640 (COH NMR (CDCE) § 2.26 (s, 3H, 3-CH),
3.83 (s, 3H, OCH), 3.90 (s, 2HCH,-Ar), 6.29 (s, 2H, NChN), 6.69 (s, 1H, Ar), 6.81-6.87 (m, 3H, Ar),
7.28-7.32 (m, 1H, Ar), 7.58 (d, 2H, Ar, J = 8.6 HZ)94 (d, 2H, ArJ = 8.6 Hz). MS (ESI) calcd. For
Ca1H20BrN3Os, 442.31. Foundm/z443.06 [M + HI.

5.2.259 2-(2-Hydroxyethyl)-4-(3-methoxybenzyl)-6-methyl-pyrdazin-3(2H)-one (98)

To a refluxed mixture of compourdt (0.47 mmol) and NaBHH(2.64 mmol) in anhydrous THF (6 mL),
CH3OH (1.45 mL) was slowly added. After stirring forhlat 60 °C, the mixture was concentrated in
vacuo, diluted with cold water (10-15 mL), and exted with CHCI, (3 x 15 mL). Evaporation of the
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solvent afforded compound8. Yield = 95 %; oil.'H NMR (CDCk) § 2.23 (s, 3H, 6-Ch), 3.80 (s,
3H,0CH), 3.86 (s, 2HCH,-Ar), 4.00 (t, 2H, NCHCH,OH, J = 5.1 Hz), 4.35 (t, 2H, 8H,CH,OH, J =
5.0 Hz), 4.66 (exch br s, 1H, OH), 6.68 (s, 1H,,Ar¥8-6.84 (m, 3H, Ar), 7.25-7.29 (m, 1H, Ar).

5.2.260 Methanesulfonic acid 2-[5-(3-methoxybenzyl)-3-metHy6-oxo-6H-pyridazin-1-
yllethyl ester (99)

To a cooled (0 °C) and stirred solution3# (0.47 mmol) and pyridine (0.5 mmol) in anhydroud,Cl,

(2 mL), methanesulfonyl chloride (0.61 mmol) wasled dropwise, and the mixture was stirred at room
temperature for 4 h. Then ice cold water was addetithe mixture was extracted with &H, (3 x 15
mL): evaporation of the solvent afforded the desicempound. Yield = 85 %; oitH NMR (CDCk) ¢
2.22 (s, 3H, 3-Ch), 2.98 (s, 3H, CEBG;), 3.80 (s, 3H, OCHj, 3.86 (s, 2HCH,-Ar), 3.87-3.90 (m, 2H,
NCH,CH,0), 4.45 (t, 2H, \CH,CH,0, J = 6.6 Hz), 6.66 (s, 1H, Ar), 6.78 (s, 1H, Ar), B.@l, 2H, Ar,J =

8.1 Hz), 7.24-7.28 (m, 1H, Ar).

5.2.261 2-[2-(4-Bromophenylamino)-ethyl]-4-(3-methoxybenzyt6-methyl-pyridazin-
3(2H)-one (100)

A solution 0f99 (0.4 mmol) and 4-bromoaniline (0.8 mmol) in 2-paapl (2 mL) was heated under
stirring for 6 h at 60 °C. Then, the mixture wasoentrated in vacuo, cold water (30 mL) was addet a
the suspension was extracted with CH (3 x 15 mL). Evaporation of the solvent affordée tfinal
compoundl00, which was purified by column chromatography udiolgene/ethyl acetate 8:2 as eluent.
Yield = 58 %; mp = 86-88 °C (EtOH). IR (¢}h3350 (NH), 1643 (CO}H NMR (CDCk) 6 2.24 (s, 3H,
6-CHg), 3.58 (t, 2H, NCHCH,NHAr, J= 5.7 Hz), 3.82 (s, 3H, OG} 3.86 (s, 2HCH,-Ar), 4.46 (t, 2H,
NCH,CH,NHAr, J = 5.8 Hz), 6.65-6.68 (m, 3H, Ar), 6.79-6.86 (m,,3xf), 7.27-7.31 (m, 3H, Ar). MS
(ESI) calcd. For @H,,BrN2O,, 428.32. Foundn/z428.10 [MT.
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5.2.262 2-[2-(4-Bromophenoxy)-ethyl]-4-(3-methoxybenzyl)-Gnethyl-pyridazin-3(2H)-
one (101)
(OOBr
N—N\

o

Q
\

To a suspension &8 (0.55 mmol), copper acetate (0.82 mmol) and 4-lomenylboronic acid (1.08
mmol) in CHCl, (2 mL), EgN (1.08 mmol) was added and the mixture was stiatedom temperature
for 12 h. The suspension was extracted with 15%agsi ammonia (10 mL), then the organic layer was
washed with water (10 mL) and dried over8@,. After removal of the solvent, the residue wasfpaat

by flash column chromatography using toluene/etitdtate 8:2 as eluent. Yield = 26 %; mp = 82-83 °C
(EtOH). IR (cm") 1643 (CO)*H NMR (CDCk) 6 2.24 (s, 3H, 6-CH), 3.82 (s, 3H, OCH), 3.87 (s, 2H,
CH-Ar), 4.36 (t, 2H, NCHCH,0O, J = 5.9 Hz), 4.54 (t, 2H, 8H,CH,0, J = 5.8 Hz), 6.66 (s, 1H, Ar),
6.79-6.86 (m, 5H, Ar), 7.27-7.35 (m, 1H, Ar), 7.387 (m, 2H, Ar). MS (ESI) calcd. For{E,;BrN,0s,
429.31. Foundm/z430.08 [M + HT.

5.2.263 2-(2-Aminoethyl)-4-(3-methoxybenzyl)-6-methyl-pyricazin-3(2H)-one (102)

A mixture of99 (0.43 mmol) and 33% NH3 mL) in isopropanol (2 mL) was stirred at 60 fa€ 3 h.
After concentration of the solvent and dilution lwitold water (20 mL), the mixture was extractechwit
CH.Cl, (3 x 15 mL). Evaporation of the solvent affordezsided compound02 Yield = 68 %; oil.*H
NMR (CDCk) 6 2.25 (s, 3H, 6-Ck), 3.82 (s, 3H, OCHJ, 3.88 (s, 2H,CHx-Ar), 4.02-4.04 (m, 2H,
NCH,CH,NH,), 4.37 (t, 2H, NCH,CH.NH,, J = 4.9 Hz), 5.38 (exch br s, 2H, MH6.69 (s, 1H, Ar),
6.79-6.85 (m, 3H, Ar), 7.26-7.30 (m, 1H, Ar).

General Procedure for 103a,bCompoundsl03a,bwere obtained starting from the intermediate
102 For compoundlO3g to a cooled (0O °C) and stirred solution of commbd02 (0.35 mmol) in
anhydrous Cb{Cl, (2 mL), 4-bromophenyl isocyanate (0.40 mmol) waddeal. The mixture was stirred at
0 °C to rt 6 h. Removal of the solvent gave a mgsithat was purified by column chromatography using
cyclohexane/ethyl acetate 1:1 as eluent. For comgpd@3b, EtN (1.8 mmol) and 4-bromobenzoyl
chloride (1.43 mmol) were added to a cooled (0&@) stirred solution df02 (0.73 mmol) in anhydrous
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CH,CI, (2 mL) and the mixture was stirred at 0 °C for.@ he solid residue was filtered off and, in turn,
the organic layer was washed with 6 N NaOH (3 »lQ and with cold water (2 x 10 mL). The organic
layer was dried with N&O, and evaporated in vacuo to afford compoaf8b, which was purified by
flash chromatography using GEl,/CH;OH 99:1 as eluent.

5.2.264 1-(4-Bromophenyl)-3-{2-[5-(3-methoxybenzyl)-3-methly6-oxo-6H-pyridazin-1-
yl]-ethyl}-urea (103a)

O

N

Yield = 15 %; mp = 114-115 °C (EtOH). IR (3270 (NH), 3265 (NH), 1705 (CO), 1630 (CCM
NMR (CDCk) ¢ 2.23 (s, 3H, 3-Ch), 3.81 (s, 3H, OCH, 3.87 (s, 2H,CH,-Ar), 4.47 (t, 2H,
NCH,CH;NH, J = 5.2 Hz), 4.57 (t, 2H, Q@H,CH,NH, J = 5.1 Hz), 6.69 (s, 1H, Ar), 6.78-6.84 (m, 3H,
Ar), 7.04 (exch br s, 1H, NH), 7.25-7.28 (m, 3H)Af.41 (d, 2H, ArJ = 8.8 Hz). MS (ESI) calcd. For
CooH23BrN4Os, 471.35. Foundn/z472.08 [M + HJ.

5.2.265 4-Bromo-N-{2-[5-(3-methoxybenzyl)-3-methyl-6-oxo-B-pyridazin-1-yl]-
ethyl}-benzamide (103b)

Yield = 13 %; oil. IR (cri) 3300 (NH), 1707 (CO), 1643 (COH NMR (CDCk) 6 2.18 (s, 3H, 3-Ch),
3.82 (s, 3H, OCh), 3.87 (s, 2H,CHy-Ar), 4.55 (t, 2H, NCHCH:NH, J = 5.4 Hz), 4.70 (t, 2H,
NCH,CH,NH, J = 5.4 Hz), 6.67 (s, 1H, Ar), 6.68-6.85 (m, 3H, AF)26 (d, 1H, ArJ = 7.8 Hz), 7.56 (d,
2H, Ar,J = 8.5 Hz), 7.86 (d, 2H, Ad = 8.5 Hz). MS (ESI) calcd. For,@1,:BrN3;O3, 456.33. Foundn/z
457.08 [M + HJ.

General Procedure for 104a-cTo a cooled (-5 °C) and stirred solution of compbg5 (0.35
mmol) in anhydrous tetrahydrofuran (3-5 mL)gMEt(1.22 mmol) was added. After 30 min, the mixture
was allowed to warm up to 0 °C, and ethyl chlorofate (0.38 mmol) was added. After 1 h, the 4-
Bromobenzylamine, 4-Bromophenol or 4-Bromanethylaniline (0.7 mmol) were respectively added.

The reaction was carried out at room temperaturd2ch. The mixture was then concentrated in vacuo,
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diluted with cold water (20-30 mL) and extractedhwCHCl, (3 x 15 mL). The solvent was evaporated
to afford final compoundsl04a-¢ which were purified by column chromatography gsin
cyclohexane/ethyl acetate 1:2 for compouddgla and cyclohexane/ethyl acetate 2:1 fd4b,c as
eluents.

5.2.266 N-(4-Bromobenzyl)-2-[5-(3-methoxybenzyl)-3-methyl-@xo-6H-pyridazin-1-
yllacetamide (104a)

Yield = 97 %; mp = 184-185 °C (EtOH). IR (&0n3300 (NH), 1708 (CO), 1644 (COH NMR (DMSO-
ds) 6 2.21 (s, 3H, 3-Ch), 3.73 (s, 3H,0CH), 3.76 (s, 2HCH,NHCO), 4.27 (d, 2H, OCHCsH4-CHy),
4.68 (s, 2H, ICH,CO), 6.80-6.86 (M, 3H, Ar), 7.05 (s, 1H, Ar), 7.226 (m, 3H, Ar), 7.51 (d, 2H, Ag
= 8.3 Hz), 8.63 (exch br t, 1H, NH,= 5.8 Hz). MS (ESI) calcd. For,@1,:BrN3;O3, 456.33. Foundm/z
456.09 [MT.

5.2.267 [5-(3-Methoxybenzyl)-3-methyl-6-oxo-61-pyridazin-1-yl]acetic acid-(4-bromo-
phenyl)ester (104b)

Yo e
N—N
o N

Q
\

Yield = 97 %; mp = 111-112 °C (EtOH). IR (€n3300 (NH), 1745 (CO), 1644 (COH NMR (CDCk)
0 2.27 (s, 3H, 3-CkJ, 3.81 (s, 3H, OCHj, 3.90 (s, 2HCH,-Ar), 5.10 (s, 2H, NCKCOO0), 6.73 (s, 1H,
Ar), 6.80 (s, 1H, Ar), 6.83-6.86 (m, 2H, Ar), 7.0&, 2H, Ar,J = 8.7 Hz), 7.26-7.30 (m, 1H, Ar), 7.50 (d,
2H, Ar,J = 8.7 Hz). MS (ESI) calcd. For,@H19BrN,O4, 443.29. Foundm/z443.06 [M].

5.2.268 N-(4-Methoxyphenyl)-N-methyl-2-[5-(3-Methoxybenzyl)-3-methyl-6-oxo-61-
pyridazin-1-yllacetamide (104c)

|
e
N—N
o \
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Yield = 45 %; mp = 125-127 °C (EtOH). IR (€n1709 (CO), 1644 (COYH NMR (CDCk) 6 2.21 (s,
3H, 3-CHp), 3.32 (s, 3H, CEN), 3.82 (s, 3H, OCH), 3.86 (s, 2HCH,-Ar), 4.64 (s, 2H, NCHCO), 6.62
(s, 1H, Ar), 6.77 (s, 1H, Ar), 6.80-6.85 (m, 2H,)A7.26-7.30 (m, 3H, Ar), 7.60 (d, 2H, At,= 8.4 Hz).
MS (ESI) calcd. For &H,,BrN3;Os, 456.33. Foundmn/z456.09 [M].

5.2.269 N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxo-pyridazin-1(6H)-
yllethanethioamide (105)

H

N Br
N—N,

D

o

Q

Lawesson’s reagent (0.28 mmol) was slowly addeal gorred solution of compouriba (0.14 mmol) in
toluene (3 mL) and the reaction was carried ouefiix for 3 h. The solvent was removed in vacud an
the mixture was diluted with ice-cold water andragted with CHCI, (3 x 10 mL). The crude product
was finally purified by flash column chromatograplising cyclohexane/ethyl acetate 1:1 as eluent, to
yield 105as an amorphous solid. Yield = 30 %; mp = 68-7qE®H).*H NMR (CDCk) 6 2.32 (s, 3H,
3-CHg), 3.81 (s, 3H, OCH), 3.92 (s, 2HCH,-Ar), 5.37 (s, 2H, NCKCS), 6.81 (s, 1H, Ar), 6.83-6.87 (m,
3H, Ar), 7.28 (t, 1H, ArJ = 5.0 Hz), 7.48 (d, 2H, AJ = 8.8 Hz), 7.74 (d, 2H, ArJ = 8.8 Hz), 11.46
(exch br s, 1H, NH). MS (ESI) calcd. Fop82,BrNsOs, 458.37. Foundm/z458.17 [M + HJ, 482.36

[M + Na]*, 378.45 [M - Br], 231.17 [M - GH,BrNSJ".

5.2.270 2-(3-Methoxybenzyl)-6-methylpyridazin-3(2H)-one (106)

Qc«
A mixture of 54b (1.13 mmol), KCO; (2.26 mmol) and 3-methoxybenzyl chloride (1.70 rjmo
CH3CN (3 mL) was refluxed under stirring for 6 h. Timéxture was then concentrated in vacuo, diluted
with cold water and extracted with QEl, (3 x 15 mL). The solvent was evaporated in vacod a
compoundl06 was purified by flash chromatography using CH/CH;OH 9.9:0.1 as eluent. Yield = 86
%; mp = 53-55 °C (cyclohexanéH NMR (CDCk) 6 2.32 (s, 3H, 6-CH), 3.80 (s, 3H, OCH), 5.26 (s,
2H, NCH,), 6.81-6.84 (m, 1H, Ar), 6.87 (d, 1H, A= 9.4 Hz), 6.97-7.05 (m, 2H, Ar), 7.07 (d, 1H, Ar,
= 9.4 Hz), 7.22-7.26 (m, 1H, Ar).

176



5. Experimental Chemistry

5.2.271 4-Amino-2-(3-methoxybenzyl)-6-methylpyridazin-3(H)-one (107)

A suspension 0106 (0.78 mmol) and hydrazine hydrate (3.12 mmol) s@sed in a sealed tube at 180
°C for 12 h. After cooling, ice-cold water was add&he suspension was kept at 0 °C in ice-batl2 for
and the precipitate was then filtered off to givdirat batch of107. The solution was saturated with
NH,CI and extracted with Ci€l, (3 x 25 mL). Removal of the solvent afforded aoset batch of
product. Yield = 89 %; mp = 96-98 °C (EtOHH NMR (CDCk) ¢ 2.23 (s, 3H,CH), 3.81 (s, 3H,0C}),
4.85 (exch br s, 2H, NP, 5.27 (s, 2H,Ch), 6.16 (s, 1H, Ar), 6.81-6.85 (m, 1H, Ar), 6.90Z.(m, 2H,
Ar), 7.23-7.28 (m, 1H, Ar).

5.2.272 4-Bromo-N-[2-(3-methoxybenzyl)-6-methyl-3-o0xo-2,3-dihydro-psidazin-4-

yllbenzamide (108)
QO\

EtN (1.8 mmol) and 4-bromobenzoyl chloride (1.43 mmeére added to a cooled (0 °C) and stirred
solution 0of107 (0.73 mmol) in anhydrous GBI, (2 mL), and the mixture was monitored under stgri
at 0 °C for 10 h. The solid residue was removedillnation. The organic layer was washed with 6 N
NaOH (3 x 10 mL) and with cold water (2 x 10 mL)yihg with NSO, and evaporation of the solvent
in vacuo afforded compountD8 which was purified by flash chromatography usiryglohexane/ethyl
acetate 3:1 as eluent. Yield = 28 %; mp = 162-1B4FtOH). IR (cm') 3300 (NH), 1709 (CO), 1644
(CO).™H NMR (CDCk) ¢ 2.40 (s, 3H, Ch), 3.82 (s, 3H, OCH), 5.32 (s, 2H,Ch), 6.84-6.87 (m, 1H,
Ar), 6.98-7.02 (m, 2H, Ar), 7.26-7.30 (m, 1H, AR.66 (d, 1H, ArJ = 8.7 Hz), 7.80 (d, 2H, Ar] = 8.6
Hz), 8.14 (s, 1H, Ar), 9.37 (exch br s, 1H, NH). NESI) calcd. For gH1sBrN3O3, 428.28. Foundm/z
428.06 [M].
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5.2.273 1-(4-Bromophenyl)-3-[2-(3-methoxybenzyl)-6-methyl-2xo0-2,3-dihydro

pyridazin-4-yljurea (109)
Q%

N—
o \

e
To a stirred solution of compount0D7 (0.35 mmol) in anhydrous toluene (2 mL), 4-bromemyi
isocyanate (0.40 mmol) was added. The mixture wlexed for 7 h and after cooling, the solvent was
removed under reduced pressure. The mixture wagedilwith ice-cold water and extracted with i
(3 x 15 mL). Evaporation of the solvent gave a erusroduct that was purified by column
chromatography using firstly GElI,, to remove the 4-bromophenyl urea, and then cysiahe/ethyl
acetate 2:1 as eluent. Yield = 56 %; mp = 207-209EtOH). IR (cnm') 3270 (NH), 3265 (NH), 1705
(CO), 1630 (CO)'H NMR (CDCk) 6 2.12 (s, 3H,CH), 3.57 (s, 3H, OCH}, 5.08 (s, 2H, Ch), 6.51-6.58
(m, 3H, Ar), 6.97- 7.04 (m, 3H, Ar), 7.23 (d, 2Hr,A = 8.7 Hz), 7.86 (s, 1H, Ar), 8.70 (exch br s, 1H,
NH), 8,94 (exch br's, 1H, NH). MS (ESI) calcd. EpH10BrN4O3, 443.29. Foundm/z443.07 [MT.

5.2.274 4-(4-methoxybenzyl)-6-methylpyridazine-3(#1)-thione (110)

Lawesson’s reagent (0.87 mmol) was slowly addeal sorred solution of compour&Be(0.87 mmol) in
toluene (3 mL) and the reaction was carried oueftix for 2 h. The mixture was cooled and aften 1
stirring in ice-bath the precipitate was filterefdi and purified by recrystallization from ethandlield =
47 %; mp = 191-93 °C (EtOH)H NMR (CDCh) 6 2.30 (s, 3H, 3-C¥), 3.85 (s, 3H, OCH), 4.11 (s, 2H,
CH,-Ar), 6.57 (s, 1H, Ar), 6.93 (d, 2H, Ad,= 8.5 Hz), 7.17 (d, 2H, Ad = 8.5 Hz), 12.12 (exch br s, 1H,
SH).

5.2.275 N-(4-Bromophenyl)-2-[4-(4-methoxybenzyl)-6-methylpyidazin-3-ylthio]
acetamide(111)
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A mixture 0f110(0.41 mmol), KCO; (0.82 mmol), andN-(4-bromophenyl)-2-chloro acetami@é (0.61
mmol) in CHCN (4 mL) was refluxed under stirring for 1.5 h.téf cooling, the solvent was evaporated
and the mixture was diluted with cold water. Theqgitate was filtered off and purified by flash
chromatography using cyclohexane/ethyl acetateag:@luent. Yield = 96 %; mp = 116-118 °C (EtOH).
'H NMR (CDCk) ¢ 2.62 (s, 3H, 6-Ch), 3.84 (s, 3H, OCH), 3.87 (s, 2H, ChAr), 4.08 (s, 2H,
SCH,CO), 6.84 (s, 1H, Ar), 6.92 (d, 2H, At= 8.5 Hz), 7.11 (d, 2H, A = 8.5 Hz), 7.38 (d, 2H, Ad =
8.8 Hz), 7.48 (d, 2H, ArJ = 8.8 Hz), 10.26 (exch br s, 1H, NH).

General Procedure for R-(+)-112 and S-(-)-112. To a stirred solution of the suitable
bromopropionic acid [R-(+)- or S-(-)-] (2.31 mmolh anhydrous CKCl, (5 mL), SOC} (7.86 mmol)
was added dropwise and the reaction was carrie@todd °C for 4 h. The mixture was allowed to cool
down and then the solvent and the excess of $®€e removed in vacuo. The residue was dissolved i
anhydrous THF (5 mL) and 4-bromoaniline (2.62 mmeBs added. The reaction was stirred for
additional 4 h at room temperature. After removiahe solvent under reduced pressure, the mixt@ae w
dissolved in CHCI, and washed, in turn, with 2 N HCI (3 x 15 mL), 2NdOH (3 x 15 mL) and with
H.O (15 mL). The organic layer was dried over,8@, and evaporated under vacuo to give the crude
products which were purified by flash column chroogaaphy using toluene/ethyl acetate 6:1 as eluents

5.2.276 R-(+)-2-Bromo-N-(4-bromophenyl)propanamide[R-(+)-112]

o
© 5

Br
Yield = 12 %; mp = 150-51 °C (EtOH)uJf% = + 25° € = 1, CHC}). e.e. > 99.9 % (determined by
analytical chiral HPLC)'H NMR (CDCk) ¢ 1.98 (d, 3H, CK&Hs, J = 7.0 Hz), 4.56 (g, 1HCHCHs, J =
7.0 Hz), 7.45-7.50 (dd, 4H, Al,= 6.3 Hz,J = 2.9 Hz), 8.09 (exch br s, 1H, NH).

5.2.277 S-(-)-2-Bromo-N-(4-bromophenyl)propanamide[S-(-)-112]

o

Br

Br
Yield = 15 %; mp = 150-51 °C (EtOH)aJf% = - 25° € = 1, CHC}). e.e. > 99.9 % (determined by
analytical chiral HPLC)*H NMR (CDCk) 6 1.99 (d, 3H, Cl&Hs, J = 7.0 Hz), 4.56 (g, 1HCHCHs, J =
7.0 Hz), 7.46-7.50 (dd, 4H, Ad,= 3.7 Hz,J = 2.6 Hz), 8.07 (exch br s, 1H, NH).
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General procedure for (+)-113 [rac 70:30, from S-§-112] and (-)-113 [rac 60:40, from R-(+)-
112]. A mixture of intermediaté3 (0.17 mmol), KCO; (0.34 mmol) andR-(+)-112 or S-(-)-112(0.19
mmol) respectively, in CECN (3 mL) were refluxed under stirring for 2 h. éftcooling, the solvent was
evaporated and the mixture was diluted with iceleghter and extracted using &, (3 x 10 mL). The
organic layer was collected, dried over,8@, and evaporated in vacuo. The crude residues weifep
by flash column chromatography using cyclohexahgletcetate 2:1 as eluent.

5.2.278 (+)-N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-
1(6H)-yllpropanamide [(+)-113, rac 70:30]

Q\ H
_§>_N Br
e,
N—
o A\

Yield = 90 %:; mp = 63-64 °Cnthexane). §]*% = + 35° € = 1, CHC}). e.e. = 70 % (of the (+)-
enantiomer, determined by analytical chiral HPLE).NMR (CDCk) 6 1.71 (d, 3H, Ci€H;, J = 7.1
Hz), 2.30 (s, 3H, 3-Ch), 3.81 (s, 3H, OCH), 3.91 (s, 2HCH,-Ar), 5.71 (g, 1H,CHCHs, J = 7.1 Hz),
6.79 (d, 2H, ArJ = 7.6 Hz), 6.84 (d, 2H, Ad = 8.3 Hz), 7.28 (t, 1H, A = 9.1 Hz), 7.38 (d, 4H, Ad =
6.0 Hz), 9.09 (exch br s, 1H, NH).

5.2.279 (-)-N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-
1(6H)-yllpropanamide [(-)-113, rac 60:40]

Q\ H
_§>_N Br
e,
N—
o A\

Yield = 93 %; mp = 63-64 °Cnfhexane). ¢]°p = - 30° € = 1, CHC}). e.e. = 60 % (of the n (-)-
enantiomer, determined by analytical chiral HPL¥).NMR (CDCk) 6 1.71 (d, 3H, Ci€H;, J = 7.1
Hz), 2.31 (s, 3H, 3-Ch), 3.80 (s, 3H, OCH), 3.90 (s, 2HCH,-Ar), 5.71 (g, 1H,CHCHs, J = 7.1 Hz),
6.79 (q, 2H, ArJd = 1.0 Hz), 6.84 (dd, 2H, Ad = 6.0 Hz,J = 1.0 Hz), 7.27 (t, 1H, AJ = 8.2 Hz), 7.36
(d, 4H, Ar,J=6.0 Hz), 9.16 (exch br s, 1H, NH).

General Procedure for racemates (z)-115a-f and 11&ompoundg*)-115a-f and 116 were

synthesized using the suitable carboxylic acid fatidwing the same procedure exploited R1(+)- and
S-(-)-112
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5.2.280 (¥)-2-Bromo-N-(4-bromophenyl)pentanamide )-115b]

o

o

Br
Yield = 10 %; mp = 94-96 °C (EtOHJH NMR (CDCk) § 1.00 (t, 3H, CHCHs, J = 7.4 Hz), 1.50-1.65
(m, 2H, CHCH,CH,CH3), 2.05-2.16 (m, 1H, COCHCHCH,), 2.20-2.25 (m, 1H, COCHCHCH,),
4.47 (dd, 1H, CGHCH,, J = 3.1 Hz,J = 5.2 Hz), 7.43-7.50 (m, 4H, Ar), 8.10 (exch bl NH).

5.2.281 (¥)-2-Bromo-N-(4-bromophenyl)hexanamide [(#115d]

o

0
P SN

© Br
Br
Yield = 10 %; mp = 114-15 °C (EtOH)H NMR (CDCk) d 0.95 (t, 3H, CHCHs, J = 7.2 Hz), 1.37-1.44
(m, 2H, CHCH,CH,CH3), 1.48-1.57 (m, 2H, C/€H,CH,CH3), 2.06-2.14 (m, 1H, COCHCHCH),),
2.20-2.29 (m, 1H, COCHCHICH,), 4.45 (dd, 1H, COHCH,, J = 7.9 Hz,J = 5.2 Hz), 7.44-7.50 (m,

4H, Ar), 8.07 (exch br s, 1H, NH).

General Procedure for racemates (+)-117a-f and 118\ mixture of compound3 (0.13 mmaol),
K2COs (0.26 mmol) and the suitable intermediate t§f8&[(+)-115a-f or 116(0.14 mmol), in CHCN (3
mL) was refluxed under stirring for 4-5 h. Afteradimg, the solvent was evaporated and ice-cold wate
was added to the mixture. For racem@alell7a after 1 h stirring in ice-bath the precipitateswdtered
off and purified by crystallization in cyclohexanBor racemateg+)-117b-f and compoundl18,
differently, the mixture was extracted using £t (3 x 10 mL). The organic layer was collected, dirie
over NaSQO, and evaporated in vacuo. The crude residue waBepuby flash column chromatography
using as eluent cyclohexane/ethyl acetate 2:lalmemate$t)-117b-d, cyclohexane/ ethyl acetate 1:3 for
racematg+)-117eand cyclohexane/ethyl acetate 1:1 for compoitpd17fand118

5.2.282 (x)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-@xopyridazin-
1(6H)-yllbutanamide [(x)-117a]

Q H
/_D7>~N Br
o \

\
Yield = 98 %; mp = 79-81 °C (cyclohexan&i NMR (CDCk) 6 0.95 (t, 3H, CKCHg, J = 7.4 Hz), 2.19-
2.38 (m, 5H, 3-CH+ CH,CHj), 3.81 (s, 3H, OCH), 3.91 (s, 2HCH,-Ar), 5.46 (dd, 1H, CHCH,, J =
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1.4 Hz,J = 6.9 Hz), 6.77-6.85 (m, 4H, Ar), 7.27 (t, 1H, Ars 7.9 Hz), 7.30-7.44 (m, 4H, Ar), 9.13 (exch
br's, 1H, NH).
5.2.283 (x)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-

1(6H)-yllpentanamide [(+)-117b]
N—N
o N\

O
\

Yield = 94 %; colorless oil'H NMR (CDCk) ¢ 0.98 (t, 3H, CKHs, J = 7.6 Hz), 1.26-1.40 (m, 2H,
CH,CH,CHs), 2.17-2.28 (m, 2H, CBH,CH,), 2.30 (s, 3H, 3-Chj, 3.81 (s, 3H, OCH}, 3.90 (s, 2H,
CHa-Ar), 5.56 (t, 1H, NCHCH,, J = 8.2 Hz), 6.75 (s, 1H, Ar), 6.79 (s, 1H, Ar), 3.8.86 (m, 2H, Ar),
7.27 (t, 1H, ArJ = 7.8 Hz), 7.38 (s, 4H, Ar), 9.03 (exch br s, NH).

5.2.284 (x)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-
1(6H)-yl]-3-methylbutanamide [(£)-117c]

H
N Br
N™N,
o N

O
\

Yield = 80 %; mp = 161-62 °Chfhexane)*H NMR (CDCk) 6 0.83 (d, 3H, Ci€Hs;, J = 6.6 Hz), 1.16 (d,
3H, CHCHg3, J = 6.6 Hz), 2.30 (s, 3H, 3-G} 2.85-2.98 (m, 1HCHCHz), 3.81 (s, 3H, OCHj, 3.90 (s,
2H, CH,-Ar), 5.14 (d, 1H, \CHCHCH,J = 11.0 Hz), 6.72 (s, 1H, Ar), 6.78-6.85 (m, 3H)A%.28 (t, 1H,
Ar, J = 7.8 Hz), 7.39-7.44 (m, 4H, Ar), 9.06 (exch biLkl, NH).

5.2.285 (x)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-
1(6H)-yllhexanamide[(£)-117d]

Yield = 93 %:; colorless o0il'H NMR (CDCE) § 0.92 (t, 3H, CKCHs, J = 7.3 Hz), 1.24-1.43 (m, 4H,
CH,CH,CH,CH3), 2.22-2.30 (m, 5H, 3-Cii+ CHCH,CH,CH,CHs), 3.81 (s, 3H, OCH), 3.91 (s, 2H,
CHa-Ar), 5.53 (dd, 1H, \CHCH,, J = 1.3 Hz,J = 6.9 Hz), 6.74 (s, 1H, Ar), 6.80-6.86 (m, 3H, A7)28 (t,

1H, Ar,J = 8.5 Hz), 7.35-7.45 (m, 4H, Ar), 8.98 (exch biE, NH).
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5.2.286 (x)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-
1(6H)-yl]-2-phenylacetamide [(x)-117€]

Yield = 42 %; mp = 117-19 °C (EtOHJH NMR (CDCk) 6 2.26 (s, 3H, 3-Ch), 3.81 (s, 3H, OCH),
3.89 (s, 2HCH,-Ar), 6.67 (s, 1H, Ar), 6.87-6.87 (m, 4H, NCHCO «3\r), 7.28 (t, 1H, ArJ = 7.6 Hz),
7.36-7.45 (m, 7H, Ar), 7.56-7.59 (m, 2H, Ar), 8.@Xch br s, 1H, NH).

5.2.287 (x)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-
1(6H)-yl]-2-methylbutanamide [(£)-117f]

H
e
O
N—N,
o \

O,
\

Yield = 60 %; mp = 141-42 °Ch¢hexane)H NMR (CDCk) § 0.90 (t, 3H, CHCHs, J = 7.3 Hz), 1.83 (s,
3H, COCCH), 2.25 (sext, 1H, NCCHHCHj3, J = 6.9 Hz), 2.38 (sext, 1H, NCCHEH;, J = 7.4 Hz),
2.59 (s, 3H, 3-Ch), 3.78 (s, 3H, OCEHJ, 3.97 (qd, 2HCH,-Ar, J = 3.3 Hz,J = 16.2 Hz), 6.73 (s, 1H, Ar),
6.77 (d, 1H, ArJ = 7.6 Hz), 6.85 (dd, 1H, Ad = 6.0 Hz,J = 1.9 Hz), 7.09 (s, 1H, Ar), 7.23 (d, 2H, Alr,
= 8.9 Hz), 7.29 (t, 1H, ArJ = 8.0 Hz), 7.37 (d, 2H, Ad = 8.8 Hz), 8.15 (exch br s, 1H, NH).

5.2.288 N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-1(6H)-
yl]-2-methylpropanamide [(+)-118]

H
Nases

N—N,

o A\

(\
Yield = 65 %; mp = 58-60 °Onthexane)*H NMR (CDCk) & 1.83 (s, 6H, 2 x NCC#), 2.61 (s, 3H, 3-
CHa), 3.80 (s, 3H, OCH), 3.97 (s, 2HCH,-Ar, J = 3.3 Hz), 6.76-6.88 (m, 3H, Ar), 7.11 (s, 1H, Ar)
7.27-7.32 (m, 3H, Ar), 7.37 (dd, 2H, At= 4.7 Hz,J = 2.0 Hz), 8.26 (exch br s, 1H, NH).

HPLC resolution of (x)-95b and (+)-117a by Chiral lhase HPLC. Both racemates were
separated by chiral-phase HPLC with a Chiralcel®QR50mm x 4.6mm 1.D., 1gum particle size)
column. The eluent mixtune-hexane/IPA 95:5 was used in isocratic mode withftow 1.2 mL/min at

183



5. Experimental Chemistry

25 °C and the UV signal was followed Jat= 250 nm. Racemates were dissolved in ethanold/nin
solution) and 50 pL were injected each time. Ineorid separate about 20 mg of racemic mixtures 600
injections were needed and it took about 200 Hotain the resolved enantiomeric pag+)95b/R-(-)-
95b (tr = 19.2,tg = 23.2) andS-(+)-117a/R-(-)-1174tg = 15.9,tr = 17.9) (seesection 3.3.6.4for the
assignment of the absolute configuration).

5.2.289 S-(+)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-@xopyridazin-
1(6H)-yl]propanamide [S-(+)-95b]

H
N Br
N—N,
o N\

Q
\

Light-yellow oil. [a]*% = + 80° € = 1, CHC}). e.e. > 99.9 % (determined by analytical chirgiLg). *H
NMR (CDCk) ¢ 1.71 (d, 3H, CKEHs, J = 7.0 Hz), 2.29 (s, 3H, 3-G})f 3.82 (s, 3H, OC}, 3.91 (s, 2H,
CH-Ar), 5.71 (q, IHCHCHz, J = 7.0 Hz), 6.78 (s, 1H, Ar), 6.81(s, 1H, Ar), 6.84 2H, Ar,J=7.4 Hz),
7.28 (t, 1H, ArJ = 9.0 Hz), 7.40 (d, 4H, Ad = 4.9 Hz), 8.99 (exch br s, 1H, NH).

5.2.290 R-(-)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-
1(6H)-yl]propanamide [R-(-)-95b]

H

N Br
>
N—N

N\

o

Q

Light-yellow oil. [0]*% = - 78° € = 1, CHC}). e.e. = 97.4 % (determined by analytical chirgiLig€). 'H
NMR (CDCk) ¢ 1.71 (d, 3H, ClEH3, J = 7.0 Hz), 2.30 (s, 3H, 3-G} 3.81 (s, 3H, OCHJ, 3.91 (s, 2H,
CH-Ar), 5.71 (q, IHCHCHz, J = 7.0 Hz), 6.78 (s, 1H, Ar), 6.81(s, 1H, Ar), 6.84 2H, Ar,J = 8.3 Hz),
7.28 (t, 1H, ArJ = 8.8 Hz), 7.40 (d, 4H, Ad = 3.0 Hz), 9.01 (exch br s, 1H, NH).

5.2.291 S-(+)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-
1(6H)-yllbutanamide [S-(+)-117a]

o\ H
N Br
\

Light-yellow oil. [0]*% + 129° € = 1, CHC}). e.e. > 99.9 % (determined by analytical chi#RILC).'H
NMR (CDCk) § 0.96 (t, 3H, CKCHs, J = 7.4 Hz), 2.18-2.39 (m, 5H, 3-GH CH,CHs), 3.81 (s, 3H,
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OCHg), 3.90 (s, 2HCH,-Ar), 5.47 (dd, 1H, KCHCH,, J = 1.5 Hz,J = 6.9 Hz), 6.75 (s, 1H, Ar), 6.79 (d,
1H, Ar,J = 1.9 Hz), 6.82-6.86 (m, 2H, Ar), 7.28 (t, 1H, Ars 7.9 Hz), 7.35-7.41 (m, 4H, Ar), 9.08 (exch
br s, 1H, NH).

5.2.292 R-(-)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-
1(6H)-yllbutanamide [R-(-)-117a]
(¢] —//N_N\

Q

Light-yellow oil. [0]*% - 129° € = 1, CHC}). e.e. = 98.0 % (determined by analytical chir@Le). *H
NMR (CDChk) 6 0.96 (t, 3H, CKHs, J = 7.4 Hz), 2.18-2.39 (m, 5H, 3-GH CH,CHs), 3.81 (s, 3H,
OCH), 3.91 (s, 2HCH,-Ar), 5.47 (dd, 1H, NLHCH,, J = 1.2 Hz,J = 7.0 Hz), 6.75 (s, 1H, Ar), 6.79 (s,
1H, Ar), 6.82-6.86 (m, 2H, Ar), 7.28 (t, 1H, Al,= 8.1 Hz), 7.36-7.41 (m, 4H, Ar), 9.08 (exch biHi,
NH).

HPLC resolution of (x)-117b-f by Chiral Phase HPLC.Racematesvere separated by chiral-
phase HPLC with a Lux Amylos€22250 mm x 4.6 mm I.D., m particle size) column. The eluent
mixture n-hexane/IPA 60:40 was used in isocratic mode wighfltow 1.5 mL/min at 40 °C and the UV
signal was followed at = 250 nm. Racemates were dissolved in ethanolg/Znin solution), then 100
puL of (x)-117b-eand 80 pL of(x)-117f were injected each time. In order to separate taBOung of
racemic mixtures 50 injections were needed andak tabout 10 h to obtain the resolved enantiomeric
pairsS-(+)117b/R-(-)-117h(tr = 5.1,tr = 9.4),S-(+)-117¢/R-(-)-117¢tr = 3.9,tr = 10.1),S-(+)-117d/R-
(-)-117d (tr = 5.4,tgr = 9.7),R-(-)-117e/S-(+)-117dtg = 7.6,tr = 12.3) andR-(-)-117f/S-(+)-117f(tr =
6.7,tr = 8.6) (seesection 3.3.6.4or the assignment of the absolute configuration).

5.2.293 S-(+)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-@xopyridazin-
1(6H)-yllpentanamide [S-(+)-117Db]

Light-yellow oil. [0]?% + 139° € = 1, CHC}). e.e. > 99.9 % (determined by analytical chi#RILC).'H
NMR (CDCk) ¢ 0.98 (t, 3H, CKCHs, J = 7.3 Hz), 1.27-1.42 (m, 2H, GBH,CHs), 2.15-2.28 (m, 2H,
CHCH,CH,), 2.30 (s, 3H, 3-Ch), 3.81 (s, 3H, OCH), 3.90 (s, 2HCH,-Ar), 5.56 (t, 1H, NCHCH,, J =
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8.2 Hz), 6.75 (s, 1H, Ar), 6.79 (d, 1H, Ar= 1.9 Hz), 6.82-6.86 (m, 2H, Ar), 7.28 (t, 1H, ArF 9.0 Hz),
7.39 (s, 4H, Ar), 9.02 (exch br s, 1H, NH).

5.2.294 R-(-)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-
1(6H)-ylJpentanamide [R-(-)-117b]

Light-yellow oil. [0]*% - 137° € = 1, CHC}). e.e. = 99.9 % (determined by analytical chir@Le). *H
NMR (CDCk) ¢ 0.98 (t, 3H, CKCH3, J = 7.4 Hz), 1.28-1.40 (m, 2H, GBH,CHj3), 2.17-2.28 (m, 2H,
CHCH,CHy), 2.30 (s, 3H, 6-Ch}, 3.81 (s, 3H, OCH, 3.90 (s, 2HCH-Ar), 5.56 (t, 1H, NCHCH,, J =
7.2 Hz), 6.75 (s, 1H, Ar), 6.79 (d, 1H, A= 1.5 Hz), 6.82-6.86 (m, 2H, Ar), 7.28 (t, 1H,,Ar= 9.0
Hz), 7.39 (s, 4H, Ar), 9.14 (exch br s, 1H, NH).

5.2.295 S-(+)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-@xopyridazin-
1(6H)-yl]-3-methylbutanamide [S-(+)-117c]

Q H
>_2‘N Br
o A\

q
mp 63-65 °C. §]*% + 99° € = 1, CHC}). e.e. > 99.9 % (determined by analytical chH&LC). 'H
NMR (CDCl) 6 0.83 (d, 3H, CKeH3, J= 6.6 Hz), 1.16 (d, 3H, CEHs, J = 6.6 Hz), 2.31 (s, 3H, 3-GH
2.86-2.96 (m, 1HCHCHs), 3.81 (s, 3H, OCE#J, 3.90 (s, 2HCH,-Ar), 5.14 (d, 1H, KNHCHCH,J =11.0
Hz), 6.71 (s, 1H, Ar), 6.78 (s, 1H, Ar), 6.81-6.86, 2H, Ar), 7.28 (t, 1H, Ar) = 7.5 Hz), 7.38-7.44 (m,
4H, Ar), 9.06 (exch br s, 1H, NH).

5.2.296 R-(-)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-
1(6H)-yl]-3-methylbutanamide [R-(-)-117c]

A\ H
N Br
z
N—N
o A\

N

mp 63-65 °C. §]*°%- 97° ¢ = 1, CHC}). e.e. = 99.9 % (determined by analytical chir®iLig€). *H NMR
(CDCls) 6 0.83 (d, 3H, CiHs, J = 6.6 Hz), 1.16 (d, 3H, CEHs, J = 6.6 Hz), 2.30 (s, 3H, 3-G) 2.86-
2.96 (m, 1HCHCH;), 3.81 (s, 3H, OCH), 3.90 (s, 2HCH,-Ar), 5.14 (d, 1H, CHCHCH, J = 11.0 Hz),
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6.71 (s, 1H, Ar), 6.78 (s, 1H, Ar), 6.81-6.86 (ni,3Ar), 7.28 (t, 1H, ArJ = 7.8 Hz), 7.38-7.44 (m, 4H,
Ar), 9.06 (exch br s, 1H, NH).

5.2.297 S-(+)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-@xopyridazin-
1(6H)-yllhexanamide [S-(+)-117d]

Light-yellow oil. [0]* + 111° € = 1, CHC}). e.e. > 99.9 % (determined by analytical chirgLi€). *H
NMR (CDCk) ¢ 0.92 (t, 3H, CKCH3, J = 7.3 Hz), 1.17-1.46 (m, 4H, GBH,CH,CHj3), 2.14-2.34 (m,
5H, 6-CH; + CHCH,CH,CH,CHz), 3.81 (s, 3H, OCHJ, 3.91 (s, 2HCH,-Ar), 5.54 (dd, 1H, \CHCH,, J
= 1.3 Hz,J = 6.9 Hz), 6.75 (d, 1H, AgJ = 1.1 Hz), 6.79 (t, 1H, Ar) = 1.7 Hz), 6.82-6.86 (m, 2H, Ar),
7.28 (t, 1H, ArJ = 9.4 Hz), 7.38 (s, 4H, Ar), 9.04 (exch br s, NH).

5.2.298 R-(-)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxopyridazin-

1(6H)-yllhexanamide [R-(-)-117d]
/_/}H‘@*Br
’//N_N
o N

Q
\

Light-yellow oil. [0]* - 110° € = 1, CHCE). e.e. = 99.9 % (determined by analytical chir@Le). *H
NMR (CDCk) ¢ 0.92 (t, 3H, CKHs, J = 7.3 Hz), 1.17-1.46 (m, 4H, GBH,CH,CHs), 2.16-2.34 (m,
5H, 6-CH; + CHCH,CH,CH,CHz), 3.81 (s, 3H, OCHJ, 3.90 (s, 2HCH,-Ar), 5.54 (dd, 1H, \CHCH,, J
= 1.2 Hz,J =6.9 Hz), 6.75 (s, 1H, Ar), 6.79 (d, 1H, Ar= 2.0 Hz), 6.82-6.86 (m, 2H, Ar), 7.28 (t, 1H,
Ar, J=9.3 Hz), 7.36-7.41 (s, 4H, Ar), 9.04 (exch bild, NH).

5.2.299 R-(-)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxo
pyridazin-1(6H)-yl]-2-phenylacetamide [R-(-)-117€]

Light-yellow oil. [0]*% - 17° € = 1, CHC}). e.e. = 99.9 % (determined by analytical chir&@Lg). *H
NMR (CDCh) 6 2.26 (s, 3H, 3-Ch), 3.81 (s, 3H, OCH), 3.89 (s, 2HCH,-Ar), 6.68 (s, 1H, Ar), 6.77 (s,
1H, Ar), 6.80-6.85 (m, 2H, Ar), 6.88 (s, 1H, NCHGCO)28 (t, 1H, Ar,J = 7.6 Hz), 7.36-7.45 (m, 7H,
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Ar), 7.56-7.59 (m, 2H, Ar), 8.33 (exch br s, 1H, NS (ESI) calcd. For £H24,BrN3;O3, 518.40. Found:
m/z519.10 [M + HJ, 541.30 [M + Nal.

5.2.300 S-(-)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxo
pyridazin-1(6H)-yl]-2-phenylacetamide [S-(+)-117€]

H
N Br
N—N
o \

O
\

Light-yellow oil. [0]*5 + 16° € = 1, CHCE). e.e. > 99.9 % (determined by analytical chi®ILC).'H
NMR (CDCk) ¢ 2.26 (s, 3H, 3-Ck), 3.80 (s, 3H, OCHJ, 3.89 (s, 2HCH,-Ar), 6.68 (s, 1H, Ar), 6.77 (s,
1H, Ar), 6.80-6.85 (m, 2H, Ar), 6.88 (s, 1H, NCHCQ)28 (t, 1H, ArJ = 7.6 Hz), 7.36-7.45 (m, 7H,
Ar), 7.56-7.59 (m, 2H, Ar), 8.33 (exch br s, 1H, NS (ESI) calcd. For £H24,BrN3;O3, 518.40. Found:
m/z519.10 [M + HJ, 541.30 [M + Nal.

5.2.301 R-(-)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxo
pyridazin-1(6H)-yl]-2-methylbutanamide [R-(-)-117f]

z
N—N
¢}

Q
\

mp 108-09 °C. ]°% - 18° ¢ = 1, CHCE). e.e. > 99.9 % (determined by analytical chir&éL). *H
NMR (CDCl) ¢ 0.90 (t, 3H, CHCHs, J = 7.4 Hz), 1.83 (s, 3H, NCG} 2.26 (sext, 1H, NCCHHCHj3, J
= 7.4 Hz), 2.39 (sext, 1H, NCCHCHj3, J = 7.4 Hz), 2.60 (s, 3H, 6-Gj 3.79 (s, 3H, OC}j, 3.97 (d,
2H, CH»-Ar, J = 3.0 Hz,J = 16.2 Hz), 6.73 (s, 1H, Ar), 6.77 (d, 1H, Ar= 7.6 Hz), 6.85 (d, 1H, A =
8.1 Hz), 7.10 (s, 1H, Ar), 7.23 (d, 2H, Ar= 8.8 Hz), 7.30 (t, 1H, ArJ = 8.1 Hz), 7.38 (d, 2H, A =
8.7 Hz), 8.13 (exch br s, 1H, NH).
5.2.302 S-(+)N-(4-Bromophenyl)-2-[5-(3-methoxybenzyl)-3-methyl-Gxo

pyridazin-1(6H)-yl]-2-methylbutanamide [S-(+)-117f]

Q H
/>2‘N Br
N—
o N

\
mp 108-09 °C.{]*%s + 17 € = 1, CHC}). e.e. = 99.3 % (determined by analytical chH&LC). *H
NMR (CDCL) § 0.90 (t, 3H, CHCHs, J = 7.4 Hz), 1.83 (s, 3H, NCGJ 2.26 (sext, 1H, NCCHHCHs, J
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= 7.4 Hz), 2.39 (sext, 1H, NCCHEHs;, J = 7.1 Hz), 2.60 (s, 3H, 6-G} 3.79 (s, 3H, OC}kJ, 3.97 (qd,
2H, CH,-Ar, J = 3.0 Hz,J = 16.2 Hz), 6.73 (s, 1H, Ar), 6.77 (d, 1H, Arz 7.5 Hz), 6.85 (dd, 1H, Ad =
6.3 Hz,J = 1.9 Hz), 7.10 (s, 1H, Ar), 7.23 (d, 2H, Ar= 8.7 Hz), 7.29 (t, 1H, ArJ = 7.9 Hz), 7.38 (d,
2H, Ar,J =8.7 Hz), 8.13 (exch br s, 1H, NH).

General Procedure for reference compounds R-(-)-118nd S-(-)-120.To an aqueous (75 mL)
solution of R-(-)-2-phenylglycine or S-(eHMethylvaline (99.33 mmol) respectively, acetic gdhde
(0.75 mol) was added. The mixture was stirred térfDat 70 °C until all the amino acid was dissdlve
When the reaction mixture was cooled to 5 °C, tlystallized amide was separated by filtration amel t
final products were purified by recrystallizatioorh ethanol.

5.2.303 S-(-)-2-Acetamido-2,3-dimethylbutanoic acifs-(-)-120]

Yield = 36 %; mp = 213-14 °C (EtOH)ofs = - 1.4° € = 1, EtOH). e.e. > 99.9 % (determined by
analytical chiral HPLC)*H NMR (DMSO-d) § 0.84 (d, 3H, Ci€Hs, J = 6.8 Hz), 0.91 (d, 3H, CEH3, J

= 6.8 Hz), 1.25 (s, 3H, CHCHg), 1.81 (s, 3H, COC}H), 1.91-1.99 (m, 1H, CH(CHy),), 7.07 (exch br s,
1H, NH), 12.08 (exch br s, 1H, OH).
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6. Biological Methods

6.1  Cell Culture
Human promyelocytic leukemia HL-60 cells stablynstected with FPR1 (HL-60-FPR1), FPR2 (HL-60-
FPR2), or FPR3 (HL-60-FPR3) were cultured in RPM#Q medium supplemented with 10% heat-
inactivated fetal calf serum, 10 mM HEPES, 1@ml streptomycin, 100 U/ml penicillin, and G418 (1
mg/mL), as previously describétf. Wild-type HL-60 cells were cultured under the satpaditions, but
without G418.

6.2 Isolation of Human Neutrophils
Blood was collected from healthy donors in accocgawith a protocol approved by the Institutional
Review Board at Montana State University. Neutrisplwere purified from the blood using dextran
sedimentation, followed by Histopaque 1077 gradsepiaration and hypotonic lysis of red blood celss,
previously describe®?* Isolated neutrophils were washed twice and reswgmkin HBSS without Ga
and Md* (HBSS). Neutrophil preparations were routinely > 95 %rgyuas determined by light
microscopy, and > 98 % viable, as determined hyamnyblue exclusion.

6.3 Cd&" Mobilization Assay
Changes in intracellular €awere measured with a FlexStation Il scanning aeeter using a FLIPR 3
calcium assay kit (Molecular Devices, Sunnyvale) @& human neutrophils and HL-60 cells. All active
compounds were evaluated in parent (wild-type) HLe6lls for supporting that the agonists are invacti
in non-transfected cells. Human neutrophils or HL€®lls, suspended in HBS8ontaining 10 mM
HEPES, were loaded with Fluo-4 AM dye (Invitrog€m)25 ug/mL final concentration) and incubated
for 30 min in the dark at 37 °C. After dye loadinige cells were washed with HBS®ntaining 10 mM
HEPES, resuspended in HBSS containing 10 mM HERESGE" and Md* (HBSS), and aliquotted
into the wells of a flat-bottomed, half-area-wdldk microtiter plates (2 x £@ells/well). The compound
source plate contained dilutions of test compounddBSS. Changes in fluorescence were monitored
(Aex = 485 nm,Aem = 538 nm) every 5 s for 240 s at room temperagdter automated addition of
compounds. Maximum change in fluorescence, expiessarbitrary units over baseline, was used to
determine agonist response. Responses were noechatizhe response induced by 5 nM fMLF (Sigma
Chemical Co., St. Louis, MO) for HL-60-FPR1 and tmephils, or 5 nM WKYMVm (Calbiochem, San
Diego, CA) for HL-60-FPR2 and HL-60-FPR3 cells, aiwere assigned a value of 100%. Curve fitting
(5-6 points) and calculation of median effectivaoentration values (&g were performed by nonlinear
regression analysis of the dose-response curvesrajed using Prism 5 (GraphPad Software, Inc., San
Diego, CA).
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6.4  Chemotaxis Assay
Neutrophils were suspended in HBS®ntaining 2% (v/v) fetal bovine serum (FBS) (206 cells/mL),
and chemotaxis was analyzed in 96-well ChemoTx chaxis chambers (Neuroprobe, Gaithersburg,
MD), as previously describéd’ In brief, lower wells were loaded with 30 of HBSS containing 2%
(v/v) FBS and the indicated concentrations of ¢eshpound, DMSO (negative control), and 1 nM fMLF
as a positive control. The number of migrated celés determined by measuring ATP in lysates of
transmigrated cells using a luminescence-basedy a&3allTiter-Glo; Promega, Madison, WI), and
luminescence measurements were converted to absmlithumbers by comparison of the values with
standard curves obtained with known numbers ofrophbtls. The results are expressed as percentage of
negative control and were calculated as followsun{ber of cells migrating in response to test
compounds/spontaneous cell migration in responseotdrol medium) x 100. Ef values were
determined by nonlinear regression analysis of dbse-response curves generated using Prism 5

software.
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8.1 INTRODUCTION

8.1.1 Antibiotics today: an overview
The development of antibacterial agents is arguably of the greatest successes of th& @ntury
medicine® Antibiotic drugs have played an essential rolehia global increase in life expectancy and
quality that has occurred over the last cenfufpwever, since the “glory days” of antibiotic diseny in
the 1960s and 1970s, there has been a sharp decimestment for new antibacterial interventidns
the large pharmaceutical companies. Concomitatitly,incidence of resistance among clinical isolates
against conventional antibiotics is on the incréaseleed, bacteria have quickly become resistattieo
most commonly prescribed antibiotitAs a result, we are left with a legacy of relajview efficacious
drugs and! unfortunately, pathogens continue to adapt fastan new antimicrobial agents can be
developed to control themThus, bacterial infection, particularly from medtiug resistant strains,
remains a serious threat to human li¥ésndeed, the scarcity of new antibiotic products peompted
some commentators to refer to an impending “phaetdgn” and to an impending return to the “pre-
antibiotic” era, at least for the treatment of sdpaeterial organisms. Consequently, the developmoent
novel therapies for the treatment of human badteriiections is of paramount importante.
Existing antibiotics generally inhibit bacterial lloéar processes that are essential for microbial
survival”® An inherent problem with this approach is thatréates a selection pressure for drug-resistant
mutations>*° Antivirulence therapies seek to address this i58tkhese methods aim to target bacterial
systems associated with virulence rather than @atseallular process and the hope is that suctegires
will reduce selective survival pressures and sleevdevelopment of resistante.
Over the last decade, the work of many groups hasvis that systems associated with virulence in
bacteria are valid targets for the developmentenf mantibacterial agents. Although virulence is dtimu
factorial phenotype, in many clinically-relevantctexria the trait is controlled by a relatively simal
number of signalling pathway$>® Crucially for the current proposal, small molesuége often found at
the apex of these signalling pathways, so thatréteally by eliminating these compounds from the
growth medium, the virulence of the organism ingjioe should be reduced. Indeed, disruption ofghes
signalling pathways, either through mutation orotlgh chemical intervention, is a proven way of
diminishing the pathogenicity of a number of orgams and facilitating their immune clearance from th
infected host. In addition, to reduce the selectmassure for drug-resistant mutations, non-lethal
alternatives to antibiotic interventions are anraative therapeutic strategy as well because, by
specifically targeting virulence, it is possibledecrease the potential negative impact of treatrmenhe

patient’?> Recent years have witnessed a growing realisatiah antivirulence therapies represent a
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potentially valuable alternative to traditional iandtic methods for the treatment of bacterial atiens.
In this context, bacterial quorum sensing (QS)esystoffer an attractive targét™

8.1.2 Quorum sensing (QS)
QS is a method of intercellular communication ergptb by many species of bacteria. This signalling
process is used by bacterial colonies to coordigat® expression in a cell density-dependent madfiner
18 Several clinically relevant pathogens use quoremsig systems to regulate processes associated wit
virulence'® However, quorum sensing is not directly involvedbiological processes that are essential
for bacterial survivaf®?* Thus, selective disruption of QS (so-callegiorum quenching} using non-
native small molecule entities represents a styattie@ttenuate bacterial pathogenicity without isipg
an intense selective pressure for the developnfaesistant mutants 3 compared to existing antibiotic
treatment$’
Quorum sensing is mediated by small diffusible rooles termedautoinducers These small molecule
entities are synthesized intracellularly (throughthe growth of the bacteria) and released into the
surrounding growth medium. The extracellular com@ion of the small molecules led to an increase o
the cell density. In fact, when this concentratiexceeds a certain value, the accumulated signal
molecules are sensed by specific receptors on dceetial’®> The binding of the autoinducers to the
receptors occurs and starting from this, a sigmahsduction cascade leads to a change in gene
expressiort>?®?’|n this way, the bacterial population reachesiticat “threshold” cell density which is
of primary importance for its virulence.
In the case of pathogens, QS-controlled genes eftende virulence factof8.Indeed, virulence factor
production in several clinically relevant pathogenbacteria including Staphylococcus aureus
Clostridium difficile and Pseudomonas aeruginosa known to be regulated by QS systems. In this
scenario, at low cell densities, the cells do motpce virulence factors and therefore appear ‘tent
to the host. However, once the population becomesate, the QS system simultaneously stimulates
virulence factor production, ensuring that the gapon as a whole produces a welter of tissue-damgag
proteins in a highly coordinated and cooperativenmes®>? Nature is known to have evolved quorum-
quenching enzyme that are capable of hydrolyziraygm sensing QS molecules &id®>° recently, the
concept of quorum quenching using the catalyticbanty technology directed towards the development
of functionally equivalent “unnatural” enzymes, hiasen introducetf® This approach uses small
molecules as haptens to elicit antibodies capabtatalyzing QS molecules hydrolysis and thus iithib
quorum sensing. The hypothesis underpinning this & that by selectively depleting these small

molecules from the site of bacterial infection, tim@ading organism will be made less aggressive
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allowing the host immune system a better chanogeairing the infection before the bacteria cause to

much tissue damage.

8.1.3 Catalytic antibodies through Transition StatgTS) mimetics
Catalytic antibodies or “abzymes” are essentiaijot-made biological catalysts capable of accéiega
the rate of a specific chemical reaction by prefeadly stabilizing the transition state of theaentled
“natural” substrate to product conversiBnfollowing the same way of enzymes. Although selvera
abzymes, that catalyze a variety of chemical t@nsétions, have been generated, the most active
antibodies have usually been found to provide eatkancements for reactions with intrinsically low
activation energy barriefS. That is, abzymes generally catalyze reactions llagipen at a slow, but
measurable rate under ambient conditions. The peauent of catalytic antibodies for a specific react
typically requires the use of a molecule which basn designed to be a stable mimic of the tramsitio
state structure associated with the reactiohhe aim is to obtain antibodies that bind to tnisition
state analogue with high affinity; such antibodssould therefore be able to bind tightly to, and
preferentially stabilise, the transition state lué teaction of interest thus decreasing the adtivanergy
barrier to the procesdigure 8.1).*°** Since abzymes are far more structurally-constechitean their
enzyme counterparts, their catalytic activity igeaf relatively poor in comparison with the latter.
However, they still provide rate enhancements §fatGnore over the uncatalyzed reaction and theg hav

proven therapeutic potential in the treatment afydaddictior{"*

K- .
TS [Ab] [TS]
AbTS* — Ab + TS* Krs =

[AbTS*]

Figure 8.1. Energy diagram for an antibody-catalyzed and watgadd transformation of a substrate S to a
product P proceeding via a transition state (TS*amw antibody-bound transition state (Ab.TS*). Tdaalytic
effect of the antibody is given bkYAG*, which corresponds to the transition state digg@mn constant kK.
Adapted from Reymond (2002.

The improved pharmacological potential of many abey (compared to non host-derived enzymes)
comes from the fact that, as in much of the progaserk, they can be based around a human antibody

framework and are therefore not targets for immciearance. A more recent work has shown that the
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kinetic parameters of abzymes can be improved tirdargeted design strategies, and it is now ¢hesr
in some cases, residues in the substrate-bindiegcan also make additional catalytic contributions

through, for example, acid-base catalysis.

8.1.4 Transition state mimetics anadjuorum quenching

In principle, if stable small molecules that mimibe transition states associated with possible
decomposition pathways of autoinducers can be sgi#éd, it should be possible to use these mokecule
to generate catalytic antibodies capable of deggadaid autoinducersquorum quenching), thereby
interfering with the quorum sensing process. Sidifferent species of bacteria generally use differe
autoinducer molecules, the nature of the transisiate mimics required to elicit catalytic antibexlis
species-dependent. In this work we focused uporruguicsensing in the Gram positive bacterium
Staphylococcus aurewshere stable structural moieties that mimic tl@gition states associated with the

degradation reaction of the autoinducers need fdéeified?

8.1.5 Quorum sensing in Staphylococcus aureus
Staphylococcus aureus a prevalent and highly adaptable Gram-positigetdrium responsible for
numerous clinical infection®. It is one of the most dreaded pathogens in hdspitad causes more
nosocomial infections than any other Gram-posibaeterium. Methicillin-resistant strains 8f aureus
(MRSA) represent an important problem, since inéext can advance so rapidly that they become life-
threatening before clinical intervention can belised. The treatment issue is compounded by the fac
that MRSA strains are resistant to most clinicalbed p-lactam antibiotics, so vancomycirithe
antibiotic of last resort] is often the necessary choice of treatment. Wgty, vancomycin-resistarg.
aureus strains are now also appearing in hospitals, oedtivig the need for new anti-staphylococcal
interventions. The emergence of antibiotic resistam this and other species has become a serious
concern in the medical communfty.
Various aspects of virulence 1 aureusare known to be regulated by a quorum sensing systieich
employs small autoinducing (oligo)peptides (AlPspmprised of 7-10 amino acid residues, as the
signalling moleculesAlPs function as extracellular signalling molecuteat allow individual cells to
sense the surrounding population density. On¢gquarum” of cells has been achieved, the bacteria
modulate their gene expression to facilitate comjpex behaviours that confer survivability to the
developing colony’ The discovery of this global regulatory system fonulence in'S. aureushas
provided an avenue for interrupting these defeffs&sAIP mimics that perturb this system would be

useful chemical probes and could potentially besttned for therapeutic applications.
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8.1.6 Autoinducing (oligo)peptidegAIPS)

The quorum sensing circuit outlined frgure 8.2 represent the basic paradigm for AlP-mediated
signalling inS. aureusQS inS. aureuss encoded by the accessory gene regulaigr (ocus>° Each
bacterium secretes AIPs that accumulate in theaesiflular environment. Once these ligands reach a
threshold concentration, they will bind productivéb a cognate receptor protein located on the cell
exterior named AgrC. AIP binding activates a tworpomnent intracellular signalling system that up-
regulates the production of virulence determinarteeling genes (including genes that encode toxins,
host cell-adhesion factors and extracellular hetmedproteolytic enzymes) and also up-regulates

production of the fouagr proteins (AgrA-D).

bacterium HK = histidine kinase

Figure 8.2.Proposed mechanism of the two-comporagrtautoinduction system i8. aureusAgrB processes
the propeptide AgrD to generate an AIP and seciebeto the extracellular environment. The AlPsdio the

AgrC receptor, a histidine-kinase that phosphoegahe intracellular response regulator AgrA. T¢esond

signalling component then promotes gene transoripthat induces virulence and produces dbe proteins,

completing the autoinduction circuit. Adapted fr@urske and Blackwell (2008).

The agr-mediated QS systems B aureushave evolutionarily diverged into four differentbsgroups
(AIP-I/IV) (figure 8.3).

HOoo,
| |
B OH 5—
et y o 5 /
N\/u (o] |
HaN ; u S
o HN LA
OH ] 'll’/ o
emtn;)_vlclic (Jf,l macrocycle -/
1] \ = 0
HN NH
HOZC - S T
2 O/- H ._: Q
\\“ //)
S, aureus AlP-| ¥ 8§ T &€ D F I M
AP G ¥ N A C S§ 8 L F
AIP-1Il I N C DO F L L
AlP-IV Y § T G Y F I M

Figure 8.3.Chemical structure of AlP-I and peptide sequendesi®s | through 1V. The cysteine residue that
forms the thiolactone is highlighted in blue. Adappfrom Gorske and Blackwell (200%).

Each sub-group is associated with a distinct AlBweler, in all cases, the AlIPs have a similar core

structure; they all comprise a macrocylic thiolagtand a conjoined linear tail moiety. The macrecyl
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appears to be the main determinant required foecutdr recognition by the membrane receptor AgrC,
while the exocyclic peptide moiety is required feceptor activation. The conserved thiolactonalisle

and it is known that cleavage of this ring abolsslagonistic activity in the AIPs. Thus the thiotact
ring moiety is an excellent target for the develepinof catalytic antibodies. If stable small molesu
that mimic possible transition states associateth whe rate determining steps of thiolactone ring
hydrolysis can be identified, in theory, these dobk used to elicit antibodies that are capable of
catalysing this hydrolysis step, thereby inhibiti@§ in S. aureus and thus attenuating its viruléite

8.2 BACKGROUND AND AIMS OF THE PROJECT

The main goal of the proposed study is the synshefsiransition state (TS) mimetics of the degriaaat
reaction of the AIPs, that could potentially be dise elicit catalytic antibodies capable to attdeuhe
expression of virulence determinants in the Grasitpe bacteriunS. aureusTo achieve this aim, our
primary experimental objective was the synthesismaicrocyclic phosphopeptides as new structural
peptidomimetic analogues that mimic thmnsition stateassociated with the degradation of AIPs
involved in the population cell density-control 8f aureus This approach will hopefully reduce or
abolish the expression of virulence determinans®@ated with the AlIPs and allow the establishnuént
structure-activity relationships (SARSs) in thesstsyns, to better understand quorum sensing siggalli

pathway and be able to develop new peptidomimehkibitors.

H,N o o
HN
N
H
VT
HO
Figure 8.4. Structure of the natural autoinducing (oligo)peetAIP-IIl . The cysteine residue that forms the

thiolactone is highlighted in blue.

AIP-IIl (figure 8.4) was chosen as the reference peptide, becaiséhé substrate of EMRSA-16, an
important Methicillin-resistant S. aureus strainaidable at the Biochemistry Department of the
University of Cambridge and because all the AlPtides have a similar core structure being the
macrocycle the main determinant required for thevig. Therefore, one of the aims of the projecsv
the total synthesis of the natural substraké&P{lll ),>* to use it as reference in the biological tests,
following a Fmod-Bu solid-phase synthesls. The thioester groupfiure 8.4), as previously
mentioned, is an excellent target to develop catabntibodies since cleavage of the thiolactomeg ri
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abolishes agonistic activity of the AlPs. As phasehderivatives are structurally similar to thieest
bonds, the most important aim of this project s $ynthesis, using a Fme&u solid-phase strategy, of

two phosphorud\IP-Ill analogues as potential TS mimetifigyre 8.5).>°

"serine building block" _—N ﬁ\
Q 0
HO

/\/CN
H2N

Fmoc™ :\(\O/ I O/Y “Alloc §>\
12 (R = H), 13 (R = Isobutyl) Oﬁj/(

Figure 8.5. Structures of théserine building blocks’ and the twaAlP-Ill analogues desngneA @ndB). The

phosphodipeptide inserted in the macrocycle is Ilggted in red. The structurA is reported a®3 in the

section 8.3.2.4schemeS.5).
In these new molecules the thioester group is cepldy a phosphate group, previously built fisexrine
building block” (figure 8.5). It should be noted that the two new macrocyatesnpared to the natural
peptide, have two members more, one O and onebQtHhe size of the cycle does not seem to baatruc

for the activity>?

biotin "tag"
Figure 8.6.Thebiotinylated variants of theAlP-1l1l analogue designed.
The transition state mimetics will be tested toleate their activity as quorum quenching agentslatet

on will be attached to a biotin-tafigure 8.6) for phage library screenirfg.

8.3 CHEMISTRY
The chemistry of this project is divided in 3 pasgnthesis of théserine building blocks” (section
8.3.]), synthesis of the phosphorus cyclic peptidestion 8.3.2, synthesis of the natural substradd¢R-
[ll') (section 8.3.3.

8.3.1 Synthesis of théserine building blocks”
The two “serine building blocks” (figure 8.5) which will be incorporated in the phosphorus aycli

peptides were prepared following the synthetic waifs depicted ischemes S.1-S.3
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8.3.1.1 Protection of the starting amino acidsral amino alcohols
N-a-Fmoc-serind-butyl esterl (scheme S.Lwas readily obtained in quantitative yield folliogy the

N. a N
Hoj\[ Fmoc /og\[ ~Fmoc Fmoc= \n,o
OH OH o O

Fmoc-L-Ser-OH 1

literature®*

Scheme S.1. Reagents and conditions: aButyl-trichloroacetimidate (4 equiv), CHX/EtOAd, o/n.

On the other hand, reaction of the amino alcoleilsanolamine and L-leucinol (obtained in quantiati
yield by reduction of L-leucin® scheme S.p with allyl chloroformate yielded the correspondiftioc
protected ethanolamin@)(and L-leucinol 8) with 97% and 86% yield respectively after pwation by
flash chromatographfscheme S.p° The Alloc group was chosen because its Pd cailyamoval is

compatible with Fmot/Bu solid-phase strategy that will be used in thegphopeptides synthesfs.

H
_a, -
HZN?:\OH + Sgg Alloc” Ny oH
R

R = H (ethanolamine ), allylchloroformate 2R= H),
isobutyl (L-leucinol ) (1.1equiv.) 3 (R = isobutyl)
L-Leu 4, L-leucinol

Q H
HNSSon 4 SR AN on
\n/OA
Alloc = o

allylchloroformate
L-Leu (1 equiv.) 5

Scheme S.2. Reagents and conditions: HpHCG; (1.1 equiv), dioxane/water (1:1), 0 2€ rt, 3 h,b) LiBH4
(2 equiv), trimethylsilyl chloride (4 equiv), THFnhydrous, 0 °C— rt , 16 h,c) NaN; (1.5 equiv),
dioxane/water, N O; 1% in water, rt, 1 d (10% N@O;in water is added to keep the pH between 8-10).

Another necessary building block for the phosphtdepsynthesis was Alloc-L-Leu-OH, which was
obtained in 77% yield by reaction of in situ genedeallyl carbonazidate with L-leucinscheme S.p°®

8.3.1.2 Phosphorus couplings
The desired“serine building blocks” were obtained in 4 synthetic stepscieme S.B using the
commercially available 2-cyanoethMlN-diisopropyl-chlorophosphoramidite as the phosploru
source>>®'The first reaction is a coupling of the Alloc-etoéamine @) or Alloc-L-leucinol @) on the 2-
cyanoethylN,N-diisopropyl-chlorophosphoramiditéscheme S.B%%® The purified products must be

stored under Mat -20 °C, since they decompose to complex migtafter few days at room temperature.
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The following reaction of oN-a-Fmoc-serindg-butyl esterl with compound$ and7 (scheme S.Bwas

performed in the presence of tetraZi&>

~CN ~CN CN ~_CN
)\ Q Q H H Q H H Q H
)I\LP\CI —a. N'P\O/YN\AIIOC b, Fmoc'NI\O’P\O/\/N\AIIoc AN Fmoc'NI\O'(ﬁ;\O/\/N\AIIOc N
A R XO o R ><o o R
6,7 8,9 10, 11
~_CN O
H Q H Fmoc = \IrOQ
d N P N«
——  Fmoc I\O 5 o Alloc o)
wo S0 R R=H(5,8, 10, 12),
12 13 Isobutyl(7, 9, 11, 13) NN
Alloc = o

Scheme S.3. Reagents and conditions: Ajloc-ethanolamine?) or Alloc-L-leucinol @) (0.7 equiv), DIPEA
(4.7 equiv), CHCI, anhydrous, B rt, 2-3 h;b) Fmoc-L-Sert-Bu ester {) (1 equiv), tetrazole (1.2 equiv), THF
anhydrous, N rt, o/n;c) t-BuOOH, THF anhydrous, Nrt, 3-4 h;d) TFA (20 equiv), CHCI,, rt, 2-3h.

When explosive tetrazole was replaced by 4,5-dioyaitlazole, the crude product obtained was much
less pure both b{H NMR and TLC®® The obtained phosphite intermediaBesnd9 are unstable trivalent
phosphorus species which could be isolated by fi@silomatography on silica gel, but it is more
convenient to oxidyze them straight away to affthé more stable pentavalent specidsand 11
(scheme S.B8°**” m-CPBA was initially used as an oxidizing agent khe yields were very low. In
contrast, whenert-butyl hydroperoxide was used, fully protected gtasamino acid40 (R = H) and

11 (R = Isobutyl) were obtained in 57 and 20% yie&bspectively over two stepscheme S.B
Subsequent treatment ®® and 11 with 50% trifluoroacetic acid afforded the freedscl2 (R = H) and

13 (R = Isobutyl).It is important to note that compountl®, 11 and the corresponding free carboxylic
acids (2 and13) were obtained as diastereomeric mixtures bectngsehiral centre on the phosphorus
was present in its 2 configurations. These diasteegic mixtures were inseparable by flash
chromatography or HPLC and made theNMR analysis more complex. However, once the ogémyl
group was removed during the treatment with pipeedo remove the Fmoc group, performed in the
phosphopeptide synthesischeme S} the phosphorus center is no longer chiral, legdo only one

stereoisomer of the desired phosphopeptide.

8.3.2 Synthesis of the phosphorus cyclic peptides
Linear and branched solid-phase syntheses of AtRdogues using different orthogonal protecting
schemes have been described in literatti?®ln most of them the cyclization and final deproi@ttare
performed in solution>***We decided to adapt these strategies to the ssisthphosphorus analogues
of AIP-1ll . Our strategy is divided in two main parts: 1) Efv@Bu solid-phase synthesis of branched

peptides gcheme S 2) Cyclization and final deprotection in solutiGécheme S.p In the latter case,

225



8. Supplement

the final cyclization is carried out through therfation of an amide bond between L-leucine and L-

phenylalanine and there is no risk of a five-menbey formation.

8.3.2.1 Fmod/Bu solid-phase synthesis of the branched peptides
Solid-phase synthesis of protected peptides regj@reesin that facilitates the cleavage of theigept
without removing the side-chain protecting grof€. The resin of choice was the commercially
available super-acid-labile chlorotrityl chloridelpstyrene (CTC) resins€themeS.4) which allows the
release of peptides with 1-2 % of TFA in gH, or even with trifluoroethanol solutiods’? An
additional advantage of the CTC resin is that iilsdéred structure minimizes the formation of
diketopiperazines (DKP) during removal of the tenapp protecting group of the second amino &¢id.
The Fmod-:Bu solid-phase strategy involves the use of theebkabile Fmoc group fom-amino
protection and-Bu-based protecting groups for side chain protactidu-based protecting groups are
highly convenient because they are removed with b@ncentrations of trifluoroacetic acid (TFA) hret
presence of scavengers, being stable to piperidised to remove the Fmoc group, and to low
concentrations of TFA, used to cleave the peptidm fthe CTC resin. In addition, they are also gtdol
the Pd(0) treatment required to remove the Allaaugr The branched approach depicteddheme S.4
was chosen in order to avoid the risk of cyclizatamn the free phosphate group which would lead to a

stable five-member ring.

O H-STr-Asp(O‘Bu)-P he—O—O

Q Cl a’—b> H-Phe—o—o C'—d> H-Asp(O'Bu)»Phe—o—O L» HO_T=O —_—
Cl
o
J e
14 15 N Alloc 16
CTC
H-Asn-STr»Asp(OlBu)»Phe_O—O Boc-ue-Asn-sTr-Asp(o‘Bu)-Phe—o—O
—gh HO—P=0 — HO—IT=O e
o
O NN
\/\N—Alloc 17 H Alloc 18

Boc»lle»Asn-ST r»Asp(OlBu)-Phe_O_O Boc-ne-Asn-sTr-Asp(o‘Bu)-P he—O—O Boc-lle-Asn-Ser-Asp(O'Bu)-Phe~OH
k| m T
-1 HO—P=0 EEm— HO—P=0 —_— HO—P=0

| I I

O\/\NHz 19 O\/\H/LSU'H 20 7 O\/\”/Leu’H
Scheme S.4. Reagents and conditions: Bjnoc-L-Phe-OH (0.7 equiv), DIPEA (2.1 + 4.2 equi@H,Cl,, rt,
45 min; b) Fmoc-removal: piperidine-DMF (2:8, v/v) (1 x 2 min, 2 x 10 min}) Fmoc-L-Asp-(Ot-Bu) (4
equiv), ethylcyanoglyoxylate-2-oxime (4 equiv), D(€@ equiv), DMF, rt, 1.5 hd) Fmoc-removalge) 12 (3
equiv), PyAOP (3 equiv), DIPEA (3 + 6 equiv), DM, 2 h;f) Fmoc-removalg) Fmoc-L-Asn-OH (4 equiv),
ethylcyano-glyoxylate-2-oxime (4 equiv), DIC (4 @guDMF, rt, 1.5 h;h) Fmoc-removalij) Boc-L-lle-OH (4
equiv), ethylcyanoglyoxylate-2-oxime (4 equiv), D(€ equiv), DMF, rt, 1.5 hj) Alloc-removal: Pd(PPh),4
(0.1 equiv), PhSikl(10 equiv), CHCI; (3 x 15 min);k) Alloc-L-Leu-OH (5) (4 equiv), ethylcyanoglyoxylate-2-
oxime (4 equiv), DIC (4 equiv), DMF, rt, 1.5 i;Alloc-removal;m) TFA:ESiH:CH,Cl, (1:1:98), rt, 1h.
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The first coupling of Fmoc-L-Phe-OH on the resiasxcarried out using DIPEA as a base. The following
amino acid-couplings were performed using diisoplcgrbodiimide (DIC), to activate the carboxylic
group, and ethylcyanoglyoxylate-2-oxime, to minienithe epimerization. This nel@anti-epimerization
agent” has recently been reported to be a more efficientexplosive alternative to the commonly used
HOBt or HOALt™

The couplings of the phosphorus building bloéRsand13 (scheme S.Bwere performed using PyAOP
and DIPEA sécheme S) Phosphonium derivatives such as PyAOP are morwenient for slow
couplings compared with aminium/uronium reagentshsas HATU, since this latter can terminate the
peptide chain through a guanidination reacffoRurthermore, PyAOP contains HOAt, which is the mos
reactive benzotriazol€.Unfortunately, the coupling reaction worked fingyofor building block12 but

not for the more hinderet.

The Chloranil test for detection of primary and@etary amines was performed after each coupling to
confirm the coupling completioff:® When the test was negative (absence of free ajnthesFmoc
group was removed with piperidine-DMF (2:8, v/vih@&wise the corresponding Fmoc-amino acid was
re-coupled in the same conditions. It should besdhdhat the phosphate only loses fheyanoethyl
protecting groupschemeS.3andS.4) after the piperidine-induced Fmoc remo$fdi* This a-elimination
removal of the cyanoethyl group allowed the sollthge synthesis of the remaining phosphoserine
peptide using Fmoc-based chemid&§? Washings between deprotection, coupling and again
deprotection steps were performed with DMF and@lH The Alloc group was removed by Pd(0), using
a catalytic amount of Tetrakis(triphenylphosphipa)ladium(0), in rather neutral conditions and hie t
presence of phenylsilane as a scavenger of thé adipocations(scheme S)®>%® Washings after
deprotection steps were performed using ;Cli} DMF and a solution 0.02 M of sodium
diethyldithiocarbamate in DMF. Peptide synthesms$formations and washings were always done at 25
°C. Synthesis carried out on solid-phase were otatt by HPLC of the intermediates obtained after
cleaving an aliquot (approximately 2 mg) of the tumbg-resin with TFA/EtSIH/CH,Cl, (1:1:98) for 1
hour GchemeS.4). The required polymer-bound branched protectqatighe 22 obtained via standard
Fmoct-Bu solid-phase peptide assembly was subsequeattet with TFA/ESSIH/CH,CI, (1:1:98 v/v)

for 1 hour. This step resulted in the chemoseledciisidolysis of the 2-chlorotrityl ester resin ge and
afforded the partially protected heptapeptden typically quantitative yields. Partial purifitan of 21
was accomplished by filtration of the acidolytisiresuspension into pyridine-methanol (1.5:75 agl
evaporation of the filtrate to dryness in vacucsrall fraction of the dried partially protected pdp 21

was exposed to TFAAD/ELSIH (90:5:5) for 1 h to remove the protecting greufollowed by HPLC-

UV analysis, which revealed a peptide purity >80%.
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8.3.2.2  Macrocyclization
The cyclization of the branched peptide was the limiting step of this synthetic strategg. shown in
table 8.1 several macrocyclization conditions were screef®e&n when the desired cyclic product was

detected, it was part of very complex mixtures.

Coupling reagents solvent| time work up HPLC-UV-MSresults

N-polystyrene  methyN’- *
cyclohexylcarbo-diimide (e CM*. No branched (S

1 equiv), DMAP (0.1 equiv) CHCl 2d | filtration and evaporation| and no cyclic peptide2@)

HOAt (5 equiv)

N-polystyrene  methyN’-

cyclohexylcarbo-diimide (5 CM. No branched peptide
2 | equiv), DMAP (0.1 equiv); CHCl, 2d | filtration and evaporation| (SM). The peak of2 is

Ethylcyanoglyoxylate-2- too weak.

oxime (5 equiv)

N-polystyrene  methyN’- CM. No branched peptide
3 cyclohexylcarbo-diimide (3 CHCl; 3d | filtration and evaporation| (SM). The peak (+ Na) of

equiv), DMAP (0.1 equiv) 22 is big enough to be

detected.

N-polystyrene  methyN'- CM. No cyclic peptide

4 cyclohexylcarbo-diimide (8 CH.Cl, 1d | filtration and evaporation| (22). The SM is still in a

equiv), DMAP (0.1 equiv)
HOAL(5 equiv)
N-polystyrene  methyN’- CM. No branched (SM
5 | cyclohexylcarbo-diimide (§ CH.ClI, 1d | filtration and evaporation| and no cyclic peptide2@)
equiv), DMAP (0.1 equiv)
N-polystyrene  methyN’- CM. No branched (SM
6 | cyclohexylcarbo-diimide (§ CH.ClI, 1d | filtration and evaporation| and no cyclic peptide2@)
equiv), HOAt (5 equiv)

high amount.

7 | EDC (5 equiv), DMAP (0.1 CH.CI 14 Extraction with citric acid CM. The SM is still in &
equiv), HOAt (5 equiv) 2-2 and HO, evaporation high amount.

g | EDC (5 equiv), DMAP (0.1 CH.CI 14 Extraction with citric acid CM. No branched (SM
equiv) 2~72 and HO, evaporation and no cyclic peptide2Q)

g | EDC (5 equiv), DMAP (0.1 CHCI 2 Extraction with citric acid CM. No branched (SM
equiv) 3 and HO, evaporation and no cyclic peptide2@)

10 | PYAOP (1 + 1 equiv), DIEA CH.CI 1d Extraction with HO, | CM. No branched (SM
(2 equiv) 2~72 evaporation and no cyclic peptide2Q)
DIC (5 equiv), HOAt (5 . CM. The peak oR2is big

1 equiv) CHCl, | 1d | evaporation enough to be detected.

Table 8.1.Macrocyclization conditions screened for the systhef transition state mimeti@3 [* CM =
complex mixture® SM = starting material(L)].

On the basis of the screening, we concluded thatntiethods based oON-polystyrene methyN’-
cyclohexylcarbodiimide/DMAP dntry 3, table 8.1) or DIC/HOAt (entry 11, table 8.1) as coupling
reagents gave better results because, althoughadaltvays a very complex crude mixture to purify, i
was possible to detect the peak of the right cymdiptide, after hydrolysis of the protecting groipec
and t-Bu), by UV and mass spectrometry HPLC analysiseréfore, for the purpose of the this
dissertation, only these cyclization conditions Iwile described in detail. In the first case,
macrocyclization was achieved by exposing a digdkition of21 in CHCL (2 mM) to N-polystyrene

methylN’-cyclohexylcarbodiimide, a commercially availablelymer-supported carbodiimide analogue
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of N-polystyrene methyN’-isopropylcarbodiimid&/®® in the presence of 4-dimethylaminopyridine
(DMAP) for 3 days at room temperatuliemeS.9. In the second case macrocyclization was carried
out always by exposing a dilute solution 21 in CH,Cl, to DIC in the presence of 7-aza-1-
hydroxybenzotriazole (HOAtsthemeS.5).5

Boc-lle-Asn-Ser-Asp(O'B u)-Phe-OH Boc-lle-Asn-Ser-Asp(O'Bu) H-lle-Asn-Ser-Asp.
o _a., b 7N
HO—P=0 HO IT—O P}]e HO F|>—O 7’he
O, et O teu 0\/\N/ Leu
H H H
21 22 23

Scheme S.5. Reagents and conditions: s§etable 8.1 b) TFA:Et;SiH:H,O (90:5:5), rt, 1-1.5 h.

In both cyclization rections, after a standard wmk90% TFA-mediated acidolytic treatment of the
crude protected macrocyclic peptid2 afforded a complex mixture containing the desipbdphorus-
peptide analogu@3. Significantly, HPLC analysishowed virtually absence of the starting branched
peptide. Unfortunately, after purification by sepneparative HPLC the cyclic heptapepti2i@was not

obtained as a pure compound.

8.3.3 Total synthesis of the AIP-III
The natural substratalP-Ill , involved in the quorum sensing systemSfaureus had been already
obtained through different synthetic strategieseHasn either FmotBu or Boc/Bn chemistry>>®We
used a synthetic pathway described in literatureafsimilar peptidé! based on the FmdeBu solid-
phase synthesis of a linear peptide followed byr@clization in solutiori”®* For this linear approach
the macrocyclization was carried out through themittion of a thioester bond between the L-Cys

sulfhydryl and the C-terminus carboxyl group of theeu (schemeS.6).%+

a, b cd t
Cl ———> H-Leu—O — >  Boc-lle-Asn-Cys(Mmt)-Asp(O'Bu)-Phe-Leu-Leu——0 —

4!> cl
O 24 25

CTC
t
e f Boc-lle-Asn-Cys:Asp(O Bu)-Phe-Leu-Leu g H-lle-Asn-Cys-Asp-Phe-Leu-Leu
——  Boc-lle-Asn-Cys-Asp(O'Bu)-Phe-Leu-Leu—OH —> —
\S/ .
26 27 28 (AIP-111)

Scheme S.6. Reagents and conditions: Bjnoc-L-Leu-OH (0.7 equiv), DIPEA (2.1 + 4.2 equiQH,Cl,, rt,
45 min;b) Fmoc-removal: piperidine-DMF (2:8, v/v) (1 x 2 min, 2 x 10 ming) Fmoc-L-aa-OH or Boc-L-lle-
OH (4 equiv), ethylcyano glyoxylate-2-oxime (4 eguDIC (4 equiv), DMF, rt, 1.5-2 i) Fmoc-removal (for
deprotection of all the aa used with the exceptibBoc-L-lle-OH); e)TFA:Et:SiH:CH,CI, (1:1:98), rt, 1hf)
seetable 8.2 g) TFA:Et:SiH:H,O (90:5:5), rt, 1.5 h.

Solid-phase synthesis was undertaken usintgtea-orthogonal protecting schem&milar to that

previously used to obtain the phosphorus cyclidige23 (scheme S.4AndS.5 and it was performed in
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polypropylene syringes (12 mL) fitted with a polygene porous disc. Solvents and soluble reagents
were removed by suction. CTC, protected Fmoc araamds and all the coupling reagents used during the
synthesis are commercially available. After thetfooupling of Fmoc-L-leucine on the CTC, carried o
using DIEA as a base, all the following amino acwbuplings were performed using
diisopropylcarbodiimide, to activate the carboxygioup, and ethylcyanoglyoxylate-2-oxime to prevent
or minimize epimerization. After each coupling theaction was checked always by the previous
mentioned Chloranil te$8?° and the Fmoc group was removed using a piperidMé/ solution (2:8
v/v). The following treatment of the resin-bondexppde25 with TFA/E:SIH/CH,Cl, (1:1:98, v/v), raise
concomitantly chemoselective unmasking of the Gyfhgdryl group and release from the solid support.
Partial purification of26 was accomplished by filtration of the acidolytesin suspension into pyridine-
methanol (1.5:75 v/v) and evaporation of the fikréo dryness in vacuo. After trituration of theidee
with ice-water and filtration, the dried partiallgrotected peptide26 was macrocyclized using a
commercially available dialkylcarbodiimide reagefutjowed by TFA-mediated global deprotection to
afford the desired thiolactone pepti2i (AIP-IIl ). As shown intable 8.2 we tried the cyclization of the
partially protected peptide screening several dogpimethods. A range of results were obtained

depending on the carbodiimide involved in the react

Coupling reagents solvent| time work up HPLC-UV-MSresults
N-polystyrene methyN’-
cyclohexylcarbo-diimide (5
equiv), DMAP (0.1 equiv),
HOAt (5 equiv)
N-polystyrene methyN’-
cyclohexylcarbo-diimide (5
2 | equiv), DMAP (0.1 equiv),
ethylcyano-glyoxylate-2-

CM. No linear peptide
CHCI; | 3d | filtration and evaporation | (SM). The peak 027 is too
weak.

CM. No linear peptide
CHCI; | 3d | filtration and evaporation | (SM). The peak o7 is too

. . weak.
oxime (5 equiv)
N-polystyrene methyN’- CM. The SM is still in a
3 | cyclohexylcarbo-diimide (5 CHCl; | 4 d | filtration and evaporation | high amount. It is possible
equiv), DMAP (0.1 equiv) to detect the peak @f7
EDC (5 equiv), DMAP (0.1
4 equiv), ethylcyano- CHCI 14 extraction with citric acid CM. No linear (SM) and ng
glyoxylate-2-oxime (5 3 and HO, evaporation cyclic peptide 27)
equiv)
CM. No linear peptide
5 EDC (5 equiv), DMAP (0.1 CHCI 44 extraction with citric acid (SM). The peak of27 is
equiv) 3 and HO, evaporation detected in a relatively high
amount.
: CM. The SM s still in a
6 DCC (5 equiv), DMAP (0.1 CHCl, 4 d | filtration and evaporation | high amount. It is possible

equiv)

to detect the peak @f7
Table 8.2.Coupling methods screened to carry out the cydtindbr the synthesis of th&IP-IIl (28).

On the basis of this screening, considering thevexsmon of the linear peptids in the cyclic on&7, we
concluded that the method based on EDC and DMAR & best resultelitry 5, table 8.2) in terms of
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yields and purity, estimated from the absence aé-products in the HPLC chromatograms. Therefore, a
new macrocyclization was carried out following #@ry 5 in table 8.2 conditions: a dilute solution of
26 in chloroform (2 mM solution) was treated with EDi@,the presence of DMAP for 3 days at room
temperature. The crude mixture was washed with% &tric acid solution and water, to remove the
excess of carbodiimide and of urea formed duriregréaction. The crude protected macrocyclic peptide
27 was treated with TFA/BD/ELSIH (90:5:5) to afford the desired natural cycleppde28 (AIP-111 ) in

a complex mixturegchemeS.g). Significantly, HPLC analysis showed virtuallys@mce of the starting
linear peptide. After purification by semi-preparatHPLC, the thiolacton heptapeptid® was obtained
with 10-15% yield, as stated in literatufe®%?

8.4 RESULTS AND CONCLUSIONS

The initial aim of this project was the synthesis two transition state mimetics of the natural
oligopeptideAIP-IIl involved in quorum sensing-system ®f aureus The synthetic strategy involved
the use of a FmoeBu solid-phase methodology and serine phosphodéesdt and 13 as the key
building-blocks. This required the development idficient synthetic route fdr2 and13 (schemeS.3),
which was achieved after preliminary protectiorthed starting amino acids and aminoalcohsetshémes
S.1andS.2. The synthetic route outlined section 8.3.1is relatively simple and high-yielding and has
been proven to be suitable for scaling-up. Thelab#ity of these building blocks is of vital impance

to allow us the synthesis of a peptide sequenaegustiandard Fmoc-based chemistry. Unexpectedly,
during the solid phase synthesis of the branchetigeechemeS.4) it was possible to introduce in the
peptide sequence just theerine building block”12. In contrast, the coupling reaction of phosphadies
13 in the peptide chain didn’t work, probably becat8as more sterically hindered thdr2. However,
our data show that the Fmb&u solid-phase strategy is an efficient way tcagbthe branched phospho-
peptide21 (scheme S.Min good yield. The cyclization process was muabrendifficult to understand.
Several coupling methods were screened and diffe@pling reagents were usddlle 8.1 to obtain
the phosphorus cyclic peptide. Even if the cycl@ateaction involved simply the formation of anidm
bond 6cheme S.p some coupling reagents resulted quite inefficeemd when the cyclic product was
present, it was part of a complex mixture. On tlasi® of the screeningy-polystyrene methyN’-
cyclohexylcarbodiimide or DIC gave better resudscaupling reagent. Although very complex mixtures
were always obtained, it was possible to detectpiek of the right cyclic peptide by UV and mass
spectrometry. In addition, HPLC analysisowed virtually absence of the starting branchegtige21.

The main problems for the cyclization were obvigutie side reactions and the instability of the
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phosphate group. One of the most frequent fragrardttwo possible side products that could occur
during the cyclization, confirmed by mass spectroynanalysis, are shown in tiigure 8.7.

H
o)
H N © HN
0 NH2 HO NH, Q 0
HN_</ C NH O NH OHO
i o) _>_3fNH HN% _>_3*NH HN—z\:
}NH OHO 9 5 d 0 S Qp/o\
HoN B o=F
? >>;o oK O ">\n :o HN. NH
H,N OH H,N
OM >/7—(o

frequent fragment without P-chain Aspartimide (Asu) eight-member ring
(C16H21N306) M. W. 351,35 (C34Hs5NgO13P) M. W. 812,80 (C34Hs5NgO13P) M. W. 812,80

Figure 8.7. A frequent fragment detected by mass spectrontteyto the instability of the phosphate group
and two possible side products that could occuinduhe cyclization.

It is not completely sure that the two presumea gicbducts figure 8.7) could be formed during the
reaction. Considering a difficult event the formatiof an eight-member ring, perhaps the aspartimide
aminosuccinimide (3-amino-pyrrolidine-2,5-dione uA$ormation is a more realistic hypothe¥isdn fact

it is the first step of the well-known degradatiat, alkaline, neutral and acidic pH, of peptidesl an
proteins containing aspartic acids/ asparagifit¥. The reaction results in a variety of rearranged an
racemized products and it is especially problemiatiEmoct-Bu SPPS because strong base, such as
piperidine, promotes Asu formatidf: Semi-preparative HPLC did not afford the cycliptapeptide23
(schemeS.4 as a pure compound due to the high complexithefcrude mixture. Work is underway to
better understand the reasons of this evident dagjom and formation of side products. The imminent
future work will involve a previous purification d¢iie branched peptid&l by semipreparative HPLC, in
order to obtain a crude mixture less complex arsieedo purify after cyclization. Moreover, altetiva
coupling reagents and conditions will be screenearder to improve the yield of the final cyclizatifor

the achievement ¢&13.

The total synthesis of thalP-Ill was the ultimate goal of this project. On the &adi the literature
results, the FmotBu solid-phase strategy was always the selectatladelogy for the synthesis of the
linear peptide. After cyclization carried out ingion, theAlP-111 (28) has been obtained and it will be

useful as reference compound in the biologicaktest

In conclusion, this work presents a facile andcedfit synthesis of caged phospho-amino acids deitab
for Fmoc-based SPPS. Moreover, the total synthesithe natural substrat@&IP-Ill had been
successfully carried out and the transition stateetic analogu€3 had been obtained, but its yield and

purity must be improved in order to start the bgibal assays.
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8.5 EXPERIMENTAL CHEMISTRY

8.5.1 Materials and Methods
Reactions were performed using oven-dried glassvagmaratus (130 °C) under an atmosphere of
nitrogen with anhydrous, freshly distilled solventsless otherwise stated. Anhydrous reactions were
carried out under nitrogen atmosphere. Solventse whstilled prior to use. Reagents/solvents for
anhydrous reactions were dried as follows: THF dided over wire Na and distilled from a mixture of
CaH: and LiAIH4 with triphenylmethane as indicator; diethyl ethexswdistilled over a mixture of CaH
and LiAlH,, petroleum ether was distilled before use andrsefe the fraction between 30-40 °C;
dichloromethane, methanoh-hexane, acetonitrile and toluene were distilledmr Cal. All other
reagents were purified in accordance with the ircsions in “Purification of Laboratory Chemicaf2or
obtained from commercial sources.
Room temperature (rt) refers to ambient temperatdremperatures of 0 °C were maintained using an
ice-water bath.
Yields refer to chromatographically and spectroszally pure compounds. All reactions were monitored
by thin layer chromatography (TLC) using glass gdaprecoated with Merck silica gel 60 F254 or
aluminum oxide 60 F254. Visualization was perfornrbgdhe quenching of UV fluorescendeg,{x= 254
nm) or by staining with ceric ammonium molybdateotassium permanganate or Dragendorff's reagent
(0.08% wi/v bismuth subnitrate and 2% wi/v Kl in 3. 8AcOH). Flash column chromatography was
performed using slurry-packed Merck 9325 Kiesel@el silica gel (230-400 mesh) unless otherwise
stated, eluting with distilled solvents as desatibe
Melting points were obtained using a Reichert h&dtegp microscope with a digital thermometer
attachment and are uncorrected.
Proton magnetic resonancé!(NMR) spectra were recorded using an internaletaun lock at ambient
probe temperatures (unless otherwise stated) ofolilogving instruments: Bruker DPX-400 (400 MHz),
Bruker Avance 400 QNP (400 MHz), Bruker Avance B® ATM (500 MHz) and Bruker Avance 500
Cryo Ultrashield (500 MHz), Bruker Avance 700 MHzoufier transform spectrometers in
deuterochloroform or deuterodimethyl sulfoxide @iexg at 400, 500 and 700 MHz respectively and
using an internal deuterium lock at ambient prameperatures (unless otherwise stated). Chemidés shi
(o) are quoted in ppm, to the nearest 0.01 ppm aedederred to the residual non-deuterated solvent
peak. Coupling constantd yalues) are given in Hz and were calculated usingstre-C 2.3a’ software
rounded to the nearest 0.5 #42.Data are reported as follows: chemical shift, mlittity [exch,
exchange; br, broad; s, singlet; d, doublet; pléti g, quartet; quin, quintet; sept, septet; mltiplet; or
as a combination of these (e.g. dd,edt)], integration, assignment and coupling consgntThe
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numbering/lettering on selected structures doedatiotv the IUPAC naming system and is used for the
assignment of théH NMR. Proton assignments were determined eithethenbasis of unambiguous
chemical shift or coupling pattern, by analogy tdlyf interpreted spectra for related compounds.
Diastereotopic protons are assigned as H+and

Analytical LC-MS spectra were recorded on an HPI&gi MSD LC-MS APCI 120-1000 full gradient
ACq T = 1 min LL. High resolution mass measurements were made wsiklicromass Quadrapole-
Time of Flight (Q-ToF) spectrometer and reportegssnealues are within the error limits of £5 ppm mas
units. The ionisation technique used is indicatgdhle following abbreviations: Cl = chemical iortisa;

El = electron ionisation; ESI = electrospray iotiza FAB (LSIMIS) = fast atom bombardment (liquid
secondary ion mass spectrometry); MALDI = matigsiated laser desorption /ionisation.
Semi-preparative HPLC putifications were perfornmd an Agilent HP 1100 series chromatograph
(Supelco ABZ+PLUS, 10cm x 2.1mm, 5um) attached HPaMSD mass spectrometer with a multimode
ESI/APCI ionisation source in ESI/APCI mode. Elatievas carried out at a flow rate of 1.0 mL/min
using a reverse phase gradient of acetonitrileveaigr containing 0.1 % formic acid and detectiors wa
with diode array detectior\ (= 195, 210, 215, 220 and 254 nm). Retention ti{mesnin) are reported
below astg. MALDI-TOF and MS (ESI) analysis of peptide sangpleere performed in a PerSeptive
Biosystems Voyager DE RP, using ACH matrix, an@ iwaters Micromass ZQ spectrometer and in an
Agilent lon Trap 1100 Series LC/MSDTrap.

The “&” symbol is used in the nomenclature for ¢y@eptides and precursdfé.The appearance of “&”

in a given position of the one-line formula indesithe location of one end of a chemical bond hed t
second “&” the point to which this bond is attachddhus, “&” represents the start or the end of a
chemical bond, which is ‘cut’ with the aim to fatite the view of a complex formula. In this wawot

“&” symbols indicate one chemical bond.

8.5.2 Protection of amino acids and amino alcohols
8.5.2.1 tert-Butyl-2-{[(9H-fluoren-9-yl)methoxy]carbonylamino}- 3-hydroxy propanoate,
“Fmoc-Ser-O-t-Bu” (1)

To a solution of Fmoc-Ser-OH (1.0 g, 3.10 mmol, duie) in EtOAc (30 ml), a solution of-
Butyltrichloro-acetimidate (2.6 g, 12.20 mmol, 4eq in CHX (10 ml) was added at rt. The mixtureswva
stirred at rt until TLC analysis (Hex/EtOAc 2:1)osted absence of Fmoc-L-Ser-OH (12 h). The solvents
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were removed under reduced pressure and the cradelue was purified by flash column
chromatography (Hex/EtOAc 2:1) to afford the desicempound as a white solid (1.1 g, 2.88 mmol, 94
% yield). mp = 102-04 °C'H NMR (CDCk) 6 7.78 (d, 2H, ArJ = 7.5 Hz), 7.62 (d, 2H, A = 7.5 Hz),
7.42 (t, 2H, ArJ = 7.5 Hz), 7.33 (t, 2H, AlJ = 7.5 Hz), 6.37-6.68 (exch br s, 1H, OH) 5.79 (ekchl,
2H, NH, J = 6.5 Hz), 4.43 (d, 2H, C¥DCO,J = 7.0 Hz), 4.32-4.38 (m, 1HGHCH,OCO), 4.24 (t, 1H,
CHCH,0OH, J= 7.0 Hz), 3.92-3.98 (m, 2H{H,OH), 1.51 (s, 9H, 3 Ckt-Bu).
8.5.2.2 Allyl 2-hydroxyethylcarbamate, “Alloc-ethanolamine” (2)
H

N O N

N j;l/ OH
A solution of ethanolamine (1.0 ml, 16.40 mmol,dui®) in dioxane/HO (1:1, 25.0 ml) was cooled to 0

°C. NaHCQ (1.5 g, 18.00 mmol, 1.1 equiv) and allylchlorofate (1.9 ml, 18.00 mmol, 1.1 equiv) were
added. The mixture was allowed to warm to rt amdest until TLC analysis (Hex/EtOAc, 1:2) showed
absence of ethanolamine (3 h). The organic solastremoved under reduced pressure and the aqueous
phase was extracted with EtOAc (3 times). The agykyers were then collected, dried (Mgg@nd
concentrated under reduced pressure. The resuwiingas purified by flash column chromatography
(Hex/EtOAc , 1:2) to yiel® as a colourless oil (2.3 g, 15.70 mmol, 96 % yieldd NMR (CDCk) &
5.80-5.90 (m, 1HCHCH,0), 5.23 (dq, 1H, CHHCHCH, allyl, J = 12.5 Hz,J = 1.5 Hz), 5.14 (dt, 1H,
CH-HCHCH; allyl, J= 1.5 Hz,J= 1.0 Hz), 4.51 (d, 2H, C#CO,J = 5.5 Hz), 3.65 (t, 2HCH,OH, J =
6.0 Hz), 3.28 (t, 2HCH,NH, J= 6.0 Hz).

8.5.2.3 Allyl 1-hydroxy-4-methylpentan-2-ylcarbamae, “Alloc-L-leucinol” (3)

H
/\/O\n/ N\Q)H
o}

A solution of L-leucinol 4) (0.9 mg, 7.60 mmol, 1 equiv) in dioxanef(1:1, 25.0 ml) was cooled to O

°C. NaHCQ (0.7 mg, 8.40 mmol, 1.1 equiv) and allylchlorofate (0.9 ml, 8.40 mmol, 1.1 equiv) were
added. The mixture was allowed to warm to rt amdest until TLC analysis (Hex/EtOAc, 1:2) showed
absence of L-leucinol (3 h). The organic solvenswamoved under reduced pressure and the aqueous
phase was extracted with EtOAc (3 times). The agglyers were then collected, dried (Mg$@nd
concentrated under reduced pressure. The resutihgurless oil was purified by flash column
chromatography (Hex/EtOAc 1:2) to yieBdas a colourless oil (1.3 g, 6.56 mmol, 86 % yielt) NMR
(CDCl) 6 5.80-5.90 (m, IHCHCH,0), 5.24 (dt, 1H, CHHCHCH; allyl, J=12.5 Hz,J= 1.5 Hz), 5.14

(dd, 1H, CHHCHCH; allyl, J=9.0 Hz,J = 1.5 Hz), 4.80 (exch br d, 1H, NH= 8.0 Hz), 4.49 (d, 2H,
CH,OCO,J = 5.0 Hz), 3.66-3.75 (m, 1HGHNH), 3.59-3.63 (m, 1H, CHHOH), 3.44-3.48 (m, 1H, CH-
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HOH), 2.41 (exch br s, 1H, OH), 1.57-1.64 (m, TH(CHs),), 1.17-1.34 (m, 2HCH,CH(CH),), 0.87
(dd, 6H, 2 CH, J= 5.0 Hz,J = 1.5 Hz).
8.5.24 2-Amino-4-methylpentan-1-ol, “L-leucinol’(4)

HzN\QH

Trimethylsylilchloride (3.9 ml, 30.50 mmol, 4 eqliiwas added to a cold (0 °C) solution of lithium
borohydride (0.3 mg, 15.30 mmol, 2 equiv) in 3 rhlaahydrous THF under N The cooling ice/water
bath was removed and the mixture was stirred &irrLt5 min. The mixture was cooled to 0 °C and a
solution of L-Leu (1.0 g, 7.62 mmol, 1 equiv) inn8 of anhydrous THF was added. The cooling bath
was removed and the reaction mixture was stirred far 16 h. The mixture was cooled again to 0 °C
and methanol (7.5 ml) was added dropwise followgdNBOH (4.1 ml, 2.5 N aqueous solution). The
organic solvents were removed under reduced pressud the resulting residue was extracted with
chloroform (3 times). The combined organic extrastsre dried (MgSG) and concentrated under
reduced pressure to furnidhas a colourless oil (0.9 g, 7.59 mmgliantitative yield). The product was
analytically pure and was used in subsequent mectvithout further purificationH NMR (CDCk) &
3.88 (dd, 1H, CH4OH, J = 8.0 Hz,J = 3.0 Hz), 3.41-3.47 (m, 1H, CHOH), 3.30 (exch br s, 1H, OH),
3.11-3.16 (m, IHCHNH,), 2.47 (exch br s, 2H, Nj 1.43-1.60 (m, 1HCH(CHjs),), 1.05-1.15 (m, 2H,
CH,CH(CHs)2), 0.75-0.81 (m, 6H, 2 Cjjl

8.5.25 2-(Allyloxycarbonylamino)-4-methylpentanas acid, “Alloc-L-Leu-OH” (5)
(0]

H
O

Allyl-chloroformate (0.7 ml, 6.35 mmol, 1 equiv) walissolved in dioxane (4.0 ml) and a solution of
NaN; (0.6 g, 9.52 mmol, 1.5 equiv) in,8 (3.0 ml) was added at rt. The reaction mixturs stared at rt
for 1 h whereupon a solution of L-Leu (1.0 g, 7r6éhol, 1.2 equiv) in 1% aqueous J&Ds/dioxane 1:1
(20.0 ml) was added. The pH of the reaction wasitomd periodically and 10% aqueous,N&; was
added when necessary to keep the pH between 8kHEOrekction was stirred at rt until TLC analysis
(Hex/EtOAc, 1:4) showed absence of the allyl-chlonmate (24 h). Then the mixture was poured into
water (100.0 mL), 10% aqueous J8&; was added to keep the pH between 9 and 10 andjtrenas
phase was extracted several times widt-butyl methyl ether to remove the by-products (e.qg.
azidoformate, protected dipeptides). The aqueolusicio was acidified to pH 2.0 with 2 N aqueous HCI
and extracted with EtOAc (3 times). The organic gghavas dried (MgS£) and concentrated under
reduced pressure to yield a colourless oil (14.8;mmol, 77% yield). The purity of the colorlesbveas
measured by NMR and it was > 95 %. The product uwsesl for the synthesis @0 without further
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purification.'H NMR (CDCk) 6 10.34 (exch br s, 1H, OH), 5.88-6.02 (m, IHHCH,0), 5.32 (dd, 1H,
CH-HCHCH; allyl, J = 17.0 Hz,J = 1.0 Hz), 5.23 (dd, 1H, CHCHCH, allyl, J= 9.0 Hz,J = 1.29 Hz),
5.19 (exch br s, 1H, NH), 4.60 (d, 2H, gBCO,J = 5.5 Hz), 4.37-4.44 (m, 1HGHNH), 1.68-1.81 (m,
2H, CH,CH(CH),), 1.53-1.62 (m, 1HCH(CHs)2), 0.98 (d, 6H, 2 Ck J = 6.5 Hz).

8.5.3 Phosphorus couplings
8.5.3.1 Allyl-2-(2-cyanoethoxydiisopropylaminophgshinooxy)ethyl carbamate (6)
)\ (P/\/CNH
N/P\O/\/N\"/O\/\
o)
To a solution o (0.3 g, 1.80 mmol, 1 equiv) in anhydrous £ (8.0 ml) under M DIPEA (2.1 ml,
12.60 mmol, 7 equiv) and 2-cyanoethyl-N,N-diisopfeghloro-phosphoramidite (0.6 ml, 2.70 mmol, 1.5
equiv) were added at rt. The reaction mixture wiased at rt until TLC analysis (Hex/EtOAc 1:1)
showed absence & (1.5 h). The solvent was removed under reducedspre. The residue was then
dissolved in EtOAc and washed with brine (3 timeBle organic phase was dried (Mgy@nd
concentrated under reduce pressure. The resultolgurtess oil was purified by flash column
chromatography (Hex/EtOAc 1:1) to furnisé as a colourless oil (0.5 g, 1.49 mmol, 83 %).NMR
(CDCl) ¢ 5.81-5.90 (m, 1HCHCH,0), 5.23 (dd, 1H, CHHCHCH, allyl, J = 5.5 Hz,J = 1.5 Hz), 5.14
(dd, 1H, CHHCHCH, allyl, J = 10.45 Hz,J = 1.5 Hz), 5.09 (exch br s, 1H, NH), 4.50 (d, 2H{-,OCO,
J=5.0 Hz), 3.49-3.83 (m, 6HGH,CH,CN + CH,CH,NH), 3.33 (q, 2H, ZZH(CHj3),, J = 10.5 Hz), 2.58
(t, 2H,CH,CN,J=6.5 Hz), 1.12 (dd, 6H, 2 GHJ = 6.5 Hz,J = 5.5 Hz).
8.5.3.2 Allyl-1-(2-cyanoethoxydiisopropylaminophsphinooxy)-4-methyl  pentan-2-yl-
carbamate (7)
(P/\/CN

)\N/P\O H O
X ?f T

To a solution of3 (0.6 g, 2.82 mmol, 1 equiv) in anhydrous £ (10.0 ml) under i DIPEA (3.3 ml,
19.76 mmol, 7 equiv) and 2-cyanoethyl-N,N-diisopieghlorophosphoramidite (0.9 ml, 4.23 mmol, 1.5
equiv) were added at rt. The reaction mixture wirsed at rt until TLC analysis (Hex/EtOAc 1:1)
showed absence & (1.5 h). The solvent was removed under reducedspre. The residue was then
dissolved in EtOAc and washed with brine (3 timeBlle organic phase was dried (Mgy@nd
concentrated under reduce pressure. The resuttotgurless oil was purified by flash column
chromatography (Hex/EtOAc 1:1) to furnighas a colourless oil (1.0 g, 2.55 mmol, 90 % vyiefé}
NMR (CDCL) ¢ 9.19 (exch br s, 1H, NH), 5.80-5.96 (m, 1€HCH,0), 5.23 (dg, 1H, CHHCHCH,
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allyl, J=12.5 Hz,J= 1.5 Hz), 5.17-5.12 (m, 1H, CHCHCH, allyl), 4.47-4.53 (m, 2H, CH¥DCO), 4.21-
4.27 (m, 1HCHNH), 3.96-4.12 (m, 2HCH,CH,CN), 3.71-3.89 (m, 2HCH,CHNH), 3.50-3.57 (m, 2H,
2 CH(CHs),), 2.63-2.72 (m, 1H,CH-H-CN), 2.53-2.60 (m, 1H,CH-H-CN), 1.54-1.66 (m, 1H,
CH,CH(CHs),), 1.17-1.19 (m, 2H, CEH,CH), 1.11 (dd, 12H, 2 ¥CH3),CHN, J = 4.0 Hz,J = 3.0 Hz),
0.86 (dt, 6H, 2 >CH;CHCH,, J= 3.5 Hz,J = 3.0 Hz).

8.5.3.3 tert-Butyl-8-(2-cyanoethoxy)-1-(H-fluoren-9-yl)-3,13-dioxo-2,7,9,14-tetraoxa-4,12-
diaza-8-phosphoryloxyheptadec-16-ene-5-carboxylaf@0)

;Q v,
DAt S Gt th
>£ (e}

To a solution of6 (500.0 mg, 1.50 mmol, 1 equiv) in anhydrous THR (&l) under N, a solution of
tetrazole (130.0 mg, 1.80 mmol, 1.2 equiv) in ambyd THF (6.0 ml) was added at rt. The solution was
stirred at rt for 15 min and then added dropwise toreviously prepared solution »f(580.0 g, 1.50
mmol, 1 equiv) in anhydrous THF (8.0 ml) underat rt. The mixture was stirred at rt until TLC &sés
(Hex/EtOAc 1:3) showed absencef15 h). The solvent was then removed under redpoessure and
the resulting residue was dissolved in EtOAc anghed with 10 % aqueous NaHEQ times) and
brine. The organic layer was dried (MggGnd concentrated under reduced pressure to yied
corresponding unstable phospl8t€940.0 mg, 1.50 mmol, quantitative yield).

To a solution of8 (940.0 g, 1.50 mmol, 1 equiv) in anhydrous THF .Q13nl) under N, t-
butylhydroperoxide (0.3 ml, 3.00 mmol, 2 equiv) veaikled at rt. The reaction was stirred at rt dritiC
analysis (Hex/EtOAc 1:3) showed absence of the giites (2 h). The solvent was then removed under
reduced pressure. The residue was dissolved in €88 washed with 10% aqueous NaHEDtimes)
and brine. The organic layer was dried (Mgpénd concentrated under reduced pressure. Thiimgsu
colourless oil was then purified by flash columrracthatography (Hex/EtOAc gradient 1:1 to 1:3) to
afford 10 as a clear oil (540 mg, 0.84 mmol, 57 % yieldr&steps fron6). 'H NMR (CDCk) § 7.69 (d,
2H, Ar, J = 7.5 Hz), 7.55 (t, 2H, Ar) = 6.0 Hz), 7.33 (t, 2H, Ar) = 7.5 Hz), 7.24 (t, 2H, Ar) = 11.0
Hz), 5.77-5.89 (m, 1HCHCH,O allyl), 5.32 (exch br s, 1H, NH), 5.20 (d, 1H, GHCHCH, allyl, J =
17.0 Hz), 5.11 (d, 1HCH-HCHCH, allyl, J = 10.5 Hz), 4.48 (d, 2H, GOCO allyl,J = 4.5 Hz), 4.30-
4.42 (m, 4H, CKLH,0OCO +CH,CHCOO), 4.10-4.18 (m, 4HZH,CH,CN + CH,CH,NH), 4.02-4.08 (m,
3H, CH.CH;NH + CHCH,OCO), 3.38 (d, 1H, C}€HCOO,J = 5.0 Hz), 2.63 (t, 2H, C}H,CN,J = 6.0
Hz), 1.42 (s, 9H, 3 CHCO). MS (ESI) calcd. For £H3gN3010P, 643.621. Foundn/z644.13 [M + HJ,
588.50 [M + H t-Bu]".
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8.5.3.4 tert-Butyl-8-(2-cyanoethoxy)-1-(#H-fluoren-9-yl)-11-isobutyl-3,13-dioxo-2,7,9,14-
tetraoxa-4,12-diaza-8-phosphoryloxyheptadec-16-erfecarboxylate (11)

o
. . Q/\/CNH
O O\"/NI\O/\T\O N\"/O\/\

e s
To a solution of7 (1.0 g, 2.54 mmol, 1 equiv) in anhydrous THF (&K under N, a solution of tetrazole
(0.2 g, 3.05 mmol, 1.2 equiv) in anhydrous THF (@l) was added at rt. The solution was stirred &drr
15 min and then added dropwise to a previously gmep solution ofl (1.0 g, 2.54 mmol, 1 equiv) in
anhydrous THF (9.0 ml) underMdt rt. The mixture was stirred at rt until TLC &rsis (Hex/EtOAc 1:3)
showed absence af (15 h). The solvent was then removed under redypecedsure and the resultant
residue was dissolved in EtOAc and washed with 1@&deeous NaHC{O(2 times) and brine. The
organic layer was dried (MgSDand concentrated under reduced pressure. The enixture of the
phosphite9 was directly used without purification for the leaking oxidation reaction to get the
compoundll, as already seen for the analogue unstable comdpdyh.7 g, 2.54 mmol, quantitative
yield).
To a solution of9 (1.7 g, 2.54 mmol, 1 equiv) in anhydrous THF (1510) under N, t-
butylhydroperoxide (0.5 ml, 5.08 mmol, 2 equiv) veaikled at rt. The reaction was stirred at rt dritiC
analysis (Hex/EtOAc 1:2) showed absence of the giites (2.5 h). The solvent was then removed under
reduced pressure. The residue was dissolved in €808 washed with 10% aqueous NaHCDtimes)
and brine. The organic layer was dried (Mgpénd concentrated under reduced pressure. Thiimgsu
colourless oil was then purified by flash columrracthatography (Hex/EtOAc gradient 1:1 to 1:2) to
afford 11 as a clear oil (350.0 mg, 0.50 mmol, 20 % yialdra? steps fronT). *H NMR (CDCk) 6 8.62
(exch br s, 1H, NH), 7.78 (d, 2H, A},= 7.5 Hz), 7.64 (d, 2H, A = 7.0 Hz), 7.42 (t, 2H, Ar) = 7.5
Hz), 7.33 (t, 2H, ArJ = 7.5 Hz), 5.88-5.99 (m, 1KHGHCH,O allyl), 5.30 (dq, 1H, CHHCHCH, allyl, J =
5.5 Hz,J= 1.5 Hz), 5.18-5.24 (m, 1H, CHCHCH; allyl), 4.56 (d, 2H, CHOCO allyl,J = 5.0 Hz), 4.37-
4.45 (m, 2HCH,CHCOO), 4.15-4.29 (m, 2H, GEH,CO), 4.10-4.16 (m, 2HZH,CH,CN), 3.96 (d, 2H,
CH,CHNH, J= 5.5 Hz), 3.88-3.97 (m, 1HGHCH,OCO), 3.74-3.77 (m, 1H, G@HCOO), 3.39-3.51 (m,
1H, CHCHNH), 2.61 (t, 2H, CHCH,CN, J = 6.0 Hz), 1.65-1.72 (m, 1HCHCHz), 1.52 (s, 9H, 3 CH
CO), 1.33-1.44 (m, 2H, CEH,CH), 0.95 (d, 6H, 2CHsCH, J = 6.5 Hz). MS (ESI) calcd. For
CasHagN3O10P, 699.73. Foundn/z700.17 [M + HJ, 644.50 [M + H 4-Bu]*, 616.16 [M + H - Alloc].
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8.5.3.5 8-(2-Cyanoethoxy)-1-(9-fluoren-9-yl)-3,13-dioxo-2,7,9,14-tetraoxa-4,12-dra-8-
phosphoryloxyheptadec-16-ene-5-carboxylic acid (12)

O
Gty

TFA (1.3 ml, 16.93 mmol, 20 equiv) was added tookutson of 10 (540 mg, 0.85 mmol, 1 equiv) Iin
CH.Cl; (1.3 ml) at rt. The reaction was stirred at rtiliRLC analysis (Hex/EtOAc 1:3) showed absence
of 10 (2.5 h). The excess TFA was removed by co-evajporatith CH,CI, under reduced pressure (5
times). The residue was dried in a vacuum desicadioto yield12 as a colourless oil (480.0 mg, 0.82
mmol, 97 %). The compound was used in subsequeRISSFithout further purification'H NMR
(CDCl) ¢ 8.20 (exch br s, 1H, NH), 7.69 (d, 2H, Arz 7.5 Hz), 7.52 (d, 2H, AJ = 4.5 Hz), 7.33 (t,
2H, Ar, J = 7.5 Hz), 7.24 (t, 2H, ArJ = 7.0 Hz), 5.80-5.84 (m, 1HGHCH,O allyl), 5.23 (d, 1H, CH-
HCHCH, allyl, J = 5.0 Hz), 5.13 (d, 1HCH-HCHCH, allyl, J = 4.0 Hz), 4.50-4.57 (m, 4H, GBCO
allyl, CHCH,OCO), 4.32-4.38 (m, 3H;H,CH,CN + CHCH,0OCO), 4.04-4.16 (m, 6H, EH,CHCOO +
CH,CH;NH), 3.28-3.43 (m, 1H, CH¥CHCOO), 2.65 (t, 2H, ChCH,CN, J = 5.5 Hz). MS (ESI) calcd. For
Co7H30N3040P, 587.51. Foundn/z588.06 [M + HJ.

8.5.3.6 8-(2-Cyanoethoxy)-1-(3-fluoren-9-yl)-11-isobutyl-3,13-dioxo-2,7,9,14-
tetraoxa-4,12-diaza-8-phosphoryloxyheptadec-16-ertecarboxylic acid (13)

;Q W 9,
O mioeby e

TFA (0.7 ml, 9.66 mmol, 20 equiv) was added to latsan of 11 (0.3 g, 0.48 mmol, 1 equiv) in GBI,
(0.7 ml) at rt. The reaction was stirred at rt UitiC analysis (Hex/EtOAc 1:3) showed absencd bf
(2.5 h). The excess TFA was removed by co-evamoratith CHCI, under reduced pressure (5 times).
The residue was dried in a vacuum desiccator offietd 13 as a colourless oil (0.3 g, 0.47 mmol, 97 %).
The compound was used in subsequent SPPS withwlefpurification.'H NMR (CDCk) 6 7.99 (exch
br's, 1H, NH), 7.69 (d, 2H, Ad = 7.5 Hz), 7.56 (t, 2H, ArJ = 6.0 Hz), 7.33 (t, 2H, Ar) = 7.5 Hz), 7.24

(t, 2H, Ar,J = 14.0 Hz) 5.79-5.88 (m, 1KGHCH,O allyl), 5.23 (d, 1H, CHHCHCH; allyl, J= 17.0 Hz),
5.13 (d, 1H, CHHCHCH; allyl, J = 10.0 Hz), 4.47-4.58 (m, 3H, GBCO allyl + CHCH,OCO), 4.26-
4.35 (m, 2H,CH,CHCOO), 4.10-4.19 (m, 2H, GEH,CO), 4.00-4.08 (m, 1H, Ci£HCOO), 3.77-3.96
(m, 4H, CH,CHNH + CH,CH,CN), 3.34-3.43 (m, 1H, C}¥HNH), 2.63-2.70 (m, 2H, C}¥H,CN),
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1.58-1.64 (m, IHCHCHs), 1.28 (t, 2H, CKLH,CH, J= 2.0 Hz), 0.87 (d, 6H, ZH3CH, J = 6.5 Hz). MS
(ESI) calcd. For gH3gN30:0P, 643.62. Foundn/z644.14 [M + HJ.

8.5.4 Total synthesis of the TS mimetic

8.5.4.1 H-Phe-O-CTG14)
CI-TrtCl-resin (0.2 g, 1.01 mmol/g) was placed in28 ml polypropylene syringe fitted with a
polyethylene filter disk. The resin was then wastvitti CH,ClI, (5 x 0.5 min) and a solution of Fmoc-L-
Phe-OH (54.2 mg, 0.14 mmol, 0.7 equiv) and DIPEA@7L, 0.42 mmol, 2.1 equiv) in Cil, (2.5 ml)
was added. The mixture was then stirred for 15 mxira DIPEA (140.QuL, 0.85 mmol, 4.2 equiv) was
added and the mixture was stirred for an additid®amin. The reaction was stopped by adding MeOH
(320.0ul) and stirred for 10 min. The aim of this proceslwas to obtain a resin loading of 0.7 mmol/g.
The Fmoc-L-Phe-O-TrtCl-resin was subjected to tillwing washings/treatments with GEl, (3 x 0.5
min), DMF (3 x 0.5 min) and piperidine-DMF solutiém remove the Fmoc as indicated in the following
General Procedurfer Fmoc-removalgection 8.5.4.2

8.5.4.2  General Procedure for Fmoc-removathe Fmoc group was removed by treatment
with piperidine/DMF (2:8, v/v) (1 x 2 min, 2 x 10im). Washings between deprotection, coupling, and
again deprotection steps were performed with DMk (65 min) and CbkClI, (5 x 0.5 min) using 10.0 ml
solvent/g resin each time.

8.5.4.3  H-Asp(O-Bu)-Phe-O-CTC (15)
Fmoc-L-Asp(Ot-Bu)-OH (230.4 mg, 0.56 mmol, 4 equiv), DIC (86:8, 0.56 mmol, 4 equiv) and
Ethylcyanoglyoxylate-2-oxime (79.6 mg, 0.56 mmokduiv) in DMF (2.5 ml) were added to the above
obtained H-Phe-O-CTCL4). After 90 min of coupling, the chloranil test wasgative. Removal of Fmoc
group and washings were performed as describedemef@l Procedures for Fmoc-removaédtion
8.5.4.9.

8.5.4.4  H-Ser[P(O@HsNH-Alloc)O ;H]-Asp(O-t-Bu)-Phe-O-CTC (16)
Fmoc-Ser[P(OeH,CN)(OGH4-NH-Alloc)O,H] (12) (246.8 mg, 0.42 mmol, 3 equiv), PyAOP (218.9
mg, 2.5 mmol, 3 equiv) and DIPEA (3082, 1.86 mmol, 9 equiv) were added to the aboveinbthH-
Asp(O+-Bu)-Phe-O-CTC (15). After 2 h, the peptidyl-resinwvas subjected to the following
washings/treatments with GEl, (3 x 0.5 min), DMF (3 x 0.5 min). Before the pijg#ne treatment for
Fmoc-removal, an aliquot of the peptidyl-resin wasated with TFA/ESIH/CH,CI, (1:1:98) and
TFA/Et:SIH/H,O (90:5:5). The HPLC analysisz(= 4.34 min) of the crude obtained after evaporatio
showed a purity of > 95%. MS (ESI) calcd. Fopts:N4O1sP, 906.87. Foundn/z850.11 [M -t-Bu]".
Removal of Fmoc group and washings were perfornsedescribed in General Procedures for Fmoc-

removal gection8.5.4.2.
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8.5.4.5 H-Asn-Ser[P(OgH4-NH-Alloc)O ,H]-Asp(O-t-Bu)-Phe-O-CTC (17)
Fmoc-L-Asn-OH (198.4 mg, 0.56 mmol, 4 equiv) wadedito the above obtained H-Ser[PBIENH-
Alloc)O2H]-Asp(O+4-Bu)-Phe-O-CTC (16) using DIC (86.8 uL, 0.56 mmol, 4 equiv) and
Ethylcyanoglyoxylate-2-oxime (79.6 mg, 0.56 mmol,equiv) in DMF (2.5 ml). After 90 min of
coupling, the chloranil test was negative. RemaMfaFmoc group and washings were performed as
described in General Procedures for Fmoc-rem®eition8.5.4.3.

8.5.4.6 Boc-lle-Asn-Ser[P(OgH s-NH-Alloc)O ;H]-Asp(O-t-Bu)-Phe-O-CTC (18)
Boc-L-lle-OH (129.4 mg, 0.56 mmol, 4 equiv) was eddo the above obtained H-Asn-Ser[PgEE
NH-Alloc)O,H]-Asp(O+-Bu)-Phe-O-CTC (17) using DIC (86.8 uL, 0.56 mmol, 4 equiv) and
ethylcyanoglyoxylate-2-oxime (79.6 mg, 0.56 mmoéquiv) in DMF (2.5 ml). After 90 min of coupling,
the chloranil test was positive and the coupling wepeated again in the same conditions. An aligtiot
the peptidyl-resin was treated with TFAJ&H/CH,CI, (1:1:98) and TFA/EGSiIH/H,O (90:5:5). The
HPLC analysistg = 3.27 min) of the crude obtained after evaporashowed a purity of > 90 %. MS
(ESI) calcd. For ¢ygHs9N6O18P, 942,90. Foundn/z801.11 [M - H - Boc and-Bu].

8.5.4.6 General procedure for Alloc-removal: Bc-lle-Asn-Ser[P(OGH4-NH3)O,H]-
Asp(O-t-Bu)-Phe-O-CTC (19).The Alloc group of the peptide resiq8) was removed with Pd(PBh
(16.2 mg, 0.04 mmol, 0.1 equiv) in the presencPldbiH (520.uL, 4.21 mmol, 10 equiv) and the resin
was washed with CKl, (3 x 0.5 min), DMF (3 x 0.5 min), 0.02 M sodiumethyldithiocarbamate in
DMF (3 x 15 min) and DMF (3 X 0.5 min).

8.5.4.7 Boc-lle-Asn-Ser[P(O&H-NH-Leu)O,H]-Asp(O-t-Bu)-Phe-O-CTC (20)
Alloc-L-Leu-OH (120.5 mg, 0.56 mmol, 4 equiv) wasupled to the above obtained Boc-lle-Asn-
Ser[P(OGH4-NH3)O-H]-Asp(O+-Bu)-Phe-O-CTC(19) using DIC (86.8uL, 0.56 mmol, 4 equiv) and
ethylcyanoglyoxylate-2-oxime (79.6 mg, 0.56 mmoéquiv) in DMF (2.5 ml). After 90 min of coupling,
the chloranil test was negative. The peptidyl-resas subjected to the following washings/treatments
with CH,CI, (3 x 0.5 min) and DMF (3 x 0.5 min). Removal ofldd group and washings were
performed as already described in General Procedaré\lloc-removal $ection8.5.4.49.

8.5.4.8 Boc-lle-Asn-Ser[P(OgH s-NH-Leu-NH ,)O,H]-Asp(O-t-Bu)-Phe-OH (21)

The protected and branched polymer-bound pepf@ewas cleaved from the resin by treatment with
TFA/ESIH/ICHCI, (1:1:98, 2.0 ml) for 1 h. Partial purification 21 was accomplished by filtration of
the acidic resin suspension in 4.5 ml of pyridinetmanol (1.5:75 v/v) solution and evaporation @& th
filtrate to dryness in vacuo. A small title of tlleied partially protected peptid2l was exposed to
TFA/H,O/ESIH (90:5:5) for 1 h to remove the protecting greagmd the HPLCt§ = 11.35 min) of the
crude obtained after evaporation showed a purity 80%. MS (ESI) calcd. ForgHs7/NgO16P, 971,00.
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Found: m/z 830.18 [M - Boc and-Bu]’. MS (MALDI) calcd. for GoHe/NgO16P, 971,00. Foundm/z
831.30 [M + 1 - Boc anttBu]”. The product was used without further purification

8.5.4.9 Boc-lle-Asn-Ser{P[Og¢H4-NH-Leu(&)]O ,H}-Asp(O-t-Bu)-Phe(&) (22)
Procedure A (entry 3 in table 8.1, section 8.3.2.2The protected peptid1) (90.0 mg, 0.09 mmaol, 1
equiv) was dissolved in CHEIl(45.6 ml, 2 mM solution) andN-polystyrene methyN’-
cyclohexylcarbodiimide (197.8 mg, 2.3 mmol/g, 5 ejand DMAP (1.10 mg, 0.01 mmol, 0.1 equiv)
were added. The mixture was stirred for 3 d andcthese of the cyclization was checked by HPt:C=(
9.34 min). The solid supported corbodiimide wasntHgtered and the solvent was removed by
evaporation in vacuo.
Procedure B (entry 11 in table 8.1, section 8.3.2:2The protected peptid21) (25.0 mg, 0.02 mmol, 1
equiv) was dissolved in CEl, (9.0 mL, 2 mM solution) and DIC (15,48, 0.10 mmol, 5 equiv) and
HOALt (17.0 mg, 0.12 mmol, 0.1 equiv) were addede Thixture was stirred for 1 d. The course of the
cyclization was checked by HPL@ (= 9.34 min) and the solvent was removed by evdjporainder
reduced pressure.

8.5.4.10  H-lle-Asn-Ser{P[OGH4-NH-Leu(&)]O ,H}-Asp-Phe(&) (23)
In both cyclization reactions the protected cyplptide 22) (87.0 mg, 0.09 mmol, 1 equiv) was exposed
to TFA-mediated acidolytic treatment for 1.5 h witRA/H,O/ESiH (90:5:5, 4 ml). The HPLC{ =
13.75 min) of the crude obtained after evaporasbowed a purity of < 5 %. MS (ESI) calcd. For
CasHs3NgO13P, 812,80. Foundm/z 813.28 [M + 1], 825.50 [M + Na]. MS (MALDI) calcd. for
Cs4Hs53NgO13P, 812,80. Foundn/z813.29 [M + 1]. After semipreparative HPLGRr(= 11.04 min) the

product23 was not pure enough for the biological tests.

8.5.5 Total synthesis of the AIP-III

8.5.5.1 H-Leu-O-CTQ24)
CI-TrtCl-resin (0.2 g, 1.01 mmol/g) was placed in28.0 ml polypropylene syringe fitted with a
polyethylene filter disk. The resin was then wastwi#ti CH,CI, (5 x 0.5 min), and a solution of Fmoc-L-
Leu-OH (49.4 mg, 0.14 mmol, 0.7 equiv) and DIPEA.Q/ul, 0.42 mmol, 2.1 equiv) in Ci&l, (2.5 ml)
was added. The mixture was then stirred for 15 mkira DIPEA (140.QuL, 0.85 mmol, 4.2 equiv) was
added and the mixture was stirred for an additid®amin. The reaction was stopped by adding MeOH
(320.0pl) and stirred for 10 min. The aim of this proceglwas obtaining a resin loading of 0.7 mmol/g.
The Fmoc-L-Leu-O-TrtCl-resin was subjected to thiofving washings/treatments with GEl, (3 x 0.5
min), DMF (3 x 0.5 min), piperidine-DMF solution t@move the Fmoc as indicated in tGeneral

Procedure for Fmoc-removalgction8.5.4.2.
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8.5.5.2 Boc-lle-Asn-Cys(Mmt)-Asp(Q-Bu)-Phe-Leu-Leu-O-CTC (25)
Fmoc-L-Leu-OH (198.00 mg, 0.56 mmol, 4 equiv), FriePhe-OH (217.00 mg, 0.56 mmol, 4 equiv),
Fmoc-L-Asp(Ot-Bu)-OH (230.40 mg, 0.56 mmol, 4 equiv), Fmoc-LsQymt)-OH (344.80 mg, 0.56
mmol, 4 equiv), Fmoc-L-Asn-OH (198.40 mg, 0.56 mmbkquiv) and Boc-L-lle-OH (129.40 mg, 0.56
mmol, 4 equiv) were added sequentially to the abol&ined H-Leu-O-TrtCl-resin28) using DIC
(86.80puL, 0.56 mmol, 4 equiv) and ethylcyanoglyoxylatex@rme (79.60 mg, 0.56 mmol, 4 equiv) in
DMF (2.5 mL). After 90 min shaking, with the excigpt for Fmoc-L-Cys(Mmt)-OH (2 h), the chloranil
test was negative for all the amino acids coupksiter each coupling removal of Fmoc group and
washings were performed as described in GeneraleBuoes for Fmoc-removaséction 8.5.4.3, with
the exception of Boc-L-lle-OH coupling.

8.5.5.3  Boc-lle-Asn-Cys-Asp(@-Bu)-Phe-Leu-Leu-OH (26)
The protected linear polymer-bound peptideh)(was cleaved from the resin by treatment with
TFA/E;SIH/CH,CI; (1:1:98, 3 ml) for 40 min. Partial purification 86 was accomplished by filtration of
the acidolytic resin suspension in 4.5 ml of pyrelimethanol (1.5:75 v/v). After evaporation of the
solvents, the residue was triturated with ice-wdtkrated and dried under reduced pressure. Allditia
of the dried partially protected peptid6é was exposed to TFAAD/ELSIH (90:5:5) for 1 h to remove the
protecting groups and HPLC analysig £ 3.69 min) of the crude obtained after evaporasbhowed a
purity of > 90%. MS (ESI) calcd. Fors@&76NgO13S, 993,22. Foundn/z837.27 [M - Boc and-Bu]".
The product was used without further purification.

8.5.5.4  Boc-lle-Asn-Cys(&)-Asp(G-Bu)-Phe-Leu-Leu(&) (27)
The protected peptide®) (80.00 mg, 0.08 mmol, 1 equiv) was dissolved HGL; (40.28 mL, 2 mM
solution) and EDC (76.70 mg, 0.40 mmol, 5 equivy &@MVAP (1.00 mg, 0.008 mmol, 0.1 equiv) were
added. The mixture was stirred for 3 d. The cowfsthe cyclization was checked by HPL{z € 3.88
min). The residue was then extracted twice with Bi#ic acid solution to remove the excess of
carbodiimide and washed with water. The organicsph@as concentrated by evaporation under reduced
pressure.

8.5.5.5  H-lle-Asn-Cys(&)-Asp-Phe-Leu-Leu(&) (8) (AIP-111)
The protected cyclic peptide2q) (78.00 mg, 0.08 mmol, 1 equiv) was exposed to -hik&diated
acidolytic treatment for 1.5 h with TFAD:ESiH (90:5:5, 4 ml). The crude obtained was dissiblve
5 ml of water and washed with CHCRAfter evaporation under reduced pressure of theeaus phase,
the crude residue was purified by semi-preparati®.C (r = 3.97 min) and obtained with 10-15%
yield. Following HPLC analysis showed a purity beem 80 and 90 %. MS (ESI) calcd. For
CagHsgNgO10S, 818,98. Foundn/z819.30 [M + 1].
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