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ABSTRACT

The phosphoinositide-dependent protein kinase 1IK@Da master kinase in the PI3K
signaling pathway, has gained importance as a pakénerapeutic target for cancer since
several of PDK1'’s substrates regulate processeasifioor cell growth and survival. As an
alternative to the ATP-competitive strategy, wepm®ed the regulatory PIF pocket on
AGC kinases as a drug target site to develop al@sinhibitors with greater kinase
selectivity. A screening identification of a hitrapound and its biological evaluation
proved that small molecules can allostericallygeig PDK1 activity by modulating the
phosphorylation-dependent conformational transitibme optimization approach yielded
3,5-diarylpent-2-enoic acids whose allosteric madma was proven using mutants and
cocrystallography. In addition to the SAR study, \aeplied isothermal titration
calorimetry to analyze binding energetics of abost activators. Structure-based drug
design led to a second compound class containidgaboxyl-moiety with improved
potency and selectivity. Using a prodrug stratelyg tell activity and the proof of
mechanism was established. Further structure apiimon of 3,5-diarylpent-2-enoic acids
provided new insights on inhibition efficacy of dimeolecules toward the atypical
protein kinase C, PKCthat can occur via binding the PIF pocket. Thessults
demonstrated for the first time, that PIF pockeécted ligands can be both activators and
inhibitors of AGC kinases.



ZUSAMMENFASSUNG

Die Phosphoinositol-abhéngige Kinase 1 (PDK1), eikkasterkinase des PI3K
Signalweges, stellt ein wichtiges therapeutischasgdt fur Krebs dar, da viele ihrer
Substrate Prozesse der Krebsentstehung reguligliemler Entdeckung der PIF-Tasche
wurde ein allosterisches Zentrum der AGC Kinasendi@ Entwicklung allosterischer
Modulatoren, alternativ zur ATP kompetitiven Stage gefunden. Die ldentifizierung
einer Hitverbindung und deren biologische Evaluigrbestatigten, dass kleine Molekule
die PDK1-Aktivitdt durch Modulation phosphoryliemstrabhangiger Konformations-
Ubergange allosterisch triggern konnen. In einentind@rungsprozess wurden 3,5-
Diarylpent-2-ensauren synthetisiert und deren tltscher Mechanismus mit Mutanten
und Kokrystallen bewiesen. Zusatzlich zu den StmukYirkungs-Beziehungen wurden
mittels isothermaler Titrationskalorimetrie die Bungsenergien der Aktivatoren
bestimmt. Strukturbasiertes Wirkstoffdesign flihzte einer zweiten Verbindungsklasse,
wobei mit einer zusatzlichen Carboxylgruppe dieidgateing der Potenz und der
Selektivitat erreicht wurde. Die Zellaktivitat un@ér Proof of Mechanism der Substanzen
konnten mittels einer Prodrug-Strategie bestimmt rdeme. Eine weitere
Strukturoptimierung der 3,5-Diarylpent-2-enséuragielte allosterische Inhibitoren der
atypischen Proteinkinase C, PKiese Ergebnisse zeigen auf, dass die PIF-Tasche-
Liganden sowohl als Aktivatoren als auch als Irtbilgin der AGC Kinasen fungieren

kdnnen.

Vi



ABBREVIATIONS

A Angstrom

Amax Highest activation efficacy

ACsp Concentration required for the half maximal actjvit
Act Activation

ADME Acronym for absorption, distribution, metdis; and excretion
AGC cAMP-dependent, cGMP-dependent and proteiade C
Akt Protein kinase B

Ar Aryl

ATP Adenosine-5'-triphosphate

Bcr-Abl Tyrosine kinase (fusion gene)

BIM Bisindolyl maleimides

BNNECI Benzyltriethylammonium chloride

CA Carbonic anhydrase

CAMK Calcium/calmodulin-dependent protein kinase
cAMP Cyclic adenosine monophosphate

CDK Cyclic-dependent kinase 2

cGMP Cyclic guanosine monophosphate

CH.Cl, Dichloromethane

Chk1l Cycle checkpoint kinase 1

CK1 Casein kinase 1

CLK CDC-like kinase

CMGC Group containing CDK, MAPK, GSK3, CLK famite
Conc concentration

c-Rel Transcription factor

CML Chronic myelogenous leukemia

COX Cyclooxygenase

Cpd Compound

CS Catalytic domain

DAG Diacylglycerol

DME Dimethoxyethane

DMEM Dulbecco's Modified Eagles Medium

DMF Dimethylformamide

DMSO Dimethylsulfoxid

ELKS Regulatory subunit of the IKK complex

EGFR Epidermal-Growth-Factor-Receptor

ErbB Epidermal-Growth-Factor-Receptor

EtOH Ethanol

Fas Fatty acid synthase

FBS Fetal bovine serum

FLT3 FMS-like tyrosine kinase 3

FXXF Hydrophobic sequence motif

G Gibbs free energy

GLP Glucagon-like peptide

GLUT4 Glucose transporter type 4

GPCR G-protein-coupled receptor

GSK3 Glycogen synthase kinase 3

GST Glutathione-S-transferase
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H Enthalpy

HCI Hydrogen chloride

HEK293 Human embryonic kidney 293

HM Hydrophobic motif

HPLC High performance liquid chromatography
HTS High throughput screening

HWE Horner-Wadsworth-Emmons reaction

Hz Hertz

ICso Concentration required for 50 % inhibition
kB Inhibitor of Nuclear FaktokB

IKK KB kinase

IL-6 Interleukin-6

IRS1/2 Insulin receptor substrate 1/2

ITC Isothermal Titration Calorimetry

Ka Binding affinity constant

Kg Equilibrium dissociation constant

kDa Kilodalton

K, Binding constant

Kwm Michaelis constant

Kcal Kilokalorie

K2COs Potassium Carbonate

L6 Rat skeletal muscle cell line

LPS Lipopolysaccharides

MAPK Mitogen activated protein kinase

MgO Magnesium oxide

MOM Methoxymethyl group

MRNA Messenger ribonucleic acid

MS Mass Spectrometry

mTOR Mammalian Target of Rapamycin
mMTORC1/2 Mammalian Target of Rapamycin complex 1/2
N Reaction stoichiometry

nb no binding

nd not determined

ne no effect

NEt; Triethylamine

nM Nanomolar

NaH Sodium hydride

NaH,PO,- H,O Sodium hypophosphite

NaOH Sodium hydroxide

NF-kB Nuclear factor kappa light chain enhancer ¢ivated B cells
NSAIDs Non steroidal anti inflammatory drugs
pS0 Transcription factor

p65 Transcription factor

p85 Regulatory subunit of PI3K

PB1 Phox and Bem 1 domains of a PKCs
PBS Phosphate-buffered saline

PDK1 3-phosphoinositide dependent kinase 1
Pd/C Palladium on carbon

PDGFR Platelet Derived Growth Factor Receptor
PH Pleckstrin homology

PI3K Phosphoinositid 3-kinase

Vil



PIF
PIFtide
PIP,
PIP;
PKA
PKB

PKC (c, n, a)

PKG
PRK
PS
PS

PtdIns(3,4,)R
Ptdins(3,4,5)P

PTEN
RCC
RelA
RelB
RSK
RT
RTK

S

S6K
SAR
SGK
STE
T308-tide
TK
TKL
TNF
TR-FRET
TRIS
TROSY
UCN-01
nM
VEGFR
WT
Amino acids
Arg (R)
Glu (E)
lle (D
Leu (L)
Lys  (K)
Phe (F)
Ser (9S)
Thr ()
Tys  (Y)
val (V)

PDK1 interacting fragment
Peptide encompassing the hydrophobic motif sequeine&K?2
Phosphatidylinositol-(4,5)-biphosphate
Phosphatidylinositol-(3,4,5)-triphosphate
cAMP-dependent protein kinase

Protein kinase B (also known as Akt)

Protein kinase C (classical, noasipical)

Protein kinase G

Protein kinase C related kinase

Pseudosubstrate

Research Group PhosphoSites
PIP,
PIP;

Phosphatase and tensin homologue deletedromosome ten
Renal cell carcinoma

Transcription factor

Transcription factor

p90 ribosomal S6 kinase

Room temperature

Receptor tyrosine kinase

Entropy

p70 ribosomal S6 kinases

Structure activity relationship

Serum- and glucocorticoid-induced kinase

Homologs of yeast Sterile 7, Sterile 11, it@0 kinases
A polypeptide substrate that compribesactivation loop residues of
PKB
Tyrosine kinase
Tyrosine kinase-like

Tumor necrosis factor

Time-Resolved-Fluorescence Resonance Efeemsfer
Trishydroxymethylaminomethan

Transverse relaxation optimized spectroscopy
7-Hydroxystaurosporine

Micromolar

Vascular endothelial growth factor receptor
Wild Type

Arginine
Glutamic acid
Isoleucine
Leucine
Lysine
Phenylalanine
Serine
Threonine
Tyrosine
Valine
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Introduction

1 Introduction

1.1. Protein kinases

Protein kinases constitute about 2% of human genesbuild the second largest and
most extensively studied gene families in the hugemmé'

Protein kinases are pivotal regulatory enzymes ¢hange the properties of a substrate
by attaching the-phosphate group from the cofactor ATP to the hydrgroup of serine
(Ser), threonine (Thr) or tyrosine (Tys) residued are thus characterized with regard to the
substrate specificity in three classes, Ser/Ths @yd dual specificity protein kinasem
addition,based on the similarity between the amino acid eecgs of the enzyme catalytic
domains, Manningt al. classified the kinases into nine major groupsCAGK, TKL, STE,
CK1, CMGC, CAMK, Other, and Atypical (Figure 1).

Figure 1: Classification of the protein kinases into nine onajroup3

-~  ™Human
Kinome
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The subgroup AGC family of Ser/Thr protein kinagess already defined in 1995 by Steven
Hanks and Tony Hunter. The high analogy to the sege alignments of the catalytic domain
of the members provided a ba$ighe term AGC family derives from the appropriate
members cAMP-dependent protein kinase 1 (PKA), c@dpendent protein kinase (PKG)
and protein kinase C (PKE).

Protein kinases have emerged as an important dasgharmaceutical targets in
consequence to the altering the substrate fundiwh triggering a signaling cascade by
phosphorylation. Thus, they play a crucial role dignal transduction controlling and
regulating cellular processes. In fact, overexpoes®f protein kinases or loss of kinase
regulatory mechanisms are observed in many hunseaskes, such as cancer, inflammation,
neurological (e.g. Alzheimer's disease) and meiabdisorders (e.g. diabetes type-2).
Moreover, they are in contrast to protein-protaiteiaction considered to be more druggable
by small molecule weight inhibitors. Not surpridyigorotein kinases are currently among the
most important drug target class for the treatnwndiverse human disease®Vith several
compounds on the market (Table 1) and dozens dbitols as drug candidates in clinical
trials, small molecule compounds continue to attedtention® The majority of the protein
kinase directed drugs has been used for oncolagnaply. But, this development is joined by
a particular difficulty, relatively poor target setivity causing additional site effectss ATP
is the essential cofactor to reach kinase actititg,development of kinase inhibitors focuses
on small molecules competing for the ATP bindingg.siThe crucial drawback is the high
degree of conservation of teTP binding site and consequently it is difficuit &chieve
specific inhibitors. Accordingly, it is a major dlemge in this area to develop a drug that
selectively suppresses the activity of one kinaseninimize the risk of side effects as the

majority of protein kinases inhibitors compete tioe ATP binding sité.

Table 1: Some examples of launched tyrosine kinases inmiito

Tyrpsmgklnase Name Company Target Indication FDA
inhibitor approval
- . Bcer-Abl, PDGFRA, Chronic myelogenous
Imatinib Gleevel Novartis PDGFRB.KIT leukemia (CML) 2003
Sorafenib Nexavar Bayer VEGFR2,3 Primary kidney cancer 2005
Erlotinib Tarcevg ~ Hoffmann-La EGFR1 Lung cancer, 2005
Roche Pancreatic cancer
I ' VEGFR2, PDGFRA, Renal cell carcinoma
Sunitinib Suterft Pfizer PDGFRB. KIT, FLT3 (RCC) 2007
Lapatinib TykerB  GlaxoSmithKline ERBB2 Breast cancer, 2007
Solid tumors
Pazopanib Votriefit ~ GlaxoSmithKline VEGFR, PDGFR, KIT Renal cell carecima 2009

2
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1.2. 3-Phosphoinositide-dependent protein kinase-1 (PDKla master

regulator of AGC kinases

The phosphoinositide-dependent protein kinase IK@®Da Ser/Thr protein kinase, is in
the centre of growth factor and insulin signalimgl a a master kinase which phosphorylates
the activation loop of at least 23 protein kinasem the AGC group (Figure 2).

Upon insulin and growth factors binding te txtracellular domain the receptor tyrosine
kinase (RTK) becomes dimerized, phosphorylated activated. Thereby creates RTK a
binding site for the p85, a regulatory unit of ppleginositide 3-kinase (PI3K), (Figure 2).
This leads to the full activation of PI3K. Onceiaated, PI3K converts the phosphatidyl-3,4-
biphosphate [PHP into phosphatidylinositol-3,4,5-triphosphate [E]IPa potent second
messenger, essential for cell growth and survididlis reaction is reversed by hydrolizing
PIP; to PIR by PTEN. PTEN, the phosphatase and tensin homeldgleted on chromosome
ten, acts as a tumor suppressor preventing undieotroell growth by keeping cells from
growing and dividing in an uncontrolled way andjgering cells to undergo apoptoSi®IP;
in turn serves as a membrane-bound docking sit@rfateins with an N-terminal pleckstrin
homology (PH) domains, such as PDK1 and PKB, ondésotubstrate. The PH domains
interact with the membrane RIResulting in the recruitment of PDK1 and PKB (ateamed
Akt) to the plasma membrane where the two enzynoeloaalize. Thus, upon PI3 kinase
activation, PDK1 catalyzses the phosphorylatiothef Thr308 residue in the activation loop
of PKB and leads to a partial activation of PKEBX The maximal activation of PKB is
reached by phosphorylation of the hydrophobic m@tifM) residue Ser473 by mammalian
target of rapamycin complex 2 (MTORC?2)The mTOR protein kinase is the catalytic
component that forms two distinct multiprotein quexes called mMTORC1 and mTORC2
and has among PI13K and PDK1 a key role in thisadigg pathway:> *°

PDK1 has received attention, firstly as the kinalsat phosphorylates PKB at the
activation loop on the residue Thr308 in afAlEpendent manner. Secondly, PDK1 has been
shown to phosphorylate and activate other AGC lkisaghe remaining PDK1 substrates lack
a PH domain and consequently do not interact wily. BBy contrast, the substrates SGK,
RSK, PKCs and S6K have a homologous region of thetivation loops including a
consensus substrate recognition site for PEfKThis phosphorylation site is C-terminal to
the kinase catalytic domain next to the hydrophabatif. PDK1 is able to interact with the
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substrates by a prior-phosphorylation of this hptiabic motif** *’ The detailed molecular
mechanism is described in chapter 1.5.

Importantly, PDK1 is constitutively active becaust the intrinsic ability totrans-
phosphorylate its own Ser241 residue and has a disteibution in cells by binding to
soluble inositiol phosphates that anchor PDK1 eéodytosof

Figure 2: Distinct regulatory mechanism of PDK1

@ Insulin/
IGF-1
umnnlmum nnmumlll”“"""'l'”""'"'”"""'""'”“'"'"llr:m....nmruillllu 1T
L ' @ I IHI“""'H.
|,:"'I”l (@ \ IrII1l||||
it
o PI3K &) § IRIGF-1R

Survival Signal,
Glucose uptake

Survival sipull Growth
and proliferatidh

X

Translational
Control

Glucose uptake
Vesicle transport 1

The PI3 kinase signaling pathway is promoted bysiation of cells with insulin and growth factofihereby
phosphoinositide 3-kinase (PI3K) activates and getee phosphatidyl-3,4-biphosphate [Ptdins(3)4)&d the
second messenger phosphatidylinositol-3,4,5-triphate [Ptdins(3,4,54P which induce the activation of
certain members of the AGC subfamily.

1.3. PDK1 as a drug target

Inhibition of PDK1 has been gained high interese da its crucial role in transducing
PI3K signaling pathway. Short treatments with POHKHibitors may affect a decrease of the
activation of some substrates of PDK1. A total loiion of PDK1 activity by compounds is
expected to have more effects on broader signglatgways, besides the effects of PKB.
Additionally, PDK1 has been emerged as a potentiatapeutic target for cancer since
several of the substrate protein kinases, compriBiKB, RSK and S6K, regulate processes

which are essential for the tumor cells, such a6 gewth and survivat® *° Their

4
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unphysiological activity leads in the majority aises to cancer. Loss of regulation arises in
mostly cases from an up-regulation or mutationpstream signal molecules, such as growth
factors, or by the loss of the feed-back mechamisareasing phosphatase activity. Moreover,
deregulation of the tight control of such cellufanctions also triggers diabetes type-2,
autoimmune diseases, inflammation, neurological metabolic disorder®.One paramount
example is S6K. S6K, as a downstream target of Rpkys a crucial role in the metabolic
disorder diabetes type-2. PDK1 phosphorylates tttevadion loop of S6K that require
phosphorylation of both HM and activation loop flully activity. Subsequently, S6K
activates a negative feedback loop by inhibiting thsulin receptor substrate-1 (IRS1)
regulating the insulin action (Figure 2). In thise, S6K has a key role in insulin resistance.
Obesity and diabetes type-2 is associated witleased activity of S6K.?*Studies with S6K
deficient mice confirmed the mice hypersensitivengulin and they were protected against
diet-induced obesit$? Identification of PDK1'’s inhibitors could lead tbe development of
therapeutic strategies for the treatment of thesarders preventing the activation of S6K and
enhancing the insulin sensitivity. In case of carREK1 is a validated target. The indication
diabetes type-2 needs to be more investigated.

Hence, proper regulation of the PDK1 is criticail prevention of the overexpression of
its substrates. The suppression of the activitthef PDK1 substrates provides an attractive
approach and qualifies PDK1 as a potential targetievelopment of novel therapeutics for

the treatment of cancer, diabetes type-2 and dlisernses.

1.4. Structure of AGC kinases

PDK1 and other AGC kinases display a characteristabal structure that is shared by
all protein kinases (Figure 3AJ. *This bilobal fold was firstly presented by X-Raystals
for cAMP-dependent protein kinase (PKA, Figure 38)1991 and defined the structural
features of the catalytic domain of kinases. Thenatarminal small lobe consists of five
strandedp-sheets and the carboxy-terminal lobe is larger lagalily a-helical. The ATP
binding site is located in a deep cleft betweenNHebe and the C-lobe. Hence, the bound
ATP sits below the highly conserved phosphate pioitiag links the3-1 andp-2 strands and
directs they-phosphate outwards while the adenine ring liepdedhe groove between the
two lobes. PDK1 and its substrates contain alserdral located phosphorylation site at the

activation loop. Usually, when the AGC members artve, they are phosphorylated on a
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critical residue including serin (PDK1), threonized tyrosine of their activation loop (Figure
3C). PDK1 requires phosphorylation on Ser241 faalgdc activity and there is am vitro

andin vivo evidence that PDK1 catalyzes the autophosphooylaf this site>2°

Figure 3: A: Ribbon diagram representing the catalytic donsdiRDK1 andB: of PKA.
C: Alignment of the amino acid sequence surroundiregactivation loop and the
HM of a couple of AGC subfamily kinasekhe bold residues correspond to those
that become phosphoryldte?
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PKC TTRTFCG 'E"NY]F\F’]".‘. ++ s+ FEGFIEYIN
PKCI TTSEFCGTPDYIAPE.. ...FIEGEFSYVN
SGK TTSMFCGTPEYLAPE. . ...[FLGFISYAP

Large lobe Activation loop HM

Most PDK1 substrates have additionally anotheraariierminal regulatory domain, the
hydrophobic motif which sits at the very end of thderminus and folds back on the small
lobe. This extended loop terminates in the sequdfX¥F (Figure 3C) and binds to a
particular hydrophobic site on the catalytic coremplementing the catalytic domain.
Interestingly, PDK1 does not posses an equivalet¢nsion C-terminal to its catalytic
domain and lacks the HM. Rather; a pleckstrin haggl(PH) domain resides on the C-
terminus. This PH domain shared PDK1 with PKB arutavides the mutual binding to RIP
as described in more details in chapter 1.2. bhtaah, the PH domain of PDK1 exhibits a
broad specificity binding to numerous phosphoindsg and inositol phosphates. This

characteristic is given due to the spacious phdsphkdide binding pocket in the PH domain
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of PDK12"# A further structural domain of PDK1 is a hydroptoigiroove, termed PDK1
interacting fragment pocket (PIF pocket) that isaked on the small lobe. Interestingly, other
members of the AGC family possess an equivalentrdpftbbic pocket. The following
chapter describes the discovery of the PIF pockdthaghlights its functions which mediate
phosphorylation dependent conformational transstiand its importance as regulatory
feature. Phosphorylation of the activation loop ahthe PIF pocket is essential for maximal

activation of AGC kinases.

1.5. The PIF pocket, a regulatory site in PDK1

The discovery of the PIF pocket and its regulafanctions were first described by our
collaborator R.M. Biondi in 200¢. The PIF-binding pocket of PDK1 is a hydrophobic
surface pocket located on the small lobe of thalgdd domain and separated from the ATP
binding site (Figure 4). It is formed by the sumded amino acids Lys115, 1le118 and lle119
on theaB-helix, Vall124, Val127 on thaC-helix, Leul55 on th@5-sheet anaiG-helix. All
these residues amranged to a 5 A-deep cleft (Figure 5). An eqmalhydrophobic motif
(HM) binding pocket regulatory site exists alsoather AGC kinases.

Figure 4: Surface representation of the PDK1 kinase domaination of the PIF pocket
separated from the ATP binding site is hightegl. ATP is shown in stick format.

As exemplified with the PKA structure (Figure RetC-terminal hydrophobic motif of
almost all AGC kinases except PDK1 comprising teguence FXXF acts as physiological
ligand of the own PIF pocket. This intramoleculapfide motif utilizes a considerably larger
area for interaction than just the hydrophobic mack contrast to other AGC kinases PDK1
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does not possess an intramolecular ligand, thar@ital extension to the catalytic core, and
lacks the hydrophobic motif. Thus, in PDK1 the Riécket remains unoccupied and is
accessible for transient docking of the HM of iibstrates.

Consequently, PDK1 makes use of the PIF pocket, boththe allosteric regulation of
the catalytic activity and as docking site for si#mt interactions with the substrate proteins
via their C-terminal peptide motif (HM). TherebyPK1 phosphorylates different substrates
in different ways. Some substrates are phosphedlaonstitutively by PDK1 whereas
others, such PKB can be phosphorylated by PDK#&spanse to the same cellular agonist but
with different temporal regulation. The differemgEhosphorylation of its substrates relies on
the specific ability of PDK1 to recognize and tteiract with its substrates.

Figure 5: PIF pocket comparison of PDK1 and PKA

PDK1 ] D, (’ PKA

A: Schematic representation of the surfaBe.Stereo image of the residues linking the PIF poclet the
phosphate pocket’

PDK1 detects selective inactive conformations of CAGubstrates because they have
disrupted PIF pockets and their hydrophobic madifs available for interactions with the
PIF-pocket of PDK1. Binding of the peptides ince=athe intrinsic catalytic activity of PDK1
and enables PDK1 to phosphorylate almost all satesty including S6K, SGK, RSK and the
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atypical PKCs. This docking interaction with the KDPIF-binding pocket results in full
activation of the substrate kinases (Figure 8AY” *Through the occurred phosphorylation
the binding of the phosphorylated HM to the own Pd€ket (active kinase) is prompted and
helps stabilize the active conformation (Figure .6&ubsequently, the affinity of the
substrates to their phosphorylated hydrophobic fmotreases. In contrast to the inactive
conformations, the active conformations of AGC s¢rdies are not detectable by PDK1
because their PIF pockets are occupied by theirlddirand the docking site is not accessible
for interaction anymore. As the only known exceptithe phosphorylation of PKB does not
require the interaction with the PIF pocket of PDIRs already described in chapter 1.2 and
as shown in Figure 6B, both PDK1 and PKB bind tiR#r domain to the P§¥bound on the

membrane enabling the phosphate transfer.

Figure 6: Mode of action of PIF pocket discriminates between pathwaysA andB.
PDKZ1’s phosphorylation of all substrates except Ri€épends on transient docking
interactions with the PIF pocket.

A: PDK1 dependent phosphorylation and activatio8@&K, SGK, RSK, aPKC.

PDK1 Substrate PIF pocket
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Active —*
+ -~ site
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Activation-loop

phosphorylation site
PDK1
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ACTIVE

AGC kinase
INACTIVE

B: PKB phosphorylation and activation by PDK1.
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1.6. The PIF pocket as a novel allosteric target site

Many studies have been reported with the focus Ibhpg@cket showing PDK1's PIF
pocket is essential for the phosphorylation and fdllewing activation of a set of AGC
kinases.To investigate whether the ability to phosphorylatel activate the AGC substrates
remains Biondiet al. generated Leul55Glu mutants of PDK1's PIF pocKée in vitro
results suggested the docking site is blockedHersubstrates PRK2, S6K1, SGK, PKC and
PRK but not for PKB?! The substrates were phosphorylated and activated weakly
compared to the wild-type PDK1. To further confitine requirement of an intact PIF pocket
for binding and phosphorylation of S6K by PDK1, @@ et al. examined than vivo
influence of the PIF pocket as substrate intergctite using embryonic stem cells harbouring
the Leu155GIlu knock-in mutatiof.** Thus PDK1 exhibited its catalytic activity but eieed
also a functionally inactive PIF pocket. Intereghn the embryonic stem cells were viable
and the PDK1 mutants induced the expected activasfoPKB, whereas S6K1, RSK and
SGK remained inactive. These vivo mutagenesis results provided further evidencettieat
PIF pocket is crucial for binding and phosphorgatiof S6K1, RSK and SGK by PDK1,
except PKB. In addition, investigations with phogprand dephospho-HM peptides of
different AGC kinases indicated a direct influelcethe catalytic activity binding on PDK1’s
PIF pocket.

Based on these results, the PIF pocket has emesged possible site for drug
development. Small compounds as potential drugstdid to the PIF pocket are predicted to
have two effects.

Firstly, occupying the PIF pocket as docking sitethe substrates the compounds inhibit
the substrates’ activation which require the intBom with the PIF pocket (Figure 7). An
inhibitor avoids the activation of the PIF substgtsuch as SGK1, SGK, PKC, PRK, but not
PKB. Binding of a drug molecule to the regulatof- Pocket site may also increase the
catalytic activity despite the blockade of the &gy site for the substrates. This effect is
similar to the effects of the Leu1l55Glu mutant, ethienders an active protein but blocks the
docking interaction site.

Secondly, the catalytic activity can be modulatgdb allosteric mechanism. Compounds
binding to the PIF pocket in AGC kinases will prblyainduce a conformational transition on
the ATP binding site, similar to the effect of tipphosphorylated HM peptide that also
influences the conformation of the ATP binding sitleding the PIF pocket. In case the ligand

stabilizes a specific conformation of the PIF pdci®ee catalytic activity of PDK1 will
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increase. Thereby the ligand acts as a kinaseatmtivAny aberrant ligand stabilizing

conformation of the PIF pocket causes a decreaskeeoPDK1's activity to the point of an

inhibition. An allosteric inhibitor of this type watd inhibit not only the substrates that depend

on the PIF pocket interaction but also PKB.

Figure 7: Novel mode of action of PIF pocket targeting compsidiscriminates

between two pathways.

A: S6K, SGK, RSK, aPKC: PIF pocket binding compoupigssent docking
-> no activation.

PDK1 Substrate PIF pocket

0|
! ﬂ /A:E;e % @ ! @

Activation-loop ;
AGC kinase phosphorylation site PDK1 AGC kinase
PDK1 ACTIVE

INACTIVE

: PKB: Activation not affected by PIF pocket-target compast
—>PIF pocket binding compound does not affect catadtivity.

ACTIVE

1.7. Specificity of compounds targeting PDK1

PDK1 was discovered in late 90s and is still re&d§i new drug target: Biochemical and
genetic studies have shown that PDK1 is a criactivator of other downstream kinases that

are important promoters of cancer progression #iiedtad a rise in drug development based
on PI3K/PDK1/PKB signaling pathway. Upregulation d?DK1 pathway due to
overexpressed growth factor receptor proteins am@N° mutation notably triggers the

downstream signaling. Moreover, a wide range ofhalinan cancers possess significant
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overstimulation of the PDK1 signaling pathw&y ** **whereby PDK1 represents a most
promising targetDirectly inhibition of this protein kinase by smatiolecules is predicted to
result in effective control of cancer cell prolié¢ion, particularly becausi vivo results
suggest an incomplete inhibition of PDK1 in cancehere PTEN is mutated. Mice with 10-
20 % of PDK1 protein are healthy although theysamaller. However, when they are crossed
with knockout mice in a PTEN deficient backgroutitht have spontaneous tumors, the mice
with less PDK1 activity have less tumors and ex¢éehtifespart’ As binding of ATP is
essential for kinase activity, the discovery of Bmmlecule ligands that compete for the ATP
binding site has been the main source for new kinakibitors. Hence, many studies have
been reported with the focus on the developme’Tdét-competitive inhibitors targeting the
ATP binding site of PDK 1% 3% 3742

In the course of an evaluation of ATP-competitiM@KR inhibitors various classes of
small-molecules have been published in patents papers. The inhibitors differ in their
chemical scaffold but they share common charatiesisorresponding to the hydrophobic
nature of the ATP binding site. In addition theylude fragments that occupy residues
responsible for coordination of the ATP cofactor.

Several of the published PDK1 directed inhibitors based on two drug classes, firstly
staurosporine analogues and secondly sulindac aletoxib as actual non steroidal anti
inflammatory drugs (NSAIDs), that inhibit cyclooxggase (COX) activities. Few
staurosporine derivatives have been identified REKIPinhibitors, CGP39360, CGP41251
and UCN-01. Staurosporine, CGP39360 (Figure 8ra potent broad-range kinase inhibitor
significantly reduced the PDK1 activitg vitro with an 1G of about 220 nM but it exhibited
the most potency toward PKGICspo< 3 nM). CGP41251 inhibited PDK1 moderately{€
1.72 pM). However, it showed more selectivity tos@KCa with an 1Go of 0.04 uM*The
most potent staurosporine derivative, UCN-01 (7rbyg-staurosporine, Figure 8), exhibited
an 1Gy value of 5 nM and is in clinical trials for treaemt of cancef**’ Unfortunately this
inhibitor turned out to be non specifically targetimany other kinases such as PKC and
Chk1*°Several additional reports of PDK1 inhibitors halso appeared in the literature.
Different bisindolyl maleimides (BIM) and LY333534re known to suppress the PDK1
activity as well. These inhibitors are cognatesstdurosporine differing slightly in the
chemical structure. BIMs possess a maleimide maretiead of lactam as head group and
there is no second covalent bond between the imdluds compared to the indolecarbazole

from staurosporine (Figure 8).°! This compound class was originally reported ascisle
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inhibitors of PKC which when tested against a snsa&it of other kinases showed less
specificity than thought:

One inhibitor derived from the NSAIDs was Sulind&ulindac was found to have an
ability to induce apoptosis in colon cancer cefiotigh inhibition of PDK1%* >3 Another
example of an effective PDK1 inhibitor from the NiBAclass is Celecoxib (Celebr&x
Figure 8), a cyclooxygenase-2 (COX-2) inhibitor lwién analgesic activity. Aricet al.
reported in 2002 the inhibition of PDK1's enzymadictivity by celecoxib in colon cancer
HT29 cells (IGo = 3.5 uM)>*Kulp et al. (2004) examine also the effect of celecoxib talvar
PDK1 and confirmed its inhibitory influence @€= 48 pM)> In conclusion, both NSAIDs
were neither very potent nor specific inhibitorsctdally, Celecoxib was developed as a
selective inhibitor of cyclooxygenase-2 (COX-2) asdditionally it was founds besides its
analgesic effect to inhibit various isoforms of lwamic anhydrase (CA). This is further
difficult because higher concentrations are regutmvard PDKT> OSU-03012 (Figure 8)
was developed as an anticancer agent by blockinglPztivity without COX-2 activity in
an effort to optimize CelecoxilDSU-03012 mediated cell death in different canaalsc
through inhibition of the PDK1/PKB pathway. AnywaZhanget al. denied the mechanism
of action of this agent suggesting OSU-03012 dotsugh multiple mechanisnis.>® >’

Figure 8: Chemical structures of selected PDK1 kinase inbiibit
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Feldmanet al. described in 2005 the identification of three Addmpetitive PDK1
inhibitors BX-795, BX-912 and BX-320 (Figure 9) &sting of an aminopyrimidine
backbone. The inhibitors were identified in a soneg of compound libraries measuring
PDK1- and PIrmediated PKB activatiotf. Among the class of aminopyrimidines there are
more recent publications with a set of indolinongsddl PDK1 inhibitors. In a patent
application of Bayer Schering Pharma AG in 2006(88-3-(1H-pyrrol-2-ylmethylene)-1,3-
dihydro-2H-indol-2-one was used as starting paantrhedicinal chemistry lead optimization,
since the unsubstituted compound BS (Figure 9)laled an inhibition of PKB in
lowmicromolar range in a biochemical screenusing a PDK1 mediated PKB2 activation
assay™ “°In 2007, Islanet al. disclosed the synthesis and SAR of inhibitorsveerfrom the
above mentioned high-throughput screening lead BSotent (inhibition in nanomolar
range) and selective inhibitor, BX-517, was discede and optimized by exploring
substitution at the C-4’ position of the pyrrolegire 9). Due to the close homology between
PKA and PDK1 the selectivity assay was restrice@dKA what should provoke critical
thinking. The optimization study was focused ompiavement of ADME and solubility
properties and resulted in a moderately succesk. f@w compounds could be found with
better pharmacokinetic properties accompanied bgihg cellular potency ** **Another
recent study presented a novel series of diberfy@[7]naphthyridines (Figure 9) as potent
and selective PDK1 inhibitors. A crystal structofePDK1 with the inhibitor was explored to

provide insights into structure-based design.

Figure 9: Chemical structures of further selected PDK1 kinakéitors.

(o3¢}
@\ JOL Ri=Br, Ry= “"NSCnH, BX-320
HN N I\D o
Ri=l, Ry= # s.  BX-795
A bR AN

N °N

BX-912

m‘é/:
2
P
N
L
I
w
Py
N
I
4,
X
P4
T

R
7\ /
H
/N o N /N
o o)
N 0 N
H H
BS scaffold R=H BX-517 Dibenzo[c,f][2,7]naphthyridine
scaffold
US 07105563 R=C-4' Vvariation position

14



Introduction

Further fused heterocycles have been describedDd&Sl Rnhibitors and it becomes
apparent that most of the compounds are subseqotimizations of celebrex and
staurosporine scaffolds to mimic the plain ademneiety to be adaptable for the ATP
binding site. In two recently patents, filed Wgrnalis & D Limited®® andVertex Pharma®,
benzimidazole based scaffolds were developed wetahe ATP binding site of PDK1.
Researches at Vernalis have discovered pyrazolgtisitbd benzimidazole derivatives with
up to a nanomolar inhibition potency (Figure 10)ngsa fragment based design within
literary search. Subsequent optimization led tdhigaffinity compound3” ®* Binch et al.
from the Vertex Pharma filed a patent with benzemwmles combined with a pyridine,

pyrimidine or triazin moietie®’

Figure 10: General structures of PDK1 inhibitors: Patent¥@ialis & D Limited (a) and

Vertex Pharma (b)
a b
R3 R4
(R2)o-a
R_2 0] R5 \\ N
HN HN @: \>_N\H
7% SN Re N Ry
Ry IN 5
H Q = pyridine, pirimidin
triazin moieties
WO 2006134318 WO 2007015923

Numerous additional PDK1 inhibitors directed to tW€P binding site are published and
reviewed®® Herein a short overview with representative strretclasses is given in order to
present the course of action in drug discovery seduon PDK1. Nevertheless, due to the
relative structural conservation of ATP bindingesifor several protein kinases and resulting
cross reactions with many different kinases, thsk f dose limiting off-target effects
increases and it is a challenge to find a new dateifor clinical trails. In fact, not only in
case of PDK1 the most ATP-competitive inhibitorswHimited selectivity®® ®*implying that
certain protein kinases have not been consideredu#able for drug development, in
particular protein kinases for which closely rethtsoforms exist. This raises the question in

drug discovery programs, which promising concepiicddead in enhancing selectivity.
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Currently, the trend toward multi-kinase targeatgy is increased in an attempt to become
enhanced antitumor efficacy and safety profiles gared to single target drugs. Now that the
structures of many kinases have been determinedithy reveal the distinct features and
design rules enabling to find an appropriate dfugoreover, several programs directed to

non-ATP-competitive kinase inhibitors have beemt&hed.

1.8. Allosteric Inhibitors

As an alternative and as a complement to ATP bgdite-directed compounds, that are
referred also as Type | inhibitors (Figure 11Agrthis increasing interest in the development
of non-ATP-competitive strategies for protein kimaslrug developments. Non-ATP-
competitive drug strategy could avoid the poor eargelectivity and could extend the
therapeutically indications. The interest in allosteric drugs arose togethéh wie success
in the development of G-protein-coupled recepto@PCR) drugs that bind at sites
topographically distinct from the orthosteric sitdlosteric modulators of GPCR provided
high selectivity and led to a greater diversityhe repertoire of pharmacological effett§®

During the last few years, a series of protein g&nanhibitors have been referred as non
ATP-competitive inhibitors although most of themget at least partially the ATP binding
site. They are also termed as Type Il inhibitord ancupy in addition to a part of the ATP
binding site a neighbouring area (Figure 11B). Theyin this manner in some extent in a
different, non-competitive mechanism of inhibitiarhese inhibitors induce a conformational
shift in the target enzyme and the kinase is nagdonable to function. Well known
representatives of Type Il inhibitors are imatiaifad sorafenib (Table 1). However, although
Type Il inhibitors are more selective than Typalhiibitors, they are not completely specific
due to similar hydrophobic regions adjacent to &P binding site among the protein
kinases. Furthermore, there is also a strategynkabit the kinase activity utilizing an
allosteric inhibitor, Type Il inhibitors. Alloster inhibitors act by binding to a part of the
enzyme, which is distinctly separated from thevacsite (Figure 11C) and by inducing a
conformational shift (similar to inhibitors Typ#@ ih the target enzyme such that the kinase is
no longer able to function properly. Type Il inlidrs have been developed for instance for
mitogen-activated protein kinase (MAP%¥).”° These Type IlI inhibitors bind to allosteric
sites within the kinase domain, but there are alfwsteric inhibitors directed to regulatory

regions. Akt inhibitors that target the PH domand ahe hinge region have been identified
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and investigated showing selective behavior betvtieenhree AKT isoform&: " Thus, Type

[l inhibitors are the most selective compoundg$easo

Figure 11: The three classes of small molecule kinase inhigito

Type | inhibitors Type Il inhibitors Type Il inhibitors

Interestingly, the characterization of novel akdogt sites as druggable sites might enable
the development of drugs with more subtle modutatid the protein kinase activity as
compared to the complete inhibition of the enzymaittivity. In additionthe targeting of
allosteric-regulatory sites could potentially geater inhibitors, but also protein kinase
activating drugs.

Discovering the PIF pocket of PDK1 as an alloststtie that is situated distant to the ATP
binding site and that serves as a regulatory sitanteraction with the substrates we were
able to identify and suggest this allosteric fragma&as a possible target for drugs.
Furthermore, we have provided recently first evaenhat a small molecule can trigger
activation of PDKZ
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1.9. State of the art: low molecular weight compounds tayeting the

allosteric PIF pocket in PDK1

1.9.1. First compounds designed to bind to the PIF pockedf PDK1:

activators of catalytic activity

The preliminary work was carried out by Dr. M. Ehged Dr. R.M. Biondi (Research
group Phosphosites (PS)). It concerns the discooktiie PIF pocket in PDK1 and its key
role in the molecular mechanism for the conformalotransitions that take place upon
activation of AGC kinase’- ** *Thereby, biochemical and molecular studsegd light on
the fact that this binding site is required foremmolecular interactions of PDK1 with its
substrates. To identify first small molecules whimhd to the PIF pocket a virtual screening
approach was employé8The entry point was provided by the comparisothefcrystallized
PDK1 PIF pocket with that of the closed, activefoomation of PKA within the C-terminal
HM. The HM contains two subpockets where the pheasidues of the terminated sequence
FXXF dock (Phe347, Phe350, Figure 12A). Then thienidien of a pharmacophore model
followed. In the effort to identify compounds widim affinity to the PIF pocket a 3iD silico
screening of a commercial compound database wésrped using the Unity 3B software
(Tripos Software) and compounds possess featurdasita the phenyls (Figure 12A) were
selected. Finally, the effect of a subset of sellatompounds on the activity of different
AGC protein kinases was testadvitro. This search resulted in two hit classeandll as
illustrated in Figure 12B. The small weight compdsinallosterically activate PDK1
mimicking the phosphorylation dependent confornratlotransition’* Both compounds
scaffolds turned out to be particular interest tlu¢heir influence on the activity of PDK1
toward a polypeptide substrate that comprises ¢heation loop residues of PKB, known as
T308tide. The molecules with the scaffoldloandll increased the PDK1 activity. Further
characterizations indicated that these compounaspeted with the PIF pocket for the
binding to PDK1. The first consequent publicatiestricts to the compound seriebecause
of their low AGsp and their relatively specificity toward PDK1, cheterizing additionally the
mechanism of action of these compounds by mutageegperiments of PDK1, interaction-
displacement studies and isothermal calorim&tr¥/.

Based on the first hit compoundisand Il , | was able to synthesize the first improved

allosteric modulators of PDK1I(, Figure 12BY° As part of the present thesis, | optimized
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this new compound series further and carried opéra of the biological evaluation, which
will be described in detail in the results chapteds 3.2 &, 3.3.

Figure 12: A: Close up of the PIF pockétB: Hit compounds
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The active compounds, identified in the screenuligplay several common structural
features, two aromatic rings connected by a thmeéoor atom chain with a side chain
carrying a carboxyl function. The requirement oé tharboxyl group in compountl was
investigated comparing to the requirement of thesphate on the phosphorylated HM (P-
HM) polypeptides and comparing on the methyl edegivative ofl. PDK1 was activated by
polypeptides P-HM but not by non P-HM. Moreover #ster derivative was inactive. The
physiologically achieved negative charge of theboayl group inl seems to mimic the
phosphate moiety contacts. Mutation studies pravieldence thalt binds to the PIF pocket
abolishing the activation of PDK1. Mutants of thi&- Pocket did not show PDK1'’s activity
decrease. Further biochemical studies of PDK1 nsiigientified GIn150 and Arg131 as the
most important residues in a sulphate binding is&et to the PIF pocket that was find out
analyzing the crystal structure of PDK1 within tbemprising residues Argl31, Thrl148,
Lys76 and GIn150. In the following a series of teth compounds containing chlorine
substituents at different positions on the leftrpienoiety was synthesized and tested against
a panel of AGC kinases. Substituentsn@ia andpara positions are favored and increase the
activity toward PDK1. Substituents on tleetho position and on the right phenyl moiety
greatly decrease the compounds’ ability to activdK1. The intrinsic activity of the related

AGC kinases was not affected by compodnd
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A docking model was built on the basis of the mafienteraction of the C-terminal

Phe347 und Phe350 to PKA, whereas the carboxylae positioned to achieve the

interaction with the positive charge of Argl31 (kig 13A). Figure 13B displays the

mechanism of PDK1 activation caused by compounkighlighting the most important

Figure 13: A: Model for compound docking to the PIF pocket on PDKR: Scheme for

the activation of PDK1*
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In conclusion, the results provide the evidencea tba& molecular weight compounds can

modulate the conformational inactive-active traositof PDK1 by targeting the PIF pocket
(Figure 13A & B)"*

1.9.2. Further PIF pocket-directed compounds referred in te literature

The published results of the PS group camiogrthe discovery of the PDK1 interacting

fragment pocket, its regulatory properties andartipular the evidence that the PIF pocket is

amenable to low molecular weight molecules bindimas caused interest and initiated new

approaches to identify new allosteric modulator$?BK1. Nevertheless, our approach is a

relatively new one from a drug discovery point aéw. Only two reports including new

strategies to identify PIF pocket-directed compauhdve been published so far. Firstly,

NMR-based fragment screening atidt >N TROSY experiments have been performed by

researcher at Pfizer Global Research and Develdpmeorder to identify selective small

molecule modulators of PDK. Stockmanet al. analyzed a library of chemically diverse

compounds in a NMR screening for fragments as &nnative to high throughput screening
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(HTS). Thereby, the goal was to identify allosteaied ATP-competitive scaffolds exploiting
the PIF pocket site and the ATP binding site. Thaegvators of PDK1 were identified
(Figure 14) whereas these fragments activated PdKakly at high concentrations. In a
saturation transfer difference NMR experiment coommbA turned out to compete ATP and
B andC to bind at the ATP site and PIF pocket, respelstii® andC are structurally similar
compared to compound classThey contain also a negative charged carboxylgimut they
differ in its position. Due to this fact they coutdve a distinct binding mode and need more
characterization to be proven as PIF pocket-diceciempounds. The data was generated
through a Caliper assay afmtf NMR assay to provide evidence for the bindingssiof the
moleculesA, B andC. In summary, since it is known that hits from thiBIR spectroscopic
method are weaker potent than hits from HTS, thi#RNspectroscopic approach offers an
option to identify new fragments as starting poifas drug development but it does not

provide an advance in finding high potent and dpetarget compounds.

Figure 14: NMR-based fragment screening hits as ATP-competdnd allosteric PIF
pocket modulators, respectively
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More recently, Merck Research Laboratories presktite discovery of alkaloids as PIF
pocket specific ligands using ultrahigh throughmdreenings (UHTS) TR-FRET and
Alphascreen for lead identificatidh Therefore, a biotinylated peptide substrate (P D&t
was developed. It engages both the ATP and thep&dket of PDK1 pursuing a bisubstrate
analogues strategy that is considered to idenidili selective and potent inhibitors. This
strategy was selected with the goal to indentifthb®TP-competitive inhibitors and allosteric
ligands, since PDK1 possesses at least three Hgauaihg pockets. In this screening
campaign, alkaloid 1 was identified as a hit (Fegib). However, the authors did not provide
experimental evidence that the compound really etedy the PIF-binding pocket.

Interestingly, alkaloid 1 lacks the carboxyl fumeti For this reason alkaloid compounds are
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supposed to inhibit PDK1 activity in contrast tongmunds including a carboxyl group
achieving different mechanism of action.

Thus, these results confirmed our findings thded#nt types of small molecules and less
diversity in structure can induce different meckamiof action of kinases, activation or
inhibition. Testing a series of compounds againpbael of AGC kinases we were able to
find activators and inhibitors of AGC kinases. Campds with the scaffold df (Figure 12B)
proved to be potent activators of PDK1. CompoangFrigure 12B) served as lead structure
for this study to design and synthesize new modrdabf PDK1's activity binding the PIF
pocket.

Figure 15: Chemical structure dadlkaloid 1
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1.10. Atypical PKCs

Protein kinase C family as a member of AGC supeifagonsists of at least eleven
related isoforms that form three subfamilies bagpdn the structure of their regulatory
domains: the conventional/classical (cPKCs), theehdnPKCs) and the atypical (aPKCs)
PKCs (Figure 162 All isoforms of PKC have conserved and variablé,(C2) domains that
are connected by a hinge region and all of thensggssa pseudosubstrate (PS) binding site.
The C1 domain contains cysteine-rich motifs thateseas sites for diacylglycerol (DAG) and
phorbol esters binding.The C2 domain serves for phospholipids binding thatur in a
calcium-dependent mann®The conserved domain is composed of the ATP binslitregand
the substrate binding site and defines PKC membitsn the AGC kinase superfamily.

The activation mechanism differs between the tRI€€ subfamilies.
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Figure 16: Structure of Protein Kinase C Isoforths
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To the conventional PKCs belong PKCalpha, -betadta? and —gamma. These enzymes
require phosphatidylserine, diacylglycerol (DAGopbol esters and calcium (€p to
become optimal activateéd.

The novel PKCs consist of the isoenzymes PKCdeadasilon, -eta and -theta. They are
not regulated by Gabut can be activated by phorbol esters and DAGhé fresence of
phosphatidylsering

Finally, the atypical PKCs are regulated neither@g* nor by phorbol esters and by
DAG. The aPKCs possess in their regulatory regionatypical C1 domain, thought to
participate in lipid binding. Therefore, the aPK&® activated by lipid components such as
phosphatidyl inositol, phosphatidic acids, ceramated arachidonic acif. Besides the
atypical C1 domain aPKCs possess a PB1 (Phox amd Bedomain, which is involved in
protein-protein interactions, the regulation of atgic activity and a pseudosubstrate
domain’® The isoforms PKCzeta (PK(; PKCiota (PKQ) and PKClambda (PKXJ, whereas
PKC\ is the mouse orthologue of the humahelong to the atypical subfamily and display a
strong homology among each other. In spite of &72quence homology at the amino acid
level of PKQ andPKCi, the recent data suggested that both kinases aréumctionally
redundant® Expression profiling studies have revealed thathbkinases have distinct
patterns of expression in various biological systeRKQ/A showed a ubiquitous expression,
whereas PKC exhibited a more restricted pattern of expresséaditionally, investigations
of the effect of genetic disruption demonstrateffedent effects on embryonic development
in the mouse. Knockouts of PKZ are embryonically lethdl whereas knockouts of PKC
resulted in viable mice that exhibit immunologic&ficiencies in the NkB (nuclear factor

kappa B pathway®® ® Moreover, PKG and PKG/A are integrated in distinct downstream

23



Introduction

signaling pathways. With further experiments it Heen shown that PKCrather than
PKCVA is involved in the NReB pathway by phosphorylation of Ser311 of the RelA
subunit®® & Using PK@~ or PKG —deficient mouse embryo fibroblasts from knockaufts
PKC{ and PKG/A, the PKQ deficient fibroblasts exhibited defects in the NB-signaling
and PKG deficient fibroblasts did ndt®’ Besides, recently Leviet al. succeeded in
providing evidence on a previously uncharacterizethanism of the NkB regulation. The
study revealed a contrariwise role of the phosphtey Ser311 residue in the NB-
pathway. The phosphorylation of Ser311 by FEK@&bolished the binding of histone
methyltransferase GLP to the RelA subunit and ¢gited the following GLP-mediated
methylation of histone H3 enabling NdB to become transcriptionally active. Consequently,
PKC{ acquires a critical role as mediator of the chriamehanges necessary for effective

NF-kB target gene expressiéh®®

1.11. PKC(Z as drug target

The knockout study, described above, gives eviddmtePK plays a critical role in the
activation of the eukaryotic transcription factoFNB. Several more studies demonstrated
additionally PKQ'’s involvement in the activation of N&B in cell types and organs such as
B-cells, T helper cells, T lymphocytes, lung anetibut not in muscle¥:**

NF-xB is composed of several related transcriptionof@ctp50, p52, RelA (p65), c-Rel
and RelB and plays an important role in the immuwystem. NFR¢B regulates genes
controlling of the immune system, apoptosis, cesigh and tissue differentiatidh.*> °°The
essential function of NkB is to prevent the TNFalpha-induced cell deatheréhare two
signaling pathways leading to the activation of RB-dimers, the canonical pathway and the
non-canonical pathway:*®In both cascades TNFalpha or other pro-inflammatytpkines
stimulate the activation of the IKK complex. In ghthesis the focus is directed to the
canonical pathway as it includes PK@ its transductional regulation. In the canonical
pathway the activation of NKB dimmers, a complex of p50 and RelA (Figure 1€curs
due to IKK-mediated and due to PK@ediated phosphorylation ofkB.'%% 1%
PhosphorylatedkB proteins lead to their subsequent proteasomaladatjon enabling the
active NFkB dimer to translocate into the nucleus and indheeanti-apoptotic target gene

expression.
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Figure 17:

NF-kB activation: the canonical pathway
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The binding of TNFalpha to the receptor TNFR letmidshe recruitment and activation of the IKK comple
comprising IKKalpha, IKKbeta, NEMO and ELKS. The KKcomplex then phosphorylategB, and PKG

phosphorylates the subunit RelA leading to degiaddty the proteasome. Finally N€B translocates to the
nucleus to activate target genes.

Considered together the transcription factor ®WB--and consequently PKCplay

fundamental role in immune and inflammatory respsnsNot surprisingly, constitutive

activation of NFkB is implicated in several disease conditions idoclg inflammatory

disorders and autoimmune diseases as well as ie $omns of cancer, such as leukemia,

lymphoma, colon cancer and ovarian car€eSince PKCL is a molecular switch in this

signal transduction, it represents an interestimg isnportant target for the development of

novel therapeutics to treat the corresponding desaln particular, PKCmay provide a

specific therapeutic target for the preventionhase diseases because direct inhibition of NF-

kB will cause toxicity due to the protective role KF«B in all cells and tissue§* 1%

Moreover, further studies suggested that atypial®is required for chemotaxis in various

cancer cell lines, such as breast, lung and leukemail lines. These results indicate that

targeting PKC may emerge as an effective method for blockindgy bcaincer cell chemotaxis
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and tumor associated immune responses. Althougmaology the target validation studies
have mainly been focused on the other atypical R&@orms PKQ so far, the literature
generated an oncogenic role of RKAmmunoblotting experiments with the human
lymphoma cell line U937 demonstrated that BK&kes a central position in the TNFalpha-
induced pathway. The TNFalpha mediated activatibiNB-kB in U937 cells resulted in
enhanced PKC phosphorylation and activation and in the follogvittanscription of anti-
apoptotic genes by NkB.'® The tumor cell response to chemotherapeutics grakioes
was examined by Filomencet al. in 2002 expressing stably kinase-dead and dominant
negative PKG mutant in U937 cells. The results revealed thaCPKhibition by etoposide,
an anti-cancer chemotherapy drug, led to acceteratif apoptosis in leukemic cells.
Moreover, the etoposide-influenced inhibition of ®Kled to a sensitization of cells growth
in nude mice®’

Some more studies demonstrated that Egkbsphorylatesurther substrates that are
involved in the regulation of apoptosis. De Thoeehll. investigated the role of PKGn
immature myeloid KG1a leukemic cells. The studyeaded PKE as a regulator of Fas cell
death signaling showing a resistant effect on Resded apoptosiS® The role of PKG
regulating apoptosis is also supported by the stfdBezombest al. demonstrating that
overexpression of PKEn U937 confers resistance daunorubicin and 1-R-D-
arabinofuranosylcytosine. These drugs are usedtHer therapy of acute myeloblastic
leukemia®®

Summing up, the literature data shed light on PI&€ a clear target for the development
of potent drugs with antileukemic effect and foeatment of inflammatory diseases.
However, PK regulates additionally the insulin-stimulated glsedransport in muscle and
adipose tissues? ! Skeletal muscle and adipocytes express the majosytorter GLUT4
and require insulin for glucose uptake. Bindingnsiulin to receptors leads to translocation of
glucose transporters from the cytoplasm into plasmeenbrane, allowing glucose to enter the
cell. Defects of the insulin action lead to insulesistance that is manifested by decreased
glucose uptake and subsequently to diabetes type2' PKCZ acts as a transducer protein
of glucose transport in response to activated PV&K interaction with insulin receptor
substrates (IRS). Activation of PK@ould trigger the signal transduction leading tolGY
translocation and glucose transport into the dé¢lus, the inactivation of this enzyme might
lead to hyperglycaemia and to insulin resistdiiténdeed, Leeet al. presented in a recent

study in vivo experiments using PKL-6 double-knockout mice that indicate PKC
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ablation in non-hematopoetic cells but not in teenatopoietic system was sufficient to drive
inflammation and IL-6 synthesis in the adiposeuissas well as insulin resistaricé.

However, it should be taken into account that kootkstudies cannot be compared well
with the situation where an enzyme is inhibitedabgmall molecule drug. It can be expected
that inhibition by a drug, which happens part-tiam& too less than 100 %, will not have the
same detrimental side effect than a complete knackd PKC. Therefore, the final

validation of PK( as a target can best be done with a suitable snaddicule inhibitor.

1.12. Inhibitors of PKC ¢

PKC kinases as a pleiotropic family regulate vasiaellular processes in multiple cell
signaling pathways including proliferation, glucasetabolism, differentiation, cell survival
and apoptosis. Elevated level of the particulafoisos were found in various cancer forms,
such as breast, lung, liver, colon and prostateerazs well as hematopoietic lymphomas and
leukemias*® % However, the biological functions of each PKC tsais differ in their
action of the tumor progression. For this reasorestigations on selective PKC inhibitors
have attracted great attention during the lastsy@arorder to develop potential anti PKC
agents. Several inhibitory compounds with largeucitiral variety and with different
mechanisms of inhibition have been propoSed:*® Promising examples entered already
clinical trials for several human cancers. Amondgheos, Enzastaurin (LY317615),
Midostaurin, Bryostatin, Safingol and ISIS 3521g{litie 18) have been conducted in clinical
studies.

Enzastaurin and Midostaurin derived from optimiaatapproaches of Staurosporine to
achieve more selective analogues for clinical grigbtaurosporine was discovered in a
screening for PKC inhibitot$” and showed good inhibition of PKC in vitro models'®
Staurosporine’s poor selectivity has not been haeapturther clinical developments to find
analogues with more specificity for PKC isoformglasther kinases as it shows nanomolar
activity against many protein kinases. Enzastawas described first as a selective inhibitor
of PKCB but afterwards it showed also an inhibitory effimstard PKE. Enzastaurin entered
the Phase Il clinical trials and turned out to dygplicable for different type of cancer.
Midostaurin was originally proposed as an inhibtdmultiple isoforms of PKC but it turned
out as a multi kinase inhibitor. Midostaurin shovwadso inhibition effects toward Kit, FLT3,
VEGFR and PDGFR®In clinical studies Midostaurin entered Phase H has been tested in
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combination with other chemotherapeutics. Enzastaand Midostaurin are competitive
inhibitors binding the ATP binding site (Table2§.

Figure 18: Structures of the PKC inhibitors Enzastaurin, Midasin, Bryostatin and

Safingol
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Enzastaurin Midostaurin Bryostatin Safingol
Table 2: Some examples of PKC inhibitors in clinical triat§.
PKC inhibitor Target Binding site Status
) ATP binding site
Enzastaurin PKCB N Phase IlI
competitive
PKC, FLT3, VEGFR2, ATP binding site
Midostaurin Phase Il
Kit PDGFR competitive
) Regulatory domain ) )
Bryostatin PKC Phase II; discontinued
DAG
. Regulatory domain ] .
Safingol PKC Phase I; discontinued
DAG
ISIS 5321 PKCa MRNA Phase IlI; discontinued

The naturally occurring macrocyclic lactone Brydistaargets the regulatory phorbol
ester receptor which means the DAG binding pocketRiKCs and nPKCs and induces the
inhibition of the corresponding PKCE. Furthermore, it inhibits phorbol ester induced
tumorgenesis and differentiation of leukaemia céfls'?*Clinical studies were conducted

with Bryostatin with disappointing results due tsd-limiting toxicity and were discontinued
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(Table 2)*° Safingol, a synthetic drug displayed low efficanyd was discontinued already
in Phase | of the clinical trials (Table 2).

To summarize, these examples discussed here reatinezhl trials but they display
relatively poor target selectivity related to oseforms of the PKC family. This is attributed
to structural conservation of ATP binding sitestltd PKC isoenzymes. Therefore, most of
the PKC targeting compounds cross-react with otkieases. However, it has been
challenging to find specific kinase inhibitors diwethe high degree of homology in the ATP
binding site pocket between the 11 PKC isoforms. a&lditional challenge in finding a
selective inhibitor of PK€ constitutes the closest homologue RK&@m. Although several
attempts were made to develop compounds able tbitnelectively PKE and several
inhibitors were referred to as selectitlee approaches failed in finding a truly selectael
effective target molecule. The so-called RKsglective inhibitors have been identified by
screening libraries and natural compound resoundés.will focus the attention on three
recently published compound classes. These includKCzI257.3 N-(4-
((dimethylamino)methyl)benzyl)H-pyrrole-2-carboxamidé}?, Hydroxyphenyl-benzopyran-
4-one$”® and 2-(6-PhenylH-indazol-3-yl)-H-benzof]imidazoles (Figure 19). ***
PKCzI257.3 was screened out from a compound librasipding two hundred compounds in
a substrate-specific strategy with ansd©f 28 M. N-(4-((dimethylamino)methyl)benzyl)-
1H-pyrrole-2-carboxamide exhibits a small moleculéurea contrary to the widely employed
peptide pseudo-substrates. This inhibitor prevahts EGF induced breast cancer cell
chemotaxis and migration. The specificity of thenpound was evaluated only against RKC
whereby there are no data available about the tsgtgctoward the most closely related
PKC.**? Yuan et al. identified in a screening including a library wistructurally diverse
heterocyclic compounds hydroxyphenyl-1-benzopyraammds as inhibitors of PKC
enzymatic activity. The isoforms selectivity wasestigated with a panel of kinases using a
Millipore kinase profiler?® This class of compounds was proved as selectilyecmmpared
with classical or novel PKCs without details abdhbe specificity toward PKC In an
optimization effort Trujilloet al. identified a potent and PKC isoform selective poomd
class of 2-(6-PhenylH-indazol-3-yl)-H-benzofllimidazoles (Figure 19) starting with 6-
phenyl-3-benzimidazole. The most active analogwsvel a good activity against PK@nd
CDK-2, but it turned out to be a moderately poteross the range of other kinases which is
another hardly manageable feature of compoundettaggthe ATP-binding sit&* Thus,

there are no truly PK-selective inhibitors described in the literaturdao

29



Introduction

Figure 19: Structures of PK inhibitors!?**%*
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1.13. Allosteric approach to inhibit PKC{

Despite a lot of efforts have been directed atifigdselective ATP-competitive PKC
inhibitors, a marginal success was achieved. lanegears the trend is toward non-ATP site-
directed approaches as they provide an alternatirsgegy to find highly specific kinase
inhibitors” % An alternative mechanism for the non ATP-competitimhibition exhibits
allosteric oneThis is indicated not least by the fact that tHesaric site is less conserved as
the ATP binding site. Additionally, the inhibitioof allosteric sites stabilizes the inactive
conformation of the kinase. Moreover, the developmef resistance to kinase inhibitor
therapy due to mutation in the ATP binding sitettie known with ATP-competitive
inhibitors can be prevented by an allosteric irtbibi

As already precisely described in chapter 1.7 uwggssted the PIF pocket that is situated
on the catalytic domain of the AGC protein kinaamily as an allosteric targeting site for the
development of allosteric inhibitors. Based on ¢xample of PDK1 it is shown, the binding
of the C-terminal peptide motif of substrate pnoseprovokes an allosteric activation of the
catalytic activity of PDK1. In case of PKCs andatkubstrate kinases the hydrophobic motif
on the C-terminus binds intramolecular in the PdEket of the appropriate kinase (Figure 6)
stabilizing the active structure. In our previousrkvwe were able to show that by binding to
this site, small weight molecules could promptstoic conformational changes affecting the
activity of PDK1. Thus the small weight moleculesmit the activatory effects of the natural

peptide ligands, the phosphorylated hydrophobicifm@iM) peptides, in the catalytic
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domain. The PIF pocket is limited to about 60 AGRakes and is less conserved with amino
acids than the ATP binding site. In comparison ttteo PKC isoenzymes PKCGexhibits six
different PIF pocket residues (Figure 20). Thist fagggests that the development of PIF
pocket-directed compounds could result in a speafbmpound toward PKEC without
influencing the activity of any other PKC isoenzymed other AGC members. Thus, the

variability of the PIF pocket within the AGC famitgay enable selectivity.

Figure 20: Alignment of the amino acid sequences of represgesta from all PKC
subfamilies (cPKCs: alpha, beta, nPKCs: deltaathepsilon and aPKCs: iota and zeta) and

PDK1.
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PKCal pha L TDFNFL MVL GKGSFGKVM_ADRKGTEEL YAI KI LKKDVVI QDDDVECTMVEKRVLALLD
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PKCt het a EHPFL THVFCTFQTKENL FFVIVEYL NGGDL MYHI QSCHKFDL SRATFYAAE! | LGLQFLH
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PKCdel t a SKG | YRDLKLDNVLLDRDGH KI ADFGMCK- - ENI FGESRASTFCGTPDYI APEI LQGL
PKCt het a SKG VYRDLKLDNI LLDKDGHI KI ADFGMCK- - ENMLGDAKTNTFCGTPDYI APEI LLGQ
PKCepsi | on QHGVI YRDLKLDNI LL DAEGHCKLADFGMCK- - EG LNGVTTTTFCGTPDYI APEI LQEL
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PKCbet a PYGKSVDVWMFGVL L YEM_AGQAPFE- - - - - - - - - GEDEDEL FQS| MEHNVAYPKSNVBKE
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KYNHSVDWASFGVLLYEMLI GQSPFH- - - - - - - - - GQDEEEL FHSI RVDNPFYPRW.EKE
EYGPSVDWMNL GVL MYEMVAGQPPFE- - - - - - - - - ADNEDDL FESI LHDDVLYPVWL.SKE

DYGFSVDWML GVL MFEMVAGRSPFDI VGSSDNPDONTEDYLFQVI LEKQ Rl PRSLSVK
EYGFSVDWML GVLMFEMVAGRSPFDI | - - TDNPDIMNTEDYLFQVI LEKPI Rl PRFLSVK
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ARDL VEKL LVLDATKRL GCEEM- EGYGPLKAHPFFESVTVWENL HQQTPPKLTAYL PAMSE
AVS| CKGLMIKHPAKRL GCGPE- - GERDVREHAFFRRI DVEKLENR- - - EI QPPFKPKVC
AVAI CKGLMIKHPGKRL GCGPE- - GERDI KEHAFFRY| DWEKL ERK- - - EI QPPYKPKAR
SKDI LEKLFEREPTKRLGVTGN- - - - - - | KI HPFFKTI NWI'LLEKR- - - RLEPPFRPKVK
AKDLLVKLFVREPEKRLGVRGD- - - - - - | ROHPLFREI NVEEL ERK- - - EI DPPFRPKVK
AVS| LKAFMTIKNPHKRL GCVASONGEDAI KQHPFFKEI DW/LLEQK- - - KI KPPFKPRI K
AASVLKSFLNKDPKERL GCHPQ- TGFADI QGHPFFRNVDWDMVEQK- - - QWWPPFKPNI S
ASHVLKGFLNKDPKERLGCRPQ- TGFSDI KSHAFFRSI DWDLLEKK- - - QALPPFQPQ T
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DDEDCYGNYDNL L SQFGCMVSSSSSSHSL SASDTGLPQRSGSNI EQYI HDLDSNSFELD
GK- GAENFDKFFTRGQPVLTPPDQLVI ANl DQSDFEGFSYVNPQFVHPI LQBAV- - - - - -

The PIF pocket residues of the individual proteimakes are displayed in yellow. The residues lateh red
are specific for PK(g, and PKGe, The blue labelled residues represent the higbhserved ATP binding site
and the grey residues belong to the hydrophobidfimatiuding the phosphorylatable rest ( = intrapmilar

ligand of the PIF pocket). The numbering is bagsohuhe PKGysion
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2 Aim and work strategy of the present study

2.1. Scientific objective

The first kinase drug imatinib mesylate (“Glee¥8awas introduced in US in 2001 and
set the stage for protein kinases as drug tardietsas followed by several other small
molecule kinase inhibitors that were launched, prilm for oncology application. However,
protein kinase drug developments are still hampbésedevere problems in the development
of specific compounds. The reason for the lackpafcdicity is that most compounds target
the ATP binding site, which is a relatively consssite in the over 500 protein kinases
encoded by the human genome. As an alternativeet@®ATP binding site-directed approach
the interest has been increased in non ATP-compestrategy to yield highly potent and
specific drugs for protein kinases and to prevede sffects. Most interestingly, the
characterization of novel allosteric sites as dblgaites might enable the development of
drugs with more subtle modulation of the proteinase activity as compared to the complete
inhibition of the enzymatic activity. Since aberrattivation of the PI3SK/PDK1 signaling
pathway is associated with diseases such as candatiabetes, compounds that modulate the
PDK1 activity gained interest to be useful as thetaic agents.

With the discovery of the PIF pocket as an allestexgulatory site between PDK1 and its
substrates, we have provided a specific and seéeatontrol in the PI3K signaling
transduction. Consequently, we suggested a nowaingcological approach using the PIF
pocket in PDK1 as a target site for small compoundsder to inhibit the phosphorylation of
these substrates that require interaction withRle pocket. Hence, compounds directed to
the PIF pocket are predicted to have more spdgifiéictually, we were able to provide
evidence that small drug like molecules can triggetivation of PDK1binding the PIF
pocket. In our initial work we identified hit compied classesl (and Il, Figure 21) that
modulate the PDK1 activity. These compounds disgkewyeral common structural features:
non polar bicyclic scaffold with non polar substitis and a polar side chain carrying a
carboxyl function. Based on these results our greupthesized a series of compounds,
comprising variations of substituents, extensiofisthe structure and ring variations to

investigate the structure activity relationshipARS.
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Figure 21: Hit compounds identified in a virtual screening
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The final goals of this thesis were:

1) to develop small molecule compounds which act nialdosteric mode by binding
to the PIF pocket,

2)  to optimize selectivity for PDK1 but potentiallysal for the atyplical Protein kinase
C isoform PK, which belongs to the same subfamily of AGC proteinases,
and

3) to increase potency of allosteric modulators deddb the PIF pocket of PDK1 to

the nanomolar range. This goal was important toalestnate druggability of the
PIF pocket.

2.2. General concept to design allosteric modulators d?¥DK1 and
PKC(

One of the present thesis aims was to optimizehth&ompound1’ (Figure 21) by
targeted structural modifications in order to erdearthe potency and selectivity and to
evaluate the binding mechanism of the compounds thii2 enzyme. The focus was directed
to overcome the structural drawbacks Iofespecially the existence of the chiral centre
yielding a racemic mixture that needs more efforisolate the active enantiomer and the

sulfanyl moiety that can undergo oxidations andordtichael reactions. Moreover, due to the
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low affinity this compound class rendered furthéndges difficult. The docking model
presented in Figure 13 served as starting pointther development of further small
compounds targeting the PIF pocket of the AGC lasaglready during my diploma thesis |
was able to synthesize a new potent allosteric fataiull " (Figure 21).

The working strategy used in this thesis is depiatethe following scheme (Scheme 1).
Starting point is the molecular design of potentieddulators of PDK1 and PKCbased on
the hit compoundl, followed by the synthesis considering the mininsdtuctural
requirements for compounds to bind to the PIF-lmigdpocket and the evaluation of the

biological activity and selectivity of the compownd

Scheme 1Design concept of allosteric modulators of PDK#l 84K,

| Virtual screening | - | Preselected compounds |
\

\

HIT ojﬂ

Co-crystal compaund 1
Structure

Isothermal DESIQH
Titration
Calorimetry

Optimization :
Process

New
lead structures t

As long as there was no cocrystal structure availahe rational design was performed
based on molecular modelling supported by biochemanalysis of the effect of the
compounds on protein kinases which are mutatedsiues within the PIF pocket. In order
to measure the effect of the synthesized compowmdshe PDK1 catalytic activity we
performed a radioactive kinase activity assay emipipT308tide, a peptide derived from the
activation loop of PKB, as a substrate. In ordecharacterize biochemically the binding site
we compared the ability of the compounds to actiweildtype PDK1 versus PDK1 proteins

35



Aim and work strategy

mutated within the PIF-binding pocket. Moreover, wtudied the specificity of the
compounds toward a panel of AGC kinase. To elueidatationships between structural
properties, binding affinity and allosteric actiest we performed isothermal titration
calorimetry experiments with selected compounddai@imng first novel PIF-binding pocket-
directed compounds with higher potency, we were alde in collaboration with the Institute
Pasteur (Paris) to cocrystallize PDK1 with the coomd and we could use the X-Ray
analysis results for further improvement of thargif§y of the compounds to the PIF pocket.
Having these results we were able to gain insigiat binding mode of the compounds and the
molecular mechanism underlying the allosteric ation.

The following traditional medicinal chemistry segtes were employed to optimize the
new hit compoundll :

= Variation of the ring substituents

= Extension of the structure

= Rigidification
Verifying the ring substituents and their positainthe phenyl moiety we wanted to evaluate
the most favourable derivatization model for furtteearch of more active compounds.
Moreover, the focus was on additional H-bondingrattions of the mostly hydrophobic PIF
pocket. Furthermore, the extension of the allosterodulator structures aimed with a special
interest to find out when the maximum of the PlEEk® is filled out keeping good potency of
the compounds. The rigidification strategy also/edrto investigate the structural features of
the target site with regard to optimization of theget molecules.

First we designed 3,5-diphenylpent-2-enoic acidhé®e 2) as new structural analogues
containing a double bond as replacement of theakchentre of the lead compouhdvhere
the combination of two Spand one sphybridized C-atoms in the chain connecting the
benzene rings is retained. Additionally, by introimhg a shorter olefinic carboxyl side chain
we wanted to reduce the total number of rotatabledb. Moreover, we replaced the A-phenyl
moiety with other aromatic systems and we introdupelar ether groups in the backbone
chain. Furthermore, we planned to prepare cyclizbdlcones and we inserted fused
heterocycles to the carbon chain to create mordfostarigidity. Isothermal titration
calorimetry experiments were performed to evaltia¢eaffinity of the compounds to the PIF
pocket of PDK1.
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Scheme 2General structures
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On the basis of the biological and the SAR resoiltthe 3,5-diphenylpent-2-enoic acids
and exploiting the cocrystal structure we desigreedchimeric compound for further
improvement of the potency toward PDK1. We combitiedcarbonyl function from the lead
compound 1 with the short side chain from compollinggcheme 3). In addition, we planned
to introduce a second carboxyl function, to vamy shibstituents on the phenyl moieties and to
replace the phenyl residues by different aromatistesns. Moreover, we changed the
dicarboxylic functionality into the correspondings&cetoxymethyl ester derivatives to
convert the 2-(3-oxo-1,3-diphenylpropyl)malonic dgciinto prodrugs to enhance their

bioavailability.

Scheme 3General structures
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The malonic moiety of the 2-(3-oxo-1,3-diphenylpybmalonic acids provided
additionally a synthetic access to another substatlass, the corresponding monoacid
derivatives. A comparison with the correspondin@®xo-1,3-diphenylpropyl)malonic acids
can shed light on the significance of the polarehpoi

Additionally, in order to extend the first approatiat is outlined above we evaluated the
role of the phenyl moiety B of compoutidl (Scheme 4) because we found that those bigger
residues on this position lead to an inhibitoryeeffon the PKCactivity. Thereby we

introduced different aromatic residues and inveséid their influence on PKCactivity.

Scheme 4General structures
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3 Results

3.1. Synthesis, structure-activity relationships and themodynamic
characterization of 3,5-diphenlypent-2-enoic acidas allosteric

activators of the protein kinase PDK1

3.1.1. Scientific rationale

As explained in the introduction (chapter 1.8)ostkric inhibitors might represent a
superior alternative to the traditional ATP-comped drugs, also because they might allow a
more subtle modulation of the protein kinase antipiovides the allosteric inhibitiohln this
regard, by characterizing the molecular mechanisnegulation of PDK1 and discovering of
the PIF pocket we provided a novel allosteric dhlgaite. Actually, we were able to develop
first small molecule compounds that can triggerRIEK1 activityin vitro by interaction with
the PIF pocket. Thereby the PIF pocket-directed pmumds could potentially generate

inhibitors but also protein kinase activating drugs

Figure 22: Structures of the hit compourddand the new lead compougd

COOH
o S | COOH
) BOAR0O
1 (ACso = 25 uM) 27

CompoundL (Figure 22) was identified as an activabddPDK1 with an AGyof 25 pM*
We used the structure as starting point in an etfoisynthesize more potent and selective
compounds using structure based drug design. Infdl@ving we describe the structure
refinements ofl that led to a novel series of 3,5-diarylpent-2ieracids as PIF-binding
pocket-directed compounds, their SAR data on thiésteric activation potency and as well
as the binding energetics of allosteric activatblsing isothermal titration calorimetry (ITC)
we shed light on relationships between structuraperties, binding affinity and allosteric
activation. Moreover, presenting the cocrystal dtrte of compoundZ with PDK1 we
discuss the general requirements for HM/PIF-bingpogket compounds. With the obtained
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cocrystal structure we were also able to elucitla¢eallosteric mechanism changes of PDK1
induced by the 3,5-diarylpent-2-enoic acids that aormally triggered by binding of
phosphorylated HM motifs2®

3.1.2. Synthesis

The optimization approach was focused on teregal changes of compouthdo gain the
target molecules more drug-like. Firstly, the cha@ntre should be replaced to circumvent a
racemic mixture with unknown contribution of eachastiomer to the total activity.
Secondly, analogues should lack the sulfanyl moietlgich is prone to oxidations and
potentially retro-Michael reactions. The design thie new structural analogues, 3,5-
diarylpent-2-enoic acids, resulted at replacemérh@ chiral centre by a double bond while
retaining the combination of two $pnd one sphybridized C-atoms in the chain connecting
the benzene rings, thus leading to compao2ih@Figure 22).

Syntheses o2 and analogue8-17 started with a Claisen-Schmitt condensation (Meétho
A) between acetophenone and a series of benzaldeByel7d to obtain the chalconexc-
17c (Scheme 5). To selectively reduce the conjugatedbl@é bond of the chalcones we
utilized a convenient hydride transfer reaction (el B) from 3,5-bis(ethoxycarbonyl)-1,4-
dihydro-2,6-dimethylpyridine (HEH) catalyzed byis#l gel™?’ which quantitatively afforded
the saturated keton@b-17h In order to perform the reaction we had firssymthesize the
reducing agent® The synthesis of Hantzsch-1,4-dihydropyridines performed under
microwave irridation, whereas ethylacetate, forrahidle and ammonium acetatacted at a
rate of 2:1:1.Olefination of the carbonyl group i2b-17b was achieved by Horner-
Wadsworth-Emmons reaction (HWE) (Method C) witlethyl phosphonoacetate, yielding
E/Z-mixtures of ethyl 3,5-diphenylpent-2-enoateza-17a Scheme 5) which could be
efficiently separated by flash column chromatogyaiphall cases. We intentionally chose the
reaction conditions to favour formation of both re@somers in order to isolate both
compounds and test them separately. In the Igsttieeethyl ester was hydrolyzed (Method
D) under basic conditions to yield the free 3,5haipylpent-2-enoic acidf -17E, 2Z -
172). All these synthesis steps containing the cooerdmg reaction mechanisms are already
described in the diploma thesis for compo@ad® "
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Scheme 5: Synthesis of compound®-17E, 2Z-17Z

Ox _
(i) 2-16¢C

0 0
N (i) 17¢ PN

+ | gR | SR
7 %

2Ea-17Ea, 27 a-10Z 3,
15Za-17Za

| =R
2E-17E, 27-10Z,15Z-17Z

& (i) Method A: NaOH, EtOH, 1 h, rt; (i) piperidineEtOH, reflux, 16 h; (iii) Method B: 3,5-
bis(ethoxycarbonyl)-1,4-dihydro-2,6-dimethylpyridintoluene, silica gel, 70 °C, 16 h; (iv) Methodtfethyl
phosphonoacetate, NaH, DME, 80 °C, 4 h; (v) MetBbodNaOH, EtOH, rt, 3 h. For substituents R see &ahl
Table 4 and Table 5.

An even more rigid, cyclized analogubE was prepared by condensation of 4-
chlorobenzaldehyd2d with 1-indanone, reduction of the resulting cyetizchalcone, HWE
reaction, and subsequent ester hydrolysis (Schem25k was isolated as diastereomeric

mixture exclusively in theH)-form.

Scheme 6 Synthesis oR5E
O 0O COOH

' (i, i, iv, v) [
o O, OO o
2d 25€

& () Method A: NaOH, EtOH, 1 h, rt; (ii) Method B:3,5-bis(ethoxycarbonyl)-1,4-dihydro-2,6-
dimethylpyridine, toluene, silica gel, 70 °C, 16(iv) Method C: triethyl phosphonoacetate, NaH, D\8B °C,
4 h; (v) Method D: NaOH, EtOH, rt, 3 h.
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In another subset of compounds we replaced theAibgnzylic methylene by oxygen or
sulphur. The strategy for the synthesis of theserbeanalogues & is illustrated in Scheme
7. Bromoacetophenone was subjected to gnredction with 4-chlorophendl8c and 4-
chlorophenyl mercaptan&9¢ respectively, to yield 2-(4-chlorophenoxy)acetepbnel8b
and 2-(4-chlorophenylthio)acetophenoid8b. The final compounds,Ej- and (2)-4-(4-
chlorophenoxy)-8E, 18Z) and E)-4-(4-chlorophenylthio)-3-phenylbut-2-enoic acitBE),
were obtained via HWE reaction (Method C) and hiydiie (Method D) analogously to the

3,5-diphenylpentenoic acids.

Scheme 7: Synthesis of compoundsE, 18 and19E

() 18b

0 0
©)J\/Br HX (if) 19b O)@x
O, L
cl Cl

18c-19c 18b-19b
X=0,S

EtOO HOOC
(iii) ©ij Q (iv) ©J\/X\©\
cl Cl

18Ea, 1&a, 1EFa 18E, 187, 19E

& reagents and conditions: (iL&0s;, EtOH, 80 °C, 1 h; (ii) 5 % BnNEEI, 30 % NaOH, ChkCl,, rt, 16 h; (iii)
Method C: triethyl phosphonoacetate, NaH, DME, &) 2 h; (iv) Method D: NaOH, EtOH, rt, 3 h. For
substituents X see Table 6.

In addition, we prepared heterocyclic analogues twia different synthetic pathways
(Scheme 8). Rap-Stoermer reaction of salicylaldeb@@c and21c with phenacyl bromide
(Method E) provided the substituted 2-benzoylbenznfs20b and 21b'%° while synthesis of
2-(4-chlorobenzoyl)benzothiophen22b was accomplished by a one-step nucleophilic
aromatic displacement of an activated nitro functoy mercaptoacetophenone followed by
an intramolecular aldol condensatifiThe heterocyclic precursors were further processed
the corresponding acrylic acid&0-21, 2E, 227) analogously to compoun@b-17h Finally,
we also reduced the acrylic acid¥E/Za -21E/Za) to the corresponding propionic acids
(23a-24a) by means of a catalytic transfer hydrogenation {ddt F) using sodium

hypophosphite in combination with Pd/C.
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Scheme & Synthesis of compound®-21, 22E, 227, 23 and24

@)
oH ©)K/Br
R{@CHO \ o EtOO
20c-21c @) X (iii) | X
Uiy Uy

20b-22b g R,

NO, %
/@ X=0,S
R{ CHO 0 20E/Za-21E/Za, 2Ea,

SH 227a
Rl = CI, CH3

20E/Z-21E/Z, 22E, 227
23a-24a

COOH }/(W
\ @)

Ry

23-24

% reagents and conditions: (i) Method E;QQ;, EtOH, reflux, 2 h; (ii) KCO;, DMF, 0 °C to rt, 3 h; (iii)
Method C: triethyl phosphonoacetate, NaH, DME, &) 2 h; (iv) Method F: Na{PO,H,O, 10 % Pd/C,
EtOH/H,0O, 60 °C, 2.5 h; (v) Method D: NaOH, EtOH, rt, 3Hwor substituents R see Table 7 and Table 8.

For 2E and2Z, we determined thE/Z configuration exemplarily using 2D-NOES-
NMR (see experimental chaptér)The E/Z assignment of the other compound pairs was
done by comparison of the corresponding NMR speasttia those of2E and2Z. Thus, by

introducing a shorter olefinic carboxyl side chaie reduced the total number of rotatable

bonds from severij to five 22).

43



Results

3.1.3. Biological results

3.1.3.1. Biological Activity of the 3,5-diarylpent-2-enoic &id analogues

The biological in vitro activity of the compounds toward PDK1 was studiada
radioactive kinase activity assay in the DepartmeintMedicine | (Universitatsklinikum
Frankfurt/Main) by our collaborator group under gwpervision of Dr. Ricardo M. Biond.
Additionally, the specificity of the compounds augia panel of other AGC protein kinases
was tested. All reactions were performed in a 96 feemat in the presence of-f?PJATP
using T308tide, a peptide derived from the actoratioop of PKB, as a substrate. The
incorporation of*’P was quantified using Phosphorimager and the sporeling Software
Image-Quart”. All kinase assays were done in duplicates. Ttenaity of the obtained spots
directly correlates with the activity of the enzyowmpared to the control values with DMSO
alone were normalized to 100 %.

The effects of substituents on the ability of tkenpounds to activate PDK1 and selected
AGC kinases and the corresponding structure agtratationship (SAR) conclusions are
listed in Table 3, Table 5, Table 6, Table 7, TaBle Table 9. We tested different
concentrations of the compounds. Using Kaleidagrsgitware we calculated subsequently
the half maximal activity (A6) and maximal activities of the compounds, compdcethe
basal activity (set to 100 %). As presented in itidividual tables (Table 3-Table 9) the
results of this study revealed that the obtainemhggric isomers of the 3,5-diarylpent-2-enoic
acid analogues possessed different intrinsic pgtéoward PDK1. Thereby, thesomers
carrying the carboxyl groupis relatively to the phenyl rin@® (2-16Z, 18-24Z, Figure 22)
exhibited an increase on the activation potencfDK1. In contrast, the isomers with the
opposite conformation were mostly inactive. Theyoekception displayed compourid.
Both geometric isomers df7 disclosed a relatively similar Ag(Z = 7.6 uM;E = 8.8 uM).
However, both isomers activated PDK1 with only lefficacy.

Initially, our chemical strategy regarding the imatve PDK1 activators was focused on
the substitution of 3,5-diarylpent-2-enoic acid lagaes with hydrophobic substituents,
mostly halogens, on different positions at the B moiety. We can conclude that the
halogen substitution on th@ara position improved relatively selective the PDKZXiation
potency in case of thas 3,5-diarylpent-2-enoic acid analogu@Z (4Z, 5Z) (Table 3). The
activity of the compounds increased in the follogviorder F < Br < Cl. The compounds
carrying additionally to the halogen group on plaea position a second halogen either on the

meta position {Z) or on theortho position 8,9) are characterized by Agvalues in low
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micromolar range. The introduction ofpara-trifluormethyl group at the 5-phenyl moiety in
6Z resulted in a 4.4-fold activation potency but aderate AGo (7.1 pM). An ethyl
substitution into the phenyl ring at thepara position abolished the activating effect on
PDK1 considerably. The results in table below atslicate that several of the 3,5-diarylpent-
2-enoic acid analogues triggered additionally ahibition effect on some related AGC
kinases. Compound2E,Z, 3E,Z and8Z exhibited stronger inhibition potency toward PKC
whereas compoundsE, 6E, 7E and 10Z showed only a slight inhibition. Some compound

showed also a weak inhibition of S6K and SGK.

Table 3: Activity of 3,5-diarylpent-2-enoic acids analogwsesstituted at the 5-phenyl moiety
with hydrophobic substituents towBfdK1 and a panel of AGC kinases

COOH
Ar/\):©
Compound Ar PDK1 PKC{ PKBp PKA SGK S6K
Amax  ACso 50uM  50pM  50pM 50 uM 50 uM
fold pM
2z 4.0 8.0 40 ne ne ne ne
2E cl /©/ ne ne 50 ne ne ne ne
3z al 2.2 9.5 45 80 ne ne 90
3E \©/ ne ne 50 80 ne 75 85
4z 3.3 41.0 ne ne ne ne ne
4E F/©/ ne ne ne ne ne ne ne
52 3.9 9.8 nd ne ne ne ne
5E Br/©/ ne ne 70 ne ne ne ne
6Z 4.4 7.1 ne ne ne ne ne
6E F3C/©/ ne ne 60 ne ne ne ne
7z cl 2.4 2.8 nd 70 nd ne ne
7E CI:©/ ne ne 70 ne ne ne 85
8z ¢l 21 4.7 50 ne nd 80 75
8E /©/ ne ne nd ne nd ne 75
9z < F 3.9 4.0 nd ne nd ne ne
9E /©/ ne ne ne ne nd ne ne
10z . 14 >30 70 ne ne 80 ne
10E \/©/ ne ne ne ne ne ne ne
Values in % catalytic activity (DMSQetited control = 100%) nadt determined; ne: no effect
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Furthermore, we synthesized also derivatineliding fluorine atoms on the phenyl moiety
B at varied positions1(l-13 and we substituted the phenyl ring by pyridineieto (14).
Thereby, we have succeeded to isolate only theespondingE isomers. The PIF-binding
pocket of PDK1 appeared to be not accommodatingh®isubstituents on the phenyl moigty
since theE analogues afforded a decrease of the kinase tgctut besides activation of PDK1
these compounds promoted selective inhibition bEDtAGC kinases, in particular PKGnd
S6K. This emerging effect on PKCwas exploited in another part of my thesis for the
development of PKC selective inhibitors. With respect to PDK1 actorat we decided to omit

the derivatization of the phenyl moidsy

Table 4: Activity of 3,5-diarylpent-2-enoic acids analogwgesstituted at the 1-phenyl moiety
toward PDK1 and a panel of AGC kesas

COOH
©/\/[Ar
Compound Ar PDK1 PKC{ PKBpB PKA SGK S6K

Amax ACsq 50 uM 50uM  50puM 50 uM 50 uM

fold uM
117 F - - - - -
11E \© ne ne 50 ne nd 80 85
127 F - - - - - - -
12E \©/ 80 ne 55 ne nd ne ne
13E \©\F ne ne 50 ne nd 80 85
147 N - - - - - -
14E x | 75 ne ne ne nd ne ne

Values in % catalytic activity (DMSO-treated cortro100%) nd: not detémed; ne: no effect

To explore the requirements to increase pbé&ncy binding to PDK1, we prepared
compounds substituting the phenyl moiétywith different aromatic systems (Table 5). We
determined that the aromatic analogues improved enavely the potency. The naphthyl
analogue showed the highest increase of potenéyf¢Bdl). Despite the aromatic derivatives
exhibited an elevated activation of the enzyme shisstitution was less beneficial relating to the
poor AG; values. As already described above, compofiddconstituted an exception. In
opposite tol5 and 16 whoseE isomers did not show any activity effect, therehagdly any

difference in activity between the geometric isosn&frl7. Interestingly, the aromataerivatives
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showed a slight inhibition effect toward PKA andkSé&nd compound45Z and16Z showed

even a stronger inhibition of PKC

Table 5: Activity of 3,5-diarylpent-2-enoic acid analoguesstituted with different aromatic
systems at the 5-phenyl moiety ta\RDK1 and a panel of AGC kinases

COOH
Ar/\):©
Compound Ar PDK1 PKC¢ PKBB PKA SGK S6K
Amax ACsg 50 uM 50 uM 50uM 50 uM 50 uM
fold uM
157 O 3.2 6.0 10 ne 60 ne ne
15 ne ne ne ne nd ne 80
16Z 3.6 6.0 15 ne 30 ne ne
16E ne ne 30 ne nd 70 70
177 3.1 7.6 ne ne 60 ne ne
17E H\ 2.2 8.8 ne ne ne ne 80
Values in % catalytic activity (DMSO-treated cortro100%) nd: not detémed; ne: no effect

Derivatization of the backbone chain by insertidrether and thioether groups served to
increase the polarity of the scaffold. This modifion resulted in a significantly decrease of
potency (AGo = 22.8 uM, Table 6). For the phenyloxy- and ph#mgtsubstitued series, both
a slight reduction of the maximum activation of PD&nd an increase of the A{values was
noted compared witl2Z (18E and 19E). The trans-4-chloro-phenoxy compounti8Z was
completely inactive However, the inhibitory profile of the ether ando#ther analogues
regarding the related AGC kinases is comparableéhto corresponding 3-carbon chain
analogues (3,5-diarylpent-2-enoic acids) with glgly increased inhibitory potency toward
PKC{ and S6K. Particular the derivative including tioéther function X9E) exhibited

enhanced potency toward PKC

Table 6: Activity of 3,5-diarylpent-2-enoic acids analogussstituted at the backbone
chain with ether and thioether gotgwvard PDK1 and a panel of AGC kinases

COOH
Cl

a7
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Compound X PDK1 PKC( PKBp PKA SGK S6K
Amax ACsg 50 uM 50uM 50 uM 50uM 50 uM
fold pM

18E o 3.0 22.8 72 ne nd ne 82
187 ne ne 72 ne nd ne 85
19E S 2.6 22.8 22 ne nd ne 80

Values in % catalytic activity (DMS@eated control = 100%) ndt determined; ne: no effect

The same trend was observed for the bicddgn vitro data of compounds that were
synthesized incorporating two carbons of the baokbchain into heterocycles (Table 7) to
increase binding affinity but also to probe theemtiadl overall conformation required for a
compound to bind to the PIF-binding pocket. Theffetd rigidification of the afforded 3-
benzofuran-2-yl-3-phenylacrylic acid derivative20E, 21E) and E)-3-(5-chlorobenzo-
[b]thiophen-2-yl)-3-phenylacrylic acid did not ingue notably the activity toward PDK1 and
led to AG values that are extraordinary high. However, enbdninhibition potency on

PKC( is also observed in case of compouas and22Z.

Table 7: Activity of rigid analogues substituted with etlaard thioether groups toward
PDK1 and a panel of AGC kinases

Compound X R PDK1 PKC(¢ PKBp PKA SGK S6K
Amax ACsg 50 uM 50 uM 50 uM 50 pM 50 uM
fold uM
20E (@] Cl 3.2 31.6 60 85 nd ne ne
21E (@] Me 3.6 41.3 85 ne nd ne ne
22E s al 3.1 13.2 20 ne 40 ne 75
227 ne ne 20 ne ne 50 85

Values in % catalytic activity (DMSO-tredtcontrol = 100%)

ndt determined; ne: no effect

In a further effort we reduced the double oo a single bond (Table 8) what did not

induce any changes in the activatory potency. Ba¢hmaximal activity and the half maximal
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activity of compounds23 and 24 (ACsp) are approximately within the same range and

comparable to compoun@§-22
Table 8: Activity of rigid analogues substituted with etlgmoup toward PDK1 and a panel

of AGC kinases
o) COOH
gy
R

Compound R PDK1 PKC(¢ PKBp PKA SGK S6K
Amax ACsg 50 uM 50uM 50 uM 50uM 50 uM
fold uM
23 Cl 2.9 19.0 ne ne ne ne ne
24 Me 2.7 29.1 75 ne 70 ne ne
Values in % catalytic activity (B®-treated control = 100%) nd: netedmined; ne: no effect

Rigidification of the compound incorporating twarlsans of the backbone chain into 2,3-
dihydroindene, whereas the acrylic acid residusitisated on the 1-position of the 2,3-
dihydroindene moiety, resulted in a decrease aviactoward PDK1 (Table 9).K)-2-(2-(4-
Chlorobenzyl)-2,3-dihydro-1H-inden-1-ylidene)acetcid did not exhibit any additional
effect on the related AGC kinases except a wealbitdn of PKC{ , suggesting that the
benzene ring of the 2,3-dihydroindene was not fiwdth the right dihedral angle relative to
the double bond..

Table 9: Activity of rigid analogues without additional polgroups toward
PDK1 and a panel of AGC kinases

Compound PDK1 PKC¢ PKBp PKA SGK S6K
Amax ACsg 50 uM 50uM 50 uM 50uM 50 uM
fold uM
COOH
o
25 N ’Q 1.8 30.0 45 85 ne ne ne
Values in % catalytic activity (DMSO-treatedntrol = 100%) ne: no effect
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3.1.3.2. PIF pocket Mutant Assay to confirm that compound 2Zactivates
PDK1 by targeting the PIF-binding pocket.

The in vitro data of the series of 3,5-diarylpent-2-enoic adiegealed that most of
correspondingis isomers are good activators of PDK1. However, agibe compounds we
tested, several showed also inhibition potency maoward PKE. To corroborate that
these effects were mediated by binding of the camgs to the PIF-binding pocket, the
kinase activity assay was supplemented by furthechiemical assays. In one effort we
performed mutation assays whereas the experimesres done in our collaborator laboratory
of Dr. Ricardo M. Biondi. We constructed first mots of the PIF-binding pocket of PDK1
by conversion of leucine to serine at amino acifl (I5155S), valine to threonine at amino
acid 127 (V127T) and by conversion of isoleucinalnine at amino acid 119 (I1119A). The
mutated amino acids were situated within or surdingn the HM/PIF pocket. Subsequently,
we choose compoun#Z, sinceit was the first new lead structure we synthesizedhe
optimization study of compound. Similarly to the 24 amino acid polypeptide PIFtide,
characterized to bind to the PIF-binding pocket activate PDK12® compoundZ increased
the activity of wild type (wt) PDK1 with the samet&ation efficacy (data for PIFtide not
shown) and it displayed a 4-fold lower ACthan the hit compound. Having 2Z we
evaluated biochemically the ability 8% to activate the recombinant wt PDK1 versus PDK1
proteins mutated. For comparison, we performedrth&ant assays also with compouhdis
shown in Figure 23 incubation of wt PDK1 both with-tide and with the compounds has led
to activity increase. But with the replacement@firge into lysine all three effectors (PIFtide,
27 and1l) did not affect the kinase activity. This can beilatited to the fact that the character
of the PIF-binding pocket is completely changedtlie mutant PDKZ>°° This result
suggested that the PIF-binding pocket site wasimed)loy all three effectors. In contrast, the
mutant PDKY'?"" discriminated between the natural ligand and theallsrmolecule
compoundZ andl. On the one hand the ability 27 to activate PDK1 was lost toward the
PDK1"*?"T mutant. On the other hand, the assay of the sam@ntand PIFtide resulted in an
increase of the enzyme activity. This was not ssinpy since previous experiments revealed
that PDK1 mutants of V127 with larger hydropholesidue (Leu) led to retained ability to
bind and be activated by PIFtide. The subsequewnhdegulation of the enzyme to interact
and phosphorylate the substrate SGK, that relietherbinding of its hydrophobic motif to
the PIF-binding pocket on PDKY was triggered by this PDK*¥'" mutant. Thus, we can
conclude that the residue at position 127 is nsemsal for HM polypeptides while a valine

50



Results

residue at position 127 within the hydrophobic BIRding pocket is necessary for the
binding of the small molecule compouBd. Interestingly, we found out that the PDK{*
mutant was well activated 827, whereas both compourddand PIFtide caused a decrease of
the PDK1'%* activity. Taken together, the mutagenesis results stronglicare that the
compounds mediated their effects via the PIF pockisiwever, there were significant
differences on the requirements betw@&nl and PIFtide, which had also been suggested to

bind to the same site.

Figure 23: PIF pocket mutant assay
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Biochemical evidence from site-directed mutagent®s the PIF-binding pocket of PDK1 is the targiée of
2Z. The effect of2Z on PDK1 specific activity was measured with recoraht wild type enzyme and PIF
pocket-binding mutants as indicated. Mutation dfnea127 to threonine abrogates the activation DKP by
2Z but not by the 22 amino acid residue peptide B#-tFor comparison, results obtained with the pabi
compound 1 are also given. Concentrations of tmepounds used were 2 uM for PIFtide and 20 pMifand
2Z.

3.1.4. Cocrystallization of 2Z with PDK1 as further biochemical evidence for

binding of the small molecule compound in the PIF pcket.

In a further approach we cocrystalliz2d with PDK1 to confirm the localization of the
compound2Z in the PIF-binding pocket. All crystallization expaents and analysis were
carried out by Valerie Hindie at the Institute Rastin Paris supervized by Dr. Ricardo M.
Biondi. The obtained results of the crystallograpdata related to the allosteric mechanism of

PDK1 activation by 3,5-diarylpent-2-enoic acids ggublished in more details parallel to
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our SAR study by our project collaboratdf$.In this thesis the special focus is on the
structural informations of the binding mode betw@Znand the PIF pocket to elucidate the
crucial interactions and to explain the differenoesactivity between the geometric isomers.
In Figure 24A the resolved X-Ray structure indisateat2Z is bound in the PIF-binding
pocket of PDK1. The crucial factors which may léa@&nhancement of the kinase activity are
the interactions of the carboxyl group with the mmacids of the PIF pocket. The carboxyl
group forms hydrogen bonds with R131, T148 and KuFéch are highlighted by dashed
yellow lines. Additionally, the carboxyl forms a tea mediated H-bond with Q150 (red ball).
This was only achievable by the compounds thatydae carboxyl group on thes position
that is fixed by the double bond. The carboxyl graf thetrans isomers appeared to be
pointed to the opposite direction in case the phamjeties bind in the same modus in the
PIF pocket as theis isomers. Therefore, these compounds cannot madge thctivating
interactions leading to loss or lack of activityoMover, the carboxyl group of theans
iIsomers cannot contribute to ionic interactionssake case with compourZ that appeared
to mimic the phosphate group of phosphoserine/tiineoresidues from the natural ligands,
which are expected to bind to the equivalent $it@thermore, the cocrystal figure reveals
that the two phenyl moieties @% occupy two hydrophobic subpockets that are sephiate
L155 and bordered by V127. This fact may explaim ldck of activity of compoun@Z on
PDK1 proteins mutated at these sites (Figure 233ohtrast, the ethyl branch of 1119 borders
one side of the pocket and interacts only margmelith the chlorine of2Z, therefore,
explaining why the substitution for a smaller hyglnobic residue did not affect the ability of
27 to activate PDK1. Moreover, the cocrystal struetdiscloses additional Van der Waals
contacts, an edge to face GHnteraction between the phenyl riBgand phenylalanine F157
that might increase the compound affinity to thiesaéric pocket (Figure 24B). Therefore,
having the activity assay results of compounds wattying substituents on the phenyl moiety
B (Table 4) we decided to focus on modifying therpteing A (Figure 22), especially the
X-Ray structure suggested larger unfilled spacéhenring A subpocket of the PIF pocket
binding site.

Summing up,these results, together with the biochemical stigierformed here in
solution with PIF-binding pocket mutants of fulhigth PDK1, provide evidence that the PIF-
binding pocket serves as the binding site Zar The results indicated additionally that the
broad range of interactions of the carboxyl moiefythe cis compounds with phosphate

binding site residues is essential to prompt thieatton of PDK1.
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Figure 24: X-Ray structure of PDK1 in complex wiZ (PDB: 3HRF)

A B

T-shaped
':? CH-= Interaction

A: Compound2Z bound in the PIF-binding pocket of PDK1. The pddkebordered by theC helix and the
shortaB helix as indicated. Dashed yellow lines displag tnteractions of the carboxylate group with R131,
T148 and K76 and with Q150 via a water molecule (pall). L155 divides the hydrophobic groove inteot
subpockets which are occupied by the benzene riAbenyl ringB (3-phenyl, see Figure 21) additionally
contributes to the binding energy by forming edgdaice CH= interactions with F157. As shown in Figure 23,
mutation of V127 to threonine abolished the actoraby 2Z. The structure was generated using PYMBL.
Scheme of the T-shaped Gtinteraction of the phenyl ring with F157.

3.1.5. Validation of allosteric activators binding characteristics to PDK1 via
Isothermal Titration Calorimetry (ITC).

To validate the affinity of the new identified aators to PDK1 we performed binding
studies with selected compounds using ITC. We whmtefigure out whether th&ans
isomers lack binding to the PIF pocket or if thexdinding that is uncoupled from allosteric
activation.

ITC is a biophysical measurement technique that een widely applied to study
biomolecular interactions in dilute solutions e.grotein-ligand interactions. The
measurements are carried out in an adiabatic I'B&sy(Figure 25A) and provide in a single
experiment informations on thermodynamic quantiash as enthalpyAH), entropy AS),
reaction stoichiometryN) and binding affinity K,)."** These parameters are related to each
other by the Gibbs-Helmholtz equation:
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AG = - RT - InKy4 - AG=AH-TA4S

AH is released (or absorbed) upon the interactiowdmt the ligand and the protein
monitored over the time. Nonlinear regression ngtito the binding isotherm (ORIGIN
software) gives th&,. From the value oK,, the free energy of bindingG and entropy of
bindingAS can be determined (Figure 25B).

Thus the results give information about the bindafftnity of the ligand to the target and
give insights into the mechanism of binding. Enitafly driven binding is associated with
hydrophobic interactions due to an increase inesahentropy and release of water upon
binding. In contrast, enthalpically binding is agsted with Van der Waals and H-bonding
interactions. Both entropy and enthalpy contribbotéhe free energy which is directly related
to binding affinity and which has a negative vainecase of spontaneous reactions. In
medicinal chemistry the ITC method finds more andren application, since the
thermodynamic data help to guide inhibitor optiniza. Thermodynamic data aid to select
lead compounds based on the balance between entngyenthalpy. In general, a
predominant enthalpy of binding indicates a higbportion of specific, directed bonds. In
contrast, entropy driven ligands are too hydropbi@wid thus it is difficult to increase their
affinity to the binding pockeét?However, high affinity can only be achieved if beththalpy
and entropy contribute favourably. Nezaghial. described that enthalpy-dominated binders
are doubtlessly the preferred starting point foradle optimization. Characterizing
allophenylnorstatine-based inhibitors of plasmegsinran antimarial target, Nezanat al.
found out that an optimal balance with the freergyeartitionned approximately as one-
third enthalpy and two-thirds entropyA9) is required in order to overcome the enthalpy-
entropy compensation effedtus only compounds with this combination reachadomolar

affinity to the target plasmepsin’f®
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Figure 25: A: Schematic diagram of an ITC instrumeat.Typical ITC data. Top panel: raw
ITC data. Lower panel: Binding isotherm
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A The ITC instrument contains of a sample cell andfarence cell that are enclosed by an adiabaigdsh
The system maintains a constant temperature differbetween both cells that is compensating byteatrenic
feedback mechanism that controls the heaters thdbeated adjacent to both cells. Endothermictieas lead

to an increase of the heat output and exothermécdecreasel he amount of power that is required to maintain
the constant temperature between the cells is mesu

B: In a typical ITC experiment a solution of a ligaisditrated into a cell containing a solution b&tprotein at
constant temperature. During each injection heatlsased or absorbed in direct proportion of tewant of
bound ligand to the protein. At the beginning tigahd is completely bound to the protein leading tmaximal
heat signal that diminishes as the protein becosasrated until only background heat of dilutiondan
mechanistic effects are observed. Integration efitbat changes of injections yield in resultinghahty H. A
plot of the obtained heats from each injection mgfaihe molar ratio of the ligand leads to a sigiabbinding
curve.

In this study we performed the ITC experiments stigating the binding interactions of
selected 3,5-diarylpent-2-enoic acids to PRI The measurements were conducted by
injecting compound solution into the ITC cell cantag the PDK1, .45 SoOlution in pH 7.5
media at 20 °C. Each experiment showed an exotbermirse. The heat of the compound
dilution that was involved at each injection waded@ined separately by injecting the
corresponding compound solution into the buffer.obmain the intrinsic binding isotherms
we subtracted the dilution isotherm from the pmdmpound-isotherm. The

thermodynamic parameters obtained for the intevastare presented in Table 10.
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Table 10: Thermodynamic parameters for the binding interastiof selected compounds to
PDK1 and their effects on catalgictivity of PDK1

COOH
|
Ar
Kinase activity
ITC
assay
\ R Amax® ACs™"|  Kg° Ke® AHY  TAS®  AG' AHIAG
0. r
fold ny m* UM kcal/mol kcal/mol kcal/mol %
2z /OE 4.0¢ 8.0¢ 9.67E4 10.3 -1.82 4.87 -6.73 27.1
2E c ne ne - nb
3z cl N 2.2 9.5 - nd
3E \©/ ne ne - nd
5Z N 3.9 9.8 4.78E4 209 -3.07 3.20 -6.32 48.6
5E Br/O/ ne ne - nd
6Z E 4.4 7.1 9.66E4 104 -1.94 4.79 -6.73 28.8
6E FSC/O/ ne ne - nd
7Z cl N 24 2.8 7.18E4 13.9 -3.71 2.80 -6.56 56.6
7E C,D/ ne ne - nd
8Z ¢ \ 21 4.7 1.71E5 5.9 -2.08 4.93 -7.07 29.5
8E D/ ne ne - nd
cl
9z i \ 3.9 4.0 1.62E5 6.2 -1.79 5.19 -7.15 25.0
9E /©/ ne ne - nb
Br
16z Y 3.5 6.0 7.26E4 13.8 -4.56 1.96 -6.67 68.3
16E ne ne - nb
17z jS’“ 31 7.6 9.63E4 10 409 2.60 -6.73 60.8
17E N 22 88 - nb

% Mean value of at least two independent experimestandard deviation <20%. As a particularity for
compounds with activatory properties, it was ne@gsto indicate the maximum activation that wasiexdible
with a compound, as compared to the basal actfi§DK1 (set to 100%). Based on two independeratiitns
of PDK1 with16Z, C.standard deviations fa€, andKy are of 11%, error bars f&H, TAS, andAG are of d .
0.30 kcal/mol, ® + 0.37 kcal/mol, and +0.07 kcal/mol, respectivel?.values were taken frgRf. " mixture of
isomers, ca. 75%/25%E for 16, and 70%Z/30%E for 17. ne: no effect; nb: no binding; nd: not determined
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Figure 26 depicts the binding isotherm obtainedtiier geometric isomers6Z and 16E
that we are using in the following to point out thpeneral characteristics of the appropriate
isomer interactions with PDK1. The typical curveagé of an ITC experiment is
demonstrated in the top panel for compodéd whereas each injection of the ligand to the
protein resulted due to the occurred binding intlesomic pulses. These pulses decreased
until a plateau is reached when the protein isratgd by the ligand. In case of tlr@ans
isomer,16E, there is no a characteristic curve shape. Thg experiment signals resulted
from the measurement of the background and diluieats. The integrated peak intensities of
compoundl6Z plotted against the molar ratio and their follogifitting furnishedAH = -
4.56 kcal/M,K,= 7.26 * 1d M or in terms of equilibrium dissociation constét= 13.8
UM (Kq = 1Kj,). The stoichiometry was near by 1 which applieddtb cis isomers. For the
transisomer 1& no thermodynamic data are obtained since no bindagdetected.

Figure 26: Binding isotherm obtained by ITC
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Characterization d2Z and2E isomers interactions with PDKglssoby ITC. The top panel shows the raw heat
signal for successive injections of dissolved conmuts16Z and16E into a PDKZg.359S0lution at 20°C. The
bottom panel shows the integrated heats of injpstarrected for heats of dilution f66Z (filled squares) and
16E (open squares), with solid lines correspondintiéobest fit of the data to a bi-molecular bindmgdel. No
binding of compound 6E to PDK 154 359iS detected in conditions whetéZ shows clear binding.
Thermodynamic parameter values are given in Table 1
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In this context it is important to draw attentianthe compound7E. The ITC experiment
revealed that this compound did not bind to the BDIK contrast, in the biologicah vitro
assayl7E exhibited a weak activation. Based on these result can not explain this
characteristic. We can only assume that the ATRdcplay a role. The ITC measurements
were carried out in the absence of ATP, the radimadkinase assays contained ATP. We
speculate that the interaction BIE with the PIF-binding pocket in the activity assan by
given by the influence of ATP triggering allostemmooperative effects. Consequently a
slightly more active conformation of PDK1 become&bgized. Thereby the indole ring might
promote the binding by H-bond interaction with Q18tus distinguishind 7E from the other
trans configured compounds which were analyzed by ITC.

Summarizing, the ITC results confirmed theirmaotency ofcis isomers we obtained
already form then vitro assays and the X-ray structure. The strong bindiranly possible
with the carboxyl group that has tlees configuration. Furthermore, we obtained similar
results for all tested compounds §ndZ isomersof 2, 3, 5, 6, 7, 8, 9, 16, Y dicating that
the phosphate binding site accommodatedaialcompounds in a similar way leading to the
same position of the phenyl rirg) into the subpocket on the PDK1 PIF-binding pocket

experimentally described f@Z.

3.1.6. Interrelationships between Thermodynamic Binding Sgnature,
Structure, and Activity of selected 3,5-diarylpent2-enoic acids toward
PDK1.

Analyzing the ITC experiments we found out thatréhis no general agreement between
the estimatedy values and the Aggvalues from the activity assay. In the following sleed
light on the consequential influences of structdestures on the affinity and activity of
selected compounds toward PDK1.

First of all, | would like to focus the attentiom the edge-to-face Chlinteraction of the
phenyl ring B with F157 that we already described in the cha@dr4 presenting the
cocrystal structure (Figure 24Y This kind of T-shaped interactions is found to be
predominant among other aryl aryl interactions atays a crucial role in stabilizing the
ligand protein binding. The interaction energy bt tT-shaped benzene dimers is - 2.4
kcal/mol** *®Moreover, such hydrophobic interaction is foundb® the most favored
formation in solutio** Using the software PYMOL we calculated the sej@mabetween
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the 2Z C4 and the ring centre of F157 in the cocrystat mounts 3.22 A. The distance is
significantly shorter than the sum of the C-€l Van der Waals radii and thus indicative of a
rather strong interaction. Moreover, insertion ab&ituents or heteroatoms influences T-
shaped configuratiortd’ Derivatization of the rindd by fluorine substituents opara, ortho
andmeta positions and by replacement of pyridine led difety to a decrease of the activity
of PDK1. Therefore, we decide for further investigas not to modify rind3 but we focused
our optimization approach on substitutions on wngrhis decision is based additionally on
our crystal structure of the compoud suggesting larger unfilled space in the riAg
subpocket of the binding site (Figure 24). Analggthe calorimetric results we observed a
further interesting issue. In chapter 3.1.3 wes@pnéedthe biological activities of the halogen
substituted derivatives and there was no majoeudfice in activation potency (A§ among
the compounds substituted with mono halogens orritigeA (2Z, 5Z, 6Z). However, the
dichlorosubstituted compound& and8Z, emerged with distinct, remarkable properties. As
shown in Figure 27 compound){5-(3,4-dichlorophenyl)-3-phenylpent-2-enoic adit)
broke the general correlation betweensAC= 2.8 uM, Table 10) anky (= 13.9 uM, Table
10). The thermodynamic data indicated addition#tist 7Z exhibited the biggest loss of
binding entropy compared 7. We could not explain this feature but we suggestat the
3-Cl was impeding the hydrophobic interaction af fubstituted phenyl ring with the pocket.
In contrast, Z)-5-(2,4-Dichlorophenyl)-3-phenylpent-2-enoic a@&, was characterized by a
distinct and interesting behavior displaying thevdst Ky what correlated with the obtained
ACs5p value. Nevertheless, its potency to allostericaliyivate PDK1 was striking due to the
decrease to about half of the,4 of 2Z. We may suppose thechlorine of 8E induced a

rather “antagonist” like behavior of the compound.
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Figure 27: General correlations based on calorimetric measeins
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A: Enthalpy-entropy compensation phenomenon obserped binding oZ isomers to PDK1. Large changes in
the binding enthalpiesAH) and binding entropiesTAS) were measured. However, the observed linear
relationship between th&H and TAS values with a slope of 1 shows that a favourabt@eiase in binding
enthalpy was compensated by an equal unfavourabsedf entropy in the binding free energys(= AH-TAS),
which left nearly unchanged the binding affinit¢y(= exp[AG/RT]). B: A gross linear correlation was observed
between the A values for PDK1 activation and the dissociatiomstants as measured by ITC. This
correlation suggested that for most compoundsbthding affinity to the intermediate active confation of

the kinase, which might be represented rather byAfis, does not differ strongly from the affinity to the
activated conformation of the kinase, which migbatdescribed by thk,. Only for compound’Z (not used to
calculate the trend line), a low Agwvas associated with an over-proportionally high

Although entropically driven ligand-protein binding usually attributed to structural
features, in that case hydrophobic interactions,olvserved that both dichloro substituted
compounds {Z, 8Z) showed different thermodynamic profile. The 2idhtbro substituted
analogue 8Z displayed a predominantly entropy-driven bindingd athe 3,4-dichloro
substituted analoguéZ did not (Table 1). We cannot provide a final ansWased on our
current data, but a possible reason for the difiegecould be due to the resulting location of
the compounds within the hydrophobic pocket. Theeramtropy-driven binding of ring in
8Z might allow a greater flexibility of positioningitliin the hydrophobic pocket in order to
avoid a steric clash of the 2-chlorine with eith@28 or Q150 (compare with rirdy position
of 2Z, Figure 3), whereas the binding positions mightrimee restricted in the case of highly
directed H-bonds and dispersion forces which ugwalhtribute to the enthalpy term. Such an
entropy-enabled binding shift might propagate sub-optimal interaction of th&Z carboxyl
side chain with R131, resulting in a reduced adpstactivation without compromising
binding affinity. Comparing compound®Z with 9Z we revealed that the “antagonist™like

properties result not only of entropy-driven birgli@lone. The steric impact like from the
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chlorine plays also a significant role. This wasrcborated by the fact that the maximum
activation potency of the 4-bromo derivatis2 was not affected when a smaltefluorine
was introduced (cf9Z) despite the significant increase in the entropyralpy ratio of
binding. It will be interesting to see whetl8&f binds to and stabilizes the intermediate active,
basal conformation of the PIF pocket without cagsimajor conformational changes.

As described in chapter 3.1.3.1 we decided torgelthe ringA moiety motivated by the
decrease of the A obtained with7Z in comparison t@Z (almost 3-fold). Using ITC we
investigated the quality of the interactions betwé#®e extended aromatic rings and the PIF-
binding pocket with the resulting naphthyl and ilytl@erivatives (6Z, 172 that did not
abolish the PDK1 activity. The calorimetric datatbése compounds showed the highest
AH/AG ratios in the analazed serid{: 68.3%,17Z: 60.8%). The ratios resulted from a
marked increase of the enthalpy relative to theopwgt of binding (Table 10). All halogen-
substituted phenyl analogues exceff indicated completely different thermodynamic
characteristics. We can suppose that the incrdabe dbinding enthalpy is attributable to CH-
7 interactions resulting from higher-electron density of the unsubstituted bicyclicgsn
combined with the larger surface. Although one @it-1t interaction contributes around 1
kcal/mol to the total enthalpy® we hypothesized that multiple CH groups particigate
simultaneously in interactions with electrons, thus adding up to a significant inceegs
enthalpy, consistent with our experimental datacokding to the cocrystal structure, the
following residues of the PIF-binding pocket weresgible candidates for a putative
interaction with the extendedelectron system o0f6Z or 17Z: most certainly the geminal
dimethyl of L155, and — depending on which rotawfethe naphthyl or indolyl linking bond
is preferred — either the terminal methyl of 1118yanethylen of the K115 side chain (cf.
Figure 3). Both of the latter residues are witheaah of the bicyclic rings df6Z and17Z,
and the two possible corresponding rotamers cooidk éhto the subpocket provided that the
available space is slightly increased by a moverogtite 1119 chain. Since terminal methyls
of Leu, lle or Val are more commonly found in GHinteractions>® we included a
hypothetical interaction between the naphthyl& and the methyl of 1118 in the interaction
scheme fod6Z (Figure 28).
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Figure 28: Binding scheme model summarizing interactions ¢iator compound.6Z with
the PDK1 PIF-binding pocket

1118

Blue dotted lines denote interactions that haven identified for the analogugZ in the cocrystal structure with
PDK1; red dotted lines indicate the assumed intenag as inferred from the ITC experimental data.

Altogether, compounds with extended aromatic systetaract substantially different
from halogenated phenyl compounds, althoughkihiealues were in the same range what is
due to the enthalpy-entropy compensation. We obsketive enthalpy-entropy compensation
effect also analyzing the thermodynamic paramedérthe analogue40Z and 15Z which
displayed different activation potencies toward FDKt is most probable that both
compounds can only bind to the PIF pocket in ththexsame manner as thehlorophenyl
ring of 2Z when 1119 moves away in order to avoid a sterasktl(Figure 24). While the
active compoundl5Z carries ap-phenyl substituent that contributes to additio@add-n
interactions which could compensate for an entrgqaoalty, thep-ethyl substitutedl0Z,
which is incapable of forming additional GtHbonds, was nearly inactive. Summarizing, the
less favourable entropy that is associated witkeni@l movements of side chains could be

compensate by the assumed reinforcement oft@eractions resulting in an enthalpy gain.

3.1.7. Overall Correlations between Enthalpy and Entropy ¢ Binding and

the Biological Activity Parameters of Allosteric POK1 Activators.

Isothermal Titration Calorimetry provides inforn@tion the binding forces of ligands to

the target proteins. It is increasingly apparemt tthe major contributor to binding of all
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active compounds is ionic interaction. In our studye found a surprisingly broad
thermodynamic binding spectrum, from mainly entrojpiyen to predominantly enthalpy-
driven binding. We performed a correlation analygistting the thermodynamic binding
signature against the activity data. The obtairietinevealed two strong relationships; as the
most obvious correlation we identified a sharp alpyrentropy compensation effect, which
has been described for many ligand-receptor systemeh as agonists and antagonists
interacting with membrane receptts**! and inhibitors binding to HIV proted$é (see
AH/TAS correlation, Figure 27A). This effect describeg tact that among a series of
compound analogues with comparable size, any isergabinding enthalpy is accompanied
by a loss of entropy to about the same degreeinigad little or no change in the binding
affinity.**® 44 The compensation effect was most obvious when ecimp the group of
halogenated compound2Z, 6Z, 82 and9Z) with 16Z and17Z (Figure 27A). The bicyclic
aromatic rings caused binding with highly favoueaenthalpy, probably due to additional
CH-mtinteractions as described above (Figure 28). @®Grdata indicated that the additional
binding enthalpy was gained at the cost of entrgmcounting for the enthalpy-entropy
compensation in the concrete case. A possible eapta for the concomitant loss of entropy
with 16Z and17Z could be that due to the higher polarity of thelectron-rich rings, the
contacting water molecules are less ordered argddesopy is gained upon water release
from the compound. In contrast, fewer enthalpicdlyourable Van der Waals or GH-
interactions are possible with one phenyl ring whidre density of the-electrons is further
decreased by halogen substituents. Apparently, kbés of H-bond capacity in the
halogenated compounds was exactly balanced ouinbgpposite increase in hydrophobic
interaction, giving raise to the entropy term. Thesutual compensation processes prevented
significant changes in the total binding free eres@f compounds (compare e2g., AG = -
6.73 kcal/mol with16Z, AG = -6.67 kcal/mol) which otherwise differed substalht in their
AH/AG ratio (Table 10). This phenomenon is not uncominatime lead optimization process
and has to be overcome in order to increase birgfiingty (see chapter 3.1.8 below).

Another relationship became apparent when the thaymamic binding profiles were
correlated with the activatory potency of the coonts. We observed a rough correlation
between the Ag; values for PDK1 activation and the dissociationstants as measured by
ITC (Figure 27B). This correlation suggested tlwatrhost compounds, the binding affinity to
the intermediate active conformation of the kinagleich might be represented rather by the
ACs, does not differ strongly from the affinity to tlaetivated conformation of the kinase,
which might be described by tikg. The variations in activation efficacy Ay did not affect
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this correlation. The relationship betweensp@ndK4 was not self-evident since binding to
the intermediate active state and dissociatiommefdomplex after the conformational change
could be perceived as two separate events chaetdry divergent affinity constants. Our
finding rather suggests that during the allostativation by the majority of compounds,
only subtle and rapid changes occur within the BitfeHing pocket itself, while the overall

geometry of the PIF-binding pocket remains unattere

3.1.8. Implication of the Calorimetric Characterization for Lead Selection

and Optimization.

Since several years ITC has been enforced as athathguide the lead evaluation and
optimization in drug development providing a paostit of the binding energy into its
enthalpic and entropic components. Empirically ol#d calorimetric data presented in
numerous studies suggest that compounds that exdmbenthalpy dominated binding are
particularly suitable to increase ligand affintfy. **> Favourable binding enthalpy provides
several advantages since Van der Waals and H-bgpndteractions as enthalpy-driven
interactionsare more difficult to engineer. A good geometriengbementary between the
involved functional groups of drug and receptor rexqjuired for optimal electrostatic
interactions between the ligand and the targetopimize the entropy contribution on the
other hand has proven much easier, as this is alimegtably achieved by introducing non-
polar groups which increase the hydrophobic effdcwever, it is more difficult to increase
ligand affinity when binding interactions becomelii hydrophobic and rigit*® From the
perspective of allosteric modulators, it might berthh discussing whethe8Z, which
displayed stronger binding in connection with tippasite trend in activation potency, should
not be pursued in parallel as lead compounds towsdlevelopment of non-activators or
even allosteric inhibitors. However, since veryhigffinity can only be achieved if both
enthalpy and entropy contribute favourably and ibaé&anced manner to the binding free
energy*** ***enthalpy-dominated binders are doubtlessly théepel starting point for lead
optimization. Moreover, it was reported by Nezaghial. that in order to overcome the
enthalpy-entropy compensation effect, an optimaarze with the free energy partitioned
approximately as one-third enthalpy and two-thiedgropy (S was required®® Only
compounds with this combination reached nanomdfanity to the target plasmepsin Il in

the reported case; the same conclusion could aésoddawn for allosteric glycogen
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phosporylase inhibitors in a recent stulf{f®"™8|n that sense, calorimetric analysis has
disclosed8Z rather as a “dead end” since the balance has teaahmed alreadyAH/AG =
29.5 %) and any addition of another chemical mowtuld provoque enthalpy/entropy
compensation effects without substantially incregshG. Similarly, the thermodynamic
binding data for9Z revealed the compound as a less appropriate nigfgobint to escape
enthalpy-entropy compensation, even though thgoA¥@s two times lower than that 282
(Table 10).

In summary,16Z and 17Z were found to possess the most ideal thermodynéeait
profile among the compounds analyzed by ITC, sithe enthalpic term strongly

predominates the binding free energy.

3.1.9. Conclusion

In an effort to enhance the efficacy and the sefiégiof the first identified hit compound
1 and the new lead compou2d (Figure 22) toward PDK1 we developed a series,b6f 3
diarylpent-2-enoic acid analogues. 28 was the first analogue that we isolated from this
compound family and that exhibited a good potermyard PDK1, it was selected for the
evaluation of the actual binding site in a mutagenestudy and in a cocrystallization
approach. Thus, we were successful to prove th@&tket, a protein kinase catalytic domain
which is not adjacent to or overlapping with theFAinding site as the binding site 24.
Obtaining the cocrystal structure 2 bound to the PIF pocket of PDK1 we confirmed the
series of 3,5-diarylpent-2-enoic acid analoguedgraly allosteric compounds. It should be
mentioned that many inhibitors reported in therditere to be “allosteric” still bind to the
ATP binding site at least partially. Like in theseaof imatinib mesylate (Gleevec), the term is
used to signify that an inactive, open conformatidnhe kinase is stabiliz€dinvestigating
the biological potency and utilizing an ITC approagith selected compounds we observed
interesting structure-activity and interrelationmhbetween thermodynamic profile, structure
and activity of the set of compounds. First of #tle main potency showed compounds
bearing the carboxyl moiety in tlees position. Moreover, the similar ITC results fol eils
andtrans isomers suggested that the phosphate bindingsitemmodated atis compounds
in a similar way. In general, the thermodynamicadaitthe new series revealed binding with
variable proportions of entropy and enthalpy. Tingad thermodynamic spectrum seemed to
result form the enthalpy-entropy compensation éfiex could prove comparing the analysis
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plot of the halogenated compounds with the bicycbenpounds. Our ITC results indicated
also some important CH-interactions between ligand and receptor that essentially
contribute to increased selectivity and potenciIéf pocket-directed compounds which have
been identified by virtue of their favourable bingienthalpy. The bicyclic analogu&&Z and
17Z turned out to have the highest/AG ratio on the basis of favourable binding enthalpy
values most likely due to the attributable @Hinteractions. Based on these best
thermodynamic profiles and biological potenciesdoivPDK1 we selectetl6Z and17Z as
new lead structures to further improve potency. sTiue achieved additional informations
about structural requirements the compounds mu& imezluded to become good affinity and
activity toward the PIF pocket of PDK1.

Altogether, we could confirm that compounds consfdivo aromatic moieties connected
by an aliphatic chain, bearing a two atom memberdéd chain with a free carboxylic group
own the ability to function as a PDK1 activator.eféby, in case of 3,5-diarylpent-2-enoic
acid series only the carboxyl moiety of ttie analogues can exploit their carboxyl moiety to
interact with the crucial phosphate binding sitedees And that's not all: we found out a V-
shaped overall conformation of the aryl rings talvaach other is required to achieve
complementarity to the binding pocket. These pyg®tcompounds — despite the low
molecular masses — already displayed activitigheénlow micromolar range, suggesting that
mass and ligand efficiency should remain in a reable range after lead optimizsation.

Nevertheless, to further confirm PDK1 as the taefétcts on the downstream proteins
should be investigated. In the case of PDK1, atitimeof the catalytic activity is achieved by
binding to the HM/PIF-binding pocket, which at teame time blocks the activation of all
substrates (S6K, RSK and some PKC) with the exaemuf PKB. S6K, RSK and some PKC
require transient interaction with the pocket. Tkius compounds might act differentially on
the two subsets of PDK1 substrates which eithewnirecdocking interaction with the PIF-
binding pocket or not. Hence, in-depth investigatd the compounds” effects on the cellular
signaling pathways — using genetic tools and dedgihosphorylation analysis — are required
and will be subject of our future studies. In partar, detailed analysis in a cellular setting
will be required to study the biological effects BfF-binding pocket targeting compounds
with high (e.g.6Z) vs. low (e.g.8Z) concomitant allosteric activation of PDK1 catadyt
activity.
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3.2. Prodrug approach of 2-(3-oxo-1,3-diphenylpropyl)mabnic acids as
potent allosteric activators of PDK1 to enable théioavailability of

the high polar dicarboxylic acids

3.2.1. Scientific rationale

Initial optimization of the allosteric PDK1 activatl (Scheme 9) identified from a library
of commercial compounds led to the first largelieseof 3,5-diphenylpent-2-enoic acids as
PIF pocket-directed compounds. We were able toigeothe activation characteristics in
biophysical and biochemical assays, the SAR results characterization of the cocrystal
structure. Indeed, the results demonstrated tlemtctimpounds influenced PDK1's activity
targeting the PIF pocket, but they displayed lofinay, rendering further studies difficult.
For further improvement of the potency toward PDKé& designed a chimeric compound
combining the carbonyl function from the lead commpd1 with the short side chain from
compound clasfll (Scheme 9). Another goal was to mimic better the megative charges
of the phosphate group present in natural ligarideeoPIF pocket, the HM phosphopeptides
of the PDK1 substrate proteins.

Thus, herein we present 2-(3-o0xo-1,3-diphenyl-phopalonic acids IV ) as a new class
of PDK1 activators with improved potency and highestivity toward close homologues.
Unfortunately, when used in cell assays these wemapletely inactive, presumably due to
their highly dianionic structure. To overcome thignsport barrier, a prodrug strategy was
adapted and investigated as alternative approachintoacellular potency replacing the
dicarboxylic functionality into the corresponding&cetoxymethyl ester derivatives.

Scheme 9Allosteric modulators design concept

COOH

HOOC
COOH COOH
(0] S | 0]
—) —
—)
Cl Cl Cl
(1) I (2z) IV (4A)
ACs, (PDK1) = 38 uM ACsq (PDK1) = 8 uM ACsgy (PDK1) ~ 2 uM
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Furthermore, the malonic moiety of the 2-(3-oxo-dighenylpropyl)malonic acids
provided a synthetic access to another substanass,clthe corresponding monoacid
derivatives. A comparison with the correspondin@®xo-1,3-diphenylpropyl)malonic acids
should shed light on the significance of the potaiety in relation to the PIF pocket of
PDK1.

3.2.2. Synthesis

In our design strategy to create a chimeric comgdowua retained the carbonyl function
from the hit compound while keeping the short side chain from the neadleompoun@Z.
In addition, since the natural ligands of the PDRIE- pocket are phosphor peptitfedive
planned to introduce a second carboxyl functiobetter mimic the phosphate group.

The malonic acids derivativeB/() were prepared by the synthetic route shown ire8eh
10.

Scheme 10Synthesis of the compound cldss(4 A-V).?2

(i) A,B,D,HK,N,P-S,U,V
V) G

0 o O  CH(COOR)
i CEF,JLMOT 2
arAc + Ap—cHo @ _ Y .
Arg Arz Ar{ Arp
1AV 2 AV
g%
, X =OH
0] ’7 X 2M: Ar, = 4-MOM-
™ X=MOM (i) ’7 phenyl
Ar =aryl, — 3M: Ary= 4-hydroxy-
heteroary!l pheny

(vii)

O  CH(COOH),
Arl Arz
4 AV

& reagents and conditions: (i) Method G: bromomethgthylether, NaH, DME, 0 °C, 1 h; (i) Method A:
NaOH, EtOH, 1 h, rt; (iii) Method H: diethyl malotega MgO, toluene, reflux, 2h; (iv) Method I. diethy
malonate, KCQ;, ethanol, reflux, 2 h; (v) Method J: diethyl madd®, NaH, methanol, reflux, 2 h; (vi) Method
K: 10 % HCI, methanol, reflux, 2 h; (vii) Method NaOH, EtOH, reflux, 4 h; For substituents, Aand A, see
Table 11
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The target compounds were available in three st&géing from the already previously
described 1,3-(heteroaryl/aryl)-prop-2-en-1-oneBal@ones)1A-V (see 3.1.2). These are
available by classical Claisen-Schmitt condensat{Method A) of benzaldehydes or
heteroarylaldehydes with acetophenones or hetdroathyl ketones and were converted to
the corresponding dialkyl 2-(3-oxo-1,3-diheterodgylpropyl)malonates via base-catalyzed
Michael addition of CH-acidic malonates. Due to tindd base nature, ease of product
isolation and good activity most of the Michael adi 2A,B,D,H,K,N,P-S,U,V could be
obtained with magnesium oxide in toluéfiéBecause of the limited activity of magnesium
oxide depending on the solvent and the substraeadmaining malonate derivatives were
obtained using alternative catalysts, potassiunbarate for2G and sodium hydride for
2C,E-J,L,M,0,T .28 9Treatment with diethylmalonate and magnesium oxidpotassium
carbonate in ethanol gave the diethyl intermediates$ with sodium hydride in methanol
occurred transesterification leading to the dimketmtermediates. Hydrolysis of these
malonate analogues afforded the corresponding ¢3ig3-diheteroaryl/arylpropyl)malonic
acids4A-V.

The diacid functionality in turn provides the syetilk access on the one hand to the
decarboxylated compounds and on the other hanket@ell permeable prodrug derivatives
since the membrane transport barrier is presumabtyajor reason for the lack of cellular
activity of the (3-oxo-1,3-diheteroaryl/arylpropylalonic acids. The corresponding synthetic

route is outlined in Scheme 11.

Scheme 11Synthesis of compoundsA,H,Q and6 A-D,F-I,K,N,Q-S,U.?

(@] (@]
MOAO}J\}\
2
wiil) Ar{ Ar,
/
(@] CH(COOH), 5 AH,Q

Ar{ Ar,

4 A-D,F4,KN,Q-S,U \ COOH

6 A-D,F-,K\N, Q-S,U

dreagents and conditions: (viii) Method M: bromonyétacetate, NEt DMF, rt, 4 h; (ix) Method N: 160-170
°C, 2 h. For substituents Aand Ap see Table 11.
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Pyrolysis of the corresponding malonic acid anaéogti about 165 °C gave rise to the
decarboxylation leading to the 5-ox0-3,5-diheteylfarylpentanoic acid$A-D,F-I,K,N,Q-
S,U°Treatment of the (3-oxo-1,3-diheteroaryl/arylpropylalonic acidstA-V with bromo
methylacetate and triethylamine in dimethylformaenafforded the bisacetoxymethyl ester
derivatives5A,E,G-1,L,N,0,Q,R in modest yields>*

Synthesis of4M (Scheme 10), derived from the 4-hydroxyacetophenaequired
protection of the nucleophilic alcohol functiononder to obtain the corresponding chalcone
1M and the malonate derivati&M in good yields. The methoxymethyl (MOM) group was
chosen as protecting group and introduced by usioghomethyl-methylether with sodium
hydride in dimethylformamid&?Finally, the methoxymethyl group was cleaved uraizdic
conditions to give the desired dimethyl 2-(1-(4esbphenyl)-3-(4-hydroxyphenyl)-3-
oxopropyl)-malonat&M followed by hydrolysis to furnish the target malee4M.*>2

3.2.3. Biological results

3.2.3.1. Biological characterizationin vitro of dicarboxyl PDK1 activators

| studied the effect of the malonic acid analogaesthe activity of His-PDK1 50-556
using a radioactivity kinase assay. The kinase im@asbated with the radiolabeled phosphate
from [y->?P]JATP in the presence of T308tide as substrateigepind the compounds. The
amount of the radioactivity incorporated into thibstrate was measured (Se#.3.1)°° The
concentration necessary to achieve half maximavawn (AGs,) and maximum activation
(Amax Were determined using eight different concerdregi The results are summarized in
Table 11. In parallel we measured the effecRofthat possess only one carboxyl group but
the same phenyl moieties 48. As described previousl®Z prompted a 3 fold increase in
PDK1 activity?® Most of the dicarboxyl compounds raised the PDKifivation to higher

levels and had lower Agthan2Z. Several potent analogues were produced.
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Table 11:Invitro specificity of the 1,3-diaryl malonyl propanonesiahe corresponding

monoacids.
Kinase activity Kinase activity
assay assay
Amax a ACsq ab Amax 2 ACs ab
No. Structure fold LM No. Structure fold LM
O CH(COOH), o COOH
A a0 25 | ©A 3.0 > 20
Cl cl
O CH(COOH), 0 COOH
48 C' 2.6 4.0 68 C' nd nd
4C O CH(COOH), 6C o COOH
2.0 >10 ,)KL‘ nd nd
Fonacth
O CH(COOH), o COOH
4D 37 14 | P nd nd
Br Br
4E O CH(COOH),
30 120 | - i i i
Br Cl
O CH(COOH), o COOH
4F 4.0 0.4 6F O O 4.0 10
I I
O CH(COOH), o COOH
4G 3.8 2.0 6G 2.5 20
| Cl | Cl
AH O CH(COOH), 64 o COOH
55 20 ’)‘\/Q‘ 4.0 15
Neaae
41 O CH(COOH), 6l o COOH
35  10.0 ./‘KL‘ nd nd
Nenast
) O CH(COOH),
FsC cl
0] CH(COOH), COOH
aK 5.0 4.0 6K nd nd

j

;
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O CH(COOH),

4L
3.0 6.8
Soaasl
AM O CH(COOH),
. C, ne ne
AN O CH(COOH), 6N M
70 160 d d
o,
40 O  CH(COOH),
| OO 3.6 0.2
4p O CH(COOH),
4Q O CH(COOH), 6Q o COOH
OO O 40 <1.0 2.5 5.0
O CH(COOH), o coor
4R 90 9 3.6 3.3 6R OO O nd nd
~o HO
45 O CH(COOH), 6S 9 eoon
OO OO 4.8 2.0 OO OO nd nd
O CH(COOH)
ol 2 30 140
HN
O CH(COOH), o COOH
av O 37 o6 | Y (0 s 05
90 I
O CH(COOH)
4V “ O O 2 3.6 0.7

Values in % catalytic activity (DMSO-treated cottrol 00%)
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The significant difference in activity between ttmmpound clasHl andlV (Scheme 9)
is shown in Figure 29 with three representativavatbn curves that were created using
KaleidaGraph software. When we compared the comgitrwas evident that both malonic
acid analogues exhibited a pronounced increasetivaion potency in comparison with the
acrylic acid derivativeZ. Furthermore, the A4 values which can be found explicitly in the

Table 11 are lower.

Figure 29: Effect of2Z and the dicarboxylic compound# and4H on PDK1 activity
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The predominant contribution of the dicarboxyl mgi the affinity of the compounds to
the PIF pocket of PDK1 is also clearly apparentiftbe Table 11. Nevertheless, we observed
strong dependence on the 4@ the ring substituents, too. Substitution in paea position
of the phenyl ringA was appropriate to have higher potency and low@As we presented
in the previous SAR analysis with the structuresgld . The phenyl ring substituents were
systematically varied, since the type and patterhalogen substitutions were found to
influence the potency of the PIF-binding compousiilengly. A chlorine substituent para
position (compoundtA) induced a 4-fold increase in activity whereasirgroduction of a
chlorine atom in themeta position (compound!B) led merely to a 2.6-fold activation of
PDKZ1. Within the halogen substituents thesA@nproved in the following order Cl < Br < |
at comparable 4-fold activation. The iodine ana®gs showed a significantly lowered Ag
in the high nanomolar range (0.4 uM). The potentyhe iodine derivatives was slightly
further enhanced by replacement of phenyl fhdy naphthyl4O (ACso = 0.2 uM). An
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extraordinarily high effect was observed in casethd para-trifluormethyl malonic acid
derivative 4H displaying 5.5-fold activation potency toward PDKAlthough the 4-
ethylphenyl malonic derivativelK exhibited also a pronounced activation it was less
beneficial relating to the poor Ag Additional introduction of a halogen chlorine anthe
phenyl ringB in the 4-position of the above presented compod#dB,F,H,K abolished the
activating effect on PDK1 considerably. Interesyngthe activity did not decrease
introducing a chlorine atom in 2-position of theepkl ring B (compound4H). 4M, the
hydroxyl analogue, andP, the 4-phenlythiophene analogue, did not influeRB&K1 activity

at all. Besides introduction of small residuegpana andmeta position, further modification
of the phenyl moietyA by naphthyl 4Q), its derivatization by 5-methoxylatioR) or
additional exchange of the phenyl riBgoy naphthyl 4S) resulted in a 3-4.8-fold increase of
potency. However, the Afgvalues were comparably high. Additionally, an iledderivative
(4T), a phenanthrenderivative 4U) and also a carbazole compoudd/) were prepared.
While 4T exerted a moderate 3-fold activation, the replaad@nof the phenyl moiety by the
condensed phenyl rings phenanthrene and carbaabl® Ipotent activators with nanomolar
ACsq values.

Moreover, we studied the specificity of tBg3-oxo-1,3-diphenylpropyl)malonic acid
4A-V toward a panel of AGC kinase. The series showddonty a high potency toward
PDK1, most of them have also a high selectivityther PDK1 PIF pocket over PIF pockets of
closely related AGC kinases (Table 12).

Table 12:1nvitro specificity of2Z and the dicarboxyl compound# and4H.

Cpd. [uM] | PDKL S6K1 PKCZ SGK PKBB PKA PRK2 RSK MSK
(%) (%) (%) (%) (%) (%) (%) (%) (%)
2z 2 100 ne ne ne ne ne ne
50 280 ne 40 ne 110 90 ne
200 280 60 6 60 ne 60 ne
4A 2 280 ne ne ne ne ne ne ne ne
50 380 ne 80 ne 110 ne ne 160 95
200 400 130 50 ne ne ne ne 142 100
4H 2 370 ne ne ne ne ne ne ne ne
50 570 90 ne ne 83 180 110 140 100
200 520 110 ne ne 100 207 110 200 80
Values in % catalytic activity (DMSO-treatedntrol = 100%) ne = no effect
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However, compound®Z and4A displayed an inhibitory effect toward PK@ the range
of higher concentration2Z induced also a slight inhibition of the AGC kinaB&A. 4A
exhibited additionally a slight activation effecwtard RSK, andiH both RSK and PKA.
Nevertheless, in conclusion with the compound delswe were able to obtain several potent
and selective compounds, especially since we angséal on allosteric modulation of kinase
targeting the PIF pocket that is less conservatleas TP binding site.

The second substance class presented here, theaombruzrivativessA-D,F-1,K,N,Q-
S,U, exhibited generally reduced activation potencg aurned out to be weaker activators
than the corresponding dicarboxyl analogues. Inufeig30 the differences between the
monoacid and malonic acid analogues are shown twithrepresentativedF vs. 6F (left
panel) and4H vs. 6H (right panel)). The effect of these compounds @KP activity |
measured in parallel in a radioactivity kinase gs$ais obvious that all four compounds
prompted the PDK1 activation in higher levels th2n, but the malonic acids were
characterized by a more noticeable activation eftecPDK1. It must to be noted that we
observed the highest activation potency with comps6F and 6H among the monoacid
derivatives6 A-D,F-1,K,N,Q-S,U. However, in our effort to obtain very potent sselective
PDK1 activators we directed the attention to theloma acid analogues for further
experiments. For some compoundssA@alues could not be accurately determined because
they went below the concentration of enzyme presetiie assay. Attempts to measiie
values by ITC failed because of the highly exergafilution behavior of the malonic acid
derivatives. Instead, a novel technique callednttoghoresis was employed to measurekife
of 4H, which was found to be 70 nM.

Figure 30: Comparison of the effect of the dicarboxylic compds4F and4H on PDK1
activity versus the appropriatenmacid analogued- and6H
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3.2.3.2. PIF pocket Mutant Assay to confirm that compound 4Hactivates
PDK1 by targeting the PIF-binding pocket

The series of 2-(3-o0xo-1,3-diphenylpropyl)malonmda (V) reached higher levels of
PDK1 activationin vitro in comparison with the first presented series &f®arylpent-2-
enoic acids. In order to verify the binding site tbé compounds we performed mutation
experiments like we performed already for the pmesicompound clas$l . Laura Lopez
Garcia (Biondi group) characterized the binding sif the compoundH on different PIF
pocket-binding mutants of PDK1 measuring the afstivi the presence or absencetsf and
comparing the results with the PIFtide. The resgétge the evidence thdH requires the PIF
pocket of PDK1 as the target sité.

In addition to the mutation analysis we utilize¢pA&-screen technology to investigate the
ability of the compounds to displace the PIFtidedmg. In this way we could corroborate
that the effects were mediated by binding of thempounds to the PIF-binding pocket. In
fact, Laura Lopez Garcia was able to show that aamd4A and4H displaced the binding
of the PIFtide with comparable potency indicatihgttboth compounds display the same
affinity to the PIF pocket despite differenceshit activation potency toward PDK1

In summary, then vitro data presented in 3.2.3.1, the biochemical ssuygeeformed with
PIF pocket binding mutants and the Alpha-screeplai®ment study confirmed that the PIF-
binding pocket serves as the binding site for camnpoclasslV. Moreover, the results
indicated once again the importance of the carbaxyilety which is essential to prompt the
activation of PDK1 targeting the phosphate bindisige residues. And finally, two
carboxylate groups enhanced the affinity to the gri€ket.

3.2.3.3. Cell permeation studies using a prodrug strategy

All dicarboxylic acid compounds were inactive idlagkar assays. Due to the high polarity
of the carboxylate groups the free acid containdegnpounds did not penetrate the cell
membrane. In an effort to improve the bioavail&pi prodrug strategy was developed and
investigated. In the past years the prodrug appré@s been increasingly used when drugs
have unattractive physicochemical properties sush paor aqueous solubility, low
lipophilicity and chemical instability. Prodrugs smactive derivatives will be converted into
the pharmacologically active drug within the cellsy chemical or enzymatic
transformations>° Due to the fact that in most animal and humamésssterase activity can
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be found the esterification of the available casyate groups constituted an obvious and
proven prodrug strategy. Since we wanted to explbeesuitability of our compounds as
potential enhancers of insulin signaling and glecaptake in particular, the L6 skeletal
muscle cell line was chosen as a model cellffA@hus, we used the corresponding methyl
and ethyl malonate derivatives of the diacids aslfugs (Scheme 12), particularly because
these kind of esters were available as the precuredb the 2-(3-oxo0-1,3-
diphenylpropyl)malonic acids. Nevertheless, thiterapt failed due to the resistance to
cleavage by esterase enzymes in the rat L6 sketetatle cell line. Indeed, the best known
prodrugs are alkylestet2® however, many of them are not labile enoighivo to ensure a
sufficiently high rate and extent of prodrug corsien. For example, simple alkyl ester of
penicillins have no therapeutic potentiat. >’ Another probable reason can be attributed to

the steric crowding.

Scheme 12Performed prodrug strategies and the hydrolyste@bisacetoxymethyl ester
analogueH

Drug Prodrugs

o]
0 CH{COO} O CH(COEt), [(Jo 2 Y

’O)\ ﬁ/ FC ’C’J)\H/i@ FiC” O/\/ \“/ ~F

good cell
permeation
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ti
hydrolysis il il
by esterases
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0
n
0  CH(COOY, /U ﬁ
FiC ~F
C O O Bishydroxymethyl ester

H. O
z T
F H / spentaneous
W/ - unstably

L6 skeletal muscle cell

Since there was no cell permeation of the malooid 4H we tested the permeability of the corresponding
prodrugs2H and5H. ProdrugbH was found to be metabolic labile and its enzymigidrolysis resulted in the
free malonic analoguéH.

In case of this drug class these problems werecowss by preparing an acyloxyalkyl
ester, which in general shows a higher enzymabditha in cells than simple alkyl esters.

Thereby the acyloxyalkygster undergo initial enzymatic cleavage of thenieal ester to
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generate an unstable intermediate, the hydroxyrhestgr, which rapidly dissociates to the
free acid analogue and formaldehyde>" 1>

We synthesized the bisacetoxymethyl esk&dH and5Q starting from selected malonic
acid derivatives. As expected these ester derestivere inactive in cell-free assays. The
para-trifluormethyl malonic acid analogudH turned out to be the most potent PDK1
activator. Thus we selected its prodiaid for the evaluation of its ability to cell permeati
and hydrolysis to the potent analogli¢ within the cells.

The cellular conversion of bis(acetoxymethyl) 2e@-1-phenyl-3-(4 (trifluoromethyl)-
phenyl)propyl) malonate was evaluated using thelL@atskeletal muscle cell line which
displays esterase activity in the differentiatednfd’ Prior to each experiment, before
treatment with compoungH, L6 cells were serum-starved (2 % FBS containingiorma) for
4 days to transform them into myogen differentiatetls. The accumulation of the prodrug
(5H) and the corresponding 2-(3-oxo-1-phenyl-3-(44(tafomethyl)phenyl)propyl-)malonic
acid @H) in cells was monitored by mass spectrometry. 3dmaples were subjected to the
HPLC analysis after purification by extraction wigthyl acetate under acidic conditions,
followed by subsequent separation of the superhatamaporation to dryness and
resuspension in methanol. The bisacetoxymethyt digplayed good membrane permeability
and released to the free dicarboxylic acid formd@&ghe cells upon enzymatic hydrolysis
which occurred most likely in two steps, as alreadiablished for the acyloxyalkyl ester of
penicillin. Firstly, enzymatic cleavage of the témal ester formed the highly unstably
bis(hydroxymethyl) 2-(3-(4-chlorophenyl)-3-oxo-1gatylpropyl)malonate and secondly, the
dissociation to4H and formaldehyde. The formation of the correspogdnalonic acidtH
occurred in a linear concentration-dependent irsgedter 3 hours (Figure 31A).

For the subsequent analysis of prodrug degradatainthe release of the compoutid
we chose a concentration of 20 uM of the used pgpdihe prodrug degradation BH
appeared only in moderate concentrations in this eeld declined steadily, thereafter, most
likely because of the rapid conversatiorbéf in the cytoplasm. In contrast, the accumulation
of the malonic acidiH derivative increased and was maximal after appnately 60 min of
incubation (Figure 31B). A disappearance of theesponding prodrug, shown in the same
figure, was noted. In a further experiment we meas$ihe stability of the prodrug in tissue
culture medium (DMEM). We observed that after ormurh the prodrug form was also
degraded to more than 90 % in the cell medium, gdrthbbecause of esterases leaking from
the cells. However, the results of the hydrolydishe prodrug to the free dicarboxylic acid

with different concentrations and the enhanced &bion of the corresponding malonic acid
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despite the degradation of the prodrug suggesttileaprocess of the intracellular release of
the prodrug is no the limiting step. The above noex@d decay of the prodrug seems to be
caused using the medium. Otherwise, an additiorilalence of the cell esterases would likely
lead to an absence of the prodrug and drug indhe leaving the disintegrated and high polar
target compound in the medium.

Figure 31: A: Dependency of intracellular formation 4l on the prodrug concentration.
BTime course of the intracellular accumulatiorbf and concomitant dis-
appearance of the prodstig
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The prodrugbH is efficiently taken up by rat L6 cells and corteerinto the active compourtH. A: L6 cells
were incubated for 2 h with the indicated conceitns of prodrugH, then extracted with ethylacetate and the
content of4H quantified using HPLC-MS/M3B: L6 cells were incubated with 20 pM of the prodé&ld or
with 4H for the indicated times, the cells extracted dme compounds quantified. Analysis revealed #tat
(A) is released frorBH (¢)in a time-dependent manner, wherdbsitself is not cell-permeable].

In parallel we analyzed whether the free malonid @an accumulate in the cells using
the same experiment conditions like &. This compound could not be detected neither in
the soluble nor in the insoluble cell fractions igading that it does not enter any cell
compartment (data not shown).

Having established th&H accumulated in L6 cells and released large amairtbl, we
further characterized via cell fractionation thestdbution of the prodrugpH and of the
produced target molecukH. For this purpose, the cells were incubated with and 5H,
then disrupted mechanically by an ultrasound sodetrand the cell debris was separated by
centrifugation. After the addition of HCI| and thetraction with ethyl acetate the samples

were quantified by LC-MS. As expected in case dafubmation with4H there was no
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compound detectable both in the cell pellet andh@ supernatant. In case BH the
converted malonic acid derivative was only detdetab the supernatant, thus ruling out
enrichment in the cell membrane fraction.

Taken together, the bisacetoxymethyl ester anatogil¥ has been shown to function as
prodrug that is capable of increasing cell pernléglais evaluated in rat L6 skeletal muscle
cells and opened the way for evaluation of thevagtof this kind of compounds in cells.

3.2.3.4. Proof of mechanism in cells: allosteric activatore®f PDK1 inhibit

PIF pocket dependent pathway but not PKB pathway

The results from the prodrug approach showed thatgossible to improve significantly
the cell permeability of 2-(3-oxo-1,3-diphenylprdypyalonic acids. The bisacetoxymethyl
ester prodrug §H) exhibited good cell permeation and enzymatic blydis to the free
malonic acid analoguet). Having shown thadH is a very potent PDK1 activator in cell
free assays, we focused to the next goal: the gbofechanism in cells. It was essential to
investigate if the compound that is directed to BHE pocket in PDK1 would inhibit the
phosphorylation of kinases whose require the dackihtheir P-HM to the PIF pocket of
PDK1 (Figure 32, top panel). As described in magtails in chaptell.5 PDK1's PIF pocket
is necessary for the docking with substrates sscBaK, SGK and RSK and results in full
activation of these kinases. The only exceptioPiB whose phosphorylation does not
depend on docking interactions with the PIF pocket.

For this purpose, HEK293 cells were treated with pnodrugbH and the effects of the
compounds analyzed by immunoblotting using fluceese-labeled secondary antibodi¥s.
Results showed an inhibition of S6K activation with affecting PKB (data not shown). The
dicarboxylic compoundH that was measured in parallel did not show angceih HEK293
cells, according to its high polarity and lack bflgly to permeate cell membranes. These data
supported that compouridH was cell permeable and that its active metabdlitdlocked the

PIF pocket for interaction with S6K.
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Figure 32: Proof of mechanisracheme.
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Thus we were able to proof for the first time thevel mechanism of action of a small
molecule targeting the PIF pocket of PDK1. Furthammn these experiments had confirmed
5H as an invaluable tool to further analyze the ¢ffet PIF pocket inhibition in a range of
diseases in which PDK1 was involved. In this regard observed an inhibition of PDK1’s
substrate S6K (Figure 32, lower panel) that is m@d in cell growth and survival processes
playing an essential role in tumor céffs*® Due to the lack of inhibition of PKB affecting the
PDK1 PIF pocket and due to S6K’s influence of thgulin receptor substrate-1 (IR has
also become interesting for treatment of diabstpes-£. As already described in more details
in chapterl.3, S6K regulates the insulin action via a negafieedback mechanism and
increased activity of S6K was observed in obesily diabetes type-2. Nevertheless, for this

purpose, more experiments are necessary and haesperformed.

3.2.4. Crystal structure of PDK1 in complex with 2-(3-(4-tlorophenyl)-3-
0xo-1-phenylpropyl)malonic acid (4A)

To gain insight into the mode of binding of theatiwoxylic compounds with the protein
cocrystallization of4A by soaking the compound with the His-PDK1 50-5%6nt was

carried out by our collaborator Jorg Schulze fromn8i's group. The cocrystal structure
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shows the location and interactions of the two caylates (Figure 33¥A contains the same
two ring systems a8Z, previously publishe® One carboxylate group occupies a position
similar to 2Z, interacting with Lys76, Thr148 and Argl3l. Themsl carboxylate group
forms an additional salt-bridge interaction withgAB1, which plays an important role in the
allosteric activation mechanism. The structure hggits the importance of Arg1l31 in the
mode of action of the allosteric activators of PDHhe description of the allosteric changes

and overall influence on the PDK1 conformationeydnd the scope of this work.

Figure 33: Crystal structures of PDK1 in complex wi2d and4A
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3.2.5. Chromatographic Separation of the Enantiomers of 4H

The compound class of 2-(3-oxo0-1,3-diphenyl-prapglonic acidsl{) (Scheme 9) was
obtained by an addition of malonic ester to theresponding chalcone (chapter 3.2.2)
resulting in a racemic mixture. All the synthesizeminpounds possess a chiral center which
Is expected to confer to the enantiomer distintt/gies toward the kinase PDK1. To analyze
whether the biological activity was more or lesstieted to one of the distinct stereocisomers,
we attempted to separate the enantiomers via cHIPAIC. For this experiment, we chose
compound4H since it was the most potent analogue toward PBid since it was selected
for the prodrug evaluation. Within a student’s pmtjin the field of specialization in
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medicinal chemistry Michael Zender had the chaketwseparate different racemic mixtures
in cooperation with Kazmaier's group. Besides ott@mpounds, he was able to obtain the
individual enantiomers of the compoud#l using a chiral HPLC method (Figure 34 and
Figure 35). Unfortunately, there was no time toigizeshe absolute stereochemistry of the
stereoisomers. But, testing of the enantiomericallye forms separated by chromatography
invitro toward PDK1 (Table 13) we proved that Enantiomera® significantly more potent.
Having additionally the cocrystal structure of daive compoundH with the PDK1 we can
suggest that Enantiomer 2 is th&)-2-(1-phenyl-3-(4-(trifluoromethyl)phenyl)-propyl)
malonic acid since the malonic acid moiety is tdrit@vard the amino acids Argl31, Lys76
and Thr148 (Figure 33). Having found that tBenantiomer is the eutomer, accounting for
most of the biological activity of the racematetufie optimization schemes should include

the enantioselective synthesis of fhenantiomers.

Table 13:PDK1 activity of the individual enantiomers 4if.

Cpd. [uM] P(%l
Enantiomer 1 (R) 2 131
Fooc cook 50 268

- 200 291
Enantiomer 2 (S) 2 326
"5oc 0008 50 562

o 200 545
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Figure 34: Enantiomer 1
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Figure 35: Enantiomer 2
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3.2.6. Discussion and Conclusion

With the compound series of 3,5-diphenylpent-2-enacids (Il ) we have already
provided evidence that compounds blocking the Rrigibg pocket might be able to prevent
phosphorylation of PDK1 substrate proteins. An intgat requirement for potent activators
of PDK1 is a carboxyl moiety that can mimic the gbloate group of phosphoserine/-
threonine residues from natural ligands, whichxigeeted to bind to the equivalent site. With
the aim of further increasing potency, we modifigee lead compounds and lll by
introduction of a second carboxyl functidndeed, compared to the monocarboxylic ad¢ids
and Il , the dicarboxyl function generally caused a cossitle increase in activatory
potency and affinity. This observation might paehllseveral earlier reports on
phosphotyrosine mimetics which also profited fromo thegative charges, e.g. malonic acid
residue or combination of COOH and tetrazole. Oyekylmalonic acid as nonpeptidic
tyrosine kinase, SykCSH2, inhibitor was identifeesla potent phosphotyrosyl mimétiand
in the case of the growth factor receptor-boundgine2 bicarboxyl analogues bind to the
SH2 domain 2 with similar strength as the phospteshased phosphotyrosyl mimetics 0.
However, it remains to be seen whether the malgirap of the here presented 2-(3-oxo-1,3-
diphenylpropyl)malonic acid$A-V occupies the same space as the phosphate moittg of
natural peptide ligands of PDK1. A complex betweB®DK1l and a corresponding
phopshopeptide has not been published so far.

Different 2-(3-oxo-1,3-diphenylpropyl)malonic acidere synthesized and tested for their
potency toward PDK1 and other AGC kinases (Table&lTable 12). The most potent
activators weredF,0O,U and 4V two of which contained @-iodophenyl moiety. Halogen
bonding has been demonstrated to increase thengiradfinity. It is presumable that iodine
mainly interacts with hydrophobic pocket space Wan der Waals attraction, however the
data suggest that halogen bonding to carbonyl ef146 might also contribute to the binding
affinity. The increase in affinity as assumed bagedhe AG, values was only 1.8-fold from
4A (4-Cl) to 4D (4-Br), but 3.5-fold from4D to 4F (4-1). This jump from 4-Br to 4-l is in
accordance with the highest halogen binding paéentf iodine but may also be a
consequence of the shorter distance to the Lyshtbonyl. Even though the cocrystal
structure of4F with PDK1 showed the distance betwegeindine and the Lys-backbone
carbonyl exceeds 4 A, thus being too large for ifigant interaction according to the
literature value 3.50 A%* This cannot rule out the possibility of halogemting in solution,
which might just be impaired by the rigidity of theystallized protein. At least, the cocrystal
discloses a clear orientation of the iodine towte carbonyl oxygen. Our experimental data
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also argue for an iodine contribution to bindingttexceeds the Van der Waals interactions
seen in the cocrystal.

It can well be assumed that the conformation dysguain the cocrystal does not reflect
the fully active conformation of PDK1 as induced dympound binding in solution. In this
respect further experimental verification of thegmiial halogen bonding is required, e.g. by
NMR techniques. An alternative explanation indegegmdn halogen bonding might be that
the size of the halogen determines the positiomhghe compound which influences the
interaction of the COOH groups and/or the carbamglip with the protein®* The activatory
potency of40, 4U and 4V was comparable to that of the 3 kDa peptide Pé-tahd the
activation efficacy of the small compounds was aisthin the same range. Therefore, the
degree of potency is now sufficient to perform ggdn a cellular setting since PIFtide itself
has been used for the same purpose previdudly: small molecule compounds contain
extendedtesystem which are participating in extended hydoigih and Van der Waals
interactions and may additionally contribute toaential cation-pi interaction with Lys115
(docking not shown).

A successful application of a prodrug approach wemsonstrated by introducing an
acetoxymethyl ester function to the correspondirggomic acid analogues. This was used to
overcome various undesirable chemical propertiescafic compounds and to enhance their
bioavailability. Increase in the lipophilicity ohé parent hydrophilic compounds resulted in
good membrane permeability and intracellular acdatian after esterase-catalyzed cleavage.
In agreement, we observed that the prodrug disapgeeoncomitantly with increasing
amount of the malonic acid analogue. In spite & $lerum instability obH a promising
strategy for an efficient drug delivery and a prsimg starting point for the generation of
cellular efficacy could be achieved. As demonsttateprevious reports, the stability of the
prodrug toward serum esterases such as acetyl@dgitnase can be fine tuned by variation of
the acyl group; for instance, exchange to a pivalayction might increase serum stability
while still permitting intracellular cleavad&®'®

Further experiments aiming to analyze the compduefisct on the intracellular PDK1-
dependent signaling pathways were additionally ipessising the prodrug form. Especially,
we were able to demonstrate the proof of mechamigplying the prodruégpH in HEK293
cells followed by western blot analysis. As expdctie intracellularly released compound
4H blocked the PIF pocket of PDK1 for interactiontwihe substrate S6K without affecting
the substrate PKB. This approach enabled with mda@ik experiments to suggest these

compound seriesd\() for treatment of cancer and diabetes type-2.
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The binding mode was elucidated by cocrystallizatmd X-ray analysis. Indeed it was
very similar tolll (Figure 33) binding mode with one of the carbogrdup (being located in
the same pocket space) overlapping with the catbgnopp inlll . The additional carboxyl
function exclusively formed a salt bridge with ABfl suggesting that this electrostatic
interaction was mainly responsible for the obsemedease in affinity. Maximum activation
was higher on average than observed with the $bediylpent-2-enoic acids, indicating that
stronger allosteric changes must occur which cam be analyzed by comparing with co-
crystals formed with weaker activators (not withime scope of this work). Thus, our
compounds allow for the first time to investigabte tonformational changes underlying the
allosteric activation mechanism. Fixation of Argl1By strong electrostatic interactions is
crucial for the activation mechanism not only farding affinity. This is also corroborated by
the mono carboxyl analogues of selected malonit @erivatives, which display both weaker
binding and lower activation efficacyl compared t@H in Table 11). Moreover, via chiral
HPLC we were able to obtain specific chiral fornighee compoundiH. Retesting for their
effect on PDK1 and with the help of the cocrystalcture we suggested tBs=nantiomer as
the bioactive chiral form.

In conclusion, we have shown that modifying thedleompoundsl and Ill by
introduction of an additional carboxyl group hasacly improved the activity and selectivity
profile of the PDK1 activators. Finally the cocmsstructure has proven the importance and
the influence of the second carboxyl group. Furtiee, we have provided an efficient
prodrug strategy to deliver the highly polar compdsi to the cellular cytoplasm, thus
rendering them applicable to cellular studies. Thue were able to provide the proof of
mechanism.
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3.3. Evaluation of 3,5-diphenylpent-2-enoic acids” inhilbory effect
toward PKCJ{: allosteric kinase inhibition targeting the PIF-

binding pocket

3.3.1. Introduction

Regarding the specificity of the 3,5-diphenylpergriic acid clasd|l (presented in 3.1)
against a panel of AGC kinases, we found out aemecyl to affect the activity of the zeta
isoform of the PKC family (PKZ). Thereby, compounds with the substitution pattrthe
phenyl moietyA with expanded aromatic systems (Table 5, chapi#r3.1) stood out.
Interestingly, we have noticed that the PIF poaketeted compounds are able not only to
stabilize an active conformation of individual kses, e.g. PDK1, but they are also able to
inhibit kinase activity. These results induced astvest more effort in this project in order to
obtain further insight into the impact of explomwmatic systems on the inhibition of PKC
Especially since PKC constitutes an interesting target containing timéque feature to
activate the eukaryotic transcription factor NB-which is involved in the transcriptional
activation of proinflammatoric and anti-apoptotiengs:” ® The direct inhibition of NRB
would trigger toxic effects because of its numerturtionalities to the conservation of cell
integrity in all tissues (chapter 1.14§: % In contrast, PKG performs the activating
interaction only in selected cells and tissues. (esg tissue). Hence, the inhibition of PKC
provides a promising strategy to treat chronicamfinatory diseases as well as different types
of cancer without influencing a ubiquitous inhibiti of NF«B. Also the PKE knockout
studies (chapter 1.11) have been suggested(RK@ qualified target revealing viable mice
with nearly normal developed organs only with theception of a deficiency for the
activation of NFiB that was observed e.g. in lymph cells and in fing" **

Usually, the drug design of protein kinase inhitstas focused on the ATP-binding
domain. But due to the existence of 11 isoenzyniéiseoPKC family the search for selective
PKC{'s ATP-directed compounds has been proved to beesraballenging. Moreover, the
binding affinity for PK’s substrate, ATP, is measured ag K 3.3 pM. This value is
relatively low and thus implies that the ATP-comipet inhibitors should have ajK value in
a subnanomolar range to reach a significant inbibitn vivo. Consequently, there are no

ATP-competitive inhibitors described so far.
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Here we will present the structure optimization ®b-diphenylpent-2-enoic acids
expanding the aromatic systems using the PIF patkategy as already presented for PDK1
in the previous chapters 3.1 and 3.2. Firstsfiace availability in PKCs PIF pocket will be
investigated varying the aromatic moieties in ortkerincrease the inhibition effect and
selectivity. Although the PIF pocket of PDK1 watatively well filled by 2Z as presented in
the cocrystal structure in Figure 24, we suppost tiie flexibility and ability to undergo an
induced fit might differ between the two PIF pock¢PDK1 vs PKE). Secondly, we will
establish an adequate high-throughput screeningyaskich allows determination of the

inhibitory activity toward PKE in cells.

3.3.2. Synthesis

To develop small molecule inhibitors with enhanestivity toward PK& compounds
15Z and 16Z (Figure 36) were chosen as leads for the desigh sgmthesis. Thus, the
preparation of the new structures was performedrdoty to our previous procedure as
presented in the optimization study of the class3d@-diphenylpent-2-enoic acids as
activators of PDK1 (chapter 3.1%)"°

Figure 36: Allosteric inhibitors design concept

COCH COCOH COOH
@ @ —) Ari —) Arz Arg
Cl
ll (22) Il (152, 162) V4 (26E/Z -29E/Z),
V, (30E/Z-34EIZ )
15Z: Ary =
V1: Ar2 = ClQ/
16Z: Ary = “
! Oe Ar; = different aromatic
substituents

Vy: Arg =

Ar, = different aromatic
substituents

For substituents Arand Ag seeTable 14 and Table 15.
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The synthetic pathway affording the final compou6&-33E and26Z-33Z is depicted
in Scheme 13. In pursuing our aim to further explitre aromatic systems we could retain the
synthetic steps as already done in Scheme 5 expandiy the phenyl moieties. Thus, in the
first step of the synthesis the corresponding, cercrally available, benzaldehydes and
acetophenones derivatives reacted together inssict aldol condensation. This step was
followed by a chemoselective reduction of the deulmbnd of the individual chalcones. Via
Horner-Wittig reaction using phosphonoacetate weoduced the acrylic acid side chain.
This reaction led t&/Z mixtures which we were able to separate by fldsbroatography. In
the last step the pure geometric isomers were ddtbiby hydrolysis. More details of the

synthetic route are described in cha3dr.2.

Scheme 13 Synthesis of compoun®6E-34E and262-34Z

% 0 (ii) O (iii) O
+ P ——
Ary )KA@ Arz/\)J\A@ Arz/\)J\Am
26e-33e 26d-34d 26-34c 26-34b
. X = MOM (iv)
0}
34e . OCHO
X X=0H COOEt

26Ea-34E a, 267 a-34Z a

34E/ Zay: Aro= 6-
(V) ’7 MOM-napthalen
= 34E/Zay: Ary= 6-OH-
napthalen

(Vi)

/\/ECOOH
Ar; Ary

26E-34E, 26Z-34Z

& Ar = aryl, heteroaryl; (i) bromomethyl-methylethétaH, DME, 0 °C, 1 h; (ii) Method A: NaOH, EtOH,h,
rt; (i) Method B: 3,5-bis(ethoxycarbonyl)-1,4-ditiro-2,6-dimethylpyridine, toluene, silica gel, 7G, 16 h;
(iv) Method C: triethyl phosphonoacetate, NaH, DMB, °C, 4 h; (v) 10 % HCI, methanol, reflux, 2 kij)(
Method D: NaOH, EtOH, rt, 3 h. For substituents &nd Ai see Table 14 andTable 15.
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The only one exception constituted the substar®gesScheme 13). The nucleophilic
alcohol function of the aldehyde had to be protbd@ the synthetic pathway. For this
purpose, we chose the methoxymethyl (MOM) grouportingly to the method already
described for 2-(3-oxo-1,3-diphenylpropyl)malonitica@M) in 3.2.2.2°? With the obtained
6-(methoxymethoxy)-2-naphthaldehyd@4@ and the 1-(naphthalen-2-yl)ethanone we were
able to synthesize the corresponding chal@&tewhich was converted to the desite@ndZ
ethyl 5-(6-hydroxynaphthalen-2-yl)-3-(naphthaleypent-2-enoates3@Ea; and 34Za;) in
two steps. Afterwards the cleavage of the protgctmoup was performed under acidic
conditions furnishing34Ea, and 34Za, which were in turn hydrolysed into the target
molecules34E and34z.'>

3.3.3. Biological results and Discussion

3.3.3.1. Biological characterizationin vitro of the synthesized PK@

inhibitors

The activity of the compounds toward PKQvas determined by performing our
previously described radioactivity kinase as&ajthe radioactivity incorporation of’P
phosphate fromy[*?PJATP into PKE's substrate myelin basic protein (MBP) was here
measured (in duplicates) and was done by our cmiddbr group under the supervision of Dr.
Ricardo M. Biondi. The biological results for thewn compounds are shown in Table 14 and
Table 15 (cell free), whereas the percent inhihitralues were determined at concentrations
50 and 200 uM and were compared to the controlegalvith DMSO. To enable a better
comparison of the structure-activity relationshige added also the SARs of the starting
compoundd5 and16 into the same table.

In our aim to investigate the spatial limitationsRKC{'s PIF pocket we extended our
library with several compounds. These can be dd/icdo two groups according to the Ar
residues (Arand Ag). On the one hand; in the first group (I) we chpaea-chlorophenyl as
Ar, introducing different aromatic substituents on frg moiety as presented in Table 14.
This strategy arises from our previous results whil PIF-binding pocket of PDK1 which
revealed that ring substitutions with halogens mepd the enzyme activity within this series
(Table 3). Consequently, we decided to investigag impact of the nature of the
chlorophenyl moiety on the potency and selectitotyard PKC. On the other hand; our ITC
study with the 3,5-diphenylpent-2-enoic acids diseld compoundl6Z as enthalpically
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favourable what can be attributed to the @hhteractions most likely due to the high
electron density of the unsubstituted fused rirgslwned with the large surface. Thus, in the
second group (1) we varied the Anoiety focussing Arby naphthyl group (Table 15).

In contrast to the results obtained with the f@&-diphenylpent-2-enoic acid series when
tested toward PDK1 (chapter 3.1.3.1) and desh#eréstricted bond rotation by the double
bond, the new geometric isomeB6{34 & 26-34) did not display a discernible trend to the
difference in intrinsic potency toward PKCAlready the parental compourid® showed this
characteristic. The isomer carrying the carboxglugrcis relatively to the A¢ moiety as well
as the isomer with the opposite conformation dssiba relatively similar inhibition efficacy
toward PKE. Nevertheless, thE- andZ-isomers of compound®9-32 still differed in their
PKC{'s activity. The cis isomers 29-31Z) displayed high inhibition potency. The
correspondingrans isomers 29-31E) exhibited even an increase of activation poteoty
PKCC{. The only exceptions represented the quinolinevaives 32Z and32E) influencing
PKCC with an opposite effecB2Z prompted an activation effect on PK@nd32E triggered
an inhibition.

Among the group |, compounds bearing a naphthyketyaR6 and27) showed a similar
inhibitory activity as the parental compoub@ The inhibition was in the range of 90 % when
tested at 200 uM as well as at 50 uM. The maxinmmimbitory effect reached by thzara-
methoxy derivatives28Z and28E) did not exceed 76 % at 200 pdnd decreased completely
already at 50 uM282). The introduction of a biphenyl group onszAed in case of th&
isomer to the absence of inhibitory effect turnmg to be a weak PK&activator.

These results suggest that an aromatic residuefusttd rings as Aris favored for the
inhibitory effect whereas thgara substitution patterns led to an abolishment ofitingbition
up to activation of the enzyme. Moreover, the dbaotion to the biological activity of both
isomers ¢is andtrans of 26 and27) may be a result of additional space surroundhrey t
hydrophobic PIF pocket which allowed greater fléiyp of positioning of the naphthyl
group. We can suppose that both arrangements ohdpéthyl group in the PIF pocket
enabled good electrostatic interactions of the @aylic side chain with the corresponding
amino acid (Lys301 that is equivalent to Argl3PIDK1) what has to be investigated by co-

crystallization experiments.
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Table 14 Group I: Inhibition of recombinant PKGnd of the NF«B pathway in U937 cells

COOCH

|
Ar /\/EArg

2

PKC¢ NF-kB
Cpd Ar, Arq cell free reporter gene assay (U937 cells)
% inhibition % inhibition
200 uM 50 uM 40 uM 10-1 uM

157 O 100 90 59 nd
156 ©/ 60 ne 87 nd
16Z ©/ 100 85 nd nd
16E 100 70 84 nd
26Z 99 93 100 nd
26E CI/©/ 86 82 100 82@5 uM
272 95 89 100 nd
27E <:|©/ 99 93 100 nd
287 /@/ 76 ne 18 nd
28E cl \o/©/ 55 10 26 nd
297 /@/ O 92 nd nd 77@5 uM
20E cl act act nd 78@5 uM

nd: not determined; ne: no effact; compound showed an activation of the enzyme

Group Il includes compounds with extended aromadisidues on both Ar moieties
leading to generally lower inhibitory potency thdre analogues from group |. The good
potency of compound26 and 27 prompted us to synthesize analogues with two gpht
groups to figure out the variability of the PIF get shape. Indeed, the twofold naphthyl
substitution resulted in good inhibition, but didtrexceed the values of the mononaphthyl
derivatives26 and27. Moreover, the inhibition of 90 % at 50 uM was yakhieved by the
cis isomer, the compound with the opposite confornmateached only 25 %. These results
seem to demonstrate that enlarging the target cantpsize only theis conformation might
reach the position to interact with the hydrophafmiciety and amino acids relevant for the
carboxyl moiety of the binding site. In order torther explore the ligand space and the
structural features of the PIF pocket we introduatsh a 6-hydroxynaphthalen as,A84)

and we transformed the naphthyl group into a quneo{32). Compound34 influenced the
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PKCC activity by a less inhibition in comparison to ttveofold naphthyl derivative30) but
with this substitution pattern, having a polar grpagain both isomers affected the kinase.
The cis quinoline derivative triggered activation and tihans isomer showed a moderate

inhibition.

Table 15 Group II: Inhibition of recombinant PKCGand of the NF«B pathway in U937 cells

COOH

|
Ar /\/[Ar

2 3

PKC¢ NF-xB
Cpd Ar, Arq cell free reporter gene assay (U937 cells)
% inhibition % inhibition
200 uM 50 uM 40 uM conc
157 O 100 90 59 nd
156 ©/ 60 ne 87 nd
16z 100 85 nd nd
16E ©/ 100 70 84 nd
30Z nd 89 nd 83@5 uM
30E nd 25 nd 98@5 UM
31z 81 60 nd 67@ 10 pM
31E ©\o/©/ 8.0 nd nd 67 @10 uM
3Z act nd nd 13@ 10 uM
N\
3%E - 63 nd nd 1@10 uM
3z O 20 nd nd 9@1uM
33E act nd nd 4@1uM

347 85 nd nd nd

34E H 82 nd nd nd

conc: concentration; nd: not determined; rmeeffiect; act: compound showed an activation ofetheyme;

To further investigate larger aromatic systems wethesized 5-(4-phenoxyphenyl)-3-
phenylpent-2-enoic acid isomei31lZ and31E), whereas31Z reached a moderate inhibition
and31E showed hardly any effect. Moreover, we examinerfaence of 5-(biphenyl-4-yl)-
3-(naphthalen-2-yl)pent-2-enoic acid on the KK@&ctivity which exhibited only 20 %

inhibition as cis isomer 83Z) and triggered a weak activation &sns isomer B3E).
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However, the inhibitory potency among the compoubpeigring extended aromatic functions
on both Ar residues dropped in accordance withpdr@ substitution of As. This fact is in
contrast to the results of group | which revealegiptchlorophenyl derivative26 and27) as
the most potent PKCinhibitorsin vitro in this study. It appears that the inductive dffaic
the halogen plays an important role in the hydriygheubregion of the binding pocket.
However, compound®6, 27 and30Z appear to be the best inhibitors in this seriesipg the
fused rings (naphthyl) as a promising feature efcbre structure to reach good affinity for
the PIF pocket.

In order to examine the selectivity of the new BIRding pocket-directed compounds we
screened them additionally against a panel of A@@des (Group of Ricardo M. Biondi).
Since we observed both an inhibitory and an adairyateffect toward PKC, it was
particularly interesting to know which effect theries would exert by binding to other AGC
kinases. As already mentioned, by binding the RiEkpt the target compounds are able to
stabilize the active conformation of the respectkimase or even lead to inhibition of the
kinase activity. Table 16 shows the specificitysefected 3,5-diphenylpent-2-enoic acids. It
should be noted that in contrast to the Table 1d Bable 15 the values are not given in
percentage inhibition, but in percentage activapotency whereas the DMSO control were
set at 100 % in order to simplify the comparison.

Within the investigated series we focused on anmegwith the most impact on PKC
activity. It becomes apparent that compounds with highest inhibitory efficacy toward
PKCC revealed to be only slighk@E, 26Z, 27E, 27Z) PDK1 activators. This fact we had
already observed with the parental compounds. tBatiauld be noted that these exhibited an
elevated activation and the isomers did not show any activity effect. Introtloe of a
chlorine atom and changing the position of the tlaghmoiety indicates that this substitution
is more tolerated by the hydrophobic PIF pocketresgions of PKG and lead to loss of
affinity toward PDK1. Moreover, compoun@6Z and27Z turned out to have not only a good
inhibition effect toward PKC but also a relatively good specificity toward s pocket over
the PIF pockets of the closely related AGC kinaBegh analogues influenced only slightly
PDK1 and MSK, whereby7Z affected additionally the AGC kinases S6K1 and SGK
Nevertheless, our strategy seems to be along adigdttion, especially since we are looking
for allosteric modulators of PIF pocket that is gontrast to the ATP binding site less
conserved and stands out through differences irathi@o acid sequences among the AGC
kinases (Figure 20, chapter 1.13). While the nometil analogues possess a specific PIF
pocket affinity, thecis isomer of 3,5-di(naphthalen-2-yl)pent-2-enoic acigplayed an
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inhibitory effect toward almost all closely relata&C kinases we tested. The data shown for
31E and 31Z has not been yet completely investigated and thase are not meaningful
enough for the specificity.

Interestingly, the compounds affected several ef itivestigated AGC kinases with a
contrary effect at 200 uM in comparison with thduea of 50 UM concentration. This
anomaly can be attributed to ATP-competitive infnmni which might occur at high
concentrations of the target molecules. From tleisgective further investigations such as
mutant studies and cocrystallization are necegsapyovide the binding of the compounds in
the PIF pocket.

Table 16:In vitro specificity of selected analogues against a pah&GC kinases

Cpd. [uM] | PDKL SBK1 PKCZ PKCi SGK PKA PRK2 RSK MSK
(%) (%) (%) %) (%) (%) (%) (%) (%)
26Z 50 225 60 7 90 60 72 148 230 30
200 17 25 1 10 2 10 160 50 10
26E 50 170 70 18 80 80 150 170 160 50
200 58 100 14 30 40 50 114 60 80
272 50 280 37 11 73 40 120 170 130 15
200 26 30 5 15 2 50 140 10 10
27E 50 220 45 7 62 30 24 160 80 15
200 7 15 1 7 1 35 190 20 10
30z 50 70 34 11 48 16 nd 135 42 4
200 nd nd nd 3 nd nd nd nd nd
31z 50 nd nd 40 18 nd nd nd nd nd
200 109 12 19 0 52 nd 54 6 nd
34z 50 150 nd nd 67 nd nd nd nd nd
200 32 2 15 3 7 nd ne 6 4
34E 50 nd nd nd 52 nd nd nd nd nd
200 19 2 18 4 6 nd 30 5 4
Values in % catalytic activity (DMSO-treateointrol = 100%) nd: not determined

A further essential item which has to be discussetle comparison of the activity of the

compounds toward the closely related atypical lesadBKE and PKG. Interestingly, in the

97



Results

presence of the compouné6Z and 26 at 50 uM the basal activity of PKQvas hardly
affected, suggesting high specificity for the RK®IF pocket. There is also a certain
selectivity given for compound®7Z and 27E whereby these showed a slight inhibition of
PKCi. In contrast, the remaining compounds seem nbe tepecific toward the target kinase.
Altogether, the above data suggest compdtias the most potent and specific toward
PKCC in vitro. Thereby, an increase in lipophilicity by an intive effect (-1) due to gara-
phenyl substitution (A) by a halogen and a naphthyl group {jAsroved to be important for
enhancement of both potency and selectivity. Adddlly, the results confirmed that the PIF
pocket of PKE could transduce inhibition. Nevertheless, we calkb observe activation
potency with the investigated molecules. The d#fifee was already caused by screening of

the compounds with the opposite conformation.

3.3.3.2. Biological characterization of 3,5-diphenylpent-2-aoic acids in U937

cells

Since we observed inhibition potency screening aumgs from our library toward
PKCC in our routinary radioactivity kinase assay, weravinterested to investigate their
activity in cells on the target protein. For thigrpose, we chose the human lymphoma cell
line U937 because these cells displayed PKRpression in immunoblotting experiments
(Figure 37A) and antisense oligonucleotides to PKE turn was shown to control the
HIVinduced NFkB activity (Figure 37B)}°® '®®Additionally, Filamencoet al. performed
immunoblotting experiments with lymphoma U937 dieiké which revealed PKCin a central
position in the TNE induced NF«B activation pathway®’

In order to analyze the effect of the synthesizechmounds in this cell model we
developed a luciferase reporter gene assay acgptdithe principle of the canonical TNF
induced NFkB activation pathway (Figure 17). The assay wasbdished under the
supervision of Dr. M. Engel by me and mainly by MaWeber who performed afterwards
the screenings.

Firstly, we transfected the lymphoma U937 cellshwitlasmid containing luciferase
coding sequence. This plasmid expressed lucifetaster control by NKB response
elements as showed on the assay principle in Fig8re&econdly, we validated the reporter
gene assay with specific inducers to find out & tystem would respond as expected.

Therefore, we chose TNE C6 ceramide, an activator lipid of PKCand bacterial
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lipopolysaccharides (LPS). We observed a strongdtidn of NFKB activity using TNIe.

C6 ceramide in turn influenced N€B weakly and LPS not at all.

Figure 37: A: Immunoblotting experiment: PKC isoenzymes in U98IIst*®
B: Antisense oligonucleotides to PKCinhibit the HIV-mediated NF-kB
activation in U937 céfi$
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A) Top panel: Within the group of classical PKC ispgmes, only PKGrwas detected in U937 cell lysates (U),
while PKC-a, -l and 8lI, and y were present in the rat brain homogenate (B).

Bottom panel: PKG and PKC¢ were present in rat brain (B) but not in U937 <él). The aPKC isoenzyme,
PKC-, was detected in both U937 cell lysates (U) amdran homogenate (B).

B) HIV infected U937 cells were co-transfected vathNF«B reporter gene plasmid (3 kB Cona Luc) and sense
or antisense oligonucleotides to PKC-

In the next step we verified the inhibition of MB- activation induced by
TNFa treatment using known ATP-competitive protein kimashibitors Among others we
tested the broad range kinase inhibitor Staurospashich inhibited the NkB activation as
expected. Moreover, we used UCNOL1 that inhibitelg ahhigh concentrations. Additionally,
we chose known PI3K kinase pathway inhibitors, heeamany AGC kinases which also
posses a PIF pocket are activated in the PI3 kipa#ievay. Obtaining no inhibition effect
with the known inhibitors LY294002 and Wortmannime were able to demonstrate that
PI3K and PDK1 are not expressed and do not infle¢he assay.

Under these established conditions the lucifenasestected U937 cell line was incubated

with the synthesized compounds for three hoursveaslactivated with TNé for further two
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hours. Subsequently, the luciferase activity wassueed based on light production (Figure
38).

Figure 38 Luciferase reporter gene assay principle in U937
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Assay principle: TNE treatment of the cells leads to stimulation of ttemscriptions factor NkB (essential
contribution from PK@) inducing an anti-apoptotic signal whereby lightproduced by oxidation of luciferin.
An inhibitor induces apoptosis and leads to deered@she lightproduction.

As already described the stimulation of the ceithWNFa affected a sharp activation of
NF-kB, so that we could determine the inhibition effetctested compounds in comparison to
DMSO as control. However, in Table 14 and TablewEssummarized the cell data of our
new developed target molecules which were incubatedduplicates and at different
concentrations (40-1 uM). Several of the synthesg&-diphenylpent-2-enoic acids inhibited
the reporter gene activity. Comparing the poterfahe compounds in the cell assay with the
radioactivity assay it was obvious that compouB@snd27 did not only affected the target
protein activityin vitro but also decreased the XB- activation, even totally at 40 uM in
cells. Moreover, both geometric isomers2¥ 30 and 31 decreased also the reporter gene
activity being incubated in U937 cells. These rissshow a good correlation of the inhibition

effect in luciferase activity with the PKQOnhibitory efficacy in cell free assay, but onkyr f
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the cis derivatives 029, 30 and31. The corresponding& isomers which had any inhibitory
effect on PK@ in vitro, triggered NF«B inhibition. This fact indicates a non specific
inhibition in cells. The remaining compounds didt adfect the NF«B activation in cells
showing a good correlation to the results of tHefoee assay.

Another interesting point of view constitutes theadlvantages of the compounds. On the
one hand, there is the carboxyl moiety that makescdell permeability difficult and the
hydrophobic aromatic moieties which are facing eaitter. Nevertheless, diffusion through
biological membranes enabled the compounds to émecells. On the other hand, the high
hydrophobicity of the compounds led to binding be tserum albumin what we found out
performing the luciferase assay with and withoutibe serum albumin. In further studies an
important approach is to create the compound ddaffore drug-like via exchange of the
naphthyl moiety with benzimidazole or —thiazole ugys, especially since we know from our
ITC experiments with PDK1 that fused rings are fadofor enthalpy.

Summarizing, the presented results suggest thaatget molecules are able to bind the
PKC{ PIF pocket in the cells. Furthermore, having tbmpound<26 and27 we present the
most potent inhibitors in the reporter gene assayvall as in the kinase activity assay.
Interestingly, we observed stronger inhibition leé tompounds in cells than in the cell free
assay. This might be due to the big advantage lo$talic inhibitors over the ATP site-
directed compounds whereby the ATP concentratiarften responsible of an increase of the

ICs0. In conclusion there is again no activity diffecerbetween the isomers in cells.

3.3.4. Conclusion

This study demonstrates that analogues of 3,5-digpent-2-enoic acids which were first
identified as activators of PDK1 (chapter 3.1)dnalso a potential as PK@nodulators when
extended on the phenyl moietie&, (B, Figure 36). Biological evaluation revealed that
introduction ofp-chlorophenyl as Arand 2- or 3-naphthyl as A(26, 27) led to potent PKC
inhibitors. These results provide herein new inghn inhibition efficacy on AGC kinases
that can occur by binding the PIF pocket. We wdready successful in development of
allosteric PK( inhibitors with an SAR study of 4-benzimidazolyp&enylbutanoic acids as
PIF pocket-directed compounds recently publishedDoy W. Frohneret al.**” Though,
additional PIF pocket mutant study indicated thas tclass of compounds mediated their
effects via the PIF pockét? 7
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In addition to the ability of the compounds to indunhibition of the kinase targeting the
PIF pocket both geometric isomerd6Z, 26E and 27Z, 27E, turned out to be active
substances. This is in contrast to the currentiteestith PDK1 and applies especially to the
most potent compound®6 and 27. Nevertheless, these results were confirmed alsthe
developed U937 cell assay. Thus we succeeded inngrehe PKE inhibition also in cells
for 26Z, 26 and27Z, 27E. With these most potent compoundwitro as well as in cells we
found also specific compounds as showed in ouesang with several related AGC kinases.
We achieved compounds with decreased activaticenpgttoward PDK1 in comparison with
the parental compounds and even a high degredeatiséy toward the PKCisoforms.

Further studies for the new described 3,5-dipheanth2-enoic acids such as the mutant
study and cocrystallization are underway to confih@ binding site and the localization of
the compounds. Having this evidence we could caetinith further modifications to
improve the affinity, selectivity and drug like feees. Especially the cocrystal structure is of
major importance since the here presented compgeilas$ bearing a double bond at the
carboxylic side chain showed with both isomers gBdid pocket affinity. However, within
the published the 4-benzimidazolyl-3-phenylbutanaiid series two pure enantiomers
showed also the characteristic displaying actitotyard PKE, but these compounds are able
to reach the relevant electrostatic interactionyy ama single bond rotation what is not

possible with the double bond.
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4 Discussion

Previous work revealed a new allosteric regulasity in PDK1, termed PIF pocket that
is required for the recognition and phosphorylatdrits substrates. It was found later that it
serves as an important regulatory site in other A@@ses as well, where the hydrophobic
motif (HM), a C-terminal extension to the catalytiomain, folds back and binds into their
own PIF pocket, thereby regulating the conformatiomansition between the active and
inactive conformation and thus the activity of tkieases® % In contrast to other AGC
kinases the PIF pocket of PDK1 is characterizedhieylack of the HM and revealed as the
docking site for the intramolecular HMs of PDKZ1'sibstrates. Hence, this docking
interaction of PDK1 with it substrates triggers iatrinsic activity of PDK1 enabling ATP
binding and phosphorylation of its substrates. Addal mutation and knock-in studies
confirmed PDK1 as an upstream master kinase thatraie the phosphorylation and
activation of its substrate enzymes. These inclafK, SGK, RSK, MSK and the atypical
PKCs. Only the phosphorylation of PKB does not depen the interaction of the PIF pocket
of PDK1 %

Supported by all these results the PIF pocket dkPvas suggested as a new allosteric
target site for drug development. It is particuarteresting since the inhibition of PDK1 has
gained high interest due to its crucial role img@ducing the PI3K signaling pathway, where
several of the substrates comprising PKB, RSK afl $egulate processes which are
essential for tumor cells, such as cell growth andvival. Deregulation of this signaling
pathway leads in the majority of cases to canced also triggers diabetes type-2,
autoimmune diseases, inflammation, neurological medabolic disorders. Hence, proper
regulation of PDK1 is critical for prevention ofadiigh activity of its substrates. For that
reason, targeted inhibition of PDK1 has emergedragttractive strategy in treatment of a
wide range of human cancéfs>® *®Particularly, because tHe vivo results suggested an
incomplete inhibition of PDK1 in cancers where PTENmutated. Mice with 10-20 % of
PDK1 protein were healthy although they were smatl®wever, when they were crossed
with knockout mice in a PTEN deficient backgroutitey had spontaneous tumors, the mice
with less PDK1 activity had less tumors and extentifespan’’ As binding of ATP is
essential for kinase activity, most therapeutior$f have been focused on inactivation of
PDK1 via ATP-competitive, small molecular weightngmounds (Type | inhibitors) which
block the enzymatic activity and thus interfere tphosphorylation of the cellular

substrates® 3> 3739 41 4B, this approach has two main drawbacks. Orotieesite, due to
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relative structural conservation of ATP bindingesifor several protein kinases and resulting
cross reactions with many different kinases, thsk f dose limiting off-target effects
increases and it is a challenge to find a new dateifor clinical trails. In fact, not only in
case of PDK1l the most ATP-competitive inhibitorsowh limited selectivity (e.g.
staurosporine, UCNO% ®®Moreover, in general these inhibitors compete il ATP for
the same binding sif&: *°®0On the other hand, this strategy proved inapprtpfier several
kinases because of the fact that therapeutic wettdin of essential protein kinases exerts a
selective pressure resulting in development of tiarta and thus inhibitor resistanted
prominent example is Gleevec. These observatiomsped the search for new paths which
have to be taken in order to succeed in specifit lasting regulation of kinase activity.
Currently, the trend toward multi-kinase targeat&gy is increased in an attempt to become
enhanced antitumor efficacy and safety profiles gared to single target drugfsMoreover,
the focus turned from the ATP binding site to méic and unique regulation mechanisms of a
protein kinase. In fact, increasing interest waseobed based on many publications which
included characterization of novel allosteric séssdrugable sites in kinases. Several focused
on type Il inhibitors, which do not really belong &llosteric inhibitors occupying at least
partially the ATP binding site and acting only ionge extent in a different non-competitive
mannef’®> However, due to similar hydrophobic regions adjad® the ATP binding site
among the protein kinases these inhibitors exHdlaigain a lack of specificity. The next class
of compounds presented in research studies areltyipdibitors. Type Il inhibitors tend to
exhibit the highest degree of kinase selectivitingisan allosteric site, distant to the ATP
binding site and exploiting regulatory mechanisnisclv are unique to a particular kindse.
Only few kinases from the kinome can be targetedhiege allosteric, selective and potent
inhibitors so far. Therefore, the development offfar strategies remains urgent and provided
us the motivation to identify first small compoundkich bind to the PIF pocket. For this
purpose, we defined a pharmacophore based onybialsr of the PIF pocket of PDK1 and of
the closed PKA within the C-terminal HM and perfeada virtual screening of a commercial
compound data base. Selected compounds were sesiyoiested on the activity of PDK1
and other AGC kinases. Two compound claskel)(, (Scheme 14) revealed as activators of
PDK1 and provided first evidence with further bieafical experiments that small
compounds directed to the PIF pocket can be degdlop

In this thesis a medicinal chemistry approach wsedu Starting from compound cldss
the aim was to overcome its structural drawbackonter to improve the activity and

selectivity. Since no cocrystal structure was aldd, the rational drug design approach was
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used. The goal was to discover new classes of Paziitators. In such manner, starting from
the compoundl we modified the structure by displacement of tiherat centre and the

sulfanyl moiety to become more drug-like target ecales. Nevertheless, the general
characteristic scaffold including two aromatic 8ngonnected by a carbon chain with an

attached carboxyl side chain should be maintained.

Scheme 14Screening hits and designed, synthesized and dgdlakasses through
medicinal chemistry approachdis
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The structural refinement led to the series of @@ienylpent-2-enoic acids. Performing
the radioactive kinase activity assay, it was appathat the main potency showed mostly the
cis isomers of the new synthesized 3,5-diphenylpeat@c acids. Introduction obara-
halogen substituents on the phenyl ridgrevealed to increase the PDK1 activity and the
potency was improved even more with compounds cagrgdditionally to thepara-halogen
one more halogen imeta or ortho position. In contrast, an ethyl substitution lexd an
abolishment of PDK1 activity. The same pattern ddaé observed by introduction of fluorine
atoms on the phenyl moie. Furthermore, the replacement of the phenyl mofetwith
different aromatic systems in order to explore tbguirements of the PIF pocket led to a
moderate potency toward PDK1. Only the naphthylanee (6Z) stood out showing the
highest increase of potency. Derivatization of laekbone chain inserting polar groups (O,

S) and the scaffold rigidification resulted in grsficantly decrease of PDK1 activity.
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Choosing compoun@Z (Scheme 14), one of the first isolated analoguedhef 3,5-
diphenylpent-2-enoic acid series with good potetowyard PDK1, the PIF pocket of PDK1
was proved as the binding site in a mutagenesiy/sithe cocrystal structure 87 bound to
the PIF pocket confirmed the compound as trulysédioc. Moreover, the cocrystal structure
confirmed the interaction of the carboxyl moietytb€& cis compounds with the phosphate
binding site is essential to prompt the activabd®DK1.

The next particular part of this study provides i€ approach. The relationships
between the structural properties, binding affiratyd allosteric activation with PIF pocket-
directed small weight molecules could be evaludedhe first time. The ITC results again
confirmed the main potency of thes isomers obtaining a typical binding isotherm. In
contrast, therans isomers did not show a typical curve shape. Thalai results for all
tested compounds let suppose that the phosphategisite accommodated all analogues in
the same way. Thereby, the phenyl rB@f thecis analogues might bind into the subpocket
on the PDK1 PIF pocket enabling good interactionts We carboxyl moiety. Furthermore,
the ITC analysis revealed that there is no agreebmtween the estimatéd- and the AGe-
values (Figure 27) from the radioactivity assayr fos reason, the attention was directed
toward the influences of structural features on dfffenity toward PDK1. There are three
crucial aspects to be considered in terms of &yfiand activity. In an agreement with the
cocrystal analysis the edge-to-face @khteraction of the phenyl ring with the amino acid
F157 plays a crucial role in stabilizing the ligapbtein binding, particularly since such
hydrophobic interaction is found to be most favéeatormation in solution. Thus, it was
apparent why substitution of this phenyl ring ledanh abolishment of activity toward PDK1.
The next interesting issue represented the factitheontrast to then vitro activity assay
results which did not show major differences betwtee activation potency of the halogen
substituted derivatives, the dichloro analogué¥ (and 8Z) emerged with distinct
thermodynamic propertiestZ broke the general correlation betwekg and AG, and
exhibited the biggest loss of the binding entropynpared to2Z. The behavior can be
attributed to themeta-chloro substituent which seemed to impede the dpluvbic
interactions with the PIF pocket. In contre&Z, displayed the lowed{y that correlated with
the AGy value. But theortho-chlorine substitution oBZ indicated an “antagonist” like
behavior since its potency to allosterically adivBRDK1 was striking due to the decrease to
about half of the Aax 0f 2Z. In the end, although entropically driven ligarrdtpin binding is
usually attributed to structural featur@g displayed the entropy-driven binding arid did

not. This fact may be due to the differences ingbsition of these compounds within the PIF
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pocket. Subsequently, extended aromatic systenoledthalpy-entropy compensation. These
compounds showeHy values similar to the halogen derivatives althotigdse interacted
differently to the PIF pocket. The high@st/AG ratios showed the naphtyl analogdéZ)
and the indol derivativel{Z) resulting from increase of enthalpy relative turepy of
binding. This might be attributed to the GHnteraction resulting from the-electron density
of bicyclic rings combined with larger surface.damparison with the cocrystal structure of
2Z putative interaction of extendedelectron system af6Z and17Z was provided (Figure
24). In conclusion, the ITC approach resulted ibread thermodynamic binding spectrum
from mainly entropy-driven to predominantly enthaffriven binding. Among the 3,5-
diphenylpent-2-enoic acid series with comparalite,dhe increase of the binding enthalpy is
accompanied by a loss of entropy to about the sdagece leading to little or no change in
binding affinity. This compensation effect was alms when comparing the halogen
derivatives with the extended aromatic derivativesgeneral, with the ITC method that is
proved as a method to guide the lead evaluationogtichization in drug developmerit6Z
and17Z were provided as compounds with the most ideahtbdynamic lead profile, since
the enthalpic term strongly predominates the bigdinee energy. Thus, additional
information about structural requirements was aadein order to use them for further
improvement of the affinity and activity toward tR& pocket of PDK1.

Since a crucial point in development of PDK1 mothrais selectivity, the effect of the
3,5-diphenylpent-2-enoic acid series was testedamne related AGC kinases. Analyzing the
results a slight inhibition of some compounds talwv&6K and SGK and a tendency to

stronger inhibition of PKC was observed. This effect was exploited for a agywroach to

develop PKE selective inhibitors.

The 3,5-diphenylpent-2-enoic acids proved as aftigaof PDK1 targeting the PIF
pocket. But these compounds turned out to have affimity rendering further studies
difficult. In order to discover even more potentdaselective PDK1 activators, the lead
scaffold @Z) was modified combining the short carboxyl sideainhwith the carbonyl
function from the previous lead compouhdAdditional aim to improve the activity of the
compounds was to mimic the two negative chargeeeophosphate groups present in natural
ligands. For this purpose, we chose the malonid awiety as the short side chain. In the
end, the synthesis of 2-(3-oxo-1,3-diphenyl-promgbonic acidsl{ ), (Scheme 14) as a new
class of PDK1 activators and evaluation of its iotpan the activatory potency toward
PDK1’s PIF pocket led to further increase of theKRDactivation in both higher levels and
lower AGso in comparison ta2Z. There was a significant contribution of the dizatyl
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moiety to the affinity and activity to the PIF p@tkparticularly when compared to the
corresponding mono acid derivatives (Scheme 14¢s@&ltwere achieved via decarboxylation
of the malonic acid derivatives and caused genenmadireased potency th&z, but did not
reach the pronounced increase of the activitytlileemalonic analogues did.

Supported by the results with the previous compaelasds, the focus was directed again
toward compounds substituted with halogens on theny moieties. In fact, th@ara
substitution on ringA led in comparison to the structure cléi$sto higher potency and lower
ACs in the following order Cl < Br < I. The iodine dogue revealed as a particular good
activator (AGo = 0.4 uM) and even improved by replacement of ghenyl ringB by a
naphthyl group. An extraordinary high effect wasetved also with thpara-trifluoromethyl
derivative. The introduction of condensed phenydsiinstead of phenyl ring resulted also
in potent activators. Concerning the selectivitg theries showed not only high potency
toward PDK1 but in most cases also a high selégtoxier the closed related AGC kinases.

Going back to the monoacid derivatived ) that exhibited generally reduced potency
than the malonic acid compounds it should be meatothat both thgara-iodo and the
para-trifluoromethyl analogues were characterized bgyvgood potency. Nevertheless, the
focus was directed toward the malonic acid senesrder to further succeed with potent and
selective PDK1 activators.

In an effort to verify the binding site PIF pockeiutants experiments were done and
proved the PIF pocket as the target site. Thesaltsewere confirmed by displacement
experiments utilizing the Alpha-Screen technology.

Furthermore, a prodrug strategy was adapted aresiigated to overcome the membrane
transport barrier that emerged due to the highrpaialonic acid moiety. Therefore, the
compounds were converted to bisacetoxymethyl eatatsheir cellular conversion in the L6
skeletal muscle cell line which displays esterasivity was evaluated. As expected, the
prodrug derivatives remained inactive in our cedlef kinase assay. The cell results data in
turn revealed that the hydrolysis of the prodrugmsswas occurring upon enzymatic activity
leading to a good cell permeability and to intrAdal accumulation, despite the serum
instability of the prodrug. However, this prodrugncept provided a promising starting point
for further development of PDK1 activators withie#nt drug delivery and subsequently
good cellular efficacy. Moreover, with the develdggodrugs the proof of mechanism could
be demonstrated using a western blot analysisetfgated HEK293 cells. In this manner, the
influence of PDK1 PIF pocket-directed compounds aavthe phosphorylation of the

relevant kinases was investigated. These include S&K and RSK which require the PIF
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pocket of PDK1 for docking interaction with theilvH The exception remains PKB. In fact,
an inhibition of S6K without an influence of PKBtatty was obtained. Accordingly, with
further experiments these compounds could be peapfis treatment of cancer and diabetes
type-2.

To gain insight into the mode of binding of the orat acid derivatives cocrystals were
generated. Their X-ray analysis revealed in consparto the compound clal$ additional
crucial interaction of the malonic moiety with tRé~ pocket of PDK1 via a salt bridge. This
salt bridge is essential for the allosteric actmatmechanism as it became apparent due to
increased affinity and activity toward PDK1. Fiyalperforming a chiral separation using
HPLC and having the cocrystal results $henantiomer of theara-trifluoromethyl analogue
could be suggested as the bioactive chiral form.

Altogether, the optimization approach starting witbmpoundl was successful in
improvement of the activity and selectivity profilf the PDK1 activators. With both
compound series the importance of the carboxyl tn@ed malonic acid moiety respectively,
which mimic the phosphate group of the naturald@jawas confirmed as crucial for the
affinity to the PIF pocket of PDK1. Moreover, thadence that compounds blocking the PIF
pocket might be able to prevent phosphorylatioRIDK1's substrates was provided.

Discovering the PIF pocket’s function in the molacumechanism of kinase activation it
became apparent that this site mediates conformattoansition between active and inactive
conformations in many AGC kinases. Therefore, tiistesn provides the opportunity to
influence the kinase activation both with an atyivincrease or inhibition depending on
which conformation is stabilized. In fact, the opzation approach of the screening hit
revealed several compounds of the 3,5-diphenylpesmtoic acid series not only as PDK1
activators but they caused also an inhibitory eéffeavard PKE. Thereby, compounds with
expanded aromatic systems stood out. These reseltisiteresting since the development of
PKCC inhibitors arose interest due to its unique feataractivate the eukarytic transcription
factor NFKB which plays a crucial role in the transcriptioaativation of proinflommatoric
and anti-apoptotic gen&%.®’ There are several advantages to inhibit PkGtead of NFkB
in order to treat inflammatory diseases. Firstig(¥® performs the activating interaction only
in selected cells and tissues. Secondly, knockstudies revealed mice with nearly normal
developed organs. Because there are not even Ampetdive inhibitors described so far,
the allosterical inhibition using the PIF pocketeopd a promising strategy to develop
selective inhibitors of PKC All these facts led to a new project. In an dfforinvestigate the

impact of explored aromatic system on the RKaCtivity the 3,5-diphenylpent-2-enoic acid
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series was enlarged with the focus on improvemérth® inhibitory effect. The biphenyl
derivative (5Z) and the naphthyl derivativdZ) served as leads in the aim to investigate
the spatial limitations of PKCs PIF pocket. Two groups of derivatives were algdi The
first is characterized by thpara-chlorophenyl moiety on the phenyl rig position with
varied aromatic substituents on phenyl ridgFor the second group the naphthyl function
was set as phenyl rinB whereas the phenyl ring was varied. The biological evaluation
revealed several interesting characteristics. duoagetric isomers of the potent analogues did
not show a difference in intrinsic potency towakid2 in most cases. These includédand
Z)-5-(4-chlorophenyl)-3-(naphthalen-2-yl)pent-2-enoacid @6) and €& and 2)-5-(4-
chlorophenyl)-3-(naphthalen-1-yl)pent-2-enoic a(2d) and indicated that the arrangements
of the naphthyl group of both isomers enabled gaedtrostatic interactions of the carboxylic
side chain with the relevant amino acid of the ptieket. Further derivatives demonstrated
that enlarging the target compound size onlycie&onformation might reach good inhibition
potency toward PKC Moreover, furthempara substitution on the phenyl ring led to a
decrease of the PKCeffect and indicated the inductive effect of th&ldgen moiety as
promising feature of the core structure to reachdgaffinity for the PIF pocket. This also
applied for the naphthyl moiety on the phenyl rihgosition.

Regarding the selectivity the most potent compoundsed out to be also specific toward
PKCC{. The patrticular challenge represented the aimbtaio molecules which specifically
target the PIF pocket of PK(but not of PDK1, especially since the lead compgsuwere
found as PDKL1 activators. The other challenge weashtain selectivity toward the most
closed PKC isoform PKIC Both compound26 and27 revealed to have these features. These
in vitro results increased the motivation to investigageattivity of the compounds in cells.
Since the human lymphoma cell line U937 is knowntfee PKE expression, and PKC
revealed to be involved in TNIHnduced NF«B activation pathway, this cell line provided as
a model to develop a luciferase reporter gene assayder to find out the influence of the
compounds on the TMFinduced NF«B activation. Again26 and27 confirmed theilin vitro
inhibition toward PK@ also in cells. Nevertheless, due to the handidafhe derivatives,
namely the limited cell membrane permeability du¢hie polar carboxyl moiety, the obtained
results were attributable to diffusion through bgital membranes. Interestingly, the cell
results revealed stronger inhibition than in th# tree assay. This might be due to the
advantage of allosteric inhibitors over the ATReslirected compounds, whereby the ATP
concentration is often responsible for an increafsthe G, Moreover, the isomers of the

compounds showed again no activity differencesltsc
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Altogether, to reach good potency and selectiviogvard PDK1 an increase in
lipophilicity by an inductive effect irpara-phenyl position (ringA) by a halogen and a
naphthyl moiety as phenyl rinG are important. Additionally, the luciferase regorgene
assay results proved these molecules as (PKBIF pocket inhibitors in cells. However,
mutant analysis and cocrystals would provide ewdembout the targeting site and

localization of the developed molecules.
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5 Summary and Conclusion

The aim of the present thesis was the demnghsynthesis of small molecule compounds
which act via an allosteric mode by binding to HE pocket of two AGC kinases, primarily,
PDK1 and potentially the atypical PKC isoform PK®ased on the hit compouddderived
from previous work of our group new compound clasg&cheme 15) were to be developed
using structure based drug design. Our efforts i@rased on selectivity toward a panel of
related AGC kinases and on enhancement of potericgllosteric modulators to the
nanomolar range in order to confirm the druggabuitthe PIF pocket. With potent allosteric
modulators we could suggest an interesting alteméd traditional ATP-competitive drugs.

Chapter 3.1 deals with the synthesis and bioldégealuation of 3,5-diphenylpent-2-enoic
acids. This new compound class resulted from aortefd obtain more drug-like structure
replacing the chiral center and the sulfanyl moadtyhe hit compound. The phenyl moiety
was systematically modified to identify most favdealead structure for further optimization.
Since in the previous work the attention was foduse the ring substituents, here we
examined in addition the structural features of tdwget site on PDK1 by extension and
rigidification of the 3,5-diphenylpent-2-enoic addaffold.

The structure-activity relationships clearly rewshthat the obtained geometric isomers of
the 3,5-diphenylpent-2-enoic acids exhibited dédfer intrinsic activation potency toward
PDK1. The analogues with th@s configuration were the active substances, wheteas
compounds with the opposite configuration hardlgptiyed any potency. Among tloes
isomers, the halogenated derivatives generally dedua stronger activation of PDK1,
especially dihalogen substituted compounds. Sitgjl&icyclic aromatic substituents turned
out to improve potency toward PDK1. However, sddffogidification did not further
increase the activity, suggesting that the somebilidy of the compounds was necessary to
optimally accommodate to the hydrophobic surfacthefPIF pocket. At the same time, polar
groups inserted in the backbone chain of the médscwere poorly tolerated, leading to a
substantial reduction of potency.

The binding site of modulators was finally confimhasing PDK1 mutated at the PIF
pocket, and by cocrystallography with the seledechpound2Z. It could be shown th&Zz
binds to the PIF pocket proving that the compouwdse truly allosteric. Furthermore, the
cocrystal structure emphasized the importance etcdrboxyl moiety which seems to mimic
the phosphate group of phosphoserine/threonineluesifrom the natural ligands. These

results were confirmed by further experiments ussaghermal titration calorimetry. Again,
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only thecis isomers were observed as PIF pocket binding congmuMoreover, the ITC
study as an increasingly important method in drugyetbpment provided additional
information about structure-dependent binding treetymamics, useful for further
improvement of the affinity and potency toward Pk pocket. Compounds6Z and 17Z
(Scheme 15) showed the most ideal thermodynamidetbat might be attributable to their
extendedreelectron system and thus were selected as newskeactures. Both analogues
turned out to compensate the loss of entropy gginnbreased enthalpy resulting from
additional CHrtinteractions with the PIF pocket.

To obtain informations about selectivity, the 3jpkenylpent-2-enoic acids were tested
toward a panel of selected, closely related AGG$@s. Interestingly, besides activation of
the PDK1, inhibition of other AGC kinases, in pamlar PK{ were pursued further and
refined in Chapter 3.3.

Scheme 15Selected compounds of the optimization approach
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In Chapter 3.2, rational optimization of the newusture 2Z, also considering the
previous hit compound is described. We created a chimeric compound contp the
carbonyl function fronll and the shorter carboxyl side chain fr@g In addition, the design
concept was aimed to better mimic the phosphateetmoof the natural ligands by
introduction of a second carboxyl group. These fincations led to 2-(3-oxo-1,3-
diphenylpropyl)malonic acids which revealed to ¥ywpotent PDK1 activators reaching
even submicromolar affinity. This compound classoashowed a remarkable selectivity
toward PDK1 when tested against a panel of rel&&C kinases. Together with the
mutagenesis study that confirmed the PIF pockdtirading site, we confirmed that specific
modulators of even a single kinase can be develaped) the less conserved, regulatory PIF
pocket as a target site. Finally, the cocrystaucstmre of PDK1 in complex witA
corroborated the importance of the second carbgxglp with respect to potency and
selectivity.

Separating the racemic mixture dH by chiral HPLC and including the cocrystal
structure we were able to suggest $enantiomer as the eutomer with the higher bioklgic
activity. The absolute conformation could be notedained due to limited amounts of
material.

A prodrug approach allowed to investigate the #gtiof the highly polar compounds in
cells, for which the bicacetoxymethyl ester of thest potent malonic acid analogdid was
synthesized (Scheme 15). In fact, the correspongnogirug 5H displayed good cellular
delivery and was readily converted to the activdoma acid form4H upon enzymatic
hydrolysis. This prodrug concept, combined with kingh activity and selectivity odH, the
opened up the possibility to provide the proof afamanism in cellular studies: indeed, the
intracellular releasedH blocked the PIF pocket of PDK1 for interaction iwthe substrate
kinase S6K that requires the PIF pocket to beconesghorylated. As expected, the only one
substrate PKB whose phosphorylation does not demendDK1's PIF pocket was not
affected. Due to the essential role of S6K in imsuksistance the PIF pocket-directed
compound4H might be applicable as a novel therapeutic foititbatment of diabetes type-2.

Moreover, Chapter 3.2 deals with a further compbudlass, the 5-0x0-3,5-
diphenylpentanoic acids that were relatively easyat¢cessible via decarboxylation of the
corresponding malonic acid derivatives. These moidsa exhibited generally reduced
potency toward PDK1 than the corresponding dicayloxderivatives confirming the
importance of the second carboxyl moiety for affirand activity. Nevertheless, this series

could be exploited to analyze the relative contrdyuof the second carboxylate group to the
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overall potency toward PDK1. Combination of varidused aromatic rings with the mono-
carboxyl group proved to retain the activity asesbied with6Q, 6S and6U (Scheme 15).
These findings could be utilized for further optmaiion in order to render the molecules
more drug-like.

The elaboration of the 3,5-diphenylpent-2-enoidastructure with regard to inhibition
efficacy on AGC kinases is described in Chapt8r Since we found out that particuladl§Z
and16Z did not only trigger the PDK1 activity but alsalirced PK inhibition, the interest
arose to optimize their scaffold in an effort tdab more potent and selective inhibitors. For
this purpose, the phenyl moieties were furtherneatended in order to investigate the spatial
limitations of PK{'s PIF pocket.

The biological evaluation demonstrated that thenggdc isomers of the new synthesized
analogues were still inhibiting PKCwhereas allosteric activation of PDK1 was abolishe
indicating that the PIF pockets of PDK1 and RKdiffer in their flexibility toward sterically
demanding ligands. This was patrticularly the cagid Whe most potent naphthyl analogues
26Z, 26E and 27Z, 27E. Enlarging the scaffold e.g. by two naphthyl greup0) led to
differences of potency between the isomers, so ahdt the cis isomers reached a good
inhibitory effect. Further derivatizations of theomatic moieties introducing polar groups
abolished the potency toward PKC

The specifity profile of the most potent PK@hhibitors was examined toward selected
AGC kinases, with a main focus on PDK1 and theatioselated PKC isoform PKICin fact,
26Z, 26E and27Z, 27E turned out to have not only good efficacy towardd@Kout also a
decent specificity toward the other AGC kinase®Z and26E did not even affect the most
closely related isoenzyme PKGndicating a remarkable selectivity for PKGn contrast, the
remaining compounds were found to be not very $pecAltogether, the biological
evaluation highlighte@6Z as the most potent and specific inhibitor of Ri@vitro.

In order to analyze the effect of the new RKiGhibitors in cells, we used a luciferase
reporter gene assay. Again, we observed no actditierence between the isomers.
Moreover, a good correlation of the effect in celith the PKQ inhibitory efficacy in cell
free assay - particularly with the most potent coomals - was observed.

Altogether, our 3,5-diphenylpent-2-enoic acid serenfirmed that PIF pocket-directed
compounds are able besides stabilizing an actiméoomation of PDK1 also to allosterically
inhibit PKCZ’s activity. In further work, the actual binding u® of the inhibitors on PKC

will be elucidated using cocrystallography.
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In summary, this work describes the ligand- andcstire-based design of truly allosteric
compounds targeting the PIF pocket, a regulataiy sh AGC protein kinases’ catalytic
domain. Compounds with such an alternative modeaabion are still poorly represented.
Since the PIF pocket is less conserved than the BihRing site,we expect for the PIF
pocket-directed modulators a distinct pharmacokgicofile, based on higher selectivity and
a more subtle modulation of downstream signalingarticular of PDK1.

Extensive SAR studies to PDK1 and PKGonfirmed that the relevant structural
requirements for PIF pocket-directed small molesalee two aromatic moieties connected by
an aliphatic carbon chain, bearing a two atom meeatbside chain with a free carboxylic or
dicarboxylic group. A V-shaped conformation of #rgl groups toward each other is required
to achieve complemtarity to the PIF-binding poclkétreover, the SAR results allowed for
the first time to investigate conformational chasm@é the allosteric activation mechanism.
We provided the evidence that it is possible td@kphe PIF pocket on the AGC kinases for
the development of reversible allosteric activatamnsl inhibitors. In the case of PDK1, the
small molecules stabilize the active conformatieading to an increase of PDK1 activity. In
contrast, the same molecules induced inhibitiorthef kinase targeting the PIF pocket of
PKCC.

Furthermore, with allosteric activators directedttie PIF pocket of PDK1 we provided
for the first time the proof of mechanism and th@ence that specific activators of a single
kinase can be developed. Concerning further opétima of the potency, the most active
compounds found in this work could serve as new Eauctures. This may finally improve
the biological activity in cells and enable theeastigation of PDK1 activatolis vivo using a

suitable animal model.
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6 Experimental Section

6.1. Chemistry

6.1.1. General descriptions

Solvents and reagents were obtained from commesagpliers and were used without
further purification. Flash column chromatographgsvwearried out using silica-gel 40 (35/40-
63/70 uM) with petroleum ether/ethyl acetate migtuas eluents, and the reaction progress
was determined by TLC analysis on Alugram® SIL GV (Macherey-Nagel).
Visualization was accomplished with UV light and K& solution. '*H-NMR and *C
spectra were recorded at 500 MHz using a Bruker BR®X spectrometerH shifts are
referenced to the residual protonated solvent sigh&®.50 for DMSOds and & 7.26 for
CDCl;) and**C shifts are referenced to the deuterated sohignak® 39.5 for DMSOds
andd 77.2 for CDCY). Chemical shifts are given in parts per milligpih), and all coupling
constantsJ) are given in hertz (Hz). The purities of the ¢glstompounds were determined
by HPLC coupled with mass spectrometry and werédrighan 95% for all compounds.
Mass spectrometric analysis (HPLC-ESI-MS) was peréal on a TSQ quantum (Thermo
Electron Corporation) instrument equipped with &l Bource and a triple quadrupole mass
detector (Thermo Finnigan, San Jose, CA). The M®atien was carried out at a spray
voltage of 4.2 kV, a nitrogen sheath gas pressfideOox 10 Pa, an auxiliary gas pressure of
1.0 x 16 Pa, a capillary temperature of 400 °C, capillasjtage of 35 V and source CID of
10 V. All samples were injected by autosampler ¥8yor®, Thermo Finnigan) with an
injection volume of 10 uL. A RP C18 NUCLEODUR ® 180(125 x 3 mm) column
(Macherey-Nagel) was used as stationary phase.sbheent system consisted of water
containing 0.1 % TFA (A) and 0.1 % TFA in acetahi(B). HPLC-Method: flow rate 400
uL/min. The percentage of B started at an initféd &6, was increased up to 100 % during 16
min, kept at 100 % for 2 min and flushed back ® %% in 2 min. All masses were reported
as those of the protonated parent ions. Meltingitgsowere determined on a Mettler FP1

melting point apparatus and are uncorrected.
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6.1.2. Synthetic procedures

Method A:  Claisen-Schmitt condensation

The corresponding benzaldehyde (1 eq) was dissalveetOH (2 mL / 1 mmol), a 3 M
NaOH,q solution (3 eq) and the corresponding acetopher{éneq) were added and the
resulting mixture was stirred at rt for 2 h formiagprecipitate. The solid was separated by
vacuum filtration and was washed three times wlhniL ice water. The crude product was

purified by recrystallization from MeOH.

Method B:  Selective silica gel-catalyzed 1,4-redtion

The corresponding chalcone (1 eq) was stirred umldernitrogen atmosphere with 3,5-
bis(ethoxycarbonyl)-1,4-dihydro-2,6-dimethylpyridigHEH, 1.5 eq) in the presence of silica
gel (0.2 g/ 0.1 mmol) in toluene (2 mL / 1 mmadi)7@ °C in the dark for 17 h. After removal
of toluene under vacuum, the crude mixture wasfipdrby flash column chromatography on

silica gel.

Method C:  Horner-Wadsworth-Emmons reaction

Triethyl phosphonoacetate (1-3 eq) was added dsspwat 20 °C to a slurry of sodium
hydride (abs. 60 % in oil) (1-3 eq) in anhydroug-dimethoxyethane under nitrogen. The
reaction mixture was stirred at rt for 1 h unti tipas evolution had ceased and the appropriate
reduced chalcone (1 eq) was added. After stirring0a°C for 4 hours the resultant solution
was poured into ice water (50 mL) and then extdhwtigh dichloromethane (3 x 20 mL). The
extract was washed with brine (20 mL), dried ovehyarous MgS® and evaporateth
vacuo to afford a crude which was purified by flash coluwhromatography to obtain the

corresponding geometric isomers of the ethyl ateydierivatives.

Method D:  Hydrolysis |

A solution of the corresponding ester (1 eq) an®@Ng (3eq) in EtOH was refluxed for 4
hours. After the completion of reaction, the coometkture was poured into water (30 mL),
acidified to pH 2 with 10 % HCI and extracted wethyl acetate (3 x 20 mL). The organic
layers were collected, washed with brine (20 mkigdlover MgSQ@ and evaporated to afford

a residue, which was purified by crystallizatioraftord the acids.
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Method E:  Rap-Stoermer reaction

The corresponding salicylaldehyde (1 eq) and 2-bamatophenone (1 eq) were dissolved in
ethanol and then treated with potassium carborafegq). The resultant mixture was heated
at 80 °C for 1 hour, and the reaction mixture waeh up in water (50 mL) and extracted
with dichloromethane (3 x 20 mL). The combined migaextracts were washed with brine
(20 mL), dried over MgS©and concentrated under reduced pressure. Theamisoll was

subjected to silica gel chromatography to giveappropriate product.

Method F:  Catalytic transfer hydrogenation

To a solution of the corresponding){ethyl 3-(benzofuran-2-yl)-3-phenylacrylate (1eq)
ethanol (10 mL) was added Pd/C (10 %) and a saolw@isodium hypophosphite (1.5 eq) in 7
mL of water. The mixture was stirred at 50 °C fob hours. After the completion of the
reaction the catalyst was filtered off and the erdd/drolyzed (50 mL), extracted with
dichloromethane (3 x 20 mL), dried over MgS@nd evaporated. The resultant oil was

subjected to silica gel chromatography to giveappropriate product.

Method G:  Synthesis of MOM-ether

Bromomethyl-methylether (1 eq) was added dropwiseat stirred suspension of the
corresponding hydroxyl derivative (1.5 eq) and saodhydride (1 eq) in dimethoxyethane at
0 °C. The mixture was stirred for 1h at room terap@e. After the complete addition water
was carefully added and it was exracted with etletie (3x), dried over MgSQCand

concentrated in vacuo.

Method H:  Michael Addition Reaction |

The corresponding chalcone (1 eq) and magnesiudedgil g / 0.1 mmol) were dissolved in

toluene and diethyl malonate (1 eq) was added.ré&etion was stirred at rt for 2 hours. The
magnesium oxide was separated by vacuum filtratrmhwas washed three times with 10 mL
dichloromethane. The solvent was evaporated andrine product was crystallized from

diethyl ether and hexane.

Method I: Michael Addition Reaction II
The corresponding chalcone (1 eq) and diethyl nsifl.1 eq) were dissolved in ethanol
and potassium carbonate (2 eq) was added. The naiwias heated at reflux for 2 hours. The

reaction was quenched with,® (50 mL) and extracted with GBI, (3 x 20 mL). The
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organic layer was washed with brine, dried with Mg&nd evaporated under vacuum. The

crude product was crystallized from methylene cbdand hexane.

Method J: Michael Addition Reaction Il

The corresponding chalcone (1 eq) and diethyl nail eq) were dissolved in methanol
and sodium hydride (cat) was added. The mixture hested at reflux for 2 hours. The
reaction was quenched with,® (50 mL) and extracted with GBI, (3 x 20 mL). The
organic layer was washed with brine, dried with Mg&nd evaporatednder vacuum. The

crude product was crystallized from methylene acdand hexane.

Method K:  Deprotection of MOM-ether

A solution of the corresponding MOM derivative wiasated with 10 % HCI (2 mL) in
methanol (10 mL) and the resulting mixture waswedd for 2h. After cooling the solvent
was removed, the residue was extracted with ettatiade (3x) and dried with MgQOThen

the crude product was concentrated to obtain tbdymt (quant, without further purification).

Method L:  Hydrolysis I

A solution of the corresponding malon ester (1 &g NaOH, (3eq) in EtOH was refluxed
for 4 hours. After the completion of reaction, ttwoled mixture was poured into water (30
mL), acidified to pH 2 with 10 % HCI and extracteith ethyl acetate (3 x 20 mL). The ethyl
acetate extracts were collected and further eddastith agqueous sodium bicarbonate
solution (4 x 20 mL). The bicarbonate extractiorerevmade acidic with 10 % HCI which
was added until a pH of 2 was obtained. The wlolels were formed which were further
extracted with ethyl acetate (3x50 mL.). The orgasolution was dried over MgQGnd

evaporated to afford a residue, which was purifigdrystallization to afford the acids.

Method M:  Esterification

To a stirred solution of the corresponding malcead derivative (1 eq) and NE eq) in
anhydrous DMF (5 mL), bromomethyl acetate (3 eg} waded. After being stirred for 4h at
rt, the mixture was hydrolized, extracted with éthgetate (3 x), washed with brine, dried
over MgSQ, filtered and concentrated at reduced pressure.ré&sidue was purified by flash

column chromatography.
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Method N:  Decarboxylation
The corresponding malonic acid derivative (1 eg} werolytic treated in an oil bath at 160
°C for 1 hour and the heating was stopped afteCifeevolution ceased. The crude acid was

dissolved in acetone/methanol and precipitated dithloromethane to afford the acid.

6.1.3. Analytical data

6.1.3.1. Compounds described in Chaptei3.1.

5-(4-Chlorophenyl)-3-phenylpent-2-enoic acids, & 27):

3-(4-Chlorophenyl)-1-phenylprop-2-en-1-one, (2c¢):

Synthesized according to Method A using 4-chloralaétehyde2d (9.36 g, 67.0 mmol) and
acetophenone (8.0 g, 67.0 mmol); pale yellow solield: 15.3 g (94 %); Mp 113-114 °C;

'H NMR (CDCk, 500 MHz):3 = 7.39 (d,3J = 8.5 Hz, 2H), 7.47-7.51 (m, 3H), 7.58-7.60 (m,
3H), 7.75 (d2J = 15.7 Hz, 1H), 8.00-8.03 (m, 2HJC NMR (CDCk, 125 MHz):5 = 128.4,
128.7,129.2, 129.5, 132.1, 132.9, 133.4, 136.8,0,.344.7, 189.9.

3-(4-Chlorophenyl)-1-phenylpropan-1-one, (2b):

Synthesized according to Method B using compoRa@.636 g, 2.62 mmol), HEH (1.0 g,
3.93 mmol) and silica gel (5.26 g); white solicel: 0.49 g (81 %); Mp 99-100 °C;

'H NMR (CDCk, 500 MHz):5 = 2.95 (t,J = 7.6, 2H), 3.21 (£J = 7.6, 2H), 7.17-7.19 (m,
2H), 7.19 (m, 2H), 7.44-7.47 (m, 2H), 7.55-7.58 (i), 7.96-7.94 (m, 2H)"C NMR
(CDCl;, 125 MHz): 8§ = 29.6, 40.4,128.2,129.8, 1289, 130.1, 132.1, 133.4, 137.0,
139.0, 199.1.

Ethyl 5-(4-chlorophenyl)-3-phenylpent-2-enoate, (2a

Synthesized according to Method C using compa2im@.346 g, 1.41 mmol), NaH (0.17 g,
4.23 mmol) and triethyl phosphonoacetate (0.96 4123 mmol);

2Ea: colourless oil; yield: 0.19 g (42 %) NMR (CDCk, 500 MHz):8 = 1.30 (%) = 7.2
Hz, 3H), 2.68-2.72 (m, 2H), 3.36-3.39 (M = 8.3 Hz, 2H), 4.20 (¢?J = 7.2 Hz, 2H), 6,06
(s, 1H), 7.12-7.15 (m, 2H), 7.21-7.23 (m, 2H), 7380 (m, 3H), 7.42-7.45 (m, 2H}C

121



Experimental Section

NMR (CDCk, 125 MHz):6 = 14.3, 32.9, 34.4, 59.9, 1181P6.7, 128.3,128.7, 129.0, 129.9,

131.6,139.9, 140.9, 158.9165.9.
2Za: colourless oil; yield: 0.17 g (38 %Y NMR (CDCk, 500 MHz):8 = 1.06 (t,J = 7.2
Hz, 3H), 2.65-2.68 (m, 2H), 2.69-2.72 (m, 2H), 4(®3%) = 7.2 Hz, 1H), 5.87 (s, 1H), 7.05
(d, 3= 8.2 Hz, 2H), 7.17 (& = 7.8 Hz, 2H), 7.23 (fJ = 8.2 Hz, 2H), 7.37-7.34 (m, 3H).
13C NMR (CDCh, 125 MHz):8 = 13.9, 33.1, 41.8, 59.9, 118127.2, 127.8, 127.9128.5,
129.6, 131.9139.2, 139.6, 157.8164.9.

(E)-5-(4-Chlorophenyl)-3-phenylpent-2-enoic acid, &):

Synthesized according to Method D using compo?iad (0.16 g, 0.51 mmol) and NaQi
(2.1 mL, 5.1 mmol); white solid; yield: 0.105 g (¥@; Mp 117-118 °C;

'H NMR (CDCk, 500 MHz):8 = 2.70-2.74 (m, 2H), 3.37-3.41 (m, 2H), 6,11 (d),17.12 (d,

3) = 8.5 Hz, 2H), 7.22 () = 8.2 Hz, 2H ), 7.39-7.42 (m, 3H), 7.44-7.48 (H)2°C NMR
(CDCls, 125 MHz):86 = 17.2, 33.5, 60.2, 126.9, 127.6, 128.0, 128.8.58,2131.2, 141.3,
144.8, 148.8, 180.5; NOESY experimetii NMR (CDCk, 500 MHz) showed a cross peak
between the signal at 7.44-7.48 (m, 2H) and theasigt 6,11 (s, 1H). LC/MS (+ESly/z =
287.6 [MH], R = 14.13 £ 99 %).

(2)-5-(4-Chlorophenyl)-3-phenylpent-2-enoic acid, 2):

Synthesized according to Method D using compo2ital (0.139 g, 0.44 mmol) and NaQé
(2.1 mL, 4.4 mmol); white solid; yield: 0.093 g (74); Mp 114-115 °C;

'H NMR (CDCk, 500 MHz):8 = 2.64-2.67 (m, 2H), 2.71-2.77 (m, 2H), 5.87 (4),17.04 (d,
3)=8.5 Hz, 2H ), 7.18 (m, 2H), 7.24 @, = 8.5 Hz, 2H), 7.34 (m, 3H}*C NMR (CDCE,
125 MHz):8 = 15.9, 32.8, 60.2, 127.1, 127.6, 128.0, 129.7,8,3139.8, 142.4, 145.3, 170.5;
NOESY experimentd NMR (CDCk, 500 MHz) showed a cross peak between the sigals
2.64-2.67 (m, 2H) and at 2.71-2.77 (m, 2H), anddigmal at 5.87 (s, 1H). LC/MS (+ESI):
m/'z = 287.5 [MH], R = 13.56 £ 99 %).

5-(3-Chlorophenyl)-3-phenylpent-2-enoic acids 8 & 37):

3-(3-Chlorophenyl)-1-phenylprop-2-en-1-one, (3c):

Synthesized according to Method A using 3-chloralaétehyde3d (0.8 mL, 7.11 mmol) and
acetophenone (0.83 mL, 7.11 mmol); pale yellowdsglield: 1.62 g (94 %); Mp 110-111 °C;
'H NMR (CDCk, 500 MHz):8 = 7.39-7.44 (m, 2H), 7.50-7.55 (m, 4H), 7.60-7.64 @H),
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7.73 (d,3J = 15.3 Hz, 1H), 8.02 (&) = 8.5 Hz, 1H)>*C NMR (CDCE, 125 MHz):d = 123.2,
126.8, 127.9, 128.5, 128.7, 130.2, 130.3, 133.8,9,337.9, 143.0, 190.1.

3-(3-Chlorophenyl)-1-phenylpropan-1-one, (3b):

Synthesized according to Method B using compo8a@.60 g, 2.47 mmol), HEH (0.94 g,
3.70 mmol) and silica gel (4.94 g); white solidelg: 0.57 g (89 %); Mp 82-84 °C,;

'H NMR (CDCk, 500 MHz):6 = 3.03-3.07 (m, 2H), 3.29-3.32 (m, 2H), 7.27-7(82 4H),
7.46 (t,% = 7.9 Hz, 2H), 7.57 (£J = 7.6 Hz, 1H), 7.96 (d3J = 7.9 Hz, 2H).**C NMR
(CDCls, 125 MHz):6 =29.7, 40.0, 126.3, 126.7128.0, 128.6,128.6, 129.7,133.2, 134.3,
136.8, 143.3,198.7.

Ethyl 5-(3-chlorophenyl)-3-phenylpent-2-enoate, (3a

Synthesized according to Method C using compadBing0.40 g, 1.63 mmol), NaH (0.20 g,
4.89 mmol) and triethyl phosphonoacetate (0.97 4689 mmol);

3Ea: colourless oil; yield: 0.22 g (43 %) NMR (CDCk, 500 MHz):8 = 1.32 (t,J = 6.9
Hz, 3H), 2.69-2.74 (m, 2H), 3.37-3.41 (m, 2H), 4(813%) = 7.2 Hz, 2H), 6.07 (s, 1H), 7.16-
7.20 (m, 4H), 7.42-7.46 (m, 5H)°C NMR (CDC}, 125 MHz):§ = 14.3, 32.7, 34.7, 59.9,
118.1, 126.1126.7, 128.6, 128.7, 129.029.5, 133.9, 140.9141.3, 143.5, 158.8166.3.

3Za: colourless oil; yield: 0.19 g (38 %) NMR (CDCk, 500 MHz):6 = 1.07 (t,°) = 7.2
Hz, 3H), 2.66-2.70 (m, 2H), 2.74-2.79 (m, 2H), 3(88°J = 7.2 Hz, 2H), 5.88 (s, 1H), 7.05
(d, %) = 7.2 Hz, 1H), 7.11 (s, 1H), 7.16-7.21 (m, 4H),0¢B37 (m, 3H)*C NMR (CDCE,
125 MHz):8 = 13.9, 33.5, 41.7, 59.9, 118126.3, 126.5, 127.8, 128.0, 128.129.7, 134.2,
139.6, 142.8, 157.7165.8.

(E)-5-(3-Chlorophenyl)-3-phenylpent-2-enoic acid, B):

Synthesized according to Method D using compo8&d (0.2 g, 0.63 mmol) and NaQH
(2.1 mL, 6.3 mmol); white solid; yield: 0.158 g (88); Mp 98-100 °C;

'H NMR (CDCk, 500 MHz):8 = 2.72-2.77 (m, 2H), 3.40-3.43 (m, 2H), 6.13 (d),17.09 (d,
3) = 7.2 Hz, 1H ), 7.19-7.15 (m, 3H), 7.41-7.45 (nt)37.46-7.50 (m, 2H)*C NMR
(CDCls, 125 MHz):6 = 33.0, 34.8, 117.0, 126.6, 126.7, 126.8, 12828.9, 129.6, 134.0,
140.7, 143.3, 162.0, 170.8; LC/MS (+EStyz = 288.6 [MH]; R = 14.06 £ 97 %)
(2)-5-(3-Chlorophenyl)-3-phenylpent-2-enoic acid, 3):

Synthesized according to Method D using compo8aa (0.17 g, 0.54 mmol) and NaQ#
(1.8 mL, 5.4 mmol); white solid; yield: 0.135 g (8@); Mp 102-104 °C;

123



Experimental Section

'H NMR (CDCk, 500 MHz)8 = 2.63-2.67 (m, 2H), 2.74-2.77 (m, 2H), 5.85 (4),16.98 (td,
43=1.6,)=7.2Hz, 1H), 7.09-7.10 (m, 1H), 7.15-7.18 (rhi)37.18-7.21 (m, 1H), 7.31-
7.33 (m, 1H), 7.33-7.36 (m, 2H)*C NMR (CDCk, 125 MHz):8 = 33.3, 42.0, 117.0, 126.0,
126.4, 127.2, 128.1, 128.2, 128.4, 128.6, 129.8,813142.6, 160.6, 170.1; LC/MS (+ESI):
m/z = 288.6 [MH]; R = 13.43 £ 99 %)

5-(4-Fluorophenyl)-3-phenylpent-2-enoic acids & & 42):

3-(4-Fluorophenyl)-1-phenylprop-2-en-1-one, (4c):

Synthesized according to Method A using 4-fluoratadaehydetd (2.0 g, 16.11 mmol) and
acetophenone (1.88 mL, 16.11 mmol); yellow solid]d; 3.35 g (92 %); Mp 88-90 °C;

'H NMR (CDCk, 500 MHz):8 = 7.09-7.13 (m, 2H), 7.44-7.52 (m, 3H), 7.57-7(6% 3H),
7.77 (d,3) = 15.8 Hz, 1H), 8.00-8.02 (m, 2HYC NMR (CDC}, 125 MHz):5 = 116.1 (d2J
(C, F) = 21.9 Hz, CH), 121.8, 128.4, 128.6, 13@,3(C, F)= 8.2 Hz, CH), 131.1 (dJ (C,
F)= 3.7 Hz, CH), 132.8, 138.1, 143.4, 164,0'0(C, F) = 252.0 Hz, &), 190.3.

3-(4-Fluorophenyl)-1-phenylpropan-1-one, (4b):

Synthesized according to Method B using compoda@.50 g, 2.21 mmol), HEH (0.84 g,
3.31 mmol) and silica gel (4.42 g); pale yellow, gield: 0.476 g (94 %);

'H NMR (CDCk, 500 MHz):5 = 3.05 (t,%J = 7.6, 2H), 3.29 (£J = 7.6, 2H), 6.99-6.95 (m,
2H), 7.22-7.19 (m, 2H), 7.46 &) = 7.6 Hz, 2H), 7.58-7.54 (m, 1H), 7.95 (J,= 8.5 Hz,
2H). 1*C NMR (CDC}, 125 MHz):5 = 29.2, 40.4, 115.2 (d,(C, F) = 21.1 Hz, CH), 127.9,
128.6, 129.8 (dJ (C, F)= 7.7 Hz, CH), 133.1, 136.7, 136.8, 161,0JdC, F) = 243.8 Hz,
Cqua), 198.9.

Ethyl 5-(4-fluorophenyl)-3-phenylpent-2-enoate, (4a

Synthesized according to Method C using compoing0.40 g, 1.75 mmol), NaH (0.21 g,
5.26 mmol) and triethyl phosphonoacetate (1.2 md2 snmol);

4Ea: colourless oil; yield: 0.193 g (37%) NMR (CDCk, 500 MHz):8 = 1.06 (t,3) = 7.2
Hz, 3H), 2.65-2.75 (m, 4H), 3.98 (§] = 7.2 Hz, 2H), 5.87 (s, 1H), 6.93-6.97 (m, 2H)E~.
7.09 (m, 2H), 7.16-7.18 (m, 2H), 7.31-7.38 (m, 3HE NMR (CDCE, 125 MHz):8 = 13.9,
32.9,42.1, 59.8, 115.0, 115.1 ®(C, F) = 22.1 Hz, CH), 117.9, 127.2, 127.7, 1213].9,
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129.6 (d,J (C, F) = 7.7 Hz, CH), 136.4, 139.7, 158.0, 161.0]((C, F) = 243.8 Hz, Ga),
165.8.

47a: colourless oil; yield: 0.189 g (36 %)X NMR (CDCk, 500 MHz):6 = 1.29 (t,°J = 7.2
Hz, 3H), 2.69-2.72 (m, 2H), 3.36-3.39 (m, 2H), 4(B0%) = 7.2 Hz, 2H), 6.06 (s, 1H), 6.92-
6.96 (m, 2H), 7.15-7.18 (m, 2H), 7.46-7.35 (m, 58& NMR (CDCE, 125 MHz):8 = 14.3,
31.1, 34.3,59.9, 115.0 (d(C, F) = 21.1 Hz, CH), 117.9, 126.7, 128.6, 129%9.8 (dJ (C,
F)=7.7 Hz, CH), 137.1, 140.9, 159.1, 161.0J(¢C, F) = 243.8 Hz, Gua), 166.3.

(E)-5-(4-Fluorophenyl)-3-phenylpent-2-enoic acid, @):

Synthesized according to Method D using compodiaa (0.185 g, 0.62 mmol) and NaQé
(2.1 mL, 6.2 mmol); white solid; yield: 0.150 g (98); Mp 95-98 °C;

'H NMR (CDCk, 500 MHz):8 = 2.72-2.75 (m, 2H), 3.38-3.42 (m, 2H), 6.12 (8),16.92-
6.96 (m, 2H), 7.13-7.16 (m 2H), 7.41-7.42 (m, 3AW¥6-7.48 (m, 2H)}*C NMR (CDCE,
125 MHz): & = 33.4, 34.4, 115.0 (d] (C, F) = 21.1 Hz, CH), 116.9, 126.8, 128.7, 129.4,
129.8 (d,J (C, F) = 8.6 Hz, CH), 136.9, 140.8, 149.5, 161.0J((C, F) = 240.9 Hz, &a,
170.9; LC/MS (+ESI)m/z = 271.5 [MH]; R = 13.24 £ 99 %)
(2)-5-(4-Fluorophenyl)-3-phenylpent-2-enoic acid, (4):

Synthesized according to Method D using compodisia (0.18 g, 0.60 mmol) and NaQ#
(2.0 mL, 5.4 mmol); white solidjield: 0.135 g (83 %); Mp 90-92 °C;

'H NMR (CDCk, 500 MHz):8 = 2.63-2.67 (m, 2H), 2.73-2.77 (m, 2H), 5.87 (§),16.93-
7.07 (m, 2H), 7.16-7.23 (m, 2H), 7.34-7.39 (m, 5HE NMR (CDCE, 125 MHz):5 = 34.3,
42.4,116.0 (dJ (C, F) = 21.1 Hz, CH), 117.9, 127.2, 128.2, 1283).6, 132.0 (J (C, F) =
7.7 Hz, CH), 141.5, 160.4, 161.5 ®(C, F) = 264.9 Hz, &), 168.2; LC/MS (+ESI)m/z =
271.5 [MH]; R = 12.73 £ 98 %)

5-(4-Bromophenyl)-3-phenylpent-2-enoic acids, & 57):

3-(4-Bromophenyl)-1-phenylprop-2-en-1-one, (5c¢):

Synthesized according to Method A using 4-bromobklehydesd (2.0 g, 10.81 mmol) and
acetophenone (1.26 mL, 10.81 mmol); yellow solid|d; 2.80 g (90 %); Mp 121-123 °C;

'H NMR (CDCk, 500 MHz):8 = 7.50-7.61 (m, 8H), 7.74 () = 15.7 Hz, 1H), 8.01 (dd)) =
1.4,3) = 7.2 Hz, 2H).13C NMR (CDCk, 125 MHz):6 = 122.6, 124.8, 128.5, 128.7, 129.8,
132.2,132.9, 133.8, 138.0, 143.4, 190.2.
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3-(4-Bromophenyl)-1-phenylpropan-1-one, (5b):

Synthesized according to Method B using compoba(.50 g, 1.74 mmol), HEH (0.661 g,
2.61 mmol) and silica gel (3.48 g); pale yellowigpyield: 0.479 g (95 %); Mp 73-75 °C;

'H NMR (CDCk, 500 MHz):5 = 3.03 (t,°J = 7.6 Hz, 2H), 3.28 (£J = 7.6 Hz, 2H), 7.13 (d,
3)=8.5 Hz, 2H), 7.30 (d?J = 8.5 Hz, 2H), 7.46 (£J = 7.2 Hz, 2H), 7.58-7.55 (m, 1H), 7.94
(dd,*) = 1.3, = 7.2 Hz, 2H)}*C NMR (CDCk, 125 MHz):8 = 29.4, 40.0, 119.9, 128.0,
128.6, 130.2, 131.5, 133.2, 136.7, 140.2, 198.8.

Ethyl 5-(4-bromophenyl)-3-phenylpent-2-enoate, (5a)

Synthesized according to Method C using compdain¢0.40 g, 1.38 mmol), NaH (0.166 g,
4.15 mmol) and triethyl phosphonoacetate (0.94 4115 mmol);

5Ea: colourless oil; yield: 0.226 g (46 %} NMR (CDCk, 500 MHz):6 = 1.30 (t,°J = 7.2
Hz, 3H), 2.67-2.70 (m, 2H), 3.36-3.92 (m, 2H), 4(80°J = 7.2 Hz, 2H), 6.06 (s, 1H), 7.08
(d, 3J = 8.5 Hz, 2H), 7.38-7.45 (m, 7HY°C NMR (CDCk, 125 MHz):8 = 14.3, 32.8, 34.5,
59.9,118.1, 119.7, 126.7, 128.7, 129.1, 130.3,31340.9, 158.9, 166.2.

5Za: colourless oil; yield: 0.205 g (41 %4 NMR (CDCk, 500 MHz):6 = 1.06 (t,°J = 7.2
Hz, 3H), 2.63-2.75 (m, 4H), 3.98 ({§l = 7.2 Hz, 2H), 5.87 (s, 1H), 7.00 {,= 8.5 Hz, 1H),
7.16-7.18 (m, 2H), 7.31-7.40 (m, 5HYC NMR (CDCE, 125 MHz):6 = 12.2, 33.4, 42.0,
60.1, 118.3, 120.2, 127.4, 128.0, 128.2, 130.3,713139.8, 140.0, 158.066.1.

(E)-5-(4-Bromophenyl)-3-phenylpent-2-enoic acid, ):

Synthesized according to Method D using compobi&d (0.20 g, 0.56 mmol) and NaQi
(0.56 mL, 1.68 mmol); white solid; yield: 0.162 88(%); Mp 137-140 °C*H NMR (CDClk,
500 MHz):8 = 2.70-2.73 (m, 2H), 3.38-3.40 (m, 2H), 6.12 (d),17.07 (d,3J = 8.2 Hz, 2H),
7.37 (d,%) = 8.5 Hz, 2H), 7.41-7.45 (m, 3H), 7.45-7.47 (m,)2HC NMR (CDC}, 125
MHz): 6 = 33.2, 34.5, 116.8, 126.8, 128.8, 129.5, 13032,4, 131.7, 140.2, 140.7, 162.1,
169.9; LC/MS (+ESI)m/z = 332.3 [MH]; R = 14.53 £ 99 %)
(2)-5-(4-Bromophenyl)-3-phenylpent-2-enoic acid, &):

Synthesized according to Method D using compobisa (0.18 g, 0.50 mmol) and NaQ#
(0.5 mL, 1.5 mmol); white solid; yield: 0.148 g (98); Mp 120-122 °C;

'H NMR (CDCk, 500 MHz):8 = 2.62-2.65 (m, 2H), 2.73-2.76 (m, 28,= 8.3 Hz, 2H), 5.85
(s, 1H), 6.98 (d*J = 8.5 Hz, 2H), 7.11 (d®J = 8.5 Hz, 2H), 7.29-7.42 (m, 5H)°C NMR
(CDCls, 125 MHz):6 = 33.1, 35.7, 116.9, 127.4, 128.5, 130.0, 1303.,.4, 133.1, 139.5,
141.4, 160.8, 169.9; LC/MS (+ESHvz = 332.3 [MH]; R = 13.93 £ 99 %)
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3-Phenyl-5-(4-(trifluoromethy)phenyl)pent-2-enoicacids, (& & 62):

3-(4-(Trifluoromethylphenyl)-1-phenylprop-2-en-1-ore, (6¢):

Synthesized according to Method A using 4-trifluoethylbenzaldehydéd (2.00 g, 11.5
mmol) andacetophenone (1.34 mL, 11.5 mmol); yellow soligldi 3.05 g (94 %); Mp 129-
131 °C;

'H NMR (CDCk, 500 MHz):8 = 7.50-7.55 (m, 2H), 7.58-7.63 (m, 2H), 7.68%E 8.5 Hz,
2H), 7.74 (d,*J = 8.5 Hz, 2H), 7.81 (d°J = 15.8 Hz, 1H), 8.02-8.04 (m, 2H}’C NMR
(CDCls, 125 MHz) :6 = 124.3, 125.9 (g)(C, F)= 3.7, CH), 128.5, 128.6, 128.7, 129.4, 131.9
(d, J(C-F)=32.6), 132.1, 133.2, 138.1 @(C, F)= 61.4 Hz, CH), 142.7, 190.6.

1-Phenyl-3-(4-(trifluoromethyl)phenyl)propan-1-one,(6b):

Synthesized according to Method B using compotni(D.50 g, 1.81 mmol), HEH (0.687 g,
2.71 mmol) and silica gel (3.62 g); pale yellow, gikeld: 0.438 g (87 %);

'H NMR (CDCk, 500 MHz):5 = 3.14 (t,J = 7.6 Hz, 2H), 3.32 (£J = 7.6 Hz, 2H), 7.37 (d,
3)=7.9 Hz, 2H), 7.46 (t) = 7.9 Hz, 2H), 7.54-7.56 (m, 3H), 7.95 &, = 8.2 Hz, 2H)*C
NMR (CDCk, 125 MHz):& = 29.8, 39.8, 125.2, 125.4, 127.9, 128.7, 12838.2, 136.7,
145.1, 145.4, 190.8.

Ethyl 3-phenyl-5-(4-(trifluoromethyl)phenyl)pent-2-enoate, (6a):

Synthesized according to Method C using compadgim@.35 g, 1.26 mmol), NaH (0.151 g,
3.77 mmol) and triethyl phosphonoacetate (0.86 31L7 mmol);

6Ea: colourless oil; yield: 0.19 g (43 %) NMR (CDCk, 500 MHz):5 = 1.30 (t,3 = 7.2
Hz, 3H), 2.79-2.81 (m, 2H), 3.40-3.44 (m, 2H), 4(g0°J = 7.2 Hz, 2H), 6.07 (s, 1H), 7.31
(d, 3 = 8.2 Hz, 2H), 7.39-7.45 (m, 5H), 7.50 {d,= 8.2 Hz, 2H);"*C NMR (CDCE, 125
MHz): 6 = 14.3, 32.6, 34.9, 59.9, 118.2, 125.0, 125.3 (€, F) = 3.9 Hz, CH)126.7, 128.4,
128.5, 128.6, 128.829.1, 140.8, 145.5, 158,866.3;

6Za: colourless oil; yield: 0.162 g (36 %)} NMR (CDCk, 500 MHz):8 = 1.06 (t3= 7.2
Hz, 3H), 2.73-2.79 (m, 4H), 3.98 ({§l = 7.2 Hz, 2H), 5.89 (s, 1H), 7.18 {,= 8.2 Hz, 2H),
7.23 (d,%J = 8.2 Hz, 2H), 7.32-7.39 (m, 3H), 7.52 d,= 7.9 Hz, 2H)*C NMR (CDC}, 125
MHz): 6 = 13.9, 33.6, 41.5, 59.9, 118.1, 125.2, 125.3(q;, F) = 3.9 Hz, CH)125.4, 127.2,
127.9, 128.0, 128.428.6, 139.4, 144.9, 157,365.8;

127



Experimental Section

(E)-3-Phenyl-5-(4-(trifluoromethyl)phenyl)pent-2-enot acid, (&):

Synthesized according to Method D using compobiad (0.19 g, 0.54 mmol) and NaQ#
(1.80 mL, 5.45 mmol); white solid; yield: 0.1639p(%); Mp 127-129 °C;

'H NMR (CDCk, 500 MHz):8 = 2.80-2.83 (m, 2H), 3.41-3.45 (m, 2H), 6.13 (d),17.30 (d,
3)=8.2 Hz, 2H), 7.41-7.48 (m, 5H), 7.51 {d,= 8.2 Hz, 2H);*C NMR (CDCE, 125 MHz):
8= 32.9, 34.9, 117.0, 125.2 @(C, F) = 3.7 Hz, CH), 126.7, 128.3, 128.6, 12823.8,
129.1, 129.5, 140.6, 145.3 @,C, F) = 1.9 Hz, CH), 162.0, 170.9; LC/MS (+ESW/z =
321.5 [MH]; R = 14.27 £ 99 %)

(2)-3-Phenyl-5-(4-(trifluoromethyl)phenyl)pent-2-enot acid, (&):

Synthesized according to Method D using compoéaa (0.15 g, 0.43 mmol) and NaQ#
(1.4 mL, 4.31 mmol); white solid; yield: 0.113 (2(86); Mp 125-127 °C;

'H NMR (CDCk, 500 MHz):8 = 2.70-2.78 (m, 4H), 5.85 (s, 1H), 7.14-7.16 (iH),27.19-
7.29 (m, 2H), 7.30-7.37 (m, 3H), 7.49-7.54 (m, 2HE NMR (CDCE, 125 MHz):5 = 33.5,
34.9,125.3 (dJ (C, F) = 3.7 Hz, CH), 125.9, 127.2, 127.5, 12828.5, 128.6, 128.8, 130.0,
133.5, 144.6, 160.6, 170.0; LC/MS (+EStyz = 321.5 [MH]; R = 13.74 £ 95 %)

5-(3,4-Dichlorophenyl)-3-phenylpent-2-enoic acid§/E & 72):

3-(3,4-Dichlorophenyl)-1-phenylprop-2-en-1-one, (jc

Synthesized according to Method A using 3,4-diadth@nzaldehyd&d (2.00 g, 11.4 mmol)
andacetophenone (1.33 mL, 11.4 mmol); pale yellowdsglield: 3.00 g (94 %); Mp 110-113
°C:

'H NMR (CDCk, 500 MHz):5 = 7.44-7.53 (m, 5H), 7.59-7.62 (m, 1H), 7.69%tk 15.8 Hz,
1H), 7.72 (d2J = 1.9 Hz, 1H), 8.00-8.03 (m, 2HY*C NMR (CDCk, 125 MHz):8 = 123.5,
127.5, 128.5, 128.7, 129.7, 131.0, 133.1, 133.3,41334.9, 137.8, 141.9, 189.9.

3-(3,4-Dichlorophenyl)-1-phenylpropan-1-one, (7b):

Synthesized according to Method B using compora(.50 g, 1.80 mmol), HEH (0.685 g,
2.70 mmol) and silica gel (3.60 g); pale yellow, gield: 0.416 g (83 %);

'H NMR (CDCk, 500 MHz):8 = 3.03 (1,2 = 7.2 Hz, 2H), 3.28 (£J = 7.2 Hz, 2H), 7.09 (dd,
43=1.9,%3 = 8.5 Hz, 1H), 7.35-7.34 (m, 2H), 7.46 {§,= 7.2 Hz, 2H), 7.59-7.55 (m, 1H),
7.96-7.94 (m, 2H).13C NMR (CDCk, 125 MHz):6 = 29.9, 39.7, 127.9, 128.0, 128.7, 130.0,
130.3, 130.4, 132.3, 133.2, 136.6, 141.5, 198.4.
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Ethyl 5-(3,4-dichlorophenyl)-3-phenylpent-2-enoate(7a):

Synthesized according to Method C using compotim@0.35 g, 1.25 mmol), NaH (0.15 g,
3.76 mmol) and triethyl phosphono-acetate (0.85 86 mmol);

7Ea: colourless oil; yield: 0.204 g (47 %) NMR (CDCk, 500 MHz):5 = 1.30 (131 = 7.2
Hz, 3H), 2.67-2.71 (m, 2H), 3.36-3.39 (m, 2H), 4(B0°J = 7.2 Hz, 2H), 6.06 (s, 1H), 7.04
(dd,*J = 1.9,%) = 8.2 Hz, 1H), 7.28 (d'J = 2.2,3) = 8.2 Hz, 1H), 7.30 (J = 8.2 Hz, 1H),
7.38-7.44 (m, 5H)}*C NMR (CDCE, 125 MHz):5 = 14.3, 32.5, 34.1, 60.0, 118.3, 126.7,
128.1, 128.7, 129.1, 129.8, 130.1, 130.5, 132.0,714.41.6, 158.6, 166.3.

7Za: colourless oil; yield: 0.178 g (41 %H NMR (CDCk, 500 MHz):6 = 1.01 (,°J = 6.9
Hz, 3H), 2.75-2.63 (m, 4H), 3.98 & = 6.9 Hz, 2H), 5.87 (s, 1H), 6.96 (dd,= 2.2,21=8.2
Hz, 2H), 7.17 (dJ = 8.2 Hz, 2H), 7.20 (s, 1H), 7.32-7.38 (m, 4C NMR (CDCE, 125
MHz): & = 13.9, 32.9, 41.5, 59.9, 118.2, 127.2, 127.8,.9,2728.0, 130.1, 130.2, 130.3,
132.3, 139.3, 141.0, 157.3, 165.8.

(E)-5-(3,4-Dichlorophenyl)-3-phenylpent-2-enoic acid(7E):

Synthesized according to Method D using compotiad (0.10 g, 0.29 mmol) and NaQi
(0.96 mL, 2.86 mmol); white solid; yield: 0.09 ¢b(%); Mp 120-123 °C;

'H NMR (CDCk, 500 MHz):8 = 2.70-2.73 (m, 2H), 3.38-3.41 (m, 2H), 6.13 (&),17.02
(dd,*J=1.9,°3=8.2 Hz, 1H), 7.27 (d) = 2.2 Hz, 1H), 7.31 () = 8.2 Hz, 1H), 7.41-7.46
(m, 5H); *C NMR (CDCk, 125 MHz):§ = 32.8, 34.2, 117.0, 126.7, 128.0, 128.8, 129.6,
130.0, 130.2, 130.4, 132.1, 140.5, 141.4, 178,61 LC/MS (+ESI):m/z = 322.6 [MH]; R

= 14.88 £ 99 %)

(2)-5-(3,4-Dichlorophenyl)-3-phenylpent-2-enoic acid(7Z):

Synthesized according to Method D using compotga (0.10 g, 0.29 mmol) and NaQ#
(0.96 mL, 2.86 mmol); white solid; yield: 0.085%f1(%); Mp 130-134 °C;

'H NMR (CDCk, 500 MHz):8 = 2.62-2.65 (m, 2H), 2.74-2.77 (m, 2H), 5.86 (8),16.93
(dd,*)=2.2,33=8.2 Hz, 2H ), 7.16-7.21 (m, 2H), 7.31-7.39 (m, 4BL NMR (CDC}, 125
MHz): 6 = 32.5, 35.5, 116.8, 125.8, 126.9, 127.5, 12728.4, 128.2, 130.2, 133.3, 139.9,
140.4, 160.3, 169.9; LC/MS (+ESHVz = 322.7 [MH]; R = 14.32 £ 99 %)
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5-(2,4-Dichlorophenyl)-3-phenylpent-2-enoic acidg8E &87):

3-(2,4-Dichlorophenyl)-1-phenylprop-2-en-1-one, (§c

Synthesized according to Method A using 2,4-diatb@nzaldehyd8&d (2.0 g, 11.43 mmol)
andacetophenone (1.33 mL, 11.43 mmol); yellow solidjd; 3.1 g (94 %); Mp 175-178 °C,;
'H NMR (CDCk, 500 MHz):8 = 7.39 (dd,"J = 2.2,3) = 8.5 Hz, 1H), 7.46-7.53 (miH),
7.59-7.62 (m, 1H), 7.69 (dJ = 8.2 Hz, 1H), 8.00-8.10 (m, 2H), 8.10 (d,= 15.8 Hz, 1H).
3C NMR (CDCk, 125 MHz): & = 125.1, 127.6, 127.9, 128.5, 128.6, 128.7, 1303B.1,
136.0, 136.5, 137.8, 139.3, 190.1.

3-(2,4-Dichlorophenyl)-1-phenylpropan-1-one, (8b):

Synthesized according to Method B using compo8a(D.50 g, 1.80 mmol), HEH (0.685 g,
2.70 mmol) and silica gel (3.60 g); pale greenyé{d: 0.363 g (72 %);

'H NMR (CDCl, 500 MHz):8 = 3.15 (1,2 = 7.6 Hz, 2H),3.29 (t,%J = 7.6 Hz, 2H), 7.17 (dd,
43=2.2,3=8.2 Hz, 1H), 7.26 (£J = 8.2 Hz, 2H), 7.37 (¥ = 2.2 Hz, 1H), 7.46 (£J =
7.6 Hz, 2H), 7.54-7.59 (m, 1H), 7.95-7.97 (m, 2HC NMR (CDC}, 125 MHz):8 = 27.7,
38.1, 127.3, 128.0, 128.6, 129.3, 131.7, 132.7,2.334.6, 136.6, 137.4, 198.6.

Ethyl 5-(2,4-dichlorophenyl)-3-phenylpent-2-enoate(8a):

Synthesized according to Method C using compad8ing0.30 g, 1.07 mmol), NaH (0.13 g,
3.22 mmol) and triethyl phosphonoacetate (0.73 3122 mmol);

8Ea: colourless oil; yield: 0.147 g (39 %H NMR (CDCk, 500 MHz):8 = 1.29 (t,°J = 7.2
Hz, 3H), 2.83-2.86 (m, 2H), 3.35-3.38 (m, 2H), 4(g0°J = 7.2 Hz, 2H), 6.10 (s, 1H), 7.14
(dd,33=2.2,31=8.2 Hz, 1H), 7.23 (J = 8.2 Hz, 2H), 7.31 (J = 2.2 Hz, 1H), 7.37-7.41
(m, 3H), 7.48-7.50 (m, 2H)*C NMR (CDCk, 125 MHz):8 = 14.3, 30.9, 32.3, 60.0, 118.1,
126.7, 127.0, 128.6, 129.0, 129.1, 131.5, 132.3,41337.7, 140.6, 158.6, 166.3.

8Za: colourless oil; yield: 0.179 g (48 %) NMR (CDCk, 500 MHz):5 = 1.07 (t,3J= 7.2
Hz, 3H), 2.70-2.79 (m, 4H), 3.99 ({l = 7.2 Hz, 2H), 5.91 (s, 1H), 7.05 @,= 8.2 Hz, 1H),
7.15 (dd,*J = 2.2,33 =8.2 Hz, 1H), 7.19-7.21 (m, 2H), 7.31-7.38 (m, 4L NMR (CDCE,
125 MHz):8 = 13.9, 31.4, 39.8, 59.9, 118.0, 127.1, 127.3,9,21128.0, 129.3, 131.1, 132.6,
134.5, 137.0, 139.4, 157.6, 165.9.
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(E)-5-(2,4-Dichlorophenyl)-3-phenylpent-2-enoic acid8E):

Synthesized according to Method D using compo8iad (0.10 g, 0.31 mmol) and NaQ#
(0.32 mL, 0.93 mmol); white solid; yield: 0.09 ¢7(86); Mp 118-120 °C;

'H NMR (CDCk, 500 MHz):8 = 2.85-2.89 (m, 2H), 3.40-3.72 (m, 2H), 6.16 (8l),17.14
(dd,*J = 2.2,33=8.2 Hz, 2H), 7.19 (J = 8.2 Hz, 2H), 7.32 (J = 1.9 Hz, 1H), 7.40-7.41
(m, 3H), 7.51-7.53 (m, 2H}’C NMR (CDCE, 125 MHz):6 = 31.1, 32.4, 116.8, 125.9, 126.8,
127.1, 128.7, 129.1, 129.6, 131.5, 132.5, 137.7,5,3140.0, 169.9; LC/MS (+ESlh/z =
322.2 [MH]; R = 13.12 £ 93 %)

(2)-5-(2,4-Dichlorophenyl)-3-phenylpent-2-enoic acid82):

Synthesized according to Method D using compo8#aa (0.10 g, 0.31 mmol) and NaQ#
(0.32 mL, 0.93 mmol); white solid; yield: 0.09 ¢7(86); Mp 122-124 °C,;

'H NMR (CDCk, 500 MHz):8 = 2.67-2.74 (m, 4H), 5.88 (s, 1H), 7.03 {d= 8.2 Hz, 1H ),
7.14 (dd ) = 2.2,%3 =8.2 Hz, 1H), 7.19-7.21 (m, 2H), 7.33-7.39 (m, 4HZ NMR (CDCE,
125 MHz): 6 = 32.5, 40.2, 116.9, 127.1, 127.3, 128.2, 12829.4, 131.1, 132.7, 134.5,
138.7, 141.4, 160.5, 176.5; LC/MS (+ESt)z = 322.7 [MH]; R = 14.63 £ 98 %)

5-(4-Bromo-2-fluorophenyl)-3-phenylpent-2-enoic ads, (E & 97):

3-(4-Bromo-2-fluorophenyl)-1-phenylprop-2-en-1-one(9c):

Synthesized according to Method A using 4-bromdud+b-benzaldehyd@d (1.50 g, 7.39
mmol) andacetophenone (0.86 mL, 7.39 mmol); yellow soliglgi 1.81 g (80 %); Mp 166-
168 °C;

'H NMR (CDCk, 500 MHz):8 = 7.33-7.36 (m, 2H), 7.51 ) = 7.6 Hz, 3H), 7.56-7.63 (m,
1H), 7.63 (d,J = 15.8 Hz, 1H), 7.82 (£J = 16.1 Hz, 1H), 8.03-8.00 (m, 2HYC NMR
(CDCls, 125 MHz):8 = 119.9 (dJ (C, F) = 24.9 Hz, CH), 120.1 (d,(C, F) = 1.6 Hz, CH),
122.2, 124.6 (dJ (C, F) = 9.6 Hz, CH), 125.0 (d,(C, F) = 3.8 Hz, CH), 128.0 (d,(C, F) =
7.7 Hz, CH), 128.6, 128.7, 130.6 (H(C, F) = 3.8 Hz, CH), 133.0, 136.3, 161.0dC, F) =
252.0 Hz, Gua), 190.2.

3-(4-Bromo-2-fluorophenyl)-1-phenylpropan-1-one, (B):

Synthesized according to Method B using compo@n(D.50 g, 1.64 mmol), HEH (0.623 g,
2.46 mmol) and silica gel (3.28 g); pale greenydéjd: 0.395 g (78 %);
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'H NMR (CDCk, 500 MHz):6 = 3.06 (t,2J = 7.6 Hz, 2H), 3.28 (£J = 7.6 Hz, 2H), 7.15-7.21
(m, 3H), 7.46 (t3J = 7.9 Hz, 2H), 7.54-7.59 (m, 1H), 7.91-7.97 (m, 2HL NMR (CDCE,
125 MHz):$ = 23.5, 38.4, 118.8, 119.0, 120.0JdC, F) = 9.6 Hz, CH), 127.3, @,(C, F) =
2.9 Hz, CH), 128.0, 128.6, 132.0 (H(C, F) = 5.8 Hz, CH), 133.2, 136.6, 161.0JdC, F) =
249.5 Hz, Gya), 198.6.

Ethyl 5-(4-bromo-2-fluorophenyl)-3-phenylpent-2-enate, (9a):

Synthesized according to Method C using comp®im@.30 g, 0.98 mmol), NaH (0.117 g,
2.93 mmol) and triethyl phosphonoacetate (0.67 3105 mmol);

9Ea: colourless oil; yield: 0.145 g (39 %) NMR (CDCk, 500 MHz):8 = 1.30 (3= 6.9
Hz, 3H), 2.73-2.76 (m, 2H), 3.35-3.38 (m, 2H), 4(49°) = 6.9 Hz, 2H), 6.09 (s, 1H), 7.10-
7.18 (m, 3H), 7.37-7.39 (m, 3H), 7.45-7.47 (m, 2HC NMR (CDCE, 125 MHz):8 = 14.3,
28.0, 31.1, 60.0, 118.2, 118.6 (C, F) = 24.9 Hz, CH), 119.7 (d,(C, F) = 9.6 Hz, CH),
126.7, 127.1 (dJ (C, F) = 3.9 Hz, CH), 127.4, 128.6, 129.1, 13132.0, 140.6, 158.4, 160.5
(d,J(C, F) = 249.5 Hz, ().

97a: colourless oil; yield: 0.154 g (42 %)} NMR (CDCk, 500 MHz):8 = 1.06 (t3= 7.2
Hz, 3H), 2.66-2.75 (m, 4H), 3.98 (4] = 7.2 Hz, 2H), 5.87 (s, 1H), 6.96 {f = 8.2 Hz, 1H),
7.18 (d,3J = 8.8 Hz, 4H), 7.31-7.38 (m, 3HYC NMR (CDCk, 125 MHz):5 = 13.9, 27.1,
40.1, 60.0, 118.1, 118.9, 119.0, 119.5J4C, F) = 9.6 Hz, CH), 126.8, 127.1, 127.2, 127.3,
127.9 (dJ(C, F) =9.6 Hz, CH), 131.5 (d,(C, F) = 5.8 Hz, CH), 139.4, 158.5 @(C, F) =
299.4 Hz, Gua), 165.8.

(E)-5-(4-Bromo-2-fluorophenyl)-3-phenylpent-2-enoic aid, (9E):

Synthesized according to Method D using compo9&d (0.10 g, 0.26 mmol) and NaQi
(0.27 mL, 0.79 mmol); white solid; yield: 0.075&p(%); Mp 110-113 °C;

'H NMR (CDClk, 500 MHz):5 = 2.76-2.79 (m, 2H), 3.37-3.41 (m, 2H), 6.14 (4),17.08 (d,
3)=8.2 Hz, 1H), 7.14-7.19 (m, 2H), 7.40-7.41 (m)3H48-7.50 (m, 2H)**C NMR (CDCE,
125 MHz):5 = 28.1, 31.4, 117.0, 118.7, 118.9, 119.9, 12&7,2(d,J (C, F) = 2.8 Hz, CH),
127.3, 128.7, 129.5, 131.9 @(C, F) = 6.4 Hz, CH), 160.9 (d,(C, F) = 250.2 Hz, &a),
161.6, 170.9LC/MS (+ESI):mvz = 350.3 [MH]; R = 12.90 £ 98 %)
(2)-5-(4-Bromo-2-fluorophenyl)-3-phenylpent-2-enoic eid, (92):

Synthesized according to Method D using compo@aa (0.10 g, 0.26 mmol) and NaQ#
(0.27 mL, 0.79 mmol); white solid; yield: 0.078 8p(%); Mp 82-84 °C;
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'H NMR (CDCk, 500 MHz):8 = 2.65-2.68 (m, 2H), 2.74-2.78 (m, 2H), 5.86 (d),17.18-
7.22 (m, 3H), 7.27-7.38 (m, 4H}C NMR (CDCE, 125 MHz):8 = 27.0, 28.0, 35.6, 40.5,
116.9, 118.8 (dJ (C, F) = 5.5 Hz, CH), 119.2 (d,(C, F) = 9.2 Hz, CH), 120.1, 126.0, 127.5
(d,J (C, F) = 3.7 Hz, CH), 128.5, 131.4 (®(C, F) = 5.5 Hz, CH), 141.4, 161.0 @(C, F) =
258.4 Hz, Gya), 169.8; LC/MS (+ESI)m/z = 350.3 [MH]; R = 14.00 £ 99 %)

5-(4-Ethylphenyl)-3-phenylpent-2-enoic acids, (1D &107):

3-(4-Ethylphenyl)-1-phenylprop-2-en-1-one, (10c):

Synthesized according to Method A using 4-ethyllaéehydelOd (2.00 g, 14.9 mmol) and
acetophenone (1.79 g, 14.9 mmol); yellow oil; yiddb0 g (74 %);

'H NMR (CDCk, 500 MHz):8 = 1.04 (t,*J = 7.6 Hz, 3H), 2.47 (¢fJ = 7.6 Hz, 2H), 7.02-
7.04 (m, 2H), 7.26-7.32 (m, 3H), 7.34-7.37 (m, 3H%H8 (d,*) = 15.8 Hz, 1H), 7.77-7.81 (m,
2H). °C NMR (CDCE, 125 MHz):5 = 15.3, 28.8, 121.2, 128.4, 128.5, 128.6, 13132.4,
132.6, 138.4, 145.0, 147.4, 190.7.

3-(4-Ethylphenyl)-1-phenylpropan-1-one, (10b):

Synthesized according to Method B using compoi@cl(0.50 g, 2.11 mmol), HEH (0.84 g,
3.17 mmol) and silica gel (4.22 g); pale yellow, gikeld: 0.284 g (57 %);

'H NMR (CDCk, 500 MHz):8 = 1.23 (t,3= 7.6 Hz, 3H), 2.63 (¢/J = 7.6 Hz, 2H), 3.05 (t,
3)=7.6 Hz, 2H), 3.30 (£ = 7.6 Hz, 2H), 7.14 (£J = 8.2 Hz, 2H), 7.18 (£J = 8.2 Hz, 2H),
7.46 (,3)= 7.2 Hz, 2H), 7.54-7.57 (m, 1H), 7.95-7.98 (m, 28 NMR (CDCE, 125 MHz):

8 =15.6, 28.4, 29.7, 40.6, 127.9, 128.0, 128.3,8,2833.0, 136.9, 138.4, 142.0, 199.3.

Ethyl 5-(4-ethylphenyl)-3-phenylpent-2-enoate, (10a

Synthesized according to Method C using compalBial(0.25 g, 1.05 mmol), NaH (0.126 g,
3.15mmol) and triethyl phosphonoacetate (0.72 ml5 3hnmol);

10Ea: colourless oil; yield: 0.143 g (44 %)} NMR (CDCk, 500 MHz):5 = 1.25 (d2J=7.6
Hz, 3H), 1.30 (t3J = 7.2 Hz, 3H), 2.61 (g}J = 7.6 Hz, 2H), 2.69-2.72 (m, 2H), 3.37-3.40 (m,
2H), 4.21 (q,°J = 7.2 Hz, 2H), 6.07 (s, 1H), 7.10 @, = 8.2 Hz, 2H), 7.15 (d’J = 8.2 Hz,
2H), 7.38-7.41 (m, 3H), 7.46-7.48 (m, 2HJC NMR (CDC}, 125 MHz):6 = 14.3, 15.7,
28.5, 33.3, 34.8, 59.9, 117.8, 126.7, 127.8, 12828,6, 128.9, 138.8141.1, 141.8, 159.5,
166.3.
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10Za: colourless oil; yield: 0.133 g (41 %} NMR (CDCk, 500 MHz):5 = 1.06(t, J = 7.2
Hz, 3H), 1.22 (t3 = 7.6 Hz, 3H), 2.60 (¢fJ = 7.6 Hz, 2H), 2.72-2.76 (m, 4H), 3.98 {q,=
7.2 Hz, 2H), 5.90 (s, 1H), 7.05 (8] = 7.9 Hz, 2H), 7.10 (¢J = 7.9 Hz, 2H), 7.20-7.18 (m,
2H), 7.38-7.30 (m, 3H):*C NMR (CDCE, 125 MHz):5 = 13.9, 15.6, 28.4, 33.4, 42.1, 59.8,
117.6, 127.2, 127.7, 127.9, 128.2, 13839.9, 142.0, 158.6 166.0.

(E)-5-(4-Ethylphenyl)-3-phenylpent-2-enoic acid, (1B):

Synthesized according to Method D using compol@a (0.10 g, 0.32 mmol) and NaQ#
(2.07 mL, 3.24 mmol); white soligjeld: 0.085 g (94 %); Mp 98-100 °C;

'H NMR (CDCk, 500 MHz):8 = 1.22 (t,J = 7.6 Hz, 3H), 2.62 (¢#J = 7.6 Hz, 2H), 2.72-
2.76 (m, 2H), 3.39-3.42 (m, 2H), 6.13 (s, 1H), 7(d1°J = 8.2 Hz, 2H), 7.15 (¢J = 8.2 Hz,
2H), 7.40-7.41 (m, 3H), 7.48-7.50 (m, 2HYC NMR (CDCk, 125 MHz):8 = 15.7, 28.5,
33.6, 34.9, 116.7, 126.8, 127.8, 128.3, 128.7,3,2910.9, 141.9, 145.5, 162.6, 170.8; LC/MS
(+ESI):m/iz = 289.4 [MH]; R = 14.68 £ 97 %)
(2)-5-(4-Ethylphenyl)-3-phenylpent-2-enoic acid, (10):

Synthesized according to Method D using compol@h (0.10 g, 0.32 mmol) and NaQ#
(2.07 mL, 3.24 mmol); white soligjeld: 0.083 g (92 %); Mp 96-98 °C;

'H NMR (CDCk, 500 MHz):5 = 1.15 (t,J = 7.6 Hz, 3H), 2.54 (dJ = 7.6 Hz, 2H), 2.64-
2.68 (m, 2H), 3.34 (m, 2H), 6.05 (s, 1H), 7.03%Ws 8.2 Hz, 2H), 7.07 (dJ = 8.2 Hz, 2H),
7.33-7.35 (m, 3H), 7.41-7.43 (m, 2HfC NMR (CDC}, 125 MHz):5 = 15.7, 28.5, 33.6,
34.8, 116.5, 126.8, 127.8, 128.2, 128.3, 128.7,312910.9, 141.9, 162.2, 170.8; LC/MS
(+ESI):m/iz = 289.4 [MH]; R = 14.15 % 97 %)

5-(4-Chlorophenyl)-3-(3-fluorophenyl)pent-2-enoic aids, (11 & 117):

(E)-3-(4-Chlorophenyl)-1-(2-fluorophenyl)prop-2-en-1ene, (11c):

Synthesized according to Method A using 4-chloralaétehyde (2.00 g, 14.3 mmol) ad
fluoroacetophenone (1.74 mL, 14.3 mmol); pale yelbolid; yield: 1.85 g (49 %);

'H NMR (CDCk, 500 MHz)3 7.18 (t,J = 8.5 Hz, 2H), 7.40 (d] = 8.5 Hz, 2H), 7.47 (d] =
15.4 Hz, 1H), 7.57 (d] = 8.5 Hz, 2H), 7.76 (d] = 15.8 Hz, 1H), 8.06 (d] = 8.5 Hz, 2H);
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3-(4-Chlorophenyl)-1-(2-fluorophenyl)propan-1-one(11b):

Synthesized according to Method B usiir (1.0 g, 3.85 mmol), HEH (1.46 g, 5.75 mmol)
and silica gel (7.67 g); colourless solid; yieldZ®g (75 %);

'H NMR (CDCk, 500 MHz)§ 3.04 (t,J = 7.2 Hz, 2H), 3.30 (dt) = 3.1, 7.6 Hz, 2H), 7.12-
7.3 (m, 6H), 7.50-7.55 (m, 1H), 7.88 (dd= 1.6, 8.5 Hz, 1H)**C NMR (CDC}, 125 MHz)8
29.2, 44.9, 116.6 (dJc.r = 23.4 Hz), 124.5 (Jcr = 2.9 Hz), 125.5 (Jcr = 13.4 Hz),
128.5, 129.8, 130.6 (Jc.r = 2.9 Hz), 131.8, 134.6 (dJcr = 9.6 Hz), 139.6, 161.9 (dJcr

= 254.3 Hz), 197.1.

Ethyl 5-(4-chlorophenyl)-3-(2-fluorophenyl)pent-2-@éoate, (11a):

Synthesized according to Method C usiridp (0.60 g, 2.28 mmol), NaH (0.28 g, 6.85 mmol)
and triethyl phosphonoacetate (1.51 mL, 6.85 mmol);

11Ea: colourless oil; yield: 0.14 g (19 %)% NMR (CDCk, 500 MHz)& 1.30 (t,J = 7.2 Hz,
3H), 2.66-2.70 (m, 2H), 3.32-3.3/, 2H), 4.19 (9 = 7.2 Hz, 2H), 5.94 (s, 1H), 7.07-7.11
(m, 3H), 7.14 (dJ = 8.5 Hz, 1H), 7.17-7.21 (m, 3H), 7.31-7.35 (rhl)1**C NMR (CDCE,
125 MHz)§ 14.3, 33.7, 33.9, 60.1, 116.1 (dcr = 23.0 Hz), 117.9, 119.4, 122.0 .+
=2.9 Hz), 124.2 (}Jc.r = 3.8 Hz), 128.3, 129.8, 129.9, 130.2, 139.7, 1586%,9 (d,Jc.r =
250.5 Hz), 169.4.

11Za: colourless oil; yield: 0.18 g (24 %Y NMR (CDCk, 500 MHz)5 1.07 (t,J = 7.2 Hz,
3H), 2.69-2.74m, 4H), 4.00 (gJ = 7.2 Hz, 2H), 5.98 (s, 1H), 7.06-7.14 (m, 5HR3(d,J =
8.5 Hz, 2H), 7.29-7.33 (m, 1H).

(E)-5-(4-Chlorophenyl)-3-(3-fluorophenyl)pent-2-enoiacid, (11E):

Synthesized according to Method D usifg-¢thyl 11Ea (0.14 g, 0.42 mmol) and NaQ§
(1.4 mL, 4.20 mmol); white solid; yield: 0.09 g (Y);

'H NMR (CDCk, 500 MHz)3 2.69-2.72 (m, 2H), 3.34-3.38, 2H), 6.01 (s, 1H), 7.08-7.21
(m, 7H), 7.37-7.38 (m, 1H). MS (+ESI): m/z = 306«MI).
(2)-5-(4-Chlorophenyl)-3-(3-fluorophenyl)pent-2-enoicacid, (112):

Synthesized according to Method D usititya (0.18 g, 0.55 mmol) and NaQ§¥(1.8 mL,
5.5 mmol); white solid; yield: 0.07 g (40 %);

'H NMR (CDCk, 500 MHz)3 2.60-2.63 (m, 2H), 2.67-2.7@n, 2H), 5.91 (s, 1H), 6.93-7.10
(m, 4H), 7.17-7.23 (m, 4H); MS (+ESI): m/z = 306<M).
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5-(4-Chlorophenyl)-3-(3-flurorphenyl)pent-2-enoic &ids, (1 & 127):

(E)-3-(4-Chlorophenyl)-1-(3-fluorophenyl)prop-2-en-lene, (12c):

Synthesized according to Method A using 4-chlorabéehyde (1.02 g, 7.24 mmol) aBd
fluoroacetophenone (1.0 g, 7.24 mmol); pale yekohd; yield: 1.68 g (45 %);

'H NMR (CDCk, 500 MHz)$ 7.18 (t,J = 8.5 Hz, 2H), 7.40 (d] = 8.5 Hz, 2H), 7.47 (d] =

15.4 Hz, 1H), 7.57 (d] = 8.5 Hz, 2H), 7.76 (d] = 15.8 Hz, 1H), 8.06 (d] = 8.5 Hz, 2H);
13C NMR (CDC}, 125 MHz)3 116.5 (d 2Jcr = 23.0 Hz), 124.5 (d'Jcr = 3.8 Hz), 126.0 (d,
3JcF = 6.7 Hz), 126.9, 129.2, 129.7, 131.0 {dr = 2.9 Hz), 133.2, 134.1 (d)cr = 8.6

Hz), 136.6, 143.2, 161.2 (Hlcr = 253.3 Hz), 188.7.

3-(4-Chlorophenyl)-1-(3-fluorophenyl)propan-1-one(12b):

Synthesized according to Method B using 3-(4-chpbemyl)-1-(3-fluorophenyl)prop-2-en-1-
one (1.0 g, 3.85 mmol), HEH (1.46 g, 5.75 mmol) aiita gel (7.67 g); colourless solid;
yield: 0.88 g (88 %);

'H NMR (CDCk, 500 MHz)3 3.03 (t,J = 7.6 Hz, 2H), 3.23 () = 7.6 Hz, 2H), 7.17 (d] =
8.5 Hz, 1H), 7.23-7.28 (m, 3H), 7.40-7.48 (m, 1A)%0-7.63 (m, 1H), 7.71 (d, = 7.9 Hz,
1H). *C NMR (CDCE, 125 MHz)8 29.3, 40.3, 114.7 (dJcr = 22.1 Hz), 120.1 (PIcr =
21.1 Hz), 123.7, 128.6, 129.8, 130.3 {dr = 7.7 Hz), 131.9, 138.8 (dJcr = 5.8 Hz),
139.4, 162.8 (d'Jc.r = 248.5 Hz), 197.5.

Ethyl 5-(4-chlorophenyl)-3-(3-fluorophenyl)pent-2-@oate, (12a):

Synthesized according to Method C usiritp (0.60 g, 2.28 mmol), NakD.28 g, 6.85 mmol)
and triethyl phosphonoacetate (1.51 mL, 6.85 mmol);

12Ea: colourless oil; yield: 0.34 g (45 %Y NMR (CDCk, 500 MHz)$ 1.29 (t,J = 7.0 Hz,
3H), 2.69-2.71 (m, 2H), 3.33-3.361, 2H), 4.19 (g9J = 7.0 Hz, 2H), 6.05 (s, 1H), 7.04 {t=
8.5 Hz, 1H), 7.10-7.14 (m, 3H), 7.20-7.23 (m, 3AHB3-7.36 (m, 1H)**C NMR (CDCE, 125
MHz) & 14.3, 32.8, 34.3, 60.1, 113.7 (dcr = 23.0 Hz), 115.8 (dfdcr = 22.1 Hz), 119.0,
122.4 (d,"Jcr = 2.9 Hz), 128.3, 129.9, 130.2 {cr = 8.6 Hz), 131.7, 139.6, 143.2 @cr
= 6.7 Hz), 157.4, 160.0 (dJcr = 253.3 Hz),166.0.

12Za: colourless oil; yield: 0.3 g (40 %JH NMR (CDCk, 500 MHz)8 1.07 (t,J = 7.2 Hz,
3H), 2.65-2.72m, 4H), 3.99 (qJ = 7.2 Hz, 2H), 5.88 (s, 1H), 6.87-6.89 (m, 1HR4(d,J =
7.6 Hz, 1H), 7.00-7.01 (m, 1H), 7.04 @z 8.5 Hz, 2H), 7.24 (d] = 8.2 Hz, 2H), 7.30-7.35
(m, 1H).*C NMR (CDCE, 125 MHz)$ 13.9, 33.0, 41.6, 60.0, 114.4 {@cr = 22.1 Hz),
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114.7, 118.7, 123.0 (QJc.r = 2.9 Hz), 128.6, 129.5, 129.6, 132.0, 156.2'0d,- = 1.9 Hz),
161.4 (dNJcr = 2465.7 Hz), 162.6, 163.2. 165.5.

(E)-5-(4-Chlorophenyl)-3-(3-fluorophenyl)pent-2-enoiacid, (1ZE):

Synthesized according to Method D usitigEa (0.25 g, 0.75 mmol) and NaQi(2.5 mL,
7.5 mmol); white solid; yield: 0.16 g (72 %);

'H NMR (CDCk, 500 MHz)§ 2.71-2.74 (m, 2H), 3.34-3.38, 2H), 6.11 (s, 1H), 7.09-7.16
(m, 4H), 7.21-7.24 (m, 3H), 7.36-7.40 (m, 1HJC NMR (CDC}, 125 MHz)$ 33.1, 34.4,
113.8 (dJcr = 22.1 Hz), 116.3 (dJc.r = 21.1 Hz), 117.9, 122.5 (8)c.r = 2.9 Hz), 128.5,
129.8, 130.3 (d3Jcr = 8.6 Hz), 131.9, 139.4, 143.0, 160.5, 164.6 04, = 261.0 Hz),
170.5; MS (+ESI): m/z = 306 (M+H).
(2)-5-(4-Chlorophenyl)-3-(3-flurorphenyl)pent-2-enoicacid, (12Z):

Synthesized according to Method D usit#ya (0.25 g, 0.87 mmol) and NaQ(2.5 mL,
7.5 mmol); white solid; yield: 0.11 g (40 %);

'H NMR (CDCk, 500 MHz)$ 2.64-2.67 (m, 2H), 2.71-2.74n, 2H), 5.86 (s, 1H), 6.91-7.10
(m, 4H), 7.24-7.27 (m, 3H), 7.31-7.34 (m, 1HJC NMR (CDC}, 125 MHz)$ 32.9, 41.9,
114.2, 114.9 (d,ZJC-F = 21.1 Hz), 117.5, 122.9, 128.6, 129.6, 129.7, 13132.1, 141.1,
143.0, 159.3, 168.3 (WJc.r = 255.3 Hz); MS (+ESI): m/z = 306 (M+H).

5-(4-Chlorophenyl)-3-(4-fluorophenylpent-2-enoic aids, (1FE & 132):

(E)-3-(4-Chlorophenyl)-1-(4-fluorophenyl)prop-2-en-lene, (13c):

Synthesized according to Method A using 4-chlorabéehyde (2.00 g, 14.3 mmol) add
fluoroacetophenone (1.74 mL, 14.3 mmol); pale yelbolid; yield: 3.44 g (92 %);

'H NMR (CDCk, 500 MHz)$ 7.18 (t,J = 8.5 Hz, 2H), 7.40 (d] = 8.5 Hz, 2H), 7.47 (d] =
15.4 Hz, 1H), 7.57 (d] = 8.5 Hz, 2H), 7.76 (dJ = 15.8 Hz, 1H), 8.06 (d] = 8.5 Hz, 2H);
13C NMR (CDCE, 125 MHz)3 115.8 (d2Jc.r = 22.1 Hz), 121.9, 129.3, 129.6, 131.1 @+
= 9.6 Hz), 133.2, 134.4, 136.6, 143.5, 165.6\J¢+ = 255.3 Hz), 188.5.

3-(4-Chlorophenyl)-1-(4-fluorophenyl)propan-1-one(13b):

Synthesized according to Method B usii®®g (1.0 g, 3.85 mmol), HEH (1.46 g, 5.75 mmol)
and silica gel (7.67 g); colourless solid; yieldDg (82 %);
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'H NMR (CDCk, 500 MHz)$ 3.05 (t,J = 7.5 Hz, 2H), 3.26 (t} = 7.5 Hz, 2H), 7.13 (d] =
8.5 Hz, 2H), 7.18 (d] = 8.8 Hz, 2H), 7.27 (d] = 8.5 Hz, 2H), 7.98 (1] = 8.8 Hz, 2H).

Ethyl 5-(4-chlorophenyl)-3-(4-fluorophenyl)pent-2-@oate, (13a):

Synthesized according to Method C usir8p (0.60 g, 2.28 mmol), NaH (0.28 g, 6.85 mmol)
and triethyl phosphonoacetate (1.51 mL, 6.85 mmol);

13Ea: colourless oil; yield: 0.301 g (30 %4 NMR (CDCk, 500 MHz)3 1.30 (t,J = 7.2 Hz,
3H), 2.67-2.71 (m, 2H), 3.33-3.3i, 2H), 4.20 (qJ) = 7.2 Hz, 2H), 6.01 (s, 1H), 7.06 {t=
8.5 Hz, 2H), 7.10 (dJ = 8.5 Hz, 2H), 7.22 (d] = 8.5 Hz, 2H), 7.39-7.42 (m, 2HYC NMR
(CDCls, 125 MHZz)$ 14.3, 32.8, 34.3, 60.0, 115.5 {dc.r = 22.1 Hz), 118.1, 128.3, 128.5 (d,
“Jor = 7.7 Hz), 129.8, 131.7, 136.8 [{lcr = 6.7 Hz), 157.8, 163.2 (dJc.r = 248.5 Hz),
166.1.

137a: colourless oil; yield: 0.299 g (39 %34 NMR (CDCk, 500 MHz)§ 1.10 (t,J = 6.9 Hz,
3H), 2.63-2.66 (m, 2H), 2.70-2.18, 2H), 3.99 (qJ = 6.9 Hz, 2H), 5.87 (s, 1H), 7.02-7.07
(m, 4H), 7.13-7.16 (m, 2H), 7.23 (d,= 8.5 Hz, 2H).*C NMR (CDC}, 125 MHz)5 14.0,
33.1, 41.8, 59.9, 115.0 (&)cr = 21.1 Hz), 118.4, 128.6, 129.6 @cr = 7.7 Hz), 131.9,
135.3, 139.0, 156.8, 164.4 (dcr = 246.6 Hz), 165.7.

(E)-5-(4-Chlorophenyl)-3-(4-fluorophenyl)pent-2-enoiacid, (1FE):

Synthesized according to Method D usitf§Fa (0.3 g, 0.90 mmol) and NaQ}i(3.01 mL,
9.01 mmol); white solid; yield: 0.19 g (69 %);

'H NMR (CDCk, 500 MHz)$ 2.70-2.72 (m, 2H), 3.35-3.38, 2H), 6.07 (s, 1H), 7.08-7.12
(m, 4H), 7.22 (dJ = 8.5 Hz, 2H), 7.42-7.45 (m, 2H)®*C NMR (CDCE, 125 MHz)& 33.1,
34.4, 111.4 (dcr = 2.9 Hz), 113.9, 115.8 (dJcr = 21.1 Hz), 128.4, 128.6, 129.8, 131.9,
135.3, 139.5, 143.2, 157.2 (dcr = 250.5 Hz), 162.5, 169.3; MS (+ESI): m/z = 306 (M+H)
(2)-5-(4-Chlorophenyl)-3-(4-flurorphenyl)pent-2-enoicacid, (13):

Synthesized according to Method D usitigfa (0.29 g, 0.87 mmol) and NaQ(2.9 mL,
8.7 mmol); white solid; yield: 0.09 g (35 %);

'H NMR (CDCk, 500 MHz)$ 2.61-2.65 (m, 2H), 2.72-2.78n, 2H), 5.85 (s, 1H), 6.98-7.04
(m, 4H), 7.22 (dJ = 8.5 Hz, 2H), 7.23-7.27 (m, 2H)®*C NMR (CDCE, 125 MHz)$ 33.0,
42.1, 115.1 (d%Jcr = 21.1 Hz), 117.2, 127.7, 128.6 @cr = 7.7 Hz), 129.1 (Jcr = 9.6
Hz), 129.6, 129.8, 138.2, 138.8, 159.8, 164.8¢r = 250.5 Hz), 167.6, 169.3; MS (+ESI):
m/z = 306 (M+H).
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(E)-5-(4-Chlorophenyl)-3-(pyridin-2-yl)pent-2-enoic &id, (14E):

(E)-3-(4-Chlorophenyl)-1-(acetylpyridin)prop-2-en-1-ae, (14c):

Synthesized according to Method A using 4-chlorabéehyde (2.00 g, 14.3 mmol) and
acetylpyridine (1.60 mL, 14.3 mmol); pale yellowidpyield: 1.2 g (34 %);

'H NMR (CDCk, 500 MHz)$ 7.39 (d,J = 8.5 Hz, 2H), 7.48-7.51 (m, 1H), 7.66 (i~ 8.8
Hz, 2H), 7.86-7.90 (m, 2H), 8.19 (td,= 0.9, 7.9 Hz, 1H), 8.28 (d, = 16.1 Hz, 1H), 8.73-
8.75 (m, 1H);

3-(4-Chlorophenyl)-1-(acetylpyridin)propan-1-one, (4b):

Synthesized according to Method B usitdr (1.0 g, 4.1 mmol), HEH (1.56 g, 5.75 mmol)
and silica gel (8.20 g); pale yellow solid; yie56 g (52 %);

'H NMR (CDCk, 500 MHz)8 3.04 (t,J = 7.6 Hz, 2H), 3.55 (t) = 7.6 Hz, 2H), 7.19-7.25
(m, 4H), 7.45-7.48 (m, 1H), 7.82 (dt, = 7.6 Hz, 1H), 8.03 (td) = 1.3, 7.9 Hz, 1H), 8.66-
8.70 (m, 1H).

Ethyl 5-(4-chlorophenyl)-3-(pyridin-2-yl)pent-2-encate, (14a):

Synthesized according to Method C usip (0.56 g, 2.28 mmol), NaH (0.28 g, 6.85 mmol)
and triethyl phosphonoacetate (1.30 mL, 6.85 mmol);

14Ea: colourless oil; yield: 0.15 g (21 %Y NMR (CDCk, 500 MHz)s 1.32 (t,J = 7.2 Hz,
3H), 2.75-2.79 (m, 2H), 3.47-3.5tn, 2H), 4.21 (q,) = 7.2 Hz, 2H), 6.51 (s, 1H), 7.16-7.21
(m, 4H), 7.22-7.27 (m, 1H), 7.50 @= 7.9 Hz, 1H), 7.70 (df] = 1.6, 7.9 Hz, 1H), 8.65-8.67
(m, 1H).

14Za: colourless oil; yield: 0.08 g (11 %Y NMR (CDCk, 500 MHz)5 1.09 (t,J = 7.2 Hz,
3H), 2.77-2.79 (m, 2H), 3.01-3.@#, 2H), 4.05 (gJ = 7.2 Hz, 2H), 6.30 (s, 1H), 7.06-7.08
(m, 1H), 7.16-7.27 (m, 5H), 7.54 (dt= 1.6, 7.9 Hz, 1H), 8.49-8.51 (m, 1H).

(E)-5-(4-Chlorophenyl)-3-(pyridin-2-yl)pent-2-enoic aid, (14E):

Synthesized according to Method D usitiéFa (0.15 g, 0.46 mmol) and NaQ(0.5 mL,
1.4 mmol); yellow solid; yield: 0.09 g (68 %);

'H NMR (CDCk, 500 MHz)$ 2.76-2.79 (m, 2H), 3.49-3.58h, 2H), 6.51 (s, 1H), 7.13 (d,=
8.5 Hz, 2H), 7.20 (d) = 7.9 Hz, 2H), 7.26-7.33 (m, 1H), 7.51 (s 7.9 Hz, 1H), 7.74 (di]
= 1.6, 7.9 Hz, 1H), 8.69-8.70 (m, 1HYC NMR (CDCk, 125 MHz)§ 31.4, 34.6, 118.8,
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121.6, 123.9, 128.3, 129.9, 137.0, 139.8, 141.8,41457.2, 159.8, 164.2. MS (+ESI): m/z =
288 (M+H).

5-(Biphenyl-4-yl)-3-phenylpent-2-enoic acids, (15 & 157):

3-(Biphenyl-4-yl)-1-phenylprop-2-en-1-one, (15c):

Synthesized according to Method A using 2-bipheamydoxaldehydéd5d (2.00 g, 10.9 mmol)
andacetophenone (1.28 g, 10.9 mmol); pale yellow sgleld: 1.90 g (63 %); Mp 102-104
°C:

'H NMR (CDCk, 500 MHz):8 = 7.37-7.41 (m, 1H), 7.47 @) = 7.6 Hz, 2H), 7.52 (£1=7.6

Hz, 2H), 7.56-7.65 (m, 6H), 7.73 (& = 8.2 Hz, 2H), 7.86 (£J = 15.8 Hz, 1H), 8.03-8.06
(m, 2H).*C NMR (CDCk, 125 MHz):6 = 121.9, 127.0, 127.6, 127.9, 128.5, 128.6, 128.9,
129.0, 132.8, 133.8, 138.3, 140.1, 143.3, 144.8,219

3-(Biphenyl-4-yl)-1-phenylpropan-1-one, (15b):

Synthesized according to Method B using compolfc(0.50 g, 1.76 mmol), HEH (0.686 g,
2.63 mmol) and silica gel (3.52 g); pale yellowidpyield: 0.446 g (88 %);

'H NMR (CDCk, 500 MHz):8 = 3.13 (tJ = 7.6 Hz, 2H), 3.35 (£J = 7.6 Hz, 2H), 7.31-7.35
(m, 3H), 7.42-7.48(m, 4H), 7.55-7.59 (m, 5H), 7800 (m, 2H)."*C NMR (CDC}, 125
MHz): 6 = 29.7, 40.4, 126.9, 127.0, 127.2, 128.0, 12828.7, 128.9, 133.1, 136.9, 139.1,
140.4, 140.9, 199.1.

Ethyl 5-(biphenyl-4-yl)-3-phenylpent-2-enoate, (15a

Synthesized according to Method C using compdlsiul(0.35 g, 1.22 mmol), NaH (0.147 g,
3.67mmol) and triethyl phosphonoacetate (0.83 m&7 3nmol);

15Ea: colourless oil; yield: 0.171 g (39 %} NMR (CDCk, 500 MHz):5 = 1.31 (t3J= 7.2
Hz, 3H), 2.77-2.81 (m, 2H), 3.42-3.46 (m, 2H), 4(B2%) = 7.2 Hz, 2H), 6.09 (s, 1H), 7.30-
7.37 (m, 3H), 7.38-7.48 (m, 5H), 7.49-7.51 (m, 4AK6-7.59 (M, 2H)**C NMR (CDCE,
125 MHz):8 = 14.3, 33.1, 34.8, 59.9, 157.9, 126.7, 126.9,0,2127.1, 128.6, 128.7, 128.9,
129.0, 138.9, 140.7, 141.0, 141.1, 15965.3.

15Za: colourless oil; yield: 0.194 g (45 %} NMR (CDCk, 500 MHz):8 = 1.07 (t,°J=7.2
Hz, 3H), 2.73-2.82 (m, 4H), 3.99 ({1 = 7.2 Hz, 2H), 5.93 (s, 1H), 7.20-7.22 (m, 4HRBIZ.
7.39 (m, 4H), 7.42 (£J = 7.5 Hz, 2H), 7.49-7.51 (m, 2H), 7.56-7.59 (m,)2HC NMR
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(CDCls, 125 MHz):6 = 13.9, 33.4, 42.0, 59.8, 117.8, 127.0, 127.1,22127.3, 127.7, 127.9,
128.7, 138.6, 139.0, 139.8, 139.9, 140.9, 1588.0.

(E)-5-(Biphenyl-4-yl)-3-phenylpent-2-enoic acid, (15):

Synthesized according to Method D using compoliha (0.16 g, 0.45 mmol) and NaQ#
(2.50 mL, 4.49 mmol); white soligjeld: 0.125 g (85 %); Mp 139-141 °C;

'H NMR (CDCk, 500 MHz):8 = 2.79-2.83 (m, 2H), 3.44-3.48 (m, 2H), 6.15 (d),17.29-
7.32 (m, 3H), 7.39-7.44 (m, 5H), 7.50-7.52 (m, 4AB5-7.57 (M, 2H)**C NMR (CDCE,
125 MHz): 6 = 33.5, 34.9, 116.8, 126.6, 126.8, 127.0, 12728.7, 128.7, 128.9, 129.4,
139.0, 140.5, 140.8, 141.1, 162.3, 170.7; LC/MSI®EWz = 329.8 [MH]; R = 12.60 £ 97
%).

(2)-5-(Biphenyl-4-yl)-3-phenylpent-2-enoic acid, (15):

Synthesized according to Method D using compolfth (0.185 g, 0.52 mmol) and NaQé
(1.75 mL, 5.19 mmol); white solidjeld: 0.145 g (85 %); Mp 185-188 °é4 NMR (CDC,
500 MHz):8 = 2.72-2.75 (m, 2H), 2.78-2.83 (m, 2H), 5.91 (d),17.20 (t,3 = 7.9 Hz, 4H),
7.30-7.39 (m, 4H), 7.42 }) = 7.9 Hz, 2H), 7.50 (F£J = 8.2 Hz, 2H), 7.56-7.58 (m, 2HYC
NMR (CDCl, 125 MHz):6 = 33.4, 42.3, 116.6, 127.0, 127.1, 127.2, 12728.1, 128.1,
128.7,128.8, 139.1, 139.7, 140.9, 141.5, 160.9,41.C/MS (+ESI)m/z = 329.8 [MH]; R
=14.70 £ 96 %)

5-(Naphthalen-2-yl)-3-phenylpent-2-enoic acids, (F6& 167):

3-(Naphthalen-2-yl)-1-phenylprop-2-en-1-one, (16c).

Synthesized according to Method A using 2-napht#tafde16d (2.00 g, 12.8 mmol) and
acetophenone (1.49 g, 12.8 mmol); pale yellow sglield: 2.85 g (86 %); Mp 158-160 °C;

'H NMR (CDCk, 500 MHz):8 = 7.51-7.55 (m, 4H), 7.59-7.62 (m, 1H), 7.65%tk 15.4 Hz,
1H), 7.80 (dd*J = 1.7, = 8.5 Hz, 1H), 7.85-7.90 (m, 3H), 7.98 ¢d,= 15.4 Hz, 1H), 8.04-
8.08 (m, 3H).1*C NMR (CDCE, 125 MHz):§ = 122.3, 123.7, 126.8, 127.4, 127.8, 128.5,
128.6, 128.7, 130.6, 132.4, 132.8, 133.4, 134.8,31344.9, 190.5.

3-(Naphthalen-2-yl)-1-phenylpropan-1-one, (16b):
Synthesized according to Method B using compoléci(0.50 g, 1.936 mmol), HEH (0.735
g, 2.90 mmol) and silica gel (3.86 g); white soltld: 0.426 g (85 %); Mp 68-70 °C;

141



Experimental Section

'H NMR (CDCk, 500 MHz):5 = 3.25 (1,3 = 8.5 Hz, 2H), 3.40 (£J = 8.5 Hz, 2H), 7.39-7.48
(m, 5H), 7.56 (m, 1H), 7.70 (s, 1H), 7.78-7.82 @Hl), 7.98 (ddJ = 1.26,3] = 8.5 Hz, 2H).

13C NMR (CDCE, 125 MHz):8 = 30.2, 40.3, 125.3, 126.0, 126.5, 127.1, 12724,6, 128.0,

128.1, 128.6, 132.1, 133.1, 133.6, 136.9, 138.8,9.8

Ethyl 5-(naphthalen-2-yl)-3-phenylpent-2-enoate, @a):

Synthesized according to Method C using compdlstul(0.35 g, 1.34 mmol), NaH (0.161 g,
4.03mmol) and triethyl phosphonoacetate (0.91 m@3 4nmol);

16Ea: colourless oil; yield: 0.178 g (40 %} NMR (CDCk, 500 MHz):5 = 1.29 (t3J= 7.2
Hz, 3H), 2.89-2.92 (m, 2H), 3.48-3.52 (m, 2H), 4(B0%) = 7.2 Hz, 2H), 6.08 (s, 1H), 7.39-
7.50 (m, 8H), 7.63 (s, 1H), 7.75-7.80 (m, 3HC NMR (CDCk, 165 MHz):5 = 14.3, 33.0,
35.3, 59.9, 118.0, 125.1, 125.8, 126.4, 126.8,4,2127.5, 127.6, 127.8, 128.6, 129.0, 132.1,
133.6, 139.1, 141.1, 159.3, 166.4.

16Za: colourless oil; yield: 0.188 g (42 %} NMR (CDCk, 500 MHz):5 = 1.06 (t,J = 7.2
Hz, 3H), 2.83-2.90 (m4H), 3.98 (q2J = 7.2 Hz, 2H), 5.94 (s, 1H), 7.21 (dd,= 1.7,°3=8.2
Hz, 2H), 7.23-7.28 (m, 2H), 7.32-7.47 (m, 5H), 7(861H), 7.76 (d*J = 7.9 Hz, 2H), 7.80
(d, 33 = 7.9 Hz, 1H).**C NMR (CDCk, 125 MHz):8 = 13.9, 34.0, 41.9, 59.8, 117.8, 125.3,
126.0, 126.4, 127.0, 127.3, 127.4, 127.6, 127.8,92128.0, 132.1, 133.6, 138.3, 139.8,
158.4, 165.9.

(E)-5-(Naphthalen-2-yl)-3-phenylpent-2-enoic acid, @E):

Synthesized according to Method D using compoléa (0.17 g, 0.51 mmol) and NaQ#
(1.70 mL, 5.14 mmol); white solid; yield: 0.14398(%); Mp 147-150 °C;

'H NMR (CDCk, 500 MHz):8 = 2.91-2.94 (m, 2H), 3.49-3.53 (m, 2H), 6.14 (8),17.38-
7.44 (m, 6H), 7.51-7.53 (m, 2H), 7.62 (s, 1H), 77749 (m, 3H):"*C NMR (CDC, 125
MHz): 6 = 33.3, 35.4, 116.5, 125.2, 126.5, 126.8, 12727,4, 127.9, 128.4, 128.7, 128.7,
129.4, 130.9, 132.1, 138.6, 138.7, 162.4, 170.9YME (+ESI): m/z = 303.6 [MH]; R =
14.54 & 99 %)

(2)-5-(Naphthalen-2-yl)-3-phenylpent-2-enoic acid, @Z2):

Synthesized according to Method D using compol@h (0.180 g, 0.54 mmol) and NaQé
(1.80 mL, 5.45 mmol); white solid; yield: 0.1509(%); Mp 117-120 °C,;

'H NMR (CDCL, 500 MHz):5 = 2.84-2.89 (m, 4H), 5.92 (s, 1H), 7.21 (8#i= 1.7,°J=8.2
Hz, 2H), 7.30-7.47 (m, 6H), 7.47-7.52 (m, 1H), 7(85 1H), 7.74-7.82 (m, 2H}’C NMR
(CDCl3;, 125 MHz):6 = 34.1, 42.5, 116.9, 125.6, 126.3, 126.7, 127223, 127.7, 127.9,
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128.3, 128.4, 128.5, 128.7, 133.8, 138.3, 139.8,815173.3; LC/MS (+ESI)m/z = 303.5
[MH']; R = 14.02 £ 98 %)

5-(1H-Indol-3-yD)-3-phenylpent-2-enoic acids, (1F & 177):

3-(1H-Indol-3-yl)-1-phenylprop-2-en-1-one, (17c):

Indole-3-aldehydel7d (1 g, 6.89 mmol) was dissolved in EtOH (14 mL).emhthe
acetophenone (0.8 mL, 6.89 mmol) and afterwardsrgime (0.37 mL, 3.82 mmol) were
added. The resulting solution was refluxed for 16The reaction mixture was neutralized
with 10 % HCI to pH 7. The formed precipitate wadlected by vacuum filtration and
purified by recrystallization from MeOH to givierc. Deep yellow solid; yield: 1.18 g (68 %);
Mp 161-163 °C;

'H NMR (CDCk, 500 MHz):6 = 7.29-7.33 (m, 2H), 7.44-7.46 (m, 1H), 7.50-7(6% 2H),
7.56-7.62 (m, 3H), 8.01-8.06 (m, 1H), 8.06-8.08 2H), 8.12 (d3J = 15.5 Hz, 1H), 8.84 (s,
NH). **C NMR (CDCE, 125 MHz):§ = 112.0, 114.5, 117.9, 120.7, 121.8, 123.5, 125.4,
128.3, 128.5, 130.3, 132.3, 137.3, 139.0, 139.0,919

3-(1H-Indol-3-yl)-1-phenylpropan-1-one, (17b):

Synthesized according to Method B using compolind(1.0 g, 4.04 mmol), HEH (1.53 g,
6.06 mmol) and silica gel (8.08 g); white solidcelg: 0.85 g (84 %); Mp 127-130 °C;

'H NMR (CDCk, 500 MHz):5 = 3.23 (1,2 = 7.6 Hz, 2H), 3.39 (£J = 7.6 Hz, 2H), 7.05-7.06
(m, 1H), 7.14 (dt?J = 0.9,3) = 7.2 Hz, 1H), 7.21 (dfJ = 1.3,"J= 8.2 Hz, 1H), 7.36 (FJ =
8.2 Hz, 1H), 7.43-7.47 (m, 2H), 7.53-7.57 (m, 1AB4 (d,%) = 8.5 Hz, 1H), 7.96-7.99 (m,
2H). 3¢ NMR (CDCB, 125 MHz):6 = 19.7, 39.3, 111.1, 115.5, 118.7, 119.3, 12122.Q,
127.3, 128.0, 128.5, 132.9, 136.3, 137.0, 199.9.

Ethyl 5-(1H-indol-3-yl)-3-phenylpent-2-enoate, (17a

Synthesized according to Method C using compalifig(0.50 g, 2.0 mmol), NaH (0.250 g,
6.01mmol) and triethyl phosphonoacetate (1.2 mQl éamol);

17Ea: pale brown oil; yield: 0.175 g (27 %) NMR (CDCk, 500 MHz):5 = 1.29 (t,%) =
7.2 Hz, 3H), 2.87-2.91 (m, 2H), 3.49-3.52 (m, 2419 (q,3) = 7.2 Hz, 2H), 6.09 (s, 1H),
7.00-7.01 (m, 1H), 7.10 (df) = 1.3,3) = 8.2 Hz, 1H), 7.17 (df'J = 1.3,3] = 8.2 Hz, 1H),
7.33 (d,%) = 8.2 Hz, 2H), 7.37-7.41 (m, 3H), 7.48-7.50 (m, 2AB3 (d,%J = 7.9 Hz, 1H),
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7.91 (s, NH).*C NMR (CDCk, 125 MHz):8 = 14.3, 24.7, 31.9, 59.9, 110.9, 116.1, 117.7,
119.0, 119.1, 121.3, 121.8, 126.7, 127.4, 128.8,9.2136.2, 141.2, 159.8, 166.4.

17Za: pale brown oil; yield: 0.189 g (30 %} NMR (CDCk, 500 MHz):8 = 1.07 (3= 6.9
Hz, 3H), 2.82-2.90 (m, 4H), 3.99 (il = 6.9 Hz, 2H), 5.94 (s, 1H), 6.96 (s, 1H), 7.10 {d@=
0.9,3)= 7.9 Hz, 1H), 7.19-7.23 (m, 3H), 7.31-7.38 (m, 4AHb1 (d2J = 7.9 Hz, 1H), 7.93 (s,
NH). **C NMR (CDC}, 125 MHz):8 = 13.9, 23.3, 40.8, 59.8, 111.1, 115.1, 117.5,6,18
119.2,121.2,121.9, 127.2, 127.9, 128.0, 128.6,2,340.0, 159.1, 166.1.

(E)-5-(1H-Indol-3-yl)-3-phenylpent-2-enoic acid, (1E):

Synthesized according to Method D using compolifiga (0.20 g, 0.63 mmol) and NaQ#
(0.65 mL, 1.89 mmol); white soligjeld: 0.135 g (73 %); Mp 157-160 °C;

'H NMR (CD;OD, 500 MHz):8 = 2.72-2.75 (m, 2H), 3.39-3.43 (m, 2H), 6.05 (s),16.95
(dt, %3 = 0.9, 8.2 Hz, 1H), 7.05 (dt) = 0.9, =7.9 Hz, 1H), 7.11-7.12 (d) = 2.2 Hz, 1H),
7.31 (d,*J=8.2 Hz, 1H), 7.39-7.46 (m, 3H), 7.57-7.60 (m, 3H).76 (s, NH), 12.29 (s, OH);
3C NMR (CD;0OD, 125 MHz):8 = 34.3, 40.9, 120.8, 123.6, 127.5, 127.6, 12830.3,
131.6, 136.1, 136.6, 138.2, 138.5, 145.8, 150.8,016176.8; LC/MS (+ESI)m/z = 292.5
[MH']; R = 12.37 £ 96 %).

(2)-5-(1H-Indol-3-yl)-3-phenylpent-2-enoic acid, (1Z):

Synthesized according to Method D using compolifih (0.20 g, 0.63 mmol) and NaQ#
(0.65 mL, 1.89 mmol); white solid; yield: 0.135%8(%); Mp 160-162 °C;

'H NMR (CD;0D, 500 MHz):8 = 2.68-2.71 (m, 2H), 2.79-2.82 (m, 2H), 5.89 (4),17.05 (t,
3)=7.9 Hz, 1H), 6.95 (dfJ=0.9,31= 7.6 Hz, 1H), 7.05 (dfJ = 0.9,%J = 7.6 Hz, 1H), 7.10-
7.11 (d,"J = 2.2 Hz, 1H), 7.23-7.25 (m, 2H), 7.29-7.38 (m, 4A}¥1 (d,3 = 7.9 Hz, 1H),
10.78 (s, NH), 11.85 (s, OH¥*C NMR (CD;OD, 125 MHz):8 = 24.6, 42.3, 112.2, 115.1,
118.7, 119.2, 119.5, 122.3, 123.0, 128.5, 128.8.712128.9, 138.2, 141.4, 160.7, 169.8;
LC/MS (+ESI):m/z = 292.5 [MH]; R = 11.93 £ 94 %)

4-(4-Chlorophenoxy)-3-phenylbut-2-enoic acids, (1B& 18E):

2-(4-Chlorophenoxy)-1-phenylethanone, (18b):
4-Chlorophenoll8c (0.774 g, 6.02 mmol) was refluxed with 2-bromoapéenone (1.0 g,
5.02 mmol) in DMF (10 mL) with potassium carbonées g, 25.1 mmol) for 2 hours. The

reaction mixture was taken up in water (50 mL) amttacted with dichloromethane (3 x 20
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mL). The combined organic layers were washed walkew(20 mL) and brine (20 mL), dried
over MgSQ and the solvent was removed under reduced presBheecrude product was
purified by flash column chromatography on silie [gPE / EtOAc (10:1)]; pale yellow solid;
yield: 1.22 g (99 %);

'H NMR (CDCk, 500 MHz):6 = 5.26 (s, 2H), 6.85-6.89 (m, 2H), 7.22-7.25 (,)27.51 (t,
3) = 7.4 Hz, 2H), 6.09-6.42 (m, 1H), 7.97-8.00 (m,)2HC NMR (CDCE, 125 MHz):5 =
71.0,116.2, 126.6, 128.0, 128.9, 129.4, 133.9,513466.7, 194.1.

Ethyl 4-(4-chlorophenoxy)-3-phenylbut-2-enoate, (18):

Synthesized according to Method C using compadlial(0.60 g, 2.43 mmol), NaH (0.29 g,
7.30 mmol) and triethyl phosphonoacetate (1.61 TR0 mmol);

187a: colourless oil; yield: 0.135 g (18 %4 NMR (CDCk, 500 MHz):8 = 1.01 (t,°J = 6.9
Hz, 3H), 3.94 (q°J = 6.9 Hz, 2H), 4.63 (£J = 1.9 Hz, 2H), 6.19 (£J = 1.9 Hz, 1H), 6.77-
6.82 (m, 2H), 7.16-7.20 (m, 4H), 7.28-7.35 (m, 3BE NMR (CDCE, 125 MHz):8 = 13.9,
60.1, 71.1116.1, 117.4, 126.4, 127.5, 128128.4, 129.5,136.6, 152.4, 156.5]65.6.

18Ea: colourless oil; yield: 0.40 g (52 %) NMR (CDCk, 500 MHz):6 = 1.32 (131 = 7.2
Hz, 3H), 4.25 (qJ = 7.2 Hz, 2H), 5.56 (s, 1H), 6.25 (s, 1H), 6.88%(m, 2H), 7.17-7.21
(m, 2H), 7.35-7.38 (m, 3H), 7.46-7.48 (m, 2FC NMR (CDC}, 125 MHz):6 = 14.2, 60.5,
64.4,116.3, 120.5, 125.927.2, 128.4, 129.2, 129.3, 138.2, 153.5, 15765.6.

(2)-4-(4-Chlorophenoxy)-3-phenylbut-2-enoic acid, (18):

Synthesized according to Method D using compoL&h (0.15 g, 0.47 mmol) and NaQ#
(1.6 mL, 4.7 mmol); white solid; yield: 0.10 g (%4); Mp 115-117 °C;

'H NMR (CDCk, 500 MHz):8 = 5.48 (s, 2H), 6.21 (s, 1H), 6.71-6.74 (m, 2HL077.13 (m,
2H ), 7.28-7.33 (m, 3H), 7.38-7.42 (m, 2HJC NMR (CDCE, 125 MHz):5 = 64.5, 116.3,
119.2, 126.1, 127.3, 128.5, 129.3, 129.7, 137.8,715156.9, 170.4; LC/MS (+ESl/z =
289.4 [MH]; R = 13.26 £ 95 %)

(E)-4-(4-Chlorophenoxy)-3-phenylbut-2-enoic acid, (1B):

Synthesized according to Method D using compolha (0.06 g, 0.18 mmol) and NaQ#
(0.61 mL, 1.8 mmol); white solid; yield: 0.05 g (86; Mp 110-112 °C;

'H NMR (CDCk, 500 MHz):8 = 3.43 (s, 2H), 6.61 (s, 1H), 7.00 {d,= 9.1 Hz, 2H), 7.25-
7.27 (m, 1H ), 7.28 (d®J = 8.8 Hz, 2H), 7.33-7.36 (m, 2H), 7.53-7.55 (m, 2HC NMR
(CDCl3, 125 MHz):6 = 38.0, 115.8, 118.1, 127.4, 127.9, 128.3, 1284,.6, 135.4, 141.2,
155.7, 177.4; LC/IMS (+ESIVz = 289.4 [MH]; R = 13.01 & 99 %)
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(2)-4-(4-Chlorophenylthio)-3-phenylbut-2-enoic acid{197):

2-(4-Chlorophenylthio)-1-phenylethanone, (19b):

2-Bromoacetophenone (1.0 g, 6.91 mmol), 4-chloogheénol19c (1.37 g, 6.91 mmol) and 5
% benzyltriethylammonium chloride (0.078 g, 0.35 abmwere dissolved in 20 mL
dichloromethane. Under vigorous stirring sodium royede (0.61 g, 15.21 mmol) in 2 mL
water was added and the stirring maintained fondrs. The mixture was diluted with water
(50 mL), the dichloromethane organic layer (60 raéparated and washed successively with
brine (20 mL), dried over MgSQand evaporated. The resultant oil was furtherfigariby
column chromatography on silica gel [PE / EtOAc: QR pale yellow solid; yield 0.74 g (41
%); Mp 82-84 °C;

'H NMR (CDCk, 500 MHz):8 = 4.26 (s, 2H), 7.24-7.28 (m, 2H), 7.31-7.34 (H, 2 7.46-
7.50 (m, 2H), 7.58-7.62 (m, 1H), 7.92-7.97 (m, 2H).

(2)-Ethyl 4-(4-chlorophenylthio)-3-phenylbut-2-enoate (19%Za):

Synthesized according to Method C using compdl#tui(0.50 g, 1.90 mmol), NaH (0.228 g,
5.71 mmol) and triethyl phosphonoacetate (1.26 &lZ1 mmol); pale yellow oil; yield:
0.401 g (63 %);

'H NMR (CDCk, 500 MHz):8 = 1.23 (1,3 = 7.2 Hz, 3H), 3.77 (s, 2H), 4.14 &),= 7.2 Hz,
2H), 6.69 (s, 1H), 7.27-7.31 (m, 3H), 7.32-7.36 (#h]), 7.38-7.42 (m, 2H)*C NMR
(CDCls, 125 MHz):5 = 14.1, 37.8, 61.0, 124.8, 125.8, 127128.6, 129.2, 130.5, 132.6,
134.3,136.1, 140.1,170.3.

(2)-4-(4-Chlorophenylthio)-3-phenylbut-2-enoic acid(19Z):

Synthesized according to Method D using compol@ith (0.20 g, 0.60 mmol) and NaQ#
(1.0 mL, 3 mmol); white solid; yield: 0.11 g (60 %Jp 137-139 °C;

'H NMR (CDCk, 500 MHz):8 = 3.76 (s, 2H), 6.66 (s, 1H), 6.71-6.74 (m, 2HR0?7.35 (m,
9H); *C NMR (CDC}, 125 MHz):6 = 37.3, 125.6, 125.7, 127.9, 128.7, 129.3, 13083,1,
134.0, 134.8, 139.7, 176.2; LC/MS (+EStyz = 305.6 [MH]; R = 13.84 £ 99 %)
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(E/Z2)-3-(5-Chlorobenzofuran-2-yl)-3-phenylacrylic acid,(20E/Z7):

Benzofuran-2-yl-(4-chlorophenyl)methanone, (20b):

Synthesized according to Method E using compowtdt (2.0 g, 12.77 mmol), 2-
bromoacetophenone (1.85 g, 12.77 mmol) an@® (3.53 g, 25.54 mmol); white solid,
yield: 1.85 g (57 %);

'H NMR (CDCk, 500 MHz):5 = 7.44-7.48 (m, 2H), 7.53-7.58 (m, 13), 7.64-7(68 1H),
7.70 (d,3) = 2.2 Hz, 1H), 8.03-8.06 (m, 2H)*C NMR (CDC}, 125 MHz):6 = 113.7, 115.4,
122.6, 126.5, 128.2, 128.6, 128.7, 129.5, 129.8,21336.9, 154.2, 184.1.

(E/Z)-Ethyl 3-(5-chlorobenzofuran-2-yl)-3-phenylacrylae, (2€E/Za):

Synthesized according to Method C using compd2iul(0.60 g, 2.34 mmol), NaH (0.187 g,
4.68 mmol) and triethyl phosphonoacetate (1.08 #hB1 mmol); pale yellow oil; yield:
0.702 g (92 %; 3:1E/2);

'H NMR (CDCk, 500 MHz):8 = 1.12 () = 7.2 Hz, 1H,2), 1.24 (t,% = 7.2 Hz, 3HE)),
4.06 (9,2 = 7.2 Hz, 0.6HZ), 4.24 (q,3) = 7.2 Hz, 2HE), 6.27 (s, 1HE), 6.36 (s, 0.3HZ),
6.78 (s, 0.3HZ), 6.83 (s, 1HE), 7.45-7.26 (m, 10H), 7.55 (d) = 2.2 Hz, 1H).°C NMR
(CDCls, 125 MHz):5 = 13.9, 14.2, 60.2, 60.7, 109.5, 110.6, 112.3,8111.0, 121.1, 125.5,
126.4, 128.0, 128.4, 128.5, 128.6, 129.6, 128.4,51443.9, 153.4, 154.2, 165.6, 165.9.

(E/Z)-3-(5-Chlorobenzofuran-2-yl)-3-phenylacrylic acid,(20E/Z):

Synthesized according to Method D using compo@fd/Za (0.20 g, 0.63 mmol) and
NaOH,yq (2.1 mL, 6.3 mmol)pale yellow solid; yield: 0.147 g (78 %; 3&/Z); Mp 164-166
°C:

'H NMR (CDCk, 500 MHz):5 = 6.27 (s, 1HE), 6.39 (s, 0.3HZ), 6.78 (s, 0.3HZ), 6.88 (s,
1H, E), 7.26-7.47 (m, 10H), 7.55 (4) = 1.8 Hz, 1H);"*C NMR (CDCE, 125 MHz):§ =
110.4, 110.4, 111.6, 112.5, 115.5, 119.4, 121.1,312125.8, 126.8, 128.0, 128.6, 128, 7,
128.8, 129.4, 129.6, 130.0, 138.3, 144.2, 153.5,65.70.3, 207.6, 210.0; LC/MS (+ESI):
m/z = 299.4 [MH]; R (E) = 13.39R (2) = 14.33; £ 99 %)
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(E/Z2)-3-(5-Methylbenzofuran-2-yl)-3-phenylacrylic acid,(21E/7):

Benzofuran-2-yl-(p-tolyl)methanone, (21b):

Synthesized according to Method E using compowist (1.0 g, 7.35 mmol), 2-
bromoacetophenone (1.06 g, 7.35 mmol) ap@®; (2.03 g, 14.69 mmol); pale yellow solid,
yield: 1.1 g (64 %);

'H NMR (CDCk, 500 MHz):8 = 2.47 (s, 3H), 7.31 (d4J = 1.9,31=8.2 Hz, 1H), 7.46 (s, 1H
), 7.49-7.55 (m, 4H), 7.61-7.66 (m, 1H), 8.03-8(66 2H);**C NMR (CDC}, 125 MHz):8 =
21.3,112.1,116.4, 122.7, 128.5, 129.4, 130.0,8,.3383.6, 137.3, 152.4, 154.6, 184.4.

(E/2)-Ethyl 3-(5-methylbenzofuran-2-yl)-3-phenylacrylat, (21E/Za):

Synthesized according to Method C using compad(iul(0.60 g, 2.54 mmol), NaH (0.204 g,
5.10 mmol) and triethyl phosphonoacetate (1.18 B3 mmol); pale yellow oil; yield:
0.721 g (93 %; 2.5:E/2);

'H NMR (CDCk, 500 MHz):5 = 1.12 (t3 = 7.0 Hz, 1.2H7), 1.25 (t,°J = 7.0 Hz, 3HE)),
2.41 (s, 1.2HZ), 2.44 (s, 3HE), 4.06 (9,3 = 7.0 Hz, 0.8HZ), 4.26 (q,%J = 7.0 Hz, 2HE),
6.20 (s, 1HE), 6.35 (s, 0.4HZ), 6.77 (s, 0.4HZ), 6.81 (s, 1HE), 7.17-7.14 (m, 1.4H), 7.24
(s, 0.4H), 7.32-7.45 (m, 10HYC NMR (CDCk, 125 MHz):5 = 13.9, 14.2, 21.2, 21.3, 60.0,
60.7,110.0, 110.8, 111.3, 115.6, 120.0, 121.2,7,267.6, 127.9, 128.3, 128.4, 128.7, 128.8,
129.4, 132.4, 132.7, 136.2, 138.9, 141.8, 144.8,9353.5, 153.9, 155.6, 165.8, 166.3.

(E/2)-3-(5-Methylbenzofuran-2-yl)-3-phenylacrylic acid,(21E/Z):

Synthesized according to Method D using compo@iH,Za (0.25 g, 0.63 mmol) and
NaOH,q (2.73 mL, 8.2 mmol)pale yellow solid; yield: 0.189 g (83 %; 2.58/Z); Mp 200-
204 °C;

'H NMR (CDCk, 500 MHz):8 = 2.41 (s, 1.3HZ), 2.44 (s, 3HE), 6.21 (s, 1HE), 6.37 (s,
0.4H,2), 6.76 (s, 0.4HZ), 6.88 (s, 1HE), 7.13-7.19 (m, 1.5H), 7.24 (s, 0.4H), 7.33-7.46 (
10H); **C NMR (CDCE, 125 MHz):8 = 21.1, 21.3, 110.0, 110.9, 111.0, 111.2, 11418.4,
121.2, 121.3, 126.9, 127.1, 127.9, 128.5, 128.8.92129.2, 129.8, 132.6, 133.6, 137.9,
138.8, 143.1, 143.8, 144.6, 145.4, 146.6, 152.2,415154.3, 154.8, 169.7, 169.9; LC/MS
(+ESI):m/z=279.5 [MH]; R = 14.09 £ 98 %)
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3-(5-Chlorobenzo[blthiophen-2-yl)-3-phenylacrylic &ids, (22 & 22E):

1-Benzothiophen-2-yl-(4-chlorophenyl)methanone, (29:

To a cold solution (ice bath) containing 5-chlorsiobenzaldehyde (0.2 g, 1.31 mmol) and
anhydrous potassium carbonate (0.221 g, 1.60 mm@MF was added dropwise a solution
of thioacetophenone (0.243 g, 1.31 mmol). The mé&twas stirred from 0 °C to rt within 3
hours. The mixture was then poured into ice wateiracted with dichloromethane and dried
over MgSQ. The oily crude product was purified by columnarhatography on silica gel
[PE / EtOACc (10:1)]; pale yellow solid; yield 0.31(87 %);

'H NMR (CDCk, 500 MHz):8 = 7.45 (dd,*J = 1.9,%) = 8.8 Hz, 1H), 7.53-7.56 (m, 2H),
7.63-7.67 (m, 1H), 7.79 (s, 1H), 7.83-7.86 (m, ZHY1-7.94 (m, 2H)'*C NMR (CDCE, 125
MHz): 6 = 124.0, 124.9, 125.3, 126.7, 127.9, 128.6, 12888,9, 131.3, 132.7, 137.5, 144.9,
189.3.

Ethyl 3-(5-chlorobenzo[b]thiophen-2-yl)-3-phenylacylate, (2Z&/Za):

Synthesized according to Method C using compa2ial(0.17 g, 0.62 mmol), NaH (0.05 g,
1.24 mmol) and triethyl phosphonoacetate (0.29 24 mmol);

227a: pale yellow oil; yield: 0.086 g (41 %JH NMR (CDCk, 500 MHz):6 = 1.17 (t,%J =
6.9 Hz, 3H), 4.14 (¢/J = 6.9 Hz, 2H), 6.39 (s, 1H), 7.27 (s, 1H), 7.2727(M, 2H), 7.34-7.41
(m, 5H), 7.71-7.74 (m, 2H}3C NMR (CDCk, 125 MHz):5 = 14.0, 60.5, 120.4, 123.2, 123.4,
125.2,125.4, 128.2, 128.5, 128.7, 130.6, 138.8,0,340.4, 141.9, 147.9, 165.5.

22Ea: pale yellow oil; yield: 0.077 g (36 %JH NMR (CDCk, 500 MHz):8 = 1.11 (t,°J =
6.9 Hz, 3H), 4.04 (¢/J = 6.9 Hz, 2H), 6.46 (s, 1H), 6.90 (s, 1H), 7.2917(M, 3H), 7.35-7.46
(m, 3H), 7.59 (d*J = 1.9 Hz, 1H) 7.69 (fJ = 8.5 Hz, 1H)*C NMR (CDCE, 125 MHz):8 =
13.9, 60.2, 118.0, 123.3, 123.8, 126.3, 126.9,0,288.4, 128.6, 135.0, 137.4, 138.0, 140.7,
146.5, 156.8, 165.3.

(2)-3-(5-Chlorobenzolb]thiophen-2-yl)-3-phenylacrylicacid, (22Z):

Synthesized according to Method D using compo2@¥h (0.075 g, 0.22 mmol) and NaQé
(0.75 mL, 2.28 mmol)pale yellow solid; yield: 0.05 g (74 %); Mp 210-212;

'H NMR ((CD3),S0, 500 MHz)5 = 6.48 (s, 1H), 7.38-7.41 (m, 2H), 7.41-7.43 (iid) 47.43-
7.46 (m, 1H), 7.97 (d%J = 2.2 Hz, 1H), 8.00 (cfJ = 8.5 Hz, 1H);**C NMR ((CD;),SO, 125
MHz): 6 = 122.3, 123.1, 123.8, 124.6, 124.8, 125.8, 12128,5, 129.4, 129.5, 138.4, 139.4,
140.4, 141.9, 166.3; LC/MS (+ESHvVz = 315.4 [MH]; R = 14.14 £ 99 %)

149



Experimental Section

(E)-3-(5-Chlorobenzo[b]thiophen-2-yl)-3-phenylacrylicacid, (2Z):

Synthesized according to Method D using compa2@ieh (0.085 g, 0.26 mmol) and NaQé
(0.9 mL, 2.61 mmol)pale yellow solid; yield: 0.06 g (74 %); Mp 208-210;

'H NMR (CDCk, 500 MHz):8 = 6.26 (s, 1H), 7.16-7.29 (m, 7H), 7.58-7.61 (rhl):2"C
NMR (CDCl, 125 MHz):6 = 120.9, 123.3, 123.5, 125.3, 125.5, 128.4, 12826,9, 130.7,
139.3, 140.9, 140.5, 142.1, 148.0, 161.8/MS (+ESI):m/z = 315.4 [MH]; R = 14.70 ¢ 99
%).

3-(5-Chlorobenzofuran-2-yl)-3-phenylpropanoic acid(23):

Ethyl 3-(5-chlorobenzofuran-2-yl)-3-phenylpropanoag, (23a):

Synthesized according to Method F using compoRéd/Z (0.4 g, 1.22 mmol), sodium
hypophosphite (0.194 g, 1.83 mmol) and Pd/C (0.18.%2 mmol); pale yellow oil; yield:
0.249 g (88 %)*H NMR (CDCk, 500 MHz):8 = 1.16 (t,2J = 7.2 Hz, 3H), 2.95-3.01 (m, 1H),
3.17-3.24 (m, 1H), 4.03-4.13 (m, 2H), 4.69%¢,= 7.9 Hz, 1H), 6.45 (s, 1H), 7.16-7.32 (m,
4H), 7.38-7.49 (m, 4H)**C NMR (CDCE, 125 MHz):6 = 14.1, 41.8, 60.6, 102.8, 111.0,
120.6, 122.6, 123.9, 127.4, 127.8, 128.2, 128.9,81240.4, 153.2, 159.3, 171.0.

3-(5-Chlorobenzofuran-2-yl)-3-phenylpropanoic acid{(23).

Synthesized according to Method D using compa2@&i(0.2 g, 0.61 mmol) and NaQk{(2.0
mL, 6.01 mmol)white solid; yield: 0.14 g (76 %); Mp 135-138 °C;

'H NMR (CDCk, 500 MHz):8 = 3.03-3.06 (m, 1H), 3.25-3.29 (m, 1H), 4.673{t= 7.6 Hz,
1H), 6.45 (s, 1H), 7.15-7.30 (m, 4H), 7.39-7.47 @Hi); °C NMR (CDCk, 125 MHz): =
38.9, 41.4,102.9, 112.0, 117.8, 120.6, 122.7,8,2127.4, 127.7, 127.8, 128.4, 128.9, 154.8,
160.5;LC/MS (+ESI):mVz = 301.6 [MH]; R = 13.45 £ 99 %)

3-(5-Methylbenzofuran-2-yl)-3-phenylpropanoic acid(24):

Ethyl 3-(5-methylbenzofuran-2-yl)-3-phenylpropanoat, (24a):

Synthesized according to Method F using compoghid/Z (0.2 g, 0.65 mmol), sodium
hypophosphite (0.103 g, 0.98 mmol) and Pd/C (0,07.@55 mmol); white oil; yield: 0.182 g
(91 %);
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'H NMR (CDCk, 500 MHz):8 = 1.15 (t,] = 7.2 Hz, 3H), 2.40 (s, 3H), 2.95-3.00 (m, 1H),
3.17-3.22 (m, 1H), 4.02-4.12 (m, 2H), 4.67°@t,= 7.9 Hz, 1H), 6.37 (s, 1H), 7.02 (dt,=
1.6,%3 = 9.1 Hz, 1H), 7.23-7.33 (m, 7HY¥C NMR (CDC}, 125 MHz):5 = 14.1, 21.2, 39.5,
41.8, 60.6, 102.6, 110.5, 120.5, 124.8, 127.2,9,2I28.5, 128.6, 132.0, 140.4, 153.2, 159.4,
171.1.

3-(5-Methylbenzofuran-2-yl)-3-phenylpropanoic acid,(24):

Synthesized according to Method D using compo24#ad (0.15 g, 0.48 mmol) and NaQ#
(1.6 mL, 4.86 mmol)white solid; yield: 0.101 g (75 %); Mp 124-127 °C;

'H NMR (CDCk, 500 MHz):5 = 2.40 (s, 3H), 2.99-3.04 (m, 1H), 3.23-3.28 (iH),14.64 (t,
3) = 8.2 Hz, 1H), 6.37 (s, 1H), 7.01 (dtl = 1.6,%3 =8.8 Hz, 1H), 7.23-7.33 (m, 8H}*C
NMR (CDClk, 125 MHz):6 = 21.3, 38.8, 41.5, 102.7, 110.6, 120.1, 120.%,.9,2125.7,
127.3,127.8, 128.5, 128.8, 132.1, 153.3, 158.9,8 LC/MS (+ESI):mVz = 281.5 [MH]; R
= 13.03 £ 99 %)

(E)-2-(2-(4-Chlorobenzyl)-2,3-dihydro-1H-inden-1-ylickene)acetic acid, (2B):

2-(4-Chlorobenzylidene)-2,3-dihydro-1H-inden-1-one(25c):

Synthesized according to Method A using 4-chloralaétehyde2d (1.06 g, 7.57 mmol) and
1-indanone (1.0 g, 7.57 mmol); white solid; yields g (83 %); Mp 156-160 °C;

'H NMR (CDCk, 500 MHz):8 = 4.02 (s, 2H), 7.42-7.45 (m, 3H), 7.55-7.64 (id),57.91 (d,

3) = 7.6 Hz, 1H).*C NMR (CDCE, 125 MHz):8 = 32.3, 124.5, 126.2, 127.8, 129.2, 131.8,
132.4, 133.9, 134.8, 135.1, 135.6, 137.9, 149.4,19

2-(4-Chlorobenzyl)-2,3-dihydro-1H-inden-1-one, (25p

Synthesized according to Method B using compo2bcl(0.435 g, 1.71 mmol), HEH (0.650
g, 2.56 mmol) and silica gel (3.42 g); white solld: 0.359 g (82 %); Mp 80-82 °C,;

'H NMR (CDCk, 500 MHz):8 = 2.68-2.73 (m, 1H), 2.81-2.86 (m, 1H), 2.95-3(6Q 1H),
3.16-3.21 (m, 1H), 3.32-3.36 (m, 1H), 7.15-7.19 @Hl), 7.25-7.29 (m, 2H), 7.36-7.42 (m,
2H), 7.58 (dt,"J = 1.2,%) = 7.2 Hz, 1H), 7.78 (d®J = 7.2 Hz, 1H).}*C NMR (CDCk, 125
MHz): 6 = 32.0, 36.2, 48.7, 124.0, 126.6, 127.5, 128..3,3132.2, 134.9, 136.5, 138.0,
153.4, 207.3.
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(E)-Ethyl 2-(2-(4-chlorobenzyl)-2,3-dihydro-1H-indeni-ylidene)acetate, (2ka):
Synthesized according to Method C using compd2bial(0.30 g, 1.17 mmol), NaH (0.234 g,
3.51 mmol) and triethyl phosphonoacetate (0.70 8161 mmol); pale yellow oil; yield:
0.126 g (33 %JH NMR (CDCk, 500 MHz):8 = 1.33 (t,°J = 7.2 Hz, 3H), 2.22 (£J = 11.0
Hz, 1H), 2.72 (dJ = 17.0 Hz, 1H), 2.95 (m, 1H), 3.17 (dd,= 3.5,%J = 13.2 Hz, 1H), 4.09-
4.17 (m, 1H), 4.25 (q)J = 7.2 Hz, 2H), 6.32 (d®J = 1.6 Hz, 1H), 7.24-7.30 (m, 6H), 7.35 (t,
%)= 7.6 Hz, 1H) 7.59 (fJ = 7.6 Hz, 1H)"*C NMR (CDCk, 125 MHz):8 = 14.4, 35.6, 40.7,
44.2,59.9, 108.1, 122.0, 125.2, 126.0, 127.0,2,288.3, 130.6, 131.0, 131.9, 139.2, 139.2,
165.8.

(E)-2-(2-(4-Chlorobenzyl)-2,3-dihydro-1H-inden-1-ylicene)acetic acid, (2B):

Synthesized according to Method D using compao2&ha (0.10 g, 0.30 mmol) and NaQ#
(2.0 mL, 3.06 mmol)white solid; yield: 0.07 g (79 %); Mp 216-219 °C;

'H NMR ((CD3),S0, 500 MHz)% = 2.23 (dd2J = 11.0 Hz, 1H), 2.68 (£J = 17.0 Hz, 1H),
2.94 (dd,*J = 7.2 Hz, 1H), 3.08 (ddJ = 2.8,%3 = 12.9 Hz, 1H), 3.98-4.04 (m, 1H), 6.39 (s,
1H), 7.26-7.32 (m, 1H), 7.34-7.41 (m, 6H), 7.77 ¥tz 7.9 Hz, 1H):**C NMR ((CD5),SO,
125 MHz):8 = 34.9, 40.1, 43.4, 109.2, 122.0, 125.9, 126.8,1,2130.6, 130.9, 138.7, 139.4,
146.7, 164.8, 167.4; Mp 115-118 °C; LC/MS (+ESfjz= 299.5 [MH]; R = 14.6 £ 96 %).

6.1.3.2. Compounds described in Chaptei3.2.

2-(3-(4-Chlorophenyl)-3-oxo-1-phenylpropyl)malonicacid, (4A):

(E)-1-(4-Chlorophenyl)-3-phenylprop-2-en-1-one, (1A)

Synthesized according to Method A using benzaldeh{2l0 g, 18.8 mmol) and’-
chloroacetophenone (2.91 g, 18.8 mmol); pale yeHold; yield: 4.2 g (93 %);

'H-NMR (500 MHz,CDCL): & (ppm) = 7.42-7.43 (m, 3H), 7.47-7.50 (m, 3H), 7685 (m,
2H), 7.82 (d,J = 15.8 Hz, 1H), 7.96 (dJ = 8.8 Hz, 2H)."*C-NMR (125 MHz, CDCJ):
5 (ppm) =121.5, 128.5, 128.9, 129.0, 129.9, 130.7, 134.8,5339.2, 145.3, 189.2.

Diethyl 2-(3-(4-chlorophenyl)-3-oxo-1-phenylpropylinalonate, (2A):
Synthesized according to Method H usigy (1.0 g, 4.12 mmol) andiethyl malonate (0.62
mL, 4.12 mmol) and magnesium oxide (0.41 g) ; whdkd; yield: 1.5 g (89 %);
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'H-NMR (500 MHz,CDCl): & (ppm) = 1.01 (tJ = 7.2 Hz, 3H), 1.23 (tJ = 7.2 Hz, 3H),
3.38 (dd,J = 9.2, 9.2 Hz, 1H), 3.53 (dd,= 4.4, 4.4 Hz, 1H), 3.80 (d, = 9.7 Hz, 1H), 3.95
(q,J = 7.2 Hz, 2H), 4.12-4.25 (m, 3H), 7.14-7.19 (m, 1AR2-7.25 (m, 4H), 7.39 (d,=

8.8 Hz, 2H), 7.83 (dJ = 8.8 Hz, 2H).”*C-NMR (125 MHz, CDG): & (ppm) = 13.7, 14.0,
40.9, 42.6, 57.5, 61.4, 61.7, 127.2, 128.2, 12828.8, 129.5, 135.1, 139.4, 140.2, 167.6,
168.3, 196.4.

2-(3-(4-Chlorophenyl)-3-oxo-1-phenylpropyl)malonicacid, (4A):

Synthesized according to Method L usk@y (0.9 g, 2.22 mmol) and NaQ}{(7.5 mL); white
solid; yield: 0.5 g (64 %)np 143-145 °C.

'H-NMR (500 MHz,CDs;0D): & (ppm) = 3.33 (ddJ = 3.5,16.7 Hz, 1H), 3.60 (dd] = 10.1,
10.1 Hz, 1H), 3.73 (dJ = 3.5,16.7 Hz, 1H), 3.87 (dtJ = 3.8,10.4 Hz, 1H), 7.11 (= 7.2
Hz, 1H), 7.19 (tJ = 7.2 Hz, 2H), 7.27 (d) = 7.2 Hz, 2H), 7.54 (d) = 8.5 Hz, 2H), 7.87 (d,
J = 8.5 Hz,, 2H), 12.67 (s, 2H}*C-NMR (125 MHz, CROD): & (ppm) =40.4, 42.4, 57.2,
126.4, 127.8, 128.3, 128.7, 129.6, 135.2, 137.9,014169.0, 169.6, 196.4; LC/MS (+ESI):
m/iz=347.2 [MH]; R =4.17 £ 97 %)

Bis(acetoxymethyl) 2-(3-(4-chlorophenyl)-3-o0x0-1-ptnylpropyl)malonate, (5A)
Synthesized according to Method 4A (0.5 g, 1.44 mmol), bromomethyl aceté®e42 mL,
4.32 mmol) and triethylamine (1.0 mL, 7.2 mmol);itehsolid; yield: 0.46 g (65 %)np 92-

93 °C;

'H-NMR (500 MHz,CDs;0D):5 (ppm) = 1.99 (s, 3H), 2.10 (s, 3H), 3.47 (dd; 8.9 Hz, 1H),
3.54 (dd,J = 4.72 Hz, 1H), 3.96 (d] = 9.1 Hz, 1H), 4.17-4.21 (m, 1H), 5.67 @F= 5.7 Hz,
2H), 5.76 (qJ = 5.7 Hz, 2H), 7.19-7.23 (m, 1H), 7.25-7.28 (m, 4H%1 (d,J = 8.5 Hz, 2H),
7.83 (d,J = 8.5 Hz, 2H);"*C-NMR (125 MHz, CROD): 5 (ppm) =20.5, 20.53, 40.42, 42.1,
56.3, 79.4, 79.8, 127.5, 128.1, 128.6, 128.9, 12188.9, 139.6, 139.64, 166.0, 166.5, 169.1,
169.3, 196.0; LC/MS (+ESIvz=491.2 [MH]; R = 5.24 £ 97 %)

5-(4-Chlorophenyl)-5-ox0-3-phenylpentanoic acid, (8):

Synthesized according to Method N us## (0.30 g, 0.86 mmol); white solid; yield: 0.19 g
(75 %);mp 135-137 °C;

'H-NMR (500 MHz,CDCly): & (ppm) =2.73 (dd,J = 7.6, 7.6 Hz, 1H), 2.85 (dd,= 6.9, 6.9
Hz, 1H), 3.28-3.37 (m, 2H), 3.81-3.87 (m, 1H), Z7L82 (m, 1H), 7.24-7.31 (m, 4H), 7.39
(d, J = 8.8 Hz, 2H), 7.82 (dJ = 8.8 Hz, 2H);"*C-NMR (125 MHz, CDCJ): & (ppm) =37.2.
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40.1, 44.5, 127.0, 127.3, 128.7, 128.9, 129.5, 113639.6, 142.8, 176.9, 196.9; LC/MS
(+ESI): m/z = 303.2 [MH]; R = 4.69 £ 98 %)

2-(3-(3-Chlorophenyl)-3-oxo-1-phenylpropyl)malonicacid, (4B):

(E)-1-(3-Chlorophenyl)-3-phenylprop-2-en-1-one, (1B):

Synthesized according to Method A using benzaldeh{@l4 g, 32.34 mmol) an@’-
chloroacetophenone (5.0 g, 32.34 mmol); pale yeold; yield: 6.48 g (83 %);

'H-NMR (500 MHz,CDCly): & (ppm) = 7.43-7.45 (m, 4H), 7.47 (@= 15.4 Hz, 1H), 7.55-
7.57 (m, 1H), 7.65-7.67 (m, 2H), 7.82 (M= 15.4 Hz, 1H), 7.88-7.90 (m, 1H), 7.99 Jt=
1.7 Hz, 1H).®°*C-NMR (125 MHz, CDCJ): 5 (ppm) =121.5, 126.5, 128.4, 128.6, 129.0,
129.9, 130.8, 132.7, 134.5, 134.9, 139.8, 1489,2

Diethyl 2-(3-(3-chlorophenyl)-3-oxo-1-phenylpropylinalonate, (2B):

Synthesized according to Method H usitg (2.0 g, 8.25 mmol) andiethyl malonate (1.26
mL, 8.25 mmol) and magnesium oxide (0.82 g); whdakd; yield: 2.66 g (80 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 1.02 (tJ = 7.2 Hz, 3H), 1.25 (t) = 7.2 Hz, 3H),
3.43 (dd,J = 9.2, 9.2 Hz, 1H), 3.53 (dd,= 4.45, 4.5 Hz, 1H), 3.80 (d,= 9.5 Hz, 1H), 3.97
(q,J= 7.2 Hz, 2H), 4.13-4.24 (m, 3H), 7.16-7.19 (m, 1AHR4-7.27 (m, 4H), 7.36 (§,= 8.2
Hz, 1H), 7.48-7.50 (m, 1H), 7.77-7.79 (m, 1H), 7(84 = 1.6 Hz, 1H)*C-NMR (125 MHz,
CDCl): & (ppm) = 13.8, 14.0, 40.7, 42.7, 57.4, 61.4, 6128.2, 127.2, 128.2, 128.4, 129.9,
132.9, 134.9, 138.4, 167.7, 168.3, 182.9.

2-(3-(3-Chlorophenyl)-3-oxo-1-phenylpropyl)malonicacid, (4B):

Synthesized according to Method L usk® (2.0 g, 4.96 mmol) and NaQk{(8.3 mL); white
solid; yield: 1.3 g (76 %)mp 155-158 °C.

'H-NMR (500 MHz,CD;0D):  (ppm) =3.50 (d,J = 7.6 Hz, 2H), 3.84 (d) = 10.4 Hz, 1H),
4.00-4.05 (m, 1H), 7.14 (8,= 7.2 Hz, 1H), 7.21 (t) = 7.6 Hz, 2H), 7.27 (d) = 7.2 Hz, 2H),
7.44 (t,J = 7.9 Hz, 1H), 7.55 (dJ = 8.8 Hz, 1H), 7.8-7.83 (m, 2H}*C-NMR (125 MHz,
CDs0D): 6 (ppm) =42.7, 44.1, 58.8, 127.6, 128.1, 128.6, 129.0, 1229.6, 131.4, 134.0,
140.1, 142.1, 171.4, 171.8, 199.0; LC/MS (+E8i) = 347.2 [MH]; R = 4.08 £ 96 %)
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5-(3-Bromophenyl)-5-o0x0-3-phenylpentanoic acid, (6B

Synthesized according to Method N us#ig§ (0.75g, 2.16 mmol); white solid; yield: 0.49 g
(75 %); mp 118-120 °C;

'H-NMR (500 MHz,CDCls): & (ppm) = 2.73 (ddJ = 7.6, 7.6 Hz, 1H), 2.85 (dd,= 7.2, 7.2
Hz, 1H), 3.29-3.38 (m, 2H), 3.82-3.88 (m, 1H),T7(2, J = 6.9 Hz, 1H), 7.25-7.31 (m, 3H),
7.37 (t,J = 7.6 Hz, 1H), 7.50-7.52 (m, 2H), 7.76 (t 8.8 Hz, 1H), 7.84-7.86 (i = 1.6 Hz,
1H); *C-NMR (125 MHz,CDCL): & (ppm) =37.1, 39.9, 44.0, 126.2, 126.4, 127.4, 127.5,
128.0, 130.6, 132.7, 133.5, 138.4, 143.6, 156.9,2t9 C/MS (+ESI)m/z = 303.1 [MH]; R

= 4.62 £ 98 %)

2-(1,3-Bis(4-chlorophenyl)-3-oxopropyl)malonic acid(4C):

(E)-1,3-Bis(4-chlorophenyl)prop-2-en-1-one, (1C)

Synthesized according to Method A using 4-chloraaéehyde (3.0 g, 21.34 mmol) as#d
chloroacetophenone (2.77 mL, 21.34 mmol); paleoyeBolid; yield: 5.60 g (95 %);

H-NMR (500 MHz,CDCL): & (ppm) = 7.38 (dJ = 8.2 Hz, 2H), 7.45 (d) = 15.8 Hz, 1H),
7.48 (d,J = 8.8 Hz, 2H), 7.57 (dJ = 8.2 Hz, 2H), 7.76 (d) = 15.8 Hz, 1H), 7.98 (d] = 8.8

Hz, 2H). *C-NMR (125 MHz, CDCJ): & (ppm) = 121.9, 128.9, 129.3, 129.6, 129.9, 133.2,
126.3, 126.6, 139.4, 143.8, 188.8.

Dimethyl 2-(1,3-Bis(4’-chlorophenyl)-3-oxopropyl)mdonate, (2C):

Synthesized according to Method J usir@ (2.0 g, 7.2 mmol) andiethyl malonate (1.10
pL, 14.4 mmol) and sodium hydride (cat.); whiteaoyield: 2.32 g (74 %);

'H-NMR (500 MHz,CDCL): & (ppm) = 3.40 (ddJ = 9.2, 9.2 Hz, 1H), 3.51 (dd,= 4.4, 4.4
Hz, 1H), 3.53 (s, 3H), 3.72 (s, 3H), 3.81J& 9.1 Hz, 1H), 7.20 (q) = 8.8 Hz, 4H), 7.40 (d,

J = 8.8 Hz, 2H), 7.82 (dJ = 8.8 Hz, 2H)."*C-NMR (125 MHz, CDCJ): & (ppm) = 40.1,
42.1, 52.5, 52.7, 56.9, 128.7, 128.9, 129.4, 12833.1, 134.9, 138.7, 139.7, 167.9, 168.5,
196.1.

2-(1,3-Bis(4-chlorophenyl)-3-oxopropyl)malonic acid(4C):

Synthesized according to Method L usiaG (2.0 g, 4.57 mmol) and NaQH(7.62 mL);
white solid; yield: 0.11 g (74 %); mp 140-142 °C.
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'H-NMR (500 MHz,CD;0D): & (ppm) = 3.53 (dJ = 6.9 Hz, 2H), 3.84 (d] = 10.4 Hz, 1H),
4.03-4.07 (m, 1H), 7.24 (d,= 8.5 Hz, 2H), 7.30 (dJ = 8.5 Hz, 2H), 7.49 (dJ = 8.8 Hz,
2H), 7.92 (d,J = 8.8 Hz, 2H).*C-NMR (125 MHz, CROD): & (ppm) = 42.0, 43.8, 58.6,
129.3, 130.0, 130.9, 131.3, 133.8, 136.8, 140.6,014171.3, 171.6, 198.8C/MS (+ESI):
m/z = 382.8 [MH]; R = 4.08 £ 98 %)

3,5-Bis(4-chlorophenyl)-5-oxopentanoic acid, (6C)

Synthesized according to Method N us#@ (0.70 g, 1.84 mmol); white solid; yield: 0.5 g
(80 %); mp 149-151 °CH-NMR (500 MHz,CDCly): & (ppm) = 2.68 (ddJ = 7.9 Hz, 1H),
2.83 (dd,J = 6.9 Hz, 1H), 3.24-3.35 (m, 2H), 3.79-3.85 (m, 1FA)8 (d,J = 8.5 Hz, 2H),
7.25 (d,J = 8.5 Hz, 2H), 7.40 (dJ = 8.8 Hz, 2H), 7.81 (dJ = 8.8 Hz, 2H);**C-NMR (125
MHz, CDCE): & (ppm) = 36.5, 40.0, 44.3, 128.7, 128.8, 129.0, 42932.7, 135.0, 139.8,
141.3, 176.7, 196.4,C/MS (+ESI):m/z = 339.2 [MH]; R = 4.97 £ 98 %)

2-(3-(4-Bromophenyl)-3-oxo-1-phenylpropyl)malonic aid, (4D):

(E)-1-(4-Bromophenyl)-3-phenylprop-2-en-1-one, (1D):

Synthesized according to Method A using benzaldeh{@55 mL, 25.1 mmol) and’-
bromoacetophenone (5.0 g, 25.1 mmol); pale yellohdsyield: 5.84 g (81 %);

'H-NMR (500 MHz,CDCL): & (ppm) =7.40-7.43 (m, 3H), 7.48 (d,= 15.6 Hz, 1H), 7.63-
7.66 (m, 4H), 7.81 (dJ = 15.6 Hz, 1H), 7.89 (dJ = 8.5 Hz, 2H)."*C-NMR (125 MHz,
CDCL): & (ppm) =121.5, 127.9, 128.5, 129.0, 130.0, 130.7, 131.8,71336.9, 145.4, 189.3.

Diethyl 2-(3-(4-bromophenyl)-3-oxo-1-phenylpropyl)nalonate, (2D):

Synthesized according to Method H usitig (2.0 g, 6.96 mmol) andiethyl malonate (1.06
mL, 6.96 mmol) and magnesium oxide (0.70 g) ; whdkd; yield: 2.56 g (82 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 1.01 (tJ = 7.2 Hz, 3H), 1.23 (t) = 7.2 Hz, 3H),
3.39 (ddJ = 9.2, 9.2 Hz, 1H), 3.52 (dd,= 4.4, 4.4 Hz, 1H), 3.94 (d = 9.5 Hz, 1H), 3.95
(q,J= 7.2 Hz, 2H), 4.11-4.25 (m, 3H), 7.15-7.19 (m, 1HR2-7.25 (m, 4H), 7.56 (d,= 8.8
Hz, 2H), 7.75 (dJ = 8.8 Hz, 2H)**C-NMR (125 MHz, CDCJ): 3 (ppm) = 13.7, 14.0, 40.9,
42.6, 57.5, 61.4, 61.7, 127.2, 128.2, 128.4, 12934,8, 135.5, 140.2, 167.6, 168.3, 190.6,
196.6.
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2-(3-(4-Bromophenyl)-3-oxo-1-phenylpropyl)malonic aid, (4D):

Synthesized according to Method L usi2D (2.0 g, 4.47 mmol) and NaQ(7.45 mL);
white solid; yield: 1.27 g (72 %jmp 159-161 °C.

'H-NMR (500 MHz, (CD3),SO): & (ppm) = 3.29-3.33 (m, 1H), 3.59 (ddl= 10.1. 10.1 Hz,
1H), 3.74 (dJ = 10.7 Hz, 1H), 3.83-3.88 (m, 1H), 7.11 Jt= 7.2 Hz, 1H), 7.18 (tJ = 7.2
Hz, 2H), 7.26 (d,) = 7.2 Hz, 2H), 7.70 (dJ = 86 Hz, 2H), 7.78 (dJ = 8.6 Hz, 2H).°C-
NMR (125 MHz,(CD3),SO): d (ppm) = 40.4, 42.3, 57.2, 126.4, 127.1, 127.8,3,2829.7,
131.6, 135.5, 141.0, 168.9, 169.9, 197.1; LC/MSSHEWz = 392.6 [MH]; R = 4.2 ¢ 98
%).

5-(4-Bromophenyl)-5-0x0-3-phenylpentanoic acid, (6D

Synthesized according to Method N us#ig (0.5 g, 1.28 mmol); white solid; yield: 0.39 g
(89 %);

'H-NMR (500 MHz,CDs0D): & (ppm) = 2.64-2.71 (m, 1H), 2.78-2.85 (m, 1H), 3(89J =
6.9 Hz, 2H), 3.75-3.81 (m, 1H), 7.16 Jt= 6.9 Hz, 1H), 7.23-7.29 (m, 4H), 7.63 (= 8.8
Hz, 2H), 7.83 (dJ = 8.8 Hz, 2H),*C-NMR (125 MHz, CROD): 5 (ppm) =37.2, 40.1, 44.4,
127.0, 127.3, 128.3, 128.7, 129.6, 131.9, 135.2,8,4176.8, 197.1; LC/MS (+ESl/z =
348.2 [MH]; R = 4.74 £ 98 %)

2-(3-(4-Bromophenyl)-1-(4-chlorophenyl)-3-oxopropymalonic acid, (4E):

(E)-1-(4-Bromophenyl)-3-(4-chlorophenyl)prop-2-en-1-ne, (1E):

Synthesized according to Method A using 4-chloralaéehyde (3.53 mL, 25.11 mmol) and
4-bromoacetophenone (5.0 g, 25.11 mmol); pale wedlolid; yield: 6.51 g (81 %);

'H-NMR (500 MHz,CDCL): & (ppm) = 7.39 (dJ = 8.5 Hz, 2H), 7.44 (dJ = 15.5 Hz, 1H),
7.57 (d,J = 8.5 Hz, 2H), 7.65 (dJ = 8.5 Hz, 2H), 7.76 (d) = 15.5 Hz, 1H), 7.88 (d] = 8.5

Hz, 2H).*C-NMR (125 MHz, CDGJ): & (ppm) = 121.9, 128.0, 129.3, 129.6, 130.0, 132.0,
133.2, 136.7, 136.8, 143.8, 189.0.

Dimethyl 2-(3-(4-bromophenyl)-1-(4-chlorophenyl)-3exopropyl)malonate, (2E):

Synthesized according to Method J usirig) (3.0 g, 9.32 mmol) andiethyl malonate (1.56
mL, 10.26 mmol) and sodium hydride (cat.); whitédsoyield: 3.20 g (76 %);
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'H-NMR (500 MHz,CDCly): & (ppm) = 3.39 (ddJ = 9.1, 9.1 Hz, 1H), 3.50 (dd,= 4.7, 4.7
Hz, 1H), 3.53 (s, 3H), 3.73 (s, 3H), 3.80 {d&; 9.1 Hz, 1H), 4.11-4.16 (m, 1H), 7.21 (=

8.5 Hz, 4H), 7.57 (d]) = 8.5 Hz, 2H), 7.75 (dJ = 8.8 Hz, 2H).**C-NMR (125 MHz, CDGJ):

5 (ppm) = 40.1, 42.1, 52.5, 52.7, 56.9, 128.4, 1282B.4, 129.6, 131.9, 133.1, 135.3, 138.7,
167.9, 168.5, 196.2.

2-(3-(4-Bromophenyl)-1-(4-chlorophenyl)-3-oxopropymalonic acid, (4E):

Synthesized according to Method L usiifg (2.0 g, 4.41 mmol) and 10M NaQi4.4 mL);
white solid; yield: 1.2 g (64 %); mp 154-155 °C;

'H-NMR (500 MHz, (CD53),SO): & (ppm) = 3.32 (dd,J = 3.5, 17.3 Hz, 1H), 3.62 (dd, =
10.1 Hz, 1H), 3.74 (d] = 10.7 Hz, 1H), 3.82 (dt] = 3.8, 10.4 Hz, 1H), 7.26 (d,= 8,5 Hz,
2H), 7.31 (d,J = 8.5 Hz, 2H), 7.70 (d) = 8.8 Hz, 2H), 7.79 (d) = 8.8 Hz, 2H), 12.60 (s,
OH), 13,00 (s, OH)*C-NMR (125 MHz, (CR),SO): & (ppm) = 30.6, 42.2, 57.0, 127.3,
127.8, 129.74, 130.3, 131.1, 131.7, 135.4, 14(%8,9 169.4, 197.0. LC/MS (+EShvz =
426.9 [MH; R = 4.56 £ 99 %)

2-(3-(4-lodophenyl)-3-ox0-1-phenylpropyl)malonic aid, (4F):

(E)-1-(4-lodophenyl)-3-phenylprop-2-en-1-one, (1F):

Synthesized according to Method A using benzaldeh¢dl03 g, 10.2 mmol) and’-
iodoacetophenone (2.5g, 10.2 mmol); pale beigésyikeld: 1.6 g (47 %);

'H-NMR (500 MHz,CDCL): & (ppm) = 7.42-7.44 (m, 3H), 7.46 (@= 15.5 Hz, 1H), 7.62-
7.67 (m, 2H), 7.73 (d] = 8.2 Hz, 2H), 7.82 (dJ = 15.5 Hz, 1H), 7.87 (d] = 8.5 Hz, 2H).
¥C-NMR (125 MHz, CDCJ): & (ppm) = 100.6, 121.4, 128.5, 129.0, 129.9, 13034.7,
137.4, 137.9, 145.3, 189.6.

Dimethyl 2-(3-(4-iodophenyl)-3-oxo-1-phenylpropyl)ralonate, (2F):

Synthesized according to Method J usirig (1.0 g, 2.99 mmol) and diethyl malonate (0.50
mL, 3.29 mmol) and sodium hydride (cat.); palegwlkolid; yield: 0.96 g (69 %);

'H-NMR (500 MHz,CDCly): & (ppm) = 3.41 (dd) = 4.8, 16.7 Hz, 1H), 3.50 (s, 3H), 3.52

(dd,J = 4.8, 16.7 Hz, 1H), 3.72 (s, 3H), 3.83 (&= 9.4 Hz, 1H), 4.12-4.17 (m, 1H), 7.16-

7.20 (m, 1H), 7.21-7.27 (m, 4H), 7.60 (& 8.5 Hz, 2H), 7.79 (d] = 8.5 Hz, 2H).*C-NMR
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(125 MHz, CDCY¥): o (ppm) = 40.8, 42.2, 52.4, 52.7, 57.2, 127.9, 12829.5, 137.9, 140.2,
142.8, 145.1, 158.8, 177.0, 177.3, 199.6.

2-(3-(4-lodophenyl)-3-oxo-1-phenylpropyl)malonic aid, (4F):

Synthesized according to Method L usi2fg (0.6 g, 1.29 mmol) and 10M NaQi1.3 mL);
white solid; yield: 0.48 g (86 %); mp 174-175 °C,;

'H-NMR (500 MHz,(CD5)>S0): d (ppm) = 3.28 (ddJ = 3.6, 17.1 Hz, 1H), 3.58 (dd,=
10.5 Hz, 1H), 3.73 (d] = 10.7 Hz, 1H), 3.84 (dt] = 3.6, 10.3 Hz, 1H), 7.11 (§,= 7.3 Hz,
1H), 7.19 (tJ = 7.9Hz, 2H), 7.26 (dJ = 7.3Hz, 2H), 7.61 (dJ = 8.5Hz, 2H), 7.87 (dJ =
8.5Hz, 2H), 12.61 (s, OH), 12.90 (s, OHJC-NMR (125 MHz, (CR),SO): 5 (ppm) = 40.4,
42.3,57.3, 101.6, 126.4, 127.8, 128.3, 129.4,8,387.5, 141.0, 168.9, 169.9, 197.4; LC/MS
(+ESI):m/z = 439.1 [MH]; R = 4.32 £ 99 %)

5-(4-lodophenyl)-5-o0x0-3-phenylpentanoic acid, (6F)

Synthesized according to Method N us#fg(0.11 g, 0.25 mmol); white solid; yield: 0.60 g
(71 %) mp 183-184 °C;

'H-NMR (500 MHz,CDCL): & (ppm) = 2.73 (dd) = 7.3, 16.0 Hz, 1H), 2.85 (dd,= 7.3,
16.0 Hz, 1H), 3.28 (ddl = 7.2, 16.7 Hz, 1H), 3.34 (dd,= 7.2, 16.7 Hz, 1H), 3.81-3.87 (m,
1H), 7.20 (tt,J = 1.3, 7.2 Hz, 1H), 7.24-7.31 (m, 4H), 7.59 {d5 8.6 Hz, 2H), 7.79 (d] =
8.6 Hz, 2H)."*C-NMR (125 MHz, (CR).SO): & (ppm) = 37.1, 40.2, 43.8, 101.6, 126.1,
127.4,129.5, 135.8, 137.5, 172.7, 197.9; LC/MSSHENZ = 396.0 [MH]; R = 4.85 ¢ 98).

2-(1-(4-Chlorophenyl)-3-(4-iodophenyl)-3-oxopropyinalonic acid, (4G):

(E)-3-(4-Chlorophenyl)-1-(4-iodophenyl)prop-2-en-1-og, (1G):

Synthesized according to Method A using 4-chloraladégehyde (1.14 mL, 8.13 mmol) and
4’-iodooacetophenone (2.0 g, 8.13 mmol); pale bedl; yield: 2.65 g (89 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 7.39 (dJ = 8.5, 2H), 7.42 (dJ = 15.8, 1H), 7.57 (d,
J=8.5, 2H), 7.71 (dJ = 8.5, 2H), 7.77 (dJ = 15.8, 1H), 7.85 (dJ = 8.5 Hz, 2H)**C-NMR
(125 MHz, CDCY4): & (ppm) = 100.8, 121.8, 129.2, 129.6, 129.9, 13338,7, 137.3, 138.0,
143.8, 189.3.
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Diethyl 2-(1-(4-chlorophenyl)-3-(4-iodophenyl)-3-ogpropyl)malonate, (2G):

Synthesized according to Method | usib@ (2.0 g, 4.07 mmol) andiethyl malonate (0.68
mL, 4.47 mmol) and potassium carbonate (1.12 g} Bifnol) ; pale beige solid; yield: 0.86 g
(40 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 1.05 (tJ = 7.2 Hz, 3H), 1.25 (tJ = 7.2 Hz, 3H),
3.35 (dd,J = 9.5, 9.5 Hz, 1H), 3.49 (dd,= 4.1, 4.1 Hz, 1H), 3.76 (d,= 9.8 Hz, 1H), 3.98
(g,J = 7.2 Hz, 2H), 4.09-4.25 (m, 3H), 7.18 @@= 8.8 Hz, 2H), 7.22 (dJ = 8.8 Hz, 2H),
7.59 (d,J = 8.8 Hz, 2H), 7.79 (dJ = 8.8 Hz, 2H)*C-NMR (125 MHz, CDCJ): & (ppm) =
13.8, 14.0, 40.1, 42.3, 57.2, 61.5, 61.8, 101.8,6,2129.5, 129.6, 133.0, 133.9, 138.0, 138.8,
167.5, 168.1, 196.6.

2-(1-(4-Chlorophenyl)-3-(4-iodophenyl)-3-oxopropyknalonic acid, (4G):

Synthesized according to Method L usi@ (0.59 g, 1.11 mmol) and 10M NaQH2 mL);
pale yellow solid; yield: 0.35 g (67 %); mp 167-163

'H-NMR (500 MHz,(CD3),S0): 8 (ppm) = 3.31 (ddJ = 3.5, 17.0 Hz, 1H), 3.59 (dd,= 9.9
Hz, 1H), 3.73 (dJ) = 10.8 Hz, 1H), 3.82 (df] = 3.5, 10.42 Hz, 1H), 7.26 (d,= 8.5 Hz, 2H),
7.29 (d,J = 8.5 Hz, 2H), 7.62 (dJ = 8.5 Hz, 2H), 7.88 (d) = 8.5 Hz, 2H), 12.62 (s, OH),
12.89 (s, OH)¥C-NMR (125 MHz, (CR).SO): 5 (ppm) = 39.8, 42.1, 57.0, 101.8, 127.8,
129.4, 130.3, 131.0, 135.6, 137.5, 140.1, 168.9,5,6197.3; LC/MS (+ESI)m/z = 473.1
[MH™]; R = 4.66 & 95 %)

3-(4-Chlorophenyl)-5-(4-iodophenyl)-5-oxopentanoiacid, (6G)

Synthesized according to Method N us#g (0.15 g, 0.32 mmol); white solid; yield: 0.12 g
(88 %):mp 145-147 °C;

'H-NMR (500 MHz,CDCly): & (ppm) = 2.67 (ddJ = 7.9 Hz, 1H), 2.82 (dd] = 6.6 Hz, 1H),
3.25 (dd,J = 7.2 Hz, 1H), 3.32 (dd] = 6.6 Hz, 1H), 3.79-3.85 (m, 1H), 7.18 (ti= 8.4 Hz,
2H), 7.25 (dJ = 8.4 Hz, 2H), 7.59 (dJ = 8.8 Hz, 2H), 7.80 (dJ = 8.8 Hz, 2H);**C-NMR
(125 MHz, CDC}): 8 (ppm) = 36.5, 40.0, 44.2, 101.3, 128.7, 128.8, 42932.7, 135.9,
138.0, 141.3, 176.2, 197.0; LC/MS (+EStyz = 429.1 [MH]; R = 5.16 £ 99 %)

160



Experimental Section

2-(3-Ox0-1-phenyl-3-(4-(trifluoromethy)phenyl)propyl)malonic acid, (4H):

(E)-3-Phenyl-1-(4-(trifluoromethyl)phenyl)prop-2-en-1-one, (1H):

Synthesized according to Method A using benzaldehtd62 mL, 15.95 mmol) ant-(4'-
(trifluoromethyl)phenyl)ethanone (3.0 g, 15.95 mngale yellow solid; yield: 3.05 g (70
%);

'H-NMR (500 MHz,CDCl): & (ppm) =7.49-7.43 (m, 3H), 7.50 (d,= 15.8 Hz, 1H), 7.67-
7.65 (m, 2H), 7.77 (d) = 8.0 Hz, 2H), 7.84 (d) = 15.8 Hz, 1H), 8.10 (d] = 8.0 Hz, 2H).
3C-NMR (125 MHz, CDCJ): & (ppm) =121.6, 123.6 (q-Jc.r = 272.9 Hz), 125.69q, *Jcr
= 4.3 Hz),128.6, 128.8, 129.0, 130.9, 133.9%d: - = 32.3 Hz), 134.5, 141.1, 146.189.7.

Diethyl 2-(3-oxo-1-phenyl-3-(4-(trifluoromethyl)phenyl)propyl)malonate, (2H):
Synthesized according to Method H usiitg (1.5 g, 5.42 mmol) andiethyl malonate (0.82
mL, 5.92 mmol) and magnesium oxide (0.54 g) ; whdkd; yield: 1.8 g (76 %);

'H-NMR (500 MHz,(CD3),S0):5 (ppm) = 0.85 (tJ = 7.2 Hz, 3H), 1.16 (t) = 7.2 Hz, 3H),
3.46 (dd,J = 3.8, 17.0 Hz, 1H), 3.69 (dd,= 3.8, 17.0 Hz, 1H), 3.83 (§,= 7.2 Hz, 2H),
3.90-3.98 (m, 2H), 4.08-4.18 (m, 2H), 7.15)& 7.6 Hz, 1H), 7.22 (d) = 7.6 Hz, 2H), 7.29
(d,J = 7.8 6z, 2H), 7.87 (d] = 8.2 Hz, 2H), 8.05 (dJ = 8.2 Hz, 2H)."*C-NMR (125 MHz,
(CD3);S0): & (ppm) = 13.4, 13.7, 40.4, 56.7, 60.6, 61.2, 11618.4, 125.6 (¢°Jcr = 3.7
Hz), 126.8, 127.9, 128.2, 128.5, 140.2, 167.7,4,687.2.

2-(3-Oxo-1-phenyl-3-(4-(trifluoromethyl)phenyl)propyl)malonic acid, (4H):

Synthesized according to Method L usi2zig (1.76 g, 4.03 mmol) and NaQ¥i(6.71 mL);
white solid; yield: 1.25 g (82 %jmp 128-130 °C;

'H-NMR (500 MHz,CDs0D): & (ppm) =3.53 (d,J = 9.7 Hz 1H), 3.56 (dJ = 6.9 Hz, 1H),
3.83 (d,J = 10.9 Hz, 1H), 4.02-4.08 (m, 1H), 7.14 Jt= 7.2 Hz, 1H), 7.21 (t) = 7.6 Hz,
2H), 7.27 (dJ = 7.9 Hz, 2H), 7.75 (dJ = 8.2 Hz, 2H), 8.05 (dJ = 8.2 Hz, 2H).**C-NMR
(125 MHz,CDs;0D): & (ppm) = 42.6, 44.3, 58.7, 125.2 {dc.r = 272.2 Hz), 126.19, *Jc.r =
3.7 Hz),128.0, 129.3, 129.6, 129.8, 135.2 {dr = 32.9 Hz), 141.3, 142.0 ()cr = 1.8
Hz), 171.5, 171.8, 199.2; LC/MS (+ESi)iz = 381.2 [MH]; R = 4.35 & 96 %)
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Bis(acetoxymethyl) 2-(3-oxo0-1-phenyl-3-(4 (trifluoomethyl)-phenyl)propyl)-malonate,
(5H):

Synthesized according to Method M usidgl (0.2 g, 0.52 mmol), bromo methylacetate
(0.206 mL, 2.10 mmol) and triethylamine (0.44 mL12Z mmol); white solid; yield: 0.17 g
(62 %);mp 89-90 °C;

'H-NMR (500 MHz,CD;0D): & (ppm) = 1.98 (s, 3H), 2.09 (s, 3H), 3.50 (dds 8.8 Hz,
1H), 3.60 (dd,) = 4.2 Hz, 1H), 3.96 (d) = 9.1 Hz, 1H), 4.17-4.21 (m, 1H), 5.55 &= 5.7
Hz, 2H), 5.76 (d,) = 5.7Hz, 2H), 7.18-7.21 (m, 1H), 7.23-7.28 (m, 4H{Y(d,J = 8.2 Hz,
2H), 7.98.7*C-NMR (125 MHz,CDsOD): & (ppm) =20.5, 20.6, 40.4, 40.5, 56.5, 79.4, 79.8,
118.0, 125.6 (fJc.r = 4.6 Hz), 127.6, 128.1, 128.4, 128.7, 164.9, 16568,0, 166.5, 169.2,
169.3, 196.4; LC/MS (+ESI)Wz=525.3 [MH]; R = 5.31 £ 99 %)

5-0Ox0-3-phenyl-5-(4-(trifluoromethyl)phenyl)pentandc acid, (6H).

Synthesized according to MethoddM (0.10 g, 0.26 mmol); white solid; yield: 0.70 @%6);

mp 99-101 °C;

'H-NMR (500 MHz,CDCly): & (ppm) = 2.75 (ddJ = 7.0, 16.1 Hz, 1H), 2.87 (dd,= 7.0,
16.1 Hz, 1H), 3.36 (dd]l = 6.8, 17.0 Hz, 1H), 3.42 (dd,= 6.8, 17.0 Hz, 1H), 3.83-3.89 (m,
1H), 7.20 (tt,J = 1.6, 6.9 Hz, 1H), 7.22-7.31 (m, 4H), 7.69 {ds 8.2 Hz, 2H), 7.90 (dJ =

8.2 Hz, 2H).**C-NMR (125 MHz, CDCJ): & (ppm) = 37.2, 39.9, 44.8, 114.8, 115.3, 116.0,
116.5, 125.7 (qfJcr = 3.7 Hz), 127.1, 127.3, 128.4, 128.8, 175.6, 199CIMS (+ESI):m/z
=337.2 [MH]; R = 4.80 £ 99 %)

2-(1-(4-Chlorophenyl)-3-o0x0-3-(4-(trifluoromethyl)pheny)propyl) malonic acid, (41):

(E)-3-(4-Chlorophenyl)-1-(4-(trifluoromethyl)phenyl)prop-2-en-1-one, (11):

Synthesized according to Method A using 4-chloralaétehyde (1.12 g, 7.97 mmol) ahd
(4’-(trifluoromethyl)phenyl)ethanone (1.5 g, 7.9"uol); pale beige solid; yield: 1.90 g (77
%);

'H-NMR (500 MHz,CDCL): & (ppm) = 7.41 (dJ = 8.5 Hz, 2H), 7.46 (dJ = 15.8 Hz, 1H),
7.58 (q,J = 8.5 Hz, 2H), 7.77 (dJ = 8.2 Hz, 2H), 7.78 (dJ = 15.8 Hz, 1H), 8.10 (d) =
8.2Hz, 2H).**C-NMR (125 MHz, CDCJ): & (ppm) = 122.0, 123.7 (dJcr = 273.1 Hz),
125.7 (q.Jcr = 3.7 Hz), 128.8, 129.4, 129.7, 133.0, 134.3, 13549,9, 144.5, 189.3.
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Dimethyl 2-(1-(4-chlorophenyl)-3-oxo-3-(4-(trifluoromethyl)phenyl)propyl)malonate,

(20):

Synthesized according to Method J using1.0 g, 3.22 mmol), diethyl malonate (0.54 mL,
3.54 mmol) and sodium hydride (cat.); white sojigld: 1.35 g (95%);

'H-NMR (500 MHz,CDCly): & (ppm) = 3.45 (ddJ = 9.1, 17.0 Hz, 1H), 3.54 (s, 3H), 3.59
(dd,J = 4.4, 17.0 Hz, 1H), 3.74 (s, 3H), 3.81 (z 9.1 Hz, 1H), 4.13-4.17 (m, 1H), 7.18-
7.24 (9,J = 8.5 Hz, 4H), 7.70 (dJ = 8.2 Hz, 2H), 7.99 (dJ = 8.2 Hz, 2H).”*C-NMR (125
MHz, CDCL): & (ppm) = 40.0, 42.4, 52.6, 52.8, 56.9, 122.4, 12§,7Jcr = 3.7 Hz), 128.4,
128.8,129.4, 133.2, 134.7, 138.6, 139.2, 16768,5], 196.4.

2-(1-(4-Chlorophenyl)-3-oxo-3-(4-(trifluoromethyl)phenyl)propyl) malonic acid, (41):
Synthesized according to Method L usiig(0.8 g, 1.18 mmol) and 10M NaQ{{1.8 mL);
white solid; yield: 0.41 g (55 %imp 147-148 °C,;

'H-NMR (500 MHz, (CD5),S0): d (ppm) = 3.49 (ddJ = 3.8, 17 .9 Hz, 1H), 3.67 (dd,=
3.8, 9.8 Hz, 1H), 3.76 (dl = 10.7 Hz, 1H), 3.85 (dt) = 3.8, 10.4 Hz, 1H), 7.30 (d,= 8.5
Hz, 4H), 7.87 (dJ = 8.5 Hz, 2H), 8.05 (dJ = 8.5 Hz, 2H).**C-NMR (125 MHz, (CR).SO):
5 (ppm) = 40.0, 42.6, 57.0, 124.0 {dcr = 272.9 Hz,) 125.7(¢%Jc.r = 4.3 Hz), 127.8, 128.6,
130.3, 131.1, 139.5, 140.0, 140.7, 168.9, 169.3,49 C/MS (+ESI)m/z = 415.1 [MH]; R
= 4.68 £ 98 %)

3-(4-Chlorophenyl)-5-0x0-5-(4-(trifluoromethyphenyl)pentanoic acid, (61):

Synthesized according to Method N usiig(0.10 g, 0.24 mmol); white solid; yield: 0.75 g
(84 %);

'H-NMR (500 MHz,(CD5),S0):5 (ppm) = 2.70 (ddJ = 7.4, 16.1 Hz, 1H), 2.85 (dd,= 7.4,
16.1 Hz, 1H), 3.34 (dd] = 7.0, 17.1 Hz, 1H), 3.40 (dd,= 7.0, 17.1 Hz, 1H), 3.82-3.88 (m,
1H), 7.20 (dJ = 8.5 Hz, 2H), 7.27 (d) = 8.5 Hz, 2H), 7.70 (dJ = 8.2 Hz, 2H), 7.99 (d) =
8.2 Hz, 2H)."*C-NMR (125 MHz, (CR),S0): & (ppm) = 36.5, 39.8, 44.6, 122.4, 125.7 (q,
3Jcr = 4.3 Hz), 128.3, 128.7, 128.72, 128.9, 132.8, 1394..1, 175.4, 196.8; LC/MS
(+ESI):m/iz=371.2 [MH]; R = 5.06 £ 95 %)
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2-(1-(2-Chlorophenyl)-3-0x0-3-(4-(trifluoromethyl)pheny)propyl) malonic acid, (4J):

(E)-3-(2-Chlorophenyl)-1-(4-(trifluoromethyl)phenyl)prop-2-en-1-one, (1J):

Synthesized according to Method A using 2-chlorabéehyde (1.64 g, 11.7 mmol) afhe
(4’-(trifluoromethyl)phenyl)ethanone (1.3 mL, 11iimol); pale beige solid; yield: 1.28 g (35
%);

'H-NMR (500 MHz,CDCL): & (ppm) = 7.32-7.38 (m, 2H), 7.43 (d= 15.8 Hz, 1H), 7.46
(d,J= 8.2 Hz, 1H), 7.75-7.79 (m, 3H), 8.10 (& 7.9 Hz, 2H), 8.20 (dJ = 15.8 Hz, 1H).

Dimethyl 2-(1-(2-chlorophenyl)-3-oxo-3-(4-(trifluoromethyl)phenyl)propyl)malonate,

(2J):

Synthesized according to Method J uslidyg0.64 g, 2.10 mmol), diethyl malonate (0.35 mL,
2.30 mmol) and sodium hydride (cat.); white sojigld: 0.511 g (55%);

'H-NMR (500 MHz,CDCls): & (ppm) = 3.60 (s, 3H), 3.68-3.71 (m, 5H), 4.08J¢; 8.2 Hz,
1H), 4.63-4.68 (m, 1H), 7.12-7.19 (m, 2H), 7.27,@& 2.2, 7.2 Hz, 1H), 7.35 (dd,= 2.2,
7.2 Hz, 2H), 7.70 (d) = 8.2 Hz, 2H), 8.03 (dJ = 8.8Hz, 2H)."*C-NMR (125 MHz, CDGJ):

5 (ppm) = 37.2, 40.6, 52.6, 54.7, 60.3, 122.4, 128,8)cr = 269.4 Hz), 125.7 (GJcr = 3.7
Hz), 126.9, 128.4, 128.5, 130.2, 134.0, 134.3,3,3437.4, 139.3, 168.1, 168.6, 196.6.

2-(1-(2-Chlorophenyl)-3-oxo-3-(4-(trifluoromethyl)phenyl)propyl) malonic acid, (4J):
Synthesized according to Method L usip(0.45 g, 1.10 mmol) and 10M Na@H1.1 mL);
white solid; yield: 0.33 g (71 %jmp 149-151 °C,;

'H-NMR (500 MHz,(CD3),S0): 3 (ppm) = 3.56 (ddJ = 4.7, 4.7 Hz, 1H), 3.63 (dd,= 9.1,
9.1 Hz, 1H), 3.85 (dJ = 9.8 Hz, 1H), 4.39-4.44 (m, 1H), 7.16 Jt= 8.8 Hz, 1H), 7.23 (t) =
8.5 Hz, 1H), 7.32 (d) = 9.1 Hz, 1H), 7.51 (d) = 8.8 Hz, 1H), 7.86 (d) = 8.2 Hz, 2H), 8.06
(d, J = 8.2 Hz, 2H)."*C-NMR (125 MHz, (CR),S0): d (ppm) =36.5, 42.2, 56.1, 123.8 (q,
Yok = 272.2 Hz,)) 125.7 (QJcr = 3.7 Hz), 127.1, 128.2, 128.8, 129.4, 132.4, 13233.6,
138.6, 139.7, 169.0, 169.6, 197.3; LC/MS (+E8k = 415.2 [MH]; R = 4.46 £ 99 %)
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2-(3-(4-Ethylphenyl)-3-ox0-1-phenylpropylmalonic aid, (4K):

(E)-1-(4-Ethylphenyl)-3-phenylprop-2-en-1-one, (1K):

Synthesized according to Method A using benzaldeh{@43 mL, 34.0 mmol) and’-
ethylacetophenone (5.0 g, 34.0 mmol); pale yelloldsyield: 6.9 g (85 %);

'H-NMR (500 MHz,CDCL): & (ppm) =1.28 (t,J = 7.6 Hz, 3H), 2.74 (dJ = 7.6 Hz, 2H),
7.33 (d,J = 8.5 Hz, 2H), 7.41-7.44 (m, 3H), 7.54 @= 15.8 Hz, 1H), 7.64-7.66 (m, 2H),
7.81 (d,J = 15.8 Hz, 1H), 7.97 (d] = 8.2 Hz, 2H).*C-NMR (125 MHz, CDG): & (ppm) =
15.2,28.9,122.2,128.1, 128.4, 128.7, 128.9,4,.3ARB0.1, 135.9, 144.4, 149.8, 190.1.

Diethyl 2-(3-(4-ethylphenyl)-3-oxo-1-phenylpropyl)nalonate, (2K):

Synthesized according to Method H usitig (2.0 g, 8.46 mmol) andiethyl malonate (1.28
mL, 8.46 mmol) and magnesium oxide (0.85 g); whdkd; yield: 1.85 g (55 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 1.01 (tJ = 7.2 Hz, 3H), 1.24 (t) = 7.2 Hz, 6H),
2.69 (q,d = 7.6 Hz, 2H), 3.42-3.43 (dd,= 9.1, 9.1 Hz, 1H), 3.50 (dd,= 4.7, 4.7 Hz, 1H),
3.82 (d,J = 9.5 Hz, 1H), 3.95 (qJ = 7.2 Hz, 2H), 4.18-4.25 (m, 3H), 7.16 {t= 7.2 Hz,
1H), 7.21-7.27 (m, 6H), 7.82 (d,= 8.2 Hz, 2H)."*C-NMR (125 MHz, CDGJ): & (ppm) =
13.7, 14.1, 15.1, 28.9, 40.8, 42.5, 57.6, 61.36,6127.1, 128.0, 128.2, 128.3, 128.3, 134.6,
140.6, 149.9, 167.7, 168.4, 197.1.

2-(3-(4-Ethylphenyl)-3-oxo-1-phenylpropyl)malonic a&id, (4K):

Synthesized according to Method L usig§ (2.7 g, 7.33 mmol) and NaQ}i(1.1 mL, 12.2
mmol); white solid; yield: 1.5 g (60 %); mp 127-128.

'H-NMR (500 MHz,DMSO-d;): & (ppm) =1.17 (t,J = 7.6 Hz, 3H), 2.64 (qJ = 7.6 Hz,
2H), 3.27 (9J = 3.5,16.7 Hz, 1H), 3.59dd, J = 10.4. 10.4 Hz, 1H), 3.74 (d,= 10.7 Hz,
1H), 3.86-3.90 (m, 1H), 7.11 @,= 7.2 Hz, 1H), 7.19 (t) = 7.9 Hz, 2H), 7.27 (d) = 6.9 Hz,
2H), 7.30 (d,J = 7.9 Hz, 2H), 7.78 (dJ = 8.2 Hz, 2H), 12.78 (s, 2H, OH)’*C-NMR (125
MHz, DMSO-d): & (ppm) =15.0, 28.0, 30.6, 40.4, 42.2, 57.3, 126.3, 12724,9, 128.3,
134.3, 141.2, 149.4, 169.0, 169.6, 197.3; LC/MSIHBEWz = 341.2 [MH]; R = 4.23 £ 95
%).
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5-(4-Ethylphenyl)-5-0x0-3-phenylpentanoic acid, (6K

Synthesized according to Method N us#ig (0.2 g, 0.67 mmol); white solid; yield: 0.11 g
(56 %); mp 118-119 °C;

'H-NMR (500 MHz,CDCly): & (ppm) =1.24 (t,J = 7.6 Hz, 3H), 2.67-2.74 (m, 3H), 2.86 (dd,
J = 6.6, 6.9 Hz, 1H), 3.33 (dl = 8.2 Hz, 2H), 3.83-3.89m, 1H), 7.18-7.20 (m, 1H), 7.28-
7.30 (m, 6H), 7.83 (dJ = 8.2 Hz, 2H), 10.25 (s, 1H, OHJ*C-NMR (125 MHz,CDCl):

5 (ppm) =15.1, 28.9, 37.2, 40.0, 44.4, 126.9, 127.3, 12R28,3, 128.6, 134.5, 143.1, 150.1,
173.5, 197.7; LC/IMS (+ESlwz = 297.2 [MH]; R = 4.76 £ 97 %)

2-(1-(4-Chlorophenyl)-3-(4-ethylphenyl)-3-oxopropyimalonic acid, (4L):

(E)-3-(4-Chlorophenyl)-1-(4-ethylphenyl)prop-2-en-1-ae, (1L):

Synthesized according to Method A using 4-chloraaéehyde (1.90 g, 12.19 mmol) afhd
ethylacetophenone (3.0 g, 12.19 mmol); pale yeBoiid; yield: 3.90 g (83 %);

'H-NMR (500 MHz,CDCL): & (ppm) = 1.28 (tJ =7.9 Hz, 3H), 2.73 (q) = 7.9 Hz, 2H),
7.33 (d,J= 8.2 Hz, 2H), 7.39 (d] = 8.5 Hz, 2H), 7.50 (dJ = 15.8 Hz, 1H), 7.57 (d] = 8.8
Hz, 2H), 7.75 (d,J = 15.8 Hz, 1H), 7.95 (d] = 8.2 Hz, 2H).**C-NMR (125 MHz, CDCJ):

o (ppm) =15.2, 29.0, 122.6, 128.2, 128.7, 129.2, 129.5,5,3835.7, 136.3, 142.1, 150.0,
189.7.

Dimethyl 2-(1-(4-chlorophenyl)-3-(4-ethylphenyl)-3exopropyl)malonate (2L):

Synthesized according to Method J usihng(3.0 g, 11.10 mmol) andiethyl malonate (1.85
mL, 12.19 mmol) and sodium hydride (cat.); paldoxelsolid; yield: 3.40 g (76 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 1.24 (t) =7.8 Hz, 3H), 2.69 (q) = 7.8 Hz, 2H),
3.42 (dd,J = 8.8, 16.7 Hz, 1H), 3.48 (dd,= 4.7, 16.7 Hz, 1H), 3.53 (s, 3H), 3.73 (s, 3H),
3.82 (d,J = 9.5 Hz, 1H), 4.14-4.19 (m, 1H), 7.19-7.23 (m, 4AR5 (d,J = 8.5 Hz, 2H),
7.81 (d,J = 8.2 Hz, 2H).X*C-NMR (125 MHz, CDGJ): & (ppm) = 15.1, 28.9, 40.2, 42.0, 52.5,
52.7,57.1,128.1, 128.3, 128.6, 129.5, 132.9,4,.389.1, 150.2, 168.0, 168.5, 196.8.

2-(1-(4-Chlorophenyl)-3-(4-ethylphenyl)-3-oxopropyimalonic acid, (4L):

Synthesized according to Method L usi?lg (2.0 g, 4.96 mmol) and 10M NaQ{{5.0 mL,
14.89 mmol); white solid; yield: 1.53 g (83 %)p 153-154 °C;
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'H-NMR (500 MHz,(CD5),S0):3 (ppm)= 1.17 (t,J =7.6 Hz, 3H), 2.65 (qJ = 7.6 Hz, 2H),
3.28 (ddJ = 3.5,16.7 Hz, 1H), 3.60 (dd] = 10.4, 16.7 Hz, 1H), 3.75 (d,= 10.7 Hz, 1H),
3.86 (dt,J = 3.5, 10.4 Hz, 1H), 7.26 (d,= 8.5 Hz, 2H),7.30-7.32 (m, 4H), 7.79 (d,= 8.2
Hz, 2H), 12.80 (s, 20H)*C-NMR (125 MHz, (CR),S0):d (ppm) = 15.0, 28.0, 42.1, 46.4,
57.1, 127.7, 127.9, 128.0, 132.3, 131.0, 134.2,214D49.5, 168.9, 169.5, 197.2; LC/MS
(+ESI):m/z= 375.1 [MH]; R = 4.55 £ 95 %)

2-(1-(4-Chlorophenyl)-3-(4-hydroxyphenyl)-3-oxopromgl)malonic acid, (4M):

1-(4-(Methoxymethoxy)phenyl)ethanone, (OM):

Synthesized according to Method G using bromometisthylether (0.87 mL, 11.01 mmol),
4-hydroxyacetophenone (1.0 g, 7.34 mmol) and sodhydnide (0.44 g, 11.01 mmol); yellow
solid; yield: 1.25 g (95%).

'H-NMR (500 MHz,CDCls): & (ppm) = 2.55 (s, 3H), 3.47 (s, 3H), 5.22 (s, 2HN6 (d,J =
8.8 Hz, 2H), 7.92 (dJ = 8.8 Hz, 2H)."*C-NMR (125 MHz, CDG): & (ppm) = 26.3, 56.2,
94.0, 115.7, 130.4, 131.2, 161.0, 196.8.

(E)-3-(4-Chlorophenyl)-1-(4-(methoxymethoxy)phenyl)pop-2-en-1-one, (1M):
Synthesized according to Method A using 4-chlorabéehyde (0.78 mL, 5.5 mmol) add
(4-(methoxymethoxy)phenyl)ethanone (1.0 g, 5.5 mppale yellow solid; yield: 0.84g (50
%);

'H-NMR (500 MHz,CDCls): & (ppm) = 3.50 (s, 3H), 5.26 (s, 2H), 7.12 J& 8.8 Hz, 2H),
7.39 (d,J = 8.2 Hz, 2H), 7.50 (d] = 15.5 Hz, 1H), 7.57 (d] = 8.2 Hz, 2H), 7.74 (dJ = 15.5
Hz, 1H), 8.02 (dJ = 8.8 Hz, 2H).*C-NMR (125 MHz, CDGJ): & (ppm) = 56.3, 94.1, 115.9,
122.3,129.2,129.5, 130.7, 131.8, 133.5, 136.2,614.61.1, 188.5.

Dimethyl 2-(1-(4-chlorophenyl)-3-(4-(methoxymethoxjphenyl)-3-oxopropyl)-malonate,
(2M):

Synthesized according to Method J usi (0.4 g, 1.32 mmol) andiethyl malonate (0.22
mL, 1.45 mmol) and sodium hydride (cat.); whiteigoyield: 0.45 g (88 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 3.38 (ddJ = 9.1, 9.1 Hz, 1H), 3.46 (d, = 4.7 Hz,
1H), 3.47 (s, 3H), 3.52 (s, 3H), 3.72 (s, 3H), 382 = 9.1 Hz, 1H), 4.13-4.17 (m, 1H), 5.21
(s, 2H), 7.04 (dJ = 8.8 Hz, 2H), 7.19-7.27 (m, 4H), 7.86 (t= 8.8 Hz, 2H).*C-NMR (125
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MHz, CDCk): o (ppm) = 40.25, 41.8, 52.5, 52.7, 56.2, 57.0, 981(%5,.7, 128.6, 129.5, 130.2,
130.6, 132.9, 139.0, 161.2, 168.0, 168.5, 195.7.

Dimethyl 2-(1-(4-chlorophenyl)-3-(4-hydroxyphenyl)3-oxopropyl)malonate, (3M):
Synthesized according to Method K usiig (0.3 g, 0.71mmol) and 2 mL 10 % HCl;yellow
oil; yield: 0.30 g (quant, without further purifitan);

H-NMR (500 MHz,CDCL): & (ppm) = 3.37 (ddJ = 9.1 Hz, 1H), 3.46 (dJ = 4.6 Hz, 1H),
3.53 (s, 3H), 3.73 (s, 3H), 3.81 @@= 9.1 Hz, 1H), 4.14-4.17 (m, 2H), 6.82 @= 8.8 Hz,
2H), 7.18-7.22 (m, 4H), 7.82 (d,= 8.8 Hz, 2H)"*C-NMR (125 MHz, CDCJ): & (ppm) =
40.3, 41.7, 52.6, 52.8, 57.1, 115.3, 128.6, 1293).7, 133.0, 137.4, 138.9, 139.8, 168.1,
168.6, 195.4.

2-(1-(4-Chlorophenyl)-3-(4-hydroxyphenyl)-3-oxoprogl)malonic acid, (4M):

Synthesized according to Method L usiBil (0.25 g, 0.64 mmol) and 10M NaQH1.1
mL); white solid; yield: 0.15 g (63 %); mp 151-1%2;

'H-NMR (500 MHz, (CD3),S0): & (ppm) = 3.18 (dd) = 3.3, 16.7 Hz, 1H), 3.53 (dd,=
10.3, 16.7 Hz, 1H), 3.73 (d,= 11.0 Hz, 1H), 3.85 (dij = 3.3, 10.3 Hz, 1H), 6.79 (d,=
8,8 Hz, 2H), 7.28 (qJ = 8.5 Hz, 4H), 7.75 (d) = 8.8 Hz, 2H), 10.3 (s, OH), 12.60 (s, OH),
12.98 (s, OH)¥C-NMR (125 MHz, (CR).SO): 5 (ppm) = 40.0, 41.6, 57.1, 115.1, 127.7,
128.1, 130.3, 130.4, 130.9, 140.3, 162.0, 169.6,519195,7; LC/MS (+ESI)m/z = 363.2
[MH™]; R =3.30 £ 96 %)

2-(3-Ox0-3-(4-phenoxyphenyl)-1-phenylpropyl)maloni@acid, (4N):

(E)-3-(4-Chlorophenyl)-1-(4-phenoxyphenyl)prop-2-en-bne, (1N)

Synthesized according to Method A using 4-chloraaéehyde (5.0 g, 23.56 mmol) a#d
phenoxyacetophenone (5.0 g, 23.56 mmol); pale wedlalid; yield: 5.1 g (72 %).

'H-NMR (500 MHz,CDCl): & (ppm) =7.06 (d,J = 8.5 Hz, 2H), 7.10 (dJ = 8.5 Hz, 2H),
7.21 (t,J = 7.2 Hz, 1H), 7.39-7.43 (m, 5H), 7.54 @z 15.8 Hz, 1H), 7.63-7.66 (m, 2H),
8.82 (d,J = 15.8 Hz, 1H), 8.04 (d] = 8.5 Hz, 2H).X*C-NMR (125 MHz, CDGJ): & (ppm) =
117.5, 120.1, 121.8, 124.5, 128.4, 128.9, 130.0.413130.8, 132.8, 134.9, 144.4, 155.6,
161.8, 188.8.
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Diethyl 2-(3-ox0-3-(4-phenoxyphenyl)-1-phenylpropymalonate, (2N):

Synthesized according to Method H usiiid (2.0 g, 6.66 mmol) andiethyl malonate (1.01
mL, 6.66 mmol) and magnesium oxide (0.67 g); whdkd; yield: 2.52 g (82 %);

'H-NMR (500 MHz,CDCly): 3 (ppm) = 1.01 (tJ = 6.9 Hz, 3H), 1.24 (t) = 6.9 Hz, 3H),
3.39 (dd,J = 9.1, 9.1 Hz, 1H), 3.49 (dd,= 4.4, 4.4 Hz, 1H), 3.81 (d, = 9.8 Hz, 1H), 3.96
(q,J = 7.2 Hz, 2H), 4.14-4.23 (m, 3H), 6.95 (@@= 8.9 Hz, 2H), 7.05 (dJ = 8.9 Hz, 1H),
7.15-7.27 (m, 6H), 7.38 (= 7.6 Hz, 1H), 7.88 (d) = 9.1 Hz, 2H)."*C-NMR (125 MHz,
CDCly): 3 (ppm) = 13.7, 14.0, 41.0, 42.4, 57.6, 61.3, 611F,.3, 120.1, 124.6, 127.1, 128.2,
128.4, 130.0, 130.4, 131.5, 140.4, 125.5, 161.9,7164.68.4, 196.1

2-(3-Oxo0-3-(4-phenoxyphenyl)-1-phenylpropyl)maloni@cid, (4N):

Synthesized according to Method L usikig (2.0 g, 4.34 mmol) and NaQ}{7.3 mL); white
solid; yield: 1.26 g (72 %)np 131-134 °C.

'H-NMR (500 MHz,CDs0D): & (ppm) =3.44 (m, 2H), 3.86 (dJ = 10.4 Hz, 1H), 4.05-4.10
(m, 1H), 6.97 (dJ = 8.5 Hz, 2H), 7.08 (d = 7.2 Hz, 2H), 7.16 (t) = 7.9 Hz, 1H), 7.20-7.30
(m, 5H), 7.44 (tJ = 7.6 Hz, 2H), 7.92 (dJ = 8.2 Hz, 2H);**C-NMR (125 MHz,CD;OD):

o (ppm) = 42.8, 43.8, 58.9, 118.2, 121.3, 125.8, 0,2829.3, 129.6, 131.2, 131.7, 133.0,
142.2, 156.9, 163.6, 171.4, 171.8, 199.0; LC/MSIHEWz = 405.2 [MH]; R = 4.59 £ 95
%).

5-0Ox0-5-(4-phenoxyphenyl)-3-phenylpentanoic acid6{N):

Synthesized according to Method N us#ig (0.3 g, 0.74 mmol); white solid; yield: 0.25 g
(93 %); mp 135-136 °C;

'H-NMR (500 MHz,CDCl): & (ppm) =2.71 (dd,J = 7.9, 7.9 Hz, 1H), 2.86 (dd,= 6.8, 6.8
Hz, 1H), 3.27-3.35 (m, 2H), 3.82-3.88 (m, 1H), &(8,J = 9.1 Hz, 1H), 7.05 (dJ = 8.5 Hz,
2H), 7.20 (tJ = 7.2 Hz, 2H), 7.25-7.30 (m, 4H), 7.39 Jt= 7.6 Hz, 2H), 7.88 (d] = 8.8 Hz,
2H). **C-NMR (125 MHz, CDCJ): & (ppm) =37.1, 39.7, 44.0, 117.1, 119.9, 124.4, 126.6,
127.0, 128.4, 129.8, 130.1, 131.3, 142.8, 155.2,8.6175.7, 196.4LC/MS (+ESI):m/z =
361.2 [MH]; R =5.05 £ 99 %)
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2-(3-(4-lodophenyl)-1-(naphthalen-2-y)-3-oxopropyimalonic acid, (40):

(E)-1-(4-lodophenyl)-3-(naphthalen-2-yl)prop-2-en-1-ne, (10):

Synthesized according to Method A using 2-naph#tajde (1.90 g, 12.19 mmol) add
lodoacetophenone (3.0 g, 12.19 mmol); pale yellokdsyield: 3.90 g (83 %);

H-NMR (500 MHz,CDCl): & (ppm) = 7.51-7.56 (m, 2H), 7.58 @= 15.6 Hz, 1H), 7.76
(d, J= 8.5 Hz, 2H), 7.76-7.80 (m, 1H), 7.82-7.89 (m, 3AHB8 (d,J = 8.5 Hz, 2H), 7.98 (dJ

= 15.6 Hz, 1H), 8.04 (s, 1H}*C-NMR (125 MHz, CDGCJ): & (ppm) = 100.6, 121.6, 123.6,
126.8, 127.5, 127.8, 128.7, 128.8, 129.9, 130.2.23133.4, 134.5, 137.6, 137.9, 145.5,
189.6.

Dimethyl 2-(3-(4-iodophenyl)-1-(naphthalen-2-yl)-3axopropyl)malonate, (20)

Synthesized according to Method J usir@ (1.5 g, 3.90 mmol) and diethyl malonate (0.59
mL, 3.90 mmol) and sodium hydride (cat.); palegwlkolid; yield: 1.10 g (55 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 3.47 (s, 3H), 3.53 (dd,= 8.8, 16.9 Hz, 1H), 3.59
(dd,J = 4.7, 16.9 Hz, 1H), 3.73 (s, 3H), 3.95 @ 9.1 Hz, 1H), 4.31-4.36 (m, 1H), 7.39
(dd,J= 1.9, 8.5 Hz, 1H), 7.41-7.45 (m, 2H), 7.60 Jd; 8.5 Hz, 2H), 7.67 (ds] = 1.26 Hz,
1H), 7.74-7.77 (m, 3H), 7.78 (d,= 8.5 Hz, 2H)."*C-NMR (125 MHz, CDCJ): & (ppm) =
40.8, 42.2, 52.4, 52.7, 57.2, 101.1, 125.9, 1262®.1, 127.6, 127.8, 128.3, 129.5, 132.6,
133.3, 136.0, 137.8, 137.9, 168.0, 168.7, 196.5.

2-(3-(4-lodophenyl)-1-(naphthalen-2-yl)-3-oxopropylmalonic acid, (40):

Synthesized according to Method L usk@ (0.7 g, 1.36 mmol) and 10M NaQi{4.4 mL);
white solid; yield: 0.5 g (75 %)np 150-151 °C;

'H-NMR (500 MHz,(CD5),S0): 3 (ppm)= 3.41 (dd,J = 3.5, 17.02 Hz, 1H), 3.71 (dd,=
10.4 Hz, 1H), 3.85 (d] = 10.7 Hz, 1H), 4.02 (dt) = 3.8, 10.4 Hz, 1H), 7.41-7.46 (m, 2H),
7.50 (dd,J = 1.6, 8.5 Hz, 1H), 7.74-7.77 (m, 2H), 7.79-7.82 @hl), 7.86 (d,J = 8.5 Hz,
21H), 12.84 (s, 20H)**C-NMR (125 MHz, (CR),SO): & (ppm) = 40.2, 40.5, 57.3, 101.7,
125.5, 125.8, 126.7, 126.9, 127.2, 127.3, 127.8,.52131.8, 132.6, 134.4, 135.7, 137.5,
138.7, 168.9, 169.6, 192.4; LC/MS (+EStyz = 489.2 [MH]; R = 5.05 £ 97 %)
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2-(3-Ox0-1-(4-phenylthiophen-2-yI)-3-(4-(trifluoromethy)phenylpropyl)malonic  acid,
(4P):

(E)-3-(4-Phenylthiophen-2-yl)-1-(4-(trifluoromethyl)phenyl)prop-2-en-1-one, (1P):
Synthesized according to Method A using 4-phengfihene-2-carbaldehyde (0.50 g, 2.66
mmol) and1-(4’-(trifluoromethyl)phenyl)ethanone (0.49 g, @.6mol); yellow solid; yield:
0.86 g (90 %);

'H-NMR (500 MHz,CDCly): & (ppm) = 7.31 (d,J) = 15.3, 1H), 7.34 (tt) = 1.3, 7.6, 1H),
7.43 (t,J=17.9, 2H), 7.58 (dtJ = 8.2, 3H), 7.66 (ds) = 1.3 Hz, 1H), 7.78 (d] =lo. 8.2 Hz,
2H), 7.99 (d,J = 15.3 Hz, 1H), 8.10 (d) = 7.9 Hz, 2H)."*C-NMR (125 MHz, (CR),SO):

5 (ppm) =117.0, 117.2, 120.4, 125.6 @&jcr = 3.7 Hz), 125.9, 127.6, 128.9, 129.1, 131.3,
132.4,132.5, 134.1, 137.6, 139.9, 142.4, 188.1.

Diethyl 2-(3-0x0-1-(4-phenylthiophen-2-yl)-3-(4-(tifluoromethyl)phenyl)propyl)

malonate, (2P)

Synthesized according to Method H usitig (0.5 g, 1.39 mmol) andiethyl malonate (0.37
mL, 1.53 mmol) and magnesium oxide (0.14 g) ; weltl; yield: 0.67 g (93 %);

'H-NMR (500 MHz,(CD3),S0):5 (ppm) = 0.99 (tJ = 7.1 Hz, 3H), 1.16 (t) = 7.1 Hz, 3H),
3.31 (s,3H), 3.56 (ddJ = 4.1, 17.8 Hz, 1H), 3.80 (dd,= 9.5, 17.8 Hz, 1H), 3.95-3.98 (m,
2H), 3.99 (m, 2H), 4.12-4.18 (m, 2H), 4.27 @t 4.1, 9.1 Hz, 1H), 7.26 (t = 1.3,7.3 Hz,
1H), 7.37 (tJ = 7.6 Hz, 2H), 7.45 (ds] = 1.3 Hz, 1H), 7.60 (dd] = 1.3, 8.2 Hz, 2H), 7.62
(ds,J = 1.6 Hz, 1H), 7.89 (d] = 8.5 Hz, 2H), 8.13 (d] = 8.5 Hz, 2H)*C-NMR (125 MHz,
(CDs),S0): 6 (ppm) = 13.5, 13.7, 35.4, 43.1, 57.0, 60.9, 6119.4, 122.5, 124.6, 125.61,
125.63, 125.7, 126.9, 128.7, 128,71, 135.0, 13816,4, 144.0, 167.0, 167.4, 196.9.

2-(3-Oxo-1-(4-phenylthiophen-2-yl)-3-(4-(trifluoromethyl)phenyl)propyl)malonic  acid,
(4P):

Synthesized according to Method L us2ig (0.4 g, 0.77 mmol) and 10M NaQ#{0.8 mL);
white solid; yield: 0.21 g (59 %); mp 162-163 °C;

'H-NMR (500 MHz, (CD3),S0): & (ppm) = 3.53 (dd,) = 3.8, 17.3 Hz, 1H), 3.79 (dd,=
9.5,17.3 Hz, 1H), 3.80 (d,= 9.8 Hz, 1H), 4.20 (dt)= 4.1, 9.5 Hz, 1H), 7.26 (8 = 7.3 Hz,
1H), 7.37 (tJ = 7.6 Hz, 2H), 7.41 (ds] = 1.3 Hz, 1H), 7.58-7.60 (m, 3H), 7.88 (@= 8.2
Hz, 2H), 8.12 (dJ = 8.2 Hz, 2H), 12.92 (s, 20H)*C-NMR (125 MHz, (CR),SO): 3 (ppm)

= 35.5,43.3,57.7, 119.2, 124.3, 125.6, 126.9,6,288.7, 135.0, 138.9, 140.3, 144.8, 168.9,
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169.2, 175.0, 183.1, 194.0, 194.2, 197.1; LC/MSSHEWz = 463.2 [MH]; R = 4.92 ¢ 95
%).

2-(3-(Naphthalen-2-yl)-3-ox0-1-phenylpropylYmalonicacid, (40):

(E)-1-(Naphthalen-2-yl)-3-phenylprop-2-en-1-one, (1Q)

Synthesized according to Method A using benzaldeh@99 mL, 29.4 mmol) an@-
acetylnaphthalene (5.0 g, 29.4 mmol); pale yelloWdsyield: 6.1 g (80 %);

'H-NMR (500 MHz,CDCL): & (ppm) =7.44-7.46 (m, 3H), 7.56-7.63 (m, 2H), 7.68-7.72 (m,
3H), 7.87-7.96 (m, 3H), 7.95 (d,= 7.9 Hz, 1H), 8.11 (d) = 8.5 Hz, 1H), 8.55 (s, 1H}’C-
NMR (125 MHz, CDCJ): & (ppm) =122.1, 124.5, 126.8, 127.8, 128.4, 128.5, 128.6,0,2
129.5, 129.9, 130.5, 132.6, 135.0, 135.5, 135.6,714.90.3.

Diethyl 2-(3-(naphthalen-2-yl)-3-oxo-1-phenylpropylmalonate, (2Q):

Synthesized according to Method H usih@ (2.0 g, 7.74 mmol) andnalonate diethyl
malonate (1.17 mL, 7.74 mmol) and magnesium oXd)d&7(g) ; white solid; yield: 2.76 g (85
%);

'H-NMR (500 MHz,CDCl): & (ppm) = 1.02 (tJ = 7.2 Hz, 3H), 1.25 (t) = 7.2 Hz, 3H),
3.60 (dd,J = 9.5, 9.5 Hz, 1H), 3.67 (dd,= 4.4, 4.4 Hz, 1H), 3.87 (dl = 9.5 Hz, 1H), 3.97
(g,J = 6.9 Hz, 2H), 4.19-4.28 (m, 3H), 7.17 Jtz 7.2 Hz, 1H), 7.23-7.30 (m, 4H), 7.52-7.60
(m, 2H), 7.84 (dJ = 8.5 Hz, 2H), 7.93-7.96 (m, 2H), 8.44 (s, 1HC-NMR (125 MHz,
CDCl): & (ppm) = 13.7, 14.0, 41.0, 42.7, 57.6, 61.3, 6123.9, 126.7, 127.1, 127.7, 128.2,
128.4,128.4, 129.6, 129.8, 132.5, 134.2, 135.6,51453.0, 167.6 , 167.8 , 197.5.

2-(3-(Naphthalen-2-yl)-3-oxo-1-phenylpropyl)malonicacid, (4Q):

Synthesized according to Method L us@ (2.0 g, 4.78 mmol) and NaQ}{(8.0 mL); white
solid; yield: 1.59 (87 %);mp 147-149 °C.

'H-NMR (500 MHz,DMSO-d): & (ppm) = 3.44 (dd) = 3.5, 16.7 Hz, 2H), 3.74-3.80 (m,
2H), 3.93-3.98 (m, 1H), 7.10 @,= 7.6 Hz, 1H), 7.20 () = 7.9 Hz, 2H), 7.31 (d) = 8.5
Hz, 2H), 7.60-7.67 (m, 2H), 7.86 (dd= 1.9, 8.8 Hz, 1H), 7.96 (dd,= 2.5, 7.9 Hz, 1H),
8.07 (d,J = 7.9 Hz, 1H), 8.59 (s, 1H}*C-NMR (125 MHz,DMSO-a): 3 (ppm) =40.6, 42.4,
57.4,123.3,126.4, 126.8, 127.5, 127.8, 128.1,3,228.5, 129.4, 129.6, 132.0, 133.8, 134.8,
141.2, 168.9, 169.7, 197.7; LC/MS (+EStyz = 363.2 [MH]; R = 4.26 £ 95 %)
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Bis(acetoxymethyl) 2-(3-(naphthalen-2-yl)-3-oxo-1imenylpropyl)malonate, (5Q)
Synthesized according to Method M us#@ (0.3 g, 0.83 mmol), bromo methylacetéde24
mL, 2.48 mmol) and triethylamine (0.57 mL, 4.14 minhwhite solid; yield: 0.12 g (30 %);
mp 100-102 °C;

'H-NMR (500 MHz,DMSO-d): 3 (ppm) = 1.97 (s, 3H), 2.10 (s, 3H), 3.61-3.71 2i), 4.02
(d,J= 9.1 Hz, 1H), 4.27-4.32 (m, 1H), 5.58 (= 5.7 Hz, 2H), 5.76-5.78 (m, 2H), 7.19 {,
= 7.2 Hz, 1H), 7.24-7.31 (m, 4H), 7.53-7.61 (m, 2AHB5 (d,J = 8.5 Hz, 2H), 7.92-7.97 (m,
2H), 8.43 (s, 1H)*C-NMR (125 MHz,DMSO-a): & (ppm) =20.5, 20.54, 40.6, 42.2, 56.6,
79.4, 79.8, 123.7, 126.8, 127.4, 127.7, 128.2,4,2828.51, 128.58, 129.6, 129.9, 132.5,
134.0, 135.6, 139.8, 166.1, 166.6, 169.2, 169.3,119 C/MS (+ESI)m/z = 507.3 [MH]; R
=5.33(> 96 %)

5-(naphthalen-2-yl)-5-ox0-3-phenylpentanoic acid 6Q):

Synthesized according to Method N us#@ (0.55 g, 1.52 mmol); white solid; yield: 0.30 g
(61 %); mp 169-170 °C;

'H-NMR (500 MHz,CDCl): & (ppm) = 2.77 (ddJ = 7.6, 7.9 Hz, 1H), 2.92 (dd,= 6.9, 6.9
Hz, 1H), 3.45-3.55 (m, 2H), 3.91-3.96 (m, 1H), 7202 (m, 1H), 7.29-7.31 (m, 4H), 7.52 (t,
J= 8.2 Hz, 1H), 7.59 (t) = 8.2 Hz, 1H), 7.86 (d) = 8.8 Hz, 1H), 7.92-7.98 (m, 2H), 8.42 (s,
1H); **C-NMR (125 MHz,CDCl): & (ppm) = 37.4, 40.1, 44.6, 123.8, 126.8, 126.9, 427.
127.7, 128.4, 128.5, 128.7, 129.6, 129.8, 132.8,213135.6, 143.1, 176.5, 198.0; LC/MS
(+ESI):m/iz= 319.2 [MH]; R = 4.80 £ 96 %)

2-(3-(6-Methoxynaphthalen-2-yl)-3-ox0-1-phenylpropl)malonic acid, (4R):

(E)-1-(6-Methoxynaphthalen-2-yl)-3-phenylprop-2-en-1ene, (1R)

Synthesized according to Method A using benzaldel{gdb2 mL, 14.98 mmol) arttacetyl-
6-methoxynaphthalene (3.0 g, 14.98 mmol); palededid; yield: 4.0 g (93 %);

'H-NMR (500 MHz,CDCly): & (ppm) = 3.95 (s, 3H), 7.18 (d= 2.2, 1H), 7.22 (dd) = 2.5,
11.3, 1H), 7.43-7.45 (m, 3H), 7.67-7.71 (m, 3HB17(d,J = 8.5 Hz, 1H), 7.86-7.89 (m, 2H),
8.10 (dd,J = 1.60, 1.898.5 Hz, 1H), 8.48 (s, 1H}*C-NMR (125 MHz, CDCJ): & (ppm) =
55.4,105.8,119.7, 122.1, 125.2, 127.3, 127.9,4,2828.9, 129.8, 130.4, 131.1, 133.5, 135.1,
137.2,144.3, 159.7, 189.8.
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Diethyl 2-(3-(6-methoxynaphthalen-2-yl)-3-oxo-1-pheylpropyl)malonate (2R):

Synthesized according to Method H usiig (2.0g, 6.94 mmol) andiethyl malonate (1.05
mL, 6.94 mmol) and magnesium oxide (0.694 g) ; palige solid; yield: 2.10 g (68 %);
'H-NMR (500 MHz,CDCl): & (ppm) = 1.01 (tJ = 7.2 Hz, 3H), 1.25 (t) = 7.2 Hz, 3H),
3.56 (dd,J = 9.1, 9.1 Hz, 1H), 3.64 (dd,= 4.4, 4.4 Hz, 1H), 3.87 (dl= 9.8 Hz, 1H), 3.94
(s, 3H), 3.96 (qJ = 7.2 Hz, 2H), 4.16-4.27 (m, 3H), 7.12-7.30 (m, 7A);1 (d,J = 8.8 Hz,
1H), 7.83 (dJ = 9.1 Hz, 1H), 7.91 (dd) = 1.9, 8.5 Hz, 1H), 8.37 (dl = 1.6 Hz, 1H).”*C-
NMR (125 MHz, CDCJ): & (ppm) = 13.7, 14.0, 41.0, 42.5, 55.4, 57.6, 611B66105.7,
119.6, 124.6, 127.0, 127.1, 127.8, 128.3, 128.9,712131.1, 132.2, 137.2, 140.6, 159.7,
167.8, 168.4, 197.1.

2-(3-(6-Methoxynaphthalen-2-yl)-3-oxo-1-phenylproplymalonic acid, (4R):

Synthesized according to Method L usi?ig (1.0 g, 2.22 mmol) and 10M NaQiHS mL);
pale yellow solid; yield: 0.74 g (85 %np 164-165 °C.

'H-NMR (500 MHz, (CD3),SO): & (ppm) = 3.38 (dd) = 3.5, 16.7 Hz, 1H), 3.71-3.79 (m,
2H), 3.95 (s, 3H), 3.96 (di,= 3.5, 10.7 Hz, 1H), 7.10 (8,= 7.2 Hz, 1H), 7.20 (t) = 7.6 Hz,
2H), 7.25 (ddJ = 2.2, 8.8 Hz, 1H), 7.31 (d, = 7.2 Hz, 2H), 7.37 (d) = 2.2 Hz, 1H), 7.83
(q,J = 8.8 Hz, 2H), 7.98 (d] = 8.8 Hz, 1H), 8.51 (s, 1H), 12.53 (s, OH), 12.92qHl). *C-
NMR (125 MHz, (CR),S0O): d (ppm) = 40.6, 42.3, 55.4, 57.5, 106.0, 119.5, 1242%.4,
126.9, 127.3, 127.9, 128.4, 129.6, 131.1, 131.%,.813141.3, 159.3, 169.1, 169.8, 197.3;
LC/MS (+ESI):m/z=393.2 [MH]; R = 4.25 & 96 %).

5-(6-Hydroxynaphthalen-2-yl)-5-oxo-3-phenylpentandai acid, (6R)
A mixture of 4R (0.15 g, 0.45 mmol) in glacial acetic acid (5 migs treated with 48%
aqueous HBr (2 mL) and heated to 150 °C for 2 e J¢ivent and acid were then distilled off

and the residue hydrolyzed, acidified to pH 2 wlith% HCI and extracted with ethyl acetate
(3 x 20 mL). The organic layers were collected, veas with brine (20 mL), dried over
MgSO, and evaporated to afford a residue, which was fipdriby flash column
chromatography on silica gel; pale yellow solictlgit 0.10 g (67 %);

'H-NMR (500 MHz,(CD5),S0): 3 (ppm) = 2.59 (ddJ = 8.5 Hz, 1H), 2.73 (dd] = 6.3 Hz,
1H), 3.43 (ddJ = 6.3Hz, 1H), 3.52 (ddJ = 8.5 Hz, 1H), 3.69-3.74 (m, 1H), 7.12-7.18 (m,
3H), 7.25 (tJ= 7.6 Hz, 2H), 7.32 (d) = 8.2 Hz, 2H), 7.71 (d] = 8.8 Hz, 1H), 7.82 (dd] =
1.9, 8.8 Hz, 1H), 7.94 (d| = 9.8 Hz, 1H), 8.51 (dJ = 1.6 Hz, 1H), 10.19 (s, OH), 12.20 (s,
OH). *C-NMR (125 MHz, (CR),S0):5 (ppm) = 37.3, 40.3, 43.6, 108.6, 119.4, 123.7, 1.26.
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126.2, 126.4, 127.4, 128.0, 129.9, 131.1, 131.8,713143.9, 157.7, 172.8, 197.7; LCIMS
(+ESI): m/z = 335.2 [MH]; R = 3.99 £ 96 %)

2-(1,3-Di(naphthalen-2-y)-3-oxopropyl)malonic acid (4S):

(E)-1,3-Di(naphthalen-2-yl)prop-2-en-1-one, (1S):

Synthesized according to Method A using 2-naphtfalde (10.9 g, 64.03 mmol) arid
(naphthalen-2-yl)ethanone (11.9 g, 64.03 mmol)pyebkolid; yield: 18.8 g (95 %);

'H-NMR (500 MHz,CDCL): & (ppm) = 7.52-7.55 (m, 2H), 7.56-7.65 (m, 2H),Z(@,J =
15.8 Hz, 1H), 7.86-7.92 (m, 5H), 7.97 = 8.8 Hz, 1H), 8.02-8.07(m, 2H), 8.08 (s, 1H),
8.14 (dd,J = 1.6, 8.5 Hz, 1H), 8.59 (s, 1HY’C-NMR (125 MHz, CDG)): & (ppm) = 117.7,
122.2, 123.7, 124.5, 126.8, 127.4, 127.81, 127128,4, 128.6, 128.7, 128.8, 129.5, 129.9,
130.7, 132.5, 132.6, 133.4, 134.4, 35.5, 135.7,9,490.2.

Diethyl 2-(1,3-di(naphthalen-2-yl)-3-oxopropyl)malmate, (2S):

Synthesized according to Method H usit§(2.0 g, 6.48 mmol) andiethyl malonate (0.98
mL, 6.48 mmol) and magnesium oxide (0.65 g) ; whdkd; yield: 1.32 g (43 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 0.95 (tJ = 7.1 Hz, 3H), 1.25 (tJ = 7.1 Hz, 3H),
3.72 (ddJ = 9.1, 16.7 Hz, 1H), 3.77 (dd,= 4.9, 16.7 Hz, 1H), 3.90-3.96 (m, 2H), 3.98 {d,
= 9.7 Hz, 1H), 4.18-4.27 (m, 2H), 4.41-4.46 (m, 1AB9-7.44 (m, 2H), 7.47 (dd,= 1.5,
8.5 Hz, 1H), 7.53 (tJ = 7.9 Hz, 1H), 7.58 () = 8.2 Hz, 1H), 7.73-7.77 (m, 4H), 7.83-7.85
(m, 2H), 7.93-7.95 (m, 2H), 8.47 (s, 1HJC-NMR (125 MHz, CDGJ): & (ppm) = 13.5, 13.8,
40.8, 42.4, 57.4, 61.1, 61.4, 123.6, 125.4, 1252R.1, 126.4, 126.9, 127.3, 127.5, 127.6,
127.9, 128.1, 128.2, 129.3, 129.6, 132.2, 132.3.a13133.9, 135.3, 137.8, 167.5, 168.2,
197.1.

2-(1,3-Di(naphthalen-2-yl)-3-oxopropyl)malonic acid (4S):

Synthesized according to Method L us@§ (1.0 g, 2.13 mmol) and 10M NaQ{(5.0 mL,
6.39 mL); white solid; yield: 0.6 g (68 %); mp 1145 °C;

'H-NMR (500 MHz,(CD5),SO): 3 (ppm)= 3.61 (dd,J = 3.8, 16.85 Hz, 1H), 3.85 (dd,=
9.8, 16.85 Hz, 1H), 3.92 (d,= 10.4 Hz, 1H), 4.17 (dij = 3.8, 10.1 Hz, 1H), 7.39-7.45 (m,
2H), 7.53 (ddJ = 1.9, 8.5 Hz, 1H), 7.59 (df = 1.3, 8.2, 1H), 7.64 (dil = 1.3, 8.2 Hz, 1H),
7.76 (d,J = 8,5 Hz, 1H), 7.78-7.80 (m, 3H), 7.86 (dil= 1.6,8.8 Hz, 1H), 7.93-7.95 (m,
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2H), 8.06 (dJ = 8.2 Hz, 1H), 8.58 (s, 1H), 12.78 (s, 208-NMR (125 MHz, (CR),SO):

5 (ppm) = 40.7, 42.4, 57.5, 123.3, 125.4, 125.7,.12626.8, 126.9, 127.1, 127.2, 127.4,
127.5, 128.1, 128.5, 129.4, 129.7, 131.8, 132.3.713134.9, 138.8, 169.0, 169.7, 197.8;
LC/MS (+ESI):m/z = 413.2 [MH]; R = 4.67 & 98 %)

3.5-di(naphthalen-2-yl)-5-oxopentanoic acid, (6S)

Synthesized according to Method4$ (0.25 g, 0.61 mmol); pale beige solid; yield: 04.7
(76 %):mp 151-153 °C;

'H-NMR (500 MHz,CDCL): & (ppm) = 2.86 (dd) = 7.9, 16.1 Hz, 1H), 2.99 (dd,= 6.9,
16.1 Hz, 1H), 3.53-3.63 (m, 2H), 4.08-4.13 (m, 1HRB9-7.46 (m, 3H), 7.53 (di,= 0.9, 8.2
Hz, 1H), 7.59 (dt]) = 1.3, 8.4 Hz, 1H), 7.74 (d9,= 1.3 Hz, 1H), 7.76-7.79 (m, 3H), 7.84 (d,
J= 8.8 Hz, 2H), 7.91 (dJ = 8.2 Hz, 1H), 7.96 (dd) = 1.9, 8.8 Hz, 1H), 8.43 (s, 1HYyC-
NMR (125 MHz, CDCY): 3 (ppm) = 37.4, 40.2, 44.6, 123.8, 125.6, 125.7, 92%526.1,
126.7, 126.8, 127.6, 127.73, 127.75, 128.45, 128.28.6, 129.8, 132.4, 132.5, 133.5, 134.1,
135.6, 140.5, 176.8, 198.0; LC/MS (+EStyz = 369.2 [MH]; R = 5.20 & 95 %)

2-(3-(1H-Indol-3-y)-3-o0x0-1-phenylpropyl)malonic &id, (4T):

(E)-1-(1H-Indol-3-yl)-3-phenylprop-2-en-1-one, (1T):

Synthesized according to Method A using benzaldeh(@dd59 mL, 15.7 mmol) an@-
acetylindole (2.5 g, 15.7 mmol); gold-colored spyiceld: 2.40 g (62 %);

H-NMR (500 MHz,(CD3),SO): & (ppm) = 7.21-7.27 (m, 2H), 7.40-7.44 (m, 3H), 7(d8J

= 7.6, 1H), 7.64 (dJ = 15.8, 1H), 7.83-7.86 (m, 3H), 7.83-7.84 (m, 1HY (s, 1H), 12.1 (s,
NH). ®*C-NMR (125 MHz, (CR),SO): & (ppm) = 112.1, 117.7, 121.6, 121.7, 121.8, 123.1,
124.6, 125.9, 128.3, 128.8, 129.7, 135.2, 136.8,5.3 83.5.

Dimethyl 2-(3-(1H-indol-3-yl)-3-oxo0-1-phenylpropylmalonate, (27T):

Synthesized according to Method J uslig(0.70 g, 2.83 mmol), diethyl malonate (0.48 mL,
2.83 mmol) and sodium hydride (cat.); pale yell@hds yield: 0.60 g (56 %);

'H-NMR (500 MHz, (CD3),SO): & (ppm) = 3.10 (ddyJ = 3.9, 15.7 Hz, 1H), 3.37 (s, 3H),
3.30 (dd,J = 10.1, 15.7 Hz, 1H), 3.67 (s, 3H), 3.96 Jds 10.4 Hz, 1H), 3.99 (dt) = 3.7,
10.1 Hz, 1H), 7.10-7.13 (m, 2H), 7.18 (dd; 1.2, 6.9 Hz, 1H), 7.20 (§ = 7.6 Hz, 2H), 7.31
(d,J= 8.5 Hz, 2H), 7.42 (d) = 7.9 Hz, 1H), 8.07 (dJ = 7.9 Hz, 1H), 8.25 (dJ = 3.1 Hz,
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1H), 11.9 (s, NH)3C-NMR (125 MHz, (CR),SO): & (ppm) = 46.3, 47.7, 57.2, 57.7, 62.2,
117.2, 121.8, 126.5, 126.9, 128.0, 130.4, 131.8,213133.5, 139.0, 141.7, 145.9, 173.0,
173.5, 197.5.

2-(3-(1H-Indol-3-yl)-3-oxo-1-phenylpropyl)malonic &id, (4T):

Synthesized according to Method L us2if (0.44 g, 1.16 mmol) and NaQ#¥(2 mL, 5.80
mmol); pale yellow solid; yield: 0.29 g (71 %); mp9-171 °C;

'H-NMR (500 MHz, (CD3),S0): & (ppm) = 3.05 (dd,J = 3.5, 15.8 Hz, 1H), 3.47 (dd,=
10.7 Hz, 1H), 3.71 (dJ = 10.7 Hz, 1H), 3.94 (dt) = 3.5, 10.7 Hz, 1H), 7.07 (8 = 7.6 Hz,
1H), 7.08-7.12 (m, 4H), 7.30 (d,= 7.7 Hz, 2H), 7.39 (dJ = 8.2 Hz, 1H), 8.06 (dJ= 7.9
Hz, 1H), 8.23 (dJ = 2.8 Hz, 1H), 11.84 (s, NH), 12.51 (s, OH), 12.88@#l). *C-NMR
(125 MHz, (CDR),S0O): & (ppm) = 46.3, 47.7, 57.2, 57.7, 62.2, 117.2, 121&.5, 126.9,
128.0, 130.4, 131.9, 133.2, 133.5, 139.0, 141.3,94173.0, 173.5, 197.5; LC/MS (+ESI):
m/z=352.2 [MH]; R = 3.23 £ 95 %).

2-(3-Ox0-3-(phenanthren-2-yl)-1-phenylpropyl)malon¢ acid, (4U):

(E)-1-(Phenanthren-2-yl)-3-phenylprop-2-en-1-one, (1

Synthesized according to Method A using benzaldeh{@46 mL, 4.54 mmol) an@-
acetylphenanthrene (1.0 g, 4.54 mmol); pale yeBold; yield: 1.20 g (86 %);

'H-NMR (500 MHz,CDCL): & (ppm) = 7.41-7.48 (m, 3H), 7.66-7.74 (BH), 7.84 (q,J =
8.8 Hz, 2H), 7.89-7.93 (m, 2H), 8.29 (db= 1.89,8.5 Hz, 1H), 8.57 (dJ = 1.89 Hz, 1H),
8.73 (d,J = 7.9 Hz, 1H), 8.78 (dJ = 8.8 Hz, 1H).*C-NMR (125 MHz, CDCJ): & (ppm) =
122.1, 123.2, 123.3, 125.6, 127.0, 127.3, 127.7,92128.5, 128.7, 129.0, 129.7, 130.6,
131.5, 133.0, 133.3, 135.0, 136.0, 144.9, 190.1.

Diethyl 2-(3-ox0-3-(phenanthren-2-yl)-1-phenylpropy)malonate, (2U):

Synthesized according to Method H usiig (1.0g, 3.24 mmol) andiethyl malonate (0.49
mL, 3.24 mmol) and magnesium oxide (0.324 g) ; ebilid; yield: 1.20 g (79 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 1.02 (tJ = 7.2 Hz, 3H), 1.27 (t) = 7.2 Hz, 3H),

3.62 (dd,J = 9.1, 9.1 Hz, 1H), 3.71 (dd,= 4.4, 4.4 Hz, 1H), 3.89 (dl = 9.4 Hz, 1H), 3.97
(g,J= 7.2 Hz, 2H), 4.18-4.30 (m, 3H), 7.17 (t= 1.4, 7.6 Hz, 1H), 7.25 (§ = 7.9 Hz, 2H),

7.31 (ddJ = 1.2, 8.2 Hz, 2H), 7.64-7.70 (m, 2H), 7.78 g5 8.8 Hz, 2H), 7.91 (dd] = 1.9,
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7.2 Hz, 1H), 8.14 (dd] = 1.9, 8.8 Hz, 1H), 8.45 (d,= 1.9 Hz, 1H), 8.68-8.71 (m, 2H)’C-
NMR (125 MHz, CDCY): & (ppm) = 13.8, 14.0, 41.0, 42.8, 57.6, 61.3, 6123.1, 123.3,
125.1, 127.0, 127.1, 127.4, 127.7, 127.8, 128.8.412128.7, 129.5, 129.7, 131.4, 133.0,
133.4, 134.6, 140.5, 167.8, 168.4, 197.4.

2-(3-Oxo0-3-(phenanthren-2-yl)-1-phenylpropyl)malon¢ acid, (4U):

Synthesized according to Method L usi2ld (0.6 g, 1.28 mmol) and 10M NaQiH5 mL);
white solid; yield: 0.45 g (85 %); mp 170-171 °C;

'H-NMR (500 MHz, (CD3),SO): & (ppm) = 3.49 (dd) = 3.5, 10.9 Hz, 1H), 3.77-3.82 (m,
2H), 3.98 (dtJ= 3.5, 10.9 Hz, 1H), 7.11 (= 7.2 Hz, 1H), 7.21 (1) = 7.6 Hz, 2H), 7.33 (d,
J= 7.2 Hz, 2H), 7.70-7.76 (m, 2H), 7.95 (= 8.8 Hz, 2H), 8.02-8.39 (m, 1H), 8.07 (dds
1.9, 8.8 Hz, 1H), 8.59 (d) = 1.9 Hz, 1H), 8.86-8.90 (m, 2H)>C-NMR (125 MHz,
(CDs),S0):0 (ppm) = 40.7, 42.6, 57.5, 123.4, 123.6, 124.8,3,2627.2, 127.7, 127.8, 127.9,
128.0, 128.5, 128.6, 129.6, 131.0, 132.1, 132.2.613134.5, 141.3, 169.0, 169.8, 197.7;
LC/MS (+ESI):m/iz= 413.2 [MH]; R = 4.78 £ 98 %)

5-0x0-5-(phenanthren-2-yl)-3-phenylpentanoic, (6U)

Synthesized according to Method M us#igd (0.15 g, 0.36 mmol); white solid; yield: 0.105 g
(79 %);mp 199-201 °C;

'H-NMR (500 MHz,(CD5),S0O): 3 (ppm) = 2.62 (ddJ = 8.5 Hz, 1H), 2.76 (dd] = 6.6 Hz,
1H), 3.58 (dd,JJ = 6.6 Hz, 1H), 3.64 (dd] = 7.6 Hz, 1H), 3.73-3.79 (m, 1H), 7.15Jt= 7.6
Hz, 1H), 7.26 (tJ = 7.9 Hz, 2H), 7.35 (dJ = 8.2 Hz, 2H), 7.71-7.76 (m, 2H), 7.96 @&
8.8 Hz, 2H), 8.01-8.04 (m, 1H), 8.13 (ds 1.9, 8.8 Hz, 1H), 8.66 (d3,= 1.9 Hz, 1H), 8.87
(d,J= 9.1 Hz, 1H), 8.90 (d] = 8.8 Hz, 1H), 12.15 (s, OH}*C-NMR (125 MHz, (CR).SO):

5 (ppm) = 37.2, 40.4, 44.1, 116.2, 123.3, 123.5, 42426.1, 127.1, 127.2, 127.5, 127.6,
127.9, 128.1, 128.5, 129.0, 129.4, 131.0, 132.2,6,3134.5, 143.9, 198.2; LC/MS (+ESI):
m/z=369.2 [MH]; R = 5.35 £ 95 %)

2-(3-(9H-Carbazol-2-y)-3-0x0-1-phenylpropyl)malon¢ acid, (4V):

(E)-1-(9H-Carbazol-2-yl)-3-phenylprop-2-en-1-one, (1Y
Synthesized according to Method A using benzaldehg@51 g, 4.78 mmol) an@-
acetylcarbazole (1.0 g, 4.78 mmol); yellow solietlg: 0.75 g (53 %);
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'H-NMR (500 MHz,CDCly): & (ppm) = 7.22 (tJ = 7.9 Hz, 1H), 7.45-7.51 (m, 4H), 7.58 (d,
J=8.2 Hz, 1H), 7.78 (d] = 15.6 Hz, 1H), 7.91-7.93 (m, 2H), 8.01 (dds 1.6, 8.2 Hz, 1H),
8.06 (d,J = 15.6 Hz, 1H),8.23 (dJ = 7.9 Hz, 1H), 8.27-8.30 (m, 2H), 11.55 (s, NEfc-
NMR (125 MHz, CDC4): & (ppm) = 111.3, 111.6, 119.1, 120.11, 120.13, 121121,5, 122.6,
126.2, 127.0, 128.7, 128.9, 130.4, 134.7, 134.8,2,341.3, 143.3, 189.1.

Dimethyl 2-(3-(9H-carbazol-2-yl)-3-oxo-1-phenylprogl)malonate, (2V):

Synthesized according to Method H usig (0.5 g, 1.68 mmol) andiethyl malonate (0.28
mL, 1.85 mmol) and magnesium oxide (0.17 g) ; whdakd; yield: 0.43 g (60 %);

'H-NMR (500 MHz,(CD3),SO): 3 (ppm) = 3.37 (s, 3H), 3.46 (dd= 3.6, 17.1 Hz, 1H), 3.69
(s, 3H), 3.77 (ddJ = 9.1, 9.1 Hz, 1H), 4.00-4.08 (m, 2H), 7.13Jt 7.3 Hz, 1H), 7.19-7.24
(m, 3H), 7.32 (dJ = 7.3 Hz, 2H), 7.46 (d) = 8.2 Hz , 1H), 7.54 (d) = 8.2 Hz, 1H), 7.72
(dd, J= 1.5,8.2 Hz, 1H), 8.90 (s, 1H), 8.19 (t= 7.9 Hz, 2H), 11.5 (s, NH}*C-NMR (125
MHz, (CD;),S0): 6 (ppm) = 41.1, 42.6, 52.4, 52.6, 57.4, 110.9, 1111®.5, 119.9, 120.0,
121.1,122.4,127.2,127.3, 128.1, 128.5, 134.2,001340.4, 141.0, 168.2, 168.8, 197.6.

2-(3-(9H-Carbazol-2-yl)-3-oxo-1-phenylpropyl)malon¢ acid, (4V):

Synthesized according to Method L usig (0.30 g, 0.78 mmol) and 10M NaQ{0.9 mL,
2.31 mL); white solid; yield: 0.15 g (48 %); mp 1882 °C;

'H-NMR (500 MHz,(CD5),SO): d (ppm)= 3.40 (ddJ = 3.3, 16.75 Hz, 1H), 3.74 (dd,=
10.3, 16.75 Hz, 1H), 3.81 (d,= 10.3 Hz, 1H), 3.96 (dt) = 3.0, 10.7 Hz, 1H), 7.11 (8 =
7.3 Hz, 1H), 7.19-7.22 (m, 3H), 7.32 (®= 7.3 Hz, 2H), 7.46 (d) = 7.9 Hz, 1H), 7.53 (dJ

= 7.9 Hz, 1H), 7.71 (dd) = 1.2, 7.9 Hz, 1H), 7.99 (d$,= 0.6 Hz, 1H), 8.17-8.20 (m, 2H),
11.5 (s, NH), 12.71 (s, 20HYC-NMR (125 MHz, (CR),S0): & (ppm) = 40.6, 42.5, 57.4,
110.8, 111.2, 118.2, 119.0, 119.9, 121.0, 121.4,012126.3, 126.9, 127.8, 128.4, 133.7,
139.0, 141.2, 141.3, 169.0, 169.7, 197.6; LC/MSIBEWz = 402.2 [MH]; R = 4.30 £ 96
%).
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6.1.3.3. Compounds described in Chaptei3.3.

5-(4-Chlorophenyl)-3-(naphthalen-2-yl)pent-2-enoi@cids, (26 & 267):

(E)-1-(4-Chlorophenyl)-3-(naphthalen-2-yl)prop-2-en-1one, (26c):

Synthesized according to Method A using 4-chlorabéehyde (5.0 g, 35.57 mmol) add
acetylnaphthalene (6.05 g, 35.57 mmol); pale yelolid; yield: 9.32 g (90 %);

'H-NMR (500 MHz,CDCL): & (ppm) = 7.41 (dJ = 8.2 Hz, 2H), 7.56-7.63 (m, 4H), 7.67 (d,
J=15.8 Hz, 1H), 7.82 (d] = 15.8 Hz, 1H), 7.90 (d) = 8.2 Hz, 1H), 7.94 (dJ = 9.8 Hz,
1H), 8.00 (dJ = 8.2 Hz, 1H), 8.10 (dJ = 8.5 Hz, 1H), 8.53 (s, 1H)*C-NMR (125 MHz,
CDCl): 6 (ppm) =122.5, 124.4, 126.8, 127.8, 128.5, 12886,2, 129.5, 129.6, 129.9, 132.5,
133.5,135.4, 135.5, 136.4, 143.2, 189.9.

1-(4-Chlorophenyl)-3-(naphthalen-2-yl)propan-1-one(26b):

Synthesized according to Method B uskr (1.0 g, 3.41 mmol), HEH (1.30 g, 5.12 mmol)
and silica gel (6.82 g); colourless oil; yield: 0.8 (87 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 3.11 (tJ = 7.9 Hz, 2H), 3.42 (tJ = 7.9 Hz, 2H),
7.22 (d,J = 8.5 Hz, 2H), 7.27 (dJ = 8.5 Hz, 2H), 7.55 () = 7.5 Hz, 1H), 7.59 () = 7.5
Hz, 1H), 7.89 (tJ = 8.8 Hz, 2H), 7.94 (dJ = 8.2 Hz, 1H), 8.01 (dd] = 1.8,8.5 Hz, 1H),
8.53 (s, 1H)*C-NMR (125 MHz, CDGJ): & (ppm) = 29.5, 40.2, 117.4, 123.8, 127.8, 128.4,
128.5, 128.6, 129.5, 129.6, 129.8, 131.9, 132.5,11335.6, 139.8, 198.7.

Ethyl 5-(4-chlorophenyl)-3-(naphthalen-2-yl)pent-2enoate, (26a):

Synthesized according to Method C usitdp (0.75 g, 2.54 mmol), NaH (0.31 g, 7.63 mmol)
and triethyl phosphonoacetate (1.58 mL, 7.87 mmol);

26Ea: colourless oil; yield: 0.55 g (59 %)H-NMR (500 MHz,CDCL): & (ppm) = 1.33 (t,)

= 7.2 Hz, 3H), 2.74-2.77 (m, 2H), 3.48-3.52 (m, 28P2 (q,J = 7.2 Hz, 2H), 6.20 (s, 1H),
7.15 (d,J = 8.5 Hz, 2H), 7.22 (d] = 8.2 Hz, 2H), 7.51-7.54 (m, 2H), 7.56 (ddx 1.9, 8.5
Hz, 1H), 7.84-7.88 (m, 3H), 7.90 (d= 1.6 Hz, 1H)!}*C-NMR (125 MHz, CDCJ): & (ppm)
=14.3, 32.8, 34.5, 60.0, 118.4, 124.3, 126.2,8,2626.8, 127.6, 128.3, 128.4, 128.5, 129.9,
131.7, 133.2, 133.5, 138.1, 139.9, 158.9, 166.3.

26Za: colourless oil; yield: 0.38 g (41 %}¥-NMR (500 MHz,CDCl): & (ppm) = 1.00 (t,)

= 7.2 Hz, 3H), 2.68-2.71 (m, 2H), 2.82-2.86 (m, 2Blp7 (q,J = 7.2 Hz, 2H), 5.97 (s, 1H),
7.05 (d,J = 8.5 Hz, 2H), 7.23 (d] = 8.5 Hz, 2H), 7.30 (ddl = 1.9, 8.5 Hz, 1H), 7.47-7.51
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(m, 2H), 7.64 (dJ = 1.6 Hz, 1H), 7.82-7.86 (m, 3HYC-NMR (125 MHz, CDCJ): & (ppm)
=13.9, 32.2, 41.9, 59.9, 118.4, 125.9, 126.0, 1,2626.2, 127.5, 127.7, 128.1, 128.5, 129.7,
131.9, 132.9, 133.0, 137.1, 139.2, 157.7, 165.8.

(E)-5-(4-Chlorophenyl)-3-(naphthalen-2-yl)pent-2-ena acid, (2€):

Synthesized according to Method D usiFa (0.4 g, 1.09 mmol) and NaQ}i(1.10 mL,
3.29 mmol); white solid; yield: 0.20 g (54 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 2.77-2.80 (m, 2H), 3.51-3.54 (m, 2H), 6(871H),
7.15 (d,J = 8.5 Hz, 2H), 7.23 (d] = 8.5 Hz, 2H), 7.53-7.56 (m, 2H), 7.58 (ddx 1.9, 8.5
Hz, 1H), 7.86-7.91 (m, 3H), 7.94 (@~ 1.6 Hz, 1H)}*C-NMR (125 MHz, CDCJ): & (ppm)

= 33.1, 34.6, 117.1, 117.2, 117.5, 124.2, 126.%.7,2127.0, 127.6, 128.4, 128.5, 129.8,
131.8, 133.1, 133.7, 137.9, 139.7, 162.0.
(2)-5-(4-Chlorophenyl)-3-(naphthalen-2-yl)pent-2-enai acid, (2&):

Synthesized according to Method D usi@ya (0.3 g, 0.82 mmol) and NaQ}i(1.40 mL,
4.11 mmol); white solid; yield: 0.22 g (80 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 2.65-2.68 (m, 2H), 2.82-2.85 (m, 2H), 5(821H),
7.02 (d,J = 8.2 Hz, 2H), 7.22 (d] = 8.2 Hz, 2H), 7.42-7.45 (m, 2H), 7.52 (dd&s 1.9, 8.5
Hz, 1H), 7.62 (s, 1H), 7.76-7.78 (m, 3HJC-NMR (125 MHz, CDGJ): & (ppm) = 33.1, 34.6,
117.1, 117.2, 124.3, 125.9, 126.1, 126.3, 126.4,712128.1, 128.6, 129.6, 129.8, 132.0,
133.0, 136.4, 138.9, 160.5.

5-(4-Chlorophenyl)-3-(naphthalen-1-yl)pent-2-enoi@cids, (2F & 277):

(E)-3-(4-Chlorophenyl)-1-(naphthalen-1-yl)prop-2-en-1one, (27c):

Synthesized according to Method A using 4-chlorabéehyde (5.0 g, 35.57 mmol) afhd
acetylnaphthalene (5.40 mL, 35.57 mmol); yellowdsafield: 7.10 g (68 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 7.35 (dJ = 16.1 Hz, 1H), 7.44 (d) = 7.9 Hz, 2H),
7.57 (d,J = 7.9 Hz, 2H), 7.59-7.67 (m, 4H), 7.85 @= 7.2 Hz, 1H), 7.99 (dJ = 7.9 Hz,
1H), 8.08 (d,J = 8.2 Hz, 1H), 8.41 (dJ = 8.2 Hz, 1H)."*C-NMR (125 MHz, CDCJ):

o (ppm) = 124.4, 125.6, 126.5, 127.2, 127.4, 127284, 129.2, 129.6, 130.4, 131.8, 133.1,
133.8, 136.6, 136.8, 144.2, 195.2.
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3-(4-Chlorophenyl)-1-(naphthalen-1-yl)propan-1-one(27b):

Synthesized according to Method B usi¥gr (1.0 g, 3.41 mmol), HEH (1.30 g, 5.12 mmol)
and silica gel (6.82 g); colourless oil; yield: D.& (57 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 3.07 (tJ = 7.2 Hz, 2H), 3.32 (t) = 7.2 Hz, 2H),
7.15 (d,J = 7.9 Hz, 2H), 7.22 (dJ = 8.2 Hz, 2H), 7.34 (dJ = 8.5 Hz, 1H), 7.46-7.53 (m,
2H), 7.77 (ddJ = 1.3, 7.2 Hz, 1H), 7.84 (dl = 7.9 Hz, 1H), 7.94 (dJ = 8.2 Hz, 1H), 8.50
(dd,J = 8.8 Hz, 1H).

Ethyl 5-(4-chlorophenyl)-3-(naphthalen-1-yl)pent-2enoate, (27a):

Synthesized according to Method C usip (0.58 g, 1.97 mmol), NaH (0.29 g, 5.91 mmol)
and triethyl phosphonoacetate (1.20 mL, 6.11 mmol);

27Ea: colourless oil; yield: 0.30 g (42 %)H-NMR (500 MHz,CDCl): & (ppm) = 0.78 (t,)

= 7.2 Hz, 3H), 2.69-2.85 (m, 4H), 3.81 (4= 7.2 Hz, 2H), 6.21 (s, 1H), 7.05 @= 8.5 Hz,
2H), 7.18-7.23 (m, 3H), 7.39-7.49 (m, 3H), 7.72J¢;, 8.2 Hz, 1H), 7.81 (d] = 8.2 Hz, 1H),
7.86 (d,J = 8.8 Hz, 1H)."*C-NMR (125 MHz, CDCJ): & (ppm) = 13.5, 33.1, 42.0, 59.7,
120.3, 123.7, 124.8, 125.0, 125.7, 126.0, 127.6.22128.5, 129.6, 130.5, 131.8, 133.4,
138.2, 139.2, 156.8, 165.3.

27Za: colourless oil; yield: 0.32 g (44 %)4-NMR (500 MHz,CDCly): 3 (ppm) = 1.36 (t,)

= 7.2 Hz, 3H), 2.68-2.71 (m, 2H), 3.40-3.42 (m, 24P7 (q,J = 7.2 Hz, 2H), 5.97 (s, 1H),
7.07 (d,J = 8.5 Hz, 2H), 7.17 (d) = 8.5 Hz, 2H), 7.23-7.49 (m, 1H), 7.37-7.53 (rHl)3
7.80-7.90 (m, 3H)*C-NMR (125 MHz, CDGCJ): & (ppm) = 14.3, 33.9, 36.0, 60.1, 121.2,
124.8, 125.2, 125.3, 128.3, 128.4, 128.5, 129.8,.613131.6, 133.7, 134.5, 140.2, 159.9,
166.3.

(E)-5-(4-Chlorophenyl)-3-(naphthalen-1-yl)pent-2-enai acid, (27E):

Synthesized according to Method D usirg)-éthyl 5-(4-chlorophenyl)-3-(naphthalen-1-
yl)pent-2-enoate (0.3 g, 1.09 mmol) and Na@®@.82 mL, 2.47 mmol); white solid; yield:
0.15 g (54 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 2.81-2.84 (m, 2H), 3.58-3.60 (m, 2H), 6(351H),
7.02 (d,J = 8.5 Hz, 2H), 7.20 (d] = 8.5 Hz, 2H), 7.42-7.49 (m, 3H), 7.66 (U= 8.5 Hz,
1H), 7.80 (d,J = 8.2 Hz, 1H), 7.85 (d) = 7.6 Hz, 2H).**C-NMR (125 MHz, CDCJ):

o (ppm) = 33.1, 42.2, 117.3, 119.2, 123.9, 124.6,.0,2525.9, 126.2, 126.3, 127.7, 127.9,
129.6, 131.9, 133.4, 137.4, 138.9, 159.7, 168.4.
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(2)-5-(4-Chlorophenyl)-3-(naphthalen-1-yl)pent-2-enai acid, (2Z):

Synthesized according to Method D using-¢thyl 5-(4-chlorophenyl)-3-(naphthalen-1-
yl)pent-2-enoate (0.32 g, 0.87 mmol) and Na@f0.90 mL, 2.61 mmol); white solid; yield:
0.20 g (68 %);

'H-NMR (500 MHz,CDCL): & (ppm) = 2.72-2.74 (m, 2H), 3.42-3.45 (m, 2H), 6(851H),
7.06 (d,J = 8.5 Hz, 2H), 7.17 (d) = 8.5 Hz, 2H), 7.24-7.31 (m, 2H), 7.51-7.64 (m,)3H
7.83-7.93 (m, 2H)*C-NMR (125 MHz, CDCJ): & (ppm) = 34.0, 36.3, 120.2, 124.7, 125.1,
125.2, 126.1, 126.5, 128.4, 128.5, 128.6, 128.8.8,2133.7, 134.8, 137.0, 139.6, 163.2,
170.2.

5-(4-Chlorophenyl)-3-(4-methoxyphenyl)pent-2-enoiacids, (2Z & 287):

(E)-3-(4-Chlorophenyl)-1-(4-methoxyphenyl)prop-2-en-done, (28c):

Synthesized according to Method A using 4-chloraaéehyde (5.0 g, 35.57 mmol) as#d
methoxyacetophenone (5.34 mL, 35.57 mmol); yelloidsyield: 8.46 g (87 %);

'H-NMR (500 MHz,CDCly): & (ppm) = 3.87 (s, 3H), 6.96 (d,= 8.5 Hz, 2H), 7.36 (dJ =
8.5 Hz, 2H), 7.50 (dJ = 15.4 Hz, 1H), 7.54 (d] = 8.2 Hz, 2H), 7.72 (dJ = 15.8 Hz, 1H),
8.01 (d,J = 8.8 Hz, 2H).2*C-NMR (125 MHz, CDG): & (ppm) = 55.5, 113.9, 122.3, 129.2,
129.5, 130.8, 130.9, 133.6, 136.2, 142.4, 163.8,418

3-(4-Chlorophenyl)-1-(4-methoxyphenyl)propan-1-one(28b):

Synthesized according to Method B usir (1.0 g, 3.67 mmol), HEH (1.39 g, 5.50 mmol)
and silica gel (7.34 g); colourless oil; yield: 8.8 (84 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 3.04 (t) = 7.2 Hz, 2H), 3.22 (tJ = 7.2 Hz, 2H),
3.86 (s, 3H), 6.92 (dl = 8.8 Hz, 2H), 7.17 (dJ = 8.8 Hz, 2H), 7.25 (d] = 8.2 Hz, 2H), 7.93
(d, J = 8.8 Hz, 2H).}*C-NMR (125 MHz, CDGJ): & (ppm) = 29.6, 39.8, 55.5, 113.8, 128.6,
129.8, 129.9, 130.3, 131.8, 139.9, 163.5, 197.4.

Ethyl 5-(4-chlorophenyl)-3-(4-methoxyphenyl)pent-2enoate, (28a):
Synthesized according to Method C using 3-(4-cldbemyl)-1-(4-methoxyphenyl)propan-1-
one (0.80 g, 2.91 mmol), NaH (0.35 g, 8.73 mmolj arethyl phosphonoacetate (1.80 mL,

9.0 mmol);
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27Ea: colourless oil; yield: 0.48 g (48 %)H-NMR (500 MHz,CDCl): & (ppm) = 1.30 (t,)

= 7.2 Hz, 3H), 2.69-2.72 (m, 2H), 3.34-3.57 (m, 2BIB5 (s, 3H), 4.19 (g} = 7.2 Hz, 2H),
6.04 (s, 1H), 6.91 (d] = 9.1 Hz, 2H), 7.15 (d] = 8.5 Hz, 2H), 7.22 (d] = 8.5 Hz, 2H), 7.41
(d, J = 9.1 Hz, 2H).**C-NMR (125 MHz, CDGJ): & (ppm) = 14.3, 32.6, 34.6, 55.3, 59.8,
114.0, 116.2, 128.0, 128.3, 129.9, 131.6, 132.9,01458.4, 160.5, 166.5.

27Za: colourless oil; yield: 0.49 g (49 %)¥-NMR (500 MHz,CDCl): & (ppm) = 1.15 (t,)

= 7.2 Hz, 3H), 2.63-2.66 (m, 2H), 2.70-2.74 (m, 2BIB3 (s, 3H), 4.02 (g} = 7.2 Hz, 2H),
5.82 (s, 1H), 6.89 (d] = 8.8 Hz, 2H), 7.04 (d] = 8.5 Hz, 2H), 7.14 (d] = 8.5 Hz, 2H), 7.23
(d, J = 9.1 Hz, 2H)*C-NMR (125 MHz, CDGJ): & (ppm) = 14.0. 33.3, 41.8, 55.2, 59.8,
113.4,117.4,128.5, 128.8, 129.6, 131.3, 131.8,31357.5, 159.4, 166.0.

(E)-5-(4-Chlorophenyl)-3-(4-methoxyphenyl)pent-2-enai acid, (2&):

Synthesized according to Method D usifiFa (0.35 g, 1.01 mmol) and NaQ§¥(1.70 mL,
5.07 mmol); pale beige solid; yield: 0.20 g (62 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 2.72-2.75 (m, 2H), 3.36-3.39 (m, 2H), 3(863H),
6.10 (s, 1H), 6.94 (dl = 8.8 Hz, 2H), 7.14 (d] = 8.2 Hz, 2H), 7.23 (d] = 8.5 Hz, 2H), 7.45
(d, J = 9.1 Hz, 2H)**C-NMR (125 MHz, CDGJ): & (ppm) = 32.9, 34.7, 55.4, 114.1, 114.5,
128.2,128.4,129.8, 131.7, 139.9, 156.5, 160.9,514.70.7.
(2)-5-(4-Chlorophenyl)-3-(4-methoxyphenyl)pent-2-enai acid, (2&):

Synthesized according to Method D usikfya (0.38 g, 1.10 mmol) and NaQ§{(1.85 mL,
5.51 mmol); pale beige solid; yield: 0.20 g (57 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 2.63-2.66 (m, 2H), 3.33-3.36 (m, 2H), 3(853H),
6.10 (s, 1H), 6.91 (dl = 8.8 Hz, 2H), 7.14 (d] = 8.5 Hz, 2H), 7.22 (d] = 8.5 Hz, 2H), 7.44
(d, J = 8.8 Hz, 2H)**C-NMR (125 MHz, CDGJ): & (ppm) = 32.9, 34.7, 55.3, 113.5, 114.8,
128.2,128.5, 128.9, 129.7, 129.8, 130.9, 139.0,26.70.6.

3-(biphenyl-4-y)-5-(4-chlorophenyl)pent-2-enoic ads, (2% & 297):

(E)-1-(Biphenyl-4-yl)-3-(4-chlorophenyl)prop-2-en-1-oe, (29c):

Synthesized according to Method A using 4-chloraléehyde (3.58 g, 25.48 mmol) ahd
(biphenyl-4-yl)ethanone (5.00 g, 25.48 mmol); pa#ow solid; yield: 7.74 g (95 %);
'H-NMR (500 MHz,CDCl): & (ppm) = 7.41 (tJ = 8.2 Hz, 3H), 7.49 (t) = 7.9 Hz, 2H),
7.56 (d,J = 15.5 Hz, 1H), 7.60 (d] = 8.8 Hz, 2H), 7.66 (d) = 8.2 Hz, 2H), 7.74 (d) = 8.5
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Hz, 2H), 7.80 (d,) = 15.5 Hz, 1H), 7.81 (d] = 8.5 Hz, 2H)."*C-NMR (125 MHz, CDCJ):
5 (ppm) = 122.4, 127.3, 127.31, 128.2, 129.0, 12129,2, 129.6, 133.4, 136.4, 136.7, 139.9,
143.2, 145.7, 189.6.

1-(Biphenyl-4-yl)-3-(4-chlorophenyl)propan-1-one, 29b):

Synthesized according to Method B uskfir (2.0 g, 6.27 mmol), HEH (2.38 g, 9.41 mmol)
and silica gel (12.54 g); colourless oil; yiela8a.g (90 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 3.07 (tJ = 7.4 Hz, 2H), 3.31 (t) = 7.4 Hz, 2H),
7.20 (d,J = 8.5 Hz, 2H), 7.27 (dJ = 8.5 Hz, 2H), 7.40 (&) = 7.6 Hz, 1H), 7.47 (tJ = 6.9
Hz, 2H), 7.62 (tJ = 6.9 Hz, 2H), 7.68 (dJ = 8.5 Hz, 2H), 8.02 (dJ = 8.5 Hz, 2H).*C-
NMR (125 MHz, CDC)): o (ppm) = 29.4, 40.2, 127.2, 127.3, 128.2, 128.6,.9,2829.8,
131.9, 135.4, 139.7, 139.8, 145.8, 198.4.

Ethyl 3-(biphenyl-4-yl)-5-(4-chlorophenyl)pent-2-emate, (29a):

Synthesized according to Method C usi@p (1.5 g, 4.67 mmol), NaH (0.56 g, 14.00 mmol)
and triethyl phosphonoacetate (2.89 mL, 14.47 mmol)

29Ea: colourless oil; yield: 0.85 g (47 %)H-NMR (500 MHz,CDCl): & (ppm) = 1.32 (t,)

= 7.3 Hz, 3H), 2.74-2.77 (m, 2H), 3.41-3.44 (m, 24P1 (q,J = 7.0 Hz, 2H), 6.14 (s, 1H),
7.17 (dJ = 8.5 Hz, 2H), 7.24 (d] = 8.5 Hz, 2H), 7.38 (] = 7.3 Hz, 1H), 7.47 (d] = 7.3Hz,
2H), 7.53 (d,) = 8.2 Hz, 2H), 7.63 (d] = 7.9 Hz, 4H)*C-NMR (125 MHz, CDCJ): & (ppm)
=14.3, 32.7, 34.5, 59.9, 117.8, 127.0, 127.2,3,21127.7, 128.3, 128.9, 129.9, 131.6, 139.6,
139.9, 140.2, 141.9, 146.7, 158.4, 166.3.

297a: colourless oil; yield: 0.89 g (49 %)-NMR (500 MHz,CDCL): & (ppm) = 1.09 () =

7.1 Hz, 3H), 2.69-2.73 (m, 2H), 2.77-2.86 (m, 2K)02 (q,d = 7.1 Hz, 2H), 5.91 (s, 1H),
7.26 (d,J = 8.2 Hz, 4H), 7.36 (] = 7.3 Hz, 2H), 7.46 (§ = 1.9, 8.5 Hz, 1H), 7.61 (d,= 8.2
Hz, 2H), 7.64 (dJ = 7.3 Hz, 2H)C-NMR (125 MHz, CDCJ): & (ppm) = 13.9, 33.2, 41.8,
59.9, 118.0, 126.6, 127.0, 127.3, 127.8, 128.5,71229.7, 131.8, 138.4, 139.2, 140.6, 157.5,
165.9.

(E)-3-(Biphenyl-4-yl)-5-(4-chlorophenyl)pent-2-enoi@acid, (2%):

Synthesized according to Method D usi@Fa (0.6 g, 1.53 mmol) and NaQ}i(1.50 mL,
4.60 mmol); white solid; yield: 0.45 g (81 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 2.77-2.81 (m, 2H), 3.43-3.46 (m, 2H), 6(811H),
7.16 (dJ = 8.2 Hz, 2H), 7.25 (dl = 8.5 Hz, 2H), 7.39 (t] = 7.2 Hz, 1H), 7.48 (] = 7.2 Hz,
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1H), 7.56 (dJ = 8.2 Hz, 2H), 7.65 (d] = 8.2 Hz, 4H)*C-NMR (125 MHz, CDGJ): 3 (ppm)
= 33.1, 34.6, 116.7, 127.1, 127.2, 127.4, 127.8.9,2128.9, 131.8, 139.4, 139.7, 140.1,
142.4, 161.6, 171.2.

(2)-3-(biphenyl-4-yl)-5-(4-chlorophenyl)pent-2-enoi@cid, (2%):

Synthesized according to Method D usiZ@a (0.6 g, 1.53 mmol) and NaQ}i(1.50 mL,
4.60 mmol); white solid; yield: 0.40 g (72 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 2.67-2.70 (m, 2H), 2.77-2.80 (m, 2H), 5(881H),
7.05 (d,J = 8.8 Hz, 2H), 7.24 (d] = 8.5 Hz, 2H), 7.25 (d] = 8.2 Hz, 2H), 7.35 (d] = 7.9
Hz, 2H), 7.44 (tJ = 7.9 Hz, 2H), 7.58 (d) = 7.58 Hz, 2H), 7.61 () = 7.9 Hz, 2H).*°C-
NMR (125 MHz, CDCY): & (ppm) = 33.2, 42.1, 126.8, 127.1, 127.5, 127.8,.6,2828.7,
129.7, 132.0, 137.7, 138.9, 139.0, 141.4, 161.6,5.6

3,5-Di(naphthalen-2-y)pent-2-enoic acids, (3D& 30E):

(E)-1,3-Di(naphthalen-2-yl)prop-2-en-1-one, (30c):

Synthesized according to Method A using 2-napht#talde (10.9 g, 64.03 mmol) arid
(naphthalen-2-yl)ethanone (11.9 g, 64.03 mmol)pyebkolid; yield: 18.8 g (95 %);

'H-NMR (500 MHz,CDCly): & (ppm) = 7.52-7.55 (m, 2H), 7.56-7.65 (m, 2H),2Z7(8,J =
15.8 Hz, 1H), 7.86-7.92 (m, 5H), 7.97 = 8.8 Hz, 1H), 8.02-8.07(m, 2H), 8.08 (s, 1H),
8.14 (dd,J = 1.6, 8.5 Hz, 1H), 8.59 (s, 1HJC-NMR (125 MHz, CDG)): & (ppm) = 117.7,
122.2, 123.7, 124.5, 126.8, 127.4, 127.81, 127128,4, 128.6, 128.7, 128.8, 129.5, 129.9,
130.7, 132.5, 132.6, 133.4, 134.4, 35.5, 135.7,9,400.2.

1,3-Di(naphthalen-2-yl)propan-1-one, (30b):

Synthesized according to Method B usB@r (2.0 g, 6.48 mmol), HEH (2.46 g, 9.73 mmol)
and silica gel (12.96 g); colourless oil; yield23.g (62 %);

'H-NMR (500 MHz,CDClL): & (ppm) = 3.30 (tJ = 7.6 Hz, 2H), 3.54 (t, J = 7.6 Hz, 2H),
7.41-7.48 (m, 3H), 7.54 (1 =6.9 Hz, 1H),7.60 (t,J = 7.9 Hz, 1H),7.74 (s,1H), 7.79-7.83
(m, 3H),7.87-7.91 (m, 2H)7.94 (d,J = 8.2 Hz, 1H),8.06 (dd,J = 1.9, 8.8 Hz, 1H), 8.48 (s,
1H), *C NMR (CDCE, 125 MHz):8 (ppm) = 30.4, 40.5, 123.8, 125.3, 126.0, 126.5.826
127.2, 127.22, 127.4, 127.8, 128.2, 128.4, 1288.5] 129.7, 132.1, 132.5, 134.2, 135.6,
138.8, 146.7, 199.1.
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Ethyl 3,5-di(haphthalen-2-yl)pent-2-enoate, (30a):

Synthesized according to Method C usBtib (1.0 g, 3.22 mmol), NaH (0.39 g, 9.66 mmol)
and triethyl phosphonoacetate (2.00 mL, 9.98 mmol);

30Ea: colourless oil; yield: 0.56 g (46 %)H-NMR (500 MHz,CDCL): & (ppm) = 1.32 (t,)

= 7.3 Hz, 3H), 2.98-3.01 (m, 2H), 3.64-3.66 (m, 2&P5 (q,J = 6.9 Hz, 2H), 7.59-7.61 (m,
3H), 7.50-7.54 (m, 2H), 7.59 (dd= 1.9, 8.2 Hz, 1H), 7.65 (s, 1H), 7.75-7.80 (m)3H84-
7.87 (m, 3H), 7.95 (ds] = 1.9, 1H)."*C NMR (CDCE, 125 MHz):8 (ppm) = 14.3, 33.0,
35.4, 59.9, 118.6, 124.5, 125.1, 125.8, 126.3,9,2K26.6, 126.7, 127.4, 127.5, 127.6, 127.6,
127.9, 128.3, 128.5, 132.3, 133.4, 133.7, 133.8,8,339.2, 159.0, 166.3.

30Za: colourless oil; yield: 0.61 g (50 %}¥-NMR (500 MHz,CDCl): & (ppm) = 0.99 (t,)

= 7.3 Hz, 3H), 2.91-2.94 (m, 2H), 2.96-2.99 (m, 2816 (qJ = 7.3 Hz, 2H), 7.27 (ddJ =
1.9, 8.2 Hz, 1H)7.35 (ddJ = 1.6, 8.2 Hz, 1H), 7.40-7.46 (m, 2H), 7.46-7.6Q @H), 7.56 (s,
1H), 7.68 (s, 1H), 7.73-7.76 (m, 2H), 7.79 Jc& 9.2 Hz, 1H), 7.81-7.86 (m, 3H’C NMR
(CDCls, 125 MHz):6 (ppm) = 13.9, 34.3, 41.9, 59.8, 118.6, 125.3, 12625.02, 126.1,
126.2, 126.22, 126.6, 127.0, 127.5, 127.5, 12727.8] 128.1, 128.2, 132.4, 133.1, 133.3,
133.8, 137.6, 138.5, 157.8, 165.9.

(E)- 3,5-Di(naphthalen-2-yl)pent-2-enoic acid, (3B):

Synthesized according to Method D usBféa (0.50 g, 1.31 mmol) and NaQ§¥(1.32 mL,
3.94 mmol); white solid; yield: 0.20 g (43 %);

'H-NMR (500 MHz,CDCl): & (ppm)= 2.98 -3.01 (m, 2H), 3.63-3.67 (m, 2H), 6.30 (d),1
7.40-7.45 (m, 3H), 7.53-7.57 (m, 2H), 7.63 (de& 1.9, 8.2 Hz, 2H), 7.75-7.79 (m, 3H), 7.87-
7.91 (m, 3H),7.99 (dsJ = 1.3 Hz, 1H)**C NMR (CDCE, 125 MHz):5 (ppm) = 33.3, 35.5,
117.3, 124.4, 125.2, 125.9, 126.5, 126.6, 126.6,92127.3, 127.5, 127.6, 128.0, 128.5,
128.6, 133.2, 133.6, 138.1, 138.9, 162.4, 171.8,917

(2)- 3,5-Di(naphthalen-2-yl)pent-2-enoic acid, (3):

Synthesized according to Method D usBf@a (0.55 g, 1.44 mmol) and NaQ#{(1.44 mL,
4.32 mmol); white solid; yield: 0.22 g (51 %);

'H-NMR (500 MHz,CDCl): & (ppm)= 2.86-2.89 (m, 2H), 2.95-2.98 (m, 2H), 6.00 (s),1H
7.25 (dd, J = 1.5, 8.5 Hz, 1Hj,32 (dd,J = 1.6, 8.5 Hz, 1H), 7.41-7.46 (m, 3H),47-7.50
(m, 1H),7.53 (s, 1H), 7.58 (dd} = 1.3, 8.8 Hz, 1H), 7.70 (s, 1H), 7.76 = 8.8 Hz, 1H),
7.78-7.85 (m, 4H)**C NMR (CDCE, 125 MHz):8 (ppm) = 34.0, 35.7, 117.1, 124.4, 124.7,
125.4, 125.8, 126.3, 126.9, 127.2, 127.7, 128.8.212131.7, 132.2, 133.4, 133.5, 133.7,
136.7,137.4, 138.0, 138.8, 161.3, 169.8, 176.5.
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5-(4-phenoxyphenyl)-3-phenylpent-2-enoic acids, (B1& 317):

(E)-3-(4-Phenoxyphenyl)-1-phenylprop-2-en-1-one, (3}c

Synthesized according to Method A using 4-phenonrybllehyde (3.0 g, 15.1 mmol) ahd
(naphthalen-2-yl)ethanone (2.58 g, 15.1 mmol); paleow solid; yield: 4.70 g (89 %);
'H-NMR (CDCl, 500 MHz):8 (ppm)= 7.05 (d,J = 7.6 Hz, 2H), 7.08 (dJ = 7.6 Hz, 2H),
7.19 (t,J = 7.3 Hz, 1H)7.40 (t, J = 7.6 Hz, 2H), 7.63-7.55 (m, 3H), 7.67)= 8.8 Hz, 2H),
7.87 (t, J = 15.5 Hz, 1H), 7.90 (d, J = 8.5 Hz, ,1HY4 (d, J = 8.5 Hz, 1H), 8.00 @= 7.9
Hz, 1H), 8.11 (ddJ = 1.5, 8.8 Hz, 1H), 8.54 (s,1HY’C NMR (CDCE, 125 MHz):5 (ppm) =
118.4, 119.7, 120.8, 124.2, 124.5, 126.7, 127.8.312128.5, 129.5, 129.7, 129.8, 129.9,
130.2, 132.5, 135.4, 135.6, 144.1, 156.0, 159.8,119

3-(4-Phenoxyphenyl)-1-phenylpropan-1-one, (31b):

Synthesized according to Method B usBir (2.0 g, 5.70 mmol), HEH (2.20 g, 8.56 mmol)
and silica gel (11.40 g); colourless oil; yield54.g (77 %);

'H-NMR (CDCk, 500 MHz):5 (ppm)= 3.13 (t,J = 7.4 Hz, 2H), 3.44 (1) = 7.4 Hz, 2H), 6.86
(d,J=8.5Hz, 2H), 6.99 (d] = 8.8 Hz, 2H), 7.08 ({] = 7.3 Hz, 1H), 7.25 (d] = 8.5 Hz, 2H),
7.32 (t,J=8.5Hz, 2H), 7.56 (dtj= 1.3, 8.2 Hz, 1H), 7.61 (d{J =6.9, 8.1 Hz, 1H), 7.89 (8

= 8.5 Hz, 2H), 7.95 (d] = 7.9 Hz, 1H), 8.05 (ddl = 1.6, 8.8 Hz, 1H), 8.47 (s, 1HYC NMR
(CDCl3, 125 MHz):6 (ppm) = 29.6, 40.6, 118.6, 119.2, 123.0, 123.8,8,2627.8, 128.4,
128.5, 129.5, 129.6, 129.71, 129.77, 132.5, 1383,6, 136.3, 155.5, 157.5, 199.2.

Ethyl 5-(4-phenoxyphenyl)-3-phenylpent-2-enoate, (&):

Synthesized according to Method C using 3-(4-phgpb&nyl)-1-phenylpropan-1-one (1.40
g, 3.97 mmol), NaH (0.48 g, 12.31 mmol) and triéthlgosphonoacetate (2.46 mL, 12.31
mmol);

31Ea: colourless oil; yield: 0.78 g (52 %) NMR (CDCk, 500 MHz):8 (ppm) = 1.34 (t.)

= 6.7 Hz, 3H), 2.78-2.81 (m, 2H), 3.52-3.55 (m, 28P5 (q.J = 6.7 Hz, 2H), 6.23 (s, 1H),
6.93 (d,J = 7.9 Hz, 2H), 6.96 (dJ = 8.2 Hz, 2H), 7.08 (1) = 7.3 Hz, 1H), 7.21 ()= 7.9
Hz, 2H), 7.31 (tJ = 7.6, 2H), 7.55-7.51 (m, 2H), 7.58 @= 8.5 Hz, 1H), 7.89-7.86 (m, 3H),
7.93 (s, 1H).*C NMR (CDCE, 125 MHz):8 (ppm) = 14.4, 33.1, 34.6, 59.9, 118.3, 118.4,
119.0, 122.8, 124.4, 126.3, 126.5, 126.7, 127.8.312128.4, 129.6, 129.7, 133.2, 133.5,
136.6, 138.3, 155.2, 157.7, 159.2, 166,3.
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317a: colourless oil; yield: 0.69 g (47 %4 NMR (CDCk, 500 MHz):8 (ppm) = 1.02 (t,)

= 7.3 Hz, 3H), 2.72-2.75 (m, 2H), 2.86-2.89 (m, 243 (q,J = 7.3 Hz, 2H), 6.00 (s, 1H),
6.94 (d,J = 8.5 Hz, 2H), 6.99 (d] = 8.8 Hz, 2H), 7.07-11 (m, 3H), 7.30-7.35 (m, 3A}7-
7.51 (m, 2H), 7.67 (ds] = 1.5 Hz, 1H), 7.87-7.83 (m, 3H)*C NMR (CDCk, 125 MHz):8
(ppm) = 13.9, 33.2, 42.2, 59.8, 118.2, 118.6, 1191@.2, 123.0, 126.0, 126.1, 126.1, 127.4,
127.4,127.7,128.1, 129.5, 129.7, 133.0, 135.7,31339.2, 155.4, 157.5, 158.1, 166.9.

(E)-5-(4-phenoxyphenyl)-3-phenylpent-2-enoic acid, LE):

Synthesized according to Method D usiitEa (0.60 g, 1.42 mmol) and NaQ§i(1.6 mL,
4.83 mmol); white solid; yield: 0.40 g (71 %);

'H-NMR (CDCl, 500 MHz):8 (ppm) = 2.79-2.83 (m, 2H), 3.53-3.56 (m, 2H), 6.27 (s,1H)
6.91 (d,J = 8.5 Hz, 2H), 6.94 (d] = 8.5 Hz, 2H), 7.06tt, J = 1.3 7.3 Hz, 1H), 7.18 (d) =

8.8 Hz, 2H), 7.27-7.32 (m, 2H), 7.52-7.56 (m, 2HR9 (dd,J = 1.2, 8.5 Hz, 1H), 7.86-7.90
(m, 3H), 7.95 (ds) = 1.6 Hz, 1H)*C NMR (CDCE, 500 MHz):8 (ppm) = 33.4, 34.6, 117.1,
118.5, 119.0, 122.9, 124.3, 126.5, 126.7, 127.3,92127.6, 128.4, 128.6, 129.6, 129.7,
133.2,133.7,136.3, 138.1, 155.3, 157.6, 162.4.
(2)-5-(4-phenoxyphenyl)-3-phenylpent-2-enoic acid, {Z):

Synthesized according to Method D usir)-¢thyl 5-(4-phenoxyphenyl)-3-phenylpent-2-
enoate (0.50 g, 1.18 mmol) and NaQkL.8 mL, 5.37 mmol); white solid; yield: 0.41 g8(8
%);

'H-NMR (CDCh, 500 MHz):3 (ppm)= 2.67-2.70 (m, 2H), 2.84-2.87 (m, 2H), 5.92 (d),1
6.90 (d,J = 8.5 Hz, 2H), 6.98-6.95 (m, 2H), 7.05-7.09 (m, 3AHR7-7.33 (m, 3H), 7.46-7.51
(m, 2H), 7.64 (ds) = 1.6 Hz, 1H), 7.78-7.85 (m, 3H)*C NMR (CDCE, 500 MHz):5 (ppm)

= 33.1, 42.6, 117.1, 118.6, 119.0, 123.0, 125.8.11,2126.2, 126.3, 127.6, 127.7, 128.2,
129.5, 129.7, 132.9, 133.0, 135.5, 136.6, 155.4,519.60.8, 169.8.

3-(Naphthalen-2-yI)-5-(quinolin-2-yl)pent-2-enoic aids, (3& & 327):

(E)-1-(Naphthalen-2-yl)-3-(quinolin-2-yl)prop-2-en-1ene, (32c):
Synthesized according to Method A using quinolireagbaldehyd€3.0 g, 19.09 mmol) and
1-(naphthalen-2-yl)ethanone (3.25 g, 19.09 mma@pyv solid; yield: 4.95 g (84 %);
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1-(Naphthalen-2-yl)-3-(quinolin-2-yl)propan-1-one,(32b):

Synthesized according to Method B usBf¢(1.50 g, 4.85 mmol), HEH (1.71 g, 7.27 mmol)
and silica gel (9.70 g); colourless oil; yield: 8. (63 %);

'H-NMR (500 MHz,CDCly): & (ppm) = 3.51 (tJ = 7.3 Hz, 2H), 3.77 () = 7.3 Hz, 2H),
7.43 (d,J = 8.5Hz, 1H), 7.48 (tJ = 7.9Hz, 1H), 7.54 (tJ = 7.9Hz, 1H), 7.58 (tJ = 8.2Hz,
1H), 7.66 (t,J = 8.5Hz, 1H), 7.78 (dJ = 9.1Hz, 1H), 7.87-7.91 (m, 2H), 7.97 Jt= 9.1 Hz,
2H), 8.07-8.10 (m, 2H), 8.57 (s, 1HYC NMR (CDCk, 125 MHz):8 (ppm) = 32.9, 37.5,
121.9, 124.0, 125.8, 126.7, 126.9, 127.5, 127.8.312128.4, 128.8, 129.3, 129.6, 129.7,
132.6, 134.4, 135.6, 136.2, 147.9, 161.2, 199.3.

Ethyl 3-(naphthalen-2-yl)-5-(quinolin-2-yl)pent-2-enoate, (32a):

Synthesized according to Method C usi&ip (0.90 g, 2.89 mmol), NaH (0.35 g, 8.67 mmol)
and triethyl phosphonoacetate (1.79 mL, 8.96 mmol);

32Ea: yellow oil; yield: 0.53 g (48 %)*H-NMR (500 MHz,CDCl): & (ppm) = 1.32 (tJ =
6.9 Hz, 3H), 3.18-3.21 (m, 2H), 3.72-3.75 (m, 2#P3 (t,J = 6.9 Hz, 2H), 6.25 (s, 1H), 7.42
(d,J = 8.5Hz, 1H), 7.45-7.51 (m, 3H), 7.62 (ddl= 1.9, 8.5Hz, 1H), 7.66 (dtJ = 1.6, 8.5
Hz, 1H), 7.74 (ddJ = 1.3, 8.2Hz, 1H), 7.81-7.83 (m, 3H), 7.97 (db= 1.9 Hz, 1H), 8.01-
8.04 (m, 2H).**C NMR (CDCE, 125 MHz):5 (ppm) = 14.3, 31.2, 38.5, 60.0, 118.3, 121.6,
124.4, 125.7, 126.4, 126.5, 126.6, 126.8, 127.4,512128.3, 128.4, 128.9, 129.2, 133.2,
133.5, 136.1, 138.2, 147.9, 159.4, 161, 7, 166.4.

32zZa: yellow oil; yield: 0.49 g (44 %)*H-NMR (500 MHz,CDCL): & (ppm) = 0.99 (tJ =
7.0 Hz, 3H), 3.10-3.17 (m, 4H), 3.95 {t= 7.0 Hz, 2H), 6.06 (s, 1H), 7.19 @~ 8.5Hz,
1H), 7.35 (dJ = 8.5Hz, 1H), 7.36-7.50 (m, 3H), 7.67-7.70 (m, 2H), 7(@5J = 8.5Hz, 1H),
7.79-7.85 (m, 3H), 8.01-8.04 (m, 2HJC NMR (CDCE, 125 MHz):8 (ppm) = 13.9, 36.9,
39.8, 59.8, 118.2, 121.3, 124.5, 125.9, 126.0,1.2826.11, 126.9, 127.0, 127.4, 127.5, 127.7,
128.1,128.9, 129.4, 133.0, 136.3, 137.4, 148.8,23.60.8, 165.9.

(E)-3-(Naphthalen-2-yl)-5-(quinolin-2-yl)pent-2-enoicacid, (3Z):

Synthesized according to Method D usB#Fa (0.45 g, 1.18 mmol) and NaQ§¥(1.20 mL,
3.53 mmol); white solid; yield: 0.20 g (48 %);

'H-NMR (500 MHz, (CD3);SO): & (ppm) = 3.03-3.06 (m, 2H), 3.67-3.71 (m, 2H), 6(82
1H), 7.42 (dJ = 8.5Hz, 1H), 7.51-7.56 (m, 3H), 7.69-7.23 (m, 2H), 7(@d,J = 1.3, 8.2
Hz, 1H), 7.91-7.98 (m, 4H), 8.14 (db= 1.6 Hz, 1H), 8.23 (dJ = 8.2 Hz, 1H).
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13C NMR (125 MHz, (CR),SO): 5 (ppm) = 29.4, 37.4, 121.3, 124.3, 125.6, 126.0,.3,26
126.6, 127.3, 127.6, 128.1, 128.2, 128.3, 129.2,713132.9, 136.0, 137.6, 141.2, 147.1,
161.1, 167.1, 170.1.

(2)-3-(Naphthalen-2-yl)-5-(quinolin-2-yl)pent-2-enoicacid, (32Z):

Synthesized according to Method D usB#ya (0.40 g, 1.05 mmol) and NaQ#{(1.00 mL,
3.16 mmol); white solid; yield: 0.15 g (36 %);

'H-NMR (500 MHz, (CD3),SO): & (ppm) = 2.99-3.03 (m, 2H), 3.03-3.08 (m, 2H), 6(80
1H), 7.38 (ddJ = 1.6, 8.5Hz, 1H), 7.41 (dJ = 8.5Hz, 1H), 7.50-7.55 (m, 3H), 7.71 (dt=

1.6, 8.2 Hz, 1H), 7.78 (s, 1H), 7.88 (W= 8.2 Hz, 1H), 7.89-7.94 (m, 4H), 8.24 @= 8.2
Hz, 1H).

5-(Biphenyl-4-yl)-3-(naphthalen-2-yl)pent-2-enoic aids, (3F & 332):

(E)- 3-(Biphenyl-4-yl)-1-(naphthalen-2-yl)prop-2-en-1-oe, (33c):

Synthesized according to Method A using biphengba#baldehyd€5.0 g, 29.3 mmol) andl-
(naphthalen-2-yl)ethanone (5.35 g, 29.3 mmol);opelsolid; yield: 7.80 g (79 %);

'H-NMR (500 MHz,CDCl): & (ppm) = 7.40 (tJ = 7.6 Hz, 1H), 7.48 (t) = 7.9 Hz, 2H),
7.52-7.55 (m, 2H), 7.57-7.66 (m, 3H), 7.68 Jd; 8.2 Hz, 2H), 7.73 (dJ = 15.7 Hz, 1H),
7.76 (t,J = 8.2 Hz, 2H),7.93 (q,J = 9.1 Hz, 2H), 8.02 (d) = 7.9 Hz, 1H), 8.13 (dJ= 8.5
Hz, 1H), 8.57 (s, 1H).

3-(Biphenyl-4-yl)-1-(naphthalen-2-yl)propan-1-one(33b):

Synthesized according to Method B usB®g (2.0 g, 5.98 mmol), HEH (2.27 g, 8.97 mmol)
and silica gel (11.96 g); colourless oil; yield74.g (86 %);

'H NMR (CDCk, 500 MHz):5 (ppm) = 8.49 (s, 1H), 8.07 (dd, 1H), 7.95 Jd,8.2 Hz, 1H),
7.90 (t, 2H), 7.62-7.54 (m, 6H), 7.44 J& 7.3 Hz, 2H), 7.38 (d)= 8.5 Hz, 2H), 7.34 (tt)=
7.3 Hz, 1H), 3.49(t) = 7.3 Hz, 2H), 3.19 () = 7.9Hz, 2H).**C NMR (CDC}, 125 MHz):8
(ppm) = 199.1, 180.0, 141.0, 140.4, 139.2, 1353..2, 132.5, 129.7, 129.5, 128.9, 128.7,
128.5,128.4,127.8, 127.3, 127.1, 127.0, 126.8,8.20.5, 29.9.
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Ethyl 5-(biphenyl-4-yl)-3-(naphthalen-2-yl)pent-2-@oate, (33a):

Synthesized according to Method C us88p (1.5 g, 4.46 mmol), NaH (0.54 g, 12.93 mmol)
and triethyl phosphonoacetate (2.68 mL, 13.4 mmol);

33Ea: colourless oil; yield: 0.85 g (47 %Y NMR (CDCk, 500 MHz):5 (ppm) = 1.35 (t) =
7.3 Hz, 5H), 2.82-2.86 (m, 2H ), 3.54-3.58 (m, 2424 (q,J = 7.3 Hz, 2H),7.31-7.34 (m,
3H), 7.42 (tJ =7.9, 2H), 7.49-7.53 (m, 4H), 7.56 (db= 1.9, 8.8 Hz, 2H), 7.60 (dd,= 1.9,
8.8 Hz, 2H), 7.83.-7.89 (m, 3H), 7.94 (ds=1.6 Hz, 1H)."*C NMR (CDC}, 125 MHz):8
(ppm)= 14.4, 33.1, 35.0, 60.0, 118.3, 122.9, 123.4,Q,2124.4, 126.3, 126.5, 126.7, 127.0,
127.02, 127.6, 128.3, 128.5, 128.7, 128.9, 13338,2, 133.5, 139.0, 140.7, 141.2, 149.6,
153.5.

33za: colourless oil; yield: 0.83 g (46 %) NMR (CDCk, 500 MHz):5 (ppm) = 1.01 (t]) =
7.3 Hz, 3H), 2.77-2.80 (m, 2H ), 2.89-2.93 (m, 2BR7 (q,Jd = 7.3 Hz, 2H), 6.03 (s, 1H),
7.21 (d,J = 8.2 Hz, 2H), 7.32-7.36 (m, 2H), 7.41 Jt=7.9 Hz, 2H), 7.48-7.52 (m, 4H), 7.57
(t, J= 7.9 Hz, 2H), 7.68 (s, 1H), 7.87.-7.83 (m, 3f0.NMR (CDCk, 125 MHz):8 (ppm)=
13.9, 33.6, 42.1, 59.9, 126.0, 126.1, 126.12, 1212@.1, 127.2, 127.4, 127.7, 128.1, 128.7,
128.7, 132.9, 133.0, 137.3, 139.0, 139.9, 140.9,21366.0.

(E)-5-(Biphenyl-4-yl)-3-(naphthalen-2-yl)pent-2-enoiacid, (3FE):

Synthesized according to Method D usB$Fa (0.60 g, 1.47 mmol) and NaQ§i(1.5 mL,
4.41 mmol); white solid; yield: 0.37 g (63 %);

'H NMR (CDCk, 500 MHz):8 (ppm) = 2.87-2.90 (m, 2H), 3.57-3.61 (m, 2H), 6(801H),
7.32 (t,J = 8.2Hz, 3H), 7.40 (t) = 7.9 Hz, 2H), 7.52 (t) =8.2 Hz, 2H),7.53-7.57 (m, 4H),
7.63(dd,J= 1.6, 8.5 Hz, 1H), 7.88-7.91 (m, 3H),99 (s, 1H).
(2)-5-(Biphenyl-4-yl)-3-(naphthalen-2-yl)pent-2-enoi@cid, (3%):

Synthesized according to Method D usB@fa (0.60 g, 1.47 mmol) and NaQ#i(1.5 mL,
4.41 mmol); white solid; yield: 0.42 g (72 %);

'H NMR (CDCk, 500 MHz):8 (ppm) = 2.73-2.76 (m, 2H), 2.89-2.91 (m, 2H), 5(881H),
7.18 (d,J = 8.2 Hz, 2H), 7.30-7.34 (m, 2H), 7.42 }t=7.3 Hz, 2H),7.47-7.51 (m, 4H), 7.55
(dd,J=0.9. 8.23 Hz, 2H), 7.66 (s, 1H), 7.80-7.85 (m, 3H).
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5-(6-Hydroxynaphthalen-2-yl)-3-(naphthalen-2-yl)pem-2-enoic acid, (3Z & 34E):

6-(Methoxymethoxy)-2-naphthaldehyde, (34e):

Synthesized according to Method G using bromometigthylether (1.50mL, 18.3 mmol), 6-
hydroxy-2-naphthaldehyde (2.1 g, 12.2 mmol) andiwadhydride (0.73 g, 18.3 mmol);
yellow solid; yield: 2.64 g (91%);

'H-NMR (500 MHz,CDCL): & (ppm) = 3.53 (s, 3H), 5.33 (s, 2H), 7.31 Jd& 8.8 Hz, 1H),
7.44 (s, 1H), 7.73-7.82 (m, 1H), 7,91 (db= 1.9 Hz, 2H), 8.26 (s, 1H), 10.10 (s. 1HjC-
NMR (125 MHz, CDCY): & (ppm) = 56.3, 94.4, 110.0, 120.1, 123.5, 128.1,.42831.2,
132.7, 134.2, 138.0, 157.6, 192.0.

(E)- 3-(6-(Methoxymethoxy)naphthalen-2-yl)-1-(naphthaler2-yl)prop-2-en-1-one, (34c):
Synthesized according to Method A usi@de (2.0 g, 9.25 mmol) and 1-(naphthalen-2-
yhethanone (1.57 g, 9.25 mmol); yellow solid; giel.90 g (56 %);

'H-NMR (500 MHz,CDsCl): & (ppm)= 3.54 (s, 3H), 5.32 (s, 2H), 7.27 (db= 1.9, 8.8 Hz,
1H), 7.42 (dsJ = 2.2 Hz, 1H), 7.56-7.63 (m, 2H), 7.76-7.84 (m, 4AP1 (d,J = 7.9 Hz,
1H), 7.95 (dJ = 8.8 Hz, 1H), 8.04-8.01 (m, 3H), 8.14 (dds 1.6, 8.2 Hz, 1H), 8.58 (s, 1H).
13C NMR (125 MHz, CDGJ):  (ppm) = 56.2, 94.5, 110.0, 119.7, 121.4, 124.4,6,2426.7,
127.8, 127.8, 128.3, 128.5, 129.3, 129.5, 129.8.313130.5, 130.8, 132.6, 135.7, 135.7,
135.8, 145.0, 156.4, 190.2.

3-(6-(Methoxymethoxy)naphthalen-2-yl)-1-(naphthaler2-yl)propan-1-one, (34b):
Synthesized according to Method B usB#r (1.5 g, 4.07 mmol), HEH (1.44 g, 6.11 mmol)
and silica gel (8.14 g); colourless oil; yield: @.4 (73 %),

'H-NMR (500 MHz,CDsCl): & (ppm)= 3.26 (t,J = 7.9 Hz, 2H), 3.51 (t) = 7.9 Hz, 2H) 3.53
(s, 3H), 5.29 (s, 2H), 7.21 (dd,= 2.4, 8.8 Hz, 1H), 7.38-7.41 (m, 2H), 7.54J& 7.9 Hz,
1H), 7.59 (dJ = 8.2 Hz, 1H), 7.67 (s, 1H), 7.70-7.73 (m, 2H),97(8 J= 7.9 Hz, 2H), 7.94
(d,J = 8.8 Hz, 1H), 8.06 (dd] = 1.5, 8.2 Hz, 1H), 8.48 (s, 1H}C NMR (125 MHz, CDQ):

d (ppm) = 30.3, 40.5, 56.0, 94.6, 109.9, 123.8, 12628.7, 127.3, 127.7, 127.8, 128.4, 128.5,
129.0, 129.5, 129.7, 132.5, 133.0, 134.2, 135.6,91354.7, 199.1.

Ethyl 5-(6-(methoxymethoxy)naphthalen-2-yl)-3-(napkhalen-2-yl)pent-2-enoate, (348:
Synthesized according to Method C us8#b (0.8 g, 2.16 mmol), NaH (0.25 g, 6.26 mmol)
and triethyl phosphonoacetate (1.30 mL, 6.26 mmol);
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34Eay: colourless oil; yield: 0.45 g (47 %)-NMR (500 MHz,CDsCl): & (ppm)= 1.30 (t,J

= 7.0 Hz, 3H), 2.90-2.93 (m,2H), 3.53 (s, 3H), 3HB1 (M, 2H), 4.22q,J = 7.0 Hz, 2H),
5.29 (s, 2H), 6.21 (s, 1H), 7.18 (dii= 2.5, 8.8 Hz, 1H), 7.35-7.38 (m, 2H), 7.51-7.54 (
2H), 7.56 (s, 1H), 7.60 (dd,= 2.5, 8.5 Hz, 1H), 7.65- 7.69 (m, 2H), 7.84-7.88 BH), 7.93
(ds,J = 1.6 Hz, 1H).**C NMR (CDCE, 125 MHz):8 (ppm) = 14.3, 33.0, 35.2, 56.0, 59.9,
94.6, 109.9, 116.8, 188.3, 118.8, 124.4, 126.3,5,266.7, 127.0, 127.6, 127.9, 128.3, 128.5,
129.0, 129.6, 133.2, 137.2, 138.4, 154.6, 159.8,416

34Za,: colourless oil; yield: 0.46 g (48 %)}4-NMR (500 MHz,CDsCl): & (ppm)= 1.01 (t,J

= 7.2 Hz, 3H), 2.85-2.89 (m,2H), 2.92-2.96 (m, 2BB2 (s, 3H), 3.96q, J = 7.2 Hz, 2H),
5.29 (s, 2H), 6.01 (s, 1H), 7.19 (db= 2.5, 8.8 Hz, 1H), 7.20 (dd,= 2.5, 8.5 Hz, 1H),7.33-
7.36 (m, 2H), 7.47-7.50 (m, 3H), 7.65-7.68 (m, 3AB2- 7.86 (m, 3H)**C NMR (CDCE,
125 MHz): 6 (ppm) = 13.9, 33.9, 42.1, 56.0, 59.8, 94.6, 10918.2, 119.0, 125.9, 126.0,
126.1, 126.3, 127.2, 127.4, 127.5, 127.7, 128.9,612132.9, 133.0, 133.02, 136.4, 137.3,
154.7, 158.3, 165.9.

(E)-Ethyl 5-(6-hydroxynaphthalen-2-yl)-3-(naphthalen2-yl)pent-2-enoate, (3&ay):
Synthesized according to Method K usiBdfEa; (0.25 g, 0.57 mmol) and 2 mL 10 % HCI;
yellow oil; yield: 0.095 g (quant, without furthpurification);

'H-NMR (500 MHz,CDsCl): & (ppm) = 1.31 (tJ = 7.0 Hz, 3H), 2.89-2.93 (m,2H), 3.58-
3.621 (m, 2H), 4.28q, J = 7.0 Hz, 2H), 5.15 (s, OH), 6.21 (s, 1H), 7.06, (@ 2.5, 8.5 Hz,
1H), 7.10 (dsJ = 1.6 Hz, 1H), 7.35 (dd] = 1.6, 8.2 Hz, 1H), 7.52- 7.61 (m, 5H), 7.63Jc;
8.8 Hz, 1H), 7.85-7.88 (m, 3H), 7.94 (ds; 1.6 Hz, 1H).

(2)-Ethyl 5-(6-hydroxynaphthalen-2-yl)-3-(naphthalen2-yl)pent-2-enoate, (34ay):
Synthesized according to Method K usisdfEa, (0.35 g, 0.80 mmol) and 2 mL 10 % HCI;
yellow oil; yield: 0.32 g (quant, without furtheupfication);

H-NMR (500 MHz,CDsCl): & (ppm)= 1.01 (t,J = 7.0 Hz, 3H), 2.83-2.86 (m,2H), 2.92-2.96
(m, 2H), 4.1X(q, J = 7.0 Hz, 2H), 6.02 (s, 1H), 7.04 (dbs 2.4, 8.8 Hz, 1H), 7.08 (d3~ 2.4
Hz, 1H), 7.21 (ddJ = 1.9, 8.2 Hz, 1H), 7.32- 7.35 (m, 1H), 7.47-7.%¢, @H), 7.58 (dJ =
8.5 Hz, 1H), 7.63 (d]= 8.8 Hz, 1H), 7.68 (s, 1H), 7.82-7.86 (m, 3H).

(E)- 5-(6-Hydroxynaphthalen-2-yl)-3-(naphthalen-2-yl)pert-2-enoic acid, (3&):

Synthesized according to Method D usB#Ea, (0.07 g, 0.18 mmol) and NaQ#¥0.2 mL,
0.53 mmol); white solid; yield: 0.55 g (83 %);
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'H-NMR (500 MHz, (CD3);SO): & (ppm) = 2.75-2.77 (m, 2H), 3.48-3.52 (m, 2H), 6(57
1H), 6.21 (s, 1H), 6.99 (dd,= 2.4, 8.5 Hz, 1H), 7.02 (d3,= 2.1 Hz, 1H), 7.28 (dd] = 1.5,
8.5 Hz, 1H), 7.52- 7.57 (m, 4H), 7.62 (b5 8.8 Hz, 1H), 7.69 (dd] = 1.5, 8.2 Hz, 1H), 7.91-
7.95 (m, 2H), 7.98-8.00 (m, 1H), 8.13 (s, 1H), 9(5,70H).

(2)- 5-(6-Hydroxynaphthalen-2-yl)-3-(naphthalen-2-ylpent-2-enoic acid, (34):
Synthesized according to Method D usB#a, (0.30 g, 0.76 mmol) and NaQ#{1.30 mL,
3.78 mmol); white solid; yield: 0.16 g (57 %);

'H-NMR (500 MHz, (CD3),SO): & (ppm) = 2.72-2.75 (m, 2H), 2.90-2.93 (m, 2H), 5(87
1H), 7.02-7.09 (m, 2H), 7.24 (dd,= 1.5, 8.2 Hz, 1H), 7.37 (dd,= 1.9, 8.5 Hz, 1H), 7.51-
7.53 (m, 3H), 7.58 (d) = 8.5 Hz, 1H), 7.65 (d) = 8.8 Hz, 1H), 7.78 (s, 1H), 7.88-7.93 (m,
3H), 9.59 (s, OH), 11.94 (s, OH).
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6.2. Biological Section

6.2.1. Material and reagents

6.2.1.1. Apparatus

EP-Motion 5070 Pipetting workstation (Eppendorf)

Typhoon Phosphoimager (GE Healthcare); Fla9000dst&Fujifilm)

VP-ITC titration calorimetric system (MicroCal InglA)

Origin7 Software

Cell culture incubator Biosafe (Revco)

Cell counter (Casy)

Centrifuge universal 30 RF (Hettich GmbH)

Table centrifuge Micro (Hettich GmbH)

Ultracentrifuge 2330 Ultraspin 55 Hitachi (Pharnagci

Sonicator Sonopuls HD60 (Bandelin)

HPLC system Agilent

LC-MS/MS: TSQ quantum (Thermo Electron Corporatimsfrument equipped with an ESI
source and a triple quadrupoéess detector (Thermo Finnigan)

PolarStar plate reader (BMG Labtech)

6.2.1.2. Materials for kinase activity assays

96 well plate (V-bottom; Greiner)
DMSO > 99,8 % (Roth)

MgCl, (Sigma)

ATP (Sigma)

Tris-HCI (Sigma)

B-mercaptoethanol (Sigma)

Albumin from bovine serum (Sigma)
Brij (Sigma)

Phosphoric acid (Sigma)

[y *P]ATP (GE Amersham Pharmacia)
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T308tide (KTFCGTPEZLAPEVRR)

PIFtide (REPRILSEEEQEMFRDFDYIADWC)
Crosstide (GRPRTSSFAEG)

P81 3MM paper (Whatman)

6.2.1.3. Materials for ITC

PDK150-35d Tyr228Gly-GIn2922Ala]
TrisHCI (Sigma)

NaCl (Sigma)

DTT (Sigma)

6.2.1.4. Materials for Cell assays

Petri dishes (Greiner)

Falcon tubes (Greiner)

Cell culture flasks (Greiner)
DMEM (Gibco)

RPMI-1640

FBS (Sigma)

Trypsin (Sigma)

PenStrep (Invitrogen)

PBS (Sigma)

HCI (Sigma)

Ethyl acetate (Sigma)

Methanol (Sigma)

Trifluoracetic acid (Sigma)
Reporter gene plasmid (pGL4.32[luc2P/KB-RE/Hygro] (Promega)
Fu Gene HD (Roche Diagnostics)
TNFa (Sigma)

Luciferase detection reagent (Bright-Glo, Promega)
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6.2.2. Protein kinases assays

To test the effect of the compounds on the actiafythe AGC protein kinases,
radioactivity kinase assays were performed® 3% " ®The corresponding kinase were
incubated with the radiolabeled phosphate frq)ﬁ?F[’]ATP in the presence of the appropriate
substrate and the compounds. The amount of theawetilrity incorporated into the substrate
was measured. The assays were performed in a 9Gemelate, at least in dublicates and
with less than 10 % difference between the dumikalhe total volume of each reaction was
20 pL.
1) A reaction mixture | was prepared on ice using #@mzyme, the corresponding
substrate, 50 mM Tris-HCI (pH 7.5), dilution buffeontaining 0.05 mg/ml of BSA,
0.1 % R-mercaptoethanol and 0.003% of Brij.

2) For each test-compound, appropriate dilution ofdtuek solution was prepared with
DMSO.

3) The enzyme mixture was preincubated with the comgofor 20 min at room

temperature.

4) The reaction was started by addidtion of mixturedhtaining the+[ **P]JATP (5-50

c.p.m./pmol), 10 mM MgGland ATP. The reaction time was 30 min.

5) The enzymatic reaction was quenched by the addii®.01 % phosphoric acid.

6) 4 upL aliquots were spotted on P81 phosphocellulpaper using the pipetting

workstation ep motion 5070 (Eppendorf).

7) The P81 paper was washed 4 x 15 min in 0.01 % plooigpacid in order to remove

the [y *PJATP not bound to the peptide substrate and dried.

8) The incorporated radioactivity into the appropristgbstrate was quantified in a

Phospholmager.

Wild type and mutant protein kinases were expressedEK293 cells after transient
transfection as GST fusion proteins and purifiechgiglutathione sepharose. Determination
of the cell-free protein kinase activity of the avilype and mutants of PDK1 was performed
using T308tide (KTFCGTPEYLAPEVRR) as substrate jief The activity of PKE and
PKC was measured using myelin basic protein (MBP, imille) as substrafé®™™*For
activity assays of classical PKCs, the enzymes &W\llipore) and PK@ (ProQinase) were
used and for the novel PKCs, PKQ@ProQinase) and PK& (ProQinase). For both families

Histone H1 (Millipore) served as substraté.In order to measure the activity of the
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compounds toward S6K and SGK the method was peefdras described previously using
S6K1-T2[T412E] and SGKIN[S422D] and Crosstide (GRPRTSSFAEG)™

6.2.3.

Isothermal titration calorimetry 2% "

Isothermal titration calorimetry was performed gsthe high precision VP-ITC titration

calorimetric system (MicroCal Inc, MA) to determin@nding energetics of the 3,5-

diarylpent-2-enoic acid series. We followed thetpcol previously described by Schaeféer

al '169

1)

2)

3)
4)

5)
6)
7)
8)
9)

10)

PDK1s0-35d Tyr228Gly-GIn2922Ala] was dissolved in the buffantaining 50 mM
TrisHCI (pH 7.5), 200 mM NaCl and 1 mM DTT.

The ligand solutions were also prepared with thigebaeontaining 50 mM TrisHCI
(pH 7.5), 200 mM NaCl and 1 mM DTT.

Both solutions were degased by generating of vadiounr® min.

Setting of the apparatus temperature (3-4 °C betbe experimental run
temperature) and of the experimental parameters:

Cell: 20 uM PDK1
Syringe: 450 uM ligand
Buffer: TrisHCI (pH 7.5), 200 mM NaCl and 1 mMID

Loading of the reference cell with degased water.

Rinsing of the sample cell with buffer (2x) anddoay with the protein solution.
Loading of the ITC syringe with the ligand solution

The pipette was inserted into the sample cell AadTC run was started.

Each experiment was performed at 20°C by one iojeaf 2 ul followed by 29
injections of 10ul with 210 seconds between injections using a 280 rotating
syringe.

Heat signals were corrected for the heats of d@ituind normalized to the amount
of compound injected. Normalization and deconvolutof the binding isotherms

was carried out using Origirf7° provided by the manufacturer.

6.2.4. HPLC-MS/MS detection of hydrolysis of the prodrugsin L6 cells

L6 cells were seeded in 10 cm petri dishes at teesity of 16/mL in DMEM,

supplemented with peniclillin and streptomycin &@o FBS. To induce differentiation to
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myocytes, the cells were allowed to reach confleefur two days after plating, and the
medium was changed to medium containing 2 % of EB3our days, with medium change
after 2% day. After the & day the L6 cells were washed with PBS, the medias replaced

to DMEM without FBS and the cells were treated wite compounds at appropriate time
intervals (5-90 min). At the end of the incubatibe supernatant was removed and the cells
were washed three times with phosphate-bufferades@BS). The cells were harvested and
the cell suspensions transferred to a flask anditedu At that point, carbamazepine was
added to the suspension as an internal standaetéomine the recovery rate. 1 mL 0.6N HCI
in water was added and the dicarboxylic acids vexteacted using 3 mL of ethyl acetate
shaking the samples for 20 min. The samples warifteged and 1 mL aliquots of the ethyl
acetate supernatant were taken and evaporategriesdr The samples were resuspended in
500 pl of methanol and analyzed using HPLC-ESI-MS/Mand the amount of the
compounds was calculated using a standard cabbraturve. DMSO-treated cells were
processed in parallel and analyzed as a controt. dibappearance of the ester and the
appearance of the correspondic dicarboxylic acidevealditionally confirmed by UV peak
quantifications and spiking of the samples with pleified compounds. Mobile phase A was
water containing 0.5 % trifluoracetic acid and nielphase B was methanol containing 0.5 %
trifluoracetic acid. The following elution profilwas used: 0-8 min, 100 % B. The gradient of
B from 70 to 100 % was applied, followed by 100 %ifil end; sample volume was 25 pL,

the flow rate 0.5 mL/min, and the column tempera#d® °C.

6.2.5. Reporter Gene Assajf’

U937 cells were cultured in RPMI-1640 containingdBCS and penicillin/streptomycin.
Transfection was performed in 6-well plates at asttg of 106 cells/ml (2 ml per well) in the
same medium without antibiotics. The transfecti@mplex was prepared by mixing the
reporter gene plasmid (pGL4.32[luc2P/NB-RE/Hygro], with FuGene HD transfection
reagent at a ratio of 1:6 (Ng DNA : NI transfecti@agent) in RPMI-1640 medium according
to the manufacturer’s instructions. The transfectioxture was added dropwise to the wells
while gently shaking, and the plates were incubate87°C/5% C@ for 6h. Medium was
then exchanged to serum-free RPMI-1640/ peniciitnéptomycin without phenol red and
the cells starved overnight. The next day, testpmmds dissolved in DMSO were pipetted
into white 96-well plates (0.2 NI), followed by 100 of the transfected cells per well. After
3h at 37°C/5% C@ the NF«xB pathway was induced by addition of 50 ng/NI N\l the
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wells (except uninduced controls). The cells waibated at 37°C/5% GQor 2.5 h, then
the luciferase detection reagent was added (10@Niyell) and the luminescence measured

after 5min. at RT in a PolarStar plate reader.
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