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1 Protein kinases

1.1 Introduction

Protein kinases are a large family of enzymes that catalyse the transfer of a
phosphate group from a donor nucleoside triphosphate to an acceptor hydroxyl
group on the target substrate (figure 1). !

The human genome encodes for more than 500 different protein kinases which
can be classified on the basis of the acceptor amino acid: serine/threonine,
tyrosine and mixed kinases. According to the sequence of the catalytic domain,
protein kinases can be classified in seven main groups: AGC (including the family
of Protein Kinases A and C), CAMK (Calcium Calmodulin-Dependent Kinases), CK1
(Casein Kinasel), CMGC (including the Cyclin-Dependent Kinases, Mitogen-
Activated Protein Kinases and Glycogen Synthase Kinases), STE (homologs of yeast
sterile kinases), TK (Tyrosine Kinases) and TKL (Tyrosine kinase-Like).? Tyrosine
kinases represent 17% of the entire human kinome, and they catalyse the transfer
of y-phosphate from the adenosine triphosphate (ATP) to the hydroxyl group of a
tyrosine residue of the target substrate.>

Phosphorylated
Substrate

Target Substrate

Figure 1: representation of phosphorylation reaction catalysed by protein kinase

Protein phosphorylation is a post-translational modification that serves as a
switch for cellular components belonging to a wide range of signalling pathways.
These pathways are strongly involved in many regulation mechanisms which

affect the major physiological cell functions such as development, differentiation,



metabolism and survival.* Unsurprisingly, the phosphorylation process is highly
regulated by different cell mechanisms including protein phosphatases, which
play an essential role by catalysing the cleavage of phosphate.’

The protein kinases are also responsible for the transduction and amplification of
a wide range of growth factors in different tissues, and the deregulation of this
signalling represents a mechanism of uncontrolled proliferation.®’ Some of the
identified oncogenes (genes primary involved in cancer development) encode for
aberrant or amplified tyrosine protein kinases, such as the fusion gene BCR-ABL1%,
or encode for mutated and amplified EGFR (epidermal growth factor receptor)®,
FGFR (fibroblast growth factor receptor) and other kinase receptors.'® On these
basis, the kinase proteins represent an attractive target in medicinal chemistry for
the development of targeted anti-cancer therapies.!* Among these kinases FGFR
and EGFR have been the subject of efforts aimed to develop new antiproliferative
inhibitors which led to recent approvals for EGFR inhibitors such as afatinib'? and
osimertinib'® in 2013 and 2017 respectively, and, more recently, for the FGFR-
inhibitor erdafitinib.**

1.2 Structure and function of kinase domain

The intracellular catalytic domain of protein kinases consists of about 300 amino
acids and its secondary structure is organized in stranded [-sheets and several
helices. The tertiary structure of each kinase is distinguished in two structurally
and functionally different lobes, which contribute to the catalytic and regulatory
activity of the entire protein.’®> The smaller and flexible N-lobe consists of 80
amino acid residues and features a conserved C-helix and 5 stranded B-sheets (3 1-
B5). A glycine rich sequence (GxGxxG), called Gly-rich motif or “P-loop”, connects
together the $1- B2 strands which represent the binding site of the purine ring of
the ATP.'® The C-helix is a conserved subdomain located between the two lobes,
and its right positioning is crucial for the activity of the catalytic site. The distance
between the C-helix and the activation loop determines an open/closed
conformational state adopted throughout the catalytic cycle. The C-helix contains
a conserved glutamate residue which establishes a salt bridge with a lysine
located on the B3-strand. This interaction, highly conserved through the kinome,

determines the right positioning of the C-helix and features the active state of the
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kinase domain.!” This event also results in a loss of flexibility of the N-lobe which
acts as a rigid body as a consequence of its activation.®

The larger C-lobe (about 200 amino acids) consists mainly of helices and a short 3-
sheet. The stable helical subdomains form the core of the catalytic site and
represent also the binding site for the target substrate. The -strand is flanked by
a DFG motif (aspartic acid, phenylalanine and glycine) that coordinates the
magnesium ion and stabilizes the ATP in the binding site, and the catalytic loop
where the phosphate group of the ATP is transferred to the target tyrosine
residue.!® The activation loop extends from the conserved DFG motif to the APE
motif (alanine, proline and glutamic acid). This portion is highly involved in the
regulation of the kinase activity and substrate recognition, thereby its primary
structure is the most variable of the kinase domain.?® Finally, the GHI domain is
constituted by three helices subdomains on the terminal portion of the C-lobe.
This region is not only responsible for the recognition of the target substrates and
regulatory proteins, but also stabilizes the catalytic site through a conserved
interaction between an arginine residue positioned on the H-l loop, and an
aspartate residue located on the activation loop.*!

Catalytic |/~
loop O
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Figure 2: A) Structure of PKAkinase domaln(PDBID: 1ATP). B) Crystal structure of ATP at the binding site.

Several conserved hydrophobic residues of the two lobes are involved in the
formation of the “regulatory spine’” and the “catalytic spine”’.*>*® These spatial
motifs are found throughout the entire kinase family and represent a hallmark of
the active state of the kinase domain. The regulatory spine comprises residues



from the C-helix, the catalytic loop and the phenylalanine of the DFG motif,
whereas the catalytic spine includes the adenine ring of the ATP.

The trans auto-phosphorylation of the activation loop is generally considered the
first of the chain of events that leads to switching the kinase from the inactive to
the active state.>* The introduction of the phosphate group induces the formation
of strong ionic interactions between the activation loop, the catalytic loop and the
C-helix. This results in shifting the DFG motif in DFG-in conformation, that is able
to coordinate the magnesium ion at the ATP binding pocket. Moreover, the
orientation of the DFG-in residues makes the formation of the catalytic and the
regulatory spines possible. The right positioning of the Glycine-rich region and the
C-helix are also required to achieve an effective catalytic transfer of the y-
phosphate from the ATP to the target substrate.>>*® Although the active kinases
share common features such as the hydrophobic spine and the DFG conformation,
the regulation of the processes needed to achieve the active catalytic state differ
among the class of the kinase family. For example the CDKs (cyclin-dependent
kinases) require the binding of cyclin proteins to switch to the active state?’
whereas the AGC kinases share a conserved C-tail with accessory phosphorylation
sites that connects together the C-lobe and the N-lobe.” In Fes kinases the C-helix
adopts the optimal conformation binding an SH2 domain which also provides a
docking site for the target substrate.”®

Once the catalytic process is over, the activation loop loses its activating
phosphate residues and the DFG motif shift into the DFG-out conformation,
where the phenylalanine residue occupies the ATP binding pocket and disrupt
both the regulatory and the catalytic spines.?® The DFG-out conformation is a clear

signal of inactive kinase domain.

1.3 Receptor tyrosine Kinases

Cell-surface receptors with kinase activity (RTKs, Receptor tyrosine kinases) are
primary involved as regulators of cellular processes such as differentiation,
proliferation, cell survival and metabolism.>° They share common structural
domains such as the extracellular binding site, the trans-membrane helix and the
intracellular kinase domain.
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Generally, the receptor monomers are in equilibrium with the active oligomer
conformation (figure 3). The binding of growth factors to the extracellular region
induces and stabilizes the dimers formation, which in turn leads to the activation
(phosphorylation) of the kinase domain and the cytoplasmic signalling.?! The
formation of a stable dimer requires a tight binding between the extracellular
regions of RTKs through the establishment of intermolecular interactions among
the ligands, the binding domain of the receptors and other accessory molecules.*?

Inactive receptors Receptors dimer Active dimer

H

Kinase domains Trans-phosphorylated
Kinase domains

Figure 3: Schematic representation of receptors dimerization.

The trans-autophosphorylation of the RTKs increases the catalytic efficiency of the
kinase domain and serves to create the binding sites for docking proteins.*® The
signalling molecules bearing the Src homology-2 (SH2) and phosphotyrosine-
based binding (PTB) domains recognize selectively the phosphorylated residues on
the RTKs. These molecules can be directly recruited by the phosphorylated
receptors or they can bind docking proteins which in turn are phosphorylated by
the RTKs.>*

The activated RTKs expose multiple phosphorylation sites that can recruit
different SH2/PTB domain containing proteins which in turn promote the
interaction with multiple signalling proteins. The interconnection among the
signalling mediators and the downstream amplification determines a complex
cellular network where the RTKs represent the trigger point. The downstream
pathway often consists of redundant second messengers and effectors, for
example mitogen-activated protein kinase (MAPK), phosphatidylinositol 3-kinase

(P13K), protein kinase B (akt), signal transducer and activator of transcription
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(STAT) and phospholipase C (PLC) are often activated by several RTKs. Therefore,
the specificity of the signals, and the final effect on cellular processes, are defined
not only by the signalling mediators but also by their concentration.>*® The
regulation of the entire signalling involves also positive and negative feedback,
which can increase or decrease the sensitivity of the system to the triggering
signal.37

The negative feedback plays a key role in maintaining cellular homeostasis, and a
tight regulation is required to terminate the signal.>® The inactivation by protein
tyrosine phosphatases (PTP) and endocytosis of RTKs are common

downregulation processes.3%4°

1.4 Targeting the proteinkinases in cancer

The human genome encode for more than 500 kinase proteins which are virtually
involved in every signal transduction process, and the modulation of their activity
elicits deep physiological response.'® Genetic mutation, amplification and
translocations drive the expression of oncogenic kinase proteins that are directly
involved in cancer development.** Fusion protein BCR-ABL, mutated PI3KCA and
amplified EGFR represent a primary target in anti-cancer therapy.“'44 MAPK,
mTOR, RSK and other components of the downstream signalling constitute a
second class of targeted kinases that are required for cancer cell survival,

proliferation and migration.*>*®

Finally, other kinases expressed in the
surrounding tumour tissue, such as VEGFR and FGFR, are involved in different
stages of cancer development and progression.*’

Three general strategies are available to target RTKs: Tyrosine Kinase Inhibitors
(TKIs), monoclonal antibodies (mAbs) and extracellular agents able to interfere

with the ligand-receptor interaction (peptides, mAbs and ligand traps).**

Tyrosine kinase Tyrosine kinase inhibitors

EGFR Gefitinib, erlotinib, lapatinib, afatinib, osimertinib

c-Met Crizotinib, cabozantinib

BCR-ABL Bosutinib, dasatinib, imatinib, nilotinib, ponatinib

ALK Crizotinib, ceritinib, alectinib, brigatinib

PDGFR o/ Axitinib, gefitinib, imatinib, lenvatinib, nintedanib, pazopanib, regorafenib,
sorafenib

VEGFR Axitinib, lenvatinib, nintedanib, regorafenib, pazopanib, sorafenib, sunitinib
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FGFR Erdafitinib
Src Bosutinib, dasatinib, ponatinib, vandetanib

Table 1: Examples of approved TKls

To date several small-molecules belonging to the class of TKIs have been
approved, and they are available for the treatment of a wide range of cancers.
TKls prevent the signalling cascade, triggered by activated RTKs, by occupying the
ATP binding pocket at the intracellular kinase domain. TKls can be classified in
three main classes.*®

First generation of TKls belongs to the type | inhibitors which were designed to
bind the ATP binding site of the kinase domain during its active state
conformation (DFG-in) by mimicking the adenine ring (figure 4). The general
pharmacophore model is constituted by a nitrogen-containing heterocycle, able to
establish one to three hydrogen bonds at the hinge region within ATP pocket,
substituted by an aromatic portion which targets an adjacent hydrophobic cleft.
This class of compounds recognizes a conserved conformation and despite being
characterized by a broad spectrum of action, potent and selective compounds
have been developed as in the case of the EGFR inhibitor gefitinib (Iressa®),*® or
the FGFR inhibitor Ly28744555°. Type |l TKIs bind the ATP binding pocket when the
kinase domain is in the inactive state conformation (DFG out) (figure 4). This
conformation exposes an additional hydrophobic pocket, juxtaposed to the ATP
binding site, which is occupied by type Il inhibitors. These compounds share the
pharmacophoric model of the type | class, featuring an additional hydrophobic
group able to target the pocket displayed by the DFG out conformation. An
example of type Il TKls is the BCR-ABL inhibitor imatinib (Gleevec®), which binds
the hinge region establishing hydrogen bonds with the aspartate residue of the
DFG motif and a glutamate residue on the C-helix.”!
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Figure 4: a) ABL1 (DFG-in conformation) in complex with type | inhibitor PD166326. b) ABL2 (DFG-out
conformation) in complex with type Il inhibitor imatinib. Figure adapted from ref. 48.

Finally, a third class of TKls are able to bind irreversibly the kinase active site by
targeting conserved nucleophilic residues.’®>® These compounds feature an
electrophilic group to a driver portion able to recognize the target site. Despite
the concerns about off target toxicity, the interest toward this class of inhibitors is
increased in the last years.>* Covalent agents usually display higher potency
compared to the reversible analogues, as their binding is non-competitive with
ATP, and they represent a viable approach to overcome acquired resistance to
available therapies.”>™>’ The EGFR inhibitors afatinib (Giotrif®) and osimertinib
(Tagrisso®) are example of approved covalent RTKIs. >3

Monoclonal antibodies constitute a second therapeutic strategy.® They are able
to bind the extracellular domain preventing the receptor dimerization induced by
the natural ligand. Several mAbs have been authorized for the treatment of
different cancer types, but generally the clinical efficacy as single agent therapy is
limited and combination therapies mAbs/TKls are preferred. Example of approved
mAbs comprise the anti-ErbB2 trastuzumab (Herceptin®)®?, the anti-EGFR

14



antibodies cetuximab (Erbitux®)®® and necitumumab (Portrazza®)®! and the anti-
PDGFRa antibody olaratumab (Lartruvo®)®?.
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2 Fibroblast growth factors system

2.1 Function and structure

Fibroblast growth factors (FGFs) system regulates many physiological cell
processes. FGFs signalling is strongly involved during embryogenesis and deeply
affect angiogenesis, wound healing and tissue repair.!® FGF system also
contributes to maintaining the homeostasis of phosphates, bile acids, lipids and
glucose.®® The deregulation of FGF signalling has been linked to the development
of congenital diseases such as craniosynostosis and dwarfism.®* Aberrant FGF
signalling contributes to the progression of metabolic disorders and it represents a
leading cause to cancer development.®®

There are 18 mammalian fibroblast growth factors classified in six families
according to their homology®®. The families FGF1 (including FGF1 and FGF2), FGF4
(FGF4, FGF5 and FGF6), FGF7 (FGF3, FGF7, FGF10 and FGF22), FGF8 (FGF8, FGF17
and FGF18) and FGF9 (FGF9, FGF16, FGF20) act as locally paracrine factors
(canonical FGFs), whereas FGF19 group (FGF19, FGF21 and FGF23) act on long
distance as endocrine factors. Additional four receptor-independent factors are
FGF11-14 which act on voltage-gated sodium channels.®’

The primary structure of fibroblast growth factors consist of 150-300 amino acids
with a conserved core of ~120 amino acids residues organized in 12 3 strands in
paracrine factors, and 11 B strands in hormonal factors.®® The amino- and
carboxy-terminal regions are highly variable and contribute to ligand-receptor
specificity. FGFs show discrete affinity for heparane sulphate (HS), which is
essential for the formation of a stable FGF-FGFR complex and contributes to
regulate FGFs diffusion in the extracellular environment.®® Specifically canonical
FGFs exhibit higher affinity to HS thus they can only act locally as paracrine
factors, whereas hormonal FGFs, which show poor affinity to HS, can enter the
bloodstream and act on longer distance.”® The binding site of HS on endocrine
FGFs is constituted by a conserved solvent-exposed basic region.”*

The fibroblast growth factor receptors are a family of four proteins (FRGFR1-4)
constituted by an extracellular region containing three immunoglobulin-like
domains (D1-3) connected to the kinase domain by a single trans-membrane
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helix.”?> An additional FGFR receptor, FGFRL1 or FGFR5, lack of the kinase domain
and serve as a decoy receptor.”?

The D2-D3 domains, and the linker chain between them, serve as a ligand binding
site, whereas D1 domain and loop between D1 and D2 domains (containing a
conserved region called “acid box’’) are involved in an auto-inhibiting

mechanism.®74

Specifically, in absence of the FGFs, D1 region interacts with the
ligand binding pocket between D2-D3 domains whereas the acid box occupies a
positively charged region that serves to accommodate the HS cofactor, needed for
the receptor dimerization.

FGFR1-3, but not FGFR4, are

expressed in different tissues

as two distinct isoforms (b and

c) resulting  from  the
alternative splicing of D3

domain.”® FGFR isoform b is

mainly  present in the
epithelial  tissue  whereas
isoform ¢ is found in
mesenchyme tissues.
Canonical FGFs also exhibit
tissue-specific expression,

with FGFs binding isoform b
being expressed in
mesenchyme and FGFs

binding isoform c expressed in

Figure 5: Symmetric ternary complex comprising FGFRs (magenta epithelium. This results in a
and white), FGFs (bluand pale blu)and HS (PDBID 1FQ9). signalling loop between the
mesenchyme and the
epithelium that is decisive for tissue homeostasis.?

The formation of an active FGF-FGFR complex requires a stabilizing cofactor,
which is represented by HS or other ancillary molecules, resulting in a 2:2:2
symmetrical ternary structure’® (figure 5). FGF binds its receptor at D2-D3 domain
and engage the D2 region of the neighbouring receptor. Additionally the FGFRs

directly interact with each other at the bottom end of their D2 domains’’. HS
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stabilizes the transient FGF-FGFR complex by binding both ligands and receptors
at their HS binding site, which are juxtaposed to one another resulting in a
continuous canyon rich of basic residues.®’ Instead, the complex between
hormonal FGFs and their receptors is stabilized by co-receptors belonging to the o
and B Khloto family.”® The affinity of receptor paralogs to different ligands
combined to the tissue-specific expression of FGFs, receptors and cofactors
determine an elevated FGF-FGFR signal specificity.

2.2 FGFR activation and signalling

The assembling of FGF-FGFR-HS (or Khloto co-receptor) in a 2:2:2 ternary complex
leads to juxtaposition and the trans-autophosphorylation of the kinase domains.
Specifically, the activation loop of one kinase domain serves as a substrate for the
neighbouring FGFR kinase site.®®”® A first phosphorylation (FGFR1 Y653 residue)
activates the kinase site increasing the catalytic efficiency, then others
phosphorylation at different tyrosine residues (Y583, Y463, Y 585 on FGFR1) serve
to create the binding sites for the substrate proteins and further increase the
catalytic activity of the kinase domain.>?

The activated FGFR is recognized by the adaptor protein FRS2 (FGFR Substrate 2)
which in turn is activated by phosphorylation at several tyrosine residues.®°
Phosphorylated FRS2 recruits different docking proteins among which SOS (Son Of
Sevenless) and GRB2 (Growth factor Receptor-Bound 2) allow the activation of
RAS-RAF-MAPK (Mitogen-Activated Protein Kinase) axis signalling.'® GRB2 serves
also as a docking site for GAB1 (GRB2-Associated binding Protein 1) which
promotes the activation of PI3K-AKT (phosphatidylinositol 3-kinase) pathway.®
The activated FGFR constitutes a recognition site for the SH2 domain protein PLCy
(phospholipase Cy) that is responsible for the hydrolysis of PIP, to DAG and PIP;
and the consequent effect on PKC and intracellular level of calcium.®? Other
pathways can be activated according to the cellular context, including JAK-STAT
(Signal Transducer and Activator of Transcription) signalling, RSK2 (Ribosomal
protein S6 Kinase 2) and p38.%%8*
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Figure 6: schematic representation of FGFR downstream signalling. Figure adapted from ref. 65.

The signalling axis is regulated by different negative feed-back including the
MAPK-phosphatase MKP3, Sprouty and SEF protein families.®>®” The receptor also
undergoes internalization, and subsequent degradation or recycling, in a process
regulated by ubiquitinylation.®

2.3 FGF/FGFR system in cancer

Cancer development mediated by FGF/FGFR system is well documented and
occurs through receptor amplification and overexpression, activating mutations
and aberrant fusion proteins.8%°

Amplification of FGFs and overexpression has been found in 15% of all triple
negative breast cancer (TNBC) where FGFR1 amplification is one of the most
common deregulation in 15% of all subtype of breast cancers.’®? FGFR1

overexpression has been also detected in 6% of lung cancers, in 17% of patients
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activation.
FGFR3 is a leading cause of bladder cancer being detected in 20-50% of all
urothelial carcinoma. Specifically Y375C mutation at extracellular domain of
FGFR3 induces ligand-independent signalling mediated by the formation of
disulphide bonds between aberrant receptors.’®° Mutated FGFR2 expression has

100,101 chromosomal

been found in gastric cancer and endometrial carcinoma.
rearrangement and translocation involving FGFR proteins have been detected in a
wide range of malignancies.°>!%® FGFR3 fused protein have been also observed in
bladder cancer and SCC.*%*

The establishment of paracrine loop of FGF stimulation in cancer proliferation
have been identified in bladder, lung and breast cancers.°>*°® High plasma level
of FGF2 has been identified in leukemia and lung cancer representing a poor
prognosis factor’®”’, whereas FGF19/FGFR4 overexpression is associated to
hepatocellular carcinoma (HCC) development.°®1% FGFs play a key role also in
stimulating angiogenesis in both cancer tissue and in the surrounding
environment.*!® The upregulated FGF/FGFR downstream signaling is also involved
in developing resistance to anti-VEGF therapy.'*!
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2.4 FGFR Tyrosine kinase inhibitors

This class represents the most explored approach to target FGF/FGFR signalling in

anti-cancer therapy.!?

FGFR TKls can be classified either as multi-target or
selective and ATP-competitive or covalent, according to their target specificity and
mode of action.

The first generation of FGFR inhibitors is constituted by multi-target ATP-
competitive inhibitors able to disrupt FGFR signalling and to inhibit a wide range
of kinases such as Kit, FIt3, VEGFRs, RET and PDGFRs. Dovitinib'*3, nintedanib!'*,
lenvatinib!*>*'® and ponatinib'*’ are example of approved drugs currently
available for cancer treatment. These compounds show a therapeutic anti-cancer
profile mainly dependent by VEGFRs and PDGFRs inhibition and a high toxicity

rate, due to their anti-angiogenic effect.!**118119
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Figure 8: some examples of first generation of FGFR TKis.

Thus, a second generation of ATP-competitive agents have been developed aiming
to reduce the adverse effects by targeting selectively FGFRs. AZD4547'°, NVP-
BGJ398'%! and LY2874455°° are some of the selective FGFRs inhibitors currently
under clinical investigation. These compounds have shown a favorable toxicity
profile, mainly characterized by hyperphosphatemia as a result of inhibition of
hormonal FGFs signaling, but the clinical efficacy appears confined to a small

subsets of cancers.'1?122

Clinical evidences suggest that FGFR inhibition only
affects a fraction of the malignancies characterized by FGFR alteration.
Specifically, only cancers bearing FGFR2-3 fusion proteins or highly overexpressing

FGFR1-2 appear sensitive to selective FGFR inhibitors.®>*?? Nevertheless, the ATP-
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competitive and selective FGFR TKI erdafitinib has been approved this year (April
2019) by FDA for the treatment of FGFR2-3 aberrant bladder cancer.**
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Figure 9: some example of second generation FGFR inhibitors.

The long-term efficacy of cancer therapies is hampered by acquired resistance,
mainly represented by secondary FGFR mutations and activation of bypassing
signaling.’%'2® Exposition of TKIs to cancer cell often results in expression of
mutated kinase proteins. A commonly found kinase point mutation is the so-called
“gatekeeper’ mutation, at the ATP binding pocket.

The gatekeeper residue features a hydrophobic pocket exploited by many TKls
which become ineffective when this residues is replaced by bulky amino acids, as
demonstrated by the reduced inhibitory potency of first and second generation of
FGFR TKIs.*?* Case of resistant FGFR1-4 bearing mutated gatekeeper residues have
already been reported, specifically the gatekeeper valine residue (wild type FGFR)
has been found replaced by leucine, isoleucine and methionine. Examples of
gatekeeper resistant FGFR forms are V565] FGFR2 resistant to dovitinib'?4, V561L
FGFR1 resistant to lucitanib'®® and V555M FGFR1 and FGFR3 resistant to
PD173074 and AZD4547.'%°

Since covalent inhibition represents an effective approach to overcome
gatekeeper mutations, a third generation of irreversible FGFR inhibitors has been
developed.'?” The series of covalent compounds FIIN-1, FIIN-2 and FIIN-3
displayed inhibitory activity on WT-FGFR (wild-type receptor) and a wide range of
mutated FGFRs.”>!?® These compounds were designed attaching a reactive
acrylamide warhead on a driver portion, structurally related to PD173074. The
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electrophilic acrylamide engages a cysteine residue (Cys486 in FGFR1) on the Gly-
rich loop at the ATP binding site.?® PRN1371%3° and TAS-120"%! are two example
of covalent pan-FGFR TKiIs currently under clinical evaluation.
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Figure 10: some examples of covalent FGFR inhibitors.

A further class of covalent and selective FGFR4 inhibitors has been recently
disclosed.’® These compounds show structural similarity with PD173074 and
NVP-BGJ398, sharing the 2-oxo-3,4-dihydropyrimido[4,5-d]pyrimidine core as a
driver portion. The high inhibition specificity is achieved by targeting the FGFR4-
conserved cysteine residue (Cys554) at the hinge region.'**'33 Selective FGFR4
inhibitors exhibited anti-cancer activity on hepatic carcinoma (HCC) and currently
FGFR4 TKIs BLU554 (fisogatinib)******, H3B6527"*® and FGF401 (roblitinib)**’ are in
clinical trials .
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Figure 11: some example of selective and covalent FGFR4 inhibitors.
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Despite an increasing interest toward covalent kinase inhibitors, the development
of new electrophilic warheads remains an underexplored field**%. The intrinsic
reactivity of the acrylamide group, its metabolic instability and the risk of toxicity
justify the development of alternative warheads and their potential application in

139149 0On this basis, the group at the University of Parma where | have

clinic.
carried out the doctoral research has recently disclosed a series of FGFR inhibitors
aimed to target the conserved cysteine residue at the hinge region (Cys486 in
FGFR1).}*! These compounds have been designed on the basis of the structure of
FIIN-2, replacing its acrylamide function with different electrophilic groups (figure

12, panel D).
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Figure 12: A) Inhibition of FGFR1 autophosphorylationin LENTI-4 cells incubated 1h with tested compound at
1uM. On the left (pale grey) is reported the measure of the inhibition vs. control after 1 h; on the right (grey)
the cellswereincubated 1 h then washed with PBS and the autophosphorylation was measured after 8 hrs. B)
Inhibition of H1581 cellline proliferation exhibited by tested compounds, performed with MTT assay C)
Inhibition of NVP-BGJ398-resistant H1581R1and H1581R2 cell lines exhibited by te sted compo unds incubated
for72 hrs. Data obtained by MTT assay. Figures adapted from ref. 141. D) Mol ecular structures of synthesised
compounds.

Among these compounds, UPR1376 has proved to bind irreversibly to FGFR
preventing the phosphorylation of the receptor several hours after the washing
(figure 12, panel A). This compound strongly affects the proliferation of FGFR1-
overexpressing cells, proving its efficacy also on resistant cell lines (figure 12,
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panel B and C). Interestingly, UPR1376 prevents the proliferation of resistant cells
which are not affected by FIIN-2 (figure 12, panel C). These results demonstrate
that the 2-chloroacetamide might serve as a potential covalent warhead and the
development of different electrophilic groups could lead to new FGFR inhibitors.

2.5 FGF traps and NSC12

FGF traps represent an alternative approach to modulate FGF/FGFR signaling by
sequestering FGFs thus preventing the binding with their receptors.**? The first
example of ligand trap is the peptide FGFR1-derived FP-1039.'** This protein
consists of the soluble extracellular domain of FGFR1 (isoform c) fused with the
crystallizable fragment of human immunoglobulin. FP-1039 binds the paracrine
and hormonal FGFs hampering the activation of FGFR signaling. This peptide
exhibited anti-angiogenic and anti-proliferative activity, and early clinical
outcomes have shown a favorable toxicity profile lacking of any sign of
hyperphosphatemia. FP-1039 is currently under clinical evaluation for the
treatment of different cancers bearing aberrant FGFR.*4414°

At the University of Brescia, a group led by Professor Presta has identified the first
small-molecule FGF trap. Starting from a human protein able to bind FGFs
(PTX3),**® a small penta-peptide (ARPCA) was found as the smallest recognition
pattern.’*’1*® A pharmacophoric interaction model between FGF2 and ARPCA and,
a subsequent screening among a library of the National Cancer Institute, served to
identify NSC12 (also known as NSC172285 or UPR1358) 248149

The structure of this steroidal compound was correctly established after its
synthesis was performed in 2016, as it was at that time still undisclosed by their
original authors. NSC12 display a pregnenolone core substituted at position 17
with a bis-(trifluoromethyl)propanediol chain bearing an ambiguous chiral center
at position 20. Thus two different diastereocisomers were synthesized, UPR1358
(20S) and UPR1357 (20R), showing different physicochemical and pharmacological
properties (figure 13).1°°

Whereas UPR1358 (NSC12) is able to disrupt the formation of the ternary FGF-
FGFR-HS complex, UPR1357 is devoid of any biological activity. Additionally,
UPR1358 exhibit anti-cancer activity in mice model of FGFR-dependent human
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lung carcinoma when orally administered, without significant signs of toxicity
(figure 13). UPR1357 was also characterized by a lower solubility when compared
to UPR1358 (or NSC12). These evidences raised the question whether the

different biological behavior of UPR1358 and UPR1357 derived from the
stereochemistry, the solubility or both.
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Figure 13: a) Chemical structure of diastereoisomers UPR1358 (NSC12) and UPR1357. b) Inhibition of FGFR-
FGF-HS ternary complex formation displayed by UPR1358 (11in the picture) and UPR1357 (9 in the picture).
c) Inhibition of KMS-11 myeloma cell proliferation exerted by UPR1358. d) Inhibition of Lewislung carcinoma
growth after oral administration of UPR1357 (11in the picture) and UPR1357 (9in the picture). Figures b) c)
and d) adapted from ref. 150.

Since a clear model of interaction of UPR1358 with its target is not available, a
research work aimed at clarifying the role of the Ilateral bis-
(trifluoromethyl)propanediol on the biological activity was carried out. The bis-
(trifluoromethyl)propanediol chain was thus replaced with different bioisosteric
derivatives leading to a panel of UPR1358 steroidal analogues (figure 14).
Additionally, the role of the hydroxyl group at position 3 was investigated by
synthesizing derivatives containing hydrophilic groups or oxidized analogues
(figure 14).

26



The synthesized compounds have been tested to evaluate their ability to inhibit
the proliferation of FGFR-dependent cells or the autophosphorylation of FGFR3
(table 1). Unfortunately the biological results gave us an unclear picture, showing
how the stereochemistry appears a marginal factor for the anti-proliferative
activity. Moreover, some compounds were able to affect the cell proliferation

without interfere with FGFR phosphorylation, suggesting an alternative
mechanism of action.
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Figure 14: UPR1358 and UPR1357 and their derivatives. A) Lateral chain substitution. B) Oxidationat position
3. C) Pregnanolone derivatives. D) Substitution at position 3.
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Compound 1Cso 2 % lnthItIonb Oxidation of position 3
UCM1369 (205) 34 85.2
UPR1358 3.4 74.2 .
: : UCM1374 (20R) 5.8 active
UPR1357 inactive 0 UCM1370 (205) 72 415
Lateral chain substitution UCM1375 (20R) 53 35
e == 2 UCM1376 (20R) 6.2 67.4
UPR1380 inactive 34.2 —
Pregnanolone derivatives
UPR1391 inactive 16 UCM1371 (205) 70 759
UPR1390 inactive 0 UCM1377 (20R) 24 97.6
e 2 E UPR1392 (20S5) 29 63.3
UPR1384 122 139 UPR1393 (20R) 4.2 0
UPR1387 13.3 0 P o
Substitution of position 3
UPR1386 228 8.6 UCM1372 (205) 5.6 87.9
UPR1377 _ 5'5_ 403 UCM1378 (20R) 2.3 99.7
UPR1378 inactive 20.3 UCM1368 (205) 33 571
UPR1379 inactive 54.8 UCM1373 (20R) 77 5.2
UPR1395 7 512 UPR1389 (20R) 4.5 0
e s 2o UPR1399 (2085) 4.0 100

Table 1: biological results of tested compound classified according to their chemical scaffold. 2. cell count

viabilityon KMS-11 human myeloma cellline. b: inhibition of FGFR3 phosphorylation with tested compound
at 6pM.
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2.6 Aim of the work

UPR1358 (NSC12) is the first small-molecule FGF trap endowed with anti-
proliferative activity in vivo, but the mechanism of interaction with its target is not
fully understood yet. A first strategy to investigate such mechanism was aimed to
clarify the structure-activity relationships by exploring the chemical space
surrounding the lateral fluorinated chain and the steroidal nucleus. Early results
have shown that the replacement of the bis-(trifluoromethyl)propanediol chain of
UPR1358 with isosteres groups led to derivatives with negligible biological activity
(figure 14 previous section). On the other hand, minor modifications of the steroid
were tolerated, leading to compounds which retained the anti-proliferative
activity. In some cases, the substitution and the oxidation of the secondary
alcohol at position 3 of UPR1358 led to derivatives which not only maintained the
anti-cancer activity (figure 15 panel A and C), but also exhibited strong inhibition
of ligand-dependent activation (figure 15, panel B).

The biological evaluation of the steroidal derivatives have also shown how the
anti-proliferative activity is marginally affected by the chiral configuration at C20
of the bis-(trifluoromethyl)propanediol chain, whereas the stereochemistry
appears somehow involved in the inhibition of FGFR ligand-dependent activation.
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Figure 15: A) steroidal derivatives of UPR1358. B) Biological results of tested compounds. |Cs, calculated on
human myeloma KMS-11 cell count viabilityassay. %pFGFR: KMS-11 cells were incubated with 6 uM
concentration of the tested compounds for6 h. The cellswere subsequently lysed and the receptors were
quantified byimmunoblot assay. %pFGFRrepresent the percentage of phosphorylated receptor. C) Anti-
cancer activity of tested compound in human lung cancer xenografts in mice
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As an example, two set of diastereomeric compounds UPR1399 (20S)/UPR1389
(20R) and UPR1392 (20S)/UPR1393 (20R) exhibit a comparable ICsq value when
tested in cell viability assay, whereas the two isomers 20S show stronger
autophosphorylation inhibition than isomers 20R (figure 15 panel B).
Ambiguously, this stereochemical effect cannot be generalized, for example the
diastereoisomers UCM1371 (20S) and UCM1377 (20R) display a similar level of
autophosphorylation inhibition (figure 15 panel B).

These evidences suggest that the steroidal portion can be further subjected to
structure-activity analysis aiming to clarify the mechanism of action and possibly
increase the potency of UPR1358. On this basis, we have considered the
replacement of the pregnenolone core of UPR1358 as a potential approach to
obtain non-steroidal derivatives suitable for the investigation of the structure-
activity relationships. Thus, we subjected UPR1358 to structural simplification
without affecting the lateral bis-(trifluoromethyl)propanediol chain and replacing
the pregnenolone core with mimetic biaryl scaffolds (figure 16).
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Figure 16: schematic representation ofthe research approach. Modifications ofthe lateralfluorinated chain

lead to loss of activity. The aim of this work is exemplified by the replacement of the steroidal nucleus of
UPR1358 with mimetic scaffolds.

Three class of steroidal mimetics have been explored: 1,2-diphenyl ethane, 2-
phenylnaphtalene and 1,1’-biphenyl derivatives (figure 16). A unit of non-steroidal
derivatives was obtained by attaching the bis-(trifluoromethyl)propanediol chain
to the phenyl ring of the 1,2-diphenyl ethane scaffold (figure 17, panel A). The

hydroxyl group at position 3 of the pregnenolone nucleus was replaced by
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halogen atoms, whereas the chemical space between the rings A and D of the
steroid nucleus was explored with an ethane chain, ethers groups, secondary and
tertiary amides and a heterocycle ring. Finally, we investigated the position of the
bis-(trifluoromethyl)propanediol chain on the phenyl ring. The class of 2-
phenylnaphtalene derivatives consists of a [-naphthol ring, where the hydroxyl
group superimpose the secondary alcohol of the pregnenolone core, and a phenyl
ring where the bis-(trifluoromethyl)propanediol group has been attached in the
para or meta position (figure 17, panel B). A third derivative was designed
combining the 2-phenylnaphthalene core with a 4-fluoro-phenoxy group. The
class of derivatives bearing a 1,1’-byphenyl core have been synthesized exploring
the position 3 of the pregnenolone scaffold with an ester, a carboxylic acid, a
ketone and alcohol groups (figure 17, panel C). Again, the bis-
(trifluoromethyl)propanediol chain was attached at the para or meta position of
the phenyl ring.
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Figure 17: A) Non-steroidal derivatives with 1,2-diphenyl ethane scaffold. B) Non-steroidal derivatives with 2-
phenylnaphtalene scaffold. C) Non-steroidal derivatives with 1,1’-biphenyl scaffold.
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Since the role of the stereochemistry of the bis-(trifluoromethyl)propanediol
group remained ambiguous, two enantiomers belonging to the 1,1’-byphenyl class
(UPR1422 and UPR1426, figure 18) were isolated to evaluate their biological
response (next section).

...........................................................................

UPR1426
Single enantiomer

Figure 18: molecular structures of the isolated enantiomers.
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2.7 Biological results

The biological evaluation of non-steroidal derivatives was performed at the
University of Brescia in collaboration with the research group led by Professor
Marco Presta.

The anti-proliferative activity was assessed by incubating the KMS-11 human
myeloma cells with the designed compounds, performing a cell count viability
assay (figure 19, C). Whether the inhibition of cell proliferation was to be ascribed
to the suppression of FGF/FGFR signalling, it has been determined by measuring
the inhibition of FGFR3 phosphorylation (figure 19 B).

The biological results were thus compared to that of the target compound
UPR1358 and the negative probe UPR1420. The latter, constituted by the bis-
(trifluoromethyl)propanediol group attached on a linear aliphatic chain, is a non-
steroidal derivative with a negligible effect on FGF/FGFR system (figure 19 A, B
and C).
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Figure 19: A) Chemical structure oftarget compound UPR1358 and the negative probe UPR1420. B) FGFR3
autophosphorylation assay. C) Cell count viabilityassay. UPR1358 ICs5p = 3.1 uM. UPR1420 IC5p = 10 uM.
The biological results show that the substitution of the pregnenolone core with
steroidal mimetic scaffolds generally leads to compounds with an anti-
proliferative activity comparable to that of UPR1358. Nevertheless, the inhibition
of cell proliferation appears in some cases unrelated to the inhibition of FGF/FGFR
signalling, suggesting that different mechanisms of action can play a role for some
of these compounds. Derivatives with polar moieties display a loss of activity,
whereas the exploration of the surrounding space with hydrophobic groups is

generally tolerated. Finally, the anti-proliferative activity and the inhibition of
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FGFR3 phosphorylation appear favoured when the phenyl ring is substituted with
the bis-(trifluoromethyl)propanediol group at the para position.

1,2-diphenylethane 2-phenylnaphthalene 1,1"-biphenyl
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Figure 20: schematic representation of structure-activity relationships.

Compound UPR1398, belonging to class of 1,2-diphenyl ethane derivatives, shows
a biological profile comparable to that of UPR1358, exhibiting a strong inhibition
of FGFR3 phosphorylation. This is a remarkable result, demonstrating that the
steroidal nucleus can be replaced by more versatile biomimetic scaffold, giving
novel compounds still able to work as efficient FGF traps. The addition of a
methoxy group on the phenyl ring leads to derivatives which maintain the
inhibitory potency on cell viable assay, but exhibiting a decreased inhibition of
FGFR3 phosphorylation (UPR1388, figure 21 panel B). The exploration of the
steroid core with polar groups such as the amides and the heterocyclic ring
resulted in a complete loss of activity (UPR1401, 1406 and 1410). The addition of
an extra ring, as in case of the tetrahydronaphthalene derivatives UPR1419 and
UPR1416, does not significantly change the antiproliferative activity. Finally, the
position of the fluorinated group on the 1,2-diphenyl ethane scaffold marginally
affects the biological activity.

The derivatives belonging to 2-phenylnaphtalene class share a similar inhibitory
potency on cell proliferation. Nevertheless, only UPR1403 exhibits a strong
inhibition of FGFR3 phosphorylation (figure 21, panel B). The lower potency of
UPR1417 in inhibiting the FGFR3 activation suggests that the fluorinated chain lies
in a sub-optimal position.

Within the 1,1’-biphenyl class, UPR1400 shows a biological profile comparable to
that of UPR1358. Interestingly, the replacement of the ester group of UPR1400
with a carboxylic acid (UPR1402 and 1413), the benzyl alcohol (UPR1407 and
UPR1414) or the ketone (UPR1421) strongly reduces the anti-proliferative activity
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(figure 21, table A). The substitution of the phenyl ring also negatively affects the
inhibition of FGFR3 phosphorylation as shown by UPR1427 and UPR1428. Again,
the meta-substituted analogue UPR1412 is characterized by a lower anti-
proliferative activity compared to that of UPR1400.

Finally, the biological evaluation of the enantiomers UPR1422 and UPR1426 has
revealed that neither the anti-proliferative activity nor the inhibition of FGFR3
phosphorylation are affected by the stereochemical configuration of the
secondary alcohol on the fluorinated chain (figure 21).

B - . PFGFR3
(|88 5o o8

— A bActin .

; bACtin | e w— — E} bACtIN | e
o e [ amem] [ == =

A
Non-steroidal 1 Inhibition Non-steroidal . Inhibition
derivatives % of FGFR3’ derivatives % of FGFR3?
1,2-diphenyl ethane scaffold 1,1’-biphenyl scaffold
UPR1358 (NSC12) 4.6 74.2% UPR1400 6.0 +
UPR1388 72 - UPR1402 >10 -
UPR1404 5.1 = UPR1407 9.4 -
UPR1405 5.2 - UPR1412 8.1 -
UPR1406 >10 5 UPR1413 >10 -
UPR1401 >10 - UPR1414 >10 =
UPR1410 >10 - UPR1421 >10 -
UPR1398 8.4 + UPR1427 5.3 -
UPR1409 7.9 = UPR1428 6.9 -
UPR1408 6.1 g Single enantiomers
UPR1416 7.0 - UPR1422 9.9 -
UPR1419 5.2 & UPR1426 11.5 -
2-phenylnaphtalene scaffold
UPR1403 4.2 +
UPR1417 4.6 -
UPR1430 3.9 -
B 2 ¥ ¥ 2 5 & 2 z & 2 8 8 2% 9 S 3
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Figure 21: A) The table summarize the preliminary data of non-steroidal derivatives. Data are obtained aftera
single experiment.. 1 KMS-11 cells were incubated with increasing concentrations of tested compounds for 48
hand viablecells were quantified by flow cytometry (propidium iodide staining). 2KMS-11 cells were
incubated with 6 uM concentration ofthe tested compounds for6 h. The cells were lysedand the receptors
guantified byimmunoblot assay. ® Calculated inhibition ratio pFGFR3/FGFR3.”-" indicates lowerinhibition of
FGFR3 phosphorylation compared to UPR1358.”+"” indicates higher inhibition of FGFR3 phosphorylation
compared to UPR1358. B) Immunoblot detection of FGFR3 and phosphorylated FGFR3.
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2.8 Synthesis of FGF traps

As a broadly defined strategy, the adopted synthetic approach consists of (i) the
synthesis of the non-steroidal portion and then (ii) the synthesis of the bis-
(trifluoromethyl)propanediol group (scheme 1, panel A). The latter is obtained
following the same procedure adopted for the synthesis of UPR1358 and
UPR1357%°°. The first step is an aldol-type condensation between a methyl-
ketone, attached on the phenyl ring of the non-steroidal portion, and
hexafluoroacetone (scheme 1, panel B). The resulting B-hydroxyketone is then
reduced to afford the bis-(trifluoromethyl)propanediol.

3 B Key intermediate !
O OH OH OH !

X CF; = CF; |

\ CF3 \ CFs °!

) E——— ;

AIdoI condensation R Carbonyl reduction R 3

Scheme 1: A) general synthetic approach. B) Synthesis of the bis- (trlfluoromethyl)propanedlol group.

1,2-diphenyl ethane class

The multistep synthesis of UPR1398 and its isomer UPR1408 starts with the
nucleophilic substitution of the proper bromomethyl benzoate with a 4-
fluorophenol providing the aryl ether compounds 1 and 5 (scheme 2). These
compounds were then converted in the corresponding ketones (3 and 7) using the
Weinreb ketones synthesis (Weinreb-amide intermediate). Subsequently 3 and 7
served as the substrates for the aldol-type condensation affording to compounds
4 and 8 which were reduced to give the desired compounds.
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Fmeta 1 Fmeta 2 F meta 3 F meta 4 F meta UPR1398
para 5 para 6 para para 8 para UPR1408
Scheme 2: a) DMF, 4-fluorophenol, K,CO3, r.t,.. 15 h. b) THF, N,O-dimethylhydroxylamine HCI, iBuMgCl, -40°C
tor.t. ¢) THF, MeMgBr, 1 h. d) THF, LiHMDS, HFA, -60°C to r. t.. e) THF, MeOH, NaBH,, 0°C, 30 min.

A similar approach was followed to prepare UPR1409. The methyl-3-
(bromomethyl) benzoate was converted in the corresponding organozinc reagent
and used for the nucleophilic addition to the 4-fluorobenzaldehyde providing the
intermediate 9 (scheme 3). This compound was reduced (10) and converted to the
ketone 12 which served for the aldol condensation (13). Finally, the reduction of
the B-hydroxyketone afforded UPR1409.

OH OH ‘
EF:; FQFg ‘
~o a
—_— OH
F UPR1409
Br. (‘) F 13
o 10 R= OCHj,

11 R= N(CH,)OCH,

Scheme 3: a) (i) THF, methyl 3-(bromomethyl)benzoate, Zn°, 80°C, 2 h. (ii) THF, 4-fluorobenzaldehyde, 0°C to
r.t., 18 h, 25%. b) (i) HCl 37%, 50 min. (ii) AcOH, Zn°, 1 h, 33%. c) THF, N,O-dimethylhydroxylamine HCl,
iBuMgCl, -40°C tor.t. 67% yield. d) THF, MeMgBr, 0°C, 1 h, 73%. e) THF, LIHMDS, HFA, -60°C to r. t.95%. f) THF,
MeOH, NaBH,, 0°C, 30 min, quantitative yield.

The non-steroidal scaffold of UPR1410 was prepared from ethyl 4-
hydroxybenzoate which was first subjected to an aromatic nitration and then
converted to the corresponding aniline 15 (scheme 4). The acylation on amino
group of 15 with 4-fluorobenzoyl chloride provided the amide 16. This compound
served as the precursor of 17 which was then converted to the corresponding
ketone 19. Finally, the bis-(trifluoromethyl)propanediol group was synthesised.
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18 R= N(CH3)OCHj

Scheme 4: a) AcOH, HNO;, 40°C, 3 h, quantitative yield. b) THF, water, 10% Pd/C, HCOONa, 50°C, 4 h 98%. C)
(i) SOCl,, 4-fluorobenzoic acid, 90°C, 1,5 h. (ii) THF, 15, Net3 0°C, 1 h, 65%. e) Toluene, pTSA, 110°C, 2 h, 66%. f)
THF, N,O-dimethylhydroxylamine HCl, iBuMgCl, -40°C to -20°C. 80%. g) THF, MeMgBr, 0°C, 30min, 94%. h)
THF, LIHMDS, HFA, -60°C to r. t. 3h, 60%. i) THF, MeOH, NaBH4, 0°C, 30 min, quantitative yield.

A different approach was pursued in case of UPR1388. Here the bis-
(trifluoromethyl)propanediol group has been synthesised by a nucleophilic
addition of 2-(bromomethyl)-hexafluoropropan-2-ol, converted in situ to the
corresponding organolithium reagent, to the aldehyde 22 (scheme 5). This
represents an effort to explore a different synthetic route for the preparation of
the fluorinated chain, but the organolithium intermediate appeared incompatible
with different functional groups, rendering this approach albeit very
straightforward, of limited synthetic utility.

fo) (IJ OH OH é

! :

Fs .

g a - b ~ cf: |

' o —— 0 o] :

OH :

cl o 1

Br CF, :

! 21 22 CFs UPR1388 |
| F

Scheme 5: a) DMF, 4-fluorophenol, K,CO3, r.t., 18 h, 65%. b) THF, nBuli, -78°C, 1 h, 35/

UPR1404, the chloro-analogues of UPR1388, was thus synthesised following the
usual procedure (scheme 6). The aldehyde 24 was converted in the secondary
alcohol 25 and then oxidized to the corresponding ketone 26 by means of a
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modified Oppenauer oxidation, employing trimethylaluminum as the alcohoxide
precursor. Finally, the bis-(trifluoromethyl)propanediol chain was obtained via
aldol condensation and -hydroxyketone reduction.

OH OH

SR T
T W g 9

Scheme 6: a) DMF, 4-chlorophenol, K2CO3, r.t., 18 h, 82%. b) THF, MeMgBr, 0°C, 20min, 97%. c) (i) To/uene
Al(CH3)s, 0°C, 20min. (ii) Toluene, ciclohexanone, 130°C, 2 h, 72%. d) THF, LIHMDS, HFA, -60°C to r. t. 4h, 30%.
e) THF, MeOH, NaBH4, 0°C, 1 h, 75%.

The synthesis of the scaffold of UPR1405 started from the conversion in situ of the
2-chloromethylanisole 28 in the corresponding organomagnesium compound and
its addition to the para-fluorobenzaldehyde. The resulting secondary alcohol 29
was then reduced and subjected to a Friedel-Craft acylation providing the methyl
ketone 31. This compound served as the substrate for the aldol condensation and
the following 3-hydroxyketone reduction.

OH OH

3 cr£3F3 3
@\Am a |l on b1 7 UPR1405 :
} o

1 28 |

29 F

Scheme 7 a) (i) THF, 28, Mg°®, 80°C, 30 min. (ii) THF, 4-fluorobenzaldehyde, 0°C, 30 min, 15%. b) (i) HCI 37%,
30 min, r.t. (ii) AcOH, Zn°®, 110°C, 60 min, 60%. c) DCM, AlCl;, Ac,0, 0°C, 20 min, 68%. d) THF, LiIHMDS, HFA, -
60°Ctor. t. 4h, 92%. e) THF, MeOH, NaBH,, 0°C, 30 min, 81%.

The 4-methoxy-3-nitro-acetophenone 33 served as the starting material for both
derivatives UPR1406 and UPR1401 (scheme 8), which despite differing only for the
methylation at the nitrogen atom, required to distinct synthetic routes, for some
functional group incompatibilities (pKa values and very similar nucleophilicities).
In case of UPR1406 the acetophenone 33 served as the substrate for the aldol
condensation, providing the [-hydroxyketone derivative 34. This was reduced in
two steps to give the aniline/propanediol 36 which was acylated to provide the
final compound UPR1406. On the other hand, for UPR1401, the nitro compound
33 was reduced as the first step to the corresponding aniline 37 and acylated with
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4-fluorobenzoyl chloride to give the amide 38. This was methylated (39) and then
the bis-(trifluoromethyl)propanediol was synthesised affording UPR1401.

o OH OH OH OH OH
a b, c -
- e — ke CEFs
~o ~o ~o ~o
33 oY% 34 0% 3 N HN. -0 3
UPR1406 |
€ F
0 0 ) OH OH
—f, _g, h i N Cléss’:3
9 9 9 9
NH, HN.__O _N_O _N_O
37 38 39 UPR1401

Scheme 8: a) THF, LIHMDS, HFA, -78°C, 1 h, 31%. b) MeOH, NaBH,, 0°C, 30 min, 65%. c) EtOH, water, ACOH
Fe®, r.t. 3 h, 70%. d) (i) SOCl,, 4-fluorobenzoic acid, DMF, 1.5 h, r.t. (ii) Pyridine, 36, 30 min, r.t. 82%. e) EtOH,
water, AcOH, Fe®, 3 h, 62%. f) (i) THF, 4-fluorobenzoic acid, pivaloyl chloride, DiPEA, 0°C, 30 min. (ii) THF, 37,
0°C to r.t., 18 h, 66%. g) THF, NaH, Mel, 0°C, 2.5 h, 95%. h) THF, LiHMDS, HFA, -78°C, 1 h, 31%. i) MeOH,
NaBH,, 0°C, 20 min, 90%.

The synthesis of UPR1416 features a nucleophilic substitution at the benzylic
position of compound 41 which provided aryl ether 42. This was then converted in
the desired product through the usual route (scheme 9). Analogously, UPR1419
was obtained by aldol-type condensation and the [-hydroxyketone reduction
from the aryl ether 44.

' fo) OH OH

: a CF;

3 _ \o —» |
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UPR1419

Scheme 9: a) DMF, 4-fluorophenol, K,CO;, r.t., 18 h 37%. b) THF, LiHMDS, HFA, -60°C, 3 h 43%. c) MeOH,
NaBH,, 0°C, 30 min, 53%. d) THF, LiIHMDS, HFA, -60°C, 3 h, 32%. e) MeOH, NaBH,, 0°C, 30 min, 36%.



2-phenylnaphtalene class

To obtain the compounds of this class, the central C-C bond was planned to be
obtained through a Suzuki-Miyaura Pd-catalyzed cross coupling reaction. The
derivative UPR1403 and its regioisomer UPR1417 were obtained from the TBS-
protected aryl-halide 47 (scheme 10). This compound served as a partner for the
Suzuki-Miyaura coupling which provided ketone intermediates 48 and 51. The
target compounds were obtained by deprotecting the phenol group after
condensation and the reduction of the resulting B-hydroxyketone intermediates
(49 and 52).

The 6-bromonaphth-2-ol 46 was converted to the corresponding boronic ester 54
which served, together with the aryl-halide 56, for the carbon-carbon bond
formation providing the intermediate 57. The nucleophilic substitution at the
benzylic position of 57, and the aldol condensation gave compound 58 which was
reduced to afford UPR1430.

UPR1043

CF3 cFy |

f O CF3 CF3 :

a i
TBSO © TBSO °© HO OH OH

51 52 UPR1417
46 56
Br
X ) I
/ oo OorY 2 L
HO TBSO TBSO OO cl
54 55 57

Scheme 10: a) DMF, TBDMSICl, NEt;, 0°C, 24 h, 66%. b) 1,4-dioxane, water, 4-acetylphenylboronic acid pinacol
ester, Pd(PPh;),Cl,, K,COs, 100°C, 5 h, 66%. c) THF, LIHMDS, HFA, -60°C,3 h, 71%. d) THF, MeOH, NaBH,, 0°C, 2
h, 96%. e) THF, TBAF, 3 h, 85%. f) 1,4-dioxane, water, 3-acetylphenylboronic acid pinacol ester, Pd(PPh;),Cl,,
K,CO3, 100°C, 5 h, 62%. g) THF, LIHMDS, HFA, -60°C, 30%. h) THF, MeOH, NaBH,, 0°C, 2 h, 86%. i) THF, TBAF, 3
h, 97%. j) 1,4-dioxane, B,Pin,, Pd(Dppf)Cl,, AcOK, 90°C, 6 h, 55%. k) DMF, TBDMSiCl, imidazole, 0°C, 18 h, 83%.
1) 1,4-dioxane, water, Pd(PPhs),Cl, K,COs; 90°C, 7 h, 73%. m) DMF, 4-fluorophenol, K,COs, r.t. 18 h, 25%. n)
THF, LIHMDS, HFA, -60°C, 3 h. (ii) THF, TBAF, 3 h, 58%. o) THF, MeOH, NaBH,, 0°C, 1 h, 90%.



Biphenyl class

The derivatives belonging to the biphenyl class share a similar synthetic route
where the biphenyl scaffold is provided by a carbon-carbon bond formation
between two functionalized phenyl rings under Suzuki-Miyaura conditions. The
bis-(trifluoromethyl)propanediol group is then synthesised through the usual aldol
condensation and the subsequent [3-hydroxyketone reduction.

UPR1400, UPR1402 and UPR1407 were obtained from the common ketone
intermediate 62 which served as the substrate for the aldol condensation (scheme
11). From 63, the simultaneous reduction of the ester and carbonyl groups led to

UPR1407 whereas the selective reduction of [-hydroxyketone provided UPR1400.
Finally its hydrolysis gave UPR1402.

UPR1400 R= COOEt

UPR1402 R= COOH

Scheme 11: g) 1,4-dioxane, water, Pd(PPh;),Cl,, K,CO5;, 100°C, 3 h, 87%. b) THF, MeMgBr, 0°C, 1m/n 99%. c) (i)
Toluene, Al(CHs)s, 0°C, 20min. (ii) Toluene, ciclohexanone, 130°C, 3 h, 77%. d) THF, LiIHMDS, HFA, -60°C, 3 h,
95%. e) THF, MeOH, NaBH,, 0°C, 30 min, 75%. F) H,O, THF, NaOH, r.t., 18 h, 70%. g) THF, LiAIH,, 0°C, 1 h, 58%.

The same synthetic approach was followed to obtain the regioisomers UPR1412,
UPR1413 and UPR1414, as depicted in scheme 12.

EtO0C EtOOC
o]
N
019 Fs

B. 65

OH OH

cf

UPR1412 R= COOEt

UPR1413 R= COOH O OH OH

sacd
UPR1414

Scheme 12 a) 1,4-dioxane, water, Pd(PPhs),Cl, K;COs; 100°C, 3 h, 83%. b) THF, LiHMDS, HFA, -60°C,3 h, 58%.
c) HF, MeOH, NaBH,, 0°C, 30 min, 99%. d) Water, THF, NaOH, r.t., 18 h, 73%. e) THF, LiAlH,, 0°C, 1 h, 70%.
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In a similar fashion, the biphenyl scaffold of UPR1427 and UPR1428 was obtained
through a Suzuki-Miyaura coupling between the substituted ethyl 4-iodobenzoate
(66 and 69) and the corresponding boronic acid (scheme 13). The resulting
ketones (67 and 70) served as the substrate for the synthesis of the bis-
(trifluoromethyl)propanediol group. In case of UPR1421, the Suzuki reaction was
performed between the aryl-halide 73, already equipped with the fluorinated
chain, and the boronic ester 74. This procedure prevented the aldol condensation
with the indanone moiety of 74, and additionally served to prove the stability of
the bis-(trifluoromethyl)propanediol group under the conditions of Suzuki-
Miyaura coupling.

w o OH OH 3
d Y,/‘)K Y,/‘)% . Y,/‘M S
66 R=Me 67 R Me 68 R=Me UPR1427 R= Me
69 R=Bn 70 R=Bn 71 R=Bn UPR1428 R=Bn

OH OH

o OH OH
O e
3
d e CF(33F3 g
Br Br .

UPR1421

Scheme 13: a) 1,4-dioxane, water, Pd(PPhs),Cl,, K,CO;, 100°C. b) THF, LIHMDS, HFA, -60°C. c) THF, MeOH
NaBH,, 0°C. d) THF, LiHMDS, HFA, -60°, 3 h, 58%. e) THF, MeOH, NaBH,, 0°C, 2 h, quantitative yield. f) DMF,
B,Pin,, Pd(OAc),, AcOK, 90°C, 6 h, 15%. g) 1,4-dioxane, water, Pd(PPh;),Cl,, K,COs3 100°C, 6 h, 15%.

The chiral derivatization of racemic mixture 73 with N-Boc-L-alanine allowed the
chromatographic separation of diastereoisomers 75a and 75b (scheme 14). These
were hydrolysed to give isolated enantiomers 76a and 76b which were coupled
with 77 to provide UPR1422 and UPR1426.
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Scheme 14: a) DCM, N-Boc-L-Alanine, DMAP, EDC, 0°C to r.t., 18 h. 36% 75a; 11% 75b. b) MeOH, Na*, 0°C24
h. 82% 76a; 91% 76b. c) 1,4-dioxane, water, Pd(PPh;),Cl, K,COs, 100°C, 5 h. 69% UPR1422; 35% UPR1426.

The negative probe UPR1420 was obtained by converting the octanoic acid 78 to

the corresponding ketone 80 (scheme 15). This served as the substrate for the

aldol condensation and the following reduction of the -hydroxyketone.

| 0 5
: a |
: ——— 79 R=N(CH;)OCH; ~—— OH OH !
E b !
: L~ 80 R=CH, B cFsfs
; c d UPR1420 5

...........................................................................................

Scheme 15: a) (i) DMF, NEts, ethyl chloroformate, 0°C, 30 min. (ii) N,O-dimethyl hydroxylamine hydrochloride,
r.t. 8 h, 76%. b) THF, Meli, 0°C, 20 min, 91%. c) THF, LiIHMDS, HFA, -60°, 3 h, 29%. d) THF, MeOH, NaBH,, 0°C, 2
h, 58%.
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3 Epidermal growth factor receptor

3.1 Overviewon ErbB family

ErbB is a family of tyrosine kinases constituted by four receptors: the epidermal
growth factor receptor (EGFR, or ErbB1 also known as HER1), which represents
the first identified RTK, ErbB2, ErbB3 and ErbB4 (also called HER2-4).1*! Belonging
to the class of receptor tyrosine kinases, ErbB receptors share common structural
features such as an extracellular region, a trans-membrane helix and a cytosolic
kinase domain. The receptor ErbB3 lacks the intracellular domain and is devoid of
any catalytic activity. Their ligands can be divided in four groups according to their
receptor specificity. EGFs (Epidermal Growth Factors), TGF-o. (Transforming
Growth Factor- a) and amphiregulin bind specifically to EGFR, betacellulin,
epiregulin and heparin-binding EGF show affinity for EGFR and ErbB4 whereas
neuregolins (NRGs) are able to bind specifically to ErbB3 and ErbB4 (NRG1 and
NRG2) or only to ErbB4 (NRG3 and NRG4).***°%1°3 Most of the ErbB factors are
exposed as precursors on the cell membrane, and they are released, under proper
stimuli, by enzymatic cleavage by cell surface proteases.'®* This mechanism serves
to regulate the ligand concentration on the extracellular environment.

The extracellular region is organized in four domains (D1-D4) where domain D1
and D3 are constituted by several LRR-like (Leucine Rich Repeat) -helices capped
by a a-helix, and domains D2 and D4, consisting of ~150 amino acids, which
contains cysteine rich regions.>®**>° In its inactive state the extracellular region is
assembled in a gathered conformation where D2 region is buried between D1 and
D3 domains.’*®**” When the ErbB ligand approaches its receptor, D1 and D3
domains act as a pincer to accommodate the ligand disclosing the D2 domain
which is now able to exposes its dimerization arm.**® The dimerization can occur
between two identical ErbB receptors (homo-dimer) or between two different
members of the family (hetero-dimer). In both cases the interface of the dimer is
constituted by the D2 domains (they interact each other) whereas the ligands
serves only to disrupt the auto-inhibited gathered conformation.*® ErbB2, lacking
of the extracellular domains D1 and D3, has a fixed structure where the
dimerization arm is always exposed, resembling the active conformation.*®° This is
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consistent with the fact that ErbB2 is often found as a hetero-dimerization partner

with other ligand-activated receptors.**6?

Inactive receptors Exposed D2 Active dimer

&

N

Active kinase
domains

Kinase domain

Figure 22: schematic representation of EGFR dimerization.

Generally, the mechanism of activation of the RTKs involves a key phosphorylation
event at the activation loop. The EGFR/ErbB family represents an exception
showing a unique mechanism of kinase activation.>"*®? The assembly of ErbB
dimer leads to the formation of an asymmetric cytoplasmic complex where the C-
lobe of one kinase domain serves as an “activator” for the “receiver” N-lobe of
the neighbouring kinase domain. This interaction induces the rotation of the C-
helix of the receiver, followed by the formation of the conserved ionic bridges
between the residue Glu762 (on the C-helix of the N-lobe) and the Lys745 (on the
3-strand of the N-lobe). As a consequence of these conformational changes, the
receiver kinase adopts the usual configuration of the active catalytic state without
having phosphorylated its activation loop.'®® The juxtamembrane region of the
receiver kinase also promote the interaction between the receiver and the
activator kinases.'®*

Once the cytoplasmic domain is activated, the recruitment of adaptor proteins
allow the signalling transduction.’®® The activated pathway includes RAS-RAF-
MAPK PI3K-AKT-mTOR (Mammalian Target Of Rapamycin), PLCy-PKC and the
transcription factors activator JAK-STAT signalling which affect the proliferation,

the differentiation and the cell survival.*®%’
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3.2 ErbB family and cancer

ErbB signalling contributes to cell proliferation, differentiation and survival in
several tissues. The entire process from the expression to the activation of the
receptors, as well as the expression and release of EGF ligand family is highly
regulated.’® The deregulation of ErbB family signalling has been found in many
cancers, where it represents a poor prognosis factor or even an oncogenic
driver.*#168169.170 The gene amplification and overexpression of mutated ErbB
family occur in 35% of glioblastoma cases, where the expression of aberrant EGFR-
(vIll) is a well-known mutation’. EGFR-(vIll) exhibits an aberrant extracellular
region, which lacks domain | and part of domain I, with an impaired auto-
inhibitory mechanism resulting in a constitutively activated conformation.!’*

EGFR also plays a key role in lung cancer development, where its mutated forms

172 One of the most

appear in 20-80% cases of NSCLC (non-small cell lung cancer).
common mutations found in NSCLC is L858R, a point mutation which affects the

kinase domain and promotes a ligand-independent signalling.’3.

3.3 EGFR Tyrosine Kinase inhibitors

EGFR is a validate target in anti-cancer therapy as demonstrated by the different
kinase inhibitors approved for clinic use.**1%% The first generation of EGFR TKls
comprises the reversible compounds gefitinib and erlotinib, which have been
approved in 2003 and 2004 respectively, for the treatment of NSCLC.

These agents have achieved high clinical response rate by targeting specifically
L858R mutated EGFR.1*"7 Aberrant EGFR'">®® displays lower affinity to ATP
compared to the wild-type receptor, nevertheless this mutation promotes a
ligand-independent signalling and represents an oncogenic factor for NSCLC
development.}’® The different affinity to ATP provides an advantage factor to
selectively target the mutated receptor.'’”®

X-ray diffraction data show how erlotinib and gefitinib bind the kinase domain
establishing a hydrogen bond between N1 of the 4-amino-quinazoline ring and

180,181

backbone residues at the ATP binding pocket. The aniline ring is involved in a

key interaction with a hydrophobic pocket, at the gatekeeper position, which is
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not exploited by ATP (figure 23). Moreover, the lateral substituents extend in a
solvent exposed region.

Erlotinib
) —~ A&l _\

Figure 23: crystal structure of EGFR and first generation inhibitor erlotinib (PDBID:1M17).

The clinical efficacy of first generation TKls is limited to 10-14 months of therapy,
when the development of resistance, often due to secondary mutations, induces

182 One of the best characterized secondary point

resistance to these inhibitors.
mutations is the replacement of the gatekeeper threonine with a methionine
residue (T790M).'®® This event hampers the hydrophobic interaction of the aniline
ring of the first generation agents at the gatekeeper position. Additionally, this
mutation restores the affinity of EGFR'®®*T9M o ATP, further limiting the
efficacy of TKls due to an increased competition with intracellular ATP.'®*
EGFR"*®Mhas been reported in almost 70% of patients with acquired resistance to
EGFR TKls, and thus represents a case of mutation induced by first generation
EGFR inhibitors.'®>

A second generation of irreversible TKls was designed to overcome the
gatekeeper mutation and restore the clinical efficacy.'®®788 Afatinib has been
approved in 2013 for the treatment of advanced lung cancer.*? This compound
targets the ATP binding pocket interacting with its 4-amino-quinazoline ring and
the acrylamide warhead reacts with a conserved cysteine residue (Cys797) at the

hinge region.'®%*%° The irreversible inhibition avoids the binding competition with
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cellular ATP thus increasing the potency and the clinical efficacy of TKis. This class
of agents exhibits a low maximum tolerated dose due to a low selectivity and the
inhibition of the wild-type EGFR.*! This on-target toxicity is characterized by
diarrhea, fatigue and adverse skin reactions.*%*%3

A third generation of EGFR TKIs has been recently disclosed to target selectively
the mutated EGFR thus avoiding the related adverse effects.!**2°¢ Osimertinib*®’,
rociletinib'®®, olmutinib®®® and Wz4002>’ are some of third-generation inhibitors
(figure 24). Among these compounds osimertinib has been approved by FDA in
2015 for the treatment of NSCLC expressing EGFR™79M.

These compounds adopt a U-shaped conformation at the ATP binding site
allowing the target of the Cys797. They share a common 2-amino-pyrimidine ring
which establishes key hydrogen bonds with the backbone residues of the hinge
region.”’ The pyrimidine core is substituted by a small hydrophobic moiety,
constituted by 5-membered heterocyclic moieties or halogen atoms that interact
hydrophobically with the mutated gatekeeper residue (Met790), thus
corroborating the selectivity over the wild-type receptor.

\T54
T
~— Cys797 and
*lﬁ;/' acrylamide

Figure 24: crystal structure of EGFR and third generation covalentinhibitor WZ4002 (PDBID3LKA).

o?

The long term therapy with second and third generation EGFR TKlIs has been

200202 3 mong which the

correlated to the insurgence of secondary mutations,
targeted cysteine (Cys797) has been found mutated in a less nucleophilic serine

(C7975)293:2%4 or glycine (C797G), excluding the option of the irreversible inhibition
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as a strategy.?® Thus, the selection of a triple mutant EGFRL858R/T79°M/C797S, or the
activation of bypassing signalling pathways lead to a dramatic reduction of

therapeutic options.2%%-2%
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3.4 Aim of the work

A class of 2,4-diaminopyrimidine based inhibitors were synthesised with the aim
of targeting EGFR receptors characterized by the mutation of the Cys797 residue.
Being the target for acrylamide warheads of covalent inhibitors, its mutation led
to loss of clinical efficacy of therapies based on third generation of EGFR inhibitors
(figure 25)?°%. The mutation of the cysteine residue with a serine (C797S) demands
developing covalent agents bearing new electrophilic warheads. Additionally, the
mutation of the cysteine residue into a glycine (C797G) has been already
detected, thus rendering ineffective any strategy based on covalent inhibitors that
address residue 797. It becomes therefore necessary to identify different residues
as the target for covalent inhibition as alternative strategy.

- L858R/T790M - L858R/T790M
T E -@- L858R/T790M/C797S N7 l -@- L858R/T790M/C797S
150 U [ i a
N F 126 HN- N A 125
HN™ N7 NH 5 o ‘_L i L 5 100
O A t o £ 1001 ~0 9 ' £ 75
“‘ } I § 75 N""‘ = g
7 NS 50 hTJ H 5 501
_N 2 25 - Osimertinib ;2
L Rociletinib 0 Ne ‘N (AZD9291) B
. ! I, n
(CO-1686) 0 0001001 0.1 1 10 | 0 0001001 01 1 10
o CO-1686 concentration (M) AZD9291 concentration (M)

Figure 25: inhibition of proliferation exerted by third generation EGFRinhibitors rociletinib and osimertinibin
Ba/F3 lines harbouring EGFR with double mutation (L858R/T790M) or triple mutation (L858R/T790M/C797S).

Figure adapted from 208

We focused our attention on a lysine residue (Lys745), spatially close to the P-
loop, which is involved in the formation of a conserved salt bridge with Glu762,
located on the C-helix. This crucial interaction allows the kinase to adopt an active
catalytic state, thus the risk of casual point mutation of Lys745 is reasonably low.
A 2,4-diaminopyrimidine ring shared by third generation EGFR inhibitor rociletinib
was chosen on the basis of computational modelling analysis and synthetic
feasibility. The steric arrangement of the U-shaped structure of rociletinib
appeared to be favourable to reach the proximity of the lysine residue and it was
designed to bind selectively to EGFRT790M over the wild-type EGFR, providing a
solid base for the selectivity towards the receptor. Lastly, the few synthetic
operation involved in its preparation made its synthesis particularly appealing,
with minor modifications.
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With a suitable scaffold in our hand, we focused our attention on the exploration
of electrophilic warheads able to react with the lysine residue. On this basis five
different compounds were initially synthesized: a negative control UPR1423 with a
non-reactive acetamide and four compounds UPR1424, UPR1425, UPR1432 and
UPR1433 each with a different reactive group (figure 26).
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Figure 26: leftside, docket pose of UPR1424 (yellow) superimposed to crystal structure of rociletinib (light

blue) in complex with EGFR™°® (PDBID: 5XDK). Right side, molecular structure of synthesised 2,4-

diaminopyrimidine compounds.

The 2-chloroacetamide derivative UPR1424 was designed for its high reactivity
toward nucleophiles and thus the reasonable ability to give a covalent adduct with
the target lysine. The sulfonyl fluoride group of UPR1425 and UPR1433 was
selected as a suitable warhead able to target the lysine residue, since this class of
electrophiles has been exploited in chemical biology to obtain covalent probes
that bind lysines. A recent example is provided by the multi-target kinase inhibitor
X044, that in complex with the kinase Src or EGFR confirms the chemoselective
reaction between its sulfonyl fluoride warhead and the target lysine, proved by X-
ray diffraction crystallography.?®® The vinyl sulphonamide group was selected as a
possible lysine-targeting warhead in UPR1432. This electrophilic moiety was found
to bind irreversibly the lysine residue as exemplified by CDK2 inhibitor NU6300.%*°
As geometrical requirements play a role in the early phases of adduct formation,
an additional derivative decorated with a sulfonyl fluoride warhead was designed
(UPR144), in order to reproduce as much as possible the conformation adopted by
the chemical probe X044 in the adduct with EGFR (figure 27).
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Figure 27: docket pose of UPR1444 (green)superimposed to the crystal structure of X044 (light blue) in
complex with EGFR (PDBID: 5U8L).
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3.5 Biological results

The synthesised derivatives were tested to evaluate (i) their activity on triple
mutant EGFRE58R/T79OM/CT97S (5i) their mechanism of inhibition and (iii) their anti-
proliferative effect assessed in vitro on different cell lines.

The inhibitory activity on triple mutant EGFR isoform has been measured
qguantifying the amount of phosphorylated product by Time Resolved
Fluorescence Energy Transfer (TR-FRET). The FRET-based assay served to obtain
an ICsg value of the kinase inhibition performing the measure with ATP and pre-
incubating (3 hours) the inhibitor and the receptor in absence of ATP. The two
different 1Csg measures collected for each compound gave us preliminary
information on the nature of the binding between the triple mutant EGFR and the
tested compound. In particular, for slow-binding covalent inhibitors pre-
incubation causes a decrease in ICso values (i.e. an increase of potency). Along
with the synthesised 2,4-diaminopyrimidine derivatives, the FRET based assay was
performed also to measure the inhibitory potency of three reference compounds:
brigatinib®'* (a non-covalent inhibitor able to inhibit EGFR with C797S mutation)
as a positive control, osimertinib as a negative control and X044 as a positive
control given its reported ability to bind the Lys745 covalently.

As expected, the covalent probe X044 displays two different ICsq values, with a =
40 fold potency increase when tested after pre-incubation, whereas brigatinib
exhibit a high inhibitory potency with an ICso value of = 9nM (figure 28).
Compound UPR1424 displayed a high ICsq value comparable to that of osimertinib
and UPR1423, thus indicating that the 2-chloroacetamide appears an unsuitable
electrophilic group for the targeted lysine. Compound UPR1432, with a vinyl
sulphonamide warhead, exhibited a low inhibitory potency and its pre-incubation
with the target gave a negligible potency improvement. Similar results were
observed for the derivative with the aliphatic sulfonyl fluoride warhead UPR1425,
where the pre-incubation with its target did not result in an appreciable potency
improvement. On the other hand the derivative bearing the 4-
carbamoylbenzensulfonyl fluoride showed a lower potency compared to that of
UPR1425, but the pre-incubation with the receptor led to = 6 folds increase of the
ICso value. Finally, UPR1444, bearing a sulfonyl fluoride group on a different
scaffold, exhibited an inhibitory potency 100 fold lower than that of brigatinib but
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its pre-incubation gave a = 67 folds potency improvement The nature of the
binding between UPR1444 with triple mutant EGFR'858R/790M/C797S i nform was
further investigated by a rapid dilution assay, which revealed irreversible
inhibition. The results of this test corroborated the hypothesis of a covalent
interaction between the aromatic sulfonyl fluoride group of the inhibitor and the
target receptor (figure 28).

1Cso (nM) 1Cso (nM) Ratio 100
Compound
EGFR tg EGFR t3p to/tzn
°
Brigatinib 9+3 N/D N/A ..E
. A =]
Osimertinib 952 + 523 N/D N/ § u CTR
X044 253 + 14 6 42 2 5 1423
UPR1423 661 +434 487 1.4 % —
UPR1424 954 N/D N/A - m 1444
UPR1432 679 449 15 5
w
UPR1425 454 329 1.4 II I
UPR1433 845 + 405 146 5.8 0 I
UPR1444 111 +23 1.6 67 20min 30min

Figure 28: |eftside, ICsovalues oftested compounds on triple mutated EGFR L858R/790M/C797S measured
by FRET-based activityassay. Whenshowed, mean+SD (n=3), N/Dnot available, N/A not applicable. Right
side, rapid dilution assay. UPR1444 was incubated with EGFR L858R/790M/C797S for 3h with the UPR1423
(negative control), X044 (positive control) and UPR144compounds. The treated samples were diluted (x100)
and the activity of the enzyme was measured by quantification of the phosphorylation of a reference peptide
with a FRET-based technique. Activityis reported as % of the untreated enzyme (CTR).

The antiproliferative effect of UPR1444 was assessed by evaluating the inhibition
of EGFR phosphorylation and the inhibition of cell proliferation in different lines
harbouring the wild-type EGFR (A459), double mutant EGFR'®*8R/T790M (41975) |
del19EGFR (PC9) and the triple mutant isoform EGFR\8°8R/790M/C7975 (PCOM) (figure
29, A and B). These results show how the activation of the receptor, among the

R-858R/790M/CTSTS e affected by

different cell lines including the one harbouring EGF
UPR1444, nevertheless its inhibitory activity on cell proliferation appear extremely
low. On this basis a stability assay was performed to evaluate the lability of the

UPR1444 in the cell medium (figure 29, C).
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% of inhibition of EGFR at 1 uM after 1h treatment c

Cell Medium
A549 H1975 PC9 PCOM Osimertinib 66.4%°
Osimertinib 30 100 100 0 X044 t12 =656 £2.0 min®
UPR1444 80 60 90 30 UPR1444 t1, =48.8+ 2.3 min®
B ICs0 (nM) measured 72h after treatment
A549 H1975 PC9 PCOM
Osimertinib ~ 500 N.A <10 > 3,000
UPR1444 > 3,000 1,000 -3,000 ~ 3,000 > 3,000

Figure 29: A) % of inhibition of EGFR activity on lung cancer lines. B) Inhibition of cell proliferation of lung

cancerlines. C) Stability of tested compound. % of compound remaining in medium (t=4h, 37°C). Mean +SD

(n=3). |DThe formation of the corresponding sulfonicacid is observed.
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3.6 Synthesis of EGFR inhibitors

The synthetic strategy adopted to obtain the EGFR inhibitors is based on a
convergent approach where the aniline 88 (scheme 1) served as the common
precursor for the synthesis of UPR1423, UPR1424, UPR1425, UPR1432 and
UPR1433.

The synthetic route toward the aniline 88 has been optimized in our group and is
illustrated in scheme 16. The 2,4-diaminopyrimidine core of 88 is provided
through two subsequent nucleophilic aromatic substitutions of 2,4,5-

212 The first aromatic substitution involves a 3-nitroaniline

trichloropyrimidine 85
that replaces the chlorine regioselectively in the position 4 of the
trichloropyrimide 85, affording to the intermediate 86 exclusively. The aniline 84,
which is used as the nucleophile for the aromatic substitution of 86, has been
prepared by substituting the fluorine atom of 82 with 1-acetyl-piperazine and

reducing its nitro group. Finally, the nitro derivative 87 is reduced to afford 88.

Scheme 16: a) 1- acetyl piperazine, 70°C, 8 h, neat, 98% b) THF, NH,Cl, Zn°, 75°C, 8 h 52% c) iPrOH, 3-
nitroaniline, DiPEA, 80°C, 18 h, 72%. d) iPrOH, pTSA, 50°C, 18 h, 50%. e) EtOH, Fe HCl, 90°C, 2 h, 93%.
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The acetylation of aniline 88 provided UPR1423, whereas its acylation with the
mixed anhydride of chloroacetic acid and trimethylacetic (pivalic) acid gave
UPR1424 (scheme 17). UPR1425 has been prepared through a hetero-Michael
reaction between aniline 88 and the vinyl sulfonyl fluoride 91. The 2-

bromoethane-1-sufonyl chloride 892*3

served to obtain UPR1432: the aniline gave
the nucleophilic substitution to the sulfonyl chloride whereas the elimination of
hydrobromic acid gave the corresponding vinyl sulphonamide. Finally, UPR1433

was obtained by coupling aniline 88 with 3-fluorosulfonyl-benzoyl chloride 90,
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Scheme 17: a) Pyridine, Ac,0, 30 min, 82%. b) (i) THF, 2-chloroacetic acid, pivaloyl chloride, DiPEA, 20 min. (ii)
Toluene, 88, 1 h, 55%. c) Pyridine, toluene, NEt;, 89, 0°C, 24 h, 14%. d) THF, pyridine, 90, 0°C, 10 min, 21%. e)
Chloroform, MeOH, 91, 3 h, 13%.

A similar synthetic strategy has been adopted to prepare UPR1444 (scheme 18).
Analogously, the 2,4,5-trichloropyrimide 85 served as the precursor for the 2,4-
diaminopyrimidine core of UPR1444, where its chlorine atoms replacement with a
4-nitroaniline and then with aniline 84 afforded to the nitro derivative 93. The
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reduction of the nitro group gave the aniline 94 which was alkylated with the 4-

(bromomethyl)-benzen sulfonyl fluoride 95**° providing UPR1444.

85 92 93 N NO,
NO, [N]
Ao
SOLCl o ¢ SO.F
B"\/©/
95
N‘ X cl N Cl
\
HN)\ ~ Nk HN)\N/ NH
/O\[; <j _O. i i
[N] HN d N NH, ¢
. SR
o) g o

HCl, 90°C, 2 h, 43%. d) DMF, K,COs, 40°C, 2 h, 35%. e) ACN, KF, 85°C, 18 h, 70%. f) CCl,, NBS, BPO, 80°C, 18%.
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4 Conclusion

Signal transduction is a crucial process by which an extracellular signal triggers a
cascade of intracellular molecular events that eventually result in an appropriate
cell response. Protein kinase receptors represent the first step of the transduction
pathway serving as a key adaptor between extracellular signals and intracellular
messengers. Cell responses such as cell survival and proliferation are largely
affected by growth factors which bind their kinase receptors triggering the
intracellular signalling. Deregulation of this process drives uncontrolled cell
proliferation and cancer development thus growth factors and their receptors
represent a primary target for developing antiproliferative therapies. To date
several agents targeting the growth factors and their receptors are already
available in clinic, and kinase inhibitors represent one of the most explored class.
This thesis describes the design and the development of antiproliferative agents
against the tyrosine kinase receptors FGFR and EGFR.

In case of FGFR we have explored a different approach by developing small-
molecules able to bind extracellular FGFs and thus prevent the transduction of
FGF/FGFR signalling. Based on the promising biological activity of NSC12 we
decided to investigate the structure-activity relationships in order to find new
active compounds with improved properties and to clarify its mechanism of
action. Early results have shown that the replacement of the fluorinated chain of
NSC12 led to a loss of activity whereas modifications of its steroid core gave
compounds which retain the antiproliferative effect. On this basis we planned to
replace the pregnenolone core of NSC12 with mimetic non-steroidal scaffolds with
the aim of further extend the investigation of the structure-activity relationships.
Three classes of non-steroidal derivatives have been synthesised showing that the
pregnenolone core can be successfully replaced by mimetic biaryl scaffolds. These
compounds thus represent an accessible starting point for further investigations
of the mechanism of action of this class of agents. Additionally, we addressed the
role of the stereochemistry of the bis-(trifluoromethyl)propanediol group by
isolating two enantiomers UPR1422 and UPR1426. The biological evaluation of
these compounds revealed that the antiproliferative activity and the inhibition of
FGFR signalling are not affected by the configuration of the secondary alcohol of
the fluorinated chain.
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In case of EGFR the research work was focused on the design of tyrosine kinase
inhibitors targeting EGFR harbouring T790M/C797S mutation. The replacement of
the cysteine residue with less nucleophilic residues hampers the effectiveness of
third generation EGFR inhibitors. Thus the discovery of new chemotypes targeting
different residues appears as a potential approach to overcome mutated resistant
isoforms. Here is described the design of derivatives based on suitable driving
portion bearing diverse electrophilic groups aimed to target the Lys745. Among
the synthesised derivatives the sulfonyl-fluoride UPR1444 exhibited promising in
vitro activity suggesting a covalent interaction with its target. Despite the
inhibitory potency of UPR1444 on the isolated receptor, the evaluation in cellular
assays revealed a suboptimal antiproliferative profile. The different inhibitory
potency exhibited by UPR1444 could be ascribed to its instability in the cell
environment. The optimization of reactivity and physicochemical properties of
sulfonylfluoride-based derivatives is thus required for the development of
potential fourth generation inhibitors.
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5 Keap1-Nrf2 protein-protein interaction
inhibitors

5.1 Introduction

Nrf2 (Nuclear Factor Erythroid 2-Related Factor 2) is the transcription factor of
more than 200 genes that contain, within their promote region, the antioxidant
response element (ARE).?!®?'7 Nrf2 is constituted by six conserved Nrf2-Ech
homology (Neh) domains where Nehl, Neh4 and Neh5 regions are crucial for
assembling an effective transcription complex, Neh6 plays a role in regulating the
protein half-life whereas Neh2 contains two conserved motif responsible for the
binding to Keap1.2'%2%°

Keapl (Kelch-like ECH-Associated Protein 1) is the natural repressor of NRF2 and
regulates its concentration in the cellular environment.??° Under basal condition
Keap1 binds NRF2 and acts as the adaptor substrate of E3 ubiquitin ligase allowing
its proteasomal degradation. Keapl consists of three functional domains (i) Broad
complex, Tramtrack and Bric-a-brac (BTB), (ii) intervening region (IVR) and (iii)

221 gpecifically, Keapl is present in the cellular

Kelch domain (figure 1, A).
environment as a homodimer where the BTB domains serve as the linker point
between two Keapl proteins. This region also constitutes the anchor point for the
assembly of the CRL3 complex (Cullin-Ring Ligase 3) which in turn determines the
ubiquitylation of Nrf2 and its degradation.??> The Keapl homodimer associates
with a single Nrf2 molecule through two interaction sites constituted by the Kelch
domains of Keapl, and two conserved motifs (called ETGE and DLG on the basis of
their amino acids sequence) of the Neh2 domain of Nrf2 (figure 30, A).2*® These
conserved motifs located within Neh2 domain show different binding affinity
constants where the ETGE motif binds the Kelch domain =50 fold more strongly
compared to DLG. Nevertheless ETGE and DLG motifs are both required for the
right positioning of Nrf2 within Keapl homodimer and its consequent
ubiquitylation (figure 30, B).

It has been proposed that the cysteine residues located on the surface of Keapl
act as sensors of the cellular environment, and in case of stressed condition they
serve to “activate” Nrf2 pathway (figure 30, C).2** The modification of such
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reactive residues, due to oxidizing or electrophilic agents, triggers the cascade of
events that eventually hampers the degradation of Nrf2. Finally, the reduced
degradation rate of Nrf2 combined to its de novo synthesis lead to an increased
intracellular concentration of Nrf2 and, upon translocation into the nucleus, the
activation of target ARE-dependent genes.??’

The genes activated by NRF2 encode a wide set of enzymes, among others
superoxide dismutase (SOD), heme oxygenase 1 (HO-1), NAD(P)H:quinone
oxidoreductase 1 (NQO1), and glutathione S-transferase which are mainly
involved in defence mechanisms against oxidative stress.?*® Additionally, NRF2
induces enzymes that regulate the metabolism of xenobiotics and endogenous
substances, as well as protein degradation and iron catabolism. The beneficial
effect of Nrf2 in protecting against oxidative stress contributes to the
maintenance of a stable cellular environment.

On this basis the modulation of Nrf2 activity has been explored as a potential
approach to discover therapeutic agents against pathologies where the oxidative
stress plays a key role.??® Particularly, Nrf2 has shown to play a crucial role in
central nervous system (CNS) diseases. Since the high oxygen consumption the
brain is susceptible to oxidative stress and activation of Nrf2 was found to protect
the nervous tissue against neurodegenerative diseases and acute events such as

ischemic and haemorrhagic stroke.??’%°

CRL3-Keap1-Nrf2
complex
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Figure 30: A) Schematicrepresentation of Keapland its complex with Nrf2. B) Keapl mediates Nrf2
ubiquitylation under basal condition. C) Upon stressed condition Nrf2 is “activated”.

5.2 Modulation of Keap1-Nrf2 axis

The pharmacological modulation of Nrf2 activity has been explored by employing
two different classes of agents: (i) electrophilic Keapl binders and (ii) Keap1-Nrf2
protein-protein interactions (PPIs) inhibitors (figure 31, A).2*° The first class
comprises small-molecules bearing electrophilic groups able to induce covalent
modifications within the cysteine residues located on Keapl surface.?** The
modifications of these residues lead to conformational changes in Keapl which
eventually triggers the transduction of Nrf2-dependent genes. This mode of action
closely resembles the endogenous activation of Keapl-Nrf2 axis. Dimethyl
fumarate (DMF, Tecfidera)?*? is an example of this class of compounds (figure 31,
B). Upon administration the DMF is converted to the monomethyl fumarate which
in turn binds covalently the cysteine residues (Cys151) of Keapl leading to Nrf2
activation. This compound has been approved for the treatment of psoriasis and
multiple sclerosis. Other examples of covalent agents under clinical evaluation are
bardoxolone, omaveloxolone and CXA10 (figure 2, B). The intrinsic reactivity of
these compounds represents the main drawback since their unspecific interaction
within the biological environment determines an increased risk of side effects and
a narrow therapeutic window.?2°
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Figure 31: A) Modulation of Nrf2 activity by electrophilic agents and PPIs inhibitors. B) Example of
electrophilic compounds.

On this basis the inhibition of Keap1-Nrf2 PPIs raised as promising strategy for the
development of selective and safer agents.?*® The inhibition of PPIs with small-
molecules is generally considered a challenging task given their extended surface
area and the shape of the interaction sites. However, the X-ray crystallography of
Keapl bound to the Neh2 domain of Nrf2 has given crucial structure information
encouraging the research of potential inhibitors (figure 32).%>3 The interface area
between Kelch-ETGE and Kelch-DLG extent for 550-750 A which compared to the
surface of other PPIs is a relatively small area. The binding site located on the
Kelch domain can be divided in five subpockets (P1-P5) that together adopt a
bowl-shaped conformation to accommodate ETGE and DLG motifs. Additionally,
subpockets P1 and P2 are characterized by polar and basic residues (Arg483,
Arg415 and Arg380) involved in the formation of salt bridges with carboxylic acid
residues located on ETGE and DLG motifs.***

¥(

Figure 32: A) Crystal structure of Keap1 Kelch domain (blue) with truncated Neh2 domain (red) of Nrf2

(PDBID: 2FLU). B) Detail of Kelch domain and the ETGE motif (adapted from ref. %*°).
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Starting from this information, different research groups from academia and
pharmaceutical companies have reported several non-covalent Keapl-Nrf2 PPls
inhibitors.?3%23> These compounds have been designed to target the Kelch domain
by exploiting the polar subpockets P1 and P2, considered as hot spot sites. Despite
the different chemical scaffolds these compounds share common molecular
features such as the presence of a carboxylic acid group which serves to establish
key interaction with basic residues within P1 and P2 subpockets (figure 33).
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Figure 33: Molecular structuresof Keapl PPIs inhibitors. On the right the crystal structure of compound 99
bound to the Kelch domain (PDBID 5CGJ9, adapted from ref23°).

The evaluation of these compounds has shown their ability to displace Neh2-
based peptides from Keapl with a binding affinity to the Kelch domain ranging
from the low micromolar to nanomolar level (table 2).23° Despite their promising
in vitro activity, these agents lack of a favourable pharmacokinetics profile as
demonstrated by their high metabolic turnover in cells and animal models.?3¢3’
Additionally, their physicochemical properties make the penetration of the BBB
(blood brain barrier) an unlikely event for these compounds (table 2).23%238 The
molecular weight higher than 450 Da, the total polar surface area larger than 50
A% and, particularly, the presence of a negatively charged carboxy group prevent
the passive diffusion across the BBB.
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ICso Kq MW (Da) tPSA (A% HBD"

97 2.3 mM (FP)* 1.0 mM(SPR)®>  446.5 95.0 1
98 29 nM (FP) 5.2 nM (SPR) 614.6 167.8 2
99 0.14 mM (FP) 6.0 mM (ITC)® 452.6 88.7 2
100 10-100 nM (FP)  ND 463.6 73.2 1
101 <15 nM(FP) 1.3 nM (ITC) 550.6 121.1 1

Table 2: the IC50 and the Kd measured by biophysics assays. ! Fluorescence polarization. 2 Surface plasmon

3 . 4
resonance. ~ Isothermal calorimetry. Hydrogen bond donor.
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5.3 Optimization of Keap1 PPIs inhibitors

This section describes the research work carried out during a secondment period
within the group of Associate Professor Anders Bach at the department of Drug
Design and Pharmacology at University of Copenhagen.

In the last years the Bach Group has been active on researching novel Keapl PPls
inhibitors by the means of fragment based drug discovery (FBDD).?3> Briefly, this
technique consist of (i) screening fragment libraries evaluating the binding affinity
with proper biophysics assays and (ii) the optimization of promising fragments
into lead compounds. Thus, different known Keapl PPIs inhibitors have been
deconstructed in fragments, which have been reconstructed affording new Keapl
inhibitors. The merging of two fragments, obtained from deconstruction of
compounds 98 and 100, provided UCAB#310 which displayed low micromolar
affinity to Keap1l in an FP assay (figure 34, A).
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Figure 34: A) Schematicrepresentation of the discovery of UCAB#310. B) Representation of the present work.

Nevertheless this compound exhibits the common carboxy group which likely
prevents the penetration of the BBB. On this basis, the replacement of the
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carboxylic acid with different isosteres groups has been considered as a potential

approach to provide derivatives of UCAB#310 endowed with improved cellular

permeability.?*°
In this project, we have selected bioisosteric groups considering their
physicochemical properties (MW, tPSA and PKa), literature examplesz‘w'241 and the

synthetic feasibility. Ester and amide derivatives (UCAB#409, UCAB#419,
UCAB#426 and UCAB#420) were synthesised for their polar properties and the
lack of an acid centre, whereas the hydroxamic acid and the fluorinated secondary
and tertiary alcohol derivatives (UCAB#421, UCAB#481 and UCAB#506) were
chosen for their different Pka strength. Finally, UCAB#468 and UCAB#482 were
synthesized to explore polar and acid heterocycles groups.

The evaluation of Keapl binding affinity, of the designed compounds, has been
measured by competitive FP assay using a modified Neh2 peptide containing the
ETGE motif (fluorescent Cy5-LDEETGEFL-NH,).

A B j ,J‘ '
Name Activity in FP (Ki) o { g
UCAB#310 17.1uM +1 b
UCAB#409 >1mM 2=
UCAB#419 >1mM (
UCAB#420 >1mM veapisio T
UCAB#426 >1mM —
UCAB#421 >1mM -
UCAB#481 >1mM &
UCAB#506 >1mM Z /
UCAB#482 577 uM + 56 o \2 / N
UCAB#468 133 M =0.1 UCABHd6S St T

Figure 35: A) Results of competitive FP assay of isosteres derivative of UCAB#310. B) X-ray structure of
UCAB#310 and UCAB#468incomplex with Kelch domain (X-ray data to be deposited in the PDB bank).
The replacement of the carboxy group with neutral (uncharged) isosteres groups
(ester, amides and alcohols) led to a dramatic loss of the binding affinity (figure
35, A). Among the heterocycles derivatives, UCAB#482, bearing a 5-hydroxy-1,3,4-
oxadiazole ring, partially retained the affinity to Keapl whereas UCAB#468 with a
tetrazole ring has displayed a binding affinity comparable to that of UCAB#310
(figure 35, A). This result, combined with X-ray crystallography data of UCAB468
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(figure 35, B), suggests that the acid moiety is required to establish a proper
interaction with basic residues (Arg483) at P1 subpocket.

On the other hand, the investigation of structure-activity relationship (SAR) of
UCAB#310 carried out by other members from the Bach group, has revealed that
addition of methyl groups at the phenyl ring, or polar chains at the nitrogen of the
sulphonamide moiety, lead to compounds with a binding affinity = 10 to 30 fold
higher than that of UCAB#310 (figure 36). On this basis we combined these
modifications, including the replacement of the carboxy group with the tetrazole
ring, affording four derivatives (figure 36) in an effort to further improve the
binding affinity of the lead compound.

The evaluation of the affinity by competitive FP has shown that the combination
of methyl groups with the polar chain (acid or amide group) on the sulphonamide
portion do not lead to a cumulative effect (figure 36). Similar results were
observed when the carboxy group was replaced by the tetrazole ring.

o~
XA .
DR REYE
~F N=/ ©OH Name Activity in FP (Ki)
UCAB#310 UCAB#310 17.1pM £ 1
SAR SAR analysis
analysis UCAB#452 24uM 0.1
~ — R — UCAB#457 0.55 pM £ 0.01
1 L[ o N OSON j\N f o UCABH#456 0.61 uM # 0.02
TN YT ONT A (S N TNy i
‘ ::»‘L\ H N~ oH l\ 1 o &= on Combined compounds
5 UCAB#534 0.79 pM £ 0.08
UCAB#452 UCAB#457 X= OH
UCAB#456 X NH, UCABH#529 1.4 uM £0.1
. UCAB#535 0.66 pM £ 0.03
Combined
compounds UCAB#538 1.49 pyM £ 0.2
o o~
00 r Y N0 /
NP g HN NN
[ I T N Lo k=/ NN
P 0 N=/ ©OH \T::» =/
I ! ucaB#ssa x=oH | X UCAB#535 X= OH
UCAB#529 X= NH, UCAB#538 X= NH;

Figure 36: schematic representation of SAR investigation of UCAB#310 and combined compounds. The table
on the right shows the binding affinity of the corresponding compounds measured in FP assay.
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5.4 Synthesis of Keap1 PPIs inhibitors

This section describes the synthetic strategy adopted to prepare the compounds
previously presented. The synthetic route toward UCAB#310 and its derivatives
comprises three key steps: the synthesis of the 1-phenylpyrazole core, the
Ullmann-type condensation for the N-C bond formation between the
sulphonamide and the phenylpyrazole core, and the manipulation of the carboxy
group (scheme 19).

Carboxyllc aC|d
isosteres

Scheme 19: synthetic approach.

UCAB#310 has been prepared from substituted [-ketoester 102 which has been
condensed with a 3-bromo-phenylhydrazine to provide the 1-phenylpyrazole core
(103) (scheme 20). This compound served as the substrate for the Ullmann-type
coupling with benzenesulfonamide affording UCAB#409.

UCAB#409 UCAB#310 :

N
H,O §

UCAB#419 R, R, =H |
UCAB#426 R;=H, R,=CHs ;
UCAB#420 R; R, = CH, v d 3
N-R; :

UCAB#421 R;=H,R,=0H
Ry

Scheme 20: (a) (i) DMF-dimethylacetal, MW 130°C, 15min. (ii) EtOH, 3-Bromo-phenylhydrazine hydrochloride,
Et3N, 24 h,r.t.,, 72%. (b) DMF, Benzenesulfonamide, Cul, N,N-dimethyl-Glycine, KsPO,, 160°C, 24 h, 80%. (c)
EtOH, water, NaOH, r.t.,, 18 h,95%. (d) DMF, HATU, DiPEA, amine hydrochloride, r.t.,, up to 24 h, 14-100%.
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The hydrolysis of the ester gave UCAB#310 and then the coupling between its
carboxy group and the proper amine afforded UCAB#419, UCAB#420, UCAB#426
and UCAB#421.

The Weinreb amide 105, prepared from the carboxylic acid 104 using EDC as the
coupling agent with N,O-dimethyl-hydroxylamine, served as the substrate for the
nucleophilic addition of the Ruppert-Prakash reagent (TMS-CF3) providing the
trifluoromethylketone 106 (scheme 21). This compound served as common
intermediate toward the synthesis of UCAB#481 and UCAB#506. Thus the
reduction of trifluoromethylketone 106 afforded to the trifluoromethylacohol 107
which was coupled with the benzenesulfonamide to provide UCAB#481. In case of
UCAB#506 the trifluoromethylketone 106 served as the substrate for the
nucleophilic addition of TMS-CFs. The resulting bis-trifluoromethylacohol 108 was
then coupled with the benzenesulfonamide under Ullmann coupling condition.
Unfortunately, the only product observed was the trifluoromethylketone 109
resulting from the elimination of a fluoroform molecule. Thus UCAB#506 was
prepared from 109 through an additional nucleophilic addition of TMS-CFs.

OOEt NN, —cooH . o N=/  CcF,
L 103 104 NS 105 N-og 106

i 1n_0O

i ©/ NH Br

| Q. : d

: OH =<=—7-— OH

3 . NN

| =/ CF; N=/ CF,

UCAB#481 107

! o 2

I 0.0 1.0

3 ©/S\NH ©/S\NH

§ h

: OH ~— 9

; NN CF3 NN \ CF3
: UCAB#506 N=/ CFs 109 N cR CFy

i

Scheme 21: (a) EtOH, water, NaOH, r.t., 18 h, quantitative yield. (b) DMF, EDC hydrochloride, HOBt, DiPEA,
N,O-dimethylhydroxylamine hydrochloride, r.t., 18 h, 94%. (c) THF, TMS-CF3, CsF, HCl, r.t., 18 h, 73%. (d) THF,
EtOH, NaBH,, 0°C,4 h, 88%.. (e) DMF, Benzenesulfonamide, Cul, N, N-dimethylGlycine, K3PO,4, 160°C, 4 h, 42%.
(f) THF, TMS-CF5, CsF, HCl, r.t., 1 h, 60% (g) DMF, Benzenesulfonamide, Cul, N,N-dimethyl-Glycine, KsPO,,
160°C, 4 h, 39%. (h) THF, TMS-CF;, CsF, HCl, r.t.,, 1 h, 41%.
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The 5-hydroxy-1,3,4-oxadiazole ring of UCAB#482 was prepared by condensing
the hydrazide 110 with triphosgene (scheme 22). Then the Ullmann-type coupling
between 111 and the benzenesulfonamide gave UCAB#482.

In case of tetrazole isostere UCAB#468, the amide UCAB#419 was dehydrated to
the corresponding nitrile 112 and then treated with TMS-azide at neat condition
affording UCAB#468 (scheme 22).

i r Br Br g0

o

! a

s @ ©\N p— o™ —° @ o
} NN, —cooH D NH— N \
! 104 110 N/ NH 1M1 N=/ N \ N\
3 HoN UCAB#482 =/ N
9/0 H,O u,o

- @ ’ ©© g ij@

; NN N D A

: N= _

: UCAB#419 UCAB#468 N

Scheme 22: (a) DMF, EDChydrochloride, HOBt, DiPEA, hydrazine HC, r.t., 1.5 h, 72%. (b) DCM, trlphosgene
0°Ctor.t., 18 h, 54%. (c) DMF, Benzenesulfonamide, Cul, N,N-dimethyl-Glycine, K3PO,, 160°C, 24 h, 7%. (d)
DMF, thionylchloride, 0°C, 30 min, 94%. (e) TMS-N3, TBAF, 100°C, neat, 22 h, 29%.

The synthetic route adopted to obtain both UCAB#529 and UCAB#534 started
from the common intermediate 103 (scheme 23). This was hydrolysed and then
coupled with the 2,3,5,6-tetramethyl-benzenesulphonamide under Ullmann
condition.

a b -0 c -0
@\,\.‘ N —_— N 2 . w0 —— > HN N-SSo

N= o N= OH °
103 104 0

N N
d 13 N=/ oH ucaB#s29"~  OF
.0 f
HN \o Et© NS0 _—

Scheme 23: a) EtOH, water, NaOH, r.t.,, 18 h, quantitative yield. b) DMF, 2,3,56-tetramethyl-
benzenesulfonamide, Cul, N,N-dimethyl-Glycine, KsPO,, DMF, 150°C, 24 h, 27%. c) (i) DMF, TBDMSicl,
imidazole, r.t., 20h. (ii) 2-bromoacetamide, NaH, THF, 0°c to r.t., 3 h, 18%. d) DMF, 2,3,5,6-tetramethyl-
benzenesulfonamide, Cul, N,N-dimethyl-Glycine, K3PO,4, 150°C, 24 h, 99%. e) Ethyl 2-bromoacetate, NaH, THF,
0°Cto r.t., 20 h, 70%. f) EtOH, water, NaOH, r.t.,, 18 h, 18%.
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The resulting sulphonamide 113 was then alkylated with the 2-bromo-acetamide
to provide UCAB#529. In case of UCAB#534, the 1-(3-bromo)-phenylpyrazole
served as the substrate for the Ullmann-type coupling affording the sulphonamide
114. This intermediate was alkylated with ethyl 2-bromo-acetate obtaining the
ester 115. The hydrolysis of the ethyl ester groups of 115 provided UCAB#534.
This step suffered of low yield due to chemical instability of the secondary
sulphonamide moiety.

UCAB#535 and UCAB#538 share the same synthetic route (scheme 24). The
carboxylic acid 104 was converted to the corresponding nitrile 117 and then
coupled with the 2,3,5,6-tetramethyl-benzenesulphonamide under Ullmann
condition. The resulting sulphonamide 118 was alkylated with ethyl 2-bromo-
acetate affording the ester 119 and then was treated with TMS-azide under neat
condition providing the tetrazole intermediate 120. This compound was
hydrolized affording UCAB#535 whereas its subsequent amination gave
UCAB#538.

Br -0
d EtO NS(O
S Y el
N N—cN
N N—CN N
17 118 N= 119 N

e
o .0
A
HN-
f“ \ NN LR
UCAB#538 N\ UCAB#535 N= 120 N= N

Scheme 24: a) DMF, EDC hydrochloride, HOBt, DiPEA, ammonium chloride, r.t,, 1.5 h, 85% b) DMF,
Thionylchloride, 0°C, 30 min, 93%. c) DMF, 2,3,5,6-tetramethyl-benzenesulfonamide, Cul, N,N-
dimethylGlycine, KsPO,4, 150°C, 24 h, 84%. d) THF, ethyl 2-bromoacetate, NaH, 0°C to r.t., 20 h, 95%. e) TMS-
N3, TBAF, neat, 100°C, 24 h, 53%. f) EtOH, water, NaOH, r.t., 8 h, 27%. g) DMF, EDC hydrochloride, HOBt,
DiPEA, ammonium chloride, r.t., 22 h, 38%.
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5.5 Summary

The inhibition of Keapl-Nrf2 PPI, and thus the transcription of Nrf2-dependent
genes, represents a therapeutic strategy against diseases where inflammation and
oxidative stress play a key role. Non-covalent small-molecule PPIs inhibitors have
been proposed as potential therapeutic agents for the treatment of chronic CNS
diseases and acute events such as ischemic and haemorrhagic strokes. X-ray
crystallography data of Keapl-Nrf2 interface has encouraged the research of
novel non-covalent PPI inhibitors and several of them have been disclosed by
academia and pharmaceutical companies. Despite these compounds have shown
promising in vitro activity, they suffer of suboptimal physicochemical properties
which affect the pharmacokinetic profile. Particularly, Keapl PPI inhibitors share a
carboxy group which is required to achieve a high binding affinity, but on the
other hand the presence of a negatively charged group drastically reduces the
penetration to the CNS.

On this basis, we have synthesised derivatives of UCAB#310, a Keapl1 PPI inhibitor
discovered by the means of FBDD, where its carboxylic acid moiety has been
replaced by isosteres groups in an effort to (i) explore the SAR and (ii) potentially
improve the permeation of the BBB. However, the evaluation of the designed
analogues has shown that the replacement of the carboxy group with neutral
groups dramatically reduces the binding affinity to Keapl. Conversely, the
replacement of the carboxy group with a tetrazole ring led to a derivative with a
Keapl binding affinity comparable to that of UCAB#310. These results suggest
that an acid and polar group is required in order to maintain PPl inhibitory activity.
Finally, the addition of methyl groups to the phenyl ring and polar chains to the
nitrogen atom of the sulphonamide moiety led to compounds with an improved
Keapl binding affinity. Despite these chemical modifications likely reduces the
penetration of the BBB, the increased Keapl affinity makes these compounds a

good starting point for future optimization.
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6 Experimental section

Reagents were obtained from commercial suppliers and used without further purification.
Solvents were purified and stored according to standard procedures. Anhydrous reactions
were conducted under a positive pressure of dry N2 or Ar, and using standard
syringe/septa techniques. Reactions were monitored by TLC, on Kieselgel 60F 254 (DC-
Alufolien, Merck). Final compounds and intermediates were purified by flash
chromatography (Si0O2 60, 40-63 um). Melting points were determined with a
Gallenkamp melting point apparatus and are uncorrected. NMR spectrawere recorded on
a Bruker 300 MHz Avance, Bruker 400 MHz Avance or Jeol 600 MHz spectrometer;
chemical shifts (6 scale) are reported in parts per million relative to the central peak of
the solvent. 1H NMR spectra are reported in the following order: multiplicity,
approximate coupling constant (J value) in hertz, and number of protons; signals are
characterized as s (singlet), d (doublet), dd (doublet of doublets), t (triplet), dt (doublet of
triplets), q (quartet), m (multiplet), and br s (broad signal). All 13C NMR spectra were
measured with complete proton decoupling. All tested compounds (herein reported with
UPR-code) were >95% pure by HPLC/UV or HPLC/MS analysis.

HPLC-MS purity of key target compounds: Analytical Method

10 mM stock solutions of test compounds were freshly prepared in HPLC grade MeOH
and serially diluted in MeOH to get a standard solution in the "TM concentration range,
which was directly analyzed by LC-MS. For the majority of compounds a 20 "M solution
was analyzed, while forthose compounds displaying a very low or a very high ionization
yield, concentration was increased to 50 or decreased to 10 "M respectively. A Thermo
Accela UHPLC gradient system (Thermo, USA) coupled to aheated electrospray ionization
(H-ESI) ion source and a Thermo TSQ Quantum Access Max triple quadrupole mass
analyzerwas employed for dataacquisition. Mass spectrawere acquired eitherin positive
(ESI+) or in negative (ESI-)polarity and in full scan mode. For positive polarity, H-ESI
interface parameters were set as follows: probe middle (D) position; capillary
temperature: 270 °C; spray voltage: 3.5 kV. Nitrogen was used as nebulizing gas at the
following pressure: sheath gas: 35 psi; auxiliary gas: 15 arbitrary units (a.u.). Argon was
used as the collision gas at a pressure of approximately 1.5 mtorr (1 torr = 133.3 Pa). For
negative polarity, spray voltage: 2.5 kV. Compound separation was achieved on a
Phenomenex Synergi Fusion C18 column (100 x 2.1 mm i.d., 4 [ m particle size;
Phenomenex, USA). Mobile phases consisted of MeCN (eluent A) and water (eluent B),
both added with 0.1% v/v formic acid, at a flow rate of 350 L min-1. Injection volume
was 10 [JL. Linear gradient elution was employed for each target compound. Elution
conditions employed for each compound are reported after the corresponding HPLC
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traces. Thermo Xcalibur v. 2.2 SP1 software (Thermo, USA) was employed for data
acquisition and processing.

6.1 Experimental procedures: FGF traps.

Methyl 3-((4-fluorophenoxy)methyl)benzoate (1). Methyl-3-Bromomethyl Benzoate
(1.15gr, 5.05 mmol), 4-Fluoro phenol (0.79 gr, 7.01 mmol) and potassium carbonate (1.75
gr, 12.6 mmol) are placed in a bottom flask with DMF. The mixture is stirred at room
temperature overnight (15 hrs). Reaction diluted with toluene and solvent removed
underreduced pressure. Crude productdissolved in diethyl ether and washed with water.
Organiclayerdried oversodium sulphate and filtered. Crude product then purified with
gel silica column chromatography (petroleum ether/ DCM 6:4) to afford the desired
product as white solid (1.31 gr, 100%). "H NMR (300 MHz, Methanol-d4) & 6.58 (s, 1H),
6.45 (d, J =7.9 Hz, 1H), 6.15 (d, J =7.7 Hz, 1H), 5.97 (td, ) =7.8, 1.7 Hz, 1H), 5.52 —5.44 (m,
4H), 3.57 (s, 2H), 2.40 (d, J = 1.9 Hz, 3H).

3-((4-fluorophenoxy)methyl)-N-methoxy-N-methylbenzamide (2). Methyl 3-((4-
fluorophenoxy)methyl) benzoate (1) (1.31 gr, 5.05 mmol) and N,O dimethyl
hydroxylamine hydrochloride (1.4 gr, 14.4 mmol) are dissolved in anhydrous THF at -40°C
under nitrogen atmosphere then isopropyl magnesium chloride (14 ml, 28 mmol) is
added dropwise. Reaction mixture stirred at room temperature overnight. Reaction
guenched with ammonium hydrochloride saturated water solution and extracted with
diethyl ether. Organiclayerdried oversodium sulphate, filtered and solvent removed to
give the desired clean product (1.28 gr, 88%). "H NMR (300 MHz, DMSO-d6) § 7.64 (t, J =
1.8 Hz, 1H), 7.55 (tt, J = 7.9, 1.6 Hz, 2H), 7.51 — 7.43 (m, 1H), 7.13 (t, ) =8.8 Hz, 2H), 7.07 —
6.98 (m, 2H), 5.14 (s, 2H), 3.52 (s, 3H), 3.25 (s, 3H).

1-(3-((4-fluorophenoxy)methyl)phenyl)ethan-1-one (3). 3-((4-fluorophenoxy)methyl)-N-
methoxy-N-methyl benzamide (2) (1.28 gr, 4.43 mmol) is dissolved in anhydrous 10ml|
THF at 0°C under nitrogen atmosphere, then methyl magnesium bromide (2.60 ml, 7.87
mmol) was added dropwise. The reaction is stirred 40min then is quenched with few
drops of glacial acetic acid. The mixture is diluted with water and extracted with AcOEt,
organic layer dried over sodium sulphate, filtered and solvent removed under reduced
pressure. Crude product purified with gel silica column chromatography (DCM/petroleum
ether 1:1) to afford the desired product as yellowish solid (0.75 gr, 70%). *H NMR (400
MHz, Chloroform-d) & 8.02 (t, J = 2.1 Hz, 1H), 7.92 (dt, J =7.7, 1.5Hz, 1H), 7.67 —7.60 (m,
1H), 7.49 (t,) =7.7 Hz, 1H), 7.04 — 6.86 (m, 4H), 5.08 (s, 2H), 2.62 (s, 3H).
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4,4, 4-trifluoro-1-(3-((4-fluorophenoxy)methyl)phenyl)-3-hydroxy-3-
(trifluoromethyl)butan-1-one (4). 1-(3-((4-fluorophenoxy)methyl) phenyl)ethan-1-one (3)
(0.74 gr, 3.01 mmol) placed at -60°C in anhydrous THF under nitrogen atmosphere then
LIHMDS (4.5 ml, 4.52 mmol) is added dropwise and stirred for 30min. In a separate two
neck flask concentrated H25S04 (10 ml) is warmed to 50 °C and linked through a cannula
with the enolate flask then a trihydrate hexafluoroacetone (0.84 ml, 6.02 mmol) is
droppedinside the H2SO4 and the formed gaseous HFA is cannulated inside the enolate
solution. The mixture isstirred 1 hr, thenthe reactionis quenched with glacial acetic acid
(few drops). Mixture diluted with ACOEt and washed with water and brine. Organic layer
collected and dried over sodium sulphate, filtered and solvent removed under reduced
pressure. Crude product purified with gel silica column chromatography (petroleum
ether/DCM 7:3) to afford the desired product (370 mg, 30%). ‘H NMR (300 MHz,
Chloroform-d) 6 8.01 (d, J = 1.8 Hz, 1H), 7.92 (dt, ] = 7.8, 1.5 Hz, 1H), 7.81 —7.72 (m, 1H),
7.58 (t,)=7.7 Hz, 1H), 7.10 — 6.87 (m, 4H), 5.10 (s, 2H), 3.47 (s, 2H).

4,4,4-trifluoro-1-( 3-(( 4-fluorophenoxy) methyl) phenyl)-3-(trifluoromethyl)butane-1,3-
diol (UPR1398). Starting material (4) (365 mg, 0.89 mmol) is dissolvd in methanol (10 ml)
at 0°C then sodium boron hydride (100 mg, 2.66 mmol) was added. Reaction stirred 20
minthenis quenched with sodium bicarbonate overnight. ). Mixture diluted with ACOEt
and washed with water and brine. Organic layer collected and dried over sodium
sulphate, filtered and solvent removed Crude residue purified with gel silica column
chromatography (DCM/petroleum ether 1:1) to afford UPR1398 (300 mg, 82%). "H NMR
(300 MHz, Chloroform-d) & 7.54 — 7.32 (m, 4H), 7.08 —6.88 (m, 4H), 6.13 (s, 1H), 5.34 (d, J
=11.4 Hz, 1H), 5.06 (s, 2H), 2.41 (ddq, J = 15.6, 11.5, 2.1 Hz, 1H), 2.24 (dd, J =15.6, 2.2 Hz,
1H). HPLC-MS (ESI): m/z calcd for CigHisF,05 [(M+H)]: 411.08; found: 411.00.

Methyl 4-((4-fluorophenoxy)methyl)benzoate (5). Methyl-3-(bromomethyl) benzoate
(1.23 gr, 5.7 mmol), 4-fluorophenol (0.81gr, 7.0 mmol) and potassium carbonate (1.49 gr,
10.9 mmol) were dissolvedin 15 ml of DMF. The mixture is stirred overnight 17hrsthenit
isdiluted with diethyl etherand washed with water and brine. Organiclayer collected and
dried oversodium sulphate, filtered and solvent removed under reduced pressure. Crude
residue recrystallized with isopropyl etherto afford the clean product (1.10 gr, 79%). ‘H
NMR (400 MHz, Chloroform-d)§8.09 —8.02 (m, 2H), 7.52 — 7.46 (m, 2H), 7.03 — 6.85 (m,
4H), 5.09 (s, 2H), 3.92 (s, 3H).

4-((4-fluorophenoxy)methyl)-N-methoxy-N-methylbenzamide (6). Methyl4-((4-
fluorophenoxy) methyl) benzoate (5) (1.05 gr, 4.0 mmol) and N,O-dimethyl
hydroxylamine hydrochloride (1.18 gr, 12.1 mmol) are stirred in 10 ml of anhydrous THF
and placed at -40°C under nitrogen for 10 min the iso-butyl magnesium bromide (11 ml,

78



5.5 mmol) is added dropwise . Reaction allowed to warm to room temperature and
stirred overnight. Reaction quenched with few drops of glacial acetic acid and mixture
diluted with diethyl ether and washed with water, NaHCO3 and brine. Organic layer
collected and dried over sodium sulphate, filtered. Solvent removed under reduced
pressure to give the clean product (1.20 gr, 100%). ‘H NMR (300 MHz, Chloroform-d) &
7.76 — 7.67 (m, 2H), 7.45 (d, J = 8.0 Hz, 2H), 7.04 — 6.85 (m, 4H), 5.07 (s, 2H), 3.56 (s, 3H),
3.37 (s, 3H).

1-(4-((4-fluorophenoxy)methyl)phenyl)ethan-1-one (7). Weinreb amide (6) (1.16 gr, 4.0
mmol)) was placed in anhydrous THF at 0°C under nitrogen atmosphere, and then methyl
magnesium bromide (2.0 ml, 6.0 mmol) was added dropwise. Reaction quenched with
aceticacid after1 hr. Mixture diluted with diethyl ether and washed with water, NaHCO3
and brine Organic layer collected and dried over sodium sulphate, filtered. Solvent
removed under reduced pressure to give the clean product (0.84 gr, 86%). "H NMR (400
MHz, Chloroform-d) 6 7.98 (d, J = 8.1 Hz, 2H), 7.52 (d, J = 8.0 Hz, 2H), 6.98 (t, J = 8.6 Hz,
2H), 6.90 (dd, J =9.2, 4.3 Hz, 2H), 5.10 (s, 2H), 2.61 (s, 3H).

4,4,4-trifluoro-1-(4-((4-fluorophenoxy)methyl)phenyl)-3-hydroxy-3-
(trifluoromethyl)butan-1-one (8). 1-(4-((4-fluorophenoxy)methyl)phenyl)ethan-1-one (7)
(0.2 gr, 0.9 mmol) placed at -60°C in anhydrous THF under nitrogen atmosphere then
LIHMDS (1.3 ml, 1.3 mmol) is added dropwise and stirred for 30min. In a separate two
neck flask concentrated H2S04 (10 ml) is warmed to 50 °C and linked through a cannula
with the enolate flask then atrihydrate hexafluoroacetone (0.5 ml, 3.5 mmol) is dropped
inside the H2S04 and the formed gaseous HFA is cannulated inside the enolate solution.
The mixture is stirred 3 hrs, and then the reaction is quenched with glacial acetic acid
(few drops). Mixture diluted with ACOEt and washed with water and brine. Organic layer
collected and dried over sodium sulphate, filtered and solvent removed under reduced
pressure. Crude product purified with gel silica column chromatography (hexane/DCM
7:3) to afford the desired product (220 mg, 62%%). "H NMR (300 MHz, Chloroform-d) &
8.03-7.94 (m, 2H), 7.60 (d, J = 8.1 Hz, 2H), 7.12 (s, 1H), 7.05 — 6.85 (m, 4H), 5.13 (s, 2H),
3.46 (s, 2H).

4,4,4-trifluoro-1-(4-( (4-fluorophenoxy) methyl) phenyl)-3-(trifluoromethyl) butane-1,3-
diol (UPR1408). Starting material (X) (0.14 gr, 0.3 mmol) is placed in methanol at 0°C,
then sodium boron hydride (15mg, 0.4 mmol) is added. Mixture stirred 30min, thenthe
reactionis quenched with NaHCO3. Mixture diluted with diethyletherand washed with
waterand brine. Organiclayercollected and dried oversodium sulphate, filtered and
solventremoved. Crude residue purified by asilicagel column chromatography
(hexane/DCM 7:3) to afford UPR1408 as a white solid (105mg, 77%). "H NMR (400 MHz,
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Chloroform-d) § 7.47 (d, J = 7.9 Hz, 2H), 7.40 (d,J = 8.0 Hz, 2H), 6.98 (t,J = 8.6 Hz, 2H),
6.89 (dd,J = 9.2, 4.2 Hz, 2H), 6.10 (s, 1H), 5.32 (d, J = 11.5 Hz, 1H), 5.04 (s, 2H), 2.56 (s,
1H), 2.44 — 2.32 (m, 1H), 2.21 (d, J = 15.5 Hz, 1H). HPLC-MS (ESI): m/z calcd for CigHisF,05
[(M+H)]: 411.08; found: 411.34.

Methyl 3-(2-(4-fluorophenyl)-2-hydroxyethyl)benzoate (9). Methyl-3-(bromomethyl)
benzoate (4.7 gr, 20.5 mmol) is stirred 2 hrs in refluxing THF with activated metallic zinc
(6.0 gr, 91.8 mmol) under nitrogen atmosphere. Then the reaction mixture is cooled to
0°C and 4-fluoro benzaldehyde (2.5gr, 20.5 mmol) is added. Reaction stirred overnight at
room temperature under nitrogen atmosphere. Mixture filtered on celite pad, then
diluted with DCMand washed with water, NaHCO3 and brine. Organiclayercollected and
dried oversodium sulphate, then filtered and solvent removed. Crude residue purified by
asilicagel column chromatography (hexane/AcOEt 7:3) to give the clean product (1.4 gr,
25%). '"H NMR (300 MHz, Chloroform-d) 6 7.97 —7.83 (m, 2H), 7.43 -7.27 (m, 4H), 7.02 (t,
J=8.7 Hz, 2H), 4.92 (t, ) =6.7 Hz, 1H), 3.91 (s, 3H), 3.04 (d, J = 6.7 Hz, 2H).

Methyl 3-(4-fluorophenethyl)benzoate (10). Methyl 3-(2-(4-fluorophenyl)-2-
hydroxyethyl)benzoate (9) (1.12 gr, 4.1 mmol) is dissolved in 10ml HCI 37% and stirred at
room temperature 50min. The reaction mixture is diluted with diethyl ether and washed
with water. Organic layer collected and solvent removed under reduced pressure. The
crudeintermediateisthen dissolved in acetic acid ( glacial, 10 ml) and zinc powder (1 gr,
15.3 mmol) isadded. Mixture stirred 1 hr at room temperature thenis filtered on a celite
pad and diluted with toluene. Solvent removed under reduced pressure, crude residue
purified by asilicagel column chromatography (hexane/AcOEt 10:1) to afford the desired
product (0.35 gr, 33%). ‘H NMR (300 MHz, Chloroform-d) & 7.90 — 7.80 (m, 2H), 7.38 —
7.28 (m, 2H), 7.11 - 7.05 (m, 2H), 6.95 (t, J = 8.7 Hz, 2H), 3.92 (s, 3H), 2.92 (g, J = 2.9 Hz,
4H).

3-(4-fluorophenethyl)-N-methoxy-N-methylbenzamide (11). Methyl 3-(4-
fluorophenethyl)benzoate (10) (0.33gr, 1.3 mmol) and N,0-dimethyl hydroxylamine (0.37
gr, 3.8 mmol) are stirred in 10 ml of anhydrous THF and placed at -40°C under nitrogen
for 10 minthe iso-butyl magnesium bromide (3.2 ml, 6.4 mmol) is added dropwise . The
reactionis quenched with few drops of glacial aceticacid after4 hrs. Mixture diluted with
diethyl ether and washed with water, NaHCO3 and brine. Organic layer collected and
dried oversodium sulphate, filtered and solvent removed underreduced pressure. Crude
residue purified by a silica gel column chromatography (hexane/DCM 6:1) to give the
clean product (250 mg,67%). *H NMR (400 MHz, Chloroform-d) § 7.52 —7.42 (m, 2H), 7.30
(t, ) =7.6 Hz, 1H), 7.24 — 7.19 (m, 1H), 7.09 (dd, ) =8.3, 5.5 Hz, 2H), 6.94 (t, ) = 8.6 Hz, 2H),
3.53 (s, 3H), 3.33 (s, 3H), 2.92 (s, 4H).
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1-(3-(4-fluorophenethyl)phenyl)ethan-1-one (12). Weinreb amide (11) (0.16 gr, 0.56
mmol) was placedin anhydrous THF at 0°C under nitrogen atmosphere, and then methyl
magnesium bromide (0.3 ml, 0.84 mmol) was added dropwise. Reaction quenched with
aceticacid after 1 hr. Mixture diluted with diethyl etherand washed with water, NaHCO3
and brine. Organic layer collected and dried over sodium sulphate, filtered and solvent
removed under reduced pressure. Crude residue purified by a silica gel column
chromatography (hexane/DCM 9:1) to give the clean product (100 mg, 73%). ‘"H NMR
(300 MHz, Chloroform-d) 6 7.83 = 7.71 (m, 2H), 7.41 — 7.30 (m, 2H), 7.14 — 7.04 (m, 2H),
6.95 (t, J = 8.7 Hz, 2H), 3.02 — 2.84 (m, 4H), 2.58 (s, 3H).

4,4 4-trifluoro-1-(3-(4-fluorophenethyl)phenyl)-3-hydroxy-3-(trifluoromethyl)butan-1-
one (13). 1-(3-(4-fluorophenethyl)phenyl)ethan-1-one (12) (0.10 gr, 0.4 mmol) placed at -
60°C in anhydrous THF under nitrogen atmosphere then LIHMDS (0.8 ml, 0.8 mmol) is
added dropwise and stirred for 30min. In a separate two neck flask concentrated H25S04
(10 ml) is warmed to 50 °C and linked through a cannula with the enolate flask then a
trihydrate hexafluoroacetone (0.3 ml, 2.1 mmol) is dropped inside the H2SO4 and the
formed gaseous HFA is cannulated inside the enolate solution. The mixture is stirred 3
hrs, then the reaction is quenched with glacial acetic acid (few drops). Mixture diluted
with ACOEt and washed with water and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed under reduced pressure. Crude product
purified with gel silica column chromatography (hexane/DCM 7:3) to afford the desired
product (160 mg, 96%). "H NMR (300 MHz, Chloroform-d) & 7.78 (td, J = 4.7, 3.6, 1.9 Hz,
1H), 7.66 (s, 1H), 7.48 — 7.38 (m, 2H), 7.16 (d, J = 3.1 Hz, 1H), 7.08 (dd, J = 8.4, 5.5 Hz, 2H),
7.02 — 6.90 (m, 2H), 3.40 (s, 2H), 3.06 — 2.86 (m, 4H).

4,4,4-trifluoro-1-(3-(4-fluorophenethyl)phenyl)-3-(trifluoromethyl)butane-1,3-diol
(UPR1409). Starting material (13) (0.12 gr, 0.3 mmol) is placed in methanol at 0°C, then
sodium boron hydride (15 mg, 0.4 mmol) is added. Mixture stirred 30 min, then the
reactionis quenched with NaHCO3. Mixture diluted with diethyl ether and washed with
water and brine. Organic layer collected and dried over sodium sulphate, filtered nd
solvent removed. Crude residue purified bya silica gel column chromatography
(hexane/DCM 7:3) to afford UPR1409 as a white solid (82 mg, 71%). *H NMR (300 MHz,
Chloroform-d) & 7.33 (t, J = 7.6 Hz, 1H), 7.28 — 7.15 (m, 2H), 7.14—7.04 (m, 3H), 6.96 (t, J
=8.7 Hz, 2H), 6.20 (d, J = 5.0 Hz, 1H), 5.24 (d, ] =11.5 Hz, 1H), 2.91(q, J =2.8 Hz, 4H), 2.60
(s, 1H), 2.32 (ddt, J = 15.6, 11.5, 2.1 Hz, 1H), 2.15(dd, J = 15.5, 2.2 Hz, 1H). HPLC-MS (ESI):
m/z calcd for C,9H,;F;0, [(M+H)]: 409.10; found: 409.10.
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Ethyl 4-hydroxy-3-nitrobenzoate (14). Ethyl-4-hydroxy benzoate (5.5 gr, 33.0 mmol) is
dissolvedin 50ml of glacial acetic and then 2.5 ml of concentrated nitric acid was added.
Reaction stirred at 40°C 3 hrs. The mixture is poured in cold water and the precipitate is
recovered by suction filtration. Solid product is washed with water and dried to under
reduced pressure to remove traces of water (6.9 gr, 100%). ‘H NMR (300 MHz,
Chloroform-d) & 10.90 (s, 1H), 8.83 (d, J = 2.1 Hz, 1H), 8.26 (dd, J = 8.8, 2.1 Hz, 1H), 7.24
(d, ) =8.8 Hz, 1H), 4.42 (g, ) = 7.1 Hz, 2H), 1.43 (t, ) = 7.1 Hz, 3H).

Ethyl 3-amino-4-hydroxybenzoate (15). Ethyl 4-hydroxy-3-nitrobenzoate (14) (1.8 gr, 8.5
mmol) and palladium 10% on charcoal (0.5 mol%) were placed in 50 ml of THF under
nitrogen atmosphere then sodium formate (2.8 gr, 42.6 mmol) and 15 ml of water were
added. The mixture is heated to 50°C and stirred for 4 hrs then the reaction is cooled to
room temperature and filtered on alumina pad. Mixture diluted with AcOAEt and washed
withwaterand brine. Organiclayer collected and dried over sodium sulphate, filteredand
solventremoved. Crude residue recrystallized with aceticacid to give the clean product as
pink crystals (1.5 gr, 98%). "H NMR (400 MHz, Chloroform-d) & 7.49 — 7.41 (m, 2H), 6.75
(d,)=8.2 Hz, 1H), 4.34 (p, J =7.0 Hz, 2H), 1.37 (td, J = 7.2, 3.4 Hz, 4H).

Ethyl 4-(4-fluorobenzamido)-3-hydroxybenzoate (16). 4-fluoro benzoic acid (0.5 gr, 3.6
mmol) is dissolved in 5 ml of thionyl chloride and refluxed for 1.5 hrs. The mixture is
cooled to room temperature and then the excess of thionyl chloride is removed under
reduced pressure. In a separate flask Ethyl 3-amino-4-hydroxybenzoate (15) (0.5 gr, 2.8
mmol) and triethylamine (0.55 ml, 3.9 mmol) were placed in 15 ml of anhydrous THF at
0°C then a solution of the previously prepared chloride in 5ml of THF was added
dropwise. The reaction is stirred 1 hrs to completion. Mixture diluted in AcOEt and
washed with water, HCI 1M and brine. Organic layer collected and dried over sodium
sulphate thenfiltered and solvent removed to give desired product as a white solid (0.55
gr, 65%). *H NMR (300 MHz, DMSO-d6) & 9.63 (s, 1H), 8.28 (d, J = 2.1 Hz, 1H), 8.11 —8.00
(m, 2H), 7.69 (dd, J = 8.5, 2.1 Hz, 1H), 7.37 (t, J = 8.8 Hz, 2H), 7.01 (d, J = 8.5 Hz, 1H), 4.27
(q,)=7.1Hz, 2H), 1.30 (t, J =7.1 Hz, 3H).

Ethyl 2-(4-fluorophenyl)benzo[d]oxazole-5-carboxylate (17). Ethyl 4-(4-
fluorobenzamido)-3-hydroxy benzoate (16) (0.25 gr, 0.8 mmol) and 4-toluen sulfonic acid
(0.1 gr, 0.5 mmol) were dissolved in 20 ml of toluene and refluxed at 110°C for 2 hrs to
completion. The mixture isthen cooled toroom temoperature and washed with NaHCO3
and brine. . Organic layer collected and dried over sodium sulphate then filtered and
solvent removed. Crude residue purified by a silica gel column chromatography
(hexane/DCM 7:3) to afford the desired product as a white solid (150 mg, 66%). "H NMR
(300 MHz, Chloroform-d) & 8.47 (d, J = 1.6 Hz, 1H), 8.33 —8.22 (m, 2H), 8.12 (dd, J = 8.6,
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1.7 Hz, 1H), 7.61 (d, J = 8.5 Hz, 1H), 7.27 — 7.18 (m, 3H), 4.43 (q, J = 7.1 Hz, 2H), 1.43 (t,J =
7.1 Hz, 3H).

2-(4-fluorophenyl)-N-methoxy-N-methylbenzo[d]oxazole-5-carboxamide (18). Ethyl 2-
(4-fluorophenyl) benzo[d]oxazole-5-carboxylate (17) (0.15gr, 0.5 mmol) and N,O-dimethyl
hydroxylamine hydrochloride (0.15 gr, 1.6 mmol) are stirred in 10 ml of anhydrous THF
and placed at -40°C under nitrogen for 10 min the iso-butyl magnesium bromide (1.3 ml,
2.6 mmol) is added dropwise . Reaction allowed to warm to -20°C. Reaction quenched
with few drops of glacial acetic acid and mixture diluted with AcOEt and washed with
water, HCL 1M and brine. Organic layer collected and dried over sodium sulphate,
filtered. Solvent removed under reduced pressure to give the clean product (0.12 gr,
80%). *H NMR (300 MHz, Chloroform-d) & 8.33—8.22 (m, 2H), 8.15 (d, J = 1.6 Hz, 1H), 7.76
(dd, J = 8.5, 1.6 Hz, 1H), 7.60 (d, J = 8.4 Hz, 1H), 7.26 — 7.18 (m, 3H), 3.57 (s, 3H), 3.41 (s,
3H).

1-(2-(4-fluorophenyl)benzo[d]oxazol-5-yl)ethan-1-one (19). Weinreb amide (18) (0.17 gr,
0.5 mmol) was placed in 10 ml of anhydrous THF at 0°C under nitrogen atmosphere, and
then methyl magnesium bromide (0.3 ml, 0.8 mmol) was added dropwise. Reaction
quenched with acetic acid after 30 min. Mixture diluted with AcOEt and washed with
water, NaHCO3 and brine Organic layer collected and dried over sodium sulphate,
filtered. Solvent removed under reduced pressure to give the clean product (0.12 gr,
94%). "H NMR (400 MHz, Chloroform-d) & 8.39 (d, J = 1.8 Hz, 1H), 8.31 (ddg, J =8.5,5.1,
3.0 Hz, 2H), 8.09 (dd, J = 8.5, 1.8 Hz, 1H), 7.66 (dd, J =8.5, 2.0 Hz, 1H), 7.31 —7.22 (m, 3H),
2.72 (d, J =2.1 Hz, 3H).

4,4, 4-trifluoro-1-(2-(4-fluorophenyl)benzo[d]oxazol-5-yl)-3-hydroxy-3-
(trifluoromethyl)butan-1-one (20). Starting material (19) (0.11 gr, 0.4 mmol) placed at -
60°C in anhydrous THF under nitrogen atmosphere then LIHMDS (0.8 ml, 0.8 mmol) is
added dropwise and stirred for 30min. In a separate two neck flask concentrated H2504
(10 ml) is warmed to 50 °C and linked through a cannula with the enolate flask then a
trihydrate hexafluoroacetone (0.2 ml, 1.2 mmol) is dropped inside the H2SO4 and the
formed gaseous HFA is cannulated inside the enolate solution. The mixture is stirred 3
hrs, and then the reaction is quenched with glacial acetic acid (few drops). Mixture
diluted with ACOEt and washed with water and brine. Organic layer collected and dried
over sodium sulphate, filtered and solvent removed under reduced pressure. Crude
product purified with gel silica column chromatography (petroleum ether/AcOEt 7:3) to
afford the desired product (100 mg, 60%). ‘H NMR (300 MHz, Chloroform-d) 6 8.37(d, J =
1.8 Hz, 1H), 8.34 — 8.24 (m, 2H), 8.06 (dd, J = 8.6, 1.8 Hz, 1H), 7.71(d, J =8.6 Hz, 1H), 7.26
(t, J=8.6 Hz, 2H), 7.15 (s, 1H), 3.56 (s, 2H).
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4,4,4-trifluoro-1-(2-(4-fluorophenyl)benzo[d]oxazol-5-yl)-3-(trifluoromethyl)butane-1,3-
diol (UPR1410). Starting material (20) (0.1 gr, 0.2 mmol) is placed in methanol at 0°C,
then sodium boron hydride (25mg, 0.6 mmol) is added. Mixture stirred 30 min, and then
the reaction is quenched with NaHCO3. Mixture diluted with diethyl ether and washed
with waterand brine. Organiclayer collected and dried oversodium sulphate, filteredand
solvent removed. Crude residue purified by a silica gel column chromatography
(petroleum ether/AcOEt 7:3) to afford UPR1410 as a white solid (100 mg, 99%). "H NMR
(300 MHz, Chloroform-d) & 8.28 — 8.17 (m, 2H), 7.74 (s, 1H), 7.52 (d, J = 8.4 Hz, 1H), 7.26 —
7.10 (m, 3H), 6.37 (s, 1H), 5.38 (d, J = 11.4 Hz, 1H), 2.48 — 2.38 (m, 1H), 2.23(dd, J = 15.6,
2.2 Hz, 1H). HPLC-MS (ESI): m/z calcd for CigH1,F,NO; [(M+H)]: 422.03; found: 422.08.

3-(chloromethyl)-4-methoxybenzaldehyde (21). 4-methoxybenzaldehyde (16.64 gr,
122.22 mmol), formaldehyde (6.68 gr, 224.4 mmol), zinc chloride (19.4 gr, 14.23 mmol)
are dissolved in HCl (37%, 80 ml) and heated to 75°C for 30 min. The solution is coled to
room temperature and poured in cold/ice water, then the precipitate is recovered by
filtration to give the desired product as yellowish solid. (20 gr, 89%). 1H NMR (300 MHz,
Chloroform-d) 6 9.88 (s, 1H), 7.94 —7.77 (m, 2H), 7.01 (d, J = 8.5 Hz, 1H), 4.66 (s, 2H), 3.96
(s, 3H).

3-((4-fluorophenoxy)methyl)-4-methoxybenzaldehyde (22).  3-(chloromethyl)-4-
methoxybenzaldehyde (21) (0.50 gr, 2.71 mmol), 4-fluoro phenol (0.32 gr, 2.85 mmol)
were dissolved in degased DMF (30 ml) then potassium carbonate (0.70 gr, 5.07 mmol)
and potassium iodide (0.11 gr, 0.66 mmol) are added. The solution is stirred at room
temperature overnight (18 hrs). The solution is diluted with water and extracted with
DCM. Organic layer collected and dried over sodium sulphate, filtered and solvent
removed under reduced pressure. Crude product purified with silica gel column
chromatography (hexane/AcOEt 10:2) to afford the desired compound as colourless oil
(0.36 gr, 65%). 1H NMR (300 MHz, Chloroform-d) & 10.93 (s, 1H), 9.06 (d, J =2.2 Hz, 1H),
8.88 (dd, J =8.5, 2.2 Hz, 1H), 8.15 —7.86 (m, 5H), 6.10 (s, 2H), 4.98 (s, 3H).

4,4, 4-trifluoro-1-(3-((4-fluorophenoxy)methyl)-4-methoxyphenyl)-3-

(trifluoromethyl)butane-1,3-diol (UPR1388). A solution of 2-(bromomethyl)-1,1,1,3,3,3-
hexafluoropropan-2-ol(0.46 ml, 2.88 mmol) in anhydrous THF 10ml is placed a -78°C then
n-butyl lithium (3.8 ml, 6.05 mmol) is added dropwise at -78°C under nitrogen
atmosphere. The solution is stirred for 30min then a solution of 3-((4-
fluorophenoxy)methyl)-4-methoxybenzaldehyde (22) (0.25 gr, 0.96 mmol) in THF (10ml) is
added dropwise. The reactionisstirred at -78°C under nitrogen atmospherefor additional
30min then the reaction is quenched with few drops of glacial acetic acid. Solvent

84



removed underreduced pressure then the crude productis dissolved in DCMand washed
with sodium carbonate solution. The organiclayerisdried oversodium sulphate, filtered
and solvent removed under reduced pressure. The crude product is then purified with
silica gel column chromatography (hexane/AcOEt 10:2) to afford UPR1388 ad colourless
oil (150mg, 35%)."H NMR (300 MHz, Chloroform-d) 6 7.46 (d, J = 2.3 Hz, 1H), 7.35 -7.26
(m, 2H), 7.07 — 6.88 (m, 4H), 5.06 (s, 2H), 3.88 (s, 3H), 2.55(q, J = 2.1 Hz, 1H), 2.37 (ddd, J
= 15.5, 11.4, 2.1 Hz, 1H), 2.16 (d, J = 15.4 Hz, 1H). HPLC-MS (ESI): m/z calcd for C1oH;,F;0,
[(M+H)]: 441.09; found: 441.01.

3-((4-chlorophenoxy)methyl)-4-methoxybenzaldehyde (24).  3-(chloromethyl)-4-
methoxybenzaldehyde (21) (1.63 gr, 8.8 mmol), 4-clorophenol (1.23 ml, 12.5 mmol) and
potassium carbonate (1.66 gr, 12.0 mmol) were dissolved in DMF and stirred overnight
(18 hrs). The reaction is diluted with AcOEt and washed with HCl 1M and brine. Organic
layer collected and solvent removed. Crude residue purified by silica gel column
chromatography (hexane/AcOEt 8:1) to give the desired clean product (1.98 gr, 82%). 'H
NMR (400 MHz, Chloroform-d) 6 9.91 (s, 1H), 8.01 (dd, J = 2.1, 1.0 Hz, 1H), 7.87 (dd, J =
8.5, 2.2 Hz, 1H), 7.25 (d, J = 7.7 Hz, 2H), 7.03 (d, J = 8.5 Hz, 1H), 6.98 — 6.90 (m, 2H), 5.09
(s, 2H), 3.96 (s, 3H).

1-(3-((4-chlorophenoxy)  methyl)-4-methoxyphenyl) ethan-1-ol (25). 3-((4-
chlorophenoxy) methyl)-4-methoxy benzaldehyde (24) (0.32 gr, 1.2 mmol) was dissolved
inanhydrous THF and placed at 0°C under nitrogen, then methyl magnesium bromide (0.8
ml, 0.3 mmol) was added dropwise. The reaction was stirred 20min then was quenched
with few drops of glacial aceticacid. The mixture isis diluted with AcOEtand washed with
HCl 1M and brine. Organic layer collected and fried over sodium sulphate, filtered and
solvent removed to give the desired product (0.34 gr, 97%). ‘H NMR (300 MHz,
Chloroform-d) 6 7.46 (d, J = 2.3 Hz, 1H), 7.34 (dd, J =8.4, 2.3 Hz, 1H), 7.29 —7.23 (m, 2H),
6.97 — 6.88 (m, 3H), 5.08 (s, 2H), 4.88 (q, J = 6.4 Hz, 1H), 3.87 (s, 3H), 1.49 (d, J = 6.5 Hz,
3H).

1-(3-((4-chlorophenoxy) methyl)-4-methoxyphenyl) ethan-l1-one (26). 1-(3-((4-
chlorophenoxy) methyl)-4-methoxyphenyl) ethan-1-ol (25) (0.34 gr, 1.2 mmol) was
dissolvedin 20ml of toluene and placed at 0°C under nitrogen, then trimethyl aluminium
(0.2 ml, 0.1 mmol) was added dropwise. The mixture is allowed to warm to room
temperature then ciclohexanone (0.7 ml, 6.8 mmol) was added and the reaction was
stirred at reflux at 130°C under nitrogen for 2 hrs. The reactionis quenched with NaHCO3
saturated water solution and extracted with AcOEt. Organic layer washed with HCI 1M
and brine then itis dried over sodium sulphate, filtered and solvent removed. Crude
residue purified by asilicagel column chromatography (petroleum ether/ AcOEt 10:3) to
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afford the clean product as a white solid (0.24 gr, 72%). *H NMR (300 MHz, Chloroform-d)
6 8.08 (d, J =2.4 Hz, 1H), 7.97 (dd, J = 8.7, 2.4 Hz, 1H), 7.25 —7.20 (m, 2H), 7.00—-6.89 (m,
3H), 5.08 (s, 2H), 3.93 (d, ] =1.7 Hz, 3H), 2.56 (d, J = 1.7 Hz, 3H).

1-(3-((4-chlorophenoxy)methyl)-4-methoxyphenyl)-4,4,4-trifluoro-3-hydroxy-3-
(trifluoromethyl)butan-1-one (27). 1-(3-((4-chlorophenoxy) methyl)-4-methoxyphenyl)
ethan-1-one (26) (0.22 gr, 0.8 mmol) is placed at -55°C in anhydrous THF under nitrogen
atmosphere then LIHMDS (1.5 ml, 1.5 mmol) isadded dropwise and stirred for 30min.In a
separate two neck flask concentrated H2SO4 (10 ml) is warmed to 50 °C and linked
through a cannula with the enolate flask then a trihydrate hexafluoroacetone (0.4ml, 2.9
mmol) isdropped inside the H2S04 and the formed gaseous HFA is cannulated inside the
enolate solution. The mixture is stirred 4 hr, and then the reaction is quenched with
glacial aceticacid (few drops). ). Mixture diluted with ACOEt and washed with water and
brine. Organic layer collected and dried over sodium sulphate, filtered and solvent
removed Crude product purified with gel silica column chromatography (petroleum
ether/AcOEt 8:2) to afford the desired product (0.11 gr, 30%). '"H NMR (300 MHz,
Chloroform-d) 6 8.01 (d, J = 2.4 Hz, 1H), 7.88 (dd, J =8.7, 2.4 Hz, 1H), 7.21 —7.12 (m, 2H),
6.92 (d, J=8.7 Hz, 1H), 6.88 — 6.80 (m, 2H), 4.98 (s, 2H), 3.88 (s, 3H), 3.30 (s, 2H).

1-(3-((4-chlorophenoxy)methyl)-4-methoxyphenyl)-4,4,4-trifluoro-3-
(trifluoromethyl)butane-1,3-diol (UPR1404). Ketone (27) (100 mg, 0.2 mmol) isdissolved
in methanol (5 ml) at 0°C then sodium boron hydride (15 mg, 0.4 mmol) was added.
Reaction stirred 20 min then is quenched with sodium bicarbonate overnight. Mixture
diluted with water and extracted with AcOEt, organic layer dried over sodium sulphate,
filtered and solvent removed. Crude residue purified with gel silica column
chromatography (petroleum ether/ AcOEt 8:1) to afford UPR1404 as a white solid (70 mg,
75%). 'H NMR (300 MHz, Chloroform-d) & 7.46 (d, J =2.3 Hz, 1H), 7.37-7.21 (m, 3H), 6.99
—6.90 (m, 3H), 6.29 (s, 1H), 5.24 (d, J = 11.5 Hz, 1H), 5.07 (s, 2H), 3.89 (s, 3H), 2.74 (t,) =
2.3 Hz, 1H), 2.45 — 2.30 (m, 1H), 2.17 (d, J = 15.4 Hz, 1H). HPLC-MS (ESI): m/z calcd for
C19H1;,CIF¢0O,4 [(M+H)]: 457,07; found: 457.16.

1-(chloromethyl)-2-methoxybenzene (28). 2-hydroxy methyl anisole (2.05 gr, 14.9 mmol)
stirred at room temperature with 5 ml of HCl 37%. Reaction mixture extracted with
diethyl ether, organic layer washed with brine and dried over sodium sulphate then
filtered and solvent removed to give the desired product (2.07 gr, 89%).

1-(4-fluorophenyl)-2-(2-methoxyphenyl)ethan-1-ol (29). 1-(chloromethyl)-2-
methoxybenzene (28) (1.59 gr, 10.1 mmol) is stirred with activated magnesium (450 mg,
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18.5 mmol) in THF at reflux under nitrogen atmosphere for 30min then is cooled to room
temperature andis added dropwise to a solution of 4-fluoro-benzaldehyde (0.37 gr, 26.6
mmol) in THF. The reaction 30 min a 0°C then is quenched with ammonium chloride and
water. Extraction with AcOEt, organic layer washed with NaHCO3, brine, dried over
sodium sulphate and filtered. Solvent removed and crude product is purified with silica
gel column chromatography (hexane/DCM 1:1) to afford the desired product as a white
solid (340 mg, 14%). 'H NMR (400 MHz, Chloroform-d) § 7.37 — 7.28 (m, 2H), 7.25-7.19
(m, 1H), 7.02 (dtd, J = 8.8, 6.5, 1.9 Hz, 3H), 6.89 (t, J =7.1Hz, 2H), 4.95 (dd, J =8.5, 4.1 Hz,
1H), 3.85 (s, 3H), 3.09 (dd, J = 13.6, 4.2 Hz, 1H), 2.95 (dd, J = 13.6, 8.5 Hz, 1H).

1-(4-fluorophenethyl)-2-methoxybenzene (30). 1-(4-fluorophenyl)-2-(2-
methoxyphenyl)ethan-1-ol (29) (0.23 gr, 0.92 mmol) is stirred 30min with 5 ml of HCI
37%. The mixture is then extracted with diethyl ether and washed with brine. Organic
layer diluted with glacial acetic acid (8 ml) then metallic zincis added (265 mg, 4 mmol)
and the mixture is heated to reflux for 60 min. The reaction is cooled to room
temperature and filtered over celite pad. Crude productis purified with silica gel column
chromatography (hexane) to afford the desired product as colourle ss 0il (0.13 gr, 60%). 'H
NMR (300 MHz, Chloroform-d) & 7.13 (dddd, J = 24.0, 18.4, 7.7, 1.7 Hz, 4H), 7.00 — 6.82
(m, 4H), 3.82 (s, 3H), 2.86 (q, J = 2.6 Hz, 4H).

1-(3-(4-fluorophenethyl)-4-methoxyphenyl)ethan-1-one (31). 1-(4-fluorophenethyl)-2-
methoxybenzene (30) (0.13 gr, 0.57 mmol) dissolved in DCM (8 ml) is placed at 0°C then
aluminiumtrichloride (0.15 gr, 1.14 mmol) and acetic anhydride (0.1 ml, 1.1 mmol) were
added undernitrogen atmosphere. The reaction is stirred 20 min then is quenched with
cold water. The mixture is extracted with DCM, organic layer washed with NaHCO3 and
brine. Solventremoved and crude residue purified with silica gel column chromatography
(petroleum ether/DCM1:1) to afford the desired compound (105 mg, 68%). ‘"H NMR (300
MHz, Chloroform-d) 6 7.84 (dd, J =8.6, 2.3 Hz, 1H), 7.70 (d, J = 2.3 Hz, 1H), 7.17 = 7.07 (m,
2H), 7.02 — 6.82 (m, 3H), 3.88 (s, 3H), 2.88(qq, J = 8.5, 5.0 Hz, 4H), 2.52 (s, 3H).

4,4 4-trifluoro-1-(3-(4-fluorophenethyl)-4-methoxyphenyl)-3-hydroxy-3-

(trifluoromethyl)butan-1-one (32). 1-(3-(4-fluorophenethyl)-4-methoxyphenyl)ethan-1-
one (31) (0.11 gr, 0.4 mmol) is placed at -55°C in anhydrous THF under nitrogen
atmosphere then LIHMDS (0.58 ml, 0.6 mmol) is added dropwise and stirred for 30min. In
a separate two neck flask concentrated H2504 (10 ml) is warmed to 50 °C and linked
through a cannula with the enolate flask then a trihydrate hexafluoroacetone (0.22 ml,
1.6 mmol) isdroppedinsidethe H2S04 and the formed gaseous HFA is cannulated inside
the enolate solution. The mixture is stirred 4 hr, and then the reaction is quenched with
glacial aceticacid (few drops). ). Mixture diluted with ACOEt and washed with water and
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brine. Organic layer collected and dried over sodium sulphate, filtered and solvent
removed Crude product purified with gel silica column chromatography (petroleum
ether/DCM 8:2) to afford the desired product (138 mg, 92%). ‘H NMR (300 MHz,
Chloroform-d) & 7.85 (dd, J = 8.7, 2.4 Hz, 1H), 7.64 (d, J = 2.3 Hz, 1H), 7.15 — 7.05 (m, 2H),
6.95 (td, J =8.7, 2.3 Hz, 3H), 3.92 (s, 3H), 3.32 (s, 2H), 2.99 —2.79 (m, 4H).

4,4, 4-trifluoro-1-(3-(4-fluorophenethyl)-4-methoxyphenyl)-3-(trifluoromethyl)butane-
1,3-diol (UPR1405). Starting material (32) (118 mg, 0.31 mmol) isdissolved in methanol (5
ml) at 0°C then sodium boron hydride (15 mg, 0.4 mmol) was added. Reaction stirred 20
minthenis quenched with sodium bicarbonate overnight. Mixture diluted with waterand
extracted with AcOEt, organic layer dried over sodium sulphate, filtered and solvent
removed. Crude residue purified with gel silica column chromatography (petroleum
ether/ AcOEt 9:1) to afford UPR1405 (110 mg, 81%). ‘H NMR (300 MHz, Chloroform-d) &
7.22-7.03 (m, 3H), 7.00 — 6.81 (m, 4H), 6.21 (s, 1H), 5.17(d, J =11.6 Hz, 1H), 3.84 (s, 3H),
2.96 — 2.77 (m, 4H), 2.29 (ddd, J = 15.5, 11.5, 2.0 Hz, 1H), 2.14 — 2.03 (m, 1H). HPLC-MS
(ESI): m/z caled for CyoH19F;05 [(M+H)]: 439,11; found: 439.25.

1-(4-methoxy-3-nitrophenyl)ethan-1-one (33). 4-metoxy acetophenone (5gr, 33.3 mmol)
is dissolved in concentrated sulphuric acid (20 ml) and placed at 0°C then concentrated
nitric acid (3 ml) is added dropwise. Reaction stirred and allowed to warm to room
temperature then stirred for 20 min. Reaction mixture is then poured in cold/ice water
and the precipitate recovered by filtration. Crude product crystallized from ethanol to
afford the desired product (4.0 gr, 62%). ‘*H NMR (300 MHz, Chloroform-d) & 8.42 (d, J =
2.2 Hz, 1H), 8.17 (dd, J =8.8, 2.2 Hz, 1H), 7.16 (d, J = 8.8 Hz, 1H), 4.04 (s, 3H), 2.60 (s, 3H).

4,4 4-trifluoro-3-hydroxy-1-(4-methoxy-3-nitrophenyl)-3-(trifluoromethyl)butan-1-one
(34). 4-methoxy-3-nitrophenyl)ethan-1-one (33) (0.55 gr, 2.8 mmol) is placed at -78°Cin
anhydrous THF under nitrogen atmosphere then LIHMDS (4.2 ml, 4.2 mmol) is added
dropwise and stirred for 30min. In a separate two neck flask concentrated H2S04 (10 ml)
iswarmedto 50 °C and linked through a cannula with the enolate flask then a trihydrate
hexafluoroacetone (0.78 ml, 5.6 mmol) is dropped inside the H2SO4 and the formed
gaseous HFA is cannulatedinside the enolate solution. The mixture isstirred 1 hr then the
reactionis quenched with glacial acetic acid and water (2 ml 1:1). ). Mixture diluted with
ACOEt and washed with water and brine. Organic layer collected and dried over sodium
sulphate, filtered and solvent removed Crude product purified with gel silica column
chromatography (petroleum ether/ AcOEt 4:1) to afford the desired product (320 mg,
31%). *H NMR (300 MHz, Chloroform-d) & 8.47 (d, J = 2.3 Hz, 1H), 8.20 (dd, J =8.9, 2.3 Hz,
1H), 7.30 — 7.20 (m, 1H), 6.87 (s, 1H), 4.11 (s, 3H), 3.45 (s, 2H).
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4,4, 4-trifluoro-1-(4-methoxy-3-nitrophenyl)-3-(trifluoromethyl)butane-1,3-diol  (35).
Starting material (34) (0.32 gr, 0.9 mmol) is dissolved in 10 ml of methanol and placed at
0°C then sodium boron hydride (50 mg,1.33 mmol) is added. Reaction stired for 20 min
thenisis quenched with sodium bicarbonate overnight. Mixture diluted with water and
extracted with AcOEt, organic layer dried over sodium sulphate, filtered and solvent
removed. Crude residue purified with gel silica column chromatography (petroleum
ether/ AcOEt 5:1) to afford the desired product (210 mg, 65%). ‘H NMR (300 MHz,
Chloroform-d) 6 7.87 (d, J = 2.3 Hz, 1H), 7.56 (dd, J = 8.7, 2.3 Hz, 1H), 7.13 (d, ] = 8.7 Hz,
1H), 5.93 (s, 1H), 5.32 (d, J = 11.4 Hz, 1H), 3.98 (s, 3H), 2.34 (ddd, J = 15.4, 11.4, 2.0 Hz,
1H), 2.24 — 2.13 (m, 1H).

1-(3-amino-4-methoxyphenyl)-4,4,4-trifluoro-3-(trifluoromethyl)butane-1,3-diol (36).
Starting material (35) (0.28 gr, 0.8 mmol) is dissolved in 10 ml of ethanol with water and
acetic acid (7 ml, 1.5 ml, 1.5 ml) then metalliciron powder (0.43 gr, 7.7 mmol) is added.
Reaction stirred at room temperature for 3 hrs then mixture filtere on a celite pad.
Organic layer dried over sodium sulphate, filtered and solvent removed. Crude residue
purified by silica gel column chromatography (petroleum ether/AcOEt 1:1) to afford the
clean product (232 mg, 70%). ‘H NMR (300 MHz, Methanol-d4) § 6.87 —6.76 (m, 2H), 6.69
(dd, J = 8.2, 2.1 Hz, 1H), 5.03 (d, J = 11.0 Hz, 1H), 3.84 (s, 3H), 2.32 — 2.17 (m, 1H), 2.08
(dd, J =15.3, 2.4 Hz, 1H).

4-fluoro-N-(2-methoxy-5-(4,4,4-trifluoro-1,3-dihydroxy-3-
(trifluoromethyl)butyl)phenyl)benzamide (UPR1406).4-fluoro benzoic acid (0.1 gr, 0.7
mmol) is dissolved in thionyl chloride (2 ml) and DMF (0.05ml). Reaction stirred for 1.5 hrs
then the excess of thionyl chloride is removed under reduced pressure.

In a separate flask starting material 36 (50 mg, 0.2mmol) is dissolved in pyridine then a
solution of the previously prepared chloride (0.1 Mol in pyridine, 0.08ml, 0.08 mmol) is
added. Mixture stirred 30 minthen the reactionis diluted with toluene. Solvent removed
under reduced pressure, crude residue dissolved in AcOEt and washed with NaHCO3
saturated solution and brine. Organic layer dried over sodium sulphate, filtered and
solventremoved. Crude product purified by silica gel column chromatography (petroleum
ether/ AcOEt 3:1) to afford UPR1406 (30mg, 82%). *H NMR (400 MHz, DMSO-d6) & 9.53
(s, 1H), 8.07 —7.99 (m, 2H), 7.77 (d, ) = 2.2 Hz, 1H), 7.40 — 7.31 (m, 2H), 7.20 (dd, J =8.5,
2.2 Hz, 1H), 7.08 (d, J = 8.5 Hz, 1H), 5.00 (d, J = 9.9 Hz, 1H), 3.83 (s, 3H), 2.23 (dd, J = 15.2,
10.1 Hz, 1H), 2.15 — 2.07 (m, 1H). HPLC-MS (ESI): m/z calcd for Ci9H16F7NO, [(M+H)]:
454.09; found: 454.23.

1-(3-amino-4-methoxyphenyl)ethan-1-one (37). 1-(4-methoxy-3-nitrophenyl)ethan-1-
one (33) (2.07 gr, 10.6 mmol) is dissolved in 35 ml of ethanol and acetic acid (7 ml) then
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metallic iron powder (5.91 gr,106.0 mmol) is added. Reaction stirred at room
temperature for 3 hrs then mixture filtered on a celite pad. Organic layer dried over
sodium sulphate, filtered and solvent removed. Crude residue purified by silica gel
column chromatography (petroleum ether/AcOEt 4:1) to afford the clean product (1.08
gr, 62%). "H NMR (300 MHz, DMSO-d6) 6 7.25 — 7.19 (m, 2H), 6.92—6.83 (m, 1H), 4.93 (s,
2H), 3.84 (s, 3H), 2.44 (s, 3H).

N-(5-acetyl-2-methoxyphenyl)-4-fluorobenzamide (38). 4-fluoro benzoic acid (1.67 gr,
9.8 mmol) and pivaloyl chloride (1.0 ml, 8.5 mmol) were dissolved in THF and placed at
0°C then DiPEA (3.4 ml, 19.52 mmol) was added and the reaction stirred 30min. A
solution of starting material (37) (1.08 gr, 6.51 mmol) inanhydrous THF is added dropwise
at 0°C. Mixture stirred overnight ( 18 hrs). Reaction quenched with water and extracted
with AcOEt. Organic layer washed with NaHCO3 and brine, dried over sodium sulphate
and filtered. Solvent removed, the crude residue is purified by a silica gel column
chromatography (petroleum ether/AcOEt 4:1) to affor the clean compound (1.23 gr,
66%). ‘H NMR (300 MHz, Chloroform-d) 6 9.16 (d, J = 2.2 Hz, 1H), 8.46 (s, 1H), 7.98 — 7.87
(m, 2H), 7.82 (dd, J = 8.6, 2.2 Hz, 1H), 7.20 (t, J = 8.6 Hz, 2H), 7.00 (d, J =8.7 Hz, 1H), 4.02
(s, 3H), 2.63 (s, 3H).

N-(5-acetyl-2-methoxyphenyl)-4-fluoro-N-methylbenzamide (39). Starting material (38)
(0.58 gr, 2.0 mmol)was dissolved in anhydrous THF at 0°C then sodium hydride (60 mg,
2.4 mmol) andimidazole (15 mg, 0.2 mmol) were added. Reaction is stirred at 0°C under
nitrogen 20 min then methyl iodide (0.4 ml, 6.06 mmol) is added dropwise. Reaction
stirred 2.5 hrs the is quenched with few drops of glacial acetic acid. Mixture diluted in
AcOEt and washed with brine, organiclayerollected and solvent removed under reduced
pressure. Crude residue purified by a silica gel column chromatography (petroleum
ether/AcOEt 3:1) to afford the desired compound (0.58 gr, 95%). ‘H NMR (300 MHz,
Chloroform-d) 6 7.80 (dd, J = 8.6, 2.2 Hz, 1H), 7.72 (d, J = 2.2 Hz, 1H), 7.30 (t, J = 7.1 Hz,
2H), 6.82 (dt, J = 8.6, 4.3 Hz, 3H), 3.78 (s, 3H), 3.36 (s, 3H), 2.49 (s, 3H).

4-fluoro-N-(2-methoxy-5-(4,4,4-trifluoro-3-hydroxy-3-(trifluoromethyl) butanoyl)
phenyl)-N-methyl benzamide (40). Starting material (39) (0.58 gr, 1.9 mmol) placed at -
78°C in anhydrous THF under nitrogen atmosphere then LIHMDS (3.0 ml, 3.0 mmol) is
added dropwise and stirred for 30min. In a separate two neck flask concentrated H25S04
(10 ml) is warmed to 50 °C and linked through a cannula with the enolate flask then a
trihydrate hexafluoroacetone (0.55 ml, 3.84 mmol) is dropped inside the H2SO4 and the
formed gaseous HFA is cannulated insidethe enolate solution. The mixture is stirred 1 hr
the reactionis quenched with glacial aceticacid (few drops). ). Mixture diluted with AcOEt
and washed with water and brine. Organic layer collected and dried over sodium
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sulphate, filtered and solvent removed. Crude product purified with gel silica column
chromatography (petroleum ether/AcOEt 1:1) to afford the desired product (0.76 gr,
85%). *H NMR (300 MHz, Chloroform-d) & 7.82 (dd, J =8.7, 2.3 Hz, 1H), 7.70 (d, J = 2.3 Hz,
1H), 7.34 — 7.28 (m, 2H), 7.01 (s, 2H), 6.94 — 6.78 (m, 3H), 3.85 (s, 3H), 3.37 (s, 3H).

4-fluoro-N-(2-methoxy-5-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl) butyl)
phenyl)-N-methyl benzamide (UPR1401). Starting material (40) (0.35 gr, 0.76 mmol) is
dissolved in methanol (10 ml) at 0°C then sodium boron hydride (90 mg, 2.3 mmol) was
added. Reaction stirred 20 min then is quenched with sodium bicarbonate overnight.
Mixture diluted with water and extracted with AcOEt, organic layer dried over sodium
sulphate, filtered and solvent removed. Crude residue purified with gel silica column
chromatography (petroleum ether/AcOEt 3:1) to afford UPR1401 (320 mg, 90%). "H NMR
(300 MHz, Chloroform-d) 6 7.14 (d, J = 8.5 Hz, 2H), 6.93 (s, 1H), 6.82 (d, J = 8.3 Hz, 3H),
6.12 (s, 1H), 5.08 (d, J = 11.1 Hz, 1H), 3.80 (s, 3H), 3.33 (s, 3H), 2.32 —1.99 (m, OH), 1.89 (s,
1H). HPLC-MS (ESI): m/z calcd for C,oH.5F;NO, [(M+H)]: 468.10; found: 468.17.

5-(chloromethyl)-6-methoxy-3,4-dihydronaphthalen-1(2H)-one (41). 6-methoxy-3,4-
dihydronaphthalen-1(2H)-one (1.50 gr, 8.5 mmol) and formaldehyde (0.34 gr, 11.01
mmol) were dissolved in 8 ml of HCl 37%. Mixture stirred at room temperature for 2 hrs
the reaction diluted with water and washed with DCM. Organic collected and dried over
sodium sulphate, filtered and solvent removed. Crude residue purified by a silica gel
column chromatography (petroleum ether/AcOEt 7:3) to give the clean product as a
white solid (0.6 gr, 31%). ‘"H NMR (300 MHz, Chloroform-d) & 8.06 (d, J = 8.9 Hz, 1H), 6.88
—6.73 (m, 1H), 4.70 (s, 2H), 3.89 (s, 3H), 2.99 (t, J = 6.1 Hz, 2H), 2.57 (t, J = 6.5 Hz, 2H),
2.10 (h, J =6.5 Hz, 2H).

5-((4-fluorophenoxy)methyl)-6-methoxy-3,4-dihydronaphthalen-1(2H)-one (42). Starting
material (41) (0.6 gr, 2.7 mmol), 4-fluoro phenol (0.43 gr, 3.5 mmol) and potassium
carbonate (0.9 gr, 7 mmol) were dissolved in 30 ml of degassed DMF. Reaction stirred
overnight (18 hrs) the mixture diluted with AcOEt and washed water and brine. Organic
layer collected and dried over sodium sulphate, filtered and solvent removed. Crude
residue purified by a silica gel column chromatography (petroleum ether/Et20 10:3) to
give the clean product as a white solid (0.3 gr, 37%). "H NMR (300 MHz, Chloroform-d) &
8.15 (d, J = 8.8 Hz, 1H), 7.06 — 6.87 (m, 5H), 5.11 (s, 2H), 3.91 (s, 3H), 3.01 (t, J = 6.1 Hz,
2H), 2.61 (dd, ) =7.4, 5.7 Hz, 2H), 2.12 (p, J =6.4 Hz, 2H).

5-((4-fluorophenoxy)methyl)-2-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yl)-6-
methoxy-3,4-dihydro naphthalen-1(2H)-one (43). Starting material (42) (0.15 gr, 0.5
mmol) placed at -60°C in anhydrous THF under nitrogen atmosphere then LiIHMDS (2.0
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ml, 2.0 mmol) is added dropwise and stirred for 30min. In a separate two neck flask
concentrated H2S04 (10 ml) is warmed to 50 °C and linked through a cannula with the
enolate flask then atrihydrate hexafluoroacetone (0.4 ml, 3 mmol) is dropped inside the
H2S04 and the formed gaseous HFA is cannulated inside the enolate solution. The
mixture is stirred 3 hrs, and then the reaction is quenched with glacial acetic acid (few
drops). Mixture diluted with ACOEt and washed with water and brine. Organic layer
collected and dried over sodium sulphate, filtered and solvent removed under reduced
pressure. Crude product purified with gel silica column chromatography (petroleum
ether/Et20 10:2) to afford 43 as a white solid (150 mg, 43%). '"H NMR (300 MHz,
Chloroform-d) & 8.19 (d, J = 8.9 Hz, 1H), 7.08 —6.89 (m, 5H), 5.19 (d, J = 10.5 Hz, 1H), 5.06
(d, J =10.5 Hz, 1H), 3.97 (s, 3H), 3.29 (dt, J =17.1, 3.6 Hz, 1H), 3.20 — 3.08 (m, 1H), 2.92
(ddd, J = 17.2, 13.2, 4.0 Hz, 1H), 2.54 (dd, J = 13.5, 3.9 Hz, 1H), 2.27 —2.08 (m, 1H). HPLC-
MS (ESI): m/z calcd for C,,H,7F;0, [(M+H)]: 465.09; found: 465.12.

5-( (4-fluorophenoxy) methyl)-2-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yl)-6-
methoxy-1,2,3,4-tetrahydro naphthalen-1-ol (UPR1416). 43 (0.1 gr, 0.2 mmol) is placed
in methanol at 0°C, then sodium boron hydride (40mg, 0.9 mmol) is added. Mixture
stirred 30 min, and then the reaction is quenched with NaHCO3. Mixture diluted with
diethyl ether and washed with water and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed. Crude residue purified by a silica gel
column chromatography (petroleum ether/Et20 10:3) to afford UPR1416 as a white solid
(50 mg, 53%). "H NMR (300 MHz, Chloroform-d) & 7.34 — 7.25 (m, 1H), 7.12 - 6.81 (m,
5H), 6.20 (s, 1H), 5.09 (s, 2H), 3.88 (s, 3H), 3.20 (dt, J = 17.9, 4.4 Hz, 1H), 2.87 (ddd, J =
18.1, 11.1, 7.3 Hz, 1H), 2.40 (dd, J = 19.2, 6.9 Hz, 2H), 2.32-2.13 (m, J =5.7 Hz, 2H). HPLC-
MS (ESI): m/z calcd for C,,H,F;0, [(M+H)]: 467.09; found: 467.14.

6-((4-chlorobenzyl)oxy)-3,4-dihydronaphthalen-1(2H)-one (44). 6-hydroxy-3,4-
dihydronaphthalen-1(2H)-one (1.0 gr, 6.2 mmol), 4-chloro benzyl bromide (1.0 gr, 5.0
mmol) and potassium carbonate (1.8 gr, 12.5 mmol) were dissolved in 20 ml of degassed
DMF. Reaction stirred at room temperature overnight (18 hrs) thenthe mixture is diluted
with DCM and washed with water and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed. Crude residue purified by a silica gel
column chromatography (petroleum ether/Et20 10:4) to afford the product as a
yellowish solid (1.1 gr, 77%). "H NMR (300 MHz, Chloroform-d) § 8.01 (d, J =8.7 Hz, 1H),
7.36 (s, 4H), 6.88 (dd, J = 8.7, 2.5 Hz, 1H), 6.76 (d, J = 2.5 Hz, 1H), 5.08 (s, 2H), 2.92 (t,]) =
6.1 Hz, 2H), 2.61 (dd, J =7.2, 5.8 Hz, 2H), 2.12 (td, J = 12.5, 11.6, 5.3 Hz, 2H).

6-((4-chlorobenzyl)oxy)-2-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yl)-3,4-
dihydronaphthalen-1(2H)-one (45). 6-((4-chlorobenzyl)oxy)-3,4-dihydronaphthalen-
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1(2H)-one (44) (1.0 gr, 3.5 mmol) placed at -60°C in anhydrous THF under nitrogen
atmosphere then LIHMDS (7.0 ml, 7.0 mmol) is added dropwise and stirred for 30min. In a
separate two neck flask concentrated H25S04 (10 ml) is warmed to 50 °C and linked
through a cannula with the enolate flask then a trihydrate hexafluoroacetone (1.5 ml,
11.5 mmol) is dropped inside the H2504 and the formed gaseous HFA is cannulated
inside the enolatesolution. The mixture is stirred 3 hrs, and then the reactionis quenched
with glacial acetic acid (few drops). Mixture diluted with ACOEt and washed with water
and brine. Organic layer collected and dried over sodium sulphate, filtered and solvent
removed under reduced pressure. Crude product purified with gel silica column
chromatography (petroleum ether/Et20 10:2) to afford 45 as a white solid (0.50 gr, 32%).
'H NMR (300 MHz, Chloroform-d) 6 8.65 (d, J = 1.4 Hz, 1H), 8.04 (d, J =8.9 Hz, 1H), 7.43 —
7.30 (m, 4H), 6.93 (dd, J = 8.8, 2.5 Hz, 1H), 6.77 (d, J = 2.5 Hz, 1H), 5.11 (s, 2H), 3.16 —3.05
(m, 1H), 2.97 (dd, J = 7.2, 3.2 Hz, 2H), 2.48 (dd, J = 13.5, 3.9 Hz, 1H), 2.29 — 2.06 (m, 1H).
HPLC-MS (ESI): m/z caled for C,oH15sCIFgO;5 [(M+H)]: 451.05; found: 451.09.

5-((4-fluorophenoxy)methyl)-2-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yl)-6-
methoxy-1,2,3,4-tetrahydronaphthalen-1-ol (UPR1419). 45 (0.4 gr, 0.9 mmol) is placed in
methanol at 0°C, and then sodium boron hydride (120 mg, 3.0 mmol) is added. Mixture
stirred 30 min, and then the reaction is quenched with NaHCO3. Mixture diluted with
diethyl ether and washed with water and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed. Crude residue purified by a silica gel
column chromatography (petroleum ether/Et20 10:2) to afford UPR1419 as a white solid
(150 mg, 36%). *H NMR (300 MHz, Chloroform-d) & 7.35 (s, 4H), 7.19 (d, J = 8.5 Hz, 1H),
6.83 (dd, J =8.5, 2.6 Hz, 1H), 6.74 (d, J = 2.6 Hz, 1H), 6.13 (s, 1H), 5.24 (d, J = 3.0 Hz, 1H),
5.03 (s, 2H), 2.98 (dt, J = 17.4, 4.1 Hz, 1H), 2.84 (dt, J = 17.5, 9.0 Hz, 1H), 2.41 (t, ) = 7.8 Hz,
1H), 2.23 (dd, J = 9.4, 4.4 Hz, 2H), 2.06 (d, J = 4.6 Hz, 1H). HPLC-MS (ESI): m/z calcd for
C,0H17CIF¢0O3 [(M+H)]: 453.07; found: 453.16.

6-bromonaphthalen-2-ol (46). 2-naphthol (6.0 gr, 41.7 mmol) was dissolved in 15ml of
glacial acetic acid, then bromine (4.3 ml, 83.1 mmol) diluted with 5 ml of glacial acetic
acid was added dropwise over 30 min. The mixture is heated to 130°C then metallictin
(13.0 gr, 110.2 mmol) was added. Reaction stirred overnight (20 hrs) then is filtered and
cooled to room temperature. Mixture diluted with DCM and washed HCI 1M and brine.
Organic layer collected and dried over sodium sulphate, filtered and solvent removed.
Crude residue purified with gel silica column chromatography (toluene/hexane 10:2) to
afford the clean product as a white solid (4.5 gr, 48%). "H NMR (300 MHz, DMSO-d6) &
8.03 (d, J = 2.7 Hz, 1H), 7.80 — 7.71 (m, 1H), 7.66 (d, J = 8.8 Hz, 1H), 7.48 (dd, J = 8.8, 1.9
Hz, 1H), 7.16 — 7.03 (m, 2H).
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((6-bromonaphthalen-2-yl)oxy)(tert-butyl)dimethylsilane (47). 6-bromoaphthol (46) (1
gr, 4.5 mmol) and TBDMSiCI (0.80 gr, 5.5 mmol) were placed in degassed DMF at 0°C then
triethyl amine (1.0 ml, 6.5 mmol) was added. Reaction stirred 24 hrs then is diluted with
AcOEt and washed with water and brine. Organic layer collected and dried over sodium
sulphate, filtered and solvent removed. Crude residue purified by a silica gel column
chromatography (petroleum ether) to afford the clean product as a white solid (1.0 gr,
66%). *H NMR (300 MHz, Chloroform-d) & 7.96 — 7.86 (m, 1H), 7.68 —7.43 (m, 3H), 7.19—
7.04 (m, 2H), 1.02 (s, 9H), 0.25 (s, 6H).

1-(4-(6-((tert-butyldimethylsilyl)oxy) naphthalen-2-yl) phenyl) ethan-1-one (48). ((6-
bromonaphthalen-2-yl)oxy) (tert-butyl) dimethylsilane (47) (0.40 gr, 1.2 mmol), 1-(4-
(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) phenyl) ethan-1-one (0.35 gr, 1.4 mmol),
potassium carbonate (0.65 gr, 5.0 mmol) and bis(triphenylposphine) palladium dichloride
(0.5% mol) were dissolved in 20ml of 1,4-dioxane and 3 ml of water. The mixture is
heated to 100°C and the reactionisstirred at reflux under nitrogen atmosphere for 5 hrs,
and thenis cooled to room temperature. The mixture is diluted with AcOEt and washed
with NaHCO3 saturated water solution and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed under reduced pressure. Crude residue
purified by asilicagel column chromatography (toluene/hexane 10:3) to give the desired
product as a white solid (300 mg, 66%). "H NMR (300 MHz, Chloroform-d) & 8.15 — 7.97
(m, 3H), 7.80 (dd, J = 8.6, 3.2 Hz, 4H), 7.71 (dd, J = 8.6, 1.8 Hz, 1H), 7.24 — 7.08 (m, 2H),
2.66 (s, 3H), 1.03 (s, 9H), 0.27 (s, 6H).

1-(4-(6-((tert-butyldimethylsilyl) oxy) naphthalen-2-yl) phenyl)-4,4,4-trifluoro-3-
hydroxy-3-(trifluoromethyl) butan-1-one (49). Methyl ketone starting material (48) (0.25
gr, 0.7 mmol) placed at-60°C in anhydrous THF under nitrogen atmosphere then LIHMDS
(1.4 ml, 1.4 mmol) is added dropwise and stirred for 30min. In a separate two neck flask
concentrated H25S04 (10 ml) is warmed to 50 °C and linked through a cannula with the
enolate flask then a trihydrate hexafluoroacetone (0.3 ml, 2.1 mmol) is dropped inside
the H2S04 and the formed gaseous HFA is cannulated inside the enolate solution. The
mixture is stirred 3 hrs, and then the reaction is quenched with glacial acetic acid (few
drops). Mixture diluted with AcOEt and washed with water and brine. Organic layer
collected and dried over sodium sulphate, filtered and solvent removed under reduced
pressure. Crude product purified by asilicagel column chromatography (hexane/toluene
10:5) to afford the clean product as a white solid (0.27 gr,71%). '"H NMR (300 MHz,
Chloroform-d) 6 8.11 — 8.02 (m, 3H), 7.91 — 7.77 (m, 4H), 7.71 (dd, J = 8.6, 1.8 Hz, 1H),
7.25 (d, J = 8.5 Hz, 1H), 7.21 — 7.10 (m, 2H), 3.50 (s, 2H), 1.04 (s, 9H), 0.28 (s, 6H).
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1-(4-(6-((tert-butyldimethylsilyl) oxy) naphthalen-2-yl phenyl)-4,4,4-trifluoro-3-
(trifluoromethyl) butane-1,3-diol (50). Ketone starting material (49) (0.25 gr, 0.42 mmol)
is placed in methanol at 0°C, and then sodium boron hydride (50 mg, 1.3 mmol) is added.
Mixture stirred 2 hrs, and then the reaction is quenched with NaHCO3. Mixture diluted
with DCM and washed with water and brine. Organic layer collected and dried over
sodiumsulphate, filtered and solvent removed to afford the desired product as a white
solid (240 mg, 96%). ‘H NMR (300 MHz, Chloroform-d) & 7.95 (d, J = 1.9 Hz, 1H), 7.83 —
7.62 (m, 5H), 7.47 (d, J = 8.3 Hz, 2H), 7.22 (d, J = 2.3 Hz, 1H), 7.12 (dd, J = 8.8, 2.4 Hz, 1H),
6.26 (s, 1H), 5.41 — 5.31 (m, 1H), 2.44 (ddd, J = 15.5, 11.5, 2.1 Hz, 1H), 2.32 —2.21 (m, 1H),
1.04 (s, 9H), 0.27 (s, 6H).

4,4 4-trifluoro-1-(4-(6-hydroxynaphthalen-2-yl)phenyl)-3-(trifluoromethyl)butane-1,3-
diol (UPR1403). Starting material (50) (0.20gr, 0.33 mmol) and TBAF (0.14 gr, 0.40 mmol)
were dissolved in THF and stirred at room temperature for 3 hrs. The mixture is then
diluted with AcOEt and washed with HCI 1M and brine. Organic layer collected and dried
oversodiumsulphate, filtered and solvent removed. Crude product purified by a silica gel
column chromatography (hexane/AcOEe 1:1) to afford UPR1403 as a white solid (0.12
gr,85 %). *H NMR (300 MHz, DMSO-d6) & 9.79 (d, J = 1.2 Hz, 1H), 8.08 (d, J = 1.8 Hz, 1H),
7.93 — 7.64 (m, 5H), 7.49 (d, J = 8.1 Hz, 2H), 7.17 — 7.06 (m, 2H), 6.42 (d, J = 3.9 Hz, 1H),
5.09 (d, J = 9.4 Hz, 1H), 2.38 — 2.24 (m, 1H), 2.19 (d, J = 15.1 Hz, 1H). HPLC-MS (ESI): m/z
calcd for C,1H16FsO; [(M+H)]: 429.09; found: 429.25.

1-(3-(6-((tert-butyldimethylsilyl) oxy) naphthalen-2-yl) phenyl) ethan-1-one (51). ((6-
bromonaphthalen-2-yl)oxy)(tert-butyl)dimethylsilane (47) (0.50 gr, 1.5 mmol), 3-
acetylphenyl boronic acid (0.30 gr, 1.8 mmol), potassium carbonate (0.88 gr, 6.3 mmol)
and bis(triphenylposphine) palladium dichloride (0.5% mol) were dissolved in 20ml of 1,4-
dioxane and 3 ml of water. The mixture is heated to 100°C and the reaction is stirred at
reflux undernitrogen atmosphere for5 hrs, and thenis cooled to room temperature. The
mixture is diluted with AcOEt and washed with NaHCO3 saturated water solution and
brine. Organic layer collected and dried over sodium sulphate, filtered and solvent
removed under reduced pressure. Crude residue purified by a silica gel column
chromatography (toluene/hexane 10:5) to give the desired product as a white solid (350
mg, 62%). '"H NMR (400 MHz, Chloroform-d) & 8.29 (t, J = 1.8 Hz, 1H), 8.03—7.99 (m, 1H),
7.92 (dddd, J = 17.9, 7.8, 2.3, 1.2 Hz, 2H), 7.80 (dd, J = 8.7, 3.5 Hz, 2H), 7.71 (dd, J = 8.6,
1.9 Hz, 1H), 7.57 (t,J = 7.7 Hz, 1H), 7.23 (d, J = 2.4 Hz, 1H), 7.13 (dd, J = 8.8, 2.4 Hz, 1H),
2.69 (s, 3H), 1.04 (s, 9H), 0.27 (s, 6H).

1-(3-(6-((tert-butyldimethylsilyl) oxy) naphthalen-2-yl) phenyl)-4,4,4-trifluoro-3-
hydroxy-3-(trifluoromethyl) butan-1-one (52). Methyl ketone starting material (51) (0.35
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gr, 0.9 mmol) placed at-60°C in anhydrous THF under nitrogen atmosphere then LIHMDS
(3.3 ml, 3.3 mmol) is added dropwise and stirred for 30min. In a separate two neck flask
concentrated H2S04 (10 ml) is warmed to 50 °C and linked through a cannula with the
enolate flask then a trihydrate hexafluoroacetone (0.8 ml, 5.5 mmol) is dropped inside
the H2S04 and the formed gaseous HFA is cannulated inside the enolate solution. The
mixture is stirred 3 hrs, and then the reaction is quenched with glacial acetic acid (few
drops). Mixture diluted with AcOEt and washed with water and brine. Organic layer
collected and dried over sodium sulphate, filtered and solvent removed under reduced
pressure. Crude product purified by a silica gel column chromatography (hexane/Et20
10:5) to afford the clean product as a white solid (0.15 gr,30%). '"H NMR (300 MHz,
Chloroform-d) 6 8.27 (t, ) = 1.9 Hz, 1H), 8.06 —7.89 (m, 3H), 7.83(d, J =8.7 Hz, 2H), 7.74 -
7.56 (m, 2H), 7.24 —7.12 (m, 2H), 3.55 (s, 2H), 1.06 (s, 9H), 0.30 (s, 6H).

1-(3-(6-((tert-butyldimethylsilyl) oxy) naphthalen-2-yl) phenyl)-4,4,4-trifluoro-3-
(trifluoromethyl) butane-1,3-diol (53). Ketone starting material (52) (80 mg, 0.15 mmol)
is placed in methanol at 0°C, and then sodium boron hydride (30 mg, 0.7 mmol) is added.
Mixture stirred 2 hrs, and then the reaction is quenched with NaHCO3. Mixture diluted
with DCM and washed with water and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed to afford the desired product as a white
solid (70 mg, 86%). "H NMR (400 MHz, Chloroform-d) 6 7.97 — 7.92 (m, 1H), 7.79 (dd, J =
8.7, 4.5 Hz, 2H), 7.71 - 7.62 (m, 3H), 7.50 (t, J = 7.7 Hz, 1H), 7.35 (dt, ] = 7.6, 1.5 Hz, 1H),
7.23 (d, J =2.4 Hz, 1H), 7.12 (dd, J = 8.8, 2.4 Hz, 1H), 6.39 - 6.35 (m, 1H), 3.03 (s, 1H), 2.45
(dddd, J =13.7, 11.5, 4.1, 2.0 Hz, 1H), 2.32 —2.22 (m, 1H), 1.05 (s, 9H), 0.28 (s, 6H).

4,4,4-trifluoro-1-(3-(6-hydroxynaphthalen-2-yl) phenyl)-3-(trifluoromethyl) butane-1,3-
diol (UPR1417). Starting material (53) (65 mg, 0.12 mmol) and TBAF (50 mg, 0.2 mmol)
were dissolved in THF and stirred at room temperature for 3 hrs. The mixture is then
diluted with AcOEt and washed with HCI 1M and brine. Organic layer collected and dried
oversodium sulphate, filtered and solvent removed. Crude product purified by a silica gel
column chromatography (toluene/Et20 10:1) to afford UPR1417 as a white solid (50 mg,
97%). "H NMR (300 MHz, Chloroform-d) & 7.96 (d, J = 1.9 Hz, 1H), 7.79 (dd, J = 15.9, 8.7
Hz, 2H), 7.73 — 7.64 (m, 3H), 7.57 — 7.45 (m, 1H), 7.36 (dt, J = 7.7, 1.5 Hz, 1H), 7.21 —7.09
(m, 2H), 6.28 (s, 1H), 5.39 (d, J = 11.4 Hz, 1H), 2.91 (s, 1H), 2.54 —2.44 (m, 1H), 2.44—2.23
(m, 2H). HPLC-MS (ESI): m/z calcd for C,1H16FsO5 [(M+H)]: 429.09; found: 429.16.

6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)naphthalen-2-ol (54). 6-
bromonaphthalen-2-ol (46) (0.60 gr, 2.7 mmol), bis(pinacolato)diboron (0.77 gr, 3.0
mmol), Palladium(dppf),Cl, (110 mg, 0.1 mol) and potassium acetate (0.8 gr, 8.1 mmol)
were dissolved in 1,4-dioxane and stirred at 90°C under nitrogen atmosphere. After 6 hrs
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the mixture was cooled to room temperature and and diluted with AcOEt. Mixture
washed with HCI 1M and brine. Solvent removed under reduced pressure and crude
residue purified by asilicagel column chromatography (toluene/AcoEt 10:0.5) to give the
clean product (400 mg, 55%). "H NMR (300 MHz, Chloroform-d) & 8.29 (s, 1H), 7.79 (dd, J
=8.4,1.4 Hz, 2H), 7.66 (d, J =8.2 Hz, 1H), 7.16 — 7.04 (m, 2H), 1.38 (s, 12H).

Tert-butyl dimethyl((6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) naphthalen-2-yl)
oxy) silane (55). 6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)naphthalen-2-ol(54) (0.29
gr, 1.1 mmol), TBDMSiCI (0.32 gr, 2.1 mmol) and imidazole (0.27 gr, 3.9 mmol) were
dissolvedin degassed DMF at 0°C. The mixture is allowed to warm to room temperature
and itis stirred overnight (18 hrs). The reaction is diluted in DCM and washed with water
and brine. Organic layer collected and dried over sodium sulphate, filtered and solvent
removed to give the clean product as a white solid (350 mg, 83%). ‘H NMR (400 MHz,
Chloroform-d) & 8.29 (s, 1H), 7.81 — 7.73 (m, 2H), 7.67 (d, J = 8.2 Hz, 1H), 7.17 (d, ) = 2.4
Hz, 1H), 7.06 (dd, J = 8.8, 2.4 Hz, 1H), 1.38 (s, 12H), 1.02 (s, 9H), 0.25 (s, 6H).

1-(4-bromo-3-(chloromethyl)phenyl)ethan-1-one (56). 4-bromoacetophenone (3.0 gr,
15.0 mmol) and aluminiumtrichloride (8.0gr, 60.0 mmol) were placed in 30 ml of DCM at
0°C under nitrogen atmosphere then paraformaldehyde (0.7 gr, 24 mmol) was added. The
mixture is heated to 45°C and stirred 24hrs. The reaction is quenched with cold water,
organiclayerwashed with NaHCO3 and brine. Solvent removed under reduced pressure
and crude residue purified by asilicagel column chromatography (hexane/AcoEt 10:1) to
give the clean product (500 mg, 15%). "H NMR (400 MHz, Chloroform-d) 6 8.06 (d, J = 2.2
Hz, 1H), 7.80 — 7.67 (m, 2H), 4.74 (d, ) = 1.8 Hz, 2H), 2.60 (d, J =2.1 Hz, 3H).

1-(4-(6-((tert-butyldimethylsilyl) oxy) naphthalen-2-yl)-3-(chloromethyl) phenyl) ethan-
l-one (57). Tert-butyl dimethyl((6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)
naphthalen-2-yl) oxy) silane (55) (0.25 gr, 0.6 mmol), 1-(4-bromo-3-
(chloromethyl)phenyl)ethan-1-one(56) (0.15 gr, 0.6 mmol), potassium carbonate (0.32gr,
2.3 mmol) and bis(triphenylposphine) palladium dichloride (0.5% mol) were dissolved in
8ml of 1,4-dioxane and 0.5 ml of water. The mixture is heated to 90°C and the reaction is
stirred at reflux under nitrogen atmosphere for 7 hrs, and then is cooled to room
temperature and stirred overnight. The mixture is diluted with DCM and washed with
NaHCO3 saturated water solution and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed under reduced pressure. Crude residue
purified by a silica gel column chromatography (hexane/ AcOEt 10:0.05) to give the
desired product as a white solid (200 mg, 73%). ‘H NMR (400 MHz, Chloroform-d) & 8.18
(d, J =1.9 Hz, 1H), 7.98 (dd, J = 8.1, 1.8 Hz, 1H), 7.85 — 7.67 (m, 4H), 7.48 (dd, ] = 7.4, 2.1
Hz, 2H), 7.15 (dd, J = 8.8, 2.4 Hz, 1H), 4.62 (s, 2H), 2.68 (s, 3H), 1.04 (s, 9H), 0.28 (s, 6H).
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1-(4-(6-((tert-butyldimethylsilyl) oxy) naphthalen-2-yl)-3-((4-fluorophenoxy) methyl)
phenyl) ethan-1-one (58). 1-(4-(6-((tert-butyldimethylsilyl) oxy) naphthalen-2-yl)-3-
(chloromethyl) phenyl) ethan-1-one (57) (0.2 gr, 0.5 mmol), 4-fluorophenol (0.16 gr, 1.4
mmol) and potassium carbonate (0.49 gr, 3.5 mmol) were dissolved in DMF and stirred
overnight at room temperature. The mixture is diluted with diethyl ether and washed
with water and brine. Solvent removed under reduced pressure and crude residue
purified by a silica gel column chromatography (toluene/Et20 10:1) to give the clean
product (60 mg, 25%). "H NMR (300 MHz, Chloroform-d) & 8.24 (d, J = 1.8 Hz, 1H), 8.00 (d,
J=1.9 Hz, 1H), 7.80 — 7.64 (m, 3H), 7.53 (d, J = 8.0 Hz, 1H), 7.49 — 7.40 (m, 1H), 7.24-7.11
(m, 2H), 6.99 — 6.85 (m, 2H), 6.85 — 6.75 (m, 2H), 4.97 (s, 2H), 2.67 (s, 3H), 0.91 (s, 9H),
0.10 (s, 6H).

4,4,4-trifluoro-1-(3-( (4-fluorophenoxy) methyl)-4-(6-hydroxynaphthalen-2-yl) phenyl)-
3-hydroxy-3-(trifluoromethyl) butan-1-one (59). Methyl ketone starting material (58) (55
mg, 0.1 mmol) placed at-60°C in anhydrous THF under nitrogen atmosphere then LIHMDS
(0.4 ml, 0.4 mmol) is added dropwise and stirred for 30min. In a separate two neck flask
concentrated H2S04 (10 ml) is warmed to 50 °C and linked through a cannula with the
enolate flask then a trihydrate hexafluoroacetone (0.11 ml, 0.8 mmol) is dropped inside
the H2S04 and the formed gaseous HFA is cannulated inside the enolate solution. The
mixture is stirred 3 hrs, and then the reaction is quenched with glacial acetic acid (few
drops). TBAF (50 mg, 0.2 mmol) is added to the reaction and the mixture is stirred at
room temperature for 3 hrs. Then the reaction is diluted with AcOEt and washed with
water and brine. Organic layer collected and dried over sodium sulphate, filtered and
solvent removed under reduced pressure. Crude product purified by a silica gel column
chromatography (hexane/Et20 10:5) to afford the clean product as a white solid (35 mg,
58%). ‘H NMR (300 MHz, Chloroform-d) & 8.26 (d, J = 2.0 Hz, 1H), 8.02 (dd, J = 8.1, 2.0 Hz,
1H), 7.82 — 7.68 (m, 3H), 7.60 (d, J = 8.1 Hz, 1H), 7.45 (dd, J = 8.4, 1.8 Hz, 1H), 7.22 -7.11
(m, 2H), 7.01- 6.87 (m, 2H), 6.87 — 6.75 (m, 2H), 5.00 (s, 2H), 3.52 (s, 2H).

4,4,4-trifluoro-1-(3-( (4-fluorophenoxy) methyl)-4-(6-hydroxynaphthalen-2-yl) phenyl)-
3-(trifluoromethyl) butane-1,3-diol (UPR1430). Ketone starting material (59) (35 mg, 0.1
mmol) is placed in methanol at 0°C, and then sodium boron hydride (10 mg, 0.2 mmol) is
added. Mixture stirred 1 hrs, and then the reaction is quenched with NaHCO3. Mixture
diluted with AcOEt and washed with water and brine. Organic layer collected and dried
oversodium sulphate, filtered and solvent removed. Crude product purified by a silica gel
column chromatography (toluene/AcOEt 10:1) to afford UPR1430 as a white solid (30 mg,
90%). *H NMR (400 MHz, Chloroform-d) § 7.55 — 7.42 (m, 4H), 7.30 —7.19 (m, 2H), 7.11 -
7.02 (m, 1H), 6.95 (ddd, J = 24.0, 9.1, 2.9 Hz, 2H), 6.72 (t, J = 8.6 Hz, 2H), 6.59 (dd, J =9.1,
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4.3 Hz, 2H), 6.13 (s, 1H), 5.16 (d, J = 11.4 Hz, 1H), 4.72 (s, 2H), 2.30—2.19 (m, 1H), 2.16 (s,
1H), 2.08 (d, J = 15.4 Hz, 1H).

Ethyl 4'-formyl-[1,1'-biphenyl]-4-carboxylate (60). Ethyl-4-iodo benzoate (1.0 gr, 3.6
mmol), 4-formylphenyl boronic acid (0.6 gr, 4.0 mmol), potassium carbonate (2.0 gr, 14.5
mmol) and bis(triphenylposphine) palladium dichloride (0.5% mol) were dissolved in 40ml
of 1,4-dioxane and 5 ml of water. The mixture is heated to 100°C and the reaction is
stirred at reflux under nitrogen atmosphere for 3 hrs, then is cooled to room
temperature. The mixture is diluted with AcOEt and washed with water, HCl 1M and
brine. Organic layer collected and dried over sodium sulphate, filtered and solvent
removed under reduced pressure. Crude residue purified by a silica gel column
chromatography (petroleum ether/AcOEt 10:1) to give the clean product as a white solid
(0.8 gr, 87%). "H NMR (300 MHz, Chloroform-d) & 10.08 (s, 1H), 8.20—8.11 (m, 2H), 8.03 —
7.94 (m, 2H), 7.83 —7.75 (m, 2H), 7.75 - 7.66 (m, 2H), 4.42 (q, ) = 7.1 Hz, 2H), 1.42 (t, ) =
7.1 Hz, 3H).

Ethyl 4'-(1-hydroxyethyl)-[1,1'-biphenyl]-4-carboxylate (61). Ethyl 4'-formyl-[1,1'-
biphenyl]-4-carboxylate (60) (0.8 gr, 3.2 mmol) was dissolved in 20 ml of anhydrous THF
under nitrogen atmosphere and placed at 0°C. Then methyl magnesium bromide (1.1 ml,
3.2 mmol) was added dropwise and the reaction was stirred for 1h. The mixture isdiluted
with AcOEt and washed with water, HCl 1M and brine. Organic layer collected and dried
oversodium sulphate, filtered and solvent removed to give the desired product as a pale
yellow powder (0.85 gr, 99%). "H NMR (300 MHz, Chloroform-d) & 8.15 — 8.06 (m, 2H),
7.70 — 7.58 (m, 4H), 7.52 — 7.44 (m, 2H), 4.97 (q, J = 6.5 Hz, 1H), 4.40 (q, J = 7.1 Hz, 2H),
1.55 (d, J=6.5 Hz, 3H), 1.42 (t,J =7.1 Hz, 3H).

Ethyl 4'-acetyl-[1,1'-biphenyl]-4-carboxylate (62). Ethyl 4'-(1-hydroxyethyl)-[1,1'-
biphenyl]-4-carboxylate (61) (0.85 gr, 3.2 mmol) was dissolved in 35 ml of toluene and
placed at 0°C under nitrogen, then trimethyl aluminium (0.5 ml, 1.0 mmol) was added
dropwise. The mixtureis allowed to warm to room temperature then ciclohexanone (1.7
ml, 15.8 mmol) was added and the reaction was stirred at reflux at 130°C under nitrogen
for 3 hrs. The reactionis quenched with NaHCO3 saturated water solution and extracted
with AcOEt. Organic layer washed with HCl 1M and brine then it is dried over sodium
sulphate, filtered and solvent removed. Crude residue purified by a silica gel column
chromatography (petroleum ether/ AcOEt 10:3) to afford the clean product as a white
solid (0.65 gr, 77%). '"H NMR (300 MHz, Chloroform-d) & 8.18 — 8.10 (m, 2H), 8.10 — 8.01
(m, 2H), 7.70 (dd, J = 9.0, 7.4 Hz, 4H), 4.41 (g, J = 7.1 Hz, 2H), 2.65 (s, 3H), 1.42 (t, J = 7.1
Hz, 3H).
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Ethyl 4'-(4,4,4-trifluoro-3-hydroxy-3-(trifluoromethyl)butanoyl)-[1,1'-biphenyl]-4-
carboxylate (63). Ketone starting material (62) (0.3 gr, 1.1 mmol) placed at -60°C in
anhydrous THF under nitrogen atmosphere then LIHMDS (2.2 ml, 2.2 mmol) is added
dropwise and stirred for 30min. In a separate two neck flask concentrated H2S04 (10 ml)
iswarmedto 50 °C and linked through a cannula with the enolate flask then a trihydrate
hexafluoroacetone (0.5 ml, 3.3 mmol) is dropped inside the H25S04 and the formed
gaseous HFA is cannulated inside the enolate solution. The mixture is stirred 3 hrs, and
then the reaction is quenched with glacial acetic acid (few drops). Mixture diluted with
ACOEt and washed with water and brine. Organic layer collected and dried over sodium
sulphate, filtered and solvent removed under reduced pressure. Crude product purified
with gel silicacolumn chromatography (petroleum ether/AcOEt 10:1) to afford the clean
product as a white solid (0.46 gr, 95%). "H NMR (300 MHz, Chloroform-d) & 8.21 — 8.12
(m, 2H), 8.11 —7.99 (m, 2H), 7.83 — 7.74 (m, 2H), 7.74—-7.66 (m, 2H), 7.12 (s, 1H), 4.42 (q,
J=7.1Hz, 2H), 3.50 (s, 2H), 1.43 (t, ) =7.1 Hz, 3H).

Ethyl 4'-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl)butyl)-[1,1'-biphenyl]-4-
carboxylate (UPR1400). The starting material (63) (0.45 gr, 1.1 mmol) is placed in
methanol at 0°C, and then sodium boron hydride (110 mg, 3.0 mmol) is added. Mixture
stirred 30 min, and then the reaction is quenched with NaHCO3. Mixture diluted with
diethyl ether and washed with water and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed. Crude residue purified by a silica gel
column chromatography (petroleum ether/AcOEt 10:1) to afford UPR1400 as a white
solid (340 mg, 75%). ‘"H NMR (300 MHz, Chloroform-d) & 8.12 — 8.03 (m, 2H), 7.68—7.56
(m, 4H), 7.51 - 7.42 (m, 2H), 6.23 (d, J = 7.9 Hz, 1H), 5.36 (d, J = 11.4 Hz, 1H), 4.40 (q, J =
7.1 Hz, 2H), 2.44 — 2.34 (m, 1H), 2.29 — 2.14 (m, 1H), 1.42 (t, J = 7.1 Hz, 3H). HPLC-MS
(ESI): m/z calcd for CyoH15FsO, [(M+H)]: 435.10; found: 435.28.

4'-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl)butyl)-[1,1'-biphenyl]-4-carboxylic
acid (UPR1402). Starting material UPR1400 (0.3 gr, 0.7 mmol) is dissolved in 5 ml of THF
then a solution of NaOH (90 mg, 2.1 mmol) in 50 ml of water is added. The reaction is
stirred at room temperature overnight. Mixture diluted with HCI 1M and washed with
AcOEt. Organiclayercollected and and dried over sodium sulphate, filtered and solvent
removed. Crude residue purified by asilicagel column chromatography (DCM + 1%AcOH)
to give the clean UPR1402 as a white solid (200 mg, 70%). *"H NMR (300 MHz, DMSO-d6) &
12.94 (s, 1H), 8.02 (d, J = 8.3 Hz, 2H), 7.83 —7.69 (m, 4H), 7.51 (d, J =8.1 Hz, 2H), 6.41 (d, J
= 5.1 Hz, 1H), 5.09 (d, J = 9.3 Hz, 1H), 2.37 — 2.10 (m, 2H). HPLC-MS (ESI): m/z calcd for
CigH14F604 [(M+H)]: 407.07; found: 407.37.
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4,4 4-trifluoro-1-(4'-(hydroxymethyl)-[1,1'-biphenyl]-4-yl)-3-(trifluoromethyl) butane-
1,3-diol (UPR1407). Ketone starting material (63) (0.45 gr, 1.1 mmol) was placed in 15 ml
of THF at 0°Cunder nitrogen atmosphere then lithium aluminium hydride (2.1 ml, 2.1
mmol) was added dropwise. The mixture is diluted with NaHCO3 saturated water solution
after1 h. The product is extracted with AcOEt and the organic layer is washed eith brine
then it is dried over sodium sulphate, filtered and solvent removed under reduced
pressure. Crude residue purified by silica gel column chromatography (petroleum ether/
AcOEt 10:1) to afford UPR1407 as a white solid (0.25gr , 58%). '"H NMR (400 MHz,
Chloroform-d) & 7.65 — 7.54 (m, 4H), 7.44 (d, J = 7.8 Hz, 4H), 6.19 (s, 1H), 5.35(d, J = 11.5
Hz, 1H), 4.75 (s, 2H), 2.48 — 2.37 (m, 1H), 2.25 (d, J = 15.5 Hz, 1H). HPLC-MS (ESI): m/z
calcd for CigH16FsO; [(M+H)]: 393.09; found: 393.41.

Ethyl 3'-acetyl-[1,1'-biphenyl]-4-carboxylate (64). Ethyl-4-iodo benzoate (0.5 gr, 1.8
mmol), 3-acetylphenyl boronic acid (0.32gr, 2.0 mmol), potassium carbonate (1.0 gr, 7.2
mmol) and bis(triphenylposphine) palladium dichloride (0.5% mol) were dissolved in 25ml
of 1,4-dioxane and 5 ml of water. The mixture is heated to 100°C and the reaction is
stirred at reflux under nitrogen atmosphere for 3.5 hrs, then is cooled to room
temperature. The mixture is diluted with AcOEt and washed with water, HCl 1M and
brine. Organic layer collected and dried over sodium sulphate, filtered and solvent
removed under reduced pressure. Crude residue purified by a silica gel column
chromatography (petroleum ether/AcOEt 10:1) to give the clean product as a white solid
(0.4 gr, 83%). "H NMR (400 MHz, Chloroform-d) & 8.21 (t, J = 1.8 Hz, 1H), 8.17 — 8.11 (m,
2H), 7.98 (dt, J = 7.8, 1.4 Hz, 1H), 7.82 (ddd, J = 7.7, 1.9, 1.1 Hz, 1H), 7.72 — 7.66 (m, 2H),
7.58 (t,) =7.7 Hz, 1H), 4.42 (q, ) = 7.1 Hz, 2H), 2.67 (s, 3H), 1.43 (t, ) =7.1 Hz, 3H).

Ethyl 3'-(4,4,4-trifluoro-3-hydroxy-3-(trifluoromethyl) butanoyl)-[1,1'-biphenyl]-4-
carboxylate (65). Ketone starting material (64) (0.38 gr, 1.4 mmol) placed at -60°C in
anhydrous THF under nitrogen atmosphere then LIHMDS (3.0 ml, 3.0 mmol) is added
dropwise and stirred for 30min. In a separate two neck flask concentrated H2504 (10 ml)
iswarmedto 50 °C and linked through a cannula with the enolate flask then a trihydrate
hexafluoroacetone (0.6 ml, 4.5 mmol) is dropped inside the H2SO4 and the formed
gaseous HFA is cannulated inside the enolate solution. The mixture is stirred 3 hrs, and
then the reaction is quenched with glacial acetic acid (few drops). Mixture diluted with
ACOEt and washed with water and brine. Organic layer collected and dried over sodium
sulphate, filtered and solvent removed under reduced pressure. Crude product purified
with gel silicacolumn chromatography (petroleum ether/AcOEt 10:1) to afford the clean
product as a white solid (0.35 gr, 58%). "H NMR (300 MHz, Chloroform-d) & 8.22 — 8.12
(m, 3H), 7.95 (tdd, J = 7.8, 2.3, 1.2 Hz, 2H), 7.72—-7.56 (m, 3H), 7.04 (s, 1H), 4.42 (g, =7.1
Hz, 2H), 3.52 (s, 2H), 1.43 (t,J =7.1 Hz, 3H).
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Ethyl 3'-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl) butyl)-[1,1'-biphenyl]-4-
carboxylate (UPR1412). The starting material (65) (0.17 gr, 0.4 mmol) is placed in
methanol at 0°C, and then sodium boron hydride (40 mg, 1.0 mmol) is added. Mixture
stirred 30 min, and then the reaction is quenched with NaHCO3. Mixture diluted with
diethyl ether and washed with water and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed. Crude residue purified by a silica gel
column chromatography (petroleum ether/AcOEt 10:2) to afford UPR1412 as a white
solid (160 mg, 99%). ‘H NMR (300 MHz, Chloroform-d) & 8.14 — 8.06 (m, 2H), 7.68 —7.56
(m, 4H), 7.51 (dd, J = 8.8, 7.1 Hz, 1H), 7.40 (dt, J =7.7, 1.6 Hz, 1H), 6.20 (s, 1H), 5.39(d, J =
11.4 Hz, 1H), 4.40 (q, J = 7.1 Hz, 2H), 2.91 (s, 1H), 2.43 (ddd, J = 15.6, 11.5, 2.1 Hz, 1H),
2.26 (d, J = 15.4 Hz, 1H), 1.41 (t, J = 7.1 Hz, 3H). HPLC-MS (ESI): m/z calcd for CyoH1sFsO4
[(M+H)]: 435.10; found: 435.11.

3'-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl)butyl)-[1,1'-biphenyl]-4-carboxylic
acid (UPR1413). Starting material UPR1412 (0.1 gr, 0.2 mmol) is dissolved in 3 ml of THF
then a solution of NaOH (70 mg, 1.7 mmol) in 20 ml of water is added. The reaction is
stirred at room temperature overnight. Mixture diluted with HCl 1M and washed with
AcOEt. Organiclayercollected and and dried over sodium sulphate, filtered and solvent
removed. Crude residue purified by asilicagel column chromatography (DCM + 1%AcOH)
to give the clean UPR1413 as a white solid (60 mg, 73%). "H NMR (400 MHz, Methanol-
d4) 6 8.14-8.08 (m, 2H), 7.78 —7.72 (m, 2H), 7.69 (d, J = 1.9 Hz, 1H), 7.64 (dt, ) =7.6, 1.5
Hz, 1H), 7.50 (t, J = 7.7 Hz, 1H), 7.42 (dt, J = 7.7, 1.5 Hz, 1H), 5.30 — 5.23 (m, 1H), 2.39 —
2.19 (m, 2H). HPLC-MS (ESI): m/z calcd for Cy15H14F¢0,4 [(M+H)]: 407.07; found: 407.07.

4,4 4-trifluoro-1-(4'-(hydroxymethyl)-[1,1'-biphenyl]-3-yl)-3-(trifluoromethyl) butane-
1,3-diol (UPR1414). Ketone starting material (65) (0.17 gr, 0.4 mmol) was placed in 15 ml
of THF at 0°Cunder nitrogen atmosphere then lithium aluminium hydride (0.8 ml, 0.8
mmol) was added dropwise. The mixture is diluted with NaHCO3 saturated water solution
after1 h. The product is extracted with AcOEt and the organic layer is washed eith brine
then it is dried over sodium sulphate, filtered and solvent removed under reduced
pressure. Crude residue purified by silicagel column chromatography (toluene/Et20 10:3)
to afford UPR1414 as a white solid (0.1 gr, 70%). 'H NMR (300 MHz, Methanol-d4) & 7.65
— 7.52 (m, 4H), 7.45 (t, ) = 7.6 Hz, 3H), 7.35 (dt, J = 7.7, 1.5 Hz, 1H), 5.29 — 5.20 (m, 1H),
4.65 (s, 2H), 2.33 (ddd, J = 15.1, 10.6, 1.9 Hz, 1H), 2.22 (dd, J =15.3, 2.8 Hz, 1H). HPLC-MS
(ESI): m/z caled for CigH16FsO5 [(M+H)]: 393.09; found: 393.12.

Ethyl 4'-acetyl-3-methoxy-[1,1'-biphenyl]-4-carboxylate (67). Ethyl 4-iodo-2-methoxy
benzoate (66) (0.35 gr, 1.15 mmol), 4-acetylphenyl boronic acid (0.23 gr, 1.4 mmol),
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potassium carbonate (0.64 gr, 4.5 mmol) and bis(triphenylposphine) palladium dichloride
(0.5% mol) were dissolved in 10ml of 1,4-dioxane and 1.5 ml of water. The mixture is
heated to 100°C andthe reactionisstirred at reflux under nitrogen atmosphere for 5 hrs,
and thenis cooled to room temperature. The mixture is diluted with AcOEt and washed
with HCl 1M and brine. Organic layer collected and dried over sodium sulphate, filtered
and solvent removed under reduced pressure. Crude residue purified by a silica gel
column chromatography (petroleum ether/AcOEt 10:4) to give the desired product as a
white solid (150 mg, 43%). *H NMR (400 MHz, Chloroform-d) & 8.09 — 8.01 (m, 2H), 7.89
(d, J = 8.0 Hz, 1H), 7.75 — 7.65 (m, 2H), 7.26 —7.15 (m, 2H), 4.38 (q, J = 7.1 Hz, 2H), 3.99 (s,
3H), 1.40 (t, J = 7.1 Hz, 3H).

Ethyl 3-methoxy-4'-(4,4,4-trifluoro-3-hydroxy-3-(trifluoromethyl)  butanoyl)-[1,1'-
biphenyl]-4-carboxylate (68). Ethyl 4'-acetyl-3-methoxy-[1,1'-biphenyl]-4-carboxylate (67)
(0.11 gr, 0.37 mmol) placed at -60°C in anhydrous THF under nitrogen atmosphere then
LIHMDS (0.6 ml, 0.6 mmol) is added dropwise and stirred for 30min. In a separate two
neck flask concentrated H2S04 (10 ml) is warmed to 50 °C and linked through a cannula
with the enolate flask then atrihydrate hexafluoroacetone (0.16 ml, 1.1 mmol) is dropped
inside the H2504 and the formed gaseous HFA is cannulated inside the enolate solution.
The mixture is stirred 3 hrs, and then the reaction is quenched with glacial acetic acid
(few drops). Mixture diluted with AcOEt and washed with water and brine. Organic layer
collected and dried over sodium sulphate, filtered and solvent removed under reduced
pressure. Crude product purified with gel silica column chromatography (petroleum
ether/AcOEt 10:3) to afford the clean product as a white solid (0.1 gr,58%). *H NMR (400
MHz, Chloroform-d) 6 8.09 — 8.03 (m, 2H), 7.91 (d, J =8.0 Hz, 1H), 7.79 — 7.71 (m, 2H),
7.23 (dd, ) =8.0, 1.6 Hz, 1H), 7.18 (d, J = 1.6 Hz, 1H), 7.10 (s, 1H), 4.39 (q, J = 7.1 Hz, 2H),
3.99 (s, 3H), 3.49 (s, 2H), 1.40 (t, ) = 7.1 Hz, 3H).

Ethyl 3-methoxy-4'-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl)  butyl)-[1,1'-
biphenyl]-4-carboxylate (UPR1427). Ketone starting material (68) (0.1 gr, 0.2 mmol) is
placed in methanol at 0°C, and then sodium boron hydride (30 mg, 0.8 mmol) is added.
Mixture stirred 2 hrs, and then the reaction is quenched with NaHCO3. Mixture diluted
with DCM and washed with water and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed. Crude residue purified with gel silica
column chromatography (toluene/Et20 10:0.5) to afford UPR1427 as a white solid (60
mg, 65%). "H NMR (300 MHz, Chloroform-d) 6 7.85 (d, J = 8.0 Hz, 1H), 7.64 — 7.56 (m, 2H),
7.49 — 7.40 (m, 2H), 7.21 - 7.11 (m, 1H), 7.08 (d, J = 1.6 Hz, 1H), 6.22 (s, 1H), 5.35 (d, J =
11.5 Hz, 1H), 4.38 (g, J = 7.1 Hz, 2H), 2.91 (s, 1H), 2.38(d, J = 13.8 Hz, 1H), 2.23(d, ) = 15.4
Hz, 1H), 1.40 (t, J = 7.1 Hz, 3H). HPLC-MS (ESI): m/z calcd for C,;H,oFsOs [(M+H)]: 465.11;
found: 465.17.
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Ethyl 4'-acetyl-3-(benzyloxy)-[1,1'-biphenyl]-4-carboxylate (70). Ethyl 4-iodo-2-benzyloxy
benzoate (69) (0.55 gr, 1.5 mmol), 4-acetylphenyl boronic acid (0.29 gr, 17 mmol),
potassium carbonate (0.71 gr, 5.1 mmol) and bis(triphenylposphine) palladium dichloride
(0.5% mol) were dissolved in 13ml of 1,4-dioxane and 2 ml of water. The mixture is
heated to 100°C and the reactionisstirred at reflux under nitrogen atmosphere for 5 hrs,
and thenis cooled to room temperature. The mixture is diluted with AcOEt and washed
with HCl 1M and brine. Organic layer collected and dried over sodium sulphate, filtered
and solvent removed under reduced pressure. Crude residue purified by a silica gel
column chromatography (petroleum ether/AcOEt 10:2) to give the desired product as a
white solid (350 mg, 64%). '"H NMR (400 MHz, Chloroform-d) & 8.07 — 8.00 (m, 2H), 7.93
(d, J = 7.8 Hz, 1H), 7.67 — 7.61 (m, 2H), 7.57 = 7.50 (m, 2H), 7.44—7.37 (m, 2H), 7.37—7.31
(m, 1H), 7.28 = 7.21 (m, 2H), 5.26 (s, 2H), 4.39 (q, J = 7.1 Hz, 2H), 2.64 (s, 3H), 1.37 (t, J =
7.1 Hz, 3H).

Ethyl 3-(benzyloxy)-4'- (4,4,4-trifluoro-3-hydroxy-3- (trifluoromethyl) butanoyl)-[1,1'-
biphenyl]-4-carboxylate (71). Ethyl 4'-acetyl-3-(benzyloxy)-[1,1'-biphenyl]-4-carboxylate
(70) (0.35 gr, 0.9 mmol) placed at -60°C in anhydrous THF under nitrogen atmosphere
then LIHMDS (1.4 ml, 1.4 mmol) is added dropwise and stirred for 30min. In a separate
two neck flask concentrated H2S04 (10 ml) is warmed to 50 °C and linked through a
cannulawiththe enolate flask then a trihydrate hexafluoroacetone (0.4 ml, 2.7 mmol) is
droppedinside the H25S04 and the formed gaseous HFA is cannulated inside the enolate
solution. The mixture is stirred 3 hrs, and then the reaction is quenched with glacial acetic
acid (few drops). Mixture diluted with AcOEt and washed with water and brine. Organic
layer collected and dried over sodium sulphate, filtered and solvent removed under
reduced pressure. Crude product purified with gel silica column chromatography
(petroleum ether/AcOEt 10:2) to afford the clean product as a white solid (0.4 gr,82%). *H
NMR (400 MHz, Chloroform-d) & 8.08 — 8.01 (m, 2H), 7.94 (d, J = 8.0 Hz, 1H), 7.73 — 7.67
(m, 2H), 7.56 — 7.50 (m, 2H), 7.45 — 7.37 (m, 2H), 7.37 — 7.31 (m, 1H), 7.28 —7.20 (m, 2H),
7.11 (d, J = 1.5 Hz, 1H), 5.26 (s, 2H), 4.40 (q, J =7.1Hz, 2H), 3.49 (s, 2H), 1.37 (t,J =7.1 Hz,
3H).

Ethyl 3-(benzyloxy)-4'- (4,4,4-trifluoro-1,3-dihydroxy-3- (trifluoromethyl) butyl)-[1,1'-
biphenyl]-4-carboxylate (UPR1428). Ketone starting material (71) (0.4 gr, 0.7 mmol) is
placed in methanol at 0°C, and then sodium boron hydride (90 mg, 2.2 mmol) is added.
Mixture stirred 2 hrs, and then the reaction is quenched with NaHCO3. Mixture diluted
with DCM and washed with water and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed. Crude residue purified with gel silica
column chromatography (toluene/Et20 10:0.5) to afford UPR1428 as a white solid (350
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mg, 92%). "H NMR (300 MHz, Chloroform-d) & 7.86 (d, J = 8.0 Hz, 1H), 7.58 — 7.48 (m, 3H),
7.47 —7.29 (m, 5H), 7.20 — 7.07 (m, 2H), 6.23 (s, 1H), 5.32 (d, J =11.4 Hz, 1H), 5.21 (s, 2H),
4.38 (q, J = 7.1 Hz, 2H), 2.97 (t, J = 2.3 Hz, 1H), 2.46 — 2.31 (m, 1H), 2.21 (d, J = 15.3 Hz,
1H), 1.37 (t, J = 7.1 Hz, 3H). HPLC-MS (ESI): m/z calcd for Cp;HpsFsOs [(M+H)]: 541.14;
found: 541.17.

1-(4-bromophenyl)-4,4,4-trifluoro-3-hydroxy-3-(trifluoromethyl)butan-1-one (72). 4-
bromo acetophenone (1.50 gr, 7.5 mmol) placed at -60°C in anhydrous THF under
nitrogen atmosphere then LIHMDS (11.5 ml, 11.5 mmol) is added dropwise and stirred for
30min. In a separate two neck flask concentrated H2504 (10 ml) is warmed to 50 °C and
linked through a cannulawith the enolate flask then a trihydrate hexafluoroacetone (3.2
ml, 20 mmol) is dropped inside the H2SO4 and the formed gaseous HFA is cannulated
inside the enolatesolution. The mixture is stirred 3 hrs, and then the reactionis quenched
with glacial aceticacid (few drops). Mixture diluted with DCMand washed with waterand
brine. Organic layer collected and dried over sodium sulphate, filtered and solvent
removed under reduced pressure. Crude product purified with gel silica column
chromatography (petroleum ether/Et20 10:0.5) to afford the clean product as a white
solid (1.60 gr, 58%). 'H NMR (300 MHz, Chloroform-d) & 7.87 — 7.78 (m, 2H), 7.74 — 7.65
(m, 2H), 6.95 (s, 1H), 3.42 (s, 2H).

1-(4-bromophenyl)-4,4,4-trifluoro-3-(trifluoromethyl)butane-1,3-diol (73). The ketone
starting material (72) (1.60 gr, 4.4 mmol) is placed in methanol at 0°C, and then sodium
boron hydride (0.50 gr, 13 mmol) is added. Mixture stirred 2 hrs, and then the reaction is
guenched with NaHCO3. Mixture diluted with DCM and washed with water and brine.
Organiclayercollectedand dried oversodium sulphate, filtered and solvent removed to
afford the clean product as colourless oil (1.61 gr, 100%). *H NMR (400 MHz, Chloroform-
d) 6 7.59 — 7.52 (m, 2H), 7.29 — 7.24 (m, 2H), 6.29 (s, 1H), 5.27 (d, ) =11.5 Hz, 1H), 3.38 (t,
J= 2.4 Hz, 1H), 2.33 (ddq, J = 15.7, 11.6, 2.1 Hz, 1H), 2.18 (d, J = 15.4 Hz, 1H).

5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1H-inden-1-one (74). 5-
bromo 1-indanone (0.2 gr, 0.95 mmol), bis(pinacolato)diboron (0.27 gr, 1.1 mmol),
palladium acetate (0.5% mol) and potassium acetate (0.3 gr, 3 mmol) were dissolved in
DMF andstirred at reflux at 90°C under nitrogen atmosphere. After 6 hrs the mixture was
cooledtoroom temperature and filtered on a celite pad. Organic layer diluted with DCM
and washed with HCI 1M and brine. Solvent removed under reduced pressure and crude
residue purified by a silica gel column chromatography (toluene/Et20 10:3) to give the
clean product (50 mg, 15%). ‘H NMR (400 MHz, Chloroform-d) & 7.92 (t, J = 1.0 Hz, 1H),
7.82—-7.69 (m, 2H), 3.13 (q,J =5.9, 5.1 Hz, 2H), 2.72 — 2.64 (m, 2H), 1.35 (s, 12H).
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5-(4-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl)-1I3-butyl) phenyl)-2,3-dihydro-1H
inden-1-one (UPR1421). 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,3-dihydro-1H-
inden-1-one (74) (50 mg, 0.2 mmol), 1-(4-bromophenyl)-4,4,4-trifluoro-3-
(trifluoromethyl)butane-1,3-diol (73) (65 mg, 0.2 mmol), potassium carbonate (95 mg, 0.7
mmol) and bis(triphenylposphine) palladium dichloride (0.5% mol) were dissolved in 7ml
of 1,4-dioxane and 1 ml of water. The mixture is heated to 100°C and the reaction is
stirred at reflux under nitrogen atmosphere for 6 hrs, and then is cooled to room
temperature. The mixtureis diluted with DCMand washed with water, HCl 1M and brine.
Organic layer collected and dried over sodium sulphate, filtered and solvent removed
under reduced pressure. Crude residue purified by a silica gel column chromatography
(toluene/Et20 10:1) to give UPR1421 as a white solid (10 mg, 15%). ‘H NMR (400 MHz,
Methanol-d4) & 7.79 (d, J = 7.9 Hz, 1H), 7.70 — 7.55 (m, 4H), 7.50—7.43 (m, 2H), 5.25 (d, J
=11.2 Hz, 1H), 3.33 (p, ] = 1.7 Hz, 1H), 3.23 —3.18 (m, 2H), 2.77—-2.70(m, 2H), 2.30 (t, ) =
13.4 Hz, 1H), 2.21 — 2.13 (m, 1H). HPLC-MS (ESI): m/z caled for CyoHi6FsO; [(M+H)]:
417.09; found: 417.16.

1-(4-bromophenyl)-4,4,4-trifluoro-3-hydroxy-3-(trifluoromethyl)butyl (tert-
butoxycarbonyl)-L-alaninate (75a, 75b). 1-(4-bromophenyl)-4,4,4-trifluoro-3-
(trifluoromethyl)butane-1,3-diol (73) (0.46 gr, 1.3 mmol) N-(tert-Butoxycarbonyl)-L-
alanine (0.80 gr, 1.6 mmol) and DMAP (40 mg, 0.35 mmol) were dissolved in DCM at 0°C
then EDC (0.38 gr, 2.0 mmol) was added. The mixture is stirred under nitrogen
atmosphere at room temperature overnight (18 hrs) then the reaction is diluted with
DCM and washed with water, NaHCO3 and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed. The diastereoisomers Xa and Xb were
separate and purified by silicagel column chromatography (toluene/AcOEt 10:1) to afford
clean 75a (250 mg, 36%) and clean 75b (80 mg, 11%). 75a: ‘H NMR (300 MHz,
Chloroform-d) 6 7.56 — 7.47 (m, 2H), 7.31 —7.10 (m, 2H), 6.08 (d, J =10.1 Hz, 1H), 5.32 (s,
1H), 4.91 (d, J = 6.0 Hz, 1H), 4.19 (p, J = 7.1 Hz, 1H), 2.71 — 2.56 (m, 1H), 2.32 (d, J = 17.0
Hz, 1H), 1.43 (s, 9H), 1.29 (d, J = 7.1 Hz, 3H). 75b: *H NMR (400 MHz, Chloroform-d) & 7.58
—7.51 (m, 2H), 7.33 — 7.15 (m, 2H), 6.17 (d, J = 10.3 Hz, 1H), 5.46 (s, 1H), 4.93 (d, ) =7.1
Hz, 1H), 4.31 (t, J = 7.2 Hz, 1H), 2.66 — 2.53 (m, 1H), 2.35(d, J = 16.1 Hz, 1H), 1.49 (d, J =
12.1 Hz, 9H), 1.41 (d, J = 7.2 Hz, 3H).

1-(4-bromophenyl)-4,4,4-trifluoro-3-(trifluoromethyl)butane-1,3-diol  (76a). 1-(4-
bromophenyl)-4,4,4-trifluoro-3-hydroxy-3-(trifluoromethyl) butyl (tert-butoxycarbonyl)-L-
alaninate (75a) (0.25 gr, 0.5 mmol) is dissolve in 10 ml of methanol at 0°C under nitrogen
atmosphere then metallic sodium (35 mg, 1.5 mmol) was added. Reaction stirred at 0°C
24 hrs thenthe mixture is diluted with DCM and washed with HCl 1M and brine. Organic
layer collected and dried over sodium sulphate, filtered and solvent removed. Crude
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product purified with gel silica column chromatography (petroleum ether/Et20 10:1) to
afford the clean product as a colourless 0il(0.15gr,82%). *H NMR (400 MHz, Chloroform-d)
& 7.61 — 7.53 (m, 2H), 7.32 — 7.24 (m, 2H), 6.07 (s, 1H), 5.30 (d, J = 11.6 Hz, 1H), 2.68 (s,
1H), 2.35 (ddq, J = 15.6, 11.5, 2.1 Hz, 1H), 2.20 (d, J = 15.4 Hz, 1H).

1-(4-bromophenyl)-4,4,4-trifluoro-3-(trifluoromethyl)butane-1,3-diol ~ (76b). 1-(4-
bromophenyl)-4,4,4-trifluoro-3-hydroxy-3-(trifluoromethyl) butyl (tert-butoxycarbonyl)-L-
alaninate (75b) (80 mg, 0.2 mmol) is dissolve in 5 ml of methanol at 0°C under nitrogen
atmosphere then metallic sodium (15 mg, 0.5 mmol) was added. Reaction stirred at 0°C
24 hrs thenthe mixture is diluted with DCM and washed with HCl 1M and brine. Organic
layer collected and dried over sodium sulphate, filtered and solvent removed. Crude
product purified with gel silica column chromatography (petroleum ether/Et20 10:1) to
afford the clean product as colourless oil (50 mg, 91%). "H NMR (400 MHz, Chloroform-d)
8 7.60 — 7.53 (m, 2H), 7.31 — 7.25 (m, 2H), 6.08 (s, 1H), 5.30 (d, J = 11.5 Hz, 1H), 2.70 (s,
1H), 2.35 (ddq, J = 15.7, 11.5, 2.1 Hz, 1H), 2.19 (dd, J = 16.1, 1.9 Hz, 1H).

(4-(ethoxycarbonyl)phenyl)boronic acid (77). 4-carboxyphenyl boronic acid (0.3 gr, 1.8
mmol) is dissolved in 25 ml of ethanol with 0.1ml of HCl 37%. The mixture is stirred at
90°C refluxing for8hrs. The reactionisthen cooled to room temperature and the solvent
is removed under reduced pressure to give the clean product as a white solid (350 mg,
100%). 'H NMR (400 MHz, Methanol-d4) 6 7.97 (dd, J = 8.2, 3.5 Hz, 2H), 7.79 (s, 2H), 4.36
(q9,J=7.1Hz, 1H), 1.39 (t, J =7.1 Hz, 2H).

Ethyl 4'-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl)butyl)-[1,1'-biphenyl]-4-
carboxylate (UPR1422). 1-(4-bromophenyl)-4,4,4-trifluoro-3-(trifluoromethyl)butane-1,3-
diol (76a) (0.1 gr, 0.3 mmol), (4-(ethoxycarbonyl)phenyl)boronic acid (77) (60 mg, 0.3
mmol), potassium carbonate (0.14 gr, 1.0 mmol) and bis(triphenylposphine) palladium
dichloride (0.5% mol) were dissolved in 8ml of 1,4-dioxane and 1 ml of water. The mixture
is heated to 100°C and the reaction is stirred at reflux under nitrogen atmosphere for 5
hrs, then is cooled to room temperature. The mixture is diluted with DCM and washed
with water, HCl 1M and brine. Organic layer collected and dried over sodium sulphate,
filtered and solvent removed under reduced pressure. Crude residue purified by a silica
gel column chromatography (toluene/Et20 10:1) to give UPR1422 as a white solid (90 mg,
69%). "H NMR (300 MHz, Chloroform-d) & 8.07 (dd, J =8.3, 2.3 Hz, 2H), 7.62 (ddd, J =9.7,
8.3, 1.4 Hz, 4H), 7.51 — 7.42 (m, 2H), 6.22 (s, 1H), 5.36 (d, J = 11.4 Hz, 1H), 4.40 (q, J =7.1
Hz, 2H), 2.90 (s, 1H), 2.49 — 2.34 (m, 1H), 2.30 - 2.19 (m, 1H), 1.42 (t, J = 7.1 Hz, 3H). HPLC-
MS (ESI): m/z calcd for CyoH15FsO, [(M+H)]: 435.10; found: 435.15.
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Ethyl 4'-(4,4,4-trifluoro-1,3-dihydroxy-3-(trifluoromethyl)butyl)-[1,1'-biphenyl]-4-
carboxylate (UPR1426). 1-(4-bromophenyl)-4,4,4-trifluoro-3-(trifluoromethyl)butane-1,3-
diol (76b) (50 mg, 0.1 mmol), (4-(ethoxycarbonyl)phenyl)boronic acid (77) (30 mg, 0.2
mmol), potassium carbonate (70 mg, 0.5 mmol) and bis(triphenylposphine) palladium
dichloride (0.5% mol) were dissolved in 5ml of 1,4-dioxane and 1 ml of water. The mixture
is heated to 100°C and the reaction is stirred at reflux under nitrogen atmosphere for 5
hrs, then is cooled to room temperature. The mixture is diluted with DCM and washed
with water, HCl 1M and brine. Organic layer collected and dried over sodium sulphate,
filtered and solventremoved under reduced pressure. Crude residue purified by a silica
gel column chromatography (toluene/Et20 10:0.5) to give UPR1426 as a white solid (20
mg, 35%). '"H NMR (400 MHz, Chloroform-d) 6 8.16 — 8.08 (m, 2H), 7.70 — 7.61 (m, 4H),
7.52 = 7.46 (m, 2H), 6.25 (s, 1H), 5.39 (d, J = 11.5 Hz, 1H), 4.42 (q, J = 7.2 Hz, 2H), 2.98 (s,
1H), 2.49 — 2.38 (m, 1H), 2.31 — 2.22 (m, 1H), 1.44 (t, J = 7.2 Hz, 3H). HPLC-MS (ESI): m/z
calcd for CyoH15FsO4 [(M+H)]: 435.10; found: 435.14.

N-methoxy-N-methyloctanamide (79). Octanoic acid (78) (1.0 gr, 7.0 mmol) and
triethylamine (2.5ml, 17.5 mmol) were placed in 15ml of DMF at 0°C then
ethylchloroformate (0.75ml, 8.0 mmol) is added dropwise. The mixture is stirred 30 min
at 0°C then N,O-dimethyl hydroxylamine hydrochloride (0.82 gr, 8.5 mmol) was added.
The reaction allowed to warm to room temperature then is diluted with diethyl ether.
The mixture is washed with HCI 2M and brine. Organic layer collected and dried over
sodium sulphate, filtered and solvent removed to give the desired producta s a yellowish
oil (1.0 gr, 76%). "H NMR (300 MHz, Chloroform-d) & 3.67 (d, J = 1.0 Hz, 3H), 3.17 (s, 3H),
2.40 (t, ) = 7.6 Hz, 2H), 1.61 (td, J = 10.3, 8.9, 5.8 Hz, 2H), 1.30 (tt, J = 10.4, 4.1 Hz, 8H),
0.92 - 0.82 (m, 3H).

Nonan-2-one (80). N-methoxy-N-methyloctanamide (79) is placed in 15 ml of anhydrous
THF at 0°C under nitrogen atmosphere then methyl lithium (8.0 ml, 12.5 mmol) is added
dropwise. Reaction stirred at 0°C 20 min then is quenched with acetic acid (few drops).
The mixture is diluted with diethyl ether and washed with HCI 1M and brine. Organic
layer collected and dried over sodium sulphate, filtered and solvent removed. Crude
product purified by a silicagel column chromatography (hexane/Et20 10:1) to the desired
product as colourless oil (700 mg, 91%). "H NMR (300 MHz, Chloroform-d) § 2.41 (t, J =
7.4 Hz, 2H), 2.13 (s, 3H), 1.62 —1.51 (m, 2H), 1.30— 1.25 (m, 8H), 0.92 —0.80 (m, 3H).

1,1,1-trifluoro-2-hydroxy-2-(trifluoromethyl)undecan-4-one (81). Nonan-2-one (80) (0.50
gr, 3.5 mmol) placed at-60°C in anhydrous THF under nitrogen atmosphere then LIHMDS
(7.0 ml, 7.0 mmol) is added dropwise and stirred for 30min. In a separate two neck flask
concentrated H2S04 (10 ml) is warmed to 50 °C and linked through a cannula with the
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enolate flask then a trihydrate hexafluoroacetone (1.5 ml, 11.0 mmol) is dropped inside
the H2S04 and the formed gaseous HFA is cannulated inside the enolate solution. The
mixture is stirred 3 hrs, and then the reaction is quenched with glacial acetic acid (few
drops). Mixture diluted with AcOEt and washed with water and brine. Organic layer
collected and dried over sodium sulphate, filtered and solvent removed under reduced
pressure. Crude product purified by a silica gel column chromatography (hexane/Et20
10:1) to afford the product as oil (0.3 gr, 29%). "H NMR (300 MHz, Chloroform-d) 6 6.91
(s, 1H), 2.92 (s, 2H), 2.58 (t, J = 7.3 Hz, 2H), 1.68 — 1.50 (m, 2H), 1.45 — 1.24 (m, 8H), 0.89
(qd, ) =7.2, 1.9 Hz, 3H).

1,1,1-trifluoro-2-(trifluoromethyl)undecane-2,4-diol (UPR1420). Ketone starting material
(81) (300 mg, 1.0 mmol) is placed in methanol at 0°C, and then sodium boron hydride
(120 mg, 3.0 mmol) is added. Mixture stirred 3 hrs, and then the reaction is quenched
with NaHCO3. Mixture diluted with DCMand washed with waterand brine. Organic layer
collected and dried over sodium sulphate, filtered and solvent removed. to Crude product
purified by a silica gel column chromatography (hexane/Et20 10:2) to afford the clean
UPR1420 as a colourless oil (180 mg, 58%). "H NMR (400 MHz, Chloroform-d) & 6.27 (s,
1H), 4.24 (dd, J = 10.1, 5.4 Hz, 1H), 2.28 — 1.84 (m, 4H), 1.60(d, J = 1.0 Hz, 1H), 1.53 (h, J =
7.0, 6.2 Hz, 2H), 1.33 — 1.26 (m, 8H), 0.97 — 0.85 (m, 3H). HPLC-MS (ESI): m/z calcd for
C12H30Fs0; [(M+H)]: 309.13; found: 309.18.
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6.2 Experimental procedures: EGFR inhibitors.

1-(4-(3-methoxy-4-nitrophenyl)piperazin-1-yl)ethan-1-one (83). 4-fluoro-2-methoxy-1-
nitrobenzene (82) (2.00 gr, 11.7 mmol) and 1-acetyl-piperazine (1.70 gr, 13.2 mmol) were
placed in a sealed round bottom flask and heated to 70°C. The mixture was stirred 8hrs
thenthe reaction was cooled to room temperature. The mixture is diluted with toluene
thenthe solventis removed under reduced pressure. The crude residue is washed with
hexane to give the desired product as a yellow solid (3.2 gr, 98%). "H NMR (300 MHz,
Chloroform-d) 6 8.00 (d, J =9.3 Hz, 1H), 6.41 (dd, J = 9.3, 2.6 Hz, 1H), 6.32 (d, J = 2.5 Hz,
1H), 3.96 (d, J = 2.0 Hz, 3H), 3.80 (dd, J = 6.6, 4.2 Hz, 2H), 3.66 (dd, J = 6.6, 3.9 Hz, 2H),
3.50 — 3.36 (m, 4H), 2.15 (s, 3H).

1-(4-(4-amino-3-methoxyphenyl)piperazin-1-yl)ethan-1-one (84). Starting material (83)
(2.6 gr, 9.3 mmol), ammonium chloride (0.81 gr, 14.8 mmol) and metallic zinc (6.11 gr, 94
mmol) were placedinaround bottom flask and dissolved in 10 ml of THF. The mixture is
heated to 75°C to reflux and stirred for 8 hrs then the reaction is cooled to room
temperature. The mixture is filtered on a cotton pad the the solvent is removed under
reduced pressure. The crude residue is purified by asilica gel column chromatography
(DCM/MeOH 10:0.2) to afford the desired product as a white grey powder (1.20 gr, 52%).
'H NMR (300 MHz, Chloroform-d) 6 6.61 (dd, J = 8.3, 1.6 Hz, 1H), 6.48 (dd, J =2.5, 1.3 Hz,
1H), 6.37 (dt, J = 8.5, 2.0 Hz, 1H), 5.26 (d, J = 1.5 Hz, 2H), 3.80 (d, J = 1.6 Hz, 3H), 3.77 —
3.69 (m, 2H), 3.69 —3.52 (m, 2H), 3.03 - 2.91 (m, 4H), 2.10 (d, J = 1.5 Hz, 3H).

2,5-dichloro-N-(3-nitrophenyl)pyrimidin-4-amine (86). 2,4,5-trichloropyrimidine (85)
(2.89 gr, 15.8 mmol), 3-nitroaniline (1.45 gr, 10.5 mmol) and DiPEA (3.70 ml, 21.2 mmol)
were dissolved in 30 ml of isopropanol. The mixture is heated to 80°C and stirred
overnight (18 hrs). The reaction is diluted with AcOEt and washed with water and brine.
Organiclayer collected and solvent removed. Crude residue dissolved again in methanol
and precipitate from water. Solid product recovered by filtration to give the product as
yellowsolid (2.17 gr, 72%). *H NMR (400 MHz, Methanol-d4) & 8.64 (t, J = 2.2 Hz, 1H), 8.25
(s, 1H), 8.06 (dddd, J = 20.9, 8.2, 2.2, 0.9 Hz, 2H), 7.60 (t, J = 8.2 Hz, 1H).

1-(4-(4-((5-chloro-4-((3-nitrophenyl)amino) pyrimidin-2-yl)amino)-3-

methoxyphenyl)piperazin-1-yl)ethan-1-one (87). 1-(4-(4-amino-3-
methoxyphenyl)piperazin-1-yl)ethan-1-one (84) (1.26 gr, 5.1 mmol), 2,5-dichloro-N-(3-
nitrophenyl)pyrimidin-4-amine (86) (2.17 gr, 7.6 mmol) and 4-toluensulphonic acid (1.92
gr, 10.1 mmol) were dissolved in isopropanol and heated to 50°C. The reaction is stirred
for 18 hrs thenis cooled toroom temperature and the solventis removed under reduced
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pressure. The crude residue is purified by crystallization from ethanol/water (7:3) to
afford the desired product (1.26 gr, 50%). "H NMR (300 MHz, Methanol-d4) & 8.57 (dt, J =
10.1, 2.2 Hz, 1H), 8.06 (d, J = 2.1 Hz, 1H), 8.02 — 7.80 (m, 3H), 7.51 (td, ) =8.2, 1.1 Hz, 1H),
6.56 (d, J = 2.5 Hz, 1H), 6.39 (ddd, J = 8.8, 4.4, 2.5 Hz, 1H), 3.88 (d, J = 2.0 Hz, 3H), 3.81 —
3.74 (m, 2H), 3.67 (t, J =5.2 Hz, 2H), 3.20 — 3.06 (m, 4H), 2.17 (s, 3H).

1-(4-(4-((4-((3-aminophenyl)amino)-5-chloropyrimidin-2-yl)amino)-3-
methoxyphenyl)piperazin-1-yl)ethan-1-one (88). The nitro compound (87) (1.10 gr, 2.2
mmol) and metallic iron powder (1.24 gr, 22.2 mmol) were placed in a bottom flask and
dissolved in 150 ml of ethanol (plus 0.5 ml of HCL 37%). The mixture is heated to 90°C to
reflux andstirred for 2 hrs. The reaction is cooled to room temperature and filtered on a
celite pad. The solvent is removed under reduced pressure and the crude residue is
purified by asilicagel column chromatography (AcOEt/MeOH 10:1) to afford the desired
product as a pinkish powder (0.97 gr, 93%). "H NMR (300 MHz, Chloroform-d) § 7.73 (d, J
= 8.7 Hz, 1H), 7.65 (s, 1H), 6.88 — 6.77 (m, 2H), 6.60 (ddd, J = 8.1, 2.1, 1.0 Hz, 1H), 6.33 —
6.16 (m, 3H), 3.59 (s, 3H), 3.52 — 3.43 (m, 2H), 3.43 —3.34 (m, 2H), 2.84 (dt, ) = 14.4, 5.2
Hz, 4H), 1.87 (s, 3H).

N-(3-((2-( (4-(4-acetylpiperazin-1-yl) -2-methoxyphenyl) amino) -5-chloropyrimidin-4-yl)
amino) phenyl) acetamide (UPR1423). Starting material (88) (50 mg, 0.1 mmol) is
dissolved in 1 ml of pyridine and acetic anhydride (0.2 ml, 0.2 mmol). The reaction is
stirred at room temperature for 30min then the cold water | added. The precipitate is
recovered and is purified by crystallization from water/methanol (10:1) to afford
UPR1423 as colourless crystals (44 mg, 82%) "H NMR (300 MHz, Chloroform-d) & 8.14 —
8.02 (m, 2H), 7.88 (s, 1H), 7.33 (dd, J = 11.1, 7.5 Hz, 3H), 7.18 (s, 1H), 7.07 (s, 1H), 6.49 (d, J
=22.0 Hz, 2H), 3.88 (s, 3H), 3.78 (t, ) = 5.2 Hz, 2H), 3.62 (t, J = 5.1 Hz, 2H), 2.16 (d, J =8.7
Hz, 6H). MS (ESI): m/z: calcd for Cy5H30CIFN,O, [(M+H)+]: 578.17; found: 577.90. MS (ESI):
m/z: calcd for C,5H,5CIN,O;5 [(M+H)+]: 510.02; found: 509.93.

N-(3-((2-((4-(4-acetylpiperazin-1-yl)-2-methoxyphenyl)amino)-5-chloropyrimidin-4-

yl)amino)phenyl)-2-chloroacetamide (UPR1424). 2-chloro acetic acid (0.12 gr, 1.3 mmol),
DiPEA (0.17 gr, 1.32 mmol) and pivaloyl chloride (0.14 gr, 1.13 mmol) were dissolved in 2
ml THF and stirred 20 min. A suspension of aniline (88) (100 mg, 0.21 mmol) in toluene is
then added. The reaction is stirred for 1 h at room temperature. The mixture is diluted
with EtOAc and washed with water. Organic layer collected, solvent removed. Crude
product purified by crystallization from ethanol/water 7:3 to afford UPR1424 (61 mg,
55%). 1H NMR (300 MHz, Methanol-d4) & 7.98 — 7.89 (m, 2H), 7.79 (t, J = 2.0 Hz, 1H), 7.44
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—7.25(m, 3H), 6.55 (d, J = 2.5 Hz, 1H), 6.37 (dd, J = 8.8, 2.5 Hz, 1H), 4.13 (s, 2H), 3.86 (s,
3H), 3.70 (dt, J = 22.8, 5.2 Hz, 4H), 3.10 (dt, J = 14.1, 5.2 Hz, 4H), 2.13 (s, 3H). MS (ESI):m/z:
caled for CysHy5Cl;N; 05 [(M+H)+]: 544.16; found: 543.86.

N-(3-((2-( (4-(4-acetylpiperazin-1-yl)-2-methoxyphenyl) amino)-5-chloropyrimidin-4-yl)
amino) phenyl) ethene sulfonamide (UPR1432). Aniline (88) (90 mg, 0.19 mmol) and
triethylamine (0.6 ml, 0.43 mmol) is dissolved in pyridine (2 ml) and is placed at 0°C, then
a solution of 2-bromoethane-1-sulfonyl chloride (89) (59 mg, 0.28 mmol) in toluene is
added dropwise. The mixture is stirred under nitrogen for 24 h, then the solvent is
removed. The crude product purified by silica gel column chromatography
(toluene/acetone 1:1) to afford UPR1432 as a white solid (15 mg, 14%). 1H NMR (400
MHz, Methanol-d4) 6 7.99 — 7.91 (m, 2H), 7.59 (d, J = 5.3 Hz, 1H), 7.35 — 7.07 (m, 5H),
7.01-6.95 (m, 1H), 6.65 — 6.54 (m, 2H), 6.49 (dd, J = 8.8, 2.5 Hz, 1H), 6.23 (d, ) = 16.6 Hz,
1H), 5.92 (d, J = 9.9 Hz, 1H), 3.87 (s, 3H), 3.75 (t, J = 5.2 Hz, 2H), 3.68 (t, J = 5.1 Hz, 2H),
3.14 (dt,) = 22.4, 5.2 Hz, 4H), 2.15 (s, 3H). MS (ESI): m/z: caled for C,5H,5CIN;O,S [(M+H)+:
558.17; found: 557.86.

3-((3-((2-((4-(4-acetylpiperazin-1-yl)-2-methoxyphenyl)amino)-5-chloropyrimidin-4-
yl)amino)phenyl) carbamoyl) benzenesulfonyl fluoride (UPR1433). A solution of aniline
(88) (50 mg, 0.1 mmol) in 2 ml of anhydrous THF is added dropwise to a solution of 3-
(fluorosulfonyl)benzoyl chloride (90) (0.5 mmol) in 1ml of pyridine placed at 0°C. The
reactionisstirred at 0°C for 10min then the solvent is removed under reduced pressure.
The crude residueis purified by silica gel column chromatography (toluene/acetone 7:3)
to afford UPR1433 as a white solid (14 mg, 21%). "H NMR (300 MHz, Methanol-d4) & 8.51
(t, J = 1.8 Hz, 1H), 8.32 (dt, J = 7.9, 1.4 Hz, 1H), 8.20 — 8.07 (m, 1H), 8.02 — 7.88 (m, 3H),
7.78 (t, J = 7.9 Hz, 1H), 7.59 — 7.49 (m, 1H), 7.34 — 7.29 (m, 2H), 7.20 — 6.99 (m, 2H), 3.81
(s, 3H), 3.54 (dt, J = 18.0, 5.2 Hz, 4H), 2.91 (dt, J = 20.0, 5.2 Hz, 5H). MS (ESI): m/z: calcd for
C30H,5CIFN;0O5S [(M+H)+]: 653.16; found: 653.86.

2-((3-((2-((4-(4-Acetylpiperazin-1-yl)-2-methoxyphenyl)amino)-5-chloropyrimidin-4-

yl)amino)phenyl) amino) ethane-1-sulfonyl fluoride (UPR1425). Aniline (88) (200 mg,
0.43 mmol) isdissolvedin chloroform/MeOH 1:1 (10 ml) and ESF (91) (120 ul, 1.45 mmol)
is added. The solution is stirred at room temperature for 3 h, then is diluted with AcOEt
and washed with saturated aqueous NaHCO3. The organic layer is consequently washed
with water and brine, dried over Na2S04 and concentrated under reduced pressure.
Purification of the solid residue by silicagel column chromatography (toluene/EtOH95:5)
affords UPR1425 as a white solid (33 mg, 13%). 1H NMR(400 MHz, CDCI3) & 8.08 (d, J =
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8.7 Hz, 1H), 8.05 (s, 1H), 7.23 — 7.16 (m, 2H), 7.00 (d,J = 2.0 Hz, 1H), 6.90 — 6.80 (m, 1H),
6.54 (d, J = 2.5 Hz, 1H), 6.48 (dd, J = 8.8, 2.6 Hz,1H), 6.45 —6.36(m, 1H), 3.87 (s, 3H), 3.81 -
3.73 (m, 4H), 3.67 — 3.55 (m, 4H), 3.11(dt, J = 12.5, 5.2 Hz, 4H), 2.15 (s, 3H). MS (ESI): m/z:
calcd for CpsHyCIFN;0,S [(M+H)+]: 577.17; found: 577.90.

2,5-dichloro-N-(4-nitrophenyl)pyrimidin-4-amine (92). 2,4,5-trichloropyrimidine (85) (0.4
gr, 2.2 mmol) and 4-nitroaniline (0.30gr, 2.2 mmol) were placed in a sealed bottom flask
with 15 ml of water and 0.1 ml of HCI 37%. The mixture is heated to 100°C and stirred 7
hrs. A yellow precipitate is recovered by filtration, then is washed with water and with
hexane to give the clean product (0.50 gr, 80%). "H NMR (300 MHz, Chloroform-d) & 8.37
—8.24 (m, 3H), 7.90 (s, 2H), 7.51 (s, 1H).

1-(4-(4-((5-chloro-4-((4-nitrophenyl)amino)pyrimidin-2-yl)amino)-3-
methoxyphenyl)piperazin-1-yl)ethan-1-one (93). The chloride compound (92) (0.50 gr,
1.8 mmol), the aniline (84) (0.32 gr, 1.3 mmol) and 4-toluensulphonic acid (0.34gr, 1.8
mmol) were dissolved in 15 ml of isopropanol. The mixtureis heated to 90°C to reflux and
stirred overnight (18 hrs). The reaction is cooled to room temperature, solvent removed
under reduced pressure. The crude residue is dissolved in DCM and washed with a
saturated solution of NaHCO3 then water and brine. Organiclayer collected and solvent
removed under reduced pressure. The crude residue is purified by silica gel column
chromatography (DCM/MeOH 10:0.2) to afford the desired product as a yellow powder
(0.40 gr, 45 %). "H NMR (300 MHz, Chloroform-d) & 8.26 — 8.17 (m, 2H), 8.15 (s, 1H), 7.98
(d, ) =8.6 Hz, 1H), 7.87 — 7.77 (m, 2H), 7.31 (d, J = 16.9 Hz, 2H), 6.60 — 6.47 (m, 2H), 3.89
(s, 3H), 3.87 —=3.76 (m, 2H), 3.71 — 3.62 (m, 2H), 3.19— 3.11 (m, 4H), 2.16 (s, 3H).

1-(4-(4-((4-((4-aminophenyl)amino)-5-chloropyrimidin-2-yl)amino)-3-
methoxyphenyl)piperazin-1-yl)ethan-1-one (94). The nitro compound (93) (0.10 gr, 0.2
mmol) metallic iron powder (0.34 gr, 6 mmol) were placed in a round bottom flask with
25 ml of ethanol and 1 ml of HCI 37%. The mixture is heated to 100°C to reflux and stirred
3 hrs. The mixture is filtrated on a celite pad, the ethanol is removed under reduced
pressure. The crude residue is purified by a silica gel column chromatography
(DCM/MeOH 10:0.5) to afford the desired aniline (40 mg, 43%). ‘H NMR (300 MHz,
Chloroform-d) & 8.11 (d, J = 8.8 Hz, 1H), 7.98 (s, 1H), 7.36 — 7.28 (m, 3H), 6.86 (s, 1H), 6.77
—6.66 (m, 2H), 6.51 (d, J = 2.5 Hz, 1H), 6.42 (dd, J = 8.8, 2.5 Hz, 1H), 3.85(s, 3H), 3.78 (t, J
= 5.2 Hz, 2H), 3.65 —3.53 (m, 2H), 3.22 - 3.02 (m, 4H), 2.14 (s, 3H).

4-(((4-((2-((4-(4-acetylpiperazin-1-yl)-2-methoxyphenyl)amino)-5-chloropyrimidin-4-
yl)amino)phenyl) amino) methyl) benzenesulfonyl fluoride (UPR1444). Aniline (94) (60
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mg, 0.1 mmol), 4-(bromomethyl) benzenesulfonyl fluoride (95) (35 mg, 0.13 mmol) and
potassium carbonate (40 mg, 0.25 mmol) were dissolved in 3 ml of degassed DMF and
stirred 2 hrs at 40°C. Then the reaction is cooled to room temperature and diluted with
toluene and solvent removed under reduced pressure. The crude residue is purified by
silicagel column chromatography (DCM/MeOH 10:0.2) to afford UPR1444 as a white solid
(30 mg, 35%). "H NMR (300 MHz, Chloroform-d) & 8.12 (d, J =8.8 Hz, 1H), 8.03 —7.90 (m,
3H), 7.71 - 7.54 (m, 2H), 7.46 — 7.31 (m, 2H), 7.27 (s, 1H), 6.85 (s, 1H), 6.67 —6.54 (m, 2H),
6.51 (d, J = 2.5 Hz, 1H), 6.41 (dd, J = 8.8, 2.5 Hz, 1H), 4.53 (s, 2H), 3.85 (s, 3H), 3.77 (t,]) =
5.2 Hz, 2H), 3.67 — 3.57 (m, 2H), 3.07 (dt, J = 10.3, 5.2 Hz, 4H), 2.14 (s, 3H). MS (ESI): m/z:
calcd for C3oH3:,CIFN,0,4S [(M+H)+]: 640.18; found: 640.10.
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6.3 Experimental procedures: Keap1 PPIs inhibitors.

All chemicals were purchased from chemical vendors and used without prior purification.
1H NMR and 13C NMR-spectra were recorded using a 600 MHz Bruker Avance Il HD
instrument equipped with a cryogenically cooled 5 mm dual probe or a 400 MHz Bruker
Avance lllinstrument equipped with a 5 mm broad band probe. Samples were dissolved
in DMSO-d6 (VWR Chemicals, 99.80% D) or chloroform-d (Cambridge Isotope
Laboratories, Inc., 99.8% D) and analyzed at 300 K. Chemical shifts (8) are reported in
ppm, referenced to DMSO-d6 (1H: 2.500 ppm, 13C: 39.520 ppm) or chloroform-d (1H:
7.260 ppm, 13C: 77.160 ppm). Coupling constants (J) are reportedin Hz. Abbreviations for
multiplicities: s, singlet; d, doublet; dd, double dou-blet; t, triplet; g, quartet; p, pentet; m,
multiplet. TLC analysis was performed using TLC silica gel 60 F254 aluminum plates
(Merck). LC-MS analysis was carried out using an Agilent 6410 Triple Quadrupole Mass
Spectrometerinstrument with elec-tron spray ionization (ESI) coupled to an Agilent 1200
HPLC system, a C18 reverse phase column (Zorbax Eclipse XBD-C18, 4.6 mm x 50 mm),
autosampler and diode array detector, and a linear gradient of buffer A (milliQ
H20:MeCN:formic acid, 95:5:0.1 v/v%) to buffer B (milliQ H20:MeCN:formic acid,
5:95:0.043 v/v%) with a flow rate of 1 mL/min. Normal phase flash chromatography was
carried out using prepacked RediSep Rf silica flash cartridges on a CombiFlash® Rf+
apparatus. Pre-parative reverse phase HPLC was performed using an Agilent 1200 series
HPLC preparative system with an Agilent Zorbax 300-SB-C18 column (21.2 x 250 mm).
MW-assisted synthesis was carried out using a Biotage® Initiator+ apparatus.

Ethyl 1-(3-bromophenyl)-5-cyclopropyl-1H-pyrazole-4-carboxylate (103).

Ethyl 3-cyclopropyl-3-oxopropanoate (102) (2gr, 12.81 mmol) and DMF-dimethyl acetal
(1.6gr, 13.43 mmol) were stirred in a microwave reactor at 130°C for 15min. The mixture
was cooledtoroom temperature, diluted with ethanol and transferred in a bottom flask
with 3-bromophenylhydrazine hydrochloride (2.80gr, 12.53 mmol) and triethylamine
(4.81gr, 47.44 mmol). The mixture was stirred at room temperature for 24h then
quenched with HCI 2Mol and extracted with ethyl acetate. Organiclayer collected and
washed with brine, dried over Na,SO, filtered and solvent removed under reduced
pressure. Crude mixture was purified with flash chromatography (SiO2, Hept/EtOAc) to
afford 103 (2.90gr, 72.1%). LC-MS; [M+H]" found 335.1,/337.1 (1:1 signal ratio, Br). tg:
3.84min, UV 254nm 96%.

Ethyl 5-cyclopropyl-1-(3-(phenylsulfonamido)phenyl)-1H-pyrazole-4-carboxylate
(UCAB#409).

A solution of 103 (1.00gr, 2.98mmol) in degased DMF (5.5ml) was added to a dry vial
previously charged with benzensulfonamide (565mg, 3.59mmol), copperiodide (115mg,
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0.60mmol), N,N-dimethylglycine (65mg, 0.63mmol) and potassium phosphate (1.61gr,
7.58mmol) under nitrogen. The mixture was stirred at 160°C for 24h then was cooled to
room temperature and diluted with ethyl acetate. The mixture was then washed with
ammonium chloride saturated solution and brine, organic layer dried over Na2S04
filtered and solvent removed under reduced pressure. Crude mixture was purified with
flash chromatography (SiO2, Hept/EtOAc) to afford UCAB#409 as a white solid (990mg,
80.3%). LC-MS; [M-H]- found 410.2, tR: 3.35min, UV 254nm 97%.

5-cyclopropyl-1-(3-(phenylsulfonamido)phenyl)-1H-pyrazole-4-carboxylic acid
(UCAB#310).

A solution of KOH (770mg, 13.7mmol) in 4ml of water is added to a solution of
UCAB#409 (800mg, 1.9mmol) in 2ml of THF and 2ml of ethanol. The mixture is stirred
overnight to completion at room temperature. Then the solvent is removed under
reduced pressure and the crude is acidified with concentrated HCl and extracted with
ethyl acetate. The organic layer is collected and washed with brine, dried over Na2504
then filtered and solvent removed under reduced pressure to give UCAB#310 (705mg,
95%) as white solid. LC-MS; [M+H]+ found 384.1, tR: 2.67min, UV 254nm 97%.

5-cyclopropyl-1-(3-(phenylsulfonamido)phenyl)-1H-pyrazole-4-carboxamide and 5-
cyclopropyl-N,N-dimethyl-1-(3-(phenylsulfonamido)phenyl)-1H-pyrazole-4-carboxamide
(UCAB#419, UCAB#420).

In a round bottom flask were dissolved HATU (650mg, 1.71mmol) and UCAB#310 (500mg,
1.31mmol) in 4ml of DMF, then DiPEA (505mg, 3.90mmol) was added. The reaction was
stirred at room temperature for 15min then ammonium chloride (140mg, 2.6mmol) was
added. The reaction was stirred for 2h at room temperature then was quenched with
ammonium chloride saturated water solution. The mixture is washed with ethyl acetate
and the organiclayeris dried over Na,SO,, filtered and solvent removed under reduced
pressure. The crude product is purified by preparative HPLC system to afford UCAB#419
(11mg, 78%) and UCAB#420 as white solid (10mg, 14%, as a side product derived from
dimethyl-amine impurities from DMF solvent).

LC-MS UCAB#419. [M-H] found 381.2, tR: 2.44min, UV 254nm 100%. '"H NMR (600MHz,
DMSO d6): 6 10.60 (s, 1H), 7.89 (s, 1H), 7.79(d, ) =7.4 Hz, 2H), 7.63 (t, ) = 7.4 Hz, 1H), 7.56
(t, ) = 7.6 Hz, 2H), 7.40 (t, J = 8.1 Hz, 1H), 7.36 (s, 1H), 7.26 (s, 1H), 7.23(d, J = 7.9 Hz, 1H),
7.19 (dd, J = 8.2, 1.1 Hz, 1H), 7.13 (s, 1H), 1.88 (tt, ) =8.5, 5.5 Hz, 1H), 0.70 — 0.59 (m, 2H),
0.38 — 0.30 (m, 2H). C NMR (151 MHz, DMSO-d6): & 164.41, 144.69, 140.61, 140.39,
139.68, 138.64, 133.56, 130.24, 129.81, 127.11, 121.08, 119.65, 118.51, 116.7, 8.52, 7.32.

LC-MS UCAB#420. [M-H] found 409.2, tR: 2.65min, UV 254nm 96,8%. '"H NMR (600MHz,
DMSO d6): 6 10.57 (s, 1H), 7.79 (d, J = 7.4 Hz, 2H), 7.69 — 7.60 (m, 2H), 7.56 (t, ] =7.6 Hz,
2H), 7.40 (t, J = 8.0 Hz, 1H), 7.36 — 7.27 (m, 2H), 7.18 (d, J = 8.0 Hz, 1H), 2.99 (d, J = 10.9
Hz, 6H), 1.76 (ddd, J = 13.7, 8.4, 5.4 Hz, 1H), 0.68 (dt, J = 6.1, 4.4 Hz, 2H), 0.36 (g, J = 6.0
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Hz, 2H). **C NMR (151 MHz, DMSO-d6): 6 164.83, 142.44, 140.37, 139.72, 139.26, 138.72,
133.53, 130.27, 129.81, 127.10, 120.68, 119.53, 117.60, 116.45, 7.21.

5-cyclopropyl-N-hydroxy-1-(3-(phenylsulfonamido)phenyl)-1H-pyrazole-4-carboxamide
( UCAB#421).

In a round bottom flask were dissolved HATU (120mg, 0.32mmol) and UCAB#310 (100mg,
0.26mmol) in 2ml of DMF, then DiPEA (100mg, 0.77mmol) was added. The reaction was
stirred at room temperature for 15min then hydroxylamine hydrochloride (37mg,
0.69mmol) was added. The reaction was stirred for 2h at room temperature then was
guenched withammonium chloride saturated water solution. The mixture is washed with
ethyl acetate and the organic layer is dried over Na,SO,, filtered and solvent removed
under reduced pressure. The crude product is purified by preparative HPLC system to
afford UCAB#421 (15mg, 15%) as white solid. LC-MS [M-H] found 397.2, tR: 2.37min, UV
254nm 100%. 1H NMR (600 MHz, DMSO-d6) 6 10.65 (s, 1H), 10.60 (s, 1H), 7.81-7.74 (m,
3H), 7.66 — 7.59 (m, 1H), 7.55 (dd, J = 8.4, 7.0 Hz, 2H), 7.39 (t, J = 8.1 Hz, 1H), 7.26 (t, J =
2.1 Hz, 1H), 7.26 — 7.21 (m, 1H), 7.19 (ddd, J = 8.1, 2.2, 1.0 Hz, 1H), 1.83 (tt, ] =8.5, 5.5 Hz,
1H), 0.68 — 0.61 (m, 2H), 0.40 — 0.34 (m, 2H). 13C NMR (151 MHz, DMSO-d6) 6 160.53,
144.05, 139.82, 139.17 (d, J = 12.1 Hz), 138.21, 133.09, 129.83, 129.34, 126.62, 120.4S,
119.19, 116.11, 115.53, 7.81, 6.95.

5-cyclopropyl-N-methyl-1-(3-(phenylsulfonamido)phenyl)-1H-pyrazole-4-carboxamide
(UCAB#426).

In a round bottom flask were dissolved HATU (90mg, 0.24mmol) and UCAB#310 (55mg,
0.14mmol) in 4ml of 1,4-dioxane, then DiPEA (50mg, 0.39mmol) was added. The reaction
was stirred at room temperature for 15min then methylamine hydrochloride (25mg,
0.37mmol) was added. The reaction was stirred for overnight at room temperature then
was quenched withammonium chloride saturated water solution. The mixture is washed
with ethyl acetate and the organic layer is dried over Na,SO,, filtered and solvent
removed under reduced pressure. The crude product is purified by preparative HPLC
system to afford UCAB#426 (14mg, 25%) as white solid. LC-MS [M-H] found 395.2, tR:
2.54min, UV 254nm 97%. 1H NMR (600 MHz, DMSO-d6) & 10.59 (s, 1H), 7.86 (q, J = 4.6
Hz, 1H), 7.84 (s, 1H), 7.81 — 7.75 (m, 2H), 7.67 —7.59 (m, 1H), 7.55 (dd, ] =8.4, 7.0 Hz, 2H),
7.39 (t, ) =8.1Hz, 1H), 7.26 (t, J = 2.1 Hz, 1H), 7.23 (dd, J = 7.7, 2.0 Hz, 1H), 7.18 (dd, J =
8.1, 2.1 Hz, 1H), 2.73 (d, J = 4.5 Hz, 3H), 1.85 (tt, J = 8.5, 5.4 Hz, 1H), 0.69 — 0.59 (m, 2H),
0.38 — 0.28 (m, 2H). 13C NMR (151 MHz, DMSO-d6) & 162.68, 143.79, 139.90, 139.52,
139.22, 138.18, 133.08, 129.78, 129.34, 126.62, 120.53, 119.16, 118.19, 116.18, 25.77,
7.89, 6.89.

1-(3-bromophenyl)-5-cyclopropyl-1H-pyrazole-4-carboxylic acid (104).

Intermediate 103 (120mg, 0.36mmol) dissolved in ethanol and water (2:1) then sodium
hydroxide was added (100mg, 2.5mmol). Reaction stirred at room temperature overnight.
Reaction acidified with HCI 37% and washed with ethyl acetate. Organic layer collected
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dried oversodium sulphate, filtered and solvent removed underreduced pressure to give
104 (110mg 100%) as white solid. LC-MS [M-H] found 305.0 + 307.0 (1:1 ratio, Br signal) ,
tR: 2.99min, UV 254nm 100%. Compound used without any further purification.

1-(3-bromophenyl)-5-cyclopropyl-N-methoxy-N-methyl-1H-pyrazole-4-carboxamide
(105).

Compound 104 (700mg, 2.28mmol), EDC hydrochloride (650mg, 3.39mmol) and HOBt
(460mg, 3.40mmol) are dissolved in degased DMF (5ml) at 0°C then DiPEA is added
(1.34g, 10.35mmol). The mixture is stirred 1.5h at 0°C under nitrogen then N,O-
dimethylhydroxylamine hydrochloride is added (450mg, 4.61mmol). Mixture stirred
overnight atroom temperature. Reaction quenched with HCI 2M and extracted with ethyl
acetate. Organiclayerwashed with NaHCO3 and brine then dried over sodium sulphate,
filtered and solvent removed. Crude mixture purified with flash chromatography (SiO2,
DCM/MeOH) to afford 105 (760mg, 94%) as orange oil. LC-MS [M+H]  found 350.1 + 352.1
(1:1 ratio, Brsignal), tR: 3.13 min, UV 254nm 100%.

1-(1-(3-bromophenyl)-5-cyclopropyl-1H-pyrazol-4-yl)-2,2,2-trifluoroethanone (106).
Starting material 105 (650mg, 1.86mmol) is dissolved in dry THF at 0°C with cesium
fluoride (250mg, 1.7mmol), then TMS-CF3 (800mg, 5.6mmol) was added dropwise under
nitrogen. Mixture stirred atroom temperature 18h then 10ml of HCI 2M were added and
stirred 30min at room temperature. Reaction mixture diluted with ethyl acetate, organic
layer collected and dried over sodium sulphate, filtered and solvent removed under
reduced pressure. Crude mixture purified with flash chromatography (SiO2, He pt/EtOAc)
to afford 106 (490mg, 73%) as yellow oil. LC-MS [M+H]*found 359.0 + 361.0 (1:1 ratio, Br
signal), tR: 3.97min, UV 254nm 100%.

1-(1-(3-bromophenyl)-5-cyclopropyl-1H-pyrazol-4-yl)-2,2,2-trifluoroethanol (107).
Compound 106 (80mg, 0.22mmol) is dissolved in THF (1ml +0.4ml of EtOH) at 0°C then
NaBH4 is added (30mg, 0.8mmol). Mixture stirred at 0°C under nitrogen 4h then the
reaction is quenched with NaHCO3 and extracted with ethyl acetate. Organic layer
collected and dried over sodium sulphate, filtered and solvent removed to give 107
(70mg, 88%) of colourless oil. LC-MS [M+H] found 361.1 + 363.1 (1:1 ratio, Br signal), tR:
2.48min, UV 254nm 96%. Compound used without any further purification.

N-(3-(5-cyclopropyl-4-(2,2,2-trifluoro-1-hydroxyethyl)-1H-pyrazol-1-
yl)phenyl)benzenesulfonamide (UCAB#481).

A solution of 107 (70mg, 0.19mmol) in degased DMF (1ml) was added to a dry vial
previously charged with benzensulfonamide (40mg, 0.25mmol), copper iodide (10mg,
0.05mmol), N,N-dimethylglycine (5mg, 0.05mmol) and potassium phosphate (110mg,
0.51mmol) under nitrogen. The mixture was stirred at 160°C for 4h then was cooled to
room temperature and diluted with ethyl acetate. The mixture was then washed with
ammonium chloride saturated solution and brine, organiclayerdried over Na,SO, filtered
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and solvent removed under reduced pressure. . The crude product is purified by
preparative HPLC system to afford UCAB#481 (35mg, 42%) as white solid. LC-MS; [M-H]
found 436.2 tR: 3.04min, UV 254nm 100%. 1H NMR (600 MHz, DMSO-d6) & 10.55 (s, 1H),
7.78 (dd, J =5.2, 3.4 Hz, 2H), 7.66 — 7.59 (m, 2H), 7.55(t, ) =7.6 Hz, 2H), 7.37 (t, ) =8.0 Hz,
1H), 7.31 - 7.22 (m, 2H), 7.21 - 7.12 (m, 1H), 5.13 (q, J = 7.4 Hz, 1H), 1.76 (tt, ) = 8.4, 5.5
Hz, 1H), 0.79 (tdd, J = 8.8, 6.2, 4.4 Hz, 1H), 0.64 — 0.52 (m, 1H), 0.39 (td, J =9.9, 5.7 Hz,
1H), 0.06 (td, J = 10.0, 5.7 Hz, 1H). *C NMR (151 MHz, DMSO-ds) & 141.84, 139.98,
139.26, 138.50, 138.15, 133.05, 129.66, 129.32, 126.61, 119.98, 118.73, 116.85, 115.74,
63.49 (q, J=31.8 Hz), 6.33, 6.28, 5.34.

2-(1-(3-bromophenyl)-5-cyclopropyl-1H-pyrazol-4-yl)-1,1,1,3,3,3-hexafluoropropan-2-ol
(108).

Intermediate 106 (490mg, 1.36mmol) is dissolved in dry THF (1.2ml) at 0°C with cesium
fluoride (290mg, 1.9mmol), then TMS-CF3 (750mg, 5.3mmol) was added dropwise under
nitrogen. Mixture stirred at room temperature 24h then 10ml of HCl 2M were added and
stirred 1h at room temperature. Reaction mixture diluted with ethyl acetate, organic
layer collected and dried over sodium sulphate, filtered and solvent removed under
reduced pressure. Crude mixture purified with flash chromatography (SiO2, Hept/EtOAc)
to afford 108 (350mg, 60%) as white solid. LC-MS [M+H]" found 429.1 + 431.1 (1:1 ratio,
Br signal), tR: 3.77min, UV 254nm 97%. ‘H NMR (600 MHz, DMSO-dq) & 8.34 (s, 1H), 7.78
(t, J = 2.0 Hz, 1H), 7.68 (ddd, J = 8.1, 2.0, 0.9 Hz, 2H), 7.59 (ddd, J = 8.1, 2.1, 1.0 Hz, 1H),
7.49 (t, J = 8.0 Hz, 1H), 2.10 (tt, J = 8.5, 5.6 Hz, 1H), 0.82 — 0.73 (m, 2H), 0.43 — 0.31 (m,
2H).

N-(3-(5-cyclopropyl-4-(2,2,2-trifluoroacetyl)-1H-pyrazol-1-
yl)phenyl)benzenesulfonamide (109).

A solution of 108 (200mg, 0.47mmol) in degased DMF (3ml) was added to a dry vial
previously charged with benzensulfonamide (100mg, 0.64mmol), copper iodide (20mg,
0.10mmol), N,N-dimethylglycine (10mg, 0.10mmol) and potassium phosphate (280mg,
1.32mmol) under nitrogen. The mixture was stirred at 160°C for 4h then was cooled to
oom temperature and diluted with ethyl acetate. The mixture was then washed with
ammonium chloride saturated solution and brine, organiclayerdried over Na,SO, filtered
and solvent removed under reduced pressure. The crude product is purified by
preparative HPLC system to afford 109 (80mg, 39%) as white solid. LC-MS; [M-H] found
434.2 tR: 3.57min, UV 254nm 100%.

N-(3-(5-cyclopropyl-4-(1,1,1,3,3,3-hexafluoro-2-hydroxypropan-2-yl)-1H-pyrazol-1-
yl)phenyl) benzenesulfonamide (UCAB#506).

Intermediate 109 (80mg, 0.18mmol) is dissolved in dry THF (1.2ml) at 0°C with cesium
fluoride (60mg, 0.39mmol), then TMS-CF3 (165mg, 1.16mmol) was added dropwise under
nitrogen. Mixture stirred at room temperature 24h then 10ml of HCl 2M were added and
stirred 1h at room temperature. Reaction mixture diluted with ethyl acetate, organic
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layer collected and dried over sodium sulphate, filtered and solvent removed under
reduced pressure. Crude mixture purified with preparative HPLC to afford UCAB#506
(38mg, 41%) as white solid. LC-MS [M-H] found 504.2, tR: 3.40min, UV 254nm 100%. ‘H
NMR (600 MHz, DMSO-ds) 6 10.60 (s, 1H), 8.29 (s, 1H), 7.79 (d, J = 7.8 Hz, 2H), 7.67 — 7.59
(m, 2H), 7.55 (t, J = 7.5 Hz, 2H), 7.38 (t, J = 8.2 Hz, 1H), 7.20(d, J = 13.0 Hz, 3H), 1.97 - 1.75
(m, 1H), 0.51 (d, J = 8.1 Hz, 2H), 0.19 (d, J = 5.2 Hz, 2H). *C NMR (151 MHz, DMSO-d;) &
143.72, 140.28, 139.21, 138.33, 138.09, 133.11, 129.73, 129.34, 126.66, 123.04 (d, J =
289.4 Hz), 121.13, 119.40, 116.83, 111.42, 75.45 (p, /=29.9 Hz), 8.48, 6.94.

1-(3-bromophenyl)-5-cyclopropyl-1H-pyrazole-4-carbohydrazide (110).

Intermediate 104 (200mg, 0.65mmol), EDC hydrochloride (190mg, 1.00mmol) and HOBt
(135mg, Immol) are dissolved in degased DMF (5ml) at 0°C then DiPEA is added (420mg,
3.24mmol). The mixture is stirred 1.5h at 0°C under nitrogen then hydrazine
hydrochloride is added (135mg, 1.29mmol). Mixture stirred overnight at room
temperature. The reaction is diluted with NaHCO3 water solution and extracted with
ethyl acetate. Organic layer washed with brine and dried over sodium sulphate, then
filtered and solvent removed to afford 110 (150mg, 72%) as orange oil. LC-MS [M+H]*
found 321.1, tR: 2.33min, UV 254nm 97%. Compound used without any further
purification.

5-(1-(3-bromophenyl)-5-cyclopropyl-1H-pyrazol-4-yl)-1,3,4-oxadiazol-2-ol (111).
Compound 110 (100mg, 0.31mmol) is dissolved in 3ml of DCM at 0°C under nitrogen then
triphosgene (140mg, 0.47mmol) is dropwise added. The mixture is stirred overnight. The
reaction is diluted with ethyl acetate and washed with HCI 1M and the with brine. The
organiclayeris collected and dried oversodium sulphate, filtered and solvent removed.
Crude mixture was purified with flash chromatography (Si0O2, DCM/MeOH) to afford 111
(60mg, 54%)as a white solid. LC-MS; [M+H]" found 347.0 + 349.0 (1:1signal ratio, Br). tR:
2.34min, UV 254nm 100%.

N-(3-(5-cyclopropyl-4-(5-hydroxy-1,3,4-oxadiazol-2-yl)-1H-pyrazol-1-yl)phenyl)-
benzenesulfonamide (UCAB#482).

A solution of 111 (80mg, 0.23mmol) in degased DMF (1ml) was added to a dry vial
previously charged with benzensulfonamide (45mg, 0.29mmol), copper iodide (9mg,
0.05mmol), N,N-dimethylglycine (5mg, 0.05mmol) and potassium phosphate (120mg,
0.57mmol) under nitrogen. The mixture was stirred at 160°C for 24h then was cooled to
room temperature and diluted with ethyl acetate. The mixture was then washed with
ammonium chloride saturated solution and brine, organiclayerdried over Na,SO, filtered
and solvent removed under reduced pressure. . The crude product is purified by
preparative HPLC system to afford UCAB#482 (8mg, 7%) as white solid. LC-MS; [M+H]"
found 424.0 tR: 2.70min, UV 254nm 100%. 1H NMR (600 MHz, DMSQO-d6) 6 12.40 (s, 6H),
10.77 — 10.40 (m, 5H), 7.98 (s, 1H), 7.79 (d, ) = 7.4 Hz, 2H), 7.66 — 7.59 (m, 1H), 7.59 —7.52
(m, 2H), 7.45 — 7.37 (m, 2H), 7.30 (d, J = 7.0 Hz, 2H), 7.20 (d, J = 8.7 Hz, 1H), 1.94 — 1.85
(m, 2H), 0.75 — 0.65 (m, 2H), 0.36 —0.26 (m, 2H). 13C NMR (151 MHz, DMSO-d6) & 154.36,
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149.69, 143.28, 139.47, 139.18, 138.79, 138.28, 133.09, 129.79, 129.34, 126.65, 120.46,
119.42, 116.06, 107.54, 7.89, 6.37.

N-(3-(4-cyano-5-cyclopropyl-1H-pyrazol-1-yl)phenyl)benzenesulfonamide (112).
UCAB#419 (100mg, 0.26mmol) is dissolved in DMF (2.5ml) at 0°C then thionyl chloride
(80mg, 0.67mmol) is added dropwise. The mixture is stirred at 0°C for 30min then the
reaction is quenched with NaHCO3. The mixture is extracted with ethyl acetate, the
organiclayeris collected and dried over sodium sulphate, filtered and solvent removed
underreduced pressure to give GM01-68 (90mg, 94%) as yellow oil. LC-MS; [M+H]" found
365.2, tR: 3.19min, UV 254nm 90%. Compound used without any further purification.

N-(3-(5-cyclopropyl-4-(1H-tetrazol-5-yl)-1H-pyrazol-1-yl)phenyl)benzenesulfonamide
(UCAB#468).

Compound 112 (90mg, 0.25mmol) and TBAF (40mg, 0.15mmol) are placed in a dry
bottom flask under nitrogen, then TMS-Azide (65mg, 0.56mmol) is added. The neat
mixture is stirred ad 100°C overnight for 22h. The mixture is diluted with HCI 2M and
washed with ethyl acetate. Organic layer collected and dried over sodium sulphate,
filtered and solventremoved underreduced pressure. The crude compound is purified by
preparative HPLC system to afford UCAB#468 (30mg, 29%) as white solid. LC-MS; [M-H]
found 406.2, tR: 2.65min, UV 254nm 100%. '"H NMR (600 MHz, DMSO-ds) 6 10.63 (s, 1H),
8.07 (s, 1H), 7.83 — 7.78 (m, 2H), 7.65 — 7.60 (m, 1H), 7.59 — 7.54 (m, 2H), 7.43 (t, / = 8.0
Hz, 1H), 7.37 — 7.32 (m, 2H), 7.21 (ddd, J = 8.2, 2.1, 1.0 Hz, 1H), 2.02 (tt, J = 8.4, 5.4 Hz,
1H), 0.74 — 0.69 (m, 2H), 0.19 — 0.14 (m, 2H). C NMR (151 MHz, DMSO-dg) 6 143.28,
140.14 — 138.78 (m), 138.28, 133.11, 129.87, 129.35, 126.64, 120.32, 119.30, 115.93,
7.86, 6.52.

5-cyclopropyl-1-(3-(2,3,5,6-tetramethylphenylsulfonamido)phenyl)-1H-pyrazole-4-
carboxylic acid (113).

A solution of 104 (650mg, 2.12mmol) in degased DMF (5.5ml) was added to a dry vial
previously charged with 2,3,5,6-tetramethylbenzenesulfonamide (JP04-116: 550mg,
2.58mmol synthesised from 2,3,5,6-tetramethylbenzene-1-sulfonyl chloride treated with
aqueous ammonia), copper iodide (80mg, 0.42mmol), N,N-dimethylglycine (45mg,
0.44mmol) and potassium phosphate (1.30gr, 6.12mmol) under nitrogen. The mixture
was stirred at 150°C overnight for 24h then was cooled to room temperature and diluted
with ethyl acetate. The mixture was then washed with ammonium chloride saturated
solution and brine, organiclayer dried over Na,SO, filtered and solvent removed under
reduced pressure. Crude mixture was purified with flash chromatography (SiO2,
Hept/EtOAc) to afford 113 as a white solid (250mg, 27%). LC-MS; [M+H]" found 440.2, tR:
3.17min, UV 254nm 80%.

1-(3-(N-(2-amino-2-oxoethyl)-2,3,5,6-tetramethylphenylsulfonamido)phenyl)-5-
cyclopropyl-1H-pyrazole-4-carboxylic acid (UCAB#529).

Compound 113 (250mg, 0.57mmol) is dissolved in DMF at 0°C then TBSDMSiCl and
Imidazole were added. The reactionis stirred at room temperature overnight for 20h. The
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mixture is then diluted with ethyl acetate and washed with brine then dried over sodium
suplphate, filtered and solvent removed under reduced pressure. The crude mixture is
dissolved in dry THF at 0°C then sodium hydride (35mg, 1.46mmol) is added and the
reactionisstirred for30min at 0°C under nitrogen atmosphere. Then 2-bromo-acetamide
(220mg, 1.59mmol) was added and the mixture is stirred for 3h at 0°C. The reaction is
then quenched with NaHCO3 and extracted with ethyl acetate. Organic layer is collected
and dried oversodium sulphate, filtered and solvent removed. Crude compound purified
by flash chromatography (Si,O, DCM/MeOH eluent system) to afford UCAB#529 (50mg,
18%) as yellow solid. LC-MS; [M+H]" found 497.2, tR: 2.89min, UV 254nm 100%. "H NMR
(600 MHz, DMSO-ds) 6 12.12 (s, 2H), 7.92 (d, J =2.6 Hz, 1H), 7.54—7.43 (m, 3H), 7.33 (d, J
= 7.6 Hz, 2H), 7.25 (s, 1H), 7.09 (s, 1H), 4.35 (d, J = 2.0 Hz, 2H), 2.31 (s, 6H), 2.18 (s, 7H),
1.94 — 1.84 (m, 5H), 0.80 — 0.63 (m, 2H), 0.49 — 0.31 (m, 2H). **C NMR (151 MHz, DMSO-
de) & 171.96, 168.59, 163.71, 147.04, 142.03, 139.83, 139.45, 136.39, 136.05, 135.90,
135.70, 129.23, 128.00, 125.14, 124.34, 114.24, 50.36 (d, J = 424.1 Hz), 21.03, 20.49,
17.53, 8.03, 6.79.

Ethyl 5-cyclopropyl-1-(3-(2,3,5,6-tetramethylphenylsulfonamido)phenyl)-1H-pyrazole-4-
carboxylate (114).

A solution of 103 (650mg, 1.94mmol) in degased DMF (5ml) was added to a dry vial
previously charged with 2,3,5,6-tetramethylbenzenesulfonamide (JP04-116: 550mg,
2.58mmol synthesised from 2,3,5,6-tetramethylbenzene-1-sulfonyl chloride treated with
aqueous ammonia), copper iodide (77mg, 0.40mmol), N,N-dimethylglycine (50mg,
0.48mmol) and potassium phosphate (1.00gr, 4.71mmol) under nitrogen. The mixture
was stirred at 150°C overnight for 24h then was cooled to room temperature and diluted
with ethyl acetate. The mixture was then washed with ammonium chloride saturated
solution and brine, organic layer dried over Na,SO, filtered and solvent removed under
reduced pressure. Crude mixture was purified with flash chromatography (SiO2,
Hept/EtOAc) to afford 114 as a white solid (900mg, 99%). LC-MS; [M+H]*found 468.2, tR:
3.87min, UV 254nm 94%

Ethyl 5-cyclopropyl-1-(3-(N-(2-ethoxy-2-oxoethyl)-2,3,5,6-
tetramethylphenylsulfonamido)phenyl)-1H-pyrazole-4-carboxylate (115).

Compound 114 (450mg, 0.96mmol) is dissolved in dry THF at 0°C then sodium hydride
(46mg, 1.92mmol) is added and mixture stirred for 1h at 0°C under nitrogen atmosphere.
Ethyl 2-bromoacetate (485mg, 2.90mmol) is then added and the reaction was stirred at
room temperature overnight for 20h. Reaction quenched with NaHCO3 and extracted
with ethyl acetate. Organic layer collected and dried over sodium sulphate, filtered and
solventremoved. Crude compound purified by flash chromatography (Si,0, Hept/EtOAc)
to afford 115 (370mg, 70%). LC-MS; [M+H]* found 554.3, tR: 4.11min, UV 254nm 95%. 'H
NMR (600 MHz, DMSO-dg) 6 7.97 (d, J = 2.2 Hz, 1H), 7.54 — 7.46 (m, 3H), 7.42 — 7.32 (m,
1H), 7.26 (s, 1H), 4.63 (d, J = 2.3 Hz, 3H), 4.24(qd, J = 7.1, 2.2 Hz, 2H), 4.05 (qd, J = 7.2, 2.1
Hz, 3H), 2.31 (d, J = 2.4 Hz, 6H), 2.18 (d, J = 2.2 Hz, 6H), 1.94 (ttd, J = 8.4, 5.6, 2.2 Hz, 1H),
1.29 (td, J = 7.1, 2.2 Hz, 3H), 1.12 (td, J = 7.1, 2.2 Hz, 3H), 0.75—0.68 (m, 2H), 0.34 (dd, J =
5.6, 2.4 Hz, 2H).
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1-(3-(N-(carboxymethyl)-2,3,5,6-tetramethylphenylsulfonamido)phenyl)-5-cyclopropyl-
1H-pyrazole-4-carboxylic acid (UCAB#534).

Starting material 115 (370mg, 0.67mmol) dissolved in ethanol and water (2:1) then
sodium hydroxide was added (115mg, 2.88mmol). Reaction stirred at room temperature
overnight. Reaction acidified with HCI 37% and washed with ethyl acetate. Organic layer
collected dried over sodium sulphate, filtered and solvent removed under reduced
pressure. Crude mixture purified by preparative HPLC system to afford UCAB#534 (30mg,
18%) as white solid. %). LC-MS; [M+H]" found 498.2, tR: 3.05min, UV 254nm 100%. ‘H
NMR (600 MHz, DMSO-dg) & 12.64 (s, 1H), 7.92 (d, J = 1.7 Hz, 1H), 7.56 — 7.43 (m, 3H),
7.36 (dd, J = 7.5, 1.5 Hz, 1H), 7.25 (s, 1H), 4.55 (s, 2H), 2.31 (s, 6H), 2.18 (s, 6H), 1.96 —1.82
(m, 1H), 0.80 — 0.61 (m, 2H), 0.39 (d, J = 5.3 Hz, 2H). *C NMR (151 MHz, DMSO-d¢) &
169.81, 163.72, 147.04, 142.07, 139.71, 139.54, 136.44, 136.13, 135.90, 135.75, 129.39,
128.03, 125.06, 124.47, 114.32, 50.98, 20.48, 17.48, 8.02, 6.77.

1-(3-bromophenyl)-5-cyclopropyl-1H-pyrazole-4-carboxamide (116).

Compound 104 (1,00gr, 3.26mmol), EDC hydrochloride (960mg, 5.00mmol), HOBt
(680mg, 5.03mmol) were dissolved in DMF (7ml) at 0°C then DiPEA (1.30gr, 10mmol) was
added. Mixture stirred at 0°C for 1.5h then ammonium chloride (360mg, 6.73mmol) was
added and reaction stirred at room temperature overnight for 22h. Reaction quenched
with HCl 2M, and mixture extracted with ethyl acetate. Organic layer washed with
NaHCO3 saturated water solution, brine and then dried over sodium sulphate, filtered
and solvent removed under reduced pressure to give 116 (850mg, 85%) as pale yellow
solid. LC-MS; [M+H]" found 306.0 + 308.0 (1:1 ratio, Br signal), tR: 1.96min, UV 254nm
100%. Compound used without any further purification.

1-(3-bromophenyl)-5-cyclopropyl-1H-pyrazole-4-carbonitrile (117).

Compound 116 (800mg, 2.61mmol) is dissolved in DMF (6ml) at 0°C then thionyl
chloride (775mg, 6.52mmol) is added dropwise. The mixture is stirred at 0°C for 30min
thenthereactionis quenched with NaHCO3. The mixture is extracted with ethyl acetate,
the organic layer is collected and dried over sodium sulphate, filtered and solvent
removed under reduced pressure to give 117 (700mg, 93%) as yellow oil. LC-MS; [M+H]"
found 288.0 + 290.0 (1:1 ratio, Br signal), tR: 3.56min, UV 254nm 10%. "H NMR (600 MHz,
Chloroform-d) & 7.83 (s, 1H), 7.75 (d, J = 2.1 Hz, 1H), 7.60 (dd, J = 8.0, 1.9 Hz, 1H), 7.51
(dd, J =8.0, 2.1 Hz, 1H), 7.39 (t, J =8.0Hz, 1H), 1.89 (tt, /= 8.6, 5.3 Hz, 1H), 1.20—-1.07 (m,
5H). **C NMR (151 MHz, Chloroform-d) & 150.21, 142.97, 139.70, 132.16, 130.63, 128.53,
123.87, 122.88, 113.62, 91.43, 8.42, 7.89. Compound used without any further
purification.

N-(3-(4-cyano-5-cyclopropyl-1H-pyrazol-1-yl)phenyl)-2,3,5,6-
tetramethylbenzenesulfonamide (118).
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A solution of 117 (610mg, 2.12mmol) in degased DMF (5.5ml) was added to a dry vial
previously charged with 2,3,5,6-tetramethylbenzenesulfonamide (JP04-116: 590mg,
2.77mmol synthesised from 2,3,5,6-tetramethylbenzene-1-sulfonyl chloride treated with
aqueous ammonia), copper iodide (80mg, 0.42mmol), N,N-dimethylglycine (45mg,
0.44mmol) and potassium phosphate (1.10gr, 5.18mmol) under nitrogen. The mixture
was stirred at 150°C overnight for 24h then was cooled to room temperature and diluted
with ethyl acetate. The mixture was then washed with ammonium chloride saturated
solution and brine, organic layer dried over Na,SO, filtered and solvent removed under
reduced pressure. Crude mixture was purified with flash chromatography (SiO2,
Hept/EtOAc) to afford 118 as a white solid (750mg, 84%). LC-MS [M-H] found 419.2, tR:
3.71min, UV 254nm 100%. *H NMR (600 MHz, DMSO-d¢) & 10.61 (s, 1H), 8.14 (s, 1H), 7.39
(t, J = 8.1 Hz, 1H), 7.26 — 7.20 (m, 2H), 7.14 (t, J = 2.2 Hz, 1H), 7.04 (dd, J = 8.3, 2.1 Hz, 1H),
2.48 (s, 6H), 2.19 (s, 6H), 1.81 (tt, J = 8.5, 5.3 Hz, 1H), 0.90 — 0.86 (m, 2H), 0.81 —0.77 (m,
2H). *C NMR (151 MHz, DMSO-d¢) & 149.72, 142.63, 138.67 (d, J = 5.3 Hz), 137.64,
135.78, 135.61, 134.64, 130.00, 119.43, 118.31, 114.63, 113.74, 90.74, 59.72, 20.37,
17.48, 7.17, 6.86.

Ethyl-2-(N-(3-(4-cyano-5-cyclopropyl-1H-pyrazol-1-yl)phenyl)-2,3,5,6-
tetramethylphenylsulfonamido) acetate (119).

Compound 118 (350mg, 00.83mmol) is dissolved in dry THF at 0°C then sodium hydride
(45mg, 1.88mmol) is added and mixture stirred for 1h at 0°C under nitrogen atmosphere.
Ethyl 2-bromoacetate (420mg, 2.51mmol) is then added and the reaction was stirred at
room temperature overnight for 20h. Reaction quenched with NaHCO3 and extracted
with ethyl acetate. Organic layer collected and dried over sodium sulphate, filtered and
solvent removed to give 119 (400mg, 95%). LC-MS; [M+H]" found 507.2, tR: 3.99min, UV
254nm 100%. ‘H NMR (600 MHz, DMSO-dg) 6 8.17 (d, J = 1.4 Hz, 1H), 7.62 —7.50 (m, 3H),
7.42 (dt, J =7.8, 1.7 Hz, 1H), 7.26 (s, 1H), 4.63 (s, 2H), 4.15 (t, J =7.1 Hz, 2H), 2.29 (s, 7H),
2.18 (s, 7H), 1.82 (tt, J = 8.3, 5.3 Hz, 1H), 1.21 (t, J = 7.1 Hz, 3H), 0.89 (dt, J = 8.5, 3.2 Hz,
2H), 0.82 (dt, J = 5.6, 3.1 Hz, 2H). *C NMR (151 MHz, DMSO-ds) & 168.38 (d, J = 3.3 Hz),
167.17, 149.90, 142.74, 139.81, 138.50, 136.18, 136.13, 135.97, 135.80, 129.89, 128.86,
125.04, 124.52, 113.69, 90.76, 61.63, 51.12, 20.44, 17.44, 13.85, 7.17, 6.78.

Ethyl 2-(N-(3-(5-cyclopropyl-4-(1H-tetrazol-5-yl)-1H-pyrazol-1-yl)phenyl)-2,3,5,6-
tetramethyl-phenylsulfonamido) acetate (120).

Compound 119 (450mg, 0.89mmol) and TBAF (140mg, 0.50mmol) are placed in a dry
bottom flask under nitrogen, then TMS-Azide (210mg, 1.82mmol) is added. The neat
mixture is stirred ad 100°C overnight for 24h. The mixture is diluted with HCl 2M and
washed with ethyl acetate. Organic layer collected and dried over sodium sulphate,
filtered and solvent removed underreduced pressure. The crude compound is purified by
flash chromatography (Si20, DCM/MeOH) to afford 120 (260mg, 53%) as yellow oil. LC-
MS; [M+H]" found 550.3, tR: 3.53min, UV 254nm 98%. "H NMR (600 MHz, Chloroform-d) &
8.20 (s, 1H), 8.06 (s, 1H), 7.73 (d, J = 2.1 Hz, 1H), 7.56 — 7.52 (m, 1H), 7.41 (t, J = 8.0 Hz,
1H), 7.30 = 7.27 (m, 1H), 7.14 (s, 1H), 4.53 (s, 2H), 4.11 (q, J = 7.1 Hz, 2H), 2.39 (s, 6H), 2.22
(d, J =3.5Hz, 7H), 1.20 (t, J = 7.1 Hz, 3H), 1.04—-0.95 (m, 2H), 0.35 (dt, /= 6.5, 3.3 Hz, 2H).
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C NMR (151 MHz, Chloroform-d) & 168.79, 149.48, 143.86, 140.41, 140.00, 139.85,
136.91, 136.80, 136.24, 136.16, 129.90, 129.39, 126.31, 124.76, 107.54, 61.79, 52.08,
21.18, 18.06, 14.18, 8.56, 6.70.

2-(N-(3-(5-cyclopropyl-4-(1H-tetrazol-5-yl)-1H-pyrazol-1-yl)phenyl)-2,3,5,6-
tetramethylphenylsulfonamido)acetic acid (UCAB#535)

Sodium hydroxide (60mg, 1.5mmol) is added to a solution of 120 (260mg, 0.47mmol) in
ethanol/water(1:1). The reactionis stirred at room temperature for 8h then the solventis
removed under reduced pressure. The crude mixture is acidified with HCl 37% and
extracted with ethyl acetate. Organiclayer is collected and dried over sodium sulphate,
filtered and solvent removed under reduced pressure. The crude is purified by
preparative HPLC to afford UCAB#535 (35mg, 27%) as white solid. LC-MS; [M+H] found
522.2, tR: 3.03min, UV 254nm 100%. *H NMR (600 MHz, DMSO-d¢) & 8.10 (s, 1H), 7.63 (t, J
= 1.9 Hz, 1H), 7.60 — 7.55 (m, 1H), 7.50 (t, J = 8.0 Hz, 1H), 7.35 (dd, J = 8.1, 1.0 Hz, 1H),
7.26 (s, 1H), 4.56 (s, 2H), 2.32 (s, 7H), 2.19 (s, 6H), 2.07 (ddd, J = 13.9, 8.4, 5.5 Hz, 1H), 0.80
—0.72 (m, 2H), 0.22 — 0.13 (m, 2H). **C NMR (151 MHz, DMSO-ds) & 169.81, 143.43,
139.77, 139.41 (d, J = 4.1 Hz), 136.44, 136.13, 135.89, 135.74, 129.49, 127.85, 124.64,
123.99, 51.00, 20.47, 17.48, 7.84, 6.35.

2-(N-(3-(5-cyclopropyl-4-(1H-tetrazol-5-yl)-1H-pyrazol-1-yl)phenyl)-2,3,5,6-
tetramethylphenylsulfonamido)- acetamide (UCAB#538).

UCAB#535 (50mg, 0.10mmol), EDC hydrochloride (30mg, 0.16mmol), HOBt (25mg,
0.19mmol) were dissolved in DMF (4ml) at 0°C then DiPEA (55mg, 0.42mmol) was added.
Mixture stirred at 0°C for 1.5h then ammonium chloride (360mg, 6.73mmol) was added
and reaction stirred at room temperature overnightfor22h. Reaction quenched with HCI
6M, and mixture extracted with ethyl acetate. Organic layer dried over sodium sulphate,
filtered and solvent removed under reduced pressure. Crude mixture purified by
preparative HPLC to give UCAB#538 (20mg, 38%) as white solid. . LC-MS; [M+H]* found
521.2, tR: 2.89min, UV 254nm 100%. "H NMR (600 MHz, DMSO-dg) 6 8.10 (s, 1H), 7.63 (t, J
= 2.1 Hz, 1H), 7.57 (d, J = 8.0 Hz, 1H), 7.48 (t, / = 8.0 Hz, 1H), 7.35 (s, 1H), 7.32(d, /= 8.0
Hz, 1H), 7.26 (s, 1H), 7.10 (s, 1H), 4.36 (s, 2H), 2.32 (s, 7H), 2.19 (s, 7H), 2.07 (td, J = 8.4,
4.3 Hz, 1H), 0.79 (h, J = 5.0 Hz, 2H), 0.19 (t, J = 5.6 Hz, 2H). **C NMR (151 MHz, DMSO-d¢) &
168.63, 143.45, 139.92, 139.37 (d, J = 11.7 Hz), 136.42, 136.08, 135.93, 135.71, 129.36,
127.84, 124.82, 123.88, 51.84, 20.50, 17.55, 7.88, 6.40.
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