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COMPOSITIONS FOR THE TREATMENT OF KIDNEY AND/OR LIVER DISEASE

FIELD OF THE INVENTION

[0001] The present invention relates to novel compounds and their use in the

prophylactic and/or therapeutic treatment of kidney and/or liver disease.

[0002] The invention has been developed primarily for the prophylactic and/or
therapeutic treatment of kidney and/or liver disease and will be described hereinafter with
reference to this application. However, it will be appreciated that the invention is not

limited to this particular field of use.
BACKGROUND OF THE INVENTION

[0003] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of the

common general knowledge in the field.

[0004] Kidney disease consists of a diverse range of etiologies, including
immunological, mechanical, metabolic and toxic insults amongst others (Hewitson,
Fibrogenesis & Tissue Repair 2012, 5(Suppl 1):314). Regardless of etiology, all patients
with chronic kidney disease show a decline in renal function with time, inevitably leading
to end-stage renal failure - a condition that requires life-long dialysis or renal
transplantation (Hakim & Lazarus, Am J Kidney Dis 1989, 14:396-401). Progressive loss
of renal function is associated not only with development of glomerulosclerosis, but also
with that of interstitial fibrosis. Interstitial fibrosis is characterized by the destruction of
renal tubules and interstitial capillaries, as well as by the accumulation of extracellular
matrix proteins (Fukagawa et al., Nephrol Dial Transplant 1999, 14:2793-2795). Kidney
fibrosis can lead to hypertension due to increased systemic vascular resistance, with
hypertension reported to occur in 85-95% of patients with chronic kidney disease. (Rao
et al., Am J Kidney Dis. 2008, 51(suppl 2):S30-S37).

[0005] While treatment with angiotensin-converting-enzyme (ACE) inhibitors alone or
in combination with angiotensin receptor blockers (ARBs) have been shown to slow the
rate of progression of kidney failure, they do not cure kidney disease, i.e., they do not
reverse existing fibrosis and restore normal tissue architecture. Additionally, ACE
inhibitors and ARBs may cause side effects such as low blood pressure, angioneurotic

oedema, hyperkalaemia and persistent dry cough.
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[0006] Liver disease can be inherited or caused by a variety of factors that damage
the liver, such as obesity, diabetes, infections and alcohol abuse. Examples of liver

disease include hepatitis, fatty liver disease and cirrhosis.

[0007] In fatty liver disease, large vacuoles of triglyceride fat may accumulate in liver
cells via steatosis (i.e., abnormal retention of lipids within a cell). This accumulation of

fat can cause inflammation, cell death, and scarring.

[0008] Left untreated, the damage from fatty liver disease and other liver diseases
results in the accumulation of fibrosis, resulting in cirrhosis, liver failure and portal

hypertension; often requiring liver transplantation.

[0009] There is no standard treatment for liver fibrosis. Although experimental studies
have revealed targets to prevent fibrosis progression in rodents, the efficacy of most
treatments has not been proven in humans (Bataller & Brenner, J Clin Invest. 2005,
115(2):209-18). At present, treatment usually focuses on treating the cause of liver
fibrosis and hoping that the liver regenerates. Treatments aimed at reversing the fibrosis
are usually too toxic for long-term use (e.g., corticosteroids, penicillamine) or have no

proven efficacy (e.g., colchicine).
[0010] Currently there is no pharmacological therapy for hepatic fat accumulation.

[0011] There is a need for agents that prevent or treat kidney disease and/or liver
disease. In particular, there is a need for agents that prevent, reduce or slow
progression of kidney and/or liver fibrosis, reduce established kidney and/or liver fibrosis,
prevent, reduce or slow renal tubular cell death, restore normal tissue architecture in the

kidney and/or liver, and/or prevent, reduce or slow hepatic fat accumulation.

[0012] Itis an object of the present invention to overcome or ameliorate at least one of

the disadvantages of the prior art, or to provide a useful alternative.
SUMMARY OF THE INVENTION

[0013] According to one aspect, the present invention relates to a compound of the

formula:
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X is -OH or on - eH

or a pharmacologically acceptable salt, sterecisomer, diastereomer, snantiomer,
racemate, hydrate andfor solvate thereof,

wherein when X is -OH, A cannot be unsubstituted phenyl.

[0014]  In one embodiment, Q is independently selected from -CH;, -C{O)OH, -F,
-NH;, -OM and ~OCHa.

[0015]  Inone embodiment, Ry 10 R are independently C or N.
[0016]  Inone embodiment, nis 0, 1or 2.

[0017]  In one embodiment, the Cqsalkyl carboxylic acid is carboxylic acid.



[0018]  In one embadiment, Xis ~OH.

(00181  Inone embodiment, Xis
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or a pharmacologically acceptable salt, glucuronide, stersoisomer, diastersomer,
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enantiomer, racemate, hydrate and/or solvate thereaf,

[0021]  In one smbodiment, the compound is:

2

i,],.;,’/
OH

=

OH

{(P104).
or a pharmacologically acceptable salt, sterecisomer, diastereomer, snantiomer,
racemate, hydrate and/or solvate thereof.

[0022]  According to another aspect, the present invention relates fo a pharmaceutical

compaosition comprising a compound of the present invention and a pharmaceutically

acceptable excipient.

[0023] According to another aspect, the prasent invention relates to a methad for the

therapeutic treatment of kidney andfor liver disease in a subject comprising administering

to the subject a compound or a pharmaceutical composition according 1o the present

invention,
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[0024] According to another aspect, the present invention relates to a method for the
prophylactic treatment of kidney and/or liver disease in a subject comprising
administering to the subject a compound or a pharmaceutical composition according to

the present invention.

[0025] According to another aspect, the present invention relates to a compound or a
pharmaceutical composition of the present invention for use in a method for the

therapeutic treatment of kidney and/or liver disease.

[0026] According to another aspect, the present invention relates to a compound or a
pharmaceutical composition of the present invention for use in a method for the

prophylactic treatment of kidney and/or liver disease.

[0027] According to another aspect, the present invention relates to use of a
compound of the present invention for the manufacture of a medicament for the

therapeutic treatment of kidney and/or liver disease.

[0028] According to another aspect, the present invention relates to use of a
compound of the present invention for the manufacture of a medicament for the

prophylactic treatment of kidney and/or liver disease.

[0029] In one embodiment, the compound, pharmaceutical composition or
medicament of the invention prevents, reduces or slows the progression of kidney and/or

liver fibrosis.

[0030] In one embodiment, the compound, pharmaceutical composition or

medicament of the invention reduces established kidney and/or liver fibrosis.

[0031] In one embodiment, the compound, pharmaceutical composition or

medicament of the invention prevents, reduces or slows renal tubular cell death.

[0032] In one embodiment, the compound, pharmaceutical composition or

medicament of the invention prevents, reduces or slows fat accumulation in the liver.

[0033] In one embodiment, the compound, pharmaceutical composition or
medicament of the invention restores normal tissue architecture in the kidney and/or

liver.

[0034] According to another aspect, the present invention relates a compound of the

formula:
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or a pharmacologically acceptable sall, glucuronide, sterspisomer, diastersomer,

or ‘ r

enantiomer, racemate, hydrate andfor solvate thereaf,

[0035] Unless the context clearly requires otharwise, throughott the description and
the claims, the words "comprise”, “comprising”, and the like are to be canstrued in an
inclusive sense as opposed o an exclusive or exhaustive sense; that is to say, in the
sense of “including, but not limited 10”.

BRIEF DESCRIPTION OF THE FIGURES

[0036] Figure 1. Synthesis scheme for P5, P§, P11, P22, P28, P40 and P41.
[0037]  Figure 2: Synthesis scheme for thiazale pinacal boronic ester.

[0038] Figure 3. Synthesis scheme for PS.

[0039]  Figure 4. Synthesis scheme for (2E)-3-[3'-(Benzyloxy -4-trifluoromethane
suffonate-biphenyl-2-yllprop-2-enamide.

[0040]  Figure 5. Synthesis scheme for intermediates of P3, P46, P47, P48, P48 and
P&0,

[0041]  Figurs 6 Synthesis scheme for P3, P46, P47, P48, P49 and P50.
[0042]  Figure 7: Synthesis scheme for P104.

[0043] Figure 8: Cell impedance in A10 vascular smooth muscle cells trealed with test
compounds at 62.5uM {white bars), 125uM {grey bars) or 250uM {black bars}.

[0044]  Figure 9 Cell impedance in bovine aortic endothelial cells treated with test
compounds at 62.5uM {(white bars}, 125uM (grey bars) or 250pM (black bars).

[0048] Figure 10: Capacity of test compounds (30uM) {0 rescue renal tubular cells
from cytoloxicity as a consequence of treatment with cis-platin (Bug/mi).

[0048] Figure 11 Effect of test compounds on systolic blood pressure.
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[0047] Figure 12: Effect of test compounds on fibrosis in the kidney in SHR on 2.2%
salt diet after 4 weeks treatment with test compound in 5% ethanol drinking solution or

drinking solution alone.

[0048] Figure 13: Hepatic fibrosis in SHR at 18 weeks of age after 4 weeks treatment
with test compounds (500 pmol/kg/min) in 5% ethanol drinking solution or drinking

solution alone (18 week control).

[0049] Figure 14: Masson’s tri-chrome stained tissue sections showing portal tracts
from control rats (A), as well as rats treated with P8 (B), P9 (C) and P26 (D).

[0050] Figure 15: Effect of test compounds on accumulation of fat in the liver in SHR
on a 2.2% salt diet after 4 weeks treatment with test compound in drinking solution or

drinking solution alone.

[0051]  Figure 16: Comparison of cell impedance in A10 vascular smooth muscle cells

and the level of hepatic fibrosis in SHR treated with test compounds.

[0052] Figure 17: Comparison of cell impedance in bovine aortic endothelial cells and

the level of hepatic fibrosis in SHR treated with test compounds.

[0053] Figure 18: Comparison of rescue of renal proximal tubule cells from cis-platin

induced cytotoxicity and level of renal fibrosis in SHR treated with test compounds.

[0054] Figure 19: Comparison of cell impedance in bovine aortic endothelial cells and

the level of hepatic fat content in SHR treated with test compounds.
DETAILED DESCRIPTION OF THE INVENTION

[0055] The present invention relates to compounds that are effective in the treatment
of kidney and/or liver diseases. The invention also relates to compounds that are
effective in preventing, reducing or slowing progression of kidney and/or liver fibrosis,
reducing established kidney and/or liver fibrosis, preventing, reducing or slowing renal
tubular cell death, restoring normal tissue architecture in the kidney and/or liver, and/or

preventing, reducing or slowing hepatic fat accumulation.

[0056] The compounds of the present invention are represented by the formula:
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wharsin:
Als:

Ry\
Ry—HRy Rs < Ra
/ ;‘}kgn I ('é-‘_ Q,
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ar

R to Re are independently C, N, O or §;

(2 is independently selected from Cygalkyl, halo, Cogalkyl carboxylic acid, aming, hydroxy

and Cqqatkoxy;
nis @, 1,2, 3or4; and

0
HD,_\T/;"\T
HO \T"’ r;’fn
Xis -OH ar GH  ©H

or a pharmacologically accepiable salt, stersoisomer, diastereomer, enantiomer,

racemate, hydrate and/or solvate thereof,
wherein when X is -OH, A cannot be unsubstituted phenyl.

[0087] The following compounds are specific, but non-limiting, examples of the

compounds of the present invention:
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o
MO
HO" s
OH oH

(P104).

[0058] As used herein, the term “alkyl”, alone or in combination, means a straight-
chain or branched-chain alky! radical of the formula -CyHinesy. Examples of alkyls include
methyl, ethyl, n-propyl, n-butyl, ischutyl, sec-butyl, tert-butyl, pentyl, iscamyl, hexyl, octyl
and the like.

[0059]  As used herein, the term “alkoxy”, alone or in combination, means an alkyl
honded o an oxygen, wherein the term alky! is as defined abave. Examples of alkoxys
include methoxy, ethoxy, n-propoxy, isopropaxy, n-butoxy, iso-butoxy, sec-butoxy, tert-
butoxy and the like.

[0060]  As used herein, the term "halo” designales -F, -Cl, -Br or -L

[0061]  As used herein, the term "hydroxy” designates -OH.

[0062]  As used herein, the term "amino” or “amine” designates -NH..

[0063]  As used herein, the term "carboxylic acid” designates -C{Q)OH.

[0064]  As used herein, the term "glucuronide” includes compounds wherein glucuronic
acid is linked fo the compound via a glycosidic bond.

[0085] As used herein, the abbreviations Me, Et, Ph, Ms represent methyl, ethyl,
phenyl, and methanesulfonyl, respectively. A more comprehensive list of the
abbreviations ulilized by arganic chemists of ardinary skill in the art appears in the first
issue of each volume of the Journal of Organic Chemistry, this list is typically presented
in a table entitled Standard List of Abbreviations. The abbreviations contained in said
list, and all abbreviations ulllized by organic chemists of ordinary skill in the art are

hereby incorporated by reference.
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[0066] Compounds of the present invention may exist in particular geometric or
sterecisomeric forms. The present invention contemplates all such compounds,
including cis- and trans-isomers, (R)- and (S)-enantiomers, diastereomers, (d)-isomers,
(I}-isomers, the racemic mixtures thereof, and other mixtures thereof, as falling within the
scope of the invention. All such isomers, as well as mixtures thereof, are intended to be

included in this invention.

[0067] If, for instance, a particular enantiomer of a compound of the present invention
is desired, it may be prepared by asymmetric synthesis, or by derivatization with a chiral
auxiliary, where the resulting diastereomeric mixture is separated and the auxiliary group
cleaved to provide the pure desired enantiomers. Alternatively, diastereomeric salts may
be formed with an appropriate optically active acid or base, followed by resolution of the
diastereomers thus formed by fractional crystallization or chromatographic means well

known in the art, and subsequent recovery of the pure enantiomers.

[0068] In general, the compounds of the present invention may be prepared by the
methods illustrated in the general reaction schemes as, for example, described below, or
by modifications thereof, using readily available starting materials, reagents and
conventional synthesis procedures. In these reactions, it is also possible to make use of

variants which are in themselves known, but are not mentioned here.

[0069] Other than where noted, compound synthesis methods are based on well
established methods described in, for example, March's Advanced Organic Chemistry:
Reactions, Mechanisms, and Structure (2013) by Micheal B. Smith; Advanced Organic
Chemistry, Part A: Structure and Mechanisms (2008) and Advanced Organic Chemistry:
Part B: Reaction and Synthesis (2010) by Francis A. Carey and Richard J. Sunberg; and
Greene's Protective Groups in Organic Synthesis (2014) by Peter G. M. Wults.

[0070] The present invention also contemplates pharmaceutically acceptable salts of
the compounds. The term “pharmaceutically acceptable salt” includes both acid and
base addition salts and refers to salts which retain the biological effectiveness and
properties of the free bases or acids, and which are not biologically or otherwise
undesirable. The pharmaceutically acceptable salts are formed with inorganic or organic
acids or bases, and can be prepared in situ during the final isolation and purification of
the compounds, or by separately reacting a purified compound in its free base or acid

form with a suitable organic or inorganic acid or base, and isolating the salt thus formed.

[0071] In addition to treatment of established kidney and/or liver disease, the
compounds of the present invention may be used prophylactically in subjects at risk of

developing kidney and/or liver disease. Examples of subjects in the risk category for
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developing kidney fibrosis include those with kidney injury or chronic kidney disease,
having diabetes, or receiving drugs used in cancer chemotherapy (such as daunorubicin,
cisplatin), malignancies (such as myeloma and lymphoma) genetic predisposition (Alport
syndrome, Polycystic kidney disease, reflux nephropathy), infections (Hep B Hep C),
drugs for treatment of hypomania (lithium), transplant rejection (cyclosporine,
tacrolimus), arthritic conditions (NSAIDs, penicillamine, gold) And those exposed to
heavy metals such as lead and cadmium. Examples of subjects in the risk category for
developing liver fibrosis include those with Hepatitis A, Hepatitis B, Hepatitis C, chronic
alcohol abuse, autoimmune hepatitis, primary biliary cirrhosis, primary sclerosing
cholangitis hemochromatosis, fatty liver disease, hepatic encephalopathy, hepatic fat

accumulation, gallstones, cancer or acute liver injury.

[0072] The term “prophylactic” as used in the context of the present invention is
intended inter alia to encompass treatments used to prevent or slow down the
development of kidney and/or liver disease in the at risk group. Subjects who may be

given prophylactic treatment may already have signs of early kidney and/or liver failure.

[0073] As used herein, the term “fibrosis” refers to the formation of excess fibrous

connective tissue in an organ or tissue.

[0074]  All organs rely on specific, but different, arrangement of tissues (architecture)
for normal function. Disease and/or fibrotic depositions can cause malfunction or poor
function of the organ. Thus, restoring normal tissue architecture enables organs to

regain their normal function.

[0075] The present invention also contemplates pharmaceutical compositions which
include the compounds of the present invention, in conjunction with acceptable
pharmaceutical excipients. The term “pharmaceutically acceptable excipient” as used in
the context of the present invention means any pharmaceutically acceptable inactive
component of the composition. As is well known in the art, excipients include diluents,
buffers, binders, lubricants, disintegrants, colorants, antioxidants/preservatives, pH-
adjusters, etc. The excipients are selected based on the desired physical aspects of the
final form: e.g. obtaining a tablet with desired hardness and friability being rapidly
dispersible and easily swallowed etc. The desired release rate of the active substance
from the composition after its ingestion also plays a role in the choice of excipients.
Pharmaceutical compositions may include any type of dosage form such as tablets,
capsules, powders, liquid formulations, delayed or sustained release, patches, snuffs,
nasal sprays and the like. The physical form and content of the pharmaceutical

compositions contemplated are conventional preparations that can be formulated by
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those skilled in the pharmaceutical formulation field and are based on well established
principles and compositions described in, for example, Remington: The Science and
Practice of Pharmacy, 19th Edition, 1995; British Pharmacopoeia 2000 and similar

formulation texts and manuals.

[0076] For example, where the compounds or compositions are to be administered
orally, they may be formulated as tablets, capsules, granules, powders or syrups; or for
parenteral administration, they may be formulated as injections (intravenous,
intramuscular or subcutaneous), drop infusion preparations or suppositories. For
application by the ophthalmic mucous membrane route, they may be formulated as
eyedrops or eye ointments. These formulations can be prepared by conventional
means, and, if desired, the active ingredient may be mixed with any conventional
additive, such as an excipient, a binder, a disintegrating agent, a lubricant, a corrigent, a

solubilizing agent, a suspension aid, an emulsifying agent or a coating agent.

[0077] When the compound(s) of the present invention are administered as
pharmaceuticals, to humans and animals, they can be given per se or as a
pharmaceutical composition containing, for example, 0.1 to 99.5% (more preferably, 0.5

to 90%) of active ingredient in combination with a pharmaceutically acceptable carrier.

[0078] The dosage of a compound and frequency of administration that should be
used can also be easily determined by the practicing physician in order to produce the

desired response.

[0079] Although the dosage will vary depending on the symptoms, age and body
weight of the patient, the nature and severity of the disorder to be treated or prevented,
the route of administration and the form of the drug, in general, a daily dosage of from
0.0001mg to 200 mg of the compound of the present invention may be a suitable
effective amount for an adult human patient, and this may be administered in a single

dose or in divided doses.

[0080] A “patient” or “subject” to be treated by the subject method can mean either a

human or non-human subject.

[0081]  An “effective amount” of a subject compound, with respect to a method of
treatment, refers to an amount of the therapeutic in a preparation which, when applied as
part of a desired dosage regimen provides a benefit according to clinically acceptable

standards for the treatment or prophylaxis of a particular disorder.

[0082] The present invention will now be described in more detail with reference to

specific but non-limiting examples describing specific compositions and methods of use.
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it is to be understood, however, that the detailed description of specific procedures,
compositions and methods is included solely for the purpose of exemplifying the present
invention. It should not be understoad in any way as a restriction on the broad

description of the inventive concept as set out above.
EXAMPLES

Example 1: Synthesis of P5, P8, P11, P22, P26, P40 and P44

[0083] The synthetic route used to prepare P&, P8, P11, P22, P26, P40 and P41 is
shown in Figure 1. Firstly, 3-hydroxycinnamic acid was ssterified to yield ester (1), which
was and then hydrogenated to give ethyl propionate (2), and treated with bromine to
furnish aryl bromide {3). A Suzuki cross-coupling reaction between aryl bromide (3) and
3-benzyloxyphenyiboronic acid yielded biphenyl (4}, which subsequently underwent an
aminolysis reaction with ammaonia to afford amide (5). Reaction of compound § with N«
phenyitriflamide afforded aryl triflate (B}, which was subsequently treated with
thioanisole/TFA to vield aryl triflate (7).

[0084] A series of Suzuki cross-coupling reactions between aryl triflate (7} and
appropriate arylboronic acids/esters afforded PS, P8, P11, P22, P26, P40 and P41. The
results of the Suzuki cross-caupling reactions between aryl triflate (7} and appropriate
boronic acids/esters are summarised in Table 1.

Compound # R’ isolated yisld (%)
PS NS 21
]\\‘,'{’
I
B8 8 50
& \
\’\
v
i
P11 Oy 58
&2
\'J'VIU\J‘
P22 HN-N 26
1
P26 NS 20
P
-J‘\);‘J'.f
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Compound # R’ Isolated yield (%)
P40 N ::\/ 26
,f-ﬁx\\f P
‘)\I?)\J
P41 NQ 33
o

Table 1: Suzuki cross-coupling reactions of aryl tiflate (7) with appropriate boronic
acids/esters o produce P5, P8, P11, P22, P26, P40 and P41.

[0085] To synthesise P40, the requisite thiazole pinacol boronic ester (8) needed fo
be prepared. Thus, 2 4-dimethyithiazole was brominated o yield 5-bromo-2 4~
dimethyithiazole (8), which in fum was metallated and treated with pinacol isopropoxy
boronie ester to form thiazole pinacol boronic ester @ (Figure 2).

Production of (E}-Ethyl 3-{3-hydroxyphenyllacrylate (1)

[0086]  To a stirred solution of {E£)-3-(3-hydroxyphenyljacrylic acid (60.70 g, 370.0
mmol) in ethanol (600 mL) was added concentrated sulfuric acid {6 mL) and the reaction
mixture heated at reflux for 3 hours, and then at ambient temperature for 18 hours. The
sthanol was removed by rotary evaporation and the residue pariitioned between water
and ethyl acetate. The layers were separated and the organic phase washed with
saturated sodium bicarbonate solution and brine and concentrated {o dryness. The hot
oil was then triturated with dichloromsethane and heptane. The resultant solid was
collected by filiration to give (Ej-ethyl 3-(3-hydroxyphenyhacrylate (1} (62.77 g, 88%) as
beige solid. mp 63.8 - 65.2 °C; 'H NMR (400 MHz, CDCL) 8 7.74 {d, TH, “Jyue 16 H2),
7.35 (m, 1H), 7.19 (d, 1H, J 7.6 Hz), 7.14 (m, 1H), .99 (m, 1H), 8.51 {d,1H, “dyans 16 H2),
5.97 (brs, 1H),4.38{q, 2H, J 7.1 Hz), 1.44 (, 3H, J 7.1 Hz).

Production of Ethyl 3~(3-hydraxyphenyl)propanoate (2}

[0087]  (E)-Ethyl 3-{3-hydrastyphenyl)acrylate (1) (62.62 g, 326.0 mmol) and 10%
paltadium on carbon (50% wt water} in ethanot {260 mL} was stirred in an auloclave at
140 psi of hydrogen for 1 hour, in 3 baiches. The 3 batches were combined, filtered
through Celite, washing thoroughly with ethanol. The filtrate was concentrated o give
athyl 3-{3-hydroxyphenylpropanoate (2) as a pale tan oil (83.23 g, 100%). "H NMR (400
MHz, CDCL)Y 5 7.23 (m, 1H), 6.92 {br s, 1H), 6.85 - 6.80 {m, 3H)}, 4.24 {g, 2H, J 7.1 Hz),
3000, 2H, J7H Hz), 272 (, 2H, J7.5 Hz), 1.34 (t, 3K, J 7.1 Hz).
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Praduction of Ethyl 3-(2-bromo-5-hydroxyphenylipropanoata (3}

[0088]  To a vigorously stirred mixture of 3-(3-hydroxyphenvhpropanoate {2} (50.0 g,
0.258 mal} and calcium carbonate {33.5 g, 0.335 mol} in dry DCM {500 mL) was slowly
added broming (13.25 mL, 0.258 mol} over a pericd of 2 hours. Sodium metabisulfite
{12.5 g, 65.79 mmol) in water (80mL) was added. The reaction mixture was then dried,
filtered and concenirated to give ethyl 3~(2-bromo-5-hydroxyphenylipropanocate (3} as
pale tan oif (89.27 g, 98%). 'H NMR (400 MHz, CDCL) 8 7.32 (d, 1H, /8.6 Hz), 8.75 (d,
1H, J3.0 Hz), 6.58 {dd, 1H, J 8.6, 3.0 Hz), 6.28 (5, 1H), 4.12 (g, 2H, J7.2 Hz), 2.96 {1,
2H, J75 Hz), 2.82 {t, 3H, J7.5 Hz), 1.22 (g, 3H, J 7.2 Hz). "C NMR (100 MHz, CDCl)
8 174.2, 1556, 1408, 133.6, 117.5, 115.6, 114.3, 61.3, 34.3, 31.5, 14.2. EIMS: m/z
Found: M™ 272.0028, G11M:BrO: requires 272.0043. EIMS; m/z 272 (M”, 5%), 183
(88), 165 {100}

Froduction of Ethyt 3-(3-henzyloxy-4-hydroxy-{1, 1-biphenyl]-2-yvl}propancate {4}

[0O85B] A solution of ethyl 3-(2-bromo-5-hydraxyphenylipropanoate {3} (35.0 g, 128.0
mmaol} in dimethoxyethane (850 mL) was degassed with nitrogen for 10 minutes.
Tetrakis{triphenylphosine)palladium(0) (3.50 g, 3.03 mmol} was added and the reaction
mixture stirred for another 15 minutes. An agueous 2M solution of potassium carbonate
(200 mL, 0.40 mmol) was added, followed by 3-benvioxyphenylboronic acid (35.0 g,
154.0 mmot). The reaction mixture was heated ai reflux for 2 hours, then cooled to
ambient lemperature and partitioned between 2M hydrochioric acid and ethyl acetats.
The layers were separated and the agueocus layer extracted once more with ethyl
acetate. The combined organic extracts were washed with water and brine and
concentrated to give the crude product as a tan oll. The crude material was pre-
absorbed onto Celite then chromatographed (DCVC) eluting with a gradient of DCM in
heptane {50 ~ 100% DCM) and then with a gradient of ethyl acetate in DCM (2 ~6%
athyl acetale) fo give, after concentration, the material as a yellow il (47.6 g, 99%). This
was recrysiallised from DCM and heptane to give ethyl 3-(3'-(benzyloxy)-4-hydroxy-{1,1'-
biphenyil-2-ylipropancate (4} as a pale yellow solid (38.47 g, 80%) in 3 crops; mp 85.7 —
87.2 °C. "HNMR (400 MHz, CDCl;) 8 7.43 (m, 2H), 7.37 (m, 2H), 7.33 — 7.24 {m, 2H),
7.06 (d, 1H, 4 8.2 Hz), 6.94 {m, 1H), 6.87 (m, 2H), 6.75 (d, 1H, 2.6 Hz), 6.70 (dd, 1H, 8.2,
2.6 Hz), 543 (br s, 1H), 5.07 (s, 2H), 4.06 (g, 2H, J 7.1 Hz), 2.86 {1, 2H, 4 8.1 Mz}, 2,39
{t, 2H, J 8.1 Hz), 1.18 (t, 3H, J 7.1 Hz). "C NMR (100 MHz, CDCly) 8 173.7, 158.7,
155.4, 142.9, 139.5, 137.2, 134.4, 131.5, 129.4, 128.8, 1281, 127.7, 122 4, 116.1,
115.9, 113.8, 113.5, 70.2, 60.8, 35.5, 28.8, 14.3. EIMS: myz Found: M™ 376.1658,
CasHeaQy reguires 376.1669. EIMS: m/e 376 (M7, 24%;), 91 {100).
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Production of 3-(3'-Benzyloxy-4-hydroxy-[1,1'-biphenyl]-2-yl)propanamide (5)

[0090] Ethyl 3-(3’-(benzyloxy)-4-hydroxy-[1,1’-biphenyl]-2-yl)propanoate (4) (30.0 g,
79.80 mmol), methanol (150 mL) and 30% aqueous ammonia (450 mL) were stirred at
ambient temperature for 1 week. The resultant solid was collected by filtration. The
crude material was recrystallised from DCM and heptane to give 3-(3’-(benzyloxy)-4-
hydroxy-[1,1’-biphenyl-2-yl)propanamide (5) as colourless square plates (12.8 g, 46%);
mp 119.5 — 120.5 °C. "H NMR (400 MHz, DMSO-ds) 8 9.39 (br s, 1H), 7.46 (m, 2H),
7.39 (t, 2H, J 7.1 Hz), 7.31 (q, 2H, J 7.6 Hz), 7.23 (br s, 1H), 6.96 (m, 2H), 6.87 (m, 1H),
6.83 (d, 1H, J 7.6 Hz), 6.73 (br s, 1H), 6.71 (d, 1H, J 2.4 Hz), 6.64 (dd, 1H, J 8.2, 2.5 Hz),
5.12 (s, 2H), 2.67 (t, 2H, J 7.7 Hz), 2.21 (t, 2H, J 7.7 Hz). "*C NMR (100 MHz, DMSO-ds)
5 175.4,158.7, 1565.9, 143.0, 139.3, 137.2, 133.9, 131.6, 129.5, 128.8, 128.2, 127.7,
122.3, 116.3, 116.2, 113.8, 113.6, 70.2, 36.8, 29.2. EIMS: m/z Found: M** 347.1515,
C2:H,1NO; requires 347.1516. EIMS: m/z 347 (M, 19%), 91 (100).

Production of 2-(3-Amino-3-oxopropyl)-3'-(benzyloxy)-[1,1"-biphenyl]-4-yl

trifluoromethansulfonate (6)

[0091]  To a mixture of 3-(3’-(benzyloxy)-4-hydroxy-[1,1’-biphenyl-2-yl)propanamide (5)
(8.0 g, 21.0 mmol) in DCM (100 mL) was added N-phenyltriflamide (8.21 g, 23.0 mmol),
followed by triethylamine (3.2 mL, 23.0 mmol). The reaction mixture was stirred at
ambient temperature for 20 hours, then transferred to a separating funnel, washed with
water (2x) and brine, then concentrated to give a tan oil. The crude oil was pre-absorbed
onto Celite, then chromatographed (DCVC) eluting with a gradient of ethyl acetate in
DCM (0 - 25% ethyl acetate). Like fractions were combined and recrystallised from DCM
and heptane to give 2-(3-amino-3-oxopropyl)-3’-(benzyloxy)-[1,1’-biphenyl]-4-yl
trifluoromethanesulfonate (6) as colourless needles (10.73 g, 65%); mp 104.0 -106.0 °C.
'H NMR (400 MHz, CDCl3) 8 7.41 — 7.27 (m, 6H), 7.23 (d, 1H, J8.2 Hz), 7.17 (d, 1H, J
2.6 Hz), 7.11 (dd, 1H, J 8.4, 2.6 Hz), 6.98 (m, 1H), 6.82 (m, 2H), 5.57 (br s, 1H), 5.16 (br
s, 1H), 5.06 (s, 2H), 2.89 (t, 2H, J 7.9 Hz), 2.21 (t, 2H, J 7.9 Hz). "*C NMR (100 MHz,
CDCIs) 8 173.9, 1568.9, 148.9, 142.2, 141.2 (two signals coincident), 136.9, 132.0, 129.8,
128.8, 128.3, 127.7,122.0, 121.8, 119.2, 118.9 (d, J320.6 Hz) 115.8, 114.4, 70.2, 36.3,
28.8. EIMS: m/z Found: M"" 479.1004, C3H»0F3sNOs>S requires 479.1009. EIMS: m/z
479 (M", 7%), 91 (100).

Production of 2-(3-Amino-3-oxopropyl)-3'-hydroxy-[1,1'-biphenyl]-4-y!
trifluoromethansulfonate (7)

[0092]  2-(3-Amino-3-oxopropyl)-3’-(benzyloxy)-[1,1-biphenyl]-4-yl
trifluoromethanesulfonate (6) (10.29 g, 22.0 mmol) and thioanisole (5.05 mL, 43.0 mmol)
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in trifluoroacetic acid (10 mL) was stirred at ambient temperature in a stoppered flask for
2 days. The reaction mixture was cooled in an ice bath then poured onto iced water and
transferred to a separating funnel. The product was extracted with ethyl acetate. The
organic phase was washed with water and brine and concentrated to dryness. The
crude material was pre-absorbed onto Celite, then chromatographed (DCVC) eluting with
a gradient of DCM in heptane (50, 75 and 100% DCM) followed by a gradient of
methanol in DCM (1 - 5% methanol). Fractions containing clean material were combined
and concentrated, then recrystallised from methanol and 1,2-dichloroethane to give 2-(3-
amino-3-oxopropyl)-3’-hydroxy-[1,1’-biphenyl]-4-yl trifluoromethanesulfonate (7) as
colourless needles (6.19 g, 74%); mp 126.2 — 127.3 °C. 'H NMR (400 MHz, DMSO-dj)
5 9.60 (s, 1H), 7.42 (s, 1H), 7.38 — 7.20 (m, 4H), 6.86 — 6.66 (m, 4H), 2.80 (t, 2H, J 8.1
Hz,), 2.28 (t, 2H, J 8.1 Hz,). "*C NMR (100 MHz, DMSO-ds) 5 173.0, 157.3, 148.3,
142.2, 141.9, 140.7, 131.7, 129.5, 121.4, 119.6, 118.8, 116.7, 115.8, 114.6, 35.5, 28.0.
EIMS: m/z Found: M* 389.0533, C1sH14F3sNO,*S requires 389.0539. EIMS: m/z 389
(M*, 32%), 211 (60), 197 (100).

Production of 3-(3'-Hydroxy-4-(pyridin-3-yl)-[1, 1"-biphenyl]-2-yl)propanamide (P5)

[0093] A mixture of 2-(3-amino-3-oxopropyl}-3’-hydroxy-[1,1’-biphenyl]-4-yl
trifluoromethanesulfonate (7) (0.50 g, 1.29 mmol), pyridine-3-boronic acid (0.20 g, 1.60
mmol} and aqueous sodium carbonate (1M) (3.0 mL, 3.0 mmol) in toluene (10 mL) and
ethanol (2 mL) was degassed with nitrogen for 10 minutes.
Tetrakis(triphenylphosphine)palladium(0) (0.10 g, 0.09 mmol) was added and the
reaction mixture heated in a sealed vessel at 85 °C until all the triflate starting material
had been consumed. The reaction mixture was cooled to ambient temperature than
partitioned between 2M hydrochloric acid and ethyl acetate. The layers were separated.
The organic layer was checked by TLC and found to contain very little desired product
and was discarded. The aqueous layer was basified and re-extracted with ethyl acetate
(2x). The combined organic layers were washed with water and brine and concentrated
to dryness to give a cream solid (260 mg). The crude material was pre-absorbed onto
Celite, then chromatographed (DCVC) eluting with a gradient of methanol in DCM (0 —
10% methanol). The fractions containing clean material were combined and
recrystallised from DCM and methanol to give 3-(3’-hydroxy-4-(pyridine-3-yl)-[1,1'-
biphenyl]-2-yl)propanamide (P5) as a colourless solid (0.09 g, 21%); mp 196 — 198 °C.
'H NMR (400 MHz, DMSO-ds) 8 9.55 (s, 1H), 8.92 (m, 1H), 8.58 (m, 1H), 8.10 (m, 1H),
7.67 (m, 1H), 7.59 (dd, 1H, J 2.0, 7.9 Hz), 7.50 (m, 1H), 7.25 (m, 3H), 6.78 (m, 4H), 2.84
(m, 2H), 2.33 (m, 2H). *C NMR (100 MHz, DMSO-ds) 5 173.4, 157.1, 148.4, 147.6,
141.9, 141.3, 139.4, 136.0, 135.4, 134.0, 130.4, 129.3, 127.4, 124.3, 123.8, 119.6,
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115.8, 114.1, 36.1, 28.1. EIMS: m/z Found: M** 318.1358, C,H13sN,O, requires
318.1363. EIMS: m/z 318 (M*, 92%), 273 (38), 259 (100). HPLC purity (40% ACN /
H,0O, 264 nm): 98.90%.

Production of 3-(3-Hydroxy-4-(thiophen-3-yl)-[1, 1’biphenyl]-2-yl) propanamide (P8)

[0094] Prepared according to the method of P5 from 2-(3-amino-3-oxopropyl)-3'-
hydroxy-[1,1’-biphenyl]-4-yl trifluoromethanesulfonate (7) (0.32 g, 0.82 mmol), thiophene-
3-boronic acid (0.132 g, 1.03 mmol), tetrakis(triphenylphosphine)palladium(0) (0.056 g,
0.05 mmol) and aqueous sodium carbonate (1M) (2.0 mL, 2.0 mmol) in toluene (10 mL)
and ethanol (2 mL). The crude material was purified by chromatography (DCVC) eluting
with a gradient of methanol in DCM (0 — 5% methanol). The fractions containing clean
material were combined and recrystallised from DCM and methanol to give 3-(3'-
hydroxy-4-(thiophen-3-yl)-[1,1’biphenyl]-2-yl)propanamide (P8) as a beige solid (0.13 g,
50%); mp 211 — 212 °C. "H NMR (400 MHz, DMSO-d) 5 9.50 (s, 1H), 7.88 — 7.84 (m,
1H), 7.68 — 7.63 (m, 2H), 7.59 — 7.54 (m, 2H), 7.27 - 7.19 (m, 2H), 7.16 (d, 1H, J 7.9
Hz), 6.80 — 6.68 (m, 4H), 2.80 (t, 2H, J 7.9 Hz), 2.30 (t, 2H, J 7.9 Hz). "*C NMR (100
MHz, DMSO-ds) 6 173.4, 157.1, 142.2, 141.3, 140.2, 139.0, 134.2, 130.1, 129.3, 127.0,
126.6, 126.2, 123.7, 120.8, 119.7, 115.8, 113.9, 36.2, 28.2. EIMS: m/z Found: M"
323.0964, C19H;NO,**S requires 323.0975. EIMS: m/z 323 (M", 100%), 305 (36), 277
(63), 264 (64). HPLC purity (40% ACN / H,0, 274 nm): 99.78%.

Production of 3-(4-(Furan-3-yl)-3'-hydroxy-[1, 1"-biphenyl]-2-yl)propanamide (P11)

[0095] Prepared according to the method of P5 from 2-(3-amino-3-oxopropyl)-3'-
hydroxy-[1,1’-biphenyl]-4-yl trifluoromethanesulfonate (7) (0.50 g, 1.29 mmol), furan-3-
boronic acid (0.18 g, 1.60 mmol), tetrakis(triphenylphosphine)palladium(0) (0.10 g, 0.09
mmol)} and aqueous sodium carbonate (1M) (2.5 mL, 2.50 mmol) in toluene (10 mL}) and
ethanol (2 mL). The crude material was purified by chromatography (DCVC) eluting with
a gradient of methanol in DCM (0 — 10% methanol) and then recrystallised from DCM
and methanol to give 3-(4-(furan-3-yl}-3'-hydroxy-[1,1'-biphenyl]-2-yl)propanamide (P11)
as beige rods (0.23 g, 58%); mp 191-192 °C. "H NMR (400 MHz, DMSO-ds) & 9.49 (s,
1H),8.20 — 8.16 (m, 1H), 7.78 — 7.73 (m, 1H), 7.58 — 7.54 (m, 1H), 7.49 — 7.44 (m, 1H),
7.26 —7.18 (m, 2H), 7.14 (d, 1H, J 7.9 Hz), 6.99 — 6.94 (m, 1H), 6.80 — 6.67 (m, 4H),
2.79 (t, 2H, J 8.3 Hz), 2.29 (t, 2H, J 8.3 Hz). "*C NMR (100 MHz, DMSO-ds) 5 173.4,
157.1,144.3, 142.2, 140.1, 139.2, 139.0, 130.9, 130.0, 129.2, 126.0, 125.6, 123.1,
119.6, 115.8, 113.9, 108.7, 36.1, 28.1. EIMS: m/z Found: M" 307.1204, C49H17NO;
requires 307.1203. EIMS: m/z 307 (M*, 100%), 248 (50). HPLC purity (40% ACN / H,0,
265 nmy): 99.33%.
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Praduction of 3-(3-Hydroxy-4-(1H-pyrazol-4-yi}-[1, 1-biphenyll-2-vi}propanamide (P22)

[0086]  Prepared according to the method of PS from 2-(3-amino-3-oxopropyl)}-3'-
hydroxy-{1,1’-biphenyl]<4-yl trifluoromethanesulfonate (7) (0.50 g, 1.29 mmol}, tert-butyl
4-(4 4.5 5-tetramethyl-1,3.2-dioxaborolan-2-yl}-1H-pyrazole-1-carboxylate {047 g. 1.61
mmol}, fetrakis(iriphenylphosphinepaliadium{0} (0.10 g, 0.08 mmal) and aqueous
sodium carbonate (1M} (3.0 mL, 3.00 mmol} in toluene (10 mL} and sthanol (2 mL). The
crude material was purified by chromatography (DCVC} sluting with a gradient of
methanol in DCM (0 - 20% methanol). The material was further purified by radial
chromatography eluting with a gradient of ethyl acetate in DCM (50 ~100% ethyl acetate)
and then a gradient of methanol in ethyl acetate (1 - 5% methanot) to give 3-{3'-hydroxy-
4-{1H-pyrazob-4-yi}-[1 1 -biphenyl}-2-yl)propanamide {(P22) as beige crystals (0.10 g,
26%); mp 161.5 — 163.2 *C. 'H NMR (400 MHz, DMSOQ-ds) § 12.95 (5, TH), 9.44 (s, 1H),
8.13 {(brs, 1H), 7.89(brs, 1H), 7.58 ~ 7.54 (m, 1H), 749 ~ 742 (m, 1H), 7.28 -~ 7.19 (m,
2HY, 7140 {d, 1H, J7O Hz), 6.79 — 8.67 {m, 4H), 278 {t, 2H, J7.9 Hz), 228 {t, 2H, J7.8
Hz). “C NMR (100 MMz, DMSO-dy) 8 173.6, 157.1, 142.4, 139.0, 138.9, 138.3, 131.8,
13001, 129.2, 125.5 (two signals coincident), 122.8, 121.0, 118.7, 1159, 113.8, 36.2,
28.2. EIMS: m/z Found: M 307.1314 CigHeN;Q; requires 3071315, EIMS: mvz 307
(M, 100%), 248 (57). HPLC purity {35% ACN [ 0.1% TFA, 270 nm): 99.08%.

Production of 3-(3-Hydroxy-4-{pyrimidin-5-yi}-[1, 1-biphenyl]-2-vljpropanamide (P26}

[0087]  Prepared according to the method of PSfrom 2-(3-amino-3-oxopropyl-3'-
hydroxy-{1,1"-biphenyl]-4-yl trifluoromethanesulfonate (7) (1.00 g, 2.58 mmol},
pyrimidine-b-boronic acid (0.40 g, 3.20 mmol), tetrakis{triphenyiphosing)palladium{}
{0.20 g, 0.18 mmol) and aqueous sodium carbonate (1M) (6.0 miL, 8.00 mmol) in toluene
{20 mL) and ethanol (4 mL). The crude material was purified by chromatography
{DCVC) {x 2) eluting with a gradient of methanol in DCM (0 - 7.5% methanol) and then
recrystallised from methanal o give 3-(3-hydroxy-4-{pyrimidin-5-yi)}-{1,1-bipheany{}-2-
yl)propanamide (P26) as a pale lemon sofid (0.17 g, 20%); mp 191.9 - 1935 °C. H
NMR (400 MMz, DMSO-ds) 8 9.56 (s, 1H}, 9.20 (s, TH), 9.17 (s, 2}, 7.77-7.75 {m, 1H)},
7.69-7.66 (m, 1H), 7.32 - 7.22 (m, 2H), 7.25 (brs, 1H), 8.81 -6.71 {m, 4H), 2.87 - 2.80
(my, 2H), 2,37 -2.13 {m, 2H). PC NMR (100 MHz, DMSO-d,) & 173.4, 157.24, 157,18,
154.7 (two signals coincident), 142.1, 141.7, 139.8, 133.1, 132.7, 130.5, 128.3, 127 4,
124.4, 1196, 115.8, 114.2, 36.0, 281, EIMS: nmvz Found: M™ 319.1310, CiaHiNsOy
requires 319.1315. EIMS: nvz 319 (M™, 70%), 274 (48), 260 (100). HPLC purity {40%
ACN / H,O, 285 nm): 99.87%.
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Production of 5-Bromuo-2 4-dirmethylthiazole (8}

0098}  To a vigorously stirred mixture of 2 4-dimethylthiazole (23.37 g, 0.207 mol} and
calcium carbonate (26.80 g 270 mmol} in DCM {200 mL) was added slowly a solution of
bromine {11.10 mL, 217 mmol) in DCM (100 mL). The reaction was checked after 3
hours by TLC {(DCM) and was not complete. A further two portions of bromine (2 x 3.00
mb, 117.10 mmol} in DCM (2 x 20 mL) was required for the reaction fo go 1o completion.
Sodium metabisulphite (16.0 g, 84.17 mmal) in water (60 mb) was added slowly to the
regction mixture. More waler was added and the reaction mixture was transferred to a
separating funnel. The layers were separated and the agueous extracted once more
with DCM. The combined organic layers were washed with 1M sodium carbonate
solution {2x} and water and concenirated o give 5-bromo-2.4-dimethyithiazole (8) as a
pale tan oil (38.40 g, 97%). 'H NMR {400 MHz, CDClLy) 5 2.51 (s, 3H}, 2.24 (s, 3H).

Froduction of 2 4-Dimethyl-5-(4,4.5,5-tetramethyi-1,3,2-dioxaborolan-2-yiithiazole (9}

[0O99] A solution of 5-bromao-2,4-dimethylthiazole (83 {5.00 g, 26.0 mmaol) and 1,2-
dibromoethane (0.24 g, 1.3 mmol) in THF (20 mL) was added dropwise fo a flask
containing magnesium furnings (0.65 g, 26.8 mmol) over a ane hour period. The
reaction mixture was heated to 75 *C for 4 hours, cooled to ambient temperature then
transferred fo a dropping funnel via a cannula on a second reaction flask. The Grignard
reagent was then added dropwise to a solution of isopropylpinacolborate (§.30 mbL, 26.00
mmol} in THF {10 mL) at 0 °C. Affer addition was complete, the reaction mixture was
warmed up to ambient temperature and was stirred for 20 hours. The reaction was
cooled to ~10 °C, and then slowly acetic acid (1.03 mL, 25.50 mmol) was added so that
the reaction mixture was at pH 7. Solvent was removed by rotary evaporation then ethyl
acetate was added and also removed by rotary evaporation. The crude oif was pre-
absorbed onto Celite then chromatographed (DCVC) eluting with a gradient of sthyl
acetate in heptane (D — 30% ethyl acetate). Fractions containing the desired material
were combingd and concentrated (o give 2 A-dimethyl-5-(4.4 .5, 5-tetramethyl-1,3,2-
dioxaborolan-2-yl)thiazole (9) as a pale yellow oil which solidified (1.65 g, 26%). 'H NMR
(400 MHz, DMSQ-dy) 8 2.83 (5, 3H), 2.53 (s, 3H), 1.26 (s, 12H). “C NMR (50 MHz,
PMSO-ds) & 1704, 183.2, 84.1, 24.9, 18.1, 17.6 {one signal not observed). EIMS: mvz
Found: M™ 238.1143, C4HsNO,"'B¥S requires 239.1146. EIMS: mvz 238 (M", 86%),

224 (45), 182 (37), 139 (53), 71 (100).
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Production of 3-(4-(2.4-Dimethyfthiazol-5-y1)-3-hydroxy-[1, 1-bighenyl]-2-ylipropanamide
(P40}

[0100] Prepared according to the method of P5 from 2-(3-amino-3-oxopropyl)-3'-
hydroxy-{1,1-biphenyl]-<4-yl trifluoromethanesulfenate (7) (1.00 g, 2.58 mmol}, 2.4-
dimethyl-5-(4 4.5,5-tetramethhyl-1,3,2-dioxaborolan-2-yhithiazole {0.76 g, 3.20 mmol),
tetrakis{iriphenylphosphinejpalladium(0} (0.24 g, 0.21 mmol} and agueous sodium
carbonate (1M} (6.0 mi, 6.00 mmaol) in toluene (20 mL} and ethanot {4 mL). The crude
material was purified by chromatography (DCVC) eluting with a gradient of methanal in
dichloromathane (0 ~ 5% methanol) and then recrystallised from methanol to give 3-{4-
(2. 4-dimsthylithiazol-5-y1)-3"-hydroxy-{1,1"-biphenyl]-2-yl)propanamide (P40) as yellow
crystals (0.23 g, 26%); mp 196.6 ~ 199.4 *C. "H NMR (400 MHz, DMSQ-ds) 5 9.54 (5,
1H), 7.38 (s, 1H), 7.32 - 7.19 (m, 4H}, 6.81 - 6.69 (m, 4H), 2.80 {1, 2H, J 7.8 Hz), 2.63 (s,
3H), 2.42 (s, 3H), 2.27 {1, 2H, J 7.8 Hz). C NMR {100 MHz, DMSO-ds} & 173.3, 162.5,
157.2, 148.7, 141.8, 140.8, 139.2,130.7, 1304, 130.1, 128.3, 129.1, 126.2, 119.6,
115.8, 114.1, 35.9, 27.9, 18.7, 16.0. EIMS: m/z Found: M™ 352.1230, CaHapN:0:7S
requires 352.1240. EIMS: sz 352 (M”, 100%), 334 (41), 283 (35). HPLC purity (35%
ACN /0.1% TFA, 256 nm): 98.64%.

Froduction of 3-(4-(3,5-Dimethylisoxazol-4-yl)-3-hydroxy-[1. 1 -biphenyl}-2-
vlipropanamide (P41}

[0101]  Prepared accaording to the method of PSfrom 2-(3-amino-3-oxopropyl-3'-
hydroxy-{1,1"-biphenyl]-4-yl trifluoromethanesulfonate (7} (0.50 g, 1.28 mmol}, 3,5-
dimethylisoxazole-4-boronic acid {0.23 g, 1.60 mmol},

tetrakis{triphenylphosine jpalladium{0) {0.10 g, 0.08 munol} and agueous soedium
carbonate (1M) (2.5 mL, 2.50 mmol} in toluene {10 mbL) and ethanol (2 mL). The crude
material was purified by chromatography (DCVC) eluting with a gradient of methanol in
DCM {0 — 5% methanol) and then recrystallised from DCM and methanol to give 3-{4-
(3.5-dimethylisoxazol-4-yl)-3'-hydroxy-[1.1'-biphenyl}-2-yi}propanamide (P41} as g pale
femaon solid {0.15 g, 33%); mp 203 ~ 204 °C. *H NMR (400 MHz, DMSO-dg) 5 9.52 (s,
TH), 7.32 = 7.30 {m, 1H), 7.28 = 7.20 (m, 4H}, 6.81 = 6.70 (m, 4H), 2.52 - 249 {m, 2H),
2.44 (s, 3H), 2.32 - 2.25 (m, 2H), 2.27 (s, 3H). PC NMR (50 MHz, DMSO-dy) 5 173.3,
165.1, 1588.2, 157.1, 142.0, 140.5, 139.0, 130.0, 129.3, 129.2, 128.8, 126.2, 119.8,
115.8, 115.7, 114.0, 35.8, 27.9, 11.4, 10.8. EIMS: m/z Found: M™ 336.1459, CioHiNyO;
requires 336.1468. EIMS: mv/z Found: M™ 336.1458, CueHxN204 requires 336.1468.
EIMS: nvz 336 (M™, 868%), 282 (100). HPLC purity (40% ACN / H,0, 275 nm}: 97 .36%.
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Example 2: Synthesis of P9

[0102]  The synthetic route used to prepare PS, P8, P11, P22, P26, P40 and P41 is
shown in Figure 3. Briefly, aryl triflate ester {11), was prepared from bipheny! ester (4)
by reaction with N-phenyltriflamide to generate protected aryl triflate (10), followed by
freatment with thicanisole/TFA. A palladium-catalysed cross-coupling reaction between
aryl triflate ester (11} and pyrrole then afforded the desired teraryl compound (12), which
underwent aminolysis {o produce PQ.

Production of Ethyl 3-{3-(benzyloxy}-4-({{trifluoromethylisulfonyhoxyl-[1,1-biphenyl]-2-
viipropancate (10)

[0103] Prepared according to the method used to generate compound 8; from ethylt 3-
(3'~(benzyloxy}-4-hydroxy-[1,1"-biphenvl}-2-ylipropanocate (4) (8.0 g, 21.00 mmol}, N-
phenyltriftamide (8.21 g, 23.00 mmol) and triethylamine (3.2 mL, 23.00 mmaol} in (100
mL}. The crude material was purified by passing it through a plug of silica gel, eluting
with to give ethyl 3-(3'-(benzyloxy)-4-({{trifluoromethybsulfonyhoxy)-[1, 1 -biphenyi}-2-
yhpropanocate (10) as a yellow oil {guantitative yield) with sufficient purity fo be used in
the next step. 'H NMR (400 MHz, DMSO-dy) 8 7.46 — 7.23 (m, 7TH), 7.20 - 7.11 (m, 2H),
7.02 - B.97 {m, 1H), 6.88 - 8.83 (m, 2H), 5.08 (s, 2H), 4.06 (g, 2H, J 7.2Hz), 2.90 ({, 2H,
JT79H2), 238 (t, 2H, J7.9 Hz), 118 (1, 3H, J 7.2 Hz). °C NMR {100 MHz, DMSO-ds} &
172.6, 158.9, 148.9, 142.4 1412, 141.1,137.0, 132.0, 129 8, 128.8, 128.3, 127.7,
123.7,121.9,121.8, 119.1, 115.8, 114.4, 70.3, 60.8, 34.9, 28.4, 14.3. EIMS: m/z Found:
M™ 508.1180, CasHosFa0s ™S requires 508.1162. EIMS: nvz 508 (M™, 10%), 91 (100}

Praduction of Ethyl 3-(3-hydroxy-4-{{{triflucromethylisulfonyloxy)-[1, 1 -biphenyl}-2-
wpropanoate (11}

[0104] Prepared according to the method used to generate compound 7; from ethyl 3-
{3'-(benzylaxy-4-({{trifluoromethyl)sulfonyboxy)-{1,1’-bighenyi}-2-ylipropancate {10}
{10.67 g, 21.0 mmol) and thicanisole (5 mL, 42.62 mmol} in TFA (10 mL). The crude
material was pre-absorbed onto Celite, then chromatographed (DCVC) eluting with a
gradient of DCM in heptane (50 —~ 100% DCM), followed by recrystallisation from DCM
and hepians {o give ethyl 3-(3'-hydroxy-4-(({(trifluoromethyhsulfonylioxy-{1,1’-biphenyi}-
2-ylipropanoate (11) as colourless prisms (4.84 g, 55%); mp 80.8 - 91.9 “C. "THNMR
(400 MHz, DMSQO-d) 8 7.30 = 7.23 {m, 2H), 7.19 = 711 {m, 2H), 6.87 - 6.78 {m, 2H},
B.76 ~8.73 (m, TH), 5.73 (s, TH), 4.07 (g, 2H, J 7.2 Hz), 2.85 {t, 2H, J 7.8 Hz), 2.44 {1,
2H, J 7.9 Hz), 199 (t, 3H, J 7.2 Hz). °C NMR {100 MHz, DMSO-ds) 5 173.0, 155.9,
148.9, 142.2, 141.3, 140.9, 132.0, 130.0, 121.8, 1218, 119.0 {g, J=321.2 Hz} 118.2,
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116.2, 115.0, 61.1, 35.1, 28.5, 14.3. EIMS: m/z Found: M*" 418.0690, CsH7F30¢>2S
requires 418.0692. EIMS: m/z 418 (M*, 100%), 373 (38), 211 (61), 197 (82).

Production of Ethyl 3-(3"-hydroxy-4-(1H-pyrrol-1-yl)-[1,1'-biphenyl]-2-yl)propanoate (12)

[0105]  An oven-dried pW vial (2-5 mL) containing 1,4-dioxane (4.5 mL) was degassed
for 10 min, after which Pd,(dba); (0.07 mmol, 66 mg), 2-dicyclohexylphosphino-2'-(N,N-
dimethylamino)biphenyl (DavePhos) (0.07 mmol, 28 mg) and KsPO4 (1.1 mmol, 228 mg)
was added and allowed to stir for 20 minutes. Ethyl 3-(3'-hydroxy-4-
(((trifluoromethyl)sulfonyl)oxy-[1,1'-biphenyl]-2-yl)propanoate (11) (300 mg, 0.72 mmol)
and pyrrole (4.30 mmol, 298 L) was then added, the vial sealed, and the reaction
mixture heated at 100 °C for 16 h. The solvent was evaporated and the residue was
filtered through a small column of silica, eluting with 3:7 ethyl acetate:PE. Following
evaporation of the solvent, the residue was purified by DCVC eluting with 5:95 ethyl
acetate:PE — 1:4 ethyl acetate:PE to afford ethyl 3-(3'-hydroxy-4-(1H-pyrrol-1-yl)-[1,1'-
biphenyl]-2-yl)propanoate (12) as a yellow oil (159 mg, 72%). 'H NMR (400 MHz,
MeOH-d,) 6 7.39 (m, 1H), 7.36 (dd, 1H, J 8.4, 2.4 Hz), 7.30 - 7.18 (m, 4H), 6.84 - 6.72
(m, 3H), 6.28 (m, 2H), 4.02 (q, 2H, J 7.1 Hz), 2.97 (m, 2H), 2.45 (m, 2H), 1.14 (t, 3H, J
7.1 Hz). C NMR (100 MHz, MeOH-d,) 5 174.7, 158.6, 143.7, 141.4, 140.9, 140.8,
132.4, 130.6, 121.8, 121.6, 120.1, 118.9, 117.3, 117.1, 111.5, 61.7, 36.2, 29.8, 14.6.
EIMS: m/z Found: M™ 335.1510, C,1H2NOj3 requires 335.1516. EIMS: m/z 335 (M",
100%).

Production of 3-(3'-Hydroxy-4-(1H-pyrrol-1-yl)-[1,1'-biphenyl]-2-yl)propanamide (P9)

[0106]  Ethyl 3-(3'-hydroxy-4-(1H-pyrrol-1-yl}-[1,1'-biphenyl]-2-yl)propanocate (12) (145
mg, 0.43 mmol) was dissolved in methanol (4 mL), to which 30% aqueous ammonia (2.5
mL) was added and the reaction mixture allowed to stir at rt for 16 h. Additional
ammonia (1 mL) was then added, followed by a further addition (1 mL) after 24 h.
Continued stirring for an additional 16 h was followed by the addition of ethyl acetate (20
mL) and water (20 mL). The mixture was partitioned, and the organic phase dried and
the solvent evaporated. The residue was dissolve in hot methanol, decolourising
charcoal added, and the reaction filtered through a warm filter paper to afford a clear
solution. After a time a solid formed which was collected and washed with cold methanol
to afford 3-(3'-hydroxy-4-(1H-pyrrol-1-yl)-[1,1'-biphenyl]-2-yl)propanamide (P9) as white
crystals (81 mg, 61%); mp 221 — 224 °C. "H NMR (400 MHz, DMSO-ds) 5 9.52 (br s,
1H); 7.50 (m, 1H), 7.42 (dd, 1H, J 2.4, 8.4 Hz), 7.36 (m, 2H), 7.25 -7.19 (m, 3H), 6.79 —
6.69 (m, 4H), 6.28 (m, 2H), 2.80 (m, 2H), 2.31 (m, 2H). "*C NMR (100 MHz, DMSO-ds) &
173.3, 157.1, 141.7, 140.1, 139.0, 138.5, 130.7, 129.3, 119.7 (two signals coincident),
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118.9, 116.9, 115.9, 114.0, 110.4, 35.9, 28.2. EIMS: m/z Found: M* 306.1355,
C19H1sN20; requires 306.1363. EIMS: m/z 306 (M™, 28%), 288 (100). HPLC purity (35%
ACN /0.1 % TFA, 270 nm): 99.33%.

Example 3: Synthesis of intermediate (2E)-3-[3'-(Benzyloxy)-4-trifluoromethane

sulfonate-biphenyl-2-yllprop-2-enamide

[0107] The synthetic route used to prepare intermediate (2E)-3-[3'-(Benzyloxy)-4-

trifluoromethanesulfonate-biphenyl-2-yllprop-2-enamide is shown in Figure 4.
Preparation of (2E)-3-(2-Bromo-5-hydroxyphenyl)prop-2-enoic acid

[0108] Piperidine (1.47 mL) was added to a mixture of 4-bromo-3-formyl-phenol (25.0
g, 0.124 mol) and malonic acid (15.53 g, 0.149 mol) in pyridine (150 mL) and heated to
reflux for 4 h. The reaction mixture was cooled briefly before adding hydrochloric acid (2
M, 500 mL) and acidified to pH 1-2 with concentrated hydrochloric acid (33%, ca. 50-100
mL). The suspension was cooled to approximately 10°C and the solid collected by
vacuum filtration washing with hydrochloric acid (2 M, 60 mL) and dried under vacuum
for 18 h. This crude material contained water and pyridine hydrochloride as indicated by
'H NMR, and was taken up in ethyl acetate (1.3 L) and washed with hydrochloric acid (2
M, 2 x 750 mL), dried over magnesium sulfate and filtered. The filtrate was concentrated
to dryness to give the title compound as a grey powder (23.63 g, 0.0972 mol, 78%). 'H
NMR (400 MHz, DMSO-dg) d ppm 12.62 (br. s., 1 H) 9.91 (s, 1 H) 7.76 (d, J=16.0 Hz, 1
H) 7.48 (d, J=8.6 Hz, 1 H) 7.19 (d, J=2.3 Hz, 1 H) 6.80 (dd, J=8.8, 2.5 Hz, 1 H) 6.41 (d,
J=16.0 Hz, 1 H); HPLC (water/ACN + 0.1% TFA gradient) 98.9% at 220 nm; LCMS
[M+H]" =242.9 , [M-H] = 242.0. Ca 2-5 mol% of unknown impurities as indicated by 'H
NMR analysis.

Preparation of (2E)-3-(2-Bromo-5-hydroxyphenyl)prop-2-enamide

[0109] Oxalyl chloride (16 mL, 0.19 mol) was added over 10 min to a suspension of
(2E)-3-(2-bromo-5-hydroxyphenyl)prop-2-enoic acid (23.50 g, 0.0367 mol} in
dichloromethane (200 mL) and dimethylformamide (0.5 mL) at 0°C. The reaction mixture
was slowly warmed to room temperature and stirred for 1 h. Additional oxalyl chloride (16
mL, 0.19 mol) was added and heated to reflux for 5 h and then stirred for 16 h at room
temperature. The reaction mixture was concentrated to dryness to give the crude acid

chloride intermediate.

[0110] The crude acid chloride was dissolved in 1,4-dioxane (100 mL}) and poured into
a solution of aqueous ammonia (28%, 68 mL, 1.12 mol) in 1,4-dioxane (200 mL). This

mixture was stirred for 30 min before diluting the reaction mixture with water (500 mL).
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The reaction mixture was concentrated to dryness to give a grey solid. The grey solid
was suspended in hydrochloric acid (1 M, 200 mL) and collected by vacuum filtration,
washing with hydrochloric acid (1 M, 60 mL) and water (60 mL) then dried on the rotary
evaporator (70°C) for 45 min and then under high vacuum for 4 h to give the crude title
compound (30.51 g) as a grey powder containing an unknown impurity as indicated by
'H NMR analysis. A portion of this material (29.6 g) was stirred in ethyl acetate (500 mL)
and filtered, washing the filter cake with ethyl acetate (200 mL). The filtrates were
concentrated to dryness to give the title compound as a light brown powder (21.73 g,
98%). 'H NMR (400 MHz, DMSO-ds) d 9.89 (s, 1 H) 7.63 (br. s., 1 H) 7.59 (d, J=15.7 Hz,
1H)7.45(d, J=9.0 Hz, 1 H) 7.23 (br. s., 1 H) 7.06 (d, J=2.7 Hz, 1 H) 6.76 (dd, J=8.6, 2.7
Hz, 1 H) 6.53 (d, J=15.7 Hz, 1 H); HPLC (water/ACN + 0.1% TFA gradient) 95.3% at 220
nm; LCMS [M+H]" =244.1, [M+Na]* = 264.0.

Preparation of (2E)-3-[3'-(Benzyloxy)-4-hydroxybiphenyl-2-ylJprop-2-enamide

[0111]  Nitrogen was bubbled through a mixture of (2E)-3-(2-bromo-5-
hydroxyphenyl)prop-2-enamide (10.00 g, 41.31 mmol), 3-benzyloxy phenylboronic acid
(12.22 g, 53.58 mmol) and potassium carbonate (17.34 g, 0.125 mol) in a mixture of
water (60 mL), toluene (160 mL) and ethanol (100 mL) for 10 min before adding
tetrakis(triphenylphosphine)palladium(0) (1.21 g, 10.5 mmol) and heating the mixture to
reflux for 2.5 h. The mixture was cooled briefly, diluted with water (200 mL) and acidified
by addition of hydrochloric acid (2 M, ca. 400 mL, pH: 0-1) and extracted with ethyl
acetate (3 x 300 mL). The combined organic extracts were dried over magnesium
sulfate and filtered. The filtrate was concentrated to dryness and the residue purified by
flash chromotography (silica, 10-100% ethyl acetate/hexanes gradient) to give the title
compound as a brown solid foam (14.37 g, 101%). '"H NMR (400 MHz, DMSO-d) d 9.71
(s,1H)7.39-748 (m,4 H) 7.29-7.38 (m,4 H)7.17 (d, J=8.2 Hz, 1 H) 7.09 (s, 1 H)
7.06 (d, J=2.4 Hz, 1 H) 7.01 (dd, J=8.2,2.4 Hz, 1 H) 6.83 - 6.90 (m, 2 H) 6.81 (d, J=7.4
Hz, 1 H)6.49 (d, J=15.6 Hz, 1 H) 5.12 (s, 2 H); HPLC (water/ACN + 0.1% TFA gradient)
88.2% at 220 nm; LCMS [M+H]" =346.2, [M-H] = 344.1. Ca 11wt% ethyl acetate and

14mol% of an unknown impurity as indicated by 'H NMR analysis.

Preparation of (2E)-3-[3'-(Benzyloxy)-4-trifluoromethanesulfonate-biphenyl-2-ylJprop-2-

enamide

[0112]  N-Phenyl bis(trifluoro-methanesulfonamide) (16.35 g, 45.77 mmol) was added
portion wise over 1 min to a solution of (2E)-3-[3'-(benzyloxy)-4-hydroxybiphenyl-2-
yllprop-2-enamide (14.27 g, 41.33 mmol) and potassium carbonate (11.63 g, 84.15

mmol) in acetonitrile (200 mL) cooled in an icebath. The reaction mixture was warmed to
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room temperature and stirred vigorously for 1 h. Silica gel was added, and the mixture
was concentrated and purified by flash chromatography (silica, 10-100% ethyl
acetate/hexanes gradient) to give the title compound as a light brown solid foam (15.95
g, 81%). "H NMR (400 MHz, DMSO-ds) d 7.78 (d, J=2.4 Hz, 1 H) 7.52 - 7.61 (m, 3 H)
743 -750(m,2H)7.37-7.43 (m,3H)7.29-7.37 (m, 2H)7.21 (br. s., 1 H) 7.11 (dd,
J=8.2,2.4 Hz, 1 H)6.96 - 7.03 (m, 1 H) 6.90 (d, J=7.4 Hz, 1 H) 6.69 (d, J=15.6 Hz, 1 H)
5.15 (s, 2 H); HPLC (water/ACN + 0.1% TFA gradient) 95.0% at 220 nm; LCMS [M+H]" =
478.1. Minor impurities as indicated by 'H NMR analysis.

Example 4: Synthesis of intermediates of P3, P46, P47, P48, P49 and P50

[0113] The synthetic route used to prepare intermediates of P3, P46, P47, P48, P49
and P50 is shown in Figure 5.

[0114]  Nitrogen was bubbled through a mixture of (2E)-3-[3'-(benzyloxy)-4-
trifluoromethanesulfonate-biphenyl-2-ylprop-2-enamide (1 equiv.), a phenylboronic acid
(1.3 equiv.) and potassium carbonate (3 equiv.) in a mixture of water (3 mL), toluene (8
mL} and ethanol (5 mL) for 5 min before adding tetrakis(triphenylphosphine) palladium(0)
(0.1 equiv.) and heating at 80°C-90°C in a sealed vial or at reflux with a condenser under
a nitrogen atmosphere until no (2E)-3-[3'-(benzyloxy)-4-trifluoromethanesulfonate-
biphenyl-2-yl]lprop-2-enamide remained by TLC, LCMS and/or HPLC. The reaction
mixtures were cooled and adsorbed onto silica before purifying by flash chromatography
(silica, 10-100% ethyl acetate/hexanes gradient) to give the crude desired compounds.

Additional purification was required for some compounds and is described below.
[0115]  The following compounds were prepared by this procedure:

3"-[(1E)-3-Amino-3-oxoprop-1-en-1-yl]-3"-benzyloxy-1,1"4',1"-terphenyl-3-carboxylic acid

[0116] The crude title compound (243 mg) contained triphenylphosphine oxide by
HPLC and LCMS analysis. The material was purified further by flash chromatography
(silica, 50-100% ethyl acetate/dichloromethane gradient, followed by a 0-20%

methanol/dichloromethane gradient) to give the title compound as a white powder (112
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mg, 16%). 'H NMR (400 MHz, DMSO-ds) d 13.18 (br. s., 1 H) 8.26 (t, J=1.56 Hz, 1 H)
7.95-8.05(m, 3 H)7.79 (dd, J=8.22, 1.96 Hz, 1 H) 7.65 (t, J=7.83 Hz, 1 H) 7.53 (br. s.,
1H)7.38-751(m,7H)7.28-737(m,1H)7.14 (br.s.,1H)7.06 - 7.12 (m, 1 H)}6.97 -
7.03(m,1H)6.90-6.96 (m, 1 H)6.77 (d, J=15.65 Hz, 1 H) 5.16 (s, 2 H); HPLC
(water/ACN + 0.1% TFA gradient) 94.5% at 220 nm; LCMS [M+H]* = 450.1, [M+Na]" =
472.1. Ca 2wt% ethyl acetate and other minor impurities by '"H NMR analysis.

(2E)-3-(3-Benzyloxy-4"-fluoro-1,1":4",1"-terphenyl-2'-yl)prop-2-enamide

[0117]  Off-white solid foam (215 mg, 32%). "H NMR (400 MHz, DMSO-ds) d 7.93 (d,
J=1.2 Hz, 1 H) 7.80 (dd, J=8.6, 5.5 Hz, 2 H) 7.72 (dd, J=7.8, 657 Hz, 1 H) 7.28 - 7.53 (m,
11 H) 7.13 (br. s., 1 H) 7.09 (dd, J=8.2, 2.0 Hz, 1 H) 6.98 (s, 1 H) 6.92 (d, J=7.4 Hz, 1 H)
6.75 (d, J=16.0 Hz, 1 H) 5.12 - 5.20 (m, 2 H); HPLC (water/ACN + 0.1% TFA gradient)
83.7% at 220 nm; LCMS [M+H]* = 424.2, [M+Na]" = 446.2. Ca 3% ethyl acetate and 10

mol% of other unknown impurities by '"H NMR analysis.

(2E)-3-(3-Benzyloxy-4"-nitro-1,1":4',1"-terphenyl-2'-yl)prop-2-enamide

[0118]  The crude title compound contained triphenylphosphine oxide and (2E)-3-[3'-
(benzyloxy)biphenyl-2-yl]prop-2-enamide by HPLC and LCMS analysis. Further
purification by two flash chromatographic separations (silica, 50-100% ethyl

acetate/dichloromethane gradient) gave the title compound as a yellow powder (158 mg,
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22%). "H NMR (400 MHz, DMSO-ds) d 8.36 (d, J=8.6 Hz, 2 H) 8.07 (m, J=8.6 Hz, 3 H)
7.87 (dd, J=8.0, 1.4 Hz, 1 H) 7.53 (d, J=8.2 Hz, 1 H) 7.44 - 7.51 (m, 4 H) 7.41 (s, 3 H)
7.34 (s, 1 H) 7.15 (br. s., 1 H) 7.11 (dd, J=8.2, 1.96 Hz, 1 H) 7.00 (s, 1 H) 6.94 (d, J=7.4
Hz, 1 H) 6.77 (d, J=15.6 Hz, 1 H) 5.18 (s, 2 H); HPLC (water/ACN + 0.1% TFA gradient)
95.9% at 220 nm; LCMS [M+H]* = 452.3, [M+Na]* = 473.2.

(2E)-3-(3-Benzyloxy-3"-methyl-1,1"4' 1"-terphenyl-2"-yl)prop-2-enamide

[0119]  White solid foam (272 mg, 62%). 'H NMR (400 MHz, DMSO-ds) d 7.94 (d,
J=1.6 Hz, 1 H) 7.73 (dd, J=8.2, 1.6 Hz, 1 H) 7.58 (s, 1 H) 7.54 (d, J=7.8 Hz, 1 H) 7.45 -
751 (m,4H)7.37-7.44 (m,5H)7.33 (m, J=7.0Hz, 1 H)7.23 (d, J=7.4 Hz, 1 H) 7.13
(br.s.,1H)7.09 (dd, J=8.4,2.2 Hz, 1 H)6.99 (s, 1 H)6.92 (d, J=7.4 Hz, 1 H) 6.75 (d,
J=15.7 Hz, 1 H) 5.16 (s, 2 H) 2.41 (s, 3 H); HPLC (water/ACN + 0.1% TFA gradient)
97.7% at 220 nm; LCMS [M+H]" =420.3, [M+Na]"' = 442.3. Ca 4wt% ethyl acetate and

minor impurities by "H NMR analysis.

(2E)-3-(3-Benzyloxy-3"-hydroxy-1,1"4',1"-terphenyl-2'-yl)prop-2-enamide

O OH
H,oN ™ O
e
OBn

[0120]  Off-white solid foam (485 mg, 66%). "H NMR (400 MHz, DMSO-ds) d 9.58 (br.
s., 1H)7.91 (s, 1 H) 7.69 (d, J=8.2 Hz, 1 H) 7.46 - 7.54 (m, 4 H) 7.39 - 7.46 (m, 4 H)

7.26 -7.39 (m, 2 H) 7.06 - 7.22 (m, 4 H) 6.91 - 7.04 (m, 2 H) 6.84 (d, J=7.8 Hz, 1 H) 6.76
(d, J=15.7 Hz, 1 H) 5.17 (s, 2 H); HPLC (water/ACN + 0.1% TFA gradient) 89.3% at 220
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nm; LCMS 444.2 = [M+Na]*. Ca 7wt% ethyl acetate and 16 mol% of an unknown
impurity by "H NMR analysis.

(2E)-3-(3-Benzyloxy-3"-methoxy-1,1"4' 1"-terphenyl-2"-yl)prop-2-enamide

[0121]  The crude title compound (456 mg, 68%) contained (2E)-3-[3'-
(benzyloxy)biphenyl-2-yl]prop-2-enamide and triphenylphosphine oxide. Purified further
by flash chromatography (silica, 20-100% ethyl acetate/dichloromethane gradient) to give
the crude title compound (361 mg) containing (2E)-3-[3'-(benzyloxy)biphenyl-2-yl]prop-2-
enamide. Purified further by preparative HPLC (C+s, 30-90% acetonitrile in water (+0.1%
TFA)) to give the title compound as a colourless glassy solid (218 mg, 32%). 'HNMR
(400 MHz, DMSO-dg)d 7.94 (s, 1 H) 7.74 (dd, J=7.8, 1.2 Hz, 1 H) 7.44 - 7.54 (m, 4 H)
7.37-744 (m,5H)7.29-7.37 (m,2H)7.27 (s, 1 H) 7.12 (br. s., 1 H) 7.09 (dd, J=8.4,
1.8 Hz, 1 H) 6.95-7.03 (m, 2 H) 6.92 (d, J=7.4 Hz, 1 H)6.75 (d, J=15.7 Hz, 1 H) 5.16 (s,
2 H) 3.85 (s, 3 H); HPLC (water/ACN + 0.1% TFA gradient) 98.4% at 220 nm; LCMS
[M+H]" =436.3, [M+Na]" =458.3.

Example 5: Synthesis of P3, P46, P47, P48, P49 and P50

[0122]  The synthetic route used to prepare P3, P46, P47, P48, P49 and P50 is shown
in Figure 6.

[0123] Palladium on activated carbon (10% wt/wt, 10 mg per 100 mg of benzyloxy-
terphenyl derivative) was added to a solution of the benzyloxy-terphenyl derivative (1
equiv.) in ethyl acetate or methanol (5 — 15 mL) and triethylamine (100 pL per 1 mL of
ethyl acetate or methanol) and placed under a balloon of hydrogen and heated to reflux
until the reaction was complete by TLC, HPLC and/or LCMS. The work-up and

purification procedures differed for each compound and are described below.

[0124]  The following compounds were produced by this method.
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3'-(3-Amino-3-oxopropyl)-3"-hydroxy-1,1":4",1"-terphenyl-3-carboxylic acid (P47)

O OH
H,N O
O OH

[0125] The reaction mixture was cooled, diluted with hydrochloric acid (2 M, 10 mL),
and ethyl acetate (20 mL) and filtered through celite, washing the celite pad with ethyl
acetate (2 x 20 mL). Hydrochloric acid (2 M, 20 mL) was added to the filtrates, and the
organic layer collected. The aqueous layer was extracted with ethyl acetate (2 x 30 mL).
The combined organic extracts were concentrated to give the title compound in crude
form. This material was washed with methanol:dichloromethane (1:3, 3 x 0.5 mL) and
dried under vacuum to give the title compound as an off-white powder after drying under
vacuum at 40°C (41 mg, 47%). 'H NMR (400 MHz, DMSO-ds) 5 9.52 (s, 1 H) 8.22 (s, 1
H) 7.95 (d, J=7.8 Hz, 2 H) 7.65 (br. s., 1 H) 7.62 (t, J=7.8 Hz, 1 H) 7.56 (dd, J=7.8, 1.2
Hz, 1 H)7.19-7.29 (m, 3 H)6.77 (t, J=8.6 Hz, 2 H) 6.72 (br. s., 2 H) 2.84 (t, J=8.0 Hz, 2
H) 2.31 (t, J=8.6 Hz, 2 H); HPLC (water/ACN + 0.1% TFA gradient) 97.4 % at 220 nm;
LCMS [M+H]'= 362.2 [M+Na]" = 384.2.

3-(4"-Fluoro-3-hydroxy-1,1"4',1"-terphenyl-2"-yl)propanamide (P3)

F

H,N O
O OH

[0126] The reaction mixture was cooled to room temperature and the ensuing mixture
diluted with hydrochloric acid (2M, 15 mL) and ethyl acetate (15 mL) and filtered through
celite, washing the celite pad with ethyl acetate (2 x 20 mL). Additional hydrochloric acid
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(2 M, 20 mL) was added to the filtrates, and the organic layer collected. The aqueous
layer was extracted with ethyl acetate (2 x 20 mL). The combined organic extracts were
concentrated, and the residue crystalised by the addition of dichloromethane (2 mL). The
mixture was concentrated to give crude title compound (75 mg) as an off-white powder
which was washed with ethanol (3 x 0.5 mL) and dried under vacuum to give the title
compound as an off-white powder (30 mg, 37%) after drying under vacuum. 'H NMR
(400 MHz, DMSO-ds) 6 9.51 (s, 1 H) 7.73 (dd, J=8.4, 5.7 Hz, 2 H) 7.58 (s, 1 H) 7.50 (dd,
J=8.2,1.6 Hz, 1 H) 7.31 (t, J=8.8 Hz, 2H) 7.15 - 7.27 (m, 3 H) 6.65 - 6.83 (m, 4 H) 2.82
(t, J=7.8 Hz, 2 H) 2.30 (t, J=8.0 Hz, 2 H); HPLC (water/ACN + 0.1% TFA gradient) 97.6%
at 220 nm; LCMS [M+H]" = 336.2, [M+Na]* = 358.1.

3-(4"-Amino-3-hydroxy-1,1":4',1"-terphenyl-2'-yl)propanamide (P49)

NH,

[0127]  The reaction mixture was cooled to room temperature and the ensuing mixture
was diluted with ammonium chloride (sat., 30 mL) and ethyl acetate (30 mL) and filtered
through celite, washing the celite pad with ethyl acetate (2 x 20 mL). The organic layer of
the filtrate was separated and the aqueous layer extracted with ethyl acetate (2 x 30 mL).
The combined organic extracts were dried over magnesium sulfate and concentrated, to
give an off-white powder (67 mg). The crude product was purified by flash
chromatography (silica, 30-100% ethyl acetate/hexanes gradient) to give the title
compound as a white powder after drying under vacuum (41 mg, 37%). 'H NMR (400
MHz, DMSO-d;) 6 9.48 (s, 1 H) 7.47 (s, 1 H) 7.38 (d, J=8.6 Hz, 3 H) 7.18 - 7.27 (m, 2 H)
7.12 (d, J=7.8 Hz, 1 H) 6.68 - 6.79 (m, 4 H) 6.65 (d, J=8.2 Hz, 2 H) 5.22 (s, 2 H) 2.79 (t,
J=7.8 Hz, 2 H) 2.28 (t, J=7.8 Hz, 2 H); HPLC (water/ACN + 0.1% TFA gradient) 100.0%
at 220 nm; LCMS [M+H]* = 333.2, [M+Na]" = 355.2.
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3-(3-Hydroxy-3"-methyl-1,1":4',1"-terphenyl-2'-yl)propanamide (P46)

C
2
L,

[0128] The reaction mixture was cooled, acidified with hydrochloric acid-diethyl ether
(to pH 4-6), silica added and the mixture concentrated. Purification by flash
chromatography (silica, 10-100% ethyl acetate/hexanes gradient), gave the desired
compound. This material was ground to a fine powder and dried under vacuum for 2

days to give the title compound as a white solid foam (109 mg, 55%).

[0129] "H NMR (400 MHz, DMSO-ds) 8 9.51 (s, 1 H) 7.59 (s, 1 H) 7.43 - 7.55 (m, 3 H)
7.36 (t, J=7.6 Hz, 1 H) 7.14 - 7.29 (m, 4 H) 6.64 - 6.84 (m, 4 H) 2.83 (t, J=7.8 Hz, 2 H)
2.39 (s, 3 H) 2.30 (t, J=7.8 Hz, 2 H); HPLC (water/ACN + 0.1% TFA gradient) 98.9% at
220 nm; LCMS [M+H]" = 332.3 [M+H]*, [M+Na]" = 354.2

3-(3,3"-Dihydroxy-1,1"4"1"-terphenyl-2'-yl)propanamide (P48)

O OH
HoN O
T Q

OH

[0130] The reaction mixture was diluted with hydrochloric acid (2 M, 5 mL) and ethyl
acetate (30 mL) and filtered through celite, washing the celite pad with ethyl acetate (2 x
20 mL). The filtrate was diluted with hydrochloric acid (2 M, 20 mL) and the organic layer
was separated and the aqueous layer extracted with ethyl acetate (2 x 30 mL). The
combined organic extracts were dried over magnesium sulfate, concentrated, and
purified by preparative HPLC (C18, 20-70% acetonitrile in water (+0.1% TFA)) to give the
titte compound as a white powder (24 mg, 15%) after drying under vacuum. 'H NMR
(400 MHz, DMSO-ds) 6 9.52 (br. s.,2H) 7.53 (s, 1 H) 7.44 (d, J=7.8 Hz, 1 H) 7.14 - 7.30
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(m, 4 H) 7.09 (d, J=7.8 Hz, 1 H) 7.05 (s, 1 H) 6.65 - 6.81 (m, 5 H) 2.81 {t, J=7.8 Hz, 2 H)
229 (t, J=7.8 Hz, 2 H); HPLC (water/ACN + 0.1% TFA gradient) 96.8% at 220 nm;
LOMS [M+H] = 334.2, [M+Na]' = 356.1.

3-(3-Hydroxy-3"-methoxy-1. 14" 1"-terphenyl-2'-yllpropanamide {P50)

[0131] The reaction mixture was cooled to room temperature and diluted with
hydrochioric acid {2 M, 10 mL) and ethyl acetate {20 mL} and filtered through celite,
washing the celite pad with ethyl acetate (2 x 30 mbL}. The filtrate was diluted with
hydrochiaric acid (2 M, 25 mbL) and the organic layer was separated and the agqueous
tayer extracted with ethyl acetate {2 x 30 mL}. The combined organic extracts were dried
over magnesium sulfate, concentrated, to give a white powder which was further crushed
and dried under vacuum to give the title compound as a white powder (90 mg, 54%). 'H
NMR {400 MHz, DMSO-ds) 8 951 {(br. 5., 1 H)7.60 (s, 1 H) 7.52 (dd, J=7.8, 1.2 Hz, 1 H}
739, SST8H2, 1 H)7.16 - 7.30 (m, 5 H) 6.95 (dd, J=8.0, 18 Hz, 1 H) 867 -6.84 {m, 4
H)3.84 (s, 3H}2.83 {, Js7.8 Hz, 2H) 2.31 (t, J=8.0 Hz, 2 H), HPLC {watet/ACN + 0.1%
TFA gradient) 98.4% at 220 nm; LCMS [M+H]" = 348.2, [M+Na]" = 370.2.

Example 6; Synthesis of P1, P6 and P33

[0132]  The synthetic route used to prepare P1, P6 and P33 is described below,

Coupling Procedure A
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{01331 A 20 mbL microwave vial was charged with a mixture of 2-{(1£)-3-amino-3-
oxoprop-1-en-1-yl}-3'« benzyioxybiphenyl-4-yl trifluoromethanesulfongte (1.0 eqg), boronic
acid (1.3 eq} and potassium carbonate (3.0 eq) in a solution of water/ethanolfoluene
{1:2:3 0.05M). Nitrogen was bubbled through the solutionfor 5 min, before
tetrakis{triphenylphosphine)palladium(0) (10 mol%) was added and the reaction mixture
was sealed and placed in a microwave reactorfor 3 hat 110 °C. Upan consumption of
the starting material as indicatedby TLC andfor LCMS, the mixture was cocled, absorbed
on silica gel and purified by flash chromatography (ethyl acetate/hexanes) to give the
following compounds.

{2E}-3-{3"-Fluoro-3-benzyloxy-1, 174" t "-lemphenyl-2'-prop-2-enamide

[0134] (2E)-3+{3"-Fluora-3-benzyloxy-1,1"4', 1"terphenyl-2’yhprap-2-enamide was
obtained as an off-white solid (0.300 g, 68%). 'H NMR (400MHz, CDCL) & 7.83 (d, J=
1.9 Hz, 1H), 7.70 {d, J= 15.8 Hz, 1H), 7.62 {dd, J= 1.9, 8.0 Hz, 1H), 7.47 -7.44 {m, 3H)},
7.44 -7.40 {m, 3H), 7.40 -7.37 (m, 2H), 7.36 -7.32 {m, 3H), 7.04 -7.00 {(m, 1H). 6.99 -6.97
{m, 1H}, 8.96 -6.93 (m, 1H), 6.45 (d, J= 15.7 Hz, 1H}, 542 (br. s., 2H}, 5.10 {5, 2H);

LOMSIM+H]" = 424.2, [M+Na]" = 446.1. Minor impurities detected by *H NMR.
(2E)-3-f3-Benzyloxy-4-{pyridin-4-ylibiphenyi-2-yljprop-2-enamide
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[0135] (2E}-3-{3'-Benzyloxy-4-{pyridin-4-yhbiphenyl-2-yllprop-2-enamide was obtained
as an off-white solid (0.150 g, 70%). 'H NMR {(400MHz, CDCl;) § 8.90 {d, J = 1.8 Hz,
1H), 8.64 {dd, J= 1.5, 4.8 Hz, 1H), 7.95-7.91 (m, 1H), 7.83 {(d, J =18 Hz, 1H), 7.70 {d, J
= 15.8 Hz, 1H), 7.63 (dd, J= 1.8, 8.0 Hz, 1H), 7.50 -7.43 (m, 3H), 7.43 -7.30 {m, 5H),
7.04 -7.00 {m, 1H), 5.99 -6.96 (m, 1H), 6.96 -6.92{m, 1H),6.45 {(d, J =157 Mz, 1H), 5.50
{br. &, 2H), 510 {s, 2H;LCMB{M+H]" = 407.15, [M+Na]" = 428.2, Minor impurities
detected by "H NMR.

(2E}-3-(3",.5"-Difluoro-3-benzyloxy-1, 14", 1 "terphenyl-2"-yljprop-2-enamide

[0138] (2E)}-3-{3".,5"-Difluoro-3-benzyloxy-1,1"4", 1" terphenyl-2'-yl)prop-2-enamide
was obtained as an off-white solid (0.090, 38%). 'H NMR (400MHz, CDCL) 8§ 7.80 {(d, J
= 1.9 Hz, 1H), 7.69 (d, J= 158 Hz, 1H), 7.59 {dd, 4 = 2.0, 8.0 Hz, 1H), 748 -7.43 {m,
3H), 742 -7.32 (M. 48), 7.18 -7.13 {m, 2H), 7.02 (ddd, J=0.9, 2.6, 8.3 Hz, 1H), 6.98 -
8.95 {m, 1H), 6.85 -6.80 (m, 1H), 883 (d. J= 88 Hz, 1H), 645 (d, J=15.7 Hz, TH), 545
{br. s., 2H)}, 5.10 {8, 2HLLCMS[M+H]" = 442.1, [M+Na]™ = 464.2. Minor impurities
detected by 'H NMR.

Hydrogenation Procedure A
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[0137] Palladium on activated carbon (10% wiiwl, 10 mg per 100 myg of (benzyloxy)-
1,14 1"terphenyl- 2'-yliprop-2-enamide derivative) was added fo a solution of the
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{banzyloxy)-1,1":.4" 1" derphenyl-2'- vljprop-2-enamide derivative {1 equiv.} in sthyl
acetate or methanol (5 ~15 mL) and triethvlamine (100 pb per 1 mL of ethyl acetale or
methanol}), and placed under a balloon of hydrogen. The mixture was heated {o reflux
until the reaction was complete (24-48h} as indisated by TLC, HPLC and/or LCMS.

Upon consumption of the starting material, the reaction mixiure wasfiltered through an
HPLC nylon syringe filter, concentrated and purified by flash chromatography (methanol /
dichloromethane) to give the following compounds.

3-{3"“-Fluoro-3-hydroxy-1,1"4 1"terphenyl-2"-yl)propanamide (P1}

[0138]  P1 was obtained as a white powder (0.105 g, 58%)."H NMR{400MHz, CDCL) 8
9.51 (s, 1H), 7.64 (d, J= 1.8 Hz, 1H), 7.58 -7.80 (m, 4H), 7.27 -7.17 (m, 4H), 6.80 -B.70
(m, 4H), 2.86 -2.79 (m, 2M), 2.33 —2.28 (m, 2H); HPLC (water/ACN + 0.1% TFA gradient)
88.28% at 220nm; LCMS [M+H]" = 336.1, [M+Na]" = 358.1.

3-[3-Hydroxy-4-{pyridin-4-yl}biphenyl-2-ylloropanamide (P65}

[0139] P6 was obtained as g pale yellow powder (0.080 g, 64%). 'H NMR{400MHz,
DMSO) 5 852 (s, 1H), 892 (d, /= 1.8 Hz, 1H), 8.58 (dd, J= 1.8, 4.8 Hz, 1H}, 8.12 -B.06
{m, 1H), 7.67 {d, J=1.8Hz, 1H), 7.59 {dd, J= 2.0, 7.9 Hz, 1H), 7.50 (ddd, J= 0.8, 4.8,
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7.9 Hz 1H), 7.28 -7.21 (m, 3H), 6.7¢ (ddd, J=1.0, 2.4, 8.1 Hz, 1H), 8.77 -8.71 {m, 3H),
2.84 (dd, J=6.8, 8.9 Hz, 2H), 2.32 (dd, 4= 7.0, 8.8 Hz, ZH);HPLC(water/ACN + 0.1%
TFA gradient) >99% at 220nm; LOMS [M+H]" = 319.2.

3-(3" 8 -Diftuoro-3-hydroxy-1, 14, 1"terphenyl-2'-yl)propanamide (P33}

SN
PR N,
| i
3 3
] H
] H
SN 33

\.:: o

[0140] P33 was obtained as a white powder (0.090 g, 75%). 'H NMR{400MHz,
DMSO)B5 852 (s, 1 M), 769 (d, J=19 Hz, 1 H), 7.60 (dd, J=2.0, 80 Hz, T H), 7.51 -
744 (m, 2H), 7.27 -719 (m, 4 H), .79 (ddd, J=1.0, 24, 81 Hz 1 H), 877 872 {m, 2
H). 6.72 -6.69 {m, 1 H),2.82 (dd, J=7.0,89 Hz, 2H), 233 {dd, J~7.1,88Hz, 2
HHPLC{water/ACN + 0.1% TFA gradient) 98.83% at 220nm; LCMSIM+H]" = 354.1,
[M+Na]™ = 376.1.

Example 7: Synthesis of P38, P42, P43, P44 and P45

[0141]  The synthetic route used to prepare P38, P42, P43, P44 and P45 is describad

below.

2-{3-Amino-3-oxopropyl)-3-hydroxybiphenyi-4-yl triffuorornethanesuffonate

[0142]  Platinum oxide (10 wi/wt%, 10 mg per 100 mg of substrate } was added o a
solution of 2-{{1E)-3- amino-3-oxoprop-1-en-1yl}-3-benzyloxybiphenyl-4-yl
triftuoromethanssulfonate {5.0 g, 10.4 mmol) in ethanal (250 mL}, placed under a balloon
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3-f3"-Hydroxy-4-(d-methyithiophen-3-ylibiphenyl-2-ylloropananyde (P44}

[0148] A 20 mL microwave vial was charged with 2-(3-amino-3-oxopropyl}3'-
hydroxybiphenyl-4-yl triflucromethanesulfonate{0.50 g, 1.28 mmol), 4,4.5 5-tetramethyl-
2-{4-{mathyl) thiophen-3-ylj[1.3.2]dioxaboralane(0.35 g, 1.54 mmel} and caesium
carbonate (1.25 g, 3.84 mmuol} in & solution of water (1 mL) and 1,4-dioxane {10 mL}.
Nitrogen was bubbled through the mixiure for 5 min before {1,1-bis{diphenviphosphing)
ferrocene] dichloropalladium(il), complex with dichloromethane(0} (10 mol%%, 0.105 g,
0.128 mmol) was added and the reaction vial was sealed and placed in a microwave
reactor for 7.5 hat 130 °C. On cooling, the mixture was absorbed onto silica gel and
purified by flash chromatography (methanot / dichloromethane) to give a yellow solid.
This material was further purified by trituration from dichloromethane o give P44 (0.110
g, 25%) as a white sofid. 'H NMR{400 MHz, DMSO-d;) 5 9.49 (s, 1H), 748 (d, /= 3.1
Hz, 1H), 7.37 (d, J= 1.8 Hz, 1H}, 7.31 -7.27 {m, 2H), 7.26 -7.20 {m, 2H), 7.17 {d, J= 7.8
Hz, 1H), 6.80 6.70 {m, 4H), 2.83 -2.76 {m, 2H}, 2.31 -2.24 {m, SH); HPLC(water/ACN +
0.1% TFA gradient) 98.31 % at 220 nm; LCMS [M+H]" = 338.15, [M+Na}+= 360.10.

3-{3"-Hydroxy-4-{3-methyl- 1 H-pyrazol-4-yiibiphenyl-2-yiipropanamide (P45}
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(01471 A 20 mL microwave vial was charged with 2~(3-amino-3-oxopropyl}-3'-
hydroxybiphenyl-4-yl triflucromethanesulfonate{0.25 g, 0.642 mmol), tert-butyl 3-mathyl-
4-{(boronic acid pinacol ester}-1H-pyrazole-1-carboxylate (0.30 g, 0.96 mmol) and
caesium carbonate {0.42 g, 1.28 mmol} in a solution of water {1 mL) and 1,4-dioxane {10
mb}. Nitrogen was bubbled through the mixture for & min before {1,1~
hig{diphenylphosphinolferrocene] dichloropalladium(lt), complex with dichloromethane{0)
{10 mol%, 0.052 g, 0.064 mmal) was added and the reaction vial sealed and placed in a
microwave reactor for 12 h at 80 °C. On cooling, water (10 mL) was added and the
mixiure extracted with ethyl acetate (3 x 10 mb}). The combined organic phases were
dried over anhydrous magnesium sulphate, filtered and concentrated. The crude residue
was taken up in ethyl acetale and washed with 2M hydrochloric acid (20 mbL). The
aqueous acidic layer was sel aside and a precipitate formed which was isolated by
filtration to give the title compound(0.060 g, 29%) as fine pale yellow crystals. 'H NMR
{400MHz, DMSO-d:) 8 786 (5, 1H), 7.39 (d, J= 1.7 Hz, 1H), 7.31 {dd, J= 1.8, 7.8 Hz,
1H), 7.28 - 718 {m, 2H), 7.14 (d, J = 7.8 Hz, 1H), 8.79-6.69 (m, 4H)}, 2.82 - 2.75 {m, 2H),
2.41 (s, 3H), 2.28 {dd, J= 7.1, 8.9 Hz, 2H), NH and OH nat seen; HPLC{water/ACN +
0.1% TFA gradient) 97.39 % at 220 nm; LOMS [M+H]" = 322.20.

Example 8: Synthesis of P4

[0148] The synthetic route used to prepare P4 is described below.

{2E}-3-[4~(4,4,.5 5-Tetramethyl-1,3, 2-dioxaborolan-1-yi)-3-benzyloxybiphen-2-yijorop-2-
enamide

[0149] A 20 ml microwave vial was charged with2-(3-amino-3-oxopropyl}-3'-
banzyloxybiphenyl-d-yl triflucromethanesulfonate(1.00 g, 2.10 mmol}, bis{pinacolatc)
diboron {0.69 g, 2.73 mmol} andpotassium acetate (0.62 g, 6.30 mmol) in 1, 4-dioxans
{15 mL). Nitrogen was bubbled through the mixture for 5 min, before [1,1%bis(diphenyl
phosphinojferroceneldichioropaliadium(ll), complex with dichloromethane{0}) (20 mol%,
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0.343 g, 0.42 mmol) was addedand the reaction vial sealed and placed in a microwave
reactor for § h at 130 °C. On cooling, the mixture was absorbed onto silica gel and
purified by flash chromatography (ethyl acetate / dichloramethane) to give a yellow gum.
This material was furtherpurified by trituration from dichloromsthane to give (2E}-3-]4-

{4.4,5 5-Tetramethyl-1,3,2-dioxaborolan-1-y1}-3'-benzyloxybiphen-2-yllprop-2-enamide
{0.B50 g, 88%) as a yellow solid. "H NMR(400 MHz, CDCL) 8 = 8.13 -8.08 {m, 1H), 7.84
(dd, J=1.2, 7.6 Hz, 1H), 766 (d, J =168 Hz, 1H)}, 7.46 -7.44 {m, 1H}, 7.44 -7.42 {m,
1H), 7.40 -7.30 (m, 5H), 6.99 (ddd, J= 0.9, 2.6, B.3 Hz, 1H), 6.94 -6.92 {m, 1H), 8.92 -
5.88 (m, 1H), 8.48 (d, J =18.7 Hz, 1H), 5.61 {br. 8., 2H), 8.08 (5, 2H), 1.37 (s, 12H};
LOMS [M+H] = 456.2, [M+Na]" = 478.2,

3-[4-(4,4.5,5-Tetramnethyi-1,3, 2-dioxaborolan-1-yl}-3-hydroxyhiphen-2-vijoropanamide

[0180]  Platinum oxide (10 wiwit%, 10 mg per 100 mg of substrate) was added to a
solution of (2E£)-3-{4- (4 .4,5,5-tetramethyl-1,3,2-dioxaborolan-1-yi)}-3'-benzyloxybiphen-2-
yilprop-2-enamide (0.30 g, 0.668 mmol} in ethanal (15 ml), the reaction mixtureplaced
under a balloon of hydrogen and heated 1o reflux for 24 h. On cooling, the mixture was
filtered through an HPLC nylon syringe filter,concentrated and the crude residue purified
by flash chromatography (hexanes / ethyl acetate / methanol) to give {0.180 g} of a white
powder as a 65:35 mixture by HPLC of 3-[4-(4,4,5 5-Tetramsthyl-1.3,2-dioxaborolan-1-
yi3-hydroxybiphen-2-yjpropanamide and the carresponding boronic acid. LCMS
[M+HT= 368.2 {3-4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-1-y}-3'-hydroxybiphen-2-
yilpropanamide) and [M+H]" = 286.1 (boronic acid). 3-[4-(4,4,5 5-Tetramethyl-1,3,2-
dioxabaralan-1-y1)-3'-hydroxybiphen-2-vijpropanamide 'H NMR(400 MHz, MeOD) 57.71
(5, 1TH), 7589 (dd, J=1.2, 76 Hz, 1 H), 72301, J=7T8Hz, THL716 (d, J=76Hz 1 H),
5.80 -8.76 (m, 2 H), 8.76 -8.71 {m, 1 H}, 2.94 -2.88 {m, 2 H), 2,37 -2.32 (m, 2 H), 1.36 (s,
12 H), NHH and OH not seen,
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3-f3"-Hydroxy-4-(pyridin-2-yi}biphenyl-2-yljoropanamide (P4}

A 20 mL microwave vial was charged with crude 3-{4-(4 4,5,5-tetramethyl-1,3,2-
dioxaborolan-1- y1}-3-hydroxybiphen-2-viipropanamide {0.15 g), 2-bromopyridine {0.14
g, 0.86 mmol} and potassium carbonate (0.11 g, 0.82 mmol} in a solution of water (0.5
mL) and dimethoxysthane (5.0 mL}. Nitrogen was bubbled through the mixture for 5 min,
before tetrakis(triphenylphosphine)palladium(0) (10 mol%%, 0.047 g, 0.041 mmeol) was
atlded, the reaction vial sealed and placed in a microwave reactorfor 4 hat 110 °C. On
cooling, the mixture was absorbed on silica gel and purified by flash chromatography
{dichioromethane / ethyl acetate / methanol) to give {0.080 g) of a pale yellow solid. This
material was crystalised from acetone to give P4 (0.07 g, 54%} as a fine off-white
powder. *H NMR(400 MHz, DMSO-ds) & 9.51 (s, 1H), 8.70 -8.65 (m, 1H), 8.04 (4, J =
1.8 Hz, 1H), 7.89 -7 95 (m, 1H), 7.95 -7.86 (m, 2H), 7.36 (ddd, J= 1.1, 4.8, 7.4 Hz, 1H),
7.25 (td, . = 3.9, 7.8 Hz, 3H), 6.81 -6.70 (m, 4H), 2.88 -2.81 (m, 2H), 2.34 -2.27 {m, 2H);
HPLC {water/ACN + 0.1% TFA gradient) >38% at 220 nm; LCMS [M+H]" = 318.15.

Example 8: Synthesis of P104

[0151] The synthetic route used to prepare P104 is shown in Figure 7,

[0152] Step 1-a) pTSA, ZnCl or SnCl, for X = OAc; b) TMSOTS or DEADIPPh; for
X = OH; or ¢) BF,.OEt, for X = OGINH)CCl.

[0153]  Steps 2 and 3 LIOH(ag), EIOH.

[0154] Steps 1-3 are described in a) Alzrodt ef af, ARKIVOC 2012 (il 257-278; b)
Jacquinet, J-C, Carbohydrate Research, 189 {1880) 153-181, ¢y Stachulski and Jenkins,
Natural Product Reports, 1998, p173-186 and o) Engstrom et &, J. Org. Chem., 20086,
8378-8383.
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Example 10: in vitro screening of compounds

[0155] The xCELLigence SP system (Roche) was used to measure changes in
cellular impedance (cell index) following the treatment of A10 embryonic vascular smooth
muscle cells (ATCC, CRL-1476) with test compound. In this in vitro cell based
experimental system a negative impedance profile correlates with blood pressure
reduction in rats - a decrease in impedance is associated with vasodilatation and an
increase in impedance is associated with vasoconstriction (Stallaert W, Dorn JF, van der
Westhuizen E, Audet M & Bouvier M. Impedance responses reveal (3-adrenergic
signaling pluridensitometry and allow classification of ligands with distinct signalling
profiles PLoS ONE 2012; 7(1):€29420, doi:10.1371/journal.pone.0029420).

[0156]  Briefly, 50 pl of cell culture medium (DMEM low glucose supplemented with
10% fetal bovine serum at 37°C) was added to each well of an E-Plate 96 (Roche), and
the background impedance in each well was measured. 50 pl of A-10 cell suspension
(10,000 cells/well) was then added to the appropriate wells of the E-Plate 96. Cell index
was monitored for each well of the E-Plate 96 in RTCA SP Station within the cell culture
incubator. After overnight incubation for 16-20 hours at 5% CO, and 95% humidity,

100 pl of test compound solution (test compounds were prepared in DMSO and diluted
with cell culture medium to a final DMSO concentration of 0.25%) was added to the
appropriate wells of the E-Plate 96 and cell index values were measured immediately
following compound treatment every 20 seconds for 3 hours. Cell index value is
baseline-corrected by subtracting the cell index of vehicle-treated cells and normalized
by dividing by the cell index at the time point immediately before compound addition.
Baseline normalized cell index as a function of time is plotted using Roche RTCA

software.

[0157] Compounds may achieve reductions in blood pressure by interaction with
vascular smooth muscle cells causing these cells to relax resulting in vasodilatation and
a reduction in blood pressure. These are termed direct vasodilators. A negative
impedance response for A10 vascular smooth muscle cells indicates that a test

compound is a direct vasodilator.

[0158] The xCELLigence SP system was also used to measure changes in cellular
impedance following the treatment of bovine aortic endothelial cells (European Collection
of Cell Cultures) with test compound. The method employed is the same for the A10
embryonic vascular smooth muscle cells described above but with the cell culture

medium supplemented with 15% fetal bovine serum instead of 10%.
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[0159] Compounds may interact with vascular endothelial cells causing the release of
substances such as nitric oxide and endothelium-derived hyperpolarising factor, which in
turn act on the vascular smooth muscle cells causing vasodilatation and lowering blood
pressure. Such compounds are termed indirect vasodilators. A negative impedance
response for bovine aortic endothelial cells indicates that a test compound is an indirect

vasodilator.

[0160] Negative impedance responses for A10 vascular smooth muscle cells were
observed for P3, P5, P8, P9, P11, P33 and P46 (Figure 8), indicating that these

compounds are direct vasodilators.

[0161]  Negative impedance responses for bovine aortic endothelial cells were
observed for P1, P3, P4, P6, P8, P9, P11, P22, P26, P33, P38, P41, P42, P43, P44,
P46, P47, P48, P49 and P50 (Figure 9), indicating that these compounds are indirect

vasodilators.

[0162] Rat (NRK-52E) renal proximal tubule cells grown in DMEM + 10% FBS + 1%
NEAA + 2mM glutamine were placed in 96 well plates at 10,000 cells/well and incubated
at 37°C with 5% CO, overnight. Test compounds at a concentration of 30uM were
incubated with human or rat renal proximal tubule cells for 2 hours at 37°C and 5% CO..
Cis-diamminedichloroplatinum(lll) (cisplatin) was then added at 5u/ml and each cell
population was then incubated for 24 or 48 hours at 37°C with 5% CO,. Test compounds
were maintained at their original concentrations. To assay the cytotoxic effects of
cisplatin on the rat renal proximal tubule cells a highly water-soluble tetrazolium salt,
WST-8, which is reduced by dehydrogenases in cells to produce formazan, a water-
soluble, yellow-coloured indicator dye was used following the manufacturer’s instructions
(specifically the Cell Count Kit- 8 (CCK-8) assay from Sigma). Plate absorbance of the
WST-8 (CCK-8) reagent was then measured at 450nm using a Thermo Scientific
Multiskan EX plate reader.

[0163] Cisplatin induced cell death decreased in cultures of renal proximal tubular
cells treated with P1, P3, P4, P5, P6, P8, P9, P11, P22, P26, P33, P38, P40, P41, P42,
P43, P44, P45, P46, P49 and P50 (Figure 10), demonstrating that these compounds

reduce renal proximal tubular cell death.

Example 11: in vivo screening of compounds

[0164] Fourteen week old SHR (on a 2.2% salt diet; Glen Forrest Stockfeeders) were
randomly assigned to zero time control (14 week old rats), test compound treatment

drinking solution (500 pmol/kg/min in deionised distilled water) or control drinking solution
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(5% ethanol in deionised distilled water). The rats assigned to zero time control group
(14 week old rats) were anaesthetised and had their kidneys and liver harvested while
rats assigned to control and test compound treatment were weighed twice weekly and
had their drinking solution intake monitored to allow adjustment of the test compound
concentration in the drinking solution to maintain a constant dose over the 4-week study
period. Blood pressure was measured twice weekly by tail cuff plethysmography
(PowerLab, ADInstruments, Castle Hill, NSW, Australia). After 4 weeks rats were

anaesthetised (18 week old rats), and their kidneys and liver harvested.

[0165]  To quantitate tissue fibrosis and/or fat content, tissue slices < 3mm thick were
fixed in 10% buffered formalin for 24 hours, processed and embedded in paraffin. Three
micron transverse sections were stained using Masson’s trichrome stain. A minimum of
20 random fields at magnification x20 from transverse sections (5 at each of 2 levels)
were digitized and the degree of fibrosis and fat content determined as a percent of field
area of each digitized image using Image-Pro Plus V.7 (Media Cybernetics, Bethesda,

MD, USA) then averaged to determine the level of fibrosis and/or fat content for each rat.

[0166] Blood pressure was reduced in rats treated with P5, P8, P22, P28 and P40
(Figure 11).

[0167]  Fibrosis in the kidney after 4 weeks treatment with 500 pmol/kg/min of P5, P8,
P9, P11, P22, P26, P40 was decreased compared to 18 week controls (Figure 12,

* p <0.05), demonstrating that these compounds reduce the development of kidney
fibrosis). Fibrosis in the kidney after 4 weeks treatment with 500 pmol/kg/min of P5 was
also decreased compared to 14 week controls (Figure 12, # p <0.05), demonstrating that

this compound reverses established kidney fibrosis.

[0168]  Fibrosis in the liver after 4 weeks treatment with 500 pmol/kg/min of P8, P9,
P11, P22, P26, P40 was decreased compared to 18 week controls (Figure 13, * p <0.05,
** p <0.025 and *** p <0.01), demonstrating that these compounds reduce the

development of hepatic fibrosis.

[0169] In Masson’s tri-chrome stained sections showing portal tracts, fibrosis is clearly
visible surrounding the portal tract and beginning to extend into the sinusoidal space
(arrows} in the control (Figure 14A). In sections from rats treated with P8 (Figure 14B),
P9 (Figure 14C) and P26 (Figure 14D), fibrous tissue is confined to the basement

membrane in vessel walls and normal tissue architecture has been restored.
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[0170]  Fatin the liver after 4 weeks treatment with 500 pmol/kg/min of P22, P26 and
P40 was reduced compared to 18 week controls (Figure 15, * p <0.05, ** p <0.025 and

*** p <0.01) demonstrating that these compounds reduce accumulation of hepatic fat.

Example 12: Comparisons of in vitro and in vivo screening of compounds

[0171] A comparison of cell impedance in A10 vascular smooth muscle cells and the
level of hepatic fibrosis in SHR treated with various test compounds showed that the in
vitro assay is predictive of the ability of the test compounds to decrease fibrosis in the
liver (Figure 16, R?=0.618).

[0172] A comparison of cell impedance in bovine aortic endothelial cells and the level
of hepatic fibrosis in SHR treated with various test compounds showed that the in vitro
assay is predictive of the ability of the test compounds to decrease fibrosis in the liver
(Figure 17, R?=0.759).

[0173] A comparison of rescue of renal proximal tubule cells from cis-platin induced
cytotoxicity and the level of renal fibrosis in SHR treated with various test compounds
showed that showed that the in vitro assay is predictive of a compound’s ability to
decrease fibrosis in the kidney (Figure 18, R?=0.914).

[0174] A comparison of cell impedance in bovine aortic endothelial cells and the level
of hepatic fat in SHR treated with various test compounds showed that the in vitro assay
is predictive of the ability of the test compounds to decrease fat in the liver (Figure 19,
R?=0.996).
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CLAIMS:-
1. A compound of the formula:
A
=
HoN N |
o]
"]
X NS
wherein:
Alis:
R7
Ry—R3 Q Re/ Re
CARE =
R1 R4 R5 Rg

or ;
R1 to Rg are independently C, N, O or S;

Q is independently selected from Cialkyl, halo, Co.salkyl carboxylic acid, amino, hydroxy
and Cyealkoxy;

nis0, 1,2, 30r4;and

X is -OH or ,
or a pharmacologically acceptable salt, stereoisomer, diastereomer, enantiomer,
racemate, hydrate and/or solvate thereof,

wherein when X is -OH, A cannot be unsubstituted phenyl.

2. The compound according to claim 1, wherein Q is independently selected
from -CHjs, -C(O)OH, -F, -NH, -OH and -OCH.



-54 -

3. The compound according to claim 1 or claim 2, wherein Rs to Rg are

independently C or N.
4, The compound according to any one claims 1 to 3, whereinnis 0, 1 or 2.

5. The compound according to any one of claims 1 to 4, wherein the Co.salkyl

carboxylic acid is carboxylic acid.
6. The compound according to any one of claims 1 to 5, wherein X is -OH.

7. The compound according to any one of claims 1 to 6, wherein X is

b

HO

8. The compound according to any one of claims 1 to 6, wherein the compound is
selected from the group consisting of:

S

NZ / [/ \5

“ | // N
0wl

2
O O O
HO (P5), HO (P8), HO (Pg),

[ ] N PN

N—N NZ N

7 /// |

NN

H,N

(P11), HO (P22), HO (P26),



Y g
HN O el O HoN ‘
HO (P40), HO (P41) HO (P47),
F NH, I
g T e (
H,N H,N
(@]
OO g
HO (P3), HO (P49), RO (P46),
F
) ) g
H,N O H,N O H,N O
e g L g
HO (P48), HO (P50), HO (P1),
N F F /N—
S | _—N S
H2N O H2N O H2N O
0 0 e
HO (P6), HO (P33), HO (P38),
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H
N—N __ /
X S
H,N O H,N H,N O
(e} (0] (6] l
HO ] HO
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(P42), (P43), HO (P44),
H
N—N
/ P =
N N |

HO (P45) and HO (P4),

or a pharmacologically acceptable salt, glucuronide, stereoisomer, diastereomer,

enantiomer, racemate, hydrate and/or solvate thereof.

9. The compound according to any one of claims 1 to 5 or 7, wherein the compound

(P104).
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or a pharmacologically acceptable salt, stereocisomer, diastereomer, enantiomer,

racemate, hydrate and/or solvate thereof.

10. A pharmaceutical composition comprising the compound according to any one of

claims 1 to 9 and a pharmaceutically acceptable excipient.

11. Use of a compound according to any one of claim 1 to 9 for the manufacture of a

medicament for the prophylactic or therapeutic treatment of kidney and/or liver disease.

12. The use according to claim 11 wherein the medicament prevents, reduces or

slows the progression of kidney and/or liver fibrosis.

13. The use according to claim 11, wherein the medicament reduces established
kidney and/or liver fibrosis.

14. The use according to claim 11, wherein the medicament prevents, reduces or

slows renal tubular cell death.

15. The use according to claim 11, wherein the medicament prevents, reduces or

slows accumulation of hepatic fat.

16. The use according to claim 11, wherein the medicament restores normal tissue

architecture.

17. A compound of the formula:

OTf oTf

HO HO
or )

or a pharmacologically acceptable salt, glucuronide, sterecisomer, diastereomer,

enantiomer, racemate, hydrate and/or solvate thereof.





