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Description

Field of the invention

[0001] The invention relates to novel 3-phenyl-4-hexynoic acid derivatives exhibiting the activity as GPR40 receptor
agonists, pharmaceutical compositions comprising said derivatives and their use in the treatment of GPR40 mediated
diseases, in particular type 2 diabetes.

Background art

[0002] G-protein coupled receptors (GPCRs) are integral membrane proteins responsible for transduction of the signal
through double lipid layer to effector sites inside a cell. They participate in signaling cascades through many signaling
molecules: hormones, neuronal transmitters, small proteins, short peptide chains, amines, lipids, nucleotides or amino
acids and fatty acids derivatives. For each of the signaling molecules a receptor or group of receptors exists that is able
to bind a specific molecule thus initiating signal transduction through cell membrane. GPCRs play a key role in many
physiological processes involved in the regulation of cell work, metabolism, growth and immunological defense.
[0003] G-protein coupled receptor 40 (GPR40), also known as free fatty acid receptor 1 (FFA1), is a protein expressed
in pancreatic beta islets cells and to a lesser extent in the brain. This receptor is activated by fatty acids and mediates
insulinotropic activity exerted by fatty acids directly on pancreatic beta cells. Insulinotropic action of GPR40 is insulin-
dependent. Activation thereof results in enhancement of insulin secretion by beta cells only in the presence of elevated
glucose levels, thereby the risk of hypoglycemia is diminished.

[0004] Intensive research works are underway to find small-molecule GPRA40 ligands and to use them in pharmaco-
logical therapy, primarily in type 2 diabetes (Takafumi Hara, Ligands at Free Fatty Acid Receptor 1, Handbook of
Experimental Pharmacology, Springer International Publishing AG 2016). Such ligands could be potentially antidiabetic
agents acting as anti-hyperglycemics without the risk of hypoglycemia. Some compounds were brought to the phase of
clinical trials, however regardless their activity with respect to GPR40, they were found potentially hepatotoxic or exerted
other side effects or caused elevation of insulin level without reduction of glucose level. Since GPR40 is not expressed
in the liver, molecular mechanism of hepatoxicity is probably not associated directly with GPR40 activation but may
probably take place downwards in the signaling cascade activated after ligand binding. This mechanism is assumingly
associated with bile acids transport inhibiting activity and disturbance of bile acids homeostasis.

[0005] The compounds having GPR40 modulating activity typically comprise as common structural moiety an acidic
head group, usually carboxylic group, in the phenylpropanoic acid skeleton, believed to be responsible for receptor
binding, and hydrophobic tail group, usually aromatic fragment, connected with head group through a linker, typically
having the length of 2 - 4 carbon atoms, and preferably with ether linkage. In this way, structure of fatty acids, natural
GPR40 ligands, is mimicked by synthetic modulators. In the prior known compounds tail group may be a monocyclic or
bicyclic group.

[0006] WO2004/041266 discloses as GPR40 function regulators compounds defined solely by the presence of an
aromatic ring moiety and a group capable to release cation, in particular carboxy group.

[0007] WO2004/106276 discloses as GPR40 function regulators carboxylic acids wherein head group is a bicyclic
group of the formula:

M

wherein A may be benzene ring, Xc may represent oxygen atom, D may represent phenyl, thienyl or thiazole ring, B is
a 5-7 membered non-aromatic ring, and Xd may represent a bond, CH or CH,.
[0008] WO2005/086661 discloses GPR40 modulators for controlling insulin levels of the formula:

Q-L1-P-L2-M-X-L3-A

[0009] In particular, WO2005/086661 discloses as GPR40 modulators among others carboxylic acids based on phe-
nylpropanoic acid skeleton comprising ethynyl substituent in the position beta in relation to carboxy group of the formula:
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R25

.

(RZBI‘ OH

wherein R25 is hydrogen or alkyl, oxyalkyl, aryl or heteroaryl group, especially methyl group, and R28 is phenyl or benzyl
group optionally substituted with various substituents, or pyridyl or pyryl group. WO2005/086661 discloses also the
compound (3R/S)-3-[4-(prop-2-yn-1-yloxy)phenyllhex-4-ynoic acid (compound No. 17.38) that is not encompassed by
the above formulas and for which no information on biological activity is presented.

[0010] One of the compounds specifically disclosed in W02005/086661 is (3S)-1-propyn-1-yl-4-[[4’-(trifluorome-
thyl)[1,1’-biphenyl]-3-yllmethoxy]benzenepropanoic acid (also known under code AMG-837) of the following structural
formula:

e
Ve

[0011] Reportedly this compound in the | phase of clinical trials enhanced insulin plasma level ("Free Fatty Acid
Receptors" Handbook of Experimental Pharmacology, vol. 236, ISBN 978-3-319-50692-0, DOI
10.1007/978-3-319-50693-7, Springer International Publishing AG 2017, page 11). However, further development was
abandoned.

[0012] WO2005/063729 discloses as GPR40 modulators the compounds with non-bicyclic head group of the formula:

R1
TR
R? E—% gl
A 0. R R
RS

R

RS
Rll

[0013] WO2005/087710 discloses compounds with bicyclic head group and nitrogen linker of the formula:

Ar
Sy

[0014] WO2008/001931 discloses as GPR40 function modulators compounds of the formula:
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Y—COR

with bicyclic head group, wherein R' is alkylsulfonyl group, R is hydroxy group, and B is preferably a tetrahydropyran
ring. One of the described compounds is 2-[(3S)-6-[[3-[2,6-dimethyl-4-(3-methylsulfonylpropoxy)phenyl]phenyljmeth-
oxy]-2,3-dihydro-1-benzofuran-3-yl]acetic acid (also known as fasiglifam or TAK-875) of the following structural formula:

o

07 o

In phase 3 clinical trials this compound exhibited the ability to reduce glucose levels in type 2 diabetes patients. However,
further development has been abandoned because of side effects on the liver, associated with inhibiting activity on bile
acids transport and disturbance of bile acids homeostasis (A. Mancini et al., "GPR40 agonists for the treatment of type
2 diabetes: life after "TAKing" a hit", Diabetes Obesity and Metabolism 2015 vol. 17 p. 622-629).

[0015] WO2013/128378 discloses as GPR40 function modulators the compounds based on phenylpropanoic acid
skeleton, having heterocyclic substituent in the position beta in relation to carboxy group, of the formula:

(Ra},

R, %
l AN
/ CHQ}\
R/ ~~COOR,
R, R

[0016] WO2011 /046851 discloses as GPR40 activators carboxylic acid compounds based on phenylpropanoic acid
skeleton, having ethynyl substituent in the position beta in relation to carboxy group and spiropiperidine substituent of
aromatic tail fragment, of the formula:

Re
N
R! \/Q/\C)WCH
R1
RZ

[0017] WO2013/025424 discloses GPR40 activators based on phenylpropanoic acid skeleton, having ethynyl substit-
uent in the position beta in relation to carboxy group and 1-(tiophen-2-ylmethyl)-1,2,3,4-tetrahydroquinoline as the aro-
matic fragment.

[0018] WO2015/105786 discloses GPR40 activators based on phenylpropanoic acid skeleton, having ethynyl substit-
uent in the position beta in relation to carboxy group and bicyclic triazolopyridine moiety as the aromatic fragment.
[0019] WO2012/011125 discloses GPR40 activators based on phenylpropanoic acid skeleton, having cyano substit-
uent in the position beta in relation to carboxy group and aromatic fragment with oxime functionality.

[0020] WO2010/143733 discloses GPR40 activators of the formula:
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with R1 may form alicyclic ring.

[0021]

[0022]

[0023]

[0024]

WO02013/0125732 discloses ghrelin O-acetyltransferase (GOAT) inhibitors of the formula:

Rj

RZ

US2009/0111859 discloses as GPR40 inhibitors the compounds of the formula:

Ria R! &}
Z E OH
Rﬁ RIE}
"\\\

R,

US2008/0090840 discloses as GPR40 modulators the compounds of the formula:

R»i Rﬁ

US2008/0176912 discloses as GPR40 modulators the compounds of the formula:
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wherein Q represents phenyl or 5-membered heterocyclic ring.
[0025] WO2012/136221 discloses as GPR40 modulators the compounds of the formula:

R3 <
%QH

ﬁR?
Z

Rad? ()

[0026] US2012/004166 discloses aryloxyalkylene-substituted hydroxyphenylhexynoic acid derivatives of the following
formula, wherein A represents (C6-C10)-aryl, (C3-C10)cycloalkyl or 4 to 12-membered heterocycle, and specifically
phenyl or pyridyl, having GPR40 activating and glucose plasma lowering activity, of potential utility in diabetes treatment.

25

30

35

40
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50
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[0027]

Ry RO

There is a need of new compounds exhibiting GPR40 receptor agonistic activity and potentially useful in the
treatment of metabolic diseases, especially type 2 diabetes, preferably without exerting liver effects, especially without

inhibition of bile acids secretion.

Summary of the invention

of
R7

[0028] The object of the invention is a compound of the formula (1):

Il
X
OH
R
~o X
()
wherein:
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- Rrepresents:

a straight or branched, primary or secondary acyclic hydrocarbyl C4-C15 group, which can be saturated or
unsaturated, or

a straight or branched, primary or secondary acyclic hydrocarbyl C4-C15 group, which can be saturated or
unsaturated and wherein one or more of hydrogen atoms is replaced with fluorine atom;

- Xrepresents hydrogen atom or halogen atom,
- *denotes chiral center,
and salts thereof, especially pharmaceutically acceptable salts,

with the proviso that formula (1) excludes 3-(4-{[(2E,3Z)-2-propylidenepent-3-en-1-ylJoxy}phenyl)hex-4-ynoic
acid.

3-(4-{[(2E,3Z)-2-Propylidenepent-3-en-1-ylJoxy}phenyl)hex-4-ynoic acid is the compound included in the Na-
tional Center for Biotechnology Information database. PubChem Substance Database; SID=344303732, ht-
tps://pubchem.ncbi.nim.nih.gov/substance/344303732 (access of 20 October 2017). No information on its bio-
logical activity or its use has been provided.

[0029] (3R/S)-3-[4-(Prop-2-yn-1-yloxy)phenyllhex-4-ynoic acid is disclosed in WO2005/086661, although its activity
has not been reported.

[0030] Contrary to the GPR40 modulators known from the prior art, compounds of the invention do not possess
aromatic or (hetero)cyclic ring in the tail moiety, while exhibiting GPR40 receptor modulating activity. Compounds of the
invention do not exhibit the activity of bile acids transporters inhibition, hence can be free of hepatotoxic action.

[0031] Compounds of the invention, being the compounds with free carboxy group, can exist as liquids in normal
condition (syrups, oils), therefore there is no risk of their crystallization in hepatocytes, what had happen in the case of
prior GPR40 activators of high molecular weight, as in the case of TAK-875 (Wolenski F.S., 2017, "Fasiglifam (TAK-
875) Alters Bile Acid Homeostasis in Rats and Dogs: A Potential Cause of Drug Induced Liver Injury", TOXICOLOGICAL
SCIENCES, 157(1), 2017, 50-61).

[0032] Simultaneously, the same compounds can be converted into suitable, pharmaceutically acceptable solid salts,
which due to their physical state are more convenient and practical form for manufacturing and purification of the
compounds of the invention to the form of the active ingredient of pharmaceutical composition (API).

[0033] Compounds of the invention possess reduced molecular weight (MW) with respect to the reference compound
(fasiglifam, TAK-875), while having comparable or higher activity (EC50 value) than said reference compound. This
means better "molecular yield" (i.e. ligand efficiency (LE) value). In other words, using lower number of atoms for the
construction of a GPR40 agonist ligand than in the reference compound, compounds of the invention allow to obtain
comparable or better biological effect. This also means that from the one side the economy of manufacturing is better,
and from the other side the number of the side effects may potentially be lower number due to simultaneous decrease
of the lipophilicity associated with the reduction of molecular weight.

[0034] Compounds of formula (1), as GPR40 receptors ligands, possess the GPR40 receptor modulating ability activity
(they are agonists) and can find use in the treatment of GPR40 mediated diseases.

[0035] In another aspect, the object of the invention is also the compound of formula (I) as defined above for use as
a medicament.

[0036] In a further aspect, the object of the invention is also a pharmaceutical composition comprising the compound
of formula (1) as defined above together with pharmaceutical excipients.

[0037] In a further aspect, the object of the invention is also a use of the compound of formula (I) as defined above
for the preparation of a medicament for the treatment of GPR40 mediated diseases.

[0038] In a further aspect, the object of the invention is also the compound of the formula (1) as defined above for use
in a treatment of diseases mediated by GPRA40 in a subject in need thereof, said use comprising administering to said
subject an effective amount of the compound of the formula (1) as defined above.

[0039] In a further aspect, the object of the invention is the compound of the formula (I) as defined above for use in a
method of treatment of diseases mediated by GPR40 in a subject in need thereof, said use comprising administering to
said subject an effective amount of the said compound.

[0040] Diseases mediated by GPRA40 include cancers and metabolic diseases, including diseases such as diabetes,
type 2 diabetes, obesity, hyperglycemia, glucose intolerance, insulin resistance, hyperinsulinemia, hypercholesterolemia,
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neuropathies and metabolic syndrome.

Detailed description of the invention

[0041] Preferred embodiments ofthe invention are described in the following detailed description and appended claims.
Various aspects of the invention are defined more precisely herein. Each of the aspects so defined can be combined
with any other aspect or aspects, unless expressly indicated otherwise. In particular, any of the features indicated as
preferred or advantageous can be combined with any other feature or features indicated as preferred or advantageous.
[0042] Reference throughoutthe description to "one of embodiments” or "an embodiment" means that specific feature,
structure or characteristics described in connection with this embodiment is comprised in at least one embodiment of
the present invention. Thus the appearance of expressions "in one of embodiments" or "in an embodiment" in various
places of this description not necessarily relates to the same embodiment, but it can. Furthermore, specific features,
structures or characteristics can be combined in any suitable manner, as it will be appreciated by a person skilled in the
art, in one or more embodiments. Furthermore, although some of the embodiments described herein comprise some
but not other features comprised in other embodiments, combinations of features of various embodiments can be en-
compassed by the scope of the invention and form various examples of realization of the invention, as it will be appreciated
by a skilled person. For example, in the appended claims any of the claimed embodiments can be used in any combination.
[0043] In the present application disclosed is a compound of the formula (1)

Il

OH

wherein:
- Rrepresents:

a straight or branched, primary or secondary acyclic hydrocarbyl C3-C15 group, which can be saturated or
unsaturated, or

a straight or branched, primary or secondary acyclic hydrocarbyl C3-C15 group, which can be saturated or
unsaturated and wherein one or more of hydrogen atoms is replaced with fluorine atom;

- Xrepresents hydrogen atom or halogen atom,

- *denotes chiral center,
and salts thereof, especially pharmaceutically acceptable salts,
with the proviso that formula (1) excludes 3-(4-{[(2E,3Z)-2-propylidenepent-3-en-1-ylJoxy}phenyl)hex-4-ynoic acid
and (3R/S)-3-[4-(prop-2-yn-1-yloxy)phenyllhex-4-ynoic acid.

[0044] The object of the invention is a compound of the formula (1)
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OH

wherein:
- Rrepresents:

a straight or branched, primary or secondary acyclic hydrocarbyl C4-C15 group, which can be saturated or
unsaturated, or

a straight or branched, primary or secondary acyclic hydrocarbyl C4-C15 group, which can be saturated or
unsaturated and wherein one or more of hydrogen atoms is replaced with fluorine atom;

- Xrepresents hydrogen atom or halogen atom,
- *denotes chiral center,
and salts thereof, especially pharmaceutically acceptable salts,
with the proviso that formula (1) excludes 3-(4-{[(2E,3Z)-2-propylidenepent-3-en-1-ylJoxy}phenyl)hex-4-ynoic acid.

[0045] In one of the embodiments of both aspects of the compounds of formula (I) R represents a straight or branched
acyclic hydrocarbyl C4-C15 group, especially, C4-C12 group, that may be saturated or unsaturated.

[0046] In one of the embodiments of both aspects of the compounds of formula (I) R represents a straight or branched
saturated acyclic hydrocarbyl C4-C15 group, especially C4 - C12 group.

[0047] A preferred straight saturated hydrocarbyl group is n-butyl.

[0048] Another preferred straight saturated hydrocarbyl group is n-pentyl.

[0049] Another preferred straight saturated hydrocarbyl group is n-hexyl.

[0050] Another preferred straight saturated hydrocarbyl group is n-heptyl.

[0051] A preferred branched saturated hydrocarbyl group is 3-methylbutyl.

[0052] Another preferred branched saturated hydrocarbyl group is iso-butyl.

[0053] Another preferred branched saturated hydrocarbyl group is sec-butyl.

[0054] Another preferred branched saturated hydrocarbyl group is 2-methyl-1-butyl.

[0055] Another preferred branched saturated hydrocarbyl group is 2-ethyl-1-butyl.

[0056] Another preferred branched saturated hydrocarbyl group is 2-pentyl.

[0057] Another preferred branched saturated hydrocarbyl group is 3-methyl-2-butyl.

[0058] In one of the embodiments of both aspects of the compounds of formula (I) of the invention R represents a
straight or branched unsaturated acyclic hydrocarbyl C4-C15 group, especially C4 - C12 group.

[0059] Said straight or branched unsaturated acyclic hydrocarbyl C3-C15 or C4-C15 group, especially C4-C12 group,
may comprise one double bond or more than one double bond in a conjugated or non-conjugated system in the stere-
ochemical configuration E or Z. Preferably, said hydrocarbyl C3-C15 or C4-C15 group, especially C4-C12 group, com-
prises two double bonds in a non-conjugated or conjugated system. Said straight or branched unsaturated acyclic
hydrocarbyl C3-C15 or C4-C15 group, especially C4-C12 group, may also comprise one or more triple bonds, preferably
one triple bond.

[0060] Preferably, in all groups, subgroups and embodiments described above said unsaturated acyclic hydrocarbyl
group as unsaturated bonds comprises solely double bonds.

[0061] Preferred unsaturated acyclic hydrocarbyl C3-C15 and C4-C15 groups are (2E)-2-hexen-1-yl, (2E,4E)-2,4-
hexadien-1-yl, 3-methyl-2-buten-1-yl, 3-methyl-3-buten-1-yl, 2,3-dimethyl-2-buten-1-yl, and (2E)-3,7-dimethyl-2,6-octa-
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dien-1-yl.

[0062] In one of the embodiments one or more of hydrogen atoms at the saturated or unsaturated carbon atoms of
the acyclic hydrocarbyl C3-C15 or C4-C15 group, especially C4-C12 group, may be replaced with one or more than one
fluorine atom, for example one, two or three hydrogen atoms at the same carbon atom may be replaced with one, two
or three fluorine atoms to form CH,F, CHF, or CF5 group, respectively.

[0063] Examples of partially fluorinated and perfluorinated commercially available compounds (alcohols and alkyl
halides) that can be used as a source for the preparation of acyclic, partially fluorinated or perfluorinated R group of the
compound of formula (I) are presented in Table 1. A skilled person will appreciate that structural motifs of partial sub-
stitution with fluorine atom or atoms for smaller fragments presented in Table 1 may be analogously repeated for any
structural part the acyclic hydrocarbyl C3-C15 or C4-C15 group.

TABLE 1:
Structure CAS No. or supplier Name
F/\/\OH Sigma - Aldrich 3-Fluoro-1-propanol
F 2,2,3,3-Tetrafluoro-1-propanol
F)\’(\OH 76-37-9
F
F
F OH 3,3,3-Trifluoro-1-propanol
\KF\/ Sigma - Aldrich
F
F 2,2,3,3,3-Pentafluoro-1-propanol
F
F\z\,OH 422-05-9
F
F
F Perfluoropropyl iodide
F F
F ! 754-34-7
F
F F
F OH 4.,4,4-Trifluoro-2-butanol
\KF\r Sigma - Aldrich
F
F 4.,4,4-Trifluoro-1-butanol
\KF\/\OH 461-18-7
F
F 4.4 ,4-Trifluoro-2-methylo-1-butanol
WOH Sigma - Aldrich
F
F 3,3,4,4,4-Pentafluoro-1-butanol
F
F\z\/\OH Sigma - Aldrich
F
F
F F Nonafluoro-1-iodobutane
F F
|
F 423-39-2
F F
F F

10
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(continued)

Structure

CAS No. or supplier

Name

3,4,4,4-Tetrafluoro-3-(trifluoromethyl)butan-1-ol

F F
F F . .
F\gz/\ Sigma - Aldrich
OH
F
F
F 2,2,3,3,4,4,4-Heptafluoro-1-butanol
F| F
F
OH 375-01-9
F
F F
F 2,2,3,4,4,4-Hexafluoro-1-butanol
F
F
\g\‘/\m 382-31-0
F
F F
F 4,4 ,4-Trifluoro-3-(trifluoromethyl)-2-buten-1-ol
OH
F/EE\/ 102710-48-5
F |F
F F
F 5,5,5-Trifluoro-4-trifluoromethyl-3-penten-2-ol
F%OH 656-80-4
F |LF
F F
F (Z)-3-Methyl-2,3-difluoroallyl alcohol
F\%\,OH 123028-48-8
F (E)-3-Methyl-2,3-difluoroallyl alcohol
\%\/OH 123028-47-7
F
F (E)-3-butyl-2,3-difluoroallyl alcohol
/\/\%\,OH 123028-51-3
F
OH (2)-3-butyl-2,3-difluoroallyl alcohol
/\/\%:F 123028-52-4
F
E 2,4.,4,4-Tetrafluoro-2-buten-1-ol
I OH
F 91600-37-2
F
F
F F 4,4 4-Trifluoro-3-methyl-2-buten-1-ol
F 59867-95-7
NN

(@]
I

1"
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(continued)
Structure CAS No. or supplier Name
F F (Z)-1-Bromo-3-(difluoromethyl)-2-buten
I\/\ 104715-02-8
Br
(E)-1-Bromo-3-(difluoromethyl)-2-buten
F
\’)\/\Br 104715-03-9
F
F F trans-1-Bromoheptafluoro-2-butene
F
\|<§/|\Br 72990-82-0
F F
F F
F ™. 1,1,1-Trifluoro-4-bromo-2-butene
B
14\/\ ' 31450-13-2
4,4 ,4-Trifluoro-2-butyn-1-ol
H
rhF °
E 113439-92 - 2
F
6,6,7,7,7-Pentafluoro-2,2-dimethyl-4-heptyn-3-ol
F OH 103245-51-8
% 5t
F
F IF
F
OH 5,5,5-Trifluoro-3-pentyn-1-ol
L
NG 27611-20-7
F
F
[0064] In one of the embodiments X represents hydrogen atom.
[0065] In another embodiment X represents halogen atom, especially preferred is fluorine atom.
[0066] The invention encompasses compound of the formula (1) in the form of a single enantiomer, single diastereoi-

somer, racemate or a mixture of enantiomers or diastereoisomers.
[0067] In a particular and preferred embodiment the compound as defined above is a single enantiomer or diastere-

45

50

55

oisomer having the structure (la)

12
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Definitions

[0068] The term "straight or branched acyclic hydrocarbyl group" as used herein relates to hydrocarbyl group having
the straight- or branched chain connected with single carbon-carbon bonds, with the number of carbon atoms as indicated
in respective definition. The number or range of numbers given after the carbon atom symbol (C) relates to the number
of carbon atoms that the group may contain. For example, C3-C15 alkyl means acyclic hydrocarbyl group with 3 to 15
carbon atoms, C4-C15 alkyl means acyclic hydrocarbyl group with 4 to 15 carbon atoms, C4-C12 alkyl means acyclic
hydrocarbyl group with 4 to 12 carbon atoms, and C4-C10 alkyl means acyclic hydrocarbyl group with 4 to 10 carbon
atoms, etc. Said term excludes hydrocarbyl groups having the ring structure. It will be obvious for a skilled person that
primary acyclic hydrocarbyl group is a group wherein carbon atom of its attachment is connected only with one other
carbon atoms, and secondary acyclic hydrocarbyl group is a group wherein carbon atom of its attachment is connected
only with two other carbon atoms. Carbon atoms in a chain of acyclic hydrocarbyl group are connected only with single
carbon-carbon bonds in case of saturated acyclic hydrocarbyl group, and may contain one or more double or triple
carbon-carbon bonds in case of unsaturated acyclic hydrocarbyl group. Excluded are tertiary acyclic hydrocarbyl groups
wherein carbon atom of its attachment point is connected with three other carbon atoms.

[0069] Exemplary saturated acyclic hydrocarbyl C3-C15 groups are propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, n-
pentyl, 3-methylbut-1-yl, 2-methylbut-1-yl, pent-2-yl, pent-3-yl, 3-methyl-but-2-yl, 2,2-dimethylprop-1-yl (neo-pentyl), n-
hexyl, hex-2-yl, hex-3-yl, 2-methylpent-1-yl, 3-methylpent-1-yl, 4-methylpent-1-yl, 3-methyl-pent-2-yl, 4-methylpent-2-
yl, 2-methylpent-3-yl, 2,2-dimethylbut-1-yl, 2,3-dimethylbut-1-yl, 3,3-dimethylbut-1-yl, 3,3-dimethylbut-2-yl, 2-ethylbut-
1-yl, and analogous feasible C7 - C15 isomers, with the exclusion of tertiary groups.

[0070] Exemplary unsaturated acyclic hydrocarbyl C3-C15 groups are allyl, 2-propyn-1-yl, 3-buten-1-yl, (2E)-2-buten-
1-yl, (22)-2-buten-1-yl, 3-buten-2-yl, 3-butyn-1-yl, 2-butyn-1-yl, 3-butyn-2-yl, 4-penten-1-yl, (3E)-3-penten-1-yl, (32)-3-
penten-1-yl, (2E)-2-penten-1-yl, (22)-2-penten-1-yl, (2E)-2,4-pentadien-1-yl, (22)-2,4-pentadien-1-yl, 3-methyl-3-buten-
1-yl, 3-methyl-2-buten-1-yl, 2-methyl-3-buten-1-yl, (2E)-2-methyl-2-buten-1-yl, (2Z)-2-methyl-2-buten-1-yl, 2-methyli-
denebutan-1-yl, 4-penten-2-yl, (3E)-3-penten-2-yl, (3Z)-3-penten-2-yl, 3-methyl-3-buten-2-yl, 1-penten-3-yl, 1,4-penta-
dien-3-yl, 4-pentyn-1-yl, 3-pentyn-1-yl, 2-pentyn-1-yl, (2E)-pent-2-en-4-yn-1-yl, (2Z)-pent-2-en-4-yn-1-yl, pent-4-en-2-
yn-1-yl, 2-methyl-3-butyn-1-yl, 2-methylidene-3-butyn-1-yl, 4-pentyn-2-yl, 3-pentyn-2-yl, 1-pentyn-3-yl, 1,4-pentadiyn-3-
yl, 5-hexen-1-yl, (4E)-4-hexen-1-yl, (4Z)-4-hexen-1-yl, (3E)-3-hexen-1-yl, (32)-3-hexen-1-yl, (2E)-2-hexen-1-yl, (22)-2-
hexen-1-yl, (3E)-3,5-hexadien-1-yl, (32)-3,5-hexadien-1-yl, (2E,4E)-2,4-hexadien-1-yl, (2Z,4Z)-2,4-hexadien-1-yl,
(2E,42)-2,4-hexadien-1-yl, (2Z,4E)-2,4-hexadien-1-yl, (2E)-2,5-hexadien-1-yl, (2Z)-2,5-hexadien-1-yl, 5-hexen-2-yl,
(4E)-4-hexen-2-yl, (42)-4-hexen-2-yl, (3E)-3-hexen-2-yl, (3Z)-3-hexen-2-yl, (3E)-3,5-hexadien-2-yl, (32)-3,5-hexadien-
2-yl, 5-hexen-3-yl, (4E)-4-hexen-3-yl, (42)-4-hexen-3-yl, 1-hexen-3-yl, 1,5-hexadien-3-yl, (4E)-1,4-hexadien-3-yl, 2-me-
thyl-4-penten-1-yl, (3E)-2-methyl-3-penten-1-yl, (3Z)-2-methyl-3-penten-1-yl, (2E)-2-methyl-2-penten-1-yl, (22)-2-me-
thyl-2-penten-1-yl, 2-methylidenepentan-1-yl, (2E)-2-methyl-2,4-pentadien-1-yl, (2Z)-2-methyl-2,4-pentadien-1-yl, 2-
methylidene-4-penten-1-yl, (3E)-2-methylidene-3-penten-1-yl, (3Z)-2-methylidene-3-penten-1-yl, 3-methyl-4-penten-1-
yl, (3E)-3-methyl-3-penten-1-yl, (3Z2)-3-methyl-3-penten-1-yl, (2E)-3-methyl-2-penten-1-yl, (22)-3-methyl-2-penten-1-yl,
3-methylidenepentan-1-yl, 3-methyliden-4-penten-1-yl, (2E)-3-methyl-2,4-pentadien-1-yl, (2Z)-3-methyl-2,4-pentadien-
1-yl, 4-methyl-4-penten-1-yl, 4-methyl-3-penten-1-yl, (2E)-4-methyl-2-penten-1-yl, (22)-4-methyl-2-penten-1-yl, (2E)-4-
methyl-2,4-pentadien-1-yl, (22)-4-methyl-2,4-pentadien-1-yl, 3-methyl-4-penten-2-yl, (3E)-3-methyl-3-penten-2-yl, (32)-
3-methyl-3-penten-2-yl, 3-methylidenepentan-2-yl, 3-methylidene-4-penten-2-yl, 4-methyl-4-penten-2-yl, 4-methyl-3-
penten-2-yl, 4-methyl-1-penten-3-yl, 2-methyl-1-penten-3-yl, 2-methyl-1,4-pentadien-3-yl, 2,2-dimethyl-3-buten-1-yl,
2,3-dimethyl-3-buten-1-yl, 2,3-dimethyl-2-buten-1-yl, 3-methyl-2-methylidenebutan-1-yl, 3-methyl-2-methylidene-3-
buten-1-yl, 2-ethyl-3-buten-1-yl, (2E)-2-ethyl-2-buten-1-yl, (2Z)-2-ethyl-2-buten-1-yl, (2E)-2-ethylidene-3-buten-1-yl,
(2Z)-2-ethylidene-3-buten-1-yl, 2-ethenyl-3-buten-1-yl, 5-hexyn-1-yl, 4-hexyn-1-yl, 3-hexyn-1-yl, 2-hexyn-1-yl, 3,5-hex-
adiyn-1-yl, 2,5-hexadiyn-1-yl, 2,4-hexadiyn-1-yl, (3E)-hex-3-en-5-yn-1-yl, (32)-hex-3-en-5-yn-1-yl, (2E)-hex-2-en-5-yn-
1-yl, (2Z)-hex-2-en-5-yn-1-yl, (2E)-hex-2-en-4-yn-1-yl, hex-5-en-3-yn-1-yl, hex-5-en-2-yn-1-yl, (4E)-hex-4-en-2-yn-1-yl,
(4Z)-hex-4-en-2-yn-1-yl, 5-hexyn-2-yl, 4-hexyn-2-yl, 3-hexyn-2-yl, 3,5-hexadiyn-2-yl, (3E)-hex-3-en-5-yn-2-yl, (3Z)-hex-
3-en-5-yn-2-yl, hex-5-en-3-yn-2-yl, 5-hexyn-3-yl, 4-hexyn-3-yl, 1-hexyn-3-yl, 1,5-hexadiyn-3-yl, 1,4-hexadiyn-3-yl, hex-
1-en-5-yn-3-yl, hex-5-en-1-yn-3-yl, (4E)-hex-4-en-1-yn-3-yl, (42)-hex-4-en-1-yn-3-yl, hex-1-en-4-yn-3-yl, 2-methyl-4-
pentyn-1-yl, 2-methyl-3-pentyn-1-yl, (2E)-2-methylpent-2-en-4-yn-1-yl, (2Z)-2-methylpent-2-en-4-yn-1-yl, 2-methyli-
dene-4-pentyn-1-yl, 2-methylidene-3-pentyn-1-yl, 3-methyl-4-pentyn-1-yl, 3-methylidene-4-pentyn-1-yl, (2E)-3-methyl-
pent-2-en-4-yn-1-yl, (2Z)-3-methylpent-2-en-4-yn-1-yl, 4-methyl-2-pentyn-1-yl, 4-methylpent-4-en-2-yn-1-yl, 3-methyl-
4-pentyn-2-yl, 3-methylidenepent-4-yn-2-yl, 4-methyl-1-pentyn-3-yl, 2-methylpent-1-en-4-yn-3-yl, 2,2-dimethyl-3-butyn-
1-yl, 2-ethyl-3-butyn-1-yl, 2-ethynyl-3-butyn-1-yl, (2E)-2-ethynyl-2-buten-1-yl, (22)-2-ethynyl-2-buten-1-yl, 2-ethynyl-3-
buten-1-yl, and analogous feasible C7 - C15 isomers, with the exclusion of tertiary groups.

[0071] Halogen means fluorine (F), chlorine (Cl), bromine (Br) or iodine atom, especially fluorine atom.

[0072] Compounds of the formula (I) comprise carboxy group and may form salts with metals, ammonia and with
organic bases, including but without such limitation, pharmaceutically acceptable salts and salts with basic ion exchange
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resins (for example cholestyramine). Metal salts comprise in particular alkali metal salts, including sodium, potassium
and lithium salt, alkaline earth metal salts, including in particular calcium, magnesium and barium salt. Salts with organic
bases include salts with amines, especially with aliphatic amines, such as trimethylamine, triethylamine, cyclohexylamine,
tert-butylamine, N-(phenylmethyl)benzene-ethylamine, N,N’-dibenzylethylenediamine, choline, 2-(dimethylamino)etha-
nol, diethanoloamine, diethylamine, 2-(diethylamino)ethanol, ethanoloamine, ethylenediamine, N-methylglucamine, hy-
drabamine, morpholine, 4-(2-hydroxyethyl)morpholine, piperazine, 1-(2-hydroxyethyl)pyrrolidine, triethanoloamine, 2-
amino-2-(hydroxymethyl)propano-1,3-diol, amino acids, such arginine, lysine, histidine or ornithine, aromatic amines,
such as aniline, methylaniline, naphthylamine, or heterocyclic amines, such as for example 1H-imidazole or pyridine.
[0073] It should be understood that the scope of the invention encompasses also salts other than pharmaceutically
acceptable ones, that can be useful especially as intermediate products in the processes of manufacture, isolation and
purification of the compounds of the invention. Salts of the compounds of formula (I) can be obtained by direct combination
of the compound of formula (I) with an amine (aliphatic, aromatic, heterocyclic) in a protic or aprotic solvent or mixture
of solvents, for example in acetone, acetonitrile or toluene. In the case of spontaneous crystallization under such con-
ditions, solid precipitate is filtered-off and dried. In the case of lack of spontaneous crystallization under such conditions,
the solution of a salt can be concentrated or evaporate to dryness. Such a process can be also performed without a
solvent, by direct trituration of respective components. Inorganic salts of the compounds of formula (I) can be also
obtained by dissolving of the starting acid of formula (I) in aqueous or containing water solution of respective hydroxide,
for example sodium or potassium hydroxide, or ammonium hydroxide, or also respective unstable alkali metal carbonates
or bicarbonates. Desired salt may be obtained from such a solution in a similar manner as in the case of organic amines,
or such a solution can be combined with another salt (inorganic or organic) to obtain desired salt in the exchange reaction.
In the case of reactive metals, such as sodium or potassium, it is possible to obtain respective salt by direct reaction of
the compound of formula (1) with metal, in the presence of inert solvent or without a solvent. Salts of the compounds of
formula (I) may be converted into compounds of formula (I) with free carboxy group by acidification of the salt solution
with an acid, for example hydrochloric, sulfuric, phosphoric, or citric acid and subsequent extraction with suitable organic
solvent, for example diethyl ether, ethyl acetate, chloroform, or dichloromethane. In the extraction process salt of the
compound of formula (1) neutralized to the free acid form passes to the organic phase which is then separated, dried an
concentrated.

[0074] Compounds of the invention include chiral center at the carbon atom to which propyn-1-yl (methylacetylene)
substituent is attached. Therefore, the compounds may exist in the form of enantiomers or mixtures of enantiomers at
various ratios, in particular racemic mixtures (racemates). It should be understood that enantiomer of the compound of
formula (I) will be substantially optically pure, but usually may contain some percentage of the opposite enantiomer,
such as for example up to 10%, 5%, 3%, 2%, 1% or 0.5% of the opposite enantiomer. Compounds of the invention
include further prochiral center(s) present in the hydrocarbyl group C3-C15 and therefore may exist in the form of
enantiomers, mixtures of enantiomers at various ratios, in particular racemic mixtures (racemates), as well as in the
form of diastereoisomers and their mixtures. Enantiomers of the compounds of the formula (I) may be obtained by
asymmetric synthesis, starting from suitable chiral starting material. Alternatively, enantiomers of the compounds of the
formula (I) may be obtained by resolution of racemic mixture using methods well known for a skilled person, including
preparative high-performance liquid chromatography (HPLC), HPLC chromatographic resolution on chiral stationary
phase or by formation of optically active diastereoisomeric derivatives with chiral auxiliaries and fractionated crystallization
of diastereoisomeric pairs and removal of chiral auxiliary. For example, racemic mixture may be resolved by chiral HPLC
into two enantiomers, enantiomer A with shorter retention time and enantiomer B with longer retention time. Retention
time in a chiral chromatography process in a given system of stationary phase and an eluent is a physical parameter
that identifies enantiomer. Absolute stereochemistry of an enantiomer can be subsequently determined using known
methods.

[0075] Specific compounds of the invention are selected from the group consisting of the following compounds and
their salts, especially pharmaceutically acceptable salts:

1) (3S)-3-(4-propoxyphenyl)hex-4-ynoic acid [reference not part of the invention]
2) (3R)-3-(4-propoxyphenyl)hex-4-ynoic acid [reference not part of the invention]
3) (3S)-3-(4-butoxyphenyl)hex-4-ynoic acid

4) (3R)-3-(4-butoxyphenyt)hex-4-ynoic_acid

5) (3S)-3-[4-(pentyloxy)phenyl]lhex-4-ynoic acid

6) (3R)-3-[4-(pentyloxy)phenyllhex-4-ynoic acid

7) (3S)-3-[4-(hexyloxy)phenyl]hex-4-ynoic acid

8) (3R)-3-[4-(hexyloxy)phenyllhex-4-ynoic acid

9) (3S)-3-[4-(heptyloxy)phenyl]lhex-4-ynoic acid

10) (3R)-3-[4-(heptyloxy)phenyllhex-4-ynoic acid

11) (3S)-3-(4-{[(2E)-3,7-dimethylocta-2,6-dien-1-yl]Joxy}phenyl)hex-4-ynoic acid
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12) (3R)-3-(4-{[(2E)-3,7-dimethylocta-2,6-dien-1-ylJoxy}phenyl)hex-4-ynoic acid

13) (3S)-3-(4-{[(3R)-3,7-dimethyloct-6-en-1-ylJoxy}phenyl)hex-4-ynoic acid

14) (3R)-3-(4-{[(3R)-3,7-dimethylocta-6-en-1-ylJoxy}phenyl)hex-4-ynoic acid

15) (3S)-3-(4-{[(3S)-3,7-dimethyloct-6-en-1-ylJoxy}phenyl)hex-4-ynoic acid

16) (3R)-3-(4-{[(3S)-3,7-dimethyloct-6-en-1-ylJoxy}phenyl)hex-4-ynoic acid

17) (3S)-3-(4-{[(22)-3,7-dimethylocta-2,6-dien-1-ylJoxy}phenyl)hex-4-ynoic acid

18) (3R)-3-(4-{[(22)-3,7-dimethylocta-2,6-dien-1-yl]Joxy}phenyl)hex-4-ynoic acid

19) (3R)-3-(4-{[(2E,6E)-3,7,11-trimethyldodeca-2,6,10-trien-1-yl]loxy}phenyl)-hex-4-ynoic acid
20) (3S)-3-(4-{[(2E,6E)-3,7,11-trimethyldodeca-2,6,10-trien-1-ylJoxy}phenyl)hex-4-ynoic acid
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21) (3S)-3-[4-(2-methylpropoxy)phenyl]hex-4-ynoic acid

22) (3R)-3-[4-(2-methylpropoxy)phenyllhex-4-ynoic acid

23) (3S)-3-(4-{[(2R)-3-methylbutan-2-ylJoxy}phenyl)hex-4-ynoic acid
24) (3R)-3-(4-{[(2R)-3-methylbutan-2-yl]loxy}phenyl)hex-4-ynoic acid
25) (3S)-3-(4-{[(2S)-3-methylbutan-2-ylloxy}phenyl)hex-4-ynoic acid
26) (3R)-3-(4-{[(2S)-3-methylbutan-2-ylJoxy}phenyl)hex-4-ynoic acid
27) (3S)-3-{4-[(2R)-butan-2-yloxy]phenyl}hex-4-ynoic acid

28) (3R)-3-{4-[(2R)-butan-2-yloxy]phenyl}hex-4-ynoic acid

29) (3S)-3-{4-[(2S)-butan-2-yloxy]phenyl}hex-4-ynoic acid

30) (3R)-3-{4-[(2S)-butan-2-yloxy]phenylthex-4-ynoic acid

31) (3S)-3-{4-[(2S)-pentan-2-yloxy]phenylthex-4-ynoic acid

32) (3R)-3-{4-[(2S)-pentan-2-yloxy]phenylthex-4-ynoic acid

33) (3S)-3-{4-[(2R)-pentan-2-yloxy]phenylthex-4-ynoic acid

34) (3R)-3-{4-[(2R)-pentan-2-yloxy]phenyl}hex-4-ynoic acid

35) (3S)-3-[4-(pentan-3-yloxy)phenyllhex-4-ynoic acid

36) (3R)-3-[4-(pentan-3-yloxy)phenyllhex-4-ynoic acid

37) (3S)-3-{4-[(2E)-hex-2-en-1-yloxy]phenyl}hex-4-ynoic acid

38) (3R)-3-{4-[(2E)-hex-2-en-1-yloxy]phenyl}hex-4-ynoic acid

39) (3S)-3-{4-[(2E,4E)-hexa-2,4-dien-1-yloxy]phenyl}hex-4-ynoic acid
40) (3R)-3-{4-[(2E,4E)-hexa-2,4-dien-1-yloxylphenyl }hex-4-ynoic acid
41) (3S)-3-[4-(pent-4-en-1-yloxy)phenyl]hex-4-ynoic acid

42) (3R)-3-[4-(pent-4-en-1-yloxy)phenyllhex-4-ynoic acid

43) (3S)-3-[4-(pent-3-yn-1-yloxy)phenyllhex-4-ynoic acid

44) (3R)-3-[4-(pent-3-yn-1-yloxy)phenyl]hex-4-ynoic acid

45) (3S)-3-[4-(pent-2-yn-1-yloxy)phenyllhex-4-ynoic acid

46) (3R)-3-[4-(pent-2-yn-1-yloxy)phenyl]hex-4-ynoic acid

47) (3R)-3-[4-(3-methylbutoxy)phenyllhex-4-ynoic acid

48) (3S)-3-[4-(3-methylbutoxy)phenyllhex-4-ynoic acid

49) (3S)-3-[4-(2-ethylbutoxy)phenyl]hex-4-ynoic acid

50) (3R)-3-[4-(2-ethylbutoxy)phenyl]hex-4-ynoic acid

51) (3R)-3-[4-(2,2-dimethylpropoxy)phenyl]hex-4-ynoic acid

52) (3S)-3-[4-(2,2-dimethylpropoxy)phenyllhex-4-ynoic acid

53) (3S)-3-[4-(3,3-dimethylbutoxy)phenyl]hex-4-ynoic acid

54) (3R)-3-[4-(3,3-dimethylbutoxy)phenyllhex-4-ynoic acid

55) (3S)-3-{4-[(3-methylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid

56) (3R)-3-{4-[(3-methylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid

57) (3S)-3-{4-[(3-methylbut-3-en-1-yl)oxy]phenyl}hex-4-ynoic acid

58) (3R)-3-{4-[(3-methylbut-3-en-1-yl)oxy]phenyl}hex-4-ynoic acid

59) (3R)-3-{2-fluoro-4-[(3-methylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid
60) (3S)-3-{2-fluoro-4-[(3-methylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid
61) (3S)-3-{4-[(2,3-dimethylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid
62) (3R)-3-{4-[(2,3-dimethylbut-2-en-1-yl)oxy phenyl}hex-4-ynoic acid
63) (3S)-3-(4-{[(2E)-4-methylpenta-2,4-dien-1-ylJoxy}phenyl)hex-4-ynoic acid
64) (3R)-3-(4-{[(2E)-4-methylpenta-2,4-dien-1-yl]loxy}phenyl)hex-4-ynoic acid
65) (3S)-3-{4-[(2R)-2-methylbutoxy]phenyl}hex-4-ynoic acid

66) (3R)-3-{4-[(2R)-2-methylbutoxy]phenyl}hex-4-ynoic acid

67) (3S)-3-{4-[(2S)-2-methylbutoxy]phenyl}hex-4-ynoic acid

68) (3R)-3-{4-[(2S)-2-methylbutoxy]phenyl}hex-4-ynoic acid

69) (3S)-3-{4-[(2R)-2,3-dimethylbutoxy]phenyl}hex-4-ynoic acid
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70) (3R)-3-{4-[(2R)-2,3-dimethylbutoxy]phenyl}hex-4-ynoic acid
71) (3S)-3-{4-[(2S)-2,3-dimethylbutoxy]phenyl}hex-4-ynoic acid
72) (3R)-3-{4-[(2S)-2,3-dimethylbutoxy]phenyl}hex-4-ynoic acid
73) (3S)-3-(4-{[(3R)-3-methylpentyl]oxy}phenyl)hex-4-ynoic acid
74) (3R)-3-(4-{[(3R)-3-methylpentyl]oxy}phenyl)hex-4-ynoic acid
75) (3S)-3-(4-{[(3S)-3-methylpentyl]loxy}phenyl)hex-4-ynoic acid
76) (3R)-3-(4-{[(3S)-3-methylpentyl]oxy} phenyl)hex-4-ynoic acid
77) (3S)-3-[4-(4,4,4-trifluorobutoxy)phenyl]lhex-4-ynoic acid

78) (3R)-3-[4-(4,4 ,4-trifluorobutoxy)phenyllhex-4-ynoic acid

79) (3S)-3-[4-[(5,5,5-trifluoropentyl)oxy]phenyl}hex-4-ynoic acid, and
80) (3R)-3-{4-[(5,5,5-trifluoropentyl)oxylphenylthex-4-ynoic acid.

[0076] In a further aspect, the object of the invention is therefore also the compound of formula (I) as defined above
according to any of the described embodiments for use as a medicament.

[0077] In a further aspect, the object of the invention is therefore also a pharmaceutical composition comprising the
compound of formula (I) as defined above according to any of the described embodiments as the active ingredient, in
the combination with pharmaceutically acceptable excipients.

[0078] The compounds of the formula (I) as defined above can find use in the treatment of GPR40 mediated diseases.
[0079] Therefore, the object of the invention is therefore also the compound of formula (l) as defined above according
to any of the described embodiments for use in a treatment of GPR40 mediated diseases in mammals, including humans.
Compounds of the invention can be prepared using the method outlined in Scheme 1.
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[0080] Compound of formula (l) wherein R is as defined above, can be obtained by hydrolysis of ester group in the
compound of formula (Il), presented as step (S10) in Scheme 1.

¥ cooG

0 X

(I

[0081] In the compound of formula (I) G, together with oxygen atom to which it is attached, represents synthetically
useful alcoholic rest of ester group. Preferred are esters with low molecular weight, for example alkyl groups C1 - C4,
since they possess low molecular weight and are economically cost-effective, as well as those that due to advantageous
physicochemical properties, for example crystallizability, can be applied in the manufacturing process and at the same
time facilitate isolation or purification process.

[0082] Depending on the applied hydrolysis conditions, the product thereof can be the compound of the formula (1)
with free carboxy group or the compound in the form of a salt, for example metal salt. Typically, hydrolysis reaction is
carried out in a protic solvent, for example an alcohol, such as methanol, ethanol or iso-propanol, often with the addition
of water and other solvents that improve solubility such as for example tetrahydrofuran, acetonitrile, N,N-dimethylfor-
mamide, dioxane, in basic environment, in the wide temperature range, depending on the applied solvents, typically at
0 do 100°C. In such environment respective salt of the compound of formula (1) is formed that can be a final form of the
compound or can be converted into free acid or can be converted by exchange reaction (presented as step (S11) in
Scheme 1 into another salt, for example magnesium or calcium salt. If free acid is obtained, reaction of step (S11) is a
process of the preparation of respective salt directly from free acid using any suitable method known from the art. For
example, salt of the compound of formula (I) can be obtained directly form free acid after combination with respective
amine, hydroxide, hydride, metal salt or metal as such, for example sodium.

[0083] The compound of formula (II), wherein G together with oxygen atom through which it is attached represents
synthetically useful alcoholic rest of ester group, can be obtained in etherification reaction, presented as step (S9) in
Scheme 1, between compound (lll) and the compound R-LG (IV), wherein R is defined as above for the compound of
the formula (1), and LG is a leaving group. Leaving group can be a halogen atom, for example chlorine, bromine or iodine
atom, or also an ester group, such as for example methanesulfonic, p-toluenesulfonic or trifluoromethanesulfonic group.
In such cases reaction is carried out in aprotic organic solvent, such as for example acetone, acetonitrile or dimethyl-
formamide, in the presence of a compound capable to neutralize side acid LG-H that formally is formed in the reaction.
Such acompound can be for example potassium carbonate, cesium carbonate, organic amine or metalorganic compound,
such as for example n-butyllithium, or also sodium hydride. Leaving group (LG) can be also hydroxy group. In such
cases the compound of formula (II) can be efficiently obtained for example under the Mitsunobu reaction conditions.
Reactions of the preparation of the compound (ll) can be performed in the wide temperature range, depending on the
applied solvent; typically from 0 to 100°C. Preferred compound R-LG is therefore respective alcohol or halide, for which
R is defined as previously for the compound of formula (I) and LG is hydroxy group or halogen atom, respectively.
Furthermore, the compound of formula (II) can be obtained using any other method of synthesis of ethers known from
the art. Due to the fact that the same reaction conditions as those used for the preparation of ethers can also be used
for the preparation of esters, it is possible to obtain the compound (ll) directly from the compound (V), wherein PG
represents hydrogen atom, by reaction presented as step (S9a) in Scheme 1. Such a process can be economically
advantageous and then substituent G is identical as substituent R.

[0084] Reaction presented as step (S8) in Scheme 1 presents a process of the preparation of the compound (l1I) from
the compound (V). It primarily relates to the preparation of an ester wherein G, together with oxygen atom, to which it
is attached, is a synthetically useful alcoholic rest of ester group. Especially advantageous are esters with low molecular
weight, for example having the chain length C1-C4, because as such they are cost-effective, as well as those that due
to advantageous physicochemical properties, for example crystallizability, can be used in the manufacturing process
and at the same time facilitate isolation or purification. Compound (lll) can be obtained by typical methods of the prep-
aration of ester from free acid, for example directly by equilibrium reaction in the presence of excess of alcohol, preferably
with simultaneous removing of water, or using any other method of ester preparation known from the general art and

18



10

15

20

25

30

35

40

45

50

55

EP 3 737 470 B9

selecting suitable conditions and synthetic equivalents of the above alcohols that would lead to obtaining desired ester.
Second aspect of the reaction of step (S8) is obtaining free phenol group in the compound (lll). Unless this process,
depending on the protecting group PG type used, has taken place earlier, it has to be performed in this step at the latest,
since it is necessary for performing the process of step (S9). Preferably, removal of protecting group PG and the process
of ester formation can be carried out simultaneously. For example, it is known that tetrahydropyranyl and silyl ethers
that can be used in the process as protecting group PG, undergo hydrolysis, for example in methanol under acidic
conditions. On the other side, such conditions can be sufficient for formation of methyl ester.

[0085] The process in step (S7) relates to the chiral resolution of racemate (VI) and obtaining one of the active optical
antipodes, presented by formula (V). This process can be preferably carried out at the stage wherein free carboxy group
of the compound (V1) allows to obtain diasteroisomeric salts using optically pure amines, then purification of said salts
by fractional crystallization, followed by acidification to obtain compound (V) in the form enriched in desired optical
isomer. This is a classic method known from the art. Another method of the preparation of compound (V) is chromato-
graphic resolution with the use of chiral stationary phases. Such resolutions can be performed for both analytical and
synthetic purposes. It should be emphasized that to obtain compound (l) the step of resolution into optical antipodes
can be performed as an element of synthesis at any of the steps (S4) - (S11), right from the moment of appearance of
the chiral carbon atom designated with asterisk (*) in the synthetic process. One can also assume that in accordance
with methods known from the art there is a possibility of secondary racemization of the mixture enriched in pharmaco-
logically inactive optical isomer by a suitable chemical or enzymatic reaction ant thus increase of the yield of the prep-
aration of desired isomer. In case if both of two optical antipodes would have desired pharmacological activity, optical
resolution could be possibly omitted and compound of formula (I) would be used as a racemic mixture, or following
enrichment in one of the optical isomers would be used as a mixture of optical isomers having suitable final proportion
of isomers that could be controlled by the addition of suitable amount of one of the isomers or a suitable mixture of two
isomers in a pre-defined proportion.

[0086] The less active optical isomers of the compounds of formula (I) according to the invention are also important
due to the fact that at the time of selection of the optimal method of production and the final composition of the active
pharmaceutical ingredients, they simultaneously become analytical standards of this process that allow qualitative and
quantitative control of optical purity.

[0087] Compound (VI) is prepared by reaction of decarboxylation of one of carboxy groups of the compound (VII),
presented as step (S6) in Scheme 1. This process usually requires elevated temperature, in the range of 50 to 200°C
and can be carried out in various protic and aprotic organic solvents, with the addition of water, as well as solventless
(neat) process. It can be catalyzed by acids or bases and also by the presence of metal salts and reduced pressure.
[0088] Step (S5) of the process of the preparation relates to hydrolysis of fragments Z; and Z, in compound (VIIl) to
obtain dicarboxy compound (VII). It can be performed under conditions such as described previously for step (S10).
[0089] In the process of step (S4) protecting group PG in the compound (IX) is removed to obtain compound (VIII).
Depending on the type of protecting group, it can be carried out under conditions known from the art that are suitable
for reactivity of introduced group PG. For example, protic basic conditions are required for removal of ester protection
and protic acidic conditions for removal of tetrahydropyranyl protection, while silyl ether protecting group can be removed
under protic acidic conditions or in the presence of the source of fluoride anions F-. It should be emphasized that the
removal of protecting group, depending on the economy of the process of the preparation, can be performed also in any
of the following steps from (S4) to (S8), or can be omitted in the case if PG forms with compound (I1X) an ether bond
and PG is identical with substituent R. In such specific situation, compound (V) can be identical with compound (l) or
can formally become such as a result of conversion through the steps (S9a)/(S10)/(S11).

[0090] Step (S3) of the preparation of compound (IX) comprises addition of organometallic compound (X) to the
compound (XI). This process is a highly exothermic one and requires cooling to the temperature of -76 to +50 °C. Due
to the instability of the compound (X), step (S3) should be carried out under anhydrous conditions, in aprotic solvent,
forexample in tetrahydrofuran, advantageously in aninert gas atmosphere, for example argon or nitrogen. Organometallic
compound (X) is commercially available as a 1-propynylmagnesium bromide. It is however possible to use for the
preparation of compound (IX) also other types of organometallic compounds, for example 1-propynyllithium. Organo-
metallic compound can be prepared earlier and stored as a solution, or can be prepared in situ, just before the reaction.
In the reaction of addition of organometallic compound (X) to compound (XI) chiral carbon atom designated with asterisk
(*) is formed in the compound (IX). Form this moment it is therefore possible to perform resolution into optical antipodes,
as described earlier. Itis also possible to prepare compound (IX) by enantioselective addition of organometallic compound
(X), whereby a mixture already enriched in desired optical isomer is obtained. Such a process can be performed by
intermediate compound (XII) (wherein Z together with oxygen atom represents alcoholic rest of the ester group) which
can be obtained by decarboxylation (step S6a), described for example in Mohite, A.R., Mete, T.B., Bhat, R.G., An
Expedient Stereoselective Synthesis of (E)-a,B-Unsaturated Esters and Thioesters Using FeCI3.6H20, Tetrahedron
Letters (2017), followed by one of the reactions (step S3a) described for example in PATAI's Chemistry of Functional
Groups in 2009 by John Wiley & Sons, Ltd. p. 772-800; DOI: 10.1002/9780470682531.pat0416.
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[0091] Preparation of the compound (XI) from the compound (XIII) comprises step (S2) of the protection of phenol
group (PG = H). There is a wide spectrum of protecting groups PG that can be used for this process, such as for example
acyl groups (ester), tetrahydropyranyl (acetal protection), silyl ethers or ethers (for example methoxy or ethoxy group),
commonly used for the protection of phenolic groups. Since in the compound (1) R together with oxygen atom through
which it is attached formally also forms an ether linkage, it can happen that PG in the compound (XI) is identical with R
group in the compound (1) and in such a case phenol group deprotection step is not necessary. In other words, fragment
R in the compound (1), together with oxygen atom may form the protecting bond already in the step (S2), although it
would not belong to typical protecting ether groups, known from the art. Due to the various chemical characters of
possible protecting groups, methods of their formation and final recovery of free phenolic functionality differ, albeit are
well described in the literature, for example P.J. Kocienski, Protecting Groups, 3rd Edition, Hydroxyl Protecting Groups,
p. 187. Protecting group PG can be introduced to the preparation route of compound (1) at the present stage or can be
already present earlier, for example in compound (XV) as starting material in the reaction of step (S1). Protecting group
PG can be deprotected at various synthetic steps of the Scheme 1 of the preparation of compound (I). It is crucial that
it is present in intermediate compound (XI), before performing organometallic reaction of step (S3), and removed from
compound (V) before performing etherification reaction of step (S9). Therefore, Scheme 1 includes both variants wherein
protecting group PG must be present in intermediate compound at the given synthetic step and a variant wherein
depending on synthetic convenience it can be removed (PG = H).

[0092] Step (S1) relates to the preparation of compound (XIIl) from commercially available compounds (XV) and (XIV)
by the Knovenagel's condensation reaction known as such in the art. Compound (XV) is an aldehyde wherein X is
hydrogen or fluorine atom in the position 2 (ortho). Furthermore, this compound has phenolic function in the position 4
(para -OH) that from the beginning of synthesis can be protected with suitable protecting group (PG) or in this step of
synthesis can remain unprotected (PG = H). Compound (XIV) is a classical C-H acid wherein Z; and Z, together with
oxygen atoms to which they are attached represent alcoholic rests of the formed ester groups. Z; and Z, can be the
same or different, preferably the same. In particular, Z, and Z, can join together to form a cyclic compound. Examples
of compound (XIV) are diethyl malonate or Meldrum'’s acid. Step (S1) can proceed spontaneously or be catalyzed with
bases in a suitable protic or aprotic solvent. Since the Knovenagel’s reaction can be an equilibrium one, preferred is
selection of such solvents that will cause crystallization of the product and thus its purification and simultaneous removal
from the equilibrium state.

[0093] The process of the preparation of the compound () presented in Scheme 1 assumes obtaining one chiral center,
designated with asterisk (*). Therefore, compound (I) can be obtained as a racemate, pure enantiomer or mixture of
enantiomers. However, in the case of salts preparation which requires more than one compound (l)-derived anion, more
than one chirality center will be also present in the final compound of the invention. In such a case, such compound
(salt) should be considered as pure diasterecisomer or diastereoisomeric mixture. The same situation may arise if R
moiety in compound (I) comprises one or more chiral carbon atoms. The presence of more than one chiral center in
compound (I) does not affect, however, the way of its preparation, since in the case of diastereoisomeric mixtures
analogous purification methods can be used as for enantiomeric mixtures, as described above.

[0094] It should be emphasized that a method for the preparation of compounds of formula (1) is an exemplary manner
of carrying out the invention. If economically justified, presented steps may be suitably interchanged or combined with
omission of intermediates isolation steps.

[0095] The object of the invention is also a pharmaceutical composition, comprising a compound of formula (I) as
defined above as an active ingredient, in combination with pharmaceutically acceptable excipients.

[0096] If pharmacologically justified and advantageous for therapeutic reasons, the use in the pharmaceutical com-
position of the present invention of more than one compound of the formula (l) is not excluded.

[0097] Thecompounds ofthe formula (I) can be administered in the treatmentin the form of pharmaceutical composition
or pharmaceutical formulation containing them.

[0098] In the treatment of diseases mentioned above, the compounds of formula (1) can be administered as a chemical
compound, but typically, they will be used as pharmaceutical composition or pharmaceutical formulation containing the
compound of the invention or its pharmaceutically acceptable salt, in combination with pharmaceutically acceptable
carriers and auxiliary substances.

[0099] In the treatment of disorders, diseases, and conditions mentioned above the pharmaceutical composition of
the invention can be administered by any suitable route, preferably oral, parenteral or inhalation route and will be in the
form of a preparation destined for use in medicine, depending on the intended administration route.

[0100] Compositions for oral administration can have the form of solid or liquid preparations. Solid preparations can
have, for example, the form of a tablet or capsule produced in a conventional manner from pharmaceutically acceptable
inactive excipients such as binders (for example, pregelatinized corn starch, polyvinylpyrrolidone or hydroxypropylmeth-
ylcellulose); fillers (for example lactose, saccharose, carboxymethylcellulose, microcrystalline cellulose or calcium hy-
drogen phosphate); disintegrants (for example crosspovidone, corn starch or sodium starch glycolate); lubricants (for
example magnesium stearate, talc or silica), wetting agents (for example sodium laurylsulfate). Tablets can be coated
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with coatings well known in the art, such as simple coatings, delayed/controlled-release coatings or enteric coatings.
Liquid preparations for oral administration can be in the form of, for example, solutions, syrups or suspensions, or can
have the form of dry solid product for reconstitution in water or other suitable vehiculum before use. Such liquid prepa-
rations can be prepared using conventional means from pharmaceutically acceptable inactive excipients, such as sus-
pending agents (for example sorbitol syrup, cellulose derivatives or hydrogenated edible oils), emulsifiers (for example
lecithine or acacia gum), nonaqueous vehicles (for example mandelic oil, oil esters, ethyl alcohol or fractionated vegetable
oils), and preservatives (for example methyl or propyl p-hydroxybenzoate or sorbic acid). Preparations can also include
suitable buffering agents, flavoring agents, coloring agents and sweeteners.

[0101] Preparations for oral administration can be formulated so as to obtain controlled release of the active compound
using methods known for a person skilled in the art.

[0102] Parenteral route of administration includes administration by intramuscular and intravenous injections, as well
as intravenous infusions. Compositions for parenteral administration can, for example, have the form of a unit dosage
form, such as ampoules, or multi-dosage containers, with the addition of a preservative. Compositions can have the
form such as suspension, solution or emulsion in an oily or aqueous vehiculum, and can include excipients such as
suspending agents, stabilizers, and/or dispersing agents. Alternatively, the active ingredient can be formulated as a
powder for reconstitution before use in a suitable carrier, for example sterile, pyrogen-free water.

[0103] Compositions for administration via inhalation route can have the inhalation form and administered by nebuli-
zation. Such preparations include an active compound and auxiliary substance(s) administered as an aerosol, i.e. a
system of finely divided small particles of solid or liquid substance suspended in a gas. Auxiliary substances used in
nebulization can be for example sodium chloride as an isotonicity agent, inorganic acids and hydroxides as pH regulators
and stabilizers, benzalkonium chloride as a preservative, sodium citrate as a buffering agent, polysorbate 80 as a
surfactant, ethanol and propylene glycol as a co-solvent, and sulfur compound as anti-oxidants. Preparations for ad-
ministration by inhalation route can have the form of pressure inhalers or dry powder inhalers.

[0104] The use of the compounds of the present invention will comprise administration of a therapeutically effective
amount of the compound of the invention, preferably in the form of a pharmaceutical composition, to the subject in need
of such treatment.

[0105] Proposed dosage of the compounds of the invention is from 0.1 to about 1000 mg per day, in a single dose or
in divided doses. It will be apparent for a person skilled in the art that selection of a dosage required for obtaining desirable
biological effect will depend on many factors, for example specific compound, the indication, the manner of administration,
the age and condition of a patient and that exact dosage will be ultimately determined by a responsible physician.

Examples
[0106] The examples that follow have the illustrative meaning and present commonly used methods of synthesis of
intermediate compounds, used for the preparation of the compounds of the invention, final compounds (of the invention)
and reference compounds.
[0107] The meaning of abbreviations used in the examples is as follows:
NMR - is the result of nuclear magnetic resonance spectroscopy (3 means the value of chemical shift in ppm). For
TH NMR spectra the internal standard was tetramethylsilane (TMS). For 13C NMR spectra the internal standard was
the value of chemical shift of the solvent signal, which for deuterochloroform (CDCl,) is 77.16 ppm, and for hexa-
deuterodimethylsulfoxide (DMSO-d6) is 39.52 ppm.
MS is the result of mass spectroscopy expressed as m/z ratio. The measurements were performed using electrospray
ionization technique (ESI) and ions formed were observed as positive ions (ESI+) or negative ions (ESI-). Symbol
M for each compound designates molecular ion, obtained for analyzed molecule without fragmentation.
HPLC means high-performance liquid chromatography.
TLC means thin-layer plate chromatography.
TFA means trifluoroacetic acid.

CD stands for circular dichroism measurement.

Reference compounds:

[0108] Two reference compounds were used: TAK-875 (fasiglifam, Example R1) and AMG-837 (Example R2). TAK-
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875 is a compound that from among known GPR40 receptor agonists advanced to Ill phase of clinical trials, therefore
is often discussed in the literature and is a good background for comparative experiments. In turn AMG-837 shows the
highest similarity of the head fragment structure to the compounds of the invention.

[0109] Compound R1: 2-[(3S)-6-({3-[4-(3-methanesulfonylpropoxy)-2,6-dimethylphenyl]-phenyl}methoxy)-2,3-dihy-
dro-1-benzofuran-3-yllacetic acid (TAK-875, fasiglifam)

TAK-875 (fasiglifam)

e

VN
0 0 COOH
C,.H,,0,S = 524.63

[0110] Obtained according to the method described in "Discovery of TAK-875: A Potent, Selective, and Orally Bioa-
vailable GPR40 Agonist", ACS Medicinal Chemistry Letters, 2010, 1, p. 290 -294. Spectral analysis of the obtained
compound was fully consistent with literature data.

[0111] 'H NMR (300 MHz, CDCls) §: 7.50 - 7.30 (m, 2H), 7.16 (s, 1H), 7.12 - 6.98 (m, 2H), 6.64 (s, 2H), 6.51 - 6.46
(m, 2H), 5.06 (s, 2H), 4.76 (t, J= 9.1 Hz, 1H), 4.29 (dd, J=9.2, 6.1 Hz, 1H), 4.12 (t, J = 5.7 Hz, 2H), 3.90 - 3.65 (m, 1H),
3.40 - 3.14 (m, 2H), 2.97 (s, 3H), 2.81 (dd, J = 16.9, 5.3 Hz, 1H), 2.61 (dd, J = 16.9, 9.3 Hz, 1H), 2.41 - 2.29 (m, 2H),
1.99 (s, 6H).

[0112] '3C NMR (75 MHz, CDCl3) §: 177.45, 161.08, 159.95, 157.09, 140.93, 137.63, 137.12, 134.82, 129.16, 128.70,
128.59, 125.65, 124.35, 121.25, 113.21, 107.41, 97.52, 77.50, 70.28, 65.35, 51.85, 40.85, 39.42, 37.52, 22.72, 21.18.
[0113] MS (ESI+): m/z = 547.2 [M+Na]*. MS (ESI-): m/z = 523.1 [M-H]-, 559.1 [M+CI]-.

[0114] Compound R2: (3S)-3-[4-({3-[4-(trifluoromethyl)phenyl]phenyl}methoxy)phenyl]-hex-4-ynoic acid (AMG-837)

AMG-837

&

F,C COOH

O o

C,.H,,F.0, = 438.44

[0115] The compound was obtained as described below in the following Example E1 using (3S)-3-(4-hydroxyphe-
nyl)hex-4-ynoic acid methyl ester (0.733 g, 3.36 mmol, Example 115), 1-[3-(chloromethyl)phenyl]-4-(trifluoromethyl)ben-
zene (1.0 g, 3.69 mmol, Example [1) and other reagents and solvents in suitable proportions and applying to the product
of the above procedure (1.4 g) the procedure of Example F1, using other reagents and solvents in suitable proportions.
The title compound was obtained as an amorphous solid (1.35 g, total yield 91.8%).

[0116] Spectral data were consistent with literature data: James Y. Hamilton, "Iridium-Catalyzed Enantioselective
Allylic Alkynylation", Angewandte Chemie Int. Ed. Eng. 52 (9) (2013), p. 7532-7535:

TH NMR (300 MHz, CDCly) &: 7.68 (s, 4H), 7.65 (s, 1H), 7.55 (dt, J = 6.8, 2.2 Hz, 1H), 7.51 - 7.44 (m, 2H), 7.34 - 7.28
(m, 2H),6.98-6.92 (m, 2H),5.10 (s, 2H),4.10-4.00 (m, 1H), 2.76 (ddd, J = 22.5,15.7, 7.6 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H).

Intermediate compounds:

[0117] Intermediate compounds for the preparation of the compounds of the invention were prepared as described
below.

[0118] Intermediate compounds the number of which is preceded by letter | relate to synthetic fragments associated
with the synthesis of the head fragment or tail fragment of the compounds of the invention.

[0119] Intermediate compounds the number of which is preceded by letter E relate to penultimate ester compounds
that are direct precursors of the compounds of the invention.
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Example 11: 1-[3-(Chloromethyl)phenyl]-4-(trifluoromethyl)benzene

[0120]

F C,.H,,CIF, = 270.68

[0121] {3-[4-(Trifluoromethyl)phenyl]phenyl}methanol, obtained as described below in Example 12 (1.5 g, 5.95 mmol),
was dissolved under argon atmosphere in 10 ml of anhydrous dichloromethane to which 1.29 ml (17.8 mmol) of thionyl
chloride were slowly added dropwise while stirring. After stirring overnight, the solvents and the excess of thionyl chloride
were distilled off under reduced pressure. After purification by chromatography (silica gel 60, 230 - 400 mesh, eluent:
gradient from n-hexane 100% to n-hexane-dichloromethane 4:1), colorless solid was obtained (1.04 g, yield 65%).
[0122] 'H NMR (300 MHz, CDCl;) 8: 7.69 (s, 4H), 7.61 (s, 1H), 7.55 (dt, J = 7.3, 1.8 Hz, 1H), 7.50 - 7.40 (m, 2H), 4.65
(s, 2H).

Example 12: {3-[4-(trifluoromethyl)phenyl]phenyl}methanol

[0123]

F ¢,H,F,0=25223

[0124] Obtained according to the method described in J. B. Houze et al., "AMG 837: A potent, orally bioavailable
GPR40 agonist", Bioorganic and Medicinal Chemistry Letters. 22 (2012) p. 1267-1270. Spectral data were consistent
with literature data, for example WO 2005/118542 A1, example 11, page 50:

TH NMR (300 MHz, CDCl5) 8: 7.68 (s, 4H), 7.60 (s, 1H), 7.51 (dt, J = 7.5, 1.6 Hz, 1H), 7.48 - 7.36 (m, 2H), 4.76 (s, 2H).

Example 13: 5-[(4-hydroxyphenyl)methylidene]-2,2-dimethyl-1,3-dioxane-4,6-dione
[0125]

o

AN (o]

HO o/i/

C.sH,,0, = 248.23

[0126] Commercially available 4-hydroxybenzaldehyde (500.0 g, 3.89 mol, CAS [128-08-0]) and commercially avail-
able 2,2-dimethyl-1,3-dioxane-4,6-dione (700 g, 4.76 mol, CAS [2033-24-1]) were placed in a 10 L reactor, 700 ml toluene
and 5.0 L of water were added and the mixture was stirred at 20 to 33°C for 6 hours. After cooling the reactor to room
temperature, intensely yellow solid formed during the reaction was filtered-off, washed with water and dried under vacuum
(+50°C, 5 mbar) to constant weight. The completion of the reaction was determined by TLC analysis (heptane-ethyl
acetate 3:1) showing no starting material (4-hydroxybenzaldehyde). Yield: 960 g (97.4%).

[0127] Melting point: 192.5 - 193.4°C (with decomposition).

[0128] 'HNMR (300 MHz, DMSO-dg) &: 10.95 (s, 1H); 8.26 (s, 1H); 8.23-8.13 (m, 2H); 6.97 - 6.86 (m, 2H); 1.73 (s, 6H).
[0129] 13C NMR (75 MHz, DMSO-dg) &: 163.67; 163.39; 160.27; 157.03; 137.94; 123.,06; 115.84; 109.89; 103.94;
26.87.
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Example 14: 5-[(2-fluoro-4-hydroxyphenyl)methylidene]-2,2-dimethyl-1,3-dioxane-4,6-dione
[0130]

F 0

= (o]

HO' o/i/

C,;H,,FO, = 266.22

[0131] The title product (18.2 g, yield 98%) was obtained in an analogous manner as in Example 13 from commercially
available fluoro-4-hydroxybenzaldehyde (10.0 g, 70 mmol, CAS [348-27-6]) and commercially available 2,2-dimethyl-
1,3-dioxane-4,6-dione (12.1 g, 82.5 mmol, CAS [2033-24-1]).

[0132] 'H NMR (300 MHz, DMSO-dg) 5: 11.23 (s, 1H), 8.35 (s, 1H), 8.21 (t, J = 8.9 Hz, 1H), 6.73 (ddd, J = 15.1, 10.8,
2.4 Hz, 2H), 1.75 (s, 6H).

[0133] '9F NMR (282 MHz, DMSO-dg) §: -106.10 (dd, J = 12.7, 9.0 Hz).

[0134] '3C NMR (75 MHz, DMSO-dg, DEPT 135°) 8: 147.32 (d, Jo_g = 5.9 Hz), 134.68, 112.38, 102.67 (d, Jo.r = 24.6
Hz), 26.87 (s).

Example 15: 5-[1(R/S)-1-(4-hydroxyphenyl)but-2-yn-1-yl]-2,2-dimethyl-1,3-dioxane-4,6-dione

[0135]

HO o/i/

(* racemate) C, H,,0, = 288.30

[0136] 5-[(4-Hydroxyphenyl)methylidene]-2,2-dimethyl-1,3-dioxane-4,6-dione, obtained in Example 13 (2.5 g, 10.1
mmol), was dissolved in dry tetrahydrofuran (40 ml), under argon atmosphere. 4-Methylmorpholine (1.23 g, 12.2 mmol)
was added while stirring and cooling to 0°C and acetyl chloride (0.8 ml, 11.1 mmol) was slowly added dropwise. After
30 minutes of stirring at room temperature, 4-methylmorpholine hydrochloride thus obtained was filtered off and washed
with 10 ml of dry tetrahydrofuran. The filtrate thus obtained was cooled to 0°C and 22.0 ml of commercially available 1-
propynylmagnesium bromide (0.5 M solution in tetrahydrofuran, 22.0 ml, 11.0 mmol, CAS [16466-97-0]) was added
dropwise under argon atmosphere and the mixture was stirred for 30 minutes at room temperature. Then 20 ml of 2M
aqueous sodium hydroxide solution were added and the reaction mixture was heated for further 30 minutes at 60°C.
Then the reaction mixture was again cooled to 0°C and acidified with 10 ml of 5M aqueous hydrochloric acid solution.
The product was isolated by the addition of water (50 ml) and extraction with toluene with the addition of ethyl acetate
(10% v/v). Organic phase was washed with 1% solution of hydrochloric acid and brine, dried and evaporated. The product
was obtained as an amber oil (3.0 g, quantitative yield).

[0137] MS (ESI+): m/z=311.1 [M+Na]*. MS (ESI-): m/z = 287.1 [M-H]-.

Example 16: 5-[1(R/S)-1-( 2-fluoro-4-hydroxyphenyl)but-2-yn-1-yl]-2,2-dimethyl-1,3-dioxane-4,6-dione

[0138]
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(* racemate) C, H,.FO, = 306.29

[0139] The title product was obtained in an analogous manner as in Example 15, from 5-[(2-fluoro-4-hydroxyphe-
nyl)methylidene]-2,2-dimethyl-1,3-dioxane-4,6-dione (8.2 g, 30.8 mmol) obtained in Example 14, 4-methylmorpholine
(4.6 g, 45.5 mmol), acetyl chloride (3.0 ml, 41.8 mmol), and commercially available propynylmagnesium bromide (0.5
M solution in tetrahydrofuran, 22.0 ml, 11.0 mmol, CAS [16466-97-0]).

[0140] MS (ESI+): m/iz = 329.1 [M+Na]*. MS (ESI-): m/z = 305.1 [M-H]-.

Example 17: (3R/S)-3-(4-hydroxyphenyl)hex-4-ynoic acid

[0141]

HO'

(* racemate) C,,H,,0, = 204.22

[0142] 5-[1(R/S)-1-(4-Hydroxyphenyl)but-2-yn-1-yl]-2,2-dimethyl-1,3-dioxane-4,6-dione obtained in Example 15 (64.0
g, 222 mmol) was dissolved in N,N’-dimethylformamide (300 ml) and water (30 ml) mixture and heated at 90 °C for 18
hours. During this period decarboxylation process can be observed as carbon dioxide bubbles are released from the
solution. Reaction mixture was then cooled, diluted with water (1L), brine (0.5 L) and acidified with 100 ml of 5% aqueous
hydrochloric acid, and the reaction product was isolated with tert-butyl methyl ether (4 X 0.5 L). Organic phase was
separated, washed with brine, dried, and the residue was purified by chromatography (silicagel 60, 230 - 400 mesh,
eluent: heptane-ethyl acetate gradient from 10:1 to 1:3) to obtain 33.2 g of the title compound as a clear syrup (yield 73%).
[0143] MS (ESI-): m/z =203.1 [M-H], 239.0 [M+CI].

Example 18: (3R/S)-3-(2-Fluoro-4-hydroxyphenyl)hex-4-ynoic acid

[0144]

HO
(* racemate) C,,H,,FO, _222.21
[0145] The title product was obtained as a syrup (43 g, yield 99%) in an analogous manner as in Example 17 from
5-[1(R/S)-1-(2-fluoro-4-hydroxyphenyl)but-2-yn-1-yl]-2,2-dimethyl-1,3-dioxane-4,6-dione, obtained in Example 16 (6.0 g,

19.6 mmol).
[0146] MS (ESI-): m/z =221.1 [M-H], 257.1 [M+CI].
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Example 19: (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid, salt with (1S,2R)-1-amino-2,3-dihydro-1H-inden-2-ol

[0147]

HO
HO

C,,H,;NO, = 353.41

[0148] Racemic (3R/S)-3-(4-hydroxyphenyl)hex-4-ynoic acid obtained in Example 17 (187.4 g, 0.918 mol) was dis-
solved in 2.0 L of acetonitrile and commercially available (1S,2R)-(-)-cis-1-aminoindan-2-ol (69.8 g, 0.467 mol, CAS
[126456-43-7]) was added while stirring and heating at 70°C. Stirring and heating at the same temperature was continued
for further 4 hours, then the suspension of the produced salt was left for cooling to room temperature. After cooling to
+5 °C, the suspension was filtered and washed with 2x 200 ml of cold (0°C) acetonitrile. The resulting precipitate was
flooded with 1.1 L of acetonitrile/water 10:1 mixture and heated to 70°C with stirring, and then cooled, filtered and washed
with cold acetonitrile to obtain crystals with higher optical purity. The last recrystallization operation was repeated twice
more, performing the recrystallization consecutively with 0.8 L and 0.6L of acetonitrile/water 10:1 mixture. Finally, 102.4
g ofthe saltwith >98% diastereomeric excess were obtained as a colorless solid (yield 63%). Optical purity was determined
by chiral HPLC (column: Chiralpak Daicel IB-U 100 X 3.0 mm; 1.6 um; isocratic phase 92:8 (hexane + 0.2% TFA:
ethanol + 0.2% TFA); the title dominating isomer at Rt = 5.67 min (content 99.2%); opposite isomer at Rt = 4.94 min
(content 0.8%). On the basis of literature data (Shawn D. Walker "Development of a Scalable Synthesis of a GPR40
Receptor Agonist", Organic Process Research and Development, 15, (2011), p. 570-580) and activity of the derivatives
of this compound with respect to GPR40 receptor in vitro, configuration of the title optical isomer of 3-(4-hydroxyphe-
nyl)hex-4-ynoic acid was determined to be S.

[0149] 'H NMR (300 MHz, DMSO-d6) &: 7.45 - 7.35 (m, 1H), 7.28 - 7.17 (m, 3H), 7.17 - 7.06 (m, 2H), 6.73 - 6.62 (m,
2H), 4.41 (td, J = 5.6, 3.2 Hz, 1H), 4.27 (d, J = 5.4 Hz, 1H), 3.90 (td, J = 7.4, 2.5 Hz, 1H), 3.03 (dd, J = 16.2, 5.8 Hz, 1H),
2.84 (dd, J = 16.2, 3.1 Hz, 1H), 2.39 (ddd, J = 22.0, 14.9, 7.1 Hz, 2H), 1.76 (d, J = 2.4 Hz, 3H).

[0150] 13C NMR (75 MHz, DMSO-d6) &: 174.32, 155.94, 141.28, 140.83, 132.55, 128.16, 128.03, 126.41, 124.90,
114.98 (x2), 82.18, 77.05, 71.30, 57.52, 45.69, 39.07, 33.42, 3.35.

Example 110: (3R)-3-(4-Hydroxyphenyl)hex-4-ynoic acid, salt with (1R,2S)-1-amino-2,3-dihydro-1H-inden-2-ol

[0151]

0 HyNiu.,

%,

HO
C,,H,;NO, = 353.41

[0152] The compound was obtained in an analogous manner as in Example 19, using racemic (3R/S)-3-(4-hydroxy-
phenyl)hex-4-ynoic acid obtained in Example 17 (120.0 g, 0.588 mol), commercially available (1R,2S)-cis-1-aminoindan-
2-0l (43.8 g, 0.294 mol, CAS [136030-00-7]) and solvents in proportions corresponding to the amounts of reagents. The
titte compound was obtained of a colorless solid with optical purity >98% of diastereomeric excess (57.2 g, yield 55%).
Since the compounds of Example 19 and Example 110 are mutual isomers, their spectral data are identical. On the same
basis configuration of the title optical isomer was determined as isomer R.
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Example 111: (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid

[0153]

OH

HO
C,,H,,0, = 204.22

[0154] Salt of (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid with (1S,2R)-1-amino-2,3-dihydro-1H-inden-2-ol obtained in
Example 19 (35.3 g, 0.1 mol) was flooded at room temperature, while stirring, with 200 ml of 1M solution of hydrochloric
acid and 100 ml of tert-butyl methyl ether. After 30 minutes, starting salt undergoes dissolution, formed amine hydro-
chloride remains dissolved in aqueous phase and free acid product passes to organic phase. Aqueous and organic
phases were separated. Aqueous phase was additionally extracted with 3 X 50 ml of tert-butyl methyl ether. Organic
phases were combined, washed with brine, dried and concentrated, to obtain quantitatively (20.4 g) the product with
spectral data identical as in Example |7. Lack of secondary racemization was confirmed by repeated HPLC analysis on
a chiral phase, as in Example 19. Optical purity: >98%.

Example 112: (3R)-3-(4-hydroxyphenyl)hex-4-ynoic acid

[0155]

I,

C,,H,,0, = 204.22

[0156] The title product was obtained quantitatively from (1R,2S)-1-amino-2,3-dihydro-1H-inden-2-ol salt of (3R)-3-(4-
hydroxyphenyl)hex-4-ynoic acid obtained in Example 110, using conditions and methods as in Example 111.

Example 113: (3R)-3-(2-fluoro-4-hydroxyphenyl)hex-4-ynoic acid

[0157]

OH

HO
C,,H,,FO, = 222.21

[0158] Racemic (3R/S)-3-(2-fluoro-4-hydroxyphenyl)hex-4-ynoic acid obtained in Example 18 was resolved into optical
isomers by HPLC resolution on chiral phase using semi-preparative column Chiralpak Daicel IG 250 X 30 mm; 5.0 pum
and isocratic phase 92:8 (hexane + 0.2% TFA : ethanol + 0.2% TFA). Control of the resolution was performed using
analogous conditions with respect to mobile phase and analytical column Chiralpak Daicel IG-3 250 X 2.1 mm; 3.0 pm.
Retention time for the present isomer was Rt = 3.551 min. On the basis of the activity of derivatives of this compound
towards GPR40 receptor in vitro, configuration of the present isomer of 3-(4-hydroxyphenyl)hex-4-ynoic acid was de-
termined as isomer R. 50 mg of the compound of optical purity >98% e.e. were obtained, spectral data were identical
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as for Example 18.
Example 114: (3S)-3-(2-fluoro-4-hydroxyphenyl)hex-4-ynoic acid

[0159]

-l

C,,H,,FO, = 222.21

[0160] The title product of optical purity >98% e.e. was obtained as in Example 113 in the amount of 45 mg. Retention
time for the present isomer Rt = 3.118 min (analytical column Chiralpak Daicel IG-3 250 X 2.1 mm; 3.0 um, isocratic
phase 92:8 (hexane + 0,2% TFA : ethanol + 0.2% TFA). On the basis of activity of derivatives of this compound towards
GPRA40 receptor in vitro, configuration of the title isomer of (3S)-3-(2-fluoro-4-hydroxyphenyl)hex-4-ynoic acid was de-
termined as isomer S. Spectral data identical as for Example 18.

Example 115: (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester

[0161]

HO
C,;H,,0, = 218.25

[0162] Salt of (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid with (1S,2R)-1-amino-2,3-dihydro-1H-inden-2-ol obtained in
Example 19 (25.1 g, 71 mmol) was flooded with 125 ml of cold (+4°C) solution of gaseous hydrogen chloride in methanol
(58 g of gaseous hydrogen chloride/865 ml of methanol) and stirred for 18 hours at 25°C. During this time all starting
material was dissolved. Reaction solution was evaporated until appearance of a white solid that was flooded with 200
ml of tert-butyl methyl ether. Obtained amine hydrochloride precipitate was filtered-off and washed with tert-butyl methyl
ether (50 ml) and heptane (50 ml). The filtrate was transferred to separating funnel, washed with water (2x 100 ml), 6%
aqueous sodium hydrogen carbonate solution and brine, dried and concentrated. The title product was obtained quan-
titatively (15.5 g) as a light-yellow syrup.

[0163] The same product can be obtained using the above conditions and (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid
of Example 111 as a starting material.

[0164] 'H NMR (300 MHz, CDCls) §:7.25 - 7.18 (m, 2H), 6.81 - 6.73 (m, 2H), 5.73 (s (br), 1H), 4.04 (ddd, J = 8.2, 4.9,
2.4 Hz, 1H), 3.67 (s, 3H), 2.71 (qd, J = 15.2, 7.7 Hz, 2H), 1.82 (d, J = 2.4 Hz, 3H).

[0165] 13C NMR (75 MHz, CDCl;) § 172.21, 154.90, 133.12, 128.60, 115.56, 79.70, 79.02, 52.01, 43.58, 33.58, 3.76.
[0166] MS (ESI+): m/z = 241.1 [M+Na]*.

Example 116: (3R)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester

[0167]
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C,.H,,0, = 218.25

[0168] The title product was obtained using salt of (3R)-3-(4-hydroxyphenyl)hex-4-ynoic acid with (1R,2S)-1-amino-
2,3-dihydro-1H-inden-2-ol obtained in Example 110 as a starting material and conditions of Example 115. Spectral data
were identical with the Example 115.

Example 117: (3R)-3-(2-fluoro-4-hydroxyphenyl)hex-4-ynoic acid methyl ester

[0169]

HO
C,,H,,FO, = 236.24

[0170] The title product was obtained using (3R)-3-(2-fluoro-4-hydroxyphenyl)hex-4-ynoic acid obtained in Example
113 as a starting material and conditions of Example 115. MS (ESI+): m/z = 259.1 [M+Na]*.

Example 118: (3S)-3-(2-fluoro-4-hydroxyphenyl)hex-4-ynoic acid methyl ester

[0171]

C,.H,;FO, = 236.24

[0172] The title product was obtained using (3S)-3-(2-fluoro-4-hydroxyphenyl)hex-4-ynoic acid obtained in Example
114 as a starting material and conditions of Example 115. MS (ESI+): m/z = 259.1 [M+Na]*.

Example 119: 2,3-dimethylbut-2-enoic acid ethyl ester

[0173]

0\/
0
CzH,,0, = 142.20

[0174] Commercially available triethyl 2-phosphonopropionate (22.5 ml, 103 mmol, CAS [3699-66-9]) was placed in
dry tetrahydrofuran (65 ml) under argon atmosphere, cooled to -76°C and 2.5M solution of n-butyllithium in hexanes
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(39.2 ml, 98 mmol) was slowly added dropwise under stirring. Colorless solid precipitated and the reaction mixture was
left to warm to 0°C. Acetone was added dropwise to the reaction mixture (14.4 ml, 196 mmol) and the contents of the
reaction vessel was stirred at room temperature for 24 hours. The reaction product was isolated by the adding of 100
ml of 3% aqueous sulfuric acid solution and extraction with diethyl ether. Organic layer was separated, washed twice
with water, 6% aqueous sodium bicarbonate solution and brine, dried and concentrated on evaporator at 30°C and 400
mbar. The residue was distilled under reduced pressure, collecting fraction of the product that distills in the range 59-62°C
and pressure range 5.3-5.6 mbar, to obtain 11.2 g of a colorless liquid (80% yield).

[0175] 'H NMR (300 MHz, CDCl3) 8:4.19 (q, J = 7.1 Hz, 2H), 2.00 (d, J = 1.3 Hz, 3H), 1.85 (s, 3H), 1.80 (s, 3H), 1.30
(t, J=7.1 Hz, 3H.

[0176] '3C NMR (75 MHz, CDCl3) &: 169.90, 142.77, 122.76, 60.09, 22.92, 22.45, 15.75, 14.43.

Example 120: 2,3-dimethylbut-2-en-1-ol

[0177]

OH

C,H,,0 = 100.16

[0178] Lithium aluminum hydride (5.69 g, 142 mmol) was placed under argon atmosphere in 10 ml of dry tetrahydro-
furan, and solution of 2,3-dimethylbut-2-enoic acid ethyl ester obtained in Example 119 (18.4 g, 129 mmol) in 30 ml of
tetrahydrofuran was slowly added dropwise at such a rate so as to maintain reaction mixture just below boiling point.
When addition was completed, the contents of the reaction vessel was stirred for further 10 minutes, and then cooled
to 0 °C and the excess of lithium aluminum hydride was decomposed by the addition of 200 ml of tert-butyl methyl ether
and gradual addition of ice (10 g). Reaction mixture was diluted with further portion of tert-butyl methyl ether (200 ml)
and insoluble aluminum salts were digested by the addition of 0.5 L of 50% aqueous sodium hydroxide solution. Reaction
mixture was transferred to separating funnel. Organic phase was separated, washed with 50% aqueous sodium hydroxide
solution (100 ml), 6% aqueous potassium bisulfate solution and brine, and dried. The title product was isolated by
distillation under reduced pressure to obtain 8.2 g of colorless liquid (yield 63%, boiling point 48-49°C under pressure
of 2.9 mbar).

[0179] 'H NMR (300 MHz, CDClg) &: 4.12 (s, 2H), 1.74 (s, 6H), 1.69 (s, 3H).

[0180] '3C NMR (75 MHz, CDCl,) §: 129.16, 127.47, 63.89, 20.88, 20.00, 16.60.

Example 121: (2R/S)-2,3-dimethylbutan-1-ol

[0181]

OH

(* racemate) C,H,,0 = 102.18

[0182] Commercially available 2,3-dimethyl-1-butene (6 ml, 4.08 g, 47 mmol, CAS [563-78-0]) was dissolved in dry
tetrahydrofuran (10 ml) and 100 ml of 0.5 tetrahydrofuran solution of 9-borabicyclo[3.3.1]nonane (9-BBN, 50 mmol) were
added while stirring and cooling to 0°C. Then the contents of the reaction vessel was stirred at room temperature for
2.5 hours. Reaction mixture was again cooled to 0 °C and 60 ml of 3M aqueous sodium hydroxide solution and 60 ml
of 30% aqueous hydrogen peroxide solution were carefully added dropwise. Stirring was continued for further 1.5 hour
at room temperature. Reaction product was isolated by extraction with diethyl ether (100 ml). Organic phase was sep-
arated, washed with 5% aqueous sodium sulfite solution and brine, dried and concentrated at 40°C and 100 mbar
pressure. The residue was distilled under reduced pressure to provide 2.0 g (42% yield) of the title product in the form
of a colorless liquid collected as a fraction distilling at 50°C under 3 mbar pressure.

[0183] 'H NMR (300 MHz, CDClg) 8: 3.59 (dd, J = 10.6, 5.9 Hz, 1H), 3.44 (dd, J = 10.6, 7.0 Hz, 1H), 1.70 (dtd, J =
13.7, 6.8, 5.1 Hz, 1H), 1.59 - 1.42 (m, 1H), 0.92 (d, J = 6.8 Hz, 3H), 0.86 (d, J = 7.0 Hz, 3H), 0.84 (d, J = 7.0 Hz, 3H).
[0184] 13C NMR (75 MHz, CDCl,) §: 66.64, 41.56, 28.99, 20.73, 18.12, 12.65.
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Example 122: 1-Bromo-4-(2,2-dimethylpropoxy)benzene

[0185]

O

C,,H,BrO = 243.14

[0186] Neopentyl alcohol (2,2-dimethyl-1-propanol, 2.93 ml, 27 mmol) was dissolved in 50 ml of dry N,N’-dimethylfor-
mamide. The solution was cooled to 0°C and triethylamine (3.78 ml, 27 mmol) was added while stirring, followed by
slow, dropwise addition of methanesulfonyl chloride (1.94 ml, 25 mmol). After formation of triethylamine hydrochloride
precipitate, the contents of the reaction vessel were stirred for further 30 minutes without cooling, and subsequently
commercially available 4-bromophenol (3.53 g, 20 mmol, CAS [106-41-2]), tetrabutylammonium iodide (0.923 g, 2.5
mmol) and cesium carbonate (18.5 g, 56.2 mmol) were added and the reaction mixture was heated to 80°C with simul-
taneous blowing with argon for 15 minutes. Then temperature of the reaction mixture was raised to 130°C and stirring
was continued for 18 hours. After cooling, reaction product was isolated by the addition of water (150 ml) and extraction
with diethyl ether. Organic phase was separated, washed with water (2x 50 ml) and brine (50 ml), dried, concentrated
and purified by chromatography (silica gel 60, 230 - 400 mesh, eluent: heptane-ethyl acetate gradient from 20:1 to 8:1).
The title compound was obtained as a colorless oil (3.66 g, 75% vyield).

[0187] 'H NMR (300 MHz, CDClg) &: 7.37 - 7.30 (m, 2H), 6.79 - 6.72 (m, 2H), 3.53 (s, 2H), 1.01 (s, 9H).

[0188] '3C NMR (75 MHz, CDCI,) §: 158.86, 132.26, 116.46, 112.58, 78.27, 32.03, 26.71.

Example 123: 4-(2,2-dimethylpropoxy)benzaldehyde

[0189]

\ﬁ\o

C,,H,s0, = 192.25

[0190] 1-Bromo-4-(2,2-dimethylpropoxy)benzene obtained in Example 122 (4.54 g, 18.7 mmol) was dissolved under
argon atmosphere in 15 ml of dry tetrahydrofuran and cooled to 0°C. At this temperature 1.3M tetrahydrofuran solution
of isopropylmagnesium chloride-lithium chloride complex (1.64 ml, 6.91 mmol) was added and after 20 minutes 2.5M
n-butyllithium solution in hexanes (1.7 ml, 13.8 mmol). Stirring was continued at the same temperature for 1 hour.
Subsequently, 4 ml of dry N,N’-dimethylformamide were added and stirring was continued at the same temperature for
further one hour. Reaction was quenched by adding water (50 ml). Reaction product was isolated by extraction with
ethyl acetate/diethyl ether 1:1 mixture. Organic phase was separated, washed with water (2x 50 ml) and brine (50 ml),
dried, concentrated and purified by chromatography (silica gel 60, 230 - 400 mesh, eluent: heptane-ethyl acetate gradient
from 20:1 to 4:1). The title compound was obtained as a colorless oil (3.40 g, 95% vyield).

[0191] 'H NMR (300 MHz, CDCls) §: 9.87 (s, 1H), 7.86 - 7.78 (m, 2H), 7.05 - 6.96 (m, 2H), 3.67 (s, 2H), 1.05 (s, 9H).
[0192] 13C NMR (75 MHz, CDCl,) &: 190.75, 164.66, 131.97, 129.81, 114.83, 78.19, 31.91, 26.55.

Example 124: 2-{[4-(2,2-dimethylpropoxy)phenyllmethylidene}propane-1,3-dioic acid dimethyl ester

[0193]

C,,H,,0, = 306.35
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[0194] 4-(2,2-dimethylpropoxy)benzaldehyde (3.59 g, 18.7 mmol) obtained in Example 123 was dissolved in benzene
(25 ml), diethyl malonate (2.24 ml, 19.6 mmol), piperidine (0.184 ml, 1.87 mmol) and acetic acid (0.101 ml, 1.77 mmol)
were added and the whole was refluxed while stirring with simultaneous removal of water formed in the reaction (Dean-
Stark trap) for 18 hours. Subsequently, reaction mixture was evaporated and purified by chromatography (silica gel 60,
230 - 400 mesh, eluent: heptane-ethyl acetate gradient from 20:1 to 4:1). The title product was obtained as a colorless
oil (1.86 g, 31% vyield).

[0195] 'H NMR (300 MHz, CDCls) §: 7.71 (s, 1H), 7.40 - 7.34 (m, 2H), 6.92 - 6.86 (m, 2H), 3.86 (s, 3H), 3.83 (s, 3H),
3.61 (s, 2H), 1.03 (s, 9H).

[0196] '3C NMR (75 MHz, CDCl3) 8: 167.70, 164.93, 161.85, 142.81, 131.60, 125.10, 122.67, 114.99, 78.05, 52.63,
52.53, 31.93, 26.61.

Example 125: 2-[(1R/S)-1-[4-(2,2-dimethylpropoxy)phenyl]but-2-yn-1-yl]propane-1,3-dioic acid dimethyl ester

[0197]

(* racemate) C,,H,,0, = 346.42

[0198] Thetitle product was prepared starting from 2-{[4-(2,2-dimethylpropoxy)phenyl]-methylidene}propane-1,3-dioic
acid dimethyl ester obtained in Example 124 (830 mg, 2.71 mmol) under conditions as in Example 15, with the exception
that first acylation step was omitted, and other reagents in the amounts proportional to the starting compound. Yield 850
mg (91%).

[0199] MS (ESI+): m/iz = 715.3 [2M+Na]*.

Example 126: 2-[(1R/S)-1-[4-(2,2-dimethylpropoxy)phenyl]but-2-yn-1-yl]propanedioic acid

[0200]

» OH

\|<\o 07 oH

(* racemate) C,;H,,0, _318.36

[0201] 2-[(1R/S)-1-[4-(2,2-Dimethylpropoxy)phenyl]but-2-yn-1-yl]propane-1,3-dioic acid dimethyl ester obtained in Ex-
ample 125 (850 mg, 2,45 mmol) was dissolved in tetrahydrofuran (20 ml) and methanol (10 ml) mixture, solution of 1.03
g (24.5 mmol) of lithium hydroxide monohydrate in 10 ml of water was added, and the contents of reaction vessel was
stirred at 25°C for 18 hours. Formation of the product was monitored by TLC (100% ethyl acetate: starting compound
(Rf = 0.8) disappears and new product of substantially higher polarity is formed (Rf = 0.05)). The reaction product was
isolated after acidification of the reaction mixture with 3% aqueous solution of sulfuric acid and exhaustive extraction
with ethyl acetate with the addition of 5 vol. % of methanol. The combined organic phases were washed with brine, dried
and concentrated. Raw product (730 mg, yield 94%) obtained as a yellow oil was used for the next reaction step without
purification.
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Example 127: 2(E)-4-methylpenta-2,4-dienoic acid methyl ester

[0202]

N o”

C,H,,0, = 126.15

[0203] Methacrolein (6.81 g, 87.4 mmol, CAS [78-79-5]) and (triphenylphosphoranylidene)-acetic acid methyl ester
(50.0 g, 147 mmol, CAS [2605-67-6]) were stirred and heated at 60°C for 24 hours in dry tetrahydrofuran under argon
atmosphere. Subsequently half of the tetrahydrofuran volume (100 ml) was evaporated under reduced pressure and
replaced with 200 ml of n-hexane. Solid by-products of the reaction were filtered and washed with 50 ml of n-hexane
containing 5% (v/v) of ethyl acetate. Filtrate was concentrated to the oil at 40 °C/150 mbar and then distilled at the
temperature range of 65-70°C and pressure range 8-7 mbar. The product was obtained in the form of colorless oil in
the amount of 8.66 g (68.6% yield).

[0204] 1H NMR (300 MHz, CDCl5) &: 7.37 (dd, J = 15.8, 0.5 Hz, 1H), 5.88 (d, J = 15.8 Hz, 1H), 5.35 (ddd, J = 5.0, 2.4,
1.2 Hz, 2H), 3.76 (s, 3H), 1.89 (dd, J = 1.4, 0.8 Hz, 3H).

[0205] 13C NMR (75 MHz, CDClI5) 6: 167.59, 147.29, 140.59, 124.38, 118.42, 51.59, 18.09.

Example 128: 2(E)-4-methylpenta-2,4-dien-1-ol

WOH

C4H,,O = 98.14

[0206]

[0207] 2(E)-4-Methylpenta-2,4-dienoic acid methyl ester obtained in Example 127 (2.89 g, 22.9 mmol) was dissolved
under argon atmosphere in 70 ml of dry dichloromethane and 71 ml of 1M di-iso-butyl aluminum hydride solution in
hexanes (71.0 mmol, CAS [1191-15-7]) were added dropwise at -78°C while stirring. Reaction mixture was kept at these
conditions for 3 hours. After this time TLC (heptane/ethyl acetate 5:1) showed complete disappearance of the starting
compound. Reaction product was isolated by extraction with diethyl ether. Organic phase after drying and concentration
was purified by chromatography (silica gel 60 230 - 400 mesh, eluent: heptane-ethyl acetate gradient from 20:1 to 4:1).
The title product was obtained as a colorless liquid (2.1 g, 93% vyield).

[0208] 1H NMR (300 MHz, CDCl3) 8:6.43 - 6.25 (m, 1H), 5.90 - 5.72 (m, 1H), 5.06 - 4.93 (m, 2H), 4.28 - 4.17 (m, 2H),
1.87 - 1.84 (m, 3H).

[0209] 13C NMR (75 MHz, CDCl5) &: 141.48, 134.20, 128.56, 116.91, 63.64, 18.65.

Example Reference E1: (3S)-3-(4-Propoxyphenyl)hex-4-ynoic acid methyl ester

[0210]

"o C,.H,,0, = 260.33

[0211] (3S)-3-(4-Hydroxyphenyl)hex-4-ynoic acid methyl ester obtained in Example 115 (125 mg, 0.573 mmol) and
commercially available 1-bromopropane (0.52 ml, 5.73 mmol, CAS [106-94-5]) were dissolved in dry N,N’-dimethylfor-
mamide (10 ml), cesium carbonate (377 mg, 1.15 mmol) was added and the whole was stirred at 50°C for 18 hours.
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Reaction was quenched by adding water (50 ml). Product was extracted with diethyl ether and ethyl acetate 1:1 mixture
(50 ml). Organic phase was washed with 3% aqueous sulfuric acid solution, water and brine, dried and concentrated.
Product was purified by chromatography (silica gel 60, 230 - 400 mesh, eluent: heptane-ethyl acetate gradient from
100:1 to 20:1). The title product was obtained as a colorless syrup (130 mg, yield 87%).

[0212] 'H NMR (300 MHz, CDCl5) §: 7.32 - 7.21 (m, 2H), 6.90 - 6.77 (m, 2H), 4.11 - 3.99 (m, 1H), 3.89 (t, J = 6.0 Hz,
2H), 3.66 (s, 3H), 2.82 - 2.58 (m, 2H), 1.82 (d, J = 2.4 Hz, 3H), 1.85-1.72 (m, 2H), 1.02 (t, J = 7.4 Hz, 3H).

[0213] '3C NMR (75 MHz, CDCl3) 8: 171.66, 158.30, 133.12, 128.36, 114.67, 79.82, 78.78, 69.63, 51.74, 43.53, 33.57,
22.70, 10.61, 3.72.

[0214] MS (ESI+): m/z = 283.1 [M+Na]*, 299.1 [M+K]*.

Example E2: (3S)-3-[4-(hexyloxy)phenyllhex-4-ynoic acid methyl ester

[0215]

o~

NN
C,oH,:0, = 302.41

[0216] The title product was obtained as a colorless syrup (132 mg, 76% yield) under conditions as described in
Example E1 starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (125 mg, 0.573 mmol, Example 115),
commercially available 1-bromohexane (0.82 ml, 5.73 mmol, CAS [111-25-1]) and other reagents and solvents in suitable
proportions.

[0217] 'H NMR (300 MHz, CDCl3) &: 7.31 - 7.22 (m, 2H), 6.89 - 6.77 (m, 2H), 4.05 (ddq, J = 9.3, 7.2, 2.3 Hz, 1H), 3.92
(t, J = 6.6 Hz, 2H), 3.65 (s, 3H), 2.70 (qd, J = 15.2, 7.7 Hz, 2H), 1.82 (d, J = 2.4 Hz, 3H), 1.80-1.71 (m, 2H), 1.52 - 1.38
(m, 2H), 1.38 - 1.24 (m, 4H), 0.90 (t, J = 7.0 Hz, 3H).

[0218] '3C NMR (75 MHz, CDCl3) 8: 171.67, 158.32, 133.11,128.36, 114.68, 79.83, 78.78, 68.14, 51.74,43.54, 33.58,
31.70, 29.38, 25.85, 22.71, 14.12, 3.73.

[0219] MS (ESI+): m/iz = 325.2 [M+Nal*, 341.1 [M+K]*.

Example E3: (3S)-3-[4-(heptyloxy)phenyl]hex-4-ynoic acid methyl ester

[0220]

0/

NN
° C,H,.0; = 316.44

[0221] The title product was obtained as a colorless syrup (153 mg, 84% yield) under conditions as described in
Example E1 starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (125 mg, 0.573 mmol, Example 115),
commercially available 1-bromoheptane (0.9 ml, 5.73 mmol, CAS [629-04-9]) and other reagents and solvents in suitable
proportions.

[0222] 'H NMR (300 MHz, CDCl3) 8: 7.31 -7.23 (m, 2H), 6.87 - 6.79 (m, 2H), 4.05 (ddq, J = 9.4, 4.8, 2.4 Hz, 1H), 3.92
(t, J =6.6 Hz, 2H), 3.65 (s, 3H), 2.70 (qd, J = 15.2, 7.7 Hz, 2H), 1.82 (d, J = 2.4 Hz, 3H), 1.87 - 1.69 (m, 2H), 1.52 - 1.22
(m, 8H), 0.89 (t, J = 6.0 Hz, 3H).

[0223] 3C NMR (75 MHz, CDCls) §: 171.65, 158.31, 133.09, 128.35, 114.66, 79.82, 78.76, 68.12, 51.72, 43.53, 33.57,
31.89, 29.40, 29.16, 26.12, 22.70, 14.15, 3.71.

[0224] MS (ESI+): m/z = 317.2 [M+H]*,339.2 [M+Na]*, 355.2 [M+K]*.
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Example E4: (3S)-3-[4-(3-methylbutoxy)phenyl]hex-4-ynoic acid methyl ester

n

C,sH,,0, = 288.38

[0225]

[0226] The title product was obtained as a syrup (2.47 g, 91% yield) under conditions as described in Example E1
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (2.05 g, 9.39 mmol, Example 115), commercially
available 1-bromo-3-methylbutane (0.9 ml, 5.73 mmol, CAS [107-82-4]) and other reagents and solvents in suitable
proportions.

[0227] MS (ESI+): m/z = 311.2 [M+Na]*.

Example E5: (3S)-3-{4-[(3-methylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid methyl ester

Il
xm@“h -

C,sH,,0, = 286.37

[0228]

[0229] The title product was obtained as a syrup (3.93 g, 99% yield) under conditions as described in Example E1
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (3.03 g, 13.9 mmol, Example 115), commercially
available 1-bromo-3-methyl-2-butene (2.25 ml, 19.4 mmol, CAS [870-63-3]) and other reagents and solvents in suitable
proportions.

[0230] MS (ESI+): m/z = 309.1 [M+Na]*, 325.1 [M+K]*.

Example E6: (3R)-3-{4-[(3-methylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid methyl ester

[0231]

C,;H,,0, = 286.37

[0232] The title product was obtained as a syrup (0.331 g, 83% yield) under conditions as described in Example E1
starting from (3R)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (0.303 g, 13.9 mmol, Example 116), commercially
available 1-bromo-3-methyl-2-butene (0.225 ml, 1.94 mmol, CAS [870-63-3]) and other reagents and solvents in suitable
proportions.

[0233] MS (ESI+): m/z = 309.1 [M+Na]*, 325.1 [M+K]*.

35



10

15

20

25

30

35

40

45

50

55

EP 3 737 470 B9
Example E7: (3R)-3-{2-fluoro-4-[(3-methylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid methyl ester

[0234]

)\/\ O/
S (o) F

C,¢H,,FO, = 304.36

[0235] The title product was obtained as a syrup (32 mg, 49% vyield) under conditions as described in Example E1
starting from (3R)-3-(2-fluoro-4-hydroxyphenyl)hex-4-ynoic acid methyl ester (50 mg, 0.212 mmol, Example 117), com-
mercially available 1-bromo-3-methyl-2-butene (0.25 ml, 2.2 mmol, CAS [870-63-3]) and other reagents and solvents
in suitable proportions.

[0236] MS (ESI+): m/z = 327.1 [M+Na]*.

Example E8: (3S)-3-{2-fluoro-4-[(3-methylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid methyl ester

[0237]

e
o]

)\/\0 F

C,H,,FO, = 304.36

[0238] The title product was obtained as a syrup (44 mg, 76% yield) under conditions as described in Example E1
starting from (3S)-3-(2-fluoro-4-hydroxyphenyl)hex-4-ynoic acid methyl ester (45 mg, 0.191 mmol, Example 118), com-
mercially available 1-bromo-3-methyl-2-butene (0.25 ml, 2.2 mmol, CAS [870-63-3]) and other reagents and solvents
in suitable proportions.

[0239] MS (ESI+): m/z = 327.1 [M+Na]*.

Example E9: (3S)-3-[4-(2-ethylbutoxy)phenyllhex-4-ynoic acid methyl ester

[0240]

O

C,oH,0; = 302.41
[0241] Thetitle product was obtained as an oil (0.37 g, 89% yield) under conditions as described in Example E1 starting
from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (0.30 g, 1.37 mmol, Example 115), commercially available

1-bromo-2-ethylbutane (0.397 ml, 1.94 mmol, CAS [3814-34-4]) and other reagents and solvents in suitable proportions.
[0242] MS (ESI+): m/z = 325.2 [M+Na]*.
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Example E10: (3S)-3-[4-(4,4,4-trifluorobutoxy)phenyllhex-4-ynoic acid methyl ester

[0243]

C,,H,F.0, = 328.33

[0244] The title product was obtained as an oil (451 mg, 100% yield) under conditions as described in Example E1
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (300 mg, 1.37 mmol, Example 115), commercially
available 1-bromo-4,4,4-trifluorobutane (0.431 ml, 3.44 mmol, CAS [406-81-5]) and other reagents and solvents in
suitable proportions.

[0245] MS (ESI+): m/z = 351.1 [M+Na]*.

Example E11: (3S)-3-{4-[(5,5,5-trifluoropentyl)oxylphenyl}hex-4-ynoic acid methyl ester

[0246]

C,oH,,F,0, = 342.35

[0247] The title product was obtained as an oil (470 mg, 100% yield) under conditions as described in Example E1
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (300 mg, 1.37 mmol, Example 115), commercially
available 5-bromo-1,1,1-trifluoropentane (0.488 ml, 3.44 mmol, CAS [54932-74-0]) and other reagents and solvents in
suitable proportions.

[0248] MS (ESI+): m/z = 365.1 [M+Na]*.

Example E12: (3S)-3-[4-(2-methylpropoxy)phenyllhex-4-ynoic acid methyl ester

[0249]

o

N

C,,H,,0, = 274.36

[0250] The title product was obtained as an oil (460 mg, 92% yield) under conditions as described in Example E1
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (400 mg, 1.83 mmol, Example 115), commercially
available 1-bromo-2-methylpropane (1.01 g, 7.36 mmol, CAS [78-77-3]) and other reagents and solvents in suitable
proportions.

[0251] 'H NMR (300 MHz, CDCls) &: 7.30 - 7.22 (m, 2H), 6.87 - 6.79 (m, 2H), 4.09 - 4.00 (m, 1H), 3.69 (d, J = 6.5 Hz,
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2H), 3.66 (s, 3H), 2.70 (qd, J = 15.2, 7.7 Hz, 2H), 2.14 - 1.99 (m, 1H), 1.82 (d, J = 2.4 Hz, 3H), 1.01 (d, J = 6.7 Hz, 6H).
[0252] '3C NMR (75 MHz, CDCl) &: 171.70, 158.45, 133.11, 131.02, 128.36, 114.72, 79.84, 78.79, 74.61, 51.76
43.54, 33.59, 28.39, 19.37, 3.73.

[0253] MS (ESI+): m/z = 297.1 [M+Na]*.

Example E13: (3S)-3-{4-[(2R/S)-2-methylbutoxy]phenyl}hex-4-ynoic acid methyl ester

[0254]

(* racemate) C,;H,,0, = 288.38

[0255] (3S)-3-(4-Hydroxyphenyl)hex-4-ynoic acid methyl ester obtained in Example 115 (300 mg, 1.37 mmol) was
dissolved under argon atmosphere in 10 ml of dry tetrahydrofuran, triphenylphosphine (728 mg, 2.75 mmol) and com-
mercially available 2-methyl-1-butanol (0.754 ml, 6.87 mmol, CAS [137-32-6]) were added and di-isopropyl azodicarbo-
xylate (0.674 ml, 3.44 mmol) was added dropwise while stirring at such a rate so as to maintain reaction mixture just
below its boiling point. Reaction mixture was heated at 50°C for further 30 minutes after completion of addition and then
quenched with 30 ml of water. Product was extracted with diethyl ether/ethyl acetate 1:1 mixture (50 ml). Organic phase
was washed with water and brine, dried and concentrated. Product was purified by chromatography (silica gel, 230 -
400 mesh, eluent: gradient heptane-ethyl acetate from 100:1 to 20:1). The title product was obtained as a pale yellow
syrup (312 mg, 79% yield).

[0256] MS (ESI+): m/z = 311.1 [M+Na]*.

Example E14: (3S)-3-{4-[(2S)-2-methylbutoxy]phenyl}hex-4-ynoic acid methyl ester

[0257]

C,sH,,0, = 288.38
[0258] The title product was obtained as an oil (150 mg, 29% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (400 mg, 1.83 mmol, Example 115), commercially
available (S)-2-methyl-1-butanol (1.0 ml, 9.12 mmol, CAS [1565-80-6]) and other reagents and solvents in suitable
proportions.
[0259] MS (ESI+): m/z = 311.1 [M+Na]*.
Example E15: (3S)-3-(4-{[(2E)-3,7-dimethylocta-2,6-dien-1-ylJoxy}phenyl)hex-4-ynoic acid methyl ester

[0260]
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k/\/g/\o

C,;H,,0, = 354.48

[0261] The title product was obtained as an oil (364 mg, 56% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (400 mg, 1.83 mmol, Example 115), commercially
available trans-3,7-dimethyl-2,6-octadien-1-ol (geraniol, 0.566 g, 3.67 mmol, CAS [1565-80-6]) and other reagents and
solvents in suitable proportions.

[0262] MS (ESI+): m/z = 377.2 [M+Na]*.

Example E16: (3R)-3-(4-{[(2E)-3,7-dimethylocta-2,6-dien-1-ylJoxy}phenyl)hex-4-ynoic acid methyl ester

[0263]

C,H,,0, = 354.48

[0264] The title product was obtained as an oil (292 mg, 45% yield) under conditions as described in Example E13
starting from (3R)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (400 mg, 1.83 mmol, Example 116), commercially
available trans-3,7-dimethyl-2,6-octadien-1-ol (geraniol, 0.566 g, 3.67 mmol, CAS [1565-80-6]) and other reagents and
solvents in suitable proportions.

[0265] MS (ESI+): m/z = 377.2 [M+Na]*.

Example E17: (3S)-3-(4-{[(22)-3,7-dimethylocta-2,6-dien-1-ylJoxy}phenyl)hex-4-ynoic acid methyl ester

[0266]

o~
V4

"o

C,;H,,0, = 354.48

[0267] The title product was obtained as an oil (368 mg, 57% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (400 mg, 1.83 mmol, Example 115), commercially
available (Z)-3,7-dimethyl-2,6-octadien-1-ol (nerol, 0.874 g, 5.5 mmol, CAS [106-25-2]) and other reagents and solvents
in suitable proportions.

[0268] MS (ESI+): m/z = 377.2 [M+Na]*.

Example E18: (3S)-3-(4-{[(3R)-3,7-dimethylocta-6-en-1-ylloxy}phenyl)hex-4-ynoic acid methyl ester

[0269]
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Il

C,;H.,0, = 356.50

[0270] The title product was obtained as an oil (330 mg, 51% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (400 mg, 1.83 mmol, Example 115), commercially
available (R)-(+)-citronellol (0.584 g, 3.67 mmol, CAS [1117-61-9]) and other reagents and solvents in suitable propor-
tions.

[0271] MS (ESI+): m/z = 379.2 [M+Na]*.

Example E19: (3S)-3-(4-{[(3S)-3,7-dimethylocta-6-en-1-ylJoxy}phenyl)hex-4-ynoic acid methyl ester

Il

C,H.,0, = 356.50

[0272]

[0273] The title product was obtained as an oil (395 mg, 61% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (400 mg, 1.83 mmol, Example 115), commercially
available (S)-(-)-citronellol (0.877 g, 5.5 mmol, CAS [1117-61-9]) and other reagents and solvents in suitable proportions.
[0274] MS (ESI+): m/z = 379.2 [M+Na]*.

Example E20: (3R/S)-3-(4-{[(2E,6E)-3,7,11-trimethyldodeca-2,6,10-trien-1-ylJoxy}-phenyl)hex-4-ynoic acid methyl ester

I,
*k o/
)%/\)\/\)\/\o

(* racemate) C,;H,;0; = 422.60

[0275]

[0276] Thetitle productwas obtained as an oil (204 mg, racemate, 70% yield) under conditions as described in Example
E13 starting from (3R/S)-3-(4-hydroxyphenyl)-hex-4-ynoic acid (150 mg, 0.67 mmol, Example 17, esterified under con-
ditions of Example 115), commercially available trans, trans-farnesol (0.271 g, 1.17 mmol, CAS 106-28-5]) and other
reagents and solvents in suitable proportions.

[0277] MS (ESI+): m/z = 445.3 [M+Na]*.

Example E21: (3S)-3-{4-[(2,3-dimethylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid methyl ester

[0278]
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O
C,4H,,0, = 300.39

[0279] The title product was obtained as an oil (850 mg, 39% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (1.6 mg, 7.33 mmol, Example 115), 2,3-dimethylbut-
2-en-1-ol (1.47 g, 14.7 mmol, obtained in Example 120) and other reagents and solvents in suitable proportions.
[0280] MS (ESI+): m/z = 323.2 [M+Na]*, 623.3 [2M+Na]*.

Example E22: (3S)-3-[4-(pent-3-yn-1-yloxy)phenyl]lhex-4-ynoic acid methyl ester

[0281]

(R
O/
\/\
(0]

C,sH,,0; = 284.35
[0282] The title product was obtained as an oil (109 mg, 60% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (140 mg, 0.641 mmol, Example 115), commercially
available 3-pentyn-1-ol (0.540 g, 6.41 mmol, CAS [10229-10-4]) and other reagents and solvents in suitable proportions.
[0283] MS (ESI+): m/z = 307.1 [M+Na]*.
Example E23: (3S)-3-[4-(pent-2-yn-1-yloxy)phenyllhex-4-ynoic acid methyl ester

[0284]

C,;H,,0, = 284.35

[0285] The title product was obtained as an oil (139 mg, 36% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (300 mg, 1.37 mmol, Example 115), commercially
available 2-pentyn-1-ol (0.590 g, 6.87 mmol, CAS [6261-22-9]) and other reagents and solvents in suitable proportions.
[0286] MS (ESI+): m/z = 307.1 [M+Na]*.

Example E24: (3S)-3-{4-[(2E)-hex-2-en-1-yloxy]phenyl}hex-4-ynoic acid methyl ester

[0287]
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WO
C,oH,,0, = 300.39
[0288] The title product was obtained as an oil (256 mg, 62% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (300 mg, 1.37 mmol, Example 115), commercially
available trans-2-hexen-1-ol (0.725 g, 6.87 mmol, CAS [928-95-0]) and other reagents and solvents in suitable propor-

tions.
[0289] MS (ESI+): m/z = 323.2 [M+Na]*.

Example E25: (3S)-3-[4-(pent-4-en-1-yloxy)phenyl]hex-4-ynoic acid methyl ester

[0290]

Wo
C,cH,,0, = 286.37

[0291] The title product was obtained as an oil (291 mg, 74% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (300 mg, 1.37 mmol, Example 115), commercially
available 4-penten-1-ol (0.237 g, 2.75 mmol, CAS [821-09-0]) and other reagents and solvents in suitable proportions.
[0292] MS (ESI+): m/z = 309.1 [M+Na]*.

Example E26: (3S)-3-{4-[(2E,4E)-hexa-2,4-dien-1-yloxy]phenyl}hex-4-ynoic acid methyl ester

[0293]

AN
C,oH,,0, = 298.38

[0294] The title product was obtained as a syrup (342 mg, 83% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (300 mg, 1.37 mmol, Example 115), commercially
available trans,trans-2,4-hexadien-1-ol (0.167 g, 1.65 mmol, CAS [17102-64-6]) and other reagents and solvents in
suitable proportions.
[0295] MS (ESI+): m/z = 321.1 [M+Na]*.
Example E27: (3S)-3-{4-[(2R/S)-pentan-2-yloxy]phenyl}hex-4-ynoic acid methyl ester

[0296]
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Il
A;\*o@h ’

(* racemate) C,;H,,0, = 288.38

[0297] The title product was obtained as a syrup (312 mg, 79% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (300 mg, 1.37 mmol, Example 115), commercially
available 2-pentanol (0.148 g, 1.65 mmol, CAS [6032-29-7]) and other reagents and solvents in suitable proportions.
[0298] MS (ESI+): m/z = 311.1 [M+Na]*.

Example E28: (3S)-3-(4-{[(3R/S)-3-methylpentylJoxy}phenyl)hex-4-ynoic acid methyl ester

(-
vﬁ/\o@/b%/

(* racemate) C, H,,0,_302.41

[0299]

[0300] The title product was obtained as a syrup (332 mg, 80% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (300 mg, 1.37 mmol, Example 115), commercially
available 3-methyl-1-pentanol (0.248 g, 2.75 mmol, CAS [589-35-5]) and other reagents and solvents in suitable pro-
portions.

[0301] MS (ESI+): m/z = 325.2 [M+Na]*.

Example E29: (3S)-3-[4-(pentan-3-yloxy)phenyllhex-4-ynoic acid methyl ester

st

C,H,,0, = 288.38

[0302]

[0303] The title product was obtained as a syrup (100 mg, 54% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (140 mg, 0.641 mmol, Example 115), commercially
available 3-pentanol (0.577 g, 6.41 mmol, CAS [584-02-1]) and other reagents and solvents in suitable proportions.
[0304] MS (ESI+): m/z=311.1 [M+Na]*.

Example E30: (3S)-3-[4-(3,3-dimethylbutoxy)phenyllhex-4-ynoic acid methyl ester

[0305]
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C,oH,;0,=302.41
[0306] The title product was obtained as a syrup (120 mg, 49% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (178 mg, 0.816 mmol, Example 115), commercially
available 3,3-dimethyl-1-butanol (0.344 g, 3.26 mmol, CAS [624-95-3]) and other reagents and solvents in suitable
proportions.
[0307] MS (ESI+): m/z = 325.2 [M+Na]*.
Example E31: (3S)-3-{4-[(2R/S)-2,3-dimethylbutoxy]phenylthex-4-ynoic acid methyl ester

[0308]

(* racemate) C,,H,,0, = 302.41
[0309] The title product was obtained as an oil (1200 mg, 62% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (1.4 g, 6.41 mmol, Example 115), (2R/S)-2,3-dimeth-
ylbutan-1-ol (1.30 g, 12.7 mmol, obtained in Example 121) and other reagents and solvents in suitable proportions.
[0310] MS (ESI+): m/z = 325.2 [M+Na]*.
Example E32: (3S)-3-{4-[(3-methylbut-3-en-1-yl)oxy]phenyl}hex-4-ynoic acid methyl ester

[0311]

C,,H,,0, = 286.37

[0312] The title product was obtained as a syrup (370 mg, 63% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (450 mg, 2.06 mmol, Example 115), commercially
available 3-methyl-3-buten-1-ol (0.512 g, 5.94 mmol, CAS [763-32-6]) and other reagents and solvents in suitable pro-
portions.

[0313] MS (ESI+): m/z = 309.1 [M+Na]*.

Example E33: (35)-3-(4-{[(2R/S)-3-methylbutan-2-ylJoxy}phenyl)hex-4-ynoic acid methyl ester

[0314]
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(* racemate) C,;H,,0, = 288.38

[0315] The title product was obtained as a syrup (407 mg, 62% yield under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (500 mg, 2.29 mmol, Example 115), commercially
available 3-methyl-2-butanol (0.453 g, 5.04 mmol, CAS [598-75-4]) and other reagents and solvents in suitable propor-
tions.

[0316] MS (ESI+): m/z = 311.2 [M+Na]*.

Example E34: (3S)-3-{4-[(2R)-butan-2-yloxy]phenyl}hex-4-ynoic acid methyl ester

(LI
sty

C,,H,,0, = 274.36

[0317]

[0318] The title product was obtained as a syrup (415 mg, 66% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (500 mg, 2.29 mmol, Example 115), commercially
available (S)-(+)-2-butanol (0.401 g, 5.36 mmol, CAS [4221-99-2]) and other reagents and solvents in suitable proportions.
[0319] MS (ESI+): m/z = 297.1 [M+Na]*.

Example E35: (3S)-3-{4-[(2S)-butan-2-yloxy]phenyl}hex-4-ynoic acid methyl ester

Il o
0/
\)""0

C,,H,,0, = 274.36

[0320]

[0321] The title product was obtained as a syrup (369 mg, 59% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (500 mg, 2.29 mmol, Example 115), commercially
available (R)-(-)-2-butanol (0.401 g, 5.36 mmol, [14898-79-4]) and other reagents and solvents in suitable proportions.
[0322] MS (ESI+): m/z = 297.1 [M+Na]*.

Example E36: (3S)-3-(4-{[(2E)-4-methylpenta-2,4-dien-1-ylJoxy}phenyl)hex-4-ynoic acid methyl ester

[0323]
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A0

C,oH,,0, = 298.38

[0324] The title product was obtained as an oil (2.11 g, 52% yield) under conditions as described in Example E13
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid methyl ester (2.97 g, 13.6 mmol, Example 115), 2(E)-4-methyl-
penta-2,4-dien-1-ol (2.0 g, 20.4 mmol, obtained in Example 128) and other reagents and solvents in suitable proportions.
[0325] MS (ESI+): m/iz = 321.1 [M+Na]*.

Example E37: (3S)-3-(4-butoxyphenyl)hex-4-ynoic acid butyl ester

[0326]

Il o

0”7 TN
/\/\O
C,oH,:0; = 316.44

[0327] (3S)-3-(4-Hydroxyphenyl)hex-4-ynoic acid obtained in Example 111 (244 mg, 1.19 mmol) and commercially
available 1-bromobutane (0.9 ml, 8.36 mmol, CAS [109-65-9]) were dissolved in dry N,N’-dimethylformamide (10 ml),
cesium carbonate (1.0 g, 3.04 mmol) was added and the whole was stirred at 50°C for 18 hours. Reaction was quenched
with water (50 ml). The product was extracted with diethyl ether/ethyl acetate 1:1 mixture (50 ml). Organic phase was
washed with 3% aqueous sulfuric acid solution, water and brine, dried and concentrated. The product was purified by
chromatography (silica gel 60, 230 - 400 mesh, eluent: heptane-ethyl acetate gradient from 100:1 to 20:1). The title
product was obtained as a pale yellow syrup (275 mg, 73% yield).

[0328] 'H NMR (300 MHz, CDCl5) §: 7.31 - 7.22 (m, 2H), 6.87 - 6.79 (m, 2H), 4.18 - 3.99 (m, 1H), 4.07 (t, J = 6.6 Hz,
2H), 3.94 (t, J = 6.6 Hz, 2H), 2.69 (qd, J = 15.0, 7.7 Hz, 2H), 1.82 (d, J = 2.4 Hz, 3H), 1.81 - 1.69 (m, 2H), 1.62 - 1.42
(m, 4H), 1.41 - 1.23 (m, 2H), 0.96 (t, J = 7.4 Hz, 3H), 0.91 (t, J = 7.3 Hz, 3H).

[0329] '3C NMR (75 MHz, CDCl3) 8:171.42, 158.29, 133.13, 128.40, 114.64, 79.89, 78.76, 67.81, 64.53, 43.81, 33.69,
31.47, 30.78, 19.38, 19.19, 13.97, 13.82, 3.77.

[0330] MS (ESI+): m/z = 339.1 [M+Na]*, 355.2 [M+K]*, 655.4 [2M+Na]*.

Example E38: (3S)-3-[4-(Pentyloxy)phenyllhex-4-ynoic acid pentyl ester

[0331]

Il

o NN

NNV
C,,H,,0, = 344.49

[0332] The title product was obtained as an oil (225 mg, 94% yield) under conditions as described in Example E37
starting from (3S)-3-(4-hydroxyphenyl)hex-4-ynoic acid (142 mg, 0.697 mmol, Example 111), commercially available 1-
bromopentane (615 mg, 4.07 mmol, CAS [110-53-2]) and other reagents and solvents in suitable proportions.

[0333] 'H NMR (300 MHz, CDCl5) §: 7.31 - 7.22 (m, 2H), 6.87 - 6.79 (m, 2H), 4.06 (t, J = 6.7 Hz, 2H), 4.10 - 3.99 (m,
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1H), 3.92 (t, J = 6.3 Hz, 2H), 2.69 (qd, J = 15.0, 7.7 Hz, 2H), 1.82 (d, J = 2.4 Hz, 3H), 1.80 - 1.71 (m, 2H), 1.66 - 1.52
(m, 2H), 1.51 - 1.21 (m, 8H), 0.98 - 0.82 (m, 6H).

[0334] '3C NMR (75 MHz, CDCl3) 8: 171.42, 158.28, 133.13, 128.40, 114.63, 79.90, 78.75, 68.11, 64.84, 43.80, 33.68,
29.11, 28.44, 28.34, 28.13, 22.59, 22.44, 14.15, 14.08, 3.78.

[0335] MS (ESI+): m/z = 367.2 [M+Na]*.

Example E39: (3R/S)-3-[4-(3-methylbutoxy)phenyllhex-4-ynoic acid 3-methylbutyl ester

[0336]

0
LI~ N
PN
(* racemate) C,,H,,0, = 344.49

[0337] The title product was obtained as an oil (327 mg, quantitative yield) under conditions as described in Example
E37, starting from (3R/S)-3-(4-hydroxyphenyl)-hex-4-ynoic acid (200 mg, 0.979 mmol, Example I7), commercially avail-
able 1-bromo-3-methylbutane (0.3 ml, 2.45 mmol, CAS [107-82-4]) and other reagents and solvents in suitable propor-
tions.

[0338] MS (ESI+): m/z=367.2 [M+Na]*, 711.5 [2M+Na]*.

Final compounds of the invention

[0339] Representative examples ofthe preparation ofthe compounds of the invention of formula (1) are presented below.
[0340] Examples ofthe compounds the number of which is preceded by letter F relate to the compounds of the invention
in the form of free acids.

[0341] Examples of the compounds the number of which is preceded by letter S relate to the compounds of the
invention in the form of salt.

Example Reference F1: (3S)-3-(4-propoxyphenyl)hex-4-ynoic acid

[0342]

OH

e C,sH,;0, = 246.30

[0343] (3S)-3-(4-Propoxyphenyl)hex-4-ynoic acid methyl ester obtained in Example E1 (130 mg, 0.499 mmol) was
dissolved in the mixture of tetrahydrofuran (20 ml) and methanol (10 ml), 120 mg (2.86 mmol) of lithium hydroxide
monohydrate were added while stirring and the reaction mixture was heated at 40 °C with stirring for 18 hours. Reaction
was quenched by addition of diethyl ether (20 ml) and acidification with 3% aqueous sulfuric acid solution (20 ml) and
the product was extracted with ethyl acetate (2x 20 ml). Organic phase was separated, washed with brine and dried.
After evaporation the residue was purified by chromatography (silica gel, 230 - 400 mesh, eluent: heptane-ethyl acetate
gradient from 5:1 to 1:1) to give 73 mg of the product (amorphous solid, 59% yield).

[0344] 'HNMR (300 MHz, CDCl5) §: 7.32 - 7.26 (m, 2H), 6.89 - 6.81 (m, 2H), 4.04 (ddq, J = 8.8, 4.7, 2.2 Hz, 1H), 3.89
(t, J= 6.6 Hz, 2H), 2.75 (qd, J = 15.7, 7.6 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.86 - 1.72 (m, 2H), 1.02 (t, J = 7.4 Hz, 3H).
[0345] 13C NMR (75 MHz, CDCl3) 8: 177.38, 158.36, 132.87,128.41,114.74,79.61,79.11, 69.67, 43.46, 33.26, 22.71,
10.65, 3.79.

[0346] MS (ESI+): m/z=269.1 [M+Na]*, 285.1 [M+K]*, 515.2[2M+Na]*. MS (ESI-): m/z=281.1 [M+ClI]-, 491.2 [2M-H]".
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Example F2: (3S)-3-(4-butoxyphenyl)hex-4-ynoic acid

[0347]

OH

NN
° C,oH,00, = 260.33

[0348] The title product was obtained as an oil (178 mg, 88% yield) under conditions as described in Example F1,
using (3S)-3-(4-butoxyphenyl)hex-4-ynoic acid butyl ester obtained in Example E37 (245 mg, 0.774 mmol) and other
reagents and solvents in suitable proportions.

[0349] 'H NMR (300 MHz, CDClj) &: § 7.33 - 7.22 (m, 2H), 6.89 - 6.80 (m, 2H), 4.10 - 3.98 (m, 1H), 3.94 (t, J=6.5
Hz, 2H), 2.75 (qd, J = 15.7, 7.6 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.81 - 1.69 (m, 2H), 1.56 - 1.40 (m, 2H), 0.96 (t, J =
7.4 Hz, 3H).

[0350] '3C NMR (75 MHz, CDClj) 8: 177.42, 158.36, 132.83, 128.40, 114.71, 79.60, 79.10, 67.83, 43.46, 33.25, 31.45,
19.38, 13.97, 3.78.

[0351] MS (ESI+): m/z =283.1 [M+Na]*, 299.1 [M+K]*, 543.3 [2M+Na]*. MS (ESI-): m/z = 259.1 [M-H]-, 295.1 [M+ClI]-
, 519.3 [2M-H]~.

Example F3: (3S)-3-[4-(pentyloxy)phenyl]lhex-4-ynoic acid

[0352]

OH

NN
C,,H,,0, = 274.36

[0353] The title product was obtained as an oil (130 mg, 78% yield) under conditions as described in Example F1,
using (3S)-3-(4-pentyloxyphenyl)hex-4-ynoic acid pentyl ester obtained in Example E38 (210 mg, 0.61 mmol) and other
reagents and solvents in suitable proportions.

[0354] 'H NMR (300 MHz, CDCl5) §: 7.31 - 7.25 (m, 2H), 6.88 - 6.81 (m, 2H), 4.09 - 3.99 (m, 1H), 3.93 (t, J = 6.0 Hz,
2H),2.75(qd, J=15.6, 7.6 Hz, 2H), 1.83 (d, J=2.4 Hz, 3H), 1.80 - 1.72 (m, 2H), 1.49- 1.30 (m, 4H), 0.93 (t, = 7.1 Hz, 3H).
[0355] 13C NMR (75 MHz, CDCl3) 8: 177.23, 158.36, 132.85,128.41, 114.72,79.62, 79.10, 68.15, 43.45, 33.27, 29.11,
28.34, 22.60, 14.16, 3.80.

[0356] MS (ESI+): m/z =297.1 [M+Na]*, 313.1 [M+K]*, 571.3 [2M+Na]*. MS (ESI-): m/z = 273.1 [M-H]-, 309.1 [M+CI]-
, 547.3 [2M-H]-.

Example F4: (3S)-3-[4-(hexyloxy)phenyllhex-4-ynoic acid

[0357]

OH
NN -
0 C,.H,,0, = 288.38
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[0358] The title product was obtained as an amorphous solid (75 mg, 56% yield) under conditions as described in
Example F1, using (3S)-3-(4-hexyloxyphenyl)hex-4-ynoic acid methyl ester obtained in Example E2 (140 mg, 0.463
mmol) and other reagents and solvents in suitable proportions.

[0359] 'H NMR (300 MHz, CDCl3) §: 7.31 - 7.24 (m, 2H), 6.89 - 6.79 (m, 2H), 4.09 - 3.99 (m, 1H), 3.93 (t, J = 6.6 Hz,
2H), 2.75 (qd, J = 15.7, 7.6 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.82 - 1.70 (m, 2H), 1.51 - 1.37 (m, 2H), 1.38 - 1.23 (m,
4H), 0.90 (t, J = 7.0 Hz, 3H).

[0360] '3C NMR (75 MHz, CDCl3) 8: 177.20, 158.39, 132.85,128.41, 114.74,79.62,79.12, 68.18, 43.45, 33.28, 31.73,
29.39, 25.87, 22.75, 14.17, 3.80.

[0361] MS (ESI+): m/iz=311.2 [M+Na]*, 327.1 [M+K]*, 599.3 [2M+Na]*. MS (ESI-): m/z = 287.2 [M-H]-, 323.1 [M+CI]-
, 575.3 [2M-H]-.

Example F5: (3S)-3-[4-(heptyloxy)phenyllhex-4-ynoic acid

[0362]

OH

NN
© C,.H,,0,=302.41

[0363] The title product was obtained as an amorphous solid (108 mg, 80% yield) under conditions as described in
Example F1, using (3S)-3-(4-heptyloxyphenyl)hex-4-ynoic acid methyl ester obtained in Example E3 (140 mg, 0.463
mmol) and other reagents and solvents in suitable proportions.

[0364] 'H NMR (300 MHz, CDCl5) &: 7.32 - 7.24 (m, 2H), 6.89 - 6.80 (m, 2H), 4.04 (ddd, J = 8.7, 5.6, 2.4 Hz, 1H), 3.93
(t, J=6.6 Hz, 2H), 2.75 (ddd, J = 22.4, 15.7, 7.6 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.87 - 1.69 (m, 2H), 1.50 - 1.22 (m,
8H), 0.89 (t, J = 6.0 Hz, 3H).

[0365] 13C NMR (75 MHz, CDCl3) 8: 177.22, 158.39, 132.85,128.41, 114.74,79.62,79.12,68.17, 43.45, 33.28, 31.93,
29.42, 29.20, 26.16, 22.75, 14.22, 3.80.

[0366] MS (ESI+): m/z=325.2[M+Na]*, 341.2 [M+K]*, 627.4 [2M+Na]*. MS (ESI-): m/z=337.2 [M+ClI], 603.4 [2M-H]-.

Example F6: (3S)-3-(4-{[(2E)-3,7-dimethylocta-2,6-dien-1-yl]Joxy}phenyl)hex-4-ynoic acid

[0367]

)\/\/k/\ "
" NS o

C,,H,,0, = 340.46

[0368] The title product was obtained as an oil (246 mg, 73% yield) under conditions as described in Example F1,
using (3S)-3-(4-{[(2E)-3,7-dimethylocta-2,6-dien-1-yl]-oxy}phenyl)hex-4-ynoic acid methyl ester obtained in Example
E15 (350 mg, 0.987 mmol) and other reagents and solvents in suitable proportions.

[0369] 'H NMR (300 MHz, CDCls) &: 7.33 - 7.24 (m, 2H), 6.91 - 6.83 (m, 2H), 5.48 (td, J = 6.5, 1.1 Hz, 1H), 5.14 -
5.04 (m, 1H), 4.51 (d, J = 6.5 Hz, 2H), 4.05 (ddd, J = 8.6, 6.6, 2.4 Hz, 1H), 2.75 (qd, J = 15.7, 7.6 Hz, 2H), 2.20 - 2.02
(m, 4H), 1.83 (d, J = 2.4 Hz, 3H), 1.73 (s, 3H), 1.68 (s, 3H), 1.61 (s, 3H).

[0370] '3C NMR (75 MHz, CDCl;) 8: 176.96, 158.12, 141.31, 132.97, 131.94, 128.41, 123.95, 119.65, 114.92, 79.61,
79.13, 65.03, 43.41, 39.69, 33.28, 26.44, 25.82, 17.84, 16.78, 3.81.

[0371] MS (ESI+): m/z = 363.2 [M+Na]*. MS (ESI-): m/z = 375.2 [M*CI]-.
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Example F7: (3R)-3-(4-{[(2E)-3,7-dimethylocta-2,6-dien-1-ylJoxy}phenyl)hex-4-ynoic acid

[0372]

C,,H,,0, = 340.46

[0373] The title product was obtained as an oil (169 mg, 63% yield) under conditions as described in Example F1,
using (3R)-3-(4-{[(2E)-3,7-dimethylocta-2,6-dien-1-yl]-oxy}phenyl)hex-4-ynoic acid methyl ester obtained in Example
E16 (280 mg, 0.790 mmol) and other reagents and solvents in suitable proportions. Spectral data identical with Example
F6.

Example F8: (3S)-3-(4-{[(3R)-3,7-dimethylocta-6-en-1-ylJoxy}phenyl)hex-4-ynoic acid

[0374]

)\/\/k/\ "
X 0
C,,H,,0, = 342.47

[0375] The title product was obtained as an oil (190 mg, 66% yield) under conditions as described in Example F1,
using (3S)-3-(4-{[(3R)-3,7-dimethylocta-6-en-1-ylJoxy}-phenyl)hex-4-ynoic acid methyl ester obtained in Example E18
(300 mg, 0.842 mmol) and other reagents and solvents in suitable proportions.

[0376] 'H NMR (300 MHz, CDClj) §: 7.32 - 7.23 (m, 2H), 6.88 - 6.80 (m, 2H), 5.15 - 5.06 (m, 1H), 4.10 - 3.92 (m, 3H),
2.75(ddd, J=22.4,15.7, 7.6 Hz, 2H), 2.10 - 1.91 (m, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.88 - 1.75 (m, 1H), 1.68 (d, J= 1.1
Hz, 3H), 1.60 (d, J = 0.8 Hz, 3H), 1.74 - 1.50 (m, 2H), 1.46 - 1.32 (m, 1H), 1.28 - 1.14 (m, 1H), 0.94 (d, J = 6.5 Hz, 3H).
[0377] '3C NMR (75 MHz, CDCl3) &: 177.23, 158.38, 132.89, 131.40, 128.41, 124.84, 114.77, 79.63, 79.12, 66.46,
43.46, 37.28, 36.30, 33.29, 29.69, 25.84, 25.60, 19.69, 17.80, 3.78.

[0378] MS (ESI+): m/z = 365.2 [M+Na]*. MS (ESI-): m/z = 377.2 [M+ClI]-.

Example F9: (3S)-3-(4-{[(3S)-3,7-dimethylocta-6-en-1-ylloxy}phenyl)hex-4-ynoic acid

[0379]

OH

Q
C,,H,,0, = 342.47
[0380] The title product was obtained as an oil (170 mg, 59% yield) under conditions as described in Example F1,

using (3S)-3-(4-{[(3S)-3,7-dimethylocta-6-en-1-ylloxy}-phenyl)hex-4-ynoic acid methyl ester obtained in Example E19
(300 mg, 0.842 mmol) and other reagents and solvents in suitable proportions. Spectral data identical with Example F8.
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Example F10: (3S)-3-(4-{[(2Z2)-3,7-dimethylocta-2,6-dien-1-ylloxy}phenyl)hex-4-ynoic acid

[0381]

OH

<
0

C,,H,;0, = 340.46

[0382] The title product was obtained as an oil (231 mg, 69% yield) under conditions as described in Example F1,
using (3S)-3-(4-{[(22)-3,7-dimethylocta-2,6-dien-1-yl]-oxy}phenyl)hex-4-ynoic acid methyl ester obtained in Example
E17 (350 mg, 0.987 mmol) and other reagents and solvents in suitable proportions.

[0383] 'H NMR (300 MHz, CDCl5) &: 7.31 - 7.25 (m, 2H), 6.89 - 6.82 (m, 2H), 5.49 (id, J = 6.7, 1.4 Hz, 1H), 5.16 -
5.05 (m, 1H), 4.48 (dd, J = 6.7, 1.0 Hz, 2H), 4.05 (ddq, J = 8.8, 4.7, 2.3 Hz, 1H), 2.75 (ddd, J = 22.4, 15.7, 7.6 Hz, 2H),
2.17-2.07 (m,4H),1.83(d,J =2.4 Hz, 3H), 1.79 (dd, J =2.3, 1.0 Hz, 3H), 1.68 (d, J = 0.9 Hz, 3H), 1.60 (d, J= 1.0 Hz, 3H).
[0384] 13C NMR (75 MHz, CDCls) 5: 177.08, 158.10, 141.71, 132.99, 132.29, 128.41, 123.80, 120.55, 114.91, 79.62,
79.13, 64.67, 43.43, 33.28, 32.56, 26.73, 25.83, 23.62, 17.80, 3.76.

[0385] MS (ESI+): m/z = 363.2 [M+Na]*. MS (ESI-): m/z = 375.2 [M+CI].

Example F11: (3R/S)-3-(4-{[(2E,6E)-3,7,11-trimethyldodeca-2,6,10-trien-1-ylJoxy}-phenyl)hex-4-ynoic acid

[0386]

OH

X Y NS o

(* racemate) C,,H,,0, = 408.57

[0387] The title product was obtained as an oil (42 mg, 33% yield) under conditions as described in Example F1, using
(3R/S)-3-(4-{[(2E,6E)-3,7,11-trimethyldodeca-2,6,10-trien-1-yl]Joxy}phenyl)hex-4-ynoic acid methyl ester obtained in Ex-
ample E20 (198 mg, 0.469 mmol) and other reagents and solvents in suitable proportions.

[0388] 'H NMR (300 MHz, CDCl5) &: 7.34 - 7.23 (m, 2H), 6.93 - 6.81 (m, 2H), 5.48 (dt, J = 6.5, 3.3 Hz, 1H), 5.17 -
5.04 (m, 2H), 4.51 (d, J = 6.5 Hz, 2H), 4.10 - 4.00 (m, 1H), 2.75 (ddd, J = 22.4, 15.7, 7.6 Hz, 2H), 2.20 - 1.93 (m, 8H),
1.83 (d, J = 2.4 Hz, 3H), 1.73 (d, J = 1.1 Hz, 3H), 1.68 (d, J = 1.1 Hz, 3H), 1.60 (s, 6H).

[0389] '3C NMR (75 MHz, CDCl3) §: 176.85, 158.12, 141.34, 135.55, 132.98, 131.45, 128.40, 124.46, 123.83, 119.64,
114.91, 79.61, 79.12, 65.02, 43.40, 39.83, 39.69, 33.28, 26.85, 26.36, 25.83, 17.83, 16.80, 16.16, 3.80.

[0390] MS (ESI+): m/iz = 431.3 [M+Na]*. MS (ESI-): m/z = 443.2 [M*ClI]-.

Example F12: (3S)-3-[4-(2-methylpropoxy)phenyl]lhex-4-ynoic acid

[0391]
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OH

N

C,;H,,0, = 260.33

[0392] The title product was obtained as an amorphous solid (356 mg, 87% yield) under conditions as described in
Example F1, using (3S)-3-[4-(2-methylpropoxy)phenyl]-hex-4-ynoic acid methyl ester obtained in Example 12 (430 mg,
1.57 mmol) and other reagents and solvents in suitable proportions.

[0393] 'H NMR (300 MHz, CDCl5) &: 7.31 - 7.25 (m, 2H), 6.88 - 6.80 (m, 2H), 4.04 (ddq, J = 9.0, 7.0, 2.3 Hz, 1H), 3.69
(d, J = 6.5 Hz, 2H), 2.75 (ddd, J = 22.4, 15.7, 7.6 Hz, 2H), 2.07 (tq, J = 13.3, 6.6 Hz, 1H), 1.82 (d, J = 2.4 Hz, 3H), 1.01
(d, J = 6.7 Hz, 6H).

[0394] '3C NMR (75 MHz, CDCl3) 8: 177.30, 158.52, 132.86, 128.40, 114.79, 79.64, 79.10, 74.64, 43.45, 33.29, 28.40,
19.39, 3.78.

[0395] MS (ESI+): m/z = 283.1 [M+Na]*. MS (ESI-): m/z = 295.1 [M*CI]-.

Example F13: (3S)-3-(4-{[(2R/S)-3-methylbutan-2-ylJoxy}phenyl)hex-4-ynoic acid

[0396]

OH

x O

(* racemate) C,,H,,0, = 274.36

[0397] The title product was obtained as an amorphous solid (266 mg, 78% yield) under conditions as described in
Example F1, using (3S)-3-(4-{[(2R/S)-3-methylbutan-2-ylJoxy}phenyl)hex-4-ynoic acid methyl ester obtained in Example
33 (360 mg, 1.248 mmol) and other reagents and solvents in suitable proportions.

[0398] 'H NMR (300 MHz, CDCl3) §: 7.31 - 7.22 (m, 2H), 6.87 - 6.79 (m, 2H), 4.12 - 4.07 (m, 1H), 4.10 (t, J = 6.0, 1H),
2.75 (qd, J = 15.7, 7.6 Hz, 2H), 1.91 (qd, J = 12.5, 6.8 Hz, 1H), 1.83 (d, J = 2.4 Hz, 3H), 1.21 (d, J = 6.2 Hz, 3H), 0.96
(dd, J = 8.7, 6.8 Hz, 6H).

[0399] 3CNMR (75 MHz, CDClj) §: 177.18, 157.69, 132.78, 128.44, 116.17, 79.68, 79.08, 78.71, 43.48, 33.31, 33.14,
18.64, 17.89, 16.19, 3.77.

[0400] MS (ESI+): m/iz=297.1 [M+Na]*. MS (ESI-): m/z = 309.1 [M+CI]-.

Example F14: (3S)-3-{4-[(2R)-butan-2-yloxy]phenylthex-4-ynoic acid

[0401]

\)\ "
(o)

C,H,,0, = 260.33
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[0402] The title product was obtained as an amorphous solid (345 mg, 91% yield) under conditions as described in
Example F1, using (3S)-3-{4-[(2R)-butan-2-yloxy]phenyl}-hex-4-ynoic acid methyl ester obtained in Example 34 (400
mg, 1.458 mmol) and other reagents and solvents in suitable proportions.

[0403] 'H NMR (300 MHz, CDCls) §: 7.30 - 7.22 (m, 2H), 6.87 - 6.79 (m, 2H), 4.26 (h, J = 6.1 Hz, 1H), 4.04 (ddq, J =
8.8,4.7,2.2 Hz, 1H), 2.75 (qd, J = 15.6, 7.6 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.81 - 1.52 (m, 2H), 1.27 (d, J = 6.1 Hz,
3H), 0.96 (t, J = 7.4 Hz, 3H).

[0404] '3C NMR (75 MHz, CDCl,) 8:177.13, 157.51, 132.87,128.45, 116.16, 79.67, 79.09, 75.31, 43.47, 33.31, 29.35,
19.43, 9.91, 3.76.

[0405] MS (ESI+): m/z = 283.1 [M+Na]*. MS (ESI-): m/z = 395.1 [M+CI].

[0406] Selected values of CD spectrum: -6.31479 m°(278.6 nm); -5.29875 m°(285 nm).

Example F15: (3S)-3-{4-[(2S)-butan-2-yloxy]phenyl}hex-4-ynoic acid

[0407]

OH
\)‘q’o

C,sH,,0; = 260.33
[0408] The title product was obtained as an oil (278 mg, 85% yield) under conditions as described in Example F1,
using (3S)-3-{4-[(2S)-butan-2-yloxy]phenyl}hex-4-ynoic acid methyl ester obtained in Example 35 (345 mg, 1.262 mmol)
and other reagents and solvents in suitable proportions. Spectral analysis data identical to those for Example F14.

[0409] Selected values of CD spectrum: +3.90002 m°(277.0 nm); +2.71404 m°(283.6 nm).

Example F16: (3S)-3-{4-[(2R/S)-pentan-2-yloxy]phenyl}hex-4-ynoic acid

] (I

(* racemate) C,,H,,0, = 274.36

[0410]

[0411] The title product was obtained as an oil (124 mg, 52% yield) under conditions as described in Example F1,
using (3S)-3-{4-[(2R/S)-pentan-2-yloxy]phenyl}hex-4-ynoic acid methyl ester obtained in Example 27 (250 mg, 0.867
mmol) and other reagents and solvents in suitable proportions.

[0412] MS (ESI+): m/z = 297.1 [M+Na]*. MS (ESI-): m/z = 309.1 [M+CI].

Example F17: (3S)-3-[4-(pentan-3-yloxy)phenyl]hex-4-ynoic acid

[0413]
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0

C,,H,,0, = 274.36

[0414] The title product was obtained as an oil (75 mg, 43% yield) under conditions as described in Example F1, using
(3S)-3-[4-(pentan-3-yloxy)phenyllhex-4-ynoic acid methyl ester obtained in Example 29 (185 mg, 0.641 mmol) and other
reagents and solvents in suitable proportions.

[0415] 'H NMR (300 MHz, CDCls) §: 7.31 - 7.23 (m, 2H), 6.88 - 6.80 (m, 2H), 4.12 - 3.99 (m, 2H), 2.75 (qd, J = 15.7,
7.6 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.72 - 1.60 (m, 4H), 0.94 (t, J = 7.4 Hz, 6H).

[0416] '3C NMR (75 MHz, cdcl;) § 176.84, 157.98, 132.73, 128.44, 116.16, 80.40, 79.66, 79.10, 43.41, 33.28, 26.21,
9.75, 3.81.

[0417] MS (ESI+): m/z = 397.1 [M+Na]*. MS (ESI-): m/z = 309.1 [M+CI].

Example F18: (3S)-3-{4-[(2E)-hex-2-en-1-yloxy]phenyl}hex-4-ynoic acid

[0418]

OH
WQ
C,H,,0, = 286.37

[0419] The title product was obtained as an amorphous solid (149 mg, 65% yield) under conditions as described in
Example F1, using (3S)-3-{4-[(2E)-hex-2-en-1-yloxy]-phenyl}hex-4-ynoic acid methyl ester obtained in Example 24 (240
mg, 0.799 mmol) and other reagents and solvents in suitable proportions.

[0420] 'H NMR (300 MHz, CDCl3) 8: 7.31 - 7.24 (m, 2H), 6.90 - 6.83 (m, 2H), 5.89 - 5.77 (m, 1H), 5.74 - 5.62 (m, 1H),
4.45 (dd, J = 5.8, 1.0 Hz, 2H), 4.04 (ddd, J = 8.7, 6.6, 2.4 Hz, 1H), 2.75 (qd, J = 15.6, 7.6 Hz, 2H), 2.12 - 2.01 (m, 2H),
1.83 (d, J = 2.4 Hz, 3H), 1.50 - 1.36 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H).

[0421] 13C NMR (75 MHz, CDCl3) &: 177.17, 157.98, 135.67, 133.06, 128.41, 125.03, 114.99, 79.57, 79.16, 69.03,
43.44, 34.54, 33.27, 22.27, 13.81, 3.80.

[0422] MS (ESI+): m/z=309.1 [M+Na]*. MS (ESI-): m/z = 321.1 [M+CI]-.

Example F19: (3S)-3-{4-[(2E,4E)-hexa-2,4-dien-1-yloxy]phenyl}hex-4-ynoic acid

[0423]

OH
R0
C,sH,005 = 284.35

[0424] The title product was obtained as a solid (3.3 g, 54% yield) under conditions as described in Example F1, using
(3S5)-3-{4-[(2E,4E)-hexa-2,4-dien-1-yloxy]phenyl}-hex-4-ynoic acid methyl ester obtained in Example 26 (6.44 g, 21.6
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mmol) and other reagents and solvents in suitable proportions.

[0425] H NMR (300 MHz, CDCly) 3: 7.35 - 7.21 (m, 2H), 6.94 - 6.78 (m, 2H), 6.31 (dd, J = 15.2, 10.6 Hz, 1H), 6.08
(ddd, J =14.7, 10.5, 1.4 Hz, 1H), 5.86 - 5.65 (m, 2H), 4.52 (d, J = 6.0 Hz, 2H), 4.10 - 3.97 (m, 1H), 2.75 (qd, J = 15.7,
7.6 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.77 (d, J = 6.7 Hz, 3H).

[0426] 13C NMR (75 MHz, CDCls) 5: 176.87, 157.95, 133.93, 133.17, 130.87, 130.77, 128.45, 125.09, 115.03, 79.58,
79.19, 68.67, 43.40, 33.30, 18.24, 3.79.

[0427] MS (ESI+): m/z = 307.1 [M+Na]*. MS (ESI-): m/z = 319.1 [M+ClI]-.

Example F20: (3S)-3-[4-(pent-4-en-1-yloxy)phenyllhex-4-ynoic acid

[0428]

OH
Wo
C,,H,,0,=272.34

[0429] The title product was obtained as an amorphous solid (191 mg, 80% yield) under conditions as described in
Example F1, using (3S)-3-[4-(pent-4-en-1-yloxy)phenyl]hex-4-ynoic acid methyl ester obtained in Example E25 (250
mg, 0.783 mmol) and other reagents and solvents in suitable proportions.

[0430] '3C NMR (75 MHz, CDCl5) &: 176.49, 158.26, 137.94, 133.01, 128.42, 115.30, 114.74, 79.65, 79.07, 67.32,
43.38, 33.28, 30.24, 28.56, 3.79.

[0431] MS (ESI+): m/z = 295.1 [M+Na]*. MS (ESI-): m/z = 307.1 [M+ClI]-.

Example F21: (3S)-3-[4-(pent-3-yn-1-yloxy)phenyl]hex-4-ynoic acid

[0432]

OH
\/\
0

C,,H,,0, = 270.32

[0433] The title product was obtained as an amorphous solid (25 mg, 29% vyield) under conditions as described in
Example F1, using (3S)-3-[4-(pent-3-yn-1-yloxy)phenyl]-hex-4-ynoic acid methyl ester obtained in Example E22 (90 mg,
0.317 mmol) and other reagents and solvents in suitable proportions.

[0434] 'H NMR (300 MHz, CDCl,) &: 7.28 (d, J = 8.7 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 4.09 - 3.99 (m, 3H), 2.75 (qd,
J=15.7,7.6 Hz, 2H), 2.60 (td, J = 7.2, 2.7 Hz, 2H), 1.83 (d, J = 2.3 Hz, 3H), 1.79 (t, J = 2.5 Hz, 3H).

[0435] 13C NMR (75 MHz, CDCl,) 5: 176.64, 157.83, 133.41, 128.50, 114.95, 79.57,79.21, 77.47, 75.18, 66.85, 43.34,
33.32, 19.95, 3.78, 3.64.

[0436] MS (ESI+): m/z=293.1 [M+Na]*. MS (ESI-): m/z = 305.1 [M+CI]-.

Example F22: (3S)-3-[4-(pent-2-yn-1-yloxy)phenyl]hex-4-ynoic acid

[0437]
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OH

\/\O

C,,H,,0, = 270.32

[0438] The title product was obtained as a solid (70 mg, 60% yield) under conditions as described in Example F1,
using (3S)-3-[4-(pent-2-yn-1-yloxy)phenyl]hex-4-ynoic acid methyl ester obtained in Example E23 (130 mg, 0.458 mmol)
and other reagents and solvents in suitable proportions.

[0439] 'H NMR (300MHz, CDCl3) &: 7.34 - 7.27 (m, 2H), 6.96 - 6.88 (m, 2H), 4.64 (t, J = 2.1 Hz, 2H), 4.05 (ddd, J =
8.6, 6.6, 2.4 Hz, 1H), 2.75 (qd, J = 15.7, 7.6 Hz, 2H), 2.23 (qt, J= 7.4, 2.1 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.14 (t, J =
7.5 Hz, 3H).

[0440] '3C NMR (75 MHz, CDCl3) 8:177.27, 157.12,133.62, 128.41,115.13, 89.66, 79.49, 79.23, 74.32, 56.68, 43.42,
33.26, 13.72, 12.63, 3.78.

[0441] MS (ESI+): m/z = 293.1 [M+Na]*. MS (ESI-): m/z = 305.1 [M+CI]-.

Example F23: (3R/S)-3-[4-(3-methylbutoxy)phenyl]hex-4-ynoic acid

[0442]

Q
h OH
PN
(* racemate) C,,H,,0, = 274.36

[0443] The title product was obtained as a solid (210 mg, racemate, 81% yield) under conditions as described in
Example F1, using (3R/S)-3-[4-(3-methylbutoxy)phenyl]-hex-4-ynoic acid 3-methylbutyl ester obtained in Example E39
(327 mg, 0.949 mmol) and other reagents and solvents in suitable proportions. Spectral analysis identical to that for
Example F24.

Example F24: (3S)-3-[4-(3-methylbutoxy)phenyllhex-4-ynoic acid

N,

C,,H,,0, = 274.36

[0444]

[0445] The title product was obtained as a crystalline solid (1.8 g, 77% yield) under conditions as described in Example
F1, using (3S)-3-[4-(3-methylbutoxy)phenyllhex-4-ynoic acid methyl ester obtained in Example E4 (2.47 g, 8.56 mmol)
and other reagents and solvents in suitable proportions. Melting point: 26.4-27.1°C, after recrystallization from n-pentane.
[0446] 'H NMR (300 MHz, CDCl3) &: 7.27 (d, J = 8.7 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 4.13 - 4.00 (m, 1H), 3.96 (t, J
= 6.6 Hz, 2H), 2.75 (qd, J = 15.7, 7.6 Hz, 2H), 1.83 (d, J = 2.3 Hz, 3H), 1.97 - 1.74 (m, 1H), 1.66 (q, J = 6.7 Hz, 2H),
0.95 (d, J = 6.6 Hz, 6H).

[0447] '3C NMR (75 MHz, CDCl3) 8: 177.44, 158.35, 132.84,128.40, 114.72,79.61,79.11, 66.50, 43.47, 38.13, 33.25,
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25.17,22.71, 3.79.
[0448] MS (ESI+): m/z =297.1 [M+Na]*, 571.3 [2M+Na]*. MS (ESI-): m/z = 309.1 [M+Cl]-, 547.3 [2M-H]-.

Example F25: (3S)-3-[4-(2-ethylbutoxy)phenyl]lhex-4-ynoic acid

[0449]

OH

/j/\o
C,.H,,0, = 288.38

[0450] The title product was obtained as an oil (290 mg, 87% yield) under conditions as described in Example F1,
using (3S)-3-[4-(2-ethylbutoxy)phenyllhex-4-ynoic acid methyl ester obtained in Example E9 (350 mg, 1.15 mmol) and
other reagents and solvents in suitable proportions.

[0451] 'H NMR (300 MHz, CDCls) &: 7.32 - 7.23 (m, 2H), 6.89 - 6.81 (m, 2H), 4.09 - 3.99 (m, 1H), 3.82 (d, J = 5.7 Hz,
2H),2.75(qd, J=15.7,7.6 Hz, 2H), 1.83 (d, J=2.4 Hz, 3H), 1.71- 1.58 (m, 1H), 1.55-1.36 (m, 4H), 0.92 (t, /= 7.4 Hz, 6H).
[0452] 13C NMR (75 MHz, CDCl3) 8: 176.92, 158.64, 132.77,128.39, 114.75, 79.65, 79.10, 70.28, 43.40, 41.04, 33.29,
23.51, 11.27, 3.81.

[0453] MS (ESI+): m/z=311.2 [M+Na]*. MS (ESI-): m/z = 323.1 [M+CI]-.

Example F26: (3R/S)-3-[4-(2,2-dimethylpropoxy)phenyl]hex-4-ynoic acid

[0454]

<
(* racemate) C,;H,,0, = 274.36

[0455] 2-[(1R/S)-1-[4-(2,2-Dimethylpropoxy)phenyl]but-2-yn-1-yl]propanedioic acid obtained in Example 126 (730 mg,
2.29 mmol) was dissolved in 40 ml of toluene and heated at 100°C while stirring for 18 hours. After evaporation, the
residue was purified by chromatography (silica gel 60, 230 - 400 mesh, eluent: heptane- ethyl acetate gradient from 5:1
to 1:1) to obtain 195 mg of the product as a colorless wax (30% yield).

[0456] 'H NMR (300 MHz, CDCls) §: 7.34 - 7.22 (m 2H), 6.90 - 6.80 (m, 2H), 4.10 - 3.98 (m, 1H), 3.56 (s, 2H), 2.75
(qd, J=15.7, 7.6 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.02 (s, 9H).

[0457] 13C NMR (75 MHz, CDCl3) 8: 177.30, 158.87, 132.76, 128.37, 114.75, 79.65, 79.08, 78.04, 43.43, 33.28, 32.01,
26.75, 3.80.

[0458] MS (ESI+): m/z=297.2[M+Na]*, 571.3 [2M+Na]*. MS (ESI-): m/z = 273.1 [M-H]-, 309.1 [M+ClI]-, 547.3 [2M-H] .

Example F27: (3S)-3-[4-(3,3-dimethylbutoxy)phenyl]hex-4-ynoic acid

[0459]
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>|\/\ ”
(o)

C,sH,,0; = 288.38

[0460] The title product was obtained as an oil (60 mg, 53% yield) under conditions as described in Example F1, using
(3S)-3-[4-(3,3-dimethylbutoxy)phenyl]hex-4-ynoic acid methyl ester obtained in Example E30 (120 mg, 0.397 mmol) and
other reagents and solvents in suitable proportions.

[0461] 'H NMR (300 MHz, CDCl5) 8: 7.34 - 7.23 (m, 2H), 6.92 - 6.80 (m, 2H), 4.09 - 3.95 (m, 1H), 4.00 (t, J = 9.0 Hz,
2H), 2.75 (qd, J = 15.7, 7.6 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.71 (t, J = 7.3 Hz, 2H), 0.98 (s, 9H).

[0462] '3C NMR (75 MHz, CDCl3) 8: 176.94, 158.31,132.87,128.43, 114.77,79.64,79.13, 65.51, 43.42, 42 55, 33.31,
29.94, 29.89, 3.79.

[0463] MS (ESI+): m/z=311.2 [M+Na]*. MS (ESI-): m/z = 323.1 [M+CI]-.

Example F28: (3S)-3-{4-[(3-methylbut-2-en-1-yl)oxy]phenylthex-4-ynoic acid

[0464]

)\/\ "
X (s

C,,H,,0; = 272.34

[0465] Thetitle product was obtained as a crystalline solid (1.65 g, 44% yield) under conditions as described in Example
F1, using (3S)-3-{4-[(3-methylbut-2-en-1-yl)-oxy]phenyl}hex-4-ynoic acid methyl ester obtained in Example E5 (3.93 g,
13.7 mmol) and other reagents and solvents in suitable proportions. Melting point: 52.1-53.1°C, after recrystallization
from n-pentane.

[0466] 'H NMR (300 MHz, CDCls) §: 7.33 - 7.26 (m, 2H), 6.90 - 6.82 (m, 2H), 5.55 - 5.42 (m, 1H), 4.49 (d, J = 6.7 Hz,
2H), 4.10 - 3.98 (m, 1H), 2.75 (qd, J = 15.7, 7.6 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.79 (s, 3H), 1.73 (s, 3H).

[0467] '3C NMR (75 MHz, CDCl5) &: 176.49, 158.16, 138.19, 133.06, 128.43, 119.93, 114.96, 79.66, 79.14, 65.00,
43.37, 33.34, 25.93, 18.31, 3.77.

[0468] MS (ESI+): m/z = 295.1 [M+Na]*, 567.2 [2M+Na]*. MS (ESI-): m/z = 307.1 [M+CI]".

Example F29: (3R)-3-{4-[(3-methylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid

[0469]

C,,H,,0, = 272.34

[0470] The title product was obtained as a solid (198 mg, 69% yield) under conditions as described in Example F1,
using (3R)-3-{4-[(3-methylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid methyl ester obtained in Example E6 (300 mg, 1.05
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mmol) and other reagents and solvents in suitable proportions. Spectral analysis identical to that for Example F28.
Example F30: (3S)-3-{4-[(3-methylbut-3-en-1-yl)oxy]phenylthex-4-ynoic acid

[0471]

)\/\ "
o)

C,,H,,0, = 272.34

[0472] The title product was obtained as an oil (275 mg, 78% yield) under conditions as described in Example F1,
using (3S)-3-{4-[(3-methylbut-3-en-1-yl)oxy]phenyl}hex-4-ynoic acid methyl ester obtained in Example E32 (370 mg,
1.29 mmol) and other reagents and solvents in suitable proportions.

[0473] 'H NMR (300 MHz, CDCl3) §: 7.32 - 7.25 (m, 2H), 6.89 - 6.81 (m, 2H), 4.86 - 4.75 (m, 2H), 4.06 (t, J = 9.0 Hz,
2H),4.10-4.00 (m, 1H),2.75(qd, J=15.7,7.6 Hz, 2H), 2.48 (t, J= 6.8 Hz, 2H), 1.83 (d, J=2.4 Hz, 3H), 1.81 - 1.78 (m, 3H).
[0474] 13C NMR (75 MHz, CDCl5) &: 177.18, 158.15, 142.33, 133.10, 128.44, 114.85, 112.10, 79.60, 79.15, 66.68,
43.44, 37.34, 33.29, 22.96, 3.79.

[0475] MS (ESI+): m/z = 295.1 [M+Na]*. MS (ESI-): m/z = 307.1 [M+CI].

Example F31: (3R)-3-{2-fluoro-4-[(3-methylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid

[0476]

)\/\ "
X O F

C,,H,,FO, = 290.33

[0477] The title product was obtained as an oil (25 mg, 80% yield) under conditions as described in Example F1, using
(3R)-3-{2-fluoro-4-[(3-methylbut-2-en-1-yl)oxy]-phenylthex-4-ynoic acid methyl ester obtained in Example E7 (32 mg,
0.105 mmol) and other reagents and solvents in suitable proportions.

[0478] 'H NMR (300 MHz, CDClg) &: 7.41 (t, J = 8.8 Hz, 1H), 6.69 (dd, J = 8.6, 2.5 Hz, 1H), 6.60 (dd, J = 12.2, 2.5
Hz, 1H), 5.52 - 5.41 (m, 1H), 4.47 (d, J = 6.7 Hz, 2H), 4.31 (ddd, J = 8.6, 6.2, 2.4 Hz, 1H), 2.84 - 2.68 (m, 2H), 1.84 (d,
J=2.4 Hz, 3H), 1.80 (s, 3H), 1.74 (s, 3H).

[0479] '9F NMR (282 MHz, CDCl3) §: -121.21 (dd, J = 12.2, 9.0 Hz).

[0480] '3C NMR (75 MHz, CDCl5) §: 176.98, 160.50 (d, Jo_f = 244.5 Hz), 159.43 (d, Jo.¢ = 10.9 Hz), 138.79, 129.72
(d, Jo.g =5.9 Hz), 119.45 (d, Jog = 14.3 Hz), 119.31, 110.81 (d, Jor = 2.8 Hz), 102.43 (d, Jo = 25.1 Hz), 79.15, 78.33,
65.25, 41.62, 27.39, 27.37 (d, Jo = 2.7 Hz), 18.33, 3.77.

[0481] MS (ESI+): m/z=313.1 [M+Na]*. MS (ESI-): m/z = 325.1 [M+CI]-.

Example F32: (3S)-3-{2-fluoro-4-[(3-methylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid

[0482]
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C,,H,,FO, = 290.33

17719

[0483] The title product was obtained as an oil (32 mg, 78% yield) under conditions as described in Example F1, using
(3S)-3-{2-fluoro-4-[(3-methylbut-2-en-1-yl)oxy]-phenyl}hex-4-ynoic acid methyl ester obtained in Example E8 (44 mg,
0.145 mmol) and other reagents and solvents in suitable proportions. Spectral analysis identical to that for Example F31.

Example F33: (3S)-3-{4-[(2,3-dimethylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid

[0484]

OH
0
C,;H,,0, = 286.37

[0485] The title product was obtained as an oil (766 mg, 80% yield) under conditions as described in Example F1,
using (3S)-3-{4-[(2,3-dimethylbut-2-en-1-yl)oxy]phenyl}-hex-4-ynoic acid methyl ester obtained in Example E21 (1.0 g,
3.33 mmol) and other reagents and solvents in suitable proportions.

[0486] 'H NMR (300 MHz, CDClg) &: 7.36 - 7.22 (m, 2H), 6.91 - 6.80 (m, 2H), 4.47 (s, 2H), 4.14 - 3.94 (m, 1H), 2.75
(qd, J=15.6, 7.5 Hz, 2H), 1.82 (d, J = 2.4 Hz, 3H), 1.77 (s, 6H), 1.74 (s, 3H).

[0487] 3C NMR (75 MHz, CDCl5) §: 176.28, 158.64, 133.07, 131.04, 128.41, 124.16, 115.07, 79.72, 79.14, 69.49,
43.35, 33.40, 21.09, 20.37, 16.79, 3.74.

[0488] MS (ESI+): m/z=309.1 [M+Na]*. MS (ESI-): m/z = 321.1 [M+CI]-.

Example F34: (3S)-3-(4-{[(2E)-4-methylpenta-2,4-dien-1-yl]Joxy}phenyl)hex-4-ynoic acid

[0489]

OH

N0

C,sH,0, = 284.35

[0490] The title product was obtained as crystals (1.15 g, 57% yield) under conditions as described in Example F1,
using 3S)-3-(4-{[(2E)-4-methylpenta-2,4-dien-1-ylJoxy}-phenyl)hex-4-ynoic acid methyl ester obtained in Example E36
(2.11 g, 7.07 mmol) and other reagents and solvents in suitable proportions. Melting point: 94.7-95.7°C after recrystal-
lization from n-hexane.

[0491] 'H NMR (300 MHz, CDCl;) &: 7.32 - 7.26 (m, 2H), 6.95 - 6.82 (m, 2H), 6.45 (d, J = 15.8 Hz, 1H), 5.93 - 5.76
(m, 1H), 5.02 (s, 2H), 4.57 (d, J = 5.8 Hz, 2H), 4.04 (dd, J = 5.1, 3.2 Hz, 1H), 2.75 (qd, J = 15.7, 7.6 Hz, 2H), 1.87 (s,
3H), 1.83 (d, J = 2.4 Hz, 3H).

[0492] 13C NMR (75 MHz, CDCl3) 8: 177.30, 157.94, 141.34, 136.11, 133.26, 128.48, 124.50, 117.56, 115.00, 79.56,
79.20, 68.80, 43.44, 33.28, 18.60, 3.76.
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[0493] MS (ESI+): m/z = 307.1 [M+Na]*. MS (ESI-): m/z = 319.1 [M+CI].

Example F35: (3S)-3-{4-[(2R/S)-2-methylbutoxy]phenylthex-4-ynoic acid

[0494]

OH

Y
(* racemate) C,,H,,0, = 274.36

[0495] The title product was obtained as an oil (156 mg, 66% yield) under conditions as described in Example F1,
using (3S)-3-{4-[(2R/S)-2-methylbutoxy]phenyl}hex-4-ynoic acid methyl ester obtained in Example E13 (250 mg, 0.867
mmol) and other reagents and solvents in suitable proportions.

[0496] 'H NMR (300 MHz, CDCl,) §: 7.31 - 7.24 (m, 2H), 6.88 - 6.81 (m, 2H), 4.10 - 3.99 (m, 1H), 3.75 (ddd, J = 26.8,
9.0, 6.3 Hz, 2H), 2.75 (qd, J = 15.7, 7.6 Hz, 2H), 1.92 - 1.77 (m, 1H), 1.83 (d, J = 2.4 Hz, 3H), 1.64 - 1.48 (m, 1H), 1.33
-1.17 (m, 1H), 1.00 (d, J = 6.7 Hz, 3H), 0.94 (t, J = 7.5 Hz, 3H).

[0497] '3C NMR (75 MHz, CDCl3) 8:177.13, 158.56, 132.80, 128.40, 114.76, 79.63, 79.10, 73.05, 43.43, 34.85, 33.28,
26.28, 16.68, 11.45, 3.80.

[0498] MS (ESI+): m/z=297.1 [M+Na]*, 313.1 [M+K]*, 571.3 [2M+Na]*. MS (ESI-): m/z =273.1 [M-H]-, 309.1 [M+CI]-
, 547.3 [2M-H]-.

Example F36: (3S)-3-{4-[(2S)-2-methylbutoxy]phenyl}hex-4-ynoic acid

[0499]

OH

/Y\o

C,,H,,0; = 274.36

[0500] The title product was obtained as an oil (93 mg, 75% yield) under conditions as described in Example F1, using
(3S5)-3-{4-[(2S)-2-methylbutoxy]phenyl}hex-4-ynoic acid methyl ester obtained in Example E14 (130 mg, 0.451 mmol)
and other reagents and solvents in suitable proportions. Spectral analysis data identical to those for Example F35.

Example F37: (3S)-3-{4-[(2R/S)-2,3-dimethylbutoxy]phenyl}hex-4-ynoic acid

[0501]

OH

(* racemate) C,;H,,0, = 288.38
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[0502] The title product was obtained as an oil (923 mg, 81% yield) under conditions as described in Example F1,
using (3S)-3-{4-[(2R/S)-2,3-dimethylbutoxy]phenyl}hex-4-ynoic acid methyl ester obtained in Example E31 (1200 mg,
3.97 mmol) and other reagents and solvents in suitable proportions.

[0503] 'H NMR (300 MHz, CDCl3) § 7.31 - 7.25 (m, 2H), 6.88 - 6.81 (m, 2H), 4.04 (ddq, J = 8.9, 4.7, 2.3 Hz, 1H), 3.92
- 3.83 (m, 1H), 3.78 - 3.68 (m, 1H), 2.75 (qd, J = 15.7, 7.6 Hz, 2H), 1.83 (d, J = 2.4 Hz, 3H), 1.88 - 1.73 (m, 2H), 0.95
(dd, J=6.6, 2.0 Hz, 6H), 0.88 (d, J = 6.6 Hz, 3H).

[0504] '3C NMR (75 MHz, CDCl;) 5 177.19, 158.57, 132.83, 128.40, 114.79, 79.65, 79.10, 71.72, 43.44, 38.80, 33.30,
29.44, 20.63, 18.38, 13.22, 3.79.

[0505] MS (ESI+): m/z=311.1 [M+Na]*. MS (ESI-): m/z = 323.1 [M+ClI]

Example F38: (3S)-3-(4-{[(3R/S)-3-methylpentyl]Joxy}phenyl)hex-4-ynoic acid

[0506]

OH
\}{/\
(o)
(* racemate) C,;H,,0, = 288.38

[0507] The title product was obtained as an oil (228 mg, 80% yield) under conditions as described in Example F1,
using (3S)-3-(4-{[(3R/S)-3-methylpentylloxy}phenyl)hex-4-ynoic acid methyl ester obtained in Example E28 (300 mg,
0.992 mmol) and other reagents and solvents in suitable proportions.

[0508] '3C NMR (75 MHz, CDCl3) 8: 176.84, 158.37,132.87,128.41,114.74,79.64, 79.10, 66.50, 43.41, 35.96, 33.29,
31.54, 29.65, 19.27, 11.40, 3.80.

[0509] MS (ESI+): m/z=311.1 [M+Na]*. MS (ESI-): m/z = 323.1 [M+ClI]-

Example F39: (3S)-3-[4-(4,4,4-trifluorobutoxy)phenyllhex-4-ynoic acid

[0510]

OH

F
\K\/\O
F

F ¢, H,F.0,=314.30

[0511] The title product was obtained as a solid (203 mg, 71% yield) under conditions as described in Example F1,
using (3S)-3-[4-(4,4,4-trifluorobutoxy)phenyllhex-4-ynoic acid methyl ester obtained in Example E10 (300 mg, 0.914
mmol) and other reagents and solvents in suitable proportions.

[0512] MS (ESI+): m/z = 337.1 [M+Na]*. MS (ESI-): m/z = 349.1 [M+CI].

Example F40: (3S)-3-{4-[(5,5,5-trifluoropentyl)oxy]phenylthex-4-ynoic acid

[0513]
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F OH

A~

F
C,,H,oF,0, = 328.33

[0514] The title product was obtained as amorphous solid (380 mg, 88% vyield) under conditions as described in
Example F1, using (3S)-3-{4-[(5,5,5-trifluoropentyl)oxy]-phenylthex-4-ynoic acid methyl ester obtained in Example E11
(450 mg, 1.314 mmol) and other reagents and solvents in suitable proportions.

[0515] 'H NMR (300 MHz, CDCl3) &: 7.29 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.7 Hz, 2H), 4.11 - 4.00 (m, 1H), 3.96 (t, J
=5.8 Hz, 2H), 2.75 (qd, J = 15.7, 7.6 Hz, 2H), 2.26 - 2.06 (m, 2H), 1.83 (d, J = 2.3 Hz, 3H), 1.93 - 1.67 (m, 4H).
[0516] '9F NMR (282 MHz, CDCl3) &: -66.36 (t, J = 10.9 Hz).

[0517] '3C NMR (75 MHz, CDCl3) &: 177.10, 158.06, 133.24, 128.51, 127.24 (q, Jog = 274.5 Hz), 114.70, 79.54,
79.20, 67.30, 43.40, 33.46 (q, Jof = 27.5 Hz), 33.27, 28.45, 19.05 (q, Jof = 3.1 Hz), 3.79.

[0518] MS (ESI+): m/z = 351.1 [M+Na]*, 367.1 [M+K]*. MS (ESI-): m/z = 327.1 [M-H]-, 363.1 [M+ClI], 655.2 [2M-H]".

Example S1: (3S)-3-{4-[(2,3-dimethylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid calcium salt

[0519]

Ca

C,cH,,Ca0, = 610.79

[0520] (3S)-3-{4-[(2,3-Dimethylbut-2-en-1-yl)oxy]phenylthex-4-ynoic acid, obtained in Example F33 as an oil under
normal conditions (3.52 g, 12.3 mmol), was dissolved in water (49 ml) at room temperature with stirring and adding
lithium hydroxide monohydrate (0.54 g, 12.9 mmol). The solution of lithium salt thus formed was cooled to 15°C and
cold (0°C) calcium chloride solution (0.72 g, 6.51 mmol) in 14 ml of water was added while vigorously stirring. Precipitated
solid was filtered-off, washed with ice-cold water and dried under reduced pressure. A colorless solid was obtained
quantitatively (3.179 g) melting with decomposition in the range of 220 - 240°C.

Example S2: (3S)-3-{4-[(2,3-dimethylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid tert-butylammonium salt

[0521]

Il
0 H3N+—é

C,,H,;,NO, = 359.50

(o)

[0522] (3S)-3-{4-[(2,3-Dimethylbut-2-en-1-yl)oxy]phenylthex-4-ynoic acid, obtained in Example F33 as an oil under
normal conditions (300 mg, 1.05 mmol), was dissolved in toluene (5 ml) and tert-butylamine (0.111 ml, 1.05 mmol)
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solutionin 5 ml of acetone was added at room temperature while stirring. Obtained solid was left for full shaping (seasoning)
for 18 hours, and then filtered-off on a glass frit, washed with a toluene-acetone 1:1 mixture and n-pentane, and dried
under reduced pressure. The title salt was obtained as colorless crystals (321 mg 85% yield) having melting point in the
range of 151.6-152.9°C (with decomposition).

Example S3: (3S)-3-{4-[(2,3-dimethylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid, salt with (1R,2S)-1-amino-2-indanol

[0523]

I

O H,Na,
o &
HO

C,,H,;NO, = 435.56

[0524] (3S)-3-{4-[(2,3-Dimethylbut-2-en-1-yl)oxy]phenylthex-4-ynoic acid, obtained in Example F33 as an oil under
normal conditions (300 mg, 1.05 mmol), was dissolved in acetonitrile (10 ml) and warm solution of (1R,2S)-1-amino-2-
indanol (150 mg, 0.985 mmol) in 5 ml of acetonitrile was added while stirring. After 5 minutes of stirring, as the reaction
mixture reached room temperature, a solid was formed that was filtered-off on a glass frit, washed with cold acetonitrile
and n-pentane, and dried under reduced pressure. The title salt was obtained as colorless crystals (252 mg 55% yield)
having melting point in the range of 137.8 - 139.1 °C (with decomposition).

Biological activity of the compounds

Experiment B1: Analysis of receptor activation - calcium ions concentration measurement.

[0525] Activation of GPR40 receptor was performed on commercially available CHO-K1 cell line overexpressing human
GPR40 receptor and luminescent protein aequorin (Perkin Elmer), the luminescence of which grows significantly upon
calcium ions binding. Cells were collected after passage in the amount of 2106 and incubated for 3h in HBSS solution
(GIBCO) with the addition of 0.015% BSA and 5 uM of coelenterazine (Promega) - the aequorin prostetic group necessary
for bioluminescence reaction. Cells were dispenced (with dispenser) in the amount of 5x 103 cells/well to the wells of
multi-well plate, placed in the measurement chamber of luminometer, with prepared solutions of 2x concentrated tested
compounds in reaction buffer (HBSS) in the concentration range of 0.01-10 uM. As a result of the measurement, lumi-
nescence change in the time curve were obtained, the integration of which allowed to calculate the relative amount of
calcium ions released to cytosol. Compounds that strongly activate the receptor cause the efflux of high amount of
calcium ions to cytosol and high cells luminescence. Curves plotted from obtained results allowed to determine ECg
values. The test results for each compound were expressed as a percent of the activation of the experimental system
by alfa-linolenic acid (positive control).

[0526] Therefore, basing on the determined ECx, values, direct comparison of the tested compounds of the invention
and reference compounds was possible, such as those exemplary presented in Table 2.

TABLE 2:

Example # Structure ECsp [nM]

Do

R1 O 320
\>s”\\//~\o

COOH

TAK-875 (fasiglifam)

C,,H,,0,S = 524.63
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(continued)

Example # Structure ECsq [nM]

AMG-837

R2 oo 141
0@’\’
Tyt F,0, = 438,44

- Ca
S1 ° 77
(o)

C,H,,Ca0, = 610.79

[0527] Due to variable environmental conditions of repeatedly performed Experiment B1 and to avoid continued tabular
referring to the reference compounds, the activity of the compounds of the invention was expressed as a %P1ak.g75
value, in accordance with the following equation:

EC50 TAK-875
EC50 tested compound

x 100%

%Pra-875 =

[0528] The above equation gives, expressed in percent, the enhancement or decrease of activity of the compound of
the invention in relation to the reference compound TAK-875 (fasiglifam, Compound R1).

[0529] Table 3 below presents obtained %P1ak_g75 Values for the compounds of the invention, wherein designations
(A), (B), (C), (D), (E) relate to the following ranges of %Ptak_g75 value:

(A): > 120% Prpk875
(B) 81-120% PTAK-875
(C) 51-80% PTAK-875
(D) 21-50% PTAK-875
(E): < 20% Prak.-g75

[0530] Table 3 presents also the decrease of the molecular weight (molar weight change, AMW) of the compounds
of the invention in relation to the reference compound TAK-875 (fasiglifam, Compound R1), expressed in percent.

TABLE 3:
Example # Structure %P1ak-875 %AMW+ k875
TAK-875 (fasiglifam)
Y
R1 O ° B -0.0%
\,s\/\/\o
o7 N
COOH
C,,H,,0,S = 524.63
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(continued)
Example # Structure %P1ak-875 %AMW7 k875
J— |
R2 - A -16.4%
o
[,
F1 Reference o D -53.1%
e CoatlyaDs = 246,30
-
F2 - A -50.4%
o oMo, = 260.33
b,
F3 /©/\)Lon A -477%
NN
[
F4 . A -45.0%
|1t .
F5 Wv\:\/r\/m A -42.4%
Dh
F6 oo, " A -35.1%
l!i .
F7 ,wv,@’\k ” E -35.1%
.
F8 IoJo, o B -34.7%
[ .
F9 Jod, )@’V‘L B -34.7%
£,H,,0,= 38247
% I
E
F10 Z o B -35.1%
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(continued)
Example # Structure %PTAK-875 %A MWTAK-875
*
F11 OH D -22.1%
R N\ o
(* racemate) C,,H,,0, = 408.57
| .
F12 * A -50.4%
L
€, H,,0, = 260.33
o,
F13 \l/{ * A -47.7%
{* racemate) C,H.,0, = 27436
0o
F14 oH Cc -50.4%
s
€00, = 260,33
(-
F15 oH D -50.4%
e
Ty o, = 260,33
.
F16 e ” A -47.7%
{* racemate) C,H,,0, = 274,36
lli o
F17 B! /@/\/‘Lm E A77%
o
C M, 0, = 274.36
-
F18 o A -45.4%

P
€, H,,0, = 286.37
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(continued)
Example # Structure %Prak.g75 | AMWiak 875
.
F19 o A -45.8%
P T Za "
CraHy ol = 284,38
/-
F20 Sy B -48.1%
CyoHyp 0, = 27234
S
F21 o C -48.5%
\/\0 €, H,,0, = 27032 ’
| .
F22 - c -48.5%
/} o
€50, = 27032
i,
F23 )\/\ » OH A -47.7%
(o)
(* racemate) C,,H,,0, = 274.36
y
F24 @NL " A -47.79
/I\/\o %o
€, H,,0, = 274,36
.
F25 . - A -45.0%
/)/\C‘NH“03= 288,38
] (-
F26 * OoH E -47.7%

\ﬁ\o

(* racemate) C,,H,,0, = 274.36
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(continued)
Example # Structure %P1ak-875 %AMW7 k875
o]
F27 S on D -45.0%
Cy¥,,0, = 288,38
o,
F28 o on A -48.1%
R
€,;H,,0, m 272,34
3!2 0
Fo9 I g\)\m E -48.1%
2 1)
€, H,, 0, = 27234
| .
F30 do @/\)Lw A -48.1%
"0
€, Hy 0, 272,34
|-
F31 Je on B -44.7%
o 3
C,.H,,FO, = 290,33
0,
i
F32 N /@]\/‘A"“ E -44.7%
(+) ¥
C,yM,,FO, = 290,33
-
F33 ’L‘Y\ /@’\AW A -45.4%
L#]
€ H,,0, = 286,37
.
F34 . o A -45.8%
CyHy 0, = 28435
no,
F35 > A -A7.7%

{* racemate) O,H,,0, = 274.36
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(continued)
Example # Structure %P1ak-875 %AMW7 k875
/-
F36 o A -47.7%

/\r\g

€, H,.0, = 274,36

F37 )\{\ > A -45.0%

{* racemate} (M0, = 288,38

o

F38 g PN - B -45.0%

{¥ racemate} Ly H,,0, » 28838

F39 o B -40.1%

F40 A B -37.4%

Tty Fy0, = 32833

Experiment B2: Glucose-dependent insulin release in mouse insulinoma cells (MING).

[0531] MING6 (mouse insulinoma) cells were seeded on a plate covered with PDL (poly-D-lysine) at 5x105/well and
cultured for 48 hours. After 48 hours the cells were washed twice with KRBH buffer (119 mM NaCl, 4.7 mM KCI, 1.2
mM KH,PO,4, 1.16 mM MgCl,, 10 mM HEPES, 2.5 mM CaCl,, 25.5 mM NaHCO,, 0,1% BSA, pH 7.4) and incubated in
KRBH buffer with the addition of 2 mM glucose for 2 hours to lower glucose intracellular concentration. Tested compounds,
after dilution to the concentration of 10-40 uM in KRBH buffer with the addition of 20 mM glucose, were added to the
cells and incubated for 1 hour to induce insulin release. Negative control was KRBH buffer with the addition of 2 mM
glucose. Concentration of released insulin was determined using ELISA test (Mercodia). Results of the experiment are
presented in Table 4.

[0532] Table 4 present MING, ¢ ,;in @10uM values for representative compounds of the invention. MING.s,in @10uM
value is a multiplicity of insulin efflux increase in relation to control experiment, following addition of 10 uM of tested
compound.
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TABLE 4:
Example # Structure MING, . jin @10uM
TAK-875 (fasiglifam)
R1 O O ° % 1.336
SsN"N0
07 No

COOH
C,,H,,0,S = 524.63

AMG-83F Ejt/
R2 ® 1.567
c»

CogHyF 0, = 438,44

1| -
F24 - aH 2.62
/k,«n /

€,,H,,0, = 274.36

.
F28 “om 2.782
)\"\\/\Q

€, H,,0, = 272,34

F33 oH 3.895
¥
€,H,,0, = 286.37

Experiment B3: Glucose tolerance test in vivo on rats.

[0533] To evaluate glucose lowering effect of the compounds in in vivo study, glucose tolerance test (GTT) was
performed. The study was performed on male outbred Wistar HAN Crl:WI (HAN) rats from Charles River, weight about
250-300 g, 8-10 weeks old. Rats were starved for 12 hours (with free access to water).

[0534] At time point t=0 animals were given orally a single dose of a compound (by a gastric tube) and immediately
(t=0) and after 6 hour (t = 6h) intraperitoneal (i.p.) glucose bolus (2 mg/kg). At time points t=0 (just before oral admin-
istration of the compounds and intraperitoneal glucose administration), 0.25, 0.5, 1, 2, 2.5, 3, 6, 6.25, 7, 8, and 9h blood
samples from tail vein were collected from each animal for glucose level determination using Accu-chek glucometer
(Roche Diagnostics) and additionally at t = 0.25, 0.5, 1, 2, 2.5, and 3 h blood samples from tail vein were collected for
insulin level measurement using ELISA test (Mercodia).

[0535] Tested compound were prepared in 5% DMS0O/40% PEG300/55% PBS vehicle and administered at the dose
of 10 mg/kg body weight in a volume of 0.5 mI/100 g body weight. After 4hours after tested compound administration
animals were given standard diet to the cages. Decrease of AUC value for glucose level in blood was calculated and
the results for selected compounds of the invention are presented in Table 5. Analysis was performed using GraphPad
prism software.
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TABLE 5:
AUC for glucose AUC for insulin
Example # Structure (0-540 min.) (0-180 min.)
- Vehicle 44940.4 37.8
TAK-875 (fasiglifam)
O 0 0
R1 O 30950.6 2105
N NN

COQH
C,oH,,0,S = 524.63

[
F6 Jo, QL“" 25184.1 4925

£, 0, = 340.46

/-
F24 do. o 24289.7 329.0

€,H,,0, = 274.36

.
F28 o @’L’k 28377.4 499.2

€,,H 0, = 272.34

-
F33 ! 19393.1 519.1

£t
€,y 0, = 286,32

Experiment B4: Bile acid transporters inhibition in the liver.

[0536] To evaluate the effect of a representative compound on bile acid and bilirubin transporters in the liver, inhibition
study at Solvo Biotechnology was performed and the results were compared with the compound TAK-875 known for its
hepatotoxic properties, including bile acid transporters inhibition at low concentrations. The compound was tested on a
panel of 10 transporters: BSEP, MRP2, MRP3, MRP4 in a vesicular transportinhibition assay and NTCP, OAT1, OAT2v1,
OATP1A2, OATP1B1, OATP1 B3 in an uptake transporter inhibition assays.

[0537] Vesicular transport inhibition assay was performed on membrane vesicles isolated from mammal HEK293 cells
overexpressing human ABC transporters. Tested compound were incubated with vesicles and substrates for respective
tested transporters. Incubation was performed in the presence of 4 mM ATP or AMP in order to differentiate between
uptake by a transporter and passive diffusion into vesicles. In the case of MRP2 and MRP3, reactions were performed
in the presence of 2 mM glutathione. Tested compounds were added to the reaction mixture dissolved in 0.75 ul of a
solvent (1% of final incubation volume). Reaction mixtures were preincubated for 15 minutes at 37 = 1° C. Reactions
were started by the addition of 25 pl of 12 mM MgATP (or 12 mM AMP) in test buffer, as a background control, separately
preincubated. Reactions were quenched by the addition of 200 pl of ice-cold washing buffer and immediate filtration on
glass fiber filters mounted on the 96-well filtration plate. Filters were washed (5 X 200 pl of ice-cold washing buffer),
dried and the amount of the substrate inside of filtered vesicles were determined by liquid scintillation counting.

[0538] Transporter uptake inhibition test was performed on mammal HEK293 cells overexpressing of a respective
transporter. Cells were cultured at 37 = 1°C and seeded on 96-well tissue culture plate at 1x105/well. Substrate was
removed prior to experiment and cells were washed twice with 100 pl of respective buffer (HK pH 7.4 for OATP1B1 and
HBSS pH 7.4 for NTCP, OAT1, OAT2v1, OATP1A2, and OATP1B3). Uptake studies were performed at 37 = 1 °C in
50 ul of respective buffer containing radioactively tagged substrate and tested compound or solvent. Concentration of
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an organic solvent was the same in all wells and did not exceed 1.5% (v/v). After experiment cells were washed twice
with 100 pl of ice-cold respective buffer and lysed with 50 wl of 0.1M NaOH. Transport of radioactively tagged substrate
was determined by scintillation counter measurement. The results of the experiment are presented in Table 6.

TABLE 6:
ICso
Example S1: Compound R1:
E’ i ] TAK-875 (fasiglifam)
g (- O
5 /J\IA 1" ® O
— 0 SN0
| ) o7 %o COOH
C,,H,,Ca0, = 610.79 CHaa0,S = 524.63
MRP2 n.d.* 48.1 UM
MRP3 n.d. * 31.8 M
MRP4 131 M 6.9 UM
BSEP >100 uM 30 uM
OAT1 245 pM 34.8 M
OAT2v1 >300 pM 62.8 uM
OATP1A2 118 UM 10.6 pM
OATP1B1 17.9 M 0.49 pM
OATP1B3 42.9 pM 3.44 uM
NTCP 46.8 pM 53.1 upM

*n.d. means lack of inhibition of respective receptor up to the tested compound
level of 100 pM.

[0539] Experiment B5: von Frey test on diabetes STZ-treated mice.

[0540] von Frey test was used to assess the influence of the compound of Example S1 on tactile allodynia (pain in
response when touched) in neuropathic test on diabetes animals (male Albino Swiss mice pretreated with streptozocine
to induce the disease). Tactile allodynia was assessed by electronic von Frey apparatus (Bioseb) equipped with a flexible
filament. Reaction to stimuli was assessed using growing applied pressure (from 0 to 10 g) on a plantar side of the hind
foot of mice. Pregabalin was a control, as reference healthy mice with preserved normal response to the stimuli were
used. In the day of the experiment, mice were placed separately in cages with a wire mesh bottom for 1 h for habituation
to experimental conditions. After habituation period, each mouse was treated 3 times alternately, with 30 s intervals
between each measurement, to obtain starting values (before administration of the compound) of pain sensitivity. Sub-
sequently, mice were treated by oral administration with the compound of Example S1, pregabalin or vehicle and after
60 minutes animals were tested again. The results are presented in Table 7 as mean value for all mice in a given group
(n=7-10).
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TABLE 7:

Applied pressure causing the response [g]

Compound | Dosep.o. | Sjck animal (neuropathic) after compound Sick animal Healthy
administration (neuropathic) animal
3 mg/kg 1.85
Example S1 10 mg/kg 2.34
30 mg/k 3.36
9%s 1.67 3.36
3 mg/kg 2.04
Pregabalin 10 mg/kg 2.65
30 mg/kg 4.1
Claims
1. A compound of the formula (l)
Il
X
R
~
O X

wherein:

- R represents:

a straight or branched, primary or secondary acyclic hydrocarbyl C4-C15 group, which can be saturated
or unsaturated, or

a straight or branched, primary or secondary acyclic hydrocarbyl C4-C15 group, which can be saturated
or unsaturated and wherein one or more of hydrogen atoms is replaced with fluorine atom;

- X represents hydrogen atom or halogen atom, and
- * denotes chiral center,

and salts thereof, especially pharmaceutically acceptable salts,
with the proviso that formula (1) excludes 3-(4-{[(2E, 3Z)-2-propylidenepent-3-en-1-ylJoxy}phenyl)hex-4-yno-

ic acid.

2. The compound according to claim 1, wherein R represents a straight or branched acyclic hydrocarbyl C4-C15 group,

especially C4-C12 group, which can be saturated or unsaturated.

3. The compound according to claim 2, wherein R represents:

- a straight saturated acyclic hydrocarbyl C4-C15 group, especially C4-C12 group; or
- a branched saturated acyclic hydrocarbyl C4-C15 group, especially C4-C12 group; or

- a straight unsaturated acyclic hydrocarbyl C4-C15 group, especially C4-C12 group; or
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- a branched unsaturated acyclic hydrocarbyl C4-C15 group, especially C4-C12 group.

The compound according to claim 3 wherein unsaturated acyclic hydrocarbyl group as unsaturated bonds comprises
only double bonds.

The compound according to claim 1 wherein R represents a straight or branched, primary or secondary acyclic
hydrocarbyl C4-C15 group, especially C4-C12 group, which can be saturated or unsaturated and wherein one or
more of hydrogen atoms is replaced with fluorine atom;

The compound according to claim 5 wherein R represents:
- a straight saturated acyclic hydrocarbyl C4-C15 group, especially C4-C12 group; or
- a branched saturated acyclic hydrocarbyl C4-C15 group, especially C4-C12 group; or
- a straight unsaturated acyclic hydrocarbyl C4-C15 group, especially C4-C12 group; or
- a branched unsaturated acyclic hydrocarbyl C4-C15 group, especially C4-C12 group.

The compound according to claim 6 wherein unsaturated acyclic hydrocarbyl group as unsaturated bonds comprises
only double bonds.

The compound according to any one of claims 1 to 7 wherein X represents:

- hydrogen atom; or
- halogen atom, preferably fluorine atom.

The compound according to any one of claims 1 to 8 wherein one, two or three hydrogen atoms at the same carbon
atoms are replaced with one, two or three fluorine atoms to form CH,F, CHF, or CF5 group, respectively.

The compound according to any one of claims 1-9 in the form of a single enantiomer, single diastereoisomer,
racemate or a mixture of enantiomers or diastereoisomers.

The compound according to any one of claims 1-10 in the form of a single enantiomer or diastereoisomer having
the structure (la)

OH

~o X
(Ia)

The compound according claim 1 which is (3S)-3-{4-[(2,3-dimethylbut-2-en-1-yl)oxy]phenyl}hex-4-ynoic acid and
pharmaceutically acceptable salts thereof.

The compound of the formula (l) according to any one of claims 1 to 10 for use as a medicament.

A pharmaceutical composition comprising the compound of the formula (l) as defined in any one of claims 1 to 10
and pharmaceutical excipients.

The compound of the formula (1) as defined in any one of claims 1 to 10 for use in a treatment of diseases mediated
by GPR40 in a subject in need thereof, wherein said subject is a mammal, especially human wherein diseases
mediated by GPR40 are selected from cancers and metabolic diseases, optionally diseases selected from diabetes,
type 2 diabetes, obesity, hyperglycemia, glucose intolerance, insulin resistance, hyperinsulinemia, hypercholeste-
rolemia, neuropathies and metabolic syndrome.
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16. The compound for use of claim 15 wherein said disease is:
- type Il diabetes; or
- diabetic neuropathy.
Patentanspriiche

1. Eine Verbindung der Formel (1)

OH

M

wobei:

eine geradkettige oder verzweigte, primare oder sekundare acyclische C4-C15-Hydrocarbylgruppe, die
gesattigt oder ungesattigt sein kann, oder

eine geradkettige oder verzweigte, primare oder sekundare acyclische C4-C15-Hydrocarbylgruppe, die
gesattigt oder ungesattigt sein kann und wobei ein oder mehrere Wasserstoffatome durch ein Fluoratom
ersetzt sind;

darstellt

- X ein Wasserstoffatom oder ein Halogenatom darstellt, und

- * bezeichnet ein chirales Zentrum,

und Salze davon, insbesondere pharmazeutisch vertragliche Salze,

mit der MaRgabe, dass die Formel (1) 3-(4-{[(2E,3Z)-2-Propylidenpent-3-en-1-ylloxy}phenyl)hex-4-insaure aus-
schlief3t.

2. Verbindung nach Anspruch 1, wobei R eine geradkettige oder verzweigte acyclische C4-C15-Hydrocarbylgruppe,
insbesondere eine C4-C12-Gruppe, die geséattigt oder ungesattigt sein kann, darstellt.

3. Verbindung nach Anspruch 2, wobei R:

- eine geradkettige, gesattigte, acyclische C4-C15-Hydrocarbylgruppe, insbesondere eine C4-C12-Gruppe;
oder

- eine verzweigte, gesattigte, acyclische C4-C15-Hydrocarbylgruppe, insbesondere eine C4-C12-Gruppe; oder
- eine geradkettige, ungesattigte, acyclische C4-C15-Hydrocarbylgruppe, insbesondere eine C4-C12-Gruppe;
oder

- eine verzweigte, ungesattigte, acyclische C4-C15-Hydrocarbylgruppe, insbesondere eine C4-C12-Gruppe

darstellt.

4. Verbindung nach Anspruch 3, wobei die ungesattigte, acyclische Hydrocarbylgruppe als ungeséttigte Bindungen
nur Doppelbindungen umfasst.
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Verbindung nach Anspruch 1, wobei R eine geradkettige oder verzweigte, primare oder sekundare acyclische C4-
C15-Hydrocarbylgruppe darstellt, insbesondere eine C4-C12-Gruppe, die gesattigt oder ungesattigt sein kann, und
wobei ein oder mehrere Wasserstoffatome durch Fluoratome ersetzt sind;
Verbindung nach Anspruch 5, wobei R:
- eine geradkettige, gesattigte, acyclische C4-C15-Hydrocarbylgruppe, insbesondere eine C4-C12-Gruppe;
oder
- eine verzweigte, gesattigte, acyclische C4-C15-Hydrocarbylgruppe, insbesondere eine C4-C12-Gruppe; oder
- eine geradkettige, ungesattigte, acyclische C4-C15-Hydrocarbylgruppe, insbesondere eine C4-C12-Gruppe;
oder
- eine verzweigte, ungesattigte, acyclische C4-C15-Hydrocarbylgruppe, insbesondere eine C4-C12-Gruppe

darstellt.

Verbindung nach Anspruch 6, wobei die ungesattigte acyclische Hydrocarbylgruppe als ungeséttigte Bindungen
nur Doppelbindungen umfasst.

Verbindung nach einem der Anspriiche 1 bis 7, wobei X:

- ein Wasserstoffatom; oder
- ein Halogenatom, vorzugsweise ein Fluoratom

darstellt.
Verbindung nach einem der Anspriiche 1 bis 8, wobei ein, zwei oder drei Wasserstoffatome an den gleichen Koh-
lenstoffatomen durch ein, zwei oder drei Fluoratome ersetzt sind, um jeweils eine CH,F-, CHF,- oder CF5-Gruppe

zu bilden.

Verbindung nach einem der Anspriiche 1-9 in Form eines einzelnen Enantiomers, eines einzelnen Diastereoisomers,
Racemats oder einer Mischung von Enantiomeren oder Diastereoisomeren.

Verbindung nach einem der Anspriiche 1-10 in Form eines einzelnen Enantiomers oder Diastereoisomers mit der
Struktur (la)

OH

R
~o X

(Ta)

Verbindung nach Anspruch 1, die (3S)-3-{4-[(2,3-Dimethylbut-2-en-1-yl)oxylphenyl}hex-4-inesaure ist und pharma-
zeutisch vertragliche Salze davon.

Verbindung der Formel (I) nach einem der Anspriiche 1 bis 10 zur Verwendung als Arzneimittel.

Pharmazeutische Zusammensetzung, enthaltend die Verbindung der Formel (l) wie in einem der Anspriiche 1 bis
10 definiert und pharmazeutische Hilfsstoffe.

Die Verbindung der Formel (l) wie in einem der Anspriiche 1 bis 10 definiert zur Verwendung bei einer Behandlung
von Krankheiten, die durch GPR40 vermittelt werden, bei einem Subjekt, das es bendtigt, wobei das Subjekt ein
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Saugetier, insbesondere ein Mensch, ist, wobei Krankheiten, die durch GPR40 vermittelt werden, ausgewahlt sind
aus Krebsarten und Stoffwechselerkrankungen, optional Erkrankungen ausgewahlt aus Diabetes, Typ-2-Diabetes,
Fettleibigkeit, Hyperglykdmie, Glucose-Intoleranz, Insulinresistenz, Hyperinsulindmie, Hypercholesterinamie, Neu-
ropathien und metabolischem Syndrom.

16. Verbindung zur Verwendung nach Anspruch 15, wobei die Krankheit:

- Typ-lI-Diabetes; oder
- diabetische Neuropathie

ist.

Revendications

1.

Composeé de formule (l)

OH

ou:
- R représente :

un groupe hydrocarbyle acyclique primaire ou secondaire linéaire ou ramifié en C4-C15, qui peut étre saturé
ou insaturé, ou

un groupe hydrocarbyle acyclique primaire ou secondaire linéaire ou ramifié en C4-C15, qui peut étre saturé
ou insaturé et dans lequel un ou plusieurs atomes d’hydrogéne sont remplacés par un atome de fluor ;

- X représente un atome d’hydrogéne ou un atome d’halogéne, et

- * désigne le centre chiral,

et leurs sels, notamment les sels pharmaceutiquement acceptables,

a condition que la formule (1) exclut I'acide 3-(4-{[(2E,3Z)-2-propylidenepent-3-én-1-ylJoxy}-phényl)-hex-4-ynoi-
que.

Composé selon la revendication 1, dans lequel R représente un groupe hydrocarbyle acyclique linéaire ou ramifié
en C4-C15, notamment en C4-C12, pouvant étre saturé ou insaturé.

Composé selon la revendication 2, dans lequel R représente :
- un groupe hydrocarbyle acyclique saturé linéaire en C4-C15, en particulier en C4-C12, ou
- un groupe hydrocarbyle acyclique saturé ramifié en C4-C15, en particulier en C4-C12, ou
- un groupe hydrocarbyle acyclique insaturé linéaire en C4-C15, en particulier en C4-C12, ou

- un groupe hydrocarbyle acyclique insaturé ramifié en C4-C15, en particulier en C4-C12.

Composé selon la revendication 3, dans lequel le groupe hydrocarbyle acyclique insaturé en tant que liaisons
insaturées ne comprend que des doubles liaisons.
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Composé selon la revendication 1, dans lequel R représente un groupe hydrocarbyle acyclique linéaire ou ramifié,
primaire ou secondaire en C4-C15, en particulier en C4-C12, qui peut étre saturé ou insaturé et dans lequel un ou
plusieurs atomes d’hydrogéne sont remplacés un atome de fluor;

Composé selon la revendication 5 dans lequel R représente :
- un groupe hydrocarbyle acyclique saturé linéaire en C4-C15, en particulier en C4-C12, ou
- un groupe hydrocarbyle acyclique saturé ramifié en C4-C15, en particulier en C4-C12, ou
- un groupe hydrocarbyle acyclique insaturé linéaire en C4-C15, en particulier en C4-C12, ou

- un groupe hydrocarbyle acyclique insaturé ramifié en C4-C15, en particulier en C4-C12.

Composeé selon la revendication 6, dans lequel le groupe hydrocarbyle acyclique insaturé en tant que liaisons
insaturées ne comprend que des doubles liaisons.

Composé selon I'une quelconque des revendications 1 a 7 dans lequel X représente:

- un atome d’hydrogene, ou
- un atome d’halogéne, de préférence un atome de fluor.

Composé selon I'une quelconque des revendications 1 a 8, dans lequel un, deux ou trois atomes d’hydrogéne au
niveau des mémes atomes de carbone sont remplacés par un, deux ou trois atomes de fluor pour former un groupe

CH,F, CHF, ou CFj3, respectivement.

Composé selon l'une quelconque des revendications 1 a 9 sous la forme d’'un seul énantiomére, d’'un seul diasté-
réoisomere, d’'un racémate ou d’un mélange d’énantiomeres ou de diastéréoisomeéres

Composé selon I'une quelconque desrevendications 1 a 10 sous la forme d’un seul énantiomére ou diastéréoisomeére
ayant la structure (la)

OH

o X
(Ta)

Composé selon la revendication 1 qui est 'acide (3S)-3-{4-[(2,3-diméthylbut-2-én-1-yl)oxy]phénylthex-4-ynoique et
ses sels pharmaceutiquement acceptables.

Composeé de formule () selon 'une quelconque des revendications 1 a 10 pour une utilisation comme médicament.

Composition pharmaceutique comprenant le composé de formule (1) tel que défini a 'une quelconque des reven-
dications 1 a 10 et des excipients pharmaceutiques.

Composeé de formule (1) tel que défini dans I'une quelconque des revendications 1 a 10 pour une utilisation dans
un traitement de maladies médiées par GPR40 chez un sujet en ayant besoin, ledit sujet étant un mammifére, en
particulier un humain dans lequel les maladies médiées par GPR40 sont choisis parmi les cancers et les maladies
métaboliques, éventuellement les maladies choisies parmi le diabéte, le diabete de type 2, 'obésité, I'hyperglycémie,
l'intolérance au glucose, l'insulinorésistance, I’hyperinsulinémie, I'hnypercholestérolémie, les neuropathies et le syn-
drome métabolique.

Composeé pour une utilisation selon la revendication 15, dans lequel ladite maladie est :
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