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Title: FUSED HETEROCYCLIC DERIVATIVES AS S1P MODULATORS

Field of the invention

This invention relates to new fused heterocyclic derivatives having affinity to
S1P receptors, a pharmaceutical composition containing said compounds, as well
as the use of said compounds for the preparation of a medicament for treating,
alleviating or preventing diseases and conditions in which any S1P receptor is
involved or in which modulation of the endogenous S1P signaling system via any

S1P receptor is involved.

Background of the invention

Sphingosine-1-phosphate (S1P) is a bioactive sphingolipid that mediates a wide
variety of cellular responses, such as proliferation, cytoskeletal organization and
migration, adherence- and tight junction assembly, and morphogenesis. S1P can
bind with members of the endothelial cell differentiation gene family (EDG
receptors) of plasma membrane-localized G protein-coupled receptors. To date,
five members of this family have been identified as S1P receptors in different cell
types, S1P1 (EDG-1), S1P2 (EDG-5), S1P3 (EDG-3), S1P4 (EDG-6) and S1P5
(EDG-8). 81P can produce cytoskeletal re-arrangements in many cell types to
regulate immune cell trafficking, vascular homeostasis and cell communication
in the central nervous system (CNS) and in peripheral organ systems.

It is known that S1P is secreted by vascular endothelium and is present in blood
at concentrations of 200-900 nanomolar and is bound by albumin and other
plasma proteins. This provides both a stable reservoir in extracellular fluids and
efficient delivery to high-affinity cell-surface receptors. S1P binds with low
nanomolar affinity to the five receptors S1P1-5. In addition, platelets also contain
S1P and may be locally released to cause e.g. vasoconstriction. The receptor
subtypes S1P1, S1P2 and S1P3 are widely expressed and represent dominant
receptors in the cardiovascular system. Further, S1P1 is also a receptor on
lymphocytes. S1P4 receptors are almost exclusively in the haematopoietic and
lymphoid system. S1P5 is primarily (though not exclusively) expressed in central

nervous system. The expression of S1P5 appears to be restricted to
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oligodendrocytes in mice, the myelinating cells of the brain, while in rat and man
expression at the level of astrocytes and endothelial cells was found but not on
oligodendrocytes.
S1P receptor modulators are compounds which signal as (ant)agonists at one or
9  morc S1P receptors. The present invention relates to modulators of the S1P5
receptor, in particular agonists, and preferably to agonists with selectivity over
S1P1 and/or S1P3 receptors, in view of unwanted cardiovascular and/or
immunomodulatory effects. It has now been found that S1P5 agonists can be
used in the treatment of cognitive disorders, in particular age-related cognitive
‘ 10  decline.
. Although research is ongoing to develop therapeutics that can be used to treat
age related cognitive decline and dementia, this has not yet resulted in many
successful candidates. Therefore, there is a need for new therapeutics with the

desired properties.

Description of the invention

It has now been found that fused heterocyclic derivatives of the formula (I)

A fused heterocyclic derivative of the formula (I)
20
R3

|
R1—z X
/4
") EN—M
Y
R2 @

wherein
R1 is selected from

¢yano,
25 (2-4C)alkenyl, (2-4C)alkynyl, (1-4C)alkyl, each optionally substituted with
CN or one or more fluoro atoms,

(3-6C)cycloalkyl, (4-6C)cycloalkenyl or a (8-10C)bicyclic group, each
optionally substituted with halogen or (1-4C)alkyl optionally
substituted with one or more fluoro atoms,

30 phenyl, biphenyl, naphthyl, each optionally substituted with one or more
substituents independently sclected from halogen, cyano, (1-4C)alkyl
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optionally substituted with one or more fluoro atoms, (1-4C)alkoxy
optionally substituted with one or more fluoro atoms, amino,
dimethylamino, and (3-6C)cycloalkyl optionally substituted with
phenyl which may be substituted with (1-4C)alkyl or halogen, and
phenyl substituted with phenoxy, benzyl, benzyloxy, phenylethyl or
monocyclic heterocycle, each optionally substituted with (1-4C)alkyl,
Zis a linking group —~W-(Cp-alkylene)-T- wherein
W is attached to R1 and selected from a bond, -O-, -CO-, -S-, -SO-, -SO;-,
-NH-, -CH=CH., -C(CF3)=CH-, -C=C-, -CHz-0-, -0-CO-, -CO-0-,
-CO-NH-, -NH-CO- and trans-cyclopropylene;
n is an integer from 0 to 10; and
T 1s attached to the phenylene/pyridyl moiety and selected from a bond, -O-
, -8-, -80-, -S0s-, -NH-, -CO-, -C=C-, -C=C-, and trans-cyclopropylene;
R2is H or one or more substituents independently selected from cyano,
halogen, (1-4C)alkyl optionally substituted with one or more halogen
atoms, or (1-4C)alkoxy optionally substituted with one or more halogen
atoms;
ring structure A may contain one nitrogen atom;
X 1s selected from C or N; if X is C, R3 is selected from H and (1-4C)alkyl,
otherwise R3 is not present;
Y is selected from NH, O and S;
structure Q is a 5-, 6- or 7- membered cyclic amine;
and
R4 1s (1-4C)alkylene-R5 wherein one or more carbon atoms in the alkylene
group may independently be substituted with one or more halogen atoms
or with (CHg)z2 to form a cyclopropyl moiety , or R4 is (3-6C)cycloalkylene-
R5, -CH2-(3-6C)cycloalkylene-R5, (3-6C)cycloalkylene-CHe-R5 or -CO-CHo-
R5, wherein R5 is -OH, -POsHz, -OPOsHs, -COOH, -COO(1-4C)alkyl or
tetrazol-5-yl;
or a pharmaceutically acceptable salt, a solvate or hydrate thereof or one or more
N-oxides thereof display affinity for S1P receptors. In particular, compounds of
the invention show selective affinity for the S1P5 receptor over the S1P1 and/or
S1P3 receptor(s).
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In WO 2008/012010, some of the disclosed compounds have somewhat structural
similarity to the compounds of the present invention; however, they are described

as histamine H3-receptor ligands.

The compounds of the invention are modulators of the S1P receptor, in particular
of the S1P5 receptor. More specifically, the compounds of the invention are S1P5
receptor agonists. The compounds of the invention are useful for treating,
alleviating and preventing diseases and conditions in which (any) S1P receptor(s)
- in particular S1P5 — is (are) involved or in which modulation of the endogenous
S1P signaling system via any S1P receptor is involved. In particular, the
compounds of the present invention may be used to treat, alleviate or prevent
CNS (central nervous system) disorders, such as neurodegenerative disorders, in
particular -but not limited to- cognitive disorders (in particular age-related
cognitive decline) and related conditions, Alzheimer’s disease, (vascular)
dementia, Nieman’s Pick disease, and cognitive deficits in schizophrenia,
obsessive-compulsive behavior, major depression and autism, multiple sclerosis,
pain, etc.. Preferably, the compounds of the present invention may be used to
treat, alleviate or prevent cognitive disorders (in particular age-related cognitive

decline) and related conditions.

In a preferred embodiment of the invention, the compounds have formula (I)
wherein
R1 is selected from
(3-6C)cycloalkyl or a (8-10C)bicyclic group optionally substituted with
halogen, (1-4C)alkyl, and
phenyl optionally substituted with one or more substituents independently
selected from halogen, cyano, (1-4C)alkyl, (1-4C)alkoxy,
trifluoromethy! and trifluoromethoxy;
W is selected from a bond, -O-, -CO-, -8-, -80-, -80s-, -NH-., -CH=CH., -C=C-,
and trans-cyclopropylene; and
n is an integer from 0 to 4; and preferably, n is selected from 0, 1 and 2; and
R2 1s H or one or more substituents independently selected from halogen,
(1-4C)alkyl optionally substituted with one or more fluoro atoms or

(1-4C)alkoxy optionally substituted with one or more fluoro atoms;
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and wherein the definition of the other groups / symbols is as defined
previously.

In another embodiment, the compound of the invention has the structure (Ia)

TS
X
R1—z @_m
; Y
R2 (Ia).

In an embodiment of the invention, ring structure Q is a 6-membered ring. In

particular, the compound of the invention has the structure (Ib)

TS
Car—~
Y
R2 (Ib).

In a further embodiment of the invention, R4 is selected from -(CHz)2-OH,
-CH3-COOH, -(CHz)2-COOH, -(CH2)3-COOH, -CH2-CHCH3-COOH,
-CH2-C(CH3)2-COOH, -CHCHs-CH2-COOH, -CH2-CF2-COOH, -CO-CHz-COOH,

; Q _COOH

, 1,3-cyclobutylene-COOH, -(CHz)2-POsHs, -(CHs)s-POsHo,
-(CH2)2-OPOsHs, -(CH2)3-OPOsHz, -CHa-tetrazol-5-yl, -(CHs)s-tetrazol-5-yl and
-(CHe)s-tetrazol-5-yl. Preferred R4 groups are selected from -(CHz)s-COOH,
-(CHg)3-COOH, -CH2-CHCH3-COOH, -CHe-C(CHs)2z-COOH, -CHCH3-CH2-COOH,
-CH2-CF2-COOH and. Highly preferred are -(CHz)2-COOH, -CHCH3-CHs-COOH,
-CH2-CHCH3-COOH and 1,3-cyclobutylene-COOH. In particular preferred is
-CH:-CHCHs-COOH.

In another preferred embodiment, the compounds have formula (I) wherein Y is
0.

Further, in a preferred embodiment of the invention, X is N.

In preferred embodiments of the invention, R1 is indanyl optionally substituted
with halogen, (1-4C)alkyl, or -more preferred- R1 is optionally substituted

phenyl, wherein the optional substituents are selected from any of the previously -
defined substituents, but in particular the optional substituents are one or more

substituents independently selected from halogen, cyano, (1-4C)alkyl,
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(1-4C)alkoxy, trifluoromethyl and trifluoromethoxy. In highly preferred
embodiments, R1 is 4Cl-phenyl or 4CFs-phenyl.

In an embodiment of the invention, R2 is H or one or more substituents
independently selected from methyl, methoxy, chloro or fluoro. In a preferred
cmbodiment, R2 is H or R2 represents one methyl, one methoxy, onc chloro, one
chloro, or one or two fluoro atoms.

In embodiments of the invention, wherin X is CR3, R3 is preferably H or methyl
and in particular, R3 is H.

Further, in an embodiment of the invention, Z is the linking group -W-(CH2)»-T-,
the meaning of which is selected from a bond, -O-, -CO-, -S-, -S03-, -NH-, -CHp-,
-(CHg)e-, -CCH3-0-, -CH=CH-, -C=C-, -CHz-0O-, -0-CHg-, -CHa-S-, -S-CHo-,
-CH2-SOz-, -SO2-CHs-, -CH2-NH-, -NH-CHz-, and trans-cyclopropylene. In
preferred embodiments, Z is -O-, -CH»-O- or trans-cyclopropylene. In particular, Z
is -CHs-O-.

The term halogen refers to fluoro, chloro, bromo, or iodo. Preferred halogens are
fluoro and chloro, and in particular chloro.

The term (1-4C)alkyl means a branched or unbranched alkyl group having 1-4
carbon atoms, for example methyl, ethyl, propyl, isopropyl and butyl. A preferred
alkyl group is methyl.

The term (1-4C)alkoxy means an alkoxy group having 1-4 carbon atoms, wherein
the alkyl moiety is as defined above. A preferred alkoxy group is methoxy.

The terms (1-4C)alkylene and (Cu-alkylene) mean a branched or unbranched
alkylene group having 1-4 or n carbon atoms, respectively, for example
methylene, -CHCHas-, -C(CHzs)z-, -CHCH3CHz-, and the like. In the definition of
R4 which is (1-4C)alkylene-R5, one or more carbon atoms in the alkylene group
may (amongst others) independently be substituted with (CHz)s to form a

cyclopropyl moiety, meaning to form a R4 group such as :
The term (2-4C)alkynyl means a branched or unbranched alkynyl group having
2-4 carbon atoms, wherein the triple bond may be present at different positions

in the group, for example ethynyl, propargyl, 1-butynyl, 2-butynyl, etc.
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The term (3-6C)cycloalkyl means a cyclic alkyl group having 3-6 carbon atoms,
thus cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl. Preferred are cyclopentyl
and cyclohexyl.

The term (4-6C)cycloalkenyl means a cyclic alkenyl group having 4-6 carbon
atoms and comprising one or two double bonds, for example cyclohexenyl.

The term (3-6C)cycloalkylene means a cyclic alkyl group having two attachment

points. Preferred is 1,3-cyclobutylene, having the structure

Ot

The term (8-10C)bicyclic group means a fused ring system of two groups selected

from aromatic and non-aromatic ring structures having together 8-10 carbon
atoms, for example the indane group.
With reference to substituents, the term "independently" means that the

substituents may be the same or different from each other in the same molecule.

The compounds of the invention may suitably be prepared by methods available

in the art, and as illustrated in the experimental section of this description.

The compounds of the present invention may contain one or more asymmetric
centers and can thus occur as racemates and racemic mixtures, single
enantiomers, diastereomeric mixtures and individual diastereomers. Additional
asymmetric centers may be present depending upon the nature of the various
substitucnts on the molecule. Each such asymmetric center will independently
produce two optical isomers and it is intended that all of the possible optical
isomers and diastereomers in mixtures and as pure or partially purified
compounds are included within the ambit of this invention. The present
invention is meant to comprehend all such isomeric forms of these compounds.
The independent syntheses of these diastereomers or their chromatographic
separations may be achieved as known in the art by appropriate modification of
the methodology disclosed herein. Their absolute stereochemistry may be
determined by the x-ray crystallography of crystalline products or crystalline
intermediates which are derivatized, if necessary, with a reagent containing an
asymmetric center of known absolute configuration. If desired, racemic mixtures
of the compounds may be separated so that the individual enantiomers are

isolated. The separation can be carried out by methods well known in the art,

PCT/EP2011/061586
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such as the coupling of a racemic mixture of compounds to an enantiomerically
pure compound to form a diastereomeric mixture, followed by separation of the
individual diastereomers by standard methods, such as fractional crystallization
or chromatography.

Compounds may exist as polymorphs and as such are intended to be included in
the present invention. In addition, compounds may form solvates with water G.e.,
hydrates) or common organic solvents, and such solvates are also intended to be
encompassed within the scope of this invention.

Isotopically-labeled compound of formula (I) or pharmaceutically acceptable salts
thereof, including compounds of formula (I) isotopically-labeled to be detectable
by PET or SPECT, also fall within the scope of the invention. The same applies to
compounds of formula (I) labeled with [*3C]-, [14C]-, [3H]-, [*8F]-, [\?5I]- or other

1sotopically enriched atoms, suitable for receptor binding or metabolism studies.

The term "pharmaceutically acceptable salt" refers to those salts that are, within
the scope of sound medical judgment, suitable for use in contact with the tissues
of humans and lower animals without undue toxicity, irritation, allergic
response, and the like, and are commensurate with a reasonable benefit/risk
ratio. Pharmaceutically acceptable salts are well-known in the art. They can be
prepared in situ when isolating and purifying the compounds of the invention, or
scparately by reacting them with pharmaceutically acceptable non-toxic bases or

acids, including inorganic or organic bases and inorganic or organic acids.

The compounds of the invention may be administered enterally or parenterally.
The exact dose and regimen of these compounds and compositions thereof will be
dependent on the biological activity of the compound per se, the age, weight and
sex of the patient, the needs of the individual subject to whom the medicament is
administered, the degree of affliction or need and the judgment of the medical
practitioner. In general, parenteral administration requires lower dosages than
other methods of administration which are more dependent upon adsorption.
However, the dosages for humans are preferably 0;001 — 10 mg per kg body
weight. In general, enteral and parenteral dosages will be in the range of 0.1 to
1,000 mg per day of total active ingredients.

Mixed with pharmaceutically suitable auxiliaries, e.g. as described in the

standard reference “Remington, The Science and Practice of Pharmacy” (21

PCT/EP2011/061586
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edition, Lippincott Williams & Wilkins, 2005, see especially Part 5:
Pharmaceutical Manufacturing) the compounds may be compressed into solid
dosage units, such as pills or tablets, or be processed into capsules or
suppositories. By means of pharmaceutically suitable liquids the compounds can
also be applied in the form of a solution, suspension or emulsion.

For making dosage units, e.g. tablets, the use of conventional additives such as
fillers, colorants, polymeric binders and the like, is contemplated. In general, any
pharmaceutically suitable additive which does not interferc with the function of
the active compounds can be used.

Suitable carriers with which the compounds of the invention can be administered
include for instance lactose, starch, cellulose derivatives and the like, or mixtures
therec;f, used in suitable amounts. Compositions for intravenous administration
may for example be solutions of the compounds of the invention in sterile isotonic
aqueous buffer. Where necessary, the intravenous compositions may include for
instance solubilizing agents, stabilizing agents and/or a local anesthetic to ease
the pain at the site of the injection.

Pharmaceutical compositions of the invention may be formulated for any route of
administration and comprise at least one compound of the present invention and
pharmaceutically acceptable salts thereof, with any pharmaceutically suitable
ingredient, excipient, carrier, adjuvant or vehicle.

By "pharmaceutically suitable" it is meant that the carrier, diluent or excipicnt
must be compatible with the other ingredients of the formulation and not
deleterious to the recipient thereof.

In an embodiment of the invention, a pharmaceutical pack or kit is provided
comprising one or more containers filled with one or more pharmaceutical
compositions of the =invention. Associated with such container(s) can be various
written materials such as instructions for use, or a notice in the form prescribed
by a governmental agency regulating the manufacture, use or sale of
pharmaceuticals products, which notice reflects approval by the agency of

manufacture, use, or sale for human or veterinary administration.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to
which this invention pertains. Although methods and materials similar or

equivalent to those described herein can be used in the practice or testing of the

PCT/EP2011/061586
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present invention, suitable methods and materials are described in this

document.

LEGEND TO THE FIGURES

Figure 1 Percentage of alternation of young and old C57BL/6J male mice in
the T-maze with either vehicle (control groups) or compound of the
invention (dose in mg/kg; p.o.)

'The following examples are intended to further illustrate the invention in more
detail.
Any novel intermediate as disclosed herein is a further embodiment of the

present invention.
EXAMPLES
§1. ANALYTICAL METHODS

Nuclear magnetic resonance spectra ({\H NMR and 13C NMR, APT) were
determined in the indicated solvent using a Bruker ARX 400 (*H: 400 MHz, 13C:
100 MHz) at 300 K, unless indicated otherwise. “F NMR and 13C NMR
experiments were carried out on a Varian Inova 500 spectrometer operating at
11.74 T (499.9 MHz for 'H; 125.7 MHz for 13C; 50.7 Mhz, 470.4 MHz for 1°F) using
a 5 mm SW probe. The spectra were determined in deuterated chloroform or
DCM obtained from Cambridge Isotope Laboratories Ltd. Chemical shifts (6) are
given in ppm downfield from tetramethylsilane (*H, 3C) or CCIsF (1*F). Coupling
constants J are given in Hz. Peak shapes in the NMR spectra are indicated with
the symbols ‘g’ (quartet), ‘dg’ (double quartet), ‘t’ (triplet), ‘dt’ (double triplet), ‘d’
(doublet), ‘dd’ (double doublet), ‘s’ (singlet), ‘bs’ (bs) and ‘m’ (multiplet). NH and
OH signals were identified after mixing the sample with a drop of D20.

Flash chromatography refers to purification using the indicated eluent and

silica gel (either Acros: 0.030-0.075 mm or Mexrck silica gel 60: 0.040-0.063 mm).

Column chromatography was performed using silica gel 60 (0.063-0.200 mm,
Merck).

PCT/EP2011/061586
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Reactions were monitored by using thin-layer chromatography (TLC) on silica

coated plastic sheets (Merck precoated silica gel 60 F254) with the indicated
eluent. Spots were visualized by UV light (254 nm) or I..

Melting points were recorded on a Biichi B-545 melting point apparatus.
Liquid Chromatography- Mass Spectrometry (LC-MS):

- Method A.
The LC-MS system consists of a Waters 1525 u-pump. The pump is connected to

a Waters 2777 auto sampler.

The LC method is:

step total time flow A%) B(%)
(ul/min)

0 0.2 1600 90 10

1 2.5 1600 0 100
2 2.8 1600 0 100
3 2.9 1600 90 10

4 3.10 1600 90 10

5 3.11 500 90 10

A= 100% Water with 0.2% HCOOH
B=100% ACN with 0.2% HCOOH

The auto sampler has a 10 ul injection loop; the injection volume is 10 pl. The
auto sampler is connected to a Waters Sunfire C18 30*4.6 mm column with 2.5

um particles. The column is thermo stated at Room temperature +/- 23°C

The column is conncected to a Waters 2996 PDA. The wavelength is scanned from
240 to 320 nm. The resolution is 1.2 nm and the sampling ate is 20 Hz. After the
PDA the flow is split 1:1 and connected to a Waters 2424 ELSD.

The ELSD has the following parameters:
Gas pressure: 40 psi

Data rate 20 points/sec

Gain 500

PCT/EP2011/061586
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Time constant 0.2 sec
Nebulizer mode cooling

Drift tube 50°C

The samples are also measured with a Waters ZQ mass detector.

The mass spectrometer has the following parameters:
Scan range: 117-900 Amu
Polarity: positive

Data format: centroid
Time per scan: 0.500 sec
Interscan time: 0.05 sec
Capillary 2.5kV
Cone 25V
Extractor 2V

RF lens 0.5V
Source Temp. 125°C
Desolvation Temp 400 °C
Cone gas 100 L/Hr
Desolvation Gas 800 L/Hr
LM 1 Resolution 15
HM 1 Resolution 15
Ton energy 0.5

Multiplier 500V

The complete system is controlled by Masslynx 4.1.

- Method B.

PCT/EP2011/061586

The LC-MS system consists of 2 Perkin Elmer series 200 micro pumps. The

pumps are connccted to each other by a 50 ul tee mixer. The mixer is connected

to the Gilson 215 auto sampler.



WO 2012/004373 PCT/EP2011/061586
13
The LC method is:
step total flow A (%) B (%)
time (ul/min)
0 0 1800 95 5
1 1.8 1800 0 100
2 2.6 1800 0 100
3 2.8 1800 95 5
4 3.0 1800 95 5

10

20

A= 100% Water with 0.1% HCOOH
B=100% Acetonitril with 0.1% HCOOH

The auto sampler has a 2 ul injection loop. The auto sampler is connected to a
Waters Sunfire C18 4.6x30 mm column with 2.5 Om particles. The column is
thermo stated in a Perkin Elmer series 200 column oven at 23 °C. The column is
connected to a Perkin Elmer 785 UV/VIS meter with a 2.7 ul flow cell. The
wavelength is set to 254 nm. The UV meter is connected to a Sciex API 150EX
mass spectrometer. The mass spectrometer has the following parameters:
Scan range: 100-900 Amu

Polarity: positive

Scan mode: profile

Resolution Q1: UNIT

Step size: 0.10 amu

Time per scan: 0.500 sec

NEB: 10

CUR: 10

IS: 5200

TEM: 325

DF: 30

FP: 225

EP: 10

The light scattering detector is connected to the Sciex API 150. The light
scattering detector is a Polymer Labs PL-ELS 2100 operating at 70° C and 1.7

bar N2 pressure.
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The complete system is controlled by a Dell precision GX370 computer operating
under Windows 2000.

The reported retention times in Table 1 (R:) are for the peak in the Total Ion
Current (TIC) chromatogram which showed the mass for [M+H]* within 0.5 amu
accuracy of the calculated exact MW and had an associated peak in the
Evaporative Light Scattering (ELS) chromatogram with a relative area%

(purity) of >85%.

§2. ABBREVIATIONS

ACE-Cl1 1-Chloroethyl chloroformate
9-BBN 9-borabicyclo[3.3.1]nonane dimer
CHCls Chloroform

CH:Cl2 Dichloromethane

CHsCN Acetonitrile

CuBrz Copper(II) bromide

DBU 1,8-Diazabicyclo[5.4.0Jundec-7-ene
DIAD Diisopropyl azodicarboxylate
DIPEA N,N-Diisopropylethylamine
DMF N,N-dimethylformamide
DMSO Dimethyl sulfoxide

EtsN Triethylamine

Et20 Diethyl ether

EtOH Ethanol

EtOAc Ethyl acetate

HCl Hydrogen chloride

K2COs3 Potassium carbonate
KHCO; Potassium bicarbonate

KI Potassium iodide

KOH Potassium hydroxide

KOtBu Potassium fert-butoxide
MeOH Methanol

NaBH4 Sodium borohydride
NaHCOs Sodium bicarbonate

Nal Sodium iodide

NaOH Sodium hydroxide
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Na2S04
NBS
1Pr:0
RT

Si02
TFA
THF
TMSCI
TMSOTY
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Sodium fert-butoxide
Sodium sulfate
N-Bromosuccinimide
Diisopropyl ether
Room Temperature
Silica gel
Trifluoroacetic acid
Tetrahydrofuran
Chlorotrimethylsilane

Trimethylsilyl trifluoromethanesulfonate

§3. GENERAL ASPECTS OF SYNTHESES

Suitable syntheses of claimed compounds are described below.

Ra Ra
RBRb Rb
_Tail_ Tail
N COOH N N~ T TCOOH
O O~ O {% |
[¢) o}
1 2

For the synthesis of compounds 1, two routes are described in respectively

Schemes 2 and 3. Both routes start with compound 6, the synthesis of which is

depicted in Scheme 1. Alpha alkylation of the pyrrolidine-enamine of 4 with

alpha-bromo-acetophenones (3) -thereby introducing the Rb-group in the

molecule- gives compound 5. Subsequent ring-closure of 5 under acidic conditions

yielded compound 6 in fair yields.

Scheme 1. Synthesis of key-intermediate 6.

f EB pyrrolidine

Route A (see Scheme 2) starts with the alkylation of the piperidine moiety in 6 by

either a standard alkylation, reductive alkylation or Michael addition reaction to

give the protected carboxylic acid compounds 7. The benzyl ether moiety could be

Br
p-TsOH \%
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introduced in two ways. Firstly, the bromine in 7 could be converted directly to
the benzyl ether derivative 9 by a palladium catalyzed reaction. Additionally,
bromide 7 can be converted to the phenol derivative 8§ derivative via a palladium
mediated reaction. Compound 8 can be converted to the desired benzyl ether
derivatives 9 under phase transfer conditions with benzyl bromides or via a
Mitsunobu reaction with benzyl alcohols. Finally, compounds 9 could be

deprotected to give the end-products 1.

Scheme 2. Route A to compounds 1

Rb

b
b
4 N X-Tail-coOB Re
Br | ai u N .R
o Br / l —_——= HO / I N

Michael addition or
- Reductive alkylation or
- Alkylation

“Pd" chemistry
Mitsunobu or

/ \ alkylating conditions

Rc can be for example
X OB

\/Y . X\/k"/OtBu

a) %
by O —_— 1
X/\/\n,omu

K{BuOC(O)Jje) /

o

Alternatively, Route B (see Scheme 3) could be followed for the synthesis of
compounds 1. The piperidine in compound 6 was protected with a BOC group.
Hereafter, first the benzyl ether moiety was introduced either vig a direct
palladium mediated reaction of the bromine in 10 to 12 or via transforming the
bromine to the phenol derivative 11, which could be converted to 12 under
alkylation or Mitsunobu conditions. Finally, compound 12 could be converted to 9
by acidic removal of the BOC group and subsequent introduction of the protected

carboxylic acid tails.

PCT/EP2011/061586
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Scheme 3. Route B to compounds 1

—-—. Br
DIPEA/DCM

“Pd” chemns'ry

“Pd” chemlstry
R,-BnBr for alkylation
R,-BnOH for Mitsunobu

For the synthesis of oxazolo-derivatives 2, three routes were developed. The
synthesis of key-intermediate 20 is depicted in Scheme 4. Acylation of
commercially available 14 with a properly substituted benzoyl chloride (15) gave
16, which was subsequently ring-closed to 17 by using triphenylphosphine and
hexachloroethane. Methylation of the pyridine in 17 to the quaternary salt 18
and subsequent reduction of 18 with sodium borohydride yielded compound 19.
Compound 19 was demethylated with 1-chloroethyl chloroformate to furnish key-

Intermediate 20.

Scheme 4. Synthesis of compounds 20.
i &/ CCI,CCl, i :(J DMF/ KT

Ao
‘ 1) AcéCl,
NaBH, N D)IPEA N N
Br 7
2) MeOH o
20

The first route (Route C) to compounds 2 is outlined in Scheme 5 and starts from
compound 20. In a similar fashion as described for the synthesis of compounds 7
in the furanyl series, the t-butyl protected carboxylic acid tails could be
introduced in 20 to give 21. Starting from 21, the benzyl ether derivatives 23
could be prepared by either a direct palladium mediated coupling (21 to 23) with
benzyl alcohols or by first transforming the bromide in 21 to phenol 22 and

subsequent benzylation of 22 (to 28) under phase transfer or Mitsunobu
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conditions. Finally, acidic deprotection of the carboxylic acid in 28 yielded

compounds 2.

Scheme 5. Route C to compounds 2.

Rb
n—Re N _Rec

/ N~

/ \ Mitsunobu and
Re can be for example Pd-chemistry alkylation conditions
X ot8u \*“/
~Nr X o8y
a © b) ©

XY\n/ouau X/\/YOIBU
e} o4
<) d) O —_— 2
X

\tBuOC(O)):E) j

Alternatively, route D could be followed as depicted in Scheme 6. Compounds 25
could be prepared starting from 14 and a properly substituted 4-benzyloxy-
benzoic acid derivative (24) under the influence of triphenylphosphine and
trichloroacetonitril. Compound 25 could be converted to the benzyloxy-
derivatives 23 in a similar fashlon as described above in Schemes 4 and 5 for the
synthesis of compounds 21. Thus, methylation of 25 and subsequent reduction
with NaBH4 gave 26, which was demethylated with ACE-Cl to give 27. Finally,
the tails were introduced in 27 to give compound 28. From here, the t-butyl group
in 23 could be removed under acidic conditions to give compound 2. On the other
hand, the benzyl in 23 can be removed by hydrogenation to give phenol

derivatives 22.
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Scheme 6. Route D to compounds 2.

1) CHy)
Elj @j :f: 2, ? RaBnO—@—< I}
2) NaBH,
CCI,CN

AcCN, 75°C
/ AceCl see Scheme 5
RaBnO — - RaBnO
29 MeOH 1or tails

Rb
_ Hpac N N e
RaBnO HO 7
o)

And finally, the third route (Route E) to compounds 2 is depicted in Scheme 7.
Compound 20 was protected with a t-butyloxycarbonyl group to give 28, which
9 could be converted to the corresponding phenol (29) under standard palladium
conditions. Alkylation of 29 under phase transfer or Mitsunobu conditions gave
30. On the other hand, compound 30 could also be obtained directly from the
bromide 28 under pailadium chemistry conditions. Acidic removal of the BOC

group in 30 resulted in the formation of compound 27, which could be alkylated
10  to 23 as described in Scheme 5.

Scheme 7. Route E for the synthesis of compounds 2
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Scheme 8.
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Thiazolo derivatives 508 and 520 were synthesized as described in Scheme 8 and
9. Adjustments of R-groups in the reagents leads to the introduction of Ra, Rb
and Re.

Scheme 9.
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The synthetic route towards a number of alternative tails and linkers is depicted

in Scheme 10.

Scheme 10.
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For those skilled in the art, it is clear that the choice for a certain route can be
based on the availability of the reagents. In addition, the routes B, D and E are
very suitable for the introduction of diversity in the Re-tail part of compounds 1
and 2. Routes A and C have the introduction of the Ra-Bn moiety in the last part
of the synthesis which makes it more suitable for exploring diversity in that part

of the molecule.

§4. SYNTHESES OF INTERMEDIATES

General procedure for the synthesis of compounds 5. To a solution of 4-

oxo-piperidine-1-carboxylic acid t-butyl ester in toluene (2ml/mmol) was added a
catalytic amount of para-toluenesulphonic acid mono hydrate (0.1eqg) and
pyrrolidine (4eg). The mixture was heated to reflux under Dean Stark conditions
for 18 hours. The mixture was concentrated under reduced pressure and the
residuc was redissolved in toluene. To this solution was added slowly (in 25
minutes) a solution of a properly substituted 2-bromo-1-(4-bromo-phenyl)-
ethanone (1.05eq) in toluene/DCM (2ml/mmol, %, v/v). The mixture was stirred
overnight at room temperature and the resulting white slurry was poured out
into water. The water layer was extracted with DCM (3 times) and the combined
organic layers were dried (MgS0s) and subsequently concentrated under reduced
pressure. The resulting oil was purified by silica gel chromatography giving

compound 5 in a yield of 50-90%.

General procedure for the synthesis of compounds 6. Compound 5 was

suspended in concentrated hydrochloric acid (10eq, 12N). The mixture was
heated (in steps of 10°C per 30 minutes) to 80°C. The mixture starts to foam
heavily, so allow enough volume in the starting reaction vessel. After 45 minutes,
the mixture was cooled to 0°C and neutralized with 50wt% solution of NaOH
(exothermic). After stirring overnight at room temperature, the resulting solid
material was collected by filtration and washed with 0.1M NaOH. The light
brown material was purified by Soxhlet extraction in EtOAc giving 6 as beige

solid which was used in the next step without further purification.

General procedure for the introduction of the protected carboxvlic acid

tails (7).

PCT/EP2011/061586
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a) introduction of the propionic acid t-butyl ester. Compound 6 was suspended in

methanol (4ml/mmol) and DIPEA was added (1.05 eg). To the mixture was added

t-butyl acrylate (1.2eq) and the mixture was refluxed for 16 hrs. Conversion was
checked by TLC analysis. The solvents were evaporated and the residue was
redissolved in EtOAc and extracted with a 5% solution of NaHCOs;.The organic
layer was dried (MgSO4), concentrated in vacuo and the residue was purified by
silica gel column chromatography to give pure 7a.

b) Introduction of the 2-methyl-propionic acid t-butyl ester. Compound 6 was

suspended in DMF (6ml/mmol). To this suspension was added 1,8~
diazabicyclo[5.4.0]lundec-7-ene (3eg) and t-butyl methacrylate (2eq). The mixture
was heated at 125°C for 16-100hrs. The solution was cooled and 5% NaHCOs was
added (15ml/mmol) and extracted with EtOAc. The organic layer was washed
with water (4x), dried on MgSOs, concentrated in vacuo and the residue was

purified by silica gel column chromatography to give pure 7b.

¢) Introduction of the 3-butyric acid t-butyl ester. Compound 6 was suspended in
1,2-dichloroethane (6ml/mmol). To this suspension was added t-butylacetoacetate
(leq) and sodium triacetoxy borohydride (1.4eq). The mixture was stirred at room
temperature for 16hrs. If the reaction was not complete, another portion of t-
butylacetoacetate (leq) and sodium triacetoxy borohydride (1.4eq) was added. To
the solution was added 5% NaHCOs (15ml/mmol) and the mixture was extracted
with DCM. The combined organic layers were dried on NazSOa, concentrated in
vacuo and the residue was purified by silica gel column chromatography to
furnish pure 7c.

d) ) Introduction of the 4-butyric acid t-butvl ester. Compound 6 was suspended

in acetonitril (3ml/mmol). To this suspension was added potassium carbonate
(Zeq), t-butyl 4-bromo-butanoate (1.1eq) and potassium iodide (1.1 eq). The
mixture was stirred at room temperature for 16hrs after which time TLC
analysis revealed complete reaction. The mixture was concentrated in vacuo and
the residue was dissolved in EtOAc, washed with 5% NaHCO3 (156ml/mmol). The
organic layer was dried on Na2SOs, concentrated in vacuo and the residue was

purified by silica gel column chromatography to yield 7d.

General procedure for the introduction of the benzyl ether moiety in 7

to compound 9. A solution of compound 7, the properly substituted benzyl
alcohol (1.1eq), palladium(II) acetate (0.02eq), 2-dit-butylphosphino-3,4,5,6-

PCT/EP2011/061586
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tertamethyl-2’,4°,6’-triisopropyl-1,1’biphenyl (0.02eq), cesium carbonate (1.5eq) in
degassed toluene (4ml/mmol) was heated at 75°C for 16 hrs. Conversion was
checked by TLC analysis. The solution was cooled to room temperature, diluted
with DCM, filtered and concentrated in vacuo. The residue was purified by silica

gel column chromatography to give compound 9 in yields varying from 30-80%.

General procedure for the conversion of the bromine derivatives 7 to

the phenol derivatives 8. Compound 7 was dissolved in toluene (8mml/mmol)

and to the solution was added potassium hydroxide (2eq, 11.7N) and the solution
was degassed. To the solution was added 2-dit-butylphosphino-2’,4°,6’-
triisopropylbiphenyl (0.06eq) and tris-(dibenzylideneaceton)-dipalladium(0)
(0.03eq). The mixture was stirred at 60°C for 1.25hrs. The mixture was allowed to
reach room tempcerature, diluted with EtOAc and washed with 5% NaHCO3
solution (10ml/mmol). The organic layers were dried on MgSQs, filtered and
concentrated irn vacuo. The residue was purified by silica gel column

chromatography to give compound 8 in yields varying from 25-85%.

General procedure for the conversion of the phenol 8 to benzvl ethers 9.

Method A) Compound 8 was dissolved in DCM/water, 2/1, v/v (4ml/mmol) and to

this solution was added sodium hydroxide (2N, 3eq). To this mixture were added
tetrabutylammonium bromide (0.1eq) and the properly substituted benzyl
bromide (1.1eq). The mixture was stirred for 16hrs at room temperature after
which time TLC analysis showed complete reaction. The mixture was diluted
with DCM (15m)/mmol), the layers were separated and the water layer was
extracted with DCM. The organic layers were dried on MgSOy, filtered and
concentrated in vacuo. The residue was purified by silica gel column
chromatography to give compound pure 9 in yields varying from 80-90%.
Method B) Compound 8 was dissolved in N,N’-dimethylacetamide (4ml/mmol)
and to this solution was added triphenylphosphine (1.25¢q) and diisopropyl
azodicarboxylate (1.25eq) and the properly substituted benzyl alcohol (1.2eq). The
mixture was stirred at room temperature for 16hrs after which time TLC
analysis showed complete reaction. The mixture was diluted with diethyl ether
and washed with water (3x). The combined organic layers were dried on MgSOs,
filtered and concentrated in vacuo. The residue was purified by silica gel column

chromatography to give compound 9 in yields varying from 70-90%.

2V
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General procedure for the acidic deprotection of compounds 9 to 1.

Compound 9 was dissolved in a solution of HCl in 1,4-dioxan (4N, 45¢q) and the
mixture was stirred at room temperature for 24 hrs. Heating at 50°C was applied
when needed to push the reaction to completion. The solvents were evaporated
and diisopropyl ether was added to precipitate the product. The white solid
material was filtered and dried in vacuo to give compound 1 in a yield varying

from 80-100%.

General procedure for the synthesis of the BOC protected derivatives of

PCT/EP2011/061586

6. To a suspension of compound 6 in DCM (6ml/mmol) were added DIPEA (leq),
dimethylamino pyridine (DMAP, 0.05eq) and di-t-butyl dicarbonate (1.1eq). The
mixture was stirred at room temperature for 16hrs after which time TLC
analysis revealed complete reaction. The reaction mixture was washed with 5%
ag. NaHCOs solution and the resulting water layers were extracted with DCM.
The combined organic layers were dried on MgSQy, filtered and concentrated in
vacuo. The residue was purified by silica gel column chromatography to give

compound 10 in yields varying from 70-90%.

General procedure for the synthesis of compounds 11. Compound 10 was

dissolved in 1,4-dioxan/water, 1/1, v/v (2ml/mmol) and to the solution was added
potassium hydroxide (4eq, 11.7N) and the solution was degassed. To the solution
was added 2-dit-butylphosphino-2’,4’,6'-triisopropylbiphenyl (0.04eq) and tris-
(dibenzylideneaceton)-dipalladium(0) (0.02eq). The mixture was stirred at 80°C
for 16hrs. The mixture was cooled to room temperature, diluted with EtOAc,
acidified to pH 6 with 0.1N HCl and extracted with EtOAc. The organic layers
were dried on MgSOs, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography to give pure compound 11 in yields

varying from 60-95%.

General procedure for the synthesis of the benzyl ether derivatives 12.
Method A) Compound 11 was dissolved in DCM/water, 2/1, v/v (4ml/mmol) and to

this solution was added sodium hydroxide (2N, 3 eq). To this mixture were added
tetrabutylammonium bromide (0.1eq) and the properly substituted benzyl

bromide (1.1eq). The mixture was stirred for 16hrs at room temperature after
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which time TLC analysis showed complete reaction. The mixture was diluted
with DCM (15ml/mmol), the layers were separated and the water layer was
extracted with DCM. The organic layers were dried on MgSOs, filtered and
concentrated in vacuo. The residue was purified by silica gel column
chromatography to give compound 12 in yields varying from 80-90%.

Method B) Compound 11 was dissolved in N,N’-dimethylacetamide (4ml/mmol)
and to this solution was added triphenylphosphine (1.25eq), diisopropyl
azodicarboxylate (DIAD, 1.25eq) and a properly substituted benzyl alcohol
(1.2eq). The mixture was stirred for 16hrs at room temperature after which time
TLC analysis showed complete reaction. The mixture was diluted with diethyl
ether and washed with water (3x). The combined organic layers were dried on
MgSO0s, filtered and concentrated in vacuo. The residue was purified by silica gel
column chromatography to give compound 12 in yields varying from 70-90%.
Method C) Compound 10 was dissolved in toluene (8mml/mmol) and to the
solution was added potassium hydroxide (2eq, 11.7N) and the solution was
degassed. To the solution was added properly substituted benzyl bromide (1.1eq),
2-di-t-butylphosphino-2’,4’,6™- triisopropylbiphenyl (0.06eq) and tris-
(dibenzylideneaceton)-dipalladium(0) (0.03eq). The mixture was stirred at 60°C
for 1.25hrs. The mixture was cooled to room temperature, diluted with EtOAc
and washed with 5% NaHCOs3 solution (10ml/mmol). The organic layers were
dried on MgSOs, filtered and concentrated in vacuo. The residuc was purified by
silica gel column chromatography to give compound 12 in yields varying from 30-
80%.

General procedure for the deprotection of compounds 12 to 13.

Compound 12 was dissolved in DCM (10ml/mmol) and trifluoroacetic acid (10eq)
was added. The solution was refluxed for 16hrs after which time TLC analysis
showed complete reaction. The mixture was neutralized with 5% aq. NaHCOs.
The mixture was extracted with DCM (3x) and the combined organic layers were
washed with brine, dried on NasSO4 and concentrated in vacuo to give compound

13 which was used in the next step without further purification.

General procedure for the introduction of the protected carboxvlic acid

PCT/EP2011/061586

tails (9) starting from compound 13.
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a) introduction of the propionic acid t-butyl ester. Compound 13 was suspended in

methanol (4ml/mmol) and DIPEA was added (1.05eg). To the mixture was added

1.2eg of t-butyl acrylate and the mixture was refluxed for 16 hrs. Conversion was
checked by TLC analysis. The solvents were evaporated and the residue was
redissolved in EtOAc and extracted with a 5% solution of NaHCO3 .The organic
layer was dried (MgSOs), concentrated in vacuo and the residue was purified by
silica gel column chromatography to give pure 9a.

b) Introduction of the 2-methyl-propionic acid t-butyl ester. To a solution of

compound 13 in DMF (6ml/mmol) in a pyrex bottle was added 1,8~
diazabicyclo[5.4.0]undec-7-ene (3eg) and t-butyl-methacrylate (2eq). The mixture
was heated at 125°C for 100hrs. The solution was cooled and 5% NaHCOs was
added (15ml/mmol) and extracted with diethyl ether/EtOAc, 1/1, v/v. The organic
layer was washed with water (4x), dried on MgSOs, concentrated in vacuo and
the residue was purified by silica gel column chromatography to give pure 9b.

c) Introduction of the 3-butyric acid t-butyl ester. Compound 13 was suspended in

1,2-dichloroethane (6ml/mmol). To this suspension was added t-butylacetoacetate
(leq) and sodium triacetoxy borohydride (1.4eq). The mixture was stirred at room
temperature for 16hrs. If the reaction was not complete, another portion of t-
butylacetoacetate (leq) and sodium triacetoxy borohydride (1.4eq) was added.
After complete reaction, the solution was diluted with 5% NaHCO3 (15ml/mmol)
and the mixture was extracted with DCM. The combined organic layers were
dried on Na2S0s4, concentrated in vacuo and the residue was purified by silica gel
column chromatography to furnish pure compound 9e.

d) ) Introduction of the 4-butyric acid t-butyl ester. Compound 13 was suspended

in acetonitril (3ml/mmol). To this suspension were added potassium carbonate
(Zeq), t-butyl 4-bromo-butanoate (1.1eq) and potassium iodide (1.1eq). The
mixture was heated at room temperature for 16hrs after which time TLC
analysis revealed complete reaction. The mixture was concentrated in vacuo and
the residue was dissolved in EtOAc, washed with 5% NaHCOs (156mVmmol). The
organic layer was dried on NasSQ4, concentrated in vacuo and the residue was

purified by silica gel column chromatography to yield compound 9d.

General procedure for the synthesis of 2-(4-Bromo-phenyl)-oxazolo[4,5-
clpyridine 17. To a cooled (0°C) suspension of commercially available 4-hydroxy-
3-amino-pyridine in DCM (14, 6ml/mmol) was added triethyl amine (1.25eq) and

PCT/EP2011/061586
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a solution of properly substituted benzoyl chloride 15 (1leq, 0.3M in DCM). The
reaction mixture was allowed to reach room temperature and the mixture was
stirred for 16 to 64hrs after which time TLC analysis showed complete reactiop.
The mixture was filtered, washed with DCM and ether to furnish 16 as a solid
material (50-80% yield) which was used in the next step without further
purification. Hexachloroethane (2.5eq) was dissolved in DCM and triphenyl
phosphine (3eq) and triethyl amine (8eq) was added. The mixture was stirred for
10 minutes at room temperature and compound 16 was added slowly in 5 cqual
portions. The mixture was stirred at room temperature for 64 hrs after which
time TLC analysis (DCM/MeOH, 97/3, v/v) revealed complete reaction. The
solution was concentrated and the residue was suspended in DCM. The mixture
was filtered and the residue washed with DCM and diethyl ether to give 17 in a
yield of 30-80%. '

General procedure for the synthesis of compounds 19.To a solution of

compound 17 in DMF was added iodomethane (4eg) and the mixture was stirred
for 16hrs. The mixture was concentrated in vacuo and the residue was stirred in
EtOAc to give 18 as a white solid. Compound 18 was dissolved in methanol
(10mV/mmol) and the solution was cooled to 0°C. Sodium borohydride (2eg) was
added and the mixture was stirred at 0°C for 2 hrs after which time it was
allowed to reach room temperature and stirring was continued for 16 hrs. Water
was added (1ml/mmol) and the mixture was stirred for 5 minutes. The mixture
was co-evaporated with acetonitril and the residue was purified by silica gel

column chromatography to yield compound 19 in 50-90%.

General procedure for the synthesis of compounds 20.To a cooled (0°C)

solution of compound 19 in 1,2-dichloroethane (10ml/mmol) was added DIPEA
(2eq). At 0°C 1-chloroethyl chloroformate (3eq) was added and the mixture was
stirred for 10 minutes at 0°C after which time the temperature was raised to
reflux temperature. After 2hrs, the mixturc was concentrated in vacuo and the
residue was dissolved in methanol (10ml/mmol). The solution was stirred for
48hrs at room temperature. Removal of the solvent resulted in the isolation of

compound 20 1in a yield of 70-90%.

PCT/EP2011/061586
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General procedure for the synthesis of compounds 21.

a) introduction of the propionic acid t-butyl ester.

Compound 20 was suspended in methanol (10ml/mmol) and DIPEA was added
(2.05 eg). To the mixture was added 1.2eg of t-butyl acrylate and the mixture was
refluxed for 16 to 120hrs. Conversion was checked by TLC analysis and when
needed additional reagents were added to push the reaction to completion. The
solvents were evaporated and the residue was redissolved in EtOAc and
extracted with a 5% solution of NaHCOs.The organic layer was dried (MgSQ4),
concentrated in vacuo and the residue was purified by silica gel column
chromatography to give 21a in yields varying from 50-90%

b) Introduction of the 2-methyl-propionic acid t-butyl ester.

To a solution of compound 20 in DMF (6ml/mmol) was added 1,8—
diazabicyclo[5.4.0]undec-7-ene (DBU, 3eg) and t-butylmethacrylate (5eq). The
mixture was heated at 125°C for 100hrs. The solution was cooled and 5%

NaHCOs was added (156mlU/mmol) and extracted with diethyl cther/EtOAc, 1/1,

v/v. The organic layer was washed with water (4x), dried on MgSO4, concentrated
in vacuo and the residue was purified by silica gel column chromatography to
give pure 21b.

¢) Introduction of the 3-butyric acid t-butyl ester.

Compound 20 was suspended in 1,2-dichloroethane (8ml/mmol). To this
suspension were added t-butylacetoacetate (1.4eq), acetic acid (1leg) and sodium
triacetoxy borohydride (1.8eq). The mixture was stirred at room temperature for
16hrs. If the reaction was not complete, another portion of t-butylacetoacetate
(leg) and sodium triacetoxy borohydride (1.4eq) was added. After complete
reaction, the solution was diluted with 5% NaHCO3 (156ml/mmol) and the
mixture was extracted with DCM. The combined organic layers were dried on
Na250s, concentrated in vacuo and the residue was purified by silica gel column
chromatography to furnish pure compound 21c.

d)) Introduction of the 4-butyric acid t-butyl ester.

Compound 20 was suspended in DMF (5ml/mmol). To this suspension was added
potassium carbonate (3eq) and t-butyl 4-bromobutanoate (3eq). The mixture was
heated at 80°C for 16hrs after which time TLC analysis revealed complete

reaction. The mixture was concentrated in vacuo and the residue was purified by

silica gel column chromatography to yield 21d.

PCT/EP2011/061586
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General procedure for the synthesis of compounds 22. Compound 21 was

dissolved in acetonitril (25mml/mmol) and to the solution was added powdered
potassium hydroxide (2eq) and the solution was degassed. To the solution was
added 2-dit-butylphosphino-3,4,5,6-tetramethyl-2’,4°,6 -triisopropyl-1,1-biphenyl
(0.06eq) and tris-(dibenzylideneaceton)-dipalladium(0) (0.03eq). The mixture was
stirred at 60°C for 4hrs. The mixture was cooled to room temperature and
concentrated in vacuo. The residue was dissolved in DCM and washed with 0.1M
HCI and water. The water layers were extracted with DCM and the combined
organic layers was dried on MgSOs. Compound 22 was obtained after silica gel

column chromatography in yields varying from 30-70%.

General procedure for the introduction of the benzyl ether moiety in 21

to compound 23. A solution of compound 21, the properly substituted benzyl
alcohol (2eq), palladium(II) acetate (0.02eq), 2-dit-butylphosphino-3,4,5,6-

tetramethyl-2’,4’,6’-triisopropyl-1,1’biphenyl (0.02eq), cesium carbonate (1.5eq) in
degassed toluene (3ml/mmol) was heated at 75°C for 16 hrs. Conversion was
checked by TLC analysis. The solution was cooled to room temperature, diluted
with DCM, filtered and concentrated in vacuo. The residue was purified by silica
gel column chromatography to give compound pure 23 in yields varying from 30-
80%.

General procedure for the conversion of the phenol 22 to benzyl ethers
23.
Method A) Compound 22 was dissolved in DCM/water, 2/1, v/v (4ml/mmol) and to

this solution was added sodium hydroxide (2N, 3 eq). To this mixture were added
tetrabutylammonium bromide (0.1eq) and a properly substituted benzyl bromide
(1.1eq). The mixture was stirred for 16hrs at room temperature after which time
TLC analysis showed complete reaction. The mixture was diluted with DCM
(156ml/mmol), the layers were separated and the water layer was extracted with
DCM. The organic layers were dried on MgSQs, filtered and concentrated in
vacuo. The residue was purified by silica gel column chromatography to give
compound pure 23 in yields varying from 80-90%.

Method B) Compound 22 was dissolved in dry DCM (15ml/mmol) and to this
solution were added triphenylphosphine (1.8eq) and the properly substituted
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benzyl alcohol (1.8eq). To this mixture was added diisopropyl azodicarboxylate
(1.8eq) and the mixture was stirred for 16hrs at room temperature after which
time TLC analysis showed complete reaction. The mixture was concentrated in
vacuo. The residue was purified by silica gel column chromatography to give
compound pure 23 in yields varying from 70-90%.

Method C) PS-TBD (3.7 eq.) resin was incubated with a solution of 22 (1.leg)in 1
mL of acetonitril for 1.5h at 50 °C. Thereafter, the properly substituted benzyl
bromide (1.10 eq.) in acetonitril was added. Subsequently, the reaction mixture
was shaken and heated at 75 °C for 16hrs. Next, the solvent was removed by
filtration and the resin was washed with 3 x 2.5 mL ACN. The combined organics
were concentrated in vacuo, followed by flash column chromatography on silica to

give compound 23 in yields varying from 60-95%.

General procedure for the deprotection of 23 to compounds 2. Compound

23 was dissolved in a solution of HCI in 1,4-dioxan (4N, 100eq) and the mixture
was stirred for 16 hrs at room temperature. Heating at 50°C was applied when
needed to push the reaction to completion. The solvents were evaporated and
diisopropyl ether was added to precipitate the product. The white solid material
was filtered and dried in vacuo to give compound 2 in a yield varying from 70-
100%.

General procedure for the synthesis of compounds 25. To a cooled (0°C)

suspension of commercially available 4-hydroxy-3-amino-pyridine (14) in
acetonitril (15ml/mmol) was added a properly substituted 4-benzyloxy-benzoic
acid (24, leq), triphenylphosphine (3eq) and trichloroacetonitril (3eq). The
reaction mixture was allowed to reach room temperature and the mixture was
stirred for 16 to 64hrs at 80°C. The mixture was concentrated in vacuo and the
residues was dissolved in DCM and washed with 2N NaOH (3x). The combined
water layers were extracted with DCM and the organic layers dried (Na2S04) to

give crude 25 as oil which was used in the next step without further purification.

General procedure for the synthesis of compounds 26. To a solution of

compound 25 in DMF (5ml/mmol) was added iodomethane (4eg) and the mixture
was stirred for 16hrs. The mixture was concentrated in vacuo and the residue

was stirred in EtOAc to give the quaternary salt of 25 as a white solid. The crude

PCT/EP2011/061586
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material was dissolved in methanol (10ml/mmol) and the solution was cooled to
0°C. Sodium borohydride (2.5eg) was added and the mixture was stirred at 0°C
for 2 hrs after which time it was allowed to reach room temperature and stirring
was continued for 16-64 hrs. Water was added (1ml/mmol) and the mixture was
stirred for 5 minutes. The mixture was concentrated in vacuo, the residues
suspended in 2 N NaOH (5ml/mmol) and extracted with DCM (3x). The
combined organic layers were dried (Na2804) and concentrated to give crude 26

as a yellow solid which was used in the next step without further purification.

General procedure to compounds 27. To a cooled (0°C) solution of compound

26 in 1,2-djchloroethane‘(IOmI/mmol) was added DIPEA (2eq) and 1-chloroethyl
chloroformate (3eq) was added. The mixture was stirred for 10 minutes at 0°C
after which time the temperature was raised to reflux temperature. After 4hrs,
the mixture was allowed to reach room temperature and stirring was continued
for 16hrs. The mixture was concentrated in vacuo and the residue was dissolved
in methanol (10ml/mmol). The solution was stirred for 16-48hrs at room
temperature. Removal of the solvent resulted in the isolation of crude 27 in an

overall yield of 20-40% based on 25.

General procedure for the introduction of the protected carboxylic acid

tails (to 23) starting from compound 27.

a) introduction of the propionic acid t-butyl ester.

Compound 27 was suspended in methanol (4ml/mmol) and DIPEA was added
(1.05 eg). To the mixture was added 1.2eg of t-butyl acrylate and the mixture was
refluxed for 16 hrs. Conversion was checked by TLC analysis. The solvents were
evaporated and the residue was redissolved in EtOAc and extracted with a 5%
solution of NaHCO3 .The organic layer was dried (MgSO.), concentrated in vacuo
and the residue was purified by silica gel column chromatography to give pure
23a.

b) Introduction of the 2-methyl-propionic acid t-butyl ester.

To a solution of compound 27 in DMF (6ml/mmol) was added 1,8—

diazabicyclo[5.4.0]undec-7-ene (3eg) and t-butylmethacrylate (4eq). The mixture
was heated at 125°C for 100hrs. The solution was cooled and 5% NaHCOs was
added (15ml/mmol) and extracted with diethyl ether/EtOAc, 1/1, v/v. The organic
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layer was washed with water (4x), dried on MgSOu, concentrated in vacuo and
the residue was purified by silica gel column chromatography to give pure.23b.

¢) Introduction of the 3-butyric acid t-butyl ester.

Compound 27 was suspended in 1,2-dichloroethane (6ml/mmol). To this
suspension was added t-butylacetoacetate (1eq) and sodium triacetoxy
borohydride (1.4eq). The mixture was stirred at room temperature for 16hrs. If
the reaction was not complete, another portion of t-butylacetoacetate (1leq) and
sodium triacetoxy borohydride (1.4eq) was added. After complete reaction, the
solution was diluted with 5% NaHCOs (15ml/mmol) and the mixture was
extracted with DCM. The combined organic layers were dried on Na2SOs,
concentrated in vacuo and the residue was purified by silica gel column
chromatography to furnish pure compound 23c.

d) ) Introduction of the 4-butyric acid t-butyl esier.

Compound 27 was suspended in acetonitril (3ml/mmol). To this suspension was
added potassium carbonate (Zeg), t-butyl 4-bromobutanoate (1.1eq) and
potassium iodide (1.1 eq). The mixture was heated at room temperature for 16hrs
after which time TLC analysis revealed complete reaction. The mixture was
concentrated in vacuo and the residue was dissolved in EtOAc, washed with 5%
NaHCOs (15ml/mmol). The organic layer was dried on Na2SO4, concentrated in
vacuo and the residue was purified by silica gel column chromatography to yield
23d.

e)) Introduction of the 3-cyclobutanecarboxvlic acid.

Compound 27 was suspended in 1,2-dichloroethane (20mlVmmol). To this
suspension was added 3-oxocyclobutanecarboxylic acid (1.3eq) and sodium
triacetoxy borohydride (1.6eq). The mixture was stirred at room temperature for
16hrs. If the reaction was not complete, another portion of 3-
oxocyclobutanecarboxylic acid (1.3eq) and sodium triacetoxy borohydride (1.6eq)
was added. After complete reaction, the solution was diluted with 5% NaHCO3
(156ml/mmol) and the mixture was extracted with DCM. The combined organic
layers were dried on NasSOs, concentrated in vacuo and the residue was purified

by silica gel column chromatography to furnish pure compound 2e.

General procedure for the hydrogenation of 23 to compound 22. To a

solution of compound 23 in ethanol (10mI/mmol) was added palladium hydroxide

on carbon (20%, 0.22eg). Hydrogenation was started under atmospheric pressure
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of hydrogen. Stirring was continued for 16hrs at room temperature. The mixture
was filtered over Hyflo and the residue washed with ethanol. The filtrate was

concentrated in vacuo to give compound 22.

General procedure for the synthesis of compounds 28, To a suspension of
compound 20 in DCM (6ml/mmol) were added DIPEA (leq), dimethylamino
pyridine (DMAP, 0.05eq) and di-t-butyl dicarbonate (1.1eq). The mixture was

stirred at room temperature for 16hrs after which time TLC analysis revealed
complete reaction. The mixture was concentrated in vacuo. The residue was
purified by silica gel column chromatography to give compound pure 28 in yields

varying from 70-90%.

General procedure for the synthesis of compounds 29. Compound 28 was
dissolved in 1,4-dioxan/water, 1/1, v/v (L0ml/mmol) and to the solution was added
potassium hydroxide (4eq, 11.7N) and the solution was degassed. To the solution
was added 2-di-t-butylphosphino-2’,4’,6 - triisopropylbiphenyl (0.04eq) and tris-
(dibenzylideneaceton)-dipalladium(0) (0.02eq). The mixture was stirred at 80°C
for 16hrs. The mixture was cooled to room temperature, diluted with EtOAc,
acidified to pH 6 with 0.1N HCl and extracted with EtOAc. The organic layers
were dried on MgSOy, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography to give compound pure 29 in yields

varying from 60-95%.

General procedure for the synthesis of the benzyl ether derivatives 30.

Method A) Compound 29 was dissolved in DCM/water, 2/1, v/v (4ml/mmol) and to

this solution was added sodium hydroxide (2N, 3 eq). To this mixture was added
tetrabutylammonium bromide (0.1eq) and the properly substituted Benzyl
bromide (1.1eq). The mixture was stirred for 16hrs at room temperature after
which time TLC analysis showed complete reaction. The mixture was diluted
with DCM (15ml/mmol), the layers were separated and the water layer was
extracted with DCM. The organic layers were dried on MgSQy, filtered and
concentrated in vacuo. The residue was purified by silica gel column
chromatography to give compound pure 30 in yields varying from 80-90%.
Method B) Compound 29 was dissolved in N,N’-dimethylacetamide (4ml/mmol)
and to this solution was added triphenylphosphine (1.25eq), diisopropyl
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azodicarboxylate (1.25eq) and a properly substituted benzyl alcohol (1.2eq). The
mixture was stirred for 16hrs at room temperature after which time TLC
analysis showed complete reaction. The mixture was diluted with diethyl ether
and washed with water (3x). The combined organic layers were dried on MgSO0s,
filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography to give compound pure 30 in yields varying from 70-90%.
Method C) Compound 28 was dissolved in toluene (Smml/mmol) and to the
solution was added potassium hydroxide (2eq, 11.7N) and the solution was
degassed. To the solution was added properly substituted benzyl bromide (1.1eq),
2-di-t-butylphosphino-2’,4’,6 - triisopropylbiphenyl (0.06eq) and tris-
(dibenzylideneaceton)-dipalladium(0) (0.03eq). The mixture was stirred at 60°C
for 1.25hrs. The mixture was cooled to room temperature, diluted with EtOAc
and washed with 5% NaHCOs solution (10ml/mmol). The organic layers were
dried on MgSOs, filtered and concentrated in vacuo. The residue was purified by
silica gel column chromatography to give compound pure 30 in yields varying
from 30-80%.

General procedure for the deprotection of compounds 30 to 27.

Compound 30 was dissolved in DCM (10mI/mmol) and trifluoroacetic acid (6eq)
was added. The solution was refluxed for 16hrs after which time TLC analysis
showed complete reaction. The mixture was neutralized with 5% aq. NaHCOs.
The mixture was extracted with DCM (3x) and the combined organic layers were
washed with brine, dried on Na»SO4 and concentrated in vacuo to give compound

27 which was used in the next step without further purification.

§5. SYNTHESES OF SPECIFIC COMPOUNDS
(See Table 1)

All furanyl derivatives from Table 1 could be prepared by following either route A
or B appropriate reagents. The following compounds are typical examples.

All oxazolo derivatives from Table 1 could be prepared by following either route
C, D or E by choosing the appropriate reagents. The following compounds are

typical examples.
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3-[2-(4-Bromo-phenyl)-2-oxo-ethyl]-4-oxo-piperidine-1-carboxylic acid t-
butyl ester (5, Rb=H). To a solution of 4-0xo-piperidine-1-carboxylic acid t-butyl
ester (4, 104.1g, 522 mmol) in toluene (800ml) was added a catalytic amount of
para-toluenesulphonic acid mono hydrate (0.5g, 2.6 mmol) and pyrrolidine (172.8
ml, 2090mmol). The mixture was heated to reflux under Dean Stark conditions
for 18 hours. The mixture was concentrated under reduced pressure and the
residue was redissolved in toluene (600ml). To this solution was added slowly (in
25 minutes) a solution of 2-bromo-1-(4-bromo-phenyl)-ethanone (3, Rb=H, 145.2¢,
522 mmol) in toluene/ DCM (900ml, %, v/v). The mixture was stirred overnight at
room temperature and the resulting white slurry was poured out in water (1.5L).
The water layer was extracted with DCM (3x300ml) and the combined organic
layers were dried (MgSO.) and subsequently concentrated under reduced
pressure. The resulting oil was purified by silica gel chromatography (diethyl
ether/petroleum ether, 2/3, v/iv to 100% diethyl ether) giving compound 5 (Rb=H,
166.6¢, 87%) as a yellow solid. TLC analysis, Rf 0.3 in diethyl ether/petroleum

cther, 1/1, v/v.

2-[4-Bromo-phenyl]-4,5,6,7-tetrahydro-furo[3,2-c]pyridine (6, Rb=H).
Compound 5 (Rb=H, 166g, 456 mmol) was suspended in concentrated
hydrochloric acid (500ml, 12N, 6mol). The mixture was heated with 10°C per 30
minutes to 80°C. The mixture starté to foam heavily, so allow enough volume in
the starting reaction vessel. After 45 minutes, the mixture was cooled to 0°C and
neutralized with 50 wt% solution of NaOH (exothermic). After stirring overnight
at room temperature, the resulting solid material was collected by filtration and
washed with 250 ml 0.1IM NaOH. The light brown material was purified by
Soxhlet extraction in EtOAc giving 6 (Rb=H, 51g, 38%) as a beige solid which was
used in the next step without further purification. LC-MS (Method A): Rt 1.19,
[M+H] 278.

3-[2-(4-Bromo-phenyl)-6,7-dihydro-4H-furo[3,2-c]pyridine-5-yl]-propionic
acid t-butyl ester (7a, Rb=H). Compound 6 (Rb=H, 1.46g, 5mmol) was
suspended in methanol (30ml) and DIPEA was added (0.91ml, 1.05 eg). To the
mixture was added t-butyl acrylate (0.88ml, 1.2eq) and the mixture was refluxed
for 16 hrs. Conversion was checked by TLC analysis (diethyl ether/petroleum

ether, 1/1, v/v). The solvents were evaporated and the residue was redissolved in
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EtOAc and extracted with a 5% solution of NaHCOs .The organic layer was dried
(MgS04), concentrated in vacuo and the residue was purified by silica gel column
chromatography (diethyl ether/petroleum ether, 2/3 to 1/1, v/v) to give pure 7a
(Rb=H, 1.75g, 86%) as a white solid. LC-MS (Method A): Rt 1.38, [M+H] 407.

3-[2-(4-Hydroxy-phenyl)-6,7-dihydro-4H-furo[3,2-c]pyridine-5-yl]-
propionic acid t-butyl ester (8a, Rb=H). Compound 7a (Rb=H, 3.85g,
9.5mmol) was dissolved in toluene (80ml) and to the solution was added
potassium hydroxide (2eq, 11.7N) and the solution was degassed. To the solution
was added 2-di-t-butylphosphino-2’,4’,6"-triisopropylbiphenyl (0.24g, 0.57mmol,
0.06eq) and tris-(dibenzylidenéaceton)-dipa]ladium(O) (0.26¢g, 0.28mmol, 0.03eq).
The mixture was stirred at 60°C for 1.25hrs. The mixture was cooled to room
temperature, diluted with EtOAc and washed with 5% NaHCOs solution
(10mVmmol). The organic layers were dried on MgSQs, filtered and concentrated
in vacuo. The residue was purified by silica gel column chromatography (diethyl
ether/ petroleum ether, 1/1, v/v, Rf 0.1) to give pure compound 8a (Rb=H, 1.86g,
57%) as a yellow solid. LC-MS (Method A): Rt 1.14, [M+H] 344.

3-{2-[4-(2-Fluoro-benzyloxy)-phenyl]-6,7-dihydro-4H-furo[3,2-c]pyridine-~
5-yl}-propionic acid t-butyl ester (9a, Ra=2F, Rb=H). Compound 8a (Rb=H,
1.24g, 3.61mmol) was dissolved in N,N-dimethylacetamide (10ml) and to this
solution was added triphenylphosphine (1.33g, 5.06mmol, 1.4eq), diisopropyl
azodicarboxylate (1ml, 5.05mmol, 1.4eq) and 2-fluorobenzyl alcohol (0.46ml,
4.33mmol, 1.2eq). The mixture was stirred for 16hrs at room temperature after
which time TLC analysis (diethyl ether, Rf 0.3) showed complete reaction. The
mixture was diluted with diethyl ether and washed with water (3x). The
combined organic layers were dried on MgSQOs, filtered and concentrated in
vacuo. The residue was purified by silica gel column chromatography (diethyl
ether/petroleum ether, 1/1, v/v to 2/1, v/v) to give compound pure 9a (Ra=2F,
Rb=H, 1.38g, 84%) as an oil. LC-MS (Method A): Rt 1.46, [M+H] 452.

3-{2-[4-(2-Fluoro-benzyloxy)-phenyl]-6,7-dihydro-4H-furo[3,2-c]pyridine-
5-yl}-propionic acid (83). Compound 9a (Ra=2F, Rb=H, 1.38g, 3.1mmol) was
dissolved in a solution of HCl in 1,4-dioxan (4N, 30ml) and the mixture was

stirred for 2 hrs at 35°C. The solvents were evaporated and diisopropyl ether
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(30ml) was added to precipitate the product as the hydrochloric acid salt. The
white solid material was filtered and dried in vacuo to give compound 33 (0.75g,
54%) as a white solid. 'H NMR (400 MHz, DMSO-ds): § ppm 2.93 (t, J=7.6 Hz, 2
H), 3.07 (bs, 2 H), 3.28 - 3.55 (bs, 2 H), 3.44 (t, J=7.6 Hz, 2 H), 3.60 — 3.90 (bs, 2
H), 4.06 — 4.56 (bs, 2 H), 5.17 (s, 2 H), 6.76 (s, 1 H), 7.10 (d, J=8.8 Hz, 2 H), 7.21 —
7.31 (m, 2 H), 7.39 - 7.48 (m, 1 H), 7.57 (t, J=7.5 Hz, 1 H), 7.63 (d, J=8.8 Hz, 2 H),

10.7 - 11.5 (bs, 1 H), 12.3 — 13.2 (bs, 1 H); LC-MS (Method A): Rt 1.39, [M+H] 396.

2-(4-Bromo-phenyl)-6,7-dihydro-4H-furo [3,2-c]pyridine-5-carboxylic acid
t-butyl ester 10 (Rb=H). To a suspension of compound 6 (Rb=H, 5g, 17mmol) in
DCM (100ml) were added DIPEA (2.92ml, 1leq), DMAP (0.1g, 0.05eq) and di-t-
butyl dicarbonate (4.1g, 18.8mmol, 1.1eq). The mixture was stirred at room
temperature for 16hrs after which time TLC analysis (DCM, Rf, 0.40) revealed
complete reaction. The reaction mixture was washed with 5% ag. NaHCOs
solution and the resulting water layers were extracted with DCM. The combined
organic layers were dried on MgSQOy, filtered and concentrated in vacuo. The
residue was purified by silica gel column chromatography (eluent: 100% DCM) to
give compound 10 (Rb=H, 5.99g, 92%) as an oil.

2-(4-Hydroxy-phenyl)-6,7-dihydro-4H-furo [3,2-c]pyridine-5-carboxylic
acid t-butyl ester 11a (Rb=H). Compound 10 (Rb=H, 11.77g, 31mmol) was
dissolved in 1,4-dioxan/water, 1/1, v/v (200ml) and to the solution was added
potassium hydroxide (6,98g, 124.5mmol, 4eq) and the solution was degassed. To
the solution was added 2-di-t-butylphosphino-2’,4’,6 - triisopropylbiphenyl (0.53¢,
1.24mmol, 0.04eq) and tris-(dibenzylideneaceton)-dipalladium(0) (0.57g,
0.62mmol, 0.02eq). The mixture was stirred at 80°C for 16hrs. The mixture was
cooled to room temperature, diluted with EtOAc, acidified to pH 6 with 0.1N HCl
and extracted with EtOAc. The organic layers were dried on MgSOs, filtered and
concentrated in vacuo. The residue was purified by silica gel column
chromatography (eluent: DCM/MeOH, 1/0 to 99.5/0.5) to give compound 11
(Rb=H, 9g, 90%) as a white solid.

2-[4-(4-Chloro-benzyloxy)-phenyl]-6,7-dihydro-4H-furo[3,2-c]pyridine-5-
carboxylic acid t-butyl ester (12, Ra=4Cl, Rb=H). Compound 11a (Rb=H,
2.0g, 6.34mmol) was dissolved in DCM/water, 2/1, v/v (30ml) and to this solution
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was added sodium hydroxide (2N, 10ml). To this mixture was added
tetrabutylammonium bromide (0.2g, 0.63mmol, 0.1eq) and 4-chlorobenzyl
bromide (1.43g, 6.98mmol, 1.1eg). The mixture was stirred for 16hrs at room
temperature after which time TLC analysis (100% DCM, Rf 0.55) showed
complete reaction. The mixture was diluted with DCM (1 5ml/mmol), the layers
were separated and the water layer was extracted with DCM. The organic layers
were dried on MgSOs, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography (DCM/pectroleum ether, 3/1 to 1/0,
v/v) to give compound 12 (Ra=4Cl, Rb=H, 2.3g, 82%) as a yellow oil. :H NMR (400
MHz, CDCls) § ppm 1.4 (s, 9 H); 2.75 (bs, 2 H); 3.75 (bs, 2 H); 4.35 (bs, 2 H); 5.05
(s, 2 H); 6.4 (s, 1H), 6.94 (d, 1 H); 7.30 — 755 (m, 7 H).

2-[4-(4-Chloro-benzyloxy)-phenyl]-6,7-dihydro-4H-furo[3,2-c|pyridine 13,
Ra= 4Cl, Rb=H). Compound 12 (Ra=4Cl, Rb=H, 2.3g, 5.2mmol) was dissolved in
DCM (50ml) and trifluoroacetic acid (4ml, 10eq) was added. The solution was
refluxed for 16hrs after which time TLC analysis (100% DCM, Rf 0.05) showed
complete reaction. The mixture was neutralized with 5% aq. NaHCOs. The
mixture was extracted with DCM (3x) and the combined organic layers were
washed with brine, dried on Na2SOsand concentrated in vacuo to give crude 13
(Ra=4Cl, Rb=H, 1.79g) which was used in the next step without further
purification. LC-MS (Method A): Rt 1.49, [M+H] 340.

3-{2-[4-(4-Chloro-benzyloxy)-phenyl}-6,7-dihydro-4H-furo[3,2-c]pyridine-
5-yl}-2-methyl-propionic acid t-butyl ester (9b, Ra=4Cl, Rb=H). To a
solution of compound 13a (0.25g, 0.74mmol) in DMF (5ml) in a 25ml pyrex bottle
were added 1,8-diazabicyclo[5.4.0]Jundec-7-ene (0.33ml, 2.21mmol) and t-
butylmethacrylate (0.24ml, 1.47mmol). The mixture was heated at 140°C for
16hrs. The solution was cooled and 5% NaHCOs was added (10ml) and extracted
with diethyl ether/EtOAc, 1/1, v/v. The organic layer was washed with water
(4x20ml), dried on MgSQs, concentrated in vacuo and the residue was purified by
silica gel column chromatography (diethyl ether/petroleum ether, 9/1 to 4/1, viv,
Rf 0.65) to give pure 9b (Ra=4Cl, Rb=H, 0.1g, 28%) as a colorless oil. LC-MS
(Method A): Rt 1.88, [M+H] 482.
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3-{2-[4-(4-Chloro-benzyloxy)-phenyl]-6,7-dihydro-4H-furo [3,2-c]pyridine-
5-yl}-2-methyl-propionic acid (77). Compound 9b (Ra=4Cl, Rb=H, 0.12¢,
0.25mmol) was dissolved in a solution of HCl in 1,4-dioxan (4N, 2.8ml) and the
mixture was stirred for 16 hrs at room temperature. The solvent was evaporated
and diisopropyl ether (30ml) was added to precipitate the product as the
hydrochloric acid salt. The white solid material was filtered and dried in vacuo to
give compound 77 (0.09g, 74%) as a white solid. 'H NMR (400 MHz, DMSO-ds): &
ppm 1.29 (d, J=7.2 Hz, 3 H), 3.05 - 3.17 (m, 3 H), 3.23 (dd, J= 5.4, 13.3 Hz, 1 H),
3.51 - 3.68 (m, 3 H), 4.24 (br. s., 2 H), 5.16 (s, 2 H), 6.73 (s, 1 H), 7.08 (d, J=8.9
Hz, 2 H), 7.42 - 7.53 (m, 4 H), 7.61 (d, J=8.9 Hz, 2 H), 10.4 — 13.1 (bs, 2H); 13C
NMR (101 MHz, DMSO-ds): § ppm 16.42 (g, 1 C), 20.36 (t, 1 C), 35.17 (d, 1 C),
48.74 (t, 1 C), 49.57 (t, 1 C), 56.96 (t, 1 C), 68.60 (t, 1 C), 102.92 (d, 1 C), 113.06 (s,
10),115.41(d, 1 0), 123.20 (s, 1 C), 124.87 (d, 1 C), 128.41 (d, 1 C), 129.42 (d, 1
C), 132.46 (s, 1 C), 136.01 (s, 1 C), 145.10 (s, 1 C), 152.99 (s, 1 C), 157.85 (s, 1 C),
174.95 (s, 1 C). LC-MS (Method A): Rt 1.56, [M+H] 426.

2-[4-(Benzyloxy)-phenyl}-6,7-dihydro-4H-furo[3,2-c]pyridine-5-carboxylic
acid t-butyl ester 12 (Ra=Rb=H). Compound 11 (Rb=H, 0.84g, 2.66mmol) was
dissolved in DCM/water, 2/1, v/v (30ml) and to this solution was added sodium
hydroxide (2N, 4.2ml). To this mixturc was added tetrabutyl-ammonium bromidc
(0.09¢g, 0.27mmol, 0.1eq) and benzyl bromide (0.35ml, 2.93 mmol, 1.1eg). The
mixture was stirred for 16hrs at room temperature after which time TLC
analysis (DCM/MeOH, 98/2, v/v, Rf 0.8) showed complete reaction. The mixture
was diluted with DCM (100ml), the layers were separated and the water layer
was extracted with DCM. The organic layers were dried on MgSOs, filtered and
concentrated in vacto. The residue was purified hy silica gel column
chromatography (DCM/petroleum ether, 3/1 to 1/0, v/v) to give compound 12
(Ra=Rb=H, 1.03g, 95%) as a white solid. 1H NMR (400 MHz, CDCl3) § ppm 1.4 (s,
9 H); 2.75 (bs, 2 H); 3.75 (bs, 2 H); 4.35 (bs, 2 H); 5.05 (s, 2 H); 6.35 (s, 1H); 6.98
(d, 2 H); 7.30 — 7.55 (m, 7 H).

2-[4-Benzyloxy-phenyl]-6,7-dihydro-4H-furo[3,2-c]pyridine (13,
Ra=Rb=H). Compound 12 (Ra=Rb=H, 1.03g, 2.54mmol) was dissolved in DCM
(20ml) and trifluoroacetic acid (1.5ml) was added. The solution was refluxed for
16hrs after which time TLC analysis (100% DCM, Rf 0.05) showed complete

PCT/EP2011/061586



WO 2012/004373

10

20

30

41

reaction. The mixture was neutralized with 5% agq. NaHCOs (40ml) and extracted
with DCM (3x50ml) and the combined organic layers were washed with brine,
dried on Na2SOs and concentrated in vacuo to give compound 13 (Ra=Rb=H,
0.67g, 86%) which was used in the next step without further purification. LC-MS
(Method A): Rt 1.50, [M+H] 306.

3-{2-[4-Benzyloxy-phenyl]-6,7-dihydro-4H-furo[3,2-c]pyridine-5-y1}-
butyric acid t-butyl ester (96, Ra=Rb=H). Compound 13 (Ra=Rb=H, 0.16¢,
0.52mmol) was suspended in 1,2-dichloroethane (3.2ml). To this suspension was
added t-butylacetoacetate (0.09ml, 0.52mmol) and sodium triacetoxy borohydride
(0.16g, 0.73mmol). The mixture was stirred at room temperature for 16hrs, after
which time another portion of t-butylacetoacetate (1eq) and sodium triacetoxy
borohydride (1.4cq) were added together with a drop of acctic acid. After stirring
for another 60 hrs, again a portion of t-butylacetoacetate (1leq) and sodium
triacetoxy borohydride (1.4eq) were added and stirring was continued for 36hrs.
The solution was diluted with 5% NaHCOs (10ml) and the mixture was extracted
with DCM (3x100ml). The combined organic layers were dried on NasSOs,
concentrated in vacuo and the residue was purified by silica gel column
chromatography (diethyl ether/petroleum ether, 9/1 to 4/1, v/v) to furnish pure
compound 9c¢ (Ra=Rb=H, 0.06g, 256%) as a white solid. LC-MS (Method A): Rt
1.68, [M+H] 448.

3-{2-[4-Benzyloxy-phenyl]-6,7-dihydro-4H-furo[3,2-c|pyridine-5-y1}-
butyric acid (76). Compound 9c (Ra=Rb=H, 0.08g, 0.18mmol) was dissolved in
a solution of HClin 1,4-dioxan (4ml, 2N) and the mixture was stirred for 16 hrs
at room temperature. The solvents were evaporated and the residue was co-
evaporated with cyclohexane. Diisopropyl ether (30ml) was added to precipitate
the product as the hydrochloric acid salt, the white solid material was filtered
and dried in vacuo to give compound 76 (0.06g, 80%). 'H NMR (400 MHz,
DMSO-ds), 6 ppm: 1.38 (d, J=6.6 Hz, 3 H), 2.58 - 2.75 (m, 1 H), 2.90 - 3.18 (m, 3
H), 3.39 - 3.54 (m, 1 H), 3.61 - 3.78 (m, 1 H), 3.80 - 3.93 (m, 1 H), 4.13 - 4.32 (m, 2
H), 5.14 (s, 2 H), 6.76 (s, 1 H), 7.07 (d, J=8.8 Hz, 2 H), 7.30 - 7.36 (m, 1 H), 7.40 (s,
2 H), 7.45 (s, 2 H), 7.62 (d, J=8.8 Hz, 2 H), 10.15 - 10.80 (m, 1 H), 12.54 - 13.10
(m, 1 H); ). LC-MS (Method A): Rt 1.46, [M+H] 392.
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4-[2-(4-Bromo-phenyl)-6,7-dihydro-4H-furo[3,2-c]pyridine-5-yl}-butyric
acid t-butyl ester (7d).Compound 6 (Rb=H, 4.55g, 16.3mmol) was suspended in
acetonitril (55ml). To this suspension were added potasstum carbonate (4.52g,
32.7 mmol), t-butyl 4-bromobutanoate (4.38g, 19.6mmol, 1.2eq) and potassium
iodide (3.2g, 19.6mmol, 1.2eq). The mixture was heated to reflux for 16hrs after
which time TLC analysis (diethyl ether/petroleum ether, 1/1, viv, Rf 0.1) revealed
complete reaction. The mixture was concentrated in vacuo and the residue was
dissolved in EtOAc and washed with 5% NaHCOs (2x60ml). The organic layer
was dried on NasSOs, concentrated in vacuo and the residue was purified by
silica gel column chromatography (diethyl ether/petroleum ether, 1/1, v/v) to yield
7d (Rb=H, 4.94g, 71%) as a yellow solid. LC-MS (Method A): Rt 1.37, [M+H] 420.

4-[2-(4-Hydroxy-phenyl)-6,7-dihydro-4H-furo[3,2-c]pyridine-5-yl]-butyric
acid t-butyl ester (8d). Compound 7d (Rb=H, 4.91g, 11.68mmol) was dissolved
in toluene (100m]) and to the solution was added potassium hydroxide (2ml,
11.7N) and the solution was degassed. To the solution was added 2-di-t-
butylphosphino-2’,4’,6’-triisopropylbiphenyl (0.27g, 0.64mmol, 0.06eq) and tris-
(dibenzylideneaceton)-dipalladium(0) (0.29g, 0.82mmol, 0.03eq). The mixture was
stirred at 60°C for 1.25hrs. The mixture was cooled to room temperature, diluted
with EtOAc and washed with 5% NaHCOs solution (100ml). The organic layers
were dried on MgSOy, filtered and concentrated in vacuo. The residue was
purified by silica gel column chromatography (diethyl ether/ petroleum ether, 1/1
to 1/0, v/iv, Rf 0.1) to give pure compound 8d (Rb=H, 4.0g) as a yellow solid. L.C-
MS (Method A): Rt 1.21, [M+H] 358.

4-{2-[4-(2-Fluoro-benzyloxy)-phenyl]-6,7-dihydro-4H-furo[3,2-c]pyridine-
5-yl}-butyric acid t-buty! ester (9d). Compound 8d (Rb=H, 0.43g, 1.2mmol)
was dissolved in DCM/water, 2/1, v/v (5ml) and to this solution was added sodium
hydroxide (1.8ml, 2N, 3eq). To this mixture was added tetrabutylammonium
bromide (0.1eq) and 2F-benzyl bromide (1.32mmol, 250mg). The mixture was
stirred for 16hrs at room temperature after which time TLC analysis (diethyl
ether, Rf 0.5) showed complete reaction. The mixture was diluted with DCM
(15ml), the layers were separated and the water layer was extracted with DCM.
The organic layers were dried on MgSO4, filtered and concentrated in vacuo. The

residue was purified by silica gel column chromatography (diethyl
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ether/petroleum ether, 1/1 to 1/0, v/v to give compound 9d (Ra=2F, Rb=H) in a
yield of 80%. LC-MS (Method A): Rt 1.49, [M+H] 466.

4-{2-[4-(2-Fluoro-benzyloxy)-phenyl]-6,7-dihydro-4H-furo[3,2-c]pyridine-
5-yl}-butyric acid (35). Compound 9d (Ra=2F, Rb=H, 0.3g, 0.64mmol) was
dissolved in a solution of HCl in 1,4-dioxan (4N, 2.8ml) and the mixture was
stirred for 16 hrs at room temperature. The solvents were evaporated and
diisopropyl ether (30ml) was added to precipitate the product as the hydrochloric
acid salt. The white solid material was filtered and dried in vacuo to give
compound 35 (0.32g, 95%) as a white solid. 'H NMR (400 MHz, DMSO-ds) O
PPM: 1.69 - 1.83 (m, 2 H), 2.18 (t, J=7.2 Hz, 2 H), 2.81-2.91 (m, 2 H), 3.02 - 3.13
(m, 2 H), 3.23 - 3.36 (bs, 1 H), 3.50 - 3.68 (bs, 1 H), 3.89 — 4.05 (m, 1 H), 4.15 —
4.29 (m, 1 H), 4.98 (s, 2 H), 6.58 (s, 1 H), 6.91 (d, J=8.7 Hz, 2 H), 7.02 - 7.12 (m, 2
H), 7.21-7.29 (m, 1 H), 7.38 (dt, J=7.7, 1.5 Hz, 1 H), 7.44 (d, J=8.7 Hz, 2 H), 9.80
(br.s., 1 H), 11.37 - 13.06 (bs, 1 H); LC-MS (Method A): Rt 1.37, [M+H] 410.

4-{2-[4-(2-Fluoro-benzyloxy)-2-fluoro-phenyl]-6,7-dihydro-4H-furo[3,2-c]-
pyri-dine-5-yl}-butyric acid (73). Compound 73 was prepared in a similar
fashion as described for 85 starting from 2-bromo-1-(4-bromo-2-fluoro-phenyl)-
ethanone. Compound 73: *H NMR (400 MHz, DMSO-ds), G PPM: 1.92 — 2.04 (m,
2 H), 2.38 (t, J=7.1 Hz, 2 H), 8.02 — 3.13 (m, 2 H), 3.17 — 3.28 (m, 2 H), 3.44 — 3.92
(bs, 2 H), 3.98 - 4.54 (bs, 2 H), 5.21 (s, 2 H), 6.70 (d, J=2.8 Hz, 1 H), 7.00 (dd,
J=8.9, L9 Hz, 1 H), 7.12 (dd, J=13.4, 1.9 Hz, 1 H) 7.23 — 7.32 (m, 2 H) 7.41 - 7.50
(m, 1 H) 7.56 — 7.63 (m, 1 H) 7.69 (t, J=9.0 Hz, 1 H), 10.06 - 10.93 (bs, 1 H), 12.07
- 12.85 (bs, 1 H); LC-MS (Method A): Rt 1.35, [M+H] 428.

2-(4-Bromo-phenyl)-oxazolo[4,5-c]pyridine (17, Rb=H). To a cooled (0°C)
suspension of commercially available 4-hydroxy-3-amino-pyridine 14 (4g,
36mmol) in DCM (200ml) were added triethyl amine (6.3ml, 1.25eq) and a
solution of 4-bromo-benzoyl chloride (15, Rb=H, 8g, 36mmol, leg, 0.3M in DCM).
The reaction mixture was allowed to reach room temperature and the mixture
was stirred for 16hrs. The mixture was filtered, washed with DCM and ether to
furnish crude 16 (Rb=H) as a solid material which was used in the next step
without further purification. Hexachloroethane (10.2g, 43mmol, 2.5¢q) was
dissolved in DCM (150ml) and triphenyl phosphine (13.56g, 51,69mmol, 3eq) and
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triethyl amine (19.2ml, 137.8mmol, 8eq) was added. The mixture was stirred for
10 minutes at room temperature and crude compound 16 (Rb=H) was added
slowly in 5 equal portions. The mixture was stirred at room temperature for 64
hrs after which time TLC analysis (DCM/MeOH, 97/3, v/v, Rf 0.3) revealed
complete reaction. The solution was concentrated and the residue was suspended
in DCM. The mixture was filtered and the residue washed with DCM and diethyl
ether to give crude 17 (Rh=H) v;'hich was used in the next step without further

purification.

2-(4-Bromo-phenyl)-5-methyl-4,5,6,7-tetrahydro-oxazolo[4,5-c]pyridine
(19, Rb=H). To a solution of compound 17 (Rb=H, 11.4mmol) in DMF (95ml) was
added iodomethane (2..84ml, 45.58mmol, 4eg) and the mixture was stirred for
16hrs. The mixture was concentrated in vacuo and the residue was stirred in
EtOAc to give crude 18 (Rb=H, 3.3g, 69%) as a white solid. Compound 18 (Rb=H,
2.3g, 5.6mmol) was dissolved in methanol (55ml) and the solution was cooled to
0°C. Sodium borohydride (0.42g, 11mmol, 2eg) was added and the mixture was
stirred at 0°C for 2 hrs after which time it was allowed to reach room
temperature and stirring was continued for 16 hrs. Water was added (4ml) and
the mixture was stirred for 5 minutes. The mixture was co-evaporated with
acetonitril and the residue was purified by silica gel column chromatography

(DMA 0.5) to yield compound 19 (Rb=H) in a yield of 61%.

2-(4-Bromo-phenyl)-4,5,6,7-tetrahydro-oxazolo[4,5-c]pyridine (20, Rb=H).
To a cooled (0°C) solution of compound 19 (Rb=H, 0.95g, 3.2mmol) in 1,2-
dichloroethane (32ml) was added DIPEA (1.1ml, 6.4mmol, 2eq). At 0°C, 1-
chloroethylchloroformate (1,05ml, 9.72mmol, 3eq) was added and the mixture
was stirred for 10 minutes at 0°C after which time the temperature was raised to
reflux temperature. After 2hrs, the mixture was concentrated in vacuo and the
residue was dissolved in methanol (35ml). The solution was stirred for 48hrs at
room temperature. The precipitate was filtered, the solid product was washed
with diethyl ether to give compound 20 (Rb=H, 0.9g, 88%). LC-MS (Method A): Rt
1.1, [M+H] 280.

3-[2-(4-Bromo-phenyl)-6,7-dihydro-H-oxazolo[4,5-c]pyridine-5-yl]-
propionic acid t-butyl ester (21, Rb=H). Compound 20 (Rb=H, 8¢, 22.8mmol)
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was suspended in methanol (200ml) and DIPEA was added (8.15ml, 46.8mmol,
2.05eg). To the mixture was added t-butyl acrylate (3.97ml, 27.4mmol, 1.2eq) and
the mixture was refluxed for 120rs. Conversion was checked by TLC analysis and
after 16 and 64hrs additional t-butyl acrylate (3.97ml, 27.4mmol, 1.2eq) was
added to push the reaction to completion. The solvents were evaporated and the
residue was redissolved in EtOAc and extracted with a 5% solution of NaHCOs
.The organic layer was dried (MgSO4), concentrated in vacuo and the residue was
purified by silica gel column chromatography (eluent: diethyl ether/petroleum
ether, 1/1, v/v) to give 21a (Rb=H, 8.8g, 93%). LC-MS (Method A): Rt 1.38, [M+H]
408.

3-{2-[4-(Benzyloxy)-phenyl)]-6,7-dihydro-H-oxazolo[4,5-c]pyridine-5-y1}-
propionic acid t-butyl ester (23a, Ra=Rb=H). Compound 21a (Rb=H, 0.9g,
2.21mmol) was dissolved in degassed toluene (7ml) and to the solution was added
cesium carbonate (1.08g, 3.3mmol), benzyl alcohol (0.46ml, 4.42mmol, 2eq), 2-di-
t-butylphosphino-3,4,5,6-tetramethyl-2’,4°,6'-triisopropyl- 1,1-biphenyl (25.5mg,
0.05 mmol, 0.02eq) and palladium(II) acetate (9.92mg, 0.04mmol, 0.02eq). The
mixture was stirred at 70°C for 16hrs. The mixture was cooled to room
temperature, concentrated in vacuo and the residue was purified by silica gel
column chromatography (diethyl ether/petroleum ether, 3/1, v/v) to give pure 23a
(Ra=Rb=H, 0.71g, 74%) as a white solid. LC-MS (Mcthod A): Rt 1.46, [M+H] 435.

3-{2-[4-(Benzyloxy)-phenyl)]-6,7-dihydro-H-oxazolo[4,5-c]pyridine-5-y1}-
propionic acid (47). Compound 23a (Ra=Rb=H, 0.71g, 1.63mmol) was dissolved
in a solution of HCl in 1,4-dioxan (4N, 12ml, 30eq) and the mixture was stirred
for 16 hrs at 50°C. The solvents were evaporated and diethyl ether was added to
precipitate the product. The white solid material was filtered and dried ir vacuo
to give compound 47 (0.67g, 93%) as a white solid. H NMR (400 MHz, DMSO-ds):
0 ppm, 2.92 (t, J= 7.1 Hz, 2 H), 3.06 - 3.31 (bs, 2 H), 3.57 (t, J= 7.1 Hz, 2 H), 3.50
- 3.61 (bs, 1 H), 3.79 - 4.04 (bs, 1 H), 4.21 - 4.42 (bs, 1 H), 4.42 - 4.60 (bs, 1 H),
5.20 (s, 2 H), 7.16 (d, J=8.6 Hz, 2 H), 7.35 (t, J= 7.5 Hz, 1 H), 7.41 (t, J= 7.5 Hz, 2
H), 7.49 (d, J= 7.5 Hz, 2 H), 7.93 (d, J=8.6 Hz, 2 H), 10.31 - 10.84 (bs, 1 H). LC-
MS (Method A): Rt 1.32, [M+H] 379.
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4-[2-(4-Bromo-phenyl)-6,7-dihydro-H-oxazolo[4,5-c]pyridine-5-yl}-butyric
acid t-butyl ester (21d, Rb=H). Compound 20 (Rb=H, 2.5¢g, 7.92mmol) was
suspended in DMF (40ml). To this suspension was added potassium carbonate
(3.8g, 27.7Tmmol, 3.5eq) and t-butyl 4-bromobutanoate (5.3g, 23.7mmol, 3eq). The
mixture was heated at 80°C for 16hrs after which time TLC analysis revealed
complete reaction. The mixture was concentrated in vacuo and the residue was
purified by silica gel column chromatography (eluent: diethyl ether/petroleum
ether, 1/1, v/v to 100% dicthyl ether) to yicld 21d (Rb=H, 3.15g, 94%) as a whitc
solid.

4-{2-[4-(2,3-Difluoro-benzyloxy)-phenyl)}-6,7-dihydro-H-oxazolo[4,5-
c]pyridine-5-yl}-butyric acid t-butyl ester (23d, Ra=2,3-diF, Rb=H).
Compound 21d (Rb=H, 0.6g, 1.42mmol) was dissolved in degassed toluene (5ml)
and to the solution was added cesium carbonate (0.7g, 2.14mmol), 2,3-difluoro-
benzyl alcohol (0.32ml, 2.85mmol, 2eq), 2-di-t-butylphosphino-3,4,5,6-
tetramethyl-2’,4’,6™-triisopropy!- 1,1-biphenyl (16.48mg, 0.03mmol, 0.02cq) and
palladium(IT) acetate (6.39mg, 0.03mmol, 0.02eq). The mixture was stirred at
70°C for 16hrs. The mixture was cooled to room temperature, concentrated in
vacuo and the residue was purified by silica gel column chromatography (diethyl
ether/petroleum ether, 2/1, v/v to 100% diethyl ether) to give pure 23d (Ra=2,3-
diF, Rb=H, 0.48¢g, 70%) as an oil.

4-{2-[4-(2,3-Difluoro-benzyloxy)-phenyl)]-6,7-dihydro-H-oxazolo[4,5-
c]pyridine-5-yl}-butyric acid (57). Compound 23d (Ra=2,3-diF, Rb=H, 0.46g,
0.95mmol) was dissolved in a solution of HCl in 1,4-dioxan (4N, 14ml, 60eq) and
the mixture was stirred for 16 hrs at room temperature. The solvents were
evaporated and diethyl ether was added to precipitate the product. The white
solid material was filtered and dried in vacuo to give compound 57 (0.45g, 99%)
as a white solid. '"H NMR (400 MHz, DMSO-ds): O0ppm 2.08 (m., 2 H), 2.41 (t, J=
7.0 Hz, 2 H), 3.00 - 3.29 (m, 2 H), 3.31 — 3.40 (m, 2 H), 3.48 - 3.70 (bs, 1 H), 3.70 -
3.96 (bs, 1 H), 4.18 - 4.38 (m, 1 H), 4.38 - 4.61 (m, 1 H), 5.26 (s, 2 H), 7.16 (d, J=
8.8 Hz, 2 H), 7.19 - 7.25 (m, 1 H), 7.28 — 7.39 (m, 2 H), 7.94 (d, J= 8.8 Hz, 2 H),
10.37 - 10.88 (bs, 1 H); LC-MS (Method A): Rt 1.16, [M+H] 429.
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4—{2—[4-Benzyloxy-phenyl]-6,7-dihydro-H—oxazolo[4,5-c]pyridine-5-yl}-
butyric acid (53). Compound 53 was prepared in a similar fashion as described
for the synthesis of 57 starting from 23d (Ra=Rb=H). 'H NMR (400 MHz, DMSO-
de): O ppm 2.01 - 2.17 (m, 2 H), 2.42 (t, J= 6.9 Hz 2 H), 3.00 - 3.30 (m, 2 H), 3.32 -
3.41 (m, 2 H), 3.50 - 3.69 (m, 1 H), 3.78 - 3.96 (m, 1 H), 4.18 - 4.37 (i, 1 H), 4.43 -
4.59 (m, 1 H), 5.18 (s, 2 H), 7.14 (d, J= 8.8 Hz, 2 H), 7.34 (t, J= 7.9 Hz, 1 H), 7.40
(t, J= 7.9 Hz, 2 H), 7.47 (d, J= 7.9 Hz, 2 H), 7.93 (d, J= 8.8 Hz, 2 H), 10.45 - 10.89
(bs, 1 H); LC-MS (Method A): Rt 1.17, [M+H] 393.

4-{2-[4-(4-Trifluoromethyl-benzyloxy)-2-fluoro-phenyl]-6,7-dihydro-H-
oxazolo[4,5-c]pyridine-5-yl}-butyric acid (85). Compound 85 was prepared
following route C starting from 2-fluoro-4-bromo-benzoyl chloride. 'H NMR (400
MHz, DMSO-ds), O ppm: 1.98 — 2.11 (m, 2 H), 2.40 (t, J=7.1 Hz, 2 H), 3.10 - 3.24
(m, 2 H), 3.30 - 3.42 (m, 2 H), 3.51 - 3.66 (bs, 1 H), 3.79 - 3.97 (bs, 1 H), 4.25 - 4.39
(m, 1 H), 4.49 - 4.65 (m, 1 H), 5.32 (s, 2 H), 6.98 - 7.13 (m, 2 H), 7.66 - 7.78 (m, 4
H), 7.98 (t, J=8.6 Hz, 1 H), 9.91 - 10.46 (bs, 1 H); LC-MS (Method A): Rt 1.77,
M-+H] 479.

4-{2-[4-(2-Fluoro-benzyloxy)-2-methyl-phenyl]-6,7-dihydro-H-oxazolo[4,5-
clpyridine-5-yl}-butyric acid (89). Compound 89 was prepared following route
C starting from 2-methyl-4-bromo-benzoyl chloride. *H NMR (400 MHz, DMSO-
de), 0 ppm: 2.00 - 2.12 (m, 2 H), 2.41 (t, J=7.1 Hz, 2 H), 2.64 (s, 3 H), 3.05 - 3.26
(m, 2 H), 3.32 - 3.42 (m, 2 H), 3.50 - 3.70 (bs, 1 H), 3.79 - 3.95 (bs, 1 H), 4.22 - 4.39
(m, 1 H), 4.48 - 4.65 (m, 1 H), 5.21 (s, 2 H), 6.97 - 7.04 (m, 2 H), 7.17 - 7.27 (m, 2
H), 7.37 - 7.46 (m, 1 H), 7.56 (dt, J=7.4, 1.4 Hz, 1 H), 7.89 (d, J=8.5 Hz, 1 H), 9.97
- 10.46 (bs, 1 H); LC-MS (Method A): Rt 1.61, [M+H] 425.

4-{2-[4-(3,4-Dichloro-benzyloxy)-2-fluoro-phenyl}-6,7-dihydro-H-
oxazolo[4,5-c]pyridine-5-yl}-butyric acid (227). Compound 227 was prepared
following route C starting from 2-fluoro-4-bromo-benzoyl chloride. 'H NMR (600
MHz, DMSO-ds), O ppm:1.74 (g, J=7.1 Hz, 2 H), 2.26 (t, J=7.1 Hz, 2 H), 2.55 (t,
J=7.1Hz, 2 H), 2.73 - 2.78 (m, 2 H), 2.81 (t, J=5.3 Hz, 2 H), 3.43 (br.s, 2 H), 5.21
(s, 2 H), 7.00 (dd, J=8.8, 2.5 Hz, 1 H), 7.11 (dd, J=13.0, 2.5 Hz, 1 H), 7.47 (dd,
J=8.4, 2.0 Hz, 1 H), 7.69 (d, J=8.3 Hz, 1 H), 7.76 (d, J=1.9 Hz, 1 H), 7.89 (t, J=8.3
Hz, 1 H), 11.30 - 12.80 (bs, 1 H); LC-MS (Method A): Rt 1.42, [M+H] 479.
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4-{2-[4-(2-Fluoro-benzyloxy)-3-chloro-phenyl]-6,7-dihydro-H-oxazolo[4,5-
c]pyridine-5-yl}-butyric acid (283). Compound 283 was prepared following
route C starting from 3-ch10ro-4-bromo-benzoy1_ chloride. 'H NMR (400 MHz,
DMSO-ds): O ppm 1.69 - 1.801.74 (m, , 2 H), 2.27 (t, J=7.2 Hz, 2 H), 2.55 (t, J=7.0
Hz, 2 H), 2.73 - 2.79 (m, , 2 H), 2.81 (t, J=4.6 Hz, 2 H), 3.43 (s, 2 H), 5.32 (s, 2 H),
7.25 - 7.33 (m, 2 H), 7.42 - 7.50 (m, 2 H), 7.58 — 7.65 (m, 1 H), 7.88 (dd, J=8.7, 2.1
Hz, 1 H), 7.93 (d, J=2.1 Hz, 1 H), 11.0 — 13.0 (bs, 1 H); LC-MS (Method B): Rt
1.99%, [M+H) 445.

4-{2-[4-(4-Chloro-benzyloxy)-3-fluoro-phenyl]-6,7-dihydro-H-oxazolo[4,5-
c]pyridine-5-yl}-butyric acid (211). Compound 211 was prepared following
route C starting from 3-fluoro-4-bromo-benzoyl chloride. TH NMR (400 MHz,
DMSO-ds) O ppm: 1.95 - 2.06 (m, 2 H), 2.38 (t, J=7.2 Hz, 2 H), 3.09 - 3.20 (m, 2
H), 8.23 - 3.32 (m., 2 H), 3.44 - 3.53 (m, 1 H), 3.76 - 3.86 (m, 1 H), 4.20 - 4.32 (m,
1H), 4.43 - 4.562 (m, 1 H), 5.28 (s, 2 H), 7.43 (t, J=8.6 Hz, 1 H), 7.51 (m, 4 H), 7.76
(m, 2 H),10.65 - 11.02 (bs, 1 H), 12.03 - 12.77 (bs, 1 H); LC-MS (Method B): Rt
2.03*, [M+H] 445.

2-(4-Benzyloxy-phenyl)-oxazolo[4,5-c]pyridine (25, Ra=Rb=H).To a cooled
(0°C) suspension of commercially available 4-hydroxy-3-amino-pyridine (14,
19.3g, 176mmol) in acetonitril (1500ml) was added 4-benzyloxy-benzoic acid (24,
Ra=Rb=H, 40g, 175mmol), triphenylphosphine (142.5g¢, 543mmol, 3.1eq) and
trichloroactonitril (54.5ml, 543mmol, 3.1eq). The reaction mixture was allowed to
reach room temperature and the mixture was stirred for 16hrs at 80°C. The
mixture was concentrated in vacuo and the residues was dissolved in DCM and
washed with 2N NaOH (3x). The combined water layers were extracted with
DCM and the organic layers dried (Na2S0.) to give crude 25 (Ra=Rb=H) as oil

which was used in the next step without further purification.

2-(4-Benzyloxy-phenyl)-5-methyl-4,5,6,7-tetrahydro-oxazolo[4,5-
c]pyridine (26, Ra=Rb=H). To a solution of crude 25 (Ra=Rb=H, 117mmol) in
DMF (540ml) was added iodomethane (29.35ml, 471mmol, 4eg) and the mixture
was stirred for 16hrs. The mixture was concentrated in vacuo and the residue

was stirred in EtOAc to give the quaternary salt of 25 a white solid, which
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dissolved in methanol (950ml) and the solution was cooled to 0°C. Sodium
borohydride (10.2g, 268mmol, 2.5eg) was added and the mixture was stirred at O-
°C for 2 hrs after which time it was allowed to reach room temperature and
stirring was continued for 64 hrs. Water was added (117ml) and the mixture was
stirred for 5 minutes. The mixture was concentrated in vacuo, the residues
suspended in 2N NaOH (5ml/mmol) and extracted with DCM (3x). The combined
organic layers were dried (Na2SO4) and concentrated to give crude 26 (Ra=Rbh=H)

as a yellow solid which was used in the next step without further purification.

2-(4-Benzyloxy-phenyl)-4,5,6,7-tetrahydro-oxazolo[4,5-c]pyridine (27,
Ra=Rb= H). To a cooled (0°C) solution of compound 26 (Ra=Rb=H, 35.2g,
109.8mmol) in 1,2-dichloroethane (880ml) was added DIPEA (37.61ml,
219.7mmol, 2eq) and 1-chloroethyl chloroformate (35,56ml, 329.6mmol, 3eq) was
added. The mixture was stirred for 10 minutes at 0°C after which time the
temperature was raised to reflux temperature. After 4hrs, the mixture was
allowed to reach room temperature and stirring was continued for 16hrs. The
mixture was concentrated in vacuo and the residue was dissolved in methanol
(880ml). The solution was stirred for 16hrs at room temperature after which time
TLC analysis revealed the reaction to be complete. Removal of the solvent
resulted in the isolation of crude 27 (Ra=Rb=H) in an overall yield of 20% bascd
on 25 (Ra=Rb=H).

3-[2-(4-Benzyloxy-phenyl)-4,5,6,7-tetrahydro-oxazolo[4,5-c] pyridine]-2-
methyl-propionic acid t-butyl ester (28b).To a solution of compound 27
(Ra=Rb=H, 13.45g, 43.9mmol) in DMF (270ml) was added 1,8
diazabicyclo[5.4.0Jundec-7-ene (3eg) and t-butylmethacrylate (28.54ml,
175.6mmol, 4eq). The mixture was heated at 125°C for 100hrs. The solution was
cooled and 5% NaHCOs was added (16ml/mmol) and extracted with diethyl
ether/EtOAc, 1/1, v/v. The organic layer was washed with water (4x), dried on
MgSO4, concentrated in vacuo and the residue was purified by silica gel column
chromatography (eluent: diethyl ether/petroleum ether, 1/2 to 3/1, v/v) to give
23b (Ra=Rb=H, 14.58g, 74%) as an oil.

3-[2-(4-Benzyloxy-phenyl)-6,7-dihydro-H-oxazolo[4,5-c]pyridine-5-yl]-2-
methyl-propionic acid (146). Compound 23b (Ra=Rb=H, 0.45g, 1mmol) was
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dissolved in a solution of HCl in 1,4-dioxan (4N, 14ml, 60eq) and the mixture was
stirred for 16 hrs at room temperature. The solvents were evaporated and diethyl
ether was added to precipitate the product. The white solid material was filtered
and dried in vacuo to give compound 146 (0.43g, 99%) as a white solid. '"H NMR
(400 MHz, DMSO-ds), 0 ppm:1.28 (d, J=7.3 Hz, 3 H), 3.07 - 3.20 (m, 3 H), 3.26
(dd, J=13.2, 4.9 Hz, 1 H), 3.60 (dd, J=13.2, 7.9 Hz, 1 H), 3.66 (bs, 2 H), 4.34 (br. S.,
2H),5.18 (s, 2 H), 7.11 - 7.17 (m, 2 H), 7.31 - 7.37 (m, 1 H), 7.37 - 7.43 (m, 2 H),
7.44 - 7.49 (m, 2 H), 7.85 - 7.93 (m, 2 H), 10.17 - 12.85 (bs, 1 H); LC-MS (Method
A): Rt 1.48, [M+H] 393.

3-{2-[4-(4-Trifluoromethyl-benzyloxy)-phenyl]-6,7-dihydro-H-oxazolo[4,5-
c]pyridine-5-yl}-2-methyl-propionic acid (156). Compound 156 was
prepared following Route C. 'H NMR (400 MHz, DMSO-ds): O ppm: 1.29 (d, J=7.2
Hz, 3 H), 3.09 - 3.21 (bs, 3 H), 3.27 (dd, J=13.1, 5.3 Hz, 1 H), 3.57 - 3.72 (dd,
J=13.1, 7.3 Hz, 1 H), 3.65 - 3.72 (bs, 2 H), 4.34 (br. s., 2 H), 5.33 (s, 2 H), 7.21 (4,
J=8.8 Hz, 2 H), 7.68 - 7.74 (m, 2 H), 7.75 - 7.81 (m, 2 H), 7.93 (4, J=8.8 Hz, 2 H),
10.50 - 12.32 (bs, 1 H); 13C NMR (101 MHz, DMSO-ds), O PPM: 16.35 (g, 1 C),
19.25 (t, 1 C), 35.14 (d, 1 C), 49.04 (br. t., 1 C), 49.76 (br. t., 1 C), 57.23 (t, 1 C),
68.66 (t, 1 C), 115.60 (d, 2 C), 119.65 (s, 1 C), 124.21 (s, XJCF=272.5 Hz, 1 C),
125.34 (d, 3JCF=3.6 Hz, 2 C), 127.63 (d, 2 C), 128.05 (d, 2 C), 128.51 (s,
2JCF=31.7 He, 1 C), 128.63 (s, 1 C), 141.51 (s, 1 C), 142.86 (s, 1 C), 160.11 (s, 1 C),
160.76 (s, 1 ), 174.95 (s, 1 C); LC-MS (Method A): Rt 1.82, [M+H] 461.

3-{2-[4-(4-Chloro-benzyloxy)-phenyl]-6,7-dihydro-H-oxazolo[4,5-
c]pyridine-5-yl}-2-methyl-propionic acid (157). Compound 157 was
prepared following route C. 'H NMR (400 MHz, DMSO-ds), O ppm: 1.19 (d, J=7.4
Hz, 3 H), 3.00 - 3.12 (m, 3 H), 3.18 (dd, J=13.2, 5.3 Hz, 1 H), 3.52 (dd, J=13.2, 7.1
Hz, 1 H), 3.56 - 3.66 (bs, 2 H), 4.24 (br. s., 2 H), 5.11 (s, 2 H), 7.08 (d, J=9.0 Hz, 2
H), 7.35 - 7.43 (m, 4 H), 7.81 (d, J=9.0 Hz, 2 H), 10.57 - 11.92 (bs, 1 H); 13C NMR
(101 MHz, DMSO-de), 0 PPM: 16.44 (g, 1 C), 19.19 (t, 1 C), 35.09 (d, 1 C), 49.1
(br. t., 1 C), 49.6 (br. t., 1 C), 57.17 (t, 1 C), 68.72 (t, 1 C), 115.59 (d, 2 C), 119.50
(s, 1C), 127.60 (d, 2 C), 128.45 (d, 2 C), 128.52 (s, 1 C), 129.51 (d, 2 C), 132.58 (s,
1C), 135.69 (s, 1 C), 142.79 (s, 1 C), 160.22 (s, 1 C), 160.80 (s, 1 C), 174.92 (s, 1
0); LC-MS (Method A): Rt 1.72, [M+H] 427.

PCT/EP2011/061586
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3-{2—[4-(4—(2,3—Diﬂuoro-benzyloxy)-phenyl]-G,7-dihydro-H—oxazolo[4,5—
c]pyridine-5-yl}-butyric acid (175). Compound 175 was prepared following
route C. 'H NMR (400 MHz, DMSO-ds), O0ppm: 1.27 (d, J=6.6 Hz, 3 H),25-26
(m, 1 H), 2.8-3.1(m, 3H), 3.1-3.5(bs,2H),3.6-3.7(bs, 1 H), 3.9-4.1 (bs, 2
H), 5.28 (s, 2 H), 7.0 - 7.2 (m, 2 H), 7.2 - 7.3 (m, 1 H), 7.4 - 7.5 (m, 2 H), 7.9 — 8.0
(m, 2 H), 12.16(br. s., 1 H); LC-MS (Method A): Rt 1.3, [M+H] 429.

3-{2-[4-(4-Trifluoromethyl-benzyloxy)—2—ﬂuoro-phenyl]-6,7—dihydro-H—
oxazolo[4,5-c]pyridine-5-y1}-2-methyl-propionic acid (271). Compound 271
was prepared following route C. '"H NMR (400 MHz, DMSO-ds), O ppm: 1.29 (d,
J=7.2 Hz, 3 H), 3.06 - 3.36 (m, 4 H), 3.51 - 3.68 (m, 2 H), 3.70 — 3.90 (bs, 1 H),
4.18 - 458 (bs, 2 H), 5.33 (s, 2 H), 7.03 (dd, J=8.7, 2.2 Hz, 1 H), 7.10 (dd, J=12.9,
2.2 Hz, 1 H), 7.65 - 7.71 (m, 2 H), 7.73 - 7.77 (m, 2 H), 7.92 (t, J=8.7 Hz, 1 H),
11.01 (br. s, 1 H); LC-MS (Method A): Rt 1.56, [M+H] 479.

2-(4-Bromo-phenyl)-6,7-dihydro-H-oxazolo[4,5-c] pyridine-5-carboxylic
acid t-butyl ester (28, Rb=H). To a suspension of compound 20 (Rb=H, 14.3g,
48.2mmol) in DCM (300ml) were added DIPEA (leq) and di-t-butyl dicarbonate
(11.59¢g, 53mmol, 1.1eq). The mixture was stirred at room temperature for 16hrs
after which time TLC analysis revealed complete reaction. The mixture was
concentrated in vacuo to give crude compound pure 28 (Rb=H) which was uscd in

the next step without further purification.

2-(4—Hydroxy-phenyl)-6,7-dihydro-H—oxazolo[4,5-c]pyridine-5-carboxylic
acid t-butyl ester (29, Rb=H). Compound 28 (Rb=H, 9g, 20.4mmol) was
dissolved in 1,4-dioxan (90ml) and to the solution was added potassium
hydroxide (4.58g, 8 lmmol, in 90 ml water) and the solution was degassed. To the
solution was added 2-di-t-butylphosphino-2’,4’,6 - triisopropylbiphenyl (346mg,
0.82mmol, 0.04eq) and tris-(dibenzylideneaceton)-dipalladium(0) (373.5mg,
0.41mimol, 0.02eq). The mixture was stirred at 80°C for 16hrs after which time
LC-MS analysis showed that the conversion was complete. The mixture was
cooled to room temperature, diluted with EtOAc, acidified to pH 6 with 0.1N HCI
and extracted with EtOAc. The organic layers were dried on MgSOy, filtered and

concentrated in vacuo. The residue was purified by silica gel column
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chromatography (DCM/MeOH, 97/3, v/v) to give compound pure 29 (Rb=H, 6g,
83%).

2-[4-(4-Trifluoromethyl-benzyloxy)-phenyl)-6,7-dihydro-H-oxazolo[4,5-
c]pyridine-5-carboxylic acid t-butyl ester (30, Ra=4CF;, Rb=H). Compound
29 (Rb=H, 6g, 17mmol) was dissolved in DCM/water, 2/1, v/v (78ml/mmol) and to
this solution was added sodium hydroxide (27ml, 2N, 3 eq). To this mixture was
added tetrabutylammonium bromide (549mg, 0.1eq) and 4-trifluoromethyl-benzyl
bromide (4.48g, 18.75mmol, 1.1eq). The mixture was stirred for 16hrs at room
temperature after which time LC-MS analysis showed complete reaction. The
mixture was diluted with DCM (200ml), the layers were separated and the water
layer was extracted with DCM. The organic layers were dried on MgSOs, filtered
and concentrated in vacuo. The residue was purified by silica gel column
chromatography (eluent: EtOAc/petroleum ether, 1/3) to give compound pure 30
(Rb=H, 9.0g, 96%) as a colorless foam.

2-[4-(4-Trifluoromethyl-benzyloxy)-phenyl)-6,7-dihydro-H-oxazolo[4,5-
c]pyridine(30, Ra=4CF3, Rb=H). Compound 30 (9.6g, 18.5mmol) was dissolved
in DCM (150ml) and trifluoroacetic acid (8.5ml, 111mmol, 6eq) was added. The
solution was refluxed for 16hrs after which time TLC analysis showed complete
reaction. The mixture was neutralized with 5% aq. NaHCOs. The mixture was
extracted with DCM (3x) and the combined organic layers were washed with
brine, dried on Na2SO. and concentrated in vacuo to give compound 27 (Ra=4CFs3,

Rb=H) which was used in the next step without further purification.

3-{2-[4-(4-Trifluoromethoxybenzyloxy)-phenyl]-6,7-dihydro-H-
oxazolo[4,5-c]pyridine-5-yl}-cyclobutane carboxylic acid (306).Compound
27 (Ra=4CFs, Rb=H 0.71g, 1.8mmol) was suspended in 1,2-dichloroethane (40ml).
"To this suspension was added 3-oxocyclobutanecarboxylic acid (0.27g, 2.34mmol,
1.3eq) and sodium triacetoxy borohydride (0.61g, 2.88mmol, 1.6eq). The mixture
was stirred at room temperature for 16hrs after which time TLC analysis
revealed complete reaction. The solution was diluted with 5% NaHCO3
(16ml/mmol) and the mixture was extracted with DCM. The combined organic
layers were dried on NazSQOs, concentrated in vacuo and the residue was purified

by silica gel column chromatography to furnish a mixture of cis and trans
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stereoisomers in a ratio of 2 to 1. A second silica gel column chromatography
purification (DCM/MeOH, 9/1, v/v) resulted in the isolation of two enriched
stereoisomer fractions. Compound 307-cis (Rf, 0.2, 0.46g, 51%, cis/trans = 95/5)
and 306-trans (Rf 0.25, 0.21g, 256%, cis/trans = 5/95). 307-cis: '"H NMR (400
MHz, DMSO-ds): 0 ppm 1.92 - 2.05 (m, 2 H); 2.26 - 2.37 (m, 2 H); 2.68 (t, J=4.5
Hz, 2 H); 2.70 - 2.79 (m, 3 H); 2.89 - 3.00 (m, 1 H); 3.30 — 3.41 (bs, 2 H); 5.21 (s, 2
H) 7.14 (d, J=8.8 Hz, 2 H); 7.41 (d, J=8.5 Hz, 2 H); 7.61 (d, J=8.5 Hz, 2 H); 7.87
(d, J=8.8 Hz, 2 H); 12.15 (br. s., 1 H); 306-trans: 'H NMR (400 MHz, DMSO-ds)
0 ppm: 2.10 - 2.21 (m, 2 H); 2.22 - 2.34 (m, 2 H); 2.67 (t, J=4.8 Hz, 2 H); 2.71 - 278
(m., 2 H); 2.84 - 2.95 (m, J=9.6 Hz, 1 H); 8.17 (quin, J=7.4 Hz, 1 H); 3.31 — 3.40
(bs, 2 H); 5.21 (s, 2 H); 7.14 (d, J=8.8 Hz, 2 H); 7.41 (d, J=8.5 Hz, 2 H); 7.61 (d,
J=8.5 Hz, 2 H); 7.87 (d, J=8.8 Hz, 2 H); 12.20 (br. s., 1 H). LC-MS Rt 1.41, [M+H]
=489.

3-{2-[4-(3,4-Difluorobenzyloxy)-phenyl}-6,7-dihydro-H-oxazolo[4,5-
c]pyridine-5-yl}-cyclobutane carboxylic acid (277). Compounds 278-cis and
277-trans were prepared as described for 306. 278-cis: 'H NMR (400 MHz,
DMSO-ds): O ppm 1.93 - 2.04 (m, 2 H) 2.26 - 2.36 (m, 2 H) 2.68 (t, J=4.8 Hz, 2 H)
2.70 - 2.80 (m, 3 H) 2.88 - 3.00 (m, 1 H) 3.33 - 3.40 (bs, 2 H) 5.16 (s, 2 H) 7.14 (d,
J=8.8 Hz, 2 H) 7.29 - 7.38 (m, 1 H) 7.47 (dt, J=10.7, 8.4 Hz, 1 H) 7.56 (ddd,
J=11.5, 8.0, 2.0 Hz, 1 H) 7.87 (d, J=8.8 Hz, 2 H) 12.15 (br. s., 1 H); LC-MS
(method A): Rt 1.33, [M+H] = 441; 277-trans: 'H NMR (400 MHz, DMSO-ds): O
ppm 2.09 - 2.20 (m, 2 H) 2.23 - 2.31 (m, 2 H) 2.67 (t, J=4.5 Hz, 2 H) 2.70 — 2.77
(m, 2H)2.84-293(m, 1H)3.12 - 8.22 (m, 1 H) 3.32 - 3.39 (bs, 2 H) 5.16 (s, 2 H)
7.14 (d, J=8.8 Hz, 2 H) 7.30 - 7.37 (m, 1 H) 7.47 (dt, J=10.8, 8.4 Hz, 1 H) 7.56
(ddd, J=11.4, 8.0, 1.9 Hz, 1 H) 7.87 (d, J=8.8 Hz, 2 H) 12.20 (br. s., 1 H); ); LC-MS
(method A): Rt 1.31, [M+H] = 441.

3-Bromo-N-benzyloxycarbonyl-4-piperidone (502). To a cooled (0°C) solution
of N-benzyloxycarbonyl-4-piperidone (501, 27.3g 117 mmol) in DCM (3ml/mmol)
was added DIPEA (25.5ml, 146.2mmol, 1.25eg) and trimethylsilyl
trifluoromethane sulfonate (25.4ml, 141 mmol, 1.2eg). The mixture was stirred
for 30 minutes at 0°C. Next, N-bromosuccinimide (21.2g, 119.3mml, 1.02eg) was
added and stirring was continued for 16hrs at room temperature. The reaction

mixture was washed with 5% NaHCOs and the organic layer was dried (MgSO4)
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and subsequently concentrated under reduced pressure. The resulting o1l was
purified by silica gel chromatography (diethyl ether/ petroleum ether, 1/1 to 1/0,
v/v, Rf 0.1) giving 502 in a yield of 90% as a yellow oil.

2-(4-Methoxy-phenyl)-6,7-dihydro-4H-thiazolo[5,4-c]pyridine-5-
carboxylic acid benzyl ester (504). Compound 502 (2.0g, 6.5mmol) was
dissolved in ethanol (20ml). To the solution was added 4-methoxythiobenzamide
(503, 1.09g, 6.5 mmol, leq) and the yellow mixture was refluxed for 17 hrs after
which time TLC analysis showed full conversion of 502. The reaction mixture
was concentrated in vacuo and the residue was dissolved in EtOAc, washed with
5% Na2504 and the organic layer was dried (MgS04) and subsequently
concentrated under reduced pressure. The resulting oil was purified by silica gel
chromatography (diethyl ether, Rf 0.3) giving compound 504 in a yield of 49% as
a colorless oil. Compounds having a Rb substitute can be prepared by choosing a

properly substituted (Rb)- 4-methoxythiobenzamide (5083).

4-(4,5,6,7-Tetrahydro-thiazolo[5,4-c]pyridine-2-yl)-phenol 505. Compound
504 (18.0g, 47.3mmol) was dissolved in ethanol (300ml). To the cooled (-78°C)
solution was added boron tribromide (5eg, 236mmol) dropwise. After one hour
cooling was removed and the mixture was stirred 16hrs at room temperature.
The reaction was quenched with MeOH, the mixture was concentrated in vacuo
to give compound 505 as an oil which was used in the next step without further

purification.

General procedure for the synthesis of compounds 508. Compounds 508

are prepared starting from compounds 505 in a similar fashion as described for
the synthesis of compounds 7 and 21 (see schemes 1-4). As a typical example we
describe the synthesis of compound 508 (Ra=F, Rb=H, Rc=C2).

3-[2-(4-(Hydroxy-phenyl)-6,7-dihydro-4H-thiazolo[5,4-c] pyridine-5-yl]-
propionic acid t-butyl ester (506, Rb=H, Rc=C2). To a suspension of 505
(Rb=H, 5.8g, 25.1mmol) in MeOH (100ml) and DIPEA (5.1ml, 30.1mmol, 1.2¢q)
was added t-butyl acrylate (4.4ml, 30.1mmol, 1.2eq) and the mixture was
refluxed for 16hrs after which time TLC analysis (diethyl ether, Rf 0.2) showed

full conversion of 505. The reaction mixture was concentrated in vacuo and the
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resdue was dissolved in EtOAc, washed with 5% NaHCO3 and the organic layer
was dried (Na2SO4) and subsequently concentrated under reduced pressure. The
resulting oil was purified by silica gel chromatography (diethyl ether) giving
compound 506 (Rb=H, Rc=C2) in a yield of 79% as a white solid material.

3-[2-(4-(2-Fluoro-benzyloxy)-phenyl)-6,7-dihydro-4H-thiazolo[5,4-
c]pyridine-5-yl]-propionic acid t-butyl ester (507, Ra= 2F, Rb=H, Rc=C2).
To a suspension of 506 (Rb=H, Rc=C2, 0.5¢, 1.4mmol) in DMA (4ml) was added
triphenyl phosphine (0.45g, 1.7mmol, 1.25eg), diisopropyl azodicarboxylate
(0.33ml, 1.7mmol, 1.25¢g) and 2-fluoro benzyl alcohol (0.17ml, 1.56mmol, 1.15eg)
and the mixture was stirred at room temperature for 16hrs. The reaction mixture
was diethyl ether (150ml) and washed with 8x50ml water. The combined organic
layers were dried (Na2S04) and subsequently concentrated under reduced
pressure. The resulting oil was purified by silica gel chromatography (diethyl
ether/petroleum ether, 2/1, v/v) giving compound 507 (Ra=2F, Rb=H, Rc=C2) in a
vield of 67% as a white solid material.

3-[2-(4-(2-Fluoro-benzyloxy)-phenyl)-6,7-dihydro-4H-thiazolo[5,4-
c]pyridine-5-yl]-propionic acid (38, Ra= 2F, Rb=H, Rc=C2). Compound 507,
Ra=2F, Rb=H, Rc=C2, 0.43g, 0.9mmol) was dissolved in 4N HCl in dioxane
(10ml). The mixture was stirred for 16hrs at room temperature. The mixture was
concentrated in vacuo and the resulting solid was washed with diisopropyl ether
to give 38 as a white solid (Ra= 2F, Rb=H, Rc=C2, 0.42g, 97%). Compound 38: *H
NMR (400 MHz, DMSO-ds), O ppm 2.88-3.03 (m, 2H), 3.06 - 3.14 (m, 1 H), 3.20
(m, 1 H), 3.48 (broad signal, 3 H), 3.73 - 3.87 (m, 1 H), 4.44 (bd, J=15.9, 6.0 Hz,1
H), 4.72 (b, J=15.9 Hz, 1 H), 5.22 (s, 2 H), 7.16 (d, J=8.6 Hz, 2 H), 7.23 - 7.32 (m,
2 H), 7.41-17.49 (m, 1 H), 7.59 (dt, J=7.6, 1.5 Hz, 1 H), 7.87 (d, J=8.6 Hz, 2 H),
11.63 (br. s, 1 H); LC-MS (Method A): Rt 1.3, [M+H] 473.

4-Bromo-N-(4-chloro-pyridin-3-yl)-benzamide (510). A mixture of 4-amino-
3-chloropyridine (509, 5.9g, 46,2 mmol), 4-bromobenzoyl chloride (15, 11.15g,
50.8mmol) and potassium carbonate (22.4g, 161.7 mmol) in acetonitril (150ml)
was refluxed for 24hrs. The reaction mixture was concentrated in wvacuo,
redissolved in DCM and the solution was washed with watcr. The organic laycr

was dried (MgSQ4), concentrated and the resulting oil was purified by silica gel
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column chromatography (DCM/MeOH, 99/1, v/v, Rf 0.2) to give pure 510 (10.4g,
72%) as an oil. When a substituted compound 15 is used, the Rb in compound

510 is introduced.

2-(4-Bromo-phenyl)-thiazolo-[4,5c]-pyridine (511). Compound 510 (10.4g,
33.4mmol) was suspended in toluene (400ml) and Lawesson’s reagent (9.4g,
23.4mmol, 0.7eq) was added and the mixture was refluxed for 24 hrs after which
time TLC analysis (DCM/McOH, 97/3, viv, Rf 0.7) revealed the reaction to be
complete. The mixture was concentrated in vacuo and to the oil was added
NaHCOs (5% solution, 200ml) and the suspension was extracted with DCM
(3x200ml). The combined organic layers was dried over MgSO., concentrated and
the oil was purified by silica gel column chromatography (DCM/MeOH, 99/1 to
97/3, v/v) to give pure 511 (8.7g, 89%) as an oil.

2-(4-Benzyloxy-phenyl)-4,5,6,7-tetrahydro-thiazolo-[4,5c]-pyridine  (518).
Compounds 518 were obtained starting from 511 in a similar fashion as
described for the synthesis of compounds 27 in schemes 4 and 7. The appropriate
tails Rc could be linked to 518 in a similar fashion as described for compounds
27.

4-{2-[4-(3,5-Difluoro-benzyloxy)-phenyl]-6,7-dihydro-4H-thiazolo-[4,5¢]-
pyridin-5-yl}-butyric acid (446, Ra=3,5-F, Rb=H, Rc=C3). Compound 519
(Ra=3,5-F, Rb=H, Rc=C3, 0.79¢g, 1.58mmol) was dissolved in 4N HC] in dioxan
(25ml) was stirred for 18hrs at 50°C and for 70hrs at room temperature. The
mixture was concentrated in vacuo and the resulting oil was stirred in dicthyl
ether to yield 446 as a white solid (0.72g, 94%). 1H NMR (400 MHz, DMSO-ds): 1
ppm: 2.03 - 2.15 (m, 2 H), 2.40 (¢, J=7.3 Hz, 2 H), 3.12 - 3.22 (m, 1 H), 3.32 (broad
signal, 3 H), 3.40 — 3.51 (m, 1 H), 3.75 - 3.90 (m, 1 H), 4.36 (dd, J=15.2, 6.8 Hz, 1
H), 4.59 (d, J=15.2 Hz, 1 H), 5.21 (s, 2 H), 7.05 (tt, J=9.0, 2.3 Hz, 1 H), 7.09 - 7.18
(m, 4 H), 7.84 (d, J=8.9 Hz, 2 H), 11.17 (br. s., 1 H); Rt 1.33, [M+H] 502.

2-{2-[4-(3,5-Difluoro-benzyloxy)-phenyl]-6,7-dihydro-H-oxazolo[4,5-

c]pyridine-5-yl}-acetic acid (463). 2-[4-(3,5-difluoro-benzyloxy)-phenyl]-
4,5,6,7-tetrahydro-oxazolo[4,5-c]Jpyridine (27, Ra=3,5-diF, Rb= H) was
synthesized following route C as described above. Compound 27 (Ra=3,5diF, Rb=

PCT/EP2011/061586
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H, 0.4g, 1.17mmol) was dissolved in acetonitril (20ml). To the solution was added
DIPEA (0.51ml, 2.9mmol, 2,5eq) and t-butyl bromoacetate (0.19ml, 1.29mmol,
1.1eq). The mixture was refluxed for 6 hrs after which time LCMS analysis
showed the reaction to be complete. The mixture was concentrated in vacuo,
water was added and the suspension was extracted with DCM (3x200ml). The
combined organic layers was dried over MgSO4, concentrated and the oil was
purified by silica gel column chromatography (diethyl ether/petroleum ether, 3/1,
v/v). The resulting oil was suspended in 4N HCl in dioxan (20ml). The mixturc
was stirred at 45°C for 5 hrs and at room temperature for 16hrs. The mixture
was concentrated in vacuo to give a white solid. The solid material was washed 3
times with diethyl ether to give 463 (0.39g, 91%) as a white solid. 1H NMR (400
MHz, DMSO-de): O ppm: 3.10 — 3.20 (m., 2 H), 3.70 — 3.80 (m., 2 H), 4.31 (s, 2 H),

4.44 (s, 2 H), 5.22 (s, 2 H), 7.02 - 7.10 (m, 1 H), 7.13 — 7.20 (m, 4 H), 7.92 (d,'

J=8.8 Hz, 2 H), 9.53 - 12.44 (br.s., 1 H); Rt 1.51; [M+H] 401.

2-{2-[4-(3,5-Difluoro-benzyloxy)-phenyl]-6,7-dihydro-H-oxazolo[4,5-
c]pyridine-5-yl}-propionic acid (464). Compound 27 (Ra=3,5diF, Rb= H, 0.4g,
1.17mmol) was dissolved in acetonitril (20ml). To the solution was added DIPEA
(0.51ml, 2.9mmol, 2,5eq) and t-butyl 2-bromo-propionic ester (0.27¢gl, 1.29mmol,
1.1eq). The mixture was refluxed for 24 hrs after which time LCMS analysis
showed the reaction to be complete. The mixture was concentrated in vacuo,
water was added and the suspension was extracted with DCM (3x200ml). The
combined organic layers were dried on MgSQ., concentrated and the oil was
purified by silica gel column chromatography (diethyl ether/petroleum ether, 3/2,
v/v, Rf 0.3). The resulting oil was suspended in 4N HCl in dioxan (20ml). The
mixture was stirred at 45°C for 5 hrs and at room temperature for 16hrs. The
mixture was concentrated in vacuo to give a white solid. The solid material was
washed 3 times with diethyl ether to give 464 (0.41g, 89%) as a white solid. 1H
NMR (400 MHz, DMSO-ds): O ppm, 1.66 (d, J=7.1 Hz, 3 H), 3.17 (br. s., 2 H), 3.74
(br. s., 2 H), 4.33 - 4.52 (m, 4 H), 5.22 (s, 2 H), 7.02 - 7.11 (m, 1 H), 7.13 - 7.25 (m,
4 H), 7.92 (d, J=8.8 Hz, 2 H); Rt 1.53, [M+H] 415.

3-{2-[4-(3,5-Difluoro-benzyloxy)-phenyl}-6,7-dihydro-4H-oxazolo[4,5-c]-
pyridin-5-yl}-cyclopentane carboxylic acid (465, 1/1 cis-trans mixture).
Compound 27 (Ra=3,6diF, Rb= H, 0.1g, 0.29mmol) was dissolved in 1,2-
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dichloroethane (5ml). To the solution was added 3-oxo-cyclopentane-carboxylic
acid (0.05g, 0.41mmol, 1.4eq), sodium tri.acetoxy borohydride (0.11g, 0.53mmol,
1,8eq) and AcOH (0.03ml, 0.58mmol, 2eq). The mixture was stirred for 16 hrs
after which time LCMS analysis showed the reaction to be complete. To the
mixture was added a saturated solution of NH4Cl and the mixturc was extracted
with DCM. The combined organic layers was concentrated in vacuo and the oil
was purified by silica gel column chromatography (DCM/MeOH, 9/1, v/v) to give
compound 465 as a cis/trans mixture in a ratio of 1/1.

Rt 1.27, [M+H] 455.
4-{2-[4-(2,3-Difluoro-benzyloxy)-2-methyl-phenyl}-6,7-dihydro-4H-oxazolo-
[4,5c]-pyridin-5-yl}-pentanoic acid (393). Compound 22 (Rb=2Me, Rc=H) was
prepared by stirring 29 (Rb=2Me) in a mixture of TFA and DCM for 16hrs. The
solvents were evaporated to give crude 22 (Rb=2Me, Rc=H) as an oil which was
used in the next step without further purification. A SCX-2 column was used to
make the free base of compound 22 (Rb=2Me, Re=H, 1g, 4.3mmol), which was
dissolved in MeOH. To this solution was added cthyl levulinate (2.46ml,
17.4mmol, 4eq), AcOH (0.5ml, 8.7mmol, 2eq) and palladium hydroxide on carbon.
The reaction mixture was shaken at a pressure of 4atm of hydrogen. After 16hrs,
ELSD showed that the reaction was not yet complete. Another portion of ethyl
levulinate (2.46ml, 17.4mmol, 4eq) and palladium hydroxide on carbon was
added and hydrogenation at 4 atm was continued for 72hrs. The mixture was
degassed, filtered over Hyflo and the residue was washed with MeOH. The
filtrate was concentrated in vacuo and the resulting oil was purified by silica gel
column chromatography to give 522 (Rb=2Me, Rc=xCH3(CH3)CH2CH2C(=0)OEt)
in an yield of 41%. Subsequent benzylation of 522 with 2,3-di-fluoro-benzyl
bromide was performed in a similar fashion as described for the compounds of
Schemes 1-5 giving compound 523 . Finally, the latter was dissolved in a solution
of sodium hydroxide in ethanol (18ml, 0.3M) and the solution was stirred at 50°C
for 16hrs. The mixture was concentrated in vacuo and the residue was stirred in
diethyl ether to give 393 as a white solid (Ra=2,3-diF, Rb=2Me, Re=CH2(CH3)CH-
2CH2C(=0)OH). "H NMR (400 MHz, DMSO-ds): O ppm 1.40 (d, J=5.9 Hz, 3 H),
1.74 - 1.93 (m, 1 H), 2.15-2.30 (m, 1 H), 2.31 - 2.50 (m, 3 H), 2.63 (s, 3 H), 3.04 —
3.15 (m, 1 H), 3.22 - 3.35 (m, 1 H), 3.45 - 3.69 (m, 2 H), 3.72 — 3.85 (m, 1 H), 4.22-
4.46 (m, 2 H), 5.25 (s, 2 H), 6.98-7.07 (m, 2 H), 7.20-7.29 (m, 1 H), 7.34-7.45 (m, 2
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H), 7.87 (d, J=8.6 Hz, 1 H), 10.49 - 10.69 (br.band, 1 H), 11.47 - 13.29 (br.band, 1
H). Rt 1.37, [M+H] 457.

4-{2-[4-(2,3-Difluoro-benzyloxy)-2-methyl-phenyl}-6,7-dihydro-4H-
oxazolo[4,5-c]-pyridin-5-yl}-2-methyl-butyric acid (394). Compound 22
(Rb=2Me, 1g, 3.8mmol) was dissolved in acetonitril (10ml) and to the solution
was added DIPEA (1.93 ml, 11.25mmol), sodium iodide (0.56g, 3.75mmol) and 4-
chloro-2-methylbutyric acid methyl ester (0.85g, 5.6mmol). The mixture was
stirred at 60°C for 16hrs, after which time again added DIPEA (1.93 ml,
11.25mmol), sodium iodide (0.56g, 3.75mmol) and 4-chloro-2-methylbutyric acid
methyl ester (0.85¢g, 5.6mmol) were added and stirring was continued for 30hrs at
60°C. The mixture was concentrated in vacuo and purified by silica gel column
chromatography (DCM/MeOH, 95/5 to 9/1, v/v) to give 525 (Rb=2Me; Rd=Me) as
an oil. Compound 525 (Rb=2Me; Rd=Me) was benzylated at Mitsunobu conditions
in a similar fashion as described above for the synthesis of 28. The resulting
compounds 526 (0.5mmol) were dissolved in ethanol (20ml) and 2N NaOH
solution was added (4nﬁl) and the rinixture was stirred for 2hrs at 50°C. The
solution was neutralized with 1M HCl, extracted with DCM (3x20ml) and the
organic layers were dried on MgSQa. Evaporation of the solvent resulted in the
1solation of pure compound 394. 'H NMR (400 MHz, DMSO-ds): O ppm 1.09 (d,
J=7.1 Hz, 3 H), 1.51 - 1.61 (m, 1 H), 1.80 - 1.92 (m, 1 H), 2.36 - 2.46 (m, 1 H), 2.56
(t, J=7.1 Hz, 2 H), 2.60 (s, 3 H), 2.72 — 2.78 (m, 2 H), 2.79 — 2.85 (m, 2 H), 3.39 -
3.47 (m, 2 H), 5.24 (s, 2 H), 6.95 - 7.04 (m, 2 H), 7.20 - 7.29 (m, 1 H), 7.35 - 7.47
(m, 2 H), 7.82 (d, J=8.6 Hz, 1 H), 10.85 - 13.06 (br.band, 1 H). LC-MS: Rt 1.38,
[M+H] 457.

4-{2-[4-(2,3-Difluoro-benzyloxy)-2-methyl-phenyl}-6,7-dihydro-4H-oxazolo-
[4,5¢]-pyridin-5-yl}-3-methyl-butyric acid (437).

Synthesis of 4-Chloro-3-methyl-butyric acid methyl ester.
4-Methyl-dihydro-furan-2-one (4g, 39.95mmol) was dissolved in MeOH (10ml)
and the solution was cooled to -10°C. Thionyl chloride (3.6ml, 49.9mmol) was
added dropwise. The mixture was stirred at -10 °C for 2hrs and hereafter for
16hrs at room temperature. The mixture was concentrated in vacuo to give crude
4-Chloro-3-methyl-butyric acid methyl ester (4g, 87%) which was used in the

next step without further purification.
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Compound 22 (Rb=2Me, Rd=Me) was selectively alkylated at the nitrogen
position with 4-chloro-3-methyl-butyric acid methyl ester to give 528. Subsequent
benzylation of 528 under previously described Mitsunobu conditions gave 529.
Compound 529 was demethylated in a similar fashion as described above for the
synthesis of compound 394 to give compound 437 (Ra=2,3-diF, Rb=2Me, Rd=H)
as a white solid. 'H NMR (400 MHz, DMSO-ds): O ppm 1.12 (d, J=6.6 Hz, 3 H),
2.26 (dd, J=16.3, 7.3 Hz, 1 H), 2.44 - 2.57 (m, 2 H), 2.63 (s, 3 H), 2.99 - 3.96 (m, 6
H), 4.10 — 4.65 (br. b., 2 H), 5.24 (s, 2 H), 6.96 - 7.08 (m, 2 H), 7.18 - 7.27 (m, 1 H),
7.31 - 7.43 (m, 2 H), 7.88 (d, J=8.6 Hz, 1 H), 10.17 - 11.21 (br.band, 1 H), 11.46 -
13.30 (br.band, 1 H). LC-MS: Rt 1.44, [M+H] 457.

3-{2-[4-(2-phenyl-cyclopropyl)-3-fluoro-phenyl]-6,7-dihydro-4H-oxazolo-
[4,5-c]-pyridin-5-yl}-cyclobutane carboxylic acid (459 trans).
2-Phenyl-cyclopropyl-trifluoroborane. 4,4,5,5-Tetramethyl-2-(2-phenyl-
cyclopropyl)-[1,3,2]dioxaborolane (3.1g, 12.7mmol) in MeOH (48ml) and water
(12ml) was cooled to 0°C. Potassium bifluoride (6.96g, 88.9mmol, 7eq) was added
and the mixture was stirred for 16hrs at room temperature. The mixture was
concentrated in vacuo and the residue was _co-evaporated with acetonitril
(3x40ml). The residue was washed with warm acetonitril (8x40ml) and the
combined actonitril washings were concentrated to give 2-phenyl-cyclopropyl-
trifluoroborane  (2g, 71%). This trifluoroborane  derivative  (1.8g,
8.2mmol,1.3mmol) was dissolved in degassed toluene/water (137.5ml, 10/1, v/v)
and potassium phosphate tribasic (5.2g, 24.7mmol, 3.9eq) was added. The
mixture was stirred for 15 minutes and to this solution was added compound 28
(Rb=3F, 2.5g, 6.3mmol), palladium(II) acetate (71.2mg, 0.3mmol, 0.05eq) and 2-
dicyclohexylphosphino-2,6-di-isopropoxy-1,1-biphenyl (296mg, 0.6mmol, 0.leq,
RuPhos). The mixture was stirred at 115°C for 3 hrs after which time TLC
analysis (Et20/PA, 3/7, v/v) revealed the reaction to be complete. The mixture
was allowed to reach room temperature and was diluted with EtOAc (300ml) and
the solution was washed with water. The organic layer was dried on MgSO« and
concentrated in vacuo to give an oil which was purified by silica gel column
chromatography (EtzO/PA, 3/7, v/v) to give pure 530 (2.54g, 92%) as a white solid.
The BOC in 530 was removed under acidic conditions to give 531, which was
transformed to 532 under conditions for introducing the Re-tail as described

above. Compound 532 (pure trans, 0.45g¢, 0.94mmol) was dissolved in 20ml 4M
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HCl in dioxan. The solution was stirred for 16hrs at room temperature. The
mixture was concentrated in vacuo and stirred in diethyl ether. The resulting
solid was filtered to give compound 459 (trans, 0.36¢g, 83%). 'H NMR (400 MHz,
DMSO-de): O ppm 1.27 (d, J=7.3 Hz, 3 H), 1.51 - 1.70 (m, 2 H), 2.26 - 2.40 (m, 2
H), 3.05 - 3.23 (m, 3 H), 3.27 (dd, J=13.1, 4.8 Hz, 2 H), 3.55 - 3.84 (m, 3 H), 4.37
(r. s, 2 H), 7.14 - 7.23 (m, 3 H), 7.26 - 7.35 (m, 3 H), 7.64 (d, J=11.1, Hz, 1 H),
7.74 (d, J=8.3 Hz, 1 H), 10.00 - 11.79 (br.band, 1 H), 11.93 - 13.53 (br.band, 1 H).
LC-MS: Rt 1.36, [M+H] 433.

4-(2-{4-[2-(3,5-Difluoro-phenyl)-vinyl]-phenyl}-6,7-dihydro-4H-oxazolo-
[4,5¢]-pyridin-5-y)-butyric acid (451). A solution of compound 28 (Rb=H,
4.3g, 11.1mmol), trans-2-(3,5-difluorophenyl)vinyl boronic acid pinacol ester
(4.09ml, 16.7mmol, 1.5eq) in toluene (100ml) was degassed. To this solution was
added chloro (2-dicyclohexylphosphino-2,4,6-tri-isopropopyl-1,1-biphenyl)[2-(2-
aminoethyl)pentyl] palladium(II) methyl-tbutyl ether adduct (183.8mg, 0.22mmol,
0.02eq) and potassium phosphate tribasic (7.08g, 33.3mmol, 3.0eq) was added.
The mixture was stirred for 24hrs at 115°C after which time LC-MS analysis
revealed the reaction to be complete. The mixture was allowed to reach room
temperature and was diluted with EtOAc (300ml) and the solution was washed
with a 5% NaHCOS3 solution. The organic layer was dried on MgSOs4 and
concentrated in vacuo to give an oil which was purified by silica gel column
chromatography (DCM/MeOH, 99.5/0.5, v/v) to give pure 533 (3.4g, 69%) as a
white solid. The BOC in 533 was removed under acidic conditions to give 534,
which was transformed to 535 under conditions for introducing the Re-tail as
described above. Compound 535 (0.45g, 0.94mmol) was dissolved in 20ml 4M HCl
in dioxan. The solution was stirred for 16hrs at 55°C. The mixture was
concentrated in vacuo and stirred in diethyl ether. The resulting solid was
filtered to give compound 451 (0.426g, 95%).

'H NMR (400 MHz, DMSO-ds) O ppm 2.02 - 2.14 (m, 2 H) 2.40 (t, J=7.1 Hz, 2 H)
3.07 - 3.18 (m, 1 H) 3.23 - 3.38 (m, 3 H) 3.65 - 3.72 (m, 1H) 3.78 - 3.89 (m, 1 H)
4.23 - 4.35 (m, 1 H) 4.41 - 4.54 (m, 1 H) 6.96 - 7.05 (m, 1 H) 7.28 - 7.37 (mm, 3 H)
7.41 (d, J=16.4 Hz, 1 H) 7.74 (d, J=8.3 Hz, 2 H) 7.98 (d, J=8.3 Hz, 2 H) 11.25 (br.
s., 1L H). LC-MS: Rt 1.39, [M+H] 425.
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4-(2-{4-[2-(3,5-Difluoro-phenyl)-ethyl]-phenyl}-6,7-dihydro-4H-
oxazolo[4,5¢c] pyridin-5-yl)-butyric acid (452). Compound 533 (1.5g,
3.4mmol) was dissolved in MeOH (250ml). To the suspension was added
palladium hydroxide on carbon (20%, 0.2g, 1,42mmol, 0.42eq). The mixture was
placed under a blanket of hydrogen at room temperature and 1 atmosphere. After
24 hrs, LC-MS analysis revealed the reaction to be complete (TLC analysis:
DCM/MeOH, 99/1, v/v). The mixture was filtered over Hyflo and the filtrate was
concentrated in vacuo to give 536 (1.43g, 95%) as an oil. Compound 536 was
converted to the corresponding tail derivative 588 as described above. The tBu or
methyl esters were deprotected in a similar fashion as described above.
Compound 452: 'H NMR (400 MHz, DMSO-de) 0 ppm 1.99 - 2.13 (m, 2 H) 2.39 (t,
J=7.2 Hz, 2 H) 2.96 (s, 4 H) 3.18 (broad band, 2 H) 3.25 - 3.33 (m, 2 H) 3.51 - 3.95
(broad band, 2 H) 4.34 (br. s., 2 H) 6.85 - 6.98 (m, 3 H) 7.37 (d, J=8.3 Hz, 2 H)
7.88 (d, J=8.3 Hz, 2 H) 10.67 - 11.61 (broad band, 1 H) 11.86 - 12.71 (broad band,
1 H). LC-MS: Rt 1.36, [M+H] 427.

Preparation of the pure enantiomers of chiral compounds 1 and 2.
Compounds having for example a methyl substitution in the Re-tail give
mixtures of cnantiomers as the testcompound. Scparation of this mixture in the
pure enantiomers can be performed by chiral HPLC techniques from the moment
that the chiral tail is introduced in the core, i.e. of for example compounds 1, 2, 7,
8, 9, 21, 22, 23. For those skilled in the art, it is obvious that small changes in
the core can lead to a different behavior in the chiral separation process.
Therefore, each compound has been screened using a broad set of conditions such
as chiral column material and eluents. In that way, for each compound was
determined in which stage and under which chiral separation conditions the
separation would be most succesfull. The separated endproducts were named as
Rell and Rel2 as the absolute configuration was not yet determined. This process

is illustrated by the following typical examples.

3-[2-(4-Hydroxy-phenyl)-4,5,6,7-tetrahydro-oxazolo[4,5-c]pyridine]-2-

methyl-propionic acid t-butyl ester (+) and (-) enantiomers of 22b
(Rb=H). Compound 22b was made as an enantiomeric mixture as described in
Scheme 5. Enantiomeric mixture was separated by chiral HPLC using the

following chiral HPLC system. Stationary phase: Chiralcel OD-H (5micron);
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mobile phase : n-heptane/2-propanol (90/10, v/v) +0.1%TFA; flowrate 1mU/min;
detection by UV at 280nm. Compound 22b-rell: [a]%= +37.1; 'H NMR (400 MHz,
Chloroform-d) O ppm 1.14 (d, J=6.8 Hz, 3 H) 1.43 (s, 9 H) 2.54 (dd, J=12.1, 6.2
Hz, 1 H) 2.60 - 2.70 (m, 1 H) 2.73 — 2.77 (m, 2 H) 2.80 - 2.97 (m, 3 H) 3.49 (d,
J=14.1 Hz, 1 H) 3.60 (d, J=14.1 Hz, 1 H) 6.71 - 6.96 (br.band, 1 H) 6.84 (d, J=8.6
Hz, 2 H) 7.82 (d, J=8.6 Hz, 2 H). Compound 22-rel2: [a]25= -35.9; 1H NMR (400
MHz, Chloroform-d) O ppm 1.14 (d, J=6.8 Hz, 3 H) 1.42 (s, 9 H) 2.53 (dd, J=12.4,
6.2 Hz, 1 H) 2.60 - 2.70 (m, 1 H) 2.72 - 2.79 (m, 2 H) 2.80 - 2.96 (m, 3 H) 3.49 (d,
J=14.1 Hz, 1 H) 3.59 (d, J=14.1 Hz, 1 H) 6.83 (d, J=8.6 Hz, 2 H) 7.45 - 7.75
(br.band, 1 H) 7.79 (d, J=8.6 Hz, 2 H).

3-[2-(4-hydroxy-3-F-phenyl)-4,5,6,7-tetrahydro-oxazolo[4,5-c]pyridine]-2-
methyl-propionic acid t-butyl ester (+) and (-) enantiomers of 22b
(Rb=3F). Compound 22b (Rb=H) was made as an enantiomeric mixture as
described in Scheme 5. Enantiomeric mixturc was separated by chiral HPLC
using the following chiral HPLC system. Stationary phase: Chiralcel OD-H
(5micron); mobile phase : n-heptane/2-propanol (90/10, v/v) +0.1%T'FA; flowrate
1mlmin; detection by UV at 280nm. Compound 22b-rell: [a]»= -36.4 (MeOH).
Compound 22-rel2: [a]®= +34.8; 'H NMR (400 MHz, Chloroform-d) O ppm 1.15
(d, J=6.8 Hz, 3 H) 1.43 (s, 9 H) 2.54 (dd, J=11.9, 6.2 Hz, 1 H) 2.60 - 2.71 (m, 1 H)
2.73 -2.79 (m, 2 H) 2.81 - 2.96 (m, 3 H) 3.49 (d, J=14.1 Hz, 1 H) 3.59 (d, J=14.1
Hz, 1 H) 4.88 - 6.89 (br.band, 1 H) 7.02 (t, J=8.5 Hz, 1 H) 7.61 - 7.73 (m, 2 H).

3-{2-[4-(4-2,3-diF-benzyloxy)-phenyl]-6,7-dihydro-H-oxazolo[4,5-
c]pyridine-5-yl}-butyric acid rel 1 and rel 2 of compound 175. The
tbutylprotected derivative of 175 was separated in its pure enantiomers by
chiral HPLC. Stationary phase: Chiralpak IC (5n); column code no.: WJH022830;
dimensions: 250x4.6 mm; Mobile phase: n-Heptane/DCM/ethanol (50/50/1) + 0.1%
DEA; flowrate: 1 ml/min; Injection: 5 ul; Detection: UV(290 nm). Deprotection of
thus obtained pure enantiomers resulted in the isolation of the testcompounds
426 and 425. Compound 426, rell: [«]?= -22 (MeOH), Rt 1.3, [M+H] 429.
Compound 425 rel2: [o]?°= +19.9 (MeOH); Rt 1.3, [M+H] 429.
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Table 1

A B
R
z R, " R,
1 4 \
% X
/ ¢ y
R2 Y N\ R Y
R4 2 N\
c D R4
R1—

4

ﬁIJ

2
R2 v—/
H E
No. R1 Z R2 X Y R3 |Stru R4 Rt
c- (min)
ture LC-MS
31 4Cl- CH:N| H C 4 H B -(CHs):2- 1,37
phenyl COOH
39 cyclohex| CH:O| H C (0] H B -(CH2)s- 1,46
vl COOH
33 2F- CH:O0| H C 0 H B -(CH2)2- 1,39
phenvl COOH
34 2,6diCl- | CH:O| H C (0] H B -(CH2)s- 1,4
phenyvyl COOH
35 2F- CH:O| H C 0] H B «(CHy)s- 1.37
phenvl COOH
36 2F- CH:O0| H C 0] H B -(CH2)2- 1,21
3pyridyl COOoH
37 phenyl | CH: H C 0 H B -(CH32)2- 1,38
COOH
38 2F- CH:O0| H N S D -(CHa)2- 1,3
_ | phenyl COOH
39 phenyl N H C O H B ~-(CHz2)2- 1,31
COOH
40 2,6diCl- [CH:O0| H N S D -(CH2)s- 1,35
phenyl COOH
41 phenyl | C=C H C 0] B -(CHz2)2- 1,42
COOH
49 phenyl |(CH2):| H C O B -(CHz3):- 1,45
COOH
43 phenyl | SO: H C 0] B -(CH2)2- #
COOH
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44 phenyl S H C O B -(CHz2)2- 1,43
COOH

45 benzyl S H C 0] B -(CHz)2- 1,41
COOH

46 phenyl 6] H C 0] B -(CH2)2- 1,37
COOH

47 phenyl! |CH:0| H N O B -(CH2)2- 1,32
COOH

48 2F- CH:0 | 2Cl1 C 0] H B -(CH2):- 1,43
phenvyl COOH

49 phenyl | CH:S| H C 0] H B -(CH2)2- 1,16
(02 COOH

50 phenyl | CH:0 |3-pyr| C 0] H B -(CHz2)2- 1,27
COOH

51 2F- CH:O0| 38F C O H B -(CHz)2- 1,34
phenvyl COOH

59 phenyl | C= H C O H B -(CHz2)2- 1,23
COOH

53 phenyl |CH:0| H N | O B -(CH2)3- 1,17
COOH

54 2F- CH:Of H N o B -(CH2)2- 1,18
phenyl COOH

55 2,3-diF- |CH:O0| H N O B -(CH2)2- 1,19
phenyl COOH

56 2F- CH:O| H N O B -(CHz2)s- 1,15
phenvl COOH

57 2,3-diF- | CH:O| H N 0] B -(CHz2)s3- 1,16
phenyl COOH

58 4Cl- CH:O0| H N 0] B -(CHyg)3- 1,37
phenvl COOH

59 2F- CHM| H C O H B -(CH2)s- #

phenyl | e)-0 COOH

60 2,6-diCl-| CH:O!| H N 0 B ~-(CH2)s3- 1,32
phenyl COOH

61 4Cl- CH:O0| H N O B -(CH2)s- 1,29
phenyl COOH

62 2,6-diCl-{ CH:0| H N O B -(CH2>)2- 1,36
phenyl COOH

63 2F- NH H C O H E -(CH2)2- 1,33
phenvyl CcooH

64 2F- CH:O| H C N H A -(CHz)e- 1,32
phenvl COOH

65 2F- bond | H C 0] H E -(CH2)2- 1,33
phenvyl COOH

66 2F- 0 H C O H E -(CHy)2- 1,34
phenyl COOH

67 2F- CH:O| H C (0] H E -(CHz2)2- 1,36
phenyl COOH

68 2F- CH:N| H C 0] H E -(CH2)2- 1,29
phenvyl COOH

69 2F- CH:O| H C O {CH;| B -(CHbz)s- 1,38
phenvyl COOH

70 2F- CH:O0| H C O | H C -(CHa)s- 1,35
phenyl COOH
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7 2F- CH:0 C 0] H A -(CH2)2- 1,32
phenyl COOH
79 2F- CH:0O C O H D -(CH2)2- 1,36
phenyl COOH
73 2F- CH:0| 2F C O H B -(CH2)3- 1.35
phenyl COOH
74 4CFs- |CH:0| H C 0 H B ~-(CHz2)2- #
phenyl COOH
75 phenyl |CH:0| H C 0 H B -CH:- 1,46
CH(CH3)-
76 phenyl |CH:0| H C (0] H B | -CH(CHs)- | 1,46
CH>-COOH
77 4Cl- CH:O| H C O H B -CHo.- 1,56
phenyl CH(CH»)-
78 4Cl- CH:O| H C 0 H B -CHo- 1,76
phenvl C(CH3)»-
79 2F- cyclo-| H C 0] H B -(CHz2)2- 1,46
phenyl |propy COOH
80 2F- OCH:| H C (0] H B -(CHz)2- 1,39
phenyl COOH
81 phenyl | CH2O| 2F N O B -(CH2)3- 1,54
CcooH"
82 phenyl | C=C C O E -(CH32)2- 1,63
COOH
83 2F- C=C C 0] E -(CHz2)2- 1,65
phenyl COOH
84 3F,5C1- | CH20 C 0] B -(CHz)2- 1,8
phenyl COOH
85 4CF3- {CH:0| 2F N O B -(CH3)s- 1,77
phenyl CO0OH
86 4Cl- CH:0 | 2F N o B -(CH2)s3- 1,65
phenyl COOH
87 2F- CH20 | 2F N (0] B -(CHz)3- 1,568
phenyl COOH
88 2,3-diF- | CHO | 2F N (0] B -(CH2)3- 1,59
phenvl COOH
89 2F- CH:0 |2CH:| N 0] B -(CH2)3- 1,61
phenyl COOH
90 phenyl [CH:0 [2CH:;| N 4] B -(CHz2)3- 1,69
COOH
91 4Cl- CH:0|2CH3! N 0O B -(CH2)3- 1,75
phenvl COOH
99 2,3-diF- O 12CHs| N 0 B -(CH32)3- 1,77
phenyl COOH
93 3,4-diF- O |2CH3;| N O B -(CHg)s- 1,8
phenyl COOH
94 4CFs- O 2CH:| N 0] B -(CH3)a- 1,98
phenyl COOH
95 2CH;- (0] H N O B -(CHa)2- 2,09%
phenvl COOH
96 4CH3- {CH:0| H N 0 B -(CH2)2- 1,97%
phenyl COOH
97 4CH;0- |CH:O| H N O B -(CH2)2- 1,93%
phenyl COOH
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98 4CFs;- (CH:O| H N 0) B -(CH2)2- 2,1%*
phenyl COOH
99 4CF30- (CH,O| H N (0] B -(CHg)s- 2,08%
phenyl COOH
100 4F- CH:O0| H N 0] B -(CHzg)e- 1,98%
phenyl COOH
101 3CH30- [CH:O| H N 10) B -(CHz)2- 1,86*
phenyl COOH
102 3F- CH:O0| H N 0] B -(CH2)2- 1,87*%
phenyl COOH
103 3CF;0- |[CH:O0| H N 0] B -(CH2)2- 2%
phenyl COOH
104 3CFs- |CH:0} H N 0] B ~(CHz2)2- 2,04%
phenyl COOH
105 2,6diF- |CH.O| H N O B -(CHz2)2- 1,82*%
phenvl COOH
106 2,5diF- |CH:0| H N 0 B ~-(CHz)2- 1,83*%
phenyl COOH :
107 2F,6Cl- {CH:O| H N 0] B -(CH2)2- 1,84%
phenyl COOH
108 2,3,6triF-| CHO| H N (6] B -(CH32)2- 1,82%
phenvl COOH
109 3,4diF- |CH:O| H N (0 B -(CHz)2- 1,84*
phenyl COOH
110 2,4diF- | CH:O| H N 0) B -(CH2)2- 1,84*
phenyl COOH
111 3CHs- |CH:O| H N 10) B ~(CH32)2- 1,86%
phenvl COOH
112 3,5diF- | CH:O| H N O B -(CHz2)2- 1,85%
phenvl COOH
113 2CF3- |CH:O| H N 0] B -(CH2)2- 1,88%
phenyl COOH
114 3,4diF- | CH:O| 2F N 0] B -(CHz2)s- 1,68
phenvl COOH
115 2F- CH:0 [2CHs] N (8] B -(CHz2)2- 1,53
phenyl COOH
116 phenyl { CH:0|2CH:{ N 0) B -(CHz)e- 1,53
COOH
117 4Cl- CH:0 [2CH3| N 0 B -(CH2)2- 1,59
phenyl COOH
118 2,3diF- | CH:O |2CH3;{ N 0] B -(CHz)2- 1,52
phenyl CO0OH
119 3,4diF- | CH:O0 {2CHs! N O B -(CH2)2- 1,74
phenyl COOH
120 4CF3- |CH:O|2CH;! N 0] B -(CHz2)2- 1,8
phenyl COOH
121 4CHs- | CH:O| 2F N O B -(CHa2)2- 1,86%
phenyl COOH
129 4CFs- |CH:0| 2F N 0O B -(CH32)2- 1,89*
phenvyl COOH
123 4CF30- | CH:O0| 2F N (0] B -(CH3)2- 1,93*%
phenyl COOH
124 4F- CH:0| 2F N 0] B -(CH32)2- 1,83*
phenyl COOH
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125 3CH3;0- | CH:O0| 2F N O B -(CH32)2- 1,82*
phenvl COOH
126 3F- CH:0| 2F N 0] B -(CH.)2- 1,82*
phenyl COOH
127 4Cl- CH:0| 2F N 0] B -(CH2)2- 1,88%
phenyl COOH
128 3CF30- | CH:0| 2F N 0O B -(CHz2)2- 1,91%
phenyl COOH
129 2F- CH:0| 2F N 0] B -(CHz)2- 1,82*%
phenyl COOH
130 3CF3- |CH:0| 2F N O B -(CH2)2- 1,9*
phenyl COoOH
131 2CHs- |CH20| 2F N 0] B -(CH3)2- 1,85%
phenyl COOH
132 2,6diF- | CH:O| 2F N O B -(CHz2)2- 1,8*
phenyl COOH
133 2,5diF- | CH:20| 2F N (0] B -(CHz)2- 1,84%
phenyl COOH
134 2F,6Cl- | CH:0 | 2F N (0] B -(CH2)2- 1,89%
phenyl COOH
135 2,3,6triF-| CH20 | 2F N 0O B -(CH2)2- 1,84%
phenvl COOH
136 2,6diCl- | CH:O | 2F N (0] B -(CH2)2- 1,87*%
phenyl COOH
137 2,3diF- | CH:O| 2F N 0] B -(CH2)2- 1,84%
phenyl COOH
138 3,4diF- | CH:O| 2F N (0] B -(CHz)2- 1,86*
phenyl COOH
139 2,4diF- | CH:O| 2F N 0O B -(CH2)2- 1,86%
phenvl COOH
140 2,5diCl- | CH:0| 2F N (0] B -(CH2)2- 1,91%
phenyl COOH
141 3CHs- | CH20| 2F N 0] B -(CH3)2- 1,86*
phenyl COOH
142 3,6diF- | CH:O| 2F N (0] B -(CHz2)2- 1,84*
phenyl COOH
143 2Cl- CH:0| 2F N 0 B -(CHz)2- 1,9*
phenyl COOH
144 2CF3- |[CH:0| 2F N 0] B -(CH2)2- 1,89%
phenvl COOH
145 3,4diCl- | CH:O | 2F N 0O B -(CH2)2- 1,95%
phenvyl COOH
146 phenyl |CH:O0| H N (0] B -CH:- 1,48
CH(CH5s)-
147 phenyl | CHO| H N 0 D -(CHz)2- 1,28
CO0OH
148 3,4diF- | CH20 | 3Me C O B -(CH2)s- 1,68
phenyl COOH
149 4CFs- | CH20 N O B -(CH2)3- 1,63
phenvyl COOH
150 2CHs- | CH:0 N 0 B -(CHa2)s- 1,48
phenyl COOH
151 3,4diF- |CH:O0| H N O B -(CH2)s- 1,56
phenyl COOH
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152 4F- CH:O0| H N (6) B -(CH32)s3- 1,55
phenyl COOH

153 3,5diF- | CH:0| H N 0 B -(CHg)s- 1,48
phenyl COOH

154 2,3diF- | CH:O| H N 0] B -CHz- 1,32
phenyl CH(CH5)-

155 3,4diF- | CH:0 H N 0 B -CHo- 1,63
phenyl CH(CH3)-

156 4CF3- [CH:0| H N 0 B -CHz- 1,82
phenyl CH(CH5s)-

157 4Cl- CH:0{ H N 0] B -CH:- 1,72
phenyl CH(CHjs)-

158 2F- CHO| H N 0] B -CHa- 1,44
phenyl CH(CH>)-

159 phenyl [CH:O| H N (6] B | -CH(CHa»)- | 1,87*
CH,-COOH

160 4CFs- |CH:0| H N 0] B | -CH(CHa)- | 2,03*%
phenyl CH,-COOH

161 4CF30-_ CH:O0| H N 0) B -CH(CHs)- | 2,03*
phenyl CH,-COOH

162 4F- CH:O0| H N 0 B | -CH(CH3)- | 1,89*
phenyl CH>-COOH

163 3CH3;0- |CH:O| H N (6] B | -CH(CH3s)- | 1,85*
phenyl CH:>-COOH

164 3F- CH:O| H N 0] B | -CH(CHz)- | 1,89*
phenyl CH,-COOH

165 4Cl- CHO| H N 0] B | -CH(CHj3)- | 1,94*
phenyl CH.-COOH

166 3CF:0O- |CH:O| H N (6] B | -CH(CH3)- | 1,97*
phenyl CH:-COOH

167 2F- CH:0| H N 6 B | -CH(CH3)- | 1.92*
phenyl CH.-COOH

168 3CFs- |CH:O0| H N 0 B | -CH(CHj)- 2%
phenyl CH:-COOH

169 3Cl- CH:O| H N 0 B -CH(CH3)- 1,95*
phenvl CH-.-COOH

170 2CHs- |CH:0| H N 0] B | -CH(CHs)- | 1,91%
phenyl CH:-COOH

171 4CH3- |CH:0| H N 0] B | -CH(CH3)- | 1,92%
phenyl CH:-CO0H

172 2,6-diF- | CH:O| H N o) B | -CH(CH3)- | 1,89%
phenyl CH,-COOH

173 2F,6Cl- {CHO| H N 0] B | -CH(CH3)- | 1,92*%
phenyl CH»,-COOH

174 2,6diCl- | CH:O| H N 10) B | -CH(CH3)- | 1,97*
phenyl CH,.-COOH

175 2,3-diF- | CH:O| H N (0) B | -CH(CH3s)- 1,3
phenyl CH.-COOH

176 3,4-diF- | CH:O| H N 0 B | -CH(CH3s)- | 1,89*
phenvyl CH:-COOH

177 2,4-diF- | CH:O| H N ) B | -CH(CHs)- | 1,89*
phenyl CH>-COOH

178 2,5-diCl-| CH:O| H N 0 B | -CH(CHaz)- | 1,99*
phenyl CH.-COOH
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179 3CH;- {CH2:0| H N 0O B | -CH(CHs)- | 1,93*
phenvl CH;-COOH
180 3,5-diF- | CH:O| H N 0O B | -CH(CHy)- 1,9*
phenyl CH.-COOH
181 2CF3- [CH:O| H N O B | -CH(CH3s)- | 1,96*
phenvl CH»-COOH
182 4-CH;0- | CH:O0| H N O B | -CH(CH3)- 2.0*
phenvyl CH>-COOH
183 3,4-diCl-| CH:0| H N 0 B | -CH(CH3s)- 1,6
phenyl CH:-COOH
184 4pyridin{ CH:0] H N 0 B | -CH(CH3)- { 1,51%
vl CH.-COOH
185 2F,4Cl- |CH:O| H N 0O B | -CH(CH3)- | 1,95*
phenyl CH.-COOH
186 2F,4CHsz-| CH:O| H N O B | -CH(CHz)- | 1,95*
phenvyl CH,-COOH
187 4CN- |CH2:0{ H N 0 B | -CH(CH3)- | 1,84%
phenyl CH»-COOH
188 2,3,6- [CHO| H N 0] B | -CH(CH3)- | 1,89%
triF- CH:-COOH
189 2,5-diF- | CH20| H N () B -CH(CH3)- | 1.89%
phenvl CH,-COOH
190 chexyl {CH:0| H N (4 B | -CH(CH3)- | 2,05%
CH:-COOH
191 2CL4F- |CH:0| H C (4] B -(CH2)s- 1,43
phenyl COOH
192 2,3-diCl-| CH:O| H C 0] B -(CH2)3- 1,48
phenyl COOH
193 phenyl [CH:0| H N O B -(CH2)s- 1,24
COOH
194 2F- CH:0| H N O B | -C[(CH2):]-| 1,87
phenyl CH.-COOH
195 4CF30- | CH:O | 2F N 0 B ~-(CHz2)3- 1,47
phenyl (610]6)5
196 4F- CH:O | 2F N 0] B -(CHz)s- 1,35
phenyl 101010) 5
197 phenyl {CH20 |3CHs| N 0O B -(CH2)2- 1,3
[0) COOH
198 4Cl- CH:0(3CH:| N 0 B -(CH2)2- 1,37
phenyl [0) coon
199 2,4diF- | CH:0| 2F N 0 B -(CH2)3-~ 1,36
phenvl [610]6) 5|
200 4Me- CH0| 2F N 0] B -(CHz2)3- 1,39
phenvyl COOH
201 3,4diF- | CH20 [3CHs| N (0] B -(CH2)2- 1,35
phenyl (0] COOH
202 3,5diF- | CH20 [3CH:| N O B -(CHz)2- 1,35
phenvl (0) COOH
203 4CF3- |CH:20|3CHs| N o B -(CHz2)2- 1,41
phenvl 0O COOH
204 2F- CH:0 {3CH3;| N (0] B -(CH3z)2- 1,28
phenyl (6) COOH
205 2,3diF- | CH20 |3CHz| N 0] B -(CHaz):- 1,32
phenyl 0) COOH
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206 4CF3- |CH:0| 3F N 10) B ~(CH2)s- 2,05%
phenyl COOH

207 4F- CH:0| 38F N 0] B -(CH2)s- 1,97*%
phenyl COOH

208 3CH30- | CH:0! 3F N O B -(CHz2)s3- 1,25%
phenyl COOH

209 3F- CH:0| 3F N O B ~(CH2)s- 2,1*
phenyl COOH

210 3CF30- | CH:O| 3F N (0 B -(CH2)3- 2,06*
phenyl COOQH

211 4Cl- CH:0| 3F N 0] B -(CH2)s3- 2,03*
phenvyl COOH

219 2F- CH:O| 3F N O B -(CH2)3- 1,96*
phenyl COOH

213 3Cl1- CH:0| 3F N (0] B -(CHz)s- 2%
phenyl COOH

214 4CH3z- |CH:2:0| 3F N 0] B -(CH2)s3- 2,02*
phenyl COOH

215 2,6diF- | CH.O| 3F N O B -(CH2)s- 1,94%
phenvl COOH

216 2,3,6triF-| CH20 | 3F N 0] B -(CH3)s- 1,98*
phenyl COOH

217 2,6diCl- { CH20| 3F N O B -(CHz2)3- 2,03*
phenyl COOH

218 2,3diF- | CH:O!| 3F N 0 B -(CH2)s- 2,03*
phenyl COOH

219 2,5diCl- | CH:O | 3F N 0 B -(CH2)3- 2,06*
phenyl COOH

220 3,4diF- | CH:O| 3F N 0] B -(CHy)s- 2%
phenvyl COOH

9291 3,4diF- | CH:O| 3F N 0 B -(CHz)s- 1,98*
phenyl COOH

299 3CHs- |CH:0| 3F N 0] B -(CHz)s- 2,03%
phenvyl COOH

293 2CF3- | CH:0| 3F N 0 B -(CH2)s- 2,03*
phenvl COOH

994 4CH30- | CH2:0| 3F N 0] B -(CHz2)3- 1,96*
phenyl COOH

295 3,5diF- | CH20| 3F N O B -(CH2)s- 1,99*%
phenyl COOH

296 2,4diF- [ CH:O| 3F N (0] B -(CH2)s- 1,98*
phenvyl COOH

297 3,4diCl- | CH:0 | 2F N 0] B -(CH2)s- 1,42
phenyl COOH

228 2F,4CHs-| CH20| 3F N (0] B -(CH2)s- 1.86*
phenyl COOH

229 3,4diCl- | CH:O | 3F N 0] B -(CH2)s3- 2,07*
phenvyl COOH

230 3,5diF- { CH20| 2F N (¢ B -(CH2)s- 1,33
phenyl COOH

231 2CH3;- |CH:0| 3F N 0 B -(CH2)s3- 1,99%
phenyl COOH

9239 2Cl- CH:0| 3F N (0] B -(CH2)s- 2,01*
phenvyl COOH
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233 4F- CH:0{2CH3| N 0 B -(CHz)2- 1,38
phenyl COOH

234 2,4diF- | CH:0 |2CH3| N O B -(CHz)z- 1,38
phenyl COOH

235 3CF3- [ CH:0| 2F N O B -(CH2)3- 1,39
phenvl COOH

236 4C¥F30- |CH:0 |3CH3| N O B -(CHz)2- 1,44
phenyl (8] COOH

237 2F- CH:O|3CHs| N (8] B -(CH32)s- 1,26
phenyl (8] COOH

238 3CFs3- |[CH:0| 3F N 0 B -(CHz2)s- 2,06*
phenvl COOH

239 2F, 6Cl- | CH:O| 3F N 0 B -(CH2)s3- 1,99*
phenvl COOH

240 2,3diF- | CH:O [3CH3s| N 0 B ~-(CH2)s- 1,26
phenvl 0 COOH

241 3CF30- | CH20| 2F N Q) B -(CH32)3- 1,42
phenyl COOH

249 2F- CH:0| H N 0o B -CH2-CFs- 2,16
phenyl COOH

243 4CH3- |CH:0 (2CH:| N O B -(CH32)3- 1,37
phenvl _ COOH

944 4F- CH:0 [2CHs| N 0] B -(CH3)3- 1,33
phenyl COOH

245 2,4diF- | CH:O |2CH3;| N 0O B -(CHy)s- 1,33
phenyl COOH

246 3,4diF- | CH:0 [3CH:| N O B -(CH2)s- 1,3
phenyl 8] COOH

947 3,56diF- | CH:0 [3CHs| N O B -(CHz2)3- 1,3
phenyl (0) COOH

248 4Cl- CH:0 [3CH;| N O B -(CH2)s- 1,32
phenvl 0) COOH

249 4CF3- [CH:0|3CH3| N 0 B -(CH32)3- 1,38
phenyl (0] COOH

250 4CF30- |CH20 |3CHs| N 0] B -(CHz2)3- 1,38
phenvl (0) COOH

9251 3CFs- |CH20(2CHz| N 0 B -(CH2)z- 1,4
phenyl COOH

9252 3,4diCl- | CH:0 |2CH:;| N 0] B -(CHz2)3- 1,45
phenyl COOH

953 3CF30- | CH:0 [2CH3| N 0] B -(CH2)3- 1,48
phenvyl COOH

954 4Cl- CH:0 | 2Cl1 N O B -(CH2)3- 1,38
phenvyl COOH

255 3,4diF- | CHO | 2Cl N 0] B -(CH2)3- 1,36
phenyl COOH

256 3,5diF- | CHO | 2Cl1 N O B -(CH2)3s- 1,39
phenyl COOH

957 4CF3- | CH:0| 2Cl N (¢ B -(CHz2)3- 1,42
phenyl COOH

258 2F- CH:0{ 3F N 0 B -(CHbz)2- 1,35
phenyl COOH

259 4CF3- [CH:0| 3F N §) B -(CHz2)2- 3,02
phenyl COOH .
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260 3,8diF- | CH:O| 3F N 0 B -(CH2)2- 2,98
phenyl COOH

261 2F- CH:0 | 2Cl N 0] B -(CH2)s- 2,94
phenyl COOH

262 3,5diF- | CH:O |2CHs| N O B ~(CH2)s- 1,66
phenyl COOH

263 2,3diF- | CH:O| 2Cl N O B -(CH2)s- 1,33
phenyl COOH

264 4CF30- | CH:0 | 2C1 N 4 B -(CH32)3- 1,46
phenvl COOH

265 3,5diCl- | CH20 | 2C1 N 0] B -(CH2)3- 1,49
phenvyl COOH

266 3,6diF- | CH:0| 2Cl N O B -(CH2)2- 1,42
Phenyl CooH

267 4CFs- | CH:0| 2Cl N 0 B -(CHz)2- 1,5
phenyl COOH

268 2F- CH:0} 2Cl N 0] B -(CHz2)2- 1,36
phenyl COOH

269 2,6diCHsz| CH2:O0 | 2F N (0] B -(CH2)2- 1,36
-phenvl COOH

270 2,3diF- |CH:O0| H N O B -CH:»- 1,56
phenyl CI(CH2):]1-

971 4CF3- | CH.0O| 2F N O B -CH.- 1,56
phenyl CH(CH3)-

979 2,6diCHs| CH:O | 2CHz| N (0] B -(CH2)2- 1,46
-phenyl COOH

973 3,4diF- |CH:0|2CHs:| N 0] B | -CH(CH3)- 1,42
phenyl (8] CH:-COOH

974 4CFs- [CH:0|2CH3| N O B -CH(CH3)- 1,51
phenyl [0) CH:-COOH

275 2F- CH:0{2CHz| N 0 B | -CH(CH3)- 1,37
phenyl 0] CH:-COOH

276 3,5diF- | CH:O |2CH3| N o B | -CH(CH3)- 1,42
phenvl 0O CH:-COOH

977 3,4diF- |CH:O| H N O B |-cyclobutyl-{ 1,31
phenvl COOH

278 3,4diF- |CH20| H N 0 B |-cyclobutyl-| 1,33
phenyl COOH

279 4Cl- CH:0| H N 0 B |-cyclobutyl-| 1,36
phenvl COOH

280 4Cl- |CH:0| H N O B |-cyclobutyl-| 1,37
phenyl COOH

281 4F- CH:0 | 3Cl N 0] B -(CH2)3- 2,03%
phenvl COOH

982 4CFs- | CH20| 3Cl N O B -(CH2)s3- 2,11%
phenyl COOH

283 2F- CH:0 | 3Cl1 N O B -(CH2)3- 1,99*
phenyl COOH

284 4CF30- [ CH20 | 38Cl N 0] B -(CH32)3- 2,1%
phenvl COOH

285 4Cl- CH:0| 3Cl N 0] B -(CH2)s- 2,07%
phenyl coo”d

286 3CF:0- | CH:0| 3Cl N 0] B -(CH2)3- 2,14*
phenyl COOH
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287 3,4diF- { CH:O| 3Cl N (0 B -(CH2)s- 2,03*
phenvyl COOH

988 2,4diF- | CH2O | 3Cl N 0 B -(CHz2)s- 2,02*
phenyl COOH

289 3,4diCl- | CH:0 | 3Cl N 0] B ~-(CH2)s3- 2,16*
phenyl COOH

290 3,6diF- | CH:0| 3Ci1 N (0] B ~-(CHz)3- 2,03*
phenyl COOH

291 2Cl- CH:0| 3CI N 0 B -(CHa)s- 2,05%
phenyl COOH

9292 2F,4Cl- | CH:20 | 3Cl N 6] B -(CHz2)3- 2,06*
phenyl COOH

293 3CFs- | CH:0| 3Cl N 0 B -(CHz2)3- 2,09*
phenyl COOH

294 2,5diF- | CH.O| 3Cl N 0] B -(CH2)s- 2,02*
phenyl COOH

295 4CF3- [ CH20| 2F N 0] B | -CH(CH3s)- 1,56
phenyl CH:-COOH

296 4CF30- | CH:O |2CHs3;] N 0 B | -CH(CHj)- 1,54
phenyl 0) CH,-COOH

297 3,4diF- | CH:O| 2F N 10} B -CHz- 1,47
phenvyl CH(CH53)-

9298 3,4diF- | CH2:0 | 3Cl N 0] B -(CHz2)2- 1,44
phenyl COOH

299 2,3diF- | CH:O| 3Cl N 0] B -(CHz)s- 2,01%
phenyl COOH

300 2,3diF- |CH:O| H N NH B -CHz- 1,1
phenyl CH(CH5;)-

301 2F- CH:0| H N 0] B -(CHz)2- 1,38
phenyl COOH

302 2F- CH:O0{ H N O B |-cyclobutyl-| 1,29
phenyl COOH

303 2F- CH:O0| H N 0 B |-cyclobutyl-| 1,3
phenyl COOH

304 4-fluoro-| O H N 6] B -(CH32)2- 1,39
indan-2- COOH

305 indan-2-| O H N 0] B -(CHz)2- 1,37

vl COOH

306 4CF30- |CH20| H N 0] B |-cyclobutyl-| 1,41
phenvyl COOH

307 4CF;0- |CH:O| H N 0 B |-cyclobutyl-| 1,43
phenvyl COOH

308 indan-1-| O H N 0] B -(CH32)2- 1,39

vl COOH

309 4-fluoro-| O H N 0] B -(CHz2)2- 1,4
indan-1- COOH

310 4Cl- CH:0 | 3Cl1 N 0] B -(CH2)2- 1,48
phenyl COOH

311 3,4diF- | CH:O| 2F N (8] B | -CH(CH3)- 1,45
phenvl CH:-COOH

312 4F- CH:0 N 0] B |-cyclobutyl-{ 1,28
phenvyl COOH

313 4F- CH:0 N O B |-cyclobutyl-[ 1,3
phenyl COOH




WO 2012/004373 PCT/EP2011/061586
75
314 4CFs- |CH:O| H N 4 B |-cyclobutyl-| 1,41
phenvyl COOH
315 4CFs- |CH:O| H N 0 B |-cyclobutyl-| 1,42
phenyl COOH
316 3F,4Cl- |CH:O0! H N 0] B | -CH(CH3)- 1,52
phenyl CH.-COOH
317 2,4,6- |CH:0| H N 0] B | -CH(CHj)- 1,43
triF- CH.-COOH
318 2CLL4F- |CH20| H N 0] B | -CH(CHj)- 1,5
phenyl CH.-COOH
319 2F,3Cl- [CH:O| H N (0] B | -CH(CHjs)- 1,49
phenvl CH:-COOH
320 3F,5Cl- |CH:O0| H N 0] B | -CH(CHy)- 1,54
phenyl CH:-COOH
3921 2,6- CH:O0| H N 0 B -CH(CH3)- 1,52
diF.4Cl- CH,-COOH
329 2,3diCl- | CH:O| H N 0 B | -CH(CHs)- 1,59
phenyl CH.-COOH
393 2Cl- CH:O| H N 0) B | -CH(CHj5)- 1,48
phenyl CH:-COOH
394 2,4diCl- | CH:O| H N 0] B | -CH(CH3)- 1,6
phenvl CH:-COOH
395 3,5diCl- |CH:O| H N §) B -CH(CH:)- 1,63
phenyl CH.-COOH
326 3,5diF- |CH:O| H N 0 B |-cyclobutyl-| 1,34
phenyl COOH
327 3,5diF- [CH:O| H N O B |-cyclobutyl-| 1,34
phenyl COOH(cis)
328 3,4diCl- | CH:O| H N (0] B |-cyclobutyl-| 1,45
phenyl COOH
329 3,4diCl- | CH:O| H N 0] B |-cyclobutyl-| 1,46
phenyl COOQOH(cis)
' 330 4Cl- CH:O| H N NH B -CH(CH3)- 1,16
phenyl CH:-COOH
331 3,4diF- |CH:O0}| H N NH B -CH(CH35)- 1,11
phenvl CH,-COOH
3392 3,5diCl- | CH:O{ H N NH B -CH(CH5z)- 1,11
phenyl CH>-COOH
333 3F- CH:O0| H N 0] B -CHs- 1,57
phenvl CH(CH5)-
334 3,5diF- |CH:O0| H N 8 B -CH;- 1,65
phenyl CH(CH;)-
335 2,5diF- [CH:O0| H N (0] B -CHz- 1,61
phenyl CH(CH5)-
336 2F,6Cl- |[CH:O| H N 0] B -CH2- 1,62
phenyl CH(CH>)-
337 2,4diF- |CH:O| H N 0O B -CH2- 1,59
phenyl CH(CH5)-
338 4F- CH:O0| H N (¢ B -CHa- 1,55
phenyl CH(CH3)-
339 2F,3Cl- [CH:O0| H N 0 B -CHz- 1,7
phenyl CH(CH5»)-
340 2,4,6triF-) CH:O| H N 0] B -CH2- 1,6
phenyl CH(CH3)-
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341 2,6diF,4 | CH:O| H N O B -CHa- #
Cl- CH(CH:)-
349 2,3diCl- | CH:O| H N O B -CHs- #
phenyl CH(CH5)-
343 2Cl- CH:0| H N Q) B -CH3- #
phenyl CH(CH5s)-
344 2F,4Cl- |CH:O| H N O B -CH,- #
phenyl CH(CH3)-
345 2CL, 4F- |CH:O0| H N 0O B -CHs- #
phenvl CH(CH>3)-
346 3F,4Cl- {CH:O| H N 0 B -CH;- #
phenvl CH(CH3)-
347 2,6diCl- | CH:0! H N O B -CHs- 1,71
phenyl CH(CH»)-
348 3CL5F- |CH:O0| H N 0 B -CH.- 1,76
phenyl CH(CH -
349 4Cl- CH:0| H C S B -(CH32)2- #)
phenyl COOH
350 4CFs3- |CH:0| H C S B -(CH2)2- 1.57
phenyl COOH
351 phenyl | CH20 |3 CF3| N (0] B -CH2- 1.59
CH(CH3)-
3592 3,5-diCl-| CH:0| H C S H B -(CH3)2- 1.6
phenyl COOH
353 3,5-diCl- | CH:0 H N O B -CH.- #
phenyl CH(CH3)-
354 3,5-diF- | CH2:0 H C S H B -(CHg2)2- 1.46
phenvyl COOH
355 3,4-diCl-| CH.O| H N 0 B -CH:- #)
phenyl CH(CH53)-
356 2,4-diCl- | CH:O| H N (0] B -CH:- #
phenyl CH(CHa»)-
357 3,4-diCl- | CH:0 | 3Cl1 N O B -(CH3)3- 1.56
phenyl COOH
358 3,4-diF- | CH:0 | 3Cl N (o) B -CHs- 1.58
phenvl CH(CH3)-
359 4-Cl- |CH:20| 3Cl N (8] B -CH(CH:)- 1.73
phenyl CH:-COOH
360 |3,4-diCl-{ CH:0| 3Cl N 4 B -CHo- 1.73
phenyl CH(CHs)-
361 4- CFs- O H N 0 B -(CH3)2- 1.45
phenvl coo™u
362 2,4,6- |CH:O0| H N (0] B -(CH2)2- 1.36
triF- COOH
363 | 2F,3Cl- |CH:O0| H N 0) B -(CH2)2- 1.4
phenyl COOH
364 2F, 4Cl- | CH20 H N O B -(CH2)2- 1.44
phenvl COOH
365 2Cl, 4F- | CH:O0f H N O B -(CHa2)2- 1.44
phenvl COOH
366 3Cl, 5F- | CH:20 H N (0) B -(CHz2)2- 1.44
phenyl COOH
367 3F,4Cl- | CH:0 H N 0] B -(CH3)2- 1.45
phenyl COOH
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368 2,6-diF, | CH:Oi H N O B -(CH32)2- 1.45
4Cl- COOH
369 |2,3-diCl-| CH:O| H N 0] B -(CH3)3- 1.5
phenyl COOH
370 2Cl- CH:0| H N O B -(CH3)2- 1.4
phenyl COOH
371 4-Cl- [CH:0|3CFs;{ N 0] B -CH2- 1.67
phenvl CH(CHs)-
372 |3,4-diCl-| CH:0 | 3CFs3;| N 0] B -CHa- 1.78
: phenyl CH(CH>)-
373 | 3,4-diF- |CH20|3CFs3| N 0] B -CH:- 1.61
phenvl CH(CHj)-
374 | 3,4-diF- [ CH:O0 | 2CF3;| N (0] B -CH:- 1.61
phenyl CH(CH>»)-
375 4Cl- CH:0|2CFs| N O B -CH.- 1.68
phenyl CH(CH3)-
376 | 3,5-diF- | CH:0 | 2CF:| N (0] B -CH2- 1.61
phenyl CH(CH3)-
377 4CF3- |CH:0|2CFs| N 0] B -CH:- 1.72
phenyl CH(CH3)-
378 4 CF3- [ CH20 | 8CF3: N (0) B -CH.;- 1.72
phenvl CH(CH3)-
379 |3,4-diCl-| CH:O0| H N (0] B -(CHg)q- 1.5
phenyl COOH
380 [3,5-diCl-|CH:0{ H N Q) B -(CHz)2- 1.53
phenyl COOH
381 |2,4-diCl-[CH:0| H | N | O B | -«(CHz).- | 1.52
phenyvl COOH
382 3,4-diF- | CH:O | 2Me N O B -CH.- 1.5
phenyl CH(CH3»)-
383 3,5-diF- | CH:0 | 2Me N 0 B -CHo- 1.52
phenyl CH(CH3)-
384 4CFs- | CH2:0 | 2Me N O B -CH-- 1.62
phenyl CH(CH3)-
385 2,3-diF- | CH:0 | 2Me N O B ~-CHo- 1.48
phenvl CHCH3-
386 |3,4-diCl-| CH:0| 2Me | N Q) B -CH.- 1.66
phenyl CH(CH3)-
387 4Cl- CH:O0| 2Me | N 0] B -CHo- 1.57
phenyl CH(CH3)-
388 | 3,5-diF- | CH20 | 3CF3| N (6] B -CH;- 1.62
phenyl CH(CH3)-
389 | 2,3-diF- |CH20|3CF3| N 0] B -CH»- 1.57
phenyl CH(CH3)-
390 | 3,4-diF- | CH:O| 3Cl N Q) B -CH(CHs3)- 1.56
phenyl CH:-COOH
391 4Cl- CH:20| 3Cl1 N O B -CH:- 1.6
phenyl CH(CH3)-
392 |3,4-diCl-|{ CH:0 | 3Cl N 0 B -CH(CH3)- 1.67
phenyl CH:-COOH
393 | 2,3-diF- |CH:O| 2Me | N 0 B | -CH(CHj3)- 1.37
phenvl (CH>)»-
394 | 2,3-diF- |CH:0| 2Me | N 0) B -(CH3)2- 1.38
phenyl CH(CHj3)-
fa¥aYavai
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395 4-Cl- |CH:0|2Me | N 0] B -(CH3)2- 1.43
phenyl CH(CH3)-
COOH
396 4-CFs- |CH:20| 2Me | N O B -(CHz2)2- 1.47
phenyl CH(CHs5)-
COOH
397 | 3,4-diF- [CH20| 2Me | N 0 B -(CH3)2- 1.39
phenyl CH(CH3s)-
COOH
398 | 3,5-diF- | CH:0| 2,6- B -(CH2)3- 1.34
phenyl dF COOH
399 4CFs- | CH:0| 2,6- B -(CHz2)3- 1.42
phenyl dF COOH
400 | 2,3-diF- |CH:0| H B -(CHa)e- #
phenyl CH(CHs»)-
PalaYays i
401 Me (8) N 0] B -(CHz2)2- #)
COOH
402 Me O N O B -(CH32)s- #
COOH
403 | 3,4-diF- |CH:0| H N 0] B | -CH(CH3)- #
phenyl (CH>);-
404 4Cl- CH:O| 2Me | N 0] B | -CH(CH3s)- 1.42
phenyl (CH»)»-
405 4CF3- |CH2:0| 2Me | N 0] B | -CH(CH3)- 1.45
phenyl (CH»),-
406 4Cl- CH:0(2,3di| N 0 B -(CH3)s- 1.37
phenyl F COOH
407 | 3,5-diF- |CH:0(2,3di| N 4 B -(CH2)s- 1.35
phenvl F COOH
408 4Cl- CH:0(2,3di| N ¢ B | -CH(CHj)- 1.53
phenyl F CH>-COOH
409 | 3,5-diF- |CH:0|2,3di| N 0 B | -CH(CHa»)- 1.48
phenvl F CH»-COOH
410 4Cl- CH:0(2,3di| N 0] B trans 1.41
phenyl F cyclobutyl-
COOH
411 | 3,5-diF- |CH:0|2,3di| N 0] B cis- 1.41
phenyl F cyclobutyl-
CO0OH
412 3,5-diF- | CH202,3di| N O B trans 1.36
phenyl F cyclobutyl-
COOH
413 | 3,5-diF- |CH:0 | 2,3di|{ N 6 B cis- 1.35
phenyl F cyclobutyl-
COOH
414 | 3,4-diF- [CH20| 2Me | N Q) B cis- #
phenyl cyclobutyl-
CO0OH
415 3,4-diF- | CH20 | 2Me N 0] B trans #
phenyl cyclobutyl-
COOH
416 | 2,3-diF- | CH:O| 3F B | -CH(CH3s)- #
phenvl CH>-COOH
417 | 2,3-diF- | CH:O| 3F B -CH:- #
phenyl CH(CH3)-
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418 | 2,3-diF- | CH:O{| 3F N O B cis- #
phenyl cyclobutyl-
COOH
419 | 3,5-diF- |CH:0| 3Me | N O B -(CHy)s- 1.38
phenyl COOH
420 | 3,5-diF- |[CH2:O| 3Me | N (0] B -CH:- 1.66
phenyl CH(CHj3)-
421 3,5-diF- |CH:0| 8Me | N 0] B -CH(CH3)- 1.63
phenyl CH.-COOH
422 4CF3- [CH2S| H N O B -(CH3)3- 1.12
: nhonxl CONOH
423 | 3,4-diF- |CH2S| H N O B -(CH2)3- 1.09
phenyl COOH
424 | 2,3-diF- | CH:O| 3F N 0 B trans #
phenyl cyclobutyl-
COOH
425 | 2,3-diF- |CH:0| H N 1§ B -CH(CHs3)- 1.11
phenyl CH:-COOH
chiral?
426 | 2,3-diF- |CH:0| H N 0 B -CH(CHy3)- 1.2
phenyl CH:-COOH
chirall
427 | 3,5-diF- |CH:0 | 3Me | N O B trans 1.37
phenyl cyclobutyl-
COOH
428 | 3,5-diF- |CH:0| 8Me | N O B cis 1.39
nhenxl cvelahntsl
429 | 2,3-diF- |CH:0| 3Me | N 0 B trans 1.35
phenyl cyclobutyl-
COOH
430 | 2,3-diF- |CH:0| 3Me | N O B cis 1.36
phenyl cyclobutyl-
431 | 3,5-diF- [CH20| 2Me | N 0] B -CH(CH5)- 1.5
phenyl CH:-COOH
432 | 3,5-diF- |CH:0| 2Me | N O B trans 1.35
nhenv] cxelabhnty]
433 | 3,5-diF- {CH:0| 2Me | N 6 B cis 1.35
phenyl cyclobutyl-
434 | 2,3-diF- |CH:0|{ 2Me | N 0 B -CH(CH3)- 1.47
phenyl CH:-COOH
435 4-Cl- [CH:0| 2Me | N O B -CHo- 1.49
phenyl CH(CH3s)-
436 4-CFs3- [CH20| 2Me | N O B -CH:- 1.53
phenyl CH(CHs)-
437 | 2,3-diF- |CH:0 | 2Me | N 8] B -CHo.- 1.42
phenyl CH(CH5s)-
438 | 3,4-diF- |CH:20| 2Me | N (0] B -CH:- 1.44
nhenxl CH(CH.)
439 | 2,3-diF- |CH:O| 3Me | N O B -CHCH:3- 1.49
nhenx] CH..COOH.
440 | 2,3-diF- {CH:0| 3Me | N 10) B ~-CH:3- 1.5
nhenxsl CH(CHN
441 4-Cl- [CH:S| H N O B -(CH3)s- 1.38
nhenvyl CO0OH
442 | 2,3-diF- {CH:S| H N O B -(CHz2)3- 1.33
nhenxrl COOH
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443 | 3,5-diF- |CH.S | H N 0] B -(CH3)3- 1.34
nhenyl CONH
444 |[3,4-diCl-|CH:S| H N 0 B -(CHz2)s- 1.44
nhenxl CONH
445 4-Cl- |CH:O| H N S B -(CH3)s- 1.36
nhenyl CONH
446 | 3,5-diF- |CH:O0| H N S B -(CHz)3- 1.33
nhenxl COOH
447 4-Cl- |CH:O0| H N S B | -CH(CH3)- 1.53
nhenyl CHeo CONOH
448 | 3,5-diF- |CH:0| H N S B | -CH(CHs3)- 1.48
nhenxl CH..COOH
449 4-Cl- [CH:O0| H N S B -CHs- 1.52
nhenvl CHICH-)
450 | 3,5-diF- |CH:O0| H N S B -CH:- 1.48
nhenxl CH(CH-)
451 | 3,5-diF- | C=C H N 0 B -(CHz)s- 1.39
nhenxl CO0H
452 3,5-diF- |(CHz2)2f H N 0] B -(CH3)s- 1.36
nheonyl COOH
453 | 3,5-diF- | C=C H N 0 B -CH2- 1.59
nhonxl CH(CH-)
454 | 8,5-diF- [(CH2):| H N 0 B -CH:- 1.53
nhensxl CH(CH-)
455 phenyl [cyclo-| 3F N O B trans 1.36
propy cyclobutyl-
1 COOH
456 phenyl |cyclo-| 3F N O B cis- 1.39
propy cyclobutyl-
1 CO0OH
457 phenyl [cyclo-| 3F N 0] B | -CH(CHj3)- 1.55
NYONY’ nnn n! .‘ .n
458 phenyl [cyclo-| 3F N O -CH3- 1.55
nronsz CH(CH-)
459 phenyl |cyclo-| 3F N O B trans 1.36
propy cyclobutyl-
1 COOH
460 phenyl jcyclo- | 3F N 0 B cis- 1.39
propy cyclobutyl-
1 COOH
461 phenyl |cyclo- | 3F N O B | -CH(CH3)- 1.55
Nronss CH-..COOH
462 phenyl [cyclo-| 3F N 0] B -CHo.- 1.55
nrony CH(CH:
463 | 3,5-diF- |CH:O{ H N 6] B |[-CH:COOH | 1.51
nhnnv]
464 3,5-diF- |CH:O| H N O B -CH(CH3)- 1.53
nhenvl COOH
465 | 3,5-diF- |CH:O| H N Q) B 1,3- 1.27
phenyl cyclopentyl-
COOH

* = determined with LC-MS method B
#=NMR in accordance with proposed structure
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§6. PHARMACOLOGICAL TESTS & DATA

In vitro functional activity (agonism) on human S1P5 receptors

The CHO-human-S1P5-Aegorin assay was bought from Euroscreen, Brussels
(Euroscreen, Technical dossier, Human Lysophospholid S1P5 (Edg8) receptor, DNA
clone and CHO AequoScreen™ recombinant cell-line, catalog n°: ES-593-A, September
2006). Human-S1P5-Aequorin cells express mitochondrial targeted apo-Aequorin.
Cells have to be loaded with coelanterazine, in order to reconstitute active Aequorin.
After binding of agonists to the human S1P5 receptor the intracellular calcium
concentration increases and binding of calcium to the apo-Aequorin/coelenterazine
complex leads to an oxidation reaction of coelentcrazine, which results in the
production of apo-Aequorin, coelenteramide, COz and light (Jmax 469nm). This
luminescent response is dependent on the agonist concentration. Luminescence is
measured using the MicroBeta Jet (Perkin Elmer). Agonistic effects of compounds are
expressed as pLCso. Compounds were tested at a 10 points half log concentration
range, and 3 independent experiments were performed in single point’s

measurements.

In vitro functional activity (agonism) on human S1P3 receptors

The CHO-human-S1P3- Aeqorin assay (CHO/Gal6/AEQ/h-S1Ps) was established at
Solvay Pharmaceuticals. The plasmid DNA coding for the S1P3 receptor (accession
number in GenBank NM_005226 was purchased from UMR ¢cDNA resource Centre
(Rolla, MO). The pcDNA3.1/hS1P3 construct carrying the mitochondrially targeted
apo-Aeqorin and Gal6 protein was transfected in CHO K1 cell-line. '
Human-S1P3-Aequorin cells express mitochondrial targeted apo-Aequorin. Cells have
to be loaded with coelanterazine, in order to reconstitute active Aequorin. After
binding of agonists to the human S1P3 receptor the intracellular calcium
concentration increases and binding of calcium to the apo-Aequorin/coelenterazine
complex leads to an oxidation reaction of coelenterazine, which results in the
production of apo-Aequorin, coelenteramide, CO2 and light (Jmex 469nm). This
luminescent response is dependent on the agonist concentration. Luminescence is
measured using the MicroBeta Jet (Perkin Elmer). Agonistic effects of compounds are

expressed as pECso. Compounds were tested at a 10 points half log concentration
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range, and 3 independent experiments were performed in single point’s

measurements.

In vitro functional activity (agonism) on human S1P1 receptors (method A)
The CHO-K1-human-S1P1-Aeqorin assay was bought from Buroscreen Fast, Brussels
(Euroscreen, Technical dossier, Human S1P1 (Edg1) receptor, DNA clone and CHO-
K1 AequoScreen™ recombinant cell-line, catalog n°: FAST-0197L, February 2010).
Human-S1P1-Aequorin cells express mitochondrial targeted apo-Aequorin. Cells have
to be loaded with coelanterazine, in order to reconstitute active Aequorin. After
binding of agonists to the human S1P1 receptor the intracellular calcium
concentration increases and binding of calcium to the apo-Aequorin/coelenterazine
complex leads to an oxidation reaction of coelenterazine, which results in the
production of apo-Aequorin, coelenteramide, COz and light (Omax 469nm). This
luminescent response is dependent on the agonist concentration. Luminescence is
measured using the MicroBeta Jet (Perkin Elmer). Agonistic effects of compounds are
expressed as pECs. Compounds were tested at a 10 points half log concentration
range, and 2 independent experiments were performed in single point’s

measurements.

In vitro functional activity (agonism) on human S1P1 receptors (method B)
The CHO-K1-Human S1P1-c-AMP assay was performed at Euroscreenfast, Brussels
(Buroscreen, Human S1P1 coupling Gio, (Edgl) receptor, catalog n°: FAST-0197C,
December 2009).

Recombinant CHO-K1 cells expressing human S1P1, grown to mid-log Phase in
culture media without antibiotics, detached, centrifuged and re-suspended. For
agonist testing cells are mixed with compound and Forskolin and incubated at room
temperature. Cells are lyses and cAMP concentration are estimated, according to the
manufacturer specification, With the HTRF kit from CIS-BIO International (cat
n°62AM2PEB).

Agonistic effects of compounds are expressed as a percentage of the activity of the
reference compound at its ECio0 concentration, ECso is calculated and results are
reported as pECso. Compounds werce tested at a 10 points half log concentration range

duplicated in 1 experiment.
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Pharmacological data (receptor agonism) for selected compounds:

Compound S1P5 pECs0  S1P1ApECso  S1P1B pECso S1P3 pECso

33 7.8 7.0 5.5
35 8.3 6.6 5.3
47 8.0 <5.5 <5
53 7.9 <4.5 <5
57 8.0 <5.5 <5
73 8.2 8.0 6.3
76 8.1 6.6 <5
77 8.4 7.5 6.1
85 8.6 <5.5 6.3
89 8.2 5.9 <5.0
146 7.8 <b.5 <5.0
156 8.4 6.2 5.5
157 8.1 6.2 5.3
175 8.3 <5.5 5.8
211 8.3 6.1 <5.0
2217 8.5 6.0 <6.0
271 8.0 6.2 5.4
277 (trans) 8.5 5.2 <5.0
278 (cis) 7.4 <5 <b
283 7.7 <4.5 <5
306 (trans) 8.1 <5 <5.0
307 (cis) 7.3 <5 <5.0

S1P14 : determined using method A
5 S1P1B: determined using method B

In vivo therapeutic model; T-maze
Age-related memory deficits occur in humans and rodents. Spontaneous alternation is
the innate tendency of rodents to alternate free choices in a T-maze over a series of

10 successive runs. This sequential procedure relies on working memory and is sensitive
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to various pharmacological manipulations affecting memory processes (Aging and the
physiology of spatial memory. Barnes C.A. Neurobiol. Aging 1988:563-8; Dember WN,
Fowler H. Spontaneous alternation behavior. Psychol. Bull. 1958, 55(6):412-427;
Gerlai R. A new continuous alternation task in T-maze detects hippocampal
dysfunction in mice. A strain comparison and lesion study. Behav Brain Res 1998
95(1):91-101).

For this study, male C57BL/6J mice of 2 months or 12 months old were used in the
spontaneous alternation task in the T-maze. In short, mice were subjected to 1 session
containing 15 trials, consisting of 1 “forced-choice” trial, followed by 14 “free-choicc”
trials. The animal was considered as entering one of the arms of the maze when all
four paws are placed within this arm. A session is terminated and the animal is
removed from the maze as soon as 14 free-choice trials have been performed or 15 min
have elapsed, whatever event occurs first. The percentage of alternation over the 14
free-choice trials was determined for each mouse and was used as an index of working
memory performance. A compound of the invention was administrated p.o. for 21 days
prior the I“maze assay and on the day of the T-maze at t = -30 min. It was found that
compounds of the invention at doses ranging from of 0.01 — 15 mg/kg/day reverse the
age-related cognitive decline in the 12-month old C57BL6J mice with up to 100%.
Thus, treated 12 month old mice were identical in their performance as 2 months old
vehicle-treated mice. (See Figure 1)

Conclusion: compounds of the present invention have a positive effect on age-related

cognitive decline.
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Claims

1. A fused heterocyclic derivative of the formula (I)

R3

|
Ri—2z X
Ij
Q N—R4
Y
R2 @
wherein

5 R1 is selected from
cyano,
(2-4C)alkenyl, (2-4C)alkynyl, (1-4C)alkyl, each optionally substituted with CN
or one or more fluoro atoms,
(3-6C)cycloalkyl, (4-6C)cycloalkenyl or a (8-10C)bicyclic group, each optionally
10 substituted with halogen or (1-4C)alkyl optionally substituted with one or
more fluoro atoms,
phenyl, biphenyl, naphthyl, each optionally substituted with one or more
substituents independently selected from halogen, cyano, (1-4C)alkyl
optionally substituted with one or more fluoro atoms, (1-4C)alkoxy
15 optionally substituted with one or more fluoro atoms, amino,
dimethylamino, and (3-6C)cycloalkyl optionally substituted with phenyl
which may be substituted with (1-4C)alkyl or halogen, and
phenyl substituted with phenoxy, benzyl, benzyloxy, phenylethyl or monocyclic
heterocycle, each optionally substituted with (1-4C)alkyl,
20 Z is a linking group —W-(Cn-alkylene)-T- wherein
W is attached to R1 and selected from a bond, -O-, -CO-, -S-, -SO-, -SOs-, -NH-,
-CH=CH-, -C(CF3)=CH-, -C=C-, -CH2-0-, -0-CO-, -CO-0-, -CO-NH,,
-NH-CO- and trans-cyclopropylene;
n is an integer from 0 to 10; and
25 T is attached to the phenylene/pyridyl moiety and selected from a bond, -O-, -S-,
-80-, -802-, -NH-, -CO-, -C=C-, -C=C-, and trans-cyclopropylenc;

a3
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R2 is H or one or more substituents independently selected from cyano, halogen,
(1-4C)alkyl optionally substituted with one or more halogen atoms, or
(1-4C)alkoxy optionally substituted with one or more halogen atoms;
ring structure A may contain one nitrogen atorm;
X is selected from C or N; if X is C, R3 is selected from H and (1-4C)alkyl,
otherwise R3 is not present;
Y is selected from NH, O and S;
structure Q 1s a 5-, 6- or 7- membered cyclic amine;
and
R4 1s (1-4C)alkylene-R5 wherein one or more carbon atoms in the alkylene group
may independently be substituted with one or more halogen atoms or with
(CH2)2 to form a cyclopropyl moiety , or R4 is (3-6C)cycloalkylene-R5,
-CHz-(3-6C)cycloalkylene-R5, (3-6C)cycloalkylene-CHa-R5 or -CO-CHs-R5,
wherein R5 is -OH, -POsHs, -OPOsHz, -COOH, -CO0O(1-4C)alkyl or
tetrazol-5-yl;

or a pharmaceutically acceptable salt, a solvate or hydrate thereof or one or more

N-oxides thereof.

The compound of claim 1, wherein
R1 is sclected from
(3-6C)cycloalkyl or a (8-10C)bicyclic group optionally substituted with halogen,
(1-4C)alkyl, and
phenyl optionally substituted with one or more substituents independently
selected from halogen, cyano, (1-4C)alkyl, (1-4C)alkoxy, trifluoromethyl
and trifluoromethoxy;
W is selected from a bond, -O-, -CO-, -8-, -SO-, -SOz-, -NH-, -CH=CH-, -C=C-, and
trans-cyclopropylene; and
nis an integer from 0 to 4; and
R2 is H or one or more substituents independently selected from halogen,
(1-4C)alkyl optionally substituted with one or more fluoro atoms or (1-4C)alkoxy

optionally substituted with one or more fluoro atoms.

The compound of claim 1 or 2, wherein the compound has the structure (Ia)

ol
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I?S
/X
R1—z / _

4. The compound of any one of claims 1 -3, wherein the compound has the structure

(Ib)
ll:%3
R1—z X R4
DY
Y
R2

The compound of any one of claims 1 -4, wherein Y is O.

(Ib).

4

o

The compound of any one of claims 1 -5, wherein R4 is selected from
-(CHz)2-COOH, -(CHz2)s-COOH, -CH2-CHCHs-COOH, -CH2-C(CH3)2-COOH,
-CHCH;-CH2-COOH, -CH2-CF2-COOH and 1,3-cyclobutylene-COOH.

=

The compound of any one of claims 1 -6, wherein R1 is optionally substituted

phenyl.

8. The compound of claim 7, wherein the optional substituents are one or more
substituents independently selected from halogen, cyano, (1-4C)alkyl,
(1-4C)alkoxy, trifluoromethyl and trifluoromethoxy.

9. The compound of any one of claims 1-8, wherein Z is -CH20-.

10. The compound of any one of claims 1-9, wherein X is N.

11. The compound of claim 1, selected from

3-{2-[4-(2-Fluoro-benzyloxy)-phenyl]-6,7-dihydro-4H-furo[3,2-c]pyridine- 5-yl}-

propionic acid,
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3-{2-[4-(4-Chloro-benzyloxy)-phenyl]-6,7-dihydro-4 H-furo[3,2-c}pyridine-5-y1}-2-
methyl-propionic acid,
3-{2-[4-Benzyloxy-phenyl]-6,7-dihydro-4H-furo[3,2-c]pyridine-5-yl}-butyric acid,
4-{2-[4-(2-Fluoro-benzyloxy)-phenyl]-6,7-dihydro-4H-furo[3,2-c¢]pyridine- 5-y1}-
butyric acid,
4-{2-[4-(2-Fluoro-benzyloxy)-2-fluoro-phenyl]-6,7-dihydro-4H-furo[3,2-c]pyridine-5-
yl}-butyrie acid,

3-{2-[4-(Benzyloxy)-phenyl)]-6,7-dihydro- H-oxazolo[4,5-c] pyridine-5-yl}-propionic
acid,

4-{2-[4-(2,3-Difluoro-benzyloxy)-phenyl)]-6,7-dihydro- H-oxazolo[4,5-c] pyridine-5-
yI}-butyric acid,

4-{2-[4-Benzyloxy-phenyl]-6,7-dihydro- H-oxazolo[4,5-c]pyridine-5-yl}-butyric acid,
4-{2-[4-(4-Trifluoromethyl-benzyloxy)-2-fluoro-phenyl]-6,7-dihydro- H-oxazolo[4,5-
clpyridine-5-yl}-butyric acid,
4-{2-[4-(2-Fluoro-benzyloxy)-2-methyl-phenyl]-6,7-dihydro- H-oxazolo[4,5-
c]pyridine-5-yl}-butyric acid,
4-{2-[4-(3,4-Dichloro-benzyloxy)-2-fluoro-phenyl]-6,7-dihydro- H-oxazolo[4,5-
c]pyridine-5-yl}-butyric acid,
4-{2-[4-(2-Fluoro-benzyloxy)-3-chloro-phenyl]-6,7-dihydro- H-oxazolo[4,5-c] pyridine-
5-yI}-butyric acid,

4-{2-[4-(4-Chloro-benzyloxy)-3-fluoro-phenyl]-6,7-dihydro- H-oxazolo[4,5-c]pyridine-
5-yI}-butyric acid,

3-[2-(4-Benzyloxy-phenyl)-6,7-dihydro- H-oxazolo[4,5-c] pyridine-5-y1]-2-methyl-
propionic acid,

3-{2-[4-(4-Trifluoromethyl-benzyloxy)-phenyl]-6,7-dihydro- H-oxazolo[4,5-
c]pyridine-5-yl}-2-methyl-propionic acid,
3-{2-[4-(4-Chloro-benzyloxy)-phenyl]-6,7-dihydro- H-oxazolo[4,5-c] pyridine-5-y1}-2-
methyl-propionic acid,

3-{2-[4-(4-2,3-Difluoro-benzyloxy)-phenyl]-6,7-dihydro- H-oxazolo[4, 5-¢]pyridine-5-
yl}-butyric acid,
3-{2-[4-(4-Trifluoromethyl-benzyloxy)-2-fluoro-phenyl]-6,7-dihydro- H-oxazolo[4,5-
c]pyridine-5-yl}-2-methyl-propionic acid,

Cis and trans 3-{2-[4-(4-Trifluoromethoxybenzyloxy)-phenyl]-6,7-dihydro- H-
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oxazolo[4,5-c]pyridine-5-yl}-cyclobutane carboxylic acid,

Cis and trans 3-{2-[4-(3,4-Difluorobenzyloxy)-phenyl]-6,7-dihydro- H-oxazolo[4,5-

¢]pyridine-5-yl}-cyclobutane carboxylic acid,

3-[2-(4-(2-Fluoro-benzyloxy)-phenyl)-6,7-dihydro-4H-thiazolo[5,4-c}pyridine-5-yl]-
5 propionic acid,

4-{2-[4-(3,5-Difluoro-benzyloxy)-phenyl]-6,7-dihydro-4H-thiazolo-[4,5¢]-pyridin-5-

yl}-butyric acid,

2-{2-[4-(3,5-Difluoro-benzyloxy)-phenyl]-6,7-dihydro- H-oxazolo[4,5-¢] pyridine-5-y1}-

acetic acid,

10 2-{2-[4-(3,5-Difluoro-benzyloxy)-phenyl]-6,7-dihydro- H-oxazolo[4,5-c]pyridine-5-y1}-
propionic acid,
3-{2-[4-(3,5-Difluoro-benzyloxy)-phenyl]-6,7-dihydro-4H-oxazolo[4,5-c] - pyridin-5-
yl}-cyclopentane carboxylic acid,
4-{2-[4-(2,3-Difluoro-benzyloxy)-2-methyl-phenyl] -6, 7-dihydro-4H-oxazolo-[4,5¢] -

15 pyridin-5-yl}-pentanoic acid,
4-{2-[4-(2,3-Difluoro-benzyloxy)-2-methyl-phenyl]-6,7-dihydro-4H-oxazolo[4,5-c]-
pyridin-5-yl}-2-methyl-butyric acid,
4-{2-[4-(2,3-Difluoro-benzyloxy)-2-methyl-phenyl]-6,7-dihydro-4H-oxazolo-[4,5¢] -
pyridin-5-yl}-3-methyl-butyric acid,

20 3-{2-[4-(2-phenyl-cyclopropyl)-3-fluoro-phenyl] -6,7-dihydro-4H-oxazolo-[4,5-c]-
pyridin-5-yli-cyclobutane carboxylic acid,
4-(2-{4-[2-(3,5-Difluoro-phenyl)-vinyl]-phenyl}-6,7-dihydro-4H-oxazolo-[4,5¢] -
pyridin-5-yl)-butyric acid,
4-(2-{4-[2-(8,5-Difluoro-phenyl)-ethyl]-phenyl}-6,7-dihydro-4H-oxazolo[4,5¢]

25 pyridin-5-yl)-butyric acid,
or a pharmaceutically acceptable salt, a solvate or hydrate thereof or one or more

N-oxides thereof. -

12. The compound of any one of claims 1 to 11 for usc in therapy.
30
13. The compound of any one of claims 1 to 11 for use in the treatment, alleviation or

prevention of diseases and conditions in which any S1P receptor is involved or in
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which modulation of the endogenous S1P signaling system via any S1P receptor is

involved.

The compound of claim 13, wherein the disease is a CNS disorder, such as a
neurodegenerative disorder, in particular selected from a cognitive disorder,
Alzheimer’s disease, (vascular) dementia, Nieman’s Pick disease, and cognitive
deficits in schizophrenia, obsessive-compulsive behavior, major depression,
autism, multiple sclerosis and pain, and specifically a cognitive disorder, such as

age-related cognitive decline.

A pharmaceutical composition comprising the compound of any one of claims 1 to

11 and at least one pharmaceutically acceptable auxiliary.

Use of the compound of any one of claims 1 to 11 for the manufacture of a
medicament for the treatment, alleviation or prevention of diseases and conditions
in which any S1P receptor is involved or in which modulation of the endogenous

S1P signaling system via any S1P receptor is involved.

The use of claim 16, wherein the disease is a CNS disorder, such as a
neurodegenerative disorder, in particular sclected from a cognitive disorder,
Alzheimer’s disease, (vascular) dementia, Nieman’s Pick disease, and cognitive
deficits in schizophrenia, obsessive-compulsive behavior, major depression,
autism, multiple sclerosis and pain, and specifically a cognitive disorder, such as

age-related cognitive decline.
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DERIVADOS HETEROCICLICOS FUSIONADOS COMO
MODULADORES S1P

Campo de la invencion

Esta invencion se relaciona con nuevos derivados heterociclicos fusionados que
tienen afinidad con los receptores S1P, con una composicién farmacéutica que contiene
dichos compuestos, asi como también con el uso de dichos compuestos para la
preparacion de un medicamento para tratar, aliviar o evitar enfermedades y afecciones en
las que esta involucrado cualquier receptor S1P o en las que esta involucrada la
modulacién del sistema de sefalizacién S1P enddgeno a través de cualquier receptor
S1P.

Antecedente de la invencién

La Esfingosina -1- fosfato (S1P) es un esfingolipido bioactivo que media una

amplia variedad de respuestas celulares, tales como proliferacién, organizacién del

citoesqueleto y migracion, adherencia- y ensamble de unién hermética, y morfogenia. El
S1P se puede unir con los miembros de la familia de gen de diferenciacién celular
endotelial (receptores EDG) de los receptores acoplados a proteina G localizados en la
membrana del plasma. Hasta la fecha, se han identificado cinco miembros de esta familia
como receptores S1P en diferentes tipos de células, el S1P1 (EDG-1), S1P2 (EDG-5),
S1P3 (EDG-3), S1P4 (EDG-6) y S1P5 (EDG-8). EI S1P puede producir redisposiciones en
el citoesqueleto en muchos tipos de células para regular el trafico de las células inmunes,
la homeostasis vascular y la comunicacion celular en el sistema nervioso central (SNC) y
en los sistemas de los érganos periféricos.

Se sabe que el S1P es secretado por el endotelio vascular y esta presente en la
sangre a concentraciones de 200-900 nanomolar y se une mediante albdmina y otras
proteinas plasmaticas. Esto proporciona un reservorio estable en los liquidos
extracelulares y suministro eficiente a receptores de superficie celular de alta afinidad. Los
S1P se unen con baja afinidad nanomolar a los cinco receptores S1P1-5. Adicionalmente,
las plaquetas también contienen S1P y se puede liberar localmente para provocar por
ejemplo vasoconstriccién. Los subtipos de receptor S1P1, S1P2 y S1P3 se expresan
ampliamente y representan receptores dominantes en el sistema cardiovascular.
Adicionalmente, el S1P1 también es un receptor sobre los linfocitos. Los receptores S1P4
estan casi exclusivamente en el sistema hematopoyético y linfatico. EI S1P5 se expresa
principalmente (aunque no exclusivamente) en el sistema nervioso central. La expresiéon
de S1P5 parece que se restringe a oligodendrocitos en ratones, las células mielinizantes
del cerebro, mientras que en la rata y el hombre se encuentra la expresion en el nivel de

astrocitos y células endoteliales pero no sobre oligodendrocitos.
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Los modulares del receptor S1P son compuestos que sefalan como (ant)

agonistas en uno o mas receptores S1P. La presente invencién se relaciona con
moduladores del receptor S1P5, en particular agonistas, y preferiblemente con agonistas
con selectividad sobre los receptores S1P1 y/o S1P3, en vista de los efectos
cardiovasculares y/o inmunomoduladores no deseados. Ahora se ha encontrado que se
pueden utilizar los agonistas S1P5 en el tratamiento de trastornos cognitivos, en particular
deterioro cognitivo relacionado con la edad.

Aunque continda la investigacién para desarrollar tratamientos terapéuticos que se

pueden utilizar para tratar deterioro cognitivo relacionado con la edad y demencia, esto
aun no ha resultado exitoso para muchos candidatos. Por lo tanto, subsiste la necesidad

de nuevos tratamientos terapéuticos con las propiedades deseadas.

Descripcidn de la invencion
Ahora se ha encontrado que derivados heterociclicos fusionados de la férmula (1)
Un derivado heterociclico fusionado de la formula (1)

R3

|
R1—2z X
/4

Y

R1 se selecciona de

en dende

ciano,
alquenilo (C 2-4), alquinilo (C 2-4), alquilo (C 1-4), cada unc opcionalmente

sustituido con CN o uno o mas atomos de fltor,

cicloalquilo (C 3-6), cicloalquenilo (C 4-6) o un grupo biciclico (C 8-10),
cada uno opcionalmente sustituido con halégeno o alquilo (C 1-4) opcionalmente
sustituido con uno o mas atomos de fllor,

fenilo, bifenilo, naftilo, cada uno opcionalmente sustituido con uno o mas
sustituyentes seleccionados independientemente de haldgeno, ciano, alquilo (C 1-
4) opcionalmente sustituido con uno o mas atomos de flior, alcoxi (C 1-4)
opcionalmente sustituido con uno o mas atomos de flGor, amino, dimetilamino, y
cicloalquilo (C 3-6) opcionalmente sustituido con fenilo que se puede sustituir con
alquilo (C 1-4) o halégeno, y

fenilo sustituido con fenoxi, bencilo, benciloxi, feniletio o heterociclo
monociclico, cada uno opcionalmente sustituido con alquilo (C 1-4),

Z es un grupo de enlace -W-(alquileno C,,)-T- en donde

\C
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W se adhiere a R1 y se selecciona de un enlace, -O-, -CO-, -S-, -SO-, -SO,-
» “NH-, -CH=CH-, -C(CF;)=CH-, -C=C-, -CH,-0-, -O-CO-, -CO-0O-, -CO-NH-, -NH-CO- y
trans-ciclopropileno;

nesunenterode0a10;y

T se adhiere al grupo funcional fenileno/ piridilo y se selecciona de un
enlace, -O-, -S-, -8§0-, -SO,-, -NH-, -CO-, -C=C-, -C=C-, y trans-ciclopropileno;

R2 es H o uno o mas sustituyentes seleccionados independientemente de

ciano, halégeno, alquilo (C 1-4) opcionalmente sustituido con uno o méas atomos

de halégeno, o alcoxi (C 1-4) opcionalmente sustituido con uno o mas atomos de
halogeno;

la estructura del anillo A puede contener un atomo de nitrégeno;

X se selecciona de C o N; si X es C, R3 se selecciona de H y alquilo (C 1-

4), de otra forma R3 no esta presente;

Y se seleccionade NH, Oy S;

la estructura Q es una amina ciclica de 5, 6 0 7 miembros;

y

R4 es alquileno (C 1-4)-R5 en donde uno o méas atomos de carbono en el
grupo alquileno se pueden sustituir independientemente con uno o méas atomos de
halégeno o con (CH,), para formar un grupo funcional ciclopropilo, o0 R4 es

cicloalquileno (C 3-6)-R5, -CH,-cicloalquileno (C 3-6)-R5, cicloalquileno (C 3-6)-

CH,-R5 o -CO-CHy-R5, en donde R5 es -OH, -POsH, -OPO,H,, -COOH, -

COOalquilo (C 1-4) o tetrazol -5- ilo;

0 una sal farmacéuticamente aceptable, un solvato o hidrato de los mismos o uno
o mas N- oxidos de los mismos exhiben afinidad para los receptores S1P. En particular,
los compuestos de la invencién muestran afinidad selectiva para el receptor S1P5 sobre
los recetores S1P1 y/o S1P3.

En la WO 2008/012010, algunos de los compuestos descritos tienen algo de
similitud estructural con los compuestos de la presente invencién; sin embargo, se
describen como ligandos del receptor H3 de histamina.

Los compuestos de la invencién son moduladores del receptor S1P, en particular
del receptor S1P5. Més especificamente, los compuestos de la invencidn son agonistas
del receptor S1P5. Los compuestos de la invencidn son Utiles para tratar, aliviar y evitar
enfermedades y afecciones en las que esta (estan) involucrados (cualquier) receptor (es)
S1P - en particular S1P5 - 0 en las que esta involucrada fa modulacién del sistema de
senalizacion S1P enddgeno a través de cualquier receptor S1P. En particular, los
compuestos de la presente invencion se puedan utilizar para tratar, aliviar o evitar
trastornos del SNC (sistema nervioso central), tales como trastornos neurodegenerativos,
en particular -pero no limitados a- trastornos cognitivos (en particular deterioro cognitivo
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relacionado con la edad) y afecciones relacionadas, enfermedad de Alzheimer, demencia
(vascular), enfermedad de Nieman Pick, y déficits cognitivos en esquizofrenia,
comportamiento obsesivo- compulsivo, depresién mayor y autismo, esclerosis multiple,
dolor, etc.. Preferiblemente, los compuestos de la presente invencion se puedan utilizar
5 para tratar, aliviar o evitar trastornos cognitivos (en particular deterioro cognitivo
relacionado con la edad) y afecciones relacionadas.
En una realizacién preferida de la invencién, los compuestos tienen la férmula (1)
en donde
R1 se selecciona de
10 cicloalquilo (C 3-6) o un grupo biciclico (C 8-10) opcionalmente sustituido
con haldgeno, alquilo (C 1-4), y
fenilo opcionalmente sustituido con uno o mas sustituyentes seleccionados
independientemente de haldégeno, ciano, alquilo (C 1-4), alcoxi (C 1-4),
trifluorometilo y trifluorometoxi;
15 W se selecciona de un enlace, -O-, -CO-, -S-, -SO-, -SO,-, -NH-, -CH=CH-,
-C=C-, y trans-ciclopropileno; y
n es un entero de 0 a 4; y preferiblemente, n se seleccionade 0,1y 2;y
R2 es H o uno o mas sustituyentes seleccionados independientemente de
haldégeno, alquilo (C 1-4) opcionalmente sustituido con uno o mas atomos de flGor
20 o alcoxi (C 1-4) opcionalmente sustituido con uno o méas atomos de fldor;
y en donde la definicién de los otros grupos /simbolos es como se definié
previamente.

En otra realizacion, el compuesto de la invencion tiene la estructura (la)

R3
|
R2 (Ila).+

25 En una realizaciéon de la invencién, la estructura del anillo Q es un anillo de 6
miembros. En particular, el compuesto de la invencidn tiene la estructura (Ib)
R3

|
T
Y

En una realizacion adicional de la invencion, R4 se selecciona de -(CH,)»-OH, -
CH,-COOH, -(CH,),-COOH, -(CH,)3-COOH, -CH,-CHCH3-COOH, -CH,-C(CHj;),-COOH, -
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CHCH3-CH,-COOH,  -CH,-CF,-COOH, -CO-CH,-COOH, : , 13-
ciclobutileno-COOH, -(CHo)>-PO3H,, -(CH,)a-POgHa, -(CHy)a-OPO3H,, -(CHy)3-OPOsH,, -
CHa-tetrazol -5- ilo, -(CHy).-tetrazol -5- ilo y -(CHy)s-tetrazol -5- ilo. Los grupos R4
preferidos se seleccionan de -(CH,),-COQH, -(CHy)s-COOH, -CH,-CHCH3-COOH, -CH,-
C(CHj3),-COOH, -CHCH;-CH,-COOH, -CH,-CF,-COOH y. Se prefieren altamente -(CHp),-
COOQH, -CHCH;-CH,-COOH, -CH,-CHCH3-COOH vy 1,3-ciclobutileno-COOH. En particular
se prefiere -CH,-CHCH;3;-COOH.

En otra realizacion preferida, los compuestos tienen la férmula (I) en donde Y es
0.

Adicionalmente, en una realizacion preferida de la invencién, X es N.

En realizaciones preferidas de la invencién, R1 es indanilo opcionalmente
sustituido con haldgeno, alquilo (C 1-4), o -mas preferido- R1 es fenilo opcionaimente
sustituido, en donde los sustituyentes opcionales se seleccionan de cualquiera de los
sustituyentes definidos previamente, pero en particular los sustituyentes opcionales son
uno o mas sustituyentes seleccionados independientemente de halégeno, ciano, alquilo
(C 1-4), alcoxi (C 1-4), trifluorometilo y trifluorometoxi. En realizaciones altamente
preferidas, R1 es 4Cl-fenilo o 4CF;-fenilo.

En una realizacion de la invencién, R2 es H o uno o mas sustituyentes
seleccionados independientemente de metilo, metoxi, cloro o flior. En una realizacién
preferida, R2 es H o R2 representa un metilo, un metoxi, un cloro, un cloro, o uno o dos
atomos de fldor.

En realizaciones de la invencién, en donde X es CR3, R3 es preferiblemente H o
metilo y en particular, R3 es H.

Adicionalmente, en una realizacién de la invencion, Z es el grupo de enlace -W-
(CH2),-T-, el significado del cual se selecciona de un enlace, -O-, -CO-, -S-, -SO,-, -NH-, -
CHy-, -(CHy),-, -CCH3-0-, -CH=CH-, -C=ZC-, -CHy-O-, -O-CH,-, -CH»-S-, -S-CH,-, -CH,-
SO¢-, -80,-CHp-, -CHp-NH-, -NH-CH,-, y trans-ciclopropileno. En realizaciones preferidas,
Z es -0O-, -CH,-O- o trans-ciclopropileno. En particular, Z es -CH,-O-.

El termino halégeno se refiere a fluor, cloro, bromo, o yodo. Los haldgenos
preferidos son flGor y cloro, y en particular cloro.

El término alquilo (C 1-4) significa un grupo alquilo ramificado o no ramificado que
tiene 1-4 atomos de carbono, por ejemplo metilo, etilo, propilo, isopropilo y butilo. Un
grupo alquilo preferido es metilo.

El término alcoxi (C 1-4) significa un grupo alcoxi que tiene 1-4 4tomos de carbono,
en donde el grupo funcional alquilo es como se definié anteriormente. Un grupo alcoxi
preferido es metoxi.
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Los términos alquileno (C 1-4) y (alquileno C,) significan un grupo alquileno
ramificado o no ramificado que tiene 1-4 o n atomos de carbono, respectivamente, por
ejemplo metileno, -CHCHs-, -C(CHa),-, -CHCH3CH,-, y similares. En la definicién de R4
que es alquileno (C 1-4)-R5, uno o mas atomos de carbono en el grupo alquileno pueden
(entre otros) ser sustituidos independientemente con (CHy). para formar un grupo

S s

funcional ciclopropilo, lo que significa formar un grupo R4 tal como

El término alquinilo (C 2-4) significa un grupo alquinilo ramificado o no ramificado
que tiene 2-4 4tomos de carbono, en donde puede estar presente el enlace triple en
diferentes posiciones en el grupo, por ejemplo etinilo, propargilo, 1-butinilo, 2-butinilo, etc.

El término cicloalquilo (C 3-6) significa un grupo alquilo ciclico que tiene 3-6
atomos de carbono, asi ciclopropilo, ciclobutilo, ciclopentilo o ciclohexilo. Se prefieren
ciclopentilo y ciclohexilo.

El término cicloalquenilo (C 4-6) significa un grupo agluenilo ciclico que tiene 4-6
atomos de carbono y que comprende uno o dos enlaces dobles, por ejemplo
ciclohexenilo.

El término cicloalquileno (C 3-6) significa un grupo alquilo ciclico que tiene dos

puntos de adhesidn. Se prefiere 1,3-ciclobutileno, que tiene la estructura

O

El término grupo biciclico (C 8-10) significa un sistema de anillo fusionado de dos
grupos seleccionado de estructuras de anillo aromaticas y no aromaticas que tienen
juntas 8-10 atomos de carbono, por ejemplo el grupo indano.

Con referencia a los sustituyentes, el término “independientemente” significa que
los sustituyentes pueden ser los mismos o diferentes el uno del otro en la misma
molécula.

Los compuestos de la invencion se pueden preparar de forma adecuada mediante
métodos disponibles en la técnica, y como se ilustra en la seccién experimental de esta
descripcion.

Los compuestos de la presente invenciéon pueden contener uno o méas centros
asimétricos y asi pueden ocurrir como racematos y mezclas racémicas, enantidmeros
individuales, las mezclas diastereoméricas y diastereémeros individuales. Centros
asimetricos adicionales pueden estar presentes dependiendo de la naturaleza de los
varios sustituyentes en la molécula. Cada tal centro asimétrico producira
independientemente dos isémeros Opticos y estd destinado que todos los isémeros
Opticos posibles y diasteredmeros en mezclas y como compuestos puros o parcialmente
purificados estén incluidos dentro del ambito de esta invencion. La presente invencion
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tiene por objeto comprender todas tales formas isoméricas de estos compuestos. La
sintesis independiente de estos diastereémeros o sus separaciones cromatograficas se
pueden lograr como se conoce en la técnica mediante modificacion apropiada de la
metodologia descrita aqui. Se puede determinar su estequiometria absoluta mediante la
cristalografia de rayos x de los productos cristalinos o intermedios cristalinos que se
derivan, si es necesario, con un reactivo que contiene un centro asimétrico de
configuracién absoluta conocida. Si se desea, las mezclas racémicas de los compuestos
se pueden separar de tal manera que se aislan los enantidmeros individuales. Se puede
llevar a cabo la separacién mediante métodos bien conocidos en la técnica, tal como el
acoplamiento de una mezcla racémica de los compuestos a un compuesto
enantioméricamente puro para formar una mezcla diastereomérica, seguida por
separacion de los diasteredmeros individuales mediante métodos estandar, tales como
cristalizacion fraccionada o cromatografia.

Los compuestos pueden existir como polimorfos y como tal estan destinados a ser
incluidos en la presente invencién. Adicionalmente, los compuestos pueden formar
solvatos con agua (es decir, hidratos) o disolventes organicos comunes, y tales solvatos
también se destinan a ser abarcados dentro del alcance de esta invencion.

El compuesto etiquetado isotdpicamente de la férmula () o sal farmacéuticamente

aceptable del mismo, que incluye compuestos de la férmula () etiquetados

isotopicamente para ser detectables por PET o SPECT, también caen dentro del alcance
de la invencion. Lo mismo aplica a los compuestos de la férmula (1) etiquetados con [*CJ-,
['*Cl-, *HI-, ['*F]-, ['®I]- u otros atomos enriquecidos isotépicamente, adecuados para el
estudio de metabolismo o unién de receptor.

El término “sal farmacéuticamente aceptable” se refiere a aquellas sales que
estan, dentro del alcance del criterio médico, adecuadas para uso en contacto con los
tejidos de humanos y animales inferiores sin toxicidad indebida, irritacién, respuesta
alérgica, y similares, y son proporcionales con una relacién riesgo/ beneficio razonable.
Las sales farmacéuticamente aceptables son bien conocidas en la técnica. Se pueden
preparar in situ cuando se aislan y purifican los compuestos de la invencion, o de forma
separada al hacerlos reaccionar con bases o Acidos no téxicos farmacéuticamente
aceptables, que incluyen bases inorganicas u orgénicas y 4cidos inorganicos u organicos.

Los compuestos de la invencién también se pueden administrar enteralmente o
parenteralmente. La dosis y régimen exacto de estos compuestos y composiciones de los
mismos dependera de la actividad biol6gica del compuesto per se, la edad, pPEeso y sexo
del paciente, las necesidades del sujeto individual al que se administra el medicamento, el
grado de afliccion o necesidad y el juicio del facultativo. En general, la administracién
parenteral requiere dosificaciones méas bajas que otros métodos de administracion gue
dependen mas de la adsorcién. Sin embargo, las dosificaciones para humanos son
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preferiblemente 0.001 - 10 mg por kg de peso corporal. En general, las dosificaciones
enterales y parenterales estaran en el rango de 0.1 a 1,000 mg por dia de los ingredientes
activos totales.

Mezclados con auxiliares farmacéuticamente adecuados, por ejemplo como se
describe en la referencia estandar “Remington, The Science and Practice of Pharmacy”
(21% edicién, Lippincott Wiliams & Wilkins, 2005, véase especialmente Parte 5:
Pharmaceutical Manufacturing) los compuestos se pueden comprimir en unidades de
dosificacién sdlidas, tales como pildoras o comprimidos, o se pueden procesar en
cépsulas o supositorios. Por medio de liquidos farmacéuticamente adecuados los
compuestos también se pueden aplicar en la forma de una solucién, suspension o
emulsion.

Para elaborar unidades de dosificacién, por ejemplo comprimidos, se contempla el
uso de aditivos convencionales tales como rellenos, colorantes, aglutinantes poliméricos y
similares. En general, se puede utilizar cualquier aditivo farmacéuticamente adecuado que
no interfiere con la funcién de los compuestos activos.

Portadores adecuados con los que se puede administrar los compuestos de la
invencion incluyen por ejemplo lactosa, almidoén, derivados de celulosa y similares, o
mezclas de los mismos, utilizados en cantidades adecuadas. Las composiciones para
administracion intravenosa pueden por ejemplo ser soluciones de los compuestos de la
invencién en amortiguador acuoso isotonico estéril. Cuando sea necesario, las
composiciones intravenosas pueden incluir por ejemplo agentes de solubilizacién, agentes
de estabilizacion y/o un anestésico local para aliviar el dolor en el sitio de la inyeccién.

Las composiciones farmacéuticas de la invencion se pueden formular para
cualquier ruta de administraciéon y comprenden por lo menos un compuesto de la presente
invencion y sales farmacéuticamente aceptables del mismo, con cualquier ingrediente,
excipiente, portador adyuvante o vehiculo farmacéuticamente adecuado.

Por “farmacéuticamente adecuado” se entiende que el portador, diluyente o
excipiente debe ser compatible con los otros ingredientes de la formulacién y no
perjudicial al receptor de este.

En una realizacion de la invencién, se proporciona un empaque farmacéutico o
equipo que comprende uno 0 mas contenedores rellenos con una o mas composiciones
farmacéuticas de la invencion. Asociados con tales contenedores pueden haber varios
materiales escritos tales como instrucciones para uso, o un aviso en la forma prescrita por
una agencia gubernamental que regula la fabricacion, uso o venta de productos
farmaceéuticos, cuyo aviso refleja la aprobacion por la agencia para la fabricacion, uso, o
venta para administracién humana o veterinaria.

A menos que se defina de otra forma, todos los términos técnicos y cientificos

utilizados aqui tienen el mismo significado como se entiende habitualmente por una

W
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persona medianamente versada en la técnica a la que esta invencion pertenece. Aungue
se puedan utilizar los métodos y materiales similares o equivalentes descritos aqui en la
practica o prueba de la presente invencién, se describen métodos y materiales adecuados
en este documento.

LEYENDA PARA LAS FIGURAS

Figura 1 Porcentaje de alternacion de ratones macho C57BL/ 6J jovenes y
viejos en el laberinto T con cualquier vehiculo (grupos de control) o compuesto de la
invencion (dosis en mg/kg; p.o.)

Se destinan los siguientes ejemplos a ilustrar adicionalmente la invencidn en mas
detalle.

Cualquier intermedio novedoso como se describe aqui es una realizacion adicional
de la presente invencién.

EJEMPLOS

§1. METODOS ANALITICOS

Se determinan el espectro de resonancia magnética nuclear ('H RMN y '*C RMN,
APT) en el disolvente indicado utilizando un Bruker ARX 400 ('H: 400 MHz, '3C: 100 MHz)
00 K, a menos que se indique lo contrario. Se llevan a cabo los experimentos '*F RMN y
'3C RMN sobre un espectrémetro Varian Inova 500 que opera a 11.74 T (499.9 MHz para
'H; 125.7 MHz para *C; 50.7 Mhz, 470.4 MHz para '°F) utilizando una sonda SW de 5
mm. Se determina el espectro en cloroformo deuterado o DCM obtenido de Cambridge
Isotope Laboratories Ltd. Los desplazamientos quimicos (8) se dan en ppm campo abajo
de tetrametilsilano ('H, '*C) o CCIsF (*F). Las constantes de acoplamiento J se dan en
Hz. Las formas de los picos en el espectro RMN se indican con los simbolos ‘q’ (cuarteto),
'dq’ (doble cuarteto), 't (triplete), ‘dt’ (doble triplete), ‘d’ (doblete), ‘dd’ (doble doblete), ‘s’
(singulete), ‘bs’ (bs) y ‘m’ (multiplete). Las sefales NH y OH se identifican después de
mezclar la muestra con una gota de D,0.

Cromatografia flash se refiere a la purificacion utilizando el eluyente indicado y gel
de silice (ya sea gel de silice Acros: 0.030-0.075 mm o Merck 60: 0.040-0.063 mm).

Cromatografia de columna se realiza utilizando gel de silice 60 (0.063-0.200 mm,
Merck). '

Las reacciones se monitorean al utilizar cromatografia de capa delgada (TLC)
sobre laminas plasticas recubiertas con silice (gel de silice precubierto Merck 60 F254)
con el eluyente indicado. Se visualizan los puntos mediante luz UV (254 nm) o |,.

Puntos de fusion se registran en un aparato de punto de fusién Biichi B-545.

Cromatografia Liquida- Espectrometria de Masa (LC-MS):

- Método A.

El sistema LC-MS consiste de una bomba Waters 1525 . La bomba se conecta un
automuestreador Waters 2777.
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El método LC es:
etapa tiempo flujo (ul/min)  A(%) B(%)
total

0 0.2 1600 90 10

1 2.5 1600 0 100
2 2.8 1600 0 100
3 2.9 1600 90 10

4 3.10 1600 90 10

5 3.11 500 a0 10

A= 100% de agua con 0.2% de HCOOH

B= 100% de ACN con 0.2% de HCOOH

El automuestreador tiene un bucle de inyeccién de 10 yl; el volumen de inyeccién
es 10 pl. El automuestreador se conecta a una columna Waters Sunfire C18 30*4.6 mm
con particulas de 2.5 um. La columna es Termo fijada a Temperatura ambiente +/- 23° C

La columna se conecta a un Waters 2996 PDA. La longitud de onda se escanea de
240 a 320 nm. La resolucion es 1.2 nm y el indice de muestreo 20 Hz. Después el flujo
PDA se divide 1:1 y se conecta a un Waters 2424 ELSD.

El ELSD tiene los siguientes parametros:

Presién de gas: 40 psi

Dice de datos 20 puntos/ seg

Ganancia 500

Constante de tiempo 0.2 seg

Enfriamiento por modo de nebuluzador

Tubo de derivaciéon 50° C

Las muestras también se miden con un detector de masa Waters ZQ.

Ef espectrémetro de masa tiene los siguientes parametros:

Rango de exploracion: 117-900 Amu

Polaridad: positiva

Formato de datos: centroide

Tiempo por exploracion: 0.500 seg

Tiempo de interexploracion: 0.05 seg

Capilaridad 2.5 kV

Cono 25V

Extractor 2V

Lentes RF 0.5V

Temp. de fuente 125° C

Temp. de gas de desolvacién 400 ° C
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Gas cono 100 L/Hr

Gas de gas de desolvacion 800 L/Hr

Resolucién LM 1 15

Resolucién HM 1 15

Energia de idén 0.5

Multiplicador 500 V

El sistema completo se controla mediante Masslynx 4.1.

- Método B.

El sistema LC-MS consiste de 2 micro bombas Perkin Elmer series 200. Las
bombas se conectan una a la otra mediante un mezclador t de 50 ul. El mezclador se
conecta al automuestreador Gilson 215.

El método LC es:

etapa tiempo flujo (ul/min) A (%) B (%)

total
0 0 1800 95 5
1 1.8 1800 0 100
2 2.6 1800 0 100
3 2.8 1800 95 5
4 3.0 1800 95 5

A= 100% de agua con 0.1% de HCOOH

B= 100% de Acetonitrilo con 0.1% de HCOOH

El automuestreador tiene un bucle de inyeccién de 2 ul. El automuestreador se
conecta a una columna Waters Sunfire C18 4.6x30 mm con particulas de 2.5 (OIm. La
columna es Termo fijada en un horno de columna Perkin Elmer series 200 a 23 ° C. La
columna se conecta a un medidor Perkin Eimer 785 UV/VIS con una celda de flujo de 2.7
ul. La longitud de onda se establece a 254 nm. El medidor UV se conecta a un
espectrometro de masa Sciex API 150EX. El espectrémetro de masa tiene los siguientes
parametros:

Rango de exploracién: 100-900 Amu

Polaridad: positiva

Modo de exploracion: pefil

Resolucion Q1: UNIDAD

Tamafio de etapa: 0.10 amu

Tiempo por exploracién: 0.500 seg

NEB: 10

CUR: 10

IS: 5200
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TEM: 325

DF: 30

FP: 225

EP: 10

El detector de dispersién de luz se conecta al Sciex APl 150. El detector de
dispersién de luz es un Polymer Labs PL-ELS 2100 que opera a 70° C y 1.7 bar de
presion de N,.

El sistema completo se controla mediante un computador de precision Dell GX370
que opera bajo Windows 2000.

Los tiempos de retencion reportados en la Tabla 1 (Ry) son para el pico en el
cromatograma Total de Corriente de lones (TIC) que muestra la masa para [M+H}* dentro
de una precision de 0.5 amu del PM exacto calculado y tiene un pico asociado en el
cromatograma de Dispersion Luz Evaporativa (ELS) con un % de area relativa (pureza) de
>85%.

§2. ABREVIATURAS

ACE-CI cloroformato de 1-Cloroetilo
9-BBN dimero 9-borabiciclo [3.3.1] nonano
CHCl,4 Cloroformo

CH_CI, Diclorometano

CH;CN Acetonitrilo

CuBr, Bromuro de cobre (I1)

DBU 1,8-Diazabiciclo [5.4.0] undec-7-eno
DIAD Azodicarboxilato de diisopropilo
DIPEA N,N-Diisopropiletilamina

DMF N,N-dimetilformamida

DMSO Sulféxido de dimetilo

EtzN Trietilamina

Et,O Eter de dietilo

EtOH Etanol

EtOAc Acetato de etilo

HCI Cloruro de hidrégeno

K,CO; Carbonato de potasio

KHCO; Bicarbonato de potasio

Kl Yoduro de potasio

KOH Hidroxido de potasio

KOtBu Terc- butdxido de potasio
MeOH Metanol

NaBH, Borohidruro de sodio

\\g
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NaHCO, Bicarbonato de sodio
Nal Yoduro de sodio
NaOH Hidréxido de sodio
NaOtBu Terc- butéxido de sodio
Na,S0, Sulfato de sodio
NBS N-Bromosuccinimida
iPr,O Eter de diisopropilo
TA Temperatura ambiente
SiO, Gel de silice
TFA Acido trifluoroacético
THF Tetrahidrofurano
TMSCI Clorotrimetilsilano
TMSOTf Trifluorometanosulfonato de trimetilsililo

§3. ASPECTOS GENERALES DE LA SINTESIS

Se describe adelante la sintesis adecuada de los compuestos reivinidicados.

Ra Ra
Rb Rb
/ N/Ta"\COOH N N/Ta”\COOH
o | 0 &l
o] ¢]
1 2

Para la sintesis de los compuestos 1, se describen dos rutas en respectivamente
los Esquemas 2 y 3. Ambas rutas inician con el compuesto 6, la sintesis del cual se
representa en el Esquema 1. La alfa alquilacién de la pirrolidina-enamina de 4 con alpha-
bromo-acetofenonas (3) -introduciendo de este modo el grupo Rb en la molécula- da el
compuesto 5. El cierre de anillo posterior de 5 bajo condiciones acidas produce el
compuesto 6 en rendimientos razonables.

Esquema 1. Sintesis del intermedio clave 6

0 Rb
Rb Br o Rb
o + pirrolidina HCI / N
Br N . Br |
\ / l o) e}
Br boc  p-TSOH N
3 4 5 t'»oc 6

La Ruta A (véase Esquema 2) inicia con la alquilacion el grupo funcional piperidina
en 6 mediante una alquilacién estandar, alquilacion reductora o Reaccion de adicion de
Michael para dar los compuestos de acido carboxilico protegidos 7. El grupo funcional éter
de bencilo se puede introducir en dos formas. Primero, el bromo en 7 se debe convertir
directamente al

Esquema 2. Ruta A para los compuestos 1

\



14
/b Rb Ry
Br 77 TN X-TaikCOOtBY ~ g -RE ~-Re
o] * B 4 | — wHO 4 | N
6 - Adicion Michael ° °
- Alguilacién Reductora ¢ 7 8
- Alguilacidn
* quimica Pe Ra -
auimea condiciones
/ \ Mitsunobu o de alquilacién
Rc puede ser por ejemplo R
a

X OtBu Rb X

\/\[r X Oty Re e

g 1
s © B} © o & _ 1
o
» A8 OtBu
T Y 0
0 je]
c) d}
X

Quocw) ;E) /

derivado de éter de bencilo 9 mediante una reaccién catalizada con paladio.

Adicionalmente, el bromuro 7 se puede convertir al derivado de fenol 8 derivado a través
de una reacciéon mediada por paladio. El compuesto 8 se puede convertir al derivado
5 deseado de éteres de bencifo 9 bajo condiciones de transferencia de fase con bromuros
de bencilo o a través de una reaccién Mitsunobu con alcoholes bencilices. Finalmente, los
compuestos 9 se pueden desproteger para dar los productos finales 1.
Alternativamente, se puede seguir la Ruta B (véase Esquema 3) para la sintesis de
los compuestos 1. La piperidina en el compuesto 6 se desprotege con un grupo BOC. En
10  lo sucesivo, primero se introduce el grupo funcional éter de bencilo ya sea a través de una
reaccién mediada por paladio directa del bromo en 10 a 12 o a través de la transformacién
del bromo al derivado de fenol 11, que se puede convertir a 12 bajo condiciones de
alquilacién o Mitsunobu. Finalmente, el compuesto 12 se puede convertir a 9 mediante
retiro de acido del grupo BOC y posterior introduccién de los residuos de acido carboxilico
15 protegidos.
Esquema 3. Ruta B para los compuestos 1
Rb

/\’ 7: /I N {Boc),0 j M/O,ﬂboc KOH /\’ ?“; /ﬁ: ~y-hoe
_— = Br HO |
DIPEADCM Y

quimica *Pd'

11
quimica ‘Pd l

R
Ra = R
R,-BnBr para alquilacidn Rb , ®
_boc TFA ~
) 0 7 | n ? 0 4 I e U +
R,-BnOH para Mitsunobu o o
12 13

Para la sintesis de derivados de oxazolo 2, se desarrollan tres rutas. La sintesis

del intermedio clave 20 se representa en el Esquema 4. La acilacién de 14

20  comercialmente disponible con un cloruro de benzoilo sustituido apropiadamente (15) da

\
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16, cuyo anillo se cierra posteriormente a 17 al utilizar trifenilfosfina y hexacloroetano. La
metilacion de la piridina en 17 a la sal cuaternaria 18 y reduccién posterior de 18 con
borohidruro de sodio produce el compuesto 19. El compuesto 19 se desmetila con
cloroformato de 1-Cloroetilo para proporcionar el intermedio clave 20.

5 Esquema 4. Sintesis de los compuestos 20
&/ CCl,CCl, n DMF/ KT

Rb
i é ) @/ Dre @ </“jQ~
- Br I
I) MeOH 2) MeOH 0
20

La primera ruta (Ruta C) para los compuestos 2 se representa en el Esquema 5 y

se inicia a partir del compuesto 20. En una forma similar como se describe para la sintesis
de los compuestos 7 en la serie furanilo, los residuos de &acido carboxilico protegidos t
10 butilo se puede introducir en 20 para dar 21. Partiendo de 21, el derivado de éteres de
bencilo 23 se puede preparar mediante un acoplamiento mediado con paladio directo (21
a 23) con alcoholes bencilicos o al transformar primero el bromuro en 21 a fenol 22 y

posterior bencilacién de 22 (a 23)
Esquema 5. Ruta C para los compuestos 2

N,,»Rc i ji/‘ _Rc

/ _ _ \ Condiciones de
Re puede ser por ejemplo quimica Pd alquilacion y Mitsunobu
X OtBu \)Y
\/\n' X otBu
a © by 0

X OtBu OtBuy
\(\I( x/\/\ﬂ/ N \ RC
o

O
c) d) O
X O

15 \tBuOC(O) e) /

bajo transferencia de fase o condiciones Mitsunobu. Finalmente, la desproteccion

20

23

de acido del &cido carboxilico en 23 produce los compuestos 2.
Alternativamente, la ruta D se podria seguir como se representa en el Esquema 6.
Los compuestos 25 se pueden preparar partiendo de 14 y un derivado de &cido 4-
20  benciloxi benzoico apropiadamente sustituido (24) bajo la influencia de trifenilfosfina y
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tricloroacetonitrilo. EI compuesto 25 se puede convertir a los derivados de benciloxi 23 en
una forma similar como se describié anteriormente en los Esquemas 4 y 5 para la sintesis
de los compuestos 21. Asi, la metilacion de 25 y reduccién posterior con NaBH, da 26,
que se desmetila con ACE-CI para dar 27. Finalmente, los residuos

Esquema 6. Ruta D para los compuestos 2

NHCH
@—\ RaBn04®—( L
‘< Ho choN 2)NaBH,

ACCN, 75°C
N ver Esquema §
RaBnO =~ RabBn0O
2 MeOH para residuos
Rb Rb
N T H,/PaIC N ~E
RaBnO 7 - ~ HO &l
o} 0

23

se introducen en 27 para dar el compuesto 23. Desde aqui, el grupo t-butilo en 23
se puede eliminar bajo condiciones 4cidas para dar el compuesto 2. Por otro lado, el
bencilo en 23 se puede eliminar mediante hidrogenacién para dar los derivados de fenol
22.

Y finalmente, la tercera ruta (Ruta E) para los compuestos 2 se representa en el
Esquema 7. El compuesto 20 se desprotege con un grupo t-butiloxicarbonilo para dar 28,
que se puede convertir al fenol correspondiente (29) bajo condiciones de paladio
estandar. La alquilacién de 29 bajo transferencia de fase o condiciones Mitsunobu da 30.
Por otro lado, el compuesto 30 también se puede obtener directamente del bromuro 28
bajo condiciones de quimica de paladio. El retiro de acido del grupo BOC en 30 resulta en
la formacién del compuesto 27, que se puede alquilatar a 23 como se describe en el
Esquema 5.

Esquema 7. Ruta E para la sintesis de los compuestos 2
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0
Rb Rb
N ~n 8008 N \N)LOJV quimica Pd
Br /L BocOBoc gy & M
e} o]
20

quimica Pd

@%j@)u“ (o @4@*]3%

Alguilacion o Mitsunobu

ek 5
:i; : ™\ véas squema 23

para residuos

Esquema 8

o pMeO-Ph(Rb}JCS\H

65 - fww@b "

O OBH o OBn

5N 502
/RC puede ser por ejemplo \ ‘®_—< :(/} @—( ]:)
véase Esquema 2

XWOBQ x\/kn/(m"

g O 9 o Ra-Bn-X l R, . g
X OtBu 0iBul Mitsunobu o alquilacién 0@_{\ U, <
\|/\ﬂ/ X/W ? R, N dioxano
o] o
o d) 507
X

Gy

508 R = Rc sin el acido carboxflico que
se dibuja separadamente en esta imagen

Los derivados de tiazol 508 y 520 se sintetizan como se describe en el Esquema 8
5 y9. Los ajustes de los grupos R en los reactivos lleva a la introduccién de Ra, Rb y Re.
Esquema 9
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KOH 0 I// Ra-Bn-X @—\ Rb N Lboc e
—
R - O
Mitsunobu © alquilacién E10H @—< J:)
/Rc puede ser por ejemplo \ introduccidn Rc

—_ (}\ RbN Re_ MO HCI
X OBy
\/\rr X \)w‘,OtBu I/l dloxano
b) ©

a)o

X otBu OtBu ( y
Rb
m x/\/\o]/ N ]:)
© d)

520 p- Re sin el acido carboxilico que
se dibuja separadamente en esta imagen

\ Bu0C(0) J:E) /

La ruta sintética hacia un ndmero de residuos alternativos y ligadores

representa en el Esquema 10.

Esquema 10
o
Rb N ‘\ “Rd
N N _Rc ‘@__< I) /\rr
R 4 | AcOH f MeOH
o PEOH), IC 521 R=Br, Rd=Me
H, {4 ban) 522 R=0H, Rd=Me
523 R=(Ra)BnO, Rd=Me
26 R-Br, Re=H
22 R=0H, Re=H o Rb
23 R=(Ra}Bn0, Rc=H
28 R=Br, Rc=BOC C‘V\ﬁlo/ N °-
28 R=0OH, Re=BOC R 7
- . o o
DIPEA / CH;CN / Nal

524 R=Br, Rd=Me
525 R=0H, Rd=Me
526 R=(Ra)Bn0, Rd=Me

o Rb
G\/j\/u\ - O
o N “~.,
o O

DIPEA ! CH;CM I Nal

527 R=Br, Rd=le
528 R=0H, Rd=Me
529 R=(Ra)BnO, Rd&=Me
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Ra -
Y
o

Ra quimica Pd 530 Re=BOC

531 Re=H
532 Re=tail-C{0)-0-Rd

_F}:{[— w
o Ra. \ O /:D,Rc

534 Rc=H
535 Re={ai-C{O)0-Rd

B

536 Rc=BOC
537 Re=H
538 Re=tail-C{0)»-0-Rd

Para aquellos expertos en la técnica, es claro que la seleccién para una cierta ruta
se puede basar en la disponibilidad de los reactivos. Adicionalmente, las rutas B, D y E
son muy adecuadas para la introduccién de diversidad en la parte de residuo Rc de los
compuestos 1y 2. Las rutas A y C tienen la introduccion del grupo funcional Ra-Bn en la
ultima parte de la sintesis lo que lo hace mas adecuado para explorar la diversidad en esa
parte de la molécula.

§4. SINTESIS DE INTERMEDIOS

Procedimiento general para la sintesis de los compuestos 5. A una solucion de
éster de t-butilo de 4cido 4-oxo- piperidina-1 - carboxilico en tolueno (2 ml/ mmol) se
agrega una cantidad catalitica de mono hidrato de &cido para-toluenosulfénico (0.1 eq) y
pirrolidina (4 eq). La mezcla se calienta a reflujo bajo condiciones Dean Stark durante 18
horas. La mezcla se concentra bajo presién reducida y el residuo se redisuelve en
tolueno. A esta solucién se agrega lentamente (en 25 minutos) una solucién de una 2-
bromo -1- (4-bromo -fenil) -etanona apropiadamente sustituida (1.05 eq) en tolueno/ DCM
(2 ml/ mmol, V2, v/v). La mezcla se agita durante la noche a temperatura ambiente v la
suspension blanca resultante se vierte en agua. La capa de agua se extrae con DCM (3
veces) y las capas organicas combinadas se secan (MgSQ,) y posteriormente se
concentran bajo presion reducida. El aceite resultante se purifica mediante cromatografia
de gel de silice dando el compuesto 5 en un rendimiento de 50-90%.

Procedimiento general para la sintesis de los compuestos 6. El compuesto 5 se
suspende en &cido clorhidrico concentrado (10 eq, 12N). La mezcla se calienta (en etapas



10

15

20

25

30

35

\’\:‘?

20

de 10° C por 30 minutos) a 80° C. La mezcla se empieza a espumar fuertemente,
permitiendo de esta manera suficiente volumen en el recipiente de reaccién de partida.
Despues de 45 minutos, la mezcla se enfria a 0° C y se neutraliza con 50% en peso de
solucion de NaOH (exotérmica). Después de agitacién durante la noche a temperatura
ambiente, el material sélido resultante se recolecta mediante filtracion y se lava con NaOH
0.1M. El material marrén claro se purifica mediante extracciéon Soxhlet en EtOAc dando 6
como solido beige que se utiliza en la siguiente etapa sin purificacién adicional.

Procedimiento general para la introduccién de los residuos de acido carboxilico
protegidos (7).

a) introduccion del éster de butilo de éacido propidnico. El compuesto 6 se
suspende en metanol (4 ml/ mmol) y se agrega DIPEA (1.05 eg). A la mezcla se agrega
acrilato de t- butilo (1.2 eq) y la mezcla se somete a reflujo durante 16 hrs. Se verifica la
conversion mediante andlisis TLC. Los disolventes se evaporan y el residuo se redisuelve
en EtOAc y se extrae con una solucién al 5% de NaHCOj;. La capa orgénica se seca
(MgSQ,), se concentra in vacuo y el residuo se purifica mediante cromatografia de
columna de gel de silice para dar 7a puro.

b) Introduccion del éster de t- butilo de acido 2-metil-propidnico. El compuesto 6 se
suspende en DMF (6 mi/ mmol). A esta suspension se agrega 1,8-diazabiciclo [5.4.0]
undec-7-eno (3 eg) y metacrilato de t- butilo (2 eq). La mezcla se calienta a 125° C
durante 16-100 hrs. La solucién se enfria y se agrega 5% de NaHCO; (15 ml/ mmol) y se
extrae con EtOAc. La capa organica se lava con agua (4x), se seca sobre MgSQ,, se
concentra in vacuo y el residuo se purifica mediante cromatografia de columna de gel de
silice para dar 7b puro.

¢) Introduccién del éster de t- butilo de acido butirico. El compuesto 6 se suspende
en 1,2- dicloroetano (6 ml/ mmol). A esta suspension se agrega t-butilacetoacetato (1 eq)
y borohidruro triacetoxi de sodio (1.4 eq). La mezcla se agita a temperatura ambiente
durante 16 hrs. Si la reaccion no se completa, se agrega otra porcién de t-
butilacetoacetato (1 eq) y borohidruro triacetoxi de sodio (1.4 eq). A la solucién se agrega
5% de NaHCO; (15 ml/ mmol) y la mezcla se extrae con DCM. Las capas organicas
combinadas se secan sobre Na,SO,, se concentran in vacuo y el residuo se purifica
mediante cromatografia de columna de gel de silice para proporcionar 7¢ puro.

d) Introduccién del éster de t- butilo de acido 4-butirico. EI compuesto 6 se
suspende en acetonitrilo (3 ml/ mmol). A esta suspension se agrega carbonato de potasio
(2 eq), t-butil 4-bromo -butanoato (1.1 eq) y yoduro de potasio (1.1 eq). La mezcla se agita
a temperatura ambiente durante 16 hrs, después de ese tiempo el analisis TLC revela
reaccion completa. La mezcla se concentra in vacuo y el residuo se disuelve en EtOAc, se
lava con 5% de NaHCO; (15 ml/ mmol). La capa organica se seca sobre Na,SQ,, se
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concentra in vacuo y el residuo se purifica mediante cromatografia de columna de gel de
silice para producir 7d.

Procedimiento general para la introduccion del grupo funcional éter de bencilo en 7
al compuesto 9. Una solucién del compuesto 7, el alcohol bencilico sustituido
apropiadamente (1.1 eq), acetato de paladio (Il) (0.02 eq), 2-dit-butilfosfino -3,4,5,6-
tetrametil-2',4’,6'-triisopropil- 1,1’ bifenilo (0.02 eq), carbonato de cesio (1.5 eq) en tolueno
desgasificado (4 ml/ mmol) se calienta a 75° C durante 16 hrs. Se verifica la conversién
mediante analisis TLC. La solucién se enfria a temperatura ambiente, se diluye con DCM,
se filtra y se concentra in vacuo. El residuo se purifica mediante cromatografia de columna
de gel de silice para dar el compuesto 9 en rendimientos que varian de 30-80%.

Procedimiento general para la conversién de los derivados de bromo 7 a los
derivados de fenol 8. El compuesto 7 se disuelve en tolueno (8m mi/ mmol) y a la solucion
se agrega hidréxido de potasio (2 eq, 11.7N) y la solucion se desgasifica. A la solucién se
agrega 2-dit-butilfosfino -2°,4’,6'- triisopropilbifenilo (0.06 eq) y tris-(dibencilidenoaceton)-
dipaladio (0) (0.03 eq). La mezcla se agita a 60° C durante 1.25 hrs. Se deja que la
mezcla alcance temperatura ambiente, se diluye con EtOAc y se lava con 5% de solucién
de NaHCO; (10 ml/ mmol). Las capas organicas se secan sobre MgSQ,, se filtran y se
concentran in vacuo. El residuo se purifica mediante cromatografia de columna de gel de
silice para dar el compuesto 8 en rendimientos que varian de 25-85%.

Procedimiento general para la conversién del fenol 8 a éteres de bencilo 9.

Método A) el compuesto 8 se disuelve en DCM/ agua, 2/1, v/v (4 ml/ mmol) y a
esta solucion se agrega hidréxido de sodio (2N, 3 eq). A esta mezcla se agregan bromuro
de tetrabutilamonio (0.1 eq) y el bromuro de bencilo apropiadamente sustituido (1.1 eq).
La mezcla se agita durante 16 hrs a temperatura ambiente después de ese tiempo el
analisis TLC muestra reacciéon completa. La mezcla se diluye con DCM (15 ml/ mmol), las
capas se separan y la capa de agua se extrae con DCM. Las capas organicas se secan
sobre MgSO,, se filtran y se concentran in vacuo. El residuo se purifica mediante
cromatografia de columna de gel de silice para dar el compuesto 9 puro en rendimientos
que varian de 80-90%.

Método B) el compuesto 8 se disuelve en N,N'- dimetilacetamida (4 ml/ mmol) y a
esta solucion se agrega trifenilfosfina (1.25 eq) y azodicarboxilato de diisopropilo (1.25 eq)
y el alcohol bencilico sustituido apropiadamente (1.2 eq). La mezcla se agita a
temperatura ambiente durante 16 hrs, después de ese tiempo el andlisis TLC muestra
reaccion completa. La mezcla se diluye con éter de dietilo y se lava con agua (3x). Las
capas organicas combinadas se secan sobre MgSO,, se filtran y se concentran in vacuo.
El residuo se purifica mediante cromatografia de columna de gel de silice para dar el
compuesto 9 en rendimientos que varian de 70-90%.
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Procedimiento general para la desproteccion de acido de los compuestos 9 a 1. El
compuesto 9 se disuelve en una solucién de HCI en 1,4-dioxano (4N, 45 eq) y la mezcla
se agita a temperatura ambiente durante 24 hrs. Se aplica calentamiento a 50° C cuando
se necesita empujar la reaccién hasta terminacién. Los disolventes se evaporan y se
agrega éter de diisopropilo para precipitar el producto. El material sélido se filtra y se seca
in vacuo para dar el compuesto 1 en un rendimiento que varia de 80-100%.

Procedimiento general para la sintesis de los derivados protegidos BOC de 6. A
una suspension del compuesto 6 en DCM (6 ml/ mmol) se agregan DIPEA (1 eq),
dimetilamino piridina (DMAP, 0.05 eq) y dicarbonato de t- butilo (1.1 eq). La mezcla se
agita a temperatura ambiente durante 16 hrs, después de ese tiempo el analisis TLC
revela reaccion completa. La mezcla de reaccion se lava con 5% de solucion ag. de
NaHCO; y las capas de agua resultantes se extraen con DCM. Las capas organicas
combinadas se secan sobre MgSQ,, se filtran y se concentran in vacuo. El residuo se
purifica mediante cromatografia de columna de gel de silice para dar el compuesto 10 en
rendimientos que varian de 70-90%.

Procedimiento general para la sintesis de los compuestos 11. El compuesto 10 se
disuelve en 1,4-dioxano/ agua, 1/1, v/v (2 ml/ mmol) y a la solucién se agrega hidréxido de
potasio (4 eq, 11.7N) y la solucidén se desgasifica. A la solucién se agrega 2-dit-butilfosfino
-2',4',6'- triisopropilbifenilo (0.04 eq) y tris-(dibencilidenoaceton)- dipaladio (0) (0.02 eq). La
mezcla se agita a 80° C durante 16 hrs. La mezcla se enfria a temperatura ambiente, se
diluye con EtOAc, se acidifica a pH 6 con HCI 0.1N y se extrae con EtOAc. Las capas
organicas se secan sobre MgSQ,, se filtran y se concentran in vacuo. El residuo se
purifica mediante cromatografia de columna de gel de silice para dar el compuesto puro
11 en rendimientos que varian de 60-95%.

Procedimiento general para la sintesis de los derivados de éter de bencilo 12.

Método A) El compuesto 11 se disuelve en DCM/ agua, 2/1, v/v (4 ml/ mmol) y a
esta solucion se agrega hidréxido de sodio (2N, 3 eq). A esta mezcla se agregan bromuro
de tetrabutilamonio (0.1 eq) y el bromuro de bencilo apropiadamente sustituido (1.1 eq).
La mezcla se agita durante 16 hrs a temperatura ambiente después de ese tiempo el
analisis TLC muestra reaccién completa. La mezcla se diluye con DCM (15 ml/ mmol), las
capas se separan y la capa de agua se extrae con DCM. Las capas organicas se secan
sobre MgSO,, se filtran y se concentran in vacuo. El residuo se purifica mediante
cromatografia de columna de gel de silice para dar el compuesto 12 en rendimientos que
varian de 80-90%.

Método B) El compuesto 11 se disuelve en N,N'- dimetilacetamida (4 ml/ mmol) y a
esta solucion se agrega trifenilfosfina (1.25 eq), azodicarboxilato de diisopropilo (DIAD,
1.25 eq) y un alcohol bencilico sustituido apropiadamente (1.2 eq). La mezcla se agita
durante 16 hrs a temperatura ambiente después de ese tiempo el analisis TLC muestra
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reaccién completa. La mezcla se diluye con éter de dietilo y se lava con agua (3x). Las
capas organicas combinadas se secan sobre MgSQ,, se filtran y se concentran in vacuo.
El residuo se purifica mediante cromatografia de columna de gel de silice para dar el
compuesto 12 en rendimientos que varian de 70-90%.

Método C) El compuesto 10 se disuelve en tolueno (8m ml/ mmol) y a la solucién
se agrega hidrdxido de potasio (2 eq, 11.7N) y la solucion se desgasifica. A la solucién se
agrega bromuro de bencilo apropiadamente sustituido (1.1 eq), 2-di-t-butilfosfino - 2’,4',6'-
triisopropilbifenilo (0.06 eq) y tris-(dibencilidenoaceton)- dipaladio (0) (0.03 eq). La mezcla
se agita a 60° C durante 1.25 hrs. La mezcla se enfria a temperatura ambiente, se diluye
con EtOAc y se lava con 5% de solucién de NaHCO; (10 ml/ mmol). Las capas organicas
se secan sobre MgSQ0,, se filtran y se concentran in vacuo. El residuo se purifica mediante
cromatografia de columna de gel de silice para dar el compuesto 12 en rendimientos que
varian de 30-80%.

Procedimiento general para la desproteccién de los compuestos 12 a 13.

El compuesto 12 se disuelve en DCM (10 ml/ mmol) y se agrega &cido
trifluoroacético (10 eq). La solucién se somete a reflujo durante 16 hrs, después de ese
tiempo el analisis TLC muestra reaccion completa. La mezcla se neutraliza con 5% de
NaHCO; acuoso. La mezcla se extrae con DCM (3x) y las capas organicas combinadas
se lavan con solucién salina, se secan sobre Na,SO, y S€ concentran in vacuo para dar el
compuesto 13 que se utiliza en la siguiente etapa sin purificacién adicional.

Procedimiento general para la introduccion de los residuos de &cido carboxilico
protegidos (9) partiendo del compuesto 13.

a) introduccion del éster de butilo de acido propiénico. El compuesto 13 se
suspende en metanol (4 ml/ mmol) y se agrega DIPEA (1.05 eg). A la mezcla se agrega
1.2 eg de acrilato de t- butilo y la mezcla se somete a reflujo durante 16 hrs. Se verifica la
conversion mediante andlisis TLC. Los disolventes se evaporan y el residuo se redisuelve
en EtOAc y se extrae con una solucién al 5% de NaHCO; .La capa organica se seca
(MgS0Q,), se concentra in vacuo y el residuo se purifica mediante cromatografia de
columna de gel de silice para dar 9a puro.

b) Introduccién del éster de t- butilo de acido 2-metil-propidnico. A una solucién del
compuesto 13 en DMF (6 ml/ mmol) en una botella pyrex se agrega 1,8-diazabiciclo
[5.4.0] undec-7-eno (3 eg) y metacrilato de t- butilo (2 eq). La mezcla se calienta a 125° C
durante 100 hrs. La solucion se enfria y se agrega 5% de NaHCO; (15 ml/ mmol) y se
extrae con éter de dietilo/ EtOAc, 1/1, v/v. La capa orgénica se lava con agua (4x), se
seca sobre MgSQ,, se concentra in vacuo y el residuo se purifica mediante cromatografia
de columna de gel de silice para dar 9b puro.

c) Introduccion del éster de t- butilo de &cido butirico. El compuesto 13 se
suspende en 1,2-dicloroetano (6 ml/ mmol). A esta suspensidn se agrega t-
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butilacetoacetato (1 eq) y borohidruro triacetoxi de sodio (1.4 eq). La mezcla se agita a
temperatura ambiente durante 16 hrs. Si la reaccién no se completa, se agrega otra
porcion de t-butilacetoacetato (1 eq) y borohidruro triacetoxi de sodio (1.4 eq). Después de

A

completar la reaccién, la solucién se diluye con 5% de NaHCO; (15 ml/ mmol) y la mezcla

se extrae con DCM. Las capas organicas combinadas se secan sobre Na,SO,, se
concentran in vacuo y el residuo se purifica mediante cromatografia de columna de gel de
silice para proporcionar el compuesto puro 9c.

d) ) Introduccién del éster de t- butilo de acido 4-butirico. El compuesto 13 se
suspende en acetonitrilo (3 ml/ mmol). A esta suspension se agregan carbonato de
potasio (2 eq), t-butil 4-bromo -butanoato (1.1 eq) y yoduro de potasio (1.1 eq). La mezcla
se calienta a temperatura ambiente durante 16 hrs, después de ese tiempo el andlisis TLC
revela reaccion completa. La mezcla se concentra in vacuo y el residuo se disuelve en
EtOAc, se lava con 5% de NaHCO; (15 ml/ mmol). La capa orgénica se seca sobre
Na,S0O,4, se concentra in vacuo y el residuo se purifica mediante cromatografia de
columna de gel de silice para producir el compuesto 9d.

Procedimiento general para la sintesis de 2-(4- Bromo -fenil) -oxazolo[4,5-c]
piridina 17. A una suspension enfriada (0 °) de 4-hidroxi- 3-amino-piridina comercialmente
disponible en DCM (14, 6 ml/ mmol) se agrega trietil amina (1.25 eq) y una solucién de
cloruro de benzoilo sustituido apropiadamente 15 (1 eq, 0.3M en DCM). Se deja que la
mezcla de reaccion alcance temperatura ambiente y la mezcla se agita durante 16 a 64
hrs, después de ese tiempo el analisis TLC muestra reacciéon completa. La mezcla se
filtra, se lava con DCM vy éter para proporcionar 16 como un material solido (50-80% de
rendimiento) que se utiliza en la siguiente etapa sin purificacion adicional. Se disuelve
hexacloroetano (2.5 eq) en DCM y se agrega trifenil fosfina (3 eq) y trietil amina (8 eq). La
mezcla se agita durante 10 minutos a temperatura ambiente y el compuesto 16 se agrega
lentamente en 5 porciones iguales. La mezcla se agita a temperatura ambiente durante 64
hrs, después de ese tiempo el analisis TLC (DCM/MeOH, 97/3, v/v) revela la reaccién
completa. La solucion se concentra y el residuo se suspende en DCM. La mezcla se filtra
y el residuo se lava con DCM y éter de dietilo para dar 17 en un rendimiento de 30-80%.

Procedimiento general para la sintesis de los compuestos 19.A una solucidn del
compuesto 17 en DMF se agrega yodometano (4 eg) y la mezcla se agita durante 16 hrs.
La mezcla se concentra in vacuo y el residuo se agita en EtOAc para dar 18 como un
solido blanco. El compuesto 18 se disuelve en metanol (10 ml/ mmol) y la solucién se
enfria a 0° C. Se agrega borohidruro de sodio (2 eg) y la mezcla se agita a 0° C durante 2
hrs, después de ese tiempo se deja que alcance temperatura ambiente y se continla la
agitacion durante 16 hrs. Se agrega agua (1 ml/ mmol) y la mezcla se agita durante 5
minutos. La mezcla se co- evapora con acetonitrilo y el residuo se purifica mediante

cromatografia de columna de gel de silice para producir el compuesto 19 en 50-90%.
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Procedimiento general para la sintesis de los compuestos 20. A una solucion
enfriada (0° C) del compuesto 19 en 1,2-dicloroetano (10 ml/ mmol) se agrega DIPEA (2
eq). A 0° C se agrega cloroformato de 1-Cloroetilo (3 eq) y la mezcla se agita durante 10
minutos a 0° C después de ese tiempo la temperatura se eleva a temperatura de reflujo.
Después de 2 hrs, la mezcla se concentra in vacuo y el residuo se disuelve en metanol
(10 ml/ mmol). La solucién se agita durante 48 hrs a temperatura ambiente. E! retiro del
disolvente resuita en el aislamiento del compuesto 20 en un rendimiento de 70-90%.

Procedimiento general para la sintesis de los compuestos 21.

a) introduccion del éster de butilo de cido propidnico.

El compuesto 20 se suspende en metanol (10 ml/ mmol) y se agrega DIPEA (2.05

eg). A la mezcla se agrega 1.2 eg de acrilato de t- butilo y fa mezcla se somete a reflujo -

durante 16 a 120 hrs. Se verifica la conversién mediante andlisis TLC y cuando sea
necesario se agregan reactivos adicionales para empujar la reacciéon hasta terminacion.
Los disolventes se evaporan y el residuo se redisuelve en EtOAc y se extrae con una
solucion al 5% de NaHCOs.La capa orgénica se seca (MgSQ,), se concentra in vacuo y el
residuo se purifica mediante cromatografia de columna de gel de silice para dar 21a en
rendimientos que varian de 50-90%

b) Introduccién del éster de t- butilo de acido 2-metil-propidnico.

A una solucién del compuesto 20 en DMF (6 ml/ mmol) se agrega 1,8-diazabiciclo
[5.4.0] undec-7-eno (DBU, 3 eg) y metacrilato de t- butilo (5 eq). La mezcla se calienta a
125° C durante 100 hrs. La solucién se enfria y se agrega 5% de NaHCOj; (15 ml/ mmol) y
se extrae con éter de dietilo/ EtOAc, 1/1, v/v. La capa organica se lava con agua (4x), se
seca sobre MgSQ,, se concentra in vacuo y el residuo se purifica mediante cromatografia
de columna de gel de silice para dar 21b puro.

¢) Introduccidn del éster de t- butilo de acido butirico.

El compuesto 20 se suspende en 1,2-dicloroetano (8 ml/ mmol). A esta suspension
se agregan t-butilacetoacetato (1.4 eq), acido acético (1 eg) y borohidruro triacetoxi de
sodio (1.8 eq). La mezcla se agita a temperatura ambiente durante 16 hrs. Si la reaccién
no se completa, se agrega otra porcion de t-butilacetoacetato (1 eq) y borohidruro
triacetoxi de sodio (1.4 eq). Después de completar la reaccion, la solucién se diluye con
5% de NaHCO; (15 ml/f mmol) y la mezcla se extrae con DCM. Las capas organicas
combinadas se secan sobre Na,SO,, se concentran in vacuo y el residuo se purifica
mediante cromatografia de columna de gel de silice para proporcionar el compuesto puro
21c.

d) ) Introduccién del éster de t- butilo de &cido 4-butirico.

El compuesto 20 se suspende en DMF (5 ml/ mmol). A esta suspensidn se agrega
carbonato de potasio (3 eq) y 4-bromobutanoato de t- butilo (3 eq). La mezcla se calienta

a 80° C durante 16 hrs, después de ese tiempo el analisis TLC revela reaccién completa.
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La mezcla se concentra in vacuo y el residuo se purifica mediante cromatografia de
columna de gel de silice para producir 21d.

Procedimiento general para la sintesis de los compuestos 22. El compuesto 21 se
disuelve en acetonitrilo (25m ml/ mmol) y a la solucién se agrega hidréxido de potasio en
polvo (2 eq) y la solucién se desgasifica. A la solucion se agrega 2-dit-butilfosfino -3,4,5,6-
tetrametil-2’,4",6"-triisopropil-1,1- bifenilo (0.06 eq) vy tris-(dibencilidenoaceton) -dipaladio
(0) (0.03 eq). La mezcla se agita a 60° C durante 4 hrs. La mezcla se enfria a temperatura
ambiente y se concentra in vacuo. El residuo se disuelve en DCM y se lava con HCI 0.1M
y agua. Las capas de agua se extraen con DCM y las capas orgénicas combinadas se
secan sobre MgSQ,. El compuesto 22 se obtiene después de cromatografia de columna
de gel de silice en rendimientos que varian de 30-70%.

Procedimiento general para la introduccion del grupo funcional éter de bencilo en
21 al compuesto 23. Una solucion del compuesto 21, el alcohol bencilico sustituido
apropiadamente (2 eq), acetato de paladio (I) (0.02 eq), 2-dit-butilfosfino -3,4,5,6-
tetrametil-2’,4’,6'- triisopropil-1,1’ bifenilo (0.02 eq), carbonato de cesio (1.5 eq) en tolueno
desgasificado (3 ml/ mmol) se calienta a 75° C durante 16 hrs. Se verifica la conversion
mediante analisis TLC. La solucion se enfria a temperatura ambiente, se diluye con DCM,
se filtra y se concentra in vacuo. El residuo se purifica mediante cromatografia de columna
de gel de silice para dar el compuesto puro 23 en rendimientos que varian de 30-80%.

Procedimiento general para la conversion del fenol 22 a éteres de bencilo 23.

Método A) El compuesto 22 se disuelve en DCM/ agua, 2/1, v/v (4 mi/ mmol) y a
esta solucién se agrega hidréxido de sodio (2N, 3.eq). A esta mezcla se agregan bromuro
de tetrabutilamonio (0.1 eq) y un bromuro de bencilo apropiadamente sustituido (1.1 eq).
La mezcla se agita durante 16 hrs a temperatura ambiente después de ese tiempo el
analisis TLC muestra reaccién completa. La mezcla se diluye con DCM (15 ml/ mmol), las
capas se separan y la capa de agua se extrae con DCM. Las capas organicas se secan
sobre MgSO,, se filtran y se concentran in vacuo. El residuo se purifica mediante
cromatografia de columna de gel de silice para dar el compuesto puro 23 en rendimientos
que varian de 80-90%.

Método B) EI compuesto 22 se disuelve en DCM seco (15 ml/ mmol) y a esta
solucidn se agregan trifenilfosfina (1.8 eq) y el alcohol bencilico sustituido apropiadamente
(1.8 eq). A esta mezcla se agrega azodicarboxilato de diisopropilo (1.8 eq) y la mezcla se
agita durante 16 hrs a temperatura ambiente después de ese tiempo el andlisis TLC
muestra reaccién completa. La mezcla se concentra in vacuo. El residuo se purifica
mediante cromatografia de columna de gel de silice para dar el compuesto puro 23 en
rendimientos que varian de 70-90%.

Método C) Resina PS-TBD (3.7 eq.) se incuba con una solucién de 22 (1.1 eg) en

1 mL de acetonitrilo durante 1.5 h a 50 ° C. Después de esto, se agrega el bromuro de

U
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bencilo apropiadamente sustituido (1.10 eq.) en acetonitrilo. Posteriormente, la mezcla de
reaccion se agita y se calienta a 75 ° C durante 16 hrs. Luego, el disolvente se elimina
mediante filtracién y la resina se lava con 3 x 2.5 mL de ACN. Los organicos combinados
$e concentran in vacuo, seguido por cromatografia de columna flash sobre silice para dar
el compuesto 23 en rendimientos que varian de 60-95%.

Procedimiento general para la desprotecciéon de 23 para los compuestos 2. El
compuesto 23 se disuelve en una solucion de HCI en 1,4-dioxano (4N, 100 eq) y la
mezcla se agita durante 16 hrs a temperatura ambiente. Se aplica calentamiento a 50° C
cuando se necesita empujar la reaccién hasta terminacién. Los disolventes se evaporan y
se agrega éter de diisopropilo para precipitar el producto. El material sélido se filtra y se
seca in vacuo para dar el compuesto 2 en un rendimiento que varia de 70-100%.

Procedimiento general para la sintesis de los compuestos 25. A una suspension
enfriada (0 °) de 4-hidroxi- 3-amino-piridina comercialmente disponible (14) en acetonitrilo
(15 ml/ mmol) se agrega un acido 4-benciloxi-benzoico apropiadamentes sustituido (24, 1
eq), trifenilfosfina (3 eq) y tricloroacetonitrilo (3 eq). Se deja que la mezcla de reaccién
alcance temperatura ambiente y la mezcla se agita durante 16 a 64 hrs a 80° C. La
mezcla se concentra in vacuo y los residuos se disuelven en DCM vy se lavan con NaOH
2N (3x). Las capas de agua combinadas se extraen con DCM y las capas organicas se
secan (Na2S04) para dar 25 crudo como aceite que se utiliza en la siguiente etapa sin
purificacién adicional. _

Procedimiento general para la sintesis de los compuestos 26. A una solucién del
compuesto 25 en DMF (5 mi/ mmol) se agrega yodometano (4 eg) y la mezcla se agita
durante 16 hrs. La mezcla se concentra in vacuo y el residuo se agita en EtOAc para dar
la sal cuaternaria de 25 como un sélido blanco. El material crudo se disuelve en metanol
(10 mli/ mmol) y la solucién se enfria a 0° C. Se agrega borohidruro de sodio (2.5 eg) yla
mezcla se agita a 0° C durante 2 hrs, después de ese tiempo se deja que alcance
temperatura ambiente y se contintia la agitacién durante 16-64 hrs. Se agrega agua (1 ml/
mmol) y la mezcla se agita durante 5 minutos. La mezcla se concentra in vacuo, los
residuos suspenden en NaOH 2 N (5 ml/ mmol) y se extrae con DCM (3x). Las capas
organicas combinadas se secan (Na2S04) y se concentran para dar 26 crudo como un
sélido amarillo que se utiliza en la siguiente etapa sin purificacion adicional.

Procedimiento general para los compuestos 27. A una solucién enfriada (0° C) del
compuesto 26 en 1,2-dicloroetano (10 ml/ mmol) se agrega DIPEA (2 eq) y se agrega
cloroformato de 1-Cloroetilo (3 eq). La mezcla se agita durante 10 minutos a 0° C después
de ese tiempo la temperatura se eleva a temperatura de reflujo. Después de 4 hrs, se deja
que la mezcla alcance temperatura ambiente y se continta la agitacién durante 16 hrs. La

mezcla se concentra in vacuo y el residuo se disuelve en metanol (10 ml/ mmol). La
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solucion se agita durante 16-48 hrs a temperatura ambiente. El retiro del disolvente
resulta en el aislamiento de 27 crudo en un rendimiento total de 20-40% con base en 25.

Procedimiento general para la introduccién de los residuos de acido carboxilico
protegidos (a 23) partiendo del compuesto 27.

a) introduccion del éster de butilo de acido propiénico.

El compuesto 27 se suspende en metanol (4 ml/ mmol) y se agrega DIPEA (1.05
eg). A la mezcla se agrega 1.2 eg de acrilato de t- butilo y la mezcla se somete a reflujo
durante 16 hrs. Se verifica la conversién mediante andlisis TLC. Los disolventes se
evaporan y el residuo se redisuelve en EtOAc y se extrae con una solucién al 5% de
NaHCO; .La capa orgénica se seca (MgSQ,), se concentra in vacuo y el residuo se
purifica mediante cromatografia de columna de gel de silice para dar 23a puro.

b) Introduccion del éster de t- butilo de acido 2-metil-propiénico.

A una solucion del compuesto 27 en DMF (6 ml/ mmol) se agrega 1,8-diazabiciclo
[5.4.0] undec-7-eno (3 eg) y metacrilato de t- butilo (4 eq). La mezcla se calienta a 125° C
durante 100 hrs. La solucién se enfria y se agrega 5% de NaHCO; (15 ml/ mmol) y se
extrae con éter de dietilo/ EtOAc, 1/1, v/v. La capa organica se lava con agua (4x), se
seca sobre MgSQ,, se concentra in vacuo y el residuo se purifica mediante cromatografia
de columna de gel de silice para dar 23b puro.

¢) Introduccion del éster de t- butilo de &cido butirico.

El compuesto 27 se suspende en 1,2-dicloroetano (6 ml/ mmol). A esta suspension
se agrega t-butilacetoacetato (1 eq) y borohidruro triacetoxi de sodio (1.4 eq). La mezcla
se agita a temperatura ambiente durante 16 hrs. Si la reaccién no se completa, se agrega
otra porcién de t-butilacetoacetato (1 eq) y borohidruro triacetoxi de sodio (1.4 eq).
Después de completar la reaccion, la solucién se diluye con 5% de NaHCO; (15 ml/ mmol)
y la mezcla se extrae con DCM. Las capas organicas combinadas se secan sobre
Na,SO,, se concentran in vacuo y el residuo se purifica mediante cromatografia de
columna de gel de silice para proporcionar el compuesto puro 23c.

d) ) Introduccién del éster de t- butilo de &cido 4-butirico.

El compuesto 27 se suspende en acetonitrilo (3 ml/ mmol). A esta suspensién se
agrega carbonato de potasio (2 eq), 4-bromobutanoato de t- butilo (1.1 eq) y yoduro de
potasio (1.1 eq). La mezcla se calienta a temperatura ambiente durante 16 hrs, después
de ese tiempo el andlisis TLC revela reaccion completa. La mezcla se concentra in vacuo
y el residuo se disuelve en EtOAc, se lava con 5% de NaHCO; (15 ml/ mmol). La capa
organica se seca sobre Na,SO,, se concentra in vacuo y el residuo se purifica mediante
cromatografia de columna de gel de silice para producir 23d.

e)) Introduccion del acido 3-ciclobutanocarboxilico.

El compuesto 27 se suspende en 1,2-dicloroetano (20 ml/ mmol). A esta
suspension se agrega acido 3-oxociclobutanocarboxilico (1.3 eq) y borohidruro triacetoxi
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de sodio (1.6 eqg). La mezcla se agita a temperatura ambiente durante 16 hrs. Si la
reaccion no se completa, se agrega otra porcién de acido 3-oxociclobutanocarboxilico (1.3
eq) y borohidruro triacetoxi de sodio (1.6 eq). Después de completar la reaccion, la
solucion se diluye con 5% de NaHCO; (15 ml/ mmol) y la mezcla se extrae con DCM. Las
capas organicas combinadas se secan sobre Na,SQ,, se concentran in vacuo y el residuo
se purifica mediante cromatografia de columna de gel de silice para proporcionar el
compuesto puro 2e.

Procedimiento general para la hidrogenacién de 23 al compuesto 22. A una
solucion del compuesto 23 en etanol (10 ml/ mmol) se agrega hidréxido de paladio sobre
carbono (20%, 0.22 eg). Se inicia la hidrogenacion bajo presién atmosférica de hidrégeno.
Se continta la agitacién durante 16 hrs a temperatura ambiente. La mezcla se filtra sobre
Hyflo y el residuo se lava con etanol. El filtrado se concentra in vacuo para dar el
compuesto 22.

Procedimiento general para la sintesis de los compuestos 28. A una suspension
del compuesto 20 en DCM (6 mi/ mmol) se agregan DIPEA (1 eq), dimetilamino piridina
(DMAP, 0.05 eq) y dicarbonato de t- butilo (1.1 eq). La mezcla se agita a temperatura
ambiente durante 16 hrs, después de ese tiempo el andlisis TLC revela reaccion
completa. La mezcla se concentra in vacuo. El residuo se purifica mediante cromatografia
de columna de gel de silice para dar el compuesto puro 28 en rendimientos que varian de
70-90%.

Procedimiento general para la sintesis de los compuestos 29. El compuesto 28 se
disuelve en 1,4-dioxano/ agua, 1/1, v/v (10 ml/ mmol) y a la solucién se agrega hidréxido
de potasio (4 eq, 11.7N) y la solucién se desgasifica. A la solucién se agrega 2-di-t-
butilfosfino -2',4’,6"- triisopropilbifenilo (0.04 eq) y tris-(dibencilidenoaceton) -dipaladio (0)
(0.02 eq). La mezcla se agita a 80° C durante 16 hrs. La mezcla se enfria a temperatura
ambiente, se diluye con EtOAc, se acidifica a pH 6 con HCI 0.1N y se extrae con EtOAc.
Las capas organicas se secan sobre MgSQ,, se filtran y se concentran in vacuo. El
residuo se purifica mediante cromatografia de columna de gel de silice para dar el
compuesto puro 29 en rendimientos que varian de 60-95%.

Procedimiento general para la sintesis de los derivados de éter de bencilo 30.

Método A) El compuesto 29 se disuelve en DCM/ agua, 2/1, v/v (4 ml/ mmol) y a
esta solucion se agrega hidréxido de sodio (2N, 3 eq). A esta mezcla se agrega bromuro
de tetrabutilamonio (0.1 eq) y el bromuro de bencilo apropiadamente sustituido (1.1 eq).
La mezcla se agita durante 16 hrs a temperatura ambiente después de ese tiempo el
andlisis TLC muestra reaccion completa. La mezcla se diluye con DCM (15 ml/ mmol), las
capas se separan y la capa de agua se extrae con DCM. Las capas organicas se secan

sobre MgSQ,, se filtran y se concentran in vacuo. El residuo se purifica mediante
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cromatografia de columna de gel de silice para dar el compuesto puro 30 en rendimientos
que varian de 80-90%.

Método B) El compuesto 29 se disuelve en N,N'- dimetilacetamida (4 ml/ mmol) y a
esta solucién se agrega trifenilfosﬁné (1.25 eq), azodicarboxilato de diisopropilo (1.25 eq)
y un alcohol bencilico sustituido apropiadamente (1.2 eq). La mezcla se agita durante 16
hrs a temperatura ambiente después de ese tiempo el analisis TLC muestra reaccién
completa. La mezcla se diluye con éter de dietilo y se lava con agua (3x). Las capas
organicas combinadas se secan sobre MgSQ,, se filiran y se concentran in vacuo. El
residuo se purifica mediante cromatografia de columna de gel de silice para dar el
compuesto puro 30 en rendimientos que varian de 70-90%.

Método C) EI compuesto 28 se disuelve en tolueno (8m mi/ mmol) y a la solucién
se agrega hidroxido de potasio (2 eq, 11.7N) y la solucién se desgasifica. A la solucién se
agrega bromuro de bencilo apropiadamente sustituido (1.1 eq), 2-di-t-butilfosfino -2',4’,6'-
triisopropilbifenilo (0.06 eq) y tris-(dibencilidenoaceton)- dipaladio (0) (0.03 eq). La mezcla
se agita a 60° C durante 1.25 hrs. La mezcla se enfria a temperatura ambiente, se diluye
con EtOAc y se lava con 5% de solucién de NaHCO; (10 mi/ mmol). Las capas organicas
se secan sobre MgSQ,, se filtran y se concentran in vacuo. El residuo se purifica mediante
cromatografia de columna de gel de silice para dar el compuesto puro 30 en rendimientos
que varian de 30-80%.

Procedimiento general para la desproteccién de los compuestos 30 a 27.

El compuesto 30 se disuelve en DCM (10 ml/ mmol) y se agrega acido
trifluoroacético (6 eq). La solucién se somete a reflujo durante 16 hrs, después de ese
tiempo el analisis TLC muestra reaccién completa. La mezcla se neutraliza con 5% de
NaHCO; acuoso. La mezcla se extrae con DCM (3x) y las capas organicas combinadas
se lavan con solucién salina, se secan sobre Na,SO, , se concentra in vacuo para dar el
compuesto 27 que se utiliza en la siguiente etapa sin purificacién adicional.

§5. SINTESIS DE COMPUESTOS ESPECIFICOS

(Véase Tabla 1)

Todos los derivados de furanilo de la Tabla 1 se pueden preparar al seguir
cualquiera de los reactivos apropiados de la ruta A o B. Los siguientes compuestos son
ejemplos tipicos.

Todos los derivados de oxazolo de la Tabla 1 se pueden preparar al seguir
cualquier ruta C, D o E al escoger los reactivos apropiados. Los siguientes compuestos
son ejemplos tipicos.

Ester de t- butilo de cido 3-[2-(4- Bromo -fenil) -2- oxo- etil] -4- oxo- piperidina -1-
carboxilico (5, Rb=H). A una solucién de éster de t-butilo de 4cido 4-oxo- piperidina -1-

carboxilico (4, 104.1 g, 522 mmol) en tolueno (800 ml) se agrega una cantidad catalitica”

de mono hidrato de 4cido para-toluenosulfénico (0.5 g, 2.6 mmol) y pirrolidina (172.8 ml,
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2090 mmol). La mezcla se calienta a reflujo bajo condiciones Dean Stark durante 18
horas. La mezcla se concentra bajo presion reducida y el residuo se redisuelve en tolueno
(600 ml). A esta solucién se agrega lentamente (en 25 minutos) una solucién de 2-bromo -
1- (4- bromo -fenil) -etanona (3, Rb=H, 145.2 g, 522 mmol) en tolueno/ DCM (900 ml, ',
v/v). La mezcla se agita durante la noche a temperatura ambiente y la suspension blanca
resultante se vierte en agua (1.5L). La capa de agua se extrae con DCM (3x300 ml) y las
capas organicas combinadas se secan (MgSQ,) y posteriormente se concentran bajo
presion reducida. El aceite resultante se purifica mediante cromatografia de gel de silice
(éter de dietilo/ éter de petréleo, 2/3, v/v a 100% de éter de dietilo) dando el compuesto 5
(Rb=H, 166.6 g, 87%) como un sélido amarillo. Andlisis TLC, Rf 0.3 en éter de dietilo/ éter
de petréieo, 1/1, v/v.

2-[4-Bromo -fenil] -4,5,6,7-tetrahidro-furo[3,2-c] piridina (6, Rb=H). El compuesto 5
(Rb=H, 166 g, 456 mmol) se suspende en &cido clorhidrico concentrado (500 ml, 12N, 6
mol). La mezcla se calienta con 10° C por 30 minutos a 80° C. La mezcla se empieza a
espumar fuertemente, permitiendo de esta manera suficiente volumen en el recipiente de
reaccion de partida. Después de 45 minutos, la mezcla se enfria a 0° C y se neutraliza
con 50 % en peso de solucién de NaOH (exotérmica). Después de agitacién durante la
noche a temperatura ambiente, el material sélido resultante se recolecta mediante
filtracion y se lava con 250 ml de NaOH 0.1M. El material marrén claro se purifica
mediante extraccion Soxhlet en EtOAc dando 6 (Rb=H, 51 g, 38%) como un sélido beige
que se utiliza en la siguiente etapa sin purificacién adicional. LC-MS (Método A): Tr 1.19,
[M+H] 278.

Ester de t- butilo de &cido 3-[2-(4- Bromo -fenil) -6,7- dihidro -4H- furo[3,2-c]
piridina -5- il] -propionico (7a, Rb=H). EI compuesto 6 (Rb=H, 1.46 g, 5 mmol) se
suspende en metanol (30 ml) y se agrega DIPEA (0.91 ml, 1.05 eg). A la mezcla se
agrega acrilato de t- butilo (0.88 ml, 1.2 eq) y la mezcla se somete a reflujo durante 16 hrs.
Se verifica la conversién mediante analisis TLC (éter de dietilo/ éter de petréleo, 1/1, v/v).
Los disolventes se evaporan y el residuo se redisuelve en EtOAc y se extrae con una
solucion al 5% de NaHCO; .La capa organica se seca (MgS0O.), se concentra in vacuo y el
residuo se purifica mediante cromatografia de columna de gel de silice (éter de dietilo/
éter de petréleo, 2/3 a 1/1, v/v) para dar 7a puro (Rb=H, 1.75 g, 86%) como un sélido
blanco. LC-MS (Método A): Tr 1.38, [M+H] 407.

Ester de t- butilo de &cido 3-[2-(4-Hidroxi -fenil) -6,7 -dihidro -4H- furo[3,2-c] piridina
-5- il] -propiodnico (8a, Rb=H). El compuesto 7a (Rb=H, 3.85 g, 9.5 mmol) se disuelve en
tolueno (80 ml) y a la solucién se agrega hidréxido de potasio (2 eq, 11.7N) y la solucién
se desgasifica. A la solucion se agrega 2-di-t-butilfosfino -2',4’,6'- triisopropilbifenilo (0.24
g, 0.57 mmol, 0.06 eq) y tris-(dibencilidenoaceton)- dipaladio (0) (0.26 g, 0.28 mmol, 0.03

eq). La mezcla se agita a 60° C durante 1.25 hrs. La mezcla se enfria a temperatura
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ambiente, se diluye con EtOAc y se lava con 5% de solucién de NaHCOj; (10 ml/ mmol).
Las capas organicas se secan sobre MgSQ,, se filtran y se concentran in vacuo. El
residuo se purifica mediante cromatografia de columna de gel de silice (éter de dietilo/
éter de petrdleo, 1/1, v/v, Rf 0.1) para dar el compuesto puro 8a (Rb=H, 1.86 g, 57%)
como un sélido amarillo. LC-MS (Método A): Tr 1.14, [M+H] 344.

Ester de t- butilo de acido 3-{2-[4- (2-Fluoro-benciloxi)- fenil] -6,7- dihidro -4H-
furo[3,2-c] piridina -5- il}- propiénico (9a, Ra=2F, Rb=H). El compuesto 8a (Rb=H, 1.24 g,
3.61 mmol) se disuelve en N,N-dimetilacetamida (10 ml) y a esta solucién se agrega
trifenilfosfina (1.33 g, 5.06 mmol, 1.4 eq), azodicarboxilato de diisopropilo (1 ml, 5.05
mmol, 1.4 eq) y alcohol 2-fluorobencilico (0.46 mi, 4.33 mmol, 1.2 eq). La mezcla se agita
durante 16 hrs a temperatura ambiente después de ese tiempo el andlisis TLC (éter de
dietilo, Rf 0.3) muestra reaccién completa. La mezcla se diluye con éter de dietilo y se
lava con agua (3x). Las capas organicas combinadas se secan sobre MgSO0,, se filtran y
se concentran in vacuo. El residuo se purifica mediante cromatografia de columna de gel
de silice (éter de dietilo/ éter de petréleo, 1/1, v/v a 2/1, v/v) para dar el compuesto puro
9a (Ra=2F, Rb=H, 1.38 g, 84%) como un aceite. LC-MS (Método A): Tr 1.46, [M+H] 452.

Acido 3-{2-[4- (2-Fluoro-benciloxi)- fenil] -6,7- dihidro- 4H-furo[3,2-c] piridina -5- il}-
propidnico (33). El compuesto 9a (Ra=2F, Rb=H, 1.38 g, 3.1 mmol) se disuelve en una
solucién de HCI en 1,4-dioxano (4N, 30 ml) y la mezcla se agita durante 2 hrs a 35° C. Los
disolventes se evaporan y se agrega éter de diisopropilo (30 mi) para precipitar el
producto como la sal de acido clorhidrico. El material sélido se filtra y se seca in vacuo
para dar el compuesto 33 (0.75 g, 54%) como un sélido blanco. 'H RMN (400 MHz,
DMSO-dg): & ppm 2.93 (t, J=7.6 Hz, 2 H), 3.07 (bs, 2 H), 3.28 - 3.55 (bs, 2 H), 3.44 {(t,
J=7.6 Hz, 2 H), 3.60 - 3.90 (bs, 2 H), 4.06 - 4.56 (bs, 2 H), 5.17 (s, 2 H), 6.76 (s, 1 H), 7.10
(d, J=8.8 Hz, 2 H), 7.21 - 7.31 (m, 2 H), 7.39 - 7.48 (m, 1 H), 7.57 (t, J=7.5 Hz, 1 H), 7.63
(d, J=8.8 Hz, 2 H), 10.7 - 11.5 (bs, 1 H), 12.3 - 13.2 (bs, 1 H); LC-MS (Método A): Tr 1.39,
[M+H] 396.

Ester de t- butilo de acido 2-(4- Bromo -fenil) -6,7 -dihidro -4H- furo[3,2-c] piridina -
5- carboxilico 10 (Rb=H). A una suspension del compuesto 6 (Rb=H, 5 g, 17 mmol) en
DCM (100 ml) se agregan DIPEA (2.92 ml, 1 eq), DMAP (0.1 g, 0.05 eq) y dicarbonato de
t- butilo (4.1 g, 18.8 mmol, 1.1 eq). La mezcla se agita a temperatura ambiente durante 16
hrs, después de ese tiempo el andlisis TLC (DCM, Rf, 0.40) revela la reaccién completa.
La mezcla de reaccién se lava con 5% de solucién ag. de NaHCO; y las capas de agua
resultantes se extraen con DCM. Las capas organicas combinadas se secan sobre
MgSQ,, se filtran y se concentran in vacuo. El residuo se purifica mediante cromatografia
de columna de gel de silice (eluyente: 100% DCM) para dar el compuesto 10 (Rb=H, 5.99
d, 92%) como un aceite.
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Ester de t- butilo de &cido 2-(4-Hidroxi -fenil) -6,7 -dihidro -4H- furo[3,2-c] piridina -
5- carboxilico 11a (Rb=H). EIl compuesto 10 (Rb=H, 11.77g, 31 mmol) se disuelve en 1,4-
dioxano/ agua, 1/1, v/v (200 ml) y a la solucién se agrega hidréxido de potasio (6,98 g,
124.5 mmol, 4 eq) y la solucién se desgasifica. A la solucién se agrega 2-di-t-butilfosfino -
2',4',6"- triisopropilbifenilo (0.53 g, 1.24 mmol, 0.04 eq) y tris-(dibencilidencaceton) -
dipaladio (0) (0.57g, 0.62 mmol, 0.02 eq). La mezcla se agita a 80° C durante 16 hrs. La
mezcla se enfria a temperatura ambiente, se diluye con EtOAc, se acidifica a pH 6 con
HCI 0.1N y se extrae con EtOAc. Las capas organicas se secan sobre MgSQ,, se filtran y
se concentran in vacuo. El residuo se purifica mediante cromatografia de columna de gel
de silice (eluyente: DCM/MeOH, 1/0 a 99.5/0.5) para dar el compuesto 11 (Rb=H, 9 g,
90%) como un sélido blanco.

Ester de t- butilo de &cido 2-[4- (4- Cloro-benciloxi)- fenil] -6,7- dihidro -4H-
furo[3,2-c] piridina -5- carboxilico (12, Ra=4Cl, Rb=H). El compuesto 11a (Rb=H, 2.0 g,
6.34 mmol) se disuelve en DCM/ agua, 2/1, v/v (30 ml) y a esta solucién se agrega
hidroxido de sodio (2N, 10 ml). A esta mezcla se agrega bromuro de tetrabutilamonio (0.2
g, 0.63 mmol, 0.1 eq) y bromuro de 4-clorobencilo (1.43 g, 6.98 mmol, 1.1 eg). La mezcla
se agita durante 16 hrs a temperatura ambiente después de ese tiempo el andlisis TLC
(100% DCM, Rf 0.55) muestra reaccion completa. La mezcla se diluye con DCM (15 ml/
mmol), las capas se separan y la capa de agua se extrae con DCM. Las capas organicas
se secan sobre MgSQy,, se filtran y se concentran in vacuo. El residuo se purifica mediante
cromatografia de columna de gel de silice (DCM/ éter de petrdleo, 3/1 a 1/0, v/v) para dar
el compuesto 12 (Ra=4Cl, Rb=H, 2.3 g, 82%) como un aceite amarillo. '"H RMN (400 MHz,
CDCls) 6 ppm 1.4 (s, 9 H); 2.75 (bs, 2 H); 3.75 (bs, 2 H); 4.35 (bs, 2 H); 5.05 (s, 2 H); 6.4
(s, 1H), 6.94 (d, 1 H); 7.30 - 755 (m, 7 H).

2-[4- (4-Cloro- benciloxi)- fenil] -6,7- dihidro -4H- furo[3,2-c] piridina (13, Ra= 4Cl,
Rb=H). El compuesto 12 (Ra=4Cl, Rb=H, 2.3 g, 5.2 mmol) se disuelve en DCM (50 ml) y
se agrega acido trifluoroacético (4 ml, 10 eq). La solucién se somete a reflujo durante 16
hrs, después de ese tiempo el andlisis TLC (100% DCM, Rf 0.05) muestra reaccion
completa. La mezcla se neutraliza con 5% de NaHCO, acuoso. La mezcla se extrae con
DCM (3x) y las capas orgénicas combinadas se lavan con solucién salina, se secan sobre
Na,SO, y se concentra in vacuo para dar 13 crudo (Ra=4Cl, Rb=H, 1.79 g) que se utiliza
en la siguiente etapa sin purificacion adicional. LC-MS (Método A): Tr 1.49, [M+H] 340.

Ester de t- butilo de acido 3-{2- [4-(4-Cloro-benciloxi)- fenil] -6,7- dihidro -4H-
furo[3,2-c] piridina -5- i} -2- metil- propidnico (b, Ra=4Cl, Rb=H). A una solucién del

compuesto 13a (0.25 g, 0.74 mmol) en DMF (5 ml) en una botella de pirex de 25 ml se -

agregan 1,8-diazabiciclo [5.4.0] undec-7-eno (0.33 ml, 2.21 mmol) y metacrilato de t- butilo
(0.24 ml, 1.47 mmol). La mezcla se calienta a 140° C durante 16 hrs. La solucién se enfria
y se agrega 5% de NaHCO; (10 ml) y se extrae con éter de dietilo/ EtOAc, 1/1, v/v. La
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capa organica se lava con agua (4x20 mi), se seca sobre MgSQ,, se concentra in vacuo y
el residuo se purifica mediante cromatografia de columna de gel de silice (éter de dietilo/
éter de petréleo, 9/1 a 4/1, v/v, Rf 0.65) para dar 9b puro (Ra=4Cl, Rb=H, 0.1 g, 28%)
como un aceite incoloro. LC-MS (Método A): Tr 1.88, [M+H] 482.

Acido 3-{2-[4- (4-Cloro -benciloxi)- fenil] -6,7- dihidro -4H- furo[3,2-c] piridina -5- il} -
2- metil- propionico (77). El cdmpuesto 9b (Ra=4Cl, Rb=H, 0.12 g, 0.25 mmol) se disuelve
en una solucién de HCI en 1,4-dioxano (4N, 2.8ml) y la mezcla se agita durante 16 hrs a
temperatura ambiente. El disolvente se evapora y se agrega éter de diisopropilo (30 ml)
para precipitar el producto como la sal de acido clorhidrico. E! material sélido se filira y se
seca in vacuo para dar el compuesto 77 (0.09 g, 74%) como un sélido blanco. 'H RMN
(400 MHz, DMSO-dg): & ppm 1.29 (d, J=7.2 Hz, 3 H), 3.05 - 3.17 (m, 3 H), 3.23 (dd, J=
5.4,13.3 Hz, 1 H), 3.51 - 3.68 (m, 3 H), 4.24 (br. s., 2 H), 5.16 (s, 2 H), 6.73 (s, 1 H), 7.08
(d, J=8.9 Hz, 2 H), 7.42 - 7.53 (m, 4 H), 7.61 (d, J=8.9 Hz, 2 H), 10.4 - 13.1 (bs, 2H); '°C
RMN (101 MHz, DMSO-dg): 6 ppm 16.42 (g, 1 C), 20.36 (t, 1 C), 35.17 (d, 1 C), 48.74 (t, 1
C), 49.57 (1,1 C), 56.96 (t, 1 C), 68.60 (t, 1 C), 102.92 (d, 1 C), 113.06 (s, 1 C), 115.41 (d,
1C), 123.20 (s, 1 C), 124.87 (d, 1 C), 128.41 (d, 1 C), 129.42 (d, 1 C), 132.46 (s, 1 C),
136.01 (s, 1 C), 145.10 (s, 1 C), 152.99 (s, 1 C), 157.85 (s, 1 C), 174.95 (s, 1 C). LC-MS
(Método A): Tr 1.56, [M+H] 426.

Ester de t- butilo de &cido 2-[4- (Benciloxi)- fenil] -6,7- dihidro -4H- furo[3,2-c]
piridina -5- carboxilico 12 (Ra=Rb=H). El compuesto 11 (Rb=H, 0.84 g, 2.66 mmol) se
disuelve en DCM/ agua, 2/1, v/v (30 ml) y a esta solucién se agrega hidréxido de sodio
(2N, 4.2 ml). A esta mezcla se agrega bromuro de tetrabutil-amonio (0.09 g, 0.27 mmol,
0.1 eq) y bromuro de bencilo (0.35 ml, 2.93 mmol, 1.1 eg). La mezcla se agita durante 16
hrs a temperatura ambiente después de ese tiempo el andlisis TLC (DCM/ MeOH, 98/2,
v/v, Rf 0.8) muestra reaccién completa. La mezcla se diluye con DCM (100 ml), las capas
se separan y la capa de agua se extrae con DCM. Las capas orgéanicas se secan sobre
MgSQ,, se filtran y se concentran in vacuo. El residuo se purifica mediante cromatografia
de columna de gel de silice (DCM/ éter de petrdleo, 3/1 a 1/0, v/v) para dar el compuesto

12 (Ra=Rb=H, 1.03 g, 95%) como un sdlido blanco. 'H RMN (400 MHz, CDCl,) 3 ppm 1.4

(s, 9 H); 2.75 (bs, 2 H); 3.75 (bs, 2 H); 4.35 (bs, 2 H); 5.05 (s, 2 H); 6.35 (s, 1H); 6.98 (d, 2
H); 7.30 - 7.55 (m, 7 H).

2-[4- Benciloxi -fenil] -6,7- dihidro -4H- furo[3,2-c] piridina (13, Ra=Rb=H). El
compuesto 12 (Ra=Rb=H, 1.03 g, 2.54 mmol) se disuelve en DCM (20 ml) y se agrega
acido trifluoroacético (1.5 ml). La solucion se somete a reflujo durante 16 hrs, después de
ese tiempo el analisis TLC (100% DCM, Rf 0.05) muestra reaccién completa. La mezcla
se neutraliza con 5% de NaHCO; acuoso (40 ml) y se extrae con DCM (3x50 ml) y las
capas organicas combinadas se lavan con solucién salina, se secan sobre Na,SO, , se



®

10

15

20

25

30

35

35

concentra in vacuo para dar el compuesto 13 (Ra=Rb=H, 0.67g, 86%) que se utiliza en la
siguiente etapa sin purificacién adicional. LC-MS (Método A): Tr 1.50, [M+H] 306.

Ester de t- butilo de acido 3-{2-[4-Benciloxi -fenil] -6,7- dihidro -4H- furo[3,2-¢]
piridina -5- il}- butirico (9¢c, Ra=Rb=H). EI compuesto 13 (Ra=Rb=H, 0.16 g, 0.52 mmol) se
suspende en 1,2-dicloroetano (3.2 ml). A esta suspensién se agrega t-butilacetoacetato
(0.09 ml, 0.52 mmol) y borohidruro triacetoxi de sodio (0.16 g, 0.73 mmol). La mezcla se
agita a temperatura ambiente durante 16 hrs, después de ese tiempo se agregan otra
porcion de t-butilacetoacetato (1 eq) y borohidruro triacetoxi de sodio (1.4 eq) junto con
una gota de acido acético. Después de agitacién durante otras 60 hrs, se agregan de
nuevo una porcion de t-butilacetoacetato (1 eq) y borohidruro triacetoxi de sodio (1.4 eq) y
se continua la agitacion durante 36 hrs. La solucién se diluye con 5% de NaHCOj; (10 ml)
y la mezcla se extrae con DCM (3x100 ml). Las capas organicas combinadas se secan
sobre Na,SO,, se concentra in vacuo y el residuo se purifica mediante cromatografia de
columna de gel de silice (éter de dietilo/ éter de petrdleo, 9/1 a 4/1, v/v) para proporcionar
el compuesto puro 9¢ (Ra=Rb=H, 0.06 g, 25%) como un sdlido blanco. LC-MS (Método
A): Tr 1.68, [M+H] 448.

Acido 3-{2-[4-Benciloxi -fenil] -6,7- dihidro- 4H-furo[3,2-c] piridina -5- il}- butirico
(76). El compueéto 9c¢ (Ra=Rb=H, 0.08 g, 0.18 mmol) se disuelve en una solucién de HCI
en 1,4-dioxano (4 ml, 2N) y la mezcla se agita durante 16 hrs a temperatura ambiente. Los
disolventes se evaporan y el residuo se co- evapora con ciclohexano. Se agrega éter de
diisopropilo (30 mi) para precipitar el producto como la sal de acido clorhidrico, el material
solido se filtra y se seca in vacuo para dar el compuesto 76 (0.06 g, 80%). 'H RMN (400
MHz, DMSO-dg), 6 ppm: 1.38 (d, J=6.6 Hz, 3 H), 2.58 - 2.75 (m, 1 H), 2.90 - 3.18 (m, 3 H),
3.39-3.54 (m, 1 H), 3.61-3.78 (m, 1 H), 3.80 - 3.93 (m, 1 H), 4.13 - 4.32 (m, 2 H), 5.14
(s,2H),6.76 (s, 1 H), 7.07 (d, J=8.8 Hz, 2 H), 7.30 - 7.36 (m, 1 H), 7.40 (s, 2 H), 7.45 (s, 2
H), 7.62 (d, J=8.8 Hz, 2 H), 10.15 - 10.80 (m, 1 H), 12.54 - 13.10 (m, 1 H); ). LC-MS
(Método A): Tr 1.46, [M+H] 392.

Ester de t- butilo de &cido 4-[2-(4- Bromo -fenil) -6,7 -dihidro -4H- furo[3,2-c]
piridina -5- il] - butirico (7d).El compuesto 6 (Rb=H, 4.55 g, 16.3 mmol) se suspende en
acetonitrilo (55 ml). A esta suspensién se agregan carbonato de potasio (4.52 g, 32.7
mmol), 4-bromobutanoato de t- butilo (4.38 g, 19.6 mmol, 1.2 eq) y yoduro de potasio (3.2
g, 19.6 mmol, 1.2 eq). La mezcla se calienta a reflujo durante 16 hrs, después de ese
tiempo el analisis TLC (éter de dietilo/ éter de petréleo, 1/1, v/v, Rf 0.1) revela la reaccion
completa. La mezcla se concentra in vacuo y el residuo se disuelve en EtOAc y se lava
con 5% de NaHCO; (2x60 ml). La capa organica se seca sobre Na,SQ,, se concentra in
vacuo y el residuo se purifica mediante cromatografia de columna de gel de silice (&ter de
dietilo/ éter de petroleo, 1/1, v/v) para producir 7d (Rb=H, 4.94 g, 71%) como un sélido
amarillo. LC-MS (Método A): Tr 1.37, [M+H] 420.
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Ester de t- butilo de acido 4-[2-(4-Hidroxi -fenil) -6,7 -dihidro -4H- furo[3,2-c] piridina
-5- il] - butirico (8d). El compuesto 7d (Rb=H, 4.91 g, 11.68 mmol) se disuelve en tolueno
(100 ml) y a la solucién se agrega hidroxido de potasio (2 ml, 11.7N) y la solucién se
desgasifica. A la solucién se agrega 2-di-t-butilfosfino -2’,4’,6™- triisopropilbifenilo (0.27g,
0.64 mmol, 0.06 eq) y tris-(dibencilidenoaceton)- dipaladio (0) (0.29 g, 0.32 mmol, 0.03
eq). La mezcla se agita a 60° C durante 1.25 hrs. La mezcla se enfria a temperatura
ambiente, se diluye con EtOAc y se lava con 5% de solucién de NaHCO, (100 ml). Las
capas organicas se secan sobre MgSQ,, se filiran y se concentran in vacuo. El residuo se
purifica mediante cromatografia de columna de gel de silice (éter de dietilo/ éter de
petroleo, 1/1 a 1/0, v/v, Rf 0.1) para dar el compuesto puro 8d (Rb=H, 4.0 g) como un
sélido amarillo. LC-MS (Método A): Tr 1.21, [M+H] 358.

Ester de t- butilo de acido 4-{2-[4- (2-Fluoro-benciloxi)- fenil] -6,7- dihidro -4H-
furo[3,2-c] piridina -5- il}- butirico (9d). El compuesto 8d (Rb=H, 0.43 g, 1.2 mmol) se
disuelve en DCM/ agua, 2/1, v/v (5 ml) y a esta solucién se agrega hidréxido de sodio
(1.8ml, 2N, 3 eq). A esta mezcla se agrega bromuro de tetrabutilamonio (0.1 eq) y
bromuro de 2F-bencilo (1.32 mmol, 250 mg). La mezcla se agita durante 16 hrs a
temperatura ambiente después de ese tiempo el andlisis TLC (éter de dietilo, Rf 0.5)
muestra reaccion completa. La mezcla se diluye con DCM (15 ml), las capas se separan y
la capa de agua se extrae con DCM. Las capas orgénicas se secan sobre MgSQO,, se
filtran y se concentran in vacuo. El residuo se purifica mediante cromatografia de columna
de gel de silice (éter de dietilo/ éter de petrdleo, 1/1 a 1/0, v/v para dar el compuesto 9d
(Ra=2F, Rb=H) en un rendimiento de 80%. LC-MS (Método A): Tr 1.49, [M+H) 466.

Acido 4-{2-[4- (2-Fluoro- benciloxi)- fenil] -6,7- dihidro -4H- furo[3,2-c}] piridina -5- il}-
butirico (35). El compuesto 9d (Ra=2F, Rb=H, 0.3 g, 0.64 mmol) se disuelve en una
solucion de HCI en 1,4-dioxano (4N, 2.8ml) y la mezcla se agita durante 16 hrs a
temperatura ambiente. Los disolventes se evaporan y se agrega éter de diisopropilo (30
ml) para precipitar el producto como la sal de &cido clorhidrico. EI material sélido se filtra y
se seca in vacuo para dar el compuesto 35 (0.32 g, 95%) como un sdlido blanco. '"H RMN
(400 MHz, DMSO-dg) 6PPM:-1.69 - 1.83 (m, 2 H), 2.18 (t, J=7.2 Hz, 2 H), 2.81-2.91 (m, 2
H), 3.02 - 3.13 (m, 2 H), 3.23 - 3.36 (bs, 1 H), 3.50 - 3.68 (bs, 1 H), 3.89 - 4.05 (m, 1 H),
4.15-4.29 (m, 1 H), 4.98 (s, 2 H), 6.58 (s, 1 H), 6.91 (d, J=8.7 Hz, 2 H), 7.02 - 7.12 (m, 2
H),7.21-7.29 (m, 1 H), 7.38 (dt, J=7.7, 1.5 Hz, 1 H), 7.44 (d, J=8.7 Hz, 2 H), 9.80 (br.s., 1
H), 11.37 - 13.06 (bs, 1 H); LC-MS (Método A): Tr 1.37, [M+H] 410.

Acido 4-{2-[4- (2-Fluoro-benciloxi) -2- fluoro -fenil] -6,7- dihidro -4H- furo[3,2-c] -piri-
dine -5- il}- butirico (73). El compuesto 73 se prepara en una forma similar como se
describe para 35 partiendo de 2-bromo -1- (4- Bromo -2- fluoro -fenil) -etanona. El
compuesto 73: 'H RMN (400 MHz, DMSO-dg), 5PPM: 1.92 - 2.04 (m, 2 H), 2.38 (t, J=7.1
Hz, 2 H), 3.02-3.13 (m, 2 H), 3.17 - 3.28 (m, 2 H), 3.44 - 3.92 (bs, 2 H), 3.98 - 4.54 (bs, 2
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H), 5.21 (s, 2 H), 6.70 (d, J=2.8 Hz, 1 H), 7.00 (dd, J=8.9, 1.9 Hz, 1 H), 7.12 (dd, J=13.4,
1.9Hz, 1 H) 7.23-7.32 (m, 2H) 7.41 - 7.50 (m, 1 H) 7.56 - 7.63 (m, 1 H) 7.69 (t, J=9.0 Hz,
1 H), 10.06 - 10.93 (bs, 1 H), 12.07 - 12.85 (bs, 1 H); LC-MS (Método A): Tr 1.35, [M+H]
428.

2-(4- Bromo- fenil)-oxazolo [4,5-c] piridina (17, Rb=H). A una suspensién enfriada
(0 °) de 4-hidroxi- 3-amino-piridina comercialmente disponible 14 (4 g, 36 mmol) en DCM
(200 ml) se agregan trietil amina (6.3 ml, 1.25 eq) y una solucién de cloruro de 4-bromo-
benzoilo (15, Rb=H, 8 g, 36 mmol, 1 eq, 0.3M en DCM). Se deja que la mezcla de
reaccion alcance temperatura ambiente y la mezcla se agita durante 16 hrs. La mezcla se
filtra, se lava con DCM vy éter para proporcionar 16 crudo (Rb=H) como un material sélido
que se utiliza en la siguiente etapa sin purificacién adicional. Se disuelve hexacloroetano
(10.2 g, 43 mmol, 2.5 eq) en DCM (150 ml) y trifenil fosfina (13.56 g, 51,69 mmol, 3 eq) y
trietil amina (19.2 ml, 137.8 mmol, 8 eq) se agrega. La mezcla se agita durante 10 minutos
a temperatura ambiente y crude compuesto 16 (Rb=H) se agrega lentamente en 5
porciones iguales. La mezcla se agita a temperatura ambiente durante 64 hrs, después de
ese tiempo el analisis TLC (DCM/MeOH, 97/3, v/v, Rf 0.3) revela la reaccién completa. La
solucion se concentra y el residuo se suspende en DCM. La mezcla se filtra y el residuo
se lava con DCM y éter de dietilo para dar crude 17 (Rb=H) que se utiliza en la siguiente
etapa sin purificacién adicional.

2-(4- Bromo -fenil) -5- metil-4,5,6,7-tetrahidro-oxazolo[4,5-c] piridina (19, Rb=H). A
una solucién del compuesto 17 (Rb=H, 11.4 mmol) en DMF (95 ml) se agrega
yodometano (2.84 ml, 45.58 mmol, 4 eg) y la mezcla se agita durante 16 hrs. La mezcla
se concentra in vacuo y el residuo se agita en EtOAc para dar crude 18 (Rb=H, 3.3 g,
69%) como un sélido blanco. El compuesto 18 (Rb=H, 2.3 g, 5.5 mmol) se disuelve en
metanol (55 ml) y la solucién se enfria a 0° C. Borohidruro de sodio (0.42 g, 11 mmol, 2
eg) se agrega y la mezcla se agita a 0° C durante 2 hrs, después de ese tiempo se deja
que alcance temperatura ambiente y se continGia la agitacion durante 16 hrs. Se agrega
agua (4 ml) y la mezcla se agita durante 5 minutos. La mezcla se co- evapora con
acetonitrilo y el residuo se purifica mediante cromatografia de columna de gel de silice
(DMA 0.5) para producir el compuesto 19 (Rb=H) en un rendimiento de 61%.

2-(4- Bromo -fenil) -4,5,6,7-tetrahidro-oxazolo[4,5-c] piridina (20, Rb=H). A una
solucion enfriada (0° C) del compuesto 19 (Rb=H, 0.95 g, 3.2 mmol) en 1,2-dicloroetano
(32 ml) se agrega DIPEA (1.1 ml, 6.4 mmol, 2 eq). A 0° C, se agrega 1-
cloroetilcloroformato (1,05 ml, 9.72 mmol, 3 eq) y la mezcla se agita durante 10 minutos a
0° C después de ese tiempo la temperatura se eleva a temperatura de reflujo. Después de
2 hrs, la mezcia se concentra in vacuo y el residuo se disuelve en metanol (35 ml). La

solucion se agita durante 48 hrs a temperatura ambiente. El precipitado se filtra, el
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producto sélido se lava con éter de dietilo para dar el compuesto 20 (Rb=H, 0.9 g, 88%).
LC-MS (Método A): Tr 1.1, [M+H] 280.

Ester de t- butilo de &cido 3-[2-(4- Bromo -fenil) -6,7 -dihidro-H-oxazolo[4,5-c]
piridina -5- il] - propi6nico (21, Rb=H). El compuesto 20 (Rb=H, 8 g, 22.8 mmol) se
suspende en metanol (200 ml) y se agrega DIPEA (8.15 ml, 46.8 mmol, 2.05 eg). A la
mezcla se agrega acrilato de t- butilo (3.97 ml, 27.4 mmol, 1.2 eq) y la mezcla se somete a
reflujo durante 120rs. Se verifica la conversién mediante andlisis TLC y después de 16 y
64 hrs adicionales se agrega acrilato de t- butilo (3.97 ml, 27.4 mmol, 1.2 eq) para
empujar la reaccion hasta terminacién. Los disolventes se evaporan y el residuo se
redisuelve en EtOAc y se extrae con una solucién al 5% de NaHCOj; .La capa organica se
seca (MgSQ,), se concentra in vacuo y el residuo se purifica mediante cromatografia de
columna de gel de silice (eluyente: éter de dietilo/ éter de petrdleo, 1/1, v/v) para dar 21a
(Rb=H, 8.8 g, 93%). LC-MS (Método A): Tr 1.38, [M+H] 408.

Ester de t- butilo de &cido 3-{2-[4- (Benciloxi) -fenil)] -6,7- dihidro-H-oxazolo[4,5-c]
piridina -5- il}- propiénico (23a, Ra=Rb=H). EIl compuesto 21a (Rb=H, 0.9 g, 2.21 mmol) se
disuelve en tolueno desgasificado (7 ml) y a la solucién se agrega carbonato de cesio
(1.08 g, 3.3 mmol), alcohol bencilico (0.46 ml, 4.42 mmol, 2 eq), 2-di-t-butilfosfino -3,4,5,6-
tetrametil-2',4’,6™-triisopropil-1,1- bifenilo (25.5 mg, 0.05 mmol, 0.02 éq) y acetato de
paladio (Il) (9.92 mg, 0.04 mmol, 0.02 eq). La mezcla se agita a 70° C durante 16 hrs. La
mezcla se enfria a temperatura ambiente, se concentra in vacuo y el residuo se purifica
mediante cromatografia de columna de gel de silice (éter de dietilo/ éter de petréleo, 3/1,

.V/V) para dar 23a puro (Ra=Rb=H, 0.71 g, 74%) como un sélido blanco. LC-MS (Método

A): Tr 1.46, [M+H] 435.

Acido 3-{2-[4- (Benciloxi) -fenil)] -6,7- dihidro-H-oxazolo[4,5-c] piridina -5- il}-
propidnico (47). Elf compuesto 23a (Ra=Rb=H, 0.71 g, 1.63 mmol) se disuelve en una
solucion de HCI en 1,4-dioxano (4N, 12 ml, 30 eq) y la mezcla se agita durante 16 hrs a
50° C. Los disolventes se evaporan y se agrega éter de dietilo para precipitar el producto.
El material sélido se filtra y se seca in vacuo para dar el compuesto 47 (0.67g, 93%) como
un sélido blanco. 'H RMN (400 MHz, DMSO-de): dppm, 2.92 (t, J= 7.1 Hz, 2 H), 3.06 -
3.31 (bs, 2 H), 3.57 (t, J= 7.1 Hz, 2 H), 3.50 - 3.61 (bs, 1 H), 3.79 - 4.04 (bs, 1 H), 4.21 -
4.42 (bs, 1 H), 4.42 - 4.60 (bs, 1 H), 5.20 (s, 2 H), 7.16 (d, J=8.6 Hz, 2 H), 7.35 (t, J= 7.5
Hz, 1 H), 7.41 (t, J= 7.5 Hz, 2 H), 7.49 (d, J= 7.5 Hz, 2 H), 7.93 (d, J=8.6 Hz, 2 H), 10.31 -
10.84 (bs, 1 H). LC-MS (Método A): Tr 1.32, [M+H] 379.

Ester de t- butilo de &cido 4-[2-(4- Bromo -fenil) -6,7 -dihidro-H-oxazolo[4,5-C]
piridina -5- il] - butirico (21d, Rb=H). El compuesto 20 (Rb=H, 2.5 g, 7.92 mmol) se
suspende en DMF (40 ml). A esta suspension se agrega carbonato de potasio (3.8 g, 27.7
mmol, 3.5 eq) y 4-bromobutanoato de t- butilo (5.3 g, 23.7 mmol, 3 eq). La mezcla se
calienta a 80° C durante 16 hrs, después de ese tiempo el andlisis TLC revela reaccion
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completa. La mezcla se concentra in vacuo y el residuo se purifica mediante
cromatografia de columna de gel de silice (eluyente: éter de dietilo/ éter de petrdleo, 1/1,
viv.a 100% de éter de dietilo) para producir 21d (Rb=H, 3.15 g, 94%) como un sélido
blanco.

Ester de t- butilo de 4cido 4-{2-[4- (2,3 -Difluoro- benciloxi) -fenil)] -6,7- dihidro-H-
oxazolo[4,5-c] piridina -5- il}- butirico (23d, Ra=2,3-diF, Rb=H). El compuesto 21d (Rb=H,
0.6 g, 1.42 mmol) se disuelve en tolueno desgasificado (5 ml) y a la solucién se agrega
carbonato de cesio (0.7g, 2.14 mmol), alcohol 2,3 -Difluoro- bencilico (0.32 ml, 2.85 mmol,
2 eq), 2-di-t-butilfosfino -3,4,5,6-tetrametil-2',4',6™-triisopropil-1,1- bifenilo (16.43 mg, 0.03
mmol, 0.02 eq) y acetato de paladio (Il) (6.39 mg, 0.03 mmol, 0.02 eq). La mezcla se agita
a 70° C durante 16 hrs. La mezcla se enfria a temperatura ambiente, se concentra in
vacuo y el residuo se purifica mediante cromatografia de columna de gel de silice (éter de
dietilo/ éter de petréleo, 2/1, v/v a 100% de éter de dietilo) para dar 23d puro (Ra=2,3-diF,
Rb=H, 0.48 g, 70%) como un aceite.

Acido 4-{2-[4- (2,3 -Difluoro- benciloxi) -fenil)] -6,7- dihidro-H-oxazolo[4,5-c] piridina
-5- il}- butirico (57). El compuesto 23d (Ra=2,3-diF, Rb=H, 0.46 g, 0.95 mmol) se disuelve
en una solucién de HCI en 1,4-dioxano (4N, 14 ml, 60 eq) y la mezcla se agita durante 16
hrs a temperatura ambiente. Los disolventes se evaporan y se agrega éter de dietilo para
precipitar el producto. El material sélido se filtra y se seca in vacuo para dar el compuesto
57 (0.45 g, 99%) como un sélido blanco. 'H RMN (400 MHz, DMSO-dg): Sppm 2.08 (m., 2
H), 2.41 (t, J= 7.0 Hz, 2 H), 3.00 - 3.29 (m, 2 H), 3.31 - 3.40 (m, 2 H), 3.48 - 3.70 (bs, 1 H),
3.70 - 3.96 (bs, 1 H), 4.18 - 4.38 (m, 1 H), 4.38 - 4.61 (m, 1 H), 5.26 (s, 2 H), 7.16 (d, J=
8.8 Hz, 2 H),719-7.25 (m, 1 H), 7.28 - 7.39 (m, 2 H), 7.94 (d, J= 8.8 Hz, 2 H), 10.37 -
10.88 (bs, 1 H); LC-MS (Método A): Tr 1.16, [M+H] 429.

Acido 4-{2-[4-Benciloxi -fenil] -6,7- dihidro-H-oxazolo[4,5-c] piridina -5- il}- butirico
(63). El compuesto 53 se prepara en una forma similar como se describe para la sintesis
de 57 partiendo de 23d (Ra=Rb=H). '"H RMN (400 MHz, DMSO-dq): 5ppm 2.01 - 2.17 (m,
2 H), 2.42 (t, J= 6.9 Hz 2 H), 3.00 - 3.30 (m, 2 H), 3.32 - 3.41 (m, 2 H), 3.50 - 3.69 (m, 1
H), 3.78 - 3.96 (m, 1 H), 4.18 - 4.37 (m, 1 H), 4.43-4.59 (m, 1 H), 5.18 (s, 2 H), 7.14 (d, J=
8.8 Hz, 2 H), 7.34 (t, J=7.9 Hz, 1 H), 7.40 (t, J= 7.9 Hz, 2 H), 7.47 (d, J= 7.9 Hz, 2 H), 7.93
(d, J=8.8 Hz, 2 H), 10.45 - 10.89 (bs, 1 H); LC-MS (Método A): Tr 1.17, [M+H] 393.

Acido 4-{2-[4- (4-Trifluorometil-benciloxi) -2- fluoro -fenil] -6,7- dihidro-H-
oxazolo[4,5-c] piridina -5- il}- butirico (85). El compuesto 85 se prepara siguiendo la ruta C
partiendo de cloruro de 2-fluoro-4 -bromo-benzoilo. 'H RMN (400 MHz, DMSO-ds), dppm:
1.98-2.11 (m, 2 H), 2.40 (t, J=7.1 Hz, 2 H), 3.10 - 3.24 (m, 2 H), 3.30 - 3.42 (m, 2 H), 3.51
- 3.66 (bs, 1 H), 3.79 - 3.97 (bs, 1 H), 4.25-4.39 (m, 1 H), 4.49 - 4.65 (m, 1 H), 5.32 (s, 2
H), 6.98 - 7.13 (m, 2 H), 7.66 - 7.78 (m, 4 H), 7.93 (t, J=8.6 Hz, 1 H), 9.91 - 10.46 (bs, 1 H);
LC-MS (Método A): Tr 1.77, [M+H] 479.
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Acido 4-{2-[4- (2-Fluoro-benciloxi) -2- metil -fenil] -6,7- dihidro-H-oxazolo[4,5-c]
piridina -5- il}- butirico (89). EI compuesto 89 se prepara siguiendo la ruta C partiendo de
cloruro de 2-metil -4- bromo -benzoilo. '"H RMN (400 MHz, DMSO-dg), dppm: 2.00 - 2.12
(m, 2 H), 2.41 (t, J=7.1 Hz, 2 H), 2.64 (s, 3 H), 3.05 - 3.26 (m, 2 H), 3.32 - 3.42 (m, 2 H),
3.50 - 3.70 (bs, 1 H), 3.79 - 3.95 (bs, 1 H), 4.22 - 4.39 (m, 1 H), 4.48 - 4.65 (m, 1 H), 5.21
(s, 2H), 6.97-7.04 (m,2H),7.17 -7.27 (m, 2 H), 7.37 - 7.46 (m, 1 H), 7.56 (dt, J=7.4, 1.4
Hz, 1 H), 7.89 (d, J=8.5 Hz, 1 H), 9.97 - 10.46 (bs, 1 H); LC-MS (Método A): Tr 1.61, [M+H]
425,

Acido 4-{2-[4- (3,4-Dicloro-benciloxi) -2- fluoro -fenil] -6,7- dihidro-H-oxazolo[4,5-c]
piridina -5- il}- butirico (227). El compuesto 227 se prepara siguiendo la ruta C partiendo
de cloruro de 2-fluoro-4 -bromo-benzoilo. '"H RMN (600 MHz, DMSO-dg), oppm:1.74 (q,
J=7.1Hz, 2 H), 2.26 (t, J=7.1 Hz, 2 H), 2.55 (t, J=7.1 Hz, 2 H), 2.73 - 2.78 (m, 2 H), 2.81 {t,
J=5.3 Hz, 2 H), 3.43 (br.s, 2 H), 5.21 (s, 2 H), 7.00 (dd, J=8.8, 2.5 Hz, 1 H), 7.11 (dd,
J=13.0, 2.5 Hz, 1 H), 7.47 (dd, J=8.4, 2.0 Hz, 1 H), 7.69 (d, J=8.3 Hz, 1 H), 7.76 (d, J=1.9
Hz, 1 H), 7.89 (t, J=8.3 Hz, 1 H), 11.30 - 12.80 (bs, 1 H); LC-MS (Método A): Tr 1.42,
[M+H] 479.

Acido 4-{2-[4- (2-Fluoro-benciloxi) -3- cloro -fenil] -6,7- dihidro-H-oxazolo[4,5-c]
piridina -5- il}- butirico (283). EI compuesto 283 se prepara siguiendo la ruta C partiendo
de cloruro de 3-cloro -4- bromo-benzoilo. '"H RMN (400 MHz, DMSO-dg): dppm 1.69 -
1.801.74 (m,, 2 H), 2.27 (t, J=7.2 Hz, 2 H), 2.55 {t, J=7.0 Hz, 2 H), 2.73 - 2.79 (m,, 2 H),
2.81 (, J=4.6 Hz, 2 H), 3.43 (s, 2 H), 5.32 (s, 2 H), 7.25 - 7.33 (m, 2 H), 7.42 - 7.50 (m, 2
H), 7.58 - 7.65 (m, 1 H), 7.88 (dd, J=8.7, 2.1 Hz, 1 H), 7.93 (d, J=2.1 Hz, 1 H), 11.0 - 13.0
(bs, 1 H); LC-MS (Método B): Tr 1.99*, [M+H] 445.

Acido 4-{2-[4- (4-Cloro-benciloxi) -3- fluoro -fenil] -6,7- dihidro-H-oxazolo[4,5-c]
piridina -5- il}- butirico (211). EI compuesto 211 se prepara siguiendo la ruta C partiendo
de cloruro de 3-fluoro -4- bromo-benzoilo. '"H RMN (400 MHz, DMSO-dg) dppm: 1.95 -
2.06 (m, 2 H), 2.38 (t, J=7.2 Hz, 2 H), 3.09 - 3.20 (m, 2 H), 3.23 - 3.32 (m., 2 H), 3.44 -
3.53 (m, 1 H), 3.76 - 3.86 (m, 1 H), 4.20 - 4.32 (m, 1 H), 4.43 - 4.52 (m, 1 H), 5.28 (s, 2 H),
7.43 (t, J=8.6 Hz, 1 H), 7.51 (m, 4 H), 7.76 (m, 2 H),10.65 - 11.02 (bs, 1 H), 12.03 - 12.77
(bs, 1 H); LC-MS (Método B): Tr 2.03*, [M+H] 445.

2-(4-Benciloxi -fenil) -oxazolo[4,5-c] piridina (25, Ra=Rb=H).A una suspensién
enfriada (0 °) de 4-hidroxi- 3-amino-piridina comercialmente disponible (14, 19.3 g, 175
mmol) en acetonitrilo (1500 ml) se agrega acido 4-benciloxi- benzoico (24, Ra=Rb=H, 40
g, 175 mmol), trifenilfosfina (142.5 g, 543 mmol, 3.1 eq) y tricloroactonitrilo (54.5 ml, 543
mmol, 3.1 eq). Se deja que la mezcla de reaccién alcance temperatura ambiente y la
mezcla se agita durante 16 hrs a 80° C. La mezcla se concentra in vacuo y los residuos se
disuelven en DCM vy se lava con NaOH 2N (3x). Las capas de agua combinadas se

AP
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extraen con DCM vy las capas organicas se secan (Na,SO,) para dar 25 crudo (Ra=Rb=H)
como aceite que se utiliza en la siguiente etapa sin purificacién adicional.

2-(4-Benciloxi -fenil) -5- metil-4,5,6,7-tetrahidro -oxazolo[4,5-c] piridina (26,
Ra=Rb=H). A una solucién de 25 crudo (Ra=Rb=H, 117 mmol) en DMF (540 ml) se
agrega yodometano (29.35 ml, 471 mmol, 4 eg) y la mezcla se agita durante 16 hrs. La
mezcla se concentra in vacuo y el residuo se agita en EtOAc para dar la sal cuaternaria
de 25 un sélido blanco, que se disuelve en metanol (950 ml) y la solucién se enfria a 0° C.
Se agrega borohidruro de sodio (10.2 g, 268 mmol, 2.5 eg) y la mezcla se agita a 0° C
durante 2 hrs, después de ese tiempo se deja que alcance temperatura ambiente y se
continla la agitacion durante 64 hrs. Se agrega agua (117 ml) y la mezcla se agita
durante 5 minutos. La mezcla se concentra in vacuo, los residuos suspenden en NaOH
2N (5 ml/ mmol) y se extrae con DCM (3x). Las capas organicas combinadas se secan
(Na;SO,) y se concentran para dar 26 crudo (Ra=Rb=H) como un sélido amarillo que se
utiliza en la siguiente etapa sin purificacion adicional.

2-(4-Benciloxi -fenil) -4,5,6,7- tetrahidro-oxazolo[4,5-c] piridina (27, Ra=Rb= H). A
una solucion enfriada (0° C) del compuesto 26 (Ra=Rb=H, 35.2 g, 109.8 mmol) en 1,2-
dicloroetano (880 ml) se agrega DIPEA (37.61 ml, 219.7 mmol, 2 eq) y se agrega
cloroformato de 1-Cloroetilo (35,56 ml, 329.6 mmol, 3 eq). La mezcla se agita durante 10
minutos a 0° C después de ese tiempo la temperatura se eleva a temperatura de reflujo.
Después de 4 hrs, se deja que la mezcla alcance temperatura ambiente y se continta la
agitacion durante 16 hrs. La mezcla se concentra in vacuo y el residuo se disuelve en
metanol (880 ml). La solucién se agita durante 16 hrs a temperatura ambiente después de
ese tiempo el andlisis TLC revela que se completa la reaccidn. El retiro del disolvente
resulta en el aislamiento de 27 crudo (Ra=Rb=H) en un rendimiento total de 20% con
base en 25 (Ra=Rb=H).

Ester de t- butilo de acido 3-[2-(4-Benciloxi -fenil) -4,5,6,7-tetrahidro-oxazolo[4,5-C]
piridina] -2- metil- propidnico (28b).A una solucién del compuesto 27 (Ra=Rb=H, 13.45 g,
43.9 mmol) en DMF (270 mil) se agrega 1,8-diazabiciclo [5.4.0] undec-7-eno (3 eg) y
metacrilato de t- butilo (28.54 ml, 175.6 mmol, 4 eq). La mezcla se calienta a 125° C
durante 100 hrs. La solucién se enfria y se agrega 5% de NaHCO; (15 mi/ mmol) y se
extrae con éter de dietilo/ EtOAc, 1/1, v/v. La capa organica se lava con agua (4x), se
seca sobre MgS0,, se concentra in vacuo y el residuo se purifica mediante cromatografia
de columna de gel de silice (eluyente: éter de dietilo/ éter de petrdleo, 1/2 a 3/1, v/v) para
dar 23b (Ra=Rb=H, 14.58 g, 74%) como un aceite.

Acido 3-[2-(4-Benciloxi -fenil) -6,7 -dihidro-H-oxazolo[4,5-c] piridina -5- il] -2- metil-
propiénico (146). EI compuesto 23b (Ra=Rb=H, 0.45 g, 1 mmol) se disuelve en una
solucién de HCI en 1,4-dioxano (4N, 14 ml, 60 eq) y la mezcla se agita durante 16 hrs a
temperatura ambiente. Los disolventes se evaporan y se agrega éter de dietilo para
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precipitar el producto. El material sélido se filtra y se seca in vacuo para dar el compuesto
146 (0.43 g, 99%) como un sélido blanco. '"H RMN (400 MHz, DMSO-dg), oppm:1.28 (d,
J=7.3 Hz, 3 H), 3.07 - 3.20 (m, 3 H), 3.26 (dd, J=13.2, 4.9 Hz, 1 H), 3.60 (dd, J=13.2, 7.9
Hz, 1 H), 3.66 (bs, 2 H), 4.34 (br. s., 2 H), 5.18 (s, 2 H), 7.11 - 7.17 (m, 2 H), 7.31 - 7.37
(m, 1H),7.37-7.43 (m, 2 H), 7.44 - 7.49 (m, 2 H), 7.85 - 7.93 (m, 2 H), 10.17 - 12.85 (bs,
1 H); LC-MS (Método A): Tr 1.48, [M+H] 393.

Acido 3-{2-[4- (4-Trifluorometil-benciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-c]
piridina -5- il} -2- metil- propiénico (156). EI compuesto 156 se prepara siguiendo la ruta C.
'H RMN (400 MHz, DMSO-dg): Sppm: 1.29 (d, J=7.2 Hz, 3 H), 3.09 - 3.21 (bs, 3 H), 3.27
(dd, J=13.1, 6.3 Hz, 1 H), 3.57 - 3.72 (dd, J=13.1, 7.3 Hz, 1 H), 3.65 - 3.72 (bs, 2 H), 4.34
(br.s., 2 H), 5.33 (s, 2 H), 7.21 (d, J=8.8 Hz, 2 H), 7.68 - 7.74 (m, 2 H), 7.75 - 7.81 (m, 2
H), 7.93 (d, J=8.8 Hz, 2 H), 10.50 - 12.32 (bs, 1 H); ®*C RMN (101 MHz, DMSO-dg), 5PPM:
16.35 (g, 1 C), 19.25 (t, 1 C), 35.14 (d, 1 C), 49.04 (br. t., 1 C), 49.76 (br. t., 1 C), 57.23 (t,
1 C), 68.66 (1, 1 C), 115.60 (d, 2 C), 119.65 (s, 1 C), 124.21 (s, 'UCF=272.5 Hz, 1 C),
125.34 (d, °*JCF=3.6 Hz, 2 C), 127.63 (d, 2 C), 128.05 (d, 2 C), 128.51 (s, 2JCF=31.7 Hz, 1
C), 128.63 (s, 1 C), 141.51 (s, 1 C), 142.86 (s, 1 C), 160.11 (s, 1 C), 160.76 (s, 1 C),
174.95 (s, 1 C); LC-MS (Método A): Tr 1.82, [M+H] 461.

Acido 3-{2-[4- (4-Cloro-benciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-c] piridina -5- il}
-2- metil- propidnico (157). EI compuesto 157 se prepara siguiendo la ruta C. "H RMN (400
MHz, DMSO-d), ppm: 1.19 (d, J=7.4 Hz, 3 H), 3.00 - 3.12 (m, 3 H), 3.18 (dd, J=13.2, 5.3
Hz, 1 H), 3.52 (dd, J=13.2, 7.1 Hz, 1 H), 3.56 - 3.66 (bs, 2 H), 4.24 (br. s., 2 H), 5.11 (s, 2
H), 7.08 (d, J=9.0 Hz, 2 H), 7.35 - 7.43 (m, 4 H), 7.81 (d, J=9.0 Hz, 2 H), 10.57 - 11.92 (bs,
1 H); ®C RMN (101 MHz, DMSO-ds), 5PPM: 16.44 (q, 1 C), 19.19 (, 1 C), 35.09 (d, 1 C),
49.1 (br. 1,1 C), 496 (br. t., 1 C), 57.17 (t, 1 C), 68.72 (t, 1 C), 115.59 (d, 2 C), 119.50 (s,
1 C), 127.60 (d, 2 C), 128.45 (d, 2 C), 128.52 (s, 1 C), 129.51 (d, 2 C), 132.58 (s, 1 C),
135.69 (s, 1 C), 142.79 (s, 1 C), 160.22 (s, 1 C), 160.80 (s, 1 C), 174.92 (s, 1 C); LC-MS
(Método A): Tr 1.72, [M+H] 427.

Acido 3-{2-[4- (4-(2,3 -Difluoro- benciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-c]
piridina -5- il}- butirico (175). El compuesto 175 se prepara siguiendo la ruta C. ‘H RMN
(400 MHz, DMSO-dg), Sppm: 1.27 (d, J=6.6 Hz, 3 H), 2.5 - 2.6 (m, 1 H), 2.8 - 3.1 (m, 3 H),
3.1-3.5(bs,2H),3.6-3.7 (bs, 1 H),3.9-4.1 (bs,2H), 528 (s, 2 H), 7.0 - 7.2 (m, 2 H),
72-73(m,1H),74-75(m,2H),79-8.0(m, 2H), 12.16(br. s., 1 H); LC-MS (Método
A): Tr 1.3, [M+H] 429.

Acido 3-{2-[4- (4-Trifluorometil-benciloxi) -2- fluoro -fenil] -6,7- dihidro-H-
oxazolo[4,5-c] piridina -5- il} -2- metil- propidnico (271). El compuesto 271 se prepara
siguiendo la ruta C. '"H RMN (400 MHz, DMSO-dg), dppm: 1.29 (d, J=7.2 Hz, 3 H), 3.06 -
3.36 (m, 4 H), 3.51 - 3.68 (m, 2 H), 3.70 - 3.90 (bs, 1 H), 4.18 - 458 (bs, 2 H), 5.33 (s, 2 H),
7.03 (dd, J=8.7, 2.2 Hz, 1 H), 7.10 (dd, J=12.9, 2.2 Hz, 1 H), 7.65 - 7.71 (m, 2 H), 7.73 -
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7.77 (m, 2 H), 7.92 (, J=8.7 Hz, 1 H), 11.01 (br. s., 1 H); LC-MS (Método A): Tr 1.56,
[M+H] 479.

Ester de t- butilo de &cido 2-(4- Bromo -fenil) -6,7 -dihidro-H-oxazolo[4,5-c] piridina
-5- carboxilico (28, Rb=H). A una sUspensic’Jn del compuesto 20 (Rb=H, 14.3 g, 48.2
mmol) en DCM (300 ml) se agregan DIPEA (1 eq) y dicarbonato de t- butilo (11.59 g, 53
mmol, 1.1 eq). La mezcla se agita a temperatura ambiente durante 16 hrs, después de
ese tiempo el anélisis TLC revela reaccién completa. La mezcla se concentra in vacuo
para dar el compuesto puro crudo 28 (Rb=H) que se utiliza en la siguiente etapa sin
purificacién adicional.

Ester de t- butilo de 4cido 2-(4-Hidroxi -fenil) -6,7 -dihidro-H-oxazolo[4,5-c] piridina
-5- carboxilico (29, Rb=H). El compuesto 28 (Rb=H, 9 g, 20.4 mmol) se disuelve en 1,4-
dioxano (90 ml) y a la solucién se agrega hidréxido de potasio (4.58 g, 81 mmol, en 90 ml
de agua) y la solucién se desgasifica. A la solucién se agrega 2-di-t-butilfosfino -2°,4',6'-
triisopropilbifenilo (346mg, 0.82 mmol, 0.04 eq) y tris-(dibencilidenoaceton)- dipaladio (0)
(373.5 mg, 0.41 mmol, 0.02 eq). La mezcla se agita a 80° C durante 16 hrs, después de
ese tiempo el andlisis LC-MS muestra que se completa la conversion. La mezcla se enfria
a temperatura ambiente, se diluye con EtOAc, se acidifica a pH 6 con HCl 0.1N y se
extrae con EtOAc. Las capas organicas se secan sobre MgSQ,, se filtran y se concentran
in vacuo. El residuo se purifica mediante cromatografia de columna de gel de silice
(DCM/MeQH, 97/3, v/v) para dar el compuesto puro 29 (Rb=H, 6 g, 83%).

Ester de t- butilo de &cido 2-[4- (4-Trifluorometil-benciloxi) -fenil) -6,7 -dihidro-H-
oxazolo[4,5-c] piridina -5- carboxilico (30, Ra=4CF;, Rb=H). El compuesto 29 (Rb=H, 6 g,
17 mmol) se disuelve en DCM/ agua, 2/1, v/v (78 ml/ mmol) y a esta solucién se agrega
hidroxido de sodio (27 ml, 2N, 3 eq). A esta mezcla se agrega bromuro de
tetrabutilamonio (549 mg, 0.1 eq) y bromuro de 4-trifluorometil -bencilo (4.48 g, 18.75
mmol, 1.1 eq). La mezcla se agita durante 16 hrs a temperatura ambiente después de ese
tiempo el anélisis LC-MS muestra reaccién completa. La mezcla se diluye con DCM (200
ml), las capas se separan y la capa de agua se extrae con DCM. Las capas organicas se
secan sobre MgSQ,, se filtran y se concentran in vacuo. El residuo se purifica mediante
cromatografia de columna de gel de silice (eluyente: EtOAc/ éter de petrdleo, 1/3) para
dar el compuesto puro 30 (Rb=H, 9.0 g, 96%) como una espuma incolora.

2-[4- (4-Trifluorometil- benciloxi) -fenil) -6,7 -dihidro-H-oxazolo[4,5-c] piridina(30,
Ra=4CF;, Rb=H). EI compuesto 30 (9.6 g, 18.5 mmol) se disuelve en DCM (150 ml) y se
agrega acido trifluoroacético (8.5 mi, 111 mmol, 6 eq). La solucién se somete a reflujo
durante 16 hrs, después de ese tiempo el andlisis TLC muestra reacciéon completa. La
mezcla se neutraliza con 5% de NaHCO; acuoso. La mezcla se extrae con DCM (3x) y las

capas organicas combinadas se lavan con solucién salina, se secan sobre Na,SO, y se
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concentran in vacuo para dar el compuesto 27 (Ra=4CF;, Rb=H) que se utiliza en la
siguiente etapa sin purificacion adicional.

Acido 3-{2-[4- (4-Trifluorometoxibenciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-c]
piridina -5- il}-ciclobutano carboxilico (306).El compuesto 27 (Ra=4CF;, Rb=H 0.71 g, 1.8
mmol) se suspende en 1,2-dicloroetano (40 ml). A esta suspensién se agrega acido 3-
oxociclobutanocarboxilico (0.27g, 2.34 mmol, 1.3 eq) y borohidruro triacetoxi de sodio
(0.61 g, 2.88 mmol, 1.6 eq). La mezcla se agita a temperatura ambiente durante 16 hrs,
después de ese tiempo el andlisis TLC revela reaccion completa. La solucién se diluye
con 5% de NaHCO3 (15 ml/ mmol) y la mezcla se extrae con DCM. Las capas organicas
combinadas se secan sobre Na,SO,, se concentran in vacuo y el residuo se purifica
mediante cromatografia de columna de gel de silice para proporcionar una mezcla de
estereoisémeros cis y trans en una relacion de 2 a 1. Una segunda purificacion con
cromatografia de columna de gel de silice (DCM/MeQH, 9/1, v/v) resulta en el aislamiento
de dos fracciones de estereoisémerros enriquecidas. El compuesto 307-cis (Rf, 0.2, 0.46
g, 51%, cis/trans = 95/5) y 306-trans (Rf 0.25, 0.21 g, 25%, cisftrans = 5/95). 307-cis: 'H
RMN (400 MHz, DMSO-dg): ppm 1.92 - 2.05 (m, 2 H); 2.26 - 2.37 (m, 2 H); 2.68 (t, J=4.5
Hz, 2 H); 2.70 - 2.79 (m, 3 H); 2.89 - 3.00 (m, 1 H); 3.30 - 3.41 (bs, 2 H); 5.21 (s, 2 H) 7.14
(d, J=8.8 Hz, 2 H); 7.41 (d, J=8.5 Hz, 2 H); 7.61 (d, J=8.5 Hz, 2 H); 7.87 (d, J=8.8 Hz, 2 H);
12.15 (br. s., 1 H); 306-trans: 'H RMN (400 MHz, DMSO-ds) 5ppm: 2.10 - 2.21 (m, 2 H);
2.22-2.34 (m, 2 H); 2.67 (t, J=4.8 Hz, 2 H); 2.71 - 278 (m., 2 H); 2.84 - 2.95 (m, J=9.6 Hz,
1 H); 3.17 (quin, J=7.4 Hz, 1 H); 3.31 - 3.40 (bs, 2 H); 5.21 (s, 2 H); 7.14 (d, J=8.8 Hz, 2
H); 7.41 (d, J=8.5 Hz, 2 H); 7.61 (d, J=8.5 Hz, 2 H); 7.87 (d, J=8.8 Hz, 2 H); 12.20 (br. s., 1
H). LC-MS Tr 1.41, [M+H] = 489.

Acido 3-{2-[4- (3,4-Difluorobenciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-c] piridina -
5- il}- ciclobutano carboxilico (277). Los compuestos 278-cis y 277-trans se preparan
como se describe para 306. 278-cis: 'H RMN (400 MHz, DMSO-dg): Sppm 1.93 - 2.04 (m,
2 H) 2.26 - 2.36 (m, 2 H) 2.68 (t, J=4.8 Hz, 2 H) 2.70 - 2.80 (m, 3 H) 2.88 - 3.00 (m, 1 H)
3.33 - 3.40 (bs, 2 H) 5.16 (s, 2 H) 7.14 (d, J=8.8 Hz, 2 H) 7.29 - 7.38 (m, 1 H) 7.47 (dt,
J=10.7, 8.4 Hz, 1 H) 7.56 (ddd, J=11.5, 8.0, 2.0 Hz, 1 H) 7.87 (d, J=8.8 Hz, 2 H) 12.15 (br.
s., 1 H); LC-MS (método A): Tr 1.33, [M+H] = 441; 277-trans: 'H RMN (400 MHz, DMSO-
de): 6ppm 2.09 - 2.20 (m, 2 H) 2.23 - 2.31 (m, 2 H) 2.67 (t, J=4.5 Hz, 2 H) 2.70 - 2.77 (m, 2
H) 2.84 - 2.93 (m, 1 H) 3.12-3.22 (m, 1 H) 3.32 - 3.39 (bs, 2 H) 5.16 (s, 2 H) 7.14 (d,
J=8.8 Hz, 2 H) 7.30 - 7.37 (m, 1 H) 7.47 (dt, J=10.8, 8.4 Hz, 1 H) 7.56 (ddd, J=11.4, 8.0,
1.9 Hz, 1 H) 7.87 (d, J=8.8 Hz, 2 H) 12.20 (br. s., 1 H); ); LC-MS (método A): Tr 1.31,
[M+H] = 441.

3-Bromo-N-benciloxicarbonil -4- piperidona (502). A una solucién enfriada (0° C)
de N-benciloxicarbonil-4 -piperidona (501, 27.3 g 117 mmol) en DCM'(S ml/ mmol) se
agrega DIPEA (25.5 mi, 146.2 mmol, 1.25 eg} y sulfonato de trimetilsilil trifluorometano
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(25.4 ml, 141 mmol, 1.2 eg). La mezcla se agita durante 30 minutos a 0° C. Luego, se
agrega N-bromosuccinimida (21.2 g, 119.3 mml, 1.02 eg) y se continlia la agitacién
durante 16 hrs a temperatura ambiente. La mezcla de reaccién se lava con 5% de
NaHCO, y la capa organica se seca (MgSQ,) y posteriormente se concentra bajo presién
reducida. El aceite resultante se purifica mediante cromatografia de gel de silice (éter de
dietilo/ éter de petréleo, 1/1 a 1/0, v/v, Rf 0.1) dando 502 en un rendimiento de 90% como
un aceite amarillo.

Ester de t- butilo de &cido 2-(4-Metoxi -fenil) -6,7 -dihidro -4H- tiazolo [5,4-c]piridina
-5- carboxilico (504). El compuesto 502 (2.0 g, 6.5 mmol) se disuelve en etanol (20 ml). A
la solucion se agrega 4-metoxitiobenzamida (503, 1.09 g, 6.5 mmol, 1 eq) y la mezcla
amarilla se somete a reflujo durante 17 hrs, después de ese tiempo el andlisis TLC
muestra conversién completa de 502. La mezcla de reaccién se concentra in vacuo y el
residuo se disuelve en EtOAc, se lava con 5% de Na,SO, , la capa organica se seca
(MgSQ,) y posteriormente se concentra bajo presién reducida. El aceite resultante se
purifica mediante cromatografia de gel de silice (éter de dietilo, Rf 0.3) dando el
compuesto 504 en un rendimiento de 49% como un aceite incoloro. Los compuestos que
tienen un sustituto Rb se pueden preparar al seleccionar una (Rb)- 4-metoxitiobenzamida
(503) apropiadamente sustituida.

4-(4,5,6,7-Tetrahidro-tiazolo [5,4-c]piridina-2 -il)-fenol 505. El compuesto 504 (18.0
g, 47.3 mmol) se disuelve en etanol (300 mi). A la solucion enfriada (-78° C) se agrega
tribromuro de boro (5 eg, 236 mmol) en forma de gotas. Después de una hora de
enfriamiento se elimina y la mezcla se agita 16 hrs a temperatura ambiente. La reaccién
se apaga con MeOH, la mezcla se concentra in vacuo para dar el compuesto 505 como
un aceite que se utiliza en la siguiente etapa sin purificacion adicional.

Procedimiento general para la sintesis de los compuestos 508. Los compuestos
508 se preparan partiendo de los compuestos 505 en una forma similar como se describe
para la sintesis de los compuestos 7 y 21 (véase esquemas 1-4). Como un ejemplo tipico
se describe la sintesis del compuesto 508 (Ra=F, Rb=H, Rc=C2).

Ester de t- butilo de acido 3-[2-(4-(Hidroxi -fenil) -6,7 -dihidro -4H- tiazolo [5,4-
c]piridina -5- il} - propiénico (506, Rb=H, Rc=C2). A una suspensién de 505 (Rb=H, 5.8 g,
25.1 mmol) en MeOH (100 ml) y DIPEA (5.1 ml, 30.1 mmol, 1.2 eq) se agrega acrilato de
t- butilo (4.4 ml, 30.1 mmol, 1.2 eq) y la mezcla se somete a reflujo durante 16 hrs,
después de ese tiempo el analisis TLC (éter de dietilo, Rf 0.2) muestra conversion
completa de 505. La mezcla de reaccién se concentra in vacuo y el residuo se disuelve en
EtOAc, se lava con 5% de NaHCO3 y la capa organica se seca (Na,SQO,) y posteriormente
se concentra bajo presién reducida. El aceite resultante se purifica mediante
cromatografia de gel de silice (éter de dietilo) dando el compuesto 506 (Rb=H, Rc=C2) en

un rendimiento de 79% como un sélido blanco material.

o



10

15

20

25

30

35

46

Ester de t- butilo de acido 3-[2-(4-(2- Fluoro-benciloxi) -fenil) -6,7 -dihidro -4H-
tiazolo [5,4-c]piridina -5- il}- propiénico (507, Ra= 2F, Rb=H, Rc=C2). A una suspension de
506 (Rb=H, Rc=C2, 0.5 g, 1.4 mmol) en DMA (4 ml) se agrega trifenil fosfina (0.45 g, 1.7
mmol, 1.25 eg), azodicarboxilato de diisopropilo (0.33 ml, 1.7 mmol, 1.25 eq) y alcohol 2-
fluoro bencilico (0.17 ml, 1.56 mmol, 1.15 eg) y la mezcla se agita a temperatura ambiente
durante 16 hrs. La mezcla de reaccién es éter de dietilo (150 ml) y se lava con 3x50 ml de
agua. lLas capas organicas combinadas se secan (NaSO,) y posteriormente se
concentran bajo presion reducida. El aceite resultante se purifica mediante cromatografia
de gel de silice (éter de dietilo/ éter de petréieo, 2/1, v/v) dando el compuesto 507 (Ra=2F,
Rb=H, Rc=C2) en un rendimiento de 67% como un sdlido blanco material.

Acido 3-[2-(4-(2-Fluoro-benciloxi) -fenil} -6,7 -dihidro -4H- tiazolo [5,4-c]piridina -5-
il] -propiodnico (38, Ra= 2F, Rb=H, Rc=C2). Ei compuesto 507, Ra=2F, Rb=H, Rc=C2, 0.43
g, 0.9 mmol) se disuelve enHCI 4N en dioxano (10 ml). La mezcla se agita durante 16 hrs
a temperatura ambiente. La mezcla se concentra in vacuo y el sélido resultante se lava
con éter de diisopropilo para dar 38 como un sélido blanco (Ra= 2F, Rb=H, Rc=C2, 0.42
g, 97%). El compuesto 38: 'H RMN (400 MHz, DMSO-d;), 5ppm 2.88-3.03 (m, 2H), 3.06 -
3.14 (m, 1 H), 3.20 (m, 1 H), 3.48 (sefal amplia, 3 H), 3.73 - 3.87 (m, 1 H), 4.44 (bd,
J=15.9, 6.0 Hz,1 H), 4.72 (b, J=15.9 Hz, 1 H), 5.22 (s, 2 H), 7.16 (d, J=8.6 Hz, 2 H), 7.23 -
7.32 (m, 2 H), 7.41 - 7.49 (m, 1 H), 7.59 (dt, J=7.6, 1.5 Hz, 1 H), 7.87 (d, J=8.6 Hz, 2 H),
11.63 (br. s., 1 H); LC-MS (Método A): Tr 1.3, [M+H] 473.

4-Bromo-N-(4-cloro-piridin -3- il)-benzamida (510). Una mezcla de 4-amino -3-
cloropiridina (509, 5.9 g, 46,2 mmol), cloruro de 4-bromobenzoilo (15, 11.15 g, 50.8 mmol)
y carbonato de potasio (22.4 g, 161.7 mmol) en acetonitrilo (150 ml) se somete a reflujo
durante 24 hrs. La mezcla de reaccién se concentra in vacuo, se redisuelve en DCM y la
solucién se lava con agua. La capa organica se seca (MgSQ,), se concentra y el aceite
resultante se purifica mediante cromatografia de columna de gel de silice (DCM/MeOH,
99/1, v/v, Rf 0.2) para dar 510 puro (10.4 g, 72%) como un aceite. Cuando se utiliza un
compuesto sustituto 15, se introduce el Rb en el compuesto 510.

2-(4- Bromo -fenil) -tiazolo-[4,5¢] -piridina (511). El compuesto 510 (10.4 g, 33.4
mmol) se suspende en tolueno (400 ml) y se agrega reactivo de Lawesson (9.4 g, 23.4
mmol, 0.7 eq) y la mezcla se somete a reflujo durante 24 hrs, después de ese tiempo el
analisis TLC (DCM/MeOH, 97/3, v/v, Rf 0.7) revela que se completa la reaccion. La
mezcla se concentra in vacuo y al aceite se agrega NaHCO; (5% de solucion, 200 mi) y la
suspension se extrae con DCM (3x200 ml). Las capas organicas combinadas se secan
sobre MgSQ,, se concentran y el aceite se purifica mediante cromatografia de columna de
gel de silice (DCM/MeOH, 99/1 a 97/3, v/v) para dar 511 puro (8.7g, 89%) como un aceite.

2-(4-Benciloxi  -fenil) -4,5,6,7-tetrahidro-tiazolo-[4,5¢] -piridina (518). Los

compuestos 518 se obtienen partiendo de 511 en una forma similar como se describe
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para la sintesis de los compuestos 27 en los Esquemas 4 y 7. Los residuos apropiados Rc
se pueden ligar a 518 en una forma similar como se describe para los compuestos 27.

Acido 4-{2-[4- (3,5 -Difluoro- benciloxi)- fenil] -6,7- dihidro -4H- tiazolo-[4,5¢] -piridin
-5- il}- butirico (446, Ra=3,5-F, Rb=H, Rc=C3). El compuesto 519 (Ra=3,5-F, Rb=H,
Rc=C3, 0.79 g, 1.58 mmol) se disuelve en HCI 4N en dioxano (25 ml) se agita durante 18
hrs a 50° C y durante 70 hrs a temperatura ambiente. La mezcla se concentra in vacuo y
el aceite resultante se agita en éter de dietilo para producir 446 como un sdlido blanco
(0.72 g, 94%). 'H RMN (400 MHz, DMSO-dg): dppm: 2.03 - 2.15 (m, 2 H), 2.40 (t, J=7.3
Hz, 2 H), 3.12 - 3.22 (m, 1 H), 3.32 (sefial amplia, 3 H), 3.40 - 3.51 (m, 1 H), 3.75 - 3.90
(m, 1 H), 4.36 (dd, J=15.2, 6.8 Hz, 1 H), 4.59 (d, J=15.2 Hz, 1 H), 5.21 (s, 2 H), 7.05 (it,
J=9.0, 23 Hz, 1 H), 7.09 - 7.18 (m, 4 H), 7.84 (d, J=8.9 Hz, 2 H), 11.17 (br. s., 1 H); Tr
1.33, [M+H] 502.

Acido 2-{2-[4- (3,5 -Difluoro- benciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-¢] piridina
-5- il}- acético (463). 2-[4- (3,5 -Difluoro- benciloxi)- fenil] -4,5,6,7-tetrahidro-oxazolo[4,5-c]
piridina (27, Ra=3,5-diF, Rb= H) se sintetiza siguiendo la ruta C como se describid
anteriormente. El compuesto 27 (Ra=3,5diF, Rb= H, 0.4 g, 1.17 mmol) se disuelve en
acetonitrilo (20 ml). A la solucién se agrega DIPEA (0.51 ml, 2.9 mmol, 2,5 eq) y
bromoacetato de t- butilo (0.19 ml, 1.29 mmol, 1.1 eq). La mezcla se somete a reflujo
durante 6 hrs, después de ese tiempo el andlisis LCMS muestra que se completa la
reaccion. La mezcla se concentra in vacuo, se agrega agua y la suspensioén se extrae con
DCM (3x200 ml). Las capas organicas combinadas se secan sobre MgSQ,, se concentran
y el aceite se purifica mediante cromatografia de columna de gel de silice (éter de dietilo/
éter de petrdleo, 3/1, v/v). El aceite resultante se suspende en HCI 4N en dioxano (20 ml).
La mezcla se agita a 45° C durante 5 hrs y a temperatura ambiente durante 16 hrs. La
mezcla se concentra in vacuo para dar un sélido blanco. El material sélido se lava 3 veces
con éter de dietilo para dar 463 (0.39 g, 91%) como un sdlido blanco. 'H RMN (400 MHz,
DMSO-dg): dppm: 3.10 - 3.20 (m., 2 H), 3.70 - 3.80 (m., 2 H), 4.31 (s, 2 H), 4.44 (s, 2 H),
522 (s, 2 H), 7.02-710 (m, 1 H), 7.13 - 7.20 (m, 4 H), 7.92 (d, J=8.8 Hz, 2 H), 9.53 -
12.44 (br.s., 1 H); Tr 1.51; [M+H] 401.

Acido 2-{2-[4- (3,5 -Difluoro- benciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-c] piridina
-5- il}- pfopiénico (464). El compuesto 27 (Ra=3,5diF, Rb= H, 0.4 g, 1.17 mmol) se
disuelve en acetonitrilo (20 ml). A la solucién se agrega DIPEA (0.51 ml, 2.9 mmol, 2,5 eq)
y éster de t-butilo 2-bromo- propidnico (0.27gl, 1.29 mmol, 1.1 eq). La mezcla se somete a
reflujo durante 24 hrs, después de ese tiempo el andlisis LCMS muestra que se completa
la reaccion. La mezcla se concentra in vacuo, se agrega agua y la suspensién se extrae
con DCM (3x200 ml). Las capas organicas combinadas se secan sobre MgSO,, se
concentran y el aceite se purifica mediante cromatografia de columna de gel de silice (éter
de dietilo/ éter de petrdleo, 3/2, v/v, Rf 0.3). El aceite resultante se suspende en HCI 4N
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en dioxano (20 ml). La mezcla se agita a 45° C durante 5 hrs y a temperatura ambiente
durante 16 hrs. La mezcla se concentra in vacuo para dar un sélido blanco. El material
sélido se lava 3 veces con éter de dietilo para dar 464 (0.41 g, 89%) como un slido
blanco. '"H RMN (400 MHz, DMSO-dg): dppm, 1.66 (d, J=7.1 Hz, 3 H), 3.17 (br. s., 2 H),
3.74 (br. s., 2 H), 4.33 - 4.52 (m, 4 H), 5.22 (s, 2 H), 7.02- 7.11 (m, 1 H), 7.13 - 7.25 (m, 4
H), 7.92 (d, J=8.8 Hz, 2 H); Tr 1.53, [M+H] 415.

Acido 3-{2-[4- (3,5 -Difluoro- benciloxi)- fenil] -6,7- dihidro -4H- oxazolo[4,5-c] -
piridin -5- il}-ciclopentano carboxilico (465, 1/1 mezcla cis-trans). El compuesto 27
(Ra=3,5diF, Rb=H, 0.1 g, 0.29 mmol) se disuelve en 1,2-dicloroetano (5 ml). A la solucién
se agrega acido 3-oxo- ciclopentano- carboxilico (0.05 g, 0.41 mmol, 1.4 eq), borohidruro
triacetoxi de sodio (0.11 g, 0.53 mmol, 1,8 eq) y AcOH (0.03 ml, 0.58 mmol, 2 eq). La
mezcla se agita durante 16 hrs, después de ese tiempo el andlisis LCMS muestra que se
completa la reaccion. A la mezcla se agrega una solucién saturada de NH,CI y la mezcia
se extrae con DCM. Las capas organicas combinadas se concentran in vacuo y el aceite
se purifica mediante cromatografia de columna de gel de silice (DCM/MeOH, 9/1, v/v)
para dar el compuesto 465 como una mezcla cis/ trans en una relacién de 1/1.

Rt 1.27, [M+H] 455.

Acido 4-{2-[4- (2,3-Difluoro -benciloxi) -2- metil -fenil] -6,7- dihidro -4H- oxazolo-
[4,5c] -piridin -5- il}- pentanoico (393). El compuesto 22 (Rb=2Me, Rc=H) se prepara al
agitar 29 (Rb=2Me) en una mezcla de TFA y DCM durante 16 hrs. Los disolventes se
evaporan para dar 22 crudo (Rb=2Me, Rc=H) como un aceite que se utiliza en la siguiente
etapa sin purificacion adicional. Se utiliza una columna SCX-2 para hacer la base libre del
compuesto 22 (Rb=2Me, Rc=H, 1 g, 4.3 mmol), que se disuelve en MeOH. A esta solucién
se agrega levulinato de etilo (2.46 ml, 17.4 mmol, 4 eq), AcOH (0.5 m!, 8.7 mmol, 2 eq) e
hidrdxido de paladio sobre carbono. La mezcla de reaccion se agita a una presién de 4

atm de hidroégeno. Después de 16 hrs, el ELSD muestra que la reaccion aun no esta

completa. Se agrega otra porcién de levulinato de etilo (2.46 ml, 17.4 mmol, 4 eq) e

hidréxido de paladio sobre carbono y la hidrogenacién a 4 atm se contintia durante 72 hrs. -

La mezcla se desgasifica, se filtra sobre Hyflo y el residuo se lava con MeOH. El filtrado
se concentra in vacuo y el aceite resultante se purifica mediante cromatografia de
columna de gel de silice para dar 522 (Rb=2Me, Rc=xCH,(CH3)CH,CH,C(=0)OEt) en un
rendimiento de 41%. La bencilacién posterior de 522 con bromuro de 2,3—di-ﬂu6ro -bencilo
se realiza en una forma similar como se describe para los compuestos de los Esquemas
1-5 dando el compuesto 523. Finalmente, el Gltimo se disuelve en una solucion de
hidroxido de sodio en etanol (18ml, 0.3M) y la solucién se agita a 50° C durante 16 hrs. La
mezcla se concentra in vacuo y el residuo se agita en éter de dietilo para dar 393 como un
solido blanco (Ra=2,3-diF, Rb=2Me, Rc=CH,(CH3)CH,CH,C(=0)OH). 'H RMN (400 MHz,
DMSO-de): dppm 1.40 (d, J=5.9 Hz, 3 H), 1.74 - 1.93 (m, 1 H),2.15-2.30 (m, 1 H), 2.31 -
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2.50 (m, 3 H), 2.63 (s, 3 H), 3.04 - 3.15 (m, 1 H), 3.22 - 3.35 (m, 1 H), 3.45 - 3.69 (m, 2 H),
3.72 - 3.85 (m, 1 H), 4.22-4.46 (m, 2 H), 5.25 (s, 2 H), 6.98-7.07 (m, 2 H), 7.20-7.29 (m, 1
H), 7.34-7.45 (m, 2 H), 7.87 (d, J=8.6 Hz, 1 H), 10.49 - 10.69 (banda br., 1 H), 11.47 -
13.29 (banda br., 1 H). Tr 1.37, [M+H] 457.

Acido 4-{2-[4- (2,3 -Difluoro- benciloxi)- 2-metil -fenil] -6,7- dihidro -4H- oxazolo[4,5-
c] -piridin -5- il} -2- metil- butirico (394). El compuesto 22 (Rb=2Me, 1 g, 3.8 mmol) se
disuelve en acetonitrilo (10 ml) y a la solucidén se agrega DIPEA (1.93 ml, 11.25 mmol),
yoduro de sodio (0.56 g, 3.75 mmol) y éster de metilo de acido 4-cloro -2- metil butirico
(0.85 g, 5.6 mmol). La mezcla se agita a 60° C durante 16 hrs, después de ese tiempo se
agrega de nuevo DIPEA (1.93 ml, 11.25 mmol), se agregan yoduro de sodio (0.56 g, 3.75
mmol) y éster de metilo de 4cido 4-cloro -2- metil butirico (0.85 g, 5.6 mmol) y se contintia
la agitacion ‘durante 30 hrs a 60° C. La mezcla se concentra in vacuo y se purifica
mediante cromatografia de columna de gel de silice (DCM/MeQOH, 95/5 to 9/1, v/v) para
dar 525 (Rb=2Me; Rd=Me) como un aceite. El compuesto 525 (Rb=2Me; Rd=Me) se
bencila en condiciones Mitsunobu en una forma similar como se describié anteriormente
para la sintesis de 23. Los compuestos resultantes 526 (0.5 mmol) se disuelven en etanol
(20 ml) y se agrega solucién de NaOH 2 N (4 ml) y la mezcla se agita durante 2 hrs a 50°
C. La solucién se neutraliza con HCl 1M, se extrae con DCM (3x20 ml) y las capas
orgéanicas se secan sobre MgSQ,. La evaporacion del disolvente resulta en el aislamiento
del compuesto puro 394. '"H RMN (400 MHz, DMSO-dg): dppm 1.09 (d, J=7.1 Hz, 3 H),
1.51-1.61 (m, 1 H),1.80-1.92 (m, 1 H), 2.36 - 2.46 (m, 1 H), 2.56 (t, J=7.1 Hz, 2 H), 2.60
(s,3H),2.72-278 (m, 2 H), 2.79 - 2.85 (m, 2 H), 3.39 - 3.47 (m, 2 H), 5.24 (s, 2 H), 6.95 -
7.04 (m, 2 H),7.20-7.29 (m, 1 H), 7.35 - 7.47 (m, 2 H), 7.82 (d, J=8.6 Hz, 1 H), 10.85 -
13.06 (banda br., 1 H). LC-MS: Tr 1.38, [M+H] 457.

Acido 4-{2-[4- (2,3 -Difluoro- benciloxi) -2- metil -fenil] -6,7- dihidro -4H- oxazolo-
{4,5¢] -piridin -5- il} -3- metil- butirico (437).

Sintesis de éster de metilo de &cido 4-Cloro -3- metil- butirico.

4-Metil-dihidro- furan -2- ona (4 g, 39.95 mmol) se disuelve en MeOH (10 ml) y la
solucién se enfria a -10° C. Se agrega cloruro de tionilo (3.6 ml, 49.9 mmol) en forma de
gotas. La mezcla se agita a -10 ° C durante 2 hrs y en lo sucesivo durante 16 hrs a
temperatura ambiente. La mezcla se concentra in vacuo para dar éster de metilo de acido
4-Cloro -3- metil- butirico crudo (4 g, 87%) que se utiliza en la siguiente etapa sin
purificacion adicional.

El compuesto 22 (Rb=2Me, Rd=Me) se alquila selectivamente en la posicién
nitrégeno con éster de metilo de Aacido 4-Cloro -3- metil- butirico para dar 528. La
bencilacion posterior de 528 bajo las condiciones Mitsunobu descritas previamente da
529. El compuesto 529 se desmetila en una forma similar como se describi6
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anteriormente para la sintesis del compuesto 394 para dar el compuesto 437 (Ra=2,3-diF,
Rb=2Me, Rd=H) como un sélido blanco. '"H RMN (400 MHz, DMSO-dg): dppm 1.12 (d,
J=6.6 Hz, 3 H), 2.26 (dd, J=16.3, 7.3 Hz, 1 H), 2.44 - 2,57 (m, 2 H), 2.63 (s, 3 H), 2.99 -
3.96 (m, 6 H), 4.10 - 4.65 (br. b., 2 H), 5.24 (s, 2 H), 6.96 - 7.08 (m, 2 H), 7.18 - 7.27 (m, 1
H), 7.31 - 7.43 (m, 2 H), 7.88 (d, J=8.6 Hz, 1 H), 10.17 - 11.21 (banda br., 1 H), 11.46 -
13.30 (banda br., 1 H). LC-MS:; Tr 1.44, [M+H] 457.

Acido 3-{2-[4- (2-fenil-ciclopropil) -3- fluoro -fenil] -6,7- dihidro -4H- oxazolo-[4,5-c] -
piridin -5- i} ciclobutano carboxilico (459 trans).

2-Fenil-ciclopropil-trifluoroborano.  4,4,5,5-Tetrametil -2-  (2-fenil-ciclopropil)-
[1,3,2]dioxaborolano (3.1 g, 12.7 mmol) en MeOH (48ml) y agua (12 ml) se enfria a 0° C.
Se agrega bifluoruro de potasio (6.96 g, 88.9 mmol, 7 eq) y la mezcla se agita durante 16
hrs a temperatura ambiente. La mezcla se concentra in vacuo y el residuo se co- evapora
con acetonitrilo (3x40 ml). El residuo se lava con acetonitrilo caliente (3x40 ml) y los
lavados de acetonitriio combinados se concentran para dar 2-fenil-ciclopropil-
trifluoroborano (2 g, 71%). Este derivado de trifluoroborano (1.8 g, 8.2 mmol, 1.3 mmol) se
disuelve en tolueno desgasificado/ agua (137.5 ml, 10/1, v/v) y se agrega fosfato tribasico
de potasio (5.2 g, 24.7 mmol, 3.9 eq). La mezcla se agita durante 15 minutos y a esta
solucién se agrega el compuesto 28 (Rb=3F, 2.5 g, 6.3 mmol), acetato de paladio (Il)
(71.2 mg, 0.3 mmol, 0.05 eq) y 2-diciclohexilfosfino-2,6-di-isopropoxi-1,1- bifenilo (296mg,
0.6 mmol, 0.1 eq, RuPhos). La mezcla se agita a 115° C durante 3 hrs, después de ese
tiempo el analisis TLC (Et,0/PA, 3/7, v/v) revela que se completa la reaccidn. Se deja que
la mezcla alcance temperatura ambiente y se diluye con EtOAc (300 ml) y la solucién se
lava con agua. La capa organica se seca sobre MgSQ, y se concentra in vacuo para dar
un aceite que se purifica mediante cromatografia de columna de gel de silice (Et;O/PA,
3/7, v/v) para dar 530 puro (2.54 g, 92%) como un soélido blanco. El BOC en 530 se
elimina bajo condiciones acidas para dar 531, que se transforma a 532 bajo condiciones
para introducir el residuo Rc como se describidé anteriormente. EI compuesto 532 (puro
trans, 0.45 g, 0.94 mmol) se disuelve en 20 ml de HCI 4M en dioxano. La solucién se agita
durante 16 hrs a temperatura ambiente. LLa mezcla se concentra in vacuo y se agita en
éter de dietilo. Ef sélido resultante se filtra para dar el compuesto 459 (trans, 0.36 g, 83%).
'H RMN (400 MHz, DMSO-de): dppm 1.27 (d, J=7.3 Hz, 3 H), 1.51 - 1.70 (m, 2 H}, 2.26 -
2.40 (m, 2 H), 3.05 - 8.23 (m, 3 H), 3.27 (dd, J=13.1, 4.8 Hz, 2 H), 3.55 - 3.84 (m, 3 H),
4.37 (br. s, 2H),7.14 - 7.23 (m, 3 H), 7.26 - 7.35 (m, 3 H), 7.64 (d, J=11.1, Hz, 1 H), 7.74
(d, J=8.3 Hz, 1 H), 10.00 - 11.79 (banda br., 1 H), 11.93 - 13.53 (banda br., 1 H). LC-MS:
Tr 1.36, [M+H] 433.

Acido 4-(2-{4- [2-(3,5 -Difluoro- fenil) -vinil] -fenii} -6,7- dihidro -4H- oxazolo-[4,5c] -
piridin -5- il}- butirico (451). Una solucién del compuesto 28 (Rb=H, 4.3 g, 11.1 mmol),
éster de pinacol de acido trans -2- (3,5-difluorofenil)vinil bordnico (4.09 ml, 16.7 mmol, 1.5
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eq) en tolueno (100 ml) se desgasifica. A esta solucién se agrega adutco de éter de metil-
t- butilo de cloro (2-diciclohexilfosfino- 2,4,6-tri-isopropopil-1,1-bifenil 2-(2-aminoetil) pentil]
paladio (Il) (183.8 mg, 0.22 mmol, 0.02 eq) y se agrega fosfato tribasico de potasio (7.08
g, 33.3 mmol, 3.0 eq). La mezcla se agita durante 24 hrs a 115° C después de ese tiempo
el andlisis LC-MS revela que se completa la reaccién. Se deja que la mezcla alcance
temperatura ambiente y se diluye con EtOAc (300 ml) y la solucién se lava con 5% de una
solucién de NaHCO3. La capa organica se seca sobre MgSO, y se concentra in vacuo
para dar un aceite que se purifica mediante cromatografia de columna de gel de silice
(DCM/MeOH, 99.5/0.5, v/v) para dar 533 puro (3.4 g, 69%) como un sélido blanco. El
BOC en 533 se elimina bajo condiciones acidas para dar 534, que se transforma a 535
bajo condiciones para introducir el residuo Rc como se describié anteriormente. El
compuesto 535 (0.45 g, 0.94 mmol) se disuelve en 20 ml de HCI 4M en dioxano. La
solucion se agita durante 16 hrs a 55° C. La mezcla se concentra in vacuo y se agita en
éter de dietilo. E! sélido resultante se filtra para dar el compuesto 451 (0.426 g, 95%).

'H RMN (400 MHz, DMSO-dg) dppm 2.02 - 2.14 (m, 2 H) 2.40 (t, J=7.1 Hz, 2 H)
3.07 - 3.18 (m, 1 H) 3.23 - 3.38 (m, 3 H) 3.65 - 3.72 (m, 1H) 3.78 - 3.89 (m, 1 H) 4.23 -
4.35(m, 1 H)4.41-454 (m,1H)6.96-7.05(m,1H)7.28-7.37 (m, 3H)7.41 (d, J=16.4
Hz, 1 H) 7.74 (d, J=8.3 Hz, 2 H) 7.98 (d, J=8.3 Hz, 2 H) 11.25 (br. s., 1 H). LC-MS: Tr 1.39,
[M+H] 425.

Acido 4-(2-{4- [2-(3,5 -Difluoro- fenil) -etil] -fenil} -6,7- dihidro -4H- oxazolo[4,5¢]
piridin -5- il)- butirico (452). El compuesto 533 (1.5 g 3.4 mmol) se disuelve en MeOH
(250 ml). A la suspensién se agrega hidréxido de paladio sobre carbono (20%, 0.2 g, 1,42
mmol, 0.42 eq). La mezcla se coloca bajo un manto de hidrégeno a temperatura ambiente
y 1 atmosfera. Después de 24 hrs, el analisis LC-MS revela que se completa la reaccion
(Andlisis TLC: DCM/MeOH, 99/1, v/v). La mezcla se filtra sobre Hyflo y el filtrado se
concentra in vacuo para dar 536 (1.43 g, 95%) como un aceite. EI compuesto 536 se
convierte al derivado de residuo correspondiente 538 como se describié anteriormente. El
tBu o ésteres de metilo se desprotegen en una forma similar como se describié
anteriormente. Compuesto 452: '"H RMN (400 MHz, DMSO-dg) ppm 1.99 - 2.13 (m, 2 H)
2.39 (t, J=7.2 Hz, 2 H) 2.96 (s, 4 H) 3.18 (banda amplia, 2 H) 3.25 - 3.33 (m, 2 H) 3.51 -
3.95 (banda amplia, 2 H) 4.34 (br. s., 2 H) 6.85 - 6.98 (m, 3 H) 7.37 (d, J=8.3 Hz, 2 H) 7.88
(d, J=8.3 Hz, 2 H) 10.67 - 11.61 (banda amplia, 1 H) 11.86 - 12.71 (banda amplia, 1 H).
LC-MS: Tr 1.36, [M+H] 427.

Preparacion de los enantibmeros puros de compuestos quirales 1 y 2. Los
compuestos que tienen por ejemplo una sustitucion metilo en el residuo Rc dan mezclas
de enantiémeros como el compuesto de prueba correspondiente. La separacion de esta
mezcla en los enantiomeros puros se puede realizar mediante técnicas HPLC quirales

desde el momento en el que se introduce el residuo quiral en el nlcleo, es decir de por



10

15

20

25

30

35

52

ejemplo los compuestos 1, 2, 7, 8, 9, 21, 22, 23. Para aquellos expertos en la técnica, es
obvio que pequefos cambios en el nicleo pueden llevar a un comportamiento diferente
en el proceso de separacion quiral. Por lo tanto, se ha exhibido cada compuesto utilizando
un conjunto amplio de condiciones tales como material para columna quiral y eluyentes.
De esta manera, se determina para cada compuesto en qué etapa y bajo qué condiciones
de separacion condiciones quiral podré ser exitosa la separacién. Los productos finales
separados se denominan como Rell y Rel2 ya que no se ha determinado aln la
configuracion absoluta. Este proceso se ilustra por los siguientes ejemplos tipicos.

Ester de t- butilo de acido 3-[2-(4-Hidroxi -fenil) -4,5,6,7-tetrahidro-oxazolo[4,5-c]
piridina] -2- metil- propiénico (+) y (-) enantiémeros de 22b (Rb=H). El compuesto 22b se
hace como una mezcla enantiomérica como se describe en el Esquema 5. La mezcla
enantiomérica se separa mediante HPLC quiral utilizando el siguiente sistema HPLC
quiral. Fase estacionaria: Chiralcel OD-H (5 micra); fase movil: n-heptano/ 2-propanol
(90/10, v/v) +0.1% de TFA; indice de flujo 1 ml/min; deteccién por UV a 280nm. El
compuesto 22b-rel1: [0]*°= +37.1; '"H RMN (400 MHz, Cloroformo-d) dppm 1.14 (d, J=6.8
Hz, 3 H) 1.43 (s, 9 H) 2.54 (dd, J=12.1, 6.2 Hz, 1 H) 2.60 - 2.70 (m, 1 H) 2.73 - 2.77 (m, 2
H) 2.80 - 2.97 (m, 3 H) 3.49 (d, J=14.1 Hz, 1 H) 3.60 (d, J=14.1 Hz, 1 H) 6.71 - 6.96
(banda br., 1 H) 6.84 (d, J=8.6 Hz, 2 H) 7.82 (d, J=8.6 Hz, 2 H). El compuesto 22-rel2:
[0]*°= -35.9; 'H RMN (400 MHz, Cloroformo-d) dppm 1.14 (d, J=6.8 Hz, 3 H) 1.42 (s, 9 H)
2.53 (dd, J=12.4,6.2 Hz, 1 H) 2.60 - 2.70 (m, 1 H) 2.72 - 2.79 (m, 2 H) 2.80 - 2.96 (m, 3 H)
3.49 (d, J=14.1 Hz, 1 H) 3.59 (d, J=14.1 Hz, 1 H) 6.83 (d, J=8.6 Hz, 2 H) 7.45 - 7.75
(banda br., 1 H) 7.79 (d, J=8.6 Hz, 2 H).

Ester de t- butilo de acido 3-[2-(4-hidroxi -3- F -fenil) -4,5,6,7-tetrahidro-
oxazolo[4,5-c] piridina] -2- metil- propidnico (+) y (-) enantiomeros de 22b (Rb=3F). El
compuesto 22b (Rb=H) se hace como una mezcla enantiomérica como se describe en el
Esquema 5. La mezcla enantiomérica se separa mediante HPLC quiral utilizando el
siguiente sistema HPLC quiral. Fase estacionaria: Chiralcel OD-H (5 micra); fase movil: n-
heptano/ 2-propanol (90/10, v/v) +0.1% de TFA,; indice de flujo 1 mi/min; deteccién por UV
a 280 nm. El compuesto 22b-rel1: [a]*°= -36.4 (MeOH). El compuesto 22-rel2: [a]?= +34.8;
'H RMN (400 MHz, Cloroformo-d) 8ppm 1.15 (d, J=6.8 Hz, 3 H) 1.43 (s, 9 H) 2.54 (dd,
J=11.9,6.2 Hz, 1 H) 2.60 - 2.71 (m, 1 H) 2.73 - 2.79 (m, 2 H) 2.81 - 2.96 (m, 3 H) 3.49 (d,
J=14.1 Hz, 1 H) 3.59 (d, J=14.1 Hz, 1 H) 4.88 - 6.89 (banda br., 1 H) 7.02 (t, J=8.5 Hz, 1
H) 7.61-7.73 (m, 2 H).

Acido 3-{2-[4- (4-2,3-diF-benciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-c] piridina -5-
il}- butirico rel 1 y rel 2 del compuesto 175. El derivado t- butil protegido de 175 se separa
en sus enantibmeros puros mediante HPLC quiral. Fase estacionaria: Chiralpak IC (5u):
cédigo de columna No.: WJH022830; dimensiones: 250x4.6 mm; Fase movil: n-
Heptano/DCM/ etanol (50/50/1) + 0.1% de DEA,; indice de flujo: 1 ml/min; Inyeccion: 5 pl;
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Deteccion: UV(290 nm). La desproteccion de los enantiémeros puros asi obtenidos resulta
en el aislamiento de los compuestos de prueba 426 y 425. El compuesto 426, rel1: [o)= -
22 (MeOH), Tr 1.3, [M+H] 429. El compuesto 425 rel2: [a]*= +19.9 (MeOH): Tr 1.3, [M+H]
429,

Tabla 1
R,
z R3\ '?1
/X rd F13‘
R Y%\N 2 R
2 “R4 Y@Nz 4
I:{2
A B
51 2
Z F‘3‘ IZ RG‘
X X
// /
Rz Y N Y@
“R4 R; N,
c D R4
R1—,
Ts
X
d
y Y\CN/FM
E
No. R1 4 R2 X Y R3 |Estru |R4 Tr (min)
ctura LC-MS
» 4Cl-fenilo |CH,N |H C O H B -(CHy),- 1,37
COOH
39 ciclohexilo |CH,O [H C 0] H B -(CHy),- 1,46
COOH
33 2F-fenilo |CH,O [H C O H B -(CHy),- 1,39
COOH
34 2,6diCl- |CH,O [H C 0] H B -(CHy)s- 1,4
fenilo COOH
35 2F-fenilo |CH,O [H C 0] H B -(CHy)s- 1.37
COOH
36 2F- CH,O [H C 0 H B -(CHy),- 1,21
3piridilo COOH
a7 fenilo CH, H C 0] H B -(CHy),- 1,38
COOH
38 2F-fenilo |CH,O [H N S D -(CHy),- 1,3
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COOH

39 fenilo N H 0 -(CHy),- 1,31
COOH

40 2,6diCl- |CH,O [H S -(CHy)3- 1,35
fenilo COOH

» fenilo C=C [H O -(CHy),- 1,42
COOH

42 fenilo (CHz), |H 0] | -(CHy).- 1,45
COOH

" fenilo SO, H 0] -(CH,),- #

COOH

44 fenilo S H 0] -(CHy),- 1,43
COOH

45 bencilo |S H 0 -(CHy),- 1,41
COOH

46 fenilo 0 H 0 -(CHy),- 1,37
COOH

47 fenilo CH,O [H 0] -(CHy),- 1,32
COOH

48 2F-fenilo  {CH,O |2CI 0 -(CHy)»- 1,43
COOH

49 fenilo CH,SO |H 0] -(CHy),- 1,16
2 COOH

50 fenilo CH,O |3-pir 0 -(CHy),- 1,27
COOH

51 2F-fenilo |CH,O |3F 0] -(CHy),- 1,34
COOH

50 fenilo C=0 |H 0] -(CHy)»- 1,23
COOH

53 fenilo CH,O (H 6] -(CHy)s- 1,17
COOH

54 2F-fenilo |CH,O [H 0] -(CHy),- 1,18
COOH

55 2,3-diF- {CH,O |H ) -(CHy)o- 1,19
fenilo COOH

56 2F-fenilo |[CH,O |H 0] -(CH,)s- 1,15

COOH

8~
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57 2,3-diF- |CH,O [H O -(CHp)s- 1,16
fenilo COOH

58 4Cl-fenilo |CH,O |H 0 -(CHg)2- 1,37
COOH

59 2F-fenilo |CH(Me [H 0 H -(CHyp)a- #

)-0 COOH

60 2,6-diCl- |[CH,O [H 0 -(CHg)s- 1,32
fenilo COOH

o1 4Cl-fenilo |CH,O ([H @) -(CHy)s- 1,29
COOH

62 2,6-diCl- |CH,O [H 0 -(CHg)2- 1,36
fenilo COOH

63 2F-fenilo |NH H 0 H -(CHg)2- 1,33
COOH

64 2F-fenilo |{CH,O [H N H -(CHg)e- 1,32
COOH

65 2F-fenilo |bond {H 0] H -(CHy),- 1,33
COOH

66 2F-fenilo |0 H 0 H -(CHy),- 1,34
COOH

67 2F-fenilo |{CH,O [H 0] H -(CHy)2- 1,36
COOH

68 2F-fenilo |CH,N |H @) H -(CHp).- 1,29
COOH

69 2F-fenilo |CH,O |H 0 CHs -(CHy)»- 1,38
COOH

70 2F-fenilo |CH,O |H 0 H -(CHy)s- 1,35
COOH

- 2F-fenilo |CH,O [H 0 H -(CHg)2- 1,32
COOH

75 2F-fenilo  |CH,O [H 0 H -(CHy)2- 1,36
COOH

73 2F-fenilo |CH,O |2F 0 H -(CHp)s- 1.35
COOH

24 4CF;- CH.O |H 0 H -(CHp)»- #

fenilo COOH

75 fenilo CH,O |H 0 H -CH,- 1,46
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CH(CHjy)-
COOH
26 fenilo CH,O |H 0O -CH(CHy)- 1,46
CH,-COOH
4Cl-fenilo |CH,O [H O -CH,- 1,56
77 CH(CHa)-
COOH
4Cl-fenilo |CH,O |H 0 -CH,- 1,76
78 C(CHg)o-
COOH
79 2F-fenilo |ciclo- |[H 0] -(CHy),- 1,46
propil COOH
80 2F-fenilo |OCH, (H 0 -(CHy)»- 1,39
COOH
o fenilo CH,O |2F 0 -(CHa)a- 1,54
COOH
82 fenilo C=C H 0 -(CHp)2- 1,63
COOH
83 2F-fenilo |C=C [H 0 -(CHg)o- 1,65
COOH
84 3F,5Cl-  |CH,O |H 0 -(CHg)2- 1,8
fenilo COOH
85 4CF;- CH,O |2F 0 -(CH,)s- 1,77
fenilo COOH
86 4Cl-fenilo |CH,O |[2F 0 -(CHy)s- 1,65
COOH
g7 2F-fenilo |CH,O |2F 0O -(CH,)s- 1,58
COOH
88 2,3-diF- |CH,O |2F @) -(CHp)s- 1,59
fenilo COOH
89 2F-fenilo |[CH,O |2CH; 0 -(CHy)s- 1,61
COOH
%0 fenilo CH,O |[2CH;, 0 -(CHg)s- 1,69
COOH
o1 4Cl-fenilo |CH,O |[2CHj,4 0 -(CH,)s- 1,75
COQOH
92 2,3-diF- |O 2CH3 0 -(CH,)s- 1,77
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fenilo COOH

93 3,4-diF- |O 2CH, 0] -(CH,)s- 1,8
fenilo COOH

94 4CF5- 0] 2CH; 0] -(CH,)s- 1,98
fenilo COOH

95 2CH;- @) H 0] -(CHy) - 2,09*
fenilo COOH

9% 4CHs- CH,O [H 0 -(CHy),- 1,97*
fenilo COOH

97 4CH,0- |CH,O |H 0] -(CHy)2- 1,93*
fenilo COOH

%8 4CF;- CH.O |H 0 -(CHy),- 2,1*
fenilo COOH

99 4CF,0- |[CH,O |H 0] -(CHy)»- 2,08*
fenilo COOH

100 4F-fenilo |CH,O [H 0 -(CHy).- 1,98*

COOH

101 3CH;0- |[|CH,O |H 0] -(CHy).- 1,86*
fenilo COOH

102 3F-fenilo [CH,O [H 0] -(CH,)2- 1,87*

COOH

103 3CF;0- |CH,O |H 0] -(CHp),- 2*
fenilo COOH

104 3CF;- CH,O |H 0 -(CHy),- 2,04*
fenilo COOH

105 2,6diF- |CH,O [H 0 -(CH,)o- 1,82*
fenilo COOH

106 2,5diF- |CH,O |H 0 -(CHp)2- 1,83*
fenilo COOH

107 2F,6Cl-  |CH,O [H O -(CHp),- 1,84*
fenilo COOH

108 2,3,6triF- [CH,O [H ) -(CHy)2- 1,82*
fenilo COOH

109 3,4diF- |CH,O [H 0] -(CHy)2- 1,84*
fenilo COOH

110 2,4diF- |CH,O |H ) -(CHy),- 1,84*
fenilo COOH

&
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111 3CH,- CH,O |H ) -(CH,)o- 1,86*
fenilo COOH
112 3,5diF-  |CH,O |H O -(CH,)- 1,85*
fenilo COOH
113 2CF3- CH,O |H O -(CH,)2- 1,88*
fenilo COOH
i, [3AdF[CH.O |2F 0 -(CHy)s- 1,68
fenilo COOH
115 2F-fenilo |CH,O |2CH3 0] -(CHo).- 1,53
COOH
116 fenilo CH,O |[2CH; 0 -(CHy)- 1,53
COOH
(17 4Cl-fenilo [CH,O [2CH, 6] -(CHa)o- 1,59
COOH
118 2,3diF-  |CH,O |2CH; 0 -(CHy),- 1,62
fenilo COOH
119 3,4diF- |CH,O |2CH; 0] -(CH,)2- 1,74
fenilo COOH
120 4CF3- CH,O [2CH,3 0 -(CHy).- 1,8
fenilo COOH
121 4CHs,- CH,O |2F 0 -(CH,),- 1,86*
fenilo COOH
- 4CF;- CH,O |2F 0] -(CH,),- 1,89%
fenilo COOH
103 4CF;0- |CH,O |2F O -(CH,),- 1,93*
fenilo COOH
104 4F-fenilo |CH,O |2F O -(CHo),- 1,83*
COOH
1085 3CH,0- |[CH,O |2F O -(CHy),- 1,82*
fenilo COOH
196 3F-fenilo |CH,O |2F O -(CH,)2- 1,82*
COOH
107 4Cl-fenilo |CH,O |2F O -(CHy),- 1,88*
COOH
108 3CF;0- |CH,O |2F O -(CHo)2- 1,91*
fenilo COOH
129 2F-fenilo |CH,O |2F O -(CH,)2- 1,82*

\o
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COOH
130 3CF,- CH.,O |2F O -(CHp),- 1,9*
fenilo COOH
131 2CH,- CH,O |2F 0] -(CHp)z- 1,85%
fenilo COOH
430 2,6diF- |CH,O |2F 0] -(CHy)o- 1,8*
fenilo COOH
133 2,6diF- |[CH,O |2F 0 -(CHy),- 1,84*
fenilo COOH
134 2F,6Cl- [CH,O |2F @) -(CHp)2- 1,89*
fenilo COOH
135 2,3,6triF- |[CH,O |2F 0 -(CHy)»- 1,84*
fenilo COOH
136 2,6diCl- |CH,O |2F 0] -(CHy),- 1,87*
fenilo COOH
137 2,3diF- |CH,O |2F 0] -(CHp)2- 1,84*
fenilo COOH
138 3,4diF-  [CH,O |2F 0] -(CHy),- 1,86*
fenilo COOH
139 2,4diF-  |CH,O |2F 0 -(CHy)»- 1,86*
fenilo COOH
140 2,5diCl-  [CH,O |2F O -(CHa),- 1,91*
fenilo COOH
141 3CHs- CH,O |2F 0] -(CHy)e- 1,86*
fenilo COOH
140 3,5diF-  |[CH,O [|2F O -(CHp)o- 1,84*
fenilo COOH
143 2Cl-fenilo |[CH,O |2F 0] -(CHp)2- 1,9*
COOH
144 2CF;- CH,O |2F 0] -(CHy)2- 1,89*
fenilo COOH
145 3,4diCl- [CH,O |2F O -(CHp)»o- 1,95*
fenilo COOH
fenilo CH.O |H O -CH,- 1,48
146 CH(CHa)-
_ COOH
147 fenilo CH,O |H 0] -(CH,)o- 1,28

\(°,b
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COOH
148 3,4diF- |CH,O [3Me o) -(CHy)s- 1,68
fenilo COOH
149 4CF;- CH,O |H @) -(CHy)s- 1,63
fenilo COOH
150 2CH;- CH,O |H 0 -(CHy)s- 1,48
fenilo COOH
151 3,4diF- |CH,O |H o) -(CHy)s- 1,56
fenilo COOH
150 4F-fenilo |CH,O [H 0 -(CHy)s- 1,55
COOH
153 3,5diF-  [CH,O [H 0 -(CHy)s- 1,48
fenilo COOH
2,3diF- |[CH,O |H 0 -CH,- 1,32
154 fenilo CH(CHsy)-
COOH
3,4diF- |{CH,O [H 0 -CHg- 1,63
155 fenilo CH(CH,)-
COOH
4CF;- CH,O [H 0 -CHz- 1,82
156 fenilo CH(CHy)-
COOH
4Cl-fenilo |CH,O ([H 0] -CH,- 1,72
157 CH(CHy)-
COOH
2F-fenilo |CH,O |H 0] -CHy- 1,44
158 CH(CH,)-
COOH
159 fenilo CH,O |H 0 -CH(CHsy)- 1,87*
CH,-COOH
160 4CF3- CH,O |H 0 -CH(CHz)-  [2,03*
fenilo CH,-COOH
161 4CF;0- [CH,O |H 0 -CH(CHj3)-  [2,03*
fenilo CH,-COOH
162 4F-fenilo |CH,O [H 0O -CH(CHa)- 1,89*
CH,-COQH
163 3CH;0- |CH,O [H 0 -CH(CHy)- 1,85*
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fenilo CH,-COOH
164 3F-fenilo |CH,0 0] -CH(CH,)-  [1,89*
CH,-COOH
165 4Cl-fenilo |CH,0 0] -CH(CHj3)- 1,94*
CH,-COOH
166 3CF,0- |CH,O O -CH(CH,)-  |1,97*
fenilo CH,-COOH
167 2F-fenilo |CH.,O 0] -CH(CHj,)- 1.92*
CH,-COOH
168 3CF,- CHO 0] -CH(CH,)-  |2*
fenilo CH,-COOH
169 3Cl-fenilo |CH,0 0] -CH(CHy)- 1,95*
CH,-COOH
170 2CH;- CH,0 O -CH(CH,)-  [1,91*
fenilo CH,-COOH
171 4CH,- CH,O O -CH(CHsy)- 1,92*
fenilo CH,-COOH
175 2,6-diF- |CH,0 0] -CH(CH,)-  [1,89*
fenilo CH,-COOH
173 2F,6ClI- |CH,0O 0] -CH(CHy)- 1,92*
fenilo CH,-COOH
174 2,6diCl- |CH,0 0 -CH(CHs,)- 1,97*
fenilo CH,-COQOH
175 2,3-diF- |CH,0 0] -CH(CH3)- 1,3
fenilo CH,-COOH
176 3,4-diF- |CH,0 0] -CH(CHy)- 1,89*
fenilo CH,-COOH
177 2,4-diF- |CH,0 0] -CH(CHy)- 1,89*
fenilo CH,-COOH
178 2,5-diCl- |CH,0 0] -CH(CHg)-  |1,99*
fenilo CH,-COOH
179 3CHs- CH,0 0] -CH(CHj3)- 1,93*
fenilo CH,-COOH
180 3,5-diF-  |CH,0 O -CH(CHs)-  [1,9*
fenilo CH,-COQOH
181 2CF;- CH,0 0 -CH(CH,)- 1,96*
fenilo CH,-COOH
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182 4-CH;0- |CH,O [H 0 -CH(CH3)-  |2.0*
fenilo CH,-COOH
183 3,4-diCl- |CH,O [H O -CH(CHy)- (1,6
fenilo CH,-COOH
184 4piridinilo {CH,O [H 0 -CH(CH,3)-  [1,51*
CH,-COOH
185 2F,4Cl- |CH,O |H 0 -CH(CHj,)- 1,95*
fenilo CH,-COOH
186 2F,4CH3- [CH,O [H 0 -CH(CHj)-  [1,95*
fenilo CH»-COOH
187 4CN-fenilo|CH,O [H 0 -CH(CHy)- 1,84*
CH,-COOH
188 2,3,6-triF- [CH,O [H 0 -CH(CHy)- 1,89*
fenilo CH,-COOH
189 2,5-diF- |CH,O [H O -CH(CH,)-  [1.89*
fenilo CH,-COOH
oo |ohe@o [CH.0[H 0 CH(CHy)- _ |2,05*
CH,-COOH
191 2Cl,4F- |CH,O |H 0O H -(CHy)s- 1,43
fenilo COOH
192 2,3-diCl- |CH,O |H 0] H -(CH,)s- 1,48
fenilo COOH
193 fenilo CH,O |H O -(CHy)s- 1,24
COOH
194 2F-fenilo [CH.O |H o) -Cl(CHz)]  -|1,87
CH,-COOH
195 4CF;0- |CH,O [2F 0] -(CHy)a- 1,47
fenilo COOH
196 4F-fenilo |[CH,O |2F 0] -(CHy)s- 1,35
COOH
197 fenilo CH,O |3CH; O -(CHp)»o- 1,3
0 COOH
198 4Cl-fenilo [CH,O |[3CH, 0 -(CHy),- 1,37
0] COOH
199 2,4diF- |CH,O |[2F ) -(CHy)s- 1,36
fenilo COOH
200 4Me-fenilo|CH,O |[2F 0O -(CHy)5- 1,39
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COOH
201 3,4diF- |CH,O |[3CHg O -(CHp),- 1,35
fenilo 0 COOH
002 3,6diF-  |CH,O [3CH;, O -(CHp),- 1,35
fenilo 0] COOH
203 4CF3- CH,O |3CH, O -(CHy),- 1,41
fenilo O COOH
204 2F-fenilo [CH,O {3CHj O -(CHyp),- 1,28
0 COOH
205 2,3diF-  |CH,O {[3CHj 0] -(CHyp),- 1,32
fenilo 0] COOH
006 4CF,- CH,O |3F O -(CHyp)s- 2,05*
fenilo COOCH
007 4F-fenilo |[CH,O |3F O -(CHy)s- 1,97*
COOH
208 3CH,;0- |CH,O |3F 0 -(CHp)s- 1,25%
fenilo COOH
209 3F-fenilo |[CH,O |3F 0] -(CHy)s- 2,1*
COOH
210 3CF;0- |CH,O [3F ) -(CHp)s- 2,06*
fenilo COOH
011 4Cl-fenilo |CH,O [3F 0 -(CHp)s- 2,03*
COOH
212 2F-fenilo |[CH,O |3F O -(CHy)s- 1,96*
COOH
213 3Cl-fenilo |[CH,O |[3F 0] -(CHp)s- 2*
COOH
214 4CHs- CH.O |3F O -(CHo)s- 2,02*
fenilo COOH
015 2,6diF- |CH,O |3F 0 -(CHy)s- 1,94*%
fenilo COOH
216 2,3,6triF- [CH,O |[3F O -(CHy)s- 1,98*
fenilo COOH
017 2,6diCl- |CH,O |3F 0 -(CHy)s- 2,03*
fenilo COOH
218 2,3diF-  |CH,O |3F O -(CHyp)s- 2,03*
fenilo COOH
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219 2,5diCl- |CH,O |3F O -(CHy)s- 2,06*
fenilo COOH

220 3,4diF- |CH,O |3F 0 -(CHyp)s- 2*
fenilo COOH

001 3,4diF-  |CH,O [3F 0] -(CHy)s- 1,98*
fenilo COOH

090 3CH3- CH,O |3F O -(CHp)s- 2,03*
fenilo COOH

023 2CF;- CH,O |3F 0 -(CHp)s- 2,03*
fenilo COOH

004 4CH30- [CH,O |3F O -(CHp)s- 1,96*
fenilo COOH

Do 3,5diF-  |CH,O |[3F O -(CHp),- 1,99*
fenilo COOH

006 2,4diF- [CH,O |3F 0 -(CHp)s- 1,98*
fenilo COOH

007 3,4diCl- |CH,O |2F o) -(CHp)s- 1,42
fenilo COOH

008 2F,4CH;- |[CH,O [3F O -(CHy)s- 1.86*
fenilo COOH

299 3,4diCl- |CH,O |(3F O -(CHy)s- 2,07*
fenilo COOH

030 3,5diF-  |[CH,O (2F 0 -(CHp)s- 1,33
fenilo COOH

031 2CH;- CH,O |3F O -(CHp)s- 1,99*
fenilo COOH

030 2Cl-fenilo |CH,O |3F 0 -(CHy)s- 2,01*

COOH
033 4F-fenilo |[CH,O |2CH, 0] -(CHy),- 1,38
COOH

034 2,4diF-  |CH,O |2CH; 0] -(CHy),- 1,38
fenilo COOH

035 3CF3- CH,O |2F 0] -(CHyp)s- 1,39
fenilo COOH

236 4CF;0- |CH,O |[3CHj 0 -(CHa)2- 1,44
fenilo 0] COOH

237 2F-fenilo |CH,O |[3CH, 0 -(CHy)s- 1,26

A
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0] COOH
238 3CF3;- CH.O |[3F O -(CHy)a- 2,06*
fenilo COOH
939 2F, 6CI-|CH,0 |3F 0] -(CHy)a- 1,99*
fenilo COOH
240 2,3diF-  |CH,O |[3CH; 0] -(CHy)s- 1,26
fenilo 0 COOH
041 3CF;0- [CH,O |2F 0 -(CHy)s- 1,42
fenilo COOH
042 2F-fenilo |CH,O ([H 0 -CH,-CF»- 2,16
COOH
043 4CHs- CH,O [2CH, 0] -(CHy)s- 1,37
fenilo COOH
044 4F-fenilo |[CH,O |2CH; 0] -(CHy)s- 1,33
COOH
045 2,4diF- CH,O |[2CH;, 0 -(CHy)a- 1,33
fenilo COOH
046 3,4diF-  |CH,O |3CH; 0] -(CH,)s- 1,3
fenilo 0] COOH
047 3,5diF-  |CH,O |3CH; 0] -(CHa)3- 1,3
fenilo 0 COOH
048 4Cl-fenilo [CH,O |3CH3 0] -(CHy)s- 1,32
0 COOH
949 4CF,- CH,O |[3CH, 0] -(CHa)s- 1,38
fenilo 0 COOH
050 4CF;0- |CH,O |3CH;, 0] -(CH,)s- 1,38
fenilo 0 COOH
o5 1 3CFs- CH,O |2CH; @) -(CHy)s- 1,4
fenilo COOH
050 3,4diCl- |[CH,O |2CH, 0 -(CHy)s- 1,45
fenilo COOH
053 3CF;0- CH,O |2CH;4 0 -(CHy)s- 1,48
fenilo COOH
054 4Cl-fenilo [CH,O |2CI o) -(CHa)s- 1,38
COOH
055 3,4diF-  |CH,O |2CI 0 -(CHy)s- 1,36
fenilo COOH
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056 3,8diF-  |CH,O |2CI 0 -(CHy)s- 1,39
fenilo COOH
057 4CF5- CH,O |a2Cl 0 -(CHy)s- 1,42
fenilo COOH
258 2F-fenilo |CH,O |3F 0 -(CHy),- 1,35
COOH
259 4CF3- CH,O (3F 0] -(CHp)2- 3,02
fenilo COOH
260 3,5diF-  |CH,O |3F @) -(CHy),- 2,98
fenilo COOH
061 2F-fenilo |[CH,O |2CI 0] -(CH,)3- 2,94
COOH
062 3,6diF-  |[CH,O [2CH; O -(CH,)s- 1,66
fenilo COOH
263 2,3diF- |CH,O |2CI 0] -(CHo)a- 1,33
fenilo COOH
064 4CF;0- |CH,O |2CI 0 -(CHy)s- 1,46
fenilo COOH
265 3,5diCl-  |CH,O |2CI ) -(CHy)s- 1,49
fenilo COOH
266 3,6diF-  |CH,O |2CI 0 -(CHp)»- 1,42
Fenilo COOH
067 4CF;- CH,O [2CI 0 -(CHp)2- 1,5
fenilo COOH
268 2F-fenilo |CH,O |2Cl 0] -(CHy),- 1,36
COOH
069 2,6diCH;- [CH,O |2F 0 -(CHy),- 1,36
fenilo COOH
2,3diF- |CH,O |[H 0O -CHz- 1,56
270  [fenilo C[(CHz)a]
COOH
4CF,- CH,O |2F 0 -CH,- 1,56
271 fenilo CH(CH,)-
COOH
970 2,6diCH;- [CH,O |[2CH,4 0 -(CH,).- 1,46
fenilo COOH
273 3,4diF-  [CH,O |2CH, 0 -CH(CHa)- 1,42
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fenilo 0] CH,-COOH
074 4CF,- CH.O [2CH,4 0] -CH(CHs)- (1,51
fenilo 0] CH-COOH
075 2F-fenilo [CH,O |2CH, 0] -CH(CH,)- (1,37
0 CH,-COOH
076 3,6diF-  |CH,O |2CH, 0 -CH(CH,)- 1,42
fenilo 0] CH,-COOH
077 3,4diF- |CH,O [H 0] -ciclobutil- 1,31
fenilo COOH
078 3,4diF- |CH,O |H 0] -ciclobutil- 1,33
fenilo COOH
279 4Cl-fenilo |CH,O [H 0] -ciclobutil- 1,36
COOH
080 4Cl-tenilo [CH,O (H 0 -ciclobutil- 1,37
COOH
oy 4F-fenilo |CH,O |3ClI 0] -(CHy)s- 2,03*
COOH
o2 4CF,- CH,O (3Cl 0] -(CHy)s- 2,11*
fenilo COOH
083 2F-fenilo |CH,O |3CI 0] -(CHy)s- 1,99*
COOH
o84 4CF;0- |CH,O |[3Cl 0] -(CHy)s- 2,1*
fenilo COOH
085 4Cl-fenilo |CH,O |3ClI 0 -(CH,)s- 2,07*
COOH
086 3CF;0- |CH,O |3CI 0] -(CHp)s- 2,14*
fenilo COOH
0g7 3,4diF-  |CH,O 13CI 0] -(CHy)s- 2,03*
fenilo COOH
288 2,4diF-  [CH,O |3CI 0 -(CHa)s- 2,02%
fenilo COOH
089 3,4diCl- |CH,O |3ClI 0 -(CH2)s- 2,16*
fenilo COOH
90 3,6diF-  |CH,O |3CI o) -(CHy)s- 2,03*
fenilo COOH
001 2C\-fenilo |CH,O |3CI 0] -(CHy)s- 2,05*

COOH
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092 2F,4CI-  |CH,O |3Cl 0 -(CHy)a- 2,06*
fenilo COOH
003 3CFs- CH,O (3CI 0] -(CHy)s- 2,09*
fenilo COOH
094 2,5diF-  {CH,O |3CI @) -(CHy)s- 2,02*
fenilo COOH
005 4CF5- CH.O |2F 0] -CH(CHs,)- 1,56
fenilo CH,-COOH
296 4CF;0- [CH,O |2CH; 0 -CH(CHy)- 1,54
fenilo 0] CH,-COOH
3,4diF-  |CH,O |2F 0] -CHy- 1,47
297 fenilo CH(CHy)-
COOH
008 3,4diF- CH,O (3CI 0 -(CH,)2- 1,44
fenilo COOH
299 2,3diF- |CH,O |3CI 0 -(CHy)s- 2,01*
fenilo COOH
2,3diF- |[CH,O |H NH -CHy- 1,1
300 fenilo CH(CHsy)-
COOH
301 2F-fenilo |[CH,O [H 0 -(CHy)o- 1,38
COOH
302 2F-fenilo |[CH,O |H 0] -ciclobutil- 1,29
COOH
303 2F-fenilo [CH,O |H 0] -ciclobutif- 1,3
COOH
4-fluoro- |0 H 0] -(CHy)o- 1,39
304 indan -2- COOH
ilo
indan -2-|0 H 0] -(CHy).- 1,37
305
ilo COOH
306 4CF,0- |CH,O |H 0] -ciclobutil- 1,41
fenilo COOH
307 4CF,0- |[CH,O |H 0] -ciclobutil- 1,43
fenilo COOH
308 indan -1-|0 H @) -(CH,),- 1,39

ilo

COOH

\'Di\
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4-fluoro- |O H 0] -(CHo).- 1,4
309 indan -1- COOH
ilo
310 4Cl-fenilo |CH,O [3CI 0 -(CH,),- 1,48
COOH
311 3,4diF- [CH,O |2F 0 -CH(CHy)- 1,45
fenilo CH,-COOH
319 4F-fenilo |CH,O [H 0] -ciclobutil- 1,28
COOH
313 4F-fenilo |CH,O {H 0 -ciclobutil- 1,3
COOH
314 4CF;- CH,O [H O -ciclobutil- 1,41
fenilo COOH
315 ACF;- CH,O |H 0 -ciclobutil- 1,42
fenilo COOH
316 3F,4CI-  [CH,O [|H 0 -CH(CHy)- 1,52
fenilo CH,-COOH
317 2,4,6-triF- [CH,O [H 0 -CH(CHa)- 1,43
fenilo CH,-COOH
318 2Ci,4F-  |CH,O |H O -CH(CHa)- 1,5
fenilo CH,-COOH
319 2F,3CI- |CH,O {H 0] -CH(CHjy)- 1,49
fenilo CH,-COOH
390 3F,5CI-  |CH,O |H 0O -CH(CHa)- 1,54
fenilo CH,-COOH
2,6- CH,O [H 0 -CH(CHy)- 1,52
321 diF,4Cl- CH,-COOH
fenilo
350 2,3diCl-  |CH,O [H 0 -CH(CH,)- (1,59
fenilo CH,-COOH
293 2Cl-fenilo [CH,O0 [H o) -CH(CH3)-  [1,48
CH,-COOH
324 2,4diCl- |CH,O [H O -CH(CHy)- 1,6
fenilo CH,-COOH
305 3,5diCl-  [CH,O |H 0 -CH(CHy)- 1,63
fenilo CH»-COOH
326 3,5diF-  |[CH,O |H O ~ciclobutil- 1,34
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fenilo COOH (trans)
407 3,5diF- CH,0 0] -ciclobutil- 1,34
fenilo COOH(cis)
328 3,4diClI- |CH,0 0] -ciclobutil- 1,45
fenilo COOH (trans
329 3,4diCl- [CH,O 0] -ciclobutil- 1,46
fenilo COOH(cis)
430 4Cl-fenilo |[CH,0 NH -CH(CHjy)- 1,16
CH,-COOH
331 3,4diF-  |CH,0 NH -CH(CHa3)- 1,11
fenilo CH,-COOH
330 3,56diCl- |CH,O NH -CH(CHy)- 1,11
fenilo CH,-COOH
3F-fenilo |CH,O 0 -CHp- 1,57
333 CH(CHy)-
COOH
3,5diF-  |CH,0 @) -CH,- 1,65
334 fenilo CH(CHa)-
COOH
2,5diF-  [CH,0O 0] -CHo- 1,61
335 fenilo CH(CH)-
COOH
2F,6Cl- |CH.O O -CH,- 1,62
336 fenilo CH(CHa)-
COOH
2,4diF- |CH,0 0 -CHy- 1,59
337 fenilo CH(CHy)-
COOH
4F-tenilo {CH,O 0] -CH,- 1,55
338 CH(CHy)-
COOH
2F,3CI- [CH,0O ) -CHp- 1,7
339 fenilo CH(CHa)-
COOH
2,4,6triF- |CH,0 0] -CH,- 1,6
340 fenilo CH(CHay)-

COOH
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2,6diF,4Cl{CH,O ([H 0 -CH,- #
341 -fenilo CH(CHa)-
COOH
2,3diClI- |CH,O [H 0 -CH,- #
342 fenilo CH(CHz)-
COOH
2CI-fenilo |CH,O [H o) -CH,- #
343 CH(CH)-
COOH
2F,4Cl-  |CH,O [H O -CH,- #
344 fenilo CH(CHy)-
COOH
2Cl, 4F-|CH,O [H 0 -CH,- #
345 fenilo CH(CHa)-
COOH
3F,4Cl-  |CH,O [H 0 -CH,- #
346 fenilo CH(CHg)-
COOH
2,6diCl- |CH,O |H 0] -CH,- 1,71
347 fenilo CH(CHy)-
_ COOH
3Cl,5F-  |CH,O0 |H ) -CHy- 1,76
348 fenilo CH(CHa)-
COOH
349 4Cl-fenilo {CH,O |H S -(CHp)»- #)
COOH
350 4CF3- CH,O |H ) -(CH,).- 1.57
fenilo COOH
fenilo CH,O |3 CF; o) -CH,- 1.59
351 CH(CHy)-
COOH
350 3,5-diCl- |CH,O |H S -(CHyp),- 1.6
fenilo COOH
3,6-diCl- |CH,O [H 0] -CH,- #
353 fenilo CH(CHa)-
COOH
354 3,5-diF- |CH,O |H S -(CHy)»- 1.46
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fenilo COOH
3,4-diCl- |[CH,O |H 0] -CH,- #)
355 fenilo CH(CHy)-
COOH
2,4-diCl- |[CH,O (H @) -CH,- #
356 fenilo CH(CH,)-
COOH
357 3,4-diCl- |CH,O (3ClI 0 -(CHy)2- 1.56
fenilo COOH
3,4-diF- [{CH,O |[3CI 0] -CH,- 1.58
358 fenilo CH(CHa)-
COOH
1359 [4-Cifenilo|CH,0 |3Ci 0 ‘CH(CHg)- [1.73
CH,-COOH
360 3,4-diCl- |CH,O |[3CI 0 -CH,- 1.73
fenilo CH(CHa)-
COOH
361 4-  CF;-|O H O -(CHa)2- 1.45
fenilo COOH
362 2,4,6-triF- |CH,O0 [H 0 -(CHa)o- 1.36
fenilo COOH
363 |2F, 3CHCH,0 |H 0 (CHa)» 1.4
fenilo COOH
364 2F, 4CI-|CH,0 [H 0 -(CHy),- 1.44
fenilo COOH
365 2Cl, 4F-|CH,O [H 0 -(CHy)»- 1.44
fenilo COOH
366 3Cl, 5F-|CH,O [H 0 -(CHy)»- 1.44
fenilo COOH
367 3F,4Cl- |CH,O [H ) -(CHy)2- 1.45
fenilo COOH
368 2,6-diF, [CH,0 [H 0 -(CHp)»- 1.45
4Cl-fenilo COOH
369 2,3-diCl- |[CH,O |H 0 -(CHp)»- 1.5
fenilo COOH
370 2Cl-fenilo |CH,O [H 0 -(CHp)»- 1.4
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371 4-Cl-fenilo |CH,O |3CF; 0] -CH,- 1.67
CH(CHa)-
COOH
372 3,4-diCl- |[CH,O |3CF4 0 -CH,- 1.78
fenilo CH(CHsy)-
COOH
373 3,4-diF- [CH,O |3CF; 0 -CHz- 1.61
fenilo CH(CHa)-
COOH
374 3,4-diF- |CH,O |2CF; 0 -CH,- 1.61
fenilo CH(CHj)-
COOH
375 4Cl-fenilo |CH,O |[2CF, 0 -CHp- 1.68
CH(CH,)-
COOH
376 3,5-diF- |CH,O |2CF; O -CH,- 1.61
fenilo CH(CHy)-
COOH
377 4 CF3-|{CH,O |2CF; 0] -CH,- 1.72
fenilo CH(CHjy)-
COOH
378 4 CF3-|CH,O |3CF, 0 -CH,- 1.72
fenilo CH(CHy)-
COOH
379 3,4-diCl- |CH,O |H 0] -(CHy),- 1.5
fenilo COOH
380 3,5-diCl- [CH,O (H 0] -(CHy),- 1.53
fenilo COOH
381 2,4-diCl- |CH,O [H O -(CHo),- 1.52
fenilo COOH
382 3,4-diF- |[CH,O [2Me 0 -CH,- 1.5
fenilo CH(CHj,)-
COOH
383 3,5-diF- |[CH,O {2Me O -CHy- 1.52
fenilo CH(CHy)-
COOH
384 4CF;- CH,O |2Me O -CHy- 1.62
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fenilo CH(CH,)-
COOH
385 2,3-diF- |CH,O |[2Me O -CH,-CHCHj;- |{1.48
fenilo COOH
386 3,4-diCl- |CH,O |2Me 0 -CH,- 1.66
fenilo CH(CHy)-
COOH
387 4Cl-fenilo {CH,O |2Me 0] -CH,- 1.57
CH(CHa)-
COOH
388 3,56-diF- |CH,O [3CF; O -CH,- 1.62
fenilo CH(CHy)-
COOH
389 2,3-diF- |CH,O |3CF; @] -CH.- 1.57
fenilo CH(CHy)-
COOH
390 3,4-diF- |CH,O |3CI 0O -CH(CHy)- 1.56
fenilo CH,-COOH
391 4Cl-fenilo [CH,O {3CI @) -CH,- 1.6
CH(CH,)-
COOH
392 3,4-diCl- |CH,O |3CI O -CH(CHj)- 1.67
fenilo CH,-COOH
393 2,3-diF- [CH,O [2Me 0 -CH(CHy)- 1.37
fenilo (CH,),-COOH
394 2,3-diF- [CH,O |2Me 0 -(CHy),- 1.38
fenilo CH(CHsy)-
COOH
395 4-Cl-fenilo [CH,O |2Me 0] -(CHp)2- 1.43
CH(CHy)-
COOH
396 4-CFa- CH,O {2Me @) -(CHp)2- 1.47
fenilo CH(CH,)-
COOH
397 3,4-diF- |CH,O [2Me 0 ~(CHa)o- 1.39
fenilo CH(CHj3)-

COOH
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398 3,5-diF- |CH,O |[2,6-dF|N 0 -(CH,)s- 1.34
fenilo COOH
399 4CF,- CH,O |[2,6-dF|N 0 -(CHy)s- 1.42
fenilo COOH
400 2,3-diF- [CH,O [H N 0] -(CH,),- #
fenilo CH(CHjy)-
COOH
401 Me ) H N 0 -(CHy).- #)
COOH
402 Me 0] H N 0 -(CHy)s- #
COOH
403 3,4-diF- |CH,O |H N 0 -CH(CHa)- #
fenilo (CH,),-COCH
404 4Cl-fenilo |CH,O |{2Me [N 0 -CH(CHy)- 1.42
(CH,),-COOH
405 4CF5- CH,O [2Me |N 0 -CH(CHa)- 1.45
fenilo (CH,),-COOH
406 4Cl-fenilo |CH,O |2,3diF [N 0 -(CHy)s- 1.37
COOH
407 3,5-diF- |CH,O |2,3diF |N 0] -(CHy)s- 1.35
fenilo COOH
408 4Cl-fenilo |CH,O |(2,3diF [N 0O -CH(CH,)- 1.53
CH»,-COOH
409 3,5-diF- |CH,O |2,3diF |N 0 -CH(CH,)- 1.48
fenilo CH-COOH
410 4Cl-fenilo |CH,O |2,3diF |N 0 trans 1.41
ciclobutil-
COOH _
411 3,5-diF- |[CH,O |(2,3diF [N 0 cis-ciclobutil- |1.41
fenilo COOH
412 3,5-diF- |[CH,O |2,3diF [N 0] trans 1.36
fenilo ciclobutil-
COOH
413 3,5-diF- |CH,O |2,3diF [N 0] cis-ciclobutil- |1.35
fenilo COOH
414 3,4-diF- [CH,O {2Me [N 0 cis-ciclobutil- |#
fenilo COOH
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415 3,4-diF- |CH,O [2Me O trans #
fenilo ciclobutil-
COOH
416 2,3-diF- |CH,O |[3F 0 -CH(CHy)- #
fenilo CH,-COOH
417 2,3-diF- |CH,O |3F 0 -CHa- #
fenilo CH(CHy)-
COOH
418 2,3-diF- |CH,O |3F 0] cis-ciclobutil- |#
fenilo COOH
419 3,5-diF- |[CH,O [3Me 0] -(CHy)s- 1.38
fenilo COOH
420 3,5-diF-  [CH,O " |3Me 0] -CHz- 1.66
fenilo CH(CHy)-
COOH
421 3,5-diF- ICH,O |[3Me 0] -CH(CHy)- 1.63
fenilo CH,-COOH
422 4CF;- CH2S |H 0 -(CHy)s- 1.12
fenilo COOH
423 3,4-diF- |CH2S |H 0] -(CHy)s- 1.09
fenilo COOH
424 2,3-diF- |CH,O |3F 0] trans #
fenilo ciclobutil-
COOH
425 2,3-diF- [CH,O |H 0 -CH(CHy)- 1.11
fenilo CH,-COOH
quiral 2
426 2,3-diF- [CH,O [H 0 -CH(CH,)- 1.2
fenilo CH,-COOH
guiral 1
427 3,5-diF- [CH,O |3Me 0] trans 1.37
fenilo ciclobutil-
COOH
428 3,5-diF- [CH,O {3Me 0] cis ciclobutil-|1.39
fenilo COOH
429 2,3-diF- |CH,O [3Me 0] trans 1.35
fenilo ciclobutil-
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COOH
430 2,3-diF- [CH,O [3Me O cis ciclobutil-]1.36
fenilo COOH
431 3,5-diF- |CH,O |(2Me 0 -CH(CHa)- 1.5
fenilo CHx-COOH
432 3,5-diF- |[CH,O |2Me 0] trans 1.35
fenilo ciclobutil-
COOH
433 3,5-diF- |CH,O |2Me 0] cis ciclobutil-|1.35
fenilo COOH
434 2,3-diF- |CH,O |2Me 0] -CH(CH,)- 1.47
fenilo CH,-COOH
435 4-Cl-fenilo |CH,O [2Me 0 -CHy- 1.49
CH(CHa)-
CH,-COOH
436 4-CF5- CH,O [2Me 0 -CH,- 1.53
fenilo CH(CH,)-
CH,-COOH
437 2,3-diF- [|CH,O |2Me o) -CHz- 1.42
fenilo CH(CHy)-
CH,-COOH
438 3,4-diF- |CH,O |2Me 0 -CHp- 1.44
fenilo CH(CHa)-
CH,-COOH
439 2,3-diF- |CH,O |3Me @) -CHCH3-CH,- |1.49
fenilo COOH
440 2,3-diF- [CH,O |[3Me 0 -CHp- 1.5
fenilo CH(CHs)-
COOH
441 4-Cl-fenilo [CH,S [H 0 -(CHy)s- 1.38
COOH
442 12,3-diF-  |CH,S |H 0 -(CHy)s- 1.33
fenilo COOH
443 3,5-diF- |[CH,S |H 0 -(CHy)a- 1.34
fenilo COOH
444 3,4-diCl- |CH,S |H @) -(CHy)3- 1.44
fenilo COOH
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445 4-Cl-fenilo [CH,O |H S -(CHy)s- 1.36
COOH
446 3,5-diF-  |CH,O |[H S -(CHy)s- 1.33
fenilo COOH
447 4-Cl-fenilo |CH,O [H S -CH(CH,)- 1.53
CH,-COOH
448 3,5-diF- [CH,O {H S -CH(CH,)- 1.48
_ fenilo CH,-COOH
449 4-Cl-fenilo [CH,O |H S -CH,- 1.52
CH(CHy)-
COOH
450 3,5-diF- [CH,O |H S -CHy- 1.48
fenilo CH(CHy)-
COOH
451 3,5-diF- |[C=C |[H @) -(CHy)s- 1.39
fenilo COOH
452 3,5-diF-  {(CHy). |H 0] -(CHy)s- 1.36
fenilo COOH
453 3,5-diF- [C=C |H 0] -CH,- 1.59
fenilo CH(CHa)-
COOH
454 3,5-diF-  |(CH,). |H 0] -CHz- 1.53
fenilo CH(CHjy)-
COOH
455 fenilo ciclo- |3F 0 trans 1.36
propilo ciclobutil-
COOH
456 fenilo ciclo- |3F 0] cis-ciclobutil- (1.39
propilo COOH
457 fenilo ciclo- |3F 0 -CH(CHa)- 1.55
propilo CHx-COOH
458 fenilo ciclo- |[3F 0] -CH,- 1.55
propilo CH(CHj5)-
COOH
459 fenilo ciclo- |3F 0 trans 1.36
ciclobutil-
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460 fenilo ciclo- [3F N O B cis-ciclobutil- |{1.39
propilo COOH
461 fenilo ciclo- |3F N o B -CH(CHjy)- 1.55
propilo CH,-COOH
462 fenilo ciclo- |3F N 0 B -CH,- 1.55
propilo CH(CHsy)-
COOH
463 3,5-diF- |CH,O [H N 0 B -CH,COOH |1.51
fenilo
464 3,56-diF- |CH,O [H N 0] B -CH(CHj3)- 1.53
fenilo COOH
465 3,5-diF- |CH,O [H N 0] B 1,3- 1.27
fenilo ciclopentil-
COOH

* = determinado con LC-MS método B

# = RMN de acuerdo con la estructura propuesta
§6. DATOS & PRUEBAS FARMACOLOGICAS

Actividad funcional in vitro (agonismo) en los receptores humanos S1P5

El ensayo CHO-humano-S1P5-Aeqorin se compra de Euroscreen, Brussels
(Euroscreen, Technical dossier, receptor S1P5 Lisofosfélido Humano (Edg8), clon de ADN
y estirpe celular recombinante AequoScreenTM de CHO, catdlogo no: ES-593-A,
Septiembre 2006). Las células humana-S1P5-Aequorin expresan apo-Aequorin objetivado
mitocondrial. Las células se han cargado con coelanterazina, con el fin de reconstituir el
Aequorin activo. Después de la unién de los agonistas al receptor humano S1P5 se
incrementa la concentracién de calcio intracelular y la unién del calcio al complejo apo-
Aequorin/coelenterazina conduce a una reaccion de oxidacién de coelenterazina, que
resulta en la produccion de apo-Aequorin, coelenteramida, CO, y luz (Anax 469 nm). Esta
respuesta luminiscente es dependiente en la concentracion de agonista. La luminiscencia
se mide utilizando el MicroBeta Jet (Perkin Elmer). Los efectos agonisticos de los
compuestos se expresan como pECs,. Los compuestos se prueban en un rango de
concentracion media log de 10 puntos, y se desarrollan 3 experimentos independientes en
mediciones de puntos de Unicos.

Actividad funcional in vitro {agonismo) en receptores humanos S1P3

El ensayo CHO-humano-S1P3- Aeqorin (CHO/Ga16/AEQ/h-S1P;) se establece en
Solvay Pharmaceuticals. El ADN de pldsmido que codifica el receptor S1P3 (numero de
acceso en GenBank NM_005226 se compra de UMR cDNA resource Centre (Rolla, MO).
La construccion de pcADN3.1/hS1P3 que lleva el apo-Aeqorin mitocondrialmente activado
y la proteina Ga16 se transfecta en la estirpe celular CHO K1.
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Las células humana-S1P3-Aequorin expresan apo-Aequorin mitocondrial activado.
Las celulas se han cargado con coelanterazina, con el fin de reconstituir Aequorin activo.
Después de la unién de los agonistas al receptor humano S1P3 se incrementa la
concentracién de calcio intracelular y la unién del calcio al complejo apo-
Aequorin/coelenterazina conduce a una reaccion de oxidacién de coelenterazina, que
resulta en la produccién de apo-Aequorin, coelenteramida, CO, y uz (Anax 469nm). Esta
respuesta luminiscente es dependiente de la concentracién de agonista. Se mide la
luminiscencia utilizando el MicroBeta Jet (Perkin Elmer). Los efectos agonisticos de los
compuestos se expresan como pECs. Los compuestos se prueban en un rango de
concentracion media log de 10 puntos, y se desarrollan 3 experimentos independientes en
mediciones de punto Gnico.

Actividad funcional In vitro (agonismo) en receptores humanos S1P1 (método A)

El ensayo CHO-K1-humano-S1P1-Aeqorin se compra de Euroscreen Fast,
Brussels (Euroscreen, Technical dossier, receptor S1P1 Humano (Edg1), clon de ADN y
estirpe celular recombinante CHO-K1 AequoScreenTM, catalogo no: FAST-0197L,
Febrero 2010). Las células -S1P1-Aequorin humanas expresan apo-Aequorin objetivado
mitocondrial. Las células se han cargado con coelanterazina, con el fin de reconstituir el
Aequorin activo. Después de la unién de los agonistas del receptor humano S1P1 se
incrementa la concentracién de calcio intracelular y la unién del calcio al complejo apo-
Aequorin/coelenterazine conduce a una reaccion de oxidacién de coelenterazina, que
resulta en la produccién de apo-Aequorin, coelenteramida, CO, y luz (Amax 469nm). Esta
respuesta luminiscente es dependiente de la concentracién de agonista. Se mide la
luminiscencia utilizando el MicroBeta Jet (Perkin Elmer). Los efectos agonisticos de los
compuestos se expresan como pECs. Los compuestos se prueban en un rango de
concentracion media log de 10 puntos, y se desarrollan 2 experimentos independientes en
mediciones de punto Unico.

Actividad funcional In vitro (agonismo) en receptores humanos S1P1 (método B)

El ensayo CHO-K1-Humano S1P1-c-AMP se desarrolla en Euroscreenfast,
Brussels (Euroscreen, receptor de acoplamiento S1P1 Humano Gi/0, (Edg1) receptor,
catalogo no: FAST-0197C, Diciembre 2009).

Las células CHO-K1 recombinantes que expresan el S1P1 humano, crecen en
Fase mid-log- en medio de cultivo sin antibi6ticos, se separan, se centrifugan y se
resuspenden. Las células de prueba agonista se mezclan con compuesto y Forskolin y se
incuban a temperatura ambiente. Las células se lisan y se estima la concentracién de
CAMP, de acuerdo con la especificacion del fabricante, con el equipo HTRF de CIS-BIO
International (cat no 62AM2PEB).

Los efectos agonisticos de los compuestos se expresan como un porcentaje de la

actividad del compuesto de referencia en su concentracién EC,q, el ECs, se calcula y los
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resultados se reportan como pECs. Los compuestos se prueban en un rango de
concentracién media log de 10 puntos duplicado en 1 experimento.

Datos farmacoldgicos (agonismo del receptor) para los compuestos seleccionados:

Compuesto S1P5pECs; S1P1*pECs, S1P1®pECs,  S1P3 pECs
33 7.8 7.0 5.5
35 8.3 6.6 5.3
47 8.0 <5.5 <5
53 7.9 <4.5 <5
57 8.0 <5.5 <5
73 8.2 8.0 6.3
76 8.1 6.6 <5
77 8.4 7.5 6.1
85 8.6 <5.5 6.3
89 8.2 59 <5.0
146 7.8 <55 <5.0
156 8.4 6.2 5.5
157 8.1 6.2 5.3
175 8.3 <55 5.8
211 8.3 6.1 <5.0
227 8.5 6.0 <6.0
271 8.0 6.2 5.4
277 (trans) 8.5 52 <5.0
278 (cis) 7.4 <5 <5
283 7.7 <4.5 <5
306 (trans) 8.1 <5 <5.0
307 (cis) 7.3 <5 <5.0

S1P1%: se determina utilizando el método A

S1P18: se determina utilizando el método B

nd = no se determina.

Modelo terapéutico In vivo; laberinto T

Los déficits de memoria relacionados con la edad ocurren en humanos y roedores.
La alternacion espontanea es la tendencia innata de los roedores a alternar las elecciones
libres en un laberinto T sobre una serie de corridas sucesivas. Este procedimiento
secuencial se basa en la memoria de trabajo y es sensible a varias manipulaciones
farmacoldgicas que afectan los procesos de la memoria (Aging and the physiology of
spatial memory. Barnes C.A. Neurobiol. Aging 1988:563-8; Dember WN, Fowler H.
Spontaneous alternation behavior. Psychol. Bull. 1958, 55(6):412—427; Gerlai R. A new
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continuous alternation task in T-maze detects hippocampal dysfunction in mice. A strain
comparison and lesion study. Behav Brain Res 1998 95(1):91-101).

Para este estudio, se utilizan ratones C57BL/6J machos de 2 meses 0 12 meses
de edad en las tareas de alternancia espontanea en el laberinto T. Brevemente, los
ratones se someten a 1 sesion que contiene 15 ensayos, que consiste de 1 ensayo de
“eleccion forzada”, seguido por 14 ensayos de “eleccion libre”. Se considera que al animal
cuando ingresa a uno de los brazos del laberinto cuando se colocan todas las cuatro
patas dentro de este brazo. Se termina una sesién y el animal se retira del laberinto tan
pronto como sea posible se han desarrollado 14 ensayos de eleccién libre o que han
durado 15 min, cualquier evento que ocurra primero. El porcentaje de alternaciéon sobre
los 14 ensayos de eleccion libre se determina para cada ratén y se utiliza como un indice
de desemperio de la memoria de trabajo. Se administra un compuesto de la invencién p.o.
durante 21 dias antes del ensayo laberinto T y en el dia del laberinto T a t = -30 min. Se
ha encontrado que los compuestos de la invencién en dosis que varian de 0.01 — 15
mg/kg/dia reversan el deterioro cognitivo relacionado con la edad en ratones C57BL6J de
12 meses de edad con hasta 100%. Asi, los ratones de 12 meses de edad tratados son
idénticos en su desempefio como los ratones tratados con vehiculo de 2 meses de edad.
(Ver Figura 1)

Conclusién: los compuestos de la presente invencién tienen un efecto positivo en
el deterioro cognitivo relacionado con la edad.
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REIVINDICACIONES
1. Un derivado heterociclico fusionado de la férmula (1)
R3

|
R1—z X
7
EN—FM
Y

R1 se selecciona de

en donde

ciano,

alquenilo (C 2-4), alquinilo (C 2-4), alquilo (C 1-4), cada uno opcionalmente
sustituido con CN o uno o mas atomos de fldor,

cicloalquilo (C 3-6), cicloalquenilo (C 4-6) o un grupo biciclico (C 8-10),
cada uno opcionalmente sustituido con haldgeno o alquilo (C 1-4) opcionalmente
sustituido con uno o mas atomos de fltor,

fenilo, bifenilo, naftilo, cada uno opcionalmente sustituido con uno o mas
sustituyentes seleccionados independientemente de haldgeno, ciano, alquilo (C 1-
4) opcionalmente sustituido con uno o mas atomos de fldor, alcoxi (C 1-4)
opcionalmente sustituido con uno o més atomos de flGor, amino, dimetilamino, y
cicloalquilo (C 3-6) opcionalmente sustituide con fenilo que se puede sustituir con
alquilo (C 1-4) o halégeno, y

fenilo sustituido con fenoxi, bencilo, benciloxi, feniletio o heterociclo
monociclico, cada uno opcionalmente sustituido con alquilo (C 1-4),

Z es un grupo de enlace -W-(alquileno C,)-T- en donde

W se adhiere a R1 y se selecciona de un enlace, -O-, -CO-, -S-, -

SO-, -SO;-, -NH-, -CH=CH-, -C(CF3)=CH-, -C=C-, -CH,-0-, -O-CO-, -C0O-0-, -CO-
NH-, -NH-CO- y trans-ciclopropileno;
nesunenterode 0a10;y
T se adhiere al grupo funcional fenileno/ piridilo y se selecciona de
un enlace, -O-, -S-, -SO-, -SO;,-, -NH-, -CO-, -C=C-, -C=C-, y trans-ciclopropileno;
R2 es H o uno o mas sustituyentes seleccionados independientemente de
ciano, halégeno, alquilo (C 1-4) opcionalmente sustituido con uno o mas atomos
de halégeno, o alcoxi (C 1-4) opcionalmente sustituido con uno o mas atomos de
halégeno;
la estructura del anillo A puede contener un atomo de nitrégeno;
X se selecciona de C o N; si X es C, R3 se selecciona de H y alquilo (C 1-
4), de otra forma R3 no estéa presente;

Y se seleccionade NH, Oy S;
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la estructura Q es una amina ciclica de 5, 6 o 7 miembros;

y

R4 es alquileno (C 1-4)-R5 en donde uno o méas atomos de carbono en el
grupo alquileno se pueden sustituir independientemente con uno o mas atomos de
halégeno o con (CH,), para formar un grupo funcional ciclopropilo, o R4 es
cicloalquileno (C 3-6)-R5, -CH,-cicloalquileno (C 3-6)-R5, cicloalquileno (C 3-6)-
CHx-R5 o -CO-CH,-R5, en donde R5 es -OH, -POsH, -OPOsH, -COOH, -
COOalquilo (C 1-4) o tetrazol -5- ilo;

0 una sal farmacéuticamente aceptable, un solvato o hidrato del mismo o
uno o mas N- éxidos del mismo.
2. El compuesto de la reivindicacién 1, en donde

R1 se selecciona de

cicloalquilo (C 3-6) o un grupo biciclico (C 8-10) opcionalmente sustituido
con haldgeno, alquilo (C 1-4), y

fenilo opcionalmente sustituido con uno o méas sustituyentes seleccionados
independientemente de halégeno, ciano, alquilo (C 1-4), alcoxi (C 1-4),
trifluorometilo y trifluorometoxi;

W se selecciona de un enlace, -O-, -CO-, -S-, -SO-, -SO,-, -NH-, -CH=CH-,
-C=C-, y trans-ciclopropileno; y

nesunenterode0a4;y

R2 es H o uno o0 mas sustituyentes seleccionados independientemente de
halégeno, alquilo (C 1-4) opcionalmente sustituido con uno 0 mas atomos de flior
o alcoxi (C 1-4) opcionalmente sustituido con uno o mas atomos de flor.

3. El compuesto de la reivindicaciéon 1 o 2, en donde el compuesto

tiene la estructura (la)

TS
/X
Rf —z—< >—< ] _

4. El compuesto de una cualquiera de las reivindicaciones 1 -3, en
donde el compuesto tiene la estructura (Ib)
R3

|
@ o
Y
R2

(Ib).



10

15

20

25

30

35

85
5. El compuesto de una cualquiera de las reivindicaciones 1 -4, en
donde Y es O.
6. El compuesto de una cualquiera de las reivindicaciones 1 -5, en

donde R4 se selecciona de -(CH,),-COOH, -(CH,)3-COOH, -CH,-CHCH,-COOH, -
CHz-C(CH3)>-COOH, -CHCH3-CH,-COOH, -CHy-CF,-COOH y 1,3-ciclobutileno-
COOH.

7. El compuesto de una cualquiera de las reivindicaciones 1 -6, en
donde R1 es fenilo opcionalmente sustituido.

8. El compuesto de la reivindicacién 7, en donde los sustituyentes
opcionales son uno o mas sustituyentes seleccionados independientemente de
halégeno, ciano, alquilo (C ﬁ-4), alcoxi (C 1-4), trifluorometilo y trifluorometoxi.

9. El compuesto de una cualquiera de las reivindicaciones 1-8, en
donde Z es -CH,0-.

10. El compuesto de una cualquiera de las reivindicaciones 1-9, en
donde X es N.

11. El compuesto de la reivindicacion 1, seleccionado de

Acido 3-{2-[4- (2-Fluoro-benciloxi)- fenil] -6,7- dihidro -4H- furo[3,2-c]
piridina -5- il}- propidnico,

Acido 3-{2-[4- (4-Cloro-benciloxi)- fenil] -6,7- dihidro -4H- furo[3,2-c] piridina
-5- il} -2- metil- propidnico,

Acido 3-{2-[4-Benciloxi -fenil] -6,7- dihidro -4H- furo[3,2-c] piridina -5- il}-
butirico,

Acido 4-{2-[4- (2-Fluoro-benciloxi)- fenil] -6,7- dihidro -4H- furo[3,2-c]
piridina -5- il}- butirico,

Acido 4-{2-[4- (2-Fluoro-benciloxi) -2- fluoro -fenil] -6,7- dihidro -4H-
furo[3,2-c] piridina -5- il}- butirico,

Acido 3-{2-[4- (Benciloxi) -fenil)] -6,7- dihidro-H-oxazolo[4,5-c] piridina -5- il}-
propiodnico,

Acido 4-{2-[4- (2,3 -Difluoro- benciloxi) -fenil)] -6,7- dihidro-H-oxazolo[4,5-c]
piridina -5- il}- butirico,

Acido 4-{2-[4-Benciloxi -fenil] -6,7- dihidro-H-oxazolo[4,5-c] piridina -5- il}-
butirico,

Acido 4-{2-[4- (4-Trifluorometil-benciloxi) -2- fluoro -fenil] -6,7- dihidro-H-
oxazolo[4,5-c] piridina -5- il}- butirico,

Acido 4-{2-[4- (2-Fluoro-benciloxi) -2- metil -fenil] -6,7- dihidro-H-
oxazolo[4,5-c] piridina -5- il}- butirico,

Acido 4-{2-[4- (3,4-Dicloro-benciloxi) -2- fluoro -fenil] -6,7- dihidro-H-
oxazolo[4,5-c] piridina -5- if}- butirico,
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Acido 4-{2-[4- (2-Fluoro-benciloxi) -3- cloro -fenil] -6,7- dihidro-H-
oxazolo[4,5-c] piridina -5- il}- butirico,

Acido  4-{2-[4- (4-Cloro-benciloxi) -3- fluoro -fenil] -6,7- dihidro-H-
oxazolo[4,5-c] piridina -5~ il}- butirico,

Acido 3-[2-(4-Benciloxi -fenil) -6,7 -dihidro-H-oxazolo[4,5-c] piridina -5- il] -2-
metil- propidnico ,

Acido 3-{2-[4- (4-Trifluorometil-benciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-
c] piridina -5- il} -2- metil- propidnico ,

Acido 3-{2-[4- (4-Cloro-benciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-c]
piridina -5- il} -2- metil- propiénico ,

Acido 3-{2-[4- (4-2,3 -Difluoro- benciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-
c] piridina -5- il}- butirico,

Acido 3-{2-[4- (4-Trifluorometil-benciloxi) -2- fluoro -fenil] -6,7- dihidro-H-
oxazolo[4,5-c] piridina -5- il} -2- metil- propiénico ,

Acido Cis y trans 3-{2-[4- (4-Trifluorometoxibenciloxi)- fenil] -6,7- dihidro-H-
oxazolo[4,5-c] piridina -5- il}-ciclobutano carboxilico,

Acido Cis y trans 3-{2-[4- (3,4-Difluorobenciloxi)- fenil] -6,7- dihidro-H-
oxazolo[4,5-c] piridina -5- il}-ciclobutano carboxilico,

Acido 3-[2-(4-(2-Fluoro-benciloxi) -fenil) -6,7 -dihidro -4H- tiazolo [5,4-
clpiridina -5- il] - propidnico,

Acido 4-{2-[4- (3,5 -Difluoro- benciloxi)- fenil] -6,7- dihidro -4H- tiazolo-[4,5¢]
-piridin -5- il}- butirico,

Acido 2-{2-[4- (3,5 -Difluoro- benciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-c]
piridina -5- il}- acético,

Acido 2-{2-[4- (3,5 -Difluoro- benciloxi)- fenil] -6,7- dihidro-H-oxazolo[4,5-c]
piridina -5- il}- propiénico,

Acido 3-{2-[4- (3,5 -Difluoro- benciloxi)- fenil] -6,7- dihidro -4H- oxazolo[4,5-
c] -piridin -5- il}-ciclopentano carboxilico,

Acido 4-{2-[4- (2,3 -Difluoro- benciloxi) -2- metil -fenil] -6,7- dihidro -4H-
oxazolo-[{4,5c] -piridin -5- il}- pentanoico,

Acido 4-{2-[4- (2,3 -Difluoro- benciloxi) -2- metil -fenil] -6,7- dihidro -4H-
oxazolo[4,5-c] -piridin -5- il} -2- metil- butirico,

Acido 4-{2-[4- (2,3 -Difluoro- benciloxi) -2- metil -fenil] -6,7- dihidro -4H-
oxazolo-[4,5c} -piridin -5- il} -3- metil- butirico,

Acido 3-{2-[4- (2-fenil-ciclopropil) -3- fluoro -fenil] -6,7- dihidro -4H- oxazolo-
[4,5-c] -piridin -5- if}-ciclobutano carboxilico,

Acido 4-(2-{4- [2-(3,5 -Difluoro- fenil) -vinil] -fenil} -6,7- dihidro -4H- oxazolo-
[4,5¢] -piridin -5- il)- butirico,
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Acido 4-(2-{4- [2-(3,5 -Difluoro- fenil) -etil] -fenil} -6,7- dihidro -4H-
oxazolo[4,5c] piridin -5- il)- butirico,

0 una sal farmacéuticamente aceptable, un solvato o hidrato del mismo o
uno o mas N- éxidos del mismo.

12. El compuesto de una cualquiera de las reivindicaciones 1 a 11 para
uso en terapia.

13. El compuesto de una cualquiera de las reivindicaciones 1 a 11 para
uso en el tratamiento, alivio o prevencién de enfermedades y afecciones en las
que esta involucrado cualquier receptor S1P 0 en las que esta involucrada la
modulacién del sistema de sefializacion S1P enddgeno a través de cualquier
receptor S1P.

14. El compuesto de la reivindicacién 13, en donde la enfermedad es un
trastorno del SNC, tal como un trastorno neurodegenerativo, en particular se
selecciona de un trastorno cognitivo, enfermedad de Alzheimer, demencia
(vascular), enfermedad de Nieman Pick, y déficits cognitivos en esquizofrenia,
comportamiento obsesivo- compulsivo, depresién mayor, autismo, esclerosis
multiple y dolor, y especificamente un trastorno cognitivo, tal como deterioro
cognitivo relacionado con la edad.

15. Una composicién farmacéutica que comprende el compuesto de una
cualquiera de las reivindicaciones 1 a 11 y por lo menos un auxiliar
farmacéuticamente aceptable.

16. Uso del compuesto de una cualquiera de las reivindicaciones 1 a 11
para la fabricacién de un medicamento para el tratamiento, alivio o prevencién de
enfermedades y afecciones en las que esta involucrado cualquier receptor S1P o
en las que estd involucrada la modulacién del sistema de sefalizaciéon S1P
enddgeno a través de cualquier receptor S1P.

17. El uso de la reivindicacién 16, en donde la enfermedad es un
trastorno del SNC, tal como un trastorno neurodegenerativo, en particular se
selecciona de un trastorno cognitivo, enfermedad de Alzheimer, demencia
(vascular), enfermedad de Nieman Pick, y déficits cognitivos en esquizofrenia,
comportamiento obsesivo- compulsivo, depresion mayor, autismo, esclerosis
multiple y dolor, y especificamente un trastorno cognitivo, tal como deterioro
cognitivo relacionado con la edad.
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RESUMEN

La presente invencién se relaciona con un derivado heterociclico fusionado de la

férmula (1)

R3

|
R1—z X
/4

Y

R1 se selecciona de

en donde

ciano,
alquenilo (C 2-4), alquinilo (C 2-4), alquilo (C 1-4), cada uno opcionalmente
sustituido con CN o uno o0 mas atomos de fldor,
cicloalquilo (C 3-6), cicloalquenilo (C 4-6) o un grupo biciclico (C 8-10),
cada uno opcionalmente sustituido con halégeno o alquilo (C 1-4) opcionalmente
sustituido con uno o méas atomos de fluor,
fenilo, bifenilo, naftilo, cada uno opcionalmente sustituido con uno o mas
sustituyentes seleccionados independientemente de halégeno, ciano, alquilo (C 1-
4) opcionalmente sustituido con uno o mas atomos de flior, alcoxi (C 1-4)
opcionalmente sustituido con uno o més atomos de flGor, amino, dimetilamino, y
cicloalguilo (C 3-6) opcionalmente sustituido con fenilo que se puede sustituir con
alquilo (C 1-4) o halégeno, y
fenilo sustituido con fenoxi, bencilo, benciloxi, feniletilo o heterociclo
monociclico, cada uno opcionalmente sustituido con alquilo (C 1-4),
Z es un grupo de enlace -W-(alquileno C,)-T- en donde
W se adhiere a R1 y se éelecciona de un enlace, -O-, -CO-, -S-, -
S0-, -SOy-, -NH-, -CH=CH-, -C(CF3)=CH-, -C=C-, -CH,-0-, -0O-CO-, -C0O-0-, -CO-
NH-, -NH-CO- y trans-ciclopropileno;
nesunenterode0a 10;y
T se adhiere al grupo funcional fenileno/ piridilo y se selecciona de
un enlace, -O-, -S-, -SO-, -SO;-, -NH-, -CO-, -C=C-, -C=C-, y trans-ciclopropileno;
R2 es H o uno o mas sustituyentes seleccionados independientemente de
ciano, haldgeno, alquilo (C 1-4) opcionalmente sustituido con uno o mas atomos
de halégeno, o alcoxi (C 1-4) opcionalmente sustituido con uno o méas atomos de
halégeno;
la estructura del anillo A puede contener un atomo de nitrégeno;
X se selecciona de C o N; si X es C, R3 se selecciona de H y alquilo (C 1-
4), de otra forma R3 no esta presente;



10

15

89

Y se seleccionade NH, Oy S;

la estructura Q es una amina ciclica de 5, 6 0 7 miembros;

y

R4 es alquileno (C 1-4)-R5 en donde uno o mas atomos de carbono en el
grupo alquileno se pueden sustituir independientemente con uno o mas atomos de

halégeno o con (CH,), para formar un grupo funcional ciclopropilo, o R4 es

cicloalquiteno (C 3-6)-R5, -CH,-cicloalquileno (C 3-6)-R5, cicloalquileno (C 3-6)--

CH,-R5 o -CO-CH,-R5, en donde R5 es -OH, -POzH, -OPOs;H, -COOH, -
COO0alquilo (C 1-4) o tetrazol -5- ilo;
0 una sal farmacéuticamente aceptable, un solvato o hidrato del mismo o
uno o mas N- éxidos del mismo.
Los compuestos de la invencién tienen afinidad con los receptores S1P y se
puedan utilizar en el tratamiento, alivio o prevencion de enfermedades y afecciones en las
que (cualquier) receptor (es) S1P esta (estan) involucrados o en las que esta involucrada

la modulacidn del sistema de sefalizacién S1P enddgeno a través de cualquier receptor
S1P.
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Resumen reivindicacion (es):
1. Un derivado heterociclico fusionado de la formula (1)

TS
Ri—z X
7
Y
R2 (|)
en donde

R1 se selecciona de
ciano,
alquenilo (C 2-4), alquinilo (C 2-4), alquilo (C 1-4), cada uno opcionalmente sustituido con CN o uno o mas atomos de flior,
cicloalquilo (C 3-6), cicloalguenilo {C 4-8) o un grupo biciclico (C 8-10), cada uno opcionalmente sustituido con halégeno o alquilo
(C 1-4) opcionalmente sustituido con uno o0 mas atomos de fltior,
fenilo, bifeniio, naftilo, cada unc opcionalmente sustituido con uno o mas sustituyentes seleccionados independientemente de
halégeno, ciano, alquiio (C 1-4) opcionalmente sustituido con uno o mas atomos de flior, alcoxi (C 1-4) opcionalmente sustituido
con uno o méas atomos de fllor, amino, dimetilamino, y cicloalquilo (C 3-6) opcionalmente sustituido con fenilo que se puede
sustituir con alquilo (C 1-4) o halogeno, y
fenilo sustituido con fenoxi, bencilo, benciloxi, feniletilo o heterociclo monociclico, cada uno opcionalmente sustituido con alquilo
(C1-4),
Z es un grupo de enlace -W-(alquileno Cn)-T- en donde

W se adhiere a R1 y se selecciona de un enlace, -O-, -CO-, -S-, -SO-, -S02-, -NH-, -CH=CH-, -C(CF3)=CH-, -C=C-, -CH2-0-
, -0-CO-, -CO-0-, -CO-NH-, -NH-CO- y trans-ciclopropileno;

nesunenterode 0a10;y

T se adhiere al grupo funcional fenileno/ piridilo y se selecciona de un enlace, -O-, -S-, -SO-, -S02-, -NH-, -CO-, -C=C-, -
C=C-, y trans-ciclopropileno;
R2 es H o uno o més sustituyentes seleccionados independientemente de ciano, haldgeno, alquilo (C 1-4) opcionalmente
sustituido con uno o méas atomos de haldgeno, o alcoxi (C 1-4) opcionalmente sustituido con uno 0 més atomos de halogeno;
la estructura del anillo A puede contener un atomo de nitrogeno;
X se selecciona de C o N; si X es C, R3 se selecciona de H y alquilo (C 1-4), de ofra forma R3 no esta presente;
Y se selecciona de NH, Oy S;
la estructura Q es una amina ciclica de 5, 6 0 7 miembros;

R4 es alquileno (C 1-4)-R5 en donde uno o mas atomos de carbono en el grupo alquileno se pueden sustituir
independientemente con uno o mas atomos de haldgeno o con (CH2)2 para formar un grupo funcional ciclopropilo, 0 R4 es
cicloalquileno (C 3-6)-R5, -CH2-cicloalquileno (C 3-6)-R5, cicloalquileno (C 3-6)-CH2-R5 o -CO-CH2-R5, en donde R5 es -OH, -
PO3H2, -OPO3H2, -COOH, -COOalquilo (C 1-4} o tetrazol -5- ilo;

0 una sal farmacéuticamente aceptable, un solvato o hidrato del mismo o uno 0 mas N- 6xidos del mismo...
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