WO 2009/018909P CT/EP2008/0 05843 1 DERIVATIVES OF 1-PHENYL-2-PYRIDINYL ALKYL
ALCOHOR®ANPHEOOSPHDDIESTF RASE INHIBtTORS FIELD OF THEAMNMEN$IDMFhe present
invention relates to inhibitors of the phosphodiesterzse 4 (PDE4) enzyme. More particularly, the
invention relates to compounds that  are derivatives of 1-phenyl1-2-pyridinyl alkyl alcohols, methods
of preparing=SQugA TARDUNDS, COMPPEHIOYS-CoORYRIMY tham andkiverapauGdottBreds
"BACKGROUND OF THE TNVENTION Airway obstruction characterizes a number of severe
respiratoryRiie 84 el e Bedial Bl BHreHiicobstructive pulmonary disease (COPD). Events
leading to airway obstruction include oedema of airway 10walls, increased mucous production and
inflammation. Drugs for treating respiratory diseases such as asthma and COPD are currently
administered throg%qﬁt‘@kgtiﬁ?g_q%gwlﬁ@qvantages of the inhalatory route over the systemic one
is the possibility of delivering the drug directly at site of action, avoiding any systemic side-effects, thus
resulting in 15a mue rapidiinicalgesponsgaand achighdsitbesapetitic pattesphodiekéted coricosteroids
are the current maintenance therapy of choice for asthma and together with bronchodilator

beta2-agorRi3HE) straregm pone rerstiGHE) fordihdnYRIiQEy 612G T iRt FRTHNMOF thé disease. The
current management of COPD js lamely symptomatic ans of 70 bronchodilat rapy with
inhaled antitfio ﬁé%?g‘svgﬁdolméf)e n%?_—% ﬂe’nnc;'ées% Qﬁe‘ocnoét%l.sH%nV\?ﬁ\}grg %oélﬁé%?sgfé%cﬁﬁg} do not
reducesthe Inflammatosy; FREPQISE Mo SRR -ibeyifg inasihma therapAatheselasseidherapeutic
agents which has been widely investigated in view of its anti-inflammatory effects for the treatment of
25inflammatory ré3AICKGROMNBOSIOHEINYRMAIENI COPD is represented WO
2009/018909PCPEP2008/005843 2 by the inhibitors of the enzymes phosphodiesterase gPDEs), in
particular of the pRO¥PRYIRRTESEXp RS HA S r@fe%@%’@%tsogDﬁ\ﬁ.ere \FEREEELdmpounds
acting as PDEA4 inhibitors have b isclo [ jor er fuln veral
PDE4 inhibitor&of the |rCsItu 8 'éggeeﬁ%?gﬁ% sguf?: artlé ro i}g){%m&éﬁa pic g%wilggﬁgé %g%n%ﬁiﬁﬁue to
their undesjrablesidersftasts. Saigisiieass inalude pavseannd emesitedue tizthair actionary PDE4 in
the central nervous system and gastric acid secretion due to the action on PDE4 in parietal cells in the
gut. THe cawsdof isaitk sisrdaficcsuap oskisiinteanihieBagaRrRaf 010 It has been found that PDE4
exists in two distinct forms representin di,ffegent conformations, that were %les!%lag high affinity

rolipram binding sttE4HIBDEG2EE5 TR B BEE M REARSR I REroSUS system and in p%rr%etal cells,
and low affipify. rolipramuhinding site a5 LE0E49aakiz, Sl MolnBharapehgkdot,5e,891-899),
which is found in the immune and 15 inflammatory cells. While both forms appear to exhibit catalytic
activity, thejneliffiatavith-cespestdo theis getesitivityrie irthtbikopsdsipiditticvl aradvrapogrids withchigher
affinity for LPDE4 appear less prone to induce side-effects such as nausea, emesis and increased

gastric secretieati T Ef6robRaHGERYLIIIIEAaMS FYSIRBIGT LenghefitordVemEmYH ™ the
selectjvity for the second-generation PDE4 inhibijtqrs as cilomj nd roflumilast. However, even
these %omp%%%&ea‘}%‘?ﬁ%t%%%? e %vﬁ%ngegébéb s‘%ﬁé%t%%?&l%%%%’%? 1_‘%!?313@4IEB Other classes of
compounds acting ag R Adrhibiteesdlavebeandliscineed imieorionest tReFas exarpleicEP
1634606 discloses, among others, ketone derivatives like benzofuran or 1,3-benzodioxole derivatives.
WO 9402465 distitises; aerahgiothelise ketvitie derivathedibfigendetsoragaisiyoifor acute

2009/018909PCT/EP2008/005843 3 R.10 R20 = .
symptom relief, they form the mainstay of current therapy for the disease.

The current management of COPD is largely symptomatic by means of

20 bronchodilating therapy with inhaled anticholinergics and inhaled betas-

adrenoceptor -agonists. However, corticosteroids do not reduce the
inflammatory response in COPD as they do in asthma.

Another class of therapeutic agents which has been widely

investigated in view of its anti-inflammatory effects for the treatment of

25 inﬂarﬁmatory respiratory diseases such as asthma and 'COPD is represenied



wherein R1 is lower alkyl and R2 may be alkyl, alkenyl, cycloalkyl, cycloalkyl, cycloalkenyl,
cyclothioalkyl or cyclothioalkenyl. WO 9535281 in the name of Cel'tech Therapeutics concerns

Stri-substitut@g;pliesyldegivatives. Both applications are silent about theprehlems-of the side
effects associated with inhibition of HPDE4 and do not report data regarding affinity toward HPDE4

and LPDE4. Therefore, although several PDE4 inhibifors have been disclosed so 10far, there is still a

need for more efficacious, and better tolerated compounds, ,. | articuzar it would be highl
advantageou%xfo{p?ovfae'trﬁ{érres s%%eé%\?eec%ﬁg]o%sn&eoéﬁﬁgﬂ' osv{\:%P Wi gﬁll%ﬁsvir 'fof?laltry}'&)%v{/%rd the

LPDE4 with rggpestdrdbsraitinibtdpldR A i GrérsitaAleRRIg & ayaid Bsmside effects associated

with its inhibition. 15The present invention addresses these issues by providing PDE4 inhibitors having
an improved selectivigrtowsacb tPDEAds adtsg matEDBéfachifiittas hawd ber fodist ibetroviding a
PDE4 inhibitor with an additional moiety interacting with the active site of the PDEA4, there is an

improvementtetRsISEIRELVIt) e YRS ithfoSRI Whes oL PResabB BRA BRI dRe o ke -present

invention.efficagi c n_inhalati dministration. ould,be ch terized by a.good
peraistony 1T o e S Lyt A AL oe ARy Aok "o 1
invention is dispgiesiigntovieustsAstinthas drbiois alithe Zaurkasphodiestaiasesé (BREL) enzyme,
methods of preparing said 4 compounds, compositions containing them and therapeutic use thereof.
In particular taetioventioniE-diipctee tedbd dtivoous Sytteny Bad maitinyladiyssicutiis sfugeneral

formula (I) 5(1) wherein: is selected from thegoup cqnsistingpof (OH2),,, whereinm =0, 1 or 2;
(CH2)n0 wheliH'F=ACtHgof) %b%élﬂ‘zﬁ?\% LrEpEdn 1o 8H8: cH2S02: CH2NR6; NR6 wherein R5

is H or a linear or brapghed (G1-04). alkyla mg@%@mﬁgg@ '%UEL‘? dgntly selected from H

or a linear or branched (01-04) alkyl, preferably methyl, optionally stubstituted by a (01-04) cycloalkyl
and R51g independé¢ntiyseleeteddiomn the gPDE goasistinghoflioadis onbraoemedr&pile8éhaliy!,

preferably methyl; phenyl; 20benzyl; NH2; and HNCOOR', wherein R is linear or branched (C1-04)
alkyl, different conformations, that were designated as high affinity rolipram binding
site or HPDE4, especially present in the central nervous system and in
parietal cells, and low affinity rolipram binding site or LPDE4 (Jacobitz, S et
al Mol. Pharmacol, 1996, 50, 8391-899), which is found in the immune and
15  inflammatory cells. While both forms appear to exhibit catalytic activity, they
differ with respect to their sensitivity to inhibitors. In particular compounds
with higher affinity for LPDE4 appear less prone to induce side-effects such
as nausea, emesis and increased gastric secretion.
The effort of targeting LPDE4 has resulted in a slight improvement in
20 the selectivity for the second-generation PDE4 inhibitors such as cilomilast
and roflumilast. However, even these compounds are not provided with a
good selectivity towards LPDE4.
Other classes of compounds acting as PDE4 inhibitors have been
disclosed in the prior art.
25 For example, EP 1634606 discloses, among others, ketone derivatives
like benzofuran or 1,3-benzodioxole derivatives.
WO 8402465 discloses, among others, ketone derivatives of general

formula



WO 2009/018909PCT/EP2008/005843 5 preferably t-butyl. Ri and R2 are different or the same
and are independently selected from the group consisting of H; 5linear or branched (Ci-C6) alkyl,
optionally swistitubaddoysone or more substituents selected from (03-07) aycloetkydsrofdss07)
cycloalkenyl; (03-07) cycloalkyl; (05-07) cycloalkerg/l; 10linear or branched (02-06) alkenyl; and
linear or branched (02-C6) alkynyl. R3 is one or more substituents independently selected from the
group consisting of H, CN, NO2, CF3 and halogen atgms. A jg-a rirjg system, that is a mono- or
bicyclic ring which may be 15 saturated, partially uns@ or ufisaturated, such as aryl, (C3-Cs)
cycloalkyl or heteroaryl, said ring sy$tef -A_hayiag atoms in which at least one ring atom is
a heteroatom (e.g. N, S or 0), in which the o substituent Rx on the A ring system may be one or
more, may be the same or different, and istRdependently selected from the group consisting of: 20-
linear or branched (C-i-C6) alkyl optiﬁhé?ly substituted by one or more (03-07) cycloalkyl; linear or
branched (C2-C6) alkenyl optionally substituted by one or more (03-0)%) cycloalkyl; linear or

branched (02-06) aHaRTRIBpRoniglyQEstfHed BPenEarmamhdie @573 eRdiky (O

cycloalkenyl; phenyl: (C3-C7) heterocycloalkyl: j ' lected from the group
consisting ofzylgl,O(%&yéifﬁyé&éﬂoep%ghaw g&ﬁ%ﬁ&gd%gy%%g%ﬁ?éggﬁgc,) cycloalkyl; 5(Ca-C7)
cycloalkyl; (C1-CA)absylenesé6a-CTinheigrocyalamkybCQ Q&) alkybr@Qt(0d -08)ederliphenyl;
10benzyl; (C1-C10) alkyl-NR8R9 wherein R8 and R9 are independently selected from the group
consistifig ot slibatitudedrahengd d€diva@6yatkyl and they form with the nitrogen atom to which they

are linked a saturated, partially saturated or unsaturated 15ring, preferably NR8Ro s linked to (C-Cio
alkyl forming for Bothp appligations are silent about the grgb?ems (%Nhe side etfects ( )

associated with inhibition of HPDE4 and do not report data regarding affinity
toward HPDE4 and LPDE4.

Therefore, although several PDE4 inhibitors have been disclosed so

10 far, there is still a need for more efficacious and better tolerated compounds.

In particular, it would be highly advantageous to provide more
selective compounds, e.g. endowed with a higher affinity toward the LPDE4
with respect to the affinity to HPDE4, in order to attenuate or avoid the side
effects associated with its inhibition.

15 The present invention addresses these issues by providing PDE4
inhibitors having an improved selectivity toward LPDE4.

As a matter of fact, it has now been found that providing a PDE4
inhibitor with an additional moiety interacting with the active site of the PDE4,
there is an improvement in the selectivity of the inhibitors towards LPDEA4.

20 The PDE4 inhibitors of the present invention efficaciously act upon
inhalation administration and could be characterized by a good persistency in
the lung and a short systemic duration.

SUMMARY OF THE INVENTION

The invention is directed to compounds acting as inhibitors of the

25 phosphodiesterase 4 (PDE4) enzyme, methods of preparing said



example saturated, partially saturated or unsaturated piperidine, oxazine, imidazole rings, wherein
these rings are optionally substituted by (01-04) alkyl; and halogen atoms; 20- ON; _ NO2; NRioRii
wherein Rlo and R11 are different or the same and are independently selected from the group
consisting of -H; 25- linear or branched (Ci-Co) alkyl, optionally substituted with phenyl or (03-07)
cycloalkyl; - COC6H5i 00-(C1-C4) alkyl; 000-(C1-04) alkyl; 7 CONH-(C1-C8) alkyl-R12, wherein Ri2
is selected from the group consisting of -H; (01-04) alkyl; 5and CONH (Ci-C4) alkyl-N(C1-04) alkyl,

or they form Wit i pQen AAMIRMICENEN e sl & satuiales onpedalsatusted g
preferably a piperidyl ring; (01-04) alkyl-NRioRii; 1000R12 wherein R12 is phenyl or linear or branched
(01-08) alkyl; oxo; HMSP2MRit8 lahettein iRISriE(A1i0A)iadiotent aplEmlaitiesadly 1-pheasiuted
with halogen atoms or with a (CI-C4) alkyl group; S02R14 wherein R14 is (01-04) alkyl, OH or
NR16R11 whepaficians abuh@ ReD lfe tlsigerrisl 'RhBadBR 18 wherein RS is phenyl or (01-04)
alkyl; SR16 wherein Ri8 is H, phenyl or (01-04) alkyl; .A 000R17 wherein IR17 is H, (01-04) alkyl,
phenyl or benzyl; and (OH2)qOR18, wherein g=1, 2, 3 or 4 and R18 is H or (01-04) 20cycloalkyl.

and pharmaceutically acceptable salts and N;gxidgsonghe pyriding ring thereof. The invention
also encompasses the pharmaceutically acc%ptable salts nnri Qre lv2tnc thereof. 25The invention
further involves the corresponding N-oxides 0 g invention further comprises a
process for the preparation of R1.

wherein:
Z is selected from the group consisting of
(CH2)m wherein m =20, 1or 2;
(CH2)»,O wherein n=1, 2 or 3;
10 O(CH2)p, wherein p=0, 1, 2 or 3;
CH2S0z;
CH2NRes;
NRe wherein Re is H or a linear or branched (C+-C4) alkyl; and
CR4Rs wherein
15 R4 is independently selected from H or a linear or branched (C+-C4)
alkyl, preferably methyl, optionally substituted by a (C+-Ca) cycloalkyl and
Rs is independently selected from the group consisting of
- linear or branched (C1-Ca) alkyl, preferably methyl;
- phenyl;
20 - benzyl,
- NH2; and
- HNCOOR’, wherein R’ is linear or branched (C4-Ca) alkyl,



WO 2009/018909PCT/EP20118/005843 8 compounds of general formula (1). The present
invention also provides pharmaceutical compositions of compounds of general formula (I) alone or in
combinationywgithdsyagsmexture with one or more pharmaceutically acceptaiie easiigisoaiaza further
aspect the present invention provides the use of the compounds of general formula (1) as a
medicament. In a further aspect the present inventioh provides the use of the compounds of general
formula (1) for the maﬂwgz\f%tfé% 9ft§’b qjicament. In particular the present invention provides
the use of the compounds o# general formula (1) for the prevention and/or treatment of any disease
characterized by pResghadiestarasaifid RIAE4) vy asdinity and/arehatripandishiljitios et RBE4
activity is desirable. In particular the compounds of general formula (I) alone or combined with
other active figretdierasonpycbhe sidtitigistered for the prevention and/or 15treatment of a disease the
respiratory tract characterized by airway obstruction such as asthma and COPD. In a further
aspect the present"in\)antion provides the use of compounds of general formula (1) for the preparation
of a meglcament for the, 85‘?\/8?“8%8?1%% éa_t@se}ma%ﬂn HH&%RE@%Q&EE}F&: di rtgjr%‘ocg condition
20 characterized by or associated with an u desirable inflammatory immune resporise or méuced by
or associated with an exsessigeiRieiins ofdidttedarddiP HE ;-C,)Moyemakie gresenidiyention
provides a method for prevention and/or treatment of any disease wherein PDE4 inhibition is required,
said 25method compri¢diealitgmistering to a patient in need of such treatment a therapeutically
effective amount of a§§m%ognd o'f gﬁ)@p ral formula (I). DEFINITIONS The term "halogen atoms" as
used herein includés fludiiné &BAREY WO 2009/018909Pa/EPU(18/005843 9 bromine, and iodine,
preferably chlorine, (O%s@lﬁqgw@rg{% ’ expression "linear or branched (Ci-Ox) alkyl" where x is an
integer greater than 1, refers to straight-chained and branched alkyl groups wherein the number of
constitt@nt carbon-atdime s inrtbeaaetyed5Co Xs )Palitenndr alicyl groups are methyl, ethyl, n-propyl,
isopropyl and t-butyl. ~ Optionally in said groups one or more hydrogen atoms can be replaced by
halogen atoms, prefer%ﬁﬁ&%ﬁ’ﬁémﬂg&%) alky®ye derived expressions "(C2-Cs) alkenyr and
"(02-Cs) alkynyi", are to 10 be construed in an analagous mapnner. Asu hergin, the expression
(G0 oyciomy T o e R A Bl e T T e T e o
groups contawestiegict 19 XININerPaorataRs haXdHeR et dngiude cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl and cycloheptyl. 150ptionally in said groups one or more hydrogen atoms can
be replaced A is a ring system, that is a mono- or bicyclic ring which may be

15 saturated, partially unsaturated or unsaturated, such as aryl, (C3-Csg)
cycloalkyl or heteroaryl, said ring system A having 5 to 10 ring atoms in
which at least one ring atom is a heteroatom (e.g. N, S or O), in which the
optional substituent Rx on the A ring system may be one or more, may be the

same or different, and is independently selected from the group consisting of:

20 - linear or branched (C+4-Cs) alkyl optionally substituted by one or
more (C3-C7) cycloalkyl;

- linear or branched (C2-Cs) alkenyl optionally substituted by one or
more (C3-C7) cycloalkyl;

- linear or branched (C2-Ce) alkynyl optionally substituted by one or
25 more (Cs-Cy) cycloalkyl;

- (Cs-C7) cycloalkenyl;
- phenyl;
- (C3-C7) heterocycloalkyi;



by halogen atoms, preferably chlorine or fluorine. As used herein, the expression "(C3-C7)
heterocycloalkyl", refers to cyclic non-aromatic hydrocarbon groups containing one or more
heteroatoms (e.g. N, S or 0), optionally substituted by one or more (01-04) alkyl. 20The derived
expressions "(C1-Cx) cycloalkoxyl" is to be construed in an analogous manner. The derived
expression "(C5-C) cycloalkenyl", where x is an integeggreater than 5, is to be construed in an
analogous manner. As used herein, the expression "ring system" refers to mono- or 25 bicyclic ring
systems which may be sgigalgdepaftialy NnsafuEatecrRs HNPRLYAIEH G581 88RN (03-Ca) cycloalkyl
or heteroaryl, having 5 to 10 ring atoms in which at least one ring atom is a hereoatom (e.g. N, S or 0).
Examples of suitable monocikglic systems include phenyl, pyridyl, WO 2009/018909PC
17E112008/0115843 10 piperazinyl, E‘ifﬁg;pin l,, morpholinyl, .cyclopentyl, cyclohexyl, cyclohexenyl,
cycloheptyl, dioxane, imidaz&éé EP] o] éHSF‘a’?Y S%&gm\gg&?g?gjﬂgéle%c%ﬁ:es%%é%xﬁinclude
naphthyl, quinolinyl, isoquinqubgpgﬁpyl, fluorene, benzimidazole, benzimidazolidine, xanthine 5and
the partially- or fully- hydrogenated derivatives thereof DETAILED DESCRIPTION OF THE
INVENTIGN  The inventidf isG@lideeyetPilleyblass of compounds acting as inhibitors of the
phosphodiesterase 4 (PDE4) gn e, Sald EE. f compoungds,inhibits the conversion of cyclic
nucleotides, 10in particular c{/%i-c érgéarll‘%li%réerﬁ flop gﬁéﬁ%@?ﬁ%&'m their inactive
5'-mononucieotide forms.  cdn tbe-akwausylthe physiological responses to elevated intracellular
levels of cyclic nucleotides, in particular of cAMP, lead to the suppression of the activity of immune and
pro-inflammatory cells such &&3askeetis) Al ¥hacrophages, T lymphocytes, eosinophils and
neutrophils, resulting in a degk of the release of inflammatory mediators which include cytokines
such as IL-1, IL-3 and tumor'necrosis factor -alpha (TNF-a). It also leads to an airway smooth
muscle rglgxation and a deckgaseyin oedema. 20The catalytic site of PDE4 has been previously
identified: it mainly comprises a hydrophobic region in which two sub-pockets are present, e.?h/So and
e

Si, and a hydrophilic region dé&ritdmmgahe B fendvreseitnRmgnd i iR BiriNRRETSES
sub-pocket S2 spreading ar%g &nﬁdn}%%icw% a&%aﬁu&ﬂggﬁgé%wmgmm@gpt@s @r%q){%ggately
p et.

90 from the middle of the 25hydrophobic poc ost of the compounds of the prior art are
provided with a moiety able ¢Cint@gactifiy with dhéhsybfpocketstSalaadnErof tre byoimophokibinkgion
such as a substituted catechol group and with another moiety able of indirectly WO

20091018909PCTIEP20111 191 A5848 e hiragtingifith AR SaNYEL etk & WRRBYALEE for
example ggheterocycle such ﬁﬁd’,ygqa?ﬁr%rbiﬂ}’r\‘@%%eis lin&e %e%emidﬂ\s?rgi%glisf@.irﬁm@dfm

compounds which were designéd so that they could maintain the interactions with the sub-pockets So
and Si 5 by means of the sulestitotetecateeholateiety aadttakyintesatticriavth the metsiabraiedion by

means of the pyridine ring like, othe% known PDE4 inh'lbitorsl but differ fqré%?e. resence of a further
group able of establishing arPHfitfORS itéPadtitn Wﬁﬂ?ﬁg ?ulS'—'EJ%%ké’i’ el °SR 65}98uﬁa{|ethe

present invention relates to Q%EY@HMW gﬁgghgw&%ﬁ@w@pm@%yba,lgohols of general formula (1)
- halogen atoms;
20 - CN;
- NOg;
- NRioR11 wherein Rio and Ry are different or the same and are
independently selected from the group consisting of
- H;
25 - linear or branched (C1-Cs) alkyl, optionally substituted with
phenyl or (C3-C7) cycloalkyl,
- COCgHs;
- CO-(C4-Cy) alkyl,
- COO-(C+-Cy) alkyl;



() Pharmaceutically acceptable salts include those obtained by reacting 15the main compound,
functioning as a base, with an inorganic or organic acid to form a salt, for example, salts of
hydrochloric acid, sulfuric acid, phosphoric acid, methane sulfonic acid, camphor sulfonic acid, oxalic
acid, maleic acid, succinic acid and citric acid. It will be apparent to those skilled in the art that the
compounds of 20general formula (I) may contain asymmetric centers. Therefore the invention also
includes the optical stereoisomers and mixtures thereof. Where the compounds according to the

invention have at least one ~agymr gtﬂ%ggnquyihﬁyzmwh%%%diﬁqu (Féisg%g@tiﬁgtﬁrsm\é/here
[ t

the compounds according to the invention possess two or more asynmimetric 25centers, they may
additionally exist as diasteregisomeysn Hiititagbef WO 2009/018909PCT/EP2008/005843 12
understood that all such isomers and mixtures thereof in any proportion are encompassed within the
scope of the present invention. H: The compounds of general formula (I) were found to show an in
vitro inhibitory activity toward th&ﬁ% gngyme in the nM range and they turned 5out to be endowed
of a good activity in the lungs upon intra-tracheal administration in an animal model of CORD.

They alsofexhibited in some easks sustained pulmonary levels in the lungs, while no detectable

plasmatic levels were found which is an igge of mrt ystemic action 100ne possible explanation
for the unexpectedly high se%@l’?‘vh&i@ PUSHDBHa ‘fé)ta(l?_g'ﬂgm in comparison to HPDEA4 is that

they all feature a moigly yaigh£pHid fifiRtadke ,%%ré_aQrpo%%oftéh%ﬁ@#ytﬂ'ﬁé%uea%thﬁq\%&%enzyme
r

through the A substituent. As it can be appreciated from the results reported in the Example 13,
a 15compoundsegpresedtativediatiy pakmtdedvasdndesid fobhd alpduediddrfot more selective
toward LPDE4 versus HP E% A preferred group of compounds of general formula (1) is that
wherein the 2-pyridinyl rifg S CURERd 105 Bnd 5 with two atoms of chiorine, according to the

general fggmula (1) 20 (lip@irereiorRidi?. R 206 ph arg esrdeiingd aboven Addnageqysikwhen R1 or
R2 is H, the other substituent on the WO 2009/018909PCT/EP2008/00.5843 13 catechol group is

different from H. Preferal§i¥®R1 and R2 are both different from H.
- HNSO2R43 wherein R13 is (C4-C4) alkyl or a phenyl optionally

substituted with halogen atoms or with a (C4-C4) alkyl group;
- S0O2R14 wherein R4 is (C4-C4) alkyl, OH or NR1oR11 wherein Rio
15 and R1 are as defined above;
- SOR1s5 wherein Ri1s is phenyl or (C1-C4) alkyl,
- SR4s wherein Ris is H, phenyl or (C1-Ca) alkyl;
- COOR47 wherein R47 is H, (C1-C4) alkyl, pheny! or benzyl; and
- (CH2)qOR+g, wherein g=1, 2, 3 or 4 and Rys is H or (C4-Cy)
20 cycloalkyl.
and pharmaceutically acceptable salts and N-oxides on the pyridine
ring thereof.
The invention also encompasses the pharmaceutically acceptable
salts and/or solvates thereof.
25 The invention further involves the corresponding N-oxides on the
pyridine ring.

The invention further comprises a process for the preparation of



A first group of more preferred compounds of general formula (11) is that in which: 5R1 and R2 are as
defined above; Z is (CH2)n wherein n is 0; and A is as defined above. A second group of more

preferred c%%@gﬁ%;hat in which: Ri and R2 are as defined above; 1Q7.is, rein R5 is
‘linear or branched (C1-C4) alkyl, preferably methyl; and A is as defined a%%%gﬂgélﬁr)ggg‘%up of more

preferred compounds is that in which: Ri and R2 aréBas defined above; 15Z is OR4R5 wherein R4 and
‘RS are both linear or branched (C1-C4) alkyl and they form a ring with the carbon atom to which they
are linked h&@RPaURds B BERFRINAIBE btkferably having 3 carbon atoms; and A is as defined

above. In one of thﬁpreferreg ngwﬁgé{;”%& ?‘ﬁ% sam]%%gd&mrﬁéégég&qtgg%%gg%me group

consisting of linear of branche near or branched (C2-C6) alkenyl, linear or branched

(C2-C6) alkysiyh@oORis vehejeinerdl inamdeiinpdetbeyer in donaiotiespreftirad adnbadinent A is

substituted and Rx is a group able of improving the aqueous solubility of the whole molecule such as

25NRioRil omithN 802 Rl 8wtepdiaRIACRAticalY REGeaie RIS gefifigdsabove. In a particular

embodiment of the invention, when A is a heteroaryl rin%], the ring is preferabl selectedffr%m the group
BIE S o SHSSolE! pil

consistifig of pyrrold! FriFdRe fuRSR &R0 pHRnRTSRTAAZOLE 3RS V&S olE CthiESo1S! pyridine,
pyrimidine, x\{,%ﬁﬁgﬁ&igpggﬁg,yﬁggg%ogpgg%J,ﬁecy,@qwg,ﬁnd pyran, imidazole, imidazolidine
éfer .

and more pr y pyridine. According to a preferred embodiment the present invention provides the
compounds reportad helewikermpopsd Chemjgalsemmeni/ention provides the use of the
2-(4-Isobutyl-pheny1)-propionicacid2-(3,5-dichloro-pyridin-4- y1)-1-(3,4-dimethoxy-phenypethyl ester 2
PhenyI-aceti@amdgl(aS&@&EW@@WWJ@&W@B,ﬁl%fﬁféiﬁgf?(?%?%@&m%@ﬁ@?@t-

1-Phenyl-cyclopropanecarboxylic acid 2-(3,5-dichlgro-pyridin4-y1)-1-(3,4-dimgthoxy- thyl ester
4 3,4-Dimethoxy-b&RZ5h Ek‘@g( , -d‘?&ﬁ?org-d%ﬁfﬁfﬂfg YA dithe ﬁ%x(fp eny ':’Pél(ﬁ@%(ggter

10 of general formula (I) for the prevention and/or treatment of any disease
characterized by phosphodiesterase 4 (PDE4) overactivity and/or wherein an
inhibition of PDE4 activity is desirable.

In particular the compounds of general formula () alone or combined
with other active ingredients may be administered for the prevention and/or

15 treatment of a disease the respiratory tract characterized by airway
obstruction such as asthma and COPD.

in a further aspect the present invention provides the use of
compounds of general formula (1) for the preparation of a medicament for the
prevention and/or treatment of an inflammatory disease, disorder or condition

20 characterized by or associated with an undesirable inflammatory immune
response or induced by or associated with an excessive secretion of TNF-a
and PDE4.

Moreover the present invention provides a method for prevention
and/or treatment of any disease wherein PDE4 inhibition is required, said

25 method comprises administering to a patient in need of such treatment a
therapeutically effective amount Qf a compound of general formula (l).

DEFINITIONS

The term “halogen atoms” as used herein includes fluorine, chlorine,



5 (S)-tert-Butoxycarbanylamino-phenyl-aceticacid1-(3
cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3,5- dichloro-pyridin-4-yl)ethyl ester 6

(R)-tert-ButQuycarbndgimino-phenyl-aceticacid PCT/EP2008/005843
cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3,5- dichloro-pyridin-4-ypethyl ester 7

(S)-Amino-phenyl-aceticacid1-(3-cyclopropylmethox>9-4-

difluoromethﬁg%@p]%mélr?azi-é%i%i@?ofror-gwicrirélg]gﬁw%gethyl ester 8

(R)-Amino-p -acelicacl FoSrop OXy-4-

difluoromethoxy-phgayils(B. hhistHorenayidiprdsdiskhylipiar Sor branched (C1-Cx) alkyl
2-(4-1sobutyl-ohenyl)-propionicacid1-(3-cyclopentyloxy-4-
methoxy-phemly&je2x(3s5adichiegep\gidiatdribethyil esterslio straight-chained and branched
3-Cyclopropylmethoxy-4-difluoromethoxy-benzoicacidl-(3-

cyclopropyln?é‘EHbWQP-BﬁINﬂ?@ﬁ‘?’éﬂw%—%ﬁm)@F-g?ﬁf’éfé'ﬁ’l%&%mn@ﬁ%%tﬁi’é%ﬁﬁ ARge
2009/018909PCIIEP /00584 12 2-(4-| - - ioni id .
1-(3-cyc$opr&p&ﬁm@t%%&gg%do%ﬁét (')éyl/gFA)p%Sénp)%B%gggyd)l%%%g’?%ﬁ@%% %ﬂ%/rloggtlerafg

2-(4-Isobutyltphiaipy1)-propionicacid2-(3,5-dichloro-1-oxy- pyridin-4-y1)-1-(3,4-dimethoxy-phenypethyl
ester 14 3-Cyclopropyimethoxy-4-difluoromethoxy-benzoicacid1-(3-

cyclopropylmethoxy> #idiadhp ineshdkgishars one-(8, 5 alie Higrager\a pymdi sanybetigplasied 15
2-(4-1sobutyl-phenyl)-propionic acid ) .
1-(3-cycloprc?ﬁﬂ/hﬁ{)éﬂﬁfkﬁigdﬁﬁjo%ﬁ%fﬁwﬁ/%%ﬂ?f)-OZ-@fg-rHi’awIoro-l-oxy-pyridin-4- ypethyl ester 16

2-(3,5-dichloro-pyriginAg e rived expressions “(C2-Cs) alkenyl” and “(C2-Cs) alkynyl”, are to
10  be construed in an analogous manner.

As used herein, the expression “(Cs-Cx) cycloalkyl”, where x is an
integer greater than 3, refers to cyclic non-aromatic hydrocarbon groups
containing from 3 to x ring carbon atoms. Examples include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl.

15 : Optionally in said groups one or more hydrogen atoms can be replaced
by halogen atoms, preferably chiorine or fluorine.

As used herein, the expression “(Cs-C7) heterocycloalkyl”, refers to
cyclic non-aromatic hydrocarbon groups containing one or more heteroatoms
(e.g. N, S or O), optionally substituted by one or more (C4-Ca) alkyl.

20 The derived expressions “(C1-Cx) cycloalkoxyl” is to be construed in an
analogous manner.

The derived expression “(Cs-Cy) cycloalkenyl”, where X is an integer
greater than 5, is to be construed in an analogous manner.

As used herein, the expression °“ring system” refers to mono- or

25 bicyclic ring systems which may be saturated, partially unsaturated or
unsaturated, such as aryl, (C3-Cs) cycIOaIkyl or heteroaryl, having 5 to 10
ring atoms in which at ieast one ring atom is a hereocatom (e.g. N, S or O).

Examples of suitable monocyclic systems include phenyl, pyridyi,



2-(4-Amino-phenyl)-propionicacid yl)-1-(3,4-dimethoxy-phenyl)ethyl ester 17
2-(4-Methanesulfonylamino-phenyl)-propionicacid2-(3,5-
dichloro-pyridin-dnhidsfs:4-dimethoxy-phenypethyl ester 25
4-(2-Piperidin-1-yl-ethoxy)-benzoicacid1-(3.-cyclopropyl- PETIEP2008/005643
methoxy-4-difluoromethoxy-pheny1)-2-(3,5-dichloro-1Coxy-pyridin-4-yDethyl ester 26
3-Cyclopropylmethoxy-4-difluoromethoxy-benzoicacid

on . 1-(3-
cyclopentyloR/PE A&y RIRE HQi’)Yi'-(@Q-rél’iEHIHHSi-’l-%X@SBW - GYERDEEYer SYclonexenyl,

4-(2-PiperidinaJ ¥RtV )REAZOC AGia70le and imidazolidi
2-(3,5-dich|orciﬁ-oxy%%in-4-y1)-1{-12q3,4a- ﬁneetah%xy}% gr%fh‘etlﬁﬁ'ester 28 Isonicotinic

acid1-(3-cyclopropytnatigxys4 shflvanernethaxye iphesydretr(S, Sndichlorard piynayriginedimgathyl ester
29 Nicotinicacid1-(3-cyclopropyimethoxy-4-difluoromethoxy- o
pheny1)-2-(3graitnenaloiydewidinlageagyast@ipaiazole, benzimidazolidine, xanthine

4-(2-Imidazol-1-ykethoxy)-benzoicacidl-cyclopropyl- L

methons?s-aMUB RS Bty - 3/ TRRIA S 6y B HURR A58yt ester wo
2009/018909PCT/BHZ0G(G9599E 36 RIPTIBNASE THE INVENTION
-(3-Cyclopropyimethoxy-4-difluoromethoxy-pheny1)-
2-(3,5-dichloro-1-oxXyhayiitvedtiph)ethimaatarh omyal-plesoxf/letmy | slinuetaydtpige sidimiib s
4-(2-Morpholin-4-yl-ethoxy)-benzoic acid
cyclopropyInfetidkyRharpbrsiestessyHid M R4} (@M diRfloro-1-oxy-pyridin-4- ypethyl ester 33

4-Difluoromethoxy-3:(2-piperidin:1-yl-ethoxy)-benzpicacid2- . . .
(55-dichloro-1-ovy VAR S 0L P AN B R e P cvclc nucieotices

2-(6-MahoxyrapiidleRr 2R oRiHEAREL ntdnophosphate (cAMP), into their inactive
cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3,5- dichloro-1 -oxy-pyridin-4-yl)ethyl ester
5’-mononucieotide forms.
in the airways, the physiological responses to elevated intracellular
levels of cyclic nucieotides, in particular of cAMP, lead fo the suppression of
the activity of immune and pro-inflammatory cells such as mast cells,
15 macrophages, T lymphocytes, eosinophils and neutrophils, resulting in a
decrease of the release of inflammatory mediators which include cytokines
such as IL-1, IL-3 and tumor necrosis factor -alpha (TNF-a).
It also leads fo an airway smooth muscie relaxation and a decrease in
cedema.
20 The catalytic site of PDE4 has been previocusly identified: it mainly
comprises a hydrophobic region in which two sub-pockets are present, e.g.
So and S+, and a hydrophilic region containing the metal ions Zn2* and Mg?+,
that in turn comprises the sub-pocket S2 spreading around the metal ions and
a sub-pocket Sz which branches approximately 80° from the middle of the
25 hydrophobic pocket.
Most of the compounds of the prior art are provided with a moiety able

of interacting with the sub-pockets So and S+ of the hydrophobic region such

as a substituted catechol group and with another moiety able of indirectly



35 4-(3,4,5-Triacetoxy-6-acetoxymethyl-tetrahydro-pyran-2-yloxy)-
benzoicacidl-(3-cyclopropylmethoxy-4-difluoro-methoxy-

phenyl)-2-(3,5-d] -1-oxy-pyridin-4-yhethyi ester 36

3-Cyc|opro§§?(r)ndge%|]%§<%/g-9 -(2-piperidin-1-yl-ethoxy)-benzoic acid FCT/ER2008/005843
1-(3-cyclopropylmethoxy-4-difluoromethoxy-pheny1}2-(3,5- dichloro-1-oxy-pyridin-4-ypethyl ester 37
2-(6-Methoxy-naphthalen-2-yl)-propionicacid2-(3,5-dichloro-1
oxy-pyridin-4ry@) i@ @-diribththe/-phetsipeeis ester B8 2-38-MetregLkabhtitd e A2AFDBrdhionic
acid2-(3,5-dichloro- pyridin-4-y1)-1-(3,4-dimethox -Pcrj]engl)ethyl ester 39
2-(6-Methoxﬁ)ﬁﬁbﬂﬂ%’&@ngﬁ%ﬁﬁr%}gﬁ%fb%aaf-)(é-o' one.

cyclopropymethoxy g alluarmeRRBhery Hr e RBUHHE HDs N esigécifnec
4-Amino-benzoicacid1-(3-cyclopropylmethoxy-4-difluoro-

methoxy-phesy 12 @ &ydighiatoniamesipy tidin idtghetiignesteitd lthe sub-pockets So and S+
2-(4-Amino-phenyl)-propionicacidl-(3-cyclopropyi-methoxy- _ ) ]
4-difluofomeayoxygsenya)-thes SHbRHeted -exiEphAbIME D @Rl dferinfpesction with the
2009/018909PCITEP2008/005843 17 42 4-Aming-benzoic acid. .
1-(3-cyc|opem§f&yiﬁ%e'iﬁ858ﬁth%n'iﬂfaf\(%,g}cljié?ﬁ?or%yi@gg?-p?/ﬂgirlil ?ylgg%ﬁ)rll Koown JPDE4
4-DimethylamingRenz icagidl{ for oS RIVEREEeX Y farther group able of establishing an
difluoromethoxy-pheny1)-2-(3,5-dichloro-l-oxy-Pyridin-4- y1)ethyl ester 44
Terephthaiicadiditionadibis-acyiclopriidy tne tholkypbckfiti &ro-
methoxy-pheny1)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl) ester 45
3-Dimethylamin0-43ﬁ1@£ﬁ836)4l?én%@c&ﬁ&f—?é-@@&ﬁfﬁby‘}ﬁ‘ates to derivatives of 1-phenyl-2-

methosy;4-difiuorometioxy-ahenxid 2 Gasich AR Pyriin-4-yhethyl ester 46

Pharmaceutically acceptable salts include those obtained by reacting
15 the main compound, functioning as a base, with an inorganic or organic acid
to form a salt, for example, salts of hydrochloric acid, sulfuric acid,
phosphoric acid, methane sulfonic acid, camphor sulfonic acid, oxalic acid,
maleic acid, succinic acid and citric acid.
It will be apparent to those skilled in the art that the compounds of
20 general formula (I) may contain asymmetric centers. Therefore the invention
also includes the optical stereoisomers and mixtures thereof.
Where the compounds according to the invention have at least one
asymmetric center, they may accordingly exist as enantiomers. Where the
compounds according to the invention possess two or more asymmetric

25 centers, they may additionally exist as diastereoisomers. It is to be



4-imidazol-1-yl-benzoicacidl-(3-cyclopropylmethoxy-4-
difluoromethoxy-phenyi)-2-(3,5-dichloro-1-oxy-Pyridin-4- Methyl ester 47

4-Dimethyl aihylenzoicacidl-(3-cyclopropyl- e
methoxy-4-§iquorOmethOxy-phenyl)-2-(3,5-dich|oro-1-oxy-pyridin-4-ypeth};/ Igg%)ezro %6/3003843

1-Methyl-1H-imidazole-4-carboxylicacid1-(3-cycloprapyl-
‘methoxy-4-difluoromethoxy-pheny1)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester 49
4-Methanesulfoleyftomdotheh adicastin i@mpomopyRixtures thereof in any proportion are

methoxy-4-difluoromethoxy-pheny1)-2-(3,5-dichjoro-1-oxy-pyridin-4-ypethyl ester 50
3-(CycloprofR/HIBRATHE Wgﬂﬂn%‘)@ﬁﬁ%%og&ﬁgrp{gﬁggarglvérr]\tlo}/}pe yl ester

1-(3-cyclopropylm xy-4-difluar hoxy- -2:(3:h- i T @X%-RWARH hyl 51
O

1-(3-cyclopropnipieio syt uskarnethaxye pilenehl2nie, 5n dichitald- taorg-pyritlimdyyhethyd ester
(continued) 18 52 1,2-Dimethy1-1H-benzoimidazole-5-carboxylicacid143- _
cycloprépylntethdsry-aedifudmmadh&ly-pheagt)-2qBviy dichi6h6- 1IexgSpHRAR-4RfRHAGSE! 53
Quinoline-3-carboxylicacid1-(3-cyclapropyirnethoxy-4-
difluor_omethaaﬂlﬁHéH?ﬂpﬂ(@,@-ﬂi8ﬁlﬁ?@ﬁ%&&y%y?jié%§pyl)ethyl ester 54
(1,3-Dimethy1-2,6-g40x0- 1123 S IRBREUANQ-BERHE £¥dd:8C8 i ained pulmonary levels in the
acid1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2- (3,5-dichloro-1-oxy-pyridin-4-Methyl ester
55 lungs, while no detectable plasmatic levels were found which is an index of a

short systemic action.

10 One possible explanation for the unexpectedly high selectivity of these
compounds for LPDE4 in comparison to HPDE4 is that they all feature a
moiety which could fit into the S3 sub-pocket of the catalytic site of the PDE4
enzyme through the A substituent.

As it can be appreciated from the results reported in the Example 13, a

15  compound representative of the invention was indeed found about 1319-fold
more selective toward LPDE4 versus HPDEA4.

A preferred group of compounds of general formula (1) is that wherein

the 2-pyridinyl ring is substituted in 3 and 5 with two atoms of chlorine,

according to the general formula (I1)
20

/A
A
Py
Ri< :©/ Cl
O

(i

wherein Ry, Rz, Z and A are as defined above.

3

O

Advantageously when Ri or Rz is H, the other substituent on the



Hexadecanoic acid1-(3-cyclopropylmethoxy-4-difluoromethoxy-
pheny1)-2-(3,5-dichloro-1-oxy-pyridin-4-ypethyl ester 56 Pentanoicacidl

-(3-cyclopro Iryﬁets‘f}(%g-f}-difluoromethoxy- phenyl)-2-(3,5-dich|oro-1-oxyﬁ%¥5%91;516§8- % g}?yl ester 58
3-Cyc|oprop%eﬁ1oxy-9;—difIuoromethoxy-benzoicacid1-(3- )
cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3$- dichloro-1-oxy-pyridin-4-yl)ethyl ester 59
4-(3-Cyclopropyimethyl-ureido)-benzoicl-(3-cyclopropyl- acid
methoxy-4-ciflusspaielhoxy-pheiidneAt(&ondidhloro-1-oxy-pyridin-4-yl)ethyl ester 60
Quinoline-8-carboxylicacid1-(3-cyciopropylmethoxy-4-
difluoromethoxy-ph&iejerally, SRdiehr i1z R piiditarsidiamddter 61
3-Cyclopropylmethpxy-4-dimethylamino-benzqicacid1-(3- ;
cyclopropylmethoxé—%—r(ﬁﬂl%%ﬁ%%o%%%eprfﬁ%%[ 159%“%%#8913_0%/_ ey?%ﬁ%‘-zf%ﬁ%t“ﬁ?u I!c,)t(e!rs 62
443-(2-Methmg{-ﬁ;wm%eidol-benzoicacid1 -(3-cyclopropyl-
methoxy-4-difluoromethoxy-pheny1)-2-(3,5-dichloro-1-oxy-pyridin-4-ypethyl ester 63
1,3-Dimgthy1-2-oxe-2 ardiRdeoel bk hdrfhoedidbroke:5-carboxylic acid
1-(3-cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3,5- dichloro-1-oxy-pyridin-4-Mthyl ester WO
2009/018909PCT/EF2 3687005948 8I6A ’?-@-@Mﬁro-biphenyl-4-y1)-pr0pionicacidl-(3-cyclopropyl-
methoxy-4-difluoromethoxy:phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester 65
3-Cyc|opropylmethg'xlﬁ-f-%ﬁ%ﬂpc?rée%ﬁé%;?—'benzoicacid1-(3-

cyclopropylmethoxy 44peih@grais By hrdr&3sredishiiamrigiouhid astivleestewhich:
R+ and Rz are as defined above;
10 Z is CHRs wherein Rs is linear or branched (C1-Ca) alkyl, preferably
methyl; and
A is as defined above.
A third group of more preferred compounds is that in which:
R+ and R are as defined above;
15 7 is CR4Rs wherein R4 and Rs are both linear or branched (C1-Ca) alkyl
and they form a ring with the carbon atom to which they are linked having 3,
4, 5 or 6 carbon atoms, preferably having 3 carbon atoms; and
A is as defined above.
In one of the preferred embodiment A is substituted and Rx is selected
20 from the group consisting of linear or branched (C+-Cs) alkyl,' linear or
branched (C2-Cs) alkenyl, linear or branched (C2-Ce) alkynyl or OR7 wherein
R7 is as defined above.
able of improving the agueous solubility of the whole molecule such as
25 NR1oR+1 or HNSO2R 3 wherein Rio, R11 and Ry are as defined above.
In a particular embodiment of the invention, when A is a heteroaryl ring,
the ring is preferably selected from the group consisting of pyrrole, pyrazole,

furan, thiophene, imidazole, oxazole, isoxazole, thiazole, pyridine, pyrimidine,



66 3-Cyclopropylmethoxy-4-difluoromethoxy-benzoicacidl-(3-
cyclopropylmethoxy-4-methoxy-phenyi)-2-(3,5-dichloro-1-oxypyridin-4-yhethyl ester 67
2-(6-Dimethw6r%g%q thalen-2-yl)-propionicacid1-(3-
‘cyclopropylmethoxy-ﬁéalﬂuoromethoxy-phenyl)-Z-(3,5- dichIoro-1-oxy-pyr1|)é:|gl-%§/%)§{?10§7 gster 68
2-(6-Dimethylamino-naphthalen-2-yl)-propionicacid 343-
‘cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5- dichloro-1-oxy-pyridin-4-yhethyl ester 69
3-Cyclopropphmathexgadmethan asidarsianiindasrietisagie more preferably pyridine.
1-(3-cyclopropylmethoxy-4-difluoromethoxy-phen 1&- -(3,5- dichloro-1-oxy- ri?in-4- etratlester 70
4-(3,7,12-Trihydro@%@,@%rﬁ@tlﬂ/lpﬁ@%ﬁ%gaﬁvg? RIGREA aﬁ’ﬂﬁﬁﬁaﬁtﬁ&%@ '9pyﬁv[8\é‘ é%oicaddl-(
3- cyclopropyl - ?g r Eo&(é(rmenyl)-z-(B,S- dichloro-pyridin-4-ypethyl ester 71
4-(3,7,12-Tri%3%?£@§606,5} -dﬁ%gﬁﬁi exadecahydrocyclopenta[a]phenanthren-17-y1)-pentanoicacid
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5- dichloro-1-oxy-pyridin-4-yl)ethyl ester 72
Aceticacid1-(3-ctyctopropyitmethoxy-4-difttoromethoxy- phenyl)-2-(3,;5-dichioro-pyridin-4-yhethyl ester
73 Phenyl-dce&tisagidin{d-cyclopropyimethoxy-4-difl@iremicai name
methoxy-phenyl)-2-(3,5-dichlore-pyridin-4-yhethyl-ester—WO-2009/018909PCTHEP2608/665843 20

Q o)
1 2-(4-1sobutyl-phenyl)-propionic acid 2-(3,5-dichloro-pyridin-4-

yh-1-(3,4-dimethoxy-phenyljethyl ester
2 Phenyl-acetic acid 2-(3,5-dichloro-pyridin-4-yl)-1-(3,4-
dimethoxy-phenyl)ethyl ester

3 1-Phenyl-cyclopropanecarboxylic acid 2~(3,5-dich!oro-pyridin-
4-yl)-1-(3,4-dimethoxy-phenyl)ethyl ester

4 3,4-Dimethoxy-benzoic acid 2-(3,5-dichloro-pyridin-4-yl)-1-
(3,4-dimethoxy-phenyl)- ethyl ester

5 (S)-tert-Butoxycarbonylamino-phenyl-acetic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-pyridin-4-yhethyl ester

6 (R)-tert-Butoxycarbonylamino-phenyl-acetic acid 1-(3-
cyclopropyimethoxy-4-difluoromethoxy-phenyt)-2-(3,5-
dichloro-pyridin-4-yl)ethyl ester

7 (S)-Amino-phenyl-acetic  acid  1-(3-cyclopropylmethoxy-4-
difluoromethoxy-phenyl)-2-(3,5-dichloro-pyridin-4-yl)ethyt
ester

8 (R)-Amino-phenyl-acetic  acid  1-(3-cyciopropylmethoxy-4-

difluoromethoxy-phenyi)-2-(3,5-dichioro-pyridin-4-yl)ethyl

ester

4 1

2-(4-lsobutyi-phenyl)-propionic  acid 1-(3-cyclopentyloxy-4-
e

e}

methoxy-phenyl)-2-(3,5-dichloro-pyridin-4-yhethyl ester

11 3-Cyclopropylmethoxy-4-difluoromethoxy-benzoic acid  1-(3-
cyclopropyimethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-pyridin-4-yl)ethyl ester

5 (continued)



74 Butyricacid1-(3-cyclopropylmethoxy-4-difluoromethoxy phenyl)-2-(3,5-dichloro-pyridin-4-y1)ethyl
ester 75 4-Phenyl-butyric acid1-(3-cyclopropylmethoxydifluorornethoxy

phenyl)-2-(%v§}f

' ro-pyridin-4-yhethyl ester 76
413-(2-Dimethy%)§f£;:)%8ge yl)-ureidol-benzoicacidl-(3

PCT/EP2008/005843

.yclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3i#- dichloro-1-oxy-pyridin-4-ypethyl ester 77

6-Dimethyla
yclopropylm
Acetoxy-phe
methoxy-phe
1-(3-Methan

enyl1)-2-(3,5-di

nine-naphthats
cthoxy14-difluo
nyl-aceticacidl

esulfonylaming

RO Ry RIBRIPBHAS Y- 5 A PR APy DY
A3teNe pprep st rdAdiiu® B-dichloro-pyridin-4-ylethyl

chloro-pyridin-4-yhethyl ester 79

78

1-(3-cyclopr
143-(Cyclop
methoxy-4- ¢
Oxy-benzoic
2,3-Dihydro-

3-Cyclopropy
dichloro-pyri
3-Cyclopropy
dichloro-pyri
NOOOPCTIEHR

bpylmefhoxy-44
ropylmethyl-me
jifluoromethox

S lethoxy-phenyl)-cycloproPanecarboxylic acid

Qgélfqaafﬂatbzby@?myb)r@pﬁar'lﬁddiclM@ia-l-wcyap&rtﬁtihrbscgeﬂgme
thyl-amino)-4-methoxy- nylicyglopr necarboxylicacidl-(3-c
B necn e R L

ster 80
clopropyl

acidl-g3rcyclo

benzo[1,4]dioxine-6-carbo
cyclopropyimethoxy-4-difludt8HiRAORY
YImethoxy-4-di

7 77

¥|@2§¥n4rm¢rﬁh@mbl_ _dlngwﬂﬂ&r@v@m@ﬂwba@wmmémethw@s
XVlicacCl -(o-.

RO 2 i BTG SV ARy Soter 83
Wieroorethoxyybpnridicatidl 2{3ybester

ter 82

2=y 1)-1-(Z,

P2008/005843

imethd y-4-di1%
din-4-y1)-1-(2,3

4

: _lrig%ré)@?& ?p%lg%r‘i%?é%%%ﬁ)? e_tg?g %%gr—gfcIopropyt-methoxy-
Udihfidoocreattapk ol B2y (5 trdi esteroVit Xy 2009014 -

%ethyl ester

16 2-(4-Amino-phenyl)-propionic acid 2-(3,5-dichloro-pyridin-4-
yh-1-(3,4-dimethoxy-phenyl)ethyi ester

17 2-(4-Methanesulfonylamino-phenyl)-propionic  acid  2-(3,5-
dichloro-pyridin-4-yl)-1-(3,4-dimethoxy-phenyi)ethyl ester

25 4-(2-Piperidin-1-yl-ethoxy)-benzoic  acid  1-(3-cyclopropyl-
methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-
pyridin-4-yl)ethyl ester

26 3-Cyclopropylmethoxy-4-difluoromethoxy-benzoic acid 1-(3-
cyclopentyloxy-4-methoxy-phenyl)-2-(3,5-dichloro-1-oxy-
pyridin-4-yl)ethy! ester

27 4-(2-Piperidin-1-yl-ethoxy)-benzoic acid 2-(3,5-dichioro-1-oxy-
pyridin-4-yl)-1-(3,4-dimethoxy-phenyl)ethyl ester

28 Isonicotinic acid 1-(3-cyclopropylmethoxy-4-difluoro-methoxy-
phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-ylethyl ester

29 Nicotinic acid  1-(3-cyclopropylmethoxy-4-difluoromethoxy-
phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yhethyl ester

30 4-(2-imidazol-1-yl-ethoxy)-benzoic acid 1-cyclopropyl-

methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-
pyridin-4-yl)ethyl ester

(continued)



85 1-(3-cyclopropylmethoxy-4- 3,4,5-Triethoxy-benzoicacid
difluoromethoxy-pheny1)-2-(3,5-dichloro-pyridin-4-Aethyl ester 86 4-Fluoro-3-methoxy-benzoic
acid1-(3-cydlppmpyingthoxy-4 difluoromethoxy-phenyl)-2-(3,5-dichloro-pyridindRetay] gster 87
1-Methoxy-naphthalene-2-carboxylicacid1-(3- ’
cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3¢-dichloro -pyridin-4-yl)ethyl ester 88

3,4,5-Trifluore=benzoicacidt=(3=cyctopropytmethoxy-4-= :
difiuoromethoxy-p@ényl)-Z-’H,%‘-'c)f/}CHo(r%'- AR YEIRIN e¥¥%fredfluoromethoxy-phenyi)-
2-(2-Fluoro-piphenyl-4-y1)-progignitakie io(3-e4a/0pyaRN=-4-y1)-ethoxycarbonyl]-phenoxy}-
5-0x thazalcine-carbox BT P aRERgEnsR Ve eSter
methoxy-4-difluorogzethoxypemydiphtis-gighlenscxoxrdastae pysid npsatptodmethoxy-
4-Methy1-3,4-dihydro-2H-benzg|1,4]loxazine-7-carboxylicacid . .
1-(3-cyc|oprprlmethoxy-4-€ﬁﬁ‘1lf|f 8?#&}‘?&9%8 5—@%3?&5%bq(’:(f‘%%‘?ﬁgl?f@fﬁﬁ)%%fﬁﬁ'ester 92
1—Cyc|_op_ropy|methyl-s-memyé_in‘ﬂybéetérs-dihydro-lH- 1-(3-cyclopropylmethoxy-4-
e e S R e R ST E S
1-(3',4'-Dichloro-2-fluoro-biBesndiefiptd-cyelaprpopediecarhxylichdicdir@ityotiyppoeyipetiony-4-difluor
omethoxy- ester
34 2-(6-Methoxy-naphthalen-2-yl)-propionic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-1-oxy-pyridin-4-yl)ethyl ester
35 4-(3,4,5-Triacetoxy-6-acetoxymethyl-tetrahydro-pyran-2-yloxy)-
benzoic acid 1-(3-cyclopropylmethoxy-4-difluoro-methoxy-
phenyi)-2-(3,5-dichioro-1-oxy-pyridin-4-yl)ethyl ester
36 3-Cyclopropylmethoxy-4-(2-piperidin-1-yl-ethoxy}-benzoic acid
1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-1-oxy-pyridin-4-ylethyl ester
37 2-(6-Methoxy-naphthalen-2-yl)-propionic acid 2-(3,5-dichloro-1-
oxy-pyridin-4-yl}-1-(3,4-dimethoxy-phenyl)ethyl ester
38 2-(6-Methoxy-naphthalen-2-yl}-propionic acid 2-(3,5-dichloro-
pyridin-4-y1)-1-(3,4-dimethoxy-phenyl)ethyl ester
39 2-(6-Methoxy-naphthaien-2-yl)-propionic acid 1-(3-
cyclopropylmethoxy-4-difiuoromethoxy-phenyl)-2-(3,5-
dichloro-pyridin-4-yl)ethyl ester
40 4-Amino-benzoic acid  1-(3-cyclopropylmethoxy-4-difluoro-
methoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-ylyethyl ester
41 2-(4-Amino-phenyl)-propionic acid 1-(3-cyclopropyl-methoxy-
4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-
yhethyl ester

(continued)



phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-y1)ethyl ester 94
2,3-Dihydro-benzo[1,41dioxine-6-carboxylicacidl-(3-
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2009/0189099CY

3YGsr

ééester WO
005843 22 9516-Dimethylamino-naphthalene-2<cHG¥Yicdt1-(3

cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5- dichloro-oyridin-4-ybethyl ester

961-Cyclopropylmethyl-1H-indole-5-carboxylicacid
nethox24-diflugrénmétimioppheicy 25zl (3:63 gikplorsntoy g agpeiye eyl
nethy1-3-oxo-2 é)‘@-g

cyclopropylr
974,7,7-Trin
carboxylica

id1-(3-cyclopr

B

methoyas
LB R AYAY 7\ -

;r&apwﬁdﬁ‘f*-yl)ethyl ester

Lorome.

[a)

phenyl)-2-(3
2-Benzyloxy
difluorometh
(3,4-Dimethg

bXy-phenylsulf

-propionicacid
oxy-phenyl)-2-

,5-dickidro-1-opypyridthyiapithybesrniog acid

\ AV4Y
I A UTTOOTUTTTCUTOAY

1-(3-cyclopropylmethoxy-4-

(@q@f‘é‘ﬁ@&%@lﬁ%’wrﬁz-(s,&dicmorm-oxy-pyridm-4-

dichloro-1-oxy-pyridin-4- yl)ethyl ester 99
yBtetietRid1-(3-cyclopropyl-

methoxy-4-c
4-Methanes
methoxy-4-d

lifluorgmethoxy
iifonylamino-be
ifluoromethoxy

Friaheny

>Nzoicacl

Eﬁ?f&s’gﬁghm%QZWXBOMKB'&HBﬁWt%WJO&ﬂuoro-
1-(3-cyclopropyl- o
E’Dﬁb‘rﬂ?%eRewﬂiéhiérgrﬂwmmszrﬁyﬂémwé@@-ﬁwethy!} ester

4-[9-(4-Ethy
dichloro-pyri
by selectivity
IC50, In the

-phengxy)-non
din-4-ypethyl e
toward LPDE
case of LPDE4

-2-(3,5-
acterized
1 of their
Licing

PHRRENFAIRARLEYHoRBRY ISRy -4-sifluoramsthgxiopRepYD
ter Advantageousl% the compounds of the invention are chat

Hrexttinsithaete iyoHe ¥ B heais HE Yeterminatior
118&YIRAIInAbe-yIRiasRasaentration of the test 5 compound prod

50% inhibitia
108: 562-56
producing 5(
Med Chem 1
23 invention
more preferas

A-of-cAMP-dis
3, whilétin the ¢
% inhibition of
996; 39: 120-1
is higher than

Appearance;assessedas descrivedin Cortijo J et al Br J Pharm

4 denigamobid/ tRENEYS is RS iflolar B ARHIARENPH T RO E6i

dheinsting: b Lyl sRbpram2 a3sesere RS leseripar indbuplantier A
25. 10Preferably the HPDE4/LPDE4 IC50 ratio for the compound
%) pHYeEPi§ higher than 10, mare preferably higher than 20 and

ol 1993,
npound
\J etal J
5 of the
Bven

bly higher thar

41Bmethylaminomethyl-benzoic acid 1-(3-cyclopropyl-
methoxy-4-diflucromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-
pyridin-4-yhethyl ester

48

1-Methyl-1H-imidazole-4-carboxylic  acid  1-(3-cyclopropyl-
methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-

pyridin-4-yhethyl ester

49

4-Methanesulfonylamino-benzoic acid 1-(3-cyclopropyl-
methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-

pyridin-4-yl)ethyl ester

50

3-(Cyclopropylmethyl-methyl-amino)-4-methoxy-benzoic acid
1-(3-cyclopropylimethoxy-4-difluoromethoxy-phenyl)-2-(3,5-

dichloro-1-oxy-pyridin-4-yl)ethyl ester

51

4-Methyl-3,4-dihydro-2H-benzo[1,4Joxazine-7-carboxylic acid

imethoxy-4-difluoromethoxy-pheny!}-2-(3,5-

dichloro-1-oxy-pyridin-4-yl)ethyl ester

(continued)



The compounds of general formula (I) may be prepared conventionally according to methods
disclosed in the art. Some of the 5 processes which can be used are described below and reported in
Scheme and should not be viewed as limiting the scope of the synthetic methods available for the

preparation of the compounds of the invention,
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difltuoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-
vl)ethyl ester

61 3-Cyclopropyimethoxy-4-dimethylamino-benzoic acid  1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-1-oxy-pyridin-4-yl)ethy! ester

62 4-[3-(2-Methoxy-ethyl)-ureido]-benzoic acid 1-(3-cyclopropyl-
methoxy-4-diflucromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-
pyridin-4-yl)ethy! ester

63 1,3-Dimethyl-2-0x0-2,3-dihydro-1H-benzoimidazole-5-carboxylic

acid 1-(3-cyclopropyimethoxy-4-difluoromethoxy-phenyl)-2-(3,5-

dichloro-1-oxy-pyridin-4-yl)ethyl ester

(continued)



' The N-oxides on the 2-pyridinyl ring of the compounds of general formula (5) may be prepared
according to methods available in the literature and well known to the skilled person. For instance they
may be prepasedoby ikbodissolving the compound of general formula (5) in&H201RrERCI3, then
adding an oxidizing agent such as m-chloro perbenzoic acid (mMCPBA) to the resulting solution. Other

oxidizing agents which may be used are hydrogen e

roxide, perbenzoic acid and peracetic

those comp
correspondi
step of the r
compounds

punds dfy which|4,
ng N-oxides ar¢ alternati
oute A.

élé-ﬁrrmﬂé-tmaﬂtéﬁwm%%ma%mal 2fciaroun-ensjitiegropyid
pared by carrying gut the oxidation step before t

vely pre (
si5iasRn rodhO P NS ViBBE BRI Ui BORio%bs of
Wﬁ&l‘l}]hma}d_;@ix{wr@gvgh one or more pharmaceutically acceptable

Th
of general form

for example
Pub., N.Y.,

intravenous
topically, log
used for adr
capsules, cé
be administé
as sucrose,
suspending

J.S.A.BW0 20(
y, intramuscula
ally, transderm
ninistering c

Iplets, gganuleszlozpnepsopyihhetkpawaaisiubie wemuxyrdsrofdie pesentiin
bred alone or ¢ mbine% vagous
mannitol, lacto ,Cé%r f'?fr} ¥

agents, solubili

+]a (] )
MmosSe ueselio

35}5fg&mpg?@é@égmsﬁﬁa@f?@ﬁé?@ﬁ@@&%92@woc§@éﬁeoa-§§:

all

r administration. Various solid oral dosage forms
e including such 5 solid forms as tablets, g

A

By e IobRg9 T axod pynieiirian) pbe iynaRYe B -etaly ovaginally,

5 may be

cid. For
ation, the

he 2nd

carriers,
, Mack

Icaps,

SRR R 2 e B

i@ byjtgtiyg exgents, binders, disintegrants, preservatives, ¢

flavorants, I
administerin
be used for
15 emulsion
diluents kno
wetting ager
compounds
example, int
Suppositorie

ioricants and g
g the
administering c
S, suspensions

of the inventio
ravenously, in ﬁé

ike. .Timg release capsples, tabjets.and gels are alsa adv

poune O B Bl BK AT IROSHTBR Do ARV OTI Lrnl d G folris.
sop refsydiii imyeAtidifltunctudéig @quebas e AGnSaqueous S
YRS, gnd elixi {3}s can also contain suitable
S Branethgimilicas sifonipai/or sgbendir@
T fthe | o] 1y be njected, fo
e e I e ave e
diibieoh-okihe worpatnitie bihesiessent invention may be pre

ts, swee

s for rectal ad

mixing the ¢
glycols. 25F
spray form

art. For topigal administratig

2009/0189

bmpo
brmulations for

u{f
O PCT/EP200Q

with &

B R D

cream, gel, paste, fo

‘atltiapelepthe Motk moretidifil einn et amdiszas3are kng
iR PhATBRCEiGalromARsivpreRiay be in WO

containing, ir

r

ntion may

rriers, diluents (such
not fimited to
olorants,
eous in
may also
solutions,

inert

ervatives,

he

possible.
ared by
ene

am, or
wn in the

suspension
skin, eye, e
such as tran
compounds
Inhalablepre

i gels, &dlutions

sdermal patches.

/
T U

TTET 20000900 217 UIT

-hasteb? gaitverexapild SAimatpd-bexasiedahydifmistration t
i@@&@@ﬂi@@%ﬁmﬁéﬂmm&w@%@k@nmal adgufustrationyid

For the treatment of the diseases of the respiratory tract, tf

Zccording to thEHRRIRRYRE et HupipRehex Bip Y Raer 3 -
aarationsincIud\gi@hﬂg@lggﬁwgﬁﬁygw@ﬂmQntaining metering aerosols or

0OA D o-forra ¥ na 1adiaa. Lyt + Londer 1
30584 form-of-ereams-omtmentstimments;totions,emut:

r or nose. Topi

propellant-fre
inhalers kno
plastic or oth
non-toxic an
suitable for ir
invention. Int
compounds (
may also cor
propellant-fre

reinhatable-10formutations:— Foradrministration as a ary powder, Singie- or m
wn frorhthe pridh-&3t kg bE YR hGnkt-diRethy RevaderrlygsFiled in gels
er capsules, cagljidgpsfapifiaepasis @hin a-teservisntha diluentigr carrier(3y
d chemically inert to the compounds of the invention, e.g. Jactose, or any other a
nproving the r Eﬁ?&ﬂ@ﬁ&@SWW%JM& %eggg’ﬁ%'\ﬁ &R "c%?%%

nalationaerosol

onlaibirgpigpplanipassyichts Pedtgdrofluoroalkanes may cont:
| in-sofution or_in dispersed form. The propelfani-driven form
tain offter ingredFEHS sucA%E co-d6! -ﬁg?[g%r&ﬁ¥§;§e fﬁ%’%b%’l'os‘l H)?'bqﬁb?{é%i\ﬁi
e inhalable forjpréatione qenipdRinttoempidrodngisetBdfdieinvention may be

5ions,

o the
means
e

ulti-dose
itine,
2nerally
ditive

unds of the

ain the
ulations
ents. The
n form of

solutions or 3
delivered by

SUSPETISIONS T an agqueous, . alconolic rny(go [CongIlic medium _and th
ri

ict or dittasonid HEBNERRE Hown ﬁg\’ﬁ the 'gi?’tci?%r)? %W—‘r%’igf) AéD

Respimat(r).

s

h as

methoxy-phenyl)-2-(3,5-dichloro-pyridin-4-yl)ethy! ester

(continued)



WO 2009/018909PCT/111200810058413 28

The compounds of the invention may be

administered as the sole active agent or in combination with other pharmaceutical active ingredients
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83 3-Cyclopropylmethoxy-4-difluoromethoxy-benzoic acid 2-(3,5-
dichloro-pyridin-4-yt)-1-(2,2-difluoro-benzo[1, 3]dioxol-5-
yhethyl ester

84 3-Cyclopropyimethoxy-4-difluoromethoxy-benzoic acid 2-(3,5-

dichloro-pyridin-4-yl)-1-(2,3-dihydro-benzo[1,4]dioxin-6-
yhethyl ester
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WO 2009/018909PCT/EP2008/005843 30 from aqueous ethanol than from hexane to afford 3,5-d
chloro-4- methylpyridine (49.9 g, 306 mmol, 68 % yield) as a white solid. MS/ESI- 162-164-166 m/z
[MN] +. EXAMPLE 2 5Preparation of 2-(3,5-dichloro-pyridin-4-y1)-1-(3,4-dimethozy-Pheny1)-
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PCI/EP2008/005a43i 31 Tyldehly ReXtelt O soR3 intermediate Si R2 53 Analytical

3.91 and
H).

1 Me

cyclopentyl 3

‘5 dichioro MSIESP- -328-330 [MINTFTa M
5810 M2 PAR SN2,

uoro- olIC acl 1-(3-cyclopropyimethoxy-4-

diftuoromethoxy-phenyl)-2-(3,5-dichloro-pyridin-4-ylethyl

ester

89 2-(2-Fluoro-biphenyl-4-yl)-propionic  acid  1-(3-cyclopropyl-
methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-
pyridin-4-yhethyl ester

90 2-Oxo-thiazolidine-4-carboxylic acid 1-(3-cyclopropyl-
methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-
pyridin-4-yl)ethyl ester

91 4-Methyl-3,4-dihydro-2H-benzo[1,4]Joxazine-7-carboxylic acid
1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-pyridin-4-yl)ethyl ester

g2 1-Cyclopropylmethyl-3-methyl-2-oxo-2,3-dihydro-1H-
benzoimidazole-5-carboxylic acid 1-(3-cyclopropylmethoxy-4-
difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethy!
ester

83 1-(3’,4’-Dichloro-2-fluoro-biphenyl-4-yl)-cyclopropane-
carboxylic acid 1-(3-cyclopropylmethoxy-4-difiluoromethoxy-
phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethy! ester

94 2,3-Dihydro-benzo[1,4]dioxine-6-carboxylic acid 1-(3-

cyclopropyimethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-1-oxy-pyridin-4-yhethyl ester

(continued)



cyclopropytinethyl 3,5 dichloro MS/ES! + 366-368-370 [MR] + Ib difluoromethyl cyclopropylmethyi 3,5
dichloro MS/ESI* 402-404-406 [Wi]+ 10 difluoromethyl driluorornethyl 3,5 dichloro MS/ESI+
398-400-402 éMN Idlg()lgluoromethyl Me 3,5 dichloro MS/ESI+ 362-366- 368 MR 4 I d_l&luoromethyl
cyclopentyl 3.8 QICAIOT0 MS/ESI+ 416-418-420 IMI-il+ EXAMPLE 3 (EpAral on o
2-(3,5-dichloro-pyridin-4-yl)-1-(3,4-dimethoxy-pheny¥- 5 ethanol (Intermediate (2) of scheme) Route A
Sodium boron hydgde NaB t on of 3
2-(3.5-dichig ro-pyrl5 |n-4-y1€]4!?é§%%8n\%e?ﬁ85§29 ﬁggl%hgr%%e rE)%mg 1 38'% CH3(83
room tempefature under 1(1319!@#@9@@1%%&%&%4 ﬂﬁ@%f%ﬂ%t@é‘»ﬁrﬁ&ﬁﬁv tbéntdetnperature

overnight, then the reactiord%gmcgwd/mta @t&r@@&&raeted with EtOAc. The organic layer is

dl‘led over N°2804 a:".d th b OUIVCI u. 1S Cvupalaleu e Ccrauc 1S pUIIIICU U_y Ilclbll bIIIUIIIdlU lphy on

silica gel in gradie®@elution fréivglentmsientmethglyErdidole- Sreashsatrieum eRid/D(1)AG37)3 viv, to
obtain 75 13mg of the title g&)@%&%&ﬁﬂefwﬁw M@ﬁg,ﬁg&ggg) §§8HWYL]2 (3,5he following

intermediates were prepared using said route with suitable solvents:
209/018909PCT/EP2008/0g6g2igrg2 1-0xy-pyridin-4-ylethyl ester

97 4,7,7-Trimethyl-3-ox0-2-oxa-bicyclo[2.2.1]heptane-1-

H| (5 ml), at

D

carboxylic acid 1-(3-cyclopropyimethoxy-4-difluoromethoxy-

phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester

a8 2-Benzyloxy-propionic acid 1-(3-cyclopropylmethoxy-4-
difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-
yhethy! ester

99 (3,4-Dimethoxy-phenylsulfanyl)-acetic acid 1-(3-cyclopropyl-
methoxy-4-difluoromethoxy-phenyi)-2-(3,5-dichloro-1-oxy-
pyridin-4-yl)ethy! ester

100 4-Methanesulfonylamino-benzoic acid 1-(3-cyclopropyl-
methoxy-4-difluoromethoxy-phenyl}-2-(3,5-dichloro-pyridin-4-
ylethy! ester

101 4-[9-(4-Ethyl-phenoxy)-nonyloxy}-benzoic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-

dichloro-pyridin-4-yl)ethyl ester

Advantageously the compounds of the invention are characterized by
selectivity toward LPDE4 higher than that toward HPDE4 as obtained by the
determination of their 1Cs.

in the case of LPDE4, the ICso is the molar concentration of the test

5 compound producing 50% inhibition of cAMP disappearance, assessed as
described in Cortijo J et al Br J Pharmacol 1993, 108: 562-568, while in the
case of HPDE4, the ICso is the molar concentration of the test compound
producing 50% inhibition of the binding of [H3] rolipram, assessed as
described in Duplantier AJ et al J Med Chem 1896, 39: 120-125.

10 Preferably the HPDE4/LPDE4 ICso ratio for the compounds of the



Table 2 R2ZHOK7'-'N RI.0),R3 Intermediates Ri R2 R3 Analytical 2 Me cyclopentyl 3,5-dichloro
MS/ESP- 328-330-332 [MN)* 2a Me cyclopropylmethyl 3,5-dichloro MS/ESI+ 368-370-372 [MH1 * 2b
difluoromethyl cyclopropylmethyl 3,5-dichloro MS/ESI+ 404406-408 [MI-II* 2¢ difluoromethyl
difluoromethyf 3,5-dichloro MS/ESI+ 400402-404 [MN* 2d difluoromethyl Me 5-dichloro MS/ESI+
364-368-370[MM + EXAMPLE 4 23

invention is higher than 5, preferably higher than 10, more preferably higher
than 20 and even more preferably higher than 100.

The compounds of geneiral formula (1) may be prepared

conventionally according to methods disclosed in the art. Some of the

5 processes which can be used are described below and reported in Scheme

and should not be viewed as limiting the scope of the synthetic methods

available for the preparation of the compounds of the invention.

Scheme
R2 o AN route A R2 oH N route B 32 7 . 7N
0 A SN O :©/l SO
R1., R NaBrs Rig I & K LIHMDS R R3
MeOH THF
[©) 2) 3) (4)
A-Z-COOH+ a base + a condensing agent
/ORr-Z-COCI + a base
or
A-Z-NCO + a base
A
2/
R2 olo Z N
0 o
Rivg R3
&)
10 For instance, according to a particular embodiment of the present

invention (scheme), the compounds of general formula (5) may be prepared
according to a process which includes the following steps:
1st step - Reducing an ethanone derivative of general formula (1) to

give an alcohol derivative of general formula (2) (route A).



Preparation of 2-(3,5-dichloro-pyridin-4-y1)-1-(3,4-dimethoxy-phenyl)- 5 ethanol (Intermediate (2) of
scheme) Route B 3,5-Dichloro-4-methylpyridine (500 mg, 1 eq.) is dissolved in dry THF (2 mL)
under nitrog&q af Q e at -60C. LIN(TMS)2 (1.0M in THF, 3.38 mL, 1.1 e(ZF)PiS added dropwise via
syringe, keeping @Zﬁ%m&éerature below 10 -55C. The mixture turns yellow andie s zlsr%r)gs Bt -60C for
about 30 minutes. Then a solution of 3,4-dimethoxyBénzaldehyde (513 mg, 1 eq.) in dry THF (2 mL) is

added dropwise via syringe, keeping the temperature below -55C. After the addition t@ﬁ?ix ureis
slowly warmed to rddHi tERTFEARUR Ak dRGineR 5P o%*te%be‘r‘ﬁfﬂ?e f5rUBBUL 2A CtheN |t 1S Guenched

with water an 15 xjrapteck i QAR The AIGATIRIAYSY IS efaype NRASOfaRd e squyent s

evaporated. The crude is triturate Et20, and filtered to obtain 741 mg of the title compound as a
white solid (7% 4@ MS/ESI+ 328-330-332 [MN+ WO 200/018909PCT/EP2008/005843 33
EXAMPLE 5 Preparation of (S)-2-(4-isobutyl-phenyl)-propionic acid
2-(3,5-dichloropyrid#i¥4sje - - @deigien atiseyda plee apietafi festerie dvisddti jo a solution of

(1-Ethyl-343-dimethylaminopropyllcarpodiimidehydrochloride) 5 (EDC.HCI) (345 3 eq.) is added
to a solution %3&%%&%8%’-%@%@8—49%??( ,i—'@i@%t éQpHé’ﬁyﬁ-&%’é?ﬁéWEég%ha?Tq%;éi,
(S)-2-(4-isobylphen é9_—propionic acid (148 mg, 1.2 eq.) and 4-dimethylaminopyridine (DMAP) (37
mg, 0.5 eq.) in dry CH2CI2 (8 mL) at room temperature under nitrogen atmosphere. The mixture is
stirred at room temidratuea ctvennightartz thendtis teatpdesedh e safusatedtsblatistrafdNHAE: (20 ml)

and extracted with EtOAc (2x20 ml), The combined organic layer are dried over Na2S0O4 and the

solvent is evapefags [iHEBrdisag omyremise R thrdiE i rapYSANeR Yt iRg LM klution

(from petroleum ether/lf:%(E)BAc %1 élé\é lo pct)eftroaleugg) ethe gg\{/v)swcxiglg 259 _?Q}g_gﬂrg_ .
[ e reagents: Table

L rg/l%t‘go(?AcaW
compound. 1%%% ’f%llowmg %ompounds were preparedsu ng 41 route with Suitab

3 Z-A 61B81,ChGRmRLRNRL ¥y AnalyieaTaMe Me | M SRoRde-518-528 BE1.*; LHNKR
(CDC's calibrated at 7.26 ppm,mixofdiast)5:8.47and 8.31(5", 1H); 7.05(m*, 4H); 6.966,63(m, 3H);
6.101e, 1H); B;8¢ dwuok gr@th¢sdrig |3 (BEHH) 317 G0 BNt R 60F3at0 (et D ez tagine, undler2.48 and
2.46(d*, 21-1); 1.88(m*, 1H); 1.39(d*, 3H); 0.94 and 0.92(d*, 3H). WO
2009/018909MEIAEP20H/D65BAS ™S4 2 Other  solvents ~ may ~ be used, such as

dimethylformamide (DMF), tetrahydrofuran (THF), chioroform, dioxane and
any other aprotic solvent known to those skilled in the art. In a particular
15 embodiment, the reaction may also be carried out in absence of solvents.

In case the carboxylic acid A-Z-COOH bears reactive groups like
hydroxyl, carboxyl, thic or amino groups, they may need to be protected by
protecting groups such as t-butoxycarbonyl, benzyl, benzyioxycarbgnyl,
methyl, trimethylsilyl and similar and, at a certain step of the synthesis,

20 deprotected to obtain again the free reactive group; the deprotected group
may be then reacted with suitable reagents like alkylating, acylating,
sulphonylating agents or similar.

The protection and deprotection of functional groups is described in
“Protective Groups in Organic Chemistry” 3rd edition, T.W. Greene and

25 P.G.M. Wuts, Wiley-Interscience (1999) and “Protecting Groups”, P.J.
Kocienski, Georg Thieme Verlag (1994).
Compounds of general formula (5) may be also prepared by adding a

suitable acyl chloride of general formula A-Z-COCI or a suitable isocyanate of



Me Me MS/ESI" 446-448-450 [MH].; 1H NMR (CDC13 calibrated at  7.26ppm)5:8.42(5*,2H);
7.26(m*,311);7.17(m*,2H);  6.89(dd* 1H);6.82(d*,1H);  6.79(d",1H);6.14(dd* 1H);  3.89(s*,3H);
3.80(s",3H)iwo 343444674.H); 3.58and |

PCT/EP2008/005843
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general formula A-Z-NCO to a solution of the alcohol derivative of general

formula (2), with a suitable base in a stoichiometric or a catalytic amount,

according to procedures well known to the skilled person.

The alcohol derivative of general formula (2) may alternatively be

5 prepared by reacting a benzaldheyde derivative of formula (3) with a
methylpyridine derivative of formula (4) (route B) using lithium-bis-
(trimethylsilyl)-amide (LIHMDS) or similar strong bases and a solvent such as
tetrahydrofuran (THF) or other aprotic solvents.

Intermediates of general formula (3) and (4) are commercially available

10  or may be prepared according to methods available in the literature and well
known to the person skilled in the art.

The N-oxides on the 2-pyridinyl ring of the compounds of general
formula (5) may be prepared according to methods available in the literature
and well known to the skilled person. For instance they may be prepared by

15  dissolving the compound of general formula (5) in CH2Clz or CHCIs, then
adding an oxidizing agent such as m-chloro perbenzoic acid (mCPBA) to the
resulting solution. Other oxidizing agents which may be used are hydrogen
peroxide, perbenzoic acid and peracetic acid.

For those compounds in which A is a ring substituted with a functional

20 group sensitive to oxidation, the corresponding N-oxides are alternatively
prepared by carrying out the oxidation step before the 2nd step of the route A.

The present invention also provides pharmaceutical compositions of
compounds of general formula (1) in admixture with one or more
pharmaceutically acceptable carriers, for example those described in

25 Remington's Pharmaceutical Sciences Handbook, XVII Ed., Mack Pub., N.Y.,
U.S.A.

Administration of the compounds of the present invention may be

accomplished according to patient needs, for example, orally, nasally,



3.55(ABq, 2H); 3.29(cid*, 1H). 3 Me Me OP' MS/ESN 472-474-476 IMH];"; 11-INMR (CDCI3
calibratedat 7.26 ppm) 8: 8.45(5*%, 2H); 7.34-  7.26(m*,5H);6,79(m*,2H); 6.68(m*,1H);

* .
16.15(dd*, 1HYi¢) 599/018909 PCT/EP2008/005843
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parenterally (subcutaneously, intravenously, intramuscularly, intrasternally
and by infusion), by inhalation, rectally, vaginally, topically, locally,
transdermally, and by ocular administration. Various solid oral dosage forms
may be used for administering compounds of the invention including such
5 solid forms as tablets, gelcaps, capsules, caplets, granules, lozenges and
bulk powders. The compounds of the present invention may be administered
alone or combined with various pharmaceutically acceptable carriers,
diluents (such as sucrose, mannitol, lactose, starches) and excipients known
in the art, including but not limited to suspending agents, solubilizers,
10  buffering agents, binders, disintegrants, preservatives, colorants, flavorants,
lubricants and the like. Time release capsules, tablets and gels are also
advantageous in administering the compounds of the present invention.

Various liquid oral dosage forms may also be used for administering
compounds of the invention, including aqueous and non-aqueous solutions,

15  emulsions, suspensions, syrups, and elixirs. Such dosage forms can also
contain suitable inert diluents known in the art such as water and suitable
excipients known in the art such as preservatives, wetling agents,
sweeteners, flavorants, as well as agents for emulsifying and/or suspending
the compounds of the invention. The compounds of the present invention

20 may be injected, for example, intravenously, in the form of an isotonic sterile
solution. Other preparations are also possible.

Suppositories for rectal administration of the compounds of the present
invention may be prepared by mixing the compound with a suitable excipient
such as cocoa butter, salicylates and polyethylene glycols.

25 Formulations for vaginal administration may be in the form of cream,
gel, paste, foam, or spray formula containing, in addition to the active
ingredient, such suitable carriers as are known in the art.

For topical administration the pharmaceutical composition may be in



3.89(s*,3H);3.80(5*,3H);  3.49(dd*,1H);3.15(dde,1H); 1.54(m*,1H);1.43(m*,1H); 1.22(m*, 1H);
1.10(m", 1H). 4 Me Me 0- MS/ESI+ 492-494-496 [MI41+; /\1H NMR (CDCI3 calibrated at
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the form of creams, ointments, liniments, lotions, emuisions, suspensions,
gels, solutions, pastes, powders, sprays, and drops suitable for
administration to the skin, eye, ear or nose. Topical administration may also
involve transdermal administration via means such as transdermal patches.

5 For the treatment of the diseases of the respiratory tract, the
compounds according to the invention are preferably administered by
inhalation.

Inhalable preparations include inhalable powders,
propellant-containing metering aerosols or propellant-free inhalable

10 formulations.

For administration as a dry powder, single- or multi-dose inhalers
known from the prior art may be utilized. In that case the powder may be
filled in gelatine, plastic or other capsules, cartridges or biister packs or in a
reservoir.

15 A diluent or carrier, generally non-toxic and chemically inert to the
compounds of the invention, e.g. lactose or any other additive suitable for
improving the respirable fraction may be added to the powdered compounds
of the invention.

Inhalation  aerosols  containing propellant gas such as

20 hydrofiuoroalkanes may contain the compounds of the invention either in
solution or in dispersed form. The propellant-driven formulations may aiso
contain other ingredients such as co-solvents, stabilizers and optionaliy other
excipients.

The propellant-free inhalable formulations comprising the compounds

25 of the invention may be in form of solutions or suspensions in an aqueous,
alcoholic or hydroalcoholic medium and they may be delivered by jet or
ultrasonic nebulizers known from the prior art or by soft-mist nebulizers such

as Respimat®.



7.26ppm)8:8.47(5",1H);  7.72(dd*,1H);7.54(d*.1b1); 7.04(ddt1H);7.01(d*,1H); 6.89(d*,1H);
6.88(d*,1H);  6.34(dd",1H);3.95(s*,3H)  393(s*,3H);3.91(5*,3H);  3.89(s.,3H);3.82(dd*,1H);
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The compounds of the invention may be administered as the sole
active agent or in combination with other pharmaceutical active ingredients
including those currently used in the treatment of respiratory disorders, e.g.
betas-agonists, corticosteroids and anticholinergic or antimuscarinic agents.

5 The dosages of the compounds of the present invention depend upon
a variety of factors inciuding the particular disease to be treated, the severity
of the symptoms, the route of administration, the frequency of the dosage
interval, the particular compound utilized, the efficacy, toxicology profile, and
pharmacokinetic profile of the compound.

10 Advantageously, the compounds of general formula (I) may be
administered for example, at a dosage comprised between 0.001 and 1000
mg/day, preferably between 0.1 and 500 mg/day.

When they are administered by inhalation route, the dosage of the
compounds of general formula (!) is advantageously comprised between 0.01

15 and 20 mg/day, preferably between 0.1 and 10 mg/day.

Preferably, the compounds of general formula (1) alone or combined
with other active ingredients may be administered for the prevention and/or
treatment of any obstructive respiratory disease such as asthma, chronic
bronchitis and chronic obstructive pulmonary disease (COPD).

20 However the compounds of general formula (I) may be administered
for the prevention and/or treatment of any disease wherein PDE4 inhibition is
required. Said disease inciude: allergic disease states such as atopic
dermatitis, urticaria, allergic rhinitis, allergic conjunctivitis, vernal
conjunctivitis, eosinophilic granuloma, psoriasis, inflammatory arthritis,

25 rheumatoid arthritis, septic shock, ulcerative colitis, Crohn’'s disease,
reperfusion injury of the myocardium and brain, chronic glomerulonephritis,
endotoxic shock, cystic fibrosis, arterial restenosis, artherosclerosis,

keratosis, rheumatoid spondylitis, osteoarthritis, pyresis, diabetes meliitus,



3.41(dd*, 1H). 5 CHF2 cyclopropyl- methyl HN-bc MS/ESI+ 637-639-641 [MN] +; 1HNMR (CDCi3
calibrated at  7.26 ppm) 8: 8.21(5*%, 2H), 7.36-  7.22(m*,3H),7.16(m*,3H),

7.00(m*, 2H ) 6ePRiAR kI, 6.09(dd*, 1H), 5.31(br" ', 2H), 3.93(cr,2H),3.54@ef s 005843
3.17(dd*,1H),1.40(s* 9H), 1.30(m*,1H);0.68(m",2H), 0.42(m*, 2H), WO
2009/018909PCT/EP2008/005843 35 6 CHF2 cycldtopyl- methyl HLJ,boc *-fis MS/ESI+ 637-639-641

[MH]+, 1H NMR éCDCIS calibrated at 7,26,0pm).5: 82154 24D 2385 722D TA8am:BH).

7.00(m*,2H)8'65[d
seborrheic eczema, lichen simplex, sunburn, pruritus in the anogenital area,

alopecia areata, hypertrophic scars, discoid lupus erythematosus, systemic
lupus erythematosus, follicular and wide-area pyodermias, endogenous and
5 exogenous acne, acne rosacea, Beghet's disease, anaphylactoid purpura
nephritis, inflammatory bowel disease, Ieukemia, multiple sclerosis,
gastrointestinal diseases, autoimmune diseases and the like.
They also include neurological and psychiatric disorders such as
Alzheimer’s disease, multiple sclerosis, amylolaterosclerosis (ALS), multiple
10 systems atrophy (MSA), schizophrenia, Parkinson’s disease, Huntington's
disease, Pick's disease, depression, stroke, and spinal cord injury.
The present invention will now be further described by way of the
following non-limiting examples.
EXAMPLES
15 EXAMPLE 1
Preparation of 3,5-dichloro-4-methylpyridine (Intermediate (4) of
scheme)
Diisopropylamine (70 mL, 500 mmol) was dissolved in dry
tetrahydrofuran (THF) (500 mL), the solution was cooled to -10°C and butyl
20 lithium (2.5 N in hexane, 210 mL, 525 mmol) was added dropwise under
stirring. After 30 minutes the solution was cooled to -20°C and
3,5-dichloropyridine (66.6 g, 450 mmol) in tetrahydrofuran (200 mlL) was
added dropwise. The solution was stirred at -10°C for 30 minutes, cooled to
-70°C and added dropwise with iodomethane (50 mlL, 1.6 mol) in
25  tetrahydrofuran (100 mL). The reaction mixture was allowed to warm to room
temperature, quenched with water (100 mL) and extracted with diethyl ether
(3 x 100 mL); the combined organic layers were dried over sodium sulphate

(5 g) and evaporated to dryness. The crude product was crystallized twice



6.09(dd", 1H), 5.31(br* s*, 2H), 3.93(d",2H),3.54(dd*,1H), 3.17(dd",1H),1.40(s*,9H), 1.30(m*,1H);
0.68(m*,2H), 0.42(m*, 2H). 7 CHF2 cyclopropyl- methyl NH, MS/ESI+ 537-539-541 [MI-11-; H NMR

(CDCI3 calirated at,6af PPm, mix of diast.) 8: 8.49 and 8.19(s* 214); 7. o 7 17(m",
2H); 6.97(m*, 2H); 6.63 and 6.57(dd*, 1H); 6.53(m*, 1H);6.08and6. O4(ddipf£§%%£@g/(%%%

3. 64hBI 44(2m(; 2H/) 3.24and3.13(dd,1H); 1.22(m*,18$0.66(m*, 2H) 0.36(m*, 2H). B CHF2 cyclopropyl-
methyl H MS/ESI* 537-539-541 [MI-1]+; IIhl NMR (CDCI3 ca brate at 7. 8.25 (C,2H
7.35 -7.22 (H9m HyaEeRYEn AN e 99t1?6‘&‘* By 6.98%FR S 5’ 6. %& Zfﬁ'%%)%r&j (1 H), )

452 (5% LY AT DRI 83 (e ithd B0 dal BB oR ), 130 (. L1, 010
) WO 2009/01890 /EP2008/005843 36 Me cyclopentyl /\
MS/ESN 570-572-574/BH] +62H MR ECRGCIgHljbrated at
EXAMPLE 2
5 Preparation of 2-(3,5-dichloro-pyridin-4-yl)-1-(3,4-dimethoxy-phenyl)-
ethanone (Intermediate (1) of scheme)

A solution of 3,5-dichloro-4-methyl-pyridine (2.06 g, 12.7 mmol) in dry
tetrahydrofuran (30 ml) was cooled down to -78°C then a 1.8 M solution of
lithium diisopropylamide in tetrahydrofuran (7.4 ml, 13.3 mmol) was added

10 dfopwise under stirring, keeping the temperature below -70°C. The resulting
solution was stirred for 30 min., then a solution of 3,4-dimethoxy-benzoyl
chloride (2.55 g, 12.7 mmol) in dry tetrahydrofuran (20 ml) was added
dropwise, maintaining the temperature below -70°C. After stirring for 15 min.
ice (20 g) was added, followed by further 500 ml of water. The mixture was

15 extracted with ethyl acetate (2 x 50 ml), the combined organic layers were
dried over sodium sulphate and evaporated under reduced pressure to give
an oil that was purified by flash chromatography (Eluent. ethyl
acetate/petroleum ether from 10/90 to 30/70 v:v).

2.1 grams (6.4 mmol, 52% yield) of the title compound were obtained

20 as a white solid.

MS/ES!* 326-328-330 m/z [MH] *; 'H NMR (CDCls calibrated at 7.26
ppm) 3.91 and 3.85 (2s, 6H), 4.62 (s, 2H), 6.81-6.95 (d, 1H), 7.53-7.54 (d,
1H), 7.67-7.75 (dd, 1H), 8.48 (s, 2H).

The following intermediates were prepared using said route with

25 suitable solvents:



7.26ppm)5:846(s*,2H),
bl),

7.04(m*,4H),612(d*,1H),
3.82(s*,3H),3.65(e,1H),

6.71(e,1H),6.67(de,1H),
3.56(dd*,11-1),3.26(de,1H),

6.06(de1H),4.60(m*,1
2.45(e, 2H), 1.95-1.75(m, 7H),

WO 2009/018909 PCT/EP2008/005843
31
Table 1
32 O = IN
&)
R1. R3
O
intermediate | Ru Rz Ra Analytical
1 Me cyclopentyl 3,5 dichloro | MS/ESH* 326-328-330 [MH] *
ia Me cyclopropylmethy! | 3,5 dichloro | MS/ESH 366-368-370 [MH]*
1b diffucromethyl | cyclopropyimethyl | 3,5 dichloro | MS/ESI* 402-404-406 [MH]*
[ diffuoromethyl | diflucromethyi 3,5 dichloro | MS/ESH* 338-400-402 [MH]*
id difluoromethyl | Me 3,5 dichioro | MS/ESI* 362-366-368 [MH]*
ie difiucromethy! | cyclopentyl 3,6 dichloro | MS/ESH 416-418-420 [MH]~
EXAMPLE 3

Preparation of 2-(3,5-dichlioro-pyridin-4-yl}-1-(3,4-dimethoxy-phenyl)-
5 ethanol (Intermediate (2) of scheme)
Route A
Sodium boron hydride NaBHs (45.2 mg, 2.5 eq.) is added to a
suspension of 2-(3,5-dichloro-pyridin-4-yl)-1-(3,4-dimethoxy-phenyl}-
ethanone (150 mg, 1 eq.) in CH3OH (5 ml), at room temperature under
10  nitrogen atmosphere. The mixture is stirred at room temperature overnight,
then the reaction is quenched with water and extracted with EtOAc. The
organic layer is dried over Na2SO. and the solvent is evaporated. The crude
is purified by flash chromatography on silica gel in gradient elution from
petroleum ether/EtOAc 9/1 viv to petroleum ether/EtOAc 7/3 v/v, to obtain 75
15 mg of the title compound (50% yield).
MS/ESI* 328-330-332[MH] *
The following infermediates were prepared using said route with

suitable solvents:

20



1.70-1.54(m", 2H), 1.39(e, 3H),  0.91(d*, 6H) and8.30(s4, 2H),  7.04(m*4H),6.89(de,1H),
6.88(d*,1H),6.82(d* 1H), 6.10(dd",1H),4.75(m*1H).  3.85(s*3H),3.63(e,1H),

3.56(dd*, 1H), 319(dd4. 119). PCT/EP2008/005843

10

15

20

32

Table 2

$2 HO Z "N

O S |

R3
R1< o
intermediates | Ry Ro Rs Anaiytical

2 Me cyclopentyl 3,5-dichloro | MS/ESI+ 328-330-332 [MH]*
2a Me cyclopropylmethyl | 3,5-dichloro | MS/ESI+ 368-370-372 [MH]*
2b difluoromethyl | cyclopropylmethyl | 3,5-dichloro | MS/ESH 404-406-408 [MH]*
2c diffuoromethyl | diflucromethyl 3,5-dichloro | MS/ESI* 400-402-404 [MH]+
2d difluoromethyl | Me 3,5-dichloro | MS/ESI* 364-368-370 [MH]+
EXAMPLE 4

Preparation of 2-(3,5-dichioro-pyridin-4-yl)-1-(3,4-dimethoxy-phenyl)-
ethanol (Intermediate (2) of scheme)

Route B

3,5-Dichloro-4-methylpyridine (500 mg, 1 eq.) is dissolved in dry THF
(2 mL) under nitrogen atmosphere at -60°C. LIN(TMS)2 (1.0M in THF, 3.38
mL, 1.1 eq.) is added dropwise via syringe, keeping the temperature below
-55°C. The mixture turns yellow and is stirred at -60°C for about 30 minutes.
Then a solution of 3,4-dimethoxybenzaldehyde (513 mg, 1 eq.) in dry THF (2
mL) is added dropwise via syringe, keeping the temperature below -55°C.
After the addition the mixture is slowly warmed to room temperature and
stirred at room temperature for about 2h. Then it is quenched with water and
extracted with EtOAc. The organic layer is dried over Na2S04 and the solvent
is evaporated. The crude is triturated with Et2O, and filtered to obtain 741
mg of the title compound as a white solid (73% yield).MS/ESI* 328-330-332

[MH]



2.47(d4, 2H), 1.95-1.75(m*, 7H), 1.70-1.54(m*, 2H), 1.38(d", 3H), 0.93(d*, 6H) 10 Me Me
MS/ESI+ 505-507-509 [MH14 * --- I NO 11 CHF? cyclopropyl- MSIESI+ 644-646-648 [MH] iii;

WO 2009/018909 PCT/EP2008/005843
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EXAMPLE &
Preparation of (S)-2-(4-isobutyl-phenyl)-propionic acid 2-(3,5-dichioro-
pyridin-4-yl)-1-(3,4-dimethoxy-phenyl)ethyl ester (compound 1)
(1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride)
5 (EDC.HCI) (345 mg, 3 eq.) is added to a solution of 2-(3,5-dichloro-pyridin-4-
y)-1-(3,4-dimethoxy-phenyl)-ethanol (200 mg, 1 eq.), (S)-2-(4-isobutyl-
phenyl)-propionic acid (148 mg, 1.2 eq.) and 4-dimethylaminopyridine
(DMAP) (37 mg, 0.5 eq.) in dry CH2Cl> (8 mL) at room temperature under
nitrogen atmosphere. The mixture is stirred at room temperature overnight,
10  then it is treated with a saturated solution of NH4CI (20 ml) and extracted with
EtOAc (2x20 ml). The combined organic layer are dried over Na2SO4 and the
solvent is evaporated. The crude is purified by flash chromatography on silica
gel in gradient elution (from petroieum ether/EtOAc 9/1 v/v o petroleum

ether/EtOAc 7/3 v/iv) to yield 259 mg of pure compound.

15 The following compounds were prepared using said route with suitable
reagents:
Table 3
Z,A
R2 o)\o Y
o] N l
RLO Cl
Compound | R« Re Z-A Analytical
1 Me Me MS/ESH 516-518-520 [MH]*;
¥ H NMR (CDCh calibrated at 7.26

ppm, mix of diast) & 8.47 and
8.31(s*, 1H); 7.05(m*, 4H), 6.96-
6.63(m*, 3H); 6.10(m*, 1H); 3.88 and
3.86 (3%, 3Hy); 3.86 and 3.70(s*, 3H);
3.69-3.49(m*, 2H);, 3.24(m*, 1H);
2.48 and 2.46(d*, 2H); 1.88(m*, 1H);
1.39(d*, 3H}; 0.94 and 0.92(d*, 3H).

(continued)



methyl IH NMR (CDCla calibrated at

110 7.26ppm):8.48(s*,2H);

7.21(d*,1H);7.19(d* 1H):  7.08(de,1H);7.04(dd* 1H);

W0 2009/018909

34

PCT/EP2008/605843

Me

0

MS/ESI 446-448-450 [MH] *;

H NMR (CDCl: calibrated at
7.26 ppm) & 842(s*, 2H); |
7.26(m*, 3H); 7.17(m*, 2H);
6.89(dd*, 1H);, 6.82(d*, 1H),
6.79(d*, 1H), 6.14(dd*, 1H);
3.89(s*, 3H); 3.80(s*, 3H);
3.61(dd*, 1H); 3.58 and
3.55(ABq, 2HY); 3.29(dd", 1H).

Me

MS/ESI* 472-474-476 [MH]+;

H NMR (CDCl: calibrated at
7.26 ppm) & 8.45(s", 2H); 7.34-
7.26(m*, 5H); 6.79m*, 2H);
8.68(m*, 1H); 6.15(dd*, 1H);
3.89(s*, 3H); 3.80(s*, 3H);
3.49(dd*, 1H); 3.15(dd*, 1H};
1.54(m*, 1H); 1.43(m*", 1H)
1.22(m™, 1H); 1.10(m"*, 1H).

MS/ESI+ 482-494-486 [MH] *;

*H NMR (CDCls calibrated at
7.26 ppm) & B847(s*, 1H);
7.72(dd*, 1H) 7.54(d*, 1H),
7.04(dd*, 1H); 7.01(d*, 1H)
6.89(d*, 1H); 6.88(d*, 1H);
6.34(dd*, 1H); 3.95(s*, 3H);
3.93(s*, 3H)  3.91(s*, 3H)
3.89(s*, 3H); 3.82(dd*, 1H);
3.41(dd*, 1H).

5 CHF2

cyclopropyt-
methyl

HN,boc

MS/ESI* 637-638-641 [MH]*;

H NMR (CDClz calibrated at
7.26 ppm) & B.21(s", 2H), 7.36-
7.22(m*, 3H), 7.16(m~, 3H),
7.00(m*, 2H), 6.65(dd*, 1H),
6.09(dd*, 1H), 5.31(br* s*, 2H),
3.83(d*, 2H), 3.54 (dd*, 1H),
3.47(dd*, 1H), 1.40(s*, SH),
1.30(m*, 1H); 0.68(m* 2H),
0.42(m*, 2H).

(continued)

7.66(dd*,1H);7.58(d", 1H);



672(dd* 1H);6.63(dd* 1H);  6.30(dd*,1H);3.92(e,2H);

3.39(cle,1H):1.29(m,21-1);

WO 2009/018909

35

3.90(d*,2H);3.73(de, 1H);
0.68(m", 4H): 0.38(m*, 4H). 12

PCT/EP2008/005843

6 CHF2

cyclopropyl-
methyl

HN,boc

&>

MS/ESI+ 637-639-641 [MH]*;

H NMR (CDCls calibrated at
7.26 ppm) &: 8.21(s*, 2H), 7.36-
7.22(m*, 3H), 7.16(m*, 3H),
7.00(m*, 2H), 6.65(dd*, 1H),
£.08(dd*, 1H), 5.31(br* s*, 2H),
3.83(d*, 2H), 3.54 (dd*, 1H),
3.17(dd*, 1H), 1.40(s*, 9H),
1.30(m*, 1H), 0.68(m*, 2H),
0.42(m*, 2H).

7 CHF2

cyclopropyl-
methyl

NH

MS/ESI* 537-538-541 [MH]+,

H NMR (CDCls calibrated at
7.26 ppm, mix of diast.) & 8.49
and 8.19(s* 2H); 7.40-7.22(m",
3H); 7.17(m*, 2H); 6.97(m", 2H),
6.63 and 6.57(dd*, 1H); 6.53(m",
1H); 6.08 and 6.04(dd*, 1H
3.90(d*, 2H); 3.64-3.44(m*, 2H
324 and 3.43(dd%, 1H
1.22(m*, 1H), 0.66(m*, 2H
0.36(m*, 2H).

+

1

3

8 CHF2

cyclopropyl-
methyt

NH,

MS/ESI* 537-539-541 [MH] *;

1H NMR (CDCls calibrated at
7.26 ppm) &: 8.25 (s*, 2 H), 7.35
-7.22 (m*, 3 H), 7.18 (m*, 3 H),
6.99 (dd*, 1 H), 6.94 (d*, 1 H),
6.64 (dd*, 1 H), 6.10 (dd*, 1 H),
452 (s*, 1 H), 3.87 (m*, 2 H),
3.55 (dd*, 1 H), 3.13 (dd*, 1 H),
1.74 (br* s*, 2 H), 1.30 (m*, 1 H),
0.69 (M*, 2 HY, 0.40 (M*, 2 K)

(continued)



CHF2 cyclopropyl- methyl MS/ESI+ 593-595-597 [MH] + WO 20091018909PCT/EP2008/005843 37
EXAMPLE 6 Preparation of (S)-2-(4-isobutyl-phenyl)-propionic acid

2-(3,5-dichl -0xy-pyridin-4-y1)-1-(3,4-dimethoxy-phenypethyl ester (c un _Caompound 1
(51.5 mg, O({%,%r)#r@z)%%}’{@ dissolved in CH2CL2 (1 mL). 5 m-Chloro perbe%?&%g%%é&?%bggBA, 15 mg,
0.12 mmoles) is added and the resulting solution is&irred at room temperature for 2 hours. The

mixture is then difited Wwitla CH2CI2 {g-amk) and extracted with 1IN Ne©t €romt)-sThavenganic phase is
ed’ mudg

dried over Na2SO4 and the solvent is evaporat is purifiggbydreparativadd P4 ¢ to yield
37 mg of the title compound. 10The following compo lowi %hse

r%%gredf I \ r% s%@e route
using suitabje reagents; Table 4 |[R20-)--0 CIIND O Oci Compound v\ naly |cai 13 Me'Me
MS/ESIt 532-534-536 [M Hit  IHNMR(CDCl3calibratedat 7.04(m*,  4H), B72(d,  1H),

6.71(d*, 1H), 6.67(dd*, 1H),
6.06(dd*, 1H), 4.60(m*, 1H),
3.82(s*, 3H), 3.65(q%, 1H),
3.56(dd*, 1H), 3.26(dd*, 1H),
2.45(d*, 2H), 1.95-1.75(m*, 7H),
1.70-1.54(m*, 2H), 1.39(d*, 3H),
0.91(d*, 6H) and 8.30(s*, 2H),
7.04(m*, 4H), 6.89(dd*, 1H),
6.88(d*, 1H), 6.82(d* 1H),
6.10(dd*, 1H), 4.75(m*, 1H),
3.85(s*, 3H), 3.63(q%, 1H),
3.56(dd*, 1H), 3.19(dd*, 1H),
2.47(d*, 2H), 1.95-1.75(m*, 7H),
1.70-1.54(m*, 2H), 1.38(d*, 3H),

=

0.83(d*, 6H).
10 Me Me MS/ESI* 505-507-509 [MH]+*
*
NO,
11 CHF2 cyclopropyl- MS/ESI* 644-646-648 [MH] *;

methyl 1H NMR (CDCls calibrated at

O

. 00 7.26 ppm)  B8.48(s*, 2H);

>~F | 786(dd*, 1H)y 7.58(d%, 1H);
720d%  AH) 749, TH);
7.08(dd*, 1H); 7.04(dd* 1H);
6.72(dd*, 1H); 6.63(dd*, 1H);
6.30(dd", 1H) 3.92(d% 2H);
3.00(d*, 2H): 3.73(dd", 1H);
3.39(dd*, 1H), 1.28(m", 2H):
0.68(m, 4H): 0.38(m", 4H).

i2 CHF2 cyclopropyl- MS/ESH 583-595-597 [MH] *
methy! *




7.26 ppm, mix of diast), 8: 8.11 and 7.89 (s*, 2 H), 6.97 - 7.10 (m* 4 H), 6.79 - 6.94 and 6.53 -
6.?6 (m*, 3 H),5.96 and 6.05 (dd*, 1 H),3.82 and 3.82(5*,3 H), 3.67 and 3.82(5*, 3 H), 3.60
(mit, 1H), 3'%9{909?7041'365(@9*’1 H), 3.08 and 3.17(dd*, 1 H), 2.43 and 2.4%éd* 2 H){,/ 1.74 -1.93

T/EP2008)005843
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EXAMPLE 6

Preparation of (S)-2-(4-isobutyl-phenyl)-propionic acid 2-(3,5-dichloro-
1-oxy-pyridin-4-yl)-1-(3,4-dimethoxy-phenyl)ethyl ester (compound 13)

Compound 1 (51.5 mg, 0.1 mmoles) is dissoived in CH2CL2 (1 mL).

5 m-Chloro perbenzoic acid (mCPBA, 15 mg, 0.12 mmoles) is added and the

resulting solution is stirred at room temperature for 2 hours. The mixture is
then diluted with CH2Cl2 (5 mL) and extracted with 1N NaOH (5 ml). The
organic phase is dried over Na2S04 and the solvent is evaporated. The crude
is purified by preparative HPLC to yield 37 mg of the title compound.

10 The following compounds were prepared following the same route

using suitable reagents:

Table 4
Z/A
R2 og\o ChNAN=07
o) .
RLO Ci
Compound | R4 Rz Z-A Analytical
13 Me | Me . J\m MS/ESI* 532-534-536 [MH] *;
1H NMR (CDCl; calibrated at

7.26 ppm, mix of diast), &: 8.11
and 7.89 (s*, 2 H), 6.97 - 710
(m*, 4 H), 6.79 -6.94 and 6.53 -
6.76 (m*, 3 H), 596 and 6.05
(dd*, 1 H), 3.82 and 3.82(s*, 3
H), 3.67 and 3.82(s*, 3 H), 3.60
(m*, 1 H), 3.41 and 3.46(dd*, 1
H), 3.08 and 3.17(dd*, 1 H), 243
and 249 (d*, 2 H), 1.74 - 1.93
(m*, 1 H), 1.36 and 1.39(d*, 3 H),
0.88 and 0.90 (d*, 6 H)

(continued)




(m*, 1 H), 1.36 and 1.39(d*, 3 H), 0.88 and 0.90 (d*, 6 H) WO 2009/018909PCT/EP2008/005843 38
14 CE-IF 2 cyclopropyl - methyl ox_F F MS/ESI+ 660-662-664 [MN] 1H NMR (CDCI3 calibrated at

7.26 ppm): &:20655102sbhy 7-65 (dd*, 1 H), 7.57 (d*, 1 H), 722 (d*, 1 H), 7.2 upbbdkof8;- 7.10 (m*, 2
H), 6.73 (t*, 1H), 6.63 (t*, 1H), 6.29 (dd*,1H), 3.92 (d*, 2 H), 3.91 (d*, 2 H), 3.73 (dd*, 1 H), 3.36 (dd*, 1
H), 1.18 - 1.43 (m*, 2 H), 0.56 - 0.77 (m*, 4 H), 0.233% .50 (m*, 4 H) 15 CHF 2 cyclopropy! - methyl
MS/ESI+ 609-611-613 [Mil The following compounds were prepared in an analogous manner to

the methods-atready-described-ineartirer Examptes; with rgpriate_setection of re{éa%gveﬂ\t/ﬁ_lﬂld
according td the géheral siithediS¥PREPBYEscribed: Co;:pm NREHI G NERe

3-Cyclopropylmethoxy-44difluorametbe b_enz oicacid]*(3- ¢ _
cyclopentylgxy-4-methoxy-pheny I)-2-(3,5-d|chlo;(@g/ﬂflzln-#_-i WI Féffé%?caiibrated

P | at 7.26 ppm): 8.25 (s*, 2 H),
7.65 (dd*, 1 H), 7.57 (d*, 1
H), 7.22 (d*, 1 H), 7.21 (d*,
1 H), 7.01 - 7.10 (m*, 2 H),
6.73 (t*, 1 H), 6.63 (t*, 1 H),
6.29 (dd*, 1 H), 3.92 (d*, 2
H), 3.91 (d*, 2 H), 3.73 (dd*,
1 H), 3.36 (dd*, 1 H), 1.18 -
1.43 (m*, 2 H), 0.56 - 0.77
(m*, 4 H), 0.23-0.50 (m*, 4
H)

15 CHF | cyclopropyl MS/ESI* 609-611-613 [MH]
2 - methyl * +

The following compounds were prepared in an analogous manner to

the methods already described in earlier Examples, with appropriate
selection of reagents and according to the general synthesis earlier

5 described:

Compound Chemical name

26 3-Cyclopropyimethoxy-4-difluoromethoxy-benzoic acid 1-(3-
cyclopentyloxy-4-methoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-

P RS

yhethyl ester

27 4-(2-Piperidin-1-yl-ethoxy)-benzoic  acid  2-(3,5-dichloro-1-oxy-
pyridin-4-yl}-1-(3,4-dimethoxy-phenyl)ethyl ester

28 Isonicotinic acid 1-(3-cyclopropyimethoxy-4-difluoromethoxy-

phenyl}-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester

(continued)



4-(2—|_3iperidin-1-yI-ethoxy)-benzoicacidZ-(S,5-dich|oro-1-oxy-
pyrlql|n-éll-yl)-ll-(s,4-dimethoxy-phenyl)ethyl ester 28
Isonicotinicggigldshsz¥sioPropylmethoxy-4-difluoromethoxy- PCT/EP2008/005843

phenyl_)-Z-(_S,5-dichIoro-l-oxy-pyridin-4-y|)ethy| ester. WO 2009/018909PCT/EP2008/005843 39 29
Nicotinic acid 1-(3-cyc|opropylmethoxv-4-difluoromél%oxy-Phenyl)

2-(3,5-dichloro-1-gxy-pyridiputiyiethy estei3Ey clopropyimethoxy-4-difluoromethoxy-phenyl)-

4-(2-Imidazol-1-yl-ethoxy -benzmpamd1-cyc|oprop,y|_meth?x -4

difluoromethoxy-pheny1) &-((?&,%Qf&fﬂ%ﬁiﬁ&vwmﬂiﬁy\)ﬁ%ﬂ%‘ﬂe@é%r 31 14244-11

;i(ii‘h(fggofrgg/yg?ﬁgjz(;XZ"%{%?ﬁgﬂ%gquq@?ﬁﬁM)ﬁef&&c . alcid 1-cyclopropylimethoxy-4-
-1-oxy- -4-y1)- xycarbonyl}-phenoxyl-e -1- -piperidjni

4-(2-Morphg Iin-4-y|-ethoi?}ﬂHéﬁ‘iB)]/@QWy%fg??%%ﬁﬁ%ﬁéﬁéﬁg ro'q]’%wwpelr%“d []S}th?y%

difluoromethoxy-phenyl)i2stds5-dichloro-1-oxy-Pyridin-4-yDethyl ester 33

4-Difluoromethoxy=3=(2=-PiPeridin-1=yl-ethoxy)-benzoicacid Z-(3,5-

dichloro-1-oxy-pyridin-4-y i)@2{%7&1{{%&%99!8ﬁ%\ﬁ?fﬁ@ﬂﬁé"%&%ﬂromethoxy"pheny!)~2-{3’5’

2-(6-Methoxy-naphthalenrBrePiasigasieiita4cyblenomytarbonyl]-phenoxy}-ethyl)-1-

methoxy-4-difluoromethoxy-phe stl%—Z- 3,5-dichloro-1-oxy-pyridin-4- yhethyl ester 36
4-(3,45-Tria¢etoxy-6-ace é&%ﬁﬁ\é{;ﬂ?\'ﬁ’ é&?im\})mn-pymn-o-yunyy)- henzoic acid

1-(3-cyclopropylmgthoxy-@-¢ifl pusasnetiroxyypees) 2b Sraalichl amedl -aysiopidmnmeliekytester 36
diflucromethoxy-phenyl)-2-(3,5-dichioro-1-oxy-pyridin-4-yl)ethyl

ester

33 4-Difluoromethoxy-3-(2-piperidin-1-yl-ethoxy)-benzoic acid 2-(3,5-
dichloro-1-oxy-pyridin-4-yl)-1-(3,4-dimethoxy-phenyl)ethyl ester

34 2-(6-Methoxy-naphthalen-2-yl)-propionic  acid 1-(3-cyclopropyl-
methoxy-4-diflucromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-
yhethyl ester

35 4-(3,4,5-Triacetoxy-6-acetoxymethyl-tetrahyd ro-pyran-2-yloxy)-
benzoic acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-
(3,5-dichloro-1-oxy-pyridin-4-yl)ethy! ester

36 3-Cyclopropylmethoxy-4-(2-piperidin-1-yl-ethoxy)-benzoic acid 1-
(3—cyclopropy!methoxy-4~diﬂuoromethoxy—phenyl)-Z-(S,5—dichioro-1 -
oxy-pyridin-4-yl)ethyl ester

37 2-(6-Methoxy-naphthalen-2-yl)-propionic acid 2-(3,5-dichloro-1-oxy-
pyridin-4-yl)-1-(3,4-dimethoxy-phenyl)ethyl ester

38 2-(6-Methoxy-naphthalen-2-yl)-propionic  acid 2-(3,5-dichloro-
pyridin-4-yl)-1-(3,4-dimethoxy-phenyl)ethy! ester

39 2-(6-Methoxy-naphthalen-2-yl)-propionic  acid 1-(3-cyclopropy!-
methoxy-4-diflucromethoxy-phenyl)-2-(3,5-dichloro-pyridin-4-
yhethyl ester

40 4-Amino-benzoic acid 1-(3-cyclopropyimethoxy-4-diflucro-methoxy-

phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyi ester

(continued)



3-Cyclopropylmethoxy-4-(2-piPeridin-1-yl-ethoxy)-benzoicacid1-
3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1- oxy-pyridin-4-yhethyl ester 37
2-(6-Metho -2-yl)-propionic acid :
2-(3,5-dichlﬁg}%&?@gﬁ%in-4-y1)-1-(3,4-dimethoxy- henyhethsti ester 3SI’CT/E])ZOOS/OO5843
2-(6-Methoxy-naphthaien-24)-Propionicacid2-(315-ttchloro- '
pyridin-4-y1)-1-(3,4-dimethoxy-phenyl)ethyl ester 39
2-(6-Methoxy-naphthaten=-2-yt-Proptonicacidi=(3-=cyctopropyt
methoxy-4-difluofbmetharyPHRERTR-RIE B HEFRIBIES ridiAC yheFreSariBPY REiYsénzoic acid
1-(3-cyclopropyimethoxydidifinerestRetiopiehemel k2 setlisilorenty ponaiidigtet)ethyi ester WO
2009/018909PCT/EP2008/005843 40 41 2-(4-Amino-phenyl)-propionicacidl-(3-cydopropylmethoxy-4-
difIuoromethoxv-phenvl)%?%’,5-dich|oro-1-oxv-pvridin-4-vpethvl ester 42
4-Amino-benzoicgeid1-(3Lygane ek 4-mathoxyBhed pent(BoRylicMetackpphemigin=A-yOethyl
ester 43 4-Dimethylamin )-benzoicacid1-(3-0}/%\(;}%5)}r0pyl ethox

: -4-
difluoromethoxy-pheny1)i2-E GLMHRGHG Fleftii QA'%YI"l;%Sé%rter 44 Terephthalic acid
m0n0-[1-§3-Cycior?,@l)pylmmmwmﬂ%ﬁ%mﬁm%yrzhew&aﬂ-w,F;-dir@bl@y@lob@@wfmwDethyl]h
ester 45 3-Dimethylaming-4 methoxy-benzoicacidl-(3-¢yclopropyl- methoxy-4-d ifl uoromethoxy-p he
nyl)-2-(3,5-d ichloro-1-oxBURraieNAYeR 9?@1%@%&0‘1!0%1’3 “pynain yﬁe%“" ester

44 Terephthalic acid mono-[1-(3-cyclopropylmethoxy-4-difluoro-methoxy-

phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl] ester

45 3-Dimethylamino-4-methoxy-benzoic acid 1-(3-cyclopropyl-
methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-
yhethyl ester

46 4-imidazol-1-yl-benzoic acid 1-(3-cyclopropylmethoxy-4-difluoro-
methoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester

47 4-Dimethylaminomethyl-benzoic acid 1-(3-cyclopropyimethoxy-4-
diftuoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yljethyl

ester

48 1-Methyl-1H-imidazole-4-carboxylic acid 1-(3-cyclopropyl-methoxy-
4-difluoromethoxy-phenyt)-2-(3,5-dichioro
-1-oxy-pyridin-4-yhethyl ester

49 4-Methanesulfonylamino-benzoic acid 1-(3-cyclopropylmethoxy-4-
diftuoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethy!
ester

50 3-(Cyclopropylmethyl-methyl-amino)-4-methoxy-benzoic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl}-2-(3,5-dichioro-1-
oxy-pyridin-4-yljethyl ester

51 4-Methy}-3,4—dihydro-2H~benzo{1 ,4lJoxazine-7-carboxylic acid 1-(3-
cyclopropylmethoky—él—diﬂuorcmethoxy-phenyl}-Z-(S,5—dichioro~1—

oxy-pyridin-4-ylethyl ester

(continued)



4-lmidazol-1-yl-benzoicacid1-(3-cyclopropylmethoxy-4-difluoro-
methoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester 47
4-Dimethylaminomethyl-benzoicacidl-(3-cyclopropylmethoxy-4-
difluoromethoxy-pheny1)-2-(3,5-dichloro-1-oxy-pyridin-4-yhethyl ester 48
1-Methy1-1H-imidazole-4-carboxylic acid
1-(3-cyclopropyl-methoxy4-difiuoromethoxy-phenyy+2-(3,5-dichloro 1-oxy-pyridin-4-yDethyl ester 49
4-Methanesulfenylaming-benzeie-acidi{(3-eyclopropytmethoxy-4
difluoromethoxy-pheny1)122(B Braithibid4tbexzpirigiazagpetpi tewico acid 1-(3-
3-(Cyclopr ’py'methy"W*f@%lé?ﬂ%@fr%‘é%%@éy&ﬁ%%%%% henyl)-2-(3,5-dichloro-1-
cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3,5-idichioro-1- oxy-pyridin-4-yl)ethyl ester 51
4-Methyl-3/|4-dihydro-2Hi®eneaFidintdxepbyr Rei@oxylic acid 1-(3-
cyclopropymethaxy-4-diflyoraspaysPhetys 2 Bichigmcl eprayiihoRRIPHRIRs. 41 52
- Idaz

1,2-Dimethy1-1H-benzoi ole-5-carboxylicacid o
cyciopropylLrnethoxy-4-dmesreretisyypnery1)-2iesisrachors:-y sty RV ey ester 53

Quinoline-3-carb y|icacg}%(%5ﬁ’¥8m@f9ﬂ§@ﬁ}98ﬁ/ﬁﬁ- lY9f %y dro-purin-7-yl)-acetic acid 1-

methoxy-pheny1)-2-(3,51diC Ioro-l-oxy-pyrld|n-4-yl)ethyl ester g4 _

(1,3-Dimethy1-2,6-dioxoiBL 3o rseanars sundzdiiyereatethery pphenyl)-2-(3,5-dichloro-1-

(3-cyc|opropylmethoxy-4@@wgmgm%yé@h}gry§{gg-(3,5-dichIoro-l- oxy-pyridin-4-ypethyl ester 55
| Lbrathhosa s Aifl 28

Hexadecaneicacidi-(3-eyelopropytmethoxy-4-diftuoromethoxy-

pheny1)-2-(3,5-dfhloro- Hexpiserneis-y ety ebtés-sgclopropylmethoxy-4-difluoromethoxy-
Pentanoicacid1-(3-cyclopiapymehoxy-4ndiilupromeihionyridin-a-yethyl ester

_ i
phenyl)-2-(3;5-dichloro-I-oxy-pyrdin-4-ypethyt-ester58

3-Cyclopropylmefifoxy-4 {8nianpitethoxgdenzoidatiey@opropylmethoxy-4-difluoromethoxy-
cyclopropymethoxy-4-iyoraTietoxy ohERKR 3 G- SHRroAgRYIiardr Acthyl ester 59

58 3-Cyclopropylmethoxy-4-difluoromethoxy-benzoic acid 1-(3+

cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichioro-1-
oxy-pyridin-4-yl)ethy! ester

59 4-(3-Cyclopropylmethyl-ureido)-benzoic  acid 1-(3-cyclopropyl
methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-
yhethyl ester

60 Quinoline-8-carboxylic acid  1-(3-cyclopropylmethoxy-4-difluoro-
methoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-ylethyl ester

61 3-Cyclopropylmethoxy-4-dimethylamino-benzoic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-
oxy-pyridin-4-ylyethyl ester

62 4-[3-(2-Methoxy-ethyl)-ureido}-benzoic acid 1-(3-cyclopropyl-
methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-

yhethyi ester

63 1,3-Dimethyl-2-ox0-2,3-dihydro-1H-benzoimidazole-5-carboxylic
acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5+
dichloro-1-oxy-pyridin-4-yl)ethyl ester

(continued)



4-(3-Cyclopropylmethyl-ureido)-benzoicacidl-(3-cyclopropyl-
methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4- ypethyl ester 60
Quinoline-8- icacid1-(3-cyclopropylmethoxy-4-difluoro- methoxy-p 1)-2-(3.5-dichloro-1
-oxy-pyridin-\%{/%&e?%ﬁ%ter 61 3-Cyclopropylmethox -4-dimethylamino-b{éﬁ?@%@iﬁﬁ 94
cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(§5-dichloro-loxy-pyridin-4-ypethyl ester 62
443-(2-Methoxy-ethyl)-ure,idgl icacid1A3:qye! . id 1-(3- - 1
methoxy-4-difluor§r1$1/etho y- %@g%?;&%gg?%(fﬁ%%Blﬂg)@(w{l&?dﬁﬁ41 §/?I(§t¥1§/lloggt)gry g? ithoxy
3-Dimethy1-2-0x0-2,3-d i Bydiffuctemsshosimbansleds Gatreish) peor e QIR IRy -4
difluoromethioxy-pheny1)-«3,5 acid dichloro-1-oxy-pyridin-4-yl)ethyl ester WO
2009/018909PEHEP2008/665843-42-64-2=(2-Ftuoro=bipheny 4=y I)-ProPionicacid
1-(3-cyclopropyl-nfthoxy - RierspRAMSBH dhgifiusreme el ReAZ681§ - py rRfiif 4-y1) 4tk ester 65
3-Cyclopropylmethoxy-4-ti{jueraus) ieesiblfPhenyl)-2-(3,5-dichloro-pyridin-4-
cyclopropylmethoxy-4-me r?(?)@r -phenhﬁé)g?g?ijichloro-sgridiny-zl- yl()ethyl ester G%y
3-Cyclopropylmethoxy-4-difgi8hseiRoxy-benzoicacid1-(3- _
yclopropylmethoxysd-methnxyyabgryd Rt asgichigmrbompirisip-Banbathyl esigt67 1-(3-
2-(6-Dimethylamino-naphthalen-2-y1)-propionicacidl-(3- 4-diflu%r%n8§tg%gg-Phen%/lg-Z-(B,S-qichloro-l-
yclopropylmethoxy oxy-pyF¥HRRIOFUIMAEKY-Fgnethoxy-phenyl)-2-(3,5-dichioro-1-0xy-
2-(6-Dimethylamino-naphthatrim2sy)yeteftiesieacid1-(3-

67 2-(6-Dimethylamino-naphthalen-2-yl)-propionic acid 1-(3-

ro-

cyclopropylmethoxy-4-difiucromethoxy-phenyl)-2-(3,5-dichloro-1-
oxy-pyridin-4-yl)ethy! ester

68 2-(6-Dimethylamino-naphthalen-2-yl)-propionic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-
oxy-pyridin-4-yl)ethyl ester

69 3-Cyclopropylmethoxy-4-methanesulfonylamino-benzoic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-
oxy-pyridin-4-yl)ethyl ester

70 4-(3,7,12-Trihydroxy-10,13-dimethyl-hexadecahydro-cyclopenta-
[a]phenanthren-17-yl)-pentanoic acid 1-(3-cyclopropyimethoxy-4-
difluoromethoxy-phenyl)-2-(3,5-dichloro-pyridin-4-yl)ethyl ester

71 4-(3,7,12-Trihydroxy-10,1 3-dimethyl-hexadecahydro-cyclopenta-
[alphenanthren-17-yl)-pentanoic acid 1-(3-cyclopropylmethoxy-4-
difl uoromethoxy—phenyl)—Z-(S,5—dichloro-1 -oxy-pyridin-4-yl)ethy!

ester

72 Acetic acid 1-(3-cyclopropyimethoxy-4-diflucromethoxy-phenyl)-2-
(3,5-dichloro-pyridin-4-yl)ethyl ester

73 Phenyl-acetic acid 1-(3-cyclopropyimethoxy-4-difluoromethoxy-

pheny!)-2-(3,5-dichloro-pyridin-4-yl)ethyl ester

(continued)



cyclopropylmethoxy-4-difluoromethoxy-Pheny1)-2-(3,5-dichloro-1- oxy-pyridin-4-ypethyl ester 69

3-Cyclopropylmethoxy-4-methanesulfonylamino-benzoic acid 1-(3-

cyclopropyl 869/-4-%’]3!uoromethoxy-phenyi)-z-(3,5-dich|oro-1- oXy-pyrigin-4- A
4-(3,7,12-T:§1?§r0x§9-1180,13-dimethyl-hexadecahydro-cyclopenta[a]phenaﬁ%@r%?@e%@

ster 70
pentanoicacid

1-(3-cyclopropylmethoxy-4- difluoromethoxy-pheny#32-(3,5-dichloro-Pyridin-4-yl)ethyl ester 71

23 712 Trihyeroxy 10 B t'yé'aew@@sgax Fag S eREAAIBREBRINKE L pihdr nanoicacidl
-(3-cyclopropylmg;t)%/oxy-4- [ rﬁgzrom}ethox /-p en;?l)-gi-xB,S-dic Ioro-l-oxy-pyridif%ﬂfyﬁ%eﬁﬁgl gster 72
Acetic add1}(3-cyclopropy@retiskjorcdmuistonieei)ypasiey1)-2- (3,5-dichloro-pyridin-4-y1)ethyl ester
73 Phenyl-aceticagid1-(31gysjopt pgkqﬁlaoxy-é—aiiﬂugr g Ehl?g% imethoxydifluoromethoxy-
phenyl)-2-(3,5-dic#ljoro-pyridﬁl-ﬁypet Yester Wo 26%9%18 0SPCTIEP2008/005843 43 74 Butyric
acid 1-(3-cyclopropylmethehgmdtifiSronsiehinip-pherii-ietBys RFéplloro-pyridin-4-yhethyl ester 75
4-Phenyl-butyricagigl1-(3- —%ISQ aH . %P%mﬂ%){ SHOY]-benzoic acid 1-(3-cyclopropyH
phenyl)-2-(3,5-dichloro-pyri in%—ngtghy ester 76 m-(Z-Dir%ethylamino-eth%/ﬁ)-uryeidgl-_bg%zoic acid
1-(3-cycloprppylmethoxy-einesnorheatiloRyosperipry g mbien(3 -4 U By gy RYfishingt ester 77
6-Dimethyiamino-naphth ﬁ%c&gg@xylicacidl-(3-cyclopropyl-
methoxy-4-difi . =t=oxy-pyridin-4- \
Acetoxy-phenyl-adéticacid-pimslaaymmanbiiplene-2-carboxylic” acid 1-(3-cyclopropyl-
difluoromethoxy-pheny1) %Q%‘@Cﬂl%ﬁﬂﬂm@tﬂwgﬁﬁt@t@&dichloro—1-oxy—pyridin—4-
1-(3-Methanesulfonylamino-4-methoxy-phenyl)-cyclopropanecarboxylicacidl-(3-cyclopropylinethoxy-4
-difluoromethoxy- pheny1)P&8¥-8tKloro-1-oxy-pyridin-4-y)ethyl ester
78 Acetoxy-phenyl-acetic acid 1-(3-cyclopropyimethoxy-4-
difluoromethoxy-phenyl)-2-(3,5-dichloro-pyridin-4-yl)ethy! ester
79 1-(3-Methanesulfonylamino-4-methoxy-phenyl)-cyclopropane-
carboxylic acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-
phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester
80 1-[3-(Cyclopropyimethyl-methyl-amino)-4-methoxy-phenyl}-
cyclopropanecarboxylic acid 1-(3-cyclopropylmethoxy-4-difluoro-
methoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-ylethyl ester
81 Oxy-benzoic acid 1-(3-cyclopentyloxy-4-methoxy-phenyl)-2-(3,5-
dichloro-pyridin-4-yl)ethyl ester
82 2,3-Dihydro-benzo[1,4]dioxine-6-carboxylic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-
pyridin-4-ylethyl ester
83 3-Cyclopropylmethoxy-4-difluoromethoxy-benzoic  acid  2-(3,5-
dichloro-pyridin-4-yl}-1-(2,2-difluoro-benzo[1,3]dioxol-5-yl)ethyl
ester
84 3-Cyclopropylmethoxy-4-difluoromethoxy-benzoic  acid  2-(3,5-
dichloro-pyridin-4-yl)-1-(2,3-dihydro-benzo[1,4]dioxin-6-yl)ethyl
ester

(continued)



80 143-(Cyclopropylmethyl-methyl-amino)-4-methoxy-phenyll- cyclopro pa neca rboxyli
cacidl-(3-cyclopropylmethoxy-4-difluoro- methoxy-pheny1)-2-(3,5-dichloro-1-oxy-pyridin-4-yhethyl
ester 81 OxyyBeRgslfasis1-(3-cyclopentyloxy-4-methoxy-pheny1)-2-(3,5- gichirRuRxfigins4-yhethyl
ester 82'2,3-Dihydro-benzo[1,4]dioxine-6-carboxylicacid1-(3-
cyclopropylmethoxy-4-dif|uoromethoxy-phenyl)-2-(éf‘s-dichloropyridin-4-yhethvl ester 83
3-Cyclopropylmetgexy-4-difjupromeioxyshenzgicacid23ep- 1-(3-cyclopropyimethoxy-4-
dichloro-pyr din-4-y1)-1-(2,_2-’§fluoro-benzo 1,31dioxol-5-yhethyl est(er_ 4 Propy Y
3-Cyclopropylmethoxy-4-ifiieremethexy-peapltacidRgighloro-pyridin-4-ylethyl ester
dichloro-pyridin-4g¢ )-1-(243-(iRyslro-henzokl. A LeN-6-wagihy| estelcy¥dpropyimethoxy-4-
2009/01890BPCT/EP2008/005843 44 85 3,4,5-Triethox -benzoicactld1-%-c§clggropyirne¥ho y-4-
difluoromethoxy-pheny1):giftaoscaimaiimsyppiamia-s{fefhgicifsp gyridin-4-ylethyl ester
4-Fluoro-3-methoxy-benzQigacifdsi31eyGiRREpeNimetiorysdiic acid 1-(3-cyclopropyl-
difluoromethoxy-phenyi)-:Z-(3,5-dic):{)ﬁor.o‘-9pyridin-4-yhethylSé&éter 87 (3-cyclopropy
1-Methoxy-naphthalene-2tealioicaiiHerpsngiBRpramianyl)-2-(3,5-dichioro

methoxy-44ifluoromethoxXysphamk)édgrdistdpro -pyridin-4-yl)ethyl ester 88
3,4,5-Trif|u0\ﬁ=b?ﬁmtaCTﬁ9-(3-bxbiUplU ytmethoxy-4-diftuoro )
methoxy-pheny!)-8&3 5-diiGrd Rfir-BansQisy| &tk 8d $3syalveremymemPry Bt hididonic acid

S%E)(S-cyclopr bpyl-methoxyghndtitloxgrprmainp-@seaxhlotdppriditca lpnethypxsteyridi n-4-yl)ethyl ester

89 2-(2-Fiuoro-biphenyi-4-yl)-propionic acid 1-(3-cyclopropyl-methoxy-
4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1 —oxy—pyrid in-4-yljethy!

ester

90 2-Oxo-thiazolidine-4-carboxylic acid 1-(3-cyclopropyimethoxy-4-
difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yhethyl
ester

91 4-Methyl-3,4-dihydro-2H-benzo[1,4Joxazine-7-carboxylic acid 1-(3-
cyciopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-

pyridin-4-ylethyl ester

92 1-Cyclopropylmethyl-3-methyl-2-oxo-2,3-dihydro-1H-benzo-
imidazole-5-carboxylic acid  1-(3-cyclopropyimethoxy-4-difiuoro-
methoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyi ester

83 1-(3’,4’-Dichioro-2-ﬂuoro—biphenyl%—yl)—cyclopropanec:arboxyiic

acid 1-(3-cyclopropyimethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-1-oxy-pyridin-4-ylethyl ester

94 2,3-Dihydro-benzo[1,4]dioxine-6-carboxylic acid 1-(3-
cyciopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-

oxy-pyridin-4-yhethyl ester

(continued)



2-0xo-thiazolidine-4-carboxylicacid1-(3-cyclopropylmethoxy-4-
difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester 91

4-Methyl-3 4:inycRigddspenzo[l,4)oxazine-7-carboxylic acidl-(3-
cyciopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3,5-dichloropyridin-4-yhe
1-Cyciopropylmethyl-3-methyl-2-oxo-2,3-dihydro-1HtBenzoimidazole-5-carboxylicacid1-(3-cyclopropy!

TF/IE 2008/003843
yl ester 92

methoxy-4-d
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acid1-(3-cyc
94 2,3-Dihyd

ifluorgmmethgx
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Lq)ggqmﬁ&@rboxyllcaudm\? cycl opro pyl methoxy -4-d ifluorometh

henyl)-2-(3,5
2009/01890¢
6-Dimethyla

'd Ibh :U U= 1
PCVEE'211(
nino-naphtha

methoxy-4-d
1-Cycloprop

ifluorometho
yImethy1-1H-

—OXYy-

)87@(915

yridin=4==ytyethyt-ester(contmued) WO 13

@mqtylgget yl-1H-indole-5-carboxylic

W&ﬂ%ﬁ@@@% phenyl)-2-(3,5-dichloro-1-
y- phenyl 3.5-dichloro-pyridin-4- yhethyl ester 96
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(3,4-Dimethoxy-phenylsulfanyl)-acetic acid 1-(3-cyclopropyl-
methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-

yhethyl ester

100

4-Methanesulfonylamino-benzoic acid 1-(3-cyclopropylmethoxy-4-

difluoromethoxy-phenyi)-2-(3,5-dichloro-pyridin-4-yhethy! ester

101

4-[9-(4-Ethyl-phenoxy)-nonyloxy]-benzoic acid 1-(3-cyclopropyl-

methoxy-4-diflucromethoxy-phenyl)-2-(3,5-dichloro-pyridin-4-

yhethyl ester

EXAM

PLE 7

Preparation of 2-(4-amino-phenyl)-propionic acid 2-(3,5-dichioro-

pyridin-4-yl)-

1-(3,4-dimethoxy-phenyl)ethyl ester (compound 16)

Compound 10 (50 mg, 0.1 mmoles) is dissolved in dimethylformamide

(DMF) (3 mL). Tin chloride (SnClz x 2H20, 113 mg, 0.5 mmoles) is added

and the resulting mixture is stirred at room temperature for 17 hours. The

mixture is th

en diluted with water (15 mL) and extracted with Et20 (2 x 30

mL). The organic phase is dried over Na,SO4 and the solvent is evaporated.

The crude i

compound.

s purified by preparative HPLC to yield 10 mg of the title



4-Methanesulfonylamino-benzoicacidl-(3-cyciopropylmethoxy-4-
difluoromethoxy-phenyl)-2-(3,5-dichloro-pyridin-4-ypethyl ester 101

419-(4-Ethylipnenosydshenyloxyl-benzoicacid1-(3-cyclopropyl-

PCT/EP2008/005843

methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-pyridin-4- yl)ethyl ester EXAMPLE 7
Preparation of 2-(4-amino-phenyl)-propionic acid
2-(3,5-dichloropyridind-y1)-1-(3,4-dimethoxy-phenyl)ethyl ester (compound 16) Compound 10 (50 mg,

0.1 mmoles) is disSGP&

dimethylformamide 5 (DMF) (3 mL). Tin chloride (SnC12 x 2H20,

113 mg,

0.5 mmoles) is added and the resulting mixture is stirred at room temperature for 17 hours. The

mixture is ther-diluted-with-water{15-mb)-and-extracted-with-Et20(2-x-30-mb)—The-organicphase is
dried over Nd2gamoanStnectaieent is evaporated. [ Phaadylier! is purified by preparative HPLC to yield
10 mg of the qH 10 cpompound. WO 2009/018909PCT/EP2008/005813 46 Table 5 Compo und
Structure Anatyticat-16-2-2y-0-5-)-He—0-0 1/ MSIESH475-477479 yv‘ii\i‘ H-MRA(CDEt3—calibrated at
7.26 ppm, nix of@iast), 5: 8.31 and (s*,22H); 6 MSdral 6PV -6 B8 {m*,1H): 6.05 and
6.11(dd*, 1H);3.87 and 3.89 (s*,3 r2and3.87(s', 3H)NMBS(0D A aft8taadhB 266ghAH); 1.33 and
1.34(d*, 3H), EXAMPLE 8 Rrepatat f 2-(4-methanesulphonylaming-phenyl)-propianic acid 2-
5 (3,5-dichlqro-pyridint4-0-1-(@3.4-dimkthoxy- Peny)BHyPL&ER (eanBotndn 47 15 2P0
o cl 6.58 and 6.90 (m*, 6H); 6.76(m*, 1H),
6.05 and 6.11(dd*, 1H); 3.87 and 3.89
(s*, 3H); 3.72 and 3.87 (s*, 3H);
3.58(m*, 2H); 3.18 and 3.26(dd*, 1H);
1.33 and 1.34(d*, 3H).
EXAMPLE 8
Preparation of 2-(4-methanesuiphonylamino-phenyl)-propionic acid 2-
5  (3,5-dichloro-pyridin-4-yl)-1-(3,4-dimethoxy-phenyl)ethyl ester (compound

10

20

17)

Compound 16 (26 mg, 0.05 mmoles) is dissolved in dry CH2Cl2 (10
mL) under nitrogen atmosphere. The solution is cooled to 0°C and
triethylamine (0.009 mL, 0.066 mmoles) and methanesulphonyl chioride
(0.0052 mL, 0.06 mmoles) are added. The mixture is then allowed to react at
room temperature for 17 hours. The reaction mixture is then diluted with
water (15 mL) and extracted with AcOEt (2 x 30 mL). The organic phase is
dried over Na>S0s and the solvent is evaporated. The crude is purified by
preparative HPLC to yield 10 mg of the title compound as a mixture of

diasterenisomers.



Compound 16 (26 mg, 0.05 mmoles) is dissolved in dry CH2CI2 (10 mL) under nitrogen atmosphere.
The solution is cooled to OC and triethylamine (0.009 mt.., 0.066 mmoles) and methanesulphonyl
chloride 10 (QP9R4,iMkee9-06 mmoles) are added. The mixture is then alloyed tp,reaghat joom
temperature for 17 hours. The reaction mixture is then diluted with water (15 mL) and extracted with
AcOEt (2 x 30 mL). The organic phase is dried overdNa2S04 and the solvent is evaporated. The crude
Is purified by preparative HPLC to yield 10 mg of the title compound as a mixture of
15diastereoisomerg—.a%520091018909PCT/EP2008/005843 47 Table 6 Compound Structure
Analytical 17 0 (or 0 zZi(3 / Z-- rio i NK 00 \/ MS/ESN 553-555-557 [MH]+; 1H NMR (CDCI3

calibrated a

H) 6.87 (d*

10

7

N\ a,O
=

26 ppm Fdipnf)ppm 8.28 (S, 4 H) 7,06 -, 7.12(m*, 4H) 6.97 (dd*, T H) ©.
‘f—l")‘%gh‘éi% % 12 (dd 1 -lf‘%i%}ﬁt‘fé{ 6.H) 3.59 - 3.70 (m* 2 H) 3.19
17

O

MS/ESI* 553-555-557 [MH] *;

1H NMR (CDCls calibrated at 7.26 ppm,
mix of diast) ppm 8.28 (s*, 2 H) 7.06 -
7.12 (m*, 4 H) 6.97 (dd*, 1 H) 6.89 (d*, 1 H)
6.87 (d*, 1 H) 6.43 (br. s., 1 H) 6.12 (dd*, 1
H) 3.90 (s*, 6 H) 3.59 - 3.70 (m*, 2 H) 3.19
(dd*, 1 H) 3.08 (s*, 3 H) 1.36 (d*, 3H)

and

1H NMR (300 MHz, CHLOROFORM-d)
ppm 847 (s*, 2 H), 7.05 - 7.21 (m*, 4 H),
6.74 - 6.79 (m*, 2 H), 6.64 - .70 (m*, 1 H),
6.30 - 6.38 (m*, 1 H), 6.03 - 6.18 (m*, 1 H),
3.87 (s*, 3 H), 3.77 (s*, 3H), 3.51 - 3.64 (m",
2 H), 3.27 (dd*, 1 H), 3.02 (s*, 3 H), 1.34 -
1.41 (d*, 3 H)

EXAMPLE 9

Preparation of 1-(3-cyclopropylmethoxy-4-diflucromethoxy-phenyl)-2-

(3,5-dichioro-1-oxy-pyridin-4-yl}-ethanol (compound 18)

intermediate 2b (100 mg, 0.25 mmoles) is dissolved in CHCL3 (3 mL).

m-Chloro perbenzoic acid (mCPBA, 80 mg, 0.46 mmoles) is added and

the resulting solution is kept at 0°C overnight.

The mixture is then diluted with CHCIs (5 mL) and washed with 1N

NaOH (5 ml). The organic phase is dried over Na;SO4 and the solvent is

evaporated.

The crude product is purified by crystallization with ethanol. The white

solid is filtered and washed with petroleum ether to yield 70 mg of the title

9 (d* 1



(dc1", 1 H) 3.08 (s*, 3 H) 1.36 (d*, 3 H) and 1H NMR (300 MHz, CHLOROFORM-d) ppm 8.47 (s’, 2
H), 7.05 - 7.21 (m*, 4 H), 6.74 - 6.79 (m*, 2 H), 6.64 - 6.70 (m*, 1 H), 6.30 -6.38 (m*, 1 H), 6.03 - 6.18
(m*, 1 H), 3.87.( I\)}BL 77 (s*, 3 H), 3.51 - 3.64 (m*, 2 H), 3.27 (dd*, 1 H), 3.02 (s*, 3 H), 1.34 -
1.41 (d*, 3 HW%%?B? (B0 9 Preparation of l)éT/ £p20 )8/"05842
1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)48 5(3,5-dichloro-1-oxy-pyridin-4-y1)-ethanol
(compound 1E) Intermediate 2b (100 mg, 0.25 mmoles) is dissolved in CHCL3 (3 mL). m-Chloro
perbenzoic RAMBFCPBA, 80 mg, 0.46 mmoles) is added and the resulting solution is kept at 0C

overnight. Therﬂwix rﬁeoiv%.then diIuteOduWi Q (\SNI-éCeIC’-, ?emé_’)e%q V}/i%ﬁvr}%d 'tg 1s|\a|1 1%N?§)|{|e(5 ml).
The organic phase is Gridd SVErRIaZ30P 3R The ¥6iVe |spevapor§)ted. 9 ThE e proé‘uct is

purified by crystallizatip it stanel. The white solid is filtered and washed with petroleum ether to
yield 70 mg of the titte WO 2009/018909PCI/EP2008/005843 48 compound. The following
compounds were piegialeed following the same route using suitable reagents: Table 7 5 R290
CI"--PcM90- 6 R1CI Compound Ri_Analytical 18 difluoromethyl cyclopropylmethyl

R2 Ho Ch /’\‘f%f—O_
0] X
Compound | R1 Ra Anaiytical

18 difluoromethyi | cyclopropylmethyl | MS/ESI+ 420-422-424 [MH] *
19 Me cyclopropylmethyl | MS/ESI* 384-386-388 [MH] +
20 Me cyciopentyl MS/ESI* 398-400-402 [MH] *
21 difluoromethyl! | difluoromethyl MS/ESI* 416-418-420 [MH] *
22 difluoromethyl | Me MS/ESI* 380-382-384 [MH]+
23 difluoromethyl | cyclopentyl MS/ES!* 434-436-438 [MH] *
24 Me Me MS/ESI* 344-346-348 [MH] *

EXAMPLE 10

Preparation of 4-(2-piperidin-1-yl-ethoxy)-benzoic acid 1-(3-
cyclopropyimethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichioro-1-oxy-pyridin-
4-yhethyl ester hydrochloride (compound 25)

10 (1-Ethyl-3-[3-dimethylaminopropyljcarbodiimide hydrochloride)
(EDC.HCI) (55 mg, eq.) is added to a solution of compound 18 (60 mg, 0.14
mmol), 4-(2-piperidin-1-yl-ethoxy)-benzoic acid (81 mg, 0.28 eq.) and
4-dimethylaminopyridine (DMAP) (37 mg, 0.5 eq.) in dry DMF (4 mL) at room
temperature under nitrogen atmosphere. The mixture is stirred at room

15  temperature overnight, then it is treated with a saturated soiution of NH4ClI
(20 ml) and extracted with EtOAc (2x20 ml). The combined organic layers are
dried over Na:S04 and the solvent is evaporated. The crude is purified by
preparative HPLC. The oily residue is dissolved in ethyl acetate (2 ml) and

added with a slight excess of a 1 M solution of dry HCl in ethyl acetate. After



MS/ESI+ 420-422-424 [MN + 19 Me cyclopropylmethyl MS/ESI+ 384-386-388 [MF-11+ 20 Me
cyclopentyl MSTES1+ 398-400-402 [MH] + 21 difluoromethyl difluoromethyl MS/ESI+ 416-418-420
[MN+ 22 difkyerosnethsdoye MS/ESI+ 380-382-384 [MI-II+ 23 difluoromethyeyelenestysMS/ESI+
434-436-438 [MI-I] + 24 Me Me MS/ESI+ 344-346-348 [MN + EXAMPLE 10 Preparationof4-(2-pi perid
in-1 -yl-eth oxy)-benzoicacid143- cyclop ropyl meth&%/-4-d ifl uoro meth oxy-phenyl)-2-(3,5-dich lo ro-1
-oxy-pyrid in4-ypethyl ester hydrochloride (compound 25) . .
10(1-Ethy1-$13 ‘[ﬂ?lé?ﬁifﬁ)%rgﬁ ROl éﬁ%r‘gcﬁ(gr? alizaddrem ethancldisthyl yded to
a solution of&cp@rpwag/é& BhB8r Pt ruaenfstZipiRgrdin-1-yl-ethoxy)-benzoic acid (81 mg, 0.28
ed.) and 4-dimethylaminopyridine (DMAP) (37 mg, 0.5 eq.) in dry DMF (4 mL) at mom temperature
under nitrogen atmPaple®, The mixture is stirred at room 15 temperature overnight, then it is treated
with a saturated solution of NH4CI (20 ml) and extracted with EtOAc (2x20 m1). The combined organic
layers are dried over Na2S04 and the solvent is evaporated. The crude is purified by preparative
HPLC. The oily residue is dissolved in ethyl acetate-f2 ml) and added with a slight excess of a 1 M
solution of dry HCI in ethyl acetate. After WQQZQ)Q#O& ) {Q_%EP2008/005843 49
0 X

Risg ci
Compound | R4 Rea Z-A Analytical
25 CHF2 | cyclopropyl- methyl O MS/ESI* ©651-653-
j " 655 [MH] *
7 1H NMR (CD30D
© calibrated at 3.31
- ppm) ppm 0.33-

0.40 (m, 2H), 0.57-
0.64 (m, 2H), 1.17-
1.28 (m, 1H), 1.80-
2.01 (m, 6H), 3.03-
3.14 (m, 2H), 3.42-
3.82 (m, 6H), 3.91-
3.94 (d, 2H), 4.44-
4.49 (t, 2H), 6.31-
6.37 (m, 1H), 6.37-
7.13 (t, 1H, CHF2),
7.08-7.17 (m, 5H),
7.99-8.05 (m, 2H),
8.42 (s, 2H).

5 Legend
* NMR
s = singlet
d = doublet

f = triplet



evaporation of the solvent the residue is crystallized from methanol/diethyl ether to give 14 mg of the
hydrochloride salt. Table 8 R200--/N--C.) R1, 1101CI Compound R1 R2 Z-A Analytical 25 CHF2
cyclopropylypeeshyd,GiadfS/ESI+651-653- 655 [MEI} + 1H NMR (CD3Q) qalibratedat3.31
PPmM)PPM0.33-  0.40 (m, 2H), 0.57- PRI

50
g = quartet
dd = doublet of doublets

m = multiplet
br = broad
5 ESi=electrospray

PHARMACOLOGICAL ACTIVITY OF THE COMPOUNDS OF THE
INVENTION
EXAMPLE 11

In vitro determination of PDE4 inhibitory activity in the cell free assay
10 The U837 human monocytic cell line was used as source of PDE4
enzyme. Cells were cultured, harvested and supernatant fraction prepared
essentially as described in Torphy TJ et al J. Pharmacol. Exp. Ther. 1992;
263:1195-1205.
PDE4 activity was determined in cells supernatants by assaying cAMP
15 disappearance from the incubation mixtures. 50 pyl of cell supernatant were
incubated at 30°C for 30 minutes in a final volume of 200 ul in the presence
of 1.6 uM cAMP with or without the test compound (50 ul).

The concentration of the test compounds ranged between 10-12 M and
106 M. Reactions were stopped by heat inactivation (2.5 minutes at 100°C)

20 and residual cAMP was measured using an electro-chemiluminescence
(ECL) -based immunoassay.

The results, expressed as mean £ 95% confidence limits of the molar
conceniration of the test compound producing 50% inhibition of cAMP
disappearance (ICso) are reported in Table 9 of Example 12.

25 Percentage of inhibition of PDE4 activity was calculated, assuming
cAMP disappearance in the absence of inhibitors as 100% and cAMP
disappearance in heat inactivated samples as 0%.

All the 1Cso values of the tested compounds, representative of the



0.64 (M, 2H), 1.17-  1.28 (m,1H), 1.80-  2.01 (m, 6H), 3.03-  3.14 (m, 2H), 3.42-  3.82 (iii, 6H),
391-  3.94(d, 2H), 4A4-  4.49(t,2H),6.31-

WO 2009/018909 PCT/EP2008/005843
51

invention, were less than 0.2 microM.

EXAMPLE 12

In vitro determination of PDE4’ inhibitory activity in the peripheral blood
mononuclear cells (PBMCs) assay

5 The assay, which is based on the known inhibitory activity exerted by
PDE4 inhibitors on the lipopolyshaccarides (LPS)-induced tumour necrosis
factor-alpha (TNF-a release in peripheral blood mononuclear cells (PBMCs),
was performed according to a method previously described (Hatzelmann A et
al J. Pharmacol. Exp. Ther. 2001; 297:267-279; Draheim R et al J

10  Pharmacol. Exp. Ther. 2004; 308:555-563.

Cryopreserved human PBMCs, (100 ul/well) were incubated in 96-well
plates (105 cells/well), for 30 min, in the presence or absence (50 microl) of
the test compounds whose concentrations ranged from 10-2 M to 106 M.
Subsequently, LPS (3 ng/ml) was added.

15 After 18 h incubation at 37°C in a humidified incubator under an
atmosphere of 95% air and 5% CO2, culture medium was collected and
TNF-a measured by ELISA.

The results, expressed as mean £ 95% confidence limits of the molar
concentration of the test compound producing 50% inhibition of LPS-induced

20 TNF-a release (ICso) are reported in Table 9.

The effects of the tested compounds were calculated as percentage of
inhibition of TNF-a release, assuming LPS3-induced TNF-a production in the
absence of inhibitor compound as 100% and basal TNF-a production of
PBMCs in the absence of LPS as 0%.

25



6.37 (m, 1H), 6.37-  7.13 (t, 1H, CHF2), 7.08-7.17(m,5H), 7.99-8.05(m,2H), 8.42 (s, 2H) Legend *
NMR S = singlet d = doublet t = triplet WO 2099/018909PCT/EP2008/005813 50 g = quartet dd =
doublet of deyplgis Mgognultiplet br = broad SESHelectrospray ~ PHARMAGQLOGICAL ACTIVITY
OF THE COMPOUNDS OF THE INVENTION EXAMPLE 11 In vitro determination of PDE4 inhibitory
activity in the cell free assay 10 The U937 human rb@nocytic cell line was used as source of PDE4
enzyme. Cells were _cultured, harvested and supernatant fraction prepared essentially as described in
Torphy TJ et al J. PrakiaRol I yitre PB4 dph o getivlysof perrespalatiMg LORROMRFRJ in cells
supernatantso?)(haés.Isﬁal\yérr]‘ggi gAMP 15 disappearance from the incubation mixtures. 50 pl of cell
supernatant were incuba &0 at 30C for 30 minutes in a final volume of 200 pl in the presence of 1.6 pM

CAMP with or withoutthe-test-compound(50-pt): Theconcgntration of the test compounds ranged
between 10-12 MGRTRBLEG. Reactions'mfﬁé‘{ﬁgpfb%% by heat|inactivittat EMRutes at{100C) 20
and residual cAMP was measured using an e{g@fp-chemilumingscence (E@hlMbased immunoassay.
The results, expressed as mean 95% confidence timitsof the motar concenctsgr tion of the test
compound praducing 50% inhibjtion of cAMP dis ppearance (1050) are repotted in Table 9 of
Example 12. 5Pc|belgage of mhibitronrof PDE4-activity was cajcufated; dbblg,llgllillg .

3 118 52

4 3.4 34.2

8 9 95

7 7 99

8 22 -

22 85

11 12 51

12 12 456

13 1.5 13

14 0.2 2

15 8.6 15

16 6.3 36

EXAMPLE 13
5 Evaluation of the ability to inhibit the low affinity LPDE4 versus the

ability to compete for the high affinity HPDE4
The affinity toward LPDE4 and HPDE4 was assessed as previously
described respectively in Cortijo J et al Br J Pharmacol 1983, 108: 562-568
and Duplantier AJ et al J Med Chem 1996, 39: 120-125.
10 The concentration of the test compound ranged between 10-'2 M and
10-5 M.

The results in terms of |Cso are reported in Table 10.



CAMP disappearance in the absence of inhibitors as 100% and cAMP disappearance in heat
inactivated samples as 0%. All the IC50 values of the tested compounds, representative of the WO
2009/01890QRG45:573438/005843 51 invention, were less than 0.2 microl-EXAMBhfsst2 In vitro
determination of PDE4 inhibitory activity in the peripheral blood mononuclear cells (PBMCs) assay
5The assay, which is based on the known inhibitory&activity exerted by PDE4 inhibitors on the
lipopolyshaccarides (LPS)-induced tumour necrosis factor-alpha (TNF-a release in perlpheral blood

mononuclear cells tpléﬁ\ms\ﬁ/a‘%fde‘:’f%ﬂedt'a%c'&éﬁnﬁ e MRS CoRRASHEY aR it fReltzelmann

AetatJ. Pharmacol Xp. Thor. 97. 79; Xpy,d hor.
2004; 308: 555156341 g ryolf)?'e rvej uﬁ%‘%gf %%{gl%bvtal%p\%g’lr%ﬁ]cubat (@ m@G well plates
(105 cellsiwelhs f0BQHMNE thePIeseNee PlcabssRceG@itralic tbe frst ranrewngs yrdose
concentrations ranged from 10-12 M to 10-6 M. Subsequently, LPS (3 ng/ml) was added. 15After 18 h

incubation ap8aduiiregHibfidifietbiticbaidherkledmpaifitkiphetew85% air and 5% CO2, culture

medium was collected and TNF-a measured by ELISA. The results, expressed a an 95%
confiderte limits of the ARt tEoReiRiG o8t tﬂeeteg?ﬁﬁ?ﬁﬁﬁﬁ’ﬁd ‘b?om?c HYYBBYRThHR ?Nglﬁ%?

LPS-induce le b ts e mpounds
were calcul Opéb;s percgntggér(%%%hq’}b%rl%n é?? JIgﬁg a re eaggre‘g a%%ﬁ%n@eﬁg Ifﬁ S- {ﬁéﬁ%eogl%'?ﬁ%lag
production inghesadpsense oLehihior parmaound as 100% and basal TNF-a production of PBMCs in
the absence of LPS as 0%. WO 2009/018909PCT/EP2008/005843 52 Table 9 - In vitro PDE4
inhibition activity of Teplesthtafativisynptafilebrenseseatativecenneeimede gb thelirsantiam 1c50
PBMCS (nM) 1118692 89 118524

HPDE4 LPDE4
Compound HPDE4/LPDE4
ICs0 (nM) ICs0 (M)

14 13.9 0.0881 158

15 2.17 0.169 273
20 299 0.759 394

8 399 0.738 541

11 153 0.116 1318

10



3434269957799 22- 2285112511212456131.513140.22158.615166.3 36

EXAMPLE 13 5Evaluation of the ability to inhibit the low affinity LPDE4 versus the MCSBLLP
54
CLAIMS
1. A compound of general formula (1)
Z/A
1122 o)\o 2N\
o} X |
R3
R1.
5 o}
1
wherein:

Z is selected from the group consisting of
(CH2)m wherein m =0, 1 or 2; and
10 CR4Rswherein
R4 is independently selected from H or a linear or branched (C1-Cs) alkyl,
preferably methyl, optionally substituted by a (C+-C4) cycloalkyl and
Rs is independently selected from the group consisting of
- linear or branched (C1-C4) alkyl, preferably methyl;
15 - phenyl;
- benzyl,
- NHz; and
- HNCOOR’, wherein R’ is linear or branched (C4-Cs) alkyl, preferably
t-butyl.
20 Ri and Rg are different or the same and are independently selected from the
group consisting of
- H:
- linear or branched (C+-Cs) alkyl, optionally substituted by one or more

substituents selected from (Cs-C7) cycloalkyl or (Cs-C7) cycloalkenyl;



ability to compete for the high affinity HPDE4 The affinity toward LPDE4 and HPDE4 was
assessed as previously described respectively in Cortijo J et at Br J Pharmacol 1993, 108;562:568
and Duplantier AJ at at J Med Chem 1996; 39: 120-125. 10The concentration of the test compound
ranged between 10-12 M and 10-5 M. The results in terms of ICso are reported in Table 10. WO
2009/018909PCT/EP2008/005843 53 In the casgsf LPDE4, the ICso is the molar concentration of
the test compound producing 50% inhibition of cCAMP disappearance, while in the case of HPDE4, the
1050 is the molar CQ{@?@?P@?&&%IW% test compound producing 50% inhibition of the binding of [Ha]
rolipram. 5The results indicate that the compounds of the invention inhibited LPDE4 with
subnanomolar affinity i@l psedtoakideyably more selective toward LPDE4 versus HPDEA4. Table 10 -
Activity profile of representative compounds of the invention Compound HPDE4 ICso (nM) LPDE4
ICso (nM) HPDE4/LIPBEZ ardb13neinc0s8 158 akonyh end9 273 20 299 0.759 394 399 0.738 541 11

- linear or branched (C2-Cg) alkynyl.

Rs; is one or more substituents independently selected from the group

N

consisting of H, CN, NO», CFz and halogen atoms.

A is a ring system, that is a mono- or bicyclic ring which may be saturated,

partially unsaturated or unsaturated, such as aryl, (C3-Cg) cycloalkyl or

heteroaryl, said ring system A having 5 to 10 ring atoms in which at least one
10 ring atom is a heteroatom (e.g. N, S or O), in which the optional substituent Ry

on the A ring system may be one or more, may be the same or different, and is

independently selected from the group consisting of:

linear or branched (C+-Ce) alkyl optionally substituted by one or more
(C3-C7) cycloalkyl;
15 - linear or branched (C2-Ce) alkenyl optionally substituted by one or more
(C3-C7) cycloalkyl;
- linear or branched (C2-Cs) alkynyl optionally substituted by one or more
(C3-C7) cycloalkyl;
- (Cs-C7) cycloalkenyl;
20 - phenyl,
- (Cs3-C7) heterocycloalkyl;
- OR7 wherein Ry is selected from the group consisting of
- H:
- (C4-Cqo) alkyl optionally substituted by one or more (Csz-Cy)
25 cycloalkyl;

- (Cs-C7) cycloalkyl;



153 0.116 1319 10 54 CLAIMS 1.A compound of general formula (I) 5 R1., (I) wherein: Z is selected
from the group consisting of (CH2),fl wherein m =0, 1 or 2; and 10CR4R5 wherein R4 is
independently selected from H or a linear or branched (Ci-C4) alkyl, preferably methyl, optignally:
substituted by a (01-04) cycloalkyl and R5 is independently selected from the group consisting of linear
or branched (01-04) alkyl, preferably methyl; 15phemd; benzyl; - NH2; and HNCOOR', wherein R' is
linear or branched (01-04) alkyl, preferably t-butyl. 20Ri and R2 are different or the same and are
independently selected fro f anched (Ci-C6) alkyl, optionally
substituted by one or more subs% H&s se ectec? {? hel%cgeg%f)ocy oalkyl or (05-07) cycloalkenyl;

S 55 (C3-C7) cycloalkyl; (C@@:?@pmlpglkﬂoyl linear or branched (02-C6) alkenyl; and

- COO (C+-Ce) alkyl;

- phenyl;
5 - benzyi,

- (C4-C10) alkyl-NRgRy wherein Rs and Rg are independently
selected from the group consisting of H, linear or branched (C+-Ce)
alkyl and they form with the nitrogen atom to which they are
linked a saturated, partially saturated or unsaturated ring,

10 preferably NRsRg is linked to (C1-C1o) alkyl forming for example
saturated, partially saturated or unsaturated piperidine, oxazine,
imidazole rings, wherein these rings are optionally substituted by
(C1-Cy) alkyl; and

- halogen atoms;
15 - CN;
- NO2z;
- NRioR11 wherein Rig and R41 are different or the same and are
independently selected from the group consisting of

- H:

20 - linear or branched (C+-Cs) alkyl, optionally substituted with phenyl
or (C3-C7) cycloalkyl;

- COCsHs;

- CO-(C4-C4) alkyl;

- COO-(C4-Cy) alkyl;

25 - CONH-(C+-Cs) alkyl-R12, wherein Ri2 is selected from the group

consisting of



linear or branched (C2-C6) alkynyl. 5R3 is one or more substituents independently selected from the
group consisting of H, CN, NO2, CF3 and halogen atoms. A is a ring system, that is a mono- or.
bicyclic ring which may be saturated, partially unsaturated or unsaturated, such as aryl, (\@35@8’)"3
cycloalkyl or heteroaryl, said ring system A having 5 to 10 ring atoms in which at least one 10 ring
atom is a heteroatom (e.g. N, S or 0), in which the optional substituent Rx on the A ring system may be
one or more, may be the same or different, and is independently selected from the group consisting of:
- linear or branched (C1-C6) alkyl optionally substituted by one or more (Ca-C7) cycloalkyl; 15- linear
or branched (C2-C6) alkenyl optionally substituted by one or more (C3-C7) cycloalkyl; - linear or
branched (02-06) alkyny! optiqu@aHgZ subiktitiuted by one or more (C3-C7) cycloalkyl; (05-07)
cycloalkenyl; phenyl; (Ca-C7) heterocycloalkyl; OR7 wherein R7 is selected from the group consisting
of H; (Ci-Cio) alkyl OptibtwalBnsubstituted by one or more (03-07) 75cycloalkyl; (03-07)
cycloalkyl; 56 (01-04) alkylene-(C3-C7) heter oalkyl; CO (C1-C6) alkyl; COO (C1-C6) alkyl;
phenyl; 5benzyl; (CriC10) Q@NE#@W@@S@M&%@%M@M e independently selected from the group
consisting of H, linear or branched (Cii-C l form with the njtro. m: 1@ which they
are Iinkeg a saturated, ée{)rrttféw fﬁlﬁl&%@ﬁ%ﬁg rga Egﬁﬁé%ﬁgpﬁﬁlﬁ%%ﬁ% flsﬁ:%rélﬁ;§ to
(C1-Cio) alkyl forming fop gxaimplecsaluraietl RattialyesningiesefdrasajusaiRdningriding, oxazine,
imidazole rings, wherein these rings are optionally substituted by (01-04) alkyl; and halogen atoms;

150N; NO2; -NRTBR1) alkerdiRRE3@nd R11 are different or the same and are independently
selected from the %roup consisting of H; 20linear or branched (01-06) alkyl, optionally substituted with

phenyl - COR412 wherein Rjz is phenyl or linear or branched (C+-Ce) alkyl;
- 0XO;
10 - HNSO2Ri3 wherein Rq3 is (C4-C4) alkyl or a phenyl optionally substituted

with halogen atoms or with a (C1-C4) alkyl group;
- SO2R14 wherein R14 is (C1-C4) alkyl, OH or NR1oR11 wherein R1o and R11 are
as defined above;
- SORis wherein Ris is phenyl or (C4-Ca) alkyl;
15 - SRis wherein Ris is H, phenyl or (C1-C4) alkyl;
- COORj7 wherein R17 is H, (C1-Ca) alkyl, phenyl or benzyl; and
- (CH2)qOR1s, wherein g=1, 2, 3 or 4 and Rys is H or (C4-C4) cycloalkyl.
and pharmaceutically acceptable salts and N-oxides on the pyridine ring
thereof.
20 2. The compound of claim 1 wherein A is a phenyl optionally substituted
with one or more Rx groups.
3. The compound of claim 1 wherein A is a heteroaryl ring optionally
substituted with one or more Ry groups.
4. The compound of claim 3 wherein A is a heteroaryl ring selected from
25  the group consisting of pyrrole, pyrazole, furan, thiophene, imidazole, oxazole,

isoxazole, thiazole, pyridine, pyrimidine, pyrazine, pyridazine, and pyran.



or (03-07) cycloalkyl; COC6H8; CO-(Ci-C4) alkyl; 000-(Cii-04) alkyl; 25CONH-(0-06) alkyl-R12,
wherein R12 is selected from the group consisting of 57 H; (01-04) alkyl; OR4R5; and - C@

(C1-C4) alkyl-N(Ci-C4) alkyl; or they form with the nitrogen atom to which they are linked 2 saturated
or partially saturated ring, preferably a piperidyl ring; (01-04) alkyl-NR10R11i 00R12 wherein R12 is
phenyl or linear or branched (01-06) alkyl; oxo; 10HBESO2R13 wherein RIO is (01-04) alkyl or a phenyl
optionally substituted with halogen atoms or with a (01-04) alkyl group; - SO2R14 wherein R14 is
(01-04) alkyl,OH o ()!ﬁéélc r f ; Sé)r%jré R15is
phenyl or (01584) alm 15S 1E§Y grfglin 1%%%&31%@%3? ?)O?%Oty%%éﬁﬁ ISOOR17 v\%ﬁggﬁll?ﬂ is H,
(01-04) alkyl,gohenyt e bemapb @and ¢EH2NGRLBevdIeRIgERlc?ing or 4 and R18 is H or (01-04)
cycloalkyl. and pharmaceutically acceptable salts and N-oxides on the pyridine ring thereof. 702.The
compound of7claim T veheveim @uiscaqitedaiph Gptiaviallytealgsingksd wih waelby more Rx groups. 3. The
compound of claim 1 wherein A is a heteroaryl ring optionally substituted with one or more IR, groups.
4. The compound of claim 3 wherein A is a heteroaryl rijng selected from 23the group consisting of
pyrrole, pyrazole, furan, thiophene, imidazole, oxazole, isoxazole, thiazole, pyridine, pyrimidine,
pyrazine, pyridazine, and pyran. 58 5. The compourd of any one of claims 1 to 4 wherein R3 is a
halogen atom. 6. The compound of claim 5 wher%i 3 igghlorine, 7. The compound of claim 6 having

the general formula (I1) I|?2 0 2N
@)
R1
5 O

(1)

8. The compound of claim 7 wherein Z is (CH2)m with m equal to 0.
9. The compound of claim 8, which is 3-cyclopropylmethoxy-4-
difluoromethoxy-benzoic  acid  1-(3-cyclopropylmethoxy-4-difluoromethoxy-
10 phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester.
10. The compound of claim 8, which is 3-cyclopropylmethoxy-4-
difluoromethoxy-benzoic  acid  1-(3-cyclopropylmethoxy-4-difluoromethoxy-
phenyh)-2-(3,5-dichloro-pyridin-4-yl)ethyl ester.
11.  The compound of claim 7 wherein Z is CHRs where Rs is a linear or
15  branched C1-Cs4 alkyl, preferably methyl.
12.  The compound of claim 7 wherein Z is CR4Rs where R4 and Rs are both
linear or branched C4-C4 alkyl and they form a ring with the carbon atom to
which they are linked having 3, 4, 5 or 6 carbon atoms, preferably having 3
carbon atoms.
20 13. A process for the preparation of a compound of any of the preceding
claims comprising the step of adding an acid of formula AZCOOH or an acyl

chloride of formula AZCOCI or an isocyanate of formula AZNCO wherein A and



/A z5 8. The compound of claim 7 wherein Z is (CH2),11 with m equal to 0. 9. The compound of
claim 8, which is 3-cyclopropylmethoxy-4- difluoromethoxy-benzoicacidl ~
-(3-cyclopropylmethoxy-4-difluoromethoxy- 10phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyi ‘éster. 10.
The compound of claim 8, which is 3-cyclopropylmethoxy-4-
difluoromethoxy-benzoicacid1-(3-cyclopropylmethoxgg4-difluoromethoxy-
phenyl)-2-(3,5-dichloro-pyridin-4-yl)ethyl ester. 11. The compound of claim 7 wherein Z is CHR5 where
R> = & Inearop doftanelitd it al¥ RUBTereAlvmatiLoe: dar/eamParad ALdplAknerein 2 Is
CR4R5 where R4 and R5 are both linear or branched 01-04 alkyl and they form a ring with the carbon
atom to whickpthey are linked having 3, 4, 5 or 6 carbon atoms, preferably haying 3 carbon atoms.
2013.A process for the preparation of a compound of any of the preceding claims comprising the step
of adding an acid of formula AZCOOH or an acyl chloride of formula AZCOCI or an isocyanate of
formula AZNCO wherein A and 59 Z are gsfefined agove, glution of an alcohol derivative of
general formula (2) 5wherein Ri, R2 and R3 are as defined akolle. 14. A pharmaceutical
composition comprising a compound of any 0 [ ] g; active ingredient in admixture with
one or more pharmaceutically acceptable carsiers and/or excipients. 15. The pharmaceutical
composition of claim 14 suitable for adminf3tration 10by inhalation 16. The pharmaceutical
composition of claim 14 or 15 wherein said composition further comprises an additional active
ingredient selected from the classes of beta2-agonists, corticosteroids and anticholinergic or
antimuscarinic agenigdral? Rhercamporpdref anyefiibe albbws.1 to 12 for use as a medicament. 18.
The use of a compound of any of the claims 1 to 12 for the manufacture of a medicament. 19. The
use of a compéund Af Rho 86 ¢lisid sCoMPOBifMtHeOMansfaet#ecoranPeat fhettoptHe$revention

and/or treatment of any disease 20characterized by phosphodiesterase 4 (PDE4) overactivity and/or
wherein an ifHW8n &t ﬁ%Eﬁzacﬁ\%tngtygsirﬁ‘&@al'ém RoseRTie” Wi SHe ST e

pharmaceutically acceptable carriers and/or excipients.

15.  The pharmaceutical composition of claim 14 suitable for administration
10 by inhalation.
16. The pharmaceutical composition of claim 14 or 15 wherein said
composition further comprises an additional active ingredient selected from the
classes of betag-agonists, corticosteroids and anticholinergic or antimuscarinic
agents.
15 17. The compound of any of the claims 1 to 12 for use as a medicament.
18.  The use of a compound of any of the claims 1 to 12 for the manufacture
of a medicament.
19.  The use of a compound of any of the claims 1 to 12 for the manufacture
of a medicament for the prevention and/or treatment of any disease
20 characterized by phosphodiesterase 4 (PDE4) overactivity and/or wherein an
inhibition of PDE4 activity is desirable.
20. The use as in claim 19 wherein the disease is a disease of the

respiratory tract characterized by airway obstruction.



20. The use as in claim 19 wherein the disease is a disease of the respiratory tract characterized by
airway obstruction. 60 21. The use as in claim 20 wherein the disease is selected from-the group
consisting of asthma or chronic bronchitis or chronic obstructive pulmonary disease. 22. Use of a
compound according to any of the claims 1 to 12 in the :) manufacture of a medicament for treating an
inflammatory disease, disorder or condition charact@ized by or associated with an undesirable
inflammatory immune response or induced by or associated with an excessive secretion of TNF-a and

PDE4. 23. Agompaynd o SRR JRIMUR (Rh&Pei P GIGIA S i Reepd &Rk dRlngd @scording to

claim 1.
consisting of asthma or chronic bronchitis or chronic obstructive pulmonary

disease.

22. Use of a compound according to any of the claims 1 to 12 in the

N

manufacture of a medicament for treating an inflammatory disease,
disorder or condition characterized by or associated with an undesirable
inflammatory immune response or induced by or associated with an
excessive secretion of TNF-a and PDE4.

23. A compound of general formula (2)
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wherein Ry, Rz and Rs are defined according to claim 1.



