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WO 2009/ 018909 PCT/ EP2008/ 005843 DERI VATI VES OF
1- PHENYL- 2- PYRI DI NYL ALKYL ALCOHOLS AS

WEHOSPHID ESTERASE | NHI Bl TORS FI ELD OF THE | NVERIVEEX(08/005843
The present invention relates to inhibitors of the
phosphodl esterase 4 (PDE4) enzyrre Mor e part| cularly,

: mi VIDAIALRYE AL OHOLS AS
é[ﬂﬁ @ﬁg@gﬂmﬁglmgonpounds conposn t| ons
i C

use t hereof.
BACKGROUND OF THE | NVENTI ON Ai rway obstruction
characteri zes a nunber of severe respiratory diseases

[ nclplgl_@?%f]tggl@g,‘fﬂmi c obstructive pul nonary
di sease ents leading to airway obstruction

I ncl P?@Qé‘rﬂamgfe ﬁbﬁWate§QO“ﬁ1lhlll§1tor%Wﬁ@?ﬁo%’ﬁ@&@sterase 4
production and P ammation. Drugs for treatlng
a
(LD, ERE e, SR BB UGN doER 1 Eympeuncs tha
d t
NS O LHRer PR ) Sl el prcaring
s@hr@&h*)puﬁﬁssbéﬁlp%fsntﬁﬂé Q(Bhtaﬂ"\’ﬁb%éﬁ any tﬁé‘ﬁi;ﬁﬂtﬁ: use thereof.
Side-effects, thus resulting in 5 anore rapid

cl | T3 ACKGRORNDORTHE |N\a£n1ncgher apeutic ratio.

| nhal ed corticosteroids are the current mai ntenance

thergpya@f opBRUEHON @hafsdtBARedNa trRGRBELT oMiddVere respiratory
bronchodi | at or bet a2-agoni sts for acute synptom

dlﬁééé@é incNRYn§oastiMa M stmon®  6bstredlivé hpumRynalr disease
di sease. "The current managenment of COPD is

d@Pwyl EVENBL IRERING tBY alfd@iys obktraetibhomenedk | sddétea of airway
therapy with inhaled anticholinergics and inhal ed

wat, dhcreadednPeeBlispradasiion andHpWarRhatiéRr t i cost er oi ds
do not reduce the inflamatory response in COPD as

t heyDARs forarddtirly réspiidtery distasesf sudienspathina agd8 COPD are
whi ch has been widely investigated in viewof its

cu#Rdnty ridraimigtbrsy terdegh sinhafatidre Ongatofetiie efdva?bages of the
inflammatory respiratory di seases such as asthna and

ink&RIb hsrouwte e thedyseAiDBne i808 JesSEIHEMYOOBISNEG#T the drug

2 by the inhibitors of the enzynmes phosphodi est erases
difddihysat siter afardtionylaaoiding any systemic side-effects, thus resulting in
a more rapid clinical response and a higher therapeutic ratio.

Inhaled corticosteroids are the current maintenance therapy of choice
for asthma and together with bronchodilator betaz-agonists for acute
symptom relief, they form the mainstay of current therapy for the disease.
The current management of COPD is largely symptomatic by means of
bronchodilating therapy with inhaled anticholinergics and inhaled beta.-
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

inflammatory respiratory diseases such as asthma and COPD is represented
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of the phosphodi esterase type 4 (hereinafter referred
to as PDE4). Various conpounds acting as PDE4
WO AP 1890% s have been disclosed in the prior BETEP2008/005843
However, the useful ness of seyeral PDE4 inhibitors of
the first - 5 generation such®as rolipram and

o b BRbcl 8% 1 B e b S AT 0 e
of 8, bbb 00 LBETalPIR i N B RYS,

on, 7951al8 PG SRR A4,PII8 Whou3E JERUSSedh dciosed i
o REER, APy B PP B P
N T A T
oA B, 848 pfelinoh hgtial Lt dhegi cue o e
o0 oLt 3o B A8 e 0 Gt ae

tojﬁ'iﬁ%ﬁé‘étiér?oﬁ’%gh:ingférr?éﬁéi L&ISHH th;é' p%t they differ

respect sensitivi inhibitors. In

par 64l 2 BUMOAL S de WHbBIDhEE Boch! idulj Yodd¥iiddtEl

appear l'ess prone to I e-effects’ suc

NausSgd L BBEhSfolind ir@g@gﬁﬁ%ﬁeg i ?wéecﬁéﬁﬁ&toﬁrgh-gt“?epresenting

effort of targeting as resulted 1n a s

diiff’éli’éﬁtve%%}miafﬂi.on%?g@jfvléﬁlagiéi' Wiatdd fagrhigh @ffinity rolipram binding

second- generation ors such as cilomlas

st b W#dwﬁh' asdpedi® \fﬁéseﬁyﬁﬁ_ﬂ{ée%%n%m%%saégst@% and in
provi ded wi t h good 'selectivity towards LPDE4. her

p Jié‘@%%ing,f aRa WE#&H@N&WaﬁﬁbP igi¥al b LPDENVScobitz, S et

een closed int prior art. 25 For exanple, EP

all RRA S PR insfcoP s $596 2BRNBALBYOS . whRiHO e fél@hd VAt théefnmune and
| 1 ke benzofuran or 1, 3-benzodi oxol e derivatives. WO

inPARMAGR Y GO 9gRijle HBAFoRhBedSpedreloR8RhiBRT catalytikeacity, they
general “fornmula WO 2009/ 0189 PCT/ EP2008/ 005843 3 N

diffe? with )reSpBct 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
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.

For example, EP 1634606 discloses, among others, ketone derivatives
like benzofuran or 1,3-benzodioxole derivatives.

WO 9402465 discloses, among others, ketone derivatives of general

formula
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wherein R is |lower alkyl and R2 may be al kyl,
al kenyl, cycl oal kyl, cycl oal kyl, cycl oal kenyl ,

W@ yWpO18Mvbal kyl or cycl ot hi oal kenyl . WO 953528HCT/RP20h$/005843
nanme of Celltech Therapeutics, concerns 5
tri-substituted phenyl derivatives. Both applications
are silent about the problens of thesgsidg effects
associated with inhibition of do0 not report
data regarding afginity ‘

Therefore, although seyg nhib tors have been
di scl osed so 10 far, is still a need for nore
tQLEf at ed conpounds. In

ef fi caci ous and b&t
particular, it wolle® be hi ghly advantageous to provide
nore sel ective conmpounds, e.g. endowed w th a higher
af f iwhengin oRaris towerL2ibgh and tRe may st alkyl: rdkenyl, cycloalkyl,
affinity to HPDE4, in order to attenuate or avoid the
cysiaikyle by eloatkenys,ocydoddoalkyhot eyclptipalkenyh. 15 The
present invention addresses these issues by providing
PDEANQ nB6B6281 s inathag namenmioeeliteehecthenapgutiefarc@ncerns
LPDE4. As a matter of fact, it has now been found that
triggubstititteg phenderivativest or with an additional noiety
interacting with the active site of the PDE4, there
i s d&othnppplieations iafet Adertepbout \theypegblems ofirths siles effects
towards LPDE4. 20 The PDE4 inhibitors of the preserg_ .
asseciatedomitefinhibitiorn o HPREE apdso nehegrart data regarding affinity
adm ni stration and could be characterized by a good
toyard iHtRR&HANHLPDEA.| ung and a short systenic
duration. SUMVARY OF THE | NVENTI ON The i nventj on ids
di r dhesefare, AlthssahusexetaligDE4 inhibhptsohaverbeer disglosed so
phosphodi est erase 4 (PDE4) enzyne, nethods, of
faprtbgse ingtik &i W%@f@@@f@%@@@?l@@ﬁ@ﬁ%@%@%@@d gompounds.
compounds,, comnmpq

Chenlapdariesiage 1t nepalt 5¢nhiy | BavaAREGRDUSWen rgKide more
SalpRiNe SPEIRITSoro GorBramacoyil & iaer sty lSward the LPDES
with respect to the affinity to HPDE4, in order to attenuate or avoid the side
effects associated with its inhibition.

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.

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

phosphodiesterase 4 (PDE4) enzyme, methods of preparing said



R2OON O~\ R3 RL,0 (I) wherein: Zis selected

fromthe group consisting of (CH2)mV\,herein m=20, 1
wW®@e002/01800 ( CH2) nO wherei n n=1, or 3; Q CH2)pCTHRR2008/005843

p=0, 1, 2 or 3; CH2SX; CHN% CH2NR6; 15 NR6

wherein R6 is Hor a linear branched (G -C4) al kyl;

SR i T O B IR oo
e s VALt
R AR g b e o branched

- NI-12; and 25 - HNCOCOR , vvherelnR' is linear or

br anched (A-C4) al kyl VO 2009/ 018909

PCT/ EP2008/ 005843 5 preferzefb;}yt butyl. R and R2
are different or the sane apd are i ndependently
selected fromthe grmp sigti ng/ofNH, 5 - |inear
or branched (G -C6) aICJ(yI optl onal\ lkubst it ut ed by
one or R3

R1.

Q)

wherein:

Z is selected from the group consisting of

(CH2)m wherein m=0, 1 or 2;

(CH2)nO wherein n=1, 2 or 3;

O(CH2)p wherein p=0, 1, 2 or 3;

CH2SO03;

CHNREe;

CH2NREs;

NRs wherein Rg is H or a linear or branched (C+-Ca4) alkyl;

OCOR4Rs; and

CR4Rswherein

R4 is independently selected from H or a linear or branched (C1-Ca)
alkyl, preferably methyl, optionally substituted by a (C1-C4) cycloalkyl and

Rs is independently selected from the group consisting of

- linear or branched (C1-Ca) alkyl, preferably methyl;

- phenyl;

- benzyl;

- NHg2; and

- HNCOOR’, wherein R’ is linear or branched (C4-Cs4) alkyl,
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nore substituents selected from (C3-C7) cycloal kyl or

(C5-C7) cycloal kenyl; (C3-C7) cycloal kyl; (C5-C7)
weywbomdkenyl ; 10 - linear or branched (C2- C6)PEI/KRI99$/005843

and - linear or branched (C2-C6) al kynyl. R3 is one

or nore substituents i ndependently selected fromthe

gr oup co Si St H CN, NO2, CF3 and hal ogen

at ons. PI¢ ?@Yrtr y ystem that is a nmono- or bicyclic

rlnﬂ?ﬁbéﬂ@?rgga o Jiftaieat O OF, Seine” eyt a1s, IndrRaHErdly” Selected

het oar sal r| ng system A haV| ng 5to 10 ring

frq.{péﬁg qrﬁ pmr}ﬁl‘s gast one ring atomis a heteroatom
(e.g. N Sor 0), in which the optional substituent
RX on e Aring systemmy be one or nore, may be the

fﬂ?ig?hu%ééieﬁéﬁé‘améﬁ%s%?daﬁﬁﬁzdewffgﬁﬁ%@@é& B one or
§83 8? q?lﬁlé%{sbglsﬁb.fenqal ktﬁ:ﬂ%%ﬁd ?%%&egjknﬁ or (Cs-C7)
al kenyl t\ naIIy substltut ed by one or nore (C3-C7)

cycl oafk S(:/)'B ’near or branched (C2-C6) al kynyl

option ubs yut.ed by one or 25 nore (C3-C7)
cycl'oaﬁjtz?l 7y &y @@H ) cycl oal kenyl; - phenyl; -

ég/'gg%ﬁg Sﬁg‘g%%kko%%yO?SV%/\)hégglglnoégng sel ected from
e 2 BB BTBLT B s Al ) 1,
Y kbt of i R gt (O

R3 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, (C3-Cs)
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:

- linear or branched (C1-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-Cs) alkynyl optionally substituted by one or

more (C3-C7) cycloalkyl;

- (Cs-C7) cycloalkenyl;

- phenyl;

- (C3-C7) heterocycloalkyl;
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- CO(G-C6) alkyl; - COO (C-C6) alkyl; - phenyl; 10
- benzyl; - (Cl-Clo) al kyl-NR8R9 wherein R8 and RO are

W0 pepevdent |y selected fromthe group consi SeCTEP2HS/005843

H, linear or branched (C1- al kyl and they form
with the nitrogen atomto whith they are |linked a
satura , partially saturated or, unsaturated,ring, 15
ot e er Gy WRaEHE Re 8 $8RElRY FopRind BEgUnieRY B iR
for exanqlé_e saturated, partially saturated or

unsat uf at'ed pi peridi ne, oxazine, imdazole rings,

0T L RS ) S b SRt UShY W orgre (o

NRi ORi i vvhereigﬁio and R' are different or the sane
and are G*RHEKGent Iy sel ected fromthe group
consi st i near or branched (Cu-(C6)

of. H. 25 -
al kyl , ~ 03%36{:1& ?Xf"gﬁlr!)(g{;i tuted with phenyl or (C3-C7)
2L Ao b B 1
CONH- (G &82:621%{%* ?ﬁ‘é’? wherein R12 is sei ected from

t he group grof H 5 - (G-C4) alkyl; -
ORARS; aneo-o E‘a\_llées glliy%) al kyl -N(G -C4) al kyl ;

- phenyl;

- benzyl;

- (C1-C10) alkyl-NRgRe wherein Rs and Rg are independently
selected from the group consisting of H, linear or branched
(C1-Cs) alkyl and they form with the nitrogen atom to which they
are linked a saturated, partially saturated or unsaturated ring,
preferably NRgRg is linked to (C1-C10) alkyl forming for example
saturated, partially saturated or unsaturated piperidine, oxazine,
imidazole rings, wherein these rings are optionally substituted
by (C+-C4) alkyl; and

- halogen atoms;

- CN;

- NOz;

- NR1oR11 wherein Rig and Riq are different or the same and are
independently selected from the group consisting of

- H:

- linear or branched (Ci-Ce) alkyl, optionally substituted with
phenyl or (C3-C7) cycloalkyl;

- COCesHs;

- CO-(C1-Cy4) alkyl;



or they formw th the nitrogen atomto which they are

linked a saturated or partially saturated ring,
Woe@bersad y a piperidyl ring; 10 - (Cl-C4) PCT/EP2008/005843

alkyl-NRioRii; - COR1l2 wher e|7n R12 is phenyl or I|inear

or branched (G -C6) al kyl; 0x0; - HNSO2R13 wherein

R13 is (C-C4) alk or a phenyl optionally

substltut(\e@%@hchil n atons or with a (CL-C4) al kyl

group; 15 - R14 R14 is )

(R1oR 1 WHONHCRGS Ak, rereit Fraiie sede gl som e group
SOR15 wherein R15 | s phenyl or (G -C4) alkyl; - SR16
wher ei n RESSIYING Obhenyl or (G -C4) alkyl; - COORL7

wherein R17 is H (Cl-C4) alkyl, phenyl or benzyl; and

20 - (CHZ)gURlS vvherein g=1, 2, 3 or 4 and R1I8 is H

or (G-C4) éy‘?-ls‘? Ik . and pharmaceutically
accept abl™ e ¢ N-OXI des on the pyridine ring

t her eof . g)‘ﬁra/entl on al so enconpasses the
phar maceut i 1 y5 ptable salts 25 and/or solvates

cor  esporfeb Rt REaRr ol tHEChgIRE Pe 1ing. The
or o Hir raftﬁ‘h\%"to%'@ siE8e8 PRk RS GiEangy gre linked a
S%?&H%ﬁ‘gu%rf’aéf'@@? 8% F'gﬁ%ﬁﬁéﬁﬁ?'}h&gf’ eq'ﬁg&gtsnln[q ons of
I
gé%‘ioﬁgktd'?' \ﬂ%f%ﬂ’eNr@f "gg‘%rgltju?e( 3/v| ?hogﬁeocr)rl ?mre
P et R Pbels R RIS BT irBat o rafiofied SEVTR) atk:

conpound§ of general formula (1) as a nedicanment. In a
furtheP* Spect the present invention provides the use

?r;ntdpg g?ﬁf n%hé){?lrggﬁg{]?g 2@”&') a‘kly &P'a t;ﬂ?enyl optionally
substituted with halogen atoms or with a (C1-Ca) alkyl group;
- SO3R14 wherein R14 is (C1-C4) alkyl, OH or NR1oR11 wherein R1o
and R11 are as defined above;
- SOR15 wherein Rs is phenyl or (C1-Ca) alkyl;
- SRi6 wherein Ry is H, phenyl or (C1-Ca) alkyl;
- COOR47 wherein R17 is H, (C1-C4) alkyl, phenyl or benzyl; and
- (CH2)qOR1s, wherein g=1, 2, 3 or 4 and Rig is H or (C1-Cs)
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.
The invention further involves the corresponding N-oxides on the
pyridine ring.

The invention further comprises a process for the preparation of
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In particular the present invention provides the use

of the conmpounds 10 of general fornmula (I) for the
w@e@vemdpon and/ or treatnment of any di sease  PCT/EP2008/005843

characteri zed by phosphodi esterase 4 (PDE4)

overactivity and/or mhereln #h inhibition of PDE4

activity is desirable, g particul ar the conpounds of

CO@@P@#'&]’SPBQE{]?@WW”“H'%H or conbined with other
D1 VAR IRGRS SR DIeTtIES @?éhmnﬁ'%ﬁ SéaHnegsgtécaqhgomposmons of
32BN BT S
wilfe RGBT FFHRNAT pé%'ﬁgﬁvﬁ@c felfatrsitr e
medl canment for t?r)c eventlg and [ treat t
il igen i el R IF O oo
plissil 93ﬂa"fﬁgﬁé'““f‘“’:géﬁz%ii?‘i??ffézf v
fF’([))rEZ!.“r I% | 0:1 %SH@;/E‘E%M@W%Y%H% (R}'P&H:esaﬂr].r%t ﬂ%ed of the
0%39@?3 shesteralormia () 38} i ey B8 g T SEedicament.
Credprid Sﬁlcaﬁrﬂﬁ'sfé%élﬁ”f?aw} 87 puBPtiss otk ¥ Ay cbmpounds
ofs HEF nfetimufig-hdor 45 e é"k%“ngﬁﬁod}" ‘Tfle?ﬁ'ﬁ?"ﬁgﬁ afy isease
ctiztaet %Eq%aﬂebw% PEPGBer sy {EDHAD LRt 1T, Wherein an

'nﬁﬁjo essh?ﬂ%%l‘} ;&?gh}’ié d?%ﬁ% ,drc(afoergxz oal kyl " where x

Strﬁﬂgpr%gié*&ze}r”@%ngpﬁl hgl eﬁkﬁl fogﬁi%ll’é)?( NaRhe! 8r combined

t he car t he range

with ot r %ctiva' Féltjll b@r d eH%'Fythe ﬁr@%htlon and/or
by fetv@ibh LI

opy onally in said

oBAER, OF 9 zﬁﬂérassaﬁaﬁfze@@é&t?%n%f?ﬁs%@d % ivay
oiicifith E485 S8 RAa hid CBPA! keny! ™ and "(C2-CB)

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

DEFINITIONS

The term “halogen atoms” as used herein includes fluorine, chlorine,
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10 be construed in an anal ogous manner. As used
herein, the expression "(C3-CX) cycloal kyl", where x
WO 20094018900t eger greater than 3, refers to cycl PCI/EP2008/005843
non- aromat i ¢ hydrocar bon gr oups containing from3 to
X ring carbon atons. Exanples”include cycl opropyl,
cycl abut

o AR A4 FPRBRABl GHERERS Y ooyl oneet

o s TR BTG5S SRR NOBHP T RSELAERTlico anor
R AT R AP b1, P i ap prancnes
R G585y i Qe BorsGRUA L b AR e range
1 P PR P 3 Bt Pl ROLGaE SUBiboy ana

t-"L&t -Cx) cycl oal kenyl", where x is an integer greater
ti’ n5 is to be construed in an anal ogous manner. As

s ool O 1 FYFHBR SR B o epicer
e e SR

10, JATREFVBRO D 30 AR 0 g are
e e T O W

2 K4 U BB Brp SABHORER) cRIRBAIore x i ar

inite%?é%ﬁgpéét@\' rlﬁanF’S?q'Hé!f@n%l % (ﬂaliﬁz?‘ﬁbﬁ-é}bﬁ)’&ﬁd hy&iY§ESMHon groups

e naphthyl, quinolinyl’, isoquinolinyl, indenyl,
cdritdii
5 an

[F30RE0E 1511550 S g idpinsokittes, i epcoproy,

RSNt ioyRfoddHyEelcldekgl bRB BRI ON OF THE

The 1 hvention is directed to a cl ass of

conopfigsalein 88idegroupll dhé of noref hydi®gen atoms can be replaced
phospﬁodi%?ferasea% (uytg)E4) enzynme. %aig cl ass of P

OISR oI AR ® o Moo LcL 5
monophasstpterém \Mile expresdibei 1(Chi@pt heRrocycloalkyl”, refers to

cyclic non-aromatic hydrocarbon groups containing one or more heteroatoms
(e.g. N, S or O), optionally substituted by one or more (C1-Ca) alkyl.

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

The derived expression “(Cs-Cx) 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
bicyclic ring systems which may be saturated, partially unsaturated or
unsaturated, such as aryl, (C3-Cs) cycloalkyl or heteroaryl, having 5 to 10

ring atoms in which at least one ring atom is a hereoatom (e.g. N, S or O).

Examples of suitable monocyclic systems include phenyl, pyridyl,
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5' -nmononucl eotide fornms. In the airways, the
physi ol ogi cal responses to elevated intracellul ar

wo 200808890f cyclic nucleotides, in particular OPCT/ARINNS005843
| ead to the suppression of the activity of immne and
pro-inflammatory cells such as’ mast cells, 15

macr ophages, T . |ynphocytes,  eosinophil

pap@u@rf'apsh. piperidiayj; tmﬁgphql'ra/ GuEIoB 'ofCMOﬁ%hw'e&é/é‘rlohexe"Y'
i nf| nnator rs i Gh i ude cyt oki nes

Clé"‘c]@heBE‘/ 1 gioxan L"'Q' ? ”H%%?‘gé‘ig fac%/or -al pha

( TNF n air h muscl

ol s Rainples ol Sulbie eyl Syslia° Madide hash vy, puinoliny!,
isgghg}q?f DE\Ath@ ,ogﬁg&arger,eélsﬁgﬁrhiﬁﬁi ?Ethéég@ldazol%ne X anthine
angpEparaly g BoRtae g dRrRbER hefEiznz+ and

gﬁf éa&jﬁﬂﬁgd;ﬁ#mﬁﬂmé?mﬁim*ﬁ@ Foocket s3

25 hﬁa?éﬁﬂéﬁﬁénﬁgdz roqu.d slesm gl mapi}m@%dgsnﬁws Bnibitors

a_npiety able

Of g’?’&@%é 'ﬁf r%ﬁe &J@tﬂgﬂ‘ag%o and S1 of t he
g?’gL%ggﬁgia\%SI ﬁpéﬁﬁkpﬁ?&%@ﬁ&n@lﬁ)ts ﬂ]bsggwﬁg%g?rﬁ %&tqﬁ)&?wucleotldes

i PARICIAR Cysiic, g Eéggﬁ{?g‘?ﬁ%gégqéég@%}gei@ﬁgﬁgg ittd thbReinactive
55&@3@%&‘&%@&? AR o rected 1o compounds uhi ch wer e

e e R RAEL L B HAHEH oo
Ie%%Pssbf z:gﬁl%j nﬁae%cm@s )P%trffcﬁlgg ?Q:?}]Mpt ?éz?d:'ié ?He\@ ression of

10NS reg Ine ri

tHd KERie ]tki'?’(‘?rﬂ]u D%‘hd | Sl ||H'fl% Pﬁgs? [)% ét‘?raé hFhast cells,

resenc er group a

par ‘Bﬁ%@% Fﬂ?ﬁ‘?%b s &dk; {'Bgn rgﬁlﬂqui@}trﬁllé nresultmg in a

ese i nven ates to

dg&ea\é%élr)g %Iéﬁs@?r%ﬂgmni'é}oﬂyrd\é’dil%i’érsa%h}’dh MA088! Sytokines
such as IL-1, IL-3 and tumor necrosis factor -alpha (TNF-a).

It also leads to an airway smooth muscle relaxation and a decrease in
oedema.

The catalytic site of PDE4 has been previously identified: it mainly
comprises a hydrophobic region in which two sub-pockets are present, e.g.
So and S4, and a hydrophilic region containing the metal ions Zn2+* and Mg+,
that in turn comprises the sub-pocket S spreading around the metal ions and
a sub-pocket Sz which branches approximately 90° from the middle of the
hydrophobic pocket.

Most of the compounds of the prior art are provided with a moiety able

of interacting with the sub-pockets So and S1 of the hydrophobic region such

as a substituted catechol group and with another moiety able of indirectly
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R2 OON Ol R3 R1~O (1) Pharmaceutically acceptable
salts include those obtained by reacting 15 the main
weomwpowe functioning as a base, with an i norREIER2008/005843
organic acid to forma salt, for exanple, salts of
hydrochl oric acid, sulfuric d3id, phosphoric acid,
nmet hane sul fonic aC|d canphor sulfonlc acid, oxalic
intecadting malithi theciretaluinsi ef dbied Smeuh-perketacier, @xample a
will be apparent to those skilled in the art that the
heterquyeirisuoh asopyridinerell PYXT6PHEANE-(1) may cont a| n
asymmetric centers. Therefore the invention
i nclTepresentoipvestipngsdieested iior §0@|ﬁ>@um§t\uh|§§1 were designed
t hereof. Wiere the conpounds according to
sa Hasrthieyncouldemaintaim dhe dnteragiomsmrit &h%émbepoc*feﬁéyso and S
may accordingly exist as enantioners. Wiere th
by ohgm R ther sudstitited eatechel eneiedy %éb@s'rﬁ%@%m with the
nore asymmetric 25 centers, they may addition
mesal siongs regiast by eaiesawert thet pygding 6@9/\43"90987%15@9‘9(“ PDE4
PCT/ EP2008/ 005843 12 understood that all such ”%f
inkibdtons bt differ fostberpreaeRre fpbthgragrosp.able o éstablishing an

enconpassed within the scope of the present invention.

addidorainptrragtoBwila e sUbrRRGKAtP3 1) were found to

show an in vitro inhibitory activity toward.the

enzyReP3mHcHl el Praseet é‘h\ﬁe'{m r?'ﬁ‘f%%&‘) deriyglivey cHD‘thenyl 2-

endowed of a good activit t he | ungs upon
prIﬂ'?H-Q'F&WSS%"'Saﬂ %ﬂ%&aﬂi?"awa. ﬁ) an ani mal nodel of

COPD. They al so exhibited in sone cases sustai ned
pul monary levels in the 1lungs, while no detectable

pl asmatic | evels were found rch is an index of a
short system c action. 10 One possible explanation for
the unexpectedly highgsel bty Rese conpounds

for LPDE4 in conparisan to HPDE4 i
feature a O

R1

(1)

Pharmaceutically acceptable salts include those obtained by reacting

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
general formula (I) may contain asymmetric centers. Therefore the invention
also includes the optical sterecisomers 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

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



10

15

20

noi ety which could fit into the S3 sub-pocket of the
catalytic site of the PDE4 enzyne through the A

wGeapsvigdoent . As it can be appreciated from t heCT/EBB200$/605843

reported in the Exanple 13, a 15 conpound
representative of the inventildn was indeed found about
1319-fold nore selective toward LPDE4 versus HPDE4. A
urpterbode thajrallisuch isomessrand ofixyeaertheredrinuaay Erpppgion are
that wherein the 2-pyridinyl ring is substituted in 3
eruinpassadwithin thessopé aofihemrasent inyestiahng to t he
general formula (Il1) 20/A z O-d R OINO R1, | /
O OTHe Kpmpuends of General, faxmuta (B wese éguaéftpn@ww an in vitro
above. Advantageously when R or R2 is H, the othe
inbiitory tactinity dowaind th® PDEY enagos lndhﬁew&bwqmsadsthey turned
13 catechol group is different fromH Preferably Ri
outnto Rae aeedbwet of faegend BElvityH inAthe rlsnggr spenofntra-tracheal
nore preferred conmpounds of general forrmula (I1) is
adrhitistratiomican awumalan@dﬂzoag@%@ defined above; Z is
(CH2)n wherein nis 0; and A is as defined above
secoheyyaism exhibitadeimsema cages GHsdaings pYIMoRaTy; h%vels in the
which: R and R2 are as defined above; 10 Z is CHRS
lunpsr whileR® detaqtabler plasmatitieveds were daynd whjich is an Pindex of a

preferably nethyl; and A is as defined above.
short systemic action.

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 Ss 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
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 (l1)

(1)

wherein R4, R2, Z and A are as defined above.

Advantageously when Ri or Rz is H, the other substituent on the
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A third group of nore preferred conpounds is that in
which: R and R2 are as defined above; 15 Z is CR4R5
Wab@pe1890R4 and R5 are both |inear or branchedP(TZLP104§/005843
alkyl and they forma ring with the carbon atomto
whi ch they are |inked having13, 4, 5 or 6 carbon
atons, preferably having 3 carbon atons; and Ais as
catedholegtoapds diffémrendrfeorofHt he preferred enbodi nent A is
substituted and Rx is selected 20 fromthe group
congtrefenahlyoRilanteRe ase Hnthrdifferentdrorady. al kyl, |inear
or branched (C2-C6) al kenyl, linear or branched .
( C2-/C8irstagkouy lof omooRP refesired reormpourdaiof qegnerad formula (1) is
above. In another preferred enbodinent Ais
thativswhialted and RX is a group able of inproving the
aqueous solubility of the whole nolecule such as 25
NRi ¢y andRH-nsaRUSfinedrabkoveri o, R>> and R13 are as
defi ned above. In a particul ar enbodi nent of the
i nvéhis @H2wtvdrergin & ia Gi@nd oaryl ring, the ring is
preferably selected fromthe group consisting of
pyr riviseas gafinedl @bove.ur an, t hi ophene, i dazol e,
oxazol e, isoxazole, thiazole, dpyri di ne, pyrimdine, WO
2009 66009 gPoTp 570087 prRfered aompoHRYS ke thatdnpyhigh:
i m dazol e, imdazolidine and nore preferably pyridine.
Accdrdand Roate ps dedinedakd¥5di nent t he present

i nvention provides the conpounds reported bel ow

Conpbund® nvbareinaite 13 Iinncg)ar or %ranghec} (81-&) z\;\fkyl, preferably

2- (4-1sobutyl - phenyl ) - propionic acid
methys, 80dii chl or o- pyri di n- 4-

yl)-1-(3, 4-di met hoxy- phenyl )et hyl ester 2

Pherfyiis agalafinescakove.

2-(3,5-dichloro-pyridin-4-yl)-1-(3,4- . . .

di STEQ‘ft]la)ikq,gﬁg@h)ﬂf%@@preggfr)ép)%omgounds is that in which:

1- Phenyl - cycl opr opanecay boxyl i c aci d

g T

g_ Zl lqlrghs;g‘éyv?l gepég%ygggggglakee SYH Iir?gérecr)r éranched (C1-Ca4) alkyl
a%@i%ﬁf%%ﬁé&aﬁé&ﬁé ?:ég@%é?a_té@kt@rwgich they are linked having 3,
4,(5S )o_r tGGéaEr_b%l#\t gt)é#s{%rpbr%?é/rla%w g(/%rg];eg %E?l%ne tzﬁ&mg?bﬂdl' (3-

A is as defined above.

In one of the preferred embodiment A is substituted and Rx is selected
from the group consisting of linear or branched (Ci-Cs) alkyl,' linear or
branched (C2-Cs) alkenyl, linear or branched (C2-Cs) alkynyl or OR7 wherein
R7 is as defined above.

In another preferred embodiment A is substituted and Rx is a group
able of improving the aqueous solubility of the whole molecule such as
NR1oR11 or HNSO2R13 wherein R1o, R11 and R13 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,
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1- (3-cycl opropyl net hoxy-4- d if luoroneth
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9 2-(4-1sobutyl -phenyl)-propionic acid
1- (3-cycl opentyl oxy- 4-
met hoxy- pRenyT) -2- (3, 5-di chl oro-pyridi n-4-yl) et hyl
Chemical name
yl met hoxy-4-di fl uoro

net hoxy-benzoic—acid————
2 (4-1sobutyl-phenyl)-propionic acid 2-(3,5-dichloro-pyridin-4-
cycl opr opy| net hoxy-4-di fl uoronet hoxy-phenyl)-2-(3, 5-
di chl oro-p r)rm(?nAAdmne;t@ppfyrpr@ﬁyé)etbyl(%ﬂﬁf| nued) WD

I‘l-’i%%ggépgsg?g%ﬁ% ni c -Q%S-d|chloro-pyr|d|n-4-yl)-1-(3,4-
1- (3-cycl oefrﬁgtﬂdﬁeﬂ)ﬁé’%w ethyl estgr "

Pty J Iblﬂ Ot U'|J |ru1|| ‘-I-'

)2 et( 23|5 desﬂlelPhéﬁyIQC)(Mepmuanteﬂmmmw Bist Gh{Bdichlara- pyrldm-
1 C 0]

pyri di n- 4- ﬁﬂj' '11 é%gztym%?mwew@ﬁmw&%r ester 14

> %/_E' opr oY) PRIzt bEhEbROT YR NoxY 3L BRMIS Ay Adin-4-yl)-1-
cycl oprOpyl(ﬁﬁi—hmxathéxghﬁhemﬁprmnhbemtephenyI) 2-(3, 5-
gichtoro=—ifoxy-pyridim-4-yt)yethyl ester

2- (451 sobu(§)—1@}ﬁ-@1.yp)(y®ar@@nylﬁrelr@cpaenyl acetlc acid 1-(3-

1-(3-cyclo I A .

4-di 1 uor oﬁ%ﬁ?‘ﬁ%’ h{&ﬁ?‘fy -difluorgmethoxy-phenyl) Zpﬁ i
4- yl)et Hydhl@ﬁi-pyn&ﬁn 2-y(yethgt e&ﬂephenyl ) - pr opi oni ¢

eta—2=(3;b-dichtoro-pyridim=—4-

6 (R)-tert-Butoxycarbonylamino-phenyl-acetic acid 1-(3-

n-
&

cyclopropylmethoxy-4-difluoromethoxy-phenyl)-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)ethyl
ester

8 (R)-Amino-phenyl-acetic acid  1-(3-cyclopropylmethoxy-4-
difluoromethoxy-phenyl)-2-(3,5-dichloro-pyridin-4-yl)ethyl
ester

9 2-(4-Isobutyl-phenyl)-propionic  acid  1-(3-cyclopentyloxy-4-

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

11 3-Cyclopropylmethoxy-4-difluoromethoxy-benzoic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-

dichloro-pyridin-4-yl)ethyl ester

(continued)
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ester

cycloastylaxed-maphoxysphsnyhi (A-dichlqre-1-oxy-
pyridin-4-yl)ethy! 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-cyclopropylmethoxy-4-difluoro-methoxy-

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

29

Nicotinic acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-

phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl 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)
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2- (3, 5}/0” ClRPBFYC1- g)%gcg‘;“ g-)zﬁ c&c&% [i\flmthcg%yt 4 difjupro-methoxy-
? ?Q["g;rc‘?’l g H@ Qe@ﬁy\@h?&bm -oxy-pyridin-4-ylethyl ester
gl f I3|us;)(r3 ?EEBbtgz?lgrphﬁwﬁgtgeih?fﬁprrmm>—11y|eal3hqmyb-|b®moic acid
oo L5 (iR P BAYIEeR A-iIppIpgthoxy-pheny!)-2-(3,5-
;r}e% hg)q(g/;f)hg% 3{0%1 y5 LiGIRL 2N Peth’estayr i din-4-yl)eth
1- (37cycl apr(@pMkthoxy-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)ethyl ester
39 2-(6-Methoxy-naphthalen-2-yl)-propionic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-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-yl)ethyl ester
41 2-(4-Amino-phenyl)-propionic acid 1-(3-cyclopropyl-methoxy-

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

yl)ethyl ester

(continued)
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pytidid-8-ydjethigh dstér 3, 6- t et rahydro- purin-7-yl)
prMpihyrettamidazale14-garkmmtifox aGfeny ri3-gyclopropyl-
methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-

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

51

4-Methyl-3,4-dihydro-2H-benzo[1,4]oxazine-7-carboxylic acid
1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-

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

(continued)
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szfilt?r!@ﬁm%xﬁpydldlnmwwﬂyloesier d
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fret ||u1\y 4—fret ||u1\y pllcllyl )-L- 6_5 dichitoro-
Quinoline-8-carboxylic acid 1-(3-cyclopropylmethoxy-4-

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

61

3-Cyclopropylmethoxy-4-dimethylamino-benzoic  acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-

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

63

1,3-Dimethyl-2-oxo-2,3-dihydro-1H-benzoimidazole-5-carboxylic
acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-

dichloro-1-oxy-pyridin-4-y!)ethyl ester

(continued)
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70 4-(3,7,12-Trihydroxy-10,13-dimethyl-hexadecahydro-

cyclopental[a]phenanthren-17-yl)-pentanoic acid 1-(3-

cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-pyridin-4-yl)ethyl ester
71 4-(3,7,12-Trihydroxy-10,13-dimethyl-hexadecahydro-

cyclopenta[a]phenanthren-17-yl)-pentanoic acid 1-(3-

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

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

73 Phenyl-acetic acid 1-(3-cyclopropylmethoxy-4-difluoro-
methoxy-phenyl)-2-(3,5-dichloro-pyridin-4-yl)ethyl ester

(continued)
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IfRYbRIeths h@@? )2 X® 528 A3 9k ridin-4-
° le? riet hoxy- benzgl Féyacll d

1- (3- cycl opghetw! esteroxy- 4-

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-(34
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-pyridin-4-yl)ethyl 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)



di fl uor one
thyl ester
wW(@A2(03/0689¢9 0
di fl uor one
thyl este

t hoxy- phenyl ) -2-(3, 5-di chl oro-pyridin-4-yl)e
86 4- Fl uor o- 3- net hoxy- benzoi c acid
propyl met hoxy- 4- PCT/EP2008/005843
t hoxy- phenyl)-2-(3 a-dichloro-pyridin-4-y|)e
r 87 1 -N@thoxv-naa t hal ene- 2- carboxylic

aci 51- (3-

cycl Opr opy
chloro -p

Pmé? th§'>? th%xyd ?%%?orret?%gy ph?en(g (SYCIOP( 0p§lmethoxy-4-

Mﬁiudrmmétndx»qjﬁadyl)ez{:é,ﬁ -d@8hloro-pyridin-4-yl)ethyl ester

3A5Trifi
1- (86cycl o
di fl uorone
thyl esté¢g
acid 1- (3-

OAANLNA

ooro=benzorc—aci d

ﬂrﬂppr@.@rﬁ@tgom{-benzmc acid 1-(3-cyclopropylmethoxy-4-

GG A Oy

op! oni
@}éféropf opyl

IIB[ IIUAy ’-I-'
- oxX\B7 pyri
2- Oxo-thi &
met hoxy- 4-
y- pyriding:

2

4N\ /]

e-trot Unctlluxy pllcllyl )-4 \6 5-drcirtoro-1

diMethgxy-eaphthalener2- -garboxylic acid 1-(3-

RSB SbPaRER) E R geniors

Gy spREPGHESHBRSY;
- dyridined pretiaicateR

ht
Five Ty

aci @8

T ul LD ALY LII‘UCIFLUL J. '-|-J U)\aLI 1Te™= I Cdl UUKyI I U

3,4,5- Tnfluoro benzoac acid 1-(3-cyclopropylmethoxy-4-

1-(3-cyc|o
,5- dichlog
- Cycl oprop

benzoi-n-da
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2' ;: ;JZ[ ﬁg}et hoggég g}ﬂl)orome%hox réln())/) 2 ](395)% c@(oro lI -OXy-

1- - -

: g:;:ﬂr hixuFpghgg{_g_ﬂ)gthypég—epl phenyl - 4-yl ) - cycl opr opane
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54 23} D hmtaoasws[fwomeaﬁ? P e e 1 Oxy-
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2009/ 01890

9 PCT/ EP2008/ 005843

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

92 1-Cyclopropylmethyl-3-methyl-2-oxo0-2,3-dihydro-1H-
benzoimidazole-5-carboxylic acid 1-(3-cyclopropylmethoxy-4-
difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl
ester

93 1-(3’,4’-Dichloro-2-fluoro-biphenyl-4-yl)-cyclopropane-
carboxylic acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-
phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester

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

cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-

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

(continued)
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i) vor et foyy- Pher 1 Zaha Silkell Qg oy Py dim

(13 ( §7E'y SFL g%gﬂg{?ﬁn‘%m)ﬁ%-%ﬁﬁyi)okggtﬁw&lof‘ﬁiz% ]heptane-1-

met hOXya4- dbfbcluqﬂi@ge?diidxw-mﬁejypllc)prbpwnét-hdix‘yhclmifdudromethoxy-
y- pyridin-4-yl)et ester 100 .
4- Met hanes ehﬁaﬁbt?aﬁgéodE@ﬁ%@r%-%rwfﬁ'(‘ﬁﬂl)ﬂ%ﬁ&ﬁ% ;

met lyoxy - 4- g %éﬁ?}rgg?‘\z{pr}%é%n?@enyhhoz (34 33 Sropy¥Ethoxy-4-

di n-4- yl) gt

4- [ 9- (4- Et fayflugrbaieakgXy-phienydx3](3 S divbileroatiakylpyiddin-4-
cycl opropy| met hoxy-4-d ifl uoronet hoxy- phenyl)-2-(3, 5-
di chl or o- pyDEth €516 ) et hyl ester Advant ageously the

Sl S v 1o fonpateneieh dRErERALATHRE, HitaraGrptigerory
as obt ai ne%é}hgié?ﬂl—dﬁﬁlo%ﬁ‘idtﬁbi()@-ﬁh@hyt)b@(s,S-GMJor‘om—oxy-
the case of LPDE4, the 1C50 is the nolar concentration

of the tespyridincdrgiathul @9t€duci ng 50% i nhi bition of

3 etol o ASeRia T H BnRene8RS. seihidun ety dopropyt
the case plethBl4-difiRrbfeihbgy-phenybl2y3,5-dichloro-pyridin-4-

concentratjon of the test conpound producing 50%
i nhi bi ti onybethylesbemdi ng of [H3] rolipram assessed

gg: 1(3%8”1'2 s[%—(ﬂE%Jyﬁl-&nér%oexry)ﬁ“]on%/tlo%l/]-b]enl\éeoqcChemalc% 6; 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 ICsp.

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

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 1996; 39: 120-125.

Preferably the HPDE4/LPDE4 ICso ratio for the compounds of the
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10 Preferably the HPDE4/LPDE4 | C50 ratio for the
conmpounds of the WD 2009/018909 PCT/ EP2008/ 005843 23

WO pooentdden i s higher than 5, preferably hi gherP@hEP2008005843
nore preferably higher than,20 and even nore
preferably higher than 100. ? e conpounds of gener al

o PR SEATAR ONEEIN R gy nvr
A TR LR 1, 03 ep L

B e
ooty R B o S g e cor
begglg%%ngh@%a%fﬁteﬂobglﬁi %%p?ﬁ%gb%%(zg)‘éhééaﬁid\'%oﬁl@ not be
ARSI, A PRI thut o o
oA R SR 08 i 5,12 = proces

Redug n et hanone derivative of general formula (1)
e

to ve an al cohol derivative of general formula
(2) (route A). WD 2009/018909 PCT/ EP2008/ 005843

R2 o}
R2 2 Z 'N route A $2 ? ¢ 'N roue® 6 I * /Q
[]
o N 0 X x
R3 R3 R1. R3
Rt.q NaBH4 Ri.g LiHMDS o
MeOH THF

O ] @ (&)

A-Z-COOH+ a base + a condensing agent
or
A-Z-COCI + a base

or
A-Z-NCO + a base

]

e
R2 OJ\O /|N
0 )
R3
R,

&

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).
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24 The reaction may be carried out by using sodium

boron hydride (NaBH4) in a solvent such as nethanol
W@Ro0potee enper at ure under nitrogen at nospherBCT/RPIH08/005843

step - Adding a suitable acid of fornmula AZCOOH to a

sol uti on of 5 the al cohol 4| vative of general

ELIEEREE O A e T ——
(lfqt%ﬂ% uﬁgi%orhg? ?ﬁ?ﬁaﬁﬁ H‘beBDSﬁa‘ HL%%%rjnﬁ éﬂpé'nlu?nﬁ]gg%trogen

resence of a condensing agent such as 1-Ethyl-3-[3 10
a@l‘?ﬁﬁeﬂﬁfﬁam nopr opyl ] car bodi i m de hydrochl ori de (EDC)

g NS ol AR D o
R e e P Y R B of oonere

er aprotic solvent known to those skilled in
folrW@%:(?)' In a particular 15 enbodinent, the reaction

cas eﬁt\%.&eggpéﬁr L' &gyt 8LP i@?@%@ggﬂcé Qg ré‘u?tab'lé‘ strong base

oxyI I C acCl | ears reactil
HEEu e L e
oI BHLGENEE! Do BN DS DBIERT S i 515

di &Rygmwag){ﬁ%{\wﬁﬁbﬁun#@edepr Oﬁﬁoﬁﬁﬁi\ 1&g &bt ai n(lﬂQ@D n and

ree r rou the deprotected group may’ be

Etga}og(?ﬁéﬁf&r\gkhﬁ ﬁlq et | & é%%@\?é“tssudﬂ‘ﬁsadlbmo%hi&hane under

ng, ng agents or simlar.

?‘e‘ﬁ‘:t 'é&ﬂqc%'bq’\eg EPT ObRrdd OsdNehtdnCirhapal par Olﬂé‘éd' S such as

rb rotective Groups in Organic Chem stry"

d%%ggﬁwﬁngﬁudg @M%ig%lgglﬂgﬂgg féranP(THM), ¥icteform, dioxane and

ntersci ence "Pr ot ecting G oups",

at$¥ ‘btheK%?rS?é@olv@ﬁokﬁoWﬁ' ﬁf"?hy§é|§@lle(d19r94he Eﬂ”ﬂﬁt@%rtlcular

gener ormula (5) may be al so prepared by adding

e@rbogl‘l’@ﬁjﬁ?gﬁegé?égggﬁ 'rﬁéi{ dbs@beaitaedlodtoh AYsenbelf@dents.
yanate of WD 2009/ 018909

PCT/ ffP22R8/ 584 bosYlic acid A-Z-COOH bears reactive groups like
hydroxyl, carboxyl, thio or amino groups, they may need to be protected by
protecting groups such as t-butoxycarbonyl, benzyl, benzyloxycarbonyl,
methyl, trimethylsilyl and similar and, at a certain step of the synthesis,
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
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
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Wh2e/01890% st oi chi ometric or a catal yti c anounPCT/EP2008/005843

according to procedures wel | énomn to the skilled
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sctalbai oo R o MR Ben .
nﬁ[&]‘% aAWIglolaagin% ﬁ?éaoflcg%g}'gi‘%g f‘(’%é 22;%89rglternatlvely be
praégﬁé Ika)g cgEt hOdS av h@%ﬁ?ﬁeegew& sLEf %VEF%IQ”(%) with a

art

mg&&ﬁ)&ﬁn?oréﬁ”vﬁ \%\/rhﬁy%blg?gg acco ng?@ fithium-bis-
(tf?feﬁénﬁﬁ%|'ﬁ)§§hi{§?s‘§ww$ ot it ‘ﬁ‘&,ﬁagegﬁ’ﬁdﬁ SifertSuch as
teftnyptthBit (YR oy M e %%&S%ﬂgeﬁﬁéf;?b. fz.OLS” Lg‘eﬁf :
fgﬁ[]Pf%s'ﬁfg%gie%{?%ﬁgﬁ%%ﬁi‘?“@%@ Al S Sorhtrcially available
orbrgng ngié J%]dé % ML ARdsPANRIMAL IS tﬁé'lﬁ'eﬁdigre and well

se compounds 1 n which A

k owr}gtggbﬁ,e}gg,f%kwemnqhg%u onal 20 group senS| t ive

0 OXI e correspondi ng N-oxides are

|t t
gt egﬁ%%‘frg\r’og %f% %Qﬂ%ﬁgpﬁ% RAYT Yindd ofUhet RBnpdutiRld @F general

e route A The present

fohﬂ\’:@’(@g@% éﬂé?‘é\ &f%cﬁaﬁia H?QS%bﬂﬂidsCQVQi%blbl iANtheoliterature

cormpou ornmu in adm xture with one

arfd VJE?{ ﬁnoﬁhatb%%eé‘ﬁlll%é éiéfséﬁCPBF Hdtanearthegrmayfe prepared by

exanpl e those descri 25 Remington's

d.ﬁP@R/m&ﬁﬂ% &&hp§9hen8€§eﬁéﬂabﬂﬂhu|§v¢5) ﬁdCHMﬂQl@PWCb then

Adm ni stration of the conpounds of the

adﬁuﬁg%ﬂ okﬂﬂﬁﬂb' AdeMB3udt as IRCNBIJ peﬂsbm@raammgmtcrpsm to the

pat ent needs; for exanple, orally, nasally,

BB SR e ey e o e
peérdXids tpdrBahkic acid and peracetic acid.

For those compounds in which A is a ring substituted with a functional
group sensitive to oxidation, the corresponding N-oxides are alternatively
prepared by carrying out the oxidation step before the 2 step of the route A.

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



10

15

20

25

and by infusion), by inhalation, rectally, vaginally,
topically, locally, transdermally, and by ocul ar
W@ewo/018907 at i on. Various solid oral dosage forPGI/ERMY8/005843
be used for adm nistering cogpounds of the invention
including such 5 solid fornsags tabl ets, gel caps,

T D R e T ——
T ST T SO, ot e

aséfegﬁéaxls?s a&\m'otc%ll]art %@ﬁgﬁ?ﬁafuﬁh?w b?t?ﬂj O{al dosage forms
m:lg)ibf e Sﬂ%ﬁg g ﬁ@%nrqlsﬂ%gg(?%ﬁop (%é'”ﬂflt'héefrﬁrenjngn including such

egr ant

R B, 4 PUBSTEgrae] 8h 40 39does an
bl{ﬁﬁi)%& fe éa%hg%%ﬁohﬂdgiﬁptﬂbfﬁr%%bﬂg|ﬁ\n§1tf§1‘?ﬁ§%§ggé fiministered

I'nvention ["rqui d or

al{;ﬁén%rn%%ﬂlﬁgdb%w €0afiBls 2 gma'?fn% ghilegllycggegmeoﬁamers

I nven I nC d I Ng agqueous ana non--aqueous

di %ln% r(?unable} dcgg]s‘és ito? ul%%?dﬁsésﬁérch%ér ) Ui ei‘&glents known

IXI sage tornms ‘can O contaln suita

r?“ ek o'? flnﬁtle@”t SEGQ \g@t %S"geﬂﬁé]! solubilizers,

excl ents nown e ar

Lﬁf a\ﬁ/ﬁ ‘égth?sblnH@H '@iglrﬂggfgrﬁs ?é@é‘ﬁ/ﬁﬂ_@ §, colorants, flavorants,

as we as agents 1‘ r emul sitying and/or

|u5H§§ﬁt§dgﬂe He ike ORI ¢8 eiset B8p ‘sﬂl‘é%mtbﬁfétsTQﬁd gels are also

conpounds t he present |nvent|on 20 may be injected,

atfﬁnt&?é‘é‘@é ﬁT abHin RYSHAY #he cohfbduifis @fmeof)re%‘édt N eHtioh.

teri ution. Qher preparations are al so
poss\yég.l,&js ﬁHBRP%'réPHb%gé FbringCindly adBl bé idedf Fal@ministering

t he conpounds the présent invention nmay be

cOhEPGR @S PMhB1 inVBALIBAC iIfdidingNdqueblis artlhbAqueous solutions,
excl pi ent such as cocoa butter, salicylates and

erRAlsYEIYE @85 BivRS) Syrufss, F@ﬁ(ﬂl)élﬁmsor@uéwrd()@iy@%rms can also

adm nistration may be in the formof cream gel,

coSIesuft BB irfirt AMUakty RhBWMAIE eRé airbisigh &8 vadtirt amd suitable
to the active ingredient, such suitable carriers as

exdigiekfPWRnoWnt A ahk. drer suehi cal pebgetvatived,i onetting  agents,
phar maceuti cal conposition may be 1n WO 2009/ 018909

sWESteRBP OB 1o as wélhas fayenteffor edauisifyiignangfor suspending

l'iniments, |otions, emulsions, suspensions, gels,
thfégér:cbkhb@[lﬁdsp@ﬂl@é,infl@M\@kﬂﬁ.SIh@pbamomﬂ@ of ths preiseablirvention
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.

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
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adm nistration to the skin, eye, ear or nose. Topical
adm nistration may al so involve transder nal

WQAWPM1899% at i on vi a nmeans such as transder nal PGEE/EP29E8/005843
5 For the treatnment of the d'ﬁeases of the respiratory
tract, the conpounds accordiffng to the invention are

thg:gg&{ g?:%ﬁg%@n%lﬁhggﬁ gfllréig%ezrlr}aloj\%ti(?@s:, Ier%ﬁs'i%ﬁls,e suspensions,
Q%i?ngg:PLl?:}H;SF?géa:%tgiﬁgi?&e&iﬁéffﬁﬁggg I%B\E; d,:_oon. _ suitable for
o e B e
A g A Rt
non-'ft] xiteearsﬁbe ﬁ@rﬂtcéﬁl @1? ngllr%%%tsggt I%)g q%%n%%sﬁgéggg\? trict, the

capolfS"pbfraif tn fE REeRliof Vi) BRSreRtl, (ipistgred by

.nﬁdﬁg% to the powdered conpounds of the invention.
INPARACR i on aer osol s cont ai ni ng propellant gas such as

20, b o2 SERBraii FOn kS, CoMRARRGCT owcers
¢ driven f - .
o BRUBAPESDLATLAC B MRS BEY BARIFEN 1 v

[ |y other excipients. The propellant-free
fo?’ﬁk!&ﬁqa[bo & formul ati ons conprising the conmpounds 25 of

the g verihiRistf ol s A fo‘?{lngﬁ\zvdﬁf’l .%Hd??-s dt" multi-dose inhalers

suspensi ons 1 n an aqueous, oholic™

krﬁ%(/m Sf’t%rﬁomél Pﬁoﬁ‘é&ﬂt l‘fﬁé}‘?'}ﬂa UﬂmieH?Yn %aﬁ?b%é_elrh%d pBWdePtmay be

rasoni c ers known fromt prior art or

_ o e . h () bl _
i 87 0 TilE S h G0 R B3, CHREUEE i D packs orim @
rekBURdIEI on ney be administered as the sole active

agent or in conbination wth other pharnmaceuti cal

o RPAEO Sgiier DERMIRG RSEAIC W oiinidan et o (e
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
hydrofluoroalkanes may contain the compounds of the invention either in
solution or in dispersed form. The propellant-driven formulations may also
contain other ingredients such as co-solvents, stabilizers and optionally other
excipients.

The propellant-free inhalable formulations comprising the compounds
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®.
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bet a2- agoni sts, corticosteroids and anticholinergic or
antinuscarinic agents. 5 The dosages of the conpounds
W@Roovhesopr esent i nventi on depend upon a vari eRgI/BP2008/005843

factors including the partic I8ar di sease to be
treated, the severity of thé&-synptons, the route of

the A8 (G UTPERNES B ifE HEPF o8 mady bECRATnislered B8’ the sote
o8 SO i AR B SRR GG v
ingfEend duage el uiRY df Rbe P BRSh ChERs Bt B Migiers. o0
b ragﬁfareﬂrog‘t? l eggbﬁgﬁﬂ%i‘i? %g‘ﬁ a}srg?ﬁh@ﬁgﬁ%icao\égigg&ggg?%i‘é agents.

Eéﬂp Z%%s%@p%,ﬁ%ﬁ{% eji%rpﬁ"@ﬁé&f)z%"eﬁa/ KIBFERIT epend uper
o TR B b D BB sy
of il SHe1AMEdTE: o Lol RefPlHal. die, fhabifey of the dosage
nfi3BL bR R EnpEERs SRR e i, foxigolony profite. and
PTG iCHIE e FHBOUAES D1 Venti on and/or

tr eaAW%‘ﬁta%‘inggmditﬁgaés X gg{snaﬁll)geéie'?gi bljotfhﬂl‘gai ¢) may be

required. sease I'n I c di seas
_ . i : : | .
SRS BB, By 4 Bl L amotcb er? bl R 1000
EARI pe PR R ke paplage, pror oo
Septjnh e Ardy é’rlecﬁaﬁfjhi;é el by PnafdtRii r8utd, S@RSosage of the

reperfusioninury e myotardi um and brai n,

ccﬁqEBUhas @f%@t?{éfépﬁﬁhﬂét(igsis_a%@é%éeéﬁs@ hofprised between 0.01

rosi s, erial restenosis, art oscl erosi s,

ety r | |41 5ha. thritis,
ok 2y R oo g oTigaa

PCT/ (R4 8R5H10 088 Lot So PR@S I Cgutéral Jorrh @k (1) adlB8ne or combined
allergic contact eczema, atopic eczenma, seborrheic

wRRZARBr dctivBaRgPediBheX m&y beuadmimstéretURritRet plevention and/or
anogenital area, alopecia areata, hypertrophic scars,

tréASEOh of URWP dbisYiUeivat Assifirato s idisedse IsugHsas asthma, chronic
eryt hemat osus, follicular and w de-area pyoderm as,
bRINARRNANE chifnic obstructive pulmonary disease (COPD).

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 include: allergic disease states such as atopic
dermatitis, urticaria, allergic rhinitis, allergic conjunctivitis, vernal
conjunctivitis, eosinophilic granuloma, psoriasis, inflammatory arthritis,
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 mellitus,
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5 exogenous acne, acne rosacea, Beghet's disease,

anaphyl actoid purpura nephritis, inflammatory bowel
WQIRMEAER09 | eukem a, nultiple sclerosis, PCT/EP2008/005843

gastrointestinal diseases, a Poinnune di seases and the

i ke. They al so include neurg ogi cal and psychiatric

orduF RS8R0 AT SBRGE” ST o Piopg ecsema.
S HHTHEIE RGP b3, SEBBOER. e 008 Sogentlare
oG5Bl R e PRSI RO Db o, yotemic
o e P BT B 90 WA PP A g e
orGRRHHEF oS i, RS O ERERR! M BATdol urour
oA G S B BB I scros
o SIRRLABpC AT Al Hamangs 1

(66-13,%? 4188 WeeiQe*r%é@@éprﬁ&r@gy&ﬁ&@icmd)isd\@%rs such as

adde OpW S ofut1on was stirred at -10C for

Al?@%% ’ gﬁ%ef%glr?n@lﬂdig 6§cr7r%)||%)s?§l‘,ﬁa@gﬂﬂgtébﬁEI@réﬁswﬂL%), multiple

i
onet t et rahydr of uran

A ) _ ,
sy(s?émsn'téaerﬁggp:{l\%gﬂi, iISRiZ8ptireh R, VParidhsoys dfééd)é%gnmghﬁtmgtons

room ure, quenched wth water (100 nL

di%ééériéqiigﬂ'sv‘@ji'éaagéeHQMes%'i&?,gstrél?e,@rﬂ@mea) cofdénjury.

i'ned organic |ayers were dried over sodium

sul pid & rebenBindeittiy aRAT AbRA bEOfUHNEICde sclib8d ChydRay of the
product was crystallized tw ce WO 2009/ 018909

folfSA g RORFIReRXampldst om aqueous et hanol than from
exane to affofd 3,5-dichloro-4- nethylpyridine (49.9

9. IRAMPLES68 %yield) as a white solid. MS/ESI+
162-164-166 mz [MH +. EXAWMPLE 2 5 Preparation of

2- (EXANMPMIEQro-pyridin-4-yl)-1-(3, 4-di net hoxy- phenyl)

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
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 mL) was
added dropwise. The solution was stirred at -10°C for 30 minutes, cooled to
-70°C and added dropwise with iodomethane (650 mL, 1.6 mol) in
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
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et hanone (Internediate (1) of schene) A solution of
3,5-dichloro-4-nethyl-pyridine (2.06 g, 12.7 mmol) in
wWQ@izap9/0189% ahydr of uran (30 rr1) was cool ed down PGI/EFB(B/005843
then a 1.8 M solution of BI um di i sopropyl am de in
tetrahydrofuran (7.4 m, 13 nmol ) was added 10

frc?n&é%“é&?@s”?%h?% 'ﬁ. i) Rﬁ%xtaﬁf:er 185 4, ﬁ"’%’“'om 4
mg?gyyr@nﬁim? 0t firp| e ?OL i‘ﬁ?‘@réﬁo éﬂ%ﬁ'ﬁ% fé"f‘ ) vas
e T
m X extracted with ethyl acetate(2x50
") ARBReRR, BF S b RS IS diEinomyphen
et@ﬁPﬁﬂ%ﬁH&%ﬁBﬁ? a(téqﬁgﬁfgéggmﬁl)fl de? th ];I/ S:? rol eum et her
oyt e dedbibamedRabe G By mon i v
e R s FRBSR 7 g R st o
utﬁb% i 6%§£§y§a§ﬁ%e i %)} a%y%igf%anlyl_ﬁ :%Jrﬁg?,féoﬁﬂg()ﬂ wad added
oL sig”ﬁéek%s@%&ﬁ?eoﬁbﬁgf%@#ES%SZ%QQIQ%SFGS”“'“Q
S%t'?g%&%gl y MTal O'ic%ge ‘E'{/‘d 6'1';%’?1té;|%°§‘9édmdf°§war gﬁ‘ﬁwéét/h%xr benzoyl
AR SESALL T Al b I 28 o e
drf)mi 8! X TR ' thd: BnfP &t FeOp MEUFS o &P 4ty for 15 min.
ice (20 g) was added, followed by further 500 ml of water. The mixture was
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
as a white solid.
MS/ESI* 326-328-330 m/z [MH] *; 'TH NMR (CDCls calibrated at 7.26
ppm) 3.91 and 3.95 (2s, 6H), 4.62 (s, 2H), 6.91-6.95 (d, 1H), 7.53-7.54 (d,
1H), 7.67-7.75 (dd, 1H), 8.49 (s, 2H).
The following intermediates were prepared using said route with

suitable solvents:
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1c difluoronethyl difluoromethyl 3,5 dichloro Ms/ ESI+
398-400-402 [MH + Id difluoronethyl Me 3,5 dichloro

WO/BJES1890B62- 366- 368 [ MH] + | e difl uoronet hyl PCT/EP2008/005843

cycl opentyl 3,5 dichloro M/ I§§I+ 416-418-420 [ VH +

EXAMPLE 3 Preparation of

2- “@%{d hl or o- pyridi n-4-yl)-1-(3, 4-di met hoxy- phenyl)
| (Internmediate (2) of schene) Route A

Sod| um boron hydride NaBH4 (45.2 ng, 2.5 eq.) is added

to a suspension of

2- (3, 5-di chl or o- pyrldlnpé-yl)-ol (,411 di met hoxy- phenyl )
- ethanone (150 ny, 1 em H3QY (5 m), at room
tenperature under 10 njtr at nosRdere. The m xture
is stirred at roomter’?ﬁm re overnight, then the

Ir&gﬁ%&&gn R,S quenched wth wate F@nd ext 1 aq ,@Qﬂwl th

'ho organHc |ﬁ\lor s5—d ad Avar
E-URAG- g e a—ovet

sol Vent |iMe evagorcttCEQiPPeﬂTWe cr ugdS dicgloggyy “ﬁ’%“d‘%?\?%?é%‘}w”]’

Ch'HQ”Flt 0gfeaPhy On | i didprspyRinyi N 3@iaRAbRNY ME/EKH 388-368-970 [MH] *
petTo1 etim—ether+ErCAc 91 —viv Q BLIUIE ]

D b0 v | SpraTeiAg ] cYSoPropHmTy ot SORENPR, | WA 08 M)

(50% yi ¢lamhorotMBhEPldilud@aiBetBd 0- 333 [5Nidhioro Tivs/Est 39806902 [MH] *

T TTC.er e repar ed S

sui'fabl & dE'H‘?’?)B‘\?I}FV' s \p/\g 2003/ I)E’%é’%g‘lo'%r‘- W y\%’%&ﬁﬁg%ﬁw”r

|MF “A VAV A IavaAveT LW}

32 1eTabl| @ifigorfBeth | Grciopnty!lR1. RB 3,5@lchiatoer M%\t@@WAmMH]*
R3 Analytical 2 Me cyclopentyl 3,5-dichioro MS/ESI+
328-@%‘@%@5 + 2a Me cycl opropyl nmet hyl

3,5-dichioro M5/ ESI + 368-370-372 .

di f |Rmnmetlﬂ9| of y 2rFPlich %‘Pwrldﬂ"'é ﬂ)-énégf‘zﬂ'mtm -phenyl)-
404- 406- 408 + 2c difluoronethyl difluoronethyl
etbapoli(lpterm -m (2) of sehemed- 404 [I\/IXI] + Y

Route A

Sodium boron hydride NaBHs (452 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
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 Na;SO4 and the solvent is evaporated. The crude
is purified by flash chromatography on silica gel in gradient elution from
petroleum ether/EtOAc 9/1 v/v to petroleum ether/EtOAc 7/3 v/v, to obtain 75
mg of the title compound (50% yield).

MS/ESI* 328-330-332[MH] *

The following intermediates were prepared using said route with

suitable solvents:
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2d difluoronethyl Me 3,5-dichioro MS/ESI+ 364-368-370
[MH + EXAMPLE 4 Preparation of
WQ2{03/08904 chi or o- pyri di n-4-yl)-1-(3, 4- di met hoxRECYRRI99$/)05843
- 5 ethanol (Internediate (2 2of schene) Route B
3, 5-Di chl oro-4-net hyl pyridi ng=(500 ng, 1 eq.) is
di ssﬁélg\égch_l n dry THE (2 nL) under nitrogen atnosphere
IiNTM5)2 (1.OMin THF, 3.38 1L, 1.1 eq.) is
added dropwi se via syringe, keeping the tenperature
bel ow 10 -55C_The mixture turns yellow and is stirred
at -60C for about 30 m ru:gt es. HO T Na sol ution of
3, 4- di met hoxybenzal dehydg 3 1 eq.) in dry THE
(2 mnL) is added dropw se s syr| nRe, keeping the
t enperature bel ow -558"0Arfer the addition the
L XT B TR, ST OM Y med to roorg,enper af %wd

arafnrn far lahntit 2h i
CT—T U1 Ao UT ZTT IIICTI

que’ched |Weth wat er aAigPeDly! ext r 4N | N@(@kc”aﬁ?@ -332 [MH]*
or gafii c | PWLr 1S d%&éoﬁuﬂmé}@%@”&am&a herseecdiv 868-3701392 [MH) *

evaporated—The—ct € IS torgteg—wtn
T oo ot | CHUORTSIH Po/FoM By TR e I | Hin A B00408 [MH-
vvhi be sol|idhurédetnyli [ediflibroMBiES| + | BdidBo BBB/EGMENO-4022004 [MH] *
Dr pg Y ditiorome tﬁ ':WUUB’ UUS84: oﬁchl VISHESI” 364-368-370 [MH]+

ratl A Lsobut \I| 1RV D-6pi-of
I Pl \WANE] \J

aci dfagmgg& chl or o-
?yrl 1- (3 4- dinethoxy phenyl)ethyl ester
co _ : _ _ _ _ _
Bty of 23 behisre YN A (yfgtmethory-pheny)

Al e s m, )| e

yl) - g- di met hoxy phenyl) - et hanol (200 ng, 1 eq.),
(S) - obutyl - phenyl)-propionic acid (148 ng, 1.2
€q.)3 @nﬁéffﬂ@@{ggﬁéhﬁjgﬂ)mﬁé'@o@emg{ DVRG)) (s3dis¥@ivéd I dry THF

eq ) roomtenperature under

Lf hiLh086de A hTRSEEE fa%moEBﬁeP@ 4t UWe©°CS LIN(TVSY, 1.0Mdm THF, 3.38
erature overnight, 10 then it is treated with a

at u Xthiea ure
N R e e

-5ever T2 pidtur@duidieyellow 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 NazSO4 and the solvent
is evaporated. The crude is triturated with Et20, and filtered to obtain 741
mg of the title compound as a white solid (73% yield).MS/ESI* 328-330-332
[MH] *
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solvent is evaporated. The crude is purified by flash
chromat ography on silica gel in gradient elution

W@ 2000/0189e4 r ol eum et her/ Et OAc 9/ 1 v/ v to petrol BCFEP2008/005843
ether/EtQAc 7/3 v/v) to vyi e{l\g 259 ng of pure conpound.
15 The fol | owi ng conmpounds ?e prepared using said

roum t églrrgouaga%ing ZTZb!Aﬁalsytzl ?al I:\)IZ K/)l;C)I\/;I
1, Sl 575 o il s
pygqugr?& I%-é‘lfgg-g’ g'EﬁE}hogy g;gl{éﬂ:ycpem ‘igftﬁ%ﬁ\po&naﬂﬂ
?1%@%3}*& ﬁﬁtﬁl%ﬁ%@‘ g&yl%rboénéﬁdgﬂg 2 g‘gf\ga’rochloride)
<E§m<ewﬁ@, 10 DI ok lprion
('3b4{7%grﬁgm%xyz’g_&gﬁylgj%gﬁ?ﬁol 8(2%)%)( mg6 3)2 (%gz % +(4-isobutyl-
S onsnl, 233 488, 13 b 436, thotoonyran

(D%/I&BS Ct%m{; '79.5 eq.) in dry CH2Cl> (8 mL) at room temperature under
nitrogen atmosphere. The mixture is stirred at room temperature overnight,
then it is treated with a saturated solution of NH4Cl (20 ml) and extracted with
EtOAc (2x20 ml). The combined organic layer are dried over Na;SO4 and the
solvent is evaporated. The crude is purified by flash chromatography on silica
gel in gradient elution (from petroleum ether/EtOAc 9/1 v/v to petroleum
ether/EtOAc 7/3 v/v) to yield 259 mg of pure compound.

The following compounds were prepared using said route with suitable

reagents:
Table 3
Z,A
R2 o)\o O N
o \
RLO Cl
Compound | Ri Rz Z-A Analytical

1 Me Me MS/ESI* 516-518-520 [MH]*;
*/|\©\)\ "H NMR (CDCl calibrated at 7.26
ppm, mix of diast) & 847 and
8.31(s*, 1H); 7.05(m*, 4H), 6.96-
6.63(m*, 3H); 6.10(m*, 1H); 3.89 and
3.86 (s*, 3H); 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)



3 Me Me MBS/ ESI +472-474-476 [MH] +;

1H NVR (CDCl 3

calibrated at 7.26 ppm 5: 8.45(s*, 2H); 7. 34-

W@ 2®801999 5H) ; 6. 79(nt, 2H); 6.68(nt, 1 H); GPABEMSS/005843
1 H,; 3.89(s*, 3H,; 3. 80(s 43FD 3. 49(dd* 1 H;
3.15(dd*, 1 H): 1. 54(n¥ )y 1 43( H)

1.22(n | méH); Imao( nr, 1H). o) \/WSI"-HAG-448-450[MH]*
492-4941 496 [MH +; * O [1H NWR 3 I B | d
7.26 ppp) 8 8l 47(s*, 1 H); 7.72(dd*, R V. 36BE Hattrated ot
1 H; [.o4(ddr, 1 H; 7.[01(d*, 1 H); |6289pe™) ) ﬁj‘?(s 2H); |
g.gggd: %k{b; 6.?4(dd*,01 H); 3.95(st7.28h, 3H) 7Tﬂm 2H);
: S ; B.-91(s*, 3H), 3.89(s*, B .
H; 3.41 (dd*f 1 H. 5 QHF2 cycl opropy F%mﬁ%: 8 6826* 1H)
MS/ ESI +] 637-63P-641 [ MH] |+; nethyl * | 6ISdNVRHL CBAR@Ed®, 1H);
calibrafed at | 7.26 ppm |8: 8.21(s*, 2'%89@ 36&H 380(s", 3H);
7.22(mt| 3H), [7.16(nt, 3H), 7.00(nt, 6, 6512 ]B
H, 6.p9(dd*,|1 H), 5.3%4(br* s*, 2H), 3§1(§§( d* H)2H)35 and
3.54 (dg*, 1 H, 3.17(dd*, 1 H), 1.40(855ABk)2H);3.29(dd*, 1H).
I 30(m 1 HJ; og8(m, 2H), - 4Z(nT, R +
(cohti nh¥8) WO D80os or80de. P 08/ pBSHRY 472474476 IMH]
* 'H NMR (CDCls calibrated at
7.26 ppm) &: 8.45(s*, 2H); 7.34-
7.26(m*, SH); 6.79(m*, 2H);
6.68(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).
4 Me Me 00— MS/ESI* 492-494-496 [MH] *;
*—O*O\ 1H NMR (CDCls calibrated at
7.26 ppm) 6. 847(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 cyclopropyl- HN- ¢ MS/ESI* 637-639-641 [MH]*;
methyl */'\© 'H NMR (CDCl; 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),
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).

(continued)




35 6 CHF2 cycl

opr opyl -

HN- boc MBS/ ESI + 637- 639- 641 [ MH|

+; methyl 1H NWR (CDClI 3 calibrated at 7.26 ppm 5:
W@209088909 2H) , 7.36- 7. 22(m* 3H) 7.16(nr, 3HCT/EP2008/005843
7.00(nt, 2H), 6.65(dd*, 1 H) g5 6.09(dd*, I H),
5. 31(br* s*. 2H), 3.93(d* 2P). 3 54 (dd*, 1 H)
3i_|)h7(dd"CHl?.2 H) ,cyiloﬂ'@ﬁ)& 9H) un 2B ( nt | MB/ES)+ 630-66B64MMH] ;
2H), 0Of 42(nr CHR2 cy opyl
537- 539 541 [Nkﬂ“‘@‘y' met Hy| *5}1\»@9 (SISE:@ cafzugg':?a?a'ébémd 2t
at 7.2p ppm mx of diadt.) 5 8749 afid6 8pmpY $L21¢H)2H), 7.36-
7.40-7.p2(n¥, [ 3H): 7.17(|mt, 2H): 6.97 mﬁz(nzH)gH) 6. f58m*, 3H),
and 6.5f(dd*, L H); 6.53(n, 1H); 6.0 7@&@ Ggﬁﬁ(%%de, 1H)
1H): 3| 90(d*,| 2H): 3.64-3.44(mr, 2H): by Do )
3.13(ddf, 1 H} 1.22(nt,| 1 H); 0.66(nf 60" 1H), 531(br* s*, 2H),
0.36(nm| 2H). NH 8 CHF2 |cycl opropyl - 2 LES) dd*. 1H
537-539t541 [MH +; nmethyl * 1 1H NMR %%Eﬂ3f3'354 (i' 1H).
calibrated at [7.26 ppm) §: 8.25 (s*, 2|By7(4, 38H). 140" 9H),
(7632 (1rrr_|) 3 ?647.(33 (nt,| 3 H), 6.99 (ddom*1 M), ©Goedd*, 2H),
, , . * 11lH), 6.10 (dd* 4.52
(s* 1 H) 387 (m 2 H ’2 55 (r(*lr*l* QJ‘EGFQ'Z@)
(dar, 1| enr: cyclopropyl- NH, MS/ESI* 537-539-541 [MH]*;
methyl * 1H NMR (CDClz 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 3.13(dd*, 1H);
1.22(m*, 1H);, 0.66(m*, 2H);
0.36(m*, 2H).
8 CHF2 cyclopropyl- NH, MS/ESI* 537-539-541 [MH] *;
methy! */\© H NMR (CDCh calibrated at
7.26 ppm) 5: 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 H), 0.40 (m*, 2 H)

(continued)



1.74 (br* s*, 2 H, 1.30 (nf, 1 H, 0.69 (nr, 2 H,
0.40 (m*, 2 H (continued) 5 WO 2009/018909
WEQPBRR0D8/ 005843 36 9 Me cycl opentyl MS/ ESI BCT/EP2008/005843

570-572-574 [WMH +; * 1H NWR §§DCI 3 calibrated at 7.26
ppm 5: 8. 46(s*, 2H), 7 04( AH) 6 72(d* 1 H)
6. 81(d*|, mé& H),| &clopdnetl™*, 6. OG(dJIMS/ESl+H79-572 574 [MH]*;
4.60(n*, 1 H),| 3.82(s*, 5(g*,
3.56(ddF, 1 H| 3 26(dd*,| 1 *JH"TDMR’(CDCI:; calibrated at
1.95-1.[75(nt, [7H), 1.70-|1.54(nmt, 2H), | 1:28opem), 831§46(" 2H),
0.91(d*} 6H) and 8.30(s*,| 2H), 7.04(nt 7o4l(ht)* 4H), 6.72(d*, 1H),
6.89(ddf, 1 H), 6.88(d*,| 1 H), 6.82(df 67% " 7@d . 1H
6.10(ddr. 1 H| 4. 75(nt, |1 H)., 3. 85(st ) 6504 )
1 H, B.56(ddf, 1 H), 3.j]19(dd*, 1 H), 626(4¢*(d*H) 24—90(m 1H),
1.95-1.5(n¥, [7H), 1.70-[1.54(nr, 2H), 38 d*3y 3I—§55 1H
0.93(d*| 6H). p0O Me Me MY/ ESI+ 505-507 §( l (q* &
NO2 11 CHF2 cygcl opropyl - |MS/ ESI + 644-6485%(3 32,6(dd 1H),
methyl O D 1H NVR (CDCI 3 [cal i brat ed at | 2a5(*, \2H9) 1852675(m*, 7H),
ppm: 8}48(s*,|2H); F 7.166(dd*, 1 H); ?.-75-%.%9(%*,é‘H),"Q.ég(d*,sH),
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),
0.93(d*, 6H).
10 Me Me | MS/ESI* 505-507-509 [MH]*
*
NO,
11 CHF2 cyclopropyl- y MS/ESI* 644-646-648 [MH] *;
methyl 0 1H NMR (CDCls calibrated at
. o 7.26 ppm). 8.48(st, 2H);
F>—F 7.66(dd*, 1H), 7.58(d% 1H);
7.21(d*, 1H);, 7.19(d*, 1H);
7.08(dd*, 1H); 7.04(dd*, 1H);
6.72(dd*, 1H); 6.63(dd*, 1H);
6.30(dd*, 1H), 3.92(d*, 2H);
3.90(d*, 2H); 3.73(dd*, 1H);
3.39(dd*, 1H); 1.29(m*, 2H);
0.68(m*, 4H); 0.38(m*, 4H).
12 CHF2 cyclopropyl- MS/ESI* 593-595-597 [MH] *
methyl *




7.21(d*, 1 H); 7.19(d*, 1 H; 7.08(dd*, 1 H);
7.04(dd*, 1 H; 6.72(dd*, 1 H; 6.63(dd*, 1 H;
WG2@00tk99 1 H); 3.92(d*, 2H); 3.90(d*, 2H); BCT/BPAs/005843
1 H; 3.39(dd*, 1 H; 1.29(g%, 2H); 0.68(nt, 4H);
0. 38(nr, 4H) . 12 CHF2 cycl opropyl - MS/ESI + 593-595- 597
[ VH] )él WO 2009/ 018909 PCT/ EP2008/ 005843 37
aration of

(S) ﬁg&)%réﬁ{?rgiﬂgy )P4 %5 Dbty RPhRYH-propibnic acid 2-(3,5-dichloro-

eg‘?@?f@éom (?{gldlﬁg)tﬁoixﬂiﬁ g H%lpéﬁaygé&hmm 13)
L ??@@bﬁﬁg 12( %51?1 Thinoles il vé’&fuﬁed)?-em_z (1 mL).

1S ad and t he
o ) R Ly P AT pe e
regh bha§t %g?ﬂ}@zﬂg&rﬁg%dﬁam% fofhe hd?frga'Th% mixture is

rire sol vent is

a : T [ L
gl 9%@9 BRSPS T B ATEY IR EER (B . The

r@%ﬁﬁ?ﬂﬂé@e V‘%Bﬁe@r@\ﬂﬁ’rﬁgzé@ | Ly t'Flgz éé’l@eﬁﬁf@eﬁé{%r@ted The crude
sing suita reagents: Table 0

| t I
B T BT -

10 PPM THE )?oﬂf)w@r\élséampgungsl\JJere prepared following the same route

using suitable reagents:

Table 4
Z,A
R2 o)\o CNANS07
(0] N !
R1\O Cl
Compound | Ry R2 Z-A Analytical
13 Me |Me . )\©\* MS/ESI* 532-534-536 [MH] *;
'H 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), 2.43
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)




and 7. 89

6.94 and 6.53 -
WOR0098182 and 3. 82(s*
1H
1H,
1.36 and 1.39(d*,

3. 60
(m‘

(n¥,
3. 17(dd*,
1H,

(s*,

6. 97

2 H,
3

.41 an
243 an

6.76 (nt,

7.10
3 H, 5.96
H), 3.67 an
d 3. 4[(dd*,
d 2. §§ (d*,
3 H,

(nr,

4 H, 6.79 -

and 6.05 (dd*, 1

d 3. 82(3*1301312119098/005843
1 3.08 and

2 , 1.74 - 1.93

0. 88 and 0.90 (d*,

\L,u
41}GH

met hyl

ppm: 8.
H, 7.22
2 H, 6
H, 3.92

M5/ ESI +

foll own
manner t
Exanpl es

3.36 (ddf,
(nmt, 4 H)

ey
e

D, (s*
(d*,
73 (t
(d*,

k

D

00

1 H
0.2
509- 61
J conp

t he
W th

WO—2069

jopvepHs

o)

7.21
1 H, 6
H)y, 3.9
, 1.18 -
3 - 0.50 (
1-613 [ VH|
ounds were

met hods a

2
)

>- -5%’94 NM

appropri at

R ( CDCl@—cal

| (d*, 2
1.43 (nr, 2
m, 4 H) 15

2 - nethyl
prepared in
ready descr
e

018909 P“TfF?2008f0058ﬁ3 38
+ 660- 66% 66MPMY!+ 66Q-662-664 [MH]

62’@%

ibrated F at 7.26

) 7.57 (d*, 1
AHDNMR7(QDC(3ricalibrated

6. 29 &Sq*, 1
at 729 pam): 825{s", 2 H),
Wéyu 1919 757 (d*, 1

H)| 7\22+(d'he1 H) 7.21 (d*,
dodhi AOdS Vg (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)

f

15

CHF

cyclopropyl
- methyl

0L

MS/ESI* 609-611-613 [MH]

+

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

described:
Compound Chemical name
26 3-Cyclopropylmethoxy-4-difluoromethoxy-benzoic acid 1-(3-
cyclopentyloxy-4-methoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-
yl)ethyl 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-cyclopropylmethoxy-4-difluoromethoxy-
phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester

(continued)



sel ection of
synthesis earlier
WQ 0303069

1-(3-

reagents and according to the general
5 descri bed: Conpound Cheni cal nane
opr opyl nmet hoxy- 4-di f | uor onet hoxy- benPGI/EP200%/6D5843

vl oxy-4- net hoxy- r\hP%\gﬂ\-? (3,5-dichloro-|

cycl open
-0 pyr i
4- (2- Pi pé
2-(3,5-di

Idic tIATC )él:l)cieﬁh(#-cﬁfﬁé;ﬁbp?lﬁethoxyA -difluoromethoxy-phenyl)-

Jgl |n- 1-vyl oxy) - benzoic acid
243, 5rdichlonoat -oxy-pyridin-4-yl)ethyl ester

pyT1din-

I's coti
1-(3-cycl
phenyl ) -2
ester (cg

41%/% ’thaél 1‘1‘_)% eth oxﬁ’i}/er&%.ec”yg); th){lcy%rcbp?opy%%ethoxyA-

f oA -4-yDethyl
ARGORNGIRORPBI AT (S RSO Xy pyridin-4-yhethy
mﬂtenued) VWO 2009/ 018909 PCT/ EP2008/ 005843 39

29— NrTcotT

1- (B cycl

i Cc _acid

b&? 1R Gusigrrepyimetier AU rRFBRYY-phenyl)-2-(3,5-
SRR QTR rRp LA ot by GHodRethy)-1-

m@ﬁiym;ii@ﬂdlmélm
ethoxy-phenyt)-2-3,5-di chi or o- )){:Icf)p}‘opﬂmethoxy-m
di g&Sro‘%{éﬂhSQ{/-%WéhQﬁ-@@%—d‘}crﬁbﬂ‘d- YYo= ety

4-(2-dderphotin-4-yl- ethoxy) -benzoic aC|d c
ést@xy pyrl din-4-yl)-et hoxycar bonyl ] - phenoxy} -

1 - -

— <

rret ||y| PTPeET | UI T UTTI1 J

Mlﬂwrmmt @gyh&(%pjmmkyl-@éh@(y) -benzoic acid 2-(3,5-
oIS ioyridin 4 v)-1-G 4glimsthopy-phenyliethy ester

- ygj et hy
4-Dr f |l uor|o
acid 2-(3
di chl or o-
t hyl

est 6

b. -Q\ﬂé%x 3na hthalen-2-yl)-propionic  acid  1-(3-cyclopropyl-
r$e hoxy- g é) per i dY%pl e et hox ? en(z |yc Propy
methoxy-4- d|quoromethoxy phenylyz (3,5- d| oro- -oxy—pyndln -4-

%)egﬁylzggtrl din-4-yl)-1-(3, 4-di met hoxy- phenyl)e

aci
nmet

51- (3
oxy 4

y-pyridin

4-(3, 4, 5-
-yl oxy) -

8" et hoxy- napht hal en-2-yi)-propionic
43391 Qﬂ*r%%\éi%xg -6- acetoxymethyl tetrahydro pyran-2-y|oxy)
xy-phenyl)-2- (3, 5-di
bénzcyb)aeidwg}+(3e:a»1cmpr35ylmethoxy-4 dnﬂuoromethoxy-phenyl) -2-

uor onet chl oro-1 - ox
(LR S0 S i AN Byl gAY dr o- pyran- 2

-pyndi

1- (§60ycl

QRE\RY LRy MR&thody-AL{2- pipeABRL YK EtH§Wehzeic acid 14
(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-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)ethyl ester

39

2-(6-Methoxy-naphthalen-2-yl)-propionic  acid  1-(3-cyclopropyl-
methoxy-4-difluoromethoxy-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-yl)ethyl ester

(continued)



(3, 5-dichl oro-1-oxy-pyridin-4-yl)ethyl

ester 36 3-Cycl

op ropyl nmeth oxy-4-(2-pi peridi n- 1 -yl-eth

W@00p0890Nz0o ic acid 1 PCT/EP2008/005843
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-di chl oro-1- oxy-pyridin-4- y#?ethyl ester 37

2- (6- Met hoxy- napht haI en-2-yl) - propl onl c acid

-(3 5.dj
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phenyl) - 2-

ester 45

BGAPRTEA ot ) (geepabaony+ o

Bethoxytpherei-243 A-diehloooyl- @Qﬁpﬂlldjna‘byéet yl ester

1 LD 1
I=(3=cycliopr

Lanﬁqiﬁwﬁﬁ&mm&wybh@miy siids, @icyRloprepymethoxy-4-

metdoxy-
- OXY- pyri
4-1 m dazd
1- (3-cycl

m thbdg tﬂ%bn

(ﬂ’fll?c_)ry enz%| Y a (3 48ichloro-1-oxy-pyridin-4-yl)ethyl
@enéopyl rret hoxy 4- d| fl uoro-
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METTIUORY= |
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1-(3-cycl

(g%ﬁr}éfgp%
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PRERRFL RS pRsnyl)-2-(3,5-dichloro

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

&ﬁfrﬂethoxy-

49

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

51

4-Methyl-3,4-dihydro-2H-benzo[1,4]oxazine-7-carboxylic acid 1-(3+
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-

oxy-pyridin-4-yl)ethyl ester

(continued)



di f 1 uor omet hoxy- phenyl ) - 2- (3, 5- di chl or o- 1- oxy- pyri di n-
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WOoRG0s k9D e- 4- car boxylic acid PCT/EP2008/005843
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3- (£ycl onroRiRBIANEhATRYY | - 4014 N0 {(4-TRIJMRSYYIRRMRSkR4-difluoro-
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4- Ned hyl -
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cycl oproq
chl or o- |

[aYaV il a¥:NeYaVal

XY= pyridrm=4-ytjeth este

a. aihmwf@ulo? Q@mi@. ,6 y@aydﬁepvﬂ%ﬂr%ﬁy‘ﬂ% acid 1-
Sﬁ-ﬁ)écil%%r)? Y In%th]pf((vJ -4- dlﬂu9hometh0ﬁ¥-r§)ﬂe)ny9-2(-g3 g ddchloro-1-

or onethoxy-p
ox)ﬂéymmhmﬁl)étrﬂwttbet hyI ester (contlnued) WO

LGUUI UL1lLO0J
H b&mzoi n
cycloprop
chloro-1-
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U9 T CI7T 20007 UUJ0045 4152 1, —Dr et ll =

Hexadeear®ic aramtiym éB—qu:lgpmgyfgnethoxy—4 dlﬂuoromethoxy-

BugIGoRp Al BREp A £DBRM eser™ > @

1QJI(§@| i ng

cycl
metHdxy- g

RS
Pénfa‘?‘fo‘i@xw higaci OI1 1(I|3 c%gopropylmethoxy -4-difluoromethoxy-
uor o-

opr opyl met hoxy- 4- di
hbeiw|}2£(3(53d$hmroh1 oxyrpyridinyd-yl)ethyl astery| ) et h

yi—ester
(1,3°Di ng
-acetic 4
(3-cycl op
-di chl orag

Bucloprapuisibony 4-difldormetaRyPsnpels n- AGH) 13-

d thoxy-4-dif thoxy-phenyl)-2-(3,5-dichloro-1-
R T S A

egly—pyuglqufyl)elthyl estplr)et hyl ester 55

Hexadecano

1- (%9 cycl
phenyl ) - 2
56 Pent ano
1-(3- cycl

SRR IR Y HVIdR) RERACI y 20D 1-(3-cyclopropyl-
ﬁ{e?eh&-eziwmlmrerrﬂ@m&sw.pwém'-Q:(é-sahacﬁtdnsh-6§§.%9ridin-4-

pnc@gl)-

Cycl
1- ( 3-

cvcl opro
7 )

methcp;yne lehzf(ﬁp dlchlgrg-1 °X¥'ﬁ¥"dﬂ'4‘¥p2§§y! eater

plp)asthpb/éstet hoxy- 4 di f |1 uor omet hoxy- 57
5-dr chtoro- 1= oxXy-pyri din- 4- yl)et% est
tho gdjlﬂuoro-

@yrmﬁverﬁeﬁﬁ&@wm di #¢idor drkdraysIaRroRy]

chl g o- 1-

acid 1-(3

cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-

3-Cyclopropylmethoxy—4-d|methylam|no-benzoic

oxy-pyridin-4-yl)ethyl ester

62

4-[3-(2-Methoxy-ethyl)-ureido}-benzoic  acid

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

1-(3-cyclopropyl-

yl)ethyl 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)



oxy-pyridin-4-yl)ethyl ester 59
4- ( 3- Cycl opropyl net hyl - ur ei do) - benzoi c aci d
wa2qo3/0682e9 opr opy! - PCT/EP2008/005843
met hoxy- 4-di f | uor onet hoxy- phggyl )-2-(3,5-dichloro-1-ox
V- pvri di n-4- yl)ethyl ester Quinoline-8-carhoxylic
aC' ig- 1-(3-cyclopropyl-methoxy-
- S%?'@Wé“%f‘%ﬁ”opﬁgﬁ'bﬂ?iiéS'yr YRR
yI est er |[®difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy- pyndm-4 yl)ethyl
3- Cycl opro é{lérret hoxy- 4- di net hyl am no- benzoic acid 1-(3
cycl opro ?/'f t hoxy-4-di fl uoronet hoxy-phenyl)-2-(3, 5-di

C " @ ?2 1|_\ W@*Et’ﬂ%ﬁ%ﬁel}l%?H(grgﬁieglﬁéxgglenzmc acid  1+(3-

1 ( 3- cycliowiorppylmethoxy-4-methoxy-phenyl)-2-(3,5-dichloro-pyridin-4-
nmet hoxy- é-dlfluoronethoxy phenyl ) -2-(3, 5-di chl oro-1|-ox

y pyrid| nethyl estehy | ester 63

nEt . . _ |
H- b% 70i ml; ?g;ﬁq%@y@\aeﬁ %?c@ﬁuaromdethoxy—benzmc acid 1-(3
1-(3-cycliop bWﬁéthoxy-4 methoxy-phenyl)-2-(3,5-dichloro-1-oxy-

oxy-4-d|fluoronEthoxy phenyl)-2- (3, 5-
di chl or o-ayrigig=dpyhethvtesteyi ) et hyl ester (cont| nued) VO

B

1- (_3 cycligpiep lméth@XY -4- d|ﬂuoromethoxy-phenyl)—2—(3,5-dich|oro-1-
4-di f | uorjonmet hoxy- phen % 2-(3,5-dichloro-1-oxy-pyridi
n- 4-yl ) et/ex¥-pyddin ybg hyl ester

T & PR SRR in S P RATR S prde © 2l 1-(a-

Cy?lj_opf wajﬁsﬂt% Vnéthtﬁﬁymdiﬂu@hﬁﬁdﬂhbx?-ﬂﬁn%iﬂ -(3)bafichlpro-1-
yridin-4-| yi)e ester
3- Cycl oprowpvl’ﬁdlhe‘kyl)&ﬂ'tﬁ esi@6r omet hoxy- benzoi ¢ aci d

oxyg%, Cycé\éﬁxp?(gtﬁgw n3et§opg—45m8 raﬂegpgoaylawno—benzmc acid 1-(3-

pyri di n- 4c¥;él% |m§t$tb§ 46c?|fluoromethoxy-phenyl) 2-(3,5-dichloro-1-
2- (6-Di ngt am no- naph hal en-2-yl)-propionic acid

1-(3- oxy -pyridin-4-yl)ethyl ester

Cyctopro Th A-di 71 e

chi Bngl i é»?y"%ﬁ?r/l,hgﬂfpxy ‘W L ?(ﬁ ﬁgﬁf&xaaécghydrg byRidpenta-

i E g D ”Efé]éflhéwﬁd}ﬁré@w%%@rﬂaﬁow )adid ORL(BdyeIGKTbPyimethoxy-4-
difluoromethoxy-phenyl)-2-(3,5-dichloro-pyridin-4-yl)ethyl ester

71 4-(3,7,12-Trihydroxy-10,13-dimethyl-hexadecahydro-cyclopenta-
[a]phenanthren-17-yl)-pentanoic acid 1-(3-cyclopropylmethoxy-4-
difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl

ester

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

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

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

(continued)



cycl opropyl net hoxy- 4-di f| uor onet hoxy- phenyl ) - 2- (3, 5-di
chloro-1 - oxy-pyridin-4-yl)ethyl ester 69
W(:Bzfmg/@lw;(w opyl met hoxy- 4- met hanesul f onyl anm no- bRCIBP2908/005843
acid 1-(3-
cycl opropyl nmet hoxy-4-di fl uor 8ret hoxy- phenyl)-2- (3 5-di
chlzgf o-| - Ba1 8-t etiRslyed-diffioromethoxy-phenyl)-2-
4- (3,7, 1"Bql&?ﬁﬁy%)ér1gx€(?6§i?pé®r£t hyl - hexadeé)arlgrygr oqxcyy%I eny)
opent a- [|(3] pdahtorohpyidii-A4-yljethplersteanoi ¢ aci d
I=(3-cycifopropyl methoxy-4- .
di f1%or orfeRheRyl-pubyrigl ) asid 3, B(3tryeiPprapyipethgxydifluprgraethoxy-
thyl este 4 e L dP- Tl I S -d
i et hyl - ré@eZ'fY' ;%-Xéé-a'gﬁﬁgs&-.dxg,@ﬁjgzy%w95993
[ a] phenaM 3 er-DhrfvethylaRfid-atgi)curidd]-benzoic acid 1-(3-cyclopropyH
1- (3- cycliopr opyl met hoxy- 4- ) o
di f1 uor onyBEHRy-pllEluarpmetiaxysphgyht-S(3.51diskipreyl-pxy-pyridin-4-
4-yi) et hyl test er,. 72 Acetic acid
1-(3-cycl g}ﬁ' Y)kﬁ%? haxy-4-di f| uor onet hoxy-phenyl )-2-

(3,77 di ché ofigeihfhino-faphthRidhd-288eexylié acid 1-(3-cyclopropyl-
Phenyl -agetic acid

1- ( 3- cycl|mpthupyt4retifhmrgmethiiy-ploe e 18,6y dichloro-1-oxy-pyridin-4-
phenyl) - g?t 5-di.chl oro-pyridin-4-yl)ethyl ester

(cont i nud¥ie0A 988/ 018909 PCT/ EP2008/ 005843 43 74

Butygi c j {3 ; th £ i -
78 aﬁb_ S%g rg{l/-%n?lé_ﬁl:é’hcpr O PYddigt hoxy14actyicidpropyimethoxy-4

uor onet hgxy
( 3, 5- di chdifluoromyethoxy-pheply))-(8;5-dichlero-pwidin-4-yl)ethyl ester
r=—Phenyl=[buryric acid

1- (B cycl| s dpsthaperuignriaming-saethexy-phenyl)-cyclopropane-

phenyl ) - 2= i chl gria- pyr4_gh RyAe LAHi .
4-]3-(2- [fé'rrétogvﬂ!am naeH, hy|1 @(J?’é‘ﬁg%ﬁmﬁgg(’?aﬁglz'@mmethoxy
1- ( 3- cyclipipemg)P-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester
A AR S D T

O D! ML AT ARBBARRAGE  BefR” PREEYCopRGhYImethoxy-4-difluoro-
et hoxy - 4meitidxyoploermiiRX@:5etiehidrp-120Xy8 pgridinedryhethyl ester
y=pyridi=4-—yt)yethyt —ester 78 ACet oxXy- phenyl-acetic

aci @ 1- ( 30xy-diesspispy Bfist h@-,@-.c,yclo.pentyloxy-4-m<.eth.oxy-phenyI)-2-(3,5-
di fl uor o”&itcn%)%-'p?/lﬁﬁmfh)ﬂ)%Mﬁ’e@feﬂ' chloro-pyridin-4-yl)e

thyl estsg
82 2,3-Dihydro-benzo[1,4]dioxine-6-carboxylic acid 1-(3-

cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-
pyridin-4-yl)ethyl ester

83 3-Cyclopropylmethoxy-4-diflucromethoxy-benzoic  acid  2-(3,54
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)
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1- (3- Met hanesul f onyl am no- 4- net hoxy- phenyl ) - cycl opr opa

Wom009089bxyl i ¢ aci d

1-(3-cycl

phenyl)-2-(3,5-dichl oro-1-0x

PCT/EP2008/005843
opr opyl nmet hoxy- 4-di f,| uor onet hoxy-

flpytidin-4-yl)9thy| est er

80
1- [835- (Cyq
]- cycl of

difiporoatsthbry-pheoy@-(8,5-dichloro-pyridin-4-yl)ethyl ester

4 5-Trie

f
¢
NZzoic acid 1-(3-cyclopropylmethoxy-4-
opr opy |

?' - met hyl - am no) - 4- et hoxy- pheny

fhoxy _hby

=(3-Tycd
met&foxy-
yl ester

u%r opyt methoxy-4-di fIuor

Harp->meshoxybeRreiFo- 1§éiséy- pyrBdvElopropylatgthoxy-4-
GituSomaRs

1-(?-ryr|

di gyt or o\ pydtbRy-paphiteliénd-2asirboxiec _
2, 3-Di hydro-benzo[ 1, 4] di oxi ne-6-car boxylic acid 1-(3-
cycl opr opyethsyekdifogemethmonrherity2#Bongichlopo (3, 5- di

D

chl oro- j
3- Cycl opr

g;?l-ipﬁgflﬁli)‘%@pﬁ-‘gri%nI(l?r_oé;_)){réd’in-ét-yl)ethyl ester
1-(3-cyclopropyl-

onent vl oxv
1 J 7
acid

| ester 83

_é&b mgéﬁpéb{yh-%%%l uor onet hoxy-henzoi ¢ acid

2- (&g 5-
di chl or o-
| -5-yl) et

3,4,5-Trifluoro-benzoic  acid 1-(3-cyclopropylmethoxy-4-difluoro-
pyridin-4-yl)-1-(2, 2-difl uoro-benzo[ 1, 3] di oxo
methoxyspheany®42-(3,5-dichloro-pyridin-4-yl)ethyl ester

3-Cycropr
2- (% 5-
di chl or o-

f—?ﬁljﬂﬁérg% or onet hoxxi-dbg?_rzém c,acid

I OXi n- 6-Y

PCT/ EPZOq&té05843 44 85 3,4,5-Tri et hoxy-benzoic acid

Bﬁgﬁ)ﬂu-ly"f-propiomc a -cyclopropyl-methoxy-
ff’-Yi'ifi 'r?r'n@tﬁ/d
) ethy

NSRSl + o

I-(3-cycljopropyl. met hoxXy- 4-

di f9Qor o
t hyl est
1-(3-cycl
di fluoro

1

igAelidiner4-£arondligi cRFidr o14FraYGlaRrapymethoxy-4-

. - - t - '_ -~ i s A
‘?Jggg&?_y %Pg%—%y%RW-éj@%-d?&ﬂéﬂ §-AGLSVridin-4-yl)ethyl
teoxy- phenyl ) -2-(3,5-dichloro-pyridin-4-yl)e

tyt—est

1- (% cycl
met hoxy- 4
- pyri di n-
acid 1-(3

87 T —=Wvethoxy-napnt hal ene- Z- car poxyl
Wq&b;w,%%iﬂ?d%)—ZHPbenZOU ,4]oxaz?ne- -ca¥b(|)>?yligce|3gd 1-(3-

IR SRR oo

Zol C
pyridih-dpylyetityinesteoxy - 4- di f | uor o-

methoxy=T
est@¢ 89
1-(3-cycl
enyl ) - 2- (|

renyt)=2- =dr chtor O-£-|yri din- 4-yl)yernyt

?'quﬂfgmkﬂgl’eaﬂr%ﬁwthub oxorz dpsliydre- tignzo-
HRESFATELRBYIG T4t BB EFELRYofiRiethoxy-4-difiuoro-

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

93

1-(3’,4’-DichIoro-2-ﬂuoro-biphenyl-4-yl)—cyblopropanecarboxylic
acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-

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

94

1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-

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

oxy-pyridin-4-yl)ethy! ester

(continued)
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ester 90 2- Oxo-thiazolidine-4-carboxylic acid

1- (3-cycl opropyl net hoxy- 4-
walgdoboesoanet hoxy- phenyl ) - 2- (3, 5- di chl or 0- 1- oxXyPEI/EP20081005843
4-yl)ethyl ester 91
4- Met hyl - 3. 4-di hydr o- 2H benzé?l 4] oxazine-7-carhoxylic
acigh 1- ( 35-pimethylamino-naphthalene-2-carboxylic acid_ 1-(3-cyclopropyl-
cycl opr oFyIDrIr@tehc}l?/rleodln??uoforrgt hoxy- phyelﬁyla)cl 2-(§, 5-yd propy
i chl or o- |methickyrd-difioremiethoxyspleenydf22-(3,5-dichloro-pyridin-4-
1- Cycl opr t hyl - 3- hyl - 2- - -di -

Cy p ﬁ%bﬁeﬁﬁté nmet hyl - 2- oxo- 2, 3-di hydro-1

H- benzo- 5-carboxylic acid

1- (g cycl P%ﬂ A ¢ i i -(3-
met hoxy- rﬁjg#); -rgﬁ%@%?{gﬁﬁl"gé%glq)&?-% Ir"f di n- 4?39\(1) eth -6
IyI est er |O\dpropyirdethbky-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-

or o- 2-f lluor o- bi phenyl -4-vyl ) - I i
oro oxy-pyridiﬁ-4-yl¥ethyl gst)ercyc opr opanecar boxyl is

R P i SR SO oG oo s

, 5-7di chl
1-93.e9 6P dpylindtitosiyne-diftupromextydxyeplaerny)-2-(8 B-dichloro-

Q=

2,3-Di hy
cycl opropyl net hoxy-4-di f | uor onet hoxy- phenyl ) - 2-( 3, 5-di
chl or o- 1-¥-@% pyidinat)ethylesteryl ester (continued) 5

VWO 2D097 09 _PCI7 EP2008] 005843 :
o- [5%ot hy? SRS HTPRA oS- b FIoPLRRYmethoxy-4-ifiuoro-
1- ( 3- cyclippeuRyLpheri R 3 Hdidhloro-1-oxy-pyridin-4-yl)ethyl ester

y
HHuoeromrathoxy-—pheny)—2=3—5=dichtoro-pyridrn—4=

ﬁ )Q% hlyl Esd-Elimethaxy-plyenydsultanyl)reeetigl - 1 acid  1-(3-cyclopropyh
i -5- car boxyl id 1-(3- . .
oyc opr oRFPHEPHAIoR Py aR el 2167 S losotaogy-gyridin-4-

chl oro- 1-yimetiyiadted i n-4-yl)ethyl ester 9
A 7 7 Trilhnt hizl 2. Aavn_ 2 nva i ~Avgal AT o 1
- T T ey T T OUOAUT ZT UA AT U1 L,ybl UL L. L.

]hdbﬂane-4—I\methboe§rlhlfcmwamhho_-benzoic acid 1-L(3-cyclopropylmethoxy-4-
BRI R e i S

5> | XY . _ _
LY LiTEIo R B YnopyloxyFbenzoic acid  1-(3-cyclpropy-
rrFt hoxy - pimethydxy-2-difBiosenietit - phdnyd)x2-(Byb-dichiord-pyridin-4-

yl ester

yl)ethyl ester

EXAMPLE 7

Preparation of 2-(4-amino-phenyl)-propionic acid 2-(3,5-dichloro-
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 (SnCl2 x 2H20, 113 mg, 0.5 mmoles) is added
and the resulting mixture is stirred at room temperature for 17 hours. The
mixture is then diluted with water (15 mL) and extracted with Et2O (2 x 30
mL). The organic phase is dried over Na;SO4 and the solvent is evaporated.
The crude is purified by preparative HPLC to yield 10 mg of the title

compound.



99 (3, 4-Di net hoxy- phenyl sul fanyl )-acetic acid
1-(3-cycl opropyl -

y-pyri

4- Met hanesul f onyl am no- benzo

din-4- yl)ethyl ester

1- (3 cyclopropylnethoxy 4-
di f I8t hoxy- phenyl ) - 2- (3, 5-di chl oro- pyri din-4-yl)e

thyl ester

4-19-(

101
4- Et hyl - phenoxy) - nonyl

woreaonoxpet- di f | uor oret hoxy- phenyl ) - 2- (3, 5- di chPGF/BPOLIN5843

%8oacid

oxy] - benzoic _aci d

GRS )

u;hldn 4-

S t[Bg{u;')?uororret hoxy- ph

yI)ethyI ester EXAVPL

Iyti
enyﬁytz (3, 5-dichl oro-pyri
E 7 Preparation of

L L|-d

pyha di
(conpo
di ssol
chlori

T o= phenyt )=

de (SnCl 2 x

NSl ATeat it SOl
FPR%/IF%’B%%@T?%S@{@E&TEE 7.26 ppm,
n'gl,x 6F &aeﬁpBES)Bﬁ anadded (s*, 2H);

and the regsi
t enper pt ur e 7 howts. TH®
with water (15 m-) and extr
mL). The organic phase is dr

re IS

i 41,6600 4PNk D6 TR 1H)
Qﬂ)@%ﬁﬂ Bmg% £ gﬁdxtsﬁgi and 3.89

i ed over
solvenf is evaporated. The |qstide3tl)s @Ruf2fiaad B3:87 (s*, 3H),
pr epar

ati ve HPLC to yield 10 f ot title 0] . .
Conpouhd. WO 2000/ 018909 PCT/ P800 9956398 and 3.25(da, 1M
5 Conpp Structure Anal yti cal 1.8 gg@ngea glt;?d N@HI,ESI +

A75-A77-479 [NH + 1H NVR{C
—S— v | ) ] T | AN W\/I \J \Jul I ul u.t Cu (J.L l.
m x of dlast), 8: 8.31 and 8.47 (s*,

2E|)m-E—X§M—'gL—§g\I nd 6.90 (nt, 6H): 6.76(nt, 1H): 6.05
and eyérgg%\ M*(Afrpﬁfh&‘i@s@pﬁ&%léﬁmo?ﬁenyg) ??oﬁaﬂlc acid 2-

and
5 (3,5—d|chloro -pyridin-4-yl)-1-(3,4-dimethoxy-phenyl)ethyl

17)

Lo ¥ad
U

ester (compound
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 chloride

10 (0.005_2 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;SOQ4 and the solvent is evaporated. The crude is purified by
preparative HPLC to yield 10 mg of the title compound as a mixture of

15 diastereoisomers.

20
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1.33 and 1.34(d*, 3H). EXAWPLE 8 Preparation of

2- (4- nmet hanesul phonyl am no- phenyl ) -propionic acid 2- 5
W@ 3003/0tH9eh| or o- pyri di n-4-yl)-1-(3, 4- di net hoxy- PCtIERP10DE005843

hyl ester (conpound 17) Co und 16 (26 ng, 0.05

mol es) is dissolved in dryng%QCIZ (10 L) under

ni trogen atnosphere. The solution is cooled to OC and

tri kaBledi ne (0.009 nL, 0.066 nmol es) and

met hanesul phonyl chloride 10 (0.0052 ni, 0.06 mol es)

1e thon allaowed tn roaect ot
=—t e -oWWea—+ 00—+ tatt—at

Compodredy Stedcture f or 17 hoyAnalytival reaction mixture is
thendirtuted—wth WdtHcr (12, T=d, . 20 EXIT wWTh
AccH (2 . &y 1M%’E§1a§§ T%55'%§ﬂ!§ ver

Na2SO4 af e i
purified|by prear ative H L ﬂ)%l nga% céifb%?d ?q]t 7.26 ppm,
title cor ntik ofldiasl) agipen eﬁn?&c(sﬁrz H) 7.06 -

20 WO 2009/ 2008/ 005843 = 4 | e .
Corpound |SEr u Voo B MR 1) 6.89 (a1 H)

553- 555- M /0L 7 9 h3eE 89 Pt 8RR, 1

ppm OE cl N nix of di ast)
y 7.12 (¥, 4 H) 6.97 (dd*, S—BOGS*BB I-@)JI359} 3—I70Qm6 2H)319

(d*, 1 H} 6.43 (br. s., 1 H
(s*. 6 H)| 3.59 - 3.70 (nt, ‘il)llé")l:ggsé%ld’a . gﬁ%‘g ¢4l

H| 1.36 (d*, 3 H) apd 1H NVR (300 Mz,
CHLOROFORMd)  ppm 8.47 (sf, 2 H), 7.05 - 7.21 (nt, 4
H., 6.74 - 6.79 (nt, 2 H)|a8d64 - 6.70 (nt, 1 H),
6.30 - 6/38 (nt, 1 H), 6.03 - 6.18 (nt, 1 H),
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 (s*, 3H), 3.77 (s*, 3H), 3.51 - 3.64 (",
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-difluoromethoxy-phenyl)-2-
(3,5-dichloro-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 (6 mL) and washed with 1N
NaOH (5 mi). 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



3.87 (s*, 3 H, 3.77 (s*, 3 H, 3.51 - 3.64 (nr, 2
H, 3.27 (dd*, 1 H), 3.02 (s*, 3 H, 1.34 - 1.41 (d*,
WR20dp/0EBNVPLE 9 Preparati on of PCT/EP2008/005843
1- (3-cycl opropyl net hoxy-4-d ifl uoromet hoxy- phenyl) - 2-
5 (3,5-dichloro-1-oxy-pyridi 684-yl ) - et hanol (conpound
18) Internediate 2b (100 ng, 0.25 mmoles) is dissolved
COI%P@H@L:% (3 m). mChloro perbenzoic acid (nCPBA, 80
noles) is ad gd and the re uIJ solution
|s kTéIﬁ failowwgampawe S {Erer RERPEST JoVIRBING ind: se route
CHCI ) and washed with 1 N 10 NaCH (5
USM‘? S“‘I‘ﬁ@ %Fegacﬂﬁrgsphase is dried over Na2SO4 and the
so evaporated. The crude product is purified
v faed i sact h 0

zation with ethanol. The white solid is
S fl|t&L9d and washed with petroleumether to yield 70

ng of the title WD 20084 0189@C! NER¥008/ 005843 48

compound. The fol | owi n§_campdun re prepared

foll ow ng the sane rout i ng slitable reagents:

Table 7 5 R2 HO Cl R%g4 Nz~ cf!' | RlOIt~

P"'”p""“"' R—R2—Analy VAR \,al 18—di-fHuoetorret ||y|

QompopmdpiRinet hyl MS| Bal + 420- 422- 42Amalytical- 19 Me

CYCJ Opro ESI + 382-380- . N

v At et ITOETBSIT b sHclzBprpe ) U S 22042224 (M
19 Me cyclopropylmethyl | MS/ESI* 384-386-388 [MH] *
20 Me cyclopentyl 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/ESI+ 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-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-pyridin-
4-yl)ethyl ester hydrochloride (compound 25)

10 (1-Ethyl-3-[3-dimethylaminopropyl]carbodiimide 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 solution of NH4Cl
(20 ml) and extracted with EtOAc (2x20 ml). The combined organic layers are
dried over Na>SO4 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



21 difluoronethyl difluoronmethyl MS/ESI+ 416-418-420

[MH + 22 difluoronmethyl Me MS/ESI+ 380-382-384 [ MH|
W@Q-200281809 | uor onmret hyl cycl opentyl M/ ESI + 434- BGGERBB8/005843

[MH + 24 Me Me MS/ESI+ 344-346-348 [ MH + EXAMPLE

10 Preparation of 4-(2-piper Adi n- 1- yl - et hoxy) - benzoi c

acid 1-(3-
evapgaratienp i the ﬁ@kﬁfﬂt t&ﬁf r%%%% HoXstalized flam. pethanpl/diethyl

chl oro- 1- oxy-pyrid g )ethyl ester hydrochloride
etbgbf@,gmwwgp@ the hydro hloride salt.

(1- Ethyl - 3-[ 3-di met hyl am nopr opyl ] car bodi i m de
hydrmpcﬁlde) (EDC.HCl) (55 ng, eqg.) is added to a
solution of conpound 18 (60 ng, 0.14 nmmol),
4-(2-piperidin-1-yl-ethoxy)-benzoic acid (81 ng, 0.28
eq.) and 4-di net hyl am nopygiAdi ne (DMAP) (37 ng, 0.5
eq.) in dry DVMF (4 nL) at rhom, tenperature under
nitrogen atnosphere. THE M x Ure i § Stirred at room 15
tenperature overni ght, SheryitiStreated with a

saturated sol uti on ofriNH (20 al) and extracted
with FtOAc (2x20 ni)  The conbined organi-e—fayers—are

ct;mpduﬂderRJ\IaZSCRzand t he sol ventZ-As evapor aABalytllEale
etttde—+s |Jul||| U PT (:‘pdldll\e HPLC, +
res29ue |5CHFsso13XFé@IPT0rﬁ’thrﬁ9ﬂhch et ate Q N@éSI 651-653-
added wi tlh a sl)jght excess of a ohggk [M[_q+

18909

HCl in etlhyl acptate. After V\DE
PCT/ EP20(8/ 005843 49 evaporati g the so WldmNMRe(CD3OD
/ di et hy

oo uve U oot “Lhe hyar oo ocilndloul o STt tatghBY et 3.1
0 0ci N -0- O R1.0 cl Cong Rlezgﬁm) ppm 0.33-
Anal ytical 25 CHF2 cycl opropyl - |methyl r MY ESI +

651- 653- 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-
449 (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).

Legend
* NMR

s = singlet
d = doublet

t = triplet
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f 655 [MH 1H NWMR (CD30D calibrated at 3.31 * ppm
ppm 0.33 0.40 (m 2H), 0.57- 0.64 (m 2H), 1.17- 1.28
WG 290901899 1.80- 2.01 (m 6H), 3.03- 3.14 (m BEH/EP2008/005843
3.42- 3.82 (m 6H), 3.91- 3.94 (d, 2H), 4.44- 4.49 (t,

2H), 6.31- 6.37 (m 1 H), 6.89- 7.13 (t, 1H, CHF2),
7.08-7.17 (m 5H), 7.99-8.05 (m 2H), 8.42 (s, 2H).
5 LepeqyuartetNVR s = singlet d = doublet t = triplet
WO 2009/ 018909 PCT/ EP2008/ 005843 50 g = quartet dd =
doulsiet dsfubdei®f deublets = nul tiplet br = broad 5

ESI =el ectrospray PHARMACOLOG CAL ACTIVITY OF THE
CovPoINDS tiFetTHE | NVENTI ON

br = broad

ESl=electrospray

PHARMACOLOGICAL ACTIVITY OF THE COMPOUNDS OF THE
INVENTION

EXAMPLE 11

In vitro determination of PDE4 inhibitory activity in the cell free assay

The U937 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
disappearance from the incubation mixtures. 50 pl of cell supernatant were
incubated at 30°C for 30 minutes in a final volume of 200 pl in the presence
of 1.6 pM cAMP with or without the test compound (50 ul).

The concentration of the test compounds ranged between 10-'2 M and
10-6 M. Reactions were stopped by heat inactivation (2.5 minutes at 100°C)
and residual cAMP was measured using an electro-chemiluminescence
(ECL) -based immunoassay.

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

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 ICsp values of the tested compounds, representative of the
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EXAMPLE 11 In vitro determ nation of PDE4 inhibitory
activity in the cell free assay 10 The U937 human
WOorRwonyae cell |ine was used as source of PDBEACT/EP2008/005843
enzyne. Cells were cultured, harvested and supernat ant
fraction prepared essenti al I5Q as described in Torphy
TJ et al J. Pharmacol. Exp. Ther. 1992;
ingeatianosene tgss bErv0 ZcmieioM: was determined in cells

supernatants by assayi ng cAMP 15 di sappearance from
t he EMEdgmxtures 50 pl of cell supernatant

were i ncubated_ at 30 utes j.n,a, fjnal .
Vol dRevit deferpination st PIEA SHabobr etigtpinl ik peripharal blood
or without the test gonpound (50 pl). The

mepapusieasicells (FBMGES) @8888Yconpounds ranged bet ween
10-12 Mand 10-6 M Reacti on re sto
i nacthe assay. Q’@'Shﬁrlﬂ?ﬁ@éi ap t 69\(/}%)0""@@'2%@0%%0&"@}' exerted by
cAMP was neasured using, an el ectro ence

PPE4 inhibiaesy Oinn%HﬁuTJRQe VSh?ﬁéaF'ng@eéSe‘{‘HP&? raQuT necrosis

mean  95%.confidence limts

fagticalRheat iNR-Gfe! @ﬁéet'esqerMﬁf@L%‘ﬁ SUNaH 8RR gells (PBMCs),
wgg*};%?'&rg?gj apomstig 18 131e580 pEr Eehe L as e oth FRRIAETann A o
aldisb B BRI 50 s oRAG o dzqfé%zws G
Phermagl. e@m""”éﬁo PR :8Pay ZZ‘LSSuﬁSSp' ee as O

511G 6&%‘3%@&& ?ﬁ“ﬁ§°9%9é§m9&eawgf§<&%ﬁ/e%?€§4ﬁ 96-well
plpfis (107 RES AT 8050 sBlnurlcfie s bd rodirded fgg fmicrob of
3 75 ass%%@nﬂédwﬁyseaéicﬁqﬁﬁ%‘b&%o 3NG40 B 10 105 .
va%%’@veéﬁvpﬁ?%m LN TR UL SL‘S?; "ro0d

rmno Cl eﬁ evi bﬁgpgpgescrl ega?%?zéﬁmﬁeg\cg?ﬂa@& Whder an
atmosphere of 95% air and 5% COg2, 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
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 LPS-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%.



10

al J. Pharmacol. Exp. Ther. 2001; 297:267-279; Draheim

R et al J. 10 Pharmacol. Exp. Ther. 2004,
wWaIBIBERI%E63. Cryopreserved human PBMCs, (100 BCT/#BRI00§/005843

were incubated in 96-well plates (105 cells/well),

for 30 nin, in the presence 82 absence (50 microl) of

the test conpounds whose concentrations ranged {,rom

10- {Pablet%- 10-vitre\PDE4jabihiian |activity (@Pﬁﬁg‘?ﬂt? iygcompounds

added. 15 After 18 h incubation at 37Cin a humdified
ofithedpuentionnder an atnosphere of 95%air and 5% C02,
culture mediumwas collected and TNF-a nmeasured hy
prﬁﬁnpgyﬁdresults, 50 eeflldfbats mean| 95%|cH0f PEBMCS
imts of thel nolar concentration of [the test
conpound prodpci ng 50% i(PM)bi tion of LPS-i nduc&M) 20
TNF-a Tetease[ (1Co0) are, reported in Jable 9. T
effectd of the tested co 5§unds were cal cul ate S

ge—of l inhi-bitier—oef—FN—a—+elease,—asstnng

LPS-i n2uced TNF-a production in the absence of89
i nhi bitor_conpound as 100% and basal TNE-a production
of PBNCs in the absenceip§ LPS as 0% 25 WO 52

2 I O
2009/-018909—PCH-EP20608/-665843—52—TFable9——tn—vitro

PDE4 i #hi bitipn activity3cf representative comgéuhds
of the _invent|on Conpound. TC50 cell fifee TG0 P
(nl\/p(ﬁl\/o 101869 2 - 39 3 118 52| 4 3.4 34 6 9

95 7 %99 8|22 - 9 22 8p 99
8 22 -
9 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

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 1993, 108: 562-568
and Duplantier AJ et al J Med Chem 1996; 39: 120-125.

The concentration of the test compound ranged between 10-'2 M and
10-5 M.

The results in terms of ICso are reported in Table 10.
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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
WO 2901018902 he | ow affinity LPDE4 versus the abPCT/ER20p8j005843
conpete for the high affinit§ HPDE4 The affinity
toward LPDE4 and HPDE4 was aSSessed as previously
descri bed respectively in Cortijo J et al Br J |
Pharrdbel casef LigE45dhedémo inthemmplamerrsentiation gf the test
J Med Chem 1996; 39: 120-125. 10 The concentration of .
quhléowlfé@tP@é‘#ﬁﬁl&cﬁof’/an'@é‘éb'ﬁi@ﬂm@%ﬁw1§'SQP8ﬁararlQF-’5W jle in the
The results in terns of 1C50 are reported iP Tabl e, 10.
cage 0bGH7 DEdodhepEmbs2tits Mviss conasatiation, gt the dest compound
LPDE4, the 1C50 is the molar con tration of the test
PrEENB IO i BUNIIIAB JOBETTIRAIG Pl oo LRIE™
di sappearance, while in tﬁ\e case of HPD& .t
i s tHe mesHits ciasieater fiatotherceRrovRds ehAkey

roduci ng 50% i nhibjtion of the binding o .
LRBEApME subnanareglart My and ‘irﬁatcoﬁﬁ@q{%ﬁ!@odnage ofelective
the invention inhibited LPDE4 with subnanonol ar
towrard LRWE4verave HAGAder abl y more sel ective toward

- epreaii i 1 A peafiRStrenrraefiati dorfbShbtE ot tap iovention

Conpound HPDE4/LPDE4 [Cso (n M 1C50 (nM 14 13.9

Ieniion inhibited

0.0881 158 15 2.17 0.169 273 20 299 0,759 394
Compound HPDE4 LPDE4 HPDE4/LPDE4
ICso0 (NM) ICs0 (NM)
14 13.9 0.0881 158
15 2.17 0.169 273
20 299 0.759 394
9 399 0.738 541
1" 153 0.116 1319
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9 399 0.738 541 11 153 0.116 1319 10 WO 2009/ 018909
PCT/ EP2008/ 005843 54 CLAIM5S 1. A conpound of general

wo aroaisa0gl) A z R2 Gll, 0O N OR3 R1 0 (IPCT/EP2008/005843

wherein: Z is selected fromthe group consisting of
(CH2) m wherein m= 0, 1 or 25410 (CH2) nO wherein n=1,

CZ or 3; QCH2)p wherein p=0, 1, 2 or 3; CH2SOZ;

CH2NR6; 15 NR6 wherein R6 is Hor a linear or
branched (G -C4) al kyl; OCOR4R5; and CRA4R5 wherein R4
is independently selected fromH or a |linear or
branched (G - C4) rably nethyl, optionally
1subsfiGAREAUHY °§9€@Ief¥.‘!4f)° &Vi"{‘ Z’él kyl 20 and R5 is
[ ndependently selected fromthe group consisting of -
| i near or branched (Cl-C4) al kxl, preferably nethyl; -

phenyl ; 2~
I}’Z o)\o = lN
(0] NS
R3
R1\O
(1
wherein:

Z is selected from the group consisting of

(CH2)m wherein m =0, 1 or 2;

(CH2)nO wherein n=1, 2 or 3;

O(CHz2)p wherein p=0, 1, 2 or 3,

CH2SOg;

CHNREe;

CH2NRe;

NRe wherein Rs is H or a linear or branched (C1-C4) alkyl;

OCOR4Rs; and

CR4Rs wherein
R4 is independently selected from H or a linear or branched (C+-Ca)
alkyl, preferably methyl, optionally substituted by a (C1-Ca4) cycloalkyl
and
Rs is independently selected from the group consisting of

- linear or branched (C1-Ca4) alkyl, preferably methyl;

- phenyl;

-  benzyl;

- NH2; and
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- benzyl; 25 - NH2; and WO 2009/ 018909

PCT/ EP2008/ 005843 55 - HNCOOR , wherein R is linear
woreoobnrehed (G -C4) al kyl, preferably t-butyPCT/RP20a81605843

R2 are different or the sane and are independently

selected fromthe group consost | ng of 5 - H I|inear

or branched (G -C6) alkyl, optionally substituted by

one BNGBRR', syhrein Renisslingaicof dianehed (E3-¢€7) alkyl,” preferably

cycl oal kyl or (C5-C7) cycloal kenyl; (C3-C7)

cycl bauki ; (C5-C7) cycloal kenyl; 10 - linear or
br anched -C6) .al kenyl; and . linear or branche
Ry é;f‘-dcg)? aéé%ﬁ?( ntey the spmeRNdgre '%%B%ﬁ"?%#ﬁ §epe°ted from the

i ndependent!|ly _selected fromthe group consisting of
QTRUP(&’JHSN@ZQQQﬁg and hal ogen atoms. A is a ring system
that is a nono- or bicyclic ring which may be

sat uFat ed, 15 partially unsaturated or unsaturated,

i ngliSsAT elplerelEch i 5 Gl 161y PRYShRbAS UPRIRHEEIPEENS or more
e teRRt e BeRE hBTb by kRGP (e ok Ripiodkenyt;
o RIS e e L saE o
OF R SO RG Bl 20, oy boa o brenched (CL- )
bt i Ohy wianehRRGACH AR s o (3. o)
b1 ity wiaser PECICACOUBRREVE: 55 ot e (3
RS Y& QK morkRubé it Oﬁ’wlc}g?)@ﬁld;entl'y RARMNL 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, (C3-Cs) 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:
- linear or branched (C1-Cs) alkyl optionally substituted by one or more
(C3-C7) cycloalkyl;
- linear or branched (C2-Cg¢) alkenyl optionally substituted by one or
more (C3-C7) cycloalkyl;
- linear or branched (C2-Cg) alkynyl optionally substituted by one or
more (C3-C7) cycloalkyl;
- (Cs-C7) cycloalkenyl;
- phenyl;
- (C3-C7) heterocycloalkyl;
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- (C3-C7) heterocycl oal kyl; WO 2009/ 018909
PCT/ EP2008/ 005843 56 - ORS wherein R7 is sel ected

WO p@a1018989 gr oup consisting of H - (Cl-C o) aPKI/EP2008/005843

optionally substituted by one or nore (C3-C7)

cycloal kyl; 5 - (C3-C7) cycl 88 kyl ; (G -C4)

al kyl - (C3-C7) heterocycl oal kyl; CO (Cl-Cg6)  al kyl; -

CoO QBr-vaggrean Ryl is selegtrdryem the gropdncgnsisiing oé 0)

al kyl - NR8BR9 wherein R8 and RO are independently

sel ected Hiom the group consisting of H |inear or

branched (Cl1-C6) al kyl and they formwth the

ni t rogen @ofme)o alpil captiorglly fubstituledy by eaeyost epre (Cs-Cr)
partially saturated or unsaturated ring, 15 preferably

NR8R9 i s ¢yaealfyto (G -G o) alkyl forming for exanple
saturated, partially saturated or unsaturated
pi per i di n&3-6xheyelealkylimi dazol e rings, wherein these
rings are optionally substituted K{g (G -C4) alkyl;
and - hal Ggef+hatink(Cs4ey) hedgrocyclaadkyl. NR1oRi 1
wherein Rio and Rl11 are different or the same and are
i ndependeff (CxBlsbaldy® from the group consisting of -
H, 25 - linear or_branched (C -C6) al kyl, optionally
subst i tut e@Qi(En-Cerlyk or (c3-C7) cycloal kyl ; -
COC6H5; CO (C1-C4) al kyl;
- phenyl,;
- benzyl;
- (C1-C10) alkyl-NRgRe wherein Rs and Re are independently
selected from the group consisting of H, linear or branched
(C1-Ce) alkyl and they form with the nitrogen atom to which they
are linked a saturated, partially saturated or unsaturated ring,
preferably NRgRg 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-C4) alkyl; and
- halogen atoms;
- CN;
- NOg;
- NRjoR11 wherein Rio and Ri1 are different or the same and are
independently selected from the group consisting of
- H;
- linear or branched (C1-Cs) alkyl, optionally substituted with
phenyl or (C3-C7) cycloalkyl;
- COCsgHs;

- CO-(C1-Cy4) alkyl;
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WD 2009/ 018909 PCT/ EP2008/ 005843 57 - COO (Ci-C4)
al kyl; - CONH (G -C6) alkyl-R12, wherein R12 is
W@ 2008018900 f rom t he group consisting of H 5 PCT/ER20031)05843
al kyl;  OR4R5; and - CONH (O's- C4) alkyl-N(G -C4)
al kyl; or they formwth the ﬁitrogen atomto which

they are |ink satyrated or partially saturated

ring, pre@@rc%rgey'@)[ﬁ?]ﬁaiidyl ring; 10 - (Cl-C4)

al kyl - NRi QRi.{.; - rein R12 is phenyl or linear

or br ancé@&@(gﬁﬁkw,ﬁ‘zuwﬁﬁﬁm-éﬁl\'&%%te\ﬂh*épgl ﬁ"e group
R13 is (G -(4), al kyl or a phenyl optionally

subst i t ut&ys! "Q%OKaI ogen atoms or with a (G -C4)

al kyl group;, 15 - SO2Ri 4 wherein R14 is (CI-C4) alkyl,

OH or NRIoRMi wherein Rio and Rul are as defined

above; - S Sdé?erei_n R15 is phenyl or (C -C4) alkyl;

- sr16 wher 6@ @KY 1 phenyl or (a-c4) alkyl: -

COORL17 wher gj L7 is H (Cu-C4) al kyl, phenyl or
benzyl ; dnd%%(a(ﬂsg)gml 8, wherein gq=1, 2, 3 or 4

Sﬂg_r E;geL@P'E'\HT?{(QE%@%ME'}@&%@%"%?ﬂp oxi dles_ on the
Wher ei A7 A torBhardr g nifadar BEL P il Y fprg,linked 2
wher o Aok PG OR Bact Iy setlFisS RS: Baptay & bkricyl do:

or, 4. The conpound of claim 3

wi, £ h e re, Rx groups.
- mﬁéf'&g‘ﬂa%w'ﬂ%oﬁ%’ﬂewaryl ring selected from the

- DR RBBH i 328 e s eP R ABa ek BB 5o AlMa

- HNSO2R13 wherein Rz is (C1-Ca) alkyl or a phenyl optionally substituted
with halogen atoms or with a (C1-C4) alkyl group;

- SO2R14 wherein R14 is (C1-Cs) alkyl, OH or NR1oR11 wherein R1o and Ri1
are as defined above;

- SORjs wherein R1s is phenyl or (C+-C4) alkyl;

- SRis wherein Ris is H, phenyl or (C4-Cy4) alkyl;

- COOR417 wherein R17 is H, (C1-Ca) alkyl, phenyl or benzyl; and

- (CH2)qOR1s, wherein q=1, 2, 3 or 4 and Rug is H or (C1-Cs) cycloalkyl.

and pharmaceutically acceptable salts and N-oxides on the pyridine ring
thereof.

2. The compound of claim 1 wherein A is a phenyl optionally substituted
with one or more Ry groups.

3. The compound of claim 1 wherein A is a heteroaryl ring optionally
substituted with one or more Rx groups.

4, The compound of claim 3 wherein A is a heteroaryl ring selected from

the group consisting of pyrrole, pyrazole, furan, thiophene, imidazole,
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58 oxazol e, isoxazole, thiazole, pyridine, pyrimdine,
pyrazi ne, pyridazine, and pyran. 5. The conpound of
W@pspoOrme0Df clains 1 to 4 wherein R3 is a hal oB@HEP2008/005843
atom 5 6. The conpound of claim5 wherein R3 is
chlorine. 7. The compound of 98l ai m 6 havi ng t he
general formula (Il1) /A z R OO N I ORLI / d.
oxdzoje, sOxazolkhehtargieupuridine| pyimidinpe pyrazine; pyridazine, and
(CH2)mwith mequal to 0. 9. The conpound of claim 8,
pwnch is 3-cycl opropyl net hoxy-4- d
i f1 uoronet hoxy-benzoic acid ) . .
5.1- ( 3tk clooppepyd raft ek pne: af daigisoteihdxyhepein Rs is a halogen
henyl ) -2- (3, 5-di chl oro-1- oxy-pyridin-4-yl)ethyl ester
atpovnpound 14). 10. The conpound of claim8, which is
3-cycl opropyl net hoxy-4-_15 di f| uor onet hoxy- benzoi c
6.aci dThe cempaurshebplaimed ndefein Be s GBlasH:- hoxy-
phenyl)-2-(3,5-dichloro-pyridin-4-yl)ethyl est
7.(co ge@mMpound of chairs Qgﬁﬁmﬂwﬁ%gee%' "mw@eﬁbu nz
is CHR5 where R5 is a linear or branched G -C4 al kyl,
preferably nethyl. 12. The conpound of claim 7 wherein
Z is CRAR5 where R4 and R5 are™ 20 both |inear or
branched Cl1-C4 al kyl and they forma ring with the
carbon atom to which they age |inked having 3, 4, 5
or 6 carbon atorms, pr&%era g 2 rbon atonmns.
13. A process for the;preparatijon off a cgnpound of any
of the preceding clapgs ceuprifsi ng~the step of addi ng
an acid of fornula AZCOJQ [0 2009/ 018909
PCT/EP2008/005843F“59
~

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-
phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)ethyl ester (compound 14).

10. The compound of claim 8, which is 3-cyclopropylmethoxy-4-
difluoromethoxy-benzoic acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-
phenyl)-2-(3,5-dichloro-pyridin-4-yl)ethyl ester (compound 11).

11. The compound of claim 7 wherein Z is CHRs where Rs is a linear or
branched C1-C4 alkyl, preferably methyl.

12. The compound of claim 7 wherein Z is CR4sRs where R4 and Rs are
both linear or branched C+-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.

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
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chl oride of formula AZCOCI or an isocyanate of formula

AZNCO wherein A and Z are as defined above, to a
waedoanisom of an al cohol derivative of general PEDEPMDS005843

(2) R ON O\ \ R3 R1,0/ wherein R, R2 and R3

are as defined above. 14. A é@ar maceut i cal conposition

CiORRReoh 1B AR PR RPEYANaIe BhEOTRUROAENCS Wherein A
rmaceut i cal | cce abI e c rr r and/
2] Breodpdeiated sBOYRelp Realiben Gl A AU darivgrof general

claim Oswtablefor admnlstratlon by i nhal ati on.
fof@ularf@) phar maceuti cal conposition of claim 14 or 15

wherein said conposition further conprises an

addi tional active ingredient selected from the

cl asses of beta2-agonigts, corpi costergyds and

anticholinergic or 183 antinus¢arinic digents. 17. The

use of a conpound of &hy o e’ ] to 12 as a

medi canment. 18. The use conpound "8f any of the

clains 1 to 12 for Rl apat acture of a nedi canent.

19. The use of a corrpound of any of the clains 1 to 12

for WHSreuﬁ%ﬁW&ﬁ@W@reoés%e‘Fﬁ@HW for the

prevention and/or treatnment of any disease
1£harﬂ%r?ér‘n¥§ébthka‘i’ mﬁ@é‘ih@ﬁt E6mpeisthd BDEArhpoungEof any of the

overactivity and/or erein an inhibition of P

clafrhs Vit Yol 92defd ragthe #@rediddt URE a8mixtufé alvithl®ne or more
wherein the disease is a disease of the respiratory

pﬁérﬂ?écélﬂﬂ:raﬂ?taﬁfd sblBYcatrieyeunahsit éxtipiepts. 25 21. The
use as in claim wherein the di sease is sel ected

141 O”Tﬁ@%rﬂrrﬁw@euﬁeﬁﬁtémlpmnﬂfn aftiyim 20 stitaBl for administration
bronchitis or chronic obstructive pul nonary WO
by HHHIQI&909 PCT/ EP2008/ 005843 60 di sease.

16. The pharmaceutical composition of claim 14 or 15 wherein said
composition further comprises an additional active ingredient selected from
the classes of betaz-agonists, corticosteroids and anticholinergic or
antimuscarinic agents.

17. The use of a compound of any of the claims 1 to 12 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 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.

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



22. A nmethod of treating an inflammatory disease,

di sorder or condition characterized by or associ ated
wowadob/ogoundesi rabl e i nfl anmatory i nmmune r espPCFEPIINS/005843

i nduced by or associated with _an excessive secretion

of TNF-a 5 and PDE4 whi ch coﬁ%%ises adm nistering to a

Subject in need thereof a therapeutically effective
dig@g®®®t of a conpound according to any of the claims 1

22t.o 1Az'method of 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 which comprises administering to a subject in need thereof a
therapeutically effective amount of a compound according to any of the

claims 1 to 12.



