WO 2010/089107PCT/FP2010/000676 1 BENZOIC ACID (I-PHENYL-2-PYRIDIN-4-YL)ETHYL
ESTERS AS PBOSPHODIESTERASE INHIBITORS FIELD OF THE INVENTION The present
invention relates to inhibitors of the phosphodiesterase 4 (PDE4) enzyme. More patrticularly, the
invention relad®® a91D4f9es#/ 1-2- pyridinyl alkyl alcohol derivatives, to processasrien ibheopsaparation
thereof, compositions comprising them, combinatiohs and therapeutic uses thereof. 5 BACKGROUND
OF THE INVENTION Airway obstruction characterizes a number of severe respiratory diseases
including asthma and chronic obstructive pulmonary disease (COPD). Events leading to airway
obstruction incﬁﬁégcggﬁgﬁg of MRy WA B MR dts FTERRfc RSN BIRFTHARFRATARAAE 10Drugs
for treating respiratory diseases such as asthma and COPD are currently administered through
inhalation. One of the advantages of the inhalatory route over the systemic one is the possibility of
delivering the drug directly at site of action, avoiding any systemic side-effects, thus providing a more

rapid clinical responspwﬁﬁ @ﬁﬁ@ﬁﬁp@ﬁtﬁf@ s 15Inhaled corticosteroids are the current
choice for ast

maintenance therapy of choice ma and together with bronchodilator (32-agonists for acute

symptom relief, they foiign reserainatexneiclirenkéheranyiasitbesdiseans. Eﬁ&fﬁﬁ@ﬁ%i@%@g@mem of
COPD is largely symptomatic by means of bronchodilating therapy with inhaled anticholinergics and

inhaled 132-adi8REdaptenzgpristyIon Hpwsva achiictsteioidndionot edalgse the Inflhemyktdry
response in COPDdas tilweY do in asthma. . Another class of therapeuytic agents which are under
investigation ik VIR itd Hﬁﬂﬁ&?’rﬂmm@w&% i @f@?féﬁﬁﬁ o&lﬁflﬁfﬁﬁﬂ?dwrfe@&%&fry
diseases sucl %%ﬂgm@m%?ﬁgﬂ? %?%%%%%é%@tﬁ{ér%%ﬁc uses, thereof
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2010/089107PCT/EP2010/000676 2 of the phosphodiesterase enzymes (PDES), in part(l)cUIar of the

phosphodiesterase tyha CKEROBND r¢f& EH© BN PENZION Various compounds acting as PDE4
inhibitors have been disclosed. However, the usefulness of several PDE4 inhibitors of the first
-generation 5 such &3 SipYarAbsiplpImikanastendsn limiteamberusd osenelicurigepirabiexside

ffect h ag. trl ' ti nd emesis due to their action qn PDE4 | central
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representing i
increased mucous production and inflammation.

10 Drugs for treating respiratory diseases such as asthma and COPD are
currently .administered through inhalation. One of the advantages of the
inhalatory route over the systemic one is the possibility of delivering the drug
directly at site of action, avoiding any systemic side-effects, thus providing a
more rapid clinical response and a higher therapeutic ratio.

15 ~ Inbaled corticosteroids are the current maintenance therapy of choice
for asthma and together with bronchodilator B,-agonists for acute symptom
relief, they form the mainstay of current therapy for the disease. The current
management of COPD is Idrgely symptomatic by means of bronchodilating
therapy with inhaled anticholinergics and inhaled B,-adrenoceptor agonists.

20 However, corticosteroids do not reduce the inflammatory response in COPD
as they do in asthma.

Another class of therapeutic agents which are under investigation in
view of its anti-inflammatory effects for the treatment of inflammatory

- respiratory diseases such as asthma and COPD is represented by the inhibitors



different conformations, that were designated as high affinity rolipram binding site or HPDEA4,
especially present in the central nervous system and in parietal cells, and low affinity rolipram binding
site or LPDE4 (Jacobitz, S et al Mol. Pharmacol, 1996, 50, 891-899), which is found in the immune
and 15 inflania0Hye8eIeT While both forms appear to exhibit catalytic activityyithey diffesrsvith respect
to their sensitivity to inhibitors. In particular, compounds with higher affinity for LPDE4 appear less
prone to induce side-effects such as nausea, emesis and increased gastric secretion. The effort of

targeting LPDE#4 hqgéesgmyﬁwggﬁ&gp@ro%@ 2@@9@@eqq'lvityﬂgﬁmgﬁgcogg-g(%ngation
PDE4 inhibitors such as cilomilast and roflumilast. However, even these compounds are not provided
with a good sefdstphotbnsirasseRpEd4 (hGomplundsfaitadeteatiRDIEDE4 inhibition activity are
disclosed in W02009/018909. 251-phenyl-2-pyridinyl alkylene alcohols and their use as PDE4
inhibitors are also deS&iHEH irf W 086508. as ﬂ%ﬁ&e%ﬂ’%%ﬁtﬁﬁr&ﬂﬁésch%éﬂﬁfbotent

novel PDE4 infibitRrs.having PDE4 selgctivity., W0 .20101089107PCT/EP2010/000676 3
Surprisingly, itﬁﬁgs be%pﬁ ;(ounggt%}gl#ﬁ%%%ggﬁ‘(%%i Sl}i%%%n%l%} E)t%ru 8It§l1é%t§%)% HEBEHERe

residue markeslighmgreyes:#ia RAEPEYiamilMOERY Bedh Nashegnhsssnysiogyhiarng thatihsie
sulphonylamido derivatives of the invention, which are (-) enantiomers (see the carbon atom 5 marked

with an asteriskdrl8{i§eife snoke potertshan gasteorrespbrdingtopenndtiomesisadderawethates. It

has now been found tha nexpectedly beneficial therapeutic effect, particularly a synergistic effect,
is obtained in ﬁ%l%aﬁ%gm imlghﬁﬁﬁ'gw PEbEPHR Ve Sﬁe%gsdHFtﬁ% fRertion ImEIFEN the

compounds ofim'?a}g{gy@gﬂgq@(ﬁyggg in combination with a long-acting 132-agonist. SUMMARY OF
THE INVENTIO The invention is directed to compounds of general formula (I) as (-) enantiomers,

acting as inhibitors oTteqaisspiforinbisthse ROl bedy wedéyniipeessestier. the preparation
thereof, compositions comprising them and 15 therapeutic uses thereof
10 It has been found that PDE4 exists in two distinct forms representing
different conformations, that were designated as high affinity rolipram binding
site or HPDEA4, especially present in the central nervous system and in parietal
cells, and low affinity rolipram binding site or LPDE4 (Jacobitz, S et al Mol.
Pharmacol, 1996, 50, 891-899), which is found in the immune and
15 inflammatory cells. While both forms appear to exhibit catalytic activity, they
differ with respect to their sensitivity to inhibitors. In particular, compounds
with higher affinity for LPDE4 appear less prone to induce side-effects such
as nausea, emesis and increased gastric secretion.
The effort of targeting LPDE4 has resulted in a slight improvement in
20 the selectivity for the second-generation PDE4 inhibitors such as cilomilast
and roflumilast. However, even these compounds are not provided with a good
selectivity towards LPDE4.
Compounds with selective LPDE4 inhibition activity are disclosed in
W02009/018909.
25 1-phenyl-2-pyridinyl alkylene alcohols and their use as PDE4 inhibitors
are also described in WO 2008/006509.

The present invention provides a set of potent novel PDE4 inhibitors

having excellent LPDE4 selectivity.



(I) wherein: 20n is 0 or 1; Rl and R2 may be the same or different, and are selected from the group
consisting of: linear or branched C1-05 alkyl, optionally substituted by one or more halogen atoms;
WO 2010/089107PCTIEP2010/000676 4 OR3 wherein R3 is a linear or branched C1-05 alkyl
optionally sub¥@®aedei0gfti7one or more halogen atoms or C3-C7 cycloalky| iroumpso awimo676
HNSO2R4 wherein R4 is a linear or branched C1-C4 alkyl optionally 5substituted with one or more
halogen atoms, wherein at least one of R1 and R2 is HNSO2RA4. The invention also encompasses

the pharmaceuticallySaegeriapp/ hyaraies, sebvatesuAdditian caRiexasm dBOWRRICIPHSFaaNgSalts
thereof, e.g. sodium, potassium and lysine salts. 10The present invention is also directed to a process

for the preparatibst s compouhds ufdsrmeaidyp amrkpdhethip®olertie padicly comprises reacting
aldehyde (1) with methyldichloro r]gdine (2) to obtain racemig alcghal (3). This latter is then
a

condensed with a chifdl &8 Suc a(%)‘-’r‘?ﬁﬁrg%}ﬁﬁ%ﬁ%lgc g}m&n@@ﬁc%dﬁalggwlgmldg |
d'aStereome”‘EiéFEWHﬂWeél%f]t@eofn(@n]@&?ewh‘{%y’ﬁﬁ %— 6%91;%‘?&?(%5%3 gge%%?ﬁ@?g}b Epa%?fon into

the single diastereoisomers respectively (11) and (13) o carried out by chromatography,

crystallizagion maritber with kot srbthastd ogiyingeaties @ esvage, figapebtvelt eRpoiARIiI¢-gicohols
(-) (12) and (+) (14) or (+) (7) and (-) (9). Finally, by reaction with a suitable benzoic acid (15),
enantiomers ZRERNICMEET R (BEIRRESMpounds of general formula ().  The present invention is

s drecied o« P E55E BRRETRRIEYS SRR e LM ren O epored
benzoic acid @} &ALRE AreSaBEIvEOUeR &, alsSKlkRRad foRPIRGRRIRT JPERISRAAIOR, ¥:
obstructive diseases of the respiratory tract when the compounds of the
10 invention are used in combination with a long-acting p,-agonist.
SUMMARY OF THE INVENTION
The invention is directed to compounds of general formula (I) as (-)
enantiomers, acting as inhibitors of the phosphodiesterase 4 (PDE4) enzyme,
to processes for the preparation thereof, compositions comprising them and

15 therapeutic uses thereof
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wherein:
20 nisQorl;

R1 and R2 may be the same or different, and are selected from the
group consisting of:
- linear or branched C;-Cg alkyl, optionally substituted by one or more

halogen atoms;



compounds of formula (1) wherein nis 1 as reported in Scheme 1, which comprises the oxidization of
enantiomeric alcohol (+) (14) by means of an oxidizing agent such as 3-chloroperbenzoic acid,
peracetic acid or hydrogen WO 2010/089107PCT/EP2010/000676 5 peroxide to obtain the alcohol (+)
enantiomer (FY0MidWINYeaction with a benzoic acid of formula (15) givesrormpecrdsafiéormula (1)

wherein nis 1. The present invention is also directéd to a process for the preparation of
compounds of formula (I) wherein nis | as reported in Scheme |, which 5 comprises the oxidization, of
esters of formula (1) whé®A mwrein nRainis oh alinpddizinghageskedicl A 3-aligioppIsnzNic acid,

peracetic acid or hydrogen peroxide. = The present invention is also directed to intermediate
compounds of general fSHRSEHSAGY onenvperEeTs ihalogennawalsors £hdEhe ceabariiatbm

represented with an asteFri%l\(1
. . T
provides pharmaceuticalco

n?g,l%w d'shows a (S) configuration. The present invention also

composi

pharmaceutically accepteiis carigryRaMar RACIBIENSear oFNS-HERERLNYENTARD BAISH

pharmaceutical preparations suitable for administration by inhalation.

tions 15 comprising a compound of fotinula (I) and one or more

rovides

The present invention also

provides édombinations ofubsiotnprlind thf @Ocformmusta < hatishem seoang component selected from the
classes of long-actin onists, M3 antagonists and corticosteroids. The present invention also

provides combinatio

SRR @Rf RfRUIARS Bitna EN§QeRrg 132 agonist selected from the

group consisting of ycarmQf SK-642444, indacaterql, milveterol, arformagterol, formoterol,
o off I8 ol hEES, daCa pliarmacqubically abceptable

25salbutamol, formoterol, lev
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uterol, terbutaline,
hydrates, solvates, addition complexes, inorganic or organic salts thereof, e.g.

sodium, potassium and lysine salts.

The present invention is also directed to a process for the preparation of
the compounds of formula (I) as reported in Scheme 1, which comprises
reacting aldehyde (1) with methyldichloropyridine (2) to obtain racemic
alcohol (3). This latter is then condensed with a chiral acid such as
(S)-naproxen or (S)-acetylmandelic acid to obtain a diastereomeric mixture
(10) or (5), respectively, as per routes 1 or 2 of scheme 1. Separation into the
single diastereoisomers respectively (11) and (13) or (6) and (8) is carried out
by chromatography, crystallization or other well known methods, giving after
cleavage, respectively enantiomeric alcohols (-) (12) and (+) (14) or (+) (N
and (-) (9). Finally, by reaction with a suitable benzoic acid (15), enantiomers
(+) (14) or (+) (7) give compounds of general formula (D.

The present invention is also directed to a process for the preparation of
compounds of formula (I) wherein n is 0 as reported in Scheme 1, ‘which

comprises the reaction of any enantiomeric alcohol, for instance (+) (14), with

. a benzoic acid (15).

The present invention is also directed to a process for the preparation of
compounds of formula (I) wherein n is 1 as reported in Scheme 1, which
comprises the oxidization of enantiomeric alcohol (+) (14) by means of an

oxidizing agent such as 3-chloroperbenzoic acid, peracetic acid or hydrogen



WO 2010/089107PCT/EP2010/000676 6 LAS-100977, bambuterol, isoproterenol, procaterol,
clenbuterol, reproterol, fenoterol and ASF-1020. The present invention also provides
combinations of a compound of formula (I) with a M3 antagonist selected from the group consisting of
5aclidinium, tieteopitmogdpratropiurn and oxitropium. The present inventipoaiseopsovides
combinations of a compound of formula (I) with a cortigosteroid selected from the group consisting of
dexamethasone, fluticasone, fluticasone furoate, prednisolone, betamethasone, budesonide,

mometasone, peBigasapeobiaatehd iaBEROIoNS ageianidael 7—7’9'%@%@%3? et with a
r

beclomethasone, beclomethasone dipropionate, prednisone, deflazacort, hydrocortisone, QAE-397
and flunisolidebenzaorcaapréfefréd mmibddifegiy thecprepentisvefifiormprbwifle sxdmmddmatisnk. of a
compound of formula () with forinoterol or canloterol. The present invention also provides

compounds of formulRH REFLFEE HveBtiomedirlsndirectediin & frraast fenibe ReeBRIAE M Abounds
of formula (1) i i egi t for the preventign or treatmegnt of any disea
S TR A T T Btk e

wherein the act of PDE4 receptors i ecep v‘le IS desired.

20The presentivertinn also prpitigesoa BEEREroLIheprRVRNIadFeRIment iR disense
wherein the activity of PDE4 receptors is implicated and inhibition of PDE4 receptor activity is desired,

which method8tofpdéemadrasistedngho aspatiail propasbenansof achdrapetiestily effddtiveramount
of a compoun%o formulas%.%(ﬁThe above uses or methods comprise a compound of formula (1)
either alone or¢ R Wi frer active ingredients among those formerly reported. The above

diseases wherein thergeliiiy I P RIEAfRRGPIASANG ighiRIfian of EBE&&@&,?&@&%@&WH%?@
comprise diseases of the respiratory tract, WO 2010/089107PCT/EP2010/000676 7 characterized by
airway obstrugttresaicfoasakil{ida and COPD.  Furthermore, the invention is also directed to the

use of the compounds of formula () for the in vitro inhibition of PDEA4.

Bﬁ NG NN
5 ]
F

x
*

o °
(1

wherein n is ad defined above and the carbon atom represented with an
asterisk below shows a (S) configuration.
The present invention also provides pharmaceutical compositions
15 comprising a compound of formula (I) and one or more pharmaceutically
acceptable carriers and/or excipients.
The present invention in particular provides pharmaceutical
preparations suitable for administration by inhalation.
The present invention also provides combinations of a compound of
20  formula (I) with a second component selected from the classes of long-acting
B, agonists, M3 antagonists and corticosteroids.
The present invention also provides combinations of a compound of
formula (I) with a long-acting B, agonist selected from the group consisting of
carmoterol, GSK-642444, indacaterol, milveterol, arformoterol, formoterol,

25  salbutamol, formoterol, levalbuterol, terbutaline, AZD-3199, BI-1744-CL,



The invention is also directed to a device which may be a single- or 5 multi-dose dry powder inhaler, a
metered dose inhaler or a soft mist nebulizer comprising a compound of formula (I).  The invention
is also directed to a kit comprising the phanuaceutical compositions of compounds of formula (1), alone
or in combinawsh204tPemoddditional pharmaceutical ingredient, in admixture @iithrams/osoatere 10
pharmaceutically acceptable carriers and/or excipientg, and a device which may be a single- or
multi-dose dry powder inhaler, a metered dose inhaler or a soft mist nebulizer. DEFINITIONS

The term "halggeR-at00%5/ 72sHaseB e 61N REPESR LIINGSRINIRE], 18] BROMIBRANGdRrIRG 01, AS
used herein, the expression "linear or branched CI-C, alkyl" where x is an integer greater than 1, such
as CI-C6 or Claatsikgl ardefsSio-$02yht or branched chain alkyl groups wherein the number of
carbon atoms is in the range 1 to x (e.g. 1 to 6 or 1 to 4). Examples of alkyl groups may thus include

20 methyl, ethyl, n-prop§I PESISRIpIE "EBHER ﬁéﬁ?yl??%%eénacmg’m@mnsoﬁi&wﬁmﬁ%‘_é‘i‘di ¢*bups one
or more hydroggn atomg cag he rfpﬁﬁ’;e%g%ﬁs}ﬂ??ns@f%?g‘? pf?&%a%i%gg@% QLHUQE orAS

used herein, the expression "C3-C7 cycl refers to cyclic non-arom rocarbon groups
containing 3 tadlidigicathaowiyisn Fimaplesi 2EokHiesxinmay s include cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl and cycloheptyl.  Unless otherwise provided, when referring to chiral
compounds, a degre&ls¥ RiEspnEipyeRitany Psre Preredereanmhirdenseate ptitampocumdo pfs
chirally WO 2010/0 918[§PCT EP2010/000676 8 pure, preferably greater than 99% and most
preferably greStEPihAn b9 9¥atEI& URENCOSESER 311%9\%‘? e Boe & GFRWDNnEREISERSN Pr a

preferred embadimgri] JhPIeSERL SRR eREAY FRIRATIN re dnisolone, betamethasone,

C1-3-Cyclopropylmethoxy-4-methanesulfonylamino-benzoic acié) 143-
cyclopropylméthdryesidiéiL onoonettasonphemdi2tis dndicfilaa iy ridinada oirelbiyt estectonide,
CARM-carmoterol 10DETAILED DESCRIPTION OF THE INVENTION "

10 ciclesonide, TPI-1020, beclomethasone, beclomethasone dipropionate,
prednisone, deflazacort, hydrocortisone, QAE-397 and flunisolide.

In a preferred embodiment, the present invention provides combinations
of a compound of formula (I) with formoterol or carmoterol.

The present invention also provides compounds of formula (I) for use as

15 amedicament.

Also provided is the use of the compounds of formula (I) in the
preparation of a medicament for the prevention or treatment of any disease
wherein the activity of PDE4 receptors is implicated and inhibition of PDE4
receptor activity is desired.

20 The present invention also provides a method for the prevention or
treatment of any disease wherein the activity of PDE4 receptors is implicated
and inhibition of PDE4 receptor activity is desired, which methods comprises
administering to a patient in need thereof a therapeutically effective amount of
a compound of formula (I). |

25 The above uses or methods comprise a compound of formula (I) either
alohe or combined with other active ingredients among those formerly repor‘{ed.

The above diseases wherein the activity of PDE4 receptors and inhibition

of PDE4 receptors are implicated, comprise diseases of the respiratory tract,



The invention is directed to compounds acting as inhibitors of the phosphodiesterase 4 (PDE4)
enzyme. Said compounds inhibit the conversion of cyclic nucleotides, in particular cyclic
adenosine monophosphate (cCAMP), into their inactive 15 5'-mononucleotide forms. In the airways,
the physiologwalxaspenses to elevated intracellular levels of cyclic nucleotdes;r pastierar of CAMP,
lead to the suppression of the activity of immune and-pro-inflammatory cells such as mast cells,
macrophages, T lymphocytes, eosinophils and neutrophils, resulting in a 20 decrease of the release of

inflammatory giggiRiREsWHIGH NENAE Gilekines 2 4ekIAad st tha3.ARddEyppy. necrosis factor -alpha

(TNF-a). It also leads to an airway smooth muscle relaxation and a decrease in oedema. The
catalytic site of PDERuéseharngréviousheidentifiedlsondame bt edmptise sise yftthe kobipmegids in
which two sub-packets are present, e.g. So and 25 SI, and a hydrophilic region containing the metal
ions Zn2+ and®MgrRuRhhiRn theotaiises phikitipp it spreading around the metal ions and a
sub-pocket S3 which-pranches, approximately 900 from the, middle gf.the hydrophagbic pgcket. Most of
the known compounl"g{s%ear%1 %?ggxlé)repd%i?hsg r?{%riee%geg{bfg 0 %ﬁ‘ﬁ%f@)ﬂ)&bfﬁ%&%ﬁﬁéé}%w’dﬁa 9
interacting with #1g-glen@skeisvadeandalesf thebidaphebicikaginn ol aFesisiwerdcathecol
group and with another moiety able of indirectly interacting with the metal ions of the S2 sub-pocket,
for example adesemsygasuunpsyndiditoompiartijdone. 5The present invention is directed to
compounds that can maintain the interactions with the sub-pockets So and S1 hy means of the

substituted catechol MiGieRYSAH M ThidlsRibRaritie Mdth RATEREGISE Hh mRRALRASRBS R dine ring
like other k”OWMp%Eﬁi%Hibé@%ﬁg%%ﬁﬁéiQﬁf@%&hﬁ%i%l%ﬁ@@??ﬂ%%&%%i Avigminggbenzoic

acid group, which enable them to 10 establish an additiondl interaction with the -pocket S3. In

particular the pddseonivestmmadaiasdsl canmpediss of genghintnula ¢itas definedreattiore
including the pharmaceutically acceptable inorganic and organic salts, hydrates, solvates or addition

complexks thetesmree el sagy entablee §ajrdenss sidEmpampisaitoand| (Jarecthosbigherein:

may be a single- or multi-dose dry powder inhaler, a metered dose inhaler or a
soft mist nebulizer.

DEFINITIONS

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

15 bromine and iodine.

As used herein, the expression “linear or branched C;-C, alkyl" where x
is an integer greater than 1, such as C;-C¢ or C;-C4 alkyl, refers to straight or
branched chain alkyl groups wherein the number of carbon atoms is in the
range 1 to x (e.g. 1to6or1to 4). Examples of alkyl groups may thus include

20 rhethyl, ethyl, n-propyl, isopropyl, t-butyl, pentyl, hexyl and the like.

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

As used herein, the expression “C;3-C; cycloalkyl” refers to cyclic non-
aromatic hydrocarbon groups containing 3 to 7 ring carbon atoms. Examples

25 of them may thus include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl
and cycloheptyl.

Unless otherwise provided, when referring to chiral compounds, a degree

of purity “substantially pure” here means at least greater than about 97% chirally



Rl is HNSO2R4, R2 is OR3 and nis 0; Rl is HNSO2R4, R2 is ORS and nis I; 20- Rl is HNSO2R4,
wherein R4 is methyl, R2 is OR3, wherein R3 is cyclopropylmethyl and n is O; - Rl is HNSO2R4,
wherein R4 is methyl, R2 is ORB, wherein R3 is cyclopropylmethyl and n is 1; Rl is linear or branched
C1-05 alkyl, f¥®i¥HN$&ODZR4 and n is 0; WO 2010/089107PCT/EP2010/0808%6240/6d¢k6is methyl, R2
is HNSO2R4, wherein R4 is methyl and a is 0; - R1 isginear or branched C1-C6 alkyl, R2 is HNSO2R4
and nis 1; RIlis methyl, R2 is HNSO2R4, wherein R4 is methyl and nis 1; R2 is linear or branched

C1-C6 alkyl, RhigetNefoaRAandtds Qiaﬁ-@%%H@ﬁqagtg}é%ela@i;%_%%m%’@% is methyl and n

is 0; R2is linear or branched C1-C6 alkyl, Rl is EINSO2R4 and nis1; - R2 is methyl, Rl is HNSO2R4,
wherein R4 is methyFaGIRE1; Rlis OR3, R2 is HNSO2R4 and nis 0; Rlis OR3, R2 is HNSO2R4
and nis 1; 10- R1 is OR3 wherein R3 is cyclopropylmethyl, R2 is HNSO2R4 and R4 is methyl and n is
1;- R1is OR3, R2 isHRKE®2RIFH Mg BXIBERCRI fAd REEAEIFNS @PHRnafam & @referred

embodiment of the present invention.
5 OA=ovoalbumin

C1=3-Cyclopropylmethoxy-4-methanesulfonylamino-benzoic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-pyridin-4-
yl)-ethyl ester

CARM=carmoterol

10 DETAILED DESCRIPTION OF THE INVENTION

The invention is directed to compounds acting as inhibitors of the
phosphodiesterase 4 (PDE4) enzyme.

Said compounds inhibit the conversion of cyclic nucleotides, in
particular cyclic adenosine monophosphate (cAMP), into their inactive

15 5’-mononucleotide forms.

In the airways, the physiological responses to elevated intracellular
levels of cyclic nucleotides, in particular of cAMP, lead to the suppression of
the activity of immune and pro—infla;nmatory cells such as mast cells,
macrophages, T lymphocytes, eosinophils and neutrophils, resulting in a

20  decrease of the release of inflammatory mediators which include cytokines
such as IL-1, IL-3 and tumor necrosis factor -alpha (TNF-c). 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. S, and

25 S, and a hydrophilic region containing the metal ions Zn** and Mg?*, that in turn
comprises the sub-pocket S, spreading around the metal ions and a sub-pocket S,
which branches approximately 90° from the middle of the hydrophobic pocket.

Most of the known compounds are provided with a moiety able of



both R1 and R2 are FINSO2R4, wherein R4 is methyl and n is 0; 15- both Rl and R2 are HNSO2R4
and nis 1; both Rl and R2 are HNS02124, wherein R4 is methyl and n is 1. It will be apparent to
those skilled in the art that compounds of general formula (1) at least contain one asymmetric center,
presently repr&8et¥d$R1the carbon atom with an asterisk below, and ther@fGFERMVeGHtical
stereoisomers. 20 The present invention is directed t®the compounds of formula (I) which are (-)
enantiomers with configuration (S) at the carbon atom represented with an asterisk below. The

present inventiotekaelsegdivetitat ¢ stbentdrene Sigtendoy peflihdshyidiaspiddid]y shereindhe.carbon
atom representeg with an asterisk below 25 shows a (S) configuration. The compounds of formula

(1) show an in SRPSHRIERor§2RAGRY 8RR thePDRIN2)ATESH tReoatraabiearnf tHegispetbhdowed

with a remarkqmgl%(attil\ﬂ ip: & intra-fracheal administration in an WO
2010/089107PCTTP201%}&){ 6% ﬁ%%ﬁ%%ﬁr?od%l%?%g Bf’frl%%tﬁz rg%{yea ARl bR SRR s
pulmonary levelg indo e uidischsing thygriggtable in plasma, which is an index of a short systemic
action. According to preferred embodiments, the present invention provides the 5 compounds of

formula (1§ reported befewpEspnpdometiveniicalineshedOio compounds that can maintain the
(-)-3-Cyclopro tImetho>§%/-4-m%th nesulfonylamino-benzoic )
acidl-(3-cyc|o[é%r/§|5%ﬂé’ Xy Adiftford éﬂ?&ﬁ?ﬁhéwf)“é 3, 2¥icHEAshy Pl tha-pobstitytedter
(-)-3-Cyclopregyddngihngotdsaeihane SHIQAYRONNG BE MO K e al i
acid1-(3-cyclopropylmethoxy-}g%ldifIuoromethoxy{}[})lheﬁ@gﬁ%e,?{j}gﬁ%rrgﬁl%&ﬁ%ﬁ} ?r?—sél%}clt)}-lgthyl
ester pyridine ring like other known PDE4 inhibitors, but differing from them, for

the presence of a sulfonylamino-benzoic acid group, which enable them to

10  establish an additional interaction with the sub-pocket S;.
In particular the present invention relates to compounds of general

formula (I) as defined earlier, including the pharmaceutically acceptable

inorganic and organic salts, hydrates, ‘solvates or addition complexes thereof.

R1

R2

15
M
Preferred groups of compounds of formula (I) are those wherein:
- R1is HNSO,R4, R2 is OR3 and n is 0;
- R1is HNSO,R4, R2 is OR3 and n is 1;
20 - R1 is HNSO,R4, wherein R4 is methyl, R2 is OR3, wherein R3 is

cyclopropylmethyl and n is 0;

- R1 is HNSO;R4, wherein R4 is methyl, R2 is OR3, wherein R3 is
cyclopropylmethyl and n is 1;

- R1 is linear or branched C;-Cg alkyl, R2 is HNSO,R4 and n is 0;



C2 C3 (-)-4-Cyclopropylmethoxy-3-methanesulfonylamino-benzoic acid .
1-(3-cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2- (3 .5 -dichloro- 1 -oxy-pyridin-4-y1)-ethyl ester
C4 (-)-3,4-Bis-methanesulfonylamino-benzoicacidl-(3-
cyclopropyl-m¥A3%P 483t loromethoxy-pheny1)-2-(3,5- dichloro-1-oxy-pyridiET4Ep391eeys tster
(-)-3-Methanesulfonylamino-4-methyl-benzoicacid1-(31¢ N
cyclopropyl-methoxy-4-difluoromethoxy-pheny1)-2-(3,5- dichloro- 1 -oxy-pyrid in-4-y1)-ethyl ester CS
C6 -)-4-Methanesulforilauisinee thine Ry D ENKISCARAL-(Bherein R4 is methyl and n is 0;
cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3,5- dichloro- 1-oxy- yridln-4-y1)-§thyl ester The
above compounds haR lbisehinesnsrisanghadrftfiddssals)l eRantso B ORidaibwevdr, have (S)

2150 WO 201008010 Pt PS80 L DG RAE Bek i TG b Compound
Chemical name - R2 is linear or branched C,-Cg alkyl, R1 is HNSO,R4 and n is 0;
5 - R2 is methyl, R1 is HNSO,R4, wherein R4 is methyl and n is 0;

- R2 is linear or branched C;-Cg alkyl, R1 is HNSO,R4 and n is 1;

- R2 is methyl, R1 is HNSO,R4, wherein R4 is methyl and n is 1;

- R11is OR3, R2 is HNSO,R4 and n is 0;

- R1is OR3, R2 is HNSO;R4 and n is 1;

10 - R1 is OR3 wherein R3 is cyclopropylmethyl, R2 is HNSO,R4 and R4
is methyl and n is 1;

- R11s OR3, R2 is HNSO,R4 and n is 1;

- both R1 and R2 are HNSO,R4 and n is 0;

- both R1 and R2 are HNSO,R4, wherein R4 is methyl and n is 0;

15 - both R1 and R2 are HNSO,R4 and n is 1;

- both R1 and R2 are HNSO,R4, wherein R4 is methyl and n is 1.

It will be apparent to those skilled in the art that compounds of general
formula (I) at least contain one asymmetric center, presently represented by the
carbon atom with an asterisk below, and therefore exist as optical stereoisomers.

20 The present invention is directed to the compounds of formula (I) which
are (-) enantiomers with configuration (S) at the carbon atom represented with
an asterisk below.

The present invention is also directed to the intermediate compounds of
formula (II) wherein the carbon atom represented with an asterisk below

25 shows a (S) configuration.

The compounds of formula (I) show an in vitro inhibitory activity

toward the PDE4 enzyme in the nM range and they are endowed with a

remarkable activity in the lungs upon intra-tracheal administration in an



Cl 3-Cyclopropylmethoxy-4-methanesulfonylamino-benzoic
acid1-(S)-(3-cyclopropylmethoxy-4-difluoromethoxy- phenyl)-2-(3,5-dichloro-pyridin-4-y1)-ethyl ester
C2 3-Cyclopropylmethoxy-4-methanesulfonylamino-benzoic
acid1-(S)-(3-cYOaprypAtAEethoxy-4-difluoromethoxy- pheny1)-2-(3,5-dichloRsTER2p1pspretine4-y1)-ethyl
ester 4-Cyclopropylmethoxy-3-methanesulfonylaminotibenzoic
acid1-(S)-(3-cyclopropylrnethoxy-4-difluoromethoxy- pheny1)-2-(3,5-dichloro-1-oxy-pyridin-4-y1)-ethyl
ester C3 C4 3duBid-methd nefSGmPlamino-benzoicacidl-(S)-(3-
cyclopropyl-methoxy-4-difluoromethoxy-pheny1)-2-(3,5- dichloro-1-oxy-pyridin-4- 1)-ethgl ester C5
3-Methanesulfonyla W@ﬁ@tﬁ%—%&%ﬁi@&cﬂffﬁq&i pulmonary levels in the lungs, being
cycloprony LA MEOW BRI ST B QuiBHId Rcfyd)-etn ester Co

4-Methanesulronylamino- yl-beénzoicaci

cyclopropylmethoxy -4 cdifkaEmet peurephanyhivdd Rde ARtk aenpYhciRdor I &StRE

5 compounds of formula (I) reported below:

Compound Chemical name

(-)-3-Cyclopropylmethoxy-4-methanesulfonylamino-benzoic
C1 acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-
(3,5-dichloro-pyridin-4-yl)-ethyl ester

(-)-3-Cyclopropylmethoxy-4-methanesulfonylamino-benzoic

C2 acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-

(3,5-dichloro-1-oxy-pyridin-4-y1)-ethyl ester

C3 (-)—4-Cyclopropylmethoxy-3 -methanesulfonylamino-benzoic
acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-
(3,5-dichloro-1-oxy-pyridin-4-y1)-ethyl ester

C4 (-)-3,4-Bis-methanesulfonylamino-benzoic acid 1-(3-
cyclopropyl-methoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-1-oxy-pyridin-4-yl)-ethyl ester

C5 (-)-3-Methanesulfonylamino-4-methyl-benzoic  acid  1-(3-
cyclopropyl-methoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-1-oxy-pyridin-4-yl)-ethyl ester

Cé (-)-4-Methanesulfonylamino-3-methyl-benzoic  acid  1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-

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

The above compounds have been conveniently identified as (-)
enantiomers which, however, have (S) configuration at the carbon atom

marked with an asterisk. As such, these same compounds can be also



Advantageously, the compounds of the invention are characterized by selectivity toward LPDE4 higher
than that toward HPDE4, as obtained by the 5 determination of their IC50 values. In the case of
LPDE4, the IC50 is the molar concentration of the test compound producing 50% inhibition of CAMP
disappearanc® %¥48483¥%s described in Cortijo J et al Br] Pharmacol 1998 18828629868. In the
case of HPDEA4 instead, the IC50 is the molar concentration of the test compound WO
2010/089107PCT/EP2010/000676 13 producing 50% inhibition of the binding of [H3] rolipram,
assessed as ddsatifestinspplahtidb Adwigt Jddird Chem 1996; 39: 120125. Preferably, the
HPDE4/1_,PDE4 IC50 ratio for the compounds of the invention is higher than 5, more preferably
higher than 10} even more 5 preferably higher than 20 and most preferably higher than 100. | The
compounds of fepmpadndmay be prepared conventidihéyndcabustimgeto known methods. Some of the
processes whi¢ch can be used are described below and réportedin Scheme 1. 14~ WO
2010/089107PCT/EP2010/0006Z§ dib fmedneehinkthé- prefhanatian foisdampnundsofdrmuld (1)
According to ajparticular embpdiment of the present invention, the compounds of formula (I) ay be
prepared, for examplelfollow|Bgithe synthdtEPPriagiomsepmbes thosshdndafiarmeshaglcohol (3)

may be prepared by reacting ey(1) with.methyldichlatopyridine (2 Route 1 - Racemic
alcohol (3) maybe-separated ?ﬁf‘k}?’,ﬁ%&ﬁdg@ ; %"X} ALY RN R ieh-as by

=) CTIAITtOTTICTS uy NIToOVWTT T umou S, ou'T
reacting the racemic mixture gu@?c;;agp@e},ﬁﬁgg}]Wﬂaﬂe%QMﬁQWMtjg&ggic

diastereoisomers. 10 Such diastéreocisomérs may be separated by crystallization or by
chromatography or b)2neansasfidnzymes aeSrdhgyolopovpyinethiocsy Sublstqoenty e ghiral
auxiliary may be removed from diastereoisomers to give the desired chiral alcohol as a single

enantiomer. A;meg%immh"r%?(én%?dmmﬂm-&féﬁxmppﬁﬁiéi@eﬂ-ﬁ‘@rﬁ@éﬂseéfeéhr omatpgraphy
with a 15 chiral statignary phase, according to known methods (Ref: "Enantiomer Separation
Fundamentals|and Igr??a;tical Iasem)%cgp E&%&?@Bﬁ C e’Wgﬁ aefﬁéfﬁnﬁﬁfﬁ%‘i’éﬁggéﬁé%istm:
Analytical Methods and Pharpagplogy”, 'rWEgWBngbr%ﬁéﬂ&}%ﬁlﬂuoromethoxy~
phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-y1)-ethyl ester

C4 3,4-Bis-methanesulfonylamino-benzoic acid 1-(S)-(3-
cyclopropyl-methoxy-4-difluoromethoxy-phenyl)-2-(3,5-
' dichloro-1-oxy-pyridin-4-yl)-ethyl ester

C5 3-Methanesulfonylamino-4-methyl-benzoic  acid  1-(S)-(3-
cyclopropyl-methoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-1-oxy-pyridin-4-yl)-ethy! ester

Cé6 4-Methanesulfonylamino-3-methyl-benzoic  acid  1-(S)-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-

dichloro-1-oxy-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

5  determination of their ICs, values.
In the case of LPDE4, the ICsq 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. In the case of

HPDE4 instead, the ICsy is the molar concentration of the test compound



In particular, racemic alcohol (3) may be condensed with a chiral acid 20 such as (S)-naproxen and
the obtained diastereomeric mixture (10) may be separated into the two single diastereoisomers (11)
and (13) by chromatography. After cleavage of the single diastereomeric esters by hydrolysis in an
aqueous solveiet ¥ig98a1edholysis in an alcoholic solvent, using acidic or bASIE/ERANMIYAET6
enantiomeric pure alcohol intermediates (-) 25 (12) and (+) (14) may be obtained. Route 2 -
Racemate (4), obtained by oxidation of racemate (3) carried out according to conventional methods,
may be reactegouiieia ghisabacichaushion (SrageatyBiaddesic a£iqIsd] obtripingm rabdessedl o
diastereoisomers (5). WO 20t01089107PCT/EP20101000676 16 By trituration with diethyl ether and
crystallizationdgsarsbibin $deplastisophd paridl/eHrem & orrm P d Yol BO-ddmatographic

separation, single diastereomeric es e obtaingd. After cleavage of sipngle
diastereomeric este B%Fﬁﬁﬁ?r%’ly&ssiﬁr@f@%ﬁﬁ%ﬁﬁ@gﬁtr&?lﬂy Eoﬁ‘cﬁygfyﬂ?g goR I% olvent,
using acidic of Ragig sonditionsy epagiiomerichyre glicenrglipierpagdiatesyd (Aoandfeh(3hargy be

obtained Compounds of general formula () wherein n is 0 may be prepared by reacting the proper
enantiomgric predtreitty) Hidheithaerz0ismicid ¢dbpie fhaily piegenchaf a®@itable strong base such
as lithium diisopropylamide (LDA), NaH or dimethylaminopyridine (DMAP) and in the presence of a
condensing agent sJH?PasCQfEHW@éﬂBQEﬁn@HFPX%ir(ébré%kab@odﬁ?ﬁlt?é?@d%ﬂ&ﬂ@é’@%) or

N-hydroxybenzcotrira(ﬁole {H BT) in as lve tsgjch as i Iororrgetgsaenew%hgr ggrllv%reltsu may t:r)g used,
such as dimef’h)ﬁ‘f)ormn Ide ), e(frg'hyd%?uran ( : Chidis oim, HibxAne oF any other aprotic

solvent knowniéedhesg skilled Uhiheyd 18 Rattigkiaegmbodiment, the reaction may also be carried
out in the absence of solvents. Compounds of formula (1) wherein n is 1 may be prepared by

oxidizing corresponding compounds of formula (I) wherein n is 0 by means of an oxidizing 20 agent
such as 3-chloroperbenzoic acid, peracetic acid or hydrogen peroxide in solvents such as chloroform,
dichloromethane or acetic acid (route B). Alternatively, compounds of formula (I) wherein nis 1
may also be prepared by first oxidizing alcohol enantiomers (+) (14), by means of the aforementioned
operative conditions, thus obtaining alcohol enantiomers (+) 25 (7). Subsequent reaction between the
given alcohol enantiorner with a benzoic acid of formula (15), thus provides the above compounds of
formula (1) wherein n is O (route A). Separation of (+) (7) and (-) (9) enantiomers from racemic alcohol
(4), WO 2010/089107PCT/EP2010/000676 17



in its turn be obtained by oxidation of racetnic alcohol (3), may be carried out by known methods, as
described above for separation of enantionaers of racemic alcohol (3). The skilled person should
be aware that optional variations to the 5synthetic steps reported in scheme | may be applied as well
to the prepardtionrtpIs8166mpounds of the invention. We refer, in particulaP ClOERZ Yoot reactions
that may be performed so as to get the desired compounds or intermediates thereof, as well as to the
choice of operative conditions being adapted, |nclud1ﬁg solvents, optional 10 oxidizing agents,
condensing agents, and the like. As an example, in case chemically reactive substituents are
present in any of the starting materials or intermediates thereof, that might give rise to unwanted side
reactions, suitable protection of those same substituents may be carried out before the reaction takes

place. 15By analogy, subsequent deprotection may be thenCpwied oug, so as to obtain again the
above chemically reactive substituent or group in the free fo Th§ protection and deprotection of
functional groups is described in "Protective Groups in Organi€Xhemistry" 3rd edition, LW. Greene

and 20 P.G.M. Wuts, Wiley-Interscience (1999) and "Protec ﬁg‘Groups" P.J. Kocienski, Georg
Thieme Verlag (1994). According to the present process fg)r the preparation of the compounds of
the invention, and variants thereof, the starting materla%c‘)f fo§ 41; and (2) as well as any
additional reactant [(e.g. of formula (15)], auxiliar of 25 € ral@/ ﬁeet or agent being employed, is
known or may be easily prepared according to known meghpds Tfée present invention also -
provides pharmaceutical compositions of compounds of f 3} in admlxture with one or more
pharmaceutically WO 2010/089107PCT/EP02010/000616 ptalgle carriers, for example those

described in Remington's Pharmaceutical S aradbook Il Ed., Mack Pub., N.Y., U.S.A.
Examples include diluents (such as sucrose{ihannitcs, Iﬁctos stétrches) ;md known e§<C|plents

ﬂ
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5 agents, binders, disintegrants, preservatives, colorants, flavours, lubricants and the like. Time
release capsules, tablets and gels are also advantageous in administering the compounds of the
present invention.  Administration of the compounds of the present invention may be accomplished
according to PEHeAtHEEHY, for example, orally, nasally, 10 parenterally, e.2GuiBeAstAIeOUsly,
intravenously, intramuscularly, intrasternally and by infgision, by inhalation, rectally, .vaginally,
topically, locally, transdermally, and by ocular administration. Various solid oral dosage forms may be

used for administeriner QBB AR B PupAHRIRACHIDEpUsINaRd fabmR amlpiets, gelcaps,
capsules, caplets, granules, lozenges and 15 bulk powders. Various liquid oral dosage forms may

also be used for adnfhsistedingcompomadt ofldre pmwbadoneircloflitheaguestrs dnd soicagubsus
solutions, emulsions, suspensions, sg]lggﬁ]and elixirs. Such dpsage forms can&lé,@ contain known

suitable inert GRTRRARIEHEH ATBH TR s REAIEPGELipteR SEARIPLS piREBWHE e Svetting
agents, sweeg,r}ﬁ%tfilggég%%%%v%@g&%@egiemssf&{%qyisifying and/or suspending the compounds of
! \ .

the invention. The compounds ©of the invention may be injected, for example, intravenously, in the form

of an isotenic sterile Ratinit @IBeh&hqBN pigpasatiprsparediby pessitiley 288&ippusifanes it rectal
administration of the said compounds of the invention may be prepared by mixing the compound with
a suitable exciprihy kdichlesepsdd bgter)-salicylates and polyethylene glycols. Formulations for

vaginal administratiop m e in the form of cre WO 2010/089107PCT/ER20 00676 19 gel,
paste, foam. or soralt Bl Rutec BRI A ST e BRI AR e tdoBY cHiters,
For topical adpipjstiatiafb-tie £BY RRcRHIGALERIBROSHANSMAY e i e T ol Bieamis. fatments,
liniments, lotions, emulsions, suspensions, 5 gels, solutions, pastes, powders, sprays, and drops
suitable for admithisiraticabietiohiskinaeydisgyr trusoebtainpigabhanhhinistraiiodi asasradtdedmentke
transdermal administration, e.g. by means of transdermal patches. For the treatment of the

diseased &f theYel pirdieHF IR EAmME EomBBhd D61 tHisRatatssbn bre prevstabizatipminiErel by
inhalation. 10%3%@1[&[&}?{3 ati)onso'#pclr% igh%lpbé%ﬁ%vgergbgrg Frllﬁm{bc t%ivrelirrl]g me%ior&g
ellant-free’in it : \

aerosols or prop alable formufations. or administratiori as a dry powder, kKnown
single- or muli@iosg; iialersthayxkiedtigedidnihahoase teepRwder oiaydiasfiiedisoastatine, plastic
or other capsules, cartridges or blister packs or in a reservoir. 15 A diluent or carrier, generally
chemically inegtwe tthe cdaspashdhofihalnobatiors eigsinglosemamdignathe rAddelitiot eeliyabtbdor

improving the respirable fraction may be added to the dered compounds of the inventjon.
Inhalationaer&é‘(‘) ﬁﬁ?ﬂéﬁr@&ﬁ%ﬁﬁg% f L850 vé)c? \gy means oP cgromatography with a

15 chiral stationary phase, according to known methods (Ref: “Enantiomer
Separation: Fundamentals and Practical Methods” F. Toda, Springer-Verlag
2004; “Drug Stereochemistry: Analytical Methods and Pharmacology”, Irving
W. Wainer, CRC Press, 1993). |
4 In particular, racemic alcohol (3) may be condensed with a chiral acid

20 such as (S)-naproxen and the obtained diastereomeric mixture (10) may be
separated into the two single diastereoisomers (11) and (13) by
chromatography. After cleavage of the single diastereomeric esters by
hydrolysis in an aqueous solvent or by alcoholysis in an alcoholic solvent,
using acidic or basic conditions, enantiomeric pure alcohol intermediates (-)

25  (12) and (+) (14) may be obtained.

Route 2 - Racemate (4), obtained by oxidation of racemate (3) carried
out according to conventional methods, may be reacted with a chiral acid such

as (S)-acetylmandelic acid so obtaining a mixture of two diastereoisomers (5).



hydrofluoroalkanes may contain the compounds of the invention either in 20 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 oVthéaEAtEn may be in form of solutions or suspensions in BATARRIOUS0BE alcoholic or
hydroalcoholic medium and they may be delivered byjlghown jet or ultrasonic nebulizers or by soft-mist
nebulizers such as Respimat(r). = The compounds of the invention may be administered as the sole

active agent oBin coimpitasionwiith ehiethy meiReptheidhayRaceriicanacive Went such as
2010/089107PCT/EP2010/1100676 20 ingredients including those currently used in the treatment of

respiratory diséRISEDa1q).18thagehists reettiznsterotddnrthmanatggepists sepafieodosagekeof the

compounds ofdthetinvention maY de g%{lé‘gﬁ%a vari%(%/ f factors including the particular disease to
be treated, the STty BF &°tfhi& %%25  t1é POte St it tétration, the frequency of the dosage

interval, the particulq&ﬁgmgggggalé@izgp,gﬁ&%fi@ggte%%%y peefile, g&ld%%%ﬁr%etﬁproﬁle of

the compound. Advantageously, the compounds of formula (I) may be a or example,
at a dosage camprinedsbéteseortby0dl esito1 P66 mgidailc phefiécadyEahelvisgnidiarnd bGg/day.
When they are administered by inhalation route, the dosage of the compounds of formula (1) is
advantageoustRotHpRsc BB ARBSDOR ES IR/ datprpredirien/ (b e amd (- h () T0avidreay.
Preferably, the gp%%%unds of formula (I) alone or combined with other 15 active ingredients may be
administered for the prevention and/or treatment of any obstructive respiratory disease such as

asthma, chronic broms5isngisheeric S SRR MPRARK diease (FORD)y. pridgieuctihe
0

compounds of formula (I) may be administered for the prevention and/or treatment of any disease
wherein the attiviting BREt operecapiomsisimplicatecl dmdl ihibititn bé ROk aeice(16) antility is
desired, or a disease state which is mediated by PDE4 activi.té (for instance a disease state in which

PDE4 is'Qverd¥frE85EdWr HIMRRLR S TEMRE BRIS TSIt R iAtRARFOPME AT s EhB dates

poeihntanes ol R R Y H R B

eosinophilic granuloma, 25 psoriasis, inflammatory arthritis, r

ulcerative colitigefirehols diseasehigpefastminjylaal e rynaqedibodaigiBa iy GRyenisride
glomerulonephritis, endotoxic shock, cystic fibrosis, arterial restenosis, atherosclerosis, keratosis,

rheumatoid sEHfyiitis O5steddritinexyPenzzgtiormsde 10BOR/EP2010/G006P6v20Nt  such  as

dichloromethane. Other solvents may be used, such as dimethylformamide
15 (DMF), tetrahydrofuran (THF), chloroform, dioxane or any other aprotic
solvent known to those skilled in the art. In a particular embodiment, the
reaction may also be carried out in the absence of solvents.
Compounds of formula (I) wherein n is 1 may be prepared by oxidizing
corresponding compounds of formula (I) wherein n is 0 by means of an oxidizing
20  agent such as 3-chloroperbenzoic acid, peracetic acid or hydrogen peroxide in
solvents such as chloroform, dichloromethane or acetic acid (route B).
Alternatively; compounds of formula (I) wherein n is 1 may also be
prepared by first oxidizing alcohol enantiomers (+) (14), by means of the
aforementioned operative conditions, thus obtaining alcohol enantiomers (+)
25 (7). Subsequent reaction between the given alcohol enantiomer with a benzoic
acid of formula (15), thus provides the above compounds of formula (I)
wherein n is 0 (route A).

Separation of (+) (7) and (-) (9) enantiomers from racemic alcohol (4),



pyresis, diabetes mellitus, pneumoconiosis, toxic and allergic contact eczema, atonic eczema,
seborrheic eczema, lichen simplex, sunburn, itching in the anogenital area, alopecia areata,
hypertrophic scars, discoid lupus erythematosus, systemic lupus erythematosus, follicular and
wide-area 5 pyBd8#AIaL%8ndogenous and exogenous acne, acne rosaceak GEEmsig/ diegase,
anaphylactoid purpura nephritis, inflammatory bowel gisease, leukemia, multiple sclerosis,
gastrointestinal diseases, autoimmune diseases and the like.  They also include neurological and

psychiatric disarderaustabeasbidzheimsr's diseasa, AruRiemselerosid 1)/ ol rpedareRis (ikS),
multiple 10 systems atrophy (MSA), schizophrenia, Parkinson's disease, Huntington's disease, Pick's
disease, deprb¥sibnostrokactiedspinal dosdiitjady. abovhefpresepaintionticrf withamiohefarther
described by way of, the following examples. EXAMPLE 1

15Preparatioﬁaff-rf§fc§/l&8léf’d ethoxy-4-difluoromethoxy-

phenyl)-2-(3,5-diehl@;&-pﬁ@jgeﬁ- L be ARG Gf ogtion%l variations to the .
3-cyclopropylmethoxy-4-difluoromethoxy-benzaldehyde (5.00 g) and 3,5-dichloro-4-methylpyridine

(2.57 g) is 50sphthyticEepascpotad th-séken2 Jolichpdassppiiet istenide t6BHO Kreh 9adwas
added portionwise maintaining the temperature between -30C and -20C, thus obtaining a dark red
solution. AftePédRfpRABRV1RE afidhfomertiaiture was stirred at -30C for Ih. A saturated aqueous

solution of NH4C1 (50 ml) was.then added tg the reaction mixture, maintaining the temperature
between -5C and -1%%5. %%55‘%&8?%@%7@%&% n°m %ﬁj?g]ﬁ?ﬁ?&?{l& )}g%\ﬁlgy b?HéeFE was then
extracted with EBAG, bRe AOUGHRYSEMASHIRE QrermlaardhRIGIREIHVENINAS LVaperated off.
The residue was treated with 30 ml of a mixture of petroleum ether/ EtOAc =8/2; the precipitate was
WO 2010/0891®i P HE Rpo 100636 di8 ditterbeiagd aldmstedbtaining .8 3sg lofetits, tivptongdound

that was employed in the next step without further purification. MS/ESC 404 406 [MB] +. EXAMPLE 2
5Preparlion SR (L RETBEYIARAABRS RS RGBS nTatA dh- like.

phenyl)-2-(3,5-diChRgoghO&Q%QQé?-Iﬂﬁyé)égethgﬁleo%%;ﬂly reactive substituents are present in
any of the starting materials or intermediates thereof, that might give rise to
unwanted side reactions, suitable protection of those same substituents may be
carried out before the reaction takes place. |
15 By analogy, subsequent deprotection may be then carried out, so as to
obtain again the above‘ chemically reactive substituent or group in the free
form.
The protection and deprotection of functional groups is described in
"Protective Groups in Organic Chemistry” 3rd edition, T.W. Greene and
20 P.G.M. Wuts, Wiley-Interscience (1999) and "Protecting Groups", P.J.
Kocienski, Georg Thieme Verlag (1994).
According to the present process for the preparation of the compounds
of the invention, and variants thereof, the starting materials of formula (1) and
(2) as well as any additional reactant [(e.g. of formula (15)], auxiliar of
25  chirality, solvent or agent being employed, is known or may be easily
prepared according to known methods.
The present invention also provides pharmaceutical compositions of

compounds of formula (I) in admixture with one or more pharmaceutically



Compound (3) (13.0 g) was dissolved in CH2C12 (250 ml) then m-chloro perbenzoic acid (16.5 g) was
added and the resulting solution was stirred at room temperature for 2 hours. Na2S203 (25.4 g) was
added and the mixture 10 was vigorously stirred at r.t. for 1 hour. The solid residue was filtered off,
the solution WA® ’HaH8#LHTith IN NaOH (3x100 ml) then the organic phase wasmtien/oyendNa2S04
and the solvent was evaporated off to give 10.3 g of thg desired product (4) as a white solid that was
used in the next steps without further purification. 15MS/ESL' 420-422 [MH]+ EXAMPLE 3

PreparationofAcetpipipleenydaacieticaciddr(3-example  those described in  Remington’s
cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3,5-dichloro-I-oxypyridin-4-y1)-ethyl ester (5,
mixture of diadterigRasHEiSpbScsRprsuHaTdh ok oX Y (Biladda sk dndelitlalid (B22Y), 1-ethy1-343-

dimethylamino propy{lcarbodiimide hydrochloride (18 g) and 4-dimethylaminopyridine (2.89 g) were
dissolved, under N2 gtﬁglsgf%ré?%ug{ﬁ/ %ﬁ-‘l‘f&*fz(f%% r?ﬁsl?uf’ ﬁ%s?eé%ﬁ\éﬂlf‘ﬂg{t&‘ét%& SHHERFA! room
temperature O4gENIghb W Yxaghieaus SRR NakcRR{g0qphiwas t eous
phase was extracted with CHZg?Z (3 x 100 mll). hetcbgmbin%d (ﬁi.gg%r%:!c por?ggeﬁsz v%ggrge gﬁé%(?r (g/%r
'Na2S04 énd thgestdyénbders, elapuregetchty) dae sedusitdgsrassoratosgifletbertileubeopatingh®) as

mixture of two diastereoispmers (32 g); separation of the two diastereoisomers is described in
Examples 4 afiis 1o S816/d8tas7peepruten1ehiobe 28 2elR mppiatsa advantageous in

Preparationof()- yl-aceticacid . .

cyclopropylm&ﬁ@&%@ﬁ%ggﬁﬁe{ 02 (-)blﬁgrswols-t iggﬁ%lbr}g?f-%%pyridin-4-y1)-ethy| ester (6) 5The
crude diastereomericAaixisie a2 tvastridmisshwith BRAHOpraydpsopicaiasand filtered. The
procedure was repeated four times in order to obtain a solid mixture enriched in diastereoisomer (6).
This solid was?¢ggrplzgiefforcirn@ingdonlpatidiiitenedds, gifier 9 SSmpleompalimg (6)saltly,

diastereawericlguritty >z§ %. The diastereomeric purity was determined 10 by HPLC analysis and by
analytical ChirBFEPTE BoformEdon CARREMABEPESIImn (EYEAYTa RN witH@RaREsRsIBpanol

4060, fow 045 BUIBIFCIEN ST AT MRIRSIS SRS A NI (300 Ui

DMSO-d6) ppm 8.57 (s, 2°H), 7.27- 7.44 (m, 5 T 1> 6.79
(m, 2 1-1), 5.95¢dHy] trhn5dabriallly Hind B (deh i d3a60i {deibi) Vaddusldofididra1 2fotdgel H),

2.13 (s, 3 H), 1.07- 1.31 (m, 1 H), 0.48 - 0.72 (m, 211), 0.21 -0.44 (m, 2 H)
forms may be used for administering compounds of the invention including
such solid forms as tablets, gelcaps, capsules, caplets, granules, lozenges and
15 bulk powders.

Various liquid oral dosage forms may also be used for administering
compounds of the invention, including aqueous and non-aqueous solutions,
emulsions, suspensions, syrups, and elixirs. Such dosage forms can also
contain known suitable inert diluents such as water and known suitable

20  excipients such as preservatives, wetting agents, sweeteners, flavours, as well
as agents for emulsifying and/or suspending the compounds of the invention.
The compounds of the invention may be injected, for example, intravenously,
in the form of an isotonic sterile solution. Other known preparations are also
possible.

25 Suppositories for rectal administration of the said compounds of the
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,



[ct]0= +14 (c=0.54, Me011) EXAMPLE 5 20Preparation of
(+)-1-(3-Cyclopropylmethoxy-4-difluorometboxy- pheny1)-2-(3,5-dichloro-l-oxy-pyridin-4-y1)-ethanol (7)
Compound (6) (6.42 g) was suspended in methanol (350 ml) then a saturated solution of NaHCO3
(175 ml) was ¥dH&d 0P8 0xhite suspension was vigorously stirred at room emuparatw@avernight The
reaction mixture was 25 diluted with CI-12C12 (700 Ib and washed with a 5% aqueous solution of
Nal-1CO3 (300 ml); the aqueous phase was extracted with CH20.2 (2 x 300 ml), the combined organic
(r}#acuu . The crlﬁde white

[

layers were dried over Na2S04 and the solvent was evaporated off. und

soid obtainod bk Btk ate o D10 01 VoA REHUB8T6 B4 o Bl oA db0Rr End
filtered to giveid B8 @ afcempaiithnal with-arantiomeric purity >99%. The enantiomeric purity was
determined by analytical chiral HPLC performed on Chiracel OD column (isocratic elution with

hexane:isopropanol 3017 0 fieal a8 mishiatietethiorptiaTenac@ABamin)osMSIERIM2 22 DEMB]  '1H
NMR (300 MHz, DMSO-d) ppm 8.51 (s, 2 H), 7.11 (d, 1H), 7.05 (d, 1 H). .88 (dd, 1 H), 7.01 (t, 1 TO,
5.59 (d, 1 1-1)‘,@&8@’(821,‘1 HFeaB6,(RIRIPRAD S g A i e s, LU TR SIS 9D GREPEMYOLD3 - 1.35

(M, 1 1), 5405305 MuiohY): Dates Otilies p e IRT RIS leRE) Al G

Preparatlonof(%-)-Acetoxy-p e y-acet%am

cyclopropylmeihottye4 shifuoreyestharxy-mheamyds-2 A3 Hdlic aiaihiewapisidindry LxiethyiRaerdS)
transdermal administration, e.g. by means of transdermal patches.

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

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

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

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

Inhalation  aerosols  containing  propellant gas such  as
hydrofluoroalkanes may contain the compounds of the invention either in

20  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,

25  alcoholic or hydroalcoholic medium and they may be delivered by known jet
or ultrasonic nebulizers or by soft-mist nebulizers such as Respimat®.

The compounds of the invention may be administered as the sole active

agent or in combination with one or more other pharmaceutical active



15The crude diastereomeric mixture (5) was triturated with Et20 (100 ml), sonicated and filtered. The
procedure was repeated four times, and the filtrates were collected and evaporated under reduced
pressure to give a solid mixture enriched in diastereoisomer (8) that was crystallized from iPrOH (100
ml) to give 6. X¢P3PEEIRPGUNd (8) as a white solid with diastereomeric puritpSP8vs0 2@ Hlaes
diastereomeric purity was determined by HPLC analysjs and by analytical chiral HPLC performed on
Chiracel OD column (isocratic elution with hexane:isopropanol 40:60, flow 0.45 ml/min, retention time

5 ), 25 720 0 UG B A ) D068 (AT R 7 08 . b O T g e s (P o
(dd, 1 H), 3.89sislabek) e 3330l doltis3 I (dbsletbidd. 8RB hidebnadke8 (m, 1 H), 0.50 - 0.71

(m, 2 H), 0.21 -0.47 (m, 2 H) [cl]p r- '26 (c=0.55, MeOH) WO 2010/089107PCTTEP2010/000676 25
EXAMPLE 7 PrepPagadosages of the compounds of the invention may depend upon a

(-)-1-(3-Cyclopropylmethoxy-4-difluoromethoxyphenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-y1)-ethanol (9)
Compound (BYLA8 G WAL s BB FECHATIT S AHAEh & DS Al TR ABPINAACOS (05

mi) was addeg, ;T Q;«éﬂdm@&élfseﬁésmwa%v'%Qfmlm{f&g atiRORGIRRIAIYE fAE Zamgé- The
reaction mixture was diluted’ with CH2C12 (700 ml) then a 5% aqueous solution of NaHCO3"(300 ml)
was added andtdie ihdisep arecstpariat diielagiieosd phastiveas extadtedoghpedfAe 12n@ x 100
ml), the combined organic layers were dried 10 over Na2S0O4 and the solvent was evaporated off
under vacuurpEraasolineisesitesptahfesomaottdrated twice with Et20 (50 in!) and once with

CH2C12 (20 ml), then was filtered.to give 0.74 g of co und (7) with enantiomeric purity 299%. The
enantiomeric purity (ﬁ‘é‘é’ %%?&ﬁ%‘ﬁ%% b?/i)aen%?ﬁggflgﬁ%a%f@uégrfo met (?’neéﬁf%lggé ﬁ%g Umn

(isocratic elut&&&%mt@bsmge&% PRIOHRWRY 0.88 MmN seientienitigesTedé-AvRN).
MS/ESI+ 420-422 NH|{ +  '1H NMR (300 MHz; DMSO-d6) ppm 8.51 (s, 2 H), 7.11 (d, 1 H),"7.05 (d, 1

H), 6.881(@d, betweRAD(1, 4nd ) BOS gddayH), 4.84 (dt, 1 H), 3.89 (dd, 1 H), 3.84 (dd, 1 H), 3.18 (dd, 1
H), 3.02 (dd, 1 H), 1,08 - 1.32 (m, | H), 20 0.47 - 0,66 (m, 2 H), 0.26 - 0.45 (m, 2 H) [a]p =.-61 (c=0.5,
MeOH) EXAMPLE gWhen they are administered by inhalation route, the dosageé of the
compounds of formula (I) is advantageously comprised between 0.01 and 20
mg/day, preferably between 0.1 and 10 mg/day.
Preferably, the compounds of formula (I) alone or combined with other
15 active ingredients may be administered for the prevention and/or treatment of
any obstructive respiratory disease such as asthma, chronic bronchitis and
chronic obstructive pulmonary disease (COPD).
However the compounds of formula (I) may be administered for the
prevention and/or treatment of any disease wherein the activity of PDE4
20 receptors is implicated and inhibition of PDE4 receptor activity is desired, or a
disease state which is mediated by PDE4 activity (for instance a disease state
in which PDE4 is overexpressed or overactive). Examples of such diseases
include: allergic disease states such as atopic dermatitis, urticaria, allergic
rhinitis, allergic conjunctivitis, vernal conjunctivitis, eosinophilic granuloma,
25  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, atherosclerosis, keratosis, rheumatoid spondylitis, osteoarthritis,



2-(6-Methoxy-naphthalen-2-yl)-propionicacid
cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3,5-dichloro-pyridin25 4-y1)-ethyl ester (10, mixture
of diastereoisomers 11 and 13)  Compound (3) (12.0 g) was dissolved in DM-F (100 ml) then
(S)-2-(6- metWdxeHEtiAalen-2-y1)-propionic acid (7.5 g), 4-dimethylaminepymemes(@&g) and
1-ethy1-343-dimethylarninopropyl]carbodiimide hydroghloride WO 2010/089107PCT/EP2010/000676
26 (5.7 g) were added. After stirring at rt for 4 hours, water (1000 ml) is added. The mixture was
extracted wit ( ombi rganic la r er j te and the
solvent was &Zt%égfe??%%%édﬁ?@g ll:Il c’e'g%ér%?s%ol%(g%? g‘éb)r(g ?f(%%go%?%%/lll%wﬁ?ﬁgg (%&s@ta 1zed from
EtOH thus obtaibiig Fkéntaof dbpditipetonepoeind asiolisiure pipliasteiacens (tdhard (1 3he

11-1 NMR (200 MHz, CDC13) ppm 8.43 and 8.60 (2s, 114 each, 214), 7.51-7.68 (m, 311), 7.10-7.23
(m, 3H), 6.858198gpitdH) 26581 -6 BBNRTIA H RG22, 6. TyaelIaptE F23c&.80-6lisoid 1HYp893-3.95
(s, 31-1, OCH3), 3.72-3,84 (m, 21-1), 3.07-3.57 (m, 314), 1.42-1.45 (d, 3H, CH3), 0.94-1.25 (m, 101H),
0.51-0.67 (m,%’{%?ﬁ%ﬁih. 6 (S5 fS RS, ﬁ&]]é‘%%‘i‘fi}?ﬁﬁ Eﬁw{% gand wi s
(+)-2-(6-Meth %aéﬂﬁ%[e@ﬁ%ﬂééfﬂ{ﬁsoW%ge]ﬁ&%§$@99r%@ﬂle rosacea, Beghet's djsease,
methory-4-difiiorounethoxy-pheny1)-2-(3,5-dichforo-pyridin-4-y1)-ethyl 15ester {second eluted
diastereoisomanthg)actoide porppeandaphsiitalaiadinom thergiabteredrnéiie anestureuiegxiample 8 by
HPLC separation using a Daisogel 10 pm, 50x300 mm column; eluent: )
n-hexane/metALtEESRIEIOHIE ERFO By CalHEHOM BRR90s/ R U tgisumBne siIAses cloarththesbleng per

injection; elution timﬁroma}élotoi%%l@'g. %O J%‘f C(}ICI:%?ted f actior(}\%.wterge e af)o?etresd an th% residue
was crystallized from n‘-al}{exane/isopropyl-ai%orhof.)g N ('R?éf f—?z, €p h (3,5214),

3o

7.68-7.75 (m,Xﬂz‘b)ei&%&s7d5§e£i§b,LHME@Z-Z@&&iélﬁﬁlé%téﬁm&lé)(&@@? LdkpidH),
6.73-6.78 (dd, 114), 6.67-6.68 (d, 111), 6.60-7.35 (t, 1H, CHF2), 5.99-6.06 (m, 114}, 253.84-3.87 (m,

4H), 3.4703.55)ste1a3 4 RtBo3DB. A MBIA) 1 HE 82D 8201 6in, AdKink@8s1 8l ¢dsGH HHB R @ ®6s1.03 (m,
1H), 0.43-0.52 (in, 2H)15'0'13_8"21 (in,§14). MS/ESI|+ 616, 618 [MMJ [ail).= +52.8 (c=0.5, MeOH)
disease, Pick's disease, depression, stroke, and spinal cord injury.
The present invention will now be further described by way of the

following examples.

EXAMPLE 1

15 Preparation of 1-(3-Cyclopropylmethoxy-4-difluoromethoxy-
phenyl)-2-(3,5-dichloro-pyridin-4-yl)-ethanol (3)

A solution of 3-cyclopropylmethoxy-4-difluoromethoxy-benzaldehyde
(5.00 g) and 3,5-dichloro-4-methylpyridine (2.57 g) in 50 ml dry THF was
cooled to -30°C.

20 . Solid potassium t-butoxide (tBuOK, 1.96 g) was added portionwise
maintaining the temperature between -30°C and -20°C, thus obtaining a dark
red solution. After completion of the addition, the mixture was stirred at -30°C
for 1h. A saturated aqueous solution of NH,CI (50 ml) was then added to the
reaction mixture, maintaining the temperature between -5°C and -10°C. The

25  color of the reaction mixture turned to yellow.

The mixture was then extracted with EtOAc. The organic layer was
dried over Na,SOy and the solvent was evaporated off. The residue was treated

with 30 ml of a mixture of petroleum ether/ EtOAc =8/2; the precipitate was



WO 2010/089107PCT/EP2010/000676 27 EXAMPLE 10
(+)-2-(6-Methoxy-naphthalen-2-y1)-propionicacid '
cyclopropylmethoxy-4-difluoromethoxy-plieny1)-2-(3,5-dichloro-pyridiu4-y1)-ethyl ester (first eluted
diastereoisonve®)2(1dp®ibe compound was isolated from the diastereomeriemigirye/oérxample 8 by
HPLC separation using a Daisogel 10 p.m, 50x300 column; eluent:
n-hexane/methyl-tert-butyl-ether/isopropyl-alcohol: 9079.9/0.1; flow: 80 ml/min.; loading: 300 mg per

injection; elutign time: from,7-to 10 min.. Th lected fractions were evaporated and the residue was
crystallized frgrﬂnt%l[%r?;ég%gﬁ?é[g%%%f/ -151%(31'0 80 be ﬁltt-rw&}f%l& %%?86%3@%" ccg% (s,
211), 7.64-7.8thmexl Siep - BEtE QA untAED phr2Behi8idd, 111), 7.14-7.20 (m, 3H), 6.68-7.42 (t, 1H,

CHF2), 6.93-6.98 (m, 2H), 6.00-6.07 (m, 1H), 3.88-3.92 (m, 411), 3.71-3.84 (m, 211), 3.39-3.51 (dd,
1H), 3.16-3.25 (dd, IV/ASE340474@6 $MHCHS), 151.08-1.23 (n, 111), 0.50-0.59 (m, 211), 0.34-0.26

(m, 2H). MS/ESI+ 616, 618 [aJD +45 (c=0.5, MeOH) EXAMPLE 11
(+)-1-(3-Cyc|opropylﬁé@%:% uoromethoxy-pherty0-2-(3,5- 20dichloro-pyridin-4-y1)-etbanol (14)
To a suspension of (p)-25(6: oxy--paphthalen-2-y1)- joni id-1-(3- ﬁl) ropyl :
methoxyfAfBe-difluoromgth%)xy-gﬁ%ﬁyl)-z- 5d@h@§ﬁé¥§ﬁ%§ﬂﬁ§%§é£ﬁ %?1%%%5’%{ Frethanol
(110 ml), potagsieny Ip2-ly3iexitie ot @)l WS Hpiped i A he v wiingn@iXwye was stirred at rt for 2 hrs,

obtaining a clear solution. 25Water was slowly added under stirring to incipient precipitation (turbid

solution).  After stirfigFerfsttor @3 Hig) thasplésspltaeddindhitivds (Eden Wdstem vathorater and
dsohe i HORRIRLISBTY) T Sobon s ied uersodum suplels s s
room temperature for 2 hours. Na,S,0;3 (25.4 g) was added and the mixture
10 was vigorously stirred at r.t. for 1 hour. The solid residue was filtered off, the
solution was washed with 1N NaOH (3x100 ml) then the organic phase was
dried over Na,SO,4 and the solvent was evaporated off to give 10.3 g of the
desired product (4) as a white solid that was used in the next steps without

further purification.

15 MS/ESI" 420-422 [MH]"
EXAMPLE 3
Preparation of Acetoxy-phenyl-acetic acid 1-(3-

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

20 Compound (4) (19.95 g), (S)-acetylmandelic acid (9.22g), 1-ethyl-3-[3-
dimethylamino propyl]carbodiimide hydrochloride (18 g) and
4-dimethylaminopyridine (2.89 g) were dissolved, under N, atmosphere, in dry
CH,Cl; (300 ml). The reaction mixture was stirred at room temperature
overnight. A 5% aqueous solution of NaHCO; (200 ml) was added and the

25 aqueous phase was extracted with CH,Cl, (3 x 100 ml). The éombined organic
phases were dried over NaZSO;‘ and the solvent was evaporated under reduced
pressure to give the title compound (5) as mixture of two diastereoisomers

(32 g); separation of the two diastereoisomers is described in Examples 4 and 6.



was crystallized in chloroform/ hexane=1/2.5 to obtain 8.1 g of white solid. 111 NMR (200
MHz, CDC13) ppm 5 8.45 (s, 2H), 7.19-7.08 (d, 1H), 7.06-7.00 (d, 1H), 6.95-6.85 (dd, 1H), 6.99-6.24
(t, 1H, CHF2), 5.18-5.00 (m, 1H), 3.98-3.78 (m, 2H), 3.54-3.35 (m, 1H), 3.31-3.15 (m, 1H), 2.04-1.94
5(d, 1H, OH)WPR2£014/08410f, 1H), 0.75-0.53 (m, 2H), 0.50-0.29 (m, 2H). MSIEBEPA0HIWEE [MH]+. [a]p
=+9.35 (c=1, CHC13), EXAMPLE 12 23
(+1-(3-Cyclopropylrnethoxy-4-difluoromethoxy-pheny1)-2-(3,5- 10dichloro-pyridin-4-yl)-ethanol (12)
Starting from diasteregigqmsr 14). following the procedure of Example 10, alcohol (12) was obtained.
MS/ESI+ 404, 406 [MR] -F. Talp = - 9,15 (c=1, CHCI3) 15EXAMPLE 13 Preparation of alcohol (7) by
oxidation of alcohol PiparGiampounad{14) (I-6)gAwel disgpdivayimCitRC12 (300dm1). 20¢8-m-Chloro
perbenzoic acid (5.4 g) was added and the resultinglﬂiolution was stirred at room temperature for 18

hours. Solid 38 pyinethontet-sifaw vora sty iy Was Gotibishiestnt® syt t. for 30

mm. The solid rer%igug _aﬁ_f&grqdeg{feysj&airganic solution was diluted with additional 100 ml of
CH2C12 and XWashed with aqueous saturated NaHCO3 solution (3x100 m1). The organic phase was

dried ovey Na2SO4 @Rd the:ge\aatwasopyanerategtafe T(m residyewas friturated it k0Ag,(30 ml) to
give 1.9 g of the desired product 7 as a 25 white solid, which was used in the next step without further

purification. (100 ml)1saMeriedamHileDah 31 bpr®@aarire2wps7 repertgl (doun tine07.02 (d,
1H), 6.92-6.83 (dd, 1H), 7.01-6.22.(t, 1H, CHF2), 5,10-4.96 (m, 11-1), 3.96-3.84 (d, 2H), 3.45-3.29 (m,
1H), 3.23-3.09" Fiﬁ)‘?‘%*?é&-%i#’(@,%é%f@fd%@%ﬁ RSO 6&)‘?56@82%‘%? i) Wag11 67

(M, 1H), 035-0-951 s 24 30 rE5H 8 6 1hhy MriFfiRc#68 1828 WBll6% [BIBFc S Puieg 46y MeOH)
with diastereomeric purity >95%. The diastereomeric purity was determined
10 by HPLC analysis and by analytical chiral HPLC performed on Chiracel OD
column (isocratic elution with hexane:isopropanol 40:60, flow 0.45 ml/min,
retention time = 27.2 min).
MS/ESI" 596, 598 [MH] "
'lH NMR (300 MHz, DMSO-d6) ppm 8.57 (s, 2 H), 7.27 - 7.44 (m, 5
15 H), 6.91 - 7.18 (m, 1 H), 7.03 (t, 1 H), 6.71 - 6.79 (m, 2 H), 5.95 (dd, 1 H),
5.85 (s, 1 H), 3.72 (dd, 1 H), 3.60 (dd, 1 H), 3.41 (dd, 1 H), 3.23 (dd, 1 H),
2.13 (s, 3H), 1.07 - 1.31 (m, 1 H), 0.48 - 0.72 (m, 2 H), 0.21 - 0.44 (m, 2 H)
[a]p= +14° (c=0.54, MeOH)
EXAMPLE 5

20 Preparation of (+)-1-(3-Cyclopropylmethoxy-4-difluoromethoxy-
phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)-ethanol (7)

Compound (6) (6.42 g) was suspended in methanol (350 ml) then a
saturated solution of NaHCO; (175 ml) was added. The white suspension was
vigorously stirred at room temperature overnight. The reaction mixture was

25  diluted with CH,Cl, (700 ml) and washed with a 5% aqueous solution of
NaHCO3 (300 ml); the aqueous phase was extracted with CH,Cl; (2 x 300 ml),
the combined organic layers were dried over Na,SO, and the solvent was

evaporated off under vacuum. The crude white solid obtained was triturated



EXAMPLE 14 SPreparation of alcohol (9) by oxidation of alcohol (12) Alcohol (9) may be obtained
following the procedure described in Example 13, using alcohol (12) in place of alcohol (14) as starting
material. MS/ESI+ 420, 422 [1VE1{] =-60.6 (c=0.5, MeOH) 10EXAMPLE 15 Preparation of
(+3-CyclopropVih?ethesgL%-methanesulfonylaminobenzoic acid PCT/EP2010/000676
1-(3-cyclopropylmethoxy-4-difluoromethoxy-pheny1)-243,5- dichloro-1-pyridin-4-y1)-ethyl ester (ClI)
Stepl:3 -Cycl opropylmetho xy-4-(N-tert-butoxycarbonyl-N- 15
methanesulfonyithaBitifdbehzricaciol}-(@ndydnmsanpy ety -4:88 ¢ of compound (7) with
difluoromethoxy-pheny1)-2-(3,5-dichloro-pyridin-4-y1)-ethyl ester 1-Ethy1-3 -[3 -dimethylamino
propyl]carbodifRdATFHENIBHEEY( 2887 wakhgd darindiarsetitiopwiigicohas (1té2n0inyd4-bgimethyl
aminopyrid in -cyc lo methoxy-4-(N-tert- 20 . . .
butoxycarbon%g%l-%t?egt%gﬁéﬁru kon%ﬁnﬁﬁ%&ﬁ?&@ﬁcéh&?@%‘) RRSCLPE Sispstntin) atutionnder
nitrogen atmosglipe e v agl Bt Ight, Ixture ith,5% aqueous HC1
(2 x 100 ml); the org aﬁ%nsr?ggﬁ%i%gp?ré@éﬁ%ﬁ%&iﬂ%ﬁg ’allggﬁ}g@(? %%%Ve%%go%qﬁgh of

NaHCO3 %2 x 100 mYSitesl 0¥20NEZS[MENG evaporated to 25 dryness. The crude was purified by

flash chromatograph'){zﬁn silica 2e1l in gradient elution (hexane/aOAc 10/1 to 6/4) to afford 1.4 g of the
title compound. Step 23PYepRrad0A &g, DMSO-d6) ppm 8.51 (s, 2 H), 7.11 (d, 1 H), 7.05

3-Cyclopropylmet -4-(N-tarf-buiexy yl-N:= n fony1)-

2010/089107I§%T{/]I§§1<}; '1%#0%8 696% ififﬁgz?béﬂéﬁc%ta@ﬁ“f WX @, 1 1), 3.89 (@, 1
1-(3-cycI0proaybr,nemm&-diﬁw)zrgmgtmeay-pb@nyslba-éao@-ﬁmlomy@yﬂ@i@s‘la‘&)'?t | gsigr (1.4 9)
was dissolved in CH2CI2 (140 m1). A 4M solution of HCI in dioXane (40 ml) was added and the
resulting mixt@& Wes.strked @24t -1Brdtd (mouPsHhe reaction mixture was then evaporated to dryness

5 and th Oresidue Wgs ritgrg_t in i_I?é‘OH (50 mliand subsequently in Et01-1 (50 ml) followed by Et20
Sij)cﬁ C pg‘h“n ?@M?Q}Iéﬁ tical characterisation of Cl is reported in Table 1.

(70 ml) to"afford 0.8
EXAMPLE 6

Preparation of (+)-Acetoxy-phenyl-acetic acid 1-(3-
cyclopropylmethoxy—4-difluoromethoxy-phenyl)-2~(3,5—dichloro~1—oxy-
pyridin-4-yl)-ethyl ester (8)

15 The crude diastereomeric mixture (5) was triturated with Et,O (100 ml),
sonicated and filtered. The procedure was repeated four times, and the filtrates
were collected and evaporated under reduced pressure to give a solid mixture
enriched in diasteréoisomer (8) that was crystallized from iPrOH (100 ml) to
give 6.4g of compound (8) as a white solid with diastereomeric purity >99%.

20  The diastereomeric purity was determingd by HPLC analysis and by analytical
chiral HPLC performed on Chiracel OD column (isocratic elution with
hexane:isopropanol 40:60, flow 0.45 ml/min, retention time = 21.6min).

MS/EST* 596, 598 [MH]" ,

'H NMR (300 MHz, DMSO0-d6) ppm 8.27 (s, 2 H), 7.27 - 7.45 (m, 5 H),

25 7.20(d, 1 H), 7.08 (d, 1 H), 7.00 (dd, 1 H), 7.08 (t, 1 H), 5.97 (dd, 1 H), 5.85
(s, 1 H), 3.93 (dd, 1 H), 3.89 (dd, 1 H), 3.33 (dd, 1 H), 3.17 (dd, 1 H), 2.07
(s,3H), 1.14 - 1.38 (m, 1 H), 0.50 - 0.71 (m, 2 H), 0.21 - 0.47 (m, 2 H)

[alp = +26° (c=0.55, MeOH)



Table 1 A(") F 0 0 Cl Corn sound A anal tical H Cl 40 N.,so,me MS/ESI+ 671, 673 [M1-1] -"; 9111
NMR (300 MHz, DMSO-d6) ppm 9.13 (br.s., 1 H) 8.60 (s, 2 H) 7.55 (dd, 1 H)

WO 2010/089107 PCT/EP2010/000676
25

EXAMPLE 7

Preparation of (-)-1-(3-Cyclopropylmethoxy-4-difluoromethoxy-
phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)-ethanol (9)
Compound (8) (1.18 g) was suspended in methanol (50 ml) then a
5 saturated solution of NaHCO; (25 ml) was added. The white suspension was
vigorously stirred at room temperature for 24 hours. The reaction mixture was
diluted with CH,Cl, (700 ml) then a 5% aqueous solution of NaHCO;
(300 ml) was added and the phases are separated. The aqueous phase was
extracted with CH;Cl; (2 x 100 ml), the combined organic layers were dried
10 over Na,SO, and the solvent was evaporated off under vacuum. The crude
white solid obtained was triturated twice with Et;O (50 ml) and once with
CH,Cl; (20 ml), then was filtered to give 0.74 g of compound (7) with
enantiomeric purity >99%. The enantiomeric purity was determined by
analytical chiral HPLC performed on Chiracel OD column (isocratic elution
15  with hexane:isopropanol 30:70, flow 0.35 ml/min, retention time = 24.0 min).
MS/ESI" 420-422 [MH] "
'IH NMR (300 MHz, DMSO-d6) ppm 8.51 (s, 2 H), 7.11 (d, 1 H), 7.05
(d, 1 H), 6.88 (dd, 1 H), 7.01 (t, 1 H), 5.59 (d, 1 H), 4.84 (dt, 1 H), 3.89 (dd, 1
H), 3.84 (dd, 1 H), 3.18 (dd, 1 H), 3.02 (dd, 1 H), 1.08 - 1.32 (m, 1 H),
20 0.47-0.66 (m, 2 H), 0.26 - 0.45 (m, 2 H)
[a]p = -61° (¢=0.5, MeOH)
EXAMPLE 8

2-(6-Methoxy-naphthalen-2-yl)-propionic acid 1-(3-
cyclopropylmet;hoxy~4-diﬂuorometh0xy~phenyI)-Z—(3,5-dichloro-pyridin—
25  4-yl)-ethyl ester (10, mixture of diastereoisomers 11 and 13)
Compound (3) (12.0 g) was dissolved in DMF (100 ml) then (S)-2-(6-
methoxy-naphthalen-2-yl)-propionic acid (7.5 g), 4-dimethylaminopyridine
(3.6 g) and Il-ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride



7.44-7.49 (m,1H)7.39(d,1H)7.06(t 1H)6.78-7.33(m,3H)6.20-6.30 (m, 1 H) 3.87 - 3.98 (m,
4H)3.63-3.78(m,1 H)3.38-3.50(m, 1H)3.10(s,3H)1.09 -1.40(m,2H)0_48-0.67 (m, 4 H)
0.28 - 0.44 (m, 4 H) rain = -22 (c=0.4, MeOH) 10Analogously, the following compounds may be
prepared: (-)¥CEMI3HYImethoxy-3-methanesulfonylamino-benzoic acid¢a(BP2010/000676
cyclopropylmethoxy-4-éifluoromethoxy-phenyl)-2-(3,55glichloropyridin-4-y1)-ethyl ester,
(-)-3,4-13is-methanesulfonylamino-benzoicacid1-(3- WO 2010/089107PCT/EP2010/000676

(5.7 g) were added. After stirring at rt for 4 hours, water (1000 ml) is added. The
mixture was extracted with EtOAc (500 ml x 2), the combined organic layers are
dried over sodium sulphate and the solvent was evaporated off under reduced
pressure to afford 17.0 g of an oil which is crystallized from EtOH thus obtaining
5 11.5 g of the title compound as mixture of diastereomers (11) and (13).
| '"H NMR (200 MHz, CDCl3) ppm 8.43 and 8.60 (2s, 1H each, 2H),
7.51-7.68 (m, 3H), 7.10-7.23 (m, 3H), 6.85-6.97 (m, 2H), 6.51-6.68 (m, 1H),
6.22-6.97 (t, 1H, CHF,), 6.00-6.13 (m, 1H), 3.93-3.95 (s, 3H, OCH;),
3.72-3.84 (m, 2H), 3.07-3.57 (m, 3H), 1.42-1.45 (d, 3H, CH3), 0.94-1.25 (m,
10 1H), 0.51-0.67 (m, 2H), 0.12-0.36 (m, 2H).
MS/ESI" 616, 618 [MH]*
EXAMPLE 9

(+)-2-(6-Methoxy-naphthalen-2-yl)-propionic acid 1-(3-cyclopropyl

methoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-pyridin-4-yl)-ethyl
15  ester (second eluted diastereoisomer) (13)

The compound was isolated from the diastereomeric mixture of
example 8 by HPLC separation using a Daisogel 10 pm, 50x300 mm column;
eluent: n-hexane/methyl-tert-butyl-ether/isopropyl alcohol: 90/9.9/0.1; flow:
80 ml/min.; loading: 300 mg per injection; elution time: from 11 to 20 min.

20  The collected fractions were evaporated and the residue was crystallized from
n-hexane/isopropyl-alcohol. '

'H NMR (200 MHz, CDCl;) ppm 8.60 (s, 2H), 7.68-7.75 (m, 2H), 7.58-
7.59 (m, 1H), 7.27-7.29 (d, 1H), 7.12-7.24 (m, 2H), 6.98-7.04 (m, 1H), 6.73-6.78
(dd, 1H), 6.67-6.68 (d, 1H), 6.60-7.35 (t, 1H, CHF,), 5.99-6.06 (m, 1H),

25  3.84-3.87 (m, 4H), 3.47-3.55 (m, 2H), 3.32-3.41 (dd, 1H), 3.22-3.29 (m, 1H),
1.33-1.37 (d, 3H, CHj3), 0.96-1.03 (m, 1H), 0.43-0.52 (m, 2H), 0.13-0.21 (m, 2H).

MS/ESI” 616, 618 [MH] *

[a]p = +52.8 ° (¢=0.5, MeOH)



31 cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloropyridin-4-y1)-ethyl ester,
(+3-Methanesulfonylamino-4-methyl-benzoicacidl-(3-
cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3,5-dichloro- 5pyridin-4-y1)-ethyl ester and
(-)-4-MethaneBi@fyigIegnind-3 -methyl-benzoicacidl-(3- PCT/EP2010/000676
cyclopropylmethoxy-4-difluoromethoxy-pheny1)-2-(3p;dichloro-1-oxypyridin-4-y1)-ethyl ester.
EXAMPLE 16 10Preparation of (-)-3-Cyclopropylmethoxy-4-methanesulfonyla mino- benzoic acid
1-(3-cyclopropylmethexysduiflyorggnethoxy-ph eny1)-2-(3,5- dichloro-1-oxy-pyridin-4-y1)-ethyl ester
(C2) Compound (C2) was prepared according to the same synthetic procedure of Example 15,
starting from alcohol §ije2v@ddet fbx 1 mApaniaitely2 odnpeupibidie) can beapidpared stadag from
compound (ClI) as described in the following Example 17. EXAMPLE 17 Preparation of

(-)-3-CyclopropykHumepymeinsycbishipsemsbeassieheryl-2-(3,5-dichloro-pyridin-
1-(3-cyclopropylmethgxy:4-diflu ethoxy-pheny1)-2-(3,5- 2Q dichloro-1-oxy-pyridin-4-y1)-ethyl ester
(C2) starting f%ﬂi&% &u%%e(’b?){ﬁ e %%ysu?baé% f(?.%@'ﬂ)eé\))ilfgbssolved in CH2C12 (20 m1). 70%
m-Chloro perbenzoicaeid 3dpeshdvas A00RE BREENEISAUITRG SPIHERD WARSIE el At HPe Mot
temperature for 18 hours. Solid Na2S203 (0.244 g) was then added and the mixture was vigorously

stirred at Lt. forx3dmpite. $Hey SARL(esicparatasfiltoied 250043 tpe bidapim s6likid 0 0uasnddatechwith
additional 20 m| of C112C12 and washed with aqueous saturated NaHCO3 solution (3x20 ml). The

organic phasee\llx‘/’ﬁlﬁrié‘d}ﬁ?‘é‘tnﬁfé’?@bﬁl'a{ﬁrcf’thgtg&\?é]iﬁ?mg@\?&ﬁéfé}c@Blkﬁ%ZTQQ/ b wBsWiturated
in EtOH (20 ive:Q.7 f i hite lid. .
010080107 RS PSR Saus 0 BT e e O b i e same

route using sutide teagRatsions were evaporated and the residue was crystallized from

10  n-hexane/isopropyl-alcohol.

'"H NMR (200 MHz, CDCls) ppm 8.27 (s, 2H), 7.64-7.80 (m, 2H),
7.56-7.57 (m, 1H), 7.28-7.29 (d, 1H), 7.14-7.20 (m, 3H), 6.68-7.42 (t, 1H,
CHF,), 6.93-6.98 (m, 2H), 6.00-6.07 (m, 1H), 3.88-3.92 (m, 4H), 3.71-3.84
(m, 2H), 3.39-3.51 (dd, 1H), 3.16-3.25 (dd, 1H), 1.33-1.37 (d, 3H, CH,),

15 1.08-1.23 (m, 1H), 0.50-0.59 (m, 2H), 0.34-0.26 (m, 2H).

MS/ESI" 616, 618 [MH] *

[a]p = +45 ° (c=0.5, MeOH)

EXAMPLE 11

| (+)-1-(3-Cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
20  dichloro-pyridin-4-yl)-ethanol (14)

To a suspension of (+)-2-(6-methoxy-naphthalen-2-yl)-propionic acid-1-(3-
cyclopropyl methoxy~4—diﬂuoromethoxy-phenyl)~2-(3,5—dichloro-pyridin-4-yl)—
ethyl ester (13) (14.0 g) in methanol (110 ml), potassium tert-butoxide (5.1 g) was
added. The resulting mixture was stirred at rt for 2 hrs, obtaining a clear solution.

25 Water was slowly added under stirring to incipient precipitation (turbid solution).

After stirring for further 60 min. the precipitated solid was filtered,

washed with water and dissolved in chloroform (100 ml). The solution was

dried over sodium sulphate and the solvent removed under vacuum. The residue



Table 2 (") A0 c 1-\N' F ci C F Compound A Analytical C2 H Il 1\1,54;ivie -"IP" 0 MS/EST 687, 689
[MEI] 4'; 1H NMR (300 MHz, DMSO-d6) ppm 9.14 (br. s., 1 11), 8.56 (s, 2 H), 7.59 (dd, 1 H), 7.49 (d, 1
H), 7.41 (d, 1 H), 7.14 - 7.27 (m, 2 H), 7.07 (dd, 1 H), 7.06 (t, 1 H), 6.18 (dd, 1 H), 3.84 - 4.04 (m, 4 H),
3.61 (dd, 1 HW®.3d¢dd91dH), 3.11 (s, 3 H), 1.25- 1.43 (m, 1 H), 1.13 - 1.26p@m/eptol)/0edd - 0.67 (M, 4
H), 0.27 - 0.47 (m, 4 H) [a]r) = 470 (c=0.4, MeOH) 1HMR (200 MHz, CD30D-d4 calibrated at 3.31
ppm) 8 ppm 8.42 (s, 2 H), 8.13 (d, J=2.44 Hz, 1 H), 7.85 (dd, J=8.79, 2.44 Hz, 1 H), 7.12 - 6.37 (t, 1H,

CHF2), 7.00 - it difistd1Hi2e8. 26 ctiefB16Pm) hox s (0ol 5)ml 4138/ 0B Fardviltads6mgdd, J=13.92,
9.52 Hz, 1 H), 3.45 (dd, J=14.16, 4.39 Hz, 1 F1), 2.98 (s, 3 H), 1.17 - 1.45 (m, 2 H), 0.54 - 0.75 (m, 4
H), 0.29 - 0.47 (m, 4 1 PRYAR: (26QeMHlz, CERCH))CEpm 6 fvé Gits\-BOMM .08 (d, 1H),
7.06-7.00 (d, 1H), 6.95-6.85 (dd, 1H), 6.99-6.24 (t, 1H, CHF,), 5.18-5.00 (m,
1H), 3.98-3.78 (m, 2H), 3.54-3.35 (m, 1H), 3.31-3.15 (m, 1H), 2.04-1.94
5 (d, 1H, OH), 1.40-1.14 (m, 1H), 0.75-0.53 (m, 2H), 0.50-0.29 (m, 2H).
MS/ESI" 404, 406 [MH] *.
[a]p = +9.35 ° (c=1, CHCl).
EXAMPLE 12

(-)-1-(3-Cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
10  dichloro-pyridin-4-yl)-ethanol (12)
Starting from diastereoisomer (11), following the procedure of Example
10, alcohol (12) was obtained.
MS/ESI" 404, 406 [MH] ™.
[a]p = - 9.15° (=1, CHCIls).
15 EXAMPLE 13

Preparation of alcohol (7) by oxidation of alcohol (14)

Compound (14) (3.0 g) was dissolved in CH,Cl, (100 ml). 70%
m-Chloro perbenzoic acid (5.4 g) was added and the resulting solution was
stirred at room temperature for 18 hours. Solid Na,S,05 (5 g) was then added

20 and the mixture was vigorously stirred at r.t. for 30 min. The solid residue was
filtered off; the organic solution was diluted with additional 100 ml of CH,Cl,
and washed with aqueous saturated NaHCO; solution (3x100 ml). The organic
phase was dried over Na,SO, and the solvent was evaporated off. The residue
was triturated in EtOAc (20 ml) to give 1.9 Vg of the desired product 7 as a

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

'H NMR (200 MHz, CDCl3) ppm 8.14 (s, 2H), 7.18-7.09 (d, 1H),
7.07-7.02 (d, 1H), 6.92-6.83 (dd, 1H), 7.01-6.22 (t, 1H, CHF,), 5.10-4.96 (m,
1H), 3.96-3.84 (d, 2H), 3.45-3.29 (m, 1H), 3.23-3.07 (m, 1H), 3.24-3.17 (d,



sab. N-S02Me WI H Ni-S02Me 1H NMR (200 MHz, CDCI3 calibrated at 7.26 ppm) 5 ppm 8.23 (s, 2
H), 7.85 - 8.01 (m, 2 H), 7.69 (d, J=8.30 Hz, 1 H), 7.20 (m, 1 H), 7.00 - 6.25 (t, 1H, CHF2), 6.97 - 7.11
(m, 2 H), 6.21 - 6.32 (m, 1 H), 3.91 (d, 7=6.84 Hz, 2 H), 3.72 (dd, 3=13.67, 10.74 Hz, 1 H), 3.32 (dd,
=13.92, 3.66WQ 201648804 (d, J=17.58 Hz, 6 H), 1.16- 1.35 (m, 111), 0.55cOm@ez¢m/oBoki) 0.30 - 0.45
(rn, 2 H) ab =-- -27 (c=0.1, C1-1C13) WO 2010/0891/PCT/EP2010/000676 33 C5 TH NMR (200
MHz, DMSO-d6 calibrated at 2.50 ppm) 5 ppm 9.25 (s, 1 H), 8.53 (s, N-S02Me H 2 H), 7.91 (m, 1 H),

7.76 (d, 5=8.30H 151k, M4 1-4F 7980 (3o G51083740 1), 0.50-0.29 (m, 2H).
MS/ESI* 420, 422 [MH] "
[alp =+ 65.0° (¢=0.5, MeOH)
EXAMPLE 14

5 Preparation of alcohol (9) by oxidation of alcohol (12)
Alcohol (9) may be obtained following the procedure described in
Example 13, using alcohol (12) in place of alcohol (14) as starting material.
MS/ESI™ 420, 422 [MH] "
- [a]p =-60.6° (¢=0.5, MeOH)
10 EXAMPLE 15

Preparation of (-)-3-Cyclopropylmethoxy-4-methanesulfonylamino-
benzoic acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-1-pyridin-4-yl)-ethyl ester (C1)

Step 1: 3-Cyclopropvimethoxv-4-(N-tert-butoxvcarbonyl-N-

15  methanesulfonyl)-amino benzoic acid 1-(3-cyclopropyimethoxy-4-

difluoromethoxy-phenvyl)-2-(3.5-dichloro-pyridin-4-vl)-ethvl ester

1-Ethyl-3-[3-dimethylamino propyl]carbodiimide hydrochloride
(2.85 g) was added to a solution of alcohol (14) (2.0 g), 4-
dimethylaminopyridine (0.3 2), 3-cyclopropylmethoxy-4-(N-tert-
20  butoxycarbonyl-N-methanesulfonyl)-amino-benzoic acid (2.0 g) in dry CH,Cl,
(180 ml) at r.t. under nitrogen atmosphere.
After stirring at r.t. overnight, the mixture was washed with 5% aqueous
HC1 (2 x 100 ml); the. organic phase was separated and washed with a saturated
aqueous solution of NaHCO; (2 x 100 ml), dried over Na,SO, and evaporated to
25  dryness. The crude was purified by flash chromatography on silica gel in gradient
elution (hexane/EtOAc 10/1 to 6/4) to afford 1.4 g of the title compound.

Step 2: Preparation of C1

3-Cyclopropylmethoxy-4-(N-tert-butoxycarbonyl-N-methanesulfonyl)-



5=8.30 Hz, 1 PI), 7.19 (d, J=4.39 Hz, 2 H), 7.00 - 7.12 (m, 1 H), 6.21 (dd, 5=9.52, 4.15 Hz, 1 H),
3.92 (d, 5=6.84 Hz, 2 H), 3.63-3.55 (m, 1 H), 3.37 (d, 5=4.39 Hz, 1 H), 2.99 (s, 3 H), 2.37 (s, 3 H),
1.11- 1.28 (m, 1 H), 0.48 -0.65 (m, 2 FI), 0.26 - 0.41 (m, 2 H)

WO 2010/089107 PCT/EP2010/0600676

30
amino-benzoic acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-pyridin-4-yl)-ethyl ester (1.4 g) was dissolved in CH,Cl, (140 ml). A
4M solution of HCl in dioxane (40 ml) was added and the resulting mixture was
stirred at r.t. for 24 hours. The reaction mixfure was then evaporated to dryness
5 and the residue was triturated in iPrOH (50 ml) and subsequently in EtOH (50
ml) followed by Et,O (70 ml) to afford 0.880 g of compound (C1).

Analytical characterisation of C1 is reported in Table 1.

Table 1
By Ao o 2) ,
F>——O Cl
‘
Compound | A analytical
C1 /@H~SOZMG MS/ESI" 671, 673 [MH] *;
] 0\7 H NMR (300 MHz, DMSO-d6) ppm 9.13
(br. s., 1 H) 8.60 (s, 2 H) 7.55 (dd, 1 H)
7.44 - 7.49 (m, 1 H) 7.39 (d, 1 H) 7.06 (t,
1 H) 6.78 - 7.33 (m, 3 H) 6.20 - 6.30 (m, 1
H) 3.87 - 3.98 (m, 4 H) 3.63 - 3.78 (m, 1
H) 3.38 - 3.50 (m, 1 H) 3.10 (s, 3 H) 1.09
-1.40 (m, 2 H) 0.48 - 0.67 (m, 4 H) 0.28 -
0.44 (m, 4 H)
[a]p = -22° (c=0.4, MeOH)
10 Analogously, the following compounds may be prepared:

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

® (-)-3,4-Bis-methanesulfonylamino-benzoic acid 1-(3-



[air) = -38.67 C6 H 1H NMR (200 MHz, DMSO-d6 calibrated Siso2me at 2.50 ppm) 5 ppm 8.55 (s, 2
H), 7.93- 7.83 (m, 2 H), 7.49 (d, J=8.30 Hz, 1 H), 7.43-6.69 (t, 1H, CHF2), 7.03 - 7.27 (m, 3 H),
6.11 - 6.24 (m, 1 H), 3.93 (d, J--=6.84 Hz, 2 H), 3.60 (s, 3 H), 2.28 (s, 3 H), 1.11

WO 2010/089107 PCT/EP2010/000676
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cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-
pyridin-4-yl)-ethyl ester,

® (-)-3-Methanesulfonylamino-4-methyl-benzoic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-
5 pyridin-4-yl)-ethyl ester and
® (-)-4-Methanesulfonylamino-3 —méthyl-benzoic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-1-oxy-
pyridin-4-yl)-ethyl ester.
EXAMPLE 16

10 Preparation of (-)-3-Cyclopropylmethoxy-4-methanesulfonylamino-
benzoic acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
dichloro-1-oxy-pyridin-4-yl)-ethyl ester (C2)

Compound (C2) was prepared according to the same synthetic
procedure of Example 15, starting from alcohol intermediate (7).

15  Alternatively, compound (C2) can be prepared starting from compound (C1)

as described in the following Example 17.

EXAMPLE 17

Preparation of (-)-3-Cyclopropylmethoxy-4-methanesulfonylamino-
benzoic acid 1-(3-cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-

20 dichloro-1-oxy-pyridin-4-yl)-ethyl ester (C2) starting from compound (C1)
Compound (C1) (0.69 g) was dissolved in CH,Cl, (20 ml). 70% m-Chloro
perbenzoic acid (0.355 g) was added and the resulting solution was stirred at
room temperature for 18 hours. Solid Na,S,0; (0.244 g) was then added and the
mixture was vigorously stirred at r.t. for 30min. The solid residue was filtered
25  off; the organic solution was diluted with additional 20 ml of CH,Cl, and washed
with aqueous saturated NaHCOj; solution (3x20 ml). The organic phase was dried
over Na,SO,4 and the solvent was evaporated off. The residue was triturated in

EtOH (20 ml) to give 0.710 g of the desired compound (C2) as a white solid.



-1.29 (m, 1 H), 0.57 (m, 2H),0.34 (rn, 2 H) Fah=-58.0 :
employed in the synthesis of the described final compounds are commercially available or are already

The carboxylic acid intermediates

known or are synthesized according to known methods. EXAMPLE 18 5Synthesis of

3-Cyclopropyl gtﬂ’éwf‘alm-tert-butoxycarbonyI-N- methane-sulfonyl)-amiR§-HERZOAMGScheme 2

A' NaOH 0"0
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The following compounds were prepared following the same route using

suitable reagents:

Table 2

A
A\\ O)\O
[¢)
" *

)
Cl .~ N
=

.0

Ci

Compound

Analytical

C2

MS/ESI" 687, 689 [MH] *;

'H NMR (300 MHz, DMSO0-d6) ppm 9.14
(br. s., 1 H), 8.56 (s, 2 H), 7.59 (dd, 1 H),
7.49 (d, 1 H), 7.41 (d, 1 H), 7.14 - 7.27
(m, 2 H), 7.07 (dd, 1 H), 7.06 (t, 1 H),
6.18 (dd, 1 H), 3.84 - 4.04 (m, 4 H), 3.61
(dd, 1 H), 3.34 (dd, 1 H), 3.11 (s, 3 H),
1.25 - 1.43 (m, 1 H), 1.13 - 1.26 (m, 1 H),
0.49 - 0.67 (m, 4 H), 0.27 - 0.47 (m, 4 H)
[a]p = -47° (¢=0.4, MeOH)

C3

"H NMR (200 MHz, CD;0D-d4 calibrated
at 3.31 ppm) 6 ppm 8.42 (s, 2 H), 8.13 (d,
J=2.44 Hz, 1 H), 7.85 (dd, J=8.79, 2.44 Hz,
1 H), 7.12 - 6.37 (t, 1H, CHF,), 7.00 - 7.24
(m, 4 H), 6.26 - 6.40 (m, 1 H), 3.97 (dd,
J=14.89, 7.08 Hz, 4 H), 3.75 (dd, J=13.92,
9.52 Hz, 1 H), 3.45 (dd, J=14.16, 4.39 Hz,
1 H), 2.98 (s, 3 H), 1.17 - 1.45 (m, 2 H),
0.54 - 0.75 (m, 4 H), 0.29 - 0.47 (m, 4 H)
[alp = -36 (c=0.1, CHCl3)

C4

N-SO,Me

L+
* N-SO,Me

'"H NMR (200 MHz, CDCl; calibrated at
7.26 ppm) & ppm 8.23 (s, 2 H), 7.85 -
8.01 (m, 2 H), 7.69 (d, J=8.30 Hz, 1 H),
7.20 (m, 1 H), 7.00 - 6.25 (t, 1H, CHF,),
6.97 - 7.11 (m, 2 H), 6.21 - 6.32 (m, 1 H),
3.91 (d, J=6.84 Hz, 2 H), 3.72 (dd,
J=13.67, 10.74 Hz, 1 H), 3.32 (dd,
J=13.92, 3.66 Hz, 1 H), 3.04 (d, J=17.58
Hz, 6 H), 1.16 - 1.35 (m, 1 H), 0.55 - 0.74
(m, 2 H), 0.30 - 0.45 (m, 2 H)

[o]p = -27 (¢=0.1, CHCls)

(continue)
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Cs /@ 'H NMR (200 MHz, DMSO-d6 calibrated
at 2.50 ppm) & ppm 9.25 (s, 1 H), 8.53 (s,
. N-SO.Me ppm) & pp ( ) (

Me 12 H), 7.91 (m, 1 H), 7.76 (d, J=8.30 Hz, 1
H), 7.43 - 6.69 (t, 1H, CHF,), 7.40 (d,
1=8.30 Hz, 1 H), 7.19 (d, J=4.39 Hz, 2
H), 7.00 - 7.12 (m, 1 H), 6.21 (dd, J=9.52,
4.15 Hz, 1 H), 3.92 (d, J=6.84 Hz, 2 H),
3.63 - 3.55 (m, 1 H), 3.37 (d, J=4.39 Hz,
1 H), 2.99 (s, 3 H), 2.37 (s, 3 H), 1.11 -
1.28 (m, 1 H), 0.48 - 0.65 (m, 2 H), 0.26 -
0.41 (m, 2 H)

[a]p = - 38.67°

H 'H NMR (200 MHz, DMSO-d6 calibrated
/©/\ “SO,Me | at 2.50 ppm) & ppm 8.55 (s, 2 H), 7.93-
7.83 (m, 2 H), 7.49 (d, J=8.30 Hz, 1 H),
7.43 - 6.69 (t, 1H, CHF,), 7.03 - 7.27 (m,
3 H), 6.11 - 6.24 (m, 1 H), 3.93 (d, ]=6.84
Hz, 2 H), 3.60 (s, 3 H), 2.28 (s, 3 H), 1.11
- 1.29 (m, 1 H), 0.57 (m, 2 H), 0.34 (m, 2
H)
[a]p = - 58.0°

Ceé

*

The carboxylic acid intermediates employed in the synthesis of the
described final compounds are commercially available or are already known
or are synthesized according to known methods.

EXAMPLE 18

5 Synthesis of 3-Cyclopropylmethoxy-4-(N-tert-butoxycarbonyl-N-

methane-sulfonyl)-amino-benzoic acid

Scheme 2
NO, NO, NO
B NH
OH ,s0, oH By 20 A 1, pac 2o A
K,CO
MeOH 227 MeOH
COOH COOMe DMF COOMe COOMe
l( | l( oo MeSO,Cl
0,09 0,09 P oo
/‘SZN/KO ’ /S'N’J%o Boc,O \H pyridine
NaOH 2 0] .
oA [ o A -
DMAP
MeOH
DCM COOMe

COOH COOMe



34 Step 1: 3-Hydroxy-4-nitro-benzoic acid methyl ester 3-Hydroxy-4-nitro-benzoic acid (10 g) was
dissolved in MeOH (500 m1). 96% H2S04 (2 ml) was added and the mixture was heated to 60C for 18
hours. The reaction mixture was concentrated to approx. 200 ml, 5 diluted with EtOAc (200 ml) and
washed with Bi920UB93aturated solution of NaHCO3 (2 x 20 m1). The argamieziayesosms dried over
Na2S04 and the solvent was evaporated off to yield 9.5 g of the desired intermediate. Step 2:
3-Cvclopropylmethoxy-4-nitro-benzoic acid methyl ester 3-Hydroxy-4-nitro-benzoic acid methyl ester
(10.5 g) was dissolvgdeip 10 M PAEALIORDURERs 2 ATAsRIIRIE KREO3 (24.3 9), KI (2.6 g) and
cyclopropylmethylbromide (10.3 ml) were added and the mixture was stirred at 50C for 6 hours. The
reaction mixture was eiliyidobwyth wateo (80 andidxtidttegvitwEt201{2s02@0 mity; thdeORbined
organic layers were dried over Na2SO4 and the solvent was evaporated off to yield 12.7

oot 1o D AR 2% B Ao 6 AR ey RS IES A RH L igep0°C

3-Cyclopropyime g ainlroenzaieaciy it esion12 1 uasdipsglvadiniediigg mb and

EtOAc (100 ml); 10% P g, suspen ml of water) was a € mixture'is’

hydrogensiteddinasDWwan Bpoaatys(d-12) 20 ash ien&dhaurs. 37 %difedwyasadded (301aband

hydrogenation was continued for additional 2 hours to obtain complete conversion. The catalyst was

filtered over addeltelpa@stHa mixdQrenkasdikiteraite Beayat (209 diliedndveasNedSWithaard ddpgeous
saturated solution of NaHCO3 (2 x 100 m1). The, organic layer was dried over Na2SO4 and the
25solvent wasd VSB{)%?@anﬁ‘Hérﬁgé)?g'fggyd%ﬂelggﬁe‘&%}ﬁ&rﬂ%&fﬁ Interggoiae.
3-Cyclopropylmethogysd meihanesylipoyamIna Nzl 46l Beloy Sig MY ester

3-(cyclopropylmethoxy)-4-aminobenzoate (8.86 g) was WO 2010/08910/PCT/EP2010/000676 35
dissolved in pyridine (8Dythiox pt4avitndebhepetitupeidndest il aismasphers. dYethangissiornd daloride
(4.04 mL) was added and the mixture was stirred at r.t. for 18 hours. The reaction mixture was

evaporat€d tdlary R thbS5érimdwerdes abbd stmrirhere Kd6(nLi2ha exrdelet@nfitterare12 (3 x
200 mL). 5 The grganic layer was dried,over Na2S04 and the solvent was evaporated off. to yvield 11.7
g of the sesro T B s R Py el M e ey

carbonyl-N-  at 50°C for 6 hours. The reaction mixture was diluted with water (300 ml) and

extracted with Et;O (2 x 200 ml); the combined organic layers were dried over
Na,SO,4 and the solvent was evaporated off to yield 12.7 g of the desired
15 intermediate.

Step 3: 4-Amino-3-cyclopropyvlmethoxy-benzoic acid methyl ester

3-Cyclopropylmethoxy-4-nitro-benzoic acid methyl ester (12.7 g) was
dissolved in MeOH (100 ml) and EtOAc (100 ml); 10% Pd/C (1.0 g,
suspended in 20 ml of water) was added and the mixture is hydrogenated in a
20  Parr apparatus (H,: 20 psi) for 5 hours. 37%HCI was added (16 ml) and
hydrogenation was continued for additional 2 hours to obtain complete
conversion. The catalyst was filtered over a celite pad, the mixture was diluted
with EtOAc (200 ml) and washed with an aqueous saturated solution of
NaHCO; (2 x 100 ml). The organic layer was dried over Na,SO4 and the

25  solvent was evaporated off to yield 10.7 g of the desired intermediate.

Step 4: 3-Cyclopropylmethoxy-4-methanesulfonylamino-benzoic acid

methvl ester
Methyl 3-(cyclopropylmethoxy)-4-aminobenzoate (8.86 §g) was



methanesulfonvl)-arnino-benzoic acid methyl ester
103-Cyclopropylmethoxy-4-methanesulfonylanaino-benzoic acid methyl ester (3.0g) was dissolved in
CH2CI2 (150 m1). Dimethylaminopyridine (DMAP, 1.22 g) and Boc20 (2.18 g) were added and the
mixture was SHRSBAOPH%br 1 hour. The reaction mixture was washed withPSHRRIOBBWEHCL (2 X 50
ml), the organic layer was dried over Na2304 and thesplvent was evaporated off. The 15residue was
triturated in Et20 and filtered to afford 4.0 g of the desired inteiinediate that was used in the next steps
without furthedpugificatiom pySiteRe: 3£ty clopiopyMeshoxerdpd-aitdunarearponifsphere.

methanesulfonyl)-amino-benzoic acid C yc lopropylmethoxy-4 -(N-tert-butoxycarb o nyl-N-m ethan es
ulfony1)- 20 alvipibaraszdionrldchenge didr(4r0.g) wassatidsdlued ith&/ediitaroovad ktik ddadH (15

ml) was added aréd th%fﬁultingfixture was stirred at r.t. for 1 hour, then was heated to 50C for 2
hours. The rekdtid T miRt8 s 1HEn GREHLPWRHEBA Y35 6 YAB AL R ASn SBRARS INGSCE 9% 100

m1). The orgapic | e VaRer f t Ive\3.5 g of
Ihe desirod aardain e T Son Sl D PR R 260y
2010/089107 FGE/E210/0006 A6 364 e Sioglat N, SQubleid thEripietent quarielfsstaebulpfet of
doublets

to yield 11.7 g of the desired intermediate.
MS/ESI* 300 [MH] "

Step 5: 3-Cyclopropylmethoxy-4-(N-tert-butoxycarbonyl-N-

methanesulfonyl)-amino-benzoic acid methvl ester

10 3-Cyclopropylmethoxy-4-methanesulfonylamino-benzoic acid methyl
ester (3.0g) was dissolved in CH,Cl, (150 ml). Dimethylaminopyridine (DMAP,
1.22 g) and Boc,O (2.18 g) were added and the mixture was stirred at r.t. for 1
hour. The reaction mixture was washed with 5% aqueous HCI (2 x 50 ml), the
organic layer was dried over Na,SO, and the solvent was evaporated off. The

15 residue was triturated in Et,O and filtered to afford 4.0 g of the desired
intermediate that was used in the next steps without further purification.

Step 6: 3-Cyclopropvlmethoxy-4-(N-tert-butoxycarbonyl-N-

methanesulfonyl)-amino-benzoic acid

Cyclopropylmethoxy-4-(N-tert-butoxycarbonyl-N-methanesulfonyl)-

20 amino-benzoic acid methyl ester (4.0 g) was dissolved in MeOH (100 ml). IN
NaOH (15 ml) was added and the resulting mixture was stirred at r.t. for 1
hour, then was heated to 50°C for 2 hours. The reaction mixture was then
ldiluted with EtOAc (250 ml) and washed with IN HCI (2 x 100 ml). The
organic layer was dried over Na,SO4 and the solvent was evaporated off to

25  give 3.5 g of the desired acid derivative.

MS/EST" 386 [MH] *.

Legend
* NMR



m = multiplet br = broad ESI = electrospray PHARMACOLOGICAL ACTIVITY OF THE
COMPOUNDS OF 10 THE INVENTION EXAMPLE 19 In vitro determination of PDE4 inhibitory
activity in the peripheral blood mononuclear cells (PBMCs) assay The assay, which is based on the
known inhibit8Y{ aetRARP Eerted by 15 PDE4 inhibitors on the lipopolyshacearides {ifAS)smsduced
tumour necrosis factor-alpha (TNE-cc release in peripfjeral blood mononuclear cells (PBMCs), is
performed according to a method previously described (Hatzelmann A et al Pharmaeol. Exp. Then
2001; 297:267-279; Draheimy R et al . Pharnzaeol. Exp. Ther. 2004; 308:555-563. 20Cryopreserved
human PBMCs, (100 ul/well) are incubated in 96-well plates (105 cells/well), for 30 min, in the
presence or absencel(5Qdmidiet) of the test compounds whose concentrations range from 10-12 M to
10-6 M. Subsequently, LPS (3 ng/ml) is added. After 18 h incubation at 37C in a humidified
incubator under an 2'5%@?7‘:5%‘5’;§here of 95% air and 5% CO2, culture medium is collected and TNT-a
measured by ELISA, _ Ther{etsults regarding compounds CI to C6, expressed as mean 95%
confidence limits of the NOMAr concentration of the test compound producing WO
2010/089307PCT/ERZOLYNR{ S B4 A0Ue{ghibition of LPS-induced TNF-a release (IC50), are
comprised between 0.06-and 4.4 nM. The effects of the tested compounds are calculated as
percentage of inhibitiorFofiiliipketelease, assuming LPS-induced TNF-a production in the absence of
inhibitor compound as 100% and basal TNF-a 5 production of PBMCs in the absence of LPS as 0%.
EXAMPLE 20 ERfaiuBfieffof the ability to inhibit the low affinity LPDE4 versus the ability to
compete for the high}%fﬁi@&'é&%%éray The affinity toward LPDE4 and HPDE4 is assessed as
previously 10described respectively in"Cortijo J et al Br JPharmacol 1993, 108: 562-568

PHARMACOLOGICAL ACTIVITY OF THE COMPOUNDS OF
10 THE INVENTION
EXAMPLE 19

In vitro determination of PDE4 inhibitory activity in the peripheral
blood mononuclear cells (PBMCs) assay
The assay, which is based on the known inhibitory activity exerted by
15 PDE4 inhibitors on the lipopolyshaccarides (LPS)-induced tumour necrosis
factor-alpha (TNF-q release in peripheral blood mononuclear cells (PBMCs),
is performed according to a method previously described (Hatzelmann A et al
J. Pharmacol. Exp. Ther. 2001; 297:267-279; Draheim R et al J. Pharmacol.
Exp. Ther. 2004; 308:555-563.
20 Cryopreserved human PBMCs, (100 pl/well) are incubated in 96-well
plates (10° cells/well), for 30 min, in the presence or absence (50 microl) of
the test compounds whose concentrations range from 107 M to 10° M.
Subsequently, LPS (3 ng/ml) is added.
After 18 h incubation at 37°C in a humidified incubator under an
25 atmosphere of 95% air and 5% CO,, culture medium is collected and TNF-o
measured by ELISA.
The results regarding compounds C1 to C6, expressed as mean + 95%

confidence limits of the molar concentration of the test compound producing



and Duplantier AJ et al .1 Med Chem 1996; 39: 120-125.  The concentration of the test compound
ranges between 1042 M and 10-5 M. The values of affinity toward LPDE4 and 1-1PDE4 tested on
compounds Cl to C6 are comprised between 82 and 477. 15In the case of LPDE4, the IC50 is the
molar concen¥&MBHeE7test compound producing 50% inhibition of cCAMPCdiEzppeanasise, while in
the case of HPDE4, the IC50 is the molar concentratigin of the test compound producing 50% inhibition
of the binding of [H3] rolipram. The results indicate that the compounds of the invention inhibit

LPDEA4 20 with supnanemeiar sfinits and @ecansidarabiy a0 cglectve waedddedwesaus
HPDE4. EXAMPLE 21 Synergistic activity of fixed dose combination of Carmoterol/C1 on

carbachol-indéicel contracfionlid. gliineaepigstrachahe2 5&igpdagaraphealisegmentdcaria ebtained from
male Ovoalbumin(0A)- sensitised guinea pigf and two preparations are qbtained from a trachea. Each
I

preparation islﬁﬁé%%%‘?ﬁ‘?dlﬁli%}éﬁfﬂétﬁl MNRt & téF (B2 95 vasrh) hbing
Krebs-Henselgt salufiol apdinainiained al 3G liacheal, VX(?&"%Q’%%%%EE@? RPQP676 38
nder a restingtone of 1 g. After an

preparations re connected to Isometric force transducers

equilibratipn pgrinthefiel BTPRORNESah PrePAFaéees &fe preteated for 30 min with CI (10-7 M),
Carmoterol (3*10-10 M), the association Cl and Carmoterol or vehicle, respectively, followed by 5

cumulative administrBBchMPOR 2-10 - 10-5 g/m1). At the end of the OA administration a maximal
concentration of car%zgﬂolailo-S IS actjl d to ohtain the maximal ¢ontracti i_;eeach preparation.
The effects are expres<etl ?Be??eﬁﬁlﬁl ’jé%ftfhé nPdEéhSl-‘ﬂH’u@gﬁ’?ﬁg’x#rﬁP & pEASEY166%).
30-min pre-treﬁmggfc%pg@@%gt{% nghcalfﬁ]rgi Mpeasped an 10inhibition of the OA-induced
contraction of 23%.” Similarly the inhibition produced by Carmoterol (3*10-10 M) is 18%. Cl (10-7
M) and Carmoterol (FH)-dfNcpntbiwation CRINet anddLBDELS the @Adndidced cordgrdotiely of the
93%. This study shows that both carmoterol and Cl are potent in
10  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 ranges between 10™> M and
10° M. The values of affinity toward LPDE4 and HPDE4 tested on
compounds C1 to C6 are comprised between 82 and 477.
15 In the case of LLPDE4, the ICsy is the molar concentration of the test
compound producing 50% inhibition of cAMP disappearance, while in the
case of HPDE4, the ICso is the molar concentration of the test compound
producing 50% inhibition of the binding of [H’] rolipram.
The results indicate that the compounds of the invention inhibit LPDE4
20 with subnanomolar affinity and are considerably more selective toward

LPDE4 versus HPDEA4.
EXAMPLE 21

Synergistic activity of fixed dose combination of Carmoterol/Cl on
carbachol-induced contraction in guinea-pigs trachea.

25 Zig-zag tracheal segments are obtained from male Ovoalbumin(OA)-

sensitised guinea pigs and two preparations are obtained from a trachea. Each

preparation is placed in 20-ml organ bath filled with oxygenated (0, 95% and

CO, 5%) normal Krebs-Henseleit solution and maintained at 37°C. Tracheal



15 antagonizing carbachol-induced contraction in guinea-pig airways. Moreover, in line with their
complementary molecular mechanism of action, in the frame of a functional agonism-antagonism,
fixed combinations display synergistic effect in the control of cholinergic contraction in guinea-pig
trachealis. M@SLUPBINTLAIMS 1. A compound of general formula (I) IsrEpenantemer R2 Cl (1)
wherein: nis 0 or 1; Rl and R2 may be the samg or different, and are selected from the 10 group
consisting of: - linear or branched C1-C6 alkyl, optionally substituted by one or more halogen

atoms; - ORI VPefRIARR ISR IREEfAr Y ashRd:fcltbe & dRRtieRAIY SHBSUIYtad Nt ppe or

more halogen atoms or C3-C7 cycloalkyl groups; and 15FINSO2R4 wherein R4 is a linear or branched
Crat alkyl optiofiallygsubdtitutesh witjudileratiomorpehaddgei &dnmsin, trabikeeln @teeastons odlR1l and
R2 is EINSO2R4, the pharmaceutically acceptable inorganic or organic salts hé()jrates and solvates.

2. A compourkfegeatathgf® chmminyierdin Rl id FINGd2RaCarerirreb R4 in&nDRAbS 0R3,
Leren S ORI A1 A% AP ot AR Lo T
compoung acegigingtioslatihin Wherain RIITIR3162%s HNSOghtwixrekeRéits srethyl @l nis 1.
administration a maximal concentration of carbachol (10° M) is added to
obtain the maximal contraction of each preparation. The effects are expressed
as percent values of the carbachol-induced maximal response (100%).
30-min pre-treatment of the preparation with C1 (107 M) caused an
10  inhibition of the OA-induced contraction of 23%. Similarly the inhibition
produced by Carmoterol (3*10-10 M) is 18%.
Cl (107 M) and Carmoterol (3*10'° M)-combination caused a
reduction of the OA-induced contraction of the 93%.
This study shows that both carmoterol and C1 are potent in
15 antagonizing carbachol-induced contraction in guinea-pig airways. Moreover,
in line with their complementary molecular mechanism of action, in the frame
of a functional agonism-antagonism, fixed combinations display synergistic

effect in the control of cholinergic contraction in guinea-pig trachealis.



MO SUP 40 5. A compound according to claim 1, wherein Rl is methyl, R2 is HNSO2R4 wherein R4
is methyl and ais 1. 6. A compound according to claim 1, wherein both RI. and R2 are HNSO2R4,
wherein R4 is methyl and nis 0, 5 7.A compound according to claim 1, whereig®6th.R.1 and R2 are
HNSO02R4, wherein R4 is methyl and nis 1. 8.A process for the preparation of compounds as defined
in claims 1 to 7, comprising the step of reacting aldehyde (1) 10 (1) with
methyldichlaropyridine (2) Cl 15(2)  to obtain raé@mic alcohol (3) which is optionally oxidized to the
corresponding N-oxide derivative (4) 20(3) condensing (3) or (4) with a chiral acid such as
(S)-naproxen or (S)-acetylmandelie acid to obtain, respectively, a diastereomeric mixture (10)
MC31.,L. P 41

CLAIMS
1. A compound of general formula (I) as (-) enantiomer
R1
R2
()
b\] o Cl o {\3 (O}
o =
F L3
‘ ¢l
. o
¢y
wherein:
nisQorl;

R1 and R2 may be the same or different, and are selected from the
16 group consisting of:
- linear or branched C,-Cq alkyl, optionally substituted by one or more
halogen atoms;
- OR3 wherein R3 is a linear or branched C;-C4 alkyl optionally
substituted with one or more halogen atoms or C;-Cy cycloalkyl groups; and
15 - FINSO;R4 wherein R4 is a linear ot branched C,-C, alkyl optionally
substituted with one or more halogen atoms,
wherein at least one of R1 and R2 is HNSO,R4, the pharmaceutically
acceptable inorganic or organic salts, hydrates and solvates.
2. A compound according to claim 1, wherein R1 is FINSO,RA4, wherein
20 R4 is methyl, R2 is OR3, wherein R3 is cyclopropylmethyl and n is 0.
3. A compound according to claim 1, wherein R1 is HNSO,R4, wherein
R4 is methyl, R2 is OR3, wherein R3 is cyclopropylmethyl and n is 1.
4. A compound according to claim 1, wherein R1 is OR3, R2 is HNSOQO,R4

wherein R4 is methyl and n is 1.



(10)or (5),5 (5) separating the diastereoisomeric mixture (10) or (5) into two single di
stereoisorners respectively (11) Jo and (13) or (6) 42 (6) and (8)

MCSLLP

40

5. A cbmpound according to claim 1, wherein R1 is methyl, R2 is
HNSO,R4 wherein R4 is methyl and nis L.
G, A compound according to claim I, wherein both R1 and R2 are
HNS8O,R4, wherein R4 is methyl and n is 0,

s 7 A compound according to claim 1, wherein both RI and R2 are
HNSO,R4, wherein R4 is methyl and n is 1.
8. A process for the preparation of compounds as defined in claims 110 7,

comprising the step of reacting aldehyde (1)

10 _ F
o
with methyldichloropyridine (2)
Gl
o1
15 (2)
to obtain racemic alcohol (3) which is optionally oxidized to the

corresponding N-oxide derivative (4)

4l
b‘\o OH P
F o}
0
20 (3)

condensing (3) or (4) with a chiral acid such as (S)-naproxen or
(8)-acetylmandelic acid to obtain, respectively, a diastereomeric

mixture (10)



5 (8) by chromatography, or crystallization, giving after cleavage, alcohol (+) (14) or () (7) OH CI
>MCA Ns -0-0 15(7) and (-) (9) (9) 20and then reacting compound (+) (14) or (4-) (7) with the suitable

benzoic acid (15) MCSLLP 43 MCSLLP
41
j@@"’“
Py ° o
© TN
F o W
g‘ cl
(10)
or (5),
Q
o
o %o
F W
(3)

geparating the diastereoisomeric mixture (10) or (5) into two single

diastercoisomers respectively (11)

[ g ¢«
o -
F>—o "
10 . ol
(11)
and (13)
:ﬁ@"‘
ANy Oo al
o o)
bl ot
15 (13)

or (6)



'R2 COON (15)  to give compounds of general formula (1), wherein 121 and R2 are as defined in
claim I. 5 9.A compound of general formula fl) (Il)  wherein n is ad defined in claim 1 and the carbon
atom represented with an asterisk below show a (S) configuration. 10 10. A combination of a ‘
compound of formula (l) as defined in claims 1 to 7 with a second pharma&@u%i%b?active component
selected from the classes of 32 agonists, M3 antagonists and corticosteroids, 11. A combination
according to claim 10, wherein the second active ctfnponent is formoterol or carmotcrol. 15 12. A
pharmaceutical composition comprising a compound of formula (1) as defined in claims 1 to 7, or a
combination according to claims 10 or 11, and one or more pharmaceutically acceptable carriers
and/or excipients, 13. A compound of formula (I) as dgfined in claims 1 to 7, as a medicament. 20 14.
A compound of formula (I) as defined in claims 1 to 72for-the prevention and/or treatment of a disease
of the respiratory tract characterized by airw%x_gbstﬂa%é?such as asthma and COPD. 15. A device
comprising a pharmaceutical composition accorgi clam 2. 25 16. A kit comprising the
pharmaceutical compositions of claim ii and aﬁMﬁ%ﬂ%evice which may be a single- or
multi-dose dry powder inhaler, a metered dosé& inhaler or a soft mist nebulizer. 17. A compound of
formula (1) as defined in claims | to 7, for use in the pggvention and/or treatment of allergic rhinitis.
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20 and then reacting compound (+) (14) or (+) (7) with the suitable

benzoic acid (15)



5 18. A compound of formula (I) as defined in claims 1 to 7, for use in the preve..-ation and/or
treatment of atopic dermatitis.
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R2
m-—@—COOH
(13)
to give compounds of general formula (I), wherein R1 and R2 are as

defined in claim 1.

5 9. A compound of general formula (II)
(M
Or - .-«"(O)n
} J
3 *
cl
o
(1

wherein n is ad defined in claim 1 and the carbon atom represenied with
an asterisk below show a (8) configuration.

10 10. A combination of a compound of formula (I) as defined in claims 1 to 7
with a second pharmaceutical active component selected from the classes of
B2 agonists, M3 antagonists and corticosteroids,

11. A combination according to claim 10, wherein the second active
component is formoterol or carmoterol,

15 12. A pharmaceutical composition comprising a compound of formula (I) as
defined in claims 1 to 7, or a combination according to ¢laims 10 or 11, and
one or more pharmaceutically acceptable carriers and/or excipients,

13, A compound of formula (I) as defined in claims 1 to 7, as a
medicament.

20 14, A corﬁpc:und of formmla (I) as defined in claims 1 to 7, for the
prevention and/or treatment of a disease of the respiratory tract characterized
by airway obstruction such as asthma and COPD.

15. A device comprising a pharmaceutical composition according to claim
12.

25 16. A kit comprising the pharmaceutical compositions of claim 12 and a
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device which may be a single- or multi-dose dry powder inhaler, a metered
dose inhaler or a soft mist nebulizer.

17. A compound of formula (I) as defined in claims 1 to 7, for use in the
prevention and/or treatment of allergic rhinitis.

18, A compound of formula (1) as defined in claims 1 to 7, fg’r uge in the

prevention and/or treatment of atopic dermatitis.



