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(1- PHENYL- 2- PYRI DI N- 4- YL) ETHYL ESTERS AS PHOSPHODI ESTERASE | NHI Bl TORS FI ELD
OF THE | NvaNbio@s9107 The present invention rel ates toprcwmEPIDOIG7Of t he
phosphodi est erase 4 (PDE4) enzyne. Mote particularly, the invention relates
to 1-phenyl-2- pyridinyl alkyl alcohol derivatives, to processes for the
preparation thereof, conpositions conprising them conbinations and
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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 Inhaled 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 lafgely 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



The cause of said side effects has been wdely investigated. 10lt has been
found that PDE4 exists in tw distinct fornms representing different

conf or natwonsio/dshat were designated as high affinity rolricpreemibiongiag site
or HPDE4, especially present in the central nervous systemand in parietal
cells, and low affinity rolipran1bindiné site or LPDE4 (Jacobitz, S et al
Mol . Pharmacol , 1996, 50, 891-899), which is found in the inmune and 15
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al cohols and their use as PDE4 inhibitors are also described in WO _ .
2008/ 006588le effectsTruch rassBausGay &atrignagdossdedon and caepdrdin tadhelr poE4
i nhi bitors having_excellent LPDE4 selectivity. W) )
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t he presence aof sul hQnaHido substituents on the benzoate residue markedly
i mpr oves UhBa§8F§ﬁ€ S 1n the gybr eover, it has been surprisingly found that
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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.



The invention is directed to conpounds of general formula (1) as (-)
enantioners, acting as inhibitors of the phosphodi esterase 4 (PDE4) enzyne,
t o proceswoexofoasdtone preparati on thereof, conpositions ecEmP2&i0evhiem and
15 therapeutic uses thereof RL (1) wherein: 20n is 0 or 1; Rl and R2 may
be the sane or different, and are selecfed fromthe group consisting of: -
| i near or branched Cl-C6 al kyl, optignal]y substituted by one _ar nore
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enantiomers and racemates.

It has now been found that an unexpectedly beneficial therapeutic effect,
particularly a synergistic effect, is obtained in the treatment of inflammatory or
obstructive diseases of the respiratory tract when the compounds of the

10 invention are used in combination with a long-acting [3,-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 nisOorl;

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;



t he conpounds of forrmula (I) as reported in Schene 1, which conprises
reacting al dehyde (1) with nethyl dichloropyridine (2) to obtain racemc

al cohol (Wb.20f0hissiobatter is then condensed with a chiralpcagrdoi9weis7as
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benzoic acid (15) enantlamers 20 (+) (14) or (+) (7) give conmpounds of
general formula (glﬁ The present invention is also directed to a
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alcohol (3). This latter is then condensed with a chiral acid such as
(S)-naproxen or (S)-acetylmandelic acid to obtain a diastereomeric mixture
15 (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 (+) (7)
and (-) (9). Finally, by reaction with a suitable benzoic acid (15), enantiomers
20 (+) (14) or (+) (7) give compounds of general formula (I).

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 enantiorﬁeric alcohol, for instance (+) (14), with
a benzoic acid (15).

25 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



The present invention also provides pharmaceutical conpositions 15
conprising a conpound of formula (1) and one or nore pharmaceutically

accept ablwocarwiseros and/ or exci pi ents. The pr esenPCirmPeoInioors7é n
particul ar provides pharnmaceutical preparations suitable for admnistration
by i nhal ati on. The pr esent invention also provides conbinati ons of
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t he preseﬁ?ngﬁééﬁﬁﬁgﬁléggV|des conbi nati ons of a compound of formula (I)
W th rnmoterol or carnoterol. The present invention al so
provi des conpounds of fornmula (1) for use as 15 a nedi canent. Al so
provided is the use of the co unds of fm y ﬁ;ﬁ@l in the preparation of a
medi canent for the prevention or reat any di sease wherein the
activity of PDE4 receptors is i 3 ¥Nhi biti on of PDE4 receptor
activity is desired. 20The pré&sen -ntloncalso provi des a nmethod for the
prevention or treatnent of any ‘%ea e wherein the activity of PDE4
receptors is inplicated and inhibition of PDE4 receptor activity is
desired, which nethods conprises adni(M)stering to a patient in need thereof
a therapeutlcally effective amount of a conmpound of fornmula (). 25The
above uses or witeheidsn ¢oaprdefmeal sbopoand the dasbomlagornl depeesdnged avidhenor

conmbined with other active ingredients anong those formerly reported.
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 above di seases wherein the activity of PDE4 receptors and inhibition of
PDE4 receptors are inplicated, conprise diseases of the respiratory tract,

WO 2010/ 0802010RGTI0EP2010/ 000676 7 characteri zed by ai r wRgTaPe10M00t67©N such

as asthma and COPD. Furthernore, the invention is also directed to the
use of the compounds of fornula (1) for the in vitro inhibition of PDE4
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of a compound of formula (I) with formoterol or carmoterol.

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

15 a medicament.

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
alone or combined with other active ingredients among those formerly reported.

The above diseases wherein the activity of PDE4 receptors and inhibition

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



WO 2010/ 089107PCT/ EP2010/ 000676 8 pure, preferably greater than 99% and

nost preferably greater than 99. 9% FlI GURE Fi gure shows the existence
of a synewgi2e10aspioen for a preferred enbodi ment of the pcesentioionisention.
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sub- pockegoftftﬁ tﬁéﬁ‘ﬁrﬁk&.a het erocycl e such as pyridine or pyrrolidone.
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,-C4 or C;-C, alkyl, refers to straight 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-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 “Cs3-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



5The present invention is directed to conpounds that can nmaintain the

I nteractions with the sub-pockets S. and S1 by neans of the substituted

cat echol woizetosared t he interaction with the netal i onspcegpenobyosneans of
the pyridine ring like other known PDE4,i nhibitors, but differing from
them for the presence of a sul fonylam ﬁo- benzoi ¢ acid group, which enable
themto 10 establish an additional interaction with the sub-pocket S3.

I n parti coles proferahisgepater tham?9vrandmast praferabdyrgeatesthan Y% -al for nul a
(I') as defined earlier, including the pharnmaceutically acceptabl e inorganic
and organi ¢ saFl§UR¥drates, solvates or addition conpl exes thereof. Rl 15
(I') Preferred g[oups of conﬁounds of forpula (1) are those wherein, Rl is
HNSO2R4, R2 i sFomgeanhiowsi dhe; exipience (Ns@RyNCrRIC Achivy 08 A pseferredh. R1
s HNSO2R4, wherein R4 is nmethyl, R2 is OR3, wherein R3 is

cycl opr opgmbedigient aé the presgnt 1RMENEOIMNSO2RA, wherein R4 is nethyl, R2 is
OR3, wherein R3 is cyclopropylnethyl and nis 1; Rl is |linear or branched
Cl1- C6 &l kyl, ROATOYpEbERMNand n is 0; WD 2010/ 089107PCT/ EP2010/ 000676 10

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

The catalytic site of PDE4 has been previously identified: it mainly
comprises a hydrophobic region in which two sub-pockets are present, e.g. 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



Rl is nmethyl, R2 is HNSO2R4, wherein R4 is nmethyl and nis O0; Rl is linear
or branched Cl-C6 alkyl, R2 is HNSO2R4 and nis 1, Rl is nethyl, R2 is

HNSO2R4, wberw/as9Rd is nethyl and n is 1; R2 iPSTIHPAEA00W®6
branched C1-C6 alkyl, Rl is HNSO2R4 andgn is O, 5- R2 is nethyl, Rl is
HNSO2R4, wherein R4 is nmethyl and n is O; R2 is |linear or
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the presence of a sulfonylamino-benzoic acid group, which enable them to

10  establish an additional interaction with the sub-pocket Ss.
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
D
Preferred groups of compounds of formula (I) are those wherein:
- R11s HNSO;R4, R2 is OR3 and n is 0;
- R1 is 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;



The conpounds of formula (I) show an in vitro inhibitory activity toward
the PDE4 enzyne in the nMrange and they are endowed with a renarkabl e
activity wo20tv@8pwigs upon intra-tracheal adm nistrati oRCIIEP2010/00676

2010/ 089107PCT/ EP2010/ 000676 11 ani mal del of COPD. They may al so exhibit
sust ai ned pul nonary levels in the |ungs, being undetectable in plasnma,
which is an index of a short system c action. According to ([i)re‘ferred
embodi nent's, t h&pise@sthyl; Rleist DS QR4 whsreindk4 lscmﬁsgmh@% 8f1st&rnul a (1)
reported bel ow. Conpound Chem cal nane C ) )

(-) - 3- Cycl opr opW Intst hesar- or branghed Loi-Corafk ik 19BN PR 4@nd n is 1;

1- (3-cycl opropyl net hoxy- 4- di f] uor onet hoxy- phenyl) - 2- i

(3, 5-di chl or o- pyfli i mﬁﬁlﬂi}{%{sﬁl\l%@z@}, whereln)ilél is methyl and n is 1;

115 eyt opy opy RS TGP o b Bhany 5 EBESOSRAnd n s 0
(2322 0yl opr op P e a folet NSEd: by hisiindeh snsthy Landin is 0;
(3. 5- 6 chi or o 1 RAcy Rpsanchrruenghpd Kb aetlodt 1 FNSOR4 and n s 1
Eye1 opr opy! - ot R BEHRH Bar 5rR NS bHeRG D 4Y i methyl and n'is 1;
(-3 Vet nanesultorn/oli B e R0-EEaon i a1 (s

- R11is OR3, R2 is HNSO,R4 and nis 1;

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

- R11s OR3, R2 i1s HNSO,R4 and n is 1;

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

- 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 nis 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



cycl opropyl - met hoxy- 4-di f | uor onet hoxy- pheny1) - 2- (3, 5-
di chl oro-1-oxy-pyridi n-4-yl)-ethyl ester

(-) - 4- MetWwarzesuispwny| am no- 3- net hyl - benzoi caci d1- ( 3- PCT/EP2010/000676
cycl opropyl net hoxy- 4-di f| uor onet hoxy- phgpy1) - 2- (3, 5-
di chl oro- 1-oxy-pyridin-4-yl)-ethyl ester C5 C6 The above conpounds

have been c.onvleni %nil¥¢g§]§§tified as (-) enantioners which, however, have
(S) confi &35 BRY5L © rbon atommarked with an asterisk. As such,

ese, SO ComgUD e 52l B AR o MRS HEACEECTL EEP AT 200REE Héine
S ol ob apyl e e gl (OB RSTER B cmic cion.

8[1 agﬁéb%é; ﬁ&hg%ﬁ%&@r%g%gﬂﬁﬁ%ﬁlgiﬁ%g_ tg'%tn;gr%rsgnt invention provides the
pheny - 2otaPRUENE T GPBRAT) RFARAONE er T et e

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-yl)-ethyl ester

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

Cé6 (-)-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



C34- Cycl opr opyl met hoxy- 3- net hanesul f onyl am no- benzoi c
aci d1- (S)-(3-cycl opropyl net hoxy-4-di f| uor onet hoxy-

phenyl) - 2V0208/@PWA| or o- 1- oxy- pyri di n-4-y1) - et hyl

est er PCT/EP2010/000676
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phenyl)-2-(3,5-dichloro-1-oxy-pyridin-4-yl)-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
Cs5 3-Methanesulfonylamino-4-methyl-benzoic acid 1-(S)-(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-(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 ICsq values.

In the case of LPDE4, the ICsy 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



WO 2010/ 089107PCT/ EP2010/ 000676 15 Procedure for the preparation of
conpounds of fornula (I) According to a particul ar enbodi nent of the
present iWOeAtWAL07t he conpounds of fornmula (1) may be BEEFRREEH/00G6GE
exanpl e, follow ng the synthetic pathways described in Scheme 1. 5Racem c
al cohol (3) may be prepared by reacting al dehyde (1) with

oo s P ARERS) SO0 ) Sl LSRR AR, o
obt ;?ﬁf?,:gjé‘%ém'b%d[ﬁé??pwﬁéﬁ %a%li{%@%ﬁ%@@?ﬁ?%g&?ﬁ%é soners may be
2cbordi ng Lo KhtuhraY nahs TETEDY R TR EAIRY i) oY (RRSy s, SRS
ol o endRErgedy i€ AFRLERariey, HUE BREsRERy, Biahet. Ren L fo ter dudte

| ved b f. ch hy Wi ' ' hase,
accor Zﬁenlgpr?eﬁmﬁm?m%rh@%@%%%&%éﬁ“ ety bRl Al WOy e and
P [ Me " F T Spr i 04, " ' :
Aol yt s cal Vet Ot CRPBRE ol BEFRIT D7 dyal, B miep e L ERGRRIEY,

I i cul . | cohgl {3 ne hj pd. 20

such as (SARIBIEIERiinan Rahasar B aotRePRERSFR, WHhilh A i iseataft o
ted.intq t t i | jrast i 11 d (13) b

iﬁfgﬁgtg99§%ﬁ§¥“ﬂ§§%$&%ﬁ@ggﬁggggﬁﬁt @ggkagrngigstérggneﬁic)es¥ers by

hydrol ysis in an aqueous sol vent or by al coholysis in an al coholic sol vent,
using acidic or basic conditions, enantioneric pure al cohol internediates
(-) 25 (12) and (+) (14) may be obtai ned. Route 2 - Racemate (4),
obt ai ned by oxidation of racemate (3) carried out according to conventional
nmet hods, nay be reacted with a chiral acid such as (S)-acetyl mandelic acid
so obtaining a mxture of two diastereoi sonmers (5). WO

2010/ 089107PCT/ EP2010/ 000676 16 By trituration with diethyl ether and
crystallization in a solvent such as isopropanol, ethanol or nethanol, or
by chromat ographi ¢ separation, single diastereoneric esters (6) and (8) may
be obtained. After cleavage of single diastereoneric esters by hydrolysis
in an



5 aqueous sol vent or by al coholysis in an al coholic solvent, using acidic
or basic conditions, enantioneric pure alcohol internediates (+) (7) and
(-) (9) ma9 2bw/sbrodi ned. Conmpounds of general for mRCA/BEPRO10KDEI@I N N | S
0O may be prepared by reacting the proper enantioneric alcohol (+)(14) with
benzoic acid (15) in the 10 presence of4 a suitable strong base such as
lithiumdiisopropylamde (LDA), NaH or di nethyl am nopyridi ne (DVAP) and in
t he presence of a condensi ng agent such as

1- Et hy1- 343-di et hyl am nopr opyl ] car bodi i m de hydrochl ori de (EDC) or

N-hydr oxybenzotriazole (HOBT) in a solvent such as dichl oronethane. O her
sol vents may be used, such as dinethylfornma 15 (PMF), tetrahydrofuran
(THF), chloroform dioxane or any other aprogic solvént known to those .
skilled in the art. In a particul ar enbodi nen t he Ieactlon may al so be
carried out in the absence of solvents apounﬁs of formula (1)
wherein n is 1 nay be prepared by OX|d|Z|ng<éorr€spond|ng conpounds of
formula (1) wherein n is 0 by means of argoxi dijz&ng 20 agent such as

3-chl oroperbenzoi c acid, peracetic aC|d:g hy i ger oxi de in solvents
such as chloroform di chl or onet hane or acaglcw c#ab (y oute B).

Al ternatively, conpounds of formula (1) wh |§ 1 may al so be prepared
by first oxidizing al cohol enantioners (+)
af orenenti oned operative condltlons t hus, oltz |ngrﬁlcohol enantionmers (+)
25 (7). Subsequent reaction betwean the ggven ohdl enantiomer with a
benzoic acid of fornmula (15), thys Qui des th ﬁhome conpounds @f fornula
(I') whereinnis Q (route A). Seps .,'on'pf ( T?)sanq (-) (9) enantiomers
fromracemc al coﬁol (4), VO 2010/ ©8F3¥07PCT/ EF§;2010/‘00 6 12.ing |ts turn

be obtai ned by oxifati @n oforace;yz a\u.ﬁbr’(ﬁﬁh‘ﬁay*b ar P gut by
f

scgided tabove/ f c %éﬂﬁratléé of ~enari qugr s ef racemc
al cohol (3). 3 Thé Ski*kFed pergon shoul d Bé aware tHat i 6nal

variations to @t%g’f &S pSSreported in scheme 1 may¥e applied as
well to the prepar |<D& Df «,;,the nspeunds of the invention. Ao\ refer,
in particular, he“ordemdﬁ ackions that may be perfor dyso as to get
t he deS|reddconpounds or Eﬁ?ﬁ? afes thereof, as well as to t\hwe choice of
operative cendi ti on§| |lkei ng adagfed, £{ ncl udi ng sol ve is,aoptlonalz 0 E
oxi di zi ng aﬁents z:é derdsi ng agents, ka _%ike."_ gAs an egin
case chemcglly reactlve subsgltuents a present £ an§ of thezstarting
materials or interdt a§est eof, that ym ght givesé‘fﬁ“ﬁnwa dﬁ_de
reactions, sui®abl'e)prof écti of those Substi -;nEs may be rrized
out before the«t}em ] naﬁakes~p¢a£ev~45 y amajogy,gsubsequent ggﬁrﬁteétlon
may be then carri ed tggso ag to obtaim again the above cheni | Py ™
reactive substltueg 13§ro Iha t he f?e form 4
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"'I'he protection and deprotection of functional groups is described in

Protective Groups in Oganic Chemstry" 3rd edition, T.W Geene and 20

E. GM \lé\_ﬂve,éngsemzl nterscience (1999) and "Protecting EComPIOL/086I6

oci enski , org Thiene Verlag (1994). According to the present

process for the preparation of the conpounds of the invention, and variants

tgg_repf, ]the séartlgg mfat eir:limal s of ftgr rrull\fa (1) an(F:Il z(ﬂ%)f alslg\gl/elcqlnas any

addi ti onal reaBreeedixefar preparation vd)qompoupps H 19F AcWirality,

sol vent or agent being enployed, is known or nay be easil Pre ar ed g

according to kAssArdisgntale particulpecmbesdsnent feHis dﬂe%qrgto |QPesthe

pharmaceuti cal conpositions of conpounds of faornula (1) in adm xture with

one or noeemphandacelitfosauly (Imlm@gWéT?%ﬁZé@‘%@%G%@mTé”%%c abl e

carriers, for exanple those described in Rem ngton' s Pharnaceuti calgl&

Sci ences $¥bptiepatixyeys dgscribed kn Sghemend .y ?J S. A Exanpl es i ncl ud

( ] SC Cmo\ty., U S A anmpl es incl ude

di luents (such_as , itol, lact , .

exci pient 5. i NBAGEMIG SeEpenGI ngEE AR SIBBFULPY | EaFanLIRFB RS ithent s

bi nde_rs, di si ntegrants, _preservatives, colorants, flavours, lubricants and

tge_ i ke.mﬁthﬁéldlrl] léﬁ‘éléyfé@%ﬂ?és, tabl ets and gels are al so advantageous in

adm ni stering the caonpounds of th resent invention.. . 1L,0i st.ratd on

of the conpgunﬁf@‘lﬁﬁ 1th@3§r€é@én%lcpﬁ9grﬁg? SRAYDF W%E@@nﬁtps%ﬁnggégpd&r&g to

pati ent needs, for exanple, orall asal l.y, 10 parenterall e.d..

su ]E)c ut aneﬂtfs)l %I}aflt’rﬂmﬁﬁﬁe%i‘élloy‘,’ n W%hﬁaﬁs%‘lﬂ%?‘? i}’,y -eﬁ{;pggttbp ﬁ&fy’??l‘éﬁﬁlxﬁve

i nfusion, by inhalation, rectal.ly, .vaginally, topicall local |

]E ransder nﬁ’lgﬁy? %EH‘%E?/ charal a?}u%liﬁ{%it]%'fsr gh‘ﬂﬂ?l}/gs/&rﬁn f%&?ﬁ %‘aneéFO%SE%%%

ornms_ may _be used for adm nistering, conpounds ,of , the in tign in qu)i g

such Kbl i §uehr rdlagleTeRispRers JaRYapRE  SEpanptsd, Bﬁpl(‘ertygyﬁ F%ﬁﬁ?es& I o?’gn es

and 15 _bulg powders. Var i ous Iiﬂui d oral dosage f 5n§ U\ %ét Bg uged

for adm nf E%?TW@IMO%(J%Y PR Phvda ey d5Het Hgng agueous ang'0 '

non- aqueoys, sol utions, enul si ons.,. suspensi ons [ LX T ch

dozage fo HES"(,‘HE“&B'SJ}‘EO 143 na'ﬁﬂg)’\ﬁﬁysrﬁ?y;tfﬁ éeqlﬂggfltkg?ﬁnugn%%gghﬁ?@esrsm% er

an nown suit 20 exci.pient s, such as prgse i I n

sweet ener 81V Itg?/o Séfé(gsc%ll Q’:&?“&Ee%ﬁ & §§qgﬁ§ﬁ%¥%§t¥6ﬁl§5 \gggéﬂgrgggggﬁe{n% ng

the compounds of,the: ] AMERLLOR,y HIC SOTPOHRYISHElnd BE chivRBld ApHPM A

|njI ect ed, AFOPOLKAHITE THRIF SRRV IS 10T 5FM Of “an Teotonrc’ stefil e

sol utjon. her _known preparat | re al i 2 Jolelsy! i or

rect aiSOgdﬁﬁﬁPgtﬁlﬁ??B?fygfﬁfaﬁS’ SRl 4B 3 RoBR Bl s RIER Rl e

prepare m xi ng the,c i - Suli i Py

butter, sgﬁ?ﬂﬂ)ﬂé)tnesﬁ%%%arggﬁéﬁ] %;’/1;81 eir?gacgf@dgoll{/%m&ds&xﬁ PrEd, Spii Hgéls_\&?%éa
2004; “Drug Stereochemistry: Analytical Methods and Pharmacology”, Irving

W. Wainer, CRC Press, 1993).
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).



Formul ati ons for vaginal admnistration may be in the formof cream WO
2010/ 089107PCT/ EP2010/ 000676 19 gel, paste, foam or spray formul a

cont ai ni ngO 20/@ad7t i on to the active ingredi ent, converCir@mpad10080676 €rsS.
For topical admnistration, the phar WCEE“ cal conpositions may be in the
formof creanms, ointnents, lininments, |0otions, enulsions, suspensions, 5
gel s, solutions, pastes, powders, sprays, and drops suitablﬁ for

admi ni st r &Y driteRiane withndieghyl ether gndngestaliystion 1843 RI¥ERGSUSH ARy
al so involve transdermal administration, e.qg. by neans.of transdernal

pat ches. 1sopropapok, h%thﬁfl@bmemeﬂé‘%nqlhé’rdp%e‘gk@@%f’g{ it SEpRFaAi Gy SElE 1 |
t he conpounds of the invention ar preferaBI , adm ni stered by inhal ation.
101 nhal abléaSsPEOMELS SHETT (@) @%(g}]%ﬂyalbfr 8 fi’é rs, propellant-containing

nmetering aerosols or propellgnt-free nhal able. formulatiops . For

adni ni strat i on4déery cheay r singlewhiastergpmeris; estars ?E’iﬁlogﬁdmﬂmé‘lsei% Hhy be
utilized. In that case the powler nay be filled i el ati.ne, .asti.c or

ot her 2ap@drequs salvepf gydy @F%\gp[ysgﬂ%%/n BB@Q%O}Hﬁlq f’l&é(%PEs‘éﬁlQ%iaFm‘%)rA’aéi“? uent
or carrier, generally chemcally ipert to the co of .t he invention,

o o et Geplgonm erapRemerPRT< Aol S ImE g SR o7 hgneie) FADIRT R o
fraction .be added to the powdered conpounds of the invention.

I nhal at i ogggarlﬁ%i scont ai ni ngpr opel | ant gassuchas hydr of | uor oal kanes may
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(EDC) or N-hydroxybenzotriazole (HOBT) in a solvent 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),



WO 2010/ 089107PCT/ EP2010/ 000676 20 i ngredients including those currently
used in the treatnent of respiratory disorders, e. g. P2-agonists,

corti costwoantgosared M3 ant agoni sts. The dosages of pCmEre@oposnels of

t he invention nmay depend upon a variety ?f factors including the particul ar
di sease to be treated, the severity of lj the synptons, the route of

adm ni stration, the frequency of the dosage interval, the particular
conpound in itisiteen betdtgafed broxidatoon ediragympy atdahe] (Ahdnghidrenesiadens ¢
profile of the compound. Advant ageousl y, the conpounds of fornula
(1) may bbyaknpwinsteetbedsomasedasgriled aboyeddengepaminn Lfd cpantiesrrd. 001
and 1000 ny/day, preferably 10 between 0.1 and 500 ny/day. When t hey
are adm nraresiecrlpghohGB) ati on route, the dosage of the conpounds of
formula (1) is advantageously conprised between 0.01 and 20 ny/ day,
preferably bet kbenskilledaperaan rmipoudd  beravaieahyt ophenabrydiHeNGLOT Bigl a
(1) alone or conbined wth other 15 active ingredients y Be adm ni st ered
for the ppevidsticaiephtgraried enmseleme of rram/yb%@ﬁpheéﬁswéeﬂzt@ﬁ FRIEPYT i ase
such as asthma, chronic bronchitis and chronic obstructive pul nonary

di sease ( by compounds\d\tBe InKenPpounds of fornula (1) may be

adm ni stered for the prevention and/or t eattmant of aBy di sease &errel t he

activity of PDWMe referotiepapiculas jonihs eaieéoo QFFACHARS B85 BiYope pt or
activity is desired, or a djsease state whi ch%"i.s mstgli)@ate by PDE4 ac%i vity
(for instand@s tg getsthgsdesitest sompoprds iorppormediaigs, epgls asgvell as to the

overactive). K Exanples of such, diseases include: aller.gic djsease state
such as a?é@icé‘ abronarative, copditions; eing Iaélflﬁfeéi’rll‘i‘ic:l]‘i"il%& 59 Vleé‘? iep%lona
conjunctivitjs, vernal conjunctivitis, ﬁashngﬁgi l'ic granul oma, 25

psor i Hyi sOXJHENERRNPy CARIHMSIRG 885 ARALBE X &t hritis, septic shock,

and by ai . chr & & GRTUNG heBRe EECRHaNI He SHBRIRYS e IR gets.
ot coar t NPT i, ey gn8 FORGSSTPeH BRSO 000676 1. i realieht b kecte™
Cebor r hoi ERBEEEHE I BhEtiobSrfidble el oo BRSAG i SR B Bnfu b7 0
ups. er yererm belRERRG AP ARSIk mACE, ca 5 pyoder m s, endogenous and
nephrIti e, i nf PanRoRy: Bofga SRRy SRIRY AEAEL il gP o
"nal ude noBAiR otgdia T abmes SreuTRHS ftaB AR Bhecor effiup o, e 4R, 027

mul tiple Crl erosis, anylolaterosclerosis (ALS), nmultiple 10 systens atrophy
(MBA), sc ?{%'phreni a, Parkinson's disease, Huntington's disease, Pick's

di sease, depreﬁieoﬂrotgct:tri&}fean@%p?@ée@ﬁ'off?f FuhBlighyt 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



The present invention will now be further described by way of the follow ng
exanpl es. EXAMPLE 1

15Pr epar awoenmig9103- Cycl opr opyl net hoxy- 4- di f| uor omet hoxPE€T/EP2010/000676
phenyl)-2- (3, 5-di ehl oro-pyridin-4-yl)- e%@anol (3) A sol ution of

3-cycl opropyl nmet hoxy- 4-di f| uor omet hoxy- benzal dehyde (5.00 g) and

2SR DRIk S e AL Al 90 SR
o sol ut FIATMAFEENETOFBErOARoPRE A0kt bn et IR IES 8 ' red a
o the react i ol SR ancREe T LTsmAs tHE % Shobitr hririlludadBoectiliRdioe
{hen- ext r 200 §uaeh o e B il BSPITH § Rl et ybiliz e B  ne”
of pot 7 ol SRR RUI e DR egraiis; BESEREuIAS, KEREE. Hburs WbriRlndt did 7 e
(i 1o compiikCralt it Bt sgatien TAECRoMRIchR ard A "idiRphgbond B 1°
Spr cpar at PORBPTCAT S SRPERyEL of s T eR T ge Bt noxy-
(155 ) wes aruhHy&Rfian By S pObolint RE A8 Breschl inventfoiTRRNIChe,”
{enper ot ureeoBPHSHRSTALARBESKS " pReRr HEoY YO SHURRRE, BralorBaselly, o
the s 87 o PaRBES i « S ARHEBEPysH o BT ERER Phe SRt GElY o
desi rod pYBHRRE LAY and Sy ST 15, RXAREEN Sl RBALE (qhiRasl, e
wi thout festhg) tPAHddet53i1y98nd by ocular administration. Various solid oral dosage

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,



15M5/ ESI 420-422 [ VWH + EXAMPLE 3 Prepar ati onof Acet oxy- phenyl -aceti caci d
cycl opr opyl net hoxy- 4-di f | uor onet hoxy- pheny1l) - 2- (3, 5-di chl or o- 1- oxypyri di n-4
-y1) - et hyWoestomns9103, m xture of di astereoi soners) 20ConpoumR2¢100¢61®. 95 g),
(S)-acetylmandelic acid (9.22g), 1l-ethyl-343- dinethylam no propyl]
carbodi i mi de hydrochl oride (18 g) and 4l%i net hyl ami nopyridine (2.89 g) were
di ssol ved, under N2 atnosphere, in dry CH2Cl2 (300 nml). The reaction
m xt ure wgsl,spastegdfoaim,” oconsprypdoanuie anaimiggt .inAadditiqudoushs daitveon of
NaHCO3 (200 ml) was added and the 25 aqueous phase was extracted with
CH2C12 ( 3ingrédintlyonvidrgi@mliviangdrsor gani ¢ phases were dried over Na2SO4 and
the sol vent was evaporated under reduced pressure to give the title
conpound (5) aFomitepicad adininiiraticrst dreephamnageiticak cgmpasépianamay bgf int he
two di astereoisoners is described in Exanples 4 and 6. WO
2010/ 0891 6P EHHEP20 1660066 76 nRBeENAMPLENngnts, lotions, emulsions, suspensions,
Prepar ati onof (+) - Acet oxy- phenyl -aceti caci d1-( 3- . o .
cycl opF opgklseshbxtyons, didstaso porveddrox gprstysnypnil-drops swit@bdnfer edmisisfgafiandi n- 4
-yl)-ethyl ester (6) 5The crude diastereoneric mxture (5) (32g) was
trituratetb wiheh sEIR0 eyepCar! pr Bose.c diapdcaln@dminisgraitpn TRAY pabcedovelvtas
repeated four tinmes in order to obtain a solid mxture enriched in
di ast er eotrsosderni®l) adimhiistradpnde gadycnganapf traagderpsh pHELES.(80 n) and
filtered to give 9.65 g of conpound (6) with diastereoneric purity >95%
The di ast er eonEpr ¢hetrcatmenhef Hee distases of the yespmatonh Hagh the gompgunds
anal ytical chiral HPLC perfornmed on Chiracel OD columm (isocratic elution
Wi t;] hex?néih%uprmmarmeéqabiy admonisterad by ibalatient i on tine = 27.2
mn). MS/EST 596, 598 4- "1H NWVR (300 MHz, DMSO- d6 8,57 (s,.2 :
7.27 107, 44 (ninhglable 1[9{)|\€/=|,i>ﬂa6at9qn& mnlméf(: phalably POWdGB&(I%fP%gWﬁ?E'Celﬁt(ﬁim-nz%.H)79
(m 2 H, 595 (dd, 1 H, 585 (s, 1 H, 3.72 (dd,, L H, 3.60 (dd, 1 H),
3. 41 (dd, metepingepasqls @r PIOPB’fl,lath.‘ﬁ@e(l§ba@blﬁ formgtation$. 31 (m 1 H), 0.48
-0.72 (m 2 H, 0.21 - 0.44 (m ) .

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



[a]r. +14 (c=0.54, MeOH) EXAMPLE 5 20Preparation of
(+)-1-(3-Cycl opropyl net hoxy-4-di f | uor onet hoxy-

phenyl) - 2v02pB/mbwhl or o- 1- oxy- pyri di n-4-y1) - et hanol
g) was suspended in methanol

(175 mM) was added. The white suspensi oA was vi gorously stirred at room

t enper at ure overni ght.

enantioneric purity >99% The enantioneric purity was determ ned by

anal yti cavadbiy af fadb6s pedtidingetheoparCuiulzicéisean twbartreatedoteataverdywfi on

wi th hexane: i sopropanol 30:70, flow 0.35 nl/mn, retention time = 22.3
m n). SNSHESISynoms2 2tHeMdpute of adiHnivVR{B00 theZreprnsoyd®f phen dosre(s, 2

(7) PCompoan@oqedy (6. 42
(350 mM) then a saturated solution of NaHCGO3

t he conbi ned organic | ayers
antegonists.under vacuum The

The reaction m xture was 25 diluted with CH2C12 (700
n) and waslredienits hnalifingqtieses canentlyonsed iNatGOréadatent! pf telspiratpryous
phase was extracted with CH2C12 (2 x 300 m),
wer e dri edisovéersNe2g®B,-apdnishe coticesteroals
crude white solid obtained was triturated WO 2010/ 089107PCT/ EP2010/ 000676
24 with Et20 (Thé0dosuges anflthié Icommpounds gff vbe3ind@ntjonf mayndepemad (Wpomiat h

1

H, 7.11 (d, 1 H, 7.05 (d, 1 H, 6.88 (dd, 1 H), 7.01 (t, 1 H), _5.59 (d,
H, 4.84 f{mdrval, the patisalqrachmporind wilgzed; dhe effi¢hcy, sox®olegy profie, ando2
(dd, 1 H), 1.03 - 1.35 (m 1 H), 0.46 - 0.67 (m 2 H), 0.24 - 0.46 (m 2 H)

10[ a] E, =ph&Sniasiinstic peofije eitherempound.

10

15

20

25

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

When they are administered By inhalation route, the dosage of the
compounds of 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
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
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,
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,



Prepar ati onof (+) - Acet oxy- phenyl -aceti caci d1- ( 3-

cycl opr opyl net hoxy- 4-di f | uor onet hoxy- pheny1l) - 2- (3, 5-di chl or o- 1- oxypyri di n-4
-y1) - et hywoestoas9(08) 15The crude di astereomeri c m xt ur e PCH)EPR@S/000676 Ur at ed
with Et20 (100 m), sonicated and filterid. The procedure was repeated four
times, and the filtrates were coll ect ed?hnd evapor at ed under reduced
pressure to give a solid mxture enriched in diastereoisoner (8) that was
cryst al | i pydedis,odiabPteSHnelld@sphetmogioneosss, dgxoé andrpllargit ¢6itags eazewmas e
solid with diastereoneric purity >99% 20 The diastereoneric purity was

det er m nedtdpic HRtZ&namak¢lsosheitd cbyermnallichienabingplexal suabuC p @ goa the
Chiracel OD colum (isocratic elution with hexane:isopropanol 40:60, flow
0. 45 nl / manpgeritzint iaoee,t i alopecial. Gneatp, NMYPESTOPbB, 59ars, VHIFCAIdNVRIPBDO0
MHz, DMBO-d6) ppm 8.27 (s, 2 H, 7.27 - 7.45 (m 5 sz 25 7.20 (d, 1 H,
7.08 (d, erythematotus,déystentc, Inpos (arytherphtosss,o7folligular 1pd swade-gsea 1
H, 3.93 (dd, 1 H, 3.89 (dd, 1 H, 3.33 (dd, 1 H, 3.17 (dd, 1 I;?ﬁ$ 2. 07
(s, 3 #), pyoddrmias3@ndogenony and e5®genouy Bepm aongrosapea] Beghet's diseaseH)
[alp = +26 (c=0.55, MeOH) WO 2010/ 089107PCT/ EP2010/ 000676 25 EXAMPLE 7

Pr epar at i enapliylactoid purpura nephritis, inflammatory bowel disease, leukemia,
(-)-1-(3-Cycl opropyl net hoxy- 4-di f| uor omet hoxypheny1) - 2- (3, 5-di chl or 0- 1- oxy-
pyri di n- 4nyulfipde he%o@m@,ggamrpmmaé gyseases,aufpimasingydisensidthesikenol
(50 M) then a 5 saturated solution of NaHCO3 (25 ml). was added. The white
suspensi on was Tiegoradiss| ipcdude reenrglogisam andmesyshialeis gisoressupach Tae
reaction mxture was diluted with CH2C12 (700 m) then a 5% agueous .

sol ution d¥lzhemmas dEwesed Mulkplegeleaosind aﬂWéOM‘a@é§leéfpélsséNagéet Bltiple
aqueous phase was extracted with CH2C12 (2 x 100 nml ), the conbined organic
| ayer $0 weSEStEMSe @tnaphoy dMNAISOrhazephngaIa o PeEHNSOR'S Siss38FatidBnBRgtomder
vacuum The crude white solid obtained s trituyrated twi.ce with Et20 (50
m) and oﬁb%eaﬁﬁt]}zllcéf%@anf(eineﬂ%Sl?%eﬂr%@s and spapalicerd Bive-0. 74 g of

conmpound (7) with enantiaoneric purity >99% The engntiqmeri.c purit S
det er mi ned by dM& PI¢SERE IENERUPD AL BV gFrTéHﬁ’éﬁ{ ?9‘3‘3‘&[ B3D W Lﬁ\;ﬁn\tlylae
(isocrati %@ﬁl ution 15 with hexane:isopropanol 30:70, flow 0.35 m/m n,

ret enti onlQQWIRE SAAWMPAET) . MS/ ESI + 420-422 [MH] +
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 NH4Cl (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,SQOy 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



"1H NVR (300 MHz, DMSO-d6) ppm 8.51 (s,
6.88 (dd, 1 H, 7.01 (t, 1 H), 5.59(d dt, 1 H, 3.89 (dd,

H), 3.84 wodpiolosbdoy 3.18 (dd, 1 H), 3.02 (dd, H) , 1 08CT/E1>2@B/0()0W61 H)

20 0.47 - 0.66 (m 2 H), 0.26 - 0.45 ( 2 H [air. =-61 (¢c=0.5, MeOH)
EXAMPLE 8 2-(6-Met hoxy-napht hal en-2-y1 2pr opi oni caci d1-( 3-

cycl opr opyl net hoxy- 4-di fl uor onet hoxy- pheny1l) - 2- (3, 5-di chl oro- pyri di n25
4-y1) - et hfllterst and(drided,noxtairiagcef.88lignsf threebils mmensourid thad 3y employe&bmpound
(3) (12.0 g) was dissolved in DMF (100 m) then (S)-2-(6-

met hoxy- nadlphnhat step2vithpupfuphemperification.7. 5 g), 4-di met hyl ami nopyri di ne
(3.6 g) and 1-ethyl-3-[3-di net hyl am nopropyl ] carbodii m de hydrochl oride WO
2010/ 089107 PCTMERZERD/ ABbE06 [MH(IE‘; 7 g) were added. After stirring at rt

for 4 hours, water (1000 m) is added. The m xture was extracted with Et OAc
(500 M x 2) EHeAMPbEN2d organic layers are dried over sodi um sul phate
and the solvent was evaporated off under reduced pressure to afford 17.0 ¢
of an Hil whi cPriepacatisnal | iofed fldﬁrEyOHnﬂlenmthonyfﬂydEﬂmoBogle(ﬁhOKYie
title conpound as m xture of diastereoners (lll and §

NVR (200 Iptteny05ei(d)5shinh Bl eony-pysidinzd-yldtbaepl (DH), 7.51-7. 68 (m
3H), 710723(m3|—|),685697(m2|—|),6516685 H)y, 6.22-6.97 (t,
1H, CHF2), 6.0C@npauidn(3Xeh3 Oeg)gwasdwowed sHCHaEHR Y 2 gémlé thesan(ghlon) |
3.07-3.57 (m 3H), 1.42-1.45 (d, 3H_ CH3), 94-1.25 (m .101H), 0.51-0.67
(m 2H), Oetbergode ackd (26)S gh/swasadd@d@ndsnl@ Fosylting modwpor was stirred at
(+)-2-(6-Met hoxy- napht hal en- 2- yl) ionic acid 1-(3 cl opr opy

nmet hoxy- 4769l tesnperatiiex {orp A ergur %%2%2@3&%% (ﬁr)owﬁ§lrﬁdd%ﬁ aun@/iﬁe é’élH‘}PfQLS
ester (second el uted diastereoi sorrer) i The orrpougﬁl was | oI at ed
from ibe ovasstigosowslyitirredebird. Hr b)bé’r‘#ﬁ{ hg sgyidyss ftene

Dai sogel 10 p.m 50x300 nm colu

n- hexane/ gelutian peast weghed W%&Nl@%@%&ﬂd%@ @ahdthengihegorgagiq PhIaﬁBVV" a0

m/mn.; loadin 300 er jnjection; elution tinme;. fr 11 .to 20
drledI oger Nazs%% eE)nd tllle Jso vént was e%alporateii off to (g){\?e }O 3Og of [[Tllle

(d, 1 H, 7.05 (d, 1 H),
( 1

111

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 combined organic
phases were dried over Na,SO, 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.



20 The collected fractions were evaporated and the residue was crystallized
from n- hexane/ i sopropyl - al cohol . 1H NVR (200 MHz, CDC13) ppm
8.60 (s, wHp10/0séd77. 75 (m 2H), 7.58- 7.59 (m 1H), 7. 2¢a/&r2@0(00067dH) ,
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, CHF2), 5.99-6. 062 m 1H), 253.84-3.87 (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,
CH3), 0.96-1. 0BXAMPRIHE4 0.43-0.52 (m 2H), 0.13-0.21 (m 2H). MS/ ESI+ 616,
618 [MH + [a]E, = +52.8 (c¢=0.5, MeOH) WD 2010/089107PCT/ EP2010/ 000676 27
EXANPLE 10 ( +Prepagatibnhoxyofiapht(HarAsetoxytphpnphasetieaci dacid 1-(3-

cycl opropyl net hoxy- 4-di f |l uor onet hoxy- phenyl) - 2y§3 5-dichloro ridind-yl)-e
thyl est ecy(lbpmpybhstle@ixmad:t&u@mmom;y@pr Fﬂe(%wshlﬂmisoxsw at ed
fromthe diastereoneric mxture of exanple 8 by HPLC separation using a

Dai sogel pgrighn-4$iBethyiesder (bh; el uent:

n- hexane/ met hyl -tert-butyl -ether/isopropyl-al cohol: 90/9.9/0.1;, flow 80
m/mns; |oadi hje eudengdiastsreppjesta mpixtueg () 6328) veas frrlmﬁit;edt ity B The
col lected fractions were evaporated and the resi due was cr alli.zed from
10 n- hexaf)Q sabyy sppicased gingl filtered. The procedium Wrﬁme ur chmes) i pm

8.27 (s, 2H), 7.64-7.80 (m 2H), 7.56-7.57 _,728;

7. 14- 7. 200(dAr t9H)btag agoridamixture grrichadoin 1@5@36%18981%@ 2@%15 %010%"661507
(m 1H), 3.88-3.92 3,71-3, 84 2H), 3.39-3,51 (dd,

3. 16- 3. 25cpyséallizesl érqmé’rﬁﬁﬂ%mléﬁndgb?reﬁm see P. éf C?PBP@@%@) 59

m 2 0..34-0. 26 2H . MS/ESI+ 6
|(\/eo|_|) D with d1astere(onrplerlcl_|)pur1ty >95%. llhe dlastereMHlenc purlty was detérmmed

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] *
''H 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, 3 H), 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
NaHCOj; (300 ml); the aqueous phase was extracted with CH,Cl, (2 x 300 ml),
the combined organic layers were dried over Na,SO4 and the solvent was

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



EXAMPLE 11 (+)-1-(3-Cycl opropyl net hoxy-4-di fl uor onmet hoxy- phenyl)-2-(3, 5-
20 di chl oro-pyridin-4-y1l)-ethanol (14) To a suspensi on of

(+) - 2- (6-wothmwopgomwapht hal en- 2-y1) - propi oni ¢ aci d- 1- (3- ®¢EIEPRI10{691676

met hoxy- 4-di f | uor omet hoxy- phenyl) - 2- (3, §5di chl oro- pyri di n-4-y1) - ethyl
ester (13) (14.0 g) in nethanol (110 m), potassiumtert-butoxide (5.1 g)

orear sol MifbrELO% e LY U b e fr[a?xg%aﬁ &g Bifrﬁgczqrgﬁﬁﬂﬁﬁ f GB{WIHQ "
Phe. prec, BhERuameEs] mutiye 1 %e, The aﬁﬁ@éﬁ%%ﬁﬁg Vi Es@%w&rﬂyﬂ'
ol vent 1 8ﬂé\¥%faﬂﬂ %é@TﬁEF%%%H}“?P lragfyl%?f@%@%"@? ﬁé@f%ﬁgﬁog&%?gm
28 :Nas Cr¥v¥ha ex&ite 'o_?)g o1 l I }oalpl e = 9 1 |_e
?gl il . 7.06- ! W%B 6.85 (dd, 1:&3 6259 6424(1(ét Z%)H: HZ:HFg)T'OB
S0 (m ML gt Wfll
5.18-5.00 (m (m AR 3 543 35_(m5 1H) | 3.H5°,1-3. 15 (m 1I(—I)m,
S Vs s v ad R mﬂHﬁmﬁ-f@é@m' (31 i) 140 qt?é%(%glz
G ohior o- (] H0n S8 (LA, fl’ﬂﬁéq"ﬁ?”?%%? PR B R, 3o
ﬁ/é/l)ESI iogw%%‘g(?mmc%d% %g %@Eg@bg(@&é ilg&l\/il%é @s lgaé’par §t| on
of al cohob 477@18 f_g}( %% 318]:(9‘8';:% (14) Compound (14) (3.0 g) was

di ssol ved Chl oro perbenzoic acid (5.4 g) was
added;nd t he Ltld‘% oJoug stirred at roomtenperature for 18
hour s. Sol id ( g} added

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,0O (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 6.4g of compound (&) as a white solid with diastereomeric purity >99%.

20 The diastereomeric purity was determine_d 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/ESI* 596, 598 [MH]"

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

25 7.20(d, 1 H), 7.08 (d,1H), 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),1.14-138 (m, 1 H), 0.50 - 0.71 (m, 2 H), 0.21 - 0.47 (m, 2 H)

[a]p = +26° (¢=0.55, MeOH)



20 and the m xture was vigorously stirred at r.t. for 30 mn. The solid
residue was filtered off; the organic solution was diluted wth additional
100 M ofwOHB@IB9I®Ad washed wi t h aqueous sat urated NaHCE8TS#PRai00087¢ 3x100
mL). The organi c phase was dried over S and the sol vent was evaporat ed
off. The residue was triturated in EtO (20 M) to give 1.9 g of the
desired product 7 as a 25 white solid, which was used in the next step

wi t hout furtheEXAMBLES i on. 11-1 NMVR (200 MHz, CDC13) ppm
8.14 (s, 2H), 7.18-7.09 (d, 1H), 7.07-7.02 (d, 1H), 692683(dd 1H)
7.01-6.22 (t, Prepor#idn 50f0- ¢)96(3+Kydepropybpethexy-fqd Qwroryehlsogy?g
(m 1H), 3.23-3.07 (m 1H), 3.24-3.17 (d, WD 2010/089107PCT/ EP2010/ 000676
29 1H, OHphenyBs2 13§Fd@¢hlom)l oxy7By Didin-4-yl)-ethang @O-o 29 (m 2H) .

M5/ ESI + 420, 422 5.00 (c=0.5,, MeOH) %%ﬂ\l

5Pr epar ati on o€ompmmsl (%D)(Fibllgcﬁd Avas éHSEﬁnd&idcé'ho‘lnemaZ)‘)l 5 IEBh&‘FWQ’) may
be obtained follow ng the procedure described |n %W' e 13, using al cohol
(12) in phatueated wlnbnmof( aHGQ; {Rarmhhyraseaddeda Thegyhity SUSPRRSIOB VI +
[air, =-60.6 (c=0.5, MOH) 10EXAMPLE 15 Pre ation of

(-) - 3- OycViEnTOpyIynEtTed wit Zoge teanReratyisninr A4 hep afé}?cf%tl@n mixture was

1- (3-cycl opropyl net hox -4 dlfluorone hoxy

1
di chl or o- dilptad avithg let H440 e@tl)er ee # %fp%q ous so‘f_’utlon of NaHCO;
- Cycl opro | met hoxy 4-(N-tert-hut oxycar bonyl - N-

met hanesu Qﬂunl - Wb 8ndatied phases: pEs 65?6&5‘}?%9%‘8@9%0“5 phase was
R E
%§3a§;?dg§g&2\{%gb§;§x§% fﬁ@%{}%&ﬂ% lﬂagséégr@é%r@?eg)dff 4u_ncf<ialrrr\%ch A ThP Y '(fi  ne
?liégx?/ﬂcgi rglt n | -c[)\hgerétggﬂfﬁs %gﬁlé{rﬁ@ggﬁgf%n%ﬁ{h E’%de(ﬁ((? rr?l)ggnd r})n%reyw pCl2
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] "
'lH 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° (c=0.5, MeOH)
EXAMPLE 8

2-(6-Methoxy-naphthalen-2-yl)-propionic acid 1-(3-
cyclopropylmet'hoxy-4-diﬂuoromethoxy-phenyl)-l-(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 l-ethyl-3-[3-dimethylaminopropyl]carbodiimide hydrochloride



After stirring at r.t. overnight, the m xture was washed w th 5% aqueous
HC1 (2 x 100 m); the organi c phase was separated and washed with a

sat ur at edwaqomnssiogol uti on of NaHCO3 (2 x 100 ml), dri edCoEreoibal®s@® and
evaporated to 25 dryness. The crude was,purified by flash chromatography on
silica gel in gradient elution (hexane/{0Ac 10/1 to 6/4) to afford 1.4 g
of the title conpound. Step 2: Preparation of C

3- Oycl opr 6p¥Igyeversxadded; ¥ @rstmug@tyticprbérkwurwﬁ@&ehéh@&mmlbmgzatjded Viche
2010/ 089107PCT/ EP2010/ 000676 30 am no- benzoi¢c acid

1- ( 3- cyc| opxowg Wast ¢rxactad vith E&DA@E(ISIQQXIVJ phayhg combmesl organic layers are

di chl oro-pyridin-4-yl)-ethyl ester (1.4 g) was dissolved in CH2C12 (140
ml). A 4mised vesrsasiumciulphatei andit e(sm(bth)wwwvaaaé%e@mff tuneler agduesdhg

m xture was stirred at r.t. for 24 hours, The reactjon mxture was then
evapor at epretssur@rtgarfe@@,rdabﬁcg phan pilswhish e ystailizadtrem EHOHRhos obtinig  and
subsequently in EtOH (50 ml) followed by Et20 (70 ma to afford 0.880 g of
conpound {&P)g ofithe t}tlp@ammda@ﬂmtga@ psﬁwéferepmegs Hoanddd 3)n Tabl e 1.

Table 1 A 0;:0 CN o SC ound A anal yti cal
() 010 RMR 00 S CDAL T o 893 and' 8.60 (25, 1H each, 28),

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, OCHjz),
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, CH3), 0.96-1.03 (m, 1H), 0.43-0.52 (m, 2H), 0.13-0.21 (m, 2H).

MS/ESI* 616, 618 [MH] *

[o]lp = +52.8 ° (c=0.5, MeOH)



a 0 N,so,me MS/ESI+ 671, 673 [MH ; o 11-1 NWMR (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, MoHp1osdm7(t, 1 H 6.78 - 7.33 (m 3 H) 6.20 - péTAP2¢W01000676 H)
3.87 - 3.98 (m 4H 3.63-378(m 1,

EXAMPLE 10

(+)-2-(6-Methoxy-naphthalen-2-yl)-propionic acid 1-(3-
cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-dichloro-pyridin-
4-yl)-ethyl ester (first eluted diastereoisomer) (11)

5 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-terz-butyl-ether/isopropyl-alcohol: 90/9.9/0.1; flow:
80 ml/min.; loading: 300 mg per injection; elution time: from 7 to 10 min. The
collected fractions were evaporated and the residue was crystallized from

10 n-hexane/isopropyl-alcohol.

'H NMR (200 MHz, CDCl;) 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, CHz),

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 ° (¢=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



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 [alp = -22 (c=0.4, MeOH) 10Anal ogously,
t he fol | owbngioosp@ounds may be prepar ed: PCT/EP2010/000676
(-)-4-Cycl opropyl nmet hoxy- 3- net hanesul foggl am no-benzoic acid 1-(3-

cycl opropyl met hoxy- 4-di f | uor onet hoxy- ph

t hyl

y1l)-2-(3,5-dichloropyridin-4-yl)-e

ester -)-3.4-Bi s- rrethanesulfonla nobn0|caC|d
2010/ 089 1gv;qscgr(ry3t_qatlm wodderoiprm/ hexane- 25t00 tazm 8. 1 g ofl w&nte sch)i

| | met hoxy- 4-di | t hoxy- ph ch 1
Chyl oster, (R KR o Qubr B Rt 5195 “oerte chaPaiestd, 1802 ) "¢

5

10

15

20

25

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
(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, CHCIl3).

EXAMPLE 12

(-)-1-(3-Cyclopropylmethoxy-4-difluoromethoxy-phenyl)-2-(3,5-
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° (c=1, CHCI;).

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,0; (5 g) was then added
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 NaHCOj 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 g of the desired product 7 as a
white solid, which was used in the next step without further purification.

'"H NMR (200 MHz, CDCl;) 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,



cycl opropyl met hoxy- 4-di f | uor omet hoxy- pheny1) - 2- (3, 5-di chl oro5pyri di n-4-y1) -
ethyl ester and (-)-4-Mthanesul fonyl am no- 3-net hyl - benzoi caci d1- ( 3-

cycl opr opybrretonssys 4- di f |1 uor onmet hoxy- phenyl) - 2- ( 3, 5- di clrcomP2010/000676
oxypyridin-4-yl)- ethyl ester. EXAVPLE %g 10Preparati on of

(-)-3-Cycl opropyl net hoxy- 4- net hanesul f ofiyl am no- benzoic acid
1-(3-cyclopro ﬁl nmet hoxy- 4-di f| uor onet hoxy- phenyl) - 2- (3, 5-

di chl or o- 191»63 py tédi- h-64- ) 1BDhI7 Se8t56r 2/1(102;‘1), 0.50-0Ghroudll)( C2) was
prepared according to the sane synthetic procedure of Exanple 15, starting
from al cohol i M i420e 422)[MEH ‘Al t ernatively, compound (C2) can be
prepared starting from conpound (CI& as described in the foll ow ng Exanpl e
17. EXAMPLE 17[alp = + ppeyatcatd. 9nMgOH)

(-)-3-Cycl opropyl net hoxy- 4- net hanesul f onyl am nobenzoi ¢ acid

1- (3-cycl opr opﬁ&&Mﬁ&M di f1 uor onet hoxy- pheny1)-2-(3,5- 20

di chl oro- 1-oxy-pyridin-4-yl)-ethyl ester (C2) starting from conpound (C)
Conpouhd (O ) Paeparapionnf ai‘pgb@i/(/%hbyro tion ¢alcabpl (¥2)6 m Chl oro
perbenzoic acid _(0.355 g) was, added _and the resulting solution was stirred
at room t enper &epkol 69?1@%0‘9? sobianed fdloyving the procgsuigdespaheddied
and the nmixture was vi gorouslmi(sti rred at r.t. for 30mn. The solid residue

was filt eFgampdedss usinmalsofiahi( E25 1 placsoialsobpl (kDpsateringmatetiahl 20 nd
of CH2C1l2 and washed . with a ueogé ,saturated NaHCO3 sol ution (3x20 nl). The
or gani ¢ phase My ERl d20p e MPH04 and the sol vent was evaporated off The

residue was triturated in EfQH (2 ) to give 0.710 g of the desired
conmpound (C2) LféiJ u -ée?gﬁbiSd.h&e%OlO/ 089107PCT/ EP2010/ 000676 32
The fol |l owi ng Wre prepared follow ng the sane route using
suitabl e reage k
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-Cvyclopropyvlmethoxy-4-(N-tert-butoxycarbonyi-N-

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

difluoromethoxy-phenyl)-2-(3.5-dichloro-pyridin-4-vyl)-ethyl 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
HCI1 (2 x 100 ml); the organic phase was separated and washed with a saturated
aqueous solution of NaHCO;3 (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)-



-\0ICV NOo O FO X-0CI F Conmpound A Analytical C2 4), HN.,6 SO2Me
ESI + 687, 689 [MH +; Il NWVR (300 MHz, DVBO d6) ppm 9.14 (br. s.,
580(2810/@otdy, 7.59 (dd, 1 H), 7.49 (d 1 H, 7.4pctapr2dioldhos7d. 14 -
2 H, 7.07 (dd, 1 H, 7.06 (t,34 H, 6.18 (dd, 1 H, 3.84 - 4.04
,361(dd 1H),334(dd H}Sll(s 3 H, 1.25- 1.43 (m 1

.13 - 1.26 1 , 49 - —
c= oammq@@pgow aclil()i 1—?3 cyclopropylmet 0Xy- IZI!)dlfpuoromethoxy pflépxylsl 2l_?3 [5a| :

N
\‘
55@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 mixture 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

)
b\\ CI\~” IN

Cl

>—o

Compound | A analytical

C1 /@ soMe | MS/ESI* 671, 673 [MH] ";

% '"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:
J (-)-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-



C3 0 0 N-SO2Me H 11-1 NNW (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.\8020t0/08247 CHF2), 7.00 - 7.24 (m 4 H), 6.26 - P6ETAR2€M{00@b7¢]), 3.97
(dd, J=14.89, 7.08 Hz, 4 H), 3.75 (dd, :{1=13. 92, 9.52 Hz, 1 H), 3.45 (dd,
J1416,4.39Hz,1H),298(s 3H) 17-145(m2H) 0.54 - 0.75
(m 4 H, 0.29 - 0.47 (m 6430] = - (c=0.1, CHC1 - Fil-S02ne
N - Se H21'4 11ayq>lmr@12yi®nwh@xy 1ﬁu@é@m§ﬁm>¢é/dph@nwl)z?6(%énjh°@ P 8. 23 (s,

2 H, 7.85 - 8.01 (m 2 H,6 7.69 (d, J=8.30 Hz, 1 H), 7.20 (m 1 H, 7.00 -
6.25 (t lH @mﬂmﬁw -ethyl esteem 2 H), 6. 21 6 32 (m 1 H, 3.91 (d,
J684HZ 72 (dd, J=13.67, 10.74 Hz, H), 3.32 (dd, J139%366
Hz, 1 H),*3. o4(()d3 Metimnssulrf@nyl@mmo 4-megthyi- bsﬂslzekﬁ 1 H),a¢ds5 _o. 74Gm
H, 0.30 - 0.45 (m 2 = (c=0.1, CHC13) V\?
2010/ 089107pc'rpﬂ:12)@1@p§%mghgxgg4 dlﬂuoromethoxy phenyl) -2-(3,5-dichloro-
5 pyridin-4-yl)-ethyl ester and
. (-)-4-Methanesulfonylamino-3-methyl-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,ClI, (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, 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.



C5 1. N-SO2Me H 1H NWR (200 MHz, DMSO-d6 calibrated at 2.50 ppm 6 ppm 9.25
(s, 1 H, 853 (s, 2 H, 7292 (m 1 H, 7.76 (d, J=8.30 Hz, 1 H), 7.43 -
6.69 (t, WHi200M482007 7.40 (d, J=8.30 Hz, 1 H), 7.19 (d, PEFEPA1BEH00626 H) ,
7.00 - 7.12 (m 1 H), 6.21 (dd, J=9.52, 15 Hz, 1 H), 3.92 (d, J=6.84 Hz,
2 H, 3.63- 3.5 (m 1H, 3.37 (d, J= =32 39 Ft 1 H, 2.99 (s, 3 H, 2.37
(s, 3H, 1.11 - 1.28 (m 1 H, 0.48 - 0.65 (m_2 H), 0.26 - 0.41 (m 2 H)

[a]c, = - 38.6Thesfalloywing woapeunds Mvre preparkaifollonne dbe samepFaitedising 2. 50
pprr)6ppm855(s,2H) 7.93- 7.83 (m 2 H, 7.49 (d, J=8.30 Hz, 1 H),
7.43 - 6. 6vitghle repgentsF2), 7.03 - 7.27 (m 3 H), 6.11 -6.24 (m 1 H), 3.93
(d, J684Hz 2 H, 3.60 (s, 3H), 2.28 (s, 3 H, 1.11 - 1.29 (m 1 H),
0.57 (m 2 H,TaMa2m 2 H [a]p = - 58.0 The carboxylic acid

i ntermedi ates enployed in the synthesis of the described final conpounds
are comrefcially avail able or are alreagy know) or are synthesized
accordi ng{to known net hods. LE 184L5SM esd s of

3- Cycl opr ppyl et hoxy- 4- (N—tert ut xycar fon
met hane- sul f ony1l) - am no- benzoi c aC|

Compound | A Analytical

C2 H MS/ESI* 687, 689 [MH] *;
/@[ “SO,Me | 'H NMR (300 MHz, DMSO-d6) ppm 9.14
. o4 (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° (c=0.4, MeOH)

"H NMR (200 MHz, CD;0D-d4 calibrated

c3 —~4 | at331 ppm) & ppm 8.42 (s, 2 H), 8.13 (4,
3 J=2.44 Hz, 1 H), 7.85 (dd, J=8.79, 2.44 Hz,
/@[ 1 H), 7.12 - 6.37 (t, 14, CHF,), 7.00 - 7.24

N-SO,Me | (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, CHCl;)

'H NMR (200 MHz, CDCl; calibrated at
N-SO,Me

/@EH 7.26 ppm) & ppm 8.23 (s, 2 H), 7.85 -
. N-SOMe | 8:01 (m, 2 H), 7.69 (d, 1=8.30 Hz, 1 H),
NP2V 1720 (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, CHCL)

5 (continue)

C4




Scheme 2 WO 2010/ 089107PCT/ EP2010/ 000676 34 Step 1:

3-Hydrox_y-4-nitro-benzoic acid nethyl
3- Hydr oxywo-2niovaserobenzoi ¢ acid (10 g) was di ssol ved i n Pe@HPLEOO00TL] .
H2SO4 (2 mM) was added and the m xture
reaction mxture was concentrated to appt ox.

ester

96%
s heated to 60C for 18 hours. The
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e(;ldeqnarml—; he m xture is hydrogenat ed
f_[(aﬂp hggr@o 37%1C1 was added (10 m)
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n. The cat fal yst vvas%fl | tersg

i €8 Et 0Ac {200 m) jand wash
(2 x 100 mL). orSaMec
AS evapor af ed Lo yield

Cycl opropyl*met hoxy- 4- net ha
t hyl 3 -(cycl opropyl met hoxy
07PCT/ EP20LO/ 000676

addt tional—2—hours—toobtaimconptet e

o SviRC cE 0 e Dusinigr sl afed T on

|ady25 Onppmdré @pno\iep S Na2 8oDald93he 25
1083 (@nop Hhe7 dds(d,ek-8.60eHrpdi Hg|

ne2yl7 o9l @M o-GRp pl’poaalvizw@ﬁhyl
)5 fnag NEPEMZAghE 1 (1 86 98)(dWass G
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)

[o]p = - 58.0°

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
methane-sulfonyl)-amino-benzoic acid

Scheme 2

NO, NO, NO
B
OH y.so, on BTy (J;FO\/A H,, PdIC

K,CO,

MeOH MeOH
COOH COOMe DMF COOMe
J< 0..0
o, ,oiJ< 0.0 ¢ ~S'NH
o P
~S'N 8 NaOH N 8 Boc,0 oA
DMAP
©/ MeOH : DCM COOMe

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



35 dissolved in pyridine (80 nL) at room tenperature under N2 atnosphere.
Met hanesul fonyl chloride (4.04 nL) was added and the m xture was stirred at
r.t. for W8 bhouss107The reacti on m xture was evapor at ed POTAPRNOH8067¢ he
crude was treated with 1IN HC1L (500 i) 2 d extracted with CH2C12 (3 x 200
m). 5 The organic |ayer was dried over 2SO4 and the sol vent was
evaporated off to yield 11 7 g of the deS|red |nterrred| ate. M5/ ESI+ 300
[MH + Step5: 3Stewdl dr ) kPiCa¢1dHneHR) o

met hanesul fonyl) - am no ben20| C acij d met hyI ester

103- Cycl opr opy B ridy fon-4-mdtarheaaeict AR artil Ro-Penyas cdét%gloél"‘?%t Hy| MeQE

(3.0g9) was dissolved in CH2C12 (150 mil) t hyl am nopyri 2
h) and Eoéﬁz@ 02) 1868 HexQq Gddeb was atdﬁédangfm%%u@tWPﬁglfaé?‘{ ‘?%.O 1Cér 1
our. The reaction m xture was washed with 5% aqueous, HC1 (2 x 5 . the
organi ¢ | f8terl Swhougs.i ddreoyeacti > SOKHFR Wak C&l%@ﬁ@t%@e@é%"at 29&)%‘?1 The
15 residue was_ triturated in Et20 and flltere to afford 4, f the
desiredl i Ailotedewith E£tO (488 mbeand washednwith ap agueqps ﬁéﬁﬂrag‘ﬁfﬁﬂlélrtlon

purificatiqn, St ep6: 3 | et h
PUN tert. BLNBEER6AV I Mot GRS %%[fe oMt e Ner§0s and the

Cycl opropyl met hoxy-4- (N-tert- ut ox [Jé)%vé t hanesul f ony,
S 4he
t

1
am no- bens@venh¥ag Wﬁt%‘s‘? ,to(yA &PV & I?WrWé’éF% 5100 m). 1IN
NaOH (15 ml) rt for 1
hour, then was was t hen

i 50 0 G B et Bl
A R S 2 K1 ¥ o by

cyclopropylmethylbromide (10.3 ml) were added and the mixture was stirred

X rewas SII‘I‘
A9 AL

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, and the solvent was evaporated off to yield 12.7 g of the desired
15 intermediate.

Step 3: 4-Amino-3-cyclopropylmethoxy-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 (10 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,SO, and the

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

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

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



36 S = singlet d = doublet t =triplet q = quartet 5dd = doubl et of
doublets m- multiplet br = broad ESI = el ectrospray

PHARVACOMWIGI2@A08AGTI VI TY OF THE COVPOUNDS OF 10 THE | NVENTIERR)1BX#06 E 19
In vitro determ nation of PDE4 inhibito activity in the peripheral blood
nononucl ear cells (PBMCs) assay The ass%%/, whi ch is based on the known
inhibitory activity exerted bO\: 15 PDE4 inhibitors on the

| i popol ysHissobvddien pymdine (8¢cad )t ahﬂepnhéémr%tur%&rtﬂﬂaNphath%e

rel ease in peripheral blood nononucl ear cells (PBMCs i s perforned
accor di ngMethanessilfenry lprhdorige K04 &ake) WQM g ﬁlﬁ‘hﬁ“?—it‘éfte was stirred at
Pharmacol . Exp. Ther. 2001; 297:267-279; DraheimR e . Phar,macol

Ther.b 208m QuslswgssThzo&ayagpegéKvge WassY 2PRRALSe tel‘é)fdnueﬁwﬂkq PSU‘%ﬁ

i ncubated in 96-wel |l Iates 105 cell s/ well faor resence
?r absencé’a@%eafﬁdr\wtﬁ (§Q9tm§d%ﬁﬁé’amés\¥“80§]@eﬁtll 233 298rr8ir§e
rom11042 Mto 10-6 M Subsequently LPS ( /m) 1s adde ter
18 h incubhei eiganic bperiwasy drigd aver &fzs%tﬂéf Hie salkyept WSZSV%HQFSE%B% of
95% ai r and 5% CQ2, culture madl um i Sﬁém | ected and TNF-a nmeasured by

ELI SA. to ywtﬁéh%wﬁ@q%sa? HycEBRPBIRds O to C6, expressed as nean

95% confidence limts of the nolar concentration of the test
oo ng e MBS V0 ™ n of the test conpound

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

methanesulfonyl)-amino-benzoic acid methyl 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,0 (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-Cyclopropylmethoxy-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 mi). 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
diluted with EtOAc (250 ml) and washed with 1IN 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/ESI* 386 [MH] ".

Legend
* NMR



WD 2010/ 089107PCT/ EP2010/ 000676 37 50% i nhi bi ti on of LPS-induced TNF-a

rel ease (1 C50), are conprised between 0.06 and 4.4 nM The effects of the
test ed conpaordsorre cal cul at ed as percentage of i nhi bi PCOEPRI10/DNETE@

rel ease, assum ng LPS-induced TNF-a progduction in the absence of inhibitor
conpound as 100% and basal TNF-a 5 production of PBMCs in the absence of
LPS as 0% EXAMPLE 20 Eval uation of the ability to inhibit the |ow
affinity LPDE4svesiggiett he ability to conpete for the high affinity HPDE4
The affinity toward LPDE4 and HPDE4 is assessed as previously 10 descri bed
respectively id=doubled J et al Br J Pharnacol 1993, 108: 562-568 and
Duplantier AJ et al J Med Chem 1996; 39: 120-125. The concentration of
the test conpotifidripdeges between 10-12 M and 10-5 M The val ues of affinity
toward LPDE4 and HPDE4 tested on conpounds C to C6 are conprised between
82 and 477. 15hr= gherighse of LPDE4, the 1C50 is the nolar concentration of
the test conpound producing 50% i nhi bition of cAMP di sappearance, while in
the case of HPoE4 denbletofalqubletse ol ar concentration of the test conpound
produci ng 50% i nhi bition of the binding of [H3] rolipram The

resul ts indi came=tmultiplét conpounds of the invention inhibit LPDE4 20 with
subnanonol ar affinity and are considerably nore sel ective toward LPDE4
versus HPDE4. bBxaVpord21 Synergistic activity of fixed dose

conmbi nati on of Carnoterol/Cl on carbachol -i nduced contraction in

gui nea- pi gs tr EHeaclegdasgraag tracheal segnents are obtained from nal e

Ovoal bum n(0A) - sensitised gquinea_pigs, a ti ajhed
froma trac hea?@%@%éﬁ%ﬂs fgCJJSg‘ﬁD@@‘r Wﬁﬁaﬁgﬁﬁﬂ% e{‘ﬁ\‘/avi th
oxygenated (02 95% and CO2 5% nornmal Krebs-Henseleit solution and

mai nt 8 ned BE BYEENTEONeal WO 2010/ 089107PCT/ EP2010/ 000676

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-¢ 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 102 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



38 preparations are connected to isonetric force transducers under a
resting tone of 1 g. After an equilibration period of 60 mn, tracheal

pr epar at iwo0mvmsIpret reated for 30 mn with G (10-7 M pCTaPAUAOW®T6
(3*10-10 M, the association C and Carﬁr})t erol or vehicle, respectively,
followed by 5 cumul ative adm nistration of OA (10-1 - 10-5 g/nl). At the
end of the OA adm nistration a maxinmal concentration of carbacho] (10-5 M

i s added 8% bnkibitiome® iR SriaducedtINEL2 splease diesn)pprEpsPHATER & ect s
are expressed as percent values of the_ carbachol -i nduced maxi mal response
(100% . 30-0f angr 4-4 mddk mbhe effeetieopriBpatasted FampHy Sla(ﬁogaggwt%‘gplﬁssed an
10 inhibition of the OA-induced contractjon of 23% Si ni;éarl tge

i nhi bi t i opeineatagse@fbiphdhitan el NI3eaachegssy assumgng L —mg%ce oI WEw and
Carnoterol (3*10-10 -conbi nati on_caused a reductiq f the OA-I ed
contr act i BrO@icticie 1m3be absesce fdnhahibor compouns: As clz)io(rgrﬁtaé’rdgpa%d?g#c‘% e
potent in 15 antagoni zing carbachol -i nd co action in guinea-pi

ai rvways. . pedusitan of RBVks iiithg absense Qgi%d%ﬁ%ﬁ%ry nol ecul gr machgnigsm of
action, in the_frane of a functional agoni smantagonism fixed conbinations
di spl ay synergﬁﬁw in the control of cholinergic contraction in

dompound of  gokanmatRiy fkithe (AOHRk to-Phghiaibe dees aRAnSY LOPEA Verts oie
ability to compete for the high affinity HPDE4

The affinity toward LPDE4 and HPDE4 is assessed as previously

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 LPDE4, the ICs, is the molar concentration of the test
compound producing 50% inhibition of cAMP disappearance, while in the
case of HPDE4, the ICsq 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/C1 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 (O, 95% and

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



wherein: nis 0 or 1; Rl and R2 may be the sane or different, and

are selected fromthe 10group consisting of: [|inear or branched Cl-C6
al kyl , opvoansaldsyiogubsti tuted by one or nore hal ogen at ®cg/EP2010/003R3
wherein, R3 is a linear or branched Cl- al kyl optionally substituted with

one or nore hal ogen atons or C3-C7 cycloal kyl 15groups; and HNSO2R4
wherein R4 is a linear or branched C -C4 al kyl optionally substituted with
one or nDPECNHIREGEH ase GRBNEYEdr 6 isometrisalorced franshusarsaniama restipstonry,

t he pharnmaceutical |y acceptabl e i norganic or organic sal }s, hydr at es,

sol vates ©f hdgi Aiftd 2ocentplibxation eeraed .of 90 mipetfashsal LIEBAHRUANSt 8! ai m
1, wherein RL is HNSO2R4, wherein R4 is nethyl, R2 is ein R3 is
cycl opr oppreteeatgd 5ofd 39 imimp with Gl ddt@p%u?@%agéﬁpﬁfq{@?%*cﬁ?gﬁbn %N\H@’ ein
Rl is HNSO2R4, wherein R4 is nethyl, R2is Oigzér wherein R3 i

cycl opr oppbsasiayen affel nand Carmygippalo/ oBoyelvists mespag i wiye7Eoliowed by

S ot hyl CHRBIRIYS agminiSiratieh MloGHs Qocortifg EUnDt AAh GMePEIH O 's
ecor df ngadBIRIARCR: auEremy! penceRiainh f8 Groarhelobky’ Mefermded 1o
gt 2¥|e aag@%i{ia,sthgﬁgggirﬂa Coqtggqliggrh?; CegF;, ! Hr}%p'ggl%ifoln?iﬂeléft%@t%r grient:)Pporys]se and
as percent values of the carbachol-induced maximal response (100%).
30-min pre-treatment of the preparation with Cl (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*10'10 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.



8. A process for the preparation of conpounds as defined in clains 1 to 7,
10 conprising the step of reacting al dehyde (1) ,b. FO

(1) wt hwoebtwdsdiochl or opyridine (2) Cl PCT/EP2010(02)676 to
obtain racem c al cohol (3) which is optggnal |y oxidized to the

correspondi ng N-oxide derivative (4)

(3) condensing (3) or (4) wwth a chiral acid such as (S)-naproxen or
(S)-acet yleAAMSBc acid to obtain, respectively, a diastereomeric nixture
(10) WD 2010/ 089107PCT/ EP2010/ 000676 41 0 F 'I- O
1. A compound of general formula (I) as (-) enantiomer
R1
R2
(-)

5
¢y
wherein:
nisOorl;
R1 and R2 may be the same or different, and are selected from the
10 group consisting of:
- linear or branched C,-Cg alkyl, optionally substituted by one or more
halogen atoms;
- OR3 wherein: R3 is a linear or branched C,-C¢ alkyl optionally
substituted with one or more halogen atoms or C;-C; cycloalkyl
15 groups; and
- HNSO,;R4 wherein R4 is a linear or 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, solvates or addition
20 complexes thereof.

2. 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 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.



F 5 (10) or (5), 10 (5) separating the diastereoisoneric mxture
(10) or diastereoisoners respectively (11) (5) into two single
WO 2010/089107 PCT/EP2010/000676

40

4. A compound according to claim 1, wherein R1 is OR3, R2 is HNSO,R4
wherein R4 is methyl and n is 1.
5. A compound according to claim 1, wherein R1 is methyl, R2 is
HNSO,R4 wherein R4 is methyl and n is 1.

5 6. A compound according to claim 1, wherein both R1 and R2 are
HNSO,R4, wherein R4 is methyl and n is 0.
7. A compound according to claim 1, wherein both R1 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 1 to 7,

10 comprising the step of reacting aldehyde (1)

O
F)—O

F

(D
with methyldichloropyridine (2)

Cln
ye

Cl

)

to obtain racemic alcohol (3) which is optionally oxidized to the

15

corresponding N-oxide derivative (4)

20

3)
condensing (3) or (4) with a chiral acid such as (S)-naproxen or
(S)-acetylmandelic acid to obtain, respectively, a diastereomeric mixture (10)

25



and (13) O b---.."0 Cl 0- F'NF (13) WD 2010/089107PCT/ EP2010/ 000676 42
o (6) and (8)
WO 2010/089107 PCT/EP2010/000676

> o cl
F © \_/N
;0 cl
(10)
or (5),
5
o
?“—'
o
o
D o Ci
F O \_NO
F>—O Cl
()
separating the diastereoisomeric mixture (10) or (5) into two single
diastereoisomers respectively (11)
10
Ssoh
o)
D~ o
o —
R cl
(1)
and (13)
-
D °%
o —
bat® cl
15 F

(13)
or (6)



(8) by chromat ography, or crystallization, giving after cleavage, al cohol
|>"--?20H A O F F (14) or (+) (7) [>-\OHCQQ OF >-0OF (7) and (-) (9)

1/ -10H CIwWO 2010/089107 PCT/EP2010/000676
42
0
y_
0
o)
> o Cl
c © L NO
F>-O cl
(6)
and (8)
5
0
}_
o
b, B
© £ N-O
>0 ol
®)
by chromatography, or crystallization, giving after cleavage, alcohol
P g
(14)
10
cl
D, M N
F N\
>0 Ct
(14)
or (+) (7)
> oH ¢
° L N—O
15
(7
and (-) (9)
>— oH ¢
o —
F \ /N_O
F)—o cl

20 ®



F\ IN-O >--0C F 20(9) WO 2010/089107PCT/ EP2010/ 000676 43 and then
reacting conpound (+) (14) or (+) (7) with the suitable benzoic acid (15)
R2 R1COOHVO(20B)089107 to give corrpounds of general fornulPaT(EPR10MpET€I N R
and R2 are as defined in claiml. Zf{?)rrpound of general formula (I1)
10(11) wherein n is ad deflned in claiml and the carbon atom

Conbi nat i on of 389 EBHOBATAIG CHBPALPA () 148 Sh&FT hOLMIE WA Htable fEnFolg 1

second phqbgﬁégstlcal active conmponent selected fromthe classes of 15132
agoni sts, @ agoni sts and corticosteroids. 11. A conbination according
to claim9, wherein the second active conponent is fornoterol or
carnoterol. 12. A pharmaceutical conposition conprising a conpound of
formula (1) as defined in clains 1 tgiiz or a conbi nation according to
clainms 9 or 10, and 20 one or nore BH tically acceptable carriers
and/ or exci pients.

5 (15)
to give compounds of general formula (I), wherein R1 and R2 are as
defined in claim 1.

9. A compound of general formula (II)

D\l oA~ N—O)n
O . '

F
>~o c
10 (i
wherein n is ad defined in claim 1 and the carbon atom represented with
an asterisk below show a (S) configuration.
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
15 P2 agonists, M3 antagonists and corticosteroids.
11. A combination according to claim 9, wherein the second active
component is formoterol or carmoterol.
12. A pharmaceutical composition comprising a compound of formula (I)
as defined in claims 1 to 7, or a combination according to claims 9 or 10, and
20 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.
14. A compound of formula (I) as defined in claims 1 to 7, for the

prevention and/or treatment of a disease of the respiratory tract characterized

25 by airway obstruction such as asthma and COPD.



13. A compound of fornula (1) as defined in clains 1 to 7, as a medi canent.
14. A conmpound of fornula (1) as defined in clains | to 7, for the

prevent i onOantyesp10rr eat ment of a di sease of the respiraPOTEPRITQDDI6T6
characterized 25 by airway obstruction ch as asthma and COPD. WD

2010/ 089107PCT/ EP2010/ 000676 44 15. A device conprising a pharnaceuti cal
conpositi according to cl.aim11. 16. A kjt conpr.i sing the pharnaceuti cal
conposi ti gﬁs of‘gcq%éﬁ MBS %éb?%a%%leﬁi mpggtlgnschgycgnggp cﬁﬁ}m 'ﬁjdose
dry powder. 6i nhal er.. a net.ered _dose inhal er qr a soft. rristfn?bul i zler. 5 17.
The use ofi®a cdipBlrf@Torr FieentheaPprimaseHasa! ieemprsitionsnel £laig 11 ppd 3 he
prevention and/or .treatnment of allergic.r.hiniti,s. 18.. The use of a conpound
of f or mul 4P1F RAIGILAREHE & Sipdheron miglindose AT Re videa, Bl L AEred

treatment dgge ?ﬁl?ﬁérc ord grso % r'ntiétsriebulizer.

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

the prevention and/or treatment of atopic dermatitis.



