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ISOXAZOLIDINE DERIVATIVES

FIELD OF THE INVENTION

The present invention relates to novel anti-inflammatory and antiallergic
compounds of the glucocorticosteroid series, methods of preparing such compounds,
pharmaceutical compositions comprising them, combinations and therapeutic uses
thereof. More particularly, the invention relates to glucocorticosteroids that are
isoxazolidine derivatives.

BACKGROUND OF THE INVENTION

Corticosteroids are potent anti-inflammatory agents, able to decrease the number,
activity and movement of inflammatory cells.

They are commonly used to treat a wide range of chronic and acute inflammatory
conditions including asthma, chronic obstructive pulmonary disease (COPD), allergic
rhinitis, rheumatoid arthritis, inflammatory bowel disease and autoimmune diseases.

Corticosteroids mediate their effects through the glucocorticoid receptor (GR). The
binding of corticostcroids to GR induces its nuclear translocation which, in turn, affects a
number of downstream pathways via DNA-binding-dependent (e.g. transactivation) and
-independent (e.g. transespression) mechanisms.

Corticosteroids for treating chronic inflammatory conditions in the lung such as
asthma and COPD are currently administered through inhalation. One of the advantages
of employing inhaled corticosteroids (ICS) is the possibility of delivering the drug
directly at site of action, limiting systemic side-effects, thus resulting in a more rapid
clinical response and a higher therapeutic ratio.

Although ICS treatment can afford important benefits, expecially in asthma it is
important to minimise ICS systemic exposure which leads to the occurrence and severity
of unwanted side effects that may be associated with chronic administration. Moreover,
the limited duration of action of ICS currently available in the clinical practice contributes

to suboptimal management of the disease. While the inhaler technology is the key point to
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target the lung, the modulation of the substituents on the corticosteroids molecular
scaffold is important for the optimization of pharmacokinetic and pharmacodynamic
properties in order to decrease oral bioavailability, confine pharmacological activity only
in the lung (prodrugs and soft drugs) and increase systemic clearance. Morever, long
lasting ICS activity in the lung is highly desirable as once daily administration of ICS
would allow the reduction of the frequency of administration and, thus, substantially
improve patient compliance and, as a result, disease management and control. In sum,
there is a pressing medical need for developing ICS with improved pharmacokinetic and
pharmacodynamic characteristics.

Glucocorticoids isoxazolidine derivatives are for instance described in
WO 2006/005611, GB 1578446 and in “Synthesis and topical anti-inflammatory activity
of some steroidal [1601,170-d] isoxazolidines” (J. Med. Chem., 25, 1492-1495, 1982).

Some glucocorticoid isoxazolidine derivatives are also described in the co-pending
patent applications WO 2011/029547, WO 2012/123482 and WO 2012/123493.

Surprisingly, it has been found that the compounds of the present invention show
improved pharmacokinctic or pharmacodynamic characteristics, such as systemic
exposure, selectivity and duration of action.

SUMMARY OF THE INVENTION

The present invention relates to anti-inflammatory and antiallergic compounds of
the glucocorticosteroid series, to processes for their. preparation, to compositions
comprising them, to therapeutic uses and combinations with other pharmaceutical active
ingredients for the treatment of respiratory disorders, among which beta2-agonists,
antimuscarinic agents, mitogen-activated protein kinases (P38 MAP kinase) inhibitors,
nuclear factor kappa-B kinase subunit beta (IKK2) inhibitors, human neutrophil elastase
(HNE) inhibitors, phosphodiesterase 4 (PDE4) inhibitors, leukotriene modulators,
non-steroidal anti-inflammatory agents (NSAIDs), antitussive agents, mucus regulators,
mucolytics, expectorant/mucokinetic modulators, peptide mucolytics, antibiotics,

inhibitors of JAK, SYK inhibitors, inhibitors of PI3Kdelta or PI3Kgamma,
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M3-antagonists/beta2-agonists (MABA) and M3-antagonists/PDE4-inhibitors (MAPI).
DETAILED DESCRIPTION OF THE INVENTION

In particular, the invention is directed to compounds of general formula (I)

M

wherein
R, is selected from the group consisting of linear or branched (C;-Cye)alkyl, linear
or branched (C,-Cig)alkenyl, -ORs, aryl, aryl(Ci-Cig)alkyl, -SRs, -N(R4)(Rs),
10 (C3-Cs)cycloalkyl, (Cs-Cs)heterocycloalkyl and heteroaryl, wherein optionally one or
more hydrogen atoms are replaced by (C;-Ce)alkyl, and whercin Ry and Rs are
independently selected from H or linear or branched (C;-Ce)alkyl and Re is linear or
branched (C,-C)alkyl;
R, is aryl optionally substituted by one or more halogen atoms; and
15 pharmaceutically acceptable salts thereof.
In the present description, unless otherwise provided, the term “halogen” includes
fluorine, chlorine, bromine and iodine atoms.
The term “(C;-Ci6)alkyl” refers to linear or branched chain alkyl groups wherein
the number of carbon atoms is from 1 to 16. Examples of said groups are methyl, ethyl,
20  n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl, heptyl, octyl,
ethyl-butyl, propyl-butyl, methyl-butyl, ethyl-methyl-propyl, hexadecyl, undecyl,

dodecyl, tridecyl, quaterdecyl, quindecyl, hexadecyl and the like.
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The expression “(C,-Cig)alkenyl” refers to linear or branched carbon chains with
one or more double bonds, wherein the number of carbon atoms is from 2 to 18.
Examples of said groups include ethenyl, propenyl, butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, quaterdecenyl, quindecenyl,
hexadecenyl, heptadecenyl and the like.

The expression *“(C;-Cg)cycloalkyl” refers to mono or bi-cycloaliphatic
hydrocarbon groups with from 3 to 8 carbon atoms. Examples include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, bicyclo[2.2.1]hept-2-yl and the like.

The expression “(C3-Cg)heterocycloalkyl” refers to (Cs-Cg)cycloalkyl groups, in
which at least one ring carbon atom is replaced by a heteroatom or heteroaromatic group
(e.g. N, NH, S or O). Examples include piperazinyl, thiazolidinyl, pyrrolidinyl,
piperidinyl, morpholinyl and the like.

The expression “aryl” refers to mono or bi- or tri-cyclic ring systems which have 6
to 20 ring atoms, preferably from 6 to 15 and wherein at least one ring is aromatic.

Examples of suitable aryl monocyclic systems include benzene radical and the like.

Examples of suitable aryl bicyclic systems include naphthalene, biphenylenc
radicals and the like.

Examples of suitable aryl tricyclic systems include fluorene radical and the like.

The expression “aryl(C;-Ce)alkyl” refers to (C;-Cs)alkyl groups further substituted
by aryl.

As used herein, the term “heteroaryl” refers to mono, bi- or tricyclic ring system
which have 5 to 20 ring atoms, preferably from 5 to 15, in which at least one ring is
aromatic and in which at least one ring atom is a heteroatom or heteroaromatic group
(e.g. N,NH, S or O).

Examples of suitable heteroaryl monocyclic systems include thiophene, pyrrole,
pyrazole, imidazole, isoxazole, oxazole, isothiazole, thiazole, pyridine, imidazolidine,
piperidine, piperazine and furan radicals such as tetrahydrofuran and the like.

Examples of suitable heteroaryl bicyclic systems include purine, pteridine,
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benzotriazole, quinoline, isoquinoline, indole, isoindole, benzofuran, benzodioxane,
benzothiophene radicals and the like.

It will be apparent to those skilled in the art that compounds of general formula (I)
contain asymmetric centers at least at the positions 4a, 4b, 5, 6a, 6b, 9a, 10a, 10b and
therefore may exist as many optical stereoisomers and mixtures thereof.

Therefore the invention is also directed to all of these forms and mixtures thereof.

Preferred compounds are those of general formula (I) wherein the stereochemistry
of stereogenic carbon atoms is as reported in formula (I”) below, absolute configuration is

assigned on the basis of Cahn-Ingold-Prelog nomenclature based on groups’ priorities

7

@)
and wherein the meanings of R, and R, are as defined above.

In one preferred embodiment, for compounds of formula (I’), absolute
configuration at asymmetric center 4a is (S), at 4b is (R), at 5 s (S), at 6a is (S), at 6b is
(R), at 9a is (S), at 10a is (S), at 10b is (S) and at 12 is (S).

Compounds of general formula (I) may form acid addition salts, particularly with
pharmaceutically acceptable acids.

Pharmaceutically acceptable acid addition salts of the compounds of formula (I),
thus encompassing also those of formula (I’), include salts with inorganic acids, for

exémple hydrohalogen acids such as hydrofluoric, hydrochloric, hydrobromic or
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hydroiodic; nitric, sulfuric, phosphoric; and organic acids, for example aliphatic
monocarboxylic acids such as formic, acetic, trifluoroacetic and propionic; aliphatic
hydroxyl acids such as lactic, citric, tartaric or malic; dicarboxylic acids such as maleic,
fumaric, oxalic or succinic; aromatic carboxylic acids such as benzoic; aromatic hydroxy
acids and sulfonic acids. |

These salts may be prepared from compounds of formula (I) or (I’) by known
salt-forming procedures.

It is to be understood that all preferred groups or embodiments described below
for compounds of formula (I) may be combined among each other and apply as well
mutatis mutandis.

A preferred group of compounds of general formula (I) or (I’) is that wherein Ry 1s
selected from the group consisting of linear or branched (C;-C¢)alkyl, linear or branched
(C,-Cig)alkenyl, -ORs, aryl, aryl(C,-Cje)alkyl, -SRs, -N(R4)(Rs), (Ci-Cs)cycloalkyl,
(C;-Cs)heterocycloalkyl and heteroaryl, wherein optionally one or more hydrogen atoms
are replaced by (C;-Ce)alkyl and wherein R4 and Rs are independently selected from H or
linear or branched (C;-Cs)alkyl and Rg is linear or branched (C;-C6)alkyl; and R; is aryl
optionally substituted by one or more halogen atoms.

Even more preferred within this group are the compounds of general formula (I) or
(I') wherein R; is selected from the group consisting of methyl, isopropyl, ethyl,
quindecyl, butyl, hexyl, heptadecenyl, methoxy, methylsulfanyl, isobutyl, isopentyl,
tert.butyl, methylamino, dimethylamino, phenyl, cyclopropyl,‘ cyclopentyl,
methylpropanoxy, benzyl, pyridyl, piperazinyl, piperidinyl, pyrrolidinyl, thiazolidinyl and
furyl; and R; is p-chlorophenyl.

Hereinafter, compounds of formula (I) and (I’) and their pharmaceutically
acceptable salts and solvates are referred to as “compounds of the invention”.

Examples of preferred compounds of the invention are:
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Compound Chemical Name

Isobutyric acid 2-[(4aS,4bR,5S,6aS,6bR,9aS,10a8,10bS,12S)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-¢ethyl ester

Propionic acid 2-[(4aS,4bR,58S,6aS,6bR,9a8S,10aS,10bS,12S)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo0-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

Hexadecanoic acid 2-[(4aS,4bR,5S,6a8,6bR,9aS,10aS,10bS,128)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2.4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentalenof2,1-alphenanthren-6b-yl]-2-oxo-cthyl ester

Octadec-9-enoic acid 2-[(4aS,4bR,5S,6aS,6bR,9a8,10aS,10bS,12S)-8-
(4-chloro-phenyl)-4b,12-difluoro-5-hydro  xy-4a,6a-dimethyl-2-oxo-
2.4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-ox0-¢ethyl ester

Pentanoic acid  2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,128)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyi-2-oxo-
2.,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

Acetic acid 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10b8S,12S)-8-(4-chloro-
phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,92a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-alphenanthren-6b-yl]-2-oxo-ethyl ester

Benzoic  acid  2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,125)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,42,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

Methyl carbonate (Methyl formate) 2-
[(4aS,4bR,58,6aS,6bR,9aS,10aS,10bS,128S)-8-(4-chloro-phenyl)-4b,12-
9 difluoro-5-hydroxy-4a,6a-dimethyl-2-0x0-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,1 1,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-0x0-ethyl ester)

S-methyl  carbonothioate  (or  S-methyl methanethioate)  2-
. [(4aS,4bR,58,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
10 difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester
3-Methylbutanoic acid 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,125)-
8-(4-chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-0x0-¢ethyl ester

Pivalic acid 2-[(4aS,4bR,5S,6aS,6bR,9a8,10aS,10bS,1285)-8-(4-chloro-
phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,62,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

11

12

(continue)
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2-Phenylacetic acid 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,125)-8-
(4-chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

14

Furan-2-carboxylic acid 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-
8-(4-chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno(2,1-alphenanthren-6b-yl]-2-oxo-ethyl ester

15

Cyclopentane-carboxylic acid 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

16

Cyclopropane-carboxylic acid 2-
[(4aS,4bR,58,6a8,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tctradccahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

17

Isonicotinic acid 2-[(4aS,4bR,58,6aS,6bR,9aS,10a8S,10bS,12S)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-alphenanthren-6b-yl]-2-oxo-ethyl ester

18

Isobutyl methyl carbonate 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,94,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

19

Hexyl carbonate 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8- (4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester)

20

Dimethyl  2-[(4aS,4bR,5S,6aS,6bR,9a8S,10aS,10bS,12S)-8-(4-chloro-
phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl carbamate

21

Methyl 2-[(4a8,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-
phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl carbamate

22

Piperazine-1-carboxylic acid 2-
[(4aS,4bR,58S,6aS,6bR,9a8,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentalenof2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

23

Thiazolidine-4-carboxylic acid 2-
[(4aS,4bR,58,6aS,6bR,9aS,10aS,10bS,128)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-0xo-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

(continue)
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Proline, 2-[(4aS,4bR,5S,6aS,6bR,9a8,10aS,10bS,12S)-8-(4-chloro-
pheny!)-4b,12-difluoro-5-hydroxy-4°,6*-dimethyl-2-oxo-
2.4a,4b,5,6,6%,8,9,9%,10,10%,10b,11,12—tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-0xo-ethyl ester

25

Piperidine-4-carboxylic acid, 2-
[(4aS,4bR,58,6aS,6bR,9aS,10aS,10bS,128)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

According to analogous procedures and methods herein described, the following

preferred compounds of the invention may be obtained:

Compound

Chemical Name

26

Butanoic  acid  2-[(4aS,4bR,5S,6aS,6bR,9a8,10aS,10bS,12S)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

27

Butanoic acid, 2-methyl-, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

28

Cyclobutanecarboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10a8S,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4*,6°-dimethyl-2-o0xo-
2,4%4b,5,6,6%,8,9,9%,10,10%,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

29

Cyclohexanecarboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,125)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4?,6°-dimethyl-2-o0xo-
2,4%.4b,5,6,6%,8,9,9%,10,10%,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-o0xo0-ethyl ester

30

2-Thiophenecarboxylic acid, tetrahydro-, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b, 12-
difluoro-5-hydroxy-4*,6*-dimethyl-2-oxo-
2,4%,4b,5,6,6%,8,9,9%,10,10%,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

31

2H-thiopyran-4-carboxylic acid, tetrahydro-, 2-f
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,128S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4*,6*-dimethyl-2-oxo-
2,4%4b,5,6,6*,8,9,9%,10,10%,10b,11,12-tetradecahydro-7-oxa-§-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

(continue)
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Cyclopentanecarboxylic acid, 2,5-dimethyl-, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
32 difluoro-5-hydroxy-42,6*-dimethyl-2-oxo-

2,4*4b,5,6,6,8,9,9%,10,10% 10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

Cyclohexanecarboxylic acid, 2,6-dimethyl-, 2-
[(4aS,4bR,5S,6aS,6bR,9a8,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
33 difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-

2,42,4b,5,6,6a,8,9,93,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-cthyl ester

3-Pyridinecarboxylic acid, 2-
[(4aS,4bR,5S,6a8,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
34 difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-

2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

1H-pyrrole-3-carboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
35 difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-

2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

3-Thiophenecarboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,9a8,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
36 difluoro-5-hydroxy-4a,6a-dimethyl-2-0xo0-

2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester
3-Furancarboxylic acid, 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-
8-(4-chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester ,
1H-indole-7-carboxylic acid, ' 2-
[(4aS,4bR,58,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
38 difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester
1H-Indene-7-carboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,928,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
39 difluoro-5-hydroxy-4a,6a-dimethyl-2-o0xo-
2,42,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester
8-Quinolinecarboxylic acid, 2-
[(4aS,4bR,58,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b, 12-
40 difluoro-5-hydroxy-4a,6a-dimethyl-2-0xo-
2,42,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester
Quinoline-3-carboxylic acid, 2-
[(4aS,4bR,58,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
41 difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

37

(continue)
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42

Benzo[b]thiophene-3-carboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,128)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo0-ethyl ester

43

1H-Indole-3-carboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno2,1-alphenanthren-6b-yl]-2-oxo-cthyl cster

44

Benzofuran-3-carboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

45

Benzofuran-2-carboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo0-ethyl ester

46

2-Thiophenecarboxylic acid, 2-
[(4aS,4bR,SS,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

47

2-Furancarboxylic acid, 2-[(4aS,4bR,58S,6aS,6bR,9aS,10aS,10bS,12S)-
8-(4-chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-0xo-
2,42,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

48

1H-Pyrrole-2-carboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-o0xa-8-aza-
pentaleno[2,1-a]phenanthren-6b-ylj-2-oxo-ethyl ester

49

Tetrahydro-2H-pyran-4-carboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno|2,1-a]phenanthren-6b-yl]-2-oxo0-ethyl ester

50

4-Methylpiperazine-1-carboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,125)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

51

Morpholine-4-carboxylic acid, 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10a8,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,]-a]phenanthren-6b-yl]-2-oxo-ethyl ester

(continue)
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2-Pyridinecarboxylic acid, 2-
[(4a8,4bR,5S,6aS,6bR,9aS,10aS,10bS,125)-8-(4-chloro-phenyl)-4b,12-
52 difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-
pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester

The invention also provides pharmaceutical compositions comprising a compound
of the invention, either as such or as pharmaceutically acceptable salt, and one or more
pharmaceutically acceptable carriers and/or excipients.

The compounds of the invention may be administered as the sole active agent or in
combination with other pharmaceutical active ingredients including those currently used
in t'he treatment of respiratory disorders, e.g. beta2-agonists, antimuscarinic agents,
mitogen-activated protein kinases (P38 MAP kinase) inhibitors, nuclear factor kappa-B
kinase subunit beta (IKK2) inhibitors, human neutrophil elastase (HNE) inhibitors,
phosphodiesterase 4 (PDE4) inhibitors, leukotriene modulators, non-steroidal anti-
inflammatory agents (NSAIDs), antitussive agents, mucus regulators, mucolytics,
expectorant/mucokinetic modulators, peptide mucolytics, antibiotics, inhibitors of JAK,
SYK inhibitors, inhibitors of PI3Kdelta or PI3Kgamma, M3-antagonists/beta2-agonists
(MABA) and M3-antagonists/PDE4-inhibitors (MAPI).

The invention also provides combinations of a compound of the invention, ¢ither as
such or as pharmaceutically acceptable salt, with a B2-agoni§t selected from the group
consisting of carmoterol, GSK-642444, indacaterol, milveterol, arformoterol,
arformoterol tartrate, formoterol, formoterol fumarate, salmeterol, salmeterol xinafoate,
salbutamol, albuterol, levalbuterol, terbutaline, indacaterol (QAB-149), AZD-3199,
BI-1744-CL, LAS-100977, GSK159797, GSK59790, GSK159802, GSK642444,
GSK678007, GSK96108, bambuterol, isoproterenol, procaterol, clenbuterol, reproterol,
fenoterol, bitolterol, brodxatelor and ASF-1020 and salts thereof.

The invention also provides combinations of a compound of the invention, either as
such or as pharmaceutically acceptable salt, with an antimuscarinic agent selected from
the group consisting of aclidinium, tiotropium, tiotropium bromide (Spiriva®),

ipratropium, ipratropium bromide, trospium, glycopyrrolate, NVA237, LAS34273,
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GSK 656398, GSK233705, GSK57319, LAS35201, QAT370 and oxitropium salts.

The invention also provides combinations of a compound of the invention, either
as such or as pharmaceutically acceptable salt, with a PDE4 inhibitor selected from the
group consisting of AN-2728, AN-2898, CBS-3595, apremilast, ELB-353, KF-66490,
K-34, LAS-37779, IBFB-211913, AWD-12-281, cipamfylline, cilomilast, roflumilast,
BAY19-8004 and SCH-351591, AN-6415, indus-82010, TPI-PD3, ELB-353, CC-11050,
GSK-256066, oglemilast, 0X-914, tetomilast, MEM-1414 and RPL-554.

The invention also provides combinations of a compound of the invention, either as
such or as pharmaceutically acceptable salt, with a P38 MAP kinase inhibitor selected
.from the group consisting of semapimod, talmapimod, pirfenidone, PH-797804,
GSK-725, GSK856553, GSK681323, minokine and losmapimod and salts thereof.

In a preferred embodiment, the invention provides combinations of a compound of
the invention with an IKK?2 inhibitor.

The invention also provides combinations of a compound of the invention with a
HNE inhibitor selected from the group consisting of AAT, ADC-7828, aeriva, TAPI,
AE-3763, KRP-109, AX-9657, POL-6014, AER-002, AGTC-0106, respriva, AZD-9668,
zemaira, AAT IV, PGX-100, elafin, SPHD-400, prolastin C and prolastin inhaled.

The invention also provides combinations of a compound of the invention with a
leukotriene modulator selected from the group consisting of montelukast, zafirlukast and
pranlukast.

The invention also provides combinations of a compound of the invention with a
NSAID selected from the group consisting of ibuprofen and ketoprofen.

The invention also provides combinations of a compound of the invention with an
antitussive agent, selected from the group consisting of codeine and dextramorphan.

The invention also provides combinations of a compound of the invention with a
mucolytic, selected from the group consisting of N acetyl cysteine and fudostein.

The invention also provides combinations of a compound of the invention with an

expectorant/mucokinetic modulator, selected from the group conmsisting of ambroxol,
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hypertonic solutions (e.g. saline or mannitol) and surfactant.

The invention also provides combinations of a compound of the invention with a
peptide mucolytic, selected from the group consisting of recombinant human
deoxyribonuclease I (dornase-alfa and rhDNase) and helicidin.

The invention also provides combinations of a compound of the invention, with an
antibiotic, selected from the group consisting of azithromycin, tobramycin and aztreonam.

The invention also provides combinations of a compound of the invention with a
mucus regulator selected from the group consisting of INS-37217, diquafosol, sibenadet,
CS-003, talnetant, DNK-333, MSI-1956 and gefitinib.

The invention also provides combinations of a compound of the invention, either
as such or as pharmaceutically acceptable salt, with an inhibitor of JAK, selected from the
group consisting of CP-690550 and GLPG0634.

The invention also provides combinations of a compound of the invention, either
as such or as pharmaceutically acceptable salt, with a SYK inhibitor selected from the
group consisting of R406, R343 and PRT062607.

The invention also provides a compound of the invention for use as a medicament.

The invention also relates to the use of a compound of the invention to decrease the
number, activity and movement of the inflammatory cells in vitro and/or in vivo.

The invention is also directed to compounds of the invention for use in the
prevention or treatment of any disease wherein the decrease in the number, activity and
movement of inflammatory cells is involved.

In a further aspect, the invention provides the use of compounds of the invention
for the prevention and/or treatment of any discase wherein the decrease in the number,
activity and movement of inflammatory cells is involved.

In particular, the compounds of the invention, either alone or combined with one or
more active ingredients, may be administered for the prevention and/or treatment of a
disease of the respiratory tract characterized by airway obstruction such as asthma and

COPD.
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In a further aspect the invention provides the use of compounds of the invention for
the preparation of a medicament for the prevention and/or treatment of any disease wherein
the decrease in the number, activity and movement of inflammatory cells is involved.

Moreover the invention provides a method for prevention and/or treatment of any
disease wherein the decrease in the number, activity and movement of inflammatory cells
is involved, said method comprising administering to a patient in need of such treatment a
therapeutically effective amount of a compound of the invention.

The invention also provides pharmaceutical preparations of compounds of the
invention suitable for administration by inhalation, by injection, orally or intra-nasally.

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

The invention is also directed to a device which may be a single- or multi-dose dry
powder inhaler, a metered dose inhaler or a nebulizer, in particular a soft mist nebulizer
comprising a compound of the invention.

The invention is also directed to a kit comprising the pharmaceutical compositions
of compounds of the invention alone or in combination with or in admixture with one or
more pharmaceutically acceptable carriers and/or excipients and a device which may be a
single- or multi-dose dry powder inhaler, a metered dose inhaler or a nebulizer.

The compounds of the invention may be prepared according to a variety of
synthetic steps which are carried out according to conventional methods and techniques
or which are hereinbelow described.

In one aspect, the invention provides processes for the preparation of compounds
of the invention and intermediates thereof.

From all of the above, it is clear to the person skilled in the art that by selecting the
starting material with a proper stercochemical configuration, any of the possible
stereoisomers of formula (I) can be obtained.

Some of the processes used for the preparation of the compounds of formula (1°),

as described in the Scheme below, may also be applied to compounds of formula (1).



PCT/EP2013/067509

WO 2014/040837

o ¥yOH
O
r dVYINA D304 “ANd 19OH :d Moy
mo X @ (IIA) wouy Surue)g
HNCWD(W 10 HS™ ‘HO%¥ (4 UONBULIO |
® < JHIAD (82D amoy (O ‘g ‘v amnoy) speureqre)

(D v 2oy Aeuoqresony |,
(@ *D ‘v amoy) seuoqre)

XD CIEW-NOO ‘oseq g amoy (d D vV amoy) 19157

. A "y 10 ‘oseg 1y amoy
O
an) .
HNCDCw 8 O
a
O H N

1A) d
H @O SPIOPIRULIO JeTEd H @O

16
(=)

Q

I

ve .
wy-NO 0 - b o @ OH uonIppRO[IA) 0@ OH
1 q 0
Le Y
5 HO HO
SISAJOIPAH (AD
onewdzug

WYY

uoneuung

1Adoid-u = €y




10

15

20

25

WO 2014/040837 PCT/EP2013/067509
17

Procedure for the preparation of the compounds of the invention

The compounds of the invention may be prepared according to different routes
described in the above scheme, depending on the nature of the substituents R, and Ra.

In general, the compounds of the present invention may be prepared by the methods
illustrated in the general reaction scheme or by modification thereof, using readily
available starting materials, reagents and conventional synthesis procedures. In these
reactions, it is also possible to make use of variants that are well known to the person
skilled in the art.

Compounds of formula (I1I) may be readily prepared from known compounds by
known methods, starting from compounds of general formula (II) (J.Med. Chem. 1982,
25, 1492-1495). They are also commercially available.

The compounds of formula (IV) may be conveniently prepared according to
standard procedures reported in the literature. For instance they may be prepared by
treatment of compounds of general formula (IIT) with a base such as potassium acetate.
This reaction is usually performed in a suitable polar solvent such as DMF and typically
proceeds at a temperature range from 80 to 110°C, over a period of 0.5 to 4 hours.

The compounds of formula (V) may be prepared by hydrolyzing the compounds of
formula (IV). This reaction is preferably carried out by subjecting compounds (IV) to the
action of an enzyme, such as immobilized Lipase from Candida antarctica (Sigma
Aldrich) (Tetrahedron, 50, 13165-13172, 1994).

The compounds of general formula (VII) may be prepared starting from the
reaction of a compound of formula (V) with a compound of formula (V1) in the presence
of paraformaldehyde, using known procedures for the isoxazolidine formation, by
cycloaddition of nitrones (J. Med. Chem., 25, 1492-1495, 1982). The reaction is
conveniently carried out in a protogenic solvent, such as ethanol, at temperatures ranging
from 80 to 100°C. Hydroxyl amine of formula (VI) are either commercially available or
may be easily prepared using known procedures, for example by reducing an oxime with

a reducing agent, such as borane pyridine complex (J. Med. Chem., 40, 1955-1968, 1997)
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or by reaction of O-tetrahydropyranyl hydroxylamine with a suitable alkylating agent
such as alkyl halides (Chem .Pharm Bull., 46, 966-972, 1998).

Conversion of the hydroxyl group of compounds of general formula (VII) into an
ester, carbonate, carbamate or thiocarbonate, may be easily performed by reacting
compounds of general formula (VII) with compounds of general formula (VIII), (IX),
(X), (XI), (XII) or (XIII) following the described synthetic route (Route A-D).

The skilled person may introduce, where appropriate, suitable variations to the
conditions specifically described in the experimental in order to adapt the synthetic routes
to the provision of further compounds of the invention. Such variations may include, but
are not limited to, use of appropriate starting materials to generate different compounds,
changes in the solvent and temperature of reactions, replacements of a reactive with
analogous chemical role, introduction or removal of protection/deprotection stages of
functional groups sensitive to reaction conditions and reagents, as well as introduction or
removal of specific synthetic steps oriented to further fictionalization of the chemical
scaffold.

Reaction of the intermediates of general formula (VII) with acyl chlorides (VIII),
following route A, to obtain compounds of general formula (I) is conveniently
performed in DCM (dichloromethane) as solvent in the presence of a base such as
triethylamine or DIPEA (N,N-Diisopropyl-ethylamine) or pyridine at RT over a period of
4 to 50 hours.

Alternatively, Route B, conversion of the hydroxyl group of compounds of
general formula (VII) into a carbamate may be easily performed by reacting compounds
of general formula (VII) with compounds of general formula (IX), following known
procedures. The reaction is conveniently performed in DCM as solvent in the presence of
a base such as DMAP, at RT over a period of 4 to 50 hours.

Following Route C, reaction of the intermediates of general formula (VII) with
CDI (1,1'-Carbonyldiimidazole) followed by addition of desired alcohol (X) or thiol (XT)

or amine (X1I) to obtain compounds of general formula (I) is conveniently performed in
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THF (Tetrahydrofuran) at RT over a period of 4 to 50 hours.

Alternatively, Route D, conversion of the hydroxyl group of compounds of
general formula (VII) into compounds of general formula (I) can be achieved by reacting
compounds of general formula (XIII) with HdBt (Hydroxybenzotriazole) followed by
adding of compounds of general formula (VII), EDC (1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide) and DMAP (4-Dimethylaminopyridine). The
reaction is conveniently performed in DMF as solvent at RT over a period of 4 to 50
hours.

From all of the above, it should be clear that any of the described groups may be
present as such or in any properly protected form.

In particular, functional groups present in the intermediate and compounds and
which could generate unwanted side reaction and by-products, need to be properly
protected before the alkylation, acylation, coupling or sulfonylation takes place. Likewise,
subsequent deprotection of those same protected groups may follow upon completion of
the said reactions.

In the present invention, unless otherwise indicated, the term "protecting group”
designates the protective group were adapted to preserve the function of the group it is
bound to. Typically, protective groups are used to preserve amino, hydroxyl, or carboxyl
functions. Appropriate protecting groups may thus include, for example, benzyl,
benzyloxycarbonyl, t-butoxycarbonyl, alkyl or benzyl esters or the like, which are well
known to those skilled in the art [see, for a general reference, 20 T.W. Green, Protective
Groups in Organic Synthesis (Wiley, N.Y. 1981)].

Advantageously, the compounds of the invention 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
the invention is advantageously comprised between 0.01 and 20 mg/day, preferably

between 0.1 and 10 mg/day.
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Preferably, the compounds of the invention 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 the invention may be administered for the prevention
and/or treatment of any disease wherein the decrease in the number, activity and
movement of inflammatory cells is involved.

'Examples of such diseases include: diseases involving inflammation such as
asthma and other allergic disorders, COPD, acute rhinitis; reverse acute transplant
rejection and acute exacerbations of selected autoimmune disorders, graft-versus-host
disease in bone-marrow transplantation; autoimmune disorders such as rheumatoid and
other arthritis; skin conditions such as systemic lupus erythematosus, systemic
dermatomyositis, psoriasis; inflammatory bowel disease, inflammatory ophthalmic
diseases, autoimmune hematologic disorders, and acute exacerbations of multiple
sclerosis; kidney, liver, heart, and other organ transplantation, Behget's acute ocular
syndrome, endogenous uveitis, atopic dermatitis, inflammatory bowel disease, and
nephrotic syndrome; Hodgkin's disease and non-Hodgkin's lymphoma, multiple myeloma
and chronic lymphocytic leukemia (CLL); autoimmune hemolytic anemia and
thrombocytopenia associated with CLL; leukemia and malignant lymphoma.

Preferably the compounds of the invention may be administered for the prevention
and/or treatment of respiratory diseases such as from mild to acute severe conditions of
asthma and COPD.

The invention will now be further described by way of the following examples.

In the reported experimental procedures, the following abbreviations may be used:
TEA = tricthylamine; DCM=dichloromethane; RT=room temperature; AcOEt=cthyl
acetate; DMF=NN- dimethylformamide, DMSO= dimethylsulfoxide; HATU=0-(7-
Azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium  hexafluorophosphate; DMAP=

4-Dimethylaminopyridine; DIPEA= ethyldiisopropylamine.
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Intermediate 2 Compound 1

Preparation of

Isobutyric acid 2-[(4aS,4bR,5S,6aS,6bR,92aS,10a8,10bS,12S)-8-(4-chloro-
phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-0xa-8-aza-pentaleno[2,1-
a]phenanthren-6b-yl]-2-o0xo-ethyl ester (compound 1)

To a stirred solution of intermediate 2 (600 mg, 1.124 mmol) and DIPEA
(0.391 ml, 2.247 mmol) in dry dichloromethane (30 ml), under nitrogen atmosphere at
5°C, isobutyryl chloride (0.235 ml, 2.247 mmol) was added and the reaction mixture was
stirred at 5°C for 10 min and at RT for 16 hr. DIPEA (0.196 ml, 1.124 mmol) and
isobutyryl chloride (0.118 ml, 1.124 mmol) were further added and the mixture was
stirred at RT for 72 h. Another portion of DIPEA (0.196 ml, 1.124 mmol) and isobutyryl
chloride (0.118 ml, 1.124 mmol) were further added and the reaction mixture was stirred
at RT for 1 hr and at 50°C for 1.5 hr.

The reaction mixture was diluted with DCM (100 ml) and the organic layer was
washed with 1 N HCI, a saturated solution of NaHCO; and brine, dried (Na;SO4) and
concentrated. The crude was purified by silica gel flash chromatography in gradient
elution from DCM/AcOEt 98:2 to DCM/AcOEt 92:8, to afford 481 mg of pure compound
(71% yield; R¢=0.37 in AcOE/DCM 10:90).

"H NMR (300 MHz, DMSO-dg) ppm 7.31 - 7.45 (m, 2 H), 7.26 (dd, 1 H), 6.98
- 7.10 (m, 2 H), 6.29 (dd, 1 H), 6.08 (s, 1 H), 5.62 (d, 1 H), 5.42 - 5.78 (m, 1 H), 5.06 (d,
1 H), 4.90 (d, 1 H), 4.18 - 4.32 (m, 1 H), 4.17 (t, 1 H), 3.44 - 3.62 (m, 1 H), 2.56 - 2.71
(m, 2 H), 2.63 (spt, 1 H), 2.04 - 2.34 (m, 3 H), 1.84 - 1.96 (m, I H), 1.63 - 1.83 (m, 1 H),
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1.52 - 1.63 (m, 2 H), 1.50 (s, 3 H), 1.14 (d, 3 H), 1.13 (d, 3 H), 0.94 (s, 3 H)
LC-MS (ESI POS): 604.10 MH+
[a]p® =+ 58.3 (¢ 0.2; MeOH)
The compounds listed in Table were prepared as previously described for
5  compound 1, by acylation of intermediate 2 with suitable acyl chlorides:

Table 1

Compound Structure Yield Analytical
LC-MS (ESI POS): 590.14
MH+

[a]p? =+ 59.7 (¢ 0.2 MeOH)

'H NMR (300 MHz, DMSO-
d¢) ppm 7.31 - 7.43 (m, 2 H),
7.26 (dd, 1 H), 6.90 - 7.10
(m, 2 H), 6.29 (dd, 1 H), 6.08
61% | (s, 1 H), 5.62 (dd, 0 H), 5.45 -
5.73 (m, 1 H), 5.06 (d, 1 H),
4.90 (d, 1 H), 4.19 - 4.31 (m,
1 H),4.17 (t, 1 H), 3.45 - 3.64
(m, 1 H), 2.56 - 2.69 (m, 2
H), 2.41 (q, 2 H), 2.07 - 2.28
(m, 3 H), 1.82 - 1.93 (m, 1
H), 1.64 - 1.81 (m, 1 H), 1.51
- 1.64 (m, 3 H), 1.50 (s, 3 H),
1.07 (t, 3 H), 0.94 (s, 3 H)'
LC-MS (ESI POS): 772.6
MH+

T

[ap® = + 659 (¢ 02
CHCl)

'H NMR (300 MHz, DMSO-
de) ppm 7.31 - 7.41 (m, 2 H),
7.26 (d, 1 H), 6.98 - 7.10 (m,
2 H), 6.29 (dd, 1 H), 6.08 (s,
70% |1 H), 5.62 (d, 1 H), 5.43 -
5.79 (m, 1 H), 5.06 (d, 1 H),
4.89 (d, 1 H), 4.18 - 4.29 (m,
1 H), 417 (t, 1 H), 345 -
3.61 (m, 1 H), 2.55 - 2.73
(m, 2 H), 2.37 (t, 2 H), 2.03 -
2.31 (m, 3 H), 1.88 (d, 1 H),
1.62 - 1.81 (m, 1 H), 1.51 -
1.62 (m, 4 H), 1.50 (s, 3 H),
1,24 (s, 24 H), 0.93 (s, 3 H),
0.86 (t, 3 H)

(continue)
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LC-MS (ESI POS): 79831
MH+

[0} = + 47 (c 0.0765;
MeOH)

IH NMR (300 MHz,
DMSO0-d6) ppm 7.30 - 7.39
(m, 2 H), 7.26 (dd, 1 H),
6.97 - 7.09 (m, 2 H), 6.29
(dd, 1 H), 6.08 (s, 1 H), 5.62
(d, 1 H), 547 - 5.81 (m, 1
H), 521 - 5.40 (m, 2 H),
5.06 (d, 1 H), 4.88 (d, 1 H),
4.07 - 431 (m, 2 H), 3.52 (q,
1 H), 2.60 (dd, 2 H), 2.37 (1,
2 H), 2.06 - 2.26 (m, 3 H),
1.92 - 2.05 (m, 4 H), 1.87 (d,
1 H), 1.62 - 1.80 (m, 1 H),
1.50 (s, 3 H), 1.45 - 1.61 (m,
4 H), 1.26 (m, 20 H), 0.93 (s,
3 H), 0.85 (t, 3 H)

:

56%

LC-MS (ESI POS): 618.23
MH+

[0 = + 686 (c 02
CHCly)

'H NMR (300 MHz, DMSO-
de) ppm 7.30 - 7.42 (m, 2 H),
7.26 (dd, 1 H), 6.93 - 7.14
(m, 2 H), 629 (dd, 1 H),
6.08 (s, 1 H), 5.62 (d, 1 H),
5.42 - 5.79 (m, 1 H), 5.07 (d,
1 H), 4.89 (d, 1 H), 4.23 (m,
1 H), 4.17 (t, 1 H), 3.43 -
3.63 (m, 1 H), 2.55 - 2.66
(m, 2 H), 2.39 (t, 2 H), 2.00 -
2.25 (m, 3 H), 1.88 (d, 1 H),
1.63 - 1.81 (m, 1 H), 1.42 -
1.61 (m, 4 H), 1.50 (s, 3 H),
1.26 - 1.41 (m, 2 H), 0.93 (s,
3 H), 0.81 - 0.92 (m, 3 H)

(continuc)
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LC-MS (ESI POS): 576.23
MH+

[a]p? = + 53.8 (c 02
MeOH)

'H NMR (300 MHz, DMSO-
ds) ppm 7.30 - 7.40 (m, 2 H),
7.26 (dd, 1 H), 6.88 - 7.12
(m, 2 H), 6.29 (dd, 1 H),
47% | 6.08 (s, 1 H), 5.62 (dd, 1 H),
5.39 - 5.77 (m, 1 H), 5.05 (d,
1 H), 4.88 (d, 1 H), 4.18 -
428 (m, 1 H), 4.17 (t, 1 H),
3.46 - 3.67 (m, 1 H), 2.58 -
2.71 (m, 1 H), 2.60 (dd, 1
H), 2.12 - 2.32 (m, 3 H),
2.10 (s, 3 H), 1.81 - 1.94 (m,
1 H), 1.64 - 1.81 (m, 1 H),
1.51 - 1.64 (m, 2 H), 1.50 (s,
3H),0.93(s,3H)

LC-MS (ESI POS): 638.15
MH+

T

[o]p> = + 66 (¢ 0.2 MeOH)

Ph 'H NMR (300 MHz, DMSO-
d¢) ppm 7.93 - 8.06 (m, 2
H), 7.66 — 7.76 (m, 1 H),
7.49 - 7.63 (m, 2 H), 7.33 -
7.42 (m, 2 H), 7.28 (dd, 1
H), 7.00 - 7.15 (m, 2 H),
6.30 (dd, 1 H), 6.09 (s, 1 H),
5.67 (dd, 1 H), 5.49 — 5.85
(m, 1 H), 5.35(d, 1 H), 5.17
(d, 1 H), 423 — 4.32 (m, 1
H), 4.21 (t, 1 H), 3.47 - 3.65
(m, 1 H), 2.56 — 2.69 (m, 2
H), 2.09 - 2.32 (m, 3 H),
1.91 - 2.04 (m, 1 H), 1.66 -
1.83 (m, 1 H), 1.53 — 1.65
(m, 2 H), 1.51 (s, 3 H), 1.00
(s, 3 H)

29%

(continuc)
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54%

LC-MS (ESI POS): 592.13
MH+

[0 = + 486 (¢ 0.2
MeOH)

'H NMR (300 MHz, DMSO-
ds) ppm 7.30 — 7.39 (m, 2
H), 7.26 (dd, 1 H), 6.96 -
7.10 (m, 2 H), 6.29 (dd, 1
H), 6.08 (s, 1 H), 5.63 (dd, 1
H), 547 — 575 (m, 1 H),
5.07 (d, 1 H), 4.94 (d, 1 H),
4.19 - 429 (m, 1 H), 4.18 (t,
1 H), 3.74 (s, 3 H), 3.45 -
3.61 (m, 1 H), 2.62 - 2.72
(m, 1 H), 2.61 (dd, 1 H),
2.04 -2.29 (m, 3 H), 1.85 (d,
1 H), 1.63 - 1.80 (m, 1 H),
1.51 - 1.63 (m, 2 H), 1.50 (s,
3 H), 0.95 (5,3 H)

10

66%

LC-MS (ESI POS): 608.08
MH+

[alp® = + 508 (¢ 0.2
MeOH)

'H NMR (300 MHz, DMSO-
dg) ppm 7.30 - 7.42 (m, 2 H),
7.26 (d, 1 H), 6.94 - 7.10 (m,
2 H), 6.29 (dd, 1 H), 6.08 (s,
1 H), 5.63 (dd, 1 H), 5.45 -
5.78 (m, 1 H), 5.22 (d, 1 H),
5.06 (d, 1 H), 4.19 - 4.27 (m,
1 H), 4.18 (m, 1 H), 3.44 -
3.62 (m, 1 H), 2.59 - 2.72
(m, 1 H), 2.61 (dd, 1 H),
2.34 (s, 3 H), 2.02 - 2.29 (m,
3 H), 1.80 - 1.89 (m, 1 H),
1.64 - 1.79 (m, 1 H), 1.51 -
1.62 (m, 2 H), 1.50 (s, 3 H),
0.94 (s, 3 H)

(continue)
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26

54%

LC-MS (ESI POS): 618.13
MH+

[a]p® = + 634 (¢ 0.2
MeOH)

'"H NMR (300 MHz, DMSO-
ds) ppm 7.29 - 7.46 (m, 2 H),
7.26 (dd, 1 H), 6.94 - 7.13
(m, 2 H), 629 (dd, 1 H),
6.08 (s, 1 H), 5.62 (dd, 1 H),
5.39 - 5.81 (m, 1 H), 5.08 (d,
1 H), 4.89 (d, 1 H), 4.21 -
439 (m, 1 H), 4.17 (t, 1 H),
3.41 - 3.63 (m, 1 H), 2.56 -
2.70 (m, 2 H), 2.27 (d, 2 H),
2.07 - 2.25 (m, 3 H), 1.94 -
2.09 (m, 1 H), 1.80 - 1.94
(m, 1 H), 1.64 - 1.80 (m, 1
H), 1.51 - 1.62 (m, 2 H),
1.50 (s, 3 H), 0.94 (s, 3 H),
0.95 (d, 6 H)

12

o

33%

LC-MS (ESI POS): 618.12
MH+

[ap® = + 536 (¢ 0.2
MeOH)

'H NMR (300 MHz, DMSO-
dg) ppm 7.30 - 7.41 (m, 2 H),
7.26 (dd, 1 H), 6.95 - 7.12
(m, 2 H), 6.29 (dd, 1 H),
6.08 (s, 1 H), 5.61 (d, 1 H),
5.48 - 5.75 (m, 1 H), 5.06 (d,
1 H), 491 (d, 1 H),4.17 (¢, 1
H), 4.09 - 435 (m, 1 H),
3.53(q, 1 H), 2.56 - 2.68 (m,
2 H), 2.04 - 2.26 (m, 3 H),
1.89 (d, 1 H), 1.62 - 1.80 (m,
1 H), 1.50 (s, 3 H), 1.57(d, 2
H), 1.19 (s, 9 H), 0.94 (s, 3
H)

(continue)
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79%

LC-MS (ES1 POS): 652.14
MH+

[0 = + 129.6 (¢ 0.3;
DCM)

'H NMR (300 MHz, DMSO-
ds) ppm 7.13 - 7.46 (m, 8 H),
6.76 - 7.13 (m, 2 H), 6.28
(dd, 1 H), 6.08 (s, 1 H), 5.60
(d, 1 H), 5.40 - 5.77 (m, 1 H),
5.10 (d, 1 H), 4.93 (d, 1 H),
4.11 - 431 (m, 2 H), 3.78 (s,
2 H), 3.43 - 3.66 (m, 1 H),
2.55 - 2.66 (m, 2 H), 2.09 -
2.30 (m, 3 H), 1.86 (d, 1 H),
1.72 (d, 1 H), 1.49 (s, 3 H),
1.33 - 1.63 (m, 2 H), 0.93 (s,
3 H)

14

60%

LC-MS (ESI POS): 628.2
MH+

[a]p? =+34.9(c 0.2,
MeOH)

'H NMR (300 MHz,
DMSO-ds) ppm 8.02 (dd, 1
H), 7.32 - 7.43 (m, 3 H),
727 (d, 1 H), 6.98 - 7.13
(m, 2 H), 6.73 (dd, 1 H),
6.30 (dd, 1 H), 6.09 (s, 1 H),
5.66 (d, 1 H), 5.46 - 5.79
(m, 1 H), 5.30 (d, 1 H), 5.11
(d, 1 H), 4.20 (t, | H), 4.09 -
4.36 (m, 1 H), 3.47 - 3.66
(m, 1 H), 2.63 (dd, 2 H),
2.06 -2.27 (m, 3 H), 1.93
(d, 1 H), 1.64-1.83 (m, 1
H), 1.56 (dd, 2 H), 1.51 (s, 3
H), 0.97 (s, 3 H)

Example 2

Intermediate 2

Compound 15
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Preparation of Cyclopentanecarboxylic acid 2-
[(4aS,4bR,5S,6aS,6bR,92aS,10a8,10bS,12S)-8-(4-chloro-phenyl)-4b,12-difluoro-5-
hydroxy-4a,6a-dimethyl-2-0xo0-2,4a,4b,5,6,6a,8,9,92a,10,10a,10b,11,12-
tetradecahydro-7-oxa-8-aza-pentaleno[2,1-a]phenanthren-6b-yl}-2-oxo-ethyl  ester
(compound 15)

Cyclopentanecarboxylic acid (137 mg, 1.2 mmol, 1.2 eq) was dissolved in DMF
(5 ml), 1-hydroxybenzotriazole hydrate (162 mg, 1.2 mmol, 1.2 eq) was added and the
reaction mixture was stired 20 minutes. Intermediate 2 (534 mg, 1 mmol),
4-(dimcthylamino)pyridine (305 mg, 2.5 mmol, 2.5 ¢q) and EDC*HCI (230 mg,
1.2 mmol, 1.2 eq) were added in this order and the reaction mixture was stirred at RT
overnight. The conversion was monitored by TLC analysis (Hex/EtOAc 7/6). The
reaction was quenched with HCI 0.6N and the product extracted with EtOAc twice. The
collected organic phases were washed with NaHCOs saturated solution, brine and dried
over anhydrous Na,SQ,. The crude was purified treating with NaOH IN (10 ml), pyridine
(used to transfer cyclopentanecarboxylic acid in the aqueous layer, 2 ml), and EtOAc (30
ml). The organic layer was washed twicc with water and filtered on a silica pad.
Compound 15 was obtained as a solid that was dried under vacuum at 50 °C for 2 hours
(300 mg, yield 47.6%).

LC-MS (ESI POS): 630.10 MH+

'H NMR (400 MHz, DMSO-ds) 8 ppm 7.34 (d, /=8.82 Hz, 2 H), 7.19 - 7.28 (m, 1
H), 7.04 (d, /=8.82 Hz, 2 H), 6.18 - 6.37 (m, 1 H), 5.97 - 6.13 (m, 1 H), 5.46 - 5.75 (m, 2
H), 4.78 - 5.17 (m, 2 H), 4.06 - 431 (m, 2 H), 3.42 - 3.55 (m, 1 H), 2.78 - 2.93 (m, 1 H),
2.54 -2.74 (m, 2 H), 2.09 (m, 3 H), 1.49 (m, 15 H), 0.93 (s, 3 H).

The compounds listed in Table 2 were prepared as previously described for

compound 15 starting from the corresponding carboxylic acid:
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Compound

Structure

Yield

Analytical

16

71%

LC-MS (ESI POS):
602.2 MH+

'H NMR (400 MHz,
DMSO-ds) 8 ppm 7.26
-7.37 (m, 2 H), 7.14 -
7.24 (m, 1 H), 6.90 -
7.05 (m, 2 H), 6.15 -
6.40 (m, 1 H), 5.99 -
6.06 (m, 1 H), 5.39 -
5.72 (m, 2 H), 4.74 -
5.12 (m, 2 H), 4.03 -
422 (m, 2 H), 3.39 -
3.57 (m, 1 H), 2.50 -
2.70 (m, 2 H), 1.94 -
2.22 (m, 3 H), 1.76 -
1.90 (m, 1 H), 1.59 -
1.73 (m, 2 H), 1.36 -
1.56 (m, 5 H), 0.71 -
1.01 (m, 7 H).

17

46%

LC-MS (ESI POS):
639.2 MH+

'H NMR (400 MHz,
DMSO-ds) 8 ppm 8.76
- 8.95 (m, 2 H), 7.76 -
7.88 (m, 2 H), 7.37 (d,
J=8.82 Hz, 2 H), 7.23
- 7.31 (m, 1 H), 7.09
(d, J=8.82 Hz, 2 H),
6.24 - 6.35 (m, 1 H),
6.09 (s, 1 H), 551 -
5.76 (m, 2 H), 5.11 -
5.45 (m, 2 H), 4.09 -
4.32 (m, 2 H), 3.48 -
3.65 (m, 1 H), 2.59 -
2.75 (m, 2 H), 2.12 -
2.36 (m, 3 H), 1.89 -
2.06 (m, 1 H), 1.51
(m, 6 H), 0.98 (s, 3 H).




10

15

20

WO 2014/040837 PCT/EP2013/067509
30

Example 3

Intermediate 2 Compound 18

Preparation of Isobutyl methyl carbonate 2-
[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-difluoro-5-
hydroxy-4a,6a-dimethyl-2-0x0-2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-
tetradecahydro-7-oxa-8-aza-pentaleno[2,1-a]phenanthren-6b-yl}-2-oxo-ethyl  ester
(compound 18)

Intermediate 2 (350 mg, 0.66 mmol) in THF (3 ml) was added at RT with CDI
(127 mg, 0.79 mmol, 1.2 eq) at portions. The reaction mixture was stirred 1 hour:
conversion was detected by TLC analysis (EtOAc 100%). The reaction mixture was added
with isobutyl alcohol (1.0 ml, 10 mmol) at 0°C and stirred 1 hour at RT. Traces of the
desired product were observed. The reaction mixture was then heated to 50°C for four
hours: conversion increase. After 12 hours at 50°C complete conversion was detected by
TLC analysis (hexane/EtOAc 3/7). The solvent was evaporated under vacuum and the
crude treated with EtOAc¢/H,0. The organic layers collected were dried over anhydrous
Na,SQy, the crude was purified on a silica pad to yield compound 18 (240 mg, yield 58%)).

LC-MS (ESI POS): 634.2 LC-MS

'H NMR (400 MHz, DMSO-ds) 8 ppm 7.34 (d, J=8.82 Hz, 2 H), 7.20 - 7.30 (m, 1
H), 7.04 (d, J=8.82 Hz, 2 H), 6.21 - 6.37 (m, 1 H), 6.00 - 6.12 (m, 1 H), 5.47 - 5.72 (m, 2
H), 4.83 - 5.17 (m, 2 H), 4.10 - 4.29 (m, 2 H), 3.91 (dd, J=6.62, 0.88 Hz, 2 H), 3.43 - 3.60
(m, 1 H), 2.55 - 2.74 (m, 2 H), 2.04 - 2.29 (m, 3 H), 1.81 - 1.99 (m, 2 H), 1.64 - 1.76 (m, 1

H), 1.49 (m, 5 H), 0.81 - 0.96 (m, 9 H).
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Compound 19 was prepared as previously described for compound 18 starting

from hexyl alcohol:
Compound Structure Yield Analytical
LC-MS (ESI POS):
662.2 MH+
'H NMR (400 MHz,
DMSO0-ds) & ppm 7.33
(s, 2 H), 7.18 - 7.29 (m,
1 H), 7.00 - 7.11 (m, 2
H), 6.22 - 6.37 (m, 1 H),
o 6.02 - 6.11 (m, 1 H),
19 o c 30% (549 - 577 (m, 2 H),
o Q 479 - 517 (m, 2 H),
{ 414 - 427 (m, 2 H),
" 404 - 413 (m, 2 H),
344 - 362 (m, 1 H),
2.53 - 268 (m, 2 H),
203 - 229 (m, 3 H),
1.77 - 190 (m, 1 H),
149 (m, 8 H), 1.22 -
1.36 (m, 6 H), 0.76 -
0.99 (m, 6 H).

Example 4

Intermediate 2 Compound 20
Preparation of Dimethylcarbamate2-
[(4aS,4bR,5S,6aS,6bR,9a8,10a8,10bS,12S)-8-(4-chloro-phenyl)-4b,12-difluoro-5-
10  hydroxy-4a,6a-dimethyl-2-0xo0-2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-
7-0xa-8-aza-pentaleno[2,1-ajphenanthren-6b-yl]-2-oxo-ethyl ester (compound 20)
Intermediate 2 (310 mg, 0.58 mmol) in CH,Cl, (3 ml) was added at RT with CDI

(111 mg, 0.70 mmol, 1.2 eq) at portions. The reaction mixture was stirred 1 hour:
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complete conversion was detected by TLC analysis (EtOAc 100%). CH,Cl, was
evaporated under vacuum and the crude was dissolved in THF (2 ml) and then was added
with 2 M dimethylamine solution in THF at 0°C (1.15 ml, 2.32 mmol) and stirred 1 hour
at RT. Complete conversion was detected by TLC analysis (hexane/EtOAc 2/8). The
solvent was evaporated under vacuum and the crude treated with CH,Cl/H,0. The
organic layers collected were dried over anhydrous Na;SOq, the crude was purified on a
silica pad, then the obtained beige solid was triturated in a hexane/ethyl acetate mixture
(8/2, 8 ml) for one night. The solid filtered was dried under vacuum at 50°C till constant
weight, yielding compound 20 (200 mg, yield 57 %)

LC-MS (ESI POS): 605.2 LC-MS

'H NMR (400 MHz, DMSO-ds) 8 ppm 7.31 - 7.4 (m, 2 H), 7.21 - 7.30 (m, 1 H), 6.99
-7.07 (m, 2 H), 6.20 - 6.43 (m, 1 H), 6.01 - 6.12 (m, 1 H), 547 - 5.76 (m, 2 H), 4.69 - 5.10 (m,
2 H), 4.08 - 425 (m, 2 H), 3.43 - 3.59 (m, 1 H), 2.80 - 3.00 (m, 6 H), 2.55 - 2.72 (m, 2 H), 2.03 -
-2.28 (m,3 H), 1.83 - 1.96 (m, 1 H), 1.65 - 1.81 (m, 1 H), 1.49 (m, 5 H), 0.93 (s, 3 H).

Compound 21 was prepared as previously described for compound 20 starting

from methylamine:

Compound Structure Yield Analytical
LC-MS (ESI POS):
591.1 MH+

'H NMR (400 MHz,
DMSO-ds) & ppm
7.34 (d, /=8.82 Hz, 2
H), 7.15 - 7.28 (m, 2
H), 7.03 (d, J=8.82
Hz, 2 H), 6.19 - 6.41
56.3% (m, 1 H), 6.02 - 6.12
(m, 1 H), 5.45 - 5.75
(m, 2 H), 4.62 - 5.07
(m, 2 H), 4.12 - 428
(m, 2 H), 3.40 - 3.56
(m, 1 H), 2.58 (m, 5
H), 2.05 - 2.34 (m, 3
H), 1.84 - 1.96 (m, 1
H), 1.56 - 1.77 (m, 1
H), 149 (s, 5 H),
0.93 (s, 3 H).

21
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Example §

7

Compound 22

Preparation of Piperazine-1-carboxylic acid 2-
[(42S,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-difluoro-5-
hydroxy-4a,6a-dimethyl-2-ox0-2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,1 1,12-
tetradecahydro-7-0xa-8-aza-pentaleno[2,1-ajphenanthren-6b-yl]-2-oxo-ethyl  ester
(compound 22)

Intermediate 2 (500 mg, 0.94 mmol) in THF (3.5 ml) was added at RT with CDI
(180 mg, 1.12 mmol, 1.2 eq) at portions. The reaction mixture was stirred 1 hour:
complete conversion to activated intermediate was detected by TLC analysis
(Hexane:EtOAc 3/7). The reaction mixture was cooled to 10°C and then was added with
tert-butyl piperazine-1-carboxylate (174 mg, 0.94 mmol , 1.0 eq) and stirred at RT
overnight. Conversion was detected by TLC analysis (hexane/EtOAc 3/7). The solvent
was evaporated under vacuum and the crude treated with EtOAc/H0. The organic layers
collected were dried over anhydrous Na,SO; and the crude compound intermediate 3 was

used in the next step without further purification (260 mg, yield 37%).
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A solution of intermediate 3 (260 mg, 0.35 mmol) in CH,Cl, (5 ml) was cooled to
0°C and added dropwise with trimethyl-silyl trifluoromethanesulfonate (63 ul, 1.0 eq,).
The reaction mixture was stirred 1 hour at 0°C and then quenched with demineralised
water. The organic layer was washed with NaHCO3 saturated solution and then with
demineralised water, dried over anhydrous Na;SO4 yielding raw compound, that was
purified by column chromatography over silica gel (eluting with EtOAc/TEA 99:1) and
dried under vacuum at 50°C till constant weight to give compound 22 (190 mg, 84%
yield)

LC-MS (ESI POS): 646.4 MH+

'H NMR (400 MHz, DMSO-ds) 8 ppm 7.33 (d, J=8.82 Hz, 3 H), 7.03 (d, J=8.82
Hz, 2 H), 6.19 - 6.39 (m, 1 H), 6.07 (s, 1 H), 5.46 - 5.76 (m, 2 H), 4.76 - 5.14 (m, 2 H),
4.05 - 4.28 (m, 2 H), 3.41 - 3.60 (m, 1 H), 3.18 -3.30 (m, 5 H), 2.66 (m, 6 H), 1.95 - 2.28
(m, 3 H), 1.81 - 195 (m, 1 H), 1.57 - 1.79 (m, 1 H), 1.48 (m, 5 H), 0.93 (s, 3 H).

The compounds listed in the following Table were prepared as previously

described for compound 22 starting from the corresponding intermediate:

Compound Structure Yield Analytical
LC-MS (ESI POS):
649.4 MH+
"H NMR (400 MHz,
DMSO-ds) 6 ppm 7.17 -
7.40 (m, 3 H), 6.88 -
7.11 (m, 2 H), 6.21 -
0 S 6.34 (m, 1 H), 5.99 -
YI\/ 6.13 (m, 1 H), 5.44 -
5.74 (m, 2 H), 4.99 -
5.23 (m, 3 H), 4.04 -
4.34 (m,2 H), 3.39 -
3.64 (m, 1 H), 3.06 -
3.25(m, 3 H), 2.81 -
292 (m, 1 H),2.70 -
2.79 (m, 1 H), 2.54 -
2.66 (m, 2 H), 2.03 -
2.29 (m, 3 H), 1.80 -
1.92 (m, 1 H), 1.64 -
1.78 (m, 1 H), 1.49 (m,
5H), 0.93 (s, 3 H)
(continue)

26%
23
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LC-MS (ESI POS): 631.2
MH+

'H NMR (400 MHz,
DMSO-ds) & ppm 7.34
(m, 3 H), 7.04 (d, J=8.82
Hz, 2 H), 6.22 - 6.41 (m,
1 H), 6.08 (s, 1 H), 5.41 -
5.78 (m, 2 H), 4.74 - 5.18
(m, 2 H), 4.08 - 4.26 (m,
2 H), 3.69 - 3.84 (m, 1
H), 3.42 - 3.59 (m, 1 H),
2.71-2.96 (m, 2 H), 2.54
-2.69 (m, 2 H), 1.96 -
2.25(m, 5 H), 1.80 - 1.93
(m, 2 H), 1.60 - 1.75 (m,
3 H), 1.49 (m, 5 H), 0.93
(s, 3H)

24 27%

LC-MS (ESI POS): 645.3
MH+

'"H NMR (400 MHz,
DMSO-ds) 8 ppm 7.34
(d, /=8.82 Hz, 3 H), 7.04
(d, /=8.82 Hz, 2 H), 6.21
-6.42 (m, 1 H), 6.08 (s, 1
31% | H), 5.42-5.86(m, 2 H),
4.80 - 5.12 (m, 2 H), 4.01
-4.30 (m, 2 H), 3.41 -
3.58 (m, 1 H), 2.81-2.97
(m, 2 H), 2.52 - 2.74 (m,
2H),2.31-247 (m, 2
H), 1.90 - 2.27 (m, 6 H),
1.63 - 1.78 (m, 3 H), 1.49
(m, 7 H), 0.93 (s, 3 H)

25

Legend
* NMR

s = singlet

d = doublet

t = triplet

q = quartet

dd = doublet of doublets
m = multiplet

br = broad
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ESI-POS=c¢lectrospray positive ionization

LC-MS = liquid chromatography-mass spectrometry

PHARMACOLOGICAL ACTIVITY OF THE COMPOUNDS OF THE
INVENTION

In vivo studies

Example 6
Lipopolysaccharide (LPS)-induced lung neutrophilia

The potency and duration of action of the compounds described in the present
invention were evaluated in vivo in an acute model of lung inflammation following a
method described in Am. J. Respir. Crit. Care Med. Vol 162. ppl1455-1461, 2000, with
minor modifications.

The tests were performed on Sprague-Dawley male rats (200 g).

Intratracheal instillation of LPS resulted in a statistically significant increase in
neutrophil concentration in BALF, a hallmark of acute ongoing pulmonary inflammation.

For the dose of glucocorticoid producing a 75% inhibition (ED75 dose) assessment
test, compounds (0.01-1 umoles/Kg of body weight) were administered intratracheally as
suspension (0.2%Tween 80 in NaCl 0.9%) 1 hour before LPS challenge.

A dose-response curve of the inhibitory effect of the test compounds on
LPS-induced lung neutrophilia was performed and the ED50 dose of glucocorticoid was
taken as a measure of potency in this bioassay. The ED50 dose values for some
representative compounds of the present invention were comprised between 0.05 and
0.16 pmoles/Kg of body weight.

In a second series of experiments, aimed at the evaluation of the duration of action,
the compounds were administered as suspension intratracheally, at the ED75 dose,
administered 24h before LPS challenge. The most interesting compounds were active
(percent of inhibition higher than 50%) when administered 24 hours before LPS

challenge.
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In vitro studies

Example 7

Glucocorticoid Receptor (GR) translocation assay protocol

A quantitative measurement of GR nuclear translocation of the compounds of the
present invention was performed according to ASSAY Drug Devel. Technol., 4(3),
263-272, 2006, through a novel cell-based GR-translocation assay in Enzyme Fragment
Complementation (EFC) format developed by DiscoveRx (Fremont, CA).

In the absence of the glucocorticoid, the glucocorticoid receptor (GR) resides in the
cytosol complexed with a variety of proteins including heat shock proteins.

When a glucocorticoid diffuses through the cell membrane into the cytoplasm and
binds to the glucocorticoid receptor (GR), it results in release of the heat shock proteins
and the translocation into the nucleus where it modulates gene transcription.

The DiscoveRx assay uses EFC of b-galactosidase (b-gal) as an indicator of
GR-translocation in engineered CHO-K1 biosensor cells. The enzyme acceptor (EA)
fragment of b-gal resides in the nucleus, as designed through the use of a proprietary set
of sequence additions and modifications. The small peptide enzyme donor (ED) fragment
of b-gal was fused directly to the C-terminus of GR, and was localized in the cytoplasm
in the absence of receptor signaling. Upon binding to a GR ligand, the complex
translocates to the nucleus, where intact enzyme activity was restored by
complementation and b-gal activity was detected.

CHO-KI1 cells stably expressing NLS-enzyme acceptor fragment (EA) of b-gal and
GR-enzyme donor (ED) fragment of b-gal were maintained in F12 medium (Invitrogen,
Carlsbad, CA) at 37°C under a humidified atmosphere containing 5% CO, and 95% air.
The medium contained 10% FBS, 2 mM L-glutamine, 50 U/ml penicillin 50 pg/ml
streptomycin, and 250 pg/ml hygromycin and 500 pg/ml G418 (Invitrogen).

GR-translocation was measured using the PathHunter Detection Kit containing cell
membrane permeabilizing reagent and beta-gal substrate (DiscoveRx, Fremont, CA). All

compounds were screened using varying concentrations ranging from 10" to 10° M. The
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assay was performed in 48-wells (105 cells/well). Incubation with screened compounds
was performed at 37°C for two hours. Detection was made by adding the detection buffer
from the kit supplied by DiscoveRx and incubating at RT for one hour. Luminescence
was detected by using a CENTRO LB 960 microplate reader (Berthold Technologies).

Statistical analysis and determinations of EC50s were performed by using
Prism-version 3.0 Graphpad Software (San Diego, CA).

Some representative compounds of the invention -assayed with the GR
translocation displayed a EC50 comprised between 3.2 nM and 207 nM.

Example 8

Inhibition of LPS-induced nitric oxide production in RAW 264.7 macrophages

An in vitro model based on macrophagic murine cell line RAW 264.7 was used for
testing the anti-inflammatory effects of the corticosteroids of the present invention,

During the inflammatory process, large amounts of nitric oxide (NO) were
generated by the inducible isoforms of NO synthase (iNOS). Bacterial lipopolysaccharide
(LPS) was commonly used in experimental settings to stimulate inflammatory responses
in macrophages.

Cells were grown in a culture medium (RPMI supplemented with heat-inactivated
10% fetal calf serum, 2 mM glutamine, 100 U/ml penicillin and 0.1 mg/ml streptomycin)
without phenol red. Cell stimulation was elicited by incubating cells for 24 hours with
LPS to final concentrations ranging from 100 ng/ml. Treatments with the compounds of
the invention were carried out by adding such compounds vehicled in DMSO (0.1% final
concentration) to the final desired concentrations 15 minutes before LPS exposure. As an
index of nitric oxide production, the concentration of nitrite was measured in the
conditioned media by using the Griess colorimetric reaction (J. Neuroimmunol.,150,
29-36, 2004). |

Statistical analysis and determinations of 1C50s were performed by using Prism-
version 3.0 Graphpad Software (San Diego, CA). The IC50 values tested on some

representative compounds of the invention were comprised between 12.2 and 151 nM.
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Example 9

Interleukin-8 (IL-8) release assay protocol

In order to evaluate the anti-inflammatory effects of novel inhaled corticosteroids,
we assessed a selection of these compounds in inhibiting TNFo-induced IL-8 release
from human airway smooth muscle cells (ASMCs).

hASMCs exposed to a variety of inflammatory mediators (Tumor Necrosis Factor
(TNF)-0. or IL-1B) can undergo phenotypic changes and secrete chemokines and
cytokines, which may participate in or even perpetuate mucosal inflammatory changes via
activation and recruitment of inflammatory cells (Damera et al.,, 2009; Howarth et al,,
2004; Chung, 2000; Koyama et al., 2000).

Current evidence suggests that chemokines and cytokines secretion induced by
inflammatory mediators is inhibited by glucocorticoids in hASMCs and lung fibroblasts
(John et al., 1998; Spoelstra et al., 2002; Tobler et al., 1992). Steroids may inhibit the
cytokine-induced secretion of chemokines by a direct inhibitory interaction between
activated glucocorticoid receptors and activated transcription factors, such as nuclear
factor-kappa B and activator protein-1 which modulated inflammatory gene expression.
In addition, glucocorticoids can regulate chemokine expression by reducing mRNA
stability through the rapid induction of potent endogenous inhibitor of p38 MAP Kinase,
MKP-1, which is one of the genes trans-activated by steroids (King et al., 2009).

Primary human airway smooth muscle cells (ASMCs) was purchased from
LONZA (Basel, CH) and cultured in DMEM medium supplemented with 10% Fetal
Bovine Serum, 2 mM glutamine, 100 U penicillin and 100 pg/ml streptomycin
(Invitrogen), in an atmosphere of 95% air and 5% CO; at 37°C.

ASMCs was seeded in 0.5ml DMEM containing 10% FBS in 48-well tissue culture
plates at the density of 104 cells/well and grown for 24 hours at 37°C with 5% CO,. Then
cells were serum starved for 18 hours before treatment with different concentration of
LAGRA (10-12M-10-6M, final DMSO concentration 0.1%) for 60 min before

stimulation with TNFa (0.1 ng/ml as final concentration for ASMCs). After 18hours



WO 2014/040837 PCT/EP2013/067509
40

incubation in DMEM seﬁm free, the IL8 release in the supernatant was assayed using
ELISA kit (Invitrogen). Compound potencies were expresses as concentration able to
inhibit the half maximal (50%) IL8 release [IC50] in the dose-response curve obtained
after stimulation with TNFa.

All values stated are mean + standard error of mean (SEM). Compound potencies
(expresses as half maximal (50%) inhibitory concentration [IC50]) were derived from a
four-parameter non-linear iterative curve-fitting analysis using Prism software (Graph
Pad Software, San Diego, CA). Statistical analysis, Sigmoid curves design and analysis

were performed by using Prism so ﬁWare (Graph Pad Software, San Diego, CA).
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CLAIMS
1. A compound of general formula (I)
5
@
wherein

R; is selected from the group consisting of linear or branched (C;-Ci¢)alkyl, linear
or branched (C;-Cig)alkenyl, -ORg, aryl, aryl(C,-Ciglalkyl, -SRs, -N(R4)(Rs),
10 (Cs-Cg)cycloalkyl, (Cs-Cg)heterocycloalkyl and heteroaryl, wherein optionélly one or
more hydrogen atoms are replaced by (Ci-Ce)alkyl, and wherein R4 and Rs are
independently selected from H or linear or branched (C;-Cg)alkyl and,Rs is linear or
branched (C;-Cis)alkyl;
R, is aryl optionally substituted by one or more halogen atoms; and
15 pharmaceutically acceptable salts thereof.
2, A compound according to claim 1 wherein stereogenic carbons have a

stereochemistry as depicted in general formula (I”)

20
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3. A compound according to anyone of claims 1 to 2, wherein R; is selected from the

group consisting of methyl, isopropyl, ethyl, quindecyl, butyl, hekyl, heptadecenyl,
methoxy, methylsulfanyl, isobutyl, isopentyl, tert.butyl, mcthylamino, dimethylamino,
phenyl, cyclopropyl, cyclopentyl, methylpropanoxy, benzyl, pyridyl, piperazinyl,
piperidinyl, pyrrolidinyl, thiazolidinyl and furyl, and R; is p-chlorophenyl; and
pharmaceutically acceptable salts thereof.

4. A compound according to anyone of claims 1 to 3 which is:

Isobutyric acid 2-[(4aS,4bR,58,6aS,6bR,9aS,10a8,10b8,12S)-8-(4-chloro-phenyl)-
4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo0-2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-
tetradecahydro-7-oxa-8-aza-pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-cthyl ester;

Propionic acid 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-
4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-0x0-2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-
tetradecahydro-7-oxa-8-aza-pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester;

Hexadecanoic acid  2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,128)-8-(4-chloro-
phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-pentaleno([2,1-
a]phenanthren-6b-yl]-2-oxo-cthyl ester;

Octadec-9-enoic acid 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-

phenyl)-4b,12-difluoro-5-hydro xy-4a,6a-dimethyl-2-oxo-
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2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11, 12-tetradecahydro-7-oxa-8-aza-pentaleno[2,1-
a]phenanthren-6b-yl]-2-oxo-ethyl ester;

Pentanoic acid 2-[(4aS,4bR,5S,6aS,6bR ,9aS,10aS,10bS,128)-8-(4-chloro-phenyl)-
4b,1 2-diﬂuoro-S-hydroxy-4a,6a—dimethyl—2-oxo-2,4a,4b,5,6,6a,8,9,9a,1 0,10a,10b,11,12-
tetradecahydro-7-oxa-8-aza-pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester;

Acetic acid 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,128)-8-(4-chloro-phenyl)-
4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-0xo-2,4a,4b,5,6,62,8,9,92,10, 10a,10b,11,12-
tetradecahydro-7-oxa-8-aza-pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester;

Benzoic acid 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,1 25)-8-(4-chloro-phenyl)-
4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-ox0-2,4a,4b,5,6,62,8,9,9a,10, 10a,10b,11,12-
tetradecahydro-7-oxa-8-aza-pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester;

Methy! carbonate (Methy! formate) 2-[(4aS,4bR,58,6aS,6bR,9aS,10aS,10bS,12S)-
8-(4-chloro-phenyl)-4b, 12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-pentaleno[2,1-
a]phenanthren-6b-yl]-2-oxo-ethyl ester),

S-methyl carbonothioate (or S-methyl methancthioate) 2-
[(4aS,4bR,5S,6a8,6bR,9aS,10a8S,10bS,12S)-8-(4-chloro-phenyl)-4b,12-difluoro-5-
hydroxy-4a,6a-dimethyl-2-0x0-2,4a,4b,5,6,6a,8,9,9a,10,102,10b,11, 12-tetradecahydro-7-
oxa-8-aza-pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester;,

3-Methylbutanoic acid 2-[(4aS,4bR,5S,6aS,6bR,9a8,10aS,10bS,128)-8-(4-chloro-
phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-0xo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-pentaleno[2,1-
a]phenanthren-6b-yl]-2-oxo-cthyl ester;

Pivalic acid 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-
4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-0x0-2,4a,4b,5,6,64,8,9,9a,10,10a,10b,11,12-
tetradecahydro-7-oxa-8-aza-pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl ester;

2-Phenylacetic acid 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-

phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
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2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-pentaleno[2,1-
a]phenanthren-6b-yl]-2-oxo-cthyl ester;

Furan-2-carboxylic  acid  2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-pentaleno[2,1-
a]phenanthren—6b-yl]-2-oxo-ethyi ester;

Cyclopentane-carboxylic acid 2-[(4aS,4bR,5S,6aS,6bR,9a8,10aS,10bS,12S)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-pentaleno[2,1-
a]phenanthren-6b-yl]-2-oxo-ethyl ester;

Cyclopropane-carboxylic acid 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-pentaleno[2,1-
a]phenanthren-6b-yl]-2-oxo-ethyl ester;

Isonicotinic  acid  2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-
phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,93,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-pentaleno[2,1-
a]phenanthren-6b-yl]-2-oxo-ethyl ester;

Isobutyl methyl carbonate 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S5)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2.4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-pentaleno[2,1-
a]phenanthren-6b-yl]-2-oxo-ethyl ester;

Hexyl  carbonate  2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-chloro-
phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-pentaleno[2,1-
a]phenanthren-6b-yl]-2-oxo-¢ethyl ester);

Dimethyl 2-[(4aS,4bR,58,6aS,6bR ,9aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-
4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo0-2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-
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tetradecahydro-7-oxa-8-aza-pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl carbamate;

Methyl 2-[(4aS,4bR,5S,6aS,6bR,%aS,10aS,10bS,12S)-8-(4-chloro-phenyl)-4b,12-
diﬂuoro-5-hydroxy-4a,6a-dimethyl—2-oxo-2,4a,4b,5,6,6a,8,9,9a,10, 10a,10b,11,12-
tetradecahydro-7-oxa-8-aza-pentaleno[2,1-a]phenanthren-6b-yl]-2-oxo-ethyl carbamate;

Piperazine-1-carboxylic acid 2-[(4aS,4bR,5S,628,6bR,9aS,10aS,10bS,125)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11 ,12-tetradecahydro-7-oxa-8-aza-pentaleno(2,1-
a]phenanthren-6b-yl]-2-oxo-ethyl ester;

Thiazolidine-4-carboxylic acid 2-[(4aS,4bR,58S,6aS,6bR,9aS,10a8,10bS,125)-8-
(4-chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-oxo-
2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-pentaleno[2,1-
a]phenanthren-6b-yl]-2-oxo-ethyl ester;

Proline, 2-[(4aS,4bR,SS,6aS,6bR,9aS,10aS,IObS,12S)-8-(4-chlor0-phenyl)-4b,12-
difluoro-5-hydroxy-4%,6*-dimethyl-2-ox0-2,4a,4b,5,6,6%,8,9,9,10,10°,10b,11,12—
tetradecahydro-7-oxa-8-aza-pentaleno[2,1-a]Jphenanthren-6b-yl]-2-oxo-ethyl ester;

Piperidine-4-cvarboxylic acid, 2-[(4aS,4bR,5S,6aS,6bR,9aS,10aS,10bS,12S)-8-(4-
chloro-phenyl)-4b,12-difluoro-5-hydroxy-4a,6a-dimethyl-2-o0xo-
2,4a,4b,5,6,6a,8,9,9a,10,10a,10b,11,12-tetradecahydro-7-oxa-8-aza-pentaleno[2,1-
a]phenanthren-6b-yl]-2-oxo-cthyl ester;

or pharmaceutically acceptable salts thereof.

5. A pharmaceutical composition comprising a compound as defined in anyone of
the claims 1 to 4, together with one or more pharmaceutically acceptable carriers and/or
excipients.

6. A combination of a compound as defined in anyone of the claims 1 to 4 with one
or more active ingredients selected from the classes of beta2-agonists, antimuscarinic
agents, mitogen-activated protein kinases (P38 MAP kinase) inhibitors, nuclear factor
kappa-B kinase subunit beta (IKK2) inhibitors, human neutrophil elastase (HNE)

inhibitors, phosphodiesterase 4 (PDE4) inhibitors, leukotriene modulators, non-steroidal
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anti-inflammatory agents (NSAIDs), antitussive agents, mucus regulators, mucolytics,
expectorant/mucokinetic modulators, peptide mucolytics, antibiotics, inhibitors of JAK,
SYK inhibitors, inhibitors of PI3Kdelta or PI3Kgamma, M3-antagonists/beta2-agonists
(MABA) and M3-antagonists/PDE4-inhibitors (MAPI).

7. A compound as defined in anyone of claims 1 to 4, for use as a medicament.

8. A compound as defined in anyone of claims 1 to 4, for use in the prevention
and/or treatment of any disecase wherein the decrease in the number, activity and
movement of inflammatory cells is involved.

9. A compound as defined in anyone of claims 1 to 5, for use in the prevention
and/or treatment a respiratory disease.

10. A compound as defined in anyone of claims 1 to 4, for use in the prevention
and/or treatment of asthma and COPD.

11. A device comprising the pharmaceutical composition according to claim 5, which
may be a single- or multi-dose dry powder inhaler, a metered dose inhaler or soft mist

nebulizer.
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A ydb12- = f 5 £ K daga = FOA -2- RAR
-2,43,4b,5,6,62,8,9,94,10,10a,10b,11,12- + w9 &,-7- F. 4 -8- R4 -
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-2,44,41,5,6,62,8,9,9a,10,10a,10b,11,12- +v9 &, -7- &, £ -8- K -
o K= SR (2, 1-a] F -6b- K ]-2-FAK- T B
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<2,4°,4b,5,6,6°,8,9,9%10,10°10b,11,12- 1 & £-7- F f¢ -8- Rfe-9F
AR (2,1-a] 3E-6b-2k - 2-BAR- T B

| SRR TR, 2-[(4aS,4bR,58,6a8,6bR,9aS,10a8,10bS,125)-8-(4-
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2,4%,45,5,6,6%,8,9,9%,10,10°,10b,11,12-+ w3 & -7- . 2-8- R & H#
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-2,4",4b,5,6,6%,8,9,9%,10,10%,10b,11,12-+ v & -7- R & -8- K & -
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2H- & %% 4 ¥ ® Lo
2-[(4a8,4bR;58,628,6bR,928,10a5,10b8,128)-8-4- K - X
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26

29

[0053]  (#4t)
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2-[(4aS,4bR,58,6aS,6bR;9aS,10a8,10bS,128)-8-4- &K - X
32 X jdb12- = B -5- B K 46 = F A 2 KR
-2,4%4b,5,6,6*,8,9,9%,10,10%10b,11,12--+v9 &K -7-§ 4 -8- K &~
=503 I [2,1-a) -6~ ]-2- B~ L B8

® & B ¥ ® o, 26 = ¥ %
2-[(4aS,4bR,58,628,6bR,9a8,1045,10b8,128)-8-(4- K - 3
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35 % )ab12- = & -5- & K -da6a- = F K 2- & R
-2,41,4b,5,6,62,8,9,92,10,10a,10b,11,12-+ 3 & -7-§, % -8- & 4
AR (2,1-a] F-6b- K )-2- BT8R

3-2Kw F 8, 2-[(4aS,4bR,55,6aS,6bR,9a8,10aS8,10bS,128)-8-(4-
£ - F £ )4p12- = R 55 K dage- = F K2 KR
-2,42,4b,5,6,62,8,9,92,10,10a,10b,11,12- -+ w3 5, -7- §, F¢-8- § &+ -
IR R I [2,1-a) FE-Ob- K ]-2-FAR- L BF

3-wk ol P B, 2-[(4aS,4bR,5S,6aS,6bR,9a8,10a8,10bS,128)-8-(4-
37 - K )ab12- = f 55 K da6a- = F A 2- AR
-2,4a,4b,5,6,6a,8,9,94,10,102,10b,11,12-+ W & -7- R % -8- R & -

34

36

[0055]

15
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[0056]

B RHF (2,1-a1%-6b-K - 2- K- TE

38

1H- w3l %* -7- i 3% ,
2-[(4aS,4bR,58,6a8,6bR,9aS,10a8,10b8,125)-8-4- &K - X
A yapa2- = R -5 £ A da6e- = F A 2- £ K
-2,42,4b,5,6,62,8,9,92,10,108,10b,11,12-+ v9 &,-7- §F 4 -8- K &-

39

RS I (2,1-a] 3E-6b-R |- 2-RAR- T 88

1H- #h e 2 B ,
2-[(4aS,4bR,58,6a8,6bR,92a8,10aS,10bS,128)-8-4- &K - X
& )dbd2- = # -5- £ A da6a = F K 2- & &
-2,41,4b,5,6,64,8,9,94,10,10a,10b,11,12- -+ v9 & -7- K 4% -8- K 4 -

| R 2,101 F-6b- K| -2-FN-TH

40

8-ok T8, 2-[(448,4bR,58,648,6bR,9aS,10a8,10bS,128)-8-(4-
-2,42,4b,5,6,62,8,9,92,10,10a,10b,11,12-+ v &, -7- 8, e -8- K % -

41

dok-3-F 8, 2-[(4aS,4bR,58,648,6bR,9a8,105S,10bS,125)-8-(4-
K- K E)y12- = f-5- 8 K da6a- = F K -2- KA
-2,42,4b,5,6,62,8,9,92,10,10a,10b,11,12-+ v9 & -7- F. 5 -8- K 2
M= IR (2,1-a) 3 -6b-2k ) -2-BA- T BY

42

* F B =® % 3 7 ®
2-[(44S,4bR,58,6a8,6bR,928,1045,10b8,128)-8-4- &K - X

& )db12- = R -5- £ K daa- = T R 2- & A
-2,42,4b,5,6,62,8,9,92,10,10a,10b,11,12- -+ v £ -7- § 2 -8- £ % -

43

H R H(2,1-a) 3 -6b- K )-2-BAR- T B

1H- % *® “3- 7 B ;
2-[(4aS,4bR,58,6a8,6bR,948,10a8,10bS,128)-8-(4- K - X
& b2 = R 5 £ K daba = F & 2- KA
-2,44,4b,5,6,6a,8,9,94,10,10a,10b,11,12- + 9 &,-7- K F -8- f F-

B I 2, 1-a] 3 -6b-K |-2-FAR- L

16
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3 # % o -3- 7 . ,
2-[(4aS,4bR,58,6a8,6bR,928;10a8,10bS;128)-8-(4- & -~ X
44 £ )db12- = R -5- £ A da6a = F K 2- & K
-2,4a,4b,5,6,6a,8,9,92,10,10a,10b,11,12-+ o3 & -7- & 7 -8- & -
K IR I [2,1-a] 3E-6b- 2 |- 2- K- 2 8%

x it % +H “2- ¥ 8 ,
2-](4aS,4bR,58,6aS,6bR,928,10a8,10bS,128)-8-(4- &K - X
45 & )4b12- = B 5- £ £ a6 = F R 2- AR
-2,44,4h,5,6,62,8,9,92,10,102,10b,11,12-+ v &, -7- % -8- K &~
oM=K B I (2,1-a) JE-6b- K ) -2-FAR- LBE

2wy T8, 2-[(4aS,4bR,58,6aS,6bR;92S,10a8,10bS;125)-8-(4~
£ - K )ab12- = K 58 & daba- = F & 2- KK
-2,42,45,5,6,62,8,9,92,10,10a,10b,11,12-+ o & -7- R 4-8- | -
SRR 12,001 -6b-K ) -2-RAK- T BE

2-ekoh F 88, 2-[(4a8,4bR,58,6a8,6bR,;9a8,10aS,10b8,128)-8-(4-
£ -E £ ab,12- = A 5- A daga- = F R 2- A K
-2,4a,4b,5,6,62,8,9,92,10,10a,10b,11,12-+ 23 &K-7- f 2 -8- K 5~
R =R H(2,1-a] FE-6b-2)-2- B K- T B

1H- vk % -2- 9 3 Y
2-[(4aS,4bR,5S,64S,6bR,945,10a5,10b8,125)-8-(4- K - X
48 A )db12- = F -5 £ & dafa- = F K 2- AR
-2,42,41,5,6,62,8,9,94,10,102,10b,11,12-4 vg £ -7- R H-8- L&~
o KSR 3 [2,1-a3E -6b- 5 - 2- K- T B8

) £ 2H- i o -4~ ¥ .3 ,
3-[(4aS,4bR,58,6a8,6bR,9285,10a8,10b8,128)-8-(4- &K - %
49 & Jab12- = R -5 B A dabe = F R 2- RR
-2,4a,4b,5,6,62,8,9,9a,10,10a,10b, 11,12-+ 29 & -7- 4% -8- H £~
I KSR I [2,1-a] E-6b-K ] -2-F - T8

50 4- ¥ £ %% -1- ¥ 8 ,

46

47

(0057]

17
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| 2-[(4aS4bR,55,6a8,6bR,9a5,10a8;10b8,128)-8-(4- &K - X
; y4b12- = R 5 £ £ aa6s = F K 2- £ K
| -2,42,4D,5,6,62,8,9,98,10,108,10b,11,12-+ 79 & -7- F 5 -8- K5 -
HRSHII2,1-a] 3 -6b-K]-2-BAK- T8
| B4 F 8, 3-[(4aS,4bR,58,6a8,6bR,9aS, :1;0as-,:1;o%bs~‘i- 128)-8-(4-
ﬁ, £ K )ab12- = f 5 8 K dafa- = F K -2- KK
~2,42,4b;5,6,62,8,9,92,10,102,10b,11,12-+ & £-7-Fof-8- R A -
| RS (2,101 -6b- 2 |-2-RAK- LB

51

[oo58]  (HE4L)
[0059]

2-okve P Bk, 2-[(4aS,4bR,55,64S,6bR,9a8,10a8,10bS,128)-8-(4-
£ - 3‘-%)%12—«- ﬁ.-S-ﬁﬁe-hb'a--— ‘F’ '-Z-i.’r‘i.
R RS2, 1-a] FE-6b- -2 B AR T B

[0060] A% BHIEIRME T MAAY), HES A RFXFEIEAZ ¥ LA %P‘Eﬁihﬂﬁﬂc/—‘
WyRN— PR PG b B2 AR / SIRTE T o

[0061]  A] LUK A% B AL S E S S i MRk 5 e 2y s s o AL S A, B
REE 2 Ve R B E A T Va7 IR R R RO AL, it B 2- BN Pl E AR
2 B EOE R B (P3SMAP IS ) MEIF LA F « -B MBSV R AL B (TKK2) #IH]
1) NG M 0 P e o 2 S CHINE) F004059) % B8 — WG 4 (PDE4) #MIFI . B =457 3k
KB EEHL A ZH (NSAIDs) B ZH KB ) R VRS AR 2y R 2 / RS IRBN h 2E A L K
FE RV REZE B 2 JAK D) SYK 4151 PI3K 8 B PISK v #MHIFF M3~ 5557 / B 2-
#h7 (MABA) 1 M3- #5517 /PDE4- #MHIF) (MAPI) .

[0062] ARFEBET AR FXEBIENGE LTEZHENONEYSIE B FER
5. GSK—-642444 B AN B KA T RS S BEA RS T EERD VB DRER
B VKT VR D MRS R DT IR RV T B R A A AR B IA
% (QAB-149) . AZD-3199. BI-1744~CL. LAS-100977. GSK159797. GSK59790. GSK 159802,
GSK642444. GSK678007. GSK96 108 i B . RAN B LM E A ER/R T . w2 iR
2 B B | LT | brodxatelor F ASF-1020 Kb B 2- WEIFIMAE .

[0063] AKRFATHEMET AR XMREIGE LT EZANENMLEDEER
aclidinium, T 6 V8 4% 18 ¥ 12 4% (Spiriva®), S Rt % . B W6 R 4. th 7 &
(trospium) « % [#% ¥R 4. NVA237, LAS34273, GSK656398, GSK233705, GSK57319, LAS35201, Q
AT370 FIEFE MM B EANAS .

52

18
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(0064] A BB T AR BIXRER/E N T % LB ML &M 5k B AN-2728,
AN-2898. CBS-3595. [i] ¥ #f 4% (apremilast). ELB-353. KF-66490. K-34. LAS-37779.
IBFB-211913. AWD-12-281. 75 #% 2 .. 74 1% &1 %F. & % 5 %5, BAY19-8004 F SCH-351591.
AN-6415. indus-82010. TPI-PD3. ELB-353. CC-11050. GSK-256066 . B4 7] 4% . 0X-914. &4t
)4 . MEM—1414 F1 RPL-554 ) PDE4 &7 B E .

[0065) AR BAGIRAL T AR X FEERE N E LA ERNRIILAY 5L 8 E DR,
fth2E 3L 48 aitAE R R PH-797804. GSK-725. GSK856553 . GSK681323. minokine V&ML LS &
HEh K PISVAP EEEMIHIFIKIA A -

loo66]  TE—MEIEMISEHET R, KR FIRME T ARANUEY S KK2 MFEFIWAHE .
[0067] AKEHIBIRMET ARBEKILEY 5L B AAT. ADC-7828, aeriva, TAPI, AE-3763.
KRP-109.AX-9657 . POL-6014. AER-002, AGTC-0106 respriva. AZD-9668. zemaira,AAT IV,
PGX-100. 3% 7% .SPHD-400. a 1- & [EHMHIFH C RAK o 1- ZFABSHHIFH HNE H#0H]
FIRHE

[0068] ARFDIRMET ARPKILEYERAZE T LEAFNECTRNA =K
WHRIRKAE

[0069] AR ERIRIRAL T A4 K BRI &4 51k A AT V& 27 FIERE 25/ NSALD A 5 .

[0070] AR BIIGIRME T RRHKALES Y EE B 7 FHFEFMREEHELG (dextramorphan)
PEZ A S .

[0071] AKRIICIRME T ARIIALEY 5%k E N ZBEE R fudostein HIKLBIE R
i A

[0072] AEHTRETARANLEYEEBRRER. BBBER (HlmEKeH B
B ) RRTIEHERIERZ / AEsh AT RN A S .

[0073] ARFLEGETARAKLEYEE BEHANREZEZRE 1 (« EiERN
rhDNase) FERE R MASBBEARA S

[0074] AKRHFKCRETEARAKILGYEE T ER ZHBERNAMBENTERN
HE.

[0075] AR BIGIRME T ARHKNEY 5iE A INS-37217 S B E | 74 DUIR{E .. CS-003.
fhZ%E . DNK-333, MSI-1956 A& I8 B MM T A -

[0076]  ZNKREHICIRMAE T AR BIXPEERME A 22 LR B2 L &M & B CP-690550
F1 GLPG0634 f) JAK FMEIFIHIAH S -

[0077] AR EIRM T AR IXRESME N2 L B2 ML &9 5% B R406.R343
F1 PRT062607 f SYK M&IFIKIAH S .

[0078] AKBABIRME T AEAFTIKARHKLEY.

[0079]  Z% BIGH K A & B BIAL & WFE R D R SR / SR R RE A AREE R M AIE B
A B R o

[0080]  ZK & BHVEHE K25 & BA MIAL& 4, B AT FRBH AN / sVA T H R R R TE A AL E
IE MRS Bk D B R IR -

[0081] EF-—AFED, AR \EM T AR AL EWETRLF / BUATT H P R RIE
MREE EHETMEFSNRORIERERR PR,

19
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[0082] 48 ) b, Y UL ME F R BN S — P ER 2 B I ) 4 A B A R B AL & 0 LA TR
F1 / SRYETT IR AEAE T/ 18 PH 28 O I IR 38 5 7 » 451 4 B s 0 COPD .

[0083] ZEH—ANFHEH, A KA T ARSI R & H TP/ 8URT H
R R A E EMAE SR T RRA AR PR

[0084]  Z % BAMEHRME T FIFTBA A / BRyATT B P ¥ R 4O 40 U & iR M AE B 1Y
FEEROTE, G EAENEXMETERNEERARTEREBNEAEHRINLE
.

[0085] ZARBHIRIBMTESTFESHEA S ORSME RN EARALEYRIZEY
5o

[0086] T HR N\ HiIF40FE BT A M K L & i 5 50 0 o B B 1 3 5 4 55 5] 60 T IR
5l

[0087] ARBEECHEELE, HTTUAGSAEHENLAYHETBHEZFETHBAL.
EREERSEHRREELS, HHIRRMEBES (softmist nebulizer).

[0088] ARBIEW KA, HESAMNAR PG ENE —FaiZfzyE bl
SHEAR / BRERNASHRBEYN YA EY, ZRPEW REE, Ko L AEE
ABPN SR AT ESLZHETHRAS EEEERNIZHRAMES.

[0089]  FJLLIRIE & & b B & A K W HALEY, BTk & & B BRI E M7 %k
R FriRiEAT

[0090] ZE—AFED, &K PERA T AR HL A YR I A [EME R & 5%

[0091] 4 bFETR, ZMHBE AN BB SN, Bk REE S S E R
A LB R (1) KRR SRS ARk

[0092] FTF#HI&WMTHEPHROR (1I7) HILEWH— BB LUHER TR (1D 8
WEY o

[0093]

20
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. M

\
e

9
HO™R,

BYROH;R¢SH % RORNH
Nzz#40: HOBt, DMF, EDC, DMAP

&
=
Z
o
.o\
i
W

\ &BBEC: 3) CDI/THF;

FRA gy,
R T

OAc

3
X
o
ﬂ .
B
%

B

B (R BB K €, D)
HEBBE (RABE L C, D)
AR (RARE L O

*
=
et
=

[0094] A K BHALEH) R & T
[0095]  ATLUMRHE bk & o Bk AN B SN 26 2 AR 4B B EE R AN R, P B A [ ) 2% A
KEHILED

21
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[0096]  — M T, AT LA — AR & B 75 RGBT iR B AR AL EH & TR BRI
B GRFFE S A AR R & A R AL B . 18X 8RR, ST RENE FI F A GUd B AR
AN B AFT A sE K.

lo097) = (III) WY 5 TFHEMLEY. B EsmyE AR (1D MBS Y R
%14 (J. Med. Chem. 1982, 25, 1492-1495) . ‘&A1t 1] LARI I

[oo98] = (IV) HI4kA AT A R IR SR =P 4R 18 Mo AR J7 v 1 & o 18 an, AT LAE i A
Wl tn Z AP R (111) S EI& 1. 1% KNI H S & R ST 1 DMF &
BT BB MR 80 — 110°CHIVEEVE BT 0. 5 — 4 /NI AR

[0099] = (V) KAk L@ KR (IV) MALA &, ZRMNEETERE
M) (IV) 4T 88, B0k A AR £ 8 & (Candida antarctica) HIE E AL EES (Sigma
Aldrich) (Tetrahedron, 50, 13165-13172, 1994) &R #47 .

[0100] =X (VII) W94L4 W] LA A T S g w72 A ) 20 560 7 92+ 8L A B 2K 9 345
B EERAERBHFET AR ) ikamER (VD) U EY RN ES % (. Med.
Chem. , 25, 1492-1495, 1982) . 1% NABFIHAELS i T 7161 10 ZBE P 4E 80 — 100 CHIRE
T#AT. R (VD) BIERE R R MR E S T8 B A 505 i i &, B an i@ A e TR 50 B an il e
irE E 44 (J. Med. Chem. , 40, 1955-1968, 1997) i& B 58U T 0- WA M EREK S
& A B AR T WL BT ;Y. (Chem. Pharm. Bull. , 46, 966-972, 1998) Rl %& .

[0101] HBABRENBKE (RNEEA-D) PR Bdd (VID e85
(VITII) . (IX) . (X)« (XI) . (XIT) BR (XIID) ML AWIRMN G TR (VID) K& EH
b R B BR B E 2 P R R B AR PR TR

[0102]  WRES, AR AN 7 A LU E A BT | N il 7E S5 h A 19 5%
1, LIS 2 R BT B 2858 B iR A R B B AMEIAL &4 o IXFER AR AL T AT LIS S VEANFR
F R EA R R AR A B A Y, B3 R R TR, A A A AL U A
SRR, BEARY/ BRARA I BT N sl 2 %ok I 4 A R R IR ) B RE T, BA R B I
BREFETUEFEEGH P ERLUNBEEERPR.

[0103] = (VII) Bk SEEE (VITD) B RNEE A RN, 183X (D) MUEY, &KX
FEAE R HZE DOM( =& P 5t ) 1B MBI LRG0 = ZIZE DIPEA(N, N- — R A% - L&)
ILNE FITE7E R AE RT #H4T 4 — 50 /it HARR .

[0104] BNE, R MERL B, R (VII) WAL AV AREEUBREEFRES TEIMHX
(VID BIE SR IX) PG YEBEM B IERIT. ZRNERH A DM /E A B HI P 4
Bii4510 4 DMAP fIFZ4E 7€ RT 3#4T 4 — 50 /NS HERR .

[0105]  #%MB R C, X (VIT) fIR[RES CDI (L, I - $REEBKME ) RV, SR G N A
HEE (X) B EE (XI) BUik (XID), BEIR (1) MLEY), 1% KR8 R H e THF (70 S0 )
fhZE RT 34T 4 — 50 /NEFHARR

[o106]  B#E, RACHEE D, X (VID) B &YW EBEERHLRR (D MWEYe LLEL(E
£ XIII) BIEY 5 HOBt (BRERIF =M ) RN REFEHRMNE (VID B4&%.EDC(1- &
R -3-G- ZPEEEFE) BTN ) 1 DMAP (4- — R EME ) #1T. %R N EF
Hi7E DMF 1B ¥ P4 RT #H1T 4 — 50 /NI HARR .

[0107] M b3 Py 250 o 75 2% b 3R B4 38 T 1) 8 T T LA 77 E R LM R0 AR

22
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HIE R FLE.

[0108] %55, 7248 T FiaEfib 29 - BT e A T E K8 R A8 Y 1B 8
EEE MR, RS BT AR AL BEAL B S BB . RIRE, B S AR L AR R AR 4 2 O AR
{R37 7] LAE B [ N 56 Al a3 AT

[0109] ZEﬂ&Zi@HEP,&%3E5%%§?Eﬁ%,%§mUﬂtf§”ﬁ%bh2§’7%%ﬂ%ﬁﬁé%ﬂiﬂﬂﬂﬁEai:%%é?ﬁ@%%ﬁﬂ
RS RFER. WA, RPEATRPERE AERRETRA. E4MRPERAK
B LVEE, B AR R N T AR R R R S, TR AT AN
R EAE (B &S XEm =, 2 W 20T, W. Green ;Protective Groups in Organic
Synthesis(Wiley, N. Y. 1981)],

lo110] A FHh, 40, FTLALLE S 0. 001 — 1000mg/ K LIk 0. 1 — 500mg/ K K7 &2 H
ERHPLED) o

[0111]  HBETWAREHEATIIN, ZR\LEYHIFEFTFHEE 0.01 — 20mg/ K,
3% 0.1 — 10mg/ K.

[0112] Rt T LA S ER 5 2w vE M a4 4R A e L 2 R B AL &4 LA T TR A/ B8R
YE T E 2 AR PR 2R M RO R SR, ) B B ST B R AR M RR R MR (COPD) &
[0113] 4R T, 7T LU A A< & R ROAL &9 LU F TR A0 / Big T b R R EA R E .
EHREFRO MR

[0114]  IXPERIEERT B SEGI G B3 40 , 1 dn i Fi L & b SR 7R  COPD B & K
Wﬁﬁ%ﬁ@ﬁ%ﬁﬁﬂﬁ%mEW%&%%W%%%%L%%@E$W%E%&@E
B s AR, A28 RO M S5 T RN T & AR, Pl RA ML TRAE R
Gtk LK VRB R REM IR . B B R M Mo 2 R TSR R BT O
METREBE NS ARG AT R B R R N R R A E R
G ARSRFMEARSHEE. S AEEHENEHRCARa 0 (CLL) ;85
G5 P I P X (LA 5 CLL A8 3% B I /MR Ik A0 5 3 100995 R0 ST P LR o

[0115] {3, BT LUE FA 4 & BEAIAL & 0 LA T TR A0 / BRVATT FEIR R G, Bl aA
2 P8 B 3 M 7 2 WA 79 i AR COPD.

lo116)  BRYEEL T HILHER S — SRR A K.

(0117] HFIRERISER A EP, TUHEAWTRHE :TEA == K ;DM = Z & F 4 sRT =
I ACORt = Z B8 ZH8 ;DMF = N, N- — B L FR gk fi% ;DMSO = — F Y¥ %, ;HATU = 0~ (7- b=/
I -1-F) NN, N, N - [0 P EEIREA /S FBERL 2 sDMAP = 4- — FE R LT ;DIPEA

=LE_RREK.
[0118] SEEAE] 1
[0119]

23
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£
¥ E) 4K 2 e 1
01200 B T ® 2-[(4aS, 4bR, 58S, 6aS, 6bR, 9aS, 10aS, 10bS, 12S) -8-(4- & - &
B)-4b, 12- 5 -5- 125 ~4a, 6a- —FFE -2-% L -2, 4a, 4b, 5, 6, 6a, 8, 9, 9a, 10, 10a, 10b,
11, 12- +VU& -7- B4 -8- AL - H R ZHEH [2, 1-al 3 -6b- = ]-2- HMR - 88 (K
A1) BHl&
lot21] H#EAARAKARPESCTT WM H K P E 4 20600mg, 1. 124mmol) Fl
DIPEA(0. 391ml, 2. 247mmol) 7 F = & M 4 Boml) P M BB T M A B T Bt &
(0. 235ml, 2. 247mmol) , ¥ i% R N AL &) AE 5°CHLHE 10min FF B 7E RT #i#E 16hr. B IIA
DIPEA (0. 196ml, 1. 124mmo1) 1.5 T EE& (0. 118ml, 1. 124mmol) , ¥ 1% I8 &) 7E RT HiL ¥ 72h,
BN 5 —&B84> DIPEA (0. 196m1, 1. 124mmol) F1%& T HES (0. 118ml, 1. 124mmol) , i R [V
TBEYAE RT $i4E 1hr 7+ HAE 50°CHi#E 1. bhr,
[0122]  FH DCM(100ml) % S VR&4), A IN HCL. Y51 NaHCOL¥ ¥ 1 #h K BE % A 1L
B, T (NapSO0,) , ¥R 4. Tk s HRs (i v Al A M =4, DM AR BE 9 DOM/ACOEt 98:2 —
DCM/AcOEt 92:8,78 % 481mg Atk &Y (71 %W ;Rf = 0. 37, ZE AcOEt/DCM 10:90 )
(0123]  'H NMR(300MHz, DMSO-d,) ppm 7.31-7. 45 (m, 2H), 7. 26 (dd, 1H), 6. 98-7. 10 (m, 2H),
6. 29(dd, 1H), 6. 08 (s, 1H), 5. 62(d, 1H), 5. 42-5. 78 (m, 1H), 5. 06 (d, 1H), 4. 90 (d, 1H), 4. 18-
4.32(m, 1H), 4. 17 (¢, 1H), 3. 44-3. 62 (m, 1H), 2. 56—-2. 71 (m, 2H), 2. 63 (spt, 1H), 2. 04-2. 34 (
m, 3H), 1. 84-1. 96 (m, 1H), 1. 63-1. 83 (m, 1H), 1. 52-1. 63 (i, 2H), 1. 50 (s, 3H), 1. 14(d, 3H), 1
. 13(d, 3H), 0. 94 (s, 3H)
[0124]  LC-MS(ESI POS) :604. 10MH+
[0125] [a ],?*= +58.3(c 0.2 ;MeOH)
[o126]) T FIRXTLEY 1 ik B HE A HBLE B EE 2 #l &R P I HKLE
)
[0127] %1
[0128]
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CN 104619714 A W OB B 20/41 T

et A E 24 |
LC-MS (ESI  POS):
590,14 MH+

leip?® = + 59.7 (¢ 0.2
MeOH)

DMSO-dgy ppm 731 -
7.43 (m, 2 H), 7.26 (dd, 1
H), 6.90 - 7.10 (m, 2 H),
61% | 6.29 (dd, t M), 6.08 (s, 1
5.73 (m, 1 H), 5.06 (d, 1
H), 4.90 (d, 1 H), 4.19 -
431 (m, 1 H), 417 (¢, 1

H), 3.45 - 3.64 (m, 1 H),
2.56 - 2.69 (m, 2 H), 2.41
(g, 2 H), 2.07 - 2.28 (m, 3
H), 1.82 - 1.93 (m, 1 H),
1.64 - 1.81 (m, 1 H), L.51 -
1.64 (m, 3 H), 150 (s, 3 |

[0129]
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CN 104619714 A W OB B 21/41 7

H), 1.07(t, 3 H), 0.94 (s, 3
H)

LC-MS (ESI POS): 772.6
MH+

[alp®® = + 65.9 (¢ 0.2
CHCl3)

'H NMR (300 MHz,
DMSO-d¢) ppm 7.31 -
7.41 (m, 2 H), 7.26 (d, 1
H), 6.98 - 7.10 (m, 2 H),
6.29 {dd, 1 H), 6,08 (s, 1
70% | H), 5.62 (d, 1 H), 5.43 -
5.79 (m, 1 H), 5.06 (d, 1

H), 4.89 (d, 1 H), 4.18 -
429 (m, 1 H), 417 (t, 1
H), 3.45 - 3.61 (m, 1 H),
2.55 - 2.73 (m, 2 H), 2.37
(t, 2 H), 2.03 - 2.31 (m, 3
H), 1.88 (d, 1 H), 1.62 -
1.81 (m, 1 H), 1.51 - 1.62
(m, 4 H), 1.50 (s, 3 H),
1.24 (s, 24 H), 0.93 (s, 3

H), 0.86 (t, 3 H)

[0130]  (#&4:)
[0131]
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ON 104619714 A w BB B 92/41 T

LC-MS  (ESI  POS):
798.31 MH+

[olp®® = + 47 (¢ 0.0765;
Me¢OH)

IH NMR (300 MHz,
DMSO0-d6) ppm 7.30 -
7.39 (m, 2 H), 7.26 (dd, 1
H), 6.97 - 7.09 (m, 2 H),
6.29 (dd, 1 H), 6.08 (s, 1
H); 562 (d; 1 H), 547 -
5.81 (m, 1 H), 5.21 - 5.40
(m, 2 H), 5.06 (d, 1 H),
4.88 (d, 1 H), 4.07 - 4.31

(m,; 2 H), 352 (4, 1 H),
2:60 (dd, 2 H); 2.37 (t; 2
H), 2.06 - 2.26 (m, 3 H),
1.92 - 2.05 (m, 4 H), 1.87
(d, 1 H), 1.62 - 1.80 (i, 1
H),; 1.50 {5, 3 H), 145 -
1.61 (m, 4 H), 1.26 (m, 20
H), 0.93 (s, 3 H), 0.85 (, 3

fo132]
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CN 104619714 A it BB H 23/41 T

LC-MS (ESI  POS):
618.23 MH+

[alp?* = + 68.6 (¢ 0.2
CHCly)

'H NMR (300 MHz,
DMSO-d¢) ppm 7.30 -
7.42 (m, 2 H), 7.26 (dd, 1
H), 6.93 - 7.14 (m, 2 H),
6.29 (dd, 1 H), 6.08 (s, 1
56% | H), 5.62 (d, 1 H), 5.42 -
5.79 (w, 1 H), 5.07 (d, 1
H), 4.89 (d; 1 H), 423 (m,
1 H), 4.17 {t, 1 H), 3.43 -

3.63 (m, 1 H), 2.55 - 2.66
(m, 2 H), 2.39 (t, 2 H),
2.00 - 2.25 (m, 3 H), 1.88
(d, 1 H), 1.63 - 1.81 (m, 1
H), 1.42 - 1.61 (m, 4 H),
1.50 (s, 3 H), 1.26 - 1.41
(m, 2 H), 0.93 (s, 3 H),
0,81 - 0.92 (m, 3 H)

LC-MS (ESI  POS):
576,23 MH+

47% | ,‘
[a]p®® = + #3.8 (¢ 0.2
MeOH)

[0133]
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CN 104619714 A i BB 24/41 T

‘H NMR (300 MHz
DMSO-d¢) ppm 7.30 -
740 (m, 2 H), 7.26 (dd, 1
H), 6.88 - 7.12 (m, 2 H),
6.29 (dd, 1 H), 6.08 (5, 1
H), 5.62 (dd, 1 H), 5.39 -
5.77 (m, 1 H), 5:05 (d; 1
H), 4.88 (d; 1 H), 4.18 -
428 (m, 1 H), 417 (t, 1
H), 3.46 - 3.67 (m, 1 H),
2.58 - 2.71 (m, 1 H), 2.60

(m, 1 H), 1.51 - 1.64 (m, 2
H)

LC-MS (ESI  POS):
638.15 MH#+

T [ = + 6 (¢ 0.2
MeOH)

29% .
'"H NMR (300 MHz,
DMSO-d¢) ppin 7.93 -
8.06 (m, 2 H), 7.66 - 7.76
(m, 1 H), 7,49 - 7.63 (m, 2

H), 7.33 - 7.42 (m, 2 H),
7.28 (dd, 1 H), 7.00: = 715

[0134]
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CN 104619714 A i BB B 95/41 T

(m, 2 H), 6.30 (dd, 1 H),
6.09 (s, 1 H), 5.67 (dd, 1
H), 5.49 - 5.85 (m, 1 H),
535 (d, 1 H), 5.17 (4, 1
H), 4.23 - 4.32 (m, 1 H),
4.21 (t, 1 H), 3.47 — 3.65
(m, 1 H), 2.56 - 2.69 (m, 2
H), 2.09 — 2.32 (m, 3 H),
1.91 - 2.04 (m, 1 H), 1.66
- 1.83 (m, 1 H), 1.53 -
1.65 (m, 2 H), 151 (s, 3
H), 1.00 ¢s,3 H)

LC-MS (ESI  POS):

592.13 MH+

falp™ = + 486 (¢ 0.2
MeOH)

'H NMR (300 MHz,
DMSO-dg) ppm 7.30 -
54% | 7.39 (m, 2 H), 7.26 (dd, 1
H); 6.96 = 7.10 (m, 2 H),

6.29 (dd, 1 H), 6.08 (s, 1

5.75 (m, 1 H), 507 (d, 1
H), 4.94 (4, 1 H), 4.19

:B.
.
2
2
b,
:‘s
>
o
=
oy

H), 3.74 (5, 3 H), 3.45
3.61 (m, 1 H), 2.62 - 2.72

1

[0135]

30



{TEMD7618028 Pg 31

CON 104619714 A W R B 26/41 T

(m, 1 H), 2,61 (dd, 1 H),
2.04 —2:29 (m, 3 H), 1.85
(4, 1 H), 1.63 — 1.80. (m, 1
H), 1.51 = 1,63 {m, 2 ‘H),
1.50 (s; 3 H), 0.95 (s, 3 H)

LC-MS (ESI  POS):

608.08 MH+

[elp” = + 50.8 (¢ 0.2
MeOH)

'H NMR (300 MHz,
DMSO-d¢) ppm 7.30 -
7.42 (m, 2 H), 7.26 (4, 1
H), 6.94 = 7.10 ¢m, 2 H),
6.29 (dd, 1 H), 6.08 (s, 1
66% | H), 5.63 (dd, 1 H), 5.45 -
5.78 (m, 1 H), 5.22 (d, 1
H), 5.06 (d, 1 H), 4.19

10

4.27 (m, 1 H), 4.18 (m;, 1
H), 3.44 - 3.62 (m, 1 H),
2,59 - 2.72 (m, 1 H), 2.61
(dd, 1 H), 2.34 (5, 3 H),
2.02 - 2.29 (m, 3 H); 1.80 -
1.89 (m, 1 H), 1.64 -~ 1.79
(m, 1 H), 1.51 - 1.62 (m, 2
H), 1.50 (s, 3 H), 0,94 (5,3
H)

[0136] (BEZE)

(0137]
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CN 104619714 A w BB B 27/41 T

LC-MS (ESI1 POS): 618.13
MH+

[alp® = + 63.4 (c 0.2
MeOH)

|'"H NMR (300 MHz,
DMSO-ds) ppm 7.29 - 7.46
(m, 2 H), 7.26 (dd, 1 H),
6.94 = 7.13 (m, 2 H), 6.29

| | (@4, 1 H), 6.08 (s, 1 H), 5.62
(dd, 1 H), 5.39 - 581 {(m, 1

H), 5.08 (d, 1 H), 4.89 (d, 1

H), 4.21 - 4.39 (m, 1 H),
4.17 (t, 1 H), 3.41.- 3.63 (m,
1 H), 2.56 - 2.70 (m, 2 H),
2.27 (d, 2 H), 2.07 - 2.25
(m, 3 H), 1.94 - 2.09 (m, 1
H), 1.80 - 1.94 (m, 1 H),
1.64 - 1.80 (m, 1 H), 1.51 -
1.62 (m, 2 H), 1.50 (s, 3 H),
0.94.(s, 3 H), 0.95 (d, 6 H)

LC-MS (ESI POS): 618.12
MH+

12 33%

[0]p>* = + 53.6 (¢ 0.2
MeOH)

[0138]
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CN 104619714 A

i

AR

e

28/41 W

'H NMR (300 MHz,
DMSO-d¢) ppm 7:30 - 7.41
@, 2 H), 7.26 (dd, 1 H),
6.95 - 7.12 (m, 2 H); 6.29
(dd, 1 H), 6.08 (s, 1 H), 5.61
(d, 1 Hj, 5.48 - 5.75 (m, 1
H), 5.06 (d, 1 H), 4.91 (d, 1
H); 4.17 (t, 1 H); 4.09 - 4.35
(m, 1 H), 3.53 (q, 1 H), 2.56
- 2.68 (m, 2 H), 2.04 - 2.26
(m, 3 'H), 1.89 (d, 1 H), 1.62
- 1.80 (m, 1 H), 1.50 (s, 3
H), 1.57 (d, 2 H), 1.19 (s, 9
H), 0.94 (s, 3. H)

13

79%.

LC-MS (ESI POS): 652.14
MH:+

[wlp™ = + 129.6 (¢ 0.3;

PCM)

'H NMR (300 MHz,
DMSO-d;) ppm 7.13 - 7.46
(m, 8 H), 6.76 - 7.13 (m, 2
H), 6.28 (dd, 1 H), 6.08 (s,
1 H), 5.60 (d, 1 H), 540 -
577 (m, 1 H), 5.10 {d, 1
H), 493 (d, 1 H), 4.11 -
431 (m; 2 H); 3.78 (s, 2.H),
3.43 - 3.66 (m, 1 H), 2.55 -

[0139]
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CN 104619714 A % B B 29/41 T

2.66 (m, 2 H), 2.09 - 2.30
(m, 3 H), 1.86 (d, 1 H),
1.72 (4, 1 H), 1.49 (s, 3 H),
1.33 - 1.63 (m, 2 H), 0.93
(s, 3 H)

LC-MS (ESI POS): 628.2
MH-+

MeOH)

'H NMR (300 MHz,
‘DMSO-dg) ppm 8.02 (dd, 1
H), 7.32 - 7.43 (m, 3 H),
7.27 (d, 1 H), 6.98 - 7.13

14 (m, 2 H), 6.73 (dd, 1 H),

60%.
6.30 (dd, 1 H), 6.09 (s, 1
H), 5.66 (d, 1 H), 546 -
579 (m, 1 H), 530 (d, 1
H), 5.11 (d, 1 H), 4.20 (&, 1
H), 4.09 - 4.36 (m, 1 H),

3,47 - 3.66 (m, 1 H), 2.63

&

(dd, 2 H), 2.06 - 2.27 (m, 3
H), 193 (d, 1 H), L.64 -
1.83 (m, 1 H), 1.56 (dd, 2
H), 1.51 (s, 3 H), 0.97 (s, 3

H)

[0140]  =CygE/f] 2
[0141]
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CN 104619714 A 30/41 BT

[0142] ¥ X % B B 2-[(4aS, 4bR, 5S, 6aS, 6bR, 9aS, 10aS, 10bS, 125)-8-(4- & -~ &
F)-4b, 12- “ & -5-FBFH —4a, 6a- —HE -2-F 1L -2, 44, 4b, 5, 6, 64, 8, 9, 9a, 10, 10a, 10b,
11, 12- HIHE -7- B 2% -8- B - FIR G (2, 1-a] FE -6b- 2 1-2- M - 28 (fb
A4 15) %

[0143] 4% ¥F X & F B (137mg, 1. 2mmol, 1. 2eq) ¥& T DMF(5ml), jn A 1-# & X
3 = MoK &Y (162mg, 1. 2mmol, 1. 2eq) , 4 % KR N VR & ) B HE 20 47 PP AR X0
A OJA] 1A 2(534mg, Immol) 4-( — BB E & &) At #g (305mg, 2. 5mmol, 2. Seq) FA
EDC*HC1 (230mg, 1. 2mmol, 1. 2eq) , K5 iZ% X N VR & 07E RT Bk W - @it TLC 43 #r M5 4L
(Hex/EtOAc 7/6) . F HC1 0. 6N {& & MA% 1k, B BEtOAc 4 =#JAEEL 2 IR. F NaHCO VLRI
VR ER K VR SR E A WU, I K Na,SO, T4, A NaOH IN(10ml) (AikEE ( I THBKE
R R A B R, 2m1) A EtOAC (30ml) £BAbACEEA 1. A A NUEBERR 2 IR, FRER
Wit yg. BEMLEY 15, HEE, 7E 50CHE T 2 /BT (300mg, WHK 47.6% ).

[0144]  LC-MS(ESI POS) :630. 10MH+

[0145] 'H NMR(400MHz, DMSO-d) 8 ppm 7.34(d,] = 8.82Hz, 2H), 7. 19-7. 28 (m, 1H), 7.
04(d, J = 8.82Hz, 2H), 6. 18-6. 37 (m, 1H), 5. 97-6. 13 (m, 1H), 5. 46-5. 75 (m, 2H), 4. 78-5. 1
7(m, 2H), 4. 06-4. 31 (m, 2H), 3. 42-3. 55 (m, 1H), 2. 78-2. 93 (m, 1H), 2. 54-2. 74 (m, 2H) , 2. 09
(m, 3H), 1. 49 (m, 15H), 0. 93 (s, 3H).

[o146]  f EiRNIAL-EY 15 Frik . LIARR KR ER 0 el &3 2 DI HILED -

[0147] FE 2

[0148]
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CN 104619714 A i Bg B 31/41 7T

LC-MS (ESI POS);

602.2 MH+

'H NMR (400 MHz,
DMSO-de) ppm
7.26

7.37 (m, 2 H),
7.14

7.24 (m, 1 H),
6.90 - 7.05 (m, 2 H),
6.15 - 6.40 (m, 1 H),
5,99 - 6.06 (m, 1 H),
2 H),
4,74 - 5,12 (m, 2 H),
4.03 - 422 (m, 2

| 71% 539 - 572 (m, :
16

H),
3.39 - 3,57 (m, 1 H),
2.50 - 2.70 (m, 2 H),
1.94 - 2.22. (m, 3 H),
1.76 - 1.90 (m, 1 H),
159 - 1.73 (m, 2 H),
1.36 - 1.56 (m, 5 H),

0.71 - 1.01 (m, 7 H).

LC-MS (ESI POS):
639.2 MH+

'H NMR (400 MHz,
17 46%

DMSO-dg) ppm
8.76 - 8.95 (m, 2 H),

7.76 - 7-88 (m, 2 H))

[0149]
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CN 104619714 A W BB B 32/41 T

7.37 (4, J=8.82 Hz, 2
H), 7.23 - 731 (m, L
H), 7.09 (d, J=8.82 Hz,
2 H),6:24 - 6.35 (m, 1
H), 6.09(s, 1 H), 5.51 -
5.76 (m; 2 H), 5.11
545 (m, 2 H), 4.09 -

4.32 (m, 2 Hy, 3.48

1

2.36 (m, 3 H)9 1.89
2.06 (m, 1 H), L51 (en,
6 H), 0.98 (s, 3 H).

[0150] a3
[0151]

[0152] 5T % P EHIRES 2-[ (4aS, 4bR, 5S, 6aS, 6bR, 9aS, 10aS, 10bS, 125) 8- (4- & - &
F)~4b, 12- 5 -5-3FH —4a, 6a- ZHE -2- FA -2, 44, 4b, 5, 6, 64, 8, 9, 9a, 10, 10a, 10b,
11, 12- +PU& -7- F &% -8- B - HF R ZHEHF (2, 1-a] FF -6b— £ |-2- BN - 288 (b
EY) 18) HIH %

[0153] 7 RT [4 #F THF(3ml) * # F [A] 44 2(350mg, 0. 66mmol) H 43 #; 7> W A
CDI(127mg, 0. 79mmol, 1. 2eq) « HiZ R NEAWHHE | D GBI TLC 4 M I B AL 2R
(EtOAc 100% ). fEOCHZRNBEAYWFIMARETE (1. 0ml, 10mmol) , 7F RT i+ 1 /M.
BT R B EENY . RIEHER IR AWM E 50°C 4 /NS FAEIEN. 7 50°C
12 /MBS, Bk TLC A W M4k 58 B ( ©f /EtOAc 3/7) « AR RIEF, A EtOAc/H,0 At
Y. BT Na,SO, FIEFENEYE, HERBAIEY), 8216549 18 (240mg,
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CN 104619714 A it BB B 33/41 T
W 58% ) o

[0154]  LC-MS(ESI POS):634. 2LC-MS

[0155]  'H NMR(400MHz, DMSO-dg) 8 ppm 7.34(d, J = 8.82Hz, 2H), 7. 20-7. 30 (m, 1H), 7. 0
4(d, J = 8.82Hz, 2H), 6. 21-6. 37 (m, 1H), 6. 00-6. 12 (m, LH), 5. 47-5. 72 (m, 2H) , 4. 83-5. 17(
m, 2H), 4. 10-4. 29 (m, 2H), 3.91(dd, ] = 6. 62, 0. 88Hz, 2H), 3. 43-3. 60 (m, 1H), 2. 55-2. 74 (m
, 2H), 2. 04-2. 29 (m, 3H), 1. 81-1. 99 (m, 2H), 1. 64-1. 76 (m, 1H), L. 49 (m, 5H), 0. 81-0. 96 (m,
9H).

lo156] 0 Li&XHb&Y) 18 ik . LLCB N R R & &4 19

[0157]

"t B W S
LC-MS (ESI POS):

662.2 MH+

'H NMR (400 MHz,
DMSO-ds) ppm 7.33
(s; 2 H);, 7.18 = 7.29 (m;, 1

H), 7.00 - 711 (m, 2 H),

19 30%

6.22 - 6.37 (m, 1 H), 6.02
- 6.11 (m, 1 H), 5.49 -
5.77 (m, 2 H), 4.79 - 5.17

(m, 2 H), 4.14 - 4.27 (m,
2 H), 4.04 - 4.13 (m, 2
H), 3.4 - 3.62 (m, 1 H),

2.53 - 2.68 (m, 2 H), 2.03

[0158]

- 2.29 (m, 3 H); 1.77 -
1.90 (m, 1 H); 1.49 (m, 8
H), 1.22 - 1.36 (m, 6 H),
0.76 - 0.99 (m, 6 H).

[0159]  SCjEfl 4
[0160] ’
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CN 104619714 A Ww B B 34/41 T

w7 E 4R 2
[0161]  — PG FERHES 2- [ (4aS, 4bR, 5S, 6aS, 6bR, 9aS, 10aS, 10bS, 12S) -8-(4- & - &K
%) —4b, 12- —H# -5- % ~4a, 6a- — I -2-F 1L -2, 4a, 4b, 5, 6, 64, 8, 9, 9a, 10, 10a, 10b,
1L, 12- P04 -7- 4 -8- By - R ZHEH (2, 1-a) 3 -6b-F ]-2- HA - 28 (L
4 20) HIHI%
[0162] 7 RT ] 7 CH,Cl,(3ml) * # 7 /&) 14 2(310mg, 0. 58mmol) # 4+ & 7 0 A
CDI (111mg, 0. 70mmol, 1. 2eq) o K ZRNIREWIHEHE 1 /NS I TLC 43 A I 85 44 56 Bk
(EtOAc 100% ). ELZ#E K CHCl,, B F=¥)¥ T THF (2ml) , R G4 0°CANA 2M — B ZHY
THF Y53 (1. 15ml, 2. 32mmol) , 7E RT BEHE 1 /pEF, BBt TLC A #r R ili stk 58 i ( 24t /Et0AC
2/8)  EFFHERIEF, F CHCL/H,0 A EH 7). FIFIK NaSO, TR EHFIE, R
WAL, REH BN BCEAECK / CBRLERESY (8/2, 8nl) EFEH@HE
ESOCEFTRIEMNEAZEE, BE1L54 20 (200mg, KK 57% ).
[0163]  LC-MS(ESI POS) :605. 2LC-MS
[0164] 'H NMR(400MHz, DMSO-d) & ppm 7. 31=7. 44 (m, 2H), 7. 21-7. 30 (m, 1H), 6. 99-7. 07
m, 2H), 6. 20-6. 43 (m, 1H), 6. 01-6. 12 (m, 1H), 5. 47-5. 76 (m, 2H) , 4. 69-5. 10 (m, 2H) , 4. 08-4.
25 (m, 2H), 3. 43-3. 59 (m, 1H), 2. 80-3. 00 (m, 6H), 2. 55-2. 72 (m, 2H) , 2. 03-2. 28 (m, 3H), 1. 83
-1.96 (m, 1H), 1. 65-1. 81 (m, 1H), 1. 49 (m, 5H), 0. 93 (s, 3H).
[0165] 1 ESRXHALEY) 20 Frid . UL 00 B I &AL &) 21
fo166)
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CN 104619714 A W B B 35/41 T

el i) st cia
LC-MS (ESI POS):

591.1 MH+
'H NMR (400 MHz,
DMSO-ds) ppm
7.34 (d, J=8.82 Hz, 2
H), 7.15 - 7.28 (m, 2
H), 7.03 (d, J=8.82
Hz, 2 H), 6.19 - 6.41
(m, 1 H), 6.02 - 6.12

56.3%

21 (m, 1 H), 5.45 - 5.75

(m, 2 H), 4.62 - 5.07

(m, 2 H), 4.12 ~ 4.28
(m;. 2 H), 3.40 - 3.56
(m, 1 H), 2.58 (m, §
H), 2.05 - 2.34 (m, 3
H), 1.84 - 1.96 (m, 1
H), 1.56 - 1.77 (m, 1
H), 1.49 (s, 5 H), 0.93
(853 H).

[0167] SCHfEfp 5
[0168]
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CN 104619714 A ) T 36/41 T

A8 22
[0169] Of ®& -1- F ® 2-[(4aS, 4bR, 5S, 6aS, 6bR, 9aS, 10aS, 10bS, 12S)-8-(4- & - &
E)-4b, 12- %, -5- 25 —4a, 6a- R -2- %1 -2, 4a, 4b, 5, 6, 64, 8, 9, 9a, 10, 10a, 10b
11, 12- IS -7- B2 -8- BI& - FR oG I [2, 1-al FE -6b- & ] -2-FAR - 288 (I
&1 22) HIHI %
[0170]  7E RT [i] 7€ THF(3.5ml) = ) & & & 2(500mg, 0. 94mmol) H 4+ B 4> fn A
CDI (180mg, 1. 12mmol, 1. 2eq) - K iZ R SIBEMIBF: 1 /N @i TLC 2 iG55 L0
VEWR T A4E (T4R (EtOAc 3/7) o BHZR RS WAHIZE 10°C, R B MAIREE -1- FEZH
TH (174mg, 0. 94mmol, 1. Oeq) , 7E RT Bkt . Mk TLC Al ER ( 24% /EtO0Ac
3/7) . ELAZEREEFH, B EtOAc/H,0 AFRM 4. FITCIK Na,So, TEFERBHE, ¥ HL
Alak 3 Lt — A TR — (260mg, WE 37% ).
[0171] %P [A){A 3 (260mg, 0. 35mmol) 7E CH,CL, (5ml) P HIERAHIZE 0°C, MEFH M=
WA = P - PRELEEEE (6311, 1.0eq,) . BiIZRNIBEYLE OCHEE 1 /NI, ARG
FARRAT K HE K o« FH NaHCO ML IR ARG I 207 BUK BB HUE , FE oK Na ,S0, T8, 18
BIRAL S, BT RERRORE BB vA AL (I BtOAC/TEA 99: 1 3EfiE) , FE SO CET TR EEE,
BREMLEY) 22 (190mg, 84 % UWE ) .
[0172]  LC-MS(ESI POS) :646. 4MH+
[0173] 'H NMR(400MHz, DMSO-dg) & ppm 7.33(d, J = 8. 82Hz, 3H), 7. 03(d, J = 8. 82Hz, 2H
), 6. 19-6. 39 (m, 1H), 6. 07 (s, 1H), 5. 46-5. 76 (m, 2H) , 4. 76-5. 14 (m, 2H), 4. 05-4. 28 (m, 2H),
3. 41-3. 60 (m, 1H), 3. 18-3. 30 (m, 5H) , 2. 66 (m, 6H), 1. 95-2. 28 (m, 3H), 1. 81-1. 95 (m, 1H), 1.
57-1.79 (m, 1H), 1. 48 (m, 5H), 0. 93 (s, 3H).
[0174) W bR XTAL-E4) 22 Bk < LAFERZ B9 P 1B 44 4 Bkl & T R P 5 L&)
[0175]
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*b w4 s a4

LC-MS: (ESI POS):

649.4 MH+
'H NMR (400 MHz,
DMSO-ds) ppm 7.17
- 7.40 (m, 3 H), 6.88 -
7.11 (m, 2 H), 6.21 -
6.34 (m, 1 H), 5,99 -
6.13 (m, 1 H), 544 -
26%  |5.74 (m, 2 H), 4.99 -
» 523 (m, 3 H), 4.04 -
434 (m, 2 H), 3.39 -
3.64 (m, 1 H), 3.06 -

3.25 (m, 3 H), 2.81 -
2.92 (m, 1 H), 2.70 -
2,79 (m, 1 H), 2.54 -
2.66 (m, 2 H), 2,03 -

3 H), 1.80 -
1,92 (m, 1 H), 1.64 -

2.29 (m, !

[0176]
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1,78 (m, 1 HY, 1.49 (m, 5
| H), 0.93 (5, 3 H)
LC—MS (ESI POS):
| 631.2 M+

['"H NMR (400 MHz
DMSO-d)  ppm 7.34
(m, 3 H), 7.04 (d, J=8.82
Hz 2 H), 6.22 - 6.41 (m,
| 1 H), 6.08 (s, 1 H), 5.41 -
578 (m, 2 H), 4.74 -
518 (m, 2 H), 4.08 -
4.26 (m, 2 H), 3.69 -

24 1%

3.84 (m, 1 H), 3,42 -

|39 (m, 1 1), 271 -
296 (m, 2 1), 254 -
269 (m, 2 Hy, 1.96 -
H), 1.80 -
1.93 (m, 2 H), 1.60 -
1.75 (m, 3 H), 1.49 (m, 5
i"H,),,-O:.;qsz(s_, IH)

LC-MS (ESI  POS):

LAY A S

 645.3 MB+

'H NMR (400 MHz,
DMSO-ds) ppm 7.34
31% | (d;J=8.82 Hz, 3 H), 7.04
(d; J=8.82 Hz, 2 H), 6.21

25

- 6.42 (m, 1H), 6.08 (5, 1
1), 5.42 - 5.86 (m, 2 1),
480 - 512 (m, 2 H),

[0177]
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4.01 - 4@30 (—mj9 2 H)9
341 - 3.58 (m, 1 H),

2.81 - 2.97 (m, 2 H),
2.52 - 2.74 (m, 2 H),
2.31 - 247 (m, 2 H),

1.63 - 178 (m, 3 H),

H)
[o178]  #iBH
[0179]  *NMR
[0180] s =Hlg
lo181]  d =XUi
[0182] t==ZElf

[0183] g =[MEif

[0184]  dd =XV E

[0185] m=%EIE

[0186] br =FI§

(0187]  ESI-POS = mHiW53E iF L &

[0188]  LC-MS =JRAHEILE - Bk

[0189] AR EAML-A Y2 2 TE 1

[0190] AR5

[0191]  SEjfEfsl 6

[0192]  FEZHE (LPS)- 53 WMl M A 40 Mot 2 5

[0193] #HEEFEMIE AT Am. J. Respir. Crit. Care Med. 8 162 #% . pp1455-1461, 2000 b
BRI 77 1, 70 2 M Ml & S SE AR AU R 4 o Y 2 R B A BTl A& 40 B 2 Re R 1 F AR
[0194]  RIE Xt Sprague—Dawley HEME K, (200g) #HAT

[0195) KW iHA LPS S EUBALF Fmg b Mri 40 Muyk B BB St E B8 Wi, Bl 2
AT MR R AR &

[o196] Xt F7=4& 75 % I (ED75 HIE ) MM R K% R E A E, £ LPS W&
B 1 /NI, 25 P R R IR B (0.2% Tween 80 Y NaCl0. 9 % ¥ ¥ ) HIiL &
(0.0l-1umoles/Kg AE ),

[0197]  SERIRAL SHRT LPS- i 3 BNl 2 1t 3 40 B 385 22 8 B0 40 sl 46 A B9 57 & — WA Y i
2, 3F B.Ar A A oS 0E B R ERE (K EDSO S BUCH Bl Bl . — AR FHR RN
K14 A 41 EDSO FIEE R 0. 05 — 0. 16 umoles/Kg 15 E

[0198]  ZESE = ANRIUK B KIZE T E IR V- F9SE 5 R, £E LPS BLaval 24h, ZEE A LA
44
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ED75 R B FE/E MR B IR AL &4 . 7E LPS Wk Al 24 /N FEF B, BB XML & ESF
JEME (IHIE S EE T 50% ) .

[0199] {AWHEER

[0200]  SEIfEl 7

[0201] FER SRR CR) SALINE TR

[0202] #B #E ASSAY Drug Devel.Technol., 4(3),263-272,2006, @ & HH
DiscoveRx (Fremont, CA) T & [ EE 4 EX H4b (Enzyme Fragment Complementation) (EFC) &
R AP H R T AR GR- A A& R L&Y OR M AT E B E .

[0203] TEREMRFIMEGFET, BERIMERS GR) BEHESEMESREHERMK
EOEAMMRARKS.

[0204] MMEFFEEZRIHRETHASARTIFLEEEEREERZE O H,ER
BAHE AR M EMBECHATEREXR.

[0205]  DiscoveRx J;E{FFH b- £ FLEEEAF (b-gal) B9 EFC MBI M) CHO-K1 A1 &
R CR- S HITERF. IE ATy, Bt e &8 N4 INFE i, b-gal K
B2k (BA) FERM TP, 4 b-gal H/MkBEAES (BD) FEIERS GR K C- Rinf&
HEERESHESESNGEETEMTARRY. €46 CRIEMAN, ZEGWHAT
¥, b 5o B BBV MR R B AN VR R FF BRI B b-gal WEME.

[0206] 7E 37T°CHERE 5% CO,M 95 % & 5 K HNIE <R 4 12 & K 1L b—gal ) NLS- B8
52 45 Fr Bk (BA) F1 b-gal B GR- B it #& (ED) J Bt i) CHO-K1 4 Mu 4k #¢ £ F12 HE f &
(Invitrogen, Carlsbad, CA) &', FriR#%FREEA % 10% FBS.2mM L- HEBEZ . 50U/m]l T
2 .500 g/ml BET/EFN 250 u g/ml FHEEF 500 1 g/ml G418 (Invitrogen) .

[0207] & A & @M E 3B RFHA B-gal €Y K PathHunter £ M iRk 7 &
(DiscoveRx, Fremont, CA) J5& GR- Hfr. {FHH 10— 10 ™M WIARRKE ML EHLED -
Az AE 48— FL (105 4AfE / FL) hiT. 5%k RE TCIRE 2 /pit. Bl
YR IN3E B i DiscoveRx 2R & MAR I il HAE RTBE | /ADRTEATAN. B
{# FH CENTRO LB 960 4B 3552 i3t Hi 8% (Berthold Technologies) #rill & .

[0208] @it {F A Prism-3. 0 i Graphpad Xt (San Diego, CA) #E4T 4247 1 EC50s
M E o

[0209] ¥ FH CR B ATl E IR R AR — G REEMULEYRIHES 3. 20M — 207nM
M1 EC50.

[0210] 5L i 8

[0211]  RAW 264.7 EM4AR+ LPS- 35 5 A — S ALE ™ £ B30 H]

(0212]  Z%-F E W40 Mo B4 MO RAW 264, 7 ZAf iR SME Y FE F 3R A A B9 Bz Jo 2 [ B2 O 31
RIEM.

[0213]  ZEdr iR, @it NO SEERE S AR A (INOS) M KE—FILE (NO) . 4
BAs 2 (LPS) % F T L R EREE LIRS E g4 e h RAEN & o

[0214] {F4IMIAEKIE BRI IREE (A7 T HOKIE K 10% a4 MiE . 2nM 45 R BLIZ
100U/m] HEZH 0. Img/ml BB R RPMI) . Bk S LPS —HiRE 24 PIFEYH
100ng/ml HYLR BB MMM . 7E LPS RFEAT 15 2, B 7E DUSO AW (0. 1% %
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W) RINA KBRS Y ZE XA A Y R RSB R B SR AT A 2 . 1B — ™
Kok, BT {ER Griess bR M (J. Neuroimmunol. , 150, 29-36, 2004) | 52 S4B Fx £
o SR LR E

[0215] @it {FH Prism- fR 3. 0Graphpad ¥4 (San Diego, CA) BHAT At 5 3 #F0 1C50s
ME. KA KkH—EFHREMEMLEDIRE IC50 HBE 12.2 — 151nM,

[0216]  SEjfifs] 9

[0217] BN ZE -8(IL-8) BiEH R

[0218] A T VEM B RN RO B UK E B A B R AR B, AR T X 4k A 4 7 90 )
TNF a - H S/ IL-8 MNASIE B HI4IHE (ASMCs) B R .

[0219] BRFETEMBIENME (EHRIEETF (TNF)~a 3 IL-18) # hASMCs AJLAREFR
K AR 3 Hor itk B F R4 E 7, eI LB E B R RIAEA RS 5 T B REER
FE R SEAE (Damera 28 A 2009 ;Howarth % A , 2004 ;Chung, 2000 ;Koyama %% A , 2000) .
[0220]  H ATHIESE B 7R HRIEN B3 T & E F 40 Mo F -+ 7 W 8% hASMCs Ffiti FR4F
o 40 B P PR R R %) (John %A 1998 ;Spoelstra 25 A, 2002 ;Tobler 2 A, 1992) .
26 [ B 0] LU I S A BE B I R SR S TR A R R 2 18] ) T A R A B PR D R 4
M F - SRS LEF oW, FridE R B FHl A ZEF -« B MBEES -1, el
RAEFERRIE. HAh, B B T LUB T 4 p38MAP kB MKP-1 ( A28 [ B8 & sRI0E I &
Rz —) BB R AP I B PE 5 2 FEK mRNA A28 R I EFRIX King %%
A, 2009) o

[0221] WIFNSIEFIEUHA (ASMCs) % H LONZA (Basel, CH) 3f H7E 37°CH 95% &K,
5% COSAMPIEMNT T 10% a4 M7 2oM B BEIZ 100U HFHEZM 100w g/ml BEH %
(Invitrogen) M DMEM BFFEFEEPKEFE .

[0222] % ASMC LA 104 4 / FLE 25 R FP 7 48— FLA L FRINEE 10% FBS 0. 5ml
DMEM e 3 BAFHAE 37°CH 5% CO, F A 24 /M. SRIEH M MHAT MBEYLR 18 /N, 2R
J& IS [RI VR BE 119 LAGRA &b ¥ (10-12M-10-6M, %% DMSO 3K /F 0. 1% ) 60min, X5 8 TNF a
Hi#% (0. Ing/ml YE A ASMCs FIZ¥REE ) o FEAE MIE B9 DMEM 18 /NIHRE 5, i A ELISA
RFE (Invitrogen) JE _LERF IL8 MBI B EWREER T ALA INFa RIS
BEIIFIE - R 2k 7 RESE D #4805 K (0% ) IL8 Bl [1C50] MIMkEE

[0223] EIBATIBEE N FIHME + PEMFHERE (SEM) . WEMRKEE (RAAFEHE
K (50% ) IR EE [1C50]) #T4E BAF A Prism SAERY 4- BEFES &AL - 4T
(Graph Pad Software, San Diego, CA) . JEiT{ER] Prism #{4 (Graph Pad Software, San
Diego, CA) HATR 22 H7. S T ML T FA 4 #7 o

46





