06/015986 A 1 I 1K 0 0O 0TI OO0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
16 February 2006 (16.02.2006)

(10) International Publication Number

WO 2006/015986 Al

(51) International Patent Classification :  CO7D 233/90,
403/12, 401/12, 413/12, 405/12, A61K 31/4164, 31/506,
31/497, 31/4439, 31/4245, 31/422, 31/4178, A61P 29/00

(21) International Application Number:
PCT/EP2005/053937

(22) International Filing Date: 10 August 2005 (10.08.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

04103875.3 11 August 2004 (11.08.2004) EP
(71) Applicant (for all designated States except US):
JANSSEN PHARMACEUTICA N.V. [BE/BE]; Turn-

houtseweg 30, B-2340 Beerse (BE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): LOMMEN, Guy,
Rosalia, Eugeen [BE/BE]; c/o Janssen Pharmaceutica
N.V,, Turnhoutseweg 30, B-2340 Beerse (BE). BOECKX,
Gustaaf, Maria [BE/BE]; c/o Janssen Pharmaceutica
N.V., Turnhoutseweg 30, B-2340 Beerse (BE).

(74) Common Representative: JANSSEN PHARMACEU-

TICA N.V.; Turnhoutseweg 30, B-2340 Beerse (BE).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR,BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,

GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,

KG, KM, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV, MA,

MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO, NZ,

OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL,

SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC,

VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted
a patent (Rule 4.17(ii)) for the following designations AE,
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN,
IS, JP, KE, KG, KM, KFP, KR, KZ, LC, LK, LR, LS, LT, LU,
LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VC,
VN, YU, ZA, ZM, ZW, ARIPO patent (BW, GH, GM, KE,
LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR,
GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG)

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii)) for all designations

of inventorship (Rule 4.17(iv)) for US only

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: MERCAPTOIMIDAZOLES AS CCR2 RECEPTOR ANTAGONISTS

\ TR
/ R,
R;

S =H§]NIR3

NH-R g

Y]

(57) Abstract: The present invention relates to a
compound of formula (I), aN-oxide, a pharmaceutically
acceptable addition salt, a quaternary amine and a stere-
ochemically isomeric form thereof, wherein R, represents
hydrogen, C,_galkyl, C;5cycloalkyl, C,_salkyloxyC, salkyl,
di(Cy_galkyDamino C,galkyl, aryl or heteroaryl; each R,
independently represents halo, Cjgalkyl, Cjgalkyloxy,
Cyealkylthio, polyhalo Cjgalkyl, polyhalo C;galkyloxy,
cyano, aminocarbonyl, amino, mono-or di(C;_salkyl)amino,
nitro, aryl or aryloxy; Rjs represents cyano, C(=0)-O-Rs,
C(=0)-NRg, R4, or C(=0)-R5; or a cyclic ring system; Ry

& represents hydrogen or C;¢alkyl; n is 1, 2, 3, 4 or 5; Ry represents hydrogen, Cy¢alkyl, C; ¢alkylcarbonyl, C; salkyloxycarbonyl,

@ arylcarbonyl, heteroarylcarbonyl, -C(=0)-NH-Rs, -C(=S)-NH-Rs or -S(=0),-Rs.

The invention also relates to processes for

O preparing the compounds of formula (I), their use as CCR2 antagonists and pharmaceutical compositions comprising them.
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MERCAPTOIMIDAZOLES AS CCR2 RECEPTOR ANTAGONISTS

The present invention concerns mercaptoimidazole derivatives having CCR2 receptor
antagonistic properties. The invention further relates to methods for their preparation

and pharmaceutical compositions comprising them. The invention also relates to the

use of said compounds for the manufacture of a medicament for the prevention or the
treatment of diseases mediated through activation of the CCR2 receptor, in particular
the CCR2B receptor.

WO 02/066458 describes 2-thio-substituted imidazole derivatives having
immunomodulating and/or inhibiting activity on the release of cytokines, especially
TNF-o and IL-f.

FR 1,487,326 relates to thio-imidazole derivatives useful as analgetic and for its
vasodilatation activity.

FR 6,751 M describes thio-imidazole derivatives as sedatives and analgesics.

US 3,850,944 describes 2-mercapto-5-(3-pyridyl)-imidazole derivatives having
antiinflammatory activity. '

EP 0,277,384 describes 1H-imidazole-5-carboxylic acid derivatives for controlling

weeds.

The compounds of the invention differ from the prior art compounds in structure, in

their pharmacological activity and/or pharmacological potency.

One aspect of the present invention relates to a compound of formula
TRy
Paary!

/

R4
Ry

NH-R;q

¢y

a N-oxide, a pharmaceutically acceptable addition salt, a quaternary amine or a

stereochemically isomeric form thereof, wherein

R, represents hydrogen, C,salkyl, C;sscycloalkyl, C;.¢alkyloxyC,.¢alkyl,
di(C,.¢alkyl)aminoC;.salkyl, aryl or heteroaryl;

* each R, independently represents halo, Cy.¢alkyl, Cy.salkyloxy, Cjalkylthio,

polyhaloC, salkyl, polyhaloC; ¢alkyloxy, cyano, aminocarbonyl, amino, mono-or

di(C,.salkyl)amino, nitro, aryl or aryloxy;

PCT/EP2005/053937
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Rj represents cyano, C(=0)-0-Rs, C(=0)-NRgRgp or C(=0)-Ry; or

a cyclic ring system selected from

Ry 1 !
\,S\N (@) Rg S R9 \ \N \N
\h(f \gﬁz/ (\ R, ‘\_|J/ &l TR, §'| Y
Rg
(a-1) (a-2) (a-3) (a-4) (a-5) (a-6)
R
N_Rs O \/ o\ N\ \N/Rs
74 ¢ \
(1\“—67 = Rs K \-l—/ X‘\Rs \E—N \\'II{I{IZ
9
@7 (a-8) (a-9) (a-10) (a-11) (a-12)
R
Rg R 8
S( X N \N%Ts IN\J{/\/‘T \(QN
-8
| \/J E XJ | xN N X N—0
Ry N'R Ry Ry
@-13) (a-14) (a-15) (@16) (a-17)
R\/(N\\/Rg
AN
(a-18)

R4 represents hydrogen or Cy.galkyl;

5 Rsrepresents hydrogen, C.salkyl, hydroxyCi.ealkyl, Cz¢alkenyl, Cs.salkynyl,
polyhaloC;_salkyl, C;.salkyloxyCi.¢alkyl optionally substituted with Cj.salkyloxy,
aminoC.¢alkyl, mono-or di(C;.salkyl)aminoCj_galkyl, aminocarbonylC; ealkyl,
mono-or di(C;4alkyl)aminocarbonylC, ¢alkyl, aryl or arylCy.¢alkyl;

Rea and Rgp, each independently represent hydrogen, C;.¢alkyl, amino, mono-or
10 di(C,4alkyl)amino, aryINH-, aminoC,.galkyl, mono-or di(C;salkyl)amino-
Cialkyl, Cjgalkylcarbonylamino, aminocarbonylamino, C; galkyloxy,
carbonylamino or hydroxyCi.salkyl; or
Re, and Rgp, taken together with the nitrogen to which they are attached form
pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl, morpholinyl,
15 thiomorpholinyl or piperazinyl substituted with C_alkyl;
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R represents hydrogen, Cj_salkyl, hydroxyC; ¢alkyl, C;.¢alkenyl, C, salkynyl,
polyhaloCy.ealkyl, C;ealkyloxyCi.¢alkyl, aminoC;.galkyl, mono-or
di(C;.4alkyl)aminoC;_galkyl, aminocarbonylC; galkyl, mono-or
di(C1-salkyl)aminocarbonylC; ¢alkyl, aryl or heteroaryl,

each Rg independently represents hydrogen, halo, C.salkyl, Cysalkyloxy,
polyhaloCj.¢alkyl, polyhaloC;.salkyloxy, cyano, aminocarbonyl, mono-or
di(C,.4alkyl)aminocarbonyl, amino, mono-or di(C;_salkyl)amino,
hydroxyCi.salkylamino, aryl, aryloxy, piperidinyl, piperidinylamino, morpholinyl,
piperazinyl or nitro;

each Rg independently represents hydrogen, halo or C;.salkyl;

Rjo represents hydrogen, C;.¢alkyl, Cy.salkylcarbonyl, C;.salkyloxycarbonyl,
arylcarbonyl, heteroarylcarbonyl, -C(=0)-NH-Rs, -C(=S)-NH-Rs or —S(=0),-Rs;

nis1,2,3,4o0r5;

aryl represents phenyl or phenyl substituted with one, two, three, four or five
substituents each independently selected from halo, C;_galkyl, C; ¢alkyloxy,
polyhaloCi.salkyl, polyhaloC; galkyloxy, cyano, aminocarbonyl, mono-or
di(C;_salkyl)aminocarbonyl, amino, mono-or di(C;.salkyl)amino, phenyloxy or
nitro;

heteroaryl represents pyrrolidinyl, tetrahydrofuranyl, imidazolidinyl, pyrazolidinyl,
pyrrolinyl, imidazolinyl, pyrazolinyl, furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, each of said heterocycles optionally being substituted with one or
two substituents each independently selected from halo, Cyealkyl, C;_galkyloxy,
polyhaloC,_¢alkyl, polyhaloC; salkyloxy, cyano, aminocarbonyl, mono-or
di(C;_4alkyl)aminocarbonyl, amino, mono-or di(C;.4alkyl)amino, nitro or
arylCy_galkyl.

The present invention also relates to the use of a compound of formula (I) for the
manufacture of a medicament for preventing or treating a disease, in particular for
treating a disease, mediated through activation of the CCR2 receptor, in particular for
preventing or treating an inflammatory disease.

As used hereinbefore or hereinafter Cj.4alkyl as a group or part of a group defines
straight or branched chain saturated hydrocarbon radicals having from 1 to 4 carbon
atoms such as methyl, ethyl, propyl, 1-methylethyl, butyl; C;_salkyl as a group or part
of a group defines straight or branched chain saturated hydrocarbon radicals having
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from 1 to 6 carbon atoms such as the group defined for C;_salkyl and pentyl, hexyl,
2-methylbutyl and the like; Cs7cycloalkyl is generic to cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl and cycloheptyl; C;.salkenyl defines straight and branched
chain hydrocarbon radicals having from 2 to 6 carbon atoms containing a double bond
such as ethenyl, propenyl, butenyl, pentenyl, hexenyl and the like; C;.¢alkynyl defines
straight and branched chain hydrocarbon radicals having from 2 to 6 carbon atoms
containing a triple bond such as ethynyl, propynyl, butynyl, pentynyl, hexynyl and the
like.

As used hereinbefore, the term (=0O) forms a carbonyl moiety when attached to a
carbon atom, a sulfoxide moiety when attached to a sulfur atom and a sulfonyl moiety

when two of said terms are attached to a sulfur atom.

The term halo is generic to fluoro, chloro, bromo and iodo. As used in the foregoing or
hereinafter, polyhaloC; ¢alkyl as a group or part of a group is defined as mono- or
polyhalosubstituted Cj.salkyl, for example methyl with one or more fluoro atoms, for
example, difluoromethyl or trifluoromethyl, 1,1-difluoro-ethyl and the like. In case
more than one halogen atoms are attached to an alkyl group within the definition of
polyhaloC;_galkyl, they may be the same or different.

The term heteroaryl, e.g. in the definition of R, Ry or Ryp, is meant to include all the
possible isomeric forms of the heterocycles, for instance, pyrrolyl comprises
1H-pyrrolyl and 2H-pyrrolyl.

The aryl, heteroaryl or cyclic ring systems listed in the definitions of the substituents of
the compounds of formula (I) (see for instance Ry, R5 and R3) as mentioned
hereinabove or hereinafter may be attached to the remainder of the molecule of formula
(I) through any ring carbon or heteroatom as appropriate, if not otherwise specified.
Thus, for example, when heteroaryl is imidazolyl, it may be

1-imidazolyl, 2-imidazolyl, 4-imidazolyl and the like.

When any variable (eg. Rs) occurs more than one time in any constituent, each
definition is independent.

Lines drawn from substituents into ring systems indicate that the bond may be attached

to any of the suitable ring atoms. When the lines are drawn into bicyclic ring systems, it
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indicates that the bond may be attached to any of the suitable ring atoms of any one of
the two cycles of the bicyclic ring system.

For therapeutic use, salts of the compounds of formula (I) are those wherein the
counterion is pharmaceutically acceptable. However, salts of acids and bases which are
non-pharmaceutically acceptable may also find use, for example, in the preparation or
purification of a pharmaceutically acceptable compound. All salts, whether
pharmaceutically acceptable or not are included within the ambit of the present

invention.

The pharmaceutically acceptable addition salts as mentioned hereinabove are meant to
comprise the therapeutically active non-toxic acid addition salt forms which the
compounds of formula (I) are able to form. The latter can conveniently be obtained by
treating the base form with such appropriate acids as inorganic acids, for example,
hydrohalic acids, e.g. hydrochloric, hydrobromic and the like; sulfuric acid; nitric acid;
phosphoric acid and the like; or organic acids, for example, acetic, propanoic, hydroxy-
acetic, 2-hydroxypropanoic, 2-oxopropanoic, oxalic, malonic, succinic, maleic,
fumaric, malic, tartaric, 2-hydroxy-1,2,3-propanetricarboxylic, methanesulfonic,
ethanesulfonic, benzenesulfonic, 4-methylbenzenesulfonic, cyclohexanesulfamic,
2-hydroxybenzoic, 4-amino-2-hydroxybenzoic and the like acids. Conversely the salt

form can be converted by treatment with alkali into the free base form.

The compounds of formula (I) containing acidic protons may be converted into their
therapeutically active non-toxic metal or amine addition salt forms by treatment with
appropriate organic and inorganic bases. Appropriate base salt forms comprise, for
example, the ammonium salts, the alkali and earth alkaline metal salts, e.g. the lithium,
sodium, potassium, magnesium, calcium salts and the like, salts with organic bases, e.g.
primary, secondary and tertiary aliphatic and aromatic amines such as methylamine,
ethylamine, propylamine, isopropylamine, the four butylamine isomers,
dimethylamine, diethylamine, diethanolamine, dipropylamine, diisopropylamine,
di-n-butylamine, pyrrolidine, piperidine, morpholine, trimethylamine, triethylamine,
tripropylamine, quinuclidine, pyridine, quinoline and isoquinoline, the benzathine,
N-methyl-D-glucamine, 2-amino-2-(hydroxymethyl)-1,3-propanediol, hydrabamine
salts, and salts with amino acids such as, for example, arginine, lysine and the like.
Conversely the salt form can be converted by treatment with acid into the free acid

form.

PCT/EP2005/053937
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The term addition salt also comprises the hydrates and solvent addition forms which the
compounds of formula (I) are able to form. Examples of such forms are e.g. hydrates,

alcoholates and the like.

The term “quaternary amine” as used hereinbefore defines the quaternary ammonium
salts which the compounds of formula (I) are able to form by reaction between a basic
nitrogen of a compound of formula (I) and an appropriate quaternizing agent, such as,
for example, an optionally substituted alkylhalide, arylhalide or arylalkylhalide, e.g.
methyliodide or benzyliodide. Other reactants with good leaving groups may also be
used, such as alkyl trifluoromethanesulfonates, alkyl methanesulfonates, and alkyl
p-toluenesulfonates. A quaternary amine has a positively charged nitrogen.
Pharmaceutically acceptable counterions include chloro, bromo, iodo, trifluoroacetate

and acetate. The counterion of choice can be introduced using ion exchange resins.

The N-oxide forms of the present compounds are meant to comprise the compounds of
formula (I) wherein one or several tertiary nitrogen atoms are oxidized to the so-called
N-oxide.

It will be appreciated that some of the compounds of formula (I) and their N-oxides,
addition salts, quaternary amines and stereochemically isomeric forms may contain one

or more centers of chirality and exist as stereochemically isomeric forms.

The term “stereochemically isomeric forms™ as used hereinbefore defines all the
possible stereoisomeric forms which the compounds of formula (I), and their N-oxides,
addition salts, quaternary amines or physiologically functional derivatives may possess.
Unless otherwise mentioned or indicated, the chemical designation of compounds
denotes the mixture of all possible stereochemically isomeric forms, said mixtures
containing all diastereomers and enantiomers of the basic molecular structure as well as
each of the individual isomeric forms of formula (I) and their N-oxides, salts, solvates
or quaternary amines substantially free, i.e. associated with less than 10%, preferably
less than 5%, in particular less than 2% and most preferably less than 1% of the other
isomers. Thus, when a compound of formula (I) is for instance specified as (E), this
means that the compound is substantially free of the (Z) isomer.

In particular, stereogenic centers may have the R- or S-configuration; substituents on
bivalent cyclic (partially) saturated radicals may have either the cis- or trans-

configuration. Compounds encompassing double bonds can have an E (entgegen) or Z
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(zusammen) -stereochemistry at said double bond. The terms cis, trans, R, S, E and Z
are well known to a person skilled in the art.
Stereochemically isomeric forms of the compounds of formula (I) are obviously

intended to be embraced within the scope of this invention.

Some of the compounds of formula (I) may also exist in their tautomeric form. Such

forms although not explicitly indicated in the above formula (I) are intended to be

included within the scope of the present invention. For instance, it is intended that
s=( Hs—<

formula (I) includes the tautomeric form of NH being N. Thus, the

compounds of the present invention include compounds of formula

TRy, TRy,
\_/ \_/
R4 R4
R R,

S='}<INTZ/R3 and Hs_g\‘TZ/R}

NH-Ryq NH-R;,

Whenever used hereinafter, the term "compounds of formula (I)" or any subgroup
thereof, e.g. the compounds of formula (I") or (I’’), is meant to also include their
N-oxide forms, their addition salts, their quaternary amines or their stereochemically
isomeric forms. Of special interest are those compounds of formula (I) which are

stereochemically pure.

Whenever used hereinbefore or hereinafter that substituents can be selected each
independently out of a list of numerous definitions, such as for example for R, all
possible combinations are intended which are chemically possible.

A first interesting embodiment of the present invention are those compounds of
formula (I) wherein the carbon atom carrying the R; and R4 substituent has the (S)
configuration, i.e. a compound of formula (I'), or wherein the carbon atom carrying the |
R; and Ry substituent has the (R) configuration, i.e. a compound of formula (I’”), in
particularly the compound of formula (I) is a compound of formula (I’).
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A second interesting embodiment of the present invention are those compounds of
formula (I) or any subgroup thereof as mentioned hereinbefore as interesting
5  embodiment wherein

R, represents hydrogen, C;galkyl, Csscycloalkyl, Ci.salkyloxyCisalkyl,
di(C;.¢alkyl)aminoCi.galkyl, aryl or heteroaryl;

each R; independently represents halo, C,.¢alkyl, C;¢alkyloxy, C;¢alkylthio,
polyhaloC;_salkyl, polyhaloC;_galkyloxy, cyano, aminocarbonyl, amino, mono-or

10 di(C,4alkyl)amino, nitro, aryl or aryloxy;
Rj represents cyano, C(=0)-O-Rs, C(=0)-NRg.R¢, or C(=0)-R7; or

a cyclic ring system selected from

S R R %3 I{&() %%
RS 9 8{ \N
X| ! \g_z/ ‘;,_/ Rg ‘\_|_// ‘_|_/ Ry g|_/
Rg
(a-1) (a-2) (a-3) (a-4) (a-5) (a-6)
Rs
Rs \0 Ry \O ¢S N, \Nx/Rs
N
g\q_(é/ &I—'I Rg Rg \_|_/ ‘\—l}?Rs \g__llf \\-|-I\/17
Rg Rg Ry
(a-7) (a-8) (a-9) (a-10) (a-11) (a-12)
Rg
r NN g TN%%{ ¥ | S \/%8 \(QN
;] | J P e /
<N P N—0O
\ ’\Rg N R9
(a-17)

15 (a~13) (a-14) @15) (a-16)
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R4 represents hydrogen or C;.galkyl;

Rs represents hydrogen, C_galkyl, hydroxyC;_ ealkyl, C; ¢alkenyl, C;.¢alkynyl,
polyhaloC,.salkyl, C;.salkyloxyC, ealkyl, aminoC;galkyl, mono-or
di(C; salkyl)aminoC_salkyl, aminocarbonylCi.¢alkyl, mono-or
di(C; salkyl)aminocarbonylC; ¢alkyl, aryl or arylC, ¢alkyl;

Rea and Rgp, each independently represent hydrogen, C;.¢alkyl, amino, mono-or
di(C;.salkyl)amino, aryINH-, aminoC;_galkyl, mono-or di(C;_salkyl)amino-
Ci.¢alkyl, C;.¢alkylcarbonylamino, aminocarbonylamino, C¢alkyloxy,
carbonylamino or hydroxyC;_salkyl; or

Re, and Ry, taken together with the nitrogen to which they are attached form
pyrrolidinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl or piperazinyl substituted with C,_ealkyl;

R7 represents hydrogen, Cj.ealkyl, hydroxyC;_galkyl, C;salkenyl, Ca.¢alkynyl,
polyhaloC;galkyl, Cy.salkyloxyCy ealkyl, aminoC,.galkyl, mono-or
di(C,.salkyl)aminoCy.salkyl, aminocarbonylC;_ealkyl, mono-or
di(C, salkyl)aminocarbonylC;_galkyl, aryl or heteroaryl;

each Rg independently represents hydrogen, halo, Cy.salkyl, Ci.salkyloxy,
polyhaloCj.salkyl, polyhaloC; galkyloxy, cyano, aminocarbonyl, mono-or
di(C, salkyl)aminocarbonyl, amino, mono-or di(C;_salkyl)amino,
hydroxyC;_ ealkylamino, aryl, aryloxy, piperidinyl, piperidinylamino, morpholinyl,
piperazinyl or nitro;

each Rg independently represents hydrogen, halo or C,_¢alkyl;

R represents hydrogen, C;.¢alkyl, Ci.salkylcarbonyl, arylcarbonyl, heteroarylcarbonyl,
-C(=0)-NH-Rs, -C(=S)-NH-R5 or —-S(=0),-Rs;

nis1,2,3,4o0r5;

aryl represents phenyl or phenyl substituted with one, two, three, four or five
substituents each independently selected from halo, C;_salkyl, C;¢alkyloxy,
polyhaloC;.salkyl, polyhaloC,.salkyloxy, cyano, aminocarbonyl, mono-or
di(C;.salkyl)aminocarbonyl, amino, mono-or di(C,.4alkyl)amino, phenyloxy or
nitro;

heteroaryl represents furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl,
pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, pyridyl,
pyridazinyl, pyrimidinyl, pyrazinyl, each of said heterocycles optionally being

PCT/EP2005/053937
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-10-

substituted with one or two substituents each independently selected from halo,
Cisalkyl, C;.salkyloxy, polyhaloC;. galkyl, polyhaloC,.¢alkyloxy, cyano,
aminocarbonyl, mono-or di(C;.salkyl)aminocarbonyl, amino, mono-or

di(C;.4alkyl)amino, or nitro.

A third interesting embodiment of the present invention are those compounds of
formula (I), (I’) or (I’’) or any subgroup thereof as mentioned hereinbefore as
interesting embodiment wherein R; represents cyano, C(=0)-O-Rs, C(=0)-NRe,Rep, or
a cyclic ring system as defined hereinabove, in particular wherein R; represents
C(=0)-0-Rs, more in particular C(=0)-0O-C,_¢alkyl, e.g. methoxycarbonyl.

A fourth interesting embodiment of the present invention are those compounds of
formula (I), (I") or (I"’) or any subgroup thereof as mentioned hereinbefore as
interesting embodiment wherein R represents hydrogen, Cy.galkylcarbonyl, C;.
salkyloxycarbonyl, arylcarbonyl, heteroarylcarbonyl, -C(=0)-NH-Rs, -C(=S)-NH-R;5 or
-S(=0),-Rs, in particular hydrogen, C;.salkylcarbonyl, Cy_alkyloxycarbonyl,
arylcarbonyl, heteroarylcarbonyl, or -C(=0)-NH-Rs; even more in particular
Ci.salkylcarbonyl, C;.¢alkyloxycarbonyl, arylcarbonyl, heteroarylcarbonyl, or
-C(=0)-NH-Rs; or Rjg represents hydrogen, C.¢alkylcarbonyl, arylcarbonyl,
heteroarylcarbonyl, -C(=0)-NH-Rs, -C(=S)-NH-Rs or —S(=0),-Rs, in particular C;.
salkylcarbonyl, arylcarbonyl, heteroarylcarbonyl, -C(=0)-NH-Rs, -C(=S)-NH-Rs or ~
S(=0),-Rs, more in particular C; galkylcarbonyl, arylcarbonyl, heteroarylcarbonyl or -
C(=0)-NH-Rs, even more in particular Cy_salkylcarbonyl, arylcarbonyl or
heteroarylcarbonyl.

A fifth interesting embodiment of the present invention are those compounds of
formula (I), (I’) or (I’’) or any subgroup thereof as mentioned hereinbefore as

interesting embodiment wherein n is 2 or 3, in particular n is 2.

A sixth interesting embodiment of the present invention are those compounds of
formula (I), (") or (I’’) or any subgroup thereof as mentioned hereinbefore as
interesting embodiment wherein n is 2 and said two substituents are placed in meta and

para postion.

A seventh interesting embodiment of the present invention are those compounds of
formula (I), (') or (I’’) or any subgroup thereof as mentioned hereinbefore as
interesting embodiment wherein R; represents a radical of formula (a-1), (a-2), (a-3),

PCT/EP2005/053937



WO 2006/015986

10

15

20

25

30

35

-11-

(a-4), (a-5), (a-6), (a-7), (a-9), (a-10), (a-11), (a-12), (a-13), (a-14), (a-15), (a-16) or (a-
18); preferably a radical of formula (a-2), (a-3), (a-4), (a-5), (2-6), (a-7), (a-11), (a-12),
(a-13), (a-14) or (a-15); more preferably a radical of formula (a-2), (a-3), (a-5), (a-6),
(a-7), (a-12), (a-13), (a-14) or (a-15), in particular wherein R; represents a radical of
formula (a-2) or (a-15).

An eight interesting embodiment of the present invention are those compounds of
formula (I), (I') or (I’”) or any subgroup thereof as mentioned hereinbefore as
interesting embodiment wherein R, represents halo, C; ¢alkyl, Cy.¢alkyloxy or
polyhaloC; ¢alkyl, in particular halo or polyhaloC, ¢alkyl, more in particular halo, e.g.
chloro, fluoro or trifluoromethyl, preferably chloro.

A ninth interesting embodiment of the present invention are those compounds of
formula (I), (I’) or (I’’) or any subgroup thereof as mentioned hereinbefore as
interesting embodiment wherein R, is hydrogen, methyl, ethyl, n-propyl,
methoxymethyl, cyclohexyl, cyclopropyl, dimethylaminomethyl, 2-thienyl,
3,4-dichlorophenyl; preferably R; is C; ¢alkyl or

CisalkyloxyCi.¢alkyl, in particular methyl, ethyl, n-propyl, methoxymethyl, more
preferably R, is Cj.¢alkyl, in particular methyl, ethyl and propyl, more in particular
methyl, ethyl or n-propyl; most preferred R, is ethyl.

A tenth interesting embodiment of the present invention are those compounds of
formula (I), (I’) or (I"”) or any subgroup thereof as mentioned hereinbefore as
interesting embodiment wherein R, represents hydrogen.

An eleventh interesting embodiment of the present invention are those compounds of
formula (I), (I') or (I’’) or any subgroup thereof as mentioned hereinbefore as
interesting embodiment wherein Rs represents C;_galkyl, arylC, ¢alkyl or C.
salkyloxyC,.salkyl optionally substituted with C,;.¢alkyloxy; in particular Cy.¢alkyl,
arylCjealkyl or C;¢alkyloxyCj.galkyl.

A twelfth interesting embodiment of the present invention are those compounds of
formula (I), (I') or (I”) or any subgroup thereof as mentioned hereinbefore as

interesting embodiment which are stereochemically pure.

PCT/EP2005/053937
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A thirteenth interesting embodiment of the present invention are those compounds of
formula (I), (I') or (I"’) wherein one or more, preferably all of the following restrictions
apply:
a) R represents Cy_galkyl; in particular ethyl;
b) R, represents halo, polyhaloC; ¢alkyl or aryloxy; in particular halo, e.g. chloro and
fluoro; more in particular chloro;
¢) Ryo represents hydrogen, C;_¢alkylcarbonyl, C_salkyloxycarbonyl, -C(=0O)-NH-Rs,
arylcarbonyl, or heteroarylcarbonyl; in particular hydrogen, C;.¢alkylcarbonyl,
arylcarbonyl, or heteroarylcarbonyl, more in particular hydrogen, C.salkylcarbonyl,
phenylcarbonyl or heteroarylcarbonyl; wherein heteroaryl represents pyrrolidinyl,
tetrahydrofuranyl, piperazinyl optionally substituted with C.galkyl or arylC, salkyl,
piperidinyl, morpholinyl, pyrazinyl, pyridyl, isoxazolyl, oxadiazolyl, pyrimidinyl or
furanyl; more in particular wherein heteroaryl represents pyrazinyl, pyridyl,
isoxazolyl, oxadiazolyl, pyrimidinyl or furanyl;
d) Rj represents cyano, C(=0)-O-Rs, C(=0)-NRg,Rep, or C(=0)-R7; in particular
C(=0)-O-Rs;
e) R4 represents hydrogen;
f) nis 2 or 3; preferably n is 2.

A fourteenth interesting embodiment of the present invention are those compounds of

formula (I), (I”) or (I’’) wherein one or more of the following restrictions apply:

a) R, represents Cjgalkyl, in particular ethyl;

b) R, represents halo; in particular chloro;

¢) Rj represents C(=0)-O-Rs; in particular C(=0)-O-C; ¢alkyl; more in particular

methoxycarbonyl;

d) Ry represents hydrogen, C;galkylcarbonyl, C;_g¢alkyloxycarbonyl, -C(=0)-NH-Rs,
arylcarbonyl or heteroarylcarbonyl; in particular hydrogen, C,.salkylcarbonyl,
arylcarbonyl or heteroarylcarbonyl; more in particular hydrogen, methylcarbonyl,
pyrazinylcarbonyl, furanylcarbonyl or pyridylcarbonyl;

e) R4 represents hydrogen;

fynis2.

A fifteenth interesting embodiment of the present invention are those compounds of
formula (I), (I") or (I"’) wherein one or more of the following restrictions apply:

a) R; represents C;_galkyl; in particular ethyl;

b) R, represents halo; in particular chloro;
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c) Rz represents C(=0)-0-Rs; in particular C(=0)-O-C,_salkyl; more in particular

methoxycarbonyl;

d) Ry represents hydrogen, Cy_salkylcarbonyl, C,_¢alkyloxycarbonyl or
heteroarylcarbonyl; e.g. hydrogen, methylcarbonyl, methyloxycarbonyl,
tetrahydrofuranylcarbonyl, morpholinylcarbonyl, pyrazinylcarbonyl,
furanylcarbonyl or pyridylcarbonyl; in particular R o represents hydrogen,
Ci.¢alkylcarbonyl or heteroarylcarbonyl; e.g. hydrogen, methylcarbonyl,
pyrazinylcarbonyl, furanylcarbonyl or pyridylcarbonyl;

e) R4 represents hydrogen;

fynis 2.

In general, compounds of formula (I) wherein Ry represents hydrogen, said
compounds being represented by formula (I-a), can be prepared by reacting an
intermediate of formula (II) with phosphorazidic acid diphenyl ester in the presence of
a suitable base, such as for example N,N-diethylethanamine, and a suitable solvent,

such as for example an alcohol, e.g. terz-butanol.

\ \//(Rz)n \ LU Ry,
Ry / R4
R1 R

S=( N R; S :<N 1R3
HNI HNI

C(=0)-0H NH,

an (I-2)
Compounds of formula (I-a) can be converted into a compound of formula (I) wherein
Ryo represents Cy_galkylcarbonyl, said compound being represented by formula (I-b), by

reaction with an intermediate of formula (III).

TV Ry TRy
a" \ a
4 4
Rl Rl
N g, * ClellhbCEOL0CEOCigliyl  — S
==
I s \/I
HN HN:
NH2 NH—C(=O)-C1-6ﬂ1ky1
{m

(I-a) (I-b)
Compounds of formula-{I-a) can be converted into a compound of formula (I) wherein
R represents Cy.galkylcarbonyl, C;_¢alkyloxycarbonyl arylcarbonyl or heterocarbonyl,
said R being represented by R ¢, and said compound being represented by formula
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(I-c), by reaction with an intermediate of formula (IV) in the presence of suitable
coupling agent such as for example N’-(ethylcarbonimidoyl)-N,N-dimethyl-1,3-
propanediamine optionally together with 1-hydroxy-1H-benzotriazole, a suitable
solvent, such as for example N,N-dimethylformamide, and a suitable base, such as for

example N,N-dimethyl-4-pyridinamine.

SR, ( T Ray

Z ey

Ry Ryo, —OH —_— Ri

N R, + 10a S N Ry

~T T
NH, NH—R 0,

Iv)
(I-c)

(I-a)
Compounds of formula (I-a) can also be converted into a compound of formula (I-c) by
reaction with an intermediate of formula (V) wherein Wy represents a suitable leaving
group, such as for example halo, e.g. chloro and the like, in the presence of a suitable
base, such as for example N,N-diethylethanamine, and a suitable solvent, such as for

example methylene chloride.

\/ (Rz)n \/ (R'_Z)n
S/

/ R, R,

Ry
N R, + Rioa M1 —_— R
R S 3

S== / 3 /
HN HN
NH’_) NH—RIOa
Q)

(I-a) (<)

Compounds of formula (I-a) can also be converted into a compound of formula (I-c)
wherein R, represents imidazol-1-ylcarbonyl, said compound being represented by
formula (I-c-1), by reaction with 1,1’-carbonyldiimidazole in the presence of a suitable

solvent, such as for example CH,Cl,.
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_—
/(R’))n

\/(RZ)n \ /
/ 0 Ra

R

R41 + (\N_"_N/\l — N B
N =/ \=N S=( / Rs

NH,

i I
HNI | Z\ Q

(I<-1)
(I-a)

Compounds of formula (I-c-1) can be converted into a compound of formula (I-c)
wherein R, represents morpholinylcarbonyl, said compound being represented by
formula (I-c-2), by reaction with morpholine in the presence of a suitable solvent, such

5  as for example tetrahydrofuran.

R, ( R

7 < k.

R, /\ . R,

N + H—N 0 N R

Ry, . S=< 3

s=< \__/

HNI HNI
BZ\N/B J N/\
(Ic-1) \§N (I-c-2) K/O

Compounds of formula (I-c-1) can also be converted into a compound of formula (I-c)
wherein R represents Cy.salkyloxycarbonyl, said compound being represented by

formula (I-c-3), by reaction with C;.salkyl-OH.

o
\/(Rz)n \ P (RZ)n
/
/ R, R4
R, Ry
+ C;4alkyl-OH > N.

N R
s Ry s 3
<7 <
NHO7\® O7\O-C1-6a]kyl
~

10 (I-¢-1) (I<-3)

Compounds of formula (I) wherein R represents —C(=0)-NHRs respectively

—C(=S)-NH-Rs wherein Rs is other than hydrogen, said Rs being represented by Rs, and

said compounds being represented by formula (I-d) respectively (I-e), can be prepared

by reacting a compound of formula (I-a) with Rs,-N=C=0 respectively Rs,-N=C=S in
15  the presence of a suitable solvent, such as for example tetrahydrofuran, methylene
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chloride, dioxane, and optionally in the presence of a suitable base, such as for example
N,N-diethylethanamine.

\/ (Rz)n \/ (RZ)H
/
/ R, R,
R Rs;—N=C==0 : Ri
sa —_— N

N +
S % / R, S=< IR?:
HN HN
NH, NH—C(=0)-NH-Rs,

(-a) (-d

\/ (RZ)H \/ (RZ)I]
/7
4 R, R,
R4 Ry

Rs,— N=C—S —

s=( fz/m * S=H(N Nl/*‘a

NH—C(=S)-NH-Rs,

(1-2) )

Compounds of formula (I-d) wherein Rs, represents arylCj.salkyl or

5  CisalkyloxyCi.galkyl optionally substituted with C;.galkyloxy, said Rs, being
represented by Rsp, and said compounds being represented by formula (I-d-1), may also
be prepared by reacting a compound of formula (I-c-1) with NH;- Rsp, in the presence

of a suitable solvent, such as for example tetrahydrofuran.

S ®) \/ (Rz)n
2/n
=1 /
/ Ry
Ry R,

NH—C(=0)-NH-Rs;,

NS 0

' o] \\ (1d-1)

(I<-1) =N

10 Compounds of formula (I) wherein Ry represents —~C(=0)-NH, respectively
—C(=S)- NH3, said compounds being represented by formula (I-f) respectively (I-g),
can be prepared by reacting a compound of formula (I-a) with Ws-N=C=0 respectively
Ws-N=C=S wherein W; represents a suitable leaving group, such as for example
—Si(CH3)3 or —S(=0),-Cl, in the presence of a suitable solvent, such as for example
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tetrahydrofuran, methylene chloride, dioxane, and optionally in the presence of a
suitable base, such as for example N,N-diethylethanamine, followed by removing the
leaving group with a suitable acid, such as for example hydrochloric acid and the like.

\/ (RZ)D \ \/ (RZ)n
4
a ke
R, Ry

W 5—N=C=O —

s:( IiZ/R3 ¥ S—__}g Nl/Ra

HN

NHZ NH_C(=O)-NH2
(I-a) (-9
==
XN ( //(R2>n
/ R, R,
R
R; Ws—N=C—S —  » N !
N. + R
R S 3
=" o
HN HN
NH, NH—C(=S)-NH,

(I-a) (I-g)

5  Compounds of formula (I) wherein R represents —S(=0)2-Rs, said compounds being
represented by formula (I-h), can be prepared by reacting a compound of formula (I-a)
with an intermediate of formula W,-S(=0),-Rs wherein W, represents a suitable
leaving group, such as for example halo, e.g. chloro and the like, in the presence of a
suitable base, such as for example N,N-diethylethanamine, and a suitable solvent, such

10 as for example tetrahydrofuran, N,N-dimethylformamide.

\/(Rz)n \ \/(Rz)n
4
V4 R, R,
: R
Ry Wy—S5(E=0)2Rs — N '
N + R
S :( / R3 S:( I 3
HN HN:
NH') NH_S(=O)2-R5

(1) I-h)

Compounds of formula (I’) can be prepared according to the above described reactions
but starting from an intermediate wherein the carbon atom carrying the R; and R4

substituent has the (S) configuration.
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Alternatively, compounds of formula (I) wherein the carbon atom cairying the Ry and
R4 substituent has the (R) configuration can be prepared according to the above
described reactions but starting from an intermediate wherein the carbon atom carrying
the R; and R, substituent has the (R) configuration.

The compounds of formula (I) may further be prepared by converting compounds of
formula (I) into each other according to art-known group transformation reactions.

The compounds of formula (I) may be converted to the corresponding N-oxide forms
following art-known procedures for converting a trivalent nitrogen into its N-oxide
form. Said N-oxidation reaction may generally be carried out by reacting the starting
material of formula (I) with an appropriate organic or inorganic peroxide. Appropriate
Inorganic peroxides: comprise, for example, hydrogen peroxide, alkali metal or earth
alkaline metal peroxides, €.g. sodium peroxide, potassium peroxide; appropriate
organic peroxides may comprise peroxy acids such as, for example, benzenecarboper-
oxoic acid or halo substituted benzenecarboperoxoic acid, e.g. 3-chlorobenzenecarbo-
peroxoic acid, peroxoalkanoic acids, e.g. peroxoacetic acid, alkylhydroperoxides, e.g.
tert.butyl hydro-peroxide. Suitable solvents are, for example, water, lower alcohols,
e.g. ethanol and the like, hydrocarbons, e.g. toluene, ketones, e.g. 2-butanone,

halogenated hydrocarbons, e.g. dichloromethane, and mixtures of such solvents.

Compounds of formula (I) wherein Rj represents C(=0)-O-C;alkyl, can also be
converted into a compound of formula (I) wherein R; represents C(=0)-NRe.Reb, by
reaction with the appropriate base of formula NHRg,Rep, in a suitable solvent, such as
for example H,O.

Compounds of formula (I) wherein R3 répresents C(=0)-0O-Cy¢alkyl, can also be
converted into a compound of formula (I) wherein Rj represents C(=0)-O-C;_galkyl-O-
Cialkyl, by reaction with HO-Cj_alkyl-O-C, salkyl in the presence of NaBHy.

Compounds of formula (I) wherein R; represents C(=0)-NRg,R¢p can be converted into
a compound of formula (I) wherein Rj represents C(=0)-Cy_salkyl by reaction with

chloroC; ¢alkyMg in a suitable solvent such as tetrahydrofuran.

Compounds of formula (I) wherein R3 represents cyano, can be converted into a
compound of formula (I) wherein R3 represents aminocarbonyl by hydrolysis with a
suitable acid, such as for example sulfuric acid.

PCT/EP2005/053937
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Some of the compounds of formula (I) and some of the intermediates in the present in-
vention may contain an asymmetric carbon atom. Pure stereochemically isomeric
forms of said compounds and said intermediates can be obtained by the application of
art-known procedures. For example, diastereoisomers can be separated by physical
methods such as selective crystallization or chromatographic techniques, e.g. counter
current distribution, liquid chromatography and the like methods. Enantiomers can be
obtained from racemic mixtures by first converting said racemic mixtures with suitable
resolving agents such as, for example, chiral acids, to mixtures of diastereomeric salts
or compounds; then physically separating said mixtures of diastereomeric salts or
compounds by, for example, selective crystallization or chromatographic techniques,
e.g. liquid chromatography and the like methods; and finally converting said separated
diastereomeric salts or compounds into the corresponding enantiomers. Pure
stereochemically isomeric forms may also be obtained from the pure stereochemically
isomeric forms of the appropriate intermediates and starting materials, provided that the
intervening reactions occur stereospecifically.

An alternative manner of separating the enantiomeric forms of the compounds of
formula (I) and intermediates involves liquid chromatography, in particular liquid

chromatography using a chiral stationary phase.

Some of the intermediates and starting materials are known compounds and may be
commercially available or may be prepared according to art-known procedures.

Intermediates of formula (I) can be prepared by reacting an intermediate of formula
(VI) with an intermediate of formula (VII) in the presence of a suitable base, such as
for example NaOCH3; or NaOC(CHj)3, followed by reaction with KSCN and a suitable
acid, such as for example hydrochloric acid (36%) and the like, in the presence of a

suitable solvent, such as for example tetrahydrofuran.

LRy,
= ®), \ / .
/ 4
(0] base
R, No_R
N + KSCN +  Cy-alkyt— —_— = S / 3
I ~—R3 0—C;-¢alkyl N
0 O acl C(:O)-OH
VD VI )
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Intermediates of formula (IT) can also be prepared by reacting an intermediate of
formula (VIII) with a suitable base, such as NaOH, in the presence of a suitable
solvent, such as for example H,O, tetrahydrofuran or an appropriate alcohol, e.g.
methanol and the like, or by reaction with a suitable acid, such as for example

CF;CH,COOH in the presence of a suitable solvent, such as for example methylene

chloride.
( o Rah = ®y),
% R, \ Y R,
R, hydrolysis R,
N —_—
S Rs NN
) T
C(=0)-0-C; ~alkyl HN"Ccoy-om
(VIID) (D

Intermediates of formula (VI) can be prepared by reacting an intermediate of formula
(IX) with a H-C(=0)- introducing agent, such as for example formic acid or n-butyl

formate, in the presence of a suitable solvent, such as for example xylene.

\ TR, \ TRy,
R V4
4 4 Formic acid Ra
R, —_— Ry

e N\/R3 f N R 3
o)

Ix)
(VD
The above reaction may result in stereochemically pure intermediates of formula (VI)

when starting from stereochemically pure intermediates of formula (IX).

Intermediates of formula (IX) can be prepared by reacting an intermedtae of formula
(X) with an intermediate of formula (XI) wherein W3 represents a suitable leaving
group, such as for example a halogen, e.g. bromo, chloro and the like, in the presence
of a suitable base, such as for example N,N-diethylethanamine or N,N-diisopropyl-
ethanamine, and a suitable solvent, such as for example N,N-dimethylformamide.
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LRy, ( TRy
\ / Rq 7 R
Rl + W3\/ R3 R 1
HN 7 NN,
(X) (XT)
(X)

The above reaction may result in stereochemically pure intermediates of formula (IX)
when starting from stereochemically pure intermediates of formua (X).

5 Intermediates of formula (X) wherein Ry represents hydrogen, said intermediates being
represented by formula (X-a), can be prepared by reducing an intermediate of formula
(X1I) in the presence of a suitable reducing agent, such as H, a suitable catalyst, such
as for example Raney Nickel, a suitable catalyst poison, such as for example a
thiophene solution, and a suitable solvent, such as for example an alcohol, e.g.
10  methanol, in the presence of a suitable base, e.g. NHz. Alternatively, said reaction can
also be performed in the presence of Zn and a suitable acid, such as for example acetic

acid.
\ \//(R2)n \/ (32)n
\_/
N/ Ry R R,
I HoN
OH
(X-a)
(XD

Intermediates of formula (XII) can be prepared by reacting an intermediate of formula
15  (XII) with NH,-OH in the presence of a suitable base, such as for example
NaOC(=0)CH; or Na;COs, and a suitable solvent, such as for example an alcohol, e.g.

methanol.
\ LRy, ( TV Ry
% NH,0H Z
R, —_—> ) R,
N
OH
(XIID) XID)

Alternatively to the methods described above, intermediates of formula (X) can also be
20  prepared from an azido derivative of formula (XIV) by reaction with
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triphenylphosphine in the presence of a suitable solvent, such as for example
tetrahydrofuran and H,O.

\ \/ (RZ)n \../ (RZ)n
/ R4 \ 7/ R 4
0@ Ri R,
N-N=N HN
v )

Intermediates of formula (X) can also be prepared from an intermediate of formula
(XIV) by catalytic hydrogenation in the presence of Hj, a suitable catalyst, such as for
example Pt/C (5%), and a suitable solvent, such as for example an alcohol, e.g.

methanol.

Intermediates of formula (XIV) can be prepared by reacting an intermediate of formula
(XV) with phosphorazidic acid diphenylester in the presence of 2,3,4,6,7,8,9,10-
octahydropyrimido[1,2-aJazepine and a suitable solvent, such as for example toluene.

TRy,

S
- (Ry)y
/ R4 \ / R4
R, —_— R
1
HO @N-%:N
XV) XIV)

Intermediates of formula (XV) wherein R, is C;¢alkyl and wherein R, is hydrogen,
said intermediates being represented by formula (XV-a), can be prepared by reacting an
intermediate of formula (XIII) wherein R represents hydrogen, said intermediates
being represented by formula (XIH-a), with (C,.ealkyl),Zn, N,N’-1,2~
cyclohexanediylbis[1,1,1-trifluorolmethanesulfonamide, Ti(i-PrO)4 and toluene.

VLR, TRy
\ V4 (C,.¢alkyl),Zn \ Y
H - C 1 -6&lkyl
O HO
(XII-a) (XV-a)

Intermediates of formula (X) can be prepared as described hereinabove.

The intermediates of formula (X) may contain a chiral center at the carbon atom
carrying the R; and R4 substituent depending on the substituents representing R; and
R4. In case said carbon atom represents a chiral center, stereospecific intermediates of
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formula (X) represented by formula (X-b), can be prepared by reacting a stereospecific
intermediate of formula (XIV), represented by formula (XIV-a), with
triphenylphosphine, in the presence of a suitable solvent, such as for example

tetrahydrofuran and water.

==
2 (R,)
Vi ' \/ (R
R, y

* Rl —_— R 4
- + * Rl
N=N=N

NH,
(XIV-a)
(X-b)

* indicates the chiral center and may be (R) or (S) depending on the R; and R,
substituents

When a stereospecific intermediate of formula (X-b) is reacted further according to the
methods described hereinabove, the resulting intermediates are also stereospecific and

finally the resulting final compounds are also stereospecific.

Intermediates of formula (XIV-a) can be prepared by reacting a stereospecific
intermediate of formula (XV) represented by formula (XV-a) with phosphorazidic acid
diphenyl ester in the presence of 2,3,4,6,7,8,9,10-octahydro-pyrimido[1,2-a]azepine
and in the presence of a suitable solvent, such as for example toluene.

( = Ry, @ ( LRy,
7 Ry * pP=0 ——> 4 R4
* Rl N3 * Rl
OH ©/ N=N=N

(XIV-a)

Q

(=N

(XV-a)

* indicates the chiral center and may be (R) or (S) depending on the R; and R4 substituents
Stereospecific intermediates of formula (XV-a) wherein R4 is hydrogen and R, is
methyl, ethyl, or n-propyl, said Ry being represented by Alk and said intermediates
being represented by formula (XV-a-1) and (XV-a-2), can be prepared by reacting an
intermediate of formula (XVI) with ZnAlk, wherein Alk represents methyl, ethyl or
n-propyl, in the presence of a stereospecific catalyst, such as for example
N,N'-(1R,2R)-1,2-cyclohexanediylbis[1,1,1-trifluoro]-methanesulfonamide respectively
N,N'-(1S,2S)-1,2-cyclohexanediylbis[1,1,1-trifluoro]-methanesulfonamide, Ti(iPrO),

and a suitable solvent, such as for example toluene.
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3
Z t ZnAlk, + O: - . s/
/ NH CF, ® >—alk
o \SO/2 HO
(XVD) IR,2R (XV-a-1)
LRy, ‘NH/S\((:); ( TRy
3
0 ¢ o s Cﬁ N
/ NH_ CF, a
0 SO,
XV 18,28 (XV-a-2)

Intermediates of formula (VIII) can be prepared by reacting an intermediate of formula
(VI) with an intermediate of formula (VII) in the presence of a suitable base, such as
for example NaOCH; or NaOC(CH3); and the like, and KSCN in the presence of a

5  suitable solvent, such as for example tetrahydrofuran.

\/ (RZ)n
\/ (R2)n \ /
\ Y R
N ! + KSCN + C;-alkyl—0 —_— s=( ) R;
I ~—R; 0—C,-galkyl N
0 C(=0)-0-C;-galkyl
. (V1D (VT

Intermediates of formula (VIII) can also be prepared by reacting an intermediate of
formula (XVII) with an appropriate acid, such as hydrochloric acid or acetic acid,

optionally in the presence of a suitable solvent, such as for example 1,4-dioxane.

=
LRl \ //(RZ)H
R
/7 R 4
) Ry
Ry acid
N
NH S— s=< Ry
s=( /
HN
NH C(=0)-0-C,-galkyl
o Rs
)
P
Cy-calkyl
ety (VIID)
10 (XVII)

Intermediates of formula (XVII) can be prepared by reacting an intermediate of

formula (XVIII) with an intermediate of formula (XIX) in the presence of a suitable
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base, such as for example dipotassium carbonate, and a suitable solvent, such as for
example dioxane or tetrahydrofuran and water.

\/(Rz)u
\/(R2)n NH, 4 Ra
R * R3ﬁ‘/k —_— NH :

R, I C(=0)-0-C;-galkyl s=(
N NH
i ~ Y
> K0 0 o0
Cpgalkyl”

XVIII
( ) -

Intermediates of formula (XVIII) can be prepared by reacting an intermediate of
5  formula (X) with C(=S)Cl, in the presence of a suitable base, such as for example

N,N-diisopropylethanamine, and a suitable solvent, such as for example methylene

chloride.
VL Ry,
\\/(Rz)n C(=8)Cl, \ //RZ
/ R, 4
R, » R,
H,N
: !
i
X) S
XV

Intermediates of formula (VIII) wherein R; represents optionally substituted thiazolyl,
10  said intermediates being represented by formula (VIII-a), can be prepared by reacting

an intermediate of formula (XX) with a suitable acid, such as for example
trifluoroacetic acid.

= Ry, = Ry,
\_/ &, \_/ &,
,o
H,C R, Sj\ acid R, 51
———-
s—(r S=<I<
C(=0)-0-C- 6a1ky1 C(=0)-0-C; 6alkyl
XX) (VIII-a)

Intermediates of formula (XX) can be prepared by reacting an intermediate of formula
15  (XXI) with an intermediate of formula (XXII) wherein W, represents a suitble leaving
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group, such as for example halo, e.g. chloro, bromo and the like, in the presence of a
suitable solvent, such as for example an alcohol, e.g. ethanol.

=S Ry)s =Ry,

\ /R o \ / R,

H}C/O\Q\/ Rl + )k/w H}C/O Rl S

S e — Ui

S NH S

_gﬂ : (XXII) _i [ N TR

C(=0)-0-C,-galkyl C(=0)-0-C,-galkyl

(XXD) (XX)

Intermediates of formula (XXI) can be prepared by reacting an intermediate of formula
(XXIII) with H3S in the presence of a suitable base, such as for example

N,N-diisopropylethanamine, and a suitable solvent, such as for example pyridine.

TRy, TRy,
7 Ry \ /7 R,
H3C'0©\/ R, H,S ' 1413(:«0\]@IV R,

N

CN —_— N
Y ST

N N S
C(=0)-0-C;-galkyl C(=0)-0-C;-galkyl

(XX (XXI)

Intermediates of formula (XXIII) can be prepared by reacting an intermediate of
formula (VIII) wherein R represents cyano, said intermediates being represented by
formula (VIII-b), with 4-methoxy-benzenemethanol in the presence of a suitable acid,

such as for example trifluoroacetic acid, and a suitable solvent, such as for example

- methylene chloride.

\/(RZ)n
LRy, \_/ R,

ay H,c~ 2 R,
R] H3C/O —_— N CN
N + S I
CN
HS—( / OH N
N C(=0)-0-C;-galkyl
C(=0)-0-C;-galkyl

(XX
(VII-b)

The compounds of formula (I) and any subgroup thereof, e.g. compounds of formula

(I’) or (I’’), show CCR2 receptor antagonistic properties.

The C - C chemokine receptor 2 (CCR2) and its ligand monocyte chemoattractant
(chemotactic) protein (MCP-1; in new chemokine nomenclature also called CCL2) are
recognized to be implicated in both acute and chronic inflammatory processes.
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Chemokines (contraction of “chemotactic cytokines”) are most important regulators of
leukocyte trafficking. This biological role is exerted by interacting — on target cells —
with seven-transmembrane-domain receptors that are coupled to heterodimeric G
proteins. Chemokines are mainly grouped into 2 major families (C-CorC-X-C
family) dependent on the presence of an amino acid (represented by X) between the
two conserved cysteine residues (represented by C) near the amino terminus. In
general, chemokines from the C — C family attract monocytes, macrophages, T cells
and NK cells.

A chemokine, which acts through the CCR2 receptor, is MCP-1 as indicated above.
Therefore, the CCR2 receptor is also known as the MCP-1 receptor.
MCP-2, MCP-3 and MCP-4 may also act, at least in part, through this receptor.

It is recognized that the CCR2 receptor and MCP-1 play a role in the pathophysiology
of various inflammatory diseases. Therefore, CCR2 receptor antagonists, which block
the CCR2 receptor, have potential as pharmaceutical agents to combat inflammatory
conditions such as arthritis, osteoarthritis, rheumatoid arthritis, glomerulonephritis,
diabetic nephropathy, lung fibrosis, idiopathic pulmonary fibrosis, sarcoidosis,
vasculitis, hepatitis, nonalcoholic steatohepatitis, inflammatory conditions of the brain
such as Alzheimer’s disease, restenosis, alveolitis, asthma, allergic rhinitis, allergié
conjunctivitis, atherosclerosis, psoriasis, delayed-type hypersensitivity reactions of the
skin, inflammatory bowel disease, acute or chronic brain inflammation, e.g. multiple
sclerosis, autoimmune encephalomyelitis, chronic obstructive pulmonary disease
(COPD), uveitis, dermatitis, atopic dermatitis. CCR2 receptor antagonists may also be
useful to treat autoimmune diseases such as diabetes or transplant rejection, stroke,
reperfusion injury, ischemia, cancer, myocardial infraction, pain, in particular

neuropathic pain.

The compounds of the present invention may also be used to inhibit the entry of Human
Immunodeficiency Virus (HIV) into monocytes and lymphocytes, thereby having a
therapeutic role in the treatment of AIDS (Acquired Immunodeficiency Syndrome).

‘The CCR2 receptor exists in two isoforms, namely the CCR2A and the CCR2B

receptor.



WO 2006/015986 PCT/EP2005/053937

10

15

20

25

30

35

-28-

Due to their CCR2 receptor antagonistic activity, in particular their CCR2B receptor
antagonistic activity, the compounds of formula (I), their N-oxides, pharmaceutically
acceptable addition salts, quaternary amines, polymorphic forms or stereochemically
isomeric forms are useful in the treatment or prevention, in particular for the treatment,
of diseases or conditions mediated through the activation of the CCR2 receptor, in
particular the CCR2B receptor. Diseases or conditions related to an activation of the
CCR2 receptor comprise inflammatory conditions such as arthritis, osteoarthritis,
rheumatoid arthritis, glomerulonephritis, diabetic nephropathy, lung fibrosis, idiopathic
pulmonary fibrosis, sarcoidosis, vasculitis, hepatitis, nonalcoholic steatohepatitis,
inflammatory conditions of the brain such as Alzheimer’s disease, restenosis, alveolitis,
asthma, allergic rhinitis, allergic conjunctivitis, atherosclerosis, psoriasis, delayed-type
hypersensitivity reactions of the skin, inflammatory bowel disease, acute or chronic
brain inflammation, e.g. multiple sclerosis, autoimmune encephalomyelitis, chronic
obstructive pulmonary disease (COPD), uveitis, dermatitis, atopic dermatitis,
autoimmune diseases such as diabetes or transplant rejection, stroke, reperfusion injury,
ischemia, cancer, myocardial infraction, pain (neuropathic pain). In particular, the
compounds of formula (I) are useful in the treatment or prevention of inflammatory
diseases and autoimmune diseases, especially theumatoid arthritis, atherosclerosis,
multiple sclerosis, inflammatory bowel disease and chronic obstructive pulmonary
disease (COPD). The compounds of formula (I) are also of particular interest in the
treatment or prevention of psoriasis, asthma, theumatoid arthritis or pain (neuropathic
pain), more in particular psoriasis, asthma or rheumatoid arthritis.

In view of the above-described pharmacological properties, the compounds of formula
(I), their N-oxides, pharmaceutically acceptable addition salts, quaternary amines and
stereochemically isomeric forms, may be used as a medicine. In particular, the present
compounds can be used for the manufacture of a medicament for treating or preventing
diseases mediated through activation of the CCR2 receptor, in particular the CCR2B
receptor. More in particular, the compounds of the invention can be used for the
manufacture of a medicament for treating or preventing inflammatory diseases,
especially rheumatoid arthritis, atherosclerosis, multiple sclerosis, inflammatory bowel
disease and chronic obstructive pulmonary disease (COPD). The compounds of the
invention can also in particular be used for the manufacture of a medicament for
treating or preventing psoriasis, asthma, theumatoid arthritis or pain (neuropathic pain),

more in particular psoriasis, asthma or rheumatoid arthritis.
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In view of the utility of the compounds of formula (I), there is provided a method of
treating warm-blooded animals, including humans, suffering from or a method of
preventing warm-blooded animals, including humans, to suffer from diseases mediated
through activation of the CCR2 receptor, in particular mediated through the CCR2B
receptor. Said methods comprise the administration of an effective amount of a
compound of formula (I), a N-oxide form, a pharmaceutically acceptable addition salt,
a quaternary amine, a polymorphic form or a possible stereoisomeric form thereof, to
warm-blooded animals, including humans.

The blockade of the CCR2 receptor by the present compounds of formula (I) inhibits
the normal function of MCP-1. Therefore, the present compounds can also be
described as MCP-1 inhibitors and hence can be used to prevent or treat diseases
mediated through MCP-1.

The present invention also provides compositions for preventing or treating diseases
mediated through activation of the CCR2 receptor, in particular the CCR2B receptor.
Said compositions comprise a therapeutically effective amount of a compound of

formula (I) and a pharmaceutically acceptable carrier or diluent.

The compounds of the present invention may be formulated into various
pharmaceutical forms for administration purposes. As appropriate compositions there
may be cited all compositions usually employed for systemically administering drugs.
To prepare the pharmaceutical compositions of this invention, an effective amount of
the particular compound, optionally in addition salt form, as the active ingredient is
combined in intimate admixture with a pharmaceutically acceptable carrier, which
carrier may take a wide variety of forms depending on the form of preparation desired
for administration. These pharmaceutical compositions are desirable in unitary dosage
form suitable, particularly, for administration orally, rectally, percutaneously, or by
parenteral injection. For example, in preparing the compositions in oral dosage form,
any of the usual pharmaceutical media may be employed such as, for example, water,
glycols, oils, alcohols and the like in the case of oral liquid preparations such as
suspensions, syrups, elixirs, emulsions and solutions; or solid carriers such as starches,
sugars, kaolin, diluents, lubricants, binders, disintegrating agents and the like in the
case of powders, pills, capsules, and tablets. Because of their ease in administration,
tablets and capsules represent the most advantageous oral dosage unit forms, in which
case solid pharmaceutical carriers are obviously employed. For parenteral

compositions, the carrier will usually comprise sterile water, at least in large part,
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though other ingredients, for example, to aid solubility, may be included. Injectable
solutions, for example, may be prepared in which the carrier comprises saline solution,
glucose solution or a mixture of saline and glucose solution. Injectable suspensions
may also be prepared in which case appropriate liquid carriers, suspending agents and
the like may be employed. Also included are solid form preparations, which are
intended to be converted, shortly before use, to liquid form preparations. In the
compositions suitable for percutaneous administration, the carrier optionally comprises
a penetration enhancing agent and/or a suitable wetting agent, optionally combined
with suitable additives of any nature in minor proportions, which additives do not
introduce a significant deleterious effect on the skin. Said additives may facilitate the
administration to the skin and/or may be helpful for preparing the desired compositions.
These compositions may be administered in various ways, €.g., as a transdermal patch,
as a spot-on, as an ointment.

The compounds of the present invention may also be administered via inhalation or
insufflation by means of methods and formulations employed in the art for
administration via this way. Thus, in general the compounds of the present invention
may be administered to the lungs in the form of a solution, a suspension or a dry
powder. Any system developed for the delivery of solutions, suspensions or dry
powders via oral or nasal inhalation or insufflation are suitable for the administration of
the present compounds.

The compounds of the present invention may also be topically administered in the form
of drops, in particular eye drops. Said eye drops may be in the form of a solution or a
suspension. Any system developed for the delivery of solutions or suspensions as eye
drops are suitable for the administration of the present compounds.

It is especially advantageous to formulate the aforementioned pharmaceutical
compositions in unit dosage form for ease of administration and uniformity of dosage.
Unit dosage form as used herein refers to physically discrete units suitable as unitary
dosages, each unit containing a predetermined quantity of active ingredient calculated
to produce the desired therapeutic effect in association with the required
pharmaceutical carrier. Examples of such unit dosage forms are tablets (including
scored or coated tablets), capsules, pills, powder packets, wafers, suppositories,

injectable solutions or suspensions and the like, and segregated multiples thereof.

The exact dosage and frequency of administration depends on the particular compound
of formula (I) used, the particular condition being treated, the severity of the condition
being treated, the age, weight, sex, extent of disorder and general physical condition of
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the particular patient as well as other medication the individual may be taking, as is
well known to those skilled in the art. Furthermore, it is evident that said effective
daily amount may be lowered or increased depending on the response of the treated
subject and/or depending on the evaluation of the physician prescribing the compounds

of the instant invention.

The compounds of formula (I) may also be used in combination with other
conventional anti-inflammatory or immunosuppressive agents, such as steroids,
cyclooxygenase-2 inhibitors, non-steroidal-anti-inflammatory drugs, TNF- o
antibodies, such as for example acetyl salicylic acid, bufexamac, diclofenac potassium,
sulindac, diclofenac sodium, ketorolac trometamol, tolmetine, ibuprofen, naproxen,
naproxen sodium, tiaprofen acid, flurbiprofen, mefenamic acid, nifluminic acid,
meclofenamate, indométhacin, proglumetacine, ketoprofen, nabumetone, paracetamol,
piroxicam, tenoxicam, nimesulide, fenylbutazon, tramadol, beclomethasone
dipropionate, betamethasone, beclamethasone, budesonide, fluticasone, mometasone,
dexamethasone, hydrocortisone, methylprednisolone, prednisolone, prednisone,
triamcinolone, celecoxib, rofecoxib, valdecoxib, infliximab, leflunomide, etanercept,
CPH 82, methotrexate, sulfasalazine, antilymphocytory immunoglobulines,
antithymocytory immunoglobulines, azathioprine, cyclosporine, tacrolimus substances,
ascomycin, rapamycin, muromonab-CD3.

Thus, the present invention also relates to the combination of a compound of formula
(I) and another anti-inflammatory or immunosuppressive agent. Said combination may
be used as a medicine. The present invention also relates to a product containing (a) a
compound of formula (I), and (b) another anti-inflammatory or immunosuppressive
compound, as a combined preparation for simultaneous, separate or sequential use in
the treatment of diseases mediated through activation of the CCR2 receptor, in
particular mediated through the CCR2B receptor. The different drugs in such products
may bé combined in a single preparation together with pharmaceutically acceptable
carriers. Alternatively, such products may comprise, for example, a kit comprising a
container with a suitable composition containing a compound of formula (I) and
another container with a composition containing another anti-inflammatory or
immunosuppressive compound. Such a product may have the advantage that a
physician can select on the basis of the diagnosis of the patient to be treated the
appropriate amounts of each component and the sequence and timing of the

administration thereof.

The following examples are intended to illustrate the present invention.
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Experimental Part

Hereinafter, "THF" means tetrahydrofuran, "DIPE" means diisopropylether, "DMF"

means N,N-dimethylformamide, “CDI” means 1,1’-carbonyldiimidazole.

A. Preparation of the intermediate compounds

Example Al
a. Preparation of intermediate 1

Cl

Cl |
N on

A solution of Na,COs3 (part of 0.52 mol) in H,O (150 ml) was added to a stirring
mixture of 1-(3,4-dichlorophenyl)-1-propanone (0.345 mol) in ethanol, p.a. (150 ml),
then the remainder of Na,CO3; was added and hydroxylamine monohydrochloride
(0.345 mol) was added portionwise while stirring vigorously. The reaction mixture was
heated to reflux temperature and extra H,O (75 ml) was added, then the resulting
mixture was stirred and refluxed for 6 hours. Extra hydroxylamine monohydrochloride
(2.4 g) was added and the mixture was refluxed further for 18 hours. Again extra
hydroxylamine monohydrochloride (3 g) was added; the reaction mixture was refluxed
for 24 hours and stirred for 2 days at room temperature. The solids were filtered off,
washed with EtOH/H,0 (1/1) and dried (vacuum, stream of air) at 56°C. Yield: 71.8 g
of intermediate 1 (95.4 %).

b. Preparation of c Cl

intermediate 2 and 2a

Cl Cl
NH, NH,

HCI

Intermediate 2 Intermediate 2a
A mixture of intermediate 1 (0.3 mol) in CH;OH/NH; (7 N) (500 ml) was
hydrogenated at 14°C with Raney Nickel (cat. quant.) as a catalyst in the presence of
thiophene solution (6 ml). After uptake of H; (2 equiv.), the catalyst was filtered off
and the filtrate was evaporated, then co-cvaporated 2 times with toluene. The residue
was stirred in boiling 2-propanol (250 ml) and the mixture was filtered off hot. The
filtrate was allowed to reach room temperature and HCI/2-propanol (6N, 150 ml) was
added slowly while stirring vigorously. The solvent was evaporated and the residue was
stirred in DIPE, then filtered off, washed and dried (vacuum) at 60°C. Yield: 53 g
intermediate 2 (73.4 %). A part of this fraction was converted into its free base:
Intermediate 2 (18.0 g) was stirred in CH,Cl, (200 ml) and a 15 % aqueous K,CO3
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solution was added, then the resulting mixture was stirred for 1 hour and a 50 % NaOH
solution was added to upper the pH. The organic layer was separated, washed with
H;O, dried MgSOy), filtered off and the solvent was evaporated. Yield: 12.4 g of

intermediate 2a.

Example A2
a. Preparation of intermediate 3 Cl
S)
Cl
OH

A mixture of N,N’-(1R,2R)-1,2-cyclohexanediylbis[1,1,1-
trifluoromethanesulfonamide] (0.005 mol) and Ti(i-PrO)4 (0.030 mol) in toluene (g.s.)
was degassed and placed under Ar-flow, then the reaction mixture was stirred for 20
minutes at 40°C and cooled to —78°C. Et,Zn (0.030 mol) was added dropwise and after
20 minutes, a mixture of 3,4-dichlorobenzaldehyde (0.0250 mol) in toluene (q.s.) was
added dropwise. The reaction mixture was allowed to reach 0°C. The mixture was

~ stirred overnight at room temperature, then quenched with HCI (2N). This mixture was

extracted with CH,Cl,. The separated organic layer was washed, dried, filtered and the
solvent evaporated. The residue was purified by column chromatography over silica
gel (eluent CH,Cl, /CH30OH 98/2). The product fractions were collected and the
solvent was evaporated. Yield: 5.1 g of intermediate 3.

"The R isomer can be prepared by the above reaction by using N,N’-(1S,2S)-1,2-

cyclohexanediylbis[1,1,1-trifluoromethanesulfonamide] as catalyst (see Example A3).

b. Preparation of intermediate 4

Cl

CI
R)
A mixture of intermediate 3 (prepared according to A2.a) (0.025 mol) and

‘ phosphorazidic acid, diphenyl ester (0.030 mol) in toluene (50 ml) was stirred at 0°C

and 2,3,4,6,7,8,9,10-octahydropyrimido[ 1,2-aJazepine (0.030 mol) was added. The
reaction mixture was stirred for 2 hours at 0°C, then stirred overnight at room
temperature. The mixture was diluted with water and toluene. The organic layer was
separated, washed once with water, once with 5% HCI, and the solvent was evaporated,

yielding intermediate 4, used in next reaction step.
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c. Preparation of intermediate 5 Cl

R)
Cl

NH, -
A mixture of intermediate 4 (prepared according to A2.b) (0.025 mol),
triphenylphosphine (0.027 mol) in THF (70 ml) and H,O (20 ml) was stirred overnight
at room temperature. The solvent was evaporated. The residue was treated with 10%
HCI. The acidic layer was washed with DIPE, then alkalized, followed by an
extraction with CH,Cl,. The separated organic layer was dried, filtered and the solvent
evaporated. The residue was purified by column chromatography over silica gel. The
product fractions were collected and the solvent was evaporated. Yield: 1.1 g of

intermediate 5.

Example A3

. . . Cl
a. Preparation of intermediate 6

Cr

o (R)
A mixture of N,N’-(1S,2S)-1,2-cyclohexanediylbis[1,1,1-trifluoro-
methanesulfonamide] (0.060 g) and Ti(iPrO)4 (8.5 g) in toluene was degassed, placed
under Ar flow, then stirred for 20 minutes at 40°C. The mixture was cooled to —78°C
and diethylzinc (q.s.) was addded dropwise. After 20 minutes, 3,4-dichloro-
benzaldehyde (0.025 mol) in toluene (q.s.) was added dropwise and the reaction
mixture was allowed to warm up to 0°C, then was stirred overnight at room
temperature, quenched with 2 N HCI and extracted with CH,Cl,. The separated organic
layer was washed, dried, filtered and the solvent evaporated. The residue was purified
by column chromatography over silica gel (eluent: CH,Cl,/CH3;0H 98/2). The product
fractions were collected and the solvent was evaporated. Yield: 5 g of intermediate 6

R).

. . . Cl
b. Preparation of intermediate 7 D\)
CI

=2 i

+

Z=

S(¢-)

A mixture of intermediate 6 (0.127 mol) and phosphorazidic acid, diphenyl ester (0.153
mol) in toluene (q.s.) was stirred at 0°C. 2,3,4,6,7,8,9,10-octahydro- pyrimido[1,2-
aJazepine (0.153 mol) was added dropwise and the reaction mixture was stirred for 1
hour at 0°C, then for 2 hours at room temperature, then for 3 hours at 50°C. The
reaction mixture was cooled, washed with water, with 0.5 M HCI, with water, dried,
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filtered and the solvent evaporated. The residue was purified by flash column
chromatography over silica gel (eluent: CH,Cl,/CH30H 99.5/0.5). The product
fractions were collected and the solvent was evaporated. Yield: 23.5 g of intermediate
7.

R . . Cl
c. Preparation of intermediate 8 D\)
Cr

%Hz S(_)
A mixture of intermediate 7 (0.122 mol) in methanol (q.s.) was hydrogenated at 50°C
with Pt/C 5% (5 g) as a catalyst. After uptake of H,, the catalyst was filtered off and the

filtrate was evaporated. Yield: intermediate 8.

Example A4
a. Preparation of intermediate 9

Cl HCl
A mixture of cyclopropyl(3,4-dichlorophenyl)methanone oxime (0.16 mol) and Zn (75
g) in acetic acid (750 ml) was stirred at room temperature for 18 hours, then the
reaction mixture was filtered over celite and the filtrate was evaporated. The residue
was stirred in H,O and dissolved, then the solution was treated with Na,CO3 and
extracted with CH,Cl,. The organic layer was separated, dried, filtered and the solvent
was evaporated. The residue was dissolved in 2-propanol and converted into the
hydrochloric acid salt (1:1) with HCl/2-propanol. The precipitate was filtered off,
washed with DIPE, then dried. Yield: 26.8 g of intermediate 9.

b. Preparation of intermediate NH, NH,

Cl
10 and 11 Ci O O O O

Cl Cl
.C,H,0, HCI
Intermediate 10 Intermediate 11

A mixture of (3,4-dichlorophenyl)phenylmethanone oxime (0.132 mol) and Zn (70 g)
in acetic acid ( 700 ml) was stirred at room temperature for 18 hours, then the reaction
mixture was filtered over decalite (to remove Zn) and the filtrate was evaporated. The
residue was dissolved in HyO (+ 150 ml) and converted into the acetic acid salt (1:1).
The precipitate was filtered off and dried. Yield: 31 g of intermediate 10. The filtrate
was treated with Na,CO; and extracted with CH,Cl,. The organic layer was separated,
dried, filtered and the solvent was evaporated. The residue was dissolved in 2-propanol

PCT/EP2005/053937
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and converted into the hydrochloric acid salt (1:1) with HCI/2-propanol. The precipitate
was filtered off and dried. Yield: 5 g of intermediate 11. \

Example A5
a. Preparation of intermediate 12

Cl 0.
Y
: Cl
A solution of intermediate 2 (prepared according to A1l.b) (0.0748 mol) and chloro
acetic acid methyl ester (0.08 mol) in DMF, p.a., dried on molecular sieves, (150 ml)
was stirred at room temperature under N, and Et;N (0.224 mol) was slowly added, then
the reaction mixture was stirred for 20 hours at room temperature and extra chloro
acetic acid methyl ester (3.3 ml) was added. The mixture was stirred for another 20
hours at room temperature and again extra chloro acetic acid methyl ester (2 ml) was
added. The resulting mixture was stirred for 24 hours and then the solids were filtered
off and washed with DMF. Et;0O (800 ml) was added and the mixture was washed 3
times with H,O (500 ml). The organic layer was separated, dried (MgSOy), filtered off
and the solvent was evaporated, then co-evaporated with toluene. The residual oil
(23.4 g) was filtered over silica gel (eluent: CH,Cl,/CH30H 99/1). The product
fractions were collected and the solvent was evaporated, finally co-evaporated with
toluene. Yield: 20.6 g of intermediate 12 (99.7 %).

b. Preparation of intermediate 13
Cl N/\]/O\
S O

Cl
A solution of formic acid (7.5 ml) and intermediate 12 (0.0746 mol) in xylene, p.a.

(225 ml) was stirred and refluxed for 4 hours and then the reaction mixture was allowed
to reach room temperature. The mixture was washed 2 times with H,O (2 x 200 ml),
with a saturated aqueous NaHCO; solution (200 ml) and with brine (200 ml), then the
separated organic layer was dried (MgSOs) and filtered off. Finally, the solvent was
evaporated. Yield: 21.3 g of intermediate 13 (93.9 %)

Example A6
a. Preparation of intermediate 14

Cl

Cl H]/O\
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A mixture of intermediate 5 (prepared according to A2.c) (0.0054 mol), bromo-acetic
acid methyl ester (0.0055 mol) and Et;N (0.006 mol) in DMF (q.s.) was stirred
overnight at room temperature, then poured out into water. This mixture was extracted
with CH,Cl,. The separated organic layer was dried, filtered and the solvent
evaporated. Yield: 1.3 g of intermediate 14 (R-isomer).

b. Preparation of intermediate 15
cl I j: N o
Cl '\(O\
0 (R)

A mixture of intermediate 14 (0.0054 mol) in formic acid (3 ml) and xylene (50 ml)

was stirred and refluxed for 20 hours. The reaction mixture was cooled, washed with
water, dried, filtered and the solvent evaporated. Yield: 1.3 g of intermediate 15
(R-isomer).

Example A7

a. Preparation of intermediate 16 ClD\)
CI Y
Hﬁ\io/ S)

A mixture of intermediate 8§ (0.050 mol), methyl bromoacetate (0.060 mol) and Et;N

(15 ml) in DMF (100 ml) was stirred overnight at room temperature. More methyl
bromoacetate was added, and the reaction mixture was stirred overnight at room
temperature, then poured out into water. This mixturé was extracted with CH,Cl,. The
separated organic layer was dried, filtered and the solvent evaporated. Yield: 12 g of
intermediate 16.

c. Preparation of intermediate 17 CID\)
Ta A
')
A mixture of intermediate 16 (0.05 mol) in formic acid (100 ml) and xylene (150 ml)
was stirred and refluxed for 48 hours. The reaction mixture was cooled, poured out into
water, then extracted with toluene. The separated organic layer was washed with water,
treated with NaHCOs3, dried, filtered and the solvent evaporated. Yield: 13.2 g of

intermediate 17.

PCT/EP2005/053937
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Example A8
Preparation of intermediate 18
Cl
Cl 0
HS N
N OH
O

A solution of intermediate 13 (0.0618 mol) and ethanedioic acid dimethyl ester (0.11
mol) in THF (p.a., dried on molecular sieves) (100 ml) was stirred under N,-atm., then
2-methyl-2-propanol sodium salt (0.066 mol) was added and the reaction mixture was
stirred at room temperature for 18 hours and another for 24 hours. Finally the mixture
was stirred at 60°C for 4 hours. Extra 2-methyl-2-propanol sodium salt (4 g) and extra
ethanedioic acid dimethyl ester (6 g) were added and the reaction mixture was stirred
over the weekend at room temperature. The solvent was evaporated, the residue was
dissolved in H,O (250 ml) and washed 2 times with Et,O. The aqueous layer was
separated and CH3;O0H (200 ml), KSCN (10 g) and HCI (36%, p.a.) (q.s.) were added,
then the mixture was stirred for 18 hours at 60°C. The solvent was partly evaporated
and the concentrate was extracted with CH,Cl,. The organic layer was separated, dried
(MgSQ,), filtered and the solvent was evaporated. The residue (5 g) was purified by
filtration over silica gel (eluent: CHCl,/CH3OH 99/1). The desired fractions were
combined and the solvent was evaporated, then co-evaporated with Hexane/DIPE. The
residue was stirred in Et;O/Hexane and the resulting precipitate was filtered off,
washed with hexane, then dried (vac., 50°C). Yield: 0.28 g of intermediate 18.

Example A9
a. Preparation of intermediate 19 |

Cl
I-[N\/
A solution of intermediate 2 (0.0116 mol) in Et;N (0.013 mol) and DMF p.a. (20 ml)
was stirred on an ice bath. A solution of chloroacetonitrile (0.0128 mol) in DMF p.a.

N

(2.5 ml) was added dropwise. The reaction mixture was stirred at room temperature for
6 hours. Three more portions of chloroacetonitrile were added over the next 68 hours
until the reaction was complete. The precipitate was filtered off. The filtrate was
poured out into Et,O (200 ml) and washed with H,O/NaHCO3 (10%;100 ml) and H,O
(2x). The separated organic layer was dried (MgSOy), filtered and the solvent was
evaporated and co-evaporated with toluene. The residue was purified over silica gel
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(eluent : CH,Cl,/MeOH 99:1). The desired fractions were collected and the solvent
was evaporated and co-evaporated with toluene. Yield : 2.3 g of intermediate 19
(81.6%).

b. Preparation of intermediate 20 cl |

Cl
Ox N_#Z N
A mixture of intermediate 19 (0.00946 mol) and n-butyl-formate (15 ml) was stirred
and refluxed for 4 days. The solvent was evaporated, then co-evaporated with toluene.
Yield: 2.68 g of intermediate 20.

. . . CL
¢. Preparation of intermediate 21

Cl

N

AN

A solution of intermediate 20 (0.0158 mol) in THF p.a. dried on molecular sieves (60
ml) was stirred under N and then ethanedioic acid, bis(1,1-dimethylethyl) ester
(0.0238 mol) was added followed by 2-methyl-2-propanol sodium salt (0.019 mol). The
reaction mixture was stirred for 4 hours at room temperature and extra

HS N.
)

2-methyl-2-propanol sodium salt (0.4 g) was added. The mixture was stirred for 2 hours
at room temperature and the solvent was evaporated. The residue was dissolved in
CH;0H (40 ml) and a solution of thiocyanic acid, potassilim salt (0.0474 mol) in H,O
(20 ml) was added, then HC] 36% (2 ml) was added and the reaction mixture was
stirred for 18 hours at room temperature. The mixture was further stirred at 50°C for 24
hours, poured out into ice-water (150 ml) and extracted with CH,Cl;. The organic layer
was separated, dried (MgSO,), filtered off and the solvent was evaporated. The residue
was purified by column chromatography over silica gel (eluent: CH,Cl,/CH;0H
99.5/0.5). The product fractions were collected and the solvent was evaporated. The
residue was purified by reversed phase high-performance liquid chromatography. The
product fractions were collected and the organic solvent was evaporated. Precipitation
occurred, so the aqueous concentrate was filtered. The filtrate was extracted with
CH,Cl,, dried (MgS0,), filtered off and the solvent was evaporated. The residue was
stirred in DIPE, then the resulting solids were filtered off, washed and dried (vac.) at
50°C. Yield: 0.28g of intermediate 21, melting point 172.7-175.2°C.

. . . Cl
d. Preparation of intermediate 22 .
Cl

HS\rN N

uf(o

o}

H
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Trifluoroacetic acid (2 ml) was added to a stirring solution of intermediate 21 (0.0015
mol) in CH,Cl, p.a. (25 ml), then the reaction mixture was stirred for 18 hours at room
temperature (precipitation) and left to stand for 24 hours. The resulting precipitate was
filtered off, washed with a small amount of CH,Cl, and a lot of DIPE and finally dried
(vacuum) at 50°C. Yield: 0.45 g of intermediate 22.

Example A10

a. Preparation of intermediate 23 Ct
Cl

N

Il

C

Il

S

N-ethyl-N-(1-methylethyl)-2-propanamine (0.1 mol) was added to a stirring mixture of
intermediate 2a (0.0415 mol) in CH,Cl,, p.a. (100 ml) under N,. After 15 minutes of
stirring, the reaction mixture was put on an ice bath and a solution of carbonothioic
dichloride (0.0457 mol) in CH,Cl,, p.a. (15 ml) was added dropwise at 0°C. The
mixture was stirred at 0°C for 30 minutes and at room temperature for 18 hours, then
extra N-ethyl-N-(1-methylethyl)-2-propanamine (9 ml) was added and the resulting
mixture was stirred for 2 hours. The mixture was washed 2 times with H,O, once with
HCI (IN) and again with H;O. The organic layer was separated, dried (MgSOy),
filtered off and the solvent was evaporated, then co-evaporated with toluene. The
residue was purified by column chromatography over silica gel (eluent: CH,Cl,/Hexane
15/85). The product fractions were collected and the solvent was evaporated. Yield:
7.4 g of intermediate 23 (72.4 %).

b. Preparation of intermediate 24 ct

Cl
H

HN._ N

TT ™
S O O/

Beta-oxo-phenylalanine methyl ester monohydrochloride (0.00175 mol), followed by
K>CO5 (0.00175 mol) and then H,O (5 ml) were added to a solution of intermediate 23
(0.00175 mol) in THF (20 ml) and the reaction mixture was stirred at room temperature
for 18 hours. The mixture was poured out into HO (50 ml) and extracted with CH,Cl.
The organic layer was separated, dried (MgSOy), filtered off and the solvent was
evaporated. The residue was purified by flash column chromatography (eluent:
CH,Cl,/CH3;0H). The product fractions were collected and the solvent was evaporated.

Yield: 0.095 g of intermediate 24 (12.4 %).

PCT/EP2005/053937
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c. Preparation of intermediate 25

Cl
NN N7
=

Cl

A solution of intermediate 24 (0.0002 mol) in acetic acid (6 ml) was stirred for 18
hours in a sealed tube at 100°C, then the reaction mixture was allowed to reach room
temperature and was poured out into H;O. CH,Cl, was added, then a saturated K,COs3
solution was added until a clear biphasic solution was formed. The organic layer was
separated, dried (MgSQ,), filtered off and the solvent was evaporated, then co-
evaporated with toluene. The residue was purified by high-performance liquid
chromatography over RP-18 (eluent: (10 % NH4OAc in H;O)/CH;0H/CH3CN). The
product fractions were collected and the solvent was evaporated for 50%. The
concentrate was extracted with CH,Cl, and the separated organic layer was evaporated.
Yield: 0.011 g of intermediate 25.

B. Preparation of the final compounds
Example B1

Preparation of compound 1 O/
Cl
ﬁ ’
Cl s~ "N "NH,
o

A mixture of intermediate 18 (0.0025 mol) in +-BuOH (10 ml) was stirred at room
temperature and then Et;N (0.00375 mol) and diphenyl phosphorazidic acid (0.00325
mol) were added. The reaction mixture was stirred for 20 hours at 85°C and the solvent

was evaporated under a stream of N, at 50°C. The obtained residue was stirred in a
mixture of 2-propanol (10 ml) and HCl/2-propanol (2 ml) for 90 minutes at 80-90°C
and then the solvent was evaporated. The residue was dissolved in H,O, treated with
NaHCO; and extracted with CH,Clp/CH30H (90/10). The organic layer was separated,
dried, filtered off and the solvent was evaporated. The residue was filtered over silica
gel (eluent: CH,Cl,/CH30H 98/2). The product fractions were collected and the
solvent was evaporated. The residue was stirred in DIPE, then the resulting precipitate
was filtered off and dried. Yield: 0.168 g of compound 1 (m.p.: 183.9-184°C).

PCT/EP2005/053937
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Example B2

Preparation of compound 2 O/
Cl
i—f ’
Cl S N NH
H )\
(0]

A mixture of compound 1 (prepared according to B1) (0.00028 mol) in acetyl acetate (2

ml) was stirred for 2 hours at 90°C and then the solvent was evaporated. The residue
was stirred in H,O, extracted with CH,Cl, and treated with NaHCOj3. The organic
layer was separated, dried, filtered off and the solvent was evaporated. The obtained
residue was filtered over silica gel (eluent: CH,Cl,/CH30H 99/1). The product
fractions were collected and the solvent was evaporated. The residue was filtered again
over silica gel (eluent: CH,Cl/CH30OH 99/1). The product fractions were collected and
then the solvent was evaporated and the residue was dried. Yield: 0.018 g of

compound 2.
Example B3
Preparation of compound 3 O/
ClL
Jff ’

N

H
O)\(\ N
NS

A mixture of pyrazinecarboxylic acid (0.0005 mol), N’-(ethylcarbonimidoyl)-N,N-
dimethyl-1,3-propanediamine (0.0005 mol) and 1-hydroxy-1H-benzotriazole (0.0005
mol) in DMF (5 ml) was stirred for 15 minutes at room temperature and compound 1
(prepared according to B1) (0.0005 mol) was added, then the reaction mixture was
stirred for 3 hours at room temperature and stirred for 18 hours at 60°C. Extra
pyrazinecarboxylic acid (0.0005 mol), N’-(ethylcarbonimidoyl)-N,N-dimethyl-1,3-
propanediamine (0.0005 mol) and 1-hydroxy-IH-benzotriazole (0.0005 mol) were
added, followed by N,N-dimethyl-4-pyridinamine (0.001 mol) and the resulting mixture
was stirred for 5 hours at room temperature. After stirring the mixture for 38 hours at
60°C, it was poured out into H,O. The formed precipitate was filtered off and washed
with H,O, then stirred in H,O and extracted with CH,Cl,. The organic layer was
separated, dried, filtered off and the solvent was evaporated. The residue was filtered
over silica gel (eluent: CH,Cl,/CH30H 99/1). The product fractions were collected and
the solvent was evaporated. The residue was stirred in DIPE, then the resulting
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precipitate was filtered off and dried. Yield: 55 mg of compound 3 (m.p.: 196.9-
198.6°C).

Example B4

Preparation of compound 4 o~
Cl S N NH
H
o)\/
A mixture of compound 1 (§SmM), propionylchloride (15 mM) and triethylamine (15
mM) in 20 ml CH,CI, were stirred for 2 hours at 0°C. The solvent was evaporated and

the residue was purified by reversed phase chromatography. The pure fractions were
collected and the solvent was evaporated. The residue was dried. Yield: 10 mg of

compound 4.
Example BS
Preparation of compound 13 O/
Cl
ﬁ °

Cl S

A mixture of tetrahydro-3-furancarboxylic acid (0.001 mol), N’-(ethylcarbonimidoyl)-
N,N-dimethyl-1,3-propanediamine (0.001 mol), 3-oxide-H-benztriazole (0.001 mol)
and N,N-dimethylformamide (7 ml) was stirred for 15 minutes at room temperature.
N,N-dimethyl-4-pyridinamine (0.001 mol) and final compound 1 (prepared according
to B1) (0.0005 mol) were added and the mixture was stirred for 20 hours at 60 °C. The
mixture was poured out into water. The mixture was extracted with toluene. The
organic layer was separated, dried, filtered and the solvent was evaporated. The
residue was purified over silica gel on a glass filter (eluent: CH2Cl,/CH30H 99/1). The
product fractions were collected and the solvent was evaporated. The residue was
stirred in DIPE. The precipitate was filtered off and dried. Yield: 0.046 g of final
compound 13.

PCT/EP2005/053937
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Example B6
Preparation of compound 14

X
S N
0 N&N
\—/
A mixture of final compound 1 (prepared according to B1) (0.0027 mol), CDI (0.01
mol) and CH,Cl, (25 ml) was stirred at room temperature for 20 hours under N;.

The solvent was evaporated. The crude residue was used. Yield: 1.22 g of final

compound 14.

Example B7

a) Preparation of compound 15

n*

Reaction under N; flow. A mixture of final compound 14 (prepared according to B6)
(0.0005 mol) and CH30H (3 ml) was stirred for 3 hours at room temperature. The
solvent was evaporated. The residue was purified over silica gel on a glass filter
(eluent: CH,Cl,/CH30H 99/1). The product fractions were collected and the solvent
was evaporated. Yield: 0.070 g of final compound 15.

n*
w

A mixture of final compound 14 (prepared according to B6) (0.00025 mol), 2,2-

b) Preparation of compound 16

dimethoxyethanamine (0.003 mol) and THF (5 ml) was stirred for 20 hours at room
temperature. The solvent was evaporated. The residue was purified by revered-phase
high performance liquid chromatography. The product fractions were collected and the
solvent was evaporated. The residue was dried. Yield: 0.013 g of final compound 16.
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¢) Preparation of compound 17 )
Cl
ﬂg ’
Cl S N NH
H

Reaction under N, flow. A mixture of final compound 14 (prepared according to B6)
(0.0005 mol), benzenemethanamine (0.005 mol) and THF (3 ml) was stirred for 3 hours
at room temperature. The solvent was evaporated. The residue was purified two times
over silica gel on a glass filter (eluent gradient: CH,Cl,/CH3O0H 98/2 and 99/1). The
product fractions were collected and the solvent was evaporated. The residue was
purified by reversed-phase high performance liquid chromatography. The product
fractions were collected and the solvent was evaporated. The residue was dried.

Yield: 0.005 gof final compound 17.

d) Preparation of compound 18 0]
Cl
N
A I'
Cl S E )N\H

~
6]

N O
N/

A mixture of final compound 14 (prepared according to B6) (0.00025 mol), morpholine
(0.003 mol) and THF (3 ml) was stirred for 20 hours at room temperature. The solvent
was evaporated. The residue was purified by reversed-phase high performance liquid
chromatography. The product fractions were collected and the solvent was evaporated.
The residue was dried.  Yield: 0.040 g of final compound 18.
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Tablel lists the compounds of formula (I) which were prepared according to one of the

above examples (Ex. No.)

Table 1
O/
Cl
N— o
Cl S)\N N"_RIO
H H
Comp.| Exp. Ry Physical data (m.p.=
No. | No. melting point)
Bl H m.p. 183.9-184°C
0O
2 | B2
A
3 | B3 7 m.p. 196.9-198.6°C
N~
4 | B4 1)0]\/
5 | B3 0
A
I Va
6 | B3 0 m.p. 200-200.1°C
| N
=N
7 | B4 0 m.p. 182.3-182.4°C
e
8 | B3 't .
oY
N
(0}
9 | B3 m.p. 186.3-187.4°C
‘LJ\F
L J
N
10 | B4 it
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O/
Cl
S
Cl N N—R
H H 10
Comp.| Exp. Rio Physical data (m.p.=
No. | No. melting point)
11 | B4 0
m
12 | B3 ?
s
S
13 | BS I/(u)\@ mp.124.6-125.5°C
O
19 | B5 m m.p.156.2-157.3°C
14 | B6 %
Ko,
15 | B7.a 0
O/
16 | B7b %‘f\ |
0
N
H
O~
17 | B7c 1%
<D
H
18 | B7d P
BN
Lo
20 | B7.d LHO‘\
(N
21 | B7d L))\
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o
Cl
.
cl s)\g N—Ryg
Comp.| Exp. Rio Physical data (m.p.=
No. | No. melting point)

22 | B7d

eve
23 | B7d ug?\(j

C. Analvtical Part

LCMS conditions

The HPLC gradient was supplied by a Waters Alliance HT 2790 system with a
columnheater set at 40°C. Flow from the column was split to a Waters 996 photodiode
array (PDA) detector and a Waters-Micromass Z(Q mass spectrometer with an
electrospray ionization source operated in positive and negative ionization mode.
Reversed phase HPLC was carried out on a Xterra MS C18 column (3.5 pm, 4.6 x 100
mm) (12 minutes column) with a flow rate of 1.6 ml/minutes. Three mobile phases
(mobile phase A : 95% 25mM ammoniumacetate + 5% acetonitrile; mobile phase B:
acetonitrile; mobile phase C: methanol) were employed to run a gradient condition
from 100 % A to 50% B and 50% C in 6.5 minutes, to 100 % B in 1 minute, 100% B
for 1 minute and reequilibrate with 100 % A for 1.5 minute. An injection volume of 10
UL was used.

Mass spectra were acquired by scanning from 100 to 1000 in 1s using a dwell time of
0.1 s. The capillary needle voltage was 3kV and the source temperature was maintained
at 140°C . Nitrogen was used as the nebulizer gas. Cone voltage was 10 V for positive
ionzation mode and 20 V for negative ionization mode. Data acquisition was performed

with a Waters-Micromass MassLynx-Openlynx data system.

PCT/EP2005/053937
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Table 2 : LCMS parent peak ([M*] defines the exact mass of the compound) and

retention time (minutes)

Comp. No. (M+] Retention time
2 401 5.79
4 415 1.10
8 469 5.80
10 463 6.28
11 453 6.03
12 464 6.29
18 473 5.85
23 471 6.35
22 562 6.58
21 457 7.13
20 586 5.88
17 491 6.53
15 418 5.77
16 491 5.5

D. Pharmacological example

Inhibition of MCP-1 induced Ca-flux in human THP-1 cells

MCP-1 binding to the CCR2 receptor induces a rapid and transient intracellular release
of Ca®* (secondary messenger) in several cell lines (Charo ef al, PNAS 1994). Free
Ca”* levels can be measured using a Ca>* sensitive dye. When the CCR2 receptor is
blocked with a CCR2 receptor antagonist, the MCP-1 induced release of Ca*is
inhibited.

Human THP-1 cells (monocytic cell line, ATCC TIB-202) were cultured in RPMI 1640
medium supplemented with 10 % fetal calf serum (FCS), 1% L-Glutamine, penicillin
(50 U/ml) and streptomycin (50 pg/ml) (all GIBCO BRL, Gent). After centrifugation,
cells were loaded for 30 minutes with the Ca* sensitive fluorescent dye Fluo-3 AM
(Molecular Probes, Leiden, Netherlands) (2 million cells/ml in RPMI medium
containing 4 UM Fluo-3 AM, 20 mM HEPES, 0.1 % Bovine Serum Albumin (BSA)
and 5 mM probenecid). Excess dye was removed by 3-fold washing with buffer (5 mM
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HEPES, 140 mM NaCl, I mM MgCl,, 5 mM KCl, 10 mM glucose, 2.5 mM
probenecid, 1.25 mM CaCly, 0.1 % BSA,; all further incubations were done in this
buffer). Cells were plated at a density of 150 000 cells/well in dark-wall 96-well plates
(Costar, Cambridge, MA) and sedimented by centrifugation (1 minute). The cells were
pre-incubated for 20 minutes with test compound. Then, 107 M hMCP-1 (Bachem,
Bubendorf, Switserland) was added. Changes in intracellular free Ca®* concentration
were measured using the Fluorescent Imaging Plate Reader (FLIPR, Molecular
Devices, Munchen, Germany). Fluorescence was recorded every second from 10
seconds before the addition of the MCP-1 till 2 minutes after the addition (first minute:
60 records with 1 second intervals, second minute 20 records with 3 second intervals).
The maximal fluorescence obtained during this time frame was used for further

calculations.

Table 3 reports pICsy values obtained in the above-described test for compounds of
formula (I). pICsp defines —log ICso wherein ICsq is the molar concentration of the test
compound which inhibits 50 % of specific MCP-1 induced Ca*" flux.

Table 3
Comp. No. pPICso
1 7.2
2 73
3 7.1
4 6.9
5 6.7
6 6.9
7 6.8
8 6.3
9 6.7
10 6.7
11 7.6
12 7.4
13 7.1
15 7.8
16 6.6
17 6.2
18 7
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Comp. No. pICso
19 7.1
20 6.5
21 6.9
22 6.4
23 6.8

PCT/EP2005/053937
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Claims
1. A compound of formula
( TRy
Z &
R
N ®
HN
NH-Ryg

5 aN-oxide, a pharmaceutically acceptable addition salt, a quaternary amine or a

stereochemically isomeric form thereof, wherein

R1 represents hydrogen, C;galkyl, Cs.scycloalkyl, C;salkyloxyC;ealkyl,
di(C,¢alkyl)aminoC, galkyl, aryl or heteroaryl;

each R, independently represents halo, Cysalkyl, C;_salkyloxy, C;.salkylthio,

10 polyhaloC; ealkyl, polyhaloC, ¢alkyloxy, cyano, aminocarbonyl, amino, mono-or

di(C,.salkyl)amino, nitro, aryl or aryloxy;

Rj3 represents cyano, C(=0)-O-Rs, C(=0)-NRgRep, or C(=0)-R7; or

a cyclic ring system selected from
H H

Rg. N R&O N
XS\N O. Ry K N N
\
M_{f \g_z/ 5\1_/ Rg R\_I_// ‘_l_/ R, §|ﬁ
(a-1) (a-2) (a-3) (a-4) (a-5) (a-6)
1}8
\\
g\I—(/)] Rs Rg \_|_/ ‘_| \g—N \\_ /]
Rg R9
(a-7) (a-8) (a-9) (a-10) (a-11) (a-12)
15
Ry
ooty ool W
. /
\’I xN N/ /\R9 N—O
Ry
(a-17)

(a-1 3) (a-14) (a-15) (a-16)
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NS g

R

(a-18)

R4 represents hydrogen or C, galkyl;

Rs represents hydrogen, Cy.¢alkyl, hydroxyC; galkyl, Cs.¢alkenyl, C,galkynyl,
polyhaloCi galkyl, C;.galkyloxyC;j_salkyl optionally substituted with C;_salkyloxy,
aminoC,.¢alkyl, mono-or di(C,.salkyl)aminoC,.salkyl, aminocarbonylC,.salkyl,
mono-or di(Cj_salkyl)aminocarbonylC, ¢alkyl, aryl or arylC;_galkyl;

Rs, and Rgy, each independently represent hydrogen, C;.galkyl, amino, mono-or
di(Cj.4alkyl)amino, aryINH-, aminoCj_salkyl, mono-or di(C;_salkyl)amino-
Ci.salkyl, Cj.galkylcarbonylamino, aminocarbonylamino, Cy.salkyloxy,
carbonylamino or hydroxyCj_salkyl; or

Rea and Rep, taken together with the nitrogen to which they are attached form
pyrro]idinyl, imidazolidinyl, pyrazolidinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl or piperazinyl substituted with C,_salkyl;

R7 represents hydrogen, C;salkyl, hydroxyCi.salkyl, C, ¢alkenyl, C;.salkynyl,
polyhaloC,_galkyl, C;_salkyloxyC;.¢alkyl, aminoC;_salkyl, mono-or
di(C;.4alkyl)aminoCi.galkyl, aminocarbonylC, ¢alkyl, mono-or
di(C;.salkyl)aminocarbonylC; galkyl, aryl or heteroaryl;

- each Rg independently represents hydrogen, halo, Ciealkyl, C;.¢alkyloxy,

polyhaloCi_ealkyl, polyhaloC,.salkyloxy, cyano, aminocarbonyl, mono-or
di(C;-4alkyl)aminocarbonyl, amino, mono-or di(C;.4alkyl)amino,
hydroxyCi_salkylamino, aryl, aryloxy, piperidinyl, piperidinylamino, morpholinyl,
piperazinyl or nitro;

each Ry independently represents hydrogen, halo or Cy_salkyl;

Rjg represents hydrogen, C;_salkyl, Cysalkylcarbonyl, Cy.¢alkyloxycarbonyl,
arylcarbonyl, heteroarylcarbonyl, -C(=0)-NH-Rs, -C(=S)-NH-Rs or -S(=0),-Rs;

nis1,2,3,4o0r5;

aryl represents phenyl or phenyl substituted with one, two, three, four or five
substituents each independently selected from halo, Cy.salkyl, C;_¢alkyloxy,
polyhaloC,_salkyl, polyhaloC,.¢alkyloxy, cyano, aminocarbonyl, mono-or
di(C;.salkyl)aminocarbonyl, amino, mono-or di(C;.4alkyl)amino, phenyloxy or
nitro;

heteroaryl represents pyrrolidinyl, tetrahydrofuranyl, imidazolidinyl, pyrazolidinyl,
pyrrolinyl, imidazolinyl, pyrazolinyl, furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl,
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pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl, piperidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, each of said heterocycles optionally being substituted with one or
two substituents each independently selected from halo, Cy_¢alkyl, Cj¢alkyloxy,
polyhaloC; galkyl, polyhaloCi_galkyloxy, cyano, aminocarbonyl, mono-or
di(Cy.salkyl)aminocarbonyl, amino, mono-or di(Cj.4alkyl)amino, nitro or

arylCy_galkyl.

2. A compound according to claim 1 wherein

Rs represents hydrogen, C; galkyl, hydroxyCi.salkyl, C;.galkenyl, C, ¢alkynyl,
polyhaloC; ¢alkyl, Cy.¢alkyloxyCi.ealkyl, aminoC;_ealkyl, mono-or
di(C;.salkyl)aminoC;.galkyl, aminocarbonylCj.¢alkyl, mono-or
di(C;_4alkyl)aminocarbonylC;¢alkyl, aryl or arylCy.¢alkyl;

Ryo represents hydrogen, Cy_¢alkyl, Ci.salkylcarbonyl, arylcarbonyl, heteroarylcarbonyl,
-C(=0)-NH-Rs, -C(=S)-NH-Rs or —S(=0),-Rs;

heteroaryl represents furanyl, thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl,
pyrazolyl, isoxazolyl, isothiazolyl, oxadiazolyl, triazolyl, thiadiazolyl, pyridyl,
pyridazinyl, pyrimidinyl, pyrazinyl, each of said heterocycles optionally being
substituted with one or two substituents each independently selected from halo,
Ci.salkyl, Cjealkyloxy, polyhaloC;¢alkyl, polyhaloC; alkyloxy, cyano,
aminocarbonyl, mono-or di(C;_salkyl)aminocarbonyl, amino, mono-or

di(C;.salkyl)amino or nitro.

3. A compound according to claim 1 or 2 wherein the compound is a compound of

formula
\/ (RZ)n
/ R,
Oy

s==§;iEZT’R3

NH-Ry

@

a N-oxide, a pharmaceutically acceptable addition salt, a quaternary amine or a

stereochemically isomeric form thereof.

4. A compound according to any one of the preceding claims wherein R3 represents
C(=0)-O-Rs.

PCT/EP2005/053937
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5. A compound according to any one of the preceding claims wherein R, represents
hydrogen, C;¢alkylcarbonyl, C;.salkyloxycarbonyl, arylcarbonyl, heteroarylcarbonyl,
or -C(=0)-NH-Rs.

6. A compound according to claim 5 wherein R;q represents C;_galkylcarbonyl,
Ci.salkyloxycarbonyl, arylcarbonyl, heteroarylcarbonyl, or -C(=0)-NH-Rs.

7. A compound according to claim 6 wherein R, represents Cj.galkylcarbonyl,
arylcarbonyl or heteroarylcarbonyl.

8. A compound according to any one of the preceding claims wherein n is 2.
9. A compound according to any one of the preceding claims wherein R? is halo.
10. A compound according to any one of the preceding claims wherein R, is Cy_galkyl.

11. A compound according to any one of the preceding claims wherein R4 represents
hydrogen.

12. A compound according to claims 1, 3 to 11 wherein Rs represents C;_galkyl,
arylCj.galkyl or C;¢alkyloxyC, salkyl optionally substituted with Cy_galkyloxy.

13. A compound according to any one of the preceding claims wherein Rs represents
Ci.salkyl, arylC;_galkyl or Cy.¢alkyloxyC, salkyl.

14. A compound according to claim 1 wherein
R, represents Cj_salkyl; R, represents halo; Rz represents C(=0)-O-Rs; Ry represents
hydrogen, C.¢alkylcarbonyl, C,.salkyloxycarbonyl, -C(=0)-NH-Rs, arylcarbonyl or

heteroarylcarbonyl; R4 represents hydrogen; n is 2.

15. A compound according to claim 1 wherein the compound is

O/

PP e s

H H
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a N-oxide, a pharmaceutically acceptable addition salt, a quaternary amine or a

stereochemically isomeric form thereof.
16. A compound as claimed in any one of the preceding claims for use as a medicine.

17. Use of a compound as claimed in any one of claims 1 to 15 for the manufacture of a
medicament for preventing or treating a disease mediated through activation of the
CCR2 receptor.
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18. Use according to claim 17 wherein the disease is an inflammatory disease.

19. A pharmaceutical composition comprising a pharmaceutically acceptable carrier,
5  and as active ingredient a therapeutically effective amount of a compound as claimed in

any one of claims 1 to 15.

20. A process of preparing a composition as claimed in claim 19 characterized in that a
pharmaceutically acceptable carrier is intimately mixed with a therapeutically effective
10  amount of a compound as claimed in any one of claims 1 to 15.

21. A process of preparing a compound as defined in claim 1 characterized by
a) reacting an intermediate of formula (II) with phosphorazidic acid diphenyl ester

in the presence of a suitable base and a suitable solvent

\ VLR, =L R

4 R, \ Y N

Rl Rl

N
R; —_— N R,
S

L L

C(=0)-OH NH,
15 a ()

with Ry, Ry, Rs, R4 and n as defined in claim 1;

b) reacting a compound of formula (I-a) with an intermediate of formula (IIT)

\/(Rz)n ' \ \/(RZ)n
/
R4 / R4
Rl Rl
N, Rs + C,6alkyl-C(=0)-0-C(=0)-C{ galkyl —» N R,
== s=<
HNI HNI
NH, NH—C(=0)-C |-galkyl
am
(1) (-b)
20 with Ry, Ry, R3, R4 and n as defined in claim 1;

¢) reacting a compound of formula (I-a) with an intermediate of formula (IV) in the

presence of suitable coupling agent, a suitable solvent, and a suitable base,
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I
\ P (Ry)y \ // Ry
2. N
R
R 1
N IR + PR OH —— No__r,
S=< 3 S‘——(I
HNI HN
NH, ‘ NH—R g,

Iv)
(I-a) (<)
with Ry, Ry, R3, R4 and n as defined in claim 1 and with Ry, representing
Ci.¢alkylcarbonyl, C;salkyloxycarbonyl, arylcarbonyl or heterocarbonyl;

5 d) reacting a compound of formula (I-a) with an intermediate of formula (V) in the
presence of a suitable base and a suitable solvent,
== P (Rz)n \/ (RZ)n
/
7 R,
R
R 1
N. ! + RlOa _Wl > N. R
s=< Ry S=< ) 3
HN | HN
NHZ NH—RIUa
V)

(I-a) dI-<)

with Ry, R, R3, Rq and n as defined in claim 1, with Ry¢, representing
Cj.¢alkylcarbonyl, C,.salkyloxycarbonyl, arylcarbonyl or heteroarylcarbonyl and
10 with W representing a suitable leaving group;

e) reacting a compound of formula (I-a) with 1,1’-carbonyldiimidazole in the

presence of a suitable solvent,

o (Rahn

=) Ry, \ //
\ Vi R, 0 /\| 1;4
7 || 1

. R, + \ §/N 1‘\% — N

. o=
g S
HNIN " ?\ D

(I-c-1)
(l-a)

15 with Ry, Ry, R3, Ry and n as defined in claim 1;
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f) reacting a compound of formula (I-c-1) with morpholine in the presence of a
suitable solvent,

R, TR
/ R, 7 R,
R; /\ . R,
N + H—N 0 N R
R S 3
S=( / 3 \_/ :< /
HN HN
NH7 ‘ NH7\
0o N/B 0 N/w
(Ic-1) \§N (I-c-2) I\/O
with Ry, Ra, R3, R4 and n as defined in claim 1;
g) reacting a compound of formula (I-c-1) with Cy.¢alkyl-OH
\/(Rz)n \ \/ Ra)g
/ R, Z Ry
f CalkyloH ~ —> N o
N +  LiealKylH R
Ry S:(I 3
= /
HN—Z/ HN -
NH OZ N/x 0'2 O-Cl-ﬁalkyl
(1-¢c-1) \\ (I-¢-3)

with Ry, Rz, R3, R4 and n as defined in claim 1;

h) reacting a compound of formula (I-a) with Rs,-N=C=0 respectively Rs,-N=C=S
in the presence of a suitable solvent and optionally in the presence of a suitable

base,
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\/ (RZ)II \/ (Rl)n
/
/ R, R,
Ry

Ry . Rsm—N=C=—70 —»

s=( ‘NIRB S:H{\I iZ/R3

HN:
NH, NH—C(=0)-NHRs,
(L-a) ()
==
R, D¢ Rl
7/
/ R, Ry
R

Ry Rs—N=C==S — »

s=( IRg, S=H(N TZ/%

“NH—C(=S)NHRs,

(I-2) )

with Rj, Rz, R3, Rq and n as defined in claim 1 and with Rs, representing Rs as

defined in claim 1 but other than hydrogen;

5 1) reacting a compound of formula (I-c-1) with NH,- Rs;, in the presence of a suitable
solvent,
=
~ P (RZ)n
/ (Rl)n \ /
/ R,
Ry R,

pO G L
HN NH—C(=0)-NH-Rs,
NH-7\

N/S ’ (Id-1)

(c-1)
with R;, Ry, R3, R4 and n as defined in claim 1 and with Rs, represents arylCy.galkyl

or C; galkyloxyC,_ ¢alkyl optionally substituted with C;.galkyloxy;

10 .
j) reacting a compound of formula (I-a) with Ws-N=C=0 respectively W5s-N=C=S

in the presence of a suitable solvent and optionally in the presence of a suitable

base, followed by reaction with a suitable acid,
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15

\/ (RZ)H

Ry

N.

s=(IR3
HN

NH,

(-a)

=) ®Ry),

7

R4
R

NH,

(I-a)
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WS_N=C=O —_—

w 5—N=C=S EE— N

S== / Rs
HN
NH—C(=S)-NH;

Ig

with Ry, Ry, R3, Ry and n as defined in claim 1 and with W5 representing a suitable

leaving group;

k) reacting a compound of formula (I-a) with an intermediate of formula W,-S(=0),-Rs

in the presence of a suitable base and a suitable solvent,

Ry

/

Ry
R;
N

NH,

(I-a)

\/ (R?,)n

7

R4
Ry

S =<NIR3

W,—S(=0)y-Rsy ——

HN
NH—‘S(=0)2-R5

(-h)

with Ry, Rz, R3, Ry, Rs and n as defined in claim 1 and with W representing a suitable

leaving group;

or, if desired, converting compounds of formula (I) into each other following art-known

transformations, and further, if desired, converting the compounds of formula (I), into a

therapeutically active non-toxic acid addition salt by treatment with an acid, or into a

therapeutically active non-toxic base addition salt by treatment with a base, or

conversely, converting the acid addition salt form into the free base by treatment with
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alkali, or converting the base addition salt into the free acid by treatment with acid; and,

if desired, preparing stereochemically isomeric forms, quaternary amines or N-oxide
forms thereof.
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