WO 2009/003590PCT/EP2008/004928 A process for the palladium-catalyzed coupling of terminal
alkynes with heteroaryl tosylates and heteroaryl benzenesulfonates Field of the Invention 5 The
present invention relates to a process for the regioselective synthesis of cg %%Q%%((’)fg%lge formula (1),
nH I-w W%Qéﬂ?wﬂasg%d W have the meanings indicated below and which are Userur as
10intermediates for the preparation of valuable pharmaceutically active ingredients. Background of the
Invention The present invention relates to an efficient and general palladium-catalyzed, regioselective
process for the preparation of a wide variety, of multifunctionally 15substituted aromatic

heteroary]-1-alkynes of the formula % tarting from.aromatic heterqaryl tosylates and terminal
alkynes. Iﬁ*e‘?é?&gﬁf‘l-%mﬁ ﬂlHEP”a fﬁ%%?éﬁ??gl%ngéiieyr@% ?éi?é'}l('n grﬁteﬁdlgaefteegé?n/ei ability of the
alkyne meieiyiaiéinterdnestietesof bbe fonasibfdtratadectively react with various electrophiles or
nucleophiles with or without catalytic assistance of acids or bases or 20transition metal is well known
to those skilled in the art. Thus, heteroaryl-1-alkynes are valuable synthetic precursors for a wide
variety of bigidrafdheplowrdtitasses, like for example heteroaromatic analogues of indoles,
benzgfuranes, benzothiophenes, isoquinolines, N-oxide isoquinolines, acetophenones, benzoic acids,
heteroarylalkenyls, naphthalenes, cinnolines, chromenones and isocoumarins. In addition,

25heterodrye-Reseyhdavantior rEigien o2 prrsesadeliaaretertiyratiatesii®Several reports
documentthaaaivdly anrevereML{Ipiological targets, as well as the fact that several
heteroaryl-1-alkynes are in development or are marketed as drugs (J B. G. Czito, T. J. Hong, D. P.
Cohen, W/P. Petros, D. S. Tyler, T. N. Pappas, D. L. Yu, C. G. Lee, A. C. Lockhart, M. A. Morse, N.
Fernando} H. DHpurwitz, Cancer Invest. _

| " Q)

J-W
wherein D, J and W have the meanings indicated below and which are usefui as
10 intermediates for the preparation of valuable pharmaceutically active ingredients.

Background of the Invention
The present invention relates to an efficient and general palladium-catalyzed,
regioselective process for the preparation of a wide variety, of multifunctionally

15  substituted aromatic heteroaryl-1-alkynes of the formula (1) starting from aromatic
heteroaryl tbsyiates and terminal alkynes.
Heteroaryl-1-alkynes play an important role as key synthetic intermediates. The ability
of the alkyne moiety of intermediates of the formula | to selectively react with various
electrophiles or nucleophiles with or without catalytic assistance of acids or bases or

20 transition metal is well known to those skilled in the art. Thus, heteroaryi-1-alkynes are
valuable synthetic precursors for a wide variety of other compound classes, like for
example heteroaromatic anaiogues of indoles, benzofuranes, benzothiophenes,
isoquinolines, N-oxide isoquinolines, acetophenones, benzoic acids, heteroaryl-
alkenyls, naphthalenes, cinnolines, chromenones and isocoumarins. in addition,

25  heteroaryl-1-alkynes are well known as pharmaceutically active ingredients and
several reports document the activity on a variety of biological targets, as well as the
fact that several heteroaryl-1-alkynes are in development or are marketed as drugs (J
B. G. Czito, T. J. Hong, D. P. Cohen, W. P. Petros, D. S. Tyler, T. N. Pappas, D. L. Yy,
C. G. Lee, A. C. Lockhart, M. A. Morse, N. Fernando, H. |. Hurwitz, Cancer Invest.



WO 2009/003590PCT/EP2008/004928 2 2006, 24, 9-17; J. J. Reid, Curr. Opin. Invest. Drugs 2001, 2,
68-71, Y. !so, E. Grajkowska, J. T. Wroblewski, J.Davis, N. E. Goeders, K. M. Johnson, S. Sanker, B.
L. Roth, W. Tueckmantel, A. P. Kozikowski, J. Med. Chem. 2006, 49, 10896}}’!&9&T&?99§e of
heteroaryl-lwéﬂeyﬁ%’ggfg’%?f course not limited to the above-mentioned 5pharmaceutical application. For
example it is well known that heteroary1-1-alkynes can be useful in agricultural applications like for
example as herbicides, fungicides, nematicidals, parasiticides, insecticides, acaricides and
arthropodicides. In addition they are used as diagnostic agents, liquid crystals and in polymers. Among
the synthetic repertoire for the preparation of heteroar 1-1-aa£}r§/ t%(_ t ition metal catalyzed
formationmegé(gﬁi-ﬁ(%pb)%ﬂdcﬂgh &f‘tﬁg‘f?&g%r&@? (ﬁtﬁ\?a gyk(eq 'rr%?egél'?g'by far the most
commonlypsrewsiaiedyT FarrthirwekasOanis) dlos Gassitisn KdihloitageredodaskesuBliby
methodologies hetween a heteroaryl halide or heter ' N L9398 eigis alkyne involving
for exam %‘is@?‘eﬁufﬂg?ﬁm%béﬂg%zﬁg?w asr‘fg gilﬁ%é%@%@s’ av%’beén devel_ope'c;. In 15 contrast
to these rMrethads tidpaitadiyhi-cdkglyzs is afcoptisnadl ltojpe te dheabRve-medianedupling of an
e S AL RIS B LAt R A IR AN S YLPSUGAES can

("Sonogashira coupling urned out to be one of the most powerful and straightforward methods
for the cohstusefohinhgsibasl Bapligrines lipder xamripArMbicaese UBBIFWRRout prior

transformation. inin 48 2ARKAARAIBE ISR B dARBRIES tird aligeropoaicded apnigations of the

Sonogashira reaction, the coupling partners of the alkyne component are heteroaryl iodides, heteroaryl

bromides e Aferased afjagastic @t dadY AT RERLIB AN Fes. All described
Sonogashira s e 9§Vt RepiasyiRigrar |sréiest itioo of dermaiirymiralkpsytatibe 250r
enol-tosylates (P. Jones et al. Tetrghedron 2002, 58, 9973-9981: X. Liet al. Qrg. . 7,
491890828 éPﬁT?h?ﬁ?&zéﬁgﬂW?&S’i‘, %?6%%6%&3‘?)@&3%%%’6%%‘%’ f’}(ﬁ @gbﬁﬁh%?ggﬁc'tion with
the non-aegiaakie 4ikoaxIntitgtiyb? Hnramasiteraalylyedsby atratelte Sspbisddirnessrogenous
palladium-catalyst was disclosed, by jakqvi . Mﬁ Cialakn 2004, 346,
1782-179?}‘!'@6}/0\%’?) rl?é'cﬁlfzgc nc@?&@z%%(}%%%gggcgg%%grgefgn npﬁélng ar@gg;bhete_ro%%a-tosylates and
terminal aligteesairyithelide se hetcodarydsbate Irptharpwannowialionlinie vasanss eteroary!

tosylates gLLSISOBIMARDZRNS P RRAIOACEUEBMA S ALYRCEHIHEAY RaRaBE Bt ofoped oh

heteroary s or heteroaryl nonaflates. They are easily prepared by reacting the corresponding
pherid wigeTtesbtetirssoneiinds e Eﬁﬁlﬂgiqﬁé‘kﬁ@}%@é apf 'H&ﬁa%e%&?d%%&é% on large
scale, in cappadsapiifgtae Aighlrreasiivealmeisiuetsensiiiveifate axdensive-fidRiatedCl, required for

the preparation of the heteroaryl triflates, Furthermore, the resulting heterqar, lat ften
highly cry§%§lﬂ?ﬂ@gﬁm¥§"§iﬁ§pﬂfgﬂﬁl‘°§ﬂﬁ ﬁﬁ%ﬂgﬁﬁﬁﬁgﬁ&ﬁ) ‘B}%ﬁe%%%f’kﬁgr%%{\}egﬁe e %ﬁ}}%sylates

eteroary
are less repgtivpdiantineiatpstidigrilisiesasd that dderfeivitesl ess strontion ohbedatedritydirolytic cleavage

oy varou AR R T e g Ea e Siago o
a sy@thesisrgaddmetaify degivasyemoiety unaffected through various other synthetic transformations
and inen 152418 RS AIFHESPEY AR A B BSREORIRRY Fetians o boghds .
partners of the alkyne component are heteroaryl iodides, heteroaryl bromides and
more recently also heteroaryl chlorides and heteroaryl triflates. All described
Sonogashira couplings involving tosylates are limited to non-aromatic imino-tosylates
25  or enol-tosylates (P. Jones et al. Tetrahedron 2002, 58, 8973-9981; X. Liet al. Org.
Lett. 2005, 7, 4919-4022; J. Wu et al. J. Org. Chem. 2001, 66, 3642). A further
Sonogashira coupling reaction with the non-aromatic 4-tosyl-6-methyl-2H-pyran-2-one
catalyzed by a zeolite supported, heterogenous palladium-catalyst was disclosed by L.
Djakovitch and P. Rollet (Adv. Synth. Catal.; 2004, 346, 1782-1792).
30
It has now been found that aromatic heteroaryl-1-alkynes of the formula | can be

prepared using heteroaryl-tosylates. The object is achieved by a homogenous



3a In one aspect, there is provided a process for preparing a compound of formula | and/or all
stereoisomeric forms of the compound of formula I, and/or mixtures of these forms in any ratio, and/or
a physiologically tolerated salt of the compound of formula I, wherein is a (C4-C14)-heteroaryl ring
system, wherein heteroaryl is selected from pyrazaglyl, pyridyl, quinolinyl and thienyl, and wherein
heteroaryl is unsubstituted or is mono- or disubstituted independently of one another by R1; J isa
covalent bond, -(C1-C4)-alkylene, cyclohexenyl, cyclohexyl, phenyl, wherein phenyl is unsubstituted or
mono- or disubstituted independently of one another by R13, or thienyl, W is hydrogen atom,

disubstito BB PR ROEEF TR, B 0 A AR 416 PG WL H 8 etner

identical otatifieraindlenteara $chycbsgereatdbmbbpE, 8)iGand and a protic solvent.
The use of heteroaryl tosylates or heteroary! benzensulfonate derivatives offers
various advantages over the use of hetercaryl triflates or heteroaryl nonaflates. They
are easily prepared by reacting the corresponding phenol with Tos;0 or TosCl, which
are stable, inexpensive, and easy to handle solid reagents on large scale, in
compérison to the highly reactive, moisture sensitive and expensive Tf,0 or TfCl,
required for the preparation of the heteroaryl friflates. Furthermore, the resulting
heteroaryl tosylates are often highly crystalline solids simplifying subsequent
purification procedures. Moreover hetercaryl tosylates are less reactive than heteroaryl
triftates and are therefore less prone to unwanted hydrolytic cleavage by water or other
protic solvents. The superior stability enables those substrates to remain unaffected by
various reaction conditions allowing for example fo iniroduce the tosylate group at an
early stage of a synthesis and to carry the tosyl moisty unaffected through various
other synthetic transformations and then ﬁna!iy to react the heteroaryl tosylate group in
a Sonogashira cross coupling reaction.

Summary



d) -(Ci-C4)-alkyl, wherein alkyl is unsubstituted or substituted one time by R13, e) -(C1-C3)-fluoroalkyl,
f) phenyl, wherein phenyl is unsubstituted or substituted one or two times by R13, g) -0-(C1-C4)-alkyl,
wherein alkyl is unsubstituted or substituted o%%rgr two times by R13, -N(R10)-(C1-C4)-alkyl, wherein
alkyl is unsubstituted or substituted one or two-fimes by R13, 3b i) -CN, j) -OH, k) -C(0)-0-R11 or
[)-N(R11)-R12, R10 ishydrogen atom or-(C-C4)-alkyl, R11 and R12 are hydrogen atom, R13 is F, Cl,
-CN, -OH, -(C1-C4)-alkyl, -CF3, phenyl or -N(R17)-R18, R17 and R18 are independently of one
another identical or different and are hydrogen atom:or -(C-C4)-alkyl, and R3, R4, R5, R6 and R7 are
independently of one another identical or different and are hydrogen atom or -(C1-C4)-alkyl, in the

presence of a palladisraspialy shandispisviddiadipno i dritiu prepeeiaies edpaseuradifientatéaghosphine
ligand, which is 142-(dicyclohexylphosphino) ferrocenyljethyldi-t-butylphosphine, and a protic solvent
to give a Compound of formula | and

o' (1)

i\ J-W
and/or all sterecisomeric forms of the compound of formula |, and/or mixtures of
these forms in any ratio, and/or a physiologically folerated sait-of the compound
of formula |, wherein |

D is a (C4-C14)—heteroaryl' ring system, wherein heteroaryl is selected from

pyrazolyl, pyridyl, quinolinyl and thienyl, and wherein heteroaryl is unsubstituted
or is mono- or disubstitute_d independently of one another by R1;

Jis a covalent bond, (C4-C4)-alkylene, cyclohexenyl, cyclohexyl, phenyl,

wherein phenyl is unsubstituted or mono- or disubstituted independently ofone
another by R13, or thienyl, | |
Wis hydrogen atom, -(C4-C4)-alkyl, 4cyciohexenyi, cyclohexyl, phenyl, wherein
phenyl is unsubstituted or mono- or disubstituted independently of one another
by R2, o

" R1 and R2, are independent of one another identical or different and are

a) hydrogen atom, .

by F
9 Cl
d) -(C1-Cga)-alkyl, wherein alky! is unsubstituted or substituted one time by
R13,
e)  -(C4-C3)-fluoroalkyl,
f) phenyl, wherein phenyl is unsubstituted or substifuted one or two fimes
by R13, ‘

a) -0-(C1-C4)-alkyl, wherein alkyl is unsubstituted or substituted one or two

times by R13,
h) “N(R10)-(C1-Cg)-alkyl, wherein alkyl is unsubstituted or substituted one.

or two fimes by R13,



optionally the compound of formula 1 is converted to its physiologically tolerated salt. The present
disclosure provides an efficient and homogenous palladium-catalyzed coupling process for aromatic
heteroaryl tosylates of the formula Il with terminal alcl%nes of the formula Ill to prepare aromatic
heteroaryl-1-alkynes of formula | and thus provides a new synthetic route with a good time- and cost
effectiveness. The advantages of the present disclosure is a process for the preparation of compounds
of formula | under catalytic, mild and general reaction condition for the synthesis of substituted
heteroarylyl-alkypgs. The heteroaryl tosylates of the formula Il are easily and inexpensively
obtainable from the corresponding phenols and are stable and often crystalline solids, conveniently to
purify inter%ediaf 2 Thus, the process is very time-and cost-éffective. Moreover the reaction
conditionsigre cofatiDlgRwitlva broad range of functional groups and a large variety of starting

" materials, \ghich%@ﬁzﬁ% ccessible or even commercially available. WO
2009/003é OPC e } 4928 4 Detailed description of the invention 5 The invention therefore

relates to & plosess foihpiepaemgtaroanpdOndaifalkpula) J (I) and/or all stereoisomeric forms of the
compound_of formula I, and/or mixtures of these forms in any ratio, and/or a physiologically tolerated

salt of the 3omBRLR] HAIErmMATCGAR ALRMLODIs a (C4-C14)-heteroaryl ring system, which is a 4- to

14-membered RPNIALCEY CITHESIDYES thﬁgtypoc;ﬁgﬁ;ﬁgﬁgr@ng(m ﬁy_@qqg[nber of ring atoms out of
one, two or three ring systems, wherein one or more of the 4 to 14 ring carbon atoms are replaced by
heteroatoiid 686A B3 hiRfegefn BRsie o ofienavirotiaridestinaldisifleseiistitdteccor mono-, di-, tri-

four- or five timeg,spbsiifuieshd sinderangeaikyokoge another by R1, Jis a covalent bond,
R3, R4, R5, R6 and R7 are .inﬁep.endenﬂy of one another identical or
different and are hydrogen atom or -(C1-Cg)-alkyl, |
in the presence of a palladium catalyst, which is paliadium (1) trifluoroacetate, a
base, a bidentate phosphine figand, which is 1 —[2—(dicyclohexy!ph0$phino)
: 'ferrocenyi}ethyldi»tubutyiphosphir_té, and a profic solvent fo give a compound of
formula | and |

optionally the cdmpoﬂnd of formula [ is converted to its physiologically tolerated
salt. ' '

The present disclosure provides an efficient and homogenous palladium-catalyzed

coupling process for aromatic heteroaryl tosylates of the formula 1l with terminal
alkynes of the formula Il to prepare aromatic heteroaryl-1-alkynes of formula | and
thus provides a new synthstic route with a good time- and cost effectiveness.

The advantages of the present disclosure is a process for the preparation of compounds

of formula | under catalytic, mild and general reaction condition for the synthesis of
substituted heteroaryl-1-alkynes. The heteroaryl tosylates of the formula Il are easily
and inexpensively obtainable from the corresponding phenols and are stable and often
crystalline solids, conveniently to purify intermediates. Thus, the process is very time-
and cost-effective. Moreover the reaction conditions are compatible with a broad range
of functional groups and a large variety of starting materials, which are easily

accessible or even commercially available.



-(C1-C6)-alkylene, wherein alkylene is unsubstituted or mono-, di- or trisubstituted independently of
one another by R2, -(C3-C8)-cycloalkyl, wherein cycloalkyl is unsubstituted or mono-, di- or
20trisubstituted independently of one another by R14, -(C6-C14)-aryl, wherein arxl is unsubstituted or
mono-, di-, tr¥8R#8YPH8s substituted independeptly of one another by FEZ/BXEA%18)-heteroaryl
ring system, which is as defined above, wherein h‘éteroaryl is unsubstituted or mono-, di-, tri- or
four times substituted independently of one 25another by R13, W is hydrogen atom, WO
2009/003590PCT/EP2008/004928 -(C1-C6)-alkyl, wherein alkyl is unsubstituted or mono-, di- or
trisubstituted independenly3 of one another by R2, -(C3-C8)-cycloalkyl, wherein cycloalkyl is
unsubstitmonB-, di-’of 'substitutelg independently of one anot R2, 5-(C6-C14)-aryl,
wherein aryl is-tngubtity [ ggno-+ di-, TeQr four times SUBSTtited dently of ok another
by R2, or -(C4-C14)-petenoadyl ring system, whicHis\Ws defined above, wherein rQaryl is
unsubstituted or mono-, g7 tik&or four times substituted independently of one another by R2, 10R1
and R2 are indeperdql)ent of one another identicahs)r different and are a) hydrogen atom,

Detailed description of the invention
5  The invention therefore relates to a process for preparing a compound of formula |

@\ M

J-W
and/or all stereoisomeric forms of the compound of formula |, and/or mixtures of these
forms in any ratio, and/or a physiologically tolerated salt of the compound of formuia |,
wherein

10 D is a (C4-Cq4)-heteroaryl ring system, which is a 4- to 14-membered aromatic

cyclic residue, which consists depending on the number of ring atoms out of
one, two or three ring systems, wherein one or more of the 4 fo 14 ring carbon
atoms are replaced by heteroatoms such as nitrogen, oxygen or sulfur, wherein
heteroary! is unsubstituted or mono-, di-, tri- four- or five times substituted
15 independently of one another by R1,
Jis a covalent bond,
-(C4-Cg)-alkylene, wherein alkylene is unsubstituted or mono-, di- or

trisubstituted independently of one another by R2,
-{C3-Cg)-cycloalkyl, wherein cycloalkyl is unsubstituted or mono-, di- or
20 trisubstituted independently of one another by R14,
-(Cg-C14)-aryl, wherein aryl is unsubstituted or mono-, di-, tri- or four times
substituted independently of one another by R13, or
-{C4-C14)-heteroary! ring system, which is as defined above, wherein heteroaryi

is unsubstituted or mono-, di-, tri- or four times substituted independently of one
25 another by R13,
Wis hydrogen atom,



b) -(C1-C4)-alkyl, wherein alkyl is unsubstituted or substituted one, two or three times by R13, c)
halogen, 15d)phenyloxy-, wherein phenyloxy is unsubstituted or substituted one, two or three times
by R13, e)-(C1-C3)-fluoroalkyl, -N(R10)-(C1-C4)-alkyl, wherein alkyl is unsubstituted or substituted
one, two or tRYBSHHEEBY R13, 209)-(C6-C14)-aryl, wherein aryl is unsubBaIREAEVWBAD-, di-, tri- or
four times substituted independently of one anoth&r by R13, h)-(C4-C14)-heteroaryl ring system, which
Is as defined above, wherein heteroaryl is unsubstituted or mono-, di-, tri- or four times substituted
independently of one another by R13, 25-(C3-C8)-cycloalkyl, wherein said cycloalkyl is unsubstituted
or mono-, di- , tri- or four times substituted independently of one another kgj R13, a E’@to 7-membered

cyclic residue, coitarkinlaky, weer Rl toms RiLEie s SmMmARGgeft- NSRS ffh, wherein

said cyclic residt %’%%%WW%%WQF lgj-thi- or four times substituted independently of 30one
another by RlS,nyj- -CF3; WO 2009/003590PCT/EP2008/004928 6 1)-0-(C1-C4)-alkyl, wherein alkyl

is unsubstituted dﬁg&gim@@@}hg,t@vhmmﬁyggaggkﬂ@ynsubstituted or mono-, di- or
frisubstituted independently of one ancother by R2, _
5 -{(Cg-C14)-aryl, wherein aryl is unsubstituted or mono-, di-, tri- or four times

substituted independently of one another by R2, or
-(C4-C14)-heteroaryl ring system, which is as defined above, wherein heteroary!

is unsubstituted or mono-, di-, tri- or four times substituted independently of one
another by R2,
10  R1 and R2 are independent of one another identical or different and ére
a) hydrogen atom,
b) -(C1-Cg)-alkyl, wherein alkyl is unsubstituted or substituted one, two or

three times by R13,
c) halogen,
15 - d) phenyloxy-, wherein phenyloxy is unsubstituted or substituted one, two or
three times by R13,
e) -(C4-Ca)-fluoroalkyt,
f) -N(R10)-(C1-Cg)-alkyl, wherein alky! is unsubstituted or substituted one,

two or three times by R13,
20 Q) «(Cg-C14)-aryl, wherein ary! is unsubstituted or mono-, di-, ri- or four

times substituted independently of one another by R13,
h) -(C4-C14)-heteroaryl ring system, which is as defined above, wherein

heteroary! is unsubstituted or mono-, di-, tri- or four times substituted
independently of one another by R13,
25 ) -(C3-Cg)-cycloalkyl, wherein said cycloalkyl is unsubstituted or mono-, di-

, tri- or four times substituted independently of one another by R13,

)] a 3- to 7-membered cyclic residue, containing 1, 2, 3 or 4 heteroatoms
chosen from nitrogen, sulfur or oxygen, wherein said cyclic residue is
unsubstituted or mono-, di-, tri- or four times substituted independently of

30 one another by R13,

K) -0O-CF3,



m) -NO2, n) -CM, 50)-OH, p) -C(0)-R10, q) -C(0)-0-R11, r) -C(0)-N(R11)-R12, s) -N(R11)-R12,
10t)-N(R10)-S02-R10, v) -S-R10, w) -SOn-R10, wherein nis 1 or 2, X) -S02-N(R11)-R12 or y)
-Si(R11)(R11)-R12, or 15 R1 and R2 form together with the atoms which Lf&el;// _%rz%ag}éggglgd toab-or
8- membere Hrﬁﬂ?%%%?gﬂﬂng up to 0, 1, 2, 3 or 4 heteroatoms chosen from nitrogen, sulfur or oxygen,
wherein said ring is unsubstituted or substituted one, two, three or four times by R14, R10 ishydrogen
atom, -(C1-C3)-fluoroalkyl or -(C1-C6)-alkyl, 20R11 and R12 are independently of one another
identical or different and are a) hydrogen atom, b) -(C1-C6)-alkyl, wherein alkyl is unsubstituted or

mono-, di- or trisubstituted indepergﬁ(entl of one ther b -(06-014)-aryl; rejn aryl is.
unsubstituted orl)mono“-,odﬁgéf%" u)ﬂs I B?éﬁ'fha CLﬁd%%%@ggj}'&r%é%a%% uér%él%%%e 8
d)-(C4-C14)-heteroaryjying ﬁbﬁ%?@y whigh is as defined above, wherein heteroaryl is unsubstituted or
mono-, di- or trisubstituted independently of one another by R13,

m)}  -NOp,
n) -CN,
5 o) - - -OH,
p) -C{O)-R10,

gl -C(0)-0-R11,
rn -C(0O)-N(R11)-R12,
s} ~ -N{R11)-R12,

10 ty  -N(R10)-505-R10,
v) -S-R10,
w)  -S0p-R10, whereinnis 1 or 2,
x)  -SO2-N(R11)-R12 or
y) -Si(R11)Y{R11)-R12, or

15 R1 and R2 form together with the atoms which they are attached to a 5- or 8-
membered ring, containing up to 0, 1, 2, 3 or 4 heteroatoms chosen from
nitrogen, sulfur or oxygen, wherein said ring is unsubstituted or substituted one,
two, three or four times by R14,

R10is hydrogen atom, -(C1-C3)-fluoroalkyl or —(C4-Cg)-alkyl,

20 R11and R12 are independently of one another identical or different and are
a) hydrogen atom, '
b} -(C1-Cg)-alkyl, wherein alkyl is unsubstituted or mono-, di- or

trisubstituted independently of one another by R13,

c} -(Cg-C14)-aryl-, wherein aryl is unsubstituted or mono-, di- or

25 trisubstituted independently of one another by R13,
d) -(C4-C14)-heteroaryl ring system, which is as defined above, wherein

heteroaryl is unsubstituted or mono-, di- or trisubstituted independently of
one another by R13, |
R13is halogen, -NO», -CN, =0, -OH, -(C1-Cg)-alkyl, -(C4-Cg)-alkoxy, -CF3,
30 phenyloxy-, -C{Q)-R10, -C(0)-0-R17, -C(0)-N(R17)-R18, -S-R10, -N{R17)}-R 18,
-N{(R10)-S05-R10, -SOx-R10, wherein n is 1 or 2, -802-N(R17)-R18,



R13 ishalogen, -NO2, -ON, =0, -OH, -(C1-C8)-alkyl, -(C1-C8)-alkoxy, -CF3, 30phenyloxy-, -C(0)-R10,
-C(0)-0-R17, -C(0)-N(R17)-R18, -S-R10, -N(R17)-R18, -N(R10)-S02-R10, -SOn-R10, wherein nis 1 or
2,-S02-N(R17)-R18, WO 2009/003590PCT/EP2008/004928 7 -(C-C4)-aryl, wherein aryl is
unsubstituted* ot THBAG2 Y- or trisubstituted independently of one another"L"jyg/’ifl‘—’ffz(,mg"‘m9 8
-(C4-C14)-heteroaryl ring system, which is as defined above, wherein heteroaryl is unsubstituted or
mono-, di- or trisubstituted independently of one another by R14, -(C3-C8)-cycloalkyl, wherein 5said
cycloalkyl is unsubstituted or mono-, di- or trisubstituted independently of one another by R14, or a 3-

to 7-membered cyclic residue, containing up to 1, 2, 3 or 4 heteroatoms chosen from nitrogen, sulfur or
oxygen, Whereiné@&@i@%sﬂh@%%ﬁ%ﬂﬁﬁpﬁgasﬂﬁ%& ARG o fLBE SIS & endently of

ey A L S gt plomer 2

-C(0)-N-[(C1-C8jsaliylbAned Bpdve Avh@rEinthe(BAG)-S (Mhdubis(Bited)F atignoer di- or

difterent and arc TPy AREg ANCERsACR R B A B e R A TR ey

ring gystem, whighidscgsidgiiger aneubssRitarocAReodi sesisebstinged dodgpamidofifainula Il R 3

R4 R5(1020 one another by R14, or a 3- to 7-membered cyclic residue, containing up to 1, 2,

3 or 4 heteroatoms chosen from nitrogen, sulfur or oxygen, wherein said cyclic

residue is unsubstituted or mono-, di- or trisubstituted independently of one

another by R14,

10 Ri4is | halogen, -OH, =0, -CN, -CF3, -(C4-Cg)-alkyl, -(C1-C4)-alkoxy, -NO2,
-C{0)-OH, -NHp, -C(0)-0-(C1-C4)-alkyl, (C4-Cg)-alkylsulfonyl,
-C(0)-NH-(C1-Cg)-alkyl, -C(O)-N-[{C1-Cg)-alkyl] 2, -C{O)-NHy -8-R10,
-N(R10)-C(0)-NH-{C 1-Cg)-alkyl, or -N(R10)-C(O)-N-[(C1-Cg)-alkkyl] 2,

R17 and R18 are  independently of one another identical or different and are

15 a) hydrogen atom,

b)  -(C1-Cg)-alkyl,
c) - -(Cg-Cqg)-arylor
d) -(C4-C14)-heteroaryl ring system, which is as defined above,

said process comprises reacting a compound of formuia i

@\ R3 R4
o- R5 ()

2e)

@)

20 R7 RS

wherein D is as defined in formula | and
R3, R4, R5, R8 and R7 are independently of one another identical or different and are
a) hydrogen atom,
b)  ~(Cq-Cq)-alkyl,
25 c) halogen,
d) -(C1-Cg)-fluoroaikyi,
e) —-0O-CF3,



wherein D is as defined in formula | and R3, R4, R5, R6 and R7 are independently of one another
identical or different and are a) hydrogen atom, b) -(C1-C4)-alkyl, 25c)halogen, d) -(C1-C3)-fluoroalkyl,
e) -0-CF3, WO 2009/003590PCT/EP2008/004928 8 -NO2, -CN, -OH, -C(0)-R10, 5-C(0)-0-R11,
-C(0)-N(R11MRZIUARI%)-R12, -SON-R10, wherein nis 1 or 2, or -soz-ﬁﬁ%&ﬂ?@?ifﬁ? &with a
compound of formula Il (11l) #

f) -NO>,
g) -CN,
h) -OH,
i) -C({0)-R10,
5 j) -C(0)-0-R11,

k) -C(0)-N(R11)-R12,

I} -N{R11)-R12,

m) -SOp-R10, wherein nis 1 or 2, or
n) -802-N(R11)-R12,

10 with a compound of formuia lli

H\ W (i)

wherein J and W are as defined in formuia 1,
in the presence of a palladium catalyst, a base, a ligand and a protic solvent to give a
compound of formula | and

15  optionally the compound of formula | is converted fo its physiologically tolerated salt.

2) The present invention also relates to a process for the preparation of selected
compounds of formula 1, wherein

20 D is a (C4-Cq4)-heteroaryl ring system, wherein heteroaryl is selected from

acridinyl, azaindole (1H-pyrrolo-pyridinyl), azabenzimidazolyl, benzimidazolyl,
benzofuranyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl, benzthiazoiyl,
benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl, carbazolyi, chromanyt,
chromenyl, furanyl, furazanyl, imidazolyl, indanyl, 1H-indazolyl, indolizinyl, indolyl, 3H-

25  indolyl, isobenzofuranyl, isoindazolyl, isoindotyl, isoquinolinyl, isothiazolyl, isoxazolyl,
naphthyridinyl, oxadiazoly!, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl,
1,3,4-oxadiazolyl, 1,4-oxazepinyl, oxazoly!, phenanthridinyl, phenazinyl,
phenothiazinyl, phenoxazinyl, phthalazinyl, pteridinyl, purinyt, pyrazinyl, pyrazolo{3,4-
b]pyridine, pyrazolyl, pyridazinyl, pyridooxazolyl, pyridoimidazolyl, pyridothiazolyl,

30 pyridinyl, pyridy!, pyrimidinyl, 2H-pyrrolyl, pyrrolyl, quinolinyl, 4H-guinolizinyl,
quinoxalinyl, guinuclidinyl, tetrazinyl, tetrazolyl, 6H-1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl,



J-W wherein J and W are as defined in formula I, in the presence of a palladium catalyst, a base, a
ligand and a protic solvent to give a compound of formula land 150ptionally the compound of formula |

is converted to its physiologically tolerated salt. 2) The present invention alsg | 5h process for
the preparati%]ﬁ) 8?@5?@35?& compounds of formulagl, wherein 20 Dis a (Cféﬁlﬁ%é%z}ﬁgg%l ring system,

wherein heteroaryl is selected from acridinyl, azaindole (1H-pyrrolo-pyridinyl), azabenzimidazolyl,
benzimidazolyl, benzofuranyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl, benzthiazolyl,
benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl, carbazolyl, chromanyl, chromenyl,

furanyl, furazanyl, imidazolyl, indanyl, 111-i alyl, indolizinyl..indolyl, 3H- 25indolyl. isobenzofuranyl,
isoindazoﬂ»@*éﬁﬁ\ﬂ@@f"i%qhﬁwéﬁ q%ﬁ&%ﬁ%éh%@%ﬁﬁ%a% tﬁ%/‘\régfﬁg‘ g%a%ﬁ?ﬁ%?ﬁ (&8
1,2,3-oxahazammh, 1,3 4niuasliazoidzdla, SemdjahEpbthiazbigkdtianotykazplybxazepinyl, oxazolyl,
phenanthridinyl, phenazinyl..phenothiazinyl, phenoxazi lazjny!| idinylq puiiny: pyrazinyl,
pyrazoIo[él,uﬁrég%ﬁi?%@&%%ﬁ%%’ﬁéﬁ%ﬁ%n qhgt?(zjg(la}gﬁg?yw %ﬁ ﬁ?ﬁnﬁﬁ%ﬂg}l %3%@%&2%¥y|,2| ’
30pyridinyl, h§rtdukgiytiriziyiriaiplyrr@yi-iopzolyl, Hizifotigrohi-fddotiazpivhantbxansyeny!
quinuglidinyl ' < iadiazi -thiadi i -
200010035 R L D A A T et BN Rl stom i oo
1,2-thiazingi-1{8-feurieyfivediressubstiviechindenereptngl enednothriddidzolyl, thienooxazolyl,
thienoimidy?éolylat@&gk@qqgglm@iophenyl, 1,2,3-triazinyl, 1,2,4-triazinyl, 1,3,5-triazinyl, 1,2,3-triazolyl,

1,2,3-triazolyl, 1,2 4-triazolyl, 1,2 5-triazolyl, 1,3,4-triazolyl and xg[aith%% 5 anél wherein heteroaryl is
unsubstituted or-feperairikyienice WHsTEET BKXIBASS SUTR RS ! TR i%E Bfes substituted

independently Otm@&%iggrim’e%éhagﬁ@W\@{g@,{aﬁg, HhkC6)-alkylene, wherein alkylene is
unsubstituted or mono-, di- or trisubstituted independently ot one another by R2,
10 -(C3-Cg)-cycloalkyl, wherein cycloalky! is unsubstituted or mono-, di- or

trisubstituted independently of one another by R14,

phenyl, wherein phenyl is unsubstituted or mono-, di-, tri- or four times
substituted independently of one another by R13, or
-(C4-C14)-heteroaryl, wherein heteroaryl is as defined above and is

15 unsubstituted or mono-, di-, tri- or four times substituted independently of one
another by R13,

Wis hydrogen atom,
-(C1-Cg)-atkyl, wherein alky! is unsubstituted or mono-, di- or trisubstituted

independently of one another by R2,
20 -(C3-Cg)-cycloalkyl, wherein cycloalkyl is unsubstituted or mono-, di- or

trisubstituted independently of one another by R2,

phenyl, wherein phenyl is unsubstituted or mono-, di-, tri- or four times
substituted independently of one ancther by R2, or
-(C4-C14)-heteroaryl, wherein heteroary! is as defined above and is

25 unsubstituted or mono-, di-, tri- or four times substituted independently of one
another by R2;
R1 and R2, are independent of one another identical or different and are
a) hydrogen atom,
b) F,
30 c) Cl,



10-(C3-C6)-cycloalkyl, wherein cycloalkyl is unsubstituted or mono-, di- or trisubstituted independently
of one another by R14, phenyl, wherein phenyl is unsubstituted or mono-, di-, tri- or four times
substituted independently of one another by R13, or -(C4-C14)-heteroaryl, wherein heteroaryl is as
defined aboWEGHI¥B5Whsubstituted or mono-, di-, tri- or four times substitUtEEMEABE R ently of one
another by R13, W is hydrogen atom, -(Ci-C6)-aII{9I, wherein alkyl is unsubstituted or mono-, di- or
trisubstituted independently of one another by R2, 20-(C3-C6)-cycloalkyl, wherein cycloalkyl is
unsubstituted or mono-, di- or trisubstituted independently of one another by R2, phenyl, wherein
phenyl is unsubstituted or mono-, di-, tri- or four times substituted independently of one another by R2,
or -(C4-C14)-heroarylGiHermm kkerbarainsaleviisinpsi s b tdedans R iteiasansda Brefono-, di-,
tri- or four times substi; i dently of one another by R2; R1 and R2, are independent of one
another identical or different and aré a) hydrogen atom, b) F, 30c)Cl, WO
2(109/003590P€Y/EP2Sop0gndagroalkyl,

f) pheny!, wherein phenyl is unsubstituted or substituted one to three times
5 by R13,
g) -(C4-Cq4)-heteroaryl, wherein heteroaryl is as defined above and is

unsubstituted or mono-, di-, tri- or four times substituted independently of
one another by R13,

h) «(C3-Cg)-cycloalkyl, wherein said cycloalkyl is unsubstituted or mono-, di-
10 , tri- or four times substituted independently of one another by R13,
3] a 3- to 7-membered cyclic residue, wherein the cyclic residue is selected

from azepine, azetidine, aziridine, azirine, 1,4 diazepane, 1,2-diazepine,
1,3-diazepine, 1,4-diazepine, diaziridine, diazirine, dioxazole, dioxazine,
dioxole, 1,3-dioxolene, 1,3-dioxolane, furan, imidazole, imidazoline,

15 imidazolidine, isothiazole, isothiazolidine, isothiazoline, isoxazole,
isoxazoline, isoxazolidine, 2-isoxazoline, ketomorpholine, kefopiperazine,
morpholine, 1,2-oxa-thiepane, 1,2-oxathiolane, 1,4-oxazepane, 1,2-
oxazine, 1,3-oxazine, 1,4-oxazine, oxazole, oxaziridine, oxetan, oxirane,
piperazine, piperidine, pyran, pyrazine, pyrazole, pyrazoline, pyrazolidine,

20 pyridazine, pyridine, pyrimidine, pyrrole, pyrrolidine, pyrrolidinone,
pyrroline, tetrahydrofuran, tetrahydropyran, tetrahydropyridine, tetrazine,
tetrazole, thiadiazine thiadiazole, 1,2-thiazine, 1,3-thiazine, 1,4-thiazine,
1,3-thiazole, thiazole, thiazolidine, thiazoline, thienyl, thietan,
thiomorpholinet thiopyran, 1,2,3-triazine, 1,2 4-triazine, 1,3,5-triazine,

25 | 1,2,3-triazole and 1,2 4-triazole, and wherein said cyclic residue is
unsubstituted or mono-, di-, tri- or four times substituted independently of
one another by R13,

i) -O-CFa,
k) -0-(C1-C4)-alkyl, wherein alkyl is unsubstituted or substituted one to

30 three times by R13,



10 d) -(C1-C4)-alkyl, wherein alkyl is unsubstituted or substituted one to three times by R13, e)
-(C1-C3)-fluoroalkyl, Ophenyl, wherein phenyl is unsubstituted or substituted one to three times 5by
R13, g) -(C4-C14)-heteroaryl, wherein heteroaryl is as defined above and is unsubstituted or mono-,
di-, tri- or fouih&¥&hb¥ltuted independently of one another by R13, h) -FEBRPEI9EMHIARyI, wherein
said cycloalkyl is unsubstituted or mono-, di- 10, tit or four times substituted independently of one
another by R13, a 3- to 7-membered cyclic residue, wherein the cyclic residue is selected from
azepine, azetidine, aziridine, azirine, 1,4 diazepane, 1,2-diazepine, 1,3-diazepine, 1,4-diazepine,
diaziridine, diazirine, dioxazole, dioxazine, dioxole, 1,3-dioxolene, 1,3-dioxolane, furan, imidazole,
imidazoline, 15iflidazothi{Rd OkéGaSalealodidhasainrkyd dsinsyhsttyies o SWRGKEsMRAL,
isoxazolidine, 2-isoxazgli e r ine, ketopiperazine, morpholine, 1,2-oxa-thiepane,
1,2-oxathiolane, 1’4_0)(%12[9&%%‘@”;1?:%%_ z?x%ﬁ%‘e, 1,3-o0xazine, 1,4-oxazine, oxazole, oxaziridine, oxetan,
oxirane, piperazime, pip&idine, pyran, pyrazine, pyrazole, pyrazoline, pyrazolidine, 20pyridazine;
pyridine, pyrimidliﬂe, py_rmlﬁ:', pyrrolidine, pyrrolidinone, pyrroline, tetrahydrofuran, tetrahydropyran,
tetrahydropyridine, tetrazine, tetrazole, thiadiazine thiadiazole, 1,2-thiazine, 1,3-thiazine, 1,4-thiazine,
1,3-tazole, thia@ble, tRSYIGME, WhEBIME NIy ininsHBsibHRS oS iISS,PAS 192 3-triazine,
1,2,4-triazine, 1,3,5-trigpiRe AvtHrRazole and 1,2,4-triazole, and wherein said cyclic residue is
unsubstituted or mono-, di-, tri- or four times substituted independently of one another by R13, ))
-0-CF3, k) -O-(C@C4)-éﬁ¢?)\7¢f§éi alkyl is unsubstituted or substituted one to 30three times by R13,
q) -C{O)-N-(R11)-R12,

n - -N{R11)-R12,
10 s) -N(R10)-S02-R10,
f) -5-R10,
V) -S0pn-R10, whereinnis 1 or 2,

w)  -SOo-N(R11)}-R12,

X) -C(0)-R10,
15 ¥) -8i(R11)(R11)-R12,
R10is hydrogen atom, -(C4-C3)-fluorocalkyl or —(C1-Cg)-alkyl,

R11 and R12 are independently of one another identical or different and are
a} hydrogen atom,
D) -(C1-C4)-alkyl, wherein alkyl is unsubstituted or mono-, di- or

20 trisubstituted independently of one another by R13,
c) phenyl, wherein phenyl is unsubstituted or mono-, di- or trisubstituted
independently of one another by R13, or
d) -(C4-C 14)-heteroaryl, wherein heteroary! is as defined above and is

unsubstituted or mono-, di- or trisubstituted independently of one another
25 by R13,

R13is F, Ci, -CN, =0, -OH, -(C4-Cg)-alkyl, -(C1-Cg)-alkoxy, -CF3, phenyloxy-,
-C(0)-R10, -C(0)-0O-R17, -C{O)-N(R17)-R18, -N(R17)-R18, -S-R10,
-N(R10)-S02-R10, -SOR-R10, wherein n is 1 or 2, -502-N(R17)-R18, phenyl|,
wherein phenyl is unsubstituted or mono-, di- or trisubstituted independently of

30 one another by R14, -(C4-C14)-heteroaryl, wherein heteroaryl is as defined

above and is unsubstituted or mono-, di- or trisubstituted independently of one



WO 2_009/003590PCT/EF_’2008/OO4928 11 1)-N(R10)-(C1-C4)-alkyl, wherein alkyl is unsubstituted or
substituted one to three times by R13, m) -CN, n) -OH, 50)phenyloxy-, wherein phenyloxy is

unsubstituted or substituted one to three times by R13, p) -C(0)-0-R11, q), - -N- -R12, 1)
-N(R11)-R12¥PGYHFLB)-502-R10, 1) v) -SON-R30, wherein n'is 1 or 2,%@%@%?@%&1& X)

-C(0)-R10, 15y)-Si(R11)(R11)-R12, R10 ishydrogen atom, -(C1-C3)-fluoroalkyl or -(C1-C6)-alkyl, R11
and R12 are independently of one another identical or different and are a) hydrogen atom, b)
-(C1-C4)-alkyl, wherein alkyl is unsubstituted or mono-, di- or

another by R14, -(C3-Cg)-cycioalkyl, wherein said cycloalkyl is unsubstituted or
mone-, di- or trisubstituted independently of one another by R14, or a 3-to7-
membered cyclic residue, wherein said cyclic residue is as defined above and is
unsubstituted or mono-, di- or trisubstituted independently of one another by

5 . R14,

R14 is F, Cl, -OH, =0, -CN, -CF3, -(C1-Cg)-alkyl, -(C1-C4)-alkoxy, -C(0)-OH,
-NHgp, -C(0)-0-(C4-C4)-alkyl, (Cq -Cg)-alkylsulfonyl, -C{O)-NH2
-C(0)-NH-(C1-Cg)-alky!, -C(O)-N-[(C4-Cg)-alkyl], -5-R10,
-N(R10)-C(0)-NH-(C1-Cg)-alky! or -N(R10)-C{O)-N-[(C4 «Cg)-éikyi]z,

10 R17 and R18are independently of one another identical or different and are
a) hydrogen atom,
b)  -(C1-Cq)-alkyl,
c) phenyl or
d) -(C4-C14)-heteroaryi, wherein heteroaryl is as defined above, and
15 R3, R4, R5, R6 and R7 are independently of one another identical or different and are
a) hydrogen atom,
by  -(C4-Cyq)-alkyl,
c) halogen,
d) -(C4-C3)-fluoroalkyl,

20 e) —-O-CF3,

) -NOg,

g -CN

hy  -OH,

B -C(0)-R10,
25 iy  -C(0)-O-R11,

K -C(O)M-N(R11)}R12,
h N(R11)-R12,
m) -SOp-R10, wherein nis 1 or 2, or
n)  -SOp-N(R11)-R12.
30



20trisubstituted independently of one another by R13, c) phenyl, wherein phenyl is unsubstituted or
mono-, di- or trisubstituted independently of one another by R13, or d) -(C4-C14)-heteroaryl, wherein
heteroaryl is as defined above and is unsubstituted or mono-, di- FE%QZ%FQ éj:;[%ged
independentl‘;ygfzg??éo%isﬁ%(fher 25by R13, R13 isF,IQI, -CN, =0, -OH, -(Cl-(gg?-a yl, ? -ES)-aIkoxy,
-CF3, phenyloxy-, -C(0)-R10, -C(0)-0-R17, -C(0)-N(R17)-R18, -N(R17)-R18, -S-R10,
-N(R10)-502-R10, -SOn-R10, wherein nis 1 or 2, -502-N(R17)-R18, phenyl, wherein phenyl is
unsubstituted or mono-, di- or trisubstituted independently of 30one another by R14,
-(C4-C14)-heteroaryl, wherein heteroaryl is as defined above and is uns bstitt*ted or,mpno-, di- or
trisubstituded’ W@@ﬁaémwaﬁ%@%@@@ﬁam@e%ﬁéﬁﬁ%ﬁ%ﬁm%gfiE éﬁé?ﬁfeer‘iy R14,

-(C3-C6)-cyripalindsWrespinsaid wxelaky! is unsubstituted or mono-, di- or trisubstituted
independently of one_angther by R14, ?r_a 3-t0.7- me bere%c clic relsjdue whe ?Einrﬁaligl cyclic
residue idhs deﬁ%&%&?éhﬁ@t%’muHgﬂtﬁf@ae&‘n‘?’(%&?f% -%}/F[ﬁ?l%slf\‘ Bhden

|tﬁ?é%clref ependently of one

another by 5.R14 R14/isFn £l sH o7 RdyE Ny rdngCdaRSliafksnd Bile) @edwer619)-OH, -NH2,
-C(0)-0-(C1-C4)-alkyl, -(C1-C8)-alkylsulfonyl, -C(0)-NH2, -_C(O)-NH-(éij- 8)-alkyl, |
-C(0BN-[(C1-CE)aifpmyLis rsyRARES) & 16) ARG sy amH S -N’é‘éﬁ?ﬁg?ﬁfﬁr\ﬁf(ﬁ'??csya|ky112,
10 R17 and R18amrigdspendently of one another identical or different and are a) hydrogen atom, b)

-(C1-Ca)-aliyl Jis acovalent bond, -(C1-C4)-alkylene, cyclohexenyl, cyclohexyl, phenyl,

wherein phenyl is unsubstituted or mono- or disubstituted independently of one
another by R13, or thienyl,
10 Wis hydrogen atom, -(C4-C4)-alkyl, cyclohexenyl, cyclohexyl, phenyl, wherein

phenyl is unsubstituted or mono- or disubstituted independently of one another
by R2, or thienyt, _

R1 and R2, are independent of one another identical or different and are

a) hydrogen atom,

15 b) F,
¢} Ci,
d) -(C1-Cq4)-alkyl, wherein alkyl is unsubstituted or substituted one time by
R13, | |
e) -(C4-Cg)-fluoroalkyl,
20 f) phenyl, wherein pheny! is unsubstituted or substituted one or two times
by R13,
g) -0-(C1-Cg4)-alkyl, wherein alkyl is unsubstituted or substituted one or two
times by R13,
h) -N(R10)-(C4-C4)-alkyl, wherein alky! is unsubstituted or substituted one
25 or two times by R13,
i) -CN,
3) —OHI

K) -C(0)-O-R11 or
)] -N(R11)-R12,
30 R10is hydrogen atom or —(C 1-C4)-alkyl,



c) phenyl or_d) -(C4-C14)-heteroaryl, wherein heteroaryl is as defined above, and 15R3, R4, R5, R6
and R7 are independently of one another identical or different and are a) hydrogen atom, b)

-(C1-C4)-alkyl, ¢) halogen, d) -(C1-C3)-fluoroalkyl, 20e)-0-CF3, f) -NO2, g _OH. i) -C(0)-
25’)'C(0)'O'%’ﬂ%%k%ﬁ%(ml)-ml 1)-N(R11)-R12, m) -SOn-R10, whe%ﬁ%%m)lﬁfﬁ%,z%r (r?)(O) hat

-S02-N(R11)-R12. WO ZQO9IOOBSQOPCT/EP2008/004928 13 3) The present invention also relates to
a process for the preparation of selected compounds of formula I, wherein

R11 and R12 are independently of one another identical or different and are
hydrogen atom or-(C1-C4)-alkyl,
R13is F, Cl, -CN, -OH, -(C4-Cg)-alkyl, -CF3, phenyl or -N(R17)-R18,
R17 and R18 are  independently of one another identical or different and are
5 hydrogen atom or -(C4-Cg)-alkyl, and
R3, R4, R5, R6 and R7 are independently of one another identical or different and are
“hydrogen atom or -(C4-Cg4)-alkyl.

10 The protic solvent useful in the process of the present invention must be solvent,
wherein the compounds of formulae |l and lll, palladium catalyst, base and ligand are
soluble or at least partiafly soluble and compatibie and is chemically inert under the
reaction conditions and does not contain oxygen as impurity.

15 Examples of said protic solvents are: water, methanol, ethanol, triflucroethanol, n-
propanol, i-propanol, n-butanol, i-butanol, t-butancl, n-pentanol, i-pentancl, 2-methyl-2-
butanol, 2-trifluocromethyi-2-propanol, 2 3-dimethyl-2-butanol,3-pentanol, 3-methyi-3-
pentanol, 2-methy!-3-pentanol, 2-methyl-2-pentanol, 2 3-dimethyl-3-pentanol, 3-ethyl-3-
pentanol, 2-metyl-2-hexanol,S—hexanot,cyclopropylmethanoi! cyclopropanol,

20  cyclobutanol, cyclopentanol, cyclohexanol. Preferred is i-butanol, t-butanol, 2-
methylbutan-2-ol, 3-methyl-3-pentanol, 3-ethyl-3-pentanol. Most preferred is t-butanol.

The base useful in this process of the present invention is a basic organic or inorganic
compound and acts as proton acceptor without inhibiting the catalytic activity of the
25 employed palladium. Suitable classes of such bases are for example carbonates,
phosphates, fluorides, alkoxides and hydroxides with a suitable metal as counter ion.
Carbonates and phosphates are the preferred bases in the process of the present
invention. Potassium carbonate or cesium carbonate and in particular potassium
phosphate are the preferred bases.
30
" The bases are generally empioyed in moderate excess based on the heteroaryl-1-

tosylate of the compound of formula 1l. A usefui range is a 1.5 to 4 fold excess based



IS a (C4-C1_4)_—h_eteroar_yl ri_ng system, wherein heteroaryl is selected from 1Hindazolyl, pyrazolyl,
pyridyt, pyrimidinyl, quinolinyl and thienyl, and wherein Sheteroaryl is unsubstituted or is mono- or

disubstituted independently of one another by R1; J is a covalent bond, -(C1-C4)- I
cyclohexenngﬁg f?gg’&ﬂ? phenyl, wherein pheny|1'§ unsubstituted or mongc%lg@ﬁgﬁ%ﬁ%g?ed

independently of one anot_her by R13, or thienyl, 10 W is hydrogen atom, -(C1-C4)-alkyl, cyclohexenyl,
cyclohexyl, phenyl, \(vhereln phenyl is unsubstituted or mono- or disubstituted independently of one
another by R2, or thienyl, R1 and R2, are independent of one another identical or different and are

a)hydrogen atom, 15b)F, c) ClI, d) -(Ci-C4)-alkyl, wherejn alkyl is, unsubstituted ' [
oy R3S AR A8 55 AR b TEH IS R ke or o
times by Bi3idedikGL3Gdldalkubswhersia aththis hetsubatiflitetbsylatosfithedampaingvoftimes by

R13, h) -N( 101 -(C1-C4)-alkyl, wherein alkyl is unsubstituted or substituted one 25or two times by
R13, 1) -cfm,"yj € lr~| K) -C(0)-0-R11 or 1)-N(R11)-R12, 30R10 ishydrogen atom or -(C1-C4)-alkyl,

5  The palladium catalysts useful in this process are not bound to solid carriers such as
zeolite or silica and can be selected from the foliowing classes: Pd-alkanoates, Pd-
alkanoate complexes, Pd-acetonates, Pd-halides, Pd-halide complexes, Pd-phosphine
complexes. Representative examples include, but are not limited to, provided that the
catalyst contains no monophosphino-biphenyl derivative as a ligand: palladium (i)

10  acetate, palladium (i) trifluoroacetate, paliadium (il) hexafiuoro-acetylacetonate,
paliadium (11} bromide, patiadium (it) chloride, palladium (il) iodide, paltadium (II}
nitrate, palladium (Il) acetylacetonate, dichloro-bis-acetonitrile palladium (11},
tetrakis(triphenylphosphine)palladium (0), trans-di(p-acetato)bis[o-(di-o-
tolylphasphino)benzylidipatiadium (11}, tris(dibenzylideneacetone)dipaliadium(0),

15  tris(dibenzylideneacetone)dipalladium(0) chloroform adduct, palladium (11) chioride,
2,2"-bis(diphenylphosphino)-1,1*-binaphthylpalladium(li) chloride, acetato(2'-di-tert-
butylphosphino-1,1'-biphenyl-2-yhpalladium(!h), (1 ,2-Bis(diphenylphosphino)ethane)di-
chloropalladium(ll}, Bis[1 2-bis(diphenylphosphino)ethanelpalladium (0}, {(28,38)-
Bis(diphenyiphosphino)butane] leta3-allyllpalladium(il) perchiorate, 1,3-bis(2,4,6-

20  trimethylphenylimidazol-2-ylidene(1 A-naphthoquinone)paliadium (0) dimer, [P,P"-1,3-
bis(di-i-propylphosphino)propane][P-1 ,3-bis(di-i-propylphosphino)propane]palladium
(0), 2-(dimethylamino)ferrocen-1-yl-paliadium(li) chloride dinorbornylphosphine
complex, chioro(di-2-norbornylphosphino)(2-dimethytaminomethylferrocen-1-
yl)palladium (11}, 1,1'-bis(diphenyiphosphino)ferrocene paltadium (I1) chloride,

25  dichloro[1,1"-bis(diphenylphosphino)ferrocene] palladium (I} dichloromethane adduct,
dichioro((S)*N,N-dimethyl—1-((R)—2-(diphenyiphosphino)ferrocenyl)ethy!amEne)—
palladium, (1 ,1'-bis(diphenylphosphino)ferrocene)palladium(il} chioride, [(28)-1-[(15)-
1-[bis{1,1 -dimethytethyi)phosphino~kappaP]ethyl}-Z-(diphenyiphosphino-
kappaP)ferrocene]palladium dichloride, [(25)-1-[(15)-1 -[bis(1,1-dimethylethyl)-

30 phosphino~kappaP]ethy!]—2-(diphenytphosphino-kappaP)ferrocene][tris(z-
methylphenyl)phosphinelpaliadium, [(2R)-1-[(1R)-1-[bis(1 ,1-dimethylethyi)-phosphino-
kappaP]ethyl}—z-(dicyclohexyiphosphino-kappaP)ferrocene][tris(2~



WO 2009/003590PCT/EP20081004928 14 R11 and R12 are independently of one another identical or
different and are hydrogen atom or-(Ci-C4)-alkyl, R13 isF, Cl, -CN, -OH, -(C1-C4)-alkyl, -CF3, phenyl
or -N(R17)-R15, R17 and R1B are independently of one another identical or different and are
5hydrogen a%?ﬁ%?ﬁ’-’?&’f?&)-amw, and R3, R4, RC? R6 and R7 are indep&%%ﬁﬁ@%ff’%}ﬁ%%nother
identical or different and are hydrogen atom or -( i-04)-alkyl. 10 The protic solvent useful in the
process of the present invention must be solvent, wherein the compounds of formulae Il and IlI,
palladium catalyst, base and ligand are soluble or at least partially soluble and compatible and is

chemically inert under the reaction condjtions and does not contain oxygen as impurity. 15Examples of
said protié@hﬁéﬁl‘?%ﬁpﬁféﬁﬁh"ﬁﬁé‘?ﬁﬁﬁ@!‘f‘é‘th.g%l?Eﬁmbﬁ‘gé{ﬂ%%?%%’ﬁ&ﬁaf’ﬁb@pé RP-butanol,

i-butanol, fhyianelrRRenFHIRknRe (IR ReudrwsBIste2- butanol, 2-trifluoromethy1-2-proPan0l,
2,3-dimethy1-2-butanol,3-pentanol, 3-methy1-3- pentanol, 2-methyl-3-pentanol, 2-methyl-2-pentanol,
2,3-dimethy1-3-pentanol,3-ethyl-3- pentanol, 2-mety1-2-hexanol,3-hexanol,cycloPropylmethan0l,
cyclopropgine|pafsyiciebedesiobt dy deperdiyelnpjoiaideramn b mrefatiodhs rngar] ittbutbmobie-
methylbutan-2-o|, 3-methyl-3-pentanol. 3-ethyl-3-pe I f ISAPytanpgLHhe base useful
in thié proeag%eg* %%e%){éﬁ%ﬁvgﬁ i%%tﬁ gt@aé %%rgﬁ% gr In %’gﬁ)a{qr%? gﬁ@unﬁ'amd acts as proton

acceptor watigeitsiihibifimyalecpeataiptiofraiagiuntbataly sirhpredaptirRbrierostitablesyaess of such

bases areﬂt'%r f&?ﬂm%c l?BHﬁEﬁé’l phosphates, fluorides, alkoxides and hydroxides with a suitable
metal as counter jon. Carbonates and phosphates are the preferred bases in the process of the

present invention. Potassium carbonate or cesium carbonate and in particular potassium phosphate

are the preferphRasRBA0NMIR 200935 40REHIERANE8MAEIBRLR MRy Astesnaryanlotosylate of
the compound of formula Il. The base may be favorab%em l(I:_)Xed in a 3 fol exgess based on the

hete?@aryfeieﬁyléﬁ%f%ﬂﬂﬁe@%ﬂ?(ﬂ?ﬂjﬁﬂrBPoundsv but are not imited to, provided that the

phosphine ligand is not a monophosphino-biphenyl derivative: (+/-)-2,2'-
bis(diphenylphosphino)-1,1'-binaphthalene, (8,9-dimethyl-8h-xanthene-4,5-
diylbis{diphenyl phosphine], (R)-(-)-1-{(S)-2-(diphenylphosphino) ferrocenyl]
ethyldicyclohexylphosphine, 1,2-Bis(diphenylphosphino)ethane , (28,35)-(-)-

15  bis(diphenylphosphino)butane, 1,3-Bis(diphenylphosphino)propane, (R)-(-)-1-{(S)-2-
(Dicyclohexylphosphino)ferrocenyl]-ethyldi-tert-butylphosphine, (R)}-(+)-1,1"-
Bis(diphenylphosphino)-2,2-bis(N,N-diisopropylamido)ferrocene, (S,S)-1-{1-(Di-fert-
butylphosphino)ethyl]-2-(diphenyiphosphinc)ferrocene, (1R,2R)-(+)-1,2-
Diaminocyclohexane-N,N'-bis(2-diphenyiphosphino-1-naphtoyl, (-}-1,2-Bis((2S,55)-2,5-

20  diiso-propylphospholano)-benzene, Bis{(2-diphenylphosphino)phenyllether, (S)-(-)-2,2'
Bis(di-para-tolylphosphino)-1,1'-binaphyl, 4,5-Bis(bis(3,5-bis(irifluoromethyhphenyl)- |
phosphino)-8,9-dimethylxanthen, (R)-{-)-1-{(8)-2~(di(3,5-bis-
triflucromethyiphenyl)phosphino)ferrocenyllethyldicyclohexylphosphine, (R)-(-)-1-{(S)-
2-(di(3,5-bis-trifluoromethylphenyi)phosphino)ferrocenyljethyldi(3,5-

25  dimethylphenyl)phosphine, 2,2'-bis[(2',4’ 6'-triisopropyl)dicyciohexyiphosphino]-
biphenyl, 2,2"-bis(di-fert-butylphosphino)biphenyl, (R)-(+)-1-{(R)-2-(2"-di(3,5-
xylylphosphinophenylferrocenyllethyidi(3,5-xylyl9phosphine, (R)-(-)-1-[(S)-2-(bis(3,5-
dimethyl-4-methoxyphenyl)phosphino)ferrocenyllethyldicyclohexyl-phosphine, (R)-(+)-
1-[(R}-2~(2"-di(3,5-dimethyl-4-methoxyphenyl)phosphinophenyl)-ferrocenyljethyldi(bis-

30  3,5-trifluoromethylphenyl)phosphine, (R)-(-)-1-[(5)-2-
{dicyciohexylphosphino)ferrocenyllethyldi-+t-butylphosphine, (R)-(-)-1-{(S)-2-bis(4-
trifluoromethylphenyl)phosphino)ferrocenyljethyl-di-t-butylphosphine, (1,1



formula Il. 5The palladium catalysts useful in this process are not bound to solid carriers such as
zeolite or silica and can be selected from the following classes: Pd-alkanoates, Pdalkanoate
complexes, Pd-acetonates, Pd-halides, Pd-halide complexes, Pd-phosphine complexes,
Representativé) ég‘gﬁ{?ﬂ%"? include, but are not limited to, provided that thePC%l a;r}zs Ggglﬁ%glzﬁs no
monophosphino-biphenyl derivative as a ligand: palladium (II) 10acetate, palladium (II) trifluoroacetate,
palladium (ll) hexafluoro-acetylacetonate, palladium (II) bromide, palladium () chloride, palladium (II)
iodide, palladium (1) nitrate, palladium (II) acetylacetonate, dichloro-bis-acetonitrile palladium (11),
tetrakis(triphenylphosPhine)Palladium (0),

trans-di(pf%@c@mﬁéig{mwr&mtaWﬁbmqiz%)ﬁéhiyi]'d#%ﬂﬁzﬂﬁm’km?sph5"0)-22'“*)*5(““.N-
tris(dibengylidspgasstane)inatadismms 4 Srissibsnayyreneneaionmenaiiadiinéaocaiaspiorm

s e I TR IR e

2oy ot OO
IS -pis(aipne SFNI anepa u - bl | ospnino)butane
feradily AR DT e B RS DA R PNl BoS e, R B( =P

ﬁ?t{;methwwyﬁ?um@f@gmBe(anabﬂ@bamumwmdm%ﬂ?Ednifermzwil?g;vh
is(di-i-pr inQ)Pro 3501s (di-i J(?ﬂpéggﬂ adium (0),
2-(dimeth§/f)gh1gl% Brre %H?ﬂ%?ﬁﬂ{&ﬂ rrf()?l%zJ cfﬁ%r!r%?eg Inor orﬁ?ﬁ%ﬁ%@mplex,
chloro(di-2thyidicycipveadPhasplineitRirtprdm SO ddigrerbesnpnoaprimakiarrasnyil

1,1'-bis(di Qg.pg@ e ialladiumdil ' ino) f I
25dich|ort%ﬁ1&1¥-%( iphg@ﬁ%@%n«%ﬁo@g b%ﬁ?&%ﬁgl IBOgi%%:I%?g)rﬁgi?l%%ny}dd {
dichiéro((stddicyrabariabgsobtingih %%&%PEHM@? ﬁﬁ&ﬁ&ﬁﬂﬁeﬁ;ﬁ é?ﬁt‘%},"z'
g%i%ils-(t)lisl(?dammthy pﬁgﬁﬁﬁ)@ig%%ggﬁwg?mprﬁdﬁ(%%béy%i)phsfgghoceneipalIadium
dichlorideP[@B)MIR YRGB A 1H m@wﬁf‘ﬁ R MR Rer2)
phOEpriEQﬁ&?mphaﬂaMdsah_ :fﬁi@}ienww)%lm keppaP)i¢BpbeNdlimethyl-1-((R)-2-

methylphen osphinelpalladium . e . .
[(2R)-1-[(i%?fémz%?fpﬁmg?%@tﬁ?/ﬂ%ﬁtohsypl)%rlﬁloq?a‘f)’%élgﬁ%ﬁ%‘ﬁhﬁg&h@%zgﬂégfﬁﬁggﬁ‘ieri(;[ﬁ(appaP)ferr
Ocenél [trifg2-b WG ReG9IDE3 SH0ECIVEARO 1B/HhosRB orsumtel) OhprB8pHine]palladium. The
preferred §P%ﬂé)alladium (I1) acetate and in particular palladium (11) trifluoroacetate. The

palladium catalyst Is generally employed in an amount in the range of 1 to 10 mole 5 percent based on
the heteroaryl-1-tosylate of the compound of formula II. A useful range is 1 to 9 mole percent of

palladium paiglpsidiasRre fphatererhdriinadpimelitesempapngattoutinds fiiedigand useful
in this process is a mono- or bidentate phsphineg liga nd can be . . .
[2—(c£iphenytphosphmo)ferrocenyﬁe&ylrgiht- umpﬁosp%tne are employed in particular in
20  combination with a palladium source bearing no phosphine itself, like e.g. dichloro-bis-
acetonitrile palladium (I1), paliadium (l1} bromide, palladium (il) iodide, palladium (i
acetate, palladium () triflucroacetate, tris(dibenzy[ideneaéetone)dipalladium(O),
'palladium (i1} chioride. The most preferred ligand is 1-[2-(dicyciohexylphosphino}-
ferrocenyllethyldi-t-bufylphosphine.
25
The phosphine ligand is generally employed in an amount in the range of 1 to 15 mole
percent based on the heteroaryl-1-tosylate of the compound of formula li. A useful
range is 1 to 10 mole percent of phosphine ligand based on the heteroaryl-1-tosylate of
the compound of formula Il. Most favourably the phosphine ligand is employed in a

30 rangeof15 - 3 ratio in particular a 2.3 ratio with respect to the palladium source.



10selected from the following compounds, but are not limited to, provided that the phosphine ligand is
not a monophosphino-biphenyl derivative: (+/-)-2,2'- bis(diphenylphosphino)-1,11-binaphthalene,
(9,9-dimethy1-9h-xanthene-4,5- diyl)bis[diphenyl phosphine], (R)-(-)-1-[(S):2:(diphe osphino)
ferrocenyl) e%?lm%%’/rg%??gxylphosphine, 1,2-Bis(d{' henylphosphino)ethan%lj,%(ég&,%%@%)g-ag
15bis(diphenylphosphino)butane, 1,3-Bis(diphenylphosphino)propane, (R)-(+1-[(S)-2-
(Dicyclohexylphosphino)ferrocenylFethyldi-tert-butylphosphine, (R)-(+)-1,1'-
Bis(diphenylphosphino)-2,2'-bis(N,N-diisopropylamido)ferrocene,
(S,5)-1-[1-(Di-tertbutylphosphino)ethy1]-2-(diphenylphosPhino)ferrocene,, 1R,2Iu:§€é- +)-1,2-
Diaminoc’i]bh)mezatmlkt,Na%is@%ﬁéhﬁmﬁﬁﬁ%%@%@@I,Q—jﬂ?@%ié(f& Ss&s

20diso-propylahasRhlanoporents Bisl @:dipareviaorehisminbeny tatied 63)-(hcd2the
Bis(di-para-tolylphosphino)-1,1'-binaphyl, 4,5-Bis(bis(3,5-bis trifluoromem_}g)sphen. 12)—
phosphingm@nﬁé?ﬁwkhﬁm&}n an argon or nitrogen atmosphere ata pheric pressure.

(R)-(+1-[(Pp2redicdchiste s arametantph engliphisshbure)ejrocenyllethyldicyclohexylPhosPhine,
(R)-(-)-1-[(5)- 2-(di(3,5-bis-trifluoromethylphenyl)phosphino)ferrocenylJethyldi(3,5-
25dimethylphenyl)phosphine, 2,21-bis[(2',4',6'-triisopropyl)dicyclohexylphosPhinol- biphenyl,
2,2"-bis(dirfesthubririospbing) biletion niRy-He)MetiRyrad Bydi@ibods known to those skilled in
xylyl)phosphingphenyl)ferrocenyllethyldi(3,5:xyl ne, (R)-(-)=1-[(3)=2=~(Bi 5
dimethyl-ﬁ%@ﬂ\ p%‘?iﬁ)’/ﬁ?&&?égp{ﬁfHgﬁéfgéiﬁy%?#ﬁ%%%ﬁg%*%hgog]s%ﬁﬁgn( QR{)a +)- .
1-[(R)-2-(AudlEaEroimettiv Tebonathesyipfransd) shesnressive Ay Hishaussseniatithis-
303’5'tr'ﬂ%ﬁFomggc%%I%Bﬁ?gME%E'%ﬁtp@ﬂ?ﬁﬂd[&ﬂf@t‘ecﬁon or mass spectroscopy. Preferably
INo

(dicyclohexyf?) 0S errocenyliethyldi-t-butylphosPhine, (R)-(-)-1-[(S)-2-bis(4-

trifitfométhy Ipvensiipaaspiromateataimeaiyl-BIaDRIGHHER HAINE, ’fi:{nwéraphy (HPLC)
2009/003334) ﬁEﬁ@Q%@Q%ﬁs@@%&%ﬁphenylthSphine, |
R e o N SRR AT 0S8 deRahdPapmgoneny -1
(25()(;(_?]'1'B@ﬁ%s@ﬁhﬁ@fﬁ%ﬂﬁﬂ@)ﬁ&?@@?@tﬁ%d%@t}hﬂmﬁmm,iﬂ:tM-m,-p(@-for
-(diphenylphosphino) ferrocenyl] ethyldj-t-butylphosphi (1)1 (R )P .
5(dicyc|of?@$@fﬁﬁ%§%%*5§?e yl?e‘%/ﬁwgiﬁ Bﬁaﬁlﬁ“ g%ﬂi?hde&? %ﬂ%sc%g%}f%%puﬁbﬁ)c()tsr[a)ﬁ%ﬁg)ferrocene,
(R)-tr5- 1-[(@)HCotdinyic sbiverih ciRtitiatinfe wostaliizetioy diienyatearaphinen silica, and high
(S)-(+)-1-[(R)-2-(dicyclohenflphosPhing) f i i

R TR B B e rcferred
(R)-(-)-1-[(B3PadiphehydphbspBried)dtivpiiedyn those exemplified.

1Qethyldionﬁ@t{rm'€ﬂgﬁggi0§e&%‘é?&&d&ﬁr&&wﬁmgabi@aii@mw@%@k@%me«a&-z
(diphenylphosphino)terrocenyl)ethyl methyl ether, (+f-(r§i)-1-( R)-2- d|rﬁaengghoaoging)&goo%enyl)ethyl
methy! ethiersatyragoarpdns MhipD ige) a1 veH R0 BIRA)H RO HROE SRR SR 1amme,

(+)-(89-N. MslimeibyBrd #dR48-and/or triple bonds. All these statements also apply if an alkyl
Stert bULHHIRBRRES 45 8RR AUSUH O ML ChAPR L o IO residue, oo
favorably are diéPdeiesetastyimidse ina)famndaliyy lesiudi- Exatywlregihite) Ca)-alkyl" or
e A i S Tesiouet chREARIRG 15 4188, 7 5P b atorns

are methyl, methylene, ethyl, ethylene, propyl, propylene, butyl, butylene, pentyl,

25 pentylene, hexyl, heptyl or octyl, the n-isomers of all these residues, isopropyl,
isobutyl, 1-methylbutyl, isopentyl, neopentyl, 2.2-dimethylbutyl, 2-methyipentyl, 3-
methylpentyl, isohexy!, sec-butyl, tBu, tert-pentyl, sec-butyl, terrt—butyl or tert-pentyl.
Unsaturated alkyl residues are e.g. alkenyl residues such as vinyl, 1-propenyl, 2-
propenyi (= allyl), 2-butenyl, 3-butenyl, 2-methyl-2-butenyl, 3-methyl-2-butenyl, 5-

30 hexenyl or 1,3-pentadienyl, or alkynyl residues such as ethynyl, 1-propynyl, 2-propynyl
(= propargyl) or 2-butynyl. Alkyl residues can also be unsaturated when they are

substituted.



20combination with a palladium source bearing no phosphine itself, like e.g. dichloro-bis- acetonitrile
palladium (1), palladium (II) bromide, palladium (1) iodide, palladium (Il) acetate, palladium (Il)
trifluoroacetate, tris(dibenzylideneacetone)dipalladium(0), palladium (I) chloride. The most preferred
ligand is 1423)(&39 ﬁﬂ%“:ﬁ?ﬁlphosphino)- ferrocenyl%%thyldi-t-butylphosphine?‘ég/qpﬁggﬁfﬁ%%%ine ligand is
generally employed in an amount in the range of 1'to 15 mole percent based on the
heteroaryl-1-tosylate of the compound of formula Il. A useful range is 1 to 10 mole percent of
phosphine ligand based on the heteroaryl-1-tosylate of the compound of formula Il. Most favourably

the phosphine ligand is employed in a 30range of 1.5 - 3 ratio in particular a 2.3 ratio with respect to
the palladiti@ %médCWWQWBﬂQW@gﬁPMMQ 3%t residHERGHS<YSIRRY Ut in the

temperalue fiae SR (190 &\ S eFRPEaMIASERRAGO GARANAM. Gerialy the reacton

is carried out under the exctuSiori of alr like e.g. Tn an argon or nitrogén atmosphére at atmospheric

pressure. Siuopeadyiostiiedexh tyiohaniil of Txelas-houn[#). & TiRdsprbgeRsaeH. reaction may
be monitojgel by R adEikaRUT B BesLilPd R A e/ eihaRlahin laver silica gel

chromatography, gas chromatography, nuclear magnetic resonance, infrared sgectrOSCODy, and high

pressiire lIqRdAorHaeGrEprRNOISBIREEIRRY RS ISR NGB IBR YT ySLesgseen JaEiR)S preferably
10 thin layer sili r | egdiguu ateqr a bined
with masscggzygﬁ%gﬁgqﬁagrg& i%%%%%%ﬁ{ﬁ%ﬁ ;mn%mﬁlggﬁﬁp %%ngﬁﬁgs%qs%%é%@ﬁgnpounds
obtainelrd ?yéfm@mnmﬁfnve Iijoreaeummgehﬁaptgtwmamnwhthyhmﬁpmugd, ifottexamplixe for
example fjltration thr acelite con C g -Ups: i bwith organic
covents, CrRRBA Loyt AN S s ant o RS LG B B el

chromatograsgitind madicaiakpdade partewssghpnykmdivele aadnaleimd and gadicalt are not limited to
thosegexeipliie, The Jom Ak e RRd-DRIRACARIeRshalngbifiGE 8 UBIRa i eyeR dsanRloas

unsaturated groups w er groups contain one or more, for example one, two or 20 three, double
bonds anabidhigens s gepdritzapcstatentemibetsuf Hpglstifran alkybtooep ecardtaeadupstituent on

residue, Sl W G B e B 1. 2.3, 4,5,
6, 7 or 8 cheteneatenissuch as nitrogen, oxygen or suliur. -(C4-C14)-Heteroaryl compounds are
formally derived from aryls by replacement of one or more methine (-C=) and/or

15  vinylene (~CH=CH-) groups by trivalent or divalent hetercatoms, respectively, in such
a way as to maintain the continuous p-electron system characteristic of aromatic
systems and a number of out-of-plane p-electrons corresponding to the Hiickel rule (4n
+ 2); an alternative term is hetarenes. Examples are acridinyl, azaindole (1H-pyrrolo-
‘pyridinyl), azabenzimidazolyl, benzimidazolyl, benzofuranyl, benzothiofuranyl,

20 benzothiophenyl, benzoxazolyl, benzthiazolyl, benztriazolyl, benztetrazolyl,
benzisoxazolyl, benzisothiazolyl, carbazolyi, chromanyi, chromenyl, furanyl, furazanyl,
imidazolyl, indanyl, 1H-indazolyl, indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl,
isoindazolyl, isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl, naphthyridinyl,
oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl,

25 1,4-oxazepinyl, oxazolyl, phenanthridinyl, phenazinyl, phenothiazinyl, phenoxazinyl,
phthalazinyl, pteridinyl, purinyl, pyrazinyl, pyrazolo[3 4-b]pyridine, pyrazolyl,
pyridaziny!, pyridooxazolyl, pyridoimidazolyl, pyridothiazolyl, pyridinyl, pyridyl,
pyrimidinyl, 2H-pyrrolyl, pyrrolyl, quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl,
tetrazinyl, tetrazolyl, 6H-1,2 5-thiadiazinyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-

30 thiadiazolyl, 1,3 4-thiadiazolyl, 1,2-thiazinyl, 1,3-thiazinyi, 1,4-thiazinyl, 1,3-thiazolyl,
thiazolyl, thienyl, thienothiazolyl, thiencoxazolyl, thienoimidazolyl, thiophenolyl,



are methyl, methylene, ethyl, ethylene, propyl, propylene, butyl, butylene, pentyl, 25pentylene, hexyl,
heptyl or octyl, the n-isomers of all these residues, isopropyl, isobutyl, 1-methylbutyl, isopentyl,

neopentyl, 2,2-dimethylbutyl, 2-methylpentyl, 3- methylpentyl, isohexyl, s%c-b/%t 2'0 t;?é{m g%t-pentyl,
sec-butyl, teBdPEFRA-pentyl. Unsaturated alkyl residues are e.g. alkenyl FE&tag*ten as vinyl,

1-propenyl, 2- propenyl (= ally!), 2-butenyl, 3-butényl, 2-methyl-2-butenyl, 3-methyl-2-butenyl, 5-
30hexenyl or 1,3-pentadienyl, or alkynyl residues such as ethynyl, 1-propynyl, 2-propynyl (= propargyl)
or 2-butynyl. Alkyl residues can also be unsaturated when they are substituted. WO

2009/003590PCT/EP20013/004928 19 The term "-(C3-05)-cycloalkyl" i lic alky!
esidues ORI PSR bchRAREAN, .55 A oo b LI At s S ertapy,

cyclobuty}, sycierenlyl, tychheadieynBeptiezoiycndotahtiwigh can also be unsaturated.
Unsaturated cycloalkyl groups are e.g, cyclopentenyl or cycloh 145 AHCOCld)-aryl" is
understoaa‘?lé‘?ﬁ@aﬁiﬁ'g% rﬁ%ﬁﬁ%ﬁgﬁoéﬁ;b e %gatlg%%ﬁfgiﬁﬁwx;f?é% %E%%%%&r%@n gto‘ﬂ%% 1?1 the
ring. ExampiesioiréselietanidedicalscraphestusspiuhhlatoazepingleZetidipaiaa dAte-naphthyl,
biphenylyl, for example 2-biphenylyl..3-hi Yl -hi VA eyl renyl. Biphenylyl
radicals, ﬁéﬁﬁmyl rgéjl%iesp 5#1‘3,' rﬁn%gr':}é%%%%gﬂé%ﬁ ?ggﬁzﬁggﬁg %{é%ﬁeqd@é@??gﬁgelé. 10 The term
"-(C4-C1@Mtisa€eqai§dka@t&sdénamirte,ﬂiﬂmémﬁeae@i%h%@ichgdi@?‘éﬁﬂﬁef‘&\?ﬁfbﬁrﬁ%%l%’
depending o (g AUIARI.OGAA C LU RHLAL QSR ASTECRANMLSKRIENBoNBESRN one of more of

the 4 to 14 ring carbbp atoms are replaced by heteroatoms such as nitrogen, oxygen or sulfur.
-(C4-Cl4jskixaardingy isoxasslivins o2d98 BehoRMASANAIDR b6 RAIRRIEAIRRt BICSRECYPFrore
methine (;Cx), 209 Jan¥iny ERgdthiblakd 11 aLeunscby idyalons s dhees-oatesoalorss, respectively,
in such a way as to maintain the continuous p-electron f?/stem.characte.r'?tié: of %%mat}% isxgtems and
a ndﬂber%ﬁ%ﬁﬁ%ﬁ%%@f@éﬁ@ﬁ?e&’f@%%ﬁdﬁ%% BRAREKST BIRTUR ISR aIPé’rngf[ve' term is
hetarenes, a0l pyrase mwidinyzoldind oy (it ziner eppyineylrimidibengiynide plytrdigingmidazolyl,
benzofuranyl, benzothiofuranyl Oge zathipphenyl, ben | %@VH'HS”@{@EW&
benztetra?(ﬁfﬁ?ﬁ?'g@?@'i‘?o?&r&’ éOé?l f%p&fﬁfa"f%%?[‘ ’c%%%@i%%ﬁrﬁ?ﬁy , Chroi enyl, furanyl, furazanyl,
imidazolyheirdaoty, thiddintare iidduaiilenyl, 2-dteazineHliddbiazirebbhz briaang, 1seitipzisi,
isoindolylJsoaubqlimyliReHNeAalY s AR RNy naRB iR ORSREIRED idhgrarp alie ol
1,2,4-0xa&#‘é§%§ﬁ,’%§ ?géja{’ 2@@ y?q?%;-oxag%hzoly], 251,4-oxa52e inyl, o>c<§l§z?olyl, phenanthridinyl,
phen&zinytigtieeotRatitiidzioee loXk&zifigrine, 1,2,3-triazole or 1,2 4-tfriazole.
The 3- to 7-membered cyclic residue may be bonded via any ring carbon atom, and in
the case of nitrogen heterocycles via any suitable ring nitrogen atom. Thus, for
example, a pyrrolyl residue can be 1-pyrrolyl, 2-pyrrolyl or 3-pyrrolyl, a pyrrolidinyl
residue can be pyrrolidin-1-yl (= pyrrolidino), pyrrolidin-2-yl or pyrrolidin-3-yl, a pyridiny!
20  residue can be pyridin-2-yi, pyridin-3-yl or pyridin-4-yl, a piperidinyl residue can be
piperidin-1-yl (= piperidino), piperidin-2-yl, piperidin-3-yi or piperidin-4-yl. Furyl can be
2-furyl or 3-furyl, thienyl can be 2-thienyl or 3-thienyl, imidazoly! can be imidazol-1-yl,
imidazol-2-yl, imidazol-4-y! or imidazol-5-yl, 1,3-oxazolyl can be 1,3-oxazol-2-yl, 1,3-
oxazol-4-y! or 1,3-oxazol-5-yl, 1,3-thiazoly! can be 1,3-thiazol-2-yl, 1,3-thiazol-4-yl or
25  1,3-thiazol-5-yl, pyriridinyl can be pyrimidin-2-yl, pyrimidin-4-yl (= B-pyrimidinyl) or 5-
pyrimidinyl, piperazinyl can be piperazin-1-yl (= piperazin-4-yl = piperazino) or
piperazin-2-yl.
The term "R1 and R2, R2 and R3, R3 and R4 or R4 and R5 form together with the
atoms which they are attached to a 5- or 8-membered ring, containing up to 0, 1,2,3
30  or 4 hetercatoms chosen from nitrogen, suifur or oxygen" refers to residues which are
e.g. azepine, azirine, azocane, azocane-2-one, cyloheptyl, cyciohexy!, cyclooctane,
cyclooctene, 1.4-diazepane, 1,2-diazepine, 1,3-diazepine, 1,4-diazepine,



phthalazinyl, pteridinyl, purinyl, pyrazinyl, pyrazolo[3,4-b)pyridine, pyrazolyl, pyridazinyl,
pyridooxazolyl, pyridoimidazolyl, pyridothiazolyl, pyridinyl, pyridyl, pyrimidinyl, 2H-pyrrolyl, pyrrolyl,
quinolinyl, 4H-quinolizinyl, quinoxalinyl, quinuclidinyl, tetrazinyl, tetrazolyl, 6H-1.2.5-thiadiazinyl,
1,2,3-thiadia%hA'%/ ¥ iadiazolyl, 1,2,5- 30thiadiazolyl, 1,3,4-thiadiazoRt 1S ANGAMA 1,3-thiazinyl,
1,4-thiazinyl, 1,3-thiazolyl, thiazolyl, thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thiophenolyl, WO 20(19/003590PCT/EP2008/004928 20 thiophenyl, 1,2,3-triazinyl, 1,2,4-triazinyl,
1,3,5-triazinyl, 1,2,3-triazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyland xanthenyl.
The term "a 3- to 7-membered cyclic residue, containing 1, 2, 3 or 4 heteroatoms' refer to structures of
heterocyditRjdinasicaredrosieudsddiareaa-émne; E\Eéfﬁfﬁ@%ﬂﬁdﬁl@’,‘%?‘ﬁiﬂ%’%% fzepane,
1,2-diazepjng, 1.3-diazeping, 1.4-dli j [azZirdif AN i dig¥aginelidiasole,
1,3-dioxoEjnﬁ%%%%ﬁ%ﬁh%#&r%ﬂ%ﬁ?a@%?g 'irqn'i?ﬂd%iﬂg}%ﬁ_%%az%ﬁmi?%otﬁiazole, isothiazolidine,
isothiazolimdgismtiaolsptbiseoielisehasalidinginsotizeing isethiatdifo /s PAA¥eketopiperazine,
morpholifg, 4,3 IRRARS o’ X BIRIRON . ReRiARABRBRNG. RetupipiBraclad:ariarptiiiac- 10

oxazine, oxazole, oxaziridine, oxetan, oxirane, piperazine, piperidine é)y ,op razine‘, Byrazole,
lidine;

pyraolind, pyredhianangy fidaorniolARfnd; 'WHR{’H}%y} Tg?(%‘n"} Rfididne, pyrroline,
tetrahydrofran, Jefadwidranyian pisbradinnyrdexdebeane.dat aanteathiadiraiae hiadizole,

1,2-thiazine, 1,3-thiazine, 1,4-thiazing, 1,3-thiazole, thiazole, thiazolidine t@azolinea thienyl, thietan,
thiomorpHoflehiBipaaging, PRSIERINg, RRSAYS, PYHABARE P G ANETGNE YT or 1,2 4-triazole.
The 3- to JomeinBefrRiicpsistie ppay e fpadelitive vy aindinarbyridapime spylidinge case of
nitrogen heterocycles via any suitalle ring nitrggen atom, Thus, ) /1. idue can be
1-pyrro|yl,W%?H%Eﬂo?%’fﬁ%r&ﬁfcﬁ% oﬁ%fﬁ?/{'%g}%‘ SeRAreld pé%‘l?dﬁ%%ﬁ%rﬁ%% r{?)é‘l'(PI
pyrretidin-2-yher fexrabhdinin aeysiinybagrasidetayd tuppydior- teiappadistsagrie pyridin-4-yl, a
piperidiny| residue can be,pipgridinzlavi(=.piperigil IRerdingd il PR3- oy pirgrdein-4-yl.
Furyl can %@%'WFOE&%%?ﬁ%i@%\%@g gfﬁiggﬁ%lﬁgﬁﬁgﬁd@% can be imidazol-1-yl,
imidazol-2hibntidiaeo tazbinantilansl- Shigtang thiemerpialingethiopyan ol 2. tHaging L 8i%-y1 or

1,3-0xazo{-n53-¥.In el%tijgsa_mggﬁ%n !p’g é@ﬂy’g@b@wh}@@g@g@lﬁiﬂ or 25_51,3-th_iazo|—5-y|, pyrimidinyl
can be pyrlmldln-‘z-y S pyrimidin-4-y1 (=,6-pyrimidinyl) or 5- pyrimidinyl IEerazm | can,he
piperazin-Tf}ﬁit%Efpib@azﬁ@@l@?ﬁﬂﬁﬁlaﬁrﬁ)f)ﬁftﬁb%rré%ﬂi-'iiﬁﬂof'ﬁ@té‘ir% ﬁlr%ﬂglﬁ2fNﬁ§%ﬁarh3, R3
and i or R4 and RS formdegpliecudinabecramsayih ey e Raetor 4o HrCHmembered
g, containing up to 0, 1, 2, 3 30 or 4 heteroatoms chosen from nitrogen, sulfur or oxygen" refers to

residues WiTiEiF RISFY. EAapi0E AziiHe - Arbeand; dzdthing-2-6if-Efighestfiz Gbfopexyl, cyclooctane,
cveloocte n—%%’z“igii%z!?,p?Sa’z%czi:i(}j:i-%z!?g ,i n_ec IJIQ%-C?IL?IZ—WQ . 1ié-lqi2qé%)ly?-8’i~i oF, -CHp-CH2-CF3,
-CHy-CHp-CHFp, -CHp-CHp-CHoF, -CH2-CF2-CF3, -CH»-CFp-CHF2,
-CHp-CFp-CHoF, -CHF-CHF-CF3, -CHF-CHF-CHF», -CHF-CHF-CHaF,
20 -CHF-CH5-CF3, -CHF-CHp-CHFp, -CHF-CH2-CHoF, -CHF-CF2-CFg,
-CHF-CF5-CHF>, -CHF-CFZQCHzF, -CFo-CHF-CFg, -CFp-CHF-CHF2,
-CF5-CHF-CHoF, -CFo-CHp-CF3, -CF2-CH2-CHFp, -CF2-CHa-CHgF,
-CF9-CFo-CF3, -CF2-CFa-CHFy or -CF2-CFa-CHpF.

Halogen is fluorine, chlorine, bromine or iodine, preferably fiuorine, chlorine or

25 bromine, particularly preferably chlorine or bromine.
The term “tosylate” or “Tos” refers to p-toluenesulfonic acid ester or p-

toluenesulfonate.
The term “triflate” or “Tf refers to trifluoro-methanesulfonic acid ester or

trifluoromethanesulfonate.
30  The term “nonaflate” refers to 1,1,2,2,3,3,4,4,4-nonafluoro-1-butanesulfonic acid ester

or1 .1,2,2,3,3,4,4 4-nonafluoro-1-butanesulfonate.



WO 2009/003590PCT/EP2008/004928 21 [1,21diazocan-3-one, [1,3]diazocan-2-one, [1,4ldiazocane,
dioxazine, dioxazole, [1,4]clioxocane, 1,3-dioxolane, dioxole, 1,3-dioxolene, furan, imidazole,

imidazolidine, imidazoline, isothiazole, isothiazolidine, isothiazoline, isothi]qzolle isoig(&)aglzg,
isoxazolidine? REXELRE 2-isoxazoline, ketomorﬁholine, ketopiperazine, rﬁ&ﬁ%ﬂr{e

51,2-oxa-thiepane, 1,2-oxathiolane, 1,4-oxazepane, 1,2-oxazine, 1,3-oxazine, 1,4- oxazine,
oxaziridine,[1,4]oxazocane, [1,3]oxazocan-2-one, oxocane, oxocan-2-one, oxazole, piperidine,
piperazine, phenyl, pyridazine, pyridine, pyrimidine, pyran, pyrazine, pyrazole, pyrazolepyrrole,

pyrazolidine, pyrazoline, pyridazine, pyridine, pyrimidine, pyrrole, pyrrolidine, pyrrolidingne,. pyrroline,
5,6,7,8-telBfjaIE 1@@2&9&%}9%%&%51“{&?&6%{!&%@ g?f"%éﬁ%% éiﬁ%?{‘ té?r%ﬁ/g%%gf?%?ﬂ&/tetrazine,
tetrazole, dpigshazinerdiragiazeliadidivaginet i SdbismtetolasthidaridhanbiaslzBdliazole,
thiazolidine, thiazoline, thienyl, thietan, thiomorpholine, thiopyran, 1,2,3-triazine, 1,2,4- triazine,

1,3,5-triaz°ﬂl|'8?1,2,3-triazole or 1,2,4-triazole. The term "-(C1-C3)-fluoroalkyl" is a partial or totally
fluorinated alkyl-residue, which can 15 be derived from residues such as -CF3, -CHF2, -CH2F,

-CHF-CF3, -CHF-CHE2, -CHE-C -CH2-GF3, _ -CH 2 -CE3, -CF2-CHF2,
Crator PR, BEfe ERlbed A bk g PR o i e e s,
-CH2-CHhG#peRdeptp of BachRtheChave Rconfipprainr ac sanfioyralionFlbe compyunds

-CHF-CHEf%ﬁamﬁlé@ Hi G52 Fe 2 r eHRe G G BurE EafiiddErd o2 per b Bisanddo s
-CHF-CF2-CF3, -CHF-CF2-CHF2, -CHF-CF2-CH2F, -CF2-CHF-CF3, -CF2-CHF-CHF2,

-CF2-CHRIGMYE, fappobmixiares, ot enattiomerns epdleriiasigeemness, leroxappleipsthe form
-CF2-CF25 o4 tels FRne bt inventitilogritds fhiplireenbistinpehyeminmintuastng, preferably

fluorine, chlorine or 25bromine, particularly preferably chlqrine or bromipe. The term " late" or "Tos"
refeldto RIANLPRSIHETVEL T RAYE Eﬂéﬁ%&%%’ﬂﬁg%afba 'ﬂ'l’g%‘?%or{] BRSPS e (Eé to
trifluoro-meteamieaudinisriaeis mitrrres tifiwe ametnamesiniboniave. 2efEvisEMarinof thiidtartrakers to
117722 Bl B R R R EEoREef in the mixtures. n case the
compounds of the formula (I) can be present as E isomers or Z isomers (or cis isomers
or trans isomers) the invention relates both to pure E isomers and pure Z isomers and
15  to E/Z mixtures in all ratios. The invention also comprises all tautomeric forms of the
compounds of the formula (1).
Diastereomers, including E/Z isomers, can be separated into the individual isomers, for
example, by chromatography. Racemates can be separated. into the two enantiomers
by customary methods, for example by chromatography on chiral phases or by
20 resolution, for example by crystallization of diastereomeric salts obtained with optically
active acids or bases. Stereochemically uniform compounds of the formula (I) can also
be obtained by employing stereochemically uniform starting materials or by using

stereoselective reactions.

25  The starting materials or building blocks for use in the general synthetic procedures
that can be applied in the preparation of the compounds of formula (1) are readily
available to one of ordinary skill in the art. In many cases they are commercially
available or have been described in the literature. Otherwise they can be prepared
from readily available precursor compounds analogously to procedures described in

30 the literature, or by procedures or analogously to procedures described in this

application.



WO 2009/003590PCT/EP2008/004928 22 The term "homogenous palladium catalyzed Sonogashira
reaction” refers to a reaction system wherein the palladium catalyst is not bond to a.solid carrier such
as zeolite or silica. 5 Optically active carbon atoms present in the compounds of the formula (1) can
independentW%Fgﬁ’msé?ﬂer have R configurationzg)r S configuration. The%%ﬁfggﬂ%@gfz%e formula (1)
can be present in the form of pure enantiomers or pure diastereomers or in the form of mixtures of
enantiomers and/or diastereomers, for example in the form of racemates. The present invention
relates to pure enantiomers and mixtures of 10 enantiomers as well as to pure diastereomers and
mixtures of diastereomers. The invention comprises mixtures of two or of more, than two stereoisomers

of the forfurthen, iarerdesdmppiain thie deritedrHesttuRls SHBR hRtRIRANRIEE U LABE RS

compoungds e i, HENIAIS aNRerarREBARRE BUSIMESdvcEdsamane (engis/stlemafarargrans
isomers) the invention relates both to pure E |somer§yand8$4.1é% %ISOI‘T\EI’S 1nd 1}53 E/lZ rmxtures in all

ratios. ThthhGETRToPOMRINESRTHRL GaN BB ERINET STh SRS ANE B PRTa 1\
Diastereogapisin i 6l wgiiadeid emenshed - pesitpacatetentotiesddiyidumatiomefs-foetwample, by

chromatography. Racemates, can be separated into the two,.enantio ethods, for
exanble WP&WE&@E}%@ @nﬂ%i‘?ﬁ?%ﬁgg}é 6?%¥%?é%%f885@ oérggérﬁ%éﬁ%%@%é lization of
diastereogtinisatigalataioefionithetptivaty- saiigras dnoyingses csterdasenprifidhry apmeskye
compounds af.the formula (1) ¢ e j ' %ﬁ@ﬁ } tarting
materials B7H 'olffsi%%t%ﬁéé&%@t%@%&&?ﬁ%ggg%% st r%?‘r%aﬁ'}eﬁli?s or buildli#ggﬁaﬁlfor use in
the generahsyriuaivprscbintedbeiiianloaugs e dsHahepripariRs FoRIME'eARFIRIGE of formula

() are rea@;lﬁ&\{ﬂ?gg& one of ordinary skill in the art. In many cases they are commercially
available or haveé been described in the literature. Otherwise the%/ cagm be %o rgd from r adity
AeasHSE thei

avaidble pararedy tormamumssPApERay L BRI AR LHRERSIRE! it BrlA Y B

procedureg 4RI QAAUBIYS e geefeies siasedhnshistébis ppalibatsiaivéd. For example, nitro
2009/003590PCT/EP2008/004928 23 Further, in de{}é% ?ojhtalg etgeiggglred 5[[%},5%% SR

heteroary OFRISRSUEEBT RREHFEFIR AN Ba RARMED U reac

Etlonaﬁrgroups Introduced into t%fring
system dusingaifisuerrssuemipligeneastion aarsblﬁcmerdiﬁa‘ﬂyﬂteed_iﬁ@!@mhe&é@ml@,f@heteroaryl ring
Sheteroa SR SRR NG A DAl oo e e e A L S et 2 e o o
fromisetertagglel talikpyathesisyifg anroptamgtofi thin fitredadbemnd posasstienaickPIlECacid groups
and aceticg?é:lij% QAP gn%mgeg?daﬁ’?ﬂml%Wﬁ%uit&neously with the reaction performed

on another functional group, for example when reacting a group like a cyano group

with hydrogen sulfide or when hydrogenating a group. Ester groups present in the

heteroaryl nucleus can be hydrolyzed to the corresponding carboxylic acids, which

50  after activation can then be reacted with amines or alcohols under standard conditions.

Ether groups present at the benzene nucieus, e.g. benzyloxy groups or other easily

cleavable ether groups, can be cleaved to give hydroxyl groups which then can be

reacted with a variety of agents, for example etherification agents or activating agents

allowing replacement of the hydroxy! group by other groups. Suifur-containing groups

25 can be reacied analogously.

Due to the fact that in the present case the functional groups are attached to an
heteroaryl ring it may in certain cases become necessary to specifically adapt reaction
conditions or to choose specific reagents from a variety of reagents that can in

30 principle be employed into a conversion reaction, or otherwise to take specific
measures for achieving a desired cbnversion, for example to use protection group



can be converted into their homologues by usual reactions for chain elongation of carboxylic acids. 10
Especially the groups present in heteroaryl ring system can be modified by a variety of reactions and
thus the desired residues denoted by R1 be obtained. For example, nitro groups can be reduced to
amino groupWitA'tHYEPthe described reaction conditions or by various re%%ﬁ&@ﬁ@%g?gsuch as
sulfides, dithionites complex hydrides or by catal;%ﬁc hydrogenation. A reduction of a nitro group may
also be carried out at a later 15 stage of the synthesis of a compound of the formula (1), and a
reduction of a nitro group to an amino group may also occur simultaneously with the reaction
performed on another functional group, for example when reacting a group like a cFyt%rt:iorgroup with

hydrogenteaiftiausenwrereNeiJHhag Ry sy FRIsHRPYRTERIR A5t TRARLCRARAMIONSURIeus can

be hydrolyzed tashs aeaespoRdiE: P piratidsr whiskiieafigtaetivation can then be reacted with
amines or alcohols under standard conditions. Ether groups present at the benzene nucleus, e.g.

benzyloxy groups or other easily cleavable ether groups, can be cleaved to give hydroxyl groups which
then can petiracterseitt thyariepanitagestshéocanpopie etifdtibdationladéhtangacivatingagents

allowjng reglacement of the hydroxyl gro other groups. Sulfur- ini r an be
reacted aﬁgi‘@d‘gﬁgﬁ?lﬁu%r {be%eg ?ggg' ar |E°E1¥ec|%?3§§ﬁf) 8553 E%'ép%J\r’?c il%ng% g‘rgg% pipgfg%a% ached to an
heteroarylridgsiredaeactensivr site seidetionseimtve ssape ttiep spifibensaiapt it tidvravatitions or to

choose speclG48PARNIBIRI WUTHPSRRAMS IR GR0JBIFIER e BrBalY st iro a

conversioh reaction; or otherwise to take specific measures for achieving a desired conversion, for
example tempeiadickinsk fioaliovwurrsinossuotective Brows Sriogs suitedthifiges. However,

finding ougsuiitable FRRGHAR. AT LE 2RYRASHOWEP RABIATINISEE Sanes HaRe Bl pause any

problems for one skilled in the art. In the course of the preparation of the compounds oé%he formula I it

can Hene @RISR RIMEHES SHRURCRRR 9T RSBaY REMRHANE G eI \GRIMBRIEE or prevent
undesiredrs@RGEARIEY Sledradinngimibedaspagitvacyubasitistsoindbaeciedroairrecursor groups
which are later conyerted into the desired functional groups, or, to temR%ragyabé%%lé fLwctié)naI groups
by a prote%‘"t'i"\’/éoﬂ?smygswg J0iees #1Q %@%ﬁ%&%%?gﬁg%.@u@ﬁ%t#agegles Are et KRown to those
skilled in t@@damted\mgé B%ampbszd‘l_id pfmsnrs@argiatﬁ@rdbrar_rergm@s:ﬁ‘m w@mmgmmm canina
ater reactign sien 8¢ ARRIALIDEL DGR ROHACAHIda N AHUea iR UiERdR a0 araigrmethy! group.
Protective groups can also fave the meaning of a solid phase, and cleavage from the solid phase
stanti$ forhydrosygalmtanchersttashrddeoa iityhealsetyesscresehniic Sesvafodiao those skilled in

the art. F%Si%{fﬁﬁ%fgn%ﬁ&%?ﬂé%@&% W Ragal heratarhediinE ibdirlistyiene resin, which

serves as a_t& ecting group, and the molecule is cleaved from this resin by treatment with
trifluoroackibyerapaatate atayeisr #aassiHbsisYRRERourse of the synthesis the employment of

microwavénassi Hianes for regfine4ip trcdiigiiograe snabiing seanikoassistanbe feerplciding-even
required in many cases. 20 SoTe reactions are for ezé%w e described %R. Lidstrom, J. Tieréney, B.

Wathey, JURy ilﬁgﬁpgarrgﬁlgg g r??&t%’f)?@é’?%? icial or even required m marly cases,

20 Some reactions are for example described by P. Lidstrom, J. Tierney, B. Wathey, J.
Westman, Tetrahedron, 57(2001), 9225,

Physiologically tolerable satlts of the compounds of formula | are nontoxic salts that are
physiologically acceptable, in particular, pharmaceutically utilizable salts. Such salts of

25  compounds of formula | containing acidic groups, for example, a carboxyl group
(COOR), include, for example, alkali metal salts or alkaline earth metal salts, such as
sodium salts, potassium salts, magnesium salts and calcium salts, as well as salts with
physiologically tolerable quaternary ammonium ions, such as tetramethylammonium or
tetraethylammonium, and acid addition salts with ammonia and physioclogically

30 tolerable organic amines, such as methylamine, direthylamine, trimethylamine,
ethylamine, triethylamine, ethanolamine or tris-(2-hydroxyethyljamine. Basic groups
contained in the compounds of formula |, for example, amino groups or guanidino



Physiologically tolerable salts of the compounds of formula | are nontoxic salts that are physiologically
acceptable, in particular, pharmaceutically utilizable salts. Such salts of 25compounds of formula |

containing acidic‘%roupsg for example, a carboxyl group (COOH), include,P@{/%mA&lg%Q(ali metal
salts or alkallhg A3HA Metal salts, such as sodium,salts, potassium salts, magnesium salts and
calcium salts, as well as salts with physiologically tolerable quaternary ammonium ions, such as
tetramethylammonium or tetraethylammonium, and acid addition salts with ammonia and
physiologically 30 tolerable organic amines, such as methylamine, dimethylamine, trimethylamine,

ethylamine, triethylamine, ethanolami tris-(2-hyd thyl)amine..Basi od in th
compoung¥sPfo ﬁﬁ%ﬁ?%?@?ﬁ'ﬁ@%%ﬂ%ﬁ%ﬂﬁ OWéKEW am%'g§§§3ﬂrgg%§&%tﬁ&$g nme

2009/00358APKHEBANAR/Q8#H 3 ARigratinsnivitaeidbaphiipheditsa dit, exavithlergaticinorganic
acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitri | ricsacid, or with
organic c&?éBQWECa%%{SﬁHfﬁH* e 35148 gb'gﬁ 48 R aétg%i, %%&gﬁgq%@ﬁ?ﬁ% Ieciztﬁﬁc acid,
lactic acichgwrpliscticidoRi)enisic acid, suaitnic acid, halriicanil bearsis acid. SRIMBACEeid, tartaric
acid, methanesulfonic acid or p-toluenesulfonie acid, ¢ L | whigBound

simu ane%b'@ﬁlﬁﬁﬁgcin%a Qs(ﬁég argd%%eaﬁr%H 5%[“ a%ﬁgdaﬁ)%%%pﬁ%%ﬁ%%?iﬂé%%ir%&gﬁgagnaﬁd a

carboxy| grtg, foamialisb Whighesmmitaseouabr AR ORIP 3P8 MEATHGHERIRASR the scope
of the preé%gﬁg%egtg%ﬁa{%fgfeawBHH@é&ﬁ&myﬂad AR ABBIBNBFLBY MU GtHTOAthOdS

known to 0S€ S I'[led in the"art, for example, bg combining a com%ound of %he formula | with an
inorganic (retaipesicwitiehcrBdkewse dpRudediniBsart Jrhemrsirat IYRMHYLation exchange or
anion excBanges EhmpEerRRldnTSHon alsarined uirsiricaiiz ol imagmpstinds khtwmtda | which,
because of low physiologically tolerability, are not difectly suitable for use i ' but are
suitde. NCBRAHRA I AL REAEAEIEIor RRRE D AT L R
COMPOUNGSREAMB I RIS stittinthanatdnials ddrethieopiippeatiant of phgsicitiypesifjttodrable salts. A
further aspect of the invention is the use of a f R AspigRamchudhe eocess
according%t'f?‘fé‘?ﬁéhﬂﬂgﬁ P5Ahe %%x§u§$ em%?%%%gdéggéﬁ%%%énostiq agents, liquid crystals,
polymers, dugtipisiohels, 66 figricidkdd, wieictativsgalsse of low physiologically tolerability, are not
directly suitable for use in pharmaceuticals but are suitable, for exampie, as
15  intermediates for carrying out further chemical modifications of the compounds of

formula ! or as starting materials for the preparation of physiologically tolerable salts.

A further aspect of the invention is the use of a compound of the formula i as prepared
by the process according to the invention for the production of pharmaceuticals,

20 diagnostic agents, liquid crystals, polymers, herbicides, fungicidals, nematicidals,
parasiticides, insecticides, acaricides and arthropodicides.
Furthermore, the compounds of the formula | can be used as synthesis intermediates
for the preparation of other compounds, in particular of other pharmaceutical active
ingredients, which are obtainable from the compounds of the formula |, for example by

25 introduction of substituents or modification of functional groups.
The general synthetic sequences for preparing the compounds useful in the present
invention are outlined in the examples given below. Both an explanation of, and the
actual procedure for, the various aspects of the present invention are described where
appropriate. The following examples are intended fo be merely iflustrative of the

30 present invention, and not limiting thereof in either scope or spirit. Those with skill in
the art will readily understand that known variations of the conditions and processes



parasiticides, insecticides, acaricides and arthropodicides. Furthermore, the compounds of the formula
| can be used as synthesis intermediates for the preparation of other compounds, in particular of other
pharmaceutical active ingredients, which are obtainable from the compounds of the formula I, for
example by EPBURICHSh of substituents or modi'f'cation of functional gr&ﬁ%?%}gsﬁ}%%ﬁal synthetic
sequences for preparing the compounds useful in%he present invention are outlined in the examples
given below. Both an explanation of, and the actual procedure for, the various aspects of the present
invention are described where appropriate. The following examples are intended to be merely

illustrative of the 30present invention, and not Iimitig)? tlgereof i@u};ither s% or. spirit. Those with skill
in the art AgEeERERANUHERRRNA BRERR ORI 95 L0 OB PRIES BIRRPOR? ?)Fg ERE

2009/0033R/R6id{EP2008/004928 26 described in the examples can be used to synthesize the
compounds of the present invention. 5 Examples Abbreviations: ArgonAr tert-ButyltBu
dibenzylidenacetonedba 10 dichloromethaneDCM N,N-dimethyl14-aminopyridineDMAP

1,1'-Bis(diphenylphosphino)ferroceneDPPF TriethylamineEt3N EthylacetateEtOAc 15 Fast atom
bombsardrggz(ntF B :

amples
Abbreviations:
Argon AT
terf-Butyl tBu
dibenzylidenacetone dba

10 dichioromethane DCM
N,N-dimethyl4-aminopyridine DMAP
1,1'-Bis(diphenyiphosphino)ferrocene DPPF
Triethylamine EtaN
Ethylacetate EtOAc

15  Fast atom bombardment FAB
High pressure liquid chromatography HPLC

- Liquid chromatography with mass spectrometry LC-MS
Room temperature 21 °C to 24 °C RT
Thin tayer chromatography TLC

20 Trifucroacetate TFA
1~[2-(dicyclohexyiphosphino)ferrocenyl]ethyidi-t—butylphosphine Cy-PF-t-Bu.
General procedure for the preparation of heteroaryl-tosylates and heteroaryl benzene-
suffonic acid esters:

25  To a solution of the desired heteroaryl alcohol (13.23 mmol) in DCM (150 mL) were
added, under stirring, EtzN (17.20 mmol), DMAP (0.4 mmol) and p-toluenesulfonyl
chioride (14.55 mmol) (or benzenesuifonyl chloride) successively. The resuiting
solution was stirred at RT until the starting material had been consumed (TLC and
LCMS). The reaction mixture was then poured into a 1N HCl solution (100 mL) and

30 extracted with DCM. The combined organic layers were washed with a saturated

solution of NaHCQs3, brine and then dried over Na;S0O4. The filirate was concenfrated



High pressure liquid chromatographyHPLC Liquid chromatography with mass spectrometryLC-MS
Room temperature 21 C to 24 CRT Thin layer chromatographyTLC 20 Trifuoroacetate TFA
142-(dicyclohexylphosphino)ferrocenyliethyldi-t-butylphosPhineCy-PF-t-Bu, General procedure for the
preparation &‘Hé@%’g Y 9tosylates and heteroary| benzenesulfonic acid eSteVEFT SR Bolution of the
desired heteroaryl alcohol (13.23 mmol) in DCM % 50 mL) were added, under stirring, Et3N (17.20
mmol), DMAP (0.4 mmol) and p-toluenesulfonyl chloride (14.55 mmol) (or benzenesulfonyl chloride)
successively. The resulting solution was stirred at RT until the starting material had been consumed
(TLC and LCMS). The reaction mixture was then poured into a 1N HCI solution (10 m(lﬁ?a d 30
extracted DME DEIUCThETESHBMANRGFETS5BRY WA 4S5 LR ARIARSH AR A1 ’E&BM %H NaHCO3,

brine and dhem-atisstayey Nadng4hd Balfdrie stescopnsenidtsidortala I,
2009/003590PCT/EP2008/004928 27 under reduced %reslure. Wgrﬁn necessary, the residue obtained
@ﬁi‘d‘ T

was purifie8 M HRRERHIR LS JRE RS IRERTTY e QR RFSRIPLLRFESHPound of formula Il. General
procedurg sigidharSanagasteeaspasdop tpticiiore adimwals ntlerged Avititites patargandisulieadtion tube

h ith the het Ifonic,5 f the lladivm trif tat

B 0GRk S TR 0 P e S R S 8 T Mo, e or
t-BUOH V\EFet{Ber(‘Eﬂidedg‘pﬂl(ﬁﬁédmmﬁ@addﬂi&@oﬂiﬁlméo‘i@kfémﬂuﬂdfﬁ-l of HuEl MBERtube was
again F’“%%%‘%é&%g%ﬁﬂ&% (:B&qslig%%%W%mbgtk%%ﬂheﬁ%ﬁ@ﬁﬁvmm?. SiRstingdnaterial had

been consume The reaction mixture was 10cooled to RT, diluted with EtOAc and

filtered thrwasBge PeRUEILTEMETArTsRARFA2a% e JBAEHAR MEdUR NG T deated arésskrentild the
residue was Rurifiad Maflasd) ABEPFRIREERFILTICE apld TonisICtivRsreabtRiningarmaduct were

combined and the solvents were evaporated under re%uced press refté) e\fgteelg. tPﬁedfﬁﬁjé?edwas

heté@ary%@ﬁfé%ﬁﬁuﬁ“&eﬂ)mg{ and filtered through a pad o

concentrated under reduced pressure and the residue was purified by flash
chromatography.on silica gel. The fractions containing the product were combined and
the solvents were evaporatedrunder reduced pressure to yield the desired hetercaryl-
alkyne product of formula 1.

15
Example 1: 1-Methyl-3-(5-phenyl-pent-1-ynyl)-5-triflucromethyl-1 H-pyrazole

CF,

—~—

&
N’N\

This product was prepared from toluene-4-sulfonic acid 1-methyl-5-trifluoromethyl-1H-
pyrazol-3-yl ester and pent-4-ynyl-benzene following the geherai procedure for the

20 Sonogashira cross-coupling reaction described above. Chromatography eluent:
heptane/DCM 7:3: yield (86 mg, 60 %), 'H NMR & (CDCHy): 7.31-7.25 (m, 2H), 7.22-
7.16 (m, 3H), 6.64 (s, 1H), 3.98 (s, 3H), 2.78 (t, J = 7.44 Hz, 2H), 2.42 (t, /= 7.04 Hz,
2H), 1.95 (p, J = 7.33 Hz, 2H); LCMS my/z: 292.
Example 2: 3-Hept-1-yny!-1-methyl-5-trifluoromethyl-1H-pyrazole

_-\\_ﬂ\__==;—<{§ﬂ/CFa
T \Y

25 NN |
This product was prepared from toluene-4-sulfonic acid 1-methyl-5-trifluoromethyl-1H-
pyrazol-3-yl ester and 1-heptyne following the general procedure for the Sonogashira
cross-coupling reaction described above. Chromatography eluent: heptane/DCM 7:3;

vield (100 mg, 82 %); "H NMR & (CDCl): 6.63 (s, 1H), 3.95 (s, 3H), 2.38 (, J = 7.34



Example 1: 1-Methy1-3-(5-phenyl-pent-1-n1)-5-trifluoromethyl-11-1-pyrazole This product was
prepared from toluene-4-sulfonic acid 1-methy1-5-trifluoromethyl-1Hpyrazol-3-y1 ester and
pent-4-ynyl-benzene following the general procedure for the 20 Sonogashira cross-coupling reaction
described ab‘g\%z.ﬁ&%%sﬁ?gtography eluent: heptang/DCM 7:3; yield (86 m&%‘réE X%mﬁl?-? FRr 8
(CDCI3): 7.31-7.25 (m, 21-1), 7.22- 7.16 (m, 3H),’6.64 (s, 1H), 3.98 (s, 3H), 2.78 (t, J = 7.44 Hz, 2H),
2.42 (t, J= 7.04 Hz, 2H), 1.95 (p, J = 7.33 Hz, 2H); LCMS m/z: 292. Example 2:
3-Hept-1-ynyl-1-methyl-5-trifluoromethyl-1H-pyrazole N-NN This product was prepared from

toluene-4-sulfonic acid 1-methy1-5-trifluoromethy1-1 Hpyrazol-3-y1 ester and 1-heptyne following the
general prietithetibAtASS oMo ghbnit0rd &8c6hpfiRy t%ggtign*/d‘égcﬁﬁé'é{za%o'e!—gpw‘%rﬁgfography

eluent: hepigne/DCM 7:3; yield (100 mg, 82%): 1H NMR 5 (CDC13): 6.63 (s, 11-1), 3.95 (s, 3H), 2.38
(t, J=7.34 WO 2009/003590PC T/EP2008/004928 28 Hz, 2H), 1.64-1.56 (m, 2H), 1.46-1.28 (m, 4H),
0.90 (t, J= 7.36 Hz, 3H); LCMS m/z: 244. Example 3:

3-cyclohegsdnepyeihgrcibiasthydnfiétiuoyometbinylE-piftaaam&fyb 1 Algiidzole

CF,

—

5
This product was prepared from toluene-4-sulfonic acid 1-methyl-5-trifluoromethyl-1H-
pyrazol-3-yl ester and 1-ethynyl-cyclohexene following the general procedure for the
Sonogashira cross-coupling reaction described above. Chromatography eluent:
heptane/DCM 7:3; yield (80 mg, 63 %); 'H NMR & (CDCls): 6.63 (s, 1H), 6.27-6.29 (m,
10 1H), 3.96 (s, 3H), 2.14-2.22 (m, 4H), 1.73-1.58 (m, 4H); LCMS m/z: 254.

Example 4: 1-Methyl-3-phenylethynyl-5-triflucromethyl-1H-pyrazole
CF

This product was prepared from toluene-4-sulfonic acid 1-methyl-5-trifluoromethyl-1H-

15  pyrazol-3-yi ester and phenylacetylene following the general procedure for the
Sonogashira cross-coupling reaction described above. Chromatography eluent:
heptane/DCM 7:3; yield (12 mg, 15 %); "H NMR 8 (CDCls): 7.66-7.55(m, 5H), 6.64 (s,
1H), 3.98 (s, 3H), LCMS m/z: 250.

20 Example 5: 1-Methyl-3-phenyl-5-(5-phenyl-pent-1-ynyl)-1H-pyrazol-3-ylethynyl)-
phenylamine
CF,

This product was prepared from toluene-4-sulfonic acid 1-methyl-5-trifluoromethyl-1H-
pyrazol-3-y! ester and 4-ethynyl-phenylamine following the general procedure for the
25 Sonogashira cross-coupling reaction described above. Chromatography eluent:
heptane/DCM 7:3; yield (85 mg, 63 %); '"H NMR § (CDCls): 7.62 (d, J = 8.60 Hz, 2H),
7.55 (d, J = 8.61 Hz, 2H), 6.64 (s, 1H), 4.01 (s, 3H), 3.82 (s, 2H); LCMS m/z: 265.



This product was prepared from toluene-4-sulfonic acid 1-methy1-5-trifluoromethyl-1Hpyrazol-3-y1
ester and 1-ethynyl-cyclohexene following the general procedure for the Sonogashira cross-coupling

reaction described above. Chromatography eluent: heptane/DCM 7:3; vyi %); Il NMR 8
(cDci13): 6.63 (M) 6°27-6.29 (m, 101H), 3.96 {5, 3H), 2.14-2.22 (m, 4%%{%9%@%” %%%g 4H); LCMS
m/z: 254. Example 4: 1-Methy1-3-phenylethynyl-5-trifluoromethyl-1H-pyrazole CF3 This product was
prepared from toluene-4-sulfonic acid 1-methy1-5-trifluoromethy1-1 H- 15 pyrazol-3-y1 ester and
phenylacetylene following the general procedure for the Sonogashira cross-coupling reaction

7667 SRR 8 oI h B GE oI T R S S Es A, o IR D (ERES)

1-Methy1- enyl-5-(5-pkenyl-pent-1-yny1)-1H-pyrazol-3-ylethyny1)- phenylamine I-12N CF3 This
product w argd from tol -4-sulfonic acid 1-methy1-5-trifluoromethyl-1Hpyrazol-3-ylester and

4-ethynyl-phenyline following#He general procedure for the 25Sonogashira cross-coupling reaction

(CoCL5) PRI HRONEESRS T S EPeTIR5ap £ EIEY AO 2SN £ s, 21

LCMS m/3.\3GteV\4RE PRAICOSh PRI ZENE Z0NB/00d 428 GéenEsampleddiure for the

l-Megh y1_Sggrpc?gna}/s]ﬁéé(gFBQse—%lt}Bﬁr%'%é%@ﬁ%?\'%"é'é%yﬁ)aez&)gbove. Chromatography eluent:
heptane/DCM 1:1; yield (80 mg, 53 %), "H NMR 8 (CDCl): 7.78(d, J = 8.21 Hz, 2H),
7.43-7.22 (m, 8H), 6.62 (s, 1H), 3.98 (s, 3H), 2.78 ({t, J=7.30 Hz, 2H),2.43 (t, /= 7.18
Hz, 2H), 1.96 (p, J = 7.33 Hz, 2H); LCMS m/z: 300.

10  Example 7: 5-hept-1-ynyl-1-methyl-3-phenyl-1H-pyrazole

=
o
\Y

NN
This product was prepared from toluene-4-sulfonic acid 2-methyl-5-phenyl-2H-pyrazol-
3-yl ester and 1-heptyne following the general procedure for the Sonogashira cross-
coupling reaction described above. Chromatography eluent: heptane/DCM 1:1; yield
15 (120 mg, 95 %); 'H NMR § (CDCl): 7.78(d, J = 8.20 Hz, 2H), 7.42-7.33 {t, J = 8.05 Hz,
2H), 7.32 (m, 1H), 6.62 (s, 1H), 3.93 (s, 3H), 2.48 (t, J = 7.25 Hz, 2H), 1.65 (p, J=7.18
Hz, 2H), 1.5-1.32 (m, 4H), 0.94 {t, J = 7.22 Hz, 3H); LCMS m/z: 252.

Example 8: 5-cyclohex-1-enylethynyl-1methyl-3-phenyl-1H-pyrazole

This product was prepared from toluene-4-sulfonic acid 2-methyl-5-phenyl-2H-pyrazol-

20

3-yl ester and 1-ethynyl-cyclohexene following the general procedure for the
Sonogashira cross-coupling reaction described above. Chromatography eluent:
heptane/DCM 1:1; yield (110 mg, 84 %); 'H NMR 8 (CDCls): 7.78(d, J = 8.08 Hz, 2H),

25 7.42-7.33 (t, J=8.11 Hz, 2H), 7.32 (m, 1H), 6.62 (s, 1H}, 6.31-6.27 (m, 1H), 3.94 (s,
3H), 2.14-2.22 (m, 4H), 1.58-1.73 (m, 4H); LCMS m/z: 246.



This product was prepared from toluene-4-sulfonic acid 2-methy1-5-phenyl-2H-pyrazol3-ylester and
pent-4-ynyl-benzene following the general procedure for the 5 Sonogashira cross-coupling reaction
described above. Chromatography eluent: heptane/DCM 1:1; yield (80 mg, 53%); 1H NMR 5 (CDC13):
7.78(d, Jr 8. AHRIYY5H43-7.22 (m, 8H), 6.62 (5,1H). 3.98 (s, 3H), 2.7 GTEEOFERIE o) 2.43 (¢,
J=7.19 Hz, 2H), 1.96 (p, J = 7.33 Hz, 2H); LCMS fn/z: 300. 10Example 7:
5-hept-1-ynyl1-1-methyl-3-phenyl-1H-pyrazole N-NN This product was prepared from
toluene-4-sulfonic acid 2-methy1-5-phenyl1-2H-pyrazol3-ylester and 1-heptyne following the general
procedure _for the Sonogashira cross-coupling reaction described above. Chromatography eluent:
heptane/[‘%ﬂ)i“ﬂ‘f;%’/iél%Wﬁ?ﬁ&?@b@*ﬂf‘fﬂ%ﬁﬁ@‘(&ﬁﬂ%ﬁ@'?z8(d, J= 8.20 Hz, 2H), 7.42-7.33 (t,
J=8.05 2H), 7.32 (m, 1H), 6.62 (s, 1H), 3.93 (s, 3H), 2.48 (t, J = 7.25 Hz, 2H), 1.65 (p, J = 7.18
Hz, 2H), I 32 (m, 4H), 0.94 (t, J = 7.22 Hz, 3H); LCMS m/z: 252. Example 8:

5-cyclohex-1-ef : thy1-3-phenyl-lH-pyrazoIe 20 This product was prepared from
tquene-4-squonTé’\acid 2- y1-5-phenyl-2H-pyrazol3-yl ester and 1-ethynyl-cyclohexene following
the general procedure for the Sonogashira cross-coupling reaction described above. Chromatography

eluent: hePhismerestuet was piesparechirag: biusserd-sniinais acid e methyhEmheng -8y 2ty

257.42:1 33 (bolerfahd PieAMHodiABAE) HAdraASaBoNy bi0SH: SEHMeASING P4 riehitfoR.14-2.22
(m, 4H), 1.58-1.73 ( H); LCMS m/z: 246. WO 2009/003590PCT/EP2008/004928 30 Example 9:

4
1_Meﬁqylfggpﬁgn%i{§&b BISHGREY {5 idhote™ 8.22 Hz, 2H), 7.65-7.57 (m 5H), 7.43-7.34
(m, 3H), 6.63 (s, TH), 3.98 (s, 3H); LCMS m/z: 258.

N i
vy Yo &8

Example 10: 1-Methyl-3-phenyl-5-thiophen-3-ylethynyl-1H-pyrazole

Qﬂ%@
N\N =

A

10  This product was prepared from toluene-4-suifonic acid 2-methyl-5-phenyl-2H-pyrazol-
3-yl ester and 3-ethynyl-thiophene following the general procedure for the Sonogashira
cross-coupling reaction described above. Chromatography eluent: heptane/EtCAc
95:5; yield (80 mg, 45 %); '"H NMR & (CDCl): 7.78 (d, J = 8.10 Hz, 2H), 7.60 (m, 1H),
7.46-7.28 (m, 4H), 7.22 (m, 1H), 6.77 (s, 1H), 4.05 (s, 3H); LCMS m/z: 264.

15
Example 11: 3-(6-Phenyl-pent-1-ynyl)-thiophene-2-carboxylic acid methyl ester
Lo

=
s

=
This product was prepared from 3-(toluene-4-sulfonyloxy)-thiophene-2-carboxylic acid
methyl ester and pent-4-ynyl-benzene following the general procedure for the

20  Sonogashira cross-coupling reaction described above. Chromatography eluent:
heptane/DCM 4:6; yield (114 mg, 80 %);' "M NMR & (CDCl3): 7.33 (d, J = 4.93 Hz, 1H),
7.16-7.09 (m, 5H), 7.01 (d, J = 4.95 Hz, 1H), 3.81 (s, 3H), 2.77 (t, /= 7.11 Hz, 2H),
2.42 (t, J=7.16 Hz, 2H), 1.94 (p, J = 7.22 Hz, 2H); LCMS m/z: 284.

25 Example 12: 3-Hept-1-ynyl-thiophene-2-carboxylic acid methyl ester



This product was prepared from toluene-4-sulfonic acid 2-methy1-5-pheny1-2H-pyrazol3-ylester and
phenylacetylene. Chromatography eluent: heptane/DCM 1:1; yield (64 5mg, 50 %); 1H NMR 5
(CDCI3): 7.78éd, J =822 Hz, 2H), 7.65-7.57 (m 5H), 7.43-7.34 (m, 3H), %ﬁ’&&dﬁfﬁgﬁg (s, 3H);
LCMS m/z: 25 .2@)%@%5?8 10: 1-Methy1-3-pheny -15-thiophen-3-ylethynyl-1 -pyrazole This product
was prepared from toluene-4-sulfonic acid 2-methy1-5-pheny1-2H-pyrazol3-ylester and
3-ethynyl-thiophene following the general procedure for the Sonogashira cross-coupling reaction
described above. Chromatography eluent: heptane/EtOAc 95:5; yield (60 mg, 45%); 1H NMR 8
(CDCI3): 7.78 (d, J=8.10 Hz, 2H), 7.60 (m, 1H), 7.46-7.29 (m, 4H), 7.22 (m, 1H), 6.77 (s, 1H), 4.05 (s,
3H); LCM§ z: 264. 15 Example 11: 3-(5-Phenyl-pent-1-ynyl)-thiophene-2-carboxylic acid methyl
ester 10 Thig progfict Was prepared from 3-(toluene-4-sulfonyloxy)-thiophene-2-carboxylic acid methyl
ester and gj 4-ynyl-benzene following the general procedure for the 20Sonogashira cross-coupling
reaction described above. Chromatography eluent: heptane/DCM 4:6; yield (114 mg, 80%); 1H NMR 8
(CDCI3): Tteg gehdisctvess iprenaray fram-3-Boluenedysutionyiexy)=thiemhepeA-5amxvlic a3t 2 77,

J=711 Héz)eé’t'f' e Hnd T -I?ei:%h@f@lﬁ)mi%@ﬁ@gén%?a?@rbﬁ?ed’ﬁré)bi—fﬁ@lSdﬁ&ga’ﬁﬁfa\&@ssw

2009/003 T/EP2008/004928 31 This product was prepared from .
3-(toluen@W@ﬁﬁ@@ﬂﬁiﬂ&ﬁ%ﬂﬁ%ﬁ%&{?ﬁ%@f&%&%@ﬁ %é‘f‘é?%%ﬂ%ﬁ’i‘@ﬁ&%@ bitowigl the
genegal progedyre o e P RIS (IIDCEYSE-82Yaline-rsaidiez dadprined ahave. Lhidrmttigyaphy
eluent: heptane/DCM 1:1; yield 5(71 mg, 60 A); 1H NMR_;?C{‘ %I_?)é? 3%’% i: .{)3 E 1H), 7.01 (d,
J=5.10 28169, 38124314y / 7425 i 37 4R/ 57 (% ol ﬁfr) Thet1'he (m, 4H),
0.87 (t, J 5. 82(Hz Sk HeMBIMIZTRBEriExaBple 13: 3-Phenylethynyl-thiophene-2-carboxylic acid
methyl ester

Example 13: 3-Phenylethynyl-thiophene-2-carboxylic acid methyl ester

\
5.0
4
s

b This product was prepared from 3-(toluene-4-sulfonyloxy)-thiophene-2-carboxylic acid
methyl ester and phenylacetylene following the general procedure for the Sonogashira
cross-coupling reaction described above. Chromatography eluent: heptane/DCM 1:1;
yieid (91 mg, 75 %); "H NMR § (CDCls): 7.53 (m, 2H), 7.3 (d, J = 5.02 Hz, 1H), 7.3

15  (m, 3H), 7.12 (d, J = 5.10 Hz, 1H), 3.82 (s, 3H); LCMS m/z: 242.

Exampie 14: 3-(Triﬂuoromethyl»1—phenylethynyi)~thiophene—2~carboxylic acid methyl

ester

20  This product was prepared from 3-(toluene-4-sulfonyloxy)-thiophene-2-carboxylic acid
methy! ester and 1-ethynyl-4-frifluoromethyl-benzene foillowing the general procedure
for the Sonogashira cross-coupling reaction described above. Chromatography eluent:
heptane/DCM 1:1; yield (77.5 mg, 50 %); "H NMR § (CDCly): 7.61 (d, J = 8.6 Hz, 2H),
7.53 (d, J = 8.61 Hz, 2H), 7.42 (d, J = 5.11 Hz, 1H), 7.14 (d, J = 5.08 Hz, 1H), 3.84 (s,

25 3H); LCMS mv/z: 310.



10 This product was prepared from 3-(toluene-4-sulfonyloxy)-thioPhene-2-carboxylic acid methyl ester
and phenylacetylene following the general procedure for the Sonogashira cross-coupling reaction
described abqve. Chromatography eluent: heptane/DCM 1:1; yield (91 mg 7?0{%" 1? 4|\£ R 5 (CDCI3):
7.53 (m, 2H)"P3PE12%5.02 Hz, 1H), 7.3 15(m, 3H), 7.12 (d, J=5.10 HZ QP AENEOAN). Levs
m/z: 242. Example 14: 3-(Trifluoromethy1-1-pherwlethynyl)-thioPhene-2-carboxylic acid methyl ester
C5, 20 This product was prepared from 3-(toluene-4-sulfonyloxy)-thioPhene-2-carboxylic acid methyl
ester and 1-ethynyl1-4-trifluoromethyl-benzene following the general procedure for the Sonogashira

cross-coupling reaction described above. Chromato%;aphy eluent: he tgnejDCM 1:1; yield (77.5 mg,
50%): 1HENBRPEEED815:Cranqent B me b Prieacsd- £ PSRN 40(d, J- 5.11 Hz, 1H),
7.14 (d, J & 5.09 Hz, 1H), 3.84(s, 25 3H); LCMS m/z: 310. WO 2009/003590PCT/EP2008/004928 32

Example 1%: 3- (> l‘?nt-l-ynyl)-4-methyl-thioPhene-Z-carbonitrile This product was prepared
from ben ulfonic acid 2-cyano-4-methyl-thiophen-3-y1 ester and hex-1lynenitrile following the
general pr ure for the Sonogashira cross- 5 coupling reaction described above. Chromatography
eluent: heptane/EtOAc 6:4; vield (5 0 9%); 1H . 6. .5 7.22 Hz,
ob, 2.56 {15 BRSSPy e (e penearp e O A A BB nppieh T T
3-(4-|v|etr@m@mymmyngmmnmmmm@mmm@r@amnﬁdw@fcrﬁmﬁ@@@gamgepmed from
penzenesulliR R oY LB ORI R RIS ALlhe Y RIS Bofierne
following e %e ral procedure for the Sonogashira cfoss-coupling reaction described above.
Chromata§apigy 60t HePMdRPEORE B)16yi8Ids( 11D nRef B 1ho) =L AR 2ODED (r % (d, J =
8.52 Hz, 1525), 6880 378801758 {h §/81456 H), 3iff (BNEn52 14, 3H); LCMS m/z: 253.

Example 18; 3-(4-Methoxy-phenyl ethynyi)»4-methyi—thiophene-z-cafbonitrile
0
W
o
s —

e

10
This product was prepared from benzenesulfonic acid 2-cyano-4-methyl-thiophen-3-yl

ester and 1-ethynyl-4-methoxy-benzene following the general procedure for the
Sonogashira cross-coupling reaction described above. Chromatography eluent:
heptane/EtOAc 9:1; yield (110 mg, 87 %), "H NMR 8 (CDCls): 7.51 (d, J = 8.52 Hz,

15 2H), 6.88 (d, J = 8.60 Hz, 2H), 6.81 (s, 1H), 3.84 (s, 3H), 2.51 (s, 3H); LCMS m/z: 253.

Example 17: 3-(3-Diethylamino-prop-1-ynyl)-4-methyl-4-thiophene-2-carbonitrile

W —
e N
}?\/“

This product was prepared from benzenesulfonic acid 2-cyano-4-methyi-thiophen-3-yl

20 ester and diethyl-prop-2-ynyl-amine following the general procedure for the
Sonogashira cross-coupling reaction described above. Chromatography eluent:
heptane/EtOAc 6:4; yield (73 mg, 63 %); 'H NMR & (CDCl,): 6.78 (s, 1H), 3.82 (s, 2H),
2.75 (q, J = 7.17 Hz, 4H), 2.51 (s, 3H), 1.22 (t, J = 7.14 Hz, 6H), LCMS m/z: 232.



Example 17: 3-(3-Diethylamino-prop-1-ynyl)-4-methyl-4-thioPhene-2-carbonitrile \ \N This product was
prepared from benzenesulfonic acid 2-cyano-4-methyl-thiophen-3-y1 20ester and

diethyl-prop-2- nxl-amine following the general procedure for the Sonogashira cross-coupling reaction
described ab‘géez; f’fﬁ%ﬁ?&tography eluent: heptang/EtOAc 6:4; yield (73 n{"&%ﬁ"%f‘s’fﬂf% RS
(CDCI3): 6.78 (s, 1H), 3.82 (s, 21-1), 2.75 (g, J =7.17 Hz, 4H), 2.51 (s, 3H), 1.22 (t, J = 7.14 Hz, 6H);
LCMS m/z: 232. WO 2009/003590PCT/EP2008/004928 33 Example 18:
1-Benzyl-3-cyclohex-1-enylethyny1-1H-indazole This product was prepared from toluene-4-sulfonic

acid 1-benzyl-1H-indazol-3-ylester and 1-ethynyl-cyclo ne, following the general procedure for the
Sonogasfﬁr’é?@B?s-{] é éi)%ﬁﬁ%/ﬁﬁ Y taio ke gégﬂg&%wg?ﬁp%ﬁgegraphy eluent: heptane/DCM 1:1;
yield (81.5, 54%);1R,NMR S (CDCI3): 7.8 (d, J= 8.05 Hz, 1H), 7.4-7.19 (m, 8H), 6.37-6.3 (m, 1H), 5.6
(s, 2H), 2. .2%%73 (m, 4H); LCMS m/z: 312. Example 19: _
1-Benzyl- > y1-1H-i ole 10 This product was prepared from toluene-4-sulfonic acid
1-benzyl-1H-indazol-3-ylester and 1-heptyne following the general procedure for the Sonogashira
cross-couplifgROqueb RS BERRREEY fRra b H%ﬁ‘@éﬁ%ﬁﬂ? %’ﬁf%r{ti‘\%ﬁyén?%@%zf ?‘Vfif& 4 mg, 54
'Ye); 1H NMR BBy IRy ddhéstedsBiRving, the lgahdrdl IRdtedlid f5cGhe Stigg@sh84tedis= 7.22
Hz, 21). 180 16’ reaction dsarbed 3bous (Chibmatdrathy siiert: Haptndmem 1:1; vield

(81.5, 54 %), 'H NMR § (CDCls): 7.8 (d, J = 8.05 Hz, 1H), 7.4-7.19 (m, 8H), 6.37-6.3

(m, 1H), 5.6 (3, 2H), 2.14-2.22 (m, 4H}), 1.58-1.73 (m, 4H); LCMS m/z: 312.

Example 19: 1-Benzyl-3-hept-1-ynyl-1H-indazole

y —
@\/N"'N

This product was prepared from toluene-4-sulfonic acid 1-benzyl-1H-indazol-3-yl ester

10

and 1-heptyne following the general procedure for the Sonogashira cross-coupling
reaction described above. Chromatography eluent: heptane/DCM 1:1; yield {84 mg, 54
%); '"H NMR 8 (CDCly): 7.9 (d, J = 8.02 Hz, 1H), 7.4-7.19 (m, 8H), 5.5 (s, 2H), 2.48 (1, J

15 =7.22 Hz, 2H), 1.65 (p, J = 7.18 Hz, 2H), 1.5-1.32 (m, 4H), 0.94 (t. /= 7.21 Hz, 3H),
.CMS m/z: 302.

Example 20: 1-Benzyl-3-(5-phenyl-pent-1-ynyl)-1H-indazole

20  This product was prepared from toluene-4-sulfonic acid 1-benzyl-1H-indazol-3-yl ester
and pent-4-ynyl-benzene following the general procedure for the Sonogashira cross-
coupling reaction described above. Chromatography eluent: heptane/DCM 1:1; yield
(87.5 mg, 50 %); 5 (CDOCl): 7.92 (d, J = 8.11 Hz, 1H), 7.4-7.16 (m, 8H), 7.15-7.08 (m,
5H), 5.5 (s, 2H), 2.76 (f, J=7.16 Hz, 2H), 2.4 (t, /= 7.15 Hz, 2H), 1.81 (p, J=7.21 Hz,

25  2H); LCMS m/z: 350.



LCMS m/z: 302. Example 20: 1-Benzy1-3-(5-phenyl-pent-1-yny1)-1H-indazole 20 This product was
prepared from toluene-4-sulfonic acid 1-benzyl-1H-indazol-3-yl ester and pent-4-ynyl-benzene
following the general procedure for the Sonogashira cross-coupling reaction described above.
Chromatogr ﬂﬁ%?ﬂ?é%?%eptane/DCM 1:1; yield£§7.5 mg, 50%); SH (Cﬁ’éﬂfp%%%o{}é? =8.11 Hz,
111), 7.4-7.19 (m, 811), 7.15-7.08 (m, 5H), 5.5 (s, 211), 2.76 (t, Jr 7.16 Hz, 2H), 2.4 (t, Jr 7.15 Hz, 2H),
1.91 (p, Jr 721 Hz, 25 211); LCMS m/z: 350. WO 2009/003590PCT/EP2008/004928 34 Example 21:
1-Benzyl-3-phenylethynyl-1H-indazole N-N This product was prepared from toluene-4-sulfonic acid
1-benzyl:1H-indazql-3-wl ester,and rp | ﬁ ing the general procedure for the

Sonogas .ngagggs_ jd)élﬁﬁ‘%aﬁ% rch% %gps@&?g aq?\% romatography eluent: heptane/DCM 1:1;
yield (9.25 mg, G %y; 1H NMR 5 (CDCI3): 7.92 (d, J = 7.92 Hz, 1H), 7.4-7.17 (m, 13H), 5.5 (s, 2H);
LCMS m/z; . 22=3-Hept-1-ynyl-p-toly1l-1H-pyrazolo[3,4-131pyridine 10 This product was
prepared @n tokuef e--sc acid 1-p-toiyl-1H-pyrazolo[3,4- b]pyridin-3-ylester and 1-heptyne
following thé general procedure for the Sonogashira cross-coupling reaction described above.

ChromatdtisirpdlcenasppipaiPfRethisiueteyieti o med78o0n 2y MR ZCEEYRESE63 (M, 1H),
8.19 (m, 1H = . = . () 2.53(t, Jr7.23
PR L T e e Y
Hz, 3H); conpting/eagtign described above. Chromatography eluent: heptane/DCM 1:1; yield

(9.25 mg, 6 %); *H NMR & (CDCly): 7.92 (d, J = 7.92 Hz, 1H), 7.4-7.17 {m, 13H), 5.5 (s,

2H); LCMS8 m/z; 308.

Example 22: 3-Hept-1-ynyl-p-tolyl-1H-pyrazolo[3,4-b]pyridine

TR

N~y
0 A

This product was prepared from toluene-4-sulfonic acid 1-p-tolyl-1H-pyrazolo[3,4-
b]pyridin-3-yi ester and 1-heptyne following the general procedure for the Sonogashira
cross-coupling reaction described above. Chromatography eluent: heptane/iProether
1:1; yield (110 mg, 73 %); "H NMR & (CDCky): 8.63 (m,1H), 8.19 (m, 1H), 8.10(d, J =

15  8.55Hz, 2H), 7.32 (d, J = 8.46 Hz, 2H), 7.20-7.27 (m, 1H), 2.53 (t, J = 7.23 Hz, 2H),
2.39 (s, 3H), 1.71 (p, J = 7.19 Hz, 2H), 1.57-1.46 (m, 2H), 1.45-1.33 (m, 2H), 0.94 (t, J
=7.20 Hz, 3H); LCMS m/z: 303.

Example 23: Diethyl-[3-(1-p-tolyl-1H-pyrazolo[3,4-blpyridin-3-yh)-prop-2-ynyl}-amine

T

N =

Nent T N
20 /©/ <
This product was prepared from toluene-4-sulfonic acid 1-p-tolyl-1H-pyrazolo[3,4-
blpyridin-3-yl ester and diethyl-prop-2-ynyl-amine following the general procedure for
the Sonogashira cross-coupling reaction described above. Chromatography eluent:
heptane/EtOAc 4:6; yield (64 mg, 40 %), 'H NMR 5 (CDCl3): 8.64 (m,1H), 8.19 (m,
25  1H), 8.11 (d, J = 8.52 Hz, 2H), 7.33 (d, J = 8.48 Hz, 2H), 7.21-7.28 (m, 1H), 3.86 (s,
2H), 2.73 (q, J = 7.17 Hz, 4H), 2.40 (s, 3H), 1.20 {t, /= 7.16 Hz, 6H), LCMS m/z: 318.



Example 23: Diethyl13-(1-p-toly1-1H-pyrazolo[3,4-b]pyridin-3-y1)-prop-2-ynyl]-amine 20 This product
was prepared from toluene-4-sulfonic acid 1-p-tolyl-1H-pyrazolo[3,4- b]pyridin-3-ylester and
diethyl-prop-2-ynyl-amine following the general procedure for the Sonogashira cross-coupling reaction
described ab‘ggez; %@%ﬁ?&tography eluent: heptanj%/EtOAc 4:6; yield (64 m%?ﬂﬁp(%‘j{g%[’ﬂf% R5
(CDCI3): 8.64 (m,1H), 8.19 (m, 251H), 8.11 (d, J=8.52 Hz, 2H), 7.33 (d, J= 8.49 Hz, 2H), 7.21-7.28
(m, 1H), 3.86 (s, 2H), 2.73 (q, J= 7.17 Hz, 4H), 2.40 (s, 3H), 1.20 (t, J= 7.16 Hz, 6H); LCMS rn/z: 318.
WO 2009/003590PCT/EP2008/004928 35 Example 24: 3-Hept-1-ynyl-pyridine This product was

prepared fro lugne-dsulfonic :8 1din-3-ylester and 1- heptyne following the general procedure
for the So%)c()%lg #:ggdrgls!‘s?- c%u?) H%? e\apc%é:')gr% 5 described above. Chromatography eluent:

heptane/ :2: i 0 mg, 70 %); 1H NMR 8 (CDCI3): 8.62-8.63 (m, 1H), 8.48-8.46 (m, 1H),
7.68-7.64 (a/1H), 7.21-7.17 (m, 1H), 2.46 (t, J = 7.21 Hz, 2H), 1.63 (p, J = 7.15 Hz, 2H), 1.49-1.3 (m,
4H), 0.93., = 7.22 Hz, 3H): LCMS m/z: 173. 10Example 25: 3-(4-Methgxy-phenyl-1.ethynyl1)-pyridine
A This IR RS R e T, e BT e A S P el B
ethyny1-Aapinedpbemingribdaienedra) teagehwedqrribecSore fasthe Sovesashpbngrosactionpling

reacton ' . | : 2 Jaryieleh( %); 1H
s (ST, Eremalogtaphy auent: NERHROAC 87, yau lfino &)
7.24-7. _20NMR1$-I§(,3@.93)6B@Kfﬂ-,@-(lﬂS_ﬁﬂ(&-@-lﬁ-ﬁ@MS iz D68-ERArtpletPB; 7.21-7.17 (m,
3-(4-Triflugrgme gy lphenylsihypy Dy 0, = 7.15 Hz, 2H), 1.49-1.3 (m, 4H), 0.93 (t, J =

7.22 Hz, 3H); LCMS m/z: 173.

10  Example 25: 3-(4-Methoxy-phenyl-1-ethynyl)-pyridine

N \

This product was prepared from toluene-4-sulfonic acid pyridin-3-yl ester and 1-
ethynyl-4-methoxy-benzene following the general procedure for the Sonogashira
cross-coupling reaction described above. Chromatography eluent: heptane/EtOAc 8:2;

15  yield (83 mg, 80 %); 'H NMR & {CDCls): 8.76-8.74 (m, 1H), 8.50-8.53 (m, 1H), 7.76-
7.73 (m, 1H), 7.49-8.46 (m, 2H), 7.24-7.20 (m, 1H), 6.88-6.85 (m, 2H), 3.78 (s, 3H);
LCMS m/z: 209.

Example 26: 3-(4-Trifluoromethyl-phenylethynyl)-pyridine

(—}%@7@3
20 N=

This product was prepared from toluene-4-sulfonic acid pyridin-3-yl ester and 1-
ethynyl-4-trifluoromethyl-benzene following the general procedure for the Sonogashira
cross-coupling reaction described above. Chromatography eluent: heptane/EtOAc 8:2,
yield (87 mg, 70 %); 'H NMR & (CDCl,): 8.75-8.73 (m, 1H), 8.49-8.52 (m, 1H), 7.76-
25 7.73 (m, 1H), 7.49-8.46 (m, 2H), 7.23-7.19 (m, 1H), 6.87-6.84 (m, 2H); LCMS m/z: 247.

Example 27 3-(5-Phenyl-pent-1-ynyl)-pyridine
N~

o,

N



F3 This product was prepared from toluene-4-sulfonic acid pyridin-3-ylester and 1-
ethyny1-4-trifluoromethyl-benzene following the general procedure for the Sonogashira cross-coupling
reaction described above, Chromatography eluent: heptanetEtOAc 8:2; yield (87 mga, 70 %); 1H NMR 5
(CDCI3): 8.75°8 PRy, 8.49-8.52 (m, 1H), 7.;§- 257.73 (m, 1H), 7.49- 8746 (oMY 2% 23-7.19 (m,
1H), 6.87-6.84 (m, 2H); LCMS m/z: 247. Example 27: 3-(5-Phenyl-pent-1-ynyl)-pyridine WO
2009/0(13590PCT/EP2008/004928 36 This product was prepared from toluene-4-sulfonic acid
pyridin-3-y1 ester and pent-4- ynyl-benzene following the general procedure for the Sonogashira

o R A SR A GISBAIAN SRR R SR o
6H), 2.76\hyl-benzeane fokring. 4he, general rozeduig 100 thgp Sprogashise cress-comiing)/z: 221.

I . - _ 1 |_ - IR . 'f A I f .
e Raiciathe dotd eI S NERaeted Soma e o

cross-coufRirt)re HohibARIS<EMel)aB &8 GRromatblyr Spt§-BIdB {mhdPladB8 184 dm; YH)d (37.6 mg,
40%)5 THNMR 5 P-CE*ZH').%QI])S(@ 3y 4216 M) 22458 (§=3F 0248 Fiad 7.6P 72163 (P, J=

7.17 Hz, 2H), 1.50-1.30 (m. 6H), 0.91 (t, J- 7.25 HZ, 3H); LCMS 15m/z: 188. Example 29:
4-Methyl-62625he h{AMermizyA91)-pyrimidine This product was prepared from toluene-4-sulfonic acid
6-methyl-pyrimidin-4-ylester 20 and pent-4-ynyl-benzene following the general procedure for the
Sonogashira cross-coupling reaction described abgve. Chromatography eluent: heptane/EtOAc 8:2;

yield (36.6 175 ¢ 8 1y R & TRy -9 IMdingy), 7.31-7.25 (m, 2H), 7.22-7.16 (m, 4H), 2.78 (t,

J=7.18 H \), s, 3H), 2.41 (t, Jr 7.17 Hz, 2H), 1.93 (p, Jr 7.22 Hz, 2H); LCMS m/z: 236.
] =
N

=N
10 This product was prepared from toluene-4-sulfonic acid 8-methyl-pyrimidin-4-yl ester
~ and 1-octyne fo!fov&_ing the general procedure for the Sonogashira cross-coupling
reaction described above, Chromatography eluent: heptane/EtCAc 8:2; yield (37.6
mg, 40 %); 'H NMR & (CDCh): 9.01 (s, 1H), 7.21 (s, 1H), 2.52 (s, 3H), 2.48 {t, /= 7.23
Hz, 2H), 1.63 (p, J = 7.17 Hz, 2H), 1.50-1.30 (m, 6H), 0.91 (t, J = 7.25 Hz, 3H); LCMS
16 mfz: 188,

Example 29: 4-Methyl-8-(5-phenyl-pent-1-ynyl}-pyrimidine

This product was prepared from toluene-4-sulfonic acid 8-methyl-pyrimidin-4-yl ester
20 and pent-4-ynyl-benzene following the general procedure for the Sonogashira cross-
coupling reaction described above. Chromatography-eiuent: heptane/EtOAc 8:2; yield
(36.6 mg, 31 %); "H NMR § (CDCl): 9.01 (s, 1H), 7.31-7.25 (m, 2H), 7.22-7.16 (m,
4H), 2.78 (t, J=7.18 Hz, 2H), 2.51 (s, 3H), 241 ({, J=7.17 Hz, 2H), 1.93 (p, J=7.22
Hz, 2H), LCMS m/z: 238.
25
Example 30: 4-(4-Methoxy-phenylethynyl)-6-methyl-pyrimidine

N

MN o R\
This product was prepared from toluene-4-sulfonic acid 8-methyl-pyrimidin-4-y| ester
and 1-ethynyl-4-methoxy-benzene foliowing the general procedure for the Sonogashira



25 Example 30: 4-(4-Methoxy-phenylethynyl)-6-methyl-pyrimidine -N This product was prepared from
toluene-4-sulfonic acid 6-methyl-pyrimidin-4-ylester and 1-ethyny1-4-methoxy-benzene following the

general procedure for the Sonogashira WO 2009/003590PCI1EP2008/0 -coupling
reaction destHbEYABEE Chromatography eluent; heptane/EtOAc 8:2; yi%?sd% %%%% ?ﬁ%{gﬁgg %); 1H NMR 5

(CDCI3): 8.99 (s, 1H), 7.32 (d, J = 8.60 Hz, 2H), 7.22 (s, 1H), 7.17 (d, J = 8.43 Hz, 2H), 3.83 (s, 3H),
2.51 (s, 3H); LCMS m/z: 224. 5Example 31: 6-Quinolin-3-yl-hex-5-yn-1-ol OH This product was
prepared from toluene-4-sulfonic acid quinolin-3-ylester and hex-5- yn-1-ol following the general

procedure for the Sonogashira cross- ling reagti ' [ ent:
R R P D e A G
i.gg _T%7yr§)d 1.89«7&@84@1?2);2‘}1—!) Nmmez%)cgﬁ,gasmﬁp E.:?zjlm.lef %34;021322(&1_)3 21?2)213% ;!Z’ 2H),
.83-1. I, ; S /7. e -ylat < mine is
product SL%‘psé_r&j rbl\'ran‘io @nﬁ%ﬁ#ﬁ%ﬁl a?csid%qiﬁi'r%?r?-%;@é?'an g4IH gﬁ%}%'—phenylamine
following the general procedure for the Sonogashira cross-coupling reaction described above.

Chro atqH%[%qg%?g%t_: ngﬁ%;gg@,ggc_t%,ngg,(lzo mg, 98 h.); 1IHNMR 5 (CDCI3): 8.98 (s, 1H),
8.34(8, 1H), 8.21(d, J= 8.60 Hz, 201H), 7.87-7.71 (d m, 2H), 7.68-7.57 (m, 1H), 7.40 (d, J = 8.36 Hz,
oH), 6.67 W 446 (br s, 2H): LCMS m/z: 244.

@ _

This product was prepared from toluene-4-sulfonic acid quinolin-3-yl ester and hex-5-
yn-1-ot foliowing the general procedure for the Sonogashira cross-coupling reaction
described above. Chromatography eluent: heptane/EtOAc 6:4; yield (110 mg, 28 %);

10 'H NMR & (CDCl): 8.89 (s, 1H), 8.21 (s, 1H), 8.11 (d, J = 8.62 Hz, 1H), 7.80-7.68 (dm,
2H), 7.62-7.52 (m, 1H), 3.74 (t, J=7.17 Hz, 2H), 2.52 (t, J = 7.13 Hz, 2H), 1.83-1.67
(br m, 5H); LCMS m/z: 225.

Example 32: 4-Quinolin-3-ylethynyl-phenylamine

. L=<

This product was prepared from toluene-4-suifonic acid quinolin-3-yl ester and 4-
ethynyl-phenylamine following the general procedure for the Sonogashira cross- '
coupling reaction described above. Chromatography eluent: heptane/EtOAc 6:4; yield
(120 mg, 98 %); 'H NMR & (CDCls): 8.98 (s, 1H), 8.34 (s, 1H), 8.21 (d, J = 8.60 Hz,

20 1H), 7.87-7.71 (d m, 2H), 7.68-7.57 (m, 1H), 7.40 (d, J = 8.36 Hz, 2H), 6.67 (d, J=
8.38 Hz, 2H), 4.46 (br s, 2H); LCMS m/z: 244,



. 38 Claims 1.A process for preparing a compound of formula | (I) J-W 5and/or all stereoisomeric forms
of the compound of formula I, and/or mixtures of tise forms in any ratio, and/or a physiologically
tolerated salt of the compound of formula I, wherein is a (C4-C14)-heteroaryl ring system, wherein
heteroaryl is selected from pyrazolyl, pyridyl, quinolinyl and thienyl, and wherein heteroaryl is
unsubstituted 10or is mono- or disubstituted independently of one another by Ri; J isa covalent bond,
-(C1-C4)-alkylene, cyclohexenyl, cyclohexyl, phenyl, wherein phenyl is unsubstituted or mono- or
disubstitUt(ng ilq%ependently of one another by R13, or thienyl, W is hydrogen atom, -(Ci-C4)-alkyl,
cyclohexeny?, cyclohexyl, phenyl, wherein 15phenyl is unsubstituted or mono- or disubstituted
independently of one another by R2, R1 and R2, are independent of one another identical or different

and are a);nydrogen lon.«B) Sreparing a compound of formula |

10

15

20

25

J-W
and/or all sterecisomeric forms of the compound of formula |, and/or mixtures of

these forms in any ratio, and/or a physiologically tolerated salt of the compound

of formula |, wherein

D is a (C4-C14)-heteroaryl ring system, wherein heteroary! is selected from

pyrazolyl, pyridyl, quinolinyl and thienyl, and wherein heteroaryl is unsubstituted
or is mono- or disubstituted independently of one another by R1;

Jis acovalent bond, -(C4-Cy)-alkyiene, cyclohexenyl,. cyclohexyl, phenyl,
wherein phenyl is unsubstituted or mono- or disubstituted independently of one
another by R13, or thienyl, '

Wis hydrogen atom, -(C1-Cg)-alkyl, cyclohexenyl, cyclohexyl, phenyl, wherein
phenyl is unsubstituted or mono- or disubstituted independently of one another
by R2,

" R1 and R2, are independent of one another identical or different and are

a) hydrogen atom,

b) F,

c) Cl,

d) -(C1-Ca)-alkyl, wherein alkyl is unsubstituted or substituted one time by
R13,

e)  -{Cq-Cz)-fluoroalkyl, |

f) phenyl, wherein pheny! is unsubstituted or substituted one or two times
by R13,

g) -0-(C4-C4)-alkyl, wherein alkyl is unsubstituted or substituted one or two

times by R13,
h) -N(R10)-(C4-C4)-alkyl, wherein alkyl is unsubstituted or substituted one

or two times by R13,



20c)Cl, d) -(C1-C4)-alkyl, wherein alkyl is unsubstguted or substituted one time by R13, e)
-(C1-C3)-fluoroalkyl, phenyl, wherein phenyl is unsubstituted or substituted one or two times 25by
R13, g) -0-(C1-C4)-alkyl, wherein alkyl is unsubstituted or substituted one or two times by R13, h)
-N(R10)-(C1-C4)-alkyl, wherein alkyl is unsubstituted or substituted one or two times by R13, 39 1)
-CN, j) -OH, k) -C(0)-0-R11 or 1)-N(R11)-R12, 5R10 ishydrogen atom or-(01-C4)-alkyl, R11 and R12
are hydrogen atom, R13 is F, Cl, -ON, -OH, -(C1-C4)-alkyl, -CF3, phenyl or -N(R17)-R18, R17 and
R18 are indepedenthCdf, one another identical or different and are hydrogen atom or -(Ci-C4)-alkyl,
and 10R3, R4,j§<5, R@&_[l]’d R7 are independently of one another identical or

10

15

20

25

30

k) -C(0)-O-R11 or

h -N(R11}-R12,

R10is hydrogen atom of —{C1-Cy4)-alkyl,

R11 and R12 are  hydrogen atom,

R13isF, Cl, -CN, -OH, -(C1-C4)-alkyl, -CF3, phenyt or -N(R17)-R18,

R17 and R18 are  independently of one another identical or different and are
hydrogen atom or -{C1-C4)-alkyl, and
R3, R4, R5, RB‘ and R7 are independently of one another identical or
different and are hydrogen atom or -(C4-Cg)-alkyl,

in the presence of a palladium catalyst, which is paifadium (i) trifiuoroacetate, a

base, a bidentate'phosphiné figand, -which is 1-[2-(dicyclohexylphosphino)

ferrocenyljethyldi-t-butylphosphine, and a protic solvent fo give a compound of

formuia | and _
optionally the compound of formula | is converted to its physiologically tolerated

salf.

The process according to claim 1,wherein one of the following compounds of
formula {is prepared: |
1-Methyl-3-(5-phenyl-pent-1 ~ynyi)—5—triﬂuoromethyll-‘l H-pyrazole, 3-Hept-1-ynyl-
1-methyl-5-frifluoromethyi-1 H-pyrazole, 3-cyclohex-1-e nylethynyl-1-methy}-5-
trifluoromethyl-1H-pyrazole, 1-Methy!-3-phenyl-5-(5-phenyl-pent-1 -ynyl)-1H-
pyrazo!—3-y¥ethynyl)—phenyiamine, 1-Methyl-3phenyl-5-(5-phenyl-pent-1 -ynyl)-

- 1H-pyrazole, 5-hept—1-ynyM-methy!—S—phenyl—"lH—pyrazoie, 5-cyclohex-1-

enylethyny!-1 methy!-3-phenyl-1 H-pyrazole, 1-Methyl-3-phenyl-5-phenylethynyl-
1H-pyrazole, 3-(5—Phenyl—pent—1-ynyl)-thiophene~2-carboxylic acid methyl ester,
3-Hept—1-ynyl-thiophene~2-carboxylic acid methyl ester, 3-Phenylethynyl-
thiophene-2-carboxylic acid methyl ester, 3-(Trifluoro-methyl-1-phenylethynyl)-
thiophene-2-carboxylic acid methyl ester, 3-(5-Cyano-pent-1-ynyl)-4-methyi-
thiophene-2-carboenitrile, 3-(4-Methoxy-phenyl ethynylj-4-methyl-thiophene-2-
carbonitrile, 3-Hept-1-ynyl-p-folyt-1 H-pyrazoio]3,4-b]pyridine, 3-Hept-1-ynyl-



- different and are hydrogen atom or -(C1-C4)-alkyl, in the presence of a palladium catalyst, which is
palladium (ll) trifluoroacetate, a base, a bidentate phoSphine ligand, which is _
1-[2-(dicyclohexylphosphino) ferrocenyl]ethyldi-t-butylPhosphine, and a protic solvent to give a
compound of 15formula | and optionally the compound of formula | is converted to its physiologically
tolerated salt. 2.The process according to claim 1,v/herein one of the following compounds of
20formula I is prepared: 1-Methy1-3-(5-phenyl-pent-I-ynyl)-5-trifluoromethyl-1H-pyrazole,
3-Hept-1-yny1- 1- }gwe-%%Hlmm@%&vrm@ﬁ%i)%mmBsez=@4arm@mwmelhg¢methy1-5-

trifluoromethyl-1H-pyrazole, -I\/Iethy1_-3-Phen¥1-5-é§5-phe yl-pe t-l-iyn 1)-1
Hpyrazol-3-ylethyBgirthymyhnRy idingictHy 1416 hyfrg-résygﬂgwg fit-1-ynyl)- 251H-pyrazole,
5-hept-1-yny1-1-methy1-3-phenyglbomsarasl-haydgex-d-or 4-Quinolin-3-ylethynyi- :
enylethynyl-1methy1-3-phenyl-1H-pyrazole, 1-Methy1-3-phenyl-5-phenylethynyl1H-pyrazole,
3-(5-Phenyl-pent- PRERNMRAIBBhene-2-carboxylic.acid methyl ester, :
3-Hept-4-ynyl-thiophene-2-carboxylic acid methyl ester, 3-Phenylethynylthiophene-2-carboxylic acid
methyl ester, 3-(Trifluoro-methyl-1-pherwlethynyl)- 30 thi -2-Gar. i ' er,
(5. Cyano ent 1L OATRR AN O PALAES Kl i o A e g o e Y63
ethynyl)-4-methyl-ghiciRhenstsd, panbeptities, Succides - altxidesand hysyexidse ail-b) Pyitrine,
3-Hept-1-ynyl- 40 9%\?]ri‘dajged %—Aflé%%thoxy-phenyl—l-ethynyl)-Pyridine,
3-(4-Trifluorometh enylethynyl)-pyridine, 3-(5-Phenyl-pent-1-yny1)-pyridine,

. 6-Quinolin-3-yl-hex-5-yn-1-ol or 4-Quinolin-3-ylethynyl- phenylamine. The process according to claim

1, Whe{gin the basﬁwg :ﬁ) '8&@%?2%@?&8%%%@1: gHbRMRtRS. Rhesrhrirsdhiglidesiligpyiges and

hydroxides with a suitable metal as counterion. The process according to claim 3, wherein the base is

selected out of thepgtasgiupotaseniate apBFHE T BRESANATS AL SREIWAAATRRERIM carbonate. The

process according to claim 1, wherein the protic solvent is selected out of the group: water, methanol,

ethanol, trifluoroethanol, n-propanol, i-propanol, nbutanol, i-butana|, t-butanal, n-pentanol, i-pentanol,
TS s e, h

2-methyl-2-Butanof, "2 RFPRRSD ARSI GiRRLT  WBRIRITLIAG ProtiR 33NG T , thy1-3-
pentanol, 2-methyk3: ReNanQladeMeibizAd calipaal, 2rftcomethuhd - pepriaproB--ptbpadeaientanol,
2-mety1-2-hexanol,3-hexanol,cyclopropylmethanol, cyclopropanol, gyclghutanol, cyclopentanol and .
cycloh&Xanol. The%@@éé"&t‘é%‘?ﬂ'ngtlt%fﬁh%?ﬁmgpéﬁﬂ 'TR& 'ﬁ?&?c! sljéwgqrﬁyi?éngve‘t%é’é’ o‘%t of the
group: i-butanol, t-higiasematmethyigans?-o)3-dimethyltBhnéariahdipemiadob Brydedipedtanol. The

di lai , Wherein.-th ian_betw f, I
roces oo 6 ) 1 MG e E3Elon e Een IR e LA ol !

ethyl-3-pentanol, 2-metyl-2-hexanol,3-hexanol,cyciopropylmethanol,

cyclopropanol, cyclobutanol, cyclopentanol and cyclohexanol.

20 |
6. The process according to claim 5, wherein the protic solvent is selected out of
| the group: i-butanol, t-butanol, 2-methylbuian-2-ol, 3-methyl-3-pentanol and 3-
ethyl-3-pentanol.
25 7. The process according to claim 1, wherein the reaction between the compound

of formula I} and formula il is carried oﬁt'in the temperature range from 70 °C to

100 °C.



