WD 2008/ 009348 PCT/ EP2007/ 005816 A regi osel ective
pal | adi um cat al yzed synt hesis of benzi m dazol es and
wazabmowpisr dazol es Field of the Invention 5 TPeI/EP2007/005816
present invention relates to a process for the
regi osel ective synthesis of conpounds of the fornmula
(1), R4 Il R3-A2,AN13 1 ~J-R5 (1) R2-A A4 NR
QROIn which RO R; R2; R3; R4; R5; A; A2; A3, A4,
Q and J have the neanings 10 indicated below that are
Ar él'éctﬁf% PR Haddl 5?5 Q{InthE&sfo%%%ﬁ'\gid‘éﬁo%fs and
al uabl e ‘pharmaceutically” active ingredients
azaaanzgw@wmﬂesf the Invention The present invention
relates to a direct palladiumcatal yzed,
regi osel ective process 15 for the preparation of a
Fieldoiehe fiveptivpnof unsymmetrical, nultifunctional
N-substituted benzim dazol es or azabenzi m dazol es of
the formula (1) starting from 2-hal o- nitroarenes and

e BUOR i o PSS o 7B ol Bl sPRAsA S
con%uhﬁs\dfltmﬂd-nﬁjlaqu_t ures in pharmaceutical research

. A Horton Bourne M L. 20 Snythe, Chem
Rev. 2003, 103, 893- 930 4 The ability of this

benzi m dazol e scaffold nmegjate an interaction with
a variety of biol ml—eA i{ is well-docunented by
the nultitude of rep 5ts J)‘b'é%@ved('bl ol ogi cal
activity, as well Atte ct that several

benzi m dazol e- or azaber12| m dg kﬁ based conmpounds are
in devel opnent or narké&tted a gs and nmake this
pe_of heterocycle a mgortant el enent for a 25

in W\hsqm%ﬁl R1pRa: s B iIRGIAY AdtA3i A4, Y padikhave the meanings

lndngtggﬁiﬂ%\m}}ﬁ%ﬁ&?ﬂ Jasllg ??r’ﬁégjlé@lg fg@@%{é&ﬁﬂa@@g&z Juable
phadrﬁacé(ﬂtﬁﬁ"?dcti&e Reyedients/. G adi gau, N. H " Hauel , ,

Car di ovascul ar Drug Rev. 2000, 18, WO 2008/009348
PCT/ EP2007/ 005816

Background of the Invention

The present invention relates to a direct palladium catalyzed, regioselective process
for the preparation of a wide variety of unsymmetrical, multifunctional N-substituted
benzimidazoles or azabenzimidazoles of the formula (1) starting from 2-halo-
nitroarenes and N-substituted amides.

Benzimidazoles play an important role in drug discovery and can certainly be regarded
as privileged structures in pharmaceutical research (D. A. Horton, G. T. Bourne, M. L.
Smythe, Chem. Rev. 2003, 103, 893-930). The ability of this benzimidazole scaffold to
mediate an interaction with a variety of biological targets, is well-documented by the
multitude of reports on the observed biological activity, as well as by the fact that
several benzimidazole- or azabenzimidazole-based compounds are in development or
marketed as drugs and make this type of heterocycle a important element for a
valuable pharmaceutically active ingredient. (W. Wienen, M. Entzeroth, J. C. A.Van
Meel, J. Stangier, U. Busch, T. Ebner, J. Schmid, H. Lehmann, K. Matzek, J.
Kempthorne-Rawson, V. Gladigau, N. H. Hauel, Cardiovascular Drug Rev. 2000, 18,
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2 127-156; N. H Hauel, H Nar, H Priepke, U Ries,
J-M Stassen, W Wenen, J. Med. Chem 2002, 45,
WA 7®3019866. ) O course the use of benzi m dazol BGST/BP2007/005816
azabenzi m dazoles is not limted to the above- 5
menti oned pharmaceutical application. For exanple it
is well known that benzim dazol es or
azabenzi m dazol es can be useful in agricultural
applications like for exanple as herbicides,

127L188)iNI [ e9ausie L Nat ARl PriepRe 28! Rie, 9ay, Stassent Vel Wsshen, J. Med.
acarici des and arthropod|C|des or as diagnostic

Cheme?Q2, 45, ddbd-ti8Bs) al s and as pol ymers. In several
cases, the benzim dazol e or azabenzi m dazoles is
unsyrmetri cal and 10 sel ectively substituted at one of

Of dowesétHe' 0§ 6f BERZIMIGAZAI8€ of BraBeriRidarofds/is ridt Ilmlted to the above-
contrast to the great inportance of this scaffold

mer@}&ﬁ@ﬂanha*wcggac@canm@ah%tl%ortezxanm@a sisivelt krpwn that
benpRfiEkFE8 B0 800N ATARENEL e HEGT A BEER AT 2BEIESbns ke for

avai l'abl'e so

example as hesbioides furgyicides mrhaticidlals eparasiticidey) thiddctibRies, acaricides
d in the substrate range, have ,ooor

an ar restrict
and@ﬂ}f@@@&s@ﬁs\%rﬁ% lagRastis agemss!iqid fsvatalmr@da% pelypers.

r I
In s%er%!)ﬁ%%ég‘ t%?eﬁg@n G?E@bsdr %aﬁ%\el iyl é?&lé% id Ens%'nmetncal and
selemydalgrspbsﬂmﬂhed W beg of.tiEs nirogsavatyimskof tﬁé&ﬁldd%olé_mmety In contrast
Beaul i Moos, Synthesis 2003

to t%g@%g@@oﬁ@ﬁcﬁéﬂﬁﬁs géaf}égagp geyieral regiqselegiivegoutg to N-substituted
benBhidbaGles %Y %EESéhﬁnﬁ@Qz%leéﬁa@%eeX dé\é'cn?é& g’e?"l& he¥&l methods

Het er ocycl , 270 er nor
available sodar pre muﬁgsterpapropasiswofhm cmualrnyg Bdrsfemaatlons:oﬁﬁltlons and
are fMBoRA N e STFSAIR EonR havk pAG L B R lveiess,and are thus of
limitegafseofrd NaPkelstors on ThtéeCh@ﬁﬁs'th#e@tERﬁ%@ﬁé‘Uwﬁch% Vol. 40

not el i m nated Katritzky, A

(Edsx Amii¥gisstrergen, B eTayoo) Jolum¥¥iley1d Sons3Newr Yorkg 1981. P. L.

o8 HgBRL. T8k S/ AU Yedel i . vapa . Fokes, .

Li, lbe:&.n G. EMOBéIdﬁho \&yruhéngenanw‘r% M. Otithev, Adv. Heterocycl Chem.
al o-nitroarenes 25 exist. J. Yin, S L. Buchwald

20955%9?.. 1R9-2 A0k Farthesmere it surpliging thatdraliladimarestalyzed reactions

hav%@d@ﬁeﬁﬂ# @gﬁﬁwlgﬁe@&ﬁ%ﬁp _an"lgishbstltuted

benﬁmidazaslersiapﬁoﬁi and lf I¥eh thedme@tioded bbuagofmmm&vgtd)ﬂoﬂ éliminated
one exapple the cou nmo- 2- ni t r o- benz
(Kaigkva ol s Bre vl SooRUmaen, Rut H\HoPIPorEUGIA 19413, T75-779).

T
Althbl gf’. Cgﬁ@%ﬁ%&%@fz d Prosox paﬁ}%l cfd Catcﬁ{pllnggne‘l\%@%ﬁaa{ryl halides
andcamlsles tavplbieey repoetaveryfem exaneples ennpioyxagtz -haloanitroarenes

r t roar N- subst i ed am des

exist E R Sokt BUEHR I e iAE M, 0BS RIS MARIE GOURIO 9hesbromo-1-
meth{d3-AREJ- Béﬁié’rﬁe WitRdeReArhidel (BHgNEEM) 26000 29 101-1104) and R. G.

azabenzi m dazol es.
Browning, V. Badarinarayana, H. Mahmud, C. J. Lovely, describe in one example the
coupling of 1-bromo-2-nitro-benzene and a pyrrolidin-2-one derivative in moderate
yield (Tetrahedron 2004, 60, 359-365). However, no general applicability for the
palladium-catalyzed cross-coupling of 2-halo-nitroarenes, in particular 2-chloro-
nitroarenes, and N-substituted amides was shown, and in addition no use was made to

for the regioselective synthesis of benzimidazoles or azabenzimidazoles.
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WO 2008/ 009348 PCT/ EP2007/ 005816 3 The limted

regi osel ecti ve access to N-substituted benzi m dazol es
wW@er00saeBienzi m dazol es often prevents the opti POTEPI00TI005816

of a potential drug substance or substance with for

exanpl e agricultural application and is acconpani ed by

poor cost- effectiveness. Thus3the present invention

is useful in preparing internmediates or end 5 products

of bi ol ogi cal active conpounds in pharnaceutical and

Thedlgnited régiosélecthapbicess ton¥-subytifitsd behziii@azdlge bk i on
present invention provides a direct palladium

The H M 03 . .
azapgpzimjdazples offepsupyents\he optimization ofia pptantial daigsubstance or

. ey iy ' : ti _
ol I Ryl SR Bbei e 51420 8hnanied py oor cost
effeCtivendss. Thasdh¢ ipngsdnt amvehtioal is useful irpaspesingf infermudiates or end
L1 ag? .Substityted am des, of formula |I1. Thus_one
produdts of biglogifal aciyeRarapeyndsin Riarmacenticaland aaviruitaral
apphéatigHdl um catal yzed coupling nethod for substituted
2-halo-nitroarenes (step 1) to internedi ates of
formula I'V. In another aspect of the invention, an
effi cif{I}t 15 rEtocess is provided for the subsequent

Surinan:ef the inye tb‘?:'i/_cl i sation (step 2) of internediates
TheQrebentTHlVantioh pldVidds § ¥ireBEpSIddigi RRAI é&%g&s‘eﬂﬁt@r@ synthetic

crude reaction mxture of Step 1 or optional
routgited wids variety od wnsymomejrical, pudtifonctianal iNesbstitatedgbenzimidazoles

or o SEUEBRE A B rorfis [ HPEALGR 2l CRREEERSSEr formuta 1 anc
substitDteasginiids ofefoeuR NIt Teus Bnethspedt BEMY Rve ABEM Rdar 8fficient and
the synthesis of N-substituted benzi m dazol es or

gengra ipaiadinimis2ialezed caintingdanetbod for substitutiedrrbalcasitrearenes (step

" € ARk aB e 1 b BB BBt B eriien
processds provided fontaei subsegliéht r@dbcwanﬁrﬁtg@cﬂéaﬁc}mfmé@ PRbf

. roups and a large variety of starting materials, )
inteppRintos & fergp|a, Va whick cn geﬁltfwmﬁ@w&érvwﬂhth@cwge reaction

i85t S oHRA0N IR BB IR AR e o ol 9 i
redugtirg reélagent.

The advantages of the provided process are that it comprises a novel, direct
regioselective catalytic, mild and general method for the synthesis of N-substituted
benzimidazoles or azabenzimidazoles, which also can be performed as a one-pot
procedure. Thus, the process is very time- and cost-effective. Moreover, are the
reaction conditions compatible with a broad range of functional groups and a large
variety of starting materials, which are easily accessible or even comrﬁercially
available.
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AXR QR5 "M NRLRORLQR5 (Il) (I11) (I1'V) ROR4
1 RB13A | \>--J-RS (1) -~ step 2 R2- \ Aa NRL QRO
wDei0aldwsd8 descri ption of the invention A proceBRGI/EPR2007/005816
preparing a conpound of formulal R4 11 R3-A2 N 13
IL\>J-R5 (1) R2-A\VAA NR1L QRO 5 and/or all
stereoi soneric fornms of the cérrpound of formula I,
and/or m xtures of these forns in any rati o, and/ or a
physiologically tolerated salt of the conpound of
forrmul @1, wherein A, A2, A3, A4 ar |nq)ependently
f eq ot her sel e@ted from carbon EY nlnt,rogen 10
R3—aaro o dorm t oget Wi t h the I%%o -3-0s in
Rz_fe a |l a stableNarodatic or egoa[omatlcp ring; @tep1
i SSA*(Crx C6) - al kyl e(be, merel n aI R%éqgs
unsibstituted or rrgo- - or tris tIlHJte
i ndependently of o anot her by R14;, &1 Q R5
- (G C8) - cycl oal kyl, (mperei n cycl oal kyjv) ||.J$0
unsubstituted or nmono-, di- or 15 trlsubstltuted
i ndependently of one anot heR4by R14; or
-(C6-Cl4)-aryl, wherein ary)la\ns unsubstituted or

mono-, di-, tri- or forg—RAf ubsti t ut ed

|ndependentlﬁ’f’one ot her J-oRS U step 2
-(C4-C14) - het eroaryl, er \|Ah hé‘% eroaryl is

unsubstituted or nono-, di- t ri -rO

Detailed description of the invention

A process for preparing a compound of formula |

R4
R3—A?
s I\>-—J —R5 ()
R2—AY,
r‘u Q—R0

and/or all stereoisomeric forms of the compound of formula 1, and/or mixtures of these
forms in any ratio, and/or a physiologically tolerated salt of the compound of formula 1,
wherein
A1, A2, A3, A4 are independently from each other selected from carbon or nitrogen
atoms to form together with the two carbon atoms in formula | a stable aromatic
or heteroaromatic ring;
Qis -(Cq-Cg)-alkylene, wherein alkylene is unsubstituted or mono-, di- or
trisubstituted independently of one another by R14; or
-(C3-Cg)-cycloalkyl, wherein cycloalkyl is unsubstituted or mono-, di- or
trisubstituted independently of one another by R14; or
-(Cg-C14)-aryl, wherein aryl is unsubstituted or mono-, di-, tri- or four times
substituted independently of one another by R13; or
-(C4-C14)-heteroaryl, wherein heteroaryl is unsubstituted or mono-, di-, tri- or

four times substituted independently of one another by R13;
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four tinmes substituted i ndependently of one another by
R13; WD 2008/ 009348 PCT/ EP2007/005816 5 J is

WO ¢@0%/0@8)s al kyl ene, wherein al kyl ene i s unsubspcT/EPEd7/005816

or nono-, di- or trisubstituted independently of one

anot her by R14; or -(C3-C8)- g@loaJkyI wher ei n

cycl oal kyl is unsubstltuted ord Nobno- - or

trisubstituted i ndependently of one another by R14; or
-(C6-Cl4)-aryl, wherein aryl is unsubstituted or

J |srTDn(C1 {)-alkylehe, Whefenl BIKyldRSis LHERBELtUSEEr mono-, di- or

i ndependently of one another by R13; or
-( mm)utbdtladmndenthemﬁther byaRWY; bs
or four tines

t
sty ompentiein Gyelpabibisaisuehiga plgoneo, di- or
R4 ,and dependent _qf th
T adriehstfien T fendEn Y g one AP By RidaBboen at om
b) (C&L{Hardl, WHereinhayEs uinsuk¥ituted Hf‘ﬁi&h%“dl“ttﬁdopfourtlmes
substituted one to thiee times by R13, c) 'hal’ogen, d)

pheupstikyed mdweadenwyleﬁah@ny\otmrtbmbstmt uted or

sub itut o three tines by

- . (,emrﬂyw efein hgtesoayyl Qﬂn@%&tﬁmt@gmr mono-, di-, tri- or
th é@r‘ a' 5 Stbstiisell MogBenighBia bng ShommaVdt oaryl i s

RO,URsUR3! RB URQ%nQ{ RBRR®indePendeht 6f orfe andthel %ntkbﬁ@fdlfferent and

'subst it ut ed |ndependently of one anot her by

are- ( C4- C14)- het efwydrggen aledh.ei n heteroaryl is

subst t ibed i nassrasA Wpersi bRl rBibshiuiEor pybstiuted one
-(C3-C8) -cycl o%lfp(,lfg ﬂr/,\rﬁﬁ%_gylk@l d cycloal kyl is

unsubstituted or di-, tri- or four tines
substitui)ed i ndwbegetent |y of one another by R13, or

j) a 3- -menbered cyclic,.resid cont ain

HERE By B M RS BheTYohy i Usobetituted Br shbstitted
or oxygen vvherdﬂerlo tﬁﬁééjt"%gl tyq:{{gsn due is

unsubstituted or nono-, or four

e) -(C1 —C3)—ﬂuoroalkyl

f) -N(R10)-(C1-C4)-alkyl, wherein alkyl is unsubstituted or
substituted one to three times by R13,

g) -(Cg-C14)-aryl, wherein aryl is unsubstituted or mono-, di-, tri- or
four times substituted independently of one another by R13,

h) -(C4-C14)-heteroaryl, wherein heteroaryl is unsubstituted or
mono-, di-, tri- or four times substituted independently of one
another by R13,

i) -(C3-Cg)-cycloalkyl, wherein said cycloalkyl is unsubstituted or

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

) a 3- to 7-membered cyclic residue, containingup to 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 one another by R13,

k) ~0O-CF3, ’
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30 tines substituted i ndependently of one another by
R13, k) -O CF3, WD 2008/ 009348 PCT/ EP2007/ 005816 6
WO 2008REL- C4) - al kyl , wherein al kyl is unsubstPCUERWOTO05816
substituted one to three tinmes by R13, m -N0O2, n)
-GN, 50) -OH p) -(Q-RI0, q) -C(O-ORILL, r)
-C(O-N(R11)-R12, s) -N(R11)6R12, 10 t)
-N(R10) - SC2- R10, vVv) -S-R10, w) -SOn-R10, wherein nis
1 or 2, x) -S02-N(R11)-R12 or y) at |east one of R1,
R2, R3 gr R4 at@-(@)seni-aikyl, C‘vﬂﬁeﬁﬂ@lkﬂﬁsmﬂs@bsﬂt@téﬂ or%ubstltuted
A2, A3 or A4 are nitrogen atom d R2, R2
or R3 and R4 fonmtb@l@@bﬂﬂnewbym‘tme atorrs whi ch they
are attached to a 5- or 8-nmenbered ring, containing
0, 1, 2M)3 or NBR2seroatoms chosen from nitrogen,
sulfur 05 oxyge mhereln said ring is unsubstituted
or sub®ituted two, three or four tinmes by Rl4,
20 R10 Cz hydrqgﬂn atom -(C1-C3) - f | uor oal kyl
or-(Cl-Co)-al kyl, R11 and R12 are independently of one
anot her p) dent i ca(OBR18i fferent and are a) hydrogen

atom b (C1- wherein al kyl is
unsubstlh?ut ed C¢ 'h pél” ti- or trisubstituted

mdepend)ently odi(@)lﬁ(lamﬂ-kqp_ by R13, 25 c)

- (C6- 0143 aryl-, wherein aryl is unsubstituted or
mono-, & - or -NREUHZE2¢ uted i ndependently of one
anot her oy R13 ( -heteroaryl wher ei n
heteroar | is {]’H@L@t%& ed 'or nono-, di - or

tri subs%tut ed_sWendently of one anot her by R13 or

w) -SOn-R10, wherein nis 1 or 2,
X) -SO2-N(R11)-R12 or
y) at least one of R1, R2, R3 or R4 are absent in case one or more

of A1, A2, A3 or A4 are nitrogen atom,

R1 and R2, R2 and R3 or R3 and R4 form together with the atoms which they are
attached to a 5- or 8-membered ring, containing 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 -(C1-Cg)-alkyl,

R11 and 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 aryt is unsubstituted or mono-, di- or
trisubstituted independently of one another by R13,

d) -(C4-C14)-heteroaryl, wherein heteroaryl is unsubstituted or mono-, di- or
trisubstituted independently of one another by R13 or

R13is halogen, -NO>2, -CN, =0, -OH, -(C1-Cg)-alkyl, -(C1-Cg)-alkoxy, -CF3,
phenyloxy-, -C(0)-R10, -C(0)-0-R17, -C(O)-N-(R17)-R18, -N(R17)-R18,
-N(R10)-SO5-R10, -S-R10, -SOp-R10, wherein nis 1 or 2, -SO2-N(R17)-R18,
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R13 is hal ogen, -NO2, -CN, =0, -OH, -(C1-C8)-alkyl,
-(C1-C8) - al koxy, -CF3, 30 phenyloxy-, -C(O-R 0,
WO S{RPeHR1L7, -C(O-N(RI7)-RI 8, -N(R17)-Rl 8, PCI/EP2007/005816

- N(R10) - S02- R10, -S-R10, -SOn-R10, wherein nis 1 or

2, -S02-N(R17)-R18, WD 2008/009348 PCT/ EP2007/ 005816
-(C6-Cl4)-aryl, wherein aryl/ i s unsubstituted or

nono-, di- or trisubstituted i ndependently of one

another by R14, -(C4-C 1 4)-heteroaryl, wherein

het( @f@ﬁxb aryl Swhéféllb%‘i'yltlslhﬂﬂubétltmcbn m@ho- @i- or trisubstituted
trisubstituted i ndependently of one another by R14

- ( CRiepehdently ohbkg lanoterrtyi R1424(C 490 §4 Phdteydaryk wherein heteroaryl
unsubstituted or nmono-, di 5 or trisubstituted
i nifcpesuhstituted of rmm-adetdnénsmstm.lted indeperglently of one another by

L PSS SISE Y i PSR b oo o

043RS o B 3 B L8 Epemere

anoydlierresiduig] éonfdldfing uptel X3, orﬂiete?@aton@lchoﬁ?ﬁfrom nitrogen,
-(Cl C8) -al kyl , -(C1-C4)-al koxy

- NBplifur. %yg@(@fe@y sglckyycllc r@@ﬂh@@ ugjpupstgci wymono- di- or

- SRRy ol O 2 12

R14ds- N( Rl tplogen) -OH| €01-CB), -GFkyHIC3-CJ-alkyhr(C )aikoxy, -NOo,
|nde endent|ly of one another identical or different
kowrthr%ahOawmalw {(CECaRaiksisilonyl c)
(CG Clay-aryl - or -6}()04-014258heteroar |, said
pro@@sN B Cavaey 4@ Rk o ré@wu ol

b o- WD GOmHEt -Re)- gt SN 10)‘ (TG4 g&) %lgyllz,
RrIARREAD | B ke SR 8 v

a) hydrogen atom,

b)  -(C1-Ce)-alkyl,

c)  -(Ce-C1g)-aryl-or
d) -(C4-C14)-heteroaryl,

said process comprises a reaction of a compound of formula ||

R4 9
R3—A2A ~o”
oo | .M
K\,?f X
R1

wherein R1, R2, R3, R4, A1, A2, A3 and A4 are as defined in formula | and
Xis CI, Br, |, triflate or nonaflate, with a compound of formula Iii
0

PN

H=N" J=R5 ()
Q@—RO

wherein Q, J, RO and RS are as defined in formula I,
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HN~J-RS | (IlIl) Q ROwherein Q J, ROand R5 are
as defined in formula I, WO 2008/ 009348
weOBaPBEO7/ 005816 8 in the presence of a pal PEEPI007/005816
catal yst, a base, a ligand and an aprotic solvent to
give a conmpound of fornmula IV R4 0O 11 11, R3-A2A
Noll p(lVV R2-AAM 1 NJI& QRO and converting
t he conpound of fornmula IV into a conmpound of formula
I in the 5 presence of a reducing reagent and a second
I u Frel
i U IERRNoq e SAIcRNAN AL, SEERE:E Hoand AITa Bpfoticpolvent to give
a cqmpewnd of forewda vy al so relates to a process for the
preparation ofR cogpound of fornula I, wherein Al,
A2, A3 and A4 jogethgr with the two carbon atons in
formula | forpgha bddze 10 pyrazi ne, pyridazine,
pyridi né?3'py°r2irri I ne, {afl azine or tetrazine, Qis

- (C1- Co)g | end, whePein al kyfl@ne is unsubstituted
or nDno-, Af r| bstituted i ndependently of one
anot her by R14 - ngcloalkyl wher ei n

cycl oal kyl is te nono-, di- or

trisubstituted mdependently of one anot her by R14; 15

andrdwvyehlng/\thmmmp@hlmlpf formulen B s iat ssregowid Bﬂfmmulﬁl in the

tri- r.tines substltuted |ndependently of one
%ﬁi&erfé‘ra Lﬁi@ reagent @nd@ agcans @hventyand wher ei n

opt@ﬁ%@{ P &dm?&gﬁ@ Ffdrﬁ'ﬁjlefx %’%@Wegtgggp ﬁs RISy foterated salt.

r ol opy azabenzi m
Theames.pnt mulenhmyblsoaeiaieam a praeessdfonyte preparation of a compound of

dazol yl , benzofuranyl, benzot hi of uranyl,
for%@ﬁio‘%? ®ihenyl , benzoxazolyl, 20 benzthiazol yI,

A1, %beﬂs éﬁ%?‘g&g???ﬁ?%ﬁi ezl éarbBR Ao IR fHlia | form a benzene,
pyrazine, pyridazir{e, pyridine, pyrimidine, triazine or tetrazine,

Qis -(C1-Cg)-alkylene, wherein alkylene is unsubstituted or mono-, di- or

trisubstituted independently of one another by R14;

-(C3-Cg)-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 selected from acridinyl, azaindole
(1H-pyrrolopyridinyl), azabenzimidazolyl, azaspirodecanyl, azepinyl, azetidinyl,
benzimidazolyl, benzofuranyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl,
benzthiazolyl, benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl,
carbazolyl, 4aH-carbazolyl, carbolinyl, chromanyl, chromenyl, cinnolinyl,
decahydrochinolinyl, 4,5-dihydrooxazolinyl, dioxazolyl, dioxazinyl, 1,3-
dioxolanyl, 1,3-dioxolenyl, 3,3-dioxo[1,3,4]oxathiazinyl, 6H-1,5,2-dithiazinyl,
dihydrofuro[2,3-b]-tetrahydrofuranyl, furanyl, furazanyl, imidazolidinyt,
imidazolinyl, imidazolyl, indanyl, 1H-indazolyl, indolinyl, indolizinyl, indolyl, 3H-
indolyl, isobenzofuranyl, isochromanyl, isoindazolyl, isoindolinyl, isoindolyl,
isoquinolinyl, isothiazolyl, isothiazolidinyl, isothiazolinyl, isoxazolyl, isoxazolinyl,
isoxazolidinyl, 2-isoxazolinyl, ketopiperazinyl, morpholinyl, naphthyridinyl,
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car bazol yl, 4aH carbazolyl, carbolinyl, chromanyl,
chronenyl, cinnolinyl, decahydrochinolinyl,
wda 2®8a093ysir ooxazol i nyl , di oxazol yl, di oxazi nyl PCIEB2007/005816
di oxol anyl, 1, 3-di oxol enyl,
3, 3-di oxo[ 1, 3, 4] oxat hi azi nyl , 6H 1,5, 2-di t hi azi nyl,
di hydrof uro[ 2, 3- b] -t et rahydr oBuranyl, furanyl,
furazanyl, imdazolidinyl, 25 imdazolinyl,
i m dazolyl, indanyl, 1 Hindazolyl, indolinyl,
' nB@idthFBiéeqdlﬁgmw 'oxa'ﬂ'bzdhﬂd@@’é-oxba%*%%mof erﬁai(édlazolyl 1,2,5-

i sochr . I soi'ndazol yI',” i soi ndol'i nyl’,” i soi ndol yl

i soqadlazbiyhy‘ll 3, 4|-®<ﬂ€haml3dl vIZ—oxa»@mapanzyﬂ 1 @-ayathiolanyl, 1,4-
|soth|azolhn |soxaz # I SOX o%in I 1.4 inyl,

| B hosBEREE Ao R giokpein nfpoxaziny,

MOBR holy o | 4
ROSPEEEY oM DLk, GBrERLHSRRN Prenantviny

ox abeaawthyolinyl, phemagindii phemofhiazinyl | plneagaaﬁhanyjll, phenoxazmyl

1" BOA SR AERARin pstaRP ATV pusinvt pygamph prazioy.

1, 6y@2@ﬁ6iﬁlymdyrazbhﬁyb>p§ria2b}')“, pyridazazpyridooxazolyl, pyridoimidazolyl,
1, 4- oxazinyl, oxazolidinyl, oxazolinyl, oxaz

ol yl,
ox@ygﬁgﬁhlaz&wc@yﬂqmwpgy@mwrpraqdﬂwl p)grolldmyl pyrrohdmonyl

e IRBCL Lol ERTSNT i DBSEE BLBEAEY 4tqincin.

p| qamath mnpehdndylmétrahWeusfuchnwltetrphydmoyéoqumohnyl
razol i dj razo

%E%]Mrg @8{29‘1 Z@r@%d@yra@gL)t%tf%h)ﬁropyranyl ){etrahydropyrldmyl

I [
AR, PSR Wiy Pt i 120
py thiadiaagly|, L2{4pthiadidzolyl, p)2, 5¢h|§ald|azq>lyl n‘azm-tmadilazolyl thlanthrenyl,

gﬂ:ﬂszg%pqu% u%;n'gk'ly r‘g%ﬁﬂﬂﬁt ?lg {Iln?é(z%lyl M‘uézolyl thiazolidinyl,
Leiﬂléfdlﬁfy‘l)'tﬁ%%}l (e thletn%iméﬂiﬂw BEhOSkaZdNI; thididimidazolyl,

yd rofu’ranyl tetrahydropyrany
t ethietangt, db'pmarphglmyl thiaphenelyd, thmpﬂnelnubhtmopyganyl 1,2,3-triazinyl,

i oge T8 84 eh i uferontt £ 3wl a2 Fyazom. 1.2.5-

1, &idzoi 0B Mﬁéz\dlyl drldy mﬂﬁémyénd whe?—elhh'le‘léﬁdé)@l is unsubstituted or

13th|a2|nl 1, 4-t hi azi nyl, 3th|azol?/
t himons-ydi-, ik ioaiqun timesy ubstitutesi independentiyofi ane/another by R13;

. thi enothlazolyl t hi enooxazol yl,
thaeénog)lgﬁncsa t hi et anyl t hi onor phol i nyI

t hl-@P@g()-laykylerié]Ivﬂmémhyélkylbhed@!ahsnb@;tltuted or mono-, di- or
1,2,3-triazinyl, 1,2,4-triazinyl, 1,3,5- tr|a2|nyl

1, msntismnﬁedlulydependenﬂy of oaeanlplﬂ?er]t:)QRMI riazolyl,
Sh G- Gansbepalio el iR LBSipS RS mgnd G- or
QL're%&sﬂhﬁgéd@é%@““i5%@%‘3&2\0@%9@?33” v ot one

- ( pheh¥) mméﬁarh%nymmjrwu&smmyd B thdn- Udis UHS bi foiirahes
or nono- - or trisubstituted inde endently of one
an§ﬂh§i‘tutﬁﬂ mjgpendently of one another by R13; or

-(C4-C14)-heteroaryl, wherein heteroaryl is as defined above and is

unsubstituted or mono-, di-, tri- or four times substituted independently of one
another by R13;
RO, R1, R2, R3, R4 and R5 are independent of one another identical or different and
are

a) hydrogen atom,



10

15

20

25

30

-(C3-C6) -cycl oal kyl, wherein cycl oal kyl is
unsubstituted or nono-, di- or trisubstituted

WO pwseasdent | y of one another by R14; 25 phenyPCT/EP2007/005816

wherei n phenyl is unsubstituted or nono-, di-, tri- or
four tinmes substituted independently of one another
by R13; or -(C4-Cl4)-heterodd/|, wherein heteroaryl
is as defined above and is unsubstituted or nono-,
di-, tri- or four times substituted independently of
ong) anpther by R13; 30 RO, Rl, R2, R3, R4 and RS are
i ndependent of one another identical or different and
are) a) @YaFBgen at om WO 2008/ 009348 PCT/ EP2007/ 005816

10,,b) F~ C : (,Cl- calkyl y

ity Gt abeidl el atyR el ilisof Wiisiided one to three
times by % §1§) -(C1-C3)-fluoroal kyl, f) phenyl,

wherein r|cY)1hen |"'i'S’ unsubstituted or substituted one to

t hepe tHE@RsCapflutbalkyy) - (C4-Cl4)-heteroaryl, wherein
heteroaryl is as defined above and is unsubstituted

or fijmronophenlyl; wherdin phenyloarunsubstitutader suhstitdted one to three times
indepenee 1Iay of 10 one another by R13, h)

-(C3-C8 YE{/ 'oal kyl, wherein said cycloal kyl is

ungpbst it €44 Phetf@aryl, herein héterodtyl i@y défiriBabove and is
sug)sjtitu(Pg’d ?ﬁgependgwtly of one anofher by R13, i) a

3- to 7unsubstiteddanrahodo, e thiorselretimed substitute:pidependently of
azeti di ne, aziridin? azirine, 1,4 diazepane,
1, 2- di a9B@aRether by i§; g’zepi ne, 1,4- 15 di azepi ne,

Gl aeir L denon i o ! n > dl & . o
5 O B B s mono
i m dazol {p&r fbin A&8'suBsMated ind@pBhdéMiyEof one another by R13,

i sot hi azolidine, isothiazoline, Isoxazodle, _ L
i shxazohiddo 7-meoeredicyriirresdue selagted friem azepine, azetidine,

e BB gl 504, T2 ARG 1 merine. 1.4-
1, 2- oxagjarepink, diafridinezdiagiring, dioxxaslen dioxazimed didxole, 1,3-
oxaziri di ne, oxetan, oxirane, piperazjne, . L o
dioxolene, 1,3-dioxolane, furan, imidazole, imidazoline, imidazolidine,
isothiazole, isothiazolidine, isothiazoline, isoxazole, isoxazoline,
isoxazolidine, 2-isoxazoline, ketomorpholine, ketopiperazine, 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, 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, thiomorpholine,
thiopyran, 1,2,3-triazine, 1,2,4-triazine, 1,3,5-triazine, 1,2,3-triazole or
1,2 ,4-triazole, and is unsubstituted or mono-, di-, tri- or four times
substituted independently of one another by R13,
)y  -O-CFs,
k) -O-(C1-C4)-alkyl, wherein alkyl is unsubstituted or substituted one to
three times by R13,
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pi peridi ne, pyran, pyrazine, pyrazole, pyrazoline,
pyrazolidi ne, pyridazine, pyridine, pyrimdine,

W@00B00®B48 pyrrol i di ne, pyrrolidinone, pyrroli neCT/EP2007/005816

tetrahydrofuran, tetrahydropyran, tetrahydropyridine,
tetrazine, tetrazole, thiadiazine thiadiazole,
1,2-thiazine, 1,3-thiazine, MU-thiazine, 1,3 25
thiazol e, thiazole, thiazolidine, thiazoline, thienyl,
thietan, thionorpholine, thiopyran, 1,2, 3-triazine,

1, lg 4-t fN(W‘!U)QCﬂCé)—érkfyr, iwHerem alkylds mbLbsttote)] 6F substituted one
1,2,4-triazol'e, and i s unsubstituted or nono-, di-,
tri- ortd thwee timgssby RdBsti tut ed i ndependently of one
another by R13, j) -OCF3, 30 k) -O(C1-A4)-al kyl,
whBYei n'(&'%‘ikyl I'S unsubstituted or substituted one to
thﬁfe tig|ps by R13, WO 2008/ 009348 PCT/ EP2007/ 005816
11 1) - 0)-(Cl-C4)-al kyl, wherein alkyl is

unslbst phenydxy; whebsihiphenytbxyrie unsobstituted on substibyted one to
R13, m_,-CN,. n), - 5 0) phenyl oxy-, wherein

pheny!| owe?é'"?ﬁ%t%g?pt uted or substituted one to

thpee ti . 3, p) -C(O-OR 1, q)

-CP%)-N( 1 @I%?‘ r) -N(R11)-R12, 10 s)

- NGR10) -G MR 1kR12S- R10, v) -SOn-R10, wherein n is
1 qr 2, - =-N(R11)-R12, x) -C(O-R10 or 15 vy) at
| edst o?{g&%ﬁ)%fzﬂz, R3 or R4 are absent in case one
or gyror e_\pfR1)-SOARIA3 or A4 are nitrogen atom RI0 is
hydr ogen atom -{Cl1-C3)-fluoroal kyl or -(Cl-GC6)-alkyl,
R1f) and-RR1(gre i ndependently of one another identical

or different_and are. a) hydrogen ato
V) -SOp-R10, wherein n)is 1yor 2,g m

w)  -SO2-N(R11)-R12,

X) -C(O)-R10 or

y) at least one of R1, R2, R3 or R4 are absent in case one or more of A1,
A2, A3 or A4 are nitrogen atom,

R10is hydrogen atom, -(C 1-C3)-fluoroalkyl or —(C1-Cg)-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

trisubstituted independently of one another by R13,

c) phenyl, wherein phenyl is unsubstituted or mono-, di- or trisubstituted
independently of one another by R13,

d) -(C4-C14)-heteroaryl, wherein heteroaryl is as defined above and is

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

R13 is F, Cl, -CN, =0, -OH, -(C4-Cg)-alkyl, -(C1-Cg)-alkoxy, -CF3, phenyloxy-,

-C(0)-R10, -C(0)-0-R17, -C(0)-N-(R17)-R18, -N(R17)-R18, -N(R10)-SO2-R10,
-S-R10, -SO[-R10, wherein n is 1 or 2, -SO2-N(R17)-R18, phenyl, wherein

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

another by R14, -(C4-C14)-heteroaryl, wherein heteroaryl is as defined above
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20 b) -(Cl-C4)-al kyl, wherein alkyl is unsubstituted

or nmono-, di- or trisubstituted independently of one
waewsherssby R13, c) phenyl, wherein phenyl is PCI/EP2007/005816

unsubstituted or nmono-, di- or trisubstituted

i ndependently of one another by R13, d)

-(C4-Cl4)-heteroaryl, whereinlzieteroaryl is as defined

above and is 25 unsubstituted or nono-, di- or

trisubstituted i ndependently of one another by R13 or

Rlanti fis Ens@b'stltut@ﬂ oCrl-:rﬁon%-OgHy?rg)%u@ﬁut@ﬁ“iﬁbelzgendently of one another

cp;z))R F{Qgcs();(@):lqall(){meenquwald kyklssunsmqst[mted or mono-,

wherein n_is

- SQQ qq@pgwt)stlmtgd lmmder\m@f@inﬁ agpt@wetpf,‘,Rms or a 3 to 7-membered
Sg@ ts}é‘u%dmﬁﬁcmfé% deﬁjri%degﬁ%\;é %gqli? bhdibstfuted or mono-, di- or

ently one
(%u@%ﬂbtﬁétetrﬁiepenxdbntly\béoné anbtterbyeR¥4, i s as defined

ab 008/ 0 PCT/ EP2007(/ 005816 _ 12 and i
R14JRILERR 0t 20-oF s, (0-Caraba: i, -Sioyon. -z
f by, R14,
| PRSP R IR b iz sSR10,
' tRi tituted
i nﬁl‘é@%’seaﬁ%@?@“ﬁ’; DAL MER' L 5
7- € CM Al
and )R QRO a‘*‘%ﬁ&““' B0 SHONIRE L SE RN
R17' e!ihiﬁRQBdaﬁ‘ét | phde eﬁﬂ@nﬂtﬁ@f 666 aRwtHRt4deritital bbdifferéht and are
CB) - al kyl, -(Cl1-C4)-al koxy,
C(O oal) r\mdrogec(a@m(c:l c4) - al kyl |
Cl1- C8); al ky, f C(O - NH2, -S—Rlo
E:(O) (Cl @ g?%}qyl C(O) N- [ (CL- C8) - al kyl 12,
-N(R10) & ) -al kyl or
-N(RlO) 1 C8) al kyI]2 10 R17 and R18 are
[ ndepend)ent I ijCqm}hetemaml andentical or different
~and are l%‘)h ydrogen atom b) -(Cl-C4)-alkyl, c)
Xisphenyl Orl¢ C4- C14) - heteroaryl and 15 Xi s a, Br
or |. The present invention also relates to a process
for the preparation of a conmpound of fornula I,
The'resentinéntiotYalsdIckates #¥a poassskeor the ;blrefphiattdwpoﬁ@bbﬁfp)ou nd of

atons in fornula | forma benzene or
formula |, wherein

A1, A2, A3 and A4 together with the two carbon atoms in formula | form a benzene or

pyridine,

Qis phenyl, which is unsubstituted or substituted by R13, -(C4-Cg)-alkylene or
pyridyl,

RO, R1, R2, R3, R4 and R5 are independent of one another identical or different and
are

a) hydrogen atom,

b) F,
c) - Cl,
d) Br,

e)  -(Cq4-Cg)-alkyl,
f) -(C3-Cg)-cycloalkyl
g) phenyl,



10

15

20

25

30

20 pyridine, Qis phenyl, which is unsubstituted or
substituted by R13, -(Cl-C6)-al kylene or pyridyl, RO,
WRNsAM34R3, R4 and R5 are i ndependent of one BCIDEP®NT/005816
identical or different and are 25 a) hydrogen atom

b) F, ¢) - d, d) Br, e) -(Cl-C4)-alkyl, 30 f)
-(C3-C6) -cycl oal kyl g) phenyl3 WD 2008/ 009348

PCT/ EP2007/ 005816 13 h) -O (Cl-C4)-al kyl, i)
-C(0)-0-RL 1, j) -CN, k) -C(O-R10 or 51) at |east

onfp)of R3.(CR2C4RaIkyl, R4 are absent in case one or nore
of Al A2, A34)02ra% are nitrogen atom RIOis

hy'c)roi;eFC@fD)o@l-RM,-(Cl- C4)-alkyl, R11 is hydrogen atom

or -(Cl-CA)-alkyl, R13is -C(O-OR17, 10 R14 is d,

F - (c1:@y-alkyl or -C(O-0O(Cl-C4)-alkyl, RIL7 is

hygy oger O Blor- (CL-C4)-al kyl and X is O, Br or 1.

15 Sl'he 21%62))??](1: s()gl vent useful for step 1 in the

pr Ycessableashenenf :1R2,IRE ot Rdrarewatisebtin cagerene or more of A1,

wher ei n,t.he_co unds. of for,nmulae 11, 111 and 1V,
pal | adi 6\%\’ %[n'g‘g?,re BLE9eRRIOM.i gand are sol uble or at

R1dci}$1as_t pﬁp&ﬂqyelnyatgﬁ{ le(@@ojg)_gmgpati ble and is

emcally i'nert under the reaction conditions and

R11dges nohy@mgbaiatowabex(cqncg)‘amgn as inpurities.
Exanpl es of said aprotic solvents are: benzene,
R13tisl uene;CE)F@R17,nesi tyl ene, 20 acetonitrile,

t.etrah n di,met h '
R14{S net ny Fhyr P Breni) of COFETE Ep-aik,
R17 is hydrogen atom or -(C1-C4)-alkyl and
Xis Cl, Brorl.

The aprotic solvent useful for step 1 in the process of the present invention must be
solvent, wherein the compounds of formulae |l, iif and 1V, palladium catalyst, base and
ligand are soluble or at least partially soluble and compatible and is chemically inert
under the reaction conditions and does not contain water or oxygen as impurities.
Examples of said aprotic solvents are: benzene, toluene, xylene, mesitylene,
acetonitrile, tetrahydrofurane, dimethylformamide, n-methylpyrrolodinone,
dimethylacetamide, dimethylsulfoxide, diglyme ((2-methoxyethyl)ether) or pyridine.

Preferred is benzene, mesitylene or toluene. Most preferred is toluene.

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
employed palladium species or preventing the coupled intermediate species of the
compound of formula IV to undergo the reductive aminocyclisation. 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
potassium phosphate and in particular caesium carbonate are the preferred bases.
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di net hyl acet am de, di net hyl sul f oxi de, diglyne

((2-nmet hoxyethyl )ether) or pyridine. Preferred is
Whe0w3e0s48 nesi tyl ene or tol uene. Most preferr eRCT/BP2007/005816

tol uene. The base useful in this process of the

present invention is a basic organic or inorganic 25

conpound and acts as proton abtkeptor without

inhibiting the catalytic activity of the enployed

pal I adi um speci es or preventing the coupl ed

Thel bHseis e rslgegmpﬁmﬁ ih hRod érafexcsbsobaded] oitiie PMhdI@-nitroarene

undergo t tive am nocyclisation. Suitable
of the eervpgund of Saranila dls Asusafel mpgeds anhl do 2dplshexeess based on the 2-

v EATERIEF d SPA FPTELgAa olbl, cmioves

in aph gl @xeasabaséd endfe 2-kdlesrigdatemeast the dohpdureréesdrmula |.
of the present invention. Potassium carbonate or

pot assi um phosphate and in particul ar caesi um

TheBPRA Bo Pl Bhtalterd 1 Wik e uR 3, ot SRt PRCHR byeying

classas@deﬂairmaws;mab@medte)mmbbxésh%@cmwmates elhe-harhﬂes Pd-
eis a l.

halu%ee con&%gg) b has qrgqlzlg@l{q\!glez(esh %Brjé,sfqr g \feeﬁéargplqu@clude but are
abl

o SRSl 35 . B P

tris(dibeakyglideneacatanegdipalladiemt 0 ypos(dibertzyfi Mm&a(mtdme)ﬁlp'ﬁhledlum(O)

chlcRGion: st vt 1 hlprie. 4P RisBUBRoRTaNRERRR kL, -

bma%ﬂﬂhdsammrﬁ(moeﬁloemeSacé%dtomeamﬂtmyldﬁ@sbﬁinbdﬁq -bipHenyl-2-

de conpl exes, sphi ne conpl exes.

yUleﬁﬂM@é'h)l; & Qv%ISGidaln@méthbsphlerethanﬂ)dl@hb)romﬂadnurmr(u)ean[1 2-

blS({iIPPFB@Bt’Igg@%[’%584‘1;!1%%% lgélum (b"')‘l f(?g é‘s’}‘ élswlphenylphosphmo)butane]
[etanalﬁgﬁaIkalllmﬁmét@n¢)31b|B€Q 4 &iriné lphenyl)lmldazol -2-

tris(di benzyli acet one) di aIIalun( orof orm
ylldqma(ﬁ-naplathgw nmmq)pp)la@nnbm)@gner The preferred catalysts are

paII%ﬁl napﬁ ts]a)(/:gpapl ag un@ﬁ'gﬁkﬂgkporl g?) -1,1"-binaphthylpalladium(ll) and in

partitédrggaliadiunli(H) eifluokpdcetatbosphi no- 1, 1' - bi phenyl - 2-
yl)pal l adiun(I1),
(1, 2- Bi s(di phenyl phosphi no) et hane) d| chl oropal I adi un( 11

The%p&ll?ﬁ%g%&aéﬁté% g%ggp lr%?ﬁ@ no) ol r@ﬁ'ﬂi@%ﬁa of 1 to 10 mole

perdeztt basad lonl thpdl- hakh—mltr()brenqoﬁrtbblamnapmmd of formula II. A useful range

is 16 BuBnEvaerseRLOtpAaci cabay S Rassd dinfens-Palgraitroatame of the

o‘%@rdfq f@kal ysts are palladium (11) acetate,
comgj’ bi s roll phenyl phosphi no) -1, 1' - bi napht hyl pal | adi un{|

I) and in particular palladlum(ll) trifluoroacetate.

The g SRR R B 43 P8BSR lbrifand can be
selefgg?@f ﬁ?h\adh@ fBIIéWFP@rcﬁJ’iﬁp&indsh ®ut BFPASNIMREd tor(ah2,21 . A
bls(dlphenylphosphmo) -1,1'-binaphthalene, (9,9-dimethyl-O9h-xanthene-4,5-
diyl)bis[diphenyl phosphine], (R)-(-)-1-[(S)-2-(diphenylphosphino) ferrocenyl]
ethyldicyclohexylphosphine, 1,2-Bis(diphenylphosphino)ethane , 1,3-
Bis(diphenylphosphino)propane, (R)-(-)-1-[(S)-2-(Dicyclohexylphosphino)ferrocenyl}-
ethyldi-tert-butylphosphine, (R)-(+)-1,1'-Bis(diphenylphosphino)-2,2'-bis(N,N-

diiisopropylamido)ferrocene, (S,S)-1-[1-(Di-tert-butylphosphino)ethyl]-2-
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is 1to 9 nole percent of palladiumcatal yst based on
the 2-halo-nitroarene of the conpound of fornula I
wWQ2008ke3ks gand useful in this process is a noNRET/BP2007/005816

bi dent at e phosphine |igand and can be selected from

the follow ng conpounds, but are not limted to:

(+/-)-2,2"- bls(dlphenylphospﬂino) 1, 1' - bi napht hal ene,

(9, 9-di net hyl - 9h- xant hene- 4, 5- di yl) bi s[ di phenyl

phosphine], (R -(-)-1-[(S)-2-(di phenyl phosphi no)
(dlpﬁ@lﬁﬂg Qﬁbﬂlho)f@frbdérﬂé QYR MFWLDBQ}QMIW clohexane-N N-bis(2-

is(dip henyIBhosphlno)et

dlphgnympgmbmg tavhdypt gp@ﬁé(ZS SS) 2 5 dnso -propylphospholano)-
venfe AT chd Rk B BREV ARG 18] 09 Srs e -
to|y|bl?a>s;5mhe)n ;u -Jomaiim?l phBJBIk(MBIS;ﬂﬂbis(t}lﬂaoﬁmahyl();bhéhyl) phosphino)-

111S0O ylam GTTOC,
0,9-inetpyRanHiaID. 2 Osli e - BHseRRPHOYiEYsighexdnhesphinol-biphenyl

2,2% %%lg{l%ggﬁgﬁ &?ﬁ%ﬁﬁg@?gﬁbg@ 8i!r'i3te(r%ﬁutylphosphme

MoisféM@wébi)y (3/-2-2[2"dois (diphenlylphesphizol)} 1N -tinaglthalene or (9,9-dimethyl-

9h )(an?h en@ggwﬁgﬁcﬁé&ew rb%%b@%@%gmwg Raftigular in combination
with ( ?é?‘%ﬂf r}\&;»cﬁ,[r&gb gﬁhgg%' FRESPHH RN RY lel § L futiadium (1) acetate,
palladiug @b dsfurdrosdetate,’ tnsl(ldl’tmﬂzylldeneacetone)d|pallad|um(0) palladium (lI)

crioteg T RS Bl e OS5 RS hoB RS )

blna%hf@ha@hé[ (2", 4 ,6' -triisopropyl)dicycl ohexyl phosphi no]
- bi phenyl , 2 7 -bi s(di-tert-butyl phosphi no) bi phenyl,
tri-tert- butyl phosphi ne. Mst favourably

Thelghiosghireigalic dePafly ARERBAIR snarpyl BEAP BB 1 o 10 mole

perddi aBed &h thee-paplsiredrdre @fahbla@mhmundbm@bjdmwm of formula
with a pall adi um source bearing phosphi ne itself

. A useéulgaggep%\n Ita @ melg perceat et ala@spmrme haandbased onithe 2-halo-
nltrc{drréfw% g‘f’g@%g%ﬁégﬁ% of formula II. N?ﬁt favou n?taly the glhf)sghlne ligand is
empldyed incdmh equitkeolar Fationwith respdot to thie palmnwmlsmurce

(+/-)-2,2"-bi s(di phenyl phosphi no) -1, 1' - bi napht hal ene.

The phosphine ligand is generally enployed in an

? ®

TheEBn Sfepl ' CHR8E oot it tichehibdalute i@ BD°Bo P55 %0, A useful
temperagionenid abfout 0@ t 90 PC. Genssdllylthe aeaetiansis carved oobueder the

hosphi ne |.i gand based on the 2-hal n- .
exc'ﬂﬁﬂno&ﬁ%hanﬁmfi R0 SHE ARANST 26/ 1RGN 2UTpSRg8Ike e.g. in an argon
or nft rdh'é?e QPQﬁﬁ&ﬂlﬁaric‘ ($r388ureS Thereh e fiting fBPstep 1 is in the

|rm ar tio with respect to the palladium source.
rang};)ofl‘&é0|48dt§1urs(h)step 1is carried out in the
tenperature range 60 Cto 150 C. A useful tenperature
is about 70 Cto 90 C. Cenerally the reaction is
It is pRsEiIbRItPftratddeto isbRite ﬂ?@b@ﬁﬁ@ﬂn@ﬁf ﬂirﬁ\ufmw wefsrbl4eacting it in the

such as under an inert atnosphere g. in an
secemnd@step. It is also possible to perform reaction step 2 without any separation step

in the same reaction vessel.

The solvent useful for step 2 or the second solvent in the process of the present
invention is an aprotic or protic solvent, wherein the compounds of formula IV or | are

soluble or at least partially soluble and compatible with the reaction conditions and
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or nitrogen atnosphere at atnospheric pressure. The
reaction tinme for step 1 is in the range of 3 to 48
whoseoEky . 25 It is possible to filtrate or tRCT/BP10a1/@5816
t he compound of fornula IV before reacting it in the
second step. It is also possible to performreaction
step 2 without any separatioriGtep in the sane
reacti on vessel. 30 The sol vent useful for step 2 or
t he second solvent in the process of the present
involveestiuchirelsarii reigepts. E)@ﬁnmégbf §ai‘éjcépr©ﬂ& or pﬁﬁr@smvéﬂi@ are:
conpounds of fornula IV or are soluble or at |eas
methaiali ethepok armr@laa@rettsoa@dx methylene shlordey @mthhslﬁprmamlde

R

mesﬁ?ll’eﬂbld? doetdritrile. d’rfeﬁérr@dltaﬁe ﬁfethancﬂ?éﬂhanol aoetlbamd ,methylene
panol , acetic, acid, nethylene chloride

chloadﬁe@mﬁ hyformaraide, PV%@'F&h@ﬂWW%'SOBWP%%eMOSt preferred is
acetl éé(lbene et hyl acet ate, benzene, toluene, xylene,
mesSityl ene or acetonitrile. Preferred are nethanol,

Thegéhmigg l,r?agmitlmsgadlfdr thuertehtjad bﬁmaﬁ}indirty@tis%imn in step 2 inI the process
i met or mani de, ridin - e and i sopropanol .
of theparesghiinYeRRN Fan bigsaleeted from te, followihg examPles, it are not
I t
nm.taﬁ%% 2/ indyj rrggepegggm%t LSREBPO/NICIS! RABH,/FeCly,

I on can el ect ed

H3FQ Hzgputdjesﬁmmoen 0, AIGINPEASOABUF /MG, FESO }44HCDIU&§7F%SO4, Zn/HCl,
Raney- N , d2C H2/ Pt @2, H2/ Ru, /N d

Naol8a B8hd/N@£3 204 1PaviiiraBleid-Fe/HOAd 43 a rsagﬁﬁt’ fo€the reductive
Fe/ HOAc, Fe/ HCI, FeSO4/ HClI, Fel/ FeSO4, Zn/HCl, Na2S,
amlmrcychbdtﬁﬁoﬁl Favour abl e is Fe/l HOAc as a reagent for

The; rggetiffr’? gtgglz\;%thrwea meal'elgfq%r@{[l?gﬁérﬁ%gbqg) ?(taq%Q%C A useful
temperafuréSsiapout 4 $OPES HZ(?°G ST I@é’%ﬂctlbmm% for sl@@ 2Qs lﬂ' Itl‘x?e  range of

eaction time for step 2 is in the range of
15 mim t0220winin. The progress of each reaction step nay be
nmoni tored by nethods known to those skilled in the
art, like for exanple thin |ayer silica ge

Thecﬂ‘rbgfé%tsctiffe'ﬂéhyrea@ﬁén sty maptbeomnaptoredrbic stiiodsimewn to those
resonance, infrared spectroscopy, and high 20 pressure

skilled duthe ar Wselos gxapme dintayes $iligarge! @hfqra@tqgreehy gas
chrogﬁ{a{?)@gépg&, %@ﬁl}%@%&%@angﬁ%e, éﬁ"’rgtfeﬁrsg@cl’ro%tfb@( da?}ﬁelrngh
pressure NigtidgstaomatddiBbhy combiined dithi ultnavieles depetionaranpgs
spegtrrgsc%spild Preferably thin layer silica gel chromatography and high pressure liquid
chromatography (HPLC) combined with mass spectroscopy are used.

The isolation and purification procedures useful for the compounds obtained by the
process of the present invention are well-known to those skilled in the art, like for
example filtration through a celite containing cartridge, aqueous work-up, extraction
with organic solvents, distillation, crystallisation, chromatography on silica, and high
pressure liquid chromatography on normal phase or reversed phase. Preferred

methods include, but are not limited to those exemplified.

The term alkyl as used herein expressly includes saturated groups as well as
unsaturated groups which latter groups contain one or more, for example one, two or
three, double bonds and/or triple bonds. All these statements also apply if an alkyl
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The isolation and purification procedures useful for
t he conpounds obtained by the process of the present

WO pon8ied3eh are wel | - known to those skilled i n PEEERIDT/005816
like for 25 exanple filtration through a celite
contai ning cartridge, aqueous work-up, extraction wth
organi c solvents, distillatidh, crystallisation
chromat ography on silica, and high pressure liquid
chromat ogr aphy on normal phase or reversed phase.

grodﬁ &é@rsad a §iﬁ§sﬂﬁ’t§’é1t' d-hhéier RaYidge, FoPBkarmpl8 inesh BRyloxy residue,

hose exenplified. 30 The term al Kyl as used herein
an adiswme@@rtyonwh&m@g os ananglaly| esidys Bxamples ais-(C1-Cg)-alkyl” or
unsat ur at ed grougs which latter grggfs contain one or

~(Crdrd;alkgenexarepplkylesiduageastaining 33Idul§l»§ B&rdscarbon atoms

v PR bl SRt S SR S B g
penfg)@% lﬁgﬁ?ln ﬁ}b%f(b&tgﬁ%e AisBRErSBf all ﬁasucﬁ@s |sopropyl

Xy residue, an al kyl oxycarbonyl
isobutyd, Hmtbylbatyl,asmbmtwIneopentyIJe’Z 2@imetiiytutyl, 2-methylpentyl, 3-

metRulbe b 1SS Shiorhy i, 1B, 16 aenty; SacbuRR ey flrért-penty.
Unsafupated @kd r@ﬁﬁhék ,arer@tg?ydueérwl r@éuaués se&mm’n@l Ppeepenyl, 2-

propyl ene, buty but yT ene ent penty | ene
prorieny) (=

S 2ybutony t§itenyina-elhsbastdeyl, aimelibb2dbuteny, 5-

hex#@iggﬂﬁpeh%&%@ﬂ,&f alk@g *?gé ﬁé?ﬂ %Pgﬁ {agyeﬂ%ﬂ% l 1-propynyl, 2-propynyl

(= pibémghy bpgrﬁmynyl SAlkyEidsiduesnéan alsbibb”lﬁxsdtura‘i@d whérthey are
tert-pentyl, sec-butyl, tert-butyl or

substdptedpent yi . Unsaturated al kyl residues are e.g.
Theg%}gﬁe bp, ?é} %é?lwlef} @ﬁc{é’ﬂs d %slgﬁcglﬁ%wlres%ues are cycloalkyl
res@ué@&c‘iﬁ‘tbm@’ﬁé’gt £n5l6, ':30Fr8trfr‘ﬂg| ca?b@#*a?dﬁié 'llké c@@lobgdﬁfl'y&ydobutyl

3- pentadi enyl,” or al kynyl residues such

cyclepenyhyy Icyclbhpxydpgylyhepm pr oy;;}mtyl high camalpd he substituted and/or
unseafel Vinsadibn dyelt ST el weatiingh S Bloafkd Bidles lie,

for é@mmé eé)ﬁil@ﬁéhtéﬁyl@f(‘dgfclbh@&éwl daﬁﬁbéi b@ﬁded Qlapélﬁj' @@H@H atom.
resi dues containin 7 or ri ng car bon

Thedewnns A1.162, e%&:wsﬂoa@prylnepemmiw@m eacteotbﬂ: pelestad,from carbon or

i BEFLRE oSSR b AR ot FTRIg e

arorahfiey br Beupsropnaticisgit refert ¢d aogsidoel wiyich gaauss défiked from
for exanpl e, cyclopentenyl or cycl ohexenyl cap be
COmMpeHRES SUFR aﬁrﬁ?%’—ﬁf‘soﬂyr@?tﬂﬂ WH€a¥'@?nPYf'¢kPe Ryrimigine, Ariazine or
tetraazﬁr?e' ndependently from each other selected from carbon
nitrogen atons to formtogether with the two
Thederrbqu@t-@q@) -aryl'tie nma!leastbod astrabaming @ramatiathydrecarbon radicals
het eroaromatic ring" refers to a residue which can be
contdining éwpri 6dm14cearpon atiems i theasngexamplesmfr-6Gg ey 4)-aryl radicals

Xrldazme Iprldlne 1yrlmdlne triazine or
are phenyl, naphthyi, for example 1-naphthyl and 2-naphthyl, biphenylyl, for example

2-biphenylyl, 3-biphenylyl and 4-biphenylyl, anthryl or fluorenyl. Biphenyly! radicals,
naphthyl radicals and, in particular, phenyl radicals are preferred aryl radicals.
The term "-(C4-C14)-heteroaryl” refers to mono-, di- or tri-ring systems, wherein one or

more of the 4 to 14 ring carbon atoms are replaced by heteroatoms such as nitrogen,
oxygen or sulfur. Examples are acridinyl, azaindole (1H-pyrrolopyridinyl),

azabenzimidazolyl, azaspirodecanyl, azepinyl, azetidinyl, benzimidazolyl,
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tetrazine. The term"-(C6-Cl4)-aryl' is understood as
nmeani ng aromati ¢ hydrocarbon radicals containing from
W®23108/00984x ar bon atons in the ring. Exanpl es of PCT/EP2007/005816
-(C6-Cl4)-aryl radicals 25 are phenyl, naphthyl, for
exanpl e 1-napht hyl and 2-naphfhyl, biphenylyl, for
exanpl e 2-bi phenylyl, 3-bi phe®ylyl and 4-bi phenyl yl,
anthryl or fluorenyl. Biphenylyl radicals, naphthyl
radicals and, in particular, phenyl radicals are
benpofafamyl daenmophiofurdnylabenzathiophengh, benzoxazolyl, benzthiazolyl,

peneliagolh pebpliiiaro Heris frebhl dferinaiagPhl rérazalylygaH-
carbdzBB/, Ccrb6ih %t(g’i;érrﬁrﬁl rc%%r%@ﬁ?l EbhnBﬁﬁer Béémréé'ﬁlhoﬁ’ﬁyl 4,5-

ni t rogen, en’or sul
dlhydmoxaznymyl d@aamlul eilqmzmyby‘r del@p;lanyh m;a ()hoxolenyl 3,3-

d|ox§ﬁ$%M%%ﬁ%§%1gégscf i)ﬂlé)zq an%ggy)ggggzgyb] -tetrahydrofuranyl,

furah@T fUrR280/ maaé@d.ﬁsﬁ hﬂdéiﬁllﬂyﬁﬁmhdai‘bﬁﬂzlﬂﬂﬁhw YHemdhzolyl,

benzot hi ophenyl , benzoxazoly " 'benzt hiazol

mebeyiztndoazl@w|mdqjxéln§Helndab'b|lwbemﬁzragukm pmanyl, isoindazolyl,
|soﬁ?:edﬂiégf (ﬂ'\@&@h %ﬁ‘ﬁ{lmﬁz‘?4&(f1lazéll§ﬁsoctﬁ{§%§ﬁ§w' isothiazolinyl,

car ¢hromen

|soxdm9hysbxazbllmm1 nsoxdazolﬁlﬁyl ﬂ-lldukdlzomzk?étbpbﬂerazmyl morpholinyl,
di oxazo|y di oxazi ny 3- di.oxal any

naphthyridiny &cgﬂ'wdrmgogu@ohpﬂx%qdlgzqiyl@)l ag QT@(@,d@aolyl, 1,2,4-oxadiazolyl,

|
12,895 PR 3 0kMezen i 2iose thispon. 1 psajolany. 1.4
oxaiepaawamy#-,oxiaziadiaybhl 2>I-|0|xat|nyi m:’daxaimwy H ,4-braziagio bxazolidinyl,

oxa i) ez T, Sicisapuh PBPURRRIY T AA——"
pheh&Rid¥iaA o;')Bt’énoxa'tlﬁ %én%)(lazmyls ghﬂﬂﬂéﬁ' h/l 4 Plr?ﬁrazmyl, piperidinyl,

i soquil nol'i nyl, iso hlazo y hi azo
pteridsud mmhpwanyl pyrazioyh| prrazoliind zpyrarglinyl, pyrazolyl, pyridazinyl,

yrlqI qu)isoxaa;éﬁfll 'r{g,){nd%ira @Bﬁg)@ﬁﬁb mé;dylkeg/ﬁgme?r yrldyly Ipyrimidinyl

pyrr@ﬁ‘dl Yﬁ!’/@blﬁﬂﬁ@hﬁobY@MinyI Dby AR Ydyrrolyl quinazolinyl, quinolinyl, 4H-
oxadi azo oxadi a

quunphgnsl, gumxgh@ylyqumycmmylot@ttﬁrygmt{uanyl tetrahydroisoquinolinyl,

TR BV GRS,

tetrahydrc&th@hemyl,, tétXéJzZﬂjlll thitrzzbly), BH-aZZJBLthbdd,laz)My?lZ®|25{$4hladlazolyl
et anyl phenant hr| di nyl . phenant hrol i

1,2 ‘ﬂuﬁ@ﬁﬂﬁzﬁbﬂ, 12&1@\@{%@?@2# Ayd.4 b'ﬁéfﬁ?ﬁ’hﬂ r#\iarnihrenyl 1 2-){h|azmyl 1,3-
thlaqgﬁgtﬁ’?ﬁﬁi Iﬁt{?'f?é Inﬂlazo%pﬁ\r%hﬂmyi” tﬁia%ﬁhﬂ fenyi, thietany,

'p uriny
thiemothzolyl,ch reﬂooxamlylz (ﬂhnenanhud Aol m:etlanymtlmbdmwphalhnyl

thio% ogﬁ ﬁo&@;}yﬂ &ch/)rply%)'lmrlnrﬂdﬁanyézm ﬁlzgﬁng:z%/f 1y 3,5-triazinyl, 1,2,3-
tnazB 2 r‘Pb @fr%%PWl, 1, P fr@izf)PyY,' ¥ %"{‘rl’@%{yﬂlﬁéﬁ-@%%fgli ¥hd xanthenyl.
qunol 1 nyl;” '4 I'zi'nyl

I ny ul no
Thecﬂemnm 631 3kt 7+memluerm bydmnyelsgdueeconaﬁaydn@ﬂ ua8 yjr 4 heteroatoms" refer
t etrah 0i,S0 trah ui no

to strugty hate 0| | Elilqhamgggﬁl ﬁg,?r m compo}fmds such as

azeélﬁéré\iétﬁfr@)ﬁilﬁiilﬁé‘ ' az@r@etﬁhrcﬁ‘a ne0H Ip- U%%Epﬁ%yh 3-diazepine, 1,4-
tetrazinyl, tetrazoly , 2, 5-t hi adi azi nyl

diazgpime3z di rgﬂn@,zdjagnnne dloxazole dioxazine, dioxole, 1,3-dioxolene, 1,3-

dioxolane, furan, imidazole, imidazoline, imidazolidine, isothiazole, isothiazolidine,

isothiazoline, isoxazole, isoxazoline, isoxa;olidine, 2-isoxazoline, ketomorpholine,

ketopiperazine, morpholine, 1,2-oxa-thiepane, 1,2-oxathiolane, 1,4-oxazepane, 1,2-
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1,2, 4-thiadiazolyl, 1,2,5-thiadiazolyl,
1,3,4-thiadiazolyl, thianthrenyl, 1,2-thiazinyl, 1, 3-
wa bioamdasys , 1, 4-thiazinyl, 1,3-thiazolyl, thiarci/gP2007/005816
thiazolidinyl, thiazolinyl, thienyl, thietanyl,
t hi enot hi azol ylI , thlenooxazol‘ﬁ9 t hi enoi m dazol yl,
t hi etanyl, thionorpholinyl ophenol yl, thiophenyl,
t hi opyranyl, 1,2,3-triazinyl, 1,2,4-triazinyl,
1,3,5-triazinyl, 1,2,3- 25 trlazolyl 1,2,3-triazolyl,
oxaémB; 1.3 oxBH0e Y1, 4- o"bca%uﬁ,r UXBQ@I@' b{(azﬁadiﬁedrokéﬂaﬂz @ﬁ(h‘énéﬂ‘rﬂperazme
xanthenyl The term"a 3- to 7-menbered cy clic
plpar@miLpe/ral@,cwramnengyr@zots pyraﬁollneheyr@mbdIaﬁspym@me pyridine,

o T AR PR e, MBI BRI
tetr@dt@;gpanlteér&hyd!@ﬂﬂme leﬁaﬂhez@malzele %ladﬁzmmlatﬁazole 1,2-

azepi ne, djaziridine, diazirine, dioxazole

thlaanexaiﬂ: hiaziog cldribiazines 1o Haaaz@ﬁeth'qzqéesfolaiqoas!meaﬂaazolme
thlefwglb?ﬂ?tgbg}fg’@ﬁli% S@‘E%iln?zgﬁla@}rbﬂ% 2 41y Qﬁfgt’nazme, 1,3,5-triazine,

I sot azo
1,2,Bdoazalelor,1,2 detxiazolel ne, i soxazolidi ne, 2-isoxazoli ne,
ket o

Thet§ 30 e abePERhEIOBCBIS GioRPaaH ® BOTASKYS @gaing garpon atom,
and\fpﬂ?@%éé)%?ﬁﬁl% RBAMH ﬁﬂ%@l’e@%%ﬁg s%ﬂaSPé%d‘ﬁrtrogen atom. Thus, for

3-oxazl ne, 1, 4 oxaz oxazo , OXazirli |ne
exampm ampymllyf msajuepcm bazh—py;'rolyb iZpryrralyine, 3—pyrralryj a pyrrolidinyl

resig%r: apag%engy f;‘ﬁ g5 )ﬂémg n I’qﬁyorlﬁf)'??%\ﬁigp%yrrolidin 3-yl, a pyridinyl
resi@é c8higd 1duﬁ’-)2"—9l0t)yﬁﬂlﬁ®?l oerVer‘M-HD,ﬂ; a piperidiny! residue can be
tetrahy dro uran et rahydropyran, tetrahydropyridine,

plpetr@m-azylrﬁé plmﬂdﬂa@bIpépefldﬁi-acﬂlaﬂipﬁédmh3-a(UDaE®Ieéldln14 1.5 uryl can be

2ty 5T tigad et by Sl R iidzbbl B4R b8 midazol-1-.

lmldéibpw AR aRs-4- ylfterﬁﬁd@zbl 5lyl24 %—bkaz&iylfvan be 1 3-oxazol-2 -y, 1,3-
4-triazine, 1, riazine, 3-triazole or

oxaaolz4-¥l oF 1 SrorazolFiu, - *{h@szlyl cants 23 -iarsbpcyli &-3gthiagel-4-y! or
1,3 Wﬁgz&g?-? :?)S/ﬁ%ﬂlh%@s{}g tr) &\F\pﬂgl kﬂmldm?ﬁgll (e'”G t1:>5zﬁm|d|r-yl,\or 5-

case rogen es Vi y sulta

pyrimidinglg pipextiziny| darube pipafrazﬂhm -gk(mpuberaan-Any r=oprplerazmo) or
resi due can be 1-pyrrolyl, 2-pyrrolyl or 3-pyrrolyl, a

PiPgSaginodYhi nyl resi due can be pyrrolidin-1 -yl (=
TheP¥ihOR P R, RY 1R RY ¢ R3 ¥hd 14 RY _yf?&de@hékﬁmylthe 8loms which

pyridinyl' " residue can be pyr| pyridin-3-y
the)oarepaitacchefd tbqls- oa8pnembededhihgy mntammg:am b2, 3 or 4 heteroatoms

chogglgg'Hng pﬁro\ge;ﬁ, égfurgq pcS){ylgglpﬂo 5,{) {dp rﬁq%}t %b &an be derived from
conﬁ;:d‘drhﬁ‘é' suh a% éi&ﬁ{he At dzoeaRe b@z&édétmb 8fiohepty, cyclohexyl

hienyl, 1m dazol’yl can be i mdazol-1 -y
cyclonttames cydogttenenil dadtazenalw ‘be-diazepinel 1 8 cyazeplne 1,4-diazepine,

Ziqlgigégriggér@ ﬁmﬂ& azg(‘;%n ?F(F?a"iﬁglﬂéllg'@gﬂcﬂée 5% xazme d|gxazo|e
[1,4%(:1 gx{zﬁé 1 2,01 éi:é(%olarg% ﬁ“?n Ié‘ﬁglb %’igﬁélggéb fyl/Jrr??n |Hude_lzzole imidazolidine,
imidazoline disothazdle (lsolﬁiazphdmed isoghinzoline isqthiazole] uswdazole
150%25@{5:3%: F%;;(aéame %—lgog zoli %1Ienketo¥nor§)holo nc? e <Ff‘oplperaz}/ne ‘morpholine,
1,2-oxa-thiepane, 1,2-oxathiolane, 1,4-oxazepane, 1,2-oxazine, 1,3-oxazine, 1,4-
oxazine, oxaziridine,[1,4]Joxazocane, [1,3]Joxazocan-2-one, oxocane, oxocan-2-one,
oxazole, piperidine, piperazine, phenyl, pyridazine, pyridine,‘ pyrimidine, pyran,

pyrazine, pyrazole, pyrazolepyrrole, pyrazolidine, pyrazoline, pyridazine, pyridine,
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pi perazin-2-yl. 20 The term"Rl and R2, R2 and R3 or
R3 and R4 formtogether with the atons which they are
wa@raaobmsds to a 5- or 8-nenbered ring, containi PCI/BP2027/005816
2, 3 or 4 heteroatonms chosen fromnitrogen, sulfur or
oxygen" refers to residues which can be derived from
conpounds such as azepi ne, azZQine, azocane,
azocane- 2-one, cyl oheptyl, cyclohexyl, cyclooctane,
cycl ooctene, 1,4-diazepane, 1,2-diazepine,
pynrimﬁn@' Jﬁwﬁﬂe nﬁyrrdlmnéilpaﬁmﬁdnﬁm& pylrdlird, 8,6 Z708-2étrahyaire-1H-azocin-

i azocan-2-one, [1, 4] di azocane, dloxa2|ne
-orwmt @nx@roft{rqnzﬂpﬁabx@méan tetrabydrepyediae, tetwzine tetrazole,

thiadiaZing' gﬁg&.ﬁ?&e “Z;fWazﬁ]g] ‘P,%Ztﬂh‘:zmé y Qgﬁﬁﬂn%' tHiazole, 1,3-thiazole,

i mdaz I"5ot azol’
thlazcﬂmlﬂrte amlzolime th@nynltmetdre thioawrpholiree, thiopgremy dl,2 Bitriazine, 1,2,4-
i soxazal i he, 2- xazol i ne, ket onor pholi ne,

triazing, 6@3-&9"(‘&%!“#63 Tt%%ﬂlﬁr% 1,2,4-t9aggl8. t hi epane,
The 1a§t RS AN '&‘Tﬁe bé&o‘]’e%f’éoeﬂé‘ﬁw%s of Het&r6RgEIBE are the chemical names

oxazl n oxazl
of unsataratedion arcﬁmatk]: ongzystams dpés Slbbxaplqdhat meoneto 14-membered

oxocan xocan azol e, e
mori- GE PRBcHElc gmfpouqﬁmyd@ éﬁgve%&oﬁa NeteSppelivg Hnsaturated ring
systBil. a'he n é@%bﬂ@on?y{ré}@@ ks de§¥ % ?étgm with respect to ring

pyrazolidine, pyraZoline, pyri 2|ne
sizeZ0GBthe0RsnseRutherElematy s Bhd thelrpglartme quosélonpyAs@xalalned

abofd 48 4, % B THeged Ml Sir bl cyRlic 8oy, pan e sayategor partially

unsat@rated ot ReMmadn, atEEar il BE erided fot bﬁtyff?érhrtﬁe before-listed
tetrazole, thiadiazine, thiadiazole, 1,72-thiazine,

hetexpeyqleﬁ ﬁpmﬁelvqs but alse fiame alltthelapart@llyprxomﬂlfa@w bydrogenated

analpgh 88 SRS froh I RFORLPE hidhl GRYtriBl Bibopes if applicable. As

exainpléZofcompletslyp of Eaﬁﬁllvmydioﬁerﬁatéd! laﬁél@ig@e@rof the before-listed
1,2,4-triazole. The fact that many of th

hetasaeysies frogt walclhath@ssr@upn@% pgdgerived the éol{qw;lng [maay bgimentioned:
oy E Sy PR IR oo M9

not
tetrghyidyoyyridine, ripendineul @-diokglahe, 24midazglihe omidazolidine, 4,5-dihydro-

1,3 BR3Pl b a2 B8 i EYHE i 58 i BT e e 1 4
oo s 'Jié*ﬂ%i':b?? SO L BIp ek e g e yracine (-
thiomorikblimelmerbydrmazepiney; induliney sbindolineup, 2ch4-tetrahydroquinoline or

tura artially wunsaturated or aromatic, and
1232""9[”@5%8%%&’ JE¥-not only fromthe before-Iisted

het er ocycl es thensel ves but also fromall their
partially or conpletely hydrogenated anal ogues and
Thedero “f(Cqre g rBuoeroatiyk lhuagmryalmrst@talkyafttwnat@g algubseaidue, which can
applicable. As 15 exanples of conpletely or I:partla I-Y
be dwweaé@mwe@daﬂ%w@m@?; -6F 3t n&Hfd orleHpk s teblF-CF3, -CHF-CHF2, -

CHélg?ﬁfﬂ%C?éHa&}; SCHEHE e qrCHI i TR TS LEES-CHE,,
-CF2-CHoF, -CH2-CHF-CF3, -CH2-CHF-CHF2, -CH2-CHF-CHoF, -CH2-CH2-CF3,
-CH2-CH2-CHF9, -CHp-CH2-CHoF, -CH2-CFo-CF3, -CH2-CF2-CHF2,
-CH2-CF2-CHoF, -CHF-CHF-CF3, -CHF-CHF-CHF2, -CHF-CHF-CHJF,
-CHF-CH92-CF3, -CHF-CH2-CHF2, -CHF-CH2-CHoF, -CHF-CF2-CF3,
-CHF-CF2-CHF2, -CHF-CF2-CHoF, -CF2-CHF-CF3, -CF2-CHF-CHF2,
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pyrroline, pyrrolidine, tetrahydrofuran, tetra hyd
roth i oph ene, dihydropyridine, tetrahydropyridine,
w@eenidihe, 1, 3-di oxol ane, 2-im dazoli ne, PCT/EP2007/005816
i m dazol i di ne, 4,5-di hydro- 1, 3-oxazo
1, 3-oxazol i di ne, 4, 5-di hydro- 1 3- thlazole
1, 3-t hi azol i di ne, perhydro 1,21 20 di oxane. pi per azi ne,
per hydr o- 1, 4- oxazi ne (= norpholine),
per hydro-1, 4-thi azine (= thionorpholine),
-CF?@HF@H?EEPCFQTCHQC@FQ NEeCFHSOHAATHFHE -CF2-CHo-CHoF,
2,3, 4-tTetrahydroqui noli ne or
-CFQ Cr, 3CF4, eCFg@Eg@Hngrn@F?QFZT@H Ferm
"-(Cl-C3)-fluoroal k is a partial or totally
Halegervisi fluariae, ahleyiney gmndmne or\mdma pmﬁerabﬂiy fheorire,ichémtine or

rom s such - CHF- CF3,
brorh{ai PR o R AR oRIos o B hneL ., iz, - G- GhoF,

The- t@ﬁﬁ ﬁﬁﬁte” refets %"ﬁﬂ‘luoroﬂ?@th@H@Eulforﬁ'f‘%c@fst@Fér
- F- CHF2, - - CHF- CH2F

tnﬂuocpmetn@e@ulfgnateoﬂ CH2- CH2F. CH2 CF2 CF3

The t% @{é@i}gzrefe@aﬁfﬁ%%ﬁ 4346 no&ﬁ&lﬁgglzégéanesulfomc acid ester

or 1; Qﬁmm%na%%umgulfo% CF2- CF3,
- CHF2, - CHF- CF2- CH2F, - CF2- CHF- CF3,

The. t@tﬂz “mﬁaw of\312 83 R300334 arebsenbingasesgmsor mpre of A1, A2,

A3 qrgg_ %}%E’ato_ﬁﬁér;%ﬁ%égg&%ﬁ%%g|t50rgen atom is not

subst@ERdBRatypésidirel egein casef Alids hitogentdtom aed AR A3 érﬁi A4 are
chlorine or bronmin

eachy arqargs'aﬁ 2o SR s Bbsediand FiteRdrang B3iate cashbyarogen atom
the gégs:‘ c(fj[l 1 \?F d|hé‘ﬁseforﬁf€;oe ifSRY R ra'nUR':?Faﬁ%HBf Qé’&f}a dg(rgﬂlln&n atom but one

er or trifl uoromet hanesu nat e
of tHenressiduest specifieideursdard) 1o X) tierPa3ubstitutedipyndiaélresidaeis formed. In

casq A SUERY 258 Fafn 3 nliGRh Aiom-and, A3 andAf SR &aEh arfarbon atom and
R4 40 R3 @b doent aﬁaerzpén&%hz RS eé& th gﬁneateh?m@ rdsiiue

case one or nore of are nltrogen
pyridazing is fosmeds IftRy1 andeﬁz acaenqh@mm a h(yde:gent atogia butaonmof the

resigfed Shesifel Bhuerb R85 RS pVaaring SRRg s formed.

atomand R4 is absent and Rl, R2 and R3 are each a
hydrogen atom the residue %/ridineisformad. If RI1,
Optm"xaaeﬂwascqb@nraé@méertrﬁsgnwct ® §gempoupds 9 the farmula (It) lgan

o S5LANAToF RS S DA i e LS AR Fcompornas

of tfxﬁefohnalmdl) cargbe présentdn thedforandf precsrartiotders o puURe diastereomers
omand_ R4 and R3 are absent and Rl and R2 are each
or |nat gyarB gt mixiuses ohenarliorges and/or diastereomers, for example in the form

of racemates. The present invention relates to pure enantiomers and mixtures of
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 formula
(1), and it comprises all ratios of the sterecisomers in the mixtures. In case the
compounds of the formula (1) 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
to E/Z mixtures in all ratios. The invention also comprises all tautomeric forms of the

compounds of the formula (}).
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pyridazine is formed. If RlL and R2 are not each a
hydr ogen atom but one of the residues specified under
Wh 2008009838 t hen a substituted pyridazi ne resi duBCT/BP2007/005816

formed. 20 Optically active carbon atons present in

t he compounds of the fornmula (1) can independently of
each other have R configurati or S configuration.

The conpounds of the fornmula (1) can be present in

the formof pure enantioners or pure diastereoners or

Diastérebhters ointludingEXZ isodseref canboiseparited amd/the individual isomers, for
di astereoners, for exanple in the form of racemates

example, By shepmalqaranby.- dﬁaG%T‘ﬁieéscacrbb% seearteinte ke fwa ggantiomers

by ol B mdhods, £ SahBFbY Aforfildardiny 8o BBl phases or by
resoluiiwnforcnxarrmtprbysayshailvzbhonsf dfasteveomeritf saltsrebthimed with optically

_tvvo.ater oi soners of B@rn,}lla qgl), agdit
actlvgoqzﬁ; $ O Dages. tg(qqumgplcgl URHUIPLEPRREPYS of the,formula (1) can also
be o(%éinﬁ%% Egreené@ﬁ?ﬁéest ch%eﬁ'lrﬁgfs o?@oﬁgfhsﬁgor‘n%rf’alé bt by using
sterecsmhastye reactiorss | sorrers) the i nvention reI ates both

to pure E isoners and pure Z isoners and 30 to E/Z

m xtures in all ratios. The invention also conprises
Espé&;llallylE e\ﬁéﬁéﬁ 'c@nfgdb“dﬂﬁs‘ﬁf thé ﬁ)mﬁﬂﬂglg lé'ﬁékﬁh@sfe wherdif tWa ot more

éu 2008/ 009348 PCT/ EP2007/ 005816
resi essar@rcaﬂr@dsas indigaled hefare fori prefesred C@mwedg@éﬂn@fcumula (1), or

oth L vi du r for, exanpl e . . .
Bavdhs o B, S00E ec e AR Er Mssitngs gven n
theirt eﬁﬁﬁdﬁﬂr@ﬁm@or ipythe Wifigiidhy ofpréfeaed dompeusdebefoky. All

chromat ogr aphy on chiral phases or by resolution, for

possikigraanebipgtions et definitiens gweaﬂ‘owr@&ré@@ gefinitions andeof specific
den@?{lgﬁg Sﬂré@ﬁm?ﬁo&bl&ﬁw dre 3195 bXte ﬁ?géntqfﬁgrﬁfon ()

efeochem cal'l y 'uni ror m co oun
can also be obtained by enpl oyi ng stereochem cally

uniformstarting materjals or by usjn .
The starfting faatepals,Qr hulding blggks %%!’Wé& 'alth9gqﬁn@raérsryaaﬂet'c procedures

fi ' :
ot SR 55 18 o S5ET G S 0nd MR 13y
avaifabte to orel of onginarydskilbin theeart.dn mdrzy ¢ages they aresiodweercially
avaifele pE S\sé’BEeﬁfqﬁ%ﬁﬁﬁw?uqﬁwe%Z‘” « GfinGBRR fieen Bp Arapared
front fé%dﬂgfaklﬁiléﬁlé hre@irsBf 86RPbEAIS QHE%BG’éIyQSf&b@edtﬁJe's described in

possi bl e conbinations of definitions given for
the Ieestere, od bygiroeedures or analagoushetoi prioceddresaiescribed inthis
Iqﬁldues explicitly are a subject of the present
apPHGRAI8At i on. 15 The starting materials or building
bl ocks for use in the general synthetic procedures
that can be applied .in the preparation of the
Furtbemio arder tefobtainthe segirgd substitugats ip the benzene nucleus and in the

heterocyclic nucleus of the benzimidazole or azabenzimidazole ring system in the
formula (1), the functional groups introduced into the ring system during the
benzimidazole or azabenzimidazole synthesis can be chemically modified. For
example, benzimidazoles carrying a hydrogen atom in the 2-position can also be
obtained by oxidation of 2-methyl benzimidazole to the benzimidazole-2-carboxylic
acid and subsequent decarboxylation or from benzimidazoles carrying an ester group

in the respective position. Carboxylic acid groups and acetic acid groups in the 2-
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avai l able to one of ordinary skill in the art. In many
cases they are commercially available or have been
wale@sioiysegl in the literature. Qtherw se they cROT/BR2007/005816

prepared 20 fromreadily avail abl e precursor conpounds
anal ogously to procedures described in the
literature, or by procedures 23 anal ogously to
procedures described in this application. Further, in
order to obtain the desired substituents in the

positi8A £aRoEmRHEedRinth tHeit RemoRguBs L YUt résctibns! fBHEh&h
t he benzi m dazol e or azabenzim dazole ring systemin

elongation fof cathaxylie pcidshe f unctional groups introduced

espbObfiy k7 o ESeGtTitE beReliC SENE dRelffSiniofoleing system

can E@rmoeeﬁeamyea vbﬁé@ldﬂrdaétﬂilfssamtﬁw@ the caas“mdrr@gmeetmn R1, R2,
in the 2-position can al so be obtained b){) oxi dati on
e

R3, R4 @ndr&ﬁlgg oblainadyiFes 2xpeple, nitia groups can be reduced to amino group
with r%é’?é%ﬁ’ogd ﬁﬂéﬁ%ydo ‘alt%gs%‘?'bglo\fé}ﬂ)u%%ﬁﬁg%grga%ents, such as

ecar box ion or from en2| m da carryrn

sulfide$ edithdomites, complée hydrddesorn b catatytic rwdrog‘aﬁétmlA reduction of a

acid groups and acetjc acid

nitrogOUPIneY S bs CRB RSV suIEer 1808 516 SyribaRsi a compound of
the GRAWES g Sod it m&%ﬁﬁp%aﬁ% o §855 85 A occur

'l ongat i on o I'C aci ds
simlgtamgwsb'rwmeﬂw readtioa gerfarmeddsr ahether functional group, for example

wheB ZBAEHS BroTBU8 uke &SR SroHE iy diBeRR siindeseriiadn pydrogenating
a gr&idp. E_Qterg rétips présahtinthelereBhaimRfbust®in Sé%%l*cﬂyzed to the
nitro gr s can be reduced to amno group W th” under

corresponiting cathakylie actdSQ whiginhaliten @atwatwn Wn\t en begeacted with amines

or a@gﬁgf gr}gqﬁ[%??rg@%rdo %&?t g!t}h r. OH%P é%pgtait %rhe bg\nzene nucleus,

for &xamisibibRihz9loxg gr6u;§§ er aﬂ@ma@wc@lasabiéeetﬁef iRPsO8hn He cleaved
a |l ater stage of the synthesis of a conmpound o t he

to giverhyidrexy! grourmwhieh bgbcandie iraciehMith@ yarirty of @ggnts, for
exatﬁg\a{gth%rr?ggtljﬁ%ﬁélhéooroa%%%wﬁ aéémél A0 é'?éﬁia&ﬁlggi BFthe hydroxyl

I on on ano uncti ona group

grougxieyptiter grbeps.r&dfiricomtaingigaypups kandectsactedyanalpgousli.
hydr ogen sul fide or when hydrogenating a group. Ester

groups present in the benzene nucl eus can be

Due\l\}é%ﬁ'fé@emaf 0 thB@reQé’ﬁtrc%%BQH [ nr?%fb?{apgmﬂggcar@%t%%hed to an

ter activation can t e react W th am nes
bennmldbmjb@rsazabdazmaﬁazrdarmhgabnﬂytm cestainetdsTs pecnme necessary to

spelical audpt gtﬁg%egéﬁﬁf P LI FHoPSE brilh B ageRls from a variety of
readHr?s' Bsat ?)Zm%lp?é‘b%%mbl@yéﬂ Yo *b)’@drﬂ)@féloﬂrreﬂéﬁo%r%henmse to

en can acted with a’variety of agents,
takeesqmqiiﬁcerrmalsares‘ﬁocachmwr@@deslred caoversiomn, ey @@npls to use
protectlon gro%p tech%f(:q%ggnlt-iowever %nla}(ng o&(tyswtable reaction variants and
reaction conditions in such cases does not cause any problems for one skilled in the

art.

In the course of the preparation of the compounds of the formula | it can generally be
advantageous or necessary to introduce functional groups which reduce or prevent
undesired reactions or side reactions in the respective synthesis step, in the form of
precursor groups which are later converted into the desired functional groups, or to
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group by other groups. Sul fur-containing groups can be
reacted anal ogously. 20 Due to the fact that in the
wee@som34gase the functional groups are attachrdI/EP20a71005816

benzi m dazol e or azabenzi m dazole ring it may in

certain cases becone necessary to specifically adapt

reaction conditions or to ch e specific reagents

froma variety of reagents that can in principle be

enpl oyed into a conversion reaction, or otherwi se to
temperiaeilysipleck functivaab groepsftr a @od;t'eeWengrcm pastsategyl suited to the

onversjon, for exa Ie to u rotection grou
Syntl%@%'ﬁrﬂrab@é".‘- élléﬁxb ﬁsrﬂf Pﬁ@e'gmovg ite fse %!fg{ i"btﬁe art (see, for

' t s d
exalﬁg{é, Ureenathd \Q‘r%gi P@fb&l@@@rtduﬁgstn 'Cf}gng&nt‘Sfrﬂg@élg,r ?ﬁféy“ 991, or

cause any 'ens for one skil
P. Kobienski, Pseteoting iGroppspbhiatmenho94). Alseaxaqu:lemﬁaspretutslme group

cyarlLsR Day beRBrBS Ahish. i s 16t b Wi PaRsPlmgg dnto

carb%&ymf s¥iaderivafies bf B¢ rédiﬂﬁfdn%ﬁ) é’rhu?drﬁ@th&?@@u‘p@'?sl’rbfbctlve groups
the respective synthesis step, formo

can pisechawthegneapingvafia solig phase, andddamgaeﬁomme galid phase stands

for the-SomByate b Bakeidh Bk aiis b S B RS s known to those

skill&d fHiHe &y (Buq) E9C {E .5 Soli Fhaser @igkiiic Syhthreid Néw¥ork: Wiley,
synt hesi s lem Such strategies are well known to

2000h &9¢ eesamnl%da Phenglic kydroxy geoupr ean beadiashed taadehd-polystyrene

resi WI‘P%' ts%%&% Qéo rg%r@é%k% %gtﬁ@[&: Jhogr e eéfacﬁ\@g@éé&ed from this resin

bytrthﬁﬁﬁtW&ﬁ‘l)FA Aba taterplagedsf the pyrthesior gr oup 5 cyano ,
groups may be nmentjoned which can in a |ater step
In ther G169 syitBesis dhe srploymast of migrovave @é§'8@nqg/f0r speeding-

up, %\g‘,ﬂ @”%8?]%@%&&“%%59%Maﬁ%”g@ﬁ%‘gﬁg@gnvgﬁgﬁ% R¥ many cases.

e neanin
Somd meactigns fare fortévanspleidésphibse bytlahdKrstenanskye Ir@(melail, Curr. Opin.

DruRish: SDHRRRM 35&%&@5‘) P Liderae g ismey B athéy, o
WeﬁgigggTenéﬁﬁdgrﬂﬁﬁ %%'l\% NeM{edo K HAbERY, D9 Discovery

For exanpl enol | ¢ hydroxy group can
Todayt & (2001 )t406a S ﬁadﬂlclqod'leyf@hyedm 51r(é995) 10403h ser ves
as a protecting group, and the nolecule is cleaved
fromthis resin by treatment with TFA at a | ater

Phy§’E)ﬂ£g‘ﬁcény tbié@asnérgéng%f?me EBnipd@nas of $ernttfla | Age ABAID@SE&its that are

enpl'oynment of m crowave assi stance for speedi ng-
phy&lplogiqedlylaopaptab@e dn p@ﬁmlarnghaaaacwm"whwle salts. Such salts of

comBBIEEH 5t Bl K5 6 SRR . 4 BB roup

(COSISY, fHtNIG Yor éxarﬁplet afkdali, m&lal saltsor alkalib® earthDhétal s&lts such as
Devel opnent ., 4(2000), 454; P. Lidstrom, J. Tiern

sodigm galts @ptagslum@@ﬂtﬁamagmggwgh saitpand salcigp saltsgas wellms salts with
phySiBlodfhityRole ik Rzt mBR Smb SHIGMEBNS, such as tetramethylammonium or

tetraethylammonium, and acid addition salts with ammonia and physiologically
tolerable organic amines, such as methylamine, dimethylamine, trimethylamine,
ethylamine, triethylamine, ethanolamine or tris-(2-hydroxyethyl)amine. Basic groups
contained in the compounds of formula |, for example, amino groups or guanidino
groups, form acid addition salts, for example, with inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid or phosphoric acid, or with organic

carboxylic acids and sulfonic acids such as formic acid, acetic acid, oxalic acid, citric
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Today, 8 (2001) 406; S. Caddi ck, Tetrahedron, 51
(1995) 10403. 20 Physiologically tolerable salts of
wo b@soaspounds of forrmula | are nontoxi c sal t SPETIEP20aT/@5816

physi ol ogi cal |y acceptable, in particular,
pharmaceutically utilizable salts. Such salts of
conpounds of fornula | contaiddi ng acidic groups, for
exanpl e, a carboxyl group (COOH), include, for
exanpl e, alkali netal salts or alkaline earth netal

acidS Bictie achl! PhalSacig Oslidemie dlcis malehrEdidBeoi¢acid, maleic acid,
magnesi um salts and calciumsalts, as well as s_aft_s

fumaiic acigstastayisi agidgnethanesulforicasidogpdokenasyifenia@sidigompounds

[ uch 1 hyl all -
of 8B RED B BB Bl armup an e i aroup, o
exampTe) & guaridinbyreup landi a?@éﬂbbxyl @oapabar aodtse presutit ag Zwitterions
such as_ nethylam ne, dinethylamne, trinethylamnne,,
(betaines) whiohearetlikewdss inghided indhassepaef the present invention.
tris-(2-hydroxyethyl)am ne. Basic groups contained in
t he conpounds of formula I, for exanple, am no groups
Saltsof gomipodinds oB forgiuda heanbey obtairied mddistomarg atdthod$ &nown to
wi th i norgani c acids such as hydrochl ori

exanpl e, )
thoss&@?e%rydhemmrcemale, icPmRIRing@ eemRPYR of the foreula | with an

inor %‘rﬁ?%‘?%é&nié%‘cﬂj oP!%a%@s FrPa QbRARL S gf,éﬁém,l SSréh theP84its by

oni c¥acrds suc ormc aci acetic-acid,

catiarx ekilvarays of, amioh rExchaig Q0TI PAES@AS iInventieP 20y inehsiesall salts of the
25 acid, |acti cid, malic i d,, sucgcini cid, ..

compRyBiis ©F fRrila huhik. ekeras okl phvsislogicall iilgrstitty, are not

i) Sy 61 4de AP RSIRCASUA SR Syt BF xaple. s

intemshédibtesi fon canyiaguautfutben chemigabaodificgtiong oathe eempounds of

forng.gé Elg;(@g rsgqurﬂﬁgfn? rtgﬂggafrég kf%p?ﬁp%ﬁ%rﬁndi Q&})&ﬁ@%‘c‘%ﬂﬂ gg’}grable salts.
(betai nes) which are |ikew se included in the scope of

the present invention. Salts of conpounds of fornula I
A fucther pepesttafithe inveptionds ditrse pka weataunshef the fofmelad as prepared

killed i I [} :
oy 155 by Srcorind s i yePtgf oo ProfddafiTofihdmaceutioals
diaghos66 iagents, tlqeid s, polyraelsy hetbicidesl fapgicidais, nematicidals,
fromother salts by 10 cation exchange or anion
parasiligides)dnseqticidase 3gaticiday andiasthrape@cidgs| udes al |
salts of the conpounds of formula |I which, because of
| ow physiologically tolerability, are not directly

Prefettiddaipethddsrindade] butpdver matdienitadctal thobedeacrbexiin thiel examples.
for exa

, le, as internediates for carryjng o . .
Furk g BaGarBRerHa AT S TS | bon SRl B8 b ntormeciate

r . ar i o y _
or S M S IR S s o ac
ingredients, vdfich aee bbtadmableirans théneompeounds af tenfjoommuta bffor example by

oS P SRR EaoY o s RORRERBECT S 1

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 to be merely illustrative of the
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
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di agnostic agents, liquid crystals, polyners,
her bi ci des, fungicidals, nematicidals, parasiticides,
WO p80043¢8 des, acarici des and art hropodi ci des. PRQDEP2007/005816
Preferred nethods include, but are not limted to
those described in the exanples. Furthernore, the
conpounds of the formula | ca26be used as synthesis
internmediates for the preparation of other conpounds,
in particular of other pharmaceutical active
desbmé@m metesearmbs leafrtfe Qéécﬁtd@\?{tﬁe&é& thd Es fbg%he present
of the formula I, for exanple 25 |ntrod tion
invesdipBt i t uents or nodification of functional groups. The
general synthetic sequences for preparing the
compounds useful in the present invention are
Exafiflés ned in the exanples given bel ow. Both an
expl anation of, and the actual procedure for, the

Whemr thedinel stan of e synthesie obacompaund amasidesunbsas trifisaroacetic

o PR R B s il b U MPRA By was poves

rembig @ntBudgroup ot wiedn hicsnipouhdt Was pafifiéd b ldhi’@rhaﬁdg?ﬁﬁh@tjsmg an
spirit. Those with skil|l in the art wi r eadi

e'”Qﬂﬁ wevich soriainest SuGhoam agish inePmRLasest ﬂ%p%féﬁﬁﬂg tquaé@ VRTH-up
rodB S R 0536 ETUEEDYHIREMR 5 compounc v

obtdihed partmﬂj;:m];souipleteiy mrta]?efoltqm of avsaliqttafdhe dfacausé@Sfor 5>O<|ample in the
in the fina the synt of a conpoun
fomaﬁF the %Peé@aw%att of tifusreacelic acd salt or hydeeavorc Aepalt.

was used, for exanple when trifluoroacetic acid was
enpl oyed to renove a tBu group or when a conmpound was
Abbpevniatioredussd:chr omat ogr aphy using an el uent which
ont ai ned such an acid, in sone cases, depgnding on
terty éy'vvork up procedure, for exanple the deféj'fls of a
22'fﬂﬂﬁﬁﬁ1€%&bbh%§pﬁfr@§ﬂs‘§'*blﬁ@ﬁwtﬁﬁ@h@und was 10pagapi ned
partially or conpletely in the formof a salt of t he
Calfaﬂa'@dused for exanple in the form of thecalcetic acid

uoroacetic acid salt or hydrogchloric acid
d'beﬁw ri%/l ations used: tert-Butyl tBu 8{11

D|m§t@|sm[os((dy phenyl phosphi no) 1, 1'-binapht hphtse Bl NAP
Cal cul ated cal  di benzyli denacet one dba

1,1'Bisgiphanylphosphine)fausoene DPPF
Fast atom bombardment FAB

High pressure liquid chromatography HPLC
Liquid chromatography with mass spectrometry LC-MS
Melting point mp
Acetic acid HOAc
Trifluoroacetic acid TFA
4,5-Bis(diphenylphosphino)-9,9-dimethylxanthene Xantphos

Example 1: 5-Chloro-2-methyl-1-phenyl-1H-benzimidazole

Cl N
e
N—ph

Method A: The 2,5-dichloronitrobenzene (96 mg, 0.5 mmol), N-phenyl-acetamide
(81mg, 0.6 mmol), palladium trifluoroacetate (13 mg, 0.04 mmol), BINAP (24 mg, 0.08
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1, 1" - Bi s(di phenyl phosphi no)ferrocene DPPF 20 Fast atom

bonmbar dnent FAB Hi gh pressure |iquid chronmatography
WHRWE0043uiui d chr omat ography wit h mass spect r oOPEL/ER2007/005816

LCMS Melting point np Acetic acid HOAc 25

Trifluoroacetic acid TFA

4, 5- Bi s(di phenyl phosphi no) - 9,2Z di met hyl xant hene

Xant phos Exanpl e 1:

5- Chl or 0- 2- et hyl - 1- phenyl - 1H benzi m dazole CI N N-Ph

mm39 aMBtd&ﬁhrﬁ caTB@wé’tef(quE@ﬁ@ QI ¢mhﬁ169bﬁérée;ﬂ9cé@§1 B%eaétion tube,
N- phenyl - acet am de g&gn)e 3 nmmol ), pall adi um

whlqhwasdberw@ég%d with gy ggom. E@rayt BEnNwa zaﬂdegl, and the mixture

e S R BANES i SO 5 . ot et

and rﬂﬁaﬁéd tmotlgllbe Varidn cémr@g?e Chem Bluta2d 98000, ﬂﬁMnQWW’ethyl acetate.
y toluene (3 nL) was added, and the m xture

Therféﬂ@%wa&tdlsﬁpltw bt 1@8nlh@ﬁgls';\<>(ai)acetmécwe@ad reﬂumgsfor 30 min in the

orodiRE RS0 G8me o YHE), ARl HRETER B Focucea
pres.a]xhq_bnlddbe aeﬁdué \A?éiwewsgamelﬂwan sdttfatddéawﬂlunﬂbtéﬁrbﬁnaté solution and
acCl a an [ Xe or mn in
extr%?tsgéﬁ&heeﬁw ?P%ﬁ@ '@M %esfvmwf ledrR¥ Pseparafiye HPLC,
affoﬂﬁﬂ%l’l'?é'tlﬂ’é‘@@h %HHfaesda yer 7 34 (P14 Bﬁ#}a{’@e?‘fﬂ‘?f mf309-111°C. ™H

ended i n saturated s
NMRXDMSO:d %thseihlyﬂaze(da.ﬂeB&'h& dbH»i 184 (dy ueeB.Badz, 1 H), 7.48-

759@(%{1%%35133 %(gr%?{ : 86 ESL‘(%E%% 91&,%t12%@i126p9 127.9, 129.7,

130%°§3§%3§#ﬁ4 @'Nﬁf ﬁ”ﬁ%\/@ (BABS: A‘z"ﬂ ff?'g*lm,z LEF b9y 243.0680;

found1245.0684.7.86 (s, 1 H): 13C NMR 8 13.5, 112.2, 116. 4,
123.9, 126.9, 127.9, 129.7, 130.1, 133.9, 138.5,
154.0, 157.0. HRVB (FAB): cal. for CL4HI2N2CI [ M+HL:

MetRdd BO@ﬁé-)Eoft ﬁg&jﬁqﬁég”ﬁ%} %e}cif?h@gp R é%@mﬁ’é’& as described in

rocedure ep 1's perforned
mettieet@r iAstent hieatingit B G\for A8t e rthe drani pawdér &itd @a‘cizaﬂ at&tlc acid are

direghy added. ThRIERE Preion Aixiea heaiematrafiux 1 TeaindVark-up and
prod 4 lord Buckit b o REARER, BUEiRAGRE A or e e
conmbut\de(???/d yield).

Method C: the title compound was also obtained using a smaller amount of a different
catalyst, and also smaller amount of ligand, as method A was followed with 2,5-
dichloronitrobenzene (96 mg, 0.5 mmol), N-phenyl-acetamide (81mg, 0.6 mmol),
palladium acetate (2.2 mg, 0.01 mmol), BINAP (6 mg, 0.02 mmol) and cesium

carbonate (212 mg, 0.7 mmol), obtaining 80 mg of the title compound (66 % vyield).

Example 2: 2-Methyi-1-phenyl-1H-benzimidazole.

Ly
N\Ph

Method A afforded the title compound from 2-chloronitrobenzene (79 mg, 0.5 mmol)
and N-phenyl-acetamide (81mg, 0.6 mmol) as a yellow solid (82 mg, 78% yield). mp
46-48°C. '"H NMR § 2.63 (m, 3 H), 7.32(d, J=Hz, 1 H), 7.47 (t, J=Hz, 1 H), 7.53 (¢, J
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compound (77%vyield). 20 Method C. the title conpound
was al so obtained using a smaller anpunt of a

walegoBeesws catal yst, and al so smal | er anpbunt BET/EP2007/005816
ligand, as nethod A was followed wth 2, 5-
di chl oroni trobenzene (96 ng, 0.5 mmol),
N- phenyl - acetani de (81 ng, 0.Z88mmol), palladium
acetate (2.2 ng, 0.01 mmol), BINAP (6 ng, 0.02 nmol)
and cesium carbonate (212 ng, 0.7 muol), obtaining 80

= HAD H? 1.88-2.721(m, SR TUBE! (d,06=2.7 H, DH); 2%C NIRRT €2.8; 111.8, 115.1,
2-Methyl -1 -phenyl -1 H benzim dazole. "N N_ Ph Met hod

1258, 427 of, dd.2.h63Q. 81 132.801P38n A 52120 158.3. HRMS (FAB): cal. for C14H13N2

MR RO 7 SO 2 1477, % i@ PR i Shieingd rgm 2
bror8ritreBenZéie Y1 ﬂ'ﬁz O[@mrﬁ@l)%%%ci/ielﬂ‘(dﬁ'\ﬂﬁgﬁ ahdffo2- 3
T H), 7.32 (d, J = 1H/)|,_7.47.(,J:Hz, 1 H, 7.53
iodonitrobenzenedd2b soad B mophErLIGr yEds84mA8 = Hz, 1 H),

vetfod &l Agibe eyl B¢y 3 5037

132.9, 133.8, 152.2, 158.3. HRMS (FAB): cal. for
Cl141-113N2 [ M+HL: 209.1079; found: 209.1072. The sane

Exapinigide {-(leresgimetivl T trhanyk Hibenmimidazsienzene (101

nmg, 0.5 mmol) in 80%yield qu), and from2 5
i odoni trobenzene (125 ny m’n?_)__l n 81 %yield (84
mg). Method C afforded~83_sg—t € title conpound (80 %
yield). Exanple 3: 7-ghtoro-2-nettRh-1 -phenyl -1
H benzi m dazole. N, C NPh 10 Method A applied to

Metiod Adapitlieditord, 8 rdididatanitcotiertzemg, (96.r6gndudl mmebdand N-phenylacet-

N | - id 0.6 | i el ded t[
amide RPEME, 108 By Sudd g Be fomoPund as 2 Brsyn SOl (81 mg, 67%)
- 1 (38 , HYy 227}, 0
mp 16318856, (AINURRORNRD 2.8 GPot D, 73g4-337m % > .56m 62 (m,
5H)H).70X86, K58, 37, Hz, 11, BC NMR 8,131241 5.919266.0, 1225, 125.0, 128.7,
129. 3, 130.2, 134.6, 138.9, 153.7, 158.5. HRNS (FAB) :
1208113012 Ao KRBT T b8 5. EERNAS A BBEE0al (el 2NACl [MH']:

243&%&99@%}@: 43S ﬁl: 2, 7- Di net hyl - 1- phenyl -1

ehzl m dazol e.

Example 4: 2,7-Dimethyl-1-phenyl-1H-benzimidazole.

N\>—
N~p

Method A applied to 2-chloro-3-nitrotoluene (68 mg, 0.5 mmol) and N-phenylacetamide
(81 mg, 0.6 mmol) yielded the title compound as a pale yellow solid. mp 107-109°C. 'H
NMR (DMSQ) 6 1.83 (s, 3 H),2.34(s,3H),7.02(d, J=7.8Hz,1H),7.22(t, J=7.8
Hz, 1 H), 7.53 (d, J = 7.8 Hz, 1 H), 7.55-7.63 (m, 5 H); *C NMR 5 13.3, 17.1, 114.8,
121.7,123.0, 125.5, 128.6, 129.4, 129.9, 136.0, 144.5, 151.2, 157.2. HRMS (FAB):
cal. for C4sH1sN2 [M+H"]: 223.1235; found: 223.1231.

Method C afforded 85 mg of the title compound (77 % yield).

Example 5: 5-Methoxy-2-methyl-1-phenyl-1H-benzimidazole.
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N -, Ph Method A applied to 2-chloro-3-nitrotol uene

(68 ng, 0.5 mmol) and N phenyl acetam de 20 (81 ny,
wQ2@8t00B49 yi el ded the title conpound as a pal BC/EP100%005816

solid. nmp 107-109C. 'H NWR (DMSO 5 1.83 (s, 3 H),

2.34 (s, 3 H, 7.02 (d, J =7.8Hz, | H, 7.22 (t, J =

7.8 Hz, 1 H, 7.53 (d, J = B Hz, 1 H), 7.55-7.63

(m 5H; 13C NMR 5 13.3, 17.1, 114.8, 121.7, 123.0,

125.5, 128.6, 129.4, 129.9, 136.0, 144.5, 151.2,

157. 2. , AR): —ncal. for CL15H1. 5N2 [ MtHL:

223.1235; fo N231. 25 Method C afforded 85 ng

of the title capoumdl (77 % yield). Exarrple5

5- Met hoxy- 2- net hyl - 1- pfehyl -1 H benzi i dazol e.

N 434 KBBR8 0o s

(81 wangdl O1G pimyyl@dltdchﬂneddle ¢cahpognd @s@ miely)ellpw@aﬁdd n’i;h88 90°C . 'H

NMR MBS ERR T &, ST 88503 1 Ba7 (g, I 4B 1 1oy 25 4o, = 8.9
e T8, by o 548 Syl sy vz

11497126 91112768 13012, 1230 32€3298 123.1815130187.613673%. HRMS (FAB):
133.1, 151.2, 157.6, 157.8. HRVS (FAB):  cal

cal. fQirCﬁjI'S&hﬂzQ@é* m?ﬁﬁégfqm%ﬂohm 239. 1180.
Exa#@ﬁé@] ? hﬁﬁhéﬂﬁ\@h@}‘ngg‘ygrbee imid: 8l>?yf’ -carboxylic ac id,ethyl ester.

eser. O ON N--Ph 10 The title conpound was
olNow ng. Method A at |arger scale, from

oS

@ m‘}%&benzm c acid nethyl ester (5.39 g, 25
nmol ) NPT mLLgcet amde (3.38 g, 25 mmol), palladium
trufluorocetate?416 ng, 1.25 mmol), BINAP (778 ny,

The }lil@%omf%ﬂdndﬂﬁgs g sare! féliovﬁ‘mg Mé”b’ﬁoﬂ‘mbi la"?gé’r $&lé Wb -chioro-3-

JUSt hour ng ri's to the titl oun
nitro@enz:oik:(ad@mtbylyesten (©.3%9.125 gnmahuN- phqmylmtamlde (8188 g, 25

mmc%) ﬁWPQ'M% r%% %gtegqﬁigfr%gﬁ@?z F}\F%dl) %,Hzﬁgi 55_6783 r:;\'a) 4.25 mmol) and
Csz(ﬁ@s 14 4:g 85 ?nthl,) ahdh’)eﬂu;%né?uﬁtkfbr 5, hobré")glwﬂlg(ﬁsHNB the title
compound as colorless crystals (5. 19 g, 78%). mp 108 z’C to 110 °C. '"H NMR (DMSO)
§2.55 (s, 3 H), 3.78 (s, 3 H), 7.30 (d, J = 8.2 Hz, 1 H), 7.52-7.71 (m, 5 H), 7.92 (d, J =
8.2 Hz, 1 H), 8.30 (br s, 1 H); '*C NMR § 13.6, 52.1, 110.8, 118.5, 124.7, 124.8, 127.0,
129.7, 130.1, 134.0, 137.9, 153.7, 157.8, 166.2. HRMS (FAB): cal. for C1gH5N20-
[M+H"]: 267.1134; found: 267.1128.

Example 7: 2-Methyl-1-phenyl-1H-benzimidazole-5-carbaldehyde
0

H/\@EN
\>_
N—ph

Method A applied to 4-dimethoxymethyl-1-iodo-2-nitrobenzene (155 mg, 0.5 mmol)
and N-phenylacetamide (81 mg, 0.6 mmol) yielded the title compound as pale yeliow
oil (79 mg, 67% vield). '"H NMR (DMSO) 6 2.50 (s, 3 H), 7.31 (d, J = 8.3 Hz, 1 H), 7.61-
7.68 (m, 5 H), 7.82 (d, J = 8.3 Hz, 1 H), 8.25 (s, 1 H), 10.10 (s, 1 H); "*C NMR 5 13.6,
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129.7, 130.1, 134.0, 137.9, 153.7, 157.8, 166.2. HRMS
(FAB): cal. for Cl16H15N202 [ MtH+]: 267.1134; found:
wWQense1ds 20 Exanple 7: 2-Methyl -1 -phenyl -1 PCT/EP2007/005816

H benzi m dazol e-5-carbal dehyde 0 HN N- Ph Method A
applied to 4-di met hoxynet hyl - 1-i odo- 2- ni t robenzene
(155 ng, 0.5 mmol) and N-phedfyl acetanmide (81 ng, 0.6
nmol ) yielded the title conpound as pale yellow oil
(79 nmy, 67%yield). 1H NWR (DVSO) 8 2.50 (s, 3 H),

111.4, 320(14,123. 2 B730,H29.8, 180. 271923253§ 1685@mr ﬁzﬁz 192.82HRMS

1H;
(FAéBGaNW @1%3N20M%+d>82370©é2& fpuml @1)@@2605816 30
111.4, 120.1, 124.2, 127.0, 129.8, 130.2, 132.3,
139.1, 154.7, 158.3, 192. 4. HRV6 (FAB): cal. for
Exaﬁbﬁé—ﬁSNzOD[plbieHi(MElaieﬁt(hﬁﬂiazbwnd: 237.1024. Exanple 8:
1, 2-Di phenyl -1 H benzim dazole CN \}--Ph 5 N--Ph

Met hod ' gy to 1-iodo-2-nitrobenzene (125 ng, 0.5

nmol ) anjfl be za &8 (118 ng, 0.6 mmol) yielded the

title compegnd F%i/lse yellow solid (112ng, 83% . np
105- 107C1HNI\/R( O 8 7.24 (d, J =7.9 Hz, 1 H),

Metﬂo@ﬂ Jp;ﬁl%d(tBH %otﬁmﬂobc%zéﬂe (425 md- (ﬁS'ﬂ%m%l)"ﬁnd Beénfanilide (118
mg, DQG’ mqlzvlechtmmtltlezeompomlé =B, pal@meDN@ohd:eﬂ)‘l 2ing, 83%). mp 105-
107@%5’8@?@@%39 574 @57 Tt Mot 3,582 @l 184 . 4=

e R e e

1300 53mﬁ)|1)35€8]d|3ﬁ 2,0t393n151.86eHRMS (FAB): ¢al Sfom@biH1sN, [M+H™:

yi d d th itI conmpound as brown solid (68 ng,
271682}& i‘gc H NVR (DMBO) 8 7.26 (d, J = 7.3

1H), 732763(m 8 H, 7.86 (d, J =7.6 Hz, 1
H), 7.89 (d, J =7.8Hz, 1 H, 862 (d, J =3.0H, 1
Exarple 9: YQDKdmwl-ﬁ;pyridm-S-)da(bi-NHRzimidazole

N —N
A\

Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and nicotinanilide (119
mg, 0.6 mmol) yielded the title compound as brown solid (68 mg, 50%). mp 110-
112°C."H NMR (DMSO0) 6 7.26 (d, J = 7.3 Hz, 1 H), 7.32-7.63 (m, 8 H), 7.86 (d, J= 7.6
Hz, 1 H), 7.89 (d, J= 7.8 Hz, 1 H), 8.62 (d, J = 3.0 Hz, 1 H), 8.72 (br s, 1 H); *C NMR
5 111.0, 118.7, 123.8, 124.0, 124.4, 125.4, 127.6, 129.5, 130.2, 135.2, 136.4, 137.7,
140.3, 148.6, 149.6, 158.3. HRMS (FAB): cal. for C1gH14N3 [M+H"]: 272.1188; found:
272.1180.

Example 10: 1-Phenyl-2-tridecyl-1H-benzimidazole.

N
N—pp

Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and myristanilide (182
mg, 0.6 mmol) yielded the title compound as colorless oil (130 mg, 69%). 'H NMR
(DMSO) 8 0.74 (t, J = 6.9 Hz, 3 H), 1.14-1.28 (m, 20 H), 1.68 (p, J = 7.6 Hz, 2 H), 2.83



10

15

20

25

8 111.0, 118.7, 123.8, 124.0, 124.4, 125.4, 127.6,

129.5, 130.2, 135.2, 136.4, 137.7, 20 140.3, 148.6,
wa2®800931%68. 3. HRMS (FAB): cal. for C18HL4N3 [RGFHLP2007/005816

272.1188; found: 272.1180. Exanple 10:

1- Phenyl - 2-tridecyl -1 H benzi m dazole. f N >_ C13H27

N-- Ph 25 Method A applied td®11l-i odo-2-nitrobenzene

(125 ng, 0.5 mmol) and nyristanilide (182 ng, 0.6

mol ) yielded the title conpound as colorless oil (130

(t, JEgzlg_@%z Hzlf? ng ﬁ%@)Hzg 10H747 é;‘);gd& F=8. 9 ﬂ? H§ ﬂ-l) 7.47 (dd, J

= 8.U07. zodrsmolawtsam Emsmy oozzsacs J3T.1 Hz, J:H)7 % NMRZB 13.9, 22.0,

26. 3:.__%6412%4 (7&44}‘(]%&?7?2%,8}%814 2@9 i&% (ﬁ& 1%6&3 123y 1(2,%7 127.2,
7. 1
1208, 10158 44950178 Ho Iy 1RSI Spi &b
377. 29577foum163@7 2023.5, 123. 7 127.2, 129.6, 130.1,
13421 137. 7. HRVB ( - . f
vt SfeanaiiRs Juot b nd e oriRBALT8% i3k, Ot nod
afforded 149 ng of the title conmpound (79 %yield).
Exanpl e 11: 1, 2-di methyl-1 H benzim dazole N N 10
Examplendtr h2=gipathyl-tH-benzisidazolai t r obenzene (125 ng, 0.5

mmol ) and methpyl acetam de (44 ngy, 0.6 nmmol) vyiel ded
t he titI posd_as pale yellow solid (62 ng, 85%.
np 101 0 "HNVMR (DMBO) 8 2.79 (s, 3H),392
(s, 3H),7467‘55m2H) 7.78 (d, J =
/ Jiodol
Metfidd A apiied o Hiogolahitithenkeht (125 md IS g"'%@%”f '% i

methfylaeitamide . (4ﬂcmg,09) ezmmmmﬁe[dwmy title4onyeahd aspakk yellow solid

(62 GenBBThlampl 1 Sy e gﬁwjﬁéﬁ%@%) §%78'¢! Sy, 3.02 (s, 3 1),

G hyL- I - a
7GR R Ap TR - flf.*oai;q TSR Le T R HE O R s 116
30.8m0R2)3, drld. N\-124edy1 23.8y1 326} 151 .9, 158.3. HRMS (FAB): cal. for CgH41N>
[M+H"]: 147.0922; found: 147.0917. Method C afforded 38 mg of the title compound
(52 % yield).

Example 12: 2-Methyl-1-phenethyl-1H-benzimidazole.
C

N———Pn
Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and N-phenylethylacet-
amide (98 mg, 0.6 mmol) yielded the title compound as pale yellow solid (54 mg, 46%).
mp 104 °C to 106 °C. '"H NMR (DMSO0) & 2.51 (s, 3 H), 3.10 (d, J = 7.0 Hz, 2 H), 4.63
(d,J=7.0Hz, 2H), 7.09-7.52(m, 7 H),7.72(d, J=4.6 Hz, 1 H), 7.84 (d, /= 4.6 Hz, 1
H); ®*C NMR & 11.1, 34.1, 45.8, 112.5, 114.2, 125.1, 125.5, 126.9, 128.5, 128.9, 131.6,
137.2, 151.2, 158.0. HRMS (FAB): cal. for C1H17N2 [M+H"]: 237.1392; found:
237.1383.

Example 13: 2-Methyl-1-pyridin-2-yl-1H-benzimidazole.
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amde (98 ng, 0.6 nmmol) yielded the title conmpound as
pale yellow solid (54 ny, 46%. np 104 Cto 106 C. 1H
wWORMSODSED) 8 2.51 (s, 3 H), 3.10 (d, J = 7.0 PZI/ER20b/Q05816
4.63 (d, J =7.0 Hz, 2 H, 7.09-7.52 (m 7 H, 7.72
(d, J =4.6 H, | H, 7.84 (d, J =4.6 H, 1 H),; 13C
NVR 8 11. 1, 34.1, 45.8, 112.32 114.2, 125.1, 125.5,
126.9, 128.5, 128.9, 131.6, 25 137.2, 151.2, 158.0.
HRVS (FAB): cal. for CL6H17N2 [ MrH+]: 237.1392; found:

237.1383. Exanple 13: 2-Methylyg1-pyridin-2-yl-
H benzi m dazole. WO 2013/ 0048 EP2007/ 005816 32
N NN Mthod A appliecte do- 2- ni trobenzene (125

ng, 0.5 mmol) and 2-acetam do- ridine (82 ng, 0.6

mol ) yielded the title conpou asy\brown solid (40

ng, 38%. np 121-123C. 'H NWR ) 8 2.69 (s, 3 H),

7.36-7.46 (m 2 H, 7.53 (d, J =7.45Hz, | H, 7.68
Metlﬁ@tﬂA alpcfﬁlea t6,1-ibdo- Zimtrciad:gzené (ZS g'lg% o g?nﬁ‘lob‘) and 2~1acUlam|do-
pynQnﬂ)( (28'“950(51"1"30'):3/'@'(’294—&7}9 titesgomppund e bGOWmﬁz)“d (40 mg, 38%).

o 1183 8 e 90\ ) g e Bty 5 0,2 7.4

Hz, Cl-ﬁHJlZH@ ddVit7.62 407 H31;H), aurw(d, 2&9716‘)2& 1H), 28N, &/ = 7.9 Hz, 1

5- (1- Phenyl - 1H benzoi mi dazol - 1:pent anoi c acid

H), 8r8ﬂr(9d &sthP, 7.6ddx 1 N)B.78 (0, Mﬁﬁé’dﬁ) KpNMR & $3.6, 112.0, 116.1,

1214, 128, e R0 e o Har2; s Zw oo, 9, HRYS (FAB):

. fE}C NH‘%HH | 21014034 houndt beoa@sound as  brown oi |
= QH@z S]1H NVR (DVBO) 8 1.50-1.74 (m 4 H),

227 d J=72Hz 2 15 H), 2.89 (d, J = 7.5 Hz, 2

1epaﬁ2%t<ﬁahe}weg@&%fafz ghlipothririfoss

7.6 H, 1 H, 7.52-7 79 (d, J =

Hz, 1 H: 13C NMR 8 25.4 32.2, 50. 9,
111.3, 115.6, 124. 31224y 126. 8-—130.0, 132 4,
1335 133.4. 1530 173 5\ HRVE ( FAR)
CLOHP1N202 [ MHHL:  309. 1603' 'found: 309. 1595. 20

Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and 5-phenylicarb-

amoyl-pentanoic acid methyl ester (141 mg, 0.6 mmol) yielded the titte compound as
brown oil (136 mg, 88%). 'H NMR (DMSO) & 1.50-1.74 (m, 4 H), 2.27 (d, J=7.2 Hz, 2
H), 2.89 (d, J=7.5Hz,2H),3.52(s,3H),7.22(d, J=8.1 Hz, 1 H), 7.38 (apparent t, J
=7.6 Hz, 1 H), 7.46 (apparent t, J = 7.6 Hz, 1- H), 7.52-7.72 (m,5H),7.79(d, J=7.8
Hz, 1 H); ®C NMR 5 23.3, 25.3, 25.4, 32.2, 50.9, 111.3, 115.6, 124.3, 124.4, 126.8,
130.0, 132.4, 133.2, 133.4, 153.9, 172.3. HRMS (FAB): cal. for C1gH21N20; [M+H]:
309.1603; found: 309.1595.

Example 15: 2-(5-Chloro-pentyl)-1-phenyl-1H-benzimidazole.

N
@[ \>—/1
N
\
Ph Ci

Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and 7-chloro-heptanoic
acid phenylamide (144 mg, 0.6 mmol) yielded the title compound as pale yellow oil (95
mg, 64 %). '"H NMR (DMSO) 6 1.34-1.77 (m, 6 H), 2.92 (t, J= 7.6 Hz, 2 H), 3.53 (t, J =
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Exanpl e 15: 2-(5-Chl oro-peetyl)-1-phenyl -

H benzi m dazole. N N Ph C Method A applied to
W@2008609328 ni t r obenzene (125 ny, 0.5 mmol) and PCT/EP2007/005816

7-chl oro- heptanoic acid phenylam de (144 ng, 0.6

mol ) yielded the title conmpound as pale yell ow oil

(95 25 ngy, 64 %. 1H NVR (DM&D) 8 1.34-1.77 (m 6 H),

2.92 (t, J =7.6 Hz, 2 H, 3.53 (t, J = WD 2008/ 009348

PCT/ EP2007/ 005816 33 6.7 Hz, 2 H), 7.26 (d, J = 7.8
67Hé;21ri)H)7 267(7d43/=€17891z(1?4)87FDH43(t%JH)7 1(3?4253 K, 7§2i‘d8J989 Hz, 1
H), Fl)64 132(NNF5 8), 2588 (d 2% =5 .8 Mz, 1, HR1°G, NMR8253 255 257 31.3,

oo {8 i s b i . s

0
A o Bt e R s I

N-10 Method A applied to 1-iodo-2- nltrobenzene (125

Exalfiie g 1 THAMBIERE- p?tﬁ%‘éf@% eib%' Hipenate®zel° 107 vy,
90 %. np 10 121 C to 1HNI\/R(DI\/BO) 8 2.61 (s,
3 H, 3.87 (s, 3 H), 7.3“ 91Hz H, 7.28

(d, J =87H, 1H 4Hz 1 H,
7 48 (dd, J = 7.8, , 59/Ld J =91 He,
7.83 d J: ,1 3c‘R||\/R8126 55. 6,

Met%g&Alé alg%is qqdﬁ,és(fﬂg{é% mingl) arp p-acetanisidide

(99 ﬁ;& cl\)/gyfélﬁed %?@tutlé%émpb%ﬂ%s @ﬁrléés@ondl@ o@ﬁapbé %). mp

hyl - benzoi m dazol - 1- enzoni t
121N@m0 12\‘B ~Cd‘tH NIGRH{DMBONP L. Gé(ﬂst?oH) 387 (s, 3H) 723 (d,J=9.1Hz 2

H), 228 Gl BB T s 192 @80 o 167ch Bod Iy 7 debicd. ime7 8. 7.4 Ha, 1
H), ¥isd @, 989U 251)bF 84aS9'd #.8 Hz, 1 H); 3C NMR 5 12.6, 55.6, 111.7,
115.1, 115.3, 125.1, 125.3, 128.4, 132.5, 134.1, 152.3, 158.2, 160.2. HRMS (FAB):
cal. for CysH1sN20 [M+H]: 239.1184; found: 239.1179.

Example 17: 4-(2-Methyl-benzoimidazol-1-yl)-benzonitrile. |
v=(
G
CN

Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and p-
acetamidobenzo-nitrilo (96 mg, 0.6 mmol) yielded the title compound as brown solid
(96 mg, 82 %). mp 166 °C to 168 °C. '"H NMR (DMSO0) 5 2.62 (s, 3 H), 7.33 (d, J= 7.8
Hz,1H),7.42(, J=7.8Hz, 1H), 747 (t, J=7.8 Hz, 1 H),7.89 (d, J=8.9 Hz, 2 H),
8.20 (d, J = 8.9 Hz, 2 H); ®*C NMR & 13.0, 111.2, 112.6, 116.0, 117.9, 124.7, 124.8,
128.2, 133.7, 134.4, 135.0, 137.5, 151.8. HRMS (FAB): cal. for C15H12N3 [M+H"]:
234.1031; found: 234.1025. |

Example 18: 2-Ethoxy-4-(2-methyl-benzoimidazol-1-yl)-benzoic acid methyl ester:
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20 (96 nmy, 82 % . np 166 Cto 168 C. 1H NWR (DWVSO) 8

2.62 (s, 3 H, 7.33(d, J =7.8 Hz, 1 H, 7.42 (t, J
we2008809388 1 H), 7.47 (t, J = 7.8 Hz, | H), 7.BOI/ERR007005816

=89 Hz, 2 H, 820 (d, J =289 Hz, 2H,; 13C N\R 8

13.0, 111.2, 112.6, 116.0, 117.9, 124.7, 124.8,

128.2, 133.7, 134.4, 135.0, B#7.5, 151.8. HRVMB (FAB):

cal. for CI15H12N3 [ MtH1: 234.1031; found: 234.1025.

25 Exanpl e 18:

2- Et hoxy- 4- (2- met hyl - benzgi m dazol - 1-yl ) - benzoi c acid

met hyl ester: WO 2008y 348 PCT/ EG200#71 005816 34

N=~ N o I\/EthodAap|e gdo- 2-

(125 ng, 0.5 nmol)

am do- 2- et hoxybenz s ynol ) yi el ded the
title corrpound as p € brown oil (198 nmg, 76 %9. 1H

Metgol\@g gRphe Oé tg 1,-_|5)§42é-r11§ro‘(1) zgng (?@% 'd) ) m,_ll’j\gﬂf(ngzmgggh 4-acet-

amidb- E-Gﬁhéxyb?enQobYe (71142%? 0. 641$m70lW|e(déd melF_ﬂl))tlze c{%rgé?\llljvrﬁRdi gsbale brown

oil (111;8 mg, za %) 1BIZNMR ezmsomz 331 (d 1l1'26@ Hm H), 2688(s53 H), 3.87 (s,

3 H)y 8390, 7568 HEJRER 18R 435 8.1 3,0 el NI AT il 4 H). 7.86

61 8 |
(d, ﬁ%zeaﬁ@? 1 H) ng;yr?zﬁdfny#agg @z Emﬂtﬁ’ber\l\lrﬂag% 5%47 D\amst By12. 64.7, 112.0,

112.8ppiddd 1t18 81221 bri®524 n132.01 6B2.6n233.46 186,7, (158 8.3, 165.5.

HRATS (BB Fal R e ohe D Tob 1o 5o oSy P 1 R

. 6.88 (d, J =
Exa@%.’ @,itaal_bﬁﬁeté.ﬂoh _%hEPM ?%Eb%zr(zﬁmd%zbbe (

: H) , 50-7.64 (M 5 H);
13C NWVR 6 13.8, 16.3, 1045, 122.5, 122.6, 126. 8,
129.9, 135.1, 15 135. 3, : 8. 3. Exanple 20:
5- cyano- 2- net hyl - 1- phe kh zi mdazole: N --CC
N-- Ph Method A applied to \Ph
4-chl oro-3-nitrobenzonitrilo

Mettred Aranplieddet3phigeo- ?sntrﬁ’@lue:nefs &%9) 055 mmhaaﬂé\l@henﬂacetamlde
d

(51 GO9I ROl ol Aoty as g ol HRGIER, ' v

(DMED) $24k6. (s, 3 H), 2.55 (s, 3 H), 6.88 (d, J = 7.3 Hz, 1 H), 7.04-7.11 (m, 2 H),

7.50-7.64 (m, 5 H); 3C NMR & 13.8, 16.3, 107.5, 122.5, 122.6, 126.8, 129.9, 135.1,

135.3, 150.3, 158.3.

ni trobenzene
~

Example 20: 5-cyano-2-methyl-1-phenyl-1H-benzimidazole:
N
LY
N~p
Method A applied to 4-chloro-3-nitrobenzonitrilo (91 mg, 0.5 mmol) and N-
phenylacetamide (81 mg, 0.6 mmol) yielded the title compound as brown solid (40 mg,
34 %). '"H NMR (DMSQ) & 2.54 (s, 3 H), 7.28 (d, J = 8.3 Hz, 1 H), 7.52-7.59 (m, 6 H),

8.12 (s, 1 H); ®*C NMR & 13.8, 104.6, 111.4, 119.3, 122.7, 126.2, 127.0, 129.6, 130.1,
134.2, 138.5, 140.4, 154.6.

Example 21: 2-Methyl-1-pyridin-2-yl-1H-benzimidazole.



8.12 (s, 1 H; 13C NW\R 6 13.8, 104.6, 111.4, 119. 3,
122.7, 126.2, 127.0,129.6,130.1, 134.2, 138.5, 140.4,
wazehse093zb Exanple 21: 2-Methyl -1 -pyridin-2- yPEWEP2007/005816
H benzi m dazol e. WD 2008/ 009348 PCT/ EP2007/ 005816 35
N-1~ N No Method A applied to 1-iodo-2-nitrobenzene
(125 ng, 0.5 mml) and 2-acet3®i do- pyridine (82 ny,
0.6 Mol ) yielded the title conpound as yelloy oil (40
ng, 38 %9. 1H NWR (DMSO) S 2.74 (s, 3 H), 7.42-7.49
(m 2 H, 7.56 (d, I H, 7.70 (dd, | H, 7.78 5 7.88
(m 2 H, 8.22 (dd, 1 H, § (dd, 1 H); 13C NWR S
13.6, 112.0, 116.1, 121.0 124.7, N124.9, 133.0,
135.2, 140.1, 147.2, 1% npl e 22:
5-(2- Heptyl - benzoi m da -yl )- ent ghoi ¢ aci d
tert-butyl ester. N ONO O 10 od A applied to

wthol G584 PRSREEN gl 1253 i g 2 gt

ezem B6)mitict) yleldedhthettitlel %). "
pynmg\e( ane. )mmgM?HerRe g%%m%ungmégg tétnow@iu kmmg 38 %). H
NMRZ(D ”gzlwgsl y@,zﬁebg}Q)n2H)756(d1H)770(dd1H)778-

7. eé(rﬁgé%)ﬁ%d%;%ﬁ’) 88 il 1 oG N £35S, 121.0,

124(70' 1219 13350,HA35. 21‘134@%&“?@ 3600 151.7.

Met hyl -'benzoi m dazol - 1-yI') - hexanoi ¢ aci d net hyl
ester N N O Mthod A applied to

- ] - 2- /i L robenzene | 25 . 0.5 mmol ) .and

Exai 02, APV B SASmdGRTPPriaNet aci8ebuty esters
nmol ) vyi el ded t he M:orrpound as yeI | ow 0| |l 20 (20
nmy, 15 %. 1H N , 2.29
(th?.lm@ 355(s 3 H,

, 0
4.38 (t, J =7.3, 2 (m 7.76 (d, J
=8.1 H, 1H), 791(d

Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and 5-octanoylamino-

pentanoic acid tert-butyl ester (180 mg, 0.6 mmol) yielded the title compound as yelloy
oil (40 mg, 38 %). '"H NMR (DMSO) & 0.86 (t, J = 6.8 Hz, 3 H), 1.22-1.86 (m, 23 H),
227 (t,J=73,2H),3.14 (t, J=7.8 Hz, 2 H), 443 (t, J = 7.2 Hz), 7.49-7.54 (m, 2 H),
7.77 (d,J=8.8 Hz, 1 H), 7.93 (d, J = 8.8 Hz).

Example 23: 6-(2-Methyl-benzoimidazol-1-yl)-hexanoic acid methyl ester.

SuSIp

N

\\/\/\\g

Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and 6-acetylamino-
hexanoic acid methyl ester (112 mg, 0.6 mmol) yielded the title compound as yellow oil
(20 mg, 15 %). "H NMR (DMSQ) & 1.32-1.83 (m, 6 H), 2.29 (t, J = 7.1 Hz, 2 H), 2.80 (s,
3H),355(s,3H),4.38(t, J=73,2H),748-7.56 (m, 2 H), 7.76 (d, J = 8.1 Hz, 1 H),
7.91 (d, J=8.1 Hz).

Example 24:. 2-Cyclopentylmethyl-1-(2-methyl-butyl)-1H-benzimidazole-5-carboxylic
acid methyl ester.
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Exanpl e 24: 2-Cycl opentyl net hyl -1-(2-net hyl -butyl)-1
H benzi m dazol e-5-carboxylic acid nethyl ester. WO
wQo@8/0aBe¥848 PCT/ EP2007/005816 36 0 O N N RE/EPIOA005816

applied to 1-iodo-2-nitrobenzene (125 ng, 0.5 nmol)

and 2-cyclopentyl-N (2-nme-thyl -butyl)-acetam de (118

ng, 0.6 mmol) yielded the tit3® conpound as yell ow

oil (66 nmy, 40 %9. 1H NWVR (DMSO 8 0.82 (d, 3 H), 0.88
(t, 3 H, 1.19-2.52 (m 14 H, 5 3.06 (d, 2 H), 3.87

(s, 3 H, 4.13 (dd, 1 , 4.24 (dd, 1 H, 7.83 (d, 1
H, 7.94 (d, 1 H), 8, . Exanpl e 25:
2-Methyl -1 -phenyl-1 Him -C ridine. N N>-

I ° NPh 10 Method A applied_tqg
4-chloro-3-nitropyridine (79 ng\ 0.5 mmol ),

AR e e, S o cmopen
(2- njré-ﬁgll ANVECét\']QN?@Se (21%2 m dé’mrﬁog')yﬂaféﬁ)g tlﬁ_‘% c&@e@p&gs yellow
oil (esmlg 40 %)8 12 NMREDOS 038,282 (B8 BI) aaa (83 B31.09-2.52 (m, 14 H)

4, 3 45
3.0t N B+ FIAG3 10811 ot (0910 Hb7e85 ic5 eadabPe (d, 1 H),
: t hyl - 1- ph -1 H d 4,5-b di N.
8'2(%2\&N1-2H¥ﬁ l\/ﬁt hodpAeg)r;pl i ed It(r)n B%gl[ or o- 2]- g%/::rolpgfi di ne
(79 nmg) and N-phenyl acetami de (81 ng, 0.6 mvl)

affo tle c ungd a own .vj scous oil (45
Exafiplé 255l 1 PHer VPRI R ENAS CBvatine. (o. 3 1y

7.35-7.68 (m 6 H), 7.774d_J 5 88 Hz, 1 H, 858

(br s, 1 H; 13C NWVR 814.0,71118 20.1, 126.8,

128.5, 129.6, 130.1, 133.9~+~ 151.6, 156.7. HRMS

(FAB): cal. for CL3HL2N3 [ M+HL: 21I6.M031: found:
Metﬁ%ﬂ%@hg&éﬁgﬁ?ﬁ o%é@ mtrg&n?me Q]m)ﬂ,IOS mmol), N-phenylacetamide
(81 mg, 0.6 mmol) afforded the title compound as brown solid (76 mg, 73). mp 134-

136°C. 'H NMR (DMSO) 5 2.54 (s, 3 H), 7.65-7.73 (m, 6 H), 8.54 (d, J = 5.2 Hz, 1 H),
9.44 (s, 1 H); ®C NMR & 14.4, 108.2, 126.9, 130.2, 130.3, 133.4, 134.0, 134.8, 139.2,
145.0, 159.2. HRMS (FAB): cal. for C13H12N3 [M+H*]: 210.1031; found: 210.1025.

Example 26: 2-Methyl-1-phenyl-1H-imidazo[4,5-b]pyridine.

N\ N
(S
Z N—pp

Method A applied to 3-chloro-2-nitropyridine (79 mg) and N-phenylacetamide (81 mg,
0.6 mmol) afforded the title compound as brown viscous oil (45 mg, 43% yield). 'H
NMR (DMSO) 6§ 2.54 (s, 3 H), 7.35-7.68 (m, 6 H), 7.77 (d, J = 8.8 Hz, 1 H), 8.58 (br s,
1 H); ®C NMR 5 14.0, 118.9, 120.1, 126.8, 128.5, 129.6, 130.1, 133.9, 143.0, 151.6,
156.7. HRMS (FAB): cal. for C13H12N3 [M+H"]: 210.1031; found: 210.1026.

Example 27: 2-Methyl-3-phenyl-3H-imidazo[4,5-b]pyridine.

N
N\

| N>—

N ~~Ph
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N 25 N ~Ph WD 2008/ 009348 PCT/ EP2007/ 005816 37
Met hod A applied to 2-chloro-3-nitropyridine (79 nyg,
w@:2®s04y and N- phenyl acetami de (81 ng, 0.6 PODEP2007/005816

afforded the title conpound as pale yellow viscous

oil (93 ng, 89% . 'H NVR (DMSO) 8 2.48 (s, 3 H), 7.24
(dd, 1 H, 7.53-7.63 (m 5 Hyy 8.02 (d, 1 H, 8.20

(d, 1 H; 13C NW\R 8 14.6, 118.3, 125.9, 127.4, 128.7,

5 129.3, 134.1, 134.3, 143.0, 148.7, 152.9. HRMB

Met&?@B%zfadpéié%tpgjggﬁ?o%éMﬂ %ﬁyﬂdi% 0, (]7(}33 4 OWQ: mmol) and N-

heRykrcbtamidey (8 B-rahe /6 - Arhd bligy r
p el\lyPh Lt I\/Ie”wod r’zbqéml—ll L t?am#@éd  theblifhy d:éihﬁ@und Nas Wale yellow

viscpus (a3 mamSi9t). - B- NMR ¢pMSQ) Be. éadsng H).7524nfdd ) 1 H), 7.53-7.63
(. & BB AREENFCED 1 00 AR e by ypif2557527.4, 1287,
129737 ?@&1 fé4WR1a@'tfﬁQ4§721‘(% éSHgbiné') Féege)%aﬁ Sf%SC"QI-% aNa [M+H']:

210[\1@318fd131d. 2101 @®7.124. 4, 127.5, 129.5, 129 6, 129.8,
132.9, 145.1, 145.7, 153.2. HRMS (FAB): cal. for
Cl4H14N3 [ M+H1: 224.1187; 15 found: 224:1184. Exanple

Exanple 28: 2,6-Dimethyl-3-phenyl-3H-imidazo[4,5-b]pyridine.
g%l\/bt hoxy- 2- net h yy % pyeny - 3H | rr[l daz!)py 5-b] pyri di ne.

~ ONNN, Ph Mthod
20h|oro6nethoxy3n|tr<bpy)d|n 4ng, 0.5 mol)
and N- 20 phenyl acet ami de {81 ngN-6p@ mmol ) af f or ded

the title conpound as aI e yellow solid é112
Metbady A applied tqala@hlqrpr mrethyvsoitrapyridie (86 mai)0.53mpeol) and N-

phef];l’acét%ld(ad(ﬁsn@qé)_.g rpmo%lgﬁ[é_’%eflte@l\m ggir?og%%égnj?’réwn solid (90

mg, 1 81%Y.. mp 77-29°C.2AH QMR Z8MB O 8.44 (sl 3HE.2.587s .53 HM .56-7.63 (m, 5
144.7,150.3, 161.1. HRNS (FAB): cal. for Cl4H14
H), [mems 249),18.20: (sf duHd: “L40IMR 3% 1325 E&QmﬂZé 4301275 129.5, 129.6,

129%, %43 8°4 %!y 3B Ye3 3T HRINE RN 2P 8Y B BaR: (MIH': 224.1187:

found: 224.1184.

Example 29: 5-Methoxy-2-methyl-3-phenyl-3H-imidazo[4,5-b]pyridine.
N
\>
I e

~
(0] N N\Ph

Method A applied to 2-chloro-6-methoxy-3-nitropyridine (94mg, 0.5 mmol) and N-
phenylacetamide (81 mg, 0.6 mmol) afforded the title compound as pale yellow solid
(112 mg, 94%). mp 114-116°C. '"H NMR (DMSO) § 2.56 (s, 3 H), 3.76 (s, 3 H), 6.85 (d,
J=8.6 Hz, 1 H), 7.53-7.68 (m, 5 H), 8.12 (d, J = 8.6 Hz, 1 H). '*C NMR & 13.8, 53.4,
107.7, 122.9, 127.0, 128.0, 128.4, 129.2, 132.6, 144.1, 150.3, 161.1. HRMS (FAB):
cal. for C14H14N3O [M+H"]: 240.1237; found: 240.1234.

Example 30: 2,5-Dimethyl-3-phenyl-3H-imidazo[4,5-b]pyridine.

S N
P ey
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N/ N-Ph WD 2008/ 009348 PCT/ EP2007/ 005816 38 Method A

applied to 2-chloro-6-nethyl-3-nitropyridine (86 ny,
w@2®st9ky and N- phenyl acetanmi de (81 ny, 0.6 PEEP2007/005816

afforded the title conpound as brown viscous oil (70

ng, 63%. 1H NVR (DMSO) 8 2.42 (s, 3 H), 3.31 (s, 3

H, 7.11 (d, J = 8.0 Hz, 1 H38 7.51-7.63 (m 5 H),

7.89 (d, J =80 Hz, 1 H; 13C NWR 8 14.6, 23.8,

118.0, 126.1, 5 127.7, 128.7, 129.4, 132.1, 134.8,

Met@é@-%ﬁ%ﬁ Pto df&a%; -;d%thgﬁ nnt%@&g@ﬁé%&“é\ﬁng M5t hmol) and N-

pheriylé’eélarmum(m 3ngp,h@;6yrlmﬁh+b affodiedo[hé fitlebEompodndeas bidwriNviscous oil
Vet hod A a

(70 mos B3gie R s R 2 63,y 8 (ol DT ki = 8.0 Hz, 1 1),

75 B OOk e Cpet & GBIt dal o MR By #Bschs 8f18.0. 1261,

127 ¥17128.9C1 20, Nﬂ@@Dl\rm) 881218559 65093 191, 12%\/@8 cal. for Cy4H1aN3
1 H, 7.58-7.72 (m 5 H),

[M+lg|)'1222(1d118g3 fOlm<182@£r11§4l—|); 13C NVR 8 13.8, 16.0,
120.8, 127.3, 129.3, 129.4, 129.5, 130.1, 136.0,
144.2, 146.4, 152.1. HRVMS (FAB): 15 cal. for Cl4H14N3
Exafrigtei3] : 2 228indéthi-3phiengtl-3 Adidd )4, SExjpytidime32:
5- Met hoxy- 3- phenyl - 2- pyri di n- 3-yl - 3H 1 m dazol[ 4, 5- b] pyr
idine. N NC O N NPh applied to
2- chl or o- 6- met hoxy- 3- ni (ne (94 ng, 0.5 nmol)
and N 20 pyridin-3-yl acé€t ank e"fné ng, 0.6 mmol)
afforded the title conpou as 'virsepqus oil (74 nyg,
49% . 1H NWR (DMSO) 8 3.79 (s, 3 H, 6.83 (d, J =8.1
Methad A &pplied. 4al- Z—the)rQ-m-m'eth)Hﬁ&-nﬁopgzriQiue 86 r8g,1 06, mmol) and N-

pheg%lécetamldé C%81 mg, 8 61 ml_r|nzbl) %ffjt_yl}deog ’tt?esti{lg ’co%npl_cgu'ndE.za(gl 'H?:Jllé3 yellow solid
4371‘1*19%' ‘l«?NNAR‘ HMS 652@@ r3 Fll' 2. 73%k) 319, 7.26 (d, J

(70 ﬁ‘tda?gr@t%a met hyl est(er m w ) X ) ul (

= 4.8 Hz, 1 H), 758772 (m, 5 H), 8.22 (d, J 48 Hz 1 H) 3C NMR & 13.8, 16.0,

120.8, 127.3, 129.3, 129.4, 129.5, 130.1, 136.0, 144.2, 146.4, 152.1. HRMS (FAB):

cal. for C14H14N3 [M+H"]: 224.1188; found: 224.1180.

Example 32: 5-Methoxy-3-phenyl-2-pyridin-3-yl-3H-imidazo[4,5-b]pyridine.
P,
o | N N\Ph\ Z
Method B applied to 2-chloro-6-methoxy-3-nitro-pyridine (94'mg, 0.5 mmol) and N-
pyridin-3-ylacetamide (82 mg, 0.6 mmol) afforded the title compound as viscous oil (74
mg, 49%). 'H NMR (DMSO0) 5 3.79 (s, 3 H), 6.83 (d, J = 8.1 Hz, 1 H), 7.44-7.83 (m, 7
H), 8.14 (d, J= 8.1 Hz, 1 H), 8.57 (d, J = 8.1 Hz, 1 H), 8.68 (s, 1 H).

Example 33: 5-(5-Methyl-3-phenyl-3H-imidazo[4,5-b]pyridin-2-yl)-pentanoic  acid
methyl ester.
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N WO 2008/ 009348 PCT/ EP2007/ 005816 39 Method B

applied to 2-chloro-6-nethyl-3-nitropyridine (86 ny,
w@2®st98k9 and 5- phenyl car banoyl - pent anoi ¢ acPCI/ER100Y005816

ester (141 ng, 0.6 mml) afforded the title conpound

as viscous oil (61 ng, 38%. '"HNWR (DVvsO 8 1.52-1.73

(m 4H, 2.22 (t, J=6.8H9 2H, 2.48 (s, 3 H,

2.75 (t, J =6.8 Hz, 2 H, 3.53 (s, 3 H, 7.13 (d J =

8.0 5 Hz), 7.47-7.63 (m 5 H), 7.93 (d, J = 8.0 Hz).
Metﬁd@m?'ﬁp@éd to 2-chloro-6-meth I3-n|tropyr|d|ne 686 mg, 0.5 mmol) and 5-

6- Di net hyl - 3- phenet hyl - i mdazo[ 4 pyr i di ne

phenylcaqb}anmlm@@t@mmaqndgdnem\yl ester (141 mg, O 6 mmol) afforded the title

compEnHBsTSisEnal (61 T SR b WBR ses e §78 em, 4 b, 222 ¢,

f d d ' g | 4 , -
- g i T Y A s g et 171304
Hz),37.42-7.83 (p, B)H), 7.93(d,tJ =8.04#1z). 7.08-7.29 (m 5 H),

7.93 (s, 1 H, 832 (s, 1 H. Exanple 35: 1
- Phenyl -2-tridecyl-1 Himdazo[4,5-c]pyridine N NII

ExaN?Iel§4P2,6-MPﬁétﬁ?| ﬁperu@mbtrﬁﬂtswmda%wslbgzwio‘iﬁ@pyri di ne
(79 mg, 0.5 mmo

and tetradecanoi ¢ aci phenyl am de

(182 ng, 0.6 rmol) a title conmpound as
viscous oil (64 ng, 3 DVBO 6 0.83 (t, J
:67Hz 3 H, 116132"(m“éw|r\a:h73(p,J—67

H)23t 2H. 7.63-7.71 (m 6
Metlpgd B. applied, tQ &cblozo@methylﬁ?,-mgopgn@ge (8_6) mgH)0.5 mmol) and N-

phefEfiiPacesiflive, 98 ma, &,8mMmeN AT PRe the Stig compaund g5 Kisious ol (54
mg, 43%). dri IMR{DMSOFst288 X6 B H), 2M&(s, & FI), 3.12 (t, 2 H), 4.53 (t, 2 H),
7.08-7.29 (m, 5 H), 7.93 (s, 1 H), 8.32 (s, 1 H).

Example 35: 1-Phenyl-2-tridecyl-1H-imidazo[4,5-c]pyridine

Cryo

Method B applied to 4-chloro-3-nitropyridine (79 mg, 0.5 mmol) and tetradecanoic acid
phenylamide (182 mg, 0.6 mmol) afforded the title compound as viscous oil (64 mg,
34%). '"H NMR (DMS0) & 0.83 (t, J = 6.7 Hz, 3 H), 1.16-1.32 (m, 20 H), 1.73 (p, J = 6.7
Hz, 2 H), 2.83 (t, /= 6.7 Hz, 2 H). 7.63-7.71 (m, 6 H), 8.56 (d, /= 5.2 Hz, 1 H), 9.43 (s,
1 H).

Example 36: 4-(2,6-Dimethylimidazo[4,5-b]pyridin-3-yl)-2-ethoxybenzoic acid methyl

ester
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WO 2008/ 009348 PCT/ EP2007/ 005816 40 Method B applied

to 2-chloro-5-nethyl-3-nitropyridine (86 ng, 0.5 mmol)
W aWs4093g et yl am no- 2- et hoxybenzoi ¢ aci d nmet hyPCEEP2N7/005816

(142 ng, 0.6 Mol ) afforded the title conmpound as

viscous oil (136 ng, 84%. 1H NWR (DMSO) 6 1.34 (t, J

= 6.9 Hz, 3 H, 2.46 (s, 3 0 2.61 (s, 3 H, 3.82

(s 3 H, 412 (q, J =6.9 Hz, 2 H), 722(d J =28.0

51H, 7.50 (s, 1H),783(dJ 8.0 Hz, 1 H),

MetWOCQSB(@ppIIBdI—uQ Z}cmbrcpé methy)l-3-kitrapyliding7 (86 mg, 0.5 mmol) and 4-

acetyiMinS L ¥ Bapic A st Bsthh (42 aaq0.6 mmdl) 2okded the tite
comaoeﬁa %C\n@cdﬂ%t &Pg myataw@{?y”Hde@ @ms@ %q 4 ?g“?/' 2 6.9 Hz, 3 H),

cet am de
2. 463(fsf Brl-di)ea 6116 t3 HbeB Bar(ppmfrb) ASIZ/(cﬁdGuﬁ DHz, 32), M2 (d, J = 8.0 Hz,

1H)6;§P((5 %WW@-% 1("?7) géf%d .. éﬂsés W He,

795(d J:79Hz 8.04 (d, J = 8.5 Hz,
1I—|),814 (dd, J = 7.9, 76Hz 1H),869(d J =
Example 8¥:, 5-Mathoxy3-rAgthybBepyaigtin-2-yl- 3H—imidazo[4,5-b]pyridine.
2- (5- ChI or o- pentyl ) -5- net hoxy-3 phenyl - 3Hi m dazo[ 4, 5-
bl pyridine Ncl I \~ > =D - Ph Method B
applied to 2-chl oro-6-ng = ant&\?pyrldl ne (94 ny,
0.5 mmol ) and 6- chl or ofexagioi c a enyl am de (113
ng, 0.6 mol) affordedhetitle onpgund as Vi scous
oil (94 ny, 57%. 'H NMR (DVMBO) 8 1734-1.41 (m 2 H),
MetﬁbcﬁB b ﬂedftb @-cﬂoro@n%tﬂ%B nlt?c')_bzyrfiilﬁe g94 %g 0. 53m7r?bl) and N-

pyndq) 2-ylac@gn'(|de (82 me .6 ramol) aﬂ;ordedéln@llﬁe wmpound as wscous oil (32

mg, 7oA 2SR EOERENS SR e H 3.83 (& QM08 Ahidhob =B 5 Hz. 1 H)

7. 58€(BB| ue=d7 6044 Eb oLy 3 95 i, prgik&eﬂﬁﬁ 8@4 @-%ﬁ??'ﬂz, 1 H), 8.14

4-" met hoxyphe acet am de (99

(dd, df=f' and b HaeltH) 8659: cFUAd’ Hz, 1/|Hs)cous

Example 38: 2-(5-Chloro-pentyl)-5-methoxy-3-phenyl-3H-imidazo[4,5-b]pyridine

WD

~~Ph
Method B applied to 2-chloro-6-methoxy-3-nitropyridine (94 mg, 0.5 mmol) and 6-
chlorohexanoic acid phenylamide (113 mg, 0.6 mmol) afforded the title compound as
viscous oil (94 mg, 57%). 'H NMR (DMSO) 5 1.34-1.41 (m, 2 H), 1.62-1.71 (m, 6 H),
2.78 (t, J = 6.8 Hz, 2 H), 3.73 (s, 3 H), 6.73 (d, J = 8.6 Hz, 1 H), 7.53-7.63 (m, 5 H),
7.98 (d, J=8.6 Hz, 1 H).

Example 39: 1-(4-Methoxyphenyl)-2-methyl-1H-imidazo[4,5-c]pyridine

—
Lr~o

N

Method B applied to 4-chloro-3-nitropyridine (79 mg, 0.5 mmol) and N-(4-
methoxyphenyl)acetamide (99 mg, 0.6 mmol) afforded the title compound as viscous



WO 2008/ 009348 PCT/ EP2007/ 005816 41 oil (84 ng, 70%.
1IH NV\R (DMSO) S 2.55 (s, 3 H), 3.88 (s, 3 H, 7.21 (d,
WQ@200880848z, 2 H), 7.57 (d, J = 8.8 Hz, 2 H),Pqr/8R200t005816

J =5.4H, 1H, 857 (d, J =54H, 1H, 9.44 (s,

1 H. W 2008/ 009348 PCT/EPZ 7/005816 42 Caims 1 A
process for preparing a conp hd of formulal R4 11

R3-A2 AN 13 ">--J-R5 (1) R2-A:~ A NRL QROS5

and/ or all stere0|soner|c forms of the conpound of

oil (84 mg79%). MR (DMBQ) &2.58 (s, 3id}e3.881(sE3 iH), AR/l (d J=8.8Hz 2

H). E8Bud T Bt eorrhl .80 Wik 02, T, 87" G it He, 1 1), .04

(s, 1uq ependently from each other selected from carbon or
rogen atons to formtogether with the two carbon

atons in formula | a stable 10 aromatic or
het eroaromatic ring; Qis -(Cl-C6)-al kyl ene, wherein
al kyl ene is unsubstituted or nono-, di- or
trisubstituted i ndependently of one another by R14;
-(C3-C8)-cycl oal kyl, wherein cycloal kyl is
unsubstituted or nmono-, di- or trisubstituted
i ndependently of one another by R14; 15
-(C6-Cl4)-aryl, wherein aryl is unsubstituted or
mono-, di-, tri- or four tines substituted
i ndependently of one another by R13; or
-(C4-Cl4) - heteroaryl, wherein heteroaryl is
unsubstituted or nmono-, di-, tri- or four tines
substituted i ndependently of one another by R13; J is
-( Cl1-0B)-al kyl ene, wherein al kyl ene is unsubstituted
or nmono-, di- or 20 trisubstituted independently of
one anot her by R14; -(C3-C8)-cycloal kyl, wherein
cycl oal kyl is unsubstituted or nono-, di- or



trisubstituted i ndependently of one another by R14;
-(C6-Cl4)-aryl, wherein aryl is unsubstituted or
WOrRew8/0093d8 -, tri- or four tines substituted PCI/EP2007/005816
i ndependently of one another by R13; or 25
-(C4-Cl4) - heteroaryl, wherein heteroaryl is
unsubstituted or mono-, di-, 42i- or four tines
substituted i ndependently of one another by R13; WO
2008/ 009348 PCT/ EP2007/005816 43 RO, R1, R2, R3, R4
Claifdd RS are independent of one another identical or
different and are a) hydrogen atom b)
(Cl C4) -al kyl, wherein alkyl is unsubstituted or
ituted one 5 to three t c) hal ogen,
o) Arergs iy Prennmnd. B o rorBUiabubs 1 ¢ ur ed or
substltuted one tR4 hree tinmes by R13, e)
-(C1l-C3)-fluoroal kyll;, 10 f) -N(RL0)-(Cl-C4)-al kyl,
wherei n al kyB;IS bstNtuted or substituted one to
three tines R@B -N g:;l_ﬁsaryl(l,) wherein aryl is
unsubstltuteﬂzze-r- i -, tri- four times
substituted mdepenPdentIy of one anot her by R13, h)
-(4-Cl14) - het er oar '1 wh&-eR0 heteroaryl is
unsubstituted or nmono-, di-, tri- or four tines

5 S UQﬁ&/oﬁ' ﬁil%@eﬁeﬁ%ﬁ%ﬁiﬁf&hﬁ &fthe '&Smrf%ﬁu%rtﬁrfoﬁﬁulajﬁanw)or mixtures of

G3) - cycl oal kyl', wherein said cycl oal kyl
unﬁlﬂsetfotms énlaoy ratimrand/ona physmloglcaﬂyftol@rahedrmt of the compound
sub |tu?e |nde endently of one another by R13, or
20°]S§°"5' 't rrbered cyclic residue, containing up

toad, A2, A8, g 4 bR RidepeAdENtREsTeddPdther eREesd from carbon or
sul fur or oxygen, wherein said cyclic residue is

unsillegentatoes torformtegethar withthe twecarben atamsrissformula | a stable
su of one anot her by R13, k)

10 OQ@M%PW@?@}%%%@H% kyl, wherein alkyl is

unguigst L(Oif—eﬁ)-grkyﬁdﬂéétwﬁerbeﬂblkylene is unsubstituted or mono-, di- or

trisubstituted independently of one another by R14;
-(C3-Cg)-cycloalkyl, wherein cycloalkyl is unsubstituted or mono-, di- or

trisubstituted independently of one another by R14;
15 -(Cg-C14)-aryl, wherein aryl is unsubstituted or mono-, di-, tri- or four times

substituted independently of one another by R13; or

-(C4-C14)-heteroaryl, wherein heteroaryl is unsubstituted or mono-, di-, tri- or

four times substituted independently of one another by R13;

Jis -(Cq1-Cg)-alkylene, wherein alkylene is unsubstituted or mono-, di- or

20 trisubstituted independently of one another by R14;
-(C3-Cg)-cycloalkyl, wherein cycloalkyl is unsubstituted or mono-, di- or

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

25 -(C4-C14)-heteroaryl, wherein heteroaryl is unsubstituted or mono-, d| tri- or

four times substituted mdependently of one another by R13;
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one to three tinmes by R13, n) -NO2, n) -CN, o) -OH
30 p) -C(O-R10, WD 2008/ 009348 PCT/ EP2007/ 005816 44

W@ 2008038 O R11, r) -C(O-N(R11)-R12, s) - N RQ/ERDAT/005816

t) -N(R1O)-SO2-R10, 5 - v) -S-R10, w) -SOn-R10,

wherein nis 1 or 2, x) -S02-N(R 1)(Rl 2) or y) at

| east one of R1, R2, R3 or R443re absent in case one

or nore of A, A2, A3 or A4 are nitrogen atom or 10

Rl and R2, R2 and R3 or R3 and R4 formtogether with

th t h F : . :

g %%Fgﬁs%ﬁ‘ﬁaﬁ gRa rcég‘)rét Fé?%l?% ﬁ{%%%?ﬁgaf &3&%%5 a28trher identical or different
hetamdogreons chosen from nitrogen, sul fur or oxygen,

wherein gaid ring i s unsubstituted or substituted

one, twéd threé’ygfogedh? 1OMnes by R14, R10 is hydrogen

atom - (Hyl- C3) ﬁ-%\%' viére ncémﬁi% &Hs‘ﬁ%g tituled §]1§ubstntuted one

and R12 are in epen one anhother 1dentic

di fferent and Qéﬂwre@)tnﬁé@'bzm atom b)
-(C1- CG) aI kyl, wherein al I'S unsubstituted or

nono-, - or htaiqgﬁﬁbst i tut ed i ndependently of one

another y R13, rein,aryl s .
unsubst it ut ed h |’0§(§B vgiled% n?ﬁp{%l?)&] § b%h%é%& or substituted
i ndependent |y @hectoehamﬁrhes RT3, d)

-(C4-Cl14) - heteroaryl, V\herel n heteroaryl is
unsubst i®ut ed ofC fluorelkylor tri substitut ed

|_ Rl&?pen?j\l?t ly %@Iﬂ% @I% ”g?{ ’k\yﬁ%g’re‘,’,{ é@%’éﬁl) ui)gﬁ&ﬁed or

- CF3, h I 7) - R18,
CN(RLT) - R1B, OX%{“’B?“@ %O%gézmﬁﬁ%‘?ﬁ} N &ah e RI10,
- SOn- R1@) wher e{Qg-C1ig3-akylowhérein Sy l&lhﬂé&%stﬁ&%d or mono-, di-, tri- or

four times substituted independently of one another by R13,

h) -(C4-C14)-heteroaryl, wherein heteroaryl is unsubstituted or
mono-, di-, tri- or four times substituted independently of one
another by R13,

i) -(C3-Cg)-cycloalkyl, wherein said cycloalkyl is unsubstituted or

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

)] a 3- to 7-membered cyclic residue, containingup to 1,2, 3 or4
heteroatoms chosen from nitrogen, sulfur or oxygen, wherein
said cyclic residue is unsubstituted or mono-, di-, tri- or four

times substituted independently of one another by R13,

k) ~O-CF3,

1) -0-(C4-Cy)-alkyl, wherein alkyl is unsubstituted or substituted
one to three times by R13,

m) -NO2,

n) -CN,

0) -OH,

P -CO-RI0,
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-(C6-C14) -
mono-, di-

aryl, wherein aryl is unsubstituted or
or trisubstituted i ndependently of one

wa@ewsherssby Rl4, -(C4-Cl4)-heteroaryl, wherei nPCT/EP2007/005816
heteroaryl 1is unsubstituted or nono-, di- or

trisubsti

- (C3-C8) -

unsubsti t

tuted i ndependently of one another by R4,
cycl oal kyl, wherein ki d cycloal kyl is
uted or nono-, di 30 or trisubstituted

i ndependently of one another by R14, or a 3- to
7- rrenbea)ed WO 28 @@%?48 PCT/ EP2007/ 005816 45 cyclic
n

resi due,

contal to 1, 2, 3 or 4 heteroatons

chosen f)rom nltG@eN(mt)-ﬂRﬂﬁr or oxygen, wherein said
cyclic reS|due

trisubsf)

tituted or nono-, di- or
tut ed™N 1&33% ntly of one anot her by R14,

R14 is fal ogen‘N(Rq—d) ?\l%g RfN. -CF3, -(C1-C8)-alkyl,

- (Cl1- C4y -

al koxy, , -C(O-0H -NH2,

- -C(O - Gyf Cl- C4)s.ﬂ1lg( , -(Cl-C8)-al kyl sul fonyl ,

- O -N

-C(O) - NA2

- N( RLO)

Cl-C8-Ik O - N (C1-C8)-al kyl 12,
( - S . %/Q\I(Vﬂlg)e”’)q\@[gmﬂ(,c)l-&)}/al kyl, or

i ndepen?ﬂ)entl)yNé(%ﬂ&%%&'%& q’zrder?%rcglndo?lgi ?1[ :rent

and are
-(ce-c1¥)

) “he ot S GR8EQHE BFRA. BP R B2 e St oS one or more

process conpri éﬁmaAQeAstdrm gfe ﬁtr@?&ﬁ@ﬂm gf formula

Il R4 O

11 11 2A N R3-Al 13 + R2-A~Ad X |

R1R11a31d/\Ré’r Blrarrl R3par, R&andFEzM foxm tquthw@m theﬂat(mﬂ%Wthh they

or cfontfiied 4.5t BY pobnad . fantaliing bi 1+ 2% aPigheteroatoms

J- Bhoder( frbin) nitrogen, sulfur or oxygen, wherein said ring is unsubstituted or

substituted one, two, three or four times by R14,

R10is

hydrogen atom, -(C4-C3)-fluoroalkyl or —(C 1-Cg)-alkyl,

R11 and R12 are independently of one another identical or different and are

a)
b)

c)

d)

R13is

hydrogen atom,

-(Cq-Cg)-alkyl, wherein alkyl is unsubstituted or mono-, di- or
trisubstituted independently of one another by R13,
-(Cg-C14)-aryl-, wherein aryl is unsubstituted or mono-, di- or
trisubstituted independently of one another by R13,
-(C4-C14)-heteroaryl, wherein heteroaryl is unsubstituted or mono-
, di- or trisubstituted independently of one another by R13 or
halogen, -NO>, -CN, =0, -OH, -(C1-Cg)-alkyl, -(C4-Cg)-alkoxy,

-CF3, phenyloxy-, -C(0)-0-R17, -C(O)-N-(R17)-R18, -N(R17)-R18, -C(O)-R10,
-N(R10)-S0O2-R10, -S-R10, -SO-R10, wherein nis 1 or 2, -SO2-N(R17)-R18,

-(Ce-C14)-aryl, wherein aryl is unsubstituted or mono-, di- or trisubstituted

independently of one another by R14, -(C4-C14)-heteroaryl, wherein heteroaryl

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

R14, -(C3-Cg)-cycloalkyl, wherein said cycloalkyl is unsubstituted or mono-, di-

or trisubstituted independently of one another by R14, or a 3- to 7-membered
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Q RO wherein Q J, ROand R5 are as defined in
formula I, in the presence of a palladiumcatalyst, a

whame/ 00848 | gand and an aprotic solvent 20 to PCWEPR07/005816

conpound of formula IVR4 0O 11 11+ R3-A2A NO 13 O
(1V) R2-AAM | NA Rl QRO J-R5 WO 2008/ 009348
PCT/ EP2007/ 005816 46 and comsrting the conpound of
formula IV into a conmpound of formula | in the
presence of a reducing reagent and a second sol vent
an t 2f ' :
£ oY R SRR, PohRinFRTRAUNY 23 0% Rbdfoaioirs €4 i nitrogen,
pr sulfursoramoged, m@er-ncs!aml pydiic rekigluei is uasabstitatediopmono-, di- or

t olBunantued ifderB ARGt of B5R SaOUIRT B RASr mura | 8
beRaans PY" Agidien, PIH, $07.08, -0F5] ACASCARMINTLIE N4 alkoxy,

triazine or tetrazine, 10 Q1S -

wh_em@gn- OB ENHS), UBEOREL (G 11025- oMyl 'YC]- nghﬁ%ll%ﬁlfonyl,

trisubstituted |ndependently of one "anot her

- ( CSHEBNHs(CA -C)atkyl, *@(ﬂ)dﬂ[mefﬂé)@a‘kWi -{0)- NH2 -S-R10,

unsubstituted or nmono-, di- or trisubstituted

| NENRADEGIO yNbF-(GnEgiradkyleor JeN(FRhm) C{DENYC1-Giggabivii2,

heng IS _unsubstituted or nono-, di-, tri- or four

ti fdd andsR3Brrei t indapendesiy afiene apodierddentigeb ondiffesgnt and are
€ aryl, wherein heteroaryl is

sel ect ea frohgé e&léﬁ(gﬁp azai ndol e (1

H-pyrrobypyr L(dj1n¢|6).auq/zaben2| m dazol yl ,

azaspi rodecanyl, azepinyl, azetidinyl,

benzi m dazol y(IQ(; Bagr-afyls anyl benzot hi of ur anyl ,

benzot hi opheny], benzoxazolyl benzt hi azol yI

benzt ri 8¥ol yHCapensl-beteegasylyl , benzi soxazol yl ,

benzj sot hi azol x1l
sald process comprises a reaction of a compound of formula I
«

R4 ICl)

J-\ .-
R3— /lx oo
Rz—&ﬁ\‘,

R1
wherein R1, R2, R3, R4, A1, A2, A3 and A4 are as defined in formula | and

Xis Cl, Br, |, triflate or nonaflate, with a compound of formula Il
' 0]

PN

H=N" “J=Rs ()
Q—RO

. ()

wherein Q, J, RO and R5 are as defined in formula |,
in the presence of a palladium catalyst, a base, a ligand and an aprotic solvent

to give a compound of formula IV
R4 O

o) (Iv)
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20 carbazolyl, 4aH carbazolyl, carbolinyl, chromanyl,
chronenyl, cinnolinyl, decahydrochinolinyl,

wal2®sdidsysir ooxazol i nyl, di oxazol yl, di oxazi nyl PCI/EB2007/005816

di oxol anyl, 1, 3-di oxol enyl,

3, 3-di oxo[ 1, 3, 4] oxat hi azi nyl , 6H 1,5, 2-di t hi azi nyl,
di hydr of uro[ 2, 3-b] -t et rahydr dbur anyl , furanyl,
furazanyl, imdazolidinyl, imdazolinyl, imdazolyl,
i ndanyl, 1 Hindazolyl, indolinyl, indolizinyl,

| ngey %nvel;ﬂ'h ¢ e BERY bnd 'O?‘P&%lﬂﬁflvrlﬁt%yé coh%ﬁhﬂ%‘?@r)‘ﬁula | in the

i sol ndaz I SOl N O |ny i sol ndol
i sresence oﬁglredus&ng meagentyand a§ec¢hhd1§o|Viedt and

isothia olin i soxazql vl .. i.s0xazo
ity dhypestRg B 0iiay i€ ERERIITY l s physiotogically tolerated
rngéﬁuﬂlnyl napht hyri di nyl, octahydroi soqui nolinyl,
oxadi azol yl , 1,2,3-oxadiazolyl, 1, 2, 4- oxadi azol yl ,
1, 2, 5- oxadlazolyl, 1, 3, 4- oxadi azol yl ,

éxﬁ}gég?{-‘;ﬂ@se%%ﬁy%gzg%%éﬁ%f‘f%ﬁé‘%@é?p#ﬁ%u%% of formula | is prepared,

1,8héred®i nyl, 1,4-oxazinyl, oxazolidinyl, oxazol i nyl,
oxazol oxet anyl oxocanyl lp?l’eq?nanth“ di ny

phéhaﬁ%llwf’\élamdy‘i‘“} ¥qmétqggtlpg;] wit W cakh toms in formulal a

ﬁ%' }’UVJ' gﬂﬁ @%égﬁf ﬁgflglg}éﬁgﬁﬁﬁ% lqg ?tgié%ne or tetrazine,

pi Qdsi di(Cy+-CpalkyletienWherginralkyléne twumubstltmgd a:xlmryrho- di- or
pyrazol i di nyﬁ5 pyrazolinyl, pyrazolyl, gyri dazi nyl ,
pytrlsdbsbrtﬂteﬂ ndepppdenthy oﬁmm’lyﬂher bmFH ot hi azol yl ,

‘Eéi hl’)‘%?‘lkylymne%*\:q?&fjoa%spgﬁ%t%ﬁt&i ayl TBPe- di- or
334%@&% i BB o SRR I, oy

t ephéemy dwhiFeshnl @h@ﬂw |9y1|nsub$tﬂt1teih<y|qum ki), itriyor, four times
tetrah drofurany tetrahydrop%ranyl

t ewtaﬂtgtwtﬁéppqﬁemnqgnﬂy qf 8t hY KJ%e Ry |
t i GARGTE}pleToadR Jtfqreirthitbrconyr & belétsed E’%F‘gﬁ%'ﬁyf’ azaindole
1, gﬂﬂﬂ l;l'?flﬁiy%lﬁ'lfly)' azé@é@m&b‘}’)}h azdsp?roﬂ@baﬁylnﬁtepmyl azetidinyl,

4-thiazinyl, I,3-thiazol
thbaunhydaquyh beozcbfuranml benzotmpwamylnpenzqthnom?nyl benzoxazolyl,

%Fl?%@g&.?p%ehn rtizg%oﬁfl béﬂ%}ﬁhﬁ%ﬁl&@%ﬁéﬁgﬁ%@lyl benzisothiazolyl,

thb@ﬂ%%agll y4aHJcarm69myéarbbm;np¢ﬂramdn§/| chromenyl, cinnolinyl,

3-triazin 4-triazi nyl 5-triazi nyl
1 dseeamydrazlmn9llny|,14 5- @hycﬂrp@xazghny\ dioxagalyl; GIQaSﬁ;dnyf 1,3-

Vméioé(, }?PP(L 36%‘#%3'&“@ 3 Eig(%%ﬁf ﬂmé?ingp%wll ,g,@'&ﬂhlazmyl,

tr dihyaroflrsR, 3—b}ltfé$ra$1ybﬁifutauiyEdutawe derztanyl, ymiofazolidinyl,
anot her by R13 is a coval e

(m@ewwlkwea@lwmw 14 ma@ﬁbf?,. lggglﬂyuuggpm@gdmdolyl 3H-
an gﬁ@ﬂ ﬁggéﬁﬁ&hraﬁﬁ, iS§&bhldty e dsdiRdsRad fididdolnll, findolyl,

isoquinolinyl, isothiazolyl, isothiazolidinyl, isothiazolinyl, isoxazolyl, isoxazolinyl,

isoxazolidinyl, 2-isoxazolinyl, ketopiperazinyl, morpholinyl, naphthyridinyl,
octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,5-
oxadiazolyl, 1,3,4-oxadiazolyl, 1,2-oxa-thiepanyl, 1,2-oxathiolanyl, 1,4-
oxazepanyl, 1,4-oxazepinyl, 1,2-oxazinyl, 1,3-oxazinyl, 1,4-oxazinyl,
oxazolidinyl, oxazolinyl, oxazolyl, oxetanyl, oxocanyl, phenanthridinyl,
phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl,
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-(C3-C6) -cycl oal kyl, wherein cycl oal kyl is
unsubstituted or nono-, di- or trisubstituted

w0 pabspersadent | y of one anot her by R14; 20 phenyPCT/EP2007/005816

wherei n phenyl is unsubstituted or nono-, di-, tri- or
four tinmes substituted independently of one anot her
by R13; or -(C4-Cl4)-heterodlyl, wherein heteroaryl
is as defined above and is wunsubstituted or nono-,
di-, tri- or four times substituted independently of

oNngh thél&ﬁﬁwrm?é‘rﬁiﬁﬁl &?eﬁ@iny%ter@n l@umﬁy‘lfpﬂénﬁﬁ p@rfa&myl

i ndependent ‘of one "anot her |dent|c ferent and
arreyra)zohq;aylogwrazgh@yh pyngrolyl, pyyiderinyt, psridoggazglyl, pyridoimidazolyl,

ottt rar 5L ol i A oy

(@rr@ﬁ?yl fZHL(pyt‘r@NKYdyrrd(‘ﬁD aam&/zew@lﬁmyﬁmﬁwm&m

48 t) phen wherein i s unsubstituted or
suwnpx@hrw qmréuqlléimfhﬂ@érahvmura@y tatsahygroisoquinolinyl,

aé@éraﬁ&é Oocfu%ﬂfn&?“t%ﬂr%%@é@b Ih%t?a{h%F%éy_r{aﬁwf‘ﬁtgﬁg{))dpc?&ridinyl,

nmono-
f tetratyrthiophehil tétaati?ylﬁ%e:zd@nm;qﬁl-}ﬂcﬂ,5-t5i_adiazirwlpi 1263-
CRARROV. 12 AriSabiaAe b SiriadAgol. 3 4 hiadiazay, thianthreny),

f ogr dqi ekl i
K LAl G L A e ]
f r thiazoliapl, tlienylz tietaingk th|eaatl'nazb|yiethlermoxarzelyl ]thmnoimidazolyl

ci B5BnHe g BaenaToh eopngpe. (BOPRRBM.p&Ira, 1,23 triaziny,
d' @W—'tr“‘&lraﬂ' 923% Briazln M@lﬁ&yl 1233 GH:&WI ang, 4-triazolyl, 1,2,5-

furan I m azo'le im azo I he, |mdazo | |ne
i strigzolyt,ol,8,4- trwotyi andlﬁaath@yl ianst whaeein ihﬁ@roaryl is unsubstituted or

LZ%%?L oltlf' f@x q@g{tlhgqsp%qﬂas;?@?gé Q%%ﬁenﬁx of %%%Za%otngr by R13;

1, i9xaatdovaranBond, 2- oxat hi ol ane, 1, 4-oxazepane,
1, 2-oxazine, 1,3 15 oxazine, 1, 4-oxazi ne, oxazol e,

oxd@it-Cal-atkylengewdiereialikynae ipHpsybstityied or mono-, di- or
trisubstituted independently of one another by R14;
-(C3-Cg)-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 above and is

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

another by R13;

RO, R1, R2, R3, R4 and R5 are independent of one another identical or different
and are

a) hydrogen atom,

b) F,

c) Cl or Br,

d) -(C1-C4)-alkyl, wherein alkyl is unsubstituted or substituted one to three
times by R13,

e) -(C1-C3)-fluoroalkyl,
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pi peridi ne, pyran, pyrazine, pyrazole, pyrazoline,
pyrazolidi ne, pyridazine, pyridine, pyrimdine,

W@00B00®B48 pyrrol i di ne, pyrrolidinone, pyrroli neCT/EP2007/005816

tetrahydrofuran, tetrahydropyran, tetrahydropyridine,
tetrazine, tetrazole, thiadiazine thiadiazole,

1, 2-thiazine, 1,3-thiazine, 48&-thiazine, 1,3 20

t hi azol e, thiazole, thiazolidine, thiazoline, thienyl,
thi etan t hi onorpholine, thiopyran, 1,2, 3-triazine,

T é é’%{‘\gheﬂelﬁpﬁehgﬂ i84n3Gbsthu (?3 rtéd&%ﬁut%dgj'n_e to three times

and nsu stitute nono-
tri- orbflR]B times substituted i ndependent ly of one

3&&2?2 G2 T abteraamby vvsh%r{%@uﬁ%ﬁer Kk s Aahestabays and is
alkyr 1 UPETRRER s mangs b Bk o Rcime bt bBeBendently of

times byn&baotHer bydRH 3, 30 n) -OH, o) phenyl oxy-,
wherei n phenyl oxy i s unsubstituted or substituted one
toh) t hr é@g@g};gy(@al&yn whm;e@om;ql gmgga@;yl is unsubstituted or mono-, di-
PCT/ EP2007/ 005816 49 R& &
C(O) N¢ ¥t Py Jeurtimes subpit mﬂggen %gtly f one another by R13,

O a5% Tfherherd o e sidtl sERpE omuiBpH! diotidine,

I east oagiridineRAziriRe, 1F§3d-rzeﬁana,r‘32abammne n1,Bediazepioe, 1,4-

5 hyar EaPe, Rz e ciptling o tionirge: G048, 8iBxolk.% 3-
or - ( C1- gishordneyH,3- %&o%é ?&r%narrﬁldbaelépﬁﬁﬁ@%iuye Gfnidalidine,

anot her 1 dent i cal or diffeérent and are a) hydrogen
atom isothiazole, isothiazolidine, isothiazoline, isoxazole, isoxazoline,

isoxazolidine, 2-isoxazoline, ketomorpholine, ketopiperazine, 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, 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, thiomorpholine,
thiopyran, 1,2,3-triazine, 1,2,4-triazine, 1,3,5-triazine, 1;2,3-triazole or
1,2,4-triazole, and is unsubstituted or mono-, di-, tri- or four times
substituted independently of one another by R13,

j) -O-CF3,

k) -0-(C1-Cg4)-alkyl, wherein alkyl is unsubstituted or substituted one to

three times by R13,
1) -N(R10)-(C1-C4)-alkyl, wherein alkyl is unsubstituted or substituted one

to three times by R13,

m) -CN,

n) -OH,

0) phenyloxy-, wherein phenyloxy is unsubstituted or substituted one to
three times by R13,
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b) -(Cl-CA4)-al kyl, wherein alkyl is unsubstituted or
mono-, di- or 15 trisubstituted i ndependently of one

waewslens4sby R13, c) phenyl, wherein phenyl is PCI/EP2007/005816

unsubstituted or nmono-, di- or trisubstituted
i ndependently of one another by R13, d)
-(C4-Cl4) - heteroaryl, wherei Mheteroaryl is as defined
above and is unsubstituted or nono-, di- or
trisubstituted independently of one another 20 by R13
or8513 ie Re1-ON, =0, -OH, -(Cl-C8)-alkyl,

-alkox ~CF3, phenyloxy-, -C(O-R 0,
ch) O-CR]O)?N(RC(ERiRI(Rl?) R18, -N(R17)-R18, -N(R1L

S02- -SOn- R10, wherein nis 1 or 2,
82 N(%(‘F%Hl% ’ phenyl wher ei n phenyl is

un§ bst LN &H- SO IRIE; - di- or trisubstituted 25
[ ndependent Iy of one anot her by R14,
- (f4- CLg-Rwg,eroaryl, wherein heteroaryl is as

defj ned a80ve and i s unsubstituted or nono-, di- or
t r V5ubst?PotRI0, WheretAdeAn2.of one anot her by R14,

Vi mhereln said cycloal kyl is
un@bst@@ééﬁﬁhﬁ% di- or trisubstituted
pen f one anot her by R14, or a 3- to
?@@5 §gﬁ % resi due, which is as defined 30
abyye aatlielast one bR, RY, B or RARIIe-abseént idEase one or more of A1,
trisubstituted mdependently of one another by R14,

WO 2008A808349 AsbarecpitiogendieBne 50 R14 is F, O,

- a8, ~ Oy Fotn A o 7 P,

I
( ﬁjﬁ @)d R'g:?)ﬁégu_ gﬁ%&/ﬁlbndeg(ﬂ%bf blil{[m%Cl @e;?l@enti/cla]l or different and are
RlO) hy;gr@)gematoml C8) - al kyl or

0 L G R e i%ag%yﬁégtﬁt#gdﬁ%%& ,ecﬁf or
d - - -
o AR AP ooy,
orc) . 3phéhyl, whersis phaagbisdinsubstitutédonmmohoerdi2or trisubstituted
wherei n_a conpound of fornula,l prepared, wherein
mdependently oP one another by R? 3,

d) -(C4-C14)-heteroaryl, wherein heteroaryl is as defined above and is

unsubstituted or mono-, di- or trisubstituted independently of one another
by R13 or
R13 is F, Cl, -CN, =0, -OH, -(C4-Cg)-alkyl, -(C1-Cg)-alkoxy, -CF3,
phenyloxy-, -C(0O)-R10, -C(0)-O-R17, -C(0)-N(R17)-R18, -N(R17)-R18,
-N(R10)-S02-R10, -S-R10, -SO»-R10, wherein n is 1 or 2, -SO2-N(R17)-R18,
phenyl, wherein phenyl is unsubstituted or mono-, di- or trisubstituted
independently of one another by R14, -(C4-C14)-heteroaryl, wherein heteroaryl

is as defined above and is unsubstituted or mono-, di- or trisubstituted
independently of one another by R14, -(C3-Cg)-cycloalkyl, wherein said

cycloalkyl is unsubstituted or mono-, di- or trisubstituted independently of one
another by R14, or a 3- to 7-membered cyclic residue, which is as defined
above and is unsubstituted or mono-, di- or trisubstituted independently of one
another by R14,
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A, A2, A3 and AA formtogether with the two carbon
atons in formula | a 15 benzene or pyridine, Qis

WO R@APHI348hi ch i s unsubstituted or substitut edPGERDST/005816

-(Cl1-Co)-al kylene or pyridyl, RO, R, R2, R3, R4 and
R5 are independent of one another identical or
different and are 20 a) hydr8@men atom b) F, c¢) d,
d Br, e) -(Cl-C4)-alkyl, 25 f) -(C3-C6)-cycloal kyl
g) phenyl, h) -0-(Cl- C4) alkyl, i) -C(O-0OR11, j)

1438 55051 S8 =BOGR) 80 20500035 (Gy-Capalkqyy. C(OKOH,
R4-I@H§iﬂif{%f)ftb -(03- egﬁﬁu@ne(@{ -CBLAkRbulfdnyl, -@%O)N—!Qr—$4?10

are nftrogen atom 0°1's hydrogen atom

01 GG (4-56)-allyBLL (0 NI aleith o

al k 5 R13 R14 is d, F,

( CN(R?H)) @&NNHGGCT-C@WW bﬁirNLRM ORCKO)- N[(@?ins)salkyllz,
hydrogen atomor -(Cl-C4)-alkyl and Xis O, Br or

10R47 areRp8 @resslrmiependentyy obore anather nd@t&ahpedéﬁeuént and are

one of the fgllow ng,.conpounds of forrmula I is
pr epar eap %ﬁ’ 12080 %t hyI 1 -phenyl -

H benzi daz ~C2)- wyl -1 -phenyl -1 H

benzi m lg)azol gbq %?ﬂ or o- 2- met hyl - 1- phenyl -

H benzi g) dazphenyldr7- D met hyl - 1- phenyl - |

H benzi m dazaol e; 5- I\/Et hoxy- mét hyl - 1- phenyl -

H benzi f dazdCd-C24) heteroary an

Xis Cl, Brorl.

The process according to claims 1 or 2, wherein a compound of formula | is
prepared, wherein

A1, A2, A3 and A4 form together with the two carbon atoms in formula | a
benzene or pyridine,

Qis phenyl, which is unsubstituted or substituted by R13, -(C4-Cg)-alkylene
or pyridyl,

RO, R1, R2, R3, R4 and R5 are independent of one another identical or different
and are

a) hydrogen atom,

b) F,
c) Cl,
d) Br,

e)  -(Cq1-C4)-alkyl,
f) -(C3-Cg)-cycloalkyl
g) phenyl,

h)  -O-(C4-Cg)-alkyl,

i) -C(0)-O-R11,

i) -CN,

k)  -C(O)-R10 or
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15 Met hyl - 1- phenyl -1 H benzi m dazol e- 5- car bal dehyde;
1, 2-Di phenyl -1 H benzi m dazol e;

WA 2008009848 2- pyri di n-3-yl -1 H benzi m dazol e; PCT/EP2007/005816

1- Phenyl - 2-tridecyl - 1 H benzi m dazole; 1,2-dinethyl-1
H benzi m dazol e; 2-Methyl-1 -phenethyl-1 H

benzi mi dazol e; 2-Methyl-1 -py¥idin-2-yl-1

H benzi m dazol e; 5-(1 -Phenyl-1 H

benzoi m dazol - 2-yl ) - pentanoi c acid nethyl ester;

2- (35 Chb@Fe@sPéﬁéb'fmlﬂ@ﬂB’br R4 a}e'é‘t}%@ﬂﬁrﬂ&éé%z@ﬁ@or more of A1,
4- Met hoxy- phenyl ) - 2- et hyl -1 H benzi m dazol 4-( 2-

I\/Et hyl - B@nAQiafi Athaee nttrogep atemzonitrile, _ _
rreﬁhg%gs? o P ERE B G 5@&%9!‘% U bensi i dazol e,
2- d |
RIS 1 gﬁ?@’ﬁ’ge“‘zﬁgw TR ot e:

5 R4skeptyl - Qg(@cmrpﬁazol 1-yl)-pentanoic acid
tert-butyl ester;

6- R4 gt hyI QberoGGn @ai-alkyuoer(ODr@cémoﬁm)-@&yd net hyl

entyl net h th butyl )-1
H-ég:zﬁm daz zgrpogee@ftgm@y-,(g&@dal%ﬁ/qﬂ ester;
thyI ﬁz J1H-| m dazo[ 4, 5-c] pyri di ne;
hyI H%//I 1 Himdazo[4, 5-b]pyridine;

2 Met hyl - 3 phenyl 3H i m dazo[ 4, 5-b] pyri di ne; 2, 6-
Di net hyl - 3- phenyl -3H-im dazo[y_ﬂS b] pyri di ne;
5- /Be [psReess m_qq@qng:;om@m 1 mherem one of the following compounds

Znép%%%ﬁf‘s%gé%}%y 3Hi i dazo[ 4, 5- b] pyri di ne; 2, 7-

5D| gg%ﬂﬁwo-agmbﬁiwh =pHenyi Hﬁﬁ@ﬁﬁmﬁdﬂdwrz Nigigyl-1-phenyl-1H-
yl bglp¥|o p A gppg-,%/'n@hw@ phenyl -1H-benzimidazole; 2,7-Dimethyl-1-

2oéﬁ?%@éﬁgeééﬁ‘ééﬁ%#&é%%%ﬁ% e Bt fonEetiidpidazole; 2

meMeghylets phenyl2t H-bBnzistidgola-GbarbeldotydatH | 2r-Diptrariy 15+

o] B%&%%‘Eg@@h E?’E@pyhé@?uh%egﬁ)l é%ﬁ)mimazole' 1-Phenyl-2-tridecyl-
| AR of 1, Afimahh Lo B ARRELNE - MY -phenethyl-1H-

l\/bbhnmm@azrﬂeh&-lMelhyolyhpdndmzz-yl 1 Birbéndintidazofe; 5-01-Phenyl-1H-

5. Rensrifrjdaztinin)Peatanls adsiapathy! 65tgyi2--blgso-pentyi-1-phenyl-

1- § A-DérAnpiosorvi-) 4-P3’retW&E3PMHeHyI) 2-methyl-1H- benznmldazole 4-(2-
H i m dazo[ 4, 5- cﬂaﬁ yridine. '5. The process according t
e

cI MaﬂsyliJemzom I«bw» befezqmarlleaaramm%(%rmethxd benzmmldazol 1-

P 0 RBris 284 iR R Alumeliy RIS s RRs BGE e, o

Pdcy&mghhémymrmie@yﬁw &nzﬂﬁﬁé&b@ @Me@ﬁﬂﬂf—ﬁ}/ﬂ&intzlyl 1H-

claim5, wherein the aIIadlumcataﬂi/st is selected

f r banziptdazalefr(2-Heptyhanzoimideapl-ka pentanpic acid tert-butyl ester;

LBl OULAREBE kI Y PRIRAE SRR methyl ester; 2-

tr C?éld»pbﬁfylmb'tmﬂ e@ciethye-buitydpll Haskinzivnidazold-6+cdrboxylic acid
methyl ester; 2-Methyl-1-phenyl-1H-imidazo[4,5-c]pyridine; 2-Methyl-1-phenyl-
1H-imidazo[4,5-b]pyridine; 2-Methyl-3-phenyl-3H-imidazo[4,5-b]pyridine; 2,6-
Dimethyl-3-phenyl-3H-imidazo[4,5-b]pyridine; 5-Methoxy-2-methyl-3-phenyl-3H-
imidazo[4,5-b]pyridine; 2,5-Dimethyl-3-phenyl-3H-imidazo[4,5-b]pyridine; 2,7-
Dimethyl-3-phenyl-3H-imidazo[4,5-b]pyridine; 5-Methoxy-3-phenyl-2-pyridin-3-
yl-3H-imidazo[4,5-b]pyridine; 5-(5-Methyl-3-phenyl-3H-imidazo[4,5-b]pyridin-2-
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15 adduct, palladium (11) chloride,
2, 2" -bi s(di phenyl phosphi no)-1,1" binapht hyl pal | adi un(|

WO 20084009348 de, acetato(2'-d PCT/EP2007/005816

i -tert-butyl phosphi no-1, 1' - bi phenyl - 2-yl)pal | adi un(|1

1),

()1, 2- Bi s(di phenyl phosphi no) et®&ne) di chl or opal | adi un{|

1), Bis[1,2-bis(diphenyl phosphi no)ethane] pal | adi um

(0), [(2S,3S)-Bis(diphenyl- phosphino)butane]

gega{t?euitd;r)d:li]: mizdomdfthyr@btér; 2®-Dirhethyl-8.phométhyl-3H-imidazo[4,5-
y - DI S 2, 4, . . -

¢+ PIRRTS Ry Ay 2-tidesyl- SEmidasnit £-loyeginen bodi-

"OSREROIASTI BB g2 i Spenese RS Ster o

(I Meghme}t-atmet@l-ﬁpyknidﬁ(-ﬂi-p@éﬂl j:ridlaaep‘hs-rhx}pyrildirlwe;d2-(5-Chloro-pentyI)-
, 1'_- bi papht a i, U ori de or a ium

(I el rhpbanudtiumiGezols. Shgviice oé - Gobsfpivghesyl)-2-

cl g 14 1 O i base is sel ected out of the
gr?uégﬁ)gf“ﬂgpdoar%%g%]g%id;ﬁ%at es, fluorides, alkoxides

and hydroxides with a netal as counterion. 30 9. The

pracess according. tq claim erein the base is .

o BE aSEt aorting g AS T i faShRiin B¢ pafiadium catalyst is
PoLaiRstdirome Pabak Snaads CPEHIKERGERE l%Iﬁfl&(es\,/‘@d-acetonates, Pd-
2008/ 009348 PCT/ EP2007/005816 53 10. The process

acbalides Pd-balidexcomplexes amd Rdgphesphineccamplenxes. s
sel ected out of the group:
(+/-)-2,2"-bis(di phenyl phosphi no)-1, 1' - bi napht hal ene,

(R -(-)-1-[(S)-2-(di phenyl phosphi no ferrocenyl | )
et 9rruiggygd@m3(@,)|ng§%t§hpa@qdlum (1) trifluoroacetate, tris(dibenzylidene-

1 D B el di I . _ .
5 éf%oéﬁgﬂﬁggw%@m gﬁg?%ﬁ%@?ﬁ%%céf&eﬁdlpa.lladlum(O) chloroform
o o
(Ppineppthy AUl SR A BRSNS, didsH-butplpRphing-1,1-biphenyl-
(2APER A FBORRSnebeeRtpeIsippelgichioropaliadiumi,

( d’Bme,ﬂybis(dipmﬂﬂylnﬂ)GMrm)emaneqplalladium (0), [(2S,3S)-Bis(diphenyl-

" ﬁﬁég@ﬁéﬁ@@%ﬁ%@%@bgwﬁ%ﬂf\'pé\rrch%rgfez,'and 1,3-bis(2,4,6-

(- ir’rrﬂet%ﬁ%h%hgﬁﬁniéﬁo@@ﬁé’éhé@ ,4Raphthoqui none)palladium (0) dimer.

propyl phosphol ano) - benzene,
Bi s[ (2-di phenyl phosphi no) phenyl Jether, (S)-(-)-

. 4, $h8i;ﬁ66é§§1@¢bdrdin§h@&ﬂﬁlhﬂ9)wﬂel%ir@liﬁﬁébbl}’édi@mtééﬂﬁfst is selected

. i %hg%‘gééﬁ%ﬁ gé‘ég?a."n%'tX'c?:QPnsg,h\}vﬂé’Pe'i& the bglllancﬁlﬁ)%yédtalyst is palladium

bi a()tédeﬁéfétpQ%é;ﬂiphehgwbkpmh@wb1"wa&mtﬂy@bn@dihbf«l(n?&londe or
then, 2,2'-bis[(2',4",6"-

t r pabagiuepi) tdfiusfeacetates| - phosphi no] bi phenyl and
2,2 -bis(di-tert- butyl phosphi no) bi phenyl,
tri-tert-butyl phosphine. 15
The process according to claims 1 to 7, wherein the base is selected out of the

group of carbonates, phosphates, fluorides, alkoxides and hydroxides with a
metal as counterion.

The process according to claim 8, wherein the base is selected out of the group:

potassium carbonate, potassium phosphate and caesium carbonate.



10

15

20

25

30

11. The process according to claim 10, wherein the
ligand is 2,2 -bis(diphenyl -
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12. The process according to claims 1 to 11, wherein
the aprotic solvent is sel ect@d out of the gr oup:
benzene, toluene, xylene, nesitylene, acetonitrile,
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The process according to claims 1 to 11, wherein the aprotic solvent is selected
out of the group: benzene, toluene, xylene, mesitylene, acetonitrile,
tetrahydrofurane, dimethylformamide, n-methylpyrrolodinone,

dimethylacetamide, dimethylsulfoxide, (2-methoxyethyl)ether and pyridine.

The process according to claim 12, wherein the aprotic solvent is selected out of
the group: benzene, mesitylene and toluene.

The process according to claims 1 to 13, wherein the reaction between the
compound of formula Il and formula |1l is carried out in the temperature range
from 60 °C to 150 °C, preferably from 70 °C to 90 °C.
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15. The process according to claim1 to 14, wherein the second solvent is selected
out of the group: methanol, ethanol, propanol, acetic acid, methylene chloride,
dimethylformamide, tetrahydrofurane, pyridine, p-xylene, ethylacetate, benzene,
toluene, xylene, mesitylene and acetonitrile.

16.  The process according to claim 15, wherein the second solvent is selected out
of the group: methanol, ethanol, acetic acid, methylene chloride,
dimethylformamide, pyridine and p-xylene.

10 17. The process according to claims 1 to 16, wherein the reducing reagent is
selected out of the group: Ha/Raney-Ni, Ho/Pd-C, H2/PtO2, Ho/Ru,

NaBH4/NiClp, NaBH4/FeCly, H3POo/Pd-C, Sn/HCI, SnClo/HC), Fe/HOAC,
Fe/HCI, FeSO4/HCI, Fe/FeS04, Zn/HCl, Nao$, and NapSo04.

15 18.The process according to claims 1 to 17, wherein the reduction reaction of the
compound of formula IV to the compound of formula | is carried out in the
temperature range from 80 °C to 140 °C, preferably from 110 °C to 120 °C.



