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A regioselective palladium catalyzed synthesis of benzimidazoles and

arabenzimidazoles
Field of the invention

The present invention relates o a process for the regioselective synthesis of

compounds of the formula (1),

R4
,j&f
: N

R e AZ

F:’__;:)‘s I S>—i—r5 ®
;Iq-! Q—RO

in which RO; R1; R2; R3; R4; R5; A1; A2; A3; A4, Q and J have the meanings
indicated below that are useful as intermediates for the preparation of valuable

pharmaceutically active ingredients.

Background of the Invention

The present invention relates {o a direct palladium catalyzed, regioselective process
for the preparation of a wide variety of unsymmet'ricai, multifunctional A-substituted
benzimidazoles or azabenzimidazoles of the formula (1y starting from 2-halo-
mtroarenes and N-substituted amides. B '
Benz;msdazotes play an important roie in drug dlscovery and can certamty be regarded
as privileged structures in.pharmaceutical research (D. A. Horton, G. T. Bourne, M. L.
Smythe Chem. Rev. 2003, 103, 893-830), The ability of this benzimidazole scaffold to
medlate an interaction with a variety of biological targets, is weli-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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127-156; N. H. Hauel, H. Nar, H. Priepke, U. Ries, J-M, Stassen, W. Wienen, J. Med.
Chem. 2002, 45, 1757-1766.)

Of course the use of benzimidazoles or azabenzimidazoles is not fimited to the above-
mentioned pharmaceutical application. For example it is well known that
benzimidazoles or azabenzimidazoles can be useful in agricultural applications like for
example as herbicides, fungicides, nematicidals, parasiticides, insecticides, acaricides
and arthropodicides or as diagnostic agents, liquid crystais and as polymers.

In several cases, the benzimidazole or azabenzimidazoles is unsymmeitrical and
selectively substituted at one of the nitrogen atoms of the imidazole moiety. in contrast
to the great importance of this scaffold no general regioselective route to N-substituted
benzimidazoles or azabenzimidazoles has been described yet. The few methods
availabie so far are multi-step processes often requiring harsh reaction conditions and
are restricted in the substrate range, have poor cost-effectiveness and are thus of
limited use (P. N. Preston, in The Chemistry of Heterocyclic Compounds, Vol 40
(Eds.: A. Welssberger, E. C. Taylor), John Wiley & Sons, New York, 1881, P. L.

Beaulieu, B. Hachg, E. von Moos, Synthesis 2003, 1683-1692. D. Yang, D. Fokas, J.

Li. L. Yu, C. M. Baldino, Synthesis 2005, 47-56; Y. M. Yutilov, Adv. Heterocycl. Chem.

©, 2005, 89, 159-270). Furthermore, it is surprising that palladium-catalyzed reactions

have hardly been used for the regioselective construction of an N-substituted

banzimidazofe_‘ scaffoid and if so, the mentioned shortcomings were not eliminated

(Katritzky, A: R ; Rachwal, S.; Olimann, R.; .J Heterocycl. Chem. 1994, 31, 775-779).
: Aithbugh palladium-catalyzed protocols for the cross~coupling'batween aryl halides

and amides have been reported, very few examples employing 2-halo-nitroarenes
exist. J. Yin, . L. Buchwald describe in one example the coupling of 2-bromo-1-
methyl-3-nitro-benzene with acetamide (Org- Lett. 2000, 2, 1101-1 104) and R. G.
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 o
for the regioselective synthesis of benzimidazoles or azabenzimidazoles.
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The limited regioselective access o N—subsﬁfuted benzimidazoles or
azabenzimidazoles offen prevents the optimization of a potential drug substance or
substance with for example agricultural application and is accompanied by poor cost-
effectiveness. Thus the present invention is useful in prepariﬁg intermediates or end
products of biological active compounds in pharmaceuticai and agricultural

applications.

Summary
The present disclosure provides a direct palladium catalyzed, regioselective synthetic

route to a wide variety of unsymmetrical, multifunctional N-substituted benzimidazoles

or azabenzimidazoles of formula | starting from 2-halo-nitroarenes of formula I} and

substituted amides of formula Ill. Thus one embodiment of the disclosure is an efficient and
general palladium catalyzed coupling method for substituted 2-halo-nitroarenes (step

1) to intermediates of formula {V. In another embodiment of the disclosure, an efficient
process is provided for the subsequent reductive aminocyciisation (step 2) of

intermediates of formula IV, which can be either performed with the crude reaction

mixture of step 1 or optionally after simpie filtration through a pad of celite by using a

reducing reagent.

The advantages of the provided procesé are that it comprises a novel, di_rect
regioselective ca'taiyﬁc, mild and general method fortﬁésynthesis-oﬁ N-substituted
benzimidazoles or azabenz‘imidazci!es, 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 comiﬁerciaﬂy

available.
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5 and/or all sterecisomeric 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 I, wherein
A1, A2, A3, A4 are independently from each other selected from carbon or

nitrogen atoms to form fogether with the two carbon atoms in formula [ a stable

10 aromatic or heteroaromatic ring;
Qis -(Cq-Cg)alkylene, wherein alkylene is unsubstituted or mono-, di- or

trisubstituted independently of one another by R14;
. -(€3-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-, dl tri« or four times

substituted andependently of one ancther by R13; or



. 20

25

43

«(€4-C14)heteroaryl, wherein heteroaryl is unsubstituted or mono=, di-, tri- or

~four times substituted independently of one another by R13; ..

Jis ~( C1-Cglalkylene, wherein alkylene is unsubstituted or mono-, di- or
trisubstituted independently of one ancther by R14; e
-(C3-Cg)-cycloalkyl, wherein cycloalky! is unsubstituted or mono-, di- or

trisubstituted independently of one another by R14;
-(Cg-Cq4)-aryl, wherein aryl is unsubstituted or mono-, di-, tr- or four times

substituted independently of one another by R13; or .
-(C4-C14)-heteroaryl, wherein heteroary! is unsubstituted or mono-, di-, tri- or

four times substifuted independéntiy of one another by R13;
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4h

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

and are
a}
B)

c)
d)

e)

f}

g

h)

B

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

halogen,
phenyloxy-, wherein phenyloxy is unsubsiituted or substituted

one o three times by R13,

~(C1-Cx}-fluorcalkyl,

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

~(Cg-C14)-aryl, wherein aryl is unsubstituted or mono-, di-, tri- or
four times substituted independently of one another by R13,
~{C4-C14)-heteroaryl, wherein heteroaryl is unsubstituted or
mono-, di-, tri- or four times substituted independently of one
another by R13, |

- ~{C3-Cg}-cycloalkyl, wherein said cycloalkyl is unsubstituted or

mono-, di-, tri- or four times substituted independently bf one

. another by R13, or

a 3- to 7-membered cyclic residue, containing up to 1, 2, 3 or 4

heteroatoms chosen from nitrogen, sulfur or oxygen, wherein

.said cyclic residue is unsubstituted or mono-, di-, tri- or four

times substituted independently of one another by R13,
~0O-CF3, o
~0-(C4-Cg)-alkyl, wherein alkyl is unsu bstituted or substituted
one fo three times by R13, '

-NO3,

-CN,

-OH,

-C(O)-R10,

—
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de
aj -C{O)-0-R1i1,
r} -C{O)}-N(R11)-R12,
$) -N(R11}-R12,
t) -N{R10)-805-R10,
V) -5-R10,
w) -50n-R10, whereinnis 1 or 2,
X} -S02-N(R11)}R12) or
v} 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, or
R1 and R2, R2 and R3 or R3 and R4 form together with the atoms which they
are attached fo a 5- or B-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, -(C4-Ca)-fluoroalky! or —(C1-Cg}-alkyl,
R1i11 and R12 are independently of one another identical or different and are

a}  hydrogen atom,
)} -(C1-Cg)-alkyl, wherein alkyl is unsubstituted or mono-, di- or

trisubstituted independently of one ancther by R13,
c) ~(C§—C14)-3ryi-, wherein aryl is unsubstituted or mono-, di- or
o trisubstituted independently of one another by R13,
| d) -(C4-C1a) heteroaryl wherein heteroaryi is unsubstituted or mono-
, di~ or tnsubstat_uted independently of one another by R13 or
R13is ~  halogen, -NOg, -CN, =0, -OH, ~(C{-Cg)-alkyl, (C4-Cg)-alkoxy,
-CF3, phenyloxy-, -C(O)}-0-R17, -C(O)-N-(R1 7)-R18, -N(R17)-R18, -C(O)}-R10,”
~N(R1O)—802-R1{3, -‘S-R'iG, -SOp-R10, wherein nis 1 or 2, -S0O2-N(R17)-R18,
m(Cﬁ—C1‘4)~aryl, wherein aryl is unsubstituted or mono-, di- or trisubstituted
independently of one another by R14, -(C4-Cq4)-heteroaryl, wherein heteroaryl

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

or trisubstituted independently of one another by R14, or a 3- to 7-membered

[ S — SR RN -
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cyclic residue, containing up to 1, 2, 3 or 4 heteroatoms chosen from nitrogen,
sulfur or oxygen, wherein said cyclic residue is unsubstituted or mono-, di- or
trisubstituted independently of one another by R14,

Ri4is  halogen, -OH, =0, -CN, -CF3, -(C4-Cg}-alkyl, -(C1-C4)-alkoxy,

5 -NO9, -C(O)-OH, -NHg, -C(0}-0-(C1-C4)-alkyl, -(C1-Cg)-alkylsulfonyl,
-C(O)}NH-(C1-Cg)-alkyl, -C(O}-N[(C1-Cgl-alkyllp, -C{O)-NHp -5-R10,
-N(R10)}-C(O)-NH-(C1-Cgl-alkyl, or -N(R10)-C(C)-N[(C1-Cgl-alkyils,

R17 and R18 are independently of cne another identical or different and are
- a) hydrogen atom,
10 by  ~{C4-Cglalkyl,
¢)  -(Cg-Cqg)aryl-or
dj ~(C4-C14)-heteroaryl,

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

R4 O
Iy in “
rRa—a2 To”
P + (.
‘ R1
157 wherein R1, R2, R3, R4,°A1, A2, A3 and A4 are as defined in formula | and'

Xis Cl,Br, |, triflate or n_oﬁaﬁate, with a compound of formuia il

"H-NT TJ-R5 )

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

20 to give a compound of formula IV
R4 O
Py e
2iA N—o~

R3—A :
l o (V)
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and converting the compound of formula IV into a compound of formula | in the
presence of a reducing reagent and a second soivent and
optionally the compound of formula | is converted to its physiologically folerated

sait,

Detailed description of the invention
A process for preparing a compound of formula |

R4
R3—A”
s \j:‘}—n}sz 0
R2—AY, 4
;lﬁ Q RO

and/or all sterecisomeric forms of the compouﬁd of formuia |, andfor mixiures of these

- forms in any ratio, and/or a physiologically tolerated salt of the _cfnmpound of formula |,

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 ~(C1-C6)-aiky£ene wherein alkylene i is unsubstituted or mono-, di- or

trisubstituted independently of one another by R14; or
-(Cr-Cgl-cycloalkyl, wherein cycloalkyl is unsubstituted or mono-, di- or

trisubstituted independently of one another by R14; or
~(Cg-C14)-aryi, 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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-(C1-Cg)-alkylene, wherein alkylene is unsubstituted or mono-, di- or

trisubstituted independently of one ancther by R14; or

-(Ca3-Cgl-cycloalkyl, wherein cycloalkyl is unsubstituted or mono-, di- or

trisubstituted independently of one another by R14; or

-(Cp-Cq4)-aryl, wherein aryl is unsubstituted or mono-, di-, tri- or four times

substituted independently of one another by R13; or

-(C4-Cq4)-hetercaryl, wherein heteroaryl is unsubstituted or mono-, di-, ti- 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)
b)

c)
d)

e)

f)

g

h)

)

k)

hydrogen atom,
-(C1-Cy)-alkyl, wherein alkyl is unsubstituted or substituted one

1o three times by R13,

halogen,

phenyloxy-, wherein phenyloxy is unsubstituted or substituted
one to three times by R13,

-(C1-Ca)-fluorcalkyl,

~N(F€1O)—(C1-C4)-alkyi, wherein alkyt is unsubstituted or
substituted one to three times by R13,

-(Cg-C14)-aryl, wherein aryl is unsubstituted or mono-, di-, tri- or
fo}.zr. ti-més substifuted independently of one another by R13, |
~(C4-—C14)—heter0§ryf , wheftein heféroaryf is unsubstituted or

mono-, di-, tri- or four times substituted independently of one
anotherby R13, ' '
-(C3-Cg)-cycloalkyl, wherein said cycloalkyl is unsubstituted or
mono-, di-, tri- or four times substituted lindependently of one
another by R13, or ‘ ' |

a 3~ to 7-membered cyclic residue, containingup to 1, 2, 3or 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 ancther by R13,
~0-CF3, '
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-0-{C4-Cy)alkyl, wherein alkyl is unsubstituted or substituted

one o three times by 13,
-NO9,

-C{O)}-R10,

-C{O0-R11,

~C{ON(R11}-R12,

-N(R11)-R12,

-N{R10)-S02-R10,

-5-R10,

~S0p-R10, whereinnis 1 or 2,

-S09-N{(R11)}-R12 or

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

R1 and R2, R2 and R3 or R3 and R4 form together with the atoms which they are

R101is

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,
hydrogen atom, ~(C1-C3)-fluoroatkyt or (C4-Cg)-atkyl,

"R11and R12 are independently of one another identical or different and are

a)

b)

R13is

d)

hydrogen atom,

~(C4-Cg)-alkyt, wherein alkyl is unsubstituied or mono-, di- or

trisubstituted indepehdently of one ancther by R13,

-(Ca-ch14)«aryiw, wherein aryl is unsubstituted or monoe-, di- or

trisubstituted independently of one another by R13,

-(C4-Cq4)-heteroaryl, wherein heteroaryl is unsubstituted or mono-, di- or

trisubstituted independently of one another by R13 or

haiogen, -NO2, -CN, =0, -OH, -(C1-Cg)-alkyl, -{C1-Cg)-alkoxy, -CF3,
phenyloxy-, -C(O)-R10, -C(O)-0-R17, -C(O)-N-{R17)}-R18, -N(R17)-R18,
-N(R10)-802-R10, -8-R10, -SC-R10, wherein nis 1 or 2, -809-N(R17)-R18,
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-(Cg-Cq4)-aryl, wherein aryl is unsubstituted or mono-, di- or trisubstituted

independently of one another by R14, -(Cy4-C 14)-heteroaryl, wherein heteroaryl
is unsubstituted or mono-, di- or trisubstituted independently of one another by
R14, -(C3-Cg)-cycloalkyl, wherein said cycloaikyl is unsubstituted or mono-, di-

or trisubstituted independently of one ancther by R14, or a 3- o 7-membered
cyclic residue, containing up to 1, 2, 3 or 4 heteroatoms chosen from nitrogen,
suifur or oxygen, wherein said cyclic residue is unsubstituted or mono-, di- or
trisubstituted independently of one ancther by R14,

Ri4is halogen, -OH, =0, -CN, -CF3, -(C1-Cg)-alkyl, -(C4-Cy4)-alkoxy, -NO»,
-C(O)-0H, -NHy, -C{0)-0-(C1-C4)-alkyl, ~(C4-Cg)-alkyisulfonyl,
-C(O)-NH-(C4-Cg)-alkyl, -C(O}-N-[(C1-Cg)-alkyllz, -C(O)-NHg ~S-R10,
-N{R10)}-C(O}-NH-(C1-Cg)-alkyl, or -N(R10)-C(O)-N-[(C1-Cg)-alkyllo,

R17 and R18 are independently of one another identical or different and are
a) hydrogen atom,

b) -(C1-Cg)-alkyl,
¢}  -(Ce-Cyg)aryl-or
d) -{C4-C14)-heteroaryl,

said process comprises a reaction of a compound of formuia 1

R4 O
O
R3—A” oo T

| (i

- 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 1]
o ‘

M

H=N" “J-R5 ()
G—RO

wherein Q, J, RO and RS are as defined in formula |,
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in the presence of a palladium catalyst, a base, a ligand and an aprotic soclvent to give

a compound of formula IV

R4 o
”;\1 ;\}'i___ _
s
RZ“A&‘M //(\ (V)
| N
! J-R5
RT @-ro

and converting the compound of formula 1V inte a compound of formuia | in the

presence of a reducing reagent and a second solvent and

optionally the compound of formula | is converted to its physiologically tolerated salit. |

The present invention also relates to a process for the preparation of a compound of

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

Qis’

pyrazine, pyridazine, pyridine, pyrimidine, triazine or tetrazine,
-({C1-Cgl-alkyiene, 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 Endependenﬂy of one another by R14; .

phenyl, wherein phenyl is unsubstitgtéd or mono-, di-, iri- or four times -
substituted independently of one another by R13; or

—(04—014)—heteroary!, wherein heteroaryl.is selected from acridinyl, azaindole
(1H-pyrrolopyridinyi), azabenzimidazolyl, azaspirodecanyl, azepinyi, azetidiny,
be'nzinﬁida_zoiyl, benzofuranyl, benzothiofuranyl, benzothiophenyl, benioxazbiy!,
benzthiazolyl, bér‘:ztriazoiyi, benztetrazolyl, benzisoxazolyl, benzisothiazolyi,
carbazolyl, 4aH-carbazolyl, carbolinyl, chromany!, chromenyl, cinnolinyl,
décahydrochino[inyi, 4,5-dihydrooxazolinyl, dioxazolyl, dioxazinyl, 1,3-
dioxolanyl, 1,3-dioxolenyi, 3,3-dioxof{1,3,4]Joxathiazinyl, 6H-1 ,5,2«dithiazinyi,
dihydrefuro[2,3-bj-{etrahydrofuranyl, furanyl, furazanyl, imidazolidiny,
imidazolinyl, imidazolyl, indanyl, 1H-indazolyl, indolinyl, indelizinyl, indolyf, 3H-
indolyl, isobenzofuranyl, isochromanyi, isoindazolyl, isoindolinyl, iscindoly!,
isoguinolinyl, isothiazolyl, isothiazolidinyl, isothiazolinyl, isoxazolyl, isoxazolinyl,

isoxazolidinyl, 2-isoxazolinyl, ketopiperazinyl, morpholinyl, naphthyridinyl,
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Jis ~
| _(01—05)-alkylene wherem alkyfene is unsubststuted or mono-, d: or

octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2 4-oxadiazolyl, 1,2,5-
oxadiazolyl, 1,3.4-oxadiazoiyl, 1,2-oxa-thiepanyl, 1,2-oxathiclanyl, 1,4-
oxazepanyl, 1,4-oxazepinyl, 1,2-oxazinyl, 1,3-oxazinyl, 1,4-oxazinvl,
oxazolidinyl, oxazolinyl, oxazolyl, oxetanyl, oxocanyl, phenanthridinyl,
phenanthrolinyl, phenazinyi, phenothiazinyl, phenoxathiinyl, phenoxazinyi,
phthalazinyl, piperazinyl, piperidinyl, pteridinyl, purinyi, pyranyl, pyrazinyl,
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazolyl, pyridoimidazolyl,
pyridothiazoiyl, pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl, pyrrolidinonyl,
pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinclinyl, 4H-quinolizinyi,
quinoxalinyl, quinuclidinyl, tetrahydrofuranyt, tetrahydroisoquinolinyi,
tetrahydroquinolinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydropyridinyl,
tetrahydrothiophenyl, tetrazinyl, tetrazolyl, 6H-1,2,5-thiadiazinyl, 1,2,3-
thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl,
1,2-thiazinyl, 1,3-thiazinyl, 1,4-thiazinyl, 1,3-thiazolyl, thiazolyi, thiazolidinyl,
thiazolinyl, thienyl, thietanyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thietanyl, thiomorpholinyi, thiophenolyl, thiophenyl, thiopyranyl, 1,2,3-triazinyl,
1,2, 4-triazinyl, 1,3,5-triazinyl, 1,2,3-triazolyl, 1,2,3-triazolyl, 1,2 4-triazolyl, 1,2,5-
triazoyl, 1,3,4-triazoly! and xanthenyl, and wherein heteroaryl is unsubstituted or
mono-, di-, tri- or four times substituted independently of ocne another by R13;

a covafent bond,

trisubstituted independently of one another by R14;

- «(Ca-Crl-cycloalkyl, wherein cycloalkyl is unsubstituted or mono-, di- or

trisubstituted independentiy 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 hetercaryl is as defined above and is

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

R0, R1, R2, R3, R4 and R5 are independent of one another identical or different and

are
a} hydrogen atom,
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b)

d)

g)

h)

i)

10

F,
Cior Br,
-(Cq-C4q)-allyl, wherein alkyl is unsubstituted or substituted one to three

times by R13,

~(C4-Ca)-fluoroalkyl,

phenyl, wherein phenyl is unsubstituted or substituted one to three times
by R13,

-(Ca-Cq4)-heteroaryt, wherein heteroaryl is as defined above and is
unsubstituted or mono-, di-, tri- or four times substituted independently of
one another by R13,

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

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

a 3-to 7-mermbered cyclic residue selected from azepine, azetidine,
aziridine, azirine, 1,4 diazepane, 1,2-diazepine, 1,3-diazepine, 1,4-
diazepine, diaziridine, diazirine, dioxazole, dioxazine, dioxale, 1,3- _
dioxolene, 1,3-dioxolane, furan, imidazole, imidazoline, imidazolidine,
isothiazole, isothiazclidine, isothiazoline, isoxazole, iéoxazo!ine,
iséxazoﬁdine, 2-isoxézo£ine, ketomorpholine, ketopiperazine, morpholine,
1,2-oxa-thiepane, ‘i_,é-oxathialane, 1,4-oxazepane, 1,2-oxazine, 1,3-
oxazine, 1,4-oxazine, oxazole, oxaziridine, oxetan, oxirane, ‘piperézine,
piperidine, pyran, pyrazine, pyrazole, pyrazoline, pyrazolidine, pyridazine,
pyridine, pyrimidine, pyrrole, pyrolidine, pyrrolidinone, pyrroline,
tetrahydrofuran, tetfahydropyran, tetrahydropyri'd'ine, tétrazine, tefrazole,

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,

-0-CF3,

-0-(C1-Cq)-alkyl, wherein atky! is unsubstituted or substituted one to
three times by R13,
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) -N(R10)-{C1-C4}-alkyl, wherein alkyl is unsubstituted or substituted one

to three times by R13,

my  -CN,

) -OH,

0) phenyloxy-, wherein phenyloxy is unsubstituted or substituted cne to
three times by R13,

p) -C(0)}-O-R11,

q) -C{O)}-N{R11)}-R12,

ry -N{R11)-R12,

s} -N({R10)-509-R10,

t) -8-R10,

v) -S0p-R10, whereinn is 1 or 2,

w)  -SO2-NR11)-R12,

X) -C(O)-R10 or _

y) at feast one of R1, R2, R3 or R4 are absent in case one or more of At,

A2, A3 or A4 are nitrogen atom,

R10is hydrogen atom, -(C4-Cg)-fluoroalky! or —(C 1-Cg)-alkyl,

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

20

25

30

a) - hydrogen atom,
b)  -(C1-C4)-alkyl, wherein alkyl is unsubstituted or mono-, di- or

trisubstiﬁjtec"Eﬂdepemder}tiy of one another by R13,

_ ‘c) © phenyi, wherein phenyl is unsubsti{utéd or mono-, di- or trisubstituted

R13is

independently of one another by R13,

d) —(C4-Cq4)?heteroaryi, wherein heteroaryl is as ;iéﬁned above and is |
unsubstituted or mono-, di- or tris&bstituted independently of one another
by R13or -

F, Cl, -CN, =0, -OH, -(C1-Cg)-alkyl, {C4-Cg)-alkoxy, -CF3, phenyloxy-,
-C(O)}-R10, -C(O)-0-R17, -C(O)-N-(R17}-R18, -N(R17)-R18, -N(R10)-S02-R10,
-8-R10, -50,/-R10, wherein nis 1 or 2, -802-N(R17)-R18, phenyl, wherein
phenyl is unsubstituted or mono-, di- or trisubstituted independently of one
ancther by R14, -(C4-C14)-heteroaryl, wherein heteroaryl is as defined above
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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-memberad
cyclic residue, which is as defined above and is unsubstituted or mono-, di- or
trisubstituted independently of one another by R14,

Ridis F, Cl, -OH, =0, -CN, -CF3, -(C1-Cg)-alkyl, (C1-C4)-alkoxy, -C{O)-OH, -NHy,
-C(O)0-(Cq-Cy)-alkyl, -(C1-Cgl-alkylsulfonyl, -C(O)-NHp -S-R10,
-C(O)-NH-{C 4-CgJalkyl, -C(O)}-N-{{C1-Cg)-alkyllo,

-N{R10)-C(O)-NH-(C 1-CgJ-alkyl or -N(R10)-C(O)-N[(C1-Cg)-alkyi]>,

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

a) hydrogen atom,

by  -(C1-Cq)-alkyl,

c) phenyl or

d) -(C4-Cq4)heteroaryl and
Xis Cl Brorl.

The present invention also relates to a process for the preparation of a compound of

formula 1, wherein
A1, A2, A3 and A4 together with the two carbon atoms in formula | form & benzene or

~ pyridine,

Qis’ phenyl, which is unsubstituted or substituted by R13, -(Cq~05)-éiky'iéne or

pyridyt,

RO; R1, R2, R3, R4 and R5 are independent of one another identical or different and
are ' | ‘
a) hydrogen atom,

b) | F,
cy - Ci
d} Br,

e)  -(C1-Cq)alkyl,
f) -{C3-Cg)-cycicalky!
g)  phenyl,
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h} -0-(C1-Cyg)-alkyl,
i) SC{0)-0-R11,
i -CN,
k) -C{O)R10or
i) at least one of R1, R2, R3 or R4 are absent in case one or more of A1,

AZ, A3 or A4 are nitrogen atom,

R10is hydrogen atorn or -(C4-C4)-alkyl,

Ritis hydrogen atom or «(C1-C4)-alkyl,

R13is -C(0)-0-R17,

R14 is Cl, F, -(C4-Cg)-alkyt or -C(0)-0O-(C1-C4)-alkyl,
Ri7 is hydrogen atom or -(C4-Cg4)-alkyl and

Xis Ci, Bror

The aprotic solvent useful for step 1 in the process of the present invention must be

solvent, wherein the compounds of formulae il, lif and IV, palladium catalyst, base and

'!igand are soluble or at least partiafly soluble and compatible and is chemically inert

under the reaction conditions and does not contain water or oxygen as impurities.
Exampies of said aprotic solvents are: benzene, toluene, xylene, mesitylene,

acefonitrile, 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 invéhtio_n is a basic organic or inorganic
compound and acts as proton acceptor without inhibiting the catalytic activify of the
employed palladium species or pre\}enting the coupled intermediate species of the
compound of fo?muia !V 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 ghosphate and in particular caesium carbonate are the preferred bases.
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The bases are generally employed in moderate excess based on the 2-halo-nitroarene
of the compound of formula H. A useful range is a 1.1 to 2 fold excess based on the 2-
halo-nitroarene of the compound of formula I. The base may be favourably employed

in a 1.4 fold excess based on the 2-halo-nitroarene of the compound of formula 1.

The paliadium catalyst useful in this process can be selected from the following
classes: Pd-alkanocates, Pd-atkanoate complexes, Pd-acetonates, Pd-halides, Pd-
halide compiexes, Pd-phosphine complexes. Representative examples include, but are
not limited to: palladium (i1} acetate, paliadium (!} triflucroacetate,
tris(dibenzylideneacetonedipalladium(0), tris(dibenzylideneacetone)dipalladium{0)
chioroform adduct, palladium (i1} chloride, 2,2"-bis(diphenylphosphinc)-1,1"
binaphthylpalladium(ll} chloride, acetato(2'-di-tert-butylphosphino-1,1-bipheny!-2-
yhpalladium(il}, (1,2-Bis(diphenylphosphino)ethane)dichloropalladium(li), Bis{1,2-
bis(diphenylphosphino)ethane]palladium (0), [(2S,38}-Bis{diphenylphosphino)butane]
[eta3-allyl]paliadium(ll) perchiorate, 1,3-bis(2,4,6-trimethyiphenyl)imidazol-2-
ylidene(1,4-naphthoqui none)palladium (0) dimer. The preferred catalysts are
paitadium (It} acetate, 2,2’»—bis(c§iphenylphoslphino)—‘! ,T-binaphthylpalladium(il) and in

particular palladium (Il trifluoroacetate.

" The paf?adfuni catalyst is generally employed in an amount-in the range of 1 to 10 mole

percent based on the 2—ha_lo-n_itrbaréné of the compound of formuta 1. A useful range
is 1 to 9 mole percent of palladium catalyst based on the 2-halo-nitroarene of the

compound of formula 1.

The ligand useful in this process is a mono- or bidentate phosphine ligand and can be
selected from the following compounds, but are not fimited to: (+/-)-2,2'- ‘
bis(diphenylphosphino)-1,1-binaphthalene, (9,9-dimethyl-Sh-xanthene-4,5-
diyl)bis[diphenyl phosphine], (R)-{-}-1-[(S)-2-(diphenylphosphino} ferrocenyl]
ethyldicyclohexylphosphine, 1,2-Bis(diphenylphosphino)ethane |, 1,3-
Bis(diphenylphosphing)propane, (R)-(-}-1-[(S)-2-(Dicyclohexylphosphino)ferrocenyl}-
ethyldi-tert-butylphosphine, (R)-(+)-1,1"-Bis(diphenylphosphino)-2,2'-bis(N,N-
diiisopropylamido)ferrocene, (S,8)-1-[1-(Di-tert-butylphosphino)ethyl}-2-
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{diphenylphosphinc)ferrocene, (1R,2R)-(+)-1,2-Diaminocyclohexane-N,N-bis(2-
diphenylphosphino-1-naphtoyl, (-}-1,2-Bis((25,58)-2,5-diiso-propyiphospholanc)-
benzene, Bis{(2-diphenylphosphino)phenyilether, (8}-(-}-2,2"-Bis(di-para-
tolylphosphine}-1,1-binaphyl, 4,5-Bis(bis(3,5-bis(triflucromethyliphenyl}-phosphino)-
9,9-dimethyixanthen, 2,2'-bis[(2',4’ .6 -triisopropyl)dicyclohexylphosphino]-biphenyl,
2,2-bis(di-fert-butylphosphino)biphenyl, tri-ferf-butylphosphine.

Most favourably (+/-)-2,2-bis(diphenylphosphino)-1,1-binaphthalene or (8,9-dimethyl-
Sh-xanthene-4,5-diyl}bis[diphenyl phosphine] are employed in particular in combination
with a palladium source bearing no phosphine itself, like e.g. palladium (|) acetate,
palladium (i) triﬂuofoacetate, tris(dibenzylideneacetone)dipalladium(0}, palladium (It
chioride. The most preferred ligand is (+/-)-2,2'-bis(diphenylphosphino)-1,1'-
binaphthalene,

The phosphine ligand is generaily employed in an amount in the range of 1 to 10 mole
percent based on the 2-halo-nitroarene of the compound of the compound of formula
tl. A useful range is 1 to 9 mole percent of phosphine ligand based on the 2-halo-
nitroarene of the compound of formuia lI. Most favourably the phosphine ligand is

employed in an equimolar ratio with respect to the paliadium source.

The reaction step 1 is carried out in the temperature range 60 °C to 150 °C. A useful

temperature is about 70 °C to 90 °C. Generally the reaction is carried out _und'er' thé -

exclusion of air and moisture such as'under an inert atmosphere like e.g. in an argon

or nitrogen atmosphere at atmo.spheric pressure. The reaction time for step 1is inthe

range-of 3 to 48 hours (h).

1t is possible to filtrate or to isolate the compound of formula IV before reacting it in the
second step. It is also possible to perform reaction step 2 without any separation step

in the same reaction vessel.

The soivent useful for step 2 or the second solvent in the process of the present
inventiorn is an aproftic 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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involved structures and reagents. Examples of said aprotic or protic solvents are:
methanol, ethanol!, propanol, acetic acid, methylene chioride, dimethylformamide,
tetrahydrofurane, pyridine, p-xylene, sthylacetate, benzene, toiuene, xylene,
mesitylene or acetonitrile. Preferred are methanol, ethanol, acelic acid, methyiene
chicride, dimethylformamide, pyridine, p-xylene and isopropanol. Most preferred is
acetic acid.

The reducing reagent useful for the reductive aminocyclisation in step 2 in the process
of the present invention can be selected from the following examples, but are not
fimited to: Ho/Raney-Ni, Ha/Pd-C, Ha/PtOg, Ho/Ru, NaBH4/NiClo, NaBH4/FeCly,
HyPOo/Pd-C, Sn/HCI, SnClo/HCI, Fe/HOAC, Fe/HCI, FeSO4/HCI, Fe/FeSOy4, Zn/MC,
Nap$, and NapSo04, Favourable is Fe/HOAc as a reagent for the reductive

aminocyclisation.
The reaction step 2 is carried out in the temperature range 80 ° C to 140 °C. A useful
temperature is about 110 °C to 120 °C. The reaction time for step 2 is in the range of

15 min to 120 min.

The progress of each reaction step may be monitored by methods known to those
skilled in the ar, like for example thin layer silica gel chromatography, gas
chrematography, nucfeaf magneﬁc resenance, infrared spectroscopy, and high‘
préssure liquid chromatography combined with uitravibiet detection or mass
spectroscopy. Preferably thin layer silica gel chromatography and high pressure tiguid
chromatography (HPLC) combined with mass épectroscopy are used.

The isolation and purification procedures useful for the compounds obtained by the
process of the present invention are well-known fo those skilled in the art, like for
examplé filtration thfough a celite containing cartridge, aquecus work-up, extraction
with organic solvents, distillation, crystallisation, chromatogfaphy'on silica, and high
pressure liquid chromatography on normal phase or reversed phase. Preferred
methods include, buf 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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group oceurs as a substituent on another residue, for exampie in an alkyloxy residue,
an alkyloxycarbonyt residue or an arvialkyl residue. Examples of ~(C4-Cgl-alkyl® or

~(C4-Cgl-alkylene” are aikyl residues containing 1, 2, 3, 4, 5, 6, 7 or 8 carbon atoms

are methyl, methylene, sthyl, ethylene, propyl, propylene, butyl, butylene, pentyl,
pentylene, hexyl, heptyl or octyl, the n-isomers of ali these residues, isopropyl,
isobutyl, 1-methylbutyl, isopentyl, neopentvi, Z,2-dimethylbutyl, 2-methylpentyl, 3-
methylpentyl, isohexyl, sec-butyl, tBu, teri-pentyl, sec-butyl, tert-butyl or tert-pentyl.
Unsaturated alkyl residues are e.g. alkenyl residues such as vinyi, 1-propenyl, 2-
propeny! (= allyl}, 2-butenyl, 3-butenyl, 2-methyi-2-butenyl, 3-methyi-2-butenyl, 5-
hexenyl or 1,3-pentadienyl, or alkynyl residues such as ethynyl, 1-propynyl, 2-propynyi
(= propargyl} or 2-butynyl. Alkyi residues can also be unsaturated when they are
substituted.

The term “~-(C3-Cg)-cycloalkyl” is understood as cyclic alkyl residues are cycloalkyl

- residues containing 3, 4, 5, 6, 7 or 8 ring carbon atoms like cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl, cyloheptyl or cyclooctyi, which can also be substituted andfor
unsaturated. Unsaturated cyclic aikyl groups and unsaturated cycloalkyl groups like,
for example, cyclopentenyl or cyclohexenyl can be bonded via any carbon atom.-

The term " A1, A2, A3, Ad are indépendenﬁy from each other selected from carbon or
nitrogen atoms fo form together with the two carbon atoms in formula I a stable ‘
aromatic or heteroaromatic ring" refers to & residue which can be derived from

- compounds such as benzene, pyrazine, pyridazine, pyridine, pyrimidine, triazine or -

tetrazine. N
The term “(Cg-C14)-aryl” is understood as meaning aromatic hydrocarbon radicals

containing from 6 to 14 carbon“a‘to_ms in the ring. Examples of ,-(CG»«CM)@M radicals

Aare phenvi, naphthyl,'for example 1-naphthyl and 2~nabhthyi, biphenylyl, for example

2-biphenvlyl, 3-biphenylyl and 4-biphenyivl, anthryl or fluorenyl. Biphenyiyl 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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benzofuranyl, benzothiofuranyl, benzothiophenyl, benzoxazolyl, benzthiazolyi,
benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl, carbazolyl, 4aH-
carbazolyl, carbolinyl, chromanyl, chromenyl, cinnolinyl, decahydrochinaliny, 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-bl-tetrahydrofuranyl,
furanyl, furazanyl, imidazolidinyl, imidazolinyl, imidazolyl, indanyi, 1H-indazolyi,
indoliny, indolizinyl, indolyl, 3H-indolyl, isobenzofuranyl, isochromanyl, isoindazolyl,
isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl, isothiazolidinyl, isothiazolinyl,
isoxazolyl, isoxazolinyl, isoxazolidinyl, 2-isoxazolinyl, ketopiperazinyl, morpholinyl,
naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 1,2,4-oxadiazoly!,
1,2,5-oxadiazolyl, 1,3 4-oxadiazolyl, 1,2-oxa-thiepany!, 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, phthalazinyl, piperazinyl, piperidinyl,
pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl, pyrazolinyl, pyrazoiyl, pyridazinyl,
pyridooxazolyl, pyridoimidazolyl, pyridothiazolyl, pyridinyl, pyridyl, pyrimidinyl,
pyrrolidinyl, pyrrolidinonyl, pyrrolinyl, Z‘H-pyrrbiyi, pyrrolyl, quinazolinyl, quinolinyl, 4H-
quinolizinyi, quinoxa!inyi', quinuclidinyl, tetrahydrofuranyl, tetrahydroisoguinolinyl,
tetrahydroquino!ihy#, tetrahydrofuranyt, tetrahydro'pyranyl, tetrahydropyridinyl,
tetrahydrothiophenyl, tetrazinyl, tetrazolyl, 6H-1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl, -
1,24~ th:ad;azoiyi 1,2,5- th;adaazoiyi 1,3,4-thiadiazolyl, thzanthreny[ 1,2-thiazinyl, 1,3~

* thiazinyl, 1,4-thiazinyl, 1 3~ihta201ya tntazoiyi thiazolidinyl, tﬁiazelmyi thienyi, ‘thietanyi

thienothiazolvl, ihlenccxazotyi thienoimidazolyl, thietanyl, thiomorphotiny,

~ thiophenolyl, thiophenyl, thiopyranyl, 1,2,3-triazinyl, 1,2,4-triazinyl, 1,3,5-triazinyl, 1,2,3-

triazolyl, 1,2,3-triazolyl, 1,2 4-triazolyl, 1,2',5-tria;zofy§, 1,3, 4-triazolyl and xanthenyi,

The term "a 3- to 7-membered cyclic residue', containing 1, 2, 3 or 4 heteroatoms” refer
to structures of heterocycles, which can be derived from compounds such as

azepine, azetidine, aziridine, azirine, 1,4 diazepane, 1,2-diazepine, 1,3-diazepine, 1,4~
diazepine, diaziridine, diazirine, dioxazole, dioxazine, dioxole, 1,3-dioxolene, 1,3-
dioxolane, furan, imidazole, imidazoline, imidazolidine, isothiazole, isothiazolidine,
isothiazoline, isoxazole, isoxazoline, isoxa;o!idine, 2-isoxazoline, ketomorpholine,
ketopiperazine, morpholine, 1,2-oxa-thiepane, 1,2-oxathiolane, 1,4-oxazepane, 1,2-




10

15

20

25

30

WO 2008/609348 PCT/EP2067/605816

19

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, thiazoie, thiazolidine, thiazoiine,
thienyl, thietan, thiomorphofine, thiopyran, 1,2,3-trazine, 1,2 4-triazine, 1,3,5-triazine,
1.2,3-triazole or 1,2,4-lrlazole. _

The 3- to 7- membered monocyclic group may be bonded via any ring carbon atom,
and in the case of nitrogen heterocycles via any suitable ring nitrogen atom. Thus, for
example, a pyrrolyi residue can be 1-pyrrolyl, 2-pyrroivi or 3-pyrrolyl, a pyrrolidiny
residue can be pyrrolidin-1-yl (= pyrrolidino), pyrrolidin-2-yl or pyrrolidin-3-yl, a pyridinyl
residue can be pyridin-2-yl, pyridin-3-yl or pyridin-4-yl, a piperidiny! residue can be
piperidin-1-yi (= piperidino), piperidin-2-yl, piperidin-3-y! or piperidin-4-yi. Fury! can be
2-furyl or 3-furyl, thienyl can be 2-thienyi or 3-thienyl, imidazolyl can be imidazol-1-vl,
imidazol-2-yl, imidazol-4-yl or imidazol-5-yl, 1,3-oxazolyl can be 1,3-oxazol-2-vi, 1,3-
oxazol-4-yl or 1,3-oxazoi-5-yl, 1,3-thiazolyl can be 1,3-thiazol-2-yl, 1,3-thiazol-4-yl or
1,3-thiazol-5-yl, pyrimidiny! can be pyrimidin-2-yi, pyrimidin-4-y! (= 6-pyrimidinyi).or 5-
pyrimidinyl, piperazinyl can be piperazin-1-yl (= piperazin-4-yl = piperézino) or
piperazin-2-yl. :

The term "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()', 1, '2,'3 or 4 heteroatoms

. chosen from nitf'ogen'. sulfur or oxygen"” refers to residues which can be derived from

compounds such as azepine, azirine, azocane, azocane-2-one, cyloheptyl, cyclohexyi,

cyclooctane, cyclooctene, 1,4-diazepane, 1,2-diazepine, 1,3-diazepine, 1,4-diazepine, -
[1,2]diazocan-3-one, '[1 .3ldiazocan-2-one, [1,4]diaZocane, dioxazine, dioxazole, |
i1 ,4}dic;xoéane, 1,3-dioxolane, dioxole, 1,3-dioxclene, furan, imidazole, imidazolidine,
imidazoline, isothlazole, isothiazolidine, isothiazoline, isothiazole, isoxazole,
isoxazolidine, isoxazoline, 2~isoxazo!ine, ketomorpholine, ketopiperazine, morpholine,
1,2-oxa-thiepane, 1,2-oxathiolane, 1,4-oxazepane, 1,2-oxazine, 1,3-oxazine, 1,4-
oxazine, oxaziridine,[1,4Joxazocane, [1,3loxazocan-2-ohe, cxocane, oxocan-2-one,
oxazole, piperidine, piperazine, phenyl, pyridazine, pyridine,'pyrimidine, pyran,
pyrazine, pyrazole, pyrazolepyrrole, pyrazolidine, pyrazoline, pyridazine, pyridine,
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pyrimidine, pyrrole, pyrrolidine, pyrrolidinone, pyrroling, 5,8,7,8-tetrahydro-1H-azocin-
2-one, tetrahydrofuran, tetrahydropyran, fetrahydropyriding, tefrazing, tetrazole,
thiadiazine, thiadiazole, 1,2-thiazine, 1,3-thiazine, 1,4-thiazine, thiazole, 1,3-thiazole,
thiazolidine, thiazoline, thienyl, thietan, thiomorpholine, thiopyran, 1,2,3-frazine, 1,2.4-
triazine, 1,3,5-triazine, 1,2,3-triazole or 1,2 4-triazole.

The fact that many of the before-listed names of heterocycles are the chemical names
of unsaturated or aromatic ring systems does not imply that the, 4- to 14-membered
mono- of polyeyclic group could only be derived from the respective unsaturated ring
system. The names here only serve to describe the ring system with respect to ring
size and the number of the heteroatoms and their relative positions. As explained
above, the 4- to 14-membered mono- or polycyclic group can be saturated or partiaily
unsaturated or aromatic, and can thus be derived not only from the before-listed
heterocycles themselves but also from all their partialiy or completely hydrogenated
analogues and also from their more highly unsaturated analogues if applicable. As
examples of completely or partially hydrogenated-analogues of the before-listed
heterocycles from which this group may be derived the following may be mentioned:
pyrrofine, pyrrolidine, tetrahydrofuran, tetrahydrothiophene, dihydropyridine,
tetrahyc%ropyridine, piperidine, 1,3-dioxolane, 2-imidazoline, imidazolidine, 4,5-dihydro- .
1,3-oxazol, 1,3-oxazolidine, 4,5-dihydro-1,3-thiazole, 1,3-thiazolidine, perhydro-1,4-
dioxane, piperazine, pérhydro-1,4-oxazine (= morpholine), perhydro-1,4-thiazine (=
thiomérphoiine), perhydroazepine, indoline, isoindoline, 1,2,3 4-tetrahydroquincline or

1,2,3 4-tefrahydroisoquinoline.

The term *-(C4-Ca)-fluoroalkyl” is a partial or totally ﬂu.orinated alkyl-residue, which can

be derived from residues such as -CF3, -CHF2, -CHF, -CHF-CF3, -CHF-CHFp, -

| CHF-CHoF, -CHp-CF3, -CHo-CHFg, -CHp-CHpF, -CF-CF3, -CFp-CHFo,

-CF2-CHoF, -CHp-CHF-CF3, -CHp-CHF-CHF, -CH2-CHF-CHaF, -CHo-CHy-CF3,
~CHo-CHo-CHF9, -CH3-CHp-CHoF, -CHo-CF2-CFg, ~-CHo-CFo-CHFo,
~-CHo-CF5-CHoF, -CHF-CHF-CF3, -CHF-CHF-CHF2, -CHF-CHF-CHoF,
-CHF-CH2-CF3, ~-CHF-CHo-CHFo, -CHF-CHo-CHoF, ~-CHF-CFo-CFyg,
-CHF-CF3-CHFp, -CHF-CFo-CHoF, -CFo-CHF-CF3, -CFo-CHF-CHF 9,
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-CF2-CHF-CHpF, -CF-CHp-CF3, -CFp-CHp-CHFg, -CFo-CHo-CHoF,
-CFp-Ckp-CF3, -CFo-CF2-CHF2 or -CFo-CFa-CHoF.

Halogen is fluorine, chlorine, bromine or lodine, preferably fluorine, chlorine or
bromine, particularly preferably chlorine or bromine.

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

The term "nonaflate” refers to 1,1,2,2,3,3,4 4 4-nonafluoro-1-butanesulfonic acid ester
or 1,1,2,2,3,3.4 4.4-nonaflucro-1-butanesulfonate.

The term “at least one of R1, R2, R3 or R4 are absent in case one or more of A1, A2,
A3 or A4 are nitrogen atomn,” refers to a residue wherein the nitrogen atom is not
substituted by any residue, e.g. in case A1 is nitrogen atom and A2, A3 and A4 are
each a carbon atom and R4 is absent and R1, R2 and R3 are each a hydrogen atom
the residue pyridine is formed. if R1, R2 and R3 are not each a hydrogen atom but one
of the residues specified under b) to x) then a substituted pyridine residue is formed. In
case A1 and A2 are each a nitrogen atom and A3 and A4 are each a carbon atem and
R4 and R3 are absent and R1 and R2 are each a hydrogen atom the residue
pyridazine is formed. if R1 and R2 are not each a hydrogen atom but one of the
residues spec‘;iﬁed under b} o x) then a substituted pyridazine residue is formed.

Optically active carbon atoms present in the comp.ounds of the formula {1} can
independently of each other have R configuration or S configuration. The compounds

- of the formula () can be present in the form of pure enantiomers or pure diastereomers

or in the form of mixtures of enantiomers andlor 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 stereoisomers in the mixtures. In‘case the
cormpounds of the formula (1) can be present as E isomers or Z isomers (or cis isomers
ar 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 (1)
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Diastereomers, including E/Z isomers, can be separated into the individual isomers, for
example, by chromatography. Racemales can be separated inio the two enantiomers
by customary methods, for example by chromatography on chiral phases or by
resolution, for example by crystallization of diastereomeric saits obtained with optically
active acids or bases. Stereochemically uniform compounds of the formula (1) can also
be obtained by employing stereochemically uniform starting materials or by using

stereoselective reactions.

Especially preferred compounds of the formula (1) are those wherein two or more
residues are defined as indicated before for preferred compounds of the formula (1), or
residues can have one or some of the specific denotations of the residues given in
their general definitions or in the definitions of preferred compounds before. All
possible combinations of definitions given for preferred definitions and of specific
denotations of residues explicitly are a subject of the present invention.

The starting materials or building blocks for use in the general synthetic procedures
that can be appilied in the preparation of the compounds of formula (1) are readily
avéi!abie to one of ordinary skill in the art. In many cases they are commercially
available or have been described in the literature. Otherwise they can be prepared
from readiiy" available precursor compound‘s ahalogously to procedures described in
the lite:rafture, or b)_{ procedures or analogously to procedures described in this

appliéation.

Further, in order to obtain the desired substituents in the benzene nucleus and in the
heterocyclic nucleusrof 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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position can be converted into their homologues by usual reactions for chain
elongation of carboxylic acids.

Especially the groups present in the benzimidazole or azabenzimidazole ring system
can be modified by a variety of reactions and thus the desired residues R0, R1, R2,
R3, R4 and R5 be obtained. For example, nitro groups can be reduced to amino group
with under the described reéction conditions or by various reducing agents, such as
sulfides, dithionites, complex hydrides or by catalvlic hydrogenation. A reduction of a
nitro group may also be carried out at a later stage of the synthesis of a compound of
the formutla (1), and a reduction of a nitro group to an amino group may also occur
simultanecusly with the reaction performed on another functional group, for example
when reacting a group like a cyanc group with hydrogen sulfide or when hydrogenating
a group. Ester groups present in the benzene nucleus can be hydrolyzed to the
corresponding carboxylic acids, which after activation can then be reacted with amines
or alcohols under standard conditions. Ether groups present at the benzene nucleus,
for example benzyloxy groups or other easily cleavable ether groups, can be cleaved-
to give hydroxy! groups which then can be reacted with a variety of agents, for
example etherification agents or activating agents‘aiiowing replacement of the hydroxyl
group by other groups. Sulfur-containing groups can be reacted analogously.

Due to the fact that in the present case the functional groubs are attached o an
b.enzimidazot;e or azabenzimidazole rihg_ it rriay in certain cases become necessary to
specifically adapt reaction conditions or to- choose specific reagents from a variety of

reagents that can in principle be employed intc a conversion reaction, or otherwise to

take specific measures for achieving a desired conversion, for example to use

protection group techniques. However, finding out suitable 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 infroduce 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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temporarily block functional groups by a protective group strategy suited to the
synthesis problem. Such strategies are well known to those skilled in the art (see, for
example, Greene and Wuts, Protective Groups in Organic Synthesis, Wiley, 1891, or
P. Kocienski, Protecting Groups, Thieme 1994). As example of a precursor group
cyano groups may be mentioned which can in a later step be transformed into
carboxylic acid derivatives or by reduction into aminomethyl groups? Protective groups
can also have the meaning of a solid phase, and cleavage from the solid phase stands
for the removal of the protective group. The use of such technigques is known fo those
skilled in the art (Burgess K (Ed.) Solid Phase Organic Synthesis ,New York: Wiley,
2000). For example, a phenglic hydroxy group can be aftached to a trityl-polystyrene
resin, which serves as a protecting group, and the molecule is cleaved from this resin
by treatment with TFA at a later stage of the synthesis.

in the course of the synthesis the employment of microwave assistance for speeding-
up, facilitating or enabling reactions may be beneficial or even required in many cases.
Some reactions are for example described by J. L. Krstenansky, I. Cotteril, Curr. Opin.
Drug. Disc. & Development., 4(2000), 454; P. Lidstrom, J. Tierney, B. Wathey, J.
Westman, Tetrahedron, 57(2001), 8225; M. Larhed, A. Hallberg, Drug Discovery
Today, 8 {2001) 4086; S. Caddick, Tetrahedron, 51 (1995) 10403.

'Physiologically tolerable salts of the compounds of formula | are nontoxic salts that are

physmiog;cally acceptable, in particular, pharmaceuttcaify utilizable salts. Such satts of o

compaunds of formula | contaming acidic groups, for exampie, a carboxyi group

 (COOH), include, for example, alkali metal salts or alkaline earth metal salts, such as

sodium salts, pofassium salts, magnesium salits and calcium salts, as well as salts with
physioiogibally tolerable quaternary ammonium iéns, such as tetramethylammonium or
tetraethylammonium, and acid addition salts with ammonia and physiclogically
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




10

15

20
_.Preferred methods include, but are not limited to those described in the examples.

25

30

WO 2008/009348 PCT/EPZO07/605816

25

acid, lactic acid, malic acid, succinic acid, malonic acid, benzoic acid, maleic acid,
fumaric acid, tartaric acid, methanesulfonic acid or p-toluenesutfonic acid. Compounds
of the formuta | which simultanecusiy contain a basic group and an acidic group, for
example, a guanidino group and a carboxyl group, can also be present as zwitterions

(betaines) which are likewise included in the scope of the present invention.

Salts of compounds of formula | can be obtained by customary methods known to
those skilled in the art, for example, by combinihg a compound of the formula | with an
inorganic or organic acid or base in a sclvent or dispersant, or from other salts by
cation exchange or anion exchange. The present invention also includes all salts of the
compounds of formula | which, because of low physiologically tolerability, are not
directly suitable for use in pharmaceuticals but are suitable, for example, as
intermediates for carrying out further chemical modifications of the compounds of

formula | or as starting materials for the preparation of physioclogically tolerable salts.

A further aspect of the invention is the use of a compound of the formula | as prepared
by the process according to the invention for the production of pharmaceuticals,
diagnostic agents, liquid crystals, polymers, herbicides, fungicidals, nematicidals,

parasiticides, insecticides, acaricides and arthropodicides.

'Furthermore, the compounds of the formula | can be 'uséd as synthesis intermediates

~ for the preparation of other compounds, in bérticuiar of other pharmaceutical active )

ingredients, which are obtainable from the compounds of the formula |, for example by -
introduction of substituents or modification of functional groups.

The general synthetic sequences for preparing the compounds useful in the pf'es'.enf
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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described in the examples can be used {o synthesize the compounds of the present

invention.

Examples

When in the final step of the synthesis of a compound an acid such as trifluoroacetic
acid or acetic acid was used, for example when trifluoroacetic acid was employed to
remove a tBu group or when a compound was purified by chromatography using an
eluent which contained such an acid, in some cases, depending on the work-up
procedure, for example the details of a freeze-drying process, the compound was
obtained partially or completely in the form of a salt of the acid used, for example in the

form of the acetic acid salt or trifluoroacetic acid salt or hydrochloric acid salt.

Abbreviations used: _
tert-Butyl tBu

2,2'-bis(diphenylphosphinc)-1,1'-binaphthalene BINAP
Calculated cal
dibenzyiidenacetone dba
Dimethyisulfoxide C . DMSO
1,1'-Bis(diphenylphosphino)ferrocene . DPPF
Fast atorn bombardment s . FAB
- High pressure liquid chromatography o _ HPLC

| Liquid chromatography with mass spectrometry LC-MS
Melting point . . mp
Avcetic acid - HOAG
Trifluorcacetic acid TFA

' 4,5-Bis(diphenyiphospﬁino‘)—g,9—d'imethyixanthene Xantphos

Example 1: 5-Chloro-2-methyl-1 Qphenyl—‘! H-benzimidazole

cl N
pess
N—pp

Method A: The 2,5-dichloronitrobenzene (86 mg, 0.5 mmol), N-phenyl-acetamide
(81mg, 0.6 mmol), palladium triflucroacetate (13 mg, 0.04 mmol), BINAP (24 mg, 0.08
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mmol) and cesium carbonate (212 mg, 0.7 mmol) were placed in a reaction tube,
which was then purged with dry argon. Dry teluene (3 mL) was added, and the mixture
was heated at 80 °C for 18 hours (h). The reaction was hydrolyzed with 3 mL of water
and filtered through a Varian cartridge Chem Elut 12198007, rinsing with ethyt acetate.
The crude was dissolved in 10 mL of glacial acetic acid and refluxed for 30 min in the
presence of iron powder (279 mg, 5 mmol). The acid was removed under reduced
pressure and the residue was suspended in saturated sodium bicarbonate solution and
exiracted with ethyl acetate. The obtained crude was purified by preparative HPLC,
affording the title compound as a yellow solid (114 mg, 24% vield). mp 109-111°C. 'H
NMR (DMSO) 8 2.52 (s, 3 H), 7.22(d, J=8.6 Hz, 1 H), 7.34 (d, J = 8.6 Hz, 1 H), 7.48-
7.59 (m, 5 H),7.86 (s, 1 H); ®C NMR & 13.5, 112.2, 116.4, 123.9, 126.9, 127.9, 129.7,
130.1, 133.9, 138.5, 154.0, 167.0. HRMS (FAB): cal. for CisH12N2Cl [M+H™]: 243.06809;
found: 243.0684.

Method B (One-Pot Procedure): The first reaction step is performed as described in
method A. After heating at 80 °C for 18 h, the iron powder and glacial acetic acid are
directly added. Then the reacﬁon‘ mixture is heated at reflux for 30 min. Work-up and
product purification is conducted in analogy to method A, obtaining 93 mg of the title -
compound (77% yield). '

" Method C: the titie'cornpound was also obtained using a smatler amount of a different

catalyst, and also smaller amount of ligand, as method A was followed with 2,'5f |
dichioronitrobenzene (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 mmo!) and cesium

carbonate (212 mg, 0.7 mmol), obtaining 80 mg &f the title compound (66 % vield).

Example 2: 2-Methyl-1-phenyl-1H-benzimidazole.
_ N
>
N~pp
Method A afforded the title compound from 2-chioronitrobenzene (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, 1H), 7.53(, J
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=Hz, 1 H), 7.66-7.72 (m, 5 H), 7.88 (d, /= 7.2 Hz, 2 H); ®C NMR 5 12.6, 111.8, 115.1,
125.3,127.1, 130.2, 130.3, 132.9, 133.8, 152.2, 158.3. HRMS (FAB): cal. for CqsHsNs
[M+H']: 209.1079; found: 209.1072. The same product was cbtained from 2-
bromonitrobenzene (101 mg, 0.5 mmol} in 80% vield (83 mg), and from 2-
iodonitrobenzene (125 mg, 0.5 mmol} in 81% yield (84 mg).

Method C afforded 83 mg the fifle compound (80 % vield).

Example 3: 7-Chloro-2-methyl-1-phenyl-1H-benzimidazole.

N\>_—
N—ph

of
Method A applied to 2,3-dichloronitrobenzene (96 mg, 0.5 mmol) and N-phenylacet-
amide (81 mg, 0.6 mmol) yielded the title compound as a brown solid (81 mg, 67%]) .
mp 103-105°C. "H NMR (DMSO) 5 2.38 (s, 3 H), 7.30-7-33 (mn, 2 H), 7.56-7.62 (m,
5H), 7.70 (dd, J = 5.4, 3.7 Hz, 1 H); ®C NMR & 13.2, 115.9, 116.0, 124.5, 125.0, 128.7,
129.3,130.2, 134.6, 138.9, 153.7, 158.5. HRMS (FAB): cal. for C1sH1aN,Cl [M+H™:
243.0689; found: 243.0683.

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

‘ N\>.._
7 Ny

Method A applied to 2-chloro-3-nitrotoluene (68 mg, 0.5 mmol) and N~pheny§acetamide
(81 mg, 0.6 mmol} yielded the title compound as a pale yellow solid. mp 107-109°C. 'H
NMR (DMSQO} 6 1.83 (s, 3H),2.34 (5,3 H),7.02(d, J=7.8Hz, 1H), 722, J=78

. Hz, 1H),7.53(d, J=7.8 Hz, 1 H), 7.55-7.63 (m, 5H); °C NMR 5 13.3, 17.1, 114.8,
121.7,123.0, 1255, 128.6, 129.4, 129.9, 136.0, 144.5, 151.2, 157.2. HRMS (FAB): |

cal. for CqshlisNz [M+H']: 223.1235; found: 223.1231.
Method C afforded 85 mg of the title compound (77 % yield).

Example 5: 5-Methoxy-2-methyi-1-phenyi-1H-benzimidazole.
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| AN
T~

Method A applied to 4-chioro-3-nitroanisol (84 mg, 0.5 mmol) and M-phenylacetamide
(81 mg, 0.6 mmol) vielded the title compound as a pale yeliow solid. mp 88-90°C . 'H
NMR (DMS0)82.61(s,3H),3.88(s,3H),7.07(d, /=89 Hz 1H),7.25(d, j=8.9
Hz, 1 H), 7.38 (br s, 1 H), 7.65-7.73 (m, 5 H); "*C NMR 8 12.5, 55.9, 97.7, 112.6,
114.7, 126.9, 127.8, 130.2, 130.3, 132.8, 133.1, 151.2, 157.6, 157.8. HRMS (FABY:
cal. for C1sH1sN20Q [M+H'}): 239.1184; found: 239.1180.

Example 6: 2-Methyl-1-phenyl-1H-benzimidazole-5-carboxylic acid methyl ester.

\OJ-K@jN\>——
N~pn

The title compound was prepared following Method A at larger scale, from 4-chioro-3-
nitrobenzoic acid methyl ester (5.38 g, 25 mmol), N-phenylacetamide (3.38 g, 25
mmol), palladium trifluorocetate (416 mg, 1.25 mmol), BINAP (778 mg, 1.25 mmol) and
Cs,C0;3 11.4 g, 35 mmol) and refluxing jtjst for 5 hours, giving_rise to the title
éompound as colorless crystals (5.12 g, 78%). mp 108 °C to 110 °C. '"H NMR (DMSO)
5255, 3 H), 3.78(s,3H),7.30(d, J=82Hz, 1 H), 7.52-7.71 (m,5H), 7.92 (d, J =
8.2 Hz, 1 H), 8.30 (brs, 1 H); °C NMR § 13.6, 52.1, 110.8, 118.5, 124.7, 124.8, 127.0,
129.7, 130. 1, 134.0, 137.8, 1563.7, 15? 8 166 2. HRMS (FAB): cal. fO{ C15H15N2C)2 ,—
{M+H‘] 267.1134; found 267.1128.

Example 7: 2-Methyl-1 -phenyl—'i Hwbenzémidazoiesﬁwcarbaldéhyde
» 0

H™ \[ IN L
\>..._
Ne—pp

Method A applied to 4—dime{hoxymethy!-1wiodo—z-.nitrobenzene (155 mg, 0.5 mmol)
and N-phenylacetamide (81 mg, 0.6 mmol} yielded the title compound as pale yellow
oil (79 mg, 67% yield). 'H NMR (DMSOQ) & 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 13.5,
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111.4, 120.1, 124.2, 127.0, 129.8, 130.2, 132.3, 139.1, 154.7, 158.3, 102 4. HRMS
(FAB): cal. for CysHaN,O [M+H']: 237.1028; found: 237.1024.

Example 8: 1,2-Diphenyl-1H-benzimidazole

Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmo!) and benzanilide (118
mg, 0.6 mmol) yielded the title compound as pale yellow solid {112mg, 83%). mp 105~
107°C."H NMR (DMSO) 8 7.24 (d, J = 7.9 Hz, 1 H), 7.35-7.62 (m, 12 H), 7.84 (d, J =
7.6 Hz, 1 H); *C NMR 8 111.0, 118.1, 123.7, 124.1, 127.5, 127.9, 128.4, 120.2, 129.3,
130.0, 130.2, 135.5, 136.2, 139.3, 151.3. HRMS (FAB}: cal. for CioH1sNo [M+H™:
271.1235; found: 271.1230.

- Example 9: 1-Phenyl-2-pyridin-3-yl-1H-benzimidazole

N —N
_ Ph

Method A applied tb 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and nicotinanilide (119
mg, 0.6 mmol} vielded the titie compﬁund as brown solid (68 mg, 50%). mp 110-
112°C. '"H NMR (DMS80Q) § 7.26 (d, J = 7.3 Hz, 1 H), 7.32-7.63 (m, 8 H), ?.86 d,J=786
Hz, 1 H), 7.89 (d, J= 7.8 Hz, 1 H), 8.62 (d, J = 3.0 Hz, 1 H), 8.72 (br &, 1 HY; °C NMR -
§ 111.0, 118.7, 123.8, 124.0, 1244, 125.4,127.6, 128.5, 139.2,_1_35.2,"1 36.4, 137.7,
140.3,' 148.6, 149.6, 158.3. HRMS (FAB): cal. for CqgH14N3 [M+H"]: 272.1 188; found: .
272.1180. |

Exampie 10: 1-Phenyl-2-tridecyi-1H-benzimidazole.

N
y—‘cmHz?

N—~pp

Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmo!) and myristanilide (182
mg, 0.6 mmel) vielded the title compound as colorless oil (130 mg, 69%). 'H NMR
(DMSO)&80.74 (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
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(t, /J=76Hz,2H), 714 (d, J=8.1Hz, 1H),7.28 (dd, /= 8.1, 7.7 Hz, 1 H}, 7.47 (dd, J
=81, 7.7 Hz, 1 H), 7.66-7.68 (m, 5 H), 7.74 (d, J = 7.7 Hz, 1 H); "*C NMR 5 13.9, 22.0,
26.3,26.4,28.3,28.4,28.7, 28.8,28.9, 29.9, 31.2, 110.7, 116.9, 123 5, 123.7, 127.2,
128.6, 130.1, 134.2, 135.0, 137.6, 154.7. HRMS (FAB): cal. for CasHagN, [M+H'T:
377.2957, found: 377.2953.

Method C afforded 149 mg of the title compound (79 % vield).

Example 11: 1,2-dimethyl-1H-benzimidazole

Cry-

T~
Method A applied to 1-lcdo-2-nitrobenzene {125 mg, 0.5 mmol) and N-
methylacetamide (44 mg, 0.6 mmol) yielded the title compound as pale yellow solid
(62 mg, 85%). mp 101 °C to 103°C. 'H NMR (DMS0) § 2.79 (s, 3 H), 3.92 (s, 3 H),
7.46-7.55 (m, 2 H),7.78 (d, J=7.4 Hz, 1 H),l7.89 (d, J=7.1Hz, 1 H); *C NMR § 11.6,
30.8, 112.3, 114.1, 124.9, 125.3, 132.6, 151.9, 158.3. HRMS (FAB): cal. for CoHq N>
[M+H']: 147.0922; found: 147.0917. Method C afforded 38 mg of the title compound
(52 % vield).

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

-
N ph

Method A applied o T-EOdo-Zunitrobenzeﬁe (125 n‘{g, 0.5 mmol) and N-phenylethylacet-
amide (88 mg, 0.6 mmol} yielded the title compound as pale yellow sofid (54 mg, 46%).
mp 104 °C to 106 °C. 'H NMR (DMSO) 5 2.51 (s, 3 H), 3.10 (d, J=7.0Hz 2 H), 4.63
(d, /= 7.0 Hz, 2 H), 7.09-7.52 (m, 7 H), 7.72 (d, /= 4.6 Hz, 1 H), 7.84 (d, /= 4.6 Hz, 1
H); C NMR 8 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 CigHy7N2 [M+H']: 237.1392; found:

237.1383.

Example 13: 2-Methyl-1-pyridin-2-yi-1H-benzimidazole.
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Method A applied to 1-iodo-2-nitrobenzene {125 mg, 0.5 mmol) and 2-acetamido-
pyriding (82 mg, 0.6 mmol) yielded the title compound as brown solid (40 mg, 38%).
mp 121-123°C. "H NMR (DMSO0) 8 2.69 (s, 3 H), 7.36-7.46 (m, 2 H), 7.53 (d, J= 7.4
Hz, 1 H), 768 (dd, J=76,4.7Hz, 1H), 7.77(d, J=76 Hz, 1 H), 7.81 (d, J= 7.9 Hz, 1
H), 8.21(dd, J=7.8,7.6 Hz, 1 H), 8.75 (d, J = 4.7 Hz); "*C NMR 5 13.6, 112.0, 116.1,
121.0, 124.7, 124.9, 133.0, 136.2, 140.1, 147.2, 150.0, 151.7, 157.9. HRMS (FAB):
cal. for CizH12N; [M+H']: 210.1031; found: 210.1025.

Example 14: 5-(1-Phenyl-1H-benzoimidazol-2-yi}-pentancic acid methyl ester.

(Lo

Ph 0—
Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and 5-phenyicarb-
amoyl-pentanoic acid methyl ester (141 mg, 0. 6 mmof) y[eided the title compound as
brown oil (136 mg, 88%). H NMR (BMSO) 6 1.50-1.74 (m, 4 H), 2.27 (d J=72Hz 2
H),289(d, J=75Hz, 2H) 3.52(s,3H), 722 (d,J=8.1Hz 1H), 738(apparentt J
=7.6 Hz, 1 H), 7.46 (apparentt, J = 7.6 Hz, 1 H), 7.52-7.72 (m, 5 H), 779(d, J=738
Hz, 1 H); °C NMR § 23.3, 25.3, 25.4, 32.2, 50.9, 111.3, 115.6, 124.3, 124.4, 126.8,
130.0, 1324, 133.2, 133.4, 153.9, 172.3. HRMS (FAB) cal. for CigH2iN20;, [M+H':
300. 1603 found: 309.1595.

Example 15; 2-(5-Chioro-pentyl)-1-phenyl-1H-benzimidazole.

:; :N
\>—/v.2_
N
\
Ph Cl

Method A applied to 1-icdo-2-nitrobenzene (125 mg, 0.5 mmol) and 7-chioro-heptanoic
acid phenylamide (144 mg, 0.6 mmol) yielded the title compound as pale yellow oil (85
mg, 64 %). '"H NMR (DMSO0) § 1.34-1.77 (m, 6 H), 2.92 (t, J = 7.6 Hz, 2 H), 3.53 (t, J=
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6.7Hz,2H),7.26(d, J=7.8Hz, 1 H), 743 {t, J=7.8 Hz, 1 H), 7.52 (d, J = 8.9 Hz, 1
M), 7.64-7.72 (m, 5 H), 7.85(d, /= 7.8 Hz, 1 H); °C NMR § 25.3, 25.5, 25.7, 31.3,
44.9,111.5, 115.7, 124.8, 124.9, 127.2, 130.2, 130.3, 133.2, 134.1, 154.5. HRMS
(FAB): cal. for CygHagN2ClH M+HT]: 289.1315; found: 299.1306.,

Example 16: 1-(4-Methoxy-phenyl}-2-methyl-1 H-benzimidazole.

=
S

Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and p-acetanisidide
(9% mg; 0.6 mmol) yielded the title compound as colorless solid (107 mg, 80 %). mp
121 °C to 123 °C. "H NMR (DMSQ) § 2.61 (s, 3 H), 3.87 (s, 3 H), 7.23 (d, J= 9.1 Hz, 2
H), 7.28(d,J=8.7Hz 1H),7.52(dd,J=81,74Hz 1H),748(dd, J=78,74 Hz, 1
H), 759 (d, J=9.1 Hz, 2 H), 7.83 (d, J= 7.8 Hz, 1 H); *C NMR 5 12.8, 55.6, 111.7,
115.1, 116.3, 125.1, 125.3, 128.4,-132_5, 134.1, 152.3, 168.2, 160.2. HRMS (FAB):
cal. for CysHysN20 [M+H"T: 239.1184; found: 239.1179.

Example 17: 4-(2-Methyi-benzaimidazo!-‘l~y{)—benzonitrile. '

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

acetamidobenzo-nitrilo (96 mg, 0.6 mmol) yielded the ‘titfe compound as brown solid
(96 mg, 82 %). mp.166 °C to 168 °C. '"H NMR (DMS0) 8 2.62 (s, 3H), 7.33(d, J= 7.8
Hz, 1 H), 7.42 (t, J=7.8Hz 1H), 747 '(t, Jm 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 CisHizNz [M+H™:
234.1031; found: 234.1025.

Example 18: 2-Ethoxy-4-(2-methyl-benzoimidazol-1-yl)-benzoic acid methyi ester:
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O
Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmeol) and methyl 4-acet-
amido-2-ethoxybenzoate {142 mg, 0.6 mmol) yielded the title compound as pale brown
oil (118 mg, 76 %). "H NMR (DMS0) 5 1.34 (d, J = 8.9 Hz, 3 H), 2.69 (s, 3 H), 3.87 (s,
3H), 413 (q, /=69 Hz 2H), 7.32 (dd, J=8.1, 20 Hz, 1 H), 7.43-7.57 (m, 4 H), 7.86
(d, J=78Hz 1H),7.92(d, J=8.1Hz 1H); CNMR 5 12.7, 14.3, 52.2, 64.7, 112.0,
112.6, 115.1, 118.5, 122.1, 1254, 132.0, 132.5, 133.4, 136.7, 152.1, 1568.3, 165.5.
HRMS (FAB): cal. for CigHgN203 [M+H': 311.1396; found: 311.1387.
Example 19: 2,4-Dimethyl-1-phenyl-1H-benzimidazole:

O
N“‘*Ph

Method A applied to 3-chloro-2-nitrotoluene (86 mg, 0.5 mmol) and N-phenylacetamide
(81 mg, 0.6 mmol) yielded the title compound as brown solid (37 mg, 33 %). '"H NMR

- (DMSQ) 5 2.46 (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); "*C NMR & 13.8, 16.3, 107.5, 122.5, 122.6, 126.8, 129.9, 135.1,
135.3, 150.3, 158.3. i ' -

Example 20: 5~cyan6—2—methyl—1 -phenyl-1H-benzimidazole:

NC ‘ N
Method A applied to 4-chioro-3-nitrobenzonitrilo (81 mg, 0.5 mmol) and M-
phenylacetamide (81 mg, 0.6 mmol) yielded the {itle compound as brown solid (40 mg,
34 %). "H NMR (DMSO0) 6 2.54 (s, 3 H), 7.28 (d, /= 8.3 Hz, 1 H), 7.52-7.59 (m, 6 H),
8.12 (s, 1 H); ®C NMR 5 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-Methy!l-1-pyridin-2-yi-1H-benzimidazole.
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Method A applied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and 2-acetamido-
pyridine (82 mg, 0.6 mmol} yielded the fitle compound as yelloy ail (40 mg, 38 %). 'H
NMR (DMS0) 6 2.74 (s, 3 H), 7.42-7.49 (m, 2 H), 7.56 (d, 1 H), 7.70 (dd, 1 H), 7.78~
7.88 (m, 2 H), 8.22 (dd, 1 H}, 8.77 (dd, 1 H), *C NMR 5 13.6, 112.0, 116.1, 121.0,
124.7,124.9, 133.0, 135.2, 140.1, 147.2, 150.0, 161.7.

Example 22: 5-(2-Heptyl-benzoimidazol-1-yl)-pentanoic acid tert-butyl ester.

N
C[ M\/

N

\/\/w]/ .

I
Method A applied to 1-iodo-2-nifrobenzene (125 mg, 0.5 mmol) and 5-octanoylaming-
pentanoic acid tert-butyl ester (180 mg, 0.6 mmol) yielded the title compound as yelloy

oil (40 mg, 38 %). 'H NMR (DMSO) 5 0.86 (t, J = 6.8 Hz, 3 H), 1.22-1.86 (m, 23 H),
227 (t, J=7.3,2H), 3.4 (t, J = 7.8 Hz, 2 H), 4.43 (t, J = 7.2 Hz), 7.49-7.54 (m, 2 H),

. 7.77(d,J=88Hz 1H),7.93(d, J = 8.8 Hz)

15

20

E‘xalmp!e 23: 6~(2-MethylvbenzoEmidazo‘i-“i-yf)-hexangic acid methyihester.

N
(>~ -
N .

Method A apbiied to 1-iodo-2-nitrobenzene (125 mg, 0.5 mmol) and 6-acetylamino-
hexanoéc acid rﬁe‘thyl 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),3.55(s,3H),438(t J=73,2H),748-7.56 (m, 2 H), 7.76 (d, J = 8.1 Hz, 1 H),
7.81 (d, /=81 Hz).

Example 24: 2—Cyciopentytmethyi~1-(2-methyl-buty£)-‘¥H-benzimidazo!e-S—carboxylic

acid methyi ester.
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Method A applied to 1-iodo-2-nifrobenzene (125 mg, 0.5 mmol) and 2-cyclopentyl-N-
(2-me-thyl-butyl)-acetamide (118 mg, 0.6 mmol) yielded the ftitle compound as vellow
oif (66 mg, 40 %). 'H NMR (DMSQ) 8 0.82 (d, 3 H), 0.88 (t, 3 H), 1.19-2.52 (m, 14 H),
3.06 (d, 2 H), 3.87 (s, 3 M), 4.13 (dd, 1 H), 4.24 (dd, 1 H), 7.83 (d, 1 H), 7.94 (d, 1 H),
8.20 (s, 1 H).

Example 25: 2-Methyl-1-phenyl-1H-imidazo[4,5-c]pyridine.

NN
i D
o N
Ph
Method A applied to 4-chloro-3-nitropyridine (78 mg, 0.5 mmol), N-phenylacetamide
(81 mg, 0.6 mmol) afforded the title compound as brown solid (76 mg, 73). mp 134-
136°C. 'H NMR (DMSQ) 5 2.54 (s, 3 H), 7.65-7.73 (m, 6 H), 8.54 (d, J=5.2Hz, 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 CsaH12N3 [M+H']: 210.1031; found: 210.1025.

Examb!e 28: 2~Methyl-1-phenyl—’!Huimidaz‘oi?%,S—b]pyridine.

NN .
| Mt
. / N-—pp

Method A applied to 3-chloro-2-nitropyridine (79 mg) and N-phenylacetamide (81 mg,
0.6 mmol) afforded the title dbmpound as brown viscbﬁs oil (45 mg, 43% y’seld).“H
NMR (DMSO) 5 2.54 (é, 3H), 7.35-768 (m, 6 H), 7.77 {d, J = 8.8 Hz, 1 H), 8.58 (brs,
1 H); C NMR & 14.0, 118.9, 120.1, 126.8, 12835, 129.6, 130.1, 133.8, 143.0, 151.6,
156.7. HRMS (FAB): cal. for CyaMioN3 [M+H']: 210.1031; found: 210.1028.

Example 27: 2-Methyl-3-phenyl-3H-imidazol4,5-b]pyridine.

(O S>—

N N~—pp
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Method A applied to 2-chloro-3-nitropyridine (79 mg, 0.5 mmol) and A-
phenylacetamide (81 mg, 0.6 mmol} afforded the tifle compound as pale vellow
viscous oil (93 mg, 89%). 'H NMR {(DMSO) 3 2.48 (s, 3 H), 7.24 {dd, 1 H), 7.53-7.63
(m, 5 H), 8.02 (d, 1 H), 8.20 (d, 1 H); PC NMR & 14.6, 118.3, 125.9, 127.4, 128.7,
128.3, 134.1, 134.3, 143.0, 148.7, 152.9. HRMS {FAB): cal. for CysHiaNg [M+H™Y:
210.1031; found: 210.1027.

Example 28: 2,6-Dimethyl-3-phenyl-3H-imidazo[4,5-b]pyridine.
S N
e
N N—pp

Method A applied to 2-chloro-5-methyl-3-nitropyridine (86 mg, 0.5 mmol) and N-
phenylacetamide (81 mg, 0.6 mmol} afforded the title compound as brown solid (80

- mg, 81%). mp 77-79°C. 'H NMR (DMSO) § 2.44 (s, 3 H), 2.54 (s, 3 H), 7.56-7.63 (m, 5

H), 7.95 (s, 1 H), 8.20 (s, 1 H); ®C NMR & 13.1, 17.9, 124.4, 127.5, 129.5. 129.6,

129.8, 132.9, 145.1, 145.7, 153.2. HRMS (FABY): cal. for CisH1aNa [M+H']: 224.1187;

found: 224.1184.

Exémpie 29: 5-Methoxy-2-methyl-3-phenyl-3H-imidazo{4,5-b]pyridine.
- \ N . !
[T >
L 0T UNT Ny,
Method A applied to 2-chioro-8-methoxy-3- mta‘opyrldme (94mg, 0.5 mmoi) and N-

phenylacetamide (81 mg, 0.6 mmol) afforded the title compound as pale yeilow solid
(112 mg, 94%). mp 114-116°C. 'H NMR (DMSO) 6 2.56 (s, 3H), 3.76 (s, 3 H), 6.85 (d,

J=8.6Hz 1H), 7.53:7.68 (m, 5 H), 8.12 (d, J = 8.6 Hz, 1 H). ®C NMR & 13.8, 53 .4,

107.7, 122.8, 127.0, 128.0, 128.4, 129.2, 132.6, 144.1, 150.3, 161.1. HRMS (FABY:
cal. for CqaH14Na0O [M+H'T: 240.1237; found: 240.1234.

Example 30: 2,5-Dimethyl-3-phenyl-3H-imidazo[4,5-blpyridine.

SN N
PP,
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Method A applied to 2-chloro-6-methyl-3-nitropyridine (86 mg, 0.5 mmol) and A-
phenylacetamide (81 mg, 0.6 mmol) afforded the fitle compound as brown viscous oil
(70 mg, 63%). '"H NMR (DMSOC) 6 2.42 (s, 3 H), 3.31 (5, 3 H), 7.11 (d, J = 8.0 Hz, 1 H),
7.51-7.63 (m, 5 H), 7.89 (d, J = 8.0 Hz, 1 H); C NMR 5 14.6, 23.8, 118.0, 126.1,
127.7, 128.7, 129.4, 132.1, 134.8, 148.3, 150.9, 151.4. HRMS: cal. for CiaHisN3
[M+H™T: 224.1188; found: 224.1184.

Example 31: 2,7-Dimethyi-3-phenyl-3H-imidazo{4,5-bipyridine.

RS N\

| N N>‘:;:h
Method A applied to 2-chloro-4-methyl-3-nitropyridine (86 mg, 0.5 mmol) and N-
phenylacetamide (81 mg, 0.6 mmol) afforded the title compound as pale yellow solid
(70 mg, 63%). mp 117-119°C. "H NMR (DMSO0) 5 2.59 (s, 3 H), 2.73 (s, 3 H), 7.26 (d, J
= 4.8 Hz, 1 H), 7.58-7.72 (m, 5 H), 822 (d, J = 4.8 Hz, 1 H.); BC NMR 8 13.8, 16.0,
120.8, 127.3, 129.3, 1294, 129.5, 130.1, 136.0, 144.2, 146.4, 152.1. HRMS (FAB):
cal. for CrqHaNz [M+H]: 224.1188; found: 224.1180.

Example 32: 57Methoxy-»3—phenyi-zﬁpyridin»3»yi-3H~imidazo[4 S—b]pyridine.

AT

~—
Method B applied to 2—chior0 6-methoxy-3-nitro- pync:ze (94 mg, 0. 5 mmoi) and N-
pyridin-3-ylacetamide (82 mg, 0.6 mmol) afforded the title compound as viscous oil (74
mg, 49%). 'H NMR (DMS0) 6 3.79 (s, 3 H), 6.83 (d, J = 8.1 Hz, 1 H) ?44 ?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, 1H)

Example 33: 5-(5-Methyl-3-phenyl-3H-imidazo[4,5-blpyridin-2-yl}-pentancic  acid

methyi ester.
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Method B applied to 2-chloro-6-methyl-3-nitropyridine (86 mg, 0.5 mmol) and 5-
phenylcarbamoyi-pentanoic acid methyl ester (141 mg, 0.6 mmol) afforded the title
compound as viscous oil (61 mg, 38%). 'H NMR (DMSO0) § 1.52-1.73 (m, 4 H), 2.22 (i,
J=68Hz 2H),248(s, 3H),275(t, J=6.8Hz, 2H), 3.53 (5,3 H),7.13(d, /=80
Hz), 7.47-7.63 (m, 5 H), 7.93 (d, J = 8.0 Hz).

Example 34: 2,6-Dimethyl-3-phenethyl-3H-imidazo[4,5-blpyridine
L
N Nt
Method B applied to 2-chloro-5-methyl-3-nitropyridine (86 mg, 0.5 mmol) and A-
phenethyl-acetamide (98 mg, 0.6 mmol) afforded the title compound as viscous oil {54
mg, 43%). 'H NMR (DMSO) & 2.38 (s, 3 H), 2.46 (s, 3 H), 3.12 (t, 2 H), 4.53 (1, 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

=T

\
. Ph ) ,

Method B applied to 4-chloro-3-nitropyridine (79 mg, 0.5 mmol) and tetradecanoic acid
phenylamide (182 mg, 0.6 mmbol) afforded the. title compound as viscous ‘oif (64 mg, "
34%). 'H NMR (DMSOQ) 5 0.83 (f, 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, J = 6.7 Hz, 2 H). 7.63-7.71 (m, 6 H), 8.56 (d, J = 5.2 Hz, 1 H), 9.43 (s,
1 H).

Exampié 36: 4-(2,6-Dimethylimidazo[4,5-bpyridin-3-yl)-2-ethoxybenzoic acid methyl

esier
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Method B applied fo 2-chioro-5-methyl-3-nitropyridine (86 mg, 0.5 mmol} and 4-
acetylamino-2-ethoxybenzoic acid methyl ester (142 mg, 0.6 mmol) afforded the title
compound as viscous oil (136 mg, 84%). 'H NMR (DMS0) 8134 (t, J= 6.9 Hz, 3 H),
246 (s, 3 H), 2.61 (s, 3 H),3.82 (s, 3H), 412 (q, /= 6.9 Hz, 2 H), 7.22 (d, J = 8.0 Hz,
TH), 7.50 (s, TH), 7.83(d, J=8.0 Hz, 1 H), 7.98 (s, 1 H), 8.21 (s, 1 H).

Example 37; >-Methoxy-2-methyl-3-pyridin-2-yl-3H-imidazo[4,5-blpyridine.

Method B applied to 2-chloro-6-methoxy-3-nitropyridine (94 mg, 0.5 mmol) and N-
pyridin-2-ylacetamide (82 mg, 0.6 mmol} afforded the title compound as viscous ol (32
mg, 27%). 'H NMR (DMSO) § 2.66 (s, 3 H), 3.82 (s, 3 H), 6.81 (d, J = 8.5 Hz, 1 H),
.58 (dd, J=7.6,4.7 Hz, 1 H), ?.95.(d, J=79 Hz, 1 H), 8.04 (d, J=8.5Hz, 1 H), 8.14
(dd, J=7.9, 7.6 Hz, 1 H), 8.69 (d, J=4.7 Hz, 1 H).

Exampie 38: 2~(5—ChEoro-pentyl)—S-mathoxy—S—phenyi~3H-imidazo{ci,S-b}pyrid?ne
o NT TN—py,

I’v‘iethod B applied to 2-chloro-6-methoxy-3-nitropyridine (94 mg, 0.5 mmol) and 6-

| .chEorohexanoic acid phenylamidé (113 mg, 0.6 mmol} afforded the title compound as

viscous oil (94.mg, 57%). "H NMR (DMSO) § 1.34-1.41 (m, 2 H), 1.62-1.71 (m, 6 H),
2.78 (t, J = 6.8 Mz, 2 H), 3.73 (s, 3 H), 6.73 (d, J = 8.6 Hz, 1 H), 753?63(m 5 H),
7.98(d, J = 8.6 Hz, 1 H).

Example 38: 1-(4-Methoxyphenyl}-2-methyl-1H-imidazo[4,5-c]pyridine

—e
A G

N .

Method B applied o 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
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oil (84 mg, 70%). 'H NMR (DMSO) § 2.55 (s, 3 H), 3.88 (s, 3 H), 7.21 (d, J=88Hz 2
H), 7.57 (d, J=88 Hz, 2H),7.69 (d, /=54 Hz, 1 H),857 (d, J=54 Hz, 1 H), 9.44
(s, 1 H)
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Claims

A process for preparing a compound of formuia |

R4
Jgu
- N
3—A”
Re= I‘}A-J—»Rs (0
Rz“AbAcs g\‘!
Flﬁ Q—R0O

and/or all sterecisomeric forms of the compound of formuia 1, andfor mixtures of
these forms in any ratio, and/or a physiologically tolerated salt of the compound
of formula |, wherein

A1, A2, A3, Ad are independently from each other selected from carbon or

nitrogen atoms fo 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;

_~«(€3-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 indepehdent!y of one another by R13; or
-(€4-C14)-heteroaryl, wherein heteroaryl is unsubstituted or mono-, di-, tri- or

~ four times substituted independently of one another by R13; ..

Jis Cq-Cg)-alkylene, wherein alkylene is unsubstituted or mono-, di- or |

trisubstituted independently of one another by R14; -
»(C3~Cg)-cycioa!kyil, Whe_rein 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 independentiy of one another by R13; or _
-(C4-C14})-heteroaryi, wherein heteroaryl is unsubstituted or mono-, di-, tri- or

four times substituted independéntiy of one another by R13;
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RO, R1, R2, R3, R4 and R5 are independent of one another identical or different

and are
a)
b)

<)
d)

e)

f)

g}

h)

s

hydrogen atormn,
~(C4-C4 )-alkyl, wherein alkyl is unsubstituted or substituted one
to three times by R13,

halogen, _
phenyloxy-, wherein phenyloxy is unsubstituted or substituted

one o three times by R13,

-(C 1-Ca)-flucroalkyl,

-N{R10)-{C 1-C4)-alkyil, wherein alkyl is unsubstituted or
substituted one to three times by R13,

-(Ce-C14)-aryl, wherein aryl is unsubstituted or mono-, di-, tri- or
four times substituted independently of one another by R13,
~(C4-C14})-hetercaryl, wherein heteroaryl is unsubstituted or
mono-, di-, tri- or four times substituted independently of one
another by R13, o

~(C3-Cg)-cycloalkyl, wherein said cycloalky! is unsubstituted or

mono-, di-, tri- or four times substituted independently bf one

. another by R13, or

a 3-to 7-membered, cyclic residue, containing up to 1, 2, 3or 4
hetercatoms chosen from nitrogen, sulfur or oxygén, wherein

.said cyclic residue is unsubstituted or mono-, di-, tri- or four

times substituted independently of one another by R13,
—-0-CF3, . o
-0-(C4-Cy)-alkyl, wherein alkyl is unsubstituted or substituted
one to three times by R13,

-NO3,

-CN,

-OH,

-C(O)»-R1Q,




10

15

20

25

30

WO 2008/009348 PCT/EP007/005816

44
o) -C{O)0-R11,
y -C{O)}-N(R11)-R12,
8) -N(R11)-R12,
t) -N({R10}S02-R10,
V) -5-R10,
W) -S0p-R10, whereinnis 1 or 2,
X) =-S09-N(R1T1}R12) or
¥} 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, or
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, -(C4-Cg)-fluoroalkyl or —(C4-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 aryl is unsubstituted or mono-, di- or
o trisubstituted independently of one another by R13, o
| d) -(C4-C14)heteroaryl, wherein ‘-heterearyi is unsubstituted or mono-
, di- or frisubstit_uted -independentiy of one another by R13 or
R13is ~ halogen, -NOp, -CN, =0, -OH, -(C4-Cg)-alkyl, «{C4-Cg)-alkoxy,
-CF3, phenyloxy-, -C(0)}-0-R17, 7C(O)-N-(R‘17)~R1 8, -N(R17)-R18, -C(O)-R10,
~N(R10)~SOQ-R‘ED, -'s-mo, -S0p-R10, wherein nis 1 or 2, -S02-N(R17)-R18,
-(06—(31‘4)waryl, wherein aryl Is unsubstituted or mono-, di- or trisubstituted
independently of one another by R14, -(C4-C14)-hetercaryl, wherein heteroaryl
is unsubstituted or mono-, di- or frisubstituted 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- fo 7-membered

i et 4 = et it st oiemmitin
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cyclic residue, containing up to 1, 2, 3 or 4 heteroatoms chosen from nitrogen,
sulfur or oxygen, wherein said cyclic residue is unsubstituted or mono-, di- or
trisubstituted independently of one ancther by R14,
Ri4is ~ halogen, -OH, =0, -CN, -CF3, -(C{-Cg)-alkyl, -{(C4-Cg)-aikoxy,
-NO3g, -C(O}-0OH, -NHg, -C(0)-0-(C1-C4)-alkyl, -(C4-Cg)-atkylsulfonyi,
-C(O)-NH-(C4-Cg)-alkyl, -C{O)-N[(C4-Cg)-alkyljp, -C{O}-NHy ~5-R10,
-N{R10}-C(O}-NH-(C1-Cg)-atkyl, or -N(R10)-C(O}-N[(C4-Cg)-alkylls,
R17 and Ri8 are  independently of one another identical or different and are

a) hydrogen atom,

b)  +(Cq-Cg)aikyl,

c)  -(Cg-Cqg4j)-aryl-or

d) -{C4-Cq14)-heteroaryl,

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

R4 ©
v ;\i .
RsmAz"A ~o”
Ly | . (1
Rf

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

Xis Cl, Br, |, triflate or n_ohéﬂate, with a compound of formula I

0
' H-—i?EJ!\J"-RS (m
G—RO )
wherein Q J, RO and i§5 are as defined in formula 1,.
in the presence of a palladiumn catalyst, a base, a ligand and én apfotic solvent
to give a compound of formuia IV ' ' '
A

1
) N "
Ra—aZ" ©

|
ke N NuRs
Q-RO

(v}
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and converting the compound of formula 1V into a compound of formula | in the
presence of a reducing reagent and a second solvent and
optionally the compound of formula 1 is converted to its physiclogically tolerated

salt.

The process according to claim 1, wherein a compound of formula | is prepared,

wherein

A1, A2, A3 and A4 form together with the two carbon atoms informula 1 a
benzene, pyrazine, pyridazine, pyriding, pyrimidine, iriazine or tetrazine,
Qis -{Ct-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;

. .pheny!, wherein phenyl is unsubstituted or mono-, di-, tri- or four times

substituted independently of one another by R13; or

'~(C4-C1 4)-heteroaryl, wherein heteroaryl is selected from acridinyl, azaindole

(1H-pyrrolopyridinyl), azabenzimidazolyl, azaspirodecanyl, azepinyl, azetidinyl,
benzimidazolyl, benzofurany!, benzbthiofuranyt, benzothiophenyl, benzoxazoly,

~ benzthiazolyl, benziriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl,

carb"azalyi, 4aH-carbazolyi, carbolinyl, chromanyl, chromenyi, cinnolinyl,

" --decahydrochinolinyl, 4,5-dihydrooxaioiinyl; dioxazolyl, dioxazinyl, 1,3-

dioxolany!, 1,3-dioxolenyl, 3,3-dioxo[1,3,4joxathiazinyl, 6H-1,5,2-dithiazinyl,

. dihydrofuro[2,3-b}-tetrahydrofuranyl, furanyl, furazanyl, imidazolidiny},

imidazolinyl, imidazolyl, indanyl,'iH-_indazein, indolinyl, indolizinyl, indolyl, 3H-

' ihdo_ly[, isobenzofuranyl, isochromanyl, isoindazolyl, isoindoiinyi, isoindolyl,

isoquinolinyl, isothiazolyl, isothiazolidinyl, isothiazolinyl, isoxazolyi, isoxazolinyl,
isoxaioiidinyl, 2-isoxazolinyl, ketopiperazinyl, morpholinyl, naphthyridinyl,
octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazotlyi, 1,2,4-oxadiazoiyl, 1,2,5-
oxadiazolyl, 1,3,4-oxadiazolyl, 1,2-oxa-thiepanyl, 1,2-oxathiclanyl, 1,4-
oxazepanyl, 1,4-oxazepinyl, 1,2-oxazinyl, 1,3-oxazinyl, 1,4-oxazinyl,
oxazolidinyl, oxazolinyl, oxazolyl, oxetanyl, oxocanyl, phenanthridinyi,
phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyt,
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phthalazinyl, piperaziny, piperidinyl, pteridinyl, purinyl, pyranyl, pyrazinyi,
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazolyl, pyridoimidazolyl,
pyridothiazolyl, pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyi, pyrrolidinonyl,
pyrrolinyl, 2H-pyrrolyl, pyrrolyl, quinazolinyl, quinolinyl, 4H-quinoliziny,
quinoxalinyl, guinuclidinyl, tetrahydrofuranyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydropyridinyl,
tetrahydrothiophenyi, tetrazinyl, tetrazolyl, 6H-1,2,5-thiadiazinyl, 1,2,3-
thiadiazolyl, 1,2, 4-thiadiazoly, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, thianthrenyl,
1,2-thiazinyl, 1,3-thiazinyi, 1,4-thiazinyl, 1,3-thiazolyl, thiazolyl, thiazolidinyl,
thiazolinyl, thienyl, thistanyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thietanyl, thiomorpholinyl, thicphenolyl, thiophenyi, thiopyranyl, 1,2,3-triazinyl,
1,2 4-triazinyl, 1,3,5-triazinyl, 1,2,3-triazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,2,5-
triazolyi, 1,3,4-triazolyl and xanthenyl, and wherein heteroaryl is unsubstituted or
mono-, di-, tri- or four times substituted independently of one another by R13;
Jis  a covalent bond,

-{C4-Cg)-alkylene, wherein alkylene is unsubstituted or mono-, di- or

trisubstituted independently of one another by R14;

-(C3-Cg)-cycloalkyl, wherein cycloalky! is unsubstituted or mono-, di- or
trisubstituted independently of one another by R14; |
phenyl, where@ﬁ phenyl is unsubstituted or mono-, di-, tri- or four times
subsﬁfu‘ted independently of one another by R13; or

(C4-C14)-heteroaryl, whsrein hetercaryl is as defined above and is
unsubstituted or mono-, di-, tri- or four times substituted independently of one
another by R13; | h

"RO, R1, R2, R3, R4 and RS are independent of one arnother identical or different

and are
a} hydrogen atom,

b) F,
c) Clor Br,
d) -{C1-C4)-alkyl, wherein alkyl is unsubstituted or substituted one to three

times by R13,
e) +(C4-Ca)-fluorcalkyt,
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phenyl, wherein phenyl is unsubstituted or substituted one {c three times
by R13,

-(C4-Cq4)-hetercaryl, wherein heteroaryl is as defined above and is
unsubstituted or mono-, di-, tri- or four times substituted independently of
one another by R13,

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

tri- or four times substituied independently of one another by R13,
a 3- to 7-membered cyclic residue selected from azepine, azetidine,
aziridine, azirine, 1,4 diazepane, 1,2-diazepine, 1,3-diazepine, 1,4~
diazepine, diaziridine, diazirine, dioxazole, dioxazine, dioxole, 1,3-
dioxolene, 1,3-dioxolane, furan, imidazole, imidazoline, imidazolidine,
isothiazole, isothiazolidine, isothiazoline, isoxazole, isoxazoline,
isoxazolidine, 2-isoxazoline, ketomorpholine, ketopiperazine, morpholine,
1,2-0xa-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, pyrrofine, -
tetrahydrofuran tetrahydropyran, tetrahydropyridine, tetrazine, tetrazole,
thiadiazine thiadiazole, ‘E 2-thiazine,.1,3-thiazine, 1 4-thuaz;ne 1 3-
thiazole, thiazole, thlazohdlne thiazoline, thienyt, thietan thsomorpholme
thiopyran, 1,2,3-triazine, 1,2,4-triazine, 1,3,5-triazine; 1 ,2,3-tnazoie or -
1,2.4-triazole, and is unsubstituted or mono-, di-, tri- or four times -
substituted independently of one another by R13, o
-O-CFa, |
-0-(C4-C4)-alkyl, wherein alkyt is unsubétituted or s&jbstituted one o

tﬁree times by R13,
-N{R10)-(C-Cy4)-alkyl; wherein alkyl is unsubstituted or substituted one

to three times by R13,

phenyloxy-, wherein phenyloxy is unsubstituted or substituted one to
three times by R13,
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P} -C{O)-0-R11,

a) -C{O)}N{R11)-R12,

r) N{R11}»R12,

s) -N(R10}-809-R10,

t) -3-R10,

V) ~SO,~,-R10, whereinnis 1 or 2,

wy  -502-N(R11)}R12,

X) -C{O)-R10 or

¥) 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, -(C4~C3)-fluorcalkyl or —{C41-Cg)-alkyi,

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-C 14)-heferoaryl, wherein hetercaryl is as defined above and is

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

R13is . F,Cl;-CN, =0,-OH, -(C1-Cg)-alkyl, -(C1-Cg)-alkoxy; -CFs,

phenyloxy-, -C(O)-R10, -C(O)-0-R17, -C(O)-N(R17)-R18, -N(R17)-R18,
-N(R10)-802-R10, -8-R10, -80n-R10, wherein nis 1 or 2, -802-N(R17)-R18,
phenyl, wherein phenyl is unsubstituted or mono-, di- or trisubstituted
independently of one another by- R14, -(C4-C14)-heteroaryl, wheréin heteroaryi

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- io 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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R14 is F, Cl, -OH, =0, -CN, -CF3, «(C4-Cg)-alkyl, -(C1-C4g)-alkoxy, -C(O}OH,
-NHg, -C{O}-0-(C1-Cy)-alkyl, -(C1-Cg)-alkylsuifonyl, -C{O)-NHp -S-R10,
-C{O)}-NH-{C4-Cg)-alkyl, -C{O)-N[{C1-Cg)-alkyils,
-N({R10)-C(O)-NH-(C4-Cg)-alkyl or ~N(R10)-C{O)-N[(C1-Cg}-alkyl]z,

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

a) hydrogen atom,
by  ~(Cq-Cyialkyi,

c} phenyl or
d} -(C4-Cq4)-heteroaryl and
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, —(C1~.C@)~aikylene

or pyridyl, ,

RO, R1, R2, R3, R4 and R5 are independent of one another identical or different
and are : ‘ .
a) hydrogen atom,

by F,
c} i,
dy “Br, -

&) -(Cy-Ca)alkyl

f) -(C3-Cg)-cycloalkyl
g)  phenyl,

h) -0-(C4-Cy)-alkyt,

) -C(O)-O-R11,

) -CN,

k) -C(C)-R10 or
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) 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 of —(C4-C4 yalkyi,

Ri1is hydrogen atormn or -(C{-C4 )-alkyl,

R13is -C{0})-0-R17,

R4 is Cl, F, (C4-Cgl-alkyl or -C(O})-0-{C4-C4)-alkyl,
R17 is nydrogen atomn or -(C4-C4)-alkyl and

Xis Ci, Brorl.

The process according to claims 1 to 3 wherein one of the following compounds
of formula | is prepared:

5-Chioro-Z2-methyl-1-phenyl-1H-benzimidazole; 2-Methyl-1-phenyi-1H-
benzimidazole; 7-Chloro-2-methyi-1-phenyl-1H-benzimidazole; 2,7-Dimethyl-1-
phenyl-1H-benzimidazole; 5-Methoxy-2-methyl-1-phenyl-1H-benzimidazole; 2-
Methyl-1-phenyi-1 H-benzimidazoieus-ca:;baEdehyde; 1,2-Diphenyl-1H-
benzimidazole; 1-Phenyi-2-pyridin-3-yl-1H-benzimidazole; 1-Phenyi-2-tridecyl-
1H-benzimidazole; 1 2-dimethyl-1H-benzimidazole; 2-Methyl-1-phenethyl-1H-
benzimidazole; 2-Methyl-1-pyridin-2-yl-1H-benzimidazole; 5-(1-Phenyl-1H-
benzoimidazol-2-yl}-pentancic acid methyl ester; 2~(5-Chiar0—pentyi‘)-'i»phenyif .

x 1H-benzlmidazole; 1-{4-Methoxy-phenyl)-2-methyl-1 H-benzimidazole; 4-(2-

Methyi-benzoimidazol-1-yl)}-benzonitrile, 2-Ethoxy-4-(2-methyl-benzoimidazol-1-
yl)-benzoic acid methyl ester, 2,4-Dimethyl-1-phenyl-1H-benzimidazole, 5-
cyého—2~énethyl- 1-phenyl-1H-benzimidazole, 2-Methyl-1 -pyridin-2-yl-1H-

h benzimidazole; 5-(2-Heptyl-benzoimidazol-1-yi)}-pentanoic écid tert-butyl ester;

6-(2-Methyl-benzoimidazol-1 -yl}-hexanoic acid methy! ester; 2-

- Cyclopentylmethyl-1-(2-methyl-butyl)- 1 H-behzimidazo!e-s-carboxylic acid

methyl ester; 2-Methyi-1 -phenyi;*l H-imidazo[4,5-clpyridine; 2-Methyl-1-phenyi-
1H-imidazo[4,5-blpyridine; 2-Methyl-3-phenyl-3H-imidazo[4,5-blpyridine; 2,6-
Dimethyt-3-phenyl-3H-imidazo[4,5-b]pyridine; 5-Methoxy-2-methyi-3-phenyl-3H-
imidazol4,5-b]pyridine; 2,5-Dimethyl-3-phenyi-3H-imidazo[4,5-blpyridine; 2,7-
Dimethyl-3-phenyl-3H-imidazo[4,5-bjpyridine; 5-Methoxy-3-phenyl-2-pyridin-3-
vi-3H-imidazol4,5-blpyridine; 5-(5-Methyl-3-phenyl-3H-imidazol4,5-b]pyridin-2-
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yt)}-pentanoic acid methyl ester; 2,6-Dimethyl-3-phenethyi-3H-imidazo[4,5-
bipyridine; 1-Phenyl-2-tridecyl-1H-imidazo[4 ,5-c]pyridine; 4-(2,6-
Dimethylimidazo[4,5-b]pyridin-3-yl}-2-ethoxybenzoic acid methy! ester; 5-
Methoxy-2-methyl-3-pyridin-2-yl-3H-imidazo[4,5-b]pyridine; 2-(5-Chloro-pentyl)-
S-methoxy-3-phenyl-3H-imidazo[4,5-blpyridine or 1-(4-Methoxypheny!)-2-
methyl-1H-imidazof4,5-c]pyridine.

The process according to claims 1 to 4, wherein the palladium catalyst is
selected from: Pd-alkanocates, Pd-alkanoate complexes, Pd-acetonates, Pd-
halides, Pd-halide complexes and Pd-phosphine complexes.

The process according to claim 5, wherein the palladium catalyst is selected
from: paliadium (I} acetate, palladium (11} triflucroacetate, tris{(dibenzylidene-
acetone)dipailadium(0), tris(dibenzylideneacetone)dipalladium{C) chioroform
adduct, palladium (1) chloride, 2,2"-bis(diphenylphosphino)-1,1*
binaphthyipalladium(lt) chioride, acetato(2'-di-tert-butylphosphino-1,1"-biphenyi-
2-yhpalladium(ll), {1,2-Bis(diphenylphasphino)ethane)dichloropalladium(il),
Bis[1,2-bis(diphenylphesphino)ethane]palladium (0); [(28,3S)-Bis{diphenyl-
phosphino)butane] [eta3-aliyijpalfadium(ii) pérchforate, and 1,3-bis(2,4,6- |
trimeth‘yiphenyi)imidaéof~2-y!idene(! A-naphthoqui none)palladium (0) dimer.

- ‘Thé process according to claim 5, wherein the paliadium catalyst is pallédium

(il) acetate, 2,2"-bis(diphenylphosphino)-1,1-binaphthyipaliadium(li) chioride or

palladium (I} trifluoroacetate.

- The process according to claims 1 to 7, wherein the base is selected out of the

group of carbonates, phosphates, flucrides, 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.
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The process according to claims 1 to 9, wherein the ligand is selected out of the
group: (+/-)}-2,2"bis(diphenylphosphino)-1,1-binaphthalene, 4,5-Bis(diphenyi-
phosphino)-8,9-dimethylxanthene, (R)-{~)-1 -{(S)-2-{diphenylphosphing)
ferrocenyl] ethyldicyclohexylphosphine, 1,2-Bis(diphenylphosphino)ethane |, 1,3-
Bis(diphenylphosphinojpropane, (R)-(-)-1-[(S)-2-(Dicyclohexyiphosphino)-
ferrocenyllethyidi-tert-butylphosphine, (R)-(+)-1,1 -Bis(diphenylphosphino)-2,2'-
bis(N, M-dilisopropylamido)ferrocene, (S,8)-1-[1 ~(Di-tert-butylphosphine jethyl}-2-
(diphenyiphosphino)ferrocene, (1R,2R)-(+)-1 Z-Diaminocyciohexane-N,N-bis(2-
diphenylphosphino-1-naphtoyl, (-}-1,2-Bis({28,58)-2 5-diiso-
propylphospholano)-benzene, Bis[(2-diphenylphosphino)phenyllether, (S)-(-)-
2,2"-Bis(di-para-tolylphosphino}-1,1-binaphyl, 4,5-Bis(bis(3,5-
bis(trifluoromethyl)phenyl)-phosphino}-9,9-dimethyixanthen, 2,2"-bis[(2',4' 6"~
triisopropy!)dicyciohexy!-phosphino]bipheny! and 2,2"-bis(di-fert-
butylphosphino)biphenyl, tri-fert-butylphosphine.

The process according to claim 10, wherein the figand is 2,2 -bis(diphenyl-
phosphino)-1,1-binaphthalene or 4,5-Bis(diphenylphosphino)-8,9-
dimethyixanthene.

The process according to claims 1to 11, wherein the aprotic solvent is selected
out of the group: benzene, toluene, xylene, mesitylene, acetenitrile,
tetrahydrofﬂrahe, dimethylformamide, n-methylpyrrolodinone,

_dimethylacetamide, dimethyisulfoxide, (2-methoxyethyi)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 it is carried out in the temperature range
from 60 °C to 150 °C, preferably from 70 °C to 90 °C.




WO 2008/009348 PCT/EP2007/005816

54

15.  The process according to claimi to 14, wherein the second solvent is selected
out of the group: methanol, ethanol, propanol, acetic acid, methylene chloride,
dimethyiformamide, tetrahydrofurane, pyridine, p-xylene, ethylacetate, benzene,
toluene, xyvlene, 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 chiloride,
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: Ho/Raney-Ni, Ho/Pd-C, Ha/PtO9, Ho/Ru,

NaBH4/NiClo, NaBHg/FeClo, HaPO4/Pd-C, Sn/HCI, SnCla/HC, Fe/HOAC,
Fe/HC|, FeSO4/MHC!, Fe/FeSOy4, Zn/HCI, 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.




