CAVELIER ABOGADOS- COLO: 12889-801-002-9 MRE/mrm-Id-6

PETITORIO ‘

'd

(

Industria y Comercio
SUPERINTENDENCIA

SUPERTHMISTRIA ¥ CEERLID
Kadicacion : 01109589 00000004 Folios: 31

Fecha (M) DODI-12-21 1603%:21
Tranite o OO PRTENTES D  f RERISTRL/ 411 PRESENTAC

‘ Deseodencia; 2020 RTOTSION PE hUkVAS CREMLICES
FORMULARIO UNICO DE SOLICITUD DE PATENTE
2000-3

O SOLICITUD DE:

Patente de Invencién ] Patente de Modelo de Utilidad

y PFIZER, INC. IDENTIFICACION

Direccion: 35 N.E. Industrial Road,

SOLICITANTE Branford, Connecticut 08405 Estados D D
(71) Unidos de América y 235 E 42™ Street,| C-C- NIT

20" Floor, New York, New York 10017- c‘E D Otro D

5755, Estados Unidos de América, -

raspeclivamenta.

Teléfono: 54808 70
E-mail: cllentes@camyp.com
Fax: 2484070

Domicllio: Branford, Connecticut, y New
York, New York, Estados Unidos de
América, respectivaments,

O Nombres: NEUROGEN CORPORATION

Ndmero:

O Nombre;  Emilio Ferrero IDENTIFICACION

Direccién: Camera4® Nq. 72-35 E D
RO APODERADO oe N
Teléfono: 347 38 11
(74) E-mai:  caveller@cavelier.com ce. [ oro L1
Fax: 217 92 11
Domicllio: Bogota, Colombla Nomero: _438.018 TP _31.928

Nombres:
1- Gulying LI IDENTIFICACION
#8 Valley Cous Branford, Connectlcut '
08405, Estados Unidos de América.
INVErggR(ES) 2- John M. PETERSON ce. [ nr O
28 Highland Temace,r Madison,

Connecticut 06443, Estados Unidos de CE EI Otro D
América.
3- Pamela ALBAUGH Namero:
10475 Trebah Circle, Carmel, Indiana
48032, Estados Unidoa de América.
4- Kevin CURRIE
33 Clear Lake Manor Road, North
Branford, Connecticut 08471, Eetados
Unidos de América.
5- Guolin CAl
2382 Whitechapel Place, Thousand Oaks,
Califomla 91362, Estadoa Unidos da
América.
6- Linda M. GUSTAVSON
3 Chastnut Court, Guilford, Connecticut
08437, Estados Unidos de América.
7- Kyungae LEE
6 Finch Lane, Guilford, Connecticut 08437,
Estados Unidos de América.
8- Alan HUTCHISON
29 Kimberly Lane, Madison, Connecticut
06443, Estados Unidos de América
9- Vinod SINGH
4056 IIT Cempus, Kanpur 208016, India.




CAVLELILEIN ADUGALNVUD" VULV LEZDDIDUL™UVE™Y NMIOLDJ/IOIIIN-1a-o

»>

10- George MAYNARD

27 Glenwood Road, Clinton, Connecticut

06413, Estados Unidos de América. 2—2
11- Jun YUAN

40 Spruce Hill Drive, Guilford, Connecticut
08437, Estados Unidos de América.

12- Linghong XIE

136 Renee's Way, Guilford, Connecticut
06413, Estados Unidos de América.
13-Manuka GHOSH

211 E. Maln ST. #83, Brandord,
Connecticut 08405, Estados Unidos de
Américad

14- Nlan LIU

20 Country Road, North Branford,
Connecticut 06471, Estados Unidos de
América.

15- George LUKE

17 Vienna Lane, Clinton, Connecticut
06413, Eatedos Unidos de América.

18- Martin Patrick ALLEN

83 Mystic Road, North Stonington
,Connecticut 08359, Estados Unidoa de
América.

17- Spiros LIRAS

12 Kidds Way, Stonington, Connecticut
08378, Estados Unidos de América.

18- Scott MITCHELL

13 Momis Road, East Haven, Connecticut
08513, Estados Unidos de América.

TITULO (54) DERIVADOS BENZIMIDAZOL Y PIRIDILIMIDAZOL COMO
LIGANDOS PARA GABA,

Clasificacién Internacional (51) /{/K/ %m ~ Co7 ) 2%4

Prioridad (33) Pals de Origen (32) Fecha (31) Nomero de Solicitud
si® no |:| US. 21 de diciembre de 2000 607257492 |

Para publicar a partir de la fecha de la presente solicltud a los

BmosesD 12 mases D 18 meseas @ Otro D
Comprobante de pago No. 01-74.216 por $ 3566.640.00 Fecha: 26 de noviembre de 2001

Comprobants de pago No. 01-74.167 por § 100.000.00 Fecha: 26 dg noviembre de 2001 _




CAVELIER ABOGADOS- COLO: >

ANEXOS

Comprobante de pago de la tasa de presantacion de la solicitud

Comprobante de pago de la tasa por cancepto de excedents de palabras en i1a publicacién
Comprobante de pago por reivindlcacién de prioridad

Certificado de existencia y representacidn legal cuando el solicltante sea persona Jurldica
Poderes, sifuere el caso {2

Copia certificada de la primera solicitud, si se reivindica prioridad

Traducclén simple de [a primera solicitud, si se relvindica ptioridad

Documento de cesién del Inventor al solicitants o a su causante

Descripcién de la invencion ( &

Una o mas relvindicaciones (‘:. 7«)

Dibujos y/o planos necesarios

De ser 8] caso, copia del contrato de acceso

De ser el caso, documento que acredita la licencla o autorizacién de uso de conocimientos tradicionales
de las comunidades indigenas

De ser ol caso, certificado de dapéelto dal material biolégico

Arte final 12 x 12,

@ 00 OO0OSRKO0O0OROADON e

FIGURA CARACTERISTICA:

O

NOMBRE: EMILIO FERRE
FIRMA: é._.ﬁ._a ﬁ _

C.C. 438.019de Usaquén T.P. 31.929

Instrucclones para e! diligenclamlento del presente formulario, ver reverso de esta pigina




1o

15

20

25

30

35

FIELD OF THE INRVENTION

This invention relates to a benzimidazole and
pyridylimidazole derivatives, and, more specifically, to such
derivatives that bind with high selectively and/or high
affinity to the benzodiazepine site of GABA, receptors. This
invention also relates to pharmaceutical compositions
comprising such compounds and to the use of such compounds in
the treatment of central nervous system (CNS) diseases.

BACKGROUND
The GABA, receptor superfamily represents one of the
classes of receptors through which the major inhibitory

neurotransmitter, y-aminobutyric acid, or' GABA, acts. Widely,
although unequally, distributed throughout the mammalian
brain, GABA mediates many of its actions through a complex of
proteins called the GABA, receptor, which causes alteration in
chloride conductance and membrane polarization. In addition to
being the site of neurotransmitter action, a number of drugs
including the anxiolytic and sedating benzodiazepines bind to
this receptor. The GABA, receptor comprises a chloride channel
that generally, but not invariably, opens in response to GABA,
allowing chloride to enter the cell. This, in turn, effects a
slowing of neuronal activity through hyperpolarization of the
cell membrane potential.

GABA, receptore are composed of five protein subunits. A
number of cDNAs for these GABA, receptor subunits have been
cloned and their primary structures determined. While these
subunits share a basic motif of 4 membrane-spanning helices,
there is sufficient sequence diversity to classify them into

- several groups. To date at least 6a, 3B, 3y, le, 18 and 2p

subunits have been identified. Native GABA, receptors are
typically composed of 2a, 2B, and 1ly. Various lines of

evidence (such as message distribution, genome localization
and biochemical study results) suggest that the major

«\
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naturally occurring receptor combinations are oBay2. @aBava,

oBiy2, and asPiya (Mohler et al. Neuroch. Res. 1995; 20(5):631-
36) .
The GABA, receptor binding sites for GABA (2 per receptor

complex) are formed by amino acids from the a and f§ subunits..

Amino acides from the o and y subunits together form one
benzodiazepine site per receptor. Benzodiazepines exert their
pharmacological actions by interacting with the benzodiazepine
binding sites associated with the GABA, receptor. In addition
to the benzodiazepine Bsite (sometimes referred to as the
benzodiazepine oxr BDZ receptor), the GABA, receptor contains
sites of interaction for several other classes of drugs.
These include a steroid binding site, a picrotoxin site, and a
barbiturate site. The benzodiazepine' site of the GABA,
receptor is a distinct site on the receptor complex that does
not overlap with the site of interaction for other classes of
drugs that bind to the receptor or for. GABA (see, e.g.,
Cooper, et al., The Biochemical Basis of Neuropharmacology, 6%
ed., 1991, pp. 145-148, Oxford University Press, New York).

In a classic allosteric mechanism, the binding of a drug
to the benzodiazepine site increases the affinity of the GABA
receptor for GABA. Benzodiazepines and related drugs that
enhance the ability of GABA to open GABA, receptor channels are
known as agonists or partial agonists depending on the level
of GABA enhancement. Other classes of drugs, such as pB-
carboline derivativea, that occupy the same site and
negatively modulate the action of GABA are called inverse
agonists. A third class of compounds exiats which occupy the
same site as both the agonists and inverse agonists and yet
have little or no effect on GABA activity. These compounds

"will, however, block the action of agonists or inverse

agonists and are thus referred to as GABA, receptor
antagonists.

The important allosteric modulatory effects of drugs
acting at the benzodiazepine site were recognized early, and
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the distribution of activities at different subtype receptors
has been an area of intense pharmacological discovery.
Agonists that act at the benzodiazepine site are known to
exhibit anxiolytic, sedative, and hypnotic effects, while
compounds that act as inverse agonists at this site elicit
anxiogenic, cognition enhancing, and proconvulsant effects.
While benzodiazepines have enjoyed long pharmaceutical use as
anxiolytics, these compounds are known to exhibit a number of
unwanted side effects. These may include cognitive
impairment, sedation, ataxia, potentiation of ethanol effects,
and a tendency for tolerance and drug dependence.

GABA, selective ligands may aleo act to potentiate the
effects of certain other CNS active compounds. For example,
there is evidence that selective serotonin reuptake inhibitors
(SSRIs) may show greater antidepressant activity when used in
combination with GABA, selective ligands than when used alone.
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SUMMARY OF THE INVENTION

This invention provides benzimidazole and

pyridylimidazole derivatives that bind to the benzodiazepine
site of GABA, receptors, including human GABA, receptors.
Preferred compounds of the invention bind with high
selectivity and/or high affinity to GABA, receptors. Preferred
compounds act as agonists, antagonists or inverse agonists of
such receptors. As such, they are useful in the treatment of
various CNS disorders.

The invention provides compounds of Formula I (shown
below), and pharmaceutical compositions comprising compounds
of Formula I.

The invention provides methods for synthesizing compounds
of Formula I. .

The invention further provides methods of treating
patients suffering £from certain CNS disorders with an
effective amount of a compound of the invention. The patient
may be a human or other mammal. Tredtment of humans,
domesticated companion animals (pets) or livestock animals
suffering from certain CNS disorders with an effective amount
of a compound of the invention is encompaased by the
invention.

In a separate aspect, the invention providea methods of
potentiating the actions of other CNS active compounds. These
methods comprise- administering an effective amount of a
compound of the invention in conjunction with the
administration of another CNS active compound.

Additionally this invention relates to the use of
compounds of Formula I as probes for the localization of GABA,
receptors in tiesue sections.

In a first aspect, the invention provides compounds of
ﬁormula I
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and the pharmaceutically acceptable salts thereof.

In this aspect, Z; is nitrogen or CR;; Z; is nitrogen or
CR;y;
Z; is nitrogen or CR;; and Z, is nitrogen or CR,; provided that
no more than two of Z;, Z;, Z;, and Z, are nitrogen.
Furcther in Formula I,

R:;, Ra, R3, and R, are independently selected from

i) hydrogen, halogen, hydroxy, nitro, cyano, amino,
haloalkyl, and haloalkoxy,

ii) alkyl, alkoxy, cycloalkyl, alkenyl, alkynyl,

(cycloalkyl) alkyl, -NH (Ryo) , -N(Ryo) (R11) , hydroxyalkyl,
aminoalkyl, (Ryp) NHalkyl-, (Rio) {R11)Nalkyl-, alkanoyl,
alkoxycarbonyl, (heterocycloalkyl)alkyl, " alkylsulfonyl,

alkylthio, mono- or dialkylaminocarbonyl, heterocycloalkyl,
aryl, and heteroaryl, each of which is optionally substituted
with 1, 2, 3, or 4 of Ry, wherein R, and R;; are independently
gelected from the group consisting of alkyl, alkenyl, alkynyl,
alkoxy, cycloalkyl, (cycloalkyl)alkyl, aryl, arylalkyl,
alkanoyl, and mono and dialkylaminoalkyl; and

- iii) a group of the formula:

G
§/ R,

where G is a bond, alkyl, -0-, -C(=0)-, or -CH;C(=0)-, and R,
is a saturated, partially unsaturated, or aromatic carbocycle,
congisting of 1 ring or 2 fused, pendant, or spiro rings, each

.ring containing 0, 1, or 2 heterocatoms independently chosen

from N, §, and O, said saturated, partially unsaturated, or
aromatic carbocycle is optionally substituted with 1, 2, 3, or
4 of Rag.

iv) a group of the formula
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where J is N, CH, or C-alkyl, and Ry and R are independeatly
selected from the group consisting of hydrogen, alkyl,
alkenyl, alkynyl, alkoxy, cycloalkyl, {cycloalkyl}alkyl,
heterocycloalkyl, aryl, arylalkyl, alkanoyl, heteroaryl, and
mono and dialkylaminoalkyl, each of which is optionally
substituted by 1 or 2 substituents independently chosen from
halogen, hydroxy_, cyano, amino, nitro, alkoxy, and alkyl; R,
and R and the atom to which they are attached form a 4- to 10-
membered monocyclic or bicyclic ring, which may contain:

a) one or more double bonds,

b) one or more of oxo, O, §, SO, 80, or N-Rp wherein R,

is hydrogen, Ar,, alkyl, cycloalkyl, heterocycloalkyl, or

Arjalkyl; wherein Ar; is aryl or heteroaryl, each of which

is opticnally substituted by 1. or 2 substituents

independently chosen from halogen, hydroxy, cyano, amino,
nitro, alkoxy, and alkyl,

c) one or more substituents Ryy;

v) -0C{=0)Rg, -C(=O)ORgz, -C(=O)NH;, -C(=0)NHRg, -
C(=O)NRgRy, -S(O)qRg, -S(0),NHz, -S({O) NHRg, -S(O) NRgRy, -

NHC (=O)Rg, -C{(=NRg)Rp, -HC=N-OH, -HC=N(alkoxy), -HC=N{alkyl), -
NRzC(=0)Ry, -NHS(O)sRg, and -NRgS(O)Ry, where m is 0, 1 ox 2,
and

Rg and Ry are independently selected at each occurrence from
alkyl, cycloalkyl, heterocycloalkyl, alkoxy, mono- or
dialkylamino, aryl, or hetercaryl each of which is optionally
substituted by 1, 2, or 3 of Ry,.

Rao, in this aspect of the invention, is independently
gselected at each occurrence from the group consisting of:
halogen; hydroxy; nitro; cyano; amino; alkyl; alkoxy
optionally substituted with amino or mono- or dialkylamino;
cycloalkyl; cycleocalkylalkyl; cycloalkylalkoxy; alkenyl:
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alkynyl; halocalkyl; oxo; haloalkoxy; mono- and dialkylamino;
aminoalkyl; and mono- and dialkylaminoalkyl.

Ry is independently selected at each occurrence from
halogen, hydroxy, nitro, cyano, amino, alkyl, alkoxy
optionally substituted with amino or mono- or dialkylamino,
cycloalkyl, cycloalkylalkyl, cycleoalkylalkoxy,
heterocycloalkyl, alkenyl, alkynyl, haloalkyl, haloalkoxy,
oxo, mono- and dialkylamino, aminoalkyl, and mono- and
dialkylaminoalkyl.

Rs represents hydrogen or haloalkyl; or

Rs; represents alkyl, cycloalkyl, or (cycloalkyl)alkyl,
each of which may contain one or more double or triple bonds,
and each of which is optionally substituted with 1, 2, or 3 of
Rig, OF .
Rs represents aryl, arylalkyl, heteroaryl, or
heteroarylalkyl each of which is optionally substituted with
1, 2, or 3 substituents selected from the group consisting of
haloalkyl, amino, -NH(R,q), -N(R,q) (R,;), carboxamido,

{R,p) NHcarbonyl, (R;g) (R;1)}Ncarbonyl, halogen, hydroxy, nitro,
cyano, amino, alkyl, alkoxy optionally substituted with amino
or mono- or dialkylamino, cycloalkyl, cycloalkylalkyl,
cycloalkylalkoxy, heterocycloalkyl, alkenyl, alkynyl,
haloalkyl, haloalkoxy, aminoalkyl, and mono- and
dialkylaminoalkyl.

-Q represents - -C(R;) (R;) or oxygen, with the proviso that Q
is not oxygen when X; is nitrogen.

Rg and R; independently represent hydrogen, fluorine, or
alkyl.

The group:

©),

) .
%

w
represents a 5 to. 7 membered heterocaryl or heterocycloalkyl
ring containing up to 4 heteroatoms selected from nitrogen,
sulfur, and oxygen, said 5 to 7 membered heterocaryl or
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heterocycloalkyl ring is substituted at each carbon atom by R,
and substituted at each nitrogen atom available for '
substitution by R’.

R is independently chosen at eaeh occurrence from
hydrogen, halogen, amino, alkyl, alkenyl, alkynyl, alkoxy,
cycloalkyl, (cycloalkyl)alkyl, haloalkyl, haloalkoxy.
carboxamido, and 3- to 7-membered carbocyclic or heterocyclic
groups which are saturated, unsaturated, or aromatic, which
may be further substituted with one or more substituents
independently selected from halogen, oxo, hydroxy, alkyl, and
alkoxy.

R’ is independently chosen at each occurrence from alkyl,
hydrogen, cycloalkyl, cycloalkyl{alkyl), and 3- to 7-membered
carbocyclic or heterocyclic groups which are saturated,
unsaturated, or aromatic, which 3- to 7-membered carbocyclic
or heterocyclic groups are optionally substituted with one or
more substituents independently selected from halogen, oxo,
hydroxy, alkyl, and alkoxy.

X, and X; independently represent nitrogen, carbon or CH.

Y is nitrogen, oxygen, carbon, -CH-, -CH;-, or absent.

W represents aryl or heteroaryl, wherein the aryl or
heteroaryl group is optionally substituted with up to 4 groups
independently selected from Ry, -CO3H, -C(=0)ORg, -C(=O)NHRg, -
C(=0)NRzRy, -C(O)Rg, and -S(O).Rg, -ORg, whexre Ry and R; are as
defined above and m is 0, 1, or 2.

-10-
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DETAILED DESCRIPTION

In addition to the compounds and salts of Formula I,
described above, the invention further provides compounds of
Formula I wherein

R;, Rz, R;, and R, are independently selected from

i} hydrogen, halogen, hydroxy, nitro, cyano, amino,
halo(C,-Cg¢} alkyl, and halo(C;-Cg)alkoxy,

ii) (C,-Cglalkyl, (C,-Cg)alkoxy, (C3-Cg)lcycloalkyl, (Ci;-

Cg)alkenyl, alkynyl, ((C;-Cg)cycloalkyl) (C;-C.}alkyl, -NH(R,p), -
N(Ryo) (R;;) , hydroxy(C;-Cg)alkyl, amino(C;-Cg¢)alkyl, (Ryg)NH (C,-
Ce)alkyl, (R;p) (R;y)N(C,-Cg)alkyl, (C;-Cg)alkanoyl, (C,-
Ce¢) alkoxycarbonyl, (C,-Cg)alkylsulfonyl, (C;-Cg¢)alkylthio, mono-
or di(C,-Cg)alkylaminocarbonyl, heterocycloalkyl,
(heterocycloalkyl)C,-Cqalkyl, aryl, and heteroaryl, each of
which is optionally substituted with 1, 2, 3, or 4 of Ry,
wherein R,; and R,, are independently selected from the group
congiseting of (C;-Cg)alkyl, (C;-Cg¢)alkenyl, (C;-Cg)alkoxy, (C;-
Cg)cycloalkyl, (C;-Cg)cycloalkylalkyl, aryl, aryl(C,-Cg)alkyl,
(C;-Cg)alkanoyl, and mono and di(C;-C¢)alkylaminoalkyl;

iil) a group of the formula:

G
g/ R,

where G 1s (C;-Cg)lalkyl, -0-, -C(=0)-, or -CH;C({=0)-, and

Rp is a Bsaturated, partially unsaturated, or aromatic
carbocycle, consisting of 1 ring or 2 fused, pendant, or apiro
rings, each ring consisting of from 3 to 8 ring atoms, and
each ring containing 0, 1, or 2 hetercatoms independently
chosen from N, S, and O; sald saturated, partially
unsaturated, or aromatic carbocycle is optionally substituted
with 1, 2, 3, or 4 of Ry,

iv} a group of the formula

| o]
.gJ\J/"'
%

-11-
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where J is N, CH, or C-(C;-Cslalkyl and Ry and Rc are
independently selected from the group comnsisting of hydrogen,
(C,-Cgs)alkyl, (C;-Cglalkenyl, (C;-Cg)alkynyl, (C,-Cg)alkoxy. (Ci-
Cs) cycloalkyl, (C;-Cycycloalkyl) (C,-C4)alkyl, heterocycloalkyl,
aryl, aryl(C,;-C,)alkyl, (C,-C¢)alkanoyl, heterocaryl, and mono
and di{C,-Cg)alkylamino(C,-Cg)alkyl, each of which is optionally
substituted by 1 or 2 substituents independently chosen from
halogen, hydroxy, cyano, amino, nitro, C,;-Cgalkoxy, and C,-
Csalkyl; or Ry and R and the atom to which they are attached
form a 4- to l0-membered monocyclic or bicyclie ring, which
may contain
a) one or more double bonds
b) one or more of oxo, 0, S, 50, S0O;, and N-Rp, wherein Rp
is hydrogen, Ar,, (C;-Cg)alkyl, (C;-Cy)cycloalkyl,
heterocycloalkyl, or Ar,(C;-Cs)alkyl; wherein Ar, is
aryl or heteroaryl, each of which is opticnally
substituted by 1 or 2 subatituents independently
chosen from halogen, hydroxy, cyano, amino, nitro,
C-Csalkoxy, and C;-Cgalkyl; )

¢) one or more subatituents Rjo;

v) -0C(=0)Rg, -C(=0Q)ORg, -C(=O)NH;, -C(=0)NHRg, -
C(=20)NRgRg, -85(0)nRz, -8{0),NH;, -S(0);NHRg, -S(O).NRegRz, -
NHC{=0)Rg, -C(=NRg)Rp, -HC=N-OH, -HC=N(C,;-Cgalkoxy), -HC=N(C,-
Csalkyl), -NRzC{(=O)R;, -NHS{O) Rz, and -NR:S(O) Ry, where m is 0,
1 or 2, and Rg and Ry are independently selected at each
occurrence from (C;-C¢)alkyl, (Ci-Cg)cycloalkyl,
heterocycloalkyl, (C,-Cs)alkoxy, mono- and di (C,~Cg)alkylamino,
aryl, and heterocaryl each of which is optionally substituted
by 1, 2, or 3 of Rjy.

Ryo is independently selected at each occuri'ence from the
group consisting of halogen; hydroxy:; nitro; cyano; amino; {(C;-

. Cs)alkyl; (Ci-Cg¢)alkoxy opticnally substituted with amino or

mono- or di(C,-Cs)alkylamino; (C3-Cy)cycloalkyl; (C,-
Cs) cycloalkyl (C;-C,) alkyl; (C;-Cg)cycloalkyl (C,-C,)alkoxy; (C;-
Cs}alkenyl; (C;-C¢)alkynyl; halo(Ci-Cg¢)alkyl; halo(C,-C¢)alkoxy;

-12-
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oxo; mono- and di(C,-Cg)alkylamino; amino(C;-C¢)alkyl; and mono-
and di (C;-Cg)alkylamino(C,-C¢)alkyl.

Ryp is independently selected at each occurrence from
halcgen, hydroxy, nitro, cyano, amino, (C;-Cg)alkyl, (C,-
Cs) alkoxy optionally substituted with amino or mono- or di(C,-
Cs)alkylamino, (C3;-Cg)cycloalkyl, (C;-Cg)cycloalkyl (C,-C,)alkyl,
{C3-Cg) cycloalkyl (C,-C4) alkoxy, heterocycloalkyl, (C;-
Cs)alkenyl, (C;-Cs)alkynyl, halo(C;-Cg)alkyl, halo(C;-Cs)alkoxy,
oxo, mono- and di (C,-C¢)alkylamino, amino(C;-Cg)alkyl, and mono-
and di (C,;-C¢)alkylamino (C;-C¢) alkyl.

Rs; represents hydrogen or halo(C,-Cg)alkyl; or

Rs represents (C,-Cg)alkyl, (C;-Cg)cycloalkyl, or (C,-
Cscycloalkyl) (C,-Cs)alkyl, each of which may contain one or
more double or triple bonds, and each of which is optionally
substituted with 1, 2, or 3 of Ry, Or

Rs represents aryl, aryl(C,;-C,)alkyl, heterocaryl, or
heteroaryl (C;-C;) alkyl each of which is optionally substituted
with 1, 2, or 3 substituents selected from the group
consieting of: halo(C;-Cg¢)alkyl, amino, NH(Rip), N(Ria) {(Ri1},
carboxamido, NH{R;,)carbonyl, N(R,s) {R;1)carbonyl, halogen,
hydroxy, nitro, cyano, amino, (C,-Cg¢)alkyl, (C,-Cg)alkoxy
optionally substituted with amino or mono- or 4i(C,-
Cs)alkylamino, (C3-Cg)cycloalkyl,
(C;3-Cg) cycloalkyl {C,-C,)alkyl, (C;3-Cy)cycloalkyl (C.-C,) alkoxy,
heterocyclo(C;-Cs)alkyl, (C,-Cs)alkenyl, (C;-Cg)alkynyl, halo{C,-
Cs)alkyl, halo(C;-Cg¢) alkoxy, amino(C;-Cg)alkyl, and mono- and
di (C;-Cg) alkylamino (C,-C¢) alkyl;

Q representa -C(R;) (R;) or oxygen, with the proviso that Q
is not oxygen when X; is nitrogen;

R¢ and R, independently represent hydrogen, fluorine, or

C;-Cgalkyl; and

the group:

6

-.x|

-13-
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represents a 5 to 7 membered hetercaryl or heterocycloalkyl
ring containing up to 4 heteroatoms selected from nitrogen,
sulfur, and oxygen, said 5 to 7 membered hetercaryl or
heterocycloalkyl ring is substituted at each carbon atom by R,
and is substituted at each nitrogen atom available for
substitution by R’;

R is independently chosen at each occurrence from
hydrogen, halogen, amino, C,;-Cgalkyl, {C;-Cg)alkenyl, (Ca-
Cg)alkynyl, C;-Cgalkoxy, (C3-Cg)cycloalkyl, (C;-Cscycloalkyl) (C,-
C,)alkyl, halo(C;-Cg)alkyl, haloalkoxy, carboxamido, and 3- to
7-membered carbocyclic or heterocyclic groups which are
saturated, unsaturated, or aromatic, which may be further
substituted with one or more substituents independently
selected from halogen, oxo, hydroxy, Ci.q.alkyl, and -O(C,.
‘alkyl);

R’ is independently chosen at each occurrence from
hydrogen, C,-Csalkyl, C,-Cycycloalkyl, C;-Cycycloalkyl (Cy-
Csalkyl), and 3- to 7-membered carbocyclic or heterocyclic
groups which are saturated, unsaturated, or aromatic, which 3-
to 7-membered carbocyclic or heterocyclic groups are
optionally substituted with one or more substituents
independently selected from halogen, oxo, hydroxy, C,-..alkyl,
and -0(C;.4alkyl); and

X;, X3, W, and Y are as defined for Formula I, above.

- SBuch compounds will be referred to as compounds of
Formula IA.

A particular aspect of the invention is directed to
compounds and pharmaceutically acceptable salts of Formula II

xa’x‘\
277NN QO’N
2"-
PO
< N
4

Rs

Formula II
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In Formula II, the variables 2,, Z;, 2Z;, Z,, Rs, Q, X;, X;, and W
carry the definition set forth for Formula I, or more

preferably, for Formula IA;

X; and X, are independently selected from the group
consisting of carbon, CR, N, O, S, NH, and N{C;-Cg¢)alkyl;
provided that at least one of X;, X;, X;, and X, is carbon or
CR; and

R is independently chosen at each occurrence from
hydrogen, halogen, amino, (C,-Cs)alkyl, (C,-Cg)alkoxy,
(C3-Cy) cycloalkyl, (C;-Cy)cycloalkyl (C,-Cg)alkyl, (C;-Cs)alkenyl,
(C3-C¢)alkynyl, halo{C;-Cg¢)alkyl, halo(C,-Cs)alkoxy,
carboxamido, and 3- to 7-membered carbocyclic or heterocyclic
groups which are saturated, unsaturated, or aromatic, which
may be further substituted with one or more substituents
independently selected from halogen, oxo, hydroxy, C,.salkyl,
and -0(C;.(alkyl). : .

The invention is particularly directed to compounds of
Formula I, Formula IA, and Formula II, in which Z; is CR;, 2,
is CR;, 25 is CR;, and Z, is CR,.

The invention is also directed to compounds of Formula I,
Formula IA, and Formula II, in which one, and only one, of 2,,
Z;, 2y, and Z, is nitrogen.

Another particular aspect of the invention provides
compounds of Formula I, Formula IA, and Formula II, in which Z,

is CR,, Z; is CRy, and only one, of Z; and Z, is nitrogen.

The invention is further directed to compounds of Formula
I, Formula IA, and Formula II wherein:

i) X; is carbon; and Q is oxygen;

ii) X; is N; and Q is C(Rg) (Ry);

iii) X; is carbon; and Q is C(Rg) (Ry);
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iv) X, is carbon; X; is N; and Q is C{(Rg) (Ry);

v) X; is nitrogen; X, is carbon; and Q is C(R¢) (R;); or
wherein

vi) Q is C(R¢) (Ry).

For each of i) through vi) preferred compounds are those
where Z, is CR,, Z; is CRy;, 23 is CR;, and Z, is CR,. For each of
i) through vi) preferred compounds are those in which one, and
only one, of 2,, Z;, Z;, and Z, is nitrogen. For each of i}
through vi)compounds in which Z, is CR;, and only one, of Z,

and Z; is nitrogen are particularly preferred.

In another aspect, the invention provides compounds of
Formula III and Formula IV:

R . R
Ry R A R R\/k
A LY A
N .
}\o W Pj( W
Rs \ Ry \ Ry Ry
Re s Re s

Formula III Formula IV
wherein R, R;, Ra, R;, Ry, Rs, Q, and W carry the definitions
pet forth for Formula I, or more preferably for Formula IA.

" Particular cbmpounds of Formula III included in the

invention are those wherein Q is C(R;) (R;).

Other compounds of the invention include compounds of
Formula III or Formula IV, wherein R is independently selected
at each occurrence from the group consisting of:

1) hydrogen, halogen, (C,-Cg)alkyl, (C,;-Cs)cycloalkyl,

(C3-Cg) cycloalkyl (C,-Cg)alkyl, (C,-Cg)alkoxy,
halo(C,-Cg)alkyl, halo{C,-Cg)alkoxy, and
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ii) phenyl and pyridyl each of which is optionally substituted
with up to 3 substituents independently chosen from
halogen, hydroxy, C;.qalkyl, and -0(C;.,alkyl}.

Q {in Formula III) is C{Rg) (R,).

In Formula III and IV, R;, R;, Ry, and R, are independently
selected from hydrogen, halogen, hydroxy, nitro, cyano, amino,
(C1-Cg)alkyl, (C,-C¢)alkoxy, (C3-Cs)cycloalkyl,

(C3-Cg) cycloalkyl (C,-Cg)alkyl, (C;-Cg)alkenyl, (C;-Cg)alkynyl,

heterocycloalkyl, halo(C;-Cg)alkyl, halo(C;-Cg) alkoxy, mono or

di (C1-Cg) alkylamino, amino(C,-Cg¢)alkyl, and mono- and d4i(C,- '

Cg) alkylamino (C;-Cg) alkyl;

Rs represents hydrogen, {C;-C¢lalkyl, (C;.Cz)cycloalkyl,
(C;-Cg) cycloalkyl (C,-Cg) alkyl, phenyl, benzyl, thiophenyl,
thiazoyl, pyridyl, imidazolyl, pyrazolyl, or pyrimidinyl;

R¢ and Ry independently represent hydrogen, fluorine, or
C;-Cs alkyl; and

W represents phenyl, thienyl, thiazoyl, pyridyl,
imidazolyl, oxazolyl, triazolyl, tetrazolyl, ‘pyrazolyl,
isoxazolyl, or pyrimidinyl, each of which is optionally
gubstituted with up to 4 R;; groups, where R,;; carries the
definition set forth for Formula I, or more preferably R;g
carries the definition set forth for Formula IA.

Particularly included in the invention are compounds of
Forumula III and Formula IV in which wherein R, R;, R;, R3, Ry,
Rs, @, and W carry the éefinition set forth for Formula I, or
more preferably for Formula IA, and

W represents a 6-membered aryl or heteroaryl groups,
wherein the 6-membered aryl or heteroaryl group is optionally
substituted with up to 4 groups independently selected from
Riyg, -CO;H, -C(=0)ORg, -C(=O)NHRg, -C(=O)NRgRp, -C(O)Rg, -S{O)jRz,

‘and -ORg or wherein

W represents a 5-membered heterocaryl group, wherein the
5-membered heteroaryl group is optionally substituted with up
to 4 groups independently selected from Ry, -CO;H, -C(=0)O0Rg,
-C{=0)NHRg, -C({=O)NRzRp, -C(O)JRg, -S{O)gRz, and -OR;.
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In these embodiments of the invention m is 0, 1, or 2,
dand Rg carries the definition set forth for Formula I, or more
preferably Rg carries the definition set forth for Formula IA
and Ryp carries the definition smet forth above with respect to
Formula IA.

Specific compounds of Formula III or Formula IV are those
in which one of R; or R; carries the definition set forth for
Formula I, or more preferably for Formula IA.

In this aspect of the invention, R is independently
selected at each occurrence from the group consisting of
hydrogen, halogen, and (C;-Cjz)alkyl;

R;, Ry, and the other of R; and R; are independently
selected from hydrogen, halogen, hydroxy, nitro, cyano, amino,
(C;-Cg¢)alkyl, (C,-Cg)alkoxy, (C;-Cs)cycloalkyl,

(C3-Cy) cycloalkyl (C,-Cg)alkyl, halo{C,-Cg)alkyl,
halo (C;~Cg¢) alkoxy, mono or di (C;-Cg)alkylamino, amino(C;-
Cs)alkyl, and mono- and di(C,;-Cg)alkylamino (C,-Cg)alkyl;

Rs represents (C;-Cg)alkyl; and )

Q (in Formula III} is CH;, and R; and R; in Formula IV are
hydrogen; and

W, in this aspect, represents phenyl, furanyl, thienyl,
thiazoyl, pyridyl, imidazolyl, oxazolyl, triazolyl,
tetrazolyl, pyrazolyl, isoxazolyl, pyrimidinyl,
benzimidazolyl, quinolinyl, isogquinoclinyl each of which is
optionally substituted with up to 4 Ry, groups, where Rjp
carries the definition set forth for Formula I, or more
preferably Riy carries the definition set forth for Formula IA.

Another aspect of the invention compounds of Formula III
or Formula 1V wherein R is independently selected at each
occurrence from the group consisting of hydrogen, halogen, and
{C;-Ci)alkyl;

R;, Ry, and one of R; and R; are independently selected
from hydrogen, haleogen, trifluoromethyl, C,-C; alkyl, and
cyano. Preferably R, R;, and R, are hydrogen;
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the other of R; and R; carries the definition set forth
for Formula I, or more preferably for Formula IA; and

Rg represents (C,-Cg)alkyl.

Preferred Rs groups are ethyl and n-propyl.

In this aspect, Q (in Formula III) is CH, and R¢ and R,
in Formula IV are hydrogen; and

W, is phenyl, pyridyl, or thiazolyl, each which is
optionally substituted by one or more substituents
independently chosen from halogen, cyano, hydroxy, oxo, C;-
C;haloalkyl, C;-Czalkyl, and C,-C; alkoxy, or more preferably

W is 2-thiazolyl, 2-pyrimidinyl, 3-fluorophenyl, or 6-
fluoro-2-pyridinyl. Such compounds will be referred to as
compounds of Formula III-A and Formula IV-A.

A particular aspect of the invention provides compounds
of Formula III-A and Formula IV-A, wherein:
one of R; and R; is chosen from hydrogen, halogen,
hydroxy, nitro, cyano, amino, (C,-Cg)alkyl, (C,-Cg¢)alkoxy, (C;-
Cg) cycloalkyl, (C;-Cs)cycloalkyl(C;-Cg¢}alkyl, halo({T,-Cg)alkyl,
halo(C;-Cs) alkoxy, mono or di{C,-Cg)alkylamino, amino(C,-
C¢)alkyl, and mono- and di(C;-Cg) alkylamino(C;-Cg)alkyl;
the other of R; and R; is chosen from
i) hydrogen, halogen, hydroxy, nitro, cyano, amino,
halo(C,;-Cglalkyl, and halo(C,;-C¢) alkoxy, and
ii) C,-Csalkyl, C,;-Cgalkoxy, C;-Cscycloalkyl, C;-Cgalkenyl, C;-
Cealkynyl, (C;-Cgcycloalkyl)C;-Cqalkyl, -NH{Ryp)}, -
N{Rie) (R11), (Rig) NH(C;-Cg)alkyl, (Rj¢) (R;;}N(C,-Cg)alkyl,
(heterocycloalkyl)alkyl, and heterocycloalkyl, each of
which is optionally substituted with 1, 2, 3, or 4 of Ry;
and

Ryp carries the definition set forth for Formula I, or more

preferably Rz, carries the definition set forth with
respect to Formula IA.

Another aspect of the invention provides compounds of

Formula III-A and Formula IV-A, wherein:
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one of R, and R; is chosen from hydrogen, halogen,
hydroxy, ritro, cyano, amino, (C,-Cg)alkyl, (C;-Cg)alkoxy, (C;-
Cg) cycloalkyl, (C;-Cg)cycloalkyl(C,;-Cg)alkyl, halo(C,-Cg)alkyl,
halo(C,~Cg) alkoxy, mono or di(C;-Cs)alkylamino, amino(C;-
Cs)alkyl, and mono- and di(C;-Cg)alkylamino (C;-Cg)alkyl;

the other of R; and Ry is chosen from

0
J
\
Re

where J is N, CH, or C-(C;-Cg)alkyl and
Ry and Rc are independently selected from the group consisting
of hydrogen, (C,-Cg¢lalkyl, ({(C3-Cg)alkenyl, (C3-Cq)alkynyl,
Cy~Cy) cycloalkyl, and (C,-Cscycloalkyl) (C,-C,)alkyl; or
Ry and Rc and the atom to which they are attached form a
4- to l10-membered monocyclic or bicyclic ring, which
may contain
a) one or more double bonds, . .
b) one or more of oxo, O, §, SO, SO,;, and N-Rp wherein Rp
is hydrogen or (C;-Cg¢)alkyl;
c) one or more of Rjy; and
Ryo carries the definition set forth with reaspect to
Formula I, or more preferably Rys carries the definition set
forth for Ry Formula IA.

The invention also provides compounds of Formula III-A
and Formula IV-A, wherein:

one of R; and R; is chosen from hydrogen, halogen,
hydroxy, nitro, cyano, amino, (C;-Cg}alkyl, (Cl-Cdalkoxy-, (Cy-
Cs) cycloalkyl, (C;-Cp)cycloalkyl (C,-Cg)alkyl, halo(C,-C¢)alkyl,
halo(C,~Cg) alkoxy, mono or di(C;-Cg)alkylamino, amino(C;-

‘Cgtalkyl, and mono- and di (C,-Cg)alkylamine(C,-Cg)alkyl;

the other of R; and R; is a group of the formula:

G

where G is a bond or C;-Cjalkyl;
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R, is a saturated, partially unsaturated, or aromatic
carbocycle, consisting of 1 ring or 2 fused, pendant, or spiro
rings, each ring containing 0, l1, or 2 heterocatoms
independently chosen from N, S, and O, said saturated,
partially unsaturated, or aromatic carbocycle is optionally
substituted with 1, 2, 3, or 4 of Ry; and
Ry carries the definition set forth for R, in Formula I,

or more preferably Rj, carries the definition set forth for Ry
in Formula IA Ry,.

Preferably R, is chosen from phenyl, pyrrolyl, pyrazolyl,
thiazolyl, isoxazolyl, triazolyl, tetrazolyl, oxadiazolyl, and
oxazolyl each of which is optionally substituted with 1, 2, 3,
or 4 of Ryp.

Other compounds of the invention are compounds of Formula
III-A and Formula IV-A, wherein:

one of R; and R; is chosen from hydrogen; halogen,
hydroxy, nitro, cyano, amino, (C,-Cg)alkyl, (C,~Cglalkoxy, {(C;-
Cg) cycloalkyl, (Cy-Cy)cycloalkyl (C,-C¢)alkyl, halo(C,-Cg¢)alkyl,
halo(C,-Cs) alkoxy, mono or di{C,-Cg)alkylamino, amino(c'l-
Cg)alkyl, and mono- and di(C,-Cg)alkylamino (C;-Cg)alkyl; and

the other of R; and R; is -HC=N-OH or -HC=N(C,-Cgalkoxy).

. Another aspect of the invention is directed to compounds
of Formula I, Formula IA and Formula II wherein
one and only one of Z, ia CR,, Z, is CRy, elther 2Z; or Z; is
nitrogen; and .
i) W represents a 5-membered heteroaryl group, and the
5-membered heteroaryl group is opticnally substituted with up
to 4 groups independently selected from R;;, -CO;H, -C(=0)ORz, -

'C(=0)NHRgz, -C(=O)NRgRy, -C(O)Rg, and -S{O)gRz, -ORg; Or

ii) W represents a 6-membered aryl or heteroaryl group,
wherein the 6-membered aryl or heterocaryl group is optionally
substituted with up to 4 groups independently selected from
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Rjo, -COH, -C(=O)ORg, -C(=O)NHRg, -C(=O)NRgRy, -C{O)Rg, and -
S{O)pRe, -ORg; where

Riyo and Rg carry the definitions set forth for those groups
in Formula I, or preferably for Formula IA, and m is 0, 1, or
2.

Thus, the invention includes compounds represented by
Formula .V and Formula VI

R R

R R\\/L R RY’A
R N N
YO I

N w
N\ R‘ Rr RJ N\ Rﬂ RT w
Re | S Ry s
Formula V Formula VI

wherein R, R;, Ra, Ry, Ry, R;, and Q carry the definitions set
forth for Formula I, or more preferably for Formula IA, and W
is a 5-membered hetexoaryl group as described above.

The invention further includes compounds of Formula V and
Formula VI wherein
R is independently selected at each occurrence from the
group consisting of
i) hydrogen, halogen, (C,-Cg)alkyl, (C;-Cy)cycloalkyl,
" (C,-Cy) cycloalkyl (C;-Cg)alkyl, (C;~Cg)alkoxy,
halo(C;-Cs)alkyl, halo(C,-C¢)alkoxy, and
ii) phenyl and pyridyl each of which is optionally substituted
with up to 3 substituents independently chosen from
halogen, hydroxy, C;..alkyl, and -0(C,..alkyl);
Ry, Rz, Ry, and Ry, are indef)endently selected from

.hydrogen, halogen, hydroxy, nitro, cyano, amino, (C,;-Cg)alkyl,

(C.-Cg)alkoxy, (C3-Ci)cycloalkyl, (C;-Ci)cycloalkyl (Cy-Cg)alkyl,
(C;-Cg)alkenyl, (C;-Cg)alkynyl, heterocycloalkyl, halo(C;-
Cs) alkyl, halo(C,;-C¢)alkoxy, mono or di (C;-Cg)alkylamino,
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amine (C;-Cg) alkyl, and meno- and di(C,-Cg¢lalkylamino(Cy-
Cg) alkyl;

R; represents hydrogen, (C,-Cglalkyl, ({C;.Cg)cycloalkyl,
(C3-Cs) cycloalkyl (C;-Cg) alkyl, phenyl, benzyl, thiophenyl,
thiazoyl, pyridyl, imidazolyl, pyrazolyl, or pyrimidinyl;

R¢ and R, independently represent hydrogen, fluorine, or
C,-C¢ alkyl;

W represents either a S-membered heterocaryl group chosen
from thienyl, thiazolyl, imidazolyl, oxazolyl, triazolyl,
tetrazolyl, pyrazolyl, or isoxazolyl each of which is
optionally substituted with up to 4 Ryy groups; or

W represents a 6-membered aryl or hetercaryl group chosen
from phenyl, pyrimidinyl, pyridyl, pyridizinyl, or pyrazinyl,
each of which is optionally substituted with up to 4 Rj
groups; and

Ryp 18 as defined for Formula I, or preferably as defined
for Formula IA.

In another aspect the invention is directed to compounds
of Formula V and Formula VI wherein:

R is independently selected at each occurrence from the
group consisting of hydrogen, halogen, and (C;-C;lalkyl.
Preferably H is hydrogen;

R, and R, are independently selected from hydrogen,
halogen, hydroxy,. nitro, cyano, amino, (C;-Cglalkyl, (C,-
Cs)alkoxy, (C;-Csg)cycloalkyl, (C3-Cy)cycloalkyl (C;-Cg¢)alkyl,
halo(C,-C¢)alkyl, halo(C,-Cg¢)alkoxy, mono or di(C,-
Cs)alkylamino, aminc(C,-Cg¢)}alkyl, and mono- and di(C,-
Cg)alkylamino (C,-Cg) alkyl.

Ry (Formula V) and R; (Formula VI) in this aspect of the
invention carry the definitions set forth with respect to

'Formula I, or moze preferably for Formula IA;

Rs represents (C,-Cg)alkyl, preferably ethyl or n-propyl;

R¢ and R, are hydrogen;

W represents a S5-membered heteroaryl group chosen from
furanyl, thienyl, thiazoyl, imidazolyl, oxazolyl, triazolyl,
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tetrazolyl, pyrazolyl, or isoxazolyl, each of which is
optionally substituted with up to 4 R,q groupa, or

W represents a 6-membered aryl or heteroaryl group chosen
from phenyl, pyrimidinyl, pyridyl, pyridizinyl, or pyrazinyl
each of which is optionally substituted with up to 4 Rj
groups; and

Ry is as defined for Formula I, or more preferably for
Formula IA.

Preferred R, and Ry, groups for this aspect of the
invention include hydrogen, halogen, trifluoromethyl, C,-C;
alkyl, and cyano. Preferably R; and R, are hydrogen. More
preferably R, R;, and R, are all hydrogen.

Preferred compounds of this aspect of the invention in
which W is a 5-membered heteroaryl group include those wherein
W 18 thiazolyl which is optiocnally substituted by one or more
substituents independently chosen from halogen, cyano,
hydroxy, oxo, C,-C;haloalkyl, C,-Calkyl, and C,-C; alkoxy.
Other preferred compounds are those wherein W is 2-thiazolyl.

Preferred compounds of this aspect in which W is a 6-
membered heterocaryl group include those wherein W is phenyl or
pyridyl, each of which is optionally substituted by one or
more substituents independently chosen from halogen. cyano,
hydroxy, oxo, C;-Cihaloalkyl, C;-C;alkyl, and C;-C; alkoxy. Also
preferred are compounde wherein W is 2-pyrimidinyl, 3-
fluorophenyl, or 6-fluoro-2-pyridinyl.

Compounds of this aspect of the invention will be
referred to as compounds of Formula V-A and Formula VI-A.

Other aspects of the invention include compounds of
Formula V-A and Formula VI-A wherein

R; (for Formula V-A) or R; (for Formula VI-A) is chosen from

i} hydrogen, halogen, hydroxy, nitro, cyano, amino,
halo(C;-C¢)alkyl, and halo(C,-Cg)alkoxy,

ii) C;-Cgalkyl, C,-Cgalkoxy, C,;-Cscycloalkyl, C,;-Cgalkenyl,
C,-Csalkynyl, (C;-Cscycloalkyl)C;-Cialkyl, -NH{R;p), -N{Ryo) (Ru1).,
(R1g) NH(C,-Cg) alkyl, (Ris) (R11)N(C3-Cg)alkyl, (heterocycloalkyl)
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C,-C4alkyl, and heterocycloalkyl, each of which is optionally
substituted with 1, 2, 3, or 4 of R;;,, where R;p carriea the
definition set forth for compounds of Formula I, or preferably
for compounds of Formula IA.

Another aspect of the invention is directed to compounds
of Formula V-A and Formula VI-A wherein R; (for Formula V-A) or
R; (for Formula VI-A) is chosen from hydrogen, halogen,
hydroxy, nitro, cyano, amino, halo(C,-Cglalkyl, and halo(C,-
Cs) alkoxy.

Further aspects of the invention include compounds of
Formula V-A and Formula VI-A wherein R; (for Formula V-A) or R,
{(for Formula VI-A) is a group of the formula

O
.‘éJ\J/“'
\
Re

where J is N, CH, or C-{C,-Cg¢)alkyl and

Rs and R are independently selected from the group
consisting of hydrogen, (C;-Cg)alkyl, ({(Ci-Cg)alkenyl, (C;-
Cs)alkynyl, C;-Cs)cycloalkyl, and (C,-Cyzcycloalkyl) (Cl-c;)alkyl,-
or

Rz and R. and the atom to which they are attached form a
4- to 10-membered monocyclic or bicyclic ring, which may
contain a) one or more double bonds, b) one or more of oxo, O,
S, SO, SO;, and N-R; wherein Ry is hydrogen or (C,-Cg)alkyl;
and/or c) one or more substituents R;,;, where Rj, carries the
definition set forth for compounds of Formula I, or more
preferably that set forth for compounds of Formula IA.

Also provided by the invention are compounds of Formula
V-A and Formula VI-A wherein R; (for Formula V-A) or R, (for
Formula VI-A} is a group of the formula

G
.gf R,
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where G is a bond or C(C;-Cxalkyl; and R, is a saturated,
partially unsaturated, or aromatic carbocycle consisting of 1
ring or 2 fused, pendant, or spiro rings, each ring containing .
0, 1, or 2 heteroatoms independently selected from N, S, and
Q, where the saturated, partially unsaturated, or aromatic
carbocycle is optionally substituted with 1, 2, 3, or 4 of Ry,.
Preferred compounds of this class are those where R, is chosen
from phenyl, pyrrolyl, pyrazolyl, thiazolyl, isoxazolyl,
triazolyl, tetrazolyl, oxadiazolyl, and oxazolyl each of which
is optionally substituted with 1, 2, 3, or 4 of R;;. R3p carries
the definition set forth for compounds of Formula I, or more
preferably that set forth for compounds of Formula IA.

The invention also includes compounds of Formula V-A and
Formula VI-A wherein R, {for Formula V-A) or R; (for Formula
Vi-A) is -HC=N-OH or -HC=N({(C,-Cgalkoxy) .

Other benzimidazole and pyridylimidazole compounds of the
invention are represented by Formula X - Formula XVIII, below.
R N R R

Y
Y A A
zr N\< NZN\, s\,
| | §>-q/ Zy N \ / Zy N
Z, N w 27 N\< 27 \ /\_-.\._<
Rs D, N W 4y N w
Formula X & \ ReFr % \
) Rs Rs
Formula XI Formula XII
R R R R
R { N’& RN
2 N z N
L Ty 5
\
27 \ \
Rs Rs . Rs
Formula XIIT Formula XIV where R’ is H or C;-
C;alkyl

Formula XV
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24 \ 24 \ zl \ RG R7
Rs Rs
Formula XVI Formula XVII Formula XVIII

The variables Z,, Z;, Z;, Z,, R, Q, and W, which appear in
Formulae X - XVIII carry the definition set forth for Formula
I, or more preferably for Formula IA.

Compounds of Formulae X - XVIII wherein Z, is CR,, 2Z; is
CRa, Z; is CR;, and Z, is CR, are preferred. Compounds of
Fo-rmulae X - XVIII wherein one and only one Z:, Z;, Z,, 2, is
nitrogen are also preferred. Compounds of Formulae X - XVIII
wherein one and only one Z,, 2;, 2;, 2, 1s nitrogen, and either

Z; or 2; is nitrogen are particularly preferred.

Particularly embodied in the invention are compounds of
Formulae X - XVIII wherein Q (when present) is C(Rs) (Ry).
Preferably Rs and R; are hydrogen.

Other embodiments of the invention are directed to
compounds of Formulae X - XVIII wherein W represents a 5-
membered heteroaryl group, and the S5-membered heterocaryl group
is optionally substituted with up to 4 groups independently
selected from Ry, -CO;H, -C(=0)ORg, -C(=O)NHRg, -C(=0)NRgRp, -
C(O)Rg, and -S(0O)aRg, -ORg, where Ry, and Rg are as defined above
and m is 0, 1, or 2. Preferred compounds of this class are
compounds wherein wherein Z, is CR,, 2Z; is CR;, Z; is CR;, and Z,

‘is CR, or wherein one and only one Z;, 23, 2, Z, is nitrogen

are also preferred; compounds of this class wherein one and
only one Z,, Zi, Z;, 2, is nitrogen, and either 2Z; or Z, is
nitrogen are particularly preferred.
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This invention relates to benzimidazole and
pyridylimidazole derivatives, preferred examples of which bind
with high affinity to the benzodiazepine aite of GABA,
receptors, including human GABA, receptors. Preferred
benzimidazole and pyridylimidazole derivativea that bind with
high selectivity to the benzodiazepine site of GABA, receptors,
including human GABA, receptors, are also included in this
invention. Without wishing to be bound to any particular
theory., it is believed that the interaction of the compounds
of Formula I with the benzodiazepine site results in the
pharmaceutical utility of these compounds.

The invention further comprises methods of treating
patients in need of such treatment with an amount of a
compound of the invention sufficient to alter the symptoms of
a CNS disorder. Compounds of the inventions that act as
agonists at o3B3y and o3B3y receptor subtypes are useful in
treating anxiety disorders such as panic disorder, obseasive
compulsive disorder and generalized anxiety disorder; stress
disorders including post-traumatic stress, and ‘acute stress
disorders. Compounds of the inventions that act as agonists at
aafiy; and a;B,p; receptor subtypes are also useful in treating
depressive or bipolar disorders and in treating sleep
disorders. Compounds of the invention that act as inverse
agonists at the asB;ya receptor subtype or op;ya and asfiy:
rece:ptor su.btypes' are useful in treating cognitive disorders
including those resulting from Down Syndrome,
neurodegenerative diseases such as Alzheimer’s disease and
Parkinson’s disease, and stroke related dementia. Compounds of
the invention that act as inverse agonists at the By, are

particularly useful in treating cognitive disorders through

‘the enhancement of memory, and particularly short-term memory,

in memory-impaired patients. Compounds of the invention that

act as agonists at the o;B;y; receptor subtype are useful in
treating convulsive disorders such as epilepsy. Compounds
that act as antagonists at the benzodiazepine site are useful
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in reversing the effect of benzodiazepine overdose and in
treating drug and alcohol addiction.

The diseases and/ or disorders that can also be treated
using compounds and compositions according to the invention
include: :

Depression, e.g. depression, atypical depression, bipolar
disorder, depressed phase of bipolar disorder.

Anxiety, e.g. general anxiety disorder (GAD), agoraphobia,
panic disorder +/- agoraphobia, Bsocial phobia, sapecific
phobia, Post traumatic stress disorder, obsessive compulsive

'disorder {(ocp) , dysthymia, adjustment disorders with

disturbance of mood and anxiety, separation anxiety disorder,
anticipatory anxiety acute streas disorder, adjustment
disorders, cyclothymia. .

Sleep disorders, e.g. sleep disorders including primary

insomnia, circadian rhythm sleep disorder, dyssomnia NOS,
parasomnias, including nightmare disorder, sleep terror
disorder, sleep disorders secondary to ‘depression and/or
anxiety or other mental disorders, substance induced sleep
disorder.

Cognition Impairment, e.g. cognition impairment, memory

impairment, short-term memory impairment, Alzheimer’s disease,
Parkinson's disease, mild cognitive impairment (MCI), age-
related cognitive decline (ARCD), stroke, traumatic brain
injury, AIDS associated dementia, and dementia associated with
depression, anxiety or psychosis.

Attention Deficit Disorder, e.g. attention deficit disorder

(ADD), and attention deficit and hyperactivity disorder
(ADHD) .
Speech disorders, e.g. stuttering, including motor tic, clonic

stuttering, dysfluency, speech blockage, dysarthria, Tourete

syndrome or logospasm.
Psychosis e.g. schizophrenia, hallucinatory disorders

The invention also provides pharmaceutical compositions
comprising one or more compounds of the invention together
with a pharmaceutically acceptable carrier oi excipient, for
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treating disorders responsive to GABA, receptor modulation,
e.g., treatment of anxiety, depression, sleep disorders or
cognitive impairment by GABA, receptor modulation.
Pharmaceutical compositions include packaged pharmaceutical
compositions comprising a container holding a therapeutically
effective amount of at least one GABA, receptor modulator as
described supra and instructions (e.g., labeling) indicating
the contained GABA, receptor ligand is to be used for treating
a disorder responsive to GABA, receptor modulation in the
patient.

In a separate aspect, the invention provides a method of
potentiating the actions of other CNS active compounds, which
comprises administering an effective amount of a compound of
the invention in combination with another CNS active compound.
Such CNS active compounds include, but are not limited to the
following: for anxiety, Bserotonin receptor (e.g. 5-HTia)
agonists and antagonists; for anxiety and depression,
neurokinin receptor antagonists wor corticotropin releasing
factor receptor (CRF,}) antagonists; for sleep disorders,
melatonin receptor agonists; and for neurodegenerative
disorders, such as Alzheimer’s dementia, nicotinic agonists,
muscarinic agents, acetylcholinesterase inhibitors and
dopamine receptor agonists. Particularly the invention
provides a method of potentiating the antidepressant activity
of -selective serotonin reuptake inhibitors (SSRIs) by
administering an effective amount of a GABA agonist compound
of the invention in combination with an SSRI.

Combination administration can be carried out in a
fashion analogous to that disclosed in Da-Rocha, et al., J.
Psychopharmacology (1997) 11(3) 211-218; Smith, et al., Am. J.

Psychiatry (1998) 155(10) 1339-45; or Le, et al., Alcohol and

Alcoholism (1996) 31 Suppl. 127-132. Also see, the discussion
of the use of the GABA, receptor ligand 3-(5-methylisoxazol-3-
yl) -6- (1-methyl-1,2,3-triazol-4-yl) methyloxy-1,2,4-triazolo
(3,4-alphthalzine in combination with nicotinic agonists,
muscarinic agonists, and acetylcholinesterase inhibitors, in
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PCT International publications Nos. WO 99/47142, WO 99/47171,
and WO 99/47131, respectively. Also see in this regard PCT
International publication No. WO 99/37303 for its discussion
of the use of a class of GABA, receptor ligands, 1,2,4-
triazolo[4,3-blpyridazines, in combination with SSRIsa.

The present invention also pertains to methods of
inhibiting the binding of benzodiazepine compounds, such as
Rol5-17688, or GABA to the GABA, receptors which methods involve
contacting a solution containing compound of the invention
with cells expressing GABA, receptors, wherein the compound is
present at a concentration sufficient to inhibit
benzodiazepine binding or GABA binding to GABA, receptors in
vitro. This method includes inhibiting the binding of
benzodiazepine compounds to GABA, receptors in vivo, e.g., in a
patient given an amount of a compound of Formula I that would
be Bufficient to inhibit the binding of benzodiazepine
compounds or GABA to GABA, receptors in vitro. In one
embodiment, such methods are useful in treating benzodiazepine
drug overdose. The amount of a compound that would be
sufficient to inhibit the binding of a benzodiazepine compound
to the GABA, receptor may be readily determined via a GABA,
receptor binding assay, such as the assay described in Example
53. The GABA, receptors used to determine in vitro binding may
be obtained from a variety of BsBources, for example from
preparations of rat cortex or from cells expressing cloned
human GABA, receptors.

The present invention also pertains to methods for
altering the signal-transducing activity, particularly the
chloride ion conductance of GABA, receptors, said wmethod
comprising exposing cells expressing such receptors to an

_effective amount of a compound of the invention. This method

includes altering the signal-transducing activity of GABA,
receptors in vivo, e.g., in a patient given an amount of a
compound of Formula I that would be sufficient to alter the
eignal-transducing activity of GABA, receptors in vitro. The
amount of a compound that would be sufficient to alter the
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signal-transducing activity of GABA, receptors may be
determined via a GABA, receptor signal transduction assay, such
as the assay described in Example 54. The cells expressing the
GABA receptors in vivo may be, but are not limited to,
neuronal cells or brain cells. Such cells may be contacted
with compounds of the invention through contact with a body
fluid containing the compound, for example through contact
with cerebrospinal fluid. Alteration of the signal-transducing
activity of GABA, receptors in vitro may be determined from a
detectable change in the electrophysiology of cells expressing
GABA, receptors, when such cells are contacted with a compound
of the invention in the presence of GABA.

Intracellular recording or patch-clamp recording may be
used to quantitate changes in electrophysiology of cells. A
reproducible change in behavior of an animal given a compound
of the invention may also be used to indicate that changes in
the electrophysiology of the animal’s cells expressing GABA,
receptors has occurred. ) ‘

The GABA, receptor ligands provided by this invention and
labeled derivatives thereof are also useful as standards and
reagents in determining the ability of a poteantial
pharmaceutical to bind to the GABA, receptor. Radiolabeled
derivatives the GABA, receptor ligands provided by this
invention are also useful as radiotracers for positron
emission tomography (PET) imaging or for single photon
emission computerized tomography (SPECT).

More particularly compounds of the invention may be used
for demonstrating the presence of GABA, receptors in cell or
tissue samples. This may be done by preparing a plurality of
matched cell or tissue samples, at least one of which is
prepared as an experimental sample and at least one of which

'is prepared as a control sample. The experimental sample is

prepared by contacting (under conditions that permit binding
of RO15-1788 to GABA, receptors within cell and tissue samplés)
at least one of the matched cell or tissue samples that has
not previously been contacted with any compound or salt of the
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invention with an experimental solution comprising the
detectably-labeled preparation of the. selected compound or
salt at the first measured molar concentration. The control
sample is prepared by in the same manner as the experimental
sample and also contains an unlabelled preparation of the aame
compound or salt of the invention at a greater molar
concentration.

The experimental and control samples are then washed to
remove unbound detectably-labeled compound. The amount of
remaining bound detectably-labeled compound is then measured
and the amount of detectably-labeled compound in the
experimental and control samples is compared. A comparison
that indicates the detection of a greater amount of detectable
label in the at leaat one washed experimental sample than is
detected in any of control samples demonstrates the presence
of GABA, receptors in that experimental sample.

The detectably-labeled compound used in this procedure may
be labeled with a radioactive label or a directly or
indirectly luminescent label. When tissue sections are used in
this procedure and the detectably-labeled compound is
radiolabeled, the bound, labeled compound wmay be detected
autoradiographically to generate an autoradiogram. The amount
of detectable label in an experimental or control sample may
be measured by viewing the autoradiograms and comparing the

exposure density of the autoradiograms.

The invention provides a method for preparing a compound
of Formula A

R
R

Z, N
'f INHN\(
I N w

Z4 \ Rg RT

Rs
Formula A

which comprises reacting a compound of Formula B
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with a compound of Formula C

In Formula A and C, above Z;, 2Zi, Z;, 24, and Rs carry the
definitions forth for Formula I, or more preferably Z,, 2Zi, 2;,
Zy, and R carry the definitions forth for Formula Ia.

R and R, independently represent hydrogen, fluorine, or
alkyl.

R in Formula B, above, is independently chosen at each
occurrence from hydrogen, haleogen, amino, C;-Cgalkyl, (C;-
Cs)alkenyl, (C;-Cg)alkymyl, C;-Cgalkoxy, (C;-Cs)cycloalkyl, (C)-
Cycycloalkyl) (C,-Cy)alkyl, halo(C,-Cg)alkyl, haloalkoxy,
carboxamido, and 3- to 7-membered carbocyclic or heterocyclic
groups which are saturated, unsaturated, or aromatic, which
may be further substituted with one or more substituents
independently selected from halogen, oxo, hydroxy, C;..alkyl,
and
-0(Ci-4alkyl).

W in Formula B represents aryl or heterocaryl, wherein the
aryl or heteroaryl group is optionally substituted with up to

‘4 groups independently selected from Rjp, -CO;H, -C(=0)ORg,

-C({=0)NHRg, -C{(=0)NRgRp, -C{O)R;, and -S(O)zRg, -ORg, where R,
and Rz are as for Formula I or preferably as defined for
Formula Ia and m is 0, 1, or 2. Thig process will be referred
to as Process 1.
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In particular embodiments the invention includes a
process of preparing a compound of Formula A as deacribed
above wherein:

Z, isa CR;, 2Z; is CR;, Z; is CR;, and Z, is CR,.

R is independently selected at each occurrence from the
group consisting of hydrogen, halogen, and (C,-C;)alkyl;

R1, Ry, and one of R; and R; are independently selected
from hydrogen, halogen, hydroxy, nitro, cyano, amino, (C,-
Cs)alkyl, (C;-Cg)alkoxy, (C3-Cs)cycloalkyl, (C3;-Cg)cycloalkyl({(C,-
Cs)alkyl, halo(C;-Cg)alkyl, halo(C;-Cg)alkoxy, mono or di(C;-
Cs)alkylamino, amino(C,-Cg)alkyl, and mono- and di({(C,-
Cs)alkylamino (C;-Cg) alkyl.

The other of R; and R; carries the definition set forth
for Formula I, or preferably that set forth for Formula Ia, or
in certain preferred embodiments this group is chosen from
i) hydrogen, halogen, hydroxy, nitro, cyano, amino, halo(C;-

Cg)alkyl, and halo(C,;-Cg) alkoxy, .

ii) C,-Cgalkyl, C,-Cgalkoxy, C;-Cgcycloalkyl, C;-Cgalkenyl, Ca-

Cealkynyl, (C,-Czcycloalkyl) C;-Ceqalkyl, -NH(Ry), -

N(R;o) (R;;), (Ryg)NH(Ci-Cglalkyl, (Ryo) (Ry;)N(Cy-Cg)alkyl,

(heterocycloalkyl)C;-Cqalkyl, and heterocycloalkyl, each

of which is optionally substituted with 1, 2, 3, or 4 of

Rag-

-In certain preferred embodiments R, R;, and R, are all
hydrogen.

Rs represents (C;-Cg)lalkyl. Preferred definitions of R;
include ethyl and n-propyl.

Rs and R, are hydrogen.

W represents phenyl, furanyl, thienyl, thiazolyl,
imidazolyl, oxazolyl, triazolyl, tetrazolyl, pyrazolyl,

.isoxazolyl, pyrimidinyl, benzimidazolyl, quinolinyl,

isoquinolinyl each of which is optionally substituted with up
to 4 Ry, groups, where R;p is as defined in the above process.
Preferred W groups include, 2-thiazolyl, 2-pyrimidinyl, 3-
fluorophenyl, or 6-fluoro-2-pyridinyl.
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In other preferred embodiments the invention is directed
to a process, as described as for Process 1, wherein Z, is CR,;
one and only one of Z; or Z, is nitrogen; 2Z, is CR,.

R, and R, may carry the definition set forth in Process 1.
Preferred definitions of R, and R, include hydrogen, halogen,
trifluoromethyl, C;-C; alkyl, and cyano.

In certain preferred embodiments R, R;, and Ry are all
hydrogen.

R; or R, (for whichever one of Z; or Z; is CR; or CR;) is
chosen from

i) hydrogen, halogen, hydroxy, nitro, cyano, amino,
halo(C;-Cg) alkyl, and halo{C,-Cg)alkoxy,

ii) C;-Csalkyl, C,-Csalkoxy, C3-Cgcycloalkyl, C;-Cealkenyl,
C;-Cgalkynyl, (Ci3-Cgcycloalkyl) C;-C,alkyl, -NH(Rypp), -

N(Ryo) (R11) , (Ryo)NH(Cy-Cglalkyl, (Ryq) (Ry1)N(C,-Cg)alkyl,
{(heterocycloalkyl)C,-Csalkyl, and heterocycloalkyl, each of
which is optionally substituted with 1, 2, 3,  or 4 of Ry.

Rs represents (C,-Cg)lalkyl. Preferred definitions of Rg
include ethyl and n-propyl.

R¢ and R, are hydrogen.

W represents a 5-membered heterocaryl group, the 5-
membered heterocaryl group is optionally substituted with up to
4 groups independently selected from Rje, -CO;H, -C(=0)ORg, -
C{=0O)NHRg, -C(=0)}NRgRy, -C(O)Rg, and -S(0O)Rg, =-ORg, where Ry,
and Rg are as defined above and m is 0, 1, or 2; or

W represents a 6-membered aryl or heteroaryl group,
wherein the 6-membered aryl or hetercaryl group is optionally
substituted with up to 4 groups independently selected from
Riyo, -CO;H, -C(=0)ORg, -C{=0)NHRg, -C{=0)NRgRy, -C(O)Rg, and -
S(O)gRg, -ORg, where R;; and Rz are as defined above and m is 0,
1, or 2.

When W represents a 5-membered heteroaryl group W is
preferably thiazolyl, thienyl, imidazolyl, oxazolyl,
triazolyl, tetrazolyl, pyrazolyl, or isoxazolyl, each of which
is optionally substituted by one or more substituents
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independently chosen from halogen, cyano, hydroxy, oxo, C,-
C;haloalkyl, C,-Cjalkyl, and C;-C; alkoxy. Unsubstituted 2-
thiazolyl is a particularly preferred W group.

When W represents a 6-membered aryl or heteroaryl group,
W is preferably phenyl, pyrimidinyl, pyridyl, pyrazinyl, or
pyridizinyl, each of which is optionally substituted by one or
more substituents independently chosen from halogen, cyano,
hydroxy, oxo, C;-C;haloalkyl, C;-Czalkyl, and C,-C; alkoxy.
Particularly preferred W groups include 2-pyrimidinyl, 3-
fluorophenyl, or 6-fluoro-2-pyridinyl.

Chemical desc:iption'and terminology

Formula I includes, but is not limited to the subformulae
exemplified as Formula Ia, Formulae II-VI and Formulae X -
XVIII and their pharmaceutically acceptable acid and base
addition salts.

The phrase ‘'"pharmaceutically acceptable" is employed
herein to refer to those compounds, materidls, compositions,
and/or dosage forms which are, within the scope of sound
medical judgment, suitable for use in contact with the tissues
of human beings or animals @ithout excesgive toxicity,
irritation, allergic response, or other ©problem or
complication, commensurate with a reasonable benefit/risk
ratio. As used herein, "pharmaceutically acceptable salts"
refer to derivatives of the disclosed compounds wherein the
parent compound is modified by making acid or base salts
thereof. Those skilled in the art will recognize a wide
variety of non-toxic pharmaceutically acceptable addition
salts.

Examples of pharmaceutically acceptable salts include,
but are not limited to, mineral or organic acid salts of basic
residues such as amines; alkali or organic salts of acidic
residues sBuch aB carboxylic acids; and the 1like. The
pharmaceutically acceptable salts include the conventional
non-toxic salts or the quaternary ammonium salts of the parent
compound formed, for example, from non-toxic inorganic or
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organic acids. For example, such conventional non-toxic salts
include those derived from inorganic acids such as
hydrochloric, hydrobromic, hydroiodic, sulfuric, sulfamic,
sulfinic, phosphoric, nitric, and the like; and the salts
prepared from organic acids such as alkanoic such as acetic,
HOOC- (CH;)n-ACOOH where n is 0-4, and the like, tartaric,
maleic, propionic, succinic, glycolic, stearic, lactic, malic,
tartaric, citric, ascorbic, pamoic, malefic, hydroxymaleic,
phenylacetic, glutamic, benzoic, salicylic, sulfanilic,
2-acetoxybenzolc, fumaric, toluenesulfonic, methanesulfonic,
ethane disulfonic, oxalic, isethionic, HOOC- (CH;)n-COOH where n
is 0-4, and the like. The pharmaceutically acceptable salts
of the present invention can be synthesized from the parent
compound which contains a basic or acidic moiety by
conventional chemical methods. Generally, such salts can be
prepared by reacting the free acid or base forms of these
compounds with a stoichiometric amount of the appropriate base
or acid in water or in an organic solvent, or in a mixture of
the two; generally, nonaqueous media 1like eéther, ethyl
acetate, ethanol, isopropanol, or acetonitrile are preferred.
Lists of suitable salts are found in Remington's
Pharmaceutical Sciences, 17th ed., Mack Publishing Company,
Easton, PA, p. 1418 (1985).

The invention includes hydrates of compounds of Formula

I.

The invention includes all crystalline forms of the
compounds of Formula I. Certain crystalline forms may be
preferred.

The present invention also encompasses the acylated
prodrugs of the compounds of Formula I. Those skilled in the
art will. recognize various synthetic methodologies that may be
émployed to prepare non-toxic pharmaceutically acceptable
addition salts and acylated prodruga of the compounds
encompassed by Formula I. The invention further encompasses
all enantiomers and diastereomers of the disclosed compounds.
Thoee of ordinary skill in the art will readily recognize
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methods by which mixtures of enantiomers and diasteromers may
be resolved. The definition of Formula I as used in herein
include possible isomers, such as tautomers and rotamers.

The compounds herein described may have one or more
asymmetric centers or planes. Compounds of the present
invention containing an asymmetrically substituted atom may be
isolated in optically active or racemic forms. It is well
known in the art how to prepare optically active forms, such
as by resolution of racemic forms (racemates), by asymmetric
synthesis, or by synthesis from optically active starting
materials. Resolution of the racemates can be accomplished,
for example, by conventional methods such as crystallization
in the presence of a resolving agent, or chromatography,
using, for example a chiral HPLC column. Many geometric
isomers of olefins, C=N double bonds, and the like can also be
present in the compounds described herein, and all such stable
isomers are contemplated in the present invention. Cis and
trans geometric isomers of the compounds’ of the present
invention are described and may be isolated as 'a mixture of
isomers or aam peparated isomeric forms. All chiral
(enantiomeric and diastereomeric), and racemic forms, as well
as all geometric isomeric forms of a structure are intended,
unless the B8specific stereochemistry or isomeric form is
specifically indicated.

-When any variable occurs more than one time in any
constituent or formula for a compound, its definition at each
occurrence is independent of its definition at every other
occurrence. Thus, for example, if a group is shown to be
substituted with 0 to 3 R", (where R’ indicates any variable
group such as R) then said group may optionally be substituted
with up to three R groups and R" at each occurrence is
-selected independently from the definition of R'. Also,
combinations of substituents and/or variables are permissible
only if such combinations result in stable compounds.

When any group, such as an aryl group, heterocaryl group,
carbocyclic group, heterocyclic group, ©r monocylic or
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bicyclic ring is said to be “optionally substituted by one or
more substituents” that group may contain 0 or from 1 to the
maximum number of substituents allowable without exceeding the
valency of the atoms of the substituted group. Preferably
such groups are substituted with 0 or from 1 to 4
substituents, and more preferably such groups are substituted
with 0 or from 1 to 3 substituents. Preferably such groups
are not substituted with more that one oxo substituent.

A dash "“-* that is not between two letters or symbols is
used to indicate a point of attachement for a substituent. For
example -C(=0)NH; is attached through the carbon atom.

As used herein, "alkyl" is intended to include both
branched and straight-chain aliphatic hydrocarbon groups,
having the specified number of carbon atoms. Alkyl groups of 2
or more carbon atoms may contain double or triple bonds.
Examples of alkyl include, but are not limited to, methyl,
ethyl, n-propyl, i-propyl, mn-butyl, s-butyl, t-butyl, n-
pentyl, and s-pentyl. Preferred alkyl groups are C;-Cs alkyl
groups. “C;-C¢ alkyl” indicates alkyl groups having from 1 to
about 6 carbon atoms.

As used herein, "alkoxy" represents an alkyl group as
defined above with the indicated number of carbon atoms
attached through an oxygen bridge. Examples of alkoxy include,
but are not limited to, methoxy, ethoxy, n-propoxy, i-propoxy,
n-butoxy, 2-butoxy, t-butoxy, n-pentoxy, 2-pentoxy, 3-pentoxy,
isopentoxy, neopentoxy, n-hexoxy, 2-hexoxy, 3-hexoxy, and 3-
methylpentoxy. *C,-C¢ alkoxy” indicates alkoxy groups having
from 1 to about 6 carbon atoms.

"Alkenyl" is intended to include hydrocarbon chains of
either a straight or branched configuration comprising one or
more unsaturated carbon-carbon bonds which may occur in any
stable point along the chain, such as ethenyl and propenyl.
Alkenyl groups typically will have 2 to about 8 carbon atoms,
more typically 2 to about 6 carbon atoms.

"Alkynyl" is intended to include hydrocarbon chains of
either a straight or branched configuration comprising.one or
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more triple carbon-carbon bonds which may occur in any stable
point along the chain, such as ethynyl and propynyl. Alkynyl
groups typically will have 2 to about 8 carbon atoms, more
typically 2 to about 6 carbon atoms.

"Aryl” refers to aromatic groups having 1 or more rings,
wherein the members of the aromatic ring or rings are carbon.
When indicated such groups may be substituted. Such groups
include optionally substituted phenyl and optionally
substituted naphthyl.

The term "Cycloalkyl" is intended to include saturated
ring groups, having the specified number of carbon atoms, such
as cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl.
Cycloalkyl groups typically will have 3 to about 8 ring
members. .

In the term " (cycloalkyl)alkyl", Cycloalkyl and alkyl are
as defined above and the point of attachment is on the alkyl
group. This term encompasses, but is not limited to,
cyclopropylmethyl, cyclohexylmethyl, cyclohexylmethyl.

As used herein, "haloalkyl" is intended to include both
branched and straight-chain saturated aliphatic hydrocarbon
groups having the specified number of carbon atoms,
substituted with 1 or more halogen atoms {(for example -C,Fy
where v = 1 to 3 and w =1 to (2v+l). Examples of haloalkyl

include, but are not limited to, trifluoroﬁethyl,
difluoromethyl, - trichloromethyl, pentafluoroethyl, and
pentachloroethyl.

As used herein, "halocalkoxy" indicates a haloalkyl group
as defined above with the indicated number of carbon atoms
attached through an oxygen bridge. Examples of halcalkoxy
groups include, but are not limited to, trifluoromethoxy and
trichloromethoxy.

' As used herein the term "heterocaryl" is intended to mean
a stable 5-to 7-membered monocyclic or 7-to 10-membered
bicyeclic heterocyclic aromatic ring which consists of carbon
atoms and from 1 to 4 heteroatoms independently selected from
the group consisting of N, O and S. It 1s preferred that the
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total number of S and O atoms in the heteroaryl group is not
more than 1.

Examples of heteroaryl groups include, but are not
limited to, pyrimidinyl, pyridyl, quinolinyl, benzothienyl,
indolyl, @pryidazinyl, pyazinyl, isoindolyl, isoquinolyl,

quinazolinyl, quinoxalinyl, phthalazinyl, imidazolyl,
isoxazolyl, pyrazolyl, oxazolyl, thienyl, thiazeolyl,
indolizinyl, indazolyl, benzothiazolyl, benzimidazolyl,

benzofuranyl, benzoisoxolyl, dihydro-benzodioxinyl, furanyl,
pyrrolyl, oxadiazolyl, thiadiazolyl, triazolyl, tetrazolyl,

oxazolopyridinyl, imidazopyridinyl, isothiazolyl,
naphthyridinyl, cinnolinyl, carbazolyl, beta-carbolinyl,
isochromanyl, chromanonyl, chromanyl, tetrahydroisoquinolinyl,
isoindolinyl, isobenzotetrahydrofuranyl,
isobenzotetrahydrothienyl, isobenzothienyl, benzoxazolyl,
pyridopyridinyl, benzotetrahydrofuranyl,

benzotetrahydrothienyl, purinyl, benzodioxolyl, triazinyl,
phenoxazinyl, phenothiazinyl, pteridinyl,” benzothiazolyl,
imidazopyridinyl, imidazothiazolyl, dihydrobenzisoxazinyl,
benzisoxazinyl, benzoxazinyl, dihydrobenzisothiazinyl,
benzopyranyl, benzothiopyranyl, coumarinyl, isocoumarinyl,
chromanyl, tetrahydroquinolinyl, dihydroquinolinyl,
dihydroquinolinonyl, dihydroisoquinolinonyl,
dihydrocoumarinyl, dihydreoigocoumarinyl, isoindolinonyl,
benzodioxanyl, benzoxazolinonyl, pyrrolyl N-oxide, pyrimidinyl
N-oxide, pyridazinyl N-oxide, pyrazinyl N-oxide, quinolinyl N-
oxide, indolyl N-oxide, indolinyl N-oxide, isogquinolyl N-
oxide, quinazolinyl N-oxide, quinoxalinyl N-oxide,
phthalazinyl N-oxide, imidazolyl N-oxide, isoxazolyl N-oxide,
oxazolyl N-oxide, thiazolyl N-oxide, indolizinyl N-oxide,.
indazolyl N-oxide, benzothiazolyl N-oxide, benzimidazolyl N-

‘oxide, pyrrolyl N-oxide, oxadiazolyl N-oxide, thiadiazolyl N-

oxide, triazolyl N-oxide, tetrazolyl N-oxide, benzothiopyranyl

S-oxide, and benzothiopyranyl S,S-dioxide.
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Preferred hetercaryl groups include imidazolyl, pyrrolyl,
pyridyl, thiazolyl, pyrazolyl, thiazolyl, isoxazolyl,
triazolyl, tetrazolyl, oxadiazolyl, pyrimidinyl, and oxazolyl.

The term “heterocycloalkyl” is intended to include
saturated ring groups having at least 1 heteroatom.
Heterocycloalkyl groups typically include 3 to 8 ring atoms,
preferably 5 to 7 ring atoms. Heterocycloalkyl groups
typically have from 1 to 3 hetercatoms selected from N, S, and
0 with remaining ring atoms being carbon. Preferably not more
than one S atom and one O atom is present in a
heterocycloalkyl group. Preferred heterocycloalkyl groups
include morpholinyl, piperidinyl, piperazinyl,
thiomorpholinyl, and pyrrolidinyl.

The phrase "monocyclic or bicyclic ring” refers to
saturated, partially unsaturated, or aromatic rings or ring
systems, which optionally contain from 1 to 4 heterocatoms
independently chosen from N, S, and O with remaining ring
members being carbon. Preferred monocyclic and bicyclic rings
are saturated and partially unsaturated rings or Zing systems.

The term "oxo” indicates a carbonyl group. When an oxo
group appears as a substituent the allowed valence of the
substituted position is not exceeded.

Pharmaceutical Compositions

.The compoundas of general Formulas I may be administered
orally, topically, parenterally, by inhalation or spray or
rectally in dosage unit formulations containing conventional
non-toxic pharmaceutically acceptable carriers, adjuvants and
vehicles. Oral administration in the form of a pill, capsule,
elixir, syrup, lozenge, troche, or the like is particularly
preferred. The term parenteral as used herein includes
‘subcutanecus injections, intradermal, intravascular (e.q.,
intravenous), intramuscular, spinal, intrathecal injection or
like injection or infusion techniques. In addition, there is
provided a pharmaceutical formulation comprising a compound of
general Formula I and a pharmaceutically acceptable carrier.
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One or more compounds of general Formula I may be present in
association with one or more non-toxic pharmaceutically
acceptable carriers and/or diluents and/or adjuvants and if
desired other active ingredients. The pharmaceutical
compositions containing compounds of general Formula I may be
in a form suitable for oral use, for example, as tablets,
troches, lozenges, agqueous or oily suspensions, disperaible
powders or granules, emulsion, hard or soft capsules, or
syrups or elixirs.

Compositions intended for oral use may be prepared
according to any method known to the art for the manufacture
of pharmaceutical compositions and such compositions may
contain one or more agents selected from the group consisting
of sweetening agents, flavoring agents, coloring agents and
preserving agents in order to provide pharmaceutically elegant
and palatable preparations. Tablets contain the active
ingredient in admixture with non-toxic pharmaceutically
acceptable excipients that are suitable for the manufacture of
tablets. These excipients may be for example, inerxt diluents,
such as calcium carbonate, sodium carbonate, lactose, calcium
phosphate or sodium phosphate; granulating and disintegrating
agents, for example, corn starch, or alginic acid; binding
agents, for example starch, gelatin or acacia, and lubricating
agents, for example magnesium stearate, stearic acid or tale.
The tablets may be uncoated or they may be coated by known
techniques to delay disintegration and absorption in the
gastrointestinal tract and thereby provide a sustained action
over a longer period. For example, a time delay material such
as glyceryl monosterate or glyceryl distearate may be
employed.

Formulations for oral use may also be presented as hard
éelatin capsules wherein the active ingredient is mixed with
an inert 8olid diluent, for example, calcium carbonate,
calcium phosphate or kaolin, or as soft gelatin capsules
wherein the active ingredient is mixed with water or an oil
medium, for example peanut oil, liquid paraffin or olive oil.
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Aqueous suspensions contain the active materials in
admixture with excipients suitable for the manufacture of
aqueous suspensions. Such excipients are suspending agents,
for example sodium carboxymethylcellulose, methylcellulose,
hydropropylmethylcellulose, sodium alginate,
polyvinylpyrrolidone, gum tragacanth and gum acacia;
dispersing or wetting agents may be a naturally-occurring
phosphatide, for example, lecithin, or condensation products
of an alkylene oxide with fatty acids, for example
polyoxyethylene stearate, or condensation products of ethylene
oxide with leng chain aliphatic alcohols, for example
heptadecaethyleneoxycetanol, or condensation producta of
ethylene oxide with partial esters derived from fatty acids
and a hexitol such as polyoxyethylene sorbitol monooleate, or
condensation products of ethylene oxide with partial estezs
derived from fatty acids and hexitol anhydrides, for example
polyethylene sorbitan monooleate. The aqueous suspensions may
also contain one or more preservatives, for ‘example ethyl, or
n-propyl p-hydroxybenzoate, one or more coloring agents, one
or more flavoring agents, and one or more sweetening agents,
such as sucrose or saccharin.

Oily suspensions may be formulated by suspending the
active ingredients in a vegetable oil, for example arachis
oil, olive oil, sesame o0il or coconut oil, or in a mineral oil
such .as liquid paraffin. The oily suspensions mway contain a
thickening agent, for example beeswax, hard paraffin or cetyl
aleohol. Sweetening agents such as those set forth above, and
flavoring agents may be added to provide palatable oral
preparations. These compositions may be preserved by the
addition of an anti-oxidant such as ascorbic acid.

Dispersible powders and granules suitable for preparation
of an aqueous suspension by the addition of water provide the
active ingredient in admixture with a dispersing or wetting
agent, suspending agent and one or more preservatives.
Suitable dispersing or wetting agents and suspending agents
are exemplified by those already mentioned above. Additional
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excipients, for example sweetening, flavoring and coloring
agents, may also be present.

Pharmaceutical compositions of the invention may also be
in the form of oil-in-water emulsions. The oily phase may be
a vegetable oil, for example olive o0il or arachis oil, or a
mineral oil, for example liquid paraffin or mixtures of these.
Suitable emulsifying agents may be naturally-occurring gums,
for example gum acacia or gum tragacanth, naturally-occurring
phosphatides, for example soy bean, lecithin, and esters or
partial esters derived from fatty acids and hexitol,
anhydrides, for example sorbitan monoleate, and condensation
products of the said partial esters with ethylene oxide, for
example polyoxyethylene sorbitan monoleate. The emulsions may
also contain sweetening and flavoring agents.

Syrups and elixirs may be formulated with sweetening
agents, for example glycerol, propylene glycol, sorbitol or
sucrose. Such formulations may also contain a demulcent, a
preservative and flavoring and® coloring agents. The
pharmaceutical compositions may be in the form of a sterile
injectable agqueous or oleaginous suspension. This suspension
may be formulated according to the known art using those
suitable dispersing or wetting agents and suspending agents
which have been mentioned above. The sterile injectable
preparation may also be sterile injectable solution or
suspension in a non-toxic parentally acceptable diluent or
solvent, for example as a solution in 1,3-butanediol. Among
the acceptable vehicles and solvents that may be employed are
water, Ringer's sgolution and isotonic sodium chloride
solution. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this purpose
any bland fixed oil may be employed including synthetic mono-
or diglycerides. 1In addition, fatty acids such as oleic acid
find use in the preparation of injectables.

The compounds of general Formulas I may also be
administered in the form of suppositories, e.g., for rectal
administration of the drug. These compositions can be
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prepared by mixing the drug with a suitable non-irritating
excipient that is solid at ordinary temperatures but liquid at
the rectal temperature and will therefore melt in the rectum
to release the drug. Such materials are cocoa butter and
polyethylene glycols.

Compounds of general Formulas I may be administered
parenterally in a sterile medium. The drug, depending on the
vehicle and concentration used, can either be suspended or
dissolved in the vehicle. Advantageously, adjuvants such as
local anesthetics, preservatives and buffering agents can be
dissolved in the wvehicle.

For administration to non-human animals, the composition
may also be added to the animal feed or drinking water. It
will be convenient to formulate these animal feed and drinking
water compositions so that the animal takes in an appropriate
quantity of the composition along with its diet. It will also
be convenient to present the composition as a premix for
addition to the feed or drinking water.

Dosage levels of the order of from about 0.1 mg to about
140 mg per kilogram of body weight per day are useful in the
treatment of the above-indicated conditions (about 0.5 mg to
about 7 g per patient per day). The amount of active
ingredient that may be combined with the carrier materials to
produce a single dosage form will vary depending upon the host
treated and the .particular mode of administration. Dosage
unit forms will generally contain between from about 1 mg to
about 500 mg of an active ingredient.

Frequency of dosage may also vary depending on the
compound used and the particular disease treated. However,
for treatment of most disorders, a dosage regimen of 4 times
daily or less is preferred. For the treatment of anxiety,
hepression, or cognitive impairment a dosage regimen of 1 or 2
times daily is particularly preferred. For the treatment of
Sleep disorders a single dose that rapidly reaches effective

concentrations is desirable.
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It will be unéerstood, however, that the specific dose

level for any particular patient will depend upon a variety of-

factors including the activity of the specific compound
employed, the age, body weight, general health, sex, diet,
time of administration, route of administration, and rate of
excretion, drug combination and the severity of the particular
disease undergoing therapy.

Preferred ' compounds of the invention will have certain
pharmacological properties. Such properties include, but are
not limited to high solubility (preferably 500 ng/ ml or more}
in aqueous solutions, oral biocavailability, low toxicity, low
serum protein binding, lack of clinically relevant EKG
effects, and desirable in wvitro and in wvivo half-lifes.
Penetration of the blood brain barrier for compounds used to
treat CNS disorders is neceassary, while low brain levels of
compounds used to treat periphereal disorders are often
preferred.

Agpays may be used to - predict - these desirable
pharmacological properties. Assays used °~to predict
bicavailability include transport across human intestinal cell
monolayers, including Caco-2 cell monolayers. Toxicity to
cultured hepatocyctes may be used to predicﬁ compound
toxicity. Penetration of the blood brain barrier of a
compound in humans may be predicted from the brain levels of
the .compound in 1laboratory animals given the compound
intravenously.

Serum protein binding may be predicted from albumin
binding assays. Such assays are described in a review by
Oravcovd, et al. (Journal of Chromatography B (1996) volume
677, pages 1-27).

Compound half-life is inversely proportional, to the
frequency of dosage of a compound. In vitro half-lifes of
compounds may be predicted from assays of microsomal half-life
as described by Kuhnz and Gieschen (Drug Metabolism and
Disposition, (1998) volume 26, pages 1120-1127).
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EXAMPLES
Preparation of Compounds

Representative procedures suitable for the preparation of
compounds of Formula I are outlined in Schemes I-X, which are
not to be construed as limiting the invention in scope or
spirit to the specific reagents and conditions shown in them.
Those having skill in the art will recognize that the reagents
and conditions may be varied and additional steps employed to
produce compounds encompassed by the present invention. 1In
some cases, protection of reactive functionalities may be
necessary to achieve the desired transformations. 1In general,
such need for protecting groups, as well as the conditions
necessary to attach and remove such groups, will be apparent

to those skilled in the art of organic synthesis.
Scheme |

_Z, _N L4 _NH :
P e YRR YT
L=c,FBr Stei 2 3 Swp3

| E:)*w t-BuOK
fZ‘I}\/Q ’Nal. THF E’:‘I:).\/CI
Rs Rg

Step 4

[ 4
Scheme I illustrates a route to selected compounds of

Formula 6 via coupling of chloromethyl compounds 4 and aryl
imidazoles 5. In Step 1, aryl and heteroaryl halides of
formula 1 are reacted with appropriate amines in the presence
of base to obtain amino adducts of formula 2. In Step 2,
reduction of the nitro group in compounds of formula 2 yields
diamines 3. In Step 3, diamines of formula 3 are reacted with
2-chloro-acetimidic acid methyl ester hydrochloride or a
similar electrophile such as 2-chloro-1,1,1l-trimethoxy-ethane
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or chloroacetic acid anhydride. In Step 4, chloromethyl
compounds of formula 4 are reacted with aryl and heteroaryl
imidazoles of formula 6 in the presence of base and solvent to
obtain compounds of formula 6. Depending on the particular
nature of 6, a stronger or weaker base may be selected to
Jacilitate the reaction in Step 4.

Schama (1
" 0 O
220, 0°C o o Ot ©
n q)ul\q £ CHOE o
Vs . El  HCl X
2) E10H, ELN, E,0,0°C E 7 Siop 2 E .
Stap 1
oo WNHNH,,
P3 | EOH
,2| NH: "
X -
1) za"h NRg w
4. N 3 1) Chromatography \ N
\ EDCI, pyridine 2) aq
N N w - "
2) AcOH EOH | E
Ry ) f o E0C
10 Step 5 Step 4

Scheme II 1llustrates the synthesis of .compounda of
formula 10 from diamines 3. 1In Step 1, reaction of malonyl
dichloride with ethyl vinyl ether provides 7. In Step 2,
treatment of 7 with triethyl orthoformate in the presence of
acid yields 8. Compound B8 is reacted in Step 3 with a variety
of aryl and heterocaryl hydrazines to obtain compounds of
formula 9 as a mixture with the undesired regioisomer. As
illustrated in Steps 4 and 5, compounds of formula 9 can be
hydrolyzed to the corresponding acids and coupled with
compounds of formula 3 to obtain, following cyclization in
refluxing acetic acid, compounds of formula 10. As described

in subsequent schemes and examples, compounds of formula 9 may

‘also be directly coupled to compounds of formula 3 in the

presence of trimethylaluminum. Depending on the particular
example and reaction conditions Belected, cyclization may
occur without need for heating in acetic acid as described in
Step 5.
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Scheme III illustrates a method for preparing compounds
of formula 21 and 23. Step 1 encompasses hydrolysis of
compounds of formula 11 to the corresponding acids followed by
dimerization in the presence of a suitable coupling reagent
such as 1,1‘-carbonyldiimidazole to form compounds of formula
12. In Step 2, deacylation of compounds of formula 12 is
accomplished by heating with concentrated sulfuric acid to
cbtain compounds of formula 13. Heating of compounds of
formula 13 with ammonium hydroxide in Step 3 results in
formation of compounds of formula 14. Nitration of compounds
of formula 14 in Step 4 is affected using nitric acid to

obtain compounds of formula 15. Compounds of formula 15 are

‘converted to the corresponding chlorides 16 in Step 5 by

heating with phosphorous oxychloride. 1In Step 6, chlorides 16
are reacted with ammonia followed by heating with phosphorous
oxychloride to <obtain 2-chloropyridines 17 which are
subsequently reduced to diamines 18 in Step 7. In Step 8,
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diamines 18 are reacted with esters of formula 19 in the
presence of trimethylaluminum followed by heating in acetic
acid to obtain compounds of formula 20. Step 9 illustrates
élkylation of compounds of formula 20 with ethyl iodide in the
presence of base to obtain a mixture of compounds of formula
21 and 22. Those skilled in the art will realize that
alternate alkylating agents may be employed to obtain similar
compounds bearing different Rs groups. When R; is hydrogen in
20, competing alkylation of the adjacent pyridyl nitrogen may
be ohserved. _
Scheme IV

Cl
g 1. EtNH, NP NO H, Ny NH2
HNTY 2. POCly < o TRPAC RPN
R i Stap 1 Ry K Step 2
16 22 24
MeOC—, W
w2 N
&NIN N N W
1. AlMey, | A\ ’ _(
2. AcOH, reflx .~ 1O )N
Step 3 22

Scheme IV illustrates a variation of Scheme III for
specifically preparing compounds of formula 22. In Step 1,
compounds of formula 16 are reacted with ethyl amine to form
the amino adducts which are subsequently converted to 2-
chloropyridines 23 by reaction with phosphorous oxychloride.
Those skilled in the art will realize that numerous other
suitable amines of formula RsNH; may be employed in Step 1 to
yield other variants of Formula I. In Steps 2 and 3,
hydrogenation of compounds of formula: 23 to diamines of
formula 24 followed by trimethylaluminum-facilitated coupling
and cyclization in acetic acid provides compounds of formula
22.
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Scheme V illustrates a route employiné a protecting group

strategy for preparing pyrazole compounds of formula 29. In
Step 1, pyrazole 25 is reacted with di-tert-butyldicarbonate
5 in the presence of 4-dimethylaminopyridine to obtain 26.
Reaction with glyoxal and ammonium hydroxide provides 27.
Reaction of 27 with chloromethyl compounds of formula 4 in the
presence of base provides compounds of formula 28.
Deprotection of compounds of formula 28 with acid in Step 4

10 providea pyrazoles of formula 29. -
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Scheme VI provides a route for preparing thiazole
compounds of formula 33. Step 1 involves bromination of
ketoesters of formula 30 to form a-bromoketones of formula 31.
In Step 2, compounds of formula 31 are reacted with
thioformamide to obtain thiazoles of formula 32. Condensation
of 32 with 3 in Step 3 in the presence of trimethylaluminum
provides compounds of formula 33. Depending on the particular
reactants and conditions employed in Step 3, the product
mixture may require heating in a suitable solvent such as

acetic acid to enhance formation of 33.
Scheme VI
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Scheme VII provides routes to several heterocyclic
-systems via common intermediate 35. In Step 1, compounds of
formula 34 are reacted with compounds of formula 4 at low
temperature in the presence of a suitable base such as lithium
diisopropylamide to form compounds of formula 35. Rxn 1

illustrates conversion of ketones of formula 35 to isoxazole
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derivatives of formula 36 by reaction of compounds of formula
35 with tris{dimethylamino)methane followed by treatement with
hydroxylamine. In Rxn 2, compounds of formula 35 are reacted
with tris(dimethylamino)methane followed by treatment with
hydrazine acetate to obtain pyrazoles 37. In Rxn 3 and 4,
compounds of formula 35 are brominated to form a-bromoketones
38 that are subsequently reacted with thioformamide to obtain
thiazoles of formula 39. Rxn 5 illustrates the synthesis of
pyrazoles of formulas 40 and 41 by reaction of compounds of
formula 35 with tris{dimethylamino)methane followed by
treatment with methyl hydrazine.

Scheme VIll
A N
Z: cl
zla. INN
% 4 NN
N Ra ~Zy N i N
N'N"-NH (Buﬁsnho N' --F.—Snﬂw - i: I NN
4 EOHf N PRCH3 ) - LN w
vzl’ Step 1 w Step 2 . Rs
43 44

42
Scheme VIII provides a route for preparation of

tetrazoles of formula 44. In Step 1, aryl and heteroaryl
tetrazoles of formula 42 are heated with bis(tributyltin)
oxide to form stananes of formula 43. In Step 2, heating
compounds of formula 43 with compounds of formula 4 in a
suitable solvent such as toluene gives compounds of formula
44.
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Scheme IX illustrates the synthesis of triazoles of
formula 50. In Step 1, aryl and heterdaryl hydrazines are
reacted with 1,3,5-triazine 45 to obtain triazoleas of formula

5 486. In Step 2, heating compounds of formula 46 with
formaldehyde provides alcohols of formula ,47. In Step 3,
alcohols of formula 47 are converted to the <corresponding
chlorides by treatment with thionyl chloride and the chlorides
are subsequently converted to nitriles 48 by the action of

10 tetraethyl ammonium cyanide. Cyanides 48 are hydrolyzed in
Step 4 to carboxylic acids 49. 1In Step S, carboxylic acids of
formula 49 are coupled with diamines 3 in the presence of EDCI
(1- (3-dimethylaminopropryl) -3-ethylcarbodiimide hydrochloride]
or other suitable coupling reagents followed by heating in
15 acetic acid to complete cyclization of the intermediate amino

amides to compounds of formula 50.
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Scheme X
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Scheme X illustrates two routes for the synthesis of
imidazoles of formula 52 which are intermediates in the
synthesis of selected compounds of Formula 'I. In Step 1, aryl
and heteroaryl aldehydes are treated with glyoxal and ammonium
hydroxide to form imidazoles of formula 52. In Step 1/,
imidazole 53 is treated with butyl lithium followed by tri-n-
butyltin chloride to obtain compounds of formula 54 which must
be handled with care to avoid decomposition. In Step 2',
compounds of formula 54 are utilized in palladium cross-
coupling reactions with aryl and heterocaryl halides to obtain
compounds of formula 55. Subsequent treatment of compounds of
formula 55 with acid in Step 3’ provides compounds of formula
52. _

The invention is illustrated further by the following
examples, which are not to be construed as 1limiting the
invention in scope or spirit to the specific procedures
described in them. Additional compounds encompassed by this
invention beyond the accompanying Examples may be prepared
using methods known to those skilled in the art of chemical
synthesis. Those having skill in the art will recognize that
the starting materials may be varied and additional steps
employed to produce compounds encompassed by the present
inventions, as demonstrated by the following examples. In
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some cases, protection of reactive functionalities may be
necessary to achieve some the desired. transformations. In
general, such need for protecting groups, as well as the
conditions necessary to attach and remove such groups, will be
apparent to those skilled in the art of organic synthesis.

Preparation of starting materials and intermediates

The starting materials and various intermediates may be
obtained from commercial sources, prepared from commercially
available organic compounds, or prepared using known synthetic
methods. Representative examples of methods suitable for
preparing intermediates of the invention are set forth below.

Example 1
Synthesis of 1-Propyl-2-{[2-(2-fluoropyrid-6-yl)-1H-imidazol-

1-yllmethyl)}-5-cyano-1H-benzimidazole

g

1. Preparation of 4-n-Propylamino-3-nitrobenzonitrile

To a atirriqg suspension of 4-chloro-3-nitrobenzonitrile
(7.36g, 40 mmol) in isopropanol (30 mL) is added n-propylamine
(9.87 mL, 120 mmol) . The mixture is stirred at room
temperature for 5 h, ‘and the solid is then collected by
filtration to give 4-n-propylamino-3-nitrobenzonitrile as a
yellow solid. 'H NMR (CDCl,;) 8.51 (1H, q), B.42(1H, br s),
7.60{1H, m), 6.91(1H, d), 3.33(2H, q), 1.84-1.74(2H, m),
1.07(3H, t). LRMS 206.3 (MH+).

2. Preparation of 3-Amino-4-n-propylaminobenzonitrile

To a Parr bottle containing 4-n-propylamino-3-
nitrobenzonitrile (7.63 g, 37.2 mmol) in ethyl acetate (38 mL)
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is added 5% Pd/C (50% wet, 633 mg). The Parr bottle is sealed
in a mechanical shaker, evacuated, and then purged with
nitrogen followed by hydrogen. The system is pressurized to
50 PSI of hydrogen at room temperature and mechanical shaking
engaged. After 2 hours, shaking is stopped, and the system
purged with nitrogen prior to opening the vessel. The
reaction mixture is filtered through celite, concentrated in
vacuo, and the obtained solid recrystallized by dissolving in
ethyl acetate (15 mL), heating, and adding hexanes (15 mL), to
give 3-Amino-4-n-propylaminobenzonitrile as gray crystals. H
NMR (CDCl,;) 7.14(1H, dd), 6.5%2(1H, d), 6.56(1H, 4), 3.98(1H, br
8), 3.30(2H, br s8), 3.12(2H, t), 1.75-1.65(2H, m), 1.03(3H,
t). LRMS calcd 175.23, found 176.2 (MH+).

3. Preparation of 1-Propyl-2-{[2-(2-fluozopyrid-6-yl)-1H-

imidazol-1-yl]methyl}-5-cyanc-1H-benzimidazole
Method A
(A) Preparation of 1-n-Propyl-+2-chloromethyl-5-

cyanobenzimidazole hydrochloride

i) A solution of 3-amino-4-n-propylaminobenzonitrile (7.38g,
42.1 mmol) and ethyl chloroacetimidate hydrochloride (9.92 g,
63.2 mmol) in ethanol (100 mL) is heated at reflux for 17 h,
then cooled and concentrated to give 1-n-Propyl-2-
chloromethyl-5-cyanobenzimidazole hydrochloride. Prior to use
in the next step,- this material is converted to free base by
adding agueous bicarbonate and extracting with
dichloromethane, drying (Na,;S0,), and concentrating.

ii) Alternatively, chloroacetylchloride rather than ethyl
chloroacetimidate can by used: To a solution of 3-amino-4-n-
propylaminobenzonitrile (5.15 g, 29.4 mmol) and triethylamine
{4.51 mL) in ethyl acetate (52 mL) at room temperature,
éhloroacetyl chloride (2.57 mL) is added slowly. After
stirring the reaction mixture £for 30 minutes at room
temperature, acetic acid (5 mL) is added and the reaction
mixture heated to reflu.x.' After heating for 20 h, the
reaction mixture is cooled to room temperature and diluted
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with water (S50 mL). The organic solution is washed twice with
1.0 M sodium hydroxide (2 x 50 mL), then washed with an
aqueous solution of 0.25 M KH;PO, (S0 mL), followed by brine
(50 mL). The organic layer is dried (sodium sulfate},
concentrated in vacuo, and the solid recrystallized by heating
in ethyl acetate (20 mL), adding hexane {40 mL) and cooling to
room temperature with stirring to afford 1-n-Propyl-2-
chloromethyl-S-cyancbenzimidazole as brown crystals. 'H NMR
{CDC1,;) : 8.08 (d, J = 0.8 Hz, 1H), 7.57 (dd, J = 1,65, 8.52
Hz, 1H), 7.45 (d, J = B.24 Hz, 1lH), 7.26 (B, 1H), 4.84 (s,
2H), 4.24 {t, J = 7.6 Hz, 2H), 1.94 (pentet, J = 7.4. 7.6 Hz,
2H), 1.03 (t, J = 7.4 Hz, 3H).
(B) Preparation of 1-Propyl-2-{[2-(2-fluoropyrid-6-yl)-1H-
imidazol-1-yl]methyl}-5-cyano-1H-benzimidazole
To a stirring suspension of sodium hydride (2.25g of 60% in
oil) in DMF (10 mL) at 0° a solution of 2-Fluoro-6-(1H-
imidazo0l-2-yl) -pyridine (7.7 g, 47.2 mmol) in DMF (20 mL) is
added. After stirring for 5 minutes, a solution of 1-n-Propyl-
2-chloromethyl-5-cyanobenzimidazole (11 g, 47.2 mmol) and
sodium iodide (20 mg) in DMF (80 mL) is added. The reaction
mixture is stirred for 6 h, gradually warmed to room
temperature. The reaction mixture is cooled, water added, the
solid collected, rinsed with water and dried to afford the
title compound, 1-Propyl-2-{[2-{2-fluoropyrid-6-yl) -1H-
imidazol-1-yllmethyl}-5-cyano-1H-benzimidazole.
Method B

Trimethylaluminum (0.54mL of 2.0M in toluene, 1.09mmol)
is added dropwise to a solution of 3-Amino-4-
propylaminobenzonitrile (152mg; 0.87mmol) in dichloromethane
(10mL), and the mixture was stirred at room temperature for
l1hr. A solution of [2-{2-Fluoropyridin-6-yl)-imidazol-1-vyl]

‘acetic acid methyl ester (102mg; 0.43mmol) in dichloromethane

{5mL) is added all at once, and the mixture heated at reflux
for 16 hr. The brown solution is cooled to room temperature
and treated dropwise with methanol (1lmL) then water (2mL) and
stirred at room temperature for 15 min. Anhydrous sodium
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gulfate is added until the gel becomes solid, the mixture is
diluted with dichloromethane (100mL} and filtered through

celite. The filtrate is concentrated to give a brown oil
which is dissolved in acetic acid (7 mL) and heated at 100°
for 72 hr. The mixture is cooled to room temperature and

concentrated. The residue is dissolved in ethyl acetate
(15mL), washed with saturated aqueous NaHCO; (1 x 50mL), then
brine {1 x 50mL), dried (MgSO,), and concentrated, and the
residue purified by preparative thin layer chromatography to
give 1-n-Propyl-2-{[2-(2-fluoropyrid-6-yl) -1H-imidazol-1-
yllmethyl}-5-cyano-1H-benzimidazole as a light brown semi-
solid (57mg).

Method C

A solution of [2-(6-Fluoropyridin-2-y}l)-imidazol-1-
yllacetic acid hydrochloride -(274mg; 1.06mmol) and
triethylamine (0.15mL; 1.06mmcl) in dichloromethane (10mL) is
treated dropwise with oxalyl chloride (0.64mL of a 2M solution
in dichloromethane; 1.27mmol), and the resulting suspension
stirred at room temperature for 2 hr.

The mixture is concentrated and the residue suspended in
dichloromethane (10mL) . A solution of 3-Amino-4-
propylaminobenzonitrile (185mg; 1.06mmol) in dichloromethane
(5mL} is added and the mixture stirred at room temperature for
16hr, then concentrated. The residue is dissolved in acetic
acid .(10mL) and heated at 100° for lhr. The mixture is cooled
to room temperature, concentrated, taken up in ethyl acetate
(150mL), washed with saturated aqueous NaHCO; (50mL)and then
washed with brine (50mL), dried (MgSO,), and concentrated to
give the crude product as a waxy brown solid (338mg). This
crude product is slurried with diethyl ether (ca. 4mL) and a
few drops of methanol, then filtered to give l1-n-Propyl-2-{[2-
kz-fluoropyrid-s-yl)-1H-imidazol-1-y1]methyl}—5—cyano-1H-
benzimidazole as a pale brown solid (230mg).

‘H NMR (399.96MHz, CDCl,;): & 8.17(dd, J = 2.0, 7.6Hz, 1H, H-
18), 8.05(s, 1H, H-4), 7.88(q, J = 8.0Hz, 1H, H-19), 7.52(d, J
= 8.4Hz, 1H, H-6), 7.41(d, J = 8.4Hz, 1H, B-7), 7.21(s, 1H, H-
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14), 7.18(s, 1H, H-15), 6.28(s, 2H, H-13), 4.28(t, J = 7.6Hz,
2H, H-10), 1.68(dt, J = 7.6Hz, 2H, H-11), 0.84(t, J = 7.6Hz,
3H, H-12).

Be WMR (100.57MHz, CDCl,, 'H decoupled at 399.957MHz): &,
162.36(d, Jc.p = 239.6Hz), 152.53, 148.69(d, Jc.r = 13.0Hz),
142.36{(d, Jcr = 7.6Hz), 142.31, 142.28, 138.42, 129.96,
126.55, 125.31, 124.23, 120.27(d, Jc.p = 3.8Hz), 119.96, 111.23,
108.52{(d, Jc.p = 35.9Hz), 105.70, 46.10, 44.57, 23.43, 11.27.

Example 2
Synthesis of 1-Ethyl-2-{[2-({3-fluocrophenyl) -pyrazol-3-

yllmethyl}-5-cyano-1H-benzimidazole

\u b
L \ |
N
\@\ .
N\\
1. Preparation of 1-(3-Fluorophenyl) -5-carboxymethylpyrazole

To a stirring solution of ethyl vinyl ether (340 mL, 3.55
mol) in diethyl ether (200 mL), cooled in an ice bath, is

added dropwise a solution of malonyl dichloride (69 mL, 0.71
mol) in ether (20 mL). Stirring is continued at 0°C for 2h,
then a solution of triethylamine (196 mL) and ethanol (350 mL)
in ether (210 mL) is added with cooling. More ether is added
to further precipitate triethylamine hydrochloride, the
mixture is then filtered, and the filtrate concentrated. The
regsidue is taken up in ethanol (710 mL), then triethyl
orthoformate (177 mL, 1.07 mol) and concentrated HCl (5 mL) is
added. The mixture is stirred overnight then concentrated.
To the residue is added ethanol (500 mL) and 3-
Fluorophenylhydrazine hydrochloride (27.6 g, 0.17 mol). The
mixture is heated at reflux for 2 h, then cooled and
concentrated. Ethyl acetate is added, the mixture is washed
with aqueous bicarbonate, then with water, dried (Na,;S0:),

concentrated, and the residue purified by silica gel
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chromatography. Ethanol (20mL) and 1 N NaOH (100 mL} are
added, and heated at reflux for 1 h. The mixture is cooled
and washed with ethyl acetate. The aqueous layer is cooled
and acidified, the so0lid collected by filtration, rinsed well
with water and dried to give 1- (3-Fluorophenyl) -5-
carboxymethylpyrazole as a gold solid. 'H NMR (CDCl,): 7.68
(d, J = 1.8 Hz, 1H), 7.41-7.48 (m, 1H), 7.10-7.26 {(m, 3H),
6.44 (d, J = 2.1 Hz, 1lH), 3.77 (s, 2H). LCMS: 221.2 (MH"),
219.2(MH") .
2. Preparation of 1-Ethyl-2-{[2-(3-fluorophenyl)-pyrazol-3-
yllmethyl}-5-cyano-1H-benzimidazole

To a stirring solution of 3-amino-4-
ethylaminobenzonitrile (887 mg, 5.5 mmol) and 1-(3-
Fluorophenyl) -5-carboxymethylpyrazole (1.10 g, 5 mmol) in
pyridine (5 mL) is added 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (1.15 g, 6 mmol). The mixture
is stirred at room temperature for 17.5 h, then concentrated.
The residue is cooled in an ice bath, aqueous HCl 1is added
with stirring, the precipitate is collected by filtrationm,
rinsed well with water and dried. The solid is added to
acetic acid (75 mL) and heated at reflux for 5.5 h. The
mixture is cooled, concentrated, and purified by silica gel
chromatography to give 1-Ethyl-2-{(2-(3-fluorophenyl)-pyrazol-
3-yllmethyl}-5-cyano-1H-benzimidazole. The product is
converted to the. mesylate salt in acetone. .1H NMR (CDCl,):
8.17 (s, 1H), 7.89 (4, J 8.52 Hz, 1H), 7.68-7.75 (m 1H),
7.44-7.54 (m, 2H), 7.37-7.40 (m, 1H), 7.21-7.28 (m, 1H), 6.35
(d, J = 1.65 Hz, 1H), 4.65 (8, 2H), 4.29 (g, J = 7.14 Hz, 2H},
2.34 (s, 3H), 1.19 (t, J = 7.14 Hz, 3H). LCMS 346.0 (MH"),
344.4 (MH).

Example 3
Synthesis of 1-Ethyl-2-{[1-(3-fluorophenyl)-1,2,4-triazol-5-
yllmethyl}-5-cyano-1H-benzimidazole
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1. Preparation of 1-(3-Fluorophenyl)-1,2,4-triazole

A mixture of 1,3,5-triazine (1 g, 12.3 mmol) and 3-
Fluorophenylhydrazine hydrochloride (2 g, 12.3 mmol) in
ethanol (20 mL) is heated at reflux overnight. After
concentrating, ethyl acetate is added, the mixture is washed
with aqueous bicarbonate followed by saturated aqueous sodium
chloride, dried (MgsSO,}, and concentrated to give 1.8 g of
crude 1-(3-Fluorophenyl)-1,2,4-triazole. !H NMR (CDCl,): 8.57
(s, 1H), 8.12 (s, 1H), 7.46-7.51 (m, 3H), 7.08-7.15 (m, 1H).
LCMS 164.1 (MH").
2. Preparation of 1-(3-Fluorophenyl)-5-hydroxymethyl-1,2,4-
triazole

A mixture of the crude 1-(3-F1uorophen}1)-1,2,4-triazole
and formaldehyde (10 mL of 37 wt % in water) is heated at 150°C
in a sealed tube for 48 h. After cooling the reaction vessel,
the reaction mixture is extracted with dichloromethane, dried

(MgS0,) ., concentrated, and the residue purified using seilica

gel chromatography to afford 1- (3-Fluorophenyl) -5-
hydroxymethyl-1,2,4-triazole. 'H NMR (CDCl,;): 8.02 (s, 1H),
7.42-7.53 (m, 3H), 7.22-7.29 (m, 1H), 4.81 (s, 2H). LCMS
194.2 (MH).

3. Preparation of 1-(3-Fluorophenyl)-5-cyanomethyl-1,2,4-
triazole

1-{3-Fluorophenyl) -5-hydroxymethyl-1,2,4-triazole (1.7 q)
is treated with thionyl chloride ( 10 mL) in dichloromethane
{20 mL) at rocom temperature overnight. The solvent is then
removed. To the residue is added acetonitrile (20 wmL),
tetraethylammonium cyanide (2.75 g, 17.6 mmol}, and
triethylamine (2.5 mL, 17.6 mmol). The mixture is stirred at
room temperature for 2 h. The mixture is diluted with ethyl
acetate, washed with aqueous bicarbonate, and then with

-64-



10

15

20

25

30

saturated aqueous sodium chloride, dried (Na,;50,),
concentrated and the 1residue purified by silica gel

chromatography to give crude 1-{3-Fluorophenyl) -5-
cyanomethyl-1,2,4-triazole. 'H NMR (CDCl,;): 8.06 (s, 1H),
7.52-7.62 (m, 1H), 7.20-7.30 {(m, 3H), 3.98 (s, 2H). LCMS

203.0 (MH"), 201.2 (MH').
4. Preparation of 1-(3-Fluorophenyl)-5-carboxymethyl-1,2,4-
triazole

Crude 1- (3-Fluorophenyl) -S-cyanomethyl-1,2,4-triazole
(0.9 g) is taken up in ethanol (50 mL) and cooled in an ice
bath. HCl gas is bubbled through for 0.5 h. Water (10 mL) is
added and the mixture heated at 65°C for 2 h. After cooling,
most of the ethanol is removed on a roto-evaporator, 3 N NaOH
(25 mL) and ethanol (25 mL) are then added. The solution is
heated at reflux for 2 h, cooled, and then extracted with
diethyl ether (3X). The aqueous layer is acidified to pH 2,
extracted with ethyl acetate. The organic layer is washed
with saturated aqueous sodium chloride, dried (Na,SO,), and
concentrated to give 1-(3-Fluorophenyl)-5-carboxymethyl-1,2,4-
triazole. 'H NMR (CDCl,;): 8.08 (s, 1H), 7.50-7.57 (m, 1H),
7.22-7.32 (m, 3H), 4.01 (s, 2H). .
5. Preparation of 1-Ethyl-2-{[1(3-fluorophenyl)-1,2,4-triazol-
5-yllmethyl}-5-cyano-1H-benzimidazole

Using the procedure described in Example 2, Step 2, 1-(3-
fluorcphenyl) -S-carboxymethyl-1,2,4-triazole is converted to
1-Ethyl-2-{[1- (3-fluorophenyl)-1,2,4-triazol-5-yl]lmethyl}-5-
cyano-1lH-benzimidazole. 'H NMR (CDCl;): 8.03 (s, 1H); 8.01
(s, 1H); 7.42-7.56 (m, 5H); 7.22 (m, 1H); 4.51 (s, 2H); 4.43
(q, 2H); 1.45 (£, 3H). LCMS 347.3 (MH').

Example 4

.Synthesis of 1-Propyl-2-[(5-phenyl-1H-tetrazol-l-yl)methyl] -

1H-benzimidazole
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1. Preparation of 2-(Tri-n-butyltin)-5-phenyl -1H-tetrazole

A mixture of S5-phenyl-1H-tetrazole (200 mg, 1.22 mmol)
and bis(tri-n-butyltin)oxide (0.31 mL, 0.61 mmol) in ethanol
{2 mL) is heated at reflux for 10 minutes. The mixture is
cooled, concentrated, and the crude 2-(Tri-n-butyltin)-5-
phenyl -1H-tetrazole used directly.
2. Preparation of 1-Propyl-2-[S-phenyl-1H-tetrazol-1-
Yl)methyl]l -1H-benzimidazole

Crude 2-(tri-n-butyltin)-5-pheny1—lH-Eetrazole (2.09 g,
4.8 mmol) and 1-propyl-2-chloromethylbenzimidazole (1.0 g, 4.8
mmol) are heated in toluene (5 mL) at reflux overmnight. The
solvent is removed in vacuo, the residue washed with hexane,
and then purified by preparative chromatography to give 1-
Propyl-2- [ (5-phenyl-1H-tetrazol-1-yl)methyl] -1H-benzimidazole
as the minor isomer. H NMR (CDCl;): 8.05-8.12 (m, 2H); 7.77
(m, 1H); 7.58-7.62 (m, 2H); 7.29-7.43 (m, 3H); 5.86 (5, 2H);
4.40 (t, 2h); 1.85 {(m, 2H); 1.01 (t, 3H).

Example S .
Synthesis of 1-Ethyl-2-{[32-(3-£flucrophenyl)-pyrazol-3-

yllmethyl}-5-acetyl-l1H-bensimidazole

oy

A mixture of 1-Ethyl-2-{[2-(3-fluorophenyl)-pyrazol-3-
ylimethyl}-5-bromo-1H-benzimidazole (200mg, 0.5 wmol),
tributyl (1-ethoxyvinyl)tin (0.34 ml, 1.0 wmol) , and
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tetrakis (triphenylphosphine)palladium(0) (29 mg) in toluene
(10 mL) is heated at reflux for 1 h under argon. The solvent
is removed in vacuo, the residue is then dissolved in 10% HCl
(S mL) and THF (5 mL). The mixture is stirred at room
temperature for 0.5 h, then extracted with ethyl acetate. The
aqueous layer is adjusted to pH 9, extracted with
dichloromethane, and the organic layer dried (Na,;SO,),
concentrated, and the residue purified by preparative silica
gel chromatography to give 1-Ethyl-2-{[2-(3-fluorcphenyl)-
pyrazol-3-yllmethyl}-5-acetyl-1H-benzimidazole. H NMR
(CDC1l,): B8.36 (d, 1H); 7.99 (dd, 1H); 7.645 (d, 1H); 7.25-7.49
(m, 4H); 7.14 (m, 1H); 6.21 (4, 1h); 4.36 (s, 2H); 4.02 (g,
2H); 2.68 (s, 3H); 1.24 (t, 3H).

Example 6
Synthesis of 1-Ethyl-2-{[2-(3-fluorophenyl) -pyrazol-3-
yl]methyl}-s-[1—(methoxyimino)ethy1]-1H-benzimidazole

A mixture of 1-Ethy1—2-{[2-(3-f1uorophenyl)-pyrazol-3-
yllmethyl}-5-acetyl-1H-benzimidazole (23 mg), wmethoxylamine
hydrochloride (15 mg, 3 eq.), and sodium acetate (15 mg, 3
eq.}) in methanol (1 wmL) is stirred at zroom temperature
overnight. The solvent is removed in vacuo and aqueous sodium
bicarbonate added to pH 9, then extracted with ethyl acetate.
The organic layer is dried (Na;SO) and concentrated to give 1-
Ethyl-2-{[2- (3-fluorophenyl) -pyrazol-3-yl]lmethyl}-5-[1-
{methoxyimino) ethyl] -1H-benzimidazole. 'H NMR (CDCl;): 7.94
(d, 1H); 7.73 {( dd, 1H); 7.73 (44, 1H); 7.63 (d, 1H); 7.52 (m,
1H); 7.38-7.40 (m, 3H); 7.27 {(m ,1H); 6.19 (4, 1H); 4.32 (s,
2H); 3.87-4.10 (m, 5H); 2.30 (s, 3H); 1.22 (t, 3H).
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Example 7
Synthesis of 1-Ethyl-2-{[2-(2,5-difluorophenyl) -pyrazol-3-

yllmethyl}-5-[5- (4-fluorophenyl) -1,3,4-oxadiazol-2-yl] -1K-

54

A mixture of 1-Ethyl-2-{[2-(2,5-difluorophenyl)-pyrazol-
3-yllmethyl)}-1H-benzimadol-5-carboxylate (152 mg) and 4-
fluorobenzhydrazide (1.05 eq.) in phosphorous oxychloride (6

baenzimidazole

mL) is heated at reflux for 1.5 h. The mixture is cooled and
concentrated, and then water (s'mL) is added to the residue.
After adjusting to pH >7 with saturated aqueous bicarbonate,
the solution 1is extracted with ethyl acetate (3X), and the
combined organic layers are washed with water (2X) then with
saturated aqueous sodium chleride, dried (MgSO,), concentrated,
and the residue purified by preparative silica gel
chromatography to give 1-Ethyl-2-{[2-(2,5-difluorophenyl)-
pyrazol-3-yllmethyl)}-5- [5- (4-fluorophenyl)-1,3,4-oxadiazol-2-
yl) -1H-benzimidazole. LCMS MH® 501.068.

Example 8
Syntheeis of 1-Ethyl-2-{(2- (3-fluorophenyl) -1H-imidazol-1-
yllmethyl}-5-(1,3,4-oxadiazol-2-yl) -l1H-benzimidazole

S
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A mixture of 1l-ethyl-2-{[2-(3-fluorophenyl)-1K-imidazol-
1-yllmethyl}-1H-benzimadol-S-hydrazide (177 mg),
triethylorthoformate (8 mL) and acetic acid (2 mL) is heated
at reflux for 5 h. The reaction is cooled, concentrated, and
the residue purified by preparative silica gel chromatography
to give 1-Ethyl-2-{(2-(3-fluorophenyl)-1H-imidazol-1-
yllmethyl}-5-(1,3,4-oxadiazol-2-yl)-1H-benzimidazole, which
was converted to the hydrochloride salt in ethyl acetate. 'H °
NMR (d6 DMSO): 9.32(s,1H), B8.19(s,1H), 8.03(d4,1H), 7.97-
7.95{m,2Hm), 7.87(d,1H), 7.72(m,1H), 7.66-7.60(m,2H), 7.54-
7.50(m,1H), 5.99(s,2H), 4.34(q,2H), 1.31(t,3H), LCMS MH" 389.4

Example 9
Synthesis of 1-Ethyl-2-{[2-(2,5-difluorophenyl)-1H-imidazol-1-
yvllmethyl} -5-amino-1H-benzimidazole

L .

1. Preparation of 4-Fluoro-3-nitroacetanilide
4-Fluoro-3-nitroaniline (5.2 g) is treated with acetic

" anhydride (1.1 eq.) in dichloromethane at room temperature for

1 h. The reaction is concentrated, the residue taken up in
dichloromethane and washed with aqueocus sodium bicarbonate
(2X) then with saturated aqueous sodium chloride, dried
(MgsSoO,), and concentrated to give 4.7 g of crude 4-Fluoro-3-
nitroacetanilide.
2. Preparation of 3-Nitro-4- (ethylamino)acetanilide

A mixture of crude 4-Fluoro-3-nitroacetanilide (4.6 g),
éthylamine (23 mL of 2M in THF), and potassium carbonate (3.5
g) in DMF (100 mL) is stirred at room temperature for 4 h,
then heated at 60°C for S h. The reaction is allowed to cool,
water (150 mL) is added, and extracted with ethyl acetate
(3X) . The combined organic extracts are washed with water
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{(3X), then washed with saturated aqueous sodium chloride,
dried (MgSO,), and concentrated to give crude 3-Nitro-4-
(ethylamino)acetanilide.
3. Preparation of N-[3-Amino-4- (ethylamino)phenyl] acetamide

Crude 3-Nitro-4-(ethylamino)acetanilide (4.8 gq), 10%
Pd/C (0.5 g), methanol (50 mL) and ethyl acetate (200 mL} are
placed in a Paar apparatus under hydrogen at 50 psi for S h.
The mixture is filtered through Celite and concentrated to
give 4 g of crude N-[3-Amino-4- (ethylamino)phenyl] acetamide
4. Preparation of N-{2-{[2-(2,5-Difluorophenyl)-1H-imidazol-1-
yllmethyl}-1-ethyl -1H-benzimidazol-5-yl} acetamide

Using the procedure described in Example 1 Method A,
crude N-[3-amino-4-(ethylamino)phenyl] acetamide is converted
to N-{2-{(2-(2,5-Difluorophenyl) -1H-imidazol-1-yl]methyl}-1-
ethyl -1H-benzimidazol-5-yl} acetamide.
5. Preparation of 1-Ethyl-2-{(2-(2,5-difluorophenyl) -1H-
imidazol-1-yllmethyl} -5-amino-l1H-benzimidazole

Crude N-{1-Ethyl-2-{[2-(2,5-difluorophenyl)-1H-imidazol-
1-yllmethyl}-1H-benzimidazol-5-yl} acetamide is treated with
10% aqueocus HCl1l (20 mL) in methanol (10 mL) at reflux for 1.5
h. After cooling, the methanol is removed in vacuo, and the
aqueous layer washed with ethyl acetate. The aqueous layer is
adjusted to pH 10 with 3 N NaOH, then extracted with ethyl
acetate (3X), and the combined organic extracts washed with
water (2X) then . saturated aqueocus sodium chloride, dried
{MgSQy) , and concentrated to give 1-BEthyl-2-{[(2-(2,5-
difluorophenyl) -1H-imidazol-1-yl]lmethyl} -5-amino-1H-
benzimidazole. LCMS MH" 354.4.

Example 10
Synthesis of 1-Ethyl-2-{[2-(3-fluorophenyl)-pyrazol-3-

ylimethyl}-5-(1,2,4-triazol-1-yl)-1E-benzimidazole
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1-Ethyl-2-{([2- (3-fluorophenyl) -pyrazol-3-yl]lmethyl}-5-

amino-1H-benzimidazole (274 mg) is treated with N,N-
dimethylformamide azine hydrochloride (1 eq) in toluene (10
mL) and methoxyethanol (10 mL) and refluxed for 6 h. After
cooling and concentrating, the residue is treated with water
and extracted with dichloromethane (2X). The aqueous layer
is adjusted to pH 8 with' ' agqueous sodium bicarbonate and
extracted with dichloromethane (2X). The combined organic
extracts are washed with saturated aqueous sBodium chloride,
dried (MgSO,), concentrated, purified by preparative silica gel
chromatography, and triturated with ether to afford 1-Ethyl-2-
{ [2- (3-fluorophenyl) -pyrazol-3-yllmethyl}-5-(1,2,4-triazol-1-
yl) -1H-benzimidazole, which is converted to the hydrochloride
salt in ethyl acetate. LCMS MH' 406.2.

Example 11
Synthesis of l-ethyl-2-{[2-(2,5-difluorophenyl)-1H-imidazol-1-

yllmethyl}-5-(1,2,3-triazol-1-yl-4-carboxylate) -1H-

benzimidazole

Soy>

1. Preparation of 1-Ethyl-2-{[2-(2,5-difluorophenyl)-1H-

imidazol-1-yl]lmethyl}-5-azido-1H-benzimidazole
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To an ice-cold solution of 1l-ethyl-2-{([2-(2,5-
difluorophenyl) -1H-imidazol-1-yl]lmethyl} -S-amino-1H-
benzimidazole (466 mg) in acetic acid (8 mL) a solution of
sodium nitrite (1.1 eq) in water (4 mL) is added dropwise.
After stirring at 0°C for 1 h, a solution of sodium azide (1.3
eq) in water (5 mL) 1s added dropwise. Stirring is continued
for 0.5 h at 0°C, and then at room temperature for 0.5 h. The
reaction mixture is concentrated to 1/3 volume, water (10 mL)
is added and then mixture is then extracted with ethyl acetate
{(3X). The combined organic layers are washed with aqueous
sodium bicarbonate (2X), then washed with saturated agqueous
gsodium chloride, dried (MgSO;), and concentrated to give 641 mg
of crude 1-Ethyl-2-{[2-(2,5-difluorophenyl) -1H-imidazol-1-
yllmethyl} -5-azido-1H-benzimidazole. i
2. Preparation of 1-{2-[2-(2,5-Difluoro-phenyl)-imidazol-1-
ylmethyl] -1-ethyl-1H-benzoimidazol-5-yl}-1H-[1,2,3]triazole-4-
carboxylic acid ethyl ester )

A mixture of crude 1l-ethyl-2-{[2-(2,5-difluorophenyl)-1H-
imidazol-1-yllmethyl} -5-azido-1H-benzimidazole (143 mg) and
ethyl propiolate (1 eq.) in ethanol (10 mL) is heated at
reflux for 6 h. The mixture is cooled, concentrated, and the
residue purified by preparative silica gel chromatography to
give 1-{2-[2-(2,5-Difluoro-phenyl) -imidazol-1-ylmethyl] -1-
ethyl-1H-benzoimidazol-5-yl}-1H-(1,2,3)triazole-4-carboxylic
acid ethyl ester. H NMR (CDCl,;): B8.51s,{1H), 8.05(s, 1H),
7.74 (m, 1H), 7.50-7.39(m, 4H), 7.21-7.17(m,2H), 7.06(s,1H),
5.54(s,2H), 4.47(q,2H), 3.86{q,2H), 1.43(t,3H), 1.04(t,3H),
LCMS MH" 460.6.

Example 12
ﬁynthesis of l-ethyl-2-{[2-(2,5-difluorophenyl)-pyrazol-3-

yllmethyl}-5-{(1,2,3,4-tetrazol-1-yl)-1H-benzimidazole
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1-Ethyl-2-{[2- (2,5-difluorophenyl) -pyrazol-3-yllmethyl}-5-
amino-1H-benzimidazole (104 mg) is treated with
triethylorthoformate (4 eq) in acetic acid (10 mL) at reflux
for 4 h. After concentrating the solution, acetic acid is
re-added, sodium azide (4 eq ) added, and the mixture heated
at 70°C for 3 h. After cooling, water (15 mL) is added and the

mixture concentrated. The residue is taken up in ethyl

acetate, washed with aqueous sodium bicarbonate (2X) then
saturated agqueous sodium chloride, dried (MgS0O,), concentrated,
and purified by preparative silica gel chromatography to give
l-ethyl-2-{[2-(2,5-difluorophenyl) -pyrazol-3-yl)methyl}-5-

(1,2,3,4-tetrazol-1-yl) -1H-benzimidazole, which is converted
to the hydrochloride salt in ethyl acetate. LCMS MH" 395.018

Example 13
Synthesis of 1-Ethyl-2-{([2-(2,5-difluorcphenyl) -pyrazol-3-
yl)methyl}-5-(5-methyl-oxazol-2-yl)-1H-benzimidazole

ko

1. Preparation of N-propargyl 1-ethyl-2-{[2-(2,5-~
difluorophenyl) -pyrazol-3-yl]methyl} -1H-benzimidazole-5-~
carboxamide

Oxalyl chloride (2.5 eq cof 2M in dichloromethane) is added
dropwise to a solution of l-ethyl-2-{({2-(2,5-difluorophenyl) -
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pyrazol-3-yllmethyl} -1H-benzimidazole-S-carboxylate (368 mg)
in DMF (5 drops) and dichlormethane {30 mL) at 0°C. The
mixture is stirred at 0°C for 0.5 h, then at room temperature
for 1 h. The solution is concentrated, the residue taken up
in DMF (30 ml), excess propargylamine added, and the mixture
stirred for 6 h. Dilute aqueous sodium bicarbonate is added
then extracted with dichloromethane ({(3X), the combined organic
layers washed with saturated aqueous sodium chloride, dried
(MgS0O,), and concentrated to give 462 mg of crude N-propargyl
1-ethyl-2-{[2-(2,5-difluorophenyl) -pyrazol-3-yl]lmethyl} -1H-
benzimidazole-5-carboxamide.

2. Preparation of 1-Ethyl-2-{[2-(2,5-difluorophenyl)-pyrazol-
3-yl]lmethyl}-5-(5-methyl-oxazol-2-yl) -1H-benzimidazole

A mixture of crude N-propargyl  1l-ethyl-2-{[2-(2,5-
difluorophenyl) -pyrazol-3-yllmethyl} -1H-benzimidazole-5-
carboxamide (450 mg) and mercury(II) acetate (1 eq) is heated
at reflux in acetic acid (15 mL) for 6 h. The mixture is
concentrated, saturated aqueous potassium carbonate added and
extracted with ethyl acetate (3X}. The combined organic
layers were washed with water then with saturated aqueous
sodium chloride, dried (MgSO,), concentrated, and triturated
with ether to give l-ethyl-2-{[2-(2,5-difluorophenyl)-pyrazol-
3-yllmethyl}-S- (5-methyl-oxazol-2-yl) -1H-benzimidazole, which
is converted to the hydrochloride salt in ethyl acetate. H

NMR . (d6 DMSO):. 8.16(s,1H), 8.09-9.0im.{(2H), 7.78(m,1H),
7.62(m, 1K), 7.49-7.45{m, 3H), 7.04(m, 1H), 6.56 (s,1H},
4.70(s,2H), 4.36(g,2H), 2.41(s,3H), 1.21(t,3H). LCMS ~MH*
420.5.

Example 14

éynthesis of 2-{[2-(3-Fluorophenyl)-1H-imidazol-1-vlimethyl}-
l-ethyl-5-(1,2,4-oxadiazol-3-yl) -1H-benzimidazole
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1. Preparation of 1-Ethyl-2-{[2-(2,5-difluorophenyl) -1H-
imidazol-1-yllmethy-1H-benzimidazol}-5-carboxamide oxime
1-Ethyl-2-{[2-(3-fluorophenyl) -1H-imidazol-1-yl] methyl}-5-
cyano-lH-benzimidazole (340 mg) is added to a solution of
hydroxylamine hydrochloride (137 mg, 2eq) and triethylamine
(0.3 mL, 2.2 eq) in methanol (3 mL), then heated at reflux for
2.5 h. The reaction is cooled, concentrated, water added, the
solid collected and rinsed well with water and dried to give
305 mg of 1-Ethyl-2-{[2-(2,5-difluorophenyl)-1H-imidazol-1-
yllmethy-1H-benzimidazol}-5-carboxamide oxime.

2. Preparation of 1-Ethyl-2-{[2-(2,5-difluorophenyl)-1H-
imidazol-l-yl]methy-lH-benzimidazol}-5-carboggmide oxime
1-Ethyl-2-{[2- (3-fluorcphenyl) -1H-imidazol-1-yl}methy-1H-
benzimidazol}-5-carboxamide oxime (161 mg) is treated with
triethylorthoformate (3 mL) and boron trifluoride-THF complex
(0.1 mL) at 100°C for 2.5 h. 1N HCl (0.5 mL) is added to the
hot mixture; the reaction is then cooled and concentrated.
After cooling in an ice bath, aqueous sodium hydroxide is
added. The solid is collected, rinsed with water, then ether
and dried to give 1-Ethyl-2-{[2-(2,5-difluorophenyl)-1H-
imidazol-1-yl]lmethy-1H-benzimidazol}-5-carboxamide oxime,
which is converted to the methanesulfonate salt in acetone.
Mp 183-186°C.

Example 15
Syntheais of 4-amino-3-ethylaminobenzonitrile

KN
/\: g
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1. 4-nitro-3-chlorobenzonitrile

To an ice cold solution of 4-amino-3-chlorobenzonitrile (1 g,
6.6 mmol) in concentrated HCl1 (2.5 mL) plus water (2.5 mL) a
chilled solution of sodium nitrite (0.74 g, 1.62 eq) in water
(3.6 mL) is added dropwise to maintain the reaction
temperature <0°C. After stirring at 0°C for 10 min, the
mixture is added portion-wise to an ice cold solution of
sodium nitrite (3.29 g, 7.22 eq) and copper(I) oxide (349 mg,
0.37 eq) in water 14.5 mL). Stirring is continued at 0°C for
40 min, and then at room temperature for 0.5 h. The reaction
mixture is extracted with dichloromethane (2X), the combined
organic layers washed with saturated aqueous sodium chloride,
dried (MgSO,), concentrated, and purified by silica gel
chromatography to give 4-nitro-3-chlorobenzonitrile. 'H NMR
(CDCl3): 7.96 {d, J = 8.24 Hz, 1h), 7.88 (d, J = 1.65 Hz, 1H),
7.63 (dd, J = 1.65, 8.24 Hz, 1H.

2. Preparation of 4-Ethylamino-3-chloro benzonitrile

A mixture of 4-nitro-3-chlorobenzonitrile (0.74 g, 4.1 mmol),
potassium carbonate (1.68 g, 12.2 mmel), and ethylamine(4 mL,
2M in THF) in DMF (2 mL) is stirred at ambient temperature for
3 h. Additional ethylamine (2.1 mL, 2M in. THF) is added, the
flask stoppered, and stirring continued an additional 15.5 h.
Water (50 mL) is added and extracted 2X with ethyl acetate (50
mk), and the combined organic layers are washed with water,
then .brine, dried (MgSO,), and concentrated to give a mixture
of 3-Ethylamine-4-nitrobenzonitrile and 4-Ethylamino-3-chloro
benzonitrile which was carried forward without purification.
3. Preparation of 4-Amino-3-ethylaminobenzonitrile

To a suspension o0f crude 4-ethylamino-3-chloro benzonitrile
(above) in conc. HCl (4 mL) tin(II) chloride dihydrate (3.16
g) is added. After sBtirring at ambient temperature for 1.5 h,
the mixture is poured onto ice and the solution mad alkaline
with 10 N ag. NaOH. The aqueous solution is extracted 2X with
dichloromethane, and the combined organic layers washed with
brine, dried (MgS0O,), and concentrated. Trituration with ether
affords 4-Amino-3-ethylaminobenzonitrile as a white solid. M
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NMR (CDCl;): 7.00 (dd, J = 1.65, 7.97 Hz, 1H), 6.83 (d, J =
1.65 Hz, 1H), 6.67 (d, J = 7.97 Hz, 1h), 3.13 (q, J = 7.14 Hz,
1.31 (£, J = 7.14 Hz, 3H).

Example 16
Synthesis of 2-Fluoro-6-(1H-imidazol-2-yl)-pyridine

C.

1. Preparation of 2-Fluoropyridine-6-carboxaldehyde

Method A

2-Fluoro-6-methylpyridine (14.4 g, 0.13 mol) and tert-
butoxybis (dimethylamino) methane (Bredereck's reagent; 34.9 g,
0.20 mol) are heated at 140 °C for 24 h, The reaction is
cooled and diluted with THF (100 mL). Sodium periodate (75 g)
in water (400 mL) is added at 0-5 °C, and the reaction mixture
is then stirred for 24 h at room temperature. The precipitate
ig filtered through celite, and the filtrate extracted 5X with
diethyl ether. The combined ether layers are washed with
water, brine, and dried (MgSO,). Most of the solvent is
removed by concentration at 0 °C (by keeping ice in the bath)
to provide 2-Fluoropyridine-6-carboxaldehyde.

Method B )

2-Fluoropyridine-6-carboxaldehyde can also be prepared as
follows: To a solution of diisopropylamine (6.54 mL, 1.2
equiv) in 30 mL of THF at 0 °C a solution of n-butyllithium
(7.1 mL, 2.5M in hexanes) is added dropwise. Stirring is
continued for 15 minutes at 0 °C, the reaction is then cooled
to -78 °C. 2-Fluoro-6-methylpyridine (4.00 mL, 38.9 mmol) is
added dropwise to the cold solution. The reaction mixture is
stirred at -78 °C for 1 h and then quenched with DMF (4.52 mlL,

1.5 equiv). The reaction is maintained at -78 °C for 30

minuteas and then warmed to 0 °C. The cold solution is added to
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a mixture of sodium periodate (24.9 g) in 120 mL of water at 0
°C. The reaction mixture is allowed to gradually warm to room
temperature over 1 h and then stirred at room temperature for
24 h. The reaction mixture is filtered through a plug of
celite to remove the precipitate and the plug is washed with
ether. The organic layer is separated, washed with agueocus
sodium bicarbonate (1 x 40 mL), then with 0.25M KH,PO, (1 x 40
mL) and then brine (1 x 40 mL). The organic solution is dried
{(NasSQ;} and concentrated in vacuo.

2. Preparation of 2-Fluoro-6-(1H-imidazol-2-yl) -pyridine

To a solution of the crude aldehyde from step 1, Method B
{above) in methanol (12 mlL) aqueous glyoxal (6.21 mL, 40 wt.¥%

in water) 1s added dropwise. The solution is cooled to 0 °C
and aqueous ammonium hydroxide (6.0 mL, 28 wt.% in water) is
added. The reaction is allowed to warm to room temperature
gradually over about an hour and then stirred another 3 h at
room temperature. Most of the methanol is removed in vacuo,
the reaction mixture diluted with water (10 mL) and extracted
with ethyl acetate (30 mL). The organic layer is washed with
brine (20 mL), diluted with hexanes (15 mL), passed through a
plug of seilica gel (1/4 inch deep x 1 ¥ inch diameter), and
the plug washed with more 2:1 ethyl acetate/hexanes (20 mL).
The combined eluents are concentrated in vacuo to yield crude
2-Fluoro-6- (1H-imidazol-2-yl) -pyridine.

Example 17

Synthegis of 2-Fluoro-6-(lH-imidazol-2-yl)-pyridine acetic
acid

1. Preparation of [2- (6-fluoropyridin-2-yl)-imidazol-1i-

yllacetic acid tert-butyl ester

A mixture of 2-Fluoro-6-(lH-imidazol-2-yl)pyridine (410mg;
2.51immol), tert-butyl bromoacetate (539mg; 2.76mmol),
potassium carbonate {(520mg; 3.77mmol), and N, N-
dimethylformamide (20mL) is stirred at room temperature for
16h. Water (60mL) is added and the mixture extracted with
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ethyl acetate (3 x 70mL). The organic extracts are washed with
water (3 x 40mL) and brine (1 x 40mL), dried (MgsSO,}), and
concentrated to give [2-(6-Fluoropyridin-2-yl)-imidazol-1-
yllacetic acid tert-butyl ester as an orange oil (630mg). H
NMR (CDCl,) B8.12 (dd,1H), 7.82(q,1H), 7.16(s,1H), 6.98(s,1H),
6.81(dd,1H), 5.14(s,2H), 1.44s,(9H),

LCMS: 276.1(M°).

2. Preparation of 2-Fluoro-6- (1H-imidazol-2-yl) -pyridine
acetic acid

A solution of [2- (6-fluoropyridin-2-yl) -imidazol-1-yl]acetic
acid tert-butyl ester (630mg; 2.27mmol) and trifluoroacetic
acid (4mL) in dichloromethane (4mL) is stirred at room
temperature for 5hr. The reaction mixture is concentrated.
The residue is treated with 3M HCl in ethyl acetate (10mL) and
the suspension stirred at room temperature for 1lhr. The
precipitate is collected, washed with ethyl acetate, and dried
to give 2-Fluoro-6-(lH-imidazol-2-yl)-pyridine acetic acid as
a tan solid (581mg), H NMR  (deDMSO)* 8.35-8.26(m,2H),
7.83(s,1H), 7.76(s,1H), 7.44-7.41(m.1H), 5.40(s,2H). LCMS
222.1(MH").

Example 18
Synthesis of 2-{[2-(2,5-di-fluorophenyl)-1H-imidazol-1-

yl]lmethyl}-1l-ethyl-1E-imidazo[4,5-blpyridine

1. Preparation of 3-ethylamino-2-nitro-pyridine

Ice cold ethylamine (0.55 mL) was added to a solution of 3-
fluoro-2-nitropyridine (400 mg, 2.8 mmol; prepared according
to N. Plé and G. Quéguiner, J. Heterocyclic Chem, 1989, 286,
475-476) in 2:1 DMF:THF (6mL) at ambient temperature, and the
mixture stirred for 0.75 h. Water was added, then extracted
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2X with ethyl acetate. The combined organic layers were
washed with water then with saturated agueous sodium chloride,
dried (MgSO,), and concentrated to give 3-ethylamino-2-nitro-
pyridine as a gold solid. 'H NMR (CDCl;): 7.87 (d, 1ho, 7.43
{dd, 1H), 7.35 (d, 1H), 3.38 (pentet, 2H), 1.4 (t, 3H). LCMS:
121.1 (MH*-NO;) .

2. Preparation of 2-Amino-3-ethylaminopyridine

A mixture of 3-ethylamino-2-nitro-pyridine (400 mg), 10%
palladium on carbon (40 mg) and 1:1 ethyl acetate:methanol (30
mL) were placed in a Parr apparatus under hydrogen (50 psi)
for 50 min. The mixture was filtered through Celite,
concentrated, and the product triturated with hexane to give
2-Amino-3-ethylaminopyridine as a brown solid. More material
was recovered from the filtrate. 'H NMR (CDCl3}: 7.5% (d, J =
4.94 Hz, 1H), 6.8B1 (d, J = 6.32 Hz, 1H), 6.71 (dd, J = 4.94,
7.69 Hz, 1H), 3.12 (q, J = 7.14 Hz, 2h), 1.31 (t, J = 7.14 Hz,
3H) .

3. Preparation of 2-{(2-(2,5-Difluorophenyl)-1H-imidazol-1-
yllmethyl}-1-ethyl-1H-imidazo(4,5-b]lpyridine
2-Amino-3-ethylaminopyridine (60 mg, 0.43 mmol) and methyl 1-
carboxymethyl-2~(2,5-difluorophenyl) -imidazole (193 mg, 0.76
mmol) were used according to Example 1 Method B to prepare 2-
{[2-(2,5-Difluorophenyl) -1H-imidazol-1-yl]methyl}-1-ethyl-1H-
imidazo[4,5-b]pyridine, which is converted to the
hydrochloride salt in ethyl acetate. m.p. 214-216 °C. LCMS MH*
322.2, MH® 320.3.

Example 19
Synthesis of 2-{{2-(3-Fluorophenyl)-1H-imidazol-1-yllmethyl}-

l-ethyl-3H-imidazo(4,5-c]lpyridine

ﬁ:: I >}_ﬂ/
(.
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1. Preparation of 3-Chloro-4-nitropyridine N-oxide

Aqueous hydrogen peroxide (30 mL of 30%) is added dropwise to
an ice cold mixture of 3-chloropyridine (6.0 g, 53 mmol) in
acetic anhydride (30 mlL). The mixture is allowed to stir at
ambient temperature for 24 h, water is then added and the
mixture concentrated. The residue is taken up in concentrated
sulfuric acid {10 mL) and fuming sulfuric acid (5 mL), and
then cooled to 0°C. Concentrated nitric acid (24 wmL) is added
slowly, and the ice bath removed. The reaction is then heated
at reflux for 2 h, cooled, and poured into ice water.
Ammonium bicarbonate is added carefully until pH 8 is
achieved, the solution is then extracted with dichloromethane.
The organic layer is washed with water, dried (NasSO,), and
concentrated to give 3-Chloro-4-nitropyridine N-oxide as a
yellow solid. H NMR (CDCl,): 8.47 (d, J = 4 Hz, H), 8.35
(dd, J = 5, 12 Hz, 1H), 7.73 (ddd, J = 4, 9, 12 Hz, 1lH).

2. Preparation of 3-Ethylamino-4-nitro-3-pyridine N-oxide

To an ice cold solution of 3-chloro-4-nitropyridine N-oxide
(2.93 g, 16.8 mmol) in ethanol (30 mL) ethylamine (25 mL of 2M
in THF) is added. The mixture is allowed to stir overmight at
ambient temperature, then concentrated in wvacuo to afford
crude 3-Ethylamino-4-nitro-3-pyridine N-oxide as a yellow oil.
'H NMR (CDCl,): 8.01 (d, J = 7 Hz, H), 7.91 (s, 1H), 7.45 (d,
J =7 Hz, 1H), 3.31 (q, J = 7 Hz, 2H), 1.40 (t, J =7 Hz, 3H).
3. Preparation of .3-Ethylamino-4-aminopyridine

Crude 3-ethylamino-4-nitro-3-pyridine N-oxide and 10%
palladium on carbon (1 g) in methanol (30 mL) are placed in a
Parr apparatus under hydrogen (60 psi) for 2 days. Additional
10% palladium on carbon (880 mg) is added and returned under
hydrogen (60 psi) for 2 days. The mixture was filtered
through Celite, concentrated, and the product triturated with
hexane-ether to afford 1.3 g of 3-Ethylamino-4-aminopyridine.
'H NMR (d6-DMSO): 7.63 (4, J = 6 Hz, 1H), 7.47 (s, 1H), 6.57
(d, J = 6 Hz, 1H), 3.05 (g, J = 7 Hz, 2H), 1.21 (£, J = 7 Hz,
3H) .
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4. Preparation of 2-{[2-(3-F1uor0phény1)-1H-imidazol-1-
yllmethyl}-1i-ethyl-3H-imidazo[4,5-c]pyridine
3-Ethylamino-4-aminopyridine (548 mg, 3.99 mmol) and methyl 1-
carboxymethyl-2- (3-fluorophenyl) -imidazole (467 mg, 1.99 mmol)
were used according to Example 1 Method B to prepare 2-{[2-{3-
Fluorophenyl)-1H-imidazol-1-j1]pethy1}-1-ethy1-3H-imidazo[4,5-
clpyridine. H NMR (CDCl;): 1.08(t, J = 7 Hz, 3H), 3.89(q, J =
7 Hz, 2H), 5.52(s, 2H), 7.04(s, 1H), 7.16-7.20{(m, 2H), 7.37-
7.50(m, 3H), 7.68(d, J = 6 Hz, 1lH), 8.47(d, J = 6 Hz, 1H),
8.78(s, 1H).

Examples 20
Synthesis of 3-fluoro-(lH-imidazol-2-yl)benzene

F

HN
N

Saturated ammonium hydroxide solution (30 mL) is slowly
added to a solution of 3-fluorobenzaldehyde (12.4 g, 100 mmol)
and glyoxal (17.5 mL of 40% wt in water, 120 mmol) in methanol
(100 mL) at amblient temperature. After stirring for 24 h,
most of the solvent is removed at reduced pressure. Benzene
is added and evaporated to remove residual water. The
resulting dark oil is purified by chromatography on silica gel
(2% MeOH/CH,Cl;) to obtain a tan sclid. Trituration with
ether/hexane provides 3-fluoro-(1H-imidazol-2-yl)benzene as a
white solid. LRMS m/z (M+l) 163.2.

Example 21
Synthesis of 3-chlorg-4-fluoro-{l1H-imidazol-2-yl)benzene
' F

cl
HN—

QN
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A mixture of 3-chloro-4-fluoro-benzaldehyde (0.032 mol),
glyoxal (40% in water, 0.038 mol) and ammonium hydroxide (28%
in water, 0.16 mol) in MeOH (60 mi}) is stirred at room
temperature overnight. Solvent is removed in vacuo and the
residue is partitioned between water and CH;Cl,. The organic
layer is washed with brine, dried (Na;S0O,), and concentrated.
The residue is purified by column chromatography on silica gel
eluting with CH,Cl;/MeOH (95/5) to afford 3-chloro-4-fluoro-
(LH-imidazol-2-yl)benzene as a yellow solid. 'H NMR (CDCl,) &
7.88 (dd, 1H), 7.70 (m, 1H), 7.19 (t, 1H), 7.17 (s, 2H). LRMS
m/z (M+1l) 197.0.

Example 22
Synthesis of 2,3,4-trifluoro-{(lH-imidazol-2-yl)benzene
F
F
F

HN

&N

Saturated ammonium hydroxide aolution (26 mL) is slowly
added to a solution of 2,3,4-trifluorobenzaldehyde (5.0 g,
31.2 mmol) and glyoxal (10.75 mL of 40% wt in water, 93.7
mmol) in methanol (100 mL) at ambient temperature. After
stirring for 24 h, most of the solvent is removed at reduced
pressure. Benzene is added and evaporated toc remove residual
water. The resulting dark oil is purified by chromatography
on eilica gel (5% MeOH/CH,Cl;) to obtain a tan solid.

Trituration with ether/hexane provides 2,3,4-trifluoro-(1H-

imidazol-2-yl)benzene as a white solid. LRMS m/z (M+1)
199.10.
-!xanple 23

Syntheesis of 2-(1H-imidazol-2-yl)-thiazole
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a N
1. Preparation of l-ethoxymethyl-2-tributylstannanyl-1K-
imidazole
N\
O— SnBu,

N

1.6 M n-BuLi (12.0 mL, 19.2 mmol) is slowly added to a
Bolution of 1l-ethoxymethyl-lH-imidazole [available via the
procedure outlined in Tang, C. C.; Davalian, D.; Huang, P.;
Breslow, R. J. Am. Chem. Soc. 1978, 100, 3918] (2.20 g, 17.4
mmol) in THF (30 mL) at -78 °C under N,;. ‘The reaction mixture
is stirred at -78 °C for 20 min. whereupon tributyltin
chloride (5.7 mL, 20.9 mmol) is slowly added. The reaction
mixture is stirred at -78 °C for .10 min. and then warmed to
room temperature. After stirring at room temperature for 1.5
h, the reaction mixture is concentrated in vacuo. The residue
is triturated with hexanes and filtered, and the filtrate is
concentrated in vacuo. The residue is again triturated with
hexanes and filtered, and the filtrate concentrated in vacuo.
The 'H NMR of the resulting oil indicates a 2:1 mixture of 1-
ethoxymethyl-2-tributylstannanyl-1H-imidazole: l-ethoxymethyl-
1H-imidazole. This material is used in the next reaction
without further purification. Selected H NMR resonances (400
MHz, CDCl,;) & 7.21 (s, 1H), 7.14 (s, 1H), 5.24 (s, 2H) ppm.

2. Preparation of 2-(l-ethoxymethyl-l1H-imidazol-2-yl)-thiazole

-
- NN
O\ _<}—S
N
N
A solution of crude 1l-ethoxymethyl-2-tributyletannanyl-
1H-imidazole (previous experimental), 2-bromothiazole (1.05
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mL, 11.6 mmol, 1.0 eq based con integration of 'H NMR of crude
l-ethoxymethyl-2-tributylstannanyl-1H-imidazole), and Pd{(PPh;},
(0.67 g, 0.58 mmol) in toluene (20 mL) is stirred at 80 °C for
18 h. After cooling to room temperature, the reaction mixture
is poured into saturated aqueous NaHCO, and extracted twice
with CH;Cl,. The combined extracts are dried over Na,;S0O, and
concentrated in vacuo. The residue is purified by flash
chromatography on silica gel, eluting with 2:1 hexanes-EtOAc
(+ 0.5% Et;N). Fractions containing product are concentrated
and resubjected to flash chromatography on sgilica gel.
Elution with 2:1 hexanes-EtOAc (+ 0.5% Et;N) affords (26%) of
2- (1-ethoxymethyl-1H-imidazol-2-yl) -thiazole as a bright
yellow oil. 'H NMR (400 MHz, CDCl;) & 7.82 (d, J = 3.2 Hz,
1H), 7.33 (d, J = 3.2 Hz, 1H), 7.20 {(d, J = 1.2 Hz, 1H)}, 7.15
(d, J = 1.2 Hz, 1H), 6.03 (s, 2H), 3.56 (g, J = 7.2 Hz, 2H),
1.17 (t, J = 7.2 Hz, 3H) ppm.

3. Preparation of 2-(lH-imidazol-2-yl)-thiazdle

NY
_8—3
HN—
QN
Concentrated HC1l (10 ml) is added to a solution of 2-{1i-
ethoxymethyl-1H-imidazol-2-yl) -thiazole (940 mg, 4.49 mmol) in
2¢ mL of 1:1 EtOH-H,0 at room temperature. The solution is
stirred at reflux for 3 h. The reaction mixture ias then
cooled to 0 °C and made basic by the addition of about 12 mL
of 10 N agqueous NaOH. The mixture is back titrated to
approximately pH 4 using concentrated HCl. Solid NaHCO, 1is
added tc the point of saturation and approximately pH 8. The
mixture is then extracted twice using a mixture of THF and
EtOAC. The combined extracts are dried over Na;SO, and
concentrated to an oily solid, which is triturated with a
small amount of CH,Cl;. The solid is collected by filtration.
The filtrate is concentrated, and the oily solid triturated
once more with CH;Cl;,. The second resultant solid is collected
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by filtration and combined with the solid first cbtained. The
product, 2-(lH-imidazol-2-yl)-thiazole, is obtained as a
slightly off-white solid. !H NMR (400 MHz, DMSO-dg) & 13.04
{(br, 1H), 7.87 (d, J = 3.2 Hz, 1H), 7.70 (d, J = 3.2 Hz, 1lH),
7.14 (br, 2H) ppm.

Example 24
Synthesis of 2-(1H-Imidazol-2-yl)-pyrimidine hydrochloride

J_‘
HN._ 2N

- HCI
N™ SN

(A

A mixture of 2-Cyanopyrimidine (8.0 g, 76 mmol,
prepared according to Liebigs Ann.Chem. 2, 1981, 3133-341) and
Aminoacetaldehyde dimethyl acetal (8 g, 76 ymol) is heated at
100 °C for 4 hours, cooled, and 100 mL of MeCOH and 5 mL of
concentrated HCl are added. The mixture is heated at reflux
with stirring for 30 hours, cooled and evaporated to dryneass
in wvacuo. 50 mL of i-PrOH is added to i:he residue and the
mixture is heated at reflux with stirring for 30 minutes and
cooled. The crystals are collected by filtration, washed
with ether, and dried to give the titled compound (11.5 g). 1
NMR (DMSO): 9.08 (d, 2H), 7.87 (s, 2H), 7.75 (t, 1H). LRMS
calcd 146, found 147 (MH+).

Example 25
Synthesis of 2-(1H-Imidazol-2-yl)-thiazole-4-carbonitrile

el

CN
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1) Preparation of 1-Dimethylsulfamoyl-1H-imidazole-2-
carbothioic acid methoxymethyl-amide

To a solution of 1l1l-Dimethylsulfamoyl-l-imidazole (2.0
g, 11.4 mmol) in 10 mL of anhydrous THF at -78 °C is added a
solution of n-BulLi in Hexane (2.5 M, 4.6 mL) dropwise under-N;.
After the mixture is stirred at the same temperature for about
one hour, Methoxymethyl isocyanate (1.2 g, 11.4 mmol) is added
dropwise at -78 °C. The reaction mixture is stirred at -78 °C
for about 6 hours and slowly warmed to room temperature. After
quenched with a saturated aqueous NH.Cl solution (20 mL), the
mixture 1is extracted with Ethyl acetate (20 mL x2). The
extract is washed with water, dried and concentrated. The
residue is purified on a silica gel column with 3 % MeOH in
CHaCl; as eluent to give 1.2 g of the titled compound. H NMR
(cDC1;): 8.60 (br, 1H), 7.32 (d, 1H), 7.01 (d, 1H)}, 5.22 (4,
2H), 3.51 (s, 3K), 3.00 (d, 6H). LRMS calcd 278, found 279
(MH+) .

2) Preparation of 1H-Imidazole-2-carbothioic acid amide

A solution of 1-Dimethylsulfamoyl-1H-imidazole-2-
carbothioic acid methoxymethyl-amide (1.0 g, 3.6 mmol) in
Acetic acid (10 mL) and water (2 wmL) is stirred at 50 °C
overnight. After the volatiles are evaporated in vacuo, the
residue is partitioned between Ethyl acetate (40 mL) and
aqueous NaHCO; (10 ML). The organic layer is separated, washed
with water, dried and concentrated in vacuo to a solid (250
mg) . !4 NMR (DMSO): 12.7 (s, 1H), 9.65 (s, 1H), 9.42 (s, 1H),
7.24 (8, 1H), 7.15 (s, 1H).

3) Preparation of 2-(lH-Imidazole-2-yl)-thiazole-4-carboxylic

acid ethyl ester

A mixture of iH-Imidazole-2-carbothioic acid amide (200
mg, 1.57 mmol} and Ethyl bromopyruvate (340 mg, 1.57 mmol) is
heated at 75 °C for about 5 hours. After the volatiles are
evaporated in vacuo, the residue is partitioned between Ethyl
acetate (40 mL) and aqueous NaHCO; (10 ML). The organic layer
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is separated, washed with water, dried and concentrated. The
residue is purified on a silica gel column with 3 % MeOH in
CH,Cl; as eluent to give 200 mg of the titled compound. 'H NMR
(CDCl;): 8.15 (a, 1H), 7.20 (br, 1H), 7.10 (br, 1H), 4.33 (q,
2H), 1.23 (t, 53H). LRMS calcd 223, found 224 (MH+).

4) Preparation of 2-(1H-Imidazole-2-yl)-thiazole-4-carboxylic
acid amide

A solution of 2- (1H-Imidazole-2-yl) -thiazole-4-
carboxylic acid ethyl ester (190 mg) in 5 mL of MeOH is
saturated with NH; gas, and heated at 60 °C in a sealed tube
overnight. After cooled, the reaction mixture is transferred
to a round bottle flask and evaporated in vacuo to a solid
(150 mg) . LRMS calcd 194, found 195 (MH+).

5) Preparation of 2- (1H-Imidazole-2-yl) -thiazole-4-

carbonitrile

To a solution of 2-(1H-Imidazole-2-yl}-thiazole-4-
carboxylic acid amide {120 mg) in 2 mL of anhydrous pyridine
is added 0.25 mL of POCl, dropwise at 0 °C. The reaction
mixture is stirred at the same temperature for 2 hours, poured
into ice water, neutralized with solid NaHCO;, and extracted
with 5% MeOH in CH,Cl,. The extract 1s washed with brine,
dried and concentrated to a solid (70 mg). !H NMR (DMSO):
13.45 {(br, 1H), 8.82 (s, 1H), 7.38 (s, 1H), 7.12 (s, 1H). LRMS
calced 176, found 177 (MH+).

Example 26
Synthesis of 2~ [2-{6-fluoro-pyridin-2-vyl) -imidazol-1-
ylmethyl] -1-propyl-1-H-imidazo(4,5-clpyridine

¢
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1. Preparation of (3-nitro-pyridin-4-yl)-propyl-amine

To a solution of 4-chloro-3-nitro-pyridine(18.0q,
1l4mmol) in EtOH{(300ml) is added n-propylamine(46.9ml,
568mmol)} slowly at 0°C and the resulting yellow mixture is
warmed to room temp. After stirring for 2h, the reaction is
concentrated in vacuo. The residue is purified by flash
chromatography (eluent 50% Hex/EtOAc) to give 19.7g(95%) of
(3-nitro-pyridin-4-yl) -propyl-amine as a yellow s9lid. 1H NMR
(cpcl,) 9.16 (s, 1H), 8.25(d, J = 6 Hz, 1H), 8.15(br s, 1H),
6.68{d, J =6 Hz, 1H), 3.29(q, J = 6.8 Hz, 2H), 1l.74(sextet, J
= 7.2 Hz, 2H), 1.02(t, J = 7.6 Hz, 3H). LRMS calcd 181.19,
found 182.5 (MH+).

2. Preparation of N-propyl-pyridine-3,4-diamine

A solution of (3-nitro-pyridin-4-yl)-propyl-amine(l19.7q,
109mmol) in abs. MeOH{150ml) is hydrogenated at room temp. and
50 psi in the presence of 10% palladium on carbon(l.9q) for
15h. Removal of catalyst,concentration of filtrate, and
recrystallization the residue in dichlorcmethae-hexane yielded
15.1g(92%) of N-propyl-pyridine-3,4-diamine as a tan solid. H
NMR (DMSO-dg) 7.59(s, 1H), 7.55(d, J = 5.4 Hz, 1H), 6.30{d, J =
5.4 Hz, 1H), 5.26(bx 8, 1H), 4.55(br s, 2H), 3.02(Qq, J = 6.6
Hz, 2H), 1l.56(sextet, J = 7.1 Hz, 2H), 0.92(t, 7.2 Hz, 3H).
LRMS -calcd 151.21; found 152.4 {(MH+).

3. Preparation of 2-[2-(6-fluoro-pyridin-2-yl)-imidazol-1-
ylmethyl] -1-propyl-1-H-imidazo[4,5-clpyridine
Trimethylaluminum (1lml of 2.0M in toluene, 22.4mmol) is
added dropwise to a solution of N-propyl-pyridine-3,4-
diamine(1.70g, 11.2mmol) in dichloromethane(50ml), and the
mixture is stirred for 30min at room temperature. To this is
added a solution of [2-(6-fluoro-pyridin-2-yl)-imidazol-l-yl]-
acetic acid methyl ester(l.32qg, 5.61mmol) in
dichloromethane (10ml) and the mixture is heated at reflux for
18h. The resulting brown mixture is poured into ice-water and
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dichloromethane and the combined extracts are washed with
saturated brine, dried over anhydrous Na;SO;, filtered,
concentrated in vacuo, and chromatographed on silica gel to
afford 1.22g(65%) of 2-[2-(6-fluoro-pyridin-2-yl)-imidazol-1-
ylmethyl] -1-propyl-1-H-imidazo(4,5-c]lpyridine as a pale yellow
solid. 'H NMR (CDCl,) 9.06(s, 1H), 8.42(d, J = 5.6 Hz, 1H),
8.18(dd, o0 = 2.1, 7.6 Hz, 1H), 7.88(dd, J = 7.6, 8.4 Hz, 1H),
7.29(d, J = 5.6 Hz, 1H), 7.22(s, 1H), 7.18(s, 1H), 6.88(dd, J
2.4, 8.4 Hz, 1H), 6.29{a, 2H), 4.26(t, J = 7.6 Hz, 2H),
l1.68(sextet, J = 7.2 Hz, 2H), 0.84(t, J = 7.2 Hz, 3H). LRMS
calcd 336.37, found 337.6 (MH+).

Example 27 .
Synthesis of 3-Ethyl-2-{[2-(1,3-thiazol-2-yl)-1H-imidazol-1-

yllmethyl}-3B-imidazo[4,5-clpyridine

(\’N

1. Preparation of 3-Chloro-4-nitro-pyridine-l-oxide
Aqueous 30% H;0; (60 mL}) was added dropwise to a
magnetically stirred solution of 3-chloro-pyridine (12 g, 105

mmol) in acetic anhydride (60 mL) under cold conditions (0 to -

10 °C). The resulting mixture was allowed to warm up to room
temperature slowly and stirred overnight at room temperature.
The reaction mixture was quenched with water (50 mL), diluted
with toluene and concentrated to obtain the crude N-oxide as

an oil in near gquantitative yield.

Fuming H,S0, (25 mL} was added dropwise to a solution of the
crude 3-chloro-pyridine-l-oxide in concentrated H,SO, (25 mL)
under cold conditions (0 °C) with stirring. HNO; (fuming, 90%,
60 mL) was added carefully to the above mixture with caution
to keep the offset of any exotherm under control, and then
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allowed to warm up to room temperature slowly. The resulting
mixture was then heated at 120 °C for 4 h with stirring,
coocled, and poured into ice-cold water, and extracted with
CHCl;. The combined organic phase was washed successively with
saturated aqueous NaHCO,, water, brine, dried over Na;50,, and
concentrated in wvacuo to afford 3-Chloro-4-nitro-pyridine-1-
oxide as an yellow solid (10 g, 55%); 'H NMR (300 MHz, CDCl,):

H NMR (300 MHz, CDCl,): & 8.31 (d, J = 1.5 Hz, 1H), 8.13 (dd,
J=1.5, 5.4 Hz, 1H), 7.95 (d, J = 7.2 Hz, 1H).

2. Preparation of 3-Ethylamino-4-nitro-pyridine-l-oxide
Anhydrous K;CO; (19 g, 144.5 mmol) was suspended in a
solution of 3-Chloro-4-nitro-pyridine-l-oxide (10 g, 57.8
mmol) ir anhydrous acetonitrle (100 mL). Excess diethyl amine
(2.0 M) in THF was added to the above suspension under cold
conditions (ice-bath). After complete addition of diethyl
amine, the reaction mixture was allowed to warm up to room
temperature and left overnight with stirring. The reaction
mixture was filtered to remove K;CO; and the filtrate was
evaporated under reduced pressure to remove volatile solvents.
The organic residue was subjected to chromatography eluting
with 30% EtOAc-hexanes to afford 3-Ethylamino-4-nitro-
pyridine-l-oxide as an orange solid (8.2 g, 78%); H NMR (300

MHz, CDCl,): 5§ 8.01 (d, J =7.5 Hz, 1H), 7.91(s, 1H), 7.8
(brs, NH), 7.44' (d, g = 7.2 Hz, 1H), 3.30 (t, J = 7.2 Hz,
2H), 1.39 (t, J = 7.2 Hz, 3H), m/z 184 ([M+1]

3. Preparation of N’-Ethyl-pyridine-3,4-diamine
A solution of 3-ethylamino-4-nitro-pyridine l-oxide (1.5
g, 8.19 mmol), in methanol (30 mlL) was hydrogenated over 10%

PA-C (1.5 g) at 50-60 psi for 48 h. The catalyst was removed

by filtration through a pad of celite, and the solvent was
evaporated under vacuum to afford N*-Ethyl-pyridine-3,4-diamine
as an white solid (1 g; 89 %); H NMR (300 MHz, cpcls): & 7.59
(s, 1H), 7.57 {(d, J = 2.4 Hz, 1H), 6.56 (d, J = 5.4 Hz, 1H),
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3.20 (t, J = 7.2 Hz, 2H), 1.29 {t, J = 7.2 Hz, 3H), m/z 138
(M+1]

4. Preparation of N-(3-Ethylamino-pyridin-4-yl)-2-(2-thiazol-
2-yl-imidazol-1-yl) -acetamide

To a solution of the N'-ethyl-pyridine-3,4-diamine (1.06
g, 7.70 mmol) 1in anhydrous dichloromethane (40 mL) was added
a solution (2.0 M) of Me,Al (4.8 mL, 9.6 mmol) in toluene
slowly under nitrogen; and the resulting mixture was stirred
at room temperature for 1 h. (2-Thiazol-2-yl-imidazol-1l-yl)-
acetic acid methyl ester (B60 mg, 3.B5 mmol) was added to the
above reaction mixture. The resulting suspension was refluxed
overnight and then cooled to room temperature. The reaction
mixture was decomposed with a few drops of MeOH. The resulting
brown precipitate was suspended in 15% MeOH in CH;Cl; (200 mL),
subjected to sonication for 25 min, filtered through a pad of
celite, and concentrated to afford a mixture of 3-Ethyl-2-{[2-
(1,3-thiazol-2-yl) -1H-imidazol-1-yllmethyl}-3H-imidazo[4,5-
clpyridine and N-(3-ethylamino-pyridin-4-yl)-2-(2-thiazol-2-
yl-imidazol-1l-yl) -acetamide in a 2:1 ratio which was carried
over to the next step without further purification. A portion
of the crude residue was chromatographed over silica gel
eluting with 7% MeOH-CH,;Cl; containing few drops of NH,OH to
obtain an analytical sample of N-{3-ethylamino-pyridin-4-yl)-
2-{2-thiazol-2-yl-imidazol-1-yl) -acetamide for
characterization purposes; 'H NMR (300 MHz, CDOD): & 7.95
(s,1H), 7.87 (d, J = 3.3 Hz, 1H), 7.79 (4, J = 5.4 Hz, 1H),
7.61 (d, J=3.3 Hz, 1H), 7.42 {(d, J = 5.1 Hz, 1H), 7.33 (d, J
= 1.5 Hz, 1H), 7.12 (d, J = 1.2 Hz, 1lH), 5.51 (s, 2H), 3.20
(t, J = 6.9 Hz, 2H), 1.23 (t, J = 6.9 Hz, 3H); LRMS Calcd
328.38; found 329

5. Preparation of 3-Ethyl-2-{[2-(1,3-thiazol-2-yl)-1H-
imidazol-1-yl]lmethyl}-3H-imidazo[4,5-¢clpyridine

The wmixture (2:1) of the cyclized 3-Ethyl-2-{{2-(1,3-
thiazol-2-yl) -1H-imidazol-1-yl]lmethyl}-3H-imidazo[4,5-

«92a-
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clpyridine and the intermediate N-(3-ethylamino-pyridin-4-yl)-
2-(2-thiazol-2-yl-imidazol-1-yl) -acetamide obtained from the
above Me;Al-mediated coupling conditions was dissolved in 30 mL
of acetic acid and was heated at 115 °C overnight with
stirring. Next day, most of the AcOH was evaporated off under
reduced pressure. The residue was diluted with 100 mL of
CH,Cl;, washed with NaHCO,, water, brine, dried over Na;SO,, and
concentrated. The crude product was purified by chromatography
eluting with 3% MeOH-CH;Cl; containing few drops of NH,OH to
afford 3-ethyl-2-{[2-(1,3-thiazol-2-yl)-1H-imidazol-1-
yllmethyl}-3H-imidazo[4,5-clpyridine as an white so0lid (860
mg, 73%); 'H NMR (300 MHz, CD,OD): & 8.87 (s, 1H), 8.30 (d, J
= 5.7 Hz, 1H), 7.75 (4, o = 3.3 Hz, 1H), 7.57 (d, J = 4.8 Hz,
1K), 7.52 (d, J = 3.3 Hz, 1H), 7.39 (d, J-= 1.5 Hz, 1H), 7.18
(d, J = 1.5 Hz, 1H), 6.29 (s, 2H), 4.52 (q, J = 7.5 Hz, 2H),
1.44 (t, J = 7.5 Hz, 3H); LRMS Calcd 310.38 found 311; Anal.
Calcd for CHNS: C, 58.05, H 4.55, N 27.08. Found C 57.79 ; H,
4.38; N, 27.04. ' .

Example 28
Synthesis of 3-ethyl-6-isopropyl-2-{[2-(1,3-thiazol-2-yl)-1H-
imidazol-1-yllmethyl}-34-imidazo[4,5-c)pyridine and l-ethyl-6-

isopropyl-2-{[2-(1,3-thiazol-2-yl) -1H-imidazol-1-yllmethyl}-
1H-imidazo[4,5-clpyridine

)Y:m o0 9

)

A mixture of ethyl isobutyrylacetate (20.47 g, 129 mmol)

1. Preparation of 1Bobutyry1acet:.c acid

and 1.5 M ag NaOH (250 mL) is stirred at rt overnight. The

solution is then cooled to 0 °C and acidified to pH 1-2 by the
slow addition of conc. HCl (~35 mL). The solution is then
saturated with NaCl and extracted thrice with EtOAc and once
with CHCl,. The combined extracts are dried over Na,S0O; and
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concentrated to 14.46 g {(86%) of isobutyrylacetic acid as an
oil. *H NMR (CDCl,, 300 MHz) reveals a mixture of keto and enol
forme (~4:1), in favor of the keto form. Keto form: 3.57 (s,
2H), 2.73 (sept, J = 6.9 Hz, 1H), 1.16 (d, J = 6.9 Hz, 6H)
ppm. Enol form: 11.85 (s, 1H), 5.03 (s, 1H), 2.44 (sept, J =
6.9 Hz, 1H), 1.10 (d, J = 6.9 Hz, 6H) ppm.

2. Preparation of 4-hydroxy-3-isobutyryl-6-isopropyl-pyran-2-
one

To a solution of the ilaobutyrylacetic acid (14.45 g, 111
mmol) in THF (200 mL) at rt under N; is added CDI (19.8 g, 122
mmol) in one portion. The yellow solution is stirred at rt
for 20 h and then concentrated in wvacuo. The residue is
dissolved in CH;Cl; and washed with 10_% ag HCl (100 mL)
followed by H,0 (50 mL). The aqueous washes are reextracted
once with CH;Cl;, and the combined extracts are dried over
Na,S0, and concentrated to 10.27 g (83%) of 4-hydroxy-3-
isobutyryl-6-isopropyl-pyran-2-one- as a yellow oil. This
material is sufficiently pure to be used without further
purification in the next reaction. 'H NMR (CDCl,, 300 MHz)
17.02 (s, 1H), 5.92 (s,'lH). 3.94 (sept, J.= 6.9 Hz, 1H), 2.72
(sept, J = 6.9 Hz, 1H), 1.25 (d, J = 6.9 Hz, 6H), 1.16 (d, J =
6.9 Hz, 6H) ppm.

3. Pz:eparation of .4-hydroxy-6-isopropyl-pyran-2-one

A solution of 4-hydroxy-3-iscbutyryl-6-isopropyl-pyran-2-
one (10.26 g, 45.8 mmol) in conc. H;SO, (40 mL) is stirred at
130 °C for 15 min. The dark reaction mixture is then cooled
to 0 °C, and crushed ice (~200 g) is added with stirring. The
resulting solution is extracted thrice with Et;0, and the
combined extracts are dried over Na,SO, and concentrated. The
crude material is purified by flash chromatography on silica
gel. Gradient elution with 3:2 "hexanes-EtOAc, 1l:1 EtOAc-
hexanes, 2:1 EtOAc-hexanes, and 3:1 EtOAc-hexanes affords 5.42
g (77%)of 4-hydroxy-6-isopropyl-pyran-2-one as a light yellow
solid. H NMR (CDCl,, 300 MHz) 11.2 (br, 1H), 6.00 (d, J = 1.8
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Hz, 1H), 5.58 (4, J = 1.8 Hz, 1H), 2.73 (sept, J = 6.9 Hz,
1H), 1.22 (d, J = 6.9 Hz, 1H) ppm.

4, Preparation of 4-hydroxy-6-isopropyl-1l1H-pyridin-2-one

A mixture of 4-hydroxy-6-isopropyl-pyran-2-one (4.82 g,
31.3 mmol) in conec. NHOH (i5 mL) is stirred at 100 °C in a
gealed tube for 4 h. The solution is then transferred to a
recovery flask and concentrated in wvacuo. Toluene is used to
azeotropically remove any remaining water. 4-Hydroxy-6-~
isopropyl-1H-pyridin-2-one is obtained as a tan powder (4.73
g, 99%). H NMR (DMSO-ds, 300 MHz) 10.96 (br s, 1H), 10.36 (br
s, 1H), 5.59 (d, J = 2.1 Hz, 1H), 5.33 (4, J_= 2.1 Hz, 1H),
2.64 (sept, J = 6.9 Hz, 1H), 1.11 (d, J = 6.9 Hz, 6H) ppm.

5. Preparation of 4-hydroxy-6-isopropyl-3-nitro-lH-pyridin-2-
one

A solution of 4-hydroxy-6-isopropyl-lH-pyridin-2-one
(1.76 g, 11.5 mmol) in 55-60 mL of 50% ag HNO, is stirred at 70
°C for 2.5 h. After cooling, the reaction mixture is poured
into ice-cold H;0 (~100 mL). The resulting solution is allowed
to sit in the refrigerator for 3.5 days. The solid that
precipitates is collected by filtration, washed with water,
and dried to afford 1.28 g (56%) of 4-hydroxy-6-isopropyl-3-
nitro-1H-pyridin-2-one as yellow crystals. H NMR (DMSO-dj,
300 MHz) 12.30 (br s, 1H), 11.82 (br s, 1H), 5.82 (d, J = 1.2
Hz, 1H), 2.71 (sept, J = 6.9 Hz, 1lH), 1.13 (4, J = 6.9 Hz, 6H)

ppm.

6. Preparation of 4-chloro-6-isopropyl-3-nitro-1H-pyridin-2-
one

To a suspension of 4-hydroxy-6-isopropyl-3-nitro-1H-

pyridin-2-one (3.02 g, 15.2 mmol) in CH;CN (60 mL) at rt is

added benzyltriethylammonium chloride (13.88 g, 61.0 mmol).
The mixture is stirred at rt for 5-10 min, and then POCl, (6.25
mL, 67.1 mmol) is added. The reaction mixture is stirred at
rt for 15 min and then at reflux for 1 h. After cooling, the

-95-
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reaction mixture is concentrated in vacuo. The flask is then
placed in an ice bath, and the residue treated with H;0 (-60
mL). The mixture is stirred for 4 h while slowly warming to
re. The solid that forms over this period of time is
collected by filtration and then washed with H0 and a small
amount of hexanes. 4-Chloro-6-isopropyl-3-nitro-lH-pyridin-2-
one is obtained as a yellow solid (2.23 g, 68%). !H NMR
(CDC1,, 300 MHz) 13.13 (br s, 1H), 6.24 (s, 1H), 2.89 (sept, J
= 6.9 Hz, 1H), 1.31 (d, J = 6.9 Hz, 6H) ppm.

7. Preparation of 4-amino-6-isopropyl-3-nitro-1H-pyridin-z-one

A mixture of 4-chloro-6-isopropyl-3-nitro-1H-pyridin-2-
one (700 mg, 3.23 mmol) in 6-7 mL of 7 N NH, in MeOH is stirred
at 100 °C in a sealed tube for 1.5 h. . After cooling, the
reaction mixture is concentrated in wvacuo. The residue is
suspended in H;0, filtered, washed with H;0, and dried,
yielding 528 mg (83%) of 4-amino-6-isopropyl-3-nitro-1H-
pyridin-2-one. H NMR (DMSO-dg, 300 MHz) 10.96 (br s, 1H),
8.15 (bxr s, 2H), 5.70 (d, J = 0.9 Hz, 1H), 2.58 (sept, J = 6.9
Hz, 1H), 1.11 (d, J = 6.9 Hz, 6H) ppm.

8. Preparation of 2-chloro-6-isopropyl-pyridin-4-ylamine

A mixture of 4-amino-6-isopropyl-3-nitro-1H-pyridin-2-one
(555 mg, 2.81 mmol) in POCl, (10 mL) is stirred at reflux under
N, for 1.5 h. After cooling, the solution is concentrated in
vacuo. The reaction flask is then placed in an ice bath, and
crushed ice (~20 g) is added to the residue. The mixture is
swirled vigorously for several minutes and then stirred at rt
for 30 min. The mixture is then extracted with EtQAc. The
extract is washed with an additional 20 mL of H;0. The aqueous

washes are reextracted once with EtOAc, and the combined

extracts are dried over Na;SOy and concentrated, yielding. 2-
chloro-6-isopropyl-pyridin-4-ylamine as an orange oil (685 mg,
>100%). This material was used without further purification.
'H NMR (DMSO-ds, 300 MHz) 7.27 (br s, 2H), 6.65 (s, 1H), 2.77
(sept, J = 6.9 Hz, 1H), 1.13 (d, J = 6.9 Hz, €H) ppm.
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9. Preparation of 6-isopropyl-pyridine-3,4-diamine
hydrochloride

A solution of 2-chloro-6-isopropyl-pyridin-4-ylamine (684
mg, 3.17 mmol) in MeOH (10-15 mL) containing 10% P4/C {~70 mg)
is stirred under an atmosphere of H; (double stuffed balloon)
for 5 h. The reaction mixture is then filtered through a pad
of Celite using MeOH, and the filtrate is concentrated in
vacuo. The residue is dissolved in a small amount of MeOH and
further diluted with toluene. The solution is then
concentrated in vacuo. This is repeated once more, affording
6-isopropyl-pyridine-3,4-diamine hydrochloride as an orange-
yellow solid (629 mg, >100%). 'H NMR (DMSO-dg, 300 MHz) 13.26
(br, 1H), 7.45, 7.40 (br m, 3H), 6.59 (s,.1H), 5.48 (br, 2H),
2.94 (gept, J = 6.9 Hz, 1H), 1.19 (d, J = 6.9 Hz, 6H) ppm.

10. Preparation of 6-isopropyl-2-(2-thiazol-2-yl-imidazol-1-
ylmethyl) -1H-imidazo [4,5-c]pyridine )

To a mixture of 6-isopropyl-pyridine-3,4-diamine
hydrochloride (265 mg, 1.41 mmol) in 1,2-dichloroethane (10
mL} at rt under N; is added 2.0 M AlMe; in toluene (2.12 mi,
4.24 mmol). The mixture is stirred at rt for 45 min and then
treated with a solution of (2-thiazol-2-yl-imidazol-1l-yl)-
acetic acid methyl ester (252 wmg, 1.13 mmol) in 1,2-
dichloroethane (2° mL) via cannula, followed by a 1 mL rinse.
The reaction mixture is then stirred at reflux for 20 h.
After cooling, the reaction mixture is diluted with some MeOH
{(~2 mL), followed by eome water and then satd aq NaHCO;. The
resulting mixture is stirred vigorously for 15 min. The
mixture 1s then extracted thrice with CHCl, containing some
{~5%) MeOH. The combined extracts are dried over Na,;S0, and
concentrated. The crude residue is then triturated with CHCl,,
and the resulting mixture filtered. The solid is washed with
a small amount of CHCl; and dried, affording N-(4-amino-6-
isopropyl-pyridin-3-yl)-2- (2-thiazol-2-yl-imidazol-1-yl) -
acetamide (173 mg, 45%) as an off-white solid. !H NMR (DMSO-

-97-



[5

10

15

20

25

30

35

ds, 300 MHz) 9.52 (s, 1H), 7.B6 (s, 1H), 7.85 (d, J = 3.3 Hz,
iH), 7.75 (d, J = 3.6 Hz, 1H), 7.39 (s, 1H), 7.04 (d, J = 0.9
Hz, 1H), 6.45 (s, 1H), 5.65 (a, 2H), 5.38 (s, 2H), 2.74 (sept,
J = 6.9 Hz, 1H), 1.13 (d, J = 6.9 Hz, 6H) ppm. The filtrate
is concentrated and further purified by flash chromatography
on silica gel. Elution with 20:1 CHCl,-MeCH followed by 15:1
CHCl;-MeOH affords 6-isopropyl-2-(2-thiazol-2-yl-imidazol-1-
ylmethyl) -1H-imidazo [4,5-clpyridine (160 mg, 44%). H NMR
(CDC1,, 300 MHz) 12.23 (br, 1H), 8.97 (br, 1H), 7.94 (d, JT =
2.7 Hz, 1H), 7.43 (4, J = 3.3 Hz, 1H), 7.23 (br, 1H), 7.20 (d,
J = 0.9 Hz, 1H), 7.04 (s, 1H), 5.82 (a, 2H), 3.14 (sept, J =
6.9 Hz, 1H), 1.30 (d, J = 6.9 Hz, 6H) ppm.

11. Preparation of 3-ethyl-6-isopropyl-2-{[2-(1,3-thiazol-2-
yl) -1H-imidazol-1-yllmethyl}-3H-imidazo([4,5-¢c]lpyridine and 1-
ethyl-6-isopropyl-2-{[2-(1,3-thiazol-2-yl) -1H-imidazol-1-
yllmethyl}-1H-imidazo([4,5-clpyridine

To a solution of 6-isopropyl-2-(2-thiazol-2-yl-imidazol-
l-ylmethyl) -1H-imidazo[4,5-clpyridine (160 mg, 0.493 mmol) in
DMF (1.0 mL) at rt under N; is added Cs,CO0, (168 mg, 0.518
mmol) £followed by iodoethane (0.047 mL,- 0.592 nmmol). The
mixture is stirred at rt for 1 h and then diluted with water
and extracted twice with CH,Cl,. The combined extracts are
dried over K;C0O, and concentrxated. The residue is purified by
preparative TLC, ‘developing with 15:1 CHCl,;-MeOH (+0.5% Et;3N).
The less polar (top) band affords 45 mg (26%) of 3-ethyl-6-
isopropyl-2-{(2-(1,3-thiazol-2-yl)-1H-imidazol-1-yl]methyl}-
3H-imidazo[4,5-c]lpyridine. *H NMR (CDCl,, 300 MHz) 8.70 (d, J
= 1.2 Hz, 1H), 7.83 (d, J = 3.0 Hz, 1H), 7.53 (d, J = 0.9 Hz,
1), 7.39 (d, J = 3.0 Hz, 1H), 7.18 {(d, J = 0.9 Hz, 1H), 7.14

(d, J = 0.9 Hz, 1H), 6.32 (8, 2H), 4.32 (q, J = 7.2 Hz, 2H),

3.18 (Bept, J = 6.9 Hz, 1H}, 1.34 (4, J = 6.% Hz, 6H), 1.17
(t, J = 7.2 Hz, 3H) ppm. The more polar (bottom) band affords
74 mg (43%) of 1l-ethyl-6-isopropyl-2-{([2-(1,3-thiazol-2-yl)-
1H-imidazol-1-yllmethyl}-1H-imidazo[4,5-c)}pyridine. 1H NMR
(CDCl;, 300 MHz) 9.01 (s, 1H), 7.83 (d, J = 3.2 Hz, 1H), 7.38
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(d, J = 3.2 Hz, 1H), 7.15 (s, 1H), 7.12 (s, 1H), 7.09 (s, 1H),
6.32 (s, 2H), 4.21 (g, J = 7.2 Hz, 2H), 3.17 (sept, J = 6.8
Hz, 1H), 1.34 (d, J = 6.8 Hz, 6H), 1.10 (t, J = 7.2 Hz, 3H)
ppm.

Example 29
Synthesis of 1-ethyl-6-isopropyl-2-{[2-~(1,3-thiazol-2-yl)-1H-

imidazol-1-yllmethyl}-1H-imidazo(4,5-clpyridine
N
i = "> "ﬁ
rd

1. Preparation of 4-ethylamino-6-isopropyl-3 -nitro-1H-pyridin-

2-one
To a mixture of 4-chloro-6-isopropyl-3-nitro-l1H-pyridin-
2-one (Example 28, step 6) (500 mg, 2.31 mmol) in CH,CN at rt is

added EtNH;eHC1l (565 mg, 6.92 mmol) followed by Et;N (1.29 mL,

9.23 mmol). The reaction mixture is then stirred in a sealed
tube at 100 °C for 1.5 h. After cooling, the reacticn mixture
is diluted with CH;Cl, and washed with H;O (2 x 25 mL). The
agqueous washes are reextracted once with CH;Cl;, and the
combined extracts are dried over Na;SO, and concentrated to 527
mg (100%) of 4-ethylamino-6-isopropyl-3-nitro-lH-pyridin-2-one
as a yellow-orange solid. The material is sufficiently pure
to be used without further purification. 'H NMR (DMSO-ds, 400
MHz) 11.1 (bxr, 1H), 8.93 (m, 1H), 5.73 (s, 1H), 3.37 (dq, J
7.4, 6.B Hz, 2H), 2.67 (sept, J = 6.8 Hz, 1H), 1.17 (t, J
7.4 Hz, 3H), 1.15 (d, J = 6.8 Hz, 6H) ppm.

2. Preparation of (2-chloro-6-isopropyl-3-nitro-pyridin-4-yl)-

ethyl-amine

A mixture of 4-ethylamino-6-isopropyl-3-nitro-lH-pyridin-
2-one (520 mg, 2.31 mmol) in POCl, is atirred at reflux for 1.5
h. After cooling, the solution is concentrated in vacuo. The
reaction flask is then placed in an ice bath and crushed ice
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is added to the residue. The mixture is swirled vigorously
for a few minutes and then stirred at 0 °C for 1 h. The
mixture is then extracted with EtOAc. The extract is washed
with additional H,O (20 mL) and brine (20 mL). The extract is
dried over Na;S0, and concentrated to 0.57 g (>100%) of (2-
chloro-6-isopropyl-3-nitro-pyridin-4-yl) -ethyl-amine as a
yellow solid. The material is sufficiently pure to be used
without further purification. H NMR (CDCl,, 400 MHz) 6.62
({br, 1H), 6.44 (s, 1H), 3.31 (m, 2H), 2.91 (sept, J = 6.8 Hz,
1H), 1.33 (¢, J = 7.4 Hz, 3H), 1.26 {d, J = 6.8 Hz, 6H) ppm.

3. Preparation of N'-ethyl-6-isopropyl-pyridine-3,4-diamine
hydrochloride

A solution of (2-chloro-6-isopropyl-3-nitro-pyridin-4-
yl) -ethyl-amine (0.56 g, 2.30 mmol) in MeOH (20 mL) containing
10% Pd/C (~50 mg) is stirred under and atmosphere of H; for 3.5
h. The reaction mixture is then filtered through a pad of
Celite using MeCH. The filtrate ia concentrated in wvacuo.
Toluene is added to the residue and then removed in vacuo.
This is repeated once more, yielding 0.46 g (93%) of N‘-ethyl-
6-isopropyl-pyridine-3,4-diamine hydrochloride as a dark
solid. H NMR (CD,0D, 400 MHZz)
7.46 (s, 1H), 6.60 (s, 1H), 3.43 {(q, J = 7.4 Hz, 2H}, 3.03
(sept, J = 6.8 Hz, 1H), 1.35 (t, J = 7.4 Hz, 3H), 1.33 (4, T =
6.8 Hz, 6H) ppm. -

4. Preparation of 1l-ethyl-6-isopropyl-2-{[2-(1,3-thiazol-2-
yl) -1H-imidazol-1-yllmethyl}-1H-imidazo[4,5-cl pyridine

To a suspension of N'-ethyl-6-isopropyl-pyridine-3,4-
diamine hydrochloride (126 mg, 0.582 mmol) in CH;Cl; (5 mL) at

rt under N; is added 2.0 M AlMe; in toluene (0.35 mL, 0.728

mmeol). The dark solution is then stirred at rt for 45 min.
Next, a solution of (2-Thiazol-2-yl-imidazol-1-yl)-acetic acid
methyl ester (65 mg, 0.29%91 mmol) in CHCl; {2 mL) is added via
cannula followed b}lr a 1 mL rinse. The reaction mixture is

stirred at reflux overnight. After cooling, it is treated
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with MeOH (~0.5 mL) and then diluted with 0.5 N NaOH and
additional CH;Cl,. The mixture is stirred vigorously for 15
min and then extracted thrice with CH;Cl; containing some (~S%)
MeOH. The combined extracts are dried over K;CO, and
concentrated to 156 mg of a crude mixture of the desired 1-
ethyl-6-isopropyl-2-{[2-(1,3-thiazol-2-yl)-1H-imidazol-1-
yllmethyl}-1H-imidazo[4,5-clpyridine and N-(4-amino-6-
isopropyl-pyridin-3-yl)-2-(2-thiazol-2-yl-imidazol-1-yl)-
acetamide. This material is then dissolved in AcOH (6 nlL),
and the resulting solution is stirred at reflux for 5 h.
After cooling, the reaction mixture is concentrated in vacuo.
The residue is dissolved in CH,;Cl; and washed with 0.5 N NaOH.
The aquecus layer is reextracted twice with CH,Cl;, and the
combined extracts are dried over K;C0; and concentrated. The
crude material is purified by preparative TLC. Developing
with 15:1 CHCl; yields 78 mg (76%) of 1l-ethyl-6-isopropyl-2-
{[2-(1,3-thiazol-2-yl) -1H-imidazol-1-yl]lmethyl}-1H-
imidazo(4,5-c]pyridine. 'H NMR (CDCl,, 400 MHz) 9.01 (s, 1H),
7.83 (d, J = 3.2 Hz, 1H), 7.38 (d, J = 3.2 Hz, 1H), 7.15 (s,
1H), 7.12 (s, 1H), 7.09 (s, 1H), 6.32 (s, 2H), 4.21 (g, J =
7.2 Hz, 2H), 3.17 (sept, J = 6.8 Hz, 1H), 1.34 (d, J = 6.8 Hz,
6H), 1.10 {(t, J = 7.2 Hz, 3H) ppm.

Example 30
Synthesis of l-ethyl-2-{[2-(1,3-thiazol-2-yl)-4-
(trifluoromethyl) -1H-imidazol-1-yllmethyl}-1H-imidazo[4,5-

-
s

F F

1. Preparation of 2-{4-trifluoromethyl-l1H-imidazol-~-2-yl)-
thiazole
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Analogous to the published procedure (J. Med. Chem. 2000,
43, 2165-2175), 1,1-dibromo-3,3,3-trifluorcacetone (4.47 g,
16.6 mmol) is added to a solution of NaOAc (2.72 g, 33.1 mmol)
in H0 (15 mL). The resulting solution is stirred at 100 ©C
for 30 min and then allowed to cool to rt. Next, a solution
of 2-thiazolecarboxaldehyde (1.5 g, 13.3 mmol) in MeOH (15
mL), containing conc. NHOH (5 mL), is added. The reaction
mixture is then stirred at rt for 20 h. It is then filtered
and the solid washed with H,0 and dried. 2-(4-Trifluoromethyl-
l1H-imidazol-2-yl) -thiazole (1.1 g, 38%) is obtained as an off-
white fluffy solid. !H NMR (DMSO-ds, 400 MHz) 13.81 (br, 1H},
7.97 (4, J = 3.2 Hz, 1H), 7.94 (s, 1H), 7.87 (d, J = 3.2 Hz,
1K) ppm.

2. Preparation of (2-thiazol-2-yl-4-trifluoromethyl-imidazol-
l1-yl)-acetic acid methyl ester

To a suspension of NaH (109 mg of a 60% dispersion in
mineral oil, 2.74 mmol) in THF (10 mL) at" 0 °C under N, is
added a solution of 2-(4-trifluoromethyl-l1H-imidazol-2-yl)-
thiazole (500 mg, 2.28 mmol) in THF (4 mL) via cannula,
followed by a 1 mL rinse. The mixture is-stirred at 0 °C for
30 min and then treated with methyl bromoacetate {(0.28 mL,
2.97 mmol). The reaction mixture is stirred overnight while
slowly warming to rt. It is then diluted with H;O (10 mL) and
the -resulting mixture stirred wvigorously for 5 min. The
mixture is further diluted with some brine and then extracted
twice with EtOAc. The combined extracts are dried over Na,SO,
and concentrated. The crude material is purified by flash
chromatography on silica gel. Elution with 4:1 hexanes-EtOAc
followed by 3:1 hexanes-EtOAc affords 31 mg (6%) of unreacted

2-(4-trifluoromethyl-1H-imidazol-2-yl)-thiazole as well as 539

mg (Bl%) of (2-thiazol-2-yl-4-trifluoromethyl-imidazol-1-yl)-
acetic acid methyl ester. 'H NMR (CDCl;, 400 MHz) 7.B2 (d, J =
3.2 Hz, 1H), 7.40 (4, J = 3.2 Hz, 1H), 7.35 {s, 1H), 5.41 (s,
2H}, 3.77 (s, 3H) ppm.
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3. Preparation of 1-ethyl-2-{[2-(1,3-thiazol-2-yl)-4-
(trifluoromethyl) -1H-imidazol-1-yl)methyl}-1H-imidazo[4,5-
clpyridine

To a mixture of N'-ethyl-pyridine-3,4-diamine (94 mg,
0.687 mmol) in CH;Cl; (5 mL) at rt under N; is added 2.0 M AlMe,
in toluene (0.43 mL, 0.858 mmol), and the resulting mixture is
stirred at rt for 1 h. Next, a solution of (2-thiazol-2-yl-4-
triflvoromethyl-imidazol-1-yl) -acetic acid methyl ester (100
mg, 0.343 mmol) in CH;Cl; is added via cannula. The reaction
mixture is then stirred at reflux overnight. After cooling to
rt, it is treated with MeOH (~1 mL). The mixture is further
diluted with 0.5 N ag NaOH (10 mL) and then stirred vigorously
for 30 min. The mixture is then extracted thrice with CH,C1,
containing some (~5%) MeOH, and the cambined extracts are
dried over K,;CO0, and concentrated. The crude mixture of 1-
ethyl-2-{[2- (1,.3-thiazol—2-y1) -4- (trifluoromethyl) -1H-
imidazol-1-ylimethyl}-1H-imidazo[4,5-c]pyridine and N-(4-
amino-pyridin-3-yl)-2-(2-thiazol-2-yl-4-trifluoromethyl-
imidazol-1-yl) -acetamide is dissolved in AcOH (6 mL), and the
resulting solution stirred at reflux overnight. The reaction
mixture is then concentrated, and the residue is dissolved in
CH,Cl; and washed with 0.5 N ag NaCH. The aqueous layer is
reextracted once with CH;Cl;, and the combined extracts are
dried over K;,CO, and concentrated. The crude residue 1is
purified by preparative TLC. Developing with 15:1 CHCl,-MeOH
affords 110 mg (B85%) of 1-ethyl-2-{(2-(1,3-thiazol-2-yl)-4-
(trifluoromethyl) -1H-imidazol-1-yl)lmethyl}-1H-imidazo[4,5-
clpyridine. !H NMR (CDCl,, 400 MHz) 9.10 (s, 1K), 8.47 (4, J =
6.0 Hz, 1H), 7.88 (4, J = 3.2 Hz, 1H), 7.58 (B, 1H), 7.48 (d,
J = 3.2 Hz, 1H), 7.31 (4, J = 5.6 Hz, 1H), 6.37 (s, 2H), 4.31

(g, J = 7.2 Hz, 2H), 1.24 (t, J = 7.2 Hz, 3H) ppm.

Example 31
Synthesis of 3-ethyl-2-{[2-{6-fluoropyridin-2-yl)-1H-imidazol-

1-yllmethyl}-6-propyl-3H-imidazo[4,5-¢c]lpyridine
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1. Preparation of N-(4-amino-6-propyl-pyridin-3-yl)-acetamide
To a mixture of 6-propyl-pyridine-3,4-diamine
hydrochloride (prepared from ethyl butyrylacetate as described
in Bxample 28, steps 1-9) (187 mg, 1.00 mmol) in CH,Cl; (4 mL)
at 0 °C under N; is added pyridine (0.24 mL, 3.00 mmol)
followed by DMF (2 mL) (for solubility). Next, Ac;O (0.104 mL,
1.1 mmol) is added. The reaction mixture is stirred for 3 h
while slowly warming to rt. It is then poured into satd aq
NaHCO; and extracted thrice with CH;Cl,. The combined extracts
are dried over K;C0; and concentrated to 114 mg of crude N-(4-
amino-6-propyl-pyridin-3-yl) -acetamide, which was used without
further purification. !H NMR (CDCl,, 300 MHz) B8.73 (br, 1H)},
8.00 (s, 1H), B8.43 (s, 1H), 4.63 (br, 2H), 2.54 (m, 2H), 2.13
(s, 3H), 1.63 (Bextet, J = 7.2 Hz, 2H), 0.89 (t, T = 7.2 Hz,
3H) ppm. Electrospray MS: m/z 194 [M + 1].

2. Preparation of N'-ethyl-6-propyl-pyridine-3,4-diamine

A solution of the crude N-(4-amino-6-propyl-pyridin-3-
yl) -acetamide (114 mg, 0.59 mmol) in THF (2.5 mL) at 0 °C
under N; is treated with 0.5 M EtNMezeAlH; in toluene (2.4 mL,
1.18 mmol). The reaction mixture is stirred for 4 h while
slowly warming to rt, whereupon it is treated with additional
0.5 M EtNMe;®AlH; in toluene (2.4 mL, 1.18 mmol). After
stirring at rt overnight, the reaction mixture is cooled to 0
°C and treated with moist Naz;CO;. The mixture is diluted with

" CH;Cl; and stirred vigorously for 15 min. It is then filtered

through a pad of Celite, and the filtrate concentrated. The
crude material is partially purified by preparative thin layer
chromatography, developing with 15:1 CHCl,-MeOH ({+1% Et;N).
The band containing the desired N'-ethyl-6-propyl-pyridine-3,4-

-104-



10

15

20

25

30

a5

.Hz, 1H), 7.89 (q, J = 7.8 Hz, 1H), 7.47 (s, 1H), 7.22 (4, J

diamine does not separate well from the approximately 10% of
the slichtly more polar, unreacted N-(4-amino-6-propyl-
pyridin-3-yl) -acetamide. Both bands are collected, and the
mixture (82 mg) is carried into the next reaction. 'H NMR
(CDCl,, 300 MHz) 7.74 (s, 1H), 6.42 (s, 1H), 4.10 (br, 1H),
3.67 (m, 1H), 3.10 (q, J = '7.2_ Hz, 2H), 2.56 (m, 2H), 1.67
(sBextet, J = 7.2 Hz, 2H), 1.25 (t, J = 7.2 Hz, 3H), 0.91 (t, J
= 7.2 Hz, 3H) ppm. Electrospray MS: m/z 180 [M + 1].

3. Preparation of 3-ethyl-2-{[2-(6-fluoropyridin-2-yl)-1H-
imidazol-1-yllmethyl}-6-propyl-3H-imidazo([4,5-c]lpyridine

A solution of N'-ethyl-6-propyl-pyridine-3,4-diamine (82
mg, ~0.45 mmol, contaminated with ~10% of N-{4-amino-6-propyl-
pyridin-3-yl) -acetamide) 1in 1,2-dichloroethane {4 mL) at rt

under N; is treated with 2.0 M AlMe; {(0.69 mL, 1.37 mmol). The -

resulting solution is stirred at rt for 30 min and then
treated with a seolution of [2- (6-fluoro-pyridin-2-yl) -
imidazol-1-yl] -acetic acid methyl ester (97 wmg, 0.41 mmol) in
1,2-dichloroethane via cannula, followed by a 1 mL rinse. The
reaction mixture is then stirred at reflux overnight. After
cooling, it is treated with MeOH (~2 mk) and then further
diluted with satd ag NaHCO; (~10 mL) and some H;0. The mixture
is stirred vigorously for 15 min and then extracted thrice
with CHCl, containing some {~5%) MeOH. The combined extracts
are ‘dried over K;CO; and concentrated. The crude material is
purified by preparative thin layer chromatography. Developing
with 15:1 CHCl,-MeOH vyields 77 mg of 3-ethyl-2-{[2-(6-
fluoropyridin-2-yl) -1H-imidazol-1-yl]lmethyl}-6-propyl-3H-

imidazo[4,5-c)lpyridine as an off-white solid. H NMR (CDCl,,
300 MHz) § 8.70 (4, J = 0.9 Hz, 1H), 8.17 (dd, J = 8.0, 2.6

0.9 Hz, 1H), 7.18 (d, J = 1.5 Hz, 1H), 6.88 (dd, J = 8.6, 2.9
Hz, 1H), 6.27 (8, 2H), 4.42 (q, J = 7.2 Hz, 2H), 2.86 (m, 2H),
1.78 (eextet, J = 7.2 Hz, 2H), 1.30 (t, J = 7.2 Hz, 3H), 0.97
(t, J = 7.2 Hz, 3H) ppm. Electrospray MS: m/z 365 [M + 1].
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Example 32
Synthesis of 1-ethyl-2-{[2-(1,3-thiazol-2-yl)-1H-imidazol-1-
yl]lmethyl}-6-(trifluoromethyl)-1H-imidazo[4,5-c]lpyridine

(\’N
N N N

N —N
F;c = N s\)

1. Preparation of 5-Nitro-2-trifluc.:romethyl-pyridin-tl—ol

To a stirred solution of 4-hydroxy-2-
trifluoromethylpyridine [Chemistry of Heterocyclic Compounds
1997, 33, 995-996]) (4g, 24.5 mmol) in concentrated H;SO, (10
mL) was added dropwise 25 mlL of fuming H,;SO, under cold
conditions (0 ©°C). HNQ; (fuming, 90%," 25 mL) was added
carefully to the above mixture with caution to keep the offset
of any exotherm under control, and the reaction was allowed to
warm up to room temperature slowly. After_ heating at 120 °C
for 6 h with stirring, the resulting mixture was cooled to
room temperature, poured into ice-cold water maintaining the
pH around 1 with the addition of 10N NaCH solution, and then
extracted with CHCl;. The combined organic phase was washed
successively with saturated aqueous NaHCO,, water, brine, dried
over Na;SO,, and concentrated in vacuo to afford S-nitro-2-
trifluoromethyl-pyridin-4-ol as an yellow solid (3.4 g, 66 ¥%);

H NﬁR (300 MHz, CDCl,): & 9.33 (s, 1H), 7.50 (s, 1H).

2. Preparation of 4-Chloro-5-nitro-2-trifluoromethyl-pyridine
The crude 5-nitro-2-trifluoromethyl-pyridin-4-ol (3.4 g,

16.3 mmmol) was treated with PCls (5.2 g, 24.97 mmol) and POC1,

(7 mL, 24.49 mmol). The resulting mixture was heated at 80 °C

"for 18 h, cooled and poured into ice-cold water, and extracted

with CH;Cl,. The combined organic phase was washed successively
with saturated aqueous NaHCO,;, water, brine, dried over Na;SO.,
and concentrated in wvacuo to afford 4-Chloro-5-nitro-2-
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trifluoromethyl-pyridine as an yellow oil (3.71 g, 99%); 'H NMR
(300 MHz, CDCl,): & 9.17{s, 1H), 7.9 (s, 1H).

3. Preparation of Ethyl-(5-nitro-2-trifluoromethyl-pyridin-4-
yl) -amine

To a solution of 4-chloro-S5-nitro-2-trifluoromethyl-
pyridine (3.4 g, 15.0 mmol) in acetonitrile (30 mL) were added
KiaCOy (4.15 g, 30.01 mmol), and 2.0 M sclution of EtNH; (15 mL,
30.01mmol) in THF under cold conditions. The reaction was
complete after stirring at 0°C for 2h. Usual work up afforded
ethyl- (5-nitro-2-trifluoromethyl-pyridin-4-yl) -amine as an
yellow-orange viscous oil (3.5 g, 100 %); 'H NMR (300 MHz,
CDCl1l,): 8 9.24 (s, 1H), 7.09 (s, 1H), 3.45 (t, J = 7.2 Hz, 2H),
1.42 (t, J = 7.2 Hz, 3H) '

q. Preparation of N'-Bthyl-6-trifluoromethyl-pyridine-3,4-
diamine . . .

Ethyl- (5-nitro-2-trifluoromethyl-pyridin-4-yl) -amine was
hydrogenated under usual conditions to afford N-ethyl-6-
trifluoromethyl-pyridine-3,4-diamine; H NMR (300 MHz, CD,0D):
& 7.71 (s, 1H), 6.75 (s,1H), 3.28 (t, J = 6.9 Hz, 2H), 1.31
(t, J = 6.9 Hz, 3H).

5. . Preparation of 2-Chloromethyl-l-ethyl-6-trifluoromethyl-
1H-imidazo(4,5-c]pyridine

To a solution of N'-ethyl-6-trifluoromethyl-pyridine-3,4-
diamine (1.44 g, 7.02 mmol) in EtOH (20 mL) was added HCl
salt of ethyl 2-chloro-acetimidate (3.90 g, 24.58 mmol) and
refluxed for 3 h. The reaction mixture was cooled to room

temperature and concentrated under reduced pressure. The

‘residue was diluted with CH,Cl,, washed with NaHCO, solution,

dried over Na;S0,, and concentrated to obtain 2-chloromethyl-1-
ethyl-6-trifluoromethyl-1H-imidazo[4,5-c]lpyridine (1.6g, 95%};
H NMR (300 MHz, CDCl,): & 9.14(s, 1H), 7.66 (s8,1H), 7.26 (s,
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IH)' 4-87 (B, ZH)' 4-40 (t, J = 7-5 Hz, 2H,' 1-58 (t' J - 7.5
Hz, 3H).

6. Preparation of 1-ethyl-2-{({2-(1,3-thiazol-2-yl)-1H-
imidazol-1-yl]lmethyl}-6- (trifluoromethyl) -1H-imidazo(4,5-
clpyridine

A solution of 2-Chloromethyl-l-ethyl-6-trifluoromethyl-
1H-imidazo[4,5-c]pyridine (1 g , 3.8 mmol) in anhydrous DMF
(15 mL) were added K,CO; {2.68 g, 19 mmol), and 2-(1H-imidazol-
2-yl)-thiazole (555mg, 3.8 mmol) and stirred at room
temperature for 48 h. The crude residue after usual work up
was purified eluting with 5% MeOH-CH;Cl; containing few drops
of NH,OH to affordl-ethyl-2-{([2-(1,3-thiazol-2-yl)-1iH-imidazol-
1-yllmethyl)-6- (trifluoromethyl) -1H-imidazo[4,5-c] pyridine
(800 mg, 80 %); H NMR (CD,OD): § 8.83 (s, 1H), 8.14 (s, 1H),
7.71 (d, J = 2.7 Hz, 1H), 7.53 (4, J = 2.7 Hz, 1H), 7.45 (4, J
= 0.9 Hz, 1H), 7.19 (d, J = 0.9 Hz, 1H), 6.30 (s, 2H), 4.54
(q J = 5.4 Hz, 2H), 1.46 (t, J = 5.4 Hz, 3H); m/z 379 [M+1]

Exaxzple 33
Synthesis of 3-ethyl-2-{[2-(1,3-thiazol-2-yl)-1H-imidazol-1-
yllmethyl}-6-(trifluoromethyl) -3H-imidazo[4,5-clpyridine

(\,N

1. Preparation of 5-Nitro-2-trifluoromethyl-pyridin-4-ylamine
Ammonia gas was bubbled through a solution of 2-

-trifluoromethyl-4-chloro-5-nitro-pyridine (4.12 g,18.23 mmol)

in anhydrous THF at room temperature for 3 h. Removal of
solvent under reduced pressure afforded 5-nitro-2-
trifluoromethyl-pyridin-4-ylamine (3.6 g, 96%); 'H NMR (300

MHz, CDCl,): & 7.15 (s, 1H), 9.15 (s,1H).
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2. Preparation of 6-Trifluoromethyl-pyridine-3,4-diamine
Hyrogenation as, described in the previous examples

provided 6-trifluoromethyl-pyridine-3,4-diamine. H NMR (300
MHz, CDCl;): & 6.95 (s, 1H), 8.01 (s,1H).

3. Preparation of N'-ethyl-6-triflucromethyl-pyridine-3,4-
diamine

Cesium carbonate (3.1 g, 26.88 mmol) and ethyl iodide
(L.76 g, 10.75 mmol) were added to a solution of 6-
trifluoromethyl-pyridine-3,4-diamine (1.05 g, 8.96 mmol) in
anhydrous DMF (12 mL). The mixture was heated in a sealed tube
for 18 h, then cooled to room temperature, and diluted with
EtOAc and water. Usual work up and purification by column
chromatography eluting with EtOAc-hexanes provided pure A’-
Ethyl-6-trifluoromethyl-pyridine-3,4-diamine (600 mg, 45 %); 'H
NMR (300 MHz, CDCl,;): & 7.95 (s, 1H); 6.95 (s, 1H), 3.21 (q, J
= 5.4 Hz, 2H), 1.35 (t, J = 5.4 Hz; 3H). )

4. Preparation of 2-Chloromethyl-3-ethyl-é-trifluoromethyl-3H-
imidazo[4,5-c]pyridine ’
2-Chloromethyl-3-ethyl-6-trifluoromethyl-3H-imidazo[4,5-

clpyridine was made from AN -Ethyl 6-Trifluoromethyl-pyridine-
3,4-diamine following the procedure described previously for
the preparation of 2-Chloromethyl-l-ethyl-6-trifluoromethyl-
1H-imidazo[4,5-c]pyridine; *H NMR (300 MHz, CDCl;): & 8.89 (s,
1H), 8.04 (s,1H), 4.87 (s, 2H), 4.45 (t, J = 7.2 Hz, 2H),
1.59 (t, J = 7.2 Hz, 3H)

5. Preparation of 3-ethyl-2-{({2-(1,3-thiazol-2-yl)-1H-

-imidazol-1-yllmethyl}-6- (trifluoromethyl) -3H-imidazo(4,5-

clpyridine
As described previously for the preparation of 1-Ethyl-2-
(2-thiazol-2-yl-imidazol-1-ylmethyl) -6-trifluoromethyl-1H-

imidazo(4,5-c]lpyridine, nuclecphilic displacement of the 2-
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chloromethyl-3-ethyl-6-trifluoromethyl-3H-imidazo(4,5-
c]lpyridine with the same 2- (1H-imidazol-2-yl! -thiazole
followed by usual work provided 3-ethyl-2-{[2-(1,3-thiazol-2-
yl) -1H-imidazol-1-yl]lmethyl}-6- (trifluoromethyl) -3H-
imidazo[4,5-c]lpyridine; H NMR (CD,0D) 9.02 (s, 1H), 7.89 (s,
i1H), 7.70 (d, §J = 3 Bz, 1H), 7.52 (4, J = 3.3 Hz, 1H), 7.48
(d, J = 1.5 Hz, 1H), 7.19 (d, J = 1.5 Hz, 1H), 6.29 (s, 2H),
4.56 (q, J = 7.5 Hz, 2H), 1.52 (t, J = 7.5 Hz, 3H) m/z 379
[M+1]

Examples 34
Synthesis of 3-ethyl-2-[{2-pyrimidin-2-vl-1H-imidazol-1-
vl)methyl] -3H-imidazo(4,5-c]pyridine-4-carbonitrile

N
o

1. Preparation of 3-Ethylamino-4-nitro-pyridine-2-carbonitrile

To a solution of 3-ethylamino-4-nitro-pyridine-1-oxide (1
g, 6.94 mmol) in anhydrous DMF (10 mL) were added TMSCN (1.1
ml, 8.33 mmol) and dimethyl amino carbamoyl chloride (0.76 mL,
8.33 mmoL). The reaction mixture was stirred overnight at 80
°c, cooled to room temperature, and diluted with CH,Cl, and
water. The combined organic layer was washed with water,
brine, dried over Na;S0O,, and concentrated. The residue was
chromatographed eluting with 40% EtOAc-hexanes to afford 3-
ethylamino-4-nitro-pyridine-2-carbonitrile as an vyellow sclid
(314 mg, 30%); H NMR (300 MHz, CD;OD): 0 7.82 (d, J = 4.5 Hz,

.1H), 7.50 {(d, J = 4.5 Hz, 1H), 3.70 (q, J = 7.2 Hz, 2H), 1.39

(¢, J= 7.2 Hz, 3H}.

2. ' Preparation of 4-Amino-3-ethylamino-pyridine-2-
carbonitrile
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Hydrogenaton of 3-Ethylamino-4-nitro-pyridine-2-
carbonitrile under conditions previously described provided 4-
Amino-3-ethylamino-pyridine-2-carbonitrile. 'H NMR (300 MHz,
CD,0D): 0O 7.75 {d, J = 5.4 Hz, 1lH), 6.66 (d, J = 5.4Hz, 1lH),
3.35 {q, J = 7.2 Hz, 2H), 1.29 (t, J = 7.2 Hz, 3H).

3. Preparation of 2-Chloromethyl-3-ethyl-3H-imidazo(4,5-
clpyridine-4-carbonitrile
2-Chloromethyl-3-ethyl-3H-imidazo(4,5-clpyridine-4-

carbonitrile was prepared from the reaction of 4-amino-3-
ethylamino-pyridine-2-carbonitrile and 2-chloro acetimidate
following the previously described procedure; 'H NMR (300 MHz,
CcDCl,;): O 8.55 (d, J = 5.4 Hz, 1H), 7.84 (d, J = 5.4 Hz, 1H),
4.98 (s, 2H), 3.41 (g, o = 7.5 Hz, 2H), 1.23 (t, J = 7.5 Hz,
3H).

4. Preparation of 3-ethyl-2-[{(2-pyrimidin-2-yl-iH-imidazol-1-
yl)methyl] -3H-imidazo[4,5-c]pyridine-4-carbonitrile

3-ethyl-2-[(2-pyrimidin-2-yl-1H-imidazol-1-yl)methyl] -3K-
imidazo[4,5-c]pyridine-4-carbonitrile was obtained from 2-
chloromethyl-3-ethyl-3H-imidazo[4,5-c]lpyridine-4-carbonitrile
by nucleophilic displacement with 2-(1H-Imidazol-2-yl)-
pyrimidine as described previously followed by usual work up;
H NMR (300 MHz, CD,OD): O 8.70 (d, J = 5.1 Hz, 2H), 8.41 (d, J
= 5.4 Hz, 1H), 7.73 (d, J = 5.1 Hz, 1H), 7.52 (d, J = 1.2 Hz,
1H), 7.31 (d, o= 1.2 Hz, 1H), 7.27 (t, J = 4.5 Hz, 1H), 6.35
(s, 2H), 4.75 (@, J = 7.5 Hz, 2H), 1.63 (t, J = 7.2 Hz, 3H);
m/z 331 [M+1].

Fxample 35
Synthesis of 1-(2-{(2-(6-fluoropyridin-2-yl)-1H-imidazol-1-

'yl]methyl}-1-propy1-1H-imidazo[4,5-c]pyridin-4-y1)ethanone
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To the mixture of H;O0 (5 mL) and CHCl; (5 mL) is added 1-
Propyl-2- {[2-(2-fluoropyrid-6-yl)-1H-imidazol-1-yllmethyl}-5-
aza-1H-benzimidazole (168 mg, 0.5 mmol), pyruvic acid (132 mg,
1.5 mmol), silver nitrate (7 mg, 0.04 mmol), (NH,)2S:0s (342 mg,
1.5 mmol), and sulfuric acid (98%, 100 mg, 1.0 mmel). The
mixture is heated to 40 °C for 2 hr, then cooled down to room
temperature. The aqueous solution is neutralized to pH 8 with
saturated sodium bicarbonate solution and extracted with
CH,Cl,. The combined organic layers are dried over Na;SO, and
solvent is removed to give 150 mg of brown solid. Purification
by preparative TLC provides 65 mg -of '1-{2-{[2-(6-
fluoropyridin-2-yl) -1H-imidazol-1-yl]lmethyl}-1-propyl-1H-
imidazo(4,5-clpyridin-4-yl)ethanone as white solid. H NMR
(CDCl,) B8.48 (d, 1H), B.12 (dd, 1H), 7.88 (g, 1H), 7.44 (4,
1H), 7.23 (4, 1H), 7.11 (d, 1H), 6.88 (dd, 1H), 6.40 (s, 2H),
4.22 (q, 2H), 2.84 (s, 3H), 1.58 (m, 2H), 0.74 (t, 3H).

Example 36
Synthesis of 1-(3-ethyl-2-{{2-(1,3-thiazol-2-yl)-1H-imidazol-
1-yllmethyl}-3H-imidazo[4,5-c]pyridin-6-yl)ethanone

1. Preparation of 2,5-Dichloro-pyridine l-oxide
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A mixture of 2,5-Dichlropyridine (30g, 0.2 mmol) and 3-
Chloroperoxybenzoic acid (70%, 50g, 0.2 mmol) in 500 mL of
Dichloroethane is heated at 50 °C overnight. After cooled to
-30 °C, NH; gas is bubbled into the reaction mixture for S
minutes. The mixture is filtered, the solid is washed with
Dichlorcethane (50 mL), and the filtrate is concentrated to a
solid. The solid is mixed with 200 mL of Hexane and heated
at reflux for 30 minutes. After cooled, the precipitate is
collected by filtration, and dried to give the titled compound
(19 g) as a tan solid. 'H NMR (CDCl;): 8.40 (d, 1H), 7.44 (d,
1H), 7.22 (t, 1H). '

2. Preparation of 2,5-dichloro-4-nitro-pyridine l-oxide

At 0°C, 30% oleum (13 mL) is added slowly to fuming HNO;
(22 mL) and the resulting mixture is added slowly to the
Bolution of 2,5-dichloro-pyridine l-oxide (5.2 g, 31 mmol) in
concentrated Hy;50,. After addition, the reaction mixture is
warmed to room temperature over 1 hr, then heated to 80 °C for
2 hr. After cooled down to room temperature, the mixture is
poured into ice (120 g) and precipitate is formed gradually.
The sclid is collected by filtration and washed with water.
3.8 g of product is obtained as yellow solid. 'H NMR (CDC13)
8.46 (a, 1H), 8.25 (s, 1H).

3. . Preparation of (6-Chloro-4-nitro-l-oxy-pyridin-3-yl)-
ethylamine

To a solution of 2,5-Dichloro-4-nitro-pyridine l-oxide (7
g, 33mmol) in 100 mL of THF is added a solution of Ethylamine
(2M, 50 mL) dropwise at °C. The reaction mixture is warmed
to room temperature and stirred overnight. The volatiles are
evaporated in vacuo. The residue is purified on a silica gel

"column with 1% CH;Cl; as eluent to give 6.5 g of the titled

compound as an orange solid. H NMR (CDCl,): B8.24 (s, 1H),
8.06 (s, 1H), 7.62 (br, 1H), 3.25 (g, 2H), 1.38 (t, 3H).
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4. Preparation of 1-(5-ethylamino-4-nitro-pyridin-2-yl)-
ethanone

To a B8Bealed tube is added (6-chloro-4-nitro-l-oxy-
pyridin-3-yl)ethyl-amine (700 mg, 3.2 mmol), tributyl-(l-
ethoxy-vinyl)-astannane (1.75 g, 4.9 wmol), PdCl;(PPhy;); (350
mg, 0.5 mmol), and toluene (35 mL) and the mixture is degassed
for 30 min. The reaction is heated to 75 °C for 16 hr and then
cooled down to room temperature. To the mixture is added 6N
HC1 solution (20 mL) and the reaction is stirred at room
temperature for 1 hr. The reaction mixture is filtered through
celite and the aqueous is neutralized to basic with saturated
NaHCO,. The agqueous layer is extracted with ethyl acetate and
the combined organic layers are dried over Na;S0,. The solvent
is removed in vacuo and purification by flash column provides
310 mg of product as orange solid. 'H NMR (CDCl3) 8.70 (s,
1H), B8.48 (8, 1H), 7.96 (br, 1H), 3.55 (m, 2H), 2.65 (s, 3H),
0.92 (t, 3H). LRMS 210.1 (MH+).

5. Preparation of 1-(4-amino-5-ethylamino-pyridin-2-yl)-
ethanone

A  mixture of 1-(5-ethylamino-4-nitro-pyridin-2-yl) -
ethanone (310 wmg, 1.5 mmol) and 10% Pd/C (50 mg) in ethanol
(10 mL) is stirred under hydrogen for 1 hr. The mixture is
filtered through Celite and concentrated in vacuo to give 65
mg of product as yellow solid. H NMR (CD30D) 7.61 (s, 1H),
7.30 (s, 1H), 3.26 (q, 2H), 2.53 (s, 3H), 0.90 (t, 3H). LRMS
180.5 (MH+).

6. Preparation of 1-(3-ethyl-2-{[2-(1,3-thiazol-2-yl)-1H-
imidazol-1-yllmethyl}-3H-imidazo(4,5-c]}pyridin-6-yl)ethanone
A mixture of 1-(4-amino-5-ethylamino-pyridin-2-yl) -

"ethanone (54 mg, 0.3 mmol), (2-thiazol-2-yl-imidazol-1-yl)-

acetic acid (61 mg, 0.3 mmol), EDCI (60 mg, 0.3 mmol), and
pyridine (2 mL) is stirred at room temperature for 72 hr and
then poured into water. The agueous layer is extracted with
ethyl acetate and the combined organic layers are dried over
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Na,S0,. Solvent ias evaporated in vacuo and the residue is taken
up in acetic acid (5 mL). The mixture is heated to reflux for
16 hr and saturated NaHCO,; solution is added to neutralize the
reaction. The aqueous solution is extracted with ethyl acetate
and the combined organic layers are dried over Na,S0,. Solvent
is removed in wvacuo and purification by preparative TLC
provides 25 mg of product as white solid. 'H NMR (CDC1l3) 8.79
(d, 2H), 8.47 (4, 1H), 7.83 (d, 1H), 7.40 (d, 1H), 7.19 (4,
iH), 7.15 (d, 1H), 6.39 (s, 2H), 4.02 (q, 2H), 2.77 (s, 3H),
1.86 (t, 3H). LRMS 353.2 (MH+).

Example 37
Syntheasis of 1-Ethyl-2-(2-thiazol-2-yl-2H-pyrazol-3-ylmethyl) -

1H-imidazo (4,5-c]pyridine

3
e

1. Preparation of (2-Thiazol-2-yl-2H-pyrazol-3-yl)-acetic acid
ethyl ester

A mixture of thiazol-2-ylhydrazine (2-.2 g, 19.1 mmel) and
3,5,5-triethoxy-pent-2-enoic acid ethyl ester (70% purity, 7.1
g, 19.1 mmol) is refluxed in acetic acid overnight. Acetic
acid is removed. To the residue is added NaHCO, (ag.) (40 mL)
and' ethyl acetate (100 mL). The 1insoluble material 1is
filtered. The organic layer is dried and solvent removed. The
crude is subjected to column separation (hexane/ethyl acetate
3:1) to give 0.83 g of (2-thiazol-2-yl-2H-pyrazol-3-yl)-acetic
acid ethyl ester as an oil.

- 2. Preparation of 1-Ethyl-2-{2-thiazol-2-yl-2H-pyrazol-3-

ylmethyl) -1H-imidazo [4,5-c]pyridine

To a solution of N'-Ethyl-pyridine-3,4-diamine (156 mg,
1.14 mmol) in DCM (5 mL) is added dropwise trimethylaluminum
(z2M in toluene) (1.4 mL, 2.85 mmol) under N,. The mixture is
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stirred at room temperature for 1 hour. A solution of thiazol-
2-yl-2H-pyrazol-3-yl) -acetic acid ethyl ester (270 mg, 1.14
mmol) in DCM (2 mL) is added. The mixture is reluxed for 25
hours. On cooling, the reaction is quenched with water
dropwise and DCM (20 mL) is added. The organic layer 1is
separated and the aqueous layer is extracted with DCM (3 x 30
mL). The combined organic layers are dried and solvent
removed. To the residue is added acetic acid (10 mL). The
golution is refluxed for 3.5 h. Acetic acid is removed in
vacuo and the residue is purified by PTLC (10% wmethanol in
DCM) to give 45 mg of 1-BEthyl-2-(2-thiazol-2-yl-2H-pyrazol-3-
ylmethyl) -1H-imidazo[4,5-clpyridine as a solid. 1H NMR
(cpcl,)} 9.00 (s, 1H), 8.43 (d, 1H), 7.63 (d, 1H), 7.43 (d, 1H),
7.15 (d, 1H), 7.06 {(d, 1H), 6.25 (d, 1H), 4.99 (s, 2H), 4.25
(q, 2H), 1.36 (t, 3H).

Example 38

Synthesls of 1-Ethyl-2-[1-(2-thiazol-2-yl-2H-pyrazol-3-yl}-
ethyl] ~1H-imidazo[4,5-c]lpyridine

1. Preparation of 2-(2-Thiazol-2-yl-2H-pyrazol-3-yl)-propionic

acid ethyl ester

A mixture of (2-thiazol-2-yl-2H-pyrazol-3-yl)-acetic acid
ethyl ester (100 mg, 0.42 mmol) , methyl iodide (66 mg, 0.46
mmol) and cesium carbonate {151 mg, 0.46 mmol) in DMF (6 mL)
is stirred at room temperature overnight. The reaction is
quenched with NH,C1 (ag.} (6 mL) and ethyl acetate (30 mL). The

-organic layer is separated and the aquecus layer is extracted

with ethyl acetate (3 x 30 mL). The combined organic layers
are dried and solvent removed. The crude is purified by PTLC
(hexane/ethyl acetate 3:1) to give 90 mg of 2-(2-thiazol-2-yl-
2H-pyrazol-3-yl) -propionic acid ethyl ester as an oil.
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2. Preparation of 1-Ethyl-2-[1-(2-thiazol-2-yl-2H-pyrazol-3-
yl) -ethyl] -1H-imidazo(4,5-c]pyridine

To a solution of N*-Ethyl-pyridine-3,4-diamine (44 mg,
0.32 mmol) in DCM (5 mL) is added dropwise trimethylaluminum
(2M in toluene) (0.5 mL, 1 mmol)) under N;. The mixture is
stirred at room temperature for 1 hour. A solution of thiazol-
2-yl-2H-pyrazol-3-yl) -propionic acid ethyl ester (80 mg, 0.32
mmol) in DCM (2 mL) is added. The mixture is reluxed for 3
days. On cooling, the reaction is quenched with water dropwise
and DCM (20 mL) is added. The organic layer is separated and
the aqueous layer is extracted with DCM (3 x 30 mL). The
combined organic layers are dried and solvent removed. The
residue is purified by PTLC (10% methanol in DCM) to give 49
mg of l-ethyl-2-[1-(2-thiazol-2-yl-2H-pyrazol-3-yl)-ethyl]-1H-
imidazo[4,5-c]pyridine as a solid. *H NMR (CDCl;) 9.05 (s, 1H),
8.39 (d, 1H), 7.59 (d, 1H)}, 7.49 (d, 1H), 7.25 (d, 1H), 7.09
(d, 1H), 6.28 (4, 1H), 5.85 (q, 1lH), 4.19 “{q, 2H), 1.85 (d,
3H), 1.29 (t, 3H).

Example 39
Synthesis of 2-[2,4']Bithiazolyl-5'-ylmethyl-1-ethyl-1H-

imidazo[4,5-c]lpyridine
s’§
M@[}_H):"

) SN

1. Preparation of 4-Oxo-4-thiazol-2-yl-butyric acid ethyl
ester
To a stirred solution of 2-trimethylsilanyl-thiazole (2.6

g, 16.53 mmol) in DCM (30 mL} is added a solution of 3-

chlorocarbonyl-propionic acid ethyl ester (5.4 g, 32.81
mmol)in DCM (10 mwL). The misture is stirred at room
temperature overnight. To the mixture is added 5% NaHCO; (30
mL) and mixture is stirred at room temperature for 20 minutes.
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The organic layer is separated and the aqueous lay is
extracted with DCM (2 x 50 mL). The combined organic layers
are dried and solvent removed. The residue is separated by
column (methylene chloride) to give 1.9 g of 4-oxo-4-thiazol-
2-yl-butyric acid ethyl ester.

2. Preparation of 3-Bromo-4-oxo-4-thiazol-2-yl-butyric acid
ethyl ester

To a solution of 4-oxo-4-thiazol-2-yl-butyric acid ethyl
ester (1.9 g, 8.91 mmol) in DCM (30 mL) 1s added a solution of
phenyltrimethylammonium tribromide (3.4 g, 8.91 mmol) in DCM
(20 mL} dropwise. The mixture is stirred at room temperature
overnight. To the mixture is added 5% NaHCO; (40 mL). The

%

organic layer is separated and the agqueous layer is extracted .

with DCM (2 x 40 mL). The combined organic layers are dried
and solvent removed. The residue is purified by column
(hexanes/ethyl acetate 3:1) to give 2.2 g of 3-bromo-4-oxo-4-
thiazol-2-yl-butyric acid ethyl ester.

3. Preparation of [2,4']Bithiazolyl-5'-yl-acetic acid ethyl
ester

To a solution of 3-bromo-4-oxo-4-thiazol-2-yl-butyric
acid ethyl ester (2.2 g, 7.53 mmol) in 1,4-dioxane (40 mL) is
added thicformamide (freshly made from formamide and P;Ss in
1l,4-dioxane) (22.59 mmol). The mixture is refluxed overnight.
The solvent is removed and to the residue is added NaHCO, (aq.)
(40 mL) and DCM (100 mL). The organic layer is separated and
the agqueous layer 1s extracted with DCM (2 x 40 mL). The
combined organic layers are dried and solvent removed. The

crude is purified by column (1% methanol n DCM) to give 0.45 g

of [2,4']bithiazolyl-5'-yl-acetic acid ethyl ester.

4. Preparation of 2-[2,4']Bithiazolyl-5'-ylmethyl-l-ethyl-1H-
imidazo(4,5-c]lpyridine

To a solution of N'-Ethyl-pyridine-3,4-diamine (237 mg,
1.73 mmol) in DCM (5 mL) is added dropwise trimethylaluminum
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(2 in toluene) (2.2 mL, 4.4 mmol) under N,. The mixture is
stirred at room temperature for 1 hour. A solution of
[2,4']bithiazolyl-5'-yl-acetic acid ethyl ester (440 mg, 1.73
mmol mmol) in DCM (2 mL) is added. The mixture is reluxed for
3 days. On cooling, the reaction is quenched with water
dropwise and DCM (40 mL) is added. The organic layer is
gseparated and the aqueous layer is extracted with DCM (3 x 30
mL). The combined organic layers are dried and solvent
removed. The residue is purified by PTLC (10% methanol in DCM)
to give 80 mg of 2-[2,4'}bithiazolyl-S5'-ylmethyl-l-ethyl-1H-
imidazo[4,5-c]pyridine as a solid. 'H NMR (cDCl,) 9.05 (s, 1HO,
8.76 (s, 1H), B8.41 (4, 1E), 7.88 (d, 1H), 7.41 (d, 1H), 7.25
(d, 1H), 5.3% (s, 2H), 4.26 (q, 2H), 1.25 (t, 3H).

Example 40
Synthesis of 5-Bromo-l-ethyl-2-[3-(3-fluoro-phenyl) -isoxazol-

4-ylmethyl] -1H-benzoimidazole

)

1. Preparation of 3-(5-Bromo-l-ethyl-lH-benzoimidazol-2-yl)-1-
(3-fluoro-phenyl) -propan-1-one

To a solution of 1-(3-fluoro-phenyl)-ethanone (0.55 g,
4.0 mmol) in THF (30 mL) at -78°C under N; is added LDA (2M in
hexanes, 2.0 mL, 4.0 mmol). After 10 minutes, 5-bromo-2-
chloromethyl-1l-ethyl-1H-benzoimidazole {1 g, 3.65 mmol} in THF
(5 mL) is added. The mixture is stirred at this temperature
for an additional 1 hour and is gradually warmed to room
temperature. The reaction is then quenched with saturated

‘NH4Cl. The mixture is extracted with ethyl acetate (3 x 50 mL).

Upon drying, the organic solvent is removed to give 1.2 g of
3- (5-Bromo-l-ethyl-1H-benzoimidazol-2-yl) -1- (3-fluoro-phenyl) -
propan-l-one as a yellow oil.
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2. Preparation of S-Bromo-l-ethyl-2-(3-(3-fluoro-phenyl)-
isoxazol-4-ylmethyl] -1H-benzoimidazole

A mixture of 3-(5-Bromo-l-ethyl-lH-benzoimidazol-2-yl)-1-
(3-fluoro-phenyl) -propan-1-one (0.1 g, 0.27 mmol) and
tris(dimethylamino}methane (0.077g, 0.54 mmol) ig heated at 60
°C in a sealed tube for 6 houras. The wvolatile material is
removed in vacuo. To the residue is added EtOH (5 mL) and
hydroxylamine (1.1 mmol). The mixture is heated at 120 °C for
2 hours. The solvent is removed. To the residue is added NaHCO,
(ag.) (10 mL) and DCM (30 mL). The organic layer is separated
and the aqueous layer is extracted with DCM (2 x 15 mL). The
combined organic layers are dried and the solvent removed. The
crude is purified by PTLC (ethyl acetate/Hexanes 1l:1) to give
62 mg of 5-Bromo-l-ethyl-2-(3-(3-fluoro-phenyl)-isoxazol-4-
ylmethyl] -1H-benzoimidazole as a solid. H NMR (CDCl,) 8.40 (s,
1H), 7.88 (s, 1H), 7.31-7.52 (m, 4KH), 7.18-7.22 (m, 2H), 4.14
(s, 2H), 4.04 (q, 2H), 1.18 (t, 3H)}.

Example 41
Synthesis of S5-Bromo-l-ethyl-2-{3-(3-fluoro-phenyl)-1H-
pyrazol-4-ylmethyl] -1H-benzoimidazole

A mixture of 3-(5-Bromo-l-ethyl-lH-benzoimidazol-2-yl)-1-
(3-fluoro-phenyl) -propan-1-one (0.1 g, 0.27 mmol) and
tris(dimethylamino)methane (0.077g, 0.54 mmol) is heated at 60
°C in a sealed tube for 6 hours. The volatile material is
_:r:emoved in vacuo. To the residue is added EtOH (5 mL) and
hydrazine acetate (1.1 mmol). The mixture is heated at 120 °C
for 2 hours. The solvent is removed. To the residue is added
NaHCO; {(aqg.) (10 mL) and DCM (30 mL). The organic layer is
separated and the aqueous layer is extracted with DCM (2 x 15
mL). The combined organic layers are dried and the solvent

-120-



10

15

20

25

30

72

removed. The crude is purified by PTLC (ethyl acetate/Hexanes
1:1) to give 71 mg of 5-bromo-l-ethyl-2-[3-(3-fluoro-phenyl) -
1H-pyrazol-4-ylmethyl] -1H-benzoimidazole as a solid. LRMS:
calcd 399.3, found [M+1] 401.0.

Example 42
Synthesis of 5-Bromo-l-ethyl-2-[3-(3-fluoro-phenyl)-1-methyl-

lH-pyrazol-4-ylmethyl] -1H-benzoimidazole and 5-Bromo-1-ethyl-

2-[5-(3-fluoro-phenyl) ~1-methyl-1H-pyrazol-4-ylmethyl] -1H-
B N
TX F
) L
Nl
| .

RS e
)

PN

benzoimidazole

A mixture of 3-(5-Bromo-l-ethyl-lH-benzoimidazol-2-yl)-1-
(3-fluoro-phenyl) -propan-1-one (0.1 " g, 0.27 mmol) and
tris{dimethylamino)methane (0.077g, 0.54 mmol) is heated at 60
° in a sealed tube for 6 hours. The volatile material is
removed in vacuo.. To the residue is added EtOH (5 mL) and
methyl hydrazine (1.1 mmol). The mixture is heated at 120 °C
for 2 hours. The solvent is removed. To the residue is added
NaHCO, (ag.) (10 mL) and DCM (30 mL). The organic layer is
separated and the aqueous layer is extracted with DCM (2 x 15
mL). The combined organic layers are dried and the solvent
removed. The crude is purified by PTLC (ethyl acetate/Hexanes
i:l) to give 41 mg of S-bromo-l-ethyl-2-{3-{(3-fluoro-phenyl) -
l-methyl-1H-pyrazol-4-ylmethyl] -1H-benzoimidazole and 18 mg of
5-bromo-1-ethyl-2-[5-(3-fluoro-phenyl) -1-methyl-1H-pyrazol-4-
ylmethyl] -1H-benzoimidazole. 5-bromo-1-ethyl-2-[3- (3-fluoro-
phenyl) -1-methyl-1H-pyrazol-4-ylmethyl] -1H-benzoimidazole: H
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NMR (CDCl,) 7.88 (s, 1H), 7.27-7.42 (m, 4H), 7.00-7.20 (m, 3H),
4.21 (s, 2H), 3.95 (t, 2H), 3.83 (s, 3H), 1.15 (t, 3H). 5-
bromo-1l-ethyl-2-(5-(3-fluoro-phenyl) -1-methyl-1H-pyrazol-4-
ylmethyl] -1H-benzoimidazole: 'H NMR (CDCl,) 7.81 (s, 1H), 7.38-
7.45 {(m, 2H), 7.32 {dd, 1H), 7.00-7.18 {(m, 4H), 4.00 (s, 2H)},
3.90 (q, 2H), 3.78 (s, 3H)}, 1.15 {(t, 3H).

Example 43
Synthesis of 5-Bromo-1l-ethyl-2-[4-(3-fluoro-phenyl)-thiazol-5-

vimethyl] -1H-benzoimidazole

Br N
ﬁ F
N

) LN

A mixture of 3-(S5-bromo-l-ethyl-lH-benzoimidazol-2-yl)-1-
{(3-fluoro-phenyl) -propan-l1-one (0.2 g, 0.53 mmol} and bromine
(0.1 g, 0.62 mmol) is refluxed in 1,4-dioxane for 2 hours. To
the solution is added thioformamide (freshly made from
formamide and P,;Ss in 1,4-dioxane) (1.3 mmol). The mixture is
refluxed overnight. The sBolvent is removed and to the residue
is added NaHCO;, {(ag.) (15 mL) and DCM (40 mL). The organic
layer is separated and the aqueous layer is extracted with DCM
(2 x 30 mL). The combined organic layers are dried and solvent
removed. The crude is purified by PTLC (5% methanol in DCM) to
give 26 mg of 5-bromo-l1-ethyl-2-(4-(3-fluoro-phenyl)-thiazol-
5-ylmethyl] -1H-benzoimidazole. 'H NMR (CDCl;) 8.78 (s, 1H),
7.91 (a, 1H), 7.38-7.48 (m, 4H), 7.11-7.19 (m, 2H), 4.59 (s,
2H), 3.90 (g, 2H), 1.12 (t, 3H).

Example 44

‘Synthesis of 1-[3-Ethyl-2-(2-thiazol-2-yl-imidazol-1-

ylmethyl) -3H-benzoimidazol-5-yl] -ethanone
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1. Preparation of (5-Chloro-2-nitro-phenyl)-ethyl-amine

A mixture of 4-cloro-2-fluoronitrobenzene (5 g, 28.48
mmol), ethylamine (2M in THF, 24 mL, 48 mmol), and K;CO; (7.9
g, 57 mmol)in acetonitrile (30 mL) is stirred at room
temperature overnight. Solvent is removed. To the residue is
added ethyl acetate (80 mL) and brine (40 mL). The organic
layer is separated and the aqueous layer is extracted with
ethyl acetate (2 x 50 mL). The combined organic layers are
dried and solvent removed to give 5 g of 5-chloro-2-nitro-
phenyl) -ethyl-amine.

2. Preparation of 1-(3-Ethylamino-4-nitro-phenyl)-ethanone

A wmixture of S5-chloro-2-nitro-phenyl}-ethyl-amine (1 g,
4.98 mmol), tributyl-(1-ethoxyviny1)stannax;e (2.7 g, 7.48
mmol) and dichlorcobis (triphenylphosphine)palladium (II) (175
mg, 0.25 mmol) in toluene (80 mL) ie heated at 100°C in a
sealed tube for 5 hours. On cooling, water (30 mL) and HCl
{con. 30 mL) are added and the mixture is stirred at room
temperature for 2 hours. The mixture is neutralized with NaOH
(2 N) and extracted with DCM (3 x 50 mL). The combined organic
layei‘s are dried and solvent removed. The residue is purified
by column (hexanes / ethyl acetate 3:1) to give 0.98 g of 1-
(3-ethylamino-4-nitro-phenyl) -ethanone.

3. Preparation of 1-(4-Amino-3-ethylamino-phenyl)-ethanone

To a Parr bottle containing 1- (3-ethylamino-4-nitro-
phenyl) -ethanone (0.98 g, 4.7 mmol) in ethanol (40 mL) is
added 10% Pd4d/C (100 mg). The Parr bottle is sealed in a
mechanical shaker, evacuated, and then purged with nitrogen
followed by hydrogen. The system is pressurized to S0 PSI of
hydrogen at room temperature and mechanical shaking engaged.
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After 2 hours, shaking is stopped, and the system purged with
nitrogen prior to opening the vessel. The reaction mixture is
filtered through celite, concentrated in vacuo, to give 0.76 g
of 1-(4-amino-3-ethylamino-phenyl) -ethanone.

4. Preparation of 1-(2-Chloromethyl-3-ethyl-3H-benzoimidazol-
5-yl) -ethanone

A mixture of 1-(4-amino-3-ethylamino-phenyl)-ethanone
(300 mg, 1.69 mmol) and 2-chloroacetamidine hydrochloride (804
mg, 5.1 mmol) in acetonitrile (20 mL) is refluxed for 3 hours.
Solvent is removed and the residue is treated with NaHCO, (5%,
20 mL) and DCM (50 mL). The organic layer is separated and the
aqueous layer is extracted with DCM (2 x 40 mL). The combined
organic layers are dried and solvent removed to give 389 mg of
1-{2-Chloromethyl-3-ethyl-3H-benzoimidazol-5-yl) -ethanone.

5. Preparation of 1-[3-Ethyl-2-(2-thiazol-2-yl-imidazol-1-
ylmethyl) -3H-benzoimidazol-5-yl] -ethanone

A mixture of 1-(2-Chloromethyl-3-ethyl-3H-benzoimidazol-
5-yl)-ethanone (150 mg, 0.63 mmol), 2-(lH-Imidazol-2-yl)-
thiazole (95 mg, 0.63 mmol} and K,CO; (262 mg, 1.9 mmol)in DMF
(10 mL) is stirred at room temperature for 48 hours. Brine (6
mL) and DCM (20 mL) are added. The organic layer is separated
and the aqueous layer is extracted with DCM (3 x 29 mL). The
combined organic. layers are dried and solvent removed. The
resldue is purified by PTLC (10% methanol in DCM) to give 90
mg of 1-[3-Ethyl-2-(2-thiazol-2-yl-imidazol-1-ylmethyl)-3H-
benzoimidazol-5-yl] -ethanone as a solid. !H NMR (CDCl,) 8.05
(d, 1H), 7.92 (dd, 1K), 7.87 (4d, 1H), 7.81 (dd, 1K), 7.40 (d,
1H), 7.20 (d, 1H), 7.14 (d, 1H), 6.17 (s, 2H), 4.33 (q, 2H),

2.67 (s, 3H), 1.13 (t, 3H).

Example 45
Synthesis of 1-Ethyl-2-{2-{(1H-pyrazol-3-yl)-imidazol-1-

vimechyl] -1H-benzoimidazole-5-carbonitrile

-124-

AT



10

15

20

25

30

M;T::]EE}—\ :%FH
) &N

1. Preparation of 3-(1H-Imidazol-2-yl)-pyrazole-l-carboxylic
acld tert-butyl ester

A mixture of 1H-Pyrazole-3-carbaldehyde (1 g, 10.4 mmol),
di-tert-butyl dicarbonate (11.4 mmol) and N,N-dimethylpyridine
{20 mg) in DCM (15 mL) and methanol (5 mL) is stirred at room
temperature overnight. Solvent is removed. To the residue is
added glyoxal (6 mL) and ammonium hydroxie (8 mL) and the
mixture is stirred at room temperature for 1.5 hours. To the
mixture is added acetic acid dropwise to pH ~ 7. Solvent is
removed and DCM (50 mL) and brine (30 mL) are added to the
residue. The organic layer is separated and the aqueous layer
is extracted with DCM (2 x 40 mL). The combined organic layers
are dried and solvent removed to give 1.8 g ?f 3-(1H-imidazol-
2-yl) -pyrazole-l-carboxylic acid tert-butyl ester.

2. Preparation of 1-Bthyl-2-[2-(lH-pyrazol-3-yl)-imidazol-1-

ylmethyl] -1H-benzoimidazole-5-carbonitrile

As described previously, nucleophilic displacement of 2-
Chloromethyl-1l-ethyl-1H-benzoimidazole-5-carbonitrile with 3-
(1H-imidazol-2-yli-pyrazole-l-carboxylic acid tert-butyl ester
followed by usual work provided 1-Ethyl-2-[2-(1H-pyrazol-3-
yl) -imidazol-1-ylmethyl] -1H-benzoimidazole-5-carbonitrile; H
NMR (CD,0D) & 7.97 (s, 1H), 7.53 (brs, 1H), 7.46 {(d, J = 8.7
Hz, 1H), 7.35 (d, J = 8.1 Hz, 1H), 6.97 (d, J = 6.3 Hz, 2H),
6.79 (br s, 1H), 6.10 (s, 2H), 4.22 (q, J = 7.2 Hz, 2H), 0.88B

(e, I = 7.2 Hz, 3H); m/z 318 [M+1].

Example 46
Synthesis of 4-(l-ethyl-2-{[2-(1,3-thiazol-2-vl)-1H-imidazol-
1-yllmethyl}-1H-benzimidazol-5-yl) -2-methylbutan-2-ol
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1. Preparation of 4-(l-ethyl-2-{[2-(1,3-thiazol-2-yl)-1H-
imidazol-1-yllmethyl}-1H-benzimidazol-5-yl) -2-methyl-1-but-3-
yn-2-ol

To the solution of 1l-ethyl-5-bromo-2-{[2-(1,3-thiazol-2-
yl)-1H-imidazol-1-yllmethyl}-1H-benzimidazole (100 mg, 0.26
mmol) in i-Pr,NH (5 mL) is added Pd (PPhy), (15 mg, 0.013
mmol), CuIl (5 mg, 0.026 mmol), and 2-methyl-but-3-yn-2-ol (250
UL, 2.6 mmol). The resulting mixture is heated to 100 °C for 20
hr, and then diluted with water. The aqueocus layer is
extracted with ethyl acetate. The combined organic layers are
dried over Na,S0, and sBolvent is removed to give 76 mg of brown
0oil. Purification by preparative TLC provides 40 mg of product
as yellow solid. LCMS 392.37 (MH+).

2. Preparation of 4-(l-ethyl-2-{[2-(1,3-thiazol-2-yl)}-1H-
imid;zol-l-yllmetﬁyl}-1H-benzimidazol-5-y1)-z-methylbutan-z-ol
To a Parr bottle containing 4-(1l-ethyl-2-{(2-(1,3-
thiazol-2-yl) -1H-imidazol-1-yllmethyl}-1H-benzimidazol-5-yl) -
2-methy1-1-bu£-3-yn-2-ol (40 mg, 0.1 mmol) in ethanol (10 mL)
is added 10% Pd/C (50 mg). The Parr bottle is sealed in a
mechanical shaker, evacuated, and then purged with nitrogen

followed by hydrogen. The system is pressurized to 40 PSI of

hydrogen at room temperature and mechanical shaking engaged.
After 2 hours, shaking is stopped, and the system purged with
nitrogen prior to opening the vessel. The reaction mixture is
filtered through celite and concentrated in wvacuo. 25 mg of
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product is obtained as white solid. 'H NMR (CDCl3) 7.85 (d,
iH), 7.60 (s, 1H), 7.38 (4, 1H), 7.22 (m, 1H), 7.15 {(m, 2H),
7.09 (s, 1H), 6.31 (s, 2H), 4.17 (g. 2H), 2.80 (m, 2H), 1.81
(m, 2H), 1.22 (d, 6H), 1.01 (t, 3H). LCMS 396.38 (MH+).

Example 47
Synthesis of 1-{l-ethyl-2-{(2-(1,3-thiazol-2-yl)-1H-imidazol-

1-yllmethyl}-1H-benzimidazol-5-yl) -4 -hydroxypentan-1-one

To the bi-layer system of 3 N HCl (5 mL) and CH;Cl, is
added 5-(1-ethyl-2-{[2-(1,3-thiazol-2-yl)-1H-imidazol-1-
yllmethyl}-1H-benzimidazol-5-yl) -pent-4-yn-2-0l (107 mg, 0.27
mmol), PdCl; (5 mg, 0.028 mmol), and n-BuyNCl (17 mg, 0.056
mmol). The resulting mixture is stirred at room temperature
for 72 hr, and then poured into saturated NaHCO, solution. The
aqueous layer is extracted with CH;Cl; and the combined organic
layers are dried over Na;S0,. Solvent is removed and
purification by preparative TLC provides 61 mg of product as
white solid. *H NMR (CDC13) 6.44 (d, 1H), 7.80 (dd, 1H), 7.8B5
(d, 1H), 7.40 (d, 1H), 7.36 (d, 1H), 7.18 (4, 1H)}, 7.14 (d,
1H), 6.36 (s, 2H), 4.27 (q, 2H), 3.86 (m, 1H), 3.19 (t, 2H),
1.93 (m, 2H), 1.25 (d, 3H), 1.09 (t, 3H). LCMS 410.2 (MH+).

Example 48
Synthesis of 8-{[2-(6-Fluoropyridin-2-yl) -1H-imidazol-1-

yllmethyl}-2,9-dimethyl -9H-purine
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1) Preparation of 6-Amino-4-chloro-2,N-dimethyl-5-
nitropyrimidine
To a solution of 4,6-Dichloro-2-methyl-5-

nitropyrimidine (3.2 g, 15.4 mmol) in Hexane (30 mL) is added
dropwise a solution of Methylamine (15.4 mL 1M in THF, diluted
with 10 mL of hexane). After addition, the reaction mixture is
stirred at room temperature for one hour, and concentrated in
vacuo to a solid. After the sgolid is digsolved in 50 mL of
CH,Cl;, the resultant solution is washed with 0.1 N HCl1l (20 mL)
and water (20 mL), dried over Na;$S0Q, and concentrated to a
yellow solid (3.0g). 'H NMR (CDCl,;): 7.7 (bs, 1H), 3.10 {(d,
3H), 2.55 (s, 3H). : -

2) Preparation of 2,N-Dimethyl-4,5-diaminopyrimidine

A mixture of 6-Amino-4-chloro-2,N-dimethyl-5-
nitropyrimidine (1.0 g, 0.5 mmol), NaOH (40 mg, 1 mmeol) and
1.0 g 10% Pd/C in 50 mL of 2% aqueous THF is hydrogenated at
50 PSI of hydrogen at room temperature overnight. The
reaction mixture is filtered through celite, concentrated in
vacuo, and the obtained solid is purified on a silica gel
column eluting with 10/1/0.1 CH;Cl;/MeOH/NH,OH to give the
titled compound. H NMR (CDCl,) 7.64(s, 1H), 4.95 (bs, 1H),
3.02 (4, 3H), 2.45 (8, 3H), 1.90 (bs, 2H)}.

3) Preparation of 8-chloromethyl-2,9-dimethyl-9H-purine

' A solution of 2,N-Dimethyl-4,5-diaminopyrimidine {180
mg, , 1.3 mmol) and Ethyl chlorocacetimidate hydrochloride (310
g, 2.0 mmol) in Dichloroethane (10 mL) is heated at reflux for
17 h and cooled. The mixture is washed with aqueous NaHCO;,
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water, dried and concentrated to give 8-Chloromethyl-2,9-
dimethyl-9H-purine.

4) Preparation 8-{[2-(6-fluoropyridin-2-yl)-1H-imidazol-1-
yllmethyl}-2, 9-dimethy. - 9H-purine

A mixture of 8-Chloromethyl-2,9-dimethyl-SH-purine (40
mg, 0.2 mmol), 2-Fluoro-6-(1H-imidazol-2-yl)-pyridine (40 mg,
0.25 mmol) and K;CO0; (55 mg, 0.4 mmol) in 2 mL of DMF is
stirred at room temperature for four hours. The mixture is
diluted with water (10 mL), and extracted with Ethyl acetate
three times. The combined extract is washed with brine, dried
and concentrated. The residue is purified by preparative thin
layer chromatography to give the titled compound. H
NMR(CDCl1,): 8.92 (s, 1H), 8.18 (dd, 1H), 7.88 {(q, 1H), 7.25 (s,
1H), 7.20 (s, 1H), 7.11 (s, 1H), 6.83 (dd, 1H), 6.22 (s, 2H),
3.89 (s, 3H), 2.8 (s, 3H). LRMS calcd 323, found 324 (MH+).

Example 49 . ' .

The following compounds are prepared essentially according to
the procedures in the previous examples.
a) 3-Methyl-2-(2-oxazol-2-yl-imidazol-1-ylmethyl)-3H-
imidazo(4,5-clpyridine

b) 3-Ethyl-2-(2-[1,3,4])oxadiazol-2-yl-imidazol-1-ylmethyl) -
3H-1midazo (4,5-c]pyridine

c) 3-Ethyl-2-([2-(3-methyl-pyridin-2-yl)-imidazol-1-ylmethyl} -
3H-imidazo({4,5-c]pyridine

Example 50

The compounds listed in tables 1 - 8 are prepared

essentially according to the procedures set forth above in

Schemes I-X and the preceding examples.

In the following tables the designations X,, Xz, W,, X,
Ws, etc., on the substituents W;, Rs, etc., iadicate the point
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N3/
of attachment of the substituent to the parent structural
formula. For example, R; in compound number (hereinafter *“Cmp.

#") 112 is an ethyl group; Ry in compound 134 1is a
cyclopropylmethyl group; and W, in compound 132 is a 3-
chlorophenyl group. '
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TABLE 1 N W,
Y
O
\ "™
RS
Cmp. # R5 2 MW | RT |Mass| SEElor
100 ,g) 302.3792
H,C b 1,60 303.1 LC/MS
101 H 316,408
j\& @"“
H,C 1.80 317.1 LCMS
102 . 316.408
HC~% O_ 1.80 317.1 LC/MS
103 x,> x 320.3693
F
HC @ 5.08 GC/FID
104 H,j\ Q—x' 334.3061
e’ S F 5.07 GC/FID
105 . 3343061
HC~% Q- 5.17 GCIFID
106 |HCw - 306.3425
% p— 5.12 GCIFID
107 ;g) E 320.3693
H,C r 5.11 GC/FID
108 H,j\ Q__xl 334.3961
we” ¢ 5.10 GC/IFID
109 . 334.3961
HC~/% Q 5.20 GC/FID
110 O . 334.3961
O/ % 5.21 GCIFID
111 H,C~ Y- 324.3326
% @ 495 GC/FID
112 xg) 338.3504
F
HC & F 495 GCIFID
113 H’j\ F 352.3862
2 ?—'&
ne % o 4.95 GC/FID
114 H,C \/\x! Q_,h 352.3862
5.05 GC/FID
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TABLE 1 N W,
Coy e
\ N
R5 S
Cmp.#| RS Wi MW [ RT |Mass| SSERec
115 x,> /&? 354.8144
HC “ 3 5.43 GCIFID
116 Hy 368.8412
o
He % a 542 GC/FID
117 H,C \/\xs _p-l. 368.8412
5.51 GCIFID
18| x, X, 308.4074
e
H,C s 527 GCIFID
119 H g 322.4342
j\& Q' %
HC 5.26 GC/FID
120 322.4342
HC X p"‘ 537 GCIFID
121 ”’c“x, )&_ 356.3495
499 GC/FID
122 x,> 370.3763
H,C I | 498 GCIFID
123 H‘j\ F 384.4031
we % _ b ) 4.98 GCIFID
2 e~ )i} 3644031
5.07 GC/FID
125 |Ho<y O 367.2485
5.68 GCIFID
126 - x,) % 381.2753
HC Q" 5.67 GC/FID
127 H’j\ Br 395.3021
X,
ne” %S O 5.65 GCIFID
128 H:l c \/\ & D_‘ 385.3021
5.74 GC/FID
129 [HC~y b_‘ 322.7975
1,67 323.1 LC/MS
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TABLE 1 N W,
N
O
\ a N
RS
Cmp. # R5 W1 MW | RT [Mass| SSfloor
130 x,> b 336.8243
HC a 1.87 337.3 LCMS
131 H‘j\ a 350.8511
v | O
H,C ) 2.00 351.1 LC/MS
132 HC ™%, b_.‘ 350.8511
2.07 351.3 LC/MS
133 : 3304328
%
H,c/\/\ @"‘
2.00 3313 LC/MS
134 328.417
A/x! O-x'
1.87 329.2 LC/MS
135 —_— 348.4229 y
Jloa
HC F 5.5 GC/FID
138 A, 346.4071
%
% d 5.28 GC/FID
137 S 348.4229
X, 5’_'}-*
H,C 5.18 GC/FID
138 . 362.4497
me~"% p. 5.32 GC/FID
139 A\/ F , 348.4071
z }&
% 5.31 GC/FID
F
% 5.31 GC/FID
141 Pk 366.413
X% x
HC :t 5.04 GCIFID
142 - g 380.4308
ne~" % Q." 5.18 GC/FID
143 A, S 364.3972
X
% / 5.16 GC/FID
144 o 382.868
X F—Q’"
HC o 5.47 GCIFID
145 A/ a 380.8522
z >—:g
% F 5.59 GC/FID
146 P 336.461
<D
HC s~ 5.33 GCIFID
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TABLE 1 N W,
gy
N =
\ . N
R5 ~
GC/FID or
Cmp. # RS Wi MwW RT Mass L CIMS
147 334.4452
A/x, i}x.
= 5.46 GCIFID
148 |n, F. r 398.4299
F
S O
% 5.04 GC/FID
149 X 386.4141
e
F
i F 5.17 GC/FID
150 = 400.3289
~%
H,C b_" 5.68 GC/FID
151 g 423.3557
wee~" % | D - 580 GCIFID
152 A, Q-" 407.3131
% W : 5.81 GCIFID
153 a 364.8779
" c/\/\ x D_,“
) 2.20 365.2 LCMS
154 378.8047
he~ % b" 2.40 a79.3 LC/IMS
155 A, Qd' 362.8621
' * o 2.07 363.3 LC/MS
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TABLE 2
N,
N—
h‘llas SN
Cmp. GCIFID or
ph R2 RS W6 RT {GCF
156 —
xz\_N Hachxs
N r| 9.18 |GC/FID
xS
157 X F
MO | Q
8.67 | GC/FID
Xy L
158
OO [
10.56 | GC/FID
XB
188
S NIVERN e %s
N = £| 9.39 [GCFID
xﬁ
180
.xz\_N N 7\ H:,C/\xs R
— N= 8.87 | GCIFID
X< L
161
S NEVAR NN\ He x| ©
—  N= 10.91 | GCIFID
XB
162 | ¥ N= I~
SN A :> HC Xs
NN _<‘N / ? | 912 |ecFiD
XB
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S37

TABLE 2
R2 N, We
N~
h‘llas N
Cmp. GC/FID or
# R2 RS W6 RT [SCA
183 | x = ~ F
2 /7 \ X
N N_(\"} H,e™ s
N 8.61 | LC/MS
xﬂ
F
164
X ‘_J"— ne Xs| ©
N N—Q 4 3
“— N 10.46 | GC/FID
xﬂ
65 | X, ,—\ o~ :
L\ N C 5
N_/ " QF 8.98 | GCIFID
H,C Xg
166
Xz\__ —\ H c/‘-xs F
N N 3
— HG ) 8.49 | GCIFID
8
F
167 I
S NINGRY He Xs| ©
10.28 | GCIFID
H,C «
-]
168 | x S~
NN He Xs '
NN CH;| ™ el 977 [cerD
XB
189 X F
N N ch, | HC™ s
\__/
9.17 | GC/FID
xG
F
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TABLE 2
N We
R2 D
\O‘N)’\N_\(
L &N
R
Cmp. GCIFID or]
. R2 RS w6 RT |CC/MD
170 X
2. /7 \ 7~X C
—N N—@—CHs HC s
11.41 | LC/MS
xe
171 xz 7\ /\.x
— H.C 5
N\_)N_@ 3 Q 8.75 | GC/FID
F Xg
172 X F
2\—N N Hac/\xs
— - 8.31 |GCIFID
x{ L
173 X
“N N@ he %s| ©
N 0.97 |GcFiD
F
xﬂ
2 /~ \ X
AN H.C 5
N )"_Q_F 3 /O\F 0.04 |GC/FID
xﬂ
175
Xon /M\ X F
OO |7
8.55 | GCIFID
X
5 F
176 X —
2LN\_) '_Q_F e %
10.36 | GCIFID
xﬁ
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TABLE 2
N W
MCSRT
Rs SN
Cmp. GCIFID or
. R2 RS W6 RT [
T X M\ r~
N He %s
NN 3 QF 9.81 |GC/FID
H,C CH, Xg
N\ HC™ %
9.21 | GCIFID
H,C CH, X '
a
F
170 | x — o~ C
N N H,C Xs .
11.49 | GC/FID
HC CH, «
a
180 X
zLN/_\ Hac/"*-xs
— P r| 9.64 |GCFID
CH, Xq
181
X .
NN N HC  Xs {
S 9.05 | GC/FID
182 X —_— |
2\_N N H:’C/m“x5 c
5 11.22 | LCMS
CH, X{
183 | X o~
\_/ CH F| 10.86 | GC/FID
? X
6
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/Y0

TABLE 2
N W
R2 R
\O/‘Nr‘\,":\(N
N
R »
Cmp. GCI/FID or
. R2 RS W6 RT o070
184 X
NIVaRN 9 HC ™ Xs H
\—/ CH
3 10.08 | GC/FID
xﬂ
F
185 | x
ZLN,_\N_O‘Q Hac/\XS . cl
CH, 12.97 | GCIFID
xﬂ
1881 X, M\ ~X :
— H,C 5
NN ? /©~ 0.85 | GCIFID
Cl Xs
187 X F
N N HC  Xs
ol 9.23 |GCFID| -
XB
F
18 X, M r~ C
2\_U Hac x5
11.52 | GCIFID
Cl X
]
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TABLE 3 | -
W i
R2 N\ N/ 1 i
N /3
\ N
RS
. |
Cpd.#  R2 RS RT | O os
189 l

x
; E

8.17 GC/FID

190

r.r
O
2

6.02 GCG/FID

191

r.?‘
O
R

6.32 GC/FID

182

r.?‘
O
y

6.15 GC/FID

193)(2

[
O
R
ke

8.37 GC/FID

194);'

[
@
R

6.20 GC/FID

195 |»
K'\_’O‘CH. we” %

P

6.40 GCIFID

186 |x,
O

1 1.32 LC/MS

B

)

X

r mm
“;

197 |

zr..?‘
)
y

6.52 GC/FID

198

zr..?‘
O
R

6.36 1 GG/FID

189

r.?‘
)
]

6.77 ! GCIFID

[
1Y
o

a4




AV

" GCIFID or

R2

TABLE 3

2 0 g o o o a D o a o o
[TH w
= 8 3 3§ -9 ¢ § g g 3§ g s
T Fl w W w w ™ '8 T w 18 ||F i llu”—-ll
2
..... uw X | X Xl uw X Xju X| X uw X X|u X
O L L O L L L F O T
e & > > > P =y 2 | F | F | F
n = 5 5
ﬁ § G " x Yy |{Y

b x.L x.L x.L x.\_ nL ) x.L &L x.\_ /

" i X_ X ___
Q
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TABLE 3

W, |
L |
N : i '
\ [ N |
RS |
Cpd.# R2 i RS w1 ! RT i s
» N ;
o XQ - i
i 564 | GCFID
22 1%, r~
/ % F
\_N\ H,C ]
CH, . :
i 547 { GCIFID
213
RS /©~
\ « F
CH, i 582 ; GCFID
214 x‘\_ £ H’c/“-x, F |
D\ xﬁ F
CH, i 5.75 GCFID
215
x'l Hac/"'-x’
/—N F
HC CH, X; 143! Loms
216 i X, He X, F |
/—-N F E
| FaC CH, X 571 | GC/FID
7 !
N
F
CH, | Xi 591 ‘ GCFID
218 |x, CH I :
AN H,c/\xs |F@\ | ;
| T\ Fi '
| cH, Xi | 574 ! GCFD
219 5"'\_,{°i\_ we” % | !
i ()*F | :
; o X; | 605 | GoFD
. i :
: \_\_m,i 1 P |
: | , X ' 580  GCFID
221 ¢ : : :
" x'> ne” % | | :
K cH, L | 589 | GoFD

[
-9
N

Y3



TABLE 3 ! I

RZ\G

>
\§
zZ~<

;U-—-Z /
(8)]
ey

| GCIFID or
, RT LC/MS

g
8
&

5
r1
2

B

&<
olE

5.82 GCIFID

!

p
3

ke

223 l.)

i
CHy : 8.11 GC/FID
224 :
LA O
HE= ! F
CHy P X | 596 GC/FID
225 =
B we™
e\ % F
o X 6.00 GC/FID
228
™ we” %

5.64 GC/FID

E
N

257 :
I B T
~ o ix F
L HC "N | 6.11 GC/FID
226 | : |
L O
/_/‘ : F
HE P X | 508 GC/FID
229 % H:c___/x, _ X, i
e :FO
. % ' 6.33 GC/FID
230 : :
i H,c-../x"' - f !
1 ' F i
X rN\/\Gl, EF O I !
. i , 648 | GCFID
3 : : !
1 e H,c/\xﬂ i |
: \_R_“ ] Fo |
| . x1 [] I
! 833 | GCIFID

143
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TABLE 3

RZ\@N\ Ml
N
N N
RS
Cd.# R2 | RS Wi RT | SCIFD or
BN ne” % F
F
Xi 619 | GCFID

233

.21 GC/FiD

234 |

}J

X

>
R
e

6.07 GC/FID

235 x, £ty ~x,

[
T
o

G

5.81 GC/FID

236 | x,

q
@
%
3
xb‘;

5.64 GC/FID

237 HC ~x

'?‘
O

6.29 GC/FID

238 ' H,C X,

zr.?‘
J

6.13 GC/FID

239

)
A
J

5.97 GC/FID

240

N
L.E
=
)
£

5.82 GCIFID

21 % o I~

’
~
5

8.51 GC/FID

242 1%

1 | 638 ! GCFID




TABLE 3 . ;
W i
R2 N\ / |
N TN | |
Rs ~N [0
i ;
T 1 |
i ‘ GCIFID
Cpd.#  R2 RS wi | RT |“cms
243 X, S~
_ H,C Xy
b SO~
HC Xi 642 | GCFID
244 X, S~
O [ [
F
HC X | 626 | eoFiD
245 N.\— /< He /."‘X, Q\ !
F
b X; 8.52 GC/FID
W m o |~
AN X F
A §8
F
b X 638 | GCFID
247 ) ~x,
HC
HFPJ_ L\D_q D\F
X 6.34 GC/FID
248 S o~ |
X, F
HC
N#of '\—\HH. XDF
- : i i 619 | GCIFID
T | O
F
X | 645 | ecFD
250 |
e o
F
_ . Xi 632 | GCFID
251
-.f"f'?\_\-\_.\ ne” % Q
F
X ' 871 GCIFID
252 ) o~ -
L H,C
|'\F/—’_/- .\_\_\-“ QF ! !
| Xi 2.18 LC/MS
353
ol Q L
F i
cn, X | 28 | soro

(=
-
u

Vo



W.| |
LE3 N ) 1 : |
TAB o \ T i
ks ONL
R5 : i GC/FID or
RT | cms
RS | Wi | :
Cpd.#  R2 = = I
254 | c F
;K‘\—d ) Xi 6.12 GC/FID
on, ‘
/""'-.
255 N O ne X, : F . -
x‘ a
,,( H ] P F .
iR < j 7.11 GC/FID
x1 - .
/"'--xs S
257 l.\_/"\ () MG F B
X ! 1.48
( ) /"'---)(s Fﬁ\
e N j GCIFID
| X ! 785
. =
259 Ik/_\ cH, | HC i :! ] E -
il Xi 64
|
0 ix M\ c .
28 ; Bl X ' 618 | GOFID
I [
/""*-&
o /\ c : F |
| | ‘LU_\CH' ) Xi 647 | GCFID
O ol
e Xi E> GC/FID
(j |
1 /..\ I
23 im S e % | | o
I \_:N_m’ : " | I
i o | Xy F '
) ix'\—’m' " ] 65 | GoFD
! N—CH, ! X; .
! He :

[
[
o



TABLE 3 N W.l '
R2 X ‘N
N |
N ¢ N | :
Rs 2 | |
, - i : i
cd# Rz, Rs | w1 RT SOL
265 . | : i
S T T i |
/" ! F :
/! - 1 X | 615 | corip
"o O
HG,
W\ y F !
He | A goo | eecrb
TROOl | (O
F
1 s 743 | GCIFID
" OO ol
F
X 715 | GCFID
"0 | (5
F !
I ! ' X 7.74 : GC/FID
NGO |
F [
. | X 7.41 I GCIFID
S O]
. F )
o, v X 8.85 : GC/FID
212 %, ‘ :
N FEC/\X' iF | i
Q ; S
o, 1 X ' 650 ' GCIFID
273 % o ' ! !
e i f |
o, i 1 X | 623 . GCIFID
274 :"'\_NP*! F,,'i“:c/\x’ !FD i !
: ! i F ;
N I |
| o | | x; ! 808 . GCIFID
275 %o ) | i
| X ‘
H,C | X !
| — | ; D\F i i
| o I x : :
oy | L X i 830 | GCFID

'—l
Y
-]

72



TABLE 3

w
RZ@N\ A
I\\I%N
R5 :
|
Cpd.#  R2 RS | wi RT | SCems
276 ; i . :
~-C ne” % EFﬁ\ |
| R | j |
| X 615 | GCIFID

i4a8

P



A

TABLE 4
GCI/FID
Cmp. # R2 RS w1 RT Mass or
LC/IMS
277
Q= | O
0
X; 7.12 GC/FID
278 | x, S~ -
I-EC . S
7 PO
X 8.77 GCIFID
279
rop™ | O
o
X; 7.17 GC/FID
260 |x, P
N HC % F
e O~
Xi 6.82 GCIFID
81 1% M/ /~X
e | O
0
X 7.10 GcorFp | -
282 |x, / \ o~ F
o |HC %
o>—l\_/ ﬁ\p
Xi 6.77 GCIFID
283 |x
rO==™ | (3
Xi 7.30 GCIFID
284 |x
rOswe™ 3
F
X; 8.92 GCIFID
265
rOrT | O
N
o>_ "
i 753 GC/FID
286
X, X F
O [
0 « F
i 7.07 GCIFID
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Yyar

TABLE 4

) | ) | W
R2 N\ AR
{0
/
\ N
R5
GC/FID
Cmp. # R2 R5 w1 RT Mass or
LC/MS
267 |x, —
s |HC ’
I /©
X; 7.79 GCIFID
288 X, —\ S~
N s |HC % F
0 \_/ F
X 7.28 GC/FID
289 )
S Lo
‘}_ X 7.29 GCIFID
290
X :% o, H;Cﬁxs Fﬁ .
F
o)_ Xi 1 692 GC/FID
291
% ne” D
() x
i 7.86 GC/FID
292
i 7.34 GC/FID
203
Yo uLEE®
° CHy X
i 7.77 GCIFID
F
0)_ CH, X
i 7.29 GCIFID
295
,}" N X::l H,C/.\xs D
X 1.44 4724 | LCMS
206
FOQp™ 1
[s]
F
X; 1.56 508.4 | LC/MS
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Wis

TABLE 4
w
Rz\O_N\ |\f1
N U N
R5
GCI/FID
Cmp. # R2 RS w1 RT Mass or
: LC/MS
297 |x, :
(o]
Xi 202 | 4885 | LCMS
298
/\
‘}—'2' ; ne” % Fﬁ\
0 F
X 7.84 GCIFID |
289 | x, CH, I~ .
| O
0 o,
Xi 8.41 GCIFID
30 |x, CH S~
[
o) \cu, F
X; 132 | 4103 | Loms
301 CH, I~
x}— e L
\
o CH X; : 6.59 ecrFp | -
302 CH, S~
x}_ /—// He' % F
N F
o cH Xi 6.35 GCIFID
303 X CH, S~
}—N/_ H,C %
& “—ch
X; 8.54 GCIFID
304
X CH, S~
>_C H,C Xy F@\
o) CH, F
Xi 8.20 GCFID
305 |~
y ol LA ®
N
o o4 Xi 6.61 GCIFID
306 CH, S~
&)_ /_/ H,C x! F
N F
o cH Xi 837 GCIFID
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TABLE 4

R2 N, I\{W‘
R
\ N
R5
GC/FID
Cmp. #| R2 RS w1 RT Mass or
LC/MS
307 CH,
b ~ e
o \cn, x
i 6.76 GC/FID
308 CH,
p e F
o I‘CH, x F
' 8.50 GC/FID
308 C
xn»_ e H, H’c/"‘-x.
o |B—c:-l,
HC Xi 6.58 GCIFID
310 o
x.)'_ /S H‘c/*-x’ F '
0 IB—CH, F
H,C X; 8.34 GCIFID
3N
S~
/N e - /©
HC= H
Ve, X 6.72 GC/FID
312
D= ne® F@\
=/ \_ F
HC
Yo, X 6.47 GCIFID
313
S~
WA He” D
HC \_\
cH, X 6.74 GCIFID
314 x, :
_/—u)=° ne” X Fﬁ\
HC \—\ F
cH, Xj 6.50 GC/FID
315 =)
x}— ~ T e
o \—CH, x
i 8.78 GC/FID
316 CH,
.}_N,_/_ H,c/\x, F
0 \—cH x F
i 6.52 GCIFID
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Ay

TABLE 4 ~ W
R2 2 / 1
N JN
\ N
RS
| GCI/FID
Cmp. # R2 R5 W1 RT - Mass or
LC/MS
3w /‘\\ x‘\,cn, (: >,x,
1 7.05 GCIFID
318 X, F
\—CH, .
H'c/\/N\(O
F 8.74 GCIFID
319 ,_/_/_°" I_|,c/"'~x, :
4
X 7.43 GC/FID
320 '(_/_/"5\ He /\X, F_ ‘
< g
X 214 | 4805 | Lcms
321
ST | O
CH,
X; 6.96 GCIFID
322 "->=° He /\xs F
ch/—/_. bl F
X 6.67 GCIFID
323
Mo e /@
H.c:}_m'
X 8.49 GC/FID
324 ")=o % -
mc—r&_c", £
HC X; 6.26 GC/FID
325 [o)
x}_H‘C ne” % /@
N
o X; 7.13 GCIFID
326 X, HC H,c/\x’ F
() :
0 X; 8.77 GC/FID
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TABLE 4 o N\ }N.'
N
Qﬂ\\'%i\l
4
RS
GC/FID
Cmp. # R2 R5 w1 RT Mass or
LC/MS
327 CH, S~
. /—{: e s /@
)'_ L k
o CH, Xi 8.65 GCIFID
328 CH, I~
Xy F
o O
' F
o CH, Xi 6.42 GCIFID
329 o,
’ /""-x’
N ¢
e O
X 7.39 GCIFID
330 |x, o
Y~ H,c/\"s Fﬂ ]
o b F
X 7.00 GC/FID
331
/\xs
rp |- @
oy X 7.26 GeFID | -
332
")—5) He” F@\
0
F
ox, X 6.90 GC/FID
333
/S /""'-x’
c
X O
X 1.99 4565 | LCMS
3M4 /SHh P
X, F
c
}_ s @\F
C X 2.06 4925 | LcmMs
335
AT O
He
Xi 7.00 GC/FID
336
bl T F@\
HFP_/_ \_\cH“ ) F
i 6.71 GCIFID
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NI

TABLE 4
RZ@N\ A
N
I\\I%N
R5
GCI/FID
Cmp. #| R2 RS w1 RT Mass or
LCIMS
337
,.F_/_/- .2-_0\_\“ H:C/\.xs Q
X; 7.31 GC/FID
338 ")ﬂ He /\X, F
X 245 5456 | LCMS
330
J—/JQ:—\__ e D |
X 7.86 GC/FID
340
’_/J'}:\_\‘ H,c/\ X5 F .
- F
Xi 265 | ss07 | Loms
341
/""-x'
Xy HC
HC? [ )
[ ]
. oM, X; 7.14 GC/FID
342 CH,
"'rQ il Q
F
[»]
cH, X; 6.81 GC/FID
343
YO e Q
X 9.51 GC/FID
344
}_O‘O ne” s Fﬁ\
F
X, 8.54 GC/FID
* }'C ne” X D
X 11.94 GC/FID
346
rOOp™ I3
F
Xi 1.48 5477 | LcmMs
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N

TABLE 4 N W.‘
R2 N /
O
.
RS
GCI/FID
Cmp. #| w1 RT or
LC/IMS
347
cH,
O @
Xi 7.22 GC/FID
348 [x, ,—\
) N o, F
F
X; 6.83 GCIFID
349 _
7O, Q
X 7.44 GCIFID
350
YO [
F
, X; 7.04 GC/FID
351 :
0 X 8.83 GC/FID
352
F
0 X 8.56 GC/FID
353
cH,
o &
6 X 6.84 GC/FID
354 -
. O~
0 X 6.56 GC/FID
1500 ~
X 5.83 GCIFID
356
OO FQ
F
X; 8.64 GCIFID
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TABLE 4 - .
RZ\QN\ Wi
N ¢ "
P/
R5
GCI/FID
Cmp. # R2 R5 w1 RT Mass or
LC/MS
357
}‘O‘O ne' % Q
X 105 | 4978 | Loms
358 %
rOOk™ 3
F
X 9.18 GC/FID
350
}g ne” s D :
\ X
ex, i 7.81 GC/FID
360 -8
QT o~
F
e, X 7.7 GCIFID
381 Fr S~x
Pa el D
cH, Xi 7.02 GoFD | .
e F
cH, X 8.72 GCIFID
363 HC—, N_/CH’ S~
X5
c
| O
Q \c X
“= 1 1.05 4595 | Lo/Ms
364 HC—, 4
— | e” % F
X F
cH Xi 8.79 GC/FID
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A7

TABLE 5 o
Co
L
Cod.! ! , = | GCIFID
pd.; R2 RS | W1 | MW ‘ RT |Mass| or
# | : ' LC/MS
] i i . |
|
0 y "
366 x.>_ O Ho %, r 4315124
Xi ' 173 | 4321 | Loms
367 x>_ »C] Ho/~%, |F 4495025,
() F
. . | 187 | 4504 | LCMS
368 x}_N O e % o 447.9674
L X 187 | 4483 | LC/MS
369 x}_ O P 4275491
0 Q
- X; ! 187 | 428.4 | LoMs
0 | :
|
| X 1 194 | 4484 | LCIMS
371 X,>_ O HC” X, !F ;483.5293! :
o O |
X | | 187 | 4844 ' LOMS
372 x}_ C> MO X, cl | 461.9942 i
N | !
© | ,@ A
! i ! ' |
: | i Xi : ' 2.07 | 46241 LCIMS
373 ix' I o~ | 5429.5213i : :
' 4 N ° ! ! ; i
: , I :
l i ! | 287 1 430 LC/MS
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SEO

TABLE 5 N W, | i i
il S 'O B i
RS A , ' |
. |
| ; GC/FID
c;d‘ R2 R5 wi L MW ! RT |Mass| or
. | i ! LC/MS
374 x>_ /_\o HC~ X, F |447.5114I
¢ b
Xi 153 | 448.3 | LCMS
465.5015
378 "z)_ /_\o HC~” % |F
S \_./ F
X : 1.47 | 4885 | Lcims
463.9664
378 "}_ [\, [he~rx | 6
I\ D
Xi 167 | 4644 | LCMS
377 441.5759
rO=fe~1 (3
o]
X 207 | 4426 | LCMS
378 450.566
(O [ B~ ? '
|
X 2.13 | 460.3 | Lo/Ms
379 T477.5561
rO=pe 3
F
Xi 5 NA
380 "441,5750
x}_ O HC~ X /@ | ; I
| .
o
X{ ' 2.00 | 44268 | LS
l ) i
381 x}_ O e —~x, = l 459.568
N I
i :) |
o) '
, |
X; i | 207 | 4803 Loms
44558831 !
382|xjy_ r——\s | G X, ;44 : :
{ d : | | o
! ! Xi ' | 1.73 1 4464 | LC/MS
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TABLE 5 ;
i
' !
I ' ' i GCIFID
c;d-i R2 R5 W1 MW : RT !Mass| or
| LC/MS
383 x}_ N\ |ne—x, c 483.5784"
N s
° ,@ |
Xi 1.80 | 4644 | LCMS
i
384 x,)_ /_\s Hew~% | F i4s1 5685
g \_/ F
X 1.73 | 4822 | LCMS
385 480.0334]
x>_ / \s HC~” X G
& b
X NA
356 455.6027,
X, Hy CH, H‘C\/\ Xy
o}—
| X 213 | 4584 | LCIMS
387 | ' 473.5928!
i x}_ e, [ HRE~ X [ ! I
0 ' )
X ! '
1 } NA
388 491.5629]
H'?;cl-l, HC~ /Xy F@\ | |I
}_ Fi i
o X; | © 213 | 4924 ! LCMS
389 T'480.0478"
. i PP TS “ : i
i 1
?d L) |
X : . 227 490.3| LC/MS
380 | ; - 455,8027"
i )_ O HC~ X, D : ; |
| N ] I ;
| ; 5 .
- X; | 213 | 4564 | LC/MS
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TABLE 5 N Wi | i
R2 ? _4( i
\@N),\NK)N ] |
\ ™ ' = |
R5 I
| [ GC/FID
c:d.: R2 RS w1 MW ! RT [Mass| or
i LCIMS .
391 473.5028
- Mo ~% | & | i
N |
X NA
302 491.5829
O O
N
F
o
X : 213 | 492.4 | LC/IMS
353 490.0478
x}_ HE/ % [ ©
N
xi
2.27 | 480.5 1 LCIMS
304 I 483.6563
CH,
oL O
0 CH, X 240 | 484.5 ) LCMS
395i 61’ HC \/\x’ F 501.6484
Vs
XOL O
X; 247 | 5023 | LC/MS
396 S on, 519.6365
x H:C\/\ % F
O)_ Cl "
H X i NA
357 " o cl ' 518.1014; |
x')_ué\ H:C\/\ X,
o CH, i
X; NA
38 (%, 485.5849
- HC~ %
I g}‘{::><:] /S:::) .
X; | | 1.73 | 486.3 1 LC/MS
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TABLE 5

&3

N 1t '
R2\©‘ l\?/\N {1 , :
' !
\ N :
R5 ~ .
i i . | iGCIFID
c':" R2 RS ! w1 . MW RT Mass| or
' ! ] : ! i LCIMS
FOoR I
o i |
i i
X | 1.73 | 5043 | Loms
400 | 62956511
HC~” X, |F H ;
YO0 o
| X{ . NA
401 i x, C 520.03!
c i
é>_4C::>i:] 'ﬁ *n//‘sxs /J[%::) l i l
X 1.87 | 5202 | LC/MS
402 481,6405
”‘>~~8 HE ™%, /@
o ]
)
X; | l'234 | 4825 | Loms
403 ! &)_ HCl X, F E 99.8306E
0 ! i
- b o
X | | 240 | s004 | Loms
I517.6207 '
= ’t}' 'E ; HC X% lF@\ |l ;l | }
o F i ! i
f | i . !
i X ! | 234 | 518 | LoMs
405 ! 1 516.0856|
x}_ HC~ ™%, | “ i o |
L O]
.x‘ ! ! 247 | 5164 | LC/MS
W06 [x, cn, I "387.4845, i ;
HC~/ % : : i
!°/>_ Yo i Q 5 ! i
: 1 Xi - ' 147 ' 388.5 | LC/MS
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TABLE 5 R2 R 1i ! |
)"\ I :
\ ™ ; 5
RS | i
i | | 1GCIFID
c;d' R5 w1 ! MW | | Mass: or
; . LCIMS
407 | 405.4746:
"}_ HC~ X, \ E i
g !{ S |
X; 408.3 | LC/MS
408 423.4647
Pa S bty ON
4 F
|
X | 424.2 | LCIMS
409 413.5223
X
o X _ L 4144 | LCIMS
410 431.5124
" HC~” X% A
r D |
X i 432.1 | LCMS
" 44D.5025,
an " HC~ X% |F
N F
o] X i ' 450.3 | LC/MS
412 447.9674; !
X, 'ﬁC\u/h“xs ¢
S y !
0o i
1
!"1 i E 4485 | LCIMS
» 7 4155381
3 X2>_- HC~” % | i
é |
X , i 416.4 | LCMS
414 x}_ e ~%, F 433.5282i
|
) | S S | |
I 1 .
I '
. X ; } 434.5 ° LCIMS
— T451.5183; !
415 !x}_ MG~ X | F | I :
N\ F S
! X; i ' 1.80 | 4524 * LCMS
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TABLE 5 N 1 l 1
R2 > , !
\@N NK)N .i
\ ™
RS | 5
Cod. i i GCIFID
Pl Re RS wi MW ' RT |Mass! or
* i | ' LC/MS
416 | x, /—CH, HC ™%, cl 440,9832 |
o)—'\—CH: /@
X 2.00 | 450.3 | LC/MS
a7 cH, 415.5381
X, / fﬁc\u/ﬁ\x:
N
CH, X ' 180 | 416.4 | LC/MS
418 cH [ e F 433.5282
x)f_dr_j H;*m/f\*s
0 oH
X 187 | 4345 | Loms
419 CH, e \/\xs E 451.5183
i O~
0 CH X] 1.80 | 4524 | LC/MS
420 CH, c cl 449.9832
’%»F_N / H, ‘\//‘\x!
d on
Xi 2.00 | 4503 | Lomms
| 428.5649]
421 /_/—CH, HC \/\x' ' !
‘l)"t 5
0 cH x :
i i 2.00 | 4302 | Loms
. 447.655,
422 /_/—CH, KC \/\xs F i ;
"y - !
Ea ]
!
’ X | | 207 | 4488 | LC/MS
1465.5451]
' >_ N Fi ! i
, © oH X i ' |
B . : 2.00 ! 468.3 | LCMS
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TABLE 5 W, | 1 ‘ :
RZ\QN\ N"( i | |
N \ i ! :
\ N | !
R5 ~ i l
] H
]
: | | |GCIFID
cl;‘d-- R2 RS w1 | MW i RT !Mass: or
l ; : | LCIMS
424 | 464.01; i
iﬁ}_ i HC~ X < | 1i i ;
N
& o [ ) l
X; | 220 | 4844 | LCMS
425 429.5649
x’)__ / CH, H,C\/\ xl
.
HC : X; : 1,93 | 4302 | Lems
426 x}_ /—CH, HC X, F 447.555
e ©
HC
X 200 | 4486 ; LCIMS
a7 465.5451
pEaLRL e Nl | |
o lS—cﬂ, FI
H,C X 1.83 | 466.3 ' LC/IMS
428 | x, . /__CHJ MO X, cl 464.01i E
e ©
H,C
X | 2.13 464.4! LC/MS
45 1 439.5601" l
&>=D 'ﬁcﬂu/h\xs /X:::) ' I 5
HC ; . !
Vou, X ? ; 2.00 | 4407 | LcMS
430 4575502
o |HC~VTTX [ ! | ;
a |
sl /© | !
Xi i 2.07 | 458.4 ' LCIMS
1 ,l>=o o~ |+ i 475.5403| |
| cH, 1 ! ' NA :
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TABLE 5 N w,| !
R?2 \) — : i !
gw N[
N - !
R5 , |
- ] ; : GCIFID
:-: R2 RS L { MW i RT iMass| or
i | 3 i ; LC/MS
. T ' _474.0052)
I NS -
i
we="" ch,
X; NA
333 4435017
Ny &
—/F:?=o H, /S:::)
He — % -
cH, : | - | 213 | 4446 | LCMS
434 F | 461.5818
e~ X%
- o |Hy
HC ‘—\GH" g )
X 220 | 4624 | LCMS
435 ,')=° o, |7 4T05719)
Ve D\F
HC
\_\cﬂ. X; i NA
5% o, - 478.0368|
N
X ! NA
|
oy l}_ Y N, |443.5917!
|
o '\—cu, x/‘ : | i
i ! | 213 | 4445 | LC/MS
438 461.5818] .
x.)—.../_/_ T rex ; i |
¢ \—cn | !
X] | | 220 | 462.4 | LC/MS
430 /_/—cH, Mo~ F 47857
N O
i Q CH, i xl . 1 NA !
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TABLE 5 W, | . ;
RZ\G N _( | i E
N . i !
\ =N : l-
RS k/ | |
. . [ |
Cod. i ' i | |GCIFID
B RS Wi | MW | RT 'Mass| or
! | | i LCIMS
440 | ch, T c 478.0368 '
L, /—Jr- 'ﬁc\u/F\W%
Va
Xi NA !
441 % xs\/\ x 455.6027 -
M CH, O 1
220 | 458.4 | LCIMS
442 X, | 473.5928
\u—ﬂ\ X,
5"\(0 cH
HC
F NA
443 X, E 491.8820
AN \,\CH, y
He N
F NA
444 | Xs 490.0478
x1
% \I\CH‘ )
R N~ "Yo
. . ¢ 234 | 4903 | LC/MS
445 E (—/_/—o\ HE \/\xs ' 457.6185!
€, ) /O
i 234 | 4584 | LCMS
446 /_/_/—cn. e ~x, | F 475.6086 |
s ,@
| Xi NA
a7 | /_/_/—os e, I 493.5087
y o
V0 X
: i | 234 | 4045 Loms
448 | /_/_/—0\ | o, Cl | 462.0636! !
| i
ks o i
' i I X3 I !
. 1 | i . 247 ! 4924 ' LCIMS
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TABLE 8
Cpd# STRUCTURE IUPAC NAME NMR NS
r
1H NMR (CDCI3): 7.80 (m, 1H),
2-{[2-{3-fluorophanyl)-1H- 7.41-7.53 (m, 3H), 7.29-7.31 (m,
449 midazoi1-ytpmethyl}-1-propyl-1H{3H), 7.14-7.2 {m, 2H), 7.06 {d,
benzimidazole 1H), 551 (s, 2H), 2.60 {t, 2H.).
1.43 (m, 2H), 0.74 (t, 3H)
ue
F
q,n 7.78 (m, 1H), 7.6 {m, TH). 7.51
2{2-(2tuorophenyl)-1H- (m, 1H), 7:23-7.37 (m, 5H), 7.17
4%0 O imidazoi-1-ylimethyl}-1-propyl-1Hl(d, 1H). 7.03 (d, 1H), 5.35 {s.
benzimkizzmie 2H), 3,68 (¢, 2H,), 1.40 (m, 2H),
“5 0.72 (t, 3H)
F
% 1H NMR (CDCI3): 7.80 (m, TH),
2-12-{4-Muorophanyl)-1H- 7.85-7.69 (m, 2H), 7.18-7.32 (m,
481 Q, midazo 1-yTjmethyl}-1-propyt-1H|SH), 7.13 (d, TH), 7.04 {d. 1H],
benzimidazmie 547 (s, 2H), 3.88 {t, 2H.). 1.42
(m. 2H), 0.74 (1, 3H)
* 1H NMR (CDCI3): 7.78-7.81 (m,
2-{[2-{3-chioro-4-flucrophanyl)-  |2H), 7.58 (m., 1), 7.25-7.32 (m,
as2 1H-midazol- 1-yljmethyl}-1 4H), 7.14 (d, 1H), 7.0 {d.1H).
1H-benzimidezoie 8.48 (s, 2H), 3.74 (8, 2H,), 1.47
(m. 2H), 0.78 1, 3H)
s):i‘_'; 7.78 {m, 1H), 7.38 {m, 1H), 7.17-
2-{2-(2,5dfluorophenyl)-1H- .
453 |mw1w1miu|:;’;&"'a°;'a" o i, 110, 5,38
berzimidezle « 2H), 373 (1, 2H,), 1.4 (m,
2H), 0.78 (t, 3H)
q; 1H NMR (CDCI3): 7.62-7.68 (m,
[B-chioro-2-22 oropheny)_2H), 751 (m, 1K), 7.22:.34 (m,
454 "nu 1H-imidacni- 1-yfjmethyl}-1-propyll4H), 7.18 {d, 1H), 7.02 (d, 1H),
c 1H-banzimidarole 5.34 (0, 2H), 3.84 (¢, 2H,), 1.40
(m. 2H). 0.73 {t, 3H)
He
1H NMR (COCI3) 7.88 (d, 1H),
- ra-duo-z-uz-(a-nuumnm- 7.38-7.52 (m, 3H), 7.15-7.29 (m,
455 1H-imidazol- 1-yijmethyl}-1-propyi{4H), 7.04 {d, 1H), 5.48 (s, 2H),
P,, 1H-banzimidamie 3.85 (1, 2H), 1.42 {m, 2H), 0.75
(t. 3H)
"
oG o [t L7200
458 1H-midazoh 1-yljmethyl}-1 T 264 2 141 . ZHY
1H-benzimidazols orse sy
F 1H NMR (CDCI3): 7.75 (dd, 1H),
Ay el . [7:68 (0. 1H). 7.5 (m, 1), 7.24.
as7 oty 7.30 (m, 3H), 7.95 (d, 1H), 7.03
i -propyt+ [td, 1H), 543 (s, 24, 371 (&
idazole 2H), 1.47 (m, 2H), 0.79 (L, 3H)
I
-'(lr} B-chioro-2-{[2+2.5- 1H NMR {CDCI3): 7.87 (d, 1H),
- Lo diflucrophenyl)-1H-midazni-1-  [7.37 (m, 1H), 7.17-7.28 (m, SH),
Ilﬂ yijmathyl}-1-propyl-1H- 7.02 (d, 1H), 5.34 (s, 2H), 3.89 {1,
‘S berzimidazois 2H), 1.43 {m, 2H), 0.7 {t, 3H)

168

A7



TABLE 6
Cpd# STRUCTURE IUPAC NAME NMR MS
F Y 1H NMR (CDCI3): 8.40 (dd, 1H),
t{ 2-2-{3-ucrophanyl)-1H- 8.06 (dd, 1H), 7.38-7.50 (m, 3H),
458 NI..) Imidazon1-yljmethyl}-3-propyl-3H|7.15-7.28 (m, 3H), 7.08 (d, 1H),
g., imidazoj4.5-b]pyridine [s:82 s, 24 388 . 24, 1.51
{m, 2H), 0.7 (L 3H)
1H NMR (CDCI3): 8.40 (dd, 1H),
2-{[2-(2.5-dMuorophenyl}-1H-  |8.05 (dd, 1H), 7.38 {m, 1H), 7.174
a0 | T |mm1-mmqun|r.zu (m. 4H), 7.08 (4. 1H), 5.39
imidaxoj4, 5-bjpyridine (8. 2H), 3.89 &, 2H), 1.50 (m,
g" 2H). 0.79 (t, 3H)
1H NMR (CDC13): 7.88 {d. TH),
8-chioro-1-{cyclopropyimethyl)-247.38 (m, 1H), 7.32 {d, 1H), 7.19-
81 tf" {T12-{2.5-difuorophenyl)-1H- 7.28 (m, 4H), 7.04 {d, 1H), 5.38
r I:L imidazol-1-yljmettryl}-1H- |(d. 24), 3.62 (4. 2H), 0.65 ¢m,
4’ cl banzimidazole 1H), 0.46-0.51 {m, 2H), 0.07-0.11]
(m, 2H)
[{)D 1H NMR (CDCI3); 8.38 {dd, 1H),
2-{12-{2.5-Muorophenyl)-1H-  [8.04 (dd, 1H), 7:38 (m, 1H), 7.16-
a2 | Y |imidazok1-yljmethyi}-3-4sobutyl- [7.27 (m, 4H), 7.08 (d, 1H), 5.38
3H-Imidazn(4.5-b]pyridine (8. 2H), 3.73 (¢. 2H), 1.98 (m,
ne 1H), 0.72 (. BH)
o,
5 1H NMR (CDCI3): 7,87 (d, 1H),
3 &N difiucrophenyl)-1H-midazol-1-  |7.37 (m, 1H), 7.17-7.30 (m, SH),
I ’:O\ yljmethyll-1-ethyl-1H- 7.01 (d, 1H), 5.35 (s, 2H), 3.79
cl bernzimidarole {q. 2H), 0.99 {t, 3H)
HC
F 1H NMR (CDCI3): 7.80 (d, H),
Ui_t:n B-chioro-1-sthyh-2-{23- 7.39-7.51 (m, 3H), 7.16-7.30 (m,
404 :O ey [4H): 7.03 (. 1H), 548 (s, 2H),
! ¢l ylimethyl}-1H-benzimid 3.75 (q. 2H), 0.88 {t, 3H)
cH,
F —3_ 1H 1H NMR (CDC13): 8.40 (dd, 1H),
N Suorapherd) 1H- (g og (dd, 1H), 7.40-7.51 (m. 3H),
485 I?{M1W 7.13-7.28 {m, 3H), 7.02 (d, 1H).
Hmidaxoi4, 5-blpyridine 5.53 (8, 2H), 3.51 (s, 3H)
HC
1H NMR (COCI3): 8.40 (dd, TH),
- éIsN l';'n-{[HZ.S;diﬂthﬁHH- B.03 (dd, 1H), 7.38 {m, 1H), 7.15-
FIND o Idazol- W 7.27 (m, 4H), 7.03 (d, 1H), 5.41
F H-imidezo{4.5-b]pyricine {s. 2H), 3.51 5. 3H)
He
Ch .
E{ 3-chioro-4-fluorophenyl)
487 1H-imidazok1-yljmethyi}-3-
F ::\O methyt-3H-midazm{+5-bjpyridine|
H,C
B 1H NMR (CDCI3): 8.37 (dd, 1H),
3-{cycioprapyimethyl)-2-2-{2.5- |8.04 (dd. 1H), 7.38 (m, 1H), 7.08-
- t(N dfiuorophenyl)-1H-imidazok1-  |7.28 {m, 4H), 7.08 (d, 1H), 5.42
i ,.IP yijmethyl)-3H-midazmi4,5- (s. 2H), 3.83 (d, 2H), 0.88 (m,
bjpyricine

(m, 2H)

1H), 0.38-0.43 (m, 2H), 0.24-0.11
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TABLE @
Cpd# STRUCTURE IUPAC NAME NMR MS
c 1H NMR (CDQI3): 7.67-7.71 (m;l
Ja-chioro-2-T2-{3-chiorophanyl) |2H). 7.45-7.58 (m, 3H), 7.24-7.3
489 {H-midazol-1-yljmethyl}-1-sthyt- |(m, 2H), 7.18 (d, ZH). 7.04 (d,
& ‘H-benzimidazole 1H), 5.47 (s, 2H), .78 (q, 2H),
e, @ 0.99 {t, 3H)
2 31 NMR (COCI3): 8.39 (ad. 1H),
8.06 (dd, 1H), 7.88 (m, 1H), 7.40-
ﬂ\ol 2243 cHiompioTi 1H- 7.68 {m, 3H), 7.27 {m, 1H), 7.18
470 '(mm d, 1H), 7.10 (d, 1H), 5.53 (s,
g " imicatofd S-bipyrine 2H), 3.83 (d, 2H), 0.73 (m, 1H),
' 0.40-0.48 (m, 2H). 0.24-0.28 (m,
2H)
o 1H NMR (COCI3): 7.87-7.71 (m.
“()’ { 8-chloro-2{[2-{3-chiorophenyi} |2H). 7.42-7.56 (m, 3H), 7.24-7.
1 1H-midazok1-yljmethyl-1- |(m, 2H), 7.15 (d, 1H), 7.08 (d.
(cyclopropyimethyl)-1H- 1H), 5.47 (s, 2H), 3.58 (d. 2H),
QOG berzimidazole 0.66 {(m, 1H), 0.47-0.53 {m, 2H),
0.03-0.00 {m, 2H)
1H NMR (COCI3}: 7.78 (m, TH),
2024 MH- 7.68 (m, 1H), 7:44-7.58 {m, 3H),
an imiiazoi-1-yifnethyl}-1-propyi-1HI7.27-7.30 (m, 3H), 7.14 (d, 1H),
berzimkizanie 7.07 (d. 1H), 5.49 (s, 2H), 3.60 {1
2H), 1.42 (m, 2H), 0.75 (&, 3H)
HC
c 3 1H NMR (CDCI3); 8.40 {dd, 1H),
2-[2-{3-chicrophenyi)-1H- 8.08 (dd, 1H), 7.67 fm, TH), 7.43-
an imiiazol-1-yljmethyl}-3-athyl-3H- |7.57 (m, 3H), 7.26 (m. 1H), 7.19
imidazn(4,5-b]pyridine (d. 1H), 7.08 {d, 1H), 5.51 (s.
g 2H), 4.00 (g, 2H), 1.08 t, 3H)
H,
o 1H NMR (CDCI3): 840 (dd, TH),
8.08 (dd, 1H), 7.68 (m, 1H), 7.43-
2-[2+{3-chiorophenyl}1H-
a4 imidazol--ylimatnyl}-3-propyk-3H aﬁﬂ:'.:;g'(::zf”‘;""sg’i: 18
Imidzzo{4,5-bjpyrkiine 2H), 3.89 (1, 2H), 1.52 (m, 2H),
He 0.70 (1, 3H)
f\
I% P 1-athyl-2-{[2-{3-flucrophenyl)-1H-
475 ,} - imidazok-1-yljmethyl}-1H- “::"Hf ﬁg
berzimidarole-S-carbonitrile -
H,C
F ¢, 1-sthy+-2-2-{>fluorophenyl)-1H-
| F F '(';‘:'“'1"“" """"'W 5 MH+ 389.2
g berzimidazole
H,C
F ng_)(u\ 2.{[2-{2.5-diflucrophenyl)1H-
arr | F '('.f'm""“""’“"‘" I;':‘.’_f_*"""""‘" MM+ 407.3
l} benzimidazole
M,C F
<,
- 2-{12-{3-fluoropheryl)-1H-
m | G, ezt e 3222 e 3782
F,e bjpyridine
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TABLE 6
Cpdé STRUCTURE IUPAC NAME NMR MS
r
N 2-{2-{2.5-dMuorophenyl)-1H-
o | G et o} 3222 o 3042
F F bipyridine
F F
(
f';l:w.%-ﬁl mu.u-pmm?#—ﬂ?.z.z—
480 wifluorosthyi)-3H-imidazofs,5- MH+ 2622
F blpyridine
FE
5 1-sthyl-S~(rifucromethyl)}-2-(f2- [1H NMR (COCIa): 8.08 (d, 1H),
o | e [Hriucromethyl)phenyll-1H-  [7.37-7.85 (m, 6H), 7.18 (d, 1H),
; imidazol-1-yljmethyl)-1H- 7.08 (d, 1H), 548 (s, 2H), 2.85
benzimidazole lq. 2+). 1.02 ¢, 3H)
He
F
F 8-chioro-3-propyt-2-{{243- 1H NMR (COCL3): 7.80-7.97 (m,
a2 (trifiuoromethyllphemyl-1H-  |SH), 7.22-7.27 (m, 2H), 7.08 (d,
o Cp imidazok-1-yfimethyl)-3H- 1H), 5.45 (s, 2H), 3.85 (¢, 2H),
J imidazaf4,5-bipyridine 1.51 {m, 2H), 0,78 (L. 3H)
cH,
F
F 3-{2.22-ifloroethyl}2(23> |1H NMR (CDCI3): &44 (dd, TH),
- (rifuoromethyliphenyl-1H-  |8.07 (dd, 1H), 7.54-7.89 (m, 4H),
CEM}‘ imidazni-1-ylmathyi)-3H- 7.24-7.34 (m, 2H), 7.12 (d, TH).,
i J imidazoj4 5-t]pyridine $.51 (8, 2H), 4.51 (g, 2H)
F F
o 1H NMR (CDCI3): 8.39 (dd, 1H),
F Heycopropyhetyl @1 17.60-8.03 (m. 5H), 7.217.28 ¢,
an4 byl 2H), 7.11 (d, 1H), 5.51 (8, 2H),
imidarntt m A 3,84 (d, 2H), 0.70 (m, 1H), 044
v {m, 2H). 0.24 {m, 2H)
1H NMR (COCI3): 8.38 (dd, TH).
-* SBobuA2(2D.  [7-50807(m. 5H).7.21.7.28 ¢m,
485 q‘I e Ipho I 2H), 7.12 (d, TH), 548 (s, 2H),
_{'} ' Yiimethyil-3 3.71 (d, 2H), 1.9 (m, TH), 0,69
ne imidazof4, 5-blpyricine A
He
F 1H NMR (COCI3): 8.40 (dd, 1H),
r PP [7.e0-807 (m. s, 7.217.28 g,
485 kst iy 2H), 7.11 (d. 1H), 5.49 (s, 2H),
kdams o Soyrans (:ia:H(;. 2H). 1.51 (m, 2H), 0.78
oy
. 'FF
r 1-propyt-2-{2-f3- 1H NMR (COCI3): 7.81-8.00 (m,
. (wiluoromethyllphenyf}-1H-  [SH), 7.08-7.31 (m, SH), 5.47 (s,
' knidazol-t-yljmethyl}-1H- 2H), 3.59 (¢, 2H), 1.43 (m, 2H),
? benzimidazole 0.73 (1, 3H)
e
3 6-chioro-1-{cyclopropyimetiyt)-2-| 1H NMR (CDCI3): 7.80-7.86 (m,
- (2{3{riluoromethyliphenylk-1H{SH), 7.05-7.31 (m, 4H), 5.45 (s,
g & Imidazoi-1-yfjmethyl)-1H- 2H), 3.58 {d, 2H), 0.85 (m, 1H),
berzimidazole 0.47 (m, 2H), 0.05 (m, 2H)
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TABLE 6

Cpdd

STRUCTURE

IUPAC NAME

400

oo

Fethyk2-{{2-3-
({triflucromethyl}phenyl}-1H-
Imidazol-1-yf)mathyl)-3H-
imidazai4, 5-bipyridine

1H NMR (COCI3): 8.40 (dd. 1H),
7.80-8.08 (m SH), 7.21-7.28 (m,
2H), 7.09 (d, 1H), 5.49 {3, 2H).
4.01 (q. 2H), 1.08 (&, 3H)

490

“.-C) .
oiu'“,_,%.
o, O

athyl 2-{{2-(3-chicrophenyl)-1H-
imidaxot-1-yljmethyl}- 1-athyl-1H-
banzimidazole-S-carbaxylate

491

"o
(o, O

(2-{J2-{3-chiorophenyl)-1H-
lhnHml-tM}-i-dnyHH-
benzimidexol-5-yljmethanot

492

Hﬁo'*cc&:%

2-[2-(3-chiorophenyl)}-1H-
imidazok-1-yfimethyl]-1-ethyt-5-
[(4-mathylpiperidin-1-yi)mathyl}-
1H-benzimidaznie

493

oo
"Lc,,’

(]

454

oS
Lo, Wi

2-T2-{3-chiorophanyl)-1H-
Imidazek-1-yTimethyl)-1-sthyl-1H-
rhmmwbudd

495

HC

|MH+ 420.4
MH- 418.2

496

_
O

2-{[2-{3-chiorophenyi)-1H-
imideznt-1-yljmethyl}-1-ethyl-1H-
benzimidexvie-S-carbaxamide

457

o,

2-J2-{3-chiorophemyl)-1H-
imidazol-1-yljmethyt}-1-sthyl-N-
methyl-1H-benzimidazole-5-
carboxamide

488

miagg |

1-athyl-2-{{2-{3-luorophenyl}-1H-
imidezol-1-ylimethyi}-1K-
banzimidazole-S-carboxylic acd

MH+ 385.1
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TABLE 6
Cpd® STRUCTURE IUPAC NAME NMR MS
F
1-athyl-2-{[2-{3-luorophenyl)-1H-
499 H'Ni‘(j[%g imidazok1-yljmethyl-1H-
N,' banzimidazole-S-carboxamide
HE
F
HO F 2-J2-{2,5-diftuorophanyl)-1H-
500 f‘a% Imidazol-1-yljmethyl}-1-ativyk-1H- MH+ 383.2
Ny L benzimkdazols-5-carboxylic acid
HC
F
l::myl-!-:lz-(s-ﬁmhal-yl)-ﬂ-l-
s01 m:"“ methyipiperidin-1-ylynetiyl-1H- MH~ 4324
HC b benzimicamis
HE
F,?’ :m-cz.sgummmmm-
N
502 "-"vj N F‘ . S Aln "“"'Hu nA. MH+ 500.5
CH, ":] benzimidazole-5-carboxamide
»
1H NMR(CDCI3): 7.85-7.71 (m,
F 5-fluoro-2-{2-{4-Nuorophenyt)-1H): ;
503 ‘(j?p limidazor-1-ymettyi-1 'P'Wi“'“’ll:[)' 7.47 (d, 1H), 7.03-7.23 (m,
) 5.47 (s, 2H), 3.85 (1, 2H),
»4,5 benzimidazole 1.41 (h, 2H), 071 (1, 3H)
all ” 1H NMR(CDCI3): 7.85 (s, TH).
o | * W“"““‘ 1. [1417.53 (m, 31), 7.08-7.24 (m.
m_mmm 5H), 5.47 (s, 2H), 3.65 {t, 2H),
propyt- 1.47 (, 2H), 0.71 {t, 3H)
ne
é\; . 1HNMR(CDCR): 7.35-7.47 (m,
7 S-fuoro-2-{12-{3-fluorophenyl)}-tH 4H), 7.0-7.1 {m, 5H), 547 (
" , 7.0-7.1 {m, 5H), .,
505 WJ imidazol-1-yiimothyll-1-Propy1H 21, 365 (L 2H), 1.35 (, 2H),
0.71 (1, 3H)
nd
c =\
UN‘)VN ZN S-chioro-2-[242,5 1H NMR (CDCI3): 7.75 (4, $H).
506 g F difivorophenyl)-1H-midazol-1-  {7.37 (m, 1H), 7.20-7.27 (m, 5H),
yi}methyl)-1-gthyk1H- 7.02 (d. 1H), 5.36 (s, 2H), [0.09
H,C benzimidazole T, 3H), 3.82 (g, 2H)
F
ﬁk"ﬁx 1H NMR (CDC): 7.43 {m, 1H),
so7 N . ms;mm:mm- 7.37 {m, 1H), 7.16-7.25 (m, 4H),
) e |M Im“"‘"‘" 7.03-7.10 (m, 2H), 5.35 (s, 2H),
3.82 (q. 2H), 1.00 (t, 3H)
(LFTartrate sah 1H NMR
\Q 5-chioro-2-{[2-{3-chiorophemyl)-
(CD30D): 7.24-7.50 (m, SH),
508 :mm'w 5.68 (9, 2H), 4.51 (s, 2H), 4.12

Cl

{q. 24}, 1.28 (. 3H)
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TABLE 6
Cpd# STRUCTURE IUPAC NAME NMR MS
N
2-{[2{3-chiorophenyi)-1H- 8.00 {s, 1H). 7.38-7.72 (m, TH),
509 imidazok-1-yljmethyl}-1-sthyl-1H- [7.24 (s, 1H), 5.71 (s, 2H), 4.50
banzimidamis-S-carbonitrile (s, 2M), 4.20 (q. 2H), 1.22 (t, 3H)
NN
N, N (L)-Tartrate sait 1H NMR
\(I 2{[2-{3-chlorophenyl)-tH- (CDIOD): 7.08-7.60 (m, OH),
510 '3 ; imy 5.68 (s, ZH), 4.51 (8, 2H), 4.12
H,C {s. 2H), 1.18 {t, 3H)
Cl
F Hydrochloride 1H NMR {d6
N . 2-[2-{2.5-dfucrophenylk1H-  |DMSO): 9.57(2H, a), 8.11(1H,
(midazok-1-ylimathyl}-1-athy-5- [m). 8.01-7.99(1H, m), Z.06(IH, [ ... o0 o
m N |(4H-1 2 A-trlazet4-giF1H- d), 7.78-7.74{1H, m), 7.86- -
| benzimktaznie 7.52(3H, m), 5.08{2H, u),
Hy 4.31(2H. q), 1.26(3H, t)
F 2-[2-{2.5-dHlucrophanyt)-1H-
512 "'"‘(I"y\ imiezol 1-yTjmethyl)-i-athyk-1H- MH+ 354.4
N) benzimidazol-S-amine
HEC
F -
GMNMN ] (L)-Tartrate sat 1H NMR
oty SO 2022 {co30Dy 7.07-7.58 (m, 5H),
513 l& F F“““"P""‘m'_h e 553 (0, 2H), 451 (s, 24), 4.03
H,C yiimetiyl) {q. 2H), 1.07 {t, 3H)
F
(E 1H NMR(CDCl3): 7.38-7.5 {m,
1-sthyh-2-[2-{3-orophenyl)}- 1H-) 7 15+ 3H). 7.1 (8. 1H), 7.05]
S "‘"O’l‘l"'f:," Em“' [t 210, 8.7 0, 1H), 5.4 s, Z0)
'3 3.70 {q. 2H), 0.9 (t. 3H)
HE
NN - ?‘ 1-.ﬂ|1|-2-[[2-(3-nuornphlnylj-'1z H- a5,
515 N~ [imidazoh-1-yljmethyl}-S-{4H-1,2 4/ MH+ 388.2
I L'& il triazoi4-yi)-1H-baraimidazole .
HC
F
- 1-athyl-2[2+(3-fuorophanyl)-1H-
518 | NN Ny~ imidaxol-1-yfimetityl)-S-{2H- MH+ 389.2
'1 — tatranzol-5-i)-1H-benzimidazole
1K NMR (CDCI3): 7.83 (d. 1H),
\@ :""‘""""""1%&1 7.39-7.52 (m, 4H), 7.157.22 (m,
517 Wmum 3H), 7.025 {d, 1H), 5.48 (8, 2H),
ylmethyl}- 3.78 {q. 2H), 0.97 {t. 3H)
E
"S\/N"“"\ 1H NMR (CDCI3): 6.08 (d, 1H),
#N 2-[2-(2.5-CMucrophanylF1H-  §7.568 {m, 1H), 7.33-7.40 {m, 2H).
518 'j F [imidazot 1-yljmethyl)-1-sthyl-1H- {7.18-7.24 (m, 3H), 7.04 {d, 1H),
HC benzimidaznie-5-carbonitrile |5.41 (u, 204}, 3.89 {q, 2H), 1.03 (L.
3H)
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TABLE 8
Cpo# STRUCTURE IUPAC NAME NMR MS
O
N 2N Hydrochioride 1H NMR (dé-
518 ul& .ﬂ"ﬁﬁ,’“’“"""‘""’;'"‘ OMSO}: 7.41-8.00 {m, 8H), 7.18
: it s | L
Hy 2H), 1.27 (L, 3H)
Br
¢ k"ﬁﬁ‘
N 2-{[2-{3-bromophenyl)}-1H- Hydrochioride 1H NMR (d8-
520 '3 |imidazol-1-ylimethyl}-5-chioro-1- [DMSO): 7.32-8.00 (m, 8H), 5.95
HC athyl-1H-berzimkigzoie (s, 2H), 4.29 (q. 2H). 1.27 {1. 3H)
Br
U Y NN 3{1-{(1-ethyl-5-uoro-1H- LCMS
521 '3 benzimidaxnt-2-ylymethyi}-1H- MH+
HC imidazo-2-ylberzontirie 348,11
F
UVN&N 1-athy-S-fluoro-2-{2(3-
s g | methyipheryd)-1H-midexmt-1-
HC ylimethyl}-1H-benzimidezole
CH,
F N
CE ! ,h\" 1-ethyl-5-fluoro-2-123-
523 H‘cj |mﬂuyph1|nyl}-1l-l-llpldml-1- 3:1H ;5
0-CH,
y 4-{1-{{1-sthy+-5-flucro-1H- MH+
524 He Iwummz-ylmmm- 258 12
imidaxoi-2-yi}-2-luorophencl
OH
NS %\/NﬁN 1H NMR (CDCI3): 8.11 (d, 1H),
‘N *[2-r2{3-bromophenyi)-1H- 7.81 (s, 1H), 7.55-7.87 (m, 3H),
525 3 E imidazoi-1-yfimethyi}-1-sthyl-1H- [7.35 =7.41 {m, 2H), 7.18 (m, 1H),
H,C barzimidazoie-5-carhonitrls  |7.04 {d, 1H), 5.51 (s, 2H), 3.84
|eq. 2H), 1.04 o, 3H)
8r
4
2-{[2-(3-worophenyi)-1H-
528 ? %_F Imidazo-ymathyl-1-popy-1H Py
CH,
oo s
2-{[2-(3-chiorophanyl)-1H-
= N‘&}“ jh&um " [ 3742
cH,
=
N_ 2-2{2,5-dMuorophenyl)-1H-
528 ? F F im'dut::1ﬂndhylr}l;myl-m MH+ 378.2
CH,
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TABLE ¢
Cpd# STRUCTURE IUPAC NAME NMR ms
o~
2-{[2-{3-chioro-4-fluarophenyl)-
529 ;‘ , 1H-imidazol 1-ylimethyl}-1-propyl rivgesmy
1H-benzimidazole-S-carbonitrile
CH, F
Q ™
HC-§ N’_,N 2[24(2.5-dMucrophenyl)-1H-
530 °U imidazol-1-yljmethyl}-1-sthyl-5-
'L |tm-mmw»-1ﬂ-
c benzimidarnle
H ¢
1H NMR (CDCI3%: 7.98 (m, 1H),
a1 %L ') ‘meﬁg‘ 7.27-7.54 (m, BH), 7.18-7.22 (m,
|-fuaropteanyl) 1H-e 2H), 7.01-7.07 {m, 2H), 5.53 (s,
W Yimettofi-1H-berzimidazole 1241, 3.82 (q, 24). 1.02 0, 3H)
NN s 1] 1H NMR (CDCT): 8.0 (m. 1H),
512 X {simi-2-J2(>-uomphensi) 1H17.16-7.50 (m. 10H), 7.07 (9, 1H)
We vl it :Hs,z (a. 2H), 3.81 (q 2H), 1.01 (t
F
Brﬁknﬂ 1H NMR (COGI3f: 7.93 (d, 1H),
S-bromo-2-{2<{3-chiorophenyl}- |7.68 (m, 1H), 7.40-7:57 (m, 2H),
533 '$ 1Heimidaxok1-ylimethyl}-1-ethyi |7.15-7.18 (m. 2H), 7.03 (d, ).
H,C é 1H-benzimidazoie 5.48 (a, 2H), 3.77 (g, 2H), 0.98 (4
cl )
CN\QN =
YN
N N 24[2-{3-cyanophenyl)-1H- Mo
54 3 imidazni-1-ylimethyl}-1-sthy-1H- s83 15
H,C benzimidezole-5-carbonitrile )
CN
F
=~
\a%" N 3{1-{(1-athy-5-hioro-tH- e
538 '} benzimidazo-2-ylynethyll-1H- oipfl
HC |midexoi-241benzolc scid -
COOH
F
U Y NN )
'j\ 1-othyt-S-Muoro-2-{T2-(3-pyridin-44 MH»
530 HC yiphenyl} 1H-midazok-1- w818
yilmethyf}- 1 H-berzimidarole :
N
oo Hydrochioride TH NMR (d5
2 N DMSO): 8.42(H, d), B.AP(1H,
'S_/ 2-12-{2.5-dMuorophanyl)-1H-
537 \C( imidazné-{-yjmethyt-t-gtyks- (S DO0M S TINL B e 3841
J [itro-1H-berzimidszsle 7.51(2H, m), 5.90 (2H, 5).
HC F 4.31(2H, q). 1.24(3H, 1}
NO'UNY\NF“ 1H NMR {d8 DMSO}: 8.4T(1H,
N N 1-sthyr-2-{2-{3-ucrophenyl)-1H-d), 8.18(1H, dd), 8.00{1H, m),
538 ) imidazol-1-yljmethyl}-S-nitro-1H- |7.98(1H, m), 7.88(1H, d), 7.71- | MH+ 388.2
H,C benzimidazole 7.50{4H, m), 5.98(2H, s),
. 4.35(2H, g), 1.30(3H. t)
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TABLE 6
Cpd# STRUCTURE UPAC NAME NMR Ms
NO, N ~\
¥ N
U N 2-[2{3-chiorophenyl)- 1H- MHe
539 'j imidazol-1-yfjmethyl}-1-sthyi-5- 181.95
H,C nitro-1H-benzimidazale )
cl
k o
He OU}J H1-{[1-athyl-S{methylsutfonyl)- MH+ 408.3,
540 L 1H-banzimidarni-2-ylmethyl}-1H4 M 404.3
CH, Imidazol-2-yijbenzonitriie
N
F
Fa\
\CE:’/\N N 3{1-{{1-ethyh-5-fluoro-1H- Mo
H,C |imidazol-2-vi}phenol !
OH
P\
2-{{2-{3.4-dlfuorophenyl)-1H- M
542 He Ln:mwmmm-ui:rm- 7011
TF
—
=\
=\QVN N 2-{[2-{5-bromo-2-luarophenyl)- | MH+
543 '} F 1H-imidezol-1-ylmsthyl}-1-sthy}- «25.98
1H-benzimidazole-S-carbonitrile
H,C
B
F'Z"’ ™ 222, 5-difvorophenyl)}-1H- | 1H NMR {CDCI3): 7.85 (s, 1H),
544 ‘CE",_,N imidazol-1-ylimethyl}-1-athyl-5-  [7.18-7.41 (m, 8H), 7.06 (s, 1H),
(trifluoromethasy)-1H- |5-35 (s, 2H), 3.82 {q, 2H), 1.0 {,
N\ benziridaxole 3H)
CH,
u |5-dho-1-cﬂ'ryl-2-ﬂz-(3- 1H NMR (COCI): 7.22-7.80 (m,
545 fworophenyl)}-1H-midazoi-1-  |9H), 5.87 (s, 2H), 4.48 (s, 2H),
yiimethyl}-1H-berzimidazole  [4.11 {q, 2H), 1.18 (1, 3H)
F
""@:&,
Hydrochioride 1H NMR
s N S{HEemee z"""’"“ : “+Il 4 |(CO30DY: 7.71-8.25 (m, o)
H,C imidazet-2-yijberaonitle ‘Eb:: (;.H Z,H). 4.50 {br s, 2H), 1.50|
=N
N 1-sthyt-2-{[2-{3-nitrophanyl)}- 1H- MHs
- he’ bormimkiasmin & curponirie 373.15
No‘l
N ,‘f |8-chioro-1-sthyi-2-124{3-
548 yod fuorophenyl)-1 H4midazol-1- MH+ 380.4,
c |3 E ylimethyl}-1H-benzimidazole-S- MH- 378.2
HC carbonitrie
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TABLE 8
Cod# STRUCTURE 1UPAC NAME NMR MS
1H NMR (COCt3}: 7.96 (d, TH).
s Vé\(I'L, o s A rdiity.|7-35-7.70 (m, 84), 7.08-7.23 (m,
; -mumﬂ'vlmw.l-ﬂﬂew 4H), 6.78 (m, 1H), 5.52 (s, 2H),
n,c:5 raimidazole |5 81 (q, 2H), 1.0 t, 3H)
F
3-{1-{5-(3.5-dMuorophanyl}-1- |1H NMR (CDCI3): 7.93-2.02 {m,
ss0 | F o athyt-1H-banzimidazol-2- 2H), 7.37-7.77 (m, 6H), 7.08-7.19)
0! ylimathyl}-1H-midazol-2- {tm. 3H). 8.77 (m, 1H). 5.48 (s.
HE yi)benzonitrile 2H), 3.80 (q, 2H), 110 {t, 3H)
N
1H NMR (CDCI3): 8.40 {s, TH),
WGLC[%VNMN 1{1-wthyk-2-{[2{3-Muorophenyf)- |8.00 (dd, 1H), 7.33-7.53 (m. 4H).
251 % rH-Imldlnl-i-yl‘]tmﬂlyn-IH- 7.17-7.22 (m, 2H), 7.05 (d, TH),
HEC berzimidexol-5yflethanons  [5.53 (s, 2H), 3.82 {q, 2H), 2.67
. (. 3H). 101 (¢, 3H)
CH,
o 5-(3,5-dimathyliscxazpkéty1- |1 NMR (COCI): 7.68 (d, 1H),
N L wz_m“‘_'(:'_"m r |7.347.54 (m, 4), 7.157.22 (m,
ss2 | cn, ¢ T erophatl-H- [aH), 7.08 (9, 1H), 5.52 (0. 24),
H’c's m"“"""w .83 (q. 2H), 2.41 (s, 3H), 2.28
- {». 3H), 1.02 (s, 3H)
I-II H
;V‘g vt nyl-1H- MH
(rifluoromethaxy)phs +
883 He imidazo-1-yljmethyl)-1H- 411.98
E _‘f benximkiarple-5-carboniris
FF
HyG0- 7.88{d, 1H), 7.94 {d, 1H1), 7.75
He N N (ER1-{1-sthyt-2-T2(3 {dd, 1H+H1), 7.14-7.22 (m,
554 N fiuoropheryl)-1 H-imikiaxot-1- 2H+H1), 7.32-7.52 (m, dH+H1),
N ylimetiny(-1H-benzimidazol-5-  ((7.03 (d. 1H), 7.01 (d, TH1)], 5.48{
HC yijathanone O-methyloxima (8. 2H+H1), [4.00 (v, 2H}), 3.86
F (. 2H1)|, 3.79 (q, 2H+H1), [2.30
e
"\(INY\NM 2-{[2-{2.5-clifuorophanyl)-1H-
sss | FIoF Y . ':mw'ml i 1;'"3_51'_[5‘ MH¢ 475.1
HC yi-1H-banzimidazole
F
(\
'3_/ 1-sthy-2-{2-{3-fuorophanyi)}-1H-
558 N Imidazoi-1-ylimethyl)- 1H- MH+ 371.0
N ) F berzimidarile-5.6-dicarbonitriie
HC
CN Dihydrochioride 1H NMR (d6
‘CENV\NH OMSO): B.96(1H, 8). 8.82 (1H,
N N t-othy-2{(2-pyridin-3-y-1H-  [d), 8.24(1H, d), 8.14{1H, ),
557 3 imidazol-1-ylymethyl)-1H- 8.03(1H, d), 7.98(1H, d),
HC | benzimidarie-5-carbonitlls  {7.85(1H, d), 7.89-7.85(2H, m),
N [6.01(2H, 8), 4.35{2H. q).
1.2003H, 1)
. '%/\ ~ Dihydrochioride 1H NMR (d6
‘[ I N\ T 2y [OMSOE B55(1H.d), 8.41 (1H,
N A 2-pyridin d). 8.10-7.88{4H, m), 7.85{1H,
558 \ |imidazot-1+)metiyil-1H- a). 784(WH, o), 7.54-7.51(1H, | MH* 3294
HC N benzimidazoie-S-carbonite |y, .39 (24, 8), 4.48(2H, ),
1.41(3H,1)
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TABLE 6
Cpd# STRUCTURE IUPAC NAME NMR M3
\O: > NN 1-sthyl-S-fuoro-2-2-{3 MHe
559 'j | nitrophenyl)- 1H-imidazol-1- 985,99
HC yimethyl}-1H-berzimidazole -
NO,
y Tatyh2-[2-(3-methyipheny)- MHe
560 1H-midazoH 1-ylimethyt}-1H- 343.08
H,C |benzimideznie-S-carbonitrile -
CH,
F‘a% ""\N
1 13- 1{(1-sthy-5-lvoro-1H- MH+
561 HC banzimidazol-2-ylimsthyll-1H- 383.05
cH, Imidazol-2-yijphenyl)sthanone
CH, tH NMR (COC13): 7.94-8.01 (m,
fon 3-(1{[5-(3.5-dimathyllscxazol4- |2H), 7.75 (m, 1H), 7.61-7.68 (m,
se2 | o, N yiF-1-sthyl-1H-banzimidazo2-  |2H), 7.38 (dd,1H), 7.18-7.22 (m,
ch's ylmethyl)-1H-imidazol-2- 2H), 7.10 {d, 1H), 548 (s, ZH),
yi)oenzonitriie 3.80 (g, 2H),2.42 (s, 3H), 2.29 (s,
N 3H), 1.12 @1, 3H)
& . Dihydrochioride 1H NMR (46
fam 2-[242.5-diMuorophenyly1H-  [DMSO): B.43(1H, s), 8.13-
N~
se3 N imidazol-1-yljmethyl}-1-athyl-5- {8.11(2H, m), 7.98(1H, d), wese <os.9]
ﬂ ! £ (1H-midazol-2-yl)- 1H- 7.88(1H. d), 7.78-7.75(3H, m), -
HC benzimidazole 7.60-7.51(3H, m), 5.85(2H, 3),
F 4.31(2H, q), 1.26 (3H, 1)
NO, V /=
NN athy-nitro-2 {2 pyicln-29+
564 3 1H-imidazol-1-ylimethyil-1H- MH+ 348.1
c N |berzimidazoie
H
l; - ",/\NF"iN | ms;dmmpm:m-m- 1
sas | HC 3 E F |.ﬂ1y|-1H-|m|¢un|-z-y|)-1H- MH+ 433.2
HG benzimidazole
F
5 - 1H NMR (CDCI3): 8.40 (d,1H),
HC \ S{1-{(S-acetyk-1-thy-1H- 7.93-8.05 (m, 3H), 7.76 (m, 1H),
" -athy- 7.83 (m, 1H), 7.37 (dd, 1H), 7.21
565 N benzimidzzok-2-ylimethyi-1H-  1¢g '3y 7 09 (d, 1H), 5.50 (s,
H,C |micazol-2-yljberznnitrie 2H), 3.91 (q, 2H), 2.88 (s, 3H),
N 1.11 ¢t 3H)
N N [h‘
Y NN oty 242
587 3 (riflucromethyl)lphenyl}-1H- MH+
H,C . ::I:IuH-mm-ﬂle H- 306.08
rzimidaxole-5-carbonitrdle
s
N= ~
\Ql\g/\" =N 1-athyk-2-{(2-thisn-2-y-1H- MHe
588 N imidazok-1-yljmethyf-1H- hpd
) banzimidazole-S-carbonitrile ’
H,C —
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TASBLE &
Cpdi STRUCTURE IUPAC NAME NMR MS
F - 3-(1{[1-sthyi-5-
559 0\0:"’_," oromathaxy)-1H- |MH+ 432.2,
% benzimidaxol-2-yijmethyl)-1H- MH- 410.2
CH, Imidaznl-2-yi)benzc nitle
N
N 3{1{(1-athy-5-luoro-1H- MHe
570 'j benzimidexcl-2-yl)methyll-1H- ST
HC imidazct-2-yljberaukishyde )
CHO
1H NMR (CDCI3): 8.18 (d, 1H),
H,C-O "9-4'4’-\ 1-othyh-2-T2<(3-ucrophanyl)-1H-|7.71 {dd, 1H), 7.40-7.55 (m, 3H),
71 HC N |imidazol-1-ylimethyl-N-methaxy-17.32 (dd, 1H), 7.18-7.23 (m, 2H),
'3 N-methyl-1H-benzimidaxole-5-  [7.05 {d, 1H), 5.53 (s, 2H), 3.80
HC ] {(q. 2H), 3.59 (s, 3H), 3.41 (s,
3H), 1.00 (¢, 3H)
N %"u"‘ 1-sthy+-2-12-{3-iorophenyl)}-1H-
572 N imidazol- 1-yiimethyl)-5-{1.3,4-
b omdlazok2-41)-1He
H,C benzimidsaole
F
H.ti_ Hydrochiorkde 1H NMR (08
DMSO): 8.11 (1H, s), 8.00(1H,
N P m’m d), 7.05{1H, d), 7.80-7.82(2H,
513 N 1.3 A-cxadiazoi- 2yt 1H. m), 7.74-7.72(1H,m), 7.64- MH+ 403.3
b berimidarie 7.58(2H, m), 7.53-7.48{1H, m),
HE 506(2H, s), 4.320(2H, q),
F 2,56(3H, »), 1.30(3H, 1)
o4 ” 1 3-luorophenyl)-1H-
574 imldaol- 1.yl methyl)-5-{ MH+ 403.8,
'S £ 1.2,4-oxadiznl-3-)-1H- MH- 4014
benzimidazole
HC
F 9
N 1-sthyl-2-2-(3-fuorophenyl)-1H-
s75 FTgﬁN‘b—’ idezoi-1 s MH+ 453.3,
hL l[mmm.mymwmytnn- MH- 451.2
CH, banzimidaroie
F
puy 1H NMR (COCI3): (8.40 {d, 1H),
HC k" \ A3 chiorophanyltH- |21 (dd. H). 7.88 (m, 1H), 7.55
=78 Imidazor 1 1eathyb 14 (M 1H). 745-7.52 (m, 2H), 7.35
N e L g {d, 1H), 7.17 (d, 1H), 7.06 (d,1H),
H,C szokS-yljethanone |5 5 (e, 2H), 3.85 (q, 2H), 2.88
(v (8, 3H), 1.03 {t. 3H)
| NN
N)\’ N 1-athy-2{[24{3-fluorophenyl)-1H- MH+ 348.2,
77 Hc- |miezok--ylimethythTH- M- 34.3
F
_ =
N N mathyl 3-{1-{{5-cyanc-1-athyl-1H-
578 ﬁ — 8{ 'pqmum-wmw-m- P
H,:S o-cH, imidazol-244jbenzoate
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TABLE 8
Cpd# STRUCTURE IUPAC NAME NMR M3
¢ 1H NMR (CDCI3): 8.10 (s, 1H),
N N,g N 1-ethyl-2-[2-{3-Horophenyl)-1H-|8.44 (d, 1H), 7.38-7.52 {m, 3H).
579 N F imidazok1-yljmethyf}-1H- 7.18-7.20 {m. 2H), 7.16 {s. 1 H),
i Imidazof4.S-clpyridine 7.04 (d, 1H), 5.53 (s, 2H). 3.79
HC {g. 2H), 1.00 {t, 3H)
"*(I*;f
580 hs 2 370.05
M,C s’ OH
NS ™
H\(:EN‘ N 2-{[2-{S-aminothien-3-y1)-1H- MH+
581 Imidazol-1-ylimethyl}-1-ethyl- 1H- 297.12
% g’ N benzimidazoie-S-carbonitria
He
(\
N 1-sthyl-2-T2-{3-nitrophanyty-1H- MHs
582 o] imidazok-1-yfmethyl)-1H-
N N benzimidamie-5-carboxamide 31,17
o
HC
DMSO): 8.05(1H. u), 7.95(1H,
- 1-athyt-2-[2-{3-uorophenyl)-1H-|d). 7.57(1H, s), 7.88-7.88(1H,
NN Imidaxot-1-yl]rmethyf}-5-{ m), 7.76-7.72(2H, m}, 7.85-
583 8 !1.3-uuml-2-y|}-1H- 7.58(2H, m), 7.54-7.51(1H, m), | MH* 4925
N F berzimidezole 8.09(|H, 9), 5.8302H, 9),
HC 4.312H. q), 236(3H, 8)
Hydrochloride 1H NMR (08
DMSO): 9.36{1H, d), 8.84{1H,
- L Ot o e .
584 N 13.4-cndlarokoody 1M [5-100H, dd), B.03(1H, d) MH+ 486.5
i, 7.98(1H, d), 7.90(4H, d), 7.75-
F idazle 7.51(5H, m), 5.08{2H, a),
He 4.35(2H, q), 1.33(3H. t).
Ho-N H NMR (CDC23: 1103 (s, 1H
1 11,03 (s, 1H),
I L & o S st S A S !
[, m. » 'I .
" :C'S mw"m 7.07 (s, 1H), 5.67 (s, 2H,), 4.17
o (. 2H). 2.18 (s, 3H), 1.18 {t, 3H)
H,c0 7.00 (dd, 1K), 7.85 (dd, TH1),
c = (1E}1-(2<[2-(3<chlorophenyl)-1H|7.78 (dd, 1H+H1), 7.85 {m,
sss Hy Nk imidazoh-1-ylmettwi}-1-ethyt-1H- | 1H+H1), 7.44-7.57 {m, 3H+H1),
N E benzimidazok-S-ytjethanone O-  7.27 (d, 1H+H1), 7.15 (d,
HC methyloxime 1H+H1), 7.04 (d, 1H+H1), 5.49
cl (s, 2H+H1), 4.01 (s, 3H), 3.87 (s,
HC0-y B.00 (dd, 1H*H1),7.76 (&d,
y oo (1Ep1-{2<12-(3-chiorophenyl)}-1H{ 1H+H1), 7.88 (m, 1H+H1), 7.44~
587 e Nx/ N imidazol-1-yljmethyl}-1-sthyl-1H- |7.57 (m, 3H+H1), 7.27 (od,
'3 benzimidazol-5-yljethanone O- |1H+H1), 7.15 (d, TH+H1), 7.04
HE sthyloxime (d, 1H), 7.03 (d, 1H1), 5.48 (s,
- 2H+H1), 4.28 (q, 2H), 4.13 {q.
- N
N N’ N 1-athyt-2-{[2-{B-lucropyridin-2-yl MHe
588 1H-imidazok-1-yfjmethyl}-1H- .07
'5 F benzimkiaznle-5-carbonitra :
HC
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TABLE 6
Cpd# STRUCTURE IUPAC NAME NMR MS
-N
‘?q “, 1-athyt-2-2-{3-lucrophenyl)-1H-
580 N Imidazoi-1-yjmethyl}-5-{1.2,4-
N E owcadiazol-3-yi)-1H-
) berzimidazoie
H,C
_ -
NRCEQS N 1-athyi-2-2-{6-methoxypyridin-2; MH+
560 yt-1H-imidazol-1-yljmethyl-1H-
N [ e et 350.08
CH,
Ho- Hydrochloride 1H NMR (d6-
8 1 [{
mcluk{“" ‘2‘5"1'“""":':'_5:"’" .. |DMBOY 1110, 1H), 7.527.00
501 wm“"’"‘"{“m“'mum (m, BH+H1), 5.823 (s, 2H+H1):
3 i oire 4.30 (q, 2H+H1), 2.18 (s. 3H),
H,C . 2.14 (s, 3H1), 1.20 (t, 3H+H1)
o Hydrochioride 1H NMR (d8-
HC 81
HC NN e i eyt |DMsOF: 7.52:7.99 (m, 8H), 509
562 Y yiimethyl}-1H-benzimidazol-5- (z";f;’:‘;f: gﬁf’&;ﬂg"&
n L ', m'
HC - yijathanons O-sthylaxime 8H)
c 1H NMR (CDCLY): 8.42 {d, 1H).
Hi ‘j\C[k,r\ N 1-{1-athyh-2-{[2-{3-fropheny)- [8.02 (dd, 1H), 7.32-7:5¢ {m, 4H),
563 N 1H-midemt-14fmethyl}-1H-  |7.17-7.24 (m, 2H), 7.08 {d, 1H),
) |berzimidazot-5-yipropan-1-one [5.53 (s, 2H), 3.83 (g, 2H), 3.08
HC . (q. 2H), 1.27 {t, 3H), 1.02 (t, 3H)
HC._.0
i “ mriﬂ-lnﬁml-1
S04 "'N‘I:I yiimethyl}-1H-berzimidarol-5-yi)-
" F 1H-1,2,3-trlamie-4-carboxytute
ne
qN.! N 3-athyl-2-{i2-(3-lucrophemyi)-1H-
585 | N N F imidazol-1-ylmethyl}-3H-
) ieniciam{4,5-c]pyridine
HC
HC ) 3-{1-athy-2-[2-{6-fucropyridin-2 e 384.2
508 j' i) 1H-imidazol-1-yljmethyl}-1H- MH. 3826 |
HC | berximidazo-S-yijethanona :
F
F -
N 1-athyk-2-{2-{8-uoropyridin-2-+yi
< F Y "é"‘ bvridvacch yewd i MH+ 390.2)
(tifuoromethyl}-1H- MH- 388.2.
HC banximidazole
F
N= 8.17 (dd. J = 2.0, 7.8 Hz, 1H),
=\(I:Y\N,=\N 2-[2-{6- oropyridin- 2yt 1H- |03 (8, 1H). 7.88 (g, J » 8.0 hir,
1H,),7.52(d, Ja B4 Hz, 1H),  |MH+361.2,
598 midazol-1-yiimethyl}-1-propy-1Hl 435 2 8.4 He, 1H), 7.21 (s, | MH-250.2
2 &‘ benzimidarnie-5-carbonitdle |, 18 (s, 1H), 6.28 (s. 2H).
CH, F 428 (t, J = 7.6 Hz, 2H), 1.88 (ct,
Y ST WY Y
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TABLE §
Cpos STRUCTURE IUPAC NAME NMR M3
N r\ N
I ) 1-ethyh2-{[2-{3-luorophenyi)- 1H- [hare 3222
500 3 imidazol-1-yfjmetiryl}-1H- MH- 320.3 |
c | Imidazof4, 5-b]pyridine '
H, F
¢ 1H NMR (COCI3): 8.11 (s, TH),
m_f 2-{[2+{3-uorophenyly- 1H- B.45 (d. 1H), 7.38-7.52 (m, 3H),
800 imidazol-1-yimethyfi-1-propyt-1H17.16-7.28 {m, 3H) 7.06 (s, 1H),
2 ] Imidazof4.5-c|pyridine 5.53 (3, 2H), 3.71 ( 2H), 143 {q
" 2H), 0.75 (1, 3H)
1H NMR (CDCL3): 8.30 {d, TH),
’st:)_“ B.21 {dd, 1H), 7.78 (dd, 1H), 7.80)
{‘j\(x 2{2-{3-chiorophenyl)-1H- (m. 1H), 7.98 (m, 1H), 7.45-7.48
801 imidazoi-1-yfjmethyl-1-sthykS-  [(m. 2H), 7.38 (dd. TH), 7.17 (d.,
'j iscxazol-S-y-1H-beraimidaznia |1H), 7.07 (d, 1H), 8.53 (d, 1HP,
HC 5.52 (s, 2H), 3.83 (q. 2M), 1.03
{t. 3H)
‘ﬁ\
(I'%\,N 1 F2-{i2-3-
802 t’ {nuoropheny)-1H-imidazok-1- MH+ 330.2
F yiimethyi}-1H-benzimidazoia
F
&N‘b\,ﬂr’\h‘
603 i'nldmbi-ylll'neﬂiyl}!.11:;upyl-m - [(H+ 336.2,
§ imidazo(4,5-b]pyridine MK-334.2
H,C E
P
N
&N’\/N 2-{[2-{2.5-dMuorophenyl)-1H-
504 E E EmidmIi- -ylimathyl}-1-ethyk 1H-
CH, imidszof4,5-bjpyridine
F
“
R(Iﬂ - ) T-athy-24(2-{5-
205 9 [yaracy{cxidojaminolthisn-3-y1)-
rv-) o TH-midazm 1 fmaty-
benzimidaxoie-5-carbanttriie
| N\>—/N N (CDCA3) 8.46 (d, 1H), B.30 (dd
606 QN P! o v avt. T 1 (¥4, 8.03 (ad, 1H), 7.27 (m, 5H), | mvz 320.4
N Jmethyl}-3H B.37 (8, 2H), 4.27 (1, 2H), 1.70 (o [M+1)]
ﬁ d Iricazo{4,5-blpyridine ) 02 & 300
M
CIE—/ Fet-2-I242.3.4- (CDCI3) 8.40 {dd, 1H), 8.02 (dd,
wr | NN F tiftuorophenyl)- tH-imidazok1- | 1H), 7.36 (dq. TH), 7.25 (dd, 1H),| ma 3582
) yiimethyl}-3H-imiiazo[4,5- 7.22 {d. 1H), 7.01 (m, 2H), 5.38 [M+1]
HC . bjpyridine . |ts. 2H), 4.03 (q. 2H), 1.10 (t. 3H)
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TABLE 6
Cpa# STRUCTURE IUPAC NAME NMR M5
P —
Y N (CDCI3) 8.40 (dd, 1H), 8.05 (dd,
Y >"‘ oropyk2-{(24han-2y-1H-  [1H), 7.48 (0, 1H). 7.25 dd, 1H) . 104 5
808 imidazol-1-yi)methyl}-3H- 7.15 (m, 2H), 7.03 (d, 1H), 5.81 | ™7 32
imiiazof4,5-bipyridine {s. 2H), 3.96 (¢, ZH), 1.55(p. 2H)| M*Y
= |o.so 2, aH) ’
o,
) —
- _ |1cDc3) 8.39 (94, 1H), 8.05 (dd,
> S-athyh-2-{J2-{1-mathyl-1H 1H). 743 (dd. 1H), 7.23 (dd, 1H),
09 N m’m 7.10 (dd, 1H), 7.04 (dd. H), 6.91 ™7 390
) ) 4o lied, 1H), 8.21 (s, 2H), 4.33 (q, | ™+
HC N, 2H), 3.97 (3, 3H), 1.13 {1, 3H)
o,
=\ Hz, 1H), 8.05 (dd, J = 8.4, 1.5
¥ N
N N Hz, 1H), 7.44 {dd, J = 6.8, 2.1
(I P~ 3-othyt-2-[2-(2 fluoro-5- Hz. 1H), 725-7.30 (m, 2H), 7.19
pro| ~N N . o meamte e\~ .= 15 He, 1), 712 (0, 0= | ™ T2
P, Whlm“"'l""""m 8.8, 87 Hz, 1H), 7.04 g, Ju 1.5 | M*1]
HC Hz, 1H), 5.38 (s, 2H), 3.98 (q, J =
7.2 Hz, 2H). 2.37 {s. SH), 1.03 1,
e b 2 1),
=\ {CDCI3) .39 (dd, J = 4.8, 1.5
{ ;| I‘\3“, 5-fluoro-2- Hz, 1H), 8.04 (dd, 1 = 8.0, 1.5
o11 | i methyiphenyl)-1Himidazol-1.  (Hz, 1H), 7.18-7.32 (m, 3#), 7.07-| maz 3382
j Hy yimethyl-3H-midazoid,5-  [7.13 (m, 3H), 5.2 (s, 2H), 398 | [M+1]
He bipyridine (q. 4 = 7.2 Hz, 2H), 2.24 (8, 3H).
. 1.11 (t, d = 7.2 He, 3H)
- (CDCI3) 8.40 (dd, J = 4.7, 1.5
S N N o2 Hz, 1H), 8.01 (dd, J ~ 8.0, 1.8
difuorophenyl)-tH4midazol-1-  [1% 1H) 7.82(m, 1H) 7.237.30 |, o,
812 F . et 3 it oty imieogs SHim 240, 7.11 (6, = 1.8 Kz, 18, 0570
y S17.03 (m, 1H). 5.34 (s, 2H), 4.03 | ™M*1]
HC Ipyridine (.= 7.2 Hz, ZH), 1.10¢t, J =
a 7.2Hz, 3H)
N =\ Hz, 1H), 8.03 (dd, J = 8.1, 1.8
[ D™ y [H2. 1H). 7.48-7.57 (m. 24), 7.25
os | N et 222 ﬂ""‘""’"'l_'_"' (e, 1H), 7.18 (d. J = 1.2 Hz, 1H), | m/z 3342
)" : o 1H-mkda H]m""m""""‘ 7AS (@ Im 75, 12HE 1H), | [(M+1]
O, |imidea4, 7.04 (d, J = 8.4 Hz, 1H), 7.00 (d,
HC J = 1.2 Hz, 1H), 5.20 (s, 2H),
390i0 J=72 Ky 2H) 384 (s,
= (CDCI3) 8.40 (dd, J = 4.8, 1.4
| S\,r\ N Hz, 1H), 8.04 (dd, J = 8.2, 1.5
S-athy-2-[2-{24,5 Hz, 1H), 7.50 (m, 1H), 7.25 {dd, J
gal N j‘ . wifluorophenyl}-1H-midezol-1- |=7.8, 5.1 Hx, 1H), 7.21(d, J = | m/z 358.2
yijmetiryl}-3H-imidamj4,5- 1.SHz, 1H)7.44 (m, 1H), 708 | [M+1]
HC . bipyridine ltd. 4 = 1.5 Hz, 1H), 5.37 (s, 2H),
4.02 (q. J = 7.2 Hz, 2H), 1.1 (1,
J =7.2 Hz, 3H)
[ccoca) 8.19(dd, J2 6, 12 He,
1H), 7.83(q, J = 8 Hz, 1H),
4~chion-2-{[2-{8-fucropyridin-2- [7.21(d, J = 1 Hz, 1H), 7.14(d, J =
615 iy 1H-imidgzok 1-ylimethyl}-6- |1 Hz, TH), 7.05(s, 1H), 6.83(dd, J| mvz 385
imcmyH-pmpyHH-inldm[tt.s- =8, 2 Hz, 1H), 8.38(s, 2H), M+1)
clpyridine 4.18¢t, J = 5.8 Hz, 2H), 2.83(s,
3H), 1.57(sextat, J = 5.4 Hz, 2H),
0.7, J = 5.4 Hz, 3H)
(CD30D) 8.02-7.88(m, 3H),
7.34(d. J = 2 Hz, 1H), 7.14{d, J =
s pscaniverina g (LTS LT S P
bl \ s, 1H), 8.12(n, 2H}),
:;m-m-mdmﬂﬁ- 421(t, J = 5.2 Hz, 2H), 2.33(s, | M)
3H), 1.68{vextet, J = 5.4 Hz, 2H),
0.88¢, J = 5.4 Hz, 3H)
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TABLE 8
Cpd# STRUCTURE IUPAC NAME NMR M3
S g\/ — {COCI3) 8.36 (dd, J = 4.8, 1.4
N Sethyh2-[245-horo 2- Hz, 1H), 8.04 (dd, J = 8.0, 1.4
617 I N methosypher) thmidazor1- | 1 ST gl fme ds2
J o~ yllmethyl}-3H-midazaf4,5- AP 19,88 (0 I= | Men)
o, [ 9.0, 4.5 Hz, 1H), 5.30 (s, 2H),
HC pyridine 3.65 (g, J = 7.2 Hz, 2H), 3.80 (s,
F 3H), 1.02 (¢, J = 7.2 Hz, 3H)
=\ (CDCI3) 8.18 (dd, J = 7.8, 2.1
Y "\ " N Hz, 1H), 7.84-7.92 (m, 2H), 7.21
| I >~ pihe [(€9=1.2Hz 1H), 718, 4 =
c 1.2 Hz, TH), 7.08 (d, J = 7.8 Hz,
s1a | M Z """'"""‘V'l""“‘"'*;f"""‘ﬂ: 1H), 6.89 {dd, J = 8.1, 27 Hx,
propyh-3ti-midazo(s,5-bipyridine |, 1\ 8 20 (s, 2H), 4.28 (t, J = 7.5
by, N Ha, 2H), 2.84 (0, 3H), 1.72 (m,
) 2H), 0.83 (1. J = 7.5 He, 3H)
N p——
{CDCI3) 8.40 (dd, J = 4.8, 1.2
O~ pemes, | G
s19 | N Hz, 1H), 7.05-7.28 (m, SH), 5.40
£ ylmethyf-3H-midazoi4,5-
) LW {5, 2H), 4.04 (q, J = 7.3 Hz, 2H),
LA ] 1.10 (L J = 7.3 Hz, 3H)
N N
[ :[ Yo " (CDCI3): 8.38 (d, 1H), 8.02 (m,
N 2-2-{1H-barzimidazo-5-y1)-1H- [2H), 7.66 (s, 1H), 766 (8. tH). | . acp
820 4 Ii'nn'lnnld 7.42 (d, TH), 7.25 (m, 2H), 5.58 M+1]
imidezoj4 5-b]pyridine I(-. 2H), 5.28 (1H), 3.87 (t, 2H),
e N 148 (m, 2H), 0.68 {1, 3H)
w7
N ",‘N
| P 3-{1-{(3-ethy-3H-imiiazo4.5-  [(COCE3): 8.40 (d, 1H), 7.86 (m,
g1 N bipyridin-2-ylymethyl}-1H- 2H), 7.75 (m, 1H), 7.31 (m, 3H),
4 F Imidazri-2-yl4- 7.10 (s, 1H), 5.38 (s, 2H), 4.03
4 fiuorobenzonitrie [tq. 2H). 1.11 &, 3
&
f"\ |¢cocta) 8.06 (s,1H), 7.55 (m,
2-{[2-{2,6-difuoro-3- 1H), 7.37 (dd, J=8.0, 1.2 Hz, 1H),
622 E\EI?—/ methyiphenyl)-tH-imidezol-1-  [7.32-7.26 (m, 2H), 7.04 (s, TH), | miz378
. viimethyl-1-sthyk1H- .84 (t, Jm8.8 Hz, 1H), 8.34 (s, | [M+1)
benzimidarole-S-carboniirbe  |2H), 3.88 (q, Ju7.1Hz, 2H), 2.25
He (S, 3H), 1.03 (¢, J=7.1Hz, 3H)
] "»V ‘_,Iq [icocts) 8.1 (¢, 1H), 8.58 @,
iy 1{{(FothyhOHHmidszoi45-  [1H), .37 (dd, 1H), 8.02 dd, | 0 occ
ga| °N J bjpyridin-2-ylimethyl}-1H- 7.88 (dd, 1H). 7.51 (m. 3H). 7.32| ML
N imidenoi-2-yijiscquinaine |id. 1H), 7.22 (m, 2H), .11 (s.
HC 2H), 4.38 (g, 2H), 1.11 &, 3H)
- .' L » =
< N F 4.5 Hz, 1H), 8.12(dd, J = 5.1, 1.3
NN Hz. 1H), 7.28-7.24(m, 2H),
| >\ 2-{[2-{2-fluoro-5-methyiphenyl)- Ir.zm. J=42HL HL 200 | 0 s
624 y 1H-imidazol-1-yljmethyl}-+ = 8.8 Hz, 1H), 7.01(s, 1H), ]
AN 1H-imidazof4,5-clpyridine 5.37(s, 2H), 3.68¢t, J » 5.7 Hz,
. ZH), 2.34(s, 3H), 1.40{saxtut. J =
5.7 Hz, 2H), 0.74(t, J = 6.7 Hz,
aH)
. _ (CDCI3) 8.08(s, 1), 8.44(d, J =
X 4.8 Hz, 1H), 7.42(d, J 2 5.0 Hz,
\ 1-athyl-2-{[2-{2-luoro-5-
as | LI T4 | metnyiphery tkimigazot1 (0197285 200 8. T4 s 328
) R iy TS (ot 3tiq, s mSA ), | (T
HC N 2.36(s, 3H), 0.85{t, J = 5.1 Hz,
3H)
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TABLE €

Coo STRUCTURE IUPAC NAME NMR NS
N D6dmso) 9.42 (s. 1H), 8.89 d,
\ N 4 2-{2-{3-chioro-2,6- Jm6,4Hz, 1H), 8.36 {d, J=8.4Hz,
ez | | S dificorophenyl)-1H-Amidazok1-  |1H), 7.86-7.81 (m, 2H), 7.75 (s, | miz374
o P o [vmethyili-st-tH-imidazofs,S 1H), 7.39 (t, JeBHz, TH), 5.95 (8.  (Ms1]
) [clpyridine 2H), 4.43 (g, Jo7.2Hz, 2H), 1.25
He (L Ja7.2Hz, 3H)
1H), 8.74 {d. J=8.8Hz. 1H), 8.63
(d. J=8.4Hz, 1H), B.42 (d,
mmm‘“' J=8.8Hz, 1H), 8.3 (d, J=B.4Hz,
627 dazojd, 2 1H), 8.25 {1, J=8Hz. 1H), 8.17 (d,
) Himidezar 2 Yoy 21111 s=g gk, 1H), 8.07 (d, JuT.0Hr.
imidazof4,5-clpyridine 1H), 7.70 (s, TH), 7.46 (s, 1H),
8.32 (8, 2H), 4.24-4.16 (m, 4H),
- I
{d8 DMSO) 9.42 (s, 1H), 8.69 (d,
Ju8.4Hz, TH), B.37 (d, J=6.BHz,
2-12-2.6-difuoro-3- 1H), 8.08 (s, 1H), 7.80 (3, 1H),
828 methyiphenyl-1HHmldazi-1- |5 677 64 (m, 1H), 7.2¢ ¢,
yijmethy}-1-athyt-1H-midazol4  1H),
Yimenie F=B.8Hz, 1H), 5.98 (8, 2H), 4.44
Ioyrd Q. JuT.2Hz, 2H), 2.19 (s, 3H),.
1270, J=7.2Hx, 3H)
(dd, J=8.2, 1.2Hz, 1H), 7.93 (dd,
Jug, 1.2Hz, 1H), 7.58 (dd, J=6.8,
MH{1{( ot BHAmidazofd,5-  {2Hz, 1H), 745(0d, Jo8.8, 2He, | oo
829 bipyridin-2-yl)methyl-1H- 1H).7.25 (s, 1), 720 (dd, J=s, | T
imidazok-2-ylpyridin-2(1H}-one  |4.8Hz, 1H), 6.98 {s, 1H), 8.19 {t,
Ju5.2He, 1H), 5.84 (s, 2H), 4.14
[(q. J=7-2Hz, 24), 1.07 (1.
inT lby 2Ll
22-{8-ucropyridin-24-1H-  |(COCI3) B.18 (dd, 1H), 7.88(m,
a30 imidarok1+ffmethy)}-3,5- 2H), 7.18 (m, 2H), 7.08 (2, 1H),
dimethyl-3i-imidazof4,5- 6.85 (dd, 1H), 8.24 (s, 2H), 3.85
bipyricine (s, 3H), 2.82 (s, 3H)
jicocs) 8.02 (s, 1H), 8.18 (dd,
B-[28-fuoropyridin-2-i-1H-  {1H), 7.88 (0, 1H) 7.5, 1H), | 0 o)
31 imidazol-1-yljmethyl}-2,9- 720 (s, 1H),7.11 (5, 1H), 683 | "5
dimethyl-9H-purine ltda, 1H), 822 (s, 2H), 3.89 (s, ]
3H), 2.8 (s, 3H)
(COCI3) 8.91 (s, 1H), 8.16 (dd, J
2-2-6-fuoropyridin-241}1H-  |= 7.8, 2.0 Hz, 1H), 7.85 [q. J =
632 Imdazo-1-ylimethyl}-1,6- 8.0 Hz, 1H), 7.20 (s, 1H), 7.18 (s} mvz 323
dimethyl-1H-midazo4,5- 1H). 7.11 (6, TH), 6.84 (dd, J = | [M+1]
clpyridine B.0, 2.8 Hz, 1H), 8.22 (s, 2H),
3.80 (s, 3H), 2.88 (s, 3H)
(COCI) .17 (dd. 1H), 7.88 (q.
6-chioro-1-athyk-2-f2-8- H),7.25(6, HL 115 (6, 1H), | 0o
633 fluoropyridin-2-yi}-1H-midazok-1-|7.26 {m, 2H), 7.18 (s, 1H), 7.17 X
yimethyl-1H-banzknidazole  |(s, 1H), 6.89 (dd, 1H),6.28(s, | ™*Y
2H), 4.33 (q, 2H), 1.20 (s, 3H)
1-gthyl-2-{[2-{6-fuarepyridin2-4i)| (CDCI3) 8.20 (m, 1H), 7.87(m.
634 {H-imidazo-1-yijmethyl-8-  |2H), 7.83 {s, 1H), 7.48 (¢, 1H),

(rifluoromathyl)-1H-
benzimidarmnis

7.20 {(d, 2H), 8.85 {dd, 1H), 8.25
(s. 2H}). 4.38 (g, 2H), 1.24 {t, 3H)
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TABLE 6
Cpd# STRUCTURE IUPAC NAME NMR mMs
3\ N (CDC13) 8.48 (m, 1H), 7.84(d.
>/\N ¢ }mmz‘mgmm 7.80 (m, 2H), 7.52 {d, 1H),
83s rorometimiF 1T 7.38 (M, 1H), 7.25 (s, 1H), 7.10
[ ermimiaaot (s. 1H), 8.14 s, 2H), 4.35 (q.
2H), 1.14 {t, 3H) i
{CDCI3) 8.48 (. 1H). 7.59-7.88|
1 )I(m. 2H), 7.38 (m, 1H), 7.20 (s,
636 1H-Amidezol-1-yljmethyl}-8- 1H), 7.08-7.11 (m, 3H), 6.01 (s,
Imethyt-1H-benzimidazoie 2H), 4.18 (q, 2H), 2.48 {s, 3H),
1.07 (s, 3H)
7\ {(cOCLY) 8.48 (dt, 1H), 7.74 (a,
/0: B = 8-chioro-1-sthyl-2-2-(3 1H), 7.81 (L 1H), 7.37 {m, 1H),
837 | o fluoropyridin-2-yi)-1H-imidami-1-|7.20 (s, 1H), 7.23-7.24 (m, 3H),
3 9 yiimethyll-1H-beratmidazole  [7.08 (s, 1H), 6.01 (s, 2H), 4.25
HC N |ta. 2H). 1.07 (s, 3H)
|icoct) 8.05 (s, 1H). 8.45 (0t 4
fﬂ*}ﬁ‘mﬂ"ﬁ =5.8, 1.8 Hz, 1H), 781 (m, 1H) | 0 00e
638 d"w"'”"1mm4 e 7.38 (m, 1H), 7.27 (s, 1H). 710 | "Ll
P [ts. 1H), 7.06 (s, 1H), 8.08 (s,
Tpyrid 2M), 3.86 (s, 3H), 2.67 (s, 3H)
2-{[2-{3-fuarophenyl-1H-
638 imidazok-1-yljmethyl}-1H- "[';"M’f]“
beraimidazole
C S
1-benzy-2[2-(3-luorophenyl)- iz 383
840 \ 1H-imideoml-1-yijmathyl}-1H- "
|benzimidazoie (1]
‘ - \
iy y" N 2-[2-{8-uoropyridin-2.41)-1H-  |(CDC13) 820 (m, 1H), 7.87(m,
041 N imidazok-1-yfmethyl)-1-methyi-8-|2H), 7.83 (s, 1H), 7.48 {d, 1H),
o, N (trifiuoromathyl)-1H- 7.20 (s, 2H), 6,84 (dd, 1H), 6.25
I |¢s. 2H). 3.82 (s, 3H)
@ .‘..(OA F {4-{2-72-{3-morophenyl)-1H-
1 Imidazok-1-yfjmethyl}-1H- m/z 379
042 g benzmidamt-1-yi)-2- M+1]
methylbutan-2-0l
HC mm'
(CDCI3) 8.96 (s, TH), 8.45 (dt,
N e—¢ N 4.8, 1.4 Hz, 1H), 7.81 (m, 1H),
] N\)_\ = 1-athyt-2-[2-{3-moropyridin-241)7.37 (m, 1H). 7.24 (d, = 1.2 Hz. . o0
543 N 1H-midezoh--mety}-6-  |1H), 7.10 (s, 1H), 7.0 (¢, J= 12| TS0
) \ mathyl-1H-imidezoj4, 3-clpyridine|Hz, 1H), 6.08 (s, 2H), 4.23 (q. J =
N 7.2 Hz, 2H), 2.8 {8, 3H), 1.10 (1,
HC J=7.2Hz, 3H)
N , [2-1243-quorophenyy-11-
sus | 65 b imidazole1-ylpmothyl}-1 miz 375
l‘{ 7 (rifluoromethryl)-1H- M+1]
. By, QN banzimidazale
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TABLE 8
Cpdd STRUCTURE IUPAC NAME NMR M8
\ F~C ) |[2@etomopranz .
aas | £ A = Imidazol-1-yljmethyl-1-methy-8- m/z 378
(rifuoromettiyl)- 1H- [M*1]
F v benzimidarole
F l2-{12-{3-fuorophenyl}-tH- (CDCI3) 8.05 (s, TH), 7.40-7.37
e N Imidazol-1-4methyl)}-1,8- L(m. 3H), 7.16 (m, 2H), 7.06 (2. | mr 322
ME” NP N dimettryl-1H-imidazoid,5- 1H), 8.97 (s, 1H), 5.50 (s, ZH), M+1]
N W clpyridine 3.33 (s, 3H). 2.8 (s, 3H)
(COCI3) 8.15 {dd, 1H), 7.87 (g,
1-athyl-2-{[2-{8-flucropyridin-2-y1) 1H), 7.83 (d, 1H), 7.08-T.17 (m.
847 Jm-humnmme- 4H), 6.88 {dd, 1H), 828 (s, 1H),
mathyt-1H-berzimkiazole 4.27 (q, 2H). 248 (s, 1H), 118 {t,
3H)
JicDcia) 8.45 (9, 1), .38 (s,
1-{1-athy*-2[2-{3-oropyridin-2{1H), 7.98 (dd, 1H), 7.81 (t, 1H),
043 yir1H-midsaok-1-yljmathyl}-1H- {7.37 (m, 2H), 7.24 (s, 1H), 7.21
|benzimidazo-5-yl)ethanone (s, 1H). 8.08 (s, 2H), 4.29 (g
2H), 2.06 {8, 3H), 1.14 {1, 3H)
(CDCI3) 8.12 {3, 1H), 8.45-8.49
1-athyk-2-[2-(3-uoropyridin-2-yi)l{in, 2H), 7.620 (, TH], 7.35-7.41
849 1H-midazol-1yfmethyi-1H-  |(m, 1H). 7.30 {d, 1H), 7.27 (s,
|imidami4,5-clpyridine 1H), 7.11 (s, 1H), 8.13 (s, 2H),
4.30 (q, 2H), 1.12 (1. 3H)
(CDCI3) 3.45 (d. 1H), 8.09 (s,
1-athyk-2-{[2-{3-Nluoropyridin-2-yf)| tH), 7.62 (¢, 1H), 7.58 {d, TH),
850 J1l-l-hﬂnnl-'l-yl|mm1i+- 7.42 (3, 1H), 7.35-7.40 (m, 2H),
benzimidarole-S-carbonitrle  |7.08 {s, 1H), 6.10 {s, 2H), 4.32
{q. 2H), 1.12 {t, 3H)
5-chioro-1-sthyl-2-2<(3- e 388
51 fuornpyridin-2-yi)-1H-midsoi-1- 1]
ylimathyl-1H-benzimidszole
1-athyl-5-fior-2-T2-(3- e 340
852 {Muarnpyridin-2-yi)-1H-midzol-1- M)
yijmethyt-1H-berzimidarole
(CDCI3) B.48 (s, 1H), 7.80 s,
1H), 7.62 (t, 1H), 7.32-7.42 (m,
853 2H), 7.17-7.27 {m, 2H), 7.08 (s,
1H), 6.02 (8, 2H), 4.22 (q. 2H).
1.06 (t, 3H)
{CDCE3) 8.96 (s, 1H), 840 (d,
654 1H), 7.58 (m, 1H), 7.30 {m, 2H),
7.12 (s, 1H), 6.07 (s, 2H), 4.30
(q. 2H). 2.78 (s, 3H), 120 (1, 3H)
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TABLE 8
Cpd# STRUCTURE WPAC NAME NMR NS
) e, 471d. J =
— 5.7 Hz, 1H), 8.20 (dd, S = 7.8,
gb/‘u " 3-0ty-2{[2-E-OrOpYI-2Y0 11 72 . or a8 s
A 1H), 7.28 (s, 1H), 7.25(d, J = 9.9] m/z323
855 | N 1H-midazol-1-yfjmetwl}-3H- |y 50y 6 61 (dd, Jm 5.1, 3He, | [M+1)
\—& (Imidazo(4,5-cipyridine 1H), 6.35 (s, 2H), 4.39(q. J =
F 5.4 Hz, 2H), 1,49 (t, J = 5.4 Hz,
.l L - { ]
J=7.8Hz, 1H), 7.87 (q. J= 7.8
— HE, THL7.21 (6. THL718(0, | .0 aar
6856 1H-imidazol-1-ymethyl)-1- 1H), 7.12 s, 1H), 6.87 (m, 1H). | "’
'(c"’ ! mathyl-1H-imidazof4,5-clpyridine|8.24 (s, 2H), 3.83 (s, 3H), 2.95
I%/ (QJ=72Hz, 2H), 138 (L J =
Z2Hy 3H)
(CDC13) 8.98 (s, 1H), 8.17 (brd,
J=7.8Hz, 1H), 7.87 (g, J = 7.8
G-sthyi-8-{[2-(S-fuoropyridin-2-yi)fHz, 1H), 7.21 (8, TH). 7.18(, | . 4q0
657 1H-imidazol-1-yfjmetiy)-2- 1H). 7.12 (s, 1H), 8.87 (m, 1H), | "o
methyl-9H-purine 8.24 (s, 2H), 3.83 (s, 3H), 2.95 ]
Q. J=7.2Hz, 2H), 1.38 (t, J =
7.2 Hz, 3H)
oy
(OMSQ) 8.05 (s, 1H), 7.80 (d,
N\G: N ,> J1-omz-a2-u.:-mmm- 1H), 7.73 (d, 1H): 7.85 (d, 1H),
858 Imidazol-1-yimethyl)-1H- 7.80 (d, 1H), 7.48 (s,1H), 7.10 (s,
\ benzimidazole-S-carbonitriie | 1H), 8.20 (s, 2H), 4.40 (g, 2H),
MG 1.35 {t, 3H)
N & y (DMBO) 8.85 (s, 1H), 8.22(d, J =
5.4 Hz, TH), 7.98 {m, 2H), 7.54
s 2-{[2-{8-Muoropyridin-2-yi)- 1H- .
ese CC,?\’ > |miezk -yl S-meto L plding sl g iy
&y, \ 3tHmidazol4,S-cipyridine Hz, 1H), 6.08 (s, 2H), 4.01 (s,
S F 3H)
{CDCI3) 8.81 (s, 1H), 8.48 (m,
3-sthyl-2-{T2-{3-lucropyridin-2-vif 2H), 7.84 {m, 2H), 7.36 (m, 1H)}, miz 323
680 1H-midazol-1-yljmethyl}-SH-  |7.25 (e, 1H), 7.12 (s, 1H). 8.11 M1
|imidezof4, 5-clpyridine (6. 2H), 4.38 (q. J = 7.2 Hz, 2H), ]
120 (t, J = 7.2 Hz, 3H)
| .
J LRMS:
%ﬂ 1-athyl-2-{[2{3-Muoropyridin-2-yi cakd
881 3 1 % 1H-imidazol- 1-yljmethyl)-5-thien- 403.5;
N 3-y+-1H-benzimidazois found
He 4043
(CDC13) 8.38 (3, 1H), 8.18 (dd,
S P [tHrpromb2-ga e duomppain 7 5 Y e 72 O O T
u 8 e a, £
862 9 2-yi)-1H-mkdazo-1-ylmethy-1H1 0 50" g 89 (da, 1H), 831 (s,
N bercimidazol-5-yijethanons 2H), 4.28 {1, 2H), 2.67 (s, 3H),
. 1.60 {q, 2H), 0.88 [, 3H)
. "\,? 1-athyl-2-{[2-{1.3-thiazol-2-yi}-1H{ (CDICI3) 7.87 (m, 2H), 7.82 (s,
o83 | F N imidazol-1-yjmethyl)}-6- 1H), 7.55 (d, 1H), 7.41 (d. 1H),
1 {trifivoromethyl)- 1H- 7.18 (s, 1H), 7.15 (s, 1H), 6.37
F H’c) (\,N benzimidaxoie (s, 2H), 4.30 (g, 2H), 1.14 {t, 3H)
1-athy-2{{2-pyrimidin-2-y-1H- |(CDCI3) 8.88 (d, 2H), 7.85 (d,
-— Imidazok-1-yljmethyl]6- 1H), 7.62 (s, 1H), 7.55 (d, 1H),
(triflucromethyl)}-1H- 7.28 (m, 2H), 7.16 (s, 1H), 638
berzimidazoie (s, 2H), 4.28 (g, 2H), 1.18 {L 3H)
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TABLE §
Cpowt STRUCTURE IUPAC NAME NMR M3
O )
’L@ Y T2 mettaminoipyrdin-2-
005 =N yiF1H-midazok 1-yijmethyl)-1- me 372
e" \ propyl-1H-banzimidaroie-5- [M+1]
N carbonlirie
RN
3~ § ety 2-[2-(2-uryly 1H-
ese | F imidazok-1-yljmethyl}-6- ma 361
A 3 1 (vifuorometiryl)-1H- Me1)
N N benximidazoie
HC
F
\ ’S {-athyh-2-[2-{1,3-thlazk-2-y(- 1H{(COCI3) 8. 14(s, 1H), 7.84 (d.
- =y  [imidazoi-1-ymethy-5- 1H), 7.58 (d. 1H), 7.40 (m, 2H),
(trifluoromettl)-1H- 7.18 (s, 1H), 7.15 (8, TH), 8.37
3 \N berzimidaznie [ts. 2H), 4.30 (g, 2H). 1.12 (1, 3H)
HC
F
E q t-othyh2{2pyrimidin2-yk-TH-  [(CDCIS) 8.85 {d, ZH), 8.06 (s,
- e/ |imidami1ymet)s- 1H)< 7.54 (6, 1H), 7.40{d, 1H),
(trifluorometiyl)-1H- 7.28 {m, 2H), 7.15 (v, 1H), 8.38
\N idaznie (s. 2H), 4.27 (q, 2H), 1.15 (¢, 3H)
HC
a /?
\5_ (CDCI3) 7.84 {m, 2H), 7.4 (s,
oo QH ey ey (P40 I 114 (. 28
t N L 4. 4. . 1.
3 A \ yimethy)-iH-berzimidazole (o
HC
a '5 q (CDCI3) 8.84 (d. 2H), 7.84 {
3 84 (d. 2H). 7.84 (s,
870 :@: =y Immﬂﬂ' o [1H).743 (s, 1H), 7.28 (m. 24,
o 3 1 et} 1 idazol- 7.13 (s, 1H), 8.33 (s, 2H), 4.18
N H-bergimidarcie |0 2H), 1.10 (t, 3H)
HC
W" N (CDCI3) 7.7 (v, 1H). 7.53 (brs,
1H), 7.46 (¢, J = 8.7 Hz, 1H),
1-athy-2-I2{1H-pyook- 3L 1H, o5 14 ) o 81 Mz, 1H), 8.97 (0, | mz 318
671 3 fimidaczol1-ljmethy]-1H- J=83 Nz 2H), 6.78 (ors, 1H), | [M+1)
HE \ N bercimiazoie-S-carborttrile |4 10 (s, 2H), 4.2 (q, J = 7.2 Hz,
N 2H), 0.88 (L J = 7.2 Hz. 3H)
,@?_\ ’? tetyhemeth22{1.3  |COCI37.08 (0, 11), 7.88 d.
. 1H), 7.38 (d, 1H), 7.14 {d, TH),
072 | ne” thizmé 2.y} H-midazol- 1o o5 o) 9y 8.31 (s, 2H), 4.18
% vimathyliH-benzimidazole o 21), 1.02 (t, 3H)
HC
(- (CD30D) 8.03 (d, J = 8.4 Hz,
1H), 7.72 (d. J = 33 K2, 1H),
i "ﬁ/\{ [§umk 21213 ek 211 1H17 08 d, = 8.1 He, 1H), 7.5 (4,
ena| F ) “Yijmathyl}-5- J=3.3Hz, 1H), 7.46 (d, J = 1.5
N (tfiuoromethyl}-3H-imidam{4,5-
F L g bipyridine Hz, 1H), 7.20 (d. J = 1.5 Hz, 1H),
\) 6.3 (s, 2H), 4.58 (q. 4 = 8.9 Hz.
2H), 1.48 (1., J = 6.9 Hz, 3H)
FF F .rcu, - (CD0D) 8.83 s, 14, 814 .
== 1H), 7.71 (d, J = 2.7 Hz, TH),
I PP P \athyb2-2-1,30vazok241}-1H17 53 14, ) = 2.7 Ha, 1H), 7.45 (0.
a74 N N ':m"’"”"' HHI:' 45 |47 0.9 He TH), 7.18(d, J = 0.8 "‘:317'
clw:l'l:w arm(d.5 | e 1H), 8.0 (s, 2H), 454 (g, 4 = (M*1)

54 Hz, 2H), 146 (1, J = 5.4 Hx,
3H)
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TABLE 8
Cpoe STRUCTURE IUPAC NAME NMR MS
4 o COI0D!
( )9.02 (s, 1H), 7.88 {s.
'>v =\, Fethyl-2[241 3-ﬂ1llml-2-yIHHi1H). .70 (d, J = 3 Hz, tH), 7.52
ors | PR Imidazol- 1-yfjmethyl}-8- (d.Jm33Hz 1H),746(d, J= | mr37e
r N (trituoromethy!)-3H-imidazoi4.5- [1.5 Hz, 1H), 7.19(d. J = 1.5Hz, | [M+1]
3 N cipyridine 1H), 8.29 (8, 2H), 4.56 (q, J » 7.5
\#’ lnz. 2H), 1.52( J= 7.5 He. M)
O
{CDC13) 7.88 (d, 1H), 7.45 (dd.
oo \@ "_(\_ WM, 1H), 7.39 (d. 1H), 7.23 (dd, 1H),
3 i o 7.18 (0, 1H), 7.12 (s, 1H), 7.08
u (\ N i, 1H)
A » - 1R}
S /5 7.85(d. J= 3.8 Hz, 1H), 7.40 {d,
J =30 He, TH), 7.18(d, J= 1.5
orr “-"—\/u\ s }mwwmim 7.14(d, J = 0.0 Hz. 1H),| mvz 338
3 } |imidazofs S-cioyridine 7.10 (s, 1H), 8.34 (v, 2H), 4.22 (Me1]
N . |8« 72 bz, 24, 289 g, 3=
HC 7.2Hz, 2H), 1.35(t, d m 7.2 He,
AN 1104 1T 2 Hy )
(CDC13) 9.01 (d.\ = 1.2 Hz, TH).
7.85(d. J = 3.6 Hz, 1H), 7.40 {d,
142-T2-{6-MWoropyridin-24iF1H- |4 = 3.0 Kz, 1H), 7.18 (d, J = 1.5
o7 | Irllldu:lﬂ-yl]nn‘llyl}-i-pmpyl-iﬂ]lh 1H), 7.14 (d, 4 = 0.8 Hz, 1H), | mvz 339
imidamis,5-cClpyridin4- 740 (s, 1H), B34 (0. 2H)L 422 | [M+Y)]
N yijathanone Q.= T2Hz, 2H), 283 (q. J =
2‘ 7.2z, 2H), 135 (t, Ju 7.2 Ha,
3H), 110 {t, J = 7.2 Kz, 3H)
N N =57 Hz, H), 7.75(d, J=3.3
| TN/ [Hz, 1H), 7.57 (0, J » 4.8 Hz, TH),
o0 N I ;!"‘V"’fm'"-mﬁm“" 7.52(d, = 3.3 Hz, 1H), 7.39 (d, | m/z 311
imidazol-1-yljmethyl}-3 Jm 15Kz, 1H), 7.18(d, J= 1.5 |  [M+1]
):H,s\; imkiazoi4.5-clpyridine [Hz, 1H), 828 (s, 24), 4.52 (g, J =
7.5 Hz, 2H), 144 {1, J = 7.5 Hz,
F /}
\’ (CDCI3) 7.86 (d, 1H), 7.40 {m,
- c:@ o e et |21, 7.15 @, 14, 7.11 (0, 1),
K 3 i ety 1 timicazoe |77 (d. TH), 830 (s, 2H), 4.17
N (q. 2H), 2.39 (d, 3H), 1.63 @, 3H)
HC-
(CDCY3) 7.85 (d. 1H), 7.80 (s,
he 4-{1-athyl-22{1,3-thiazol-2-yi)- 1H), 7.38 (d, TH), 7.22 (m, 1H),
681 1H-midazok-1-yfmethyl-1H-  |7.15 (m, 2H), 7.09 (s, 1H), 831 | ma396.3
banzimidezok-S-4i)-2- lta. 2H). 4.7 (q. 2H), 2.80 (m, | (M+1]
)\ methybutan-2-al 2H). 1.81 {m, 2H), 1.2 (d, 6H).
e 1.01 (&, 3H)
{1-atryh 2241, thlzmb 2oty | TH: 728 1H), 7.40 (d, 1H),
's N Ivimkiao ymatatt 738 (d, 1H) 718, 1H), 7.34 | oo
o2 y " [pemtimidaz sy b 208 gm. o 316, | 1]
. n sl m, h W b
“,c) hydroxypentan-1-one 1.83 (m, 2H), 1.25 (d. 3H), 1.00
oAy
N |(cDC13) 8.02 (s, 1H), 7.85 ta,
X } TeothybG-aobutyk-2-02<1,3  |1H). 740 (d. TH}, 7.18 (s, TH),
ot >\ N |thiarol-2yi) tHmidazol1-  [7.15 (a. 1H), 7.08 (s, 1H), 8.35
HC 3 &/\ yimethyl}-1H-midazof4,5- (s, 2H). 4.22 (q, 2H), 275 (d,
N clpyricne 1H), 2.1 (m, 1H), 1.10 ¢t. SH).
HC 0.83 (d, 8H)
N (COCI3) 8.01 (s, 1H), 7.83 (d, J =
: 3.2 Hz, 1H), 7.38 (d, J = 3.2 Hz,
3 3—\ \ Mmmi‘;" HL 738 (0, WL 7120 1H) | 0o
S
584 N\ “M“‘""»V'imm4 s [To9(s L8302 421 | MESS
L, 3 QN kil ' (Q. 4 = 7.2 Hz, 2H), 3.17 (sept. J

= 8.8 HE, 1H), 1.34 (d, J= 8.8

Hz. 8H), 1.10 {, J = 7.2 Hz, 3H)
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TABLE §
Cpd# STRUCTURE IUPAC NAME NMR MS
" (COCI3) 8.70 (s, 1H), 7.85 (d.
i '§ ’? 3athyl6-acbuty-22{1.3  |1H), 7.41 {s, 1H), 7.40 (d. 1H),
085 N =N |thiazol2-yi)-1H-imidazol-1- 7.20 (8. 1H). 7.15 {8, tH), 8.34
3 i yimethyl}-3H-midazoj4,5- (s, 2H), 4.33 (g, 2H), 275 (d,
N clpyridine 1H). 2.1 (m. 1H), 1.19 (1, 3H),
HC 0.93 (d, 8H)
N ’\) (CDCI3) 8.05 (d, 1H), 7.82 (dd,
B\ =y [1r-etoy2ga1,3minzoiayi) | 1H), 7.87 (a. 1H), 7.81 (ed, 1H).
888 W 1H-midazok1-yijmethyl-1H-  [7.40 (d, 1H), 7.20 (d, tH), 7.14
3 (\,\u berzimidazo-G-yljethanone  |(d. 1H), 8.17 (s. 2H), 4.33 {q.
HC 2H), 2.67 (s, 3H), 1.13 {t, 3H)
[{CDCI3) 7.88 (3, 1), 7.68 (d.
4{1-thy-2-{[2<{1, 3thlazoi-21)- | 1H), 7.30 (d, 1H). 7.12-7.18 (m,
a7 | 1H-midaz-1-yjmethyl-1H-  |3H), 7,09 (d, 1H), 6.13 (s, 2H),
i benzimidazok-8-yl)-2- 4.19 (g, 1H), 2.80-2.89 (m, 2H),
N methylbutan-2-ol 1.80-1.89 (m, 2H), 1.31 (s, 6H),
He 1,08 (t, 3H)
’§ (CD30D) {2HC] Salt) 8.38 (s,
=  [1-sthy-2-r2{1,3thiszol 2-yi)}- 14| 1H), 7.98-8.01 (m, 2H), 7.85 (d,
B8 | imidazok-1-ylimethyl}-1H- 1H), 7.87 (d. 1H), .71 (d. ZH).
N Q,\N benzimidaxole-S-carbonitria 6.50 (s, ZH), 4.82 (g, 2H), 1.82 (t)
HC 3H)
N
q |ico30D) @HC! Satt) 8.88 (¢,
- 1-sthyl-2{2-pyrimidin-24-1H-  [2H), 8.08 (d, 1H), 7.85 (d, TH),
089 N |imidazok-1-ytimethyl-1H- 7.93 (d, 1H), 7.90 (s, TH), 7.73
3 é \ berzimidmanie-5-camonivlle |(dd, TH), 7.58 (1, 1H):6.80 (s.
Ko 2H), 4.81 (q, 2H), 1.83 {L. 3H)
N q (CDCI3) 8.85 (d, 2H), 7.82 (d,
Y )= f-athyl-2-{(2-pyrimidin-2-¢-1H- | 1H), 7.60 (d, 1H), 7.55 (dd, 1H),
660 N limidszol-1-yl)methyl}-1H- 7.26-7.30 (m, 2H), 7.18 (d, 1H),
NF 3 \ banzimidazole-6-carbonitria  |8.39 (s, 2H), 4.29 (g, 2H). 1.09 (L
He N 3H)
N 4-chioro-1-{1-ethyl-2-[2-{1.3-
- W > |ihiazor-2-yi)-1#+-micazor1- Fntpiry!
) 3 yljmethyl}-1H-benzimidazol-5-yi)- M+1]
ne 4-mathyipentan-1-one
,3/\ =\, (CD30D) 8.78 {s. 1 H). 8.70 (d. J
= 5.1 Hz, 1H), 8.17 (s, TH), 7.52
F NG Tt @ o2 (g, m 120 1,738 @0 | L
692 | ¢ 3 e sarota 5. [1:2P TH). 727, J= 5.1 He, |
F Criflugrometin}-1H-midazo(4.5- |, a3 s, 1H), 6.32 (. 2H), | M*1)
HC U clpyridine 4.57 (q. J = 7.5 Hz, 2H), 1.50 {1,
J=7.5 Hz, 3H)
: (CDC13+CD30D) 829 (s, 1H).
2'{‘1‘5.'"’""""""’"1""1H_ 8.25(d, 1H), 7.97 (dd, L 7.52 | . oo
683 | Hy T {10.1H.7.420, ). 7.2, >
Mf;"}' ' 1H), 8.17 (3, ZH), 4.44 (q.21), | ™M*1)
N 2.64 (s, 3H), 1.43 {t, 3H)
Br N \ (CDC13) 8.83 {d, 2H), 7.91 (d,
\@: 3 .__N) 5-bromo-1-athyl-2-{(2-pyrimidin-2{ 1H), 7.39 (dd, 1H), 7.27 &, 1H),
o4 " y-1H-midazok 1-yijmethyl-tH- |7.25 (m, 1H), 7.18 (d, 1H), 7.13
3 \ berzimidazole {d. 1H). 8.35 (s, 2H), 4.20 {q.
HC N 2H), 1.08 (1, 3H)
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TABLE 6
Cpct¥ STRUCTURE IUPAC NAME NMR MS
{CDCI3) 8.79 (d. 2H), 8.47 (d,
= l 3_\ /? :'LW'W" 1H), 7.83 {d, 1H), 7.40 (d, H),
895 Na m Yiimetyl-3H- 15 40 (d. 1H), 7.15 (d, 1H), 6.39 | ™2 3532
[imidazte. 5-clpyridin-g- 2 (M+1)
3 i o (s, TH). 4.02 (g, 2H), 277 (s,
he N 3H), 1.88 ft, H)
ﬁ\ lccociz) 8.87 s, 1H), 7.83(d, J =
", N / 3ethy-8-mathyt2-121.3  |3.0 Hz, 1H), 7.5 (s, 1H), 7.38 (d,
o6 m thigzok-2-ylF THImideaob1-  |J= 3.0 Hz, 1H). 7.18(d, J= 1.2 | miz325
yimethyf}-3H-imidazof4,5- Mz, 1H), 7.14 (d, J » 1.2 He, 1H),]  (M+1]
H.L> U clpyridine 5.33 (s, 2M), 4.32 (q, J = 7.5 Hz,
2H), 1.18 [t, J = 7.5 Hz, 3H)
' q
1-athyk-5-pryrid
os7 3"\ 22y’ |pyrimidin-2-y-1H-imidazol-1- m’[:l:ﬁz
3 i yiimathyf} 1{H-banzimidazole
He Y
X {CDCT3) 8.98 (d, J = 0.9 Hz, TH),
J s D Sl
thiazm-2-yi)- 1H-midazoi-1- " A | M 325
808 Hz, 1H), 7.13 (d, J = 1.5 Hz, 1H),
He \ zﬂm'w‘ﬁ 7.10(s, 1H), 6.33 (s, 2H), 4.21 | M1
He (q. d = 7.2 Hx, 2H), 268, (s, 2H),
1.09 (1. J = 7.2 Hz, 3H)
1H), 7.41 {d, 1H), 7.18 (0, 1H).
o | QO I e i i
. 8, h B T - ]
3 |, :gﬂm‘w“' 2H), 2.25-2.40 (m, 1H), 1.46-1.78
He (m. BH), 1.15-1.30 (m, 2H), 1.08
|(cOC13) 8.88 (s, 1H), 7.84 (d.
B-{cyclopentyimethyl)-3-ethyl-2- [1H), 7.48 (s, 1H), 7.41 (d, 1H),
00 I .1};? {1213 thisaot-2-yi)-1 H-midazo-17.20 (s, 1H), 7.15 {s, 1H), 6.14
N :? \ 1-yfimethyl)-SH-midazo(4.5  |{s, 2H). 4.32 (q, 2H), 2.88 (d,
|cipyridine 2H), 2.25-2.38 (m, 1H), 14572
ne” W (m, 8H), 1.16-1.33 {m, 5H)
{CDC3) 6.70 (4, J = 1.2 Fz, HY),
N 7.83 (¢, J = 3.0 He, 1H), 7.53 (d,
HC " /ﬁ SotwhS-opropyl-2-2{1.3 |4 =0.9 Kz, 1H), 7.39(d, S 3.0
01 I S |thiszok24i}1Himidazol1-  |Hz, 1H), 7.18(d, J = 0.9 Hz, 1H),| mAx 352
P yimethyl-H-imidazojs, 5- 7.4 (d, Ju 09 Hz, H), 832 (s, | [M+1}
3 o N clpyridine 2H), 4.32 (q. J = 7.2 Hz, 24),
He 3.18 (sept, J = 8.9 Hz, 1H), 1.34
lid, J = 6.0 Hz 6H), 1.97 (1, 9 =
SR ) T
- 1-athyt-2 Iv-2-yk-1H-
702 @N N Iml:lunl-hylmnwl]-ﬂ?l-ﬂ- "[‘;: i
Voh barzimidazols ]
HC
. 0D |
==y G-chioro-1-athyl-2{{2-pyrimidin-2 vz 338
703 | o N y+-1H-midazoi-1-yljmethyl}-1H- e
) &/\N benzimidazola
HC
N f‘\)
D: > =y’  |1-etw-S-methy-2(2-pyrimiin- v 318
704 | e 2-y-1H-mideazob1-yl)methyl}-1H- o
3 \ benzimidazale l
. He <\/"
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TABLE §
CpaW STRUCTURE IUPAC NAME NMR MS
F N 4\\)
(I % =y 1-athyt-5-flucro-2-{(2-pyrimidin-2- meazs |
705 N yi-1H-imidazok-1-ylnsthyl}-1H- e
S [persmite
A N
HC
[+ N q
Do S-chioro-1-sthyl-24(2-pyrimidin-2]
708 \G: =N yi-1H-midazob1-ylnethyt}-1H- ”ﬁf,’l'
3 &/\ berzimidazole
HC
ORI O T TG Ty,
7.83 (d, J = 3.3 Hz, 1H), 749 (d,
Jw1.2 He, 1H), 7.30 (d, J = 3.8
N'K/\,ljj: P A A Hz, 1H), 7.18 (d, J = 0.0 Hz, 1H),| m/z 353
T07 { 2 s_c”""" HImethy 35 (4 (d, J = 1.5 He, 1H), 6.33 (s, |  (M+1]
{Imidazof4.5-clpyricine 2H), 4.31 {q, J » 7.2 Hz, 2H),
HE 2,88 (m, 2H). 1.78 (saxt, J = 7.2
7.64 (d, d = 3.0 Hz, TH), 7.30 (d,
N Jn 23K, 1H). 7.16 (d, J = 1.5
| 1-ethy-6-propyl-2-121, Hz, 1H), 7.13 {d, J = 1.8 Hz, 1H),| mar 353
708 oy e IH 7 06 (0, 1H), 6.33 (0. 2H), 422 |  [M#1)
) imidazof4,5-clpyricine 9. J = 7.2 Hz, 2H), 2.8 (m, 2H),
e 1.79 (sext, J = 7.2 Hz, 2H), 1.08
q 7.84 (6. 4 = 3.8 Hz, 1H), 7.51 (8,
1H), 7.30 (d, J = 3.8 Hz, 1H),
H'm B 212413 N 29117.18 (8, d = 1.5 Ha, 1H), 7.14 (0, | mvz 330
709 { iy 3H:  10'e 0.9'He, 1H). 6.33 (s, 2H) 1]
l\/N |imidazo{4,S-cloyridine 4.32 (q, J = 7.2 Hz, 2H), 2.83 (g,
HC Ju7.2Hz, 2H), 1.34(t, J = 7.2
Hy AHL 447 ft 15724y LD
F N P\)
> - 1-athy-5-fuoro-8-methyi-2-{(2-
710 H‘II ».2\ N |oyrimidin-2-yi-1H4midezok-1- "‘g‘ﬂ;‘
3 <\/\ \ yi)mathyl]-1H-benzimidezole
HC
8.42 (d, J = 5.4 He, 1H), 7.46-
1-athyl-2-[2-{2-luoro-6- 7.38 {m, 1H), 7.257.22 (m, 2H),
methoxyphenyl)-1H-midazoi-1- [7.00 (d, J = 0.0 Hz, 1H), 8.85 | m/z 352
m ylmethyl}-1H-midazofé,5- 8.78 (m, 2H), 5.31, 5.22 (AB, J= |  [M+1]
clpyridine 15.3 H, 2H), 3.85(q. J = 7.2 Hz.
2H), 3.77 (s, 3H), 1.00 {t, J ® 7.2
)
(CDCI3) 9.08 (s. 1H), 8.85 (d,
1-sthyk-2-[2-pyrimidin-2-g-1H- 150 '8 454 §H), 7.28-7.30 (m.
712 "“"'"“"4"“’""“‘!""“' 3H). 7.16 {1H), 8.30 (s, 2H), 4.25
imidazn{4,5-clpyridine (o, 34, .18 0. 3)
7 (CDCI3) 8.95 (d, J = 1.2 Hz, 1H),
X N 8.84 (d, J= 4.8 Hz, 2H), 72T {1,
N r§_\ = T-athyk8-mathy-2-{(2pyrimidin- | = 5.1 Hz, 1H), 7.5, 4= 1.2 | . o0
713 P 24 1H-midazok-1-ymethyl-1H-|He. 1H). 7.13 (d, J = 1.2 Hz, 1H),| "
HC 3 ) |imidazofs,5-cpyridine 7.10 (s, 1H), 6.35 (s, 2H), 4.19 ]
N {q. 4 2 7.2 Hz, 2H), 2.65 (s, 3H),
HC 1.12 (t, d = 7.2 Hz, 3H)
A~ e B eme s
e ,@ l okt itane 1743 (@, J = 5.4 Ha, 1K), 731 @, v 308
'B d [iidazo [4.5_‘:"”““'"' A JudSHe H)LT.A7(d.d=12 | [M+1]

Hz. tH), 8.22(s, 2H), 446 (g, J
= 7.5 HE 24), 1.39(t, J= TS5
A
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TABLE 8
Cpad STRUCTURE IUPAC NAME NMR S
({CD30D) .70 (d. J = 5.1Hz, 2
H), 8.41 (d, J = 5.4 He, 1H), 7.73
Y\"I il T L
N Im ‘h"""'l”""""" 1H), 7.27 (L J= 45 Hz, 1H), 835 M*1
T\) carbantr (8, 2H), 4.75 (q, J = 7.5 Hz, 2H),
1.83 (. J = 7.2 Hz, 3H)
COCII 00T (d, J= 0.0 A, TH),
8.84 (d, J = 4.8 Hz, 2H), naa.
.1 = 1-othy-0-lsopropyl-2-((2- J=4.8Hz, 1H), 7.25(d, J = 1.2
716 | 1y pyrimidin-2-yi-1H-midazoi-1-  |H, 1H), 7.13(d, J = 0.9 Kz, 1H). | vz 348
Iylmmtmmu.s- 7.40(d, J = 0.9 Hz, 1H). 8.35 (s, | [M+1]
N cpyridine 2H), 4.21 (q. J = 7.2 Hz, 2H),
HC 3.17 (sept. J = 8.9 Hz, 1H), 1.3
{CDCI3) 8.84 (d, 2H), 8.20 (s,
W [[1-athyt 2 gy 241K 114), 7.80-7.90 (m, 3H), 7.40-7.00|
"7 =y idacol-1-yljmethyl}-1H- (m, 4H), 7.3 (m. 3H), 7.18 (s
3 1 banzimidazot-5- 1H), 8.38 (s, 2H), 4.25 (g, 2H)
e yijphenylymethanone 122t 3H)
q (CDCLY) 8.84 (d.2H), 8.03 (s,
N ==y 1-{1-athy+-2-{(2-pyrimidin-2-yk- 1H{ 1H), 7.80 (d. 1H), 7.78 (d, 1H),
T8 imidazol-1-yiymethyl}-3 H- 7.25-7.28 {m, 2H), 7.18 (3, 1H),
3 \ berzimidazol-8-yijethanone 0.38 (a, 2H), 4.48 (q, 2H), 2.08
4 HC N (. 3H), 1.08 {t. 3H)
\l/\,{ W (CDCi3) 8.87 (d, J = 5.1 Hz, 1 H),
1-sthy-6-fluoro-2- 7.71(q, J = 4.5 Hz, H), 7.27 miz 123
119 | £ Pl-iﬂ-lmldmld-yl)mllhyll-ﬂ-l- (m, 3H), 7.14 (s, 1H). 7.03¢m, | “piiy
N berzimidazole 2H), 8.34 (8. 2H), 4.18 (3. J = 7.5
ne (I Hz, ZH), 1.1 (4, J = 7.5 Hz, 3H)
=\ (CDC13) 7.86 (d, J = 3.3 Hz, 1 H),
"Y\ N ; 1. Sthiazop|7-70 (.  =4.8 Hz. 1H).7.40 (d. §
720 """1"3"H_| mu'“‘" “_"'2‘“""‘1 shy™ 3 HE 1H), 7.25 (8, 1H), 7.16 | miz328
£ w" vimetyl- i 212 bz, 1H), 7.01 (m, 1]
U rimidazole 2H), 8.32 (s, 2H), 4.19 (q, J = 6.9|
= Hz, 2H), 1.08 {1, J = 7.5 Hz, 3H)
q 1-athyl-5-phenyl-2-{(2-pyrimidin- vz 3815
723 ==y’ |2y+1H-imidazoi-1-ylymethyl-1H- iy
i |barzimidamia
He
lccoc3)y 8.00 (s, 1H), 8.88 (d,
N ! ’ 3 8-{cyclopentylmethyl)-1-ethyk-2- |2H), 7.25-7.31 (m, 2H), 7.15 (s,
722 | 9_\ =y [[(2-pyrimidin-2-y-1H-imidazol-1- |1H), 7.08 (s, 1H), 8.37 (s, 2H),
3 1 yimestiyl]- 1H-imidazol4,5- 4.20 {q, 2H), 2.87 (d, 2H), 2.25
clpyriding 2.40 {m, 1H), 1.42-1.78 (m, BH),
HC 1.15-1.30 (m, 2H), 1.13 {t, 3H)
(CDCI3) 8.85 (d, 2H), 8.8 s,
Io-(qunpunmumyl)-s-cw-z- 1H), 7.47 {s, 1H), 7.25-7.29 (m,
723 q {(2-pyvimkdin-2-y- 1Heimidazok-1- [2H), 7.18 s, TH), 6.38 (s, 2H),
[ 5—\ =y yi)methyl-3H-imidazo(4,5- 4.30 (q, 2H), 2.88 (d, 2H), 2.22-
3 clpyridine 2.30 (m, 1H), 1.42-1.78 (m, 8H),
N 1.20-1.33 (m, 5H)
HC
A licocts) 8.85 (d. 2H), 7.83 (d,
He 2 t-athyk-S-sopropyl-2-{(2- 1H), 7.24 (m, 2H), 7.21 {m, 2H),
724 =N |pyrimidin-2-+-1H{midazol1-  [7.13 {d, 1H). 8.33 (s, 2H), 4.14
3 i yimethyll-tH-berdimidazote (g, 2H). 3.02 (m, 1H). 1.29 (d,
Q,n 6H), 1.08 (t, 3H)
] HC
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TABLE 6
Cpds STRUCTURE IUPAC NAME NMR Ms
"
f N [(cDC13) 8.87 (4, J = 4.8 Hz, 2H),
1-etyh6-{2-luorophenyl)-2{(2- (7.85 (d, J = 8.4 Hz. 1H), 748 (m,| . oo
725 [Pyrimicie 2 tHimidazok-1- [3H), 7.22 (m 6H), 8.38 (s, 24), | "L
3 yijmethyl-1H-benzimidazole  |4.25 (q, J = 7.2 Hz, 2H), 1.18 (.
J= 7.2 Hz, 3H)
|ioms0) 7.95 (m, 3H), 7.70 (m,
1ogthyh-2-[2+{1,3-thiazel-2-y1)-1H{3H), 7.70 (d, J = 3.3 Hz, 1H),
izl f-yf] mathys-6-{4- 7.5 (d, J= 8.7 He, 1H), 7.52 (s,| mvz454
720 {tiluoromethyliphenyll-1H-  {1H), 7.48 (s, 1H), 8.19 (0. 2H), | [M+1]
benzimidarole 4.43 (q, J = 7.2 Hz, 2H), 1.34 {t,
J = 7.2 Hz, 3H)
(CDCI3) 8.87 (d, J = 4.8 Hz, 2H),
8.00 (s, 1H), 7.88 (d, J = 8.4 Hz,
mﬂﬂ"""’*"f"’" 1H), 7.71 (m, 3H). 7.82 (M 2H), | oo 400
27 ~H)mety}- - 7.27 (0 J= 4.8 He, 1H), 725 (s,
(triflucromethyl)phenyl]-1H- M+1]
1H). 7.17 (s. 1H), 6.3 (s, 2H).
benzimidazols 4.28 (g, J =8.9 Hz, 2H), 1.18 (L J
= 6.9 Hz, 3H)
{COC B89 [d, T = 1.2 Hz, TH),
E: 7.83 (d, J = 3.3 Mz, 1H), 7.52 (s,
1H), 7.39 (4. 3.0 Hz, 1H), 7.21
E-sopropyl-3-propyt-2-{[2-{1.3-
J (d, J=1.5He, 1H),7.13(d. J =
thiazol-2-yl)-1H-midazni-1- I vz 387
728 0.9 Hz, TH), 8.33 (s, 2H), 4.21
N WM4'5' (m, 2H), 3.16 (sept, J = B9z, | (Y
e 1H), 1.61 (sext, J = 7.2 Hz, 2H),
1.34 (d, J = 6.9 Hz, 6H), 0.7 (%,
g 7.5 (d, J = 3.8 Hz, 1H), 7.39 (d,
3 . J= 3.6 He, 1H), 7.18 (d, J = 0.8
Wy 'mﬂmmgf"' He. 1H), 7.12(d, J= 00 Kz, H)| | oo
720 { tiazok 7.07 (s, 1H), 8.33 (s, 2H), 4.10
. [ HAmzois S Lim, 24}, 318 aept. 89z | 41
Cipyrid 1H), 1.52 (sext, J = 7.2 Hz, ZH),
1.34 (d, J = 8.9 Hz, 8H), 0.75 (1,
1= 7.2 Hz. 3H)
|icocis) e.8s (d, 1H), .08 (4,
N 3-athyl-6-phe 1.3 [1H), 8.02(d, 1H), 7.99 (m, tH).
[ > thiazo- 2} 1HHmidarokd-  [7.84 (d, 1H), 7.48 (m, 2H). 7.40 | m/z 387.4
130 Ny yimethyl}-3H-imidazoé,5-  |tm, 2H), 7.2 (d, 1H), 7.17¢d. | [M+1)
3 1 clpyricine 1H), 8.3 (s, 2H), 4.38 (g, 2H),
N 1.2 (L 3H)
HC
N (CD30D) 8.91 (s, 1H).8.88 {d, J
| 3-{2fuoroetiyly 2{(2-pyrimidin-2|= 5.1 Hz, 2H), 828 (d, J= 5.7 | .0 oy
3 " yh1HHmidazol-1-ylimety-3H- [z, H). 7.52 (m, 2H) 7.30(s, | 20
i limidazo(45-clpyridine 1H), 7.28 (L J = 4.8 Hz, TH),
8.25 (s, 2H)
(DMSO) 8.24 (s, TH), B.09 (d, J
3{1-athy-2-[241 3thiazol-2-yl) [= 7.8 Hz. tH), 80 (8, 1H) 778 | .,
™ 1H-imidazoH1ymetyil-1H-  |(m.2H), 7.81 (m, SH), 7.11 (s, o
benzimiduzoiS-yijbanzonttlis  |1H), 8.18 (s, 2H), 4.42 (g, J = 7.5
Hz, ZH), 1.34 {t, J = 7.5 Hz, 3H)
[ONOO OO, T O T I X,
8.24 (s, 1H), 8.07 {d, J = 8.4 Hx.
, 1H), 7.99 {s. 1H), 7.77 (d, J = 7.8|
733 mﬂvl;ﬂtwnfmm HHz, 1H), 7.64 (1. J = 8.1 Hz, 1H),| miz 406
imariiol ""I"“"’W'E Merzomiie  |7:50 (M. 3H) 7.4 (L =4BHz, | [Me1]

1H), 7.17 (s, 1H). 8.17 (s, 2H),
4.42 {q, J = 8.9 Hz, 2H), 1.34 {t.
L B0 Lin 20l
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IUPAC NAME

Imidazol-1-ymethyl}-5-
{trifluoromethaxy)-1H-
benximidarole

1-gthyl-2-{[2-{1,3-thiaxol-2-yl}-1H{{COC13) 7.88 {d, 1H), 7.68 (s,

1H), 7.40 (d, 1H), 7.33 (d, 1H),
7.28 (d, 2H), 7.14 (s, 1H), 8.34
](s. 2H), 4.26 (q. 2H). 1.10 (L. 3H)

m'z 304
[M+1]

1-stinyl-2-{{2-pyrimidin-2-yi-1H-
Imidazal-1-yimathyl]-5-
(rifuoromethoy)-1H-
benzimidazole

ltcoci3) 8.84 (d, 2H), 7.83 (s,
1H), 7.25-7.28 {m, 3H), 7.15 (d.
2H), 6.35 (s, 2H), 4.22 (q, 2H),
1430 3H)

738

8.17 (dd, J = 7.7, 1.7 Hz, 1H),
7.88 {q, J = 7.0 Hz, 1H), 7.51 (d;
J = 0.9 He, 1H), 7.21 (d. = 0.9
Hz, 1H), 7.18 {d, J = 1.5 Hz, 1H),
6.88 (dd, J = 8.3, 2.0 Hz, 1H),
8.26 (s, 2H), 4.42 (q, J = 7.2 Hz,
2H), 3.17 (sapt, J = 6.9 Hz, 1H),

137

1-athyl-2-{2-{8-flucropyrid
1H-imidazol-1-yljmethyl}-8-
Isopropyl-1H-imidazof4,5-
clpyridine

T 'l
8.10 (dd, J = 7.8, 1.8 Hx, 1H),
7.88(q, J=7.8He, 1H), 7.18 (d,

29 ) 0.9 Hz, 1H), 7.18 {d. J= 1.5

Hz, 1H). 7.11 {d. 0.9 Hz, 1H),
8.80 {dd, J = 7.8, 2.4 Hz, 1H),

. [8.27 (s, 2H), 433 {q, J= 7.2 Hz,

2H). 3.17 (sapt, J = 8.9 Hz, 1H).

m/z 385
M+1]

1H-imidazol-1-ylimethyl}-8-p
3H-imidazni4,5-clpyridine

8.17 (dd, J = 8.0, 2.8 Hz, 1H),
7.80 (q, J = 7.8 Hz, 1H), 747

Wwwhm1ﬂl. 722 (d, J = 0.0 Hz, 1H),

7.18(d, J = 1.5 Hz, 1H), 6.88
(dd. J = 8.8, 28 Hz, 1H), 6.27 (.
2H), 4.42 (q, J = 7.2 Hz, 2H),
2,88 {m, 2H), 1.78 (saxint, J =
CEYTSE TR Y VAP T ¥ TS

m/z 385
M+1]

(CD30D) 8.80 (d, J = 4.5 Ha,
1H), 8.09 (s, 1H), 7.88 (m. 4H),
7.68 {d, J = 8.4 Hz, 1H). 7.57 (d,
J = 3.3 Hz, 1H), 7.34 {m, 2H),
7.15 (s, 1H), 8.31 (8, 2H), 4.45
(Qd=7.5HZ 2H), 132 (L.J =
7.5 Hz, 3H)

m/z 367
(M#+1]

(CD30D) 8.77 (m, 2H), 8.14 (s,
1H), 7.81 (m, 2H). 7.81 (d, J =
8.4 Hz, 1H), 782 (d, J = 8.4 Hz,
1H), 7.45 s, 1H), 7.32 (m, 4H),
6.30 (s, 2H), 4.50 (q, J = 72Hz,
2H), 1.42 (t, J = 7.2 Hz, 3H)

m/z 362
M+1]

T41

(CD30D) B.11 {s, 1H}. 7.78-7.91
(m, 3H), 7.55-7.82 {m, 4H), 7.42
(d. J = 1.5 Ha, 1H), 6.25 (s, 2H),
4,48 (q, J = 7.5 Hz, 2H), 1.37 (4,
J = 7.5 He, 3H}

m/z 393
(M+1]

T42

Imidazal-1-yimethyl}-1H-
barzimidazole

1-gthyi-2-{[2-(3-fluorophenyi)-1H-

MH+ 321.3]

197
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TABLE 8
Cpd# STRUCTURE IUPAC NAME NMR MS
> (HClsah) H-l NMR (dmso): 1.05
&b 2-T2-{6-Muoropyridin-2yitH-  |(= 3R 203 01".:.21:2' 362 (¢, 1H),
6.98 (3, ZH). TH). 782 (¢
Lo C mﬁmw'“ (H), 7.95 (s, iH). B.0S {m, 2H),
- v 8.25(q. 1H), 8.62(d. 1H), 8.93 (d,
H,C LH) LC-MS: M+ 1,337
P dilrydrochioride TH nmm(d6
DMSO): B.18(1H. 1), 7.99(1H, d),
IIN)_’N mm1_ 7.94(I1H, ). 7.72-7.65(1H, m), 7.66-
| A . rd 7.61(1H, m), 7.58-7.50{2H, m),
'} ’b"'lm“'","m“ AH-midazmg4 7.03(1H, d), 5.96(2H, s), 4.23(2H.
HC Iq). 1.11(:1-;. a L:.MS aaled 3393,
N')\/ \ 'H NMR, &ppm (CDCL3): B.3%dd,
| N. N 3-atnyh-2-[2B-roropyridin 2y H & 19(m. 1K), 8.02(6d, 1H),
us| N '} HHimidazok-t-ymethy-ah- [0 1 G0 AOROL A
imidezofd,5-bjpyridine : %
H,C F I o 2H), 1.30(, IH) LC-MS: caled:
F 122.35, found 323.3(M+1)
k J{HCI sah) H-1 NMR (dmga):
N 1.63{t, 3H), 4.72(q, 2H), 6.58(s,
e u@ e imiaat (L 1204 1. 1.2,
, i m, 2H), 8.24(q,
CH, ¥ [Fridazotd SSipyidine 1H), R.60(d, 1H), 890, 1H) LC-
F MS: M+ 1, 323
He - [COCh: 317 (4, 7= 742 Ha, 1H),
. 7.85-7.92 (m, 1H), 7.0 (s, 1H),
HC LN mmﬂ"' 7.34-7.42 (m, 2H). 7.2 (s, [H).
747 N ety 1-propyhH- 7.5 (s, 1H), 689 (d, J=7.97 Hz,
. bermimic 1H), 629 (s, 2], 4.214.26 (m,
CH, 2H), 3.04-3.11 (br d, 6H), 1.61-1.69
36-DMSO: 7.94-3.09 (m, 3H), 7.82
no< N = 2T2-{8-Mucropyrdin-24t-1H- (. 1H), 7.76 (¢, 1H), 7.47 (s, 1HD),
748 Imidazol-1-ylimethyl}-5 7.18 (n. 1H), 7.03 (d, LH), 6.15 (s,
'} |1.z.4-qnu|m|-3-y|)-1-pmpy|-1 2H), 435 (1, 2), 2.65 (3, JH), 1.74-
F berzimidazole 1.82 (m, 2H), 0.94 {¢t, JH). LCMS
cH, MH" 4183, MH 4162,
r : : TH},
8.03 (dd, [H), 7.89 (g, 16), 7.44 (d,
- In-2-H1H- - |1y 728 @, LH), 7.17 (s, 1H), 6.90
748 l;-:aumn-quw}-;ﬂ 17 J(ed. 1), 633 (5, 2H). 429 ( 2H),
) vi-oundiszol- 2 1-propyt 1KYy oo ¢ 34, 1.59-1.74 (m, 2H),
o berzimidazale 0.82 (¢, 3H). LCMS MH" 4183,
o 2
& yimaiets it gt
B.1S(IH, t), .08(1H, d), 7.99(1
50 m"’_)' " m"’f“‘““"’"‘“’“‘m‘ d), 7.76-1.T2(1H, m), 7.62-.50(2H,
F F imbdazol- m), 7.02(1H, d), 5.92(H. s),
'S fucro-3Hmidsanid S-olpyricine [0 (0 0 0L o
H,C caled. 357.3, found 358.2(MH+)
. hydrochloride {H nmr (46 DMSO):
' .30(1H, 5), 8.16(1H, dd), 8.11(1H,
mw 3-{1-{(3-athyl-5-luoro-3H- d). 8.04(LH, d), B.OO(1H, d),
751 N N [imidazo{4, 5-b]pyridin-2-ylimetinyi]| 7.96(H, d), 7.74(1H, 1), T.03(1H,
F" N 3 1H-midazol-2yljberaonittie  |d), 5.97QH, s). 422Q2H, q),
HC 1.30(3H, 1), LRMS caled. 346.4,
found 347.3(MEH+)
(I(_r ' omr (CDCI3) 5 9.06 (s, 1 H),
N NN a2-{6-Puoropyridin-24)-1H- 142 (6. 1 HD. RIS (. 110, 7.88
{ I F (dd, 1 H), 7.28 (4. 1 ), 7.22(d. 1 | LRMS m/e
e i""“‘"""’“""m"”’"”’"m H),7.18(d, | KD, 6.88(d, 1 H).620 337

imicazof4,S-clpyridine (5.2 H), 4.26 (t. 2 H), 1.69 (q. 2 H),

0.84 (1.3 Hy
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TABLE 8
Cpd# STRUCTURE IUPAC NAME NMR MS
(‘ 'H armr (CDC13) 6 9.03 (s, 1 H).
835 (d, | H). 814 (d. | H), 7.87
2-{[2-{6~fluoropyridin-2-y!
s Uw_%r,: oAty HH s | . 742(d LD 715 (|
1H-imidami4,5-c]pyridine H).709(d. 1 H).687(d1H).6.28
H, (s, 2 H), 5.08 (sepeer. 1 H), 149 (d.
H,C 6 H): LRMS nve 337.
J‘b 'H nanr (CDC13) 8 9.03 (. 1 H),
8.39(d. | H), 8.15{d. | H). 7.85
N In-2i)-1H-
™ CE F [imicazol-1-ylimethyl)-1-sobutyl- {(0d. | ED. 727 {d, L H), 7.24 s, |
c H). 7.17 (s, | H), 6.85(d, | H), 6.25
PL{ " TH-imidazof4,5-clpyridine (s, 2 H), 4.08 (. 2 H), 2.09 (vepeet,
CH, 1 H), 0.85 (d. 6 H); LRMS mve 321.
e - Formate d5-DMSC: 9.62 (s, 1F),
s r 7.99-8.09 (m, 3H), 7.90 (d, J = 8.24
Irv2-yi)y-1H-
Ny N Hz, IH), 7.79 (d, } = 8.79 Hz, 1H),
788 NE\Cf_ ﬁmm" 7.52 (s, 1H), 2.17 (s, 1H), 7.02(d, }
'L‘ w741 Hz, H), 6.16 (s, 2H), 4.34-
bn, 4.39 (m, 2H), 1.7-1.84 (m, 2H), 0.92
w4
HO Chirmt : 8.1 Ju 7. IH),
- {(25)-1-{(2<12-(&-fluoropyridin-2- [7.86-7.94 (m, 21), 7.51 (4, I = &.52
yi-1H-imidazok-1-ylimetiryll-1-  [Hz, IH). 7.38 (d, J = 8.52 Hz, 1H),
756 N propyl-1H-banzimidarnt-5- 222 (s, 1H), 7.17 (s, 1H), 6.9 (dd, J
l ¢ ylicarbonyl]pyrrolidin-2- m2.75. 8.24 Hz, 1H), 6.30 (s, ZH),
- yljmethanol 443446 (m, 1H), 4.234.28 (m,
w
(ng\/ I\ H NMR, &ppm (CDCL3): 8.37(dd,
N 1H), 8.18(dd, 1H), 8.01(dd, LH),
- l N N :;‘m1 7.88(m, 1H), 7.20-7.26(m, 3H),
Vimethyl-3-nidazoid.5- 6.87(dd, 1H), 6.11(s, 2H), 4.31(d,
N blpyridine 2H), 1.22(m, 1H), 0.42-0.53(m, 4H)
F LC-MS: caled: 348.39, fbund
=1}
H NMR, Sppm (CDCD): 8.38(dd,
[| I N)\/N N 1H), 8.19(m, 1H), 8.02(dd, 1H,
N 2-2-{8-uoropyridin-2-yi)-1H-  |7.89(m, 1H), 7.20-7.26(m, 3H),
758 imidezol-1-yljmeathyl}-3-propyl-3H6.98(m, 1H), £32(s, 2H), 4.35(¢,
N imidazof4,5-b]pyridine 2H), 1.74(m, 2H), 0.85(t, 3H) LC-
CH, F MS: caled: 336,37, found
137.204+1)
750 H")_)' F fuorophanyl) 1H-micazoi-1- | LRMS caled. 355.8, found
c” N N yijmethyl)-3H-imidaznj4,5- 396.2(MH+)
) bjpyridine
HC
1H nmr (CDCI3): 7.96(1H. d), 7.38-
J e e S - N
LI P . et} 3 .S imidagod, 5| -OH1H. &) S37GH. 1), 3962H
" koo 12, 1.06(3H, 1), LRMS ealed. 373.8,
H,C found 374.2(MH+).
o - CDCD: 943 95, 1H), 8.43 (3, (F),
M $.19 (d, J=7.14 Hz, 1H), 1.10(d, J
220 FIH- | g 38 Ha, 1H), 7.90(q, ] = 7.96 He,
761 .&k N mf“"ﬂ';w:i" 1H), 748 (d, ] = 8.52 Hz, LH), 7.19
'} N lazol-2-yi)-1-propy! |¢s, 160), 6.89-6.92 (m, 150, 633 (s,
berzimidazole
- 2H), 4.3 (1. J = 7.42 Hx, 2H), 1.67-
1.74 9m, 20, 0.86 ¢ )= 732 b,
' "H nme (CDCI3) § 8.82 (s, 1 H),
N [2-{6-fuoropyridine2-yn{ 43 (0. L FD. 818 (0, 1 HD, 788
762 U — No-F :m1wmmw1ww (dd, 1 H), 7.65 (d, | H,7.23(d. |
imicezofd Sppid H). 7.20 (d, 1 H), 6.88 (d, 1 HD, 6.30
* (s, 2H). 447 (q. 2 H), 1.2 (L A H):
H,C LRMS m/e 323.
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TABLE 8
Cpd# STRUCTURE IUPAC NAME NMR M
< 'H nmr (CDCT3) 89,02 (s, 1 H),
y M 2-[2(8-Mucropyridin-2-yi)-1H-  [8.41 (d. | H), 816 (d. 1 H), 7.84
”63 F imidazol-1-ylimethyl}-1-{2- (dd. | H), 736 (d, 1 H), 7.29(d. |
mathoxysthyl)-1H-imidaxo(4,5- |, 7.21 (d. | H), 6.93 (d. | H). 6.18
c]pyridine (5. 2H).AST(L2H), JS6 (. 2 1),
~CH, 3.20 (s, 3 H): LRMS mve 353.
e IH nmr (CDCL): 7.9%(1H, &d),
N 1-sthyk-4-fluoro-2-[2-(3- 7.83-7.48(1H, m), 7.44-1.38QH. m),
764 N F fiuorophenyly-1H-midazol-1-  [7.22.7.120H. m), 7.041K, 3),
ps yiimethyl)-1H-midam{4,5- 5.55(2H, 8), 3.75@H, q), 0.9600H,
|clpyridine [0, LRMS caled. 33934, fonnd
HeC 340.1(MH+).
"H NMR, Sppm (CDCL3): 8-38(dd,
mN’\’PN 4D, B.18(dd, 1M), 8.01(dd, 1K),
N 2-2-{8-Buoropyridin-2-yi}-1H- | 7.88(m, tH), 7.20-7.2%(m. 3H),
765 ) [imidazot-1-ylimethyl-3-sobuty- |6.87(ad, 150, 6.29¢s, 2H), 4216,
N 3H-imidazof4,5-bjpyridine 28), 2.27(m, 1H), 0.87(d. 6H) LC-
HC” CH, F MS: caled: 350,40, found
=1}
— H NMR, 8ppm (CDCLI): 8.36(dd,
(Ik =\ 1H), 3.18(m, LH), .00, [H),
N 2-[2-{8-fuoropyrkiin-2-4- tH-  [2.90(m, 1H), 7.18:7.22(m, 1H),
788 'L [imidemt-1-ytimettryy-3-isopropyH7.13¢d, 1D, 6.8%(m, 180, 6.32(s,
He C rl 3H-midazof4,5-bjpyridine 2H), 5.04(m, 1H), 1.63(d, 6H) LC-
E [MS: caled: 336,37, found
VLMD
'd 1H amr (CDCUY: 8.17(1H, dd),
S-chioro-3-athyl-2-{12-6- 7.94-7.84H, m), 7.23-7.200H,
frser. : m).
767 cﬂw‘%j fuoropyridin-2-yi}-1 H-T;M:H 5.89-6.85(1H. m), 627GH. 5),
'} ’b'l'm""’m"“'“' Hmidazo} 4.45(2H, q), [ 31(3H, t), LRMS
M caled. 396.3, found 357.2(MH+).
'Q IH nmr (CDCUY: 8.41(1H, ),
Hﬂ’ N N |s~chloro-2-{2-{4-chioropyridin-2- [B.35(1H, dd), 7.94(1H, d), 7.26-
ree | A oLy yi)-1H-midaxok-t-yfjmethyl-3-  |7.17(4H, m), 6.36(2H, 3), 4.36Q21L,
) thyl-3H-imidaznl4. S-bjpyridine |q), 1.22(3H, 1), LRMS caled 373.2,
M ci found 373.2(M)
) ( 1H ey (CDC13): B.22(1H, d),
ﬁ ci §-chioro-2-[2-(8-chiorpyridin-2- [7.94(1H, d), 7.75(1H, 1), 7.29-
79 | A o yi}-1H-midazob- 1-yfjmethyl)-3-  (7.20(4H, ), 6.312H, ), 44528,
) athyi-3H-Umidazof4, 5-bjpyridine |q). 1.J0(3H, 1), LRMS caled. 372.2,
HC found 373.30M).
e (HClsah) H-1 NMR (droso): 1.05
(N:EN’ k- (:sﬂa' z;:a.. 1H), 4.50 (d, 2H),
70 N iml "“"'1 "W""'""’1 l - [65705.210. 730 (d. 110, 782 m,
midazol-1-yijmethyf}-14scbutyt 1,1, 5 o3e "1 1), 8.03(m, 2H),
HC F TH-imidazoi4,5-bipyridine 8.23(q, IH), 8.62(d, 1H), 8.95(d.1H)|
CH, LC-MS: M+ 1, 351
- - (free base) H-1 NMR (CDCD):
0.30 {m, 2H), 0.57(m, ZH), 1.05 (m,
N 1-{cyclopropyimethyl)-2-{[2-{8-
" ([ N il-‘unmwrﬂln-z-yl)-m’-;mi:ln:lﬂ- 1H), 4.23(d, 2H), 6.38(s, 2H),
N s it LA iy 6.30(d, 1H), 7.08(s, IH), 7.2 (m, |
. iidine (H), 739(a, 1H), 7.73(d. 1H),
7.90(q, 1H), 8.20(d, LKD), §.58(d,
16D LC-MS: M+ 1, 349
-~ (HCDsahMelting point: 225231
¢ (decompose) H-1 NMR (dmso):
i 'L, 1-allyt-2-{[2-{8-luoropyridin-2-y1)-|5.22-3.53 {m, 4H), 6.21(m, 1H),
m {HmidaoH1-ylimethyl-tH-  |6.53 (s, 2, 724, 1H), 7.82 (m,
|imidszof4, S-blpyridine 1H), 7.95(s, EH), 8.05(m, 2H),
. F 8.25(q, 1H), 8.62(6, 1), 8.82(d
1H) LC-MS: M.+ |, 33




TABLE G
Cpoe STRUCTURE IUPAC NAME NMR uS
(:%r hydrochloride 1H amr (46 DMSO)|
1.42(1H, &), 8.26(1H, q), &.10-
F 2- (3 08(2H, m). 7.96(1H. d). 7.36(1H.
m ,mj yi}-1H-midazol-1 s 4, 69701 d), 6.332H. 1)
[Propyé-3H-midazofs,5-bjpyridine | yora1s 1) 1.90-1.83(2H, m).
CH, 0.93(3H. 1).
- 'H NMR, 8ppm (CDCD): 8.39(dd,
HC 1H), 8.01(dd, LH), 7.34-7.41(m,
m E :E N M'qu . |]r-aﬂ1;-i1|:|- 2H), 7.18-7.24(m, 3H), 7.04(d. 1H),
3 d benzimidazolS-yljethancne |30, 2D, 3-38(q, 2H), 2.6%(s.3H),
H,C 1.03(z, 3H) LC-MS: aaled: 380,40,
F . found 3814 (M+1)
P 1H nme (CDCD): 9.05(1H, &),
3.62(1H, d), 8.1%(1H, dd), 7.88(1H,
"'c‘oj\(j:u r ""H'_':'n" 2-{2-{8-fluoropyridl a) 7:26-7.21@H, m), 6.89-6.85(1EL,
78 N 1H-midazo-1-] m), 6.31(2H, 1), 4.39(2H, 1),
3H-imidazof4,5-b]pyridine-8-
? [carborytate 3.9603H, a), 1.79-1.72(2H, m),
. 0.87(3H, 1), LRMS caicd. 3944,
M found 395 3(MH+,
r
N & N 24[2+8-oropyridin-2-yi}-1H- :
e F Imidazol-1-yljmethyl}-8-{1,34-  |(XC 1084-78-2) LRMS caled.
oxcadiarol-2)y-3-propyl-3He  [404.4, thand 403.3(MH+).
Iimidazof4 S-blpyrkine
CH,
¢ 'H nmr (CDCIY) 8 8.46 (5, 1 H),
N’J 2-T2-{6-uoropyridin-2+I}1H-  [8.18-8.14 (m. 2 H), 795 - 7.83
m o _((:[N F Imidarok-1-yfimethyl]-84{1,34- |(m.IH). 7.24(d, | H). 7.17(d, |
¢ oxadiazol-2-yl)-1-propyl-1H- H), 687 (d. 1 H). 6.31 (5. 2 H), 430
NN ‘) benzimidezole (t. 2 H), 1.71 (q. 2 F), 085 (1. 3 H);
CH, LRMS mve 404.
' 'H o (CDCIY) 88.17 (4. | H),
N 2-[2-{6-luoropyridin-247}-1H-  [8.07 (s, | H), 7.91 —7.80(m, 3 H).
78 01/CENH F  {imidazol-1-ylmethyl]-8-(5-methyH7.23 (d, | 1), 7.16 (d, § H), 6.87 (d,
HC~¢ ‘1.3Mm1m1n 1H),629(s,. 2H), 428, 2 H).
NN Q benzimidazole 281 (s, 3 H), 1.69 (q. 2 H). 0.84 (¢,
H, 3 H); LRMS m/e 418,
'y 'H amr (CDCI3) 8 8.89 (s, 1 H).
u 2-2-{3-fuorophanyl)-1H- 518 (x| H), 5,12 - 1.03 (m. 1 H),
™ "’(0: F Imidazol-1-ylimathyl}-8-(124-  [7.81 - 7.73 (m. | H). 7.40-7.02
Q. Ioludhnl-s-yl)d-pmpyl-ﬂ-l- (o, 6 H), $.47 (3. 2 H), 3.82 (1. 2 HD),
N benzimidazole 1.88 (q. 2 H). 0.79 (1. 3 H): LRMS
tH, mve 403,
'H nmr (CDC1Y) & 8.04 (3, 1 H),
2-{[2-{3-Tuorophenyl)-1H- 7.94 - 7.84 (m, 2 H), 7.50 (7.39 (m,
780 o YCE Ff  |imidazol-1-yljmethyl}-8<(5-methyH3 H), 7.22 - 7.16 (m, 2 H), 7.08 {d,
He— ? |1.3.4-uldhnl-z-yn-1-pmm-1l-l- 1 H). 552 (5. 2 H), .76 (¢, 2 H),
benzimidazole 263 (s, 3 M), 147 (q. 2 H).0.77 (¢,
CH, 3 H): LRMS m/e 417.
: ' "H nror (CDC13) 3850 (s, 1 H),
N’J 2-{[2-(3-fuorophenyl)-1H- 8.15(d, 1 H), 7.98 - 7.89 (m. 2 H).
. Y(I F Imidazot-1-ylimethyl}-6-(1,3.4-  |7.56 —7.39 (m. 3 H), 7.2¢ = 7.05
% oxadiazol-2yl)-1-propy-1He  ftm. 3 H). 5.57 (s, 2 ), 3.78 (1. 2 1D,
NN banzimkiarols 1.47 (q. 2 H), 0.80 (1, 3 H): LRMS
CH, mie 403.
~ ' 1H romie (CDCLY): 9.14(1H, d).
N N " 2-{[2-(8-chioropyridin-Z-y}-1H-  [8.63(1H, d), 8.51(1H, 3), 826{1H,
) oo ! bideol-1-yfmethyl}-8{1,3.4-  [d), 7.76(1H, t), 7.28-7.24(3H, m),
82 N oxadiazok2yi)-3-propy3H- 636K, s), 442(2H. 1), 1.81-
Imidazof4,5-bjpyridine 1.74(2H, m), 0.88(3HL 1), LRMS

caled. 420.9, found 421 3(MH+).
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TABLE 8
Cpd# STRUCTURE IUPAC NAME NMR MS
TH nmi{d6 OMSO). 8.02 (1H, & ]
th ’f’\N = 7.7 Hx), 8.08(1H, 0), 7.76(1E, ¢, J
N 2-{[2-{S-chioropyridin-2-yl)-1H }= 8 Hz), 7.55(1H, dd, J = §, 1.4 Hz),
783 imidazot-1-ylfmethyl}- 1-propyl-1H] 7.428 (1H. &, J = 8.5 Hz), 7.18-
(' benzimidazole-5-ca 7.32(3H. m), 6.34(1H, 1), 4.29(2H,
c t, ) =8.7 Hz), 1.66(2H, m). 0.8100H,
H' cl .7 H: b
N ~—\
oﬁ:’/\" ¥ 1-propy-24(2-pyridin-244-1H-
784 H Imidazok 1-ylimethyl}-1H-
banzimidarnia-S-carbonlirfie
CH,
o, |CDCD: L1716, 7=7.47 Fz. TH),
) ~ 2{2-{6-Muoropyridin-2-yl)}-1H-  [7.85-7.93 (m. 2H), 7.51-7.53 (m,
Imidazok1-ylimethyl)}-5-1(2S)-2- |1H), 7.35 (4. = 8.51 Hz, 1H), 7.21
785 érj\(:_r\—r%.; (methoxymetylipymoldin1-  [(x, 150, 7.16 (s, 1), 6.89 (&d. I =
'L\ yiicarbonyl}-1-propy-1H- 247, 797 Ha, 1H), 6.28-6.3 (m.
berzimidazole 2H), 4.46 (bs, TH), 4.21-4.26 (m.
CH, 2D, 3.51-3.68 {m, 4H), 3.90 {3,
N =\ 1H nmr(d§ DMSO): 8.42 (14, d, J
N NN 2 [dchioropyridn iyt |3 Heh 8350, 9), BOE, ),
780 N midazot-1-ymeti)-1 Ll T AS(H, m), GAI(IH, u),
H berzimidazoie-S-carbonivie |-\ 2(2H, &.1=74 Hx), 1.51(2H, m).
0.78(3M, ¢, ] =7.4 Hz), LRMS calod.
CH, ¢i 376.5, found 377.3(MH+).
CDChy: 8.619s, TH), 832(d. 1=
I 2y TH- ¢:1 H:’.;m l.ls-l.'l: (m, 1H),
2-{[2-{&-fluoropyridin-2-yi £747. 1H), 7.85 (s, LH),
a7 la"'pt?" e s rotman P 1166 (1 168 b, 1), 7.30:2.45
? yixcarbomy}- {H-berzimidazoie |( 3F): 7:21 (s, 1K), .16 (s, 1H),
6.88-6.91 (m, 1K), 6.29 (3, 2H),
s 4250t I=742 He 2H). 2.82-291
= 'H NMR, &ppm (CDCI3): 8.16-
N 8.47(m, 3H), .01(dd, 1H), 7.38(d,
788 e '}’\,N N H2 0 m:’*’"’u {10, 125004, 110, 7.16-7.18¢m,
2H), 6.43s, 2H), 4.30(g, 2H),
HC beraimidazi-5-yljethanane 2.68(2,3H), 1.14{t, 3H) LC-MS:
. cl caled: 379.85, found 380.3(M+1)
H NMR, Sppm (CDCL3): 8.40(d,
c P 1H), 8.23(d. 1H), 8.01{dd, 1H),
H : N 1-{2-{J2-{8-chioropyridin-2-y1F1H-{7.77(t, 1H), 7.41{d. 1H), 7.30(d.
780 j Imidazol-1-yljmativyl-1-sthyt-1H- |LH), 7.24(d. 1H), 7.18(d, 1HD),
He benzimidazol-S-ylathanone  [6.36(s, 2H), 3.81(g, 2H), 2.68(.3H),
- 1.25(t, 3H) LC-MS: caled: 379,85,
M1}
'd 'H ame (CDCI3) § 8.03 (4. | H).
2-{[2-{3-fuorophenyly-1H- 8.02(s. 1 H), 7.85 (d, 1 HD, 7.51 -
700 ,‘((I F [imidazol-1-yllmethyl}-&-{5-methyh7.40 (m, 3 H). 7.21 - 7.16 (m. 2 H),
1,2 A-cxadiazol-3-yi}-1-propy--1H{7.07 (d. | H). 5.52(s. 2 H), 3.75 (¢,
N benzimicazole 2 H), 267 (5.3 H), 1.47 (q. 2 H).
He CH, 10.76 (v 3 H); LAMS mve 317.
. ' 'H amr (CDC13) 8 8.05 (4. 1 H),
6-{5-othy}-1,2,4-omdiazol-3-4i)-248.03 (s, | H), 785 (d, 1 H), 7.52 -
791 F |g2-{3-fuorophenyl}1H-imidazot- |7.41 (m, 3 H), 7.21 - 7.17 (zw. 2 HD,
1-yljmethyl-1-propyk-1H- 7.08 (d, 1 H). 5.52 (s, 2 H), 2.76 (1.
}N benzimidezole 2 H). 3.00 (g 2 H), 1.51 - 1.45 (m.
HC CH, S H), 0.77 {1, 3 H); LRMS m/e 431.
dihydrochloride 'H nmr (DMSO-
d6) 59.32 (s, | H), 8.68 (d, | H),
CE",_)' N 2-[2-{8-chioropyridin-2-yI}-1H-  [8.47 (d, 1 H). 8.45 (d. | ED, 3.09 -
762 kmidazok1-yljmethyl}- 1-propyt-1H{8.03 (m, 2 H), 7.80 (d, 1 H), 7.84 (d.
imidaxo{4,5-c]pyridine 1 H), 649 (5. 2 H), 4.61 (L 2 H),
CH, 1.88 (q. 2 H). 0.95 (t. 3 H); LRMS
|mve 332,
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8.36(m, 2H) LC-MS: M + 1,357

TABLE 6
Cpd# STRUCTURE IUPAC NAME NMR MS
o Mesylate d&- DMSD: 302419 (m)
VN 3H), 7.97 (s, 1H), .86 (d, J = 8.52
N 2-[2{8-chioropyridin-2.yi}-1H-  [Hz.1H), 7.77 (s, 1H), 7.6 (d. ] =
783 ] Imidazol-1-ylymetivi}-1-ethy-1H- [8.51 Hz, I, 7.57 (4, ] = 7.97 Hz,
H,C N berzimidexoie-S-carbonitdie  [LH ), 6.26 (s, ZH), 4.44-4.51 {m,
a ), .30 (s, IH), 1.3 (. J = .14
P sih H nemr (DMSO-
26) 89.31 (s, 1 H), 8.6 (d, | H),
PO:"’_)" a 2[2-{4-chioropyridin-2-yly1H  18.45 (s, | H), 8.41 (d, | KD, 8.32(d,
TO4 imidazol-1-yfimethyl]-1-propyl-1H] L H), 7.86 (d. 1 H), 7.63 (d, | H),
imidazo{4 3-clpyridine 7.52(d, LH), 6.42 (s, 2 H), 455 (1, 2
th, H), 191 (g, 2 H). 0.97 (t. 3 H):
- TH nms (CDCB): 9.07(1H, 4),
8.56(1H, d), 8.20{1H, dd), 7.85(1H,
2-{[2-{6-luaropyrid
2o 2411 1, 7267.2202H, m), 6.88(1H, da),
703 |1 mew"""""“*w 6.3202H, 5), 4.40(28, 1), LESCIH,
¥, 1.81-1.74(2H. m), 0.880H, ©),
Ca, Imidazof4,5-blpyridine LRMS caledd 418.4, found
4‘2.HMH+L
P 1H nmr (CDCD): 8.28(1H, 4),
N 8.04(1H, 3, 7.54-7.49(2H, m),
24[2-{2-fluoropyridin-4-yiF1H-  [TA0IH, &), 7.25+7.22Q2H, m),
798 imidazol-1-ylimethyl}-1-propyl-1H{ 7.1 I(1H, 3), 5.55(2H, s), 3.89C2H, 1),
benzimidarole-S-carbonite  {1.60-1.53(2H, m), 0.83(3H, 1),
th LRMS caled. 360.4, found
361.2{MH+). -
o IH nmr (COCDE 8.49(1HL &),
i 8.10(1H. d), 7.88(LH, d), 7.7I(IH,
"f,'c 9 2yHH- Ly 9 130 d), 7.00(15, ),
ro7 inidiazni-1-yfjmethyl}-N.N-
} et e (S G s,
berrimidazcie-S-carbamide 1 Lo | 35(SH, m). 0.67CH, 1,
T Sep—
N FH-  {1H, 8.39(m, 1), 8.03(dd, 1H),
788 3 imidazok-1-yllmathyl}-3-stiyk-3H- 7.18-7.28(m, SH), 6.41(s, 2H),
H,C N | imidezoj4,5-bipyridine 4,39(q, ZH), 1.20(t, JH) LC-MS:
cl Jcaled: 338.80, found 339.2(M+1)
'H NMR, Sppm (CDCI3): 8.3%(ed,
(IN)\,N N {2-2-te-chioropyridin-oyy-1h-  {1H) 8:23(dd LH), 8.03(6d. 1H),
780 N 3 Hmécazo-1-ytmathnyl-3-gtiryk 8- [1-76Ck 1), 7.19-7.28(m, 4H),
" 6.36(s, 2H), 4.48(g, 2H), 1.29(, 3H)}
HC [ Imidazoj4.5-bjpyridine LC-MS: caled: 38.80, found
ci 339.204+1)
H-1 NMR (CDCDY): 426{s, 1H),
i] NN 3{2-fuorostiyl) 2-[243- 435(s 1H), 4510, TH), 4.67(s 1H),
800 | PN e imitazege s [5:5%8 21, 705:1.45 (m. 41
s Epyridine 8.06¢. 1H). B.36(d. \E) LC-MS:
F F M*+1,340
- A H-1 NMR (CDCD}: line lixt
N N 3-cyclopropy-2-{2-{6- provided 1.20-1.24 (m, 4H), 3.3
o1 | Y~ fluoropyridin-2-yi)-1H-midazol-1- |(m, 1H). 6.29 (s. 2H), 6.79 (d. 1H)
N® N N viimethyl}-3H-midazo{4.5- 7.15 (m, 3H), 7.82 (. 1H), 7.92(d,
A i blpyridine - 1H), 8.15 (d. 1H). 8.37(d. 1HD) LC-
F . |ms: M+ 1,338
"\ HClsalt H-1 NMR (dmso): line
[ :| kN :;m‘w"’:“"’""”""”'!"”' list provided .77 (s, 2H), .90 (m,
802 N® SN “uwmuﬂ_m"'?“'l’m"'w‘ s [3HD 628 (s, ZH) 7.24 (m, IH). 7.62)
S N blpyriding ’ (. 1H), 7.93 (m, 2H), .12 (m, 2H),

201
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TABLE ¢
Cpd# STRUCTURE IRIPAC NAME NMR ™3
P TH nme (CDCDY. 9.01(1H. 0,
8.33(1H, d), 8.20-8.17(1H, m),
HC NN 1 : “'"m';’;l‘_;" 7.8%(1H, q). 7.247.21(2H, m), 6.88
23 N ridamte S apraa Y6 84(1H, m), 6.30GH, 5. 44002H,
vhotancne 1, 2.66(3H, 5). 1.80-1.73(2H, m),
tn, DAB(H, 1), LRMS caked. 378.4,
79.3(MH+)
- hydrochloride §H nnr (d6 DMSO):
L3S(1H, dd), 8.24(1H, q), B.OKIH,
UI(I")—/"%_ 64 s, 2.95(1HL &, 790(1H. 5).

504 N r yi-1H-midazol-1-ylnetiyl}-3-  |2.33(1H, dd), 7.28(1H, &), 7.26(1H,
? H-imidazof4 S-blpyrkiine [d), 6.32(2H, 3). 4.332H, 1), 1.90-
th, 1. lsaH. m), 0.9403H, 1), LRMS

71 IMEH,
-~ umyumhm 1H nmer (5
N DMSOY): 8.48-8.46(1H, m), 8,J0(1H,
f I - 2-2-{3-Muoropyridin-2-yi)}-1H- |4d), 8.12-8.03(2H, m), 7.96(1H, ),
o005 | Sw imidazob-1-yljmethyl}-3-propy-3H{ 7.90( L H, dd)., 7.72-7.65(1H. &),
[imidazois, Soyridine 7.22(1H, dd), 6.18(2H, 3), 427H,
" 0, 1831 1sczH. m), 0.8703H, )
372,
P hydrochionide _ LH (46 DMSOY
N 8.45(1H, m), 1.08-8.02(3H. m),
w 2-I2-{3-luormopyridin-240)-1H-  [7.93(1H, s), 7.83(1H, ), 7.69-
808 imidarol-1-yjmetiyl}-1-propyl-1H{ 7.62(2H, m), 6.16(2H, 5), 4.29%(2H,
berzimidazole-5-carbonfulle 1), 1.72-1 2021, m), 0.86(3H, 1),
&y, LRMS caled. 360.4, found
J6L.20MB3),
' 'H am (CDCI3) 89.03 (3, 1 H),
8-{1-{(1-propy- {H-imKiaxo{4,5 (8.5 (d, 1 H), 8.44 (4. H), 791
807 oN clpyridin-2-yl)mettryl}-1H- (dd, | H),7.60(d, 1 H), 7.32 (& 1
imidazol-2-ylipyridine-2- H). 7.30(d, 1 ), 7.25 (4, 1 H), 6.25
carbonitrile (s. 2 1), 4.31 (., 21D, 1.78 (g, 2 HD,
CH, 0.90 (¢, 3 H); LRMS m/e 344,
=\
i :l rg\,N 'H NMR, Sppen (CDCL3): 8.36-
os| N mmﬂ 3.45(m. 3H), 8.03(d, 1H), 7.13-
inidazn(4, 5-blpyridine 7:29(m, 4H), 8.40(s, 2H), 4281,
CH, cl 2H), 1.66(m, 2H), 0.81(t, YH)
OO N "1 NMR, Bppn (CDCI2): 8.35(ad,
N 12-E2-{8-chioropyridin-2-yiF1H  |1H), 8.23¢dd, 1H), B.02(dd. 1H),
800 N Ilmluum-yl]n-myn-a-pmpyl-aﬂ 1.76(t. 1H), 7.19-7.29(m, 4H),
| Imidezn{4, 5-bjpyridine 6.36(s, 2H), 4.34(¢, 2H), 1.72(m,
CHgy 2H), 0.83(t, 3H)
- HCl skt H-1 NMR (DMSO): line
N list provided 1.24 (m, 4H), 3.48 (o,
(IN?\/" e ity T (140, 643 . 210, 719 G, 11D, 767
so| NN ""Hm"""4 s [(m LD, 7.86(d 1H), 797 (s IH),
A bjpyriding ) 8.08{s, 1H), 31 (4, 1H), 856 (d,
ol 1H), 8.64 (m. IH) LC-MS: M+ 1,
51, M1, 349
. ﬁ
D;N\/N N 2-{T2<{4-chioropyridin-2-yl}-1H- | H-1 NMR (CDCI3): 4.60-4.77 (m,
a1y | N q " [Imicz-t-ymoti-3-(2- 2H), 4.81 (s, 2H), 6.35(s, 2H), 7.20-
fucroathyl)-SH-midazof4,5 . [2.25 (m, SH), 8.03 (4, 1H), .38 {m,
E ol blpyridine H) LC-MS: M + 1157
N’\, TH NMR, Bppm (CDCD): £.36(0d
N_oN 1H), B39(d, 1H), 8.00(dd, LD,
('I mmw"s' 1.92(dd, 1H), 7.63(dd, I1H), 7.20-

812 imidazee.2-mjpyridine 2- 7.29(m. 3H), 6.12(s, 2H), 4.36{t,

N carbonito 2H), 1.80(m, 280), 0.89(t, 3H) LC-

MS: caled: 343,39, found

MLI0M+])
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TABLE &

Cpd# STRUCTURE IUPAC NAME NMR MS
O e
N . .
N ;~ ﬂﬂmw‘} [8.05ca. 11, 7.98(44. 1D, 793¢0,
- N, carboxamide 56705, 1H), 4.07(t. 2H), 1.54(m,
). 2H), 0.83(t, IH) LC-4S: e
36141, found 362.2(v+
(Ik FN '"H NMR, 8ppm (CDCL3): 8.33(d.
3-propyt-2-({2-]6- 1H), 8.39(dd, 1H), 7.96-3.06(m,
s | {riftuoromethylpyridin-2-yil-1H- [21), 7.64(dd. 160, 7.20-7.27(m,
. imidazot-1-ylmethyl)-3H- 3H), 6.42(s, 2H), 4.26(¢, 2H),
CH, imkiaznj4,5-blpyridine 1.61(m, 2H), 0.72(c, 3H) LC-MS:
FF [culed: 386.38, fund 387.3(M+1)
@ 2 . H-l NMR (CDCI3Y: line list
("Ikn H “""""21’_':."2_'1*1’* ooy [Frovided 4.58-4.66 (m, 2H0), 473
815 | SN F m""" mﬂ‘"‘”"’.mﬂ'“"ms_ (s. 2H), 6.03 (s, 2H), 7.21-7.35 (m,
q il Lipyricing ' H), 7.87 (m, 1H), 804 (d, IH),
F 8.41(m, 1H) LC-MS: M+ 1, 341
Y 5
Cl: N 2-J2-{3-fluorophenyl)- 1H- H-1 NMR (CDC3): 5.38(s, 21D,
818 N {imidezol-1-yljmethyl-1-phenyt-  [6.91.7.17(m, 81), 7.22-7.45 (m,
g . 1H-benzimidaznle 6HD, 7.84 (d, 1H) LC-MS: 369
>
O:L" 2{J2-(6-Muoropyridin-2-yl-1H | H-l NMR: 622 (5, 2R), 6.78 (m,
817 Himidazol- 1-ylimethyl}-1-pheny-  [1H), 7.03-7.37 (m, SH), 7.65-7.92
. 1H-berzimidezole [tm, 3H) LC-MS: M-I, 368
e H-1 NMR (CDCL3): 4.59-4.62 {m.,
N 3H), .03 {d, LH), 3.43(s, 2H), 5.70
018 E«Ik midazot L ymetnrste [ 1073 (. 1, .07 (o, 1)
; e e 7.25 m, 2H), 743(m, JHD, .04 &
F IH), 840 (d, [H) LCMS: M+ 1,
HC 334, M-1332
CDCT,: K15-52 (m, 1), 753909
G"‘C)l(:[ 2-[246-luoropyridin 2yl 1H- [ 26 744151 (m, LH), 1.35-
H 7.44 (m, 2H), 7.18 (g, 2H), 6.83 (4,
819 ? [ e e TroPYS 1D, 671 (. 1H), 668 a, 1H). 629
[ 80, 182171 (m. 260, 0.2 ¢
lém—_nrm,: T.18(d, 797 iz, 1Hz), 703
¢, 5 i 24ty 1|78 (M. 210, 7.52-7.54 (m, 110,
F o [HR-02-5uoropyrd 7.38-7.42 (m, 1H), 7.17-7.26 (m,
a0 b (I mm 1H12H), 6,90 (d, ) = 7.96 Ha, 1H), 6.30
'L\ oo B-azablicyad2 2 1jheptane |(s 2ED, 4.73-5.06 (m, 1H), 4.56 (4
tH, . 1H), 4.24-4.35 (m, 2H), 4.04-4,10
K. 1H), 1.81-2.89 (m. 1ED. 3.51-3.74
=Y HNMR, 8ppm (CDCI): 8.39(dd,
(IN NooN 1H), 8.03(dd, 1K), 7.65(m, IH),
N’\’ 2-{[2-{2-fuorophenyl)-1H- 7.50(m, 1H), 7.20-7.35(m, 3H),
821 N F imidaxol-1-ylimethyl}-3-propyl-3H|7.07(d, 1H), 5.38 (s, 2H), 3.84(t,
\) imidazof4,.5-blpyridine 2H), 1.46(m, ZH), 0.74{t, JH) LC-
CH, MS: ealed: 135.39, found
A5 20M+1)
/A ' NMR, Sppm (CDCD): 8.38(dd,
{ :| N?\/N N a-{2-{2-chiorophenyly-1H- 1H), 8.02(dd, 1H), 7.33-7.56(m,
2| N il ety 3-propyt- 3HI . 7-19-7.27(m, 280, 7.09(d, L),
Cl imidazo(4.5-bjpyridine 5.30 (s, 2H), 3.85{t, 2H), 1.50(m,

2H), 0.76(t, IH) LC-MS: culed:

351.84, found 352.2(M+1)
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TABLE 8
Cpd¥ STRUCTURE IUPAC NAME NMR MS
== "H NMR, 8ppm (CDCI3)- 8.39(dd,
ﬁkpn 3-propyl-2<(2{2- [H), 8.02(ddl. 1H). 7.84 (dd. 1H),
N 7.53-1.65(m, 2H), 7.45(m, [H}, .21
N (trifluoromethyi)phanyl]-1H-
823 \ 7.27(m, 2H). 7.09(d, 1H), 5.17 (s,
imidazot-1-yl)msthyl}-3H-
CH, ' |0.80(c, 3H) LC-MS: calea: J85.40,
+1)
=\ H NMR, 8ppm (CDCD): 8.47{m.
(Ibg\/"‘ N THD), £4O(d, 1H), LO4(a, 1H),
N 3-athyl-2-{[2-{3-luoropyridin-2-yI} 7.62(m, 1H), 7.36(m, LH), 7.23-
824 g F 1H-imidazol-1-ylmethyl-3H-  [7.28(m, 2H), 7.16(d, 1H), 6.10(s,
HC N [imidazof+,5-bjpyridine 2H), 4.37(q, 2H), 1.19(t, 3H) LC-
MS: caledt: 122.35, found
LM+
“-i_ 1H nmr (CDC13): 9.08(IH. d),
N 7 p{B.SBCIE, ), B45-8.43(1H, m), 7.65-
828 L) 1H-midazo-1-yfmethyl-8<5-  |7.59(1H, m). 7.39-7.30(2H, m),
o Imomyl-i.a.mul-z-m-aﬂ- 7.18(1H. 5}, 6.14(ZH, £), 4.43(2H,
Imkiazof4,5-b]pyridine |q). 2.66(3H, ), 1.230H, 1), LRMS
He caled. 404.4, found 405.3(MH+),
P 'H nmr (CDC1Y) 8 9.05 (3. | H),
B40(d, | H), 8.14 (4, L H), 7.88
U"QJ‘ N_p 1-8ilyk-2-[2-{8-fuoropyridin- 291 |(dd. 1 H), 726 (d; | H), .22 (4, |
826 1H-midezo-1-yljmethyl-1H-  [H), 7.17(6.85 (d, 1 H), 6.19 (2.2
imidazof4,S-clpyriiine H), 5.82 = 5.70 (m, 1 H), 5.12{d, |
H).4.99-4.96 (m, 2 H), 4.82(d. ]
: 333.
< 't1 o (CDCI3) 8 9.04 (s, | 1D,
A6 (d. 1 H). 8.15.(d. ) H). 7.86
U b ad e I [ 1. 741 e, 1 10,726 (0 1
a7 '"'ﬁ'ﬂ"'m"’?z' H). 7.21 (d. | H), 6.85 (d, 1 H), 6.23
yny-HHmidazo(4 S-clpyridine | " . 521 (d, 2 H), 233 -2.32
oH (m. | H); LRMS mve 333,
N)\,NF\N H-1 NMR (dmso): 3.47 (s, 1H),
| 2-2-{3-fuorophenyl}1H- 4.78 (2, 2H), 5.63 (s, 2H), 7.07-7.45
828 N Imidazol-1-yfmethyl}-3-prop-2-  {(m. SH), 7.45(m, 2H), .07(m, LH),
t" yny-3H-midazof4,5-blpyridine  {8.42(m, 1H) LC-MS: M+ 1, 332,
cIH F M-1,330
k" N HClsakt H-1 NMR (dmso): line list
| : 2-[2-{3-fuoropyridin-2-yi)- 1H- |pmnhd 351 (s, LH), 5.25 (s, 2HD),
820 N F imidazor1-yljmethyl}-3-prop-2-  [6.25(s. 2H), 727(m, LD, 7.72(m.
N7 yny+-3H-midaznj4, S-blpyridine  |1H), 7.94-8.15 (m, 4H), 8.35(m,
o tH), 8.50(1H) LC MS: M+ 1,333
A ) HCImlt H-1 NMR (dmso: line
%\, 3-cyclopropyt-2-2-{3 list provided 1.19 (m, 4H), 3.36 (m,
830 | N F fuoropyridin-2-yi)-1H-midazok-1- [2H), 6.24 (s, 2H), 7.21 (m, 1H), .70
N |yl|mc|hyl}-3|-l-i'nld|m[4,5- (m, 1H), 7.88 (d, 2H), 8.00 (s. 1H).
A | blpyridine .07 (o, JH), 8.31 (d, 1H), 8.52 (d,
1H) LC-MS: M + 1,335
[ HCIsalt H-1 NMR (DMSO): line
I :l N NN S-cyclopropyh2<[243- Yt provided 1.03-1.22 (m, 4H),
@31 NN {uorophenyl}1H-imidazni1- (3,37 (m, 1H), 5.96 (s, 2H). 7.22 (m.
A yljmethyl}-3H-midazo{é,5- 1H), 7.45-7.78 {m, 4H), 7.95-8.0)
hipyricine lm. 36D, 837 (&, 1) LC-MS: M
F +1314, M1 332
N 'H NMR. 3ppm (CDCI3): 8.52(d,
RS 3-ethyi-2-{(2{6- 1H8), B.39(dd, 1), 7.90-8.05(m,
832 N )N (trifluoromathyl)pyridin-2-yi}- 1H- |280), 7.64(d, 1H), 7-21-7.27(m, 3H),
HC E imidazol-1-yljmethyl)-3H- 6.42(p, 2H), 4.39(q, ZH), 1.17(t, 3H)
F imidazo{4,5-blpyridine LC-MS: caled: 372.36, found
F (M)




TABLE 6
Cpd# STRUCTURE IUPAC NAME NMR M3
—- H N:i:.( :.wm (CDC3): 8.3
1H), 8.40(c. 1K), 7.99-8.03(m. 2H),
"':cl(:ﬁuw o v 2 1. [15%E. LH) 7906, 1H), 7.20-
833 ) i ksl 7:22(m, 2H), 6.41(s, ZH), 4.34(q,
He benzimiduzoi-5-yfjethancne  [3HD- 2.68(s, 3H). 1.15(s 3H) LC-
F F MS: caled: 413,41, found
$14.2(M+1)
0 H-1 NMR (CDCD): lins liw
(Ik" 3{2-flucroethyl)-2-{(2-{6- provided 4.60-4.31 (m, 4H), 6.30
- N (trifworomethyllpyridin-2-yF-1H-  [(s, 2H), 7.18-7.30 (m, 3H). 7.54 (4,
q £ imidazol-1-yfjmethyl)-3H- 1H), 7.88-8.00 (m, 2H), 8.33(d, 1H),
¢ . anldmlil.s-b]wulnl 8.49(d. 1H) LC-MS: M+ 1, 91, M
£ - 1,389
H-1 NMR (CDCD): fine lixc
%VN provided 4.87(d, 1H), 5.14 (m.
| F{3H), 5.87 (m, 1H), 6.24 (s, 2H), 6.84
835 N 1H-midazol-1-ylimethyl-3H-  |(dd, 1K), 7.23 {m, 3H), 7.84 (m,
N |imidazo(4,5-bipyridine 1K), 8.02 (d, 1H), 8.15 (m, (K),
ch F 8.38 (d, IH) LC-MS: M+ 1,335, M|
- 1,333
"H NMR, Sppm (CDCU}: 8.56(dd,
[| j &,N N 6-{1{(3-othyl-3--midazof4,5-  [1HD), 8.40(4d, 1K), 8.01(dd, 1H),
836 NN bipyvidin-2-yl)ymethyl}-1H- 7.93(t, 1H), 7.63(dd, 1H), 7.21-
J Imidazol-2-yljpyridine-2- 7.29(m, 3H), 6.33(s, 2H), 4.+{g,
HC F _ carbonitrle 2H), 1.35(t, 3H) LC-MS: caled:
=N 329.37, found 330.1{M+1)
Ve 'Hamr (CDC13) 6 8.17 (d. 1 1),
7.89 (dd, 1 H), 7.74 (4, | H), 7.49
2-{[2-{8-Muoropydd
ﬁ". ")—)"tw,p ,h,uﬂ_1ml"'f,",','_'""' 1 H),7.30(d, 1 ), 7.21 (4. 1 FD,
837 | ne Emgthyi-1-propyb1H- 7.15 (d 1 H), 6.89(d, | H), 629 (5,
. oamkde  |2H: 423 0 2H).3.07 (rd 6 H),
o berzimidazole-8-ca 1.66 (q. 2 H), 081 1, 3 Hy; LRMS
1 mve 407.
'd 'H nanr (CDC13) 3 9.08 (s, | H),
N 1-propyl-2-{{216- 8.32(d, 1 H), 844 (d. 1 ), 7.99
- . (trifuoromethylipyridin-241}-1H- [(dd, 1 H), 7.65 (4. | H). 7.29 (. |
F Imidazol-1-yfimethyl)-1H- H), 7.26 (d. | H). 7.21 (d, | H), 6.40|
Imidazof4,5-clpyridine (5.2 D, 4.19 {t. 2 H), 1.54 (q. 2 H),
cH, 0.71 (t. 3 Hy: LRMS m/e 387,
e TH oo (CDQ13) 3 8.17 {d, | H),
.88 (dd, | H), 7.75 (d, | H), 7.51
O N, g |mum|-1wn-my"|;-+HH (5.1 10,7.28 - 7.25 (m, 1 H, 7.21
839 (morpholis 4 ylcarbrory )1 (s. 1 H), 7.16 (s. 1 H), 6.89 (. | E),
e, s 8 H), 1.67 (q, 2 1), 0.82 (=, 3 H);
LRMS m/e +39.
G e H amr (CDCYY) 88.19-8.16 (.
QO Ty [osummmmany o8I meL
840 X mmw L H).7.25 4. | H), 7.17 (d, | ED),
Viicarbonyfk{H-bernimidamie |89 (& 1 H), 6.69 - 6.65 (m. 2 ),
6.30 (3. 2 H), -lJ(I :H-I) J.so(lu'
. (:%7_ 'Hm(cncmulm. LH),
N Ny | metinyt 2-72-6-Ruoropyridin-2-yn} B9 . | H0.7.98- 787 (m. 2 H,
.0 F 7.76{d, 1 H),7.24 (5. 1 I}, .17 (s,
841 | we X : ? }TWH&&N&M.H! (5. 2 ).
-onzim 429 (t, 2 H), 3.94 (3, J HD, 1.69(q.
CcH, 2 H), 0.85 (1, 3 H): LRMS mve 394.
y N’\,r ; . H-1 NMR (CDCI3): 4.02 (&, LH),
nm“""""“'w"'“)_"1'm A [T PE T T B I
842 mm_lmu'm['“""""4 . 1H), 5.58 (s, 2H), 7.05-7.33 (m,
c clpyridine ' SH). 7.44 (m, 2H), 8.47 (d, 1H),
F F 9.10 (s, 1H) LC-MS: M + 1, 340
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TABLE 8

Cpd# STRUCTURE IUPAC NAME NMR MS
N H-1 NMR (CDCI3): line list
(I TN 2-[2{4-chloro-1-methy-1H-  [provided 1.89 (s, 3H), 4.55 (s, 2H),
83 N pyrazol-3-yi} tHHmidezo-1-  [4.69 (m, 1H), 4.71 (m, 16), $.93 (s,
C N yilmethyl}-3-{2-flucroethyl)}-3H-  [2H), 7.11 (s, LH), 7.25 (m, 2HD, 7.47]
cr Ly imidazo{4,5-b]pyridine lcs. 160, B.04 (d, 1HD), 8.36 (d, 1H)
F CH, LC-MS: M + 1, 360
Ve 'H ume (CDC1Y) 8 8.18 (d.1 H),
N (48)-5-{(2-{[2-{8-Muoropyridin-2- |7.89 (dd., 1 H), 7.78-7.72 (m, 1 H),
t’D Y NN yiF-1H-midazok- 1-yjmethylF1-  [7.62 s, 1 H). 7.42-7.33 (m | H).
844 N N propy-1H-benzimidaxol-6- 7.22(s, 1 H), 7.17 (s, | H), 6.89(d,
o ‘) yicarbonyl]-2-cxa-5- 1 H), 6.0 (s, 2 H), 5.06-4.51 (m 2
th, ambicycio[2 2. 1jheptane D, 4.25 (2, 2 H), 4.11-3.48 (m. 4 1),
1.96-1.87 (m. 2 H), 1.68 (q, 2 HD,
(\ "H nmr (CDC13) 39.58 (s, L H).
§ WA 1-propy-2-{(2-pyrazin-2-y-1H-  [9.09(d, | H), B.61 - 842 (r. 3 H),
845 N_? imidazok-1-ylymethyl-1H- 7.52-7.24 (m. 3 H), 6.33 (5.2 1,
Imidazof4.S-clpyridine 4.16 (1, 2H), 1.8 (q. 2 H), 0.81 (1,3
o, |H): LRMS m/e 320
= 'H NMR, Sppm (CDCU3): 8.40(dd,
( :| N%,N 3-ethyl-2-[2-(2-methyk-1,3- 1H), B.05(dd, 1H), 7.88(x, TH),
046 N N thinzol-4-yi)}-1H-midazo-1- 7.:25(m, LH), 7.11(d, 1H), 7.07(d,
c) l}_ yiimethyli-3H-imidazof4.5- 1H), 6.29(s, 2H), 4.35(g, 2H),
Hy g [blpyricine 2.78(s, 3H), 1.18(1, 3H) LC-MS:
H,C |ealed: 324.41, foand 325.20M+1)
= "H NMR, 3ppm (CDCL3): 8.41(d,
1H), B.01{dd, 1H), 7.89(s, 1H), 7.38
-athyl-2-{[2-(2-mathyl-1,
H,C N NN ot L e emtre (@ 160, 71064 110, 7.05(d, 110,
847 N vimetyl}-{H-berzimidezpi-5- |6:30(s ZH), 4.27(q. ZH), 2.75(s,
|-|,c) vilethanone 3H), 2.65(s, 3H), L.12(t, 3H) LC-
HE O MS: calcd: 363.46, found
+11
= ' NMR, 8ppm (CDC13): 8.41(dd,
1 MN N 1H), B.06(dd, 1), 7.19-729(m.
(';EN 2-{12-(3,5-diflvorophenyl)-1H- ak), 7.08(, 1H), 6.93(m, IH),
848 H :mWH 5.52(s, 2H), 3.96(z, 2H), 1.57(m,
F 3H), 0.82(¢, 3H) LC-MS: ealed:
CH, F 393,38, found 354.3(M+1)
= '"H NMR, Bppm (CDCD): 8.41(d,
1 NN : 1H), 8.06(ad, 1H), 7.19-7.31(m,
(NI:)\/ 2-23.5difuorophenyll-tH- 10" 000 i 6.93(m, 16).
e y ot i A-SH I 2, 260, 40505, ZHD, 114,
H,C E " IH). LC-MS: caled: 33936, found
F 340.3(M+1)
"H NMR, 3ppm (CDCL3): 8.40(dd,
( tELFN 1ED. 8.05(d, UH), 7.86(d. 1),
N 3-propyk-2-{2-{1 3-thlazol-2-y)}- |7.40(d, LH), 7.25(d, 1H), 7.22(d,
850 N 1H4midazok -yimethyll-3H- | 18), 7.15(4, 1H), 6.37(s, 2D,
4 |imidazo[¢,5-bjpyridine 4.2, 2H), 1.62(m, 2H), 0.78(t,
CH, 3H). LC-MS: caled: 324.41, found
125.30M+1D
; FN 'H NMR, &ppm (CDCI3): B.41{dd,
O~ 3-propy-2242.4.5- LD, B03(dd, 1H), 7.50(m, LH),
881 N F trifuorophenyl)-1H-midazol-1-  |7.22.7.29(m, 2H), 7.07-7.15(m, ZH),
ylimethyl}-3H-kmidaxni4,5- $.37(s, 2H), 3.93(t, 2H), 1.33(m,
CH, F bipyridine 2HD), 0.82(x, 3H). LC-MS: caled:
F 371.37, found 3T22(M+1)
P 1H nmr (CDCB): 8.53-8.51(1H,
N h_%? m), 8.40(1H, dd), 8.16-8.14{1H, m),
[ I - 2-T2-{6-Mucropyridin-3-yi}-1H-  [8.03(1H, dd), 7.28.7.23@H, m),
N
E

Imidazn{4,5-blpyridine

Imichazol-1-ylimethyl-3-propy-3H{7.1 1(LH, d), 7.05(1h, dd), SA6(2H,

1), 4.00(2H., 1), 1.65-1.39(2H, m),
0.84(3H, 1), LRMS caled. 136.4,

found 337. 1{MH+).
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TABLE 6

Cpa# STRUCTURE IUPAC NAME NMR ™S
- TH nmr (CDCDY: 8.37(1H. dd),
N 3.0 1H, dd), 7.22(1H, dd),
N/ N 2-2-{1.5-clmethyl-1H-pyrazol-3- | 7.06(1 H., d), 7.02(1H. d). 6.66(1H.
253 3 yiF1H-imidazo- 1-yljmethyl}-3-  [s), 6-20(LH, s} 4. 192K, 1), 3.83(3H,
"CH, [propyt-3H-imidazn(4,5-blpyridine {s), 2.33(3H. s), 1.60-1.53CH, m),
CH, 0. mm th ums caled. 335.4,
iH m (cncu) s.:s(m. ),
N B.04(1H, dd), 7.56-7.50(LH, m),
( :[ N 2-J2-(34-difivorophenyl}-1H-  |7.41-7.36(1H, m), 7.30-7.21Q2H. m).
85¢ | N |= imidazol-1-yljmethyl}-3-propyl-3H| 7. 151 H, ), 7.04(1H, ), 5.4592H,
Imidazo(4, 5-blpyridine s), 1.9202H. 1). 1.60-1.50{2H. m),
M, F 0.80(3H, 1), LRMS caled. 3534,
found 354,3CMH#),
H-1 NMR (CDC13): 2.13 {s. 3H),
i ] N}\,N N 3H2-Auorosthyl)}-2-{[2-(3-fluoro-2-, 4 o 1), 4.24 (m, 1H), 4.48 (m,
N® =N CH, m;m‘ LHD), 4.64 (m, LFD), 5.29 (s, 2HD, 7.08|
$ el ’ 126 (m. 6H), .02 (d. 1H), B.35 (d,
E F 1H) LC-MS: M + 1, 354
H-1 NMR (CDCI3): line list
| L 2-{2-(2.8-diflugrophenyl}-1H-  [provided 4,14 (t, 1H), .34 (& 1H,
a5 N (midazol-1-ylmetiryl)-3-{2- 4,46 (1. 1H), 4.64 (¢, 1H), 5.40 (s, l
S fluoroethyl)-3H-midazo[d,5-  [2H), 6.98 (m, 2H), .11 (s, 1H), 72
bipyrkiine 7.40 (m, 3H), 8.01 {d. 1H), .34 (d.
1H) LC-MS: M+ 1, 358
H-1 NMR (CDCDY: fine fin
( I", pravided 2.38 (s, 3H), 426 (1 1H),
3-{2-fuoroathyl}-2-{[2-{
N ""“"'_°"‘lus (¢, 1H), 4.51 (1 1H), 4.67 (&,
st " & et o it s | [IR.5.53 .24, 707 s, 11, 7.18
" bipyriding (s, 1H), 7.26-7.34 (m, 4H), 8.07 (d,
en, 1H), .36 (d, 1H) LC-MS: M+ 1,
334
"'-'-‘)_ |dihydrochloride 1H nmr (d6
N - 3-atiyl-2-{2-{3-fluorophenyl)-1H-| DMSO): 9.96(1H, d), B.50(1H. ),
858 N)—’" imidazol-1-ylimethyl}-8-{5-methyH 7.98-7.9 | (2H. m), 7.72-7.50(4H, m)
1.3 4-oomdiazol-2-y1y-3H- S.01(2H, ), 4.35@2H. q), 2.5803H,
N F | midmnis,Stipyridine [s), 13538, 1), LRMS caled. 403.4,
HC found 404.3(MH#).
V== TH NMR, 8ppm (CDC13): 8.40(dd,
(I NN LH), 8.08(dd, 1H), 7.91(s, 1D,
N N’“’ 2-{[2-{2-methy-1,3-thiam-4-y)- |7.24(m, 1H), 7.11(d, 1H), 7.07(d,
850 1H-tmidazol-1 1H), 6.30(s, 2H), 4.23(¢, 2H), 2.78(s,
H }_s 3H-imidazof4,5-blpyridine 3H), 1.62(m, 2H), 0.79(c. 3H) LC-
CH, H,C MS: caled: 33844, found
39.2(M+1)
= "H NMR, Sppm (CDCDY: 3.38(dd,
LN N 1H), B.30(dd. {H), B.03(ed, 1H),
N F1H- |7.87(d, 1H), 7.19-7.2%(m, 289),
860 O.c imidazok-1 H|7.01-7.05(m. 2H), 3.33(s. 24D,
H N H imidazn{4,5-b]pyridine 3.97(s, IH), 3.86(t. 2H), 1.47(m,
CH, 2H), 0.77(t, 3H). LC-h:';:‘ﬂhd:
338,41, fumd 349 I0N:
(IN‘)\'" N "H NMR, 8ppm (CDCD): 8.38(d,
1H), 8.02(dd, 1H), 7.5%(cd, 1H),
- o e a3 o s 3. 10, 121128, 30,
. (8 y 3 t,
H imidazof4,5-bjpyridine 2H), 1.51 (m, 2H), 0.79(t, 3H). LC-
CH, c MS: caled: 386.29, found 386.3
=\ "H NMR, Sppm (CDC13): 8.39(dd,
(ng"n N 1H), 8.35(m, 1H), 8.1%(m, 1H),
N 2-{2-{2-Muoropyridin-3-yi}-1H-  [8.02(dd, 1H), 7.35(m, LK), 7.22-
862 N F Imidazok- 1-yijmeathyi}-3-propyi-3H{7.29(m, 2H), 7.10(d, 1H), 5.43(s,
Imidazof4,5-blpyridine 2H), 3.95 (1 2H), 1.54 (m, 2H),

0.80(t, 3H). LC-MS: caled: 136.37,

found 1372




TABLE 6
Cpdié STRUCTURE IUPAC NAME NMR MS
(IN FN 'H NMR, Sppm (CDCT3): 8.40(dd,
N’\/ 222,3-difluoropheryl)}-1H- | 1H), 8.0-dd, 1H), 7.22-7.43(m,
283 N ) F imidazol-1-ylimethyl)-3-sthyl-3H- | SH), 7.08(d, LH), 5.40(s, 2H), 3.99
H,C Imideom{4,5-b]pyridine l(q. 2ED), 1.05(c, JH). LC-MS: caled:
F 339,15 found 340.1
(IN"’N_ N 'H NMR, appm (CDCL3): 8.39(dd,
NN 24[242,3-difusrophenyl)- 1H- hm). 8.03(dd, 1H). 7.22-7.42(m,
854 F imidazol-1-yl|methyl]-3-propyt-3H] SH), 7.09(d, 1H), 5.39(s, 2H),
H imidazo[4.5-b]pyridine 3.86(t, ZH), 1.50(m. 2H), 0.78(t, JH)
CH, F L.C-MS: caled: 353.38 found 354.2
~ 1H nmr (CDCI3): §38(1H, dd),
(Il!! N 2-{]2-(4-chioro-1-methy-1H-  [8.04(1H, &d), 7.52(1H, 3), 7.26-
aes | S N pyrazok-3-yi}- tH4midazok-1-  [7.21@2H, m), 7.05(1H. ), 5.98QH,
e N-cH, ymethyl}-3-progyt-3H- s) 4. 1SRH, t), 3.9403H, 3), 1.62-
imidazof4,5-b]pyridine 1.52(2H, m), 0.80(3H, 1), LRMS
CH, caled. 355.8, found 356.2(MH+).
dihydrochloride {H nmr (d6 LRMS
N DMSO): 839(1H, dd), 833(IH. dd) =
(:[ N 3-cyciobuty-2-{2-{6-luoropyridinl.25(1H, o), BOXIH, ), 795(1H, | =eet
888 NE N £ 2-yi)-1H-midazol-1-ylimethyl}-3H{d), 7.87(1H, dd), 7.33(1H, dd), found
b _ {imidezo{4,5-b]pyridine 121(1H, 64). 6342H, s), S.IB(H, | 340 31y
m), 3.28-1.20(ZH, m), 1.98-2.42(2H) ~ )
N K DMSO), STH(1H. 0, CTHIL ) | ca
. ): 8. [\ B caled.
- (:,E :;‘p;f."“’"""“""',"f"s' $.32(1H, dd), 7.99(1H, d), 7.93- 3434,
g kmisiarok2-yfisonicotinon "'""‘.""“"'1'“ 7.86(3H, m), 7:21(1H, dd), 6.342H,| fourd
8), 4.37GH, 1), 1.91-L82QH, m), |344.2(MH+
CH, N 0.93(3H, 1 )
' 'H umr (CDC13) 8 9.07 (s, 1 KD,
N |n68 ¢a, 1 H). B.60 (s, 1 KD, 844 (d,
o8 *C['%J‘ ottt T (107456 11729 (€. 110, | LAMS e
|WWMI. 726 (4, | H),7.22(d, 1 E),6.37(s, | 344
2H).4.16 (1, 2 H), 1.3 (q, 21D,
H, 081 (1,3 H)
[diydrochiodde  1H nmr (d6
Nk DMSO}: 8.33(1H, dd), 8.02- LRAMS
i I 2-[2{2-mathoxyphenyl)-tH-  [7.99(2H, m), 7.93(1H, d). 7.65- caicd.
869 | N Imidazol- 1-yjmethyl}-3-propyt-3H{7.59(1H, m), 7.51-7.48(1H, m), 7.29{ 347.4,
imidazoj4,S-blpyridine 7.210H, m), 7.11-7.06(1H, m),  |foundd348.
CH, 5. 75(ZH, s), 4.1202H, 1), J.693H. 5)| HMH+)
1.69-1.61(2H, m), 0.74(3H, 1).
| gt s [y
MSO): B.
1 I 2-RAFmethaxyphenyl-H- | ge0y oy ovrn 0y, 24808, | Y
870 | N ; .&}-om it Ty PrOPH- S, 1350 196H, m. S9H, 0, | oy
' 4.22Q2H, ), .69(3H, 8), 1.79- 348, 39MH-+
CH, 1.68(2H. m), 0.81(3H, 1) "
’ = H-1 NMR (CDCI3): line lin
(IN)\, N 8-{1-[3-{2-Muorosthyl}-3H- provided 4.74 (m, 1H), 4.84-4.95
a7 N imicazn(4,5-blpyridin-2-yi] (m, 3H), 6.16 (s, 2H), 7.19-728 (m, | LC-MS: M
N S 1Hmidezol-2-y)pyridine-2-  |2H), 7.39 (s, 1H), 7.54 (d, 1H), 7.83 | +1,348
F carbonitrile (c. 1H), 7.89 (d, 1H), 8.34 (m, 1H),
F =N 8.93 (d, 1H)
N r" H-1 NMR (CDCL3Y: s list
|@ :| S 223 4-difuorophenyl)-1H-  |provided 4.33 (1, 1H), 4.42 (¢, 1H),
o712 N imidazol-1-ylmetiyl}-3-(2- 456 (L 1H), 4T3 (, [H). 551 (n, | LC-MS:M
S fluoroetiyl}-3H-midazo[4,5-  [2H), 7.07 (s, 1H), 7.18-7.26 (m, +1, 358
F F bipyridine 2H), 7.39 (m. 1H), 7.55 {m, 1H),

||.o1 {d. LH), 8.37 (s. 1H)
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TABLE @
Cpd# STRUCTURE {UPAC NAME NMR M3
Ty H-1 NMR (CDCL3): line limt
(I Y 3-{2-fluorosthyl)-2-[2-{2.6.5-  |provided 4.23 (. LH), 431 (u IH).
ars| NN F triflucrophenyl)-tHmidazol-1-  [4.50 (¢ 1K), 466 (x IH), 540(s. | LC-MS: M
FS Iynm-nyu-:H-Inuum[4.s- 1H), 7.01-7.09 (m, 2H), 7.20-7.26 | +1,378
E bipyridine [¢m, 280D, 7.43 (m. 1H), 7.99 (d, 1),
F 8.32(d, 1H)
™\ H-1 NMR (CDC13): line lisc
| LN 3-{2-ivoroethyl)-2-{[2-{S-fluoro-24provided 2.16 (s, JH), 4.19 (L. L1H).
o74 (NIN methylphenyl}-1H-midazol-1-  [4.26 (¢ IH), 3.9 (¢, IH)L 457 (. | LC-MS:
S CH, |vllmmrl}-ﬂ+imidm[4.s- 1H). $.28 (s, 2H), 7.02-7.07 (2H), 354
F bipyridine 7.14 (s, 1H), 7.21-7.26 (m, JH),
F 8.02 (d, 1H) 8.35 (d, 1H}
(:R_ '"H nmr (CDCIY) 5907 (5. 1 HD,
CE",J' j 1propy2-[2{1.Hhlammi- 2} [8.41 (d, | ). 7.82(d. | 0. 738 (4. | | oaas v
ers N 1HHmidazok1-ylimethyl-1H- |1 H).7.25 (d. [ H), 7.19 (s, | ), 92¢
[imidazn(4.5-cjpyridine 7.2 (s, 1 H), 6.35 (5, 2 H), 4.14 (1. 2
th, H), 1.53 (g, 2 H), 0741, 3 H)
1'!9_)(:%_ ot -1 AR B 1.5 e T8 1 T 00
. 8.43(d, 1 H), 785 (d. | ), 7.38 (d.
are 1 N} imidazol-1-yljmethy}-1H- 1 H), 7.38 ~7.26 (m, | H), 7.17 (s, 1 "m;%"'"
3 Imidaxo(4,5-clpyridine H), 7.14 (3, | H), 635 (5, 2 H), 4.25
H,C .20 1113 D
'H amr (CDC13) 8 8.93 (s, | H),
N  [s16ca 1. 7870 110,720
o7 | e NS F m_‘;’?"‘"""‘“"’” {1 0. 16 1 10,7106, 1 H0J LRMS mie
6.87 (2. 1 H), 626 (3, 2H), 4,19 (¢, 1
? propyk-1H-midazad.S-cipyriine |, . 265 (s, 3 H), L85 (g, 2 H),
CH, 0.83 (t, IH)
¢ 'H nmr (CDCI3) 8 8.93 (s, 1 H),
m_/‘ . 2{[2{>morophenylFH-  [7.99-7.36 (m. 3 H), 7.19- .18
78 | ne N imidazot-1-ymetiyl}-8-mathy-1-|(m. 2 ), 7.09 (m, 2 H), S48 (s, 2
(\ propyl-1H-imideao{4,5-clpyridine |H). 3,64 (1 2 H), 2.64 (3, 3 H), 1.40
CH, (. 2H), 0.73 (. 3 H)
D dibydrochloride  |H nmr (46 LAM
f:[hg - N-{; . | 3{cyclopropyimethyl)-2-{f2(1,3- [DMSO): £.35(1H, dd), 7.95(1 H, dd, ws
a7 » thigzo- 21 1H-dmidgzob1-  [7.90-7.872H, m), 7.81(1H, 3), ey
N sJ yiimethyl}-3H-mkiazo(4,5- 152, 5), T20(IH, dd), 635QH, | ¢ -
J blpyridine 2), 431H, d0, 1A2-L380H.m), | 335 404
0.55-0.52(4H. m)
(I (\ ditrydrochloride  1H nwr (36 LRMS
N _ DMSO): 831(1H, ), 8.15(1H.8), | caicd.
241-{{3-propy-IHHMIEID4.5- |y e 5 0301 m). 7.9479202H, m)| 3424
880 | N ; "*8“ IW 7.85-1.190H, m), 12377241 m)]  found
SONIH, 5), 4.14QH, 1), L72- | 343.3(MH+
cH, 1.6K2H, m), 0-75(3H. 1) )
SN Y LCMS:
(1 NIN"’ 2-12-{S-methyksoxazok-3-yi)-1H- l;:.“'ﬁm‘?’g%:(::‘“ calcd:
a8t Imicazok-1 -19- ;
H N Imidamoft oo PP M3k, 6.65(d, 16D, 6100, 20, s
EHy g 0 426(c, 2H), 1.63(m, 2H), 0.83( 3H) g0 9
\ N_; N ) 'H NMR, 8pprn (CDCL3): 8.37(dd, | LC-MS:
| 3isopropyl-2-[2-1.3:thiazok2- | 1H), .8.02(dd, LH) 7.84 (4, 1H), caled:
882 N® N yl}1Hemidazok 1-yljmethyl}-3H- 7.39(d, 1), 7.11-7.23(m, 3H), 324.41
J\ N* imidaro{4,5-b|pyridine 6.32(s, 2H), 4.92(m, 1H), 1.56(d, found
HC” CH, o 254
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imidaznjs,5-clpyridine

H), 5.48 (s, 2 H). 383 (q. 2 H), 1.03
(LIH)

TABLE 6
Cpd# STRUCTURE IUPAC NAME NMR M3
= 'H NMR, 3ppm (CDCB3): 83%(d, | LC-MS:
H,C N}VN N 1-{1-thyl-2-{12-{1,3-thiazol-2-yi}- | 1H). 8.00(dd, 1H) 7.84 (d, LH), caled:
883 N I 1H{midazok1-yljmathyl1H-  |7.39¢d, 1H), 7.3%d. IH), 7.18(d, 351.43
) benzimidazol-S-yl)sthancne 1H), 7-13(d, 1H), 6.35(s, 2HD, found
HC N3 4.27(q, 2H), 267(s, 3H), 1.12(, 3H)| 3522
N= N PN .
) ! H NMR. 3ppm (CDC13): 8.0%(dd,
O:N 21242 3-difvorophem)}1H- |,y 5 o (a4 "1y, 7.19-7.40(m,
884 J F unumnmwm SED, 704, 1H. 54005, 31D,
H,C . bonzimidazole-5-ca 3.86(q. 2H), 1.02(, 3H)
(IN N_aN "H NMR, Sppm (CDCU3): 8.39(dd, | LC-MS:
N’*’ 2-{12-{5-Tuoro-2-mathyiphenyl)- |1H), 8.03(dd, 1H), 720-7.31(m, calee:
ses | N HC 1H-midazot-1 JH), 707-7.13(m, JH), 5.24(s, 21D, | 348.41
H H-imidaxo{4,3-b]pyridine 3.88(1, 2H), 1.22(s, 3H), |.34m, found
CH, F 2H), 0.78(t, 3H) 350.3
= "H NMR, Sppm (CDC3): 8.38(dd, .
( :[ N NN IH), .OKAd, TH). T44@d, 1), | LOMS:
NN 22-(2 fworo-S-mathyiphenyll- [, o7 s e, o) T caled:
ass F 1H-inldml-1-yl]muﬂ1yl}-3-p|wyli1 I!(d;L by TDS(d..l 537 041
H SH-enidazoj4,5-b]pyridine e “(l-)iﬂi- A (.“');H-)‘ ™ | found
CH, H,C 1.46(m, 2H), 0.76(r, 3H) %03
(IN}"FN 'H NMR, Sppm (CDCI3): 339(dd, | LC-MS:
N zmﬂm%nmwwlm. B.03(dd, 1H), 7.15-7.32(m 4H),| calcd:
887 O-cH, 1H-imidazol-1-yllm 7.03(d, 1H), 6.96(dd, tH), 5.30(s, | 385.41
3H-midezo{4,5-bjpyridine 2H), 3.84(t, 2H), 3.7%{s, 3H), found
CH, F 1.46(m, 2H), 0.76( 3H) 3802
dihydrochloride 1H nmr (36
N 1-athyt-2{(2-{3- DMSO): 10.02(IH, 5), 8.70(1H, d),
288 'ﬂ :| 5—/ (tifluoromethyljphenyf)-1H- 8.37(1H, d), 8.08(1H, 1), 7.97-
r} F irnidezol-1-yljmethyl)-1H- 7.9403H, m), 7.82(1H, ), 7.75(1H,
- imidazo(4,5-cpyridine 1), 6.09(2H, 3), 4.45QH, ).
HC 13204, 1).
_ hydrochloride 1H nmr (d6 DMSO):
N N CH, 1~ethyk-2-2-{5-luoro-2- 8.10(1H, ), RO7(1H, &), 7.95(1H,
289 g—’ mathyiphenyl)-1H-midazol1-  [d), 7.78(LH, d), 7.64{1H, dd),
} ylimethy(-1H-barzimidazole-5- [7.52(1H, dd), 7.38-735Q2H, m),
carbonitrile S.82(2H, 3), 4.23(2H, q), L17(3H,
H'C F 19, l-llﬂH- 1.
N N)_\ F 'H nmr (CDCI3) 8 9.05 (5. LH), 8.43
880 {’ F imidazoh 1-yflmethyll-1-propyk-1H{7.23 (m. 2 1), 7.07-7.01 (. 3H). | 364
N imicazol4,5-c]pyridine 5.34 (s, 2 H), 3.75 (1. 2H). 1.47 (q. 2
CH, H)L,0.77 (1.3 H)
N F H aemr (CDCI3) 5 9.05 (s, 1 H).
'1 2-{2-{2,6-clfuorophenyl)}-1H-  |R.43(d, | H), 7.52-752 (. 1 ). |\ pe mve
891 imidazol-1-yffmethyl}-1-sthyt-1H- 17,27 - 7.23 (m. 2H), 7.08-7.01 | 400
Q,‘N F Imidazof4,5-Clpyridine {m. 3 H), 535 (s, 2 H), .85 (q, 2
H,C : H). 1.02(L. 3 H)
RoF 'H pmr (CDC13) 89.10 (5, 1 1)
B.46 (d, 1 H), 7.56 - 7.51 (m, 1 H),
"C[N 2{{2-(3.4-difucrophemy-1H- |, 0o 5 v (m. 1 M), 7.31-7.26 | LRMS mie
892 | U Nh imidazot-1-yljmethyll--ethyt1H- | © - 5 16 td. 1 . 7.03 0. | 340
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TABLE 6
Cpa¥ STRUCTURE IUPAC NAME NMR us
N N HC ; ' nme (CDCI3) 39.07 (s, 1 H),
2{[2{5-lvoro-2-methyiphanyl)- {843 (. ) H),7.31~7.83(m. 3H). || pus mie
893 :’ 1H-midazo-1-yljmethy}-1 7.02-7.04(m 3K 52 (0. 2H), | gep
N 1H-imidacen(4,5-c]pyridine 3.73 (t. 2 H), 2.21 (5. 3 H), 1.99(q, .
CH, 2H).0.750, 3 H)
H,C ety 'H nmr (COC13) 8 9.08 (s, 1 H),
IH | N‘)—\ F wm&, 844 (d. | 1,731 -7.24(m 3 H). |y s mie
864 N e ks 5 [H2-704m3 M. 535 1 H), | Ty
)] Q/‘N cipyriding 383 (3. 2H).222(s. I HD). L.OG . )
H,C in
=\ H-1 NMR : line lise
| N9~f N 2-12{1,3-thiazok-2-)-1H- sd $326, 20, 6.19
imidazo- 1-ylimetwll- 32,22~  [Frovided S532(q. 2H). 619 (8, 2H), | | gy
895 N LN i HHmidazod.5- 7.19 (s, 1H), 7.26 (m, 2H). 743 (s, | .7 30
SN byt g TR PR TTRY T I
FEF ‘= F""' 1H)
{ : Ny\,r\ N 24[2{E-uoropyridin-24)-1H- | HCmit H-1 NMR (CD30D): 5.42
N imidazo-1-ylmethyl}-3-42.2.2-  |(q, 2H), 640 (s, 2H), 7.24 (d, 1H), | LC-MS: M
8BSl N trifluorosthyl)-3H4midean(4,5-  [7.37 (m, LH), 7.90 (m, 2H), 8.03 (m| + 1,377
s(\ F blpyridine 2H), 8.22 (m, 1H), 8.43 (m, 1H)
F F F F
N AN 'H NMR, 8ppm (CDCD): 8.39(dd, [ LC-MS:
A-difluorophenyl-1H- - FIH), 8.04(dd. LH), 2.84(m 1H), caled:
897 jl Imidazoi-1-yljmetiryl)}-3-sthyl-3H- [7.40(m, 1H), 7.26-7.32(m. 2H), 330.38
e’ . [imidazn(4,5-blpyridine 7.16(d, 1H), 7.0Kd, 1H), 547(s, | found
E 2H), 4.02(q, 2H), 109, 3H) 3402
) 1H nmr (CDCI3): 8.38(1H, dd), LAMS
NN 8.05(1H, &d), 742(IH, d), 7.23(1H, |  caled.
098 g ,%u m‘“mm. T.09(1H, d), 7.04(1H, d), 3214,
N- idazol 691(1H, &), 621(ZH, 1), 4.190H, | found
; “4 StHmidazol4,3-bipyridine 0, J97QH. 3}, 1.61-1.502H, m), | 322.3{MH+ )
CH, |o.7603H. 1) )
- ditydrochloride 1H nmr (d6 LRmS
TN s Wi o toi oo, | 5562
o9 N F midaropt o S 1, 27311, ) 74X1H. ), T,
) ety 1IN(1H, 1, 605K, ) 44424, | aan3
HC Q. 1.300H, 1) -
= dihydrochloride 1H nmr (d6 LRMS
NN DMSO): 8.60(1H, d), 8.3591H, &), | caicd,
"RCEN e 2 ldqunain 2R le02-7.99aH, m), 788-.050H my 3925,
900 e ke [7T9-7.60(5H. m). 6.9402H, ), found
? m AATQH, 1), 18S-LTIQH, m), | 393.4(MH+
0.89(3H, 1) )
: dihydrochloride |H amr (d6 LRMS
NN DMSO): 8.35-83X1H, m), 807- | calcd.
oo | C LY 222 4-dMvoropun) 1H. . [BOS(IH, m), 7.95-7.560H, m), 708  350.3,
N 7.80(1H, m), 7.63-7.57(1H, m), 735] found
'j imidazoi4 S-bjpyridine 132(1H, m), 128-725(1H, m), | 340.2(MH+
HC 3 S.0902H, ), .2702H, @), 1.280H. | ).
- - dihydraehlocide 1H nmr (46 LRMS
NN DMSO): $.9202H. ), 8.18(1H, d), | caicd.
\EI -q— 1-F 2y |3 60-7.99(2H, m). 7.88(1H, o), 3434,
w0z N eGSR i, | Jound
4420, 1), 193-LBAQIH, m), | 44.2(MH+
CH, [0$7GH. 0 )
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TABLE §
Cpdi# STRUCTURE IUPAC NAME NMR MS
(i :| Ny\_,N N Iethyl-2-{[24{2.3.6- 'H NMR, &ppen (CDCI3): 8.40(dd. l'g”u':e':
003 N N trifluorophenyl)-1H-imidazol-1-  |1H), 8.02(dd, 1H), 7.24-7.32(m, 357.34
) F F yljmethyl}-3H-imidarof4,5- 3H). 7.11(d, 1H), 7.00(m, 1H), found
HC F- Wblwrldlm 5.36{s, 2H), 4.02(q, 2H), 1.09(t, 3H)| 9552
N = 'H NMR, Bppm (CDCU3): 8400, | | o 0.
[ T NN 1H), 0.05(dd, 1H), 7.66(dd, 1H), >
oos | NN mmm“ 143749(m, 21, 2250, 1H), | a7aey
H 4 Abloyidine 7.14(d, 1H). 702(d, 1H), 5.55(s, tound
S Hmideaog 2H), 3.91(, 2H). 1.51(m. 2H), 3243
CH, [o-79(. 3H)
'H NMR, 8ppm (CDC13): 8.87(d,
HC k,fs\n 1{1-athyl-2-{(2-pyrimidin-2-y-THH2H), .5.41{dd. 1), 8.02(dd, 1H),
905 NI imidazol-1-ylimethyl}-1H- 7.40(dd, 1H), 7.26-7.31(m, 2H),
j' berzimidazo-S-yllethanons 7.16(d, 1H), 6.40(s, 2H), 4.2%q.
H,C d 2H), 2.65(s, 3H), 1.17(x, 3H)
F
'H amr (CDCI3) 5 8.93 (3, 1 H),
N 1-athyl-2-{{2-(8-fuoropyricin-241)8.16 (4. | H), 787 (4d. 1 H). 718 || pure mie
808 B—\ 1H-midazol-1-yfmethyl}-8- )Iu. 11, 7.120, L K687 (A L )|~ gq7
HC 'j &’ Imethyt-1H-midazof4,5-clpyridine [6.36 (s, 2 H), $.30 {q. 2 H), 2.65 (s,
HC N 3H), 122 (t, 3 H)
F
dihydrochtoride "H amr (DMSO-
N "g_\ 1-ethyt-24[2-{3-fuorophenyl)- 1H-{a6) 8 9.28 (s, 1 H), 824 (5. 1 ). | | pis e
907 imidazok1-ylimethyl}-8-mathyl- [8.23 (d, | H),7.94(d, | ). 7.60= | 535
HC '} Q 1H-midazof4,5-clpyridine 748 (m, 4 H), 6.12 (s, 2 H), 3.39 (3,
HC N 2H), 277 (s, 3. LIS (L I H):
O samsganons.  [MRCELE
908 N F (fluorometinlohenyl-1H- ¢ 3g (250, 7.10 s, 1H), 722.7.39 | LOMS: M
(c|} w“’:mh’f”' (m. 2H). 7.75 (m, 1H), 7.93 (m, 18] * 1+ 3%
FF tmidazol 8.02 (d, 1), 8.8 (4, [H)
N‘)\/ N H-1 NMR (CDCI3): lina list
i ] N |22 2-methyiphanyi)- 11 [provided 0.73 (% 3H), 149 (m, 210 | o 11e. 4
909 N° N CH, imidazok-1-yfimethy]}-3-propyt-3H{2.24 (s, 3H), 3.81 (m, 2H) 5228, | " 4 30
S imidazof4,5-bjpyridine 2H), 7.10 (5, 1H), 7.18-7.36 (m, .
HyC 6ED, 8.02 (d, 1H), 837 (d, 1H)
= H-1 NMR (CDC13): line [
7NN 8-41{(3 cyclopropyt 3- iy s e .
midasott Sy 2y metypFvided 128 (m 4H), 337 (m, [ LCMS: M
810 N° N Ihimidazoraanoyrding2- | |LH: 348 (5. ZHD, 636 (5, 260), 7.151+ 1, 342, M
d N lcaronitse 728 (m, 3H), 7.56 (4, 1H), 7.86 (m, | —1, 340
=N . 2H), .38 (m, 1H), 8.54 (4, 1H)
] - CDCIy: 8.38 {dd, 1= 1.48, 4.81 Hr,
1H), 798 (&, J = 1.48, 7.35 Hz, 2H)|
N
(:,E:}w 4Muoro-3-{1{(3-propy+-3H |, 7.72-7.78 (m, 1H), 7.35 (. ] = LOMS:
911 l |imidazofs.5-b]pyridin-2-yi 9.07 Ha, 1H), 7.22-7.26 (m, MH+ 381.2
1H-midazol-2-yllberaonttle  12H),7.11 (4. J = 1.1 Hz, IH), 3.37 '
CHy (s, 2H), 3.93 (t, I = 7.69 Hz, 2H),
N LS4 (do I =742 7.69 Hy 210,
- 1H nmr (CDCL3): 9.09(1H, 5),
N,‘ N A-propyk2-{(2{3 BA3(1H. d), 7.93(1H, ), T84(1H,
912 {trifluoromethyi)phanyt}1H- d}, 7.72(1H, ), 7.62(1H, 1),
F imidazol-1-yljmethyt)-1H- 7.25(1H, ), 7.19(1H, d), 7.09(1H, d),
F imidazol4,5-clpyridine 3.50(2H, 5), 3.63(2H. 1), 1.49-
CH,

L.39(2H, m), 0.75(3H, 1).
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TABLE 6
Cpd# STRUCTURE IUPAC NAME NMR M3
":N.Nhu’_,%_ 2-[2-{E-Mucropyridin-2.1)-TH- CD,0D: 8.10-8.29 (m. 6H), 8.03
913 . imidazo1-ylimathylh-1-grogyl-tH{(S: 1H) 729 (4. 1H), 6.4 (1. 2H), LCMS:
EH’ benzimidamie-5-carbahydrazide T'::.T.:: E::. :Hn.;- 2.0-2.12 (m. ZH){MH+ 384.3,
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TABLE 7
°';"" STRUCTURE IUPAC NAME NMR MS
F
; 1-athyl-2-{[1-{3-furophenyl)- 1H- M
014 {‘_’)’\CIM pyrazol-5-yljmathyl}-5-(morpholin: 4203
:’2 4-yimathyl)-1H-benzimiiazole
M—(O:M eihyl 1-sthyl-2-11-(3-
915 K fuorophanyl)-1H-pyrazol-5- MH+
:2 yimethyl)- 1H-benzimidazole-5- 383.3
ﬁ carboscylate
F
F
; 1-atiryl-2-{[1-{3-fuorophenyl)-1H- M+
918 S’\O pyrezol-5-yijmethyl}-1H- 385.2
:‘2 Ibenzimidazole-S-carbexylic acd
Q/ N-2-{dipropyleminletyi}-1-atyi
617 2-{[1-{3-fuorophenyl)- 1H-pyrazoi- MH+
S-ylimethyl}-1H-benzimidaxie-5- 491.4
NJI“ carboxamide - R
Q/ N, 1-dliethyl-2-[1-{3-Suoraphenyl)- MH+
018 | o/ 5\0 ‘1Hﬂﬂn¥5ﬂmﬁ£:‘m 3923
F
) Q/ 1-atiyt-2-{]1-{3-uorophenyl)-1H- MH+
918 3«\{\, pyrazol-5-yiimethyl}-N-phenyl-1H4 3023
:'2 benzimidazole-5-carboamide }
r\ ; THNMR (CDCR}: 7.85 (d,
1H), 7,81 (d, 1H), 7.45 (m,
S ’\&w" e et 1H), 7.22:2.31 (m, 44). 711
820 ""'““"5"'"';"_'"'1 1. |im. 1H). 618 (. 1H), 431 (8,
) methyipiperazin-1-flimetdl-1H- [24), 3.96 (q, 2H), 3.62 (s, 2H)
e 2.40-2.60 (m, BH), 2.25 (s,
[aH), 1.22 (¢ 3H)
— — 1H NMR (CDCI3): 7.85 (d,
‘ w" t-athy-5{(¢-ethyipipersin-1- |11} 722 14 P T8 00
). 7.23-7.30 {m, 4H), 7.13
a21 g.. ’mj et |im. 1H), 8.18 (d, 1H). 431 (s,
H-pyrazal-S-yifmeth 2H), 3.80 (q, 2H), 3.2 (s, 2H),
HC [perimicazole 2.40-2.60 (m, 10H), 121 (t. -
3H), 1.078 {t. 3H)
' 1H). 7.61 (6. 1H), 745 (m.
W SH{4-crdopentyipiperatinl- |1\ 7227 31 (m, 4H),7.13
922 j:'uw 1""2'“ ¢ s (m, 1H), 6.15 (d, 1H), 4.31 (s,
) e bt [2H), 3.96 (g, 2H), 363 (s, 2H),
e yiimethyl}- 2.40-2.80 {m, SH), 1.31-1.80
lin it 12900 3143
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TABLE 7
c“,"" STRUCTURE IUPAC NAME NMR MS
'O‘\@:w 5 {{4-cycloheptyiplperazin-1-
- O’ yi)methyl}-1-athyb2<]1-{3- MH+
3 O\ fuorophenyl)-1H-pyrazok-5- 515.5.
HE . ylimethyf}-1H-benzimic arols
N
G,\Ozj 4 2-{[1-{3-chiorophenyl)-1H-pyrazol| 4‘;';';
824 S-yljmathyi}-1-athyl-5-{morphokin- i
HC 4-yimethyl)-1H-benzimidazols 4343
. e
TR G UCI T O3
. 1H), 7.81 (d, TH), 7.44 (m,
O’O—U:&J%\ T e r 1), 7.2307.31 (m, 4H), 7.13
25 3 it o ymety 14 [(m: TH). 818 (d, 1H), 431 (e,
2H), 3.96 (q, 2H), 3.61 (s, 2H),
he , [etperidine 2,66 (m, 2H), 2.50 (m, 4H),
140024 im 430N 9021
N |1-ethy-2{[1-{>-fucrophemyt)- 11
pyrazol-S-ylimethyl}-5-{(4-
pyrrolidin-1-yipiperidin-1-
HE' . ylimethyl}-1H-berzimkiazole
1H), 7.82 (s, 1H), 7.45 {m, 1H),
927 3 1H), 6.82-8.94 (m, 3H), 8.18
phenylpiperuzin-1-yijmethyl}-1H-
(d, 1H), 433 (s, 2H), 3.97 (q.
e , [panzimidazole 2H), 3.69 {s, 2H), 3.15-3.23
)
2-1-{3-chiorophanyl)- 1H-pyrezol] - MHe
028 Mn 5454,
MH-
& Y =
a
H.NJ\EI 2 N 1-ethy-2-1-{3-husorophenyl)-1H-
829 pyrazol-5-yimathyl}-1H-
@—F berzimidazole-5-carboxamide
He
F
\ B (L) Tartrate ssit 1H NMR
N 1-ethyl-5-flucro-2-[[1-{3- [icoacoy: 7.67 s, 1H), 705
930 fucrophenyl}-1H-pyrazokS-  [7.46 (m, TH), 6.31 (s, TH),
viimethyl-1H-benzimidasnie  |4.53 (s, 2H), 447 (s, 2H), 4.14
HC @F lig. 2H), 1.21 . 3H)
a I \N
O: \ - A (L)-Tarirate salt 1H NMR (d6-
S-chiaro-t-sthyl-2-{[1-{3- DMSO): 7.85 (s, 1H), 7.21-
931 fluorophenyl)-1H-pyrazol-5- 7.58 (m, 7H), 6.28 (s, 1H),
) viimethyll-1H-benzimidazola  |4.48 (s, 2H), 4.30 (8, 2H), 4.16

|(q. 2H}, 1.15 (t, 3H)
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TABLE 7
c':"' STRUCTURE IUPAC NAME NMR ms
Br I 3
\ N (L) Tartrate salt 1H NMR (d6-
N 5-bromo-1-athyt-2-[1-{3 DMSOY 7.72 {d, 1H), 7.85 (d.
932 fuorophenyl}-1H-pyrszol5- | 1H), 7.21-7.53 (m, 8H), 8.28
3 @ ylmethyl-1H-benzimidezole (e, 1H,, 448 (s, 2H), 4.30 (s,
He 2H), 4.18 (q. 2H), 1.14 (&, 3H)
F
1H NMR (CDCI3): 7.96 {d,
833 QEI N Va2 uoroohemi- T | 1H), 7.27.7.88 (m. 11H). 7.14
[Py - ¥irnethyll-S-phany-1F-1(m, 1H), 8.21 (0, 1H). 4.38 (.
HE d 2H), 4.01 (q, 2H), 1.25 (¢, 3H)
F
'
F ; 2-{1-{2.5-difluorophenyl)-1H- MH+
834 pﬁm lwrml-s-mﬂwll-“ﬁﬂ-“'" 364.2
’h beanzimkiazole-5-carbonitriis
= [ 1H NMR (CDCI3): 8.05 (d
535 ) N 2‘“"‘"""‘1‘:":"1"': 1H), 7.36-7.65 (m. 7H), 8.21
N IMW (d, H), 4.38 {8, 2H), 4.02 (q,
H’c) a 2H), 1.24 (¢, 3H)
P
: F 2-{1-{2.5-difucrophenyl)}-1H- "
o3 "-\O:pn} pyrazok-5-yljmethyi}-1-athyl- 1H- 3542
benzmidazol-S-amine -
P
=\, \Q\, 2-1-(2.5-diuorophenyl)-1H-
a37 | = y pyrazol-5-yljmethyl}-1-sthyl-5-{4H| MH+
1,2.4-razok4-yl)}- 1H- 405.95
:.2 benzimidazole
~ n D" 1-ethyt-2-4{1-{3-uorophenyl)-1H-
a8 Nl ) pyrazok-5-yiimathyl-5-{1H-1.2,4- MH+
) N trigopol- 1-yimetiyl)-1H- 4024
ue N benzimidazole
Pi‘ ! Q_F 1-athyl-2-{[1-(3-fuorophenyl)-1H- MH+
939 '\vF" pyrazol-5-yijmethyl}-5-{1H- 4032,
3 o tstraazol-1-yimethyi)-1H- MH-
M berzimidarols 4014
1-sthyl-2-{[1<{3-fluorophenyl}-1H- MH+
940 pyrazol-S-ylimethyl}-5-{2H- 403.4,
betraazot-2-yimethyl)-1H- MH-
benximidazole a4
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{2H, g}, 2.32(3H, ). 1.11{3H,
).

IUPAC NAME NMR MS
1-athyt-2-1-{3-fuorophenyl}- 1H- MH+
pyrazok-5-viimethyl}-5- 3813,
[{methyithio)methyl|-1H- MH-
benzimidazoie 9.3

Mesyiats 1H NMR (d8 DMSO)

8.38 (1H, d), 8.15-8.12(1H,m),
21 “2'5""'““"";'_‘:"_:2";'_"'5'_ 1.770H.4), 7.71(1H.8). T.51- 'ﬂf’
g ’"'“'I "I"l' ; 74(3H, m), 640(H, 8), 421 | 20

54i}-1H-benzmidaxola

Hydrochioride 1H NMR
(CD30D}: 9.725 (s, 1H), 8.67
1-sthyt-2{J1-{3-lucrophenyl}-1H-|(s, 1H), 8.13 (s, 1H), £.01-8.08
pyrazol-5-yljmethyl}-5-{1,3-th

{m, 2H), 7.78 (s, 1H), 7.21-
7.57 {m, 4H), 8.58 (d, 1H),
4.87 (a, 2H), 4.50 (q, 2H), 1.39
{t 3H)

1-ethyl-2-{1-{3-luorophenyl)-1H-

pyrazol-S-yfjmethyl}-N-mathoxy-
N-methyl-1H-barximidarole-5-
carboxarnide

1H NMR (CDCI3): 8.13 (d,

1H), 7.63-7.70 (m, 2H), 7.24-
7.49 {m, 4H), 7.13 (m, TH),
8.10 (d, 1H), 4.38 (s, 2H), 4.00
(q. 2H), 3.60 (v, 3H), 3.40 (s,
3H), 1.23 (t, 3H)

Hi-cmyl-z-{[HS-Mrophonyl)-
1H-pyrazol-5-yljmethyl}-1H
ben:inldml-s-ylbenwnlhle

1H NMR (CDCI3): 7.84-7.92
[em, 3M), 7.40-7.84 (. BH),
7.26-7.33 (m, 2H), 7.14 (m,
1H), 621 (d, TH), 4.37 (s, 2H),
4.03 (q, 2H), 1.26 (1 3H)

NA3-{ 1-ethyl-2-{13-
fiuorophanyl)-1H-pyrazol-5-
viimethyl}-1H-benzimidazol-5-
yi)phenyfjacetamide

1H NMR (COCI3): 7.83 (d,
1H), 7.26-7.72 (m, 10H), 7.14
[tm, 1H), 820 (d, 1H), 4.38 (s,
2H), 4.01 (q. 2H), 221 (s, 3H),
1.24 {t, 3H)

1-sthyl-2-{1-{3-fsorophenyl)-1H-
pyrazol-S-ylimethyf}-5-{4-
(trifluoramathoxyiphenyl]-1H-
benzimkiamis

1H NMR (CDCR): 7.92 (d,

1H), 7.27-7.85 (m, 10H), 7.14
|{m. 1H), 820 (d, 1H), 4.37 (s,
2H), 4.08 (q, 2H). 1.25{t, 3H)

5-{3-chioro-4-fluorophenyl)}-1-
sthyl-2-{[1-{3-worophenyl)-1H-
pyrazol-5-yljmethyl}-1H-
benzimidarole

1H NMR (CDCI3): 7.807 (d,
1H), 7.63-7.66 (m, 2H), 7.11-
7.50 (m, 8H), 6.21 (d, 1H),
4.36 (s, 2H), 4.02 {q, 2H), 1.25
(. 3H)

1-sthyl-5-{3-flucrophenyl)-2-[1-
{3-fluorophanyl)-1H-pyrazol-5-
yiimethy(}-1H-benzimiderols

1H NMR (CDCI3): 7.95 (d,
1K), 7.84 (d, 1H), 7.27-7.53

1H), 8.20 {d, 1H), 4.36 (s, 2H),
4.02 (q, 2H}, 1.25 (1. 3H)

(m, BHY 7.14 (m, 2H), 7.03 (m,
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TABLE 7
c':"' STRUCTURE IUPAC NAME NMR MS
5 . i 1H NMR {CDC13): 8.80 {d,
N 1H), 8.59 {m, 1H), 7.80-7.95
w 1-athyk-2-{1-{3-Mucrophenyll- 1H-[. o) 5 64 (d, 1H), 7.25-
850 3 ﬁ ‘1”'""5‘"'.“.' rothyl}-5-pyridin-3-vhy &3 (m, 8H). 7.14 {(m, 1H),
H-benzimid 8.21 (d 1H), 4.37 {u, 2H), 4.03
He . (q 2H), 128 (¢ 3H)
w 1H NMR (CDCI3): 8.87 (d,
:: ‘C I N 1-ethy-2-1-{3-8vorophenyl)-1H- | 1H), 8.85 (d, 1H), 8.03 (d, 1H).
851 |pyrazol-5-yymethyt)-S-pyridin-4-yH|7.28-7.65 (m, 8H), 7.15 {m,
3 1H-benzimidaznie 1H), 8.21 (d, 1H), 4.37 (s, 2H).
HE 4.03 (g, 2H), 1.26 (t, 3H)
F
I'l‘@N
\G:M 2-[1<{2.5dfuorophenyl}-1H-  |1H NMR (CDCI3): 7.70-
052 |pyrazok-5-ylimethyl}-1-ethy-5-  |7.67(2H, m), 7.31-T.14{5H, m).] MH+
3 F (methylidyne-smbda~5—axanylH8. 18{1H. s), 4.28(2H, ), 364.1
HE 1H-benzimidazole 4,02(2H, q), 1.22(3H, 1)
. )
0
N
FI \QZM N<2-{1-2.5-dMuoropheny)-1H-
osa| F F 3 N~ pyrazol-5-yiimethyl}-1-sthyl-1H- MH+
|benzimidazol-5-y1)-2.2.2- 449.98
HE /@’ trifluoroacstamide
F
/= '3" 1H NMR (DMSO): 10.07 (s,
1HO, 8.07 (s, 1H), 7.86 (d, 1H),
\O: 2-{[1-2.5-dMuoropheayl-1H- [y 29 14 41y 7.71 e, 1H),
854 5 . I e s iy 14 Coraimbiarss |7.38-757 (m, 3H), 8.4 (0, 2H),
Ke etraszol- 4.48 (8, 2H), 4.21 (g, 2HO, 1.14
; t 3H)
N |
H,C - 1-{1-ethy-2-{1-{3-vorophenyl)-
855 1H-pyraxol-5-yljmathyl}-1H-
3 benzimidazol-5-yl)ethanol
HC .
7 1H NMR (CDC13): 8.13 {d,
HC~, ! / 2-{11-{3-chiorophanyt)-1H. 1H), 7.63-7.70 (m, 2H), 7.51
o56 JI S-yfmathy(}-1-sthyl- (m, 1H), 7.31-7.41 {m, 4H),
e’ 3 |mm-1u-uwnumn-5- 8.20 (d, 1H), 4.35 (s, 2H), 4.00
carbaoamkie (q, 2H), 3.80 (5. 3H), 3.40 (s,
Ho 3H), 1.23 {t. 3H)
'3;‘% 2-{]1-(2.5-diflucrophenyl}-1H-
857 pyrazol-5-yijmethyl}-1-athyl-5-(5- MH+
mathyt1,3,4-comadinzol-2-y1)-1H- 437.02
He F 'blldmldlmll
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TABLE7
CrnP. STRUCTURE IUPAC NAME NMR MS
R 1H NMR (CDCI3): 8.37 (d,
142-{1-(3-chiorophenyl)}-1H-  |1H), 8.03 {dd. 1H). 7.85 (d,
gs8 pyrazol-5-yljmethyl-1-athyl-1H- |1H), 7.38-7.50 {m, 5H), 6.24
3 |benzimidero-S-yljathanone  |(d. 1H), 4.49 (s, 2H), 4.03 (q,
2H), 2.68 (s, 3H), 1.24 {t, 3H)
“\(Iw 2-{[1-{2.5-dlfluorophenyl)-1H- LCMS
eso | F |pyrazol-5-yljmethyl}-1-ethyl-5-{5- MH+
3 . ({trifuoromethyl)- 1H-tatraszol-1- gyl
e vi-1H-benzimidezole
1H NMR (CDCI3): 7.91 {d,
. 1H), 7.84 (d, 1H), 7.27-7.50
060 M‘ [T es ot g | (m. SH), 7.10-7.18 (m, 34,
M“""“"‘?"""" o3 877 (m, 1H), 8.20 (d, 1H).
3 H-benzim 4.38 (s, 2H), 4.02 (q, 2H), 1.25
it 3H)
o—cry 1H NMR (CDCI3): 7.84 (d,
1H), 7.73 { dd, TH), 7.73 (dd,
w (12)12-0-43 choroshert 14 L) 73, 11 7.52
961 -athy-1H- 1oy, 7.38-7.40 (m, 3H), 7.27
3 WW“‘“‘ O |im.1H), 6.19 (d, 1H), 4.32 (8.
HE 2H), 3.87-4.10 {m, 5H), 2.30
(s, 3H), 1.22 (t, 3H.)
r
" M 2{11-{2.5-dHuorophenyl)}-1H-
082 |py|'lnl-5-1l]mlﬂ1yl}-1-d|yl-5— MH+
(1,3.4-comdiarol-2-)- 1H- 425.10
He lé" benzimidazole
1H NMR {CD3OD}: 7.81 {d.
i (1E}1-{1-sthyl-2-{[1-{3- 1H), 7.64-7.68 {m, 2H), 7.42-
963 fluerophenyl)-1 7.53 {m, 2H), 7.18-7.32 {m,
yljmethyl}-iH-benzimiderni-5-  [3H), 8.28 (d, 1H), 4.44 (s, 2H),
yijethanane cxime 4.12 (g, 2H), 2.30 (s, 3H), 1.23
He . {t. 3H)
a
7.95 (d, 1H+H1), 7.73 (dd,
1H+H1), 7.83 (d, 1H+H1), 7.44
amm& (m, 1H+H1), 7.24-7.33 (m,
984 { eyl 1t benamidasar 5. [SHHH1) 818 (d, 1HHHY),
7.13 (d, 1H+H1)], 4.33 (s, 2H),
He vijethanone O-athyloxime  114.26 (q. 2H), 4.13 (g, 2H1)}
r 3.98 {q, 2H+2H1), [2.31 (s,
aH). 2.27 {a, A1) (1,35 1t
(:‘ﬁ 1H NMR (d8 DMSO): 8.40(1H,
|s). 8.87(1H, ), B.83(1H, d),
2{{1-2.5diuoropheny-1H- g 45001 o). 8.20(1H, d),
4 pyrazol-5-yiimethyl)-1-ethyl-5-(5- - 8), ' MH+
885 B.01(1H, d), 7.76(2H, m),
"L(IM m ifhf"""m""""" 7.58(1H, m), 7.46-T41(2H, m),| 4845
J b/ 8.50{1H, 8), 4.81(2H, ),
. 4.31(2H, ), 1.19(3H, )
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TABLE 7
c';"" STRUCTURE IUPAC NAME NMR MS
hil 1H NMR (CDCI3): 9.86 (s,
2-{1-athyl-2-f1-{3-luorophenyl)- |1H), 8.03 (d. 1H), 7.26-7.78
088 1H-pyrazo-5-yjmethyl-1H-  |(m, 7H), 6.94-7.18 (m, 3H),
benzimidazel-5-yl}4- [6.22 (ad. 1H), 4.38 (s, 2H),
o 3 mathaxybenzaldehyde 4.04 (q, 2H), 3.91 (s, IH), 1.27
HE . {t, IH)
M, M‘N oty 2-1-{3-Buorophanyly- | 1H NMR (CDCTI: 778 s,
d 1H), 7.83 {s. 1H), 7.10-7.48
067 mj Im-"‘“"ﬁm 6H), 6.18 (s, 1H), 4.35 (s,
2H), 4.00 (q. 2H), 3.13 (a, 3H),
ne corbaxamide 3.05 (s, 3H), 1.2 (1, )
P
23 . 1H NMR (CDCI3): 7.62-7.64
§43,5-dmethyBacxezoi4-y)-1- |(m, 2H), 7.25-7.50 (m, 4H),
068 ethyl-2-{[1-{3-Ruorophenyl)}-1H-  [7.11-7.18 (m, 2H), 8.21 (d,
pyrazo-S-yljmethyl)-1H- 1H), 4.38 (s, 2H), 4.02 (g, 2H),
3 benzimidazola 2.42 (s, 3H), 2.29 (s, 3H), 1.28
HC . e 3mp
B M\\u 1H NMR (CDCI3): 7.87 (d,
S-bromo-2-{[1-{3-chiorophenyl)- |1H), 7.83 {d, 1H), 7.50 (m,
080 1H-pyrazol-5-yfimethyi}-1-athyl- | 1H), 7.35-7.42 (m, 4H), 7.18
3 1H-benzimidaznie {d, 1H), 6.18 (. 1H). 4.31 (s,
HC a ) 2H), 3.86 {q, 2H), 1.21 {t, 3H)
Dihydrochioride 1TH NMR (d8
[oMS0): 8.98(2H, m),
2-{1{2.5-ciuorophemyl}-1H-  [8.43(1H, #), 8.35(2H, m),
670 pyrazol-5-yijmethyl}-1-athyl-5<{5- [8.18{1H, ), 7.98(1H, d). MH+
pyridin-4-y-1,3 4-coadiazol-2-yl)- |7.75(1H, d), 7.58-7.5801H, m),| 484.5
1H-berzimidazoie 7.50-7.43(2H, m), 6.48(1H, 3).
4.58({2H, 8), 4.30{2H, q).
1.19(3H. )
HO,,
1H NMR (CDCI3): 10.82 (br 5,
" { mﬁH 1H), 8.58 (s, TH), 7.52-7.84
o7 e Sy {m: 3H), 7.29 (d, 1H), 620 4,
pri 1H), 4.36 (s, 2H), 3.87 {q, 2H).
ne 2.38 (s, 3H), 1.21 (t, 3H)
Q
[Syn and anil THRMR {CDCT3):
M 7.85 (d, 1H+H1), 7.73 {dd,
tH+H1), 7.63 (d. TH+H1), 7.44
%w (1E}1-2H11 43 cloropheml 111 m. 1H+H1), 7.24-7.33 (.
ar2 pyrezo-S-yfjmethyl-1-athyk-TH- 19,141y 16 18 (0, 1HH1),
3 g YetAnoNe O- (7,13 (d, THeHI 4.33 s, 2H),
HE |(4.26 {q, 2H), 4.13 (g, 2H1)],
a 3.98 {q. 2H+2H1), .3 {a.
AH). 2.27 {8 MHDL L3R 8,
e Syn and anti 1H NMR (CDCB)
fo-. 8.00 (d, 1H+H1), 7.75 {d,
. (1E}-1-(2-{1<{3-chiorophenyl}-1H{1H+H1), 7.63 (d, 1H+H1), 7.27
o73 ,\I\ pyrazol-5-yjmethyl}-1-ethyk-1H- |(d, TH+H1), 7.38-7.40 (m,
benzimidazok-5-yijathanons O-  [3H+H1), 6.20 (d, 1H)6.18(d.
3 (tert-butyljoxime 1H1}), 4.32 (s, 2H+H1), 3.99
He (Q. 2H+H1), 2.28 (s, 3H),
a Hg.zm, 3H1]), 1.37 (s, OH),
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TABLE 7

STRUCTURE

IUPAC NAME

974

1H NMR {CDCI3): 7.95 {d,
1H), 7.79 (dd, 1H), 7.63 (d.
1H), 7.52 (m, 1H), 7.37-7.40

- |{m, 3H), 7.28 (dd, 1H), .10 (d,

1H), 5.43 (m, 1H), 4.32 (s, 2H).
3.85-4,02 {m, 4H), 3.68 (m,
2H), 1.82-1.82 (m, 4H), 1.22 {1,
3H)

ars

1H-

|(1-eﬂ1yl-a-[[1-(3-llmhmy|}-1l-l-
pyrazol-5-yljmethyl}-
benzimidaral-5-yi)acetonitrie

7.86 (m, 1H), 7.63 {d, 1H),
7.24-7.48 (m, 5H), 7.13 (m,
1H), 8.17 (d. 1H), 4.34 (s, 2H),
3.69 (q, 2H.), 3.87 {s, 2H),
1.22 (1, 3H)

1-atihyl-2-{]1-{3-fuorophenyl)-1H-
pyriaok-5-yljmethyl}-5-{1,3.4-
oxcadinzol-2-yi)-1H-benzdmidarole

1H NMR (d8 DMSO): 8.17(1H,
8), 8.04-7.88(2H, m), 7.71{1H,
d), 7.55-7.50(2H, m), 7.45-
7.43(1H, m), 7.26-T.2491H,
m), 8.40{1H, d), 4.77{2H, &),
4.36{2H, q). 2.58{3H, s),

© |124{3H, t), LCMS MH+ 403.8

g

1-athyt-2-{[1-(3-fugrophenyl)-1H-
pyrazol-S5-yijmethyl}-5-{5-meth
1.3.4-cmdigrol-2-yl)-1H-

1H NMR (CD30D): 8.70 (a,
1H), 8.31 {d, 1H), 7.68 {a, 1H),

v |7.80 (d, H), 7.46 (dd. 1H), 7.30

{d, 2H), 7.18-7.20 {m, 1H),

benzimidazole - |6.37 (s, 1H), 4.55 (s, 2H), 420

(9. 2H). 1.24 {t. 3H)

o7s

1-sthy-2-{1-(3-8uorophenyl- 1H-
Ipyruul-s-mmm-m
imidazo(4,5-clpyridine

1H NMR (CD30D): 8.79 (s,
1H), 8.31 (d, 1H), 7.89 (s, 1H),
7.80 (d, H), 7.48 {dd, 1H), 7.30
{d. 2H), 7.16-7.20 (m, 1H),

|8.37 s, 1H), 4.55 (s, 2H). 4.20

(q. 2H), 1.24 (t, 3H)

1-athy-2-01-{3-luorophenyl)-1H-
pyrazok-5-ylmethyl}-1H-
benzimidazoie-8-carbonitrie

1 1-athyl-2-{]1-{3-luorophany!}-
1H-pyrazol-S-yviimethyl}-1H-
[hﬂnﬂmﬂnﬂ-s-yl)pmpund-me

981

2-{11-(3-Bucrophenyl}-1H-pyrezoH
S-yiimetiyl}-1-{2-methaxyathyl)}-
1H-benzimidazole-5-carbonitrila
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TABLET
Cre. STRUCTURE IUPAC NAME NMR M3
2-{[1-{3-fuorophenyl)-1H-pyrazoH ﬁ:
982 S-yiimethyi}-1-{3-methaxypropyl)- Ml-i-l
F 1H-benzimidamie-5-carbonitrile 388.3
-“C[ 142-cyanoethyi)-2-01-3-
oa3 é\ fuorophanyl)-1H-pyrazol-6- MH+
yljmathyl)-1H-berzimidaznie-5- 3713
F carbonitriie
N‘} 1 HNMR (d8DMSO): 8.17(1H,
. 13 s}, 8.01-7.84(2H, m), 7.71(1H,
T ot [ 7S TS I m) e |
864 . el 7A1H, m), 7.28.7.24(1H, m)| lc
|m""“"""'""'“"'"“' 8.39(1H, 8), 4.73(2H, 3),
3 midazole 433024, o). 24021, @1
HE 1.32(3H, 1), 1.23(3H. 1)
1 H NMR (d8DMSO): 8.17(1H,
s), 8.01-7.04(2H, m). 7.71(1H,
L e e |8), 7537 51(2H, m, 744~ | o
9as “"’"""‘5"“"')'_‘1"_;'."4_ 7AZ1H, m), 7.287.26(1H,m)| M7
o . """’"'"""’"5"'2_. S90 8.39(1H, s), 4.73(2H, 3). .
) cadiaok- 4.33(2H, q), 2.84(2H, q),
HE 132{3H. 1), 1.23(3H, 1)
E@: w 1H NMR (CDCI3): 7.93 (d,
N 1H), 7.87 (d. 1H). 7.55 (dd,
2{[1{2.5-dMuorophenyl)}-1H- 101,520 (e, 1H): 7.24 (m.
986 & F ’“‘fmm" 1H), 7.10-7.15 (m, 2H), 6.20
)N i (0. 1H), 8.01 (s, TH), 4.58 b,
HC c S, 1H): 4.04 (q, 2H), 121 (.
F 3H)
- N N 1-athyl-2-[1<{3-Muorophanyl}-1H- 3‘;;';
887 | pyrazol-5-yiimsthyl)-1H- MI-'I-'
P N imidazojd,S-blpyridine 2203
i\ 1H NMR (CDCI3): 8.07 (d,
p\ 2[1-{2.5-diuorophenyl}TH-  |1H), 7.7 (d, 1H), 7.80 (dd,
o8 N pyrazol Syij{fiuoroimethyl-1-  [1H), 7.47 (dd, 1H), 7.11-7.23
J ¥ F lathy-1H-benzimkiazole-5- (m, 3H), 8.85 [d. 1H, J(H,F}=
He carbonitriie 47.4), .50 (t, 1H), 4.27 (m,
. 2H), 1.38 {1, 3H)
TH NMR (dODMSOY. SAT(TH,
s), B.88(1H, d), 8.87(1H. d),
1-othyl-2-{{1-{3-fucrophanyi}-1H-|B.A8(1H, s), 8.25(1H, d),
- pyrazol-5-yljmethyl}-5-( 8.10(1H, ), 7.81-7.72(2H, m),
31,3 4-oxaclezoi-24i}1H-  |7.55-748(3H, m), 7.30-
benzimidazole 7.26(1H, m), 8A3(1H, 5), -

4.84(2H, u), 4.40(2H, q),

1.27(3H, 1)
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TABLE 7
c","" STRUCTURE IUPAC NAME NMR MS
N~ 1H NMR (CDCI3): 8.30 (d.
\ 1H), 8.18 (dd, 1H), 7.78 (dd,
%'“»_ﬁ 1-ethy-2-{[1-{3-fuorophenyl}-1H-{ 1H), 7.64 (d. 1H), 7.38-7.50
9§50 pyrazol-5-ylmathyl}-S-isoxexol-5-1(m. 2H), 7.25-7.32 (m, 2H),
3 y-1H-benzimidezole 7.14 (m, 1H), 6.52 (d, 1H),
6.21 (d, 1H), 4.37 (s, 2H), 4.01
HC (9. 2H), 1.25 (1, 3H)
'Y:["\ )\([\ 1H NMR {CDCI3): 8.02 (&d,
1-athyl-2-{[1-{3-fuorophenyl)-1H- | 1H), 7.47-7.82 (m 5H), 7.38 (d.
991 pyrazol-5-yfj{hydroxy)methyi}-1H-| 1H), 7.18 {(m, 1H). 8.12 {d,
N’EJ ):5 benzimidazole-S-carbonitriie 1H), 6.00 (s, 1H), 5.05 (brs,
1H), 3.83 (g, 2H), 1.08 (¢, 3H)
i \N 1HNMR {CDCI3): 8.12 (dd,
N 1-athyi-2-{fluorafi-{3- 1H), 7.73 (d, 1H), 7.62 (dd,
o0n2 N fluorophenyl)-1H-pyrazok5- 1H), 7.44-7.53 (m, 2H), 7.31-
yiimethyl)-1H-benzimidaznie-S- {7.39 (m, 2H), 7.17 (m, TH),
,,.) |carbonitrile La.n (d, tH, JH,F=48.8 M2),
- |430 (m, 2H), 1.43 (1, 3H)
“c\o
methy! 5{{5-cyano-1-athyl-1H-
- M&S_ benzimidazol-2-yljcxy}-1-{3- MH+
0 )\3 fuorophanyl)-1H-pyraznle-4- 408.3
} r carboxylats -
Hy
N= Y I ) 21250 yl1H- 1H NMR (CDCI3): 8.09 {m,
oyt |1HD. 7.84 (W, 14, 7.84 (e,
994 g F athyt-1 idaroie 5- 1H), 7.48 (dd, 1H), 8.96-7.18
m‘ Hoenzim |tm, 3H), 8,85 (d, 1H), 4.33 (q.
Hy 2H), 1.38 (t, 3H)
MH+
. N r 1-athyt-2-{1-{3-worcphenyl)-1H- 8.2
895 ipyrml-s-ylhq}-m- e
N) benzimiiazole-5S-carbonlirie 364.2
HC
\ N
N g |1-ethy-2-11-3-fuorophenyl)-1H- MH+
298 D’ |pyrm-s-mmmyn-s-¢1.a.4- 389.2
< N mdlunl-:-yl)-m-hendmhmbr -
NN )
Hy
) 1-athyt-2-{[1-(3-flucrophenyl)- 1H-
807 F |pyrazokS-ylimethyl}-8-{5-mathyl- MH+
o 1,3, 4-cxadleznl-2-yi)y-1H- 4033
ne ‘QN_L Q benzimidazole

225
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TABLE 7
Crap- STRUCTURE IUPAC NAME NMR us
\bﬁ/‘ LCMS
@ 1<2-{[1{3-luorophenyi}-1H- MH+
998 pyrazot-S-yfmethyl-1H- 340.3,
§= G\ benzimidaroi-1-yijacstons MH-
) F 72
HC
'E\(I \ & [ Y 1H NMR (CDCI3): 8.078 {m,
2-{dttuoro{1-{3-fucrophanyl)-1H- | tH), 7.80 (m, 1H), 7.83 (dd,
9o pyreanl-5-yljmethyl}-1-sthyl-1H- {1H), 7.48 (dd, 1H), 7.13-7.28
jl [Perzimidarcie-5-carbonicia [(m. 3H), 6.99 (m, 1H). 8.81 (¢,
HC 1H), 4.35 (q, 2H), 1.30 (& 3H)
F
(I Ve LoMS
2-{[1-{3-fvorophenyl}-1H-pyrazoi- MH+
1000 @\ 15-1I]mcﬂryl}-1-(3-morq:rnpm-1Hl 352,
benzimidazole MM-
F 351,
F
OO0
d 1-+(2-flucroethyl)-2-[1-{3- LCMS
1001 flucrophenyl)-TH-pyrazol-5- MH+
yiimethyl)-1H-benximidazole 3302
F F
CE /! LCMS
4-(2-1-{3-fluorophenyl)-1H- MH+
1002 pyrazol-S-yiimeathyl}-1H- 380.2,
. benzimidaznl-1-yljbutanenitrile MH-
3583
N
e w 14{1-athy-2-{11-(>-uorophenyl)-
1003 é ‘1H-pymﬂ-5-ylrnd|yl}-1H- MH+
N.J benzimidazol-5-)-2,2,2- 4172
triftucraethenone
F
< M-\\" 142{1{3-chlorophanyl)-1H-
1004 pyrazol-5-yiimethyl)-1-ethyl-1H-
5 Ibumms-m-z.z.z-
N.Cj triflucroethanone
ad
a N F I \N
C[ 3 5-chioro-2-]1-{2.5-
1005 N 4 F difluorophenyl)-1 H-pyrazol-5-
yii{dHiuoro)methyl}-1-ethwi-1H-
H,c) banximidazole
F

e/



TABLE 7
c';"' STRUCTURE IUPAC NAME NMR M
0 o DCT3F
,,l.,vo"*’ (1E}1-{1-athyl-2-J1-{3- 7.95(m. 1H), 7.72(dd, 1H),
w fluorophenyl)}- 1H-pyrazol-5-  [7.83(d, 1H), 7.45(m, 1H), 7.11-
1008 yiimethyl}-1H-benzimidazol-5-  [7.31(m, 4H), 6.18(d, 1H), 4.34-
J b., yathanona O-(2- 4.37(m, 4H), 3.88(g, 2H),
ethcxysthyljoxime 3-:7“. 2H), J.58{(q. 2H), .
e AHL 1 181 IMim G
= 1H NMR, Sppm {CDC13:
N 7.72(dd, 1H), 7.83(d, 1H), 7.40
3\/(\ e N dumrati{7-48 tm. 2H), 7247 34(m,
1007 R borar daoie e 3H), 7.13(d, 1H), 6.18(d, 1H),
HC™ oy, HC 3.13(s, 2H), 3.07(», 3H),
' 1.23{t, 3H)
N B
| 3 N 3-gthyt-2-{1-{3-worophenyi)- 1H-
1008 = Ipyrunl-SqIImamyl}-aH-
3 Imidazof4,5-bjpyridine
HC F
Y . LRMS
i THNMR (COC135 819 (1H, |
F 2{[1-{2.5-difuorophenyl)}-1H-  |d), 7.61 (1H, d), 7.48- ‘
1009| N 3 pyrazol-5-yljmethyl)-3-athyl-3H- |7.44(1H,m), 7.28-7.13{4H, m), 355.8.M
Imidazof4,5-bjpyridine 8.14(1H, m), 4.44(2H, s}, 350.20
He 3.9%2H, q), 1.173H, 4, H)
F
) 1H nmr (CDCI3): 8.18(1H, d), | RMS
3_? ] """""‘1";'_‘{"2'“1"3' TE1(1H, d), 7487 44(1H, m), | SSE0
1010 M"‘"’W""{W' ".‘""“""5'4 o 728.7.13(4H, m), 8.14(1H, m),| ‘o> v
3 p * 4.44(2H, 8}, 3.83{2H, q), 3568.2(M
e Ipyriine 1.17(3H, 1), v
=)
™\ ¢ [3-ethyl2411-(3-uorophenyt)- 1H-
1011 HC, pyrazol-5-yljmethyl)}-5-methoxy- |M+ 392.3}
N 3 3H-imidazol4.5-bjpyridine
HE
X B
| 3 21-{3-orophenyl)-1H-pyrazok
1012 NZ S-yljmethyf}-3-isoprapyl-3H-
L [imidazo{4,5-b]pyridine
e’ o F
Ny B y raias [H R (cDCi): 0.22 gm,
: l N e Tt [24). 054(m, 24, 098(m, 1H)| | e
1013 F yimethyl}-1H-imidarni4,5- 3.84(d, 2H), 4.32(s, 2H). = |11 '3gq)
D oyridne {B.18(s. 2H). 7.13-7.25 (m, 4H), | 1*
. 7.85 (m, 2H), 8.52 (d, 1H)
Na " | \,N y methylp2-[143 |F1 NMR (CDCL3): 022 (m,
| P N : m"‘*’"‘ m""",_ epmrats. . [2H).0.54(m, 2H), 095(m, 1H)[ |
1014 viimethyl}-1H-imidazol4,5- 3.84(d, 2H), 4.32(s, 2H), |\ q g
Rrc v [8.18(s, 2H), 7.13-7.25 (m, aH), [ ¥ 1
7.65 (m, 2H), 8.52 (d, 1H)

227
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TABLE 7
cre. STRUCTURE IUPAC NAME NMR ¥S
Ny N N .
e | J‘ [H-1 NMR (CDCl3): 0.82(t,
u 2412 5-ifuorophenyl}-1H-  [3H), 1.62(h, 2H), 385, 2H), | | e,
1015 N F pyrazok5-yljmethyl}-1-progy-1H- (4.33 (s, 2H), 8.20 (s, 1H), 7.051 V|
s imiiazof4,5-bjpyridine 7.25(m, 4H), 7.82(m, 2H), '
He |8.53¢d, 1H)
F
{COCB) 8.43(dd, J =48, 15 |m&z
w,, Hz. 1H), 8.10 {dd, J = 8.0, 1.4 [366.2
Mz, 1H), 7.84 (0, J = 2.1 Mz, [[M+1]
@ 2{[1-{3-Morophenyl)- 1H-pyrazol iy 7 47 i 1H), 7.23-7.34 l
1018 s e Al (m, 3H), 7.12 {m, 1H), 8.31 d,
F Idazo{4,5-0]pyridine J=1.8 Hz, 1H), 4.80 (s, 2H),
a, 4.03 (L J = 7.7 Mz, 2H), 1.85
m, 2H), 0.84 {t J =. 15
Y 1H), 7.84 {d, J = 1.5 H, H),
e gt N 7.43 (m, 1H), 7.24-7.29 (m,
| 2-[1{3lvorophenyl)-1H-pyrazoi2H), 7.12 (m, 1H), 7.08 (d, = | ma
1017 { HC N [-simetyn--mathy-dpropyt- (8.1 He. 1H), 822 (¢, J= 1.5 | 3503
e p  |3Hdmidezois S-bipyridine Hz, 1H), 4.33 (s, 2H), 4.01 (L J| M+1)
7.5 Hz, 2H), 2.84 (v, 3H),
o, " |1.67 (m, 2H). 084 (£, J=7.3
3BT, T=40, 1.3
N Hz, 1H), 7.98 (dd, J = 8.0, 1.3
| N N 3-ethyt-2-{{1{3- Hz, 1H), 7.78 (m, 1H), 7.58- e
1018 P (Wucrometiniphenyl-1H-  [7.72 (m, 4H), 722 (dd, J = B.1.] 7",
N 3 F |wrud-5-y|]moﬂ1yl)-3H— 4.8 Hr, 1H),629(d, =15 | W
F [imidazoi4.5-bipyridine He, 1H), 4.38 {8, 2H), 4.17 (g,
HC J=72Hz, 2H), 127 (1, J= 7.2
ot rmrm ez
N "J'\\ 1H), 7.64 (d, J = 1.8 Hz, 1H),
7.44 (m, TH), 7.24-7.28 (m,
1018 | > S-athyh 27143 Roorophenylh 1M |01y 7.13 (m. 1H). 7.06 (0, J= | o)
8.1 Hz. 1H), 8.21 (d, J= 1.5
He 3 . izt 5-ipyrkine Hz, 1H), 433 (s, 2H), 4.12 (g, | Y]
HC J=17.3 Hz, 2H), 2.85 (s, 3H),
AJE M 1=7 94 24
N N 3-athyl-2-]1-{6-fuoropyridin-2-yi) mz
1020 | ( . tH-pyrazok5-yljmethyl}-5-methy 3%7.2
o, Z | 3H-midazof4,5-bjpyridine [M+1]
N
E
ﬂwrd {CDCI3) 8.81 {8, 1H), 7.87 {m
o1 SN |"ﬂ"(°"'“°'°"“”""3'"“'1"" +(21).7.80 (d, 1H), 687 (dd,
pyrazol-5-yljmethy-2,8-dimathy-(,, ) 8 33 (s, 1H), 4.88 (s, 2H),
w7 ! Gipurine 390 (s, 3H), 2.78 (8. 3H)
x
F
-
\ (CDCI3) 8.82 (s, TH), 7.88 (m,
¥ N Ny |2l uoropyridin-2-yi)}-1H- | 1H), 7.84 (m, TH), 7.67 (8. TH) . 2
1022 N p | pyrazol-S-ylimethyl}-1,6-dimethyl7.11 (s, 1H), 8.80 {(m, 1H), M)
NP N |tiHHmidazni4,5-clpyridine 8.27, (s, 1H), 4.85 (s, 2H), 3.81
H ‘cH, (3, 3H), 2.66 (s, 3H)
F

r=d'd 4



TABLE 7
e STRUCTURE IUPAC NAME NMR MS
—d I A\
| N\)/\C\ (CDCI3) 8.90 (s, 1H), 7.83(d,
J{s 8-J1-(3-luorophenyl)-1H-pyrazoH 1H), 7.42 (m, 1H), 7.28 (m,
1023 | 1C N S-yijmethyl}-2,0-dimethy-8H- | 2H), 7.12 (m, 1H), 6.18 (d,
o purine 1H), 4.32 {9, 2H), 3.60 (s, 3H),
2.78 (s, 3H)
F
F
2-{J1-(3-fluorophenyl)-1H-pyrazol (CDCI3) 7.78 (d, 1H), 7.50 (d,
soze| F N\, 5-ylimethyl}-1-metiy-8- 2H), 7.54 (m, 2H), 7.30 (m,
F (trifuoromethyl)-1H- 2H), 7.18 (m, 1H), 6.12 {d,
e M a, '] .,
'(m' FA benzimidazole 1H), 4.38 (8, 2H), 3.81 (s, 3H),
F =N
F
(CDCI3) 8.82 (s, 1H), 7.88 (m,
NZ T\ Y |o-etwyr8-{11-{8-tuompyridin-2-yiy 1H), 7.89 (5, 1H), 7.89 (d, TH),
1025 c)i‘ S |1H-pylu:l-5-yllmeﬂly|]-2-mehyl-ls.89 {m, 1H), .35 (s, 1H),
Hy N J I‘ 9H-purine 4.95 (s, 2H), 4.44 (g, 2H), 2.82
. N . |t 3H). 1.52 ¢t. 3H)
H
T }8.78 (s, 1H), 8.38 (d,
ﬁw J = 3.9 Hz, 1H), 7.83-7.88 (m,
2H), 7.86 (8, 1H), 7.58 (d, J =
wsl 2 3 e S P39 He, 1H),7.25(d, J=99 [ miz 323
& “m' """“"‘5"4 A f Hz. 1H) 670 (d.J=B.9Hz, | [M#1]
H,C I idazojd,5-clpyridine 1H), 4.81 (s, 2H), 4.39(q, J =
. 5.4 Hz, 2H), 1.48 {t, J = 5.4 Hz,
)
(CDCI3) 8.82 (s, 1H), B.28 {br
—{ N\ d,J =40 Hz, 1H), 7.70(d, J =
A = -athyh-2-{[1-(3-fuoropyridin-2-yiH 1.8 Hz, 1H), 7.81 (m. 1HL 735 . .o
1027 N 1H-pyrazol-5-yljmathy(}-6-methyiH{m, 1H), 7.07 (s, 1H), .23 (s, M+1]
RC N 1Hmidazof4 5-clpyridine 1H), 4.56 (s, 2H), 4.08 (q, J =
) N 7.2 Hx, 2H), 285 (s, 3H), 1.25
HC {t.J = 7.2 Hz, 3H)
~F
L _A (CDCI3) 8.78 (br s, 1H), 8.38
: 2-[1-{6-fuoropyridin-2-yi}-1H-  |{brs, 1H), 7.67 (m, 2H),788 | ma
1028 | AN\ N pyrazo-5-yljmethyl}-3-methyl-3H-|(s. 1H). 7.55 (or s, 1H), 7.25 | 308.2
-« | |h|um[4.5-c1mm (5. 1H), 6.89 (ord, J= 7.5Hz, | {M+1]
L | 1H), 6.30 s, 2H), 4.88 (s, 3H)
(CDC3) 8.86 (s, 1H), 8.30 (d,
Jm 4.4 Fz, 1H), 7.71 (8, TH),
|a-athyt-2-11-{3-aoropyridin-2-yiH7.62 (m, 1H), 7.38 (m. 1H) | . .o
1H-pyrazol-5-yfmety)-1-methyH7.07 (s, 1H), 6.18 (s, 1H), 458 | 1“0
1H-midazof4,5-clpyridine (3. 2H), 3.84 (s, 3H), 284 (g, J | [
= 7.8 Hz, 2H), 1.38 (1, J = 7.8
Hz. 3H
J=4.4 Hz, 1H), 7.71 8, tH),
2-[1-8-fucropyridin-24)-1H-  [7.62 (m, 1H), 738 (m, H), |\ 4ay
[pyrazoh-S-yimatyt}-3,5-cimetny-17.07 (8, 1H), 6.18 (s, 1H), 4.58| "
3Hmidazo[4,5-blpyridine (3. 2H), 3.84 (3, IH). 2.94 (q. J

=78 He, 2H), 1.38{t. J=78
1

1031

1-sthyl-2-]1-(1.3-thiazol-2-y)-1
pyrazol-5-yliimeathyl}-1H-
Imidezo{4.5-Clpyridine

(CDCI) 9.00 (s, 1HO, 8.43 (d,
1H), 7.83 (dY 1H), 7.43 (d, 1H).
7.15 {d, 1H). 7.06 {d. 1H), 825
{d, 1H), 4.88 {s, 2H), 4.25 {q.
2H), 1.36 (¢, 3H)




IUPAC NAME NMR mMs

licocs) 8.05 ¢s. 1H), 839 (@
1-athyl-2-{1-{1{1,3-hlazok 2} [1H), 7.58 (d, 1H), 7.48 (d, 1H),
1H-pyrezo-8-yllethyl}-1H- 7.25 (d, 1H), 7.08 (d, 1H), 6.28
Flmklunid.s-c]pyliﬁu (d, 1H), 5.85 (q, 1H). 4.19 (q,

2H), 1.85 (2, 3H), 1.29 (. 3H)

(CD30D) 8.7 {8,1H), 8.17 (s,
1H), 7.74 (. J = 3.6 Hz, TH),
lomt2 a0t : n‘“-”""’"z"'l he HR17.33 (9, 4= 3.8 He. TH), 7.21

|
(d.J = 3.8 Hz, 1H), 7.21 (d, J =|
{trifucromethyl)-1H-imidexm{4.5- 3.8 Hz, 1H), 8.53 (s, 1H), 5.01

(5. 2H), 4.54 {q. J 2 7.2 Hz,
2H), 1.52 (L, J = 7.2 Hz, 3H)

(CD30D) 8.42 (s, 1H), 3.4 {d,

J = 8.6 Hz, 1H),7.9(d, J= 8.3
Fothyt-2-[1-{1, 3Hhiazol 2y} tHHz, 1H), 7.7 (0, 1H), 728d, I | o
pyrezot-5-yllmethyl}-3H- =38 He, 1H),7.20 (4, J= 38 | T
||nuuun|4.54:1pyrum Hz, 1H), 6.63 (s, 1H), 5.08 (s,

2H), 4.88 (q, J = 7.5 Hz, 2H),

1.82 (t. J = 7.5 Hz, 3H)
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TABLE 8
cop. STRUCTURE (UPAC NAME NMR
8-chioro-2-{(4-methy-2-phenyl- |1HNMR (COCI3): 7.82-7.71
1HHmidazok1-ylymethyll-1-  [{m, 3H), 7.45-7.53 (m, 3H),
()’rs“|I propyt-1H-benzimidazole 7.23-7.27 (m, 2H),8.74 (q,
t{‘n‘ 1H), 5.42 (s, 2H), 3.59 (L 2H),
1035 a 221 (d, 3H,), 1.37 (m, 2H),
t’ [o70 ¢t, 31)
cH,
cn, 2{{4-methyl-2-pheny-1H- 1H NMR (COCI3): 7.80 (m,
Y [imidazol-1-yi)methyl-1-propy-  |1H), 7.25-7.67 (m, 8H), 6.74
% 1H-berzimidazoie (q. TH), 5.43 (s, 2H), 3.82{t,
2H), 2.20 (d, 3H), 1.38 (m,
1038 J 2H,), 0.68 (¢, 3H)
cH,
B-chioro-2-{j4~chioro-2-{3- THNMR (CDCI3) 7.70 (¢,
. 01{ fuorophenyl)-1H-imidazol-1-  [1H), 7.37-7.50 {m, 3H), 7.17-
ylimetiyl}-1-propy-1H- 7.32 (m, 3H), 6.96 (s, 1H),
tmu benzimidazole 5.43 (s, 2H), 3.70 (&, 2H), 1.40
1037 ; - {{m. 2H), 0.7 (t. 3H)
G )
[2(4-methyt-2-pheny-1H- 1H NMR (CDCI3): 8.39 (dd,
OI{E Imidezoi-1-ylymethyl-3-propyl- | 1H), 8.08 (dd, 1H), 7.63-7.85
3H-imidazo{d,5-bpyridine (i, 2H), 7.45-7.55 {m, 3H),
t( 7.28 (m, 1H), 8.77 (q, 1H),
1038 5.48 (s, 2H), 3.82 (t, 2H), 223
(d, 3H), 148 {m, 2H), 0.73 (t,
CH, 3H)
3-ethyr-2-{]2(3-fuorophenyly4- |1H NMR (COCI3). 6.39 (dd,
methy-1H-imidazol-1-yiimethyl]}- |1H), 8.08 (dd, 1H), 7.38-7.50
F 3H-imidazoi4,5-b]pyridine {m, 3H), 7.12-7.29 {m, 2H),
8.77 (q. 1H), 5.48 (s, 2H), 3.98
1030 r (q. 2H), 222 (d, 3H), 1.08 {t,
CH, 3H)
H, 2-[2-(3-fuorophanyl)-4-methy-
1H-midazoi-1-ylimethyl)-3-
F‘Orf methyl-3H-imidexo{4,5-blpyridine|
wo| & Loy
HE
CH, a-{[2-{2,5-difuoraphenyl}4-
's methyt-1HHmidazol-1-fjmethyl}-
érz 3-methyl-3H-imidexo]4.5-
tf blpyridine
1041 | j .
F N
H,C

231
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TABLE 8
Cre- STRUCTURE IUPAC NAME NMR MS
3-{cyclopropyimethyl)}-2-{[24{2.5- | 1H NMR {CDCI3): B.38 {dd,
difuorophenyl)-4-methy-1H-  [1M), 8.04 (dd, 1H), 7.40 (m,
imidazok-1-yljmethyl}-3H- 1H), 7.15-727 (m, 3H), 8.79
éj‘{? Imidszo{4 5-bjpyridine {d, 1H). 5.35 (s, 2H), .82 (d,
F 2H), 2.22 d, 3H), 0.75 {m. 1H),
1042 0.39-0.44 (m, 2H), 0.23-0.28
{m, 2H)
1-ethyl-2-{12-(3- m/z 360
fluorophenyl)-4-methyl-1H- [M+1)
N\>_\ F limidazok1-ymethyl}-1H-
1043 3 benzimidazole-5-
) %«N carbonitrile
1-sthyl-2-{[2-(3- m/z 360
fluorophenyl)-5-methyl-1H- [M+1]
I\i) F [imidazol-1-yljmethyl}-1H-
1044 ; benzimidazole-5-
B ’{\,N carbonitrile
2-[(2-methyl4-phenyl-1,3- |(CDCI3) 9.06 (s, 1H), |mvz 349
thiazok-S-yl)methyl}-1- 8.39 (d, J = 5.6 Hz, tH), [[M+1]
'@: 3 propy-1H-imidazo[4,5- {781 (m, 2H), 747 (m,
1045 Z~N — clpyridine 2H), 7.41 (m, 1H), 7.20
(d, J = 5.6 Hz, 1H), 4.54
(s, 2H),3.77(t, J=76
Hz, 2H), 2.68 (s, 3H),
5-bromo-1-ethyl-2-{]3-(3- LRMS:
fluoropheanyt)-1H-pyrazol-4- caled
1048 yimethyi}-1H- 389.3;
banzimidazole found
[M+1]
4010
S-bromo-1-ethyl-2{[5-(3- [(CDCI3) 8.40 (s, 1H),
fluorophenyl)isoxazol-4-  |7.88 (s, 1H), 7.31-7.52
1047 ylimethyl}-1H- (m, 4H), 7.18-7.22 (m,
benzimidazole 2H), 4.14 (s, 2H), 4.04 (q,
2H), 1.18 (t, 3H)
5-bromo-1-athyl-2{[5-(3- |(CDCI3) 7.81 (s, 1H),
fluorophenyl)-1-methyl-1H- [7.38-7.45 (m, 2H), 7.32
1048 pyrazol-4-yijmathyl}-1H-  |(dd, 1H), 7.00-7.18 (m,
benzimidazole 4H), 4.00 (s, 2H), 3.90 (q,
2H), 3.78 (s, 3H), 1.15 ¢,
3H)
5-bromo-1-ethyt-2-{[3-(3- [(CDCL3) 7.88 (s, 1H),
Br fluorophenyl)-1-methyk-1H- |7.27-7.42 (m, 4H), 7.00-
\@ 3 F |pyrazol4-yljmethyl}-1H-  [7.20 (m, 3H), 4.21 (s,
1049 N & benzimidazole 2H), 3.95 (t, 2H), 3.83 (s,
) NN 3H), 1.15 (t, 3H)
!
g 5-bromo-1-ethyt-2{[4-(3- [(CDCI3) 8.78 (s, 1H),
rUN‘ )_&F flucrophenyl)-1,3-thiazol5- 7.91 (s, 1H), 7.36-7.48
yilmethyl}-14- (m, 4H), 7.11-7.19 (m,
1050 5 = benzimidazole 2H), 4.59 (s, 2H), 3.90 (q.

2H), 1.12 {t, 3H)
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TABLE 8
cop. STRUCTURE IUPAC NAME NMR MS
1-ethy-2-{[4-(6- (CDCI3) 8.82 (s, 1H).
> fluoropyridin-2-yl}-1,3- 8.75 (s, 1H}, 8.16 (d, 1H),
NZ \ thiazol-5-yljmethyl}-6- 7.90 (dd, 1H), 7.08 (s,
1051 < D = methyl-1H-imidazo{4,5-  |1H), 8.87 (d, 1H), 5.28 (s,
N = c]pyridine 2H0, 4.32 (q, 2H), 2.63
) S 2N (s, 3H), 1.32 {t, 3H)
F [2-3.50is(x miz 484
O fluorophenyl)isoxazol-4- [M+1]
ylimethyl}-1-ethyl-8-
E > (trifiuoromethyl)-1H-
1052 F 3 ,o benzimidaxole
e
F
N, [22A4-bF13hiazol6-  |(CDCI3) 8.05 (s, THO,
N% TN ’3 yimethyl)-1-ethy-1H- 8.76 (s, 1H), 8.41 (d, 1H),
x S Limidazo[dl.s-c]pyﬂdine " 17.88 (d, 1H), 7.41 (d,
1053 ; d 1H), 7.25 (d, 1H), 5.35 (s.
N 2H), 4.28 (g, 2H), 125 {8,
3H)
N 1-ethyl-2-[2-(1,3-thiazol-2- [(CDCI3) 0.10 (s, 1H),  |m/z 379
N G N, /3 yl-4-(trifluoromethyl)-1H-  [8.47 (d. J = 8.0 Hz, 1H), [{M+1)]
b S imidazol-1-yljmethyl}-1H- |7.88 (d, J = 3.2 Hz, 1H),
3 imidazof4,5-cjpyridine 7.58 (s, 1H), 748 (d, J =
104 N 3.2Hz, 1H),7.31(d, J =
5.6 Hz, 1H), 8.37 (s, 2H),
F 1) F 4.31 (q, J = 7.2 Hz, 2H),
) 124 (8, J = 7.2 Hz, 3H)
3-othyl-6-isopropyt-2{[2- [{CDCI3) 8.75 (s, 1H),  |m/z 421
/3 (1,3-thiazok-2-yl}4- 7.87 (d, J = 3.3 Hz, 1H), |[M+1]
s "5\ d |trifuoromethyi)-1H- 7.59 (d, J = 0.9 Hz, 1H),
N~ |imidazol-1-y|]methyl}-3H— 7.54{s, 1H), 7.47 (d, J =
1085 | L\ imidazol4,5-clpyridine 3.6 Hz, 1H), 6.32 (s, 2H),
) 4.38 (q, J = 7.2 Hz, 2H),
3.21 (sept, J = 6.9 Hz,
FLF 1H), 1.35 (d, J = 6.9 Hz,
BHY 1 =79 Li>y
N, |1-othyFE-isopropy212- ((CDCi3)90.02 (s, TH),  [m/z 421
N X N:\ /5 (1,3-thiazol-2-yl)}-4- 7.88 (d, J = 2.7 Hz, 1H), |(M#1]
P S |(wifiuoromethyl)-1H- 7.55 (d, J = 0.9 Hz, 1H),
imidazol-1-ylimethyl}-1H- |7.48 (d, J = 3.3 Hz, 1H),
1056 |imidazo[4.5-c]pyridine 7.13 (s, 1H), 8.34 (s, 2H),

4.28 (q, J = 7.2 Hz, 2H),
3.20 (sept, ) = 6.9 Hz,

1H), 1.38 (d, J = 6.9 Hz,
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Example 51

Preparation of radiolabeled probe compounde of the invention
The cémpounds of the invention are prepared as
radiolabeled probes by carrying out their synthesis using

precursors comprising at least one atom that is a
radioisotope. The radioisotope is preferably selected from of
at least one of carbon (preferably 'C), hydrogen (preferably
H), sulfur (preferably °°S), or iodine (preferably !¥%I), sSuch
radiolabeled probes are conveniently syntheasized by a
radioisotope supplier specializing in custom synthesis of
radiolabeled probe compounds. Such suppliers include Amersham
Corporation, Arlington Heights, IL; Cambridge Iﬁotope
Laboratories, Inc. Andover, MA; SRI International, Menlo Park,
CA; Wizard Laboratories, West Sacramento, CA; ChemSyn
Laboratories, Lexena, KS; American Radiolabeled Chemicals,
Inc., St. Louis, MO; and Moravek Biochemicals Inc., Brea, CA.
Tritium labeled probe compounds are also conveniently
prepared catalytically via platinum-catalyzed exchange in
tritiated acetic acld, acid-catalyzed exchange in .tritiated
trifluorcacetic acid, or heterogeneous-catalyzed exchange with
tritium gas. Such preparations are also conveniently carried
out as a custom radioclabeling by any of the suppliers listed
in the preceding paragraph using the compound of the invention
as substrate. In addition, certain precursors may be
subjected to tritium-halogen exchange with tritium gas,
tritium gas reduction of unsaturated bonds, or reduction using

sodium borotritide, as appropriate.

Example 52
Receptor autoradiography

Receptor autoradiography (receptor mapping) is carried
.out in vitro as described by Kuhar in sections 8.1.1 to 8.1.9
of Current Protocols in Pharmacology (1998) John Wiley & Sons,
New York, using radiolabeled compounds of the invention
prepared as described in the preceding Example.
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Example 53
Binding Assay

The high affinity and high selectivity of preferred

compounds of the invention for the benzodiazepine site of the
GABA, receptor can be confirmed using the binding assay
described by Thomas and Tallman (J. Bio. Chem. 1981; 156:9838-
9842, and J. Neurosci. 1983; 3:433-440).

Rat cortical tissue is dissected and homogenized in 25
volumes (w/v} of Buffer A (0.05 M Tris HCl buffer, pH 7.4 at 4
*C). The tissue homogenate is centrifuged in the cold (4 *C)
at 20,000 x g for 20 minutes. The supernatant is decanted,
the pellet rehomogenized in the same volume of buffer, and
centrifuged again at 20,000 x g. The supernatant of this
centrifugation step is decanted. The resulting pellet may be

stored at -20 °‘C overnight. The pellet is then thawed and
resuspended in 25 volumes of Buffer A (original wt/vol),
centrifuged at 20,000 x g and the supernatant decanted. This
wash step is repeated once. The péllet is finally resuapended
in 50 volumes of Buffer A.

Incubations contain 100 pl of tissue homogenate, 100 ul
of radioligand, (0.5 nM *H-Rol5-1788 [*H-Flumazenil], apecific
activity 80 Ci/mmol), and test compound or control (see
below), and are brought to a total volume of 500 pl with
Buffer A. Incubations are carried for 30 minutes at 4°C and
then rapidly filtered through Whatman GFB filteras to separate
free and bound ligand. Filters are washed twice with fresh
Buffer A and counted in a 1liquid scintillation counter.
Nonapecific binding (control) is determined by displacement of
'H Rol5-1788 with 10 uM Diazepam (Research Biochemicals
Intermational, Natick, MA). Data are collected in triplicate,
averaged, and percent inhibition of total specific binding
(Total Specific Binding = Total - Nonapecific) is calculated
for each compound.

A competition binding curve may obtained with up to 11
points spanning the compound concentration range from 10°'?M to
10"°M obtained per curve by the method described above for
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determining percent inhibition. K; values are calculated
according the Cheng-Prussof equation. Each of the compounds
disclosed in Tables 6-8 was tested in this fashion and each
was found to have a K; of < 4uM. Preferred compounds of the
invention exhibit K; values of leas than 100 nM and more
preferred compounds of the invention exhibit K; values of less
than 10 nM.

Example 54
Electrophysiology

The following assay can be used to determine if a
compound of the invention acts as an agonist, an antagonist,
or an inverse agonist at the benzodiazepine site of the GABA,
receptor. .

Assays are carried out as described in White and Gurley
(NeuroReport 6: 1313-1316, 1995) and White, Gurley, Hartnett,
Stirling, and Gregory (Receptors and Channels 3: 1-5, 1995)
with modifications. Electrophysiological ° recordinga are
carried out using the two electrode voltage-clamp technique at
a membrane holding potential of -70 mV. Xenopus Laevis oocytes
are enzymatically isolated and injected with non-
polyadenylated cRNA mixed in a ratio of 4:1:4 for a, B and ¥y
subunits, respectively. Of the nine combinations of a, f and ¥
subunits described in the White et al. publications, preferred
combinations are o;8;Yv2, oa2f;Ya, a3f3va, and asfiya. Preferably all
of the subunit cRNAs in each combination are human clones or
all are rat clones. The sequence of each of these cloned
subunits is available from GENBANK, e.g., human o,, GENBANK
accession no. X14766, human o, GENBANK accession no. A28100;
human «., GENBANK accession no. A28102; human as, GENBANK
accession no. A28104; human §,;, GENBANK accession no. NM
b21911,- human B,, GENBANK accession no. MB2919 and accession
no. 2Z20136; human <vy,, GENBANK acceseion no. X15376; rat o,
GENBANK accession no. L08490, rat o, GENBANK accession no.
1.08491; rat a;, GENBANK accession no. L08492; rat as, GENBANK
accession no. L08494; rat §,, GENBANK accession no. X15467; rat
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B8y, GENBANK accession no. X15468; and rat Y;, GENBANK accession
no. L0849%7. For each subunit combination, sufficient message
for each constituent subunit is injected to provide current
amplitudes of »>10 nA when 1 uM GABA is applied.

Compounds are evaluated against a GABA concentration that
evokes <1l0% of the maximal evokable GABA current {e.g. 1uM-
9uM) . Each oocyte is exposed to increasing concentrations of a
compound being evaluated (teat compound) in order to evaluate
a concentration/effect relationship. Test compound efficacy
is calculated as a percent-change in current amplitude:
100*({Ic/I)-1), where Ic is the GABA evoked current amplitude
observed in the presence of test compound and I is the GABA
evoked current amplitude observed in the absence of the test

compound. ) .
Specificity of a test compound for the benzodiazepine

site is determined following completion of a

concentration/effect curve. After washing the oocyte

sufficiently to remove previously applied test compound, the
ococyte is exposed to GABA + 1 uM RO15-1788, followed by
exposure to GABA + 1 uM RO15-1788 + test compound. Percent
change due to addition of compound is calculated as described
above. Any percent change observed in the presence of RO15-
1788 is subtracted £from the percent changes in current
amplitude observed in the absence of 1 uM RO15-1788. These net
values are used for the calculation of average efficacy and
ECsy values by standard methods. To evaluate average efficacy
and ECsp values, the concentration/effect data are averaged
across cells and fit to the logistic equation.

It is to be understood that the foregoing describes
preferred embodiments of the present invention and that
modifications may be made therein without departing from the
scope of the present invention as set forth in the following

claims.
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What is claimed is:
1. A compound of the formula:

Zy N
z¥
S O it
4
Rs

or a pharmaceutically acceptable salt thereof, wherein:
Z, is nitrogen or CR,;
Z; is nicrogen or CR;;
Z; is nitrogen or CR;;
Z, is nitrogen or CRy;
provided that no more than two of Z,, %2;, 2, and Z, are
nitrogen;
R;, Ra, R;, and R, are independently selected from
i) hydrogen, halogen, hydroxy, nitro, cyano, amino, haloalkyl,
and haloalkoxy, ) )
ii) alkyl, alkoxy, cycloalkyl, alkenyl, alkynyl,
{cycloalkyl)alkyl, -NH(Rj;s), -N(Rjs) (Ry;), hydroxyalkyl,
aminoalkyl, (Ryp) NHalkyl-, (Ryp) (Ry3)Nalkyl-, alkanoyl,
alkoxycarbonyl, (heterocycloalkyl}alkyl, alkylsulfonyl,
alkylthio, mono- or dialkylaminocarbonyl, -
heterocycloalkyl, aryl, and hetercaryl, each of which is
-optionally substituted with 1, 2, 3, or 4 of Rj.
wherein R;; and R;; are independently selected at each
occurrence from the group consisting of alkyl,
alkenyl, alkynyl, alkoxy, cycloalkyl,
(cycloalkyl)alkyl, aryl, arylalkyl, alkanocyl, and
mono and dialkylaminoalkyl; and
iii) a group of the formula:

.gfe\m

where G is a bond, alkyl, -0-, -C(=0)-, or -CH,C(=0)-, and
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is a saturated, partially unsaturated, or aromatic

carbocycle, consisting of 1 ring or 2 fused, pendant, or
spiro rings, each ring containing 0, 1, or 2 heteroatoms
independently chosen from N, S, and O, said saturated,
partially unsaturated, Or aromatic carbocycle is
optionally subatituted with 1, 2, 3, or 4 of Ry,

iv) a group of the formula
0
Rg
éJ\J {
where J is N, CH, or C-alkyl, and
Rz and R are independently selected from the group consisting

of hydrogen, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl,
(cycloalkyl)alkyl, heterocycloalkyl, aryl, arylalkyl,
alkanoyl, heterocaryl, and mono and dialkylaminoalkyl,
each of which is optionally substituted by 1 or 2
substituents independently chosen from halogen, hydroxy,
cyano, amino, nitro, alkoxy, and alkyl;

Rg and Rc and the atom to which they are attached form a 4- to

v)

10-membered monocyclic or bicyclic ring, which may

contain:

a) one or more double bonds,

b) one or more of oxo, O, S, SO, S50;, or N-Rp wherein Rp
is hydrogen, Ar,, alkyl, cycloalkyl,
heterocfcloalkyl, or Arialkyl; wherein Ar, is aryl or
heterocaryl, each of which is optionally substituted
by 1 or 2 substituents independently chosen from
halogen, hydroxy, cyano, amino, nitro, alkoxy, and
alkyl, and/or

c) one or more substituents Rjg;

=0C(=0}Rg, -C(=0)ORz, -C(=0O)NH;, -C(=O)NHRgz, -C(=0)NRgRp,

-S{(O)nRe, -S(O);NH;, -S(O)}),NHRg, -S(O)NRgRp, -NHC(=0)Rg, -

C(=NRg)Ry, -HC=N-OH, -HC=N(alkoxy), -HC=N(alkyl), -

NRzC{=0)Rp, -NHS(O)gpRg, and -NRg5(O) Rp, where m is 0, 1 or

2, and
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Rg and Ry are independently selected at each
occurrence from alkyl, cycloalkyl, heterocycloalkyl,
alkoxy, mono- or dialkylamino, aryl, or heteroaryl
each of which is optionally subsatituted by 1, 2,-or
3 of Rjyo;

Ryo i8 independently selected at each occurrence from the
group conaiating of: halogen; hydroxy; nitro; cyano;
amino; alkyl; alkoxy optionally substituted with
amino or mono- or dialkylamino; cycloalkyl;
cycloalkylalkyl; cycloalkylalkoxy; alkenyl; alkynyl;
haloalkyl; oxo; haloalkoxy; mono- and dialkylamino;
aminoalkyl; and mono- and dialkylaminoalkyl;

R3p is independently selected at each occurrence from
halogen, hydroxy, nitro, cyano, amino, alkyl, alkoxy
optionally substituted with amino or mono- or
dialkylamino, cycloalkyl, cycloalkylalkyl,
cycloalkylalkoxy, heterocycloalkyl, alkenyl,
alkynyl, haloalkyl, haloalkoxy, oxo; mono- and
dialkylamino, aminoalkyl, and mono- and
dialkylaminoalkyl;

Ry represents hydrogen or haloalkyl; or
Rs represents alkyl, cycloalkyl, or (cycloalkyl)alkyl, each of
which may contain one or more double or triple bonds, and

each of which is optionally substituted with 1, 2, or 3

Of Rjp, OFX

Rs represents aryl, arylalkyl, heterocaryl, or heteroarylalkyl

each of which is optionally substituted with 1, 2, or 3

substituents selected from the group consisting of

haloalkyl, amino, -NH(R,p), -N(Rje) (R;1), carboxamido,

(R10) NHcarbonyl, (R;g) (R,1)Ncarbonyl, halogen, hydroxy,

nitro, cyano, amino, alkyl, alkoxy coptionally substituted

with amino or mono- or dialkylamino, cycloalkyl,
cycloalkylalkyl, cycloalkylalkoxy, heterocycloalkyl,
alkenyl, alkynyl, haloalkyl, haloalkoxy, aminoalkyl, and
mono- and dialkylaminoalkyl;

Q represents -C(Rg) (R;) or oxygen,
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with the proviso that Q is not oxygen when X, is nitrogen;
R¢ and R; independently represent hydrogen, fluorine, or alkyl;
the group:
©
A
w
represents a 5 to 7 membered hetercaryl or heterocycloalkyl
ring containing up to 4 heterocatoms independently

selected from nitrogen, sulfur, and oxygen, said 5 to 7

membered heterocaryl or heterocycloalkyl ring is

substituted at each carbon atom by R, and substituted at

each nitrogen atom available for substitution by R’,

wherein

R is independently chosen at each occurrence from
hydrogen, halogen, amino, alkyl, alkenyl, alkynyl,
alkoxy, cycloalkyl, {(cycloalkyl)alkyl, haloalkyl,
haloalkoxy, carboxamido, and 3- to 7-membered
carbocyclic or heterocyclic groups which are
saturated, unsaturated, or aromatic, which may be
further substituted with one or more substituents
independently selected from halogen, oxo, hydroxy,
alkyl, and alkoxy;

R’ is independently chosen at each occurrence from alkyl,
hydrogen, cycloalkyl, cycloalkyl{alkyl), and 3- to
7-membered carbocyclic or heterocyclic groups which
are saturated, unsaturated, or aromatic, which 3- to
7-membered carbocyclic or heterocyclic groups are
optionally substituted with one or more
substituents independently selected from halogen,
oxo, hydroxy, alkyl, and alkoxy;

X, and X, independently represent nitrogen, carbon or CH;
Y is nitrogen, oxygen, carbon, -CH-, -CH;-, or absent; and
W represents aryl or heteroaryl, wherein the aryl or

heteroaryl group ie optionally substituted with up to 4

groups independently selected from R;,, -CO;H, -C(=0)ORg, -
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C(=0Q)NHRg, -C(=O)NRgRy, -C(O)Rg, and -S(O)yRg, -ORz, where
Ryy and Ry are as defined above and m is 0, 1, or 2.

2. A compound or salt according to Claim 1, wherxein
R;, Ri, Ry, and R; are independently selected from
i) hydrogen, halogen, hydroxy, nitro, cyano, amino, halo{C,-
C¢) alkyl, and halo(C,-Cq) alkoxy,
ii} (C;~Cg)alkyl, (C;-C¢)alkoxy, (C;-Cy)cycloalkyl, (Ca-
Cs) alkenyl, alkynyl, ((C3;-Cg)cycloalkyl) (C,-C;)alkyl, -
NH(R;5) , -N(Rjo) {Ry;1), hydroxy(C,-Cs)alkyl, amino(C,-
Cs)alkyl, (Rpg)NH (C;-Cg)alkyl, (Rjzp) (Ry)N(C;-Cg)alkyl, (C;-
Cg)alkanoyl, (C;-C¢)alkoxycarbonyl, (C,-Cg)alkylsulfonyl,
(C;-C‘)alkylthio,- mono- or di(C,-Cg)alkylaminocarbonyl,
heterocycloalkyl, (heterocycloalkyl)C,-Csalkyl, aryl, and
heterocaryl, each of which is optionally substituted with
1, 2, 3, or 4 of Ry, )
wherein R;p; and R;; are independently selected from the
group consisting of (C;-Cg)alkyl, (C3-Ce)alkenyl, (C;-
Cs)alkoxy, (C;-Cg)cycloalkyl, (C;-Cs)cycloalkylalkyl,
aryl, aryl(C,-Cg)alkyl, (C,-Cq)alkanoyl, and mono and
di {C;-Cg) alkylaminoalkyl;
iii) a group of the formula:

G

where G is (C;-Cg)alkyl, -0-, -C(=0)-, or -CH;C(=0)-, and

R 1is a saturated, partially unsaturated, or aromatic
carbocycle, conaisting of 1 ring or 2 fused, pendant, or
spiro rings, each ring consisting of from 3 to 8 ring
atoms, and each ring containing 0, 1, or 2 heteroatoms
independently chosen from N, S, and O; said saturated,
partially unsaturated, or aromatic carbocycle is

) optionally substituted with 1, 2, 3, or 4 of Ry, and

iv) a group of the formula
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Re

where J is N, CH, or C-{C,-Cg)alkyl and

Rg and Re are independently selected from the group consisting
of hydrogen, (C,;-Cg)alkyl, (C,-Cg)alkenyl, (Cy-Cg)alkynyl,
(C,-Cs)alkoxy, (C3-Cslcycloalkyl, (C3-Cgcyclealkyl) (C,-
Cs)alkyl, heterocycloalkyl, aryl, aryl(C,-C,)alkyl, (G-
Cg¢)alkanoyl, heterocaryl, and mono and di(C,-
Cg)alkylamino{C,-Cg)alkyl, each of which is optionally
substituted by 1 or 2 substituents independently chosen
from halogen, hydroxy, cyano, amino, nitro, C,;-Csalkoxy,
and C,-Cealkyl; or -

Rz and Rc and the atom to which they are attached form a
4- to 10-membered monocyclic or bicyeclie ring, which
may contain

a) one or more double bonds; .

b) one or more of oxo, O, S, SO, S0O;, and N-Rp wherein Rp
.1s hydrogen, Ar,, (C,-Cg)alkyl, (C;-Cy)cycloalkyl,
heterocycloalkyl, or Ar,(C,-Cg¢)alkyl; wherein Ar, is
aryl or heteroaryl, each of which is optionally
substituted by 1 or 2 substituents independently
chosen from halogen, hydroxy, cyano, amino, nitro,
C,-Cesalkoxy, and C,-Cealkyl; and/or

c) one or more substituents Rgyg;

v) -0C(=0)Rg, —C(=0)}ORg,-C{=0)NH;, -C{=O)}NHRgz, -C{=O)NRgR;, -
S(O)nRg, -S(O)nlHz, -5(0)oNHRz, ~S(O)nNRgRp, -NHC(=O)Re, -
C{=NRg)Ry, -HC=N-OH, -HCaN(C;-Cgalkoxy), -HC=N(C;-Cgalkyl),
-NRgC(=0)Rp, -NHS{O).Rg, and -NRgS(O).Ry, where m is 0, 1 or
2, and

Rg and Ry are independently selected at each
occurrence from (C,-C¢)alkyl, (C;-Ca)cycloalkyl,
heterocycleoalkyl, (C,-Cg)alkoxy, mono- and di(C,-

Cs) alkylamino, aryl, and heteroaryl each of which is
ocptionally substituted by 1, 2, or 3 of Rip;
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Rzo is independently selected at each occurrence from the
group consisting of halogen; hydroxy; nitro; zyano;
amino; (C;-Cg¢)alkyl; (C,-Cg¢)alkoxy optionally
substituted with amino or mono- or di({C;-

C¢) alkylamino; (C;-Cy)cycloalkyl; (C;-

Cg) cycloalkyl (C,-C,) alkyl;

(C3-Ca) cycloalkyl (Cy-Cq)alkoxy; (Ca-Cg)alkenyl; (C;-
Cg¢) alkynyl; halo(C;-Cg)alkyl; halo{C,-Cg) alkoxy; oxo;
mono~- and di {C,-Cg)alkylamino; amino({C,-Cg)alkyl; and
mono- and di(C,;-Cg)alkylamino(C;-Cs) alkyl;

Ryo i8 independently selected at each occurrence from
halogen, hydroxy, nitro, cyano, amino, (C,;-Cs)alkyl,
(C1-Cg¢) alkoxy optionally substituted with amino or
mono- or di{C:;-C¢)alkylamino, {C3-Cg)cycloalkyl,
(Cy-Cg) cycloalkyl (C,-C,)alkyl,

(C3-Cp) cycloalkyl (C,-C,) alkoxy, heterocycloalkyl,
(C2-Cg) alkenyl, (C;-Cg¢)alkynyl, halo{C,-Cg)alkyl,
halo(C,-C¢) alkoxy, oxo, mono- and &i(C;-Cg)lalkylamino,
amino (C,-Cg¢)alkyl, and
mono- and di (C;-C¢) alkylamino (C,-Cs)alkyl;

Rs; represents hydrogen or halo(C,-Cg)alkyl; or

R; represents (C;-Cg)alkyl, (Cy-Cy)cycloalkyl, or

(C3-Cgcycloalkyl) (C,-C,) 2alkyl, each of which may contain

one or more double or triple bonds, and each of which is

-optionally substituted with 1, 2, or 3 of Ry or

Rs represents aryl, aryl (C;-Cy)alkyl, heterocaryl, or
heteroaryl (C;-C4)alkyl each of which is optionally
substituted with 1, 2, or 3 substituents selected from
the group consisting of:

halo(C;-Cg)alkyl, amino, NH(Rig), N(Rye) (Ru1),
carboxamido, NH(R,p)carbonyl, N({(R;o) (R;)carbonyl,
halogen, hydroxy, nitro, cyano, amino, (C,-Cg)alkyl,
(C,-Cg)alkoxy optionally substituted with amino or
mono- or

di (C,-Cg¢) alkylamino, (Cy~C;)cycleoalkyl,

(C3-Cp) cycloalkyl (C,-C,) alkyl,
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(C3~-Cy) cyclo.alkyl (C1-C4)alkoxy, heterocyclo(C;-C)alkyl,
(C2-Cg) alkenyl, {(C;-Cg)lalkynyl, halo(C,-Cg)alkyl,
halo (C;-Cs)alkoxy, amino(C,-Cglalkyl, and
mono- and di {C,-Cg)alkylamino{C,-Cs)alkyl;
Q represents -C(R¢) (R;) or oxygen,
with the proviso that Q is not oxygen when X; is nitrogen;
Rs and R; independently represent hydrogen, fluorine, or
C;-Csalkyl;
the group:

Oy

Xa~
A

w
represents a 5 to 7 membered heterocaryl or heterocycloalkyl
ring containing up to 4 heterocatoms selected from
nitrogen, sulfur, and oxygen, said 5 to 7 membered
heteroaryl or heterocycloalkyl ring is substituted at
each carbon atom by R, and is substituted at each
nitrogen atom available for substitution by R’, wherein

R is independently chosen at each occurrence from
hydrogen, halogen, amino, C;-Cgalkyl, {C;-Cg)alkenyl,
(Ca-Cg) alkynyl, C;-Cgalkoxy, (Ci-Cy)cycloalkyl, {C,-
Cacycloalkyl) (C1-C4)alkyl, halo(C;-Cg)alkyl,
haloalkoxy, carboxamido, and 3- to 7-membered
carbocyeclic or heterocyclic groups which are
aaturat:e.d, unsaturated, or aromatic, which may be
further substituted with one or more substituents
independently selected from halogen, oxo, hydroxy,
Ci-4alkyl, and -0(C;.,alkyl);

R’ is independently chosen at each occurrence from
hydrogen, C,-Cgalkyl, C3-Cacycloalkyl, C;-
Cscycloalkyl (C,-Cealkyl), and 3- to 7-membered
carbocyclic or heterocyclic groups which are
saturated, unsaturated, or aromatic, which 3- to 7-
membered carbocyclic or heterocyclic groups are
optionally substituted with one or more
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substituents independently selected from halogen,
oxo, hydroxy,
C;.4alkyl, and -0(C,.qalkyl); and

X, X3, W, and Y are as defined in Claim 1.

3. A compound or salt according to Claim 2 of the
formula:

<N

Z1 N \ /N
7 1
i’*Z'.J[N}\Q W
\
Rs

wherein Z;, Zi, 23, Z4, Rs, Q. X;, X3, and W are as defined in
Claim 2;
X; and X, are independently selected from the group consisting
of carbon, CR, N, 0, S, NH, and N{(C,-Cg¢)alkyl;
provided that at least one of X;, X;, X;, and X, is carbon
or CR, wherein . )
R is independently chosen at each occurrence from
hydrogen, halogen, amino, (C,-Cg)alkyl, (C,-Cg)alkoxy,
(C;-C3) cycloalkyl, (Ciy-Cy)cycloalkyl (C;-Cg)alkyl, (Ca-
Cg) alkenyl, (Cz-Cg)alkynyl, halo(C;-Cg)alkyl,
halo{C,;-Cg)alkoxy, carboxamido, and 3- to 7-membered -
carbocyclic or heterocyclic groups which are
saturated, unsaturated, or aromatic, which may be
further substituted with one or more substituents
independently selected from halogen, oxo, hydroxy,
Ci4alkyl, and -0(C;.qalkyl).

4. A compound or salt according to Claim 1 wherein
Z, is CRy; 2; is CRa; Z; is CRy; and Z, is CRs.

5. A compound or salt according to Claim 2 wherein
Z; i8 CRy; Z3 i8 CR3; Z, is CR;; and Z, is CRy4.

6. A compound or salt according to Claim 3 wherein
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Z, is CR,; Z, is CRy; 2, is CRa; and Z, is CR,.

7. A compound or salt according to Claim 6, wherein

X, is carbon; and Q is oxygen.

8. A compound or salt according to Claim 6, wherein
X; is N; and Q is C(Rs) (Ry) .

9. A compound or salt according to Claim 6, wherein
10 X; is carbon; and Q is C(Rg) (R;).

10. A compound or salt according to Claim 6, wherein X; is
carbon; X; is N; and Q is C{R¢) (Ry).

15 11. A compound or salt according to Claim 6, wherein X; is
nitrogen; X, is carbon; and Q is C(Rs) (R;).

12. A compound or salt according to Claim 6, wherein Q is
C{Rg) (R4) .
20
13. A compound or Balt according to Claim 6 of the
formula

Ry R
R N | N
>\ N\
N ? w
Rs \
Re Rs
whezrein R, R;, Ra, Ri, R, Rs;, Q, and W are as defined in Claim

25 6.

14. A compound or salt according to Claim 13 wherein Q is
C(Rg) (Ry) .

30 i5. A compound or salt according to Claim 14, wherein:
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R is independently selected at each occurrence from the group

consisting of

i) hydrogen, halogen, (C,-C¢)alkyl, (C;-Cq)cycloalkyl,

(C3~Cy) cycloalkyl (C;-Cg) alkyl, (C,-Cg)alkoxy,
halo{C,-Cglalkyl, halo{C,-Cs)aikoxy, and

ii) phenyl and pyridyl each of which is optionally substituted
with up to 3 substituents independently chosen from
halogen, hydroxy, C;.Csalkyl, and -0(C,.Cialkyl);

Ri, Ra, R;, and R, are independently selected from hydrogen,
halogen, hydroxy, nitro, cyano, amino, (C,-Cg)alkyl, (C,-
Cs¢)alkoxy, (C3-Cp)cycloalkyl, (C)-Cg)lcycloalkyl (C;-Cg)alkyl,
(C1-C¢)alkenyl, (C;~Cs)alkynyl, heterocycloalkyl,
halo(C,-Cg)alkyl, halo(C;-Cg)alkoxy, mono or
di(C,-C¢)alkylamino, amino(C;-C¢)alkyl, and mono- and
di (C,-Cg¢) alkylamino (C,-Cg) alkyl;

Rs represents hydrogen, (C;-Cglalkyl, (C;.Cg)cycloalkyl, (C;-
Ces) cycloalkyl (C;-Cg)alkyl, phenyl, benzyl, thiocphenyl,
thiazoyl, pyridyl, imidazolyl, pyrazolyl: or pyrimidinyl;

Rg and R, independently represent hydrogen, fluorine, or C;-Cg
alkyl; and

W represents phenyl, thienyl, thiazoyl, pyridyl, imidazolyl,
oxazolyl, triazolyl, tetrazolyl, pyrazolyl, isoxazolyl, '
or pyrimidinyl, each of which is optionally substituted
with up to 4 independently selected R;q; groups.

16. A compound or salt according to Claim 14, wherein:

R is independently selected at each occurrence from the group
consisting of hydrogen, halogen, and (C;-C;)alkyl;

Ri, Ry, and Ry are independently selected from hydrogen,
halogen, hydroxy, nitro, cyano, amino, (C;-Cg¢)alkyl, (C;-
Ce¢)alkoxy, (C3-Cg)cycloalkyl, (C;-Cy)cycloalkyl (C,-Cg) alkyl,
halo(C;-Cg)alkyl, halo(C,-Cs)alkoxy, mono or
di (C;-Cg)alkylamino, amino(C,-Cg)alkyl, and mono- and
di (C;-Cg¢) alkylamino (C,-Cg)alkyl;

Rs represents (C;-Cg¢)alkyl;

Q is CH;; and
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W represents phenyl, furanyl, thienyl, thiazoyl, pyridyl,
imidazolyl, oxazolyl, triazolyl, tetrazolyl, pyrazolyl,
isoxazolyl, pyrimidinyl, benzimidazolyl, quinolinyl,
isoquinolinyl each of which is optionally substituted
with up to 4 R, groups.

17. A compound or salt according to Claim 16 wherein
Ri, Ry, and Ry are independently selected from hydrogen,
halogen, trifluoromethyl, C,-C; alkyl, and cyano; and
W is phenyl, pyridyl, or thiazolyl, each which is optionally
gsubstituted by one or more substituents independently
chosen from halogen, cyano, hydroxy, oxo, C;-Cihaloalkyl,
C:-Cjalkyl, and C,-C; alkoxy.

18. A compound or salt according to Claim 17, wherein W
is 2-thiazolyl, 2-pyrimidinyl, 3-fluorophenyl, or 6-fluoro-2-
pyridinyl.

15. A compound or salt according to Claim 17, wherein R,
R;, and Ry, are hydrogen.

20. A compound or salt according to Claim 17, wherein Rg
is ethyl or n-propyl.

21. A compound or salt according to Claim 17 wherein

Ry is chosen from

i) hydrogen, halegen, hydroxy, nitro, cyano, amino,
halo{(C,-Cg)alkyl, and halo({C,-Cgs) alkoxy,

ii) €,-Cealkyl, C;-Csalkoxy, Ci3-Cpcycloalkyl, C;-Cgalkenyl, C;-
Csalkynyl, (Ci-Cgcycloalkyl)C;-Cqalkyl, -NH(Rjo), -
N(Ryg) (R11), (Rig)NH(C;-Cg)alkyl, (Rjye) (R11)N(C;-Cg)alkyl,
(heterocycloalkyl)alkyl, and heterocycloalkyl, each of
which is optionally substituted with 1, 2, 3, or 4 of Ry.

22. A compound or salt according to Claim 17 wherein
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R; is8 a group of the formula
o]
R
\
Rg

where J is N, CH, or C-(C;-Cs)alkyl and
R and Rc are independently selected from the group consisting
of hydrogen, (C;-Cg)alkyl, (Ca-Cs)alkenyl, {Ci-Cg)alkynyl,
C3;-Cs) cycloalkyl, and (Ci-Cycycloalkyl) (C,-C4)alkyl; or
Rp and R; and the atom to which they are attached form a
4- to l10-membered monocyclic or bicyclic ring, which
may contain '
a) one or more double bonds,
b) one or more of oxo, O, S, SO, S0O;, and N-R, wherein Ry
is hydrogen or (C;-Cg¢)alkyl; -
c) one or more substituents Rip.

23. A compound or salt according to Claim 17 wherein
R; is a group of the formula:

G
gf R

where G is a bond or C;-C;alkyl; and

Ra 18 a saturated, partially unsaturated, or aromatic -
carbocycle, consisting of 1 ring or 2 fused, pendant, or
spiro rings, each ring containing 0, 1, or 2 heteroatoms
independently chosen from N, S, and O, said saturated,
partially unsaturated, or aromatic carbocycle is
optionally substituted with 1, 2, 3, or 4 of Ry,.

24. A compound or salt according to Claim 23 wherein R, is
chosen from phenyl, pyrrolyl, pyrazolyl, thiazolyl,
isoxazolyl, triazolyl, tetrazolyl, oxadiazolyl, and oxazolyl
each of which is is optionally substituted with 1, 2, 3, or 4
of Rjg.

25. A compound or palt according to Claim 14, wherein:
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R is independently selecté& at each occurrence from the group
coneisting of hydrogen, halogen, and (C,-Cj;)alkyl;

Ry, R;; and Ry are independently selected from hydrogen,
halogen, hydroxy, nitro, cyano, amino, (C;-Cg)alkyl, (C;-
Cs) alkoxy, (C;-Cg)cycloalkyl, (C3-Cs)cycloalkyl (C;-Cg)alkyl,
halo(C;-Cg)alkyl, halo(C,;-Cg)alkoxy, mono or
di (C,-Cg)alkylamino, amino(C,-Cg)alkyl, and mono- and
di (C,~-Cs) alkylamino (C,-Cg) alkyl;

Rs represents (C;-Cg)alkyl;

Q is CH;; and

W represents phenyl, furanyl, thienyl, thiazoyl, pyridyl,
imidazolyl, oxazolyl, triazolyl, tetrazolyl, pyrazolyl,
isoxazolyl, pyrimidinyl, benzimidazolyl, quinolinyl,
isoquinolinyl each of which is optionally substituted
with up to 4 R;; groups.

26. A compound or salt according to Claim 25 wherein
R;, Rz, and R, are independently selected from‘hydrogen,
halogen, trifluoromethyl, C;-C; alkyl, and cyano; and
W is phenyl, pyridyl, or thiazolyl, each of which is
optionally substituted by one or more substituents
independently chosen from halogen, cyano, hydroxy, oxo,
C,-Czhaloalkyl, C,-C; alkyl, and C,-C; alkoxy.

27. A compound or Balt according to Claim 26, wherein W
is 2-thiazolyl, 2-pyrimidinyl, 3-fluorophenyl, or 6-fluoro-2-

pyridinyl.

28. A compound or salt according to Claim 26, wherein R,
R,, and R, are hydrogen.

29. A compound or salt according to Claim 26, wherein Rg

is ethyl or n-propyl.

30. A compound or salt according to Claim 26 wherein
R; is chosen from
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i) hydrogen, halogen, hydroxy, nitro, cyano, amino, halo{C,-
Cs)alkyl, and halo(C,-C;)alkoxy,

ii) C;-Cealkyl, C,-Cgalkoxy, C,-Cycycloalkyl, C;-Cgalkenyl, C,-
Cealkynyl, (Ci-Cgcycloalkyl)C;-Cialkyl, «NH(Ry5), -
N(R;o) (Ry;), (R1g) NH(C;-Cg)alkyl, (R;p) (Ry)N(C;-Cg)alkyl,
(heterocycloalkyl)C;-Cqalkyl, and heterocycloalkyl, each
of which is optionally substituted with 1, 2, 3, or 4 of
Rao.

31. A compound or salt according to Claim 26 wherein
R; is a group of the formula

0
e
\
Re

where J is N, CH, or C-{(C,-Cg¢)alkyl and
Ry and R; are independently selected from the group consiasting
of hydrogen, (C;-Cg)alkyl, (Ci-Cg)alkenyl, (Cz-Cg)alkynyl,
Cy-Cg)cycloalkyl, and (C;-Cgscycloalkyl) (C,-Ce)alkyl; or
Rs and R; and the atom to which they are attached form a
4- to 10-membered monocyclic or bicyclic ring, which
may contain
a) one or more double bonds,
b) one or more of oxo, O, §, S0, S0;, and N-Rp wherein Rp
) is hydrogen or (C;-Cs)alkyl;
c) one or more substituents Rag -

32. A compound or salt according to Claim 26 wherein
Ry is a group of the formula:

G
§/ Nk,

where G is a bond or C;-Czalkyl; and

Rp i®s a saturated, partially unsaturated, or aromatic
carbocycle, consisting of 1 ring or 2 fused, pendant, or
spiro rings, each ring containing 0, 1, or 2 heterocatoms
independently chosen from N, S, and O, said saturated,
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optionally substituted with 1, 2, 3, or 4 of Ryg.

33. A compound or salt according to Claim 32 wherein R, is
chosen from phenyl, pYrrolyl, pyrazolyl, thiazolyl,
isoxazolyl, tz:iazolyl, tetrazolyl, oxadiazolyl, and oxazolyl
each of which is is optionally substituted with 1, 2, 3, or 4
of Ryg.

34. A compound or salt according to Claim 26 wherein
Ry is -HC=N-OH or -HC=N(C;-C; alkoxy).

35. A compound or salt according to Claim 6 of the

formula

\ R R
Re 1
wherein R, R;, Ra, Ri, Ry, Rs, Rg; Ry, and W are as defined in
Claim 6.

36. A compound or salt according to Claim 35, wherein:

R is independently selected at each occurrence from the group

consisting of

i) hydrogen, halogen, (C;-Cglalkyl, (Cy-C)cycloalkyl, (C,-
Cs) cycloalkyl (C,-Cg) alkyl, (C;-C¢)alkoxy, halo(C,-Cg)alkyl,
halo(C;-Cg)alkoxy, and

ii) phenyl and pyridyl each of which is optionally substituted
with up to 3 substituents independently chosen from.
halogen, hydroxy, C,.salkyl, and -0(C,_,alkyl);

R;, R;, R;, and R, are independently selected from hydrogen,
halogen, hydroxy, nitro, cyano, amino, (C;-Cg)alkyl, (C,-
Cs) alkoxy, (C3-Cg)cycloalkyl, (Ci3-Cy)cycloalkyl (C,-Cg)alkyl,
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(C;-Cg)alkenyl, (C;-Cs)alkynyl, heterocycloalkyl, halo(C,-
Cs)alkyl, halo(C,-Cs)alkoxy, mono or di{(C,-Cg)alkylamino,
amino (C,-Cg)alkyl, and mono- and di{C;-Cg)alkylamino{C,-
Cs)alkyl; _

Rs represents hydrogen, (C,-C¢)alkyl, (C;.Cy)cycloalkyl, (C,-
Cg) cycloalkyl (C;-Cg)alkyl, phenyl, benzyl, thiophenyl,
thiazoyl, pyridyl, imidazolyl, pyrazolyl, or pyrimidinyl;

R¢ and R; independently represent hydrogen, fluorine, or C;-Cg
alkyl; and

W represents phenyl, thienyl, thiazoyl, pyridyl, imidazolyl,
oxazolyl, triazolyl, tetrazolyl, pyrazolyl, isoxazolyl,
or pyrimidinyl, each of which is optionally substituted
with up to 4 Rys groups.

37. A compound or salt according to Claim 35, wherein:
W represents a 6-membered aryl or heterocaryl groups, wherein
the 6-membered aryl or hetercaryl group is optionally
substituted with up to 4 groups independently-selected from
Rje, -COsH,
-C(=0)ORg, -C(=O)NHRg, -C(=O)NRzRp, -C(O)Rg, -S(O) Rz, and -ORy;
and m is 0, 1, or 2.

38. A compound or salt according to Claim 35, wherein:
W represents a 5-membered hetercaryl group, wherein the 5-
membered heterocaryl group is optionally substituted with up to
4 groups independently selected from R;q, -CO;H, -C(=0)ORg,
-C(=O)NHRg, -C{=O)NRgRy, -C(O)}Rg, -S(O).Rg, and -ORz, and m is 0,
1, or 2.

39. A compound or salt according to Claim 35, wherein:

R is independently selected at each occurrence from the group

. consisting of hydrogen, halogen, and (C,-C;)alkyl;

Ry, R;, and R, are independently selected from hydrogen,
halogen, hydroxy, nitro, cyano, amino, (C,-Cg)alkyl, (C,-
Cg)alkoxy, (C3-Cy)cycloalkyl, (Cy;-Cs)cycloalkyl (Cy-Cs)alkyl,
halo{C,-Cg)alkyl, halo(C,-Cs)alkoxy, mono or di(C,-
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Ce¢)alkylamino, amino(C,-Cg)alkyl, and mono- and di (C,-
Cgs)alkylamino (C,-Cg)alkyl;

Rs; represents (C,-Cg)alkyl;

R¢ and R, are hydrogen; and

W represents phenyl, furanyl, thienyl, thiazoyl, pyridyl,
imidazolyl, oxazolyl, triazolyl, tetrazolyl, pyrazolyl,
isoxazolyl, pyrimidinyl, benzimidazolyl, quinolinyl,
isoquinolinyl each of which is optionally substituted
with up to 4 Ry groups.

40. A compound or salt according to Claim 39 wherein
R;, R;, and Ry, are independently selected from hydrogen,
halogen, trifluoromethyl, C,-C; alkyl, and cyano; and
W is phenyl, pyridyl, or thiazolyl, each which is optionally
substituted by one or more substituents independently
chosen from halogen, cyano, hydroxy, oxo, C,-Czhaloalkyl,
C,-Csalkyl, and C;-C; alkoxy.
41. A compound or salt according to Claim 40, wherein W
ip 2-thiazolyl, 2-pyrimidinyl, 3-fluorophenyl, or 6-fluoro-2-
pyridinyl.

42. A compound or salt according to Claim 40, wherein R,
R;, and R, are hydrogen.

43. A compound or salt according to Claim 40, wherein Rg
is ethyl or n-propyl.

44, A compound or salt according to Claim 40 wherein

R; is chosen from

i} hydrogen, halogen, hydroxy, nitro, cyano, amino, halo(C;-
C¢)alkyl, and halo(C,-Cg) alkoxy,

ii) C,-Cgalkyl, C,-Csalkoxy, C;-Cycycloalkyl, C;-Cgalkenyl, C;-
Csalkynyl, (C3;-Cacycloalkyl) C;-Cqalkyl, -NH(Ryo), -
N{Rjo) (R11), (Ryo}NH(Cy-Cg)alkyl, (Ryp) (R11)N(C,-Cg)alkyl,
(heterocycloalkyl)(C,-Csalkyl, and heterocycloalkyl, each
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of which is optionally substituted with 1, 2, 3, or 4 of
Rao. )

45. A compound or salt according to Claim 40 wherein
5 K3 is a group of the formula

0
£
\
Re

where J is N, CH, or C-(C:~-Cg)alkyl and
Rz and Re are independently selected from the group consisting
of hydrogen, (C;-Cg¢)alkyl, (Cz-C¢)alkenyl, (C;-Cg)lalkynyl,
10 C;-Cg)cycloalkyl, and (C;-Cycycloalkyl) (Ci-Cs)alkyl; or
Ry and R and the atom to which they are attached form a
4- to 10-membered monocyclic or bicyclic ring, which
may contain
a) one or more double bonds,
15 b) one or more of oxo, O, S, S0, SO;, and N-Rp, wherein Rp
is hydrogen or (C,-Cg)lalkyl;
c) one or more substituents Ryg.

46. A compound or Balt according to Claim 40 wherein
20 R; is a group of the formula:

G
gf Nk,

where G is a bond or C;-C;alkyl; and
Ra is a saturated, partially unsaturated, or aromatic
carbocycle, consisting of 1 ring or 2 fused, pendant, or
25 spiro rings, each ring containing 0, 1, or 2 hetercatoms
independently chosen from N, S, and O, said saturated,
partially unsaturated, or aromatic carbocycle is
optionally substituted with 1, 2, 3, or 4 of Ry.

30 47. A compound or salt according to Claim 46 wherein R, is

chosen from phenyl, pyrrolyl, pyrazolyl, thiazolyl,
isoxazolyl, triazolyl, tetrazolyl, oxadiazolyl, and oxazolyl

-256-



10

15

20

25

30

as

each of which is is optionally substituted with 1, 2, 3, or 4
of Rj.

48. A compound or salt according to Claim 40 wherein
R; is -HC=N-COH or -HC=N (C,-Cealkoxy) .

49. A compound or salt according to Claim 35, wherein:

R is independently selected at each occurrence from the group
consisting of hydrogen, halogen, and (C,-C;)alkyl;

R;, Rz, and R, are independently selected from hydrogen,
halogen, hydroxy, nitro, cyano, amino, (C;-Cg)alkyl, (C,-
Ces)alkoxy, (C3-Cg)cycloalkyl, (C3-Cg)cycloalkyl (C;-Cg)alkyl,
halo(C;-Cg)alkyl, halo(C,-Cs)alkoxy, mono or di(C,-
Cs)alkylamino, amino(C,-Cg)alkyl, and mono- and di(C;-
Cs)alkylamino (C;-Cg) alkyl;

Rs representa (C,-Cg)alkyl;

Rs and R, are hydrogen; and

W represents phenyl, furanyl, thienyl, thiazoyl, pyridyl,
imidazolyl, oxazolyl, triazolyl, tetrazolyl, pyrazolyl,
isoxazolyl, pyrimidinyl, benzimidazolyl, quinolinyl,
isoquinolinyl each of which is optionally substituted
with up to 4 Ry, groups.

50. A compound or salt according to Claim 49 wherein
R;, R;, and R, are independently selected from hydrogen,
halogen, trifluoromethyl, C,-C; alkyl, and cyano; and
W is phenyl, pyridyl, or thiazolyl, each which is optionally
substituted by one or more substituents independently
chosen from halogen, cyano, hydroxy, oxo, C;-C;haloalkyl,
C;-Cialkyl, and C;-C; alkoxy.

51. A compound or salt according to Claim 50, wherein W

is 2-thiazolyl, 2-pyrimidinyl, 3-fluorophenyl, or 6-fluoro-2-
PYridinyl.
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52. A compound or salt according to Claim 50, wherein R,
R,, and R, are hydrogen.

53. A compound or salt according to Claim 50, wherein Rg
is ethyl or n-propyl.

. 54. A compound or salt according to Claim 50 wherein

R; is chosen from

i} hydrogen, halogen, hydroxy, nitro, cyano, amino, halo(C;-
Cs)alkyl, and halo(C;-Cg)alkoxy,

ii) C,-Csalkyl, C,-Cgalkoxy, Ci-Chpcycloalkyl, C;-Cgalkenyl, Cp-
Cealkynyl, (Cy;-Cycycloalkyl)C,-Cialkyl, -NH(R;), -
N(Ryo) (R11), (Ryo) NH(C,-Cg)alkyl, (Ryq) (Ry;)N(C,-Cg)alkyl,
(heterocycloalkyl) C,-Cqalkyl, and heterocycloalkyl, each
of which is optionally substituted with 1, 2, 3, or 4 of
Rap-

55. A compound or salt according to Claim 50 wherein
R; ie a group of the formula

0
éJ\J/R!
ke
where J is N, CH, or C-(C;-Cg)alkyl and
Ry and Rc are independently selected from the group comnsisting
of hydrogen,. {C,-Cs)alkyl, (Ci-Cglalkenyl, (Cz-Cg)alkynyl,
Cy-Cg)cycloalkyl, and (C;-Cycycloalkyl) (C,-C,)alkyl; or
Rp and R; and the atom to which they are attached form a
4- to l0-membered monocyclic or bicyclic ring, which
may contain
a) one or more double bonds,
b) one or more of oxo, O, S, S0, 80;, and N-Rp, wherein Rp

is hydrogen or (C,-Cg)alkyl;
c) one or more substituents Rjq.

56. A compound or salt according to Claim 50 wherein
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R; is a group of the formula:

G
é/ R,

where G is a bond or C;-Calkyl; and

Ry is a saturated, partially unsaturated, or aromatic
carbocycle, consisting of 1 ring or 2 fused, pendant, or
spiro rings, each ring containing 0, 1, or 2 heterocatoms
independently chosen from N, S, and O, said saturated,
partially unsaturated, or aromatic carbocycle is
optionally substituted with 1, 2, 3, or 4 of R;,.

57. A compound or salt according to Claim 56 wherein R, 1s
chosen from phenyl, pPyrrolyl, pyrazolyl, thiazolyl,
isoxazolyl, triazolyl, tetrazolyl, oxadiazelyl, and oxazolyl
each of which is is optionally substituted with 1, 2, 3, or 4
of Rig.

58. A compound or salt according to Claim 50 wherein
R; is -HC=N-OH or -HC=N(C,-Csalkoxy) .

59. A compound or salt according to Claim 3 wherein:
Z, is CR;; Z3; is CRa; 2Z; is CRy; Z, is CRy;
X, 18 carbon; X; is nitrogen; X; is CR; X, is nitrogen; and Q is -
C(Rg) (Ry) . '

60. A compound or salt according to Claim 3 wherein
Zy iB CRy; Z; is CR3; Z; ias CRa; Z, 18 CRy;
X, is carbon; X; 1s nitrogen; X; is nitrogen; X, is CR; and Q is
C(R¢) (Ry) .

_ 61. A compound or salt according to Claim 3 wherein
Z is CR;; 23 is CRy; 23 is CRy; Z, is CRy;

X, is carbon; X; is carbon; X; is S; and X, is CR.

62. A compound or salt according to Claim 6§1 wherein Q is
C(Rg) (R,) .
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63. A compound or salt according to Claim 2, wherein
Z, is CR); 25 i8 CRy; 2y is CR;; Z, is CR,;
and the group

@"v“..

w is W,

64. A compound or salt according to Claim 63 wherein Q is
C{(R¢) (Rq) .

65. A compound or salt according to Claim 3 wherein
Z, is CRy; 2, i8 CRy; Z; is CRy; 2 is CRy;
X, is nitrogen; X; is carbon; X; is nitrogen; and X, is CR.

66. A compound or salt according to Claim 3 wherein
4 is CRy; Zj is CRa; Z3 is CRa3; Z, is CR,;
X, is carbon; X; is carbon; X; is NH or N{(C,-Cealkyl); and X, is
CR.

67. A compound or salt according to Claim 3 wherein
Z, is CR;; 2Z; is CR;; Z; is CR;; Z4 is CR,;
X, is_carbon; X; is nitrogen; X; is nitrogen; X, is nitrogen;
and Q is C(Re) (Ry) '

68. A compound or salt according to Claim 2, wherein
% is CR;; Z3 is CR;; Z; is CR); Z, is CRy;
and the group

(oY ",
xz-x
W is W,

69. A compound or salt according to Claim 3, wherein
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2, is CR;; 2, is CRy; Z, is CR;; Z, is CRy;
X, is nitrogen; X; is carbon; X; is CR; and X, is nitrogen.

70. A compound or salt according to Claim 69 wherein Q is
C(Rg) (R,) .

71. A compound or salt according to Claim 3, wherein
Z, is8 CR;; Z; is CR;; Z, is CRy; Z, is CRy;
X, is nitrogen; X; is carbon; X, is nitrogen; and X, is
nitrogen.

72. A compound or salt according to Claim 71 wherein Q is
C(Rg) (Ry) .

73. A compound or salt according to Claim 1 wherein one
and only one of Z,, Z;, 2, and Z, is nitrogen.

74. A compound or salt according to Claim 2 wherein one
and only one of Z,, Z;, Z, and 2, is nitrogen.

75. A compound or salt according to Claim 3 wherein
one and only one of 2;, Z;, Z), and Z, is nitrogen.

76. A compound or salt according to Claim 75 wherein
either Z; or Z, is nitrogen; and
W represents a 5-membered heteroaryl group, the S-membered
heteroaryl group is optionally substituted with up to 4
groups independently selected from R;;, -CO;H, -C(=0)ORg, -
C(=Q)NHRg, -C(=0)NRgRp, -C{O)Rg, and -5{0)aRg, -ORg, where
Rjo and Rg are as defined above and m is 0, 1, or 2.

77. A compound or salt according to Claim 76, wherein
X; is carbon; and Q is oxygen.

78. A compound or salt according to Claim 7'6, wherein
X; is N; and Q is C(Rs) (R,) .
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79. A compound or salt accorxding to Claim 76, wherein
X; is carbon; and Q is C(Rg) (Rq).

80. A compound or salt according to Claim 76, wherein X,
is carbon; X3 is N; and Q is C(Rs) (Rq) .

Bl. A compound or salt according to Claim 76, wherein X,
is nitrogen; X; is carbon; and Q is C(Rg) (Rq).

82. A compound or salt according to Claim 76 of the
formula
R

Ry R X
Ra %N
N N\<
N l >\]<
h{ Re Ry
R, Rs

w
wherein R, R;, R;, Ry, Rs, Rs, Ry, and W are as defined in Claim
76.

83. A compound or salt according to Claim 82, wherein:

R is independently selected at each occurrence from the group

consisting of

i) inydrogen, halogen, (C,-Cg)alkyl, {C;-Cs)cycloalkyl,
(C3-Cy) cycloalkyl (Cy-Cg) alkyl, (C,-Cg)alkoxy,
halo(C;-Cg)alkyl, halo(C;-Cs)alkoxy, and

ii) phenyl and pyridyl each of which is optionally substituted
with up to 3 substituents independently choasen from
halogen, hydroxy, C;.4alkyl, and -0(C;..alkyl);

Ri, Rz, and R, are independently selected from hydrogen,
halogen, hydroxy, nitro, cyano, amino, (C,-Cg)alkyl, (C,-
Cs) alkoxy, (Ci;-Ca)cycloalkyl, {(C;-Cy)cycloalkyl (C,-Cg)alkyl,
(C2-Cg)alkenyl, {(C;-Cg)alkynyl, heterocycloalkyl, halo(C,-
C¢) alkyl, halo(C;-Cg)alkoxy, mono or di(C;~Cg)alkylamino,
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amino (C;-Cg) alkyl, and mono- and di{C,-Cg¢)alkylamino(C,-
Cslalkyl;

Rs; represents hydrogen, (C,-Cg)alkyl, (C;.Cg)lcycloalkyl, (C,-
Cs)cycloalkyl (C;-Cg)alkyl, phenyl, benzyl, thiophenyl,
thiazoyl, pyridyl, imidazolyl, pyrazolyl, or pyrimidinyl;

R¢ and R, independently represent hydrogen, fluorine, or C;-Cg
alkyl; and

W represents thienyl, thiazolyl, imidazolyl, oxazolyl,
triazolyl, tetrazolyl, pyrazolyl, or isoxazolyl each of
which is optionally subatituted with up to 4 R;; groups.

84. A compound or salt according to Claim 82, wherein:

R is independently selected at each occurrence from the group
consisting of hydrogen, halogen, and (C,-C;)alkyl;

R, and R, are independently selected from hydrogen, halogen,
hydroxy, nitro, cyano, amino, (C,-Cg)alkyl, (C,-C¢)alkoxy,
(C3-Cyg) cycloalkyl, (C3-Cy)cycloalkyl (C;-Cg)alkyl, halo(C,-
C¢)alkyl, halo(C,;-Cg)alkoxy, mono or di(C;-Cg)alkylamino,
amino (C;-Cg¢)alkyl, and mono- and di{C,-Cg)alkylamino(C,-
Cs)alkyl;

Ry represents (C;-Cg)alkyl;

Rs and R; are hydrogen; and

W represents furanyl, thienyl, thiazoyl, imidazolyl, .oxazolyl,
triazolyl, tetrazolyl, pyrazolyl, or isoxazolyl, each of
which is optionally substituted with up to 4 R;p groups.

85. A compound or salt according to Claim 84 wherein

Ry and R, are independently selected from hydrogen, halogen,
trifluoromethyl, C;-C; alkyl, and cyano; and

W is thiazolyl which is optionally substituted by one or more
substituents independently chosen from halogen, cyano,
hydroxy, oxo, C,-Cihaloalkyl, C;-Cialkyl, and C,-C; alkoxy.

86. A compound or salt according to Claim 85, wherein W

is 2-thiazolyl.
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87. A compound or salt according to Claim 85, wherein R,
R;, and Ry are hydrogen.

88. A compound or salt according to Claim 85, wherein Rs
is ethyl or n-propyl.

89. A compound or salt according to Claim 85 wherein

R; is chosen from .

i) hydrogen, halogen, hydroxy, nitro, cyano, amino, halo(C;-
Cg)alkyl, and halo(C,-Cg) alkoxy,

ii) C;-Cgalkyl, C,-Czalkoxy, C;-Cscycloalkyl, C;-Cgalkenyl, C;-
Csalkynyl, (C;-Cscycloalkyl)C;-Csalkyl, -NH{(Ryo), -
N{Ryq) (R11), (R1gJNH(C;-Cg)alkyl, (Riq) (R1:)N({C,-Cg)alkyl,
(heterocycloalkyl) C,-Cialkyl, and heterocycloalkyl, each
of which is optionally substituted with 1, 2, 3, or 4 of
Rasn.

90. A compound or salt according to Claim 85 wherein
R, is chosen from hydrogen, halogen, hydroxy, nitro, cyano,
amino, halo{(C,-Cg)alkyl, and halo(C;-C¢)alkoxy.

91. A compound or salt according to Claim 85 wherein
R; 18 a gzroup of the formula

éJ*J\;"'

where J is N, CH, or C-(C;-Cg¢)alkyl and

Rp and R. are independently selected from the group consisting
of hydrogen, (C,-C¢)alkyl, (C;-Cg)alkenyl, (C;-Cg¢)alkynyl,
Cy-Cy) cycloalkyl, and (C;-Cgcycloalkyl) (C;-C4)alkyl; or

Ry and R; and the atom to which they are attached form a 4- to
10-membered monocyclic or bicyclic ring, which may
contain .
a) one or more double bonds,
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b) one or more of oxo, O, 8, S0, S0, and N-Rp wherein Rp
is hydrogen or (C;-Cs)alkyl; and/ozx
c) one or more substituenta Rag.

92. A compound or salt according to Claim B5 wherein

R; is a group of the formula:
/G\
-E RA

where G is a bond or C;-Cjalkyl; and

Rp, is a saturated, partially unsaturated, or aromatic
carbocycle, consisting of 1 ring or 2 fused, pendant, or
epiro rings, each ring containing 0, 1, or 2 heteroatoms
independently chosen from N, S, and O, said saturated,
partially unsaturated, oxr aromatic carbocycle is
optionally substituted with 1, 2, 3, or 4 of Ry,.

93. A compound or salt according to Claim 92 wherein R, is
chosen from phenyl, Pyrrolyl , pyrazc;lyl . thiazolyl,
isoxazolyl, triazolyl, tetrazolyl, oxadiazolyl, and oxazolyl
each of which is is optionally substituted with 1, 2, 3, or 4
of Rjye.

94. A compound or salt according to Claim 85 wherein
R; is -HC=N-OH or -HC=sN{C,-Cgalkoxy) .

95. A compound or salt according to Claim 76 of the

formula
R

Ry R\%
N
N N N\<
R,);HLHR, w
\ Rs
Re T

wherein R, R;, Ry, Ry, Rs, Rg, Ry, and W are as defined in Claim
76.
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96. A compound or salt according to Claim 75, wherein:

R is independently selected at each occurrence from the group

consisting of

i) hydrogen, halogen, (C;-Cg)alkyl, (C;-Cs)cycloalkyl,

(C3-Cs) cycloalkyl (C;-Cg) alkyl, (C,-Cg)alkoxy,
halo{(C;-Cs)alkyl, halo(C;-Cg)alkoxy, and

ii) phenyl and pyridyl each of which is optionally substituted
with up to 3 substituents independently chosen from
halogen, hydroxy, C;..alkyl, and -0(C,_,alkyl);

R;, R;, and R, are independently selected from hydrogen,
halogen, hydroxy, nitro, cyano, amino, (C;-Cg¢)lalkyl, (C,-
Cg) alkoxy, (C3-Cg)cycloalkyl, (C;-Cs)cycloalkyl (C;-Cg)alkyl,
(C2-Ce¢)alkenyl, (C;-Cg¢)alkynyl, heterocycloalkyl,
halo(C;-Cg)alkyl, halo(C;-Cg) alkoxy, mono or
di (C,-C¢)alkylamino, amino(C;-Cg)alkyl, and mono- and
di {C,-Cs) alkylamino (C;-Cg) alkyl;

R; represents hydrogen, (C,-Cg)alkyl, (C;.Cyicycloalkyl, (C,-
Cg) cycloalkyl (C,-C¢)alkyl, phenyl, Dbenzyl, thiophenyl,
thiazoyl, pyridyl, imidazolyl, pyrazolyl, or pyrimidinyl;

R¢ and R, independently represent hydrogen, fluorine, or C,-Cg
alkyl; and

W represents thienyl, thiazoyl, imidazolyl, oxazolyl, -
triazolyl, tetrazolyl, pyrazolyl, or isoxazolyl each of
which is optionally substituted with up to 4 Rs; groups.

97. A compeound or salt according to Claim 95, wherein:
R is independently selected at each occurrence from the group
consisting of hydrogen, halogen, and (C;-C;)alkyl; '
R, and R, are independently selected from hydrogen, halogen,
hydroxy, nitro, cyano, amino, (C;-Cg)alkyl, (C,-Cg)alkoxy,
(C3-Cg)ecycloalkyl, (C;-Cy)cycloalkyl (C;-Cg)alkyl,
halo{C,-Cglalkyl, halo(C,-C;)alkoxy, mono or
di (C,-Cg)alkylamino, amino(C;-Cg¢)alkyl, and mono- and
di {C,-Cg) alkylamino (C;-Cg)alkyl;
Rs represents (C,-Cg)alkyl;
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R; and R, are hydrogen; and

W represents furanyl, thienyl, thiazoyl, imidazolyl, oxazolyl,
triazolyl, tetrazolyl, pyrazolyl, or isoxazolyl, each of
which is optionally substituted with up to 4 R;s groups.

98. A compound or salt according to Claim 97 wherein

R, and R, are independently selected from hydrogen, halogen,
trifluoromethyl, C,-C; alkyl, and cyano; and

W is thiazolyl which is optionally substituted by one or more
substituents independently chosen from halogen, cyano,
hydroxy, oxo, C,-Czhalocalkyl, C,-C;alkyl, and C,-C, alkoxy.

99. A compound or salt according to Claim 98, wherein W
ig 2-thiazolyl.

100. A compound or salt according to Claim 58, wherein R,
R;, and Ry are hydrogen.

101. A compound or salt according to Claim 98, wherein Ry
is ethyl or n-propyl.

102. A compound or salt according to Claim 98 wherein

R; 18 chosen from

i) hydrogen, halogen, hydroxy, nitro, cyano, amino, halo(C,-
Cs)alkyl, and halo({C,-C¢)alkoxy, and

ii) C;-Cgalkyl, C,-Cgalkoxy, Cj;-Cscycloalkyl, C;-Cgalkenyl, C;-
Csalkynyl, (Ci-Cgcycloalkyl) C;-Csalkyl, -NH(Ryo), -
N(Ryo) (R11), (Ryo)NH{C;-Cg)alkyl, (Ry) (R1)N(C,-Cg)alkyl,
(heterocycloalkyl)}C,;-Csalkyl, and heterocycloalkyl, each
of which is optionally substituted with 1, 2, 3, or 4 of
Rao-

103. A compound or salt according to Claim 102 wherein

Ry is chosen from hydrogen, halogen, hydroxy, nitro, cyano,
amino, halo(C,-Cglalkyl, and halo(C,;-C¢)alkoxy.
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104. A compound or salt according to Claim 98 wherein
Ry is a group of the formula

O
.EJI\J/"'
\
Re

where J is N, CH, or C-(C;-Cg)alkyl and

Ry and Rc are independently selected from the group consisting
of hydrogen, (C,-Cg)lalkyl, (Ca2-Cg)alkenyl, (C3-Cg)alkynyl,
C;-Cy)cycloalkyl, and (C;-Cscycloalkyl) (C,-Cq)alkyl; or

Rg and Re and the atom to which they are attached form a 4- to
10-membered monocyclic or bicyclie ring, which may
contain
a) one or more double bonds,
b) one or more of oxo, O, S, 80, S0,;, and N-R;, wherein R;

is hydrogen or (C;-Cg)alkyl; and/or

c) one or more substituents Ryp.

105. A compound or salt according to Claim 98 wherein
Ry is a group of the formula:

G
.gf R,
where G is a bond or C;-Czalkyl; and
R, is .a saturated, .partially unsaturated, or aromatic

carbocycle, conaisting of 1 ring or 2 fused, pendant, or
spiro rings, each ring containing 0, 1, or 2 hetercatoms
independently chosen from N, S, and O, said saturated,
partially unsaturated, or aromatic carbocycle is
optionally substituted with 1, 2, 3, or 4 of Ry,.

106. A compound or salt according to Claim 105 wherein R,
is chosen from ©phenyl, pyrrolyl, pyrazolyl, thiazolyl,
isoxazolyl, triazolyl, tetrazolyl, oxadiazolyl, and oxazolyl
each of which is is optionally substituted with 1, 2, 3, or 4
of Ras.
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107. A compound or salt according to Claim 98 wherein
R; is -HCaN-OH or -HC=N(C;-Cgalkoxy) .

108. A compound or salt according to Claim 76 wherein:
X, is carbon; X; is nitrogen; X; is CR; and X, is nitrogen; and
Q is C(Rg) (Ry).

109. A compound or salt according to Claim 76 wherein
X, is carbon; X; is nitrogen; X, is nitrogen; X, is CR; and Q is

C(Rg) (Ry) .

110. A compound or salt according to Claim 76 wherein
X, is carbon; X; is carbon; X, is S; and X, is CR.

111. A compound or salt according to Claim 110 wherein Q
is C(R¢) (Ry).

112. A compound or Balt according to Claim 76 wherein
X; 1s nitrogen; X; is carbon; X; is nitrogen; and X, is CR.

113. A compound or salt according to Claim 76 wherein
X, is carbon; X; is carbon; X, is NH or N(C,-Csalkyl); and X, is
CR.

114. A compound or salt according to Claim 76 wherein
X, is carbon; X; is nitrogen; X; is nitrogen; X; is nitrogen;
and Q is C(Rg) (Ry) .

115. A compound or salt according to Claim 74, wherein
either Z, or Z; is nitrogen;
and the group

@) %
%'Xz- X 1\ S
W ig W; and

-269-



10

15

20

25

30

as

W represents a 5-membered heteroaryl group, the 5-membered

heteroaryl group is optionally substituted with up to 4 groups
independently selected from Rjg, -CO;H, -C{=0)ORg, -C(=0)NHRg, -
C{=0)NRgRy, -C(O)Rg, and -S(0)uwRz, -ORg, where R;; and Rg are as

defined above and m is 0, 1,

116. A compound or salt

X, is nitrogen; X, is carbon;

118. A compound or salt
is C(Rg) (Ry).

119. A compound or salt
X; is nitrogen; X, is carbon;

nitrogen.

120. A compound or salt
is C(R¢) (Rq).

121. A compound or salt

or 2.

according to Claim 76, wherein
X; is CR; and X, is nitrogen.

according to Claim 117 wherein Q

according to Claim 76, wherein
X; is nitrogen; and X, is

according to Claim 119 wherein Q

according te Claim 75 wherein

either Z; or Z; is nitrogen; and

W represents a 6-membered aryl or heteroaryl group, the 6-

membered aryl or heteroaryl group is optionally

substituted with up to 4 groups independently selected
from Ry, -CO;H, -C{=0)}ORg, -C{(=O)NHRg, -C{=0)NRgRp, -
C{O)Rg, and -S{0),Rz, -ORg, where Ry, and Rz are as defined

above and m is 0, 1, or

122. A compound or salt

2.

according to Claim 121, wherein

X; 18 carbon; and Q is oxygen.

123. A compound or salt
xg is N; and Q is C(R‘) (R-,) .

124. A compound or salt

according to Claim 121, wherein

according to Claim 121, wherein

X; is carbon; and Q is C(Rg) (Ry).
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125. A compound or salt according to Claim 121, wherein X;
is carbon; X; is N; and Q is C(Rg) (Ry).

126. A compound or salt according to Claim 121, wherein X,
is nitrogen; X; is carbon; and Q is C(Rg) (R;).

127. A compound or salt according to Claim 121, wherein Q
is C(R¢) (Ry) .

128. A compound or salt according to Claim 121 of the .

formula
R
Ry R = N
R
2 NHN\(
N w
\ ReR
Re Rs

wherein R, R;, Ra, Ry, Rs, Rg, Ry, and W are as defined in Claim
121.

129. A compound or salt according to Claim 128, wherein:

R is independently selected at each occurrence from the group

consisting of

i) ‘hydrogen, halogen, (C;-C¢)alkyl, (C;~Cs)cycloalkyl,
(C;3-Cg) cycloalkyl (C,-Cg)alkyl, (C1-Cg)alkoxy,
halo(C;-Cg)alkyl, halo(C,-Cg¢)alkoxy, and

ii) phenyl and pyridyl each of which is optionally substituted
with up to 3 substituents independently chosen from
halogen, hydroxy, C,.,alkyl, and -0(C;_salkyl);

R;, R;, and R, are independently selected from hydrogen,
halogen, hydroxy, nitro, cyano, amino, (C,-Cg)alkyl, (C;-
Cs) alkoxy, (Cy-Cs)cycloalkyl, {(C3-Cg)cycloalkyl (C;-Cg)alkyl,
(C;-Cg)alkenyl, (Ca-Cg)alkynyl, heterocycloalkyl,
halo{C;-C¢)alkyl, halo(C;-Cg)lalkoxy, mono or
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di (C;-Cg) alkylamino, amino(C,-C4) alkyl, and mono- and
di (C;-Cg) alkylamino (C;-Cg) alkyl;

Rs represents hydrcgen, (C;-Cglalkyl, (C;.Cs)cycloalkyl, (C;-
Ca)cycloalkyl(C,-Cg)alkyl, phenyl, benzyl, thiophenyl,
thiazoyl, pyridyl, imidazolyl, pyrazolyl, or pyrimidinyl;

Rs and R, independently represent hydrogen, fluorine, or C;-Cg
alkyl; and

W represents phenyl, pyrimidinyl, pyridyl, pyridizinyl, or
pyrazinyl, each of which is optionally substituted with
up to 4 Rjy groups.

130. A compound or salt according to Claim 128, wherein:

R is independently selected at each occurrence from the group
congisting of hydrogen, halogen, and (C;-C;)alkyl;

R; and R, are independently selected from hydrogen, halogen,
hydroxy, nitro, cyano, amino, (C,-Cg)alkyl, (C,-Cg)alkoxy,
{C;-Cg) cycloalkyl, (C3-Cs)cycloalkyl(C,-C¢)alkyl,
halo(C,-C¢)alkyl, halo(C,-Cg¢)alkoxy, mono-or
di (C;-Cg) alkylamino, amino(C,-Cg)alkyl, and mono- and
di (C,-Cg) alkylamino (C;-Cg) alkyl;

Rs represents (C,-Cg)lalkyl;

Rg and R; are hydrogen; and

W represents phenyl, pyrimidinyl, pyridyl, pyridizinyl, or
pyrazinyl each of which is optionally substituted with up
.to 4 Ry groups.

131. A compound or salt according to Claim 130 wherein
R; and R, are independently selected from hydrogen, halogen,
trifluoromethyl, C;-C; alkyl, and cyano; and
W is phenyl or pyridyl, each of which is optionally
substituted by one or more substituents independently
chosen from halogen, cyano, hydroxy, oxo, C;-Cxhaloalkyl,
C,-Caalkyl, and C,-C; alkoxy.

132. A compound or salt according to Claim 131, wherein W
is 2-pyrimidinyl, 3-fluorophenyl, or 6-flucro-2-pyridinyl.
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133. A compound or salt according to Claim 131, wherein
R, R;, and R, are hydrogen.

134. A compound or salt according to Claim 131, wherein Ry
is ethyl or n-propyl.

135. A compound or salt according to Claim 131 wherein
R; is chosen from
i) hydrogen, halogen, hydroxy, nitro, cyano, amino, halo(C,-
Cs)alkyl, and halo(C,-Cg)alkoxy, and
ii) C,-Cgalkyl, C;-Cealkoxy, Ci-Cycycloalkyl, C;-Cgalkenyl, C,-
Csalkynyl, (Ci;-Cscycloalkyl)C,-Cs,alkyl, -NH(Ry,), -
N(Rio) (R11}, (Ria)NH(Cy-Cg)alkyl, (Ryo) (R;1}N(C,-Cq)alkyl,
{heterocycloalkyl)C,-C,alkyl, and heterocycloalkyl, each
of which is optionally substituted with 1, 2, 3, or 4 of
Rap.
136. A compound or salt according to Claim 135 wherein
R; is chosen from hydrogen, halogen, hydroxy, nitro, cyano,
amino, halo(C,;-Cg)alkyl, and halo(C;-Cs)alkoxy.

137. A compound or salt according to Claim 131 wherein

R; is a group of the formula
Q.
Ry
.g’lk_,/
A
Re

where J is N, CH, or C-(C;~C¢)alkyl and

Ry and Re are independently selected from the group consisting
of hydrogen, (C;-Cg)alkyl, (Cp;-Cg)alkenyl, (C3-Cg)alkynyl,
Cy-Cg) cycloalkyl, and (C;-Cyeycloalkyl) (C,-Ci)alkyl; or

Rz and R. and the atom to which they are attached form a 4- to
10-membered monocyclic or bicyclic ring, which may
contain
a) one or more double bonds,
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b) one or more of oxo, O, S, SO, §0;, and N-R, wherein R;
is hydrogen or (C,-Cg¢)alkyl;
c) one or more substituents Rzg.

138. A compound or salt according to Claim 131 wherein
R; is a group of the formula:

G
.gf g,
where G is a bond or C,-Csalkyl; and
Ra is a saturated, partially umsaturated, or aromatic

carbocycle, consisting of 1 ring or 2 fused, pendant, or
spiro rings, each ring containing 0, 1, or 2 heterocatoms
independently chosen from N, S, and O, said saturated,
partially unsaturated, or aromatic carbocycle is
optionally substituted with 1, 2, 3, or 4 of Ry.

139. A compound or salt according to Claim 138 wherein R,
is chosen £from phenyl, pyrrol.yl, pyraiolyl, thiazolyl,
isoxazolyl, triazolyl, tetrazolyl, oxadiazolyl, and oxazolyl
each of which is is optionally substituted with 1, 2, 3, or 4
of Rag.

140. A compound or salt according to Claim 131 wherein -
R; is -HC=N-OH or -HC=N(C;-Cgalkoxy).
141. A compound or salt according to Claim 121 of the

formula

wherein R, R;, Ra, Ry, Rs, Rg, R;, and W are as defined in Claim
141.
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142. A compound or salt according to Claim 141, wherein:

R is independently selected at each occurrence from the group

consisting of

i) hydrogen, halogen, (C;-C¢)alkyl, (Cy-Cy)cycloalkyl,

(C;-Cg) cycloalkyl {C;-Cg) alkyl, {C;-Cg)alkoxy,
halo(C;-Cg¢)alkyl, halo{C,;-C¢)alkoxy, and

ii) phenyl and pyridyl each of which is optionally substituted
with up to 3 substituents independently chosen £from
halogen, hydroxy, C,.,alkyl, and -0(C,..alkyl);

R;, R;, and R, are independently selected from hydrogen,
halogen, hydroxy., nitro, cyano, amino, (C;-Cg¢)alkyl, (C;-
Ce¢)alkoxy, (C;-Cs)cycloalkyl, (C;-Cs)cycloalkyl (C,-Cg)alkyl,
{C;-Cs)alkenyl, (Ci,-Cg)alkynyl, heterocycloalkyl,
halo(C,;-Cg)alkyl, halo{C,-C¢)alkoxy, mono or
di (C,-C¢)alkylamino, amino({C,-Cg)alkyl, and mono- and
di (C,-Cg)alkylamino (C;-Cg)alkyl;

Ry represents hydrogen, (C,-Cg¢)alkyl, (C;.Cy)cycloalkyl, (C;-
Cs) cycloalkyl (C,-Cg) alkyl, phenyl, benzyl, thiophenyl,
thiazoyl, pyridyl, imidazolyl, pyrazolyl, or pyrimidinyl;

Ry and R; independently represent hydrogen, fluorine, or C,;-C;
alkyl; and

W represents phenyl, pyridyl, pyridizinyl, pyrimidinyl, or
pyrazinyl, each of which is optionally substituted with
up to 4 Ryp groups.

143. A compound or salt according to Claim 142, wherein:

R is independently selected at each occurrence from the group
consisting of hydrogen, halogen, and (C,;-C;)alkyl;

R; and R, are inde.pendently selected from hydrogen, halogen,
hydroxy, nitro, cyano, amino, (C;-Cg¢)alkyl, (C,-Cg)alkoxy,
(C3-Cy) cycloalkyl, (C;-Cs)cycloalkyl (C,-Cg)alkyl,
halo(C;-Cg¢)lalkyl, halo(C,-Cg)alkoxy, mono or
di(C,-C¢)alkylamino, amino(C,;-C¢)alkyl, and mono- and
di (C;~-Cg)alkylamino (C,-C¢)alkyl;

R; represents (C;-Cg)alkyl;

-275-



10

15

20

25

30

35

Rs and R; are hydrogen; and Za"?'
W represents phenyl, pyridyl, pyridizinyl, pyrimidinyl, or

pyrazinyl, each of which is optionally substituted with

up to 4 R;p groups.

144. A compound or salt according to Claim 143 wherein
R, and Ry are independently selected from hydrogen, halogen,
trifluoromethyl, C;,-C; alkyl, and cyano; and
W is phenyl or pyridyl, each of which is optionally
substituted by one or more substituents independently
chosen from halogen, cyano, hydroxy, oxo, C;-C;haloalkyl,
C;-Calkyl, and C,-C; alkoxy.

145. A compound or salt according to Glaim 144, whexein W
is 2-pyrimidinyl, 3-fluorophenyl, or 6-fluoro-2-pyridinyl.

146. A compound or salt according to Claim 144, wherein
R, R; and R, are hydrogen. : .

147. A compound or salt according to Claim 144, wherein Rg
is ethyl or n-propyl.

148. A compound .or salt according to Claim 144 wherein -
Ry is chosen from
i) hydrogen, halogen, hydroxy, nitro, cyano, amino, halo(C;-
Cg)alkyl, and halo({(C,-Cg)alkoxy,
ii) €;-Cealkyl, C,-Cgalkoxy, C;-Cscycloalkyl, Cp;-Cgalkenyl,
Ca-Csalkynyl, (C;-Cgcycloalkyl)C,-C,alkyl, -NH(R;o),
-N(Rjo) (Ry1), (Ryo) NH{C;-Cglalkyl, (Rjp) (R11)N(C,-Cg)alkyl,
(heterocycloalkyl)C,-Csalkyl, and heterocycloalkyl, each
of which is optiocnally substituted with 1, 2, 3, or 4 of
Rap.

149. A compound or salt according to Claim 148 wherein

R; 1s chosen from hydrogen, halogen, hydroxy, nitro, cyano,
amino, halo{(C,;-Cg)alkyl, and halo(C,-Cg)alkoxy.
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150. A compound or salt aczording to Claim 144 wherein
Ry is a group of the formula

0
.gJ\J/“'
k

where J is N, CH, or C-(C,-Cg)alkyl and

Rg and Rc are independently selected from the group consiating
of hydrogen, (C;-Cg)alkyl, (Ci-Cg)alkenyl, (Ca-Cg¢)alkynyl,
C3-Cg)cycloalkyl, and (C3-Cscycloalkyl) (C,-Ci)alkyl; or

Rg and Re and the atom to which they are attached form a 4- to
10-membered monocyclic or bicyclic ring, which may
contain
a) one or more double bonds,
b) one or more of oxo, 0, S, SO, S0;, and N-Rp wherein R

is hydrogen or (C,;-Cg¢)alkyl;

c) one or more substituents Rjg.

151. A compound or salt according to Claim 144 wherein
Ry is a group of the formula:

G
rd
§ R,

where G is a bond or C;-Cjalkyl; and

Rp is.a saturated, .'partially unsaturated, or aromatic
carbocycle, consisting of 1 ring or 2 fused, pendant, or
spiro rings, each ring containing 0, 1, or 2 heteroatoms
independently chosen from N, S, and O, said saturated,
partially unsaturated, or aromatic carbocycle is
optionally substituted with 1, 2, 3, or 4 of Rj;.

152. A compound or salt according to Claim 151 wherein R,
is chosen from phenyl, pyrrolyl, pyrazolyl, thiazolyl,
isoxazolyl, triazolyl, tetrazolyl, oxadiazolyl, and oxazolyl
each of which is is optionally substituted with 1, 2, 3, or 4
of Rag.
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153. A compound or salt according to Claim 144 wherein
R; is -HC=N-OH or -HC=N(C,-Cgalkoxy).

154, A compound or salt according to Claim 121 wherein:
X, is carbon; X; is nitrogen; X; is CR; X, is nitrogen; and Q is
C(Rs) (Rq) .

155. A compound or salt according to Claim 121 wherein
X, is carbon; X; is nitrogen; X; is nitrogen; X, is CR; and Q is
C(R¢) (Rq) .

156. A compound or salt according to Claim 121 wherein
X; is carbon; X, is carbon; X; is S; X, is CR; and Q is
C(Rg) (Ry) . )

157. A compound or salt according to Claim 156 wherein
X, is nitrogen; X; is carbon; X; is nitrogen; and X, is CR.

158. A compound or salt according to Claim 121 wherein
X, is carbon; X; is carbon; X, is NH or N(C;-Cgalkyl); and X, is
CR.

159. A compound or salt according to Claim 121 wherein
X, is.- carbon; X; is nitrogen; X, is nitrogen; X, is nitrogen;
and Q is C(Rg) (R,y) .

160. A compound or salt according to Claim 119, wherein
either Z, or Z, is nitrogen;
and the group

W is W; and
W represents a 6-membered aryl or heterocaryl group, wherein
the 6-membered aryl or heteroaryl group is optionally
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substituted with up to 4 groups independently selected
from R;p, -CC;H, -C{(=0)ORg, -C(=0)NHRg, -C(=0)NRzRp, -~
C(O)Rg, and -S(0O)nRg, -ORg, where Rje and Rz are as defined
above and m is 0, 1, or 2.

161. A compound or salt according to Claim 121, wherein

X, is nitrogen; X; is carbon; X, is CR; and X, is nitrogen.

162. A compound or salt according to Claim 161 wherein Q
iB C(RG) (R—;) .

163. A compound or salt according to Claim 121, wherein
X, is nitrogen; X; is carbon; X; is nitrogen; and X, is

nitrogen.

164. A compound or salt according to Claim 163 wherein Q
is C(Rg) (R7).

164. A pharmaceutical composition comprising a compound
or salt according to Claim 1 combined with at least one
pharmaceutically acceptable carrier or excipient.

165. A method for altering the signal-transducing
activity of GABA, receptors, said method comprising contacting
cells. expreasing such receptors with a sclution comprising a
compound or salt according to Claim 1 at a concentration
sufficient to detectably alter the electrophysiology of the
cell, wherein a detectable alteration of the electrophysiology
of the cell indicates an alteration of the signal-transducing
activity of GABA, receptors.

166. A method for altering the signal-transducing
activity of GABA, receptors, said method comprising contacting
cells expressing such receptors with a solution comprising a

compound or salt according to Claim 1 at a concentration
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sufficient to detectably alter the chloride conductance in
vitro of cell expressing GABA, receptors.

167. A method according to Claim 65 wherein the
detectable alteration of the electrophysiology of the cell is
a change in the chloride ion conductance of the cell.

168. The method of Claim 167 wherein the cell is
recombinantly expressing a heterologous GABA, receptor and the
alteration of the electrophysiology of the cell is detected by
intracellular recording or patch clamp recording.

169. The method of Claim 167 wherein the cell is a
neuronal c¢ell that is contacted in vivo in an animal, the
gsolution is a body fluid, and the alteration in the
electrophysiology of the cell is detected as a reproducible
change in the animal’s behavior.

170. The method of Claim 16% wherein the animal is a
human, the cell is a brain cell, and the £fluid is

cerebrospinal fluid.

171. A method for altering the signal-transducing
activity of GABA, receptors, the method comprising exposing
cells expressing - GABA, receptors to a compound or salt
according to Claim 1 at a concentration sufficient to inhibit
RO15-1788 binding in wvitro to cells expressing a human GABRA,

receptor.

172. A method for the treatment of anxiety, depression, a
sleep disorder, schizophrenia, attention deficit-hyperactivity
disorder, or for the enhancement of memory comprising
administering an effective amount of a compound or salt of of

Claim 1 to a patient in need thereof.
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173. A method for demonstrating the presence of GABA, ﬂ
receptors a cell or tissue sample, said method comprising:
contacting a cell or tissue sample with a labeled
compound or salt according to Claim 1;
washing the cell or tissue sample to remove unbound
labeled compound or salt; and
detecting the presence of labeled compound of salt in the
cell or tissue sample.

174. The method of Claim 173 in which the cell or tissue

sample is a tissue section.

175. The method of Claim 173 in which the labeled compound
or salt contains a radioactive label or a directly or
indirectly luminescent label.

176. The method of Claim 173 in which each cell or tissue
spample is a tissue section, labeled compound or salt containe
a radioactive label or a directly or indirectly luminescent
label, and the labeled compound or salt is detected
autoradiographically to generate an autoradiogram for each of
the at least one samples.

177. The method of Claim 173 in which each measurement of
the amount of labeled compound or salt in a sample is carried
out by viewing the autoradiograms and the comparison is a
comparison of the exposure density of the autoradiograms.

178. A package comprising a pharmaceutical composition of
claim 164 in a container and further comprising at least one
of:

- instructions for using the composition to treat a patient
guffering from an anxiety disorder, or _

instructions for using the composition to treat a patient
suffering from depression, or
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instructions for using the composition to treat a patient
suffering from a sleeping disorder,

instructions for using the composition to treat a patient
suffering from schizophrenia, or

instructions for using the composition to treat a patient
suffering from attention deficit-hyperactivity disorder.

179. A package comprising a pharmaceutical composition of
claim 164 in a container and further comprising indicia
comprising at least one of: instructions for using the
composition to treat a patient suffering from Alzheimer’s
dementia or instructions for using the composition to enhance

memory in a patient.

180. The use of a compound or salt according to Claim 1

for the manufacture of a medicament.
181. The use of a compound or salt according to Claim 1
for the treatment of anxiety, depression, a sleep disorder,

schizophrenia, or attention deficit-hyperactivity disorder.

182. The use of a compound or salt according to Claim 1
for the enhancement of memory. -

i83. A process for preparing a compound of Formula A

R
R
Z N
23_.‘. N>7< w
zl \ Ra RT
Rs
Formula A

comprising reacting a compound of Formula B
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Formula B

with a compound of Formula C

Formula C

wherein:

Z, is nitrogen or CR;;

Z; is nitrogen or CR;;

Zy; is nitrogen or CR;;

Z, _is nitrogen or CRy;

provided that no more than two of Z,, Z;, Z,, and Z, are
nitrogen;

R:, Rz, R;, and R, are independently selected from

i) hydrogen, halogen, hydroxy, nitro, cyano, amino, haloalkyl,
and haloalkoxy,

ii) alkyl, alkoxy, cycloalkyl, alkenyl, alkynyl, )
{(cycloalkyl)alkyl, -~NH(Ris). -N{(Ry) (Ry;), hydroxyalkyl,
aminoalkyl, . (Rjo)NHalkyl, (Ryo) (R;;) Nalkyl, alkanoyl,

alkoxycarbonyl, {(heterocycloalkyl)alkyl, alkylsulfonyl,

alkylthio, mono- or dialkylaminocarbonyl,

heterocycloalkyl, aryl, and heteroaryl, each of which is

optionally substituted with 1, 2, 3, or 4 of Ry,

wherein R;; and R;; are independently selected from the
group consisting of alkyl, alkenyl, alkynyl, alkoxy,
cycloalkyl, (cycloalkyl)alkyl, aryl, arylalkyl,
alkanoyl, and mono and dialkylaminocalkyl; and

iii) a group of the formula:

G
§/ g,
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where G 18 a bond, alkyl, -0-, -C(=0)-, or -CH;C(=0)-, and
Ra

r-oAd

is a saturated, partially unsaturated, or aromatic

carbocycle, consisting of 1 ring or 2 fused, pendant, or
spiro rings, each ring containing 0, 1, or 2 heterocatoms
independently chosen from N, S, and O, said saturated,
partially unsaturated, or aromatic carbocycle is
optionally substituted with 1, 2, 3, or 4 of Ry, and

iv) a group of the formula
o
Re
é’u\ﬂ/’
\
Re

where J is N, CH, or C-alkyl, and
Ry and R are independently selected from the group consisting

of hydrogen, alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl,
{cycloalkyl)alkyl, heterocycloalkyl, aryl, arylalkyl,
alkanoyl, heteroaryl, and mono and dialkylaminoalkyl,
each of which 1s optionally substityted by 1 or 2
substituents independently chosen from halogen, hydroxy,
cyano, amino, nitro, alkoxy, and alkyl;

Rp and R: and the atom to which they are attached form a 4- to

v)

10-membered monocyclic or bicyclic ring, which may

contain:

a) one or more double bonds,

l_:) one or more of oxo, 0, S, SO, S0O;, or N-Rp wherein Rp
is hydrogen, Ar,, alkyl, cycloalkyl,
heterocycloalkyl, or Ari,alkyl; wherein Ar; is aryl or
heteroaryl, each of which is optionally substituted
by 1 or 2 substituents independently chosen from
halogen, hydroxy, cyano, amino, nitro, alkoxy, and
alkyl, and/or

c) one or more substituents Rze;

-0C (=0} Rg, -C(=0)ORz, -C(=0)NH,;, ~-C(=0)NHRg, -C(=O)NRng,_

-S{0)nRe, -S{(O).NHz, -S5(0).NHRg, -S(O),NRgRp, -~NHC(=O)Rg, -

C(=NRg)Rp, -HC=N-OH, -HC=N(alkoxy), -HC=N(alkyl), -
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NRgC(=0O)Rp, -NHS(O),Rg, and -NRzS(0O).Rp, where m is 0, 1 or

2, and
Rz and Ry are independently selected at each
occurrence from alkyl, cycloalkyl, heterocycloalkyl,
alkoxy, mono- or dialkylamino, aryl, or heterocaryl
each of which is optionally substituted by 1, 2, or
3 of Rio:

Ryo is independently selected at each occurrence from the
group conslsting of: halogen; hydroxy; nitro; cyano;
amino; alkyl; alkoxy optionally substituted with
amino or mono- or dialkylamino; cycloalkyl;
cycloalkylalkyl; cycloalkylalkoxy; alkenyl; alkynyl;
haloalkyl; oxo; halocalkoxy; mono- and dialkylamino;
aminoalkyl; and mono- and dialkylaminoalkyl;

R3¢ is independently selected at each occurrence from
halogen, hydroxy, nitro, cyano, amino, alkyl, alkoxy
optionally substituted with amino or mono- or
dialkylamino, cycloalkyl, ‘cycloalkylalkyl,
cycloalkylalkoxy, heterocycloalkyl, alkenyl,
alkynyl, haloalkyl, haloalkoxy, oxo, mono- and
dialkylamino, aminocalkyl, and mono- and
dialkylaminoalkyl;

R; represents hydrogen or haloalkyl; or
Rs represents alkyl, cycloalkyl, or {cycloalkyl)alkyl, each of
which may contain one or more double or triple bonds, and

each of which is optionally substituted with 1, 2, or 3

Of Rjo, OF

Ry represents aryl, arylalkyl, heteroaryl, or heteroarylalkyl

each of which is optionally substituted with 1, 2, or 3

substituents selected from the group consisting of

haloalkyl, amino, -NH(R,p}, -N(Rys) (Ry;), carboxamido,

{Ryp) NHcarbonyl, {R,o) (R;;) Ncarbonyl, halogen, hydroxy,

nitro, cyano, amino, alkyl, alkoxy optionally substituted

with amino or mono- or dialkylamino, cycloalkyl,
cycloalkylalkyl, cycloalkylalkoxy, heterocycloalkyl,
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alkenyl, alkynyl, halocalkyl, haloalkoxy, aminoalkyl, and
mono- and dialkylaminocalkyl;

Rg¢ and R; independently represent hydrogen, fluorine, or alkyl;

R is independently chosen at each occurrence from hydrogen,
halogen, amino, C;-Cgalkyl, (C3-Cg)alkenyl, (C;-Cg)alkynyl,
C1-Csalkoxy, {(Ciy-Cy)cycloalkyl, (Cy-Cycycloalkyl) (C,-
Cs)alkyl, halo(C;-Cslalkyl, haloalkoxy, carboxamido, and
3- to 7-membered carbocyclic or heterocyclic groups which
are saturated, unsaturated, or aromatic, which may be
further substituted with one or more substituents
independently selected from halogen, oxo, hydroxy, C;.
salkyl, and
-0{C;.4alkyl); and

W represents aryl or heteroaryl, wherein the aryl or
hetercaryl group is optionally substituted with up to 4
groups independently selected from Ry, -CO;H, -C(=0)ORg,
-C(=O)NHRg, -C(=O)NRgRr, -C(O)Rg, and -S{O)z Rz, -ORg, where
Rijp and Rg are as defined above and m is 0; 1, or 2.

184. A process according to Claim 183, wherein:

Z, is CR,, Zi is CR;, 2; is CR;, and Z, is CRy,

R is independently selected at each occurrence from the group
consisting of hydrogen, halogen, and (C,-C;)alkyl;

R;, R;, and Ry are independently selected from hydrogen,
halogen, hydroxy, nitro, cyano, amino, (C,-C¢)alkyl, (C,-
C¢) alkoxy, (C3-Cy)cycloalkyl, (C;3-Cs)cycloalkyl (C;-Cg)alkyl,
halo(C,-Cg)alkyl, halo(C,-Cg)alkoxy, mono or di(C,-
Cs)alkylamino, amino(C,-C¢)alkyl, and mono- and di (C;-
Cg)alkylamino (C,-Cg) alkyl;

Ry represents (C;-C¢)alkyl;

Rg and R; are hydrogen; and

W represents phenyl, furanyl, thienyl, thiazolyl, imidazolyl,
oxazolyl, triazolyl, tetrazolyl, pyrazolyl, isoxazolyl,
pyrimidinyl, benzimidazolyl, quinolinyl, isoquinolinyl
‘each of which is optionally substituted with up to 4 Ry
groups.
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185. A process according to Claim 184, wherein W is 2-
thiazolyl, 2-pyrimidinyl, 3-fluorophenyl, or 6-fluoro-2-
pyridinyl.

186. A process according to Claim 184, wherein R, R;, and
R, are hydrogen.

187. A process according to Claim 184, wherein R; is ethyl
or n-propyl.

188. A process according to Claim 184 wherein

R; is chosen from

i) hydrogen, halogen, hydroxy, nitro, cyano, amino, halo(C,-
Cs)alkyl, and halo(C,-C¢)alkoxy,

ii) C,-Csalkyl, C;-Cgalkoxy, Cy-Cscycloalkyl, C;-Cgalkenyl, C;-
Csalkynyl, (C;-Cscycloalkyl) C;-Csalkyl, -NH(R;p), -
N(Rio) (R11), (R NH{C,-Cg)alkyl,” (Ryo) (R11)N({C,-Cg)alkyl,
(heterocycloalkyl)C;-Cqalkyl, and heterocycloalkyl, each
of which is optionally substituted with 1, 2, 3, or 4 of
Rao-

189. A process according to Claim 183 wherein
Z, is CR;;
one and only one-of Z; or Z, is nitrogen;
Z, is CR,; and
R; or Ry i8 chosen from
i) hydrogen, halogen, hydroxy, nitro, cyano, aminb, halo(C,-
Ce¢)alkyl, and halo({(C,-Cs)alkoxy,
ii) C,-Cgalkyl, C;-Cgalkoxy, C;-Cycycloalkyl, Ci-Cgalkenyl, C;-
Cesalkynyl, (C;-Cgcycloalkyl) C,-Csalkyl, -NH(Rjpe), -N(Rye) (Ryu).
(Rio) NH (C,-Cg) alkyl, (Ryo) (Ryy) N(Cy-Cs)alkyl,
(heterocycloalkyl)C,-Csalkyl, and heterocycloalkyl, each of
which is optionally substituted with 1, 2, 3, or 4 of Ryyp;
R is independently selected at each occurrence from the group

consisting of hydrogen, halogen, and (C,-C;)alkyl;
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R; and R, are independently selected from hydrogen, halogen,

hydroxy, nitro, cyano,

amino, (C,-Cg¢)alkyl,

(C,-Cs) alkoxy,

(C3-Cg) cycloalkyl, (C;-Cy)cycloalkyl{C,-Cg)alkyl, halo(C,-
Cs)alkyl, halo(C,-Cg)alkoxy, mono or di(C,-Cg)alkylamino,
amino (C;-Cg¢)alkyl, and mono- and di (C,-C¢)alkylamino(C;-

Cg¢)alkyl;
Rs represents (C,-C¢)alkyl;
R¢ and R, are hydrogen;

W represents a 5-membered heteroaryl group, the 5-membered

hetercaryl group is optionally substituted with up to 4

groups independently selected from R;;, -COjH, -C(=0)ORg, -

C (-0) NHR:, =C (HO) NRBRFJ

Rys and Rz are as defined above and m is 0, 1, or 2.

-C{0) Rg, and -S (0) nRE,

"ORB '

where

190. A process according to Claim 189, wherein Z, is

nitrogen.

191. A process according to Claim 189 wherein
R; and Ry are independently selected from hydrogen, halogen,

trifluoromethyl, C,-C; alkyl, and cyano; and

W is thiazolyl, thienyl, imidazolyl, oxazolyl, triazolyl,
tetrazolyl, pyrazolyl, or isoxazolyl, each of which is

optionally substituted by one or more substituents

independently chosen from halogen, cyano, hydroxy, oxo,
Ci1-C;haloalkyl, C,-Cjialkyl, and C;-C; alkoxy.

192. A process according to Claim 151, wherein W is 2-

thiazolyl.

193. A compound or salt according to Claim 191, wherein

R, R; and R, are hydrogen.

194. A compound or salt according to Claim 191, wherein Rs

is ethyl or n-propyl.
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195. A process according to Claim 189, wherein Z; is

nitrogen.

196. A process according to Claim 195 wherein

R; and R, are independently selected from hydrogen, halogen,
trifluoromethyl, C,-C; alkyl, and cyano; and

W is thiazolyl, thienyl, imidazolyl, oxazolyl, triazolyl,
tetrazolyl, pyrazolyl, or isoxazolyl, each of which is
optionally substituted by one or more substituents
independently chosen from halogen, cyano, hydroxy, oxo,
C,-Czhaloalkyl, C,-Cjaalkyl, and C,-C; alkoxy.

197. A process according to Claim 196, wherein W is 2-
thiazolyl.

198. A compound or salt according to Claim 196, wherein
R, R, and R, are hydrogen.

199. A compound or salt according to Claim 196, wherein Rj
is ethyl or n-propyl.

200. A process according to Claim 183 wherein
Z, is CR,;
one and only one of Z; or Z, is nitrogen;
Z, ia -CRy;
R; or R, is chosen from
i) hydrogen, halogen, hydroxy, nitro, c¢yano, amino, halo{(C;-
Cs)alkyl, and halo{(C,-Cg)alkoxy,
ii) C;-Cgalkyl, C;-Cgalkoxy, C3;-Cscycloalkyl, C;-Cgalkenyl, C,-
Cealkynyl, (C3-Cscycloalkyl) C;-Cialkyl, -NH{Rjo), -N(Rjyp) (R1i1},
(R1p) NH{C;-Cg) alkyl, (Ryo) {(R;1}N(C;-Cglalkyl,
(lheterocycloalkyl)C1-C4alkyl, and heterocycloalkyl, each of
which is optionally substituted with 1, 2, 3, or 4 of Rjp;

R is independently selected at each occurrence from the group

consisting of hydrogen, halogen, and (C,-Cj}alkyl;
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R;, R;; and R, are independently selected from hydrogen, Qf/
halogen, hydroxy, nitro, cyano, amino, (C,-Cg)alkyl, (C;-
C¢)alkoxy, (Ci-Cs)cycloalkyl, (C;-Cy)cycloalkyl (C,;-Cg)alkyl,
halo(C;-Cg)alkyl, halo(C;-Cs)}alkoxy, mono or di(C,-
Cs)alkylamino, amino(C;-Cs}alkyl, and mono- and 4i(C,-

C¢) alkylamino (C,-Cq) alkyl;

Rs represents (C;-Cg)alkyl;

R¢ and R; are hydrogen; and

W represents a 6-membered aryl or heterocaryl group, wherein
the 6-membered aryl or heteroaryl group is optionally
subatituted with up to 4 groups independently selected
from Ryq, -CO;H, ~C(=0)ORg, -C(=0)NHRz, -C(=O)NRgRp, -
C(O)Rg, and -S(O) Rz, -ORg, where R,y and Rz are as defined
above and m is 0, 1, or 2.

201. A process according to Claim 200, wherein Z, is

nitrogen.
202. A process according to Claim 201 wherein

R; and R, are independently selected from hydrogen, halogen,
trifluoromethyl, C,-C; alkyl, and cyano; and

W ia phenyl, pyrimidinyl, pyridyl, pyrazinyl, or pyridizinyl,
each of which is optionally substituted by one or more
substituents independently chosen from halogen, cyano,
hydroxy, oxo,.C;-Cihaloalkyl, C;-Czalkyl, and C,-C; alkoxy.

203. A process according to Claim 202, wherein W is 2-
pyrimidinyl, 3-fluorophenyl, or 6-fluoro-2-pyridinyl.

204. A compound or salt according to Claim 202, wherein
R, R; and R, are hydrogen.

205. A compound or salt according to Claim 202, wherein Rs
is ethyl or n-propyl.
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206. A process according to Claim 200, wherein Z, is
nitrogen. ﬂ'b

207. A process according to Claim 206 wherein

R, and R, are indei:endently selected from hydrogen, halogen,
trifluoromethyl, C,-C; alkyl, and cyano; and

W is phenyl, pyrimidinyl, pyridyl, pyrazinyl, or pyridizinyl,
each of which is optionally substituted by one or more
substituents independently chosen from halogen, cyano,
hydroxy, oxo, C,-Cjhaloalkyl, C,-Czalkyl, and C,-C; alkoxy.

208. A process according to Claim 207, wherein W is 2-
pyrimidinyl, 3-fluorophenyl, or 6-fluoro-2-pyridinyl.

209. A compound or salt according to Claim 207, wherein
R, R, and R; are hydrogen.

210. A compound or salt according to Claim 207, wherein Rs
is ethyl or n-propyl.
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ABSTRACT OF THE DISCLOSURE

This invention relates to benzimidazoles,
pyridylimidazoles and related bicyclic heterocaryl compounds,
all of which may be described by of Formula I

O
LI

Formula I
The invention is particularly related to such compounds
that bind with high selectivity and high affinity to the
benzodiazepine site of GABA, receptors. This invention also
relates to pharmaceutical compositions comprieing such
compounds and to the use of such compounds in treatment of
certain c¢entral nervous system (CNS) diseases. Novel
processes for preparing compounds of Formula I are disclosed.
This invention also relates to the use of benzimidazoles,
pyridylimidazoles and related bicyclic hetercaryl compounds of
Formula I in combination with one or more other CNS agents to
potentiate the effects of the other CNS agents. Additionally
this invention relates to the use such compounds as probes for
the localization of GABA, receptors in tissue sections.
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mil novecientos noventa y ocho {1998). B '

Pagado Impuesto de ﬂn\bm___;_ o
Pagado Derecho cmwlar_a/& ;
Total_—Z. L= i
{El Conaulado no agume ninguna
responsabilidad por ef contenido do los S DRA L. GALY zs/ NZON
documentos anexos) Vicecons(il

»
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DEPARTMENT OF STATE

PetrlH .
To all to tohom these presents shall cone, @rntin. 'z A

I Certify That the document hereunto annexed is under the
Seal of the Secretary of State of the State of Connecticut, and
that such Seal is entitled to full faith and credit.*

Ixsued pursusss to CHXTV, Smre of
Sepe, 15, 1789, 1 3. 68-69. 17
USC 2657; 72 USC 1831a; 3 USC
301; 28 USE 1733 e sex.: B USC
149X(f); RULE 44 Federal Rules of
Givil Procedare.

TRADUCCION No:OL|2(78
MARIA ELVIRA MARTELO
Traduciora e Interprete Oficlal
Inglés - Espofiol - Inglés
Res. No. 2879 Min. Justicia

In testimony whereof, I, Strobe Talbott,
Acting Secretary of State, have hereunto
caused the seal of the Department of State to
be affixed and my name subscribed by the
Authentication Officer of the said
Department, at the city of Washington, in the
Digtrict of Columbia, this. seventh day of

October, 1998. (2{}§f

Actlng Secretary of St atf

sy"ﬁ”%ﬁ& At K0

Assistant Authentication Qfficer,
Department of State

* FOR THE CONTENTS OF THE ANNEXED
DOCUMENT, THE DEPARTMENT ASSUMES NO
RESPONSIBI LITY




STATE OF CONNECTICUT
OFFICE OF THE SECRETARY OF THE STATE

|, MILES S. RAPOPORT, Secretary of the State of Connecticut, and keeper of the
seal thereof,

DO HEREBY CERTIFY that JACQUELINE M GILMORE, was duly appointed and
commissioned a NOTARY‘PUBLIC in and for the State of Connecticut, for the term of April
23, 1998 to April 30, 2003;

and that to his/her acts and attestations as
such, full faith and credit are and ought to
be given in and out of Court.

In Testimony Whereof, | have hereunto
set my hand and affixed the Great Seal of
the State of Connecticut, at Hartford, on
October 2, 1998.

e S BT

Secretary of the State

TRADUCCION No.512l9Y
Lo =VIRA MARTELO
irazusiz-a e Interprete QOfictel
ngles ~ Espofol - Inglds

X




CERTIRCADD NOTARIAL (INDIVIDUO)

@ S

Aloa_-_dhs del mes de de 19

ante mi, Notarip Piblico de

comparecid(eron) personalmente

o quien(es) day fe de conocer y me conata que es(son) la(a)
persona(s) firmante(s) del documento que precede, y qulen(es)

tiene(n) capacidad legal para otorgarlo.

CERTIFICADO NOTARIAL (SOCIEDAD)

Hoy, _ﬁ de L.P + wm éf =~ del9 ;
comparecié(eron) nnte mi
Lonner o

!—’M ﬂ’b,I H :

a quien(es) cunozeo personaimente y que firma(n) este documen
to en representacién de la Sodedady compaiiia

. NEUROGEN CORPORATION
.ommndl

Notarlo Phblico — Notary Public

NOTARIAL CERTIFICATE (INDIVIDUAL)

On this ___day of 19

before me, a Notary Public of

personally appeared

to me known, and known to me to be the person{s) who

executed that foregoing document, and who has(have) legal
capacity to execute it.

NOTARIAL CERTIFICATE (CORPORATION)

On this Zezh day of&i E,Z ZMI)_ 19_L8

appeared beforo me

who(m) [ kflow personally and wha(m) signed this document as
representative(s) of the Corporation/Company

ramed  NEUROGEN CORPORATION

Certifico:

1. Que he visto los siguientes documentos:® G/I ].47 r'C‘A‘I/ L 4‘-

Compstitocion e 7790;@??”
Aopposatiorr #qﬁ,qda >/ (=)
) 9544w Br2anford Cinnoe tiwvt

2. Que dichos documentos pru.ebnn lo siguiente:

21. Que NEUROGEN CORPORATION

es una Sacledad /Compaiiin legalmente constitulda y existente
de acuerda con las leyes de é‘?_fwﬁd&__
.. ue el domicilio de dicha Socledad /Compafila es
Northeast Industri ql ﬁoad Brapgford
onnecticat. Letados Dnides de MaBrica’
23. Que el objeto u objeto para los cuales se otorga el presente

peder estin comprendidos dentro del objeto social de la
mencionada Sociedad/Compariia.

2.4. Que el{los) Sr.(smu.)& Z/'% [T ﬁﬂ HE

estd(n) autorizadu(s) para vtorgar el presente Poder.

Ciuded / 9./ UN ;;;443 S

saio (Do mech '

Hoy de 19 ?%

1 Certify: - .
ertify: 25

1. That I have seen the following documents:* “ 3 :E .
e ogerr COpnausr y_
: 31999 o T0mfod— /
z ; 08 O5 s

2. That the above documents duly prove the following:

2.1.That 'VEUROGEN CORPORATION

is a Corporation/Company legally constituted and In existence

in accordance with the laws of

ghe present Power
itn the corporation
DL the mentioned

Clty

State CJ)WW
Ths 87" dayof\&’B'lf 9 99

QI G

™ ] '] q‘ -
MARIAELWVI A Me=TEL G s
Traductora @ Inte:prate (Mielgt
inglés - Espofiol - Inglés
Res. No. 2879 Min. Jusilelg

* Les ducumentos deben identificarse con fecha y origen.

Notario Piiblico — Netary l‘u&'m vttt .

dy Comlssion Bxpires Apef 30, 2000

* Ducuments must be identified with date and origin.



CAVELIER 4
ASOGADOS
EDIFICIO SISKI
CARRERA 47 N® 72.28
SOGOTA, 8 - COLOMBA

REPRESENTACION Y PODER

1, M

For patents, utility models, industrial desiJfis,~

trademarks, commerdcial ‘names, trade emblems,
slogans. p r .
Para pateates, modelos de utilidad, Qseﬁos
industriales, marcas de fébrica, nombres
comerciales, ensefias, lemas comerdiales.

REPRESENTATION AND
POWER OF ATTORNEY

1 (we), the undersignecd/Yo (nosotroa), abejo firmado (s)
NEUROGEN CORPORATION

of/domicitindo {s) en

35 Northeast Industrial

Road, Branford, Connecticut, United States

of Amerita,

Eor el presenty nombramos a EMILIO FERRERO, tpa. 31929;
ONZALO PERDOMO, tpa. 83): LUZ CLEMENCIA DE PAEZ,
tpa. 23555 y GERMAN CAVELIER, tpa, 832, domiciliados en la

arrera 4% N? 72.35, Bogotd, Colombia, en obedecimiento u lo
dispuesto en el pard 19 del Artfculo 543 del Cédigo de
Comercio, el primero come principal y Ins demés como
a:glent, en su orden, como mis (nuestros) representantes en
todos ios msuntos de propledad industrial con facuitad
reclbir notificaciones 'y nombrar apodersdos judiciales o
extrajudiclales. El primer representante suplente reemplazani al
principal en caso de susencia o impedimento temporal o
definitivo de aquél. La misma regla se aplicark cuando el
segundo representante suplente hl.{l de reemplazar al primero,
o el tercero al segundo. En tales cusos, el representante
principul, o el primero, o segundo suplente, en su caso, o ambos,
declar: su intencibn de no ejercer la representacidn
medinnte declaracién autenticada por Notarlo "Piblico en
Colombia, 0 por Notario u otro Funcionario Piblico, o Cénsul
de Colombia, en ¢! extranjero; y si se tratare de impedimento,
con ¢l certificndo respectivo. Sl alguno de los nombrados faltare
definitivamente, el sigulente tomard su lugar. Cuando cesare la
susencia o Impedimento del representante prindpal, o de su
primero o segunda suplentes, en su caso, podran ejercer la
Tepresentacién, en su orden, uno u otros segin el caso,
asumiéndola por el solo hecho de ejercerla, cesando en ese
momento el ejercicio de ]a- representacién por el primero,
segundo o tercer suplente en su caso.

Ademids, confiero (conferitmos) poder a los ‘abogados arriba
nombrados, obtener la teccién de mi (nuestra)
propiedad industrial y contra ia petenda desieal, a cuyo
efecto sutorizo (amos) a los dichos apoderndos para que me
(nos) representen ante cualesquiera entidades o personas,
¢jerzan © no jurisdiccidn, especlalmente ante las del orden
administrativo, contencioso-administrativo y judicial, as{ como
los tribunales de arbitramento, en todo lo concerniente a los
siguientes esuntow- a) Obtencién de patentes de invencién,
modelos de utilidad y diseiios industriales; el registro de marcas
defiibrica, colectivas, defensivas, de-servicio, lemas comerciales,
nonibres comerciales, enseflas, variedades vegetales vy
denominaciones de origen; su renovacién, traspaso, cambic de
nombre o domicilio, cancelacidn voluntaria; y el registro de
licencias de uso de esos derechds; b} Las acciones de
competencin desleal, proteccién del consumidor, oposiciones u
observaciones, cancelacién ddministrativa v judical, nulidad,
medidas cautelares, concesién de | la jtutela, la
proteccién de secretos industrialesem ) i oguaai

civiles, penales, administrativos o GoNRIRN
relacionados con estos derechos; FHEUHIHNE b
promovamos 0 se nos Promuevany gupv
asintvs arriba determinados, pued
tr.-.miﬁlr, conciliar, adm’tir los h
cencelar, recibir, renuncier, y ratifj
QI 508,

in due compliance with the terms of paragraph 1st. of article S{3
of the Commerclal Code, do hereby appoint EMILIO FERRERO,
tpe. 51929; GONZALO FERDOMO, tpe, 83); LUZ CLEMENCIA

E PAEZ, 23555 and GER CAVELIER, tpa. 832,
domiclled at Carrera 4* NY 72-35, Bogotd, Colombia, the first as
principal and the others as alternates, in the arder of their
appointment, &s our representatives for all indus:rial property
matters with faculty to recelve notifications and to appoint
attorneys in and out of Court. The first alternate shall replace
the principal in case of his absence or of temporal ‘or definitive
impediment. The same rule will n{pldrnwhen the second
alternate representative s to replace the first one, or when the
third is to replace the first or second alternates in their turn,
both of them, second. In such onses, the prindpa
representative, or the first or second alternates in their tum, or
both of them, shall state thelr intentlon not to act as
representatives through a declaration given before a Nota
Public in Colombia, or before a Nollry or another Public Official
or a Colombian Consul abroad; and in case of impediment, the
upprurriate certificate shell suffice. If any of the appointees
were to be definitely absent, the following alternate shall take
his place. When the absence or impediment of the principal
representative, or of the first or second alternate in their turn
censes, the representation can be taken again in their sequence,
by the principal, the first or second alternate depending on case,
and the mere fact or its exercise will suffice. The exercise of the
representation by the Arst, second or third alternates in their
turn shall end at such time.

In addition, we grant a Power of Attorney in favor of the
above-named attorneys-at-law so that they may obtain the
protection of my {our) industrial property and against the
unfair competition, for which g:rpose 1 ?:re{a_uthuﬂn the said
attorneys to represent me (us) before any authorities or persans,
with or without jurisdiction, specially those administrative,
administrative contentious and judicial, as well as before
Arbitration Court, in all matters concerning the following a)
Obtainment of patents, utility models and industrial design:
the registration of trademarks, collective, defensive and servi
marks, slo , commercial names, trade emblemas, vegetal
varieties and denominations of origin; its renewal, assignment,
change of name or domidle, voluntary cancellation; and the
registration of licenses of use of the above rights; b) Actions of
unfair competition, protection to the consumer, oppositions or
observations, administmtive or Court canceliation, nullicy,
infringement, granting of licenses, the action for writ
mandamus, the protection of trade secrets, and in general the
civil, penal, and administrative suits relating to those rights;
actions and suits institued by me (us) or against me (us). And
that in all the above matters they may substitute this Power of
Attorney, compromise, conciliate, admit the facts of the oase,
desist, cancel, receive, resign, and ratify acts done by
representatives without a power of attorney.

;Mrmado hoy 28 Sept. 1998

Harry H./P

© CAVELIER ABOGADOS
WI'POUDERE-181 (MINUTA N¥ 12.1.1.2.6 USA)

enner, Jr.
Chief Executive Officer




TRADUCCION OFICIAL No. 01.12/98 preparada por Maria Elvira
Martelo, Traductora Oficial debidamente aprobada por el
Ministerio de Justicia de Colombia por Resolucidén 2879 de 1995 y

reconocida por el Ministerio de Relaciones Exteriores.

{A continuacién se traducen los sellos y legalizaciones  de un
documento escrito en inglés y espafiol, por el cual NEUROGEN
CORPORATION otorga poder a EMILIO FERRERO, GONZALO PERDOMO, LUZ
CLEMENCIA DE PAEZ y GERMAN CAVELIER). Dado y firmado el 28 de
septiembre de 1998. (Firma ilegible), Harry H. Penner, Jr.,
Presidente Ejecutivo.

CERTIFICADO NOTARIAL (SOCIEDAD) en inglés y espafiol referente a
la existencia legal de NEUROGEN CORPORATION expedido en la ciudad
de Branford, Estado de Connecticut, el 28 de septiembre de 1998.
(Firma ilegible), Notario PGblico. (Sello notarial en tinta) Mi

comisién expira el 30 de abril del 2003. (Sello en relieve)

JACQUELINE M. GILMORE, Notario Piiblico, Connecticut. (Sello

parcial del Consulado de Colombia en Washingto ifl-fgﬁ
: .
| 8
ESTADO DE CONNECTICUT &' : ‘:;,.@hm?ﬁ;ﬁ:a.
s TAL B S i s
< \O MENDEZ DARAIAS |
SECRETARIA:DE-"BSTADO "“:”gﬁww_‘_ o
Yo, MILES RAPAPORT, Secretario del .Estado :de gecticut y
Custodio del sello del mismo, POR EL PRESENTE ERTIFICO QUE

JACOUELINE M GILMORE fue debidamente nombrada y'comisionada como
NOTARIO POBLICO en y para el Estado de Connecticut por el término

23 de abril de 1998 a 30 de abril del 2003;

2



Y que sus actos y declaraciones en calidad de tal merecen plena
fe y crédito en los tribunales de justicia y fuera de ellos.

EN FE DE IO CUAL he firmado y estampado el Gran Sello del Estado
de Connecticut, en Har.:tford, el 2 de octubre de 1998. (Firma)
Miles 8. Raﬁaport, Secretario_de Estado. (Sello de oblea dorado

del Estado de Connecticut}. -

No. 9900156-5 -
ESTADOS UNIDOS DE AMERICA
DEPARTAMENTO DE ESTADO

A todos a quienes los presentes llegaren, Salud:

Certifico que el documento adjunto se encuentra bajo el Sello del
Estado de Connecticut y que dicho sello merece plena. fe vy
créditox*.

En fe de lo cual, yo, Strobe Talbott, Secretario de Estado
Encargado, he hecho imponer el sello del Departamento de Estado y

suscribir mi nombre por el Func;onarlo de .Autengigac1ones de

ﬁww Emmninuuﬂdri
f}‘u*“ M

-
IG 2001 3%

MJ‘“
. ; O- -E'EFZ'.BARMAS ‘g

Por: (Firma ilegible), Funcionario de Autenticacio\ - Asistente,

dicho Departamento, en la ciudad de Washington,

Columbia, hoy 7 de octubre de 1998.

(Firma)Strobe Talbott, Secretario de Estado Encana??

Departamento de Estado.
*E]l departamento no asume responsabilidad por el contenido del
documento adjunto.

Este certificado no es valido si sufre alguna eliminacién o

alteraciétn.



{Sello impreso del Departamento de Estado).

(Sello del Consulado de Colombia en Washington).

(En espafiol) Certificacién de la firma que antecede expedida por
el Consulado de Colombia en Waghington, D.C. el dia 7 de octubre
de 1998, bajo el E\Tta 2730. Firmado por SANDRA L. GALVIS PINZON,
Vicecénsul. Pagados impuestos de timbre y derechos consulares.
(Sello consular en tinta).

(Al dorso) Legalizacién de la firma que antecede expedida por el

MINISTERIO DE RELACIONES EXTERIORES bajo el No.

B COMO NOTARSO SEXTD EVCANGADD DL LU0 3
B G AXGArS OF Ecuuns a0 EOBUE RUE

diciembre de 1998, firmado por el Jefe de Legaliz CoMCDE CON KL OB

Es traduccidén fiel y completa de la cual se de

oficina para su confrontacién.

g

RO -003 - TRADUCCIOIN NolO|. [L[q
COLO 10611-801-003-7 MARIA ELVIRA MARTELDO
Traductoro e Interprete Oficlal
inglés - Espafiol - Inglds

Id. 30 Res. No. 2879 Min. Justiclo
Dic. 4/98
P dar R BT e td _ -Jn
LOMO NOTARIC SEST0 TEL CIRCULD DF SANT
£ @ 1‘ 30GOTA. HAGD CORSTEA SUE LAIS) 1i2M3r. .
= o |Bd (
we & |22 P Maci#E.  Macte ls.
== = -": — — .
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{Convention de La Hays du S Octobre 1801)

1. Country: United States of America
This public document

2. has been sighed by Norman Goodmgl'n

3. acting in the capacity of County Clerk

4. bears the seal/stamp of the county of New York

Certified
5. At Albany, New York 6. the 21stday of Nov?
7. by Special Deputy Secretary of State, State of New Yok
8. No. A-85700E
9. Seal/Stamp 10. Signature

Howard J. Carr
Special Deputy Secretary of State

TRADUCCIHSN No: OLI12 10\
MARIA ELVIRA MGRTELD
Traductora e Interprete Oficlal

- fol - Inglds
o, 2% Min iescia



CAVEUER .. ' ", For pateuls, uiility models, indnstral designs,

ABOGADOS . : ' trademarks, commercial names, trade emhi~ms.
EDIRCIO 815K slogans. o
CARSSAA # " 72-38
TOBOTA, § - COLOMBIA Para modelos de utilidad, disefios
marces de fibrica, nombres
comerciales, ewefias, lemas comerclales. 0
REPRESENTACION Y PODER REPRESENTATION AND
POWER OF ATTORNEY

1 (wa), the undersigned /Yo (nosotros), abejo firmado ()
Pfizer Inec.

of / domiciliado (a) en
235 E. 42nd Street, 20th Floor

New York, New York 10017-5755, U.S8.A.

SRl s COMAN CAVILEL, f S5 | gl b s f g o, it 2
- H of t oy &

31929, mcuméu"ﬁn&nm«nuhn CA SNEALD PERDOMS, Tra 631,
enla 4% N2 72-35, Bogotd, Colombla, en obedecimiento a FERRERO, ‘tpa. 31929; and LUZ CLEMENCIA DE P
lo dispuesto en ¢l parigrafo 1° del Articulo 543 del Cédigo de 23555; dom at Carrer 48 N* 72-35, Bogotd, Colombha, the
Comercio, el primero como principal y los demis como first as principal and the others as alternates, In the order of
supleniss, on su orden, como mis (nuesivos) represeniantes en thelr appoiniment, as

os loa asuntos de propledad industrial con faculiad pama property matters with
recibir notificacionss y nombrar apodersdos judiciales
extrajudiciales. El primer representante suplente reemplazark al replace the principal In case

en caso de aussncia o impedimento temporal o denlﬂwlmpedlmm.'l‘lummhwﬂllalwnthn

definitivo de aquél La misma regla se aplicard cuando el sscond alternate” representative is to replace t t one, or

ndo representante suplants haya de reemplazar al primero, when the third s to replace the first or second alternates in their
o el tercero al segundo. En tales casoe, el e te tumn, or both of them, second. In such cases, the principal
principal, o el primaero, o segundo suplente, an su caso, 0 ambos, e ntative, or the first or second alternates In thelr tum, or
declarsrin su intencldn de no ejercer la repressnincién both of them, shall state thelr intention not to act ms
mediante declaracién autenticada Notarlo Pidblico en n“nmhﬂm through a declaration given before a Notary
Colombias, o prNomhudeulﬂnﬂoNblb,oCémul Public in Colombia, or !ounNou.annmth«PublleOffh:lal
de Colomblia, sn sl extranjero; y sl se tratare de impedimenta, or a Colomblan Consul abroad; and in case of Impediment, tha
con el certificado vo. 51 alguno de los nembrados faltare app te certificate shall suffice. If any of the appointees
definitivaments, el sigulents tomard su lugar, Cuando cesare la ware (o be deflnitely absent, the following alternate o take

!
=g
]
-
]
'y
g
E
-
E

ausencia o impedimento del representa prlmll.nl, o de su his place. When the absence or impediment of the mlclp-l
primerc o segundo suplantes, en su caso, pod la represantative, or of the first or second alternate in their tum
representucién, en su orden, uno u otros segdn @l caso, ceases, the representation can be taken again in their sequence,
asumléndola por el solo de ejercetia, cesando en ese by the principal, the first or second alternate depending on case.
momanto el ejerciclo de la representacién por el *primero, and the mere fact or its extercise will suffice. The exe of the

segundo o tercer suplente en su caso. - rapresentation by the first, second or third alternates in their

turn shall end at such Hma.
Ademibs, conflero (conferimos) poder a los abogados amriba
obtener I de mi (nuestrs) In addition, we grant a Fower of Attorney In favor of the
above-named at|

nombrados,
ad ustrial y contra la competencia desleal, a cu tlaw so that may obtain the
mmwmdnhmwmmduw‘qmn{: Mofmmm Muu!‘nplmttho
(nos) representen ante cualesquisra entidades o personas, unfair competition, for which I {we) authorize the sald
ejerzan 0 no jurisdicclén, umlnmm ante las del orden attorneys to represent me (us) before any authorities or persons,
administrativo, contencl vo y judicial, asf como with or wit diction . sppc rhbgeemadmin, tive,
los tribunales de arbitramanto, eri fodo lo concernients a los sdministrative sepnieniaifotle Riinameaoiell as before
sigulentes asuntos: a) Obtencién de patentes de invencién, Arbitration Coiirty dnrall nadiiers wishosaiink ia- fol v e .
Obtainmant o ——t O n% .

mchdnuuuﬁdydlﬂulndd. ; ol registro de marcas
brica, colectivas, d‘m servido, lemas m““h'hr
nombms variedades

nombre o domicllio, canenlacién voluntaria; y el de
licencias de uso de esos darechos; b) Las de m
del consumidor, u r competiion i

bl - iade]

Hao 801 TS o the

com desleal, o
observaciones, cance administrativa ulidad, observations, adbEhiFRtly
medidas cautelares, concesién de Iianzh’:dh Iullallll. I Infrlnr;mnt. granfing - of

proteccén de secretos industriales, y en gensral los juicios mandamus, the=pTolfcigy AdYin general
clviles, penales, ndminisirativos o contencloso-administrativos civll, penal, and ad:hinist: its relating to those righ
relacionados con estos derechos; acclones y ldlnmp.md suits ﬁ L “('us) or me (us) I:E

procesos que
A0S 0 8¢ NOd promuevan. Y par oonlmlut that In all the above 1

-ul ntos arriba determinados, puedan sustitulr este mandaro, A " compror : m.z\luhll‘ltuu this Power of

pro oribL1a it the facts of the case,
» conclllar, admitir los hechos del proceso, desistir, desist, cancel, recel id and ratify acts done by
cancelar, recibir, renunciay, y atificar los actos de agentes representatives withoulig power of attorney.

Given and signed this/Dado y firmado hoy
8th Day of October, 2001

In/en New York, NY, U.S.A.

/

Flma

-« Irevor Lumb

Asst. GCen. P
CA atent Counsel
WFPODERE-3 (MINUTA N*12.1.1.2.6 USA)

TRADUCCION No:O .r?,lot
MARIA ELVIRA MARTELOD

raductora rete Oficial
¥ %-p.:g - Inglés

Ros. No. 2679 Min. Justicia
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Stare of New Y “ORK
Coumd New Yark, °

255074 ™

= X i i

1, NORMGN Clerk and Clerk of the ¢ Court of the Seath of

and for o, & et of Record, vt by ‘

New York e o T D Ean wp@u?‘& B e T of e iy N'gf'\"orh. that :
OM . _Weldry .

vhunnmeh-uhcrlbdw annexed afiduvls, deposition, certificate dukm-hdnmwm.mnm
time of waking the same a NOTARY PUBLIC in and ror the State of New York duly con-hdaud. wwom and
u.llliedba:tnnm:h ﬂ.lrlumtmll'.leonuhlhnmuutdﬁn te of his officlal am.'l:hhll
au ed In my offices thar at the time of nkln“u:h prool, scknowledyment or outh, he
vn ulv aut no llke :he same; thut 1 am well acqusinted with the handwriting of such NOTARY PUBLIC
mn llmtuuontlu snnexed instrument wish his autograph algnature deposited in my office, snd
bellzve such signature Iy genuine.

IN WITNESS WHEREOF, 1 have hereutito set my hand afized my officlsl seal this . .
NV 16 2001 L B

;l
FEE PAID $3.00

TRADLICCION No.: Iol
MARIA ELVIRA s m-a;_ Cownty Clerd Lork
Troductora '« interprete Oficial » Clerk and Clerk of fl Sujeems Cowrt, New Yord Comty

i = Inglds . .
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CERTIFICADO NOTARIAL (INDIVIDUO)
A;n_*dhl;lnin-do OCTUBRE
" ante mf, Notario Pdblicode]_Estado de Nueva Yark, NY
com 16(eron) lment EEUU
Jo Trevor lumbh

. " e v

On thisBth dey of_October, 2001
before me, & Notary Public of State of New York,NY,USA

m’m J. Trevor Lumb

a quien(es) doy fe de conocer ¥ me consia que es{son)
firmanie(s) del documbenio ow)
u, qntpnudo.yquhn(

CERTIFICADO NOTARIAL (SOCIEDAD)

Hoy, 8 _de Octubre de2e 2001
comparecié{eron) ante mf
) J. Trevor Lumb

km.ndi.mwnlo bhthpmon(o)wb
exscuted thet hnﬂnvn)hpl

NOTARIAL CERTIFICATE (CORPORATION)
appeared before ms

J. Trevor Lumb

nqulm(n)m%-.nl:mhnn qumﬂmmmdm

denominads - Pfizer Inc. i

o his docunwnt
Nepresentaiteete)of tha Chrpomtions Conbeny, s

" named y Pfizer Inc

Cartifloe:

1. Que he visto los siguientes documentos:*
ARTICULOS DE CONSTITUCION, 30 OCTUBRE 1997

ICertify:

1. That [ have seen the following documente®
Certificate of Incorporation, October 30, 1997

NOTIFICACION DE ACCION DEL COMITE ADMINISTRATIV§,Notification of Corporate Management

16 ENERO, 2001
2. Que dichos documantss prusban lo sigulmbe:
Pfizer Inc.

2.1.Que
&8 una Socisdad/Compafifa legalments constituida y existente

deacusrdoconlas leyesdei  Delaware, EELLL g,

'Coomittes Action, Janunry 16. 2001

22 Qua gl domicilio de dicha Bocjedad/Compatiia es

.Nueva York, NY EEUU
uQunolob]luuobhbpul

estin comy s«uﬂ'ﬂm dcnh'omd.l:l. .:b]:: nd.r-" de Ia

2.4 Que el(los) Sr.(Sres)_J._Trevor Lumb

- New York, NY, USA

’?‘Amm“"""'ﬂ" hd pﬂmlwlhl cm-pol nllnrq
o n m com thin t n
h in the charter ofntho mentioned
HmlCumpmy
24 That Mr.(Mesars) T+ Trever Lumb

esti(n) autorizado(s) para otorgar el presente Poder.

Nueva York
Nueva York

Cludad

Eatado
Hoy 8 Octubre

o'
de1¥ 2001

is(are) authorized to grant the present Power of Attorney.

City ¥ew York
State New York

This Bth dayof October, _2001 .

Notario Pédblico — Notary Public

*Los documaentos deben identificarss con fecha y origen.

ot

TRADUCCION No.:0Ol-
MI‘ARIA El.\llmaa!dlao
[ ]
ingids - Espofiol - Inglde
Res. No. 229 Min. Jusricia

I-vn%“mum-m "

Whhm
Commission Expiee Sene i 7 o
*Documents must be identified wilhdnlnndorl;:\.'
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TRADUCCION OFICIAL No. 01.12/01 preparada p r Maria Elvira
Martelo, Traductora Oficial debidamente aprobada por el
Ministerio de Justicia de Colombia mediante Resolucién 2879 de

1995 y reconocida por el Ministerio de Relaclones Exteriores.

(A continuacién se traducen las legalizaciones de un document

de Representacién y Poder escrito en inglés y espafiol, p r el
cual PFIZER INC., domiciliada en 235 E. 42nd Street, 20th Flo r,
New York, New York 10017-5755, Estados Unidos, otorga poder a
GERMAN CAVELIER, GONZALO PERDOMNO, EMILIO FERRERO y LUZ CLEMENCIA
DE PAEZ.) Dado y firmado el 8 de octubre de 2001 en Nueva Y rk,
Nueva York, EUA. (Firma ilegible), J. Trevor Lumb, Asistente

General del Asesor de Patentes.

para otorgar el anterior poder.
PGblico. (Sello\ en tinta) Roy F. Waldron, Notario Pablic ,
Estado de Nueva York, No. 02WA6030057, Calificado en el Condad
de Nueva York, Comisién expira el 7 de septiembre de 200S5.
(Sello seco ilegible).

CERTIFICADO NOTARIAL -SOCIEDAD- otorgado. en inglés y espafi 1
referente a la existencia legal de PFIZER INC. Dadc en la ciudad
de Nueva York, en el Estado de Nueva York, el 8 de octubre de
2001. (Firma ilegible), Notario PGblico. (Sello en tinta) Roy F.
Waldron, Notario PGblico, Estado de Nueva York, No. 02WA6030057,

Calificad en el Condado de Nueva York, C misiSn expira el 7 de



septiembre de 2005. (Sell BsBec ilegible)

Estado de Nueva York ) 255074

Condado de Nueva York) ss

Yo, NORMAN GOODMAN, Escribano de Condado y Escribano de la
Suprema Corte del Estado de Nueva York, en y para el Condado de
Nueva York, una Corte de registro que por ley tiene un sell ,
POR EL PRESENTE CERTIFICO de acuerdo con la ley ejecutiva del
Eatado de Nueva York, que ROY F. WALDRON, cuyo nombre suscribe
la declaracién juramentada, declaracién, certificado de
reconocimiento o prueba adjunta, era en el momento de tomarla un
NOTARIO PUBLICO en y para el Estado de Nueva York, debidamente

comisionado, juramentado y calificado para actuar como tal; que

de acuerdo con la ley, una comisién o certif‘f S RON I BV Lo

“m Fammmmu.
GMAL JUE HE YENDO A LA VD m-

oficial, con firma autSgrafa, ha sido regiﬂ‘{ a"H'B'

que estoy familiarizado con 1la escrz.turaf «le.'i"é;IL h"_'“' WwNOTARIO
RN, A Wy RS
R TRy ARG B
POBLICO o he comparado la firma del instruménto- c,gg-g- Bu
firma aut6grafa depositada en mi oficina y creo qu firma

es genuina.

EN FE DE LO CUAL, he firmado e impuesto el sello oficial hoy 16
de noviembre de 2001.

(Firma facsimilar 1legible), Escribano de Condado y Escriban de
la Corte Suprema, Condado de Nueva York. (Sello en t.:i.nt_a del

Eacribano de Condado).

B06
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oficina para su confrontacién.

APOSTILLA
(Convencién de la Haya del 5 de Qctubre de 1961)
1. Pais: Estados Unidos de América
Este documento plblico
2. Ha esido firmado por Norman Goodman
3. Actuando en su capacidad de Escoribano de Condado
4. Lleva el sello/timbre del Condado de Nueva York

CERTIFICADO

5. En Nueva York, Nueva York.

6. el 21 de noviembre de 2001

7. Por el Subsecretario de Estado Especial, Estado de Nueva York

Bl No- A—BSTOOE.

9. Sello: EL GRAN SELLO DEL ESTADO DE NUEVA YORK.

10. Pirma (Firma ilegible) Howard J. Carr, _Subsecretari de

Estado Especial

Es traduccién fiel y completa de la cual se FHE

COLO 12889-801-001-1
ID. 5

DIC. 11/01

1A ELVIRA MAETEI—O
Iﬂt:hmclhnmnh Oficlal
ingiés ~ Espafiol ~ Inglls
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- CAVELIER ' zeg

ABOGADOS
EDIFICIO SiSKI
WEH SITE: www.cavelier-abogados.com CARRERA 4 No. 72 - 35 TELEFONO: (57) (1) 347-3611
E-MAIL: cavelier@colomsat.net.co BOGOTA 8, COLOMBIA TELEFAX: {57) (1) 217-9211 (57) (1) 310-4995

Seflora Jefe de la

DIVISION DE NUEVAS CREACIONES
Superintendencia de Industria y Comercilo

E. s- DI

Poderdante: PFIZER INC.

Poder conferido el: 08-10-2001

Yo, GERMAN CAVELIER,  ‘obrando en mi calidad de apoderad
principal del poderdante arriba mencionado, atentamente
manifiesto a Usted que sustituyo el poder que me ha sido
¢ nferido en la persona del doctor EMILIO FERRERO, Abogado con
Tarjeta Profesional No. 31.929, con todas las facultades que me

fueron conferidas.

Hago la anterilor sustitucién conforme al articulo 66 del C&dig
de Procedimiento Civil ya que los otros sustitutos faltan en este

momento. .

Sefiora Jefe, . . o

GERMAN CAVELIER
T.P.A. No. 832

Acepto: (‘
£ 'f Q_.-,. >
EMILIO FERRERO

T.P.A. N° 31.929
C.C. N . 438.019 de Usaquén

2e-780-2

N | T. 860.041.367-3



NOTARIA SEXTA DE BOGOTA “
RECOMOCIMIENTO Y I'IIESENTASIOII PERSONAL
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RECIBD CFICTA. DE CAMJA : O1 -

NIT : 800174089-2

LA

o 290

Industria y Comercio
SUPERINTENDENCIA

Radicacion @ 01109589
Fecha (D)1 2001-12-P1 LB1393d

: b
m‘:ﬁnag S10R 3€ WEWS CREACIONES

FECHA ¢ NOVIEMBRE 25 DE 2091
ity CONSIGNACICON faest
A /
DEPOEITARTE TIPQ PASO Banro CUENTA I’/ﬂﬁq ';éd PEO ¥r. PARO
CAVELIER ABOGRDOS CONSIENACION  BANCC POFIAAR  930-00119-b I"JUI/ﬂMIIMI 27.589,800.00
!

‘ i CONCEPT D th
CANT. RENTISTICO MEP!{ TOTAL COMCEPTD
1 35003-01-01 SOLICITUDES 1 JRAMITES DE SOL. DE PATENTE DE IN 334.540.00
. TOTAL : § 355,640, 00

S0M:  TRESCIENTOS CINCUENTA ¥ SEIS MIL SEISCIENTOS CUARENTA

RESPONSABLE ¢ ’RQ]__

EE'.‘!w £A3A APLICADD AL EYPEDIENTE o,

Q,,\o A3063 — 80A —CoA-0

Carrera 13 No. 27-00 Pisos 5, 7y 10
Conmutador 382 0840
Fax 350 5220
E-mail: info@sic.gov.co
WWW.SiC.gov.co
Bogota, D.C., Colombia



Industria y Comercio
SUPERINTENDENCIA

KIT 1 8091760892 /
RECIRG OFICIAL DE CAJA : 01 - 74,187 /
FECHA : NOVIENBRE 25 DE 2091 /
WIS CONSIGNACIODN fiest
BEPOSITANTE TIEC PASO BANCE CUENTA Ko, PASD  FECHA n;‘ Vr. PARD
CAVELIER ABUEADOS CONSIGNACION  BAMCO POPULAR  050-00110-5 BATETAZ  26/14/2001  77.589,880.00
N mncn!naprnmuﬂ
CANT. RENTISTICO CONCEPTD / TOTAL CONCEPTO
1 50005-01-01 SOLICITUDES 82 1 DN DE UNA PRICRIDAD EM WU 100,000, 00
$ 100,000, 00
”
SON: CIEM NIL PESOS /
RESPONSABLE 1 ALY

!E'.'l“ CAJR APLICADO AL EXPEDIENTE Mo,

Dl  A208%- 801~ 0N-O

Carrera 13 No. 27-00 Pisos 5, 7y 10
Conmutador 382 0840
Fax 350 5220
E-mail: info@sic.gov.co
WWW.SiC.gov.co
Bogota, D.C., Colombia
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I:[ Radicacion 3 mﬂ
REQUISI‘I‘OS NECESARIOS PARA PRESEN 1":'.'.'1 ‘:m ﬁ'm a.ssﬁl QEQISTRD/ AL PRESSNTAC

Irpendenciar 240 PIVISION BE MEWS
USLRRD IW)W
- i
. PATENTE DE m\n-:ucmu m/ . MODELO DE UTILIDAD (v 1]

‘

Indicaubn de que s¥'solicila la conce&bn de una palente
" Dalos de mw%ﬁdzl sollcujanle odela persom que presenia la solicilud
Descripcion de o : . :

Dibujos de'ser estns pelﬂnentes

Conproba;tyaobdalas tasas vstablecndas [/
CCOMPLETALY - * "L T T NCOMPLETA (] )

"DISERO INDUSTRIAL[ |

— — —— p— p—
- LA —— — —

e '|ndicac|ondeqm;mna|a el regl..lro de Disedo Induslrial. (1 11
; : o Dalos de idanlificacion del solicitanic & de la persona que prcsenla la soficitud. i} 1}
. - Representacion grafica y folografica del DISBM Industial o muestsa del
- " materdal queincorporael disefio. (I
A Comprobanbdepagpdelas lasaseslablecndas [l 1]
! COMPLETA | I, o . INCOMPLETA O T
. ESQUEMA DE TRAZADO [ ]
_ '.,. o Indicacidn da que se sollcila el regisuo de un Fsquema de trazado. iy 11
e Dalos de kieniificacidn del solicitant:: o ok la persona que riesenta iz solicilud. [l 11
 Representacion grifica del esquema devazado (1 (1
» Comprobante de pago de las lasas oslablecldas {1 1]
COMPLETA] | ~: . o - INCOMPLETA (] ]
Fecha: ! - . | ::- fr 1': , .i'l-. . .E e Bt o
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Industria y Comercio

SUPERINTEFNDENCIA
FnIio/MZ

2020

Bogoté, D. C.

Doctor{a)

EMILIO FERRERO

Apoderado(a)

oficioNo. 991535

REFERENCIA: Radicacién 01-108589
Trdmite 002
Evento 001
Actuacién 430
Folios 001

Como resuitado del examen de forma, realizado con fundamento an el articulo 38 de la
Decisidn 488 de la Comisién de la Comunidad Andina, se le comunica que:

- Debe allegar el documento en que consta la cesién del derecho a la patente otorgado
por los inventores a los solicitantes o a sus causantes (art. 26-k,Dec 486/2000).

- Debe aportar la traduccién de la solicitud presentada como solicitud colombiana.

En cumplimiento del articulo 39 de la Decision 486, en concordancia con el articulo 85 de
la misma decision, se le requiere para que dentro del término de dos (2) meses siguientes
a la fecha de nofificacién del presente oficio, complete los requisitos .anteriormente
enunciados. En caso de no dar cumplimiento al presente requerimiento, la solicitud se
consideraré abandonada y perderd su prelacion.

Notifiquese el presente oficio a lo dispuesto en el articulo 8 de la Resolucién 210 del
15 de enero del 2001.

El anterior requerimiento fue notificado por fjacién en lista da fecha 3 7 MAR, 2002

Se recuwrda al intarssade gque debe presentar, dentro de kos diecisdls meass sigulentss contados a partir de e feche de
presentacién de la solickud cuya pricrided se invoca, copla de la misma cestificada por la autoridad que ls axpidié v, en ioe
casce an que haya luger, la traduccidn aimple del capliulo reivindicaiorie. El incumplimisnio de éste plazo, acarreard la
pérdida da la prioridad Invocada.

202027
Carrera 13 No. 27-00 Pisos 5, 7y 10

Conmutador: 382 0840
Fax: 382 2695
E-malt: Info@slc.gov.co

www.sic.gov.co
T s TN e



